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Abstract: The researches which results are herein
presented, tackle the dosage process optimization in
small and medium-sized enterprises.
The dosing technical equipment DTE performs two
main functions:
- automated setting of product flow rate for a
programmed value and maintaining this value within
certain pre-set limits, by respecting the regulations in
force concerning the dosage precision imposed for this
equipment type;
- automated control of quantities of products passing
through the dosage equipment in a certain period of time.
In this paper, are presented this equipment
experimental tests, the working qualitative indexes
determined, by emphasizing the advantages of using this
equipment type in small and medium-sized milling
enterprises, in rural area.

Keywords: dosage, agricultural products, milling units,
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INTRODUCTION

The field of systems and equipment for weighing,
dosing and packaging agri food products is one of the
fields with a high economic impact in Romania
(especially in the last years), but also in the industrially
developed countries.

Modern weighing and automated dosing devices
represent ingenious technical solutions that comprise
fields from both the mechanics and electronics, being
characterized by a high precision and sensitivity
according to several papers from the specialty literature.
[1,2,3,4,8]

Usually, operations involving direct action on the
processed material are exclusively done by mechanical
mechanisms or components, but also the command and
dosage adjustment operations are frequently done by
mechanical systems, the electronic systems having a
surveillance and fine adjustment role as described in the
paper [5, 9].

Technological operations of weighing and dosing are not
independent in the manufacturing process of products,
but are integrated into various technological processes,
so that the result of the operation does not emerge
distinctively, but cumulated in the resulted final product,
and as a result, the quality of the dosage/weighing
directly influencing the quality of the final product. [6,7].

In the milling process in different points of the mill's
technological flow, technical equipment used for weighing
the grains that enter the processing and the finished
products and by-products are provided.

Aligned with the most modern equipment in the field
and encompassing innovative constructive solutions, the
Dosing Technical Equipment DTE (fig. 1), developed at
INMA Bucharest has a direct applicability in small and
medium capacity milling units, and can be interleaved in
their technological flow in several points of processing
quantitative information, but also in combined fodder
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Rezumat: Cercetérile ale céror rezultate sunt prezentate
n acest articol au ca subiect optimizarea procesului de

dozare in unitdtile productive de mica si medie
capacitate.

Echipamentul tehnic de dozare ETD realizeazé doud
functii principale:

- reglarea automatd a debitului de produs la o valoare
programata si mentinerea acestei valori intre anumite
limite prescrise, cu respectarea normativelor referitoare la
precizia de dozare pentru aceste tipuri de echipamente;

- gestionarea automata a cantitatilor de produse ce trec
prin echipamentul de dozare intr-un anumit timp.

In aceastd lucrare sunt prezentate investigatiile
experimentale ale acestui echipament, indicii calitativi de
lucru determinati cu evidentierea avantajelor utilizarii
acestui tip de echipament tehnic in fluxul unitatilor de
mordrit satesti de mica si medie capacitate.

Cuvinte cheie: dozare, produse agricole, unitéti de
morérit, control automat, PLC

INTRODUCERE

Domeniul sistemelor si echipamentelor de céntarire,
dozare si ambalare pentru produsele agroalimentare este
unul din domeniile de mare impact economic Tn Roménia
(mai ales in ultimii ani), dar si in {arile dezvoltate din
punct de vedere industrial.

Dispozitivele moderne de cantarire si dozare
automata sunt solutii tehnice ingenioase ce cuprind
domenii atat din mecanica cat si din electronica fiind
caracterizate printr-o precizie si sensibilitate Tnalta
conform mai multor lucrari din literatura de specialitate

[1,2,3,4,38].
De regula, operatiile ce presupun actiunea directa
asupra materialului  prelucrat sunt efectuate in

exclusivitate de mecanisme sau componente mecanice,
insa si operatile de comanda si reglaj al dozarii sunt
efectuate de multe ori de sisteme mecanice, cele
electronice avand rolul de supraveghere si reglaj fin dupa
cum se arata in lucrarea [5, 9].

