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Abstract: The working capacity of conventional cereal
combine harvesters is mainly determined by the working
capacity of tangential threshing system. This depends on
the technical and functional characteristics of the
threshing system itself, the characteristics of the
harvested vegetal matter and the characteristics of the
feeding threshing system with vegetal matter. The feeding
threshing system is made of the feeder house which is
composed of a conveyor with chains and slats. The
objective of this study is to develop a mathematical model
for feeding threshing system with vegetal matter in order
to determine the technical and functional characteristics of
the conveyor with chains and slats of the feederhouse.
Theoretical research in this area did not fully complete the
mathematical model.
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INTRODUCTION

The tangential threshing system capacity is affected by
the uniformity and speed of feeding with vegetal matter of
the threshing system, made by the conveyor with chains
and slats of feederhouse, by the technical and functional
characteristics of the threshing system itself and the
characteristics of the harvested vegetal matter.

The feederhouse is positioned in the combine
harvester technological flow between the header and the
threshing system (Fig.1).

Rezumat: Capacitatea de lucru a combinelor conventionale
de recoltat cereale este determinata in principal de
capacitatea de lucru a aparatului de treier tangential. Aceasta
depinde de caracteristicile tehnice si functionale ale
aparatului de treier propriu-zis, de caracteristicile masei
vegetale recoltate si de caracteristicile alimentarii aparatului
de treier cu masa vegetala. Alimentarea aparatului de treier
este realizatad de elevatorul central care are in componenta
un transportor cu lanturi si raclete. Obiectivul studiului este
realizarea unui model matematic privind alimentarea
aparatului de treier cu masa vegetala in vederea
determinarii caracteristicilor tehnice si functionale optime
ale transportorului cu lanturi si raclete al elevatorului
central. Cercetdrile teoretice din acest domeniu nu
realizeaza in totalitate acest model matematic.

Cuvinte cheie: combina de recoltat cereale, elevatorul central.

INTRODUCERE

Capacitatea de lucru a aparatului de treier tangential
depinde de uniformitatea si viteza alimentari cu masa
vegetala a aparatului de treier, realizate de transportorul cu
lanturi si raclete al elevatorului central, de caracteristicile
tehnice si functionale ale aparatului de treier propriu-zis si
de caracteristicile masei vegetale recoltate.

Elevatorul central este pozitionat in cadrul fluxului
tehnologic al combinei de recoltat cereale intre heder si
aparatul de treier (Fig.1).

feederhouse /

header /
alevalor ceniral

heder

aparaf de freier fangential

tangential threshing system/ straw walkers| cleaning system /

scuturator sistern de curatire

Fig. 1 - The main components of a conventional combine harvester / Organele principale de lucru ale unei combine de recoltat cereale

The feederhouse is composed of a housing, a
conveyor with chains and slats, a chain stretching
system, a system of lifting the fore axle of the
conveyor, an assembly of supporting the upper branch
of the conveyor, a mechanical transmission for driving
conveyor positioned on the drive shaft and an external
transmission for driving the header or other equipment
(Fig. 2 and Fig. 3).
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Elevatorul central este compus dintr-o carcasa, un
transportor cu lanturi si raclete, un sistem de intindere a
lanturilor, un sistem de ridicare a axului anterior al
transportorului, un ansamblu de sustinere a ramurii
superioare a transportorului, 0 transmisie mecanica
pentru actionarea transportorului pozitionata pe axul de
antrenare si o transmisie exterioara pentru actionarea
hederului sau altui echipament (fig. 2 si fig .3).
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chains stretching system/ lifting system of conveyor fore axle /
sistem de intindere lanturi  sistem de ridicare ax antenor transportor

Fig. 2 — Systems of chains stretching and lifting the fore axle of conveyor for Laverda combines /
Sistemele de intindere a lanturilor si ridicare a axului anterior ale transportorului la combinele Laverda

reversor /  conveyor with chains and slats /  housing /  external transmission /
inversor  transportor cu lanturi si raclete carcasa  transmisie exterioara

