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Abstract:  

The main objective is to present the development of a model to predict 
the shape of the cut side. The model investigates the effect of potential 
parameters influencing the blanking process there interactions. This 
helped in choosing the process leading parameters for two identical 
product manufactures from two different materials blanked with 
reasonable quality on the same Tool/Die. 
The main objective of this study is to find out optimal parameters such 
as sheet thickness, clearance & wear radius in blanking to find out the 
variations in three performance characteristic such as burr height, 
accuracy & circularity value for blanking of medium carbon steel. 
Based on experiments are conducted on L-9 orthogonal array, analysis 
has been carried on by using Grey Relational Analysis, a Taguchi 
method. Response tables & graphs were used to find optimal level of 
parameters in blanking process. The obtained results show that the 
Taguchi Grey Relational Analysis is being effective technique to 
optimize the parameters for Blanking Process. 
. 
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I. INTRODUCTION 

A blanking operation consists in cutting a sheet by subjecting it to 
shear stresses. The shearing process develops between a punch and a 
die and leads to the total rupture of the sheet. Blanking process is 
widely used in the manufacturing of small components such as 
electronic and electrical connectors for automotive or 
telecommunication industries. In these high productivity industries the 
components are obtained using high stroke rates.Various experimental 
studies carried out to find out which parameters influence more. The 
optimal parameter choice is crucial: to avoid additional operations 
such as removal of burrs to improve the geometrical quality of the 
sheared edge, to increase the fatigue life of the parts in service and to 
increase the fatigue life of the tool [1]. The clearance, the tool wear 
state and the sheet thickness are the major factors that determine the 
shape and the quality of the work piece. Blanking has a large number 
of inputs. Each of these inputs has an associated variation that leads to 
variations in the final part [1].  

II. EXPERIMENTATION 

This experimentation was conducted using the Machines and 
Equipment’s listed in Table 1 on press machine as shown in figure  

 
 
At Indo-German Tool Room, P-31, MIDC Chikalthana, Aurangabad-
431006 (M. S.). A blanking die having Ø10 cut profile manufactured 
in same organization. After experimentation output variables / 
Parameters are measured at Mikronix Calibration Center, Plot 12, 
Cidco service industrial zone, opp. A. P. I. Ltd, Aurangabad-431210. 

 
 

        

Figure 1.1 VMM & Fly Press Machine 

III. SHEET METAL BLANKING  

Experimental observations [11] show that, in general, cutting takes 
place in three stages, i.e., contact engaging, penetration and fracture. 
Initially, the punch pushes the metal sheet into the die causing the 
blank to bend slightly, followed by a sliding of the sheet over the 
tools. Further punch penetration gives rise to a rounding of the edge 
of the blank (roll-over) and to shear plastic deformation. The large 
plastic deformation during this stage causes a burnished zone on the 
blank. Finally, when penetration is between 15% and 60% of the 
metal thickness, material separation onsets along a plane defined 

Sr. No. Item Specification

1
Video Mesuring Machine

(VMM)

Model VMM 2515,Glass Table Sie-350 x 280, Metal Table Size-480 x 
280mm
X, Y Travel 250 x 150, Net Wt. 120kg, Z Axis Travel-150mm, Resolution 
X,Y,Z Scales:1um, Work Distance-108mm, X, Y Axis Accuracy-
(3+L/200)um, Optical Magnification 0.7-4.5X, Digital Magnification 10-
300X, Power AC 110V/60Hz;220v/50Hz, Software-Quick Mesuring 3.0

2 Fly Press Machine
Freme Height-48-60", work Height-15-20",Screw Diameter-3.5", Screw 
Lead-3 start, Maximum Wt.-800kg, Fly Wheel Mass-322lbs, Application- 
Two Operator Floor (Standing)Work

