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1.1 Introduction

This chapter provides an overview of the current project and dissertation. Firstly, in section 1.2, a brief background of the problem being analysed is presented. Then in section 1.3 the aim and objectives of the study are stated. After that, in section 1.4 structure of the dissertation is discussed. Lastly, section 1.5 concludes the chapter.
1.2 Background

Deep drawing is a conventional forming process. It is the only sheet metal forming process through which, parts with depth greater than their diameter can be made. The process is economically very attractive for large-scale productions [1]. The applications of deep drawing range from tiny eyelets to large car body panels. Perhaps one of the largest applications of deep drawing is in manufacture of aluminium beverage cans. In USA alone, 100 billion beverage cans and 30 billion food cans are produced every year and deep drawing remains the principle method of their production [2]. The other important applications of deep drawing include torque converters, impeller blades, fuel tanks, bowl sinks, cooking pans and dies. This list is by no means exhaustive. New applications are being discovered continually. One big advantage of deep drawing is the production of seamless parts. In addition, the part geometry is not limited to circular. Different geometries including square, hemispherical and conical are possible. One interesting application of this process is a double-bowled sink, shown in figure 1.1. It is extremely hard to imagine that this sink can be made successfully and economically using any other manufacturing process.
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In the simplest form, the process starts with a rough blank placed over a recess (die cavity). A punch forces the blank into the cavity. Generally, edges of the blank are constrained using a blank holder. The force exerted by the blank holder is termed as blank holder force (BHF). This apparently very simple process actually requires the control of a large number of difficult to control parameters. This control is essential for the production of parts with consistently good quality and less cost. Some of the key factors affecting metal flow, and consequently deep drawing are listed below [4].
1. Material type

2. Material thickness 

3. N (work hardening exponent) and R (the plastic strain ratio , anisotropy) values 

4. Blank size and shape 

5. Part geometry 

6. Press speed (ram speed) 

7. Draw radii 

8. Draw ratio 

9. Die surface finish 

10. Die temperature 

11. Lubricant 

12. Draw bead height and shape 

13. Blank holder force (BHF)

14. Blank holder deflection 

These parameters are interdependent and hence make the process control more difficult. All these parameters are important in some regard and some optimum value of each is recommended for different types of operation. However, the blank holder force plays a particularly important role in preventing the three major process defects, namely, wrinkling, springback and tearing. The details of these defects and their relationship with blank holder force will be discussed in subsequent chapters. Here it suffice to point out that different independent studies have demonstrated, that the part quality (in terms of wrinkling, tearing and springback) can be improved considerably if a suitable BHF profile (also called BHF trajectory) is used [5]. Several researchers have used different BHF profiles, and claimed success. For instance, Kergen and Jodogne developed a minimum BHF profile with respect to punch load [6, 7]. On the other hand, Thiruvarudchelvan and Lewis had earlier proven success with the exact opposite approach [8]. Hence, recent work in this area indicates the need of developing a systematic approach for the determination of optimum BHF profile in individual cases [5]. It has been claimed in one of the most recent studies that a robust techniques has been developed to determine the optimum BHF profile for use with feed back control systems [9, 10]. However, these results have only been verified using finite element (FE) simulation and are yet to be confirmed by actual experimentation. Further more this technique primarily optimizes the BHF profile with respect to flange wrinkling and ignores other failure modes such as sidewall wrinkling and tearing. Another limitation of this approach is this that it can only be used with closed loop feed back systems and segmented blank holders. There is no doubt that segmented blank holders with closed loop feed back systems can achieve greater draw ratios and more effective wrinkle suppression but their cost has to be justified with the application. In high capital industries like automobile manufacturing, the cost of these modern presses is justified, but in numerous small workshops, this cost can never be justified. The success for them lies in, cost effectively modifying the existing systems to reap maximum benefits. Hence this research primarily focuses on determining, the guiding principles for improved deep drawing through BHF profiling. The study requires modification of a conventional press for the purpose of experimentation. At present, it is only possible to apply constant BHF using this press. After the modifications it would be possible to vary BHF at any given draw depth. 
1.3 Aim and objectives
The aim of this research is to establish guiding principles regarding the use of profiled blank holding force in deep drawing process. These guiding principles should help the manufacturers in designing a suitable BHF profile for their requirements. The objectives that need to be achieved to accomplish this task are as follows.
1. To conduct extensive literature survey and hence establish the current state of technology in BHF control.

