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Abstract: In the paper it is presented the flow diagram of
the wheat breakage phase in a milling plant with the
capacity of 4.2 t/h, as well as the experimental results of
the granulometric analysis of the grist from the plane sifter
compartment of the Second Break. It is presented the
particle size distribution of the grist that comes from the
grinding rolls, but also the five grist fractions in which it is
divided into plane sifter compartment of respective
passage.

Experimental data obtained for the particle size
distributions of grist fractions were tested by computer
regression analysis , with known distribution laws:
Schuhman, Rosin-Rammler, Gauss and log-normal,
determining the values for the equations coefficient and
the correlation coefficient R.
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distribution function, grist, specific surface,. breakage.

INTRODUCTION

In the specialty literature the wheat seeds are
described as biological, anisotropic and irregular materials
both physically and chemically [3, 4].

During the manufacturing process, seeds and
intermediate products of grist gradually pass through
several passages to extract a percentage as high as
possible of endosperm and for a less pronounced
grinding of the shell (of the bran).

A certain influence on the effort of grinding the
material has the differential speed of grinding rollers, the
best ratio of the two rollers grinding speed being 2.5, in
comparison with the reports 2 and 3 [9], in the breakage
phase.

For purposes of processing the material subjected to
grinding, by the pairs of grinding rollers, as homogeneous
as possible and with uniform particles, after every
breakage passage, the grist products are subjected to a
sorting operation in a plane sifter compartment, operation
completed with cleansing of semolina at semolina
machines and / or processing in a bran finisher.

Size distribution of the grist processed at every
technological passage is very varied due to adopted
working regime at every pair of grinding rollers and
depending on the physical characteristics of the wheat
seeds. Therefore, the grinding conditions, the type of
grinding machine, speed of working bodies, can affect this
size distribution of the grist [6].

Furthermore, KeShun Liu, in 2009 [8], and T. Allen, in
2003 [1], consider that, from the multitude of factors which
influence the efficiency and performance of sifting process,
the most important are the size and shape of grist particles,
the sieve characteristics, quantity of grist that reaches the
mesh surface, rotation speed of the machine and the
relative movement of the material on mesh surface.

He arrived at the same conclusion as F.M.
Sultanbawa, in 2001 [11], and N. Standish, in 1985
[10], which considers that although the process of
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Rezumat: 1n lucrare se prezintd diagrama fazei
tehnologice de srotare dintr-o moard de grau cu
capacitatea de 4,2 t/h, precum si rezultatele experimentale
ale analizei granulometrice a mdacinisului  din
compartimentul de sitd pland al pasajului Srotului 2. Se
prezintd distribufia dupd dimensiuni a mécinisului care
iese de la valtul de moard, dar si a celor cinci fracfii de
mdcinis Tn care acesta este divizat in compartimentul de
sitd pland al pasajului respectiv

Datele experimentale obfinute pentru distribufia dupd
dimensiuni a particulelor fracfilor de mé&cinis au fost
testate, prin analizé de regresie pe calculator, cu legi de
distribufie cunoscute: Schuhman, Rosin-Rammler, Gauss
si log-normald, determinandu-se valorile coeficienfilor
ecuatiilor si coeficientului de corelatie R.

Cuvinte cheie: cilindri de mdcinare, compartiment de sitd
pland, diametru mediu, distribufie granulometricd, funcfie de
distribufie granulometricd, méacinis, suprafafa specificd, srotare.

INTRODUCERE

n literatura de specialitate, semintele de grau sunt
descrise ca fiind materiale biologice anizotrope si neomogene
atat din punct de vedere fizic cat si chimic [3, 4].

In timpul procesului de prelucrare, semintele si
produsele intermediare de macinis trec treptat prin mai
multe pasaje pentru extragerea unui procent cat mai
ridicat de endosperm si pentru o maruntire cat mai putin
pronuntata a Tnveligului (taratei).

O anumitd influentd asupra efortului de maruntire a
materialului o are viteza diferentiala a cilindrilor de
macinare, cel mai bun raport al turatiilor celor doi cilindri
de macinare fiind 2,5, in comparatie cu rapoartele 2 si 3
[9], n faza de srotare.

Tn scopul prelucrarii materialului supus macinarii, de
perechile de cilindri de macinare, cat mai omogen si cu
particule cat mai uniforme, dupa fiecare pasaj de srotare,
produsele de mécinis sunt supuse unei operatii de sortare
intr-un compartiment de sita plana, operatie completata cu
curatirea grisurilor la masinile de gris si/sau prelucrarea in
cadrul unui finisor de tarate.

Repartitia dupa dimensiuni a macinisului prelucrat la
fiecare pasaj tehnologic este foarte variata datorita
regimului de lucru adoptat la fiecare pereche de cilindri de
macinare, precum i in functie de caracteristicile fizice ale
semintelor de grau. Astfel, conditile de macinare, tipul
utilajului de maruntire, viteza organelor de lucru, pot afecta
aceasta distributie dupa dimensiuni a macinisurilor [6].

