
 
 
 
 

Corr
Opti
Anal
 
S.G.Maha
 

Sachin Mahak
Vivek Tatwaw
Jayant Giri, A
Jayant Modak

 
 

KEYWOR
 

 
 
 
 
 
 

Cardboard 
widely u

Correspondin
*

Email: sachu_
 

Dimensiona
ResponseSu
Independent
Response V
Correlation 
Root Mean S
 

pISSN: 20

rugat
miza
lysis 

akalkar*, V

kalkar, Associa
wadi, Principal,
Assistant Profes
k, Professor Em

              RDS

1.Intro
d packaging
sed forms

          
ng author: S.G.M

_gm@yahoo.c

al Analysis (DA
urfaceMethod(
t Variables,  

Variable,  
(R),  
Square Error (

Internation

08-4889 

ted 
ation
 and 

V. H.Tatwaw

ate Professor, D
 DBACER, Wa
ssor, Departme
mirates, Dean (

                  

 
 oduction

g is one 
s of pack

                  
Mahakalkar 
com 

A),  
(RSM), 

(RMS) 

nal Journal o

Box 
n u
 Resp

wadi, J.P.G

Department of M
anadongri, Hin
ent of Mechanic
(R&D), PCOE,

    ABSTRA

 The pape
the corru
Response 
different 
theorem a
parameter
modeling 
receives t
determine
variables 
objective 
(RMS) be
time obta
out for c
machine 
parameter
machine 
environm
sheet on c
totally un
with the 
obtained s
upto 95%
 
 

of the mo
kaging. Th

                 

January 201

http:/

of Industria

 Pro
using

ponse

Giri, J.P.M

Mechanical En
ngna Road Nag
cal Engineerin
 Nagpur, (M.S)

ACT 

er focuses o
ugated shee

Surface M
box sizes i

and polynom
rs are obtai
and analys

the influence
e which are t

to optimiz
of this stud

etween the ex
ained from m
orrugated sh
system rev

rs like  an
specification
ental condit
cycle time. T

nknown. The
aid of MA

showed that 
% and RMS er

            © 2015

ost 
he 

   

co
in
cr
tr
th
co
th
di

15, Volume 2

pp. 1-11
 

 

//IJIEPR.ius

al Engineerin

oduct
g 
e Surf

odak 

ngineering, YC
gpur (M.S,) Ind
ng YCCE, Nagp
S), India, 44001

n optimizati
t box using

Method (RSM
in terms of 

mial equation
ned. RSM is

sis of proble
e of several 
the condition
e a corrug
dy is to min
xperimental v
mathematical
heet box ma

vealed the c
thropometric

n, workplace
tions and m
Their effect o
 developed m

ATLAB R201
the correlat

rror less than

IUST Publicatio

orrugated c
n weight ma
raft paper. T
ransported t
his paper g
orrugated c
hen this SF
imension on

6, Number 1

st.ac.ir/

ng & Produ

tion 
Dim

face 

CCE Nagpur, (M
dia 440011 
pur, (M.S), Ind
19 

ion of the m
g Dimension

M). A mathe
f Pi terms u
n between in
s the statistic
ems in which

independen
ns under wh
ated box pr
nimize the r
values and c
l model usin
anufacturing
contribution 
c data of w
e parameters

mechanical p
on response 
model was s
11a data cu
tion R towar
n 10% were 

on, IJIEPR, Vol.

ardboard is
aterial made
These brow
to a corrug

gets crimpe
cardboard 
FCB is cu
n the cuttin

uction Resea

Pro
mensi

 Meth

M.S,) India 440

dia 440011 

manufacturing
nal Analysis
ematical mo
using Bucki

ndependent a
cal method u
h the respon

nt variables, 
ich should op
roduction p

root mean s
computed val
ng RSM. Stu
g industries 

of many 
workers, per
s, product sp

properties of
parameter c

simulated an
ursor tool. 
rds linearity,
valid.. 

. 26, No. 1, All R

s stiff, stron
e up of layer

wn craft pap
gation mach
ed and glue
called as 

ut accordin
ng machine.

arch   

 

ocess
onal

hod 

0011 

g process of
s (DA) and

odel for five
ingham’s Pi
and response
useful in the
nse variable
in order to

operate these
process. The
square error
lues of cycle

udies carried
having man
independent

rsonal data,
pecification,
f corrugated
cycle time is
nd optimized

The results
 adjusted R2

Rights Reserved. 

ng and light
rs of brown

per rolls are
hine where
ed to from
SFCB and

ng required
 According

s 
l 

f 
d 
e 
i 
e 
e 
e 
o 
e 
e 
r 
e 
d 
n 
t 
 
 

d 
s 
d 
s 
2 

 

t 
n 
e 
e 

m 
d 
d 
g 



2    Corrug

to requirem
medium an
double wa
corrugated
machine c
these corr
creasing a
material is
performed 
folded). T
operation w
stitching a
corrugated

 

Montgome
suggested 
mathemati
to determ
independen
process, 
regression 
of least sq
model is 
subsequent
is chosen u
the respons
Box et al.
response 
explores t
explanator
response v
to use a se
obtain an 
degree pol
that this m
use it be
estimate an
about the p
Myers et 
model and
slope. The 
regression 
not possibl
first order,
the central
the kind o
second ord

gated Box Pr

Internation

ment by add
nd a third fl
all corrugat
d boards o
alled as 3p

rugated boa
and cutting
s removed a

(i.e., from
The next 
where the 

and finally 
d box is man

2. Literat
ery et al. 

RSM 
cal and sta

mine the o
nt variabl
which in
model of f

quares, with
set search

tly, the step
until there 
se, this meth
. in his res

surface 
the relation
ry variable
variables. Th
equence of 

optimal re
lynomial mo

model is onl
cause such
nd apply, ev
process [3]. 
al. fitted a

d determined
procedure 
model of fi
le to adjust 
 a more det

l composite 
of classic d
der and fin

roduction Pr

nal Journal of In

ding anothe
lat printed l
ted board o
on gluing 
ply 5ply an
ards are tr

g machine 
and creasing
m where 

operation 
strip plate 
with stitchi

nufactured. 

ture Review
and Jack 
is a co

atistical tech
optimal le
les of a 
nvolves e
first order b
h the coeffi
h direction 
p size on the
is no furthe
hod stops [1
search says 

methodolo
nships betw
es and on
he main ide
designed ex

esponse usi
odel. They 
ly an approx
h a model
ven when li

a new line
d a new pa
continues u

first order. F
the regress

tailed design
design (CC

design to f
nd the optim

rocess      S.G

ndustrial Engine

er corrugatin
liner creates
or triple wa

or bondin
d 7ply. Th
ransferred 
where ext

g operation 
the box g

is slottin
is slotted f
ing operatio

w 

P. C. et a
ollection 
hniques us
vels of th

productio
stimating 

by the metho
cients of th
by MMSD

e ascent rou
er increase 
1] [2]. 

