N3BECTUA BY30B. YEPHASA METAJIJIYPTUA. 2025;68(4):402-410.
Cnupun H.A., T'ypun H.A., J/laspos B.B. UHbopMaLMOHHO-MO/eIMpYyIoLiasi CUCTEMA OLEHKHU HECTAOUIbHOCTH QYHKIIMOHUPOBAHHUS ...

MHO®OPMALMOHHDLIE TEXHOJIOTUU

W ABTOMATU3ALMUSA B YEPHOU METANNTYPT UM

E_!T| UDC 669.162.263

DOI10.17073/0368-0797-2025-4-402-410 - .
Original article

OpuzuHa/leaﬂ cmambus

INFORMATION MODELING SYSTEM FOR ASSESSING INSTABILITY
OF BLAST FURNACE FUNCTIONING

N. A. Spirin©, I. A. Gurin, V. V. Lavrov

I Ural Federal University named after the first President of Russia B.N. Yeltsin (28 Mira Str., Yekaterinburg 620002, Russian
Federation)

&3 n.aspirin@urfu.ru

Abstract. The article discusses the development of an information modeling system for assessing the instability of a blast furnace. The presented
approach is based on the application of mathematical models and methods for analyzing the parameters of the blast furnace process, which makes
it possible to assess the impact of technological and organizational factors on the furnace stability. The developed system is designed for automated
collection, processing and analysis of data in real time, as well as forecasting technological deviations. The methodology is based on the use of inte-
gral stability indicators, including the technical and economic characteristics of smelting, the properties of raw materials, the parameters of blast,
gas dynamic, thermal and slag modes. To determine the integral indicators, a set of controlled and calculated features is used, ranked according
to the degree of significance. The main modules of the system include functional blocks for data collection, calculations, analysis and visualiza-
tion. The system architecture is implemented on the basis of a client-server approach, which provides the possibility of integration with existing
metallurgical production management systems. The practical implementation of the system makes it possible to improve the performance of blast
furnace smelting, reduce fluctuations in the parameters of the technological process and improve the quality of the resulting cast iron. The above
calculation examples confirm effectiveness of the developed tool. The presented results may be useful for the specialists in the field of blast furnace
production automation, as well as for the researchers involved in analysis and forecasting of instability of technological processes.
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AHHOomayus. B cratbe paccMaTpuBaeTcs pa3paboTka HHPOPMAIHOHHO-MOIEIUPYIOIIEH CUCTEMBbI OLICHKH HECTaOMIbHOCTH (YHKIIMOHUPOBAHUS
TOMEHHOI reun. [IpeacTaBieHHbIH T0aX0 1 6a3upyeTcs: Ha MPUMCHCHUH MaTEMAaTHIECKUX MOZICNIeH M METOIOB aHajIn3a IapaMeTPOB TOMEHHOTO
mporiecca, 9To MO3BOISIET OCHUBATH BIMSHNAC TEXHONOTHYSCKUX M OPraHU3allMOHHBIX (aKTOPOB HAa CTaOMIBHOCTH paboThl meun. Pa3pabo-
TaHHas CHCTeMa MpeIHa3HaYeHa JJIsl aBTOMAaTH3UPOBAHHOTO cOopa, 00pabOTKH M aHAM3a JIAaHHBIX B PEaJIbHOM BPEMEHHM, a TAKIKE TPOrHO3U-
POBaHUS TEXHOJIOTHYCCKUX OTKIOHEHHUH. B OCHOBE METOMHMKH JICKUT MCIOJIB30BAHUE MHTEIPABHBIX MOKa3aTelell CTaOMIbHOCTH, BKIIOYAst
TEXHUKO-DKOHOMHYECKHUE XapaKTEPUCTUKH TUIABKH, CBOMCTBA CHIPbs, MApaMeTPhl AYThEBOTO, Ia30JHHAMUYECKOr0, TEIUIOBOTO M IITAKOBOTO
pexumoB. 1 pacueta HHTErPATbHbIX TIOKa3aTeei IPUMEHSIETCS COBOKYTHOCTh KOHTPOIHPYEMBIX H PACUCTHBIX IIPU3HAKOB, PAHXHPOBAHHBIX
10 CTerneHn 3HaunMOoCTi. OCHOBHBIC MOJY/IH CHCTEMbI BKIFOYAOT (yHKIIMOHATIbHBIC O110KH cOOpa TaHHBIX, PACUCTOB, aHATN3A H BU3YaIH3allHH.
ADpXUTEKTypa CHCTEeMBI peajn30BaHa Ha OCHOBE KIHMEHT-CEPBEPHOTO MOIXOd, YTO 0OECIIEUYMBACT BO3MOKHOCTh MHTETPALHH C CYIIECTBYIO-
LIMMH CHCTEMaMH YNpPAaBJICHHs METAJUTypTHYECKUM IPOU3BOACTBOM. [IpakTHdeckas: peann3alus CUHCTEMbI O3BOJSIET YIyUIIUTh T0Ka3aTeIH
[IPOU3BOIUTEILHOCTH JOMEHHOM IUIABKH, CHU3HUThH KOJICOAHHsI MapaMeTPOB TEXHOIOIMYECKOTO MPOIiecca U MOBBICUTH Ka4eCTBO IOJIYyIaeMOro
gyyryHa. [IpuBeJieHHbIC MIPUMEPHI PACUYETOB MOATBEPIKAAIOT P(PEKTHBHOCTH pa3pabOTaAHHOrO HMHCTpyMeHTa. IIpe/cTaBieHHbIe PEe3ylIbTaThl
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- INTRODUCTION

