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SUMMARY

The problem of fodder processing has always
been a hot issue from the perspective of energy and
qualitative evaluation. A method has been proposed
for graphic determination of energy consumption
depending on the degree or module of grinding that
can be applicable for preliminary energy and
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qualitative evaluations of fodder grinding machines. A
construction of a multifunctional device with
combined working component has been justified and a
range (group, series) of machines has been designed
for cutting, grinding and shelling various fodders for
small and medium-size farms.
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I'PA®IYHUNA METO/I OIIIHKU EHEPTO3ATPAT
I SIKOCTI KOPMIB NICJISI MO/IPIGHEHHS
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PE3IOME

llpobnema mepepodxu dypany 3apxan Oyma
BaJIHBOIO POOJIEMOIO 3 TOUKH 30PY eHeprii Ta siKic-
HO1 ONIHKH. 3aNpoNOHOBAHHIT METOJ /s TpafiTHOro
BH3HAYECHHA CHEPrOCHOKUBAHHA Y 3AJEKHOCTI Bif
cTynens abo Mojyns noMeny, Akuii Moxe 6yTH 3acTo-
COBaHHIT /IS TONEPEIHBOTO PO3PAXYHKY eHepril i
SKICHMX OUIHOK KOPMOBHMX arperartis s noapio-
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venns ta mamwuad. Creopennii OaratodyHKUIOHATDb-
Huil nojapiGHIOBaY, AKHH MOEHYEThCS 3 KOMOiHOBa-
HHM poOOTHM KOMIOHEHTOM Juld noapibHenHs creben
i (rypaxmHOro 3epHa, /U MallMX i cepeaHix (epmep-
CBKHX TOCMOJAPCTR.

Kinlouosi ciiosa: piska, noapibucuus, KopM,
€HeprosarpaTH, AKiCThb Kopmy, OaratodyHKIiOHATb-
HUI IPHCTPIH.

I'PA®UYECKUN METO/] OLIEHKH SHEPTO3ATPAT
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PE3IOME

[TpoGnema nepepaboTkn (hypaxka Bcerza Oblia
ocTpoii npobmeMoii ¢ TOUKH 3peHHs JHePTHH H Kadec-
TBeHHOH oueHKW. Tlpejyioxken Obul Meron ajs rpa-
CI]H'-IBCKO]"O OnpenciacHus '}HBpl‘Ol’lOT‘I‘}EﬁJ’iEHHﬂ' B 34BH-
CHMOCTH OT CTCIICHH HJIM MOIOYJIA IIOMOJI, KUTOphlﬁ
MOKET ObITh NPHUMEHHM JUIA NPEABAPUTENLHOIO pac-

4ETd JHEPrMH M KAYECTBCHHBLIX OLCHOK KOPMOBbLIX
arperatoB s ApoOiieHHs W mamuHbl.  CosjiaH
MHOTO(YHKUNOHANBHEIH HIMENLUHTENh, COYETAHHBIH
¢ KOMOMHHPOBAHHBLIM pPabOYHM KOMIIOHEHTOM JUIf
ApobneHus Tena crebend m QypaxHOro 3epHa, A
MAJIbIX H CPeTHHX (hepMepCKUX X03sHCTB.

KioueBbie ¢0Ba: peska, HM3MEIbUYEHHE,
KOPM, SHEPro3aTpaT, KaueCTBO KOpMa, MHOTO(YH-
KIIHOHAILHOE YCTPOHCTBO
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INTRODUCTION

The operational efficiency of the particular
device is of prime importance in the production
of agricultural and livestock products.

Devices for mechanical processing of
fodder are generally specialized in purpose and
type of working components. Rough (stem)
fodder is cut by straw-ensilage cutters with disk
or drum cutting apparatuses, grain fodder is
ground by fodder grinders with hammer working
components respectively, juicy fodder from the
root-tuber group is cut by beet cutters and com
cobs are shelled by maize shellers [3,7.8].

