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Design of Experiment commonly referred to as DO&nis of the extensively used methods
for experimental study of many manufacturing preessn engineering. DOE is a statistical
approach in which a mathematical model is develofedugh experimental runs. DOE
predicts possible output based on the input pararsedf the experimental setup. In the

present study, a review is made on DOE technigugishtave been employed for various
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I ntroduction

Design of Experiment (DOE) is an experimental oalgtical
method that is commonly used to statistically dignihe
relationship between input parameters to outpytaeses, whereby
a systematic way of planning of experiments, ctilbecand analysis
of data is executed. DOE has wide applications aslhe in the
field of science and engineering for the purpose pobcess
optimization and development, process managemehtalidation
tests. A mathematical model has been developed \biyash and
Vinod (2007a) using analysis techniques such as YAAQnd
regression analysis whereby the mathematical metelvs the
relationship between the input parameters and tiygub responses
(Montgomery, 1991). Among the most prominently ude®E
techniqgues are Response Surface Methodology witmtré&le
Composite Design, Taguchi’'s method and Factoriakigie In
DOE, synergy between mathematical and statistédirtiques such
as Regression, Analysis of Variance (ANOVA), Nomdar
Optimization and Desirability functions help to iopize the quality
characteristics considered under a cost effectreegss. ANOVA
helps to identify the effect of each factor verghe objective
function, Wang et al. (2007b).

Experimental design was first introduced in 192@s R A.
Fischer who developed the basic principles of fédtdesign and the
associated data analysis known as ANOVA during arebe in
improving the yield of agricultural crops, Alagurthiret al. (2006a).

Factorial Method

Factorial design is used for conducting experimastg allows
study of interactions between factors. Interactians the driving
force in many processes. Vital interface may bebseosed without
factorial design of experiments. In a full factbriexperiment,
responses are measured at all combinations of xperienental
factor levels. The combinations of factor levelpresent the
conditions at which responses are measured. Eapbrimental
condition is called a “run” and the response meament is called
an “observation”, while factorial design can be mm two-levels,
three-levels and multi-level factorial. The entset of runs is the
“design”. According to Myers and Montgomery (2002&jull
Factorial Design is a design in which all possitéenbinations of
the factor levels are fulfilled. The result fromethull factorial
experiments would be more reliable, but conductthg full
factorial experiments is costly and sometimes fhitikie.
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welding processes by other researchers. This gtwelgominantly focuses on the usage of
Response Surface Method, Taguchi’'s method and fictrethod in Welding.
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Response Surface M ethod

Response Surface Method or commonly known as RSkhis
anthology of statistical and mathematical methoas are helpful in
generating improved methods and optimizing a weldimocess.
RSM is more frequently used in analyzing the retathips and the
influences of input parameters on the responses. méthod was
introduced by G. E. P. Box and K. B. Wilson in 199he main
idea of RSM is to use a set of designed experimentbtain an
optimal response. Box and Wilson used first-degoeg/nomial
model to obtain DOE through RSM and acknowledgeat the
model is only an approximation and is easy to esténand apply,
even when little information is known about the qass. Response
Surface Regression method is an assortment of matiwl and
statistical techniques useful for modeling and yiat experiments
in which a response variable is influenced by sdvierdependent
variables. It explores the relationships betweereise independent
variables and one or more response variables;edmonse variable
can be graphically viewed as a function of the psscvariables (or
independent variables) and this graphical perspecti the problem
has led to the term Response Surface Method (Myerd
Montgomery, 2002a). RSM is applied to fit the acgdimodel to
the desired model when random factors are presahttanay fit
linear or quadratic models to describe the respamserms of the
independent variables and then search for the apts®ttings for
the independent variables by performing an optitioma step.
According to Clurkin and Rosen (2002b), the RSM wasstructed
to check the model part accuracy which uses théd Hime as
function of the process variables and other pararseAsiabanpour
et al. (2006b) developed the regression model destribes the
relationship between the factors and the compadésirability.
RSM also improves the analyst’'s understanding ef gbnsitivity
between independent and dependent variables, Baatr (1999a).
With RSM, the relationship between the independaniables and
the responses can be quantified (Kechagias, 200R8M is an
experimental strategy and has been employed byangseand
development personnel in the industry, with consitlke success in
a wide variety of situations to obtain solutiong fmmplicated
problems.

