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Objectives. The technological process for the production of sheet glass by the float method is
continuous and large-scale. Most European cars (up to 90%) are factory-tinted green; the bulk
of the glass is painted in the desired color during the production process. The introduction of
modern information technologies and digitalization has opened up opportunities for a significant
increase in the efficiency of glass production. Accounting for the amount of drawn and cut glass
allows you to evaluate an important indicator of the production work—the glass utilization rate,
which determines the percentage of quality glass in the total output. The yield of the quality glass
depends on the technological waste in the production process. To assess the effect of waste
arising at the production stages on the glass utilization rate, an analysis of the statistical data
of the float line operation was carried out. These statistical data differ from the normal law of
probability distribution, which limits the use of traditional statistical control methods. Regression
models do not always give an accurate mathematical description of the process since the variance
of the conditional mathematical expectation of the output variable relative to the input is not a
consistent characteristic of the relationship between the input and output variables. The purpose
of this work is to study the application of information modeling theory for the analysis and control
of the technological process of green glass production in terms of its utilization rate.

Methods. The technique of modeling technological chains has some peculiarities with that
for operations modeling. It analyzes operations to identify possible information links between
parameters. Thus, the process of obtaining the utilization rate of green glass in the production
process can be followed. This study analyzes the influence of the paired and triple interactions
of waste on the process of affording the utilization rate of glass at the stages of green glass
production.

Results. Information modeling of the technological process of affording the utilization rate of
green glass in the production process has been carried out. Informational analysis results in a
conclusion about the sufficiency of the control of the utilization rate of green glass in the production
process according to informatively related parameters—waste at the stages of glass melting,
annealing, and flanging.
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Conclusions. The selected method of information control of the glass utilization rate can be used
in quality management systems in the production of green glass by the float method.
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ITenu. TexHoso2uueckuii npoyecc npousgoocmea JUCmMogo20 Cmekad haoam-cnocobom seastem-
Csl HenpepuleHbIM U KPYNHOMOHHAXKHbIM. Egponelickue aemomobunu e bosvuiuHcmse (0o 90%)
umerom 3eseHYy 3a800CKYI0 MOHUPOBKY CMeKOJ, N0OIMOMY 8 npouecce Npoussoocmea Cmewso
8 ceoell macce okpawusaemest 8 eaaemolii yeem. BHeOpeHue coepemMeHHbIX UHGPOPMAUUOH-
HbLX MexXHON02Ull U YUPPOBU3AUUSL OMKPLLEAOM 803MOIHOCMU CYULECMBEHH020 NO8bLULEHUSL
agppeKmueHOCMU CMEKONIbHbLX NPOU3800CM8. Yuem KoAuuecmaa 8blmsiHYmozo U Hape3aHH020
cmeK/la No3eoJislem OoueHUMb 8AXKHbLIL noxasamesb pabomsl npouseoocmea — KosgguuueHm
UCNONIL308AHUSL CMEK/A, ONPedesSIoUUl 000 KauecmeeHH020 CmeKia 8 NpoyeHmax 6 oouiem
obveme eblpabomiu. Boixod 200H020 cmeKkia 3as8ucum om mexHo/I02UUeCcKUX omxo008 8 npoyecce
npouseoocmea. [Iist OUeHKU GAUSIHUSL 0MX0008, G03HUKAULUX HA CMadusix Npoussoocmaea, Ha
Ko3ghpuyueHm uUCnoib308GHUSL CMEKA NPOBOOUNCS. AHAAU3Z CMAMUCMUUECKUX OGHHbIX pabo-
molL proam-AuHUU. DMuU 8blOOPKU OMAUUAIOMCSL OM HOPMATIbHO20 3AKOHA pachpedeseHusl ge-
posimHocmeti, Umo o2paHuUUU8aAem UCNOb308AHUE MPAOUYUOHHBIX CIMAMUCTMUYECKUX Memo00o8
KoHmpoast. PezpeccuorHble modenu He 8cez0a 0aiom mouHoe mamemamuueckoe onucaHue npo-
uecca, NOCKONbKY OUCNepCUsl YCA08HO20 MAMEMAMUUECKO20 OAUOAHUSL 8blXOOHOU nepemeHHOl
OMHOCUMENIbHO 8X0OHbIX He S8S1eMesl COCMOSIMENbHOU XapaKmepucmuKoil cesi3u Mexoy exo0-
HbIMU U 8bIXOOHbLMU NnepemeHHbimU. [lenbro 0aHHOU pabomul siesilemest ucciedoeaque npume-
HEeHUSL UHGOPMAYUOHHOT MeopuU MOOESUPOBAHUSL OISt AHAIUZA U KOHMPOJISL MEXHO/I02UUECK020
npouecca npousgoocmaa 3eeH020 Cmekia o KoagpgpuyueHmy e2o UCnOAb308AHUSL.

