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~l~~fi!lLUU~fI'Jll-JL~'J~!lU 10,000 ~!lU/U1Yi '1ll?lnnl~i.J!lU(;]~ 0.01 n~~Ll-JI?1~/~U Ll~:;fI'Jll-J~n(;]~ 0.5 

n~~ Ll-J1?1 ~ '"l:;1~~UVlU'lJ!l'l Lfl1!l'lij!l(;]~ ~1~~ Lri!l LYltiU flU ~!lu1'JJn1~(;]~ LLUU LL~'l LL~:; LLUU L1:1t1 n 



Abtract 

The aim of this research is to monitor the cutting conditions with the dry cutting, the wet 

cutting, and the mist cutting to obtain the proper cutting condition for the plain carbon steel with the 

ball end milling based on the consideration of the surface roughness of the machined parts, the life 

of the cutting tools, the use of the cutting fluids, and the cutting costs of cutting fluids and cutting 

tools. 

The in-processes monitoring of cutting conditions is utilized to measure the cutting forces 

during the ball-end milling process in order to examine and analyze the relation of the tool wear, the 

surface roughness, the cutting condition and the cutting force. 

The experimentally obtained results of the relations of the tool wear, the surface roughness, 

and cutting force are correspondent with the same trend. The phenomena of surface roughness 

and tool wear can be explained well by the in-process cutting forces. The cutting cost is calculated 

from the costs of cutting tool and cutting fluid. 

The experimentally obtained proper cutting condition is determined based on the 

experimental results, which is the mist cutting of the spindle speed 10,000 rpm, the feed rate 0.01 

mm/tooth, and the depth of cut 0.5 mm. The cutting cost of the mist cutting is the lowest as 

compared to others. 



'U'Vl'Vl 1"'" 

o 
'U'Vl'U1 

1.1 tJ'YJ,\A1 

~ ~ 

tr9~U'W'r~i?llh:;lJlYllVl~nn~1 1~Qml1l-J1~~l?ldh~:ntJ~'ltJ~1~'1!~1-l 1l-J1nl-J1U L~m'tlYn:;:ntJ 
~ , 

~'ltJtl 'i':;n'tlU~lV1fU dtlUtJvl hl~19:; LijtJl1l'l n-l'i'llUtJwntJ~'ltJtl'i':;ntlUJl1U1tJlfl1tl-lUtJvl~1-l 1 LLlJ~mftU~ 
" I I " 

'tl~1~ ~ n LL~:;:ntJ~'ltJtl 'i':; ntlU enf~~~rl m:;U'ltJn 1'i'n~ lutJn 'i':;U 'ltJn1'i'VlU-lYi~1 ~~1tJn1'i'11l~~tJ~tl1~i?l 

CPl-l n ~1'l1«l~ltl11-l {;l1l-J~ ~tl-l n1 'i' ml1-l1 'i'n {;l1l-J n 1 'i'~ nVl'i'tl'lJtl-l iJ ~ 111~tT-llUtJtr~Vl1 VI~n 1 tJm:;u 'ltJn1 dfl~ 
"" , i.I 

~tJ 'i'tl:ntJ-l1tJ LUtl-l91 n n1'i'~ nVl'i'tl'lJtl-liJ ~ 111~13.1 LYlU-l~-l ~~n 'i':;YlU I1ltlfl ruJl1'tl t:l'l'lltl-l:ntJ-l1tJ lL~ tT-l~11'!X'lJtJ1~ " , 

iJ~I1l~1mJ 

n1 'i'H'~l'i'VI~tlliJtJ (Cutting fluid) L1j tJfjfiVlrt-l~UUl-JH' L~ll"ll'lU1 '!Xm:;u 'ltJn1'i'!Jl~~tJ~'ltJCP1-l n ~1'l~ 
i.I I I " 

~tJLL~:;ll11fl ruJl1'tl1?l1l-J Yi~tl-l n1 'i' L~U ~l'i'VI~ll LUtJ9:;"ll'l U~~ll ruVlJl nYi Ln ~~tJ1tJ'lJ ru:;111~'i''ll-J~-l~ ~1l1?l'i'1 n1 'i' , , '" 

n1'i' 'tlmml-J1-D'ml-J1ru~1'i'VI~'tlLUtJ~1~~~ (Minimal Quantity Lubrication, MQL) L~'tlm:;U'ltJn1'i'~LtltJ 
I I " I 

nl?ld1lU~-llL'l ~~'tll-JVl1'tl n1'i'H'LYl flLtJL~tl~:;m ~1tJ'i':::VI~ 1-lm:;u 'ltJn1 'i'11l~ L~ l-Jl-Jl n~tJ LYi'tl ~~ml-J1 run1'i'H' 

~l'i'VI~'tl LUtJLL~:;~~ r111-D'91U1tJn1 'i'thU~~l L~U 'tlrt-l n1'i'H'ml-J1 ru~l 'i'VI~tl LiJtJ~l~~, ~1tJ'lJ ru:;1?l~~tJ-l1tJtT-l 

~1l-J1'i'1l'1l'lu1'!X~1 'i'VI~'tlliJtJdh~-lu1'L'l ru~ ln~fl'lll-J ~'tltJ91 nn1'i'1?l~l~~ n~lfjfitl n~ (Flooding or wet 

cutting) LPlliL~VI:;9-l1aJVI~'tll-J ~ ~iJ ~I?l~~11'!Xtl 'i':;~YlfiJl1'tl1tJn1 'i'1?l~ ~-ln'h L~'tl LYlUU nufjfitl n ~ iJ ~~-lltJfj~U 

l-J1 nmu~ll11~ nli1l~U'l nUn1'i'1-D'~1'i'VI~'tl LiJtJLL~:;l~wfPJ.JtJ1'Sfin1'i'H'ml-J1ru~lru~'tl LUtJ,x'tlU~~~.' , 

I I I " 

LL{;l n 11l1-l ntJ tUrtl-l91 ntl'i':;~YlfiJl1'tl'lJ'tl-l n1'i'1-D'ml-J 1 ru~l'i'VI~'tl LtJtJ~ 1Yi~~9:;1-nt111~~tJml nutr9~uVI~lU'tlci1-l , '" 
I tI tI I 

L'lltJ 1~~Yi1-D1tJn1'i'~ tJ'i'tl:ntJ-l1tJ 'llU~'lJtl-liJ~ I?l~ 'llU~'ll'tl-l~l'i'VI~'tl LUtJLl~:;fjfi nl'i'1-D' lfl1tl-l~mYi1-D' , " 

'tl1nn L{;ltlfltJn1'i'1?l~ ~-ltitJ9-liJ fl'lll-Jr.h djtJtlci1-l~-l~9:;~'tl-l~1 n1'i'Yl~~'tl-l L~tllmUU LYiUU n1'i'1-D'ml-J1ru 

~l'i'VI~'tlltJtJ~l~~~ lLUU~l-l 1 L~'tlVl1 L~lltJ1'lJ n1'i'1?l~~ lVll-Jl:::~l-J~lV1fu n1'i'I?l~ lVI~n n~l 
I tI I I " "''' 

LYitl1«lffltJ-l1tJYiiJ '"l ruJl1'tl~-lLL~:; lYillWfPJ.JtJ1 bYl fl L tJL~tl~lV1fu m:;u'ltJn1'i'I?l~~tJXtl1'!X~-l~tJ ~-l'WtJ 

1tJn1'i'V\1 L~'tltJ1'1l I?l~~ LVll-J1:::~l-J'lltl-l bVI~ nn~lnu n1 'i'H'mm ru~l'i'VI~tl LUtJ,xllU~ ~~9:;1lnihltlYl~~tl-l1?l~utJ , " 

I 
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L'"11'f)-.1~ L~kl~ LL~~klti-.1 L~klLL9l'f)f mnh::~n L9lbojf~1~~~'f) L~kl~1~~~lkl-.11kl~9tJd A'f) m~1-if~ Ltl~~'lJ'f)-.1~1~~~'f) 
L~kl LL~-.1Iff~~ Ln ~~kllkl~::~~1-.1 m::u 'lkln1~1ff~"'l::Q n L9l~'l"'lt')~ ~'ltJ L'"11'f)-.1ij'f)t')~ LLN Iff~1~kl1t~n LL9l'f)f L~'f) 

" ,
L9l~'l"'l ~'ElU rl'l1 W:~1l-J1~n1klm ~Iff~:nkl-.11klLij'f)1-ifm ~Iff~ LLUU LL~-.1 LLUU L;jtJ n LLUU ~ Ltl Jtr'lJ'f)-.1~1 ~~~'f) Liikl t~tJ 

Lrl1'f)-.1ij'f)L9l~'l"'lt')~ill~1 n,I'~::'El'El-.1~1~~~'El L~kllkl'El1 m ~Q m11~11-if L~'f) L9l~'l"'lr)~ill~1 ru~1m~'El L~kl~m::"'l1tJ 
" ,

1ff,)'El~lklu 'j'~tJ 1 m ~'lJ ru::1ff~:nkl-.11kl L~'f)m'l"'l~'f)U LL'~::~ m11~fim ~1-ifill~1 ru~1~~~'El LiJkll~L~~1 ::~~ I?i'f) 

M1T~ m~~1-.11kl t~tJ ~1~-.1 n-.1t.J~ m::'VlU 1?i'f)~-.1 LL'l~~'El~ LL~::ill~1 ru~1~tlklL11j'Elkllklm m~ 

~'Elkl1"lJ m~Iff~~ m~1::~~"'l::Qn'~"'l1~ru1"'l1 n-n'Ell,l~ m1~ (~tJu~'l'll'El-.1~kl-.11wl~ tlL9l~1n1~~nm'El'lJ'El-.1 
i1~1ff~ ill~1 ru~1~~~'f) L~kllklm m~ L9l ~-.1 ~1 LL m..!-.1~~1-.11kl !?lkl'VlklLrl1'El-.1~'ElIff~ LL~:: LL~-.1Iff~~ Ln~~kl• 

11 11 I I 

1?i'El m::U'lklrn ~tl ~::n'Elu:nkl~'lkl(;]1-.1 1 L~~1Ukl LL~::~11~tlL9ln m~t.J~ L9l ~1 ~1 L~~ L11'f)-.1"'l1 n'll1~ L'Vl'"1tklt~~ 
, " " 

1kln1 ~Iff~VlQ n !?l'El-.1 v)'-.1UkltrlN n1 ~~ftJil~-.11r?tL~kl'f) ~::uu n 1 ~L9l ~'l"'l ~ ~mWl1tJ1 kl m::U'lkln1 ~~~ t~tJl-ii 

Lrl1'El-.1~'f)t')~ LLN~~1~kl1t~n LL9l'f)fL-n1~1'lhtJ L9l~'l"'lt')~~'1! '1)1 ru"'l1n LL~-.11ff~~ Ln~~kl LL~::U1 LLNIff~~L9l'j''l'''l9U 

1~~1~ Lrl n::,x~1 ~1 L~~~ LL V1"'l1--.11kl~::~~1-.1n ~::U'lklm~~~"'l1--.1• 

, iI I..... I, d 
L~'El LLnu '1)~1:nkl~'lklVl~~~klXil LL~'lhJ1r?t~ ru~~u'1im~Vl !?l'f)-.1 rn~ri'f)klVl"'l::QnU11tltl~::n'ElU m'f) 

11 I I I 

~~kl1 L'Vl rl tklt~mklm ~~~-.11kll~~~kl t~tJ rn~lojfill~1 ru~1~~~'El L'cJklU'EltJVl~ ~Vl LUklijL9l~nU~-.1 LL'l ~~'El~• 

nL9l~nu~-.1 LL'l~~'f)~~-.1 LUUL'Vl rltklt~~~::;m ~ t~tJi1 n1~tl~::;iJ nL9lbojf~::UU m~[i]~'l"'l~ ~ m~,rntJ1klm::U'lklm~ 

Iff~ L-n1~ 1'lhtJ~ Lrl ~1::,xt.J ~"'l1 n m::u 'l kln 1~~~ Jl'ltJ L -nUL"Jl'f)ft')~ LL N LL~::;1-ifLij kllL kl'l 'Vl1-.11kl n 1~~ ~ !?lkl'Vlkl'flkl• 

http:V1"'l1--.11
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~ , 
r~uu n Ir(Olr'J"'I~~IWnJ ~~'1i1 '1J'1JI~ nin~n1oifl:wnr~u'J'lm Ir!9l~~Tt~fU~'lJ~hw t~tJH' ~flt'fl'ln'flr)~ 

, '" , 
ur'l!9l~1~'lJ1t~ij ~(Ol'flf-rl'JtJ1'lJnlr(Olr'J"'Ir)~ Ur'l!9l~Vl Lii~~'lJ ufl~in ~~N!9l~Vlr)~1~~1~ ~fln~,xvmn ~Vt(Ol'lJ'fl'lnlr• 

I I I tI 

~n ~'lJ'fl'l ~~tJ1'lJ'lJ ru~vh nlr!9l~ ~'1i1"'1~tJVliJe.JfllPl'fl m nn ~'lJ'fl'l ~~m'lI~lrll'flihJltl1~"'I1 n ~~r'l!9l~Vl ~n ~~'lJ~~fl~ 
, , '" 

~1~lrll UrH1VlfiYifl'lJ'fl'li1"'1~t1VliJ t.JfllPl'fl nlr~n ~'lJ'fl'l L~t11~~t1 ~"'I1 n ~LN!9l~Vl Ln ~~'lJ 
'II 

mr1'ihB~1 ru~lrVt~'fl Lijm~'fltJ~~~ Lij'lJ~ n LVl fI t'lJtfluVt~'1~1~\h L'ih~I-rl'Jtl1'lJmr~[;JJ'lJIf1ruIlIYi 
~ ~ '" 

'lJ'fl'l~'lJ'II'lJLLfl~LLni1nJVtI"'11 n~lrtl'lJLtI'fl'lJ1'lJ'fl1 m ~ LLfl~r'J~ ll'l ~'lJVl'lJ'lJ'fl'l~lrVt~'fl ~ijwLfl~mrUIU~1.l1 ~~t1 
~ . 

I "I I I 

Lfltfl'l n'flr) ~ LL N!9l~1~ 'lJ I t~ij L(Ol'fl f"'l~ll n ~ ~ !9l'l'fltJU'lJ~ Li)'lJ~ LL~ll'lJ'W'I ~;n'lJL(Ol'fl f ~~ fI (Ol r1"'1r)~ UN!9l~ Vl 
'II 'II 

" Ln~~'lJ1'lJr~Vt~I'1n r~u'J'lJmr!9l~"'I1'1 t~t1"'1~ ~mtJu L VltJUmr!9l ~ uuui1"'1"'1U'lJUfl~ntr!9l~t~t1H' m~lru~lr• 

I I" I II 

lVt~I~~~Vl~i?IIPl'flr)~~VlH'l1I~W:'h'lJ t~t1iJ ~n ruovlVlLoifl'lJntrL~'fl n ~'fl fI'JIW~t1Un'J'lJ'fl'l ~'lJ'II'lJ fI'Jl~ n ~WJl'fl'l 
"tI I I " 

~'lJ'II'lJ njil'1'lJ'fl'l~'lJ'II'lJ ~(Olrlnt r~ nVtr'fl'lJfI'IiJ~!9l~ 'flltlLflt'fl'ln'fl!9l~ LL r'l !9l~Vl Ln ~~'lJ Ufl~m~1 ru~lrVt~'fl" . 
, 

~1lI'lJV1l11 mrVl~~'fl'l/Lfiu-if'fl~~ 1l1f1~'1lI~~'J mr~'fl(Ol~IVtmr fI ru~~ ~'J nrr~~I~(Olf "'IY;I~'1nHl1~
'II' • 

l:,
1.5.1 "lI'U(Ol'£)'Um-:i''£)'£)mb'U'l..Jn1~'VI~~,£).:j 

~IVtfumrVl~fl'fl'lL~'flm~'fl'lJ1'lJmr!9l~~H'-rl'J'IfI'Jlwt'JrflU 8,000, 10,000, 12,000 r'flU/'lJIVl trml 

Ufl'lJ!9l~ 0.01 , 0.03 ijfl~L~(Olr/Yf'lJ ~Lfl~fI'Jl~~n~~ 0.3, 0.5 ijfl~L~(Olr ~'1~tl'lJ-rl,)'1Yilrlij~(Olflf~'WtI~H'rl'lJ'fl~ 

i'J1tl 

t~t11.l1t.Jfl~1~'lJ'fl'lvr'l 3 LLUU ~'fl LLUULL,x'l ~Luu~tJtJn LLfl~LLuu~Ltlnr~lrVt~'flLij'lJ (~fI'Jl~r;1'lJ 0.5 

MPa) ~1 LmtlULVltlUrl'lJ L~'fl~ Lfln~,xt.JfllPl'fl11J (Olln'l~ 1.1 U~ ~'1 ~'fl'lJ1'llvr'lVt~~~1-ii1.'lJmrVl~~'fl'l 
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, 
(Vif"l')'nJ~v, 0 .5 MPa) 

t[(?]~liJ'elV,I?l(?l 
0.01 0.03 0.01 0.03 0.01 0.03 

(~~~ Ll-J(?]~/~V,) 

f"l')Il-J L1,)~'elll 

(~'elu/v,IVi ) 
8,000 10,000 12,000 8,000 10,000 12,000 8,000 10,000 12,000 

0.3 0.5 0.3 0.5 0.3 0.5 

~ 
1.5.2 "lI'lJ (?]'tl'lJ n1 ~'V\ ~~'tl-3 

1. ~n~ LL~:::m,)"l~'elut:I"l9tJlv,m:::u')v,n1~nVl LVl~nnftl~f"l1 VI~I"l:::;~'lc.J~I1i'elf"l,rufllYl'lJ'el'l 
>

~V,'lIV, 

2. 'el'el n LLUU n1~YlVl~'el'l LL~:::rht-lv,VlL~'elv,1'lJ n1~I?lVl~mVl~I~:::n c.J~ ~'flf"l, rull1Yl'lJ'fl'l~V,'lIV, 
~ 	 I I ~ 

Lw~nnftl ~,)l-J0'1 n1~'fl'fl n LLUU ~ Vll?l'l Lf"l1'fl'In'el (?]~,)"lml-Jl ru~I~t-Irl'fl LUv,Vi tJv,dj'flv,mnv,
" 

'flln1'" LL~:::;Lf"l1'fl'lih1~1 LL~'lI?lVl1V1V,1tl-J~ L(?]'flf 

3. 	 vi! nl~Yl VI~'fl'l L~'fl~ m11t:1~9tJ LL~:::,) Lfln:::,xc.J~n1~1?lVl~It-1fU L1'flv,1'lJ nl~r;lVl LLU1Jhl1-if 
, , 

dQac:l JCJ~Ci tr 

cutting) UV,Lf"l~'fl'l'llL'flV,'ll LLl-J'llV,V,'l L'llV,L(?]'fl~ 
>

o 	 ov<Q a t,. 

~1t-1~U'llv,'lIv,LVl~nn~1 

4 . Vil~ltJ'lIV,~~tJ c.J~ n1~Yl VI~'fl'l LL~:::,) Lf"l ~1:::,xc.J~n1~YlVl~'fl'l ~,)l-JO'lif'fl L~V,'el uv,:::;1V,n1~1?lVI, 
, , 	 ., 

t,.. .c::::Y q a JCJ q.c::t. Ci frO IV.c::t. a i,; 

LLUU LL t-I'lUV,Lf"l~'fl'l'll L'flV,'ll LLl-J'llV,V,'l L'llV,L(?]'el~~It-1~U'llv,'lIv,LVl~n n~1 

5. 	 Vii n1~YlVl~'el'l L~'el~ n111t:1~9tJLL~:::;,) Lf"l~I:::;lfc.J~n1~1?lVI~It-1fu L~'elv,1'lJ n1~H'ml-Jlru~l~ 

t-Irl'el LiJV,~I~~VI (MOL) LL~:::; L1'flv,1'lJ n1~1?lVI LLuu~l-ifnv,mnv,t:I"l"lUv, t-I1'el L1tJ n~1 n1~ , " , 

I?lVl LLUU LUtJ n (Wet cutting) uv,Lf"l1'el'l'l1 L'~v,; LLl-J'l1V,Q'l L~V,L(?]'elf~lt-1fu~v,'lIv,LVl~nnftl 
6. Vil~ItJ'lIv,MtJt.J~n I~Yl Vl~'fl'l LL~:::;IJ Lf"l ~1:::lfc.J ~n I~Yl VI~'el'l~,)l-JO'lojj'fl L~V,'el LLv,:::lV,n1~1?lVI, 
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7. 	 'llfl'i'1~,xt.J~ n1 'i'V! (11 ~'tl'll~'tllilltJu lYitJuVl1l~mJhJn1'i'&i'(11~ LVll-J1:::~l-J'i':::VI~1'l n1 'i'L-n 

illl-J1bW~1'i'VI~'tl Lih.l~1~~(11 n1'i'&i'(11llUU u,x'l lL~:::n1'i'&i'(11 LLUU LlltJn L(11tJVi91'i'bW191nrl1• . 	 " 
fI'l1l-JLttJU~,) n1'i'~nVl'i''tl'JJ'tl'liJ(11&i'(11 ml-J1bW~1'i'VI~'tlLihJYitJ1..ldjmJ'tl~n1..lmn1f'\ ~1..lV!1..l 

~ , 
" ~1'i'VI~'tl LU1..l LL~:::fI,)1l-J~1l-J1 'l'C111..ln1'i'&i'(11~1..l'l11..llVl~ nn~1 

8. 	 Vi1'i'1tJ'l11..lL~'tl~'i'tJt.J~n1'i'V! (11~'tl'l LL~:::'l LfI'i'1:::,xt.J~'i',)l-Jn'lif'tl L~1..l'tl LL1..l:::11..l'i'h1..l'll'tl'l Lfli'tl'l, 
, 	 ~ I I iJ 

~L~1..l;LLl-J~1..lU'l L~1..lL11I'tlf~1V1fUn1'i'&i'(11~1..l'l11..lLVI~nn~1 LYlm11 LV! fIL1..lL~uYi~oo.J1..l1~1..l1rJf 

11..lm:::u,)1..ln1'i'&i'(11 L(11tJ n1nh:::tJ,n [;11-ifn1'i'11I'j',)9~ Vl11I1l-J1l1tJ11..lm:::u,)1..ln1'i'&i'VI ltJ1-ifr.it'l 

" 11..lLN'l11..lt.J~11I~1..l~,)1..l 

. 	 " 
n1'i'L11I1mJ Lfl1,[)'lij'[)t)(11 LLN&i'(11~1V1fUn1'i'&i'(1111..l'i':::VI~1'l nJ:::U,)1..ln1'i'&i'(11~1l-J1'i'rl'[)fiu1tJlrJf~'ln 

" 	 I I I 

1. 	 ti(11&i''l1(111..l1Ll-J~Ll1I'[)fYiL~:;'l11..l'll'tl'l Lfl1,[)'l~L~1..l~LLl-J~1..lU'lL~Wl1l'tlf 

2. 	 19l,[)~1m"Jj1..lL'.l!'[)f'JJ,[)'l1(111..l1Ll-JiJLl1I'tlfLif1nu Charge amplifier 
. 

, iJdcv . 

3. 	 [;1,[)~1m'JJ1LfI'i''tl'l')(11 High speed oscilloscope recorder 
" 	 . 

4. 	 ti(11&i''lLfl1'tl'l Aerodynamic particle sizer spectrometer 
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Ball endmill OSCillOlcope 

z 

'" 1l1'Vi~ 1.1 mJtil'l!?l'l11'l'tJ1hdh(;l'ilf~I'\"~fu n'lJ1'l'lbL~:;f) bfln:;~LLN!?l~ 

'" , I iI 

mJti~!?l'lbfl1'il'l Aerodynamic particle sizer spectrometer LYl'ilI?lJ,)91'~lJhJ1ru~IJth<utJ'ill..!lw'illmP\91n 

m:;u')umJ!?l1'l 
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, , 
~qa.:::.l -""'iII.o::::.c;J r 

spectrometer ron n WI d'tl'l"J! b'tlt.\"J! lll-J'llt.\t.\'1 b"l!t.\bIM.ld 

, , 	 , 

1. bf11-'tl'l~ b~t.\~ lll-J~t.\D'l b~t.\bl?l'tlf'lliWI 5 llnt.\ ~~'tl MAZAK it.\ Variaxis 500-5X , 
, 	 , 
~ 	 -""'III iJ I 

2. bf1d'tl'l Oscilloscope tJ'lA'tl YOKOGAWA ~t.\ OL750 

3. 	 1~t.\1bl-Jn bl?l'tlf ~~'tl Kistler Type 9257B 
, 

, Q .:::.I.!..I 

4. ~ld'lA~'tlbtJt.\ tJ'lA'tl Castrol clearedge EP 690 

5. 	 Charge amplifier ~~'tl Kistler Type 5073 
, 

6. Surface roughness tester ~~'tl TSK It.\ Surfcom 14000-12 

7. 	 Aerodynamic particle sizer spectrometer ~~'tl TSI Model 3321 
, 

""" 8. Microscope tJ'lA'tl KEYENCE Model VHX 600 

http:b"l!t.\bIM.ld
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UYlml~l)"llln1~ 2 'Uuu l!nl)4'rJ~l'w(n'\ 2 AU ~ij'El n1~~~t~EJ1-if~l~'I-'~'El LijU~,J'ElrJ~~~~ LUUnL91~nU 

~'l LL'".l~~'El~ Ll~:;LYl Atut~£j L91~'".l~~ ~L911WllrJlUnf:;U'".lUm~~~UULAi'El'len Li)uen LL~~U;i'l L"JIULL91'Elf ll~:; 
", , 

~l~lnl'Wl LYlA tut~£jmtJW~Ul LA1'El'l'li li)u6J11~luUlA1'El'l n~tY~'U~rJ:;~'El1~ 
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d 
'U'VI'VI 2 

2.1 A'J1:1-H1~'Utj'J';';1b~"'I (Surface Finish) 

, ." , I ." 

n'J'~U'J'\.Jn1~1?l~ ~ nlh~11-nL~tl tJ~ l?1:nu,nWVHJ~m~HU~LLft~'lIU1 ~ 1?11~Vll1ltl'l n1~ ~~tJ n 1nm Lil'tl 
" , I .", I 

'lJtl'l:nU'l1UVl LnU"'l1 nVlI1l'tl'l n1~tl'tl n 1 uru LL1JU'lItl'l LPlB'tm,,::: (Chip) C'j'J:nU'l1UVl1~.,~iJ~nB'ru:::Vl LLI?1 mil 'I 
, .. , 

flUtltl n 11] ftnB'ru~'lI'tl'lC'j,)~1 L~"'l"~ LL~ ~'IlUZU'll'tl'l '1 ru~~U~Vl"'l~ n~1'J!?1'1 ~tl1utl ~'I~1~1Ul LL~~'I1~!?1'1 
..l 

f11YlYl 2.1 

Roughness Profile 

z 

R-r M&lIimum roughO(}$$ d&Plh lpeak to vaUey) afong I", :0 

R" '" ArtlhmQtic roughness. average 

"" "'" .1 1.1"" <: ""1. f1'J1~L~tJU't.-l1'tlm1~'lIt'll1'~ (Roughness) "'l~u1'~n'tlU u~'JU'1ltl'l'J1'1"lJU1~LftnLLft:::~:::ltltJL'l 

~1i ~ ri\.J't.-l~1 tI 1 'litl'l ~1l 't.-l ~wKn Lf1L'l"'l1 n 1''tl u~ L't.-l~tlH"'l'1 n n11'r;l~ f1'J '1~ ~'I L'il~tJ't.-l1tlfl'J '1 ~ ~ n l'il~U1JU 

"'" .'t.-l1'tl " roughness sampling length" 



