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Abstract: In order to assure the optimum operating
conditions for the combine of harvesting thick stem
plants, the constructive and kinematic parameters of
windrower part performing the stems cut driving,
evacuating and transporting to the feeding apparatus,
are explained.
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INTRODUCTION

Efficiency of operating system of combine designed to
thick plants harvesting (corn, sorghum saccharate,
sunflower) depends on the quality of a whole series of
technological phases. Cutting part parameters are
explained in paper [1]. Also, the argumentation of
parameters of element performing cut stems driving,
evacuating from the row and transporting to the feeding
apparatus is of a great importance.

MATERIALS AND METHODS

In order to appropriately cut and securely driving with
reduced energy consumption the stem should be cut
and completely introduced within the disc driving space
before contacting the working surface of driving tooth.
When the drum tooth top contacts the stem, the
correlation between the combine speed Vcom and drum
angular speed want should meet the following condition:
the stem must penetrate the driving space at equal or
bigger distance than its diameter, before being touched
by the next tooth wall (fig.1). In this case, the combine
will run the distance:

Rezumat: Pentru asigurarea condifilor optime de
functionare a combinei de recoltat plante cu tulpini groase
sunt argumentati parametrii constructivi si cinematici ai
organului vindroverului, care executd antrenarea,
evacuarea din rAnd si transportarea tulpinilor taiate cétre
aparatul de alimentare.
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INTRODUCERE

Eficienta functionarii combinei de recoltat plante cu
tulpini groase (porumb, sorg zaharat, floarea soarelui)
depinde de calitatea executarii a unui sir intreg de faze
tehnologice. Parametrii organului de tdiere sunt
argumentati in lucrarea [1]. Nu mai putin importanta este
argumentarea parametrilor organului, care executa
antrenarea, evacuarea din rand si transportarea tulpinilor
taiate catre aparatul de alimentare.

MATERIALE $1 METODE

Pentru tdierea ireprosabila si antrenarea sigura cu
consum redus de energie este necesar ca tulpina, pana a
intra in contact cu suprafata de lucru a dintelui de
antrenare, sa fie taiata si introdusa complet in spatjul de
antrenare al discului. Din momentul contactului varfului
dintelui din tambur cu tulpina, corelatia dintre viteza
combinei Vcom $i viteza unghiulara a tamburului  @ant
trebuie sa corespunda urmatoarei conditii: tulpina pina sa
fie atinsa de peretele urmatorului dinte trebuie sa intre in
interiorul spatiului de antrenare la distanta egala sau mai
mare decat diametrul acesteia (fig.1). In acest caz
combina va parcurge distanta:

Tj\tcom

Fig. 1 — Scheme of driving and evacuating the stem from the row

S=i+d
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Where:
1is the stem curving; d — stem diameter.

For running the distance S, the time period is
necessary.

S
T=—=

V,

com

Concomitantly, at the same period of time the drum
will rotate at angle (fig.1):

0—«o

where z is the drum teeth number; r — stem radius ; R —
drum radius. Then, the time necessary for driving the
stem will be equal.

0—-«a
10)

ant

T=

As the stem diameter d of corn, sorghum is much
smaller than drum diameter (dmax ~30...40 mmM<<Dmin
~550 mm), and plants stems curving in normal
conditions approches 0 (i—0), formula (2,4) of time
period simplifies:

27 r
= _arctg——
Z

27 r
=(—-arctg——)/
( 9 ) Oun
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Unde:
1 este incovoierea tulpinii; d — diametrul tulpinii.

Pentru parcurgerea distantei S este necesara durata
de timp:

r+d
\Y

)

Concomitent, in aceeasi perioada de timp tamburul se
va roti la unghiul (fig.1):

®)

3

R—r
unde z este numarul de dinti ai tamburului; r — raza
tulpinii; R — raza tamburului. Atunci perioada de timp
necesara pentru antrenarea tulpinii va fi egala:
_i+d

V

com

(4)

Deoarece diametrul tulpinii d al porumbului, sorgului
este mult mai mic decaT diametrul tamburului (dmax
~30...40 mm<<Dpin #550 mm), iar Tncovoierea tulpinilor
plantelor mentionate in conditile normale se apropie de 0
(i—0), formule (2,4) a duratei de timp se simplifica:

27V,
T= on sauz = i de unde VC& = d sau ZWy, = com ®)
Za)ant com Za)am 272' d

As a general rule, if the stem is placed between the
drum teeth when starting the cutting, the constructive and
kinematic parameters ratio should correspond to:

Zaw,, <

Immediately after the stem cutting, it is necessary to
consecutively perform the following operations:
evacuating the stem from the row, moving, reorienting
from vertical position to horizontal one and its driving
towards the relevant assembly rollers. When running a
distance of 1 meter, the combine windrower has to cut
plant stems (corn, saccharate sorghum, sunflower etc.) in
each row and within the period of time 1" =1/V¢om.

RESULTS

Evacuation of stems in row. Having in view the
request of an operative evacuation of the stems from the
row, each tooth of driving-evacuating drum should
transport at the most one plant for each row (fig.1). In this
case, for evacuating the stems the drum will rotate with
an angle which value will be:

22V, /d

Pentru cazul general, cand tulpina Tn momentul initierii
taierii se afla intre dintii tamburului, raportul parametrilor
constructivi si cinematici trebuie sa corespunda:

(6)

Imediat dupa taierea tulpinii este necesar de efectuat
consecutiv urmatoarele operatiuni: evacuarea tulpinii din
rand, deplasarea, reorientarea din pozitia verticala in cea
orizontala si antrenarea acesteia catre tavalugii
ansamblului respectiv. La parcurgerea distantei de 1
metru liniar vindroverul combinei trebuie sa taie m tulpini
de plante (porumb, sorg zaharat, floarea-soarelui etc.) in
fiecare rand si in perioada de timp 1" =1/Vcom.