Operatiile tehnologice de cantarire si dozare nu sunt
independente in procesul de fabricatie al produselor, ci
se integreaza in procese tehnologice diverse, astfel incéat
rezultatul operatiei nu apare distinct, ci cumulat in
produsul final rezultat, iar ca urmare, calitatea dozarii /
cantaririi influentand direct calitatea produsului final. [6, 7]
In cadrul procesului de mécinare in diferite puncte ale
fluxului tehnologic din mori sunt prevazute echipamente
tehnice pentru cantarirea cerealelor ce intra in procesul
de prelucrare, precum si a produselor finite si a
subproduselor obtinute.

Aliniat celor mai moderne utilaje din domeniu si
inglob&nd solutii constructive inovatoare, Echipamentul
tehnic de dozare ETD (fig.1) conceput la INMA Bucuresti,
are aplicativitate directa in cadrul unitatilor de morarit de
mica si medie capacitate putand fi intercalat in fluxul
tehnologic al acestora in diverse puncte de prelucrare a
informatiei cantitative, cat si in cadrul unor fabrici de
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factories, where several dosing technical equipment can
be connected and through a central computer, several
recipes can be achieved.

MATERIAL AND METHOD

In a technological flow, the Dosing Technical
Equipment DTE performs two main functions:
- automatic adjustment of the flow of product to a
programmed value and maintaining that value within
certain preset limits, in compliance with regulation on
dosing precision for this type of equipment;
- automatic management of the quantities of products
that pass through the dosing equipment in a certain time.

Fig.1 — Dosing Technical Equipment - overview [...]
1 - bunker; 2 — dosing system; 3 — control panel

Mainly, the work process is carried out this way
(fig.2):

- the dosed product flows through a pipe (pos. 2)
provided at the end with a mobile flap
actuated by using an electric command by an
electric actuator (pos. 9);

- the product stream dimensioned by the flap falls
from a certain height directed through a channel
on an inclined plate (pos. 3);

- the inclined plate constitutes the end of a lever
that transmits the impact force to a tensometric
dose (pos. 7);

- the tensometric dose transforms de impact force
into material flow, sending an impulse to the
automation system;

- the electric impulse is processed and based on the
programming, the automation system makes the
comparison, recording and displaying of
measured flow and managed values;

- the mobile flap, depending on the command it
receives, increases or decreases the product
flow in order to stabilize it.
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nutreturi combinate, Tn care caz se pot cupla mai multe
echipamente tehnice de dozare si prin intermediul unui
calculator central se pot realiza diferite retete.

MATERIAL S| METODA

in cadrul unui flux tehnologic, echipamentul tehnic de
dozare ETD (fig.1) realizeaza doua functii principale:
- reglarea automata a debitului de produs la o valoare
programatd si mentinerea acestei valori intre anumite
limite prescrise, cu respectarea normativelor referitoare la
precizia de dozare pentru aceste tipuri de echipamente;
- gestionarea automaté a cantitatilor de produse ce trec
prin echipamentul de dozare intr-un anumit timp.

Fig.2 — Technological scheme of DTE
1 - frame; 2 — guidance funnel; 3 — impact plan; 4 - mobile wall;
5(6) - actuating mechanism; 7 - tensometric dose; 8 - flap;

9 - electric actuator

In principal, procesul de lucru se desfisoars astfel
(fig. 2):

- produsul de dozat aflueaza printr-o péalnie de
dirijare (poz. 2) prevazuta la capat cu o clapeta
mobila (poz. 8) actionata prin comanda electrica
de catre un actuator electric (poz. 9);

- jetul de produs dimensionat de clapeta, cade de la

o0 anumita inaltime dirijat printr-un canal pe o
plan de impact (poz.3);

planul de impact constituie capatul unei péarghii
care transmite forfa de impact unei doze
tensiometrice (poz. 7);

doza tensiometrica transforma forta de impact in
debit de material, transmitdnd un impuls
instalatiei de automatizare;

in instalatia de automatizare se prelucreaza
impulsul electric si in functie de programare se
efectueaza compararea, inregistrarea si afisare
debitului masurat si a valorilor gestionate;

clapeta mobila, in functie de comanda ce o
primeste mareste sau micsoreaza fluxul de
produs pentru stabilizarea lui.