• • 
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, ", 
sampling length (t1j':::l..nru 1 1l-Jf1j'Tl'W) ~llVt~Lnl?1"'llnnlj'~'Wvi'j'TlihTltH;hVtUu'W~'W,n'WYlLnl?1"nnfu1l1j'::: 

l'Wnl j'1?l1?1 LL~:::~ ruVt.IJi'n'Wnlj'I?lI?1l-J1 n Ln'W1t1 

, " " 
3 . j'Tl tI tnlVtU iJ1,) (Lay) LU 'W j'Tltl tn lVtUvhu'WVi PlVll'1iJ1 ') 11m :::~'W1'WVi f1Vll'1'lJTl'l~'W'Il'Wn 1?1 I?lI?1 

..... I I '" I _ ..o:;I.o:::J 	 ddI;Q 

j'') l-J Vl'l n 1 j' Lf1 ~Tl 'WVl j':::Vt ')1 '1'll'W'I1 'W LL~::: Lf1 j'Tl '1l-JTl 

4 . tnlVtmhVtih (Surface Flaw) LU'Wj'Tltl~IVtU~Lnl?1~'WLLUU~l-J ~ILVtI?Hnl?1l-Jl"'lln j'Tltltn,1'\.!tU~n 

l-Jllll?1llj'mL~,) L"ll'W j'Tltl~l,) i"JTl'lTl1nlPl 

5. 	 tI,)~ll~"'l (Surface finish) nf1,)Il-J~lrl(1JI?1Tlnl j'~,)l-Jtlj':::nTlu LL~:::nlj'91?1,)1'1'lJTl'l~'W'II'W nl j' 

" ~') l-Jtlj'::; nTlULL~::: nlj'91?1,)1'1l?il'1 1 "'l ::;lnl?1~'W1~ n~Tl'lTli ~tI n1j'Vll~Vt1Tlvil~ IVtUl;h"ll') tI Ul'1Vl ii1il LU'W 

~m~ru:::nl'llVt1Tl'lJTl'l1'Y1~1Vt~ ~1'W UI'1Vl ii1il~1t11?l11?JLI?1t1Tl1 ~tI f1,)Il-J11'W,)I,)"lJTl'l~'W'Il'W Ul'1Vl ii1ilLL~'1~n 

~ ru~l-Ju1i n1j'~ ::;VlTl'W1~~'1 

f1,)Il-J l5-tlU tI,)~ll~"'ln t:J~l-J 1"'l1 nvn j'ln LI?lTlfl'Wn1j'I?lI?1'Y1~It1Tlth'l~'1 j',)l-Jfr'lj't1Vl N"lJTl'l n 1?1 I?lI?1 j't1Vld'l 
~ 	 ~ 

VtiJ1U tI') ~1l-Jl j'1:1 l~tI'Wl~Tl ~l'Wrtl f1,)Il-J~l-J'W'Wfi"lJTl'l!ll?ln n1j'iJTl'WI?lI?1LL~::;'lJ'Wll?1l~'W~h'W~'Wun ~1'1'lJTl'ln 1?1 n1?1 

1~ ~'1 A1 f1,)Il-J'YI iJ1U ~,)Vl1'1Vl ~ jj{j ~1l-Jl j'1:1 l~ tI'WLU 'Wf1 ,)1l-J ~l-J'W'Wfi1~~'1d 

. ........ .. .... ..... .. . ...... .... ... (2 .1) 


milling 

"' ,d",,.f ...,
2.2 FI'Jl:J..J1'el'U'VIbn 1?l'll'tJ~ln nl1!P11?l (Cutting Temperature) 

nj':::u,)'WnlJI?lI?1L~Vt:::"'l:::yhl~u1l')runlj'l?ll?1~ 1 ll~::; 2 Lnl?1nlJltl~tI'Wj't1Lluu~~I~~n (Plastic 
~ 
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, ~ 

l~h.J~~'lJ'tl-\llP\~t~~:;u'WEJ(;wnu'lJ'tl,Ii'J ~ r;]~ ~(:l'WU1l'J rumj'r;]~Yl 3 ~'tl n1j' l~U ~~j':;~~1-\1:n'W-\l1'WnU EJ'J~~u 

U~~-\I~l-J1'lJ'tl'lfl'J1l-J¥'tl'W~1l-J1j'ml~~-\ll~~-\lfl1~~ 2.2 ll~::;fl1~~ 2.3 

Primary zone 
of deformation 

Friction flank face 

-' 

Secondary zone 
of deformation 

Friction on 
rake face 

Work piece 

c 

10% 

Workpiece 
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" , 
l'WnI'i'I'l~:n'W'Il'W ij~ 1'l~'"l~~!l'lYl'WI'i1.lllN ll1:'l~'f,] ru'MJilYi~'11'W'i':;V1~I'1n1'i'I'l~ lh llNl'WnI'i'l'l~)..nn 

Lll'W1tl'"l ~i'il1,xij ~ I'l~ 'IXn1;) V111.l nl1.l ruV1Jlill'l ~ '-'l'lln'W1tl n'"l~i'il1,xij ~ I'l~'fi1.l 'Wll1:'l::: l~mJ1;)It'J l-n'W l~ tJ 'J fl'W. " ''] 

lJ,., , II iJ II 

I'l~ vl'lun lYi1.li'il1,x1.l1tJ nI'i'H''11'W'll1.l'lij~ 1'l~'Wl'W~'W 1'W;)1'W1'~ ~'ll1.l'lij ~ I'l~U'W'"l::: lntJ'J-n1.l'l flU nI 'i'yY[?J,J'Wl1'~ ~Yi 
• • q 

" , , 
l~tJV11tJ'll1.l'lij~l'l~ ln~~'W1;);)'JtJ~IlV1~V1~n 1 3 1.lrh'l ~'1If11'i'1'1Yi 2.1 t~tJvl'J1tlll~'J nI'i'~ nV1'i'1.l'll1.l'lij ~I'l~'"l::: 

dJ'WlluuPl1.lmu'WPl1.ltJ1tl (Gradual wear) ~'1n1:'l1nl'il'11 ~vll1~'tn~nI'i'~nV1'i'1.l1J1l'Jru~'J~~erM:::V1~I'1ij~ 
" 

I'l~ flU lp\Mn~'1t1:'lV1~ ll1:'l:::u1l'J ru~'J~~ er'M:;V1~I'1ij~f?l~ flU ~'J:n'W'Il'Wl'W'i':::V1~I'1m'i'f?l~ 

1. Fracture failure 

2. Temperature 

failure 

3. Gradual wear 

~(f)~'1 Ln(f)nl1~nVl~TlTlcil'1~'J(f)L~'J ~Ci1YiltJLL~'JA,)Il-J 

L~ tJVll tJ n"l :;A~ltJ rlU A'Jll-l L~mn tJ L tiTl'l"l1 nTl (uVlJl i'1. ~ 

... • I ., 

'i'~V1~I'1ij~f?l~flU~'J:n'W'Il'Wl'W'j':::V1~I'1m'j'l'l~ ~1l-Jl'i'(1Mtl1;)f?l'llfl1n'lYi 2.2 ;'1 nrl1nn1'j'~ nV1'j'!lvl'l 5 lLU1J"'l~ 
q 

I iI I I 

Ln~lv1L~'JiJ'I~'Wl'W~Jll'J:::Yil-if Pl'Jl~ L~'Jl'Wm'i'f?l~~'1 1 t~tll'i.l.Yn:::mjl'1u'l nrl1n m'i'~nV1'i'!lLLUU Diffusion llfl~ 
, , 

.q .::.. I q .0::::. 

Chemical reaction "'l:::tJ'Iln~'lltJYl1.l ruV1Jl~~'1. "" 
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n~1n 

.~. a.. • ,,, do .d.. ~ 
'fl'¥l'HWl LL '!J--l'!l'fl-l'll'W-l1'W9 ::Vl1 b~U1-l'''',)'WLrl1tl-l)J'fl1?l (?) 

rltltJ 1 'I.-I~(?)~(?)'fl'fln)J1 

Abrasion 

Adhesion 

Ln(?)n1mMtl::I?l'fl)Jri'W1:;'I.-I~1-lF,j,)'I.-ItJ1'!1'fl'lt)~(;) 2 'lIU(;l Ln(?)1'fltJ~ n'l.-l1'flU'j-L,) CUF,j,)rl1tJ 

'fl::l?ltl)J'!J'fl'liJ(?)~(?)"l::'I.-I1tJ1u rl,)1l.m-ii'l'CI(?)'iN ":hL~~1tJ 

Diffusion 

Chemical reaction rl,)1)J Lr,)~(?)~'lLL'CI::'tl CU'l.-lJJl1~~'l9:;i11L~Ln (?)UDm-tJ1 Ln(?)1'fltJ~n'l.-l1tlu'j-L,)CU~,)rl1tJ 

tl'fl n<nL(?).ff''W i11L~Lrl1'fl'l;J'flI'i(?)'1ltl'W'CI'l 

Plastic 

deformation 

2.4 

'V I' ,.. 

'l1'Wl-J 1 n'e'l 'WU'W~'W'lI'W'1l U~ L~ tJ ') II ~::;1 'W~Jll ')::; l~ tJ ') n'W ~'W n 1::; v1'l 1lJ ~1l-J11 rll-if Lfl1'e'l 'l j'j'e'l 111~ tr'W~ 'e'l1L11Jl 

I j I I \I 

1'W"lJ ru::;Yiril~'l.yhn!1~(P)~::; Ln(p) n~1n n!1~nVt1'e'l~1'l 1 u'Wi:J ~111(P) ~'l~::;i:J~~nYi LYil-J;'W fl,)1l-J~l-J~'W1f1::;W)I'l 

n! 1~ nVt1'e'l"lJ'e'l'li:J ~111~ nU1::;tJ::; L ,)~11'Wn! 1111~ Ll~ ~'l vl'lJl1'1"1~ 2 .4 ~'l fl')1l-J ~l-J~'W1fl'WnJ~::; Ll~ ~'l ~'l1'e'ltJ~nVt1'e'l 
'U 

u'Wn')Vt~u (Frank wear) ~,)'W1'e'ltJ~nVt1'e'lu'W~,)flltJ (Crater wear) n~::;Ln~~'Wl'W~mjru::;L~mn'W 'll,)'l"lJ'e'l'l 

n!1~nVt1'e'l~Il-Jl1mltJ'l'e'l'e'ln1JlLtI'W 3 'll,)'l vl'lJll'1"1~ 2.4 
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1'WnJ:::U'l'Wn1d~~9:::'Wuiln1d~9:::H Lfi~'fl'lij'fl~~lu LimJ 1 9'WnJ:::vY'I L~U~IU LL~'lfi'flm:n n~Ul-n 

~U fl~ ~~1mJ LU'W~'1~l~~~ fl'l dVl1 L'Wn :::tlliJ ~~~ LL~n LL~'l n1d~Ufl~~~l~fl~ L~ij'fl'WL~~9:::Vl1l~mnnil 

,. " " 
un~ 	LL~:::flru.nl'W"lJ'fl'l~'W'Il'W1l9:::'fl'fln~11~~~'lu ~'1u'W9'11~iLnru"Yll'Wn1d~~H~'1u~'fl, 

Break-in period 

~~_- Steady-state wear region -~.... 

Uniform 
wear rate 

Rapid initial wear 

I Final 
I failure 

Accelerating 
wear rate 

Time of cutting (min) 

'I 1 'Wf'j 9U L ~fllt!'WhJ1~t11 LL'W'l fI ~"lJ'fl'l n1 d~d'l9 ~ ~ ~ 1~1'WnJ:::U'l'W n1 d~~ L;h~IUd:::U n ~l-n~'lU L~'flf'j Lfldl:::'l-f, 
, " 

~1~1 L~~"lJ'fl'lnld~n~d'fl'l.l'fl'liJ~~(il fl'll~ L1uu~h LL~:::'flru~Ilij1'Wnld~~ ~'1'11'Wf'j9m~fllm~t11 L~'WfJl'W. 	 . " 
, " 

dU LLUUVlull'1 n'W ~'1 ul'flluu 
" 

" I I 	 I o -;! ~~ Ci.d ~ ~I a .dl 

T. Thepsonthi, M. Hamdi, LL~::: K. Mitsui 'Vlln1dfJm~nnldn~1I'W'Il'WL~~nLfld'fl'l~'fl'Vlt:Jl'Wn1d1ULL"lJ'I L'W'fl 

~ m~nn'l t:J~~'Wfi"lJ'fl'l n1d1frJfi nld~fl'fl LU'W LLUU pulse-jet L~'fl Lmuu l VlUU nuf'jfin1d~fl'fl LU'WLLUU LUU n Ll~:; 

n1d~(illLUUlL~'1lCilt..l1-n n~n~'lI-n(il1X'lU'fl~ 'lI-n~ insert carbide 91nn1d~mj-l'Wuiln1d~(ill(ilu1frJfin1mfl'fl 
, ,,. 

lU'WLLUU pulse-jet 1~t:J~~'WfiYi~ nilf'jfin1'j'~fl'fl LU'W LLUU d1u nLL~:;n1d~~ LlUULL~'1 ~'1~I~ld(l~~ul~~'1u 

1. 	 Ud:::~'VlfiIll'W'll'fl'lf'jfi nI d~fl'fl LU'W LLUU pulse-jet 1~t:J~~'W fi~~nilf'jfi n 1 J~fl'fllU'W LLUU 

ltl u n LL ~::: nI d~~ LLU U LL ~'1 1'W L'Vl'fl ~'I.I'fl'l E'l'l'lI'W ~ll~'"l Ll~:::n1 d~ n~d'fl"lJ'fl'l Lfli'fl'l ij'fl ~(il 

nfll'l ~'fl f'jfi n1d~fl'fl LU'WLLUU pulse-jet 9:::1~E'l'l'lI'W~1 L19~ (j-uu niln1df'jfi n1 d~fl'fl LU'W 

LLUU LUU n LL~:::n ld~~ LLUU LL~'1 1'W'l.I ru:;~mu nld1-n'lI'W'I.Itl'l Lfi~tl'ln'fl ~(ilnm'lt!1'Wnil ~'lU, 



15 

,
Q.d I Q' . _ _ d Q' • 

2. 	 ')Dn1J~rl!lLtJ'WLLUU pulse-Jet LmJ1~nUn1JI'l~'Vl~,)1~LJ')J!lU~'1 (High speed end 

milling) Lrl!l'l"'l1 n &Jrl~~ fi~lJl'lJ!l'l~fi n1J~~!l Lij'WLLUU pulse-jet 1 ,xlJ J~~'VlfiJl1~'lJ!l'l~ 

~n~1~fimm~!l Lij'WLLUU LUti n~~,)1~ L~,) ~~~'1 t~t1 L'il~ 1~!lth'l~'11'WL'Vl!l~'lJ!l'l mJ~n~J!l 
,.. .. 

'lJ!l'l L~J!l'l~!l1'l 
~ 

~ 

3 . 	 ~fi m J~~!l Lij'WLLUU LUti n ~'1 &Jrlm~'VlU'Vl1'1Jl1'WrlU!?l!l n1J~n~J!l'lJ!l'l L~i!l'lil!l ~~ LL!?ll,x 

" , 
carbon steel) Jl')t1a:J~~~ ~1flu~ t~t1mJ~~ ~'11~'W1t~n LI'l!lfL'W!lIJlJ,)"'lt)~ LLN~~Jl1t11'Wm~u')'WmJ~~ 

Jl,)t1n1nh~iJn 1'l1-iMfim~1 ru~1J~~!l Lij'Wi1!ltl~~~l'WL~!l'Wl'lJ mJ~~ LLUU!?l1'1 1 "'l1 n &JrlmJ~mt1~U~1 

m1~ L1t1u~') LLrl~mJ~ n~J!l'lJ!l'la:J~~~~1~1nl!lfiu1t11Jl~,)t1 LLN~~~ Ln ~~'W 

T.L. 	Ginta, A.K.M.N. Amin, H.C.D.M. Radzi, LLrl~ M.A. Lajis ~mnmJ~tI1nnU!l1t1'lJ!l'la:J~~~~,)t1~fi, 
" Yi'W~,) &Jrll'l!lul'W'I1'Wrl~1'Vl L'Vl Ll1t1~!1rlrl!ltl Jl,)t1a:J(?)~(?)~1flU!1l"1lil(?)a:J L~~!lU ~') (Uncoated carbide insert) 

Jl1t11!?lL1!l'Wl'lJ mJ~~ LLUU LL,x'l t~t1mnh~t1,nI'l1-ifrlfimJ!l!ln LLuu~,)'W1.h~~~ nm'l'lJ'W1111 L~ n 1'WLLUU91rl!l'l 

mJ1-ifn1 J~ n~J!l'lJ!l'l~'l~rlU LU'WLn ruon1 'WmJYl"'l1Jru1!l1ttll!l'la:J(?) ~(?) "'l1 n mJ~ mt1~1:J.J1Jn~~ulJl~1 

1. 	 ~fin1J!l!l nLLUU~'l'WU J~~~ nrl1'1'lJ'W1 (?) l~ n ~1~1JnHilu'WL'Vl ~il~1'WmJJJJ~ln'W~h!l1t1, 

'1J!l'la:J (?) ~(?)1'W'I1'Wrl~1'Vl L'Vlll1t1~!1rlrl!ltl Jl1t11!?lL1!l'Wl'lJmJ~~ LLUU LL,x'llJl~ 

2. 	 1'WLLUU91 rl!l'l!l1 t1'lJ!l'la:J ~~~ ~U~1 ~'l1~ L1'l ~(?) lU'WiJ"'l9t1~~n~~'1 &Jrl!?l!l!l1t1'lJ!l'la:J(?) ~(?), 	 , 
I 	 iii I II 

1'l1~Jl')t1!1l1lnU!l'W~~ LLrl~~'l1~~ n~(?) 1?11~~1Cilu Lil!lU"'l9t1!?l1'1 ~I L~~111iJ A1 LYl~~'W "'l~ 

~11,x!l1t1'lJ!l'la:J~~~rl~rl'l, 

3. 	 "'l1 nLLUU91rl!l'l!l1t1'lJ!l'la:J ~ ~(?)~1 CilU~~~'1 ~U~1 ~'l1m'f'l~~"'l~~'1 &Jrl!?l!l!l1t1iJ (?)~(?)~1 n, 	 , 
I I Ii.<" 

V1~(?) 	n~1'l~!l Lil!l~,)1~ L'f,)~~LYl~~'W !l1t1'1J!l'la:J~~~n"'l~~'Wrl'l, 	 , 

odd c::; '" 

N.R. Dhar, M. Kamruzzaman, LLrl~ M. Ahmed 'Vl1mJ~nM1U'VlU1'Vl'lJ!l'ln1mrl'lL~rlnnrl1 AISI-4340 

Jl')t1~fim~1 ru~1J~~!l Lij'Wi1!ltl~~, ~!?l!l n1J~ n~J!l'lJ!l'la:J(?)~~ ~1 flu ~"1lil~a:J L~~!lU ~') (Uncoated carbide 
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" d " 
insert) II ~:; ~ ') 'Il-J L1uu ~ ') 'IJ 'tl'l=Bu·.:n UYl ~ ') 'I W ~') n 'I l' IK~ II~:;1J l?l n n''1 JU'tl U=BU'l'lUI1i'N 1 nu t~ u n'l J 

Lmuu LVltlunu'lflmJIK~ llUU LL'\X'Ill~::LLUU LUtin t.J~"'l'lnmJ1-ifml-J'Irwl:'l'lJt-I~'tl L~UU'tlU~l:'l~l:'l'll-J'IJf:l~~1Jl?lJ'I. , 
I " I " 

mJ~nt-lJ'tl'IJ'tl'lii ~IK~ LL~::rl,)'Il-J~'tlUVl Ltl~;uu1L')rwmJIK~1~ ~'1l:'l'll-J'IJblMtJ1~~'1il• 

llU1J LU tI n L~ J'I:::m JIK~ ~')tI%ml-J'I rwl:'l'lJt-I~'tl L~UU'tltl~ ~~l:'l'll-J'IJbl~ ~~ rwt-l.IJ;1'IJ rw:;lK~ 

1~~ n~'I ~'1vi'l1'\X~l-JIK~'IJ'tl'lii~ IK~~ L~rJ~~nu LPlBt~t-I:;~ nt-lJ'tl1~-ih~'1 

2 . 'lflml-J'Irul:'l'lJt-I~'tl L~UU'tlrJ~M' -rl,)rJ~~mJ~nt-lJ'tl'IJ'tl..:Jii ~IK~ ll~~L~l-J'tl'lm'tl..:Jii~lK~ Lrl'tl. , 

lSi" I 

3. 'lfl ml-J 'I rul:'l'lJt-I~'tl L~UU'tltlVll:'l~vi'l1'\X~ ruJl'l~'IJ'tl..:J=Bu..:J'IU~'I L~"'l~;U LU'tl..:J"'l'ln mJ~nt-lJ'tl, , 
, ... 

'IJ'tl..:Jii ~ IK~~~~..:J 1Jl?l J'I mJ~ nt-lJ'tl'IJ'tl..:J ii ~ IK~~V1~..:JU'tl n"'l'l n"'l~vi'l1~mrJ'IJ'tl..:Jii ~ IK~ LYil-J;U, 
I II I " 

ll~,) u..:Jvi'l1~ ~~l?lJl'l~'IJtl..:J mm~..:J LYil-J;U~,)rJ LU'tl..:J"'l'l nl:'l'll-J1JbllK~=BU'I'IU~,)rJ~,)'Il-J L~,) 

I . I" " 

U'tlrJVl~ ~ l?i'tl~ rwt-l.IJ;1Vl Ltl ~;U'IJ rw:::1K~ rtJ i'l..:J'IJ'tl..:J LPlBt~t-I::: ll~ :::~,)'Il-J !StlU ~,)'IJ'tl..:J=BU..:J1U 1unJ:;u')unlm~..:J 

m~nn~1 AISI-1 040 ~')miI ~ii~ ~'Iflu v) (Uncoated carbide insert) t~rJmnmrJu LVltlU nU'lflmJIK~ llUU 
" ,

LL~..:J LL~::: llUU LU tI n ~')m5.111Ut-I~'tl L~U ~U~'I t.J~"'l'l n mJ1-ihnl-J'I rul:'l'l Jt-I~'tl Lijui('tlrJVi~ ~l:'lIl-J'IJbl~ ~~ rut-l.IJ;1 

I "" "" " "'IJru:::lK~ LYil-Jrl'J'Il-J !SrJU~,)'IJ'tl..:J=Bu..:J'Iu1~ l1..:Jil;unU~'Jll-J L~'JJ'tlumJIK~ LL~:::1Jl?lJ'I ml'U'tlu=Bu..:J'IU ~'1UU mJ 

1-ifilll-J1 rul:'l'lJt-I~'tl L~UU'tlrJ~~~ 'tlrh..:J Qn'lfl U'tl n"'l'l n"'l :::-rl'JrJ L~ l-J ~'J 'Il-Jl:'l1l-J1Jbl1um l'1K~ LL~'JU..:J'Il'Jtll:'l~'I..:J 

l:'lJll~ II'J ~~'tll-J~~1umJvi'l'l'lu~'JtI 

B. Ozcelik LL~::: M. Sustarsic 1~vilmJ~nB'IrtJllU1JYl'l..:Jl:'lfi~h~'tl'tl'll-J'ItJJ:::l-Jlrw~h~,)'Il-J!SrJu~')1u..:J'Iun~ 

JllrJ1~(~'tlu1'IJmJIK~ llUU LUtin t~tlmJYi"'l'lJrwllK'JlltJJ'IJ'tl..:J~,)Il-JL~'JJtlU 1Jl?lJ'I n1JU'tlulK~ ~,)'Il-J~n IK~ LL~::: 

~,)Il-Jn~l..:J IK~ llUU~1 ~'tl..:J1JU~U~t-I~..:J LL~~1JU~U~ l:'ltl..:J bl nUll-J'ItJ J:::rJ.n l?l1-i1 L~'tlt-l'l e.J~~~fi'IJ'fl'lmJYl ~~'tl..:J 
~ 

~,)rJn1J1-i1n1l''tl'f.lnLLuu'Cl')utlJ:::l:'ll-Jn~l..:J (CCO) "'l'lnn1J~m~'I~U~IUrJ~I~C1:!'IJ'f.l..:J1Ju~u~1~dJu J:::rJ:::L,)~'I 

vi'l..:J'IUJ'Jl-J'~:;ii~'Il:'l..:Jl:'l~ LL~:::l?lIl-J~')tlm'll-J~nlK~ ~'Jll-Jn~'I..:JIK~ ~'Jll-JL~'JJ'tlU l?lIl-J~I~U t~rJ~1Jl?lJTU'f.l'Wii 
~ , 
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J.F. Kelly LL~:; M.G. CottereIl1~yjln1j''Vl~~'Elufj'fin1J1.h::~nI?l1-n~Ij''VIfi'ElLih.J.~'JiJfj'fi!?l1'11 L~'El'VI1~1l1'J::n1j' 

19l~~ L'VI~1 ::~~~~ ~~1'VI fu n1 n 91::i 'W,nwtJ j':; LIl'Vl'El"j n LUiJ~'V1 fi'El L~iJ1~ LL 'W:;Ul~1 n1 j''VIfi'El LU'Wj'::'VI~ 1'1 n1 j' 

L91:;f)'J'l' H LLuuill~1 ru~Ij''VIfi'El LU'WU'El iJ~~• ~ ill~1 ru~Ij''VIfi'El Lu'W~1-n1 'Wm::u'J'Wn1n91:;~'JiJfj'fid9:;1-n 

, '" 
~1j''VIfi'El LU'W LL~:;f)'Jl~~'W'll'El'l~1 mfi'El LU'WVl L'VIm :;~~9::'V111~'El1iJ n1j'H~I'W"lJ'El~i:J ~ 19l~m'J'Wl'W~'W• 

, , 
Q,,<I a '" Q..<I' a 1.I.c:.I I c:; ~q a I I ...:::.. 

1?l~f)'Jl~ Lj''J~~ ~,)iJn1j'1?l ~ L'VI~n n~I'Vl t:.n'Wn1j'1ULL'lJ~'Vl~f)'Jl~ LL"lJ~~ln n'J1 50 H Rc . ~U'J1 n'l':;1J'J'Wn1j'Ln ~ 

'El'Eln1'1!~'lJ'El'l~1 nf)~'ElU ~'J LL~:;i'W~I'WLU'W'VIrt~1'Wn~1n'VI ~n~ LU'W~1 L'VII?l'lJ'El~ n1j'~ n'VIj''El'lJ'El'lij~ n ~ LL~:;nlj'• 

Lf)~'ElU~tJ~liJi:J~l9l~ n n'V11 ~liJ n1j'~ n'VIj''El n~~ L~~~'W LL~:;1'W"lJru:;L~mn'Wn~~C.J~1~'El ru'VIlln L~~~'1~'W~'JiJ 
~ q ~ ~ 

, '" 
~'19:;~~ C.J~!?l'El ~1ml~ ~iJU~'J"lJ'El~:n'W'Il'W 

", " I ,,,, 

m j'~ n'VIj''El"lJ'El'lij ~ 19l~j':;'VI~ 1~'V11m j'~'W j'tJ:n'W~I'WVl dJ'W1'~ ~'lluwa'El'W m:;u'J'Wmj'n~Vl1-n1'W~I'Wf)4'iJU ~'El" , 
m:;u'J'Wn1j'n~LLUULL~~ (Dry milling) m:;u'J'Wn1j'n~nuu1-n~~LU'W (Air cooling milling) LL~:;m:;U'J'Wmj' 

n~LLUuH~ll'VI'Cl'ElLU'W (Fluid cooling milling) ~1j'lnLI?l'Elf~ L'VI~I:;~~Qm~'Eln~'W~11~~'El~f)~'El~nUf)'JI~ 

LL~~"lJ'El~i'W~I'W~'1~I~~'11~91n LLfi n 1?l1~'El n nlj'~ n'VI'l''El'lJ'El~i:J~ 19l~ LL~:;f) ruIl1~"lJ'El'l~'Ji'W~I'Wn n1'~Hi.w'J~1 , " 

n~ uuu1-n~~ Lu'W1~rh~~1 n~1m:;u'J'Wmj'n~ILLUU LL ~~ LL~:;1~~1~~~ n~1m:;u'J'Wm'l'n~ nuu1-n~1 j''VIfi'El LU'W 

~1 nlj'~n'VIj''El'lJ'El~ij~ 19l~ (Flank wear, Vb) ~1'V1fu m:;u'J'Wn1j'n~ LLuu1-n~~ Lu'W1~~1~1n~L~iJ~nU 

m:;U'J'Wnlj'n~ LluuH~Ij''VIfi'El LU'W~ d'El'W1"lJnl?l L~iJ'J now U!?l ~1n1j'~ n'VIj''El'lJ'El~i:J~19l~~I'V1f1J m:::u'J'Wn1j'n~ 
'" '" , 

LLUU LL~~ll''Wi:J ~1'El~ L'VIU'El rllfj n ~I?l di'ElUI1~'VI~ ~ 6]~~1 n n~1nuu1-n~1j''VI'Cl'El LU'WLL~:; LLuuH~~ LU'W 

R. Kovacevic. C . Cherukuthota LL~:; M. Mazurkiewicz 1~'V11mj'fj4'm~tI'JnutJj':::~'VlfiIl1~1'Wn1j'19l~ 

i'W'Il'WL'VI~n~'W'Eltlnu'El ru'VIllnn~:;n1j'L~iJ~~j':::'VI~I~ij~ 19l~ nu LPl'liL~'VI:;~~~ tr~n'W mj'H~1 nN~'W~'1 (High
'U 'I 'lJ 'U

" , , 
pressure waterJ'et) 1'J~ nu ~1j''VIfi'El Lu'Wll''Wn nt:n~ltJ j':;iJ n 1?l1if LL~:::'V11 n1 j'~ mnnu L~'El'W1'lJ 19l~Vi~'W19" . 

