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Abstract: This paper presents a method for finite element
analysis of the process of cutting vegetable products,
using the software ANSYS 14. Results obtained from
theoretical analysis of resistance force at cutting
vegetables are compared with results of experimental
research made with special equipment in laboratory
conditions. Theoretical research by simulation presented
in this paper allows knife functionality assessment and
offers the possibility of a functional optimization of the
knife and also provides opportunities for constructive-
functional optimization of cutting devices, by obtaining a
correlation between the cutting force, knife cutting angle
and mechanical properties of vegetable products.

Keywords: vegetables, 3D modeling, carrot, numerical
simulation, cutting

INTRODUCTION

The relationship between the mechanical properties
and cellular structure of vegetal plants is of great
economic interest. Producers would like to reduce losses
due to cracking or breakage and food product
manufacturers seek to minimize the amount of effort
required in processing. The products, both raw and
processed, must have textures that are pleasing to the
consumer. Consequently, the role of cellular structure in
determining mechanical properties of plant tissues has
generated much research interest for several years (Van-
Buren, 1979; Gibson and Ashby, 1988). It has been found
that materials exhibit three types of mechanical response
to external stresses: elastic (recoverable) deformation;
visco-elastic  (time-dedependent, partially-recoverable
deformation; and plastic (non-recoverable) deformation
(Thiel and Donald, 1998).

The food cutting process used in the food industry
may serve as a dividing operation of raw material and
semi — finished products to pieces of specified shape
and size during formation, batching and milling. Food
products have various structural and mechanical
properties. They perceive the cutting load in different
ways. It is known, that the products to be cut are getting
deformed prior to destruction. When deformation of
product under the blade is plastic, but after being cut, the
product is crushed, it does not restore its previous shape
and loses consumer attractiveness. If the product is
delicate, its destruction is taking place without plastic
deformation (Ciulica, 2012).

For computational efficiency reasons  most
researchers in the food process simulation community use
mathematical models based on linear mathematical
models.. These models are incapable of providing realistic
predictions of finite deformations of the tissue, because
the deformations are assumed to be infinitesimal.
Linearity of the material response is also assumed.
Consequently, in such models the principle of
superposition holds (Miller et al., 2007).

The goal of this simulation research is to model and
simulate  deformable  non-linear materials  for
applications requiring real-time interaction. Therefore,
food processing applications include simulation-based
training, skills assessment and operation planning. A
cutting simulator must predict the deformation field

Rezumat: Aceastd lucrare prezintd o metodd de analizd
cu elemente finite a procesului de tdiere a produselor
vegetale, folosind soft-ul ANSYS 14. Rezultatele obfinute
cu ajutorul analizei numerice a forfei de rezistenfd la
tdierea vegetalelor sunt comparate cu rezultatele
cercetdrii experimentale realizate cu un echipament
special in condifii de laborator. Cercetarea teoretica prin
simulare prezentatd n lucrare permite evaluarea
functionalitafii cufitului si oferd totodatd posibilitatea
realizdrii unor optimizdri constructiv-funcfionale ale
aparatelor de tdiere pentru obfinerea unei coreldri intre
forfa necesard tdierii, unghiul de tdiere a cufitului si
proprietatile mecanice ale produselor vegetale.

Cuvinte cheie: legume, modelare 3D, morcov, simulare
numericd, taiere

INTRODUCERE

Relatia dintre proprietatile mecanice si structura
celulara a plantelor vegetale prezinta un interes economic
foarte crescut. Cultivatorii doresc sa reduca pierderile
cauzate de craparea sau ruperea acestora iar producatorii
de produse alimentare incearca sa reduca la minimum
cantitatea de energie necesara in procesul de prelucrare.
Produsele, ca materie prima sau prelucrate, trebuie sa
prezinte o textura pe placul consumatorilor. Prin urmare,
cercetarea rolului structurii celulare Tn determinarea
proprietatilor mecanice ale tesuturilor vegetale a cunocut
un interes deosebit pe parcursul ultimilor ani (Van-Buren,
1979; Gibson si Ashby, 1988). S-a constatat ca
materialele prezinta trei tipuri de deformare la solicitarile
mecanice externe: elastica (recuperabild), viscoelastica
(dependenta de timp, partial recuperabild) si plastica
(nerecuperabild) (Thiel and Donald, 1998).

Procesul de taiere utilizat n industria alimentara
serveste ca operatiune de divizare a materiei prime si a
semiproduselor finite Tn bucati de forma si dimensiunea
specificata necesare proceselor de formare, dozare sau
maruntire. Produsele alimentare au diverse structuri si
proprietati mecanice. Acestea percep sarcinile de taiere in
moduri diferite. Se cunoaste ca produsele supuse taierii
se deformeaza inainte de a fi distruse. In cazul
comparativ la care deformarea in fata lamei este plastica,
dupa ce a fost taiat, produsul este strivit, nu Tsi reface
forma anterioara, si Tsi pierde atractivitatea de consum. In
cazul in care produsul este delicat, distrugerea sa are loc
fara deformare plastica (Ciulica, 2012).

Majoritatea cercetatorilor din comunitatea simularii
proceselor alimentare utilizeaza modele matematice
liniare, din motive de eficientda a calculului. Aceste
modele nu sunt capabile sa ofere predictii realiste ale
deformatiilor finite ale tesuturilor deoarece deformarile
se presupun a fi infinitezimale. Este asumata, de
asemenea, liniaritatea raspunsului materialului. Prin
urmare, in astfel de modele este retinut principiul
suprapunerii (Miller si altii, 2007).

Scopul acestei cercetari este de a modela si simula
deformarea neliniara a materialelor pentru aplicatii care necesita
interactiuni in timp real. Operatile de procesare a alimentelor
includ pentru acest scop formarea profesionald, evaluarea
competentelor si de planificare a activitatilor cu ajutorul simularii.
Un simulator al procesului de taiere trebuie sa prezica domeniul



within the sample, so that it can be displayed to the
user, and the internal forces (stresses), so that reaction
forces acting on cutting tools can be computed and
conveyed to the user in real-time.

Fig. 1 - Aspects from the experimental research /
Aspecte de la cercetarea experimentala

MATERIAL AND METHOD

For the determination of cutting carrot resistance was
used a special stand created by Zwick/Roell.
Mechanical tests were performed with the aid of the
instrument shown in Fig. 1. The cutting of tested
products was performed using the simple edged
knives, whose sharpening angle was 15°% 30°and 45°
(fig. 1), and the knife blade thickness was 1.4 mm. For
each of the three knives were performed ten cuts, and
the tested material had the similar diameters on the
cutting area. This was necessary to obtain optimal
results. The degradation of the cell wall of material is
illustrated in Fig. 2 (Thiel and Donald, 1998).

Assuming that the cutting action is continuous we can
develop a continuous model of cutting conditions.
Orthogonal cutting assumes that the cutting edge of the
tool is set in a position that is perpendicular to the
direction of relative work or tool motion. This allows us to
deal with forces that act only in one plane.

Ccarrerl

de deformare in cadrul esantionului, astfel incat sa poata fi
afisat utilizatorilor, si al fortelor interne (tensiunilor), astfel
incat fortele de reactie care actioneaza pe instrumentele de
taiere sa poate fi calculate si transmise Tn timp real.

Fig. 2 - A scalpel blade is through carrots /
Lama cufitului Tn morcov (Thiel si Donald, 1998)

MATERIAL Sl METODA

Pentru determinarea fortei de rezistenta la taiere a
morcovilor a fost utilizat un stand creat de Zwick/Roell.
Experimentele au fost realizate cu ajutorul echipamentului
prezentat in Fig. 1. Taierea produselor testate s-a efectuat
prin utilizarea unor cutite cu muchie simpla al caror unghi
de ascutire a fost de 15°% 30° si 45°(fig. 1), iar grosimea
lamei de cutit a fost de 1,4 mm. Pentru fiecare dintre cele
trei cutite s-au realizat zece taieri, iar materialul a avut
diametre similare in zona de taiere. Acest lucru a fost
necesar pentru obtinerea unor rezultate optime.
Degradarea peretelui celular al materialului este ilustrata
n Fig. 2 (Thiel si Donald, 1998).

Presupunand ca actiunea de taiere este continua,
putem dezvolta un model continuu a conditiilor de taiere.
Taierea ortogonala presupune ca marginea de tadiere a
instrumentului este situatd intr-o pozitie perpendiculara pe
directia migcare a uneltei. Acest lucru ne permite sa facem
ipoteza ca fortele actioneaza numai intr-un singur plan.

Fig. 3 - Merchant'’s Force Circle of cutting / Cercul forfelor de taiere elaborat de Merchant

Merchant’s Force Circle is a method for calculating the
various forces involved in the cutting process. The
procedure to construct a Merchants force circle diagram is
pictured in figure 3. For processing the experimental data
were used statistical and mathematical techniques, as
following: the statistical models analysis; algorithm of
statistical data conditioning; the development of a
distribution model. So it was considered necessary to
develop an application in MATLAB environment, which
allows the distribution for data sets of experimental
variables (presented in fig. 4).

O metoda de calcul a fortelor implicate Tn procesul de
taiere este Cercul Merchant al fortelor. Procedura de
constructie a diagramei Merchant a cercului fortelor este
ilustrata in figura 3. Pentru prelucrarea datelor
experimentale au fost utilizate tehnici matematice si
statistice, dupa cum urmeaza: modele de analiza
statistica; algoritmul de conditionare a datelor statistice,
dezvoltarea unui model de distributie. Deci, s-a considerat
necesar sa se dezvolte o aplicatie in mediul MATLAB,
care permite determinarea distributiilor seturilor de date a
variabilelor experimentale (prezentate in fig. 4).
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Fig. 4 - Results delivered by operating with the program Matlab: distributions of cutting diameter, resistance force of cutting and
mechanical work for the three types of knives / Rezultate obfinute prin operarea cu programul Matlab: distribufia diametrului de t&iere,
rezistenfei la taiere si lucrului mecanic efectuat, pentru cele trei tipuri de cufite

FINITE ELEMENT SIMULATION

A basic idea of finite element method is to divide the
structural body into small and geometrically simple bodies,
called elements, so that equilibrium equations of each
element can be written, and all the equilibrium equations
are solved simultaneously. The elements are assumed to
be connected by nodes located on the elements’ edges
and vertices.

Vegetable cutting is a large deformation process
that involves severe plastic deformation of the material
in a very tiny zone , incorporating many material
phenomena such as material rupture, sticking and
sliding friction and strain localization. Such conditions
make the simulation of this process a challenging task.
The challenge of early works was to find an appropriate
algorithm to model the material separation at the tip of
the cutting tool. The initial works were mostly based on
a Lagrangian viewpoint in which the FE mesh is
attached to the material and moves with it in space. To
simulate cleavage, the knife was moved into the piece
along a previously defined “parting line” and the mesh
nodes in front of the tool tip were split in two when a
separation criterion is satisfied.

In other words, the complexities of Finite Element
Method (FEM) simulation will grow significantly when the
dynamic nature of cutting process is included in the
simulation. Fig. 5 shows the configuration of the simulated
cutting process.

Staristics mesh |
[decttisns Corrat| Suppors | Knfe |
Modes 3578 |1664 (399

Elements 168736411 | 1014‘

Carrot

SIMULAREA CU ELEMENT FINIT

Ideea de baza a metodei cu element finit este
impartirea structurii corpului Tn mici corpuri cu geometrie
simpla, numite elemente, astfel Incat sa poata fi scrisa
ecuatia de echilibru a fiecarui element, iar toate ecuatiile
de echilibru sa fie rezolvate simultan. Se presupune ca
elementele sunt conectate prin noduri localizate pe muchii
si varfuri.

Taierea vegetalelor este un proces cu deformatii mari
care implica deformatii plastice severe ale materialului Tntr-
0 zona restransa, si Tncorporeaza multe fenomene
semnificative, cum ar fi, ruperea materialului, lipirea si
frecarea de alunecare sau localizarea eforturilor. Aceste
conditii fac simularea acestui proces o sarcina dificila.
Problema primelor lucrari din domeniu a fost de a gasi un
algoritm adecvat pentru modelarea separarii materialului la
varful cutitului. Majoritatea lucrarilor s-au bazat pe un punct
de vedere Lagrangian in care reteaua de elemente finite este
atasata si se misca impreuna cu materialul in spatiu. Pentru a
simula despicarea, cutitul se misca in proba dealungul unei
“linii de despartire” definite n prealabil, iar nodurile retelei din
fata uneltei de taiere sunt despariite in doud atunci céand
criteriul de separare este indeplinit.

Cu alte cuvinte, complexitatea simularilor cu metoda
elemetului finit (FEM) va creste in mod semnificativ atunci
cand natura dinamica a procesului de taiere este inclusa
in simulare. Fig. 5 arata configuratia procesului de taiere
simulat.

Fig. 5 - Configuration of the simulated cutting process (Statistics mesh) /
Configurafia procesului de tdiere simulat (Statistica refelei)



MODELING AND SIMULATION

We propose an efficient numerical algorithm for
computing deformations of soft tissues (such as the
vegetable products), with applications to real-time cutting
simulation. The algorithm is based on the finite element
method using the Lagrangian formulation, where stresses
and strains are measured with respect to the original
configuration. We used an implicit method because the
response at the current time step depends not only on the
historical information but also the current information;
iterations are needed in a single time step. The algorithm is
capable of handling both geometric and material non-
linearities. In order to analyze the system, the general form
of dynamic equilibrum equation is:

MODELAREA S| SIMULAREA

Noi propunem un algoritm eficient de calcul numeric
pentru deformarea tesuturilor moi (cum ar fi produsele
vegetale), cu aplicatii la simularea taierii in timp real.
Algoritmul se bazeaza pe metoda elementului finit folosind
formularea Lagrangiana, pentru cazul in care eforturile si
deformatiile sunt masurate in raport cu configuratia
originala. Am folosit o metodd implicitd, deoarece
raspunsul la pasul de timp curent depinde nu doar
informatiile istorice, dar, de asemenea, de informatiile
curente; iteratiile sunt necesare intr-un singur pas de timp.
Algoritmul este capabil sa manipuleze neliniaritatile
materialului sau geometrice. Pentru analiza sistemului,
forma generala a ecuatiei de echilibru dinamic este:

[M]{B}+[C]{b}+[K]{D}:{F} | )

where {D} is the nodal displacements vector, {F} is the
nodal external forces vector, [M] is called the mass matrix,
[C] is called the damping matrix, and [K] is the stiffness
matrix. Stability analysis of the algorithm suggests that due
to much lower stiffness of soft tissues than that of typical
engineering materials, it is possible that integration time
steps be a few orders of magnitude larger than that
typically used in engineering simulations. “Transient
Structural” module solves the above equation using the
following algorithm:

unde {D} este vectorul deplasarilor nodale, {F} este
vectorul fortelor externe nodale, [M] este matricea
maselor, [C] este matricea de amortizare, si [K] este
matricea de rigiditate. Analiza de stabilitate a algoritmului
sugereaza ca, datorita rigiditatii mult mai mici a tesuturilor
moi decat cea a materialelor tipice ingineresti, este posibil
ca pasii timpului de integrare sa fie de cateva ordine de
marime mai mare decéat cel folosit de obicei in simularile
ingineresti. Modulul “Transient Structural” rezolva ecuatia
de mai sus folosind urmatorul algoritm:

szDn+At[Vbn+l+(1—y)bn] , @)
Do =D, *+8D, + 180126, +A-26D,] | @

The parameters y and B are chosen to control
characteristics of the algorithm such as accuracy,
numerical stability, etc. Numerical examples confirm the
accuracy and efficiency of the proposed LED algorithm.

The material and cutting parameters are selected to
represent realistic cutting process conditions. These
parameters are selected in a way to be able to compare
the simulation results with the experimental model, and
they were displayed in table 1.

Object | Material / Density/ | Young's Modulus /
name / Material Densitate Mod. Young
Obiect [kg m ™ [MPa]
Carrot Carrot 1140 1.35/1,35
Knife Steel 7850 | 2.e+0.05/2,e+0,05
Support

The knife is idealized as a relatively rigid body with a
very large elastic modulus and a sharpening angle of 15°
with a curvature at the corner representing the radius of
curvature at the cutting edge. In this simulation, a corner
radius of 0.25 mm is considered for the tool.

The carrot sample is a truncated elipsoid with
maximum radius of 15.5 mm and a length of 52 mm. This
geometry of the workpiece is chosen to be able to simulate
an orthogonal cutting configuration. Tool and workpiece
are modeled as deformable bodies and contact elements
are inserted at the interface of both to represent the
contact between them.

These elements prevent penetration and transmit the
forces between surfaces. A velocity model dependent on
friction is applied to represent the sliding and sticking of
the chip on the tool rake face.

With the advance of the tool tip into the workpiece in
the course of cutting process, the elements at the vicinity

Poisson's Ratio /
Coef. Poisson

Parametrii y si B sunt alesi pentru a controla
caracteristicile algoritmului, cum ar fi corectitudinea,
stabilitatea numerica, etc. Exemplele numerice confirma
acuratetea si eficienta algoritmului LED propus.

Parametrii materialelor si de taiere sunt alesi sa
reprezinte conditiile procesului de taiere cat mai realist.
Acesti parametri sunt selectati intr-un mod care sa permita
comparatia rezultatelor simularii cu modelul experimental,
si sunt afigati in tabelul 1.

Table 1/ Tabelul 1

Shear Modulus /
Mod. de forfecare

Bulk Modulus /
Mod. volumetric

[ 1 [MPa] [MPa]
0.29/0,29 1.0714/1,0714 0.52326 / 0,52326
1.66e+0.05 /
0.3/0,3 1,66€+0,05 76923

Cutitul este idealizat ca un corp relativ rigid, cu un
modul de elasticitate foarte mare si un unghi ascutit de 159
cu o curbura de colt ce reprezinta raza de curbura a muchiei
de taiere. In aceasta simulare, a fost luata in considerare o
raza de curbura de 0,25 mm a muchiei cutitului.

Proba de morcov este un elipsoid trunchiat cu raza
maxima de 155 mm si o lungime de 52 mm. Aceasta
geometrie a probei este aleasa pentru putea fi simulata
taierea ntr-o configuratie ortogonala. Instrumentul de taiere
si proba sunt modelate ca obiecte deformabile, iar la
interfata acestora sunt introduse elemente de contact pentru
a reprezenta contactul dintre ele.

Aceste elemente previn penetrarea si transmit fortele
intre suprafetele corpurilor. Pentru a reprezenta
alunecarea sau lipirea fragmentelor pe fetele uneltei este
aplicat un model al vitezei dependente de frecare.

Odata cu avansul cutitului in piesa de prelucrat in cursul
taierii, elementele din apropierea varfului sunt strivite si



of the tool tip are stretched and severely distorted because
the tool penetrates into them. This creates major
convergence problem, and, if not prevented, the solution
aborts prematurely.

RESULTS

Following the experimental measurements it can be
seen that the cutting resistance force is directly
proportional with the value of the sharpening angle of the
cutting knife. As the cutting edge is sharper, the cutting
resistance force is lower. An interesting phenomenon in
machining cutter is the change of actual shear angle due
to the tool motion in the feed direction. The shear angle is
a function of the cutting ratio. As the knife vibrates, the
cutting ratio varies and the thickness of the chip material
varies too.

Fig. 6 shows the contour plots of predicted
equivalent elastic strain: overview (left) XY; slice plane
(right). At larger shear angles, a thicker chip is
produced whereas for smaller shear angles, the chip
becomes thinner.

Variation of shear plane angle during cutting is
discussed in earlier works. Wu (1986) formulated the
oscillation of shear plane angle and developed a
comprehensive dynamic cutting force model by taking
into account the equilibrium of forces in the primary and
secondary plastic deformation zones.
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puternic distorsionate, deoarece instrumentul patrunde n ele.
Acest lucru creeaza probleme majore de convergenta, si, in
cazul In care nu este prevenit, solutia va fi abandonata
prematur.

REZULTATE

Tn urma mésuratorilor experimentale se poate observa
ca rezistenta la taiere este direct proportionala cu valoarea
unghiului de ascutire a cutitului. Cu cat muchia de taiere
este mai ascutita, rezistenta la taiere este mai mica. Un
fenomen interesant 1n prelucrarea prin taiere este
schimbarea unghiului de forfecare real datoritda miscarii
uneltei In directia de avans. Unghiul de forfecare este o
functie a raportului de taiere. Dupa cum vibreaza cutitul,
variaza atat raportul de taiere, céat si grosimea
fragmentelor de material.

Fig. 6 aratd conturul deformatiei echivalente elastice
estimate: imagine de ansamblu (stg.); plan de taiere XY
(drt.). La unghiuri mai mari de forfecare, sunt produse
fragmente mai groase, In timp ce la unghiuri mai mici,
fragmentele devin mai subtiri.

Variatia unghiului plan de forfecare in timpul taierii
este discutat Tn lucrari anterioare. Wu (1986) a formulat
oscilatia unghiului plan de forfecare i a dezvoltat un
model dinamic al fortei de taiere tinand cont de echilibrul
de forte In zonele primare si secundare de deformare
plastica.
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Fig. 6 - Contour plots of predicted equivalent elastic strain: overview (left.); slice plane XY (right): /
Conturul estimat al deformatfiei elastice echivalente: vedere de ansamblu (stg.); plan de tédiere XY (drt)

Fig. 7 shows the distribution of the normal elastic strain
along OX axis in time domain of a cutting simulation under
the width of cut of 1.4 mm and cutting velocity of 100
mm/min. In this figure, two dominant peaks are observed;
the first one at 0.248 mm/mm and the second one at 0.314
mm/mm. However, the real world is much more
complicated than what a critical strain or stress criterion
can predict.
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Fig. 7 - Contour of normal elastic strain distribution /
Conturul distribufiei deformatfiei elastice normale

Fig. 7 arata distributia deformatiei elastice normale pe
directia axei OX In domeniul timp, pentru simularea taierii
pe o latimea de taiere de 1,4 mm si viteza de taiere de
100 mm/min. Tn aceasta figura, doua varfuri dominante
sunt observate, prima de 0,248 mm/mm, iar al doilea de
0,314 mm/mm. In orice caz, lumea reald este mult mai
complicata decét ceea ce un criteriu critic de tensiune sau
deformatie pot prezice.
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Fig. 8 - Cutting force comparison for Knife with angle of 15°/
Comparafia forfei de téiere pentru cufitul cu unghiul de 15°



Figure 8 shows the comparison chart cutting resistance
force for the knife with the blade angle of 15° If we compare
the magnitudes of cutting force, measured in experiments,
we see the same relative values as if values estimated by
simulation. For small and moderate plasticity, the damage
effect of cutting process is often negligible.

This can lead to conclusion that software Ansys 14 is
able to predicted the relative values in cutting force with good
accuracy.

CONCLUSIONS

Mathematical modelling and computer simulation have
proved tremendously successful in engineering applications.
Computational mechanics has enabled technological
developments in every area of our lives. One of the greatest
challenges for engineers is to extend the success of
computational mechanics to all areas of traditional
engineering.

In this paper the using of Finite Element Method FEM
which was implemented in commercially available software
package Ansys 14, was presented. The simulations were
focused on carrot cutting in order to obtain a comprehensive
model which realistically predicts the effects of various
cutting parameters on process stability. The results were
compared with experimentally measured data. In the present
theory, we have shown that good results can be obtained.
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in figura 8 graficul indica forta de rezistentd la taiere,
pentru cutitul cu unghiul lamei de 15° Daca vom compara
magnitudinile fortei de taiere, masurate in experimente, putem
vedea aceleasi valori relative, ca si in cazul valorilor estimate
prin simulare. Pentru plasticitati mici si moderate, efectul
vatamarilor procesului de taiere este adesea neglijabil.

Acest lucru poate conduce la concluzia ca software-ul
ANSYS 14, este capabil sa estimeze valorile relative ale
fortei de taiere cu o precizie buna.

CONCLUzII

Modelarea matematica si simularea pe calculator s-au
dovedit a avea foarte mult succes in aplicatiile ingineresti.
Mecanica numerica a permis dezvoltarea tehnologica n
aproape fiecare domeniu al vietii noastre. Una dintre cele
mai mari provocari pentru ingineri este aceea de a extinde
succesul mecanicii humerice Tn toate domeniile ingineriei
traditionale.

In aceastad lucrare a fost prezentatd utilizarea metodei
elementului finit FEM, care a fost implementata cu pachetul
software disponibil comercial ANSYS 14. Simularile s-au axat pe
taierea morcovilor, Tn scopul de a obtine un model cuprinzator,
care poate estima in mod real efectele diversilor parametri de
taiere asupra stabilitati procesului. Rezultatele au fost
comparate cu datele masurate experimental. Tn teoria de fata,
noi am aratat ca pot fi obtinute rezultate de calitate.
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Abstract: In this paper is presented the press room of the
MAC 3 machine endowed with two pressing
mechanisms, while also showing the advantages of the
new system. Also the diagram of the two pressing
mechanisms is given, while equations are established for
determining the speed distribution by using the
independend cycle method.

Keywords:
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pressing room, MAC — 3 machine, pressing

INTRODUCTION

MAC — 3 machines works in agregate with U — 650 M
tractor and is designed to harverst the stems of corn and
sunflower, dry hay put in furrow, creeping stalks of beans,
pea, etc [2, 3, 11]. The machine works on the plane fields
or on slopes with inclination until 10° [2, 3, 11]. The
material that was added is pressed and unloaded as
hayrick at the extremities of the plots.

MAC — 3 machines had a mechanism for feeding the
pressing room, a mechanism with gear quadrant.

Instead of this mechanism is introduced a new
mechanism formed by articulated beams, replacing the
gear quadrants of the old mechanism [1, 7, 8, 13, 18, 23].

THEORETICALS ASPECTS OF CALCULUS
In figure 1 is presented the old pressing mechanism
which is formed from nine mobile elements ( 3 and 4
elements had two notched semi-crowns with contact in
point N), 12 inferior kinematics couples and two superior
kinematics couples [1, 7, 8, 13, 18, 23]:
e inferior couplesi= A,B,C,D,E,F,H,L.K.M,R,P
e superior couples = N,G
i=12 — superior couples;
s=2 — inferior couples;
m=9 — mobile elements.
The mobility degree of the mechanism is calculated
with the relation (1):

M=3m-2i —-s

Therefore: M =3[9-2[12-2=1

The old mechanism of pressing has a single degree of
freedom, therefore is a desmodromic mechanism.

In figure 2 is presented the scheme of the new
pressing mechanism, in which componence intervene the

4" and 7' elements, also N’, GéR rotation couples and

G(t) translation couples.
At the new mechanism we have a number of 11
mobile elements and 16 inferior kinematics couples.

i=A B,C, DE,F, G(t),G(lR),H, L,K,M,N,N' P,R
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Rezumat: Lucrarea prezintd camera de presare a maginii
MAC - 3, dotatd cu doud mecanisme de presare, si de
asemenea sunt argtate avantajele noului sistem. De
asemenea este prezentatd si diagrama mecanismului de

presare, fiind stabilite ecuafile pentru determinarea
distribufiei de viteze utilizdnd metoda  ciclurilor
independente.

Cuvinte cheie: camerd de presare, masina MAC - 3,
mecanism de presare.

INTRODUCERE

Masina MAC - 3, lucreaza n agregat cu tractorul U —
650 M si este destinata recoltarii tulpinelor de porumb,
floarea soarelui, a fanului uscat asezat in brazda, vrejurilor
de soia, mazare, etc [2, 3, 11]. Masina lucreaza pe terenuri
plane, sau pe pante cu inclinare de pana la 10° [2, 3, 11].
Materialul adunat este presat si descarcat sub forma de
capite la capetele parcelelor.

Masina MAC — 3 avea ca mecanism pentru actionarea
camerei de presare un mecanism cu sector dintat.

Tn locul acestui mecanism s-a introdus un mecanism
nou format din bare articulate, Tnlocuindu-se sectoarele
dintate ale vechiului mecanism [1, 7, 8, 13, 18, 23].

ASPECTE TEORETICE DE CALCUL

Tn figura 1 se prezintad schema vechiului mecanism de
presare care este format din noua elemente mobile,
(elementele 3 si 4 avand doua semicoroane dintate cu
contact in punctul N), 12 cuple cinematice inferioare si
doua cuple cinematice superioare [1, 7, 8, 13, 18, 23]:

e cuple inferioare i= A,B,C,D,E,F,H,L,LK,M,R,P

e cuple superioare = N,G
i=12 — cuple superioare;
s=2 — cuple inferioare;
m=9 — elemente mobile.

Gradul de mobilitate al mecanismului se calculeaza cu
relatia (1):

1)
Decii M =3[9-2[12-2=1

Vechiul mecanism de presare are un singur grad de
libertate, deci este un mecanism desmodrom.

Tn figura 2 este prezentatd schema noului mecanism
de presare, in componenta caruia mai intervin elementele

4'si 7', de asemenea cuplele N’ GéR de rotatie si

respectiv G(t) de translatie.
La noul mecanism avem un numar de 11 elemente
mobile si 16 cuple cinematice inferioare.

i=A B,C DEF, G(t),G(lR),H, L,K,M,N,N' P,R
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Schema vechiului mecanism de presare
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The mobility degree of the new mechanism is:
Gt)-7-GR)-7-H-6-L-3-K

We may notice that the new mechanism has mobility
degree equal to one, just like the old mechanism, therefore
this mechanism is a desmodromic mechanism too.

The graph associated to new mechanism is presented
in figure 3. We may notice that it is a planar graph with five
independent cycles.

It is considered the outlines of the disjoint interior
domains of the graph, as bases of independent cycles,
therefore we have:

e cycle:P-1-R-2-M-3-K;
¢ cycle Il: P-1-R—2—-M-3-N-4-N—-4-D ;
e cyclell:D-4-C-8-B-9-A;

«  cycle IV:A—-9-B-8-C—4-E-5-F-7-G'(R)— G()
L-

e cycleV:Gt)—-7-G'(R)—7-H-6-

o
3-

7<

Gradul de mobilitate al noului mecanism este:
Gt)-7-G(R)-7-H-6-L-3-K

Se observa ca noul mecanism are grad de mobilitate
unitar, la fel ca noul mecanism, deci si acesta este un
mecanism desmodrom.

Graful asociat noului mecanism este prezentat n
figura 3. Se observa ca este un graf planar cu cinci cicluri
independente.

Se considera ca baza de cicluri independente
contururile domeniilor interioare disjuncte ale grafului, deci
avem:

e cicull:P-1-R-2-M-3-K;
e ciclul l: P-1-R-2-M-3—-N—-4-N-4-D ;
e ciclullll:D-4-C-8-B-9-A;

«  ciclul IV:A-9-B-8-C—~4-E-5-F-7-G'(R)- G(t)
L—

-7
e ciclulV:G(t)-7-G(R)-7-H-6-L-3-
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Fig. 3 -The graph associated to the new pressing mechanism/
Graful asociat noului mecanism de presare

Considering an axis system xQy in the plane of mechanism,
with the origin in P and knowing the x and y coordinates of the
kinematics couples is obtained the equations system (2) [4, 5,
6,9, 10, 12, 14, 15, 16, 17, 19, 20, 21, 22, 24].
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The kinematics conditions from bundles are presented
in the form (3) [4, 5, 6, 9, 10, 12, 14, 15, 16, 17, 19, 20, 21,
22, 24]

(s = Ya) = (Yo —¥s) -

Luand un sistem de axe x0y in planul mecanismului, cu
originea in P si cunoscandu-se coordonatele x si y ale
cuplelor cinematice se obtine sistemul de ecuatii (2) [4, 5, 6,
9, 10, 12, 14, 15, 16, 17, 19, 20, 21, 22, 24].

VéZl +V|\)j|32 - wl( ) (yM ) (yK Ym ) =0

Vior +Vigeo + @ (X ) (X = %)+ @(xc =%y )=0

Vs +Viiae +Vies +Viear ~ (Y~ Vo) @V ~ Yr) - ws( Yu) =@ (Ve = o) =@ (Vo =y )=

Vior ¥ Vg +Vias + VY +a{(XR XP) (X ) ws( )_w4' (XN' _XN)_a)Al(XD _XN'):O

Vegs +Vass = @4 (Ye — Yo )~ @ (Ve — Ye) =@ (Va — ¥e)=0 2)
VC84+V898+a)(XC X ) ( XC) ( XB):O

)= @ (Yo ~ Yo )=
@ (% = %o )=

wy(Ye = Ve )-a(ye -y

X ) w4(XE _Xc)+ms(XF _XE)E_
0

~Yo )=y, —yu) -y —y.)=
_XG')"'we(XL

XH)+a)3(XK =% )=0

Conditiile cinematice din legaturi sunt prezentate sub
forma (3) [4, 5, 6, 9, 10, 12, 14, 15, 16, 17, 19, 20, 21,
22, 24]
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Vé21 _
2 = —tga
R21
X —\,Y —
Vma = Vva = 0
X — Y —
VNes = VNas =
X —\Y —
Vvar =Vya = 0
X — Y —_
Veag =Veas = 0
X —\yY =
Veos = VBos — 0
Introducing the conditions (3) in the equations system

(2) is obtained the equations system (4) [4, 5, 6, 9, 10, 12,
14, 15, 16, 17, 19, 20, 21, 22, 24]:

4(yC _yD)_wB(yB _yc)_wg(yA_yB):
64)4(XC _XD)+a)8(XB _XC)+a)9(XA_XB):O

X —— —_
Vess = Vess = 0
X — Yy =
Ve = Ve =
Vorr =Verr =0
° )
Voro =0
X — Y —_
Vier = Vier = 0
X =Y =
Viss = Viss = 0
Introducand conditiile (3) In sistemul de ecuatii (2) se

obtine sistemul de ecuatii (4) [4, 5, 6, 9, 10, 12, 14, 15, 16,
17,19, 20, 20, 22, 24] :

Vet ~ wl( ) w1(y|v| ) a)3(yl< Ywm ) =0

—VRzltga+wl( = %o )+ @ (X = %g )+ @y (X =%y ) =0

Vior =@ (Ve = Vo) =@ (yw — Ve) - @ (yy - yM)—w4'(yN'-yN)-w4(yD—yN')=0
R21tga+wl( XP)+ ( ) w3( M)+w4’(XN XN)+w4(XD_XN’):O

(4)

-y (Ye ~ ¥a) m @ (ye ~ Vo) - @i(ye - ye) - @ (ye —ye)=0
a)Q(XB XA)+ ws(xc - XB)+ w4(XE Xc)+ a)S(XF XE) =0
—a (Yo — Ve )@y~ ) - @l - v)=0
a)7(XH - XG’)+ wﬁ(XL Xy )+w3(xl< XL) =0
@5 (Ye = Yu )=y —¥.) =0
wﬁ(XL ~ Xy )+w3(XK _XL): 0
The constructive conditions are: Conditiile constructive sunt date sub forma:
ay =G,
w =0 5)
w=w, =0

Introducing in system (4), the constructive conditions,
the equations system is obtained(6):

The equations system (6) is a homogeneous system of
eight equations with eight kinematic unknowns which can
be determined.

—a,(ye = Vo) - w(Ve

Introducand Tn sistemul (4), conditiile constructive se

obtine sitemul de ecuatii (6):

VéZl_aJl(yM _YP)_%(YK _YM):O
R21tga+a).|_( Xp)+a)3(XK XM):O
Vi =@ (Y = ¥ ) =@ (Y = Yu )= @4 (yp —¥y) =0

_yc)_wg(yA_yB):O

(6)

a)4(XC_XD)+a)8(XB Xc)"'a)g(XA XB):O

-y (Ye = ¥Ya) = aa (Ve — ¥e) - @i (Ve ~ Vo) - @ (ye —ye)=0
a)Q(XB XA)+a)8(XC XB)+C‘)4(XE_XC)+C‘)5(XF XE):O
we(XL_XH)"'ws(XK XL):O

Sistemul de ecuatii (6) este un sistem omogen de

opt ecuatii cu opt necunoscute cinematice, care se
pot determina.



The kinematic unknowns are: V., , &, &, &, , (W,

Wy, Wy, W,. These unknowns can be determined from the

equations system (6) which is a homogeneous system of
eight equations with eight unknowns.

Having known the angular speeds and translation speeds
of the mechanism with the help of the principle of the virtual
speeds the maximum value of the pressing force may be
determined.

