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ABSTRACT   
The paper studies the distribution of stresses and strains of deep drawing process until the failure. 
The process is modeled with its four basic parts: the punch, the die, the holder and the blank. As the 
study concentrates on the blank, the blank in modeled as an elastic body, where the other parts are 
modeled as rigid bodies .The study is performed on two sets: the first set with Von-Mises plastic 
criteria & the second set with Hill criteria to take the anisotropy into consideration. For both set the 
coefficient of friction is set to constant value. The study focuses on the failure analysis by changing 
the punch stroke until the value of the blank diameter to monitor the thinning of the cup thickness.  
Due to importance of the springback in metal forming which determines the residual stress inside 
the blank, model of springback is added. The study is performed using the finite element code 
ANSYS 11 .The effect of entropy; stroke length and springback on the deep drawing process can be 
no test on the behavior on the metal forming. 
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 طريقة العناصر المحدودة في تحليل السحب العميق وظاهرة المرونة الراجعة
 حسين نجم كريم

 زــــــــــــــــــــــــوجالم
 الفشل حالة حدوث حتى و العميق السحب عملية إثناء الانفعالات و الاجهادات توزيع دراسة إلى البحث  يهدف

 الدراسة إن حيث و .الصفيحة و والماسك الأنثى والقالب الذكر القالب: الأربعة اجتزائها في العملية تم تمثيل.

 مراعاة مع صلدة بأجزاء المتبقية الأجزاء و مرنة كمادة الصفيحة مثلت الصفيحة في دحالق تكوين على تركز

 المرونة معيار باستخدام الأولى: مجموعتين على الدراسة أجريت . الأربعة الأجزاء بين التماس ظروف

 في للتغير يجةنت الميكانيكية الخواص في التغير لأخذ ذلك و هل مرونة معيار باستخدام الأخرى و ميسيس-فون

 طول يكون حتى الشوط طول  بتغيير ذلك و الفشل حدوث حالة على الدراسة ركزت. الاعتبار بنظر الاتجاه

  .للفشل معيارا الصفيحة سمك في الترقيق يعتبر حيث المتولد القدح قطر لطول مساويا الشوط

 حركة انتهاء بعد المترسبة هاداتالاج مقدار تحدد التي و المعادن تشكيل في المرونة رجوع  حالة ولأهمية

 العناصر طريقة على يعتمد الذي 11 الانسيس برنامج على الدراسة أجريت .  المحاكاة هذه إضافة تم الحمل

 .المحددة
INTRODUCTION 
Deep drawing is the metalworking process used for shaping flat sheets into cup-shaped articles such 
as bathtubs, shell cases, and automobile panels. This is done by placing a blank of appropriate size 
over a shaped die and pressing the metal into the die with a punch (Figure19). Generally a 
clamping or hold-down pressure is required to press the blank against the die to prevent wrinkling. 
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This is best done by means of a blank holder or hold-down ring in a double-action press. Although 
the factors which control the deep-drawing process are quite evident, they interact in such a 
complex way that precise mathematical description of the process is not possible in simple terms. 
The greatest amount of experimental and analytical work has been done on the deep drawing of a 
flat-bottom cylindrical cup (Swift test) from a flat circular blank. The discussion of deep drawing 
which follows will be limited to this relatively simple situation.                                                          
The spring-back is referred to an event when the sheet metal starts vibrating after the punch is 
removed   and might alter its final desired shape. Since it takes some time before the work-piece 
comes to a rest,  almost all papers depend on the finite element methods as a numerical tool for 
simulating the deep drawing process. A good general treatment of this method is given by (S. S. 
Rao, 2004) but application of this method to metal forming processes is given by (Shiro, 1989)       
The degree of the application of the finite element depends on the nonlinearities (A. Ayari, et al 
2009). The uses of the ductile material may the magnesium (T. S. Yang, 2008) or Aluminum at 
elevated temperature to predict the final geometry of the blank (G. Venkateswarlu, et al2010).              
The influence of material parameters such as hardening exponent, yield stress and elastic modulus 
on the process are investigates (GAO En-zhi, et al, 2009).                                                
The investigation of the geometrical tolerances between the punch and the blank or between the 
blank and the die is studied (Waleed, 2007). 
Since the process involves many parameters, minimization of response time and maximization of 
the efficiency and quality is studied as well (Hakim S. Sultan Aljibori, 2009). 

 
THEORITICAL BACKGROUND 
Deep drawing is the metalworking process used for shaping flat sheets into cup-shaped articles 
(Dieter 1988). It is done by placing a blank over a shaped die and pressing the metal into die by a 
punch. A holder is required to press the blank against the die to prevent wrinkling. The process has 
complicity to be modeled directly. The four parts of the process are shown in Figure 1. The stress 
and deformation in a draw cup is show in Figure 2. The draw ability of a metal is measured by the 
ratio of the initial blank diameter Do to the cup diameter drawn from the blank Dp. For a given 
material there is a limiting draw ratio (LDR), representing the largest blank that can be drawn 
through a die without tearing. In our study the efficiency for frictional losses is                   
η = 0.7 and LDR=2. 
This means it is a difficult to draw a cup with a height greater than its diameter. 