" """ '" ~ru'VI1Jn LL~:;n1n~iJ~~1'Wm:;u'J'W nlj'nl?l:n'W~I'W Ll?IiJ n1j'~ n'lil1'Wf)f~uHf)fiul LlN~'W~~I1~'VIl-J ~ 2 fj'fi ~'El 
tI I. I 

m j'YI'WUl Ll?IiJl?lN1tJVi9l?1Vii:Jl?Il9ll?l n~::: LPl'liL~'VI:;~l-J tr~ n'W~I'W'Vll~j''lJ'El~ij ~ 19l1?lVl'VIUIl-Jl-J f)liJ (Rake face) LL~::: , ", 
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" . . 
n1j'vh.JinluVl, ~~l-J tr~'llTl'li1~ ~~nu LPI~t~'VI:::t~LJ1'ihX'J~~91 n ~1'w'WTl n (External nozzle) Uj':::~YlfiJllW'llTl'l 

" " ~fivl'l 2 i19:::uj':::Ll'J'Wl~91n LLN1'Wn1'j'~~ ~'J~ILf9 j'U LLUU'llTl'lLPlM't~'VI:::LL~:::mj'~n'VIj'Tl'llTl'li1~~~
'!I 

(Mixed oxide ceramic) m:::u'J'Wmm~'1LLUULL~'1nU LLUULthm.JL~'W tr'Wv1uLLmyhmj'~nM'IWlni1Lj;]Tlf 

1 .J "" ~ .. "d ."l .J. 1 .!t 'i''' "" A

'W-IJ'J'I'llTl'l m:::U'J'Wnlj'L~LJ'J nu mm~'1 LLUU LL'VI'I"ll'lI:J~TlTlmn Lu'WYl'W1WTl 9 L~'Wbfl'l"llTl'lmll-J Lj'LltII:J'J LL~::: 

m~'llTl'li1~~Vl~n~¥I'1~'W91ntflj''1~ILJUj':::~IYlLVlLJl-J mj'~ n~lnl'm~'1 LLUU L1.h~l-J L~'Wl~YhIPlTllu~nt~LJlojf 

L~Tl'Wl'l1mm~'1 LLUU LL~'1i1I:J~'lITl'lmLJi1 Vl~VlTlTlnWlhJ~ t~ tJ~91j'rulfl'Jll-J~n'VIj'Tl"llTl'li1Vl ~~ fl'Jll-J L~LJU ~'J• 
LLN1'Wmj'~~ LL~:::fl'Jll-Ji'W~:::LYiTl'W"llru:::.yl1mm~'1~'JLJ ~'1 Lnj;]l~~lmm~'1 LLuuHL1.h~l-J L~'W9:::1'JLJ~~ mj' 

~n'VIj'Tl'llTl'li1~~Vl LnTl Hfl'Jll-J L~'J1'Wmj'~~~'1 ~ mm~'1~'JLJ fl'Jll-J L~'J1'Wmj'~Vl~'1 ~1'V1t'umm~'1LLUU LL~'1 

1~1:J~~hh.hwTl19 LLIPl~I'V1t'U mm~'1 LLUU L1.h~l-J L~'Wt!'W 1~fl'Jll-J Cj-tJu ~'J~~ LL~:::~~ mj'~n'VIj'Tl'llTl'li1~ ~Vl 

Seref Aykut, Eyup Bagci, Aykut Kentil LL~::: Osman Yazicioglu l~vl1mj'~nM'IL~tJ'Jnut~'VI:::tr~~TltJ~I'W... 
tflUTl~~ (Cobalt base superalloy) ~ Q n HTl Ul'1 LLW 1'V1 ~1 tJl 'Wn! n11'11'W~ ~Tl'l nl j'fl'Jll-JYl'WYlI 'W 

" " ,
fl'Jll-J~Il-J1 j'Cll 'Wm j'Yl'Wm j'n~ n1Tl'W LL~:::n 1 j'Yl'Wfl'Jll-.J ¥Tl'W~'1 Lth'VIl-.JltJ'lITl'l n lj'~ nM'lfl t''1i1L~Tl ~ l:J~m:::YlU 

'!I '!I 

, " 
~nM'ru:::mnn~ LPlM't~'VI::: LL~::: LLN~~1'Wmj'n~Ul(1)VlUl'l1Tl'l L~(1)i1 (1) VlV1191 n t~'VI:::tr~~TltJ~I'WtflUTl~~ vl'l... 

I I I if 

LLUUVl Lfl~TlU~'J LL~:::llJ Lfl~TlU~'J L~Tll~un~I:J~Vl~Tl'lmj'9'1.yhmj'Yl ~~Tl'll'Wmj'~~vl'l'VIl-.J~ 90 n1j'Yl~~Tl'l• 
, , " 

;'1 LLj;] n IPll'1 n'Wlu j;]1l-.J fl'Jll-.J L~'J ~~ tlj;]j'1UTl'W LL~::: fl'J 1l-.J~ n~(1)JlltJl~L~Tl'W1'1Imj'~(1) LLUU LL~'1 mj'u t'u ~'1 

~1''t~Ij'Ii1 Lj;]'eJf"llTl'l nnl-.J~finlj'~~~~'1 ~ n nl'V1'W(1) t~tJ mj'H~fimj'TlTl n LLUU L~'1 LLvl nYlTl Cj-tJ~ (General full 

factorial design) lU LLUUmj'Ln~ Li"1~t~'VI::: LLN~~ LL~:::mj'~n'VIj'mTl'li1~ ~~9:::QnLmtJU LVlLJU numj'HLi1~ 
, .., 

i1~ PVD LLUULfl~TlU ~'J LL~:::LLuu1lJ Lfl~TlU~'J;'1Ylll-.J191 n l'VI~n LL~'1Vl~'WTlUnU fl'Jll-.J L~'J~~ tlj;]j'IUTl'W LL~::: 
'!I 

Iii. if 

fl'Jll-.J~n ~~ 91 mJ~mj'Yl ~~Tl'lWU~1 LLj''11'Wmj'~~ L~l-.J~'WL1'WL~mnUtlj;]j'IUTl'WLL~:::fl'Jll-.J~ n~~ L~l-.J~'W LLIPl 

K.H.W. Seah, X. Li LL~::: K.S . Lee 1~L~'WTlLLu-JnUfl':nl-.JL~TlL~l-.J 1 ~lmj'H~Ij'VlftTlLU'W1lJ1~Yll1~m£J'lITl'l 
., . 

iJ~ ~~'Wl 'W~'WL~l-.JTl1u -llTl L l1991''1VlWU n'W ~Tl I:J ~91 n n lj'lojf~1 j''VIftTl LU'W9:::1'JtJ ~ ~ mj'~ n'VIj'Tlu1'L'J ru~'J flltJ 

1~u1'1 L~ nUTl tJ LL~ :::m99:::-rl'JtJYll1~~1 LL 1...!'1'l1Tl'l n!j'~ n'VI j'TllJ1'L'J ru~'l flItJ L~Tl'W~1 LL'VI1...!'1Tl Tl n91 nu ~ILJ"llTl'l 
, ., 

iJ~~~ ;-J9:::Y111~j'TltJ~n'VIj'Tl~n~'WLL~:::L~n~'1 9'WYll1~fl'Jll-.J LL~'1 LLN'lITl'li1 ~~~~~~'1l-.Jln mj'H~Ij''VIftTl LU'W 

http:un~I:J~Vl~Tl'lmj'9'1.yh
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I , I II 

t~m'U~ 1~1lr.i1'1U'lVi ~'J 1~ L~'J I?i~~'1 1 n'"l~vl1L,xn1~~ n~~1l1Jl'L'J (Ulht)f~lJ L~~~'WL'lI'Wn'W [) 1tI1~~[)1'J~ 

U1'11lr.i1'1t!'W n1~1-il~1~~~1l Lij'Wn1l1'"1'"1~ L1j'W~1 m~1,xr5~~1n1 ~~ nm'1l"1l1l'llJ ~I?i~iJ fi1~1 n n~1n1~hn-n~1 ~ 

V1~1lL~'WL~tJnl~ 



----
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d 
'U'Vl'Vl 3 

iJ I I I if 

~'W L U'tl'l'"li n~Vlfi~ tl"lJ'tl'l nI 'i'~ n'lvl'i''tl''lJ'tl'llJ i1l rli1l'DUi1l'IX'1 U'tltl ~i~i'i'n'tlfiu itJ1~~iYl L'1tli nI 'i'~i1lYlm'1'Wi'W~'W 
I 'lI I I '11 iI , 

nI'i'~ n'lvl'i''tl'lJ'tl'llJi1l rli1ll~ ~~i n~'W ~'1 nI'i'~n'lvl'i''tlVl Lii i1l~'WUL~tJ n~i nI'i'~n'lvl'i''tl''lJ'tl'llJi1l rli1lYlU1'L'1 ru~'1'1v1tlU~'1'W 
, , ., 

tltlitJ~~~i1l (Central wear) 'II'tl'llJi1lrlV1'DUi1l'IX'1U'tltl LiJ'tlnl'i'~n'lvl'i''tllJ'II'WiV1L~~~'Wvhl,xrhmi~'lvlmu~'1'I1'tl'l 
., ,>

:n'W'Ii'WL~~~'Wl?n~1tl ~'1 tJ 

- .. r - - ~----~------=~-I ' s-- ,-o1----··-,---··-·---·--···· -.---~.. --.. 

iI:E~=~'. t= ! --~ - = - :::
-- -~r o -=--_ ~ .. ~ . I i ~ I _ . - .10 q-

o 0 ~.----.;: -" toO ' I = l~ 30 ····,, ·... ~oI 0 ·.. ·.. qs·· 

'"U'nO"""l"'5QQ tu-n.1} I I nWlO",OO (V"IMI 

n) ~'1i~~n~i1l 0.3 i:itl~h~~'i' '!I) ~'1i~~mli1l 0.5 i:itl~L~(?1'i' 


.n1~~ 3.1 ~'1i~~~~'Wtfd~'IvI~I'1l'1mnl'i'r?li1l flU ~,)I~'lvlmU~'1'I1'tl'lnl'i'r?li1lLLUU LL,x'l~~,)IW~,)'i''tlU 8,000 


'i''tlU/'W1Yi t[~'i'In1'i'i1'tl'W~i1l 0.01 i:itl~L~m/YJ'W 


(_ ._ ---, ... - .. . _-_ .._- ---, ,-----
j 40 ~- . -
I I [
i g", t- -- 

li,o~ : ~J - _a_R'. ~ ,0 - . ... . . . _ _ -.:. 

I o . \ 

! 
i 

" 30 

i 

lS 30 so 

.n1~~ 3.2 ml~~~~'Wtf'i':::;VI~I'1 L'1tlln1)'~i1lrl'J~'11~'lvltJ1U~'1'JJ'tl'lnl'i'~V1LlUU LL,x'l~A'11~Lr'1'i''tlU 10,000 

'i''tlU/'W1Yi t[~'i'In1'i'i1'tl'W~i1l 0.01 i:itl~L~m/YJ'W 
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It~F- : --~····~.. - -~: i , -] =--~~- = - -:~-'_ -- --·· ~~ ~ _~. . r- _=_ ~ = _ "-"--=-~ ~:• ~ -----~-••= --
I o~o o~;;~, : ;;-;;. .,.:0 

I 1'><n"""""lu,;!) 
1 _ 

1l.'Viv1 3.3 fl'Jll-J~l-J~'tJfi'j'::;VI~I\ll'Hnm'j'liIi?l nlJ fl'Jll-J'j,mltl ~~'JJ'tl\l m'j'(;]i?l UlJlJ ll~\l~ fl'Jll-Jl~'J'j''tllJ 12,000 

'j''tllJ/'W1Yl 'tllflnm'j'U'tl'W(;]i?l 0.03 iJ~~ll-JIfIJ/W'W 

I it I I 

1l1Y'lYl 3.4 ll~ i?l\l mJlm~lJ lYl~lJ ~1 fl'Jll-JVlt.J1lJ ~'J'1J'tl\l~'W\lI'WYl fl'Jll-Jl;'J 'j''tllJ1'Wm 'j'(;]i?lYl~I\l n'W Y'llJ ~1 

1'W'll'J\ll'J~I(;]i?l~ 15 'W1Yl UJnAI fl'Jll-JVlt.J1lJ~'J'1J'tl\l~'W\lI'WiJ~11n~ lfl~\ln'Wl-Jln lti'tl\l91 n'tllflJl m'j'~nVl'j'mr\l 
~ I ' I d . _ ~ ~ J' .:::. "v X , .c:::lt..!' c:s ~I ~ 
IfIl'tlfJ lllflll-J'tll'J~1 m 'j'f1li?lYlt.J1'J'Wl'W~\l'JJ'W9::;Y'llJ'J 1~'lfl 'Jll-J L'j''J IfI i?l ~'l'JJ'W fll fl'J Il-JVlt.J1lJ ~'J'1J'tl'l'll'W\lI'Wn9::;~'ll-J 

~ll~l-Jl-Jln;'Wll~::;9::;iJ ~ll~l-J;'Wlflll-J'j'::;~::;L'J~lm'j'(;]i?l~t.J1'J'Wl'W;'W ~1l-Jl'j'bl'tlfilJl~1~~1 fl'Jll-Jl;'J(;]i?l~l-Jln 

;'W9::;vh1~Ln ~'tl ru.VllliJ~'l;'W~lJ1L'J ru.m'j'(;]i?ll:U'tl'W 'I'h1~~'J Lfl~'tllJ'JJ'tl'l iJ i?l ni?l'llili?l~'JlJ'tl~ Ln i?l m Jl~~Vll~ ~'l 
• 'II \i 

~'l~~1~iJi?lni?l'.Oili?l~'JlJ'tl~ Lni?lm'j'~nVl'j''tll-J1 n~'l;'W Ln'tltllflJ1m'j'~nVl'j''tl L~l-Jl-Jln~'Wri9::;~'l~~ti?l~f1lN~'tl~1 
.. 

fl'Jll-JVI~llJ~'J'JJ'tl'l~'W'lI'W 

6 ~ .. ,------.- - ', 

5" :s 

~ .= 
~ J J-
s ' s 
F 1 ' 
~ 

I S 30 ., " 

_n.. fU')I)Q1,GU:U,,, 

___ .,... JOOOOfi:IUN.,,~ 

1l.'Viv1 3.4 fl'Jll-J ~l-J~'WfiJ::;VI~I'l L'J ~1mJ(;]i?l nlJ fl 'Jll-JVlEJ1lJ n'J (Ra) 'lJ'tl'l m J(;]i?llllJ lJ bb ~'l~ fl'Jll-Jl~'J 'j''tllJ 

~1'l1 'tl1flJ1mJU'tl'W(;]i?l 0.01 iJ~~Ll-JIfI'j'/W'W fl'Jll-J~mli?l 0.5 iJ~~ll-Jf1l'j' 

bn 'tlvl1 nl'j'lKi?l1 'W'lJ ru.::;~jJi?l n i?l"ll'Wi?l~'JlJ'tl~rr'llmJ ~ 1 fl'Jll-JVlWllJ n'J'JJ'tl'l~'W'l1'W9::;jJ ~1 ~'tl'Wifl'l~1 

Lti'tl'l91 n iJ i?l n i?l'.O UvnX'JlJ'tl ~rr'l1VI~ 'tlU fll-J (;]i?l iJ i?l n i?l rJ'l fl'l jJ fl 'J1l-J fll-J 'tl U Lb!?l Lri'tl'j':::~::; b'J ~11'Wn! JIKi?l'W 1'W~'W 
~ 'II 

LL'W'J t Ul-J'JJ'tl'lfl'Jll-J L~'J'j''tllJ nlJ~ Ifl'J Il-JVlt.J1lJ n'J9::; dJ'Whn'WYi ~YlI'l L~~'J n'Wn~I'J~'tl fl'Jll-Jl~'J'j''tllJ~~'l;'W ll~::; 
'j'::;~::;L'J~11'Wm'j'(;]i?l~t.J1'J'Wl'W;'W9:::1~~Ifl'Jll-JVlt.J11J~'J~L~l-J;'W~'J~ 
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~ I ~ I 

n~~Ll-Jl?l'nL~:; 0 .5 n~~Ll-Jm l?l1l-J~'W1U 9:;~U~1ri1~'l1l-JVlmU~'l'lJ1l'l=BU'I1UL~l-J;UVI~'1'"l1m..nYlYl15 bUU 
I I I ", I 'V I 

~u1tl LUll'l91mrm1n11'~nVl1'llYl b~l-J;U9'1vl11~ri1 ~'l1l-JVlmU~'l L~l-J;Ul?l1l-J1tl~'ltJ bL~:;Yl~'l1l-J L~'l1'llU~'1 
" 

I I I I 'V I 

n~~ bl-J m 9:;1~ri1r!'l1l-JVlmU ~'lYli(lltJ n~1 LUll'l91 nYl ~'l1l-J~n rflVlYll-J1 n n~19:;iJll CUVlJln bTl Vl;UYlUl'b'l CU. " 
" I I I " 

~UYl n11'rflt?) b~llU~'1 ~'1'QCUVl1J nYl~'19 :;vl11~=BU'I1U LTl Vl n11'tlll Urfl'lvl11~vl1 n11'rflVl L~'flUllll n1~~1tJ 9'11~~'l 

li: ~.~ i
It::

1 

--..--.••..•••..•---===.=~::::::~:~ 
l :s: 1 --+ - ,..12OOl.1it:lU/U'" 

!~ ' j-- .. .... . .. . 
i 0'" . _.. ~ . 
! u. a ~ 

t ~ __ nirV'l,.,t5Q~) 

n) r!'l1l-J~nrflVl 0.3 n~~Ll-Jm 

6 'r-- -_.- --I s i ----· -.-----=.~~ 
~' ,... - --
fi ;I j ..". .-. - - __n.. llooo,nu/u," 
~ ___ 1'\~lOOOO1(11I/U1"

5 l ~ 

~ , . 
~ 

TlTYfv1 3.5 bmtJULYltJU~'l1l-JVlmU~'l'lJ1l'l~U'I1U~~'l1l-J~nrflVl~~'l1l-JL~'l1'llU~1'11 t1l?l1'1n11'iJllUrflVl 0.01 

n~~bl-Jl?l1'/~U 

" 0" 
iJ'flUrflVl 0.01 n~~Ll-Jl?l1'/~ULL~:; 0 .03 n~~Ll-Jm/Yl'u l?l1l-J~1~U 9:;'WU~1ri1~'l1l-JVltJ1U~'l'lJ1l'l=BU'I1Ub~l-J;U 

I I I I 'V I 'V 

VI~'191 nU1YlYl15 Luul?i'u1tl LUll'l91nt1l?l1'1n11'~nVl1'llYl b~l-J;U9'1'Vh1~ri1~'l1l-JVltJ1U ~') L~l-J;Ul?l1l-J1tl~'ltJ 

LL~:; Llj'fl~911'CU1~t1m1n11'UllUrflt?)~ LLl?l n~1'1nU 9:;~U~1 Lri11 t1l?l1'1 n11'1JllUrflVl b~ l-J~U'fl1tJ•m l'1-if'l1U'lJ'fl'liJ Vl 

nVltJ1,)U1U~'W tiU~1l'tll?l1'1 m1'~nVl1'll'lJll'liJVl nt?) ~Vl~'ltiULll'l ~'l,rULrill'tlliln n1 1'~ nVl1'll~t?)~'l9'lvh1~ri1 
~'l1l-JVltJ1U~'l'lJ1l'l~U'I1UiJri1~Vl~'ll?l1l-J1tl~'ltJ 

m1'~'tll?lj'1 m1'~nVl1''fl'lJll'liJ Vl nVl~'tll?lj'1 n11'U'flUrfiVl~ 0.03 n~~ bl-J m/Yl'u ~1 n~1t1m1 n11'UllUrflt?)~ 

0.01 n~~Ll-Jm/Yl'u ,rU~1l-J11'C1llfiu1tJ1~ 2 tl1':;n11' [7] ~1l 'tllilnn11'U'flUrflVl~~'l~UVh1~~u~1um1'rfIVl'lJ1l'l 
'V ,,'V " 

'IJ 

tII , 

~l-JiJ Vl nVl b-ih rfIVl=BU'l1Ul-J1 n;u ~'li(u9'lvl11~iJ~UYl1Un1 n::u1 tJ ~') 1l-J ~llUl-J1 n;u on'l~'l1l-J jllU~'lmh'l9:: 

~n tl1tJL'Vl1tl nULf"l~t~VI::~ Qn rfIt?)'flll n1tl 9'l~'lj;.J~1~m~m1'1-if'l1U'lJ'fl'liJVl nt?)~ 0.03 n~~ bl-J l?l1'/~U tJ1'lU1U 

n~1'tlm1m1'UllUrflVl~ 0.01 n~~bl-Jl?l1'/~U 
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~n l~In~~lh'~n1~Vlli'l~'el ltl'el'ltOj1 nn1~~nVl~'elnuu n1~~nVl~'el"lJ'tI'liJ!?l n !?l~U1l(HU~'JVI'C'lU~'J'WtJ'C'l1U, 
, I ~ " 

rU-,J f?l!?lon'l'll'JU'C'lU ~'elU n1~U'el'Wf?l!?lYl In n f11'l'el~u'Wt:J'J~'W'l1'WVI~'l1'W"lJ ru~~!?l ~'lVi11~r\'J1~VltJ1U t:J'J"lI'el'l~'W'l1'WiJ 

r11~!?l~'l f?l1~1tJ ~l'JU 

, 
i(r=--..··---...------ -l 
,~ :r==-=----·--·_n..8000'.Qul\J'~ 
'~ [ ~ ___n·'......u'",.
I!:. -:az;;=~~~ll~,.u.~,. 
! 00- ' -, --. -, -~-. 
'I 0 15 JO 4~ 60 75 90 l OS n o 

