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ABSTRACT

The paper presents theoretical aspects on working process of rotors of technical
equipments designed for chopping vegetal debris and fodders. Generally, the chopping
devices with rotor, with the rotor axle in horizontal plane and normal position
(perpendicular) with the machinery moving direction are used for constructing equipments
for harvesting fodder crops or for those of chopping vegetal debris where they perform
multiple tasks. They make the cutting, the chopping of plants and throwing the chopped
material into the collecting trail or, with the case of cutting and chopping machinery, the
evenly spreading of chopped material over the soil surface. The main factors that influence
the chopping degree are the physical — mechanical features of the chopping material that
are very different with the crop variety and the constructive and functional parameters of
the chopping device.

INTRODUCTION

In principle, a cutting — chopping device from a technical equipment designed for
collecting and chopping vegetal debris or fodder crops is formed of the axle or driving
drum, the working organs (knives) and the frame. The working organs are jointly mounted
on the axle or the drum (figure 1) by mean of bolts or axles. The working organs can be,
usually, knives or jointed bars with inertial mass (hammers) and are located along the
drum on 2-4 rows placed after an propeller with a single head. Between two neighbor
elements there is an area of covering of 7-25 mm. The chopping devices with joint knives
have the diameter at the margin of knives of D = 450 - 710 mm, speed n = 1600 - 2300
rot./min, the working width (the length of the drum) L = 1400-2100 mm. The power needed
for drum driving is P=18-33kW. The working organs can be made of a single piece or from

many pieces (support, knife, joint arm, ear).

c

g%\ﬂﬂ'ﬂ‘ﬂﬂ
N hﬂfﬂﬂﬂh

Fig. 1 - Types of working organs

Generally, these devices are used for constructing fodder crops harvesting
machineries or the ones of cutting and chopping vegetal debris where they perform
multiple tasks. They perform cutting — chopping of plants and throwing the chopped
material into trail or, with the case of machineries for cutting and chopping vegetal debris,
the uniform spreading of chopped material over the soil surface. These machineries are
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designed, especially, for harvesting herbaceous fodder crops yet they can be used for
harvesting crops with thick stems, for instance corn stems that remain after corn cobs
harvesting. The chopping devices are simple, robust yet they lose much material and do
not perform a satisfactory uniformity of the length of chopped parts.
MATERIAL AND METHOD

The machinery for cutting and chopping vegetal debris in order to clear the field have the
axle of the rotor placed horizontally and in normal position (perpendicular) on the
machinery moving direction.

Fig. 2 — The kinematics of the cutting and chopping device

In these conditions, the movement equations of a point from the knife, located at
radius r €[0, R], R that is the radius of the extreme point of the knife are:
X =Vpt +rsinot
y=r({—-cosmt) ’
and the speed components are:
Vy =Vp + Rocosot,
Vy = Rmsin mt

The absolute speed of the knife (the speed of plant cutting or the resulted speed) is
given by the relation:

V, = \jvf +V) = \fvmz +@’r? +2v_or cosat =V,_\1+ A2 + 21 cos ot (1)
Where A is the kinematic regime of device and it has the formula:
or Vp
vy 2)
Ym  Vm

In order to ensure an inertial cutting, namely without support (or without opposite
knife) there is need that the speed of knives to be superior to a limit speed that
corresponds to inertial cut, which means:

Vp >VIim (3)
where vy is the speed for inertial cut. Generally, vjim=8 - 12m/s.
In practice, the effective speed of cutting is higher than the limit speed.
Because the analysis is made on a device for cutting with rotation movement, the effective

cutting speed depends on the radius of the cutting device when the peripheral speed of the
knives is, in fact, the speed of a point placed on the knife edge and it given by the relation:
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where: w is the angular speed of a point placed on the knife edge;

R is the radius of the circle made by a point placed on the knife edge;

Generally, wR = 30 + 50 m/s.

During knives action on plants stems they are declined toward machinery
movement direction. After machinery passing, the stems get back to initial position and it
determines the increasing of the stubble height h, compared with the default h. This
increase is determined by ¢ coefficient that is the ratio between the effective height of the
stubble, hy, and the default working height, h.

e=hm/h (4)

In order to harvest a quantity of material as big as possible per surface unit there is
necessary to achieve a height of stubble h,, as low as possible. The working height h of
the knives is limited by the state of soil surface (the knives are not allowed to touch the
soil). There results the fact that € should be as closed as possible to 1.
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Fig. 3 —The trajectory of a working knife.

The length of the chopped material, when the plants stay vertical during cutting,
varies from zero in points A and C till Ina in point B. On the drawing in figure 3 the
trajectory of a knife while working is represented by an interrupted line and the working
zone is shaded. If the stems are vertical during cutting, the height of the stubble varies
between h and hnha. The average length of the chopped material is given by the following
ratio:

S
Imed = i’ 5
X, — %, 5)
where: Sagc is the surface of the working zone of a knife;

x1 and x; are the abscissas of A and C points;

A — the point where the working zone begins;

C — the point where the working zone ends.

