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Abstract: Researches whose results are presented in this
paper are on the topic of optimizing the dosing and
sacking process in small and medium capacity productive
units.

Using automatic weighing and dosing methods and
technologies in small and medium capacity productive
units brings an increased economic efficiency, leading to
increased quantity of bagged products and weighing
accuracy.

The technological equipment for weighing and
automated management EWAM, developed at INMA
Bucharest has a direct applicability in small and medium
capacity milling units in the technological processes of
packaging of finished products (flour and bran) in open
bags, performing simultaneously two very important
operations: automated bag weighing of the programmed
qguantity of product with a precision that fits within the
prescribed limits and automated management of the
qguantities of sacked finished products on an indefinite
period of time.

In this paper there are presented the experimental
investigations for this equipment, work quality indices
determined with highlighting the advantages of using the
product in the flow of small and medium capacity milling
units.
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INTRODUCTION

The field of systems and equipment for weighing,
dosing and packaging agrifood 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 [2, 5].

Weighing, dosing and automated management are
processes that eliminate, totally or partially, human
intervention in the actual operations. Modern weighing,
dosing and automated sacking devices represent
ingenious technical solutions that comprise fields from
both the mechanics and electronics, being characterized
by a high precision and sensitivity [3].

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 [1].

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 [4].
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Rezumat: Cercetarile ale caror rezultate sunt prezentate
in acest articol au ca subiect optimizarea procesului de
dozare si ambalare in saci in unitatile productive de mica
si medie capacitate.

Utilizarea metodelor si tehnologiilor de céantarire si
dozare automata in unitétile productive de mica si medie
capacitate aduce cu sine o crestere a eficientei economice
a acestora, conducénd la cresterea cantitatii produselor
ambalate in saci si a preciziei de cantérire.

Echipamentul tehnologic pentru cantérire si gestionare
automatd ECGA conceput la INMA Bucuresti are
aplicativitate directd in cadrul unitatilor de morarit de
micd si medie capacitate in cadrul proceselor
tehnologice de ambalare in saci deschisi a produselor
finite (faind si taradtd) unde realizeazd simultan doua
operatii foarte importante: cantarirea automatéa in saci a
cantitatii de produs programata cu o precizie care sa se
incadreze in anumite limite prescrise si gestionarea
automata a cantitatilor de produse finite ambalate in saci
pe perioade nedeterminate.

In aceastd lucrare sunt prezentate investigatiile
experimentale ale acestui echipament, indicii calitativi de
lucru determinati cu evidentierea avantajelor utilizarii
acestuia in fluxul unitatilor de morarit de micd si medie
capacitate.

Cuvinte cheie: cantérire, dozare, gestionare automata,
melc dozare, PLC

INTRODUCERE

Domeniul sistemelor si echipamentelor de cantarire,
dozare si ambalare pentru produsele agroalimentare este
unul din domeniile de mare impact economic in Romania
(mai ales 1n ultimii ani), dar si in tarile dezvoltate din punct
de vedere industrial [2, 5].

Cantarirea, dozarea si gestionarea automata sunt
procese prin care se elimina total sau partial interventia
umana din operatjile propriu-zise. Dispozitivele moderne
de cantarire, dozare si Tnsacuire automata sunt solutji
tehnice ingenioase ce cuprind domenii atat din mecanica
cat si din electronica fiind caracterizate printr-o precizie si
sensibilitate Tnalta [3].

De regula, operatile 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 [1].

Operatiile tehnologice de cantarire si dozare nu
sunt independente in procesul de fabricatie al produselor,
ci se integreaza n procese tehnologice diverse, astfel
incat rezultatul operatiei nu apare distinct, ci cumulat
in produsul final rezultat, iar ca urmare, calitatea
dozarii / cantaririi influentand direct calitatea produsului
final [4].
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According to the most modern equipment in the field
and encompassing innovative constructive solutions, the
technological equipment for weighing and automated
management EWAM (fig. 1), developed at INMA
Bucharest has a direct applicability in small and medium
capacity milling units in the technological processes of
packaging finished products in open bags, performing two
very important operations:

- automated bag weighing of the programmed quantity
of product with a precision that fits within the
prescribed limits;

- automated management of the quantities of sacked
finished products on an indefinite period of time.

