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Abstract: It is well know that the drums with elstic
fingers besides their remarkable constructive and
functional characteristics (design simplicity, high
operation reliability, light weight, adaptability to varied
working conditions) have a big drawback: relatively
low working capacity specific to low forward speeds.
To increase capacity, while maintaining quality idexes
at admissible rates (low loss material feed, to avoid
separation leaves and inflorescence stems of the
plants and eliminate contamination of feed material
with ground) is necessary to find solutions to increase
the active area of elastic fingers during the raking
process.
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INTRODUCTION

Forage losses of any kind seriously affect animal
producers, causing reduction of livestock numbers.
These losses can take many forms, such as drought
extended over several years, application of wrong
agricultural policies or using of equipment with
technical lower performance. As for us, in the latter
case we want to interfere with theoretical research
work and to improve the elastic fingers comprised by
lifting drums, thus eliminating the loss of fibrous feed
[1, 2,3, 4,5, 6].

MATERIAL AND METHOD

Addressing this requirement can be realized by
deepening the study of drums workflow made of elastic
fingers folding.

Elastic fingers
operations:

- gathering (raking) feed material left on stubble after a
mowing machine or mowing machines and
conditioning (crushing, napping, etc.), machines of
picking-overturning tha hay, and so on;
lifting the material on stubble surface at the level of
working p[arts of the machine (feeder, pre-crushing
device, intermediate conveyor, etc) obn which is
assembled and mounted the device of picking and
lifting from furrow;
transmission (pushing) feed material next to working
organs that are part of the machine where the device
is mounted.

Each of these technological operations are carried out
in a specific way by the action of the elements of drum
type device together with elastic fingers on feed material.
The most active component of this device is the elastic
fingers. They perform a complex movement, different from
one operation to another and within each operation from
one phase to another.

Most complex operation to be performed by device
elastic retractable fingers drum is the raking of feed
material. This feed material is at a shorter distance
above the ground at about at the stubble average height
level, being unordered leaning on spines. Tightening by

drums perform three distinct

Rezumat: Este binecunoscut faptul cd tobele cu degete
elastice pe langa caracteristicile constructive si functionale
remarcabile (simplitate constructivd, siguranta ridicatad in
funcfionare, maséa redusd, adaptabilitate la condifii foarte
variate de lucru) au un mare neajuns: capacitate specifica
de lucru relativ redusd, datoritd vitezei de Tfnaintare
scdzutd. Pentru mdrirea capacitdfii de lucru, in condifiile
mentinerii indicelor calitativi la cote admisibile (pierderi
reduse de material furajer, evitarea desprinderi frunzelor si
inflorescenfelor de pe tijele plantelor si eliminarea
Tmpurificdrii materialului furajer cu pamant) este necesar
sd se gdseascd solufii de cregtere a zonei active a
degetelor elastice n timpul procesului de greblare.

Cuvinte cheie: toba de ridicare

INTRODUCERE
Pierderile de furaje de orice fel afecteaza grav
producatorii de animale, cauzeaza reducerea numarul

efectivelor. Aceste pierderi pot avea diferite forme, cum ar fi
seceta prelungita extinsa pe mai multi ani la rand, aplicarea
unor politici agricole gresite sau din cauza folosiri unor utilaje
cu performante tehnice mai scazute. Ceea ce ne priveste in
acest ultim caz dorim sa intervenim cu cercetari teoretice ti sa
Tmbunatatim procesul de lucru a degetelor elastice ceintra n
componenta constructiva a tobelor de ridicare, astfel
elimin&nd pierderile de furaje fibroase [1, 2, 3, 4, 5, 6].

MATERIAL S| METODA
Solutionarea acestei cerinte se poate realiza prin

aprofundarea studiului procesului de lucru executata de

tobele cu degete elastice rabatabile.

Tobele cu degete elastice executa trei
tehnologice distincte:

- strAngerea (greblarea) materialului furajer ramas pe
miriste Th urma unei masini de cosit sau masini de
cosit si conditionat (strivit, scamosat, etc), masini de
strans-intors si ravasit fan, etc.;
ridicarea materialului de pe suprafata miristi la nivelul
organelor de lucru din fluxul tehnologic al masgini
(dispozitiv de alimentare, dispozitiv de precomprimare,
transportor intermediar, etc) pe care vine montat
dispozitivul de adunat si ridicat din brazda;
transmiterea (impingerea) materialului furajer la
organele de lucru urmatoare aflatd in componenta
masinii pe care se afla montat dispozitivul.

