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Abstract: The geometry of the cutting edge or of the
surface contour is of great importance in minimizing the
energy required for the mechanical processing
operations. The vast majority of the research conducted
so far in the soil processing field focuses on macro
geometry of the tools without taking into account the
geometry of the cutting edge. This paper presents the
results of experimental research regarding the influence
of the modification by wear of the constructive
parameters of the cutting edge corresponding to the
tilage tool on the economic indicators in the working
process. Thus was established a mathematical model
that highlights the correlation between the processed
surface and the linear wear of tools, with which the
average area that a tool can process until it reaches a
wear limit value, can be determined.
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INTRODUCTION

The studies made [1], [3], [9], [11], show that the
resistance force of an agricultural tool, is affected by the
wear of the tool, that modifies the geometry of the cutting
edge according to the soil type and functional
parameters. It was shown that a worn cutting edge
increases drag resistance and greatly modifies the value
of the vertical component of the resistance force (Inns,
1990 [6]). In 1999, [7], measured the drag resistance for
six types of thickness of the cutting edge of the plough
blade and showed that the measured force increases
exponentially with the thickness of the cutting edge. In
1996 [4], in the research on cutting edge geometry and
its effect on tillage performance showed an increase of
up to 80% of the drag resistance force for the cultivator
arrows and that the direction of the vertical force can
change from pushing the tool into the soil to raising it in
the case of two tools having the same macro geometry
but with the cutting edge in one case sharpened and the
other case worn. In the X-ray photos, the level of
loosening and the penetration resistance measurements
showed that the worn cutting edges often induce the
appearance of fissures and cracks in the soil layer below
the tool. Among the works consulted, there was no study
found on the optimal geometry of the cutting edge in
relation to final soil parameters and with the drag
resistance force.

MATERIAL AND METHOD

Depending on the soil working tool and its position
during operation, the profile of the cutting edge can be
symmetrical or asymmetrical. Thus, in general, the tools
working in a vertical profile show a symmetrical cutting
edge profile whose geometrical parameters are shown in
the figures below.

From Figures 1 and 2 is noted that the geometric
parameters of the tool’s cutting edge and the ones of the
tool’'s contour dependent on two macro geometrical
parameters namely: the tool’'s width b and thickness h
and the functional parameter a — the tool’s angle of attack.

Rezumat: Geometria muchiei taietoare sau a conturului
Suprafetei de lucru prezintd o importantd deosebita in
minimizarea energiei necesare in cadrul operatiilor de
prelucrare mecanicd. Marea majoritate a cercetarilor
realizate pana in prezent in domeniul prelucrarii solului
se concentreazd pe macrogeometria sculelor fard a lua
in considerare geometria muchiei tédietoare. Tn lucrare
sunt prezentate rezultatele unor cercetari experimentale
privind influenfa modificarii prin uzare a parametrilor
constructivi ai muchiei taietoare aferenta sculei de lucrat
solul asupra indicatorilor tehnico-economici in procesul
de lucru. Astfel a fost stabilit un model matematic care
pune in evidentd corespondenta intre suprafata
prelucrata si uzura liniard a sculelor, cu ajutorul céruia se
poate stabili suprafata medie pe care o poate prelucra o
sculd pana sa ajunga la o valoare limita a uzurii.

Cuvinte cheie: scula, sol, uzura

INTRODUCERE

Studiile efectuate de [1], [3], [9], [11], au aratat faptul
ca forta de rezistenta a unei scule agricole este afectata
de wuzura sculei, care modifica geometria muchiei
taietoare in functie de tipul solului si parametrii
functionali. S-a aratat ca o muchie taietoare uzata
mareste rezistenta la fnaintare si modificd puternic
valoarea componentei verticale a fortei de rezistenta [6].
Tn 1999 [7] a masurat valoarea rezistentei la inaintare
pentru sase grosimi ale muchiei tdietoare a brazdarului
plugului si a aratat ca valoarea fortei masurate creste
exponential cu grosimea muchiei taietoare. in 1996 [4], in
cercetarile efectuate asupra geometriei muchiei taietoare
si efectul ei asupra performantelor prelucrarii solului a
aratat o crestere cu pana la 80% a fortei de rezistenta la
fnaintare pentru sageti de cultivator si ca sensul fortei
verticale se poate schimba de la a impinge scula in sol la
a o ridica in cazul a doua scule cu aceeasi
macrogeometrie dar cu muchia tdietoare intr-un caz
ascutita iar in cellalt caz uzata. In fotografiile cu raze X,
gradul de afanare realizat si determinarile rezistentei la
penetrare au aratat ca muchiile taitoare uzate conduc de
cele mai multe ori la aparitia fisurilor si crapaturilor n
stratul de sol de sub scula. Printre lucrarile consultate nu
s-a gasit nici un studiu referitor la geometria optima a
muchiei taietoare in relatie cu durabilitatea sculei, uzura
sculei in raport cu parametrii finali ai solului si cu forta de
rezistenta la inaintare.

