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Abstract— Deep drawing is a type of sheet metal forming 

process in which sheet material is plastically deformed by 

applying deforming force greater than yield and less than 

ultimate stress. Deep drawing process had wide application 

in aerospace industry, automobile industry, household 

utensils, tin cans etc. Most suitable for the mass production 

purpose. The effect of equipment and tooling parameter 

resulting into the complex deformation mechanism.  It is 

very important to study the influence of critical input 

parameters such as Punch nose radius (Rp), Die Shoulder 

radius (Rd), Blank holder Force (BHF) on the most 

important output quality characteristics thickness distribution 

for the sheet of 0.75mm thickness of material CRCA Mild 

Steel (M.S). Uniform thickness distribution is measured in 

terms of the minimum variance in thickness from the mean 

thickness and preferred along the section of cup as it 

minimizes the stress concentration in part which is main 

cause for the thinning problem which leads the difficulties in 

joining and assembling of sheet metal parts. Objective of the 

research work is to find out the optimum levels of the critical 

input parameters for the uniform thickness distribution by 

TAGUCHI signal to noise (SN) ratio method and the 

optimum levels are Punch nose radius of 7mm, Die shoulder 

radius of 9mm and Blank holder force of 18.5kN and from 

the response table of SN ratio Die shoulder radius is most 

influencing parameter followed by Punch nose radius and 

last is the Blank holder force. 

Key words: Punch Nose Radius, Die Shoulder Radius, 

Blank Holder Force, Thickness Variation 

I. INTRODUCTION 

Deep drawing is one of the most important types of sheet 

metal forming which sheet material undergoes the 

permanent deformation. Due to wide application of the 

process in automobile industry and other sectors due to 

simple mechanism and suitability for the mass production 

purpose due to these reasons we are concentrating towards 

the success of deep drawing process. During the 

deformation process blank sheet is to develop the defects in 

terms of output quality characteristics thickness distribution, 

surface finish. Output quality characteristics are mostly 

influenced by the critical input parameters so the selection 

of the levels of the critical input parameters is very much 

importance for the desired output quality characteristic of 

process so selection of the critical input parameters and 

output quality characteristics measurement parameter are 

done on the basis of previous literature work performed on 

the process and degree of influence of the input parameters 

on the output characteristics. 

R.Padmanabhan et.al [1] performed the finite 

elements  method combine with the Taguchi method was 

used to determine the influence of critical  input parameters 

punch nose radius(RP), Die Shoulder Radius(RD) and 

coefficient of friction on the thickness distribution of the 

axi-symmetric cup of stainless steel based on the predicated 

thickness distribution of  cup and  ANOVA concluded  that 

the die radius has the greatest  influence followed by the 

Blank Holder Force and lastly Friction on the Thickness 

distribution of cup. Van Quang Ngyun et.al [7] studied the 

Plastic deformation on the AA6061 cup was determine by 

analyzing the  most important influencing parameters blank 

temperature (T0C), die edge radius (Rd) and blank holder 

force (BHF) and friction coefficient. TAGUCHI signal to 

noise ratio  was used to analyze the influence of each 

process parameters on  the deformation and from  ANOVA 

it was determine that the temperature of the blank has major 

influence on the deformation  characteristics followed by the 

die edge radius, friction coefficient and blank holder force 

(BHF). Then optimum levels of the parameters are found 

out for the desired deformation of the cup. Manider Singh 

et.al [3] deep drawing products defective due to wrinkles, 

tearing, excessive roughness, non –uniform thickness 

variation alter the product geometry from desired one due to 

influence of the critical input parameter variation. In this 

researcher had used  L9 ORTHOGONAL ARRAY for the 

three critical input parameters  punch nose radius (Rp), 

blank holder force (BHF), die shoulder radius (Rd) and their 

influence on the   surface roughness & wall thickness which 

are the most important output  quality characteristics. S.Raju 

et.al[4] the effect of tooling and equipment parameter results 

into the complex deformation mechanism. Most important 

output quality characteristics thickness variation in the cup 

results into the stress concentration & leads to acceleration 

damage. Difficulties in assembling & joining of the sheet 

metal parts so in this research work he had studied the 

influence of the critical input parameters punch nose radius, 

die shoulder radius & blank holder force on the thickness 

distribution. 