Fiecare dintre aceste operatii tehnologice se realizeaza
intr-un mod specific prin actiunea elementelor componente
ale dispozitivului de adunat de tip toba cu degete elastice
asupra materialului furajer. Partea cea mai activa dintre
componentele acestui dispozitiv o reprezinta degetele
elastice. Ele executd o migscare complexa, diferita de la o
operatie la alta si in cadrul fiecarei operatii de la o faza la alta.

Operatia cea mai complexa pe care 0 executa
dispozitivul de tip toba cu degete elastice rabatabile o reprezinta
strangerea (greblarea) materialului furajer. Acest material
furajer se afla la o distantd mica deasupra solului aproximativ
la nivelul Thaltimii medie a mirigtei depus neordonat rezemat

operatii
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the fingers of drum work is a process consisting of two
phases:

«  phase | — penetration of fingers into fodder matter furrow ;
- phase Il - moving material on surface of stubble.

For easy penetration of fingers through feed
material layer, a porous layer composed of plant stems
and leaves which are knitting randomly with large
spaces between particles is necessary for them to
pierce the layer.

It is considered fig.1. drum shaft noted as O, situated
at the height H from the ground and position Ap of the
drum with elastic finger when the finger touches the top of
the swath of feed material whose thickness is hy.

Radius of position OAB. of bar with fingers forms an
angle a, with the horizontal axis when the fingertip
touches furrow.

Drum moves parallelly to the ground surface with a
speed vm (speed of the machine) and performs a
rotation with speedG to the axis O in clockwise
direction. Feed material is supported by stubble whose
average height is denoted by hp,.
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pe tepii mirigtei. Strangerea lui de catre degetele tobei
constituie un proces de lucru alcatuit din doua faze:

- fazal-a—patrunderea degetelor in brazda de material furajer;
- fazall-a— deplasarea materialului pe suprafata miristei.

Pentru patrunderea ugoara a degetelor prin stratul de
material furajer, un strat poros alcatuit din tije si frunze
vegetale care se inlantuiesc aleator cu spatii insemnate
intre particule este necesar ca ele sa execute o miscare
de Tmpungere (intepare) a stratului.

Se considera fig. 1 axul tobei notat cu O situat la naltimea
H fatd de nivelul solului si pozitia Ap a tobei cu degetele
elastice in momentul in care varful degetului atinge fata
superioara a brazdei de material furajer a carei grosime este hy,.

Raza de pozitie OAB. a barei cu degete formeaza
unghiul @'p cu axa orizontald in momentul in care varful
degetului atinge brazda.

Toba se deplaseaza paralel cu suprafata solului cu o
viteza v m (viteza de deplasare a masinii) si executa o
miscare de rotatie cu viteza G fata de axa O in sens orar.
Materialul furajer este sustinut de mirigte a carei inaltime
medie este notata cu h .

Fig. 1 -The drum with the elastic retractable fingers in the phase | of working /
Dispozitivul de tip toba cu degete elastice rabatabile aflaté la faza a I-a de lucru

Given the movements they perform the drum
(transport movement - translation speed and relative
motion controlled - uniform rotation) can be deduced
that elastic fingers to penetrate the layer of feed is
necessary that:

Tindnd seama de migcérile pe care le executa toba
(miscare de transport — translatie cu viteza controlata si o
migcare relativa — rotatia uniforma) se poate deduce ca
pentru patrunderea degetelor elastice n stratul de
material furajer este necesar ca:

n
< —
V= @
T
a+pBz=—
A 2
where: n care:

- the angle formed by the direction of elastic fingers with
upper side of swath of feed material;

- the angle formed between the fingers with the position
radius direction of port fingers bar.

Where fingers should be placed on the elastic beam
port position bar fingers (represented by the dashed
OBc) or inclined backwards, as at the current car
devices, it is obvious that they would execute a push-
down motion of layer which would feed their spines
wedge stubble.

Following this, increase feed material losses
particularly by removing leaves and inflorescences on
stems, invaluable component in terms of nutrient in
animal feed. To eliminate this functional drawback is
useful to change orientation of elastic fingers. By
orienting the front fingers part (their tip) in forward
displacement of machine a a dislocation effect of
fodder matter and a progressive and slight
compactions are obtained.

- unghiul format de directia degetelor elastice cu fata
superioara a brazdei de material furajer;

- unghiul format intre directia degetelor cu directia razei
de pozitie a barei port-degete.

in cazul in care degetele elastice ar fi dispuse pe directia
razei de pozitie a barei port-degete (directia OBc
reprezentata cu linie Tntreruptda) sau inclinate Th urma, asa
cum sunt la dispozitivele maginilor actuale, este evident ca
ele ar executat o impingere in jos a stratului de furaje ceea ce
ar duce la impanarea acestora in tepii mirigtei.