De asemenea, KeShun Liu, Tn 2009 [8], si T. Allen, Tn
2003 [1], considera ca, din multitudinea de factori care
influenteaza eficienta si performanta procesului de
cernere, cei mai importanti sunt marimea si forma
particulelor de macinis, caracteristicile sitei, cantitatea de
macinis care ajunge pe suprafata sitei, turatia utilajului si
migcarea relativa a materialului pe suprafata sitei.

Acesta a ajuns la aceeasi concluzie ca si F.M.
Sultanbawa, Tn 2001 [11], si N. Standish, in 1985 [10],
care considera ca desi procesul de cernere este foarte
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sifting is very familiar and simple on one hand, on the
other hand is very complex, having a series of variables
that can lead to erroneous data in the analysis of the
sifting process.

The mass of particles obtained by grinding contains
particles of sizes located on a domain large enough. Both
for estimating the weight fractions consisting of particles of
a fixed domain (accordance with certain requirements -
useful for separation equipment with sieves), and for
estimation of quantities that enter mathematical models for
calculating the energy required by grinding operation is
useful to know the most suitable particle size distribution
law for grinded product.

The choice of mesh (textile or metallic) as well as the
mesh size for the sieves located inside the plane sifter
compartments is made according to dimensional
characteristics of grist particles that arrive on sifting
surfaces.

Furthermore, even a certain fraction obtained from a
sifting package, in the plane sifter compartment presents a
different size distribution with particles having sizes
between the dimension of mesh that sifted them and of
mesh that passed over (on which they remained
unseparated).

Determination of the size distribution is made, usually,
with special sieve shakers provided with overlapping
sieves. Choice of sieves is made, from top to bottom,
depending on particle size of the analyzed mixture, so that
on the top sieve remains a percentage of material of
about 5 to 10%. The following sieves are chosen from the
range of sieve shaker, so that their apertures dimensions
be in a geometric progression with ratio /2 .

Appreciation of particle size distribution of the mixture
analyzed is based on cumulative weights of the fractions
passing through the sieve apertures of the sieve shaker or
they are passing over the sieves.

The mathematical expression of the particle size
distribution on a granular mixture is based on distribution
laws taken from mathematical statistics.

Thus, Voicu and others in 2010 [13], use the
cumulative distribution functions Schuhman, Rosin-
Rammler and the logistic function with two parameters to
characterize the distribution by size of materials entering
and leaving the process of grinding the wheat using pairs
of rollers mill, all the three law presenting a very good
correlation with the experimental data.

For the appreciation of the particle size distribution of a
batch of wheat seeds, Voicu and others, in 2011 [14],
used the distribution laws of normal, gamma,
generalized gamma, delayed gamma and Weibull type,
estimating by regression analysis with experimental
data that the best correlation is given by the normal and
gamma functions which presented a correlation coefficient
values R? = 0.916.

MATERIAL AND METHOD

The flow diagram for the breakage phase of the wheat
in an industrial mill with the capacity 4.2 t/h is presented in
figure 1.

In this phase the flow diagram contains six
technological passages, out of which five are provided
with grinding equipment (a pair of grinding rollers on the
equipment), and one is for the classification of grist
fractions (sorting).

The flow diagram also includes two semolina machines
for cleaning and classifying fractions with a high content of
endosperm, and three bran finishers for the recovery of
flour from fractions with high content of shell.
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familiar si foarte simplu pe de o parte, pe de alta parte
este foarte complex, avand o serie de variabile care pot
conduce la date eronate in analiza asupra procesului de
cernere.

Masa de particule obtinutd prin maruntire contine
particule de dimensiuni situate ntr-un domeniu destul de
larg. Atat pentru estimarea ponderii fractiilor formate din
particule cu dimensiuni ntr-un domeniu fixat (conform
anumitor cerinte — utile in cazul utilajelor de separare cu
site), cat si pentru estimarea valorilor marimilor care intra in
modelele matematice de calcul a energiei necesare operatiei
de maruntire este utila cunoasterea celei mai adecvate
legi a distributiei granulometrice pentru produsul maruntit.

Alegerea tipului de tesaturd (textila sau metalica)
precum si a dimensiunilor ochiurilor tesaturii pentru sitele
aflate Tn interiorul compartimentelor de sita plana se face
in functie de caracteristicile dimensionale ale particulelor
de macinis ce ajung pe suprafetele de cernere.

De asemenea, chiar o anumita fractie obtinuta la un
pachet de site de cernere, in compartimentul de sita plana
prezinta o distributie granulometrica diferita cu dimensiuni
ale particulelor intre dimensiunile ochiurilor sitei prin care
au fost cernute si cele ale sitei care le-a refuzat (pe care
au ramas neseparate).

Determinarea distributiei dupa dimensiuni se
realizeaza, de obicei, cu clasificatoare speciale prevazute
cu site suprapuse. Alegerea sitelor facandu-se, de sus in
jos, in functie de marimea particulelor amestecului de
analizat, astfel incat pe sita de sus sa ramana un procent
de material de circa 5 — 10 %. Urmatoarele site se aleg din
gama de site a clasificatorului, astfel Tncat dimensiunile
orificiilor lor sa fie intr-o progresie geometrica cu ratia 2 .

