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2. Funding Situation

Amount of money received specifically for COST 0 kEuros
Other resources partially used for the project 100 kEuros

3. International Collaboration
(mention group and type of work done in collaboration during the reporting period)

Participation in the Working Group Meeting in Brussels + project progress report
X YES
0 NO

Prof. Alexander Lapin, Kazan State University, Russia.
Collaboration on numerical methods for solving continuous casting problem.

4. Industry participation

(mention name of companies and work done in collaboration during the whole project)

Rautaruukki steel, Finland:

The new dynamic secondary cooling program for controlling cooling water flow rates is installed at
casters 4, 5 and 6 at Rautaruukki steel works. The work of Rautaruukki consists of making
required process communication for control program.

5. Meetings, visits, exchange of scientists, Location, date
short-term scientific missions

Visits:

Prof. A. Lapin, Kazan State Univ., Russia Oulu, Finland, January, 2003
Prof. A. Lapin, Prof. R. Dautov, Kazan State Univ., Russia | Qulu, Finland, May, 2003




Conferences:
DD15 Int. Conf. on Domain Decomposition Methods,

Num. meth. for Cont. Casting and Related |Berlin, Germany, July 2003
Problems Kazan, Russia July 2003

Ljubljana, Slovenia, June 2003
g_lI_JSRI\(/?THERM 69 Ljubljana, Slovenia, June 2003

6. Progress within the reporting period
(Not exceeding 3 pages, including tables and figures)

During the last half year we have worked for developing:

e Dyncool software for controlling water cooling in continuous casting process
e 3-dimensional, real-time, simulation model for simulating temperature field of cast
e Optimization strategy and method for controlling water cooling

The main progress of Dyncool software.

Dyncool software is under industrial tests at Rautaruukki steel works. The interface between dyncool
casting driver and manufactures driver has been determined in order to program the 3D
communication between Dyncool driver and manufacture's automation driver.
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DYNCOOL OVERVIEW

B Dyncool analyses process and controls water cooling.

B Dyncool provides information about the state of the casting process.
B Dyncool is a tool for gathering information.
[ |
[ |

Dyncool assists casting operator by visualizing the conditions inside the slab.

Dyncool assists in quality assurance and development by providing data about the casting
process.

Dyncool provides flexible process control.

Dyncool is a tool for metallurgical development research.




The main progress of 3D simulation model

The 3D simulation model is tested off-line. The real boundary conditions for 3D model has been
defined. The interface between Dyncool main program and Dyncool client has been defined. The 3D
model has not yet been tested on line.
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Dyncool Client visualises the casting process.
e temperatures inside the slab, liquidus and solidus isotherms
surface temperatures, midface and corner (3D)
current cooling water amounts
prosess parameters: mold cooling, casting speed, solidus, liquidus, casting temperature

The main progress of optimization model

The objective of quality function is to avoid surface and internal cracks of cast. The cast is sensitive
for cracks near the so called A3-temperature.

The design of quality function is based on the calculation of A3-temperature for different steel grades.
The quality function is designed such, that the desired surface temperature of cast don’t decrease
below the A3-temperaure. The work for calculating the A3-temperatures for different steel grades will
be done until the end of this year at Helsinki University of Technology, dep. of metallurgy.

The quality function is defined mathematically as follows:
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where target solution T is a vector of the desired values for the temperature field along
observation lines.

Two optimization algorithms has been used:

+  steepest descent method with constraints
»  conjugate gradient method with constraints
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