Urmare a acestei actiuni cresc pierderile de material furajer
indeosebi prin desprinderea frunzelor si inflorescentelor de pe
tijele tulpinilor, componente deosebit de valoroase din punct de
vedere nutritiv In furajarea animalelor. Pentru eliminarea acestui
neajuns functional se considera folositoare modificarea orientarii
degetelor elastice. Prin orientarea degetelor cu partea anterioara
(varful lor) in sensul de Thaintare al maginii se realizeaza un efect
de dislocare (ridicare) a stratului de material furajer si o
compactare progresiva si ugoara a lui pe directia de migcare.



Vol. 38, No. 3/2012

bbb
i I I I IO
SRS e

I
|
'

“nIm "l"'l“““

1] intkandunnlonnhs
ARRaansesesanse 3

: ..:.:.:’:’:’:’:‘:‘:‘:’:.:’:..’: A :’:’.‘.‘I’O‘Q’ .O.0.000'0.0‘!’0‘0‘.’0’.’.’0'0’..0.0’0

INMATEH — Agsicuttusal Engineering

1
: P; } 5
H : o
s I W e
H ¥ : Y ! \
A R {0 H \
0" LWlVAlQ__LI '__j____" ____________________
\ \

T T AT AT T E AT AT AT TeTe

Yv

Fig. 2 - The drum type pick up with the elastic fingers which are hinged in the phasa Il of working /
Dispozitivul de tip toba cu degete elastice rabatabile aflaté la faza a Il-a de lucru

Thus the impact between the fingers and fodder
material is transmitted as a damped wave in the furrow
without tearing and ripping leaves stems and flowers.

Phase Il named rake, begins when the elastic
fingers of drum (see fig.2) penetrate through stubble
spines when their tips B, are at the level of the average
height of stubble (hm).

During this phase, fingers move (push) swath of
material on the surface of stubble. Pushing is done by
pressing, the density of material layer gradually increases
with particle agglomeration. Layer tensions grow by
particles agglomeration. The tensions from the layer grow
and vary on pushing direction from contact with fingers
where they have maximum value to the extent of influence
where they have minimum value corresponding to resting
layer tension.

End of phase Il corresponds to the moment when
your fingers are out of stubble, respectively when their
peaks noted by B2 reached the level hm. Rake phase is
performed along the trajectory arc B2 B1 BO described by
elastic finger tips and comprises two areas:

the agglomeration of the material in front of the elastic

fingers along the arc B1 - BO;

area of pushing material over the arc denoted BO -

B2.

The first area, the elastic fingers orientation
against position radius direction of finger bar port is
constant. This means that the angles 51 = f . Bar
position port fingers changes while browsing the area
from a1 la ap. Due to this increase in position angle a
changes also the penetration angle ¢ from:

/A :n_(al +:81)
wo=r (ao+po)

From previous relationships it results that ¢b < ¢
which means that the action of pushing up feed material
and wedging it in stubble spines diminishes.

At the push of a material along the arc BO - B2 range
bar harbor fingers position rotates about the axis of the
drum ap to a,. Throughout this area in front of spring
fingers is gathered a certain amount of feed material that
exerts a gradually increasing drag. Gradually material
density increases and easy compaction occurs, whereas
deformations occur as remanent deformations of plants
under the influence of internal stress produce.

Astfel impactul dintre degetele si material furajer se
transmite ca o unda amortizata in brazda de material
furajer, fara a provoca ruperea tijelor si desprinderea
frunzelor si a florilor.

Faza a II- a numita greblare propriu - zisa, incepe n
momentul in care degetele elastice ale tobei (fig. 2)
patrund printre tepii mirigtei, cand varfurile lor B1 se afla la
nivelul Tnaltimii medie a mirigtei (h m).

In decursul acestei faze degetele executd
deplasarea (impingerea) brazdei de material pe suprafata
miristei. Impingerea se realizeaza prin presare, densitatea
stratului de material creste treptat prin aglomerarea
particulelor. Tensiunile din strat cresc si variaza pe directia
de impingere de la contactul cu degetele unde au valoarea
maxima pana la limita de influentd unde au valoarea
minima, corespunzatoare tensiunilor din stratul de repaus.

Sfarsitul fazei a IlI- a corespunde momentului in care
degetele au iesit din miriste respectiv cand véarfurile lor
notat cu B2 au ajuns la nivelul h m . Faza de greblare se
realizeaza de-a lungul arcului B1 BO B2 al traiectoriei
descrisa de varfurile degetelor elastice si cuprinde doua zone:

zona de aglomerare a materialului in fata degetelor
elastice de-a lungul arcului B; — Bo;

zona de Tmpingere a materialului prin influenta de-a
lungul arcului notat Bo — B> .

