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ABSTRACT

          A mathematical model for calculating the temperature distribution during induction heating of a cylindrical charge has been made. In this model the temperatures of the charge at five nodes are the fundamental variables. A finite element analysis has been made for the melting process of the furnace charge for two materials which are aluminum and iron. This model was used as a reference for  the performance of the estimator.

           A static state estimator  with a measurement redundancy of 3.33 for the induction furnace has been developed. Numerical tests show that the static state estimator is satisfactory for the use in state estimation, the weighted least squares WLS approach is an effective technique in estimation, and the criterion proposed in this work is effective for the identification process when bad data exist.

Keywords:  estimation, WLS, J-index, induction.

الخلاصة 

              تم عمل نموذج رياضي لحساب توزيع درجات الحرارة لشحنة فرن حث كهربائي حيث ان درجات الحرارة لمادة الشحنة لخمس مواقع في الشحنة هي المتغيرات الأساسية. تم دراسة وتحليل عملية صهر شحنة الفرن لمادتين هما الألمنيوم والحديد كلا" على حدة، وتم اعتماد هذا النموذج كأساس لتقييم كفاءة و أداء المخمن.

          تم تطوير مخمن ستاتيكي بفائض قياسات مقداره 3.33 لفرن الحث. وقد أظهرت النتائج كفاءة هذا المخمن في عملية تخمين درجة حرارة الشحنة، و أن طريقة مربعات الفروقات الموزونة WLS هي طريقة ذات كفاءة عالية في عملية التخمين. لقد تمكن المخمن من رصد وتحديد مواقع القراءات الخاطئة (في حالة وجودها) بشكل جيد وحذفها ومن ثم تعوض هذه القراءات المخطوءة بأخرى صحيحة.        

I- INTRODUCTION

          State estimation is the process of assigning a value to an unknown system state variable based on measurements from that system according to some criteria. Usually, the process involves imperfect measurements that are redundant and the process of estimating the system state is based on a statistical criterion that estimates the true value of the state variables to minimize or maximize the selected criterion. A commonly used and familiar criterion is the weighted least squares approach (WLS) which is based on minimizing the sum of the squares of the differences between the estimated and " actual" (i.e. measured) values of functions. A very useful feature of a state estimation calculation is the ability to calculate (or estimate) quantities not being measured. This is most useful in cases of failure of communication lines connecting transducers to thermal processor or when the transducer fails. A state estimator can “smooth out” small random errors in sensor readings, detect and identify gross measurement errors and “fill in” instrument readings that have failed due to communication failures, or any other malfunction.

          State estimators may be either of a static or dynamic type. This research is concerned with the development of a static state estimator, capable of predicting (estimating) charge temperature of an induction furnace. The estimator is developed to  produce  the  “best  estimate"  of  the  furnace  temperatures  and  power  supply 
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