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Design of Experiment to Reduce Waste in Chrome Coated Mirror
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Abstract

The chrome coated mirror process is one part of industrial of motor vehicle production. Most problems in case

study of chrome coated mirror production are high waste during processing. Furthermore, quality of chrome coated

mirror products has effect from unstable production during processing and has defect such as scratch on mirror surface,

incomplete paint, small sport on mirror surface. As to reduce the waste and improve quality development of chrome

coated mirror processing by experiment desiglll such as Alternative DOE and Classic DOE method. By applying

Alternative DOE can reduce the quantity of experiment as Taguchi's method. For Classic DOE, increase the reliability

of experiment by analyze as one-way ANOVA. From the result of case study show that the most effect to occur waste is

pushcart factor and next effect is prevent dust on conveyor belt factor. Another effect to quality is chrome coating time.

The best solution from the result of case study of reduce waste and improve quality is baking at 690 degree Celsius with

conveyor belt speed of 15m per minute. Conclusion is use pushcart format with gap design, use plastic protection to

make glass edge smooth, use air pressure in conveyor belt to prevent dust and chrome coating time 8 second.

Keywords: The chrome coated mirror process, quality improvement, Taguchi's method.



l.mnh

1111 ~ lJ'U fl 1~ U'Il.:l 'Il'U 'Vl 1.:1 11 ~ nlliitl112J ~'UU~.:I t~ 2J
~ ~

d Q.I <C:lt, .c:::), <d , QI

2J1fl'IJ 'U 'Vl.:lflltl fl 1~ Ji'HWIU't1~m fl1~2Jtl112J ViVl Vl2JU'IJ.:I'IJ 'U

t~ tJ fl112J tJ~~ tJ~ 'IJtJ.:Il1 ~ nllU't1~t ~'U ~u 1'1'11.:1~ 't11~')l'U fl1~

Ji'l~flff'Urht't1~1J~ fl1~ l~v11ll~VlI~fl~ff .:IJi'l't11,r11~nllu't1~

flflffll1m~2JJ'U"l U~~ff1Jtl112Jdlt~1lfitJ fl1~Ji'l~~Ji'l~~­

n Wcr1~iifJWfllVit ~'U ~t~tJ iitJ 'IJ tJ.:I ~1Jnfl tlU't1~ fl1~1J~ fl 1~
d.ddo' ~ QI III'dd ~
'Vl~ 'lI.:Itl112J1I2J1V'lJtJ.:Itl111 Ji'l't1~f1WCfl'Vl2JfJWfI1VitltJ fl1~

.d Q OJ 0' ~ d Qlq d. 0 QJ " 0

'Vl Ji'l't1~f1W Cfl'U 'U "1 2J ff2J1JfI~H fll2J'IJ~ 111 fl~ 'IJtJ fllll 'U~

t'llVil~ iitl112Jm2Jl~ff2Jn1Jfl1~1~.:Il'U U't1~t~'U~VitJ11l

'IJ tJ.:I ~1Jnfltl fl1~ tlll1 'U ~flWfI1Vi 'IJtJ.:I Ji'l~ ~nw..1U~'t1~'If'U~
'U •

J'Uffl2J1~(ll11i~~Vfl1~Ultl112J~tJ.:Ifl1~'IJtJ.:I~1J~lf1tl2J1
'U

fffNt~'U2J1~~ ~1'U Ji'l~~nw..111~tJ~~~ln~~tJ tlll1'U ~
~ ., " " 0 '" 1>\lJ"

