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ABSTRACT 


TITLE : EFFECT OF VIBRATION OF THE RICE POLISHING CYLINDER ON 

THE PERCENTAGE OF BROKEN HOM-MALI 105 RICE IN A SMALL 

RICE MILL 

BY RUNGSAN CHIY ACHET 

DEGREE : MASTER OF ENGINEERING 

MAJOR : INDUSTRIAL ENGINEERING 

CHAIR : ASST. PROF. SUKANGKANA LEE, Ph.D. 
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This research aimed to study the effect of vibration of the rice polishing cylinder on 

the amount of broken Hom-Mali 105 rice in a small rice mill. Nowadays, a small rice mill is 

widely used in the communities because it is ease to use, cheap, and easy to maintenance. 

However, the amount of broken rice after milling is relatively high affected the quality of rice. The 

relationship between quantity of broken of rice and vibration of the rice polishing cylinder were 

studied using the lead weight from 5, 10, 15, 20, 25 and 30 gram attached to cylinder during 

milling. It was found that the initial vibration of cylinder was 1.70 mmls which having the broken 

rice of 28.27%. Vibration was direct proportion to weight of lead. Amount of broken rice was also 

direct proportion to vibration. The maximum percentage broken rice of 31.57% obtained of the 

maximum vibration of 2.23 mmls (30 grams). The technique used in balancing cylinder was 

called "Static balancing" that could reduce the vibration. In a comparison between the hand spun 

forming and by centrifugal forming, it was found that the balanced and centrifugal forming rice 

polishing cylinder had the lowest vibration of 1.28 mmls and the broken rice was 15.34%. The 

result shown that vibration of the hand spun forming cylinder could be reduced at maximum of 

13.63 percent and that of the rice polishing cylinder formed by centrifugal machine could be 

reduced at maximum of 11.40. However, the rice polishing cylinder formed by centrifugal 

machine exhibited lower vibration that the hand spun forming cylinder and exhibited 24 percent 

lower in amount of broken rice. Furthermore, it was found that velocity of cylinder also has an 



effect on vibration ie, vibration increased with increasing of velocity. The lowest amount of 

broken rice obtained from velocity of 1420 rpm. 
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1"'" .. " ... 4 :'1 ~ .. " ,1.3.5 'If'Vt'U'-§'U11'HOlJlJ::a 105 l'UO{l'il1flllJ'U'Vt'U,-§'U11fl1lJlJ1fl'l'j1'U lJofl.888-2532 'U 

tm'VIflffoutiu lfl~O{lU'tf11'U'U1fllg fl 1~'U';'Ui'tf11~ilV1J,j '(Jflti'UU'Vt1 'H a1V9I11JfJiifl1fl9i1~~ 'U fH 

... 1 ..,. 0 tI 0 Q 0 ~ <1/ Q ,dl '1 SlQI
lJ'l'::l'VIfl' !'VIV lflV'U11J1'il1flff11fl'iWfll'l'Lfll:lfl'l' O1lfl01WU'lf1'i1U 'il~'H1flfjua'i1'1fli1'U C1f~ !fl'l'U'l'O~ 

t2Wfl1'Vt ':h1 A'1J1fl'l'j1'U'il1flijtnr1i V,;'Ui'tf11 i-m1flfjua'l'1'1fli1U 

"" OJ J1.4 'UtlUJft't'l'nltl't'll:: 

.,. " ~ t .J:'I " d d "" " ... 1 ." '" .1 " !11'UV1 ua::'U11'U{l 'VI~'VIllJ'U'U11l9llJllJafl 91'U'U11 'U1111fl 11qJ 'U1111fl ua::lJa1V'U11 

".14 dI d".J '" ..:t .14 ." • .I! '" 1 I '" 'i" 1 " 1.4.2 'U11llJaOfl11lJ1V(){l llJafl'U11'V1V{llJ!lJaOfl'HO~lJog C)1{lV{l lJff11J1'l'()U'l' lflfl fl 

1.4.3 'l'::v::'Vtnunn{l 'HlJ1Vn{l 'l'::V::fll'l'!~Ul~V1'tf11~ lflV1rU'il1fl1'U~'tf1100flflOfl1,j 

U~128-30 1'U 
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... " <II ..l..l t1" t1'" ~It " "'" '" " 1.4.4 	lHff'Ul1 'l1lJ1VtH fftl1'lJ'VI'VILLtI'.il 'Ul1l ClOfll1J'lJ'U11ffl'.iUCI:FU'IflflWcrJ 

" y., <II c::I" ... ..l... ,,, '" " ,<II
1.4.5 	fl'lJ'Ul1 'l1lJ1VfH llJflfl'Ul1'l1fl'VIlJfl11lJVl1lJ1flfl11'U11'l1fl 11fl lJll-3fl11lJV11'UO~ 

<II... ... 
1.4.7 	DF (Degree ofFreedom) 'l1lJ1VfH '.i:flU'U0-3fl11lJOff'.i: 

1.4.8 	P 'l1lJ1VU-3i1'VIflffOUfflJ~~!l'lJ~~-3'1'~ofll'.iijumhflty 

<II 't1 • ..l
1.4.9 S 'l1lJlVtH f1l '.i:lJlWfll'.i'U0-3ff1'lJI1.W.:jlU'lJlJ1fl'.i!1'lJ 

<II "'t1 .... .ttl "' .... "d ...... &, " 1.4.10 R-Sq 'l1lJlVll~ fflJ '.i:ff'VI'll '.i:flOUfll'.iflflff'lJ ~~mV1flUfl11lJl'l10lJ'lJ'U0-3'UO\!fI 

cQ <> _r! 4d. ..d ~ .A ~ " 
1.4.11 R -Sq(adj) 'l1lJlVll-3 fll'.i'Yll'lJlmlJ'.iV1.Jl'VIfJUmV1flUfl11lJl'l10lJ'lJ'U0-3'UO\!CI 

<II 0 ... 

1.4.12 SS (Sum of Square) 'l1lJ1VtH NfI'.i1lJfllCl~ff0-3 

<II , ..l 0 '" 

1.4.13 MS (Mean of Square) 'l1lJ1Vll.:j fl1L~flVfllCl~ffO.:j 

1.4.14 F 'l1lJlVil-3 i1'VIflffOU 1 'lJfll'.iiflft'lJ 1991flO'VIi'W CI'UO-31J~HiV~Ofll'.iijUm;ltity 

1.4.15 P-Value 'l1lJ1Vil-3 tilfl11lJ";n:lfl'lJ lViOVOlJi'1J'l110tl~lff'llfflJ~~!l'lJ 

111J'CJf~~l-3'1 	 ~1~V1,r0-3 
1.5.2 fll'.i flfl'l:no'VIi'WCI'UO~fl11lJ ',jfflJ~ClV'UO-3a fl'H 'lJ 'lifl,rl1~t1~NCI~Ofll'.i Uflfl11fl 

" , ...... " c::I
'UO~'U11ff1'.i 	 'lJlfl'.iO~ff'U11'U'lJ1fl"'fl 

"" .it:... .... '" " tI ""1.5.3 	OOflU1J1J'V'flfJtI fl'.iW ~'lJfll'.iClflfll'.i"'lJff:l'VIO'lJ'U~Nafl'l1'lJ'Ufl'Ul1UCI:fJ fl'.iW L'lJ 

• GI ~.!t Q " 

fll'.i 'l11fJ1flll '.i -3 ff'lJ ff: 1'VI O'lJ 'U 0-3\1 fl'l1 'lJ 'U
Q,I

fl'Ul1 

~ ...... .r tI .... ...". .it: ...
1.5.4 	fll'.il'ffllf10'VI'll'WCI fll'.i'U'lJi \1fl'l1'lJ'Ufl'Ul1flOfll'.i -" 'lJ ff:l'VIO'lJ 