CONCLUSIONS

Replacing of the old mechanism of the machine, leads to
a better working process, by removing the frictions and
vibrations from gear quadrants to a metal economy and a
more simple constructive achievement.
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Necunoscutele cinematice sunt : VFXm, W, oy, Wy, s,

W, 4y, w,. Aceste necunoscute pot fi determinate din

sistemul de ecuatii (6) care este un system omogen de opt
ecuatii cu opt necunoscute.

Avand cunoscute vitezele unghiulare si de
translatie ale mecanismului cu ajutorul principiului
vitezelor virtuale se poate determina valoarea maxima a
fortei de presare.

CONCLUZzII

Tnlocuirea vechiului mecanism al masinii conduce la o
functionare mai buna, prin inlaturarea frecarilor si a
vibratiilor din sectoarele dintate, la 0 economie de metal si
la o realizare constructiva mult mai simpla.
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RESEARCHES REGARDING MODAL ANALYSIS UTILIZATION AS A TOOL FOR FATIGUE AND
STRUCTURAL CHANGE ASSESSMENT OF MECHANICAL STRUCTUR ES

/

CERCETARI PRIVIND UTILIZAREA ANALIZEI MODALE CA INSTRUMENT PENTRU
EVALUAREA ST ARIlI DE OBOSEAL A SI A MODIFICARILOR STRUCTURALE ALE
STRUCTURILOR MECANICE

PhD. Phys. Manea I. ”, Eng. Gimi ta 1.”, Ph.D. Stud. Eng. Matache M. ?, Eng. Muscalu A. 2,
Eng. Persu C. ?, Ph.D. Stud. Eng. Voicea I. ?
Dsc Softronic Craiova / Romania: 2INMA Bucharest / Romania
Tel: 0752428732; E-mail: ion.manea@softronic.ro

Abstract: The paper presents theoretical and
experimental researches on the use of experimental modal
analysis as an instrument of appreciation of fatigue state,
as well as to identify the structural changes of the complex
mechanical structures. The application is carried out on a
railway bogie frame, performed at SC Softronic Craiova,
being in course to be tested for static and fatigue stress at
INMA Bucharest. Researches are in full progress, in the
article being presented the results of initial tests as well as
those performed after 6 millions of stress cycles at fatigue.

Keywords: modal analysis,
eigenmodes, fatigue, bogie frame.

eigenfrequencies,

INTRODUCTION

Bogies are complex equipments with a vital role in the
functioning of railway vehicles, having the role of carbody
supporting, of ensuring the traction and braking forces, as
well as of vibratory isolation of the carbody and
transported loads. Taking into account the important role in
the rolling stock security, the fact that all mechanical
stresses from the rolling track are transmitted to the
carbody through the bogie, as well as the long operating
life of rolling stock, the present regulations require that at
homologation, the bogies to be subjected to a complex set
of static and fatigue tests.

For achieving a stand and a testing program it is taken
into consideration that the strains at which the bogie is
subjected replicate as accurately as possible the strains of
normal functioning, without introducing additional or
unrealistic constraints or degrees of freedom.

The bogies testing shall be made according to
European standard EN 13749 “Railway applications.
Wheelsets and bogies. Methods of specifying the
structural requirements of bogies frames”.[6]

In practice there are standardised two static load
cases, which are considered to be covering for the real
situations encountered during an equipment lifetime:

- exceptional static loads, which may occur only rarely,
over the lifetime of the bogie.The bogie structure is
necessary to resist to these loadings, without cracks or
deformations, that would affect the operation during tasks
application;

- normal service loads, which represent those loads
currently occurring during lifetime, the bogie having to
withstand at service loads, without fatigue cracks.

The test at static loads is followed by fatigue testing,
which is designed to confirm that the bogie frame is
capable of withstanding to stresses due to operating
loadings encountered throughout its whole life. The main
loads acting are those responsible for the induction of
mechanical stress in the whole structure of the bogie
frame, namely: vertical forces, transversal forces and
forces due to twist stresses. The dynamic loads are
applied as follows:

- 6 million cycles with normal service loads;
- 2 million cycles with service loads increased by 20%;
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Rezumat: Tn lucrare sunt prezentate cercetari teoretice si
experimentale privind utilizarea  analizei modale
experimentale ca instrument de apreciere a stari de
oboseala, cat si pentru identificarea modificarilor structurale
ale structurilor mecanice complexe. Aplicatia este realizata pe
o rama de boghiu de cale ferata, realizat la SC Softronic
Craiova, aflat la incercari la solicitari statice si oboseala la
INMA Bucuresti. Cercetarile sunt in desfasurare, in articol fiind
prezentate rezultatele privind incercarile initiale, precum si
cele dupa 6 milioane de cicluri de solicitari la oboseala.

Cuvinte cheie: anliza modald, frecvente proprii, moduri
proprii, oboseala, rama de boghiu.

INTRODUCERE

Boghiurile sunt echipamente complexe cu rol vital in
functionarea vehiculelor feroviare, avand rolul de purtator
al carcasei, de asigurare a fortelor de tractiune si de
franare, precum si de izolare vibratorie a carcasei si a
incarcaturii transportate. Avand in vedere rolul important in
securitatea materialului rulant, faptul ca toate solicitarile de
la calea de rulare se transmit la carcasa prin intermediul
boghiului, precum si durata mare de functionare a
materialului rulant, normativele in vigoare impun ca la
omologare, boghiurile sa fie supuse unui set complex de
incercari la solicitari statice si oboseala.

La realizarea unui stand si a unui program de incercari
se are in vedere ca solicitarile la care este supus boghiul
sa reproduca cat mai fidel solicitarile din functionarea
normala, fara a introduce constrangeri sau grade de
libertate suplimentare sau nerealiste.

Incercarea boghiurilor pentru materialul feroviar se
face conform standardului european EN 13749 “ Aplicafi
feroviare. Osii si boghiuri. Metode de specificare a
cerinfelor structurale ale ramelor de boghiuri”.[6]

In practica sunt normate doua cazuri de incarcare
statica, care se considera a fi acoperitoare pentru situatiile reale
intalnite pe durata de de viata a echipamentului:

- incarcarea statica exceptionala, care poate sa apara doar
rar, pe durata de viata a boghiului. Structura boghiului este
necesar sa reziste la aceste sarcini, fara fisuri sau
deformatii, care ar afecta functionarea in timpul aplicarii
sarcinilor;

- incarcarea de exploatare, care reprezinta acele sarcini
care apar curent in timpul exploatarii, boghiul trebuind sa
reziste sarcinilor functionale, fara aparitia de fisuri.

Incercarea la solicitari statice este urmata de
incercarea la oboseala, care este destinata sa confirme ca
rama boghiului este capabila sa reziste solicitarilor
datorate sarcinilor de exploatare intalnite pe toata durata
de viata a acestuia. Sarcinile principale care actioneaza
sunt cele responsabile de inducerea solicitarilor mecanice
in intreaga structura a ramei de boghiu si anume: fortele
verticale, fortele transversale si fortele datorate solicitarilor
de rasucire. Sarcinile dinamice se aplica dupa cum urmeaza:
- 6 milioane cicli cu sarcinile de exploatare;

- 2 milioane cicli cu sarcini de exploatare crescute cu 20%;
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- 2 million cycles with service loads increased by 40%.

During the tests performing, in the bogie frame
structure appear irreversible phenomena of material
fatigue. Beside these, may also appear cracks or structure
damages. Throughout the tests duration, it is performed
the monitoring of the mechanical stress on the bogie frame
structure.

At the present moment, there is in progress a contract
for performing the static and fatigue tests at INMA
Bucharest, for two railway bogies made at SC Softronic
Craiova. With this occasion, within SC Softronic Craiova
was developed and experimented a technology for
monitoring of fatigue state and the structural integrity, by
using the experimental modal analysis.

The paper presents the theoretical background of the
developed technology, as well as the result of tests
performed on a bogie frame which is in the initial stage of
tests, as well as after the static tests and of the first stage
of fatigue, after the 6 million exploitation cycles.

The research is in progress, and in a future article will
be presented the final results of the research.

MATHERIAL AND METHOD
Theoretical basis of the experimental modal analysi s [2]
Any mechanical system can be modeled by means of a
discrete system consisting of 'n' material points of
concentrated mass ‘m¢’ connected by stiffness elastic
elements ‘k’ and damping elements of ‘cy’ constant. For this
damped system subjected to the action of an external
excitations system {Q(t)} , the equations of movement are:

[MExo} +[cx} +{KExw} ={Qu)

The system response at external excitation is
presented as a sum of 'n’ modal contributions due to each
separate degree of freedom:

{X@}=

M) daa), ] el
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- 2 milioane cicli cu sarcini de exploatare crescute cu 40%.

Pe durata efectuarii incercarilor, in structura ramei de
boghiu apar fenomene ireversibile de oboseala a
materialului. Pe langa acestea, mai pot sa apara fisuri sau
cedari ale structurii. Pe toata durata incercarilor, se
efectueaza monitorizarea tensiunilor mecanice din
structura ramei de boghiu.

In momentul de fata se afla in derulare un contract
pentru incercarea la solicitari statice si oboseala la INMA
Bucuresti, a doua boghiuri de material feroviar realizate la
SC Softronic Craiova. Cu aceasta ocazie, la SC Softronic
Craiova, a fost elaborata si experimentata o tehnologie de
monitorizare a starii de oboseala si a integritatii structurale,
prin utilizarea analizei modale experimentale.

In articol se prezinta fundamentul teoretic al tehnologiei
elaborate, precum si rezultatul incercarilor efectuate pe o
rama de boghiu aflata in stadiul initial al incercarilor, precum
si dupa efectuarea incercarilor statice si a primului stadiu de
oboseala, dupa cele 6 milioane de cicli de exploatare.

Cercetarea se afla in derulare, iar intr-un articol viitor
se vor prezenta rezultatele finale ale cercetarii.

MATERIAL SI METODA
Baza teoretica a analizei modale experimentale [2]

Orice sistem mecanic poate fi modelat printr-un sistem
discret format din ‘n’ puncte materiale de masa
concentrata ‘my’ unite prin elemente elastice de rigiditate
‘k' si elemente de amortizare de constanta ‘cy’. Pentru
acest sistem amortizat supus actiunii unui sistem de
excitatii exterioare {Q(t)} , ecuatiile de miscare sunt:

(1]
Raspunsul sistemului la excitatia externa se prezinta

sub forma unei sume de ‘n’ contributii modale datorate
fiecarui grad de libertate separat:

(2]

] & M<+l(w-l/k)) a (4 Hi(wty))

where:
{lp k} and @k} - its own vector of the order "k";
M, - the “k” order damping ratio;
. - the “k” order damped natural frequency;

a, and ax - norming constants;

G - external excitation frequency.

In order to determine the eigenvectors from experimental
data, in the paper it is presented the one point excitation
method. It consists in the structure excitation in the
successively points ‘j° (j=1,2,...m) and simultaneous
determination of the response (in accelerations or
displacements) in points ‘' (i=1,2,...n). In practical
applications, the eigenvectors are substituted with two
modal constants Ui'; and V”.kdefined by following:

W Wy
a

It can be introduced the structure admittance, or

compliance, by ratio between displacement response and

unde:
v +}and @k} - vectorul propriu de ordinul “k”;
M, - rata de amortizare de ordinul *k”;

C frecventa naturala amortizata de ordinul “k”;

a, S ax - constante de normare;

G - frecventa excitatiei externe.

In vederea determinarii vectorilor proprii din date
experimentale, in articol se prezinta metoda de excitare a
structurii intr-un singur punct. Aplicarea metodei consta in
excitare succesiva a structurii in punctele ‘j’ (j=1,2,...m) si
determinarea simultana a raspunsului (in acceleratii sau
deplasari) in punctele ‘i’ (i=1,2,...n). In aplicatiile practice
vectorii proprii sunt inlocuiti cu doua constante modale

Ui:.‘ si \/”.k definite prin relatia:

k
LA —U +|N/k and / si %FD‘ —U" 'EVU [3]
&
Se introduce marimea admitanta, sau complianta, a
sistemului, definita ca raportul dintre raspunsul in

force excitation. Having in mind the (2) relation, the deplasare si forta de excitare. Tinand cont de relatia (2)
structure admittance can be writen as: admitanta sistemului se scrie ca:
'N/k n Uk |EJ/k

Ot 5t

(4]

3

k=1

v
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The last relation, withi=12..;1 j=12..4r, defines the

frequency response functions of the mechanical system.

In the above approximations made to achieve the
mathematical model, the concept of discrete system with
mass concentrated in ‘n’ material points was used. For the
discrete system closely approximate the real system,
should be necessary that 'n' be very high, practically
(n - ). In practice, this thing cannot be possible due to
both physical arguments and limitations imposed by the
measurement, excitation and computing equipment. In
applications the frequency range is limited to a reasonable
value established by the major frequencies of analyzed
equipment and purpose of the application. In these
conditions the sum of equations (4) is reduced to a few
components, further noted with 'n' too.

The contributions of the lower and higher vibration
modes are included in some correction factors named
“lower modal admittance”_ 1 | for lower modes, and

M, w?

“residual flexibility ” S” , for upper modes.

The system admittance will have the expression:

-1
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Ultima relatie, cu i=12..;x j=12...4r, defineste setul

functiilor de raspuns in frecventa ale sistemului mecanic.
In aproximatiile facute la realizarea modelului matematic a
fost utilizat conceptul de sistem discret cu masa
concentrata in ‘n’ puncte materiale. Pentru ca sistemul
discret sa aproximeze fidel sistemul real, trebuie ca ‘n’ sa
fie foarte mare, practic trebuie ca (N — ). In practica acest
lucru nu este posibil atat din considerente legate de tehnicile
de excitare si de masurare a raspunsului, cat si din considerente
legate de tehnica de calcul utilizata si de timpul necesar pentru
prelucrari. In aplicatii domeniul frecventelor de lucru este
limitat la o valoare rezonabila stabilita in functie de frecventele
majore ale echipamentului analizat, cat si de scopul
aplicatiei. In aceste conditii suma din relatia (4) se reduce
la cateva componente, notate in continuare tot cu ‘n’.
Contributia modurilor inferioare si superioare se
include in doi factori de corectie denumiti “admitanta modala

inferioara” _ 1 ,pentru modurile inferioare, respectiv
M w?

“flexibilitate reziduala”, SJ- , pentru modurile superioare.
Admitanta sistemului va avea expresia:

o YAy Y-y

C{(Q)_MJ [ +k:1 —HH [(]w_%)-'-_/{ H E(I‘)H/k) +$J

An eigenmode is defined by a set of modal parameters,
which are intrinsic characteristics of the system, independent of

the external conditions: {tﬂk}, LV, a, k=12...n, or by

a combination of the modal parameters and modal
constants, which depends on the external conditions:
:uklvk'Uilj(’Vijk’ -
Modal analysis consists in determination of the modal
parameters from experimental tests carried out on the
equipment brought in a controlled vibration state and
simultaneously measurement of the applied excitation and
structure response. The controlled vibration state can be
achieved by using one of the following low-level one-point
excitation methods: the relaxed step force, sinusoidal or
large band steady-state vibration excitation or impact force
method.The impact force excitation method is very good
for modal analysis of bogie frame.

Package programs for modal analysis

Based on the above presented theoretical background
it had been achieved a package of calculation programs
with major orientation for modal analysis of mechanical
structures. The package is realised under TestPoint
programming medium, has a modular conception,
including the following programs:
e 'ModalAch' is a module to control the excitation and
system response during the test.
¢ 'IldModal' is a module for calculating the frequency
response functions and modal parameters. The frequency
response functions are calculated using a selective length
of data and some pondering windows. For modal
parameter identification there are used some sophisticate
linear and non-linear regressive procedures.
e 'ModalForm', is a module for eigenfrequencies
assessment, vibration eigenmode calculating and for
graphical animation of the structure in its eigenmode.
The program reads data from files achieved with ‘l[dModal’
program.
The programs description will be made during the
presentation of tests on the bogie frame.

L
M,

(5]

Un mod propriu este definit printr-un set de parametri
modali, care sunt caracteristici intrinseci ale sistemului,

independenti de conditile externe: {J},M,uk,q(, sau

printr-o combinatie de parametri modali si de constante
modale, dependente de conditiile externe de excitare.
S, k=

12,...,n

Aplicarea analizei modale consta in determinarea
parametrilor modali pe baza incercarilor experimentale
efectuate pe echipamentul adus intr-o stare controlata de
vibratii, cu determinarea simultana a excitatiei si a
raspunsului. Starea de vibratie poate fi realizata prin una
dintre urmatoarele metode de excitare de nivel energetic
coborat: treapta relaxata, excitatie sinusoidala stationara
sau de banda larga, excitare cu impuls de forta. Metoda
de excitare cu impuls de forta este recomandata pentru
analiza modala a ramei de boghiu.

Pachet de programe pentru analiza modala

Pe baza celor prezentate anterior a fost realizat un
set de programe de calcul cu orientare majora catre
analiza modala a structurilor mecanice. Pachetul de
programe este realizat sub mediul de programare
TestPoint, are o0 conceptie modulara, cuprinzand
urmatoarele programe:
e 'ModalAch’, este un modul pentru controlul achizitiei
datelor reprezentand excitatia si raspunsul sistemului.
e 'IldModal', este un modul pentru calculul functiilor de
raspuns in frecventa si a parametrilor modali. Functiile de
raspuns in frecventa sunt calculate utilizand o lungime
selectiva a datelor, precum si diverse ferestre de
ponderare. Pentru identificarea parametrilor modali se
utilizeaza proceduri de regresie liniara si neliniara.
. 'ModalForm’, este un modul pentru evaluarea
frecventelor proprii, a formelor proprii de vibratie si pentru
animatia grafica a structurii, in modurile de vibratie.
Programul citeste datele continute in fisierele realizate cu
programul ‘[dModal’.
Descrierea programelor va fi realizata pe masura
prezentarii experimentarilor pe rama de boghiu.
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Measuring equipment ,Softronic Data Acquisition
System”
The equipment is a portable construction type

"diplomat", having incorporated the following elements:

- DAQ acquisition interface type - USB-30A16 (16 analog
channels, 500 kHz sampling, 16 bit resolution);

- support plate for 16 amplifier modules with galvanic
isolation type SCMB;

- external transducers for amplification modules type
SCMB;

- piezoelectric acceleration transducers type 353B32,
powered with amplifier modules type SCM5B48;

- impact hammer with full strain gauge powered with
amplifier modules type SCM5B39.

Main technical characteristics:

- analog imputs: 16;

- digital I / O: 24;

- analog outputs: 4;

- input voltage: +10V;

- protection against the continuously applied voltage by
amplifier modules SCMB: 240 Vrus;

- maximum sampling rate: 500 kHz;

- resolution: 14 bit for both analog inputs / outputs.

Fig. 1 - Measuring equipment ,Softronic Data Acquisition System'
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Echipament de masura ,Softronic Data Acquisition
System”
Echipamentul este o constructie portabila, de tip

,,dlplomat” si are inglobate urmatoarele elemente:
interfata de achizitie tip pDag — USB- 30A16 (16 canale
analogice, 500 kHz esantionare, 16 bit rezolutie);

- placa suport pentru 16 module de amplificare cu izolare
galvanica de tip SCMB;

- traductoare externe si module de amplificare cu izolare
galvanica de tip SCMB;

- traductoare piezoelectrice de acceleratie tip 353B32,
alimentate prin module de amplificare tip SCM5B48;

- ciocan de impact cu marci tensometrice alimentat prin
modul de amplificare tip SCM5B39.

Principale caracteristici tehnice:

- intrari analogice: 16;

- 1/ O digitale: 24;

- iesiri analogice: 4;

- domeniul tensiunilor de masura: £10V;

- protectie la tensiuni aplicate continuu
analogice, prin module tip SCMB: 240 VRMS;

- frecventa maxima de esantionare: 500 kHz;

- rezolutia: 14 biti pentru intrarile si iesirile analogice.

la intrarile

Echipament de masura ,Softronic Data Acquisition System”

Experiments were performed in the Laboratory of
Dynamic Testing of INMA Bucharest, bogie frame being
suspended in crane hook by four inextensibile straps as
representation in Fig.2.

It was applied the same procedure for modal
identification in the initial stage of testing and after the first
stage of fatigue, after the 6 million fatigue cycles.

Accelerometers were mounted, successively in vertical
and horizontal directions, in measurement points P1(Accl) ...
P6(Acc6), considered to be representative for frame
dynamics. Excitation was applied successively in the same
measurement points using an impact hammer of about 3.5
kg, fitted with a rubber pad to protect the frame and
increase pulse duration (fig. 3).

There were simultaneously measured the excitation force
and the response accelerations at a sampling frequency of
10 kHz. In Figure 3 is presented an example of record
obtained at the structure excitation in the point P1 and the
response measurement in the points P1 (Accl) ... P6(Acc6).

In the displays at the bottom part are transmitted the
instantaneous values of the characteristics at the moments
selected by cursors. Association of routes with the
displays is done through color. The force impulse duration
is approx. 5ms.
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Experimentarile au fost efectuate in Laboratorul de
Incercari Dinamice al INMA Bucuresti, rama de boghiu
fiind suspendata in carligul macaralei prin intermediul a
patru chingi inextensibile, conform reprezentarii din fig. 2.

A fost aplicata aceiasi procedura de identificare
modala in stadiul initial al incercarilor si dupa efectuarea
primului stadiu de oboseala, dupa cele 6 milioane cicli.

Accelerometrele au fost montate, succesiv pe directiile
verticala si orizontala, in punctele de masura P1(Accl) ...
P6(Acc6), considerate a fi reprezentative pentru dinamica
ramei. Excitatia a fost aplicata succesiv in aceleasi puncte
de masura, cu un ciocan de impact de cca. 3,5 kg,
prevazut cu tampon de cauciuc pentru protejarea ramei si
marirea duratei impulsului (fig. 3).

Au fost masurate simultan forta de excitare si
acceleratiile de raspuns la o frecventa de esantionare de
10 kHz. In fig.3 este prezentat un exemplu de inregistrare
obtinuta la excitarea structurii in punctul P1 si masurarea
raspunsului in punctele P1(Accl) ... P6(Acc6).

In afisarile din partea inferioara sunt transmise
valorile instantanee al caracteristicilor la momentele
selectate prin cursoare. Asocierea traseelor cu display-
urile se face prin culoare. Durata impulsului de forta este
de cca. 5ms.
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Fig. 2 - ékperiments for modal identification of a ogie frame /|
Experimentari pentru identificarea modala a unei rame de boghiu

E—] P 8 [ R T
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Inregistrare originala si detaliu pentru excitare in punctul P1 si masurare in punctele P1(Accl) ... P6(Acc6)

Modal identification - The paper presents only the
tests result carried out on the vertical direction.

For each of the excitation points are succesively
selected the measurement points P1..P6 and was
determined the frequency response function (FRF), as
the ratio between the Fourier transform of acceleration
response and the Fourier transform of the excitation
force. For the modal identification was adopted a model
of system with generalized viscous damping. For such a
system, near to a resonance frequency, the imaginary
part of the FRF shows a maximum or a minimum. The
real part crosses through zero presenting a maximum
and a minimum on both sides of the resonance
frequency. The representation in polar coordinates of
FRF enrolls on a circle.

In Figure 4 are represented the frequency response
functions in Cartesian and polar coordinates, for the
case of excitation in point P1 and response
measurement in point P1. It can be noticed that in the
frequency range O 360 Hz the excitation force
presents the spectral consistency, and the bogie frame
has a number of the least 18 resonant frequencies.

Taking into account the above considerations, it is
limited the frequency range between 0 and 230 Hz,
comprising 15 resonant frequencies.

The modal identification is performed using
successive complex procedures of linear and nonlinear
regression. If the vibration modes are multiple and
some are closely as frequency, we proceed to a partial
identification on groups of close modes. As the
identification, the modes are stored and in the final
stage it is proceeded at identification by nonlinear
regression of all modes from the frequency range of
interest. In Figure 5 are presented a partial identification
panel and the final identification panel, over all 15
modes of interest. In both panels are presented in
overlay mode the theoretically determined paths
(continuous line) and experimentally determined paths

Identificarea modala - In lucrare se prezinta doar
rezultatul incercarilor efectuate pe directia verticala.

Pentru fiecare din punctele de excitatie se selecteaza
succesiv punctul de masura P1...P6 si se determina functia

de raspuns in frecventa (FRF), ca raport dintre
transformata Fourier a raspunsului in acceleratie si
transformata Fourier a fortei de excitare. Pentru

identificarea modala a fost adoptat un model de sistem cu
amortizare vascoasa generalizata. Pentru un asemenea
sistem, in apropierea unei frecvente de rezonanta, partea
imaginara a FRF prezinta un maxim sau un minim. Partea
reala trece prin zero, prezentand un maxim si minim un de
o parte si de alta a frecventei de rezonanta. Reprezentarea
in coordonate polare a FRF se inscrie pe traiectoria unui
cerc.

In fig.4 sunt reprezentate functile de raspuns in
frecventa in coordonate carteziene si polare, pentru cazul
excitarii in punctul P1 si masurarii raspunsului in punctul
P1. Se observa ca in domeniul de frecventa 0...360 Hz
forta de excitare prezinta consistenta spectrala, iar rama
de boghiu prezinta un numar de cel putin 18 frecvente de
rezonanta.

Avand in vedere considerentele prezentate anterior, se
limiteaza domeniul de frecventa intre 0 si 230 Hz, care
cuprinde 15 frecvente de rezonanta.

Identificarea modala se realizeaza utilizand
proceduri complexe, succesive, de regresie liniara si
neliniara. Daca modurile de vibratie sunt multiple, iar
unele sunt apropiate ca frecventa, se procedeaza la o
identificare partiala, pe grupe de moduri apropiate. Pe
masura identificarii, modurile sunt stocate iar in etapa
finala se procedeaza la identificarea prin regresie
neliniara a tuturor modurilor din domeniul de frecventa
de interes. In fig.5 este prezentat un panel de
identificare modala partiala si panelul final de
identificare, peste toate cele 15 moduri de vibratie de
interes. In ambele panele sunt prezentate suprapus trasele
determinate teoretic (linie continua) si trasele determinate
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(dashed lines). The real parts are represented with red,
and the imaginary parts with blue. The fact that
theoretically determined paths are overlapping over the
experimentally determined paths, highlights that the
system model was correctly chosen and a fair
identification of modal parameters.

The modal parameters are stored in a data file that
has a number of lines equal to Number of Excitation
Points x Number of Measuring Points x Number of
Modes. For this case the file contains 540 lines.

| =
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(linie intrerupta). Partile reale sunt

reprezentate cu trase rosii, iar partile imaginare cu trase

albastre.

Faptul ca trasele determinate teoretic se

suprapun practic peste trasele determinate experimental,
evidentiaza un model de sistem corect ales si o fidela
identificare a parametrilor modali.

Parametrii modali sunt stocati intr-un fisier de date care

are un numar de linii egal cu Numar Puncte Excitare x
Numar Puncte Masura x Numar Moduri. Pentru cazul de
fata figierul contine 540 linii.
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Fig. 4 — Frequency Response Function in Cartesian and polar coordinates for excitation in point P1 and measurement in point P1

Reprezentarea FRF in coordonate Cartesian si polare pentru cazul excitarii in punctul P1 si masurarii raspunsului in punctul P1
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Fig. 5 — Partial (left) and final (right) panels for modal parameter identification after 6 million cycles /
Panel partial (stanga) si final (dreapta) pentru identificarea parametrilor modali dupa 6 milioane ciclii
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Using modal analysis to validate the constructive
concept and the structural integrity

From the previous analysis it follows that the elastic
system consisting of the bogie frame, suspension cable
and crane is characterized by the existence of 15
eigenfrequencies in the range of 0...230 Hz. From these,
not all are eigenfrequencies of bogie frame. For their
identification it is necessary to analyze the system
eigeshapes and to eliminate the modes of rigid body.

The analysis is done with the 'ModalForm' module
which, in the first stage performs the three dimensional
graphical representation of the analyzed structure, with
location of points where the vibratory response was
measured. For representation are used the Euler angles,
allowing the structure rotation with proper emphasizing of
the oscillation forms.

It is read the file of modal parameters and determined
the eigenfrequencies. In an eigenmode are determined the
oscillation amplitude and phase of the points response.

The module performs the structure animation in their
eigenmodes, by overlapping of the deformed state, due to
the oscillation, over the undeformed state of the structure.
To highlight the oscillation modes, the deformed state can
be amplified by a factor of amplification ,,Amp”, common
to all structure points. The module allows keeping the
paths footprint in order to achieve an intuitive visual
representation of the oscillation forms. In fig. 6 is
represented the elastic system in the first 14 vibration
eigenmodes.
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REZULTATE
Utilizarea analizei modale pentru validarea concept iei
constructive si a integritatii structurale

Din analiza anterioara rezulta ca sistemul elastic

format din rama de boghiu, cablu de suspensie si macara
este caracterizat de existenta a 15 frecvente proprii in
domeniul 0...230 Hz. Dintre acestea nu toate sunt
frecvente proprii ale ramei de boghiu. Pentru identificarea
lor este necesara analiza formelor proprii de vibratie ale
sistemului si eliminarea modurilor de corp rigid.

Analiza se face cu modulul 'ModalForm’ care, in
prima  etapa, realizeaza  reprezentarea  grafica
tridemensionala a structurii analizate, cu localizarea

punctelor in care a fost masurat raspunsul vibratoriu.
Pentru reprezentare se utilizeaza unghiurile lui Euler, care
permit rotirea structurii cu evidentierea corecta a formelor
de oscilatie.

Se citeste fisierul parametrilor modali si se determina
frecventele proprii. Intr-un mod propriu se determina
amplitudinea si faza oscilatiei punctelor de raspuns.

Modulul realizeaza animatia structurii in modurile
proprii, prin suprapunerea starii deformate, datorata
oscilatiei, peste starea nedeformata a structurii. Pentru
evidentierea modurilor de oscilatie, starea deformata
poate fi amplificata cu un coeficient de amplificare,
»Amp”, comun pentru toate punctele structurii. Modulul
permite mentinerea urmei traselor in vederea unei
reprezentari vizuale intuitive a formelor de oscilatie. In fig.
6 este reprezentat sistemul elastic in primele 14 moduri
proprii de vibratie.
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Fig. 6 — Bogie frame in their first 14 vibration eigenmodes /
Rama de boghiu in primele 14 moduri proprii de vibratie
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Fig. 7 — Stages of bogie frame in the 2-nd, 4-th and 5-th vibration eigenmodes /
Secvente ale ramei de boghiu in modurile proprii de vibratie 2, 4 si 5
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From analysis of representations in Figures 6 and 7
are obtained the following results:

- Mode 1, at the frequency Fq=5.59Hz, is due to the
elasticity of cable and crane beam and represents a
vertical oscillation of the frame, rigid body oscillation;
In the mode 2, at the frequency Fq=18.93Hz the
oscillation is achieved due to elasticity of the
transverse frames, the longerons behaving like rigid;
In the mode 3, at the frequency Fq=36.58Hz, over the
oscillation due to elasticity of the transversal frames
overlaps the oscillation of longerons in its own
fundamental mode, by emphasizing some small
asymmetry of the elasticity of materials of which were
manufactured the two longerons;

In the mode 4, at the frequency Fq=50.18Hz, the
longeron marked by points 1,2,3 (blue) oscillates in
the fundamental mode of vibration driving the
longeron marked by the points 4,5,6 (red) that
presents a rigid body motion. It is strongly
emphasized the constructive asymmetry of the two
longerons, the one marked by the points 1,2,3 (blue)
presenting a higher elasticity than the longeron
marked by the points 4,5,6 (red);

In the mode 5, at the frequency Fg=51.16Hz, the longerons
oscillate in phase, in the fundamental vibration mode;
Mode 6 is identical in form with the oscillation mode 4;
Modes 7 and 8, at frequencies of 84.23Hz si 89.35Hz,
are due to elasticity and asimetry of the connecting
cables of the frame to the crane hook, representing
rigid body oscillations of the the bogie frame. It makes
the observation that, at the modal identification test
carried out at the beginning of the static tests,
clamping the frame in the crane was done using
straps, whilst at test performed after 6 millions of
fatigue cycles, the clamping was made using steel
cables, attached in the same points as the straps;
Mode 9 is identical in form with mode 2, with changing
the line of symmetry of the oscillation;

Starting with the mode 10 can be found the previous
forms of oscillation with changing of oscillations
between the longerons, due to the asymmetry of the
sheets elasticity of which these are made.

From the above it follows that the modal analysis can
be successfully used for:
- constructive concept validation, because the

existence of some structure eigenfrequencies in an
area where exist external exciter frequencies or due
to natural operating conditions, is dangerous;
validation of manufacturing technology, because it
can be highlighted possible inhomogeneities in the
distribution of the mechanical characteristics or
eventual cracks;

identification of weak areas of the structure, these
being the zones showing high inflections of certain
vibration modes.

Using modal analysis for highlighting the material

fatigue phenomenon

During testing at static loads, the mechanical stresses
on the bogie frame structure were monitored, in a total of
44 measurement points resulting from a preliminary finite
element analysis.

Periodically at one million cycles, were made
measurements of the same mechanical stresses, in order
to identify any fatigue, weakening or failure phenomena of
the bogie frame structure. It was noted that during the
fatigue tests have not manifested growing phenomena of
mechanical stresses on the bogie frame structure.

At the end of the 6 million cycles of fatigue were
performed dimensional measurements, with a laser
station, confirming that the frame structure does not
present remanent deformations.
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Din analiza reprezentarilor din figurile 6 si 7 se
desprlnd urmatoarele rezultate:

Modul 1, la frecventa Fqg=5.59Hz, este datorat
elasticitatii cablului si grinzii macaralei si reprezinta o
oscilatie pe verticala a ramei, oscilatie de corp rigid;
In modul 2, la frecventa Fg=18.93Hz oscilatia se
realizeaza datorita elasticitatii cadrelor transversale,
lonjeroanele comportandu-se ca rigide;
In modul 3, la frecventa Fg=36.58Hz, peste oscilatia
datorita  elasticitati  cadrelor transversale se
suprapune oscilatia lonjeroanelor in modul propriu
fundamental, cu evidentierea unor mici asimetrii ale
elasticitatii materialelor din care au fost confectionale
cele doua lonjeroane;
In modul 4, la frecventa Fg=50.18Hz, lonjeronul
marcat de punctele 1,2,3 (albastru) oscileaza in
modul fundamental de vibratie antrenand lonjeronul
marcat de punctele 4,5,6 (rosu) care prezinta miscare
de corp rigid. Este evidentiata puternic nesimetria
constructiva a celor doua lonjeroane, cel marcat de
punctele 1,2,3 (albastru) prezentand o elasticitate mai
mare decat lonjeronul marcat de punctele 4,5,6
(rosu);
In modul 5, la frecventa Fq=51.16Hz, lonjeroanele
oscileaza in faza, in modul fundamental de vibratie;
Modul 6 este identic ca forma cu modul 4 de oscilatie;
Modurile 7 si 8, la frecventele de 84.23Hz si 89.35Hz,
se datoreaza elasticitatii si nesimetriei cablurilor de
legatura ale ramei in carligul macaralei, reprezentand
oscilatii de corp rigid ale ramei de boghiu. Se face
observatia ca, la testul de identificare modala efectuat
la inceperea incercarilor statice si de oboseala,
prinderea ramei in macara s-a realizat utilizand chingi,
in timp ce la testul efectuat dupa 6 milioane de cicli de
oboseala, prinderea s-a realizat utilizand cabluri de
otel, prinse in aceleasi puncte ca si chingile;

Modul 9 este identic cu modul 2, cu schimbarea liniei

de simetrie a oscilatiei;

Incepand cu modul 10 se regasesc formele de

oscilatie anterioare cu schimbarea oscilatiilor intre

lonjeroane, datorita asimetriei elasticitatii tablelor din
care sunt confectionate acestea.

