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Summary: Deep drawing is a very important process and it is often used in the metal industry- especially in the automobile industry. Because of that, scientific researches in the field of deep drawing of sheet metal are important which aim for a higher stability of the process, a better product quality, productivity, and to be more economical. What is important in the process’s planning is the choice of optimum values of variable parametres. It is also important to control the deep drawing process in the optimum area of the process. One of the methods in controlling the process is the control of the movement value and the moving speed of the washer’s shroud edge towards the die’s cavity.
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1. INTRODUCTION

Two versions of control systems were developed in the deep drawing process of cups without the reduction of sheet metal thickness. The following control values were taken: height of wrinkling and the retraction of the external shroud edge, and the controlling variable value was the blank holder force. The equipment worked while the instruments registered minimum wrinkling. With the increase of the blank holder force the wrinkles vanished completely, with its continuous increase the height of the wrinkles still were 0 mm. At that point the maximum of the blank holder force was still unknown because with its unnecessary increase the sheet metal gets destroyed. It showed that the controlled value i.e. etalon curve  depending on the movement of the external shroud edge (added on axis y) and on the punch’s working stroke (added on axis x) is the better solution. That etalon curve, in fact, is a referential diagram under the conditions of a stable process. That curve was experimentally recorded prior to the process. Above the etalon curve is the upper and below it is the lower belt of a successful process.  If the movement of the shroud flange is below the lower belt of the etalon curve then it means that the slide of the shroud is being decreased or stopped. Next is the excessive thinning of sheet metal in the critical zone at the time when the blank holder force should be decreased. However, if the movement is above the upper belt it means that the external shroud edge is moving  more than it should. That is the sign that wrinkling of the shroud occures when the blank holder force should be increased. Because of that it is desirable to monitor the value of drawing-in the shroud flange and the speed of that drawing-in depending on the working stroke of the punch and the speed of its movement.

2. EXTERNAL DIAMETER OF THE CUP’S SHROUD IN THE FUNCTION OF THE WORKING STROKE
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Figure 1. Phases of deep drawing of cup from start to end
The external diameter of the cup’s shroud decreases along the increase of the punch’s working stroke. That decrease is different in part 1 of the working stroke from the decrease in part 2 of the working stroke. Because of that, correct and suitable relations should be established between these values, especially in part 1 and especially for part 2 of the working stroke. For the establishment of these different relations a cup was taken with a shroud of concrete dimensions, such as: depth h=55 mm, thickness of sheet metal s=1 mm, shroud’s diameter dv=138,3 mm and blanket’s external diameter do=120 mm, and the rounding radius on the shroud r=5 mm and bottom R=14 mm. This can be seen in figure 1. It is obvious that part 1 of the working stroke is from 0 to rs+Rs=5,5+14,5=20 mm, and the other from 20 to 55 mm.

2.1   RELATIONS IN PART 2 OF THE WORKING STROKE
The cup in figure 1 showed with a profile on the middle line with the middle rounding radii rs=5,5 mm and Rs=14,5 mm and with the middle blanket’s diameter dso=119 mm. In that figure, in the working stroke’s starting phase the die’s and punch’s diameters with their the rounding radii, and also the clearance between the die and the punch are formally noted. This kind of cup was an object of the author’s performed experiment. The cup’s profile is divided into 5 elementary lines - into three straight lines: l1 , l2  and l3   and into two circulars arcs: l4 and l5.     This can be seen in the final phase in figure 1. Based on the Pappus-Guldinus Theorem, on the origin of rotational surfaces, an important formula can be derived for calculating the diameter of the platinum D0  and cup’s depth h respectively: 


                        ,                    (1)

                          .                         (2)
In this part of the working stroke the dependence of the shroud’s variable diameter Dx on the working stroke hx  is established on the basis of the formula (2). In that formula one should replace the shroud’s radius rv  with the variable radius rx  and instead of h put  hx . This can be done because the shroud’s variable diameter Dx starts from the platinum’s diameter  D0  and goes till the shroud edge diameter dv . In that way, these two diameters (D0 i dv) can be seen as final values of the variable shroud’s diameter Dx , then the following is:

                  .        (3)
2.2   RELATIONS IN PART 1 OF THE WORKING STROKE
In part 1 of the working stroke the relation between the variable diameter of the cup’s shroud and the working stroke is not that simple, but it is also derived by using the same theorem. 


