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Abstract— Deep drawing is a most important technique for 

forming sheet metal parts. It is widely used for mass 

production of cup shapes in automobile, aerospace and 

packaging industries. Defectives due to wrinkles and 

excessive roughness alter the product geometry from the 

designed one, causing difficulties in finishing of sheet 

products. These defects directly lead to increase of the 

manufacturing cost. Surface roughness and uniform Wall 

thickness is the major challenge in the deep drawing 

process. To avoid the expensive and difficult experiments   

modern manufacturing is based on the analysis of forming 

processing numeral atmosphere before the actual production 

set-up. Wrinkling is an undesirable phenomenon in deep 

drawing. It occurs at flange as well as the sidewalls of a 

deep drawn cup. The main reason for wrinkles is inadequate 

blank holding force. However excessive blank holding force 

results in fracture. The aim of this work is to arrive at 

optimum Blank holding force in order to produce wrinkle 

free products. 
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I. INTRODUCTION 

Sheet metal forming is a technique by which most body 

parts are produced in automobile industries. In sheet metal 

forming, a thin blank sheet is subjected to plastic 

deformation using forming tools to conform to a designed 

shape. During this process, the blank sheet is likely to 

develop defects if the process parameters are not selected 

properly. Therefore, it is important to optimize the process 

parameters to avoid defects in the parts and to minimize 

production cost. 

Optimization of the process parameters can be 

accomplished based on their degree of importance on the 

sheet metal forming characteristics. The designing is done 

using unigraphics.In this paper, AFDEX software is used to 

simulate the process of deep drawing for box shaped part. 

II. RESEARCH OBJECTIVE 

The main objective of the proposed research paper is to 

eliminate the various defects like wrinkling, thinning and 

tearing in deep drawing pocess. For general deep drawing 

operations, most people define the defects as that block 

which can be deformed into a cylindrical cup with either a 

uniform flange or cup free from ears. However it is not easy 

to eliminate the defects because of complexity of 

deformation behavior and there are couple of process 

parameters like the deep drawing depth and blank holding 

force. Even a slight variation in one of these parameters can 

result in defects. 

III. SIMULATON 

Unigraphics software is an integrated product design, 

engineering and manufacturing solution that helps you 

deliver better products faster and more efficiently. AFDEX 

is a general purpose metal forming simulator which can be 

applied not only to conventional bulk metal forming 

processes including forging, rolling, extrusion and deep-

drawing, but also, to new creative bulk metal forming 

processes. AFDEX is theoretically based on rigid-

thermoviscoplastic finite element method. 

Advantages of AFDEX 

1) User-friendly GUI equipped with fool-proof capabilities 

2) Fully automatic simulation techniques which have been 

adopted for the cases of multi-stage processes 

3) Strong functions of metal flow line prediction on the 

arbitrary cross-sectional area 

4) Powerful material identification functions. 

5) Higher accuracy for a wide range of metal forming 

processes 

IV. METHODOLOGY 

The punch is pushed into the die cavity, simultaneously 

transferring the specific shape of the punch and the die to 

the sheet metal blank, thus forming a conical cup. The basic 

shape of punch is frustum of a cone. The back plate is drawn 

from the blank in a press by the force of the punch. 

 
Fig. 1: 

The material selected is type 304 stainless steel or also 

called as Chromium-Nickel steel. 

Element Weight   (%) 

C 0.08 

Mn 2.00 

Si 1.00 

Cr 18.0-20.0 

Ni 8.0-10.5 

P 0.045 

S 0.03 

Table 1: Composition 

Density (×1000 kg/m3) 8 

Poisson's Ratio 0.27-0.30 

Elastic Modulus (GPa) 193 

Tensile Strength (Mpa) 515 

Yield Strength    (Mpa) 215 

Elongation (%) 40 

http://www.efunda.com/units/convert_units.cfm?From=190&mrn=8000#ConvInto
http://www.efunda.com/units/convert_units.cfm?From=319&mrn=193#ConvInto
http://www.efunda.com/units/convert_units.cfm?From=339&mrn=515#ConvInto
http://www.efunda.com/units/convert_units.cfm?From=339&mrn=205#ConvInto
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Reduction in Area (%) 50 

Hardness (HRB) 88 

Table 2: Mechanical properties 

The design of the cup is tabulated below 

Blank diameter 80mm 

Punch corner radii 2mm 

Blank Thickness 1mm 

Diameter of shell 50mm 

Table 3: 

A. CAD Model of the cup   

 
Fig. 2: 

B. Design Variables 

The parameters considered are deep drawing depth & blank 

holding force. In this work, the effect of the above two 

variables on the process is noted. The deep drawing depth is 

varied from 10-25 with the difference of 5units i.e. 

10mm,15mm,20mm,25mm. 

The blank holding force is calculated for different values of 

deep drawing depth. 