Tn prima zona orientarea degetelor elastice fata de directia
razei de pozitie a barei port-degete se mentine constanta.
Aceasta inseamna ca valoarea unghiurilor £ = (. Pozitia
curenta a barei port-degete se modifica In timpul parcurgerii
acestei zone de la m la ap. Corespunzator acestei cresteri a
unghiului de pozitie a se modifica si unghiul de patrundere de la:

@
©)

Din relatiile anterioare rezultd ca ¢o < ¢4 ceea ce
inseamna ca actiunea de mpingere In sus a materialului
furajer si impanarea lui in tepii miristei se diminueaza.

Tn zona de Tmpingere a materialului, de-a lungul arcului
BO — B2 raza de pozitie a barei port degete se roteste fata de
axa tobei de la a la a». De-a lungul acestei zone in fata
degetelor elastice se afla adunatd o oarecare cantitate de
material furajer ce exercitd o rezistentd la Tnaintare treptat
crescatoare. Densitatea materialului creste progresiv si are loc
0 usoara compactare, intru-cat se produc deformatii remanente
ale tijelor plantelor sub influenta tensiunilor interne.
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RESULTS

The length of this zone is influenced by the angle of
rotation of the bar port fingers value to drum axis at
position Ao to A, position. To expand this area is
considered useful to drive a rotating bar to port fingers
axis with angular velocity ax in the opposite direction of
rotation of the drum.

So when elastic fingers leave the stubble (position
B») the radius of position of the bar port fingers forms
the angle /B with elastic fingers, angle measured
counter-clockwise.

Elastic fingers turning the opposite direction of travel
of the machine equipped with retractable elastic fingers
drum ensures keeping in the active area of the fingers of
a bar longer than usual, thus increasing the effective
length of the rake area.

Laws of motion of fingertips while browsing the phase
of the two different rake differ. To establish them a
system of plan coordinate axles is chosen with the O
point origin in drum axis device (fig. 2).

OX abscissa axis (horizontal) is chosen at the level
of drum axis oriented towards the direction of travel of the
machine. OY ordinate axis (vertical) is facing down,
passing through the point BO end of agglomeration zone
and starts pushing the material fodder when projection
distance R of point Bo is vertical . Radius projection
value of point By is:
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REZULTATE

Lungimea acestei zone este influentatd de valoarea
unghiului de rotire a barei port-degete fata de axa tobei din
pozitia Ao pana la pozitia A,. Pentru extinderea acestei
zone se considera util s& se imprime o migcare de rotatie a
barei port-degete fata de axa sa cu viteza unghiulara cx Tn
sens invers sensului de rotatie al tobei.

Astfel Tn momentul iesirii din miriste a degetelor
elastice, (pozitia B) directia razei de pozitie a barei port
degete formeaza unghiul 5 cu degetele elastice, unghi
masurat in sens trigonometric.

Rotirea degetelor elastice in sens invers fata de sensul
de deplasare a masinii echipata cu toba cu degete elastice
retractabile asigura pastrarea Tn zona activa a degetelor
unei bare timp mai indelungat, astfel marindu-se lungimea
efectiva a zonei de greblare.

Legile de miscare ale varfurilor degetelor in timpul
parcurgerii celor doua zone ale fazei de greblare difera. Pentru
stabilirea lor se alege un sistem de axe de coordonate plan, cu
originea punctului O Tn axa tobei dispozitivului (fig. 2).

Axa absciselor OX (orizontald) se alege la nivelul axei
tobei orientatd In sensul de deplasare al masginii. Axa
ordonatelor OY (verticald) este orientata in jos, trece prin punctul
By sférsitul zonei de aglomerare si inceputul zonei de Tmpingere
a materialului furajer, cand raza de proiectie Ro a punctului Bo
este verticala. Valoarea razei de proiectie a punctului By este:

R=\12+r2+2rcosB, =H -a 4)

where:
| - length of elastic fingers ;
r - the radius of the drum;
H - distance from the ground to the drum axis;
a - protection zone, the distance from the ground
to fingertips.

To avoid contamination of feed material with ground
is necessary for the protection to be of value between
20 and 25 mm.

Radius of position of fingertip at entry and exit points
of rake phase, respectively points Bi and Be are:

unde:
| — lungimea degetelor elastice;
r — raza tobei;
H — distanta de la sol pana la axa tobei;
a — zona de protectie, distanta de la sol péana la
varful degetelor elastice.

Pentru evitarea Tmpurificarii materialului furajer cu
pamant este necesar ca zona de protectie sa aiba valoare
intre 20-25 mm.

