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ABSTRACT

The results of the trials on a laboratory stand d the
cutterhead chopping of a multi-knife type pointed out
the superior performances of this tool, in comparison
with classical cutterhead. Using modern methods of
investigation and modern technical experiments, the
mathematical models elaborated for dete rmination of
the required energy and the average length of chop-
ping, pointed out significant influences of all the stud-
ied factors. Compared with classical mathematical
models which don’t take into account the spatial orien-
tation of the plant stems, the elaborated models point
out a series of actions such as the influence of the ali-
mentary rate on the quality of the chopping process or
that of the angle of stems orientation on the band car-
rier upon the energy consumption. In order to optimize
the chopping process, the current analysis of the su-
face of response was used.

INTRODUCTION

he permanent increase of the food

funds and the permanent improvement
of the people’s supplied consumption struc-
ture are influenced by the development of
the fodder base and the mechanized work of
zootechnic area, factors with deep implca-
tions in economic and social aspect with
direct contribution in increasing the quality
and quantity and in reducing the costs of
the animal food.

The silage maize, valuable forage,
from the point of view of the nourishing
value as well as of its production has an
important position in the structure of the
forage crops, this importance being pointed
out by the permanent increase of the fields
cultivated with these crops in the most
European countries.

For pre-determining the quality of the
chopped silage maize, we have taken into
consideration many factors: those which
determine a stimulation of the gastric mi-
crofauna in the sense of a better assimila-
tion of the digestion proteins as well as
those which favourize the obtaining of a
high quality silage.

Chopping devices, big users of energy,
approximately 38-45% of the total energy

(O’Dogherty, 1982), have known a slow
development first of all, due to the impossi-
bility of pointing out all factors that influ-
ence the energy consumption for forage
chopping and the quality of the chopping
process.

For improving the construction of the
chopping devices and for the optimization
of the chopping process, modern experi-
mental programmes are necessary to point
out the simultaneous effects of the most
important factors that have significant n-
fluences on the consumption of energy and
the quality of the chopping process.

MATERIALS AND METHODS

The result of the chopping process of
the vegetable materials is the obtaining of a
lot of small sized particles with very varied
surfaces.

For effectuating the research concern-
ing the chopping process we made a lab
stand fitted with all the necessary devices
having the required precision for this spe-
cific scientific researching process that
allowed us to reproduce the lab conditions
for a real process of the chopping devices
(Figurel).

A too small forage chopping length de-
termines an abundant detachement of vege-
table juices, needs important energy con-
sumption and at the same time needs a great
complexity of the working elements of the
chopping devices, so, for silage maize, the
recommended medium chopping length is
situated between 6 and 20 mm (Neculdiasa,
1995).

The medium forage chopping length
(1,) is bigger than he theoretical chopping
length (1)) as the real chopping length is in-
fluenced by a series of factors such as: the
diameter of the stems, the amount of the fed
material, the depth of the stem layers, the
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Figure 1. Laboratory stand for the study of the chopping process

moisture of the vegetal material, the clear-
ance distance, the knife dulness, the rake
angle (the angle between the knife and the
horizontal plane that passes through the
axis of the cutterhead) and other factors un-
qualificated by the classical relation of the
determination of the theoretical chopping
length.

In the context of the nowadays preocu-
pations all over the world concerning the
improvement of the building and the func-
tionality of the chopping devices for n-
creasing the working capacity of these tools
and the quality of the chopped material and
taking into account the deficiencies of the
classical cutterheads (Moldovan and Ignea,
1996), a new chopping cutterhead of a
multi-knives type was made (Figure 2).

Figure 2. Cutterhead chopping of the
multi-knives type

The construction parameters for this
cutterhead are:

- type of knife: straight and short with
setting inclination g= 3°(degree) ;

- number of knives: z = 24;

- the diameter of the -cutterhead:
D,=410 mm,;

- the
L=580 mm:;

- knives sharpening angle: b = 25°

- the rake angle: j ;= 55 (degree);

- the helical line angle of knives:

j = 60°.