The equipment can also be successfully integrated in
the technological flows of units producing concentrated
fodder or in other specific units that practice packaging
granular or powdered product in bags.
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Aliniat celor mai moderne utilaje din domeniu si
ingloband solutii constructive inovatoare, echipamentul
tehnologic pentru céntarire si gestionare automatd ECGA
(fig.1) conceput la INMA Bucuresti, are aplicativitate
directd Tn cadrul unitatilor de morarit de mica si medie
capacitate in cadrul proceselor tehnologice de ambalare
n saci deschisi a produselor finite unde realizeaza doua
operatii foarte importante:

- cantarirea automata in saci a cantitatii de produs
programata cu o precizie care sa se Tncadreze in
anumite limite prescrise;

- gestionarea automata a cantitatilor de produse finite
ambalate Tn saci pe perioade nedeterminate.

Echipamentul se poate integra cu succes si in fluxurile
tehnologice din unitatile pentru obtinerea nutreturilor
concentrate sau alte unitati specifice care practica
ambalarea produselor granulare sau pulverulente in saci.

Fig. 1. — Equipment for weighing and automated management— EWAM - Overview /

Echipament pentru cantarire si gestionare automata ECGA - vedere generala

MATERIAL AND METHOD

In figure 2 is presented the constructive scheme for
technological equipment for weighing and automated
management EWAM.

MATERIAL S| METODA

In figura 2 este prezentatd schema constructivd a

echipamentului tehnologic pentru cantdrire si gestionare
automata ECGA.



Vol. 42, No. 1/2014 INMATEH — 7 inceti

TT TT
7
\
\ / |
5 »
- \
»
g N : -4 \
= 9 ‘
x
LR p/ 4 |
5 M1 : 1
ﬂ*i 1 (
6 || s | 0 |
I I \
. i
= ) \
\
r
y
- \
LL L | 1= H

Fig.2 - Constructive scheme for the Technological Equipment for Weighing and Automated Management EWAM / Schema constructiva
a Echipamentului tehnologic pentru cantarire si gestionare automatd ECGA
1. Support frame / Cadru suport; 2- Dosing group / Grup dozare; 3- Gearmotor holder 1 / Suport motoreductor 1; 4- Gearmotor holder 2
/ Suport motoreductor 2; 5- Filling spout / Gura de sac; 6- Bag fixing strap / Chinga fixare sac ; 7- Bunker / Buncar, 8- Gearmotor 1 /
Motoreductor 1; 9- Gearmotor 2/ Motoreductor 2; 10- Tensometric dose / Doza tensometrica

The dosing group (fig. 3) is the subassembly that Grupul dozare (fig. 3) este subansamblul care
performs the dosage of products that will be sacked. The realizeaza dozarea produselor ce urmeaza a fi insacuite.
augers (pos. 2, 3) are mounted in the framework (pos. 1) Melcii (poz. 2, ) se monteaza in carcasa (poz.1) prin
through some bearings with oscillating ball bearings that intermediul unor lagare cu rulmenti oscilanii care asigura
ensure a good sealing against any type of dust. 0 buna etansare impotriva prafului de orice natura.
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Fig. 3 - Constructive scheme for the Dosing group / Schema constructivé a Grupului de dozare
1- Framework / Carcasd; 2- Auger for coarse dosing / Melc dozare grosiera ; 3- Auger for fine dosing / Melc dozare fina;
4- Evacuation 1/ Gurd evacuare 1; 5- Evacuation 2 / Gura evacuare 2; 6- Flap / Clapeta
The command and control of the dosing operations, Comanda, controlul operatiilor de dozare, cantarire si
weighing and recording the work parameters is made by inregistrare a parametrilor de lucru se realizeaza de catre
the automation installation. instalatia de automatizare.
In figure 4, the block scheme for the automation In figura 4 este prezentata schema bloc a instalatiei de
installation is presented. automatizare.
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Fig. 4 - Block scheme for the automation installation /
Schema bloc a instalatiei de automatizare

The software component of EWAM is formed by two
independent programs installed on the operating terminal
and on the installation’s PLC.