MATERIAL S| METODA

n functie de tipul sculei de lucrat solul si de pozitia ei
in timpul functionarii, profilul muchiei taietoare poate fi
unul simetric sau asimetric. Astfel, Tn general, sculele ce
lucreaza in plan vertical prezinta un profil simetric al
muchiei tdietoare ai carei parametri geometrici sunt
evidentiati in figurile de mai jos.

Din figurile 1 si 2 se remarca ca parametrii geometrici
ai muchiei taietoare a sculei si cei ai conturului sculei
sunt dependenti de doi parametri macrogeometrici
respectiv: latimea b si grosimea sculei h si de parametrul
functional a — unghiul de atac al sculei.
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Fig. 2 - Cross section through a vertical tillage tool: a) blunt; b) sharp and chamfered; c) complex profile

For the lateral contour of the tool the following possible
geometrical parameters are highlighted:

X - angle of setting of the lower surface of the tool (it
depends on the elasticity of the soil);

h; - the friction length of the lower surface of the tool
with the soil (furrow bottom) (surface parallel to the
ground);

X1 — secondary angle of attack (value corresponding to
[4] can lead to the compaction of the furrow bottom or on
the contrary to the creation of fissures and cracks in the
soil beneath the tool).

For the cross section of the tool are outlined the
following geometrical parameters of the cutting edge:

£ - the tool sharpening angle (reducing its value leads
to lowering the resistance force and mechanical
resistance and rigidity of the tool);

j - cutting edge chamfer width (the decrease of j leads
to a decrease of the drag resistance force of the tool,
depending on the angle ¢ there is a minimum value for |
given by the bending resistance of the tip of the cutting edge
related to the type of soil that the tool is working on);

X2 — setting angle of the lateral surface of the tool
compared to the vertical plane of the soil (furrow wall);

h, - the friction length of the lateral surface of the tool
with the furrow wall;

&, - secondary sharpening angle (between 180 ° and
&, allows to reduce the value of j and the rapid emergence of
a worn cutting profile favorable for cutting soil).

The model for the soil processing tool considered, Fig.
3, starts from a narrow and flat tool and is developed to
take into account the effect of the cutting edge on cutting
the soil, the maximizing of the amount of broken soil and
the determining of the force necessary to overcome the
soil resistance.

Starting from the first constructive parameter of the
tool, its width b, the model is developed by setting the

Pentru conturul lateral al sculei se evidentiazd ca
posibili parametri geometrici:

X — unghiul de agezare al suprafetei inferioare a sculei
(depinde de elasticitatea solului);

h: — lungimea de frecare a suprafetei inferioare a
sculei cu solul (fundul brazdei) (suprafata paralela cu
planul solului);

X1 — unghiul de atac secundar (valoarea lui
corespunzator cu [4] poate conduce la tasarea fundului
brazdei sau dimpotriva la crearea de fisuri si crapaturi in
zona solului de sub scula).

Pentru sectiunea transversala a sculei se contureaza
urmatorii parametri geometrici ai muchiei taitoare:

& — unghiul de ascutire al sculei (micgorarea valorii lui
duce la scaderea fortei de rezistenta si a rezistentei
mecanice si a rigiditatii sculei);

j — latimea de tesire a taisului (scaderea lui j duce la
micsorarea fortei de rezistenta la Tnaintare a sculei; in
functie de unghiul ¢ existad o valoare minima a j data de
rezistenta la Tncovoiere a varfului muchiei taietoare
raportata la tipul de sol in care lucreaza scula);

X2 — unghiul de asezare al suprafetei laterale al sculei
fata de planul vertical al solului (peretele brazdei);

h2 — lungimea de frecare a suprafetei laterale a sculei
cu peretele brazdei;

& — unghiul de ascutire secundar (cuprins intre 180°
si & permite reducerea valorii j si aparitia mai rapida a
unui profil uzat favorabil taierii solului).