The physical properties of the silage
maize used in the experiments are presented
intable 1.

length of the cutterhead:

Table 1. The physical properties of the silage maize

Average Average ;
Average Percentage . . Moisture
production | of the corn- tr;]elght of | thickness of content
o e stems the stems N
(t/ha) cobs (%) (cm) (mm) (%)
40...46 | 24..26 200 23..24 72..74

By the halving method and then by
dividing testing material in size groups with
the aid of the relation (1) and the initial data
presented in table 2, an example for the



GRIGORE MOLDOVAN: CONTRIBUTIONS TO THE IMPROVEMENT OF THE FORAGE CHOPPING
TECHNIQUE AND METHODS FOR DETERMINING THE QUALITY OF THE
CHOPPING PROCESS AND THE ENERGY CONSUMPTION

101

Table 2. Dimensional analysis of the chopped material (mm)
10-15 | 15-20 | 20-25 | 25-30 | 30-35 | 3540 | 4045 | 4550
19% 14% | 36% |26% |22% |14% |12% | 1,0%

5055
0,9%

0-5
21%

5-10
32%

55-...
1,1%

calculation method of the medium forage
chopping length “ 1" is given:

y

amyl,
|, == —

am,
i=1
where:

N — number of dimensional classes;

m;: = the mass of particles in the size
group “i”;

I = the central value of the interval of
the class “i” calculated as a mean of the
marginal values of this interval. The results
in table 2 are obtained in the next condi-
tions: average feeding rate: g = 3 kg/s, cut-
terhead rotative speed w = 1000 rpm and
the theoretical length (adjusted) It = 8,7
mm.

For studying the chopping process of
the silage maize and for determining the
optimal values of the factors that carry the

=12.6[mm| (@]

“answer” to an interesting approach from
the technical and economical and other
points of view, as well as for new directions
of future researches, it is very important to
know the “geography” of the response sur-
face through canonical transformation.

RESULTS AND DISCUSSIONS

For effectuating the analysis of the
chopping process quality which is appreci-
ated with the medium chopped length indi-
cator (I,) and for making a mathematical
model for determining this indicator, we
have used the active experimental planes
such as “The compound centre pro-
gramme”.

The experimental matrix of “The com-
pound centre programme” for determination
of the medium chopping length depends on
the studied factors (Table 3).

For the entire factorial programme, at

Table 3 The experimental matrix of “ The compound rotary central programme” for determination
of the medium chopping length

XO Xl X2 X3 Xl2 X22 X32 X1X2 X1X3 X2X3 yu(m m)
1 -1 -1 -1 1 1 1 1 1 1 6.19
1 1 -1 -1 1 1 1 -1 -1 1 6.51
1 -1 1 -1 1 1 1 -1 1 -1 18.72
1 1 1 -1 1 1 1 1 -1 -1 19.67
1 -1 -1 1 1 1 1 1 -1 -1 4.00
1 1 -1 1 1 1 1 -1 1 -1 421
1 -1 1 1 1 1 1 -1 -1 1 12.40
1 1 1 1 1 1 1 1 1 1 13.04
1 -1.682 0 0 2.828 0 0 0 0 0 9.78
1 1.682 0 0 2.828 0 0 0 0 0 10.28
1 0 -1.682 0 0 2.828 0 0 0 0 1.65
1 0 1.682 0 0 2.828 0 0 0 0 18.66
1 0 0 -1682 0 0 2.828 0 0 0 15.27
1 0 0 1.682 0 0 2.828 0 0 0 7.63
1 0 0 0 0 0 0 0 0 0 10.13
1 0 0 0 0 0 0 0 0 0 10.29
1 0 0 0 0 0 0 0 0 0 9.98
1 0 0 0 0 0 0 0 0 0 10.2
1 0 0 0 0 0 0 0 0 0 10.14
1 0 0 0 0 0 0 0 0 0 9.94
Factor levels
Code Factors Cading level
-1.682 -1 0 +1 +1.682
X, Average feeding rate q (kg/s) 2.300 3.00 4.00 5.00 5.68
X, Feeding speed, v, (m/s) 0.150 0.43 0.87 1.30 1.60
Xg Cutterhead rotative speed (rpm) 830 1000 1250 1500 1670
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two levels, with N= 2 experimental de-
terminations or in case of fractional pro-
grammes with N= 2 experimental deter-
minations, the calculation formula for re-
gression coefficients is:

1 &
bi = xal Xijyi (2)

X

ij

Qoz

i=1

For the second order coefficients cal-
culation, we added to the basic programme
N,= 2k+n ,experimental determinations.