Din cele prezentate rezulta ca analiza modala se
poate utiliza cu succes pentru:

validarea conceptiei constructive, deoarece existenta

unor frecvente proprii ale structurii, intr-o zona in care

exista frecvente excitatoare externe sau datorate
conditiilor naturale de functionare, este periculoasa;
validarea tehnologiei de fabricatie, deoarece pot fi
puse in evidenta eventuale neomogenitati in
distributia caracteristicilor mecanice sau eventuale
fisuri;

identificarea zonelor slabe ale structurii, acestea fiind

zonele ce prezinta inflexiuni mari la anumite moduri

de vibratie.
Utilizarea analizei modale pentru
fenomenului de oboseala a materialului

Pe durata incercarilor la solicitari statice, au fost
monitorizate tensiunile mecanice din structura ramei de
boghiu, intr-un numar de 44 puncte de masura rezultate
dintr-o analiza preliminara cu elemente finite.

Periodic la cate un milion de cicli, au fost efectuate
masuratori ale acelorasi tensiuni mecanice, in vederea
depistarii eventualelor fenomene de oboseala, slabiri sau
cedari ale structurii ramei de boghiu. S-a constata ca pe durata
incercarilor la oboseala nu s-au manifestat fenomene de
crestere a tensiunilor mecanice pe structura ramei de boghiu.

La sfarsitul celor 6 milioane de cicli la oboseala au fost
efectuate masuratori dimensionale, cu o statie laser,
confirmandu-se faptul ca structura ramei nu prezinta
deformatii remanente.

evidentierea
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Also, was performed the ultrasonic control. No cracks
were found of welds or of the frame.

As previously mentioned, the bogie frame was
subjected to modal identification tests, at the
beginning of static tests and after completion of the 6
million cycles of fatigue tests, applied at a frequency
of 3.5 Hz.

In the Figure 8 is shown the final panel of the modal
identification of bogie frame at the identification test made at
the beginning of static tests, for the structure excitation in
point P1 and response measurement in the same point, P1.

In the Table 1 are presented the eigenfrequencies of
the bogie frame determined at the beginning of the tests
and after 6 million cycles of fatigue tests.
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Deasemenea, a fost efectuat controlul ultrasonic. Nu
au fost depistate fisuri ale sudurilor sau ramei.

Asa cum a fost mentionat anterior, rama de boghiu a
fost supusa la teste de identificare modala, la inceputul
incercarilor la solicitari statice, precum si dupa finalizarea
celor 6 milioane de cicli de solicitari la oboseala, aplicate
la o frecventa de de incercare de 3,5 Hz.

In fig.8 este prezentat panelul final al identificarii
modale a ramei de boghiu la incercarea efectuata la
inceperea incercarilor statice, pentru excitarea structurii in
punctul P1 si masurarii raspunsului in acelasi punct, P1.

In Tabelul 1 sunt prezentate frecventele proprii ale
ramei de boghiu determinate la inceperea incercarilor si
dupa 6 milioane de cicli de incercari la oboseala.
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Fig. 8 — Modal parameter identification for excitation in point P1 and response measuring in point P1 at start of the tests
Identificarea parametrilor modali pentru cazul excitarii in punctul P1 si masurarii raspunsului in punctul P1 la inceperea incercarilor

Table 1/ Tabelul 1

The bogie frame eigenfrequencies at start of tests and after 6 million of fatigue cycles /
Frecventele proprii ale ramei de boghiu la inceperea incercarilor si dupa 6 milioane de cicli de incercare la oboseala

Frequency / Frequency /
Exc.Point / Meas.Point / Mode No. / Frecven fa Frecven fa
Punct Excitare Punct M dsur & Num &r Mod (Hz) (Hz)

0 million cycles 6 million cycles

1 1 1 5.154874 / 5,154874 5.60202 / 5,60202

1 1 2 19.1921/ 19,1921 18.93807 / 18,93807

1 1 3 36.86271 / 36,86271 36.59926 / 36,59926

1 1 4 50.49089 / 50,49089 50.20117 / 50,20117

1 1 5 51.32551/ 51,32551 51.19232/51,19232

1 1 6 54.68747 | 54,68747 54.02111/54,02111

1 1 7 - 83.76763 / 83,76763

1 1 8 89.88696 / 89,88696 89.33374 / 89,33374

1 1 9 99.51985 / 99,51985 98.9242 / 98,9242

1 1 10 108.0955 / 108,0955 107.7028 / 107,7028

1 1 11 137.9573/137,9573 137.4873/ 137,4873

1 1 12 141.1644 / 141,1644 140.5881 / 140,5881

1 1 13 154.2832 / 154,2832 153.3011/153,3011

1 1 14 182.4826 / 182,4826 181.9938 / 181,9938

1 1 15 200.2565 / 200,2565 199.7497 / 199,7497

From eigenfrequencies analysis determined at the Din analiza frecventele proprii determinate la

beginning of the tests and after 6 million of cycles it is

found that:
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inceperea incercarilor si dupa cele 6 milioane de cicli se

constata ca:
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- At the start of the test does not appear the own
frequency of 83.76Hz. The explanation is in fact that at
the two tests the attachment of frame in the crane hook
was different, by belt straps at the beginning and steel
cables at the end. The modes from the frequencies of
84.23Hz and 89.35Hz represent rigid body oscillations of
the bogie frame;

- Generally it has not found a significant difference
between the eigenfrequencies determined at the start of
the tests and after the 6 million of cycles.

Following the tests was found that:

- the analysis of mechanical stresses, dimensional
measurements and ultrasound checking did not show
the revealed structure modifications of bogie frame;

- the modal analysis applied at start of the static tests and
after the 6 million cycles of fatigue loads did not reveal
the notable movement of eigenfrequencies or the
appearance of additional eigenmodes.

It is necessary to continue the application of modal
identification tests after performing the 2 million cycles with
loads amplified with factors of 1.2, respectively 2 millions
of cycles with loads amplified by factors of 1.4, compared
with nominal loads at fatigue.

CONCLUSIONS

1. The experimental modal analysis can be successfully
used to validate the structural conception and structural
integrity of complex expensive mechanical structures,
which may present high risks in operation.

2. Experimental modal analysis can be successfully used
to detect early fatigue phenomena of the material.

3. In order to obtain conclusive results on the use of
experimental modal analysis, for earlier detection of
material fatigue phenomenon, it is necessary to
continue the tests of modal identification after
performing the 2 millions of cycles with loads amplified
by 1.2, respectively 2 millions of cycles with loads
amplified by 1.4, comparatively with nominal fatigue
loads, according to European standard EN 13749.

Acknowledgement: The work is performed under the
contract PN [I-PCCA, no. 192/2012.
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- La inceperea incercarilor nu apare frecventa proprie
de 83.76Hz. Explicatia consta in faptul ca la cele
doua incercari prinderea ramei in carligul macaralei a
fost diferita, prin chingi la inceput si cabluri de otel, la
final. Modurile de la frecventele de 84,23Hz si
89,35Hz reprezinta oscilatii de corp rigid ale ramei de
boghiu;

- In general nu se constata o diferenta notabila intre
frecventele proprii determinate la inceperea incercarilor
si dupa cele 6 milioane de cicli.

In urma incercarilor s-a constatat ca:

- analiza tensiunilor mecanice, masuratorile dimensionale
si verificarea ultrasonica nu au evidentiat modificari ale
structurii ramei de boghiu;

- analiza modala aplicata la inceperea incercarilor statice
si dupa cele 6 milioane de cicli de solicitari la oboseala
nu a evidentiat deplasarea notabila a frecventelor proprii
sau aparitia unor moduri proprii suplimentare.

Se impune necesitatea continuarii aplicarii incercarilor
de identificare si dupa efectuarea celor 2 milioane de cicli
cu sarcini amplificate cu factori de 1,2, respectiv 2
milioane de cicli cu sarcini amplificate cu factori de 1,4,
comparativ cu sarcinile nominale la oboseala.

CONcCLuzIl

1. Analiza modala experimentala poate fi utilizata cu
succes pentru validarea conceptiei constructive si a
integritatii structurale a structurilor mecanice complexe,
costisitoare sau care pot prezenta risc mare in functionare.

2. Analiza modala experimentala poate fi utilizata pentru
depistarea din timp a fenomenului de oboseala a materialului.
3. In vederea obtinerii unor rezultate concludente privind
utilizarea analizei modale experimentale, pentru depistarea din
timp a fenomenului de oboseala a materialului, este necesara
continuarea aplicarii incercarilor de identificare modala si dupa
efectuarea celor 2 milioane de cicli cu sarcini amplificate cu
factori de 1,2, respectiv 2 milioane de cicli cu sarcini amplificate
cu factori de 1,4, comparativ cu sarcinile nominale la
oboseala, conform standardului european EN 13749.

Precizare : Lucrarea este realizata in cadrul contractului
PN II-PCCA, nr. 192/2012.
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Abstract: To determine the best method and materials
in order to achieve proper sound insulation, acoustic
diagnosis is required by means of a system consisting
of a controlled noise source and a measurement and
analysis system of sound level. For this purpose, we
achieved an omnidirectional source (sound source
uniformly radiated in all directions) consisting of eight
speakers arranged on the seven lateral faces of a
straight heptagon prism and also on its superior face.
Experimental researches on frequency response and
directivity characteristics were achieved in the anechoic
chamber.

Keywords: loudspeakers, acoustic power, omnidirectional
source, noise.

INTRODUCTION

Noise control in buildings depends on a proper sound
insulation, an insulation of heating and ventilation
systems, and the locations of the rooms. Also, the
acoustic insulation of external walls, windows and roofs
can provide protection against outside noise. On the other
hand, internal walls and ceiling must also have a high level
of sound insulation. Sound absorbtion can be achieved by
installing sound absorbers.

A good sound insulation can be also achieved by using
double or triple insulated windows, solid wood doors or
designing sound proofed installation systems to reduce
the noise from waste water.

To determine the best method and materials to
achieve proper sound insulation it is advisable to use an
acoustic diagnosis system comprising a controlled noise
source and a measurement and analysis system of sound
level [2, 3, 5].

For most situations, acoustic measurements can be
performed using a sound source radiated uniformly in all
directions (omnidirectional sound). Such a source was
developed and then tested by the authors of this paper in
order to determine its frequency response and directivity
characteristics.

MATERIAL AND METHOD
Description of the developed equipment

The omnidirectional source achieved is an acoustic
system with eight loudspeakers mounted in a series-
parallel circuit in a closed cabinet. The achieved circuit
has a 8 Q impedance to ensure both the operating phase
and compatibility with the power amplifier.

Seven of the loudspeakers are arranged in the horizontal
plane on the lateral faces of the straight heptagonal prism
and the eighth on the top of it (Fig. 1).

The omnidirectional source has small size, a mass of
16.4 kg and is equipped with two lifting handles.

Each loudspeaker (commercial type Py520CA1 5.25’)
of source has the following features:

- High power - 105 dB;
Frequency range - 80—20000 Hz;
Enough power at low frequencies, providing a peak
power in the 100-4000Hz range of frequencies;
Sensitivity 89 dB/W/m;
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Rezumat: Pentru a stabili metoda si materialele cele mai
bune pentru a realiza o izolafie fonicd corespunzatoare,
este necesard diagnosticarea acusticd cu ajutorul unui
sistem format dintr-o sursd de zgomot controlat si un
sistem de mdsurare si analiz4 al nivelului acustic. In acest
scop, s-a realizat o sursd omnidirecfionald (sursd de sunet
radiat uniform Tn toate direcfiile) formatd din 8 difuzoare
dispuse pe cele gapte fefe laterale ale unei prisme
heptagonale drepte, precum si pe fafa superioard a
acesteia. Cercetdrile experimentale privind caracteristicile
de raspuns n frecven{a si directivitate au fost realizate n
camera anecoica.

Cuvinte cheie: difuzoare, sursé
omnidirectionald, zgomot.

putere acustica,

INTRODUCERE

Controlul zgomotelor in cladiri depinde de o izolare
fonica adecvata, de izolarea sistemelor de fincalzire si
ventilatie, dar si de asezarea incaperilor. De asemenea,
izolarea fonica a peretilor exteriori, ferestrele si acoperigul
pot asigura protectia fatéd de zgomotul exterior. Pe de alta
parte, si peretii interni si tavanul trebuie sa aiba un nivel
ridicat de izolare fonica, absorbtia sunetului putandu-se
realiza gi prin instalarea unor absorbanti fonici.

O buna izolare fonica mai poate fi realizata si prin
utilizarea ferestrelor dublu sau triplu izolate, folosirea ugilor din
lemn solid sau proiectarea sistemelor de instalatii izolate
fonic pentru diminuarea zgomotului produs de apa menajera.

Pentru a stabili metoda si materialele cele mai bune
pentru a realiza o izolatie fonica corespunzatoare este
oportuna folosirea unui sistem de diagnosticare acustica
alcatuit dintr-o sursa de zgomot controlat si un sistem de
masurare si analiza a nivelului acustic [2, 3, 5].

Pentru cele mai multe situatii masuratorile acustice se
pot realiza utilizdnd o sursa de sunet radiat uniform in
toate directiile (sunet omnidirectional). O astfel de sursa a
fost realizata si apoi testata de autorii prezentei lucrari, in
scopul stabilirii  caracteristicilor sale de raspuns Tin
frecventa si directivitate.

MATERIAL S| METODA
Descrierea echipamentului realizat

Sursa omnidirectionala realizata reprezinta un sistem
acustic cu opt difuzoare montate in circuit serie-paralel
ntr-o incinta inchisa. Circuitul realizat are o impedanta de
8 Q, pentru a asigura atat faza de operare cat si
compatibilitatea cu amplificatorul de putere.

Sapte dintre difuzoare sunt dispuse in plan orizontal
pe fetele laterale ale unei prisme heptagonale drepte, iar
al optulea pe fata superioara a acesteia (fig. 1).

Sursa omnidirectionala realizata are un gabarit redus,
0 masa de 16,4 kg si este echipata cu doua manere de ridicare.

Fiecare difuzor (tip comercial Py520CAl 5,25") din
componenta sursei realizate are urmatoarele caracteristici:

- Putere mare - 105 dB;

Gama frecvente - 80-20000 Hz;

Putere suficienta la frecvente joase, oferind o putere

de varf in domeniul de frecvente 100-4000Hz;

Sensibilitate 89 dB/W/m;
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Woofer — injection cone.
The system is powered by a signal generator that
produces a white noise and a power amplifier.
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Woofer — con prin injectie.
Sistemul este alimentat de un generator de semnal,
care produce un zgomot alb, si un amplificator de putere.

L

the measurement chain in anechoic chamber /

Sursa omnidirectionald si o parte a lanfului de masurare din camera anecoica

Characteristics of directivity

Experimental determinations of frequency response
and directivity characteristics [1, 4, 6] were performed in
the anechoic chamber. To obtain reproducible and
reliable results, namely, that the measurements are
relevant, these were achieved in accordance with
standards (ISO 140 and ISO 3382).

Frequency response and directivity characteristics were
determined by measuring noise made by a source in the
horizontal plane, on the loudspeakers directions, on their
median directions, and in vertical plane in several radial
directions [7].

A white noise signal produced by the signal generator
and amplified by the power amplifier was used [2, 5]. The
measurement of sound level was performed using a
sonometer and the data obtained were processed, for 100-
5,000Hz frequencies in the band of 1/3 octave, using a
specialized software (figure 1).

Sound pressure level was measured on perpendicular
directions to the lateral planes loudspeakers, at 05 51°
102 154 206° 257°oriented and on the median d irection
towards them, in order to obtain a more accurate
assessment of source directivity in the horizontal plane.

In vertical plane, measurements of sound pressure
level were made on perpendicular direction to the prism’s
superior face where the eighth loudspeaker is placed, and
inclined towards of this, by each side, with 30°and 60°
Thus, the considered directions were oriented by 30° 60°,
909 120%@nd 150°to the horizontal line. For 0°an d 180°
one considered that the values are approximately equal to
those measured in the horizontal plane.

RESULTS

Using the values provided after processing experimental
data, spectrograms corresponding to the frequency response
in horizontal plane were obtained and they are represented
in Figures 2 and 3. Also the frequency response
spectrograms in vertical plane are represented in Figure 4.

Global values of acoustic pressure level, corresponding
to each measurement directions, are indicated in the
respective spectrograms. These values, which are almost
equal in horizontal plane, highlight the characteristic of
uniformly radiated noise source.
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Caracteristici ale directivitafii

Determinarile experimentale privind caracteristicile de
raspuns in frecventa si directivitate [1,4, 6] au fost realizate
in camera anecoica. Pentru a obtine rezultate reproductibile
si fiabile, altfel spus, pentru ca masuratorile sa fie relevante,
aceastea au fost realizate Tn conformitate cu prevederile
standardelor (ISO 140 si ISO 3382).

Caracteristicile de raspuns si directivitate au fost
stabilite prin masurarea zgomotului produs de sursa in
plan orizontal, pe directiile difuzoarelor si pe directii
mediane ale acestora, céat si in plan vertical pe mai multe
directii radiale [7].

S-a folosit un semnal de zgomot alb obtinut prin
intermediul generatorului de semnal, amplificat cu ajutorul unui
amplificator de putere [2, 5]. Masurarea nivelului de zgomot s-a
realizat cu ajutorul unui sonometru iar datele obtinute au fost
prelucrate, pentru frecvente de 100-5.000Hz in banda de 1/3
octava, utilizand un soft specializat (fig.1).

S-a masurat nivelul presiunii acustice pe directii
perpendiculare pe difuzoarele din planele laterale, orientate
la 05 51° 102°% 154° 2069 257° precum  si pe directii
mediane fata de acestea, pentru a se obtine o evaluare mai
precisa a directivitatii sursei in plan orizontal.

in plan vertical, s-au facut determinari ale nivelului
presiunii acustice, pe directia perpendiculara pe planul
superior al prismei In care este situat ultimul difuzor,
precum si pe directii inclinate fatd de aceasta, de o parte si
de alta, cu 30° si respectiv 60° Astfel, direc tiille considerate
au fost orientate la 30° 60°5 905 1209 150° fa ta de
orizontala, pentru 0° si 180° considerandu-se ca valorile
sunt aproximativ egale cu cele masurate n planul orizontal.

REZULTATE
Cu ajutorul valorilor furnizate in urma prelucarii
datelor experimentale s-au obtinut spectrogramele

corespunzatoare raspunsului in frecventa in plan orizontal,
din figurile 2 si 3, respectiv raspunsului in frecventa in
plan vertical din figura 4.

Valorile globale ale nivelului de presiune acustica,
corespunzatoare fiecarei directii de masurare, sunt precizate
pe spectrogramele respective. Aceste valori, aproape egale Tn
plan orizontal, pun in evidentad caracteristica de sursa de
zgomot uniform radiat al acesteia.



Vol. 41, No. 3/2013

INMATEH — Agricubtusal Engineering

Acoustic pressure level /
Nivelul presiunii acustice , [dB]

250 500 1k

By

k

,,,,,,,,,,, [ 0°% Ec* = 93,7 dB - RMS

519 Ec* = 93,5 dB - RMS

102° Ec* = 93,7 dB - RMS

128% Ec* = 92,9 dB - RMS
4k

Frequency/ Frecventa, [Hz]

Fig. 2. - Spectrograms for 0°-128°directions on the hor izontal plane /
Spectrograme pe direcfiile 02128°din planul orizontal

Acoustic pressure level /
Nivelul presiunii acustice , [dB]

: )
|
|
b
|
|I||||||l||||' "‘[‘I‘I
‘ i 1k 2k 4k

154° Ec* = 93,7 dB - RMS

206° Ec* = 93,6 dB - RMS

2579 Ec* = 93,4 dB - RMS

282° Ec* = 93,1 dB - RMS

Frequency/ Frecventa, [Hz]

Fig. 3. - Spectrograms for 154°-282°directions on the h orizontal plane /
Spectrograme pe directiile 154°-282° din planul orizontal

were T L L 30° Ec* = 91,4 dB - RMS
= N I Lo I S
-5 e I S R
o - ol <t _______'1____Q __
> o 80y 7 i |
29 ; | 90° Ec* = 93,3 dB - RMS
TEE : 1
28 | o ! I
TBE | |
70 ! 1 4 | 150° Ec* = 91,5 dB - RMS
5 o 0
93 I I I
<z I I
= 40
z | | |
o 1 4 i
125 250 500 1k 2k 4k

Frequency / Frecventa, [Hz]

Fig. 4. - Spectrograms for 30°-150°directions on the ve rtical plane /
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Using global values (RMS) of acoustic pressure level,
the directivity diagram in horizontal plane was obtained (in
median section - see figure 4) as well as the directivity
diagram in vertical plane (see figure 5).

Representation in Figure 4 highlights that the achieved
source provides a directivity distributed almost uniformly in
all directions in horizontal plane.

In vertical plane (figure 5), directivity diagram reaches a
maximum at 90° (on the loudspeaker axis) correspond ing to
overall acoustic pressure level of the superior loudspeaker.
At 0° respectively 180° the acoustic pressure lev el values
are close to this one, but they are supposed to correspond
to the loudspeakers in horizontal plane.

29

Cu ajutorul valorilor globale (RMS) ale nivelului de
presiune acustica s-au obtinut diagrama directivitatii In
plan orizontal, la nivelul sectiunii mediane, precum si
diagrama directivitatii Tn plan vertical (fig.4 si 5).

Reprezentarea din figura 4 pune in evidenta faptul ca
sursa realizata asigura o directivitate distribuitd aproape
uniform in toate directiile in plan orizontal.

in plan vertical (fig.5), diagrama directivitati atinge o
valoare maxima la 90° (pe axa difuzorului) corespunz atoare
nivelului global de presiune acustica al difuzorului superior.
La 0° respectiv 180 valorile nivelului global de presiune
acustica sunt apropiate de aceasta presupunandu-se a fi
corespunzatoare difuzoarelor din planul orizontal.
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Fig. 4. - Horizontal directivity diagram /
Diagrama directivitafii in plan orizontal

CONCLUSIONS

The experimental determinations have demonstrated
that the achieved omnidirectional noise source has the
advantage that it radiates an uniform sound with
hemispherical distribution that provides both loudspeakers
phase operating and an impedance that matches with the
power amplifier.

Also it has a high efficiency in a wide frequency range
of 100-8000 Hz and sufficient power — 113 dB (for 125 -
3000Hz frequency range), which makes it ideal for
measuring the sound insulation or for reverberation time
measurements. At the same time it can be used for
measurements in large areas, to assess the sound
insulation of walls and floors or for measurements in multi-
storey buildings with many stairs and elevators.
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CONCLUzII

Determinarile experimentale realizate au pus 1n
evidenta faptul ca sursa de zgomot omnidirectionala
realizata prezinta avantajul ca radiaza un sunet uniform cu o
distributie semisferica, care asigura atat operarea in faza a
difuzoarelor cat si o impedantd care se potriveste cu
amplificatorul de putere.

Totodata ea are o eficacitate mare intr-o banda larga
de frecventd 100-8000 Hz si o putere suficient de mare —
113 dB (pe domeniul de frecvente de 125 - 3000Hz), care
o face ideala pentru masuratori de fonoizolare sau
masuratori ale timpului de reverberatie, dar si pentru
masuratori Tn spatii mari, pentru evaluarea izolatiei fonice
a peretilor si podelelor, sau pentru masuratorile efectuate
n cladiri cu mai multe etaje, multe scari si lifturi.
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Abstract: Agriculture survey and evaluation UAV is kind
of advanced high-efficiency agriculture information
equipment that can be used to farmland measurement,
agricultural insurance assessments and other fields.
BeiDou Navigation Satellite System is China’s global
navigation satellite system which has been developed

independently , and currently it is rarely applied in

agriculture survey and evaluation UAV. Since BeiDou
navigation system can only provide location information,
an integrated navigation system that composed by BeiDou
Navigation Satellite System, Strapdown Inertial Navigation
System and Air Data System is proposed to improve the
navigation accuracy of UAV navigation system. Integrated
navigation system model is established, and to improve
the navigation system parameters solving speed, and also
to overcome the filtering divergence phenomenon caused
by the system model uncertainty, a modified two-step
adaptive Kalman filter algorithm for navigation parameters
solving is proposed. Simulation results show that the
proposed integrated navigation system and parameters
solving algorithm can effectively improve the UAV
navigation accuracy and prevent divergence of the filter.

Keywords: agriculture survey and evaluation; BeiDou
navigation satellite system; integrated navigation system;
Kalman filter

INTRODUCTION

To begin with we will provide a brief background on the
civilian Unmanned Aerial Vehicle (UAV). In recent years,
the research of civilian UAV has made great progress, and

it is applied in more and more fields, such as
communications relay, weather detection, disaster
monitoring, pesticide spraying, geological surveying,

mapping, traffic control, and many other fields [5,9].
Agriculture survey and evaluation UAV is kind of
advanced high-efficiency agriculture information
equipment, which can be used to measure farmland,
agricultural insurance assessments and other fields.
Currently the main navigation technologies used in
UAYV are Global Positioning System (GPS) and Strapdown
Inertial Navigation System (SINS). Single navigation
technology has its own shortcomings. In the filed of UAV
navigation, the usually employed navigation method is the
integrated navigation method that used the above two
method. SINS can not only provide real-time position,
velocity and attitude and other navigation information, but
also have the characteristics such as fast, better dynamic
performance and high accuracy in short term [6]. GPS
have several advantages such as higher positioning and
velocity precision, and not accumulated with time growth.
However, it can not be absolute dependent because it is
controlled by the America Government [2]. BeiDou
Navigation Satellite System (BD) is China’s self-developed
global satellite navigation system. From December 27,
2012 the BD has provide navigation services officially, the
service covers most of the Asia-Pacific region, and can
provide services such as positioning, velocity
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measurement, timing and so on [1]. BD will play an
important role in the civilian and military filed.

Since BD has just been put into service, then there are
fewer applications in UAV, let alone in agriculture survey
and evaluation UAV. In this article the BD is applied to
agriculture survey and evaluation UAV navigation.
However, the BD have some shortcomings such as
positioning accuracy is not high, the signal is easily lost,
and so on. Air Data System (ADS) can obtain the airspeed
and pressure altitude information of the UAV through
pressure, temperature and other information got from the
atmospheric sensors installed in the UAV. The ADS does
not depend on external conditions., being very
independent. The BD, ISINS and ADS are combined, then
an autonomous BD/SINS/ADS integrated agriculture
survey and evaluation UAV navigation system is constructed.

In this paper, the BD/SINS/ADS intergraded navigation
system is researched; we shall first briefly establish the
system model. An improved two step adaptive Kalman
filter algorithm is applied in this system, and this algorithm
can solve such questions as filtering divergence
phenomenon, and also this algorithm can improve the
settlement rate which can be provided [3]. The integrated
navigation system and the filtering algorithm have great
practical value.

MATERIAL AND METHOD
Error Model

We will provide in this section a basic error model
needed in the following Section. In this section, the error
model includes barometric altimeter error model, inertial
device error model and the air data computation model is
given, the error model as follows.

(1) Barometric altimeter error model

The barometric altimeter error has relevant with non-
linear relationship between hydrostatic and altitude, errors
caused by temperature compensation inaccurate and
pressure method errors. In the integrated navigation
system, the general barometric altimeter error is
approximately described by a first order Markov process [7],

ot

Where Oh, is the barometric altimeter error, 7, is

relevant time, and @), is measurement noise.

(2) Inertial device error model

Inertial device includes three gyros and three
accelerometers. Gyro drift consists of three components,
that is random constant drift, relevant drift and unrelevant
drift. The relevant time of relevant drift is generally greater
than 1 hour. In terms of short range UAV studied in this
paper, this relevant drift can be approximated by random
constant, and compared with the random constant drift,
this relevant drift 1-2 orders of magnitude is smaller, so
the gyro drift model can be simplified as constant

drift £, , €, and £, and white noise components @, , &,

and w,, and,
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Similar to the gyro drift model, the accelerometer drift
also contains the above three kinds of components. The
relevant drift is relatively small, and at the same time in
order to reduce the dimensions of the filter, the error
model of the accelerometer is also simplified by random
constant drift 0,.0, and [, and white noise components.

(3) The air data computation model

According to the parameters such as the pressure,
temperature and so on that were provided by the
atmospheric sensors installed in the body of UAV, based
on the atmospheric parameter model, the airspeed,
altitude and other information of the UAV are solved by the
Air Data System directly. In this paper, the low-altitude
UAV is studied, and its flight altitude is below 500 meters.

Assuming the atmosphere sensor pressure sensor is
P., total pressure is P, temperature is T , then pressure

altitude formula is calculated as follows®!:
H b =145442>{ 1—(
P

According to the total atmospheric pressure P

measured by the atmospheric sensor, and the atmospheric
density o about the altitude of the UAV situated, the

indicated airspeed can be calculated as follows.
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V,=,2xPR/p, (4)
Next, the following formula is used to convert the - — =y . =
indicated airspeed to true airspeed, BETRMATARBRRZRRICRZR |
V, =V, x[ 1+ (1~ Hp)x 0.05/1000 ®)
If the wind velocity is small during UAV operation, due — el £ e e
to system accuracy limitations, wind velocity can be MREANEATHRER ), BT REBERS , 7
approximately zero; if the wind velocity is large, the RBSEBHE  £ROERA | A ARIE TR [4] 32 ) B R
algorithm proposed by the reference [4] can be used to ’ '
estimate wind velocity. If the wind velocity information of ~ FAMXEEHTRIEMNHE ., ST AL E K E
UAV location is obtained, then the following formula can
be used to calculate the UAV’s ground velocity, R, DARNATRHE LRGN HIRE
V, =i +V,, (6)

V, is the wind velocity vector, V; is the ground velocity

vector, and V, is true airspeed vector.

Integrated navigation model

(1) State equation

State equation of the UAV navigation system composed
by three errors equation include velocity error, position
error and platform misalignment angle error equation.
According to the mechanics choreography equation and
attitude error equation of SINS system, the state equations
of the integrated navigation system can be obtained as

follows,
X (t)=F(t) X (t)+

Wherein W is irrelevant white noise with zero mean,
and it satisfied E[W()W'(7)] =Q(t) Xt-7) .
State variables are

=(@.4.@.0v,.0v,.0v, L

Where, @, @ and ¢, is platform error angle; dv, ,
ov, and dv, is the velocity error along the east, north and

up direction; L , oA and Sh is latitude, longitude and
altitude error. The rest are gyroscopes and accelerometers
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constant error, and noise modeling of gyroscopes and
accelerometers re zero mean white noise. F(t) is the

state transition matrix of dimensions of 16 multiplied by 16.

(2) Measurement equation

Chose velocity difference between the UAV ground
velocity vector obtained from the Air Data System
converted to the navigation frame velocity and the SINS
velocity, position difference between the UAV position
obtained from the BD receiver and the latitude and
longitude information of the SINS, and altitude error
between height value measured by Air Data System and
SINS altitude as measurements, the following measure
equation can be constructed,

INMATEH — Agricubtusal Engineeting
£ RRRMAMMEEITNGERENBYEARS, F(t)
N 16*16 EHVRSEBIERE

(2)EBNFRE

FHASBERSG I A EAN 1R FIR N SMALFR
EERE SINSEEZZE, FitHHERNAEHN T ANMLE
EEE SINSHASEFRZERKRRBBBRENEINS
EESRSEEZZEINNE , GENTHWENHE :

_VSNS< ~V rox | _va +Vy |
Vans ~Vansy ov, +V,
2y =| Vs Ve || T | x o v ), ©
Lans ~Lep-2 oL+V,
Asns ~Aep-2 A+,
_hst ~Pos i _5h+V6 i

Where HL4=H(@25H @6F , H47)=HE8H 6,9 |
and V(t) is the measurement noise.

The two-step adaptive Kalman filter

Because the on load ability of the UAV is limited, thus
the calculation speed is affected, and the fast filtering
algorithm is needed. In the two-step Kalman filtering
algorithm, the Kalman filter is decomposed into two parallel
reductions that filtering respectively, and the reduced order
filter greatly reduces the amount of calculation.

In order to improve the filtering speed, the two-step
Kalman filtering algorithm is used as navigation solver.
Because of the mathematical model and noise statistical
model of the SINS, ADS and BD system is not accurate, so
that the model and the obtained measurement values do
not match, which will lead to filtering divergence. Therefore
the traditional two-step Kalman filtering algorithms is
improved as adaptive filtering, which can restrain the
divergence of Kalman filter, and can improve the
navigation accuracy of the integrated navigation system.

Consider the following linear discrete stochastic
systems,

A& HI4=H@SFH@6F , HAT=HGB8FH G |
V(t) hENESE,

B EE R BIEFE

HTEANFABRENAR , DLEHTERES FE
W, FERRENERE L. M FREBREEFRER
KBRS ATR BRBRORER 0 B ATIRRITE |, KK
BETITEE.

NEGRRERE , AXHRARS FRERREERT
SMBEE, BTHRESA. KSBEERSE, LAREHHZF
BANRFHEIHERTER  FRESRENENETT
B, 2SHRERAH. REFRCHESHNML FRERK
Rt BEMIRKER , TIEIRRAE , RESTE
E.

ZRUTEMEBENRS

% = AcXea t B+ (10)
B, =h,, 11)

Yi = Hix 1, (12)

R x ARGRS ; b HREAR ; & HIRRHS

Where x, is the state of the system; b, is the
%

E[{k{,T] = Q94 ; 7 is the measurement noise vector.

deviation vector; is the process noise vector,

The first step is to ignore the deviation term (that is let
b=0), and add the adaptive filter, then the unbiased filter

M& . E[&E |=Q0, ; nNBRARFER

E|:,7k,7|T:| =Ry o
E-SRZRRED (AHb=0) , FMABBNKE

can be constituted as follows, T, WA TTREIRKER
X = AcXn (13)
% =% K, (k)R (14)
Y =H X, (15)
fe = Y = Yo (16)
K (k) =B (K)H{ [H P (K H +R] )
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P (k)= AT, (k-1) AL, +Q., (18)
T.(k) = (1 =K, H, )P (k). (19)
R, (k) =[F, (K)HT = F (k) H] (G (k) - HE () HT T (20)
M =[HA HA’ HA' T, 1)
C,(k)
F (KH =(M™M) "M éz:(k) , 22)
6.
E (k)= A B () +(7. () = £ (k) HI (G, (K) HjAmHU*HJnUQ-Qw»jAg,(m)
C (k) =C (k=1)+(y,yi, -C (k-1)) /k, (24)

Where 7((,) means state estimation value obtained by

ignoring the deviation; |5X is the error covariance about )?(,) .

The second step is estimated deviation vector from
residuals of the unbiased filter, and then deviation filter can
be obtained.

R X, RERHREESHGRSMHEIHE, P X
%) BREMHE,

E=HRNERERRBOBREFI DT REDE
BEREIRE

U, (k+1)= AV, (k) +B,, (25)

S(k)=HWU, (k)+C,, (26)

v, (k) =U, (k) =K, (k) S(k), @7)

M (k+1)=M (k)= M (k) S™ (k)] H,P, (k) HY +R, +S(k)M (k)S" (k)] S(k)M (k). (28)
K, (k) =M (k+1)[V (k) H{ +Cl R, (29)

b =[1 =K, (k) S(K) ]by + K, (K) i, (30)

3, =V, (k)b (31)

The estimate of the linear discrete systems containing
deviation can be obtained by adding results of the two sub-
filters,

X

RESULTS
Simulation results

In order to verify the effectiveness of the proposed
integrated navigation method and filtering method, the
computer simulation experiment was carried out. UAV
motion model was generated by aircraft modules in
aerosim toolbox in Matlab, and a track including linear
motion, acceleration, turning, circling, climbing, descend
and other state of the UAV were designed.

A simulation experiment was done and 500 seconds
simulation data were used. SINS sampling frequency is
100hz, BD data sampling period is 1 s, combined period is
1 s. In simulation experiments, the gyro constant drift is 0.2

°/ h, accelerometer zero bias is 10’4g . The initial position

errors are 5 m, 5 m and 10 m respectively; the initial
velocity error is 0.1 m/s; initial platform misalignment error
of 20", 20" and 50" respectively. The measurement noise
of the BD receiver is white noise, and the standard
deviation of the white noise is 8 m.

In order to illustrate the problem better, in this paper
simulation experiment of SINS and SINS/BD/ADS
integrated navigation system were done, respectively. The
traditional Kalman filter algorithm and the improved two-

:Xk+5'
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step adaptive Kalman filter proposed in this paper were
employed in above two systems respectively to calculate
the navigation parameter. According to the estimation of
the error of navigation parameters, navigation parameters
of the integrated navigation system were corrected.

