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Abstract. The paper deals with a robotized,irdegron as the model for semi-intelligent
development of grain particles grinders. Integi@n,the mathematical model of runs and instantasieo
average values as well as standard expedient,tidegiaf energetic and plane shapening of sections,
forces and energy of disintegration in creatiorhwite application of genetic algorithms (GA-Al),
innovative solutions of new generation multisidedds grinders has been presented in the study.
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INTRODUCTION

The semi- or fully intelligent development machinery construatigpecially
of grain grinders is not only because of the standardizatiothé&yEuropean
Commission today a hot topic. One of the consequences is the ingreasin
inefficiency of not automated in the next years. Cognition and dawelot of the
existing and discovered machines’ construction, so also shreddes ptake on
the basis of the second degree signs, being mathematical modealsthe same
time the second degree signs of a constructisigra signorun3]. Existence of
machines, structure and character of machine’s reality are idchydineory, that
responds to the concept of ontology. Machines’ ontology is yedrdift than the
ontology of existence, as apart from the real existence of machinesiiciges
their imaginary existence in real intelligence of a areat artificial intelligence
— of a creator and a computer (system of science on constrlicti@hanovative
knowledge, that is epistemology) [2,10].

U The works was carried out within the frames of MKBN project realized in the years 2002-2004.
The paper was presented and published in the fodraetivity of the Centre of Excellence
AGROPHYSICS - Contract No.: QLAM-2001-00428 spoaddyy EU within the S5FP.
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ASSUMPTIONS

1. Cognisance and the development of machines’ catistnutakes place on
the basis of mathematical models being the secegded construction’s
signs -signa signorum

2. The analysis of the system, in the mathematicalgamettic sense, includes
two planes, two intersections: one horizontal amel\eertical;

3. The following rules govern the organization and elepment of techno-
logical systems for disintegration: purposefulnesfs activity, energy
(activity) minimum, auto-regulation, even if it ignly a possibility of
realization of matter distribution, and storeyedstaiction.

4. Disintegrationintegronis composed of units of well defined and temporary
structures almost identical as far as surfaceefand energy is concerned;

5. The development is indicated both by the increase¢he number of
interactions with the surroundings, as well asitioeease of complications
and elasticity (plasticity) of a genetic programrealization depending on
the surroundings (environment) requirements;

6. There is no difference in the natures of the living and wiifld, the
difference is on their complexity.

Constructional mathematical models of food corn disintegration esrgige
include the following: physical and environmental issues, afteceffand are the
second-degree signs, purposefully processed for the pogitiwvess of biological
materials shredders’ ontology.

The following rules govern the organization of living organisms:

* Purposefulness,

* Minimum of energy (of acting),

e Auto regulation and

» Storied construction.

Purposefulnesshows a machine, the whole organism, but its every part
carrying out a certain function in a dynamic system capable of reproducing.

The rule ofminimum energys expressed with the fact that all the reactions
occurring in the machine and organism, proceed always in theialirexdtfree
energy decrease.

Regulationtakes place through the changes of mutual interactions’ changes
potentials’ evening out, chemical reactions.

Storeyed constructiorronsists in the fact, that each machine, biological
system is built up of elements (units) that are connected inrite of the next
order etc. from molecules up to organisms’ population. Thereforé, @wat is
composed of sub-units, these sub-units from their sub-units, etc.
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There are no differences between living and still woddiaa as their nature is
concernedthe difference is in complexity [2,4]. ,If metabolism were the result
of spontaneous and probable reactions, organism would burn just $iketean
(machine) devoid of a regulator” [2,4].

MODEL OF A CONSTRUCTION’'S DEVELOPMENT

From the general properties of a machine as a living omgaffiig. 1), that it is a
homeostatic and anti-entropy, there results the necessity ofyingsiris state of
being for a longer period of time. Populations, species, and notdodisi are
subject to evolution. Individuals live relatively short, while plgtions and
species are characterized by continuity and longevity [3,7]. Bladmosome in
population of multi-shield, multi-edge grinders (constructional, adnisset)
may be presented in the following form — Figure 2.

CONSTRUCTION LIVES, SHE IS
PROCESSED, SHE CHANGES IN USE:
*  creative,
» software,
* hardware,
» technological,
* storage, Fig. 1. Conditions, areas and states of the

o processlng, construction
+ exploational,

* ecological,..........

