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Title Simulation of Line Heating Using Gas Flame for Industrial Problems 

     Line heating is commonly employed as a forming method in shipyards. Different from mechanical plate 
forming, where the plate is pressed against a die of appropriate shape or is fed through a set of rollers to achieve 
the desired curvature; this method produces permanent deformation by means of thermal stresses generated by 
heating and subsequent cooling processes. The advantage of line heating over mechanical forming is that it 
provides more freedom to achieve complex geometrical shapes such as those found in ship hulls. Another 
application of line heating in ship building industry is straightening of distortion of structures generated during 
welding assembly. This distortion if not controlled or properly corrected, can generate delays in production 
schedule as well as decrease of the final quality of the structure. Although line heating finds variety of 
applications in industry, in both as a forming and straightening process, it still relies in most of the cases on 
empirical knowledge of workers with years of experience. As a consequence, factors such as production costs 
and delivery time are difficult to control. The main objective of this research is to offer guidance to inexperienced 
engineers to select and control the proper heating conditions in order to efficiently make use of line heating. 
The dissertation is divided into six chapters: 
     Chapter 1 starts with an overview on both thermal and mechanical plate forming. An introduction to line 
heating method and its forming and straightening applications are given. A literature review on line heating 
research is presented. Finally, the main objective of this study as well as the framework of the thesis are covered. 
     Chapter 2 presents the tools used in this research. In this study, all thermal processes including line 
heating and welding are simulated through thermal elastic plastic FEM analysis. An introduction to the 
inherent deformation method used to evaluate the deformation due to line heating and welding is given. A new 
method to evaluate inherent deformation by means of cutting simulation is proposed. Finally the concept of 
interface element is described.  
     In Chapter 3, the different types of heat sources used on line heating process are reviewed. Then, the 
accurate heat source model developed by Professor Osawa and adopted in this research is presented. Validation 
of the heat source model is carried out through comparison between numerical analysis and experimental 
measurements. 
     Chapter 4 deals with bending of U-ribs by line heating. At first, a description of the U-rib bending process 
by means of gas heating is given. Comparison of temperature distributions and deformations due to gas heating 
evaluated in numerical analysis and measured in experiments is carried out. Influence of heating location and 
heating speed on the overall behavior of the U-rib is evaluated using inherent strain method. Finally, a simple 
mathematical model used to predict the deformation of U-rib and select heating conditions to optimize the U-
rib bending process is presented. 
     Chapter 5 discusses the application of line heating in straightening, in particular straightening of 
deformation generated due to welding assembly. The first half of this chapter studies the straightening of the 
welding angular distortion in a single stiffener stiffened panel. The effectiveness of three different heat 
straightening patterns commonly used in actual practice is compared. The most efficient of the three heat 
straightening patterns is selected in terms of energy and time consumption. The second half of this chapter 
considers the application of line heating to straighten the twisting deformation of a large bilge block structure. 
     In Chapter 6, an overall summary of the thesis is given, also conclusions drawn from the computational 
study are presented. Needs of future studies regarding the use of line heating as both forming and straightening 
processes are presented. 