t'llVil~'IJtJ.:IJi'l't1f1f1WCfl U't11'Vllfll~tl11JfJ2Jfl1~Ji'l't1f1 1I t~

Ji'l~ finw crlt~ 'Ui Ufll2J2J 1~ ~ !1'U Ji'l~~nw crll1~ tJ ~ ~ ~1 n~

~tJ tllll'U~m Vil~J'U "1 rl.:lJ'U fl1~ui'1JU~ .:I~\PJl'U1U't1~fl1~

ffflln111l ~v1'U fl1~ Ji'l~fl~m2J1~ff2Jt ~tJuliufffl1)tl11Jtl2J
'U •

'" 1"?t i· 1 ~ ., " ..
m~1J1'Ufl1~Ji'l't1fl lItu'U ufll2J2J1~~l!l'UJi'l't1~f1WCflmtJ

~~~ln~~tJtlll1'U~mVil~J'U"1 ~.:It~'U nllm~2Jdlrl~~
" i' "tJ.:Itlm 2Jtl1~2JtJ.:I'lJ12J

~

flfl fflll m ~ 2J Vl 'U v'U"u't1~:Ji'Uff1'U U~ ~ fltJ1J Vl'U-

v'U" ~~ t~ 'U fl ~ ffll1 m ~2Jdl rl~ 'IJ tJ.:IU ~ ~ t'Vl ffii 1J 't1 rh

ff.:ltJtJfl t~'UV'Url1J 2 'IJtJ.:IU~~t'V1ff [1] ii~Ji'l~fli'Uff1'U

Vl 'U V'U"ffU1J ff'4 'U ~ t~'U 'IJ tJ .:Ifl'Ui'Vl V~ tJ ~1 'U "h.:ll9i

tJU'V11'U'lJtJ.:I fl1m~flt~'U ~1'U 1'U2J1fl U't1~tJf1fflllm~2J. .
.e::t, "0 QI cr'd~d I .ci

Ji'l't1fl m ~ 11 fl2JtJ.:I 'IJ 1.:1 ffll1 ~1JVl'U V'U ~ m u'U tJ flff1'U 1I'U.:I

1 9Jq': I cf4-=t.d "
'U J;! Ji'l't1fl 'I1'U ff1'U U~ ~ fltJ1J Vl'U V'U fl, 'lI.:I2Jtl112Jtfl V1'IJ tJ.:I

I~VflHn1Jflflffllm~2JV1'Uv'U" l'h1,riifl1~ t~1J l~lI~tJ
., .,., ......?t .. 1

'I1~'t1tJfl1fll2Jfl'U IH.:Il'Umwfffllll(lt!1U'UlI'U.:I 'Ufl~ffl-

Q " 0 OJ cr'dO
1Im ~2J fl1~ Ji'l't1~ m~ 11 fl2J tJ.:I'IJ 1.:1 ffll1 ~1JVl'UV'U~ 'Vl 'V11 fl1 ~

Ji'l~~U't1~~1lI'\.hv1,rn1Jflflffll1m~2JV1'UV'U" ~.:IfI1v1'U
• I ' _ I ...J., ..~ ..
u~~t'V1ffU't1~m.:lu~~t'V1ff 'lI.:I'lJW~'U IH.:Il'U mWl1flll12J

fffI11~1'U fl1~ U'Il.:l'll'Ut:Ji.:lfJ WfI1Vi ~.:I rl.:lJ'U~.:I ~tJ.:IUff1.:1. . ~
..::It.d~ ~QJ .4 0101

1I11 Ti 1I~ tJu'U1'Vll.:1LVi tJVi \PJl 'U lfl 'U ttJ.:I1Vi tJ fl1~ 1l111'U1V'Vl.:l

fI1v1 'UU~~t 'VlffU't1~~l.:1U ~~t'Vlff U't1~~ tJ1J ff'U tJ.:Itl112J

" " ~ ilQJ d ~
fltJ.:Ifll~ 'IJtJ.:I~ fltll1111~~1Jtl112JVi.:lVitJ11l~ .:I,,!~ 'Il~'U'U

QI .q I ,~ 4 1~l" ..
fl1~Vi\PJl'Ulm~1J1'Ufl1~Ji'l't1fltJV1.:1flt!1'UtJ.:I tVitJ 1I ~2J1'l1.:1

tl112Jt~'Ut~ff'IJ tJ.:Itl112J ffl2J1~ (l'IJtJ.:Im~1J1'U fl1~ Ji'l~fl~.:I

t~'Uu'U 1'V11.:1111',)2J1~.:Itl112Jdlt~ 1l1'Ul'J fl~flffll1 m~2J

dll1i'1J.:Il'U1~vdt~'Ufll~'Vl~'t1tJ.:It~tJfffllllfl~~1J1'U

fl1~ Ji'l~~m~ll fl1mtiiv2Jt~tJlI1111l~vu't1~~~rl1J11ll~v~

l111,rtn~'IJtJ.:ItffV~12J~.:I,)1'UfJWfI1Vi~tJJi'l~~nW..1m~1lfl
., .. ., 1" ., ..
Itl~t2JV2J I~V 'I1l1't1flfl1~tJtJflU1J1Jfl1~'Vl~'t1tJ.:I 'lI.:I1l1flfl1~

~" ~ 01" ".1
1tml~lIfflm~'IJtJ.:IU~1I1'Vll lI'Vl~l1J(l.:lu~~tfl'Vl'IJtJ.:I

11~lI1fitJ ~tJV1!~~~~tn~~'U1J'U~hm~llfl fl1~~~I~V'U
'" '" ..'IJtJ .:IfllVi U't1~ fl1~ tfl~ ~ ~1J'U mm ~ 1l fl U't1 ~ Ji'l't11l1flfl1~fffllll. ~

1111 ~VU 't1~ ~ ~ rl1J11ll~m~ tJ 't1 ~1I~ tJ'IJ ~~11~ 1I1~ tJ 111 flU'U

1l~l11 fl1 ~ tlll1'U~ 1111~VU't1~~ ~ rl1J11ll~ V~m2J1~ff2Jt ~ tJ

Vi lfl1~ 't1~'IJ tJ.:I1ffV1l1 fl m~1J1'U fl1~ Ji'l~~ m~ 1l fl1mtii V2J
~

n2J't1.:1ui'1JU~ .:IfJWfI1Vi'IJtJ.:Im~ll flltl~tii V2J

, ,
qq q "

2. 'YIqll~'YIlflU1'IJM

2.1 fl1,{){)nUU1Jfl1''YI~tHl.:l

i " , i'" "" 1"Montgomery [2] ~flm1 111 m~tJ.:Ifl1~ 1Ifl1~

'Vl~ 't1 tJ.:Itfi~U~~ ff'Vlnf11Vi1'U fl1~ 1tml~ rfJi'l't1i')~.:1 "!~ 1l~

~tJ.:IU l1t1 fl1~'Vll.:11'VlVlfflff~{t~12Jl'1hv1'Ufl1~11.:1UJi'l'U

fll~ 'Vl~'t1tJ.:I fir:h "fll~ tJtJ flU1J1J fl1~'Vl~'t1 tJ.:It:Ji.:lffii~"

1I2J1V~.:I m~1J1'U fl1~1'U fl1) 11.:1 UJi'l'U fl1~'Vl~'t1tJ.:It~tJl1

i " .." d d 0 i- 11"11l~ ~2J1'l1.:1'IJtJ1J't1'Vlm2J1~ff2J'Vlffl2JU(l'Ul u '11 'Unu