1.5.5 	 fll'.iflfllf10'VIi'WCI'UO~fll'.id''lJ ff:''''O'lJ~OmlJ1Wfll '.i UflflMfll"':OW. 'l1.flij.. 
" 0 ... " " "'itl1.5.6 	t1 '.i:lJ1C1 NCI'U O~ 'UO\! CI 91flfll'.i'VIfl '(10~1l '(1:'VI1fll '.i11fln:'l1 'UO\!flfl1V L '.iUfl'.ilJ 

Minitab R.14 

~ ..." "t1"''' ... ... " 1.5.7 	nfllf1fll'.i11m1:11'YIl-3 lff'.i 'I:I!fflfffl'.i'UO-3 fll'.i '.iUfflJ~fI{I\1fl'l1'lJ'Ufl'Ul1 

1.5.8 	fflt1NClfll'.i'VIflflO~l"':(fl'tilnV-31'lJfll'.i1(V 

http:fftl1'lJ'VI'VILLtI'.il
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... '" .l.l ~ 
lIU1I1U1"flln"UUfl:;nU1~fJlIlOfJ1 811 

~ 

~n'.~11611bfl'\lfNtl1'lJ 'li fl'lJfjflV'\I811\)flii U 'Ii~""1 


~riIINflili8nnlI"n11fl"8i1"'11 fI'" lulfl1fllliY"'11"U l~lgfl 


+

! 11 "11'" ..... "'",88fl1lUUllfI:;fI' W'l~~ f)'JfII 'UfI'lJfjnfJ'I1U'\I~ 111m:; 

,,-nu,bfJlufl1'S1~O1'~U fI':;Iii8U'\IflIlUniiu'Ii~"'11 I 
~ 

if ..... .1 """'''' H ..fln fllJ18111i1'lftflU'\IUl11\)fl'l1U"~"11"801' UfI':;I1I8U 

1 

01'nfllJ1811i1'l fI"81101'~U fI':aii8U,j811;lJ1f11 

... .. 
01' ""fl'l1 flllfl:;~fII'I1lJlJ 

~ 

nfllJlnn11tl'1:;li'~lU!ff'lJJfflf1'''! 
'\IfNfl1'1I;UfI'lJflfl6~fliiu'Ii~"'11 ., 


i~';1111!tilJ111tJl-Q1'lU1i' 

1.6.1 lnPlV~flfl111Jf1\Uh~V1ti'Uf11~~Uff:aiivu '\l V~\Ioi1 U;rPl'lf'1 

~ .ol/ .., "''' .:.. .... "'-~ .... " """1.6.2 itt'YIn'UMfl111Jff1JTfU 1i'\lV~f11~ffUff~mVUO'UlJ~1Jl0f11~UPlO'H O'\lld lTfV 1'.11' 

:II" " "" ... "'" •hJU'\lV1Ji'lIUf11~ 1'.II'~lU\l0'l1U'\lPl'\l11VVHL'H1Jl~ff1J 

1.6.3 ffl1Jl~milHi'l f11~1iviUffO'lll;ivvvPl 1 U f11'.i'ti'~UlfJWfl1l'f'\lV~\loi1u;rPl'lfl1iA 

.. 
"'!!t~ .... .....,

1.7 U01'U'n"U'H'Um1~1''U'Um1'1~U 



•• 

...•u"" 2 

2.1 

2.2 

2.3 

2.4 

2.5 

2.6 

2.7 

2.8 

2.9 

... IV ...... 91 

&tlfltn":iUa~~lU19fJ"'flfJl"Utl~ 

1f1Hff~WlJtl~ltlgfl,r11 
1 "'!J,/'j>1ff'IJ11 

...... 11 4 ... !J,/!J,/
fl'j 'j tl11ifllm 'j ff.fll't1'IJ11'M 'j tlfll'j ff'IJ 11 

... "'!J,/ .., r!J,/

1f1 'j tl~ ff'IJl1'i ::fI'U'M:lJ1Jl 'lJ 

... '" !J,/
'M'lJ'lJfI'lJ11 

iJ~~rJ~nF-H;lfitlfil'iUflm1fl'IJtl~,r11 

fll 'j -d''lJ ff:: 1V1tl 'lJ llfl :: fl1 'i 1.1i''U ff tl f)tui' 

fil'i tl tl fl 11'U 'U fll 'i 'VIfI a tl~ 

... ~ ~ 

fl1 'i11m1::'M 'VI1~lffnl! ff1fffl'j 

!J,/ .!J,/ :'1 4 ..; ." !J,/ ... 4... ~ • d 'JI 4 
'lJtl~'IJ 1111'IJ11111 'lJ't1 'If'VItl~ L'lJfI'i:: fJ" 'I1ty1tl'lftl'VIH1'V1rJ1ff1fffl'.111 Oryza sativa 1tl"fI'lJ11'11 'i tl 

'JI _14 :'1 I ~ !J,/ 4 0 :'1' I ... .'f 
'lJ11111"tlfl (Rough rice or Paddy) 111'lJff1'lJPla'IJtl~'fI'lJ'lJl1CU~tll~~lU'lJm1l'lJff1'lJfl1~'1f1~'lJ 

2.1.1 ItJaOfl'UOfl'H;OUfHl'U (Hull or Husk) 

_14 :'1' d 0 'JI"; I 'JI d "IP _14 ... 
111" tlfl'lJ tlfl111 'lJ ff1'lJ'lJ tlfl'qfl 'lJtl~UJ a fI 'VI 1'I1'lJ 1'VI 'M tl'l1 tl ltl "fI n l1l"tl fl'lJ tlfl~::tl 
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. 

, .ct AT 111 V ~ V V (C . B R')2.1.2 f.Y'l'Unl.J·H.flfll~'H·n)'Unflat)~ aryopsis or rown Ice 

2.1.2.1 	 19mrll~~ (Pericarp) 

.K ';II ='1 t , ..1 ".,;. QI tl"" "" tl.... .,..,.
Wflll11~~1lJ'U'lf'U Ttll.Jfl'j 'YIfl~(I~Hl1fH ~flfl'Uflfl C)j'.:J fl~ ~~llffl'Y11 U~~ 

.,. .,j tl "" c:I ';II QI ='1 ';II c:I tl"".1 ..,j •QI'"

llfl1111mflllll'U flfl 'j~Ul'YIflfll11~~'U11 ~~~~1lJ'U'U11111~~U~.:J 1 ~flfl'U~~'H"l~flflm1tJ 111fl~l'U 

QI .,. ';II.,j 0 ';II 'tl .... 1 ';II .,; .,j ';II "" tl"'" • Yl QI

m~'U1'Ufll'j'U~ff'U111'Yi fl~~'U1'U11ff1'j 'U'j fifl'H'U1'Y1'Ufl.:JWflll11~~ 'H 'jf)1 ~flfl 'U ~~'lf1tJlJfl.:Jfl'U 

fll'j 1,rn;'~ltJ'Ufl.:J14fl'j1U~~fl1'j1~flllflW tll'Yi'Ufl.:Jl11 g~,r11~lflm ~'U1'Ufll'j Oxidation U~~1f)'U'C)j',J• 
C)j'.:Jllff11'H9Jll1~lfl"".,. flflflC)j'1~'Ufl1'j'Ufl'U.... " , ~flflfl'" , f:C)j'~ U~~ fl'U1 

.,j ';II 	 c:I 
2.1.2.2 	Wfll111111~~ (Seed coat or Tegmen!) 

d~I'U1C)j'~'ti',T'Ul~tJ1'H'U1 0.5 'llfl'ifl'U l'h'Ud~h'UdfJ~1l~1tJ1tl'j~'U ,'U,j'U 

lC)j'~\1 1~ff U~~18jjlC)j'~\11~ff 
" 