Aprecierea distributiei granulometrice a amestecului
analizat se efectueaza pe baza ponderilor cumulative ale
fractiilor care trec prin orificiile sitelor clasificatorului sau
care sunt refuzate de acestea.

Exprimarea matematica a distributiei dupa dimensiuni
a particulelor unui amestec granular are la baza legi de
distributie preluate din statistica matematica.

Astfel, Voicu s.a. In 2010 [13], utilizeaza functile de
distributie de tip cumulativ Schuhman, Rosin-Rammler si
functia logisticd cu doi parametri pentru caracterizarea
distributiei dupa dimensiuni a materialelor care intra si ies din
procesul de maruntire a graului cu ajutorul perechilor de
cilindri de macinare dintr-o moara de grau, toate cele trei legi
prezentand o foarte buna corelatie cu datele experimentale.

Pentru aprecierea distributiei dupa dimensiuni a
semintelor unui lot de grau, Voicu s.a., in 2011 [14],
utilizeaza legile de distributie normala de tip gamma,
gamma generalizat, gamma intarziat si Weibull, estimand,
prin analiza de regresie cu datele experimentale, ca cea
mai bund corelatie o dau functile normald si gamma
care au prezentat valori ale coeficientului de corelatie
R’ = 0,916.

MATERIAL S| METODA

Diagrama fluxului tehnologic pentru faza de srotare a
graului intr-o moara cu capacitatea de 4,2 t/h este
prezentata in figura 1.

In aceastd faza, diagrama de srotare cuprinde sase
pasaje tehnologice, din care cinci sunt prevazute cu utilaje
de maruntire (cate o pereche de cilindri de macinare pe
utilaj), iar unul este numai pentru clasificarea fractiilor de
macinis (divizare).

Diagrama mai cuprinde doua masini de gris pentru
curatirea si clasificarea fractiilor cu un continut ridicat de
endosperm, precum si trei finisoare de tarate pentru
recuperarea fainii din fractiile cu continut ridicat de Tnvelis.
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Fig. 1 - The flow diagram of the wheat breakage phase in a milling plant with the capacity of 4.2 t/h /
Diagrama tehnologica a fazei de srotare a graului la 0 moara de 4,2 t/h
C1-C6 — plane sifter compartments / compartimente de sitd pland; Break 1-5 — break rolls / pasaje tehnologice de srotare; DIV1 — divizor
(sorting compartment) / divizor - sortator; MG1, MG2 — semolina machines / magini de gris; FT1-FT3 — bran finishers / finisare tarate;
M1A, M1B, M2—-M6 — reduction rolls / pasaje tehnologice de macinatoare; F, F', F" — flour / faina [13]

The plane sifter compartment C2 of the mill has at top
part a package of sieve with metallic fabric with large
aperture (7 x 26), in correlation with the distance between
the roller mills of the passage. Metallic sieves are used in
case of sifting the particles that pass over the sieve in
order not to wear out and deteriorate very quickly.

The sifted material of the first package reaches
surface of the second sieve package (4 x 40), the refuse
of this package being directed to Break 3 where is
subjected to a new grinding (figure 1).

The sieve package Il consists of four metal sieves number 40 (4
x 40). The particles that pass over the sieve of this package are
directed to compartment C5 of division — sorting and the particles
that pass through the apertures of it reach the surface of package |Il.

The middle packages Ill and IV have sieves which are
intended for sifting flour. The refuse of package Il (3 x IX)
reaches the surface of the first frame of package IV (3 x
X) and the sifted material constitutes the second quality
flour. From the grist that reaches package IV a part is
sifted as flour F2 and another part is refused and reaches
the first frame of package V.

The last package of frames (2 x 56) consists of two
frames with large number of threads per inch which
separates and extracts the particles of relatively small
endosperm (dust). This are directed to grinding passage
M2. Refuse of package V reaches compartment C5 of
division — sorting, of the plane sifter.

Lately, textile fabrics were replaced by plastic
fabrics. For the flow diagram of the analyzed mill,
equivalence between the number of sieve and mesh
size, as they are specified in the flow diagram, is
presented in table 1.
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Compartimentul de sita plana C2 al morii are la
partea de sus un pachet de site cu tesatura metalica cu
orificii mari (7 x 26), in corelatie cu distanta dintre cilindrii
de macinare ai pasajului. Sitele metalice se utilizeaza n
cazul cernerii refuzurilor pentru a nu se uza si deteriora
foarte repede

Cernutul primului pachet ajunge pe suprafata sitelor
celui de-al doilea pachet (4 x 40), refuzul acestuia fiind
directionat catre Srotul 3 (Break 3), unde este supus unei
noi maruntiri (figura 1).

Pachetul de site Il este format din 4 site metalice
numarul 40 (4 x 40). Refuzul acestui pachet este
directionat catre compatimentul 5 de divizare — sortare, iar
cernutul ajunge pe suprafata pachetului I11.