n;;nn~liA tu"l9i) 
l... _.__._ •___,,__.____ ....... .. __. __" __
~~~ ~ "' 

~~u~l'J'C'l11'Wn1~f?l!?ll~~~1 n~'W t!?lUiJ~f?l~1 n1 ~~nVl~'el~ r1'el'W-if1'ltOj~~'l1'W'rl'J'l n m ('11rl_l15 'W1YlUm) lrim11 

n1~f?l!?l1tJ~~U~VI~_l~m1n1~~nVl~'elr1'elU 1 ~!?l~_l 

0.3\ ,---' " ..... .... .I 03 -j------ 
~ 015 j------ 
~ O.l ,r--- 
a 0.15 ' - - . ..I 0.1 .  •• ...

~ v.05 

~ 30 ., 

IlTW~ 3. 7 A'J1~~~~'Wtfr:::VI~1_ll'J'C'l1n1j'~~nUr\'J1~~nVlffi"ll'tl_liJ~n!?l"1J'il_ln1j'~~ LLUU ll~_l~A,)1~ L1')j''ilU 

8,000 j''elU/'W1Vl t5f?lj'1n1j'U'il'W f?l!?l 0.01 n'C'l~l~f?l~/Yl''W fl'J1~~nf?l!?l 0.5 n~~l~f?l~ 
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- - - _. . •. . _---_.-.._....- - -
~ O.J~ ~.~ .....------ .-..------•. 

~ 0. ) '--.--,---

'"& 0.21 • 

(I' 0 2 .. -

g o" ! 
~ 0 I • 

~ 0.01 : 

IS 

.n1~~ 3.8 fl')Il_J~l_J·f~'t.!if'i'::::vd 1_.3 L,)~1 ni'i'j;)17l nu fl,)Il_J~ nVl'i''fl'll'fl_.3iJ 17l nl7l'll'fl_.3ni 'i'j;)17l LLUU LL,x_.3~ mll_J L~,)'i''flU 

1 0,000 'i''flU/'WTVl ~mlni'i'i1'fl'W j;)17l 0.01 n~~Ll_Jl'l'i'/Vi'W mll_J~nj;)l7l 0.3 n~~Ll_Jl'l'i' 

I ~~ 

~ 0 1'j JO 45 60 7~ 90 lO~ 12 0 

n.~'1,...,...c'\"(lI1~J 

.n1~~ 3 . 9 fl,)Il_J~l_J'W'Wif'i'::::VI~I_.3 L')m ni'i'j;)17l nu fl,)Il_J~nVl'j''fl'll'fl_.3iJ 17l n 17I'll'fl'l ni'i'j;)17l LLUU LL,x'l~fl,)ll_J L1')'i''flU 

10,000 'i''flU/'WIVl ~l'lnni'i'i1'fl'W j;)17l 0.03 n~~Ll_Jl'l'i'/Vi'W fl,)Il_J~nj;)l7l 0.5 n~~Ll_Jl'l'i' 

.,. 
15 'WTVI 

Q 

30 'WTVI 

45 'WIVl 60 'W1Vl 

.n1~~ 3.1 0 JlIYHiltJ'lf'WI~fl')Il_J~nVl'i''fl'll'fl_.3iJ~n~'lI'fl_.3ni'i'I'1~LLUtl LL,x_.3~fl,)Il-JL~,)'i''fllJ 8,000 'i''fllJ/'WIVl t}l'l'i'1 

ni'i'i1'fl'Wj;)~ 0.01 n~~Ll_Jl'l'i'/Vi'W mll_J~nj;)~ 0,5 n~~Ll_Jl'l'i' 
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~ 

15 'W1Yl 30 'W1Yi 

45 'W1Vl 60 'W1Vl 

1l1'Wvt 3.11 !lTYHhtl'll'Wll1lfl'Jll-J~nVt~tl'lltl'li'.1l1lrll1l~tl'ln1d!?lI1lLLUUll~'1~fl'Jll-JL~'JdtlU 1 0,000 ~tlU/'W1Yi 

1l[;ldin1~iltl'W !?l11l 0.01 i1'i'1~Ll-J[;l~/YI'W fl'Jll-J~nl'111l 0.3 i1'i'1~Ll-Jm 

~ 

15 'W1Yl 

-
~ 

30 'W1Yl 

"',j "~".r ..' 

~ ~ 

45 'W1Yl 60 'W1Yl 

1l1'Wvt 3.12 !lTYHhtJ'll'Wll1lfl'Jll-J~nVt~tl'lltl'li'.1l1lrll1l'lltl'l n1d~I1lLLUU LL~'1~fl'Jll-JLf'J~tlU 10,000 dtlU/'W1Yl 

1l[;ldin1jUtl'W !?l11l 0.03 i1'i'1~L~m/YI'W fl'Jll-J~n!?l11l 0.5 i1'i'1~Ll-J[;lj 

!l1'Yi~ 3.13 LL~ 11l'l1~ l~'W1~~I~fl'Jl~ l~'J jtlU~ Ll[;ln (111'1 rl'W fl'Jl~~ nVtjtl'lltl'li'.1l1lrll1l'nUI1l'iX'JUtl'i'1 ~ 

f1'Jl~L~'JjtlU~ 8,000 LL'i'1:; 10,000 jtlU/'W1Yi 9:;j'j~hln~l~~Nrl'W~ln l'W'llru:;~f1'Jll-JL~'JdtlU~ 12,000 dtlU/ 

'W1Yi 9:;1,xfil~nVtdtl~~ln~1 ~1l-Jld()tl~UltJ1~~1 ~fl'Jll-JL~'JdtlU~'11 (High speed) 9:;Liil1lnljVtritl~'W 
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ll'J1H~ij't),W (Virtual coolant) ~'19~'li'JtJl~nl~~ n"'~'il'lJ'il'liJ!?In!?l llUU~'JU'il 'tl'tl !?I'tl'l9'1vh1 ~'tYf?ld1 n1~~ n",~'il~ 

~'Jl~l~'J~'ilU~'1~ln~l~~'Jl~l~'J~'ilU~l 1ll'tl~91nJll'Y'l~ 3.13 ~ml~ l~'J~'ilU~'19~1~mtJn1~H''11'W'lJ'il'l
'IJ 'IJ , 

&03 5 ----- .-. ~. .• --- 

~ 0.' 


~ O.2~ 


i.« 0.2 

0.15 

~ 01 


~ 0.05 


, 0 
~ 15 30 45 60 

........_  - ..._ 

t··--#"'-
·----·..··..· ..· ....-"- ....··.... 

llTV'l';1 3.13 ~'Jl~~~~'Wlf~~wh'll'J~nn1~i?lVI nUml~~n",~m'il'liJVlnVl·n'il'l n1~i?l~HLUU U~'1~~'Jl~ l~'J~'ilU 

!?l1'11 'tYf?I~ln1~ih)'Wi?lVl 0.01 i1'tl~h~f?I~/Yl''W rl'Jl~~ni?lVl 0.5 i1~~h~f?I~ 

Jll'Y'l~ 3.14 lmtJU lYltJU~'Jl~~n",~'il'lJ'il'liJVlnVl"llUVl~'JU'il'tl~~'Jl~~ni?lVl~ llf?ln!?ll'1 n'W ~'il ~~'Jl~ 

~ni?lVl 0.3 i1~~h~I?l~U'tl~ 0.5 i1'tl~h~l?l~ f?ll~~l~U 9~'Y'lU~lml~~n",~'il~'il'W-iil'1lU'WhJ1'WYi~Yll'1l~tJ'Jn'W 

",1'illn~l~tJ'In'W ,r'W~'ill'W'li'J'I 15 'W1YlUm 'tY1?l~1n1~~n",~'il9~~'il'W-iil'1~'1 ll'tl~",~'191mr'W9~~'iltJ 1 'tlVl'tl'l 

'lVltJ~ml~~ni?lVl~ 0.3 i1~~h~l?l~ 'tYl?lnn1~~n",~'ilhj~'ilmll?ln!?ll'1n'W~ln'l!n l'W"lJru~~~'Jl~~ni?lVl~ 0.5 

i1~~ l~l?l~ 9:;L~'W~'Jl)"llll?l n~l'1"lJ'il'ln1~~n",~'illCXmh'liVl 19'W~~,)1~ l~'J~'ilU~~'1~ 12.000 ~'ilU/'W1Yl iJ'tY1?l~1 

m~~ n"'~'il~l~VI ~'1 Lmu.J~~'1~lCX'ilfiultJ~lll~'J-iil'1!?l'W, , 

I
i_ 0.15 -r-  - 
I~ 
I~ 0.) +-i---  - - -_ ..- 

i ~OJS 1------ , . 
t ~ 0.1 ;-a-- 

i<! 0" Li~ . i 
!~ 0.1 i 
i c o_~,.. 
l~ 
!~ 

l 
,. 

ii 0.35 r ·_..·--_.. _.. ·· _ ........ _......... ---. 
j 0., : - ..
s015 I 
~ 0.1 +-- --- 
~ O. lS ~- - - - ~.- ~ - ......-:w..HKXlIHoll/\nit 
o ,6 01 r  -- ~ ---- ___q·,llOOO'au·\I1i! 

lnos - - -1 0 -~- ..-~ - • 

c: 0 l.!l 30 J S 60 75 

111~.;l 3.14 LmtJULYlmm'Jl~~nWi"tl'lJ'[)~jj(?)n!?l~mlJ.,J~ni?lVl~~'Jl~L1')j''[)Ul?il'11 'flf?lj'ln1'i"U'il'Wr;](?) 0.01 

i1 'tl ~ LJ.,J f?IJIYl' 'W 
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~ri'tl LmtJU LVltJU fI,)Il-J~nVlj'tl'lJ'tl'ln ~ n~"1lU~tt,)U'tl~~fI,)Il-J~nlff~vY'l 2 AI 9:;YiU~I~j:;tJ:;L,)~11un1 j 

1ff~~L'Vhnu fI,)Il-J~nlff~~ 0.5 iJ~~Ll-Jm 9:;nn1j~nVlj'tl~~ln~lf1')ll-J~nlff~~ 0.3 iJ~~Ll-JV1j Lti'tl'l91n~ 

mll-J~nlff~~l-Jl nn~lvil1,x'tl ruVlJliJ1U'lJ ru:;1ff~?l'l LL~:; Ln ~ n1jlff~ L~'tlU~ltJ ~'lvil1,xn ~n~"1lU~tt,)U'tl~nt[ml
'" \l 

fI,)Il-J~nVij'tl~~11t1 ~,)tJ 

Jll'Y'l~ 3.15 LmtJULVltJUfI,)Il-J~nVlj'tl'lJ'tl'ln~n~"1lU~tt,)U'tl~~t[V1nn1jil'tlul1l~~LLV1n"'I'lnU ~'tl ~ 

t[!;]jlnljil'tlulff~ 0.01 iJ~~Ll-J!;]j/Vl'ULL~:; 0.03 iJ~~Ll-J!;]j/Vl'U !;]1l-J~I~U 9~YiU~If1,)Il-J~nVlj'ElA'ElU-nl'l 

dju1t11uYif1'V11'lL~tJ')nuVl1'El1m~\~tJ'lnU tiu~'Ellu'Jl')'l 15 'tnVl LLdn ;'It[!;]nn1j~nVljtl9:;A'ElU-nl'l~'l LL~~ 
" 

VI~'l91 m!U9:;t[!;]jl n1j~nVljtl AtlU-nl'lfl'l~ t~tJ~t[!;]jl n1 jil'ElUr?l~~ 0.03 iJ~~ Ll-J!;]j/Vl'U 9:;1,xt[!;]jln1j~ n 

Vlj'EllULL"'~:;fI,)ll-J L~')j'ElU1~ LL!;] n ~1'lnUl-J1m!n LL",lU'lJ ru~~t[!;]jln1jil'ElUIff~~ 0.01 iJ~~ Ll-J !;]j/Vl'u 9:;L~U 

fI,)ll-J LL!;]n"'I'l'lJtl'ln1j~nVlj'tl1~'tlih'l-n~ L9U~fI,)Il-JL~')j'ElU~~'l~ 12.000 jtlU/U1Vl nt[!;]n n1j~nVlj'El~I~~ 

;'l LVI!;],r.J~~'l~1~'El~Ul tJl-J 1 LL~')-n1'l~U 

. 0 .5 , 

. i 'i~ ~~ i-]--- - - -

[ ; O. j ~ -

!'& L' 'ij 0.2 - .•.._ .. 

iI o. '-"A- -:-:;::;:::::::::;t:::~:::--
" f: ~ 0-· ·_

: It 0 J5 30 

.... .... ~ 
.-- I 

I 
1::
1 
1 

. -

{ OJ - - - -- ~".'''''' .."'''. 
~ 0 2 - --_ ~n"lGOO<t ,autulYi 
g l' •• -'-~lltI()lJ10U/U l.,1i 
,. 01 - ---c¥. - -

! i O ~ --" -~-
E 0 lS )0 <1 5 60 75 90 105 l ?O 

~- ,," I JOOO fll U/Ul" 

JllYi~ 3.16 LL'i'l~'ll,x L~uii'lfl,)Il-J~nVlj'El'lJ'tl'ln~ n~'Jlil~tt,)U'El~Lri'El LmUU LVlUU nu AI fI,) I l-JVltI1U~'J 

~1~ 91 ntU9:;'Y'lU~1 L~'fl'lJUI ~ n1 j~nVlj'El'JJ'El'ln ~ n ~'JlU~tt'JUtltl L~l-J~u9:;vh1,n~Al fI'Jll-JVlU1U ~'J~ L~ l-J~U 
~'Ju 1u'JJru:;~'ll'J'I L~l-J ~U9:;nAI fI'Jll-JVlU1ur:J'J~1n~ L~U'lnu Lti'El'l91nlu!;]'El~Lil-J ~~n~ n ~'Jlil~tt')u'fl~U'l 

lV1~tltj L'Y'l n:;u'l1~1~-if'lI~fll-J11l~'lJ'El'ln ~ n ~'JlU~tt')u 'tl~U'lnfl ')1l-J fll-J'Elti ~'1vil1,xAlf1'J Il-JVlU1U r:J') ~1~ 
" " 

I , I 'V I 

ln~L~tJ'ln~ LL~:;Li1'El1-if'l1~1t1j:;tJ:;L'J~IV1u''lAI fI'J1 l-JVlU1U r:J,)9:; LYll-J~~t[~ LU,'El'l l-J 191 nn1j~nVljtl'lJ'tl'l fll-Jl1l~ 
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------ - .. ---

0..05 0.1 0.15 O.l 0.J.5 0.3 O .)~ 

111'VicV1 3.16 fYlll-J-Kl-J~'WffJ~\.-dl'lYl'lIl-J~n"'d'El'll'El'liJ~ n~nUYl'lIl-JmnUn'l'll'El'l nldt1l~ llUUll,x'l~Yl'lIl-J l~'l 

d'ElUI?lI'l1 tlmln1dU'El'Wt1l~ 0.01 ij~~ll-Jl?ld/~'W Yl'lIl-J~nt1l~ 0.5 ij~~ll-Jm 

d I iI I , 

1l1YlYl 3.17 lmtJU lYltJUYl'lIl-J~ n"'d'El'lJ'El'liJ~ n~'Jlil~~'lU'El~ lYil-J~'WnUf11Yl'lIl-J"'UlU n'lYl1~ YlYl'lIl-J 

~nt1l~~ll(i]nl?ll'ln'W ~'El ~Yl'lIl-J~nt1l~ 0.3 n~~ll-J(i]nl~~ 0.5 ij~~ll-Jl?ld ml-Jih~u 91mU9:;YlU~I~Yl'lIl-J~-n
'U ., 

t1lmr'l~'El'l d~ ~U iJYl 'l1l-J-Kl-J~'WB'lI'El'lYl'l1 l-J~ n"'d'El n U Yl'l1l-J",mU n 'l l'lJ'W1ti1 'WYi P'1Yll'll~m n'W~'El 1 'W'll'l'lll m 

'lI'El'l nI dt1l~ f11 Yl'lIl-Jl-ImU n'l'll'El'l~'W'lI'W~1~iJf11~1n ~ lfltJ'l n'W lri'El 'lI 'WI ~ nld~ n"'d'El'll'El'l iJ ~ n~'Jlil~~'lU'El~ 
I '" , I iI I I " I 

lYil-J~'W9:;vh1m~f11fYlll-J",mUn'lYllYil-J~'W~'ltJ ll~:;d:j'Elnld~n"'d'EllYil-J~'W1u9'Wti'lf11 1 ",i1'l (Ud:;l-Jl ru 0 .2 
,., , 

n~~ll-J[;ld) f11fYlll-J",UlUn'l9:;f1'EltJ 1 ~!?l~'l Yllll'Wl'll'WU~Il-Jld()'ElfiultJ1~~1 li1'El'l91nnld~n"'d'El'll'El'liJ!?ln~ 
, , ., 

YlU1l'l run'l",~U',I\'l'WU~ltJ Yll-J t1l!?l'll'El'liJ~ n!?l'Jlil!?l~'lU'El~ iJ'lI'W1 ~ l~l-J l-Jl n~'W9'l'll'l tJ ~u d'EltJ nldU'El'W'lI'El'liJ!?l n!?l 

'Jlil!?l~'lU'El~~'ElUu'Wn'l~'W'l1'W9'lvll1,xf11 Yl'lIl-Jl-IUltl n'l~ ~~'l lti'El'l91 n'll'W1 !?l~1", ru~'Wni d~n"'d'El'lJ'El'liJ~ n ~ 
'U ~ 

~U1l'l run'l"'~U~h'WU~ltJ Yll-J t1l!?l 'Elul'lhnl?lll-J Yl'lIl-J L~UUn'lU n nD~l-J'El'll~'Wn9 :;iJ~m~ru~hj (~[Ju ll~~ 

'lJd'lJd~ti'l mJ~19~1,,\f11 Yl'lIl-J",UlUn'l~ ~1 n (i]1l-J, 

:»=~=-_ ~_.._ . ~~lt@..fQI.I/U1iJ' 

___ ,,"JOOOOfDU:1J11l1 

_rt:".~.OOO hlU:,\ni' . 

0.05 0.1 015 0.2 0.25 O'} O.3'S 

-=-rY~' ::::':::::.. .IL:! _ _ _~~"_ ..u,~'~ I 
D.O!:' 0 1 O.l~ 0.2 0 2~ 0.3 0.3$ _._ 1 

"'-...Am._l>.<IloM_...... ) - -

111'VicV1 3.17 lmtJU lYltJU fYlll-J~l-J~'WBd~"'~ I'lYl'lIl-J~ n"'d'El'lJ'El'liJ!?l n!?l nu Yl'lIl-J",tJ1Un'l'lJ'El'l nldt1l !?lllUU ll,x'l 

~Yl'lIl-Jl~'ld'ElUI?lI'l1 tll?ldln1dU'El'Wt1l!?l 0.01 ij~~ll-Jm/~'W 
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I I I , if , 

I)1'WYI 3.16 lmrJU lYlrJUf'I,)1l_J~n'l-l'j''fJ'lJ'fJ'I i1Vl n Vl'llUVl,x,)U'fJtl YhYil_J~'Wnu r11f'1,)1l_J'I-IU1U n,)Yl1~YlrerWin 

n1'j'U'fJ'WLPlVl~llWlnl'i1'1n'W ~'fJ ~rerm1n1'j'U'fJ'WLPlVl~ 0.01 ntl~ll_JWI'j'/W'Wlltl::; 0.03 ntl~ll_JWI'j'/w'W Wl1l_J~1r?1U 
, ~ 

91 nn19::;'Wu ~1Y1rerWI'j'1 n1'j'U'fJ'WLPlVlvl'l'i'l'fJ'Ir11 il f'I ,)1l_J~l_J~'Wfi'lJ'fJ'I f'I,) 1 l_J~n'l-l'j''fJ nu f'I,)1l_J'I-ImU n') lU'W1tJ1'W 
" 

Vi ~Yl1'1l~m n'W~'fJ l'W'lI,)'1lldn'lJ'fJ'I m'j'LPlVl r11 f'I,)1l_J'I-ImU n,)'lJ'fJ'I~'W'I1'W~1~il r11~ln~l~m n'W 

In'fJ'lJ'W1 Vl m'j'~n'l-l'j''fJ'lJ'fJ'I i1 Vl n Vl'llUVl,x,)U'fJtl l~l_J~'W9 ::;v'hLtn~r11 f'I')1l_J'I-ImU n')~ l~l_J~'W~,)rJ lltl::;l~'fJ 

m'j'~nVl'j''fJl~l_J~'W11.19'Wn'lr111 'I-I~'1 r11f'1,)1l_J'I-ImUn,)9::;r1'fJrJ 1 tlVltl'l LVlm'!l'W1::;'fJU1'1~'1~rerWl'j'1n1'j'U'fJ'WLPlVl 

~ 0.03 ntl~ ll_J m/w'W 9::; l"''W1~'fJU1'1iifll9'W ~'1r11 f'I')1l_J'I-IU1 Un')illl'W,)LUl_JtlVl tl'l~ f'I,)1l_J~ n'l-l 'j''fJ'lJ'fJ'I ilVl nVl 

'llUVl,x,)U'fJtl ~1.h::;l_J1ru 0.13 ntl~ll_JWI'j' l'l-lWl&.Jtl~d:J'Wl'll'W~1~mh')11.hJ1'1~'Wll~,) l'Wln'W~ 3.6 l~'fJ'I91nn1'j'• 

I " I , " 

m 'j'UT.l'W'll'fJ'I il Vl nVl'llUVl,x,)U'fJtl Yi'fJU U'Wn '):n'W'I1 'W9 '1v'hL~r11 f'I')1 l_J'I-IU1U n') tl ~ tl'l Lij'fJ 'I 91 n'!J'W1 ~Vnm1J~'W 
'U ~ 

'lJ'fJ'Im'j'~nm'fJ'll'fJ'Iil~ nVl~u1L ') rwn,)'I-ImJ~')'Wtltl1rJf'll_JLPl~ 'fJU1'1hri Wl1l_Jf'I,)1l_J ~rJU n,)U'j'1 n!J~l_J'fJ'IL~'Wri9::;il 

~m1ru::;hJ ltrJU Lltl::;'lJ'j''lJ'j'::;n'l mJ~19::;L~r11 mll_J'I-IU1U n,)~~1 riWlll_J• 
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:; ;
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~ i 

5 ! 

r r-~ 
o , -.-~-I-.--.. ¥ - ..... ~-

0.05. 0 1 01!J. 0 Z 0.25. 0.3 0.3::' 

Jll'W~ 3.19 n'lJll'W~ 3. 21 LmrJU LYltlU'j'::;rJ::;L')tlIL'Wnl'j'LPl~ nu LLN~~~ Ln Vl~'Wl'W'lJ ru::;~y'h n1'j'~~ 

l'WL~'fJ'W1'lll'il~ 1 91n!U9::;'Wu~l~f'I')Il_JL~')'j'T.lurrh'l1llNl'WLL'W')lln'W z, Fz :Ji'lLu'WVii"lYn'ln1dLf'I~'fl'W~~~ 

~n'lJ'fJ'ILf'l1'fJ'Iij'fJLPl~9::;ilr11~'1~Vl LLtl::;UNL'Wll'W,)LLn'W X, Fx 9::;ilr11'i''fJ'Il_J191nLb'W,)LLn'W Z, Fz ~'1bLNL'W 
" 'I if" " 

U'W,) LLn'W X, Fx i:hu'Wn'l nf'l~'fJ'WYlLih1tlv'h nl'j'LPl~ L~'fJ'W'lJ'fJ'If'll_J ~Vl b-th ~~:n'W'Il'W r?1'1u'W9'1vilL~ ll'W') lln'WtJ 

Lil~LLN~~~'1W11l_J1u~,)rJ L'W'lJru::;~ llNL'WLL'W,) LLn'W Y. Fy ilr11~1~~ ~ lltl::;L'Wll'W,) LLn'W~Lu'WLL'W,) lln'W~HLlJ'W 
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I 

, I if I I i.I I " 

~lJ~llij'CllmtJlJ lVltJlJvh::tJ::L'J rl1L-Wm ~~~~'W'I1'WVll'l'h rl'W Vlfl'J1l-J L~'J~'CllJ~'1~'W'"l::vh l,xLlN ~~Vlln ~~'W~ 
" 

I I I" I" 

~lrl ~rl'l lil'Cl 'I r.n n lij1) f1'J1l-J L~'J~1)lJ lY1l-J~'1~'W'"l::vh1,x~ Cl..!1M;J ~lJ1L 'JD!n 1 ~~~ L:U1)'WLY1l-J~'1~'Wml-JhJ ~'JtJ ~'1 
~ ~ 

~'1 ~rllwn'W'I1'WLn ~ m~'ii'Cl'W~'JVi11,xn l~lPl~L:U1)'W~ltJ~'WLLN~~9'1~~lrl ~ rl'l 

'"l1 nfl1~-n1'1 ~'WLnm:;lmnmtJlJ LVltJlJl'WLL'W'J LLn'WL~tJ'J rl'Wl 'W'lJ Cl..!:;~Vi1 m ~t?l~~ f1'J 1l-J L~'J ~1)lJ ~1'1 1 

'"lln!tl'"l::~lJ~rILLN1'W~'1 3 LL'W'JLLn'WLL~'1t?l~l'WLL'W'JLLn'W Z. Fz '"l:;~191~~'1n~lLLNlPl~1'WLL'W'JLLn'W~'W LLrl:;~ 
fl'J1l-J L~'J~1)lJ~~'1 LLN~~~ Ln ~~'W~ LL'W'J 1:~l-J~rl~rl'l f?l'l ml?J ~rl~1~1)filJ1 tJ LL~'J-nl'1rX'W 

I I I I , " 

Lij1)Y1'"l11Cl..!lVl~l?lnmn':l1)'Wt?l~Vl LLl?l n~1'1rl'W'"l::~lJrl1 ~1~l?l~1 m~U1)'Wt?l~Vl LY1l-J~'W'"l::vh1,xLL N ~~ 

~ Ln ~~'W~~l~1)tJ n~l~1n nn1~u'Cl'Wt?l~~ ~1 LLrl:;~f1'J1l-J ~nt?lt11~ LLl'l n1'i1'1 rl'W f1'J1l-J~n t?l~~ L~l-J~'WLLN~t11~ 
Ln~~'WI1'"l:;~ ~ 1~1) tJ n rl1 f1'J1l-J~ n ~t11~~1) tJ n~11'W~:;tJ:; L'J rl1 n1 ~~t11~ L'I'11 rl'W ~1l-J1 ~tl1)filJ 1tJ1~rl1 ~In ~1 n1 ~ 

U1)'W~t11 LLrl::f1'J1l-J~ n ~t11~~'1~'W '"l:;1,x~'W~1'Wn1~~~'lJ1)'1f1l-J~~ rl~ L-n 1~~~'W'I1'Wl-J1 n~'W~'J tJ ~'1Vi11,x~~'W~1 'W 

n1 n::lJ 1 tJ f1'J1l-J¥1)'Wl-J 1 n ~'Wl 'W'lJ Cl..!::~~1)1) n l-J1 rllJ L~ 'I11:m!l:;1~~ nrl1 ~l?l~1 n 1 ~U 1) 'WlPl~ LLrl :;f1'J 1l-J ~ n lPl~~ ~1 

f?l'l'!'Wfll-J ~~ rl~9'1 Ln ~ n 1~~ n~~1)-ih LL~::1.'l'l ~rll,xLLN ~~~ Ln ~~'Wl'W'lJ Cl..!::~~ ~1 n~l~~m1 n1 ~U1)'WlPl~ LLrl:; 

o ---~~-- - ~~-r-- - - - , 

30 " 
'~"n5a Iu-r9i2.... ~... ..___ 

.l11'Viv1 3.22f1'J1l-J~l-J~'Wfi~:;~rl1'1 L'Jml'Wn1~~~rllJ LLN~~l'WLL'W'JLLn'W X. Fx 'lJ1)'1m~t?l~ LLlJlJ LL,x'l~f1'J1l-J L~'J 

ffilJ~1'11 ~m1m~iJ1)'Wf7l~ 0.01 ~rl~Ll-JIn~/Yl"'W f1'J1l-J~n~~ 0.5 ~rl~Ll-Jm 
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~~vn'u~A itrl~1 

111'WeVt 3.23 fl,)1l-J~l-J~'W€~:::Vlrj1-lL')~nli.m1~~!fInULL~-l~!fI1'WLL'W,)LLn'W Y, Fy 'lJ'fl-lm~(if!fl LLUU LL~-l~fl,)ll-JL~,) 

~'flU(?\1-l1 ,g1?l~lm~i:l'fl'W(if!fl 0.03 nrl~Ll-JI?l~/Yi'W fl,)ll-J~nv1!f1 0 .5 nrl~Ll-JI?l~ 

~ 200 1----· - --
~ ISO ~. .......... - .... ~---- 

, 
c __ woo 1m.1/Uli 

~ 100 
......-10000 1PuN,,' 

" ~ _ -1l006 'DlI{\I,if

1 ·~ ·:·--··· · 
~~~---.-.-. 

o 1.'; ~o 45 60 75 gO lOS 120 

111'WeVt 3.24 fl')1l-J~l-J~'W€~:::Vlrj1-l L,)rl11'Wm~~!fInULL~-l~!fI1'WLL'W,) LLn'W Z, Fz 'lJ'fl-lm~~!fI LLUU LL~-l~fl,)ll-J L~,) 

~'flU(?\1-l1 ,gl?lnm~i:l'fl'Wv1!f1 0 .03 nrl~Ll-JI?l~/Yi'W fl,)ll-J~nv1!f1 0.3 nrl~Ll-Jm 

JlTV~~ 3.22 ~-lJlTV~~ 3.24 LllitJULYltJULLNv1!f1~Lil!fl~'W1'W'lJru:::~Yhm~~!fI~fl,)1l-JL~,)~'flU(?\1-l1 ~ 
fl,)ll-J~nv1!f1~LLl?ln(?\l-ln'W ~'fl ~fl')ll-J~n~!fI 0.3 nrl~Ll-JI?lJLLrl::: 0 .5 nrl~Ll-JI?l~ 1?l1l-J~lvlU tOnnttl9:::'V'lurj1~ 

I '" I I , 

fl,)ll-J~n~!fIYl 0.3 nrl~Ll-JI?l~ LLN~!fI't1-l 3 LL'W,)LLn'WYlfl,)1l-JL~')~'f)UYl(?\1-ln'Wn~h1n~L~tJ'H)'W 'l!fltJYlLL~-lv1!f11'W 

LL'W,)LLn'W Z, Fz 9:::n~h~~-lnrj1LL~-l(if!fl1'WLL'W,)LLn'W~'W 1'W'lJru:::~fl,)1l-J~n~!fI~ 0.5 nrl~Ll-Jm 9:::L~'Wfl,)1l-J 
I '" "I I I 

LLI?l n I?l' 1-l 'lJ 'fl-l LL ~-ll'l!fl Yl Lil!fl ~ 'Wl~'f) u' 1-l 'll!fl L9 'Wv1-l LLlii'W l'VlVl 45 LU'W~'Wltl 'fl u' 1-lhn1?l1l-J L~ m~91 ~ ru1 Yl 

, I"" I 
~:::tJ:::L ,)rl11'Wm ~~!fIy) LYl1 n'W LLN ~!fIYhn!fl~'W'lJ'fl-l't1-l 2 ~:::vlU fl,)ll-J~ n ~!fIii ~111n~L~tJ-l fl'W ~-lI?l1l-JVI ~n n1 ~ 

I " " I 

LL~,)Ylfl,)ll-J~n (if!fl 0.5 nrl~ Ll-JI?l~ fI,)~9:::n LL~-l~!fI Ln!fl~'W~-lnrj1 ~1l-J1Hl'fl~U1tJ1J1rj1 Yl'W~,)~l-J~~1'Wn1~~!fIVl
" 

l-J1 n nrj1vl11~ii'f)ruVlJln~-l~U1L')rum~(if!fl Lil'fl'W'lJ'fl-l n1~v1!f1~fI,)ll-J~nv1!f1 0.5 nrl~ Ll-JI?l~ Lri'fl'fl ruVlnn~~-l~'W 
" 'U I),} " "cU 'U

" , , 
vl11WO'W-l1'WLn!fl m~!l'f)'W~') vl11~LLHYl ~'f)'11-if1'Wn1~~!fI Lil'f)'Wrl!fl ~lrl'l LLrl::;,g1?l ~1 n1~~ nVl~'f)'lJ'f)'1ii!fl fl!fI'llil!fl 
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111~v1 3.25 lmUUlVlUUllJ\lI1lC91L'Wll'W'Hln'l..! X, Fx 'lItl\lnlJI1lC91llUUll~\I~rl,)1l-Jl~')JtlUlYil\11 relt'lJlnlJUtl'W 

111C9I 0 .0 1 iJ~~ ll-J t'lJ/Yi'W 
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o l .....:::zt:: * b: ::::a .. 
7S30 ., 

111~v1 3.26 lmuu lVlUULlJ'II1lC91L'Wll'W,) lln'W Y, Fy 'lItl\lnlJI1l~llUUll'\X'I~rl,)lm~')JtlulYil'1 1 relt'lJlnlJUtl'W 

11lC91 0.01 iJ~~ll-JI?lJ/Yi'W 

100 

IIf= .ISO 
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.....-10G00 1tl)'&/Ul" 

ltlOO'ttu/'J1Q~

111't'iv1 3.27 lmUUlVltJUllJ'II1lC91L'Wll'W,)lln'W Z, Fz 'lItl':JnlJrffC91llUUll~'1~rl,)1l-Jl~')JtlUIYi1'11 rell?lnnlJU'El'W 

11lC91 0 .01 iJ~~ ll-JI?lJ/Yi'W 

91nJ)1Y'l~ 3.25li'lJ)1Y'l~ 3 .27 lmtJUlVlUUllJ'I!?l~~ln~~'WL'W'lIru:;l1l~vT'I 3 lln'Wl?lll-J~l(9)U VI 

rl,)ll-JlT')JtlU[;]l'1 1 L~tJ~rl,)ll-J~n!?l~ll~:;rell?lnnlJUtl'W!?l~~llt'lnlYil'1rl'W ~tl ~rl,)ll-J~n!?l~ 0 .5 n~~ll-J1?lJ 

LL~:; 0.3 n~~ll-JfJ\J ll~:;tll?lnnlJUtl'Wl1l~ 0.01 n~~ll-Jm/Yi'W ll~:; 0.03 n~~ll-Jt'lJ/Yi'W 1?l1l-J~1(9)U 91nJ1.J9~ 
'OJ 
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i.- I 'I I 

j''ElU L-wmj'[;]f?!~'1t!'W LL j''1 [;]f?I'~:;n rll~ f?! ~'1 ~'1 LV1 ~~~Yll~'ElflU1 ml~'l']l'1 ~ 'W LL~:; lij'El~"'ll j'o..nYl fl'll l-J~ n [;]f?!Yl 
I I I " if 

LLI?] ml1'1 fl'WYl j':;tI:; l'l ~1 n1 j'[;]f?! Yl Lvh fl'W "'l :;YlU ~1 LL N [;]f?!Yl di f?!t!'W'lJ'El'lvl'l 2 j':; ~U fl'll l-J ~ n [;]f?! n fh ln~l~ tI'I 

I I" I I I 

Jl1YlYl 3.28 l1.J1t1U LYl tlU LL N [;]f?!Yl LIl f?!t! 'Wl'W'lJ CU:;Yl vi 1 n1 j'[;]f?! Yl fl'll l-J L~'l j''ElU ~1'1 1 Yl fl'l1l-J~ n ~f?! 

rrrl?]j'1n1j'U'El'W[;]f?I~LLl?]n~1'1fl'W ~'El ~fl'lll-!~n[;]f?! 0.5 n~~ll-JI?]j'LL~:; 0.3 n~~Ll-JI?]j' LL~:;rrrl?]j'1n1j'U'El'W[;]f?! 