Modelul sculei de prelucrat solul luat in considerare,
fig.3, porneste de la o scula ingusta plana si se dezvolta
pentru a lua in considerare efectul muchiei taietoare
asupra taierii solului, maximizarea volumului de sol
destramat si determinarea fortei necesare de invingere a
rezistentei solului.

Pornind de la primul parametru constructiv al sculei,
latimea acesteia b, se dezvolta modelul prin impunerea
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apex angle ¢, the width of the chamfer j and of the radius
of curvature of the chamfer r that occurs as a result of the
tool’s wear. The functional parameters of the tool that are
modeled are imposed by the tool angle a, working depth
a, and working speed v.

Thus, in Table 1 are indicated the geometric
parameters of tools made from S235JR, SR EN 10025-
2:2004/AC:2005 material chosen for its high workability,
possibility of electric arc welding and low cost. It is noted
the use of a constant width and of seven different apex
angles for a set of tools along with the realization of four
different chamfers, resulting in a total of 28 tested tools.
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unghiului la varf ¢, a latimii tesiturii j si respectiv a razei
de curbura a tesiturii r ce apare in urma uzarii sculei.
Parametrii functionali ai sculei ce se modeleaza sunt
impusi prin unghiul sculei a, adancimea de lucru a si
viteza de lucru v.

Astfel, in tabelul 1 sunt precizati parametrii geometrici
ai sculelor fabricate din S235JR, SR EN 10025-
2:2004/AC:2005, material ales pentru prelucrabilitatea
ridicata, posibilitatea sudarii lui cu arc electric si costul
scazut. Se remarca utilizarea unei latimi constante gi a
sapte unghiuri la véarf diferite pentru un set de scule,
alaturi de realizarea a patru tesiri distincte rezultdand un
total de 28 de scule incercate.

Fig. 3 - Geometrical and functional parameters of the tool

Table 1

Geometrical parameters of the tools used within the experiment

b [mm]

Chamfer j [mm]

No. | €[]
15

30
45
60 20
90
120
180

~N(O|O|A W[N]

The testing environment is a frictional one, without
cohesion and without structure - respectively quartz sand
for adhesive dried mortars, washed and mechanically
classified with a particle diameter between 0 and 0.3 mm.
This corresponds to a conformable maximal wearing
effect [12] which states that "the wear is maximum when
the percentage of abrasive particles having a 0.25 mm
size has a maximum value."

It was also determined the resistance to penetration of
the testing environment used with the force gauge
(penetrometer), and the results are given in Table 2.

Mediul de incercare este unul frictional, fara coeziune
si fara structura - respectiv nisip fin cuartos pentru
mortare adezive uscate, spalat si clasat mecanic cu
diametrul particulelor intre 0 si 0,3 mm. Acesta
corespunde unui efect de uzare maxima conform [12] in
care se precizeaza ca ,uzura este maxima cand
procentul de particule abrazive cu dimensiunea de 0,25
mm are valoare maxima”.

A fost de asemenea determinata rezistenta la penetrare
a mediului de Tncercare utilizat cu ajutorul penetrometrului,
iar rezultatele obtinute sunt cele precizate in tabelul 2.

Table 2
Resistance to penetration of the testing environment used
Depth [mm] 50 100 150 200 250
Average [N] 102.4 191.0 258.0 322.2 333.0
Dispersion [%] 8.246 19.3611 15.111 17.9348 12.986

Cone parameters

Cone no. 4; cone base diameter — 25.33 mm; cone base area — 500 mm?

Soil resistance [N/cm?] 20.48 | 38.20

| 51.60 [ 64.44 [ 66.60

The tests made under laboratory conditions were
carried out on a test stand with a soil channel, by moving
the tools in a circular path with a diameter of 1850 mm at
a speed of 1.5 m/s. The tool-holder assembly allows
changing the depth of processing up to 500 mm with a
step of 50 mm and changing the tool's angle of attack
between -60° and +60 ° with a step of 15°.

Tncercérile in conditii de laborator s-au realizat pe un
stand de incercare cu canal de sol, prin deplasarea
sculelor pe o traiectorie circulara cu un diametru de 1850
mm cu o viteza de 1,5 m/s. Ansamblul port-scula realizat
permite modificarea adancimii de prelucrare pana la
500 mm cu un pas de 50 mm si modificarea unghiului de
atac al sculei Intre -60°++60° cu un pas de 15°.
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Force measurement was performed with a S2 series
force transducers from the HBM company. Data
acquisition was performed with the Spider 8
measurement system produced by the same company.