The simulation results shown in Figure 1 and Figure 2,
where the dotted line was the result for the SINS system
using conventional Kalman filter, and the solid line was the
result for the SINS / BD / ADS integrated navigation system
with improved two-stage adaptive Kalman filter algorithm.
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From figure 1 and figure 2, the simulation calculation
results showed that due to the influence of various factors
such as noise and error, navigation precision of single
navigation mode is low. And for long time navigation the
navigation parameters which are obtained by SINS calculating
would be divergent. As the BeiDou Navigation Satellite
System and the Air Data System were introduced in
BD/SINS/ADS integrated pattern, their position and
velocity information also were introduced, and then the
velocity error and position error convergence rate is
improved obviously. The system has good fault tolerance
performance and can effectively restrain the error caused
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by the gyro drift and improve the precision of navigation
system. At the same time the adaptive two step Kalman
filter is adopted to avoid the divergence of navigation parameters.

Prototype UAV

In this paper, the prototype UAV of the agriculture
survey and evaluation UAV we studied, is electronically
moving fixed-wing UAV and technical indicators of the
UAV as follows.

The takeoff gross weight is 10kg, flight altitude is
800m, cruising speed is 50km/h, the tasks load is 3-5kg,
life time is 1 hour, engine power 2kw, and 3 maximum
wind resistances. The prototype UAV that can be seen in
figure 3, and figure 4 is flight test image.

INMATEH — Agricultural Engineeting
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Fig. 4 - Flight test image / 777 15

CONCLUSIONS

For the reason that the right of GPS controlled by others
and lack of autonomy, the BD system is studied in the
application of the agriculture survey and evaluation UAV
navigation system. In order to improve the agriculture survey
and evaluaton UAV navigation system precision,
BD/SINS/ADS integrated navigation system is proposed in this
paper. The system has better fault tolerance performance, and
external reference information is introduced to improve the
navigation precision and reliability of the navigation system.

Because of the uncertainty of the model, filtering
divergence phenomenon will appear in the process of filtering.
To prevent the happening of the filtering divergence, an
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improved two-step adaptive Kalman filter algorithm is proposed.
This algorithm can not only improve the calculating speed but
also avoid filtering divergence. In this paper, a numerical
simulation results show that the proposed BD/SINS/ADS
integrated navigation system and improved two-step adaptive
Kalman filter navigation algorithm can effectively improve the
agriculture survey and evaluation UAV navigation accuracy.
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Abstract: With an example of Xinfu District in Xinzhou,
Shanxi Province, this article studies the change law of the
farming radius and the farming inner radius in this area based
on the data of the rural residential area, traffic network,
cultivation block, and so on, and applies the set covering
location problem (SCLP model) under the maximum farming
radius to filter the minimum and best village location system
as the planning target from the existing rural residential area
location systems in Xifu District. The optimized results can be
the foundation of the efficiency of land use and the
construction of rural basic public service.

Keywords: SCLP; rural residential area; farming radius;
location-allocation

INTRODUCTION

The least facility problem is the Set Covering Location
Problem (SCLP) [1, 2], attributing to set covering problem [1-
3] of location-allocation basic problems, which was put
forward by Berge [4]. Fulkerson, Ryser [5] and Edmonds [6],
who gave the equation, and Church, Toregas [2, 7, 8] who
discussed in detail the SCLP model and its applicability.
SCLP is used widely in areas such as land and resources
administration, urban and rural planning, national defense
and military, public service facility layout, etc.

MATERIALS AND METHOD
Theory of location distribution
Location distribution on a plane
Choose p ( 1< p<K ) as the number of the facility. Each

demand-point is supplied by one of the facility. This problem
is a NP problem, which is expressed by mathematical
model: the objective function of the two variables (the only
variables are the two coordinates of the new facility) is:

MinZ =>"dw =

im il
where customers are located at (g, b;), the facility is to be
sited at (X y), w is the known demand (or weight) of

customer i; and | is the set of customers.The first-order
conditions are first written in the form

Swy(a-x)+(b-y)
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BN, MR EEAE , HATREXEAFEREHEE
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In contrast, when the objective of the minimum
weighted squared distances is differentiated with respect to
the x and y coordinates of the facility,the resulting
equations are separable and a simple closed-form solution
exists, in which:

(a-x)w+(-y)

Rz, HR/OMNEEFEAHBHRE S TFHANTFZILE
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ANE, Hep
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Where J is a set of facility locations, where the point(x;, Heh ) RBSBRERAE , 8K y) 2% MRSRE

) is the location of the facility for all j1 J. Defining u; as the _ A e . ) . )
Y is th adliyforal J1 - QUiastne g oet (T 3o BN u fENE | MRS SRS HRE
proportion of customer i's demand that is served by the jth

facility, the multifacility location problem can then be written as MEREY , XTSRS ABEERTN

Minz=Y > wd,u,

ion i
st. yu, =1 001, uD00idl,jod, x,y|5od @)
j0J
Where the variables x and y;, jT J appear only ERXATE Ay j| J BERARBPHEE, .
implicitly in the formulation in the guise of the distances dij.
Location distribution on network R F R X (L5 7
ReVelle and Swain were the first to formulate the p- ReVellefl Swain & 412 45 P-Hh {37 6] B 4E 3 0- 181 &1l [|]
median as a zero-one programming problem. A variant of o N ]
their original formulation is [9]. B, RRBAXAT
Min 2= > wd, U,
ion i
s.t.

x =1 0i0l , x, <y, GDi0l, joJ,

j0J3
DV=P.

j0d
x,=0010i01 , jOJ . y=00100J 5)
where the locational variables y; are one, if a facility is N ) o s .
located at node j and zero otherwise. The allocation HPmREENTER | LXIERyH1, FUH0. £1L

variables x; denote the proportion of the demand of the A — 4t B S T N
customer at node | that is assigned to a facility at node j. ZEx RRER | A HREDBAE R | MRS R,

Finally, p denotes the number of facilities that are to be  pRREEHRSRIEHRE  ERATER L,
located; the remaining parameters are as defined above. ’

Optimized model of rural residential location under the

maximum farming radius BABHEERYR TN EREX U EHRE
To formalize, denote again | as the set of demand BAEEY | NERESES |, J RRBRE M T4 %L

nodes and let J symbolize all candidate sites at which " var b [ 48 S M L f & U B g R
facilities may be located. The model that allows locations M E, XMIARFEIUTREER LHRBEREIH O

only at the vertices of a network is referred to as the HE HAXRTRRWT -
vertex-center problem and it can be formulated as follows: T '

Min z
st Dy, =100l,
j0d
y, =% <0 0i0I ., 003, Dy, =p. z-).dyy; 20 0j0OJ
j0d j0d
x,0{0,4 0joJ . y,0{0,34 OOl , 0jOJ ®)
From the above definition, we infer the SCLP under the BLEREY , BRINTUHSHERBILBARNAN

maximum service radius ®**. That is, on the premise ofthe & i, s 41911 4w 5 e 2 3 B N
’ Vi)Y Z Z~ Z P2 X

given traffic network and that the all studied farming s ’ EDESEL%XJ%IE §$l]1%§ﬁ£n|:énl3

cultivation blocks are within the maximum farming radius, MEBRGENERERAMEXEZANIRT , R§

to solve the minimum rural residential location and its REEENHEHINEININEREZEREREAXNE
distribution. The equation is as follow: ¥, g4

. [¢]
p=ming Xj @)
it
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Constraints:
é x 31 il (there is at least one rural residential
TN
point in the maximum farming radius) ;

x; = (0,1) jT J (when the rural residential is located

onj,itis 1. Ifnot,itis0) ;
N is the farming block; i is the maximum farming radius; the
total number of the rural residential points within dmax is:

INMATEH — ngicaltuml Qiueexm’

N=(jTJ|d;Ed,) ill

Among them: p is the number of the chosen rural

residential points: i is the encode of the farming blocks (
iT | ,i=12,..,m);jis the encode of the candidate
rural residential points ( j1 J ,j=12,..,n); dji is
the shorted route distance from the rural residential point j

to the farthest point of the farming block i ; d is the

max
maximum of the farming radius.

RESULTS
Data and analysis
Analysis on the maximum of the farming radius

The farming radius is the spatial distance from the rural
residential point to the farming block. There is rural
residential radius in the rural residential point, which is the
radius of a circle which center is the center of gravity of the
rural residential point and which area is equal to the area
of the rural residential point. In this article, the farming
radius in SCLP model is the sum of the distance from the
edge of the rural residential point to the farming block and
the inner radius of the rural residential point.

Using Path Distance Model, the study first calculates
the Path distance from the farming block in the study area
to the nearest rural residential point (fig 1), and then
figures out the rural residential radius in the study area (fig
2) according to the areas of each rural residential point.
The result is that the maximum farming radius from the
edge of the rural residential point to the farming block is
2647m, and the maximum rural residential radius is
650.88m. with the sampling, the maximum farming radius
is finally determined to 3500m.

28000
26000
24000
22000
20000
18000
16000
14000
12000
10000
8000
6000
4000
2000
0

The Count of farming block

WREER -
ax:1
v T B E—AHEEAE) |
=0D T J wpmee| cr1 m8F2M0) -
N B, | BB ABHEEE, Omax poao i s
R
Heh o p EEBDMNERE | RRERRED
T iz12, . om) | eessEgs 19,
stz Y s AERSE | ReHEmR

RIZA M R R O RERABEEXE,

g8
BESSH
BRABEERH T

HEEEREMEREIMEXNZEER., NER
BEABEEENERBER  CREUANEREZELAHRO
YA, YEERSETAERZREAAERNER, AX
SMEEEEFHHEEE RIESENERELEEH it
RNEBEENEREANDERZHM,

5T B % fE A Path Distance Modler It BRI X & HR
SRENERENRRER (MR 1/R) , ZEBENE
REERUTELARXENEREZXR (WB 2R ). &
RER NERBLAZEHFEHEARBAMEEE SR
2647Tm , AN EMEEE N 650.88m , HE ST
AR R APEREHE R 3500m.

LN DL DL LA DL B B |

1
0 200 400 600 800 100012001400160018002000220024002600

The initial farming radius(Units:m)
Fig. 1 - The distribution of initial farming radius in Xinfu District / #7/7X#I#4 R85 Uk H1EF £F

41



Vol. 41, No. 3/2013

INMATEH — Agricubtusal Engincering

300
280 1
260
240 1
220 1
200
180
160
140 4
120 1
100
80
60
40+

The Count of rural residential area

20 4
0

N

d L L L T T
0 50 100 150 200 250 300 350 400 450 500 550 600 650 700

The radius of rural residential area (Units:m)
Fig. 2 - The distribution of rural residential area radius in Xinfu District / 7K 4 # 89K #1112 Z X< E

Analysis on optimization of rural residential location

In the model, the centers of gravity of the patches of the
8140 rural residential points sized 100 X 100m® serve as
service facility level. The centers of gravity of the patches of
the 79157 pieces of farming blocks sized 100 X 100m? serve
as demands level. Impedance conversion is Linear,
impedance is length (m), the way direction is Facilities to
Demand, U-turn is allowed, and the output pattern type is
straight line. To optimize the rural residential location in Xinfu
District by SCLP model under maximum farming radius, the
existing 995 rural residential points in Xinfu District can be
optimized to 370 central villages ensuring the maximum
farming distance within 3500m (fig 3). The network distance
from any farming block sized 100 X 100m?® to the nearest
central village is under 3500m (fig 4). According to the best
plan, to divide the 71563 pieces of farming blocks to the
central villages, the least number is 1, the largest number is
969, the average number is 193, the middle number is 93,
and the standard number is 216.
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DISCUSSION AND CONCLUSIONS
Discussion

Apply Surfer 10 software to make the distribution of
central rural residential farming block number in XinFu District
(fig 5). In the figure, it is clear that the central villages in
Xinding Basin in East Xinfu District are given more farming
blocks, while the central villages in western mountain areas
are given less farming blocks, among which, the North
Taiping Village has 968 pieces of farming blocks, and the
Shiti Village and South Gao Village in Qicun Town, Yaokuan
Village in Yangpo Township, Wen Village in Wencun Township,
Xiashagou Village in Houhebao Township, Liujiazhuang
Village in Xinjian Road Subdistrict Office, Longfengpo Village
in Lancun Township, Xinbao Village and Xiangyang Village in
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Douluo Town, Zhuangmo Village in Zhuangmo Town have
only 1 piece of farming block respectively.

Apply Surfer 10 software to make the total farming radius
of central rural residential farming block in XinFu District (fig
6) by nearest natural neighbor. In the figure, it is noted that
the total farming distance of the rural central villages
surrounding the central city in Xinding Basin is the longest.
The total farming distance of the central villages located in
the plain areas such as outer central city, southwest hilly
and mountainous areas, river valley and floodplain, with
relatively centered farming blocks is shorter. The total
farming distance of the central villages in hills and low
mountainous areas is shorter than the former. The total
farming distance of the central villages in the north, west
and south mountainous areas is the shortest.

CONCLUSIONS

Applying SCLP model under the maximum service
radius, we can calculate accurately in the study area the
minimum rural residential location under the fixed farming
radius, to optimize the existing rural residential location
efficiently. According to SCLP model under the maximum
farming radius, we can provide accurately the future
optimizing direction and location of the rural residential
location, and the scientific basis for identifying rural
construction location, improving use efficiency of rural
constructional land, and is beneficial to the intensive
economy land use capability. Practically, considering the
secondary and ternary industry location and historical and
cultural situation, identifying redundant rural residential
points, combining land reclamation and efficiency land use,
we can move the peasants in the redundant rural residential
points to the pointed central villages, and change the left land
to the farming land step by step, to release the construction
land potential and optimize the construction land location.
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A FUZZY CONTROL BASED ON DISSOLVED OXYGEN MONITORING SYSTEM IN
AQUACULTURE
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Abstract: Dissolved oxygen (DO) is a key water quality factor
of aquaculture water in aquaculture. It plays an essential role
in growth of aquaculture organisms. By analyzing DO
monitoring system in aquaculture, a mathematical model of
DO monitoring system was constructed. On the basis of
fuzzy control theory, the fuzzy control of DO was realized.
The simulation results show that the method proposed is
feasible and convenient for application, and it is able to
appropriatelyl monitor DO in water. In comparison with that ,
the fuzzy control based DO monitoring technique can shorten
culturing period, improve culturing efficiency and reduce the
cost of cultivation.

Keywords: aquaculture, fuzzy, dissolved oxygen, monitor,
control

INTRODUCTION

Most of living creatures on the earth cannot live without
oxygen. Accounting for 21% of air ratio, oxygen presents
high content and stability, so living creatures on the land are
living with enough oxygen. However, DO in water (DO is
molecular oxygen dissolved in water or liquid phase) shows
less content and variation. Generally, The amount of
saturated DO in freshwater is approximately equal to that of
one-twentieth of oxygen content in the air. It is even fewer in
seawater. As an indispensable element to aquatic animals
and plants, DO has been one of the most concerned water
quality factors. For instance, there are some common
cultured fishes which live by relying on DO at present: DO
content required in adult stage is of 3mg/L; when DO
content is lower than 2mg/L, slight fishes hypoxia is
observed; when lower than 0.8-0.6mg/L, serious fishes
hypoxia is presented. Serious fish hypoxia does great harm
to fishes’ health. Fishes are likely to die of suffocation if DO
content decreases to 0.5-0.3mg/L. Feeding rate, food
utilization and weight gain rate of fishes are significantly
influenced by the contents of DO. Thus, it is necessary to
monitor and control DO in the aquaculture [1-5].

Nowadays, DO monitoring techniques in aquaculture can
be classified into intelligent monitor, automatic monitor and
experienced monitor world widely. In intelligent monitor, as a
key environment factor in aquaculture water, DO and other
factors (i.e. Ph and temperature etc.) are analyzed by
computer. Then, environment factors in water can be
controlled to perform intelligent monitor. Finally, industrialized
culture can be realized. The intelligent monitor technique
characterized by high production yield, as well as high cost of
input and maintenance is generally applied in developed
countries[6]; automatic control is mainly used in fish breading
and aquaculture of rare aquatic animals which demands high
to DO content. This monitor method collects DO
concentration in water using sensor. Then according to the
demands of fishes cultured, oxygen supplementary in water
is realized by oxygen-increasing machine. This method
presents low intelligence and cost. It can fulfill high production
yield. Therefore, it is frequently used in aquaculture [7].
Based on the experiences of aquaculture operator on DO
concentration, experienced monitor usually controls
oxygenation machines and judge whether oxygen should be
enriched or not in water, to sustain the growth of fishes.
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This method is mainly used in cultivation of common aquatic
fishes. Because it has low cost and is easy to control, it is more
popular in developing countries [8,9]. The research analyzed
DO monitoring system in aquaculture water and constructed a
mathematical model of DO control. Based on fuzzy control
theory, fuzzy control of DO was realized. This technique
proposed is easy to operate and presents strong robustness. It
can be a better way to control DO in water.
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MATERIALS AND METHOD

Working principle of do monitoring system

In this research, automatic control is selected in the study
of aquaculture DO monitor. Its working principle is illustrated
in Fig. 1. This system mainly consists of culture pond, aquaculture
water, PC, DO sensor, circuit of signal processing, oxygen-
increasing machine, AC motor, and inverter. Its working
principles are illustrated as: DO Sensor is put into the water
to monitor DO concentration. Corresponding electrical
signals are inputted into PC by circuit of signal processing.
Those signals inputted into PC are saved for conduct
analysis. Then, relative control strategies are performed by
some algorithm. By controling AC motor speed using
inverter, oxygen-increasing speed of oxygen-increasing
machine can be controlled. Consequently, DO content in
water can satisfy the requirements of aquaculture.

Mathematical model
Model of DO Sensor

A Polarographic membrane electrode method is
employed in this system. The cathode of electrode is
made by golden plate of 4 mm. Anode, also called
reference electrode, is silver plate. Electrolyte is charged
between anode and cathode. The top parts of anode and
cathode are covered using polytetrafluoroethylene film.
After applying 0.7 V of polarization voltage between the
two electrodes, oxygen which is passing through the film
is reduced on golden cathode. Due to redox reaction
happened on electrodes, electronic conversion produces
current which shows direct ratio to oxygen partial
pressure. Reactions in oxygen electrodes of polarographic
membrane can be demonstrated as [10]:

wRESE

RRALRRETHERE

RX PRk FREAREEREET Az SRR B
THRENE 1 iR, EERBFEL, FEKE, ItH
¥, BEEARSE. FS0EEKE, HE, RSB, X
MERFER . BT EETRIEM KA YA AR E ik R
HABERE , RYNBESEIESHEBRIEATEN
FEH O, BB —EMEAREEXNEHRE  BYET
SMBR R REBHERE | #MKIHBENEEREN
24, ERETHERESERERENER,

e kil
BPHEEENRAERE

AREXAMEXNSEBME, Hh, BRAARH
Aamm B AR , RSB ARE , ARZEFTN
BER, MHARNAZHESHEES. LFAMMRE M
0.7V EAMIRILBESS , BB ERNEEESHAR LT
B A BATERLRESH-ERRE , BFHHKRFETE
EFHRPEIENBER, RERSEGBRNR NS5
J[10] :

0,+2H,0+2e" - H,0,+20H" @
H,0, +2e" - 20H" @
Ag+Cl~ - AgCl +e” 3
4Ag+0, +2H,0 - 4AgCl +40H ~ 4

Signal process circuit of DO is shown in Fig.2. The
currents produced by DO sensor are converted into voltage
signals. Those signals obtained are amplified to input into the
DO concentration collecting card. Owing to the influence of
temperature on measurement precision, temperature in
measurement of DO content should be taken into account.
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Fig. 2 - Signals process circuit of DO /BT 15 54 B BEF

DO in water can be expressed as
DO, = DO, [1+5%(T, -

Where, DO, denotes DO content of measured solution
at Ty; DO, indicates DO content of oxygen saturation water
at temperature T,; g, refers to potential value of electrodes
immersed in Na,SO3 solution; E, is potential value when
clean electrodes intrude into oxygen saturation water; g, is
potential value when clean electrodes intrude into the
solution to be measured; T, denotes oxygen saturation
temperature; T, is the temperature of solution to be measured.

On the basis of measurement principle of oxygen meter
and electrochemical equation, we obtain

=)

DO = DO, + =

a

Where DO is measured value (mg/L) of DO content at

t; r, is OUT value (mg/(L X min); & denotes the

electrode response speed parameter of oxygen meter
(min™),a=92min™.

Model of DO Control [11]

DO control are more influenced by environment.
Before constructing mathematical mode, it is assumed
that: culture pond is a small indoor pond
(10m X 10m X 2m); the living creatures cultured in the
pond are the only factors consuming DO; Only oxygen-
increasing machine can be used to supplement DO in
water. Temperature in cultured pond and Ph are
constant. After satisfying conditions above mentioned,
concentration variation of DO in water is expressed

dy(t) _ Q(t)
ot [Vin
Where, Q is air flow, Q(t) = K, N(t) - N(t) indicates the

motor speed. K, is coefficient of air flow; V is volume of

culture pond; y(t) is DO concentration; y. is oxygen
concentration of air inputted; y_, is oxygen concentration
of air outputted; y_ (t) is saturated DO concentration;
K a(u(t)) is function of oxygen conversion, its change is
linear with the variation of air flow. Taking K, as a
constant, K, denotes the constant of DO consumption
rate. By conducting Laplace transform on formula (8).
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The transfer function of the system is

Y(S) _ Kq(¥in = You) IV
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If K (y. - /V=U,and K +K =K , =
q(ym yout) n t G(S) S + K

is obviously a first order inertial link.

System Model

By detecting the system model, the results shows that
monitoring of DO is non-linear and presents delay
characteristic. Formula (6) and (9) are used to remedy
such shortfall. 7 refers to monitoring delay. While,
Formula (9) is remedied

G5 =Y

S+K

Formula (10) can be approximately described as an
simulation model of DO monitoring system. On the basis of
experiences and experiments, U = 082 , K =0.0157 and

7 = 40 in simulation model are obtained.

Fuzzy control
Definition of Variables

According to DO model in aquaculture, there are two
inputs in the system: the differences, also named as
deviation e of DO and set value measured by sensor is first
input; another one is variation ratio et of DO. Output is
motor speed n of oxygen-increasing machine. The motor
speed can be controlled based on e and et. Consequently,
DO of culture pond is stabilized to set value.

Fuzzy Method
DO model takes e which is deviation of DO content
value and set value and measured by sensor as an input.

With fuzzy domain being [-3 , 3], the difference of DO
content value and set value can be measured.

e

S+K, +K,

%% Kq(yin_yout)lvzu v K +K =K E% » G(S) = y =

S+K

— N =BT,

BPHEEERRAHE
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T REKR, MAK (9)BIER :

-1s

(10)
R (10) NELLHARNRAEUBRRENHEER, KiF
2B MR TESHFEREEPHU =082, K =0.0157,
7 =40,

L LoE
EXETE

REAFFREBTAFEEBTH , RENBARR
N, I HERFNENARESREENZENRE e,
S—MANEBRHEELNMR et, MHNBENBHNNEKERE
n. RERHIE e, et WITARRFBHKERE , EFRIEMPA
BEREEIREE,

&M

REABRSELETA  RERBNSNEBEEERE
ENfRE e AWAE , BUEMICEN[-3, 3], KRNEBAME
SESREBEZE.

Tablel/ #1

Saturated DO in the water temperature | F/EEE FXAFBHEGZE

Temperature(°C)/ E& Saturated DO (mg/L) / HFBMEZSE
0 14.64
5 12.74
10 11.26
15 10.08
20 9.08
25 8.25
30 7.56
35 6.95

Assuming temperature in culture pond is 20~30°C with
freshwater in the pond, as shown in table 1, saturated DO
content is about 8mg/L, while, commonly controlled DO
content is 7mg/L. The experiences show that fuzzy domain
above-mentioned can satisfy the control requirement. The
fuzzy variables correspond to seven classes [-3,-2,-1, 0, 1,
2, 3]. The classes are indicated as seven subsets based
on membership function. Using assignment of fuzzy
variables, the fuzzy variables symbols are expressed as
NL, NB, NM, Z, PM, PB and PL. They represents
maximum, large value, negative median, no deviation,
positive median, positive large value and positive
maximum of negative e respectively. The membership
function is shown in Fig.3. NL is membership function of Z
type; PL is membership function of S type, the rest five
subsets are triangle membership function.
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The variation rate of DO is an important input parameter.
Based on experiences, fuzzy domain [-0.3 , 0.3] of DO

variation rate et are selected to have fuzzy variables
corresponding to seven classes [-0.3,-0.2,-0.1,0,0.1,0.2,0.3].
According to membership function, the seven classes denotes
as seven fuzzy subsets. Based on assignment of fuzzy
variables, the fuzzy variables symbols are expressed as NL,
NB, NM, Z, PM, PB and PL respectively. Those symbols refer
to the decrease of fastest rate, fast rate and medium rate,
constant, the increase of medium rate, fast rate and fastest
rate in DO vibration rate respectively. The membership
function is illustrated in Fig.4. NL is membership function of Z
type; while, PL is membership function of S type, the rest
five subsets are triangle membership function.
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On the basis of working principle of oxygen-increasing
machine, DO shows direct ratio to motor speed. In this case,
motor speed can be adjusted to control the increase rate of
DO. The fuzzy domain of oxygen-increasing machine motor

speed n is [0 , 6] which represents coefficient of motor speed.

The coefficient multiplied by maximum speed can obtain real
motor speed. Corresponding fuzzy variables to seven classes

[0,1,2,3,4,5,6] , the classes are demonstrated as seven fuzzy

subsets based on membership function. According to assignment
of fuzzy variables, the symbols of fuzzy variables are Z, VS,
VMS, VM, VBM, VB and VL. They represent zero speed, low
speed, low-medium speed, medium speed, large and medium
speed, large speed and maximum speed respectively. The
membership function is shown in Fig.5. Z is membership
function of Z type; VL is membership function of S type, while,
the rest five subsets are triangle membership function.
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Fuzzy rule

Based on characteristics of aquaculture, four empirical
rules of controlling DO in aquaculture are obtained as follows:

(@) IF DO is smaller than set value THEN motor rotates.

(b) IF DO is larger than set value THEN motor stops working.

(c) IF DO decreases THEN motor speed increases.

(d) IF DO increases THEN motor speed decreases.

The difference variation measured of DO content and
set value, and variation rate of DO mainly rely on that
specific variable corresponds to fuzzy subset. The relative
control rules can be illustrated using fuzzy conditional
statement as:

IF e=NL AND et=NL THEN u=VL

IF e=NL AND et=NB THEN u=VB

IF e=PL AND et=NL THEN u=Z
IF e=PL AND et=NB THEN u=2Z

Based on analysis abovementioned, 49 control rules
can be abbreviated as one rule table of fuzzy control, as
shown in table 2.
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Lok )
HXKFFRENS R, SRIK-FRIERRSEFNESE
BEAZBAN

(a)IF ABRE/NTHEE THEN B4%
(b) IF ABMEATETHEME THEN BHEF
(c)IF BRETR THEN EE#Hl38E
(d)IFBA#aELH THEN 8 4LEE
BHNEABRESTEENREN KD , BRETLER
BRD, TERBEAHEFNNEEY 75, HRAEE
AN AN TEMZFBEARER
IF e=NL AND et=NL THEN u=VL
IF e=NL AND et=NB THEN u=VB

IF e=PL AND et=NL THEN u=Z
IF e=PL AND et=NB THEN u=2Z

ﬁ?u’t;@ﬁ , FT A9 542 HIM N °] LA B K — MER 2 5
MNFK , MR 2 PR

Table2/ &2
The control rules / 24300 5%
Variation ratio (et) / ¥
Speed(n) / &
NL/ B SFEZF ) [NB/ REBZ PNV FUETFN Z | FF | PM/ FETA | PB/ REFTA| PLI BRBEFTA
NL/ R BAE VL VB VBM VM VMS VS z
NB/ LI AEH VB VBM VM VMS VS z z
o NM/ B4 F VBM VM VMS VS z z z
Deviation
)/ & ZI ElRZE VM VMS VS z z z z
PM/ EE#) A8 VMS VS z z z z
PB/EMAE VS z z z z
PL/IEHS @A z z z z z

Fig.6 displays 3-D relationship of inputs e, et, and
output n based on the rules.With the decrease of e and et,
n increases; when e, et and n are NL, NL and VL, the
motor speed is fastest, the oxygen-increasing speed of
oxygen-increasing machine reaches to maximum; when
both e and et are zero, n is zero and motor stops working;
Only when e is large and et is small, n is not expected to be
zero. Otherwise, n is zero; when e is small, n increases
with the decrease of n. All these results are in agreement
with DO control rule in aquaculture water.
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Fig. 6 - The rule relationship of input and output / ##.A 545 40> & &
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Defuzzification

Fuzzy values outputted are multiplied by motor speed
factors (300), motor speed required to be controlled is
obtained. The value of speed control is transferred to
inverter. Motor speed can be thereof controlled to further
control the DO content in aquaculture water.

RESULTS
SIMULATION AND EXPERIMENTS
Simulation

On the basis of mathematical model of DO in
aquaculture, the DO monitoring system of aquaculture was
conducted simulation by using fuzzy logic toolbox and
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Fig. 7 shows the relationship of input and output of
fuzzy control. Using 3 editors in fuzzy logic toolbox including
Fuzzy inference system editor, Membership function
editor, and Fuzzy rule editor, the rules of input, output, and
fuzzy control are set by referring Figs.3, 4, 5, and 6.
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As shown in Fig.8, SIMULINK is used to establish the
simulation mode of the system. DO is set to 7mg/L
(substituted by step signal, with the amplitude of 7 );
meanwhile, some gain links are added in the system.
Corresponding gain values are set by experiment.
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Fig. 9 - Responses of step signals / 5715 548 iz &

Fig. 9 shows the responses of step signals with
amplitude o f 7 at 1,000 seconds. The figure indicates that
the system delays 40 seconds. Such delay is decided by
the characteristics of DO sensor and large inertia in the
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system. Fine adjustment is presented when the response
is equal or larger than 7mg/L. It takes about 70 seconds for
it to reach the maximum; the response is stabilized to
about 7mg/L. The step response of the system shows that
the system presents advantages such as stability,
precision, small overshoot and fast response.
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Fig.10 displays the responses of sinusoidal signals. The
sinusoidal signal with amplitude of 1, deviation of 1, the
circle of 250 s and simulation time at 1,000 s is taken as
input signal. Fig.10 shows that comparing with input,
output delays about 40 s. This is consistent with that of
step response. In first response circle, input does not fit
well with output in the system. But output begins to
response input precisely since second circle. This phenomenon
indicates the control system presents strong robustness.

Experiments

Culture pond is indoor type with 10 m, 10m and 2m in
length, width, and depth respectively. The mandarin fish is
selected for culturing. The comparative experiments are
conducted in two ponds. Traditional oxygenation machine is
used to supplement oxygen within 24 h in the first pond; while,
in the second pond, the system proposed is used to monitor
DO in water. The optimal temperature of mandarin fish's

growth and feeding is set to the range of 23 ~28°C. With

water temperature at 26°C, optimum DO in water is 7mg/L. It
is a culture period for the mandarin fish grows about 7 months
(for sale in market), with its weights of 500 g. The same
amount of mandarin fishes is put into two ponds respectively.
After culturing 7 months, the results are shown in table 3.
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Table 3/ #3
Comparison of culture effect /| FEXREX LT
Comparison parameters | X/t No monitoring / B4# Fuzzy monitoring / Z&#l#
Growing period of reaching the weights of 500 g (Month) /
P15 H/500 ZREHTHS) ! 6
Total weight of mandarin fish after culturing 7 months (kg) /
7 PEERIEE S L) 290 390
Power consumption per month(kW/h) /
1543 961
K& BB TR
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After five months culturing, 10 mandarin fishes are randomly
selected in two ponds for every 10 days. Those fishes selected are
weighed and their average weights are calculated. The weights of
fishes in the pond without the monitoring system are smaller than
that of the pond with the monitoring system. In the pond without
monitoring system, it takes 7 months for the weights of fishes
reaching to 500 g, while, the weights of the fishes in the pond with
the fuzzy monitoring system reach to 500 g in less than 6 months.
The culture period is shortened about one month. After culturing 7
months, mandarin fishes in two ponds are weighed respectively.
Comparing the fishes in the pond without the monitoring system,
the total weights of fishes in the pond with the monitoring system is
100 kg more than that of the pond without the monitoring system.

It is apparently found that DO content in culturing pond
with fuzzy monitoring system is stabilized to the optimum value
(7mg/L). This is very favorable to the growth of mandarin fish.
Comparing with the powder consumptions of oxygenation
instruments in two ponds, the power consumption of fuzzy
monitoring system is obviously lower and onlyabout 62.3% to
that of the power consumption without monitoring system.
The system greatly reduces the culture cost.

CONCLUSIONS

By analyzing monitoring system and control system of
dissolved oxygen in aquaculture respectively, a mathematical
model of dissolved oxygen monitoring system was
constructed. Then, by applying fuzzy control into monitoring
system of dissolved oxygen, a fuzzy control based dissolved
oxygen monitoring system was established.

The system proposed was simulated using MATLAB.
The simulation results show that stability, rapidity and
accuracy of the system can satisfy the control requirements.

The comparison experiments show that comparing with
aquaculture without the dissolved oxygen monitoring
system, the fuzzy control based on dissolved oxygen
monitoring system can shorten culturing period, improve
culturing efficiency and reduce the cost of cultivation.
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Abstract: There is little equipment specially developed for
grading kiwi fruit in both China and foreign countries. While
the full automatic grading equipment often has complex
mechanical structure and costs highly, it always grades kiwi
fruit on the basis of singular feature such as size, weight,
shape, color and surface defect such that it is hard for them to
promote kiwi fruit's market competitiveness. Therefore, this
paper developed a set of practical automatic kiwi fruit grading
equipment basing on technologies of mechanical separation
and conveyance, image capture and processing as well as
intelligent control. This set of equipment mainly consists of
material storage bin, single-line positioning system, image
capture system and grading executive system. And it also
has programs of image capture, image processing, grade
determination and human-machine interaction for the host
computer as well as control programs for the slave computer.
Its operating principle is that: firstly put a small amount of kiwi
fruits or slowly put kiwi fruits into the storage bin and switch
on, and then the host computer sends the startup command
to the slave computer. Upon receiving such command, the
slave computer starts grading equipment and initializes the
camera. The camera will then get into the image capture
state. Kiwi fruits are conveyed to the image capture system
by the single-line positioning system in single row. Upon the
slave computer receives the signal that kiwi-fruits are on
position sent by the position sensor of the image capture
system, it will immediately send such signal to the host
computer. Then the host computer will store the images
from the camera at this time and discard the images
captured at other time. After the host computer carries out
relevant operations such as image processing and grade
determination to moving images, it will send grading results to
the slave computer. At this time, the kiwi fruits will have been
conveyed to the grading implementation area and the slave
computer will control the implementation system at all levels
to perform grading. Each kiwi fruit will be graded through the
same grading flow. By testing, this equipment is capable of
grading by three features of size, shape and surface defect
and their grading accuracy can reach to 88.9%, 91% and
94% respectively. And the accuracy of integrated grading can
reach to 86%. The output of this equipment can reach to
1.22kg/min which is much more than the efficiency of manual
grading. With simple mechanical structure and low cost, this
equipment reduces the processing cost of kiwi fruit and is
suitable to vast middle and small users.

Keywords: kiwi,
BP network

grading equipment, image processing,

INTRODUCTION

Grading is a very important link before kiwi fruits come
into the market, and is concerned with subsequent
packaging, transport, storage and sales of kiwi fruits.
Because of low technical level of post-pick grading and
other factors, Chinese kiwi fruits are not competitive in the
international market although China is country of origin
and world first largest country of production of kiwi fruits.
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For example, in 2007, Chinese kiwi fruit export volume
accounted for only 2% of global kiwi fruit export volume,
and export price was only one fourth (1/4) of import price,
and kiwi fruit imports and exports were embarrassed by
“widely different positions at home and abroad” [1].