Razele de pozitie ale varfurilor degetelor la intrarea si iesirea
din faza de greblare respectiv ale punctelor Bi si Be sunt:

Ri= \/I2+r2+2Ircos,81 (5)

Rz = \/I2+r?+2Ir cos 3, (6)

Using geometric elements fig.2., You can write the
following equality:

Utilizand elementele geometrice din fig.2., se pot scrie
urmatoarele egalitati:

H-hm=rsna, +lsin(a, + 4, @
H-hm=rsina,+lsin(a, - 4,) )
where: unde:

- is the angle formed by position radius of the bar port
fingers A; with OX axis, measured clockwise when elastic
finger penetrate the stubble;
- is the angle between the position radius of port fingers
A, with axis OX, when leaving the stubble;
- are slope angles of elastic finger angles to the
direction of position range of bar port fingers A; when
fingers are entering stubble, or upon leaving the
stubble As.

For a value of angles chosen, it results drum placing
height H to the ground, which is:

- este unghiul format de raza de pozitie a barei port

degete A; cu axa OX, masurat Tn sens orar Tn momentul

patrunderii degetelor elastice in mirigte;

- este unghiul format de raza de pozitie a barei port-degete

A; cu axa OX, in momentul iegirii degetelor din miriste;

- sunt unghiurile de Tnclinare ale degetelor elastice fata de directia

razei de pozitie a barei port-degete A; in momentul intrarii

degetelor in miriste, respectiv A2 ih momentul iesirii din mirigte.
Pentru o valoare a unghiurilor aleasa, rezulta inaltimea

H de asezare a tobei fata de nivelul solului, care este:

H= I +r?+2rcosp, +a )

The angle that characterizes elastic fingers when
entering stubble resulting from the relation (7):

Valoarea unghiului care caracterizeaza momentul
patrunderii degetelor elastice Th mirigte rezulta din relatia (7):
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1 [— 2r -2l cosf3 ﬂ (10)

a, = 2arctg[2(

—1sinB, —H +h){ +./ar? +8rl cos 3, +41%cos’ B, +4?sin® B, —4H? +8Hh - 4h?
as one can write, after simplifications: ceea ce se mai poate scrie, dupa efectuarea simplificarilor:
2
r+lcos \/r2+I2+2rIcos H h
oy = 2arctg B _ B ( ) (11)
Ising; +H h
Similarly appropriate angle when leaving the stubble Tn mod asemanator unghiulcorespunzator momentului
fingers resulting from relation (8): iesirii degetelor din miriste rezulta din relatia (8):
—-2r —21cosf, ++/4r? +8rlcosB +4?cos’ B, +4°sin® B —4H? +8Hh—-4h?
a, = m-2arct A ‘/ A A A (12)

2A-1sing, —H +h)

after simplification, becomes: dupa efectuarea simplificarilor, devine:

r+lcos g \/r2+I2+2rIcos,B| (H h)?

=g 2arct . (13)
*2=n g Isng +H h
Angle of the position radius of the bar port fingers Ao Unghiul format de raza de pozitie a barei port-degete
with horizontal axis at time t = 0, when fingertips are on Ao cu axa orizontala Th momentul t = 0, cand varful degetelor
QY auxis, it results a triangle OAq By (fig. 3): se afla pe axa QY, rezulta un triunghi OAq By (fig. 3):
I'sin
0Q = arccos /1 (14)
I2+r2+2Ircosﬁ1
Current coordinates of the ends of elastic fingers while Coordonatele curente ale capetelor degetelor elastice
browsing the arc B1 — By (fig. 4) are: n timpul parcurgerii arcului B; — Bg (fig. 4) sunt:
Xi = Vm ti + Ry sinad; (15)
Yi = R; cos Cbti (16)
Where: Tn care:
ti - the time needed to move the finger in position by ti — reprezinta timpul necesar pentru deplasarea degetului
position B; up to Bo. din pozitia By pana in pozitia Bo.