To evaluate the effects of various geometrical and
functional parameters of the tillage tool an experiment
was designed, which includes four categories of factors.
The experiment conception is a standard factorial one
that involves all the combinations of the factor levels
(3x7x4x3).

Considering the capabilites offered by the
experimental stand used, were taken as independent
parameters (factors): tool working position (3 positions
corresponding to different work depths due to the angle
of attack and the tool's constructive parameters -
manufacturing errors ) given by adjusting the stand; tool
sharpening angle, materialized by the 7 tools used,;
cutting edge chamfering performed to simulate the effect
of wear on the cutting edge on the drag resistance,
materialized by four discrete values and the tool’'s angle
of attack (3 positions) also given by the stand
adjustments.

Briefly, the experiment carried out is shown in table 3.
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Masurarea fortelor s-a realizat cu traductoare de forta
seria S2 ai companiei HBM. Achizitia datelor s-a realizat
cu sistemul de masurare Spider 8 produs de aceeasi
firma.

Pentru evaluarea efectelor diferitilor parametri
geometrici si functionali ai sculei de lucrat solul s-a
conceput un experiment ce include patru categorii de
factori. Conceptia experimentului este una factoriala
standard ce presupune toate combinatiile nivelelor
factorilor (3x7x4x3).

Luand in considerare capabilitatile oferite de standul
experimental utilizat s-au luat ca si parametri
independenti (factori): pozitia de lucru a sculei (3 pozitii
de lucru ce corespund diferitelor adancimi de lucru
datorate unghiului de atac si parametrilor constructivi ai
sculei — erori de fabricare) data de reglarea standului;
unghiul de ascutire a sculelor, materializate prin cele 7
scule utilizate; tesirea muchiei taietoare realizata pentru a
simula efectul uzarii muchiei taietoare asupra rezistentei
la Tnaintare, materializatd prin patru valori discrete si
unghiul de atac al sculei (3 pozitii) dat de asemenea de
reglarea standului.

Sumar, experimentul realizat se prezinta in tabelul 3.

Table 3
Basic data of the experiment carried out
Factors Levels Units of Description
measurement

Position 3 mm Tools working position (vertical)
Tools 7 degrees Value of the sharpening angle of the tools
Chamfer 4 mm Value of the cutting edge chamfering of the tools
Angle of attack 3 degrees Value of the tool’s angle of attack
Force N Measured value of the drag resistance force of the tools

For each of the 252 tests performed, the measured
data were recorded, were further processed by
segmenting the appropriate values for starting and
stopping the stand. To determine the average value, a
low pass Butterworth filter of order 4 was applied with
a cutting frequency of 0.1 Hz for all measurements
made.

After processing the data from the experimental tests
conducted, the average values resulted for the
forwarding resistance forces for all (3x7x4x3)
combinations of the modeled factor levels.

Pentru fiecare din cele 252 de incercari efectuate,
s-au finregistrat datele masurate care ulterior au fost
prelucrate prin segmentarea valorilor corespunzatoare
pornirii si opririi standului. Pentru determinarea valorii
medii a fost aplicat un filtru Butterworth trece jos de
ordinul 4 cu o frecventa de taiere de 0,1 Hz pentru toate
masuratorile efectuate.

In urma prelucrarii datelor incercéarilor experimentale
efectuate, au rezultat valorile medii ale fortelor de
rezistentd la Tnaintare pentru toate cele 3x7x4x3
combinatii ale nivelelor factorilor modelati.

Table 4
Tool wear data
Input output New tool Worn tool
F i A K L Fw iw Aw Kw Lw S T U
a = f(a, €, position); P2 3 2 3 o P
b = 20 [mm; [NI| [mm] |[mmT| [mm7 | [g] |[N]| [mm] [[mm7| [mm] [9] [%] [%] | [ha]
lug = 3.24 [g/ha]; - =
b= 160, 78,50} [ f SIS (LS USRI R - LA AL PR p S .1 RETLI.#
£={15, 30, 45, 60,90, 120} []; | § | 2" tan,E) = sina | P §|2 tangz| 2 ¥ cing|P Hy L F Iyg
p=7.85 x 10 [g/mm?] € = S .

