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SYSTEM FOR FLEXIBLE MODELLING OF PRODUCTION CYCLES BASED 
 ON FLAT ROLLING 

The paper presents design and implementation of computer system dedicated to simulation of production cycles 
based on the rolling processes. The main functionality of the computer system, i.e. support and facilitation of flat 
rolling technology design, is obtained through flexible interface combined with the modular architecture  
of numerical library and optimization procedures. Each production cycle (e.g. heating, rolling, cooling, coiling) is 
prepared to be calculated separately and finally integrated into the sophisticated production cycle. The 
architecture of designed software as well as models used for numerical calculations are described in details. 
The system was tested for various configurations of rolling mills. Three of them together with obtained results are 
presented in the paper: complex production cycle (roughing and finishing rolling), finishing rolling composed  
of seven passes and laboratory case study. 

1. INTRODUCTION 

Specialized computer systems supporting work of engineers and technologists became 
crucial part of business in many industrial companies. This was initiated by the fast 
development of implementation techniques, as well as access to programming libraries and 
frameworks. Strong need of applicability of such systems is visible especially in case  
of companies, which are endangered on fast changes of market and Clients’ demands. In 
metal forming branch these demands are related mainly with the elevated properties  
of materials and final products. As a response on those requirements, the idea of Flexible 
Modelling Systems (FMS) was proposed. This concept is not new, it was presented in [1] as 
an approach to business modelling of sophisticated production processes. The fundamental 
aim of the approach was increase in the enterprise savings. Then this methodology was 
developed and based on object oriented modelling to make it flexible and reusable [2]. It 
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was applied to study the impact of introduction of the new product lines or new process 
technology without the disruption or expense of pilot projects or test setups. The FMS 
development forced the systems to be modified and equipped with the algorithms based on 
the artificial intelligence and soft computing. One of the first examples [4] was based on the 
formal multi-attribute decision model and the relational database. This system was helpful in 
selection of materials and manufacturing processes, however its functionality became out  
of date very fast. Nowadays, such approaches often use the expert systems [7] or the 
knowledge bases [5]. The first proposed a framework to create the customize rule based 
system using semantic net structure. The calculation of semantic hulls allows to obtain 
solution and to determine the optimal decision. The second suggested to create the 
knowledge-based map, which facilitates the decision making in production planning by 
introducing the flexibility and dynamics of the manufacturing process. 

The most sophisticated computer systems employ numerical simulation and 
optimization methods and knowledge base at the same time [9,10]. The example of the 
system combining numerical simulations of industrial processes and the recent scientific 
knowledge about the flat rolling processes is presented in [8]. The system is able to predict 
the final properties of products and optimize the manufacturing process. To reach this goal, 
the system uses production chain modelling approach combined with the optimization 
algorithms. However, the system was dedicated to one specific flat rolling process without 
possibility of easy reconfiguration to other rolling facilities. One of the first solutions, which 
introduce flexible calculations, is the HSMM system offered by the INTEG Process Group 
Inc. [13]. This system addresses accurately needs of technology design by offering the 
flexible modelling of production processes. The interface of the system is typical windows-
based solution with local database. However, lack of the Internet-based approaches with 
remote database can be noticed. Overcoming this limitation became an inspiration for the 
Authors to combine the functionality of the FMS and the Internet-based implementation 
technologies. Thus, the main objective of the present work is to create the computer system 
in form of Rich Internet Application (RIA) facilitating the work of technologists. The 
system offers the functionality of the flexible design of production processes supported by 
the numerical simulations and the quantitative optimization methods. The architecture and 
some implementation details of the computer system are presented in the next section, 
together with the models and numerical algorithms that are used for simulations. Section 
three contains the case studies and obtained results with discussion. 

2. FLEXROLL MODELLING SYSTEM 

The objective of the created FLEXROLL software is support of engineers working on 
a project, which aims to design the optimal flat rolling technology. The main functionality 
of the system covers remote access for many users, efficient exchange of information 
through centralized database and flexible interface facilitating technology design (Fig. 1). 
The system combines rheological models with the advanced thermal-mechanical-
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microstructural numerical models for hot rolling and controlled cooling of steel plates and 
strips. 

