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Abstract  The large-scale utilization of steel in 
the modern society highlights the importance of the 
lamination process, and poses new demands for ad-
vanced technologies in the electromechanical equip-
ments as well as for the control systems. Several 
process parameters, such as strip thickness, friction, 
tension, temperature, and rolling speed have a 
strong influence in the quality of the final product, 
and strategic importance in the control system. This 
paper introduces a method to obtain the torque and 
rolling mechanical power estimates in real time, 
without utilization of lamination process models. In 
contrast to existing techniques, in this work these 
estimates are derived from stator electrical vari-
ables, readily available in AC drives. This work also 
discusses the utilization of the torque and rolling 
mechanical power estimates to determine input and 
output strip thickness, by means of a neural net-
work. Simulation results are presented and com-
pared to real industrial data to demonstrate the va-
lidity of the proposed technique. 
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I. INTRODUCTION 
A rolling mill system is typically formed by rolls that 
reduce the strip dimension by lamination forces, and are 
commonly equipped with several instruments, actuators, 
and control devices.  

Current rolling mills employ complex computer 
programs which require the knowledge of roll force, and 
rely on microprocessor control to provide several in-
formation, required for normal operation, as well as for 
inputs to new rolling mills design. Variables such as roll 
load, torque, power, and vibration are derived by ma-
thematical models, and play a fundamental role in the 
process performance. Several operating parameters are 
monitored and controlled to warrant product quality.  

Fig.1:Rolling mill and motor drive. 
Some variables such as strip thickness, yield stress, 

friction coefficient, strip tension between stands, tem-
perature, and roll speed all have intense influence in the 
end product quality, and strategic importance in the con-
trol system performance. Roll force, torque, and me-
chanical power obtained by direct measurement or cal-
culation are fundamental to process control system. The 
knowledge of the torque magnitude enables the identifi-
cation of several process parameters, and can be deci-
sive in the identification of fatigue efforts that the me-
chanical components are subjected to.  

The rolls can present premature failure in their me-
chanical components even when the operating load is 
bellow the design limits. The solution to this problem 
normally involves a modification in the power transmis-
sion geometry and the selection of materials with better 
mechanical properties, which allows an improvement in 
the components lifetime. The lack of the knowledge of 
the torque magnitude in real time has prevented further 
development in this area. Engineering design normally 
utilizes safety factors larger that unity to warrant larger 
components lifetime. Even with all safety precaution in 
place, the drive component still fails prematurely (Chan, 
et al., 1999). This emphasizes the importance of a tech-
nique to obtain the roll torque in real time to warrant a 
safe operation.  

This paper presents a methodology to obtain, in real 
time, the torque magnitude and rolling mechanical pow-
er, from an open loop observer, based on the machine 
dynamic model. Next, a neural network is trained to 
provide the input and output strip thickness from three 
inputs: torque magnitude, rolling mechanical power, and 
measured roll force. The synchronous machine dynamic 
model, converter model, and Orowan process model 
were initially utilized for simulations studies. Finally, 
real rolling stand data were utilized to validate the pro-
posed methodology. 

II. PROCESS DESCRIPTION
A. Rolling Process  
A rolling mill is formed by several mechanicals compo-
nents connected to produce the desired thickness reduc-
tion in a steel strip. A typical hot strip mill stand is pre-
sent in Fig. 1. Two AC motors drive both sides of a roll 
strip. The material flows between the rolls to obtain the 
desired thickness, as show in Fig 2, at a temperature 
near 1000ºC. In hot rolling mills, the strip thickness is 
reduced, from an input thickness h1 to an output thick-
ness h2 by the lamination force of the two parallel rolls 
while moving the upper work roll to achieve the desired  


