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ABSTRACTI l 'aguchi's method/approach ol'analyzing data l ionr Rohust Paranreter Dcsign (l i.Pt)) has reccivcd dil l 'erent
c r i t i c i sn t s . t I l cn r ( ) s t c t l n t r ovc r s i a l hc i r r g thcc | t o i cco | . t t 1c i l s [ l r c t l l . 1 l c | i l r n l a l l c c .

a l ) tc t ing l ) ispcrs ion.  An cxantple o l ' r ight  choioe ol 'SNII  is  g ivcn and also whcn SNII  is  rvrongl l 'chosctr .  I 'hc graphical  mcthod

through ganrnta-plot  g ives thc appropr iatc choice ol 'SNt l  and conscclucnt ly  g ivcs a c lcar cut  among l i tc tors a l1 'ect ing Scnsi t iv i t l

and thosc al lcct i r rg Dispcrs ion.

INTRODUCTION
Statistical I)rocess Control (SPC) is used to reduce rnanul'acturi ltg inrpelf 'ectittns in the product or
process and keep the process in  contro l .  1 'hough SPC is  a powerf i r l  cost-savi r tg and qual i ty  enhancing

approacl r  to  reduce var iabi l i ty  rv i th in the product ion phase,  however SPC cannot  contpensate for  poor
qual i ty  dcs ign.  hcncc thc nccd to rnake usc ot 'OI : l i - t . lNt i  qual i ty  c t l t r l t 'o l  pr i r rc ip lc .  OIr l r -LIND c lual i ty
contro l  is  p l inc ip le o l 'designing qual i ty  in to a product  at  thc design stage.  l f  there is  large var iabi l i ty  i r r

the per fbrnrance of  a product  or  process.  prohib i t ivc ly  cost ly  process contro l  schct l les may bc requi rcd
to i r r r l t rovc t l rc  l t roccss cal tat r i l i ty  ant l  t l rcy cal r rot  guarantcc a p l ' (x l t lc t  t r rbt ts t  to  var iabi l i ty .  Apar l  l i t l ln

SI)C cc ls t ,  ac ld i t ional  costs or  0xpcnscs arc a lso incurrcd duc to scrv icc cost  undcf  warranty and n los l
inrportantly loss of rnarket share because of custotltcrs' dissatisfaction.

However,  i f  the qual i ty  concept  is  moved down to the design process and product  development  s tage
(OFIr- l . lN l l  Qual i ty  Contro l ) ,  thcn cost ly  cvcntual i t ics can bc avoided. ' lhcrc lbrc,  the nccd fbr  cost ly

pfocsss contro l .  mass inspcct ion of  products,  and scrv ices costs are r l in imized.  l lu i ld ing in  c lual i ty  at

the design stage represents the la test  phase in the evolut ion of  qual i ty  systern which is  understood to

have t raversed lbur  gcncra l ly  ovcr lappi r rg p l rases:

Inspect ion:  th is  involves separat ion of  bad f ionr  good through inspect ion.  Though i t  has a val id  and
ruscl i r l  p lucc in  r l r ra l i ty  contn l l  systcnl ,  i ts  ro lc  is  i r rc lc ls i r rg ly  v icrvcc l  as i t  too l  l i r l  cot t l i r t l la t io l r  o l 'good
quality rather than tbr rectif lcation of bad pfocess.

Qual i t l ,Contro l :  i t  is  a fo l low up to inspect iorr . ' fh is  is  where the stat is t ic t r l  Inet l tods are appl ied for

f l rs t  t inre to deterr l ine whether  a process is  in  contro l  on the basis  of  the t ind ings of  analys is  of  only  a

smal l  sample (Shewart ,  1938).

Qual i ty  lmprovement :  th is  is  where the combinat ion of  the process contro l  and data ins l tect ion is

statistically analyzed to deternrine the source of problenrs. It is a constatrt effbrt torvards nranuf-acturing
process inrprovenrent  (Denr ing,  I  982) .