2.1.2.3 	 'l1''U Ufl \1 i'S'U (Aleurone layer) 

t 1 tl ';II ".,;.,. t ';II c:I";.,.
'If'UUfl\1 'j'U 'j~flfl'U~1mC)j'~~'YIllfl1111'H'U1 1-7 'If'U 'U11111~~'YI1l 

rl'flllW~d''UU~~rJflll ,j'flihil'U1'U,T'UUfl\1 i'S'Ull1flfl'1l 111g~,r11~ijrl'flllW~~tJ1tJ11 U~~ ~1'U'Hrl'.:J
d d 	 'JI Q.I Q.I dot 1 . 'JI 'JI d, "Q.I 

'Ufl.:Jl11~~'YI~'j.:J'U111fl'U fl'Yifi~ llflll~1'U1'U'lf'U 'Ufl.:JUfl\1 'j'U2J1flfl11~1'U'YIfl.:J'Ufl.:Jl11~~mtJ 'U lC)j'~~ 

Ufl\11'j'U fJ~1l~1tJ1tl'j~'U u~~''U,j'U ~,r.:J1C)j'~'ti'tl'j~flfl'U ~1tJ1 tl'j~'U lC)j'~\1 1~ff U~~18jjlC)j'~\1 1~ff 
QI t .,j .... 1 ';II .JI <9 1!<9. ';II • ';II 
~.:J'U'Ul11fl'U'j fifl 'U11fltW.:J ~.:Jlfffl11m~~1.:Jfl11'U11ff1'j 

2.1.2.4 	fi'Yifi~ (Embryo or Germ) 

'Ufl.:J,r'U,r11''H~ fi'Yifi~ffl2J1'j (I'H 1tJ'~1rlmYll r-fffn'UflflflCHl~'U 'j111J.:J'~m'H l'jtl'j~1tl'YIUrJ.:J ~ij fl~' 'U 

c:I 1 	 ='I " .,. QI c:I tl' .K ';II ';II .,; •lfl'U ~ ffllJ 'jll(Endosperm)'U W~ 1~tJ1fl'U fl ~~ ~fltJfl1111'lf'UU~~fl1111'j fl'U flflfl2J1~1m'H 'J H~'YI11

0' d 'JI 	 4 d Q.I .d ~ Q.I o.d Q.I 'tl... l''YI1 11111~~'U11111fl\lfHfl'U'jfl1:l1'U1'U ~~1l'U 1'H 'Ufl~~~.:J'UW~'YIlfl1'j ff fl'Yifi ~~~ 'H "l~ U~~1fl~ ~~rJl 

. 	 " 
~Htl~ltJ111g~ ih1 tJfl'h ~lJfl,r11 'U flfl ~lflij fi'Yifi~J.:JfJ~ll' tl~1tJ1~ljj'U 1'li'U h 1 'Uli~11'U 

(Ribofravin) ''YIfl~ij'U (Thiamin) U~~''Ufl~CH'U (Niacin) lrJ'U,r'U 

2.1.2.5 	 1~'U 1~ffliJ111 (Endosperm) 

~'I 	 ...s Q.I d 'JI .d 4 I ~'I " Q.II

1lJ'Uff1'U lllflty'Ufl.:Jl11~~'U11'Y11'H~flV~U~~ ~~1lJ'U m'H1'jll'\.l1:ltJ 'H~.:J ~lfl 

"" "" tl"'" 0 QI,';II 0 'tl ';II c:I 1 ='I"QI1tl ~flfl'Uflfl'H'jflUfl~'U 1 ~flfl 'U 'j1 U~~fl'Yifi~ ~\lflfl1~~flflfl 'Hll~U~11f)'U ~ffllJ'jll ~~ 

.JI"'I ='1 QI "" ';II 1tl.,.· c:I ';II .,. ';II • "".tl 'j~flfl'U~1tJUlJ.:J 1lJ'U'H~fl flfl'jfltJ~~ 80 U~~ 'j~'U fl~mfl'UfltJ1'YitJ.:J'jfltJ~~ 6 ff1'U lfl~flU'i 

1~lij'U ~~fl~~'U' 'U,j'U ijfl~,rfltJ2J1fl 1~tJijm2J1Wfl1n 'U 181m~ fl~2J1fl~n;,',r 1~'U 1~ffliJ111 

1rJ'U U'H ~.:J'Yi rl'.:J.:J 1'U ~ ff1 fity 
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''''''4
mninlaeut." 
...,---_ 1uDe" 

r;;..-- ,""",eM 

.:l " d " oQ oQ .c:I
.f)1'rtTl2.1 lm.:Jff'i1.:J'UV.:JllH'~'U11 ('lf1ty~'YItJl ~lJ~l~, 2548) 

I GI _I ".c:I GI .c:I AI _14" 4 .dl 0 1"... " 
'U11'W1'itJlJ'i~'YI1'W ~~~v.:JlJm'i'U~ff wV!lJ~vn'l1lJVvn ~'WlnvtJ'HlJ~ ~.:J'YIl 'H!n~fl11lJ'iV'W ff~ fflJ 

d" ~o1" .... , .. " t~11 ='1.... "eI1'W IlJ~ ~ 'U1111 ~ ~ ~.:J'YI1 'H II~ n'H n lI~n U ff'U11'U11'W 'W IlJ 'W nu I lJ 'W m 'i'U ~ ffU V1'H U'YI I il 'W 

11'i~ ltJ'lfuvv n i 11~1tJ 1I~~.:J1'W1~tJ~l~tJ1.,rv.:JtitJnn ff.,r11'H1 v~ni1'W'u~.,r11fl1'i1li'fl11mhfity 

, _I" 1 _I _I" ...; 1" ~ 
'U V.:J ff1'W lJ 'i~ n vtJ 'UV.:J'U1111 ~~n'i~ tJ1'Wnn 'W nnlllJ 'i~lJ 'U11 I~V ~~ ~'YI 'i11.JtH ff1!'H'J'U v.:Jnn 

...... " , ... .J ,,,,; .. 1" 1 .... " Wi" 
lI~n'Hn~lnff'U1111tn~'U'WI~'i1~!'H'J "I~V'YI~~ ~'H111'W1'Y11.:J 'Wm'i~~m'ill~n'Hn'UV.:J'U11ffn 1" 
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,. 4 	~ ~I • 0'" 1 .... A 1.1 1.1 ~ 1.1 4 1~ :'1 ~ l'lHU'\I111lJ'UU1'UUlflqJ 'U0l'.i'\l1J1fla6'UOl';jU '.i1 '\I11L lHJn 11llJ'U'\Il1Ul'.i ~nv 

A .... ...,. 4 ~ ~I ";42 1 1.1 1 ~I ";4
lm6nmC)1~ lHa''\I111lJ'U~~a'111m'.i1J Vlll111'U1'UU,",1 'U '.i:;LVlff VlV Ua:;llJ'UfJ~U111m'.i1l Vlll 

' A" ,. 4 ~,. 4~ d r. .... ~ ,
'U'U1fl 11tljl'Vt'.il:;1l,.1'U1'U L HU1l1fl1l1V ~nlf11'Vt'Ue~'\I11'Ue~ LHU'\Il1'\1'U1fllafl'U'UV~91eVfl11 

,. 4 ~ 1 I.... "I 
. 