Data was centralized and processed according to
Table 4 where the index w refers to the worn volume of
the cutting edge: F - the drag force; i - the height of the
triangle corresponding to the cutting edge volume
(unworn volume) respectively wasted volume; A -
triangular sectional area of the cutting edge; K - cutting
edge volume; L - mass of the volume of the cutting edge;
S — mass of worn volume related to unused volume; T -
the ratio of the worn tool’s drag relative to the unworn
one; U- the equivalent value of the processed area of
agricultural land.

Datele au fost centralizate si prelucrate conform
tabelului 4 in care indicele w se refera la volumul uzat al
muchiei taietoare: F - forta de rezistenta la Tnaintare; i -
indltimea triunghiului corespunzator volumului muchiei
taietoare (volum neuzat) respectiv volumului uzat; A - aria
sectiunii triunghiulare a muchiei taietoare; K — volumul
muchiei taietoare; L — masa volumului muchiei taietoare;
S — masa volumului uzat raportata la masa volumului
neuzat; T — raportul dintre rezistenta la inaintare a sculei
uzate raportata la cea neuzata; U — valoarea echivalenta
a suprafetei terenului agricol prelucrat.
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RESULTS

Starting from the measured and processed data a
statistical model was performed to describe the impact of
the influence from the tool’s sharpening angle on the size
of linear wear of the tools used in the experimental tests
performed. Having as a dependent variable (Y) the linear
wear parameter and as the independent variable (X) the
values of the sharpening angles (€) of the tools used in
the experimental tests conducted, the general form of the
model selected from the models in the Statgraphics
software which shows the maximum correlation and R?
parameter has the shape (1), where n and m are the
coefficients of the regression equation equivalent to the
origin ordinate respectively the slope of a line. The results
of the statistical procedure are presented in Table 5.

The regression curve equation obtained is presented
in the relation (2).
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REZULTATE

Pornind de la datele masurate si prelucrate s-a
realizat un model statistic care sa descrie impactul
influentei unghiului de ascutire al sculei asupra marimii
uzarii liniare a sculelor utilizate in cadrul incercarilor
experimentale efectuate. Avand ca variabila dependenta
(Y) parametrul uzare liniara si ca variabila independenta
(X) valorile unghiurilor de ascutire (€) a sculelor utilizate Tn
cadrul incercarilor experimentale efectuate, forma
generala a modelului selectatad dintre modelele aplicatiei
Statgraphics ce ?rezinté valoarea maxima a corelatiei si a
parametrului R® are forma (1), unde n si m sunt
coeficientii ecuatiei de regresie echivalenti ordonatei la
origine respectiv pantei unei drepte. Rezultatele
procedurii statistice sunt prezentate in tabelul 5.

Ecuatia curbei de regresie obtinuta este prezentata in
relatia (2).

Y = (n+m4n(X))* 1)
Table 5
Results of simple regression procedure
Parameter Estimated value Standard error T P
(smallest squares)
n 10.0625 0.428296 23.4943 | 0.0000
m -1.87473 0.103318 -18.1452 | 0.0000
Dispersion error
Source Sum of squares | Diff. | Square average F P
Model 548.199 1 548.199 329.25 | 0.0000
Residue 416.25 250 | 1.665
Total (Corr.) | 964.45 251

Correlation coefficient= -0.753927
R’= 56.8407 %

Standard estimation error= 1.29035
Absolute error average= 0.935438

d (Durbin-Watson test)= 0.0252341 (P=0.0000)
h (D-W test for residue autocorrelation) = 0.970523

Linear wear = (10.0625 - 1.87473~In(e))2 (2)

Having a value on the P coefficient from the ANOVA
table of less than 0.05 results in a link relation statistically
significant between the linear wear and the tool's angle of
sharpening. Statistically adjusted R? value indicates that
the obtained regression curve equation explains 56.8% of
the variability for the linear wear parameter after the
linearization of the model. The value of the correlation
coefficient indicates a moderate intensity of the link
between variables. The standard error of the estimate
shows the standard residue deviation and can be used to
define the limits of prediction of the new observations
where it is desired to make predictions on the basis of the
developed model.

The average absolute error shows the average of the
residue values. The Durbin-Watson statistic test tests the
residues to determine if there are significant correlations
based on the order in which they occur in the data used.
Because the value of P coefficient is smaller than 0.05,
this indicates the possibility of serial correlation to a
minimum confidence level of 95%.