in statistic
ogy (RSM
ween sever
ne or mo
ea of RSM 
xperiments 
ing a secon
acknowledg
ximation, b
l is easy 
ittle is know

ar regressio
ath of upwa
until it fits th
Finally, it w
sion model 
n is posed, 

CD), which 
fit models 
mal values 

G.Mahakalka

eering & Produc

ng 
s a 
all 
ng 
en 
to 

tra 
is 

get 
ng 
for 
on 

al. 
of 
ed 
he 
on 

a 
od 
his 
D, 

ute 
in 

cs, 
M) 
ral 
ore 

is 
to 
nd 
ge 

but 
to 

wn 

on 
ard 
he 

was 
of 
as 
is 
of 
of 

th
m
Z
tr
co
is
is
tr
th
fu
co
us
m
an
op
pr
A
re
of
us
en
to
in
R
th
in
su
C
ap
ne
co
us
th
to
de
ge
In
re
an
as
tr
no
te
to
sh
m
pa
de
It
co

ar*, Dr. V. H.

ction Research, J

he indepen
methods of d
Z. Zahedian-
ransportatio
onsidering a
ssue. A zero
s developed
ransportatio
he model 
uzziness co
onsidered. 
sing a new

method. A n
nd the relat
ptimal solu
rovided [5].

A.K. Dubey
esponse sur
f statistical 
seful for 
ngineering 
o optimize 
nfluenced b

Response sur
he relation
nput param
urfaces [6] [

Christian G
pproximatio
eeded in 
omputationa
sed to evalu
he design o
otal of 15 
esign: 9 th
eometric pa
n order to r
esponse sur
nalysis wa
ssumptions 
ransient th
ondimensio
echniques. 
ogether wit
howed tha

mainly depe
arameters w
esign variab
t is importa
onstructed u

Tatwawadi, J

January 2015, V

ndent varia
differential c
-Tejenaki e
n model fo
a hazmat an
o-one intege
d that minim
n and cons
closer to 

oncept in th
This fuzzy
w fuzzy a
numerical e
ted results a
ution. Final
.  
y et al. A
rface metho

and mathem
the mode

problems. T
the respo

by various
rface metho

nship betw
meters and t

[7].  
Gogu et a
on (RSA) 

order to 
al time. The
uate the ma
of experime

parameter
hermal mate
arameters of
reduce the 
rface approx
s utilized. 
simplified 

hermal pro
onalization 

The no d
th a globa
at the m
nds on only
which wer
bles for the 
ant to note t
using the a

J.P.Giri, Dr. J

Vol. 26, No. 1 

ables analy
calculus [4]

et al. develo
for a railwa
nd green tra
er programm
mizes the c
sumed fuel
the real 

he presente
y model is 
approach, n
example is 
are compare
lly, the con

And S. Ra
odology is a
matical met
eling and 
The main o
onse surfa
 process p

odology also
een the c
the obtaine

al. respons
of temper
reduce o

e finite elem
aximum tem
ent points 
s of intere
erial proper
f the ITPS m
dimensiona

ximation, d
A small 
the equati

blem allow
using 

dimensional
al sensitivit
aximum t
y two no d

re selected 
RSA.  
that the RS

accurate fin

J.P.Modak    

yzed, using
].  
op a freight
ay network
ansportation
ming model
cost of safe
l. To make
world,  a
d model is
solved by

named TH
considered

ed with the
nclusion is

aissi et al.
a collection
thod that is

analyzing
objective is

ace that is
parameters.
o quantifies
controllable
ed response

se surface
rature was
ptimization
ment model

mperature at
involved a

est for the
rties and 6
model.  
ality of the
dimensional
number of
ions of the
wing easy

classical
l equations
ty analysis
temperature
dimensional

to be the

SA was still
ite element

 

g 

t 
k 
n 
l 
e 
e 
a 
s 
y 
H 
d 
e 
s 

. 
n 
s 
g 
s 
s 
 

s 
e 
e 

e 
s 
n 
l 
t 
a 
e 
6 

e 
l 
f 
e 
y 
l 
s 
s 
e 
l 
e 

l 
t 



Corrugated

model wh
simplifying
the nondi
variable R
terms of g
properties 
points usin
error in th
the fit but 
15 to only 
Amit Kum
empirically
metrics on
context 
organizatio
has identif
are indivi
reduced in
pilot study
manufactu
questionna
is adminis
developed.
in 3 facto
outcomes 
valuable 
manufactu
the fact
performanc
H.R. Navi
theoretic-b
optimizatio
the game 
each respo
strategies o
This appr
predictor f
joint desir
the signal 
response 
considering
obtained 
modeled i
using Nas
which is th
determined
example a
the propo
performanc
compared w

d Box Produ

Internation

hich does n
g assumpti
imensional 
SA was che
geometric p

variables 
ng the fini

he RSA is n
mainly du

two variabl
mar Marw
y assess t
n supply ch

of In
ons. A rig
fied [12] v
idually me

n number b
y, primary d
ring organi

aire, both of
stered acros
. T-test and

ors related 
of the r
implicatio

ring organ
tors affec
ce [13].  
idi et al. 

based appro
on problem
theory app

onse as eac
of each play
roach can

factor sets in
rability of r
to noise ra
have be

g the joint v
SN ratios 
n the gam

sh Equilibr
he best valu
d. A real 
are given to
osed meth
ce of the
with the VI

uction Proce

nal Journal of In

not employ
ions used 

parameter
ecked for it
parameters 
at 855 ad

ite element
not due to t
ue to the re
les [11].  

wah et al
the effects
hain perform
ndian m
gorous liter
variables. T
easured an
by factor an
ata is collec
izations by
ffline and o
ss India an

d factor ana
to human 

research w
ons for 
nizations to
cting sup

proposed a
oach for m

m. Present r
proach via 
ch player an
yer.  
n determin
n order to o
responses. F
atio (SN) in
een calcu
values of str

for each 
me theory ta

rium, the b
ues of predic

case and 
o show the 
hod. In a
e proposed
IKOR metho

ess      S.G.M

ndustrial Engine

y any of th
to determin

rs. The tw
ts accuracy 
and materi

dditional te
t model. Th
the quality 
eduction fro

l. intend 
s of huma
mance in th

manufacturin
rature revie
The variabl
nd later o
nalysis. As
cted from 10
y means of 
online, whi
nd a scale 
alysis resulte

metrics. Th
work provid

the Indi
o understan
pply cha

a new gam
multi-respon
research us
definition 
nd factors 

ne the be
btain the be
For this aim
ndex for eac
ulated wi
rategies; the

strategy 
able. Finall
best strateg
ctor factors 
a numeric
efficiency 

addition, th
d method 
od [14]. 

