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MODELING OF THE PROCESS OF IMPACT-RESISTANT GRAIN M ATERIALS’
SHREDDING

Summary

Within the framework of the study’s realization,atempt was taken up aiming at modeling of theattypesistant process
of grain materials’ shredding with the use of theezlder beater. There was presented a model desgribhe required

speed of a working assembly together with beatargrder to maintain the technological grain’s piéidning. Such a

model considers the grain’s dimensions and its joimyschanical properties.
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MODELOWANIE PROCESU UDARNO SCIOWEGO ROZDRABNIANIA
MATERIALOW ZIARNISTYCH

Streszczenie

W ramach realizacji pracy poglp prob: modelowania udarni@giowego procesu rozdrabniania materiatéw ziarnistya
pomog rozdrabniacza bijakowego. Przedstawiono modeluwpty wymagan predkas¢ zespotu roboczego wraz z bijaka-
mi w celu zapewnienia technologicznego podziattnaiaModel uwzgidnia wymiary ziarna oraz jego wieiwasci fizyko-
mechaniczne.

Stowa kluczoweproces udarnéciowy, modelowanie procesu rozdrabniania, mateziatnisty

1. Introduction the grain material relocates from a charging hoppethe
operating area, where there is a rotor with beaférs sup-

Shredding of grain material is one of the mairhtee  plied material, under the impact of the beaterts héaches
logical operations performed in the food-agrariaduistry.  the speed from the range from 40 to 110 m/s andemsov
It consists in the material’s partitioning into dleaparts  along the circular path hitting against the shraddblates
with the use of a machine’s operating elements,clvhi in case of their presence, against the sieve atidgheach
overcome the material particles’ cohesion forcehil®\se- other. As a result of the impact-resistant foréet€racting,
lecting a shredding mode, one should consider tlee mthe shredded material stays in the shredding chambe
chanical properties of material to be shreddedectiely long, till it shall reach appropriate geometricahtures to
such a mode of working elements’ interaction whickuld ~ get outside the shredding chamber through the agenn
make it possible to obtain the required degreeraingma- the sieves. An exemplary diagram of the operatiegtdr
terial’s shredding at possibly lowest machine'esdes de- shredder is presented in Fig. 1.
structing the shredded material.
The process of material’s shredding is considenet&ims
of the process efficiency, its power consumptiomg ¢he
degree of particles’ shredding.

The below listed types of shredders are at presssed
among others by the industry:
- roller mills,
- radial plate grinding mills,
- crushing mills,
- beater shredders.

Out of many types of shredders, from the pointhef
shredding process effectiveness, the beater smefizled,
7, 9-11] are the most widely used.

2. Analysis of the issues concerning impact-resista
shredding with the use of a beater shredder ., _
Source: own studyZrédio: opracowanie wiasne
The basic elements of the typical beater shredd=ra  Fig. 1. Diagram of an operating beater shredderbéater,
rotor with self-aligned or rigidly attached beatesisshred- 2 - grain element, 3 - sieve, 4 - rotor
der’s sieve, a shredding plate and a supportingctstre  Rys. 1. Schemat zespotu roboczego rozdrabniaca&obij
with a power transmission system. In the beategdsters, wego: 1 - bijak, 2 - element ziarnisty, 3 - site, wirnik
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The issues of analytical studies relating to gnaate-
rial's shredding, were presented among otherdienatorks
of: Bond, Brach, Dmitrewski, Flizikowski, Kick, Mel
nikow, Rittinger and Rebinder [1, 3, 5, 6, 8, 12].

The works conducted on development of the thedry o

shredding, do not create a uniform presentatiothaf is-

sue, because of the considered impact of manyreifte

factors on the shredding process. The mathematiodkls

presented by the above-named researchers and oorcer

the shredding theory, described the dependendeingeto
energy necessary for the process realization, wie$ ex-

P P x

— st

P
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Source: own studyZr6dio: opracowanie wiasne

pressed as the energy necessary to overcome tbedsir Fig. 2. Model of grain subject to compression withforce

material’'s cohesion forces, due to what most ofetkisting
hypotheses are of the resistance theory’s natuaeedd on
the mathematical models presented in the availkiela-

ture, the unambiguous dependencies cannot be deirive

order to conduct the analysis of effectiveneseims of a
method and a machine performing that process.slilte
from different assumptions and simplifications assd by
the researchers.

Rys. 2. Model ziarna poddaggiskaniu siy P

Compression work  of the cylindrical element on the
Al path may be described with dependence:

AL
L=L P dx,

Studies on the shredding process modeling, thedémp where:

on the shredders’ construction features and thanpeters
of their work at the time of cereals’ grains shrieddprove,
that one coherent theory expressing exhaustively ghoc-
ess is missing, and the views within the scopeghefcon-
structional features and parameters’ impact orfuhetion-
ing effectiveness are divergent. Mathematical modid-
scribing the shredding process are in some casegdn-
eral, what causes that their use in the phasesifuiag the
machines for grain material’s shredding, is implolssi

- compressing force,

dXx _ element of the path along which the force oper-
ates

al . length described with dependence (3).

