60 Revista Roméana de Materiale / Romanian Journal of Materials 2010, 40 (1), 60 - 64

DEPISTAREA REZERVELOR PENTRU MARIREA
REZISTENTEI MECANICE A PRODUSELOR DIN STICLA
CU AJUTORUL ANALIZEI DE SISTEM
REVEALING RESERVES FOR STRENGTHENING OF GLASSWARE
WITH THE HELP OF SYSTEM ANALYSIS

VASILE SARAGOV*

Universitatea de Stat “A. Russo” din Balti, Republica Moldova

Dezavantajul principal al majoritatii produselor
din sticld este rezistenta mecanicd joasa. Pentru madrirea
rezistentei mecanice a sticlei sunt elaborate metode de
tratare speciale (schimb ionic, dezalcalinizare cu gaze acide
s. a.). Dar o astfel de abordare nu este eficienta pentru
produsele din sticla fabricate in masa.

Scopul acestei lucrari consta in depistarea factorilor
care influenteaza asupra rezistentei mecanice cu ajutorul
analizei de sistem. Rezistenta mecanicd, de pe pozitia
analizei de sistem, prezintd un sistem de factori cu influenta
reciprocd. Pentru stabilirea factorilor, care influenteaza
asupra rezistentei mecanice autorul evidentiaza trei blocuri:
1. Caracteristica sticlei si a produselor din sticla, 2. Materii
prime pentru producerea sticlei si 3. Interactiunea sticlei cu
mediul inconjurdtor. Fiecare bloc contine céteva grupe si
subgrupe de factori. De exemplu, grupul Starea suprafetei
sticlei contine urmatoarele subgrupe de factori: - Relieful
suprafetei, Caracteristica defectelor gi Structura straturilor
superficiale.

In etapa urmitoare se explicd influenta fiecarui
factor asupra rezistentei mecanice a sticlei. Apoi se
efectueaza aranjarea factorilor dupa gradul lor de
importanta. Astfel, cu ajutorul analizei de sistem este
posibila obtinerea unei imagini integrale a factorilor, care
influenteaza asupra rezistentei mecanice a sticlei. O astfel
de abordare permite optimizarea procesului de fabricare a
produselor din sticla cu rezistenta mecanica inalta.

The main disadvantage of the majority of types
of glassware is the low mechanical strength. Special
methods of treatment (ion exchange, dealkalization by acid
gases and others) have been worked out for glass
strengthening. But such kind of approach is not effective
for mass production of glassware.

The aim of the undertaken work was to reveal the
factors that influence the glass mechanical strength with
the help of system analysis. From the position of the
system analysis the mechanical strength is a system of
correlated factors. In order to establish the factors that
influence the glass mechanical strength the author
considers that three main blocks of factors have to be
assigned: 1. Characteristics of glass and glassware, 2. Raw
materials for glass production and 3. Glass interaction with
environment. Every block consists of several groups and
sub-groups of factors. For example, the group of State of
glass surface consists of sub-groups of factors Surface
geometry, Characteristics of defects and Structure of the
surface layers. The next stage reveals the influence of each
factor on the glass strength. Then the arrangement of the
factors according to the degree of their importance is
carried out. So the integral idea of the factors that influence
glass mechanical strength can be obtained with the help of
the system analysis. Such an approach allows optimization
of the production of glassware with high mechanical
strength.

Keywords: glassware, mechanical strength, system analysis, factor, characteristics of glass

1. Introducere

Din cauza rezistentei mecanice scazute
desfacerea unor produse din sticla (ambalaj, sticla
de menaj, produse pentru iluminare, tevi etc.) s-a
redus in ultimii ani in mod esential. In afard de
aceasta, rezistenta mecanica scazutd duce la
pierderi mari in etapele fabricarii, transportarii si
exploatarii. Au fost elaborate metode speciale de
tratare pentru marirea rezistentei mecanice a sticlei
(schimbul ionic, depunerea acoperirilor de protectie,
decaparea cu acid fluorhidric, calirea,
dezalcalinizarea cu gaze acide s. a.) insa o astfel
de abordare nu este intotdeauna eficienta pentru
productia de masa [1-4].

Din punctul nostru de vedere pentru determi-
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1. Introduction

Because of the low mechanical strength,
during the recent years the demand for some types
of glass (containers, assorted ware, illuminating
articles, tubes, etc.) has fallen, besides, low
mechanical strength leads to great losses during
the production stage, transportation and
exploitation. Special methods of treatment (ion
exchange, various types of coating, etching
hydrofluoric acid, tempering, dealkalization by acid
gases and others) have been worked out for glass
strengthening. But such kind of approach is not
always effective for mass production of glassware
[1-4].

To our mind, to reveal possibilities for impro-
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narea posibilitdtilor de marire a rezistentei
mecanice a produselor industriale din sticla este
necesara folosirea analizei de sistem. In cercetérile
stiintifice si tehnice analiza de sistem se utilizeaza
din a doua jumatate a secolului trecut. Astazi,
analiza de sistem se foloseste in diferite domenii
de activitate umana: industrie, constructie, instruire,
tehnica, economie, medicina, arta militara s. a.
Scopul prezentei lucrarii consta Tn depistarea
factorilor care influenteaza rezistenta mecanica a
sticlei cu ajutorul analizei de sistem.

