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Abstract: Productions of fodder crops harvested by the
combine vary depending on the harvesting period, climate
and soil conditions, plant growing level. Within the
combine working process, the chopping drum is the most
important working part, that is why three constructive
variants, frequently used in fodder combines
manufacturing, have been studied.

The paper present the results of experiments performed
for the trailed combine (CTF), endowed with equipment for
harvesting grass fodder(El) and ensiling corn (EP) and
with three constructive variants of chopping drum.
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INTRODUCTION

Production of fodder designed to livestock
represents a forefront concern both at national and
world level, because a high quality fodder base enables
high quality products in large quantity obtained in
livestock farms.

The fodder harvesting combine represents the most
inportant equipment within fodder harvesting technologies
for ensiling, [2, 3, 4, 6]

They are equipped with different working equipment
[1, 6], taking into account the operations comprised in
technological process and fodder crop to be harvested:

¢ equipment for harvesting grass fodder in field;

e equipment for gathering the fodder from furrow;

e equipment for harvesting the corn designed to

ensiling;

Within the technological process of the combine,
the most important working part is the chopping drum,
which cuts the fodder according to dimensions required
and throws them into the evacuation system in the
combine due to peripheral speed and air current
created by it. [2,6]

Because the chopping drum needs the greatest
energy consumption among the combine working parts,

the paper has analysed three constructive variants
frequently used in fodder combines manufacturing,
determining the variation of power required and air

current flow created by drum according to rotative speed.

The air flow rate was indirectly quantified depending
on the speed of air coming from evacuating pipe (at a
known section).

The constructive variants studied are shown
figure 1:

a — chopping drum with knives placed in cascade
angj blades placed behind the knife support and tilted at
457,

b - chopping drum with knives placed in ,V"-shape,
without blades;

¢ — chopping drum with knives placed in ,V"-shape,
with blades placed in front of knife support and
perpendicularly to it.

in
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Rezumat: Producfiile culturilor furajere recoltate cu combina
variazd in funcfie de numarul coasei ce se recolteaza, de
condifile pedoclimatice, de stadiul de vegetafie al plantelor.
n cadrul procesului de lucru al combinei, toba de tocare este
cel mai important organ de lucru, de aceea au fost analizate,
in vederea optimizdrii, trei variante constructive utilizate
frecvent in construcfia combinelor de furaje.

In lucrare sunt prezentate rezultatele experimentarilor
realizate pentru combina tractatd (CTF) dotatd cu
echipamente de recoltat furaje ierboase(El) si porumb siloz
(EP) si cu trei variante constructive de toba de tocare.

Cuvinte cheie: combina, furaje, toba de tocare

INTRODUCERE

Producerea furajelor pentru sectorul zootehnic
reprezinta o preocupare importanta atat pe plan mondial
cat si national deoarece, realizarea unei baze furajere de
calitate se va reflecta n calitatea si cantitatea produselor
obtinute in fermele zootehnice.

Combina pentru recoltat furaje reprezinta utilajul cel
mai important din cadrul tehnologiilor pentru recoltarea
furajelor in vederea insilozarii, [2, 3, 4, 6]

Combinele pentru recoltarea furajelor sunt echipate in
functie de operatiile din procesul tehnologic si cultura furajera
ce se recolteaza cu diferite echipamente de lucru [1,6]:

. echipament pentru recoltarea furajelor ierboase din lan;

. echipament pentru adunatul furajelor din brazda;

. echipament pentru recoltarea porumbului pentru
siloz;

in cadrul procesului tehnologic al combinei cel mai
important organ de lucru este toba de tocare care,
realizeaza fragmentarea furajelor la dimensiunile cerute si
aruncarea acestora spre sistemul de evacuare din
combind, datorita vitezei periferice si curentului de aer
creat de aceasta [2,6].

intrucat toba de tocare necesitd cel mai mare consum
energetic, dintre organele de lucru ale combinei, in lucrare s-
au analizat trei variante constructive utilizate frecvent in
constructia combinelor de furaje, determinandu-se variatia
necesarului de putere si a debitului curentului de aer creat de
toba, Tn functie de turatie.