At present, kiwi fruits are graded in artificial or semi-
mechanical way at home and abroad. Artificial grading fully
depends on experience, time-consuming, strenuous and low-
accuracy. Semi-mechanical grading focuses on a single
characteristic such as size, weight, shape or color, and
grading kiwi fruits only as a single characteristic can hardly
improve market competitiveness of kiwi fruit. Given this, in the
paper, a practical automatic grading method is designed. The
method can integrate the characteristics of size, shape and
surface defect in grading, and make good effect of grading.

MATERIALS AND METHOD
Image Acquisition System

As shown in Fig.1, the system comprises a closed
box, camera, position sensor and upper computer. Image
acquisition is carried out in closed image acquisition box.
Learned from multiple tests, moving image extracted at
white background facilitates subsequent grading. The box
is equipped with GS-500C1/2” CCD camera with high
frame rate, fixed-focus lens (8mm) and 5,000,000 pixels,
directly supported with USB. Its light source is white-light
energy-saving lamp with hood, 220V in rated voltage and
9W in power. The box is 250x480x500(mm) and equipped
with 9W white-light energy-saving lamp at 8 corners. Such lamp
is provided with hood to stabilize and even light and stabilize
each collected image of kiwi fruit. In center of the bottom of the
box, 2 cameras are provided. Transparent conveyor belt
facilitates image acquisition at two sides simultaneously
and makes collected image clear and complete.
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Fig. 1 - Image capture system / FGREZLH

Grading Execution System

As shown in Fig.2, grading execution system is made
up of transparent conveyor belt, baffle, push-pull
electromagnet and grading frame.

Upper computer processes and grades kiwi fruit
image, and sends result of grading to lower computer.
After receiving the signal, lower computer connects power
supply of push-pull electromagnet, and maintains the
power supply for 1s. Within time of connection of the
power supply,upon effect of movement of conveyor belt, a

56

BRATRE

FERMTREMAEME 2 FiR , ADRBEHEE
SRR, HRKXBREK, D RESFARK.

LR RENBREMEREIEGLE, 25K
B, B RERBEF T Y. TUNZEELESE .,
EEMN X B BRA AR 1s. BRAERBRRHRER



Vol. 41, No. 3/2013

kiwi fruit falls along direction of baffle to grading frame of
its grade. When the power supply is disconnected, battle
will be automatically lifted. If the kiwi fruit is at the lowest grade,
it will be directly baffled to the final grading frame upon
movement of conveyor belt. Electromagnet is not needed for
the final baffle. Push-pull electromagnet responds quickly to
rapidly move baffle, structurally simple and sensitive.

Trantparent
Bearina block
19

Bracke Grand frame

conveyor belt  Kiwi
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Image Processing

In the system, the software MATLAB is adopted to write
image processing and grading program in upper computer.
Image processing is divided into 3 steps (image pre-
processing, characteristic extraction, integration grading), as
shown in Fig. 3.
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Size

Original
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Image /o Shape oY
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Integratio

Grading
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results

Surface
defect
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identified by
BP network

Fig. 3 - Image processing / A& ZEi#E

Image pre-processing

In practical application, kiwi fruit grading is finished
with uniform linear motion of conveyor belt. Due to this,
motion blur may occur in image taken during grading, as
shown Fig. 4a. If PSF (point-spread function) and
movement direction of kiwi fruit are known, the closest
PSF can be estimated based on blurring image analysis
and treatment in multiple tests. On the basis, restoration
model can be structured for deblurring. The system
restores image by means of Wiener filtering [2]. The
restored image is shown in Fig. 4b. Restored image is
converted to gray level image, which is denoised by
means of median filtering. The denoised image is shown
in Fig. 4c. Its edges are detected by means of Canny.
Result of such detection is shown in Fig. 4d, Fig. 4e is the
result of expanding Fig. 4d. Regional image of kiwi fruit is
obtained by filling, corrosion, opening operation and
redundant pixel deletion, as shown in Fig. 4f. Gray level
image of kiwi fruit is separated from background with Fig.
4f involved as template, by AND operation [3] with Fig. 4c.
A large area of white background in the image is cut out[4]
to bring pre-processed image shown in Fig. 4g.
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a) Original image b) Restored image

)

e) Expansion processing image

Size characteristic

Mean pixel of images taken by upper camera and lower
camera after pre-processing is taken as the parameter for
size grading [6, 7, 8, 9]. 20 regular kiwi fruits of the same
type with different sizes are selected from the same batch
as samples to fit relation between the mean pixel and
actual weight. Approximate relation between mean pixel
point Y (Unitpiece) and actual weight W (Unit: g)
concluded in test is,

f) Regional image

Fig. 4 - Image preprocessing | FRAL 2
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c) Denoising grayscale

d) Edge detection image

g) Preprocessed image
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Size of kiwi fruit is divided into 3 gradesas formula (1) in
reference to kiwi fruit grade standard [5]. Pixel threshold of

each grade is shown in table 1.

SRR S RAKRIRA]D], HEER (1) BHERRES
RN 3 EFRBERBERBELR 1 iR,

Tablel/ &1

Size specifications of kiwi and its pixel thresholds / BEEA P ErER RELTE

Quality / A iR [9] Standard / ## Pixel | RIEATHE
<80 Small / 2/ <97921
280~100 Middle / # 97921 ~ 113881
>100 Large / A >113881
Shape characteristic TERISHE

Shape of kiwi fruit is described with Fourier descriptor
[6,7]. Pre-processed image is binarized to new regional
image of kiwi fruit. The 1st non-zero pixel point of the 1st

line Qo is taken as start point to track edges of the new
Vo
(n: number of sequence point). Coordinate of each edge
sequence point is (X, Y,)(k=01---,n—=1) . Coordinate

image and conclude edge sequence point V,,V,,---

of center point of the new image (Xc, yc) is concluded by

means of double integral. Thereafter, radius sequence is
calculated and normalized to conclude r, (k=01,---,n—1):

[ = %)% + (v, - ¥ ]

RABENERT[6, 7IN BRI TR, FabE
EHESE B BREENFOBERXRERSG  SkE
85 1170 1 M3 0 BEAQ ENRAAN ZKHAB B
#THRBRER , BEBRFHAV,V,, -V, | (n HFF
AANE ) . BB R FH AN L E R
(%, V)(k=01-,n-1). BE-ERS ROXLEEH
DR (X, Y,) . ST EEEFSIHA— AR | 8
B (k=01,n-1):

r = - @
In the formula (2), r,(k=01---,n-1) is post- K@)F , r,(k=0L---,n-)HE—LEH¥EFT,
normalization radius sequence, and [, is pre- Max B —LRTERF S & KE

normalization maximum of radius sequence.
DFT F(w) of the radius sequence r, (k =01,---,n=1) is,
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¥REFIr (k=01,n-1) B HREEH TR F(w)
¥
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n-1
F@) =13 r,exp(- | 259 = A@) + [B@)(@=01-,n-1) @
k=0
In the formula (3), €XP() is DFT function. Then, Fourier XE)F, eXp() HEEHTHREH,
descriptor |F (w)| is, NEEH BT |F () P
F@)|=[ A@+B* @] @

Learned from analysis on |F(a))| of image, with

increase in frequency @, Fourier descriptor of each shape
quickly decreases (if w>7, |F(a))| _, 0). For the purpose

of easy calculation and completeness of overall shape
information, edge information of kiwi fruit is described with
the first 15 components of DFT. As derived, m-order

derivative of I' | is,

dm
—r(k
T« (k)

Learned from formula (5), derivative of the radius
sequence r,(k=01---,n—1) can be indicated as the

product of |F(a))| and @ . More irregular shape brings

more significant change in radius sequence, higher m-
order derivative and higher aj“||:(w)| . Given this,

aj“||:(w)| can be involved as the basis for determining

regularity of radius.
To identify kiwi fruit shapes with different positions of

= 2m"|F ()|

BEME wNEN , SHERNEEHHE T |F(v)
HRARTE , Hw>7TH , [F(w)| -0, RIHTHEHEER
NRIEFGEAFERELRTE  AEREEH TR
15 MO ERBHBERNLRER. 2HSTREr, H
M S#8H

®)

WRK©)TH , RBFHT, (k= 01,0 —1) S HALL
A|F ()5 WHRRET , BRETAN , $EF5IH%E
LHRIZ, EMBSBABK , o |F(w) LREX , &
" |F (@) TN L EANRE N HERKE.

N TRBRIISERR. K. TB. BBAUETH

zoom, rotation, translation and start point, F(w) is
normalized as, EYBRIRBEEIR | 49| (o) #EATIH — fLAbER -
F(w
D@»:FQJ(w=O;~gn—D ®)

In the formula (6), D(w) -normalized Fourier descriptor.

The first-order derivative of the radius sequence
r,(k=01:---,n-1) is enough to indicate change in the
radius sequence. Therefore, m in formula (5) is let as 1.
Shape classifier X is defined as,

X :ia)D(a))

Analyzed from the above, higher X brings more
significant  change in  the radius  sequence

r,(k=04---,n—1) and more irregular shape. For analysis
on many experiments, set shape irregularity threshold as
1.85 (If X >1.85, shape will included in poor grade; if X
< 1.85, shape will be included in good grade).

Surface defect characteristic

Common surface defects of kiwi fruit are surface
bruise, scratch, bumping, etc. Pre-processed gray level
image is compressed to 100x100 dimension matrix. Statistical

eigenvector H=(H,,H,,H,,H,) is extracted from the matrix.

H,.H,.H; and H, are median, maximum, minimum and

maximum-minimum difference of the matrix. Normalized
H is taken as characteristic sample, and BP network is
taken as identifier [8,9] to identify surface defect of kiwi fruit.
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K(O)F , D, HA—LENHEETHE T,

R¥ERFHr (k=01 ,n-1) B —B SHENE UK
EEERE  BHX (5) PRM=1. EXERD KR
X5

™

MRS F T, X BK , ¥£&F 5
r(k=0L-n-1) BLMEZ , HRARTAN, 3%
NABBIRHAT O A | TR AR B R 5L B 3R 1 1B
185, %X >1.85 , WREANE  R2HREENF.

sz

ZeE B AG 1FLF

BB ERREARBERE R, 3. BHE. §
A EENIERGEMRRK 100x100 LHIKERE , MZIER
FRIESETHEREH=(H,H,H,H,) 6 £+ H, .
H,. H; M H, 2B RZEENFE. HAE. HNME.
RAESHMZEZ, FH B—{LEENBERES, U
BP MEERIRAIZR[S8,9] , WBRIR AT REHRPEHIIRE,
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Integration grading

Learned from the above, kiwi fruits are divided into
large type, medium type and small type by size, good
type and poor type by shape, and defective type and
non-defective type by surface. Based on grade and
specification of kiwi fruit{10] and consumer’s fondness,
integration standard is prepared, as shown in table 2.
In the paper, size, shape and surface defect are
integrated as table 2, and kiwi fruits are divided into 4
grades. Learned from table 2, any kiwi fruit with surface

defect is included in grade 4.
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BESR

HFERRATH , BRRBEBY R DAE D R K, B 3
MER , BRI NFEE 2 MER , HRES HERE
MTEREE 2 MR, UBRRME R0 N EKEE , HEE
HBRENEFHETMR 2 FITHRERE, RXURK 2
AFEN KD, TR, RERE 3 MIERTRE , 5
BHDR 4 NER, BFR 2 TH , AERERRBOBLE
HEE DN 4 Fmo

Table 2/ #2
Four grades of kiwi / #BEHEFHYH
Grade | &% Size | A+r | Shape/ B | With or without surface defect / ( AIE ) XEHE
The first grade | — 43 Large / A& Good / #F Without / &
The second grade /| =7 Middle / # Good / ## Without / &
Small / ) Good / ## Without / &
The third grade /| =47 Large / £ Poor/ & Without / &
Middle / # Poor/ Z Without / &
Small / 2 Poor/ Z Without / &
Large / £ Good | ## With / &
Large / & Poor/ & With / &
The fourth grade / %57 Middle / # Good /| #7 With/ &
Middle / # Poor / Z With / &
Small / 4 Good / ## with/ &
Small / 4 Poor / & With /| &
Design of Control System B REHB T

Control system is made up of upper computer program
and lower computer program. Written with the software
labVIEWS8.6 [10], it supports image storage, called image
processing, grade judgment, communication between
upper computer and lower computer and human-
computer interaction. With STC89C52 (SCM) involved as
core, lower computer receives command from upper
computer, controls motor and push-pull magnet, and
transmits kiwi fruit state parameter measured by sensor to
upper computer.

Upper computer monitoring

After initializing camera, upper computer calls image
acquisition program to drive 2 cameras to continuously
acquire and send image to upper computer [11]. When
receiving kiwi fruit in-position signal from lower computer,
upper computer can immediately store the image acquired
at the time, and call image processing and grade
judgment program to grade the image[12], followed by
sending of processing result to upper computer via serial
port. A user can send command on start, pause and stop
on upper computer. Such command will be immediately
sent to lower computer via serial port, and lower computer
will act correspondingly to control equipment operation
[13,14]. Parameters of serial port are set as 9600bps, 8 in
data bit and 0 in check bit.

Lower computer controlling

Lower computer (i.e. STC89C52) and its peripheral
circuit control motor driving module (motor, push-pull
electromagnet, etc.) and collects and transmits equipment
operation state. Control program is made up of main
program and sub-programs. The main program functions
to initiate system and call subprogram. The sub-programs
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EHRETED N ENNEBESTUNER, LAHE
FHEA labVIEWS.6 BH[1014RE , UEREGFE. AAR
BLER D REHREF. EENESTUNZEANBEESARA
HREZEEE, TSR STC8ICS2 Ikl , #HEZ L
HIES HEMTERX B, AN BRRENES , B
& BERR MM ERRBBR S SBUL I E L.

Wadirg N2

EUNNBEGELBTINSRILE  ARARGRXEEFR
B 2 MEGLESRERGHEE LML), AN
BB TUNEENRBRRRLESE , BEFMH IR
BELRENE G , A B GG IE R 25 HH BT R It
BGH T o RLE12]), ATBESROFLELREHBET
. AFELMM AU EEXETS. EEURE
LEGS , XEFPRIBESROGZE TN, TN
i H AR BT 9 B E LA R IR B VIZ 1T(13,14]. BRASHIRE
79 9600bps. 8 HIEF 0 BRI 1L,

FlEHla 2%

T4l ( Bp sTC89C52 ) RENEHEA TR E
VUIRBhAER (e, HANNBWSRE ) WEFIURNE
ZETRENRESEEE., RIBFRIEFREFE
FaEK. TEFEETHRENRLC, FEFRARSE, 7
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are position sensor inspection program, serial port
communication program, serial port interruption service
and motor driving program.

When receiving start command from upper computer,
lower computer will initiate itself, and implement
communication with upper computer through serial port.
Lower computer controls motor driving program to start
motor of transparent conveyor belt. When a kiwi fruit
reaches image acquisition box, sensor installed there will
send kiwi fruit in-position signal to lower computer via
external interrupter 1, and subsequently lower computer
will send the signal to upper computer. When receiving
the signal, upper computer will immediately finish image
storage, processing and grade judgment, and transmit
result of grading to lower computer via serial port. Lower
computer controls motor driving program as result of
grading to activate corresponding grading baffle, send kiwi
fruit to corresponding grading frame thus implement kiwi
fruit grading.

Meanings of signal codes defined for communication
between upper computer and lower computer are shown
in table 3.
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EFofNECRERNERF. ROBEEF. SOTE
BSBFAREHNEDRFF,

HTUBERE EUNRENEHETE , BITER
BENHNEL , ABIREO0E5 LUYXNBE, TaHEZR
FIEBA IR B IR IS 3 0 POEA AR EFH B, HRHLE
HEEEGREER , RET LN ERRFBIINE
T 1 CRERRMER L ESEEMET LA, AT IR
FEEREELUN, EANEERZESE  BEITRE
B, LEURDRHUMERE  HEEOFIRER
FRMETMH. TRARELLDRERKZE BRI ER
FEAARIEY 0 R I ARBD A | FEBRIRBRE A R 0 AR , AT
SRUUBRARBEEY 23

LRUNETHNETEERELNESRBE LMK 3
FiiRo

Table3d/ #3

Signal connection between PC and lower computer / £ #8145 FHI491E S&#

Signal / %

The sending code /| X H

Kiwi in place / ##R# G

0X55

The first grade /| —Z @B

0X31

The second grade | =& G HRHE

0X32

The third grade | =& BH B

0X33

The fourth grade / ZAEZ##E5E

0X34

Start | #F#

0X30

Pause | &/

0X35

Stop / &1~

0X36

RESULTS
Grading test
Size grading test

90 regular kiwi fruits of the same type with different
sizes from the same batch are subject to online size
grading test as large type, medium type and small type.
Result of the test is shown in table 4. Learned from data in
the table, mean accuracy of size grading by the equipment
is 88.9%.

;KRS
PR
AhpEFits

F 90 NKPF—BFRREHAN K E & T EHOR BB 1E
WERDDRAKR, F, D 3 &, #TEERDDREARE
HERLRMEK 4 FiR. ARDPEFETAZIRE K DDRB
T EEESR 88.9%,

Table 4/ &4

Grated results based on the size of kiwi /| AN S LLE

Number of test samples / Number of right classification / Accuracy rate / Average accuracy rate /
WX ¥ SR EH T JEHF %) PGB %)
Large / X 27 24 88.9%
Middle / # 34 30 88.2% 88.9%
Small / /> 29 26 89.7%
Shape grading test TR LB it

47 kiwi fruits with good shape and 53 with poor shape
are selected artificially. The 100 kiwi fruits are put into the
X above for automatic classification. Result of the test is
shown in table 5. Learned from data in the table, mean
accuracy of shape grading by the equipment can be as
high as 91%.

61

ATRZBFRIRFOBRARE 47 . FARZEHBRES 53
ERRBFEA , RN X D %KER | Fit 100 MR
MBADRRZRITEDI SR , BRERWEK 5 iR, A
RPBFETANZRZ RS RN FEHEBRTE 91%,
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Table 5/ #5

Grated results based on the shape of kiwi | JFX S KL RER S REE

Number of test samples / Number of right classification / | Accuracy rate / | Average accuracy rate /
WX BRIEE T JEHE %] PG #E %)
Good shape | B4 47 42 89.4% 01%
(]
Poor shape / E#tZ 53 49 92.5%
Surface defect grading test BT 5 BitE

The 100 kiwi fruit images taken in advance are taken as
training sample after extraction of statistical eigenvector
and normalization. The 100 kiwi fruit images taken in actual
running of the equipment are taken as test sample after
extraction of statistical eigenvector as the same method
and normalization.

With BP network involved as identifier, surface defect of
kiwi fruit is identified. Result of the test is shown in table 6.
Learned from the table, mean accuracy of BP network
grading can be as high as 94%.

MNFEHTEN 100 EFRRUBGRERRASITHSEEEH
H—thBEERIGHER  WiEEXFRETHHEEN
100 EERIRSEE R R AR RBA T B EH LA —
LA B EERN AR | L BP MEERIRDIE , XIBRARH
HITREMMRBOIRG , ERERNMR 6 Fin. AZKRT
H , BP M2 R FIGHEFER AR 94%.

Table 6/ £%6
Grated results based on the surface defect of kiwi /| ZKETBE 5 KERE
Number of test samples / Number of right classification / | Accuracy rate/ | Average accuracy rate /
WAL ¥ SR IEH I JEBFE (%) R /EHE %)
With surface defect/ &4 | 50 48 96% 04%
Without surface defect / ZE## | 50 46 92%
Integration grading test 24 4B itk

The equipment is subject to 7 automatic integration
grading tests. Quantity of sample is higher in latter test.
After each automatic integration grading test, kiwi fruit of
each level is re-inspected with result of manual inspection
involved as reference value, followed by number of kiwi
fruit mis-graded at each grade. The accuracy rate (%) is
calculated as formula (8).

_|DA|+]|AB|+|AC|+|AD|

WiRE#IT 7 REFHESRHAE , BRARABRR
HAHERE  SREFIRHRENENERNERERE
HITRE , MAIRBNERENSEE  ZUHBIERT
WEIRD RN RAXK (8) ITEHEBEER (%)

®

n=1

In formula (8), AA, AB, AC and AD are numbers of kiwi
fruit mis-graded at grade 1, 2, 3 and 4, respectively. N is
number of sample. /7 is accuracy rate. Integration grading

result and artificial grading result are compared in table 7.
A, B, C and D are numbers of kiwi fruit at grade 1, 2, 3 and
4, respectively.

N

X(8)+ , AA, AB, AC, AD HRIKF 1. 2. 3. 4%
mAPEIRDROBIERNR N IEEBE , N A
BE %, BEIANERERSEAIIRERHX LT
KT~ ,HHB A B. C. DABIREL 2. 3M4ER
D RN

Table7/ &7
Comparison of automatic grated results and artificial grated results /| 3/ 5 EEREA T H R RHEXT
Automatic grated results / | Artificial grated results /
Test number / Number of test samples / Bt E A T4t
LY - HEFEEIH

B C D A B C D
1 50 11 15 16 8 12 17 15
2 80 17 26 24 13 20 28 20 12
3 100 24 30 31 15 27 34 26 13
4 150 36 44 47 23 41 48 43 18
5 200 46 61 62 31 53 67 57 23
6 250 56 77 79 38 64 85 69 32
7 300 68 94 93 45 77 104 82 37
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Upon data comparison in table 7, numbers of kiwi fruit
mis-graded at grade 1, 2, 3 and 4 and grading accuracy
rate are shown in table 8.

INMATEH — Jgu’caltuml Qiueexm'

B 8 FHHRENL  SitH—, =, ZNEEHEHB
HIR D REBRR N 5 RAEBRIME 8 Fi o

Table8/ #8

Fusion grated results / &5 H&E

Test number / | Number of samples / | Number of error classification / &&R5*%#| Accuracy rate/
BAH N pAl | |AB| | |ACT | |AD| EBE %]
1 50 1 2 1 2 88%
2 80 3 2 4 1 87.5%
3 100 3 4 5 2 86%
4 150 5 4 4 5 88%
5 200 7 6 5 8 87%
6 250 8 8 10 6 87.2%
7 300 9 10 11 8 87.3%

Learned from table 8, accuracy rate of integration
grading is 86%. Learned from comprehensive analysis on
test results of table 5~8,, accuracy rates of grading as
characteristic of size, shape and surface defect are
88.9%, 91% and 94%, respectively. Upon comparison,
accuracy rate of integration grading gets lower. Such
lowering is due to: (1) superposition of error in grading as
each individual characteristic; (2) Artificial grading is
involved as reference standard. However, artificial grading
is subjective and naturally has error. (3) error caused by
image processing and grading algorithm (For example,
there’s error in fitting function relation between mean pixel
point and actual weight, shape irregularity threshold,
subjective grading as well as surface defect grading
through BP network.)

Learned from result of kiwi fruit grading test, with the
method, kiwi fruit with surface defect is included only at
grade 4. This avoids impact on storage of other kiwi fruits
(Kiwi fruit with surface defect often shortens storage time
of other kiwi fruits). Comprehensively, although lower in
accuracy rate, integration grading is more reasonable.

CONCLUSIONS

Given artificial grading of kiwi fruit is time-consuming
and strenuous and popularity of automatic grading is low
due to high cost, a method for automatic grading of kiwi
fruit is designed. Transparent conveyor belt and closed
image acquisition environment implement complete and
stable image acquisition. Programs are designed for
integration grading as size, shape and surface defect of
kiwi fruit. Grading parameters (e.g. number of graded kiwi
fruit) can be learned through upper computer. Indicated in
test result, accuracy rates of grading as characteristic of
size, shape and surface defect are 88.9%, 91% and 94%,
respectively. Accuracy rate of integration grading is as
high as 86%.
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EXPERIMENTALLY DETERMINATION OF U-650 TRACTOR TRACT ION PERFORMANCES
EQUIPPED WITH SUPPLEMENTARY HYDROSTATIC TRANSMISSIO N

/

DETERMINAREA PE CALE EXPERIMENTALA A PERFORMANTELOR DE TRACTIUNE ALE
TRACTORULUI U-650 ECHIPAT CU TRANSMISIE HIDROSTATICA SUPLIMENTARA

Lect. Ph.D. Eng.Popa Gh., Lect. Ph.D. Eng. Buculei M.
University of Craiova, Faculty of Mechanics / Romania
Tel: 0743 932 166; Fax: 0251 416630; E-mail: g.popa96@yahoo.ro

Abstract: In this paper are presented and analyzed
the experimental test results for tractor U 650 -
braking system, in INMA Bucharest laboratory. We
determined the torque for the drive wheels of the
tractor (M;), the hydrostatic motor shaft torque (Mwmn)
tangential traction forces (Fm) and braking carriage
thrust (Fy).
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INTRODUCTION

There are a number of technological works executed by
aggregates of mechanization at very small speeds-less than
1 km/h, for example, machines designed to load the sugar
beet, dig ditches (trenches), machines for planting seedlings,
machines for digging the soil in greenhouses, etc.

Typically, the running speed of these machines is
included in the range 15 ... 300 m/h [9], range of speed
that cannot be provided by agricultural tractors with
mechanical transmission.

Agricultural tractors equipped with mechanical
transmission design (steps) are not appropriate for very
low speeds (slow), because they cannot achieve speed of
displacement constant and stable at low rotative speed
functioning of internal combustion engines [6, 8, 9, 10].

A solution to this problem could be to use a
hydrostatic transmission as further transmission.

Among tractor constructions that can be used for this
purpose are wheeled tractors that, by mechanical
transmission allow mechanical synchronous PTO performing
( at which PTO shaft speed is proportional to the speed of
movement of the tractor) [4, 10].

MATERIALS AND METHOD

650 M tractor was submitted to experimental test,
being equipped with  supplementary hydrostatic
transmission to obtain low travel speed. Additional
hydrostatic transmission used is formed of tractor
hydraulic pump and a low-speed hydrostatic engine,
coupled to the additional shaft of the gearbox side of the
tractor by cardan drive and an extra gear, placed on a side
of gearbox. [2, 3, 7] (fig.1).

4
Fig. 1 — Setting the hydrostatic engine and extra gear on the tractor /

-

Rezumat: In lucare sunt prezentate si analizate rezultatele
incercdrilor experimentale realizate de sistemul tractor U
650 - car de franare, in laboratorul INMA Bucuresti. S-au
determinat momentele de torsiune la rofile motoare ale
tractorului (M;), momentul de torsiune la arborele motorului
hidrostatic (Mwn), forfele tangentiale de tractiune (Fm) si
forfa de tracfiune la carul de franare (Fy).

Cuvinte cheie: performanfe de tracfiune, tractor, transmisie
hidrostaticd, car de franare

INTRODUCERE

Exista o serie de lucrari tehnologice executate de
agregatele de mecanizare la viteze deosebit de mici -
mai mici de 1 km/h, de exemplu, masini de incarcat sfecla de
zahar, masini de sapat santuri (trangee), masini pentru
plantat rasaduri, masini pentru sapat solul in sere, etc.

in mod obisnuit viteza de deplasare a acestor utilaje
este cuprinsa n intervalul 15...300 m/h [9], domeniu de
viteze care nu poate fi asigurat de tractoarele agricole cu
transmisii mecanice obisnuite.

Tractoarele agricole echipate prin constructie cu
transmisii mecanice (in trepte) nu sunt adecvate realizarii
vitezelor foarte reduse (lente), deoarece nu pot realiza
viteze de deplasare constante si stabile la turatii reduse de
functionare a motoarelor cu ardere interna [6, 8, 9, 10].

O solutie la aceasta problema ar putea fi utilizarea
unei transmisii hidrostatice ca transmisie suplimentara.

Dintre constructiile de tractoare ce pot fi folosite in
acest scop sunt si tractoarele pe roti care prin transmisia
mecanica permit realizearea prizei de putere sincrone (la
care turatia arborelui prizei este proportionala cu viteza de
deplasare a tractorului) [4, 10].

MATERIALE S| METODA

Obiectul supus Tncercarii experimentale I-a constituit
tractorul U 650 M, echipat cu transmisia hidrostatica
suplimentara pentru obtinerea vitezelor reduse de
deplasare. Transmisia hidrostatica suplimentara utilizata
este formata din pompa instalatiei hidraulice a tractorului
si un motor hidrostatic cu turatie redusa, care s-a cuplat la
arborele secundar al cutiei de viteze a tractorului prin
intermediul unei transmisii cardanice si a unui reductor
suplimentar, plasat lateral cutiei de viteze [2, 3, 7] (fig.1).

Amplasarea pe tractor a motorului hidrostatic si a reductorului suplimentar
1 - hydrostatic motor / motor hidrostatic; 2 - extra gear / reductor suplimentar; 3 - tractor gear box / - cutia de viteze a tractorului; 4 - universal transmission /
transmisie cardanicd; 5 - collector for torque transducer mounted on the drive shaft / colectorul pentru traductorul de cuplu montat pe arborele cardanic
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Experimental determinations of the traction and energy
parameters of the experimental model of the tractor U 650
M were performed by loading the tractor with the traction
bar (hook), made with a braking carriage on a concrete

Determinarile experimentale referitoare la parametrii
de tractiune si energetici ai modelului experimental al
tractorului U 650 M s-au efectuat prin incarcarea tractorului
cu forta de tractiune la bara (céarlig), realizata cu ajutorul

road (fig. 2). unui car de franare pe o pista de beton (fig. 2)
V = const.
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Fig. 2 - Scheme of tractor-braking carriage system used in tensile tests on concrete runway /
Schema sistemului tractor-car de franare utilizat la Tncercdrile de tractiune pe pista de beton:

1 - tractor / tractor;, 2 — braking carriage with hydrostatic brake / car de franare cu frana hidrostatica, 3 - Force transducer for measuring
traction / traductor pentru mésurarea fortei de tractiune; Fn, -tangential force of traction wheels / F, - forfa tangenfiala de tractiune la rofile
motoare; F, — tractor thrust (equal to braking force of the braking carriage, Ffc) / F, - forfa de tracfiune a tractorului (egalé cu forfa de
franare a carului de frénare, Fr); Ry - rolling resistance of tractor / Ry - rezistenfa la rulare a tractorului; Z, and Z, - axle load tractor (front
and rear) / Z, §i Z, - sarcinile pe puntile tractorului (fatg si spate)

Parameters of tractor and braking carriage
a) Basic parameters of the tractor used
For achieving the tests was used U650M tractor
with two-wheel drive (rear axle drive). By adjustments
and modifications it was equipped with an additional
hydrostatic drive getting slow speed [3, 6, 10].
The traction and operation performances (obtained by
tractor normal transmission) [8], are data summarized in table 1.
b) Parameters of braking carriage
Performances of braking carriage used in the test are:
- continuous adjustment of braking force, manually
controlled by changing hydraulic resistance -
section(throttle);

- braking force measurement using a drawbar equipped -
with strain gauge, interposed between tractor and

Parametrii tractorului si carului de franare
a) Parametrii de baza ai tractorului utilizat
Pentru executarea incercarilor s-a folosit tractorul U 650 M cu
doua roti motoare (puntea din spate motoare). Prin adaptari i
modificari a fost echipat cu o transmisie hidrostatica suplimentara
pentru obtinerea vitezelor lente de deplasare [3, 6, 10].
Performantele de tractiune si exploatare (obtinute cu
transmisia obignuita a tractorului) [8], sunt date sintetizat Tn
tabelul 1.
b) Parametrii carului de franare utilizat
Performantele carului de franare utilizat la incercari sunt:
reglarea continud a fortei de franare, cu comanda manuala,
prin modificarea sectiunii rezistentei hidraulice (droselului);
masurarea fortei de frnare cu ajutorul unei bare de
tractiune echipaté cu traductor tensometric, intercalata

carriage;

measuring system with automatic data acquisition; -
The maximum braking force performed on the track -

made of concrete (dry): 20000 N;

m/s).

measurement accuracy of braking force: 1%
maximum speed of braking carriage 36 km/h (10 -

Tntre tractor si carul de franare;

(uscata): 20000 N;
- precizia de masurare a fortei de franare: 1 %;

km/h (10 m/s).

sistem de masurare cu achizitie automata a datelor;
forta maxima de franare realizatd pe pistd de beton

viteza max. de deplasare a carului de franare: 36

Table 1/ Tabelul 1

Working Indices at maximum tensile strength /
Type of the field / Gear/ Indici de lucru la puterea de tracfiune maxima
Felul terenului Treapta de Viteza Thrust/ Slip/ Work speed /
Forta de tracfiune [N] Patinarea [%)] Viteza de lucru [km/h]

IR 21000 24 3

Compacted soil / IR 19000 21 5
Sol tasat IR 14750 12 73173

IVR 11600 6 10

IR 15000 21 3

Loosen soil / IR 15000 21 5

Sol aféanat IR 13000 14 7
IV R 9500 8 9.8/9,8

RESULTS REZULTATE

Valorile parametrilor au fost masurate direct sau
inregistrate sub forma de diagrame de variatie, care s-au
constituit in date primare ale experimentarilor [1, 5].

in graficele urmatoare sunt date, pentru exemplificare,
nregistrari obtinute pentru variatia in timp a urmatorilor parametri
masurafi direct: momentul la roata motoare stanga M (fig. 3),
respectiv dreapta My (fig. 4), momentul la arborele motorului
hidrostatic Mwn (fig. 5), forta de tractiune la puntea din spate
(motoare) Fr, (fig. 6) si forta de tractiune la carul de franare F;
(fig. 7).
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The values were directly measured or recorded as
variation diagrams, which have constituted the primary
data of experiments [1,5].

The following graphs show, for example, records
obtained for the time variation of the following directly
measured parameters: torque, M;s at the left drive wheel
(figure 3) respectively My for right drive wheel (figure4), w
the hydrostatic motor shaft torqueMwn (figure 5) thrust to
the rear axle (drive) Fn, (figure 6) and thrust F; to braking
carriage (fig. 7).
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Figure 8 presents the variations of the tangential
force of the tractor wheels at different flows of hydrostatic
engine, the flow adjustment being made by variable
speed of hydraulic pump, including tractor engine speed .
The stabilizing process of average values has registered
during of approx. 2...4 sec.

Average steady measured parameters were performed
after 5 ... 6 seconds after leaving the place of the tractor
under load (with traction). The average values of the
parameters were determined by existing processing
algorithm of acquisition system and data processing DAP
type MICROSTAR LABORATORIES 1200.
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Fig. 3 - Torque variation depending on the time at the right wheel /
Variafia Tn funcfie de timp a momentului de torsiune la roata din dreapta

150 T T T T T
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Fig. 5 - The variation of motor hydrostatic shaft torque depending on time /
Variafia momentului de torsiune la arborele motorului hidrostatic funcfie de timp

tsl

Fig. 7 - Variation of traction force at the braking carriage depending on
time / Variafia forfei de tracfiune la carul de franare in funcfie de timp

INMATEH — Agricubtusal Engineering

in figura 8 sunt prezentate variatiile fortei tangentiale a
rotilor motoare ale tractorului in timp, la diferite debite ale
motorului hidrostatic, reglarea debitului facandu-se prin
variatia turatiei pompei hidraulice, implicit turatia motorul
tractorului. Procesul stabilizat al valorilor medii s-a
Tnregistrat pe o durata de cca. 2...4 sec.

Valorile medii ale parametrilor masurati in regimul
stabilizat s-au realizat dupa 5...6 sec de la plecarea de pe
loc a tractorului in sarcind (cu fortd de tractiune). Valorile
medii ale parametrilor au fost determinate prin algoritmul de
prelucrare existent al sistemului de achizitie si prelucrare a
datelor, tip DAP 1200 MICROSTAR LABORATORIES.

i [Mm]

00

t Bl
Fig. 4 - Torque variation depending on the time at the left wheel /
Variafia in funcfie de timp a momentului de torsiune la roata din stanga

FmM]

tls]
Fig. 6 - Variation of tangential traction force at the wheels depending on time /
Variafia forfei tangentiale de tracfiune la rofile motoare funcfie de timp
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Fig. 8 - Changes in the tensile shear forces to the drive axle depending on time

at different speeds of the hydraulic pump / Variafia forfelor tangenfiale de

tracfiune la puntea motoare funcfie de timp, la diferite turafii ale pompei hidraulice
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CONCLUSIONS

Changes in torque at the driven wheels are
approximately the same in the two-wheel -carriage,
reaching a maximum of 2000 Nm and 2300 Nm wheel left
or right side of the tractor.