 
 
 
 

 
 

Fig. 1. Main screen of the rolling mill configuration 

The user interface is composed of three panels: equipment, technology design and 
preview. The interface is compatible with the drag & drop and clickable components, which 
allow to add, remove, setup, move or resize any icon from one panel to another. Thus, 
configuration or modification of a current project does not present difficulties. The most 
important part is the technology design panel based on layer architecture built of three 
components: transportation layer (e.g. rolling tables), production layer (e.g. rolling mill, 
laminar cooling) and pyrometer layer (locations where results of calculations are recorded). 
Element of the transport and production layer can be configured with the parameters specific 
for selected equipment and the saved values are then visible inside the preview layer. 

2.1. DESIGN AND IMPLEMENTATION DETAILS 

The FLEXROLL system is implemented on the basis of the Client-Server architecture 
with Server side responsible for numerical calculations and database management (Fig. 2). 
The numerical module is implemented using the Fortran programming language, while core 
of the system together with database management is implemented in the PHP. These two 
technologies are connected together by an external configuration file, which contains all 
production process parameters, boundary conditions and time. The Client side, i.e. rolling 
mill configurator and administrator modules, is implemented in the JavaScript and Ajax 
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technology using the jQuery framework. This solution supports implementation of the 
sophisticated drag & drop or clickable components in the web browser environment and 
exchange of data between the Client and the Server by application of the Ajax technology. 
The database is created on the basis of the MySQL engine. 

 

 

Fig. 2. Basic components diagram of the FLEXROLL system 

Beside the rolling mill configurator, very important part of the system is the 
administration component responsible for management of projects, users and equipment. 
The latter module is crucial for the flexible modelling and allows users to add new machines 
with specific features (Fig. 3), which can be useful in production cycles. Each added 
equipment is automatically imported to the drag & drop equipment panel and available for 
the technology designer. 

2.2. APPLIED MODELS 

The rheological materials models, which are in the system data base, were determined 
on the basis of plastometric tests performed on the Gleeble 3800 simulator. The inverse 
algorithm described in [12] was used for identification of the rheological model parameters. 
The Hansel-Spittel flow stress equation was selected: 

 ( ) ( )σ ε ε ε= −&exp exp
n m

p A B CT   (1) 

where: ε – strain, ε&  – strain rate, T – temperature in oC.  

The Sims model [11] is used to calculate rolling loads and roll torques. The 
temperature at the cross section of the strip is calculated using the FE model described in 
[6]. The model is based on the finite element solution of the partial differential equation: 
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where: k – conductivity, T – temperature, Q – heat generated due to transformations or due 
to plastic deformation, ρ – density, cp – specific heat, t – time.  

The phase transformation model is based on the Avrami type equation: 

    ( )1 exp n
fX kt= − −   (3) 

 
 

 
 

Fig. 3. Screenshot of the equipment administration panel. 

Following [3], coefficient k in equation (3) is introduced as modified Gauss 
distribution function of temperature: 

 ( )2
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Table 1. Definitions of parameters in equation (4) for various phase transformations 
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The coefficients km, Tn, p and q describe all shapes of the TTT curves in an intuitive 
way. Thus, km is the maximum value of k, Tn is a temperature position of the nose of the 
Gauss function, p is proportional to the nose width at mid height and q defines sharpness  
of the curve. Equation (3) is used for all transformation, but coefficients are different for 
different transformations. The equations, which describe these coefficients are gathered in 
Tab. 1. The Dγ is the austenite grain size prior to transformation. 

3. SIMULATIONS 

3.1. ROLLING MILL CONFIGURATION 

The system was tested for various configurations of the rolling process. They represent 
the laboratory line (semi industrial) and two industrial production lines (Fig. 4). 