3 Press Tool/Blanking Die
L x W x H- 150x100x120, Blank Size-Ø10,Punch Length 75mm, Die Plate 
size-80x80x25, Tool Wt.8.61kg



appro
[10].
the b
In pr
geom
and 
conta
lubri
param
will 
surfa
punc
quali
crack
jagge
In th
param
meth
expe
the d
beco
deve
and a

A. As

Prob
carbo
these
diam
obtai
that 
0.5, 
0.15,
the d
show
In th
freed
optim
level
freed
facto
param
out c
at fiv
taken
is ca
resul

Indian Rese

A Spe
By: Padm. 

oximately by the
 At this stage, p

blank upper edge
ractical terms, th
metry and clearan

thermal proper
act/friction cond
cants and surfac
meters mentione
determine the f

ace. Experimenta
ch and die is one
ity of the   bla
ks originating fro
ed edge midway 

his paper, GRA m
meters with opt
hod is a syste
riments for the p

design stage. In r
me a powerful t
lopment so that
at low cost. 

ssortment of Bl

lem studied her
on steel sheet. E
e a simple blan

meter blank. Diffe
ined different cle
are selected for 
0.6 mm), cleara
, 0.30mm). The 
data available in
wn in Table 3.1.  
his work, for sel
dom (Number o
mization of proce
ls of parameters)
dom owing to th
orial, 9 experime
meters. Each exp
closest experimen
ve different posi
n as the burr hei
alculated using v
lts. Table: 2.3 

Le

arch Transactio

cial Issue of 
Dr. V. B. Kol

e punch and die 
plastic deformati
e. 
he cutting operat
nce), properties o
rties, blank thic
ditions (tool w
ce quality). The
ed above and th
final blank struc
al studies have s
e of the most imp
anked surface. S
om the tool edge
in the blank thic

method is used t
timal burr heigh
ematic applicati
purpose of desig
recent years, the
tool for improvin
t high quality pr

lanking Parame

re consists of a
Experiment is ca
nking die is m
erent punches of
earances. The di
experimentation

ance (5%, 10%, 
most of these r
 the literature. T

lecting appropri
of fair & indep
ess parameters a
) of array is calc

hree blanking inp
ents were carried
periment was rep
ntal results. The
itions by rotatin
ght reading of th
video measuring

(A)

1 0.25

2 0.5

3 0.6

evel

Sheet 
Thickness 

(mm)

C

on                           

Ava

f 1st Int. Conf
lte College o

corners, first us
ion can cause a 

tion is influenced
of the blank mat
ckness and mic

wear, sheet dis
 compound effe
he physical phen
cture and qualit
shown that the c
portant paramete
Small clearance 
es to miss each o
ckness. 
to determine the 
ht. This is beca
ion of design 
gning & improv
 Taguchi based 

ng productivity d
roducts can be p

eters & their lev

a blanking opera
arried out on pr

manufactured to 
f appropriate diam
ifferent paramet
n are sheet meta

15%) & tool w
ranges are select
The parameters &

ate orthogonal a
pendent compari
and is one less th
culated.[4] There
put parameters. A
d out to study th
peated five time
 readings are tak
g the blank & a
hat blank. In all 
g machine (VMM

Tool Wea
Radius
(mm)

(B) ( C )

5 0.01

10 0.15

15 0.3

Clearance 
(%)

                    Vol. 5,

ailable at:  www

f. on Recent 
of Engineeri

sually at die edg
long fin (burr) a

d by tooling (too
terial (mechanica
crostructure) an
location, use o

ect of the proces
nomena involve
ty of the blanke
clearance betwee
ers in determinin
values cause th

other producing 

blanking proces
ause the Taguch

& analysis o
ving the quality a
GRA method ha
during research &
produced quickl

vels: 

ation of Medium
ress machine. Fo

obtained 10mm
meters are used t
ers & their leve

al thickness (0.25
wear radius (0.0
ted in the light o
& their levels ar

arrays, degree o
isons needed fo

han the number o
e is six degree o
Accordingly, ful
he effect of inpu
es in order to fin
ken of each blan
average of that i
tests, burr heigh
M) and the fina