In this experimentation work critical input 

parameter are selected as punch nose radius, die shoulder 

radius and blank holder force and studied their levels for 

most desired output quality characteristics in terms of 

uniform thickness distribution along the geometry of deep 

draw component. Initially design the geometry of deep 

drawn component in the form of cup shape and design the 

complete set up for deep drawing of cup shape component 

on hydro-pneumatic press having maximum load capacity of 

40t. Selection of the levels for the OVAT analysis is based 

on the design rules and previous literature consideration. 

From the OVAT analysis select the best three levels for the 

selected three critical input parameters for the 

experimentation and their influence in terms of desired 

output quality characteristics of the uniform thickness 

distribution and apply TAGUCHI L9 ORTHOGONAL 

ARRAY for the three individual levels of the critical input 

parameters from OVAT Analysis. Select the Optimal levels 

of critical input parameters for which the most desired 

output quality characteristics by the TAGUCHI signal to 

noise ratio method. 
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II. EXPERIMENTATION WORK 

A. Sheet Material Used 

The Material used in the present work is CRCA Mild Steel 

(M.S) of Specification of sheet IS513_2008 CR2_D having 

the thickness of sheet is 0.75mm.Chemical Composition & 

Mechanical Properties of sheet material as follows: 
Element Percentage 

Carbon (C) 0.120 

Sulphur(S) 0.007 

Manganese(Mn) 0.18 

Phosphorous(P) 0.017 

Silicon(Si) 0.006 

Aluminium(Al) 0.050 

Nitrogen(N) 0.035 

Table 1(a): Chemical Constituent of CRCA Mild 

Mechanical Properties Values 

Yield Stress(YS)/MPa 173 

Ultimate Stress(UTS)/MPa 304 

Gauge Length(GL)/mm 50 

Elongation (%) 49.4 

Hard(HRB) 42 

ECV(mm) 10.1 

Surface Roughness(um) 0.93 

Bend Test Pass 

Table 1(b): Mechanical Properties of CRCA Mild Steel 

B. Design of set up for Cup Shape Geometry 

For deep drawn component the cup shape geometry is 

selected for experimental work. For which height of the cup 

must be greater than the half of its diameter (h>d/2). 

Required cup geometry is designed with dimension (dcup = 

60mm and hcup=40mm). So accordingly complete set of up 

parts on hydro-pneumatic press machine is designed in the 

AUTO CAD software and manufacturing of parts is done as 

per the drawing. The parts required for complete assembly 

setup for experimentation are top plate, punch plate, punch, 

guide pillar, cavity, housing, bottom plate and dowel. 

Experimentation is performed on the hydro-pneumatic press 

having maximum load capacity of 40t. 

 
Fig. 1: Complete Assembly of Parts 

C. Parameter and Level 

1) Critical Input Parameter 

Based on the previous research work on deep drawing 

process there are many parameters influences the success of 

process. Major critically influencing parameter on the 

success of drawn cup are punch nose radius (Rp), die 

shoulder radius (Rd), blank holder force (BHF) and their 

levels of Punch nose radius (Rp) and  Die shoulder radius 

(Rd) is decided based on the  4t< (Rp/Rd)<10t,Where t 

=thickness of sheet materials as below this range value of 

(Rp) leads to tearing in the component whereas the above 

value leads to stretching in the component while the Rd 

value less than the 4t restrict the material flow towards the 

cavity[4]. BHF is used to hold the blank sheet during 

drawing operation and regulate uniform flow of sheet 

material towards the cavity from the die shoulder radius  and 

maximum magnitude of BHF is calculated as  it is 1/3 of the 

drawing force.[5] Trial and error method is also used to 

select the BHF value to prevent the defect tearing in the 

component due to too large value of BHF this levels of BHF 

magnitude can varied by using the light loaded green springs 

arranged between holder plate and top plate having single 

springs having BHF value 3.7kN such total 6 springs are 

used alternately adjusting the no of springs to vary the BHF 

value. [6] 

2) Output Quality Characteristics: Thickness Variation 

(tvariance) 

