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Abstract— In sheet metal parts deep drawing is one of the 

most important processes. For mass production of cup shapes 

in automobile, aerospace and packaging industries Deep 

drawing process is widely used. Deep drawing process is 

used to produce a light weight and high strength products. 

The quality of products is influenced by many of the process 

parameters like blank-holder force, blank shape, punch 

radius, die radius, material properties, and coefficient of 

friction, temperature etc. To produce product with minimum 

defects a good knowledge of process is required. Therefore, 

to avoid defects in the parts and to minimize production cost 

it is important to optimize the process parameters. 

Importance is given in this review paper to gather the recent 

research work and developments in the area of deep 

drawing. 
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I. INTRODUCTION 

Sheet metal forming is one of the most widely used 

manufacturing processes for the fabrication of a wide range 

of products. Sheet metal forming processes are 

technologically among the most important metal working 

processes. Products made by sheet forming process include 

a very large variety of different geometrical shapes and 

sizes, like simple bend to double curvatures even with deep 

recesses and very complex shapes. The extreme examples 

are automobile bodies, aircraft panels, kitchen utensils and 

beverage cans. The deep drawing is a process in which a 

sheet metal blank is radially drawn into a forming die by the 

mechanical action of a punch. This process allows obtaining 

a complex shaped part through a simple process, 

Plastic based on the deformation of the metallic 

sheet. 

The basic tools of the deep drawing process are 

blank, punch, die and blank holder. Deep drawing is 

affected by many process parameters such as Blank holder 

force, blank shape, material properties, tool geometry, 

lubrication etc. During this process, the blank sheet is likely 

to develop defects if the process parameters are not selected 

properly. Therefore, to avoid defects in the parts and to 

minimize production cost it is important to optimize the 

process parameters. The four major Defects which can occur 

during deep drawing are fracture, wrinkling, earing and 

Springback. The factors affect the deep drawing process 

may be categorized into three categories (i) Process 

parameters (ii) Geometrical Parameters (iii) Machine 

parameters. Process parameters include blank holder force, 

coefficient of friction, drawing ratio, material properties. 

Geometrical parameters include blank diameter, cup 

diameter, blank thickness, and corner radii of cup. Machine 

parameters include die radius and punch radius.  

II. LITERATURE REVIEW 

Literature review has been categorized on the basis of the 

parameters which control forming process, the quantities 

which decide successful execution of the process and the 

quality of the product. The important parameters and factors 

are: 

1) Blank holder force 

2) Punch and Die geometry 

3) Friction 

4) Blank shape 

5) Formability 

6) Thickness variation 

7) Temperature 

A. Blank Holder Force (BHF) 

Higher BHF is always desirable to eliminate wrinkling in 

deep drawn cup shaped product, but always there have been 

attempts made to predict a minimum BHF. A lot of research 

work has been reported to investigate the effect of BHF on 

product quality, material flow, strain path, stress 

distribution, thinning (at wall) and thickening (flange) of 

sheet metal, defects in product. 

Ajay Kumar Choubey et al (2015) has developed a 

3- Dimensional elasto-plastic Finite Element (FE) model for 

Mild Steel IS 2062 material as blank to study the behavior 

of the flange wrinkling and equivalent plastic strain. FE 

Result found that when the blank holder pressure increases 

from 2.45 MPa to 6.0 MPa, than the flange wrinkling 

increases, and when the pressure increase from 7.06 MPa to 

9.06 MPa than the equivalent plastic strain also increases. 

While at 7.06 MPa Blank holder pressure, equivalent 

plastics strain decreasing compare to 2.45 MPa. Therefore, 

the optimized pressure Considered as 7.06 MPa this research 

appears to be superior and convenient for drawing sheets of 

thicknesses 3 mm of mild steel. 

H. Ibrahim Demirci et al (2008) has investigated 

the effects of fixed blank holder forces on the wall thickness 

distribution and wrinkles. As a result of the analysis, without 

the sheet metal wrinkling or exceeding the tearing limits, for 

smooth drawings of blank holder the required forces were 

determined. As a result of the experiments, which were done 

with the results obtained with finite elements method, 90% 

consistency between the experimental and theoretic results 

was seen. In order to investigate the most suitable blank 

holder force amount to be used in the deep drawing process 

of the Al 1050 material, the forces between 0.4 MPa and 15 

MPa are applied to analyze in the ANSYS/LS-DYNA 

software. In the present study, for blank holder forces of 

0.65 MPa and less, wrinkles were observed. For the blank 

holder forces more than 10 MPa tearing starts.  
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B. Punch and Die Geometry 

Zhao et al (2007) has presented hydro-mechanical reverse 

deep drawing of cylindrical cups with axial pushing effect. 