Quat i ty  by Design:  th is  is  designing qual i ty  in to the process or  product  pr ior  to  the tnanufactur ing the
product. It incorporates the idea that
-  A product  can be made robust  to  the var iat ion in  t l re  user 's  envi ront t tent
- That the process, which produces the product, can be made robust to the normal variations in
materials, components, and manufacturing before normal production begins (Peace,1993).
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ROBUST PARAMETER DESIGN
Taguchi  (  1987) p iorreered Robust  Paranreter  Dcsign (RPD) as a st rateg) '  lbr  i rnproving the pcr lor tnancc

of a systell, a process or a product. The concept rests on the itttporlance of econollt ically achieving

high qual i ty .  lorv var iabi l i ty '  ar rd coustancy o l ' lunct ional  pcr lbf tnal tce t l l 'a  product ,  a  systc l l l  or  a

process, using statistical nlethods, especially, statistically designed experiments, and concentrate on

minimizing the deviation from target caused by uncontrollable factors/inputs, which he called NOISE

FACTORS.

By nraking Lrse of  exper i r lcnta l  design and stat is t ica l  techniqucs,  we can ident i f l '  the appropr iate

sc l l i l r gs  o l ' c l r s - \ ' t o  co r t l t o l  ; l r o t l L r c l  ( o r  p roccss )  p i t n t t t t c t c t  k t t ow t t  as  ( 'ON ' l ' l tO l . l ,A I l l , l :  IN I ) t J ' l 'S  t l t i l t

reduce the sensi t iv i ty  of  engineer ing design to the source of  UNCONTROLLABT-E INPUTS. l f  a

product can be clesigned so that it 's output characteristics are resistance to all sources ofuncontrollable

{hctors.  then i t  wi l l  funct ion sat is factor i ly  despi te var iabi l i ty  in  i ts  component  par ts  and envi ronmental

conditions (Park, 1996). Therefore, reducing the effect of the uncontrollable factors rather than

contro l l ing t l rem is  a very cost  ef fect ive way of  improving engineer ing designs and developing stable

and re l iab le products or  manufactur ing processes.

In RPD, a process can e i ther  be stat ic  or  dynanr ic ;  hcr tcc rvc have a Stat ic  Pararneter  Design and a

Dynarnic paranteter Design. A Static Pararneter Design has a quality characteristic of interest that is at

f ixed level .  A Dynarrr ic  Paranleter  Design has a qual i ty  character is t ic  that  operates over  a range of

values and the goal  is  to  inrprove t l re  rc lat ionshi ; r  between ar t  input  s ignal  and an output  response.

Dynamic dcsign is  usecl  to  inrprovc thc tunct ional  re lat ionship betrvecn input  s ignal  and output

rc .sponse.  
' [ -he 

output  response should be d i rect ly  p lopor t ional  to  t l tc '  input  s igrra l  (Fowlkes and

Crevel ing,  1995).  The ideal  funct iorra l  re lat ionship between input  s ignal  and output  response is  a l ine

through the or ig in.

An exantp lc  of 'dynarnic  pafanteter  design is  an autontot ivc accelerat ion exper intent  where the input

s ignal  is  t l rc  atnount  o l 'pressule on t l rc  gas pedlr l  and the output  response is  the vehic ie 's  speed.  [ -ef  y ; '

denote t l re  observat ion corresponding to t l rc  i th  set t ing of  the contro l  lactors and. i th  set t ing of  the s ignal

tactors,  lbr  i ,  ar rd . i  =  1,2," ' . . /  ,  ur tdcr  the assutnpt io l r  o l 'a  l i r tear  nrodel ,

! ,=a+PM+c, ,

Wherc B,  is  t l tc  sensi t iv i ty  Ineasure arrd var(c; ; )  o l  , "  is  t l te  in tercept  and i t  is  zcro i f  the l ine passes

th lough thc or ig in,  whi lc  M is  the s ignal  inputs.