Because the R value is only 56.8%, a discrepancy
test was applied to determine whether the selected
model is appropriate to describe the measured data or if
it is necessary to use a different, more complex model.
The test is performed by comparing the waste dispersion
from the current model with the dispersion between
measurements at the iterated values of the independent
variable X, and its results are presented in Table 6.

Avand valoarea coeficientului P din tabelul ANOVA
mai mica decat 0.05 rezultd o relatie de legatura
semnificativd din punct de vedere statistic intre uzura
liniaré si unghiul de ascutire al sculei. Valoarea R?
ajustata statistic indica faptul ca ecuatia curbei de
regresie obtinutd explica 56.8% din variabilitatea
parametrului uzare liniara dupa liniarizarea modelului.
Valoarea coeficientului de corelare indica o intensitate
moderatad a legaturii intre variabile. Eroarea standard a
estiméarii araté deviatia standard a reziduurilor gi poate fi
folosita pentru a defini limitele de predictie a noilor
observatii in cazul in care se doregte a se face predictii
pe baza modelului dezvoltat.

Eroarea absolutda medie aratd media valorilor
reziduurilor. Testul statistic Durbin-Watson testeaza
reziduurile pentru a determina dacd existd corelatii
semnificative bazate pe ordinul la care apar in datele
utilizate. Pentru ca valoarea coeficientului P este mai
mica de 0.05, aceasta indica posibilitatea unei corelatii
seriale la un nivel minim de incredere de 95 %.

Pentru ca valoarea R? este de doar 56.8 % s-a aplicat
si un test de neconcordantad pentru a determina daca
modelul selectat este adecvat pentru a descrie datele
masurate sau daca este necesara utilizarea unui alt
model mai complex. Testul este realizat prin compararea
dispersiei reziduurilor modelului curent cu dispersia ntre
masuratori la valorile iterate ale variabilei independente X
iar rezultatele acestuia se prezinta in tabelul 6.
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Table 6

Dispersion analysis for the discrepancy test

Source Sum of squares | Diff. | Square average F P
Model 548.199 1 548.199 329.25 | 0.0000
Residue 416.25 250 1.665

Discrepancy 10.027 5 2.0054 121 0.3052
Error 406.223 245 1.65805
Total (correlated) 964.45 251

The value of P coefficient is higher than 0.05 for the
discrepancy value which indicates that the model used is
suitable for the measured data at a confidence level of at
least 95%.

On the basis of the above, was passed to the graphic
representation of the regression equation, the limits of
the confidence interval and the prediction limits, together
with the measured data (Fig. 4).

Valoarea coeficientului P este mai mare decat 0,05
pentru valoarea neconcordantei ceea ce denota faptul ca
modelul utilizat este adecvat pentru datele masurate la
un nivel de incredere de minim 95%.

in baza celor de mai sus, s-a trecut la reprezentarea
graficd a ecuatiei de regresie, a limitelor intervalului de
incredere si a limitelor de predictie, alaturi de datele
masurate (fig. 4).
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Fig. 4 — The influence of the tool's sharpening angle on their linear wear

From the figure above is easily observed the great
influence that the tool’'s sharpening angle has on the
wear, respectively on the linear wear, so that it shows a
great importance the choice of this angle in order to
achieve a compromise between the tool's drag force
(which increases with the increase of wear), and the
value of the volume of mobilized soil.

Taking into account the results presented by Tomescu
et al. [13] for the witness furrows of the SPC-6 seed drill,
respectively the value for the average intensity of wear
on the working tool I,y = 3.24 g/ha, results in a set of data
in conformity with table X that expresses the used
volume mass and the equivalent value of processed
agricultural land area. Thus, another model was
developed to show the influence of equivalent processed
area in relation to the linear wear of the tools used in the
experimental tests of this paper.

The general form of the model used that best
responds to the measured data, chosen for the maximum
values of the correlation coefficient and the R” value is
given in the relation (3).

Following the introduction of measured data in the
Statgraphics application revealed the following in
accordance with Table 7.

The equation of the regression curve obtained is
shown in the relation (4).

Din figura de mai sus se observa cu usurinta influenta
mare pe care o prezintd unghiul de ascutire al sculelor
asupra uzarii respectiv asupra uzurii liniare, astfel incat
prezintd o mare importanta alegerea acestui unghi ih a
realiza un compromis fintre valoarea rezistentei la
fnaintare a sculei (care creste odata cu cresterea uzurii)
si valoarea volumului de sol mobilizat.