Shortening of the cylindrical element for the Itlrnél
may be described as the dependence:

The quoted examples of analytical and experinhentam Pl

studies prove, that the subject of shredding ofentjust
like cereals’ grain, has not still been fully exm@d. The
constructional solutions of the used beater shisdegnain

unchanged for many years. There are no precisaestud

concerning the unit energy consumption in the stireg
process. In the available temperature it is onlytineed,

that the unit energy consumption depends on mamy co
structional factors, that is the rotor’'s constroitishape of

the beaters and the type of the used sieves. elrkribwn
publications connected with conducting of reseatcidies,
there are presented contradictory opinions asdahe im-
pact of constructional and exploitation factorstba unit
energy consumption and the quality of the shregteduct
are concerned.

3. Modeling of the shredding process

“EF’ (3)
where:

E. Young module,
- section area of a cylindrical element,
I _total length of the grain model.

Rearranging the dependence (3), we receive thegxp
sion describing the forc® in the form:

EF
P=—o NI,

l (4)

For any dislocation x, the expression (4) takesftit
lowing form:

During statical grain’'s compressing, the work amau EF
lated in one grain may be described with dependenc) = —=x,
known from the theory of elasticity: ! ®)
L= vV, Presenting the equation (5) to (2) and integratimg, get
K 1) . : o
where: the dependence describing the operakiorof a cylindrical

L . work accumulated in a grain of volurkie and Young
E  module

T - compressive stress in a grain.

Accepting the dependence (1) in the descriptiothef
energy of elasticity accumulated in grain, is carneé with
grain’s replacement with a cylindrical element mayvithe

Iengthi and the sectional arda (Fig. 2).
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element’s compressing:

SEF . EF
L=£ —x*=———AlF,
1 2l (6)

Trying to calculate the single grain’s compressiank,

there has been assumed its model composed of &rbigg

number of cylindrical elements having different rditers
(Fig. 3).
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Source: own studyZrddio: opracowanie wiasne
Fig. 3. Grain’s model
Rys. 3. Model ziarna

Discretization is to be conducted maintaining digua

of the grainV volume and the sum of cylindrical elements

Vim , volume, where:
Vi = Vi + 15+ V5 + — 4V,

For the purposes of precise grain’s mapping, thae

to be assumed the mode composedtofcylindrical ele-
ments. Then, the dependence (10) takes the form:

L
1 S
ln=qF )% V-
i=1 (12)

The grain is shredded when str€ssreaches the critical
value k. For the one-element model, the value of the
critical operatior'.f'k, at which shredding of the grain shall
take place in accordance with the equation (1)gake
form:

_ Ok

Z2E V. (12)
Considering the multi-element model, it has todse
sumed that shredding of grain shall take place wien

highest stres§i reaches the valugk . The dependence
(12) for critical operation takes the form:
T

ot o Vi
L= 2 v Y IV
WTZE S LigiV
=1
where:

07 - compressive stress in x element of the model,
Ty - critical value of the compressive stress,

Ly

(13)

E. Young model of grain,
Vi - volume of x a model’s element,
p - B _ _ B - PV Ltotal volume of a model's element.
For further analysis, there has been introducedith
mensionless functioW described with dependence (14):
no .
L 7 Iy T Y
w - - o
. . gV 14
Source: own studyZrédio: opracowanie wiasne = (14)
Fig. 4. Three-element grain’s model subject to §ires which for the one-element model assumes the value
with P force v=1, . )
Rys. 4. Model tréjelementowy ziarna poddacigkaniu siy The crlt_|cal operation of the one-element modey tva
p presented in the form:

In Fig. 4 there is presented the grain’s model posed
of three cylindrical elements of the Iengtfhs l;1l3 and
the sectional areaB1-Fz and Fz Under the impact of

the force P , individual cylindrical elements deform re-

spectively to the lengthdls, Al and Aly  where:
Pl P, Pl,
By=gp Ba=pg,  Aa=g7 -
The deformation operatio%n of the grain model pre-
sented in Fig. 4 is the sum of the deformation at@ns of
its individual elements, pursuant to the dependence
Lim= Ly + L+ L. (8)
So, substituting to the dependence (8) the equésip

there has been received:
Ly Iz - Iz
LmzfﬂEledx-l—fAEF‘xdx-l-F EF!::
o IE1_ ] IEr: (4] i:! (9)

Following integration of the equation (9), the stilaity
energy for the three-element grain’s model amotmts

_1gf 1af . 1d]
Im=3F i E

i+

2 E Vs, (10
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Ty 7 m
e =¥ 35V =Y 35 o

where:

(15)

¥ . dimensionless function described with dependence
(14),

M - mass of grain,
@ - thickness of grain.

The condition of grain’s shredding is the fulfilkmt of
inequality:
Eh’ = Lﬂ Is
where:

E - kinetic grain’s energy at the moment of collisieith
the shredder’s beater,

Lk - critical work described with equation (15).

(16)

Grain’s kinetic energﬁk is described by dependence:

Ep= 2

T

bl | =

T e 17)
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where:

M - mass of grain,

¥ . grain’s speed with the reference to the beater,
W _angular speed of the rotor with beaters,

T - radius of grain’s collision with beaters.

Substituting the equation (15) and (17) to ineiyal

(16) we shall receive the dependence (18) desgritiie
rotor's speed with beaters has been reached. Timitcm

of grain’s shredding there shall be ensuring inghwedding

process of the beaters’ angular speed, meetinghéugial-
ity (18)

o | ¥

W >=>— |—.
rJEo

(18)

4. Summary

connected with the grain material's damaging (tow |
speed values — no technological grain’s partitighin
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