REZULTATE

Evacuarea tulpinilor din rand. Avand in vedere
cerinta evacudrii operative a tulpinilor din rand, fiecare
dinte al tamburului de antrenare-evacuare trebuie sa
transporte maximum céte o planta din fiecare rand (fig.
1). Tn acest caz pentru evacuarea m tulpinilor tamburul se
va roti la un unghi, a carui valoarea integrala va fi:

._ 27
0=2" .m ()
Z
where z is the number of teeth on drum disc; m — unde z este numarul de din{i pe un disc al tamburului; m

number of harvested stems in a row at 1 linear meter. For
achieving the angle above ¢, the disc needs a similar
period of time:

T =¢lw,
where @an: is the angular speed of driving drum.
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— numarul de tulpini recoltate ntr-un rand la 1 metru
liniar. Pentru a parcurge unghiul mentionat ¢ discul are
nevoie de aceiasi perioada de timp:
w=2mmlza,,, ®)

unde oan este viteza unghiulara a tamburului de antrenare.
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Operative evacuation of stems from the row requires
that the drum runs the angle @ within a less period of
time than the time necessary for the combine to cross 1
linear meter distance, namely:

2m/ zm,,, <1/V_,

ant —

From inequality (9) results that, for operatively
evacuating the stems in row, the drum constructive and
kinematic parameters ration should be:

>

ZW ant =

Respecting both efficient operating conditions of
windrower (safely driving the stems to the drum teeth and
evacuating them) determines the drum driving parameters
as follows:

27NV ;M =< Zw

For efficiently driving the stems requires that the drum
teeth pitch (fig.1) be:
p_ 2r(R—-r)

z

and circular speed of drum

V=0 m(R I’) assures the displacement period from

a tooth to another contacting the stem within a greater
period of time than the necessary for cutting a stem:

2T™MVeom
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Evacuarea operativa a tulpinilor din rdnd necesita ca
tamburul sa parcurga unghiul ¢” intr-o perioada de timp
mai mica, decét cea necesara combinei pentru a traversa
distanta de 1 metru liniar, adica:

9)

Din inegalitatea (9) reiese, ca pentru evacuarea
operativa a tulpinilor din rand raportul parametrilor
constructivi si cinematici ai tamburului trebuie sa fie:

(10)

Respectarea ambelor conditii de functionare eficienta
a vindroverului (antrenarea sigura a tulpinilor de catre
dintii tamburului si evacuarea operativa a lor din rand)
determina parametrii tamburului de antrenare in felul
urmator:

<2nV.

ant —

o /d (11)

Conditia antrenarii eficiente a tulpinilor impune ca
pasul dintilor din tambur (fig.1)

p_ 2z(R-1) si
z

viteza circulara a tamburului

V=0 m(R I’) sa asigure durata deplasérii de la un

dinte pana la altul din contact cu tulpina intr-o perioada
de timp mai mare decéat cea necesara pentru taierea unei

27(R—r o 2n(R-r
2z(R=1) )/ @, (R-r tulpini: 2z(R-1) )/a)ant(R_r >
Z com Z com
lw,, <272V, /d 12)
where R, r represents the drum radius and unde R, r reprezinta raza tamburului si respectiv a

respectively the stem radius (r =d/2).

The last inequality (12) confirms the correctness of
formula (11) and allows to set the dimensions of driving
space of drum disc.

Stems evacuation and driving. As mentioned before,
during the working process, the drum teeth perform a
complex movement: they rotate along with the drum with

angular speed W, and moves with the combine with

linear speed Vcom (fig.2).

Taking into account the recommendations [2], [3], from
the scheme shown (fig. 2) can be obtained the ecuations
of displacement of different points of evacuating disc:

tulpinii (r=d/2).

Ultima inegalitate (12) confirma corectitudinea formulei
(11) si permite precizarea dimensiunilor spatiului de
antrenare a discului din tambur.

Plenitudinea evacudrii si antrendrii tulpinilor. Dupa

cum s-a mentionat anterior, in procesul de lucru dintii
tamburului efectueazd o miscare complexa: se rotesc
impreuna cu tamburul cu viteza unghiulara @, si se misca
consecvent liniara
V., (fig.2).

Tindnd cont de recomandari [2], [3], din schema
prezentata (fig. 2) pot fi obfinute ecuatiile deplasarii
diferitor puncte ale discului de evacuare:

impreuna cu combina cu viteza

the tooth AB: Y, =V -7, +R sine,,7;, X, = Rcosa,,7;. (13)
Yg =V, 7 + (R=D)sinw,,7,, X; =(R-b)cosw,,r (14)

the tooth CD: Y, =V .7, +(R-b)sine,,7,, X, =(R-b)cosm,,r, (15)
Yo =V, +R sinw,, 7, X, =Rcosw,,7,, (16)

where R is the drum radius; b — tooth working width.
Scheme analysis (fig. 2) demonstrates that efficient and
complete evacuation of stems can be reached when

Y,Al ZYC1 Taking into consideration the necessity of

diminishing the energy consumption, the variant is optimum
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unde R este raza tamburului; b — Iatimea de lucru a dintelui.
Analiza schemei (fig. 2) demonstreaza ca antrenarea
si evacuarea eficienta si completa a tulpinilor poate fi In

cazul cand YA& ZYCl . Luénd in consideratie necesitatea

minimizarii consumului de energie, este optima varianta
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when YAl = Yc1 . In this case:

INMATEH — icultural

cand YA1 = YCl .In acest caz:

g, Oy = 71 200, an
T 2 T m+4r  w(d+17)
L= loy=(C+)oy=r"+— = = (18)
2 = (o1 Wyyy (2 z ) @y 20, IO 210, 210,
From formulae (13, 15) it follows: Din formulele (13, 15) urmeaza:
YH =VcomL+ Rsin Oy —— = ﬂvcom +R,
2 ant ZC()am Za)ant
7(4+12) . 7(4+1)
Yo, =Von ——+(R=b)sine,, ——= 19)
G com 22a)am an zza)am
Neom | R ZMHR_MWM
2a)ant Zzwant

ratio between the
®,,,) parameters

Ecuation (19) describes the
constructive (R,b,z) and kinematic (V

com?
of windrower in case of safe evacuation of stems in row.
After modification the ecuation (19) has the following
form:

2NV

Ecuatia (19) descrie raportul
constructivi (R,b,z) si cinematici (V

com?

dintre parametrii
@,,,) @ vindroverului

pentru cazul evacuarii sigure a tulpinilor din rand. Dupa
modificare ecuatia (19) are urmatorul continut:

. 7m(4+z .2 7
e _ g (R=-b)sin Z4*2) _r_(R-b)sin(ZZ+ %) (19)
200, z 2
If we note the angular pitch between the drum disc teeth Insemndm pasul unghiular dintre dintii  discului
27 _ g, then: tamburului 27 _ 0, atunci:
z z
27V . T . b
——com = R—(R-b)sin(@+=) sau =—<" —7.|R—(R-b)sin| §+= ||,
Za)ant 2 ant 2
. Vs
Vo R—(R-b)sin(8 +§)
O 0 (20)
From the obtained equations (20) results, that Din ecuatiile obtinute (_20)_ reiese, ca majourarga vitezei
increasing the combine displacement speed Viom de deplasare a combinei Veom necesita, in cazul

requires, in case of fixed constructive parameters (z, R,
b) a relevant increment of drum angular frequency
@, ¢ - More rationally would be to determine values of
parameters z, R, b and speed J,,,;, which assures the
complete driving and evacuation of stems according to
translation speed of combine Vcom.