Pachetele din mijloc Il si IV au site care sunt
destinate cernerii fainii. Refuzul pachetului Il (3 x IX)
ajunge pe suprafata primei rame a pachetului IV (3 x X)
iar cernutul acestui pachet constituie faina de calitatea a
doua. Din macinisul ce ajunge pe pachetul IV o parte este
cernut sub forma de faina F2 iar o parte este refuzat si
ajunge pe prima rama a pachetului V.

Ultimul pachet de rame (2 x 56) are In componenta
doua rame cu numar mare de fire pe inch care separa si
extrag particulele de endosperm de dimensiuni relativ
reduse (dunsturi) care sunt dirijate catre pasajul macinator
M2. Refuzul pachetului V ajunge in compartimentul 5 de
divizare — sortare, al sitei plane.

in ultimul timp, tesaturile textile au fost inlocuite cu
tesaturi din material plastic. Pentru diagrama tehnologica
a morii analizate, echivalenta dintre numarul sitei si
dimensiunea ochiurilor acesteia, asa cum sunt ele
precizate Tn diagrama, este prezentata in tabelul 1.



Vol. 39, No. 1/2013

Equivalence between the mesh number and mesh size /

INMATEH — Agricubtusal Engineering

Table 1/ Tabelul 1

Echivalen fa dintre num &rul sitei gi dimensiunile ochiurilor acesteia

Mesh number / 18| 20 | 26 | 36 | 40 | 46 | 48 | 50 | 54 | 56 | 60 | v | IX X XI
Numar sit a

Mesh size /

Dimensiune oehiuri | 17 /| 105/]0.78/|0.52/|0.47/|0.39/|0.37/|0.35/| 0.32/ [0.31/|0.28/|0.18/|0.17/|0.15/| 0.13/
(] 1,17 | 1,05 | 0,78 | 0,52 | 0,47 | 0,39 | 0,37 | 0,35 | 0,32 | 0,31 | 0,28 | 0,18 | 0,17 | 0,15 | 0,13

Particle size distribution of the grist was achieved with
a sieve shaker ANALYSETTE 3 SPARTAN according to
common working methodology, for an amplitude adjusted
to 2 mm, for 3 minutes. T. Casandroiu and others, in 2002
[2], and Gh. Voicu and others, in 2003 [12], present in
detail the working methodology used in this paper.

Based on results from particle size distribution for the
cumulative percentage of material separated by sieve
aperture the variation curves were plotted through
nonlinear regression analysis on computer in program
Microcal Origin vers. 7.0, for the distribution laws Rosin-
Rammler, Schuhman, Gauss and log-normal.

The four types of distribution laws applied in the
regresion analysis are based on mathematical statistical
method of small particles for ground biological materials
[5, 7]:
¢ Schuhman type distribution is defined by the relation:

T(x) =100 [ﬁxjﬁ

where T(x) — represents mass percentage share of the

fraction with particles smaller than x (passed through the

sieve with size x); x - apertures size sieve by which

particles have passed; a and S - experimental

coefficients.

e Distribution of type Rosin - Rammler is expressed by
the equation:

T(x) =100 [(1— e‘mﬂj

where T(x) and x have the signification from equation (1),
and @ and g are own coefficients to the ground material.

e Gaussian distribution according to the relationship

where xc, Yo, A and w are coefficients.
¢ Log-normal distribution is described by the relation

Analiza granulometrica a macinigurilor a fost realizata
cu un clasificator cu site ANALYSETTE 3 SPARTAN,
conform metodologiei de lucru obignuite, pentru o amplitudine
reglata la 2 mm, timp de 3 minute. Casandroiu s.a. in
2002 [2] si Voicu s.a. in 2003 [12], prezinta Tn detaliu
metodologia de lucru, utilizata si in aceasta lucrare.

Pe baza rezultatelor obtinute la analizele granulometrice
pentru procentul cumulative de material separate prin
orificiile sitelor au fost trasate curbele de variatie prin
analiza de regresie neliniara pe calculator Tn programul
Microcal Origin vers. 7.0, pentru legile de distributie Rosin-
Rammler, Schuhman, Gauss si log-normala.

Cele patru tipuri de legi de distributie granulometrica
aplicate Tn analiza de regresie sunt bazate pe metoda
statistica matematica a particulelor mici pentru materiale
biologice maruntite[5, 7]:

« Distributia de tip Schuhman este definita prin relatia:

@
a
unde T(x) - reprezintd ponderea procentuala masica a
fractiei cu particule cu dimensiuni mai mici decét x (trecute
prin sita cu dimensiunea x); x — dimensiunea orificiilor sitei
prin care au trecut particulele; a si B — coeficienti
experimentali.
e Distributia de tip Rosin — Rammler se exprima prin
relatia:

@
unde T(x) si x au semnificatia de la relatia (1), iar @ si g

sunt coeficientii proprii materialului maruntit.
« Distributia Gauss (normala) potrivit relatiei:

(x=xc )2
T(x)=y, +Ale 2w ©)
unde Xxc, Yo, A si w sunt coeficienti.
« Distributia log-normala este descrisa de relatia:
T(x)= 2 AlnxrV 4)

where @, ) and g are own coefficients to the ground

material, determined experimentally.

