Chapter 6

Conclusions and 


Recommendations for Further work

 

6.1 Introduction

The aim of this study is to establish some guiding principles about the use of BHF profiles, for improving the deep drawing process. After covering the essential background, an extensive literature review was presented in Chapter 3. This review highlighted the disagreement on the choice of a suitable BHF profile for the process of deep drawing. It was also concluded that there is a need to demonstrate a simple and cost effective solution, which allows for BHF profiling on conventional presses. Since, the current study was also using a conventional press, Chapter 4, fulfilled this objective by describing in detail the experimental set up used in this study. Chapter 5 presents and discusses the results obtained from experiments on the modified press. The purpose of these experiments was to determine that how BHF profiling could be done effectively. Based on the experimental results and literature survey presented in this report, this chapter presents the important conclusions. The next section lists some guidelines, which can help in getting maximum benefit of BHF profiling. 
6.2 Guidelines for effective use of BHF profiling

1. BHF profiling effect the deep drawing process in the following major ways
· Change in thickness profile of the blank being drawn.

· Change in the punch force profile (PFP). 

· Change in the maximum punch force value (MPF).

· Change in the draw depth where maximum punch force is observed.

· Change in the draw depth where minimum thickness of the blank is observed.
2. The applied BHF profile can result in increase of draw depth, over the case of constant BHF, if any of the following conditions are met.

· The MPF value is reduced.

· The PFP changes in such a way, that the MPF value does not occur in the critical draw depth range.

· The thickness profile changes in such a way, that when MPF is observed the blank is sufficiently thick to withstand it.
3. A suitable BHF profile can be designed by considering the concept of critical draw depth range (CDDR). This range is defined as follows.
Start of range: Draw depth where the maximum constant BHF required for wrinkle suppression causes tearing. 
End of range: Draw depth at which, the MPF value is observed. BHF in this case should be maximum constant value that does not cause tearing. 

The shape of optimal BHF profile will vary from case to case but in each case, in the critical range, BHF has to be kept lower than the constant BHF value, which causes tearing at that draw depth. This is the key to success. The process of obtaining a BHF profile based on CDDR is explained in the last paragraph of section 5.7. 

4. Both increasing and decreasing profiles could be used. However, the choice mainly depends on wrinkling tendency of the blank being drawn. If the wrinkling tendency is greater towards the end of punch stroke than it is more effective to use a decreasing BHF profile. However, regardless of the shape of the profile, in the CDDR, BHF should be less than the minimum constant BHF, which causes tearing at that depth. 

5. A simple strategy for BHF profiling, like the one, explained in chapter 4 could be used easily in machine shops where conventional old presses, do not justify the high cost solutions. 
6.3 Limitations and future research directions
Despite its achievements, the present study suffers from some important shortcomings. As explained, an effective wrinkle detection system was designed and implemented. This system proved to be very useful in approximating the thickness profile of the blank. However, it did not serve its primary purpose of wrinkle detection. As explained in section 4.2 this was not due to failure of the system, but simply because the BHF could not be lowered sufficiently using this press. Major changes in the press would be required to lower the BHF even more on this press and this was not possible in the given time. 

Therefore, it is suggested that in future studies wrinkling characteristics be studied on the present set-up either by choosing a material with sufficiently lower R- value (defined in section 2.3.1) or by making changes in the press design to allow for lower BHF values. Such a study would help in determining if a critical draw depth range exists for wrinkling as well. Such a study would also help in determining the general applicability of critical draw depth theory mentioned in this dissertation. Sufficient data has been recorded in the course of experiments. This data can be useful in terms of finite element simulation of the process and in terms of controller design.
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