Degree of driving the stems in the drum lateral space.
The windrower rotative disc below ensures the stems
cutting according to rotation angle ¢ from 0tor (fig.2).
Rotative drum, placed above the cutting disc, can
perform the efficient driving of stems when the angle is
narrower (O<e<m). This range may be precised by
analyzing the scheme of stems driving (fig.3). From the
scheme mentioned it results that for driving a stem of d
diameter, at a certain moment, it is necessary that the
distance between projections on x axis (perpendicular on
combine moving direction) of two close teeth tops be
bigger than stem diameter:

parametrilor constructivi ficsi (z, R, b) o marire respectiva
a vitezei unghiulare D, a tamburului. Mai rationala
insa este determinarea valorilor parametrilor z, R, b si a

a)ant ’

evacuarii tulpinilor in diapazonul de lucru al vitezei de
translatie a combinei Vcom.

Diapazonul de antrenare a tulpinilor in spatiul lateral al
tamburului. La vindrover discul rotativ de jos asigura
taierea tulpinilor in diapazonul unghiului de rotatie ¢ de la
0 pana la  (fig.2). Tamburul rotativ, amplasat deasupra
discului de taiere, poate executa antrenarea eficienta a
tulpinilor Tn diapazonul mai Thgust al unghiului (O<p<m).
Acest diapazon poate fi precizat, analizand schema
antrenarii tulpinilor (fig.3). Din schema mentionata reiese,
ca pentru antrenarea la momentul dat a unei tulpini, care
are diametrul d, este necesar ca distanta dintre proiectiile pe
axa x (perpendiculara direciiei de miscare a combinei)
varfurilor a doi dinti vecini sa fie mai mare decéat diametrul
tulpinii:

vitezei care asigura plenitudinea antrenarii si

64
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X.—X,=R cos(a)amr — 2_”) —Rcosw,,r)d, cos(w,,r—6)—Cosw,,r) %
z

sau c0os(p — @) —cos ) (:g .

C1 A1 B1

(21)

Fig. 2 - Scheme of movement of stem evacuating and driving drum

Knowing the values of stems diameter d, of drum
constructive parameters (radius R, angular pitch & of
teeth), can be calculated the angle ¢ determining the
minimum driving conditions of stems, position of lateral
and central dividers .

Action of forces acting in stems driving and evacuating.
Previous analysis of processes of cutting, driving and
evacuating the stems in the windrower was based on
kinematic and constructive parameters. For assuring the
windrower efficient operation, it is necessary to analyze
the forces acting on stems and respectively on
windrower working parts (study of process dynamics).
As previously mentioned, during the working process
the combine moves with the translation speed Vcom,
and windrower working parts co-axially placed, rotate
at different speed: lower cutting disc — by speed ax,
upper drum with discs for stems evacuating — by speed
@ant-

Previous calculations based on formula (11) demonstrate
that drum linear rotation speed will be up to 5m/s [5].
Therefore, cutting speed value (Vi 230 m/s) is much higher
than driving speed value (Vi>>Vany).

The complex operating process of windrower consists in
following stages:

a) cutting (stem is subjected to cutting disc action and, in
certain cases, during a short period of time,to lower driving
disc; in this stage, the stem remains connected to the
root);

65

Cunoscand valorile diametrului tulpinilor d, ale
parametrilor constructivi ai tamburului (raza R, pasul
unghiular @ al dintilor), se poate calcula unghiul ¢ care
determina conditii minime de antrenare a tulpinilor, pozitia
divizorilor laterali si a celui central .

Actiunea fortelor in procesul de antrenare si evacuare a
tulpinilor. Analiza precedentd a proceselor de taiere,
antrenare si evacuare a tulpinilor in vindrover a fost bazata
pe parametrii cinematici si constructivi. Pentru asigurarea
functionarii eficiente a vindroverului este necesara analiza
fortelor, care actioneaza asupra tulpinii si respectiv asupra
organelor de lucru ale vindroverului (studiul dinamicii
procesului).

Dupa cum s-a mentionat anterior, in procesul de lucru
combina se deplaseaza cu viteza de translatie Vcom, iar
organele de lucru ale vindroverului amplasate coaxial
executa miscare de rotatie cu diferite viteze: discul inferior
de taiere — cu viteza @, tamburul superior cu discuri
pentru antrenarea si evacuarea tulpinilor — cu viteza @ant.

Calculele  prealabile 1n baza formulei (11)
demonstreaza, ca viteza liniara de rotatie a tamburului va
fi de pa&na la 5m/s [5]. Prin urmare, valoarea vitezei de
taiere (Vi 230 m/s) este mult mai mare decét cea a vitezei
de antrenare (Vi>>Vany).

Dupa cum reiese din descrierea modelului fizic,

procesul complex de functionare a vindroverului consta din
urmatoarele etape:
a) taierea (tulpina este supusa actiunii discului de taiere si,
in unele cazuri pe o perioada scurta, dintelui discului
inferior de antrenare; la etapa aceasta tulpina ramane in
legatura cu radacina);
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Fig.3 - Scheme of stem lateral driving to the drum teeth

b) driving (the cut stem is placed in inner space between
the drum teeth and is driven by cutting disc and drum
teeth);

c) evacuation (the stem is in the same space as teeth
and is subdued to drum teeth).

