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Abstract 

 

Deep drawing is part of forming process in which sheet metal drawn into die cavity by action of a punch. Sheet metal drawing is 

a more complex operation than cutting or bending, and more things can go wrong. A blank holding force, punch force, material 

property of sheet metal, thickness of sheet, velocity of punch, these are all affecting parameters in deep drawing process to 

regulate wrinkling effect, tearing effect and fracture defect. Nowadays composite material is extensively used in manufacturing 

industries due to its better strength. Die radius has the greatest influence on the deep drawing of stainless steel blank sheet 

followed by the blank holder force and the friction coefficient. Further, it is shown that a blank holder force application and local 

lubrication scheme improved the quality of the formed part. The present study aims to determine the optimum blank shape 

design for deep drawing of arbitrary shaped cups with a uniform trim allowance at the flange, i.e., cups without ears. The earing, 

or non-uniform flange, is caused by non-uniform material flow and planar anisotropy in the sheet. Drawing is sheet metal 

forming operation used to make cup shaped, box shaped, and complex curved and concave cup. 
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

Today, technology is one of the bastions of our modern lifestyle and the basis for our prosperity, in which metal forming 

technology plays a central role. Alongside the manufacture of semi-finished products through rolling, wire drawing and 

extrusion, the production of discrete components using sheet metal and solid forming techniques is of major significance. Its 

fields of application range from automotive engineering, production line and container construction through to the building 

construction, household appliance and packaging industries. 

The deep drawing process, as one of the most applicable sheet metal forming process, is widely used in many industries. In 

this metalworking operation, a blank is drawn into a die using a special punch to produce a cup shape product. Similar to other 

sheet metal forming processes, the dominant strain in this process is usually tensile. Therefore, deep considerations are needed to  

prohibit any failure in the deep drawn parts. This procedure depends on the blank holder force, radial clearance and interfacial 

conditions between the blank and die and blank-holder. 

 
Fig. 1: Geometry parameters of deep drawing 
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Drawing is sheet metal forming operation used to make cup shaped, box shaped, and complex curved and concave cup. The 

common parts made by deep drawing process are beverage cans, ammunition shells, sinks, coking ports and automobile body 

parts. The sheet of metal is formed into 3-D product by deep drawing process. The main tools used in deep drawing process are 

blank, punch, die and blank holder. The geometry parameters used in deep drawing process are mentioned below. 

 Punch radius 𝑅𝑝 and Die radius 𝑅𝑑 

 Punch edge radius 𝑟𝑝 and  Die edge radius 𝑟𝑑 

 Blank radius 𝑅𝑏 and Blank thickness t 

II. DEFECTS IN DEEP DRAWING 

Deep drawing is a more complex operation and more things can go wrong. A number of defects can occur in a drawn product of 

the deep drawing process.  

 Wrinkling in the flange of the drawn product, 

 Wrinkling in the wall of the drawn product, 

 Tearing in the drawn product, 

 Earing in the drawn product, 

 Surface scratches in drawn product. 

 
Fig. 2: Defects in deep drawing process[3] 

 Wrinkling in the flange: Wrinkling in a drawn part consists of a series of ridges that form radially in the undrawn flange of 

the work-piece due to compressive buckling. [3] 

 Wrinkling in the wall: If and when the wrinkled flange is drawn into the cup, these ridges appear in the vertical wall. [3] 

 Tearing: Tearing is an open crack in the vertical wall, usually near the base of the drawn cup, due to high tensile stresses 

that cause thinning and failure of the metal at this location. This type of failure can also occur as the metal is pulled over a 

sharp die corner. [3] 

 Earing. This is the formation of irregularities (called ears) in the upper edge of a deep drawn cup, caused by anisotropy in 

the sheet metal. If the material is perfectly isotropic, ears do not form. [3] 

 Surface scratches. Surface scratches can occur on the drawn part if the punch and die are not smooth or if lubrication is 

insufficient. [3] 

III. OBJECTIVE OF STUDY 

Main objective of our project is to reduce the following defects: 

 To reduce the wrinkling in the flange of the drawn product, 

 To reduce wrinkling in the wall of the drawn part, 

 To reduce the tearing and earing in the drawn product, 

 To reduce surface scratches in drawn product, 

 To minimize the cost of the product. 