.q G'l.e::t,-=t .e::t,.q d 0 1" "
1tml~1I1~V1Tifl1~'Vll.:1ff(l~ 'lI.:I1l~'V11 lIffl2J1~(lll1'IJtJ

.Id i" ..
ff~u'Vlff2Jm~Ji'l't1 ~ fl1~tJtJflU1J1Jfl1~'Vl~'t1tJ.:I [3] fltJfl1~

'Vl~fftJlJtY;V.:Itlf.:lt~V111~tJ~t!1i1tJ.:IlflVVilfl1~tU~V'UUU't1.:1

r11~1UU~Ult~1 (Input Variables) 1'U~~1J1J1I~tJm~1J1'U

fl1~ ~ff'U11lfffllll t~tJ ~ 1l~Vil1,rffl2J 1~ (lli.:Itfl~U't1~;~.:I

fflm~~l.:1"l ~fitJ1,r1fi~fl1~lU~V'UUUM'lJtJ.:IJi'l't1~Viyf~i,)
~

(Output or Response) 1l1flm~1J1'Ufl1~1I~tJ~~1J1JU'U

I~V~1UU~Ult~11l~\1n~flu'I.1.:1t~'U2 fl~2JfitJ fl~2J~

tl11JfJ2Ji,) 1~Vfll1 "~1UU~ (lI~tJ111l~v) ~tl11JfJ2Ji,)

(Controllable Variables or Factors) 1I~tJ~1UU~ (lI~tJ

~., d i"UllllV) 'Vlffl2J1~(ltJtJflU1J1J fl" (Design Variables or



. ~

ltJfi 2 ll~lJ~'111fff!'1~l~U'\jlJ f1tllJ fll':i~11UlJ fll':i1~[J

nl1T1t'1aO~I~O~l.tl1n::ti1J

il,i'lI~nnJ1:ft'1J

In"'ilfl":"Mln1L~~••:iJ'1IM1L~.r11MU.iJ.i'D~I
1..Il1Jl"'l1Dll

I
Ot1nuutJ01,,,,n'lO,uif'O-liA'\U1n::thullnl1

I""t'lO~1,uJ,fnlloonmJUnllYliUItNYIlIJY

•
I

ilfl1,::Mun:"ttJHanllT1f1ao,udo~..(1..I

I
OOnUlJ1Jnl1nftn6~mlil"'1:tfft111JU1hlh1U

IUuu'1UUnl1Hlft01

~

I
1l1".~,.nuH"ullft:nlU".

'lnm'~llU\,lnl1iiv

Cltoe:t 0 ~ Clt,QJ

3.1tifll1V11lUlJfll111ltl

fll':i1~[Jflf'lrli~Il1J'I"hlJfll':i1~[JUUfll~lJ2 ff1lJ

3.1 fll1n111lJVli1;l~f.llli:l::1:::vlui1;l~tl~;l:::,,nlJfll11~tl

'1lJ~lJ fI UlJ rlll:: I~ lJ fll ':i ':i:: f!)J ff)J tl'l "l tl'l Yi)J '11lJ
.d ~ ".c:L~::t "d d ~
'If'lIUlJr:!'I'1)JtJ':i::ffUfll':iWll(;'l::)JfI11)Jl'll'[J1'1f1ty tlJm::U1lJ

~ .
oQ Q,I 0 .:!:I 4 oQoQ.:!:I QJ

fll':i ~(;'lfl 1l1fllJ lJ ll::lJ lltl11m tl'l)J tl'l'11'1 fftlflfltl ll~lJ~'1

n1'1,jl;'l1'H~tlll~lJfIl'ViI11'Jll(;'l::~(;'l [4] l~lJlfl~tl'l]jtl~ii

tJ':i::1[J'Il'Uff1'Hi'u11m1::11,j'tl)J(;'l Ifl[JVl1l1':iW1ff1l'HfI~ii
~ .

~(;'llf! [JfI H flU tiflllW::fJ WfIl'Vi "l tl '1U ty '1'11~ fflJ '111 ffflll1

d 0 ~ ".1 0 9
'If'l ~ 1flfll':i ':i::f!)Jff)Jtl'l II (;'l::lJ111~lJ~'1fll'l u (;'l1)J1'1l'1[J tlJ

.. ..., .. 'l"~ ~ ., .1 ~ .ld
fll':i11m1::'H"ltl1qj(;'l1l'l f!fl'lll~lJ~'1fll'lu(;'llf!'1~u'l'1 3

~ '"
'HM'l flU

I) fll':iti'lJ mu ~ ~[J~ii V'I'11l 'Vi (;'l~ Uflwr'h1Mlnfl

"l U'IIff [Jll (;'l:: Ull ~[J~ ii V'1'1 1l'Vi (;'l ~ Utiflll W:: fJ Wf11'Vi ~ U

m::U1lJ fll':i ~ftflm:: ~ fllm Iii [J)J If! [Jfll':i m U'IUll~[J

~1 [JllUU fll':i'l'1f!(;'lU'I'I'11 fJ~ I~U(;'lf!Ull ~[J'Htifl~ilJiil! [J

ff1rlUJ UUfl 1l(;'l::lhUll~V'l1tifl~l'H~U UVitJffflll1~U I~U
u ~

'HlfffIl1::~l'H)J1::ff)J~ tli tJ

~'" QI QJ.d
2) fll ':i'l'1 f! (;'l tl'll 'Vi tlfllJ 'H1':i::f! UUllll [J'I'1l'H)J 1:: ff)J

If! [Jfll ':i 11fl':i1::11f111)JIItJ':itJ':i1lJllUUhllJ fl'l'11'11~[J1

ff1)J 1 ':i tI tl 1l U1m ~ lJ ll~lJ ~'111fff! 'I ~ 1~U~lJ fI tllJ

fll':i~11UlJfll':i1~[J'l~~'1~tJ~2

(Outputs)

9il111.h~fllU~lJ'iI'
x, )(,)(, x.

z, z, z, z.
9illl1.h~fllU~lJ'JJ'iI'

2.2 UUUfll'f1V1iUI"f11Qll
~.4 dd.

llUUfll':i'l'1fl(;'lU'Il11fJ'Il' [3] flU fll':i'l'1fl(;'lU'I'I'1)J

tiflllW::l~lJllUUfll':i'l'1fl(;'lU'IUU{'I'1UflUl!(;'l (Orthogonal

Array) l'H)J1::'1lJfll':iffmm"M':i::'I'1uil~~[J'Htifl(Main

Effects) l~lJllUUfll':i'l'1fl(;'lU'I Resolution III mh1fiu

~(;'lm ::'I'1uil ~ ~[J'Htiflinfl ':i 'Iff~W~l~UlJ flU ~(;'l fl ':i:: '1'1 U