Debitul de aer s-a apreciat indirect in functie de viteza
aerului la iegirea din conducta de evacuare (la o sectiune
cunoscuta).

Variantele constructive cercetate sunt prezentate in
figura 1:

a - toba de tocare cu cutite agezate in cascada i
pa!)ete asezate in spatele suportului cutitului si inclinate la
457,

b - toba de tocare cu cutite asezate in ,V” fara
palete;

c - toba de tocare cu cutite agsezate in V", cu
palete in fata suportului cutitului si perpendicular pe
acesta.
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Fig. 1 — Constructive variants of chopping drum / Variantele constructive ale tobelor de tocare [6]

a — chopping drum with knives placed in cascade and blades behind the knife support, tilted at 45%, b - chopping drum with knives placed
in V", with blades in front of knife support and perpendicularly to it; ¢ - chopping drum with knives placed in V", without blades / a - toba
de tocare cu cufite agezate in cascadd si palete agezate in spatele suportului cufitului gi inclinate la 45° b - tob4 de tocare cu cufite
agezate In V", cu palete in fafa suportului cufitului si perpendicular pe acesta; ¢ - toba de tocare cu cufite agezate n V" féra palete;

MATERIAL AND METHOD

For achieving the experiments with the three variants
of chopping drums, was used the trailed forage harvester
combine CTF 65 (currently in production at SC CEAHLAU
SA Piatra Neamt), in aggregate with the 65 hp wheeled
tractor of Romanian manufacturing (Fig. 2).

The main technical and functional characteristics of
the trailed forage harvester combine CTF-65 are:

- Type of machine trailed;
- Actuation 50-100 hp tractor;
- Type of supplying system with 4 rollers;

- Constructive width of the supplying system, mm  520;

- Diameter of chopping drum, mm 600;

- Speed of chopping drum, rot/min 826;

- Number of knives, pcs.: 4randuri x 10 buc./pe rand=40
- Chopping length, mm . 8...35 (6 steps);

- The working width of

corn silage equipment 2 rows x 0.7 m.

The actuation of the working bodies was carried out
from the tractor PTO through a cardanic transmission.

The main machine is endowed with a feeding system
with four rollers, and matter chopping and evacuating are
made by chopping drum; the chopping length can be
adjusted within10...40 mm in 6 stages.

Evacuation of fodder chopped is made through a pipe
backward or laterally left oriented to the combine,
depending on the transport mean which collects the
chopped foddering matter.

For determning the power necessary to driving the
drums, a tensometric device, measuring concomitantly the
twist moment and number of revolutions has been
achieved, and for measuring the air current speed, an
anemometer has been used, namely Testovent-4000,
produced by Testotem (Germany)company, whose
probes (measuring sensor) were introduced through a
hole into the pressure tubing.

e Power transmitted through PTO, Py, is calculated with
relation (1), where:

My is the twist moment measured at PTO’s shaft, in
N-m;

ﬂ - angular speed of PTO’s shaft, in

@ 30

rad/s;

np —rotation speed of PTO, in rev/min.

¢ Power necessary to towing the combine on horizontal
field, P¢, is calculated by the relation (2), where:

F: is the traction force measured at coupling bar in N.

V, — working speed (displacement speed) of aggregate in m/s.
e Total power Py, for towing and driving the combine
working parts is given by the relation (3).

MATERIAL S| METODA

Pentru realizarea experimentarilor cu cele trei variante
constructive de tobe de tocare s-a utilizat combina tractata de
recoltat furaje CTF 65 (aflata in fabricatie la S.C. CEAHLAU
S.A. Piatra Neamt), in agregat cu tractoarul de 65CP pe roti
de fabricatie roméneasca, (fig.2).