Under uniform planning conditions,
the constants ¢, g* and A, that stay, accord-
ing to the methodology, at the base of the
calculation for the second order terms, are
calculated as follows:

c=N/§ x?=1464

= "ot ne
n+2 ng

A= 20" ((n+2) g*-n)]*= 0.464;

N=2"+2n+ng n.=N-n,

=0.857;

where :
X;, = the term of the matrix from the line

n = the number of studied factors ;
n, = the number of replicates in the centre
of the experiment;
N = the number of variants.
Using the above relations and the experi-
mental matrix (Table 3) the codified
mathematical model of the average chop-
ping length is:
l, = 10.110 + 0.217x, + 5.237x,— 2.218X,—
0.026x,> + 0.018x,” + 0.476x%,” + 0.132X X, —
1.057X X

The adequancy of the model is deter-
mined as follows :

N
SSi = é__(yu- y,)?=0.509
SS;; = residual dispersion
n, _
Se= & (You-Yo)*=0087
u=1
SS; = experimental error dispersion

SSye = SSg— SS = 0.422
SSne = unadequacy dispersion

fNE: N - w_ (no -1) =5
fye = grades of liberty
f=n,-1=5
fz = grades of error liberty
SS,. /f
= M =485<F, =505

¢ sS/f, ®

p ADEQUATE model.

The decodiffied mathematical model
of the average chopping length is:

l,= 11,579 + 0,158q + 23,071v,-
0,0194N- 0,026q* 0,0973v,*+ 0,00000N
0,307gv,- 0,0098v,N [mm] and from the
geometrical point of view it represents a
hypersurface whose extreme points are in-
teresting, as well as the surface from next to
the extreme point.

For optimizing the chopping process,
the canonical analysis of the response sur-
faces was used.

The feeding input is given by the for-
mula: g = Bv.cgP(1 - >) where:

B, = the working wide of the combine;

v,, = the average working speed of the
combine;

cg = utilization coefficient of the work-
ing wide (c$=0.8 ..... 0.9);

P = the plant production;

> = the losses coefficient (> =0.01 ...
0.02).

For an average working capacity com-
bine, the feeding input is comprised be-
tween 5 and 6 kg/s and taking in calcula-
tions the value q = 5 kg/s we obtain:

l, = 11.719 + 24.606v, — 0.0194N +
0.0973v,” + 0.000008N’* — 0.0098v,N and det
b,, = byb, — b,’b,” = 0.0973- 0.000008 —
(-0.00049)- (0.0049) ?0

from where results that the response
surface is well determined.

The centre of the new axes system
{X.Y.} is determined by the formulae:

Xe = (-1/2) - byt by = (2555 ;2.22);

Ye = bO + b1' Xe+xeT' b11' Xe = 14 [mm]

To avoid an abundance detachement of
juices as well as a great consumption of en-
ergy during the chopping process and at the
same time to realize the requirements con-
cerning the ensilage, the average chopping
length is limited between 6 and 20 mm,
which supposes that: x, = (1500; 0.45) p
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Ymin 6 [Mm]; x.” = (1000; 1.3) P Y ~ 20
[mm].

The necessary trandation for eliminat-
ing the linear terms is made by transform-
ing X' = X — Xe. The rotation of axes around
the new origin, for obtaining the co
ordinates, is effectuated by transformation
of variable x’ = U- X, where U is the uni-
tary orthogonal matrix and X represents the
new co -ordinates.

The characteristic equation is: det
(b, -8 1)=0p8,=0.097 and 8,= 0.00023.

The canonical form of the original re-
sponse surface is:

Y-14=0.097X, +0.00023X,.

The contour curves have an elliptical
form, the elongation being on the X, axis
direction. From the geometrical point of
view, the response surface is an “eliptical
valley”.

Analysing the mathematical model of
the average chopping length one can see
that all the studied factors have a significant
influence on the quality of the chopping
process.

For effectuating the researches con-
cerning the energy consumption during the
chopping process, the most significant
terms with preponderant influences on the
energy consumption were chosen.

Unlike the classical models which de-
scribe the chopping process taking into ac-
count that the stems layer moves perpen-
dicularly on the cutterhead, a new factor x;
was introduced which takes into account
the spatial orientation of the stems on the
band carried (Table 4).

The experiment took place in four rep-
licates and the experimental matrix is pre-
sented in table 5.