The supplying of the chopping  device namely the advance of machinery at a
rotation of the chopping axle, is ,a” and it has the following formula:

27V,

(6)

@
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where: v, is the speed moving speed of machinery while working;
w is the angular speed of the knife;
The surface of the working zone of a knife is given by the following formula:

27zv,, L
Sapc = ——— (7)
@
Where: L;=L -h
and L - the plants height;
h — the cutting height.
The abscissas x; and x, of A and C points are:
a nv .
X, =—=—>" and X, =a+b+Rsing (8)
2 w
Vn®
where: b=-" (9)
R—
COS @ = R=L (10)
R
2R, -1
sing = ———— (11)

There results:

v (27 +
X2=M+«/2RL1—L5 (12)
W
With this last relation, the average length of the chopped material, Imeq, becomes:
| 2L,

" Lt plz+ (@l v, )2RL - )

With the case of high height plants, the stems are reclined toward machinery movement
direction and it forms an angle a with the soil surface (figure 4).

tga = Hs—H
E

(14)

where: H is the cutting height
Hs is the height to the soil of the shield for plants reclining.
E is the distance from the rotation axle of the drum till the edge of the shield.
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Fig. 4 — Tall plants cutting process
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The maximal length of the chopped material is:

_Rsinp+v plo

| 15
mex cos o (15)

After first cutting, the stem is taken by the knife and placed on the opposite knife
and the length of the chopping depends on the supplying of the chopping device namely of
the machinery advance ,a”.

The average length of the chopped fragments, |l,, can be approximated by the
formula:

a 27V

m

COSa wCOSx (16)

From the analysis of this formula there results that the chopping height increases

along with the machinery working speed, Vn, and along with the increasing of plants

reclining (angle a). The variation of the chopping length is characteristic for chopping

devices with joint knives and this fact do not recommend them for harvesting fodder crops

for silage. Generally, the uniformity of the chopped material length, with the case of
herbaceous plants is of 20-45%.

ly

RESULTS AND DISCUSSIONS
The average length of the fragments of the chopped material is given by formula
(13). The main parameters of the crop that intervene in this formula (L and h) have a
hidden influence contained in the L; function. Because the explanation of this formula till
the last parameter would be too complex, we prefer a numerical example.
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Fig. 5. The variation of the average length of fragments with the cutting height h.
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Fig. 6. The variation of the average length of fragments with plants height L.
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Fig. 7. The variation of the maximal length of fragments with the cutting height h.
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Fig. 8. The variation of the maximal length of fragments with plants height L.
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Fig, 9. The variation of the average length of fragments with the working speed Vm.
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Fig. 10. The variation of the average length of fragments with the angular speed of knives w.

From figures 5 and 6 there results that the average length of vegetal fragments
increases with L and decreases with h. The maximal length of the fragments decreases
with L and increases with h (figures 7 and 8). The average length of fragments increases
with the working speed, as seen in figure 8 and decreases with the angular speed of the

cutting device, as shown in figure 10.

The upward graphs have been made on partially functions with a single variable
keeping the other variables constant. When constant, they had the following values: L=0.4
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m, h=0.1 m, R=0.25 m, v,=1 m/s, n= 1,000 rot/min (104 rad/s), Hs= 0.3 m, H=h, E= 0.35
m.

Another graph, more complete than the upward ones, for the variation of the
average length of the vegetal fragments (there can be made for other functions, too) is
given in the figure 11. There is represented the average length of the fragments with the
working speed, for different values of angular speed of the cutting device, included in usual
interval for working devices.

The variation of the average length of chopped fragments, Io, is given by (16) with
the working speed, with the angular speed of the chopping device and with the plants
reclining angle given in figures 12, 13, 14, they confirm the text explanations.
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Fig. 11. The variation of the average length of the fragments with the working speed for different
angular speeds of the chopping device.
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Fig. 12. The variation of the average length of fragments with the working speed.
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Fig. 13. The variation of the average length of the fragments with the angular speed
of the chopping device.
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Fig. 14. The variation of the average length of fragments with plants reclining.
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CONCLUSIONS

The theoretical study n the working process of a rotor for chopping vegetal mass
demonstrates that the main factors that influence the chopping degree are:

- Physical and mechanical properties of the chopping material that highly differ in
function of crop variety;

- The constructive and functional parameters of the chopping material as: the knife
and opposite knife type as geometrical shape, the movement speed of the
machinery, the speed and the angular speed of the rotor, the pattern of placement
of knives on the rotor, the number of knives on the rotor, the inertia momentum of
the rotor, the balancing at the impact between knife and the vegetal mass, the
stability of knives movement;

- The wearing degree of the knives and opposite knives that modify the distance
between knife and opposite knife and the dynamics of rotor movement by modifying
the inertia momentum and, consequently, by vibrations in rotor bearings;

In order to ensure an inertia cutting, namely, without support (or without opposite
knife) there is necessary the knives speed to be higher than the limit speed needed for
inertia cutting.

The length of the chopped fragments increases with the increasing of the working
speed of machinery, V,, and with the plants reclining angle (a). For the chopping devices
with joint knives the high variation of the chopping length is characteristic. Generally, the
uniformity of the length of the chopped material is of 20-40%.

Because during cutting the chopped material falls on a curve shape, the inferior part
of the remained vegetal mass (stubble) presents some height increases, h. Their height
depends on parameters s and A. By increasing A, the height of the crests diminishes
resulting a uniformisation of the stubble. With high values of A the fuel consumption
increases because of chopping the same quantity of vegetal mass many times.

The increasing of the A ratio implies the increasing of the peripheral speed of the
knife, with influence on rotor balancing as well as increasing the length of the chopped
material or of chopping degree.
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