 

 
 

Fig. 4. Selected configurations of the flat rolling mills 

The ‘Laboratory’ line represents virtual rolling process composed of two reversing 
mills located in 3m distance. The ‘Industrial I’ line is a reverse rolling process, while 
‘Industrial II’ represents complex rolling consisting of the reverse roughing and the 
continuous finishing passes. The latter variant is divided into two cases depending on the 
acceleration of the finishing train: (1) with acceleration a = 0.02 m/s2, (2) without 
acceleration. Designed passes are presented in tables 2-4 for the ‘Laboratory’, ‘Industrial I’ 
and ‘Industrial II’, respectively. 

Table 2. Table of the passes for ‘Laboratory’ configuration 

Passes Thickness, mm Speed, m/s Time between passes, s Lenght, mm 

0 50 0.6 5 1000.00 
1 34 0.6 4.8 1470.59 
2 22 0.642 5.7 2272.73 
3 12.5 0.93 7.3 4000.00 
4 7 0.9951 9.9 7142.86 
5 4.8 1.2 12.5 10416.67 
6 4 1.284 13.2 12500.00 
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Table 3. Table of the passes for ‘Industrial I’ configuration 

Roughing Pass Thickness, mm Speed, m/s Time between passes, s Lenght, mm 

0 93 3.4 0.95 6451.61 
1 75 3.4 5.18 8000.00 
2 60 3.4 5.47 10000.00 
3 48 3.4 5.84 12500.00 
4 38.5 3.4 6.29 15584.42 
5 31.1 3.4 6.84 19292.60 
6 25 3.4 3.53 24000.00 

Table 4. Table of the passes for ‘Industrial II’ configuration with and without acceleration of finishing rolling mills 

Roughing Pass Thickness, mm] Speed, m/s Time between passes, s Lenght, mm 

0 220 1.5 3.33 10000.00 
1 185 1.5 11.93 11891.89 
2 147 1.8 12.31 14965.99 
3 109 2.4 12.41 20183.49 
4 70 3 14.48 31428.57 
5 41 5 14.73 53658.54 

(1) a=0.02 m/s2 

Finishing Pass Thickness, mm Speed, m/s Time between passes, s Lenght, mm 

6 21.5 1.30 4.46 102325.58 
7 11.4 2.54 2.28 192982.46 
8 7 4.18 1.39 314285.71 
9 4.9 6.00 0.97 448979.59 
10 4 7.37 0.79 550000.00 

(2) without acceleration 

Finishing Pass Thickness, mm Speed, m/s Time between passes, s Lenght, mm 

6 21.5 1.30 4.46 102325.58 
7 11.4 2.45 2.37 192982.46 
8 7 3.99 1.45 314285.71 
9 4.9 5.70 1.02 448979.59 
10 4 6.99 0.83 550000.00 

 
After the process of rolling, the laminar cooling is simulated. In each case the material 

is cooled down to 600oC, which in coiling assures the optimal properties of the final 
product. The calculations were performed for the IF steel characterized by the parameters in 
Tab. 5. 
 

Table 5. Parameters in the Hansel-Spittel equation (1) for the IF steel 

A n M B C 

2237,3 0.37 0.081 0.43 2.35 
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3.2. RESULTS 

The results obtained for rolling configurations presented in the previous section 
contain plots of temperature and forces (Fig. 5-7). 

 

 
 

Fig. 5. Results obtained for the configuration ’Laboratory’ 
 

 

 
 

Fig. 6. Results obtained for the configuration ’Industrial I’ 
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Fig. 7. Results obtained for the configuration ’Industrial II’ with acceleration ) a=0.02 m/s2 
 

4. CONCLUSIONS 

The flexible system for simulation of the entire manufacturing chain from the furnace 
to the final product is successfully implemented within the work. The user friendly drag & 
drop interface was developed and it facilitates the design procedure of the manufacturing 
cycles. As presented, various configurations of the rolling mill can be tested in the system 
very fast. Additionally, the new rolling cycles can be defined and added to the system. The 
finite element code for the subsequent manufacturing cycles is also implemented and 
combined with the user interface and material data bases. The FE code was used for 
simulations of the rolling cycles that are commonly used in the industry. 