The program loaded on the operating terminal acts as
a graphic interface for the user and was developed with
the GT Designer 3 graphic programming software. This
program has three visualizing windows: Start Page,
Parameter Settings and Weighing.

In the Settings Page the work parameters of EWAM
are established and management data are visualized:
number of bags and the quantity of sacked material on
each working station.

Componenta software a ECGA este formata din doua
programe interdependente instalate pe Terminalul de
operare si pe PLC-ul instalatiei.

Programul incarcat pe terminalul de operare are rolul
de interfata grafica cu utilizatorul si a fost dezvoltat sub
mediul de programare grafica GT Designer 3. Acest
program este alcatuit din trei ferestre de vizualizare:
Pagina Start, Setare Parametri si Cantarire.

In pagina de Setéri se stabilesc parametrii de lucru ai
ECGA si se vizualizeaza datele de gestiune: numar de
saci si cantitatea de material insacuita pe fiecare post de
lucru Tn parte.
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Fig. 5 - Parameter Settings Page / Pagina de Setare Parametri
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The program loaded in the PLC of the automation
installation is developed with the GXDEveloper software
program, being structured in the form of logic instructions
presented as a ladder diagram, and the transmission of
signals to and from the PLC is made both analogically
and digitally.

The weighing and automated management equipment
has the following constructive and functional characteristics:

- overall dimensions, mm:

without bunker with bunker
- length 1300 1640
- width 560 1200
- height 1739 3000
- dosing auger speed, rot/min 60...560
- coarse dosing auger gearmotor drive
power, kw 0.75
- fine dosing auger gearmotor drive power,
kw 0.37
- productivity, no. bags /min 3-4
- weighing precision, % o1
- dosed quantity, kg 15 -60

The testing of the EWAM equipment was made at
INMA, in laboratory and exploiting conditions, using its
own experimental methods, carrying out the following
activities: preliminary checks, initial technical expertise,
experimenting operating without load, calibrating the
weighing system, checking the functioning of the
automation installation in simulated mode, experimenting
operating under load.

For the experiments in working conditions, two types of
combined fodder and 650 type flour were used. The
active power consumed by every motor was determined
using the following relation:

P=v3U*I"cosp.

where:

P - active power consumed;

U - tension of electric power;

| - intensity of electric power;

cosp — power factor for the electric motor ( can be

read on motor label).

The total consumed power will be calculated summing
the active electric powers for each motor and the power
of the stabilized tension source inside the electric control
panel.

The weighing precision was determined with the
relation [4]:
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Programul fincarcat in PLC-ul instalatiei de
automatizare este dezvoltat sub mediul de programare
GXDEveloper, fiind structurat sub forma de instructiuni
logice prezentate ca diagrama ladder, iar transmiterea
semnalelor la si de la PLC se face atat analogic cat si
digital.

Echipamentul pentru cantarire si gestionare automata
are urmatoarele caracteristici constructive si functionale:

- dimensiuni de gabarit, mm

fara buncar cu buncar
- lungime 1300 1640
- latime 560 1200
- inaltime 1739 3000
- turatia melcilor de dozare, rot/min 60...560
- putere motoreductor actionare melc
dozare grosiera, kw 0,75
- putere motoreductor actionare melc
dozare fina, kw 0,37
- productivitatea, nr. saci/min 3-4
- precizia de cantarire, % T 0,1
- cantitatea dozata, kg 15-60

Incercarea modelului experimental al echipamentului
ECGA s-a realizat in cadrul INMA in conditji de laborator
si de exploatare, utilizand o metodica de experimentare
proprie fiind efectuate urmatoarele tipuri de activitati:
verificari preliminare, expertiza tehnica initiala, experimentari
de functionare in gol; calibrarea sistemului de céantarire,
verificarea functionarii instalatiei de automatizare in
regim simulat, experimentari de functionare in sarcina.

Pentru experimentari in conditii de exploatare s-au
folosit ca materie prima doua tipuri de nutret combinat si
faina de grau tip 650. Puterea activd consumata de
fiecare motor s-a determinat cu relatia:

@

unde:
P - puterea activa consumata
U - tensiunea curentului electric
| - intensitatea curentului electric
cosp — factorul de putere al motorului electric (se
citeste de pe eticheta motorului ).