Hydrostatic shaft torque of the motor has the same
allure as that of wheels, reaching the maximum of 150 Nm
at the end of the sample.

Tangential traction force increases sharply at the
beginning of the sample up to the value of 20,000 N, then
decreases gradually and is stabilized around 9000 N.

Thrust produced by braking the braking carriage,
increases steadily from the beginning of the sample and
is stabilized around 19,000 N at the end of the sample,
comparable in strength to that obtained in the Il R on
compacted soil.
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CONCLUZzII

Variatia momentului de torsiune la rotile motoare are
aproximativ aceeasi alura la cele doua roti, atingdnd un
maxim de 2000 Nm si 2300 Nm la roata din stanga,
respectiv roata din dreapta a tractorului.

Momentul de torsiune al arborelui motorului hidrostatic
are aceeagi alurd ca cel al rotilor motoare, atingand
maximul de 150 Nm la sfarsitul probei.

Forta tangentiala de tractiune creste brusc la inceputul
probei la valoarea de 20000 N, scazénd apoi treptat si
stabilizadndu-se n jurul valorii de 9000 N.

Forta de tractiune, obtinuta prin franarea carului de
franare, creste constant de la inceputul probei si se
stabilizeaza n jurul valorii de 19000 N la sfarsitul probei,
comparabild cu forta de tratiune obtinuta Tn treapta Il R pe
sol tasat.
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Abstract: Technological development requires the light weight
components and structures manufacturing, capable of
operating at high speeds. Low weight ensures the
development of small inertial forces, which leads to
increased lifespan of mobile or fixed mechanical linkages.
On the other hand, the reduced weight of components
diminishes the capacity to store energy, which creates
favorable conditions for crack initiation and finally, damage
of parts. The authors propose a method for determining
the energy reserve in the parts, depending on the
characteristics of sound at the attack of the cam or other
parts that work with dynamic loads (knife planning, slotting
and so on). Determination of energy reserve in the parts,
depending on the characteristics of the sound recorded at
the attack of the cam or other parts can be highlighted
through the acoustic pressure monitoring.

Keywords: internal energy, acoustic pressure, specific
breaking resistance.

INTRODUCTION

Breaking of cams or breaking of the camshaft that is in
the structure of internal combustion engines, are currently
rare situations, but they are accompanied by major engine
damages. There are other situations where the destruction
of an operating camshaft generates great harm, such as in
the following cases:
- drive mechanisms of textile machinery [5];
- spinning machines;
- camshafts from internal combustion engines [6]
- cams of internal combustion engines
- sort ripper cams

For such parts/components made in terms of design
which weight has to be at a minimum, the risk of crack
development is very high. During the operation time is
impossible to determine the moment of crack appearance
- to stop the unit and replace the damaged part - or the
energy accumulated in the part. Breaking of a cam or
camshaft during operation time, produces major damages.
The tests were carried out at the ambient temperature, on
batches of steel on notched Charpy specimens of known
composition, produced by order for these determinations,
for drawing the tenacity curve and determining the
characteristics of the sound.

MATERIAL AND METHOD
Theoretical fundaments

In the literature, are presented applications for impact
bending test of straight bars with constant section (Fig. 1) [2].
The load Q which produces the shock is launched from a height
H, developing in the beam maximum bending moment Mpax:

Rezumat: Dezvoltarea tehnologicd impune realizarea
unor componente gi structuri cu masa micd, capabile sa
funcfioneze la viteze mari. Masa redusd asigurd
dezvoltarea unor forfe de inerfie mici, ceea ce conduce
la mérirea duratei de viatd a legdturilor mecanice
mobile sau fixe. Pe de altd parte, masa diminuatd
inrdutafeste capacitatea componentelor de a inmagazina
energie, ceea ce creazd condifii favorabile amorsarii
fisurilor si ulterior distrugerii pieselor. Autorii propun o
metodd de determinare a rezervei de energie in piesd,
functie de caracteristicile sunetului la atacul camei sau a
altor piese ce lucreazd prin goc (cufit de rabotat,
mortezat etc.). Determinarea rezervei de energie in
piesd, funcfie de caracteristicile sunetului la atacul camei
sau a altor piese ce lucreaza prin soc se poate evidentia
prin monitorizarea presiunii acustice.

Cuvinte cheie: energie internd,

rezistenta specificd la rupere

presiune acusticd,

INTRODUCERE

Ruperea camelor sau ruperea arborelui cu came din
componenta motoarelor cu ardere interna, reprezinta la
ora actuald, situafii rare, care sunt insa Tnsotite de
distrugeri majore ale motoarelor. Exista si alte situatii in
exploatare 1n care distrugerea arborelui cu came produce
pagube mari, asa ca in cazurile urmatoare:
- mecanismele de actionare a utilajelor textile [5]);
- masini pentru filatura;
- arborii cu came din componenta motoarelor cu ardere intema [6]);
- camele motoarelor cu ardere interna;
- camele ciururilor de sortare etc.

Pentru asemenea subansamble / componente realizate
n conditii de proiectare la care masa sa se gaseasca la o
valoare minima, riscul amorsarii fisurilor este foarte ridicat.
In fuctionare este imposibil de determinat momentul aparitiei
fisurii — pentru oprirea agregatului si Tnlocuirea componentei
fisurate — sau energia acumulata in piesa. Ruperea camei
sau a arborelui cu came in timpul functionarii agregatului
produce daune majore. Incercarile s-au efectuat la
temperatura mediului ambiant, pe loturi de epruvete Charpy
din oteluri cu compozitie cunoscuta, realizate la comanda
pentru aceste determinari, in vederea trasarii curbei de
tenacitate si a determinarii caracteristicilor sunetului

MATERIAL S| METODA
Fundamente teoretice

In literatura de specialitate, sunt prezentate apicati pentru incovoierea
prin soc a barelor drepte de sectiune constantd (fig. 1) [2].
Sarcina Q care produce solicitarea prin soc, este lansata de la
naiimea H, dezvoltdnd in grinda un moment incovoietor maxim Mmex:

I, max

Fig. 1 - The scheme of impact bending test / Schema incercédrii de Tncovoiere prin soc
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Mmax:La[b (1)
atb
with kinetic energy: Cu energia cinetica:

Ec=QIH (2
which at the impact moment is completely transformed in care la momentul impactului se transforma integral in
strain bending energy accumulated by the beam [2]: energie de deformatie de incovoiere acumulata n grinda [2]:

U= Mma(a+b) 3)

6El

As a result, the maximum bending moment is given Ca atare, momentul Tncovoietor maxim este dat de
by: relatia:

M = [/ QK @

a+b

Equation (4) shows that the maximum bending Relatia (4) evidentiaza faptul ca momentul
moment is independent of the place of the beam shock. Tncovoietor maxim nu depinde de locul socului pe grinda.
On the other hand, the dynamic force F can be calculated Pe de altd parte, forta dinamica F poate fi calculatd cu
using the equation [2]: relatia [2]:

-1
F=_=[6(a+b)EI [QH ®)
ab
Regarding the maximum stress in the beam, it may be In ceea ce priveste tensiunea maxima in grinda,
calculated according to Navier, using the formula: aceasta se calculeaza, dupa Navier, cu relatia:
Umax:Mmax :i 6El [Q[H (6)
W, W, a+b
and is developed in section 2 (see Fig. 1). si se dezvolta in sectiunea 2 (vezi fig. 1).

It can be said that a large volume of material with high Se poate afirma ca un volum mare de material, cu
mass, accumulates a large amount of energy and resists masa mare, acumuleaza o cantitate mare de energie si
better to shocks. rezista bine la soc.

Principle of the method Principiul metodei

The method is based on the recording process of Metoda se bazeaza pe inregistrarea procesului de
deformation, crack initiation, crack propagation and deformare, amorsare a fisurii, propagarea fisurii si
tearing with a simultaneous analysis of: ruperea materialului si analiza simultana a:

e the values of force; e Valorilor fortei;

e characteristics of sound (sound pressure level with e Caracteristicilor sunetului (sound pressure level with
fast time weighting (Fast), measuring all parameters fast time weighting (Fast), measuring all parameters

simultaneously with frequency weightings A, C and Z - simultaneously with frequency weightings A, C and Z —
LAF (t), LCF (t) and LZF (t)); LAF(t), LCF(t) and LZF(t));
¢ image analysis. ¢ Analiza de imagine.

Records are made to corresponding sequences of a Inregistrarile se fac la secvente corespunzétoare

hundredths of thousandths of a second, all the video, unei sutimi de miimi de secunda, toate informatiile video,
audio and electric information being overlapped to a audio si electrice fiind suprapuse tindnd cont de un
"zero" given time at the start of the determination. By moment ,zero” de Tinceput al determindrii. Prin
determining the breaking tenacity, Kic noted, the following determinarea tenacitatii la rupere, notata Kic, se retin

transient parameters are retained for: urmatorii parametri de timp tranzitorii:
* energy absorbed to the general state of flow; « energia absorbita pana la starea de curgere generalizata;
« the shape of the fracture and lateral expansion; e aspectul ruperii si expansiunea lateral;
« recording of dynamic load - time dependence [3]. * Inregistrarea dependentei sarcina dinamica — timp [3].
Assertion: A method of determining the energy Revendicare : metoda de determinare a rezervei de
reserve from a part by overlapping video - audio - energie din piesa prin suprapunerea informatiei video —
electric inputs to the resilience test using Charpy audio — electrica la incercarea la rezilienta a epruvetelor prin
specimens metoda Charpy.
Experimental methodology Metodologia experimental a
In order to carry out the steps proposed in the Tn vederea parcurgerii etapelor propuse in cadrul testelor
experimental tests on Charpy resilience specimens V2 experimentale, pe probe de rezilienta Charpy V2, prefisurate
under the current regulations, it must follow the steps: conform normativelor in vigoare, se impune urmarirea etapelor:
a). For the standard notched Charpy specimen is intended, a). Pentru epruveta Charpy standard, se urmareste cu
in particular, the preparation of the V channel of the precadere, pregatirea canalului V al probei, in vederea
specimen in order to obtain an "ideal sharp" crack (Fig. 2) [3]. obtinerii unei fisuri ,ideal ascufite” (fig. 2) [3].

B

~

Fig. 2 - V2 Notched Charpy specimen / Epruveta Charpy V2
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b). The impact system: it is used a pendulum hammer JIN-
JIANG, XJJ series fitted with electronically controlled
release of the hammer through the computer. Raising of
the pendulum is done manually. Instrumentation of the
impact system is achieved by electric recording of the
impact load that appears on the bearing shoulders of the
specimen and digital display for the breaking energy. Also,
the positioning of the acoustic pressure sensor is near the
impact zone. Note that the tests were conducted in a
soundproofed chamber.

Instrumentation of the system contains speed video
recording cameras for the blade at the impact with the
specimen. The command to investigate the pendulum
block assembly is unified from distance, the analysis of
results (record - storage - signal analysis: the impact force
and displacement) is performed in real time. Stand as an
assembly is shown in figure 3.

To determine the sound pressure level was used
SOUNDBOOK device [11]. The hard drive is compatible
with HARMONIE measurement and is based on
technology from Panasonic Touchbook.

Features:

e Accuracy class 1;

e Accuracy class standards: IEC / EN 60561-1, IEC
60804-1, IEC 61672-1;

e Measuring range from 20 dB (A) to 140dB (A);

e Integration time from 10s to 24h, start / stop;

e Analyzing device of real-time octave included in the unit;

* Frequency range from 20Hz to 20KHz;

e Simultaneous display of minimum, maximum and
instantaneous range;

e Sound level recorder over time, such as: fast, slow,
impulse and peak type;

« Data acquisition rate selectable from 20ms to 125ms;

« Two analog outputs of audio signal type.

The image analysis is based on the Fastec HiSpec 3
camera, with the following characteristics [6]:

c). Calibration refers to the impact system being performed
using standard specimens [4]. For the test, standard
specimens were supplied by SC AEROSTAR S.A.

Determination of energy of specimen fracture can be
done by plotting the dependence force - time (Fig. 4), knowing the
speed of the pendulum at the impact moment [4].

Fig. 3 - The work bench / Standul de lucru
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b). Sistemul de impact: se utilizeaza un ciocan pendul JIN-
JIANG, seria XJJ dotat cu dispozitiv de eliberare a ciocanului
comandat electronic prin intermediul calculatorului. Ridicarea
pendului se face manual. Instrumentarea sistemului de
impact se realizeaza prin preluarea electrica a variatiei
sarcinii la impact ce apare Th umerii reazemului epruvetei si
afisare digitala a energiei de rupere, precum si prin
pozitionarea senzorului pentru presiunea acustica n
vecinatatea locului de impact. De mentionat ca Tncercarile au
fost realizate in incinta izolata fonic.

Instrumentarea  sistemului  contine sistemul de
inregistrare video a vitezei cutitului Tn  momentul
impactului. Comanda ansamblului pentru instrumentarea
ciocanului pendul se face in mod unitar, de la distanta,
analiza rezultatelor (inregistrare — stocare — analiza
semnalelor: forta si deplasare la impact) fiind efectuata n
timp real. Standul Tn ansamblu este prezentat in figura 3.

Pentru determinarea nivelului presiunii acustice, s-a
utilizat sonometrul SOUNDBOOK [14]. Hard-ul este
compatibil cu sistemul de masurare HARMONIE si este
bazat pe tehnologia Touchbook de la Panasonic.

Caracteristici:
¢ Clasa de precizie 1;

e Clasa de precizie conform standardelor:
60561-1, IEC 60804-1, IEC 61672-1;

¢ Domeniul de masurare de la 20 dB(A) la 140dB(A);

¢ Timp de integrare de la 10s la 24h, start/stop;

¢ Analizor treime de octave in timp real inclus Tn aparat;

* Domeniul de frecventa de la 20Hz la 20KHz;

e Afisare simultana de spectru minim, maxim si
momentan;

» Tnregistrator de nivel de zgomot cu ponderare n timp,
de tipul: fast, slow, impulse si peak;

* Rata de achizitie date selectabila de la 20ms la 125ms;
« Doua iesiri analogice tip semnal audio

Sistemul de analiza a imaginii are la baza camera de
tip Fastec HiSpec 3, cu urmatoarele caracteristici [6]:
¢). Calibrarea se refera la sistemul de impact si se realizeaza cu
ajutorul epruvetelor etalon [4]. Pentru incercari au fost utilizate
epruvete etalon furnizate de catre S.C. AEROSTAR S.A.

Deteminarea energiei de rupere a probei se poate face
dupa trasarea dependentei forta — timp (fig. 4), cunoscéandu-
se viteza pendulului la momentul impactului [4].

IEC/EN



Vol. 41, No. 3/2013

INMATEH — Agricubtusal Engineering

Table 1/ Tabelul 1

Camera Specifications / Caracteristici tehnice ale camerei video

System Design /
Constructia
sistemului

Scaleable and network-capable with standard and/or notebook PCs. Synchronous processing of multiple
cameras / Afisaj standard pe scald, capabil sa lucreze independent sau cuplat la computer prin refea.
Procesarea sincrona a semnalului de la mai multe camere video

Sensor / Senzor

CMOS sensor, 1280 x 1024 pixels. 8-bit monochrome or RGB color with BAYER filters. Active pixel area
19.7mm diagonal / Senzor de tip CMOS, 1280 x 1024 pixeli, pe 8 bit monocrom sau color RGB cu filtru
BAYER. Aria pixelilor activi cu diagonala de 19,7 mm

Pixel Size / Asezare
pixeli

12x12 pm /12 x 12 pm

Spectral Bandwidth /
Lé&fime de bandd
spectralad

400 x 800 nm / 400 x 800 nm

Recording Rate /
Frecventa de
inregistrare

Up to 1,000 fps at high resolution, up to 93,282 fps at reduced resolution / Pana la 1.000 cadre pe secunda la
rezolufie mare, pana la 93.282 cadre pe secundé la rezolufie redusé

Memory / Memorie

4GB standard. Optional upgrade to 8GB / 4GB standard. Optional expandabila la 8GB

Recording Time /
Timp de inregistrare

1.5 seconds at full resolution, longer record times with variable resolution and frame rates / 1,5 secunde la
rezolufie maximd, la timpi mai mari de inregistrare se aplica rezolufie variabild cu numarul cadrelor

Lens Mount /
Montura obiectivului

C - Mount, F - Mount optional / Monturé de tip C, opfional montura de tip F

Camera/Pc Interface
/ Interfafa
camera/computer

1000/100 Ethernet interface (Gigabit Ethernet) / Interfafd Ethernet 1000/100 (Gigabit Ethernet)

Trigger / Declangator

Contact closure, external TTL signal or optional Image BLITZ0 Auto Trigger software

P P
A E, E. 3

LN

Force [N]

Ps,

tsy Time [s]

' i

\

Fig. 4 - The dependence force - time for resilience test / Dependenta sarcind - timp pentru incercarea la rezilienfa [4]

where:

- Eis the energy required to initiation; -
- Epis the energy consumed to fracture propagation; -
- Pw s the initiating force; -
- Pgis breaking force;
- Py is the dynamic flow force; -
- Pais the force of stopping the propagation; -
- tgy is time until the dynamic flow begins; -
- tmis the time until the crack initiation; -
- tris the time until failure. -
- An experimental accepted formula is: -

where:

v is the average speed of the pendulum for a
specific period of time;
vy is the velocity of the pendulum before the impact;
v; is the speed reduced to a certain time t from the impact;
Eo is the total available kinetic energy of the hammer.
Therefore,the relation is obtained:

unde:

E| reprezinta energia necesara initierii;

Ep reprezinta energia consumata la propagarea ruperii;
Pw reprezinta forta de initiere;

- Prreprezinta forta de rupere;

Pey reprezinta forta de curgere dinamica;

Pa reprezinta forta de oprire a propagarii;

tey reprezinta timpul pana la inceputul curgerii dinamice;
tm reprezinta timpul pana la initierea fisurii;

tr reprezinta timpul pana la rupere.

Experimental se accepta relatia:

-1 E
v==(, +v) =v,1-—) 8)
2 4E,

unde: ¥ este viteza medie a pendulului pentru un interval

specific de timp;
vy este viteza pendulului Tnainte de impactul cu proba;
v; este viteza redusa la un timp oarecare t de la impact;
E, este energia cinetica totala de care dispune ciocanul.

Se obtine relatia:

t
E = voj Pdt (9)
0
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where J":Pd: is the area under the force - time

dependence, as shown in Figure 4 [4]. Since the system is
energy loss, the relation 9 is corrected:

Eur =E (- 2)

INMATEH — Agricubtusal Engineering

in care J":P dt este aria de sub curba fortd — timp

prezentata Tn figura 4 [4]. Intrucat In sistem existd pierderi
energetice, relatia 9 se corecteaza:

(10)

4E,

In Figure 5, the interdependence force - time and
energy - time is shown.

Force [N]

In figura 5 este prezentata interdependenta forta — timp
si energie — timp.

Energy [J]

Time [s]

Fig. 5 - The interdependence force - time and energy - time [4]. / Interdependenta for{a — timp si energie — timp.

E, =E +E,

where Er is the total energy, as indicated by the electronic
recording system.

RESULTS

Tests were performed based on the international
standard of the acoustics, referring to:

« characteristics and measurement of environmental

noise [12, 13];

- determination of sound power levels of noise sources

using sound pressure [14, 15, 16].

To determine the Young modulus, Poisson's ratio
and coefficient of Cowper-Symonds, the characteristic
curve for the two materials used in the tests was traced
(Fig. 6 and 7):

a) 30HGSA-T heat-treated with the characteristics provided
by the manufacturer [9];

b) 30HGSA without heat treatment, the characteristics
provided by the manufacturer [10].

This set of coefficients will be used in finite element
analysis.

Stress [MPa]
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Fig. 6 - The characteristic curve for 30HGSA-T /

Curba caracteristica pentru ofelul 30HGSA-T.
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(11)

unde Er reprezinta energia totald, indicata de sistemul
electronic de Tnregistrare.

REZULTATE
Tn cadrul Incercarilor testele s-au efectuat avand la baza

standardele internationale din domeniul acustic, referitoare la:

e caracteristici i masurarea zgomotului din  mediul
Tnconjurator [12, 13];

- determinarea nivelului de putere acustica ale surselor
de zgomot utilizand presiunea acustica [14, 15, 16].
Pentru determinarea modulului de elasticitate longitudinala,

a coeficientului lui Poisson si coeficienti Cowper-

Symonds, a fost ridicata curba caracteristica pentru cele

doua materiale utilizate la incercari (fig. 6 si 7):

a) 30HGSA-T tratat termic, cu caracteristicile furnizate de

fabricant [9];

b) 30HGSA fara tratament termic, cu caracteristicile

furnizate de fabricant [10].

Acest set de coeficienti vor fi utilizati in analiza cu
elemente finite.

Stress [MPa]
700
600 |
00 // \\
400 / l
200 /
100 /
T & T T T 1
-0.02 0 0.02 0.04 0.06 0.08
Strain

Fig. 7 - The characteristic curve for 30HGSA /
Curba caracteristica pentru ofelul 30HGSA.
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Finite element model ling

In order to perform finite element analysis for bending-
impact test a model was created using Trilinear Hexahedral
type three-dimensional elements. In Figure 8 is shown the
mesh model, with the remark that this was done on half
only, due to geometrical symmetry and symmetrical load
conditions. Analysis was conducted on the elastic plastic
direction with kinematic hardening model. The elastic
plastic with kinematic hardening model, was formulated by
Krieg and Key and is implemented in the most powerful
software for s nonlinear structural dynamic analysis. For an
elastic-plastic material, a combination between isotropic
and kinematic hardening properties can be obtained by
varying the parameter 8 between 0 and 1 [2, 5]. As a
bilinear hardening plasticity model, this is characterized by
the parameters gy (yield stress) and My (tangent modulus)

INMATEH — Agricubtusal Engineering

Modelarea cu elemente finite

In vederea efectudrii analizei cu elemente finite pentru
Tncercarea la incovoiere prin soc, a fost creat modelul de
lucru utilizind elemente tridimensionale de tip hexaedric
trilinear. Tn figura 8 este prezentata discretizarea modelului,
cu remarca ca acesta a fost realizat pe jumatate datorita
simetriei geometrice si a conditiilor de incarcare simetrice.
Analiza a fost conduséa pe directia elastic plastic cu model
de ecruisare. Acest tip de model, a fost formulat de Krieg si
Key si este implementat n soft-urile cele mai puternice pentru
analiza dinamica structurala nelineara. Pentru un material
elasto-plastic, o combinatie intre proprietatile izotropice i
cele de ecruisare, poate fi realizat prin varierea parametrului
B intre 0 si 1 [2, 5]. Ca model cu un comportament bilinear,
se poate caracteriza prin parametri oy (limita de curgere) si
M (modul de elasticitate transversald)

~ COMPONENTS
Set1 of L
PART1 (Elems)

ANSYS|
aUG 13 2012
12:48:22

T

Fig. 8 - Finite element model used for analysis / Modelul cu elemente finite utilizat pentru analiza.

In addition to information obtained by elements
equipping the stand (strain, pressure and sound
pressure) after validation of the finite element model, is
possible to obtain data about the main directions of
buckling load and the isostatic stress lines [1]. It also
shows the total energy accumulated during the test in the
specimen. Figure 9 presents the state of stress after the
first main load direction, when the pendulum block
releases the very maximum kinetic energy in contact with
the specimen, and Figure 10 is shown the image of this
moment obtained from the video recording.

LS-DYNA user

Fig. 9 — Characteristic Stress curve for steel30HGSA-T /
Curba caracteristicd pentru ofelul 3S0HGSA-T

Finite element model was validated based on
experimental results. Thus, the force on impact was
compared to that indicated by the load cell mounted on the
pendulum block, deformation values were compared with
those offered by the videos, and the total energy with the
value obtained analytically. The model was refined to a
deviation of no more than 5%.

The experimental results are treated by the two types
of material commonly used in camshaft manufacturing,
cam ripper sort, and in the aerospace industry.
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Pe langa informatiile obtinute prin elementele din dotarea
standului (deformatie, tensiune si presiune acusticd), dupa
validarea modelului cu elemente finite se obtin date despre
directiile principale de solicitare si despre liniile de tensiune
izostatice [1]. De asemenea, se evidentiaza energia totala
acumulatad Tn epruvetd pe parcursul incercarii. In figura 9
este prezentatd starea de tensiune dupa prima directie
principala de solicitare, la momentul in care ciocanul pendul
elibereaza maximul energiei cinetice Tn contact cu
epruveta, iar In figura 10 se prezinta imaginea acestui
moment obtinuta din inregistrarea video.

Fig. 10 - The moment of maximal energy release /
Momentul de eliberare al energiei maxime

Modelul cu elemente finite a fost validat pe baza rezultatelor
obtinute experimental. Astfel, valoarea fortei Tn momentul
impactului a fost comparata cu cea indicata de traductorul de
fortd montat pe ciocanul pendul, valorile deformatiilor au fost
comparate cu cele oferite de inregistrarile video, iar energia
totala cu valoarea obtinuta pe cale analitica. Modelul a fost
perfectionat pana la o abatere de maximum 5%.

Rezultatele experimentale sunt tratate dupa cele doua
tipuri de material utilizate frecvent in fabricarea arborilor cu came, a
camelor ciururilor de sortare, dar si in industria aerospatiala.
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Overlapping of results

For specimens made of 30HGSA-T, the results
obtained were concentrated in Figures 11 - 13. Thus, in
Figure 11 is shown an overlay of force variation during the
test with acoustic pressure, taking into account the "zero"
moment of starting the test. In Figure 12, selecting a
suitable time scale, the variation of total energy according
to the evolution of force is shown. It is marked the crack
initiation energy, also the total energy in accordance with
the variation of load on the specimen.

Figure 13 shows the correlation between the load
applied on the specimen and recorded sound pressure.
These data are correlated with the time untill the begining
of dynamic flow (tay), time until the crack initiation (tw) and
time until failure (tg).

The same representation was used for the experimental
results obtained by using the specimens made of 30HGSA
steel. In Figure 14 is shown the overlapping of force
variation of the sound pressure during the test, in Figure
15 the variation of the total energy in accordance to the
evolution of the force, where is marked also the crack
initiation energy, the total energy in accordance with the
change of load to the notched specimen.

INMATEH — Agricubtusal Engineering

Suprapunerea rezultatelor

Pentru epruvetele realizate din 30HGSA-T, rezultatele
experimentale au fost concentrate in figurile 11 - 13. Astfel, Tn
figura 11 este prezentata o suprapunere a variatiei fortei Tn
timpul Tncercarii cu presiunea acustica, tinAndu-se cont de
momentul ,zero” al inceperii testului. in figura 12, alegandu-
se o0 scala a timpului convenabild, este prezentata variatia
energiei totale Tn concordantd cu evolutia fortei. Este
marcatd energia de initiere a fisurii, precum si energia
totala, in concordanta cu variatia fortei pe epruveta.

Figura 13 prezinta corelarea intre forta de solicitare a
epruvetei si presiunea sonora nregistrata. Aceste date
sunt corelate cu timpul pana la inceputul curgerii dinamice
(tey), timpul pana la initierea fisurii (tw) si timpul pana la
rupere (tg).

Aceeasi reprezentare a fost utilizata si pentru
rezultatele experimentale obtinute la utilizarea epruvetelor
realizate din otelul 30HGSA. In figura 14 este prezentata
suprapunerea variatiei fortei Tn timpul Tincercarii cu
presiunea acustica, in figura 15 variatia energiei totale in
concordantd cu evolutia fortei, fiind marcata energia de
initiere a fisurii, energia totald, in concordanta cu variatia
fortei pe epruveta.
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Fig. 11 - Overlay of force variation with acoustic pressure for S0HGSA-T / Suprapunerea variafie forfa cu presiunea acustica pentru 30HGSA-T
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Fig. 12 - The variation of total energy according to the evolution of force for S0HGSA-T /
Suprapunerea variafie forta cu presiunea acusticd pentru 30HGSA-T
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Fig. 13 - Correlation between the load and sound pressure for 30HGSA-T /
Corelafia Intre sarcind si presiunea sunetului pentru 30HGSA-T
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Fig. 14 - Overlay of force variation with acoustic pressure for 30HGSA /
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Fig. 16 - Correlation between the load and sound pressure for 30HGSA /
Corelatia Tntre sarcind gi presiunea sunetului pentru 30HGSA

Figure 16 presents the correlation between the load
applyied upon the specimen, recorded sound pressure and
the time until the beginning of dynamic flow (tgy), crack
initiation (tm) and time to failure (tg).

CONCLUSIONS

Application of components in different parts during their
operation, involves an amount of internal energy storage
that can exceed the limits of elasticity during application. If
the application is continuous or on long-term the energy
stored locally exceed the yield strength of the material,
which may lead to the initiation of cracks. During the
operation time is very important to determine the level of
energy accumulated in order to prevent crack initiation
which leads to break a component, which through
destruction could damage other interacting parts with
which it interacts.

The method developed by the authors, demonstrates a
correlation between the amount of stored energy in a part
and sound pressure which can be recorded near the
loaded part. Thus, for specimens made of the same
material tested in two situations, with and without thermal
hardering treatment, they found out that:

«  different recorded values for bending force at resilience test;

- different values of the total energy stored in specimens;

- the values of the force and the energy stored in
material respect the characteristic curve;

e acoustic pressure has the same value at the
beginning of dynamic flow.

Determination of the energy reserve in the parts,
depending on the characteristics of the sound at cam
attack or other parts that are loaded by shock (knife
planing, slotting, etc.), can be highlighted through the
acoustic pressure monitoring. On reaching the control
resolution of 60 dB, corresponding to a critical internal
energy, the load is interrupted for the part/component at
which this value corresponding to the dynamic flow was
registered, thus avoiding massive damages in aggregates.
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in figura 16 se prezinta corelarea intre forta de solicitare
a epruvetei, presiunea sonora inregistrata si timpii pana la
inceputul curgerii dinamice (tgy), initierea fisurii (tw) si timpul
pana la rupere (tg).

CONcCLuzIl

Solicitarea componentelor diverselor subansamble in
timpul functionarii lor, presupune Thmagazinarea unei cantitati
de energie interna ce poate duce la depasirea limitelor de
elasticitate pe durata solicitarii. Daca solicitarea este continua
sau de lunga duratd, energia acumulata depaseste local
limita de curgere a materialului, ceea ce poate conduce la
amorsarea fisurilor. Tn exploatare este foarte importanta
determinarea nivelului de energie acumulata pentru a se
putea preveni aparitia fisurii ce ar conduce la ruperea unei
componente care, prin distrugere, ar putea deteriora si alte
subansamble cu care interactioneaza.

Metoda dezvoltatd de autori, demonstreaza existenta
unei corelatii intre valoarea energiei acumulate Tn piesa gi
presiunea sonora ce poate fi Tnregistrata Tn apropierea
piesei solicitate. Astfel, pentru epruvete realizate din acelasi
material, testat Tn doua ipostaze, cu tratament termic de
calire si fara acest tratament, s-au constatat urmatoarele:

- valoarea fortei inregistrate la incovoierea prin soc difera;

»  valoarea energiei totale Tnmagazinate in epruveta difera;

- valorile fortei si energiei inmagazinate respecta curba
caracteristica a materialului;

e presiunea acustica are aceeasi valoare la nceputul
curgerii dinamice.

Determinarea rezervei de energie in piesa, functie de
caracteristicile sunetului la atacul camei sau a altor piese
ce lucreaza prin soc (cutit de rabotat, mortezat etc.) se
poate evidentia prin monitorizarea presiunii acustice. La
atingerea pragului de 60 dB, corespunzator unei energii
interne critice, se intrerupe solicitarea pe componenta la
care s-a Tinregistrat aceasta valoare, corespunzatoare
curgerii dinamice, evitdndu-se Tn acest fel deteriorari
masive Tn agregate.
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ALGORITHM TO DEFINE THE SPEED RATIOS OF THE TRACTOR COMPLEX GEARTRAINS

/

ALGORITM DE DEFINIRE A RAPOARTELOR DE TRANSMITERE ALE TRANSMISIILOR
COMPLEXE PENTRU TRACTOARE
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Abstract: Complex mechanical transmissions, allowing
many gear ratios by in-series mounting of more gear units,
present often difficulties to obtain the desired ratios. In the
paper it was described an evaluation criterion of how the
actual speed ratios approximate the sequence of the
desired values. It also was presented an algorithm that, for
a given kinematic scheme, allows either to obtain the
sequence of the practically achievable ratios or to choose
the best ratios sequence from more sets of suggested
values.

Keywords: complex gear train, gear ratio, method of least
squares, mathematical criterion

INTRODUCTION

Motor vehicles moving or working in difficult conditions
(such as tractors, truck-tractors, dump trucks or military
vehicles) must be able to easily adjust their speed and
thrust. Therefore, their transmissions are able to achieve a
high number of gear ratios.

To increase efficiency and to reduce chemical
pollution, there is a present trend to also increase the
number of gear ratios to other vehicle types, such as
trucks (up to 32 gears) or cars and buses (up to 10
gears). For reasons of cost, size and weight, such
complex transmissions are obtained by the combination
of more structural units (more simple gear mechanisms),
which  can have series, parallel or combined
arrangements. This paper refers to the transmission of
the in-series structural units.

The achievement of the motor-vehicles geartrain-
ratios requires several stages. The first of these
consists in the setting of the wanted (ideal) gear ratios
wj, as they result from the calculus of vehicle’s dynamic
performances [2], [3], [4]. The next step is choosing the
kinematic schemes of the subassemblies capable to
provide the necessary number of gear ratios.

The chosen solution may introduce some restrictions
that make the gear ratios theoretically achievable ij by this
structure to differ from the ideal ones. Also, the real
(actual) gear ratios (which can be obtained in practice)
may differ from the achievable ones because the numbers
of teeth can only take discrete values, which are in a
limited range [2], [4].

Combining in series some structural units ensures to
the geartrain a more compact, light and cheap
construction because, with few gear-wheels, a large
number of gear ratios can be obtained [2], [5].

The manufacturers’ preference for such a solution may
be observed from the Figure 1 which shows statistical
results of 91 agricultural tractor types existent on the
global market in 1992. It can be seen that the most
frequent gear numbers are 24 (4x4x2), 16 (2x4x2) and
12 (2x3x2).
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Rezumat: Transmisiile mecanice complexe, ce realizeaza
un numdr mare de trepte prin Tnserierea mai multor
reductoare cu angrenaje, prezintd adesea dificultdfi in
obfinerea rapoartelor de transmitere dorite. In lucrare s-a
descris un criteriu de apreciere a felului in care rapoartele
de transmitere reale aproximeaza sirul valorilor dorite. De
asemenea s-a prezentat un algoritm care, in cazul unei
scheme cinematice date, permite fie obfinerea sirului
rapoartelor realizabile practic, fie alegerea celui mai potrivit
sir de rapoarte dintre mai multe seturi de valori propuse.

Cuvinte cheie: transmisie complexa cu angrenaje, raport de
transmitere, metoda celor mai mici pétrate, criteriu matematic

INTRODUCERE

Autovehiculele care se deplaseaza sau lucreaza Tn conditii
grele (precum tractoarele, autoremorcherele, autobasculantele
sau vehiculele militare) trebuie sa fie capabile sa-gi regleze cu usurinta
viteza de deplasare si forta de tractiune. De aceea, transmisiile
lor sunt capabile sa realizeze un numar mare de trepte de viteza.

Pentru cresterea eficientei si pentru reducerea poluarii
chimice, In prezent se constatd o tendinta de crestere a
numarului de trepte si la alte tipuri de autovehicule,
precum autocamioane (pana la 32 trepte) sau autoturisme
si autobuze (pana la 10 trepte). Din considerente de cost,
gabarit si greutate, astfel de transmisii complexe se obtin
prin combinarea mai multor unitati structurale (mecanisme
mai simple cu, roti dintate), care pot fi dispuse in serie, in
paralel sau combinat. Lucrarea de fata se refera la
transmisii cu unitati structurale inseriate.

