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ABSTRACT

An important application of statistical method molustrial research is in the design and analysexpériments in
connection with the improvement of manufacturinggesses. The factional factorial designs are nmmtamical in this
scenario. Therefore, an attempt is made to invatighe effect of increase in the dummy space @ailu fractional
factorial design so that more information aboutititerior of the experimental region can be extr&dtme examples are
also present in the study to show the variatiothetreatment effect and in error degree of freeadth increase in the

dummy value.
KEYWORDS: Resolution of Design, ANOVA, Dummy Values, Factoteraction, Etc
INTRODUCTION

Scientists around the world do a variety of adiegitinvolving developing new products, improvingidas and
ongoing manufacturing process. Such type of gaafshe achieved through experimental design thdboonsists of a
series of tests in which purposeful changes areeradhe input factors of a product. When theséofadecome four or
more and if the experimenter can assume that nelnigh-order interaction are negligible, the numbgtreatments can
reduce by running a fraction of the complete fdat@xperiments. These designs are called fradti@ctorial designs and
are among the most widely used types of designprfmtuct and process design and for process traligeting. Box and
Hunter (1961) the first approach the problem byoiticing the notation as a goodness criterion ésighs. Since designs
of the same resolution may not be equally goodesFand Hunter (1980) suggest the minimum aberratit@rion to
further discriminate designs. The minimum aberratiaterion was already used implicitly in the coostion of designs
in the class work at the National Bureau of Stadslém 1957-1959. A design is of resolutiRrif numberC-factor effect is
confounding with any other effects containing lé#sanR — C factors. A desigr2?;* resolution does not confound main
effects with one another but does main effects with-factor interactions and a desigfiy * resolution does not confound
main effects with two-factor interactions but dasmfound two—factor interactions with one-anoth&rdesign 2}
resolution in which no main effect or two—factoteraction is confounded with any other main effecttwo—factor
interaction but two factor interactions are confded with three-factor interactions. The resolutioha two-level
fractional factorial design is the length of th@ghst word in the defining relation. Usually arpesmenter will prefer to

use a design which has the highest possible résolut

The best fractional factorial design is the mostneenical one while enabling satisfactory estimatafnthe
effects of interest. Therefore, in present studyatiempt is made to investigate the effect oféase in the dummy space

(value) in fractional factorial design so that mar®rmation about the interior of the experimemndion can be extract.
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16 Ratna Raj Laxmi, Mithlesh & Chetan
Some examples are also present in the study to #®wariation in the treatment effect and in edegree of freedom
with increase in the dummy value.

MINIMUM ABERRATION CRITERION

Box and Hunter (1961) first approach the problemrtgoducing the notion of resolution as a goodra#srion
for designs, but designs of the same resolution n@ybe equally good. Fries and Hunter (1980) ssigtiee minimum
aberration criterion to further discriminate desigiThe purpose of minimum aberration is to providenethod for
selecting a best subsets of designs from the st éffractional factorial designs of highest resolutibest’ is defined in
terms of the concept of aberration. For exampleseimiconductor fabrication plant, an experimerruim with two-level
fractional factorial designs iN = 8 runs where five factors each at two levels ardistl

A =Aperture Setting (Small, Large)

B =Exposure Time (20% below nominal, 20% above norpinal
C =Development Time (30 sec., 45 sec.)

D = Mask Dimensions (Small, Large)

E = Etch Time (14.5min., 15.5min.)

If an experimenter has prior knowledge concernihg possible importance of certain main effects and
interactions

D=ABE =AC
D=ACE =BC
D =ABCE = ACD

Here the more common situation is consider in whidbr knowledge diffuse concerning the possibleager
importance of certain specific main effects relatfe others. It is also assume that the experimdetéeves initially that
main effects are more important than two factoerattions, that two factor interactions are moredrtant than three

factor interactions and so on. Therefore, the tdifferent designs are

Design: a
Table 1
D = AB,E = AC
| = ABD = ACE = BCDE
A BD = CE = ABCDE
B AD = CDE = ABCE
c AE = BDE = ABCD
D AB = BCE = ACDE
E AC = BCD = ABDE
BC DE = ACD = ABE
CD BE = ABC = ADE
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Design: b
Table 2
D = AC,E = BC
I = ACD = BCE = ABDFE
A CD = BDE = ABCE
B CE = ADE = ABCD
C AD = BE = ABCDE
D AC = ABE = BCDE
E BC = ABD = ACDE
BD AE = ABC = CDE
AB DE = BCD = ACE
Design: ¢

Table 3

D =ABC,E = ACD
I = BE = ABCD = ACDE
A BCD = CDE = ABE
B E = CD = AB = AE = ACD = BCDE = ABCDE
C
D

ABD = ADE = BCE
ABC = ACE = BDE
AC BD = DE = ABCE
BC AD = CE = ABDE

R — 111 Is the maximum attainable resolution &2 designs therefore considering des{gi, (b) and(c) are of
resolutiord!I. For the designs of resolution Il un-confoundewiimates are obtained for all main effects if cae assume
that three factor and higher order interactionsrargligible. Tables provide a summary of these glesiwith regard to
confounding among two factor interactions and nfaictor. Un-confounding estimates are obtained fbitveo-factor
interactions not shown. There are greater amounbofounding in(c) and less ia)& (b). But (¢) doesn't fully satisfy
the condition of resolution criterion (i.e. mainfegfts doesn’t confound the main effects), so thsighe(a)& (b)are

appropriate.