The axial pushing force is exerted on the brim of the blank 

by a pushing ring, this reduces radial tensile stress at the 

sidewall and the risk of occurring fracture can be reduced 

considerably. The radial stress at punch-die zone increases 

with friction and bending; this reduces tangential stresses 

and thus reduces wrinkling. Also loading capacity of 

sidewall is enhanced due to strain hardening effect. The 

finite element simulation for hydromechanical reversed deep 

drawing process has been done successfully with 

DYNAFORM-PC code combining with modifying load 

mask keyword manually. The experimental results are in 

good agreement with the numerical simulation results. 

Browne et al (2003) has considered punch and die geometry, 

blank- holding pressure, top-ram pressure, lubrication, and 

drawing speed in the deep drawing process and their effects 

has been studied on 9mm thick CRI steel cups. The 

optimum parameters for reduced punch loads have been 

investigated with lubrication by plastic on both sides. The 

optimum parameters to provide the least variation in wall 

thickness distribution has also been investigated i.e. 

optimum ram pressure blank-holding pressure and speed. 

C. Friction 

Friction is another important factor that influences deep 

drawing process. Surface quality of finished product, tool 

life and draw-ability of sheet are well dependent on presence 

of good lubricating film between contact surfaces. In metal 

forming processes friction influences the strain distribution 

at tool blank interface and drawability of metal sheet. Also 

drawability of metal sheet affects wear of tool.  

Liu Qiqian et al (2012) has simulated micro multi 

point forming process with cushion. A finite element model 

with the effect of size has been developed to simulate micro 

multi point forming process. This research dealt with the 

effect of parameters like effect of cushion material, cushion 

thickness, coefficient of friction on the thickness variation 

and surface finish of the product. In this research results 

show non- uniform relative thickness distribution from 

centre to the edge in the deformed sheets. Also it has been 

found friction affects relative thickness distribution and 

surface quality in micro multi point forming process. 

Allen et al (2008) has developed experimental set 

up to determine the effect of lubrication on expansion of die 

ring during deep drawing of axis-symmetric steel cup. An 

experimental set up was developed to record punch force 

and displacement, blank-holder force, and die hoop strain. 

Different oils were used to provide lubrication between 

blank and die. The surface finish and wall thickness of the 

cups produced during the experimental work were measured 

and evaluated to determine any correlation with the 

measured die expansion. FEA simulations have been 

developed for different lubrication conditions and tooling on 

the process. The experimental results based on die 

expansion under different lubrication conditions show a 

difference in the level of die hoop strain. This work also 

suggest that if lubricating oil film of definite thickness is 

provided in deep drawing, a expected surface finish could be 

obtained on final product. FEA models with lubricating oil 

film thickness can simulate deep drawing more realistic.  

Friction results in a more uniform radial strain 

distribution. The larger value of full film lubrication region 

results in the larger value of the low friction part and the 

lower value of peak’s strain. Thus, an effective lubrication 

can prevent direct contact of the surface asperity, which 

enhances the draw-ability of deep drawing. 

Padmanabhan et al (2007) has presented the effect 

of process parameters such as die radius, blank holder force 

and friction coefficient on deep drawing of stainless steel. In 

this research FEM with taguchi technique has been used to 

determine the proportion of contribution of three important 

process parameters in the deep-drawing process.  Taguchi 

method of experimental design was used to plan the 

numerical simulations. 

The results obtained from the FE simulations were 

treated using statistical approach namely, ANOVA method. 

The purpose of using ANOVA was to find most influential 

parameters that govern the deep-drawing process that 

markedly influence the thickness distribution. The analysis 

of variance (ANOVA) was carried out to examine the 

influence of process parameters on the quality 

characteristics (thickness variation) of the circular cup and 

their percentage contribution. The die radius (89.2%) has 

major influence on the deep-drawing process, followed by 

friction coefficient (6.3%) and blank holder force (4.5%).  

D. Blank Shape 

To minimize the process defects and optimize the process, 

knowledge of the process and material variables are 

required. Blank shape is one of the important parameter in 

deep drawing process as the quality of deep drawn product, 

thickness distribution, forming limits, minimizing the 

defects can be improved by having optimum blank shape, 

also material cost of product reduced if proper blank shape 

is selected. 