Obtinerea rapoartelor de transmitere ale angrenajelor transmisiilor
autovehiculelor presupune parcurgerea mai multor etape. Prima
dintre acestea consta in stabilirea rapoartelor de transmitere
dorite (ideale) wj, aga cum rezulta ele din calculul performantelor
dinamice ale autovehiculului [2], [3], [4]. Urmatoarea etapa o
reprezinta alegerea schemelor cinematice ale subansamblurilor
capabile sa asigure numarul de trepte necesar.

Solutia aleasad poate introduce anumite restrictii care
fac ca rapoartele de transmitere teoretic realizabile i; cu
acea structura sa difere fata de cele ideale. De asemenea,
rapoartele de transmitere reale (ce pot fi obtinute Tn mod
practic) pot diferi de cele realizabile deoarece numerele de
dinti pot lua doar valori discrete, aflate intr-un domeniu
limitat [2], [4].

inserierea mai multor unitdti structurale confera
transmisiei o constructie cu gabarit redus, mai usoara si
mai ieftina deoarece, cu angrenaje putine, poate fi realizat
un numar mare de trepte de viteza [2], [5].

Preferinta constructorilor pentru o astfel de solutie se
poate remarca din Figura 1 care prezinta rezultate
statistice pentru 91 tipuri de tractoare agricole existente pe
piata Tn anul 1992. Se poate vedea ca cele mai frecvente
numere de trepte intalnite sunt 24 (3x4x2), 16 (2x4x2) si
12 (2x3x2).
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Fig. 1 — Probability to found different gear-numbers at the agricultural tractor types (statistics of 91 types) /
Probabilitatea de a Tntalni diferite numere de trepte de viteze la tipurile de tractoare agricole (statistica realizatd pe 91 tipuri)

At the gearboxes consisting of a single structural unit,
the gear ratios are independent values. But it doesn’t
happen the same in the case of complex transmissions,
obtained by the combination in-series of several structural
units, because only a certain part of the ratios could be
imposed.

If one considers that a particular structural-unit x (x =
a, b,...) can perform a number of ratios ky (kx = Ka, Kp,...),
then the total number k of the geartrain ratios is equal
with the product of the gear-numbers of in-series
structural-units:

Of these, independent values can take only king ratios:

kind

The remaining gear ratios will be combinations of the
first ones, obtained by multiplying the partial ratios and will
usually have an unreasonable distribution, the gap between
two consecutive ratios being either too small or too big.

In the case of complex gear trains (containing more
units), one of the most used method to realize the ratios
sequence consists in arranging the ratios in a geometric
series [2], [3], [4], [5]. That kind of ratios arrangement
will enable the engine’s functioning in the same speed
range, with benefic implications on the vehicle’s
operating performance, mainly at steady or quasi-steady
driving speeds. In addition, it allows an easy way to find
the necessary gear ratios of the component structural
units.

Mathematically, the ratios arrangement in geometric
series means either the ratios of any two successive
gear ratios will have the same value, or, on a logarithmic
scale, the gaps between successive gear ratios will be
equal.

The sequence of the wanted gear ratios may comply
with the geometric progression only in extremely particular
cases. Moreover, in transitory driving regime, the use time
of some gears may became too short, sometimes making
the driver to renounce using some gears with close ratios
to the one engaged. The ratios’ geometric-progression
arrangement leads in such cases to the inefficient use of
the geartrain and to the increase of the physical and
concentration driver’s effort.

At the design of many motor vehicle types, the
engineers’ intention is to arrange more gears in the driving
speed range which have the biggest apparition probability
in the vehicle’s life span .

This manufacturers’ concern results from the statistics
of agricultural-tractors’ rated working-speed arrangement
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La cutile de viteze alcatuite dintr-o singura unitate
structurala, rapoartele de transmitere sunt valori independente.
Nu acelasi lucru se IntAmpla T cazul transmisiilor complexe
obtinute prin inserierea mai multor unitati structurale,
deoarece doar 0o anumita parte a rapoartelor ar putea fi
impuse.

Daca se considera ca o anumita unitate structurala x
(x = a, b,...) poate realiza un numar de rapoarte ky (kx =
Ka, Kp,...), atunci numarul total k al rapoartelor transmisiei
este egal cu produsul numerelor de trepte ale unitatilor
structurale Tnseriate:

[Tk =K ko
X
Dintre acestea pot lua valori independente doar kg rapoarte:

=1+ (k, -1)

Restul rapoartelor de transmitere vor fi combinatii ale
primelor, ce se obtin prin inmultirea rapoartelor partiale si
vor avea de obicei o repartitie nerationala, saltul dintre
doua rapoarte succesive fiind fie prea mic, fie prea mare.

In cazul transmisiilor complexe (ce contin mai multe
unitati), una dintre cele mai folosite metode de etajare
consta in dispunerea rapoartelor transmitere in serie
geometrica [2], [3], [4], [5]. Acest mod de aranjare a
rapoartelor va permite utilizarea motorului in acelasi
domeniu de turatie, cu implicati benefice asupra
performantelor de exploatare ale autovehiculului, mai ales
la viteze de deplasare constante sau aproape constante.
In plus, se permite stabilirea facild a rapoartelor de
transmitere ale unitatilor structurale componente.

Matematic, etajarea In progresie geometrica inseamna
fie ca rapoartele oricaror doua rapoarte de transmitere
succesive vor avea aceeasi valoare, fie ca, pe o scara
logaritmica, intervalele dintre rapoarte de transmitere
succesive vor fi egale.

Sirul rapoartelor de transmitere dorite nu respecta
progresia geometrica decat Tn cazuri cu totul particulare.
De asemenea, n regim tranzitoriu de deplasare, timpul de
utilizare a unor trepte poate deveni prea scurt,
determindnd uneori conducatorul auto sa renunte la
utilizarea unor trepte cu rapoarte de transmitere apropiate
de cea cuplata. Etajarea Tn progresie geometrica conduce
n astfel de cazuri la o utilizare ineficienta si la cresterea
efortului fizic si de concentrare al conducatorului auto.

La proiectarea multor tipuri de autovehicule, intentia
inginerilor este de a dispune mai multe trepte de viteze in
domeniul vitezelor de deplasare care au cea mai mare
probabilitate de utilizare pe durata de viata a autovehiculului.

Aceasta preocupare a constructorilor rezulta si din
statistica dispunerii vitezelor de lucru nominale la

1)

)



Vol. 41, No. 3/2013

shown in Figure 2, where the upper plot is in normal
coordinates, and the lower plot in semi-logarithmic
coordinates.
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tractoarele agricole, prezentata in Figura 2, unde graficul
de sus este in coordonate normale, iar graficul de jos Tn
coordonate semilogaritmice.

o
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03 04 05 06 08 11 15 20 27 3.7 50 67 91 122165222 30 v[km/h]
Fig. 2 — Probability of encountering a certain rated working speed at the agricultural tractors (statistics of 91 types) /
Probabilitatea de a intalni o anumita viteza de lucru nominald la tractoarele agricole (statistica realizatd pe 91 tipuri)

MATERIALS AND METHODS

The comparison of different  speed-ratios
arrangements must take into account their influence over
the overall vehicle performances (dynamics, environment
protection, fuel consumption, reliability of the propulsion
system) and over the driver's stress. But both the
performances and driver's stress depend on the speed
range at which the engine will run, and this range is
proportional with the ratio of a pair of neighboring
(successive) geartrain ratios.

Based on this observation and on the need to
maintain as accurate as possible the speed range set by
the design engineer, in the present paper it is suggested
the method of least squares to minimize the relative
errors e; of the geartrain ratios positioning on a
logarithmic axis:

. I
-e, =Ini; -Inw, =In—L
w

Thus, the function g to be minimized is the weighted
sum of squared logarithms differences of the achievable i;
and wanted w; geartrain ratios:

gzztzlpj ejzzztzlpj (|n|j_|nWj)2:ZT:lpj |nW71
J

The weighting of the errors e;j with the values p; may
be required because the gears are differently used. The
weighs p; may be even the usage probabilities of the
gearsj (j=1...k).

To obtain comparable values of the function g, the
weighs will respect the normalization condition:

79

MATERIALE $I METODE

Compararea unor moduri de etajare diferite trebuie sa
tind cont de influenta acestora asupra performantelor
globale ale autovehiculului (dinamica, protectia mediului,
consum de combustibil, fiabilitate a sistemului de
propulsie) si asupra solicitarii conducatorului. Dar atat
performantele céat si solicitarea conducatorului depind de
domeniul de turatie la care va functiona motorul, iar acest
domeniu este proportional cu raportul unei perechi de
rapoarte de transmitere invecinate (succesive).

Pornind de la aceasta constatare si de la necesitatea
pastrarii cat mai precise a domeniului de turatie stabilit de
inginerul proiectant, in lucrarea de fata se propune
metoda celor mai mici patrate pentru minimizarea erorilor
relative e; de pozitionare a rapoartelor de transmitere pe o
axa logaritmica:

(3)
i
Astfel, functia g ce urmeaza a fi minimizata este suma

ponderata a patratelor diferentelor logaritmilor rapoartelor
de transmitere realizabile i; si dorite w;:

2

(4)

Ponderarea erorilor e cu valorile p; poate fi necesara
deoarece treptele de viteze sunt utilizate Tn mod diferit.
Ponderile p; ar putea fi astfel chiar probabilittile de
utilizare ale treptelor j (j=1...K).

Pentru a obtine valori comparabile ale functiei g,
ponderile vor respecta conditia de normare:
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Zl;:l P; = 1 ®)

As can be seen from the equation (4), the function g, to Dupa cum se poate observa din relatia (4), functia g,
be minimized, has as parameters only the weights p; and care trebuie minimizata, are ca parametri numai ponderile
the relative errors ej. It does not directly depend on the p; si erorile relative ej. Ea nu depinde in mod direct de
magnitude of the geartrain ratios, in contrast to the marimea rapoartelor de transmitere, spre deosebire de
function E, proposed in the thesis [1], which is strongly functia E, propusa in lucrarea [1], care este puternic

influenced by these. influentata de acestea.
k. p\i/p
EP_(ijl(lj_Wj) )l » p>1 ©6)
The same thing would happen also with other possible Acelasi lucru s-ar intdmpla si cu alte posibile functii

criterion functions, which do not use logarithms. In the case of criteriu, la care nu se recurge la logaritmare. In cazul
keeping the same total gears-number k, the value of the mentinerii aceluiasi numar total de trepte k, valoarea
function g or the weighted mean error (g/k)“2 may be used as functiei g sau eroarea ponderatd medie (g/k)l/2 pot fi
an objective optimization criterion for the ratios arrangement folosite drept criteriu obiectiv de optimizare a modului de
(ratios sequence), the minimum values indicating the best etajare, valorile minime indicand cea mai buna distributie a
distribution of the achievable geartrain ratios. rapoartelor de transmitere realizabile.

Starting from a sequence of desired gear ratios and Pornind de la un set de rapoarte de transmitere dorite si de
from a known structure of the complex geartrain, the la o structura cunoscuta de transmisie complexa cu angrenaje,
algorithm to be described below allows obtaining the algoritmul ce va fi prezentat in continuare permite obtinerea
geartrain’s achievable ratios that best approximate the rapoartelor de transmitere realizabile n practica care aproximeaza
given-ratios in the sense of the least squares. cel mai bine rapoartele date Th sensul celor mai mici patrate.

It is recalled that the algorithm was obtained on the Se reamintegte ca algoritmul a fost obtinut in ipoteza ca
hypothesis that the geartrain structure is already set (one structura transmisiei este deja adoptata (se cunoaste
knows the layout of the structural-units arranged in series) organizarea unitatilor structurale dispuse in serie) si se
and also one knows how to achieve each gear ratio. This cunoaste de asemenea modul in care se realizeaza fiecare
restriction is primarily due to the method of least squares, raport de transmitere. Aceasta restrictie se datoreaza n
which requires prior knowledge of the function shape and primul rand metodei celor mai mici patrate, care presupune
seeks only to determine the constants involved in this cunoagterea anterioard a formei functiei si urmareste doar
function. determinarea constantelor care intervin in aceasta functie.

It is considered a geartrain (for example a gearbox) Se considera o transmisie (de ex. o cutie de viteze) cu
with k ratios, which is composed of simple structural units k trepte, care are Tn componenta unitatile structurale
connected in series and denoted with a, b, c,... Each unit simple Tnseriate ce sunt notate cu a, b, c,... Fiecare unitate

may achieve ka, kb, kc,... gear ratios. ar putea realiza ka, kb, kc,... trepte.
In descending order of values, the (known or unknown) In ordine descrescatoare a valorilor, rapoartele de transmitere
gear ratios of the structural units are: (cunoscute sau necunoscute) ale unitatile structurale sunt:
ia :iay, iay, ... iaka
ib :iby, iba, ... bk @)
One considers that in order to obtain a certain gear j of Se considera ca pentru obtinerea unei trepte oarecare
the geartrain, the structural units a, b, c,... are engaged in j a transmisiei, unitatile structurale a, b, c,... sunt cuplate in
the gears ja, jb, jc, ..., all these dependencies being treptele ja, jb, jc,..., toate aceste dependente fiind
known, as has been mentioned before. The overall ratio of cunoscute, asa cum s-a precizat anterior. Raportul de
the gear j can be written as: transmitere total al treptei j se poate scrie:
ij = ia,-a ibjb iCjc (8)
The logarithms of the gear ratios will be noted with aj,, Logaritmii rapoartelor de transmitere se vor nota cu aj,,
b, Cic, ... for the structural units, with x; for the wanted bib, Cjc ... pentru unitatile structurale, cu x; pentru cele dorite
ones and with y; for the achievable ones: si cu y; pentru cele realizabile:

aa = In(iap), ja=1,2,..,ka

bp = In(ibp), jb=1,2, ..., kb 9)
x=In(w), j=1,2,..,k (20)
yi = In(ij) = In(iaja ibjp icic ...) = In(iaja) + In(ibp) + In(icic) + ... =@qa+ bp +Cic + ..., j=1,2,...,K (12)

It is assumed further that among the terms ai, az,...,a, ; Se presupune in continuare ca printre termenii as,
... given by the relationships (9) are located s az,...,8,; bl, b2,...,bkb; ...dati de relatiile (9) se afla s valori

by, by, by : |
unknown values o, ..., o_ that must be ascertained. necunoscute a,, a,.., O, ce vor trebui determinate.

Considering these unknowns as independent variables, the ~ Considerand ~ aceste  necunoscute  ca  variabile

logarithms of the structural achievable gear-ratios, given by ~ independente, logaritmii ~ rapoartelor de  transmitere
equations (11), become: structural realizabile, dati de relatiile (11), devin:

80
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S
yi=filay, a2, ..., as) =rj+tiar+toa+ ... Flisds =1+ Zm=1 tim Om 12)

As it was mentioned before, all the functions f; have a Asa cum s-a mai amintit, toate functiile fj au forma
known form or, in other words, there are known all the cunoscuta sau, altfel spus, se cunosc toate constantele
constants r;, and also the matrix of the terms tjm (j=1,2,...,k, r, precum si matricea termenilor tm (=1,2,...k,
m=1,2,...,s) with which are multiplied the independent m=1,2,..,s) cu care se inmultesc variabilele
variables am. independente an.

Comparing the equations (11) and (12) it results that r; Comparandu-se relatiile (11) si (12) rezulta ca r; este
is the sum of all the terms with known values existing in suma tuturor termenilor cu valori cunoscute din sirul
the row of the logarithms of the equations (9), while the logaritmilor dati de relatile (9), In vreme ce termenii
terms tjm=0fi/dan take either the value 1 or the value 0, as tym=dfi/dam iau fie valoarea 1, fie valoarea 0, dupa cum

the unknown ay, is or is not between the terms aja, bjp, Cic, necunoscuta am se afla sau nu printre termenii aja, bjp, Cic,
.. of the equation (11). ... ai relatiei (11).
With these specifications, the function g to be Cu aceste precizari, functia g care trebuie minimizata,
minimized, given by equation (4), becomes: data de relatia (4), devine:
k 2 K 2
g=31p by -x ) =20 (F (@) -x,) a3
In order that the function g to have a minimum it is Pentru ca functia g sa aiba un minim este necesar ca
necessary that all the partial derivatives with respect to the toate derivatele partiale Tn raport cu variabilele
independent variables a1, ay, ..., dg to be null. This yields independente a1, as, ..., ag S& se anuleze. Se obtine astfel
to a linear system of equations with s unknowns: un sistem linear de s ecuatii cu s necunoscute:
1 a 2 0f (a,,a,,....a,)
g ZJ 1p] (f ( ..,O'S)—Xj) ! L2 > =0, n=12,..,;s (14)
oa,
Inserting equation (12) in the previous relation it is Introducénd relatia (12) in relatia anterioara se obtine

obtained the system: sistemul:

ZJ 1p (( (Zm 1t1 mam»_xj)t]"n =0, n=12..s
ZJ 1pl ((Z 1t1 mam)_(x- _r-)) =0, n=12..s
Z] 4Pt l“(z Lim m) Z Pt Jn(x —I’) n=12,..s (15)

For this system to be determined it is necessary that Pentru ca acest sistem sa fie determinat este necesar
the unknowns’ number s do not exceed the number king Of ca numarul necunoscutelor s sa nu depaseasca numarul
the independent geartrain ratios that can be achieved by kina @l rapoartelor de transmitere independente ce se pot

the in-series layout of the structural units, i.e. s < King. realiza prin Tnserierea unitatilor structurale, adica s < King.
The system (15) can be written also in matrix form: Sistemul (15) poate fi scris si sub forma matriceala:
[A]l.[a]l=[B], (16)
where the unknowns coefficients [A] and the free terms in care coeficientii necunoscutelor [A] si termenii liberi
[B] can be determined with the equations: [B] se pot determina cu relatiile:
k
A= Piliatim. n=L2..s m=L2..s (17)
k
=2 Pt (xj —rj), N=1,2,..s (18)
Solving the system (16), [a]=[A]'l-[B], leads to the Rezolvarea sistemului (16), [a]=[A]'l-[B], conduce la

ascertaining of the values that allow the best stabilirea valorilor care permit cea mai buna aproximare a
approximation of the desired transmission ratios in the rapoartelor de transmitere dorite Tn sensul celor mai mici
sense of the least squares, resulting first the logarithms of patrate, obtindndu-se mai intai logaritmii rapoartelor de
the structurally-achievable gear-ratios, and then, by means transmitere structural realizabile, iar apoi, cu ajutorul
of relations (9), their true values. relatiilor (9), adevaratele lor valori.

In order to work effectively with the presented Pentru a se putea lucra efectiv cu relatiile prezentate
equations it should be known the weights p;. The authors este necesar sa fie cunoscute ponderile p;. Autorii
recommend that these weights to be even the use recomanda ca aceste ponderi sa fie chiar probabilitatile de
probabilities of the gears. utilizare ale treptelor.

For this it can be used diagrams like those in Figure 2, Pentru aceasta pot fi utilizate diagrame de genul celor
capable to valorize the statistics of some constructions with din Figura 2, capabile sa valorifice datele statistice ale unor
similar destinations, which gave maximum satisfaction in constructii cu destinatii apropiate, care au dat satisfactia

service. maxima Tn exploatare.
RESULTS REZULTATE

In order to facilitate an easier understanding of the Pentru a facilita intelegerea mai ugoara a algoritmului,
algorithm, a calculus example will be presented further. n continuare se va prezenta un exemplu de calcul.

Let's assume an agricultural tractor, for which a 12 Se va presupune un tractor agricol, pentru care va fi

speed gearbox is intended. It is aimed that at the destinata o cutie de viteze cu 12 trepte. Se doreste ca la
engine’s rated speed (for example 2200 rpm) this turatia nominala a motorului (de exemplu 2200 rpm)
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transmission to ensure the rated working speeds v;
indicated in the Table 1 (from 2.1 km/h to 37.7 km/h). For
a better representation of the wanted tractor’s operation
mode, in the Figure 3 the red diamonds indicate these
rated working speeds, and the blue diamonds indicate
the ones corresponding to the engine maximal torque
speeds (for example 1500 rpm).

It will be considered further that this transmission will
be made combining in-series a main-gearbox (the
structural unit a, with k,=4 forward speeds) and a range-
box (the structural unit b, with k,=3 forward speeds). The
gears’ combination mode of the two units a and b it is also
considered known and is presented in the Table 1 for all
k=ka'kp=4:3=12 gears (different colours were used in the
table for the 3 ranges: yellow — low gears, green — medium
gears, blue — high gears).

The weights required for calculation are also in Table 1.
Compared with the weights of the low gears, the ones of
the gears in the normal working range (medium gears)
were taken 3 times bigger and the ones of the high gears
(used primarily for transport), 2 times bigger.

Starting from the tractor's rated speed v; and
remembering the gear ratio is inverse proportional with v;,
the wanted gearbox ratios w; (Table 1) were computed
considering the eleventh gear ratio i11=ias-ibs=1. For that,
in this example it was assumed direct drive in the third
gear of the unit a (iaz=1) and also direct drive in the third
gear of the unit b (ibs=1).

By this, from the kat+k,=4+3=7 gear ratios of the a si b
units  will remain to de determined s=5 ratios
(ias,iaz,iaa,ib1,ib). The logarithms of these ratios are the
unknowns ai,...,as (the independent variables considered
by the least squares method). This number is smaller than
6, the value resulting from the relationship (2), which gives
the maximal number of the unknowns which may be
determined in the case of this geartrain.

Because the aggregate-gearbox ratio is obtained by the
multiplication of the structural-units ratios (i=ia-ib), the functions f
appearing in the equation (13) are linear combinations (sums)
of the unknowns aj,...,as. All these functions are presented in
the Table 2. In the same table are also presented the constants
r; from the equations (12), and the terms t, (n=1,2,...,5),
which allow the calculus of the matrix A with the equation
(17) and of the vector B with the equation (18).

Solving the equations system (16) one obtains the
achievable gear-ratios. These are shown in the
penultimate column of the Table 2 and can be compared
with the desired gear ratios listed in Table 1. The resulting
errors are also shown in the last column of Table 2.
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aceasta transmisie sa asigure vitezele de lucru nominale v;
indicate Tn Tabelul 1 (intre 2,1 km/h si 37,7 km/h). Pentru o
mai buna reprezentare a modului dorit de lucru al
tractorului, in Figura 3 romburile rosii indica aceste viteze
nominale, iar romburilor albastre le indica pe cele care
corespund turatiei de cuplu maxim a motorului (de
exemplu 1500 rpm).

Se va considera In continuare ca aceasta transmisie
se va realiza Tnseriind o cutie de viteze de baza (unitatea
structurala a, cu ka=4 trepte de mers inainte) si un reductor
de gama (unitatea structurala b, cu ka=3 trepte de mers
Tnainte). Modul de combinare a treptelor celor doua unitati
a si b se considera de asemenea cunoscut si este
prezentat in Tabelul 1 pentru toate cele k=ka-kp=4-3=12 trepte
(in tabel s-au folosit culori diferite pentru cele 3 game: galben
— trepte lente; verde — trepte medii; albastru — trepte rapide).

Ponderile necesare calculului se gasesc de asemenea
in Tabelul 1. Fatd de ponderile treptelor lente, pentru
treptele din gama normala de lucru (trepte medii) s-au
adoptat valori de 3 ori mai mari, iar pentru treptele rapide
(folosite cu precadere la transport), de 2 ori mai mari.

Pornindu-se de vitezele nominale ale tractorului vj si
reamintindu-se ca raportul de transmitere este invers
proportional cu v;, rapoartele dorite ale cutiei de viteze w;
(Tabelul 1) au fost calculate considerand in treapta a unsprezecea
un raport i;1=iaz-ibs=1. Pentru aceasta, in acest exemplu s-
a presupus priza directa Tn treapta a treia a unitatii a (ias=1) si
tot priza directa in treapta a treia a unitatii b (ibs=1).

Prin aceasta, din cele kat+ky,=4+3=7 rapoarte de transmitere
ale unitatilor a si b vor raméne de determinat s=5 rapoarte
de transmitere (iai,iaz,ias,iby,iby). Logaritmii acestor rapoarte
sunt necunoscutele ai,...,as (variabilele independente
considerate de metoda celor mai mici patrate). Acest
numar este mai mic decat 6, valoare care rezultd din
relatia (2), cea care da numarul maxim al necunoscutelor
ce ar putea fi determinate Tn cazul acestei transmisii.

Deoarece raportul de transmitere al cutiei de viteze se
obtine prin Tnmultirea rapoartelor de transmitere ale unitatilor
structurale (i=ia-ib), functiile f care apar in ecuatia (13) sunt
combinatii lineare (sume) ale necunoscutelor ai,...,as. Toate
aceste functii sunt prezentate in Tabelul 2. Tot Tn acest tabel
sunt prezentate si constantele r; din ecuatile (12), ca si
termenii t, (n=1,2,...,5), care permit calculul matricei A cu
ecuatia (17) si a vectorului B cu ecuatia (18).

Rezolvand sistemul de ecuatii (16) se obtin rapoartele
de transmitere realizabile. Acestea sunt prezentate in
penultima coloana a Tabelului 2 si pot fi comparate cu
rapoartele dorite, inscrise in Tabelul 1. Erorile rezultate
sunt aratate Tn ultima coloana a Tabelului 2.

Table 1/ Tabelul 1

Gear/ Weight / Speed / Wanted ratio / Gear ofunita/ | Gear of unitb/
Treapta Pondere Viteza Raport dorit Treapta unit. a | Treapta unit. b
j p; vj [km/h] Wi
1 1 0.042 /0,042 21/21 12.33/12,33 1 1
2 1 0.042 /0,042 3.1/31 8.36/8,36 2 1
3 1 0.042 /0,042 42142 6.17 /6,17 3 1
4 3 0.125/0,125 5.1//5,1 5.08 /5,08 1 2
5 1 0.042 /0,042 6.3/6,3 4.11/4,11 4 1
6 3 0.125/0,125 76176 3.41/3,41 2 2
7 3 0.125/0,125 10.6 /10,6 2.44 12,44 3 2
8 2 0.083/0,083 12.4/12,4 2.09/2,09 1 3
9 3 0.125/0,125 15.6/15,6 1.66/1,66 4 2
10 2 0.083/0,083 18.2/18,2 142/1,42 2 3
11 2 0.083/0,083 25.9/25,9 1 3 3
12 2 0.083 /0,083 37.7137,7 0.69/0,69 4 3
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Table 2/ Tabelul 2

Gear/ Fuction / Known term / Terms for matrices Aand B/ Ratio /
In(ia;) | In(ibj) . Termen In(w;) Termeni pentru matricele A Error/ Eroare
Treapta Funcfia ) Raport
’ cunoscut i B
i 3ja bip fi I Xj ta |t | tis | tia | ts ij err; [%]
1 a Oy a1+0y 0 2.512 /2,512 1 0 0 1 0 |1251/1251| -1.44/-1,44
2 ap 04 Opt+ay 0 2.123/2,123 0 1 0 1 0 | 845/8,45 | -1.53/-1,53
3 In(ias) Oy Oy In(iaz)=0 1.819/1,819 0 0 0 1 0 |6.01/6,0112| 2.55/2,55
4 a s a;+0s 0 1.625/1,625 1 0 0 0 1 | 5.07/5,07 0.26 /0,26
5 O3 04 O3ty 0 1.414/1,414 0 0 1 1 0 | 411/4,11 | -0.01/-0,01
6 a s Op+0s 0 1.226 /1,226 0 1 0 0 1 | 342/342 | -041/-0,41
7 In(ias) Os Os In(ias)=0 0.893/0,893 0 0 0 0 1 |243/243 0.42/0,42
8 a1 In(ibs) oz In(ib3)=0 0.737/0,737 1 0 0 0 0 | 2.08/2,08 0.33/0,33
9 a3 s O3t+0s 0 0.507 /0,507 0 0 1 0 1 |1.67/1,67 | -0.27/-0,27
10 ap In(ibs) oz In(ibs)=0 0.353/0,353 0 1 0 0 0 | 141/141 1.18/1,18
11 In(ias) | In(ibs) 0 In(ias)+In(ib3)=0 0 0 0 0 0 0 1 0
12 a3 In(ibs) O3 In(ibs)=0 -0.375/-0,375 0 0 1 0 0 | 0.68/0,68 0.41/0,41
T T T
1
*+—
>—t
i
it
— 12
0 10 20 30 40
v [km/h]
Fig. 3 — Working speed for a 12-gear hypothetical farm tractor /
Vitezele de lucru pentru un tractor agricol ipotetic cu 12 trepte de viteza
t b T T T b
uni = = = ]
. a:
unit a . Py * ]
gearbox Vi
———————0—0—0—0—
1 1 1
-1 0 1 2 3

Fig. 4 — Positions on a logarithmic axis of the computed gear ratios of the structural units and gearbox /
Pozifionarea pe o axa logaritmica a rapoartelor de transmitere calculate ale unitafilor structurale si cutiei de viteze

Finally, starting from the logarithms having now the
known values a,...,as, the gear ratios ias,iaz,ias,ib1,ib, of
the structural units will be calculated with the equations (9).
In Figure 4 are positioned on a logarithmic axis the gear
ratios of the structural units and gearbox (the markers from
the right side correspond to the first gear).

CONCLUSIONS

The paper presents a mathematical, objective
criterion for the assessment of how a set of gear ratios
(of a complex geartrain, obtained by the in-series
combination of some structural units) is close to a desired
set of values. Based on this, it was obtained an algorithm
which, in the case of given kinematic scheme, allows
either to obtain the structural-achievable ratios or to
choose the most suitable ratios sequence of several sets
of proposed-values.

The algorithm can be used not only to obtain the
structural-achievable ratios but also to determine their real
(actual) values. In this case the procedure will be applied
in several stages:

- one specifies the desired (ideal) gear ratios for the
analyzed geartrain;
- one adopts values for maximum k - king = N-1 ratios
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in final, pornind de la logaritmii cu valorile cunoscute
acum ai,...,as, rapoartele de transmitere iay,iaz,ias,iby,ibz
ale unitatilor structurale se vor calcula cu relatiile (9). Tn
Figura 4 sunt pozitionate pe o axa logaritmica rapoartele
de transmitere ale unitatilor structurale si ale Intregii cutii de
viteze (marcarii din partea dreapta corespund primei trepte).

CONCLUZzII

Lucrarea prezinta un criteriu matematic, obiectiv, de
apreciere a modului Tn care un set de rapoarte de
transmitere (realizate de o transmisie complexa, obtinuta
prin inserierea mai multor unitati structurale) se apropie de
un set de valori dorite. Pe baza acestuia s-a realizat un
algoritm care, In cazul unei scheme cinematice date,
permite fie obtinerea rapoartelor realizabile practic, fie
alegerea celui mai potrivit sir de rapoarte dintre mai multe
seturi de valori propuse.

Algoritmul poate fi intrebuintat nu numai pentru
obtinerea rapoartelor de transmitere structural realizabile ci
si pentru stabilirea valorilor lor reale. In acest caz
procedeul se va aplica Tn mai multe etape:

- se stabilesc rapoartele de transmitere dorite (ideale)
pentru transmisia analizata;
- se adopta valori pentru maximum k-king=N-1 rapoarte
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(at least one for N-1 structural units of the N
component units);

- with the presented algorithm, one determines a first
sequence of structurally-achievable ratios;

- one adopts the numbers of teeth for the most used
gear, so that its real gear-ratio to approach as much
as possible to the one structurally-achievable;

- in the sequence of the wanted (ideal) values one
replaces the existent gear ratio value with the one
calculated with the adopted numbers of teeth;

- in the order of the gears’ use-probability, one repeats
the last three steps, setting one by other the real gear
ratios.

The algorithm can be used also if a structural unit
contains only a single gear (such as the final drive). It
appears, therefore, the possibility to choose the ratio of
an adjustment speed-reducer or to modify the ratio of the
final-drive so that to use with high efficiency a given
gearbox.

The presented procedure was transposed into a
computer program. The comparisons made between the
results obtained by computation and those of existent
tractor and truck-geartrains  were particularly
encouraging.
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de transmitere (cel putin unul pentru N-1 unitati
structurale din cele N unitati componente);

- cu algoritmul prezentat, se determina o prima serie de
rapoarte structural realizabile;

- se adopta numerele de dinti pentru angrenajul cel mai
ntrebuintat, astfel incét raportul sau real de transmitere sa
se apropie cat mai mult de cel structural realizabil;

- n sirul valorilor dorite (ideale) se nlocuieste valoarea
existenta a raportului de transmitere cu cea calculata
cu numerele de dinti adoptate;

- n ordinea probabilitatii de Tntrebuintare a angrenajelor,
se repeta ultimii trei pasi, stabilindu-se pe rand
rapoartele lor de transmitere reale.

Algoritmul poate fi utilizat si daca o unitate structurala
contine doar un angrenaj singular (cum ar fi reductorul central).
Apare deci posibilitatea de a alege raportul de transmitere
al unui reductor de adaptare sau de a modifica raportul de
transmitere al unui reductor central in asa fel incat sa se
utilizeze cu eficientd maxima o cutie de viteze data.

Mersul de calcul descris a fost transpus fintr-un
program de calcul. Comparatiile efectuate intre rezultatele
obtinute prin calcul si cele apartindnd unor transmisii
existente de tractoare si autocamioane au fost deosebit de
Tncurajatoare.
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Abstract: This paper presents a first study on dynamic
analysis done on a rear axle with torsion beam. The main
purpose of this analysis is to establish the natural vibration
modes with similar values which are likely to come into
resonance. The CAD models of the parts were obtained
using CATIA V5 application and the calculation was
performed with FEM using MSC/NASTRAN software. The
experimental determinations were performed in the
vibration laboratory of the University of Pitesti.

Keywords: dynamic analysis, finite element method,
torsion beam rear axle,

INTRODUCTION
The rear axle presented in this study is of semi-
independent type and has the following advantages:
- low cost (less by 50% than the independent axle);
- light weight;
- enable automatic mounting;
- has an architecture favorable for wheel debate;
- has a good behavior of kinematics and running.
Fig. 1 shows the overview of the axle and Fig. 2 shows
the main components.

Rezumat: Lucrarea prezintd un prim studiu privind analiza
dinamicd efectuatd asupra unei punti spate cu traversa
torsionabila. Scopul principal al acestei analize fiind acela de a
stabilii care sunt modurile proprii de vibratie cu valori apropiate
susceptibile de a intra in rezonan{a. Modelele CAD ale pieselor
au fost obfinute folosind aplicafia CATIA V5, iar calculul s-a
realizat folosind metoda elementelor finite utilizand aplicatia
MSC/NASTRAN. Determindrile experimentale au fost realizate
n cadrul laboratorului de vibrafii al Universitafii din Pitesti.

Cuvinte cheie: analiza dinamica, analiza cu element finit,
punte spate traversa torsionabila.

INTRODUCERE
Puntea spate care face obiectul acestui studiu este de
tip semiindependenta si prezinta urmatoarele avantaje:
- pret de cost redus (mai mic cu 50% fata de o punte
independenta);
- greutate redusa;
- permite montajul automat;
- are o arhitectura favorabila pentru dezbaterea rotii;
- are o buna comportare cinematica si de rulare.
In fig.1 se prezinta vederea generala a puntii, iar in
fig.2 se prezinta elementele component ale acesteia.

