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Abstract: The paper presents the kinematic analysis of
mechanism which drives the eccentric separator
comprised by the technical equipment of harvesting
Miscanthus rhizomes, where the positions, speed and
accelerations of component elements, are determined.

The kinematic analysis of the mechanism which drives the
eccentric separator allows to identify the functional and
constructive parameters which have to be operated for
improving the mechanism structure and performance.
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INTRODUCTION

Within the crop technology of Miscanthus energetic
plant, rhizomes harvesting represents one of the most
important operations, which greatly influences the quality of
seeds , necessary to establish a new crop.

Majority of technical equipment for harvesting the root
vegetables generally, comprises extracting working parts
and separating working parts. In case of tehnical
equipment with fix inclined blade-type extracting working
parts, the harvesting quality is mainly influenced by the
separating parts.

Therefore, knowing the kinematic parameters of these
separating parts, represents an objective necessary to be
fulfilled for constructively and functionally optimize the
respective equipment..

The technical equipment for harvesting Miscanthus
rhizomes (fig. 1) comprises a separator with eccentric
driven by a quadrilateral mechanism formed of handle,
connecting rod and balance lever, represented by
separator’s rods.

Eccentric separator (fig. 2) is designed to clean by
shaking and transport the extracted Mischantus rhizomes
towards the machine rear part. The machine comprises
two oscillating grates which take over the soil dislocated
mass together with the rhizomes and an oscillating
mechanism with eccentric which performs an optimum
vibratory effect so that the soil detaches from rhizomes
and falls between the grate rods.

Fig. 1 - Equipment for harvesting Miacanthus rhizomes, ERM

Rezumat: Lucrarea prezintd analiza cinematicd a
mecanismului de actionare a separatorului cu excentric aflat
in componenta echipamentului tehnic de recoltare a rizomilor
de Miscanthus, in care sunt determinate pozitiile, vitezele si
acceleratiile elementelor componente.

Analiza cinematicd a mecanismului de actionare a
separatorului cu excentric permite identificarea parametrilor
functionali i constructivi asupra carora sa se actioneze in
scopul optimizarii constructiei si functionarii acestuia.

Cuvinte cheie: analizd cinematica, studiu numeric, separator
cu excentric, optimizare, parametrii functionali si constructivi

INTRODUCERE

In cadrul tehnologiei de cultura a plantei energetice
Miscanthus, recoltarea rizomilor reprezinta una din cele mai
importante operatii [1], [2], [3], [5], [6]. [7], [9] cu influenta
majora asupra calitati materialului saditor, necesar infiintarii
unei noi culturi.

Majoritatea echipamentelor tehnice de recoltat
radacinoase, in general, au in componenta organe de
dislocat si organe de separat. In cazul echipamentelor
tehnice cu organe de dislocat de tip lama inclinata fixa,
calitatea lucrarii de recoltare este influentata preponderent
de organele de separare.

In acest context, cunoasterea parametrilor cinematici
ai acestor tipuri de organe de separare, reprezinta un
obiectiv necesar a fi indeplinit in scopul optimizarii
constructive si functionale a echipamentelor respective.

Echipamentul tehnic de recoltare a rizomilor de
Miscanthus (fig. 1) are in componenta un separator cu
excentric actionat prin intermediul unui mecanism
patrulater format din manivela, biela si balansier,
reprezentat de vergelele separatorului.

Separatorul cu excentric (fig. 2) este destinat pentru
curafirea de pamant, prin scuturare si transport a rizomilor
de Miscanthus dislocati, spre spatele masinii. Acesta are
in componentd doua gratare oscilante care preiau masa
de sol dislocata impreuna cu rizomii si un mecanism
oscilant cu excentric care realizeaza un efect vibrator
optim astfel Tncat solul sa se desprinda de rizomi si sa
cada pe sol printre vergelele gratarului.

Fig. 2 - Eccentric separator
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MATERIALS AND METHODS MATERIALE $1 METODE
Mechanism of driving the eccentric separator as a Mecanismul de actionare a separatorului cu excentric,
component of technical equipment for Miscanthus parte componenta a echipamentului tehnic de recoltat
rhizomes harvesting, is a quadrilateral mechanism (fig. 3) rizomi de Miscanthus, este un mecanism patrulater (fig. 3)
made of handle 1, rod 2, balance lever 3 and four rotation compus din: manivela 1, biela 2, balansierul 3 si patru
couplings (R). cuple de rotatie (R).
V!