The development of information and control systems
for blast furnaces aims to create an efficient management
framework that ensures stable production while minimiz-
ing costs. These systems must account for technological
requirements and the specific features of the equipment.
To support the advancement of an automated system for
analyzing the operating parameters of individual furnaces
and the blast furnace shop as a whole, an information
modeling system is being developed to assess process
instability in blast furnace operations [1].

Fluctuations in charge composition [2 — 4] and smelt-
ing parameters [5— 7] can significantly impact furnace
performance. These variations affect the composition and
temperature of the hot metal and lead to pressure losses
in the burden’s gas column. As a result, key parameters
may exceed the limits defined by hot metal quality require-
ments and the need to maintain steady furnace opera-
tion under varying counterflow conditions [8; 9]. Several
factors directly influence the furnace’s thermal state and
the resulting temperature and composition of the hot metal.
These include the iron content in the charge, moisture and
ash content of the coke, blast air temperature and humidity,
natural gas consumption, the ratio of iron-bearing materials
to coke, and their distribution at the furnace top [10 — 12].
Variations in these parameters lead to fluctuations in the fur-
nace’s thermal balance, causing deviations in the average
silicon content and temperature of the hot metal. Insta-
bility in the smelting process, especially when using
iron ore feedstock with variable chemical composition,
can significantly degrade the quality of the molten blast
furnace products. For example, reference data [5] show
that reducing fluctuations in sinter basicity (CaO/SiO,)
by +(0.075 — 0.100) units can increase blast furnace pro-
ductivity by 1.5 % and lower specific coke consumption
by 0.8 %.

The total potential benefit of reducing variability in blast
furnace parameters is estimated at a 5 — 6 % reduction in
coke consumption and a 9 —10 % increase in producti-
vity. Moreover, a 0.1 % reduction in the standard deviation
of iron content in the burden results in a 0.28 % decrease in
coke consumption and a 0.29 % increase in productivity [2].
Organizational factors that affect the process include furnace
downtime, idle running, regularities in burden charging,
and tapping schedules. The impact of some of these fac-
tors remains poorly studied and is proposed to be evaluated
using empirical data [13 — 15]. These include the mechani-

cal and physicochemical properties of raw materials and
coke, as well as gas distribution within the furnace. Assess-
ing their influence requires further research and develop-
ment of mathematical process models.

Existing systems often lack the precision or flexibility
to fully account for all factors affecting operational sta-
bility. This highlights the need for advanced information-
based modeling systems capable of handling multiple
variables and providing real-time analysis of blast fur-
nace instability.

] ALGORITHMIC SUPPORT OF THE INFORMATION
MODELING SYSTEM

To assess the smelting process stability, the following
key integral indicators (B, ) have been developed:

1. Technical, economic, and technological perfor-
mance indicators of smelting (B, ).

2. Indicators of raw material properties (iron ore
materials, coke, fluxes) (B,).

3. Indicators of blast and gas dynamic modes (B,).
4. Indicators of the thermal mode (B,).
5. Indicators of the slag mode (By).

6. An integral indicator of blast furnace operating sta-
bility based on B,, B,, B, characterizing the blast, gas-

dynamic, thermal, and slag modes (Bg;.).

7. Final stability indicator of raw material properties

and overall blast furnace operation (B, ).