Fig. 3 — Reversor, conveyor with chains and slats, housing and external transmission at New Holland combines /
Inversorul, transportorul cu lanturi si raclete, carcasa si transmisia externa la combinele New Holland

At some combine harvesters, the feederhouse has a La unele combine, elevatorul central are o transmisie
mechannical hydrostatic or electromechanical transmission for mecanohidrostatica sau electromecanica pentru inversarea
reversing the conveyor’'s motion , in case of clogging (Fig. 4) miscarii transportorului, in caz de infundare (Fig. 4)

Fig. 4 - Mechanical hydrostatic reverser of the CWS Series combine harvesters (John Deere firm) /
Inversor mecanohidrostatic al combinelor din Seria CVS (firma John Deere)

MATERIAL AND METHOD MATERIAL S| METODA

The harvested vegetal matter from the header of the Masa vegetald recoltatd de hederul combinei este
combine harvester is taken by a conveyor with chains and slats preluata de transportorul cu lanturi si raclete al elevatorului
of the feederhouse, ideally oriented with ears farward (Fig.4). central, ideal cu spicele orientate Thainte (fig.4).
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Fig. 4 - The vegetal matter transport scheme in feederhouse and the feeding of threshing system of the combine harvester /
Schema transportului masei vegetale in elevatorul central si alimentarea aparatului de treier al combinei de recoltat

Each slat is loaded with a quantity of material based
on the vegetal mass flow supply of combine harvester,
chains speed and the distance between the conveyor
chain slats. The vegetal mass transported by one slat is
calculated with the relation 1.

m =P

where m; is the vegetal mass transported by one slat;
g — the combine harvested vegetal matter flow;

p — the distance between the slats;

Vi1 — the slat speed.

The slat speed can be calculated with the relation 2.

vrl

where w is the angular speed of the conveyor chain sprocket;
ny — conveyor drive speed;
Dy — chain sprocket pitch diameter.

The vegetal matter transported by a slat between the
two conveyor shafts moves with friction on the slat and
feederhouse active surface. In position A; of the slat the
transported material is in contact with the feederhouse
active surface and travels relatively to the slat under the
forces represented in figure 5.

Fiecare raclete se incarca cu o cantitate de material in
functie de debitul de alimentare cu masa vegetala al
combinei, viteza lanfurilor si  pasul racletelor
transportorului. Masa vegetala transportata de un raclete
este calculata cu relatia 1.

1)
Vrl

unde m; este masa vegetala transportata de un raclete;

g — debitul de alimentare cu masa vegetala al combinei;

p — pasul racletelor;

Vi1 — viteza racletelui.

Viteza racletelui se calculeaza cu relatia 2
D, _mn, D, @)
2 60

unde w este viteza unghiulara a rofii de lant a transportorului;
ny — turatia de antrenare a transportorului cu raclete;

Dy — diametrul de divizare al rotii de lant.

Masa vegetala transportata de un raclete intre cei doi
arbori ai transportorului se deplaseaza cu frecare pe
partea activa a raletelui si pe carcasa elevatorului. Tn
pozitia A; a racletelui materialul transportat se afla in
contact cu carcasa si se deplaseaza in raport cu
racletele sub actiunea fortelor reprezentate in figura 5.

slat
conveyor
chain

elevator
housing, -
>

concave bar

Fig. 5 - Diagram of forces acting on a material particle driven by slat, positioned in point A; /
Diagrama fortelor care actioneaza asupra unei particule materiale antrenata de raclete, aflat in pozitia A,

Transported material moves along the slat active
surface from the position B; to B,. The force acting on a
material particle positioned in B, along the active part of
the slat surface is given by the relation 3.

Materialul transportat se deplaseaza de-a lungul pariji
active a racletelui de la B; la B,. Forta care actioneaza
asupra particulei materiale aflatd in pozitia B, pe directia
partii active a racletelui este data de relatia 3.
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F, =m,g(cosa- fsina)

where F; is the force acting on a material particle driven
by the slat, located in the position A;
m, — the material mass transported by one slat;
g — the gravitational acceleration;
a — the conveyor angle measured from the horizontal plane;
f — the coefficient of friction of the material in contact with
the components of elevator.