%R = [LT JLO |LE!|PK [PR [ PLOT] PLOR] PPMT PPMR GPKST |

Chromosom

Fig. 2. Mechanism of inheritance as an application of rredige mill design; LT- number of
shields, LO — number of openings in the first rofathee first shield, LR — number of rows, PK —
angular velocity, PR — row radius, PLOT — increa¢he number of openings between shields,
PLOR - increase of the number of openings betweess,rPPMT — increase of the radius of rows
between shields, PPMR — increase of the radiusowfrin a shield, GPK — angular velocity
gradient, ST — shields’ diameter

Two basic complexes of factors integrate population: 1) ecabgand 2)
genetic. The first ones allow for its application on a gigema. Genetic factors
decide on the further development of population.
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Fig. 3. Operating schema of genetic algorithm

As gar as genetics is concerned, population dsnefsindividuals creating a
pool of genes, that constitutes a material for @iamh (Fig. 3) [10]. In case when
crossing of individuals takes, place at random, then gasneted alleles also
combine at random creating systems appearing witBpecified frequency.
Establishment of new hereditary features, that tmecthe source of organisms
changeability, is calledhutation In case when the arose mutation is harmful and
presents a dominating allele, then mutation is harand presents a dominating
allele, harmfulness is manifested immediately innpltygoe, that in final effect shall
be eliminated, and shall be subjectselection The phenomenon of migration
remains an additional issue if machines’ constougtbut it is a more complicated
case as far as evolution is concerned. Functions of accamioroelasticity) to [5,
11]: surrounding, terms of production, usage, fegdimonitoring, making
diagnostics, etc., is the next important factagenetic construction’s development.

A genetically developed population is identifiedlaepresented by: a structure’s
complex of genes and a gene used for reading thesgef structure — so called
integrator. This complex structure’s of genes togetvith the operator’'s gene, has
a form of a mathematical model and is called agiun.

Design modd of grinders, integron in two planes

Disintegrating intersection — horizontal integron:
While determining integron, in the first phase during modelling tivel lef
disintegration, the temporary intersection of disintegrating waseapftig. 4):

oo o o - 4T

where:ay, &, by, b, — openings co-ordinateR,— radius of the openings.
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Such a proceedings is difficult due to long time of calculationhef area of
disintegration for a big number of openings in shields and big number of shields.
It was decided, that in order to increase the efficiency ofpcben calculations,
geometrical dependencies shall be applied for calculatiom @fcle’'s segment
(Fig. 4). Calculation of the intersection of disintegratigroEtween two openings

of centre’s coordinateS; (a;,by), G (a,h,) consists in determination of distance
between the centres of openings (Fig. 4):

C,C, = [(a- ay)’+(b, - b7 ©)

assuming, that field g is the sum of two equal circle segments determined by a

chord BB,, C,C, = w and the field of a circle segment is calculated in the
following way:

12 R=1/2 (a-sina) * R ©))

where: a — is the central angle <,8,B, = < B,C,B; the problem amounts to
determination of a temporary central angle.

<1 xe X

Fig. 4. Surface area between the edges of two openingsvorstoreys; integron — purposeful,
energetic, storeyed sub-unit

In such a way, dependence (3) is given the form:

Fr=(B-A)*R (3a)
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M W{l-(vgf R (@)

it is integron of disintegration for two openings locatetinn adjacent storeys of
shields and meeting the requirements:

R<E<2R 4)

temporarily, in the adjacent shields in which tiienber of openings is bigger, there
may be more pairs of openings meeting the requimtenié). The effective
disintegrating surface for two shields (Fig. Sl®wn on a drawing as an example.

Fig. 5. Relations and area of surface between the edgesimErous openings, on two storeys;
integron — purposeful, energetic, two-storeyed soib-

Due to a complex, but mathematically determinable charactentefrbon’s
calculations: intersection, resistances and unit energy consumiati multi-
shield disintegration, the minimum energy estimators assume the form:

- minimum difference of intersections for the considered time irlterva

I:max - I:min
F

Sr

AF = =0 (5)
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- minimum absolute energy for disintegration:

ER:> ERmin (6)
- minimum energy difference for disintegration, for the considetime
interval:
E -Ex.
AE - Rmax Rmin = O 7
e (7)

Vertical-horizontal (oblique) integron

Curvature and torsion (second curvature) of oblique integron:

The number that characterizes curve’s deflection (including pbiimt its small
part) from the straight line (drawing 6) is calledrve Kof oblique integron’s
curve in pointM [4]:

At dt
MN - O

MN -0

Curve’s radiup=1/K; K andp for space curves are always positive.