Taguch i  S ignal -To-Noise l la t io
Taguchi 's  or ig inal  proposal  for  the analys is  of  qual i ty  improvemcnt  expcr i r rent  was to c lass i ly  the a im

of  the exper intent  as to rnaximize or  rn in imizc means as the case rnay be and at  the satne t in le min imize

the variance. J'o achieve this, Taguchi proposes two-step procedures. l-he first step identif ies control

f ; rc tors t l ra t  nrc inrpor tant  fo l  rcduci r rg val iabi l i ty  and l l re i r  appropr iatc  sct t in- t ls  a le detcrnt i t ted.  ln  t l tc

second step.  contro l  tactors that  a l l lc t  sensi t iv i ty  are a lso ident i f lcd togcther  wi th thei r  appropr iate

setting.

Consider ing Norninal - is-Best  s i tuat ion,  lactors that  l rave greatest  eU'ect  orr  var iat ion are ident i f ied and

t l re lcvels  t l ra t  min inr ize the var iat ion arc c l rosen.  Orrce the var iat ion is  reduced.  l l re  retnain ing lactors

are possible candidates lbr adjusting l lre nrean lo target. A scaling lactor is a factor in which its ttreatt

and standalc l  deviat ion are proport io t ra l .  A scal i r rg factor  l tas a s igni t icant  ef fect  on the n lean wi th a

relatively srnall effect on SNR. Thus one can use the scaling factor to adjust the mean on target and wil l

not al 't 'ect the SNIt (Montgomery, 1996).

l 'he basic pertbrmance measure proposed by T'aguchi fbr studying variabil ity is the signal-to-noise

rat io  (SNR).
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( o'\
.Sly'R = -10Logl f I ror Dynarnic parameter desigrt

\ o ;  )
/  ' r \
I  L t .  I

,S,VR = -101'ogl * | t 'or Static paramcter design

\ o ;  )
The SNR is calculated for each combination of factors used in thc experintent. The standard methods of

analysis such as ANOVA ancl nornral probabil ity plots can be used to-iudge the significant eff-ects.

I1 cornrr runicat ion,  Signal - to-Noise Rat ios (SNI{)  are contntonly used as a l l leasure of  the goodness of

transnrission. SNR represents the strength (power) of the signal component divided by the strength of

the noise (error) component. A parallel can be drawn with Taguchi's SNR by considering B as a signal

and o as noise.  The SNR is  based on the premise that  by consider ing the under ly ing engineer ing of  a

syste ln,  i t  is  usual ly  possib le to ident i ly  a f i rc tor  that  acts l ike arnpl i t ' icat ion o l ' thc systenl .  I f  th is  f 'actor

is used to adjust B, then there is a proportiorral changc in o. artd tlttrs //, stays collstatlt.

l 'he nrot ivat ion behind Taguchi 's  Signal - to-Noise Rat io (SNR) is  to  uncouple locat ion and d ispers ion

et- fects.  l t  ca1 be shown that  the use of  SNI{  is  equivalent  to  an analys is  of  the standard deviat ion of  the

logar i thnr  of  the or ig inal  data.  Thus,  us ing SNR inrp l ies that  a log t ranslbrn lat ion r 'v i l l  a lways uncouple

location alcl dispersion effects.'Ihough, there is no assurance that this wil l always be the case (Phadke'

1989). A much safer approach is to investigate what type of transforntation is appropriate.

Graph i ca l  Me thod
The graphical approach to the analysis is an extension of Taguchi's SNR method. The approach is

devised by t,unani et al (1991). lt is belicved tlrat the signal-to-noisc adjustment factor has an efl 'ect on

o,  t [1 t  is  proport ional  to  the e l l 'ect  on f ] ,  ( l ]ox,  1988).  l l  wc considcr  a s i tuat ion whcre thc var iat lce

sat is l lcs thc fb l lowing gcncra l  re lat iorrs l t ip .

02 (c,  ,  )  = {J '  (r ,  ,  )Q'(c,  )  lbr sonre y.