,. ,. 4 4 ~ ,. A ~ A. sit A ~ 1 
l 

LHU'\Il1'U'U1fl 11ty 6'Ul'UfHllnlfllVlfl L'U Lavm::;1J1'U0l'.iU'\I11 ua:; lHU'\I11V1JI10l'.iU'\I11 'U 

'l1,.,,j'Uii'U'Ulflu~fl~Hn'Ua'11l1'.i(luti~eefl1~l~'U 3 'U'Ulfl tielHa,rl1'\1'U1fllgfl fla1~ ua:;111tY 

Ol'.iuti~'\I'Ulfl'\le~lHa 1l1~':i21'U~'cN~lU'Ufl~~ii6~ 2 1l1~'.i!1'U fie (\1~'.i')f1V fj.fl"iH'~U', 2553) 

2.2.1 	.J1Utlnfl1l1nUr~m'NaAPi81t1 

t~UOl'.i ~lU'Ufl"lflf;'~~fll'.iHli~~Ullll'.i(lHli~1~ 1 flVU11l1'.i (l~lU'U fl Pl~d 
,. 4~ 	 d 

2.2.1.1 	 L Ha''U11'\1UlfUafl 

T .4" d d. 0 l' QI QI "1.14 "IQ,.I 	 Q CIt.

LHU'\I11'\1'Ulfl1i'lflVlllOla~0l'.iHall 1llf)'U1'Ua:; 5 lIU'\I11L aefll1'.i6 

1ua:; 5 lfl1v'U~e1U 0l'.iiy,r11lh'U'11tY":;I~'U0l'.iihi4mhlll',*1Jl1.flfl'ulf6~5'U 
2.2.1.2 	1Ha,r11'\1Ulflfli'll~ 

,.. Q" .c::t" 0 .Q QI "1.14 "IQ.I' QI

LHU'\I11ff1l11'U'Ulflflal~Ola~0l'.iHa1l1ua:; 6-20 ~'U'Ul11 aefl11'.i6 

4 ,.... 4 ~ 0 ... A ... ,. ", , ~ '" 
6-20 If)1V'UlIe1U fll'.ia''U11,.::Vl1fll'.ia'L'Vte1J':i l.flflua::0l'.i,.111'U1V 'UVl6~(lU 

2.2.1.3 	 lHa,rl1'\1'Ulfll11tY 

lHa,r11~iifh~~0l':iHli~lfi'U1'Ua:: 20 i'U,rl1l1.lti6fl~e1u 0l'.ia,rl1 

,.::l~UOl'.iati4 e fll'.i ~111'\.hvJ~, 'U1.I'.i::LVIffua:: ~1~1.I '.i::1Vlff 

2.2.2 	.J1UtlnAll1.Jlt11tlfltl~1tI 
,. ... ~ d ~ ,. ... .el, ~ , , ...

2.2.2.1 	 LHa''\Il1'\1'U1fl1i'lfl 111l1V(l~ LHUVI ')ffl'U~l'U 1llf)'U 5 flU 

2.2.2.2 	 h~a'\lU1flflal~ 111l1Vil~ h~a~'cNfl'U~1'U11hfi'U 10 fl'U 

2.2.2.3 	h~a'UU1fl '11tY 111l1Vil~ lHa~iifl'U~lULfiu 10 fl'U 

... J! 0'" ~ v. .., ... ..t~y.
2.2.3 	'tl'tl~"tlmlH'n 1'l'lJUltlil8t1'nu'Ull 


A.... , r:

2.2.3.1 	 lme~,.mfla 6'Ul 

, ~ 4Y ~ A... ... r., '" 2. 
')fUfla1J"lflOl'.iU'U11l1J'\.Jl')fet'Vta~ fll'.ia~YJ'UlIflfl~ U'.i::V::l'.ill"U 

'Y.. ' 	 , ,~' ....... r..1' .el A 2. ".... .I

fleU'II1~;j~ U~fl1 ')f"lVf11V11a~0l':illfl~~un1"::~flVl't)'flLme~"'UOla~U1J1JUl'I11l1:; 

ffl11 i'1Jh~a,r11'\1'Ulflflal~ua:;'\I'U1fl111tY 

A 0'4 
2.2.3.2 	lmmV'U~fllC)1a 

http:aefl11'.i6
http:aefll1'.i6
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2.2.3.3 l.I6L~Of'yj~l 
, y. 'A.I.lI!I ~ QI A tI ~ .... AA ~ 71
'Jm::Uff nn1 LUfl11'\J'ULflflOUl.I6L~01 Ll.IOL1l.1LflU1fl10~~:: L'IHl1::Uff 

l.I1n U~l.I01~of'riH1UHfI::;r'ULflgOU1fl~ 0~ff~TlUd'1fl11 ,cJm:: Uff'yj~l ~::flfI~N ~~11~ff'lfTl1u 
.1 , t "" I _I 71 QI '.or "" 71 1 1 "" .J! AIlJ1:: L'Y1ff 'YItJuu lJO~11f11tJlJ1:: Lfl'YIfl1tJnu U~lJ ty111'\J0~m1ff'\J 11 U Hff'Ul1'rJn'\JU 1f1flO 

""71 71""_~ QI 71 71 I '" '.~ 71 '" '" fl11ff'\J11 UCl1l.1lJ1l.11Wn 11 U~n11n'\JO~'\J11lJ1nfl1tJl'ltUnu 11lJ 1tJfl11l.111lJ1l.11W'\J111~l.Ill.lClflLm:: 

jI jI 0 ~ 71 1 "" jI..It ~I jI _I ..It jI _I t A _I':! "" 2 "" 
~U '\J 11~1U1U 'YI U0 tJ U fl11 ff'\JTl CJ1~~:: llJU'\JTllJCl1tJ CJ1~ '\Jl1lJ fl1VU UllJ 01lJ1 V'U1'YIV'Ul1mUU1l.1 

l1fl1~ln11~11ffl1l~l.I1l.l~fl11f11Vl'rhA1 ufI::lui1~,uu1 Hff'\JU1f1 111qjlui1~,uu1Hff'lfTllu 

tJ1::1'YIff''YIVih1lJJ~ifutJ1::l.I1W 40,000 1H Ufl1~U1Hff'\Ju1f11~ntJ1::l.I1W~OVCI:: 70 ~~11~ff 
d t ~ r, GI d; , ... IGI ", .d.d4 _I ",.a ", d .J.Q 0 

'\JU1f1mm11C11U ~~m::~flm::~lV'YI1 lJ LU'YI0~'YI'YIlJfl11lJ\ln'\J11 n~0'ri111U1'Y1'U1fl11"l1TlU1'Y1U1 

,r111tJiionl.l1ff'ML~U,rl1ffl1n111l'U'U~lflfllUfll11~OU fhu11~ff'\JU1f1flCl1~UCI::11 ~ff'\JU1f1 

111qj,jnJ~0~1uu11ci~lVi1::tJ\ln,r11~n1flty l'l1U fl1flflCl1~ fl1fl::1uoom~V~l11i!0 UfI::,r~111f1~ 
1~Uf!fUUflClHfl11tf1 l~OUtJ'1tJ,rTlltJiiom"11l'U 'U~1flfl1 UtJ1 ::l'YIff11~ Off~oon' tJ ~111 ...hv 

fl1~tJ1::mff (t1UOl.l ~::U1, 2527) 1 Hff'\JU1f1 111qj;j~ 'IIJjfl11tJl'UA1~\lJJU1fl11ff,r111f1v111L01 
1 ~ "" 71 A ~ 71 ... 'i:P 1 ...l'YIfl1 1 ClV'ltU\T~ "" t lJ1 "l1 Lum::'U1Ufl11ff'\J11 1ViO L111'fl~ff1l.11't10~'0fl ~lU Uffm1::1ffnIJn~ 

i1~,uu Ufl'Yl1~~1 ~,r1l.1nuJu1Hff~11'\Ju1f11~n~llJ'l$u'U'YI~J~1~fl11ff,r11ltJu'U'ULAlJ"1 ~~ i11111 