Thickness variation is chosen as the response factor as a 

output quality characteristics measurement. As a large 

variation of thickness from the mean value will leads to 

difficulties in assembling the product  and  leads to stress 

concentration in the parts due to unequal distribution of 

strains due to variation in thickness and results into the 

thinning of  the parts  which is responsible for the ultimately 

causes of the tearing at concentrated points due to large 

variation from point to point along the cup  so the objective 

of work is selecting the levels of critical parameters for 

which thickness distribution is uniform along the complete 

geometry of cup shape . Variance is the stastical quantity 

used to measure the difference of the thickness from the 

mean value of the thickness which should be minimum for 

the most desired and optimum output quality characteristics 

measurement. Equation 1 is used to calculate the thickness 

variance for the complete section of the cup at eight points 

of the measurement of the thickness at the equal interval of 

10mm from the centre of the cup to flange section for all the 

combination of experiments. 

tvariance   = ∑𝑛=8𝑖=1 {(ta-t1)2 }               (1) 

tvariation  =  {(ta-ti)2+(ta-ti+1)2+(ta-ti+2)2+(ta-ti+3)2+(ta-ti+4)2+(ta-

ti+5)2+(ta-ti+6)2+(ta-ti+7)2} 

Where ti = instantaneous thickness measured at 

eight points from centre of cup to flange 

(i=1, 2,3,4,5,6,7,8 respectively) 

ta= Average / Mean thickness 

ta =  ∑ {
𝑛=8

𝑖=1
(ti/n)}                    (2) 

taverge /ta =   (ti+ti+1+ti+2+ti+3+ti+4+ti+5+ti+6+ti+7)/8 

For calculating the variance of thickness it would 

requires the average thickness (ta) which is calculated by the 

equation 2. The procedure is repeated for all the 

combination of experimental trails for calculating the 

average thickness and variance for the thickness from its 
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mean value along the complete geometry of cup as shown in 

Fig. 3 and Fig. 2 shows the complete drawn cup geometry 

which is to be cut equally from the centre for the 

measurement of thickness at 8 points. 

 
Fig. 2: Deep drawn cup geometry 

Fig. 3 shows the cup sectioned from the middle for 

the thickness measurement with the help of point 

micrometer having the least count of 0.01mm from centre to 

flange and marking by lines on the cut section of cup shows 

the point of thickness measured at equal interval of 10mm 

from centre to flange for all the combination of drawn cup in 

the Ovat Analysis and Taguchi L9 Orthogonal Array and 

calculating variance for all expt. combination by using 

equation 1 and 2. 

 
Fig. 3: Half cut section of cup for thickness measurement 

III. RESULTS AND DISCUSSION 

A. Ovat Analysis 

Selection of the three optimized parameter levels  for  three 

individual parameter for  TAGUCHI  L9 orthogonal array of 

parameter from the selected five levels of individual 

parameter for the  OVAT Analysis  in which OVAT is 

performed. Firstly on Punch Nose Radius (Rp), Die shoulder 

radius (Rd) and Blank holder force (BHF) respectively. 

During OVAT on indivisiual parameters the other two 

parameters are kept at the lower level and varied the 

parameter level for the parameter for which OVAT is to be 

performed. Select the three optimized levels of critical input 

parameters Rp, Rd and BHF for which thickness variance is 

minimum having uniform thickness distribution over 

complete part of the cup .OVAT is performed for all the 

three critical input parameters and optimum levels are 

selected for L9 ORTHOGONAL ARRAY are shown In the 

Fig. of OVAT ANALYSIS for the:  3.1.Punch Nose radius, 

3 2.Die shoulder radius, 3.3 Blank Holder force 

 

 

Expt. 

no 

Punch Nose  

Radius (Rp) 

/mm 

Die Shoulder 

Radius 

(Rd)/mm 

Blank Holder 

Force 

(BHF)/kN 

1 3 5 7.4 

2 4 6 11.1 

3 5 7 14.8 

4 6 8 18.5 

5 7 9 22.2 

Table 2: Parameters levels for Ovat Analysis 

IV. RESULTS OF (OVAT ANALYSIS): [RP, RD, BHF] 

A. Punch Nose Radius (RP) 

Fig.4.a OVAT Analysis for Punch nose radius from the plot 

it is clear that thickness variance is minimum for the punch 

nose radius value of   Rp: 5mm, 6mm, and 7mm 

 
Fig. 4(a): Ovat Analysis for Punch nose radius (Rp) 