Wherc ci  are the control  var iables/ inputs i  = 1.2." ' l  '

. l

/ is the dispersion paratxeter and p is the nreasure of sensitivity

then.
, )  o t ( c ' , )

O - = r'  
{1,' (r.,)

Lttgo,(c, ) = LogQ(',) + L LogP,(c,)

Th is  i s  reduced  to ' f aguch i  SNR when  y :2 .

l lowever,  t f iere is  no reasol t  why y shoulc l  a l rvays cquals to 2,  hence ot le  of  the l in t i ta t ior rs  of  
' faguchi

SNR nreasurc of perfonnance. Tftcrel'ore, ecluatiort 2 should be the appropriatc tlrcastlre of studying tlte

d ispers ion.  l - l re  next  problern is  how to deterrn ine 1.  
' l 'ak ing the cr i t ica l  look at  ec luat ion 2,  there is  log-

linear relationship between the sensitivity measure p, and the standard deviation o1.

We can determine the nature of relationship between o; and B; by plotting the estirnated log-linear

nrodel in equation 3. If none of the control factors/inputs (c;) has dispersion effects we have a very

sirnple case, as QQ') wil l bc a constant. ln such case, any systematic difference in standard deviation

o (c i ) 's  are caused by the d i l f r rcnce in thc B (c , ) 's ,  there lbre,  the sensi t iv i ty-s tandard deviat ion p lot

wil l easily reveal the existence, if any, of the dependence between B; and o, and the value ofy

can then be estimated f ronr thc l ltted l ine.
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Est imat ion of  y  through gamma-plot
Th. gunl,rru-plot uses ine 

"principte 
of separation and parsimony to identif l 'an appropriate value for y'

ISepa'ration is the elimination of any unnecessary complications. in the model due to functional

dependence between mean and varianie (or elirnination ot'cross talk betrveen location and dispersion

ef iects)  rvh i le  Pars imony is  the provis ion of  s implest  addi t ive ntodel .  (Mi l ler .2003) l  '

Cols ic lcr ing t l tc  rneasurc of  d ispcrs iorr  in  cquat ion 3.  f i t t i r rg a ser ies of  r r rodels lor  the equat ion over  a

range ol.va'iues fbr y, the estir.nates ol'the t-actors etl 'ects ari obtained fbr each y (The esti lnated etfects

must have the same variance). lf thele are degrees o1' freedotn to estirrrate the error, t-values for the

thctors ct-ltcts arc oblaincd arrcl thcsc t-valucs ale plottccl against various value of y. and if therc are no

degrees ol' l icedom to estimate the standard error, we use standardized contrast to estitnate the etfects'

l r r .orr r  t l tc  gr-aph,  thc valuc o l 'y  that  d i l ' lc lcnt ia tc  c l ispcrs ior t  arrd scnsi t iv i ty  lactors is  obta i r rcd '  A l icr

identifying the factors that affect dispersion and thosi affecting sensitivity, the setting of these factors

that minirnize the dispersion and have the target at the desired point are then determined.

Eratnplcs
The l j rs t  cxanrple is  on A' f&T laycr  growth cxpcr i r rcnt .  which has 8 contro l  lactors and two noise

factors (Locat ie l  and l -acet) . ' l 'he goal  is  to  achieve a uni fornr  th ickness o l -about  l ;1 .5ptrn over  the noise

i . . , . , " i t . ' i f , .  L . l6  (2r{ )  Taguchi  c le i ign is  used in the exper i tnent ,  and i t  is  carr ied out  by running the

complete set of noise facior settings at each conrbination of control lactor settings. The design as well

as the response data is  shown in 
' Iab le l .

l 'he t r ia l  mean and the corresponding SNR are the last  two colunlns in  Table l .  An exanl inat ion of  the