Principalele caracteristicile tehnice si functionale ale
combinei tractate de recoltat furaje CTF-65 sunt:

- Tipul maginii tractata

- Actionare tractor de 50-100 CP;

- Tipul sistemului de alimentarecu 4 valturi;

- Latimea constructiva a sistemuluide alimentare, mm 520;

- Diametrul tobei de tocare, mm 600;

- Turatia tobei de tocare, rot/min  826;

- Numarul de cutite, buc: 4randuri x 10 buc./pe rand=40

- Lungimea de tocare, mm . 8...35 (6 trepte);

- Latimea de lucru a echipamentului

de recoltat porumb siloz 2 randuri x 0,7 m.
Actionarea organelor de lucru s-a efectuat de la priza

de putere a tractorului printr-o transmisie cardanica.

Masina de baza este prevazuta cu un sistem de
alimentare cu patru valturi, iar tocarea si evacuarea
materialului se realizeaza de catre toba de tocare, iar lungimea
de tocare poate fi reglata in intervalul 10...40 mm in 6 trepte.

Evacuarea furajelor tocate se face printr-o conducta
orientabila in spate sau lateral stanga fata de combina, in
functie de mijlocul de transport pentru colectarea masei
de furaje tocate.

Pentru determinarea puterii necesare actionarii
tobelor de tocare s-a utilizat o priza tensometrica care
masoara concomitent momentul de torsiune si turatia, iar
pentru masurarea vitezei curentului de aer s-a folosit un
Anemometru Testovent-4000, produs de firma Testotem
(Germania), al carei sonde (senzor de masurare) a fost
introdus printr-un orificiu Tn tubulatura conductei de
refulare.

* Puterea transmisd prin priza de putere, Pp,[2,5] se
calculeaza cu relatia (1), unde:

Mp este momentul de torsiune masurat la arborele
prizei de putere, in N-m;

_ﬂ - viteza unghiulard a arborelui prizei de

@ 30
putere in rad/s;
np —turatia prizei de putere, in rot/min.
¢ Puterea necesara tractdrii in lucru a combinei pe teren
orizontal, Py, [2,5], se calculeaza cu relatia (2), unde:
Ft este forta de tractiune masurata la bara de cuplare in N.
V| - viteza de lucru (de deplasare) a agregatului Th m/s.
e Puterea totald P, pentru tractarea si acfionarea
organelor de lucru ale combinei este data de relatia (3).
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Fig. 2 The aggregate tractor U650 + trailed combine of forages CTF-65 /

Agregatul tractor U650 + combina tractatad de furaje CTF-65

RESULTS

The experimental researches with the trailed combine
CTF, equipped with the three variants of chopping drums
have emphasized the influence of drum number of
revolutions on power required at tractor's PTO and on air
flow rate created.

Results of experiments, obtained for the three
constructive variants of drums are shown in figures 3 and
4. Graphics indicate the variation of power necessary to act
the no-load drums and the speed of air current created by
drums depending on their rotative speed.

Following the study, we can draw the conclusions:

1. chopping drum with knives in cascade (fig.1.a) has
the lowest power consumption, achieving at the same time
an air current with a bigger speed;

2. chopping drum with knives in V" and blades (fig.1b)
has a higher power consumption and lower speed of air
current than variant without blades (fig.1c);

3. Also, at experimentations it was found the influence
of airflow created by drum on the horizontal throwing
distance of chopped material. Thus, at the drum with
blades (fig.1.b) the throwing distance is smaller by approx.
1.5 m compared with the drums without pallets.

REZULTATE

Cercetarile experimentale cu combina tractata, CTF,
echipata cu cele trei variante de tobe de tocare au scos in
evidentd influenta turatiei tobei asupra necesarului de
putere la priza de putere a tractorului si asupra debitului
de aer creat de toba.

Rezultatele experimentarilor, obtinute pentru cele trei
variante constructive de tobe, sunt prezentate sub forma de
grafice in figurle 3 si 4. Graficele indica variatia puterii
necesare pentru actionarea In gol a tobelor si a vitezei
curentului de aer creat de tobele in functie de turatia acestora.