V<

Fig. 6. Curve and torsion of vertical-horizontategronfor new generation grinder on many storeys
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Formulae foK i p calculation:

a. For a given curve in the form of co-ordinates

M= [x2+y2ez? @)

dt?

2

K=

(derivatives with respect to s).

b. For a given data in a parametric form

n

2
(drjz d’r | _(dr, d* , \ \ (10)
dt) | dt? dt  dt? _\/(x'2+y'2+z'2Xx"2+y"2+z"2)—(x'x"+y'y"+z'z")2
- =
(&) !
dt

(derivatives with respect to t).
In order to find curvature of a screw line (Figx6¥ acos t, y = asin t, z = bt when

a>0, b0 (), substituting parameter t f&= t a% +b? we obtain

(X.z ry247

S . S bs

X =0 C0S——, Y = o SIN———, z=—, (12
/a2+b2 la2+b2 /a2+b2
and from formula (9)
2 2
a a” +

K = ——— = const =——=const 12
22+ b2 P 5 (12)

The same result we obtain without going to parameter s applying formula (10)
The number defining curve’s deflection (includingipt M in its small part) from
plane curve is called as torsion or second cumatof integron’s curve in poirii:

_ 4b| _|db 13
T=dm |55 (13)
MN~=O|MN

Torsion radiug = 1/T.

(3 Integron’s screw line, defined by the above fdamiand presented on Fig.6 is called dextrorsal. An
observer placed inside a screw line along its agrisalong O axis with his head in the positivection

of this axis shall see the next coils of screw lifging up in the counter clockwise. A screw line
symmetric to dextrorsal screw line with respecrtg plane is called a sinistrorsal plane.
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Formulae forT andr calculation:
1.For a given curve in the form of co-ordinates

X y7

Xy 7

2 3 X", mn |
T:lzpz(drﬂ rj: z (14)

¢ 7 \ds dg d$ ) (XZ+y?+2?)

(derivatives with respect to s).
b.  For a given curve in a parametric form

X yZz

dr g dr Xy Z
1 ,ldtd? df) , X y'Z

T=7:p [drj23
dt

T
(p is calculated according to formulae (9) or (10)).
TorsionT calculated with application of (14) or (15) formulae may bétipesor
negative. IfT>0, then for the observer standing on a normal main parallel to
binormal, the curve in poiri¥l turns left up (just like in dextrorsal corkscrew). If
T<0, then the turning direction is opposite, i.e. from left to right and up.
For construction integrons created in a screw line, turfiilga constant value.
For a dextrorsal screw line, (whbrO0) turning T amounts to

(15)

(XIZ +y12 +Zyz)3

—asint-acost b
—asint -acostO0
2 2\? it — 2 2
T:(a +bj asint —acost 0 b _a’+b _(16)
a [(_

= , 7=
asint?)+ (acost)? +b2]3 a® +b’® b

For a sinistrorsal screw line, (whbrO0) turningT is negative.
Vectorst, n andb derogative with respect to parameter s may be calculbted
the application of the following formulegerre-Frenet410]:

E:ﬂ @:L—E db:—ﬂ (17)

ds p’ ds p 1’ ds ’
where:p is the curvature radius, ands the turning radius.
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Force and energy

On the basis of grinding force equation [4, 5, 10]:
PR = kj Ij/r + Jmax |]Fr + EDFr Df (18)

where:k — coefficient resistances of running idle (KB,s+ — grinding velocity
(M Y, Gnax — Maximal stresses in grinding area between edgesgemin
particles (N rf‘?), F., . area of milling field sectiomf),e— coefficient of proportion
(N,
it may be possible to obtain simplified equation determining ersyggumption
during milling [4]:

(& v @ R+ R OF) Oy

E. =
- ns e

where:t —milling time of relative field section (s).