Luand Tn considerare rezultatele prezentate de
Tomescu et al. [13] pentru brazdarele martor ale
semanatorii SPC-6, respectiv valoarea intensitatii medii a
uzurii pe scula de lucru de lug = 3.24 g/ha, rezulta o serie
de date in conformitate cu tabelul X ce exprima valoarea
masei volumului uzat si respectiv valoarea echivalenta a
suprafetei terenului agricol prelucrat. Astfel, s-a realizat
un alt model care sa arate influenta ariei prelucrate
echivalente in raport cu uzura liniara a sculelor utilizate in
cadrul incercarilor experimentale din prezenta lucrare.

Forma generald a modelului utilizat ce raspunde cel
mai bine datelor masurate, ales pentru valorile maxime
ale coeficientului de corelare si a valorii R’ este data in

relatia (3).
In urma introducerii datelor masurate in cadrul
aplicatiei Statgraphics au rezultat urmatoarele in

conformitate cu tabelul 7.
Ecuatia curbei de regresie obtinuta este prezentata in
relatia (4).

Y = (a+bX)? (3)
Table 7
Result of the simple regression procedure
Estimated value
Parameter (smaller squares) Standard error T P
n 0.886856 0.110713 8.01041 | 0.0000
m 0.224812 0.0060662 37.0598 | 0.0000
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Dispersion analysis

Source Sum of squares | Diff. | Square average F P
Model 3033.37 1 3033.37 1373.43 | 0.0000
Residue 552.151 250 | 2.20861
Total (correlated.) | 3585.52 251

Correlation coefficient = 0.919785
R’= 84.6005 %

R’*(adjusted for d.f.) = 84.5389 %
Standard estimation error = 1.48614
Absolute error average = 1.00157

d (Durbin-Watson test)= 0.62325 (P=0.0000)
h (D-W test for residue autocorrelation) = 0.645962

Processed area = (0.886856 + 0.224812- linear wear)2

In this model also, the value of the P coefficient from
the ANOVA table is less than 0.05 indicating a significant
relation form a statistical point of view between the
processed area and linear wear. The value of R?
statistically adjusted shows a rate of 84.6% explaining
the variability of the processed area parameter after
linearization of the model. The correlation coefficient of
0.919 indicates a strong relation between the variables of
the model. The value of the P coefficient in the Durbin-
Watson test indicates a possible serial correlation at a
confidence level of at least 95%, for this being necessary
to test the level of discrepancy (Table 8).

(4)

Si in acest model, valoarea coeficientului P din tabelul
ANOVA este mai mica decat 0.05 ceea ce indica o relatie
semnificativa din punct de vedere statistic intre aria
prelucrata si uzura liniara. Valoarea lui R’ ajustata
statistic arata un procent de 84,6% care explica
variabilitatea  parametrului aria  prelucrata dupa
liniarizarea modelului. Coeficientul de corelare de 0,919
aratd o relatie puternica intre variabilele modelului.
Valoarea coeficientului P in cadrul testului Durbin-
Watson arata o posibila corelare seriala la un nivel de
incredere de minim 95%, pentru aceasta fiind necesar a
se testa si nivelul de neconcordanta (tabelul 8).

Table 8

Dispersion analysis for the discrepancy test

Source Sum of squares | Diff. | Square average F P
Model 3033.37 1 3033.37 1373.43 | 0.0000
Residue 552.151 250 | 2.20861

Discrepancy 395.018 22 17.9553 26.05 0.0000
Error 157.134 228 | 0.689183
Total (correlated) | 3585.52 251

The results of the above test show that although the
value of R? is higher, there is a significant discrepancy
from a statistical point of view, by the value of the P
coefficient of less than 0.05, which imposes the selection
of a different model that describes the influence of the
linear wear on the processed area.

Rezultatele testului de mai sus arata faptul ca desi
valoarea Ilui R® este mare, apare o neconcordanta
semnificativa din punct de vedere statistic, prin valoarea
coeficientului P mai mica de 0.05, ceea ce impune
selectarea unui alt model care s& descrie influenta uzurii
liniare asupra suprafetei prelucrate.
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Fig. 5 - Correspondence between the processed area and the tool’s linear wear
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Figure 5 shows a logarithmic increase of the linear
wear according to the processed area, the utility of such
chart being that it shows the average area that can be
processed by a tool until it reaches a limit value of linear
wear.