0.01 nft~ll-JI?]j'/W'W LL~:; 0.03 n~~Ll-!I?]j'/W'W 1?]1l-J~1~1J "'lln~1.J"'l:;YlU~l~rrrl?]j'1n1j'lJ'El'W[;]f?I~LL""In~l'1fl'W 
I " I" 

UN [;]f?!Yllll f?!~'Wn lL'W'l Yiil-! lU'Wl1.Jl'WVi ~Yl1'1 L~tI'l fl'W ~'El lij'El fl'lll-J L~'lj''ElU1'Wmj'[;]f?!~'1t!'W Uj''1 [;]f?!"'l:;n rh~ f?! ~'1 

~'1 L'ttl I?]•~~~1~'ElflU 1 tiLL ~ 'l,]1'1 ~ 'W LL~:; Ld'El ~"'l1 j'CU1 ~ fl 'l1 l-J ~ n [;]f?!~ LLI?] n ~1'1 fl'W~ j':;tI:; l'l ~1 m j'[;]f?!~ lVll fl'W 

I " " I I 

"'l :;YlU~l UN[;]f?lYllllf?!t!'W'lJ'El'lvl'l 2 j':;~Ufl'lll-J~ n [;]f?!n 1"11 ln~l~tI'I fl'W on'lI?l1l-!'ttlin mnl~'lVlfl'lll-J~ n [;]f?! 0.5 
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n) Y'I'lll-l~n!?lt1l 0.5 l-ll-l. !l(;lnnlrihl'w!?lt1l 0.01 iJ rl~ll-l(;lr/Yl''W 'lJ) Y'l')ll-l~n!?l~ 0 .. 3 l-ll-l .. !l!i1nmru'il'W!?lVl 0 .. 01 iJrl~Ll-ll?lr/Yl''W 

Jl1'rf~ 3.28 lmtl1JlYltl1JllN[;]f?!l'Wll'W'llLn'W Z, Fz 'lJ'El'lmj'[;]f?lllUULl~'1~fl'l1l-Jl~'lj''ElU(;]1'11 

"'l1 nJl1 Yl ~ 3 .. 2 9 ll~f?I'I fl 'l1 l-J ~l-J~'Wtfj':;'ttl~1'1 fl 'l1 l-J L~'ln.lU flU rl 1 fl 'lll-J'ttltl1U ~'l'lJ'El'l~'W'I1'W ~'ell?] n 

U'El'W[;]f?I 0.. 01 n~~ll-!m/W'W fl'l l l-!~n[;]f?I 0 .. 3 LLrl:; 0 .. 5 nrlftll-Jl?]j' ~j':;tJ:;L'lrl11'Wmj'[;]f?!~ 60 'W1Yl YlU~l ~ 

I ~ d ov .::.. ..::::. 

n'llY1fl'lll-!rlnl?]f?! 0 .. 5 l-J~ml-Jl?]j' 

Lri 'El LlltllJLYl tlU flU rl1 fl 'l1l-J ~ n [;]f?I ~ 0.. 5 n rl~ Ll-! In nl~:;rrrIn n n1 j'U 'El'W[;]f?!~ 0 .. 03 n~ ~ ll-J In j'/W'W ~ 

j':;tI:;l'lrl11'Wmj'[;]f?I~ 90 'W1Yl ~'1Jl1Yl~ 3.30 "'l:;l~'W~l~fl'lll-J~n[;]f?I~ 0 .. 5 nrl~Ll-!l?]nl~:;rrrlnnn1j'U'El'W[;]f?I 
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~ 0.03 n~~hlJ ~j'/Yl'W 9:;i1~hf)'lllJ~tJ1U~'l~~1 n~I~f)'lllJ~n I?l!?l~ 0.3 n~~ llJ ~j'LL~:;~1Y~j'1 m j'Utl'WI?l!?l~ 

0.01 n~~ llJm/Yl'W mi1-l-D!?I 19'W Ltitl-l91nL~~,I:J~~ n~h'llu LL~'l-nl-l t;'f'Wvhl,xm j'~ n~j'tl'lltl-li1!?1 n !?Ii11Y~n~ 
I I 1J I 

~1~-l~'ltl ~-lLL~!?I-ll'W.nlYiYl3 .3 1 ~-lVhlw.~&:!'lil'W-ll'WVl~n~1 

91n.nlYi~ 3.31 9:;YiU~I~1Y~j'lmj'Utl'Wr;l!?l~ 0.03 ij~~LlJm/Yl'W i11Y~j'lmj'~n~j'tl"IJtl-li1!?1n!?l~i1 
I . I I tJ I 

~1 ~ln~I1Y~j'1 mj'U'fl'Wv1!?1Vl 0.01 ij~~ LlJ~j'/Yl'W ;-l m~I:J~~-llr;)tlfiUltllJl LL~'l ritl'W~t!Ii1 L~tl Lfl!?l m j'~ n, 

l-1 j'tl~~1 n~-lI:J~1~LLNI?l!?l~ Lfl !?I~'Wi1 ~1t!tl tlVlllJ11J ~'l tl 
l'Wn nUf)'lllJ L~'l j'tlU ~1~ 8,000 j'tlU/'W1Vl ii fil f)'lllJ~tJ1U ~'l~~-l n~ 1~ f)'lllJ L~'l j'tlU~ 10,000 

1J . I I ~ I 

j'tlU/'W1Vlll'W~llJ lHltlfiUltllr;)~ lVl f)'lllJ L~'l j'tlU ~lvil1~n1j'r;l!?l L~tl'WLu'Wl~tl 1 n~'WLi1tl-l91 n~ ltl ru~.nij, " 
I tJ I 'J.I I I 

n1 j' I?l!?lVl Lil!?l~'WtlI9 ~ 1hiL~lJ 1:; ~lJ ~-lvil1wn'W-ll'Wii f)'lllJ LL -ll-llJ 1 n n~ lVl f) 'lllJ L~'l j'tlUVl 1 0,000 LL~:; 

12,000 j'tlU/'W1Vl ~-lI:J~1,xLLNI?l!?l~ Lfl!?l~'W~ f)'lllJ Lr'lj'tlU 8,000 j'tlU/'W1Vl ~-l n~l~ f)'lllJ Lr'l j'tlU 10,000
" 

""''' LL~:; 12,000 j'tlU/'W1V1Vl'ltl 

llTvrv1 3.29 f)'lllJ~lJ~'Wtfj':;l-1~I-lf)'lllJ Lr'lj'tlUnU~1 mllJl-1mu&:!'l (Ra) 'lItl-lmj'I?lVl nUtl LL,x-l ~f)'lllJ L~'l 

j'tlUI?11-l11Y~nmj'Utl'WI?lVl 0.01 n~~LlJ~j'/Yl'W f)'lllJ~nmj'I?l!?l 0.3, 0.5 ij~~LlJm L'l~II?lVl~ 60 'W1Vl 

.. .•.~.. 

-+- Ocpth ·{). l t"'U\lllM 
. , '''0.0\ OAAHlQ,,I\otU 

___ Devi n o,~, OAi\UIM 
...... ~. . 1 .~.Ojlul~llJ""/J'lu 

8 10 U 

hTlUl~(' 1000 ";i)1J/U19!1 

Jl1Vivi 3. 30 f)'lllJ~lJ~'Wtfj':;l-1~I-lf)'lllJ Lr'l j'tlU flU ~1f)'lllJl-1mlJ ~'l (Ra) 'lItl-l n1~I?l!?l LLUU LL~-l ~f)'lllJ l1'l 

j'tlUI?11-l11Yrmlmrutl'Wr;lVl 0 .01, 0.03 n~~LlJm/Yl'W f)'lllJ~nmj'I?l!?l 0.3, 0.5 n~~LlJm 
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1l1'Viv1 3.31· fl,)1l-J~l-J~'Wfi:i':;VI~1-lfl,)1l-J L1'):i''flUrlU'lJ'\.J1 ~fl,)1l-J~ nVld'fl'lJ'fl ..ln1:i'lfft'1 LLULI LL,x-l ~m1l-J L~,):i''flU 

~1-l1 r6(7]:i'1ni:i'i1'fl'Wlff~ 0.01, 0.03 n~~Ll-J(7]d/yt'W fl,)1l-J~nni:i'lff~ 0.3, 0.5 n~~Ll-J(?l:i' L,)~1lff~~ 60 'W1Vl 

I I,II" 
r.nnfl,)1l-J~l-J~'Wfi~-l n'Ci1')iJ1-lUl'W ~U~~I d:j'flr6j;1n m:i'u'fl'Wlff~ L'Wl-J~-l~'W"l:;vh 1,x~'WVlmdLiJ11?l~'lJ'fl-l 

" 

I I II I I II 

I?l~ 1'WVl1-ln~U rl'Wfhr6j;1:i'1U'fl'Wlff~ ~1 ~-l UNlff~ n"l:;~1~-l L~:i'1:;~'WVlm:i'lff~ ~1~-l &:j,)-l1'Wn"l:; L~tJUl-J1 n~'W 

~ ~ . 
Ln ~~'W1'W:i':;VI~1~n1:i'lfft1l"l:;i:i rl1l-J1 n n~1 rJi'')tJ LVlj;lUL'fl-l m:i'1?l ~ViHfl,)1l-J ~ n m:i'lff~l-J1 n ~')'W1VI CthJn"l:;1rJi'. ~ 

I d ,.d a d ~.d cv.J~A'~ oJ":::' Civ 

d'flUj;l1-l1 'll-l"l:;'WU,)1 Vlfl')1l-JL:i',):i''flUVl 10,000 :i''flU/'W1Vl "l:;l-JUNj;I~VlLn~'lJ'Wj;l1~~ LL~:;Ll-J'flL~l-Jfl,)1l-J~nj;lt1l 

LL~:;r6j;1:i'1n1'j'U'fl'W~~-l~'W UNI?l~n"l:;i:irl1~~~-l ~~L~'W1rJi'i~L"l'W1'WLL'W,)LLn'W X, Fx LL~:;LLn'W Y, FY~-l 

unn{J ninl1mh') ~-l LVl(;J i:-.J~~1v1'flfiu1tJtJ1 LL~')iJ1-lUl'W 

http:L1'):i''flUrlU'lJ'\.J1
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..---.......-----...... --------, 

100 : 

~ 80 i 
e. l 

.......... Dcplh:· O.~ r,aJi,uM

"< ':10 ~ .• 
~ , 
~ '0 i .~ .. ~ mm~~;=i~;;:
1 ]0 ~ .. ... . ." ." . ..... (}epth·1).S UAlulIM 

, '..:.:0 .03 OAtllUR1/ flu 
~ i 

o ~_-----_---' 
8 10 H 

A')l).II~llI lOOO "JulJ/t.n"1 

.n1'W~ 3.32 ~')I:hJ~:hJ;~\.!fij'~'l/dl_lml:hJ~hj''tlunU~~Nr;]~'lIll,mlj'r;]~LLUULLtX_l ~ml:hJL~')j'llUI?iI_l1 ~l?Innlj' 

iJ1l'l"!r;]~ 0.01, 0.03 ij~~L:hJI?lj'/Y1"'l..! L,)~Ir;]~~ 60 mYl 

.n1'Vi~ 3.33 ~')I:hJ~:hJvr'l..!fij'~~~I_lml:hJL~nllUnULLNr;]~'lIll_lnlj'r;]~LLUULLtX_l ~ml:hJL~')j''tlUI?iI_l1 ~1?Ij'1n1j' 

iJll'l..!r;]~ 0.01, 0.03 n~~L:hJI?lj'/Y1"'l..! L,)~Ir;]~~ 60 'l..!IYl 

1=-,.__ m_ . 

11"0 1 ~ .. 
-+- ~th :0.3 {lF~AIIIA1

• ..... 90~ -
. ~ .""om n~Au.tRor!it u 

....... O\>plh~.5 nRb.uQ1j ~1' ~.... . . '''' 0 .0 1 ))AAutR'f/~u 

....... t>tpth'-O .~ n~i'uu", 
,/"0 .03 1lA~IUQ,/llilu

,g ) 0 i 
~ I 

o~:------_-___ 
2 10 12 

A)"UJl~hllOOO 1DU/U1~1 

.n1'Vi~ 3.34 ~')I:hJ~:hJvr'l..!fij'~~~I_l~')I:hJ L~'i''i''tlUnU LLNr;]~'lIlI_lnl'i'r;]~ LLUU LL,x_l ~~,)I:hJ L~,)'i'llul?il_l 1 ~1?I'i'1 nI'i' 

iJll'l..!r;]~ 0.01, 0.03 ij~~L:hJI?I'i'/Y1"'l..! L')ftlvl~~ 60 'l..!IYl 

, I tJ I I "I 

LL'i'_lr;]~Ylt)~1~"'d1 rh L~ :hJ~_l~'l..!Ljj'tl'lJ'l..!1 ~n1'i'~ n~j''tl'll'tl_liJ ~iJ LL'l..!')LoW:hJ l't:hJ:hJ 1 n~'l..! "D_l9:;viI1,xrh ~') 1:hJ 

" '" " '" 'JJrn 'i'~'lI1I_l ~');o'l..!_lI'l..!m'tl nI~~_l~'l..! L'll'l..!n'l..! r;l_l'W'l..!'lI'l..!1 ~ n1 'i'~ m,'l'i'll'll'tl_liJ ~ r;]~ LLft~fil~,)I:hJ'lI ~'lJ'i'~"lJ'tl_l ~');o'l..!_lI'l..! 
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" , 
r;i',l1l''Wnl nb:;tJ n f1l n 11'111 1'')9 ~ ~ 11l12-.1 1 'Wn 1':;U ') 'W nl1'r;l~L~ tJ l-if II N r;l~wr~1~91 n 1~ 'W 1 L2-.I~ ll11ll f, 

~12-.11Hl-W12-J11l~Ulmhl n{) nlHUl1l1'1 1l'W'lI ru:;v'h nl1'r;l~9f'l ~'IlU'W-iill~ llfl:;1.h':; L tJ'lll1'llll'l1':;uU nl1'm,)9 

~~ 11112-.1JlltJ1 'Wn1':;u ')'Wm 1'r;l~ 

I tJ I tI I I " 

l~m n'Wnfl1,) ~1l fl') 12-.1 l1,) 1'llUVi ~'I:n'Wllfl:;1':;tJ:; l,) flll'Wnl1'r;l~VitJ1') 'Wl'W:n'W9:;1,x~1 fl,)12-.11t1tJ1U tJ')Vi l'W 2-.I:n'W 

" II I tJ I I I 

Vlfl,) 12-.1 ~ n r;l~Vl2-.l1 n n~19:;iJll ru~ n~ lfl ~:n'WVl Ufl') ruVi'W Vi n 1 1'r;l~ l illl'W ~'I ~'I1l ru~Jl~Vi ~'I9dhl,x'\ ....., 1.1 q 'U \j 

" ,
~'W'Il'Wln~mj''ei1l'Wr;l')v'l11,xv'll m1'r;l~ l~ll'WllllnlV)~ltJ ~'Il,xtJ,)~ll~9Vl~ n~l 

l~1l'l91 n~ fl')12-.1~nr;l~~2-.ll n n~lv'lll,xll ru~Jlm'W'llru:;r;l~?l'l m~:;ln~m 1'r;l~ l'illl'W~ltJ ~'Iv'lll 'IX iJ ~ n ~ ''IJ ".,] 

'llil~~')Ullfl iJ~I11nfl,)12-.1~ n1t11'll~~11U v),)tJ 

nl1'~ n~1'll '11ll'liJ ~ n~~Ufl,) rutJ,)~flU~,)'WU fll tJfl2-.lr;l~'llll'liJ ~ n ~'llil~~,)Ull fl iJ'll'Wl ~ l~2-.l2-.ll n~'W~'I 

'll')tJflU1'lltJ m 1'Ull'W'llll'liJ ~ n ~'llil~1X,)Ullfl ~ll~U'WtJ,)~'W'Il'W~'Iv'lll'IX~lfl,)12-.11t1mU tJ,)fl~fl'l l~1l'l91 n'll'Wl~ 
I tI I I 

Vil~ b1l~ 'W'll1l'l nl 1'~ n~1'll'll 11'1 iJ ~ n ~Viufl ') rutJ,)~flU ~') 'WU flltJ fl2-.1 r;l~ 11 Eh'lhn 11l12-.1 fl ')12-.1 l~tJ U tJ') U n n!JVl 

2-.111'1 L~'Wri9:;iJ~m~ru:;hJ (j'-tJU llfl:;'ll1''ll1':;~'1 LL~~19:;l,x~lfl,)12-.11t1mtl tJ,)~~ln11112-.1, 

http:l~2-.l2-.ll
http:fl')12-.1~nr;l~~2-.ll


39 

..,; 
tJ'Vl'Vl 4 

/Ql1nJllYl~ 4.1 n'lJllYl~ 4.3 LL~~'1f1':ll~~~~'Wfi"lJ!l'lJ:::tI:::L':l~llwnlJ~~nlJrhfl':ll~~mlJE'j':l"lJ!l'l 

~'W'Il'W~ f1':l1~L1':lJ!llJ LL~:::tr11lJ1 n1Ji:l!l'W~~liil'1 1 9:::YllJ ~l rll f1':ll~~mlJE'j':liJ LL 'W':lLU~~'1~'WL~!lJ:::tI:::L':l~11 'W 
,... I I I 

n1 J~~ 'Wl 'W~'W LU!l'l9l nll'Vlfi'W~"lJ!l'l n1 J~ n~J!l"lJ!l'liJ ~ n ~'llil~'IX':llJ!l ~ ~1l.J1nl!lfilJ 1 tl1~~lVl L':l ~l n1J~~Vl 
,... I I"" 
.dl.dl 4dCVQ.dI 

m':l'Wl'W"lJ'W n1J~nm!l"lJ!l'l Lm!l'll.J!lI1l~ L'W~~1 n"lJ'W 

Lri!lLmtllJ LVltllJ nlJn1J~~ LLlJlJ LL,x'l~~!l'W1"lJn1J~~ L~tI':ln'W 'WlJ~l n1J~~ LLlJlJ LUti n9:::1,x f1':ll~~mlJ 

E'j':l~~1n~1 LL~:::iJmtln1JH'Il'W"lJ!l'ln~ n~L~tIJ':lmL~':l~m':l'Wl'Wn~l r;l'lJl1'W~ 4.4 ;'1~1l.J1nl!lfilJ lt11~~1. 
~lJ~fl!l L~'W~1~1J(l'li':ltll'Wn1J~~mU~Jln~ Lfl~~'WlJ1L':l ru~'W~~y'hnlJiK~ L~!l'W ~'1-rl':ltl~~ n1J~n~J!l"lJ!l'l 

• '\l 

iJ ~n~vll1,xrllf1':lll.J~mlJ E'j':l"lJ!l'l~'W'Il'W~ ~~'1 

I 'o ~,-.~.~ -~.'-.---~ 
: I III ;0 -. --- . 

1& lO ___~.'.-
i s :

SIO -- . . _
~ . 

" o"'~ 
o l~ 30 as 60 15 ')0 )0$ 120 U S n o o IS 30 J.5 &0 IS 90 lOS 110 13 '5 ISO 

1l1'Vi.v1 4.1 rl':lll.J~~~'WfiJ:::~~l'1 L'J~ln1J~~nlJrl'Jll.J~tI1lJn'J"lJ!l'ln1J~~LLlJlJ LUtin ~rlrnwr'JJ!llJ 8 ,000 

J!llJ/'W1Vl trl1lJln1Ji:l!l'W~~ 0.01 n'N~h~I1lJ/Yl''W 

http:1l1'Vi.v1
http:4dCVQ.dI


- - - --

40 

..--..----.-.- •.....-- ._.. • _.._-_._-----_ ....._•..._---_._-_.. •. -_. 

~ ~ ~ 
n) f)'Jl~flnIMl 0.3 ~flflLWWj" 

.n1~~ 4.2 fl'Jl~~~~'Wi'i':;l-dl-.lL'Jfllm'i'tK~nlJf)'Jl~VltI1lJth-JJ!l·ml'i'tK~ LLlJlJ LL ~-.l ~f)'J1W~'J'i'!llJ 10,000 

'i'!llJ/'W1Vi r5(;1nm'i'i:1!l'WtK~ 0.01 iJfl~L~(;I'i'/yt'W 

'0 . 

~ 

=: I Fr-- -.-......- --~ 

,l"~:~=.
l o~ , .. 
: 0 1~ ]0 4S W }5 %) 10j 
; 

.n1~~ 4.3 f)'Jl~~~~'Wi'i':;VI~l-.l L'Jfllm'i'tK~nlJf)'Jl~VltI1lJ ~'J'lJ!l-.lm'i'tK~ LLlJlJLL~-.l ~f)'Jl~ L~'J'i'!llJ 12,000 

'i'!llJ/'W1Vi r5(;ljlnl'i'i:1!l'WtK~ 0.03 iJfl~Ll-J(;lj/yt'W 

--'- 1 

i ' 0 
 I
i ~II '0 --'.~ .. - .-.. 

j ~ 'o~..- .... - -- ~~ I-.-..~
i 5 ___ kl ! 
i ~lO ~ ..... - 

j & 0" ... . . 

"I 30 45 60 

I .. 