il~~[J'Htifl 1l(;'l::~(;'lm::'I'1U~1)J 2 il~~[J ~'1l'H)Jl::ff1'Hi'U

fll':imU'IU~~[J (Screening Factors)

" J 4 0 e:t
2.3 fll'f1V1i:1tl"tltll'li{1JU1J\l1W111tlfll1;llUlJflflH1Vltl1

fll':i11m1::11f111)JlltJ':itJ':i1lJ [3] l~lJ11ifll':i

'I'1f!ffUU1~U'H1,j'Uff~tJ'I'11'1ff~~I~[J1flU~11~~[J"lU'I':i::UU

'1lJ m Wffflll11 tJ~ [JU lYi [JU fl~)J~1Util 'I~'111~ ffU'I fl~)J
~ i I dJ ., .. d
"llJ tJ f![J)J'VilJ~llJ)J1~lflfll':i11fl':i1::'H 'I'1)J1"lU'Iff1l'Hfi

M •

'H~Ull'H~'1~nU'1Mlnflf111)Jllfi fl~l'1"lU'I~1f1UU fflJ U'I
.4, QI tI~ .d",

(Responses) '1'1 ':i Ufl1~(;'l (;'l'Vi!i(;'l flll W::fJ Wf11'Vi '1'1 fI U'I fll':i
., ..

f11UfJ)J (DesiredQuaiityCharacteristics) ll(;'l:: fll':i 11fl ':i 1::'1'1

f111)JUtJ ':itJnlJllUU ~l11lJfl'l'11'11~[J1 l~ lJ fll':i fflJ '1~ffflll1

Ull~mYi [J'Iil~~m~[J1 ~'1 ~llJ1lJ':i::fiu~fflJ '1llffflll1"lU'I

Ull~ml'hflU a ':i::fiu I~U~11':i::fiu~llflfl~1'1fllJ"lU'I
~ .

il~~[Jl!lJ ~dj~(;'l m::'I'1u~U~11~~[J"lU'I~111tJ ':i fI UU fflJ tN

UV1'1iil![Jff1rlty '1'1r UilJ

Factors) ml::fl~)J~'hjff1)Jl'Hlf11UfJ)Ji~ 1~[Jfl11 "~11l1h

('Hruil~~[J) ~mfl1lr:i::UU" (Uncontrollable or Noise

Variables (Factors)) fi'lllfffl'l'1lJ~tJ~ I



.. d
A x B ~f.UM.fJ)JVU x fI11)J!';j1tYltJ'Vll'U

~

';j~fl1J''Ull~~~iI'il~tJ l~tJiiil'il~tJl'i-:JM)J~ 6 iI'il~tJ l~tJ

9'" 6 "' .. 1 dl'b'IlN'U Ls2 Orthogonal Array ~-:Jfll';jl-:J'YI 2 ~tJ)JN~

f1V1JtY'UV-:J

.: di Id." I

Y
1
= 'b''U-:Jl'U'l )J)J'lJV1Jf)'Vl';jV-:J

Y2 = ';'U-:Jl'Uii.uV1Jf)'Vliv-:J ll,jvd,'U.uvfi1'11'U~)Jlf1';jlSl'U

Y
J

= ';'U-:Jl'Uii.uV1Jf)'Vliv-:J 'l,JN1'U.uvfi1'11'U~)Jlf1';jlSl'U

f)17filMU ~';j~~UiI'iJ~tJ1'Uf)17'YI~~V-:J 1~'U f11';j

filM'U ~ 'ill f)'IJ VUl'IJ f1.uVfilM 'U~~T,!~ -~ -:J~~ II~~ ~ tlllU U

nv'Utli'utl~ -:Jll~~mi-:Jtli'utl~ -:J Vln~f.U M.fJii'llv-:J f11';jVU

.e::::t" 0 'G) I ~
m~'ilf)'iJ~)J'llVf11M'U~Vg 1'U'b'1-:J 690°C tl-:J 740°C fI11)J

Q ood ".4 IG)
In'IJV-:JtYltJ'Vl1'U~11M-:Jm~'ilf11'IJ11f1';jV-:JVUm~'iJf) V~ 1'U

• 4 .1 d .k
'b'1-:J 15 m/rnin. tl-:J 25 m/min. ~ullUU'llV-:J';jm'll'U9f-:J'illf)

. oil I Q.et.::
f) 17 ';j ~ ~)J tY)J V-:J 'YIl1M'VlU 11 ~ tlllU U'IJ V-:J ';j m'IJ 'Ul'l)J 'U 'U

V1'il 'il~ ff -:JN~ f) ';j~ 'YIU~ViI ty '11111~~ tl ';j ~lil'YI ~ 'iJ~ 'YIl1MIn~
~

';j VtJ~'l'li1'UU'U~1m~ 'il f) ~-:J 11'U f11 ';j filM 'U 'l';j~~uiI 'iJ~tJ

Ci:ll at QI ~l
'il-:Jl1J'U ~tlllUmtll'll'U f)V'U f11';jtlmtl l -:JflV 'Vl'U ';jv-:Jm~'iJ f)

'il~!~ tJUll~~1HllN'U m~'iJ f)cHV'U ti'U 1l~~~tlllUUtli'Utl~-:J
I~ l .do' i" ~ .:9

1M)JflV 'Vl'U';jv-:Jm~'ilf)'iJ~)J';jV-:J11-:Jm~'ilf) 'lflH~~M'U-:J

I 0 q " i 'QJ Q.I 'jI QI .a ... 1
llN'U 'YIlIMm~'ilf) )JtY)JNtYll~~9fV'Uf)'U ';j~UUlf1';jV-:JPi'U

'lJVU m~'iJ f)1um~1J1'U f11';jN'U'llVUm~'ilf) 'iJ~ii'Jt~ilv-:Jtiu
d _I did

1f11J f) ';j~ 'il f)'YI \! f) Pi'U 'lJVU f) ';j~ 1~'U VVf))J1\! f) m ~ 'il f)IlN'U V'U

.. '9 1" 9 '" f , ,'YIvg l'Um~U1'Uf11';j 'ltJ';j~1JU1~)J'iJ~ l'b'U1M~VllN'U

m ~ 'iJ f)H 11~ ~ ~ tlllU Utl i'Utl ~ -:J 'il~ 1';'Vl ~ ltY~ f)fI';j VU

ilv-:J ti'U f11';j m~I~'U 'lJV-:J1f11J m~'ilf) ';j~uuilv-:J ti'U~'UU'U

tYltJ'Vll'U ~11~tJ-:J m~'iJ f)itl~m~1J1'Uf11';j lf1nVU1mIii tJ)J

1~ tJ1'Ulluunv'Utli'utl~ -:J'il~ 1';'VlmtY~ f)f1 ';j VUtYltJ'Vll'Ui1
ll~~ ~tlllUU~ tl i'utl ~ -:Ji~'YIl f11';j ~'l ~-:J 'Jt~ l'iV~iJ1.uli tll~V

1';11H~'U~)J 1~ 'U~1N~f) ~'Ui,J1Ml.ul)J11 'U 'Jt'l~11~tJ-:J