The material particle acceleration is given by the relation 4.

a, =g(cosa

where:
a; is the acceleration of material particle moving along the
active surface of the slat, located in the position Aj;

The material particle speed along the active surface of
the slat is given by the relation 5.

Lg

ml

\Y

where viy is the speed of the material particle moving along
the active surface of the slat, located in the position As;
L — the distance between the two conveyor shafts.
The material particle speed driven by the slat between
the two conveyor shafts is given by the relation 6.

slat between the two conveyor shafts.

The material particle speed angle Vi related to the perpendicular

to the active surface of the slat is given by the relation 7.

6, =arctg 4

where 6; is the particle speed angle in relation to the
perpendicular of the active surface slat, located in position A;.

: (cosa-fsina)

V=V,
where V1 is the speed of the material particle driven by the

Lg

2
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(3)

unde F; este forta care actioneaza asupra particulei
materiale antrenata de raclete, aflat in pozitia As;
m, — masa materialului transportat de un raclete;
g — acceleratia gravitational3;
a —unghiul de inclinare al transportorului in raport cu orizontala;
f — coeficientul de frecare al materialului pe componentele
elevatorului.

Acceleratia punctului material este data de relatia 4.

-fsina)

unde:
a; este acceleratia de deplasare a materialului pe partea
activa a racletelui, aflat in pozitia A;

Viteza materialului de-a lungul pariii active a racletelui
este data de relatia 5.

(4)

©)

unde v este viteza de deplasare a materialului pe partea
activa a racletelui, aflat in pozitia A4;
L — distanta intre cei doi arbori ai transportorului.
Viteza materialului antrenat de raclete intre cei doi
arbori ai transportorului este data de relatia 6.

(6)
unde V; este viteza materialului antrenat de raclete intre cei
doi arbori ai transportorului.

Unghiul vitezei V1 a materialului n raport cu perpendiculara
pe partea activa a racletelui este dat de relatia 7.

- (cosa-fsina) (7)

d

unde 0: este unghiul vitezei materialului in raport cu
perpendiculara partii active a racletelui, aflat in pozitia A;.

EER

Fig. 6 - The speed of the material driven by the conveyor slat, located in the position A,/

Viteza materialului transportat de

When the slat is in the position A, the material driven
by slat is still in contact with the feederhouse housing and
is moving relatively to the active surface of the slat under

the forces presented in figure 7.

racletele transportorului, aflat in pozitia A,

Cand racletul este in pozitia A, materialul transportat
de raclete se mai afla in contact cu carcasa elevatorului
central si se deplaseaza in raport cu racletele sub actiunea
fortelor reprezentate in figura 7.

Fig. 7 - The diagram of forces acting on a material particle, on the active surface of the slat, located in the position A, /
Diagrama fortelor care actioneaza asupra unei particule materiale pe partea activa a racletelui, aflat in pozitia A,
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The force acting on the material particle along the Forta care actioneaza asupra particulei materiale pe
active surface of the slat, located in position A, is given directia partii active a racletelui, aflat in pozitia A,, este
by the relation 8. data de relatia 8.

F, =m, [ w, +g(cosa-fsina) | €
Where: F; is the force acting on a material particle on the Unde: F, este forta care actioneaza asupra particulei
active surface of the slat, located in the position Ay; materiale pe partea activa a racletelui, aflat in pozitia Ay;
ri. — the circle radius of the material particle, r, — raza de dispunere a particulei materiale, aflata
located in the position B;. in pozitia B1.

A

%
Jim,gsin(ot B)

Fig. 8 - The diagram of forces acting on a material particle, on the active surface of the slat, located in the position A3 /
Diagrama fortelor care actioneaza asupra unei particule materiale, pe partea activa a racletelui, aflat in pozitia Az

The force acting on the material particle along the Forta care actioneaza asupra particulei materiale pe
active surface of the slat, located in position As, is given by directia partii active a racletelui, aflat in pozitia As, este
the relation 9. data de relatia 9.