Cutters and grinders most commonly used
by farmers always
substantial energy is spent in the process of
grinding. The nature of that energy usually
remains hidden to the lay minds and its cost is
paid for indirectly. The cost of the finished
product is largely influenced by the market price
of the different types of machines (cutters, fodder
grinders, maize shellers and beet cutters) [5].
Objectives. It is known that obtaining quality
fodder (as per zoological technical requirements)
with minimum specific energy consumption
relates to the implementation of a relevant
principle of operation and working components
along with theoretically and experimentally
justified sizes and modes of operation. Classic
apparatuses (disk and hammer) are not always
suitable for efficient grinding of fodder especially
for the needs of private and small-size farmers
regardless of their permanent improvement [6, 7,
8]. Intensifying the process of grinding by

are not effective since

applying  new  principles and  working
components that would provide sufficient
productivity ~ with  low  specific  energy

consumption and a possibility for comb-ined
processing of grain, rough and juicy fodder is
needed. Combining cutting, grinding and shelling
with ejection of the mass features into a single
compact construction of a universal machine
might prove useful and cost effective for private
farmers in market economy and competition.
Research on the process of grinding [1, 3,
5, 6] has found that the classic type and most
common hammer fodder grinders with single
stage grinding in a closed type working chamber
(with screen) are not effective for processing
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rough fodder. This is of particular importance in
grinding cornstalks and straw of higher moisture
during the autumn-winter period. More efficient
for the purpose would be the principle of cutting
in an open type working chamber with preli-
minary rough grinding of the stems. Concerning
energy, cutting is substantially influenced by the
coefficient of sliding which depends on the way
the edge of the cutter is formed and its
positioning on the rotor. Hammers of particular
thickness (2-10 mm) do not cut the stems but
shred them, the result being lower productivity
and higher energy consumption [3, 7, 8].

On the other hand, the principle of multiple
hammer effect on the particles performed by
blunt cutters (hammers) in a closed working
chamber (with screen) is power efficient for
grinding grain fodder. Thus specific quality
indexes regarding particle size are also achieved.

Research on constructions with vertical

shaft has found [3, 4, 8] that a higher inten-
sification of the process of grinding is present
due to the better utilization of the working
components.
Procedure. Contemporary theories for grinding
materials and particularly fodder are based upon
the renowned «voluminous» and «surface»
hypotheses explaining the relation between
energy consumption and decreasing the volume V
or increasing the surface § of the particles
obtained. The physical picture of the process of
destruction of materials might be viewed as a
sequence of stages identical to Hooke’s Law. At
first, elastic deformations of particles appear,
then plastic, and then their division to smaller
ones, i.e. formation of new surfaces. Therefore
the «voluminous» hypothesis is valid until the
stage of destruction, i.e. in the field of elastic
deformations while the «surface» one is valid
after the stage of destruction, i.e. in the field of
plastic deformations. Our research [1, 3, 6] has
shown that the dependency obtained by R.
Charles representing the relation between energy
consumption and the result from the fodder
grinding process summarizes the different
hypotheses. It could successfully be applied for
theoretical and practical justification of the basic
parameters of working components and machines
for grinding rough as well as grain fodder. For
instance from R. Charles’s differential equation:
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(1) dA:—Cd—f,

X
By integrating is obtained
1-n 1-n
M
@) A=—CI—=-cT—,
I-n 1=n
Or respectively
/1”_1
(3) A=k :
n-1

where A4,dA is the work for shredding and its
change, respectively;

x,dx — the initial particle size and its
change;

M, A

grinding;

the module and degree of

C,k,n — coefficients characterizing the

process.
RESULTS AND DISCUSSION

A graphic method is proposed for building
a hyperbole by one known point — Lm by means
of the auxiliary rays 1, 2, 3, 4, 5, 6, 7, etc.
(random number) drawn from the beginning of
the coordinate system N. Straight lines parallel to

the coordinate axes are drawn through the rays’
crossing points with the straight lines parallel to
the coordinate axes and passing through point
Lm. The crossing points of these straight lines 17,
2, 3,4, 5,67, 7, etc. are the points of the
sought hyperbole justifying the dependency q =

fIM). The specific energy consumption g for

grinding, presented as the ratio of power required
in kW to productivity in /4 is a basic criterion for
optimization and comparison of various types of
working components and machines. A way of
fast and practical definition of its values for
different particle sizes is shown on Figure 1. The
figure shows that building the two dependencies
g=/f(A) u g= f(M) requires knowing only
one point T,, orL,,, i.e. performing only one
test under certain conditions after which the
values for the required work with other modules
or degrees of grinding could be determined fast
and easily. The basic parameters of the new
machines could be optimized for the same con-
ditions. Point N with ordinate A, corresponding

to the energy consumption at idle, serves for
beginning of the coordinate system.