Mahakalkar*, D

eering & Produc

he 
ne 

wo 
in 
ial 
est 
he 
of 

om 

to 
an 
he 
ng 
ew 
les 
on 
 a 
00 

f a 
ch 
is 

ed 
he 
de 
an 
nd 
ain 

me 
nse 
ses 
of 
as 

est 
est 
m, 
ch 
ith 
en 
is 

ly, 
gy 
is 

cal 
of 
he 
is 

 

H
si
m
in
th
an
pr
w
be
m
be
A
w
m
im
m
of
eq
nu
ex
th
m
T
th
sy
m
M
fo
th
re
in
in
ev
te
an
ac
va
In
va
in
in
A
op
va
m
ai

Dr. V. H.Tatw

ction Research, J

3. Redu

Hilbert Sche
imple ways

made compa
n generality
he most po
nalysis. In t
rimarily u

whereby sev
e combined

mechanics a
enefited fro

Almost ever
was planned 
modern ex
mprove the

made shorter
f control.
quation fo
umber of 
xperiments.
his dimens

model.  
This is achie
heorem. Wh
ystem invol

minus numb
M, T, and π)
ormed. Wh
his theorem
educed sig
ndependent 
n number o
vident that,
erms it wil
nd hence a 
chieve furth
ariables [9]
n this wo
ariables and
ndependent 
ndependent 

Analysis as s
ptimization
ariable fo

manufacturin
id of RSM 

wawadi, J.P.G

January 2015, V

uction of In
Us

eck Jr. sug
s in which 
act in opera
y or control
owerful of 
the past dim

used as an
veral experim
d to form o
and heat t
om the app
ry major ex
with its hel

xperiments 
eir working
r requiring 
 Deducin

or a pheno
independe

. The exact 
ional equa

eved by app
hen this the
lving n ind
er of prima

) i.e. (n-4) n
en n is lar

m number o
gnificantly 

variables. 
of variables 
, if we tak
l also be d
π term. Th

her reducti
. 

ork, there 
d one respon
variables ar

Pi terms
shown in T
 of a cyc
r the co

ng process 
and MATL

Giri, Dr. J.P.M

Vol. 26, No. 1 

ndependent
sing DA 

ggested sev
 a given t

ating plan w
. The best 
these is d

mensional an
n experim
mental varia
one. The fie
transfer we
plication of
xperiment i
lp. Using th

can su
g techniqu
less time w

ng the d
omenon re
ent variabl

mathemati
ation is th

plying Buck
eorem is ap
ependent v
ary dimensi
numbers of 
rge, even b
of π terms w

than numb
Thus much
is not ach

ke the prod
dimensionle
his property
ion of the 

are 43 in
nse variable
re further re

s using D
able 1 to T
cle time a
orrugated 
is carried o
LAB 2011a

Modak    3 

t Variables

veral quite
test can be
without loss
known and

dimensional
nalysis was

mental tool
ables could
eld of fluid
ere greatly
f this tool.
in this area
his principle
ubstantially
es and be

without loss
dimensional
educes the
les in the
cal form of

he targeted

kingham’s π
pplied to a
ariables, (n
ions viz. L,
π terms are

by applying
will not be
ber of all
h reduction

hieved. It is
duct of the
ess number
y is used to
number of

ndependent
e. These 43
educed to 7

Dimensional
able 8. The
s response
sheet box

out with the
a taking the

 

e 
e 
s 
d 
l 
s 
l 
d 
d 
y 

 
a 
e 
y 
e 
s 
l 
e 
e 
f 
d 

π 
a 
n 
, 
e 
g 
e 
l 
n 
s 
e 
r 
o 
f 

t 
 

7 
l 
e 
e 
x 
e 
e 



 
 
 
 

 
 
 

 
 
 
 
 

 
 
 

4    Corrug

anthropom
factors of 
specificatio
specificatio
conditions 
corrugated
variables a
variable. T
variable cy
independen
controllabl
errors. It 
approxima
relationship
and the r
reduce the
were evolv
 

Tab .1. 
Pi term  

Arm span
Foot breadth
Height
Arm reach

In terms of M
1L0MΠ1 = (

(M0L1T0 x M

Tab .2.
Pi term

Qualification
BMI prime
Age
Experience
Sex

π2 ൌ ሺ
In terms of M

0L0MΠ2 = (
(M0L0T1 )

Tab .3.
Pi term

Power HP 
Stroke/Sec
Age of Ma
Machine D
Roller Spee
Production
Machine W
Weight of M
π3 ൌ ሺP ൈ

In terms of

gated Box Pr

Internation

metric data 
an operato

on, wo
on of the p

and mec
d sheet box
and the cycl
The goal is t
ycle time, 
nt variable
le by expe

is require
ation for 
p between

response su
e variables 
ved out of it

. Π1 Term F
relating to A

h

π1 ൌ ሺAs ൈ
MLT Indices

0T1L0x M 0T
M0L1T0)

. Π2 Term F
m relating to P

Ope 
n grade

ሺQgr ൈ BMI	pri
MLT Indices

0 T0L0x M 0T

. Π3 Term F
m relating to 

onds 
chine 

Down Time 
ed 

n rate of Mach
Width 

Machine 
ൈ P୰ୟ୲ୣofMc ൈ A

ൈ Mc
f MLT Indice

roduction Pr

nal Journal of In

of operato
or, workstat
orkplace 
products, e
chanical p
xes as the 
le time as t
to optimize
it is assum

es are con
riments wi
ed to find

the true
n independe
urface. DA
and follow

t. 