This equation contains the main elements (partgffafient-energetic integron —
model of multi-shield grinder. In considerationmilling specificity for fodder aims
related to increase feed-efficiency, general etiergedel may be determined [4]:

(,7bi0 _,72)|:Ebrutto|]73|]7 P
K O, + 0, [F +£0F OF) Oy OOM

(19)

& = (20)
(

where: nw, — factor of biological value, described on the ground of riddled
analysis and in vitro digestibility for grinding materigl), 7, — factor of grain
digestibility before grinding (-), f&wo — average content of gross energy in 1 kg
dry substance of grain, e.g.: rye — 15,7 M3, kgheat — 16,2 MJ kY, barley —
15,9 MJ kg, oat — 16,5 MJ K§ M, — multiplier of mass attempt — if denomi-
nator components concern data different from 1 kg.

There is a possibility to calculate a factor of biologiealue 77,;, for a definite
section of each size groups of comminuted material [4, 6]:

Nbio = T<0,5 Mbio<0,5 + T0,5-1,5Pbi00,5-1,5 + 1.5 Moio>1,5 (21)

where: hio<os -, Mhicos-15, Moio>1,5- factor of grinding product biological value
described by its dimension,

fos - Tos515, f15- fraction share of described dimension.

The integron of energy calculated as above is aenaat interval determined with
a suitable probability or average number for ingesibnal criteria of purpose.
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EVALUATION OF THE OBTAINED RESULTS

The constructive features of the working set of the multiise seed grinder
should be selected in such a way that the function achievasakieal value
(because of theg, indicator value) or minimal (because of the value of the unit
energy consumption indicatég).

The point where the function value fulfils the required ciitelis called problem
solution:x = (X'g, ...... , Xn). The solution is, of course, from the permissible area:

x O
The principle of the support in the direction of getting the extremei@olcan be

{x Dga}{DZ z(x*)} (22)

in the case of minimization of energy consumptiéngg)

{x qu}{DZ z(x*)} (23)

in the case of maximization of energetic grinding indicaiseg).

If the target point is known in the target space ([€=g.10 kJ/kg, it is possible to
conduct the procedure aiming at approaching the given solution.

This way a new purpose function is obtained. It is in the fofrthe distance
between the target condition and the countess condition in the target space:

Zy(¥) = Z = 2R (24)

where:Zy — the distance between the solution quality vector Z(x) andatiget
solution Zyn.
In the case of Euclidean norm, the distance is expressed by the followingaormul

1

Zdl(x):{Z[Zmin_ Z()g]z}z (25)

where:Zin— the value of unitary energy consumption for the targetisal Z(x ) —
the value of the unitary energy consumption fordisigned solution.



65¢€ J. B. FLIZIKOWSKI, A.A. MAKHIEF AL-ZUBIEDY

SOLUTION

The task of minimization of a standard deviation of a selected integrax.fo
value of disintegration intersection for a group of data, beagasily transformed
into a problem of maximization — it is consistent with the assumede of
application/interpretation of the accommodation function: the biggés ivalue
the better is the solution. Because of that, worse soluticmargcterized by
a bigger standard deviation, that is smaller value of an ancdation function)
shall be slowly removed from population (natural selection) andiddgils that
shall remain, should be characterized by desirable — from th¢ gfoview of
criteria — features of construction. In the programme |IE_TEST-07 [#|®here
is an option of selection by a user of the mode of calculatiaewaftions from
the average:

— Standard deviations,

- Absolute value from half of the difference between extreme values.

A genetic algorithm is characterized by two basic informationfigured from
the level of the programme:

— Size of population,

- Number of generations (turn).

Example

A preliminary analysis of the algorithm’s results shows ditgrof new
solution of interesting estimators characteristics.dults from the analysis, that
both the energetic effectiveness as well as optimum disatieg intersections
are very sensitive to the changes of constructive features.

[ | Przboze sy I Prabote T | dwdalAl | B w1l B AA] | B Al B el AtA]
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Fig. 7. Graph of temporary disintegration intefig. 8. Graph of temporary disintegration inter-
sections — increase of openings between shields settions — openings’ increase between shields = 1
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Many a time, after the change of one feature of the suggestadybyetic algo-
rithm solution for epsilon value, the characteristics deswagibihe solution
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violently lost their innovative character in the categoriesffifiency. Exemplary
graphs for constructions differing with the increase of the nurobepenings
between shields for unit value are presented on Figure 7.