1 "'.. 9 ..
m~'ilf) 'ltJtYltJ'Vll'U 1l~~~~'YI1tJflV!1~ll'Uf11';jlf1~VU

1m !iitJ)J'llv-:J!f1~v-:Jlf1nVU1mliitJ)J ii'IJvu!'lJfI.uvfi1'11'U'l

vd1wlh-:J 7-10 1'Ul'Yi

fl-:J J'U1'U f11';j filMU 'l ';j~~uil 'il~tJ1'U ff1'U f11 ';j VVf)­

lluul~vmv-:JiI'iJ~tJ ~-:Jl~'U f11';jfilM'U~';j~fl1JiI'iJ~ tJ~ 2

740 °C

10 Sec.

25m/min

i,Jiiiv-:J

'VlmtY~f)

7 Sec.

690°C

Low (1) High (2)

'Vl~ltY~f)

15m/min

~tUM.fJiivu
d

fI11)J!ntYltJ'Vll'U

~tlllUmtll~'U

';j~UUlfI~V-:JN'U

'lJVU

ti'U ~'UU'U

tYltJ'Vll'U..
!1~llf1~VU

1fI ';j Iii tJ)J

F

E

A

B

C

D

Interaction

~tJ~ 3 llN'Uill'VllltY'l-:JtYlll1~'llv-:JiltyMl'llV':l!fftJtJ';j~!il'YI
, ~ ~

.e::::t .e::::t ~ I::i.:::to ~ .Q

';jVtJ'Y~'ll'l'YIln~'ll'Uu'Umm~'il f) f11';jN~!'VltJ'U 'llV-:Jill'Vl

1l~~f11';j!n'l~~u'U~bm~'ilf)

A,.n-:J~ 1 iI'il~tJl!~~';j~flUiI'il~tJ~1~'Uf11';j'YI~~V-:J

1~f)1';j'Yl1Q';

'il 1 f) llN'U il1'VltYll'11 'J 'll V-:J iI ty '111 tYun HltY~ tJ

iI'il~tJ1.h!.ul~~hri'ty~-:JVlmJ~ff-:JN~m~'YIU~v 1Vf11tYf11';j
, ~

!n~'lJv-:J !fftJtJ';j~!il 'YI ';j v tJ'Y'l ~'l 'fhn~:J'U U'U ~1 m ~ 'il f)

f11';j~~!~tJ'U'lJV-:Jill'Vl 1l~~f11';j!n~~~U'U~1m~'ilf)'l~~-:J. ~

,mnYi 1 fl-:JU



.. 6
Vll'anl 2 UNUfI1~l'l~HH)..:J Ls2 Orthogonal Array

Run# A B Ax C D E F

B

I I I I I I I I

2 I I I 2 2 2 2

3 I 2 2 I I 2 2

4 I 2 2 2 2 I I

5 2 I 2 I 2 I 2

6 2 I 2 2 I 2 I

7 2 2 I I 2 2 I

8 2 2 I 2 I I 2

n1'ifh'Hu~iJ'iJ~£JU~~~~~1JiJ'iJ~£J1uri1U'IH)..:Jn1'i

jJ ~~~.d 1 .Q rI
fl U 'H n ~ ~ 1J u 'iJ 'iJ £Jl'lll! 1J1~ ff1J L~ £I n n 11fl ~ 1~ 'Hfl111J

mJnh1UU1J1J~lllUnl11..:JI~£J1,JU'l~1J1'iJ1nn1~1'l~~tl..:J

l~£JfI1~mtl..:JiJ'iJ~£Ju~~m;..:J'iJ1nfl1~ilm1~Mu~~ff~,jN~

fI1 ~l'l~ ~ tl..:JI~tl..:JI9i'U 1~ £JfI1~ m tl..:JiJ 'iJ~£J,JU 'Vi1J -hiJ 'iJ ~£J~

1J Vl'l t 'Vi~ ~ tlN~~ tl1JffU tl..:JihVi £J..:JiJ 'iJ~£Jl~ £11 u~~1un1'i

n1'HU~~ ~~1JiJ 'iJ~£J,JU 'iJ~ I9i'tl..:Jfhu..:J (i 'Im11J~~ IV £J~ 1U

fI1~l'l~~ tl'l':h fI1~n1'HU m ~~1JiJ 'iJ ~£I 1Jm11Jff11J1Hl

d .d d OJ OJ rldd I

1'Vi £J..:J 'Vi tl l'l 'iJ ~ 1J tl 'Ill! U fl111J ff1J 'Vi U 1i 1'11J 1J 1n n 11 fl111J

~ .Q ,.,,, 4!t \t1 I .d 9. .QQJ .: d.ci
IUUI'I1'1lffU~1£J'H~tl11J CJf'l LUfI1~1'iJ£JU1Jtl'lmU(Hfl111J

ri1ri'ty~ ~'1nmU~~~~1JiJ'iJ~£Jl~U 4 ~~~1J fitl~'1U~';1..:J

,)tln1'HU~~lty~ (i'l~'1tyn tl'liJ'iJ ~£J,Ju 1l~~lvitlm11J. ~ ~
104~ 0 QJ QJ

U11'11tlOV'IJV'lfl1~1'l~~tl'l'iJ~1'l1f11~1'l~~V'l1'l'l'H1J~5 m'l

lf1£J1JllNUfI1~1'l~~V'I~'1~1'i1'1~3

iJ'iJ~£J
fI1~

l'lfl~V..:J ~~fi1J I ~~~1J 2 ~~~1J 3 ~~~1J 4

I YI\ Y
21

Y
31

Y
41

2 Y I2
Y

22
Y

32
Y

42

3 Y 13 Y
23

Y
33

Y43

4 Y I4
Y

24
Y34 Y44

5 Y I5 Y
25

Y
35

Y 45

'" ~ ..
Vll1HfI 3 IINUfI1~1'l~~V'IfI1~1Im1~'H

m11Jll,j~,j~1UIl1J1J~111U nl'll..:JI~£J1

~ ~

3.2 m1111'111~'HNt'I

1U fI1~i~£Jfli 'I~1J1~ Q,j ~ ~ ff '1tllvitl~ fI ~1U1U 'IJ tl..:J

dY£J1um~1J1u fI1~N~~m~'iJn lml1J£J1J lf1£J1Jtimlf,u~
.4 o.Q I v

fJWfI1'Vifltl ~ tl £J~l'HU1JUllNUm~ 'iJ n II ff 'I ff~l'ltlU1JU

.:::to I 91 OJ ~
N1m~'iJn 1l~~f11m11Jlfl'l'IJtl'lm~'iJnf1'1Uunu~~ll
ell dl d~ QJ dQl 11I]j/ QJ

~nllW~fJWfI1'Vi 'iJ'I1Jl'l'l~nllW~1'l1~f11 Lfl 1l~~~nllW~

~1f1~1'l,j'l~ ~'1,Ju1um~ilm1~M N~lvitl hf~~ 'I 'I11J

1YlQ,j~~ff '1tl'IJtl'l fI1~i~£J ~'1~'iJ1~W 1N~fI1~Yltl1JffUtl'l
d \I) j/~ dl1l Id jJ, V g) I