1l1Vi~ 4.4 f)'Jll-J~l-J~'Wjf'i':;VI~l-.l L'J ~nm'i'lPl~ nlJ f)'Jll-JVltI1lJ ~'J'lJ!l-.l~ fl'Jll-J L1'J 'i'!llJ 8,000 'i'!llJ/'W1Vi 'El(;I'i'l m'i' 

i:1!l'WIPl~ 0.01 iJfl~Ll-J(;I'i'/yt'W fl'Jll-J~ntK~ 0 .3 iJfl~Ll-J(;I'i' 

111~~ 4 .5 LL'6'l~-.l nlIL1JrtllJ LVitllJ~lf)'Jll-JVltI1lJ'i1'J'lJ!l-.l~'W-.ll'W~f1'Jll-J L~'J'i'!llJl'Wnl'i'~~~~l-.l n'W ~lJ~l 
L'W'll'J-.l L'JflltK~~ 15 'W1Vi lLJn~l f1'Jll-JVltI1lJ'i1'J'lJ!l-.l~'W-.ll'WiJ ~lLn~L~t1-.ln'Wl-Jln Lti!l-.l'"lln'El(;l'i'l nl'i'~ nVl'i'mJ-.l 

j :: t=-- - .---
i:~ 


a 15 30 4S 60 i'') 90 105 ll\) 13S l SO 

-


'0 '-1----------

Lo L --- 
~ I 
~ >0 t . .-.................. 

i ,o l -'=" "~ 
o,~ 
1S 10 4S 60 75 1)0 105 110 

1')A")f'l"nAA (ln9lJ 
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,i.I I '" I i.I , 

~1 L'vh,nn n~'WLL~::9::lJ~1 L~ l-J~'Wl111l.n::tI:: L'J ~1 n 1~[;]IflYltl1'J'Wl'W~'W ~1l-J l~blllflU lt11~~1 fl'Jll-J L~'J [;]IflYll-Jl n 

" " ,
~'W9::vh1'IX L1llfl~ ru,\MJij~'1~'WYlulL'J rum ~[;]Ifl LiUll'W vh1'IXlj'J Lfl~llU'llll'1 lJlfl rllfl'DUIfl'IX'JUll~ Ln Ifl m~l~mntl 

I'" I I " 

9'1~'1~~1,x lJlfl rllfl'DUIfl'IX'JUll~ Lnlflm~~n~~llm nu'1~'W djlltI[;I~ln1~~n~~ll L~l-Jl-Jln~'Wn9::~'1 ~~Llfltl(;1J'1~ll 
" I .... I I 

~1 fl'Jll-J~tI1U lj'J'll1l'1il'W'11'W LL~::Yl fl'Jll-J L~'J ~llU ~'1~'WYl m ~[;]Ifl L;fi1l'W9::lJ~ ru~1J ijYl~'1 ~'J tl1'W'll ru:: l~tI'J rl'W 

m n'ihn'1ul L'J ruvY,:m~h'J '111l'1 ~1 ~~~ll L£J'W d~ 'WhJ1~tll n Ltill'191 n fl'Jll-J L~'l ~llU ~ ~'1vil1'IX~1 ~~~ll L£J'WCl n ~ 
~ ~ 

m:: L~'Wllll n91 n~'W~m~[;]C7l 9'1vil1'IXlh::~Y1fln1~~~1l L£J'W'llll'1~l~~~ll L£J'W~ 1fl~'1 
Lrillvil n1 ~[;]1fl1'W'll ru::~ lJ Ifl rllfl'DUIfl'IX'JUll ~ rJ'11~l-l ~ lfl'lll-J~tI1U lj'l'll1l'1~'W'11 'W9::lJ ~1 ~ll'Wif1'1 ~1 

L~1l'l91 n i1 Ifl rllfl'DUIfl'IX'lUll~ tJ'11~l-lll~fll-J [;]1fl'll1l'1 lJC7l rllfl'DUIfl~'lUll~ rJ'Ifl'li1 fl'lll-J fll-Jll~ LL~ Lrill~::tI:: L'l~11'W 
" m~[;]lfl'Wl'W~ULL 'W'l Lirl-J'llll'1fl'lll-J L~'l~llU rlU ~1 fl'lll-J~tI1U lj'l9::LU'Whn'Wi; PlY11'1 L~tI'J rl'W n ~1'l ~ll fl'Jll-J L~'l 

~llU~~'I~'W LL~::~::tI:: L'lm1'W m ~[;]lfl~tI1'l'Wl'W~ 'W9::1'IX~1 fl'lll-J~tI1U lj'l~ L~l-J~'W~'l tI 

6 - - - --- --

¥5 >------ -- -- 

! , ' -_..._--_........_........ 

e. ] _ _ Jl ...eOOlHtuJ /\.!lli111~~~.....-...... -~~ _ ____lOO")O tQu/uHl 

~ . --,r-r.-o I )OI)!hrw;\nA 

Sl ~ 
~ 

o 15· 30 4S 60 7!> ~ lOS 110 13!1 ISO 

O ~~--~-.,--~--· 

1l1'Vi~ 4.5 fl 'l1l-J ~l-J~'Wfi~::~~l'1 L'l~1 m~[;]Ifl rlU fl'lll-J~tI1U lj'l (Ra) 'll1l'1 m~ [;]Ifl LLUU LUti n~ fl'l1l-J L~'l ~llU 

~1'11 tImln11Ull'W[;]1fl 0.03 ij~~Ll-J[;I~/Yf'W fl'lll-J~n[;]1fl 0.5 ij~~Ll-J[;I~ 

1l1'V'l~ 4 .6 LL~Ifl'1mnmUU LYltlU~l fl'lll-J~tI1U lj'l'll1l'1~'W'11'W~ fl'l1l-J L~'l11lU1'Wn11[;]Ifl~ ~1'1 rl'W'llll'1 n 11 

[;]Ifl LLUU LL 'IX'I LL~:: LLU U djtl n 'V'lU~1 ~ fl 'l1l-J L~'l11l1J1'Wnl1[;]C7l~'1 ~1 fl 'lll-J~tI1U lj'l Ii ~'1 [;I 1 l-JhJ ~'lU Ltill '191 n ~ 
" , 

fl'lll-J L~'l11lU~'19:: Lnlflfl'lll-J¥ll'W~'1~'W 9'1~'1 ~~1'lXtI[;I~l n11~ n~~ll'llll'1 Lfl11l'1ijll [;]1fl~'1 [;I 1 l-JhJ ~'ltl 9'1vil1'IX ~1 
, " 

fl'lll-J~tI1U lj'l~'IlLlh~'WLlfltl [;IN rlutI!?In m1~n~11l9'1 ~'1~'WL-rl'Wrl'W vY'IllflU 1 tll-Jl LL""'l-lll'1 rX'W 

~1~~U ~1 fl'lll-J~tI1U lj'l'llll'1 n11[;]Ifl LLUU LL 'IX'1 LL~::LLUU LUti n Lrill LmtiU lYltiU n'W'V'lU ~1 Lrim::tI:: l'l ~1 

m1[;]Ifltl1'l 'Wl 'W~'W~1 fl'lll-J ~tI1U lj'l'lJ1l'1~'W'11'W'll'1l'1 n11[;]Ifl LL1J1J LL ,x'1i1 Ll 'W'l Lirl-J ~ Ifl ~'1 1'W'll ru::~ n11[;]Ifl LL UU 

LUti n~lfl'lll-J~tI1U lj'l'll'1l'1~'W'11'Wi1~1 L~l-J~'W ~1l-Jl1b1llflU lt11~~11'Wnn-W'll1N nl1[;]1fl LLUU LL'IX'19::Ln Ifl n1 1~ n 

~11l'll1l'1lJlfl n Ifl~UII'l rulj'l~~U ~'l'WU ~lt1fll-J[;]1fl~'W ~'1 n 11~nmllUlL'l ruvY'1 n~1'l9::i1 ~~ ~ll fll fl'lll-J~tI1U lj'l 

" I " I" 

Llfltl[;lN vY'1'W'Wlijm::tI:: L'l~11'Wnl1[;]C7ltl1'l'Wl'W~'WtI[;Inm1~nmll L~l-Jl-Jln~'W 9'1-rl'ltl~U11lti n11Ull'W'll1l'1i11fl 
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I " I I" I 
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ilrl~ L~ I?l'j'Yl'l~'tl'l-a(1l'j'1 m'j'U'tl'Wr,JV1 ~1~1'j'Cl'tlfiultJ1t?1~lVl fl'Jl~~ n 1'Wn1 'j'r,JV1~'1~:;y'h1~m'tl n1~1'Wn1'j'~'W.. 
'lI ru:;~vll n1 'j'r,J(1)~'1~'W~'ltJ i?i'lJ'WL~'tl Ln (1) n1'j'i'W9'1vl~,l~ f011 fl'll~VlmU ~'J'lI'tl'l~'W'Il'W~'1~'W~'ltJ L'li'Wn'W 

, " , 
Jll~Yl 4 .23 LL~ (1)'1 fl'Jl~~~~'Wlf'lJ'tl'l fl'Jl~ l~'J'j''tlU nu fl 'Jl~ fl'J l~Vlmu ~'l'lJ'tl'l~'W'Il'W Vl~lP1J1 n1 'j' 

U'tl'Wr,JV1~LL(1ln~l'1 ~'tl -a(1l'j'ln1'j'U'tl'Wr,J(1)~ 0.01 LLrl:; 0.03 ilrl~l~(1l'j'/Yl'W fl'Jl~~nv1(1) 0.3 ilrl~L~I?l'j' ~U~l~ 

-a(1l n m 'j'U'tl'W~(1)~ ~19:;1~fl'Jl ~VlmU ~'J~~1 n ~1 ~'1~1 ~1Hl'tl fiu ltJ 1t?1t?1'JtJV1 ~'11Dfl'll ~VltJ1U EJ'J 'lI'tl'l 
"I " I I I I 

:n'W'Il'Wi?i'lYl1t?1mh'l~1 LL~'Jri'tl'WVlii1il d~'tlYl91'j'rulYltlml nl'j'U'tl'W~V1Yl 0.0 1 ilrl~ L~I?l'j' Lij'tl fl'Jl~ L~'J 'j''tlU 
" , I " 

1'Wn1'j'v1(1)~'1~'W f011 fl'Jl~VlmU~'li1 LL 'W'J t ii~rlV1rl'l ~'1~1~1'j'Cl'tlfiultJ1t?1~1 Ll1'tlfl'Jlm~'J'j''tlU~'1~'W9:;vll1~ 
" I "" 

U1L'l ruVi'WVl r,JV1 Lfli'tl'WLn V1'tl ruVi nil~'1 9'1~'1c.Jrll~U1L'J ruL~'tltrlVl :;U1l'l ruU'WLn V1 n1 'j'rrl'tl'Wr,J'lvll1~n1 'j'r,JV1 L~'tl'W• ".I .. 
" t "I I I 

~ltJ~'WLij'tlnl'j'r,JV1l~'tl'W~ltJ9~~'1c.Jrll~~'J~'W'Il'WYl1t?1i1~lfl'l1~VltJ1UEJ'JYl~1t?1'ltJ 
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· ·· -.:.....:-~th-=()3 bHAIUA1 

.n1~v1 4.21 r1,)I~~~~ufi~::;VI~I'1r1,)I~L~')dtlunmhr1,)I~VltI1U~,) (Ra) 'lltl'lnldl11I?I UUU djun ~r1,)IW~,) 

dtlU~I'11 'f)'!Pldln1dUtlUI111?1 0.01 n~~h~!Pld/Yl'U r1,)I~~nmdl111?1 0 .3, 0 .5 n~~L~!Pld l,)~II11I?1~ 60 UIVl 

5 " .- --' ". ,,_._ . 

.......O~plh:·O.'> OAAIIIIII1 


__ ~~""'.F---~-_---e...' -. .... n . __ • • _~ 

o · . ---
a JO n 


ffnJJlmaut. 1000 "Ji)1J/ITl"') 


.n1~v14.22 r1,)I~~~~ufid::;VI~I'1r1,)I~l~')dtlunUrhr1,)I~VltI1U~') (Ra) 'lltl'ln'"ldl11l?1llUUlUUn ~A,)I~l~,) 

dtlU~I'11 'f)'!PldIn1dUtlUI111?1 0.03 n~~l~!Pld/Yl'U A,)I~~nmdl111?1 0.3, 0.5 n~~l~!Pld l,)~II11I?1~ 60 UIVl 

s 

js 
~ 

l 3 

'5 , 
5 
~ 1 

~ 

-

-
. . --..-()Pmh=,O.3 ~1l~11IP1 

. ''' 0-01 flA/.u uMi'il u 

- ·· ::.....:·Oilit,;·.il.J O~~IIIA'I 
••.7_______~_ ...~~~___•... f_O..o~ OAAIUM/il\l 

8 10 11 

I'nlU'l+t-r.ru(lC 1000 '5Uu/ln~1 

.n1~v1 4.23 A,)I~~~~ufid::;VI~I'lA,)I~l~')dtlU nmhA,)I~VltI1U~,) (Ra) 'lltl'lnldl111?1 llUU LUUn ~r1,)I~ l~,) 

dtlU~I'l1 'f)'!Pldlm~UtlUI111?1 0 .01, 0.03 n~~l~!Pld/Yl'U A,)I~~nmdl111?1 0 .3, 0.5 n~~l~!Pld 

1l1~~ 4.24 Lli'll?l'l A,)I~-K~~wfd::;VI~I'lA,)I~ l~')dtlU nU'llUII?1r1,)I~~ nVldtl'lJ'tl'lill?l nl?l~'f)'!Pld11JtlU 

1111?1 0.01 Ll~::; 0 .03 n~~l~!Pld/Yl'U U~::;~A,)Il-l~nl111?1 0.3 bl~::; 0 .5 n~~L~!Pldml-lih~u d::;u::;L,)~11umdl111?1 

~ 60 UIVl ~U~I'lJUI(?)A,)I~~nVldtl'lltl'lill?lnl?IilrhritlU-lll'lln~lfiu'l nu ll~::;lritl~91drullmU1J lYlU1J nu 



51 

m~~~ LLUULL,x'l ~'1JlIl'l~ 4 .25 l'lU~ltlI?1JIn1J~nVlJ'fJ'1I'fJ'Iij~n~LLuU LlhJn~::;ijfh~ln~1 mJ~~ LLUU LL,x'l 

~'1~I:I.JIJ(l mh')1~~1 ~IJVI~'fJ Lih..!~I:I.JIJ(l'll'J tilum J'Cl~ n 1 J~ n VlJ'fJ '11 'fJ'I Lfi~'fJ'Iil'fJ ~~ LL'Cl::;'ll')tilum Jti~1.l1t1, 

" I "I" I 

1U'lIU 'Ilu~'fJ~::;y'h l,xfh fl'J1 :l.JVltJ1U ~,)'1I'fJ'I1U'IIUI?l111.J ~,)tI LL'Cl::;U'fJ n~1 nt1~'Cl'1l'fJ'I~1 JVI~1.l LtJUY1l-nu..:!'ll')tI 

1~~ ruVlJ;]i1U1'L') ru~vll m J~~ L :;l'fJuij f)')I:I.J LVI:l.JI::;~:I.J n~1 n1J~~ LLU1J LL,x'l~'11~ iJ~1 JVI~'fJ LtJU'll') tI~'1y'h l,xLn ~ 

f),)I:I.J¥'fJU~'1 ~'1 ~'Cll,xLn~ f),)I:I.J~ nVlJ'fJ~'11?11:I.J11.J ~ ')tI ~'1JlIj'j~ 4.26 LUUnlJLmtJU f11f) ,)1:I.JVltJ1U ~')'1I'fJ'I
~ ~ 

8 10 11 

ATW'~(X 1000 'JoJuj\r)i\I 

1l'l'W~ 4.24 f),)I:I.J~:l.JYrufiJ::;VI~I'1f),)I:I.J L~')J'fJU nu '11 UI ~f),)I:I.J~ nVIJ1.l'1l'fJ..:!mJ~~ LLUULUtJn ~f)')I:I.J L~,)J1.lU 

~1..:! 1 tlmlmJU'fJUr;l~ 0.01, 0.03 i1'Cl~L:l.JI?1J/Yl"U f),)I:I.J~nmJ~~ 0 .3, 0 .5 i1'Cl~L:l.JI?1J l,)'ClIr;l~~ 60 UIY1 
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S B 10 12 

w.rua+no:ru(lIC 1000 "'RnJ./U'U1) 

1l'l'W~ 4. 25 lmtJUl'V1tJUf)')I:I.J~:l.JYrufiJ::;VI~I'1 f),)I:I.J l~,)J1.lulumJr;l~ nUf),)I:I.J~ nVIJ1.l'1l'fJ'IiJ~ n ~~ l~'fJU1'11 

mJ~~~1'11 

http:L~,)J1.lU


52 

:: . --~-l ~.... 

8: to 
AT\l.Am-in.I(lIlOOO "JO)u~1 

-+- QepHpo.J bA~lUQ" 
..'-: ~PoDt DAAtUR1/'r'I\I 

, . 

.. .-+- O('pth"-O.) 0",.'\. UM 

. 1<:{).Ol OMIUA1'h'lu 

·· · ···:....·:ot:Pth""'O.311AtUll'" 

"::~..:-:-. ._~-+• .~---,-,,,-----:-"..... 

,
I 

. f..10.Q:~ £t.AAlIlMi~\I 

111~v1 4.26 lmtJU lVltJU mll-J~l-J~ufi~:;"dl'l fl'Jll-J L~'J ~llU1Un1~j;)~ flU ~'JIl-J~tI1U ~'J'lIll'l~U'lIU~ l~llUl'l1 

n1~j;)~t?i1'l1 

JlIW~ 4.27 ~'lJlIW~ 4.29 ll~i?1'l~'JIl-J~l-Jvrufi~:;~~I'lfl'lIl-JL~'J~llUnUll~'lj;)~~Ln~~U ~~'JIl-JL~'J 
~llUt?iI'l 1 ;'l9:;WU~1 ~tJl?lnn1~Ullui?l~ 0.03 ij~~Ll-JI?l~/Yiu 9:;Ln~lLNi?l~~~'lnril~tJl?lnn1~Ullui?l~ 

0.0 1 ij~~ Ll-Jl?ld/Yiu vY'l~Il-J LLU'J unu ~1l-J 1 U111fiul tll~~1 lrilltJI?l n n I~UllUj;)~~'l~Unl'1Lfl~llU~ Lonl j;)~ 

L~llU'lIll'liJ ~ n ~iJl-J1 n~u 9'lVl11tXiJ~u~1un 1 ~i?l~ l~llU~'lI?l1l-JhJ ~'JtI vl'lJULrill ~u~1un 1 ~j;)~ L~llU~'ln... ... 

~'l~~1~Lii~ LLNj;)~~'l~'Jm'llunu Lrill~91~rul~tJml n1 ~UllUi?l~~ LV], nu WU~I~ ~'JIl-J~n j;)~~I?iI'lnU ~ll 

~~'JIl-J~ni?l~ 0 .3 ll~:; 0.5 ij~~Ll-JI?l~ LLNi?l~~ln~~ufilluonl'l~9:;iJ~h1n~L~tI'lnU ;'l1l19n~I'Jl~~I~~ 
'lIll'l n1 ~Hf~11~~ll LijU~~hJfJ'lU~L'J ru~vil nl ~j;)~ L~llU vi11tX~ ~'JIl-J~ n j;)~ ~~'l n~1 Ll YlU~9:;iJ ~'JIl-J~llU... 

," , 
1.Jn~ 9'lviI1""Ll~'lj;)~Vlln~~uhjt?iI'lnUVl~'JIl-J~nj;)~ 0 .3 ij~~Ll-Jm 

~ n ml?l.~~~~'l ~ll ~U~ n1~i?l~'lIll'l fl'l1l-J~n j;)~ 0.5 9:;viI1,xnln:::u 1 tlfl'JIl-J~llUl~~ n~lfl'JIl-J~ n . 

... . -+- ~Nh ~{J .3 rll~Alu~ 

. t.:O.O l I'iAAII.Jm / Au 

• 10 

AYU~~. 1000 -mu/U-m) 

IlIW.;1 4.27 ~'JIl-J~l-J~ufij':;Wjl'1 ~'JIl-J l~'J'j''flU nLllLj''Ij;)~''1l'fl'l nlj'i?l~ LL1JU LUti n ~fl'Jll-J L~'Jj''flU 1111'1 1 trml 

n1~UllU!K~ 0.01, 0.03 ij~~Ll-JI?l~/WU L'J~Ir;l~~ 60 UIVl 
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111~.v14.28 ~,)1l-J~l-JW'Wtf1::;~~1~m1l-JL~,):i''flUnULLd'lI1li?1"1J'fl~n1:i'I1li?1LLUULntJn ~~,)1l-JL~,):i''fllJ''h~ 1 re)!?l:i'1 

n1:i'UmJI1li?1 0.01, 0.03 i'j'1'l~Ll-J!?l:i'/~'W L,)'1'l111li?1~ 60 'W1Yl 

8 10 12 

A"'UI_~U" 1000 -s;ruj'u~, 

111~.v14.29 ~,)1l-J~l-JW'Wtf:i'::;~~1~m1l-JL~,):i''flUnULLd'lI1li?1"1J'fl~n1:i'I1l(jILLUULntJn ~~,)1l-JL~,):i''flu''h~ 1re)!?l'n 

n1:i'U'fl'WI1li?1 0.01, 0.03 i'j'1'l~Ll-J!?l:i'/~'W L,)'1'l111li?1~ 60 'W1Yl 

" :i'::;tJ::; L,) '1'l11 'W n1:i'11li?1'W 1'W~'W LL 'W,) lUl-J "1J'fl~ ~,)1l-J L~,) :i''flU nu ~1 ~') 1l-J ~t11U ~')'"l::; Ll:J 'W1tJ1'WYi ~'V11~ 

L~ tJ') n'Wmh') ~1l ~,)1l-J L~,):i''flU ~~~~'WLL'1'l::;:i'::;t1::; L,) '1'l11'Wn1:i'11li?1~tJ1,)'W1'W~'W'"l::;11A~1 ~,)1l-J~tJ1U ~')~ L~l-J~'W 
" 

I ,... ,., I I 

m1l-J L~,):i'llUYl~~~'W'"l::;~~t:.J'1'l11A'fl1tJ n1:i'H'~1'W"1J'fl~i'1(71 rli?1i'1 LL'W') lUl-J~'W'1'l~ lU'fl~l-J1'"l1 nYl~,)1l-Jl1,):i'llU 
" q 

i.I,...I I I I '" 

re)m1 n1:i'Ull'Wl1l i?1Yl ~~Yh11An1:i'l~ ~'fl'WYl L-ih 111i?1 LU'fll'1'l~::;~~~'WYh11A LL:i'~ 111(71 LYil-J~~~'W LL '1'l::;~,)1l-J ~ n 111i?1 
" "" 

http:111~.v14.29
http:111~.v14.28
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" ,
~1t", rl'tl Lih.!~1 :J.-J1Hl'1f'J tI~ t?l'tl 1 tI,n1tL-n'l1U'lJ'tl'ln t?l nt?ltl1'JU1U~U Lll'tl'l~1 n 1:.J~'lJ'tl'l n1 t'1f'JtlLUn 1 t~ t?l 

, ", 
~'J 1:J.-J t'tlULU'lJ ru:;Vlvl1 n1 t~t?l L~'tlU LL~ :;U'tl n~1 nl1~'l'1f'J tlLU n1~"'rl'tl~U ~'lvl1L,xm tI n1 ~L-n'l1U'lJ'tl'l n t?l nt?l• 

J' 
til 'J U1U'lJU 
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.d 
'U'Vl'Vl 5 

if I if I 

~'W"1'WY1f),)1l-J Lt,)j'llU LL'el~lll?1j'l nlj'Ull'WLPll?1l'il" 1 9:::~U'"h r1lf),)ll-JVltJ lUEJ')iJ LL'W,) t i(l-J~"~'WL~llj':::tJ~L,)'ell1'W 
tI I I , iJ 

nlj'LPlI?1'Wl'W~'W LUll"9l n~'V1fi~ 'el'lJ1l" nlj'~ nVi j'll'lJll"iJ 1?1 n1?1 'i'lll-J 1 j'(j1l fiUltJ1~~TVl L') 'ell nl j'LPlI?1YltJ1')'W1'W~'W 
, ," 

nlj'~m!jj'll'lJll" Lf)11l"~llLPlI?1 LYll-Jl-Jln~'WL-rl'WL~m flU nlj'LPlI?1 LLUU LL,x" LL'el~ LLUU dj tJ n 

LrillLmtJU LYltJU flU nlj'LPlI?1 LLUU LL,x,,~ L~1l'W1'll nlj'LPlI?1 L~tJ,) fl'W ~U~l nlj'LPlI?1 LLUU 'i'l LthU'lJll"'i'll j'VI~ll LU'W 

9:::1 ,xmll-JVltJ1uEJ') ~l n~l LL'el~iJ1l1tJ
q 
nlj'H'''l'W'lJll"iJ(1)fl1?1 tl?1tJ j',)l-J LL~')~tJ1,)'Wl'Wn~l LL'i'l(1)"~"Jll~~ 5.4 ~" 

I II II I I 

'i'lll-Jl j'(jllfiUltJ1~~1 ~ Llhu'lJ11" 'i'll j''VI~11 LU'W~1l-Jlm'lhtJ1 'Wnlj''elI?1'el ruVlQiJYl Lnl?1~'WUj- L,) ru~'WYlYlv1l nlj'l1ll?1 

L~l1'W 9"'lhtJ'ell?1 nlj'~ nVi j'l1'lJl1"ill?1 fll?1v1l1,xr1l f)') ll-JVltJ1U EJ')~ 1?1'el"hJ ~')tJ Ltil1" 91 nmll-J'VItJ1uEJ') LLlher'W 

ml-J~lf),)ll-J~ n'VIj'l1'lll1"iJl?1 fll?1 ti'W~l1 Lril1iJl?1fll?1 Lnl?1nlj'~ nVi j'11l-J 1 n n9:::v111w.~r11f),)1l-JVltJ1UEJ')~~" Lril1iJ 
, , " 

nlj'~n'VIj'l1Yl~l n9~~" ~~1,xmtJ nlj'H'''l'W'lJl1"iJl?1 fl 1?1tJ1,)'Wl'W~'W~,)tJq . 

--'" Ii 

.n1'rf~ 5.1 mll-J~l-J~'Wih:::VI~l" L,)~lnlj'l1l(1)flUf),)ll-J'VItJ1UEJ,)'lJl1" nlj'l1lt?1 LLUU~ LlhU'Jl1"~lj'VI~l1 LU'W ~ 

f)')ll-JL'f,)j'l1U 8,000 1111J/'W1Yl tll?1j'lnlj'Ul1'WLPlI?1 0.01 iJ'el~Ll-JI?1j'/W'W 
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L 1'lA"IIn"'IAg (lnA) 

1l1~v1 5.2 ~'lIl_J',~_,.Jlo~''Wfi)'::VI~I'll 'lfll nI),(;]~ nlJ ~ 'l1l_J VI tnUt1'l'lJ!l,:ml)'(;]~ LLUU~ lU )'tf'lJ!l'l~I)'VI'i'i!l Lih..l ~ 

mll_Jl~'l),!lU 10,000 ),!lU/'W1Y1 tl!?1nnl)'t1!l'W(;]~ 0.01 iJfl~ll_J~)'/Yl''W 

1&40 --- '0 - - "'-- --- 
UJO--·--· 130 ji ____ . 

1e <: I11'0 i -.------.. -... ........ ~ .. ; ~ '0 ';-- .- ---- --.- ~~ I 

il ~ 10 • _d~~ --" j ! 10 -'-- -.---- .~ --~ I

0L 
I ;-: ~s I o~::: :··~o !: 

! n;:n"",OA IlnA) . rlinn....-,:An (\.1'')'') ! 
_ J " i 

1l1~v1 5.3 ~'lIl_J~l_J~'Wfi)'::VI~I'll'l fll nI)'(;]~nlJ~ 'l1l_JVltnU t1'l'lJ!l'l nI)'(;] ~ LLUU~ lU)'tf'lJ!l'l~1 )'VI'i'i!lltJ'W ~ 

~'lIl_JL~'l)'!lU 12,000 ),!lU/'W1Y1 tl!?1)'1 nI)'t1!l'W(;]~ 0.03 nfl~ Ll_Jm/Yl''W 

~o ·-- - - ------. 

I :: t-- -=-=-~-=-p . 
~ .. 
 ]::1-- --- -r- --" I 

~ 0 .... ' , , : ~~ 
o 15 10 IlS ~ 7!> 90 lOS 1.0 us ls-a 

I 
i 

.n1~v1 5.4 ~'lIl_J~l_J~'Wfi)'~VI~I'lL'lflln1)'(;]~nU~'l1l_JVltnU'i'j'l~~'lIl_JLr'l)'!lU 10,000 ),'BU/'W1Y1 tllil)'In1)' 

t1!l'W(;]~ 0.01 nfl~Ll_J!?1)'/Yl''W ~'lIl_J~n(;]1il 0.3 iJfl~Ll_J!?1)' 

, I I " 'V I ," I i.;
.dI 1L"&::>i 4.o:::S I -. ~ Ci """,.:::.II ~ ~ QI"::::".o:::S 

Ll_J!l L'lfl1 nl)'!?1 ~Yltn'l'Wl'WtI'l'lJ'W~1 ~ 'l1l_JVltnU ~ 'l'lJ!l'l'll'W'lI'Wn'"l::t1'll_J AI L'V'/l_Jl_Jl n'lJ'WLLfl::'"l::l_J m L'V'/ l_J'lJ'WIiJ1l_J 

)'~t1:: L'l fll nI)'(;]~~tI1'l'Wl'W~'W lliltIL'i).'V'/ 1 ::m.h'l~'lVl~'l'"l1 n'W1Y1 ~ 90 r11 ~'l Il-JVltI1U 'i'j 'l'lJ!l'l~'W'lI'Wntll?l),1 
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I iI 'iJ 	 " 

b'W)..J~'W!ltli'l-n1?1 b9'W11'l~i)..Jtll?ln fl'J i)..J L1'J d!lU ~i)..Ji dn!lfiuit.l1~~ i d~tI~b'J ~iL'WnJdl?!I?1t11'J'Wi'W~'W.yhL~ 
I '" 	 I It , I 

fl'Ji)..J~ nVld!l'll!l'liJl?1nl?1 L'W)..J)..Ji n~'W ~'l~'l e.J~L~iJl?1 nl?1 bnl?1nJd~ n'j,\d!l)..Ji nU'l~'W Lij!ltll?ldi nJd~n'j,\d!l LYi)..J)..Ji n 
~ 	 ~ 

~w'h ~~'lt.J~LI?1t1I?lN~!lAi fl'J i)..J'j,\ muC4'J 'lI!l'l:n'W'li'W 
I I 	 II I I 

Lij!lvii nJ dl?!I?1L'W'IJ ru~ViiJl?1 n 1?1~'l1vnJ Ai fl'Ji)..J'j,\mu C4'J'IJ!l'l:n'W'li'W9 ~iJ Ai A!l'W-lli'l r?li Li1!l'l9i niJl?1 n 1?1 
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-+-OI.'Plh~!. nAAIllfl1 
, F. ·..O.OJ bR~LlJ.M~U 

. -+- Oe"'th · .o . ~ ~A:lIlJ~ 
, 1",O .ol fiRAIl","i~LI 

~Of~lh=o...s tlR~IJ.lM 
.' : :O. Ol~IUfI1tytU 

... -~. ; - - - ~~pth"O. 3 CAi\IUIM 

. ~ : • , f=003D''Iilu.lA1! '''u 

111'ViV1 5.25 LmtJU LVitJUf1'lIl_J~l_J~'WfiJ::vlil'1fl'lll_J L~'lJ'e)U1'WmJ~111 nu f1'lIl_J~nVIJ'e)'lJ'e)'1i'J11I n 111~ ~'e)'Wl'1J mJ 

~11I~1'11 

- - -~. . - . ... 