According to specialty literature, grist fineness is
assessed by the average diameter dm of ground particles,
calculated as the weighted average of the average size
fractions resulting from sifting:

d,=

where p; represents the percentage of material on the
sieve of the sieve shaker (i =0, 1, 2,..., 5); 2pi = 100 — sum
of the percentages of material on sieves; di — average
particle size of each intermediate fractions, considered as
an arithmetic mean of sieves size apertures surrounding
the respective fraction di = (li+li+1)/2. For top sieve of the
device is considered theoretically that above it would be a
sieve with the side of apertures 2 0.

Knowing the average diameter of newly formed
particles, their specific external surface Sem can be
evaluated with relationship:
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X
unde @, ) si B sunt coeficientii proprii materialului

maruntit, determinati experimental.

Potrivit literaturii de specialitate, finetea macinisului se
apreciaza prin diametrul mediu dm al particulelor maruntite,
calculat ca media ponderata a dimensiunilor medii ale
fractiilor rezultate la cernere :

2P [mm]
Zpi
unde: p; reprezinta procentul de material pe sita i a
clasificatorului (i = 0, 1, 2,..., 5); 2pi = 100 — suma
procentelor de material de pe site; di — dimensiunea medie
a particulelor fiecarei fractii intermediare, considerata ca
medie aritmetica a dimensiunii orificiilor sitelor care
incadreaza fractia respectiva d; = (li+li+1)/2. Pentru sita de
sus a aparatului se considera teoretic ca deasupra
acesteia ar mai exista o sita cu latura orificiilor /2 3.
Cunoscéand diametrul mediu al particulelor nou formate,
suprafata exterioara specificd Sem @ acestora se poate
evalua cu relatia:

()




Vol. 39, No. 1/2013

Sem=

where p is the density of the particle fraction analyzed,
determined with the pycnometer.
In determining the density of material as liquid of working

has been used xylene (pxien = 825,44 kg/m®).

RESULTS

Grist fractions sorted and separated on the sieves of the
plane sifter compartment C2 consist of particles with sizes
between a minimum and a maximum, within the mixture
distribution by size being characterized by different laws of
distribution. It should be noted that the grist particles have
different mechanical properties and composition, being
extracted from different parts of seeds (from outside to
inside).

The dimensions of sieves used in measurements and
weight fractions of material on each sieve for the separate
material are presented in Table 2.

Weighted values p i (%) of the grist refused by the sieves of shaker,
entrance and five exits of plane sifter compartment

aperture of sieves and mean diameter values at the

Valorile ponderilor p i (%) ale mdcini sului refuzat de sitele clasificatorului, a ponderil
si cele 5 ie giri ale compartimentului de sit

ochiurilor sitelor  si valorile diametrelor medii la intrarea

INMATEH — Agricubtusal Engineering

[m?/kg] (6)
Pllim
unde p este densitatea particulelor fractiei analizate,
determinata cu picnometrul.
La determinarea densitati materialului ca lichid de

lucru a fost utilizat xilen (pxien = 825,44 kg /m®).

REZULTATE

Fractile de macinis sortate si separate pe sitele
compartimentului de sita plana C2 sunt alcatuite din
particule cu dimensiuni Tntre o valoare minima si o valoare
maxima, n interiorul amestecului distributia dupa dimensiuni
fiind caracterizata de diverse legi de distributie. Este de
mentionat ca particulele de macinis prezinta caracteristici
mecanice si compozitie diferita, fiind extrase din diferite
zone ale semintelor (de la exterior spre interior).

Dimensiunile sitelor utilizate la determinari si ponderea
fractilor de material pe fiecare sitda pentru materialul
separat sunt prezentate in tabelul 2.

Table 2/ Tabelul 2
the mass percentage shares T (%), edge x (mm) ofth e
C2 of analyzed mill /
or procentuale masice T (%), latura x (mm) a
a plan a C2 a morii analizate