Formulation 
Anthropomo

Fbሻ ൊ ሺHt ൈ Ar

)

 

ormulation 
Personal fact
erator

ime ൈ Ag ൈ Sሻ

x M1 T0L0xM

 

ormulation 
Machine Spe

hine 

Aom ൈMc_dtሻ
c_Wth	 ൈ rpsሻ 

es 

rocess      S.G

ndustrial Engine

ors, person
tion machin

parameter
environment
properties 

independe
the depende
e the respon
med that th
ntinuous an
ith negligib
d a suitab
e function
ent variabl

A is used 
wing Pi term

using DA
orphic Data

As 
Fb 
Ht 
Ar 

rሻ 

using DA 
tors of an 

Qgr 
BMI prime 
Ag 
Exp 
S 

ൊ ሺExpሻ

)0 T0L0M

using DA 
ecification 

P 
Sps 
Aom 
Mc_dt 
rps 
Prate of Mc
Mc_ wth
Wt 

ൊ ሺWt ൈ Sps

G.Mahakalka

eering & Produc

nal 
ne 
rs, 
tal 
of 

ent 
ent 
nse 
he 
nd 
ble 
ble 
nal 
les 
to 

ms 

e

c 

Π
(

H
H
S
c
t
A
S
c
t

I
Π
(

I
(
N
D
I
N
W

I
Π

L
B
P
M
V
B
B

Π
M

ar*, Dr. V. H.

ction Research, J

Π3 = (M1L2T
(M1L0T0 x M0

Tab .4. Π4

Pi ter

Height of st
Height of w
Spatial dista
centroid of 
table 
Area of tabl
Spatial dista
centroid of 
table 

π4 ൌ ሺHo

In terms of 
Π4 = (M0L1

(M0L2T0 x M

Tab .5. Π5

Tab .6. Π6

Pi term

Illumination
(Average) 
Noise level 
Dry bulb tem
Illumination
Noise level 
Wet bulb te

π6 ൌ ሺIsr ൈ
In terms of 
Π6 = (M1L3

Pi term r

Thickness
Length 
Breadth 
Part Weigh
Mc_critical
Volume 
Bursting St
Bursting Fa
π5 ൌ ሺBs ൈ V

In terms of 
Π5 = (M1L-

M0L1T0 ) 
(M1L0T0 x M

Tatwawadi, J

January 2015, V

T3 x M0L0T-1 x
0L1T1 x M0L1

4 Term For
rm relating

Param
tool 

work table 
ance betwee
stool top an

letop 
ance betwee
stool top an

os ൈ Htw ൈ Sd1

MLT Indic
1T0 x M0L1T
M0L1T0) 

 
5 Term For

6 Term For
m relating to

Condi
n sight rang

with Opera
mperature
n at work ta
without Op

emperature
ൈ dBopr ൈ DBT
MLT Indic

3T-1 x M0L0

elating to S
Prod

ht 
lity 

trength 
actor 
Vol ൈ Bf ൈ tሻ ൊ

ൈ Lሻ 
MLT Indic

-2T0 x M0L3

M0L0T0 x M

J.P.Giri, Dr. J

Vol. 26, No. 1 

xM0L0T-1 x M
1T0 x M0L0T1 

rmulation u
g to Workp

meters 

en 
nd work 

en 
nd WIP 

1ሻ ൊ ሺAreattop

es 
T0 x M0L1T

rmulation u

rmulation u
o Environm
ition 

ge 

ation 

able 
peration 

Tሻ ൊ ሺlwt ൈ dB
es 

0T0 x M0L0T

Specificatio
duct 

ൊ ሺPart_Wt ൈ M

ces 
3T0 x M0L0T

M0L1T0 x M0

J.P.Modak    

M0L0T1 ) 
) 

using DA 
lace 

Hos 
Htw 
Sd1 

Areattop 
Sd2 

p ൈ Sd2ሻ

0 ) 

using DA 

using DA 
mental 

Isr 

dBopr 
DBT 
Iwt 
dB 
WBT 
B ൈWBTሻ

T0K1 ) 

on of the 

t 
L 
B 
Part_Wt 
Mc_criti. 
V 
Bs 
Bf 

Mc_criti ൈ B

T0 x 

0L1T0) 

 



Corrugated

(M1L3T-1 

Tab.7. Π
Pi term r

Caliper 
Puncture Res
Edge Crushin
Flat Crushing
Cobb 
Moisture (%)
Box Compres
Kg 
Box Compres
Perimeter 

π7 ൌ ሺCal

In terms of M
Π7 = (M0L1T
(M1L1T0 x M

Tab .8. Π

4. Res

Sundaram 
mathemati
empirical m
experimen
response (o
by severa
variables). 
called runs
input varia
for change
RSM was 
responses 
modeling 
difference 
the respo
inaccuracy
measureme
experimen
incomplete
processes, 

P
Cycle Time 
Machine Ope

In terms of M
Π8 = (M0L0T
(M0L0T1 ) 

d Box Produ

Internation

x M0L0T0 x

Π7 Term Fo
relating to Me

Corrug

istance Test 
ng Test 
g Test 

) 
ssion Test Pea

ssion Test Pea

ൈ ECT ൈ FCT ൈ
ൈ PLP

MLT Indices 
T0 x M1L-1T0 x 

1L-2T0 x M1L-

Π8 Term F

ponse Surf

R.M, RS
cal and st
model build
ts, the obj
output varia
al indepen
An experim

s, in which 
ables in orde
es in the outp

developed 
and then

of numer
is in the ty

onse. In 
y can be 
ent errors 
ts, numeric
e conver

round-off 

Pi term relatin

eration Time 
π8 ൌ ሺcytime	

MLT Indices 
T1) 

uction Proce

nal Journal of In

x M0L0T0K1

ormulation
echanical Pro
gated Box 

ak Load in 

ak Load / 

ൈMois ൈ PL		ሻ
Pሻ 

M1L-2T0 x  M
1T0 ) 

 
ormulation

 

face Metho

SM is a c
tatistical te
ding by care
ective is to
able) which 
ndent vari
ment is a se
changes are
er to identif
put respons
to model 

n migrate
rical exper
ype of error 

physical 
due, for 

while, i
cal noise is
rgence o

errors or 

ng to Cycle T

	ሻ ൊ ሺm/coptim

ess      S.G.M

ndustrial Engine

1 ) 

n using DA
operties of a 

Cal 
PRT 
ECT 
FCT 
Cob 
Mois. 
PL 

PLP 

ൊ ሺPRT ൈ Cob

M0L0T0 xM1L0T

n using DA

od (RSM) 

collection 
echniques f
eful design 
o optimize 
is influence

ables (inp
eries of test
e made in th
fy the reaso
se. Originall
experiment

ed into th
riments. Th
generated b
experiment
example, 

in comput
s a result 

of iterativ
the discre

Time 
cytime 
m/coptime 

meሻ 

Mahakalkar*, D

eering & Produc

T0) 

A 

of 
for 
of 
a 

ed 
put 
ts, 
he 
ns 
ly, 
tal 
he 
he 
by 
ts, 
to 

ter 
of 
ve 
ete 

re
ph
to
ec
w
m
da
T
m
co
un
gr
va
ne
T
br
pr
re
al
po
re
cl
ba
si
po
co

A
re
va
se
re
th
po

Y
ܑܖ∑
 
he
k=
co
is
qu
πi
re
in
co
ne

Dr. V. H.Tatw

ction Research, J

epresentatio
henomena. 
o be rand
conomical a

was used by
machining p

ata can be 
This is beca
makes some
ontributing 
nder two he
raphic rep
ariables for
ever achiev

The curves 
roader beha
redictions. 
egressions, 
long Y-axi
olynomials 
epresented 
lement pict
asis of com
ingle variab
ossible only
ombinationa

 

A mathem
elationships
ariable and
econd-order
egression an
he response
olynomial. 