Tn urma analizei se apreciaza urmatoarele:

1. toba de tocare cu cutite asezate in cascada (fig.1.a) are
cel mai mic consum de putere, realizand totodata un curent de
aer cu viteza mai mare;

2. toba de tocare cu cutite asezate In V" si cu palete (fig.1b)
are consumul de putere mai mare, iar viteza curentului de aer
este mai mic fata de varianta fara palete (fig.1c);

3. De asemenea, la experimentari s-a constatat influentata
curentului de aer creat de toba asupra distantei de aruncare pe
orizontald a materialului tocat. Astfel, la toba cu palete (fig.1.b)
distanta de aruncare este mai mica cu cca. 1,5 m fata de tobele
fara palete.

5 |
4,5 — —e— Chopping drum w ith
g 4 /e//’// knives placed in V w ith
— 35 o— | ] blades/Toba cu cutite in
S 3| o / / V" cu palete
g 25 / —#=— Chopping drum w ithout
& L1 knives placed in ,V”, with
N blades/Toba cu cutite in
g 15 "V" fara palete
g 1
o Chopping drum w ith
0.5 1 knives placed in
0 ‘ ‘ ‘ cascade/Toba cu cutite h
715 723 727 758 805 833 855 § cascada
Rotation speed/ Turatia [rot/min]

Fig. 3. - Variation of power required for no-load acting the chopping drums according to rotative speed /
Variafia puterii necesare pentru actionarea n gol a tobelor de tocare in functie de turafie
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Fig. 4. - Variation of speed of air current created by chopping drums depending on rotation speed /
Variafia vitezei curentului de aer creat de tobele de tocare n funcfie de turafie

Since the chopping drum with knives in cascade has
developed higher indexes (smaller driving power, greater
speed airflow) have been continued the tests in laboratory-
field conditions at maize silage harvesting determining the
qualitative working and energetic indicators.

The main agrobiological characteristics of the crop
above are shown in table 1, and in fig. 5 is presented an
image of tests performed.

Tntrucat toba de tocare cu cutite in cascada a realizat
indici superiori (putere de actionare mai mica, viteza mai
mare a curentului de aer) s-au continuat Tncercarile Tn
conditi de laborator-camp la recoltat porumb siloz
determin&ndu-se indicii calitativi de lucru si cei energetici.

Principalele caracteristici agrobiologice ale culturii de
porumb siloz sunt prezentate in tabelul 1, iar in fig. 5 este
prezentat un aspect din timpul incercarilor.

Table 1/ Tabelul 1 [6]

Main characteristics of ensiling corn culture/ Principalele caracteristici ale culturii de porumb siloz
Index name / Denumirea indicelui M.U./ U.M. Ensiling corn/ Porumb siloz
Production of green matter / Producfia de maséa verde t/ha 27.30/27,30
Average height of field / Tnglfimea medie a lanului mm 2500
Average length of plants / Lungimea medie a plantelor mm 2350
Humidity / Umiditatea % 62.20 /62,20

Plant growing stage / Stadiul de vegetafie

- Wax grain / bob in lapte ceara

Botanical composition / Compozitia botanica:
- crop plants / plante din cultura
- other plants (weeds) / alte plante (buruieni)

% 97
% 3

c /A |
Fig. 5 - The aggregate tractor U650 with the combine CTF at harvesting of maize silage /
Agregatul tractor U650 cu combina CTF la recoltat porumb siloz

Tn cadrul incercarilor s-au determinat valorile medii ale
indicilor calitativi de lucru, pierderile de material, calitatea
tocaturii si indicii energetici, iar rezultatele sunt prezentate
n tabelele 2 si 3.