Radius of position of point B; to the axis OY is determined Raza de pozitie a punctului B1 fatd de axa OY este

by the angleg(i measured in clockwise direction of rotation determinata de unghiul fl masurat Tn sens invers sensului

of the drum. So we can write: de rotatie a tobei. Deci se poate scrie:
at, = =¢ 7)
ti=- i (18)
a
where is the c angular velocity of the drum with elastic in care G este viteza unghiulara a tobei cu degete
fingers. elastice.
Independent variable in equations (15) and (16) is time. Variabila independenta din ecuatiile (15) si (16) este
By derivation are obtained equations of components of timpul. Prin derivare se obtin ecuatile componentelor
velocity of fingertip as follows: vitezei varfului degetului, astfel:
Xi=Vm+ wcosat,/12 + 1% +2Ir cosf, (19)
Y, = - wsinat /12 +r? +2r cos, (20)
Differentiating the second equation we obtain Derivand a doua oara ecuatiile obtinem componentele
acceleration components: acceleratiei:
X, = P sinat /17 +1% +2Ir cos 3, (21)

Y, = -’ cosad, \/I 2+r?+2rcosp, (22)
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Fig. 3 -The drum with elastic retractable fingers type device which are in the first half of in the phase Il of working /
Dispozitivul de tip toba cu degete elastice rabatabile aflatd la prima jumatate a fazei a Il-a de lucru.

B: point coordinates corresponding to the moment Coordonatele punctului B; corespunzator momentului
when elastic fingers entering stubble area: patrunderii degetelor elastice in mirigte sunt:
X1=-Vmt1 + Ry Sil’][,_,t1 (23)
Y1 =R;: cos at, (24)
where: unde:
tp=- é (25)
(7
From fig. 3 follows: Din fig. 3 rezulta:
- N 7l
U_E_HOZE_EJ__HJ_ (26)
where: de unde:
S=a,-aq (27)
Taking into account the relations (5) and (27), relations Tinand cont de relatiile (5) si (27), relatiile (23) si (24)
(23) and (24) can be written: se pot scrie:
—_v.la,—-a .
X1=- n 271) —sin(a, —a, W12 +r2+2rcosp, (28)
Y1 = cos(a, - al)\/l 2412+ 2rcosp, (29)
Current coordinates (2), (3) of fingertips on a bar Iport Coordonatele curente (2), (3) ale varfurilor degetelor

fingers shfted behind with he angle § = EWhere % i il de pe o bara port-degete decalata in urma cu unghiul O

: unde 9 = 2n n care z reprezinta numarul de bare de la
number of bars in the drum when passing through the - 7 P

cluster area will be: toba, la trecerea prin zona de aglomerare vor fi:

Xp = Vi to + Ry sin Gk, (30)
Yb = Ry cos &k, (31)
where: n care:
at, =0-¢
tb = 6 - El
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The point of entry into the stubble of spring fingers
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Pozitia punctului de intrare Tn miriste a degetelor elastice

on the bar is characterized by the following de pe aceasta bara este caracterizatd de urmatoarele
coordinates: coordonate:
o-ay,+a, . .
Xor =V =00t gn(5-a, +a, |17 +12 +2r cosf, (32
Vo1 = cos (3 —a, +a, WI? + 12 + 2r cos B, (33)

' v -t
B T i
(v_m I/” : \\ m’/” E \\‘
.................. - W TR S T R —
: NG A, o 1
\ : N ; P &
S did R Sedu i o
Hoy | - 4
y| /% o
i i H
: | h  h,
r 2 e
IR itlithis
X, K
X, 4

Fig. 4 -The drum type pick up with the retractable elastic fingers which are at the second half of the phase Il of working /
Dispozitivul de tip toba cu degete elastice rabatabile aflatd la a doua jumétate a fazei a Il-a de lucru

Once the elastic fingertips passed over the vertical
axis starts the pushing area of matter on surface of
stubble. The movement process of material is
performed by free compaction in open air, similarly to
stacking process of fibrous materials.

In this area, bars port fingers acquire an additional
rotation movement in the opposite direction of rotation of
the drum. It is considered that this rotation is performed
with angular speed @ = const.

Current coordinates of the trajectory described by
fingertips while driving along the arc of the curve By —
B, are:

Xe =Vmte—rcosd, +Isin6?e

Ye=rsind, +| cosee

where:

te - time to move to the origin of the axes XQOY, where to =

0;

a,the angle between the position radius of bar port fingers

with the horizontal axis;

g, the angle formed by the vertical elastic fingers.
Depending on the initial position, characterized by

angles a,and g, one can write:

From fig. 4 follows:

Dupa ce varful degetelor elastice au trecut de axa verticala,
incepe zona de Tmpingere a materialului furajer pe suprafata
miristei. Procesul de deplasare a materialului se realizeaza in
regim de compactare libera in spatiu deschis, asemanator cu
procesul de stivuire Tn sira a materialelor fibroase

Tn aceasta zoné, barele port-degete capata o miscare
de rotatie suplimentara in sens invers sensului de rotatie al
tobei. Se considera ca aceasta miscare de rotatie se
executa cu viteza unghiulara « = const.

