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1. Introduction 

 
COST 526 project SI 4 focused on implementation of the automatic simulation-optimisation 
tools in several continuous casting processes. The simulation tools can be applied in several 
different ways to serve industry by inducing beneficial changes to process operation. These 
include respective better understanding of the process, better insight into the process, better 
influence on the process and better organisation of the work around the process. These tools 
have been in the framework of the present project enhanced by the automatic optimisation 
option which enables the process designer for automatic setting of the proper casting 
parameters. 
 

2. Goal of the project 
 
The physical as well as empirical process parameter limits have been introduced in order to 
conduct the process according to product quality, safety, economy, and ecology standards in 
modern process engineering practice. To satisfy these limits, numerous process parameters 
need to be properly tuned. Optimizing their values is not trivial as the requirements are often 
contradicting, and the number of possible parameter settings grows exponentially with the 
number of parameters involved. Respectively, the parameter tuning based on real world 
experimentation is not feasible. The primary goals of the project were: (I) to enhance the 
physical and computational modelling of the continuous casting processes, (II) to 
automatically couple process simulator, cost function, and optimisation procedure in an 
automatic process optimisation bundle, (III) to be able to automatically optimally set process 
parameters. 
 

3. Simulator, calibration, quality function and optimization algorithms, 
including assessment with respect to alternatives 

 
The process limits have been developed for continuous casting of steel, direct-chill and strip 
casting of aluminium alloys. They are mainly associated with different types of cracking, 
shape defects, micro and macrosegregation. In continuous casting of steel and strip casting 
of aluminium alloys automatic optimisation has been performed in order to optimise the 
steady state operation. In direct chill casting the automatic optimisation has been performed 
for the start-up practice. The performance of the process models has been validated through 
industrial plant measurements. The thermal model of the steel casting simulator has been 
validated by comparison with the infrared thermography measurements. The shell thickness 
prediction has been validated by comparison with the wedge method measurement. In 
aluminim casting, the thermal model has been validated by insertion of the thermocouples in 
the strand and contact thermocouple measurements on the surface. The object function for 
continuous casting processes can be listed into quality, safety, economy, ecology and 
maintenance categories. Quality: (I) maximum depth of the liquid pool, (II) maximum surface 
cooling rate in the spray cooling zone, (III) maximum surface reheating rate in the spray 
cooling zone, (IV) maximum surface temperature in the unbending region, (V) maximum 
negative surface deviation at given axial position, (VI) maximum positive surface deviation at 
a given axial position; Safety: (VII) minimum safety thickness of the crust, maximum safety 
depth of the liquid pool; Economy: (VIII) maximum casting speed, (IX) minimum superheat;  
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Figure 1: General scheme of the simulation systems with intelligent manipulation options. 

 
 
Figure 2: Examples of nodes distribution with the recently developed LRBFCM. Left: Node 
arrangement for calculation of the thermal and strain-stress fields in billet. Right: adaptive node 
distribution for solving the phase-field equations in heat treatment. 
 

 
 
Figure 3: Left: User friendly browser for automatic setting of desired metallurgical length. Right: 
Infrared thermography performed for validation of the billet simulation system. 



 
 
Figure 4: Melt flow (left) and macrosegregation (right) in DC casting of Al-Cu alloy. The object function 
represents flat as possible macrosegregation profile. 

 
   
Figure 5: Simulation system for thin strip casting of aluminium alloys. Left: calculated velocity profile. 
Right: calculated temperature field. 
 
Ecology: (X) minimum consumption of cooling agents; Maintenance: (XI) minimum forces on 
the rolls and possible unbending devices. In semi-continuous direct chill casting process the 
criteria for maximum depth of the mushy zone has been added in order to address the hot 
tearing. The system “simulator - object function - optimisation procedure” iteratively and 
automatically improves the parameter settings: the genetic algorithm guides the search 
through the parameter space and activates the heat transfer model to evaluate the candidate 
parameter settings. Details of the optimization procedure are given in the project SI 1. 
Despite the developed very sophisticated and comprehensive automatic process 
optimisation framework, only three automatic process model options are currently fully 
implemented in practice: automatic set-up of process parameters that yields predetermined 
metallurgical length, mushy zone depth or surface temperature at given positions. The 
implementation of others is underway. 
 

4. Main scientific outcome 
 
Development of a completely new generation of meshless numerical methods that proved to 
be much more accurate and geometrically flexible that the classical numerical methods such 



as finite elements, finite volumes or boundary elements and with the advantage of easy 
coding and easy implementation of complicated physics. Aplication of these methods in 
micro and macro solidification and heat treatment modelling. 
 

5. Main technical outcome 
 
Implementation of a new generation of numerical methods into industrial process simulators. 
Automatic process optimisation of the process parameters in continuous casting of steel, 
direct chill casting, and thin strip casting of aluminium alloys. Development and plant 
implementation of the optimized regulation coefficients in plant automation. 
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Department of Mathematical Sciences, University of Oulu, Finland. 
Main collaborator: E. Laitinen 
Subject: an alternative simulator for continuous casting of steel, quality function design for 
continuous casting of steel, comparative studies on industrial test cases. 
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7. Cooperation with industry 
 
The following industrial partners have been involved in the project: 
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