IV. LITERATURE REVIEW 

Amir Atrian et al[2], Brass is wide decorative applications and its thermal and electrical conductivities are much better and its 

specific heat is considerably less higher, compared with those of the stainless steel. Therefore, by making a parts made of brass 

and stainless steel, one can take different advantages of these metals at the identical time. In the practical experiments, it is firstly 

necessary to find the mechanical properties of the selected materials as well as the Coulomb friction co-efficient between the 

sheet and the dies. These data are also required for performing the FE simulations of the process. For this case, the tensile tests, 

based on ASTM (E8M-98) standard, were used to specify the stress–strain curves of the brass and stainless steel under 

consideration. This type of test is usually adopted for sheet metal forming processes, because of the stress state involved. For 

more precise evaluation of strain, all the tensile tests were conducted using an extensometer. The thicknesses of the steel and 
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brass sheets were 0.39 and 0.62 mm, respectively to meet enough clearance between the punch and die. For each frictional 

condition, a normal force (N) was applied to the sheet by the press and, then, the horizontal force (F) needed for initiation of 

motion of the sheet between the die faces was measured. Afterwards, using the Coulomb friction formula, the friction coefficient 

was calculated. Three different frictional conditions were tried for both the steel and brass sheets. 

 
Fig. 3: Engineering Stress vs. Strain Diagram 

R. Venkat Reddy et al[3], The appearance of dimensional deviations of shape and position, of the defects in the metal sheets 

that have been subjected to a cold plastic deformation process (deep drawing), represents a critical problem for the specific 

industry, especially for the mass production, like the machine manufacturing industry. The aim of this publication is to present 

the principal aspects that effect of various factors like BHF, punch radius, die edge radius, and coefficient of friction on the 

wrinkling of cylindrical parts in deep drawing process. The initiation and growth of wrinkles are influenced by many factors such 

as stress ratios, the mechanical properties of the sheet material, the geometry of the work piece, and contact condition. It is 

difficult to analyze wrinkling initiation and growth while considering all the factors because the effects of the factors are very 

complex and studies of wrinkling behavior may show a wide scattering of data even for small deviations in factors. In the present 

study, the mechanism of wrinkling initiation and growth in the cylindrical cup deep drawing process is investigated in detail. 

Najmeddin Arab et al[4], There are mainly two methods of deep drawing analysis: experimental and analytical/numerical. 

Experimental analysis can be useful in analyzing the process to determine the process parameters that produce a defect free 

product, and the analytical/numerical modeling can be used to model and analyze the process through all stages of deformation. 

This approach is less time consuming and more economical. Sheet metal forming often includes biaxial in-plane deformation 

with non-proportional strain paths. In deep drawing of cylindrical cup, the deformation in the flange is dominated by pure shear 

deformation, while it changes to plane strain when the material is drawn into the die. This paper deals with the analysis of deep 

drawing of circular blanks into axi-symmetric cylindrical cup using numerical modeling. The blank draw ability has been related 

both theoretically and experimentally with the initial diameter of the blank and deep drawing parameters. The strains in the radial 

and circumferential directions have been measured. A correlation on the flange thickness variation by taking into account the 

work hardening with the analytical and experimental values also has been searched.  