F, =m| gcos(a+p)+wr, - fgsin(a+B) | ©)
where: unde:
F; - the force acting on a material particle on the Fs - forta care actioneaza asupra particulei materiale
active surface of the slat, located in the position Ag; pe partea activa a racletelui, aflat in pozitia As;

B - the conveyor slat discharge angle. B — unghiul de descarcare a racletelui;

r, - the circle radius of the material particle, located in r, — raza de dispunere a particulei materiale, aflata in
the position By; pozitia By.

The average acceleration of the moving material is Acceleratia medie de deplasare a materialului este
given by the relation 10. data de relatia10.

1 . .
a, = E{wz (r, +1,) +g[ cos(a+B)+cosa-fsin(a+B)-fsina |} (10)
where: unde:
am is the average acceleration of the moving material am este acceleratia medie de deplasare a materialului
on the active surface of the slat, while it is in a rotation pe partea activa a racletelui, aflat in miscare de
movement. rotatie.
The slat discharge angle could be calculated with the Unghiul de descarcare a racletelui poate fi calculat cu
relation 11. relatia 11.
= i r,-h (11)
B=2w [— , ,
\Iw (r, +1,) +g[ cos(a+B)+cosa-fsin(a+p)-fsina |
where: unde:
B is the slat discharge angle , while in a rotation B este unghiul de descarcare a racletelui, aflat in
movement. migcare de rotatie.
The material speed along the slat active surface is Viteza materialului de-a lungul partii active a racletelui
given by the relation 12. este data de relatia 12.
v, = \/wz (r?-r*)+g(r, -,)[ cos(a+P)+cosa-fsin(a+B)-fsina | (12)
where: unde:
Vm2 is the speed of the material on the active surface of Vm2 - viteza de deplasare a materialului pe partea activa a
slat, while in a rotation movement. racletelui, aflat in miscare de rotatie.
In the position Az, the feeding speed V. of the In pozitia As, viteza V, de alimentare a aparatului de

threshing system is a combination of the conveyor slat treier este compusa din viteza v,1 a racletelui si viteza vm2
speed v,; and the material speed vim2 given by slat while in a materialului imprimata de raclete, aflat in miscare de
a rotation movement, as figure 9 and the relation 13. rotatie, conform figurii 9 si relatiei 13.
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Fig. 9 - The material speed transported by the conveyor slat, located in position A3 /
Viteza materialului transportat de racletele transportorului, aflat in pozitia A;

where:

V, - the feeding speed of the threshing system;

Vi2 — speed of the slat in the position Bo.

The material speed angle &, measured from the
perpendicular to the slat active surface is given by the
relation 14.

V, =V, + Ve, (13)
V,, =Wwr,

unde:

V, - viteza de alimentare a aparatului de treier;

V2 - viteza racletelui Tn pundtul Bo.

Unghiul &, al vitezei materialului Tn raport cu
perpendiculara pe partea activa a racletelui este dat de
relatia 14.

\/wz (r?-r?)+g(r, -r,)[ cos(a+B) +cosa- fsin(a+p)- fsina | (14)

6, =arctg

In the transition zone from the feederhouse to the
threshing system, the vegetal mass is moving along an
articulated plate to concave, which seals this area. The
articulated plate also has the role to reduce the feeding angle
with material of the threshing system for its taking over by
the bars of threshing cylinder, its configuration being that of
the material trajectory discharged by the conveyor slat.

The transition zone, the trajectory and the material
speed direction when the material is discharged by the
slats are presented in figure 10.

wr,

In zona de trecere de la elevatorul central la aparatul de
treier, masa vegetala se deplaseaza pe o placa articulata la
contrabatator, care etangeaza aceasta zona. Placa reglabila
are si rolul de a micsora unghiul de alimentare cu material a
aparatului de treier in vederea preluarii materialului de sinele
batatorului, configuratia ei find aceea a ftraiectoriei
materialului descarcat de racletele transportorului.