C2 Entrance / - -
w[mm]| C2 Intrare  |x [mm] C2 Break3 x [mm] C2 Divl X [mm] C2 Divl X [mm] C2F x [mm] C2 M2
p[%] |T[%] p[%] | T [%] p[%] | T[%] p[%] | T[%] p[%] | T[%] p [%] [T [%]
0.000/| 52.3/ | 0.0/ [0.000/| 10.6/ | 0.00/|0.000/ 0.0/ [0.000/ 0.0/ | 0.000/ 0.0/ | 0.000/ 0.0/
0,000 | 523 | 00 | 0000 | 106 | 0,00 | 0,000 [>€/%8| 0o | 0000 |*°/*° 00 | 0000 |%°/%0 60 | 0000 |%7/87| 0o
0.630/ 52.3/(0.710/| 14.6/ | 10.6/]0.180/ 2.6/ [0125/] 11.9/ | 4.0/ [0.045/ 0.0/ [0.090/]| 21.47 |67/
0,630 |20/29 553 | 0710 | 146 | 106 | 0180 [22/%°| 26 | 0425 | 11,9 | 40 | 0045 |*?/*?| 00 | 0090 | 214 | 67
0710/ 25.6/ [54.3/|1.000/ 39.5/ [ 25.2/[0.250/ [, 5/, | 55/ [0.180/] 14.5/ [15.9/[0.063/| 22.4/ | 42/ [0.125/[ 34.4/ [28.1/
0,710 | 256 | 54,3 | 1,000 | 39,5 | 252 | 0,250 |“°"“°| 55 | 0,180 | 145 | 159 | 0,063 | 22,4 | 42 | 0125 | 344 |[281
1.250/| 12.5/ [79.9/[1.400/| 10.2/ | 64.7/]0.400/] 10.9/ | 83/ [0.250/| 23.0/ [ 30.4/[0.090/| 34.2/ [ 26.6/[0.180/| 12.3/ [62.5/
1,250 | 12,5 | 79,9 | 1,400 | 10,2 | 64,7 | 0,400 | 10,9 83 | 0250 | 230 | 304 | 0090 | 342 | 266 | 0,180 | 12,3 | 625
1.800/| 3.5/ [92.4/[2.000/| 20.8/ | 74.9/]0.500/] 36.6/ [ 19.2/[0.315/| 24.3/ [53.4/[0.125/| 30.1/ [ 60.8/|0.200/| 19.4/ [74.8/
1,800 | 35 | 924 | 2000 | 208 | 749 | 05500 | 36,6 | 19,2 | 0,315 | 243 | 534 | 0,125 | 30,1 | 60,8 | 0,200 | 194 | 748
2500/ 4.1/ [95.9/[2800/|, . ,[957/[0.710/| 44.2/ | 55.8/[0.400/ | 22.3/ | 77.7/[0.160/ [g; /o 1] 90.9/[0.250/ [ o o o942/
2500 | 41 | 959 | 2800 |"°"™°| 957 | 0,710 | 44,2 | 558 | 0,400 | 223 | 77,7 | 0,260 [~ "77| 90,9 | 0,250 | > ' 2" | 94,2
M‘ean dlamete(/ 0.82/ M‘ean dlamete(/ 145/ M‘ean dlameter‘/ 0.67/ M}ean dlamete(/ 0.31/ M}ean dlamete(/ 012/ M‘ean dlameter‘/ 0.16/
Diametrul mediu Diametrul mediu Diametrul mediu Diametrul mediu Diametrul mediu Diametrul mediu
0,82 1,45 0,67 0,31 0,12 0,16
[mm] [mm] [mm] [mm] [mm] [mm]
The degree of correlation of tested laws with experimental Gradul de corelatie a legilor testate cu datele

data is assessed by values of coefficient R?, presented in
Table 3, together with coefficients of equations (1-4)
depending on the degree of grinding and the differential
speed between the milling rollers.

experimentale se apreciaza prin valorile coeficientului R?,
prezentate in tabelul 3, impreuna cu coeficientii ecuatiilor
(1-4) care depind de gradul de maruntire si de viteza
diferentiala dintre cilindrii de macinare.

Table 3/ Tabelul 3

Values of coefficients a and B from equations 1, 2 and 4 and of coefficients yo, X., W si A from equation 3 as well as the value of R? from
the four equations / Valorile coeficientilor a si din ecuafiile 1, 2 si 4 si ale coeficienfilor yo, Xc, W §i A din ecuafia 3 precum si ale lui R? din
cele patru relafii

Cumulative distribution -
law / Lﬁg(:qau&?i\(/jisa:tribu fie /ngg}fé?;fﬂ (2 Entrance €21 copreaks | c2pivr C2F c2M2 C2DIV 17
[0 1.23/1,23 0.35/0,35 2.89/2,89 2.4.10°/ 2,4-].03 265.69 /265,69 | 21.18/21,18
Rosin-Rammler B 1.18/1,18 2.2512,25 3.71/3,71 3.76/ 3,76 3.26/ 3,26 2.89/2,89
RZ 0.999/ 0,999 0.970/ 0,970 0.991/0,991 0.997 /0,997 0.998/ 0,998 0.998/ 0,998
[0 2441244 2.76 12,76 0.86/0,86 0.16/0,16 0.25/0,25 0.45/0,45
Schuhman B 0.44/0,44 1.08/1,08 3.01/3,01 2.2712,27 1.73/1,73 1.99/1,99
RZ 0.984 /0,984 0.926 /0,926 0.993/ 0,993 0.980/ 0,980 0.969/ 0,969 0.992 0,992
a 4.6-10°/4,6:10° | 340.67 /340,67 1122"11'_110;3’ 84107 /84-10 [ _11002’ 55 _11002/
Log.norma@ B -0.03/-0,03 1.04/1,04 0.61/0,61 -0.1/-0,1 -0.10/-0,10 -0.16/-0,16
y -23.08 /-23,08 1.53/1,53 2.70/2,70 -18.72/-18,72 | -15.39/-15,39 | -10.57 /-10,57
Rz 0.928 /0,928 0.966 / 0,966 0.989/ 0,989 0.974/0,974 0.948 /0,948 0.986 / 0,986
Yo 97.31/97,31 92.46 /92,46 102.9/102,9 93.57 /93,57 108.9/108,9 143.8/143,8
Xe -1.36/-1,36 0.24 /0,24 -0.76 /-0.76 -0.06 /-0,06 0.04/0,04 0.04/0,04
Gauss w 1.19/1,19 0.81/0,81 0.72/0,72 0.96/0,96 0.21/0,21 0.28/0,28
A -185.7 /-185,7 -97.05/-97,05 | -82.67/-82,67 | -102.7/-102,7 | -30.48/-30,48 | -145.4 /-145,4
Rz 0.999/ 0,999 0.979/0,979 0.995/ 0,995 0.988 /0,988 0.999/ 0,999 0.998 /0,998
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Fig. 2 - Size distribution curves given by equations (1 — 4) in correlation with experimental data for grist fractions from plane sifter
compartment C2 at a 4.2 t/h industrial mill / Curbele de distributie granulometricd date de ecuatiile (1 — 4) in corelatie cu datele
experimentale pentru fracfiile de mé&cinis din compartimentul de sitd pland C2 la o moard de 4,2 t/h;