Fig. 1. Graphic building of the change of specific energy consumption g depending on the module of

grinding M or the degree of grinding A and method for determining it in other working conditions.
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The exponent 7 for the grinding process is
defined at values #>1, which confirms the
«surface» hypothesis of Rittinger as closest to its
physical nature, i.e. with the decreasing of the
module M and the increasing of the degree of
grinding A , the required work A will grow up.
The experimentally obtained values of
n=172+217 determine the general character
of the dependencies (1) and (2) close to a
hyperbole of the AM =const type and a
straight line of the 4 =a.A+b type respectively
[3.4].

Out of the power balance at grinding the
efficiency Eff could be determined by the
known dependencies of Rebinder and Melnikov
where

A, A,

@& A +A4, A +A4,°

That can also be presented as

@ B =g @D
cle.i-1+c,.1g 2]

where C,C_,C, are coefficients.

For cutting stem (rough) fodder by analogy

) Eff A
(6 O

A‘I:n + Ap
where the yield is A4 (for cutting), and the loss is
— A, (for stuffing).

Out of the dependencies (4) and (6) the
conclusion can be drawn that using working
components only for elastic and plastic
deformations (crushing, stuffing), i.e. destruction
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by hammers where 4 grows substantially, is

ineffective. For zoological technical reasons
using cutters in combination with hammers
proves effective for softening the ground
particles.

Based on known constructions and on
many years' research [2, 3, 4, 5], a combined
working component has been justified and
designed for cutting, grinding and shelling
various types of fodder. Especially for the needs
of private farmers, a universal fodder cutter has
been constructed with a number of different
features such as cutting rough fodder, grinding
grain and corn cobs, shelling corn cobs with or
without simultaneous grinding of the grain,
cutting root-tuber fodder as well as grinding plant
debris and twigs of bushes and vines. It has been
designed mostly for private livestock breeding
and small livestock farms. The combined rotor
makes it applicable also as a maize sheller. Maize
grain can be ground simultaneously with shelling
the cobs. There is also an option for grinding
whole peeled or unpeeled cobs along with the
shelled cobs. A range of models of various sizes
with the justified multifunctional working
component has been developed [4, 5]. The
universal fodder grinder with multifunctional
working component has been tested and
approved by the Tractors and Agricultural
Machines Testing Centre, Ruse.

The separate types of operations when
working with the designed machine are shown with
technological diagrams on Figure 2 (a, b, ¢, d).

b)
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Fig. 2. Technological diagrams for different modes of work with the universal machine with combined working

component designed to perform several different operations:
a) grinding grain fodder: b) cutting rough and green fodder; c) grinding whole corn cobs or shelling them with

simultanecous grinding of the grain; d) corn cobs shelling

As a result from the tests of the designed - For grinding whole corn cobs with 5
machine, the following key parameters have been  mm screen — 180 kg/h;
justified: - For simultaneous shelling and grinding

Rotor frequency — 2 880 min "' ; the grain with 3 mm screen — 150 kg/h;

Installed power — 2.2 kW (220 V); - For cutting straw — 200 kg/h.
Weight — 63 kg; An overview of the mass-produced fodder

Productivity has been obtained as follows: ~ grinder ®Y-330 A is shown on Figure 3.
- For grinding maize grain with 4 mm
screen — 400 kg/h;
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Fig. 3. Overview of the designed constructions FU-330 A and FU-570 with combined working component:

1:4 — combined working component with cutters, hammers and fan blades; 2 — frame with telescopic leg; 3 — receiving chamber
(tank); 5 — air duct; 6 — lid with a cup; 7 — shelling apparatus with a set of nozzles 27; 8 — cone; 9 — screen; 10 — exhaust pipe with hatch
15; 11 — socket; 12 — pipe for whole cobs with cap 13; 14 — wing nut; 16,17,18 — fasteners for the clectric starter 24; 19,20.21 —
fasteners for the electric motor 23; 25 — sealing gasket; 26 — bottom for the grain; 28 — grain adaptor; 29 — valve
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CONCLUSIONS

A method has been justified for graphic
determination of energy consumption depending
on the degree or module of grinding that can be
applied for preliminary power and qualitative
evaluations of fodder grinding machines.

A construction of a multifunctional device
has been justified and a range of grinding
machines designed for cutting, grinding and
shelling of various types of fodder that can be
effectively implemented for the needs of small,
medium-size and large livestock farms.
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