 

ar 

, No.2 , Apr‐June
 

.researchpublica

Trends & Re
ng & Polyte
101

ge 
at 

ol 
al 

nd 
of 
ss 
ed 
ed 
en 
ng 
he 
a 

ss 
hi 
of 
at 
as 
& 
ly 

m 
or 
m 
to 
ls 
5, 
1, 
of 
re 

of 
or 
of 
of 
ll 
ut 
d 
k 
is 
ht 
al 

IV. OPT

Taguchi's 
engineerin
The prima

 A reduc
and low

 A prop
further 

The steps
 Optimi

Step 1: 
Step 2: 
Step 3: 
Step 4: 
Step 5: 
Step 6: 

 Confirm
 

GREY RE

STEP 1: T
response va
the better,
Subsequent
values. 

This is show

e  2015                  

ations.org 

esearch in En
chnic, Malka

Table 2.1 Pro

Table 2.2 Desig

TIMIZATION

method [13] is
ng strategies rat
ary goals of Tagu

ction in the varia
wer the loss impa

per product or pr
reduce the level 

s involved in Ta
zation using GR
Taguchi Method
Normalization o
Determination o
Calculation of g
Determination o
Determination o

ming Result 

ELATIONAL AN

The transformati
alues was the in

smaller the b
t analysis was c

wn in Table 4.1

                                

ngineering a
apur on 21‐

ocess parameters an

gn Matrix of L-9 Or

N USING GRA

s focused on th
ther than advan
uchi method are 

ation of a produc
arted to society. 

rocess implemen
of variation 

guchi’s Grey R
RA 

d for S/N ratio   
of S/N ratio 
of deviation sequ
grey relational co
of grey relational
of optimum para

NALYSIS 

ion of S-N Rati
nitial step. For t
better and nom
carried out on th

   EISSN: 2250‐08

nd Science
23 March, 2

nd their level 

rthogonal Array 

A 

he effective app
nced statistical t

ct design to impr

ntation strategy, 

Relational Analy

uences,  
oefficient (GRC)
l grade (GRG) 

ameters 

o values from t
that the equation
inal the best w
he basis of these

04 

2015 

 

lication of 
techniques. 

rove quality 

which can 

ysis are: 

) 

the original 
ns of larger 
were used. 
e S/N ratio 



Indian Research Transaction                                            Vol. 5, No.2 , Apr‐June  2015                                               EISSN: 2250‐0804 
 

Available at:  www.researchpublications.org 

A Special Issue of 1st Int. Conf. on Recent Trends & Research in Engineering and Science 
By: Padm. Dr. V. B. Kolte College of Engineering & Polytechnic, Malkapur on 21‐23 March, 2015 

102 
 

 

 

Table 4.1 Output Parameters and S/N Ratio 

STEP 2: In the 2nd step of the grey relational analysis [14], pre-
processing of the data was first performed for normalizing the raw 
data for analysis. This is shown in Table IV Yij is normalized as Zij 
(0 ≤ Zij ≤ 1) by the following formula to avoid the effect of adopting 
different units and to reduce the variability. The normalized output 
parameter corresponding to the larger-the-better criterion can be 
expressed as 

 

Then for the output parameters, which follow the lower-the-better 
criterion can be expressed as 

 
 

 
 

Table 4.2 Normalised S/N Ratio 

 

STEP 3: The grey relational coefficient [15] is calculated to express 
the relationship between the ideal (best) and actual normalized 
experimental results. Before that the deviation sequence for the 
reference, comparability sequence, and grey relational coefficient 
were found out. These are given in Table 3.4 grey relational 
coefficient can be expressed as 

 
Where,  
∆0i (k) is the deviation sequence of the reference sequence and 
comparability sequence. 