Fig. 3 - Scheme of quadrilateral mechanism which drives the eccentric separator

Point B coordinates are: Coordonatele punctului B sunt:
Xy, = AB -COS @,
i @
y, = AB-sing,
Speed and accelerations of point B are obtained by Vitezele si acceleratiile punctelor B se obtin prin
differentiation related to time derivarea n raport cu timpul:
Vi =—AB -, -sing,
Vy, = AB - @, - COS @,
) @
a, =—AB-w -cose,
a,, =—AB -/ -sing,

For 3R modular group made of connecting rod 2, Pentru grupa modular 3R formata din biela 2,
balance lever 3 and rotation couplings B,C and D, it can be balansierul 3 si cuplele de rotatie B, C si D se poate
written: scrie:

AB+BC =AD+DC ®3)

We are designing this vector equation on coordinates Proiectam aceastd ecuatie vectoriala pe axele de
axes and obtain the equation system: coordonate si obtinem sistemul de ecuatii:

BC-cos¢, —CD-cos¢g, —(x; —X,) =0
. . 4
BC -sing, —CD-sing, —(yy —¥,) =0
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Linear equation system, in unknown @ si @3, can be
the ¢s angle between the two

solved by eliminating
equations of non linear system:

{

The following notations are made

{kzxd—xb
h=Ys =¥

The equation system will be:

{

We are raising to square the two equations:

We are summing up the two equations and obtain:

The following notations are made:
a=2-
b=2-

The circular function equation is obtained:

b-singp,+a-cosg, +c=0

Solution of circular function equation is

sing,

cos @,

Cos @,

Rotation angles of connecting rod and balance lever are
sing,

9o,
oS,

sing,

sing, =
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Sistemul de ecuatii liniare, in necunoscutele @, si @3, se
pot rezolva prin eliminarea unghiului @3 intre cele doua
ecuatii ale sistemului neliniar:

BC -cos¢, — (X, —X,) =CD-cos¢,

5
BC -sing, - (y, - ¥,) =CD-sing, ©
Se fac urmatoarele notatji:
(6)
Sistemul de ecuatji va fi:
BC -cos¢, —k =CD - cosg,
7
BC-sing, —-h=CD-sing, @
Ridicam la patrat cele doua ecuatii:
BC?-cos’ ¢, +k*—2-BC -k -cosg, = CD? - cos® ¢, ©
8
BC?-sin®¢#, +h*> —2.BC -h-sing, = CD?-sin’ ¢,
Adunam cele doua ecuatii si obtinem:
BC? +k?+h?-2-BC-k-cosg, —2-BC-h-sing, =CD? ©)
Se fac urmatoarele notatji:
BC -k
BC-h (10)
c=BC?-CD?+k?*+h?
Se obtin ecuatia trigonometrica:
11)
Solutia ecuatjei trigonometrice este:
_b-c-ava®+b®-c?
a’ +b?
_a-c+bva®+b®-c’
a’+b? (12)
BC -sing, —h
CD
_ BC-cosg, -k
CD
Unghiurile de rotatie ale bielei si balansierului sunt:
@, = arctg(p,) (13)
@, =arctg(e,) (14)

9o, =
COS @,
For determining the angular speed of rod and balance
lever, the equation system is derived from relation (4) in
relation with time:

Pentru determinarea vitezelor unghiulare a bielei si
balansierului se deriveaza sistemul de ecuatii din relatia (4)
n raport cu timpul:

—BC-¢2~sin¢2 +CD~¢3Sin¢3 =k

(15)

BC ~¢2-005¢2 —CD~¢3 COS @, = h
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Where: unde:
K=Xd—X,
(16)
h=ys= Yy
Matrix of unknowns coefficients is Matricea coeficientilor necunoscutelor este:
—BC -sing, CDsing,
17)

w =
BC -cosg, —CD-cosg,

1 EREENTTS SEE (@) [ Unamms @, § @ o B Sistemul de ecuatji (15) in necunoscutele @, si @,

2120 £ (MEENE O [MHEEE AEI EN0E 2L v el se rezolva folosind metoda matricii inverse si se obtine:

o LIk
l=w? (18)
D3 h
For determining the angular accelerations, the equations Pentru determinarea acceleratiilor unghiulare se
(15) are derived in relation with time and we obtain: deriveaza in raport cu timpul ecuatiile (15) si se obtine:

2

—BC-¢,-sing, — BC -, cosg, + CD- ¢, sing, + CD- ¢ cosp, =k

2 . (19)
BC - ¢, -cosp, —BC -, sinp, —CD-g,sing, +CD- ¢’ sing, =h
Where: unde:
k=%, — X
d b 20)
h=y,— Y,
The following notations are made : Se fac urmatoarele notatii:
A, =k+BC-p?—CD-p? cosg,
(21)
A, =h+BC - ¢ sinp,—CD - ¢’ sing,
System of equations (19) becomes: Sistemul de ecuatji (19) devine:
—BC -sing, -p,+CD-sing, -p, = A
(22)
BC-cosg, -p,—CD-cosg, -, = A,
System of linear equations in unknowns (/','2 and ¢3 is Sistemul de ecuatji liniare in necunoscutele ¢, si )
solved by inverse matrix method: se rezolva cu metoda matricii inverse:
?,
=wt 212 (23)

2
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For C rotating torque, the position, velocity and
speed are determined with relations:

angular

RESULTS

Kinematic analysis is based on a series of values
considered constant, representing the actual dimensions of
the handle, connecting rod, balance lever, respectively A
and D rotating torque positions. Considering the origin of
the coordinate system XAY in point A, we will have the
following constants:

AB=0.013 m;

BC=0.456 m;

CD=0.329 m;

Xg=0.135 m;

Yq¢=-0.43 m.

Kinematic analysis for the quadrilateral mechanism
was performed using a program developed in MathCad 14.

In order to limit the data volume that would result by
calculating the kinematic parameters in each crank
position (0...360°) were considered 37 intermediate
positions, in which position 1 and 37 are equivalent and
correspond to O respectively 360°.Therefore, it will be
determined the kinematic parameters in these intermediate
points while kinematic analysis will be achieved by
reference to the mentioned positions.

The AB handle separator of the acting mechanism is
driven by hydraulic engine coupled to the tractor hydraulic
system. For numerical simulation using the mentioned
computer program, was considered an average hydraulic
motor shaft speed of 250 rot/min. The variation of velocity
components of point B on the axis of coordinates
depending on the angle of rotation @1 (crank position) is
shown in Figure 4.

0.4

10 30 40

V,, =CD- ;- COs @,
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Pentru cupla de rotatie C se determina pozitia, viteza si
acceleratia unghiulara cu relatiile:

X, = X4 +CD-cosg,
y. =Yy +CD-sing,

Ve = —CD- ¢3'Sin D3

(24)

a,, =-CD-p2-cosg, —CD- ¢, sing,

a,, =—CD- ¢} sing, +CD - ¢, cosp,

REZULTATE

Analiza cinematica are la baza o serie de valori
considerate constante, reprezentand dimensiunile reale
ale manivelei, bielei, balansierului, respectiv pozitiile
cuplelor de rotatie A si D. Considerand originea sistemului
de coordonate XAY in punctul A, vom avea urmatoarele
constante:

AB=0,013 m;

BC=0,456 m;

CD=0,329 m;

Xq¢=0,135 m;

Yd:-0,43 m.

Analiza cinematica a mecanismului patrulater s-a
efectuat cu ajutorul unui program realizat in MathCad 14.

Pentru a limita volumul mare de date care ar fi rezultat
prin calcularea parametrilor cinematici in fiecare pozitie a
manivelei (0...360°), s-au considerat 37 de pozitii
intermediare, in care pozitia 1 si 37 sunt echivalente si
corespund valorii de 0 respectiv 360°. Ca urmare, se vor
determina parametrii cinematici in aceste puncte
intermediare iar analiza cinematica se va realiza prin
raportare la pozitiile amintite.

Manivela AB a mecanismului de actionare a
separatorului este actionata prin intermediul motorului
hidraulic cuplat la instalatia hidraulica a tractorului. Pentru
simularea numerica utilizand programul de calcul amintit,
s-a considerat o valoare medie a turatiei la axul motorului
hidraulic de 250 rot/min. Variatia componentelor vitezei
punctului B pe axele de coordonate in functie de unghiul
de rotatie @1 (pozitia manivelei) este prezentat in figura 4.

0.4

10 30 40

Fig. 4 - Variation of component velocity at point B

Absolute velocity of point B has a value of 0.340 m/s.

The connecting rod BC rotates with angle @,. Changes
in the rotating angle of the connecting rod on the crank
position shown in Figure 5.

77

Viteza absoluta a punctului B are valoarea 0.340 m/s.

Biela BC se roteste cu unghiul ¢,. Variatia unghiului de
rotatie a bielei in funciie de pozifia manivelei este
prezentata in figura 5.
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Fig. 5 - Variation of the rod BC rotating angle

Maximum value of rotating angle @,= - 1.978 rad is
obtained for the position i = 19 (rotation of the crank with
@1 = 3.142 rad) when the crank is in the horizontal position
at 180 degrees. The minimum value of the angle of
rotation of the rod ¢, = - 2.04 rad corresponds to position 1
or 37 (crank rotation with @; = 0 rad or 6283 rad) when the
crank is in the horizontal position at 0 or 360 degrees.
Changes in the angular velocity of the rod w; and ¢
angular acceleration of the rod are shown in Figure 6.