Zona de trecere, traiectoria si directia vitezei de
deplasare a materialului in momentul descarcarii de
material a racletelor sunt prezentate in figura 10.

adjustable plate |
placa reglabila

o

Fig.10 - The transition zone configuration and the crop material speed profile in the moment when the crop material is being
discharged by the conveyor slat / Configuratia zonei de trecere si epura vitezelor de deplasare a straturilor de material Tn momentul
descércarii de material a racletelor

The crop material height when feeding the threshing
system, could be calculated with the relation 15.

Grosimea materialului la alimentarea aparatului de
treier se calculeza cu relatia 15.
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_ 9 (15)
A
where: unde:
ha - the thickness of the crop material feeding the ha - grosimea materialului la alimentarea aparatului
threshing system, in m; de treier, in m;
g — combine crop material flow, kg/s; g — debit alimentare cu masa vegetald combina, kg/s;
lev — internal width of feeder housing, m; ley — l&time interioara carcasa elevator central, m;
V, — the crop material speed entering the threshing V, — viteza de alimentere a aparatului de treier,
system, m/s; m/s;
y — the crop material bulk density, kg/m3. Yy — masa volumica a materialului, kg/ms.
For an optimal feeding of threshing system, the Pentru o alimentare optima a aparatului de ftreier,

material feeding time must be equal to the material timpul alimentarii cu material trebuie sa fie egal cu timpul
takeover time and its passage through the threshing preludrii si trecerii acestuia prin spatiul de treier, conform

space, according to the relation 16. relatiei 16.
talim. = ttr. (16)
where: unde:
taim is the material feeding time; taim €ste timpul necesar alimentarii cu material;
tr - the material takeover time and its passage ty - timpul necesar preluarii si trecerii materialului
through the threshing space. prin spatiul de treier.
The material feeding time of the threshing system is Timpul necesat alimentarii cu material a aparatului de
calculated with the relation 17. treier se calculeaza cu relatia 17.
{ P __60p 17)
alim. Vrl Tl'n“Dd
The material takeover time and its passage through Timpul preluarii si trecerii materialului prin spatiul de
the threshing space is calculated with the relation 18. treier se calculeaza cu relatia 18.
¢ = 306 (18)
tr. 'ITnb
where: unde:
6 - the angle of the bar which takes over the material 6 - unghiul facut de sina batatorului care preia
and the bar which comes out of the threshing space; materialul si sina care iese din spatiul de treier;
n, - the threshing cylinder speed. np — turatia batatorului.
Starting from the relation 16, it follows that the Plecand de la relatia 16, rezulta ca turatia de antrenare

conveyor drive speed depends on the threshing cylinder a transportorului depinde de turatia batatorului
speed corresponding to the harvest vegetal matter and corespunzatoare masei vegetale recoltate si poate fi

can be calculated with the relation 19. calculata cu relatia 19.
n, =22 (19)
6D,
RESULTS REZULTATE
For the calculation of the parameters used in this Pentru calculul marimilor prezentate in studiu, se
analysis, the following values characteristic to the combine folosesc urmatoarele valori caracteristice combinei C110
harvester C110 [4.5] are being used: [4,5]:
- the combine harvester crop material flow: - debit de alimentare cu masa vegetala al combinei:
q=3.9...6.2kg/s; q=3,9...6,2kg/s;
- chain sprocket speed for driving the conveyor: - turatia rofi de lan{ de antrenare a transportorului:
ng=518rot/min; ny=518rot/min;
- the chain sprocket pitch diameter: Dy =0.142m; - diametrul de divizare al rotii de lant; Dg=0,142m;
- number of slats: z,=14; - numarul racletilor: z=14;
- the distance between two consecutive slats: p=0.16m; - pasul recletilor: p=0,16m;
- the slat length: lsja =1.03m; - lungime raclete: lraclete =1,03m;
- the radius to point B;: r1=0.096m; - raza punctului B;: r;=0,096m;
- the radius to point B;: r,=0.118m; - raza punctului By: r,=0,118m;
- the feederhouse sloping angle measured from the - unghiul de inclinare al elevatorului central Tn raport cu
horizontal plane a=327¢, orizontala a=32 ¢
- the angle of the bar which takes over the material and the bar - unghiul facut de sina batatorului care preia materialul si
which comes out of the threshing space 6 = 2.356rad.; sina care iese din spatiul de treier 6=2,36rad.;
- the distance between the feederhouse conveyor shafts: L=1.63m. - distanta intre arborii transportorului: L=1,63m.
According to the mathematical model presented, the resullts are: Conform modelului matematic prezentat, rezulta:
- the crop material mass transported by one slat: - masa materialului transportat de un raclete:
m=0,162...0,258kg; m=0,162...0,258kg;
- the slat speed: v;1=3.85m/s; - viteza racletelui: v;1=3,85m/s;
- the speed of the crop material along the active surface - viteza de deplasare a materialului pe partea activa a
of the conveyor slat in position A1 : Vm1=2.64m/s; racletelui, aflat in pozitia A1: vm1=2,64m/s ;
- the speed of the crop material driven by the conveyor - viteza materialului antrenat de raclete intre arborii
slat between the two conveyor shafts:V1=4.67m/s; transportorului: V1=4,67m/s ;
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- the material particle velocity angle measured from the
perpendicular on the active surface of the conveyor slat
in the position As: 61:34.420;