Fig. 9. Multi-disc corn grains new generation grinder ¢rrtdion unit — 1, and gear systems — 2 [1]

We may see, that on the drawing (Fig. 7) there appear chésticteempo-
rary files, very unfavourable from the point of view of endmgirocess.
However, the decrease of the number of shields constitutingdhease between
shields for value 1 (Fig. 8), results in the fact, that the isolutecomes more
interesting due to the minimum intersection increase @itand energetic
efficiency. A detailed analysis of effectiveness of genalgorithms used in the
constructions supporting process, requires making systematic studles the
supervision of an expert on multi-shield biomaterials grinders.

Multi-disc corn grains new generation grinder (Fig. 9) belanthe group of
devices in which the process of grinding is performed at lispaed of the
cutting edge of approximately 1 rif,sand the noise level is low (approximately
76dB(A)). The grindered material remains in a permanent coniticthe cutting
discs within the grinding area. This property, and the lowereditivelocity, are
two basic factors that contribute to high efficiency of fiecess [3,7]. It is
assumed that the corn material is subjected to quasiHshetdiat results in
shredding of the material. Loads and non-dilatational strain in materiat gmaiy
appear on one or two edges of holes in the discs (Fig. 9) that avéational
motion with respect to one another.
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CONCLUSIONS

On the basis of conducted considerations, proceedings in the atiredti
specifying the biological and technical analogies, searctinghe model of
evolution integron, progress and the development of construction afshigld
biologic materials’ grinders, certain generalizations and csrais of a detailed
character may be formed,;

1. The following reactions and should be discovered and relations steuld
settled down for the existence of conditions favourable forajaication of
biological sciences in supporting the grinders’ constructions:clifstruction,
within the scope of physical, environmental issues, resultstofities, and that
the grinders’ constructions as subunits are the second degmnse gurposefully
processed for a positive progress of biological materials ontology.

2. The following rules govern the development, progress, activity and
organization of living organisms, machines’ construction inctuspurposeful-
ness, energy (of activity) minimum, auto-regulation and geateconstruction,
that are characteristic of the concepirdégron form-physical work, composed
of units of “relatively well defined dimensions and structuaémost identical”
and changeability (morph-physiological), caused by a diversigneifronments,
that is a certain, timely mathematical model.

3. With the assumptions including the essence of biological and techno
logical differences and convergences of the biological nadgedisintegration
engineering, the model of storeyed intersection’s developmdiateei order to
obtain the increase of proper surface in the conditions ofrémummn energy
consumption may be suggested, that is integron — as a genetically evalation t

4. In the IE_TEST-07_BIO programme, there is an option of selectian by
user of the mode of calculation of average values, deviationstfre average, as
estimators evolution the constructional chromosome’s solution.

5. The average value of intersection for all the fters in a single simulation is
an additional measuring device of the solution'aliguin case of a construction
optimisation, due to a diagonal integron of digirédion intersection. That means,
that a potentially interesting solution should bearacterized with minimum
intersection’s fluctuation in the “total living dg¢ and its high mean value.

6. Thanks to the integron-model application of the IE_TEST-07_BIO
proceedings applying genetic algorithms, in the field of accegedmptions, an
optimal solution of a construction of 10-shields corn grainsdsle@ in the
integron conditions: intersection — force subunit, force — energy sukuergy —
disintegration subunit, disintegration — construction subunit, magethprocess
parameters.
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7. The constructional solution was verifies with a positive Itesithin the
scope of product’s quality and process efficiency, in the conditioosraftructio-
nal studies — testing ground.
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Streszczenie. Na drodze rozwoju, semioptymalizagjpobotyzacji rozdrabniaczy ziarna,
wykorzystano wigciwosci integronu jako modelu matematycznego. Integato jnodel matematyczny
konstrukcji pozwala, w oparciu o: celo$& minimum energii, samosterowanie igtppwaos¢, na
koncypowanie i kreowanie, rozygian innowacyjnych a nawet nowych generacji wielotawpath
rozdrabniaczy ziarna. Prezentowane razamie semioptymalne, uzyskano w ramach zastasowa
algorytméw genetycznych sztucznej inteligencji (AG-

Stowa kluczowe: rozwoj rozdrabniaczy, algorytmynegczne, rozdrabniacze, nowa
konstrukcja