Fereshteh-Saniee et al[5], The deep drawing process is one of the important sheet-metal forming processes. Using this 

operation, many parts are manufactured in various industries. In this paper, different methods of analysis such as analytical, 

numerical and experimental techniques are employed to estimate the required drawing force for a typical component. With this 

regard, the numerical simulations were conducted using the finite-element (FE) method. In these simulations, the effects of the 

element type on the forming load and the variation of the thickness strain were studied. Moreover, the influences of the friction 

coefficient on the load–displacement curve of the process and maximum drawing force were quantitatively investigated for both 

the analytical and FE methods. Different analytical relationships suggested by different researchers were also used to calculate 

the maximum drawing force. The results obtained from these methods together with the numerical results were compared with 

the experimental findings. Based on this comparison, it was concluded that Siebel’s formula predicts more accurate results, 

compared with other analytical relationships. It was also found that this formula is more sensitive to the friction coefficient than 

the finite-element simulations. On the other hand, the shell elements are more suitable than four-node solid elements for the 

numerical analyses because the relevant FE predictions present much better agreement with the experimental results. 

Jyhwen Wang et al [6], This paper deals with Finite element method to minimize the impact earring piece formed with the help 

of. The aim of the present study is to determine the optimum blank shape design for deep drawing of cups with a uniform 

allowance at the flange. The non-uniform flange, is caused by non-uniform material flow in the sheet. In this research, the 

maximum is simply proposed a new method for shape design using finite element analysis. The deformation process is classify 

or divided into number of stages. A shape error metric is required or used to measure the amount of earing and also used to 

compare the target shape set for each stage of the analysis. This error metric is then used to decide whether the blank needs to be 

modified. A simple but very effective method is proposed to derive the optimal blank shape for deep drawing of a cup having a 
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uniform flange. In the proposed method, the deformation process can be classify or divided into number of steps. An 

intermediate flange contour is assigned as the target for blank optimization at each stage. In the optimization process, a shape 

error is calculated by comparing the deformed contour of the blank and the desired target contour. Based on the characteristics of 

the material flow, the blank geometry is repeatedly modified until the shape error is within a predetermined tolerance. The blank 

modification method was used in single stage and multiple steps blank optimizations. It was found that, in simple deep drawing, 

dividing the deformation process into stages and correcting blank geometry early can reduce total CPU time in finite element 

simulation. Theoretically, earring can be reduced or eliminated by using the optimized blank derived from tooling geometry, 

process parameters, and material properties. The method can also be efficient and effective in optimizing blanks in complex 

stamping. 

T. S. Yang et al [7], Efficiency in the industrial sector due to its deep drawing process is very useful. Deep drawing process is 

affected by many variables, such as the blank shape, punch and die profile Radius, material formability and so on. In particular, 

in order to get the best products in the deep drawing process, the blank size is a very important factor. In this paper, In finite 

element method square cup drawing cup height are used to investigate the process. In order to test the product in a square cup 

drawing processing height and load simulation to predict the formation of FEM, The current simulation results are compared 

with experimental data. Finite element is used for drawn products designed profile analysis, and proposed the creation of a 

mechanism to reverse the initial blank shape of a square cup drawing simulation. The design of the initial blank shape is also 

certified for use drawn up by the gain profile designed cups. The main superiority of the drawn cup using the modified blank's 

shape over the circular blank shape is that the drawn cup height is more uniform; and in addition the maximum punch load, 

effective stress and effective strain of drawn square cup are smaller. 

A.R.Joshi et al [8], In this paper basic review is presented based on optimization of process parameter in deep drawing process 

with the use of different techniques. The formability of sheet metals is affected by many parameters, like material parameters, 

process parameters and strain bounding criteria. Optimization of process parameters in sheet metal forming is an important task 

to reduce manufacturing cost. To determine the optimum values of the process parameters, it is essential to find their influence 

on the deformation behavior of the sheet metal. The significance of three important process parameters namely, punch radius, 

blank holder force and friction coefficient on the deep drawing characteristics of a mild steel cup will be determined. Various 

literatures of research focus on parameters that affect most in deep drawing process. By analyzing these parameters, the defects 

like wrinkling, tearing, earing is reduced and also we can get the good quality product. There are many processing and material 

parameters which are affecting deep drawing process. Some of the functions are there which cover most of the material and 

processing parameters affecting the thickness distribution and also the quality of the product. During the last decade many 

researchers have provided those functions which increase the efficiency of the process and reduce the undesirable features like 

earing and wrinkles. 

