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Abstract— The objective of this paper is to study the effect of 

punch velocity & die corner radius in single stage deep 

drawing process and to determine the factors influencing on 

deep drawing process. CAD modeling of dies is done using 

Solid Edge V19 and simulation of deep drawing is carried out 

using AFDEX simulation software. Analysis is carried by 

varying punch velocity and die corner radius and keeping the 

following parameters like punch radius, binder holding force, 

coefficient friction, and blank thickness constant. Punch 

velocity is varied from 850mm-s to 950mm-s and die corner 

radius is varied in between 2mm to 7mm. The BHF (775N) 

and co-efficient of friction (0.125) are kept constant. The 

forming type is cold and hence the temperature is maintained 

at 25ºC.The material used for this simulation process is 

Aluminium Alloy AA6061. 
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I. INTRODUCTION 

Deep drawing is a manufacturing process that is used 

extensively in the forming of sheet metal into cup or box like 

structures. Pots and pans for cooking, containers, sinks, 

automobile parts, such as panels and gas tanks, are among a 

few of the items manufactured by sheet metal deep drawing. 

This technique is sometimes called drawing and is not to be 

confused with the bulk deformation process of drawing 

discussed earlier. A basic deep drawing process could be the 

forming of a flat sheet into a three dimensional cup, or a box. 

The shape of a drawn part is not limited to a circle or square, 

more complex contours are possible. However, as the 

complexity goes up, the manufacturing problems increase 

rapidly. It is best to design the shape of a deep drawing to be 

as simple as possible. For the primary sheet metal deep 

drawing process the part will have a flat base.  

 
Fig. 1: Deep Drawing Process 

II. LITERATURE SURVEY 

Mayavan.T, Karthikeyan.L [1] Experimental and finite 

element studies on formability of low carbon steel sheet using 

deep drawing. In this paper, the forming characteristics of 

deep draw steel (DDS), a low-carbon steel with many 

engineering and automotive applications, is investigated by 

deep drawingl. The aim is to investigate the limiting draw 

ratio (LDR) and forming limit diagram during forming for the 

various punch strokes is examined. The experimental such as 

thickness distribution and thinning limit of the formed cup are 

compared with the simulation results. Good correlations was 

obtained between the finite element predicted results and 

experimental results. Experimental result shows the best 

forming characteristic were found at a punch stroke of 50mm 

with LDR value of 2.2. Finite element analysis model was 

built using Abaqus.  

 Kiran Rathod, Bharat S Kodli [2] Simulation study 

on effect of BHF and Co-Efficient of friction in deep drawing 

process using AFDEX Software (2017). The main aim of this 

paper is to study the effect of BHF and Co-Efficient of 

friction in deep drawing process, the process of changing a 

flat blank into a hollow shape or rim shaped or cup shaped 

object without excessive wrinkling, thinning or fracturing. If 

the depth of the cup exceeds the diameter, then it is referred 

as “deep drawing process”. In this study is made by varying 

BHF, Co-Efficient of friction and keeping the punch velocity 

as constant. For this CAD technique is combined with process 

to enable model using uni-graphics, and then simulation is 

performed using AFDEX Software. 

 ChandraKanath, Bharath S Kodli [3] Simulation 

study of effect of binder holding distance in single stage deep 

drawing process using AFDEX Software (2017). The 

objective of this paper is to study the effect of binder holding 

distance and die corner radius with different binder holding 

forces in deep drawing process and to determine the factors 

influencing on deep drawing process and analyze the process 

by varying the die corner radius and binder holding distance 

by keeping the following parameters like punch radius, 

drawing speed, coefficient friction, blank thickness etc, are 

constants with different BHFs for this CAD Technique the 

simulation process modeling using Uni-graphics and process 

of simulation by CAD AFDEX software. The material used 

for this simulation process is Aluminium Alloy.  

 Arshad Ayyub, & Bharat S Kodli [4] Simulation 

Study on Effect of Die Corner Radius in Single Stage Deep 

Drawing Process (2016).  The objective of this paper is to 

study the effect of die corner radius in deep drawing process 

simulation, and to determine the factors influencing the deep 

drawing process and analyzing the process by varying the die 

corner radius by keeping the fallowing parameters Blank 

thickness, Punch radius, Drawing speed, and Coefficient of 

friction constant. For this CAD Technique is combined with 

the process simulation to enable modelling using Uni-

graphics, then simulation is performed using AFEDEX 

software., Aluminium alloy 6061 is used for deep drawing. 