The following two designs are widely used for figi a
guadratic model in RSM.

Central Composite Designs

Central composite designs (CCDs), also known as\Bdgon
designs, are appropriate for calibrating the fulldratic models
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described in Response Surface Models. There aee ttypes of
CCDs, namely, circumscribed, inscribed and facéa Jeometry of
CCDs is shown in Fig. 1.

Circumscribed

Inscribed

Figure 1. Circumscribed, inscribed and faced designs.

Each design consists of a factorial design (theasrof a cube)
together withcenterandstar points that allow estimation of second-
order effects. For a full quadratic model witHactors, CCDs have
enough design points to estimate the2)(n+1)/2 coefficients in a
full quadratic model withn factors.

The type of CCD used (the position of the factoaadd star
points) is determined by the number of factors bpdthe desired
properties of the design. Table 1 summarizes somporiant
properties. A design is rotatable if the predictimriance depends
only on the distance of the design point from theter of the design.

Table 1. Comparison Of CCDs.

Uses
Design Rotatabl{:\(;;?sr OPL?tlsnitdSe Accuracy of Estimategs
+1
Circumscribe Yes 5 Yes Good over entire
(cco) design space
Inscribed Yes 5 No Good over central
(ccny subset of design space
Fair over entire desig
Faced (CCF) No 3 No | space; poor for pure
quadratic coefficients

Box-Behnken Designs

Box-Behnken designs (Fig. 2) are used to califtdtejuadratic
models. These are rotatable and, for a small numbfarctors (four
or less), require fewer runs than CCDs. By avoidhng corners of
the design space, they allow experimenters to \mookind extreme
factor combinations. Like an inscribed CCD. Howewxtremes are
then poorly estimated.

Some extensions of RSM deal with the multiple resgo
problem. Multiple response variables create diffictbecause what
is optimal for one response may not be very optifoal other
responses. Other extensions are used to reduadwNigyiin a single
response while targeting a specific value, or witai a near
maximum or minimum while preventing variability ihat response
from getting too large.

Significant criticisms of RSM include the fact thahe
optimization is almost always done with a model ¥ahich the
coefficients are estimated and not known. Thadrspptimum value
may only look optimal, but be far from the truthchase of
variability in the coefficients.
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Figure 2. Box-Behnken design.

Taguchi Method

Since the last four decades, there were limitatiovisen
conventional experimental design techniques wereliep to
industrial experimentation. Dr. Genichi Taguchi, Japanese
engineer, developed a new method that is knowmthsgonal array
design, which adds a new dimension to conventiempkrimental
design. Taguchi’'s DOE’s are denoted byb!l, where ‘Ly are the
orthogonal arrays of variables or design matri%, the levels of
variables and ‘c’ numbers of variables. Taguchihudtis a broadly
accepted method of DOE which has proven to prodiigie quality
products at subsequently low cost. This metho@gsilarly used in
automobile, electronics and other processing inihsst The
objective of the Taguchi method is to determine tpimum
settings of input parameters, neglecting the vianataused by
uncontrollable factors or noise factors (Sivara@l®. Factor here
refers to an input variable whereby the state @odmtrolled during
the experiment. Taguchi method (Juang et al. (2002 et al.
(2004a)), a systematic application in design andlyais of
experiments, is used for designing and improvingdpct quality.
However, the original Taguchi method was desigrmedptimize a
single performance characteristic. Furthermore,intpation of
multiple performance characteristics is much mamaglicated than
optimization of a single performance characterigtion. Z.C et al.
(2003d), Fung et al. (2003b), Tarng et al. (20024}, T.R. et al.
(2004b), Huang et al. (2003c)). Although similar BDE, the
Taguchi design only conducts the balanced (orthayon
experimental combinations, which makes the Taguesign even
more effective than a fractional factorial desid®y using the
Taguchi technique, industries are able to greatlyuce product
development cycle time for both design and productnd thus
reducing costs and increasing profit (Julie Z. Zp&007d).