Puterea totala activa consumata se va calcula prin
insumarea puterilor electrice active calculate pentru
fiecare motor in parte si a puterii sursei stabilizate de
tensiune din interiorul panoului electric de control.

Precizia de céantarire s-a determinat cu urmatoarea
relatie [4]:

P =[(m;—my}my] % )
where: unde:
P - weighing precision (deviation from the P - precizia de cantarire (abaterea fata de valoarea
programmed value); programata);
mc — product quantity introduced in the bag m. — cantitatea de produs introdusd in sac

determined by weighing;
mp — product quantity programmed and recorded
in the system.

RESULTS

The results obtained after testing the equipment in
operating conditions are shown in table 1 and 2 and and
their grafic representation in figures 6 and 7 .

determinata prin cantarire;
m, — cantitatea de produs programata si inregistrata
de sistem.

REZULTATE

Rezultatele obtinute Tn urma incercarilor in conditii d e
exploatare a echipamentului sunt trecute n tabelele 1 si
2, iar reprezentarea lor grafica in figurile 6 si 7.
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Table 1/ Tabelul 1

Motor Auger
Meag frle?al?é%gc Noise speed | Tension | Power | Tension | .
If’r;‘;ic Freqcvengg Zgomot Turatie |Tensiune| Curent | Tensiune Curent | Peost | Poost
oog | @limentare A melci Ui I Ui I w) | W)
(ka) motoare (db) n (V) (A V)
(H2) (rot/min)
Augery/MelcM 5 64 54.7 35 2.8 35 2.6| 137.32|127.51
With Augery,/Melc, 51.3 34 1.36 34.8 1.26| 61.59| 58.40
ithout
load/ | Augers/MelcM 10 672 138.2 55 2.34 55.3 2.35| 180.34|182.10
'V'Zfslm Auger/Melcy, ' 105.3 55 1.32 55.3 1.32| 96.710|97.237
Augery/MelcM 15 69 1 170.4 75 2.36 75 2.37| 248.03| 249.08
Augery,/Melc, . 167.4 75 1.34 75 1.33| 133.87|132.87
Augery/MelcM 5 65.7 54.9 35 2.8 35 2.6| 137.32|127.51
Augery,/Melc, . 51.3 34 1.36 34.8 1.26| 61.59| 58.40
Augery/MelcM 138 55 2.34 55.3 2.35| 180.34|182.10
25 10 69.4
Augery,/Melc, 105.6 55 1.32 55.3 1.32| 96.710| 97.23
Augery/MelcM 15 701 170.6 75 2.36 75 2.37| 248.03| 249.08
With Augery,/Melc, . 167.3 75 1.34 75 1.33| 133.87|132.87
it
load/ | Augeryw/MelcM . 5.2 545 34 2.34 34 2.33| 111.48|111.01
Mers'Trvl Augery,/Melc, . 51.2 34 1.34 34 1.39| 60.69| 62.95
sarcina
Augery/MelcM 138.2 54 2.4 55 2.4| 181.60|184.97
30 10 67.8
Augery,/Melc, 105.6 54 1.33 55 1.33] 95.67| 97.44
Augery/MelcM 15 695 170.3 74 2.37 74 2.37| 245.76| 245.76
Augery,/Melc, . 167.1 74 1.33 74 1.33| 131.10f 131.10
Augery/MelcM 54.8 34 2.8 34 2.8| 133.40|133.40
35 5 65.2
Augery,/Melc, 51.2 34 1.37 34 1.37| 62.04| 62.04

Augery —big auger (coarse dosing auger) / Melcy —melc mare (melc dozare grosiera )

Melc,, —small auger (fine dosing auger) / Melc,, —melc mic (melc dozare fina )

Functional and energetic parameters / Parametri functionali si energetic

Table 2/ Tabelul 2

e Motor Filling time / No. bags/min | Weighing precision /
weighed loading | Timp umplere | Nr.sac/min | Precizia de cantérire
Mbag prog. Maantarits frequency [s] [pcs/buc] [%]
Misac prog. Frecventa
(kg) Myeig.bag | / Myeig.bag 1l / falimentare]
Mcant sac Meant sac 11 motoare tI tII PI P” Pl P”
[ka] [ka] [HZ]
Augery/MelcM 25.02 25.01 14 12 4 4 +0.08| +0.04
5