As the first stage, practically does not influence the
driving-evacuating process, we shall analyze the forces
applied to stem in the following two stages. The stem,
immediately after the cutting is in vertical position within
the space between the drum (fig.4) and is subjected to
action of following forces: gravity force P(P =mg), force of
stem friction on the cutting disc towards the rotation
movement F(F = fP). force of inertia
F.(F, =ma,), determined by combine translation
movement by speed V_ . Under these forces action the
stem begins a complex movement: simoultaneously,
towards the cutting disc rotation and rotation pin. As a
result, the reactive forces appear: respectively, inertia
forces F,(F,, =ma,) and friction forces F,(F, = f,P).
After initiating the stem movement, subjected to force Fl
the centrifugal force appears F., (Fi=mo%R).
Angular speed @, of stem foot is the same as the cutting
disc speed (in terms of direction) @,, but @, has a
smaller value, which depends on the friction coefficient f;.
Ratio of forces I:Ctf si F,, determines the direction and
value of friction force F», which is always inversely to the
stem movement direction and maintains its position.

If projecting the forces above on axes XY the
following results will be obtained:

axa X > F=F,

axY—at first stage
_ t
Fi2 - F2 + cf

axY —at final stage may be (if)

ma, = f,mg+mw; R,

b) antrenarea (tulpina taiata se afla in spatiul interior intre
dintii tamburului de antrenare si este actionata de discul
de taiere si dintii tamburului);

c) evacuarea (tulpina se afla in acelasi spatiu si sub
actiunea preponderenta a dintilor tamburului).

Deoarece prima etapa practic nu influenteaza asupra
procesului de antrenare-evacuare, vom analiza fortele
aplicate asupra tulpinii Tn urmatoarele doua etape.
Tulpina imediat dupa taiere se afla in pozitia verticala in
spatiul dintre dintii tamburului (fig.4) si este supusa
actiunii urmatoarelor forte: gravitationala P(P =mg), de
frecare a piciorului tulpinii pe discul de taiere in directia
rotatiei F(F, = f,P), de inertie F,(F, =ma,),
cauzata de miscarea de translatie a combinei cu viteza
V- Sub actiunea acestor forte tulpina incepe o miscare
complexa: simultan in directia rotatiei discului de taiere
si spre axa de rotatie. Drept rezultat apar fortele reactive:

respectiv de inertie F,(F,=ma,) si de frecare
F,(F, = f,P). Dupa initierea deplasarii tulpinii sub

F1 apare forta centrifugala Fctf,

actiunea fortei

(F. =mw’R). Viteza unghiulards ®, a piciorului
cf = pt . 9 pt p

tulpinii coincide dupa directie cu viteza discului de taiere

@, , insa a)pt are o valoare mai mica, care depinde de

coeficientul de frecare f;. Raportul forelor Fctf si F,
determina directia si valoarea fortei de frecare F;, care
totdeauna este indreptata impotriva directiei de miscare
a tulpinii si serveste pentru mentinerea pozitiei acesteia.

Proiectarea fortelor mentionate pe axele X)Y da
urmatoarele rezultate:

fimg=ma, fg=a, (22)

axY— at first stage
a, = fg+w}R,

axaY —la etapa finala poate fi (in cazul daca )

F.+F,=F;. ma+fmg=mo’R; a,+ f,g=w’ R, 0’ R=a,+a,, (23)

where m is stem mass, g — acceleration of natural fall;
aj,a;— acceleration of stem towards the circular direction

unde m este masa tulpinii, g — accelerarea de cadere
libera; a;,a, — accelerarea tulpinii in directia circulara si
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and respectively to the combine direction; f; — coefficient
of friction of stem on cutting disc surface; any— angular
speed of stem foot on the cutting disc; R — radial
coordinate of stem placement.

In the second driving stage the stem foot approches
the rear surface of tooth (fig. 4 b). In this case, the
following forces act upon the stem: gravity force P,
centrifugal force F2"(F2" =ma?,R), friction force of
stem foot on the cutting disc F,, F,and tooth rear
surface F,(F, = f;R, cosa), reactive force Riwhere
@,y is the angular speed of stem and driving drum, f3 —
coefficient of friction, & — angle between the tooth rear
surface and centrifugal speed vector.

Because of friction force F, |existing when acting the
cutting disc, the energy consumed is of a power of:

N = FlR(a)t_a)ant)i

where @; 0, is angular speed of cutting disc and

respectively of driving drum.

Reducing energy consumption is possible, if the
stem foot will detach from cutting disc surface and
support on the lower driving disc. In this case, the
centrifugal force F2"™and friction forces Fs of upper
stem parts act on surface of contact of driving drum
teeth.

Following the analyses of schemes (fig. 4) it results
that the danger of untimely throwing the stem away
from the driving space, comes from centrifugal forces
F:f (at first stage, when supporting the stem on cutting
disc) and Fc?m(at second stage, when the stem is
supported on drum). Force Fctf may have higher
values in comparison with force Fc?m because of
bigger speed of cutting disc.

Diminishing the negative effect of centrifugal forces
can be obtained by the following methods:

- Reducing the friction coefficient f; of stem foot on the
cutting disc and respectively the angular speed ay;

- Increasing the translation speed of the combine Vcom
and respectively of inertia force Fi;

- Maintaining the optimum range of drum rotation
speed, drum assuring the vegetal matter efficient
evacuation, by avoiding an early pushing out;

- Using on rear surface of lower disc teeth driving
particular profile which interromps the stem foot
evacuation [2];

- Creating the conditions of going up and supporting
the stem foot on rear surface of teeth, by assuring
the minimum gap between the lower disc and cutting
disc, cutting the faces on rear surface [2];

- Ultilization of guiding bars of stems within the driving
and evacuating space.
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respectiv In directia deplasarii combinei; f; — coeficientul
de frecare a materialului tulpinii pe suprafata discului de
taiere; wp— viteza unghiulara a piciorului tulpinii pe discul
de taiere; R — coordonata radiala de amplasare a tulpinii.

In faza a doua de antrenare piciorul tulpinii se apropie
de suprafata din spatele dintelui (fig. 4 b). In acest caz
asupra tulpinii actioneaza urmatoarele forte:

gravitationala P, centrifugala F:"(F2™ =mew’ R), de

frecare a piciorului tulpinii pe discul de taiere F , F, si pe
suprafata din spatele dintelui F,(F, = f,R, cos«), reactiva

Ry, unde o,

de antrenare, f3 — coeficientul de frecare, & — unghiul
dintre suprafata din spate a dintelui si vectorul vitezei
centrifugale.