Table 4. Factors, natural values and coding levels

Factors UM. Facéor : Natural _values : X Coding level :
code Kjmin XJy Xjmax interval  Lower Center  Highest
Average feeding rate kg/s X, 3 4 5 1 -1 0 +1
Cutterhead rotative speed  rpm X, 1000 1250 1500 250 -1 0 +1
Feed ing speed m/s X, 0.43 0.87 1.30 0.43 -1 0 +1
The number of knives pieces X, 12 - 24 - -1 - +1
The angle of orienttion deq. Xg 0 9 18 9 -1 0 +1
Table 5. The experimental matrix
a o n W w4 W 4 i B !
gl s wom o vl gymae .n|x>-: M O 7-:‘-)-(”;-( > i - =2
? Lo T X [, WK oT o T T Y ST P T Yool Ye Y | Yw | W }'F‘__
Tl |+ = = = =4 + + + +|= = = = 4+ 4+ 4 + + + [ 4145 | H% | 26% | 12096 | 1205 | 15202
il | == = = F|+ + + + F |+ + + = + + -~ & — — | 8% | 937 | 9415 | 964 | 9105 | §2901
3le | = 4 = = + o+ F % |- + F + = = - 4+ 4+ + |55 120 1A25 | el | ) T 433,937
et [+ + = = +|+ F + 4+ &+ = = + = =+ F = = fmus | p | ®.95 | 15065 | 4965 | 223951
5|3 ]= = 4+ = ~|l4% & + + + [+ = + + - & + = = F| 5e8 aMs | 575 9285 | 587 | 32149
s+l + = + = + 4+ + + + +|= 4+ - 4+ - F - - + — | G5 | 5 1425 | 786 | 1498 | Taw
Tl -+ + — |+ + 4+ + +]|=- = + = 4+ = %+ = + = | gm GRS | o | 7043 | 66 3 56
alt 3+ & + = =|% + + + 4+ 4+ + = = 4 = = = -~ 4 | g5 | 9M5 | 97 9083 | 94 8835
9+ = = = & = |4 4+ 4+ 4+ &£ |4+ + = + + = + = 4 = [ 47208 |45793 | 17835 | 49274 (1928 298598
o+ |+ = = & 3|4 4+ + + +|~ — + + + = - - = & iz 225k | 22716 | 23065 |2d58 | 808 msc
Ml+ | = 4 = & &4 4+ 4+ & 4| = 4+ = = = & & = = 4 49745 | 20356 | 20723 | W02 | 0195 | KOTENE
£+ |+ 4+ - + = |4+ + 4 + +|+ = + = = 3+ = = 3 = 23 283 2803 | 2895 | 8425 80190
|+l == + + +/+ + + + + |+ - - - - - — 4+ + 4 | 70| OB | TG | @2 7242 | S2lic
i+ |+ = + + ={|4+ + + 4+ +|= 4 $ = = = 4 F — = | g5 | g | tob 10,695 | 10,3 408,08
st ] = 4+ 2 £ =|+ + + + + |- = = £+ + + - % = - a9 482 9523 | 9237 | iz as
%+l + + + 4+ +|+ + + + F|+ + + + + o+ o+ o+ o+ o+ |azz #1937 |24k | 23 |22 1488k
|+ |+ 8 E E 8 + EL H § g 127 14Y 3y 257 I5Y w0a kleh 08t 032 oA | uTon2
%+ | = - i 78 7as | 799 et | 7RI | 61308
-8 _%_ 290 8 9 % 4 | 13y \5‘1‘ 2:'-.‘( wr 14235 | 138 | 10126 | 096 |06k | {2224
w |+ -0 00 ~lo 0 0 | . |:;§ 79 | 788 | 783 | 7828 | 7m0s | cogey
o+ 0 +]0 0|0 B +]0 @ gos | 740 735 6814 | 7056 | Aa7ar
2|+ |0 0[=]0 0|0 -0 0 bij= TsluY)J l B 36 | 1245 | 275 [ mEs 87 [eeim
al+i0 0 + 0o T +]0 13385 | w25 | 14 1506 11404 [43742
|+ |0 0 B - % 00 0 =10 b b b b 9375 | 938 | Q525 | 935 |94 88 3%
s |+ |0 0 0 U[+|0 0 0 Q[+|~% b 3 %5 S | 83| 22 gggg 92 B4,
= - 2, 465
®f+ 10 0 0 0I=]0 0 0 0l=] by b ba b% bss : ] & 37 | 952
z7iolo o o o0 o0l0 U 0 0 0 0358 | 95 458 949 | gi0e | BaS0
S =2
oY 1Y 2y 3Y 4Y SY - ¥V | Y V=
- 11'1‘ l l Do =Telov) - T ECiv);  by=Tliv); =3134; |=434938
il |} R I D
(uit)
be'by b, by b, bs b= Ta vl + Ts 20v) -Tylovl 5 B S
EH b[}’}—y_{}m Yl =740
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For data processing the known meth-
odology was used, obtaining the encoded
form of the mathematical model for energy
consumption during the chopping process:
y =94 + 1.9x, + 1.34x, — 4.1x; + 3x, -
0.25%; + 0.75x, + 2.64 %2 + 0.27X,X, —
0.6x,X; + 0.54xx, — 0.15x X + 0.46X X, +
0.27x,X,— 0.36X,X; — 1.94x X,.