2. Partea analitica

Notiunea de ,analiza de sistem” are caracter
multilateral. Principile de baza ale analizei de
sistem sunt urmatoarele:

1)  pentru adoptarea solutiilor se
depisteaza si se formuleaza distinct scopurile finale
precum si criteriile, dupa care este necesara
evaluarea rezultatului obtinut;

2) problema se abordeaza ca un tot
intreg, deci ca sistem.

Cea mai complicata si responsabila
procedurd in analiza de sistem este constructia
modelului generalizat, care reflectd toti factorii si
relatiile de reciprocitate dintre ei, care pot influenta
procesul de adoptare a deciziei. Pana in prezent nu
este elaborat un mod de abordare unic pentru
constructia modelului pentru obiectele corelate.

Din pozitia analizei de sistem rezistenta
mecanica este un sistem de factori cu influenta
reciproca. Pentru prima datd se propune
sistematizarea factorilor care influenteaza asupra
rezistentei mecanice a produselor din sticld. Se
evidentiaza trei blocuri principale de factori care
sunt prezentate n figura 1.

ving the mechanical strength of industrial
glassware a system analysis is necessary. In
scientific research and engineering the system
analysis is used since the second half of the last
century. Nowadays, the system analysis is used in
different areas of human activity: industry,
construction, education, engineering, economics,
medicine, war industry, etc. The aim of the
undertaken work was to reveal the factors that
influence the glass mechanical strength with the
help of system analysis.

2. Analytical part

The notion of system analysis has a
multipronged character. The most important
principles of the system analysis are the following:

1) before taking decisions one must deter-
mine and clearly formulate the ultimate aims, and
the criteria to assess the expected result;

2) the problem is regarded as a whole, that
is as a system.

The most difficult and responsible procedure
in the system analysis is making a generalized
model, which reflects all the factors and relations
between them that may influence the process of
taking a decision. Until present, there is no
common approach to creating a general model of
factors for correlated objects.

From the position of system analysis the
mechanical strength is a system of correlated
factors. For the first time it is proposed to
systematize the factors that influence the
glassware mechanical strength. The author
considers that three main blocks of factors have to
be assigned, which are shown in figure 1:

A\ 4

producerea sticlei
Raw materials for glass
production

2. Materii prime pentru 1. Caracteristica sticlei si a
produselor din sticla <
Characteristics of glass
and glassware

3. Interactiunea sticlei cu
mediul Tnconjurator
Glass interaction with
environment

Fig.1.- Schema-Bloc a factorilor considerati in analiza de system / Blocks of factors that influence the glassware

mechanical strength.

Primul bloc include caracteristica produselor
din sticla propriu zise, adica proprietatile care sunt
caracteristice pentru orice obiect material:
compozitia, structura, omogenitatea, proprietétile
superficiale, s. a. Al dolea bloc include factorii care
influenteaza asupra fabricarii produselor din sticla
(materii prime si transformarea lor in produse din
sticld). Al treilea bloc caracterizeaza interactiunea
produselor din sticla cu mediul Tnconjurator sau cu
alte obiecte. Aici se includ conditiile de exploatare a
produselor din sticld, influenta mediului inconjurator
asupra proprietatilor produselor din sticla s. a.

The first block includes the characteristics of
glass and glassware that is the properties that
characterize any material object: composition,
structure, homogeneity, surface properties, etc. The
second block contains the factors that influence the
glassware production (raw materials and their
transformation in glassware). The third block
characterizes glassware interaction with the
environment, otherwise said with other objects.
Conditons  of glassware  exploitation, the
environmental influence on glassware properties are
referred to this block.
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La réndul sdu fiecare bloc contine cateva
grupe si subgrupe de factori. Descifrarea blocului 1.
,Caracteristica sticlei si a produselor din sticla” este
prezentata in figura 2.

Blocul 1. ,Caracteristica sticlei si a
produselor din sticla” include patru grupe si
paisprezece subgrupe care contin cateva zeci de
factori, de care depinde rezistenta mecanica a
produselor din sticla. Din figura 2 se vede ca
metodele speciale de marire a rezistentei mecanice
se refera la grupa de factori 1.3.3. ,Structura
straturilor superficiale”. Figura 2 demonstreaza ca
marirea speciald a rezistentei mecanice a sticlei va
fi eficientd atunci cand vor fi lichidate stadiile
imperfecte in tot procesul tehnologic. Pentru
lamurire ludm exemplu. Noi am stabilit ca
rezistenta mecanicd a produselor industriale din
sticla depinde mult de indicii de neomogenitate a
masei de sticla. Rezulta ca tratarea suplimentara a
produselor pentru marirea rezistentei mecanice nu
poate fi eficienta cand calitatea masei de sticla este
scazuta.