Din cauza existentei foriei de frecare F, la actionarea

este viteza unghiulara a tulpinii si tamburului

discului de taiere se consuma energie a carei putere
este:

(24)

unde @, W, este viteza unghiulara a discului de

taiere si respectiv a tamburului de antrenare.

Reducerea consumului de energie este posibila, daca
piciorul tulpinii se va desprinde de la suprafata discului
de taiere si se va sprijini pe discul inferior de antrenare.
n acest caz asupra tulpinii actioneaza forta centrifugala
F;‘”‘g,i fortele de frecare F3; ale piciorului, partilor
superioare ale tulpinii pe suprafetele de contact ale
dintilor tamburului de antrenare.

Din analiza schemelor (fig. 4) reiese, ca pericolul
expulzarii inainte de vreme a tulpinii din spafiul de
antrenare provine de la for{ele centrifugale Fc‘f (la prima
etapa n cazul sprijinului tulpinii pe discul de taiere) si
FC?m (la etapa a doua, cand tulpina este sprijinita pe
tamburul de antrenare). Forta Fctf are posibilitatea de a
avea valori mai inalte in raport cu forta C";‘mdin cauza
vitezei mai mari a discului de taiere.

Minimizarea efectului negativ al forielor centrifugale
poate fi ob{inuta prin urmatoarele metode:

- reducerea coeficientului de frecare f; a piciorului
tulpinii pe discul de taiere si respectiv a vitezei
unghiulare wp;

- majorarea vitezei de translatie a combinei Vcom Si
respectiv a forei de inertie Fi;

- mentinerea in diapazonul optim a vitezei de rotatie a
tamburului de antrenare, care asigura antrenarea si
evacuarea eficientd a masei vegetale fara
expulzarea ei Tnainte de termen;

- utilizarea pe suprafata din spate a dintilor discului
inferior de antrenare profilului special, care frAneaza
expulzarea piciorului tulpinii [2];

- crearea conditiilor de urcare si sprijinire a piciorului
tulpinii pe suprafata din spate a dintelui prin
asigurarea jocului minim dintre discul inferior de
antrenare si discul de taiere, tdierea fatetelor pe
suprafata din spate [2];

- utilizarea tijelor de ghidare a tulpinilor in spatiul de
antrenare si evacuare.
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Fol 1

Fig. 4 - Scheme of forces acting on windrower stems
a) initial phase; b) final driving phase

Driving the stem by means of guiding bar. During a
drum rotation cycle, it is necessary to meet two different
conditions (fig.5):

a) after cutting, as recently mentioned, in the upper
sectors |, Il have to be created the conditions appropriate
for a safe driving and displacement of stems by drum
teeth;

b) after the stems, vegetal wastes arriving in windrower
feeding chamber (sector 1), they have to leave the drum
teeth to the feeding rollers.

From the scheme presented (fig.5) comes out that one
of main conditions for the correct operating of windrower
is to assure the stem driving within the inner space of
tooth, when stem cross section diameter is on disc edge..
In this case, the forces acting on stem are
perpendicularly on working surfaces of guiding bar (force
N1) and tooth (forta Ny).

Displacement of stem in driving space results in
friction forces appearing:

F1=Ni-f,

where fi,f; are the friction coefficients of stem on working
surface of guiding bar and respectively of drum tooth.

For determining the conditions of driving the stem
between drum tooth and guiding bar, we project on axes
X,Y the forces applied:

axis X: N, -siny =F +F, -cosy

axisY: N, =N, -cosy+F, -siny sau N, =N, -cosy+N, - f,-siny

Displacement of stem within the drum space imposes
that: N, -siny > N,-f,+N,- f,-cosy.

Using in the last inequality, the value N, from formula
(27), we obtain after modification:

F2=N-f2 ,
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Antrenarea tulpinii cu ajutorul tijei de ghidare. Pe
durata unui ciclu de rotatie a tamburului de antrenare -
evacuare a tulpinilor este necesar de respectat doua
conditji cu totul diferite (fig.5):

c) dupa taierea tulpinilor, dupa cum s-a mentionat
recent, trebuie de creat Tn sectoarele anterioare I, Il
conditii pentru antrenarea si deplasarea sigura a tulpinilor
de catre dintii tamburului;

d) dupa nimerirea Tn camera de alimentare a
vindroverului (sectorul 111), tulpinile, resturile vegetale ale
buruienilor trebuie sa elibereze complet dintii tamburului
si simultan sa fie antrenate de catre tavalugii de
alimentare.

Din schema prezentata (fig.5) reiese, ca una din
principalele conditi pentru functionarea eficienta a
vindroverului este asigurarea antrenarii tulpinii in spatiul
interior al dintelui atunci c¢ind diametrul sectiunii
transversale a tulpinii se afld pe periferia discului. in
acest caz asupra tulpinii actioneaza forte, indreptate
perpendicular pe suprafetele de lucru a tijei de ghidare
(forta N1) si a dintelui (forfa N2 ).

Deplasarea tulpinii in spatiul de antrenare are drept
consecinta aparitia fortelor de frecare:

(25)

unde fi,f.  sunt coeficienti de frecare a tulpinii pe
suprafata de lucru a tijei de ghidare si respectiv a dintelui
tamburului.

Pentru determinarea conditiilor de antrenare a tulpinii
intre dintele tamburului si tija de ghidare, proiectam pe
axele X,Y fortele aplicate:

(26)

@7

Deplasarea tulpinii in interiorul spatiului tamburului
impuneca: N, -siny >N, - f, +N, - f,-cosy

Utilizind n ultima inegalitate valoarea N, din formula
(27), obtinem dupa modificare:
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siny>cosy-f,+ f,-siny-f +f,-cosy

tgy>fi+f-f,tgy+ 1, tgy@—f-f,)>f,+f, gy >

Because f, =tge;,
angles), we obtain:

f, =t9¢,(@,,p, - (friction

tgy(L-t9¢ t90,) 2 9,90, tgy

It results that, for safely driving and moving the stem
within the drum with diminished energy consumption, it is
necessary that the coefficients of friction f,, f, should be
reduced, and angle } between the working surfaces of
guiding bar and permanent drum tooth be higher than
@, + @,sum. At the same time, the working width of
driving space ban (fig. 5) should meet the following condition:

b, > 2d

where duwp is stem diameter; diq — diameter of guiding
bar.