Augery,/Melc, 25.02 25.01 12 13 4 4 +0.08 +0.04
Augery/MelcM - 25.01 25.02 10 15 12 4 4 +0.04 +0.08
Auger,/Melc, 25.02 25.02 13 16 4 3 +0.08 +0.08
Augery/MelcM 25.02 25.01 15 12 13 4 4 +0.08 +0.04
Auger,/Melc, 25.02 25.02 12 12 4 4 +0.08 +0.08

Wl\i;h load/ | Augery/MelcM 30.03 30.02 ; 17 16 3 4 +0.1] +0.07

ers in

sarcind Auger,/Melc, 30.03 30.01 15 16 3 3 +0.1 +0.03
Augery/MelcM 35 30.00 30.03 10 14 17 4 3 0 +0.1
Auger,/Melc, 30.02 30.03 14 16 4 3 +0.07| +0.1
Augery/MelcM 30.02 30.02 15 16 15 3 4 +0.07| +0.07|
Auger,/Melc, 30.01 30.03 17 17 3 3 +0.03 +0.1
Augery/MelcM 35 35.01 35.03 . 19 19 3 3 +0.03 +0.08
Augern/Melcp, 35.03 35.02 19 18 3 3 +0.08 +0.06
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Fig. 6 - Variation of weighing precision depending on auger speed / Variatia preciziei de cantarire
in functie de turatia melcului
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Fig. 7— Variation of filling time depending on the motor loading frequency / Variatia timpului de umplere
in functie de frecventa de alimentare motoare

CONCLUSIONS

Through the constructive and functional solutions
adopted after the experimental investigations it was found
that the Technological equipment for weighing and
automated management— EWAM ensures:
increased productivity due to reduced service time by
overlapping some activities in the packaging process,
which is made possible by the fact that the machine is
equipped with two workstations served by a single
operator;
easy and fast management of quantities of finished agricultural
products resulted from the manufacturing process;
safe storage in the memory of the equipment for a
certain period of time of the data regarding sacked
product quantities, data that can be made available to
interested parties;
securing the packaging process by the fact that the
programming and work parameter modifications, as
well as the system configuration, can only be made
by authorized persons based on access passwords
only known by those persons;
increasing operator’s yield due to the reduction of
supplementary physical effort.
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CONCLUZII

Prin solutiile constructive si functionale adoptate in
urma investigarilor experimentale s-a constatat ca
Echipamentul tehnologic pentru cantarire si gestionare
automata ECGA asigura:
cresterea productivitatii muncii ca urmare a reducerii
timpului de deservire prin suprapunerea unor activitati
din procesul de ambalare, lucru posibil prin faptul ca
echipamentul este prevazut cu doua posturi de lucru
deservite de un singur operator;
gestionarea rapida si ugoara a cantitatilor de produse
agricole finite rezultate din procesul de fabricatie;
stocarea in sigurantad in memoria echipamentului pe o
anumitd perioadd, a datelor privind cantitatile de
produse Tnsacuite, date ce pot fi puse la dispozitia
persoanelor interesate;
securizarea procesului de ambalare prin faptul ca
programarea si modificarea parametrilor de lucru
precum si configurarea sistemului, se pot face numai
de persoane autorizate pe baza unor parole de acces
stiute doar de acestea;
cresterea randamentului operatorului ca urmare a
reducerii efortului fizic suplimentar.
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Therefore, we can conclude that the usage of methods
and technologies for weighing and automated dosage
brings a growth in the economic efficiency and has an
immediate impact on the evidence of supplied materials,
also leading to the growth in the quantity of products
packed in bags and in the weighing precision [2].
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Putem concluziona deci, ca utilizarea metodelor si
tehnologiilor de céantarire si dozare automata aduce cu
sine o crestere a eficienfei economice si are un impact
imediat asupra evidentei materialelor livrate, conducand
totodata la cresterea cantitatii produselor ambalate in saci
si a preciziei de cantarire.[2]
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