Taguchi proposed that engineering optimization gfracess
or product should be carried out in a three-stgmregch: system
design, parameter design and tolerance designysters design,
the engineer applies scientific and engineeringvwkadge to
produce a basic functional prototype design. Thedalve of the
parameter design (Ross, 1988) is to optimize thénge of the
process parameter values for improving
characteristics and to identify the product parametlues under
the optimal process parameter values. The stegsded in the
Taguchi parameter design are: selecting the pr@mnogonal
Array (OA) according to the number of controllablactors
(parameters); running experiments based on the &valyzing
data; identifying the optimum condition; and contiog
confirmation runs with the optimal levels of allettparameters
(Julie Z. Zhang, 2007d). The main effects indicte general
trend of influence of each parameter. Knowledge tbe
contribution of individual parameters is the key decide the
nature of the control to be established on a prdugrocess.
ANOVA is the statistical treatment most commonlykgd to the
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results of the experiments to determine the peaggntontribution
of each parameter against a stated level of comfiele(Ross,
1988). According to Roy (1990), Taguchi suggests tlifferent
routes for carrying out the complete analysis. e standard
approach, the results of a single run or the awerdgrepetitive
runs are processed through the main effect and ANQ%w data
analysis). The second approach, which Taguchi gtyon
recommends for multiple runs is to use the SigodNbise (3N)
ratio for the same steps in the analysis.

The Grey system theory proposed by Deng (1989) been
proven to be useful for dealing with poor, inconteland uncertain
information. The Grey relational analysis can beduso solve
complicated interrelationships among multiple perfance
characteristics effectively (Lin, 2003d). By thisadysis, a Grey
relational grade is obtained to evaluate the mieltiperformance
characteristics. As a result, optimization of tieenplicated multiple
performance characteristics can be converted iptonzation of a
single Grey relational grade.

An advantage of the Taguchi method is that it ersles a
mean performance characteristic value close totanget value
rather than a value within certain specific limitsls improving the
product quality. Additionally, Taguchi's method fexperimental
design is straightforward and easy to apply to mangineering
situations, making it a powerful yet simple todl.chn be used to
quickly narrow the scope of a research project @ridentify
problems in a manufacturing process from data djréa existence
(Fraley, 2006c).

It is probably unfortunate that the important caqotse
advocated by Taguchi have been overshadowed bycansy
associated with his approach to modeling and dadéidyais. There
have been many papers and several books explairéagwing,
or criticizing Taguchi’'s ideas (Nair, 1992; Park§01a). Most of
these, however, have not adequately captured theesdi views on
the topic and their underlying rationale. In partar, the Taguchi
methodology has not been well represented in sitatigournals.
These considerations led to a published “paneludision” by a
group of practitioners and researchers (Nair, 1992) topics
covered include the importance of variation reduttithe use of
noise factors, the role of interactions and sebectof quality
characteristics, S/N ratios, experimental strategiynamic
systems, and applications. Panelists provided camsman topics
on which they have worked or with which they hadqtical
experience. Their comments were organized into@ectto give
readers a balanced picture of the different viewsach topic. In
this panel discussion, Shin Taguchi proclaimed: réPscience
strives to discover the casual relationship anditderstand the
mechanics of how things happen. Engineering, howestgves to
achieve the result needed to satisfy the custonarthe same
paper, Box among others, declared his profoundgdéssment
with this claim. Jeff Wu, one of the panelists,mged out that the
S/N ratio was an objective of the analysis.