The types and number of features used in the assess-
ment depend on the specific integral indicator being cal-
culated.

In addition to controlled (measured) parameters, the sta-
bility assessment incorporates a set of calculated para-
meters that describe the blast conditions, gas dynamics,
thermal and slag modes, and the technological parameters
of blast furnace smelting, as detailed in [16 — 18].

The approximate number of features used for evalua-
ting each integral indicator is provided in the Table.

For a given time interval of blast furnace operation,
the root mean square (RMS) deviations AX, of both cont-
rolled and calculated features are used as input data for
computing each integral indicator (B, ).

Under stable operating conditions, the RMS deviation
AX; of the i-th feature — used to characterize furnace sta-
bility during the specified period — must not exceed a pre-
defined threshold value AX ", which is a model setting:

1
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Number of features used to calculate the stability indicators of the furnace operation

KosinyecTBO Npu3HaKoB, HCMOJIb3yeMbIX AJIsl pacueTa nokasarejeil cTa0MIbHOCTH PadoThI ey

Designation Indicator Number of features
Controlled Calculated | Total
B, Technical, economic, and technological performance indicators 6 6 12
B, Raw material properties (iron ore materials, coke, fluxes) 16 0 16
Blast furnace stability indicators
B, Blast and gas dynamic modes 10 19
B, Thermal mode 4 11
B, Slag mode 10
Total features 41 27 68

AX, <AXP*. ©)

If condition (1) is satisfied (“True”), the i-th feature
identifier P, is assigned a value of 1; otherwise (“False”),
it is assigned a value of 0. All features are then ranked.
Each feature is assigned a normalized rank value R,
ranging from 0 to 1, determined using an expert evalu-
ation method.

The stability of blast furnace operation for each
of the integral indicators B, is calculated using the fol-
lowing relationship:

n R
B;=| Y P—|-100 %, @

i=1 Z; R,

where n is the number of features associated with
the given integral indicator B;.

If the resulting value of B; exceeds 80 % (according
to normative and reference data), the furnace operation is
considered stable with respect to that indicator.

If B, falls within the range of 60 — 80 %, the furnace
operation is assessed as unstable with respect to that indi-
cator.

If Bj is below 60 %, the blast furnace is considered
to have operated in an unstable mode for the correspon-
ding integral indicator.

To determine the overall stability criteria for furnace
operation and process conditions, the following integral
indicators are calculated:

— the integral indicator of blast furnace operating sta-
bility By, based on B,, B,, B, characterizing the blast,
gas-dynamic, thermal, and slag modes:

5
R,
Byp =| DB, —— {100 %, (3)

i=3 ZZ; Rj

— the final stability indicator of furnace operation:

404

B\R, + ByR, + Byp Ry

Bfinal =
R +R, +Rgp

[ KEY SYSTEM REQUIREMENTS

Key system requirements are as follows:

—automated data collection: the system must auto-
matically collect real-time data on blast furnace opera-
ting parameters;

—real-time visualization: the system must present
analysis results in the form of graphs, tables, and charts
that are easy for operating personnel to interpret;

— seamless integration: the system should integrate
smoothly with the plant’s existing process control sys-
tems.

- FUNCTIONAL MODELING OF THE INFORMATION
MODELING SYSTEM

The design of the information modeling system
is based on functional modeling methodology and
the IDEFO graphical notation for structured analysis
and design. The IDEF0 method is founded on the SADT
(Structural Analysis and Design Technique) [19 — 21].
The model, developed using the Ramus Educational
software package [21], consists of more than 50 blocks
across four levels of decomposition. These blocks define
the system’s key functions, the relationships among func-
tional units, the control inputs, and the execution mecha-
nisms for each function.

[ ARCHITECTURE OF THE INFORMATION MODELING
SYSTEM

The architecture of the developed information mode-
ling system for assessing blast furnace operation instabi-
lity is shown in Fig. 1. The system is divided into small,
independent blocks — modules — each implementing
a functionally complete segment of the program. This
modular approach allows the functionality of individual
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components to be updated without requiring changes
to the entire system, enhancing its reliability and sca-
lability. The modules are implemented using mathemati-
cal libraries and classes [22].