V. CONCLUSION 

It has reviewed that in manufacturing world forming process is most concerning process. Forming is process through which 

desired shape can be achieved without metal removing. In forming process a deep drawing process has been covered. So, this 

paper deals with the various parameters of deep drawing process which plays major role to obtain the finish part as well as 

optimization technique to improve the productivity and quality of product. Lubrication is also plays effective role in fine deep 

drawing process. By using lubrication in deep process wrinkling effect is firmly reduced. In recent years composite material is 

widely used in aerospace, auto motive and utensil industries which are stated in paper. 

REFERENCES 

[1] Prof. Dr.-Ing. H. Hoffmann, Dipl.-Ing. M. Kasparbauer et al; ed “A Metal Forming Handbook”; Springer; 1998; ISBN- 3-540-61185-1. 
[2] Amir Atrian, Faramarz Fereshteh-Saniee;“Deep drawing process of steel/brass laminated sheets”; Composites: Part B; volume- 47 (2013); pp-75-81. 

[3] R. Venkat Reddy, Dr T.A. Janardhan Reddy, Dr. G.C.M. Reddy, “Effect of Various Parameters on the Wrinkling In Deep Drawing Cylindrical Cups”, 

International Journal of Engineering Trends and Technology- Volume3 Issue1- 2012. 
[4] Najmeddin Arab, Abotaleb Javadimanesh, “Theoretical and Experimental Analysis of Deep Drawing Cylindrical Cup”; Journal of Minerals and Materials 

Characterization and Engineering, 2013, 1, 336-342 

[5] Fereshteh-Saniee F, “A comparative estimation of the forming load in the deep drawing process”; J Mater Process Technol 2003; 140:555–61.  
[6] Jyhwen Wang, Amit Goel, Fengchen Yang, Jenn-Terng Gau;“Blank optimization for sheet metal forming using multi-step finite element simulations”; 

International Journal Advance Manufacturing Technology; volume-40 ( 2009); pp-709-720. 

[7] T. S. Yang,R. F. Shyu;“ The design of blank's initial shape in the near net-shape deep drawing of square cup”; Journal of Mechanical Science and 
Technology; volume-21 (2007); pp-1585-1592. 

[8] A. R. Joshi,  K. D. Kothari, Dr. R. L. Jhala, “Effects Of Different Parameters On Deep Drawing Process”; International Journal of Engineering Research & 

Technology (IJERT) Vol. 2 Issue 3, March – 2013 ISSN: 2278-0181. 
[9] Sanjay K. Ansodariya Bharat J. Kapadiya “Experimental and Simulation Progress on Deep drawing Process”; IJSRD - International Journal for Scientific 

Research & Development| Vol. 4, Issue 05, 2016 | ISSN (online): 2321-0613. 

[10] O.A.Sokolovan, M.Kuhn, H.Palkowski; “Deep drawing properties of lightweight steel/polymer/steel sandwich composites”; Archives of civil and 
mechanical engineering; volume-12 (2012); pp-105-112. 

[11] Mohammad Reza Morovvati, Afshin Fatemi, Mojtaba Sadighi;“ Experimental and finite element investigation on wrinkling of circular single layer and 

two-layer sheet metals in deep drawing process”; International Journal of Advance Manufacturing Technology; volume-54 (2011); pp-113-121. 
[12] M. Kleiner, M. Geiger, A. Klaus;“Manufacturing of Lightweight Components by Metal Forming”; CIRP annals; Manufacturing technology, volume-52 

issue-2; 2003; pp- 521-542. 