Raghu Kacker suggested that it should be kept indnthat
Taguchi method is not a universal approach. Thee rof
interactions has been debated vigorously since dfaguapproach
to experimental design for robust products and gsees became
known in United States. A perception persists ia #tatistical
literature that Taguchi’s approach assumes thadractions are
absent and hence the method is unscientific. Thesgmce of
interactions implies that a much larger number gfeziments
would be needed to study the same number of corfiaatbrs
(Parks, 2001a). Understanding contributions to exd&ctors is
very difficult. Knowledge of the noise factors atieir behavior is
an important prerequisite to an efficient experiméhthe noise
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factor exhibits variation and further experimerdatail is required
using an outer array configuration, then understemdf the range
of variation of the noise factor will be requireth select the
factors levels. Often noise factor cannot be cdlgloduring the
experimentation (Nair, 1992). Jeroen de Mast (2D@tenpared
three methodologies (Shainin system, Taguchi mesthd8ix
Sigma) for quality improvement and concluded thagdchi
methodology falls short in the exploration phaséor which it
provides only limited guidance and the focus orkipig optimal
settings (as apposed to gaining insight in theesykis debatable.

The main disadvantage of the Taguchi method is that
results obtained are only relative and do not dyantlicate what
parameter has the highest effect on the performahaeacteristic
value. Also, since orthogonal arrays do not test valriable
combinations, this method should not be used with
relationships between all variables. Taguchi methad been
criticized in the literature for its difficulty inaccounting for
interactions between parameters. Another limitatisnthat the
Taguchi methods are offline, and therefore inappade for a
dynamically changing process such as a simulatitudys
Furthermore, since the Taguchi methods deal witkigiéng
quality rather than correcting for poor qualityeyhare applied
most effectively at early stages of process devakpg (Unitek
Miyachi Group, 1999b).

a

Other M ethodology

DOE is a method that revolves around experimemtafmr
optimization and modeling. The other methods that @mmonly
used for this purpose are analytic methods andi@ati Intelligence
(Al) based techniques. Some of the commonly usealytcal
methods are exact solution and numerical solutitilenartificial
neural network (ANN) and fuzzy logic are widely dsel
techniques, Zhang et al. (2000) and Sheng-ChaetCii (2001b).

Advantages and Disadvantages of DOE

DOE became a more widely used modeling technique
superseding its predecessor one-factor-at-time (QRAchnique.
One of the main advantages of DOE is that it shdiws
relationship between parameters and responsesthkr evords,
DOE shows the interaction between variables whictuin allows
us to focus on controlling important parametersitain the best
responses. DOE also can provide us with the mastapsetting
of parametric values to find the best possible woutp
characteristics. Besides, the mathematical mode¢igded can be
used to predict the possible output response, basethe input
values. Another main reason for using DOE is savimg time and
cost in terms of experimentation. DOE can deterntieenumber
of experiments or the number of runs before theualct
experimentation is done. DOE allows to handle expental
errors while still continuing with the analysis. BQs excellent
when it comes to prediction of linear behavior, leoer, when it
comes to nonlinear behavior, DOE does not alwaye te best
results. DOE is extremely helpful in discovering tkey variables
influencing the quality characteristics of inter@sthe process. A
designed experiment is a test or sequence of testahich
purposeful changes are made to the input variaiflesprocess so
that one can observe and identify correspondinqigbs in the
output response. The progress of various statistitethods is
shown in Fig. 3.
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Figure 3. Progress of various statistical methods.

Application of Design of Experimentsto Plasma Arc Welding

In the present days fabrication industry, weldiras tbecome
one of the major manufacturing processes frequamigd in all
types of works. Quality of a weld joint is influesdt by welding
input parameters that are to be controlled to éstah proper weld.
The input parameters selected vary with the typeedfling process,
thickness and type of base material used. In aalestablish the
correct combination of input weld parameters teaiberiments are
to be performed which consumes lots of time and ufaturing
cost. Hence statistical techniques are utilized awoid trial
experiments and reduce the manufacturing cost.ttkatr purpose
experiments are to be conducted in a sequentiahenactcording to
the type of statistical technique selected. Stasistechniques like
Factorial Method, Response Surface Method and Tagdethod
are adopted in Design of Experiments to optimize thquired
output parameters. A thorough review on applicatbrResponse
Surface Method and Taguchi Method on Plasma Arcdiigl is
presented in the following sections.