 

 

 
Denotes the sequence and yj (k) denotes the comparability sequence 
is distinguishing or identified coefficient. The value of ζ is the 
smaller and the distinguished ability is the larger. ζ = 0.5 is generally 
used. 

 

Table 4.3 Deviation sequences 

 
STEP 4: The grey relational grade was determined by averaging the 
grey relational coefficient corresponding to each performance 
characteristic [12, 16]. It is given in the Table 3.4 the overall 
performance characteristic of the multiple response process depends 
on the calculated grey relational grade. The grey relational grade can 
be expressed as 

 
Where, γi is the grey relational grade for the jth experiment and k is 

the number of performance characteristic 

Average Average Average Average Average Average 
Burr Height Accuracy Circularity Burr Height(LB) Accuracy(HB) Circularity(HB)

in µ (Ø in mm) (Ø in mm)

1 0.013 10.036 0.048 -37.72 -20.03 -26.38

2 0.023 10.082 0.045 -32.77 -20.07 -26.94

3 0.034 10.014 0.08 -29.37 -20.01 -21.94

4 0.024 10.065 0.07 -32.40 -20.06 -23.10

5 0.038 10.045 0.038 -28.40 -20.04 -28.40

6 0.067 10.033 0.039 -23.48 -20.03 -28.18

7 0.049 10.01 0.008 -26.20 -20.01 -41.94

8 0.082 10.043 0.042 -21.72 -20.04 -27.54

9 0.106 10.064 0.053 -19.49 -20.06 -25.51

RESPONSE VALUE S/N RATIO

Run No.

Average Average Average 
Thickness Clearance Burr Height(LB) Accuracy(HB) Circularity(HB)

in MM %

1 0.25 5 0.01 1.00 0.6 0.8

2 0.25 10 0.15 0.73 0.0 0.8

3 0.25 15 0.3 0.54 1.0 1.0

4 0.5 5 0.15 0.71 0.2 0.9

5 0.5 10 0.3 0.49 0.5 0.7

6 0.5 15 0.01 0.22 0.7 0.7

7 0.6 5 0.3 0.37 1.0 0.0

8 0.6 10 0.01 0.12 0.5 0.7

9 0.6 15 0.15 0.00 0.2 0.8

NORMALISED S/N RATIO

Redius
Run No.

Parameters

Average Average Average 
Thickness Clearance Burr Height(LB) Accuracy(HB) Circularity(HB)

in MM %

1 0.25 5 0.01 0.00 0.4 0.2

2 0.25 10 0.15 0.27 1.0 0.2

3 0.25 15 0.3 0.46 0.0 0.0

4 0.5 5 0.15 0.29 0.8 0.1

5 0.5 10 0.3 0.51 0.5 0.3

6 0.5 15 0.01 0.78 0.3 0.3

7 0.6 5 0.3 0.63 0.0 1.0

8 0.6 10 0.01 0.88 0.5 0.3

9 0.6 15 0.15 1.00 0.8 0.2

Redius

DEVIATION SEQUENCE

Run No.
Parameters
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greatly   reduced and   the   life   expectancy   of   punching   dies 
increased. More punching times is positively related to bigger wear, 
while less punching times is related to smaller wear. 
The quality of a product is the main factor for showing growth of a 
company. The quality of the product mainly depends upon the 
material and process parameters. Optimization technique plays a vital 
role to increase the quality of the product. To overcome the shortage 
of regression analysis and factor analysis, multi-attribute method, 
Grey relational analysis (GRA) has been proposed to solve the 
problem. The Grey Relational Analysis (GRA) associated with the 
Taguchi method represents a rather new approach to optimization. 
While only one outcome is optimized in the Taguchi method, multiple 
outcomes can be optimized in a Grey Relational Analysis. Grey 
relation analysis is an effective means of analysing the relationship 
between sequences with less data and can analyse many factors that 
can overcome the disadvantages of statistical method. 
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