2. To modify the conventional deep drawing press in the forming laboratory, so that a time varying BHF profile can be applied on the blank. The cost of modifications should be kept to a minimum. 

3. To set-up the data acquisition and BHF control system for the experiments

4. To perform the experiments with different BHF profiles using the modified press and to analyse the results of these experiments. 

In addition to the fulfilment of main aim, the research is also expected to reap the following indirect benefits,

a. To establish an experimental set up, which can be used in future with minor modifications for closed loop BHF profiling experiments. 

b. To provide experimental data, which will enable closed loop BHF, profiling in future studies.

c. To provide experimental data for finite element (FE) modelling of the process in future studies. 
d. To provide data that might be useful in determining an empirical relationship between, BHF and other process parameters such as punch force.

1.4 Structure

The dissertation is structured around the five objectives mentioned in section 1.3. Each chapter builds on the previous one in order to demonstrate that how these objectives were achieved. This research relies on extensive literature review as well as experimentation. Hence, following the introductory chapter, the next two chapters are based on related literature. The two chapters after these focus mainly on experiments. The last chapter gives conclusions. Each chapter has an introductory section that describes very briefly the contents and summarizes the main points of that chapter. It also establishes a link with the previous chapter, so that there is no continuity break. Similarly, each chapter also has a conclusion section. The sections and subsections in each chapter are numbered using the recommended numbering scheme. 

Chapter 1 serves as an introduction to the dissertation. This chapter after the necessary background presents the aim and objectives in a formal manner. The structure of dissertation is also covered in this chapter. 

Chapter 2 explains in reasonable detail the deep drawing process. It elaborates the various defects and challenges faced during the process. Calculation of various process parameters and discussion of related concepts such as the limiting draw ratio, formability, wrinkling, blank holder force control, forming limit diagrams and the tests to determine forming limit diagrams are also included in this chapter. 

Chapter 3 presents an extensive literature review on advancements in blank holding technology. This chapter achieves the objective 1 of the dissertation mentioned in section 1.3. The literature review constitutes a very important part of this research. Firstly, it traces the development of concepts such as forming limit diagram and wrinkling limit curve, because these provided the basis for improvement in blank holder technology. Secondly, it establishes the current state of blank holder technology. Thirdly, it provides the information, which is necessary for planning and understanding the experimental phase. The chapter not only discusses these developments but also critically analyse them with respect to the aim of dissertation. 

Chapter 4 discusses the necessary modifications to enable BHF profiling. It also discusses the data acquisition system. This chapter marks the fulfilment of objective 2 and 3 of the dissertation. This chapter also discusses the results of experiments, which were conducted to ascertain the accuracy of the modified system. The methodology for experiments is also covered in this chapter. 
Chapter 5 presents the experimental results and discussion of these results. These results include the results of tests conducted with four types of BHF profiles. These are constant, ramped, stepped and mixed stepped and ramped BHF profiles. This chapter also addresses the issue of repeatability for these experiments. This marks the achievement of last objective of the study.
Chapter 6 concludes the study and gives guidelines for the design of appropriate BHF profile. It describes the achievements and limitations. Finally, it gives recommendations for future work.

The appendices at the end are self-contained and give useful information like the schedule and detailed results, which could not be included in main text. 
1.5 Conclusions
Deep drawing is an important industrial process and blank holder force control can play an important role in improving the process in terms of achievable part quality and draw depths. Significant research has been done in the past in this area but there is a need to consolidate that research. Optimum BHF trajectory both in terms of spatial and temporal variation of BHF remains an illusive question, and a systematic approach is needed to solve this problem. This dissertation hence sets forth to answer some of these question. The next chapter introduces the reader in detail with deep drawing process and the problems associated with it. It also explains the effect of various process parameters. It can be skipped by those readers who are more familiar with the deep drawing process and feel comfortable with all the terminology used. 
 Fig. 1.1 Deep drawn double-bowled stainless steel sinks [3]








Fig.1.3 Schedule for the dissertation (3rd revision)
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