Zhang et al. (2000) studied the influence of wejdaurrent, arc
voltage, welding speed, wire feed rate and magaitfdon gas flow
on front melting width, back melting width and wetinforcement of
Alternating Current Plasma Arc Welding process gisirtificial
Neural Network- Back Propagation algorithm. Orthagjsing design
matrix was used to perform the experiments. Shdma-Chi et al.
(2001b) developed an intelligent decision suppgstesn for Plasma
Arc Welding based on fuzzy Radial Basis FunctiomBKIR neural
network. Experiments were conducted based on Taguethod.
They reported that the developed neural network bmarrained to
establish a quality prediction system for PAW.

Marimuthtu and Murugan (2003e) used five-factovefievel
factorial technique to predict the geometry of teld in the
deposition of Stellite 6 (Co - Cr - A) alloy ontarbon steel valve
seat rings using PTAW process. They reported th&mizing the
process parameters reduced the amount of metalsitiegpoand
enhanced the mechanical and metallurgical propertié the
hardfaced layers. Ming-Der Jean et al. (2005) psedo the
application of an artificial neural network to aglehi orthogonal
experiment to develop a robust and efficient metbbdepositing
alloys with a favorable surface morphology by a cie
microwelding hardfacing process. The experimengésults reveal
that the hardfacing roughness performance of toeumt of PTA
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coating is greatly improved by optimizing the cogticonditions
and is accurately predicted by the artificial néumatwork model.
The combination of the neural network model withglichi-based
experiments is demonstrated as an effective amdliggnt method
for developing a robust, efficient, high-qualityatimg process.
Wourikaixi Aiyiti et al. (2006d) presented a directetal rapid
prototyping process based on micro-plasma arc wgldihe impact
of the ratio of width to height of the depositedck cross-section on
part quality(R) is investigated. Taguchi method adopted to
analyze the effect of each process parameter amdRh& optimized
process parameters are obtained. The results statvhe quality of
the parts with larger R is better than that withalen R and the
pulse current, wire-feeding speed, scanning speddptasma gas
flow rate exert significant effects on R. The oapped surface
smoothness, tensile strength and elongation opérs fabricated
with the optimized parameters are measured to gshevobviously
better performances than those of the parts in dhginary
technological process. Hsiao et al. (2007e) studkea optimal
parameters process of plasma arc welding (PAW)hiey Ttaguchi
method with Grey relational analysis. Torch staffd-wvelding
current, welding speed, and plasma gas flow ratgd®) were
chosen as input variables and welding groove ramtepration,
welding groove width, front-side undercut were meed as output
parameters. Taguchi orthogonal array is employed fioe
experiment and different levels were considered rgrihe major
welding parameters. After the experiment is conguetthe S/N
ratio and Grey relation of each evaluation indicatbthe welding
groove were computed respectively and then majanpeters were
assessed through ANOVA for selection of optimalapzeters and
prediction of the welding quality. Taguchi orthogbrarray of Lyg
was used. Utilization of the optimal welding paréaeneombination
enhances a significant improvement of the Greyticela
Kueng-Hueng Tseng et al. (2008a) investigated fifiecteof
welding parameters on the weld quality to develofelines for a