1

0.5

0 10 20 30 40

Valoarea maxima a unghiului de rotatie ¢, = - 1.978
rad se obtine pentru pozitia i=19 (rotatia manivelei cu ¢ =
3.142 rad) atunci cand manivela se afla in pozitia
orizontala, la 180 grade. Valoarea minima a unghiului de
rotatie a bielei ¢, = - 2.04 rad corespunde pozitie 1 sau 37
(rotatia manivelei cu @1 = 0 rad sau 6.283 rad) atunci cand
manivela se afla in pozitia orizontala, la 0 sau 360 grade.
Variatia vitezei unghiulare a bielei w. si acceleratiei
unghiulare €, a bielei este prezentata in figura 6.
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Fig. 6 - Variation of rod angular velocity and acceleration / Variatiei vitezei si acceleratiei unghiulare a bielei

Figure 7 shows the variation in the speed component of
point C of on axes of the connecting rods and the speed
variation point C in Figure 8 depending on the position of
the crank.

0.03

0.02

0.01

Ve 0
- 0.01
-0.02
—-0.030

10 20 30 40

Tn figuré 7 se prezinta variatia componentelor vitezei
punctului C al bielei pe axele de coordonate iar in figura
8 variatia vitezei punctului C in functie de pozitia
manivelei.

0.4

10 20 30 40

Fig. 7 - Variation of velocity components of point C
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Fig. 8 - Variation of absolute velocity of point C

It is observed that the extreme positions of point C
correspond to position i = 7 and i = 34 of the crank, speed
of point C having the minimum v = 0.026 m / s and
maximum ve = 0.372m /s

Se observa ca pozitile extreme ale punctului C

corespund pozitiilor i= 7 si i= 34 ale manivelei, viteza

punctului C avand valoarea minima v, = 0.026 m/s
respectiv maxima ve = 0.372 m/s.

3.08 ya

3.06] - -

3.04
0 10

Fig. 9 - Variation in the rotating angle of balance wheel

Maximum rotation angle value is @3 = 3.132 rad, the
minimum value @3 = 3.047 rad and the variation of this
angle is 0.085 rad. These values correspond to the
extreme positions of the point C.

Variation in velocity and angular acceleration of
balance lever is shown in Figure 10.

2

Valoarea maxima a unghiului de rotatie este ¢z = 3.132
rad, valoarea minima @3 = 3.047 rad iar variatia acestui
unghi este de 0.085 rad. Aceste valori corespund pozitiilor
extreme ale punctului C.

Variatia vitezei si acceleratia unghiulara a balansierului
este prezenta in figura 10.

40

207N

Fig. 10 - Variation of angular velocity and acceleration balance lever
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CONCLUSIONS

Through kinematic analysis program of mechanism
operating the eccentric separator can be determined
positions, velocities and accelerations components.

Velocities can be analytically determined by the two
axes of the considered coordinate system as well as the
absolute velocities of points Band C,inm /s

Also, can be determined the maximum and minimum
rotation angle ¢, which can be correlated with the
positions of the crank at a certain moment.

Variation of rotating angle @3 between the maximum
and minimum, provide information regarding extreme
positions of point C, respectively the amplitude and
oscillation frequency of the balance lever, allowing the
identification of functional and constructive parameters
having to be adjust in order to optimize the construction
and operation of the separator with eccentric.
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CONCLUZII

Prin intermediul programului de analizd cinematica a
mecanismului de actionare a separatorului cu excentric, se
pot determina pozitiile, vitezele si acceleratiile elementelor
componente.

Se pot determina analitic atat vitezele pe cele doua axe
ale sistemului de coordonate considerat, cat si vitezele
absolute ale punctelor B si C, in m/s.

De asemenea, se pot determina valorile maxima si
minima a unghiului de rotatie ¢,, putand fi corelate cu
pozitile manivelei la un anumit moment.

Variatia unghiului de rotatie @3, intre valoarea maxima
si minima, furnizeaza informatii privind pozitiile extreme ale
punctului C, respectiv amplitudinii si frecventei de oscilatie
a balansierului, permitand identificarea parametrilor
functionali si constructivi asupra carora sa se actioneze in
scopul optimizarii constructiei si functionarii separatorului
Cu excentric.
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