Coordonatele curente ale traiectoriei descrisa de varfurile
degetelor in timpul deplasarii de-a lungul arcului de curba Bo
— B2 sunt:

(34)

(35)

unde:
te — timpul de miscare fata de originea sistemului de axe
XQY, unde to = 0;
a,unghiul format de raza de pozitie a barei port-degete cu
axa orizontala;
6, unghiul format de degetele elastice cu axa verticala.

In functie de pozitile initiale, caracterizate prin
unghiurile @, si 90 se pot scrie:

a,=aq,+ o;lte (36)

6, =6, + at, — awt, 37)
Din fig. 4 rezulta:

6 =ay+fy-7 (39)
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So the current position angle of elastic fingers: deci unghiul de pozitie curent al degetelor elastice:

He :a0+ﬂ0_g+te(w_a)l) (39)
With these equations (34) and (35) become: Cu acestea ecuatiile (34) si (35) devin:
Xe = Vimte — 1 cos (a, + at,) +1 coga, + B, +t.(« - )] (40)
Ye:rsm(ao+5°te)+|§n[ao+:30+te(a4_“1)] (41)
Speed and acceleration components in the two Componentele vitezei i acceleratiei pe cele doua
directions as in (27) are: directii conform (27) sunt:
>'(e = Vm + rwSin(aO + C‘Ie) - I (C()— a).I.)Sin[ao + 180 +te(w_ a).l.)] (42)
Y. =racos(a, +at, ) +1(w-a )ooda, + G, +t(w- ) (43)
X, =raf cos(a, +at,)-1(w-w ) cosla, + 5, +t.(w- )] (44)
Y. =-ra’ sin(a, - at,)-l{w- ) sinfa, + B, +t.(w- )] (45)

The total length of phase of raking is the sum of length
of two areas:

Lungimea totala a fazei de greblare reprezinta suma
lungimilor celor doua zone:

Xr = | X[ +] X, (46)

Where:

Xi- represents the distance from OY axis up to the place
of penetration of fingers into stubble, point B; (fig.3) where
from is calculated with the relation (28);

Xz — represents the distance from OY axis up to the place
where the elastic fingers leave teh stubble, point B, fig.4.
and is calculated with the relation:

unde:

Xi- reprezinta distanta de la axa OY péna la locul de
patrundere a degetelor Tn mirigte, punctul B; (fig.3) din
care se calculeaza cu relatia (28);

X2 — reprezinta distanta de la axa OY péana la locul de
iesire a degetelor elastice din miriste, punctul B; fig.4. si
se calculeaza cu relatia:

X, =V, t, —r cosla, +at, )+l coda, + B, +t (w- ) (47)

where: t, - is time of rotattion of the bar port fingers in
position Ag ,A; fig. 4 .

t2:

relation (47) can be written:

Xz = v T2~ %0
w

These values given in equation (46) lead to:

w

a, ~ &

+ |V,

The prerequisite is not to let working surfaces where
drum elastic fingers do not pass, namely any areas
should not remain unraked. Therefore, the place where
fingers penetrate should not exceed the place where
previuos bar fingers leave the stubbled:

a,-a,
-V, =02 —sin(a, —aWI? +r? +2rcosf,

C—— —rcosaz+lco{ao+ﬂo+

unde: t, — este timpul de rotire a barei port-degete din
pozitia Ao Tn pozitia A: fig. 4.

a; ~ 4 (48)
@

relatia (47) se mai poate scrie:

0 —rcosa, +| co{ao +fy+ 22" Do gy wl)} (49)
w

Aceste valori introduse Tn ecuatia (46) conduc la:

+

(50)

% (o-0)

Conditia esentiala ca sa nu ramana suprafete de lucru ne-
trecute de degetele elastice ale tobei, adica sa nu raméana zone
ne-greblate este necesar ca locul de patrundere in miriste a
degetelor elastice de pe o bara sa nu depaseasca locul de
iesire din miriste a degetelor barei anterioare:

Xib < Xoa (51)

where:
Xip - distance from the axis OY up to the current bar finger
entering;
X2a - distance from QY axis to place where the previous
bar fingers leave out the stubble .

From relations (32), (49) and (51) follows:

unde:
Xip — distanta de la axa OY péna la locul de intrare a
degetelor barei curente;
Xoa — distanta de la axa OY péana la locul de iesire din
miriste a degetelor aflate pe bara anterioara.