Within the tests, were determined the average values
of qualitative working indexes, matter losses, quality of
chopped matter and energetic indexes and the results are
shown in tables 2 and 3.
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Table 2 / Tabelul 2

rmed by the combine CTF /
alizati de combina CTF

Index name / Denumirea indicelui M.U/U.M. Ensiling co_rn/
Porumb siloz
Production of green matter / Producfia de masa verde t/ha 27.30/27,30
Real working width / Latimea efectiva de lucru m 2 rows x 0.7m/
’ 2 rénduri x 0,7m
Cutting height (stubble) / Indlfimea de taiere (miristea) mm 100...120
Working speed / Viteza de lucru km/h 4.3,;6.3/4,3;6,3
Throwmg distance of materlal_/ _ m 5.80 /5,80
Distanfa de aruncare a materialului
Material losses / Pierderile de material: %
- plants uncut remained in the field / plante netdiate ramase pe camp; % sub 1
-chopped matter fallen on the field / masa tocata cazutad pe camp; °

Average values of energetic indexes of tractor-trai
bina tractata pentru furaje cu echipamente de lucru

Valorile medii a indicilor energetici tractor - com

Table 3/ Tabelul 3 [6]
led fodder combine with working parts /

Test/ Proba
S— wus [
Index name / Denumirea indicelui UM. ! eing Acfionare in sarcin &
la sta fionar ’
CTF+EPS CTF+EPS

Rotative speed of tractor’s engine / .
Turafia motorului tractorului, My rot/ min 1853 1813
Rotative speed of PTO / I mi
Turafia prizei de putere, np rot / min 556 544
Moment at PTO / Momentul la priza de putere, Mp daNm 7,75 42,4
Traction force at coupling bar /
Forfa de tracfiune la bara de cuplare, Fy. daN - 210
- without towed trailer / f4r4 remorcé tractatd - 750
- with towed trailer / cu remorcé tractatd
Pressing force of hitch on the tractor / d
Forta de apasare a profapului pe tractor, Fap aN 255 262

L. - kw 5,90 28,24
Real power at PTO / Puterea efectiva la priza, Pyef. HP / CP 8.02 38.40
Real power for towing the combine /
Puterea efectiva pentru tractarea combinei: P kw - 4,47
- without towed trailer / fara remorca tractata HP /CP - [13,4]
- with towed trailer /cu remorca tractata
Total real power for acting the combine during work / KW ) 3271
Puterea totald efectivd pentru acfionarea combine in timpul HP/CP ] 44 5
lucrului Piot '
Working speed / Viteza de lucru, V, km/h - 6,56
Real working capacity / Capacitatea efectiva de lucru, Wes th ) 24 85
(without towed trailer ) / (fard remorca tractata) '
Specific  energy consumption for performing the
technological process / Consum specific de energie pentru kWs/t - 3,23
efectuarea procesului tehnologic

Analysing the data from tables above, the following
result:

1. PTO necessary power for no-load driving of the
combine with equipment of harvesting ensiling corn is of
5.90 kW, and in load for a flow rate of material supplying of
24.85 t/h, is of 28.24 kW,

2. Power necessary to traction bar for towing the
combine with equipment designed to ensiling corn on
horizontal field at 6.56 km/h is of 4.47 kW;

3. Real total power necessary for no-load acting
the working parts and towing the combine at 6.55
km/h is of 10.37 kW with equipment designed to
ensiling corn harvesting EP, and real working power
is of 32.71 kW.

In the tests was determined and the degree of chopping
(shredding) for the theoretical length of chopping of 10.8
mm and respectively 26.8 mm, and the results are

Analizdnd datele din tabelele de mai sus rezulta
urmatoarele:

1. puterea necesara la priza de putere a tractorului pentru
actionarea in gol a organelor de lucru ale combinei cu echipament
de recoltat porumb siloz este de 5,90 KW, iar in sarcina pentru un
debit de alimentare cu material de 24,85 t/h, este de 28,24 kW;

2. puterea necesara la bara de tractiune pentru
tractarea combinei cu echipament de porumb siloz pe
teren orizontal la viteza de 6,56 km/h este de 4,47 kW;

3. puterea efectiva totald necesara pentru actionarea in
gol a organelor de lucru si pentru tractarea combinei la
viteza de 6,55 km/h este de 10,37 kW cu echipament
pentru recoltat porumb siloz EP, iar puterea efectiva totala
n timpul lucrului este de 32,71 kW.