  MODEL DESCRIPTION  
The geometry, the material properties and the applied load is needed in our analysis.                  
The geometry of the assembly is shown in the Figure 1. The finite element model is shown in the 
rest figures. A fine mesh of elements type (PLANE182) is generated on blank geometry (100 mm 
of diameter and 2 mm of thickness). This element has four nodes of two degree of freedom, two 
translations and one rotation. The punch, the holder and the die are assumed to be solid bodies.             
The gap between the punch and die is set equal to the initial thickness of blank sheet.                   
The material properties of the blank sheet are: 
Modulus of Elasticity        200 GPa 
Tangent Modulus             1 Gaps 
Yield Stress                      250 MPa 
Poisson Ratio                    0.3 
The load is applied as a prescribed displacement representing the punch stroke with holder force 5 
KN. The friction between the parts was set as a Coulomb friction of 0.1 coefficients. 
Two sets of calculation were performed. 
The first set with no anisotropy while the second set has anisotropy according to Hill as 10% 
(ANSYS Manual, 2007). Appendix A 
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FAILURE CRITERIA 
Two types of failures were followed through the modeling.                                                                 
The depth of the cup created should not exceed the diameter of the blank sheet (Dieter, 1988) and 
the thinning should be kept bellow 20% of the original thickness (T. Altan, 2000). 

  
RESULTS AND DISCUSSION  
Figure 3 shows the affective Von-Mises stress for both sets of calculation, while Figure 4 shows 
the effective elastic strain.                                                                                                                      
Figures 5 to 9 show the distribution of effective Von-Mises stresses for the first set of calculation 
for different stroke of punch, while Figures 10 to14 show the results of the second set.                   
The Von-Mises stress after spring-back for stroke of 60 mm is shown in Figure 15. For this stoke 
the Von-Mises strain is shown in Figure 16. From the figure, the punch is in its original position 
after  spring-back. 
Taking the anisotropy into consideration, Figure 17 shows the Von-Mises stress for 60 mm stroke      
and Figure 18 shows the Von-Mises strain. 
By zooming the graphical results, the thinning of the wall is evident. 
It is clear that Figure 9 for the first set of calculation is under failure mode which corresponds to         
stroke of 90 mm; Figure 13 for the second set of calculation corresponds to 80 mm punch stroke. 

 
CONCLUSIONS 
The obtained results of simulation present a visual approach to predict the failure shape of the 
process according to the thinning of the thickness of the formed cup. The spring back is another 
visual approach to the accuracy of the modeling. By this approach a parametric design could be 
done and an optimized selection of parameters could be achieved. 
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Figure 1 The four parts of deep drawing process  

  

  
 

Figure 2 The stain and stress distribution inside the cup  
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Figure 3 The equivalent Von-Mises stress against the length of punch strok 

 

  
Figure 4 The equivalent Von-Mises strain against the length of punch stroke 
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Figure 5 The Von-Mises stress for 50 mm stroke 

 

 
Figure 6 The Von-Mises stress for 60 mm stroke 
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Figure 7 The Von-Mises stress for 70 mm stroke 

 

 
Figure 8 The Von-Mises stress for 80 mm stroke 
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Figure 9 The Von-Mises stress for 90 mm stroke 

 

 
Figure 10 The Von-Mises stress for 50 mm stroke with anisotropy 
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Figure 11 The Von-Mises stress for 60 mm stroke with anisotropy 

 

  
Figure 12 The Von-Mises stress for 70 mm stroke with anisotropy  
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Figure 13 The Von-Mises stress for 80 mm stroke with anisotropy 

 

 
Figure 14 The Von-Mises stress for 90 mm stroke with anisotropy  
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Figure 15 Von-Mises stress for 60 mm stroke after springback 

  

 
Figure 16 Von-Mises strain for 60 mm stroke after springback 
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Figure 17 Von-Mises stress for 60 mm stroke after springback with anisotropy 

 

 
Figure 18 Von-Mises strain for 60 mm stroke after springback with anisotropy 
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Figure 19 Model for the springback procedure  

 
 
Appendix A  
SPRINGBACK in ANSYS  
As it is well known in the forming analysis, the springback phenomena should be taken into the 
consideration. 
A procedure in ANSYS concerning this type of deep drawing analysis which has a prescribed 
displacement has the following steps: 
 1 solve the problem with displacement load as usual 
2 find the reaction force at the pilot node 
3 delete the displacement load and add the force load from 2 
4 solve the problem one iteration only 
5 apply zero force at pilot node 
6 solve the problem as usual non-linear case 
 All the procedure is done inside the solution phase.                                                

Hill's Table for Material Number 1 
                    

  

   

0                          Temperature
1.1                      rxx                   
1.1                    ryy                     
1.1           rzz                               
1.1                                       rxy   
1.1                         ryz                 
1.1                       rxz                   
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