The information modeling system includes the fol-
lowing modules:

—input module for entering the permissible values
of the RMS deviations and the feature ranks (AX,”, R.);

— computation module for calculating the arithmetic
means and RMS deviations of parameters characteriz-
ing the technical, economic, and technological indica-
tors of smelting; the properties of raw materials (iron
ore materials, coke, and fluxes); as well as the blast, gas-
dynamic, thermal, and slag modes;

—module for calculating stability scores of blast fur-
nace operation for each integral indicator B,, the overall
stability indicator B,., and the final stability indicator
B

BF?

ﬁnal;
— analysis and output module for processing and pre-

senting the results.
The output from the calculation modules is analyzed
and presented in both numerical and graphical formats.

The system also provides the option to generate and
export reports in Microsoft Excel format.

[l SOFTWARE IMPLEMENTATION
OF THE INFORMATION MODELING SYSTEM

The software implementation of the information
modeling system is based on a client—server architec-
ture, designed to to enable seamless integration with
existing enterprise software and facilitate data exchange
via an API (Application Programming Interface) [23].
The client—server model follows a classic three-tier archi-
tecture consisting of the presentation layer, application
layer, and data layer.

The presentation layer is implemented using high-
level web technologies: JavaScript, HTMLS, and CSS
(Cascading Style Sheets). The visual design is built using
the Bootstrap framework, and the user interface is deve-
loped with the UmiJS and React libraries. Graph plotting
is handled by Ant Design Charts. This layer is supported
by the users’ computing resources — specifically, their
web browsers.

Blast furnace shop (BFS)
process control servers

External data sources

Corporate information
system (CIS) servers

Central plan control
room (PCR) servers

SQL Request HTTP Request
|§
SQL Response a HTTP Response Web browser
BFS database BFS web server Technologist

server

(application server,

works station (BFS)

API server)
( ) e A
Modeling and diagnostic Blast furnace stability analysis subsystem
subsystems for blast furnace
smelting indicators
Input of permissible Calculation of integral
RMS deviations (dimensionless) indicators Analysis and
— blast and gas dynamic of parameters and the final blast furnace output module
mode modeling and diagnostic and their ranks stability indicator
subsystem; ]
— thermal mode modeling l T
and diagnostic subsystem; ]
— slag mode modeling Calculation of mean values and RMS deviations for parameters characterizing:
and diagnostic subsystem. — technical, economic, and technological performance indicators of smelting;
— raw material properties (iron ore materials, coke, fluxes);
~ 7/ — blast and gas dynamic modes;
— thermal mode;
— slag mode.

.

Fig. 1. Architecture of the information modeling system for assessing the instability of a blast furnace

Puc. 1. Apxutexrypa HH()OPMAIIMOHHO-MOEITUPYIOIIEH CHCTEeMbI OLICHKH HeCTaOMIBHOCTH (DyHKIHOHUPOBAHUS JOMEHHON 1edn
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The application layer is developed in C# using
the ASP.NET Core MVC framework and the .NET 8 plat-
form [24]. ASP.NET Core handles user requests through
a middleware pipeline, which includes the following
components.

Error handling middleware, which enables the sys-
tem to signal software-related issues when exceptions
occur, and to continue functioning properly, including
correctly displaying web pages in cases such as database
connection failures, calculation algorithm errors, and
other similar situations.

Authentication middleware,  which integrates
the standard ASP.NET Identity mechanism for authenti-
cation and authorization into the information system and
manages user accounts.

Session middleware, which processes temporary user
data during system usage.

Web API middleware, which incorporates the routing
system, dependency injection, model binding, and data
validation.

The data layer consists of a database and software
components for managing read/write access. The system
uses PostgreSQL as the database management system.
Communication between the application and the data-
base is handled via Entity Framework Core, which uses

ORM (Object-Relational Mapping) technology. ORM
allows developers to work with data as objects or classes
in object-oriented programming languages and to build
virtual database schemas. Input of initial blast furnace
operation data for a given time period can be carried out
either through the API and integration with the blast fur-
nace process control systems (PCS) or manually.

- DESCRIPTION OF THE INFORMATION MODELING
SYSTEM SOFTWARE FUNCTIONS

The developed software module provides the follow-
ing capabilities:

1. Selection of operating periods via a calendar inter-
face, with the option to set the data averaging interval
(hour, shift, day, week, or hot metal tapping period).

2. Selection of one or more blast furnaces to be
included in the analysis.

3. Calculation of average values and RMS deviations
for a set of operational indicators.

4. Presentation of analysis results in an intuitive for-
mat, including tables and histograms; individual blast
furnaces can be assigned distinct colors for baseline and
comparison periods.