III. SIMULATION 

In this project, Solid Edge V19 is used to create the CAD 

models and AFDEX_V16 is used to simulate the deep 

drawing process. AFDEX_V16 is general purpose metal 

forming simulation software that can be applied to 

conventional bulk metal forming processes and also to new 
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creative bulk metal forming processes. Theoretically AFDEX 

is based on rigid-thermoviscoplastic finite element method. 

IV. METHODOLOGY 

The deep drawing process has been analyzed for different ram 

velocities, die corner radius and study is made to investigate 

and optimize the ram velocity, for this various iteration is 

performed. The material used for the analysis is AA6061 an 

Aluminum alloy.  The initial diameter is taken as 74mm, the 

BHF is 775N, the co-efficient of friction between blank and 

die is taken 0.125.            

 
Fig. 2: Steps involved in simulation 

 
Fig. 3: Design assembly of cup 

The details of the component are given below. 

Component Cup 

Material Used AA6061 

Forming Type Cold 

Number of draws 1 

Initial Billet Temperature 250C 

Table 1: Details of the Component 

 

 
Fig. 4: Top View and Front View of Cup 

Ultimate tensile strength 310Mpa 

Modulus of elasticity 68.9Gpa 

Poisson’s ratio 0.33 

Yield tensile strength 276Mpa 

Hardness, Vickers 120 

Density 2.7g/cc 

Table 2: AA 6061 Material Properties 

Ultimate tensile strength 310Mpa 

Modulus of elasticity 68.9Gpa 

Poisson’s ratio 0.33 

Yield tensile strength 276Mpa 

Hardness, Vickers 120 

Density 2.7g/cc 

Table 3: AA 6061 Material Composition 

V. RESULTS 

SL.NO. 
Ram 

Velocity 

Die Corner 

Radius 
Damage Value 

1 

850 

2 4.72033E-001 

2 3 3.62282E-001 

3 4 4.11561E-001 

4 5 2.96802E-001 

5 6 2.81397E-001 

6 7 2.69312E-001 

7 

875 

2 4.86212E-001 

8 3 3.73360E-001 

9 4 3.34613E-001 

10 5 2.98031E-001 

11 6 2.73607E-001 

12 7 2.57581E-001 

13 

900 

2 5.91039E-001 

14 3 3.96796E-001 

15 4 3.36285E-001 

16 5 2.84240E-001 

17 6 2.71090E-001 

18 7 2.54876E-001 

19 

925 

2 4.94775E-001 

20 3 3.90342E-001 

21 4 3.41616E-001 

22 5 3.01225E-001 

23 6 2.69065E-001 

24 7 2.53972E-001 

25 

950 

2 6.75337E-001 

26 3 3.76265E-001 

27 4 3.39683E-001 

28 5 3.25919E-001 

29 6 2.88078E-001 

30 7 2.64049E-001 

Table 4: Damage values for various Ram velocity 
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Fig. 5: Damage value of cup drawn with ram velocity 

875mm-s and die corner radius 7mm. 

 
Fig. 6: Load value of cup drawn with Ram velocity 875mm-s 

and die corner radius 7mm. 

 
Fig. 7: Damage value of cup drawn with ram velocity 

900mm-s and die corner radius 7mm. 

 
Fig. 8: Load value of cup drawn with Ram velocity 900mm-s 

and die corner radius 7mm. 

 
Fig. 9: Damage value of cup drawn with ram velocity 

925mm-s and die corner radius 7mm. 

 
Fig. 10: Load value of cup drawn with Ram velocity 

925mm-s and die corner radius 7mm. 

VI. CONCLUSIONS 

Thirty iterations were carried out in the AFDEX software and 

the results were obtained by using different values of the 

parameters which consist of die corner radius and punch. 

BHF and co-efficient of friction were kept constant. 

 From the results, we can observe the damage value 

obtained is low in the 24th iteration. For the value of punch 

velocity=925mm-s, the corresponding damage value is 

2.53972E-001. Hence the optimized parameters are  

 Punch velocity = 925mm-s 

 Die corner radius = 7mm 

 Binder holding force = 775N 

 Co-efficient of friction = 0.125 

 The following conclusions can be drawn from the 

results, 

It is evident from the results that a change in punch velocity 

leads to change in the damage values. As the value of punch 

velocity increases the damage value also increases. After 

certain value the increase in punch velocity results in increase 

in damage value. Hence it can be said that punch velocity is 

also an important factor that have effect on deep drawing 

process. 

 Die corner radius is also an important parameter in 

this process. As the value of die corner radius increases the 

corresponding damage value tends to decrease. Hence the 

wrinkling and tearing effect minimizes. 
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