Ejecting the stems from the drum. Taking into
account the forces and speed applied on the stem (fig.
5), as well as the condition that the minimum distance is
on axis X, the ejecting plates upper part (cleaning) should
be placed at the end of sector II.

We shall analyze the conditions of evacuating the
stems from the drum in sector Il (fig.5). Forces

Nl,NZ,Fl,FZ’ applied on stem in this sector are

identical with those from sectors |, Il. Projecting the
forces above on X,Y axes gives the results:

. e+,
1-t9¢, 199,
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1—f,-f,

Deoarece fl =19¢,, f2 =199, (9,0, -

unghiuri de frecare), obtinem:

=tg(p, +,), 720+, (28)

De aici reiese ca, pentru antrenarea sigura si deplasarea
tulpinii Tn interiorul tamburului cu consum redus de
energie, este necesar ca coeficientji de frecare f,, f, sa fie

micsgorati, iar unghiul ¥ dintre suprafetele de lucru a tijei
de ghidare si a dintelui tamburului permanent sa fie mai
mare decat suma @, + @, . Totodata, latimea de lucru a
spatiului de antrenare ban: (fig. 5) trebuie sa corespunda

urmatoarei conditji:

+d (29)

tulp tg !
unde dip este diametrul tulpinii; dig — diametrul tijei de
ghidare.

Expulzarea tulpinilor din tambur. Luand in calcul
fortele si vitezele aplicate asupra tulpinii (fig. 5), precum
si conditia ca distanta minima dintre doua tambururi este
pe axa X, inceputul placilor de expulzare (curatire)
trebuie sa fie amplasat la terminarea sectorului Il.

Vom analiza conditiile expulzarii tulpinilor din tambur

in sectorul Ill (fig.5). Fortele N,,N,,F,F, aplicate
asupra tulpinii Tn acest sector, sunt identice celor din

sectoarele |, Il. Proiectarea fortelor mentionate pe axele
X,Y da urmatoarele rezultate:

axis X — Na2siny=F1+F;cosy, axis Y — N1=N; -cosy+F»siny

Formulae obtained are similar to formulae (26), (27),
which allows to conclude: safe stems evacuation is
performed if the angle ) between the working surfaces
of drum teeth and ejecting plates is bigger than the sum
of stem friction coefficients on respective working
surfaces (¥ > @, + @,) .

For increasing the probability of ejecting the stems and
vegetal wastes, it is necessary that the length of area
where teeth and plates interact be maximum.

Taking into consideration the fact that the angle
between the working surfaces of driving teeth and vector
of combine translation speed V¢m changes from 90°
when entering the sector 11l (fig. 5) up to 0° when leaving
sector lll, the ejecting plates along of area of teeth will be
inclined towards the optimum speed vector Vcom. This will
allow to maintain the optimum condition of evacuation
(formula 28) and to increase the length of ejecting
contact of stems in sector Il (&>4&, fig.5 b). Plates may
have right linear or curvelinear shape. For assuring the
appropriate evacuation conditions of vegetal matter on
the whole length of area where teeth interact with plates,
the last ones should be convex.

For ensuring of favorable conditions for vegetal mass
expulsion on the entire length of the interaction between
the driving teeth and the expulsion plates, the plates
shape must be convex. Based on the expulsion scheme
of the stalks (Fig. 5) can be calculated the duration of the
expulsion:
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Formulele obtinute coincid cu formulele (26), (27),
ceea ce permite sa se traga urmatoarea concluzie:
expulzarea sigura a tulpinilor se efectueaza daca unghiul
Y dintre suprafetele de lucru ale dintilor tamburului si
placilor de expulzare va fi mai mare decat suma
coeficientilor de frecare a tulpinii pe suprafatele de lucru
respective (¥ > @, +@,) .

Pentru majorarea probabilitatii de expulzare a tulpinilor
si resturilor vegetale este necesar ca lungimea zonei de
interactiune a dintilor si placilor sa fie maximal posibila.

Luand 1in consideratie faptul ca unghiul dintre
suprafetele de lucru ale dintilor de antrenare si vectorul
vitezei de translatie a combinei V¢om se schimba de la 90°
la intrare Tn sectorul lll (fig. 5) pana la 0° la iesire din
sectorul lll, placile de expulzare pe lungimea contactului
cu dintii de antrenare vor fi inclinate spre vectorul vitezei
Veom. Aceasta a permite mentinerea conditiei optime de
expulzare (formula 28) si majorarea lungimii contactului
de expulzare a tulpinilor in sectorul Ill (&>é&, fig.5 b).
Placile de expulzare pot sa aiba forma dreptliniara sau
curbiliniara.

Pentru asigurarea conditjilor favorabile de expulzare a
masei vegetale pe toata lungimea interactiunii dintilor de
antrenare si placilor ultimele mai bine sa fie de forma
convexa. In baza schemei de expulzare a tulpinilor (fig. 5)
se poate calcula durata expulzarii:
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from which results the ratio of the expulsion durations for

the angles &,&: f _ %1
17} 2
Because &>&, consequently »>n1. stalks travel speed
across the surface from the front of the driving tooth is
equal to:

Vv

ep

ant
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, (30)

de unde reiese raportul duratelor de expulzare pentru

unghiuri &,&: B _ %1 .
[ 2
Deoarece &>&, prin urmare n>7n. Viteza deplasarii
tulpinilor de-a lungul suprafetei din fata dintelui de
antrenare este egala:

b (31)

A-A

13%

Fig. 5 - The placement scheme of guiding rods of stalks and plates for cleaning the teeth

It is obvious that Vexp2<Vexp1, Which for & favors the
expulsion of the stems.

The geometrical parameters of driving drum in the
vertical plane also affect the conditions of evacuation of
the stalks.

As mentioned, in the process of expulsion on the stalk
act the frictional forces between the working surfaces of
the expulsion plates and teeth. For the compensation of
these forces on the stalk are applied the normal forces N.
Under the action of forces N (fig. 5c) occurs the bending
of stalks, whose value can be determined from the
strength of materials formula.