l'l'iJ1n L~'I1U..:J1U~ L1J1J'lJtl1Jn'Vi~tl'l U~~fJWfI1'ViI'IJ11n~f11

tih'H1J1£J1J1n~ty~

4. Nt'lm11~[1

'iJ 1fi'1Tu~ tlu·illnn~11UU nni~£J~'l~mh11J1

U~1 ~i~£J'l~~ln1ufI1~i~£J~11J'1Tu~vu~'1~mi11i111~~

'l~1Jm n'JU Vi n N~ n n ~ 11UU '11Ui~£11u,Tu ~vu ~ 1'1'1

rimr1J1U111,)tl~'iJ~ IIff~ 'I (i 'IN~ ti'Vi;~'l~'iJ 1n n 1~ ~11UU

'11U~ 11J,TU~tlU m~ ,)11UU '11Ui~£J~i~mi111J1,)1..:J I9i'U

.:I d 9. o.Q CltoQ.l

'Il' 'I ff11J 1~Oilff~ 'I ~ l£J~~ltl £J~ LU fI1~ ~11U U..:J 1U1 'iJ £Jll~~

N~ti'Vi;'iJ1nfl1~')1I'UU'I1Ui~£J l~~'1~V i,j~



.; "4.1 Ntlfll~'t1~nltl.:.lltJMVI'U'\Itl.:.lfll~fHlnlltJtJnWflVll:UI.:.l

1 ~ .....q ...
V1tll'tf1fi't11Q'tf

i 'U~'U ~V'U fll':i ilf1 ':i 1~ MII~~ tY~1J ~~ n 1HI ~ ~ V.:j
J JJ': "4 QI i'" QI .Q Cit.

ltJV.:.I~'U'U~Pl)V ~V1tWl1J':illm1J'I'1HtYfI~ Minitab
"o .Q 0' Old

Version 15 1Jl'1'11m':i11ml~1I~~m':i'l'1~~v.:j~.:j'U

1) m':illlUl)~VU~~':i~~tJUl)~V~m)'I'1~'Vl~~vm':i

ln~'UV.:jlffV l~vill m':i '1'11 Q; tYl1Jl':ifllltY~.:j~~mHl~~V.:j

i~~.:j~l':il.:j~4

2) fll':ill1Ul)~VII~~':i~~tJUl)~v~ii~'I'1~'Vl~~V
.Q QI ",d'l" I" ,

fJf.Um'Vl~~~flf.UCfI C)f.:j ~un m':itY~'I'1v'U'UV.:jlltY.:j U~~f11

f1111J lf1'.:j'Uv.:jm~l)n tYumfllltY~.:j~~fll':i'l'1~~V.:j'l~~.:j .
, ,

~l':il.:jVi 5 1I~~~l':il.:jVi 6 ~l1J~l~lJ

1)1n~~ m':i'l'1~ ~V.:jldV.:j~'U1 ~Vmv.:ju 1)~Vl~vill

'1'11 Q;J'U ";1i,1''VllJ':hu 1) ~v~ii~'I'1 ~'Vl~~V tln ln~'Uv.:j

lffVflV Ul)~v~1JlIlJmm~'U l~vii':i~~lJul)~V~~'U':iV.:j
m~l)tliiiv.:j11.:jm~l)tlll~~Ul)~v~ii~'I'1~'Vl~~VfJf.Ufll'Vl

~ii~t1f.UcrlflV ul)~vn~li'Utlmf1iivlJ 1mIii V1J ~ii~~~v
" .d d t _~ .od I

fll':itY~'I'1V'U'UV.:jlltY .:jC)f.:j1Jf111lJ1111Jl VV Q'I'1 50±5% tY1'U

t'hf1111Jlf1'.:j'Uv.:jm~l)tlJ'Uiit'hlillll1J1V~ R1250±R150

1~viiul)~v~ii~~~vfilf1111Jlf1'.:j'Uv.:jtl':i~l)tlflVUl)~V

Vf.U 1I flUVlJ U 1)~af1111Jl~1tYl V'Vll'\.JU~~ ~'I'1~'Vl~ i11J. '"
':i ~1I11.:j U1) ~Vtl f.U 1I t;]uVlJ nlJU 1)~Vf1111Jl~ 1 tYl V'Vll'U

(Interaction AB)

V11~H~ 4 ~Ml':i'l'1~~V.:jll1Ul)~ml~~':i~~lJUl)~V

~ii~'I'1~'Vl~~vm':i ln~'UV.:jlffV1~ vill m':i '1'11 Q;

Taguchi Analysis: VI versus A, B, C, D, E, F

Response Table fo~ Signal to Noise Ratios
La~qe~ is bette~

Level A B C D E F
1 24.31 25.31 30.22 24.26 24.39 25.32
2 25.40 24.40 19.49 25.45 25.32 24.39
Delta 1. 06 0.91 10.72 1.16 0.93 0.93
Rank 3 6 1 2 4 5

Response Table fo~ Means

Level A B C D E F
1 19.000 21. 500 32.750 19.000 20.500 22.250
2 23.250 20.750 9,500 23.250 21. 750 20.000
Delta 4.250 0.750 23.250 4.250 1. 250 2.250
Rank 2.5 6 1 2.5 5 4

.dd.Q.Q' Cit. QI .,,,

'1'11J V'I'11i 'Vl~~VtJf.Ufll'Vl ~~~fl f.U CfI~ l'U

" 1""'''fll':itY~'I'1V'UlltY.:j ~V11i'l'11Q'If

Taguchi Analysis: Vr versus A, B, C, 0, E, F

Response Table for Signal to Noise Ratios
Nominal is best (10~Log10(Ybar~~2/s~~2))

Level A B C D E F
1 48.67 48.37 48.03 48.11 45.30 45.82
2 44.30 44.60 44.93 44.86 47.67 47.15
Delta 4.37 3.77 3.10 3.25 2.38 1. 33
Rank 1 2 4 3 5 6

Response Table for Means

Level A B C D E F
1 50.84 50.93 50.88 50.89 50.77 47.34
2 51. 05 50.96 51.02 51.00 51.12 54.55
Delta 0.20 0.03 0.14 0.11 0.34 7.21
Rank 3 6 4 5 2 1

V11~H~ 6 ~Ml':i'l'1~~V.:jlllUl)~ml~~':i~~lJUl)~V~ii

~'I'1~'Vl~~VfJf.Um'Vl ~ii~t1f.Ucrl~l'Ufilml1Jlf1'.:j

'UV.:jtl':i~l)tll~Villtll':i'l'11Q;

Taguchi Analysis: Vc versus A, B, C, 0, E, F

