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Steel Rolling Mill System: Control Design Goals
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Figure 1. Schematic of a rolling mill process.

�&�8���<�2�6�>�5�*�=�.���*���6�>�5�=�2�<�=�*�0�.���9�;�8�,�.�<�<�����@�.���G�;�<�=���6�8�-�.�5���*�7�-���,�8�7�=�;�8�5���*���<�2�7�0�5�.���;�8�5�5�2�7�0���6�2�5�5���<�=�*�0�.�����&�1�.���6�8�;�.���0�.�7�.�;�*�5���,�8�7�G�0�>�;�*�=�2�8�7���,�*�7���+�.���*�7�*�5�B�C�.�-

�+�B���,�8�7�7�.�,�=�2�7�0���<�.�?�.�;�*�5���8�/���=�1�.�<�.���<�2�6�9�5�.�;���<�.�=�>�9�<��

�&�1�.���,�8�7�=�;�8�5���<�B�<�=�.�6���/�8�;���8�>�;���<�2�6�9�5�.���6�2�5�5���6�>�<�=���6�.�.�=���=�1�.���/�8�5�5�8�@�2�7�0���;�.�:�>�2�;�.�6�.�7�=�<��

�� � �*�2�7�=�*�2�7���*���=�1�2�,�4�7�.�<�<���8�/�������6�6�����������	���
���6�6���2�7���=�1�.���9�;�8�-�>�,�.�-���<�=�.�.�5���*�=���=�1�.���.�A�2�=���8�/���=�1�.���5�*�<�=���;�8�5�5�.�;

�� � �*�2�7�=�*�2�7���=�1�.���;�.�:�>�2�;�.�-���=�1�;�8�>�0�1�9�>�=���=�8���
���6���<�����������	���
���6���<���*�=���=�1�.���.�A�2�=���8�/���=�1�.���5�*�<�=���;�8�5�5�.�;

�� ���.�.�9���=�1�.���=�.�7�<�2�8�7���2�7���=�1�.���6�*�=�.�;�2�*�5���=�8���
���������!��� �)�����A���
�	�)�����*�/�=�.�;���
�	�	���<�.�,�<���/�8�;���.�*�,�1���;�8�5�5�.�;

�� ���.�=�.�,�=���/�*�2�5�>�;�.�<���2�7���<�.�7�<�8�;�<���*�7�-���*�,�=�>�*�=�8�;�<���*�7�-���.�2�=�1�.�;���;�.�,�8�?�.�;���/�;�8�6���=�1�.�6���8�;���<�*�/�.�5�B���<�1�>�=���-�8�@�7

Creating the Plant Model
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Figure 2. Simulink model showing the rolling mill stage and a looper stage. Theta = looper angle.

Designing and Verifying the Controllers
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Figure 3. Multiloop control architecture. Theta = looper angle, sigma = plate tension, omega = plate speed.
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Figure 4. PID Tuner. You can fine-tune your design by using the slider.

Modeling and Simulating a Multistage Process
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Figure 5. Simulink model showing multiple rolling mill stages with inter-stand looper stages.
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Figure 6. Simulation results for the process variables. (a) Overall thickness reduction target achieved at the stage 3 exit. (b) Overall thickness
reduction target distributed equally for the three stages. (c) Disturbances in the sheet tension rejected.

Designing and Verifying Fault Detection Logic
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Figure 7. Fault-tolerant setpoint distribution implemented in Stateflow.
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Figure 8. Simulation results showing the system recovery from stage failures: Stages 2 and 3 compensated when stage 1 failed. When stage 2
failed, the system was shut down, as the overall thickness reduction target could not be handled by stage 3 alone.

Implementing the Controller on a PLC
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Figure 9. IEC 61131 structured text generated using Simulink PLC Coder. Comments with references back to the Stateflow chart
are shown in blue.
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