‘ PLC

}‘—.I Operating terminal

I I

Amplifier

-

4

Tensometric
dose

A

Electrical
actuator

Fig.3 - Block scheme for automation installation
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The operating terminal (seen in fig.3 acts as
graphical user interface. It communicates with the
installation's PLC on a dedicated RS422 serial
communication interface.

Using the settings, the working parameters for DTE
are set (reference flow, weight counter) and product
management data are viewed (total amount of material
and measured current flow).

The analyzed dosing equipment constitutes an
application of dynamics postulates. Thus, it is known that
a particle’s mass impulse “m” and speed “v” is:

H

and that the H vector is tied to the £ vector of the resultant
forces applied to the mobile point, through the equation:

Also, the impulse of a points system is written:
H=3Y.H = Ym, ¢, this vector g can be regarded as the

impulse of a fictive point with the mass M = }. m,, and

the speed equal with the speed of the center of mass
(weight). Thus, we have the impulse variation in the time
interval (ta, tg):

tg
Mgvc (tB)_ MA\-;C (tA): S= Izsidt
ta

ZmiB °\70(ts)_zmiA "70(tA): s

It results that if the impulse is zero, the exterior
forces will have a constant value and vice versa.
Therefore, we are constructively and functionally
looking to achieve the solution 5 = 0.
In order to achieve that, it was constructively imposed
that H — vertical particle falling height H constant,
resulting that v = constant because v = ,/2gH for any

particle (v, = const.). It results:

Z m, e (Vc )(ts )_ ZmiA ® (Vc )(tA)
Ve (tA) =Ve (tB)

> m, = m,

It results that for this, Mg =M, therefore it is

ultimately constant with the flow.

Functionally, it was searched that the instant value
taken by the tensometric dose and sent to the PLC,
compared with a reference value — resulted from
calibration and related adjustments — to be constant. If
not, by comparing it to the reference value, actions will be
taken through the electric actuator on the mobile flap to
adjust the flow.

Taking into consideration that the equipment should
only take the impulse and the material has to flow as
smoothly as possible, an inclined plan was built to serve
as an impact receptor (pos.3, fig. 2).

The inclination value <&t has to be bigger than the

=MeyV
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Terminalul de operare (vezi fig.3) indeplineste functia
de interfatd grafica cu utilizatorul. Acesta comunica cu
PLC-ul instalatiei pe o interfatd dedicatd de comunicatie
seriala RS422.

Prin setari se stabilesc parametrii de lucru ai ETD
(debit de referinta, contor de masa) si se vizualizeaza
datele de gestiune (cantitate totald de material si debit
curent masurat).

Echipamentul tehnic de dozare supus analizei constituie o
aplicatie a unor postulate ale dinamicii. Astfel, se stie ca
impulsul unei particule de masa ,m” si viteza ,v” este:

@
si ca vectorul & este legat de vectorul F al rezultantei
fortelor aplicate punctului mobil, prin ecuatia:

—_—

d

H
dt
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=P 2
De asemenea, impulsul unui sistem de puncte se
scrie: g =Y. H, = Y¥m, 7, acest vector g poate fi privit

ca impulsul unui punct fictiv cu masa M = ¥ m, _ si

viteza egala cu viteza centrului de masa (de greutate).
Astfel, vom avea variatia impulsului in intervalul de
timp (ta, tg):

(©)

4

Rezultd ca daca varianta de impuls este zero, fortele
exterioare vor avea o valoare constanta si invers.

Astfel, s-a cautat constructiv si funciional sa se realizeze
solutia = = 0.

Pentru aceasta, constructiv s-a impus H — inaltimea de
cadere a particulelor pe verticala H=const. rezultand
v=const. pentru ca =\;ﬂ pentru orice particula

v, = const.).Rezulta:
)
(6)

()

Rezultd ca pentru aceasta Mg

v, deci constanta
Fat

debitului Tn ultima instanta.