Ali Jabbari et al (2014) has developed a blank 

shape optimization method is presented in this research for 

reduction of earring defect due to sheet anisotropy behavior 

in deep drawing process by using the reduced basis 

technique coupled by finite element and design of 

experiments methods. The primary objective of the 

proposed method is to reduce the enormous number of 

design variables required to define the initial blank shape. 

This method is demonstrated on the blank shape 

optimization of deep drawing of a round cup. The concept of 

design optimization process is introduced, which aids the 

designer in the selection of practical basis shapes that will 

give earring height reduction. The reduced basis method 

aids in the use of the Taguchi design of experiments models 

for optimization. 

Chen Yang et al (2014) has proposed an efficient 

blank design methodology based on geometrical 

resemblance, which requires several iterations of finite 

element analysis simulation to obtain an optimal blank 

shape. In order to verify this methodology, two case studies 

on deep drawing processes and one experimental validation 

have been carried out.  

The methodology has been shown to be 

computationally efficient, requiring as few as four finite 

element iterations to obtain an optimal blank shape.  
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E. Thickness variation 

In deep drawing the sheet metal thickness vary throughout 

the process. Thickness variation depends on process 

parameters. Several research works have been reported to 

evaluate thickness variation. 

Zhi-chao Zhang et al (2015) has investigated 

thickness variation of reverse deep drawing of preformed 

5A06 aluminum alloy cup under different temperatures. 

Warm reverse deep drawing of 5A06 aluminum alloy under 

differential temperature was conducted experimentally to 

investigate the effect of the temperature value and gradient 

on the deformation behavior. With an initial temperature 

value of 300 °C in the flange region, three temperature 

gradients (the temperature difference between the flange 

region and the center of blank) of 185, 100, and 25 °C were 

adopted. It is shown by the experimental results that the 

thinning ratio at the punch corner increases from 1.4 to 

4.6%with the temperature gradient decreasing from 185 to 

25 °C, which implies that the thinning can be reduced with 

temperature gradient increased. 

H. Zein et al (2014) has simulated Thinning and 

spring back prediction of sheet metal in the deep drawing 

process. A Finite Element (FE) model is developed for the 

3- D numerical simulation of sheet metal deep drawing 

process (Parametric Analysis) by using ABAQUS/ 

EXPLICIT FEA program with the proper material properties 

(anisotropic material) and simplified boundary conditions. 

The FE results are compared with experimental results for 

validation. The developed model predicts the spring back, 

the thickness distribution and thinning of the blank as 

affected by the die design parameters (geometrical 

parameters and physical parameters). Furthermore, with 

numerical simulation, working parameters such as punch 

force, the blank holder force, and the lubrication 

requirements can be determined without expensive shop 

trials. 

F. Temperature 

Drawing at elevated temperatures results in the decrease 

flow stresses, relieve residual stresses and increase the 

formability of the materials because of which deformation 

become easier. Since elevated temperature results in the 

decrease of flow stresses and increase of formability in the 

sheet, it allows deeper drawing and more stretching in the 

final products. Deep drawing of metals at elevated 

temperatures, but below recrystallization temperature is 

considered as warm deep drawing. 

SM Hussaini et al (2015) has investigated the 

formability of austenitic stainless steel 316 in warm forming 

conditions and tried to find the best temperature to deep 

draw. Limiting drawing ratio and the thickness distribution 

of the drawn cup are the indicators of material formability in 

deep drawing. Finite Element analysis has been performed 

with the commercially available finite element software LS-

Dyna at elevated temperatures. The simulations of deep 

drawing are compared and validated with the experimental 

data and found a good agreement between them. It is 

observed that formability of ASS316 increased up to 300°C, 

beyond this temperature, formability of this material is 

decreased. Based on the study, 300°C is found to be the best 

temperature to deep draw the ASS316.  

Jella Gangadhar et al (2015) has developed and 

investigated Deep drawing and redrawing experimentations 

for different size of blanks at various temperatures i.e. RT, 

150°C, 300°C, 450°C on 1mm EDD steel sheets. Later on 

Material models were constructed in the Preprocessor of LS 

Dyna for both direct drawing and redrawing operations. 

Simulations were run by using material model Barlat-36 and 

visco-plastic thermal model 106 at various temperatures for 

various blank sizes. From the results it is clear that at 

elevated temperatures, as mean flow stresses are less, 

necking due to deep draw disappears in the redrawn cup. 

When we use blanks with different diameters at same 

temperature for redrawing, it can be seen that dynamic strain 

regime and strain hardening play a major role in determining 

the Draw Ratio.  

III. CONCLUSIONS 

This paper has critically reviewed the process parameters of 

deep drawing process and their effect such as blank holding 

forces, die pressure, punch pressure, effects of friction etc. 