Mcan arrd SNR hal t - -nornra l  p lots  in  F igurc l (a)  ancl  l (b)  respcct ive ly  rcvcals that  only .  factor  D is

signil icant lbr the mean ef-fect while factors A and Il are signiflcant tbr the SNR. The plots of main

c l lccts  l r .or i l  Se r rs i t iv i ty  (Mcan) and SNI{  arc s l torvt t  i r l  l r ig t r |cs l .

l lav ing idcrr t i l lcd lactors that  arc s igni l icarr t  to  thc d ispcrs i t l t t  ar td sensi t iv i t l ' (Mcan) e l ' lccts '  thcsc

factoriare used to nlodel the dispersion ell 'ect and scnsitivity et1'ect respectively'

The rnodels arel

11: -1.822+ 0.619x.,  -0.982x,,

Y=14.352+0.402x , ,

From the f l rs t  model ,  t l re  d ispcrs ion nrodcl  (or  us ing Fig '2) ,  choosing A at  negat ive ( - )  and l l  a t

posi t ive (+)  rv i l l  n tax imize t l re  SNR which is  on.  of 'our  ob- iect ives and f iom the second model '

sensi t iv i ty  r lodel ,  D at  posi t ive level  wi l l  g ive an approximate requi red laycr  growth of  l4 '754pm'
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Table l .  Centrol  Array of Experimcnt of Layer Growth with est i rnated Scnsit iv i ty (  ) '  )  arrd SNIt

Control Factor
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Fig. l(a) Half--Normal plot for .Y
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Fig.  l (b)  Hal f -Norrnal  p lot  fbr  SNR
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L-Bottom
MT M]  M1

r 5 . 4 3  I  5 . 2 7  1 5 . 4 1
1 4 . 8 9  1 . 1 . 9 2  1 5 . 1 3
13 .9 .1  l . l . 2 l  14 .08
14.26 14.39 t4.37
t 4 . t 7  l 4 . l  5  1 4 . 2 8
t4 .30  14 .27  14 .41
t 5 . 5 2  1 5 . 4 2  1 5 . 2 1
I  5 .06  l - 5 .57  15 .47
14 .79  14 .19  14 .63
|  4 . i 2  14 .22  I  i . 82
14 .43  15 . -5 -5  I  5 .22
14 .41  |  5 .23  15 . I  I
1 4 .  l 8  1 4 . 9 7  1 5 . 5 - 5
15.22 14.97 16.00
t 3 . 8 4  1 4 . 1 3  1 5 . 1 7
14.07 14.43 13.69

1 5 . 3 2
1 4 . 9 3
1 4 . 0  I
t4.24
t 4 . 1 5
t A 1 1
t a . - -

t5.29
1 5 . 0 1
1 4 . 9 0
l l .7 -5
1 4 .  l 9
t 4 . 5 6
t4.14
1 5 . 8 7
t 4 . 2 s
1 3 . 8  |

14 .79  6 .41
14.86  9 .28
r4 .00  9 .48
1 3 . 9 1  6 . 8 9
1 4 .  I  5  1 0 . 6 0
13.80  6 .49
t4 .73  6 .14
r4 .89  6 .90
13.93 -s.6-s
14.09  7  .47
t4.79 6.63
t 4 . 3 3  6 . 1 9
t4 .77  6 .81
t4 .88  .s .82
t3.76 5.66
t3 .97  1 .91

14.29  t4 .19  11 .21  14 .19
1.1 .80  14 .72  14 .70  14 .76
r 3 . 8 8  1 3 . 9 2  1 3 . 8 5  1 4 . 0 8
r 3 . 4 0  r 3 . 4 8  1 3 . 5 9  1 3 . 5 2
1 4 . 1 7  1 4 . 0 i  1 4 .  l 4  1 4 . 0 8
1 3 . 2 - 5  1 3 . 3 3  1 3 . 1 9  1 3 . 4 4
1 4 . 0 6  1 4 . 0 9  1 4 . 1 8  1 4 . 0 5
1 4 . 3 1  t 4 . 4 1  1 4 . 6 8  1 4 . 5 8
t3 .73  13 .29  t2 .65  13 .27
l i . t i9  1 . i .5 ( r  14 .45  l i .7  I
11 .22  14 .39  15 .28  l -5 .04
t 3 . 5 2  1 3 . 5 8  1 4 . 2 8  1 3 . 8 4
14.53  14 .25  14 . ( r7  |  5 .28
1 4 . 5 7  1 4 . 0 3  1 3 . 7 1  1 4 . 6 4
12.90  12 .7  |  13 .  l5  13 .89
t 3 . 9 5  1 4 . 0 8  l 4 . l l  1 3 . 5 9
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Figurc 2: ' l 'hc l r lo t  rnain c l ' fects f rorr t  Scr ls i t iv i ty  (  ] ' )  ar rd SNl t