~-

10 
AnJ.Jl~t_ \000 '1DlJ/'InA) " 

._-_.------------------, 

111'ViV1 5.26 LmtJU LVitJU fl'lIl_J~l_J~'WfiJ::VI~1'1 fl'l 1l_J L~'lJ'e)U1'WmJ~11I nu f1'lIl_JVlmulj'l'1J'e)'1~'W'11'W~ ~tl'Wl'1J 

mJ~I1I~I'11 

I I I " I 

JlI~Vl 5.27 O'1JlI YlVi 5.29 LL~ i?J'1 fl 'l1l_J~l_J0''WfiJ::VI~ l'1f1'lll_J L~'l J'e) U n1JLLJ'1 ~I1IVl Ln 11I~'W Vi fI'lll_J L~'l 

J'e)UI?lI'1 1 ~'19::YlU~1 ~tYWlnmJi1'e)'W~11I 0.03 iJ~~Ll_Jm/Yl''W 9::LilI1lLLJ'1~I1I~~'1n~l~trWlnnIJiJ'e)'W~11I 

http:llA~IJJA1.mU
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" I" I I 

0.01 iJ~~ Ll-JIm'/Yl'\J "r1'1~IWL\J(HLn\J ~1l-JljrlllfiU1U1cP1~1 d~lltlj;J II nl jUll\J~~ ~'1~\Jn1 Hfl~ll\JYhifl~~ 
" 

" " I ". I " I 

L~ll\J'lJll'li:l~ n ~i:ll-Jl n~\J ~'1vlll~i:l~\JYll\Jnl j~~ L;;lll\J~'1j;Jll-JhJ ~'JU ~'11!w~ll~\JYll\Jn1j~~ L;;l1l\J~'1 ri 

~'1 ~~l~Ln~ LLN~~~'1~'Jm'll\Jn\J djllYi"ljrul~tlj;J II n1jUll\J~~~ Lvii n\J ~U ~1~ fl'Jll-J~ n~~~ ~1'1n\J ~1l 
" 

~fl'Jll-J~nf11~ 0.3 LL~~ 0.5 iJ~~Ll-Jj;Jj LLN~~~Ln~~\Jr\ll\Jifl'1~9:;i:lr\lln~L~U'ln\J ~'11l19n~I'J1cP1~I~~ 
'lJ1l'l n1 jl-n~1 j"'~ll Lti\J~~1t1U'IU1L'J ru~vll nlj~~ L;;lll\J vlll~~ fl'Jll-J~ n ~~~~'1 n ~1 LL Yl\J~9~i:l f1'Jll-J ~1l\J ... 

LVll-Jl:;~l-J~9~~~vll1~n lj~~ L;;l1l\Jvll1cP1~IU n ~IU Lll\J~1 j"'~ll Lti\Jvlll~U1L'J ru~'1 n~I'J Lti\J~'J~'1 L~'J n~1 

t1n~ ~'1vlll,xLLN~~~ Ln~~\Jhl ~1'1 flU~fl'Jll-J~n~~ 0.3 iJ~~ Ll-J 1m' LL~:;\Jll n91 nn~\J~ n1 jf11~'lJll'lf1'Jll-J~n 
~~ 0.5 9~vll1~n1jj~lJ1U fl'Jll-J~1l\J1~~ n~1 fl'Jll-J~ n f11~ 0.3 iJ~~ Ll-J j;Jj vll1~i:l~ ~~~nVljll-if1 n~I~'1~'1~~ 

1,xLLj'lf11~ullu~'11t1 ~'Ju ~'1~1~llfilJ1Ul-J1 LL~'J rill\JVlulnl\J~'J\J'lJ1l'l n1 j~~ LLUU LUU n 

~ l -"'~" " - "" --": - -- - .. · . - · ~~?Ih"'-O . :3n ~~I)JP1: f .. ·-
~ . I-:om 1'\11"11»1/.... " 

~ (.O . ~:-.. ~- .-_.." ___ Ocplh~.o...SO"AIJlR'l 
5 ~ , t,:·O.Ol ~Alum"'u 
~ 40 "." - .~ ,--- - - "._".- --.-D(tIth ~0 3ilAAll.lttf 
..a . f:>:O.Ol DA'\UJA1/iliy 

.~ 20 1- , .... ----.. --+D<:'Plh..{J.b nd'IJCI'I 

~ 0 _ ......__.___.. ___..... ...___.. . 1·:0-0) ~AII,OQ1jrl .... 
11 to 11 

A~tncJullll000 ~) 

ll,.....vf 5.27 fl 'Jll-J-Kl-J~\Jifl~",~I'1 fl'Jll-J L1IjlllJ flU LLN~~'lJll'ln1jf11~ LLUlJ~ LtljtJ"1Jll'l~ljVl~ll Lti\J ~ fl'Jll-J L1'J 

jllU~I'11 tlj;Jjln1jU~\J~~ 0.01. 0.03 iJ~~Ll-Jj;Jj/Yl'\J L'J~I~~~ 60 \J1Yl 

20

! Hi 

~ 
11 

~ 
j" 
,:I 11

; 


- -------------, 
! 

..._._.. - -_.. _- _~pth · :o.3 il... ~BH~1' 
, bO.OJ ~1lIA1",""'U 

- - . - - --- .~ '":.:..&- Dt-plJ):c-()!. D~A'u~, 

. 1=O.OlOAAUIA'f.'ifll 

.....- OcplheO.l b... 4,uWl.'~ ,{",I) .O.3 ~~L)J""n'lu 
••••• -, 

':+-Oepth.:o..S Oft1lIIlA'l 

, f 0.03 b"A.l.,N! U _( __:-=:23::: , 
::I 10 1) 


O"Yl).JI.h-mUj, 1000 ~tu-n;~ 


ll, .....vf 5 .28 fl'J i l-J -Kul,~''Wfid::;Vl~i'l fl'Jil-J LhdllU nULLj'lf11~'lJll'lW)j#(~ LLUU~ LU dEl'lJll'l~ljVl~ll LtJ\J ~fl'Jil-J L~'J 

jllU~i'll tlj;Jjln1jUll\J~~ 0.01. 0.03 iJ~~Ll-Jj;Jj/Yl'\J L'J~I~~~ 60 \J1Yl 

http:f:>:O.Ol
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--_ ... _.. _.... _..._-_ .._ ....-._----.._---_.-..._._.. 

S 10 lZ 

1 AlI1Jth-roul)llDOO~1 

llTvrvt 5_29 fI'lll-J~l-J~'Wfi~::::VI~l'l fI'lll-J Lh~'ElU nULLNi?l~'lJ'El,.:ml~i?l~ LLU1J~ LU~cl"'lJ'El'l~l~VI~'El Lti'W ~ fI'lll-J L~'l 

~'ElUt?il'l 1 '8'1?l~ln1~il'El'Wi?l~ 0_01, 0.03 n~~Ll-JI?l~/Yl"'W l'l~Ii?l~~ 60 'W1Vi 

,., I I" I I 

~::::t.I ::::L'l ~lL 'Wn l~rn~'Wl 'W~'W9::::L,xrh fI'l ll-JVlt.J1U ~'lYi L~ l-J~'W L U'El'l91 n Lfl ~ n1~~ mt~'El'lJ'El'lil ~ n~ L~ l-J 
., , 

l-Jln~'W ~'l 1:J~n1~Vl~~'El'l9::::LVln'El'WnUn1~i?l~LLUU lL,x'l LL~::::nuu Ltlt.ln 
, '" "t I 

fl')1l-!l~'l~'ElUVi~'l~'W9::::'Cl'l t.J~L,x'El1t.1 n1~L-if'll'W'lJ'El'lil!?l n!?liln'W'l tiil-J~'W~'l LU'El'll-J191 nVi fI'lll-J L1'l ~'ElU 
~ . 

~~'l9::::l"11L,xfI'lll-J~ll-Jl dr,L'Wn1~VI~'El~'W/VI~'El Lti'W'lJ'El'l~l~VI~'El LU'WU'Elt.l~'l Ld'El'l91 n~ fI'lll-J L~'l~'ElU~'l~::::'El'El'l 

'lJ'El'l~1~VI~'ElLiJ'Wl;h1UU'lu1L'lrunlnn~n1~rn!?lL~'El'W1~mnl"11L,xU~::::~Vlfifl1'\folL'Wn1~VI~'El~'W/VI~'ElLU'W~~~'l 

'8'1?l~1 n1~il'El'Wi?l!?l~ ',\\'ll"11L,xn1nfl~'El'W~ L'ih rn!?l L~'Elt~VI::::~'l~'Wl"11L,x LL N i?l!?l L~l-J~'l~'W LL~::::fI'lll-J ~ n rn!?l',] ~ ~ 

I "I'" I I 

Vi~'l n~19::::il'QruVl1Jn Ln~~'WViu1L'l ru~'WYI n1~rn~ L~'El'W~'l LLlfi Ln'El1~t'u n1~VI~'El LU'W91 n~ LU~cl"'lJ'El'l ~l~VI~'El LU'W 
" ," iI 

l"11L,x Ln!?l n1niJ'Wi?l,)~\l l11L,xn1~rn!?l L~m~vh1~t.J1 n~'W lL~:;LLN i?l!?lYll-Jl n~'W~'ltJ LL~::::'W'El n91 nl1f1'l 1l-J ~n i?l!?l~\l 
~ 

9::::l"11L,xilt'Eln1~ Ln!?l n1~i'WL'W'lJ ru::::i?l~~~\l 9'l'Cl'l t.J~L,x~'l~' L~9~ LLtln~l~ fI,)ll-J~ n i?l!?l ~, 

~::::'El'El\l~1 ~VI ~'El LU'W~ 1l-J1H1·lht.l~ !?l'El1t.1•n1~H'll'W'lJ'El'lil!?l n !?It.J1,)'Wl'W~'W l ri'El'l91 n1:J~'lJ'El'l n1~·lht.lL 'W 
, ", 

n1~~ !?lfl')ll-J¥'El'WL'W'lJ ru::::Ylvh n1~i?l!?l L~'El'W LL~:;'W'El n91 nl1u'l'll'lt.lL'Wn1~VI~'El~'W 9\ll11L,x'El1t.1.n1~H'll'W'lJ'El'lil!?l 

http:nl1u'l'll'lt.lL
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d 
'U'VI'VI 6 

i:Jftn1d'M1 ft'B'I~1 n n1dV'i d'J~r)",tfhJ1 ru'Z11d1JwL~mJ1'W'tl1 n1P1~ Ln"'~1 n m:::u'J'Wn1dvl '" rX'Ju Lfi~'B'I 
Aerodynamic particle sizer spectrometer ~i:if1')1~'Z11~1dnr)"''lJ'W1'''ft:::'B'B'I'Z11d~~'BLU'WL~n~~'''~ 0.5 

I I" I " I 

1~tfldL~V'id on'l1'WYHh:::Yl~1dru1Yln1dvl~1 LLUU LlIU n LLft:::LLUU'Z1 LUdt.J'Z11d~~'B LU'WL vh1!'W Ltl'B'I~1 n~:::Yi~1dru1 
I iJ I " 

i:Jft m:::'VIU'lJ'B'Il;\l1 d~~'B LU'WYl ~'1 i:J ft vi 'B Yi'WYl n1 dUD UiIi'l1'W t",u ~1 U'I 0'1 l;\lJl 1'Y'1 LL'J '" ~'B~n1n11'11'W ~'11!'Wn1 dvl '" 

" LLUU LL~'11lJi:in1 d 1-n'Z11 d~~'tl LU'W9'11lJ1rXi:i n1 dYi ~1dru11'W~'J'W'lJ'B'In1dU'WLU'B'W'lJ 'B'Il;\l1d~~'B LU'W 
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...._. 
.c:S _ a. q ..:::S ..... ..:::.. q 

n) fI'lll-J~nm'j'IM\ 0 .3 l-J~~bl-JI?1'j' 'll) rl,)ll-J~nm'j'l?1~ 0 .5 l-J~~bl-JI?1'j' 

111~~ 6 .2 bmrJUbYlrJUc.J~m'j'rJ~11'WJllrl~1'j'tl'WLtJl1'W91nm'j'~~ uutHlhm~rl,)ll-l L~')'j'l1lJ 8,000 'j'11U/'W1Yl, 

, ~ ~ 


Jll'1'lYl 6.1 bb~ ~\!l 'IX L1A'W'J11 'Wn'J':;u')'Wm 'j'~~ bbumurJ n~l1'WJll rl ~1 'j'tl'WLUl1'W~l1rJtl'WLUl1'Wl1tll 'W 

, 'II 

~ , , 

tYl?1'j'lill1'W~~9:;~'1c.J~1'IXm 'J'bLI?1 n~') LL~:;m 'J'n'j':;91rJ ~,)'lIl1\!~l'j"wcil1 LU'W~~'W on\! L~'W1~i'~ L9'WYl'll'Wl ~ L~'W~l'W 

I I , " 

~1V1 fu m'j'~~YlH'rl ') 1l-l~ n m 'j'~~Yl ~1~'1~ c.J~vlll'IXm 'j'bil ~ c.J\! L~VI:;tl 'WLUl1'Wl'Wl1l m ~~ ~~\!1?11l-J1tl 

~,)rJ btil1\!91 n nl'j'~~~H'mll-J~n m'j'~~~19:;vlll'IXLil ~ nl'j'bbl?1 n~,)'lIl1'l~l 'j'Vlfll1 L~'W91 nn1'j'~~rJ In vll1'IX 

Ll1m~Ln~ LU'W~:;l1l1\!~l~'l~,)rJ Ldl1 bmrJu LYlrJU nu m'j'~~~mll-l~n m'j'~~~l-l1 nn~l LL~:;~n n'j'[uVlti'l~l1 ~ 
I II, , 

rl,)ll-J~ n ~~~'l9:;vlll'IXLI"I~L~VI:;m11 n1~1 'Wn 1 'j'm:; L~'W1tlL~ 'W~1 'j'VI fll1 LU'WL~ l-ll-Jl n~'Wn~lYlmll-J~ n 111~ ~1 
'lJ 

vl1l'IX m 'j' bn~ ~:;1111'l'll11'l~1 'j'Vlfll1 LU'W~\!~'W ~'1 c.J~l'IX~rl,)ll-lVl'Wl LL ti'W'lI11\!~1'j'tl'WLnl1'W1'W111 n 1 ~~\!~'Wml-l1tl 
'lJ 'II 

, , .., .. "" 
~,)rJ ']j\!~1l-l1'j'rlLL~~'lJl1'1'ly\ 6 .2 
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I I I II '" I " 

A,)1~ l~,)~'tlUVl r;l1~fl'W 'V'lU~1 d'j'tl A'l1~ l~,)~'tlU LVi ~~'W,,:;vh1,xl"\') 1~VI'W1ll'll'W"lJ'tl~~1 ~tl'WL1j'tl'WlVi~~~~'W(;l,)u 

l'll'Wfl'W lti'tl~"1 n~A,)1~ l~,)~'tlU ~~,,:::vh1,xln~ n1 nl[fl n !?l,)"lJ'tl~~1 ~VI ~'tllij'Wll~,) dl ~ n1~m:::"1u!?l,)"lJ'tl~'tll¥l1 A 

'lJ'tl~~1~VI~'tllij'Wl~~~~;'W ~~~~ ~fl1,xln~n1 ~tl'Wlfj'tl'W"lJ'il~'il'WJl1A~1~tl'WL1)'il'W~~~'W[fl1~hJ ~')U llfl:; In'il 
~ ~. 

" I I I I " 

lmUU lVlUUI"\,)1~VI'W1ll'll'W"lJ'il~~1~tl'WL1j'il'WVl~[fl~1 n1 ~U'tl'Wr?l~Vlll[fl n r;l1'lfl'W 'V'lU~1Vlll[fl ~1 n1nJ'il'W!?l~Vl~'l~'W 

,,:;vh1,xA,)1~VI'W1ll'll'W"lJ'il'lfl::;'il'il'l~1~VI ~'illij'Wl~~~'l~'Wl'll'W l~tI'l flU n1~r?l~ llUU dju n CPl~ ll~ ~'l1'WJl1'V'l~ 6.4 
~ 
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n) f'l'J1)J~nr1l~ 0.5 )J)J . til?lnn1j'1'J'i.l'.Jr11~ 0.01 ij~~b)J1?11/YI'.J 'il) rl'J1)J~nr1l~ 0.3 ~m . tiIi111n1ru'i.l'.JIJi~ 0.03 ij~~b)J1?l1/YI'.J 

1l1'WVl 6.4 lmtiU lYitlU~1'lmd'r)~'el'WJl1 f1'i'l1d'1l'WLn'el'W'"l1 nmd'(;]~ LLUU'i'l Ltl d'tJ'lJ'el-.l'i'l1d'VI~'ellU'W~ rJ1)1l-J lr'Jd''elU, 

, ~ 


Jl1'WYi 6 .5 lmtiU lYitiU ~1'lmd'r)~'el'WJl1rJ'i'l1d'1l'WLn'el'W1'Wnd':;ul)'Wmd'(;]~ LlUU lUtinnU llUU'i'lLlld'tJ'lJ'el-.l
• 
~ 

'i'l1d'VI~'el LU'W l'lU~1 m d'r;)~ LLUU'i'l Llld'tJ'lJ'el-.l'i'l1d'VI~'el LU'W'"l:;i:J f1'J1l-JVI'W1 LLl.l'W'lJ'el-.l'el~Jl1 f1'i'l1d'tl'WLLJ'el'W~-.l n~1 m d 

Ul~ LLUU LUtln'eltJ1-.li~ L'"l'W Lti'el-.l'"l1nmd'UlI?) LLUU'i'l Lll dtJ'lI'el-.l'i'l1d'VI~'el LU'Wll n~'"l:;dj'W1'l:;'el'el-.l'll'el-.l'i'l1d'VI~'el LU'W'el~ 

LL~I) LL1'l:;Lnm'Jl-J flU ~-.lY~VI:;~ Ln~'"l1 n md'r;) I?) L.jh~l)t1 fl'W 9'll111~Lil(lln1d'nd:;'"l1t1 r;)'J'lJ'el-.l1'l:;'el'el'l'i'l1d'VI~'el LU'W 

LL1'l:;~-.lY~VI:;1'W'el1 mfl~-ln~1md'(;]1?) LL1JULUti n 

http:LUtln'eltJ1-.li
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rlVl~I~~~ ffl'elnt),vl ,hl1-n'lTW91'1 Lti'el'l91 m~'ellmtJU LV;tJU t.J~ nt),'VlI?1~'el'lnt),(;]l?1llUu~Ltlnr~ldVl~'ell~'W9~1tX 

fl'JI~VI'WllL'll'W"lJ'el'l~~~'el'l~1 dVl~'el Lij'Wtl'WL~'el'W1'W'elI nt~~,nrh ntd(;]V'! LLUU djtJ n 

~ d~tJ~ L'J~11'Wnt dl1ll?1~ Lvii fl'W nt dl1ll?1 LLU1J~ ltlnr"lJ'el'l~'dVl~'el Lij'W9~iJ fl'JI~VI'W1 LL'll'W"lJ'el'l~~'el'el'l"lJ'el'l 

~ldVl~'el L~'WLL~~t.J'Il~VI~~'1 n~, ntdl1ll?1 LLUU LUtJn Lti'el'l91 n ntd(;]l?1llUU~ Ltlnr"lJ'el'l~' dVl~'el Lij'W9~ Lll'Wntd1-ii 
'U 

~~'el'el'l"lJ'el'l~I'j'VI~'el LiJ'W~I'li'JtJ1'WntdVl~'el LiJ'W/VI~'el~'W'el~ LL~'J ~'1vl,1tX Lnl?1 nt dn d::91 tJ"lJ'el'l~~'el'el'l ~I dVl~'el Lii'W 

1~~ltJn~, ntdl1ll?1 LLUU LUtJ n~iJ~, dVl~'el LiJ'WLlJ'W"lJ'el-J lVl~'J 

tllndl ntdi:lm~11l1Pl LL~~fl'JI~~ n 11l1Pl~'r\-J~k!v'i ,1tX Ln IPl fl'JIl-JVlk!1 LL'tlk!"lJ'el'l"lJ'el'l~ldVl~'el Lijk! Ll~~t.J'l ilk!L~VI~ 
'U q 

L~~ ~'1~'W Lti'el'l91 nntdL~~tllnnil'elk!(;]1Pl9~~'l t.J~ltXntdLlln n(;]'J Ll~~ntdm::91tJ"lJ'el'l'r\ldVl~'el Lijk!~~'W LL~~ 

ntd l~~ml~~ nl1llPl~'1~'W9 ~vll1tXL~'I11~VI~m 'el nt~1k!nt dn d~ L~'W1tlll?1k!~' dVi ~'ellijk!L~~~I n~'Wn~l~fl'J I~ 
~ n rif~~1 vll1tXntdln ~~~'el'el-J"lJ't)'l~ldVl~'t) LiJ'W~'l~'W 
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.:::I 
'U'Vl'Vl 7 

~1V1fU--11U';j~U'Uuun1~vh n1 HllUULYlUu';jfin1j'~~~--1'lUJ ~ 3 ';jfi~'t) n1 j'~~ LLUU Luun (Wet 

cutting) n1j'~~LLUULL'IX--1 (Dry cutting) LL~:;n1j'~~LlUuH~l1.htJ~U~1j'V1~'tlL£jU (Mist cutting) t~uH 

" II I ,'" " I 

LLNr;1Um.J 0 .5 MPa t~UY]--1 3 ';jfiil'"l:;jjL1'tlu1"JJn1j'~~YllV1ij'tlW1Uy]--1V1l.J~ U'tln'"l1nrl(wfl1'r'1'JJ'tl--1~U--11UYl, 

, I '" " I 

LUU~--1Yl"hdjul?i'tlm:;u,)Un1j'~~Y]--1~U ~'tl rXU'VlUYlln~'"l1nH'jj~~~'\X')U'tl~ (Tool cost) LL~:;rXU'VlU'n'tl--1n1j', , 

Total cost = Tool Cost + Coolant Cost (1) 

7.1 ~U'VIuij(;lIP1(;l (Tool Cost) 
• 
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" , , 
tXt!'VJt!i1 ~ r,J~,rt!Ln~"i1 n41t!'Jt!"lJ!l,li1~r,J~~'JU!l rlVl1flt!'I1 t!r,J~~ runu~l fl1"lJ!l'liJ ~r,J~~'JU!l rl~'I L;tJt!LUt! 

(2)= x 

'" I I I I II 

rl~flf'l"i~i1 L~!lt!1"lJ n1~r,J ~Vl UIPl mil 'I n'WhJ ~'Ii1 ~rl (;]!l!l1~"lJ!l'l n ~ r,J~~'JU !lrlVl (;] 1'1 n'W ~ 'JtJ m~t1~'Ivi1 n1 ~ 

" Yl"i1~ru1"i1 nrhm1~~ n'VI~!l"lJ!l'ln~r,J~~'JU!lrl (Flank wear, Vb) 1'Wn1~'Vl ~rl!l'lt1n1'V1'W~fI'J1 ~~n'VI~!l"lJ!l'ln~ 

r,J~~'JU!lrlH~ 0.2 nrl~ L~IPl~ 'VI 1 nLfl 'W"i 1 nt1tX!l'l vi 1 n1 nu~tJ'Wi1 ~r,J~~'JU!lrl Lti!l'l"i1 n L~!ln~r,J~~'JU!l rln 
., 

m1 ~~ n'VI ~!l~1 n Ln'W1U"i:;n t.Jrl(;]!lWl1~ L~tJU ~'J=n'W'I1 'W "i 1 n n1 ~'Vl ~rl!l'l"i~vi 1 n1 nnu if!l~rl"lJ!l'l rh fI'J 1~~n.. 

" , 
"i1 nif!l~rlvl'l'VI~ ~Vl Lnu1~ ~1~1~nt11~lvi1n1~'VI1~~ n1 ~Ym1 n ~rufi1 fI'J1~ ~ n'VI~!l"lJ!l'ln ~ r,J~ (Flank

'II 

", " 
r,J~,r'W 1 t~tIL~!l'W1"lJn1~r,J~"lJ!l'ln1~'Vl~rl!l'lnvl'l'VI~~ 3 r,J'J fI!l fI'J1~L~'J~!lUn1~(;1~ (V) !llPlniJ!l'Wr,J~ (f) LLrl~ 

" fI'J1~~nn1~r,J~ (0) ~~n1~~tJ1mnrfi1Wl1~~n'Vld!l"lJ!l'ln~r,J~~'JU!lrlU~~'I1tXL~'W~'I~~n1~(;]!l1ut1 

(3) 

, " 
'VI1f1'J1~-K~~'Wlf'll!l'ln1n~'El'W1"lJ n11r,J~ L'Jrl11'Wn1~1Pi'~ LLrl:::fi1f1'J1~~n'VI1!l"lJ'El'ln ~r,J~~,)U!lrl1~~'It1 

(4) 
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91 n~l-J mj'n1 "n,,\!?)1,x Vb dlW!?l'J LLtl1'(?1!lU ~'W!l'l ~ Ln (?)91 nL~!l1.!1-nm j'!?l(?) LL~:::L'J"nl'Wm j'!?l(?)~l-J~'Wfi 

n'W L(?)tJl,x /30 dj'W~l~N~ /31' /32' /33' LL~::: /34 Ltl'W~l~l-Jlh:::~'Vl~"lJ!l'l~l-Jmj'n(?)n!ltJ'V'l'1~n.ll'Wmj''lL~n:::vf 
I I I '" I 

9:::Yhvh:::~u~'J1l-JL~!l~'W 95% l~~l-Jmj''V'ltJ1nnu'0''1'''l-J(?) 3 ~l-Jmj'Vi'lfimj'!?l(?)[;]l'1n'W ~!l 'lfimj'(9](?)LLUU 

.. 
dJtJn LLUU~LtJj'~~lm~!lLU'W LL~:::LLUULL,x'l ~'1U 

Vb = 0.106 + (-1.563E - 06)v + (-0.323)/ + (-0.038)D + 0.0008T (5) 

Vb =0.143+(-3.036E -06)v+ (-0.514)/ + (-135)D + 0.0006T (6) 

Vb = 0.086 + (7.3 70E - 08)v + (-2.278)/ + (-0.007)D + 0.002T (7) 

91n~l-Jmj' (5), (6) LL~::: (7) LL~(?)'11,xL~'W~'J1l-J~l-J~'Wfi"lJ!l'l~'J1l-JL~'Jj'!lUn1j'!?l~ (v) !l(?1nU!l'W(9]~ (f) 

m1l-J~ n m j'(9](?) (0) L'J~11'Wm j'r;l(?) (T) LL~:::~l ~'J1l-J ~n"'j'!l'll!l'liJ(?)!?l~,x'JU!l~ (Vb) ~l-Jmj'~1l-J1j'rlU!l n1~~1 

n.l L'J~ln1j'r;l(?)1(?) 9:::iJ~lm1l-J~n"'j'!l'll!l'liJ(?)r;l(?),x'JU!l~ LVl11",1 LL~:::1'W'V11'1n~lJ n'Wdj!l~!l'lmj''V1nU~l L~!l 

iJ(?)r;l~,x'JU!l~n~1~'J1l-J~n"'j'!l LVl1 0.2 n~~ Ll-J(?1j' !l1tJ'lI!l'liJ(?)r;l(?)9:::nL'J~1 mj'r;l(?)~ LVl1 1"'1~'Jm"Ji'Wn'W l'lln'l. 