5. Notification of out-of-range values, with customi-
zable alerts configured for all or selected blast furnaces.

~ @ Blastfumace operating stabilty X 4 0_ X
| |
~ |
< e (G (/)
Parameter values Criterion values Reference data ~ [admin]  Log out
Blast furnace operating stability
Furnace: BF-1 v Period: By shift v From:  01.08.2024 to: 09.08.2024
e Permissible Actual Mean
performance indicators B L L
) Parameter (unit) Rank deviation deviation value
of smelting
Raw materials properties Specific productivity (t/m°) 0.7 0.1 0.03 2.5
Blast and gas dynamic .
modes Specific coke rate (kg/t) 0.5 15 10.58 437
Thermal mode Current downtime (%) 0.7 1 0.1 0.29
Slag mode
Idle running, % 0.7 1 0.1 0.35
Integral indicator of blast
furnace operating stability )
Number of charges (units) 0.8 5 4.2 62.8
Integral indicator of the stability Ore burden (units) 0.75 01 0.09 3.86
of raw material properties
and furnace operation
Hot metal production (by Fe balance) (t/period) 0.9 50 81.21 1266
Iron ore feed smelting (t/period) 0.75 150 134.7 2133

Fig. 2. Fragment of a web page for assessing the instability of technical, economic and technological indicators of a blast furnace

Puc. 2. quaFMeHT BCG—CTpaHI/IHH OLCHKHA HECTAOMIBLHOCTH TEXHUKO-DKOHOMHUYECKHX U TEXHOJIOTHIECKHX ITOKa3aTeIeH HOMGHHOﬁ neun
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v e Blast furnace operating stabilit X + O - X
« > @G 0O :
|
% Parameter values Criterion values Reference data ~ [admin]  Log out
Blast furnace operating stability
Furnace: BF-1 v~ Period: By shift ~ From: 01.08.2024 to:  09.08.2024
Technical and economic
- Permissible Actual Mean
performance indicators P " it Rank deviati deviati |
of smelting arameter (unit) an eviation eviation value
Raw materials properties Pellet share in the burden (%) 0.7 25 2.36 33.06
Blast and gas dynamic
modes Sinter share in the burden (%) 0.7 51 5.0 66.01
Thermal mode Fe content in the blast furnace burden (%) 0.9 1,0 0.57 57.03
Slag mode
Basicity of iron ore materials (CaO/SiO,) (units) 0.8 0.05 0.04 1.1
Integral indicator of blast
furnace operating stability
[34] Basicity of iron ore materials 0.8 0.05 0.04 1.3
84 - )
(CaO + MgO)/SiO, (units)
Integral indicator of the stability Basicity of iron ore materials 0.8 0.05 0.04 1.09
of raw material properties (CaO + MgO)/(Si0, + Al,O;) (units)
and furnace operation
Coke proximate analysis (ash content) (%) 0.5 0.4 0.13 11.45
Coke proximate analysis (sulfur content) (%) 0.5 0.05 0.02 0.45
Fig. 3. Fragment of a web page for assessing the instability of raw material properties (iron ore materials, coke, fluxes)
Puc. 3. ®parMeHT BeO-CTpaHMIIBI OLCHKN HECTAOMIBHOCTH CBOMCTB ChIPbs (3KETIE30PYyAHBIX MAaTePHAIOB, KOKCA, (pIIFOCOB)
v @ Blast fumace operating stabilty X + 0 _ X
« > Q¢ G (]
% Parameter values Criterion values Reference data ~ [admin]  Log out

Blast furnace operating stability
Furnace: BF-1 v Period: By shift ~ From: 01.08.2024 to:  09.08.2024

Technical and economic

o Permissible Actual Mean
performance indicators . o L
) Parameter (unit) Rank deviation deviation value
of smelting
Raw materials properties Cold blast flow rate (m%min) 0.8 150 168.3 3161
Blast and gas dynamic
modes Blast pressure (atm) 08 0.15 0.14 2.83
Thermal mode Natural gas flow rate (m®/min) 0.6 40 31.55 406.5
Slag mode
O, content in the blast (%) 0.6 0.9 0.79 28.13
Integral indicator of blast
furnace operating stability
Blast temperature (°C) 05 25 5.09 1250
: :
Integral inditfator of the. stability Total pressure drop (atm) 075 04 0.086 139
of raw material properties
and furnace operation
Degree of burden balancing by gas 0.85 0.05 0.025 0.55
flow (units) : . . :
Degree of burden balancing by gas flow 0.8 0.02 0.016 0.35

in the upper part of the furnace (units)