Analysing the mathematical model ob-
tained, one can on the basis of the regres-
sion coefficients, the significant influence
of all the studied factors on the energy con-
sumption during the chopping process, fe-
marking the x factor’s action as well as the
simple interaction, the speed of material
and number of knives.

CONCLUSIONS

After the laboratory experimentation of
multi-knives cutterhead, its superior per-
formances in comparison with the classical
cutterhead were evidenced. This cutterhead
is superior both from the point of view of
the processed material and the energy con-
sumption, having as a result the possibility
of evacuating the chopped material without
any other auxiliary device.

The multiknives cutterhead type pro-
duces a chopping degree of the silage maize
aprox. 6,5...9% higher than the classical
cutterhead with helicoidal knives.

Analysing the mathematical models
made for determining the chopping average
length (I,,) as well as for determining the
energy consumption, one can see signifi-
cant influences of all the studied factors and
especially of the feeding input on the qual-
ity of the chopped material and of the stems
orientation angle on the energy consump-
tion. These influences were not described in
classical models.

The experimental results obtained
show that the average chopping length (1)
is bigger than the theoretical length (It) due
to the influence of some factors unquani-
fied by the classical formula of determining
the theoretical chopping length (It).

For determining the optimal values of
the studied factors, that carry the “answer”
to an interesting technical and economical
approach and to give an orientation to the
direction of the next researches, the canoni-
cal analysis of the “response” surfaces was
used.
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Table 1

The physical properties of the maize

Average Percent-  Average  Average Moisture

production age of height of thickness of content

(t/ha) the corn- the stems the stems (%)
cobs (%)  (cm) (mm)

40....46 24...26 200 23..24 72..74
Table 2.

Dimensional analysis of the chopped material (mm)

0-5 510 10-15 15-20 20-25 25-30 30-35 3540 40-45 45-50 50-55 55-..
21% 32% 19% 14% 36% 26% 22% 14% 12% 10% 09% 11%

Table 3
The experimental matrix of “ The compound rotary central programme” for determination of the me-
dium chopping length

2
X9 X X, X3 Xy

2 2
X, X3 XX, X X3 XoX3 Y,(mm

99
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1 -1 -1 -1 1 1 1 1 1 1 6,19
1 1 -1 -1 1 1 1 -1 -1 1 6,51
1 -1 1 -1 1 1 1 -1 1 -1 18,72
1 1 1 -1 1 1 1 1 -1 -1 19,67
1 -1 -1 1 1 1 1 1 -1 -1 4,00
1 1 -1 1 1 1 1 -1 1 -1 4,21
1 -1 1 1 1 1 1 -1 -1 1 12,40
1 1 1 1 1 1 1 1 1 1 13,04
1 -1682 0 0 2828 0 0 0 0 0 9,78
1 1,682 0 0 2828 0 0 0 0 0 10,28
1 0 -1682 0 0 2,828 0 0 0 0 1,65
1 0 1682 0 0 2,828 0 0 0 0 18,66
1 0 0 -1682 0 0 2,828 0 0 0 15,27
1 0 0 1682 0 0 2,828 0 0 0 7,63
1 0 0 0 0 0 0 0 0 0 10,13
1 0 0 0 0 0 0 0 0 0 10,29
1 0 0 0 0 0 0 0 0 0 9,98
1 0 0 0 0 0 0 0 0 0 10,2
1 0 0 0 0 0 0 0 0 0 10,14
1 0 0 0 0 0 0 0 0 0 9,94

Factor levels