The word lengths in the defining relation for desig) and(b) is (3,3,4), (3,3,4) and(¢) is (2,4,4) the defining
relation for desigrn(c) has only one two-word and two four-word length véas(a) & (b)have only one four and two
three-word length. Thus we can’'t be used the désjgdesign, it satisfy the minimum word length criteribut not
satisfied the confounding pattern of minimum ab@ra (a) & (b) designs which minimizes the number of words in the
defining relations that are of minimum length, #fere these designs are called minimum aberratesigds. When
comparing two designs using resolution as the ravite one can considered the lengths of the showesd in each
defining relations. If these desigfis)& (b) are equal the two designs is regard as being algumitvwith aberration as the
criterion, however one continuous to examine tingtle of next shortest word in each defining relatimtil one designs is

ranked one superior to the other.

Given that resolution is maximized and equalRtg,,, minimizing aberration ensures that a design has t

minimum number of word of lengtRs,,, , which in term means that smallest number of neéfiects will be confounding
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18 Ratna Raj Laxmi, Mithlesh & Chetan

with the interactions of ordgy,,, — 1, the smallest number of main effects will be camiding with the interactions of

orderR,,., — 2 and so on. The concept of aberration is a natxtainsion of resolution.
GENERALIZATION

To generalize the setup2&~* design is constructed by the first writing dowfulk two-level fractional design
inn — k factors and then defining the column vectorsgfadditional factors by associating them with certateraction

column involving the firsh — k factors. Each such assignment results in a ganerquial to the identify

Taking the products of the generators one at a time, two at a time etc.,sgikie defining relation which has

2k=1 words plu$. For fixedN andk, p the problem is to select the bagt* design.

Suppose twa2™* design (s) and (t) for maximum resolutiorR,,,, are to be compared and their defining

relations have their word - length patterns.

(S){R‘rsr?ax(Rmax + 1)51 (Rmax + 2)52 """"" (Rmax + m)sm}
OfREax Rmax + 1) (Rinax + 2)% e (Rinax + 1)}

Determine the first subscripsuch thats; = t; if s; < t; then desigr(s) is the better design: otherwisds the
better design. We consider designs for fiRééndKthat result from these procedure designs of mininaierration. We
will consider how this principal can be employedomactice to construct useful designs. The Nati@hakau of Standard
tabulation of two —level fractional factorial des#gConnor and Zelen 1959] which makes use of a similar criterion,
indicates in this statement one of the kinds obfms that must be addressed-“Although considersfiidets we made to
find solutions which have the maximum number of fiactor interactions confounding with three-facémd higher-order
interactions, other solutions may exist having @da number of measurable two-factor interactionsiteria related
problem are suggested by Addelman (1969).

CENTER VALUE FRACTIONAL FACTORIAL DESIGNS

Box, Hunter and Hunter (1978p 410) provides a usedtalogue of two level fractional factorial dessgwith
minimum aberration. Franklin (1984) constructs mmiaimum aberration designs. Chen and Wu (1991)Gimeh(1992)
investigate some theoretical properties of minimaimerration designs. Zhang and Park (1999) the mimraberration
criterion is extended for choosing blocked fractibfactorial designs with respect to both treatmemd blocks. The

following table gives the list of fractional design

Table 4

Number of factors 8 run 16 run 32 run 64 run
3 FF3 — 08 - — - — - —
4 FF4 — 08 FF4— 16 - — - —
5 FF5— 08 FF5—16 FF5— 32 - —
6 FF 6 — 08 FF 6 —16 FF 6 —32 - —
7 FF7— 08 FF7—-16 FF7— 32 FF 7 — 64
8 - — FF8—16 FF 8- 32 FF 8 — 64
9 - — FF9— 16 FF 9- 32 FF 9 — 64
10 - — FF10— 16 | FF10— 32 | FF 10— 64
11 - — - — FF 11- 32 FF 11 — 64

Impact Factor (JCC): 2.0346
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Let D(2"%, 2P) denote @™ design in2”block of size2™ *~?(p < n — k), it can be viewed as 2"+P)~(k+p)
fractional factorial design, where the factors digded into different typesn treatments factors, 2,3,4 .......n and p
block factorshy, by, bs, ... ... ....., b,. The 2% combinations of the block factors are used todgivthe 2™ * treatment

combinations int@P blocks. In such design, there are two types ofdwowhich are called respectively treatment definin

words and block defining words.