(— - Rosin-Rammler; — O- - - Schuhman; — — — - Log-normala; — - - - Gauss)

As it seen from the graphs in Fig. 2, there are fractions
that have majority of particles to the minimum size of the
shaker sieve aperture , but there are components that have
average particle sizes to the maximum size of the sieve
aperture used in this determination.

The allure of regression curves is correlated with
experimental data obtained, being concave or convex, or with
central inflection point depending on the amount of material
collected on each sieve of the sieve shaker.

Density and specific surface of the fractions from
plane sifter compartment C2 of the mill are presented in
Table 4. One can notice that dust (fraction C2 M2) as well
as the flour (fraction C2 F) extracted from this
compartment have high values of specific surface
(30.020 m?/kg for dust and 44.496 m?/kg for flour)
compared to first refusal of this compartment (C2 Break
3), composed, generally from parts of seeds which must
be reintroduced in the process of grinding in passage
Break 3 and which has a relatively small specific surface
(3.591 mzlkg). According to equation 6, the specific
surface of particles of material from a fraction depends
primarily on the average diameter of particles of that
fraction. In this context we can observe that flour (C2F)

76

Asa cum se observa din graficele din fig. 2, exista fractii care
au majoritatea particulelor cu dimensiuni catre valoarea minima a
orificiilor sitelor clasificatorului, dar exista si componente care au
particule cu dimensiuni medii spre valoarea maxima a orificiilor
sitelor utilizate Tn analiza granulometrica.

Alura curbelor de regresie este Tn corelatie cu datele
experimentale obtinute, fiind ori concave ori convexe, sau
cu punct de inflexiune central depinzand de cantitatea de
material colectata pe fiecare sita a clasificatorului.

Densitatea si suprafata specificda a fractilor din
compartimentul de sita plana C2 al morii sunt prezentate in
tabelul 4. Se poate observa ca dunstul (fractia C2 M2),
precum si faina (fracta C2 F) extrase din acest
compartiment au valori mari ale suprafetei specifice
(30,020 m%kg pentru dunst si 44,496 m?/kg pentru f4ina)
fata de primul refuz al acestui compartiment (C2 Break 3),
alcatuit, in general din parti de seminte care trebuie
reintroduse n procesul de maruntire la pasajul Break 3 si
care are o suprafatd specifica destul de mica (3,591
mzlkg). Conform relatiei 6, suprafata specificd a
particulelor de material dintr-o fractie depinde n primul
rand de diametrul mediu al particulelor acelei fractii. Tn
acest context putem observa ca faina (C2F), avand masa
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having the lowest specific mass of all flve outputs of the
compartment C2 (only 1123.691 kg/m) as well as a
particle average diameter of 0.12 mm (see Table 2), will
have a large specific surface.

Specific mass of grist fractions from plane sifter

compartment C2 of analyzed mill and their specific
equation 6 / Masa specific & a frac fillor de m &cini g din compartimentul de sit

INMATEH — Agricubtusal Engineering

specifica cea mai mica dintre toate cele 5 iesiri ale
compartimentului C2 (doar 1123,691 kg/m ) precum si un
diametru mediu al particulelor de 0,12 mm (vezi tabelul 2),
va avea o suprafata specifica mare.