'fhe 
second exarnple is a Dynarnic Parameter Design. ln this exanlple there are 8 control factors, each

a t2 - l eve l s .Thecon t ro l  u r ruy i ra  l 6 -n tno f28 - { f r ac t i ona l  f ac to r i a l  des ign .The layou t i sshow-n inTab le

2,  where thc outer  array consists  o1 '3 levels  of  s ignal  tactor  ( iv l r .  Mr a M:)  crossed wi th 2 levels  of

noise factor fbr a total nf 6 ,un, as rcll l icates. The response Y,,1 correspollds to the ith setting of control

lactors,  rv i tS. i  level  of 's ignal  lhctor  and k levc l  o l 'no isc lactor .  For  eacl r  i th  sct t ing,  thc est i rnated

sl t rpes,  i l  ,  a , ' td  srandard deviat ion,  d-  are obta incd us i t tg  the lb l lowing model :

! , 1 t = / ] , M , + c , , ^

The nrodel  is  through the or ig in and Miarc thc s ignal  lactor .  . i  =1,2 '?and i  = 1,2,3," ' ,16,

the o is estimated unbiasedly by the Mean Square Error (MSE). Both p, and d, are used in

obtaining the Taguchi SNR and thesc fiornr the last three columns of Table 2.
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Tablc 2:  Contro l  Arr : ry  of  Dynamic Dcsign rv i th  est i rnated Scnsi t iv i ty '  (B)  and SNR

M:  M i

N :

Nis. .J. [ ' t tre & .1ppl. Sc' i .  I ' t t l '  2l
\lcrhotls of ttnaI1':ing rol'usI pQrdneIcr dcsign

Control ArraY

A B C D E [ ' G I I

+ -

+ +

+ -

' f t

T

- i f r

+ - + +

12i.85 239.96
t64.28 314.20
136.18  261 . '76
t76.22 339.71
| 50.82 289.4 |
168.76 323.',tg
149.85  288.54
160.3 I 30'7 .04
174.81  335.62
t99.49 378.22
149.26 287.65
t95.47 3'73.78
157.58 302.3'7
r 9  I  . 0 1  3 6 5 . 9 3
|  6 3 . 5 2  3  1 4 . 3 9
1e6.52  37  |  .72

244.48 359.8-5
322.7 4 471 .62
267.64 392.96
3 4 8 . 0 8  5 1 0 . 1 3
297.00 434.s5
33 r.25 486.42
294.83 433.05
3 I 4.60 460 .32
343 .7 |  503.86
390.93 568.48
294.23 430.93
3 8 3 . 8 6  5 6 t . 2 7
3t0.42 453.34
375.84 549.52
322.05 471.88
384.37 -558.9i

i +

f + .