B. Die Shoulder Radius (Rd) 

Fig. 4(b) OVAT Analysis for Die shoulder radius it is clear 

that the thickness variance is minimum for the Rd values of 

Rd: 7mm, 8mm, 9mm 

 
Fig. 4(b): Ovat Analysis for Die Shoulder radius (Rd) 

C. Blank Holder Force (BHF) 

Fig. 4.c) OVAT Analysis for BHF it is clear that the three 

optimized levels of BHF: 11.1kN, 14.8kN, 18.5kN 
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Fig. 4(c): OVAT Analysis for BHF 

D. Taguchi Method 

Taguchi method provides a systematic and efficient 

approach for conducting experiments in determination of 

optimum parameter settings for better performance and cost 

reduction. Taguchi method can reduce research and 

development costs by simultaneously studying a large 

number of parameters. In order to analyze the results, the 

Taguchi method uses a statistical measure of performance 

called signal to noise ratio (S/N). The S/N ratio takes the 

mean and the variability into account in this our work of 

dissertation of quality characteristics variance is to be 

selected from the average thickness distribution. The S/N 

equation depends on the criteria for the quality characteristic 

to be optimized. Our quality characteristics is the thickness 

variation along the cup which is to be minimized for the 

uniform distribution of thickness along the cup as non 

uniform distribution will leads to the stress concentration at 

the certain areas & leads to acceleration damage  and leads 

to difficulties in assembling the product. & thinning is the 

major problems. 

1) Taguchi L9 Orthogonal Array of Design of Experiments: 

(DOE) 

Table 3 shows the parameters levels of the three critical 

input parameters for the L9 Orthogonal Array which is 

selected from the Ovat Analysis optimized levels of critical 

input parameters 

Levels 

Punch Nose 

Radius 

(Rp)/mm 

Die Shoulder 

Radius 

(Rd)/mm 

Blank 

Holder Force 

(BHF)/kN 

1 5 7 11.1 

2 6 8 14.8 

3 7 9 18.5 

Table 3: Parameter and There Levels 

Table 4 shows the TAGUCHI L9 ORTHOGONAL 

ARRAY of Design of experiment for the three levels of the 

three critical input parameters from the table 3  

Experiment 

No. 

Punch Nose 

Radius 

(RP)/mm 

Die Shoulder 

Radius 

( Rd)/mm 

Blank 

Holder Force 

(BHF)/kN 

1 1 1 1 

2 1 2 2 

3 1 3 3 

4 2 1 2 

5 2 2 3 

6 2 3 1 

7 3 1 3 

8 3 2 1 

9 3 3 2 

Table 4: TAGUCHI L9 Orthogonal Array of Design of 

Experiment (DOE) 

Table 5 shows the thickness measurement for the 

set of experiment of L9 ORTHOGONAL ARRAY and 

calculating the average thickness and variance of thickness 

by the equation 1 and 2    mean/average thickness is said to 

be distributed uniformly over the complete cup section for 

the best set of optimal parameter levels for most desired 

output quality characteristics in terms of minimum thickness 

variance.  