Table 4/ Tabelul 4
surface calculated with
d plan & C2 a morii analizate precum si suprafa ta

specific & a acestora, calculat & cu ecua fia 6

C2 Entrance / C2 Intrare | C2 Break3 | C2 Divl’ |C2 DIV1” C2M2 C2F
. . 1152.305/ |1203.104 /|1238.443/|1249.161 /|1123.691 /
Density / Masa specificd [kg/m?] 1040.094 / 1040,094 1152305 | 1203.104 | 1238.443 | 1249 161 | 1123,691
- e 2 3.591/ 7.443/ 15.628/ | 30.020/ | 44.496/
Specific surface / Suprafafa specificd [m“/kg] 7.035/7,035 3501 7.443 15,628 30,020 44,496
CONCLUSIONS CONCLUzII

From the analysis and interpretation of data obtained
for the 6 samples, coming from the entry and the five
outputs of the plane sifter compartment C2 (fig. 1), it has
been observed:

for the distribution law Schuhman, the correlation
coefficient R? presents apropriate values to the
Rosin-Rammler function, and the distribution law log-
nomal presents the smallest values of all four tested
laws;

coefficient B from equations 1, 2 and 4 is a coefficient
which indicates the degree of unevenness of the grist
fractions. It can be observed that its values fall within a
fairly narrow distribution law for each part, which
means that the fractions analyzed were fairly uniform,
as particle size;
From the research presented it appears that, in the
case of the second technological passage of break of an
wheat mil size distribution can be described, in all cases,
with the best results by Gauss law (R2 >0,979).

In addition, it stands out that can be used with good
results the distribution law of Rosin-Rammler type, at
which values of the correlation coefficient were largely
above the R? = 0,970.

For all the plane sifter compartments of a mill, from
phase of wheat breaking is important to know the average
particle size of fractions separated, the particle size
distribution and the physical composition because they are
back into the grinding process, and the constructive
charcateristics of roller mill flute, as well as the functional
parameters of the rollers have to be correlated with these
fractions.

The distribution law used in the paper shows a good
correlation with the experimental data regarding the
particles size of fractions from the input and the five exits
of the plane sifter compartment C2 from the breakage
phase. Knowing the average dimension of the particles
and the particle size distribution, as well as the other
physical characteristics of the particles from the grist
fractions are also requirements in the choice of fabric sieve
frames of plane sifter compartments , from entry to exit
into the compartment of each fraction of material.

At the analyzed mill the average dimension of the
fraction particles from plane sifter compartments and the
particle size distribution fall within the limits shown in other
specialty papers.

The data presented may be important for all
professionals workers in milling wheat in the first phase of
the technological process, the breaking phase.
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Din analiza si interpretarea datelor obtinute pentru

cele 6 probe, care provin de la intrarea si cele 5 iesiri ale
compartimentului de sita plana C2 (fig.1), se constata
urmatoarele:
pentru Iegea de distributie Schuhman, coeficientul de
corelatie R? prezinta valori apropiate de cele obtinute
pentru functia Rosin-Rammler, iar legea de dlstrlbutle
log-normala prezinta valorile cele mai mici ale
coeficientilor dintre toate cele patru legi testate;
coeficientul B din ecuatiile 1, 2 si 4 este un coeficient ce
indica gradul de neuniformitate al fractiilor de macinig. Se
poate observa ca valorile acestuia se incadreaza ntr-un
interval destul de restrans pentru fiecare de lege de
distributie In parte, ceea ce Tnseamna ca fractile analizate
au fost destul de uniforme, ca marime a particulelor.
Din cercetarile prezentate se constata ca, in cazul celui
de-al doilea pasaj tehnologic de srotare al unei mori de grau
distributia granulometrica poate fi descrisa, in toate cazurile,
cu cele mai bune rezultate de legea de tip Gauss, (R >0,979).

De asemenea, se evidentiaza faptul ca se poate folosi
cu bune rezultate si legea de distributie de tip Rosin-
Rammler, la care valorile coeﬁ(:lentulw de corelatie au fost
preponderent peste valoarea R? = 0,970.

Pentru toate compartimentele de sita plana ale unei
mori, din faza de srotare a graului este important a se
cunoagte dimensiunile medii ale particulelor fractiilor
separate, distributia dupa dimensiuni si compozitia fizica a
acestora, deoarece ele reintra In procesul de maruntire, iar
caracteristicile constructive ale riflurilor cilindrilor de
macinare, precum si parametrii functionali ai cilindrilor
trebuie sa fie corelate cu acestea.

Legile de distributie granulometrica utilizate in lucrare
arata o foarte buna corelatie cu datele experimentale privind
dimensiunile particulelor fractiilor la intrarea si cele cinci iesiri
al compartimentului de sita plana C2 din faza de srotare a
gréaului. Cunoasterea dimensiunilor medii si a distributiei dupa
marime, precum si a celorlalte caracteristici fizice ale
particulelor fractiilor de macinis constituie, totodata, cerinte Tn
alegerea tesaturilor ramelor de cernere ale compartimentelor
sitei plane, de la intrarea In compartiment si pana la iesirea
fiecarei fractii de material.

La moara analizata, dimensiunile medii ale particulelor
fractiilor la compartimentele sitei plane si distributia dupa
marime a acestora se incadreaza n limitele prezentate si
n alte lucrari stiintifice de specialitate.

Datele prezentate pot fi importante pentru toti
specialistii si lucratorii Tn domeniul macinarii graului, pentru
prima faza a procesului tehnologic, aceea de srotare.
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