C. Calculations 

Formulae used 

1) Calculation of punch force, p 

               P = 𝜋dtS (D/d – C) 

Where   D = blank diameter 

              d = outer diameter of shell = 50mm 

              S = yield tensile strength   = 215MPa 

              C = 0.6 or 0.7 

              t  = thickness of blank       = 1mm 

1) For deep drawing depth = 10mm 

Blank diameter = 83mm 

Punch force = 𝜋 × 50 × 1 × 215 × (83/50 – 0.6) 

                     = 35.798 KN 

Factor of safety to be taken = 1.25 

Hence punch force is, 

Punch force = 1.25 × 35.798 

                    = 44.7475 KN 

Blank holding force is given by, 

BHF = 30% of punch force  

BHF = 0.3 × 44.7475 

BHF = 13.424 KN 

2) For deep drawing depth = 15mm 

Blank diameter = 89mm 

Punch force = 𝜋 × 50 × 1 × 215 × (89/50 – 0.6) 

                     = 39.851 KN 

Factor of safety to be taken = 1.25 

Hence punch force is, 

Punch force = 1.25 × 35.891 

                    = 49.813 KN 

Blank holding force is given by, 

BHF = 30% of punch force  

BHF = 0.3 × 49.851 

BHF = 15 KN 

3) For deep drawing depth = 20mm 

Blank diameter = 94mm 

Punch force = 𝜋 × 50 × 1 × 215 × (94/50 – 0.6) 

                     = 43.228 KN 

Factor of safety to be taken = 1.25 

Hence punch force is, 

Punch force = 1.25 × 43.228 

                    = 54.035 KN 

Blank holding force is given by, 

BHF = 30% of punch force  

BHF = 0.3 × 54.035 

BHF = 16.210 KN 

4) For deep drawing depth = 25mm 

Blank diameter = 80mm 

Punch force = 𝜋 × 50 × 1 × 215 × (80/50 – 0.6) 

                     = 33.722 KN 

Factor of safety to be taken = 1.25 

Hence punch force is, 

Punch force = 1.25 × 33.7 

                    = 42.152 KN 

Blank holding force is given by, 

BHF = 30% of punch force  

BHF = 0.3 × 42.152 

BHF = 12.637 KN 

V. RESULT 

Now a days, the designers and manufacturers are preferring 

simulation of the process before implementation of the 

actual process as this provides more information related to 

the process performance to evaluate the effect of different 

process variables during process that result in saving of 

material and manufacturing cost. The output obtained after 

considering the optimized values of Blank holding force are 

tabulated and analyzed. 

For different values deep drawing depth theoretical 

calculations were done to calculate blank holding force and 

the values obtained after the calculation are noted and are 

used for simulation of the component. 

The values of blank holding force for different values of 

deep drawing depth are simulated and checked for the 

minimal damage value of the component 

Sl.No. 
Deep drawing 

depth(mm) 

Blank holding 

force(KN) 
damage 

1 10 12.5 
+3.47692E-

001 

2 10 13.5 
+3.44534E-

001 

3 10 14.5 
+3.39019E-

001 

4 10 15.5 
+3.53879E-

001 

5 15 14 
+4.29879E-

001 

6 15 15 +3.68570E-
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001 

7 15 16 
+3.96727E-

001 

8 20 15 
+6.05548E-

001 

9 20 16.21 
+5.90001E-

001 

10 20 17 
+6.37190E-

001 

11 25 10 
+6.29846E-

001 

12 25 11 
+6.24987E-

001 

13 25 12 
+7.60029E-

001 

14 25 12.637 
+7.45731E-

001 

16 25 13 
+8.31724E-

001 

Table 4: 

VI. CONCLUSION 

AFDEX can be used conveniently for the process simulation 

of stainless steel type 304. 

With the variation of deep drawing depth  the blank 

holding  force also varies ,theoretical calculations were done 

to obtain blank holding forces, which means the cup will 

have minimal defect with the obtained blank holding force 

and it’s the optimized blank holding force. Obtained blank 

holding force values were used for the simulation of the 

component. 

1) Theoretically calculated blank holding force for deep 

drawing depth of 10mm is 13.5KN and from the 

simulation, it is found to be 14.5KN ,the deviation of 

blank holding force is 1KN , which is acceptable 

according to power law model , thus model is assumed 

to be validated. 

2) Theoretically calculated blank holding force and 

simulated blank holding force for deep drawing depth 

of 15mm is 15KN, which is same. 

3) Theoretically calculated blank holding force and 

simulated blank holding force for deep drawing depth 

of 20mm is 16.21KN, which is same. 

4) Theoretically calculated blank holding force for deep 

drawing depth of 25mm is 12.637KN and from the 

simulation, it is found to be 11KN ,the deviation of 

blank holding force is 1.637KN , which is acceptable 

according to power law model , thus model is assumed 

to be validated. 

After the analysis, we see the simulated optimized 

blank holding forces are same or nearer to the theoretically 

obtained optimized blank holding forces. Thus the 

theoretical values and simulated values are equal or nearer, 

the author want to conclude, the considerations and 

parameters chosen holds good for the component, and we 

obtain a minimal defect component  at the optimized blank 

holding forces for different deep drawing depths which is 

validated theoretically and even by simulation. 
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