QJ (V <V" .Q.d 0 Go' .d 0 4" J ~-Q1,ld tv dI 

1'U fl11Vi~U1 OULU 0~lJ1~lm~U'rJU'YI~lflfl'\J0~Lfl'l:l~1m'YI'Yl1fl11 ff'\J11 CJ1~~lU1~VU n111~1n::li1u 

fl11'l11Vl11iioLfl'l:l~1m1U"l1U 'U'YI i~n'YI1~11rt~ 

~ ~ ~ jI AI fil jI QI 71 QI '" ~ 2LUfl11'Y1~::ltJClVU'\Jl1LtJClOmlJU'\J11ff11n1111'U1l~~lJ 11C1n1nfl11Lfl'ULflV1Uu1 

.. 71..1t 411 c:ljI 710 
Lfl'l:l~1m~::'YI1fl11U1f1'\J11 CJ1~11lJ1Vt1~ fl11fl::L'YI1::1011lJflfI'\J1100n~lm1~ UCl1'Y11fl11lJff::01f1 

A c:I jI "" i_I AI, 71 '" jI ~ jI • t c:I ~ ~ 
LVi o uvml.lClfI'\J l1C1 'U1m::lff'l:lyjl~00fl lJ L11 ClO 1mVil::LlJ ClfI'\Jl1'Y1 ~O~fl1'n'YI1UU 1lJ flfI'YI Lfl tJ1l.11 

' "" ~ _I 71 QI jI 171 71 ~I QI c:Il 11lJ"1 ~::lJfl11lJ"l1UlJ1::lJ1W10tJCI:: 20-25 11C1~~lnfl1Hl1n'\Jl1 11U11~LlJUnfll 5-7 1U Ll.IflfI 

.J! _IAI "" ~ AI _I 11 ..It ~I ~ ~ ~ "" 71 c:I 
'Ul11lJClt)fl~::l.Ifl11lJ"l1Ul11 flOlJ1::lJ1W "J OVCI:: 14 CJ1~llJUfl11lJ"l1U'YIl11l.11:: ffl.l L U fl11 ff'\J111m:: lfl'U 

lfl'l:ll fl11U1f1Jj11C11V1» l'l1Ufl11U1f1U'U'Uyjlf1fh,r11 fl11U1f1U'U'U1~i~1Jl UCI::fl11U1f11f1VlcJ 

http:CJ1~llJUfl11lJ"l1U'YIl11l.11
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&Tl16-3~'UU'.i-3dl Vlmr'U V~&~1J.,rl1ltl~6fl1-n'U~-3'\llfl~U11'-3 61fl1fnl1m't1 ff~A1fl,r'UA6'Ufl1'.iiY.,r11 
.. .. 

ijm'.ill1nfl1nl1-3"1 'tl-311llA 5 'li'U1Jl6'U (ifl'.i iflm:Vnfl, 2528) 

o " t142.3.1.1 	 fl1'.i't11Tl111lff~61A'lJl1L 'tl6fl 

L~'Ufl'.i'.i1l1n11i111'ihm:fYh-3 Iffl:lfH ~'U ij6~~1Vt1'U'I'HnV1n&'I1'U 
" ·1IIP\' 1" .:, QI 4" ..M 1IIt11 '" 1) fl1'.ifflA'lJl1 't11 Ltl LAV 'if.... 'tl1Amll'tlA'lJlfflA'tl~V'IJ'U L 'U61fl1ft't....6 

'I "..!. 4"; • 111' 4" d" t14";", '" 4 ..;,fQIL11ff-3tV~t1'U't1t1Jl'tl~Vfl11~6fl Ltl ff1'Utll'tlA'lJl1'1l'tlA'lJl1l 'tl6fl't1AV~11'UflflV~Afllllnllfl'U't1l't'U 

2) fl1'.il~fl'.i~~-3aA ffl1l1'.i0'rht11J.,r11~ijtl;1l1tuU6V fflll1'.iO l~ 
2 111 l!'VI • "t14 '" ..!. 4 iI 'I"'" " 2 _"t' ..!. 4 tI ~ fl'.i::tl-3 Lll LflUVfl'IJ11& 'tl6flAU'tl::ff~&V6 'U l'l1~~fl'U'tl~Al'U'lJ6~m::A~ mn~Amlff~&V6 'U't1~ 

3) fl1'.i 1~&fl1~~iYaA&~'ULTl16~116~1~mrflfl1'.i111''tl1l'iA&61~-3&~6t1'U 

:'1 	 ..... t14 4"" Ji '" • "'" .....&lJ'Ufl'.i'.i1l11i LWm 'tl6fl6~flVlmll'tlA'lJl1fl'tl6-3 C)f~1l6~A1Vfl'U11'tllV11i 

'I 1 '" 4' 1 " ... 4'1" ..;" t14 .1 '" l'U Hff'IJ'U1Al'tlflff1'U1l1fl 'ifU1J1J~fltJ1~ 2 ~fl1JH'if'UAfll'ifU1J1J1111V-3'IJ11& 'tl~flfl'.i::'t11J~lf1'U~ 

" t14 "''' 22.3.1.3 	 fl1'.i lWfl'IJl1& 'tl~flfl1J'lJl1fll;1~~ 

:'1 ..... "t14 d 4 tI .... Y 2 " t14llJ'Ufl'.i'.i1l11i'Wfl'IJ11' 'tl6fl't111'tl~1'I1'tl6 'U6~fl1J'Ul1fll;16~ 'lJl1& 'tl6fl\l:: 

\lmY-3 1t1&,j'1&Tl1~~fl::t't11::,j'11t1J~~fl1 '111i U'tl::,rl1fl~6~v::\lmLVfl 1t11,rl1fl16~iY'liA,j'11 l'U 1 HiY 

'I .'" 	 '" " ''11'" 4 _3 111'" '1241112'IJ'U1A Ll1tyll&fl'.i6~&LVfl'IJ11 &LA l'U Hff'IJ'U1A''tlfl m'.i1l11i'U61V LllA6~ L'JJfl U'I 

2.3.1.4 	 fl1'.i'liA'lJl1 

... :'1 -.... 0 d,,'y '" 1iiI"fl1'.i'IJA'lJ11&lJ'Um'.i1l11ifl1'.i'IJAml'.i166fl\llfllll'tlA'lJl1fll;16~ &l't6 11'IJ11 

fl~6~'lJl1~1mfl1~~'liA'lJ11 ';1mh~lfl16-3'liA'lJl11'U1HiY'IJ'U1A 1mYt~'UU1J1Jll't'tll;~\Pl'.i -3 fl-3m .... ~ 
2.2lTflij 3-4 lTl16~rh~1'U9i6t1'U lTl16~'liA'lJl1""1J1A''U ~~'U 611l;fl1 D'U 1AU1CMV 1l11'tl&CMV fl1'.i'liA 

'lJ111'U h~iY'IJ'U1AL~fl &Tl1tNiY,j'11V~'Yilfl1'.ifl::&'t11::U'tl~'liA'lJ111'Un'tllL~V1t1'U l'lf'U lTl16~iY,j'11~ 

" '"2.3.1.5 	 fl1'.i&Wfl'IJl1'11fl 

""':'1 ..... " ... "44"fl1'.i&Wfl'IJ1111fll1J'Ufl'.i'.i1l11iUVfl'IJ1111fl~6fl\llfl'IJl1tAlltll'tlA ('lJ11'IJ11) 