 
Yk= βo+ ∑ܑܖୀ૚

	∑ ઺ܑܖૈܒ
ୀܑା૚ܒ

ୀ૚ܖ
ܑୀ૚

ere Yk = 
=cycle tim
oefficients 
s random e
uadratic an
iπj on respo
esponse var
ndependent 
ontrollable 
egligible 

wawadi, J.P.G

January 2015, V

on of c
In RSM, th

dom. The 
and relative

y lot of rese
processes [8

represente
ause 3D ske
e sense for

for desired
eads. This p
presentation
rming two 

ved without 
so obtain

aviour but 
This comb
one along

is. The pr
is treated 
along Z-a

ture of beh
mbinational 
ble on out
y if all rem
al terms are

5. Model 

matical m
s among th
d the indep
r equation 
nalysis was 
e function 
 

઺ܑૈܑ૚  + ∑ ઺ܖ
ܑୀ૚

ૈܑ      e + ܒૈ

π8 is the
me, β0, βi, 

estimated f
error. They
nd interactiv
onse variab
riable Yk, i

variables 
by the 

error. The

Giri, Dr. J.P.M

Vol. 26, No. 1 

continuous 
he errors ar

RSM is 
ely easy for
earchers fo
8]. Multi d
ed in three 
etches are 
r us. Mult
d outputs a
provides an

n. Amalgam
orthogona
sacrifice o

ned are ind
insignifica

bines two p
g X-axis an
roduct of 

as the ou
axis. It pr
avioral patt
terms. Th

tput is diff
maining vari
e maintained

Formulatio

model, rel
he process 
pendent var

is devel
performed 
as a sec

઺ܑܑૈܑ2 + 
                  

e predicted
βii, βij ar

from regres
y represent 
ve effects 

ble π8. Opti
it is assum

are contin
experime

e response

Modak    5 
physical

re assumed
practical,

r use and it
or modeling
dimensional

directions.
visible and

tiple inputs
are clubbed
n ease in its
mation of
l values is
f precision.
dicators of

ant for true
polynomial
nd another
these two

utput; often
ovides the
tern on the

he effect of
ficult. It is
iables in its
d steady. 

on 

ating the
dependent

riables in a
oped. The
to estimate

cond order

             (1)

d response,
re constant
ssion and e

the linear,
of πi, πi2,
imizing the

med that the
nuous and

enter with
e or the

l 
d 
, 
t 
g 
l 
 

d 
s 
d 
s 
f 
s 
 

f 
e 
l 
r 
o 
n 
e 
e 
f 
s 
s 

e 
t 
a 
e 
e 
r 

, 
t 
e 
, 
, 
e 
e 
d 
h 
e 



6    Corrug

dependent 
variable. 
manufactu
a suitable c
of π2, π3, 
π4, π6 and
function of
 
Yk = f (X; 
 
The quality
was expr
determinat
polynomia
polynomia
least squar
Matlab201
of the da
coefficient
equations 
tests calle
based ex
according 
equation. 
fitted to th
examined 
of fit of 
expressed 
R2, and 
determined
each term 
goodness 
relationship
and indepe
and one f
following: 
 

Linear mod
f(x, y) = p
p11*x*y  
Where x is
2.361 
And y is no

Tab.9. Co

Coeffi

p00 

p10 

p01 

gated Box Pr

Internation

variable is 
In cor

ring proces
combination
π5 pi term

d π7). The ob
f the X and 

Y) +e  

y of fit of th
ressed by
tion R2. 
al is fitted. 
als are estim
res. A stati
1a is used 

ata obtained
t of the re
were valid

ed the ANO
xperimental 

to the se
The indep

he second or
for the goo
the secon

by the coef
its statist

d by F-tes
in the equ

of fit in ea
p between t
endent vari
for overall 

del Polynomi
p00 + p10*

            
s normalized

ormalized by 

oefficients 

ficients (with 95

2.23

-0.2

-0.2

roduction Pr

nal Journal of In

assumed to
rrugated 
ss, it is nece
n of Pi term

m) and Y (P
bserved Re
Y can be w

      

he second o
y the co

Usually 
The param

mated by th
istical softw

for regres
d and to 

egression e
dated by t
OVA analy

data we
cond order

pendent va
rder model 

odness of fit
nd order e
fficient of d
tical signi
st. The sig
uation is to 
ach case. T
the cycle tim
iables for f

is represe

al21: 
x + p01*y 
           

d by mean 

mean 3.329 

for Model 

5% confidence

38     (2.223, 2.2

2215   (-0.2455, 

2309   (-0.2481, 

rocess      S.G

ndustrial Engine

o be a rando
sheet bo

essary to fin
ms X (Produ

roduct of π
sponse Z as

written as 

              (2)

order equatio
oefficient 

a best 
meters of th
he method 
ware packag
sion analys
estimate th
quation. Th
the statistic
ysis. Desig
ere matche
r polynomi
ariables we

equation an
t. The quali
equation w
determinatio
ficance w

gnificance 
estimate th

The propos
me respons
five produc
ented by th

+ p20*x^2 

2.743 and s

and std 8.04

RSM1OCT

e bounds) 

253) 

-0.1976)

-0.2137)

G.Mahakalka

eering & Produc

om 
ox 
nd 
uct 
π1, 
s a 

) 

on 
of 
fit 
he 
of 
ge 
sis 
he 
he 
cal 
gn-
ed 
ial 
ere 
nd 
ity 

was 
on 

was 
of 
he 
ed 

ses 
cts 
he 

+ 

std 

45 

T 

p

p

Pu

Yk

= 

Yk

T

S

R

A

R

 

Fi
R
al
V

Fi
M

ar*, Dr. V. H.