1=
where | — is the distance between the expulsion plates;
S — clearance between the plate and tooth in the vertical
plane; E — the elasticity modulus; | — the moment of

inertia of the cross-section of the stalk; F — actuation
force.

Minimization of stalk bending is welcomed for its
expulsion and it is possible, as demonstrates the formula
(32), first of all, by reducing the friction forces and
respectively of driving forces F (dependent on the the
normal forces), of the clearance S and the increase the
moment |, that depends on the geometrical parameters of
the cross-section of the stalk (for example, for: the round

4
o Z (D" ~d*)
64 64
where D,d — the outer diameter and respectively inner of

shape — | = , tubular shape — | =%
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Este evident c@ Vexp2<Vexp1,
favorizeaza expulzarea tulpinilor.

Parametrii geometrici ai tamburului de antrenare in
planul vertical de asemenea influenteaza conditiile de
evacuare a tulpinilor.

Dupa cum s-a mai mentionat, in procesul expulzarii
asupra tulpinii actioneaza foriele de frecare cu
suprafetele de lucru a placilor de expulzare si a dintilor.
Pentru compensarea acestor forfe asupra tulpinii se
aplica fortele normale N. Sub actiunea fortelor N (fig. 5¢)
se produce fincovoierea tulpinilor, a carei valoare se
poate determina din formula cunoscuta in rezistenta
materialelor

ceea ce pentru &

2 2
FIS®(L-S/1)* @2
3ElI
unde | — este distanta dintre placile de expulzare; S —

jocul dintre placa si dinte in planul vertical; E — modul de
elasticitate; | momentul de inertie a sectiunii
transversale a tulpinii; F — forta de actionare.

Minimizarea incovoierii tulpinii este binevenita pentru
expulzarea ei si este posibila, dupa cum demonstreaza
formula (32), Tn primul rénd prin reducerea fortelor de
frecare si respectiv a fortelor de actionare F (dependente
de fortele normale), jocului S si majorarea momentului |,

care depinde de parametri geometrici ai sectiunii

transversale a tulpinii ( de exemplu, pentru: forma

rotunda — | _ D | tubulara — I =7 (D*-d*), unde Dd
64 64

— diametrul exterior si respectiv interior al sectiunii
transversale a tulpinii).
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the cross-section of the stalk).

The distance | between the plates influences less the
bending of stalk, at the same time with the simultaneous
reduction | and S takes place the essential decrease of
bending 7. The minimum value of the clearance S is
determined by the technological possibilities of windrover
manufacturing. The distance | depends primarily on the
thickness & of the driving teeth, which in its turn is
determined by the need to ensure the rigidity of the disk
and the exclusion of cutting the stalk (6>8; where &- is the
thickness of the tooth with which it starts cutting the of
stalks). According to the data [6], the optimal thickness of
the blade knife is 0.02 ... 0.04 mm, being allowed 0.1
mm. According to the preliminary results, in order to
obtain enough rigidity the minimum thickness of the
driving disk must be at least 3 ... 4 mm, that is 30 ... 40
times higher than allowable value for cutting. Therefore,

the distance | > 6, + S, -

As mentioned, at the stage of stalks movement in the
sector Il (fig.5) it is necessary to concomitantly perform
their expulsion from the drum and reorient from the
vertical to the horizontal position. Therefore, distance L
between the driving teeth (fig. 4) must be enough to
assure the change of the stalk position from vertical to
the horizontal one. Angle a of inclination of the stalk will
depend on the drum geometrical parameters in the
following way:

ga =

where d is the diameter of the stalk, han— the height of
the stalk driving.

More favorable conditions for the reorientation of
stalks provide inclination in the vertical plane of the drum
teeth (the angle o fig. 4b; 5c) and of the expulsion plates

(the angle B, fig. 5d). In this case the foot of the stalk
comes out faster from the drum and arrives by its lifting
between the supplying rollers.

Inclination of surfaces referred improves not only the
conditions for the reorientation of stalks, but also for their
expulsion because size and the profile of cross section of
the stalk in the plane of interaction and plates of the drum
teeth and the expulsion plates (fig. 5a,b)change. The
round shape of the the cross section (fig. 5a) changes
into ellipsoidal (fig. 5b). Therefore, it increases the area
of the section and respectively the moment of inertia I,
the resistance to bending. Concomitantly changes the
position of the points of application of the normal forces
N1, N2 (points B,C, fig. 3.13b), favoring the expulsion of
stalks.

CONCLUSIONS

1) For ensuring the conditions for qualitative cutting,
driving safely and operative evacuation of all of stalks
into windrover with the vertical axis of rotation of the
working bodies, was established the dependence
between the agrotechnical parameters of the stalks (the
diameter, the number m to 1 meter in the row), the
constructive parameters (the number of teeth of the drum
z) and kinematic parameters (combine speed Vcom, the
speed of rotation of the driving drum wan). There have
been determined the positions of the lateral dividers and
of the central one in relation to the driving drum in order
to obtain reliable driving of the stalks.

2) The analysis of the forces acting on the stalk in the
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Distanta | dintre placi influenteaza mai putin asupra
Tncovoierii tulpinii, totodata cu reducerea simultana | si S
are loc diminuarea esentjald a incovoierii i. Valoarea
minima a jocului S este determinata de posibilitati
tehnologice de confectionare a vindroverului. Distanta |
depinde in primul rind de grosimea & a dinfilor de
antrenare, care la rindul sau este determinata de
necesitatea asigurarii rigiditatii discului si excluderii taierii
tulpinii (6>8; unde & este grosimea dintelui, cu care se
incepe taierea tulpinilor). Conform datelor [6], grosimea
optima a lamei cufitului este 0,02...0,04 mm, se admite
0,1 mm. Conform rezultatelor prealabile, pentru obtinerea
rigiditatii suficiente grosimea minima a discului de
antrenare trebuie sa fie de cel putin 3...4mm, adica de
30...40 ori mai mare decit valoarea admisibila pentru
taiere. Prin urmare, distanta 1 >4, + S, -

Dupa cum s-a mai mentionat, la etapa miscarii
tulpinilor in sectorul Il (fig.5) este necesara concomitent
expulzarea lor din tambur si reorientarea din pozitia
verticala in cea orizontald. Pentru aceasta distanta L
dintre dintii de antrenare (fig. 4) trebuie sa fie suficienta
pentru asigurarea schimbarii pozitiei tulpinii din verticala
in cea orizontald. Unghiul o de inclinare a tulpinii va
depinde de parametrii geometrici ai tamburului in felul
urmator:

L-d

: (33)

ant

unde d este diametrul tulpinii, han— Tnaltimea antrenarii
tulpinii.