selection of suitable parameter ranges for micesmpl welding. A
series of experiments was conducted to explore bbanges of
welding parameters affect the strength of the wfeld the thin
stainless steel most often used in the industrye €kperiment
results show that work piece exposure height mestabove a
minimum limit in order to prevent undesired joininthe strength
increases as the current increases with fluctustibot still in the
sufficient range. The minimum sufficient current fuality welds
increases, while the minimum sufficient heat ingetreases, as the
travel speed increases. Siva et al. (2008b) usettatecomposite
rotatable full factorial design matrix and conductxperiments for
optimization of weld bead geometry in Plasma tramsfi arc
welding using Genetic Algorithm. The experimentseveonducted
based on five factors, five-level CCD matrix to iopze the
experimental conditions. Lakshminarayan et al. 8)Qpredicted
the Dilution of Plasma Transferred Arc HardfacinigSiellite on
Carbon Steel using RSM. CCD of second order wasl@med to
establish the mathematical relationship of theamsp surface using
the smallest possible number of experiments withimgs of
accuracy. The experiments were conducted basedverféctors,
five-level CCD matrix to optimize the experimentahditions.
Balasubramanian et al. (2009a) used RSM to predici
optimize the percentage of dilution of iron-baseddfiaced surface
produced by the PTA (Plasma Transferred Arc Weldipgcess.
The experiments were conducted based on five-faiiverlevel
CCD with full replication technique and a mathermetimodel was
developed using RSM. Furthermore, the RSM was aksed to
optimize the process parameters that yielded tivedb percentage
of dilution. Ramachandran et al. (2009b) studied #ffects of
different experimental conditions on the dry slgliwear behavior
of stainless steel surface produced by PTA handagirocess.
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Mathematical models were developed to estimate wede
incorporating with rotational speed, applied load &oller hardness
using statistical tools such as DOE, regressiotysisaand analysis
of variance. It is found that the wear resistandette PTA
hardfaced stainless steel surface is better thanh dhthe carbon
steel substrate. Siva et al. (2009c) reported thdefing, analysis
and optimization of weld bead parameters of nidiaded overlay
deposited by plasma transferred arc surfacing. @&kgeriments
were conducted based on a five-factor, five-lewgltal composite
rotatable design and a mathematical model was dpeeél using
multiple regression technique. The direct and auton effects of
input process parameters of PTA Hardfacing on welgd geometry
are discussed. Siva et al. (200d) developed matiehaquations
using multiple regression analysis, correlatingios process
parameters to weld bead geometry in PTA hardfacfm@olmonoy
5, a nickel-based alloy over stainless steel 316lates. The
experiments were conducted based on a five-fadive-level
central composite rotatable design matrix. A geneltjorithm was
developed to optimize the process parameters fhredag the
desired bead geometry variables. Mohan and Murgd@@09e)
analyzed the effect of various parameters sucheiding current,
open circuit voltage, travel speed, nozzle to waistance, shielding
gas flow rate and welding position on bead widtleight of
reinforcement, depth of penetration and percentsgdilution of
PTAW tungsten carbide hardfacing of 316 stainléssl plates. The
experiments were conducted based on five-factee-ltvel CCD
design matrix.