ction Research, J

p20 

p11 

utting the value

k = π8 = 2.238 

(π1*π4*π

* (π2*π3*

2.238 – 0.2215

0.09

(2.24

k = π8 = 2.1954

Tab.10. Res

Analysis 

SSE 

R-square 

Adjusted R-squ

RMSE 

ig.1. Contour
Residual Plot s

long X, pi1p
Variable) alon

ig.2. Best Fit 
Model RSM1O

0

2

4

6

1 3 5 7

Tatwawadi, J

January 2015, V

0.0908

0.0354

es of coefficient

– 0.2215 * (π2

π6*π7) + 0.0908

*π5) * (π1*π4*

5 * 2.244721502

9086 * (2.24472

44721502) * (0

48 

sult Analys

of RSM Mode

uare 

r Plot, 3D Re
showing inter
pi4pi6pi7 alo

ng Z for Mode

between Yexp

OCT 

7 9 1113151

J.P.Giri, Dr. J

Vol. 26, No. 1 

86 (0.08069, 0.1

48 (0.023, 0.047

ts in above equa

*π3*π5) – 0.23

86 * (π2*π3*π

*π6*π7)  

2 – 0.2309 * 0.0

21502)2 + 0.035

0.020738463) 

sis Model R

el and Goodnes

1.896 

0.9595 

0.9591 

0.06759 

esponse Surf
ractive effect
ong Y on p
el RSM1OCT

perimental Vs Yc

17192123252

J.P.Modak    

101)

796)

ation, we get 

309 * 

5)2 + 0.03548 

(3) 

020738463 + 

548 * 

RSM1OCT

ss of fit 

 
face Plot and
t of pi2pi3pi5
pi8(Response
T. 

omputed for 

2729313335

 

d 
5 
e 

 37



Corrugated

After fittin
shown in f
goodness o
that the 
coefficient
small). As 
are reason
follows a s
95% con
coefficient
they are ac
square stat
of the fit 
models. T
take on any
a value cl
Negative v
contains te
response. 
0.9591 wh
fit betwe
variables. A
for a secon
fig.1. The 
residuals 
distance f
curve. Th
scattered 
model desc

5.2 Model 

Linear mod
f(x,y) = p0
p11*x*y +
p12*x*y^2
Where x i
Std. 7.76 a
and std 2.5
 
Putting the
equation, w
 
Yk = π8 = 

0.6638
(π2*π
(π1*π
(π1*π
(π2*π
(π2*π

d Box Produ

Internation

ng data wit
fig.1 3D re
of fit is eva
linear mod

ts are accura
expected, t

nable becau
second orde
nfidence b
ts as shown
cceptably p
tistic is gen

quality w
The adjusted

y value less
loser to 1 
values can 
erms that do
Tab.10. sho

hich is close
een indep
A graphical

nd degree po
residual plo
are calcu

from the d
he residu
around ze
cribes the d

 2 (RSM11

del Polynom
00 + p10*x +
+ p02*y^2 +
2 + p03*y^3
is normaliz
and y is nor
53 

e values of c
we get 

2.25 – 0.04
8 * (π1*π4*
π3*π5)2 + 0
π4*π6*π7) –
π4*π6*π7)2
π3*π5)2 * (π
π3*π5) * (π1

uction Proce

nal Journal of In

th model R
esponse surf
luated. The
del polyno
ately known
the fit result
use the ge
er polynomi
bounds on
n in Tab.9 
precise. The
nerally the b
when you c
d R-square 
s than or eq

indicating 
occur whe

o not help t
ows the ad

er to 1 indic
endent an
l display of
olynomial f
ot in fig.1 sh
ulated as 
data point 
uals appea
ero indicati
ata well. 

CT) 

mial23: 
+ p01*y + p

+ p21*x^2*y
3  
zed by mea
rmalized by

coefficients 

4913 * (π2*π
*π6*π7) - 0

0.1666 * (π2
– 0.3794 * 
 + 0.04074 
π1*π4*π6*π
1*π4*π6*π

ess      S.G.M

ndustrial Engine

RSM1OCT 
face plot, th

e results sho
omial 21 
n (bounds a
ts for poly 2
enerated da
ial curve. Th

n the fitte
indicate th

e adjusted R
best indicat
compare tw

statistic ca
qual to 1, wi

a better f
en the mod
to predict th
djusted R2

cating a bett
nd respon
f the residua
fit is shown 
hows that th
the vertic
to the fitte

ar random
ing that th

p20*x^2 + 
y + 

an 3.192 an
y mean 3.13

in above 

π3*π5) – 
0.03283 * 
2*π3*π5) * 

* 
π7) – 0.131
π7)2  +  

Mahakalkar*, D

eering & Produc

as 
he 

ow 
fit 

are 
21 
ata 
he 
ed 

hat 
R-
tor 
wo 
an 
ith 
fit. 
del 
he 
as 
ter 

nse 
als 
in 
he 
cal 
ed 

mly 
he 

nd 
37 

1 * 

T

F

 

5.

Li
f(x
p0
W
A
Pu
ge

Y

T

S

R

A

R

 

S

R
A

R

Dr. V. H.Tatw

ction Research, J

0.3787 *
 

Tab.11. Res

Fig3.Contou
and Resid

.3 Model 3 

inear model P
x,y) = p00 + p
02*y^2           

Where x is norm
And y is norma

utting the valu
et 

Yk = π8 = 2.92
(π1*π4*π6
* (π2*π3*π
(π1*π4*π6

Tab.12. Res

Analysis of 

SSE 

R-square 

Adjusted R-s

RMSE 

Analysis 

SSE 

R-square 
Adjusted R-squ

RMSE 

wawadi, J.P.G

January 2015, V

* (π1*π4*π
       (4) 

sult Analys

ur Plot, 3D R
dual Plot for

(RSM12C

Polynomial22:
p10*x + p01*
          

malized by me
alized by mean
ues of coeffici

1 – 0.9933 * (
6*π7) + 0.121
π5) * (π1*π4*
6*π7)2           

sult Analys

f RSM Mode

square 

of RSM Mode

uare 

Giri, Dr. J.P.M

Vol. 26, No. 1 

π6*π7)3       

sis Model R

Response Su
r Model RS

T) 

 
y + p20*x^2 +

ean 3.164 and
n 2.004 and st
ients in above

(π2*π3*π5) +
7 * (π2*π3*π
*π6*π7) – 0.5
                      

sis Model R

el and Good

1.54 

0.8969 

0.8903 

0.1405 

el and Goodnes

1.54

0.82
0.80

0.14

Modak    7 
                  

RSM11CT

 

urface Plot 
M11CT 

+ p11*x*y + 

d std 7.68 
td 1.58 
 equation, we 

+ 0.4021 * 
π5)2 + 0.2438 
5708 * 

                (5)

RSM12CT

dness of fit 

ss of fit 

42 

266 
081 

434 

  



8    Corrug

Fig.4 . Con
and Re 

5.4 Model 4 (R

Linear mod
f(x,y) = p0
p11*x*y 
p12*x*y^2
Where x i
Std. 7.56 a
and Std 2.2
Putting th
equation, w
 
Yk = π8 = 

0.674 
(π2*π
(π1*π
(π1*π
* (π1*
* (π1*
(π1*π

Tab.13. 