... " 1 " :'1 • '" Y QI 	 ,QI 	 'I"\llflfl1'.i'IJA'lJ11 	 AV'lJl1'11 flV::\lfllWflllJ'U 'IJ'U1AAN"I lfl'.i6-31Wfl'Ul111fl L'if\Pl:: LLflH'IJ'U1AAN"I 

o , '" 1 "'. tI · '" , '''' ~ :'1 " '" "'I 	 •'t1Hl'U'.i11lfl'U 	 AVllff1'U '.i::fl61J l'if'U lfl'.i6~'IJ'UmVU1J1JAl-3"1 0-3 ff'U tlJ'UA'U , .... ~ l11fl1'.i't1Hl'U 

http:fflll1'.iO
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, d" Q' ... I Q , Q' QI' 

f111lJ'tHJlJ UllJflfI'lJl1f1f1f1..:J ('ifl lJ1..:JlJ'::lff'! UfI::f1W::, 2539) Ufl~::lJ~flflOfll'UflO'HO'lJtN 

JI Ji ~ , ..I 0 1JI' JI ~ .... ." ~ '" 0 ~ ..I 2
'lJl1ffl'C]f..:Jl Uff1U\1\11 'HfJWfll1lfl::'lf11'lJO..:J'lJl1UUflflfI..:J 111":t:fll'ff'\l11UUtJ..:J~11 U\1~::~O..:J 

'" JI 1JI , 1 '''' '" ""1 JI "I '" '" 'lJfI'lJl1ffl' 'H'lJl1111'1:t:f1Uff1U 'H\\jtJ..:J\WlJU, flfl'lJl1'lJl1 &um:t:U1Ufll''lJfI'lJl1fll'UflO'HO'lJO..:J 

JI tllJ2"" JI l .... JI 0 lJ1 "I .... lIJ''''
'lJl1UU l'UOfl~10fl11lJ'OU 'lJO..:Jm::U1Ufll' f1tJlJ'lJOUU:::Ul f11' 'lU1f11 &Ufll''lJfI'lJl1 llJ10U 

'" .... ....
fll'UflO'HOOO\1H (lJUfI' llJ1f1lJ, 2500) 

l"
"'" 
"" 
f) 00 ;'11 

o~oo 

. 
'" ......... JI '" ...
m'Wl1 2.2 m'lJ11iffm1 (~O, ~OO:::1110, 2528) 

'" ...., .... JI .... ., JI Ji ..I .... 
m,1Oflfll' lfftJ'HltJ um:t:U1Ufll' ff'lJl1 f10fll' UflO't1 O'lJO..:J'lJl1ffl' C]f..:J\1lJ~fI 

• JI.... ., JI l..1J1 ..I .... A~ JI., ,~
flO,lf11'lJl1ffl' f10fll'UflO'HO'lJO..:J 'lJl1ffl' f1tJ\1'lJl1ffl,\1lJlJ'lJl''lJl1'HOlJl0 ll:l::'lJltJ f11Unfl1 

.,l :, ." .14 " 1 r. 1 4" atAl rQ#11f11011 'lJl1ffl,\1lJmlJ1W fll 'UflO'HOUOtJ f1tJ'lJUflOU UO, :::U1um,ff'lJl1 l1lJNflflOm, 

QI JI .... ~ QI t .... QI A..,<!
UflO'HO 'lJO..:J'lJl1ffl1f10 'lJUflOUfll''lJfI'lJl1 UfI:::'lJUfl6Ufll10:l::1\11:::111aoo (O\\j\\jl1'lf0l1Ul, 2541) 

.... JI "I .... JI "" ~ "I d
ffl1119J'lJO..:Jfll1UflO'HO'lJO..:J'lJl1 &um:::U1Ufll,ff'lJ11 011l1l:t:10fllJl1l10 fll1Uflf1l11fl1tJ &U'lJO..:JllJflfI 
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'" 'JI • "" 'JI ..; "" 0 1-~ 4 ... '" 'JI"; .r .PflUI1'W I'll flfl'U11flO'W m ~'U1'W fIl'HY'U11 'VI'l1Nfl'VI1 l1lflflfll7 UV'!flHfl 'UtHl'llflfl'U11'V1'lJ1fl'U'WUt11 

.or ... , 'JI 0 .'1(.1'" ..-, "" 'JI "'''" <II 'JI 'JI , ... .l/
lJ~~tI 'Wfl1'Wfl11'l1'.111'W1t;y'U0{Jt;;jlJ{)'UV'!flU 'Wm~fIl'HY'Ul1 fl'llNflfll7UV'!flHfl'Ul1fl1t11'.11'Wfl'W C)f~ 

.~ <II '" 'JI ... "" 'JI ..; t .I~
lJ7'lJ1WfIl7 UV'!flH fl'U O{J I'll flfl 'U 111'Wf){j~lflm~ 'U1'WfIl7 ff'U 11 'VI'U 'WV'! O'W fIl7 fl~l'VI1~llJflOfl Ufl~ 

.,r'WV'!0\JfIl7'tifl'U11 ''W 1 Hihr11'U\J1fl 'my '\Ji~H1fl'U0'WUri'W ~ff,rl1 1fltl,;r,rl1fflt1-W'Wl'Ul1 

... , "" ... '" 'JI ..; t .I~ t ..; ... 
flOfl'll~ fl 105 'W'U 11'l1f1l7 UV'!flHfl 'U O~l'll flfl'Ul1'V1'U'W V'! O'W fIl7fl~''VI1~ llJ fl Ofl Ufl~'U'W fI O'W'VI fIl7'UV'! 

4 QI ~ " 0 QI .. I QI.t t ,
'U11 'lIfIl7UV'!flHmOtlfl~ 3.62 Ufl~ 70tlfl:: 25.34 V'!1'l1fl1fl'U (lJ7~ff\JV'! '1I'lI ~H1t;y, 2544) 

m~'U1\Jfl"ff,r11 ~~1I7~flo'UA1t1 Uflfl'UJOtlfl:: 23 ,rl1m;'v~~or.lfl:: 77 ,rtmh,rl1m;'o~ 'lI'tifl~:: 

'Ail117::'lJ1W~~Otlfl:: 8 Ufl:: 'A,r11ff17 71'l1,r1111fl1t1lgfl~JOtlfl:: 68 

. . 
.c::I • QI OJ 

II1ftfl 2.3 lfl7V~fl~I'VI1~U'U'U\Jfltl1~HlJ\J ('ilm 'ilflfl~"'lfl, 2528) 

2.3.2 fl11n::ml::,uaon 

<4 d .. A tI 1 '4 A"
fl11'l1\JtI'lI'lI 2 U'U'UflV 'mV~fl::I'VI1::'U11U'U'U 'lIH'W (Abrasive disc) Ufl::lfl7V{Jfl::L'VI1~'U11U'U'Uflfl

'II 

... _I~ 1'4 .14 1 1'JI... '".1 'JItlH (Rubber rolls) lmV~fl::''YI1~llJflVflll'U'U 'lIH\J'il~fl::''VI1::llJflVfl fltl '.I1flflllW::lJflU.lLlIflfl'Ul1 
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t "d4" fA" d" .. 14 QI 0 i ~ ... I d 
'VI~fff.l~fllU'VI1l'lm~11~1~'H11~Wf.ll11l11lafl'lJl1Ua~llJaf.lflUa~afl'l::lW~011'VIH1U flrJ'VIlJalrJtllafl 

" .... _I'" ~ d .Ii", '" " t .1"" ..i. I
'lJn'lJtlflU'lJf.I~llJaf.lfl'lJf.I~f.lmllafl'HU~ IU1~'H1H011fl::t'VI1~nJafl'lJ11UU IlJaf.lfl'il~gflflfl'VIlJalrJ 

.J~fff.l~~lU 't'hhl',t!af.lfl~'lJtltlUf.I~"flflf.lf.lfl'illfltlU ua~'t'h''lflllgfl.u'l1fl~f.I~ 'Hllflf.lf.lfl'illmt!af.lfl 