Fig. 4. Fragment of a web page for assessing the instability of indicators of blast and gas dynamic modes of a blast furnace

Puc. 4. (DpaFMeHT Be6—CTpaHI/II_[I>I OIICHKHN HECTAaOMIBHOCTH ITOKa3aTesiei AYTBEBOTO U ra30[JUHAMNYECKOTO PEKUMOB HOMSHHOﬁ neuun
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r

~ @ Biastfumace operating stability X  + o_ X
€ c (G (v}
% Parameter values Criterion values Reference data ~ [admin]  Log out

Blast furnace operating stability ‘

Furnace: BF-1 v Period: By shift v From:  01.08.2024 to:  09.08.2024

Technical and economic 3 teell

— Parameter (unit) Permissible Actual Mean
performance indicators Rank deviation deviation alue
of smelting an viatl viati valu
Raw materials properties [Si] content in hot metal (%) 1.0 0.1 0.12 0.56
Blast and gas dynamic
modes Theoretical combustion temperature (°C) 0.8 50 43.82 19.04
Thermal mode

Lower furnace thermal state index (units) 0.6 0.1 0.073 1.18

Slag mode
Integral indicator of blast Upper furnace thermal state index (units) 0.6 0.05 0.044 0.51
furnace operating stability
Average top gas temperature (°C) 0.5 25 21.05 190.6
Integral indicator of the stability
of raw material properties Average peripheral gas temperature (°C) 0.65 50 45.13 327.9

and furnace operation

Fig. 5. Fragment of a web page for assessing the instability of thermal mode indicators

Puc. 5. q)paFMBHT BC6—CTpaHI/ILU>I OLOCHKH HECTAOMIILHOCTH TI0Ka3aTeliei TEIIOBOTO pexnMa

| ~ @ Blastfumace operating stabilty X+ oO_ X
& ¢ (G 0 : |
% Parameter values Criterion values Reference data ~ [admin]  Log out

Blast furnace operating stability

Furnace: BF-1 v Period: By shift ~ From: 01.08.2024 to:  09.08.2024
Technical and economic
- Permissible Actual Mean
performance indicators . o o
of smelting Parameter (unit) Rank deviation deviation value
Raw material properties Basicity of final slag (CaO/SiO,) (units) 0.8 0.05 0.03 0.99
Blast and gas dynamic » . .
modes Basicity of slag (CaO + MgO)/SiO, (units) 0.8 0.05 0.034 1.2
Thermal mode Basicity of final slag 08 0.05 0,026 0.96
(CaO + MgO)/(SiO, + Al,0,) (units) ’ ’ ’ '
Slag mode
Integral indicator of blast Final slag viscosity at 1400 °C (P) 0.5 1.0 0.72 7.69
furnace operating stability
Final slag viscosity at 1500 °C (P) 0.6 0.5 0.41 3.33
Integral indicator of the stability
of raw material pro;.)erties Viscosity of final slag at its actual 0.6 05 0.46 3.44
and furnace operation final temperature (P)
Slag viscosity gradient in the range 0.65 0.06 0.024 0.19
from 25 to 7 P (P/°C)
Sulfur distribution coefficient (units) 0.55 5.0 6.46 37.14

Fig. 6. Fragment of a web page for assessing the instability of slag mode indicators

Puc. 6. ®parMeHT BeO-CTPaHHIbI OLICHKU HECTAOMIBHOCTH ITOKa3aTelel IJTAKOBOTO peKUMa

Figs. 2 — 6 show fragments of the system’s web inter- For the analyzed period, the modeling results indicated
face illustrating the modeling results of blast furnace stable operation with respect to technical, economic, and
instability assessment. technological indicators, raw material properties, blast
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and gas dynamic modes, and the slag mode. However,
instability was observed in the thermal mode. The values
of the integral indicators exceeded 80 %, indicating ove-
rall stable operation of the blast furnace.

- CONCLUSIONS

Using modern information technologies, an informa-

tion modeling system has been developed for evaluating
the instability of blast furnace operation. The system sup-
ports automated data collection and processing, and cal-
culates a set of parameters that characterize the technical,
economic, and technological performance of the smelting
process, raw material properties, and the thermal, blast,
and gas dynamic modes, as well as the processing of mol-
ten blast furnace products.
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