Analysis 

SSE 

R-square 

Adjusted R

RMSE 

gated Box Pr

Internation

ntour Plot, 3
esidual Plot 

RSM13CT) 

del Polynom
00 + p10*x
+ p02*y

2 + p03*y^3
is normaliz
and y is nor
236. 
e values o

we get 

2.289 + 0.0
* (π1*π4*π

π3*π5)2 + 0.
π4*π6*π7) –
π4*π6*π7)2 
*π4*π6*π7)
*π4*π6*π7)
π4*π6*π7)3 

Result Anal

of RSM Mo

R-square 

roduction Pr

nal Journal of In

3D Response
for Model R

mial23: 
x + p01*y 
y^2 + p2
3  
zed by mea
rmalized by

of coefficien

0272 * (π2*
π6*π7) - 0.1
.2452 * (π2
– 0.4285 * 
+ 0.116 * (
) – 0.2691 *
)2  +  0.4514
          

lysis Model 

odel and Goo

2.116 

0.695 

0.6625 

0.168 

rocess      S.G

ndustrial Engine

e Surface Pl
RSM12CT

+ p20*x^2 
21*x^2*y 

an 3.167 an
y mean 2.96

nts in abov

π3*π5) – 
1173 * 
*π3*π5) * 

(π2*π3*π5)
* (π2*π3*π
4 * 
 (6) 

RSM13CT

odness of fit

G.Mahakalka

eering & Produc

lot 

+ 
+ 

nd 
63 

ve 

2 
π5) 

t 

 

F

5.
L
f(
p
W
7
A
3
Pu
eq
 
Y

T
A

SS

R
A

R

ar*, Dr. V. H.

ction Research, J

 

Fig.5. Cont
Plot an

.5 Model 5 
Linear mode
(x,y) = p00 
11*x*y  

Where x is n
.764  

And y is norm
.07 
utting the v
quation, we

Yk = π8 = 2.
0.0785
(π2*π
(π1*π

Tab.14. Res
Analysis of R

SE 

R-square 
Adjusted R-s

RMSE 

Tatwawadi, J

January 2015, V

tour Plot, 3
nd Residua

RSM1 

(RSM14C
el Polynomi
+ p10*x + p

normalized b

malized by 

values of coe
e get 

091 – 0.519
56 * (π1*π4
3*π5)2 - 0.0
4*π6*π7) 

sult Analys
RSM Mode

0.

0.
square 0.

0.

J.P.Giri, Dr. J

Vol. 26, No. 1 

3D Respons
al Plot for M
13CT

T) 
al21: 
p01*y + p2

by mean 3.1

mean 3.821

efficients in

97 * (π2*π3
4*π6*π7) +
0242 * (π2*

 

sis Model R
el and Goo

6404 

9204 
9164 

09004 

J.P.Modak    

se Surface 
Model 

0*x^2 + 

197 and std 

1 and std 

n above 

3*π5) + 
+ 0.1304 * 
*π3*π5) * 

         (7)

RSM14CT
dness of fit

 

t



Corrugated

 

Fig.6. Con
and Re 

5.6 Model 
Linear mode
f(x,y) = p00 
p02*y^2  
 
Putting the v
get 
Yk = π8 = 

(π1*π
0.0310
0.3173

Tab.15. R

Analysi

SSE 

R-square 
Adjusted R-s
RMSE 

Fig.7. Con
and Re

d Box Produ

Internation

ntour Plot, 3
esidual Plot 

 6 (RSM15
l Polynomial2
+ p10*x + p0

values of coeff

1.777 – 0.19
π4*π6*π7) + 
09 * (π2*π3
3 * (π1*π4*π

Result Anal

s of RSM Mo

square 

ntour Plot, 3
esidual Plot 

uction Proce

nal Journal of In

D Response
for Model R

5CT) 
22: 
1*y + p20*x^

ficients in abo

35 * (π2*π3*
0.001609 * 

3*π5) * (π1
6*π7)2        

 

lysis Model

odel and Goo

1.4

0.8
0.8
0.1

 

D Response
for Model R

ess      S.G.M

ndustrial Engine

e Surface Plo
RSM14CT

^2 + p11*x*y 

ove equation, w

*π5) + 1.344
(π2*π3*π5)2

1*π4*π6*π7) 
 (8) 

l RSM15CT

dness of fit 

424 

8914 
8845 
1351 

 
e Surface Plo
RSM15CT 

Mahakalkar*, D

eering & Produc

ot 

+ 

we 

4 * 
+ 
– 

T 

ot 

T
di
si
in
cy
re
43
07
he
ap
T
an
is
cu
P
de
ga
eq
M
th
va
ar
R
R
sm
S
ca
an
lim
re
97
(c
co
pr
cl
th
va
im
da

 

[1

 

Dr. V. H.Tatw

ction Research, J

The present 
imensional 
ignificantly 
ndependent 
ycle time 
esponse sur
3 independe
7 dimensio
elp in co
pproximatio

These 7 Pi te
nd Y and a
s placed as
ubic order r
i terms a
eveloped 
athered dur
quations w

MATLAB 2
he data are w
alues of SS
re observed

Regression m
R2 (R is c
maller the 
quare Erro
alculated R
nalysis on 
mits, which
esponse var
7% respect
correlation c
orrelation 
redicted va
lose to 1 ind
he experim
alues predic
mplies that 
ata is quite 

1] Montgo
Experim
Sons, 20

wawadi, J.P.G

January 2015, V

6- Conc

paper gave 
analysis (D

reduce 
variables 
as respo

rface metho
ent variable

onless Pi te
onstructing 
on function
erms are fur
along Z the 
s input in 
response su

and one r
from the 

ring experim
were develo
2011a softw
well fitted in
E, R, R2, A

d. In general
model is the
correlation 

values of 
r). From th

RMSE valu
cycle time
h are sma

riable (cycle
tively. The 
coefficient)
between th
lues. Here 
dicate a clo
ental result
cted by the

the predic
satisfactory

Refere

omery, D.C., 
ments, 6th   
005. 