Din relatiile (32), (49) si (51) rezulta:
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o-a,+a, . a.-a _
vm 20T 4 gin(5-ay +a, |12 + 1%+ 2r cos B, < Vm Z2_Zo _rcosa,* |co{ao+ﬁo+(a2—ao)l “’l}
@ w

For a given value of the ratio of angular velocity of
bar port fingers and drum angular velocity we can
write:

c=—

Condition to ensure continuity of surfaces raked by
elastic fingers becomes:

w

Vm(d ta, —02)
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(52)

@

Pentru o anumita valoare aleasa a raportului dintre
viteza unghiulara a barei port-degete si viteza unghiulara
a tobei putem scrie:

7
: (53)
a

Conditia de asigurare a continuitatii suprafetelor

greblate de degetele elastice devine:

(54)

If ¢ = 1, the angular velocity of the bar port fingers is
equal to the angular velocity of the drum, the direction to
the surface fingers will remain constant over the entire
range of pushing feed material, which means that fingers
will exercise a pushin action of furrow.

A value of ¢ > 1, is not useful as fodder would slip
between the elastic fingers.

The relation (54) correlates the main structural and
functional parameters of elastic fingers drum with state
parameters of feed material layer. In terms of working
capacity of drum with elastic fingers a particular
importance is given by the length of rake phase whose
value is influenced by many factors, such as stubble
height, diameter of drum, finger length, angular velocity of
rotation of the drum, height of protection zone, etc.

CONCLUSIONS

Due to operational deficiencies found in the work
done by drums when lifting fibrous fodder from swath
with retractable elastic fingers, we conducted a series of
theoretical and experimental researches that led to
address these deficiencies and improving workflow,
reducing losses of feed material. Among these
achievements we can mention the following:
1. reduction of losses caused by impact of fingers with
fodder, by their rotation so their entry the furrow be
done by pricking method and not by striking;
2. reducing fodder material loss caused by poor raking
of stubble; in this case atechnical solution has been
found- to keep the rake finger by turning it successively
in two different directions in stubble longer time, ie it
was increased effective length of a finger raking in
stubble;
3. reduction of feed material furrow compaction in phase of
rake by slightly folding the elastic fingers backwards to the
direction of travel of the vehicle;
4. achieving a smooth and compact travel of fibrous
fodder material to the feeder without diffusing or crowding
it, reducing shock or vibration producing in equipment
operation.
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| coda, + B, + (@, - a,)1—c)] - r cosa, —sin(8 —a, + a, WI? +12 + 2Ir cos B,

Daca c = 1, viteza unghiulara a barei port-degete este
egala cu viteza unghiulara a tobei, directia degetelor fata de
suprafata solului va raméne constanta de-a lungul intregii zone
de Tmpingere a materialului furajer, ceea ce Thseamna ca,
degetele vor exercita o actiune de impingere in planul brazdei.

O valoare a raportului ¢ > 1, nu este utila intrucat ar
avea loc alunecarea materialului furajer de pe degetele elastice.

Relatia (54) coreleaza principalii parametri constructivi i
functionali ai tobei cu degete elastice rabatabili cu parametrii de
stare ai stratului de material furajer. Din punct de vedere al
capacitatii de lucru a tobei cu degete elastice de o deosebitd
importanta este lungimea fazei de greblare a carei valoare este
influentata de o multitudine de factori, cum ar fi: inaltimea miristi,
diametrul tobei, lungimea degetelor elastice, viteza unghiulara
de rotire a tobei, inaltimea zonei de protectie, etc.

CONcCLuzIl

Datoritéa unor deficiente de functionare constatate n
procesul de lucru efectuat de catre tobele de ridicare din
brazda a furajelor fibroase cu degete elastice retractabile
am realizat o serie de cercetari teoretice si experimentale, care
au condus la solutionarea acestor deficiente si imbunatatirea
procesului de lucru, reducénd pierderile de material furajer.
Printre aceste realizari putem enumera urmatoarele:
1. reducerea pierderilor cauzate de lovirea furajelor de catre
deget, prin rotirea ale acestora astfel incat la intrarea lor in brazda
sa se faca prin inteparea brazdei si nu prin metoda de lovire;
2. reducerea pierderilor de material furajer cauzate de
efectuarea greblarii miristei defectuoase a degetului, In acest
caz s-a gasit o solutie tehnicad de mentinere a degetului de
greblare, prin rotirea lui succesiva in doua directii diferite, in
miriste o perioada mai indelungata de timp, adica s-a marit
lungimea efectiva de greblare a unui deget in miriste;
3. reducerea compactarii brazdei de material furajer in
faza de greblare prin rabaterea usoara a degetelor
elastice Tnapoi faté de directia de deplasare a masginii;
4. realizarea unei deplasari line si compacta a
materialului furajer fibros catre dispozitivul de alimentare
fara a fi rasfirata sau aglomerata, reducand producerea
socurilor sau a vibratiilor ih exploatarea utilajului.
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