Memoosl. Memoouka MOOeNUPO8AHUSL MEXHOJI02UUECKUX Yenell umeem HeKomopble 0CO6eHHO-
CMu no CpaeHeHuro ¢ modesuposaruem onepayuii. B Helli npogooumest aHaius onepayuii 0as
8bLSIBNIEHUSL BO3MONHBIX UHPOPMAUUOHHBLX C8s13ell MeN0Y napamempamu, Umo no3eoisiem npo-
cnedums 3a POPMUPOBAHUEM KOIPPUUUESHMA UCNOIL308AHUSL 3e/1eH020 CMeKaad € npoyecce
npousgoocmea. AHAU3UPYEemEest 8AUSIHUE HA 8eAUUUHY KO duyueHma UCnoNb308AHUSL CMeK-
714 NAPHBLX U MPOTHBLX 83AUMOOETiCMBUTL 0MX0008 HA CMadusix NPou3eo0Cmea 3e1eHo20 CmeKJa.
Pesynomamet. I[IpogedeHo UHGPOPMAUUOHHOE MOOEAUPOSAHUE MEeXHO/I02UUECK020 npoyecca
POPMUPOBAHUSL KOIPPUUUSHMA UCNOSILIOBAHUSL 3€/IeH020 cmeKd. MHGpOPpMAYUOHHBLI aHAUS
nosgoJisiem coesniamos 3aKaroueHue 0 00CMAmMoUHOCMU KOHMPOJsL KO3 puyueHma UcCnoib308a-
HUSL 3eJIeH020 CMmeK/la 8 npoyecce NPousso0cmaa no UHGOPMAMUEHO CESA3AHHBIMU C HUM Napa-
Mmempamiu — 0mxo0amu Ha4 CMAdusiX CMeKJa08aApeHUsl, OmoKu2a U ombopmoeKu.

BbLeoodsl. BulOpaHHAst Memoouka UHGOPMAUUOHHO20 KOHMPOJIS. KOShPuUuyueHma UCnoib308a-
HUSL CMEKAA MOXNEemM NPUMEHSIMBCSL 8 CUCMeMAX MeHEeOIKMEeHMa Kauecmsa e npoussoocmae 3e-
JleH020 cmeraa ¢haoam-cnocobom.
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The float method, a chemical technology, is used
for the production of sheet glass. The production
process is continuous and large-scale. Sheet glass
is the most important product in the glass industry.
Sheet glass is mostly used in industrial, civil,
residential, and agricultural constructions. The major
consumers are the automotive industry, railway
coach manufacturing, and railway transport!.

Most European cars (up to 90%) are factory-
tinted green; the bulk of the glass is painted in
the desired color during the production process?.
The production of green glass has been mastered
at Russian glass factories, including AGC Bor
Glassworks (Russia)® [1].

Over the past 10—15 years, the production and
consumption of glass in Russia have significantly
increased. This has led to increased requirements for
sheet glass quality. The planning and management of
large-scale production, which includes the production
of polished sheet glass, has special aspects [2].
The technological processes of such industries are
continuous, multistage, interdependent, and inertial.
The introduction of modern information technologies
and digitalization has opened up opportunities for
a significant increase in the efficiency of glass
production [3-6].