However, one should first establish a relation between the increase of the working stroke hx  and the angle increasewhilst the bending of sheet metal around the rounded edge of die cavity. In figure 1 and 2 the situation is shown what happened after the accomplished 13 mm of the working stroke and the cup’s depth respectively. The angle is thenand the variable diameter of the cup’s shroud is Dx=197,100 mm. But when the angle is 90° then the working stroke is 20 mm and the mentioned diameter will decrease from D0=202,778 to Dx=189,174 mm. Then the tangent line is l=7 mm, and based on its projection on the horizontal and vertical direction a system of two equations from which the formula is derived can be established: 

.  (4)
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 Figure 2 Enlarged image of deep drawing of a cup during part 1 of the working stroke

	Based on the mentioned theorem and the length of the 5 elementary lines and the remoteness of their centre to the rotation axis (figure 1 and 2) a formula can be derived for the variable shroud’s radius:

                                ,                     (5)
i.e:

- variable radial width of the shroud,


- variable tangent line, - length of the flat part

- variable length of the smaller circular arc, radius rx ,

- variable length of the bigger circular arc, radius Rx ,

- variable rotation radius of the center’s line  l1 ,

- variable rotation radius of the c. l2,   

-  rotation radius of the center’s line l3 ,


,   , variable rotation radius of the center’s line l4  and  variable rotation radius of the center’s line  l5 .

2.3   MOVEMENT AND MOVING SPEED OF THE SHROUD EDGE
	


	Now a table in Excel can be made. In the first column values for the working stroke  hx  starting from 0 to 20 mm with the increase of 2 mm and of 20 to 55 mm with the increase of 5 mm are inserted. Afterwards, the suitable formulas are inserted in the next columns: for the angle(formula 4), variable shroud radius rx  for part 1 of the working stroke (formula 5), and then for part 2 (formula 3). In that way, we get a diagram of dependencefor the complete working stroke from 0 to 55 mm, figure 3. However, a more practical (rotated) diagram is shown in which the shroud edge starts form 0 mm on the radial path of Δrx=32,329 mm towards the die cavity. The suitable values of the variable radius are noted in brackets.
	In the figure 3 there is also the diagram in red which shows the variability of the moving speed of the shroud edge towards the die cavity. This speed is also linked to the punch’s working stroke and to the radial movement of the shroud edge. It has the tendency to increase during the working stroke, with the fact that it increases faster in part one of the working stroke. And this diagram is done because of the simultaneity of events with the help of the table in Excel, based on the relation of the shroud edge movement Δrx  and the working stroke in phases hx along a constant speed of the punch Vi : 

                                                            ,                                                    (6)
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Figure 3. Diagram of the radial movement of the shroud in the function of the work.str.
                                                           .                                                    
3. CONCLUSION
Under the conditions of a stable deep drawing process of a cup, the optimum parameters, under which the process is performed, can be ascertained. The following parameters are important: coefficient of contact friction, rounded radius of the die cavity, clearance between the die and the punch etc. However, besides the optimum parameters, it is also important to skillfully control the process. This can be achieved in many ways. One of the most successful ways is the monitoring of the movement of the shroud flange towards the die cavity. If that movement is bigger i.e. faster  or even smaller i.e. slower then that can be a sign that something unpredictable is happening in the process, and it is a sign that the process is unstable. Because of that, it is good that we possess the equipment on the machine for the monitoring of this simple indicator of efficacy and the stability of the process, and bringing it in the wished frames because every stable process is the basis for the good quality of the work piece. 
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