AlA QI J" r " ....1 d .J_ .. " , 
O11ma'Vll~llJaf.lfl afl'l::lW::::U'il~flUf.lf.lUUa~'il\lfl'lJnff1UlJalrJ'lJf.I~l)Jafl'VIflflfltlflUf.lf.lU'il~'Hllflflfl 

QI 'QJ' 0 A 0 " ='IGI
f.lf.IfllllfltlUfl a tI ff1U'H a flO1 1 'VIl~11..1 'lJf.I~ 1m f.I~fl~1'VIl~ 'VI 1 01 1 fl~ t'VIl~fl1rJ~flrJHllJUfl1fl~I'V11~ 

A~I'liU.fl1""~ 2.3 'il~lilu '~11 'H1fl;j011t!rif.lfJ.u'l1Lt!af.lfl a~ltJ1u'lif.l~1:.m11~~flrJl~,j'fI.u'n ~'H2JU 
...." ~ '" ..l., .... .1""" .... ~ " "" fl1 ~flU'lJl11Ua~llfl111l1111 f.ltI'H 2JU'VIfll~flU 1lJaf.lfl'lJl1'il~g fl'lJtlfl1Ua~~ fl f.lf.Iflfl1rJH1 ~1~ f.lU 011 

_I'" .1",,, "',~ " ", ........ I... .Ii .1~1 ..i
fl::::l'VI1:: IlJ a f.lflU tI tI 1..1 IIIa fI'lJ11'il :::: lllll 'il\lfl'lJl1ua~ flU f.I f.lU 'H rJflflfl1l1fltl 1 lJ a f.I fl'lf.:JlltI tlUllJ 1..1 llt1tI 'VI 

,,, l1l:I 4 
. .Q'" Q 4Ii ,.... ~ 

. i 0 

UfI'lJf.llffrJtmf.l.:JUtltlUa::::~flrJ1~1l11fl1flf.lU'lJl~~~ ua::l1011fffl'H 1 f.I Uf.lfll1'V1~~ 'W'Vlllll'illflm~ 

ff~Im l::::M'flWfflltl1i'lJ f.I.:JrJ1.:J')1\jfld'il~ hl'lJrJlmi11rtf.l'~i'tlfl111l~f.lU 

2.3.3 fl11ift'U1l 

.... ":'1 " .... .r A ..l.~1 toy' ~ 
011 'lJfI'lJ11'lJl1 llJU'lJtl1U 01 1 11..1 01 1 'lJ fllU f.lWf.l 'VIllJU'lfU1l'lJf.I.:J'Ul1fl"f.I~ 

"1.1 .!I ~ '.1 ".~ t ".1'" .... ~I ...
f.lf.Ifl m 'lf~lIf.l~ lJ1~1l1W 8-10 1f.lrJa::'Uf.I.:JlJl111W'VI.:J'Hllfl'lJ111lJaf.lfl O11'lJfI'lJl11lJU011'lJ'Uf.I1 

.r A t ..i....... "''' "I .... t ~ , "" ~ ~ 
11..1 f.lWf.I'lfUU f.lfl'VIfl flfl1J111afl'lJl1f.1 f.lfl ,t! O11'lJfI'lJl1UUllf.lg 2 'lJtl1U O11flf.l 'lJtl1U011lffrJflff 

(Friction process) 'Utl1U0111ffrJflff 'il~f.llffrJ0111ffrJflff tlUtf.I~'Uf.I~lllgfl.u'l1fl~f.I~ 'il~gmifli1tlU 

.fl1rJ1Ulflif.l~,j'fI'lJl1'th1'If.u'l1mff.l~lijrJfllffrJflnu lla::::;jfll1 'H~U'lJf.I.:Ji1u ,j'fI'lJl1;~ '~til1'If,ru 
.rAt "'" .... :'10" Y. "t ~I"11..1 f.lWf.I'lfUU f.I fl'lJf.I ~11lafl'lJngfl'U fI f.lf.Ifl1l11lJU 11'Ul1 'ilU 'Ul1flaf.l~UU f.lf.Ifl1l11lJU'lJ11'U l1UfI ~ 

'lJtl11.Jfl11,j'flff (Abrasive process) 'il::lrlUfll1,j'fI'Ul1~1-NmrflO11,j'flff ifltlf.l1ffrJm;flO11,jflff'illfl 

Q.. d O.Q .Q 11 .d G) ClIo Go' ~ l. ... 14 
fl1111flll'lJf.I~'HU'lJfI'lJl1 'VI'VIl m fl'H 1..1 01 m .... 'lfma::::'H 1..1 O1flUn1'V1f.1fflll1..1 ~fl'HU 'Ufl 'U 11 'lf~'lfUllJaf.lfl 

" "2 QI QQI ~ tA d111l'lJf.I.:J'lJl1fl"f.I~ 'il::::g fl'U fI 'ill flfl111l flll'U f.I~~fl'H 1..1 'UfI'Ul1 f.I f.lfl1l1'V1f1 ::::')1UL1 f.lrJ'l 'il 1..1 'HlIfl f.lf.Ifl1l11iI 1..1 

0,", QI.d QJ/ QlfI 
11'lJl1 fI~.fl1""'VI 2.4 ( .... l'VI....tI f.ll1::::1flU, 2533) 

(1) 'lJtl1U0111ffrJflff (Friction) (2) 'lJtl1Ufl11,j'flff (Abrasive) 

,...... .... 
II1ftfl 2.4 'lfUfI'lJtl1Ufl11'UfI'lJl1 

http:O11'lJfI'lJl11lJU011'lJ'Uf.I1


":'1" d,"ll'ltJl'U 'U 'U 111lJfI~fl6'U 'U 1~ til1 

"'...." ... .t2.3.3.1 	 lm6~'U~'U11'U1111'U'U\1fl'H'Ufll 1tJUfl'UA~ 

Ifl16~,j~'U 1111'U'U \1 flil 'U fl'j 1tJU fl 'U;~ IrI 'U ~U tJlJ 11 fI::: 1oN tiu 6V1 ~ 
, 'I 	 AI " .... d '" QI ... '(1 :JI d '.1 dU'n'j'Hf11tJ l'U'U'j:::1l1fl' 11'ltJ ~~fI1'nl'l 2.5 lm6~'U~'U11 ')f'U~'U'U'j:::fl6'U tl1m'Hflfl'Hfl61'Ufll1tJl'l 

4 " ... ...' d ''I "" ... QI :'1 ..!!lflfl6'UA1tJ'HUfllfl1'n')f'j A~6~'UU1'nfl11'16~ lUUU1~~ 'j6'U\1fl'HU'U~'U11 ~:::l'UUA::UflH Ii]f~ 

• ~I' .,. • 	 0 ,,r, Q,f ~0,1 

A:::UflH \lflU'U~1'U'Un1Wl 1~tJUl'l~tlH'U~'U11 Ufl:::~1'U1'U'U6~Ul'l~tJH 'UU6~fl'U'UU1A'U6~\1t1'HU 

Q,1 0,1 001 tI d 	 . 
'U~'Ul1AllJfl11lJnlJ'nU1JnlJfll'jl'l (2.1) UfI:: (2.2) (Harry Th and L. van RUlten, 1981) 

o 	 I .... 