Conditii mai favorabile pentru reorientarea tulpinilor
asigura inclinarea in plan vertical a dinfilor tamburului
(unghiul o fig. 4b; 5c) si placilor de expulzare (unghiul 8,
fig. 5d). In acest caz piciorul tulpinii iese mai repede din
tambur si nimereste prin ridicarea sa intre tavalugii de
alimentare.

inclinarea suprafetelor mentionate imbunatsteste nu
numai conditile pentru reorientarea tulpinilor, dar si
pentru expulzarea lor, deoarece se schimba marimea si
profilul  sectiunii transversale a tulpinii in planul
interactionarii dinilor tamburului si placilor de expulzare
(fig. 5a,b). Forma rotunda a sectiunii transversale (fig. 5a)
se schimba in elipsoidala (fig. 5b). Prin urmare, se
mareste suprafata sectiunii si respectiv. momentul de
inertie |, rezistenta la fincovoiere. Concomitent se
schimba pozitia punctelor de aplicare a fortelor normale
N1, N2 (puncte B,C, fig. 3.13b), favorizand expulzarea
tulpinilor.

CONCLUzII

1) Pentru asigurarea conditilor de taiere calitativa,
antrenare sigura si evacuare operativa a tulpinilor din
rind in vindrover cu axa verticald de rotatie a organelor
de lucru, s-a stabilit dependenta dintre parametrii
agrotehnici ai tulpinilor (diametrul, numarul m la 1 metru
liniar in rind), parametrii constructivi (numarul de dinfi ai
tamburului z) si cinematici (viteza combinei Vcom, viteza
de rotatie a tamburului de antrenare want). Au fost
determinate pozitiile divizorilor laterali si a celui central in
raport cu tamburul de antrenare cu scopul obfinerii
antrenarii sigure a tulpinilor.
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windrover has shown that the danger of untimely
expulsion of the stalk from the area of driving comes from
the centrifugal forces. Methods are proposed to minimize
the negative influence of centrifugal forces. For safely
driving and moving of the stalk inside the drum with low
energy consumption is required that the coefficients of
friction of the stalk on the surfaces of drum teeth f, and of
guiding bars f1 to be minimal, and the angle y between
the working surfaces of the guiding bar and of the drum
tooth to be permanently greater than the sum @1 +¢,. Also
the working width of the driving space (the working length
of the driving tooth) must be greater than or equal to the
sum of two diameters of stalk and a diameter of the
guiding rod.

3) The reliable expulsion of the stalks in the reception
chamber is performed,if the angle y between the the
working surfaces of the drum teeth and the expulsion
plates is greater than the sum of the coefficients of
friction of stalk on the respective working surfaces
(y>p1t+¢2). For increasing the probability of expulsion of
stalks and of vegetal remains it is necessary that the
length of the zone of interaction of the teeth and plates to
be the maximum possible. The convex shape of the
expulsion plate provides favorable conditions for vegetal
mass expulsion on the entire length of the interaction of
the driving teeth and the plates.

4) The expulsion of stalks from the drum and their
reorientation from the vertical to the horizontal position
inside the reception chamber depend on the the
constructive parameters not only in the horizontal plane
but also in the the vertical one (angles of inclination of the
drum teeth a and of the expulsion plates ). The angles a
and B change the size and the profile of (from round in
the ellipsoidal) of the cross section of the stalk in the
plane of the drum teeth and plates interaction, changes
the position of the points of application of the normal
forces, favoring the expulsion of stalks from drum in the
reception room of the windrover.
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2) Analiza fortelor care actioneaza asupra tulpinii n
vindrover a demonstrat ca pericolul expulzarii nainte de
vreme a tulpinii din spatiul de antrenare provine de la
fortele centrifugale. Sunt propuse metode de minimizare
a influentei negative fortelor centrifugale. Pentru
antrenarea sigura si deplasarea tulpinii in interiorul
tamburului cu consum redus de energie este necesar ca
coeficientii de frecare a tulpinii pe suprafatele dintilor
tamburului f2 si tijelor de ghidare f1 sa fie minimi, iar
unghiul y dintre suprafetele de lucru tijei de ghidare si a
dintelui tamburului sa fie permanent mai mare decat
suma ¢i+¢p. Totodata, latimea de lucru a spatiului de
antrenare (lungimea de lucru a dintelui de antrenare)
trebuie sa fie mai mare sau egalda cu suma a doua
diametre ale tulpinii si un diametru al tijei de ghidare.

3) Expulzarea sigura a tulpinilor in camera de receptie se
efectueaza, daca unghiul vy dintre suprafetele de lucru
ale dintilor tamburului si placilor de expulzare va fi mai
mare decét suma coeficientilor de frecare a tulpinei pe
suprafatele de lucru respective (y=pi+¢2). Pentru
majorarea probabilitdti de expulzare a tulpinilor si
resturilor vegetale este necesar ca lungimea zonei de
interactiune a dintilor si placilor sa fie maximal posibila.
Forma convexa a placii de expulzare asigura conditii
favorabile pentru expulzarea masei vegetale pe toata
lungimea interactiunii dintilor de antrenare si placilor.

4) Expulzarea tulpinilor din tambur si reorientarea lor din
pozitia verticala in cea orizontala in camera de receptie
depind de parametrii constructivi nu numai n plan
orizontal, dar si in cel vertical (unghiuri de inclinare a
dintilor tamburului a si placilor de expulzare ). Unghiurile
a si B modificd marimea si profilul (din rotund in
elipsoidal) sectiunii transversale a tulpinii in planul
interactionarii dintilor tamburului si placilor de expulzare,
schimba pozitia punctelor de aplicare a fortelor normale,
favorizénd expulzarea tulpinilor din tambur in camera de
receptie a vindroverului.
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