- -
+

+ -

+ -

+ -
+ -
- +
+ . +

+ +

I  t9.24
t 5 5 . 6 8
129.01
168.23
1 4 2 . 5 8
160.04
t42 .61
l ) l . o J

16s.32
I  8 6 . 0 1
l 4 l  . 8 5
t84.97
r48.68
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' I 'he p lots  o l 'n ta in ef l -ect  l l 'onr  Sensi t iv i ty  and SNR are showl l  in  F igure - l  and a c lose exant i t ta t io t t

revcalsc l  that  lactors A and D afe s igni l lca l l t  to  the scnsi t iv i ty  whi lc  lactors A '  D and C are s igni l icat t t

to the dispersion (SNR). The half-normal plots and multiple regressions revealed the sanre result ' The

half '-normal plots tbr both sensitivity and SNR are shown in i igure 4(a) and 4(b) respectively' This

shows one o l - thc l imi tat ions of  Taguchi 's  SNI{ ,  hcre A and D i re s igni l icant  to  both.sensi t iv i ty  and

dispersion ellbcts. Because of this cross talk between sensitivity and dispersion efl 'ects' the SNR

ana lys i sm is iden t i f i ed fac to rsAandDashav ing impor tan td i spe rs ione f fec t s .
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Figurc 3:  Thc p lot  main ef fects f rorn Sensi t iv i ty  (B)  and SNR
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Lookirrg back at Taguchi
/  ^ .  \(n, \

SNR = t0Losal i; I
\ o ;  /
' . ^  \
I  n y  \

,s,vR=lOrogj  +l
\ o ;  )

,lletltotls of ttrrol.t':ing robust parunrcter de sigtt \ig. J. Pure & ..lppl. Sc'i. l'ol. 2l

SNR i . e

,  . . . .4(a) ,  which can be re-wr i t ten as

. ' .  . . . 4 ( b )

1-he problern could have been the wrong choice of y rvhich can result into the problem of cross-talk.
I 'herefble it is appropriate to deternrine the value of y that wil l give a clear cut between factors
al  fect ing scnsi t i  v i ty  and t l tose a l  tcct i r rg d isper .s io l r .

This  is  achieved by vary ing t l te  value of  y  in  the 1 'aguchi 's  SNR equat ion (equat ion.  4b) ,  and tbr  each
value of y (y ranges from -5 to 5), rnultiple regression of SNR on all the factors is obtained and the t-
s tat is t ic(s)  are conrputed to determine which of  the factor(s)  arc s igni f icant . ' l 'hc computed t -s tat is t ic  arc
therr  p lot ted against  the values of  y  to obta in thc garnrna p lot  (y-p lot ) .  1-hc table of  t -s tat is t ic  of  the
factors at  var ious values of  v  is  shown in 

- l -able 
3.

Table 3:  Tablc of  computed t -s tat is t ics at  var ious values of  y

Gamma
A A

-4.5
-4 .0
_ ? 6

- J . U

-2 .5
a 6

- 1 . 5
- L U

0 .0
1 .0
1 6

z . u
2 . 5
? n

3 .5
4 .0
4 .5
5 .0

A
-6.91
-A AR

-6.86
-6.82

-6.74

- o . o J

-6 55
-6 .31
-5 .89
-5.52
-4.96
-4.06
-2.59
-u.52

2.42
4.66

-  t . u o
- 1 . 0 8
- 1 . 0 9
- 1 . 1 1
- 1  . 1 3

1 { E- t .  t J

- 1  . 1 8
4  ^ 4- t . z l

- 1 . 2 4
- 1 . 3 4
- 1 . 4 7
- 1 . 5 7
-  t . o o
- 1 .81
-1.92
- '1 .91
-  t . o o
-  t . z z