Response Table for Signal to Noise Ratios
Nominal is best (10~Log10(Ybar~~2/s~~2))

Level A B C D E F
1 37.21 36.89 39.25 40.39 39.93 39.28
2 41. 74 42.06 39.71 38.57 39.02 39.68
Delta 4.53 5.17 0.46 1.82 0.91 0.40
Rank 2 1 5 3 4 6

Response Table for Means

Level A B C D E F
1 1258 1256 1264 1260 1263 1265
2 1268 1269 1262 1266 1263 1261
Delta 9 13 2 5 1 5
Rank 2 1 5 3 6 4

, ,
o q 4 .et
~111'Un't11.:jIVltl11'Vttl't11U.fll1~'t11111Jl~U1J

1)1 tl~~fll':i'l'1~~V.:jld V.:j~'U1~Vmtl.:jUl) ~Vl~aill

'1'11 Q;J'U";1i,1''1'1 ':i llJi~11U 1)~Vi~iJl.:jii~'I'1 ~ 'Vl~~Vtll':i



1I ".% 0 ~ ~ ~ '" 1 d
'Yl"'lV~11Hl~"'\.J,.n'l1Jl1u ~ ~tJmn L'\.J fll'Hfl'lV1J fl'H1JtJ1J
~ dQ <CIt. I Q QI,,91 91

'\.J '\.J 1JV'Yltil'l 'l"VfJWflll'l'IJV~ f.l'lflflW '¥1"1'\.J fll',HY::;'Yl tl'\.J

11ff~ 11'1::; f.l'lfl V1Jff'\.JV~ V~'1i1~11n~f111{1TI11J1tJ n1J~~

V~ff11J1HlllU~~::;ri1J11~~tJ'rlvn 4 ~::;ri1J11~~tJ ~l~tJ~~
'"

'rll11fll~'Yl"'lV~1~1Jl~1J 1~m'nf11~::;ri1J11~~tJ~1l11J1::;ff1J

ff11J1Hl11ff,,~f11f.l'lfll~'Yl"'lV~'rlri~f11~1~~ 7

tli'1JtJ~ ~fJWflll'l f.liiflfiW Gl'lrl1'\.Jf11fl111J1fl~'lJv~m::;~ n

" ~ ~ ~ '" 1 d 0
l1'l::;"l"'Y11tJu~'iWl1'll nW111fl'lV1J ml1JtJ1J fllllU"

~::;ri1J11~~tJ~l1m1ufll~lfl~V1J8 lU1fi ~~fll~'Yl"ffV1J

V'\.JV'\.J f.lM1~ 1~tJirlfi111U" ~1'\.J1U fll~ f.lii"H~ 3,400

11~'\.J 1~l1m1ufll~f.liifl~lU1U8 i111J~l11~lU l"tJijf.l'l

fll~'Yl"ffV1JVUVUf.l'lfll~l~tJri~l1ff"~1u,,n1~~4

.
Vl1n~n 7 f.l'l'Yl"'lV~fll~11m1::;Mfl111JlltJnJn'\.J

o d

ll1J1J~l11'\.J n'Yl1~1"tJl

S • 0.2280 R-Sq' 99.43\ R-Sq(adj). 99.32\

one-way ANOVA: Reflectance versus Time

1.29%

2.71%

2.47%

9.82%

3.35%

44

92

84

114

334

~tltJ'Y"~"
~

fll~~"l~tJU'lJV~flWI

(0)

----+---------+---------+---------+-----
48.0 50.0 52.0 54.0

(0)
(0)

Individual 95\ CIa For lie"" B""ed on
Pooled StI)ev
----+---------+---------+---------+-----
(0)

Level R Ileen StDev
7 5 47.360 0.261
8 5 50.040 0.230
9 5 52.400 0.255

10 5 54.580 0.148

Source DF SS lIS F P
Tae 3 144.5575 48.1858 926.65 0.000
[rror 16 0.8320 0.0520
To""l 19 145.3895

~lnf.l'lfll~'Yl"'lV~fll~11m1::;Mfll11JlltJ~tJ~1'\.J

ll1J1J ~111'\.J n'Yl1~1~ tJl1~Vl1lf111::;ri1J11~~tJ~1l11J l::;ff1J

11~ll'11J 11 ~::; ri1J 11 ~ ~tJ~ ij 6'Yl i l'I 'I~V fJW fl1l'1 f.liifl fiWGl'l

rl1'\.Jfll~ff::;l1'V'\.Jllff~fiv ~::;ri1J11~~tJ~ 8 1'\.J1fi mh~ij,:rtJ

"hl'ity'Yl1~ffii~lh::;ri1J 0.05

.4 0,,1 ~Q.I

4.3 fll''t1~iftl1Jtl\!tl\!Nafll'1i1tl

fll~'Yl"ffV1JV'\.JV'\.Jf.l'l fll~l~tJ 1{J'\.Jnn'Yl"ffV1J1~V

V'\.J V'\.J f.l'lff~ tJ'lJv~fh11~ ~tJU 11~1~ij,:rtJri1l'it\J 1" tJ~::;l'h
• u

fll~tJ i'1Jf1111 ~ ~tJU 11'li'1f1 11Jf11~'rl fill''\.J''H~ln f.l'l fll~
4 QJ d d OJ ev.d':

'Yl"'lV~flV 11~~tJ1tJll1J1JHl1'IJ'\.Jhwm::;"1J11~~tJ'I'Il'I'\.J
<do I ~.Q

~v~m::;~nmV~11~m::;~n ll'lV'l"'lJV~lfftJ~lnm::;1Jl'\.J

fll~f.liiflm::;~n1m1ijtJ1J 11~~tJf.lwlI1JiiV1J 11~~tJfl111J

1~ l'IJV~ ff1tJl'I1'\.Jll'l::;6'Yli l'I'l'i l1J~::;1I11~11~ ~tJV W11flii. '"
V1Jn1J11~~tJfl111J1~1'IJV~ff1tJl'I1'\.J (Interaction AB) l"tJ

fi111'\.J"~::;ri1J11~~tJVWlIfliiV1J~~::;ri1J690 DC fi111'\.J". '"
QJ QJ d dQ.l' 4.

~::;"1JiJ~~tJfll11J1n'IJV~ff1tJl'I1'\.Jm::;"1J 15 m/min, ll'lV

5. ifltJ

5.1 ifltJNafm11ltl

~1n f.l'l fll~ 'Yl"l;1 V~l1l;1::; f.ll;1 fll~llfl ~ l::;Ml11111'1'1~11J