~lU1UUl'l~tlH'U~'U11 	 (2.1) 

100 

fJ!' 	 tI ~ Q,f ~ ~ 
'UU1Ulff'UNlfJ"t.JtJflflH'U6~'HU'U~'U11 (lJflflllJA'j) 

o 	 I ... _______________________ -2 
~1'U1'Ull1'1~tl1~'U~'U11 	 (2.2) 

100 

~lflfl1'Iffm:1 Hl'U 1ifJ~1~fJ1.u'6~ti'Ufll'j ,j~'U11 'n'U';hfllnj~'U11~1tJ. 	 ~ ~ ~ 

lfl1tHfr.u'11 11'U'Um1tJilul1fl'Ui~ UU,Ufll'j,j~'U11.u'l1m~'6~UUfl1'j lcNl1f11 lUfll'j,j~'Ul11lifl1'j 

Q 	 4S d ~ fJ!.d.Q 11 ,Q QI d 4 d.Q..J!
1fl'U 2 'U11'1 UfI:::fl11lJlnl')f~lff'U l'l N1'U6'Utll'U'U'U 'U6~'H'U'U~'U111'11'H lJ l::nlJ 'H1fllJfl11lJL 'j 11')f~lnU 

d... ""..r 0 'I " ...." ".1" d ... .J! d... ... .... " l'lN11'nlJ'UU ~::l'lll 'H fll'j UAfl'H fl'U6~'U11 1J1flAllJ l1J~1tJ fl11lJI'I 11')f~1t1U l'lN1'HU'U~'U11'U6'U 
" 	 I •.JJ. 	 4 '4 I 4 ....'1' QI .:I Q,oP' .c::I" 2 ~ 4"0 

tl1U'UUl'l1'H1J1:::nlJ~:: 6~1'l 12-} 5 llJA'j A6U11'1 UfI::'U ~~ fJl'lnlfltyA6fll'j n'U11t11tJlfl'j6~n'U11U'U'U 

A... .t 4 .., l'1" 14 ..!!.., ~ d ...."" '" 
fll1tJ'HUUflUA~fl66Anfll'j 'U6'U'U111'Ufl6fl 1i]f~6Anfll'j'U6'U1'l1'H1J1::fI'lJ A6fll'jfl''Ul1~1tJ lm6~ 

fr.u'11U'U'UflntJilU~::6d~ 400 fl1nfli'lJ~6,t11lJ~ (t1'j::ffU~ 'ljlJ'~'H1% 2544) lfl16~fr.u'11 u'U'U 
~ ~ 	 ~ 

fll1fJilu uflui~u'U~::ihh'UtI'j:::fl6'Um;fll'Uflln'i1~l'Ui~il 

Tuk
Rectangle

Tuk
Oval
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If) • t 'I ~ I"~ I" " tl'14 If' 
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~ " • •• lit ," Lt. Lt. "I 
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" 
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o l F''' 0 " 0 Pf' Ii ry Il> 0 Y 

~n.ttUlIllt-@n.t~ll.lI.L!~rtY tLn.~~rtml~@IA.LttULIA. tLn.~n.HlIn::1j Il>~ 1i:;J10101b 0 111) ",,16 "'p" 

tLn.~n.HlI1t::1j (I ,.. 
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A 

. 
Q QI QI 

.fl1'rtfl 2.6 Uff~'HHl'J:jW::'\Ifl.:Jfl::um.:J'\I~'\I11 

2) fl::UflH.,j~'\I11 

fl::UflH.,j~'\I11 J'U~:: t .,r.:Jl't.J'.h1Jn1.J U";.:Jtll.:J.,j~'\I11~.:JlrJ'U~h'U~'Yil 
'JI d "I d 'JI 'JI d 'JI ~ .9 QI "I_I

'H'tHYI ')j'::,Wfll'.i 1'I1r1 '\Ifl.:Jl1JrI~'\I11flrlfl.:J '\IW::'YI'\I11flt1fl.:J'Hld'UI'VW'\l~'\I11 I lJfll1JU H'Hld'U'\I fl.:J\1fl 

.QQI "1 Q.I I Q.I ~o.l a.c::s,. 0' 41'1 Q.I 

'H'U'\I ~'\I11 ItJ'.i fl1.JU fl'U '\I~ U'YI.:Jtll.:J'\I~'\I11'U'U'YI1'\l'U ~lfltll.:J 'H'.i flflrl 1 ff Ifll1J fl'.i l~fllJfl.:Jfl'U fll'.i 
Q.I d fJ} .d. .te::I.te::I a a d. I' QI QI .Q QI 

Uflfl 'H fl'\l fl.:Jl1J rI~ '\I1111rl ::1~1JU '.i .:Jlfftl~ ff 11Jfllfl rlfl'U'YIN1'U '.i:: 'H 1l.:JU'YI.:J tll.:J '\I ~'\I11fl1.J\1 fl'H 'U '\I ~'\I11 

1~tltJfl~lfl~fl.:J.,j~'\I11J'U fl::um .:J~::ffl1J'.im~mJ~~'UrI.:J1~ l~tI~::lhll'U 1'UU";.:Jtll.:J.,j~'\I11 t 'UM'fl.:J 

.,j~'\I11 '\IW:: 1;ltl1n'U .,f11flnfl.:Jffl1Jl'.i O~::iifll'.i~nfli1fln1.J1~ Uri:: 'H lflii~l'U1'UU";.:J tlH.,j~ '\111 

, 0 '1 'JI d 'JI QI QQ.J , QI dQ d Q.l d 'JI QI :'1 
1Jlflfldl'YIl I 1111JrI~'\I11\!fl'\l~ff~'\I'U U'YI.:JtJl.:J'\I~'\I11 'YI1Jfl1l1J'H'Ul'YII'H1J1::ff1J ~::1J~'U'YI'H'Ulfl~ llJ'U 

d d ... 'JI Q 'JI .Ii 'JI.Ii ''1 'JI:'I _Id d .J .9 
ltJ ffI'H rltl1JN'UNl Uri:: flfl~l'U 'H'U.:J~1'U 'H'U.:J'\Ifl.:J U'YI.:Jtll.:J I 111lJ'UllJffI'H rltl1Jfl H'Hl.,!'H.:Jltl'\l'U 1~ fl 

fffl~l.,flt 'U'lffl.:J'\I fl.:JU";.:J 1r1'H:: ~'Yil~lfl1rl''Hlfll'Hgfl m~~ 2.7 U";.:JtJl.:J~~fl~n1.Jfl::UflH ffl1Jl'.iO 

Ifl~fl'UI.,flUrl::flflfl 1~~tliiiifl'Hld'UtJi'1.J.fll~~ 2.8 U";.:JtlHU~rI::u";.:J~::iiiifl'Hld'UtJi'1.J 2 O.:J 3fl'U 

dl 0 fJ} d ... lQ.I I .Q QI ~ .QQI QI 

C)f.:J'YI1'H'U1'YIlJ'.i1.J'.i ::tI::'Hl.:JUrI::U'U1'\1'Ul'U'\I fl.:Jrlfl'H'U'\I~'\I11 (N~.:Jfffl~ 1l'U')j'')j'.:J, 2535)
... . 

, 
'QIQ QI

Ill'rtfl 2.7 rlfl1:lW::'\Ifl.:JU'YI.:JtJl.:J'\I~'\I11 

http:ffl1Jl'.iO
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. 
A '" ....

2.3.3.2 lfl'n)~'UfI'Ul1U1J1J~fl'H'WUfl'W'Hl'W 

lfl~fl~,jfl'Ul1U1J1J~fli11JUfl'W'Wfl'W ltJ'Wlfl~fl~,jfl'U11~111i'1Jfl11:UUtl:u 

1 .1 1'" '"' .It 1 '" r. 0 '" .11 d.... '" " 'WlJ '.i:; lYlff Yltlfl fl'lf'W fI 'H'W ~ fI tlfll'.i 'Ufl 'U11'W'W fl 111 11:; Yllfll'.i'U f1'1'J1t1 11 fl'Wl'H'nfl ~fl'H'W 'Ufl 'U11 

. ~ .1 I " " ",.It ... ",.r"'.1 1"lJ'.i :Ultu fll'.ilJ'nfltl'U111'Ul1m:;flflfl1l1fl'H fl~'Ufi (l]1~:Ufl~'W L'WlJ'.i:;lYlff Yltl 

A a