In this review many research papers have been critically 

reviewed for the study of all affecting process parameters. 

Blank holder force is one of the important process parameter 

that needed to be selected very carefully during deep 

drawing process. Blank holder force controls metal flow, it 

also affects thickness variation, strain path, stress path and 

wrinkling behavior. Blank holding force and punch speed 

affects product quality and production rate. Blank shape is 

an important parameter in deep drawing process as the 

quality of deep drawn product. Blank shape influences 

forming load, material requirement and possibility of 

defects. It has been concluded that optimum blank shape 

reduces forming load, increases forming limits and reduces 

possibilities of wrinkling and tearing. Friction is one of the 

most influential parameter in deep drawing process. Friction 

affects relative thickness distribution and surface quality in 

micro multi point forming process. The punch/die radii have 

the greatest effect on the thickness of the deformed material. 

So for successful execution of deep drawing manufacturing 

process, a deep knowledge of all factors affecting the 

process is must. 

REFERENCES 

[1] Ajay Kumar Choubey, Geeta Agnihotri, C. Sasikumar 

“Numerical Validation of Experimental Result in Deep-

Drawing”. Materials Today: Proceedings 2 (2015) 1951 

– 1958. 

[2] H. Ibrahim Demirci, Mustafa Yasar, Kemal Demiray, 

Mehmet Karal, “The theoretical and experimental 

investigation of blank holder forces plate effect in deep 

drawing process of AL 1050 material” Materials and 

Design 29 (2008) 526–532. 

[3] S.D. Zhao, Z.Y. Zhang, Y. Zhang, J.H. Yuan, “The 

study on forming principle in the process of hydro-

mechanical reverse deep drawing with axial pushing 

force for cylindrical cups”. Journal of Materials 

Processing Technology 187–188 (2007) 300–303. 

[4] M.T.Browne, M.T.Hillery, “optimizing the variables 

when deep-drawing C.R.1 cups”. Journal of Materials 

Processing Technology 136 (2003) 64–71. 



The Effect of Process Parameters on Deep Drawing- A Review 

 (IJSRD/Vol. 4/Issue 11/2017/088) 

 

 All rights reserved by www.ijsrd.com 326 

[5] Qiqian Liua, Cheng Lub, Wenzhi Fu, Kiet Tieu, 

Mingzhe Li, Xuepeng Gong,  “Optimization of cushion 

conditions in micro multi-point sheet forming”. Journal 

of Materials Processing Technology 212 (2012) 672– 

677. 

[6] S.J. Allen, S.M. Mahdavian, “The effect of lubrication 

on die expansion during the deep drawing of 

axisymmetrical steel cups”. Journal of materials 

processing technology 1 9 9 (2 0 0 8) 102–107. 

[7] R. Padmanabhan, M.C. Oliveira, J.L. Alves, L.F. 

Menezes, “Influence of process parameters on the deep 

drawing of stainless steel”. Finite Elements in Analysis 

and Design 43 (2007) 1062 – 1067. 

[8] Ali Jabbari, “Blank shape optimization in deep drawing 

process to minimize earring defect”. Indian J.Sci.Res.1 

(2): 416-423, 2014. 

[9] Yasunori Harada and Minoru Ueyama, “Formability of 

pure titanium sheet in square cup deep drawing” 

Procedia Engineering 81 (2014) 881 – 886. 

[10] Zhi-chao Zhang,  Yong-chao Xu, Shi-jian Yuan 

Analysis of thickness variation of reverse deep drawing 

of preformed 5A06 aluminum alloy cup under different 

temperatures Int J Adv Manuf Technol DOI 

10.1007/s00170-015-8179-7 (December 2015). 

[11] H. Zein, M. El Sherbiny, M. Abd-Rabou, M. El shazly, 

“Thinning and spring back prediction of sheet metal in 

the deep drawing Process” Materials and Design 53 

(2014) 797–808. 

[12] SM Hussaini, Swadesh Kumar Singh, Amit Kumar 

Gupta, “Formability studies of ASS 316 under different 

forming conditions”. Materials Today: Proceedings 2 

(2015) 1987 – 1995. 

[13] Jella Gangadhar, K.Sai Kiran Reddy, R Raman Goud, 

PAPN Varma, K Eshwara Prasad, George Varghese, 

Amit Kumar Gupta and Swadesh kumar Singh, “Finite 

Element Simulation of Direct Redrawing Process of 

EDD Steel at Elevated Temperatures”. Materials Today: 

Proceedings 2 (2015) 1968 – 1977. 