- the conveyor slat discharge angle when the slat is in a
rotation movement: [3=160;

- the speed of the crop material along the active surface of
the conveyor slat in a rotation movement: vimp=3.723m/s;

- the conveyor slat speed in point B, : v;2=6.4m/s;

- the speed of the crop material driven by the conveyor
slat in a rotation movement: V,=7.4m/s;

- the material particle velocity angle measured from the
perpendicular to the active surface of the conveyor slat: ,=30.199

- the height of the crop material entering the threshing
system h,=0.064...0.102m (for y=15kg/m");

- conveyor drive speed ny=918rot/min, for the threshing
cylinder speed n,=960 rot/min.

CONCLUSIONS

According to mathematical model presented, the drive
speed of conveyor with chains and slats must be
correlated with the threshing cylinder speed characteristic
to vegetal mass harvested. For example, in wheat
harvesting, maximum performances of the threshing
process conducted by the combine harvester threshing
system C110 will get to the conveyor with chains and slats
drive speed ny=918 rot/min, which represents a material
feeding speed of the threshing system V,=13.13m/s.

For the current conveyor drive speed ny=518rot/min,
results in an angle of the bar which takes over the material
and the bar which comes out of the threshing space of
6=239.29°, the threshing system feeding with material
being made with pauses.
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- unghiul vitezei materialului Tn raport cu perpendiculara
pe partea activa a racletelui, aflat in pozitia Ai:
5:=34,42°%

- unghiul de descarcare a racletelui, aflat in miscare de
rotatie; 8=16°,

- viteza de deplasare a materialului pe partea activa a
racletelui, aflat in migcare de rotatie: vi,=3,723m/s;

- viteza racletelui in punctul B;: vi2=6,4m/s;

- viteza de alimentare a aparatului de treier: V, = 7,4
m/s;

- unghiul vitezei materialului Tn raport cu perpendiculara
pe partea activa a racletelui: 6,=30,19 ¢,

- grosimea materialului la alimentarea aparatului de treier
h,=0,034...0,054m (pentru V=15kg/m3);

- turatia de antrenare transportor ny= 918rot/min, pentru o
turatie a batatorului de n,=960 rot/min.

CONCLUZII

Conform modelului matematic prezentat, turatia de
actionare a transportorului cu lanturi si raclete trebuie sa fie
corelata cu turatia batatorului caracteristica masei vegetale
recoltate. De exemplu, la recoltarea graului, performante
maxime ale procesului de treier realizat de aparatul de
treier al combinei C110 se vor obtine pentru o turatie de
antrenare a transportorului cu raclete de ny=918 rot/min,
ceea ce reprezinta o viteza de alimentare cu material a
aparatului de treier de V,=13,13m/s.

Pentru actuala turatie de actionare a transportorului de
ny=518rot/min, rezultd un unghiul facut de sina batatorului
care preia materialul si sina care iese din spatiul de treier
de 6=239,29°, alimentarea aparatului de treier cu material a
facandu-se cu pauze.
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