Tn cadrul incercarilor s-a determinat si gradul de tocare
(maruntire) pentru lungimea teoretica de tocare de 10,8
mm si respectiv 26,8 mm, iar rezultatele sunt prezentate in
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presented in the Table 4, of which results:

- for the theoretical chopping length of 10.8 mm, the
fragments with lengths up to 20 mm (recommended for
ensilage) represents 81.8% which characterizes a quality
working and a good precision of chopping plants;

- the fragments longer than 100 mm represents a
smaller percentage (1.30 ... 2.10%).

The chopping degree of silage corn plants realised
Gradul de tocare al plantelor de porumb siloz reali

INMATEH — Agricubtusal Engineering

tabelul 4, din care rezulta:

- pentru lungimea teoretica de tocare de 10,8 mm,
fragmentele cu lungimea de pana la 20 mm (recomandata
pentru insilozare) reprezinta 81,8% ceea ce caracterizeaza
un lucru de calitate si o precizie buna de tocare a plantelor;

- fragmentele cu lungimea mai mare de 100 mm
reprezinta un procent mic (1,30...2,10 %).

Table 4 / Tabelul 4
by the combine CTF /
zat de combina CTF

Theoretical chopping length  /
The range of length / Lungimea teore[t)ig gde ?ocare
Intervalul de lungime
(mm) 10.8 /10,8 mm 26.8/26,8 mm
% %
0-10 55.70 /55,70 24.4/24,4
10.1-20/10,1-20 26.10/ 26,10 7.8/7,8
20.1-30/ 20,1-30 7.20/7,20 27.2127,2
30.1-40/ 30,1-40 3.40/ 3,40 19.5/19,5
40.1-50/ 40,1-50 2.50/2,50 74174
50.1-60/ 50,1-60 1.40/1,40 55/55
60.1-70 / 60,1-70 1.20/1,20 22122
70.1-80/ 70,1-80 0.50/ 0,50 1.4/1,4
80.1-100/ 80,1-100 0.90/0,90 3.3/3,3
> 100 1.10/1,10 1.3/1,3
TOTAL 100 100
CONCLUSIONS CONCLUzII

After the researches performed and results obtained, the
following conclusions can be formulated:

1. chopping drum with kinves in cascade (fig.1.a) has
the lowest consume of power, achieving an air current of a
greater speed than drums with knives in ,V” with or without
blades;

2. the throwing distance on horizontal of material
chopped by the drum with knives in cascade (fig.1.a) is
about. 1.5 m bigger than the other drums analyzed;

3. tests performed in laboratory conditions when
harvesting ensiling corn with the combine equipped with
chopping drum with knives in cascade have shown that we
can obtain a working capacity of 24.85 t/h, by using a 65
HP tractor, a power stock remaining of approx.20 HP(for
overloads and towing the trailer under special conditions).
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Tn urma cercetarilor efectuate si a rezultatelor obtinute
se pot formula urmatoarele concluzi:

1. toba de tocare cu cutite asezate in cascada (fig.1.a)
are cel mai mic consum de putere, realizand totodata un
curent de aer cu viteza mai mare fata de tobele cu cutite
asezate in V" cu sau fara palete;

2. distanta de aruncare pe orizontald a materialul tocat
de toba cu cutite Tn cascada (fig.1.a) este mai mare cu
cca. 1,5 m fata de celelalte tobe analizate;

3. incercarile efectuate in conditii de laborator la recoltat
porumb de siloz cu combina echipata cu toba de tocare cu
cutite In cascada au aratat ca se poate obtine o capacitate de
lucru de 24,85 t/h, utilizand un tractor de 65 CP, ramanand
disponibil o rezerva de putere de cca.20 CP (pentru
suprasarcini si tractarea remorcii in conditii speciale).
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