Functional s-a cautat ca valoarea instantanee preluata
de doza tensiometrica si transmisa PLC-ului, unde,
comparatda cu o valoare de referinta — rezultat al
etalonarii si a reglajelor aferente —sa fie constanta. Daca
nu, prin compararea fa{d de valoarea de referinta se va
actiona prin intermediul actuatorului electric asupra
clapetei mobile de reglare a debitului.

Avand in vedere ca echipamentul de dozare trebuie sa
preia doar impulsul, iar materialul trebuie sa se scurga
cat mai rapid, s-a construit un plan nclinat ca receptor de
impact (poz.3, fig.2).

Valoarea <Lt de inclinare a planului trebuie sé& fie mai
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fall limit <I, the <I when the products start to roll ¢ __ mare decat < limita de cadere, <L la care produsele
<. incep sé se rostogoleasca «a,,.,, < a.

This value «___is determined from the transport speed Aceasta valoare «,,., se determina din formula vitezei
formula where the kinetic energy variation is equaled with de transport unde variatia energiei cinetice o egalam cu
the mechanical work of the forces acting on the material. lucrul mecanic al fortelor ce actioneaza asupra meterialului.

Therefore, we have the formula: Astfel avem formula:

G (v-v,)
—o@:GH—GCOSa — o f (8)
g 2 Sinx
where: unde:
G = material weight, kgf.; G = greutatea mat. n kgf.;
g = gravity acceleration, m/s?; g = acceleratia gravitationala 9,81 m/s?;
Vv = transport speed, m/s; v = viteza de transport, in m/s;
h = falling height, m h = inaltimea de cadere, in m
a = falling angle, degrees; a = unghiul de cadere, in grade;
f = tan p - friction coefficient, depending on the f = tan p - coeficient de frecare, in functie de
friction angle of the material on the inclined plan. unghiul de frecare al materialului pe planul inclinat.
When ¢, = g it results: Cand ,_ = o se obtine:
2
Vv
—=h(1- ftger) )
29
v=,/2gh(l-ctgetgp) (10)
at limit v=0 for tga= tgp
RESULTS REZULTATE

The testing of the experimental model of DTE Incercarea modelului experimental al echipamentului
equipment was made at INMA, in laboratory and tehnic de dozare s—a realizat in cadrul INMA Tn conditji
exploiting conditions, using its own experimental de laborator si de exploatare, utilizdnd o metodica de
methods, carrying out the following activities: experimentare proprie fiind efectuate urmatoarele tipuri
preliminary  checks, initial technical expertise, de activitati: verificari preliminare, expertiza tehnica
experimenting operating without load, calibrating the initiald, experimentari de functionare in gol; calibrarea
weighing system, checking the functioning of the sistemului de cantarire, verificarea functionarii instalatiei
automation installation in simulated mode, de automatizare Tn regim simulat, experimentari de
experimenting operating under load. functionare n sarcina.

For the experiments in working conditions were Pentru experimentari in conditii de exploatare s-au
used agricultural products such wheat seeds and folosit ca materie prima produse agricole precum
bran. seminte de grau si tarata.

The dosing error (g5) was determined with the following Eroarea de dozare (gq4) s-a determinat cu relatia [3]:
relation [3]:
Qp-Q
&= M ¢100[%) (11)
Qp
where: Qp - programmed flow, t/h; unde : Qp — debit programat, t/h;
Qc — calculated flow, t/h. Qc — debit calculate, t/h.
The calculation formula for Q. is: Formula de calcul pentru Qc este:
M p
Q: = ¢ 3600 [t/n] (12)
Tp
where: M, — sample weight, kg; unde : Mp — masa probei, kg;
Tp - sample duration s. Tp — durata probei, s.
Table 1
Results of test taken in operating conditions [1]
Programmed flow Sample Sample weight Calculated flow Dosing error
Sample (Qp) duration (tp) (Mp) (Qc) (€0)
[t/h] [s] [kq] [t/h] [%]
| 60 17,200 1,032 3,20
1 1 60 17,100 1,026 2,60
] 60 17,250 1,035 3,50
Average 60 17,183 1,031 3,10
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Programmed flow Sample Sample weight Calculated flow Dosing error