Expt

. no 

t1  

mm 

t2 

mm 

t3 

mm 

t4 

mm 

t5 

mm 

t6 

mm 

t7 

mm 

t8 

mm 

1 
0.6

9 

0.6

7 

0.6

7 

0.6

9 

0.7

1 

0.7

2 

0.7

1 

0.7

3 

2 
0.6

7 

0.6

6 

0.6

9 

0.6

9 

0.7

0 

0.7

1 

0.7

1 

0.7

2 

3 
0.6

8 

0.6

6 

0.6

9 

0.6

8 

0.6

8 

0.7

0 

0.7

2 

0.7

2 

4 
0.6

9 

0.6

7 

0.6

8 

0.6

8 

0.7

2 

0.7

0 

0.7

1 

0.7

3 

5 
0.7

2 

0.6

8 

0.7

1 

0.7

3 

0.6

9 

0.7

0 

0.6

8 

0.7

2 

6 
0.6

9 

0.7

0 

0.6

8 

0.6

9 

0.7

0 

0.7

1 

0.7

2 

0.7

3 

7 
0.6

8 

0.6

6 

0.6

9 

0.6

8 

0.6

8 

0.7

0 

0.7

2 

0.7

2 

8 
0.6

7 

0.6

6 

0.6

9 

0.6

9 

0.7

0 

0.7

1 

0.7

1 

0.7

2 

9 
0.7

0 

0.6

9 

0.6

8 

0.6

8 

0.7

0 

0.7

1 

0.7

1 

0.7

2 

Table 5: Thickness measurements for L9 Orthogonal Array 

Table 6 shows the Average thickness and thickness 

variance from the mean value for the thickness measurement 

table 6 for the L9 Orthogonal Array of design of 

experiments (DOE) 

Expt.  

no 

Average 

Thickness 

(ta)/mm 

Thickness Variance 

(tvariation) 

( × 10-5 )mm 

1 0.69875 0.49238 

2 0.69375 0.37343 

3 0.69125 0.385 

4 0.6975 0.39375 

5 0.70375 0.323 

6 0.7025 0.24375 

7 0.69125 0.385 

8 0.69375 0.37343 

9 0.69875 0.1885 

Table 6 Average thickness and variance for L9 Orthogonal 

Array of DOE 

E. Signal to Noise Ratio (S/N) Ratio 

Signal to Noise Ratio (SN) Ratio showing the optimal level 

of parameter for the most desired output quality 

characteristics having minimum thickness variation over 

complete section of cup so our response factor is to be 

minimizing for the desired output so smaller is the better. 

Main effect plot for SN Ratio is plotted in Minitab software 

 Signal to Noise:  Response factor Smaller is better 



Optimization of the Critical Input Parameters for Thickness Distribution in Deep Drawing of Cup for CRCA Mild Steel using Taguchi Method 

 (IJSRD/Vol. 4/Issue 08/2016/060) 

 

 All rights reserved by www.ijsrd.com 258 

 Response Factor: Minimum Thickness Variance is 

better & Rank in the response table will gives the most 

influencing input parameter on the output quality 

characteristics 

Fig.5 shows the main effect plot for SN ratios from 

the SN ratio curve it is clear that higher value of SN is the 

most desired one and response factor in terms of output 

quality characteristics thickness variation is to be minimum. 

SN ratio plot in the Minitab software shows that the 

optimum parameters level of the punch nose radius (Rp), die 

shoulder radius (Rd), blank holder force (BHF). The higher 

value of SN ratios signifies the optimized levels of critical 

input parameters. 

 
Fig. 5: S/N Ratio Plots for Thickness variance 

Table 7 shows the response table for signal to noise 

ratio signifies the rank wise influence e of the critical input 

parameters on the output quality characteristics uniform 

thickness distribution from this table die shoulder radius is 

the most influencing parameter followed by punch nose 

radius and lastly blank holder force (BHF). 

Level 

Punch Nose 

Radius (Rp)/ 

mm [A] 

Die Shoulder 

Radius  

(Rd)  [B] 

Blank Holder 

Force (BHF) 

/kN  [C] 

1 7.667 7.513 8.990 

2 10.058 8.976 10.380 

3 10.445 11.681 8.799 

Delta 2.779 4.167 1.581 

Rank 2 1 3 

Table 7: Response table for signal to noise ratio (SN) Ratio 

V. CONCLUSION 

Deep drawing experiment were carried for the cup geometry 

for all the combination of critical input parameters by 

TAGUCHI L9 ORTHOGONAL ARRAY 

1) Optimal parameter setting for the most uniform 

thickness of cup having  minimum thickness variation 

are found to be Punch Nose Radius  (Rp) of 7mm, Die 

Shoulder Radius( Rd) of 9mm Blank Holder Force 

(BHF) of   14.8kN  by the Taguchi (SN) ratio plots. 

2) Die shoulder radius is mostly critical influencing 

parameter followed by the punch nose radius and blank 

holder force on the thickness variance respectively 

from the response table of SN ratio. 
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