Este putin studiata influenta subgrupelor de
factori 1.1.2. “Tipul structurii” si 1.1.3. “Parametrii
structural-fizici” asupra rezistentei mecanice a
sticlei. Un interes deosibit prezinta stabilirea
legaturii  dintre bazicitatea sticlei [5-8] si a
rezistentei mecanice.

In mod asemanator se descriu factorii din
blocul 2. ,Materii prime pentru producerea sticlei”
(materii prime, amestec, masa de sticla si tratarea
termica a ei, fasonarea produselor s. a.) si din
blocul 3. ,Interactiunea sticlei cu mediul
inconjurator” (aer, apa, corpuri solide s. a.). intre
factorii unei subgrupe (grupe), la fel ca si intre
factorii  subgrupelor (grupelor) diferite exista
legaturd. De exemplu, de omogenitatea masei de
sticla (termica si chimica) depinde starea suprafetei
sticlei.

La urmatoarea etapa se explica influenta
fiecarui factor asupra rezistentei mecanice a sticlei.
De exemplu, cum influenteaza calitatea recoacerii
asupra rezistentei mecanice a produselor din sticla.
La randul sau se explica de care factori depinde
calitatea recoacerii.

Cea mai grea si responsabila etapa care
urmeaza este aranjarea factorilor dupa importanta.
Pentru aceasta se stabileste legatura cantitativa
intre fiecare factor gi rezistenta mecanicad a
produselor din sticld. Tn cazul in care lipseste
criteriul cantitativ in atentie se ia influenta calitativa
a factorului dat asupra rezistentei mecanice a
sticlei. Trebuie mentionat faptul ca, pana in
prezent, influenta multor factori asupra rezistentei
mecanice a produselor din sticla nu s-a stabilit
inca.

Etapa finala consta din proiectarea si
executia  masurilor luate pentru a indeplini la
nivelul cuvenit toate cerintele etapelor procesului
tehnologic de fabricare a produselor din sticla.

Astfel, cu ajutorul analizei de sistem este

In its turn each block includes several
groups and subgroups of factors. The first block
deciphering “1.Characteristics of glass and
glassware” is shown in figure 2.

Block “1.Characteristics of glass and
glassware” includes 4 groups and 14 subgroups,
which contain several tens of factors that the
mechanical strength of glassware depends on. It is
seen in figure 2 that special strengthening
methods are referred to the factor subgroup “1.3.3.
Structure of the surface layers”.

Figure 2 also demonstrates that special
glass strengthening will become effective, when
the incomplete stages in the whole technological
process are eliminated.To demonstrate this we’ll
take the example. We have established that the
mechanical strength of industrial glassware much
depends on the glass melt heterogeneity index.
Consequently, additional treatment of glassware
cannot be effective to harden them, if the glass
melt is of bad quality.

The influence of the factors subgroups 1.1.2
“Type of structure” and 1.1.3 “Structural and fizical
parameters” on the mechanical strength of glass is
litle strudied. The establishment of the
connections between glass basicity [5-8] and the
mechanical strength presents a special interst.

The second block of factors “Raw materials
for glass production” (raw materials, batch, glass
melt and its heat treatment, glassware molding,
etc.) and the third block of factors “Glass
interaction with environment” (air, water, solid
bodies, and others) are analyzed by analogy.
There is a connection between the factors of one
subgroup (group), as well as between the factors
of different subgroups. For example, the glass
surface depends on the thermal and chemical
homogeneity of glass melt.

In the next stage we ascertain the influence
of each factor on the mechanical strength of glass.
For example, the way the quality of annealing
influences  the strength of  glassware.
Consequently, it is established on which factors
the quality of annealing depends.

Then, the most difficult and responsible
stage comes: arranging the factors according to
the degree of their importance. For this task, the
quantity link between each factor and the
glassware mechanical strength is established. In
cases when there is no quantitative criterion, we
take into account the qualitative influence of this
factor on the glass strength. It must be mentioned
that there is not much information concerning the
influence of many factors on the industrial
glassware strength.

The final stage is the design and execution
of the taken measures to meet all the requirements
at the given stage of the technological process of
glassware production.

Thus, with the help of the system analysis
we can get an integral representation of the factors
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posibil sa se obtina o imagine integrald despre
factorii care influenteazd asupra rezistentei
mecanice a produselor din sticla (sau asupra altor
proprietéti ale sticlei), relatiile de reciprocitate dintre
ele si aranjarea factorilor in conformitate cu
importanta lor. O astfel de abordare permite
evitarea unor greseli in fabricarea produselor din
sticla cu rezistenta mecanica necesara, si pot fi
gasite si aplicate corectari in procesul de productie.

3. Concluzii

Pentru prima data se propune depistarea
factorilor care influenteazé rezistenta mecanica a
produselor industriale din sticla cu ajutorul analizei
de sistem.

A fost alcatuita schema-bloc a grupelor si
subgrupelor de factori de care depinde rezistenta
mecanica a produselor industriale din sticla.

Cu ajutorul analizei de sistem este posibil sa
se obtina o imagine integrala a factorilor care
influenteaza asupra rezistentei mecanice a
produselor din sticla.
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