Giri, Dr. J.P.M

Vol. 26, No. 1 

clusion 

an illustrat
DA) can be

the nu
used to op
onse varia
od (RSM). 
es has been 
rms. This c
a respon

n of fewer
rther groupe
response v
RSM.The 

urface mode
esponse v

experime
mentation. 
oped using
ware. To te
n the model

Adjusted R2 
l, the more 
e higher th
coefficient
RMSE (R

he develop
ue of the 
e is well w
ller and R
e time) are 
closer the 

) to 1, the b
he experim
the value o

ose agreeme
ts and the 
 model equ
ction of ex
y. 

ences 

Design and 
  edition, Jo

Modak    9 

tion of how
e applied to
umber of
ptimize the
able using

Using DA
reduced to

can greatly
se surface
r variables.
ed in two X
variable Pi8

second or
el for seven
ariables is
ental data
Six models
g RSM in
est whether
l or not, the
and RMSE
appropriate
e values of
t) and the
Root Mean
ed models,
regression

within 10%
R value for

around 85-
value of R

better is the
mental and
of R2 being
ent between

theoretical
uation. This
xperimental

d Analysis of
ohn Wiley &

w 
o 
f 
e 
g 
A 
o 
y 
e 
 

X 
8 
r 
n 
s 
a 
s 
n 
r 
e 
E 
e 
f 
e 
n 
, 

n 
% 

r 
-

R 
e 
d 
g 
n 
l 
s 
l 

f   
& 



10    Corru

[2] Jack P
Simul
York,

 
[3] Box, 

learni
discu
31 (1)

 
[4] Myer

Cook
metho
optim
third 

 
[5] Z. Za

Tavak
Mathe
Freigh
Netw
Engin
Septe
225-2

 
[6] A.K. 

objec
proce
(2008

 
[7] S. R

proce
respo
Acade
Techn

 
[8] Sunda

progr
Int. J.

 
[9] Theor

Text B
Hill B

 

ugated Box P

Internation

P. C Kleijnen
lation Expe
, 2008, p.p. 1

G.E.P., St
ing by scie
ssion. Journ
), p.p. 1-38, 

rs, R.H., Mon
k, and C
odology: 

mization usin
edition, John

ahedian-Teje
kkoli-Mogha
ematical M
ht Transpo

work” Interna
neering & P
ember 2014, 
231. 

Dubey an
tive optimiz

ess, Optics 
8) 562-570. 

Raissi and R
ess optimiz
nse surfac
emy of Sc
nology, 51 (2

aram R.M., 
ramming tec
. Prod. Res., 

ries of Eng
Book by Hil

Book Co. Ltd

Production P

nal Journal of In

n. “Design a
eriments” S
101-110. 

tatistics as 
entific meth
nal of Qualit
1999. 

ntgomery, D
.M., Respo
process a

ng designed
n Wiley & So

enaki, M.M.
addam, “A 

Model for 
ortation in 
ational Journa
Production  
Volume 25, 

nd V. Ya
ation of lase
& Laser Te

R. E. Farsa
zation thr
e methodo
cience, Eng
2009) 267-27

An applic
chnique in 
16, 375 382 

gineering Ex
bert Schenck

d New York.

Process      S

ndustrial Engine

and Analysis 
Springer Ne

a catalyst 
hod, part II
ty Technolo

.C., Anderso
onse surfa
and produ
d experimen
ons, 2009. 

. Nasiri & 
Fuzzy Gre
Hazmat an

a Railw
al of Industr
   Researc
Number 3, p

adava, Mul
er beam cuttin
echnology, 

ani, Statistic
rough mul
ology, Wor
gineering an
71. 

cation of go
metal cuttin
(1978). 

xperimentati
k Jr. Mc. Gra
 

S.G.Mahakalk

eering & Produc

of 
ew 

to 
I-a 
gy 

on-
ace 
uct 
nts, 

R. 
een 
nd 

way 
ial 
ch, 
pp. 

lti-
ng 
40 

cal 
lti-
rld 
nd 

oal 
ng, 

on 
aw 

[1

 
[1

 
[1

 
[1

 
[1

 

 

 

 

 

 

 

 

 

 

kar*, Dr. V. H

ction Research, J

10] Jesús E
García M
Juan A
Inzunza
Villalva
Respons
Nonline
of Scien
2012 pg

11] Christia
Bapanap
dimensi
methodo
design v
Structur
Optimiz
May 20

12] Norasia
Manuru
Kiyai 
Haruma
spot we
multiple
multi-ob
Journal 
Technol

13] Amit K
R.C. G
Supply 
Study 
Organiz
Industri
Researc
Number

14] H.R. N
“Multi 
Game 
Journal 
Product
Volume

H.Tatwawadi, 

January 2015, V

Everardo O
Martínez, Cl
Andrés Ló
a Gonzále
azo, Effect o
se Surface
ear Test  Fun
nce, Enginee
g(761-766).

an Gogu, R
palli, Bhav
ional analys
ology to r
variables, 7t
ral and
zation COEX
07, Korea. 

ah Muham
ung, Moham

Abas, Gha
an, Optimiza
elding param
e response
bjective Tag

of Mec
logy 26 (8) (

Kumar Marw
Gupta, “Hum

Chain Perfo
of In

zations”, In
ial Engine
ch, Septemb
r 3, pp. 191-

Navidi, A. 
Responses 
Theory Ap

of Indus
tion Resear
e 25, Number

J.P.Giri, Dr. 

Vol. 26, No. 1 

Olguín Tizna
laudia Cama

ópez Barrer
ez, Javier 
of Size of the
e Methodol
nctions, Wor
ering and Tec

Raphael Ha
vani Sankar
sis to respo
reduce the 
th World Co
d Multi
X Seoul, 21

mmad, Yu
mmad Hafid
alib Tham 
ation and m

meters with s
 considera
uchi method
hanical Sc

(2012) 2365~

wah, Girish
man Metric
formance: A
ndian Ma
nternational 
ering & 

ber 2014, V
196.  

Amiri, R. 
Optimizatio

pproach”, I
strial Engi
rch, Septem
r 3, pp. 215-

J.P.Modak   

ado, Rafael
argo Wilson,
ras,Everardo

Ordorica
e Step in the
logy using
rld Academy
chnology 66

ftka, Satish
r, Applying
onse surface

number of
ongresses of
idisciplinary

1 May – 25

upiter HP
dzi, Sunhaji

and Esa
modeling of
simultaneous
ation using
d and RSM†,
cience and
~2370. 

h Thakar &
s Affecting

An Empirical
anufacturing
Journal of
Production

Volume 25,

Kamranrad,
on Through
International
ineering &
mber 2014,
224.  

   

l 
, 
o 
a 
e 
g 
y 
6 

h 
g 
e 
f 
f 
y 
5 

P 
i 
a 
f 
s 
g 
, 

d 

& 
g 
l 
g 
f 
n 
, 

, 
h 
l 

& 
, 



Corrugated

Ap

Π1 

0.116107 31
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