The obtained results clearly highlight the flexibility provided by the FLEXROLL 
system in comparison to the approaches presented in section 1. The system can be used to 
evaluate the best manufacturing cycles that have to be applied in order to obtain the desired 
properties of the final product. 

Initial comparison to results obtained in industrial conditions proved qualitative as well 
as quantitative agreement. Detailed model validation will be further performed and will be 
the subject of future Authors’ work. The future work will be also focused on development  
of the methodology to easy create the FE code for new defined manufacturing cycles. One  
of the possibilities is to use the advantages provided by the object oriented methods, e.g. 
inheritance, templates and policy-based programming. 



Lukasz RAUCH, Lukasz MADEJ, Rafal GOLAB, Maciej PIETRZYK 

 
48 

ACKNOWLEDGEMENT 

Financial assistance of the MNiSW, project no. 11.11.110.856, is acknowledged. 

REFERENCES 

[1] AGUIAR M., WESTON R., 1995, A Model-Driven Approach to Enterprise Integration, International Journal of 
Computer Integrated Manufacturing, 8/3/210–224. 

[2] BOOTH A.W., 1998, Object-Oriented Modeling for Flexible Manufacturing Systems, International Journal of 
Flexible Manufacturing Systems, 10/01–314. 

[3] DONNAY B., HERMAN J. C., LEROY V., LOTTER U., 1996, GROSSTERLINDEN R., PIRCHER H., 
Microstructure Evolution of C-Mn Steels in the Hot Deformation Process: the STRIPCAM Model, Proc. Conf. 
Modelling of Metal Rolling Processes, ed., Beynon J.H., Ingham P., Teichert H., Waterson K., London, 23-35. 

[4] GIACHETTI R.E., 1998, A Decision Support System for Material and Manufacturing Process Selection, Journal 
of Intelligent Manufacturing, 9/265-276. 

[5] HALEVI G., WANG K., 2007, Knowledge Based Manufacturing System (KBMS), Journal of Intelligent 
Manufacturing, 18/467-474. 

[6] LENARD J. G., PIETRZYK M., CSER L., 1999, Mathematical and Physical Simulation of the Properties of Hot 
Rolled Products, Elsevier, Amsterdam. 

[7] MAHL A., KRIKLER R., 2007, Approach For a Rule Based System for Capturing and Usage of Knowledge in the 
Manufacturing Industry, Journal of Intelligent Manufacturing, 18/519-526. 

[8] RAUCH L., MADEJ L., MATUSZYK P. J., 2008, Knowledge based optimization of the manufacturing process 
supported by numerical simulations of production chain, Collaborative Product and Service Life Cycle 
Management for a Sustainable World, 15th ISPE International Conference on Concurrent Engineering: Bangor, 
Springer, 435-442. 

[9] RAUCH L., MADEJ L., PIETRZYK M., 2008, Hybrid System for Modeling and Optimization of Production 
Chain in Metal Forming, Journal of Machine Engineering, 8/4-22. 

[10] RAUCH L., MADEJ L., WEGLARCZYK S., PIETRZYK M., 2008, System for Design of the Manufacturing 
Process of Connecting Parts for Automotive Industry, Archives of Civil and Mechanical Engineering,  
8/157-165. 

[11] SIMS R. B., 1954, The Calculation of Roll Force and Torque in Hot Rolling Mills, Proc. Inst. Mech. Eng.,  
168/191-200. 

[12] SZELIGA D., GAWAD J., PIETRZYK M., 2006, Inverse Analysis for Identification of Rheological and Friction 
Models in Metal Forming, Computer Methods in Applied Mechanics and Engineering, 195/6778-6798. 

[13] WWW site of INTEG Process Group Inc., 2010, HSMM software: 
http://www.integpg.com/Products/HSMM_Functionality.asp, I. 

 