Abhishek Jivrag and Shashikant Pople (2010b) studre
effect of Inconel625 as wear resistant materiatdatrol erosion
wear. They established the mechanisms of erosioar wan
Inconel625, by considering impacting angles ofipkas at different
temperature of Inconel625 substrate as processngtees and wear
rate as response parameter. Fractional FactorgdeRgion method
is used for developing relationship between propesameters and
response parameter. Yan Bai et al. (2010c) useHogohal
experimental design to study the influence of pdMG welding
parameters on the aluminum weld porosity. The miagtogonal

matrix Lis(4*x2%) and analysis of variance (ANOVA) technique

were employed to optimize the welding parameteig Brasad et
al. (2010d) studied the effect of various proceasameters like
welding current, torch height and welding speedfromt melting

width, back melting width and weld reinforcementRAW welded

Alloy. The experiments were conducted based oncaléwel, three
factors factorial design. By using the mathematiatels the main
and interaction effects of various process paramsete weld quality
are studied.

Yildiz and Gur (2011a) studied the abrasive wedrabior of
AISI 1030 substrate material whose surface wasedoatth high Cr
in different atmospheres. The effect of wear lasshe lowest wear
behavior was optimized with the-lowest-the-best tamn
characteristics of the Taguchi method. lio et 201(1b) used grey
relational Taguchi method for the optimization ofARprocessing
in hardfacing of WC/WC-reinforced Ni-based MMC, considering
multiple quality characteristics of the microsturet parameters
relevant to abrasion resistance. Ag drthogonal array with three
control factors (welding current, welding speed amstillating
speed) was used to study linear effects and irtterecon signal-to-
noise ratios of the various quality responses (darbvolume
fraction, equivalent diameter, matrix hardness)yegbon this study,
optimised processing conditions of the hard-patidMMC
fabrication were defined. Zhengyi Jiang et al. (Bflused design
of experiments based on RSM while developing a sbiplasma
transfer arc (PTA) coating process. The relativepartant
parameters with respect to surface at hardnessvatare identified
in the Taguchi design. In addition, they applieceérdimensional
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graphs in RSM to develop a robust PTA responseaseryielding
the desired-better area of a treated layer. Quadvatynomial with
a Box-Behnken design is utilized in their studyeTiesults reveal
that RSM provides the effective method as compa@dthe
traditional trial-and-error method for exploring etheffects of
controlled factors on response. Srimanth and Muryga11d) used

five factor,

five level factorial technique for dsweping

mathematical equations for the prediction of geoynef the weld

in the deposition of stainless steel SS410L (CNiento carbon
seat valve seat rings. The amount of metal degbsits reduced
and the mechanical and the metallurgical propedi¢be hardfaced
layers have been enhanced by optimizing the preguassneters.
Kondapalli Siva Prasad et al. (2011e) developedhemaatical

models to predict weld pool geometry of MPAW weldgdinless
steel 304L sheets. DOE based on full factorial giess employed
for the development of a mathematical model cotiredathe

important controlled pulsed MPAW process parameli&es peak

current, background current, pulse and pulse width front width,

back width, front height and back height. By usthg developed
mathematical models, effect of pulsed MPAW progessameters
on weld pool geometry are studied.

Conclusions

The research work reported so far reveals the \iatlg

conclusions in establishing DOE.

Taguchi is interested in finding a "robust" solatido the
experimental problem. It seeks an answer that ssnsitive to
factor variations and noise. It doesn't predictlibst combination
of factors to achieve desired goals.

"Factorial", or "Classical DOE," was the first methused with
designed experiments; it allows the user to seetwfidctors are
most important and helps to identify important iattions
among the factors. It doesn't predict the besbfdewels to meet
the desired goals.

Response Surface Methodology (RSM) uses model tkema
contour plots of predicted behavior. Using thesatgplthe best
combination of factors to meet the desired goatshmapredicted.
RSM has an edge over the Taguchi method in terms of
significance of interactions and square terms chipeters.
Taguchi analysis can provide definitive informatinthere is
only one response, but it does not deal with sitnatwhere a
number of responses are to be optimized. Using R8W, two
control factors may be viewed at a time on a simgletour plot
although more than about four responses on onéhgdrapomes
very difficult to interpret. However, since a resge surface is
available, an automatic optimizer can be used ttp he
determining the optimum setting for each respoA#iehe above
strategies use DOE. The way DOE is applied willfedif
depending on the goals of the strategy, but the D&fBnique
does not change.

Adaptation of RSM and ANNs to predict and optimittes
welding processes are preferred over adaptationTagfuchi
method and ANN’s because in RSM interaction, effeof
multiple variables are available, which are nonilabte in
Taguchi method.

e The time required for conducting experiments usRg§M is

almost twice that needed for the Taguchi methodolblpwever,
one may use any type of optimization methods sscAréficial

Neural Networks (ANN), Genetic Algorithms (GA), Ryz
Particle Swarm Optimisation (PSO) etc., after dalgc
appropriate DOE for any method of welding phenomena

¢ From the literature review it was understood thatsimof the

Copyright 0 2012 by ABCM

works reported were related to PTAW. Most of theeschers
discussed about effect of weld input parameterswvetd pool
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geometry. Very less works are reported related étdvquality
characteristics like tensile properties, hardness @Another
interesting thing is that very few works are repdron usage of
DOE techniques in lower current ranges and low ktiéss
applications of PAW.
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