Sample (Qp) duration (tp) (Mp) (Qc) (€0)
[t/h] [s] [ka] [t/h] [%]

| 60 34,300 2,058 2,90

1 5 60 34,400 2,064 3,20

] 60 32,900 1,974 1,30
Average 60 33,866 2,032 1,60
| 30 25,500 3,064 2,13

1 3 30 25,200 3,024 0,80

] 30 25,700 3,082 2,70
Average 30 25,466 3,056 1,86
| 30 34,300 4,116 2,90

1l 4 30 34,100 4,092 2,30

] 30 33,900 4,068 1,70
Average 30 34,100 4,092 2,30
| 30 42,700 5,124 2,48

1 5 30 42,400 5,088 1,76

] 30 42,600 5,104 2,08
Average 30 42,566 5,108 2,16

Figure 4 shows the dosing error variation depending
on the sample weight on sample duration of 30
seconds.

In figura 4 este aratatd variatia erorii de dozare in
functie de masa probei la o duratd de probei de 30 sw
secunde.

427700 N 42600
/ 4;”F N
/ 424
27 _ 29 340 /]
r’ = e
N - 33900
343(:}\ Al.lg
s
25200 \
MEZIV AT
2550\ / ? V1 176 —+—sample weight
‘\ / == dosing error
Y.
1 2 3 4 5 6 7 8 9

Fig. 4 - Variations of dosing error depending on the sample weight

CONCLUSIONS

Continuous flow dosage of finished agricultural
products is a complex and important operation for the
destination and future processing of those products. This
operation is made using the Dosing Technical Equipment
DTE integrated in different technological flows in small
and medium capacity milling units and also in unit making
concentrated fodder, in several points of processing the
quantitative information, according to the programming of
the electronic unit [1].

Through the constructive and functional solutions
adopted following the experimental tests, it was found
that the Dosing Technical Equipment DTE offers a series
of advantages such as:

- high dosing precision;

- adjusting the product flow to a programmed value;

- automated management of product quantities
throughout the whole technological flow;

- easy maintenance and exploiting;

- visualizing the product feed through the transparent
tube of the feeding funnel;

- hermetic connection to the piping of the technological
installation where it is integrated;

- modern design;

- reduced specific material and energy consumption.
We can therefore conclude that the use of automated
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CONCLUZII

Dozarea in flux continuu a produselor agricole finite
este o operatie tehnologica complexa si important pentru
destinatia ulterioard a acestor produse. Aceasta operatie
se realizeaza utilizadnd echipamentul tehnic de dozare ce
poate fi integrat in fluxul tehnologic al unitatilor de morarit
de mica si medie capacitate cat si in cadrul unor fabrici
de nutrefuri combinate in diverse puncte de prelucrare a
informatiei cantitative, Tn concordantd cu unitatea
electronica de programare [1].

Prin solutiile constructive si functionale adoptate Tn
urma investigarilor experimentale s-a constatat ca
Echipamentul tehnic de dozare ETD prezinta urmatoarele
avantaje:

- precizie de dozare ridicata;

- reglarea debitului de produs la o valoare programats;

- gestionarea automata a cantitatilor de produs pe
intregul parcurs al fluxului tehnologic;

- intretinere si exploatare facile;

- vizualizarea alimentarii cu produs prin tubul transparent
al palniei de alimentare;

- racordarea etansa la tubulatura instalatiei tehnologice
in care se integreaza;

- design modern;

- consumuri specifice de materiale si energie reduse.
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weighing and dosing technological operation bring a
growth in the economical efficiency of the productive unit
and have an immediate impact on the management of
the processed product.
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Putem concluziona deci, ca utilizarea tehnologiilor de
cantarire si dozare automata aduc cu sine o crestere a
eficientei economice si au un impact imediat asupra
managementului produselor procesate.

MULTUMIRI

Modelul experimental al Echipamentului tehnologic
pentru cantarire si gestionare automata ECGA a fost
realizat In cadrul Programului NUCLEU.
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