Center value means a dummy value (space) incluindpe experimental design to know the effects haf t
treatment (variable). Center value are recommeifgiechost of design - 8 run design with 3-4 factdr§,run design with
4-8 factors, 32run designs with 6-12 , 64 run desigith 8-16 factors and so on. Center values geinformation about
the interior of the experimental region. We applg treatments on the experimental area. The effddtge treatments are

not openly shown because of the neighbor effectiefreatments those apply surrounding areaspmrarental field.

For example, a chemical manufacturing plant, fagkaxperiment is carried out in the pilot plantsiudy the
factors which influence the filtration rate of theoduct. The four factors are temperatdrgressurd?, concentration of
formaldehydeC, and stirring rateD, each factor is present at two-levels. Thereftffelcenter value fractional factorial
design with two blocks is given by

Table 5
Run A B C D=ABC | Filter. Rate
— N — (o\] — (qV} — (o\] — N
X X X X X X 4 4 X X
s |g8|28|g8|8|g|8|8|g| 8
m M| O | m|m|m|o| m m m
1 -1 1) 1) 1| -1 -1 -1 1 45 43
2 1 1 1) -1 -1 -1 1 -1| 100 71
3 -1 -1 1 1 -1 -1 1 -1 45 48
4 1 1 1 1 1) -1 -1 1 65 104
5 -1 1] 1) 1 1 1 -1 75 68
6 1 1 1) -1 1 1 -1 1 60 86
7 -1 -1 1 1 1 1 -1 1 80 70
8 1 1 1 1 1 1 1 -1 96 65
9 0 0 0 0 0 0 0 0 - -
10 0 0 0 0 0 0 0 0 - -
11 0 0 0 0 0 0 0 0 - -
12 0 0 0 0 0 0 0 0 - -

The ANOVA table for such experiment shows the défe in the treatment sum of square with inclusidn

different center values.
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ANOVA Table

Table 6
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In another example, an experiment was performeal Semiconductor manufacturing plant to study tlieceff

six factors on the curvature or camber of the satstlevices produced. The six variables and kbedls are shown below

Table 7
- 55 10 5 1580 17 20
+ 75 25 10 1620 29 26

Therefore2®~ Center value fractional factorial design with thlocks is given by
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Table 8
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The ANOVA table for such experiment shows the dédfe in the treatment sum of square with inclusidn

different center values and given by

ANOVA Table

Table 9

~ (R, 1% 9/8(3] 8
w | ®O K| I | D] W
dlolal % 3 |J|o|2|I| 8|2 &
Treatment | & | & | § | © o SININIS ok Q
~ 1 © < o
| 8 IS IT|I 2|2 |q| @
S |« ~| 9 | 0| 8| b
- N| | N~ o
o)
S| 8
mommomggg
Block S T N R O S e R N e S O S B N (R
oooooommg
) )
c|°| o
o | -
2l e 383
| o || N
Error =1 =S = B B e R N
HHH'mm
e I
o | o
mNg
o | &
cv)mcva:%g
Total ol ~ ol ol 9 |§
o | o |2
= | © | J
|

CONCLUSIONS AND DISCUSSIONS

Just as fractional designs are useful in wide targg application fields, so are fractional facadridesigns.
Although, it is assumed that they are associaté wiicial and physical sciences, but they also sitely used in
manufacturing industry. The primary advantage a€tional factorial designs is they permit effettattmay be significant
to be estimated with a reasonable number of rumsoRtion Il designs are frequently used in thestfistage of
experimentation for the purpose of identifying astthat seem important and resolution IV and \thensecond stage. In
the present study, these designs are studied withmoam aberration criterion in the presence of dymvalues. It is
observed that whenever the center values includecirexperimental area it creates the distancedssthe blocks or the
area of treatment. In this condition different typ# treatments which are applied in the blocksrarteaffects each-other

simultaneously orin simple words the variation exw the treatments is openly shown. Center valt@sde additional
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degree of freedom for error which results in greagewer when testing the significance. Due to thesssons the

recommended center points should typically be ohetlin the experiment. Under certain circumstaitdesreasonable to

delete recommended center points from designsudimd center points will never hurt the statistipabperties of a

properly analyzed experiments. According to theuiements of the information, experimenter canidelwr reduce the

center value because it not affects the basictstreior information of designs. Center values ie titactional factorial

designs not affect the treatment effects but shewariation in the treatments sum of square aresum of square and

increase the degree of freedom for errors.
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