, .. 

~!l'Wl'll [;]l'1~'1U 
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LL'IJ tILtJtI n LL1J1J'i'lLtb'u 

8000 

0.01 
0.3 156.56 194.90 74.12 

0.5 166.36 239.92 74 .92 

0.03 
0.3 164.93 177.83 98.43 

0.5 174.73 222.84 99.22 

10000 

0.01 
0.3 160.61 204.99 74.04 

0.5 170.41 250.01 74.84 

0.03 
0.3 168.98 187.92 98.35 

0.5 178.78 232.93 99.15 

12000 

0.01 
0.3 164.66 215.09 73.97 

0.5 174.46 260.10 74.76 

0.03 
0.3 173.04 198.01 98.27 

0.5 182.84 243.02 99.07 

, "" 
VI'W')t1 : 'W1Yl 

t1'tll--.JflJ1~ 91 nf11 L,)'in 1 'Wn1~j;]~~ LL'i'l~'11'W[?]1J1'19~ L~'W1~~l'YJ n 1 L~'tl'Wb nl~j;]~ 'fifi nlJj;]~ LL'IJ'IJ LL ~'1V11'tl 

'fifinlJj;]~ LLU'lJ1l..J1-if'i'llJVlfi'tl LtJ'Wtl''W L,)~11'WnlJj;]~~9~!?l'f)'1vi1 nlJL1J~tJ'Wij ~ j;]Vl1X,)'IJ'tl~Vl1'f)'tl1tJ'lI'f)'1ij ~ j;]~1X')
q 

~ , 

91 n-ifm;j ~t1n'i'i1,)1Jl~1'i'l1 JVlfi'il LU'Wij t.J~ j;]'tlmtJ'lJ'tl'ln~ j;]~1X')U'tl ~:n'l d:l'W1tl [?] ll--.JYl ~'11D 
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it I' I 

t'Wntl-l1'W'UlrUn~~ lmtlUlVltllJ n'WVl 1,000 i'lt:J.Nn1dL'i'~ t~t1~1i1-ln-l'e)1t1'lJ'f)-l~1 m~'f) Lij'WcJl'ltl n~1'l~'f)L~'f), 
I , if" I 

1if~1d~~'f) l~'WmU 1,000 i'l t:J..J-l~::r;l'f)-l LU~tI'W~1d~~'f) l~'Wt~:J.Jvl-l~:J..JC;) (P}-l'W'W91'W,) 'W'lJ'f)-l;J ~ L'i'~,x'lU'f) ~Yi r;l'f)-l 

till'WL'l~1~rirm'W~~1:J..J1dCl LL~ ~-l~11cJl1'Wmn-l~ 7.2 

8000 

0.01 
0.3 384 308 810 

0.5 374 293 811 

0.03 
0.3 365 279 812 

0.5 361 251 801 

10000 

0.01 
0.3 353 240 802 

0.5 344 231 803 

0.03 
0.3 364 338 610 

0.5 356 320 611 

12000 

0.01 
0.3 347 304 611 

0.5 344 270 605 

0.03 
0.3 336 258 606 

0.5 329 247 606 

ml') tI: LLvl-l 

~1n1?11n-l~ 7.2 ~::L~'W1cJl~1~'rjfin1drif~ LL1JU LL,x-liJ'e)1t1'lJ'f)-liJc;)rif~,x'lU'f)~ ~191'W'l'W'lJ'f)-ln~rif~,x'lU'f)rl. 
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, " , 
lJ'fl~11,J1?l1 t1-:rvj LL~ ~'1Hi1 ~1l-J1tml1l-J1 ~11,J,) ru",l ~1,JYl1,JiJ~ iK~1~1?l1l-J~l-m1tYl (2) t~m1m'll'fl'liJ~iK~-J')• 

U'fl~~lojh'Vhnu 790 U1Yl!?l'flUvl'l 

uuwuun 

8000 

0.01 
0.3 303,360 243,320 639,900 

0.5 295,460 231,470 640,690 

0.03 
0.3 288,350 220,410 641,480 

0.5 285,190 198,290 632,790 

10000 

0.01 
0.3 278,870 189,600 633,580 

0.5 271,760 182,490 634,370 

0.03 
0.3 287,560 267,020 481,900 

0.5 281,240 252,800 482,690 

12000 ' 

0.01 
0.3 274,130 240,160 482,690 

0.5 271,760 213,300 477,950 

0.03 
0.3 265,440 203,820 478,740 

0.5 259,910 195,130 478,740 

~lnl?lln'l~ 7.3 bb~(1)'1rX1,JYJ1,J"lJ'fl'liJf1)iK(?)-J,)U'fl~~d'fl1,Jl'lJ!?l1'11 bb~~~~finltiK(1)~'1 3 ~fi ~~b~1,Jl~~l 

rX1,JYl1,J'lJ'fl'liJ~ iK(?) ,x')U 'fl~ bbU t~1,Jl?lll-J~ 11,J') 1,J"lJ'fl'l i1 ~ iK(?),x')U'eJ ~~1-if vi 11,x~1,JYl1,J'lJ'fl'lrJ ~ iK~11,J~fi n1 tiK(?) u UU 

u,x'liJ~1,JYJ1,J~'1n~l~fi nltiK(?) bbUU bU U n u~~ UUU~ bunr~l),VI~'fl bU1,J bL~~bri'fl bmuu bYlUU ~1,JYJ1,J~~l~~~'lI'eJ'I 

bb!?l ~~~fin1)'iK~ ~ ~ b~1,Jl~~l ~1,JYl1,JiJ ~ iK(?)"lJ'fl'l~fi n1tiK~ bbUU~ btl t~~ltVl~'fl bii 1,Jt!1,JiJ ~1,JYl1,J~ ~ 1~~ (?) ~'fl 
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" '" 
182,490 U1Yl ~-.li. 'W'IJ ru::;Vi-:Sfi nltl1l(;HLUU LU £J nlLrl::;LLU U LL lX":lll't,lij ~h.m'W'JJ'tl-.lij!1\ 111(;H Vl1 r1U 259,910 LLrl::;• 

.., • r;; 
7.2 ~'lJVI'lJ~1'i"'~'elbtl'lJ (Coolant Cost) • 

. '" 
n 1 trl!1\ u1l-J 1 ru ~ 1 tV! ~'tl LU'WVii.-n-i. 'W LL~ rl::; n d::;U '.l'Wn 1 d LiJ 'W1'I?l nu d::;~-.l r\~ ~n i. 'W-.l1'W-:S9'tJ'llUU-W• 

. '" '" 
Li1'tl-.l~1 ni.'WU~"'ll.r'Wm::;U'.l'Wnldl1l!1\~'W-.l1'Wi.'W'tl1?l~1V! n nl-J ~~I?l~'W~'.l'WtJ1'WtJ 'W~'JJ'Wl!1\ i.V! nJij n 1dH~1d~~'tl. . ~ 

" " • "I I 

Ltj'W~1'W'.l'Wl-J1 nvhi.1X Ln!1\~1dU'WLU'tl'Wi.'W'tl1 nl ~ d'.ll-Jii-.luhn ruin L~tJVil-J1 n~'W~'.ltJ ~-.l Li1'W~rl m::;YlUV1 Ln!1\ 

~1nm::;U'.l'Wnldl1l!1\ LLUU LU£Jn ~'.lt.IL~I?l~9-.l dj'W~l-J1'JJ'tl-.lnln:n L~'W'tl-:Sfi nldl1l!1\ LLuuH~1t~~'tl LU'W~1~~!1\ ~-.l 

'" '" rhi.-n-r.l1tJ~I'W~1dv!~'tl Lu'Wi.'Wm::;U'.l'Wnld~!1\Vf-.l 3 LLU1J ij ntJrl::;L~£J !1\r;)-.l ~'tl1un 

16 0.09 o 

100% 99.07% o 

V!l-J1t.ILV!l?l: n-.lV1i.-ifl~~1d~~'tl LU'W'JJ'tl-.l Lr11'fl-.lonL~'W'llLLl-J'l1'll'Wtl-.l Liit'WLI?l'tlfijl.nl-J1I?ld 191.34 ~I?ld• 

!l1£Jnltl-if-.l1'W'IJ'tl-.l~1dV!~'tlLU'W 1000 i'.lll-J-.l• 
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, "''' 
~fiWl)'J;]C?I LLUlHUtJn LLUU~ LUnr LLrl::: LLUU LLiX'I on'l9:::L~'W1~~I~fiWl)'J;]C?I LLUU LLiX'Iu't..!i1 ~'wk)flu 0 11'1~'fl'l~1 

, " 
'W'WvU-J1tJ fl,)Il-J~I~fi WI )'J;]C?I LLUU LLiX'I'W'W hW WI )'H~I),VI ~'fl L~'Wl'Wm:::u')'WWI )'J;]C?I LrltJ LLrl:::~fiWl)'J;]C?I LLU1J 

'" , , 
~LU nr'W'Wi1~lilnWl)'l-n~I),VI~'fl L~'WVl 0.09 ~lil),~'fl'WIVl LU'fl'l91 n nI)'VlC?lrl'fl'l1~'fl'flmLuuliXi1 nI)'H~I),VI~'fl 

'" ",
MPa 'W'Wi1 fl,)ll-J LVll-Jl:::~l-JVl~C?I l'Wnl)'V'i'W~I),VI~'fl L~'W [Somkiat,, 2009] ~1V1fUe)lil n,)'Wn'C1Ul-J1 HlmJ'W'W 

" ~fiWl),l?lC?I LLUU LUtJ n (i'fl~I~lnU'W~Il-J1 HI')'Wn~Ul-J1 H'II'W1V1l.l1~11'1V1l-J C?I LL~ ~1V1fu':)fi nI)'J;]C?I LLUU~ LU)'U 

, " 
~1 ),Vlrl'fl LU'Wi1U 1'1~,)'W~CY L~tJ1ul 'W"lJ ru:::v'h nI)'J;]C?I L U'fl'l91 n nI),~ LU)'U~1),VI rl'fl LU'W'W'W9:::,yh1iX ~1 ),Vlrl'fl LU'W 

'fl~1'W~n1j-ru:::'JJ'fl'lrl:::'fl 'fl '19'I l111iXLflC?l WI),~'I"lJ'fl'l~1 )'VIrl'fl LU'W"lJ ru:::l11'11'WLLrl:::~ ClJ L~tJ1ul'Wu)')'tJ1 nI PI LLl1I Ii LU'W 

LYitJ'I~')'Wi.('fltJ ~'I L~'W1~91 n~I~~n nI)'')'Wn~ul-Jl"lJ'fl'l~finl)'J;]C?I LLUU~ LU ),U~ LL~C?I'I1rl'Wm n'l~ 7.4 

" , " 
l'WnI)'J;]C?ll1'1V1l-JC?I 480 -n') Ll-J'I ~1V1fU~finl)'J;]C?I LLUU~ LUnr~1),Vlrl'fl LU'W'W'W i1 nI)'H~I),Vlrl'fl Lu'W1u 

,., I I I 

11'1V1l-J C?I 24 .13 ~~)' on'l Lij'fl ~ C?I LU'W~~),1 nI)'l-n~I),Vlrl'fl LU'W9t'l Lvii flU 0 .05 ~ ~)'/-n')Ll-J'I Vl1'fl 0.00084~~),/ 
'" , 

'WIVl Lvil'W'W LLrl::: Li:1'fl ~ C?I LVltJU flU~~),1 nI),H~I),Vlrl'fl LU'W"lJ ru:::l11n1),111C?I LL~,) ~finl),111C?I LLUU ~ LU ),U~I),Vlrl'fl 

" . '" 
L~'W'W'Wii nI)'l-n~I),Vlrl'fl Lu'W1u LYitJ'I 0.93% Lvil,r'W LLrl:::i1 nI)'')'Wn~ul-J11-i!1V1l.l0'l 99.07% 

91 nnl)'H~I),Vlrl'fl LU'W~ nrll,)l-Jlifl'1iX'W ~ln'l~ 7.5 ~1l-JI)'mL~ C?I'Iml-J1 run I)'H~I)'V1rl'fl Lti'WLLrl::: 

nflllfl'W'VI'W"lJ'fl'l~I),Vlrl'fl L~'W~l-i!1'Wn),:::u,)'Wni)'J;]C?I LL~rl:::':)fi ~'I ~C?I~ 1,000 -ft'')Ll-J'In 1)'r;lC?l LC?ltJ ~IU'lO'l'flltJ"lJ'fl'l, , 
I "" 

~1 ),Vlrl'fl LU'W~')tJ n~l,) ~'fl Lij'flH~1 ),Vlrl'fl Lu'W1u fl),lJ 1 ,000 -n')Ll-J'I9:::Ifl'fl'I LU~tJ'W~I),Vlrl'fl L~'Wl1'1V1l-J C?I ~1V1fu 
,., ,., I I 

~fiWldrffC?I LLUlHUtJ n nidH~ldVlrl'fl LU'W9:::ii d:::tJ::: L,) rlll1'1~'W 1 ,000 -n')Ll-J'I LLrl:::91 LU'WIfl'fl'l LU~tJ'W~1 dVlrl'fl LU'W 
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LLuuLtlun 
LLUU~LthtT 

(~,)l~(;)'W',nJ 0.5 MPa) 

" LLUU LL VI'l 

~I?ln nl'j'H'~l'j'VI'i'i'el Lfj'W'lJ ru:::vh nl'j'j;]~ 

(~I?l'j'/'W1Yl) 
16 0.09 -

~l?lnnl'j'')'Wn~u~lH1mJ 100% 99.07% -

~ ~ I Q _: 

VI') L'1l'el~1'j'Vlfl'elLU'W~~~nU'W1 6.25% 6.25% -

~I?ln~') L;'el~l'j'VI'i'i'elLfj'W~1-if (~m/-r')t~'l) 0.01196 0.00314 

'j'l~l~I?l'j'fl::: (U1Yl) 266.33 266.33 -

~1~,) L~'a~l'j'VI'i'i'f) L~'W (U1Yl/-r')t~'l) 3.185 0.837 

~l~ln'1'i'i'el Lfj'Wd~'elL-itlU 1,000 -r')t~'l 

(U1Yl) 
3,185.04 836.91 -

" 

~l~l'j'Cl	f1~ ~lL-if91Unl'j'L-if~l'j'VI'i'i'el Lfj'W'lJ'el'l%nl'j'j;]~ LL1JU~ LUnILU'W 26.28% 'lJ'el'l~finltj;]~ LLUU d1un 

'"l1 n-ll'el~fl.jh'l rX'W~l'j'VI 'i'i'el Lfj'W'"ll n n1'j'')'Wn~U~lL-if1VllJ'lJ'el'l~fi n 1'j'j;] ~ LL1JU ~ LU ttTtl''W'"l:::')'Wn~u~11lJ
'\I 

~'lVl~~ Ur;l~lV1fUn1'j'!?l~L'W 1,000 -r')t~'l LL~,) ~ltVl~'el L~'W~'el~L'W(l'liJ'lLVI~'el LY;U'l~'el~'"l:::1-if'll'WlrX r;l'ellU t~u 

llJrX'el'l~nl'j'L~~~l'j'VI'i'i'el L~'WL~W'ih lu'r) n LLfl:::~l~l'j'mL~~'lI?i'WYJ'W~l'j'VI'i'i'el Lfj'W~ (~'el'Wl'lJ n1'j'j;]~r,h'l 11rXCi1'l 

m'j'l'l~ 7 . 61?i'ellU~ 
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... 
ll~::lLUU ll'VI~ 

LlUUlUtJn 

8000 

0.01 
0.3 3,185.04 836.91 o 

0.5 3,185.04 836.91 o 

0.03 
0.3 3,185.04 836.91 o 

0.5 3,185.04 836.91 o 

10000 

0.01 
0.3 3,185.04 836.91 o 

0.5 3,185.04 836.91 o 

0.03 
0.3 3,185.04 836.91 o 

0.5 3,185.04 836.91 o 

12000 · 

0.01 
0.3 3,185.04 836.91 o 

0.5 3,185.04 836.91 o 

0.03 
0.3 3,185.04 836.91 o 

0.5 3,185.04 836.91 o 

, " 
91 n ~U'V1't,lih~~uVi1~mh')ml1~'VIl-J~~1l-J1~n ~lU,) ru'VI1 ~U'V1U~,) l-J'll1l~ n1 Jf71~1~ll~,)lulll?i~:::~fi n1~ 
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7.3 ~'U'VI'U'i'J3J (Total Cost) • 

, , 

~l-J ni'j'Vl (1) mh'l ii'l~l-J ni'j'"l/!l'l rX'W'VI'W'j''ll-JVlvh1Hl..l1'"l1 n rX'W'VI'W"l/!l'liJ ~ ~~ LLfl:::rX'W'VI'W"l/!l'l~1'j'~~!l
q q q 

I I I it 

LU'W~'lLtl'W~'l'W~1~()J"l/!l'ln'i':::U'l'Wni'j'~~L'Wl1n 1 L~!l'Wl"l/ni'j'~~ L'W1X'l-ll!lVl1 LLfl::: 21~1lfiu1tJii'l-n'WI?l!l'Wn1'j' 

" " ~1'W'l rurX'W'VI'WiJ ~ ~~ LLfl:::rX'W'VI'W~1'j'~~!l LU'W 1?l1l-J ~1 V)U v),n!'WL'W 'IX'l-ll!li1~1l-J1'j't1 LL~ ~'l rX'W'VI'W'j''ll-Jl~ LL~'l t~tJ 
q , q 

0

LLVI'l 

LLUU~ LUn] 
0

LLUtl LLVI'l 

8000 

0.01 
0.3 306,545.04 244,156.91 639,900.00 

0.5 298,645.04 232,306.91 640,690.00 

0.03 
0.3 291,535.04 221,246.91 641,480.00 

0.5 288,375.04 199,126.91 632,790.00 

10000 · 

0.01 
0.3 282,055.04 190,436.91 633,580.00 

0.5 274,945.04 183,326.91 634,370.00 

0.03 
0.3 290,745.04 267,856.91 481,900.00 

0.5 284,425.04 253,636.91 482,690.00 

12000 

0.01 
0.3 277,315.04 240,996.91 482,690.00 

0.5 274,945.04 214,136.91 477,950.00 

0.03 
0.3 268,625.04 204,656.91 478,740.00 

0.5 263,095.04 195,966.91 478,740 .00 

VI\,i'l tJ: U 1 'VI 
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'I " '" 

lij'tl~l?1ltl'W"i\J'Vl'W~,)~l9l'tli')t~'1 ~fin1~l9ll?1llUU~ltlffi~I~"'~'tllij'WW'WilrhlVh rlU 183.33 UIVllviIW'W 
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d 
'U'VI'VI 8 

0

n1~Pin1j1 m-~U,)'\...ln1~r;lVl~'W'l1'WLVI~ n nt\1lVltl n')~U ~~~ n (?l1-n~1~VI~'fl LEi'!..(;Sfil?l1'l 1 n'W ~,)tli1 VI n VI 

" I I I 

']jUVl1X,)u'flrlfl1flu~LfI~'flUEJ') LL~~~'W'l1'WLVI~nn~1f11fu'fl'W S50C Yh~'fl'W1-nn1~r;lVll?l1'l 1 n'W LWm~'1?J-J'W1 
'" I '" I I 

fI,)1l-J~1l-J1~C11'Wn1~r;lVl1,x~~'W ~'lVll-J1tlCi'lfl,)1a..JVltl 1UEJ,)"lJ'fl'l~'W'l1'W~1 fI,)1a..J~ nVl~'fli1V1 n VI ~1V11'fl'fl1tl n1 ~1-n• 
• • 0

'l1'WYim,)'W1'W LL~'l1'Wn1~r;lVl~1 ~'l'IJ'W9~~'fl'lfhu'lo'lU9~tl1'Wn1~r;lVll?l1'l 11~LLri fI,)1a..JL~,)~'flU 'fl(?l~1n1~ 

U'fl'Wr;lVl fI,)1a..J~nn1~r;lVl LL~~';)fin1~VI~'flLEi'W ~'l91nn1~VlVI~'fl'l'WU~1U9~tll?l1'l 1 i1f1,)1a..J~a..J'W'Wfinu 
0

fI,) 1a..J ~1 a..J1 ~C11'Wn1 ~r;lVI c;1'lU 

• • 0

1. fI,)1a..JL~,)~'flU"lJ'fl'ln1~r;lVlYiLVIa..J1~~l-JYh1,x!J(uVl.nm'Wn1~r;lVlYi LnVl:n'W'W'fl LVla..J1~ ~'l'ri11,xLLN. " 

, " , 
4. ';)fin1~VI~'fl LtJ'WYl LVla..J1~~a..J~'W'il~ nu ~'fl'W1"lJ1'Wn1~r;lVl 

I '" if I' 

LLt\') EJ'lI11'fl'lW 91~ru1O'lI11'W VI'W ~') a..JYl Ln VI~'W~')tl c;1'l'IJ'W~'l~1 a..J1 ~C1 LL1J'l LLtl n n1~W91~ru1 L~'fl n L~'fl'Wl"lJ n1 ~r;lVlYl• 

" 
LVla..J1~~a..J1~Lu'W 2 m-ruc;1'lU 

" 
r;lVlVl'l3 LLUU ~'fl n1~r;lVlLLUULL,x'l LLUULUtln LL~~LLUU~LUnr"lJ'fl'l~1~VI~'flLEi'W 9~'WU~1n1~r;lVlLLUULL,x'l 
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hl~'f),Ii'j m'j'rh~~~I'j''j..l~'f) Lih,l 1 'W'lJ ru:;~m'j'~~ LLUU LtiU n LL~:; LLUU ~ LU 'j'£r'lJ'f)'1~1 'j''j..l~'f) LuwJl'f)'1n m 'j'fh~'~ '6Il1'j' 

'j..l~'f) LU'WLn'tlm.J~mu,m 'j'Loif'lI'W LL~:;1'W'lJ ru:;L~U'l n'Wm'j'~~ uuu~ LU'j'~'lJ'f)'1~1 'j''j..l~'f) Luwi'"l:;Ln ~~:;'f)'f)'1'11'f)'1 
" ,

~1'j''j..l~'tl LU'W1'W~'WVl m'j'ViI'11'W~'1 n~1 m'j'~~ LLUU LUU n 

I I I " 

Ljj'f)~'"l1 'j'ru1Vl ~'W'Vl'W 'j''l ~'6Il'VlfiYl L n ~~'W ~~U~'W'Vl'W'6Il'Vlfi~'"l1 'j'ru 1'"l1 n ~'W'Vl'Wn (;) n (;) LL~:;~'W'Vl'W 
q It <I Cj Cj <I 

, " 
~1'j''j..l~'f)Lii'W Ljj'f)~'"lI'j'rulm'j'~~~'1 3 LLUU fi'f) m'j'~~LLUULL,x'l LLUULUUn U~:;LLUU~LU'j'~'II'f)'1~I'j''j..l~'f)LU'W 

'"l!;ViU ~1 m'j'~~ LLUU LL,x'ln'l U~~ 1'"l!;hjn~'W'Vl'W'II'f)'1~I'j''j..l~'f) LU'W LL~rifi'ln ~'W'Vl'W~'Vlfi~'1~(;) Lti'f)'1'"l1 n m'j'~~
Cj q q '" q 

" UUU LL,x'lmU m 'j'1ojf'lI'W'II'f)'1n~ n ~'"l:;~'W ~'1CJ~1,x~'W'Vl'Wn~ n(;)~'1m~lu ~'lU , , " 

1'W'IIru:;~m'j'~~LLUU dju n LL~:;LLUU~ LU'j'~'II'f)'1~I'j''j..l~'f) LU'W VilJ~1 m'j'~(;) LLUU~ LU'j'~'lJ'f)'1'61l1'j''j..l~'f) LU'W 

'"l:;n~'W'Vl'W~'Vlfi~IM1 LVi n:;m 'j'~~ LLUU~ LU 'j'~'II'f)'1 '6Il1 'j''j..l~'f) LU'WnmU n 1'j'L-if'lI'W'II'f)'1n (;) n ~~m'l'WI'Wn~1 LL~:;
q q .. q 

, " 
'ii'~nm'j'L-if'6ll1'j''j..l~'tl LU'Wnl?ll n~1 m'j'~~ UUU Ltlun ~'1ti'W~'1ViI1,xnl'j'~~ LLUU~ LU'j'£r'll'f)'1'61l1'j''j..l~'f) LU'Wn~'W'Vl'W, 

• I "I 

~(;)UMU LL~'l lhnm'j'~(;)mdLnU')n1J'j':;uu m'j"j':::1JIUmmP1Vl~Vi'tl ~'WVlm'j'ViI'11'Wnmnhtl L'Vl, 

'f)1m~~ ~ m 'j'~~ UUU~ LU 'j'~'II'f)'1'61l1'j''j..l~'f) LU'WLu'WL~'f)'Wl'lJ m 'j'!?l~~ L'j..l~1:::~~1 'Wm nl11uL-if'lI'W'"l1''1 Lti'f) 'I '"l1 n 

m'j'~~ LLUU'6Il LU'j'~'II'f)'1~1 'j''j..l~'tl LU'Wn ~'W'Vl'W'6Il'Vlfi~I~~ ~'1 L~'f)'Wl'J m'j'~~'II'f)'1 m'j'~~ LLUU~ LU 'j'~'II'f)'1~I'j''j..l~'f)q, , 

LU'W ~'f) ml~L~,)'j''f)U 10,000 'j''f)u/'WIVi 'ii'~nm'j'l1'f)'W~(;) 0.01 n~~L~~'j'/'j''tl1J "",)I~~n!?l~ 0.5 n~~L~~'j' 

~~U~~'W'Vl'W~'Vlfi'lJ'f)'1'lJ'f)'1 L~'f)'W1'II~'1mh')'f)tl~U'j':;~lru 183,326.91 UI'Vl ~m'j'!?l(;) 1,000 -B'') ~~'1 ~'1~~ LU'W 
q q " 

http:183,326.91
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m~m j'Yl"'~tl'l~HlhJ"Jl'J'Ij':::U:::L'J~1 3 L~m,mmnrh~ LLI'l n j;'j1'1 n'Wl-J 1 n~ L~tl'Wl'lln1 j'j;] I?I LLUU L~U,) rl'W 

~'141 Lll'WI;ltl'ln m j'~tlULYlUU L"lI'WL"lItl HI?I LL N j''Jl-J 0'1 L~itl'l'1ltJ1U~ClJ ClJ1 ruLL~::: L~itl'l;:jtl~",j;'j1'1 1 ~1-ifl.'Wmj' 

YlI?I~tl'l L~tlL~l-J~,)1l-Jar'W191~nW.J~mj'YlI?I~tl'l~1~ ~'1~11~m j'~'1nU'I1'W~'J1l-J fluvru11'Wj'tlU 6 L~tl'WLLm 
, .. 

m'll1 

tJ" I I I 

~'1,r'W'I1'W,)9ul'W~f'lV!u19:::vhn1j'j;]I?Itl~iJ Li1tJl-J L~mn L1tl'Wl'll mj'j;]I?IYl Lv!l-J1:::~l-J~1vrfUnl?l n 1?I,x')
'II 

" , >

:n'W ~'1~91j'ru191n ~'J1l-JV!tJ1u~'h:n'W'I1\J !l1tJnl?lnl?l LLN1'Wmj'j;]1?I LL~:::~'WYl'W'1ltl'ln"'n'". . 
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Specifications of measuring equipment 

Measurement MQdel 

'1 

Uncertainty (%) 

Surface Roughness Tester Surfcom 14000-12 1.57 

Particle Sizer 3321 ±10 

.. 

Measurement Model Sensitivity (pC/N) 

Fx -7 .950 

Force sensor Fy Kistler 92578 -7.951 

~-' 

Fz . -3.712 
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