-0 .78

Computed
tstatistics

n
-5 .80
-5 .80
-5 .79
-5 .79
- 5  7q

-5.78
-5.77

-5.76
_ q  R 7

-5.52
-5.36
-5 09
-4.61
_ 2 . 7 1

- 2 . 1 5
-0.02

t . Y o

3.30

E
-2.31
- z . J  I

-2 .31
- z . J  I

- z . J z

-2.32
-2.32
-z.cz
-2 .32
- z . J  I

- 2 . 2 6

-2.24
-2 .16
-2.00
-1 69
-1 .12
- U . Z Y

0 . 5 1
1 . 0 8

F
-1.54
- 1 . 5 3
-  t . J z

I  E 4

- 1 . 5 0
- 1 . 4 8
-  t . + o

1  A A

- t . + l

- 1 . 3 4
- 1 . 2 0
- 1 . 0 9
-0 93
-0 .68
-0 .28

0.29
0.94
1 . 4 2
t . o o

B
020
0 .21
^ . a a

0.24
0.25
0.27
0.29
0 .31
0.34
0 .41
0.52
0.60
0 .71
n R 6

1 . 0 1
1 . 1 6
1  . 1 8
1 . 0 5
0.88

G H
-0.43  -1 .04
- 0 . 5 1  - 1 . 0 5
- 0 . 6 1  - 1 . 0 5
-0 .72  -1 .06
-0 .84  -1 .07
-0 .98  -1 .08
- 1 . 1 5  - 1 . 0 8
- 1 . 3 5  - 1 . 0 9
- ' 1 . 5 8  - 1 . 1 1
-2 .20  - '1  .13
- 3 . 1 8  - 1  . 1 7
- 3 . 9 0  - 1 . 1 9
-4.86 -1.20
- o . f J  - t . z u

-7  .72  -1 .14
-9.28 -0.97
-9.95 -0.64
-9.33 -0.25
-8.12 0.06

The resul t ingy-p lot  is  shown in F igure 5.  Fronr  the p lot .  rvhen y:2,  which is  ecpr iva lent  to  Tasuchi 's  SNR,
factor  A.  D and G are s igni l icant ,  i .e  d is t inct ly  d i l ' l 'erent  l iont  the rernain ing 5 lactors.  Uut  when y:4,  the other
two f i tc tors,  l i tc tors A ancl  D l tavc. io i r rcd thc lcruai r r ing -5 l i rc to ls  lcav i r rg onlv  C as t l rc  orr ly  d is t i r rc t  lactor
affecting the dispersion effect. ' I 'herefore 

at an appropriate choice of y (when y = 4), only f 'actor G is significant
to dispersion r;lfect and factors A and D are significarlt to the nrean et-tcct.
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( b'\'N-akirrg y = .{  and using i t  ro obrain r l re.SVR = l0 Logl + I"\a; )
Thc rcgrcssion anal; ,s is shows t i rat  only f ictor G is signi f icant to SNR, rvhich gives

ry = -5.t tg9-0.719x,,  and sensit iv i ty modelgives

0 :1 .61  I  +  0 "146x , ,  +  0 "1  17  x , ,
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Figure 5:  Plot  of  t - r 'a lucs agr inst  va lues of  y  (Gamma plot ) .

CONCLUSION
TIie results shorv that Taguchi's SNR rs mecsure of performance is often appropriate when dealing
with Static Parameter Design as there is alrvays no problem of cross talk among the factors because of
d is t inct ion between fbctors af f 'cct ing scnsi t iv i t ; ,  (Targct)  and those af fect ing d ispers ion (var iabi l i ty) . ln
Static Paranreter design example, therc is distinctiorr betrveen factors al ' lbcting the rnean and those
afl 'ccting thc valiabil ity: oniy factor D rvas signiticarrt to thc nrcan efl 'ect rvhilc f irctors A and ll wcrc
signif ' lcant to the dispersion etfect.
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Deal ing wi th Dynanr ic  Paraureter  Design requi rcs est i lnat ion of  T,  i t  should a lways be assumed

unknown as indicated from the second example. A wrong choice of y by Taguchi's approach resulted

into the cross talk between f-actors affecting sensitivity and those affecting dispersion. Factors A and D

were significant to the mean effect and the same factors A and D together with G were sigii i f icant to

dispersion eff 'ect, showing that factors A and D are significant to both the mean and dispersion effects.

But  a r ight  choice of  y  (y :4)  e l iminated the problern.

1 'h is  suggests that  when c leal ing wi th Dynamic or  Stat ic  Parameter  Design the y in  the funct ional

relationship between sensitivity and variation should always assumed unknown and be estimated

throLrgh gantrna plot.
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