CONCLUSIONS

The geometry of the cutting edge or of the work
surface contour of a tool for processing soil shows a
particular importance in minimizing the necessary
energy for the working process.

Through wear, during the working process, the constructive
parameters of the cutting edge corresponding to the sail
processing tools change, having a negative influence on
the technical-economic indicators of the process.

Processing the experimental results obtained by
mathematical modeling highlights the correlation between
the processed surface and the linear wear of tools.

The results obtained and presented can be used to
determine the area of the agricultural surface processed
by a tool that has reached a certain value of linear wear.
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Din figura 5 se observa o crestere logaritmica a uzurii
liniare in functie de aria prelucrata, utilitatea unui astfel
de grafic regasindu-se in a arata suprafata medie pe care
0 poate prelucra o sculda pana sa ajunga la o valoare
limita a uzurii liniare.

CONCLUZII

Geometria muchiei taietoare sau a conturului suprafetei
de lucru a sculelor pentru prelucrarea solului prezinta o
importantd deosebitd Tn minimizarea energieii necesare
Tn cadrul procesului de lucru.

Prin uzare, in timpul procesului de lucru, parametrii
constructivi ai muchiei taietoare aferente sculelor de
prelucrat solul se modifica, avand influenta negativa
asupra indicatorilor tehnico-economici de proces.

Prelucrarea rezultatelor obtinute experimental prin
modelare matematicd pune in evidentd corelarea intre
suprafata prelucrata si uzura liniara a sculelor.

Rezultatele obtinute i prezentate pot fi folosite pentru
stabilirea ariei suprafetei agricole prelucrate de catre o
scula care a atins o anumita valoare a uzurii liniare.

BIBLIOGRAFIE

[1]. Bobobee E.Y.H., Gebresenbet G., (2007) — Efectul
grosimii muchiei taietoare si a gradului de uzurd a
bréazdarului asupra fortei de fnaintare si a incident ei
bolilor cardiace la boii Sanga din Ghana, Soil &Tillage
Research, 95, pag.298-307;

[2]. Fechete L.V., (2008) - Cercetari privind optimizarea
procesului de prelucrare mecanica a solului, Teza de
doctorat, Cluj-Napoca;

[3]. Fielke J.M. et al., (1993) — Comparatii intre fortele de
prelucrare a solului si gradul de uzurd a cut itelor

cultivatoarelor turnate, Soil &Tillage Research, 25,
pag.317-328;
[4]. Fielke J.M., (1996) - Interactiuni ale muchiei

taietoarea utilajului cu solul, JAER, 63, pag.61-72;

[5]. Godwin R.J., (2007) — O analizd a efectului
geometriei sculei si fortelor aplicate, asupra deformarii
solului si a fort elor de implementare, Soil & Tillage
Research 97, pag.331-340;

[6]. Inns F.M., (1990) — Mecanica animalelor — unelte
pentru cultivare, Agricultural Engineering, 45 (1) p:13-17;

[7]. Natsis A., Papadakis, G., Pitsilis, J. (1999) — Influenta
tipului de sol, a umiditatii solului si a gradului de ascutire
a cormanei plugului, asupra consumului de energie si a
calitatii lucrarii de arat, JAER, 72, pag.171-176;

[8]. Neculdiasa V., Tenu |, (1996) - Bazele cercetdrii
experimentale a masinilor si instalatiilor din agricultura gi
industria alimentara (cercetari tribologice), lasi;

[9]. Nichols M.L., Reed I.F., Reeves C.A., (1958) —
Influenta  constructiei  plugului  asupra  solului,
Agricultural Engineering, 39 (6), pag.336-339;

[10]. Ros, V. et al., (1993) — Analiza geometriei sculei de
prelucrare a solului, ASAE Paper No. 931091. Spokane,
Washington: ASAE;

[11]. Shoji K.,(2004) —Analiza forfelor la un plug cu
intoarcerea ’in loc’ a brazdei, Biosyst. Eng.,87(1), pag.39-45;
[12]. Tenenbaum M.M. et al., (1957) - Particularitatile
uzdrii pieselor de la maginile carboniere, |IDT
Bucuresti;

[13]. Tomescu D. s.a, (1971) - Reconditionarea si mérirea
rezistentei la uzurd a organelor active de la maginile
agricole. Editura Ceres, Bucuresti;

[14].*** http://www.hbm.com/

[15].*** http://www.statgraphics.com/