1111~ ~tJ~ ij,:rtJri1l'it\J~tl fll~ In" 'IJ tl~ 1iYtJfiV~ tJ ll1J1J 'lJtl~
u '"

Hll~U l"tJ11ll~tJ;iijf.lM~::;'Yl1Jl"tJfI~~~vnmn,,~VtJ~"
I c:i $I 0 ~ Q Q.I rI

'lJ1'\.J 'lI~'lJVfllllU" LU fll~ f1nllffV1J f.ll;1f1flW CVlll::;V'4ty1f1

1111n"~VtJ~",;1Ui~hjlnu 1 ~"''\.J 1 ll~um::;llmll;1::;

ij ~::; tJ::;fl111J tJ1l'IJ tl~ ~ tl tJ~ ,,';1U'~1iInu 3 ii l;1 ii11J" ~

iJ ~~tJ~ij,:rtJri1l'ity ~ tl'"mlW::;tJWflll'lrl1'\.Jf11fl111J1fl~



"'il'" ... il'" d
m::~mH) ~~£lQtlI'I1t;]1Jm.J ~~£lm11Jlnff1£lvnuU"::

~fllh'i"~11J':i::wh:lil~~£lQtlI'I1t;]iim.Jnuil~~£lm11Jl~1

ff1£lVi1U (Interaction AB) U"::~"111£lil~~£l~iju£l~hfity
lev jJ 91 ~il'" 9
~e"flfltll::fJtlImVi"lU f11'jff::fleUUff-:lfle ~~£l11"11U

flmfl~eu1mlij £l1J u"::l~e 1MI1~u11J~11Ji~Q1J'j::ff-:ltl

'IJe-:lf11'ji~£lfie ""'IJe-:llff£l1um::U1Uf11Hlii~ 1mlij £l1J

.1'" .1 ... '" " " 0 'i"
lJ'jUlJ~-:lfJtlImViN"~lltllCVI"lUfIlm11J lfl-:lm::~fl u,,::

f11'j ff:: 11e U 'IIe -:I Uff -:I ~:: ~e -:I n I'llU" 'j::~u il~ ~£l~-:I~1'j1-:1

c: 0 QI QI~Clj,I
~,.nnl 5 f11'jf11'11U"'j::"uil~~£JlVie 1'l1~Hm1J

i~Q1J'j::ff-:ltl-:l1ui~£l

d
B m11Jl'j1'IJe-:lff1£lVi1U 15m/min

C ~1Juumm~u ij~e-:l

D 'j::UUlfl~e-:l~U'lJeu Vi"lff~flnu

E nU~UUUff1£lVi1U m-:l~U"1J

Iff £l 11 " 11J1 fl1u fln 11J~£lU 'j:: ~uil~ ~£l l"mu Vi 1:: f11'j
.oJ QI QI ~ ~~ d

11J" £lU 'j::"uil~~ £l'IJ'eJ-:lQtlI 'I1t;]1Jeum::~ fl fl-:lU ~::l'I1U

1,)":11 ~i~£l1,ji,)'u 1il~~£lQtlI 'I1t;]iieu il~~£lfl111Jl~1'IJe-:l

ff1£lVi1U u,,::~ flnVi "~11J 'j ::'I1':h-:lil ~ ~£lQtlI 'I1lJiieu nu

m11Jl~1'IJe-:lff1£lVi1U1J1l11fl1'jfl""e-:l9ie1u~u Classic
.,j '" do 9J"

DOE lUe-:l~lfl1Jfl111Jl'I1U11N"f11'jfl""e-:llU1U'eJ-:I~U

1"£li~'¥11Q;Ju ViU':I1~lm11Jlri-:l'IJe-:lm::~fl e~1'U'1f1-:1

1J1~'j1!lU~~e-:lfln t)fl~-:lf11'j11J~ £lU 'j::~uil~~£l'lJe-:l

QtlI'I1t;]iieu ri -:I N" Iff£l9i e f11Hl1I'UU f11'j~-:I~l1~~ l£lU"::

11"1 ~i~£l~-:I'W~1'jtll1'1,jl11f11'jfl""e-:l9ie1u~u Classic

DOE

"5.2 'IJ81UU'eJllU::

~ffU1~ ff11J 1'j tlU1'11't1flf11'ji~£ld11J1J'j:: Qfl~ii1U

fl1mm'IJilty'l11gu<'] 1um::U1Uf11'jNii~1,)'l'liU f11'j'l11
, .c:rt. .4C11"'oQQI cfJJClI"

ffm1::l'I11J1::ff1J~ef11'jN"~lVie I'l1N"~lltllCVI1'IJ11fl"

o iI 'i"'''' ... ~ ~ 9
fill l'111J1£l 1"£l11if11'j'¥11Q'If 'II-:lllJUUU1fl1-:1 lUfln'l11

lfl~e -:lijm~eme-:lil~~£lU"::",,~lU1 U fl1'jfl"" 'eJ-:I1"£l1~

'11 't1fl f11 'j '¥11Q;

fl1'jflmnm::U1Ufl1'jNii~m::~fllf1'jlij£lmh'l1iu
~ .dod I 1''''

m::~flHWU~ fl1Jfl1f1111J lfl-:lm::~fl R1250±R150
0" 'i 9" .,j ~ .1

fIlf11'jff::fleUUff-:l 50±5% lfl£l 1'll'lme-:l'IJU~lJm::~fl

Mirror Glass Convexing Machine l~eflm:l1il~~£lu,,::

'j::~U il ~~£l~ ij~ fl n Vi,,9i 'eJ fl1'j In" 'IIe-:l Iff £l1U m ::U1Ufl1'j

Nii~m::~fllmlij£l1J u"::'t1mJtlI::fJtlImVi~lU~lm11J

lri-:lm::~fl ll"::~lf11'jff::l1eUUff-:l ,)'1£li~fl1'jeefluuu

fl1 'j fl"" e -:I1" £l1~'11 't1fl f11 'j e 'eJ fl UUUf11 'j fl"" e -:I u,,:: l'h
f11'jfl""e-:llfl£l1~ffm1::fl1'j1J~u~~~-:I

o "'il"'9 J,,::
fl1'jfl1'11U"'j::"U ~M lUf11'jfl""e-:llUe-:l~UUU

~::n1'11U"IVi£l-:I 2 'j::~uil~~£l li1e-:l~lfl'l11flijfl1'jn1'11U"

'j ::~U il ~ ~£l'I1" l£l<'] 'j::~U1U fl nfl""e-:l ~::ln" m11J q-:l
do I !II, I jJ ::

£l1flU"::lff£lfIl1'1f~l£l1uf11'jfl""'eJ-:lfleU 'IJ1-:1't! -:I 'j11Jm

F 8 iul'Yi " ...
l'eJflU1~8H8.:j
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