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Abstract  
 

Implementation of digital, intelligent control systems 

have traditionally not been easy because of various 

reasons including harsh temperature conditions, 

standardized measurements, and conventional mindset in 

foundries.  However, it is possible to digitalize and 

control the foundry industry by exploiting the modern-day 

technological tools. The present project presents an 

integrated physics-based and statistical modelling 

approach to produce models that forms the fundamental 

building blocks for digitalization of a continuous casting 

foundry. Real life online experimentation is a crucial step 

across the progress of the project to validate the science-

based models and to produce data for statistical models.  
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Introduction  
 
The present-day trendy term ‘digitalization’ relates to 

different aspects of socioeconomic activity, depending on 

its context and can imply upgrading production processes, 

integrating robotics and smart digital processes [1].  

 

For the present project, the term “digitalization” refers to 

establishing models that forms the foundational building 

blocks for digitalizing a continuous casting process. This 

majorly involves integration of two separate domains, 

which builds on the knowledge generated by each other. 

The first emulates the complex process involved in 

horizontal continuous casting of cast iron and the second 

builds on the first domain and lays foundations for the 

basis for automation and closed-loop control system. 

 

The first domain is numerical modelling that produces a 

virtual model of the process by exploiting the 

fundamental principles of mathematics and science, thus 

creating process knowledge, and establishing the various 

input and output parameters. This knowledge is exploited 

by using the tools available in statistics to achieve 

meaningful insights about the relationship between the 

input and output variables. 

 

Throughout the process, real-time experiments are 

conducted for both validation of the numerical model and 

to understand the delay, transfer functions, and different 

geometries to establish a relation between input and 

output variables.  

Experimental Procedure  
 

A computational three-dimensional steady-state, coupled 

with fluid flow and heat transfer simulation model was 

developed for the continuous casting of cast iron. 

 

 
Figure 1. Experimental Setup: Top, left: the graphite die 
used in production. Top, right: sketch of the die showing 
where thermocouples are inserted. Bottom: Optical 
pyrometer image showing the strand surface temperature. 

 

The top half of Figure 1 showcases the experimental setup 

for the numerical model validation by placing 

thermocouples in the graphite die, while the bottom 

showcases measuring the temperature coming out of the 

die using thermal cameras. This temperature is one of the 

response variables used for by the control system.  

 

Result and Discussion  
 

SHELL THICKNESS  

 
Figure 2: Effect of the length of top metal-mould air gaps 
on shell thickness.  
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The influence of process parameters, including the air gap 

that forms on the top side of the strand on the shell 

thickness was modelled and investigated experimentally 

Figure 2 illustrates the solid shell (green), eutectic 

(yellow), and mushy, austenitic (red) shell at the outlet 

plane of the strand for the three different lengths of the 

top air gaps. The austenitic shell thickness remained 

almost the same regardless of the length of the top air 

gaps, however, the eutectic shell thickness doubled itself 

when the length of air gaps increased as seen in Figure 2. 

 

VALIDATION RESULTS:  

 
Figure 3: Simulated and measured temperatures in the top 
part across the length of a graphite die. The experimental 
data is presented by the box plot. 
 

Figure 3 and Figure 4 showcases the experimental and 

simulation temperature at various locations in the graphite 

die. The measured data is representative of a production 

day imitating the simulation operating process conditions.  

 

 
Figure 4: Comparing the outside temperature response 
variable in real-life(left) v/s simulation(right) 
 

The validation of the numerical model allows us to select 

a working model, which makes way for further 

establishing a surrogate model – a statistical model build 

on the results of a numerical model.   

 
ON-GOING AND FUTURE WORK:   
 
Once a working numerical model is produced, 30 number 

of simulations were produced for which the input 

variables were tested according to Latin Hypercube 

Sampling as shown in Figure 5. Accordingly, 25 response 

variables were produced for each simulation. There are 

now three tasks to be performed to create a first version of 

a digital control system. 

 

 
Figure 5: 30 simulation input points using Latin Hypercube 
sampling 

 

Selection of response variables: There were 25 response 

variables initially, and therefore a Principal Component 

Analysis was done on the all the response variables to 

figure out the redundancy in the response variables. This 

also tells us which variable is the most representative out 

of the entire dataset.  

 

Relationship between input v/s selected response 

variables: A surrogate model will be developed to 

establish the relationship between the input and selected 

response variable from the simulation. This function is 

steady state and does not contain any delay.  

 

Experimentation for delay, transfer function and 

different geometries: Further experimentation will be 

carried out to understand the delay of the input variables 

on the response variable, Moreover, different geometries 

will also be included for experimentation that will take 

into account it’s respective casting module, which will be 

incorporated in the previously established relationship 

between input and response variables.  
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