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    Abstract

        
            The cupola is a furnace used for melting steel scrap, cast iron scrap, and ferroalloys to produce cast iron. Its main energy source is coal coke. It is one of the oldest methods of producing cast iron, and it remains the dominate method because of its simplicity and low fuel cost. Cupolas range in size from 18 inches to 13 feet in diameter, and can produce up to 100 tons per hour of cast iron. Although cupola melting has a long history, automatic control has been elusive because the process has been poorly understood. Most foundries rely on the intuition of experienced operators to make control decisions. The purpose of this work, which has been underway for three years of an anticipated four year program, is to develop a controller for the cupola using intelligent and conventional control methods. The project is a cooperative effort between the Idaho National Engineering and Environmental Laboratory, the Department of Energy Albany Research Center, Idaho State University, and the American Foundrymen`s Society.
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                    AFS Cupola Model Verification--Initial Investigations

                    
                        Conference
                            King, P; Higgins, L; Stanek, V; ...  - Transactions of the American Foundrymen's Society
                            

                    The cupola furnace is used to melt scrap steel, pig iron, foundry returns, and alloying additives to a prescribed tapping chemistry and temperature for iron casting applications. The melting process within the cupola is highly complex and not well quantified. The American Foundrymen's Society is developing a mathematical model to aid in the understanding of these processes. This model is reaching maturity, and has been successful in estimating a number of melting parameters. This paper details the results of efforts to verify the model in a controlled system, equipped wit the appropriate sensors, for model verification. The work was performedmore » on a research-scale cupola furnace located at the Department of Energy's Albany Research Center.« less

                        
                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    Cupolas minimize the energy required to melt ferrous alloys

                    
                        Conference
                            Draper, A
                            

                    Historically the cupola has been the most effective furnace for melting cast irons. Although its supremacy was challenged by electric melting furnaces in the 1960's, persisting energy scarcity and high cost have encouraged a resurgence of interest in cupola technology. Using the optimum design features of modern cupolas and the best melting practices, they can achieve melting efficiencies of 45% or more based on the energy value of the original coal. In contrast, electric melting only uses 21% of the energy in coal. Despite these facts, many foundrymen fear that there will be problems because of poor metallurgical control ifmore » they use cupolas. Yet experience has proven otherwise. In terms of energy conservation and economy it is better to use large cupolas as scrap melters in the steel industry. Yet there is still a deep rooted prejudice against the cupola plus basic oxygen furnace route to steel making.« less
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                    Cupola technology: key to reduced melting energy and cost

                    
                        Technical Report
                            Draper, A; Sylvia, J
                            

                    With the rising cost of electric energy foundrymen are becoming increasingly aware of the renaissance of the cupola as an efficient melting furnace for gray iron. During the past two decades a number of technical innovations have boosted the cupola to the forefront as the economical melting furnace for cast iron. Not only can the cost of molten metal be reduced significantly but metallurgical control can be achieved in ways not considered possible a few years ago. Cupola melting has advanced to new levels of sophistication and efficiency by using the following innovations: hot blast, divided blast, oxygen enrichment, projectingmore » water cooled tuyeres, water cooled shell, improved refractories, increased cupola size, use of a single cupola, improved air cleaning, and duplexing. In the U.S., since 1968, conventional emission control equipment has included afterburners to remove carbon monoxide and oily fumes from the cupola effluent before it passes into the outside air. Unfortunately, afterburners increase operating costs and in addition consume large amounts of natural gas, which is in short supply. If, indeed, the 12 to 15 percent CO content of a normal cold blast cupola could be reduced to 4 percent or less in a properly designed oxygenation zone within the cupola stack itself, significant savings in energy would be possible. This concept has already been shown to be feasible in a laboratory cupola. Moreover, previous studies have shown that large increases in melting rate or reductions in the coke required to melt a pound of metal are possible for either cold or hot blast cupolas when operated under optimum conditions.« less

                        
                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    Development of a cupola furnace process model. Final technical report

                    
                        Technical Report

                    A strategic partnership was formed among the American Foundrymen`s Society and the Federal government to develop and transfer the technology needed by the US foundry industry to: increase energy efficiency of cupola melting; improve recovery of carbon, silicon, and manganese through reduced oxidation losses; and improve productivity due to more uniform and predictable iron compositions. An effective mathematical model of the cupola offers a solution to the complex and interactive chemical and heat transfer processes to melt cast iron. The transient changes in charge size, charge composition, blast rate, and coke rate are used to optimize operation to improve meltingmore » rates, minimize oxidation losses of valuable alloying elements (C, Si, and Mn), and maintain iron composition. Despite these challenges, the cupola produces iron at a lower cost, and have better environmental controls than other melting process with 70% of domestic liquid iron produced by this technique. The current study builds on a one-dimensional model developed during Phase 1 and Phase 2 to make it both user friendly and PC compatible to aid the application of this technology in operating foundries. Results are discussed.« less
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                    Cupola Furnace Computer Process Model

                    
                        Technical Report
                            Katz, Seymour
                            

                    The cupola furnace generates more than 50% of the liquid iron used to produce the 9+ million tons of castings annually. The cupola converts iron and steel into cast iron. The main advantages of the cupola furnace are lower energy costs than those of competing furnaces (electric) and the ability to melt less expensive metallic scrap than the competing furnaces. However the chemical and physical processes that take place in the cupola furnace are highly complex making it difficult to operate the furnace in optimal fashion. The results are low energy efficiency and poor recovery of important and expensive alloymore » elements due to oxidation. Between 1990 and 2004 under the auspices of the Department of Energy, the American Foundry Society and General Motors Corp. a computer simulation of the cupola furnace was developed that accurately describes the complex behavior of the furnace. When provided with the furnace input conditions the model provides accurate values of the output conditions in a matter of seconds. It also provides key diagnostics. Using clues from the diagnostics a trained specialist can infer changes in the operation that will move the system toward higher efficiency. Repeating the process in an iterative fashion leads to near optimum operating conditions with just a few iterations. More advanced uses of the program have been examined. The program is currently being combined with an ''Expert System'' to permit optimization in real time. The program has been combined with ''neural network'' programs to affect very easy scanning of a wide range of furnace operation. Rudimentary efforts were successfully made to operate the furnace using a computer. References to these more advanced systems will be found in the ''Cupola Handbook''. Chapter 27, American Foundry Society, Des Plaines, IL (1999).« less
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