Fig. 1 — General view of the rear axle /
Vederea generald a puntii spate

Fig. 2 — The main components of the rear axle /
Principalele componente ale puntii spate
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Table 1 shows the thickness of the axle components
and Table 2 shows the material properties used in the
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Tabelul 1 prezinta grosimea elementelor componente
ale puntii, iar tabelul 2 prezinta proprietatile de material

calculation. utilizate in calcul.
Table 1/ Tabelul 1
The thickness of the axle parts /  Grosimea elementelor componente ale puntii
" Fadion] | Mol | e

1 Shock-absorber holder / Suport amortizor 13 2 3.3/33

2 Beam / Traversa 8 1 3.3/33

3 Anti-roll bar / Bara antiruliu 14 1 ®21

4 Arm / Braf 1/2 2 4

5 Spring holder / Suport arc 11712 2 3

6 Superior reinforcement / Intaritura superioara 9/10 2 3.3/33

7 Reinforcement of the steering knuckle / Intéritura port-fuzeta 6 2 3

MATERIALS AND METHOD
Considerations on the modal analysis

The material properties used for calculation /

Table 2/ Tabelul 2

Proprietatile de material utilizate in calcul

Young module /
Modulul lui Young

E [MPa] pKg/m"]

Density / Densitatea

Poisson coefficient /
Coeficientul Poisson
\Y

210000 7860

0,286

MATERIALE S| METODA
Consideratii privind analiza modal a

The modal analysis calculations are important because:
they allow to determine the first natural frequency of
the part, which must be correlated with the one
determined by test and provided in the acoustic
specifications of the product;

knowing these frequencies allow a better choice of the
frequency range used to calculate the frequency
response for endurance and shock;

with the modal analysis calculation, we can calculate
the energy of deformation occurring in the most
sensitive areas, that generates significant vibratory
movements;

achieving the numerical modal analysis before the
experimental verification allows us to put the
accelerometers in the areas of interest that have large
deformation energies;

the modal analysis allows to find the natural frequency
of a structure and to estimate the dynamic behavior
through analytical and / or experimental calculation.
The modal analysis allows to determine the natural

Calculele de analiza modala sunt importante deoarece:
permit determinarea primei frecvente proprii a piesei,
care trebuie corelatd cu cea determinata prin incercare
si prevazuta in caietul de sarcini acustic al
produsului;

cunoagterea frecventelor proprii permite o buna alegere a
intervalului de frecvente de studiu pentru calculul de
raspuns in frecventa, de andutranta si de soc;

la calculul de analiza modala, se pot calcula
energiile de deformare care apar in zonele cele mai
sensibile, si care sunt generatoare de miscari
vibratorii importante;

realizarea analizei modale numerice Tnainte de
verificarea experimentala ne permite sa pozitiondm
accelerometrele in zonele de interes care au energii
de deformare mari;

analiza modala permite aflarea frecventelor proprii ale
unei structurii si estimarea comportamentului dinamic
prin calcul analitic si/sau experimental.

Analizele modale permit determinarea modurilor

vibration modes in "free-free" situations (free frequency
analysis) or "flush-free" (frequency analysis).

The calculation of natural vibration mode ignores the
external force and hence the equation of motion can be
written in matrix form as follows:

where:

proprii de vibratie in situatiile ,liber-liber” sau ,incastrat-
liber”.

Calculul modurilor proprii de vibratie nu tine seama de
forta exterioara si deci ecuatia de migcare poate fi scrisa
sub forma matriciala astfel:

[m]{a}+c{u}+[K]{u} -0

unde:

[M] — the mass matrix;
[C] — the damping matrix;
[K] — the stiffness matrix;
U} — the motion vector.

A harmonic solution adopted is of the form:

where @ is the natural vector and ¢ is the natural pulsation.
Substituting the solution into the equation of motion and
simplifying we get:

{u} ={d}sinat
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@
[M] - matricea de masa;
[C] - matricea de amortizare;
[K] - matricea de rigiditate;
{u} - vectorul de deplasare.
O solutie armonica adoptata este de forma:
@)

unde P este vectorul propriu si G pulsatia proprie.
Tnlocuind solutia n ecuatia de migcare si simplificand
se obtine:

(]~ a?[m]fo}

=0 (3)
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The solution of the problem is reduced in terms of
modal analysis to:

The equation (3) becomes:

|.K _C‘fMJ{CDi} =0

withi=1,2,3, ...

Each natural value A :af and natural vector ®.
defines a free vibration of the structure. The relationship
between the natural values A, , the frequencies f, and the

natural pulsations ¢ is:

Equipment used to determinations
For the experimental determinations, we used a
measuring chain made of the following elements:
- accelerometer PCB type, model 353B04, sensitivity
1.011 mV/m/s2;
- measuring amplifier;
- hammer for measurements.
The software settings were:
- for the accelerometer, the high pass filter 1 Hz, FFT
analysis up to 10,000 Hz;
- the FFT analysis has been set to 3200 points of calculation.
It was used the Soudbook integrated system with the
SAMURAI software (SINUS Messtechnik GmbH) specializes
in the measurement and analysis of vibration and noise.
This software is dedicated to data acquisition, signal analysis
and control of various devices and external equipment.
The experimental measurements performed allow us to
compare the first natural frequency with the one determined by
calculation and with the one prescribed in the specifications.
The results obtained with a transducer mounted on the
rear axle in the direction OZ in the middle of the beam are

shown in Figure 3.

Position of the transducer on the axle /
Pozitionarea traductorului pe punte
Fig. 3 - Experimental determinations on the rear axle / Determindrile experimentale efectuate pe puntea spate

In paper [1] there were analyzed the first six vibration
modes of the rear axle analyzed, and the results are
presented in Table 5. The calculation in this case was
done by modelling the assembly, taking into account the
external boundary conditions (stiffness of the tire and the
fixing on the body).

w=yA
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Solutia nebanald a problemei modurilor proprii de

vibratie se reduce din punct de vedere al analizei modale la:

det[K]-a?[M])=0

4
Ecuatia (3) devine:
®)

cui=1,2,3,..

Fiecare valoare proprie A = af si vector propriu &,
definesc un mod de vibrare liber al structurii. Relatia dintre
valorile proprii /]i , frecventele fi si pulsatiile proprii &)
este:

(6)

Aparatura utilizat a pentru determin ari

Pentru determinarile experimentale s-a folosit un lant de
masura compus din urmatoarele elemente:

- accelerometru tip PCB , model 353B04, sensibilitate

1,011 mv/m/s;

- amplificator de masura;

- ciocan pentru masuratori.

Setari soft:

- accelerometru: filtru trece sus 1 Hz, analiza FFTpana la
10000 Hz;

analiza FFT a fost setata pe 3200 puncte de calcul.

S-a utilizat sistemul integrat Soudbook cu aplicatia
SAMURAI (SINUS Messtechnik Gmbh) specializata Tn
masuratori gi analiza de vibratii si zgomote. Acest soft este
dedicat achizitiei de date, analizei semnalelor si comenzii unor
diverse aparate si utilaje externe.

Masuratorile experimentale realizate permit compararea
primei frecvente proprii de vibratie cu cea determinata prin
calcul si cu cea prescrisa n caietele de sarcini.

Rezultatele obtinute cu un traductor montat pe puntea
spate pe directia OZ la mijlocul traversei este prezentata in fig.
3.

A FRTCH1=00mis2 FFT CHI Max=d Smisz

g 2 5 & .8ck:

e

A
h I B LVt
(] Hz 160 200 30 400
The diagram of the measured frequency /
Diagrama frecvenfelor mésurate

In lucrarea [1] au fost analizate primele 6 moduri de
vibratie ale puntii spate analizate, rezultatele obtinute
fiind redate in tabelul 5. Calculul in acest caz s-a facut
cu modelarea ansamblului tindnd cont de conditiile
limita externe (rigiditatile pneului si ale fixarilor pe
caroserie).
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Table 3/ Tabelul 3

The vibration modes of the rear axle analyzed /
Modurile de vibratie obtinute pentru puntea spate analizata

No. of natural vibration mode / Frequency / Modal deformations of the rear axle /
< . ) Frecventa " o
Numarul modului propriu [Hz] Deformatfiile modale ale puntii spate
1 25.00 / 25,09 Symmetrical Ieft/ rlghtvdlsApIacement of the OY axis /
Deplasare simetricd stAnga/dreapta pe axa OY
2 28.27 128,27 Antisymmetrical I_eft/ r|ghtvd|sApIacement of the OZ axis /
Deplasare antisimetrica stdnga/dreapta pe axa OZ
Symmetrical left / right displacement of the OZ axis /
3 28.79/28,79 Deplasare simetricd stanga/dreapta pe axa OZ
4 30.44 130,44 Symmetrical Ie_ft/ rlghtvdlsApIacement of the OX axis /
Deplasare simetricd stanga/dreapta pe axa OX
5 36.60 / 36,60 Symmetrical Ieft/ rlghtvdlsApIacement of the OY axis /
Deplasare simetricd stAnga/dreapta pe axa OY
6 39.85/39,85 Antisymmetrical [eft/ r|ghtvd|sApIacement of the OY axis /
Deplasare antisimetricd stinga/dreapta pe axa OY

RESULTS

REZULTATE
Calculul modurilor proprii s-a efectuat pentru situatia

The natural vibration calculation was performed for the
situation "free-free", considering the first 9 representative
modes of vibration, and the results are presented in Tables
4 and 5. Table 4 shows the natural modes frequency
calculated and Table 5 presents the images of the axle’'s
deformation for the natural vibration modes analyzed.

“liber-liber”, fiind analizate primele 9 moduri de vibratie
reprezentative, rezultatele fiind prezentate in tabelele 4 si
5. Tabelul 4 prezinta frecventa modurilor proprii calculate,
iar tabelul 5 prezinta imaginile deformatiilor puntii pentru
modurile proprii analizate.

The natural vibration modes of the rear axle

Table 4/ Tabelul 4
/ Modurile proprii de vibratie ale puntii spate

No. of natural vibration mode Frequency /
N < - - Frecventa Modal deformations / Deformatiile modale
/ Numarul modului propriu [Hz]
1 36 Axle twist around the axis OY / Torsiunea puntii in jurul axei OY
2 70 Bending in OX/ Flexiune in OX
3 76 Bending in OZ / Flexiune in OZ
4 123 Local modes + twist in OX connecting element /
Moduri locale + flexiune in OX a elementului de legatura

Torsion of the anti-roll bar and of the connecting element around the axis OY /

5 201 ; PR . . :
Torsiunea barei antiruliu si a elementului de legatura n jurul axei OY
Bending in OX of the anti-roll bar and of the connecting element /
6 203 : - AT - N
Flexiune in OX a barei antiruliu i a elementului de legatura
7 202 Bending in OX of the anti-roll bar with double antinode /
Flexiune in OX a barei antiruliu cu dou& ventre
Bending in OX of the connecting element with single antinode /
8 260 . x - o
Flexiunea Tn OX a elementului de legaturd cu un ventru

Bending in OX of the connecting element and the anti-roll bar in phase contrast /
9 273 ] A - e S R . .

Flexiunea in OX a elementului de legaturd si a barei antiruliu in opozitie de fazd

The images of the axle’s deformation for the natura

Table 5/ Table 5
| vibration modes analyzed /

Imaginile deformatiilor puntii pentru modurile proprii de vibratie analizate

No. of natural vibration mode /
Numarul modului propriu

Modal deformations of the axle
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CONCLUSIONS

Analyzing the results it has found that the first mode
of vibration corresponding to a torsion of the axle on
the OY axis occurs at 36 Hz. This calculated value is
superposed on the vibration mode 5 of the axle
assembly (36.6 Hz). This mode of deformation of the
axle corresponds to an antisymmetric movement of the
left / right wheels.

The measured value for the first mode of vibration of
26 Hz is very close to the value of the first mode of
vibration of the whole assembly, of 25.09 Hz. In fact, the
first six modes of vibration of the assembly are in the
range 25 Hz....40 Hz.

REFERENCES

[1]. Petrache Gh., Stoica C., Vieru I., Nicolae V., lvanescu
M. (2008) - Modal analysis of a rear axle assembly using
FEM, Scientific  bulletin, University of Pitesti,
AUTOMOTIVE series, year Xll, no. 17;

[2]. Randall B., Tech B. (1977) - Frequency analysis,
Application of the Briel & Kjaer;

[3]. * * *(2013) RENAULT - documentation;

[4]. * * * (2002) - Basic Dynamic Analysis User Guide,
MacNeal Schwendler Corporation.

90

CONcCLuzIl

Din analiza rezultatelor se constata ca primul mod
propriu de vibratie, ce corespunde unei torsiuni a puntii
dupa axa OY, se produce la 36 Hz. Aceasta valoare
calculata se suprapune peste valoarea modului de vibratie
5 al ansamblului punte (36.6 Hz). Acest mod de
deformare a puntii corepunde unei deplasari antisimetrice
a rotilor stanga / dreapta.

Valoarea masurata pentru primul mod propriu de
vibratie de 26 Hz este foarte aproape ca valoare de primul
mod propriu al ansamblului, respectiv 25,09 Hz. De fapt,
primele 6 moduri de vibratie ale ansamblului se afla in
intervalul 25 Hz....40 Hz.
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Abstract: The paper refers to the study of the impact
behavior of a motor mounting, but at the same time the
calculus method can be used also for the cast parts
used in agricultural machines. The objective of the work
was to simulate the impact behavior of the part, to
highlight its breaking areas. There were performed
several numerical simulations which results were
compared with the experimental measurements
performed on test stands. We used FEM for calculation
and the PAMCRASH application.

Keywords: impact, Finit
Element Method

engine mounting, breaking,

INTRODUCTION

Currently, the validation of automotive components
parts but also of agricultural machinery components are
made using physical tests and model calculations.
Numerical simulations are performed over several phases
of design, allowing confirmation of the results of physical
tests and turning them in pre-valid results during one part
design.

Engine mountings (Fig. 1) belong to the engine and
gearbox suspension system and transmission system
respectively. Because they are weight-bearing for the
engine and the gearbox, the brackets have a robust shape
and a significant weight. They are undergoing to severe
and complex stresses such as successive turns, more or
less tight, and various types of shock (frontal impact, side
impact). These stresses can determine immediate or
gradual deterioration of the structure.

A shock is a collision during which the kinetic energy of
the bodies which collide is wholly or partially converted
into internal energy of at least one of the bodies. This
phenomenon occurs in a very short time, around 100ms.

In numerical models, fracture zones are accurately
correlated with the results of physical experiments only if
the items are as accurately discretized by boundary
conditions [4].

The objective of this paper is to correlate the results of
the impact virtual simulations with the experimental
measurements done in the laboratories.

Meanwhile, will be used more fracture laws associated
with several features of materials and will be integrated in
the calculation of assembled parts, aiming to determine
the law as representative simulating rupture identified in
experimental trials.

engine mounting /
suport motor

Rezumat: Lucrarea se refera la studiul privind comportarea la
impact a unui suport motor, dar in acelasi timp metoda de
calcul poate fi utilizata si pentru piesele turnate utilizate la
masinile agricole. Obiectivul lucrarii a fost sa se simuleze
comportarea la impact a piesei, pentru a pune in evidenta
zonele de rupere ale acesteia. Au fost realizate mai multe
simulari numerice ale caror rezultate au fost comparate cu
determinarile experimentale realizate pe standurile de
incercare. Ca metoda de calcul s-a folosit metoda
elementelor finite, iar ca aplicatie s-a utilizat PAMCRASH.

Cuvinte cheie: impact, suport motor, rupere, metoda
elementelor finite

INTRODUCERE

In prezent, validarea pieselor pentru componentele
auto dar si a componentelor masinilor agricole, se face cu
ajutorul incercarilor fizice si a modelelor de calcul.
Simularile numerice se realizeaza de-a lungul a mai multor
faze de proiectare, permitand confirmarea rezultatelor
incercarilor fizice si transformarea acestora in prevalidari
pe perioada de proiectare a unei piese.

Suportii motor (fig. 1) apartin sistemului de fixare si
suspensie al motorului si cutiei de viteze, respectiv al
sistemului de transmisie. Datorita faptului ca suporta greutatea
motorului si a cutiei de viteze, suportii au o forma robusta si o
greutate semnificativa. Suportii, sunt supusi solicitarilor
complexe si severe cum ar fi virajele succesive, mai mult sau
mai putin stranse, dar si diverselor tipuri de soc (impact
frontal, impact lateral). Aceste solicitari pot produce deteriorari
imediate sau progresive ale structurii.

Un soc este o coliziune in timpul careia energia cinetica a
corpurilor care se lovesc este transformata total sau partial in
energie interna a cel putin unuia dintre corpuri. Acest fenomen
se produce intr-un moment foarte scurt, in jur de 100ms.

In modelele numerice, zonele de rupere sunt corelate
cat mai exact cu rezultatele experimentelor fizice doar
daca elementele sunt discretizate cat mai exact in functie
de conditiile la limita si fixarile utilizate [4].

Obiectivul acestei lucrari este de a corela rezultatele
simularilor  virtuale pentru soc cu masuratorile
experimentale facute in laboratoarele de specialitate.

In acelasi timp, se vor utiliza mai multe legi de rupere
asociate cu mai multe caracteristici de materiale urmand
sa fie integrate in calculul pieselor asamblate, avand ca
scop determinarea legii care simuleaza cat mai reprezentativ
ruptura identificata in incercarile experimentale.

Fig. 1 — The 3D model of the engine mounting / Modelul 3D al suportului motor
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MATERIAL AND METHOD

The traction tests (Fig. 2) are made with a hydraulic
cylinder and a rod placed on the tested part. The test is
done with an uniaxial speed and aimed to assess the
breaking area and the composite breaking force for parts
such as gearbox brackets or engine mountings [1].

INMATEH — Agricubtusal Engineering

MATERIAL S| METODA

Incercarile de tip tractiune (fig. 2) sunt realizate cu un cilindru
hidraulic si o bieleta asezate pe piesa testata. Se realizeaza cu o
viteza de deplasare uniaxiala si au ca scop evaluarea zonei de
rupere si a efortului de rupere compus pentru piese cum ar fi
suportii cutiei de viteze sau suportii motorului [1].

load applied / AT
solicitarea aplicata ':::ﬁ-

[ n

. engine mounting /
suport motor

|
Fig. 2 — The experimental setup used for tensile testing /
Montajul experimental folosit pentru incercarea la tractiune

During the experiments there were performed two
tensile testings: one on the OX-axis (Fig. 3) and the
second one on the OZ-axis (Fig. 4). The engine mounting
is fixed on the bench by 3 screws. An impactor was
positioned at the mounting level, so that the center of
application of the force to be coaxial with the center of the
base. The impactor and the acting hydraulic cylinder are
connected by a connecting rod. This rod allows to protect
the cylinder, to prevent the apparition of a cutting moment
during installation.

Fig.'3 — The experimental setup for testing on OX axis /
Montajul experimental folosit pentru incercarea pe axa OX

Realization of virtual simulations

We used ANSA for preprocessing, PAMCRASH for
analysis and the post-processing was done with
METAPOST application.

Meshing the motor mounting is a very imporatant
phase and can greatly influence the results. As the
element size is larger, the results are far from reality. By
clearing fine elements greatly increase the computation
time. It must then found a compromise between
computation time and the size of the element in order to
achieve optimal effectiveness. [5]

Materials underlying principle fracture modeling.
They contain all the data needed to create the
calculation of fracture. In fact, in addition to applying a
material part, each material characteristics should be
introduced,, such as density, Poisson's ratio, elastic
resistance. The properties of the material used in the
calculation are shown in Table 1.

92

In cadrul experimentelor au fost realizate doua
incercari la tractiune: o incercare dupa axa OX (fig. 3), iar
cea de a doua incercare dupa axa OZ (fig. 4). Suportul
motor este fixat pe banc cu ajutorul a 3 suruburi. A fost
pozitionat un impactor la nivelul suportului, astfel incat
centrul de aplicare al fortei sa fie coaxial cu centrul bazei.
Impactorul si cilindrul hidraulic de actionare sunt conectate
cu ajutorul unei bielete. Aceasta bieleta permite protejarea
cilindrului, pentru a evita aparitia unui moment taietor la
monta;.

Fig. 4 —The experimental setup for testing on OZ axis/
Montajul experimental folosit pentru incercarea pe axa OZ

Realizarea modelelor virtuale

Pentru preprocesare s-a utilizat aplicatia ANSA, pentru
analiza s-a utilizat aplicatia PAMCRASH, postprocesarea
rezultatelor s-a facut cu aplicatia METAPOST.

Discretizarea suportului motor este o faza foarte importanta
si poate influenta enorm rezultatele. Cu cat marimea
elementului este mai mare, rezultatele se indeparteaza de
realitate. Prin compensare, elementele foarte fine maresc
timpul de calcul foarte mult. Trebuie deci gasita o varianta
de compromis intre timpul de calcul si marimea
elementului in scopul de a obtine eficacitatea optima. [5]

Materialele stau la baza modelarii principiului de
rupere. Ele contin toate datele necesare crearii calculului
de rupere. De fapt, pe langa aplicarea materialului pe o
piesa, trebuiesc introduse si caracteristicile proprii fiecarui
material, cum ar fi densitatea, coeficientul Poisson, rezistenta
elastica. Proprietatile de material utilizate in calcul sunt
redate in tabelul 1.
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The properties of the material used in the calculat
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Table 1/ Tabelul 1
ions / Proprietatile de material utilizate in calcul

Symbol / Characteristics / Value / Measurement units /
Simbol Caracteristici Valoare Unitati de masura
E Young modulus / Modulul lui Young 75000 MPa
1] Poisson coefficient / Coeficientul Poisson 0.3/0,3
P Density / Densitatea 2700 Kg/m®
Rp0.2 Elastic limit / Limita de elasticitate 170 MPa
Rm Breaking limit / Limita de rupere 250 Mpa

But if we want to integrate a fracture law in models
then we must add a certain number of coefficients
according to laws which are determined experimentally
and are recovered as a result of tensile tests on samples
of material.

Breaking laws studied:
= EPSILONpmax: 16 type material — used to describe

the deformation of metal parts during numerical

simulations; this law provides a full range of: elastic

criteria and fracture models. Behavior will result in a

deterioration in the level of isotropic plastic

deformation in relation to the maximum plastical

deformation. [2]
=  GURSON: material type 26 - isotropic deterioration

of Gurson type is based on the wall thickening and

joining the parts wall porosity.[2];
= FLECK: material type 35 -

polyurethane and polystyrene [2];
=  KOLMOGOROV-DELL: material type 52 - to this law

shall be 2 different types of fracture: ductile fracture

associated with increased micro-cavities, fracture by
shear;

= EWK (ESI Wilkins Kamoulakos) : Material Type 7 -
the criterion for ductile cast materials, which is
calculated according to the thickness of porosity,
starting from plastic deformation and two functions

representing the state of tension [2].

After achieving the numerical discretization, the model
preparation is just as important. In fact, our goal is to
realize a simple model easely to modify , allowing
simulation of real phenomena recorded on the test bench.
For this reason, the impact simulation programs provide a
wide range of database functions, that can be
incorporated in each analysis to improve the probability of
the calculation — test correlation.

The engine mounting is fixed on the bench by screws.
So, beside applying the force, the mounting will slide up to
come into contact with the screw because the hole is
much larger than the bolt diameters. Therefore, we
performed the modeling of the screw and of the tightening,
because simple use of the rigids will not be representative
and will not simulate the tests. The tightening is modeled
by applying an axial tension on the screw head and,
ideally, an opposite axial tension to simulate the screw
elongation (Figure 5).

works well for

bolt head /
capul surubului

rigid lock /
rigizi de blocare

Dar daca dorim sa integram si o lege de rupere in
modele, trebuie atunci sa adaugam un anumit numar de
coeficienti in functie de legi, care sunt determinati
experimental si care sunt recuperate in urma unor
incercari la tractiune pe esantioane de material.

Legile de rupere studiate:
= EPSILONpmax: material de tip 16 — utilizat pentru a
descrie deformarile pieselor metalice in timpul

simularilor numerice, aceasta lege furnizeaza o

intreaga gama de: criterii elastic si modele de rupere.

Comportamentul sau se va traduce printr-o

deteriorare izotropa in functie de nivelul de deformare

plastica in raport cu deformata plastica maxima [2]
=  GURSON : material de tip 26 — Deteriorarea izotropa

de tip Gurson este bazata pe ingrosarea si unirea

porozitatilor peretilor pieselor [2];
= FLECK: material de tip 35 — functioneaza foarte bine

pentru poliuretan si polistiren [2];
= KOLMOGOROV-DELL: material de tip 52 — pentru

aceasta lege se considera 2 tipuri diferite de rupere:

rupere ductila asociata cu cresterea micro-cavitatilor,
rupere prin forfecare;

= EWK (ESI Wilkins Kamoulakos): material de tip 7 —
criteriu pentru materialele ductile turnate, care se
calculeaza in functie de grosimea porozitatilor,
plecand de la deformarea plastica si doua functii

reprezentative ale starii de tensionare [2].

Dupa realizarea discretizari  numerice, pregatirea
modelului este la fel de importanta. De altfel, obiectivul
nostru este sa realizam un model simplu, usor de modificat,
care sa permita simularea fenomenele reale inregistrate pe
bancul de incercari. Din acest motiv, programele de de
simulare a impactului furnizeaza o gama larga de functii in
baza de date, functii care pot fi incorporate in fiecare analiza
pentru a ameliora probabilitatea corelarii calcul — incercari.

Suportul motor este fixat pe bancul de incercari prin
suruburi. Asadar, in afara aplicarii fortei, suportul va
aluneca pana la intrarea in contact cu surubul deoarece
alezajul este mult mai mare decat diametrele suruburilor.
De aceea, trebuie realizata modelizarea suruburilor si a
unei strangeri, deoarece utilizarea simpla a rigizilor nu va
fi reprezentativa si nu va simula incercarile realizate.
Strangerea se modeleaza aplicand o tensiune axiala pe
capul surubului si, in mod ideal, o tensiune axiala opusa,
pentru a simula alungirea surubului (figura 5).

distributed axial tension /
tensiune axiala distribuita

—

screw f surub

nut and fitting /
piulita si incastrare

Fig. 5. Screw tightening modelling /
Modelarea surubului cu strangere
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RESULTS
Results for the OX axis

In this test case, we observe that the break occurs in
the contact between the shaft and the mounting (Figure
6). In calculations we opted for a "TIED" semi-contact type
(soldering in the direction of force application) and a solid-
solid contact to manage the controlled breaking of the
model elements. Following the virtual simulation, it is
observed that the breaking area corresponds to the
rupture of the test only for type GURSON law. Other types
of fracture laws are not breaking the predictive catch
(Figure 7).
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REZULTATE
Rezutate dupa axa OX

In cazul acestei incercari se observa ca ruperea apare
la nivelul contactului intre ax si suport (figura 6). In calcule
am optat pentru un semi-contact de tip «TIED» (lipire in
directia de aplicare a fortei) si pentru un contact de tip
solid-solid, pentru a gestiona ruperea controlata a
elementelor modelului. In urma efectuarii simularii virtuale,
se observa ca zona de ruptura obtinuta corespunde cu
zona de ruptura de la incercari (figura 7) decat pentru
legea de tip GURSON. Celelalte tipuri de legi nu sunt
predictive prind zona de rupere.

Fig. 6 — The experimental result on OX axis /
Rezultatul experimental obtinut pe axa OX

Breaking load relating to the tests is 36.6 kN (Figure 8).
In simulations, there is a tendency of materials 1 and 16 to
produce very late rupture, 62% and 68% difference found
from testing. 26 material associated to Grunson law allows
us to identify a tensile close to the experimental results
(Figure 9).

Fig. 7 — The simulation result on OX axis /

Rezultatul simularii efectuate pe axa OX

Efortul de rupere in urma incercarilor este de 36,6 kN
(figura 8). In simulari, se observa tendinta materialelor 1 si
16 de a produce ruptura foarte tarziu, 62% respectiv 68 %
ecart constatat fata de incercari. Materialul 26 asociat legii
Grunson ne permite sa identificam un efort de rupere
apropiat de rezultatele experimentale (figura 9).

Tensile fracture testing /
Efort de rupere incercari .
33.6kN

TTTT

Calculated tensile fracture /

Efort de rupere calcul
29,4.6kN

T

[ / =

Déplacraneas (sm S 1
L I I d L I 1

Fig. 8 — The experimental result on OX axis /
Rezultatul experimental obtinut pe axa OX

Results for the OZ axis

In this case we opted for a two- rigid modelling (one for
the bracket element and one for the mounting), connected
by a spring which blocks the translation of the mounting
axis. This modelling is more realistic than a bonding
between the two components (Figure 10).

Mat 1
Mat 16
Mat 26

3% mat 1

3% mat 16

» » x - »

Fig. 9 — The simulation result on OX axis /
Rezultatul simularii efectuate pe axa OX
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Rezultate dupa axa OZ

In acest caz am optat pentru 0 modelare cu doi rigizi
(unul pentru elementul de fixare, altul pentru suport), toate
legate de un arc, care blocheaza translatia pe axa
suportului. Aceasta modelizare este mult mai realista
decat o lipire intre cele doua piese (Figura 10).
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Fig. 10 — The model of the engine mounting on the OZ axis /
Modelul suportului motor dupa axa OZ

As in the previous case, after the virtual simulation, it is
noticed that the rupture corresponds to the rupture area
obtained in the bench tests than for the law GRUNSON
type (Figure 12). Other types of laws are not predictive in
determining the rupture zone.

Fig. 11 — The experimental result on OZ axis /
Rezultatul experimental obtinut pe axa OZ

Breaking load relating to the tests is 19.7 kN (Figure
13). From simulations performed, the same trend is
observed as for the X axis effort. Elastic-plastic material
results are non correlated with our experimental results
which allow us to conclude that for models that include
contacts, 26 material associated Grunson law allows us to
to simulate the experimental tests.

B Tensile fracture testing /
Efort de rupere incercari
19.7kN

TTTT
N
1

1

TTTT
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Fig. 13 — The experimental result on OZ axis /
Rezultatul experimental obtinut pe axa OZ

N

Ca si in cazul precedent, in urma simularii virtuale se
observa ca zona de ruptura corespunde cu zona de
ruptura obtinuta in cadrul incercarilor pe stand decat
pentru legea de tip GRUNSON (figura 12). Celelalte tipuri
de legi nu sunt predictive in determinarea zonei de rupere.

Fig. 12 — The simulation result on OZ axis /
Rezultatul simularii efectuate pe axa OZ

Efortul de rupere in urma incercarilor este de 19,7 kN
(figura 13). In urma simularilor realizate, se observa aceiasi
tendinta ca si in cazul efortului pe axa X. Rezultatele
materialelor elasto-plastice sunt ne corelate cu rezultatele
experimentale ceea ce ne permite sa concluzionam ca
pentru modelele care includ contacte, materialul 26 asociat
legii Grunson ne permite sa sa simulam testele experimentale.

Calculated tensile fracture /
Efort de rupere calcul
22.2 kN

Mat 1

Mat 16
-  Mat26
3% mat 1

3% mat 16

© - » » : w - w - »

Fig. 14 — The simulation result on OZ axis /
Rezultatul simularii efectuate pe axa OZ
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CONCLUSIONS

Following this analysis, there is a premature removal of
elements for material types 16, 35 and 71 due to the high
compression coefficient. Gurson's law only takes into
account the phenomena of frosting between parts.

We can say that the elastic-plastic materials are not
representative of models that take into account contacts
and compressive stresses. The results obtained
demonstrate that the areas split by virtual simulation do not
correspond to areas of strain obtained in experimental
trials.

The material 26 has a good behaviour, irrespective of
the stress type - law of Gurson.
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CONcCLuzIl

In urma acestor analize, se observa o eliminare prematura
a elementelor pentru materialele de tip 16, 35 si 71 ca
urmare a uni coeficient de compresiune ridicat. Doar legea lui
Gurson ia in calcul fenomenele de matuire dintre piese.

Putem afirma ca materialele elasto-plastice nu sunt
reprezentative pentru modelele care iau in considerare
contacte si solicitari de tip compresiune. Rezultatele
obtinute demonstreaza ca zonele de ruptura obtinute prin
simulare virtuala nu corespund cu zonele de ruptura
obtinute in incercarile experimentale.

Un comportament bun al materialului 26 oricare ar fi
tipul de solicitare - legea lui Gurson.
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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 s&
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 scrisa pe intreaga latime a paginii, In text,
acolo unde se face referire, o singura coloana (vezi atasat
model).

REFERINTELE: se fac in text; o referinta identificata prin
intermediul [1], [2], ...[n], se scrie in ordinea Tn care a fost
trecuta la sfarsitul lucrarii - ordine alfabetica.

Exemplu:

(1], [2], [3], .., [n]

Referintele trebuie prezentate la sfarsitul lucrarii n
ordine alfabetica. Articole in curs de pregatire sau articole
trimise spre publicare, observatiile nepublicate, comunicarile cu
caracter personal, etc, nu trebuie incluse Tn lista de
referinta, dar pot fi mentionate in textul lucrarii (exemplu,
A. Danciu, Universitatea din Bucuresti, Romania,
comunicare personald). Autorii sunt pe deplin responsabil
pentru exactitatea referintelor.

Exemple:
Jurnal / Revista

[1]. Nicolescu M.A. (2007) - Proprietdfile relevante ale
combustibililor lichizi alternativi vizafi pentru exploatarea
motoarelor diesel in regim policarburat, INMATEH -
Inginerie Agricola, vol. 27, nr. 1 / 2009, ISSN 1583-1019,
pg. 50-55;

[2]. Pirna I, Nicolescu M., Marin M., Voicea | (2009) -
Alimentarea alternativd a tractoarelor agricole cu uleiuri
vegetale crude, INMATEH - Inginerie Agricola, vol. 29, nr.
3/2009, ISSN 1583-1019, pg. 89-92.

Conferinta / Simpozion

[1]. Bungescu S, Stahli W, Birig S, Vladut V, Imbrea F,
Petroman C (2009) - Cosmos programm used for the
strength calculus of the nozzles from the sprayers,
Proceedings of the 35 International Symposium on Agricultural
Engineering "Actual Tasks on Agricultural Engineering",
Opatija - Croatia, ISSN 1333-2651, pag. 177+184.

Carte

[1]. Viadut V (2009) - Studiul procesului de treier in
aparatul cu flux axial, Editura "Terra Nostra", ISBN 973-
1888-26-8, lasi - Romania.

Capitol din carte

[1]. Viadut V (2009) - Consideratii si ipoteze privind
modelarea unui proces de treier si separare. in: Studiul
procesului de treier in aparatul cu flux axial, Editura "Terra
Nostra", ISBN 973-1888-26-8, pg. 61-69, lasi - Romania.
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Dissertation / Thesis:

[1]. Constantinescu A (2010) - Optimizarea agregatelor
formate din tractoare de putere mare cu masini agricole
pentru pregétirea terenului in vederea insdmantarii. PhD
dissertation, University of Transylvania Brasov, Brasov,
Romania.

Units, Abbreviations, Acronyms

Units should be metric, generally SI, and
expressed in standard abbreviated form.
Acronyms may be acceptable, but must be
defined at first usage.

2. SHORT COMMUNICATIONS

Short Communications are limited to a maximum of two
figures and one table. They should present a complete
study that is more limited in scope than is found in full-
length papers. The items of manuscript preparation listed
above apply to Short Communications with the following
differences: (1) Abstracts are limited to 100 words; (2)
instead of a separate Materials and Methods section,
experimental procedures may be incorporated into Figure
Legends and Table footnotes; (3) Results and Conclusions
should be combined into a single section.

3. REVIEWS

Summaries, reviews and perspectives covering topics of
current interest in the field, are encouraged and accepted
for publication. Reviews should be concise (max. 8 pages).
All the other conditions are similar with regular articles.

Disertatii / Teze de doctorat

[1]. Constantinescu A (2010) - Optimizarea agregatelor
formate din tractoare de putere mare cu masini agricole
pentru pregétirea terenului in vederea Tnsdmantdrii. Teza
de doctorat, Universitatea Transilvania Brasov, Brasov,
Romaénia.

Unitati, Abrevieri, Acronime

unitatile metrice trebuie sa fie, In general, SI, si
exprimate n forma prescurtata standard;
acronimele pot fi acceptate, dar trebuie sa fie
definite la prima utilizare.

2._COMUNICARILE SCURTE

Comunicarile scurte sunt limitate la maxim 2 figuri si un
tabel. Acestea trebuie sa prezinte un studiu complet, care
este mai limitat decat in cazul articolelor normale (de
dimensiuni mai mari). Elementele de pregatire a articolelor
normale (manuscriselor) enumerate mai sus se aplica si la
comunicarile scurte, cu urmatoarele diferente: (1) Rezumatul
este limitat la 100 cuvinte; (2) capitolele Materiale si
Metode, Procedurile experimentale pot fi scrise impreuna,
incorporand figurile si tabelele; (3) Rezultatele si
Concluziile pot fi combinate intr-o singura sectiune.

SINTEZELE

Sintezele, comentariile si perspectivele acoperind subiecte
de interes din domeniu sunt incurajate si acceptate spre
publicare. Sintezele trebuie sa fie concise si nu mai mari 8
pagini. Toate celelalte conditii sunt similare cu cele de la
articolele normale (obisnuite), enumerate mai sus.
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