Accounting for the amount of drawn and cut
glass makes it possible to estimate an important
indicator of the production: the glass utilization rate,
which determines the percentage of high-quality
glass in the total out-turn. The yield of suitable glass
depends on the technological waste in the production
process*®. The type of waste that depends on the
quality of melting and producing sheet glass includes

smelting defects (bubbles, striae, glass stones, etc.),
glass ribbon forming defects (crystallization, tin
flakes, poly thickness, optical distortions visible in
translucent light (“zebra”), stepwise rubbings and
cuts from the shafts, lack of border width, etc.,),
annealing quality (residual stresses, flection, poor
glass cutting), and waste from cutting and shaping
glass strip (crizzles, cracks, cutter breaks, scratches
from transverse cutting, etc.).

To assess the effect of the waste arising in the
production on glass utilization rate, an analysis of the
statistical data of the float line operation was carried
out. These statistical data differ from the normal law
of probability distribution, which limits the use of
traditional statistical control methods. Regression
models do not always give an accurate mathematical
description of the process since the variance of the
conditional mathematical expectation of the output
variable relative to the input is not a justifiable
characteristic of the relationship between input and
output variables [7-9].

The informational approach based on the
principles of discretization and diversity makes
it possible to single out the main part, which is
essential in complex technical systems [10, 11].

This study aims to applicate the information
modeling theory for analyzing and controlling the
technological process of green glass production in
terms of its utilization rate.

MATERIALS AND METHODS

To identify the influence of waste arising at different
stages of production on glass utilization rate, an analysis

"'Semenov S. Rossiiskii rynok stekla: tendentsii, lidery i perspektivy (Russian glass market: trends, leaders and prospects). Available
from URL: https://tybet.ru/content/articles/index.php?SECTION _ID=597&ELEMENT ID=108091 (Updated January 29, 2020;

accessed September 23, 2020) (in Russ.).

2 Opredelenie tsveta avtostekla (Determination of the color of auto glass). Available from URL: https://www.mega-glass.ru/tsvet/

(Accessed September 23, 2020) (in Russ.).

3 Autoglasses of the Bor Glass Plant. Available from URL: https://www.mega-glass.ru/bor/ Accessed September 23, 2020) (in Russ.).
4 Molodkin A.V. Analysis and management of sheet glass production. Vladimir: Izd VIGU; 2005. 22 p.

URL: https://new-disser.ru/_avtoreferats/01002753521.pdf (in Russ.).

5 Shchukin M.V. Research and development of management of the production of sheet glass, taking into account environmental
aspects. Vladimir: I1zd VIGU; 2007.19 p. URL: https://new-disser.ru/_avtoreferats/01003327407.pdf (in Russ.).
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was carried out using retrospective data related to the
operation of a float line for 60 days. The production of
green glass was characterized by an average productivity
of 168 tons per shift with a standard deviation of 15 tons.
The average thickness of the produced glass was 3.1 mm
with a standard deviation of 1.0 mm.

To carry out the analysis, a transition from
continuous random variables to discrete ones was
made. Four partition ranges were chosen for optimal
filtration [10, 12]. Entropy was estimated for the
obtained discrete random variables.

The values of the entropy of the analyzed
variables calculated based on the experimental data
were outside the confidence interval of the normal
distribution curve. This confirmed that they differ
from the normal distribution law.

Information analysis of the technological process
of glass production at individual stages consists of the
sequential determination of the amount of information
with the use of the following equation:

I(X;—>Y)=H(x)+HY)-H(x;Y), i=1234 (1)

where H(X)) and H(Y) are estimates of the entropy
(the quantitative measure of uncertainty) of X, and Y,
respectively, i.e., estimates of information content;
H(X,Y) is the entropy of interdependent systems
(the entropy of the co-appearance of statistically
dependent magnitudes X, and Y).

The system of equation (1) makes it possible to
estimate the influence of each technological operation
on the glass utilization rate.

The degree of the influence of information about
waste at the production stages on the glass utilization
rate is estimated using data connection coefficients:

R(X;»V=1x;,->Y)/HY), i=1234. 2)

The method for technological chain modeling
has some peculiarities with operations modeling.
According to this method, operations are analyzed
to identify possible information links between
parameters. Thus, the process of affording green glass
utilization rate in the production can be traced [10].

The influence of the paired and triple interactions
of parameters associated with waste at different
production stages on the formation of glass utilization
rate was analyzed. Information analysis resulted
in a conclusion on the sufficiency of the control of
green glass utilization rate in the production process,
according to informatively related parameters.

RESULTS AND DISCUSSION

Let us carry out information modeling of the
technological process of forming green glass utilization
rate.

The technological chain of green glass
production (production stages) is presented as an
information channel receiving information about
waste at production stages X, (i = 1, 2, 3, 4). The
information is sequentially transformed into
information about glass utilization rate Y at the
technological chain output.

Let us estimate the amount of information
contained in the parameter of green glass produced
at production stages: melting waste H(X ), molding
waste H(X)), annealing waste H(X,), and flanging
waste H(X,). The amount of information contained in the
parameters of the produced glass is H(X) = 1.38 {nat}.
(Here, {nat} is the logarithmic unit for measuring the
amount of information).

Let us determine the impact of waste from
individual production stages (X, X,, X,, X,) on the
glass utilization rate (Y). Calculating the information
model parameters is reduced to determining the
amount of information transmitted to the glass
utilization rate Y from the waste at the production
stages (X, X, X,, X,). The analysis comprises the
sequential determination of the amount of mutual
information / between the parameters using the
system of equation (1). The calculation results are
shown in the table below.

The information transmitted from parameters X,
and X to Y turned out to be statistically insignificant.
This indicates that there is no influence of waste
from the glass strip molding and annealing stages
on the green glass utilization rate. The information
transmitted from the parameter X, (glass melting
waste) and X, (flanging waste) to the glass utilization
rate Y turned out to be statistically significant. This
indicates the influence of glass melting and flanging
waste on the green glass utilization rate in the
production process.

The degree of influence of the information
on wastes at the stages of production on the glass
utilization rate was determined using the data
connection coefficients (2). These results are also
shown in the table.

The data connection between the parameters is
interpreted as follows: parameter X, (melting waste)
transfers 16% of information to parameter Y (glass
utilization rate); parameter X, (flanging waste)
transfers 20% of information to Y. Calculation
showed a weak data connection between waste at
certain production stages and green glass utilization
rate.
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Analysis of the impact of waste from individual stages of production

on the glass utilization rate

Stages of sheet Amount of information Impact of waste Statistical significance
glass production transmitted to the glass information on the glass of transmitted
utilization rate utilization rate information
IX—Y) RX—Y)

Melting waste, X 0.23 0.16 significant

Molding waste, X, 0.05 0.04 insignificant

Annealing waste, X, 0.13 0.10 insignificant

Flanging waste, X, 0.27 0.20 significant

Using the basic provisions of information
theory let us determine the sequential increment of
information transmitted to the output parameter Y
after each operation [10]:

I(x]—Y)=023;
I(X4—>Y/X1,X3)=052.

The degree of influence of the information increment
on the glass utilization rate Y is determined using the data
connection coefficient:

Ri(X1—7Y)=0.16;
R4(X4—)Y/X1,X3):0.38.

Let us analyze the effect of the paired and triple
interactions of the parameters associated with wastes
at different production stages on the formation of the
glass utilization rate [10]:

I(X1,X4—>Y)=0.52;
Ri4(X1, X4—Y)=0.38;
I(X1, X3, X4 Y)=1.04;
Ri3a(X1, X3, X4—>Y)=0.75.

Thus, information from the paired interaction of
parameters X and X, makes up 38% of the information
of parameter Y; information from the triple interaction
of parameters X, X,, and X, makes up 75% of the
information of Y.

The works presented in the monograph [10] are
devoted to the application of information methods in
quality management. The obtained research results are
consistent with previously published works [13, 14].

CONCLUSIONS

The carried-out information analysis leads to the
conclusion that it is sufficient to control green glass
production according to three parameters: waste at the
stages of glass melting X, annealing X, and flanging X,
as they are the most informative concerning the glass
utilization rate.

The proposed method of information control of
the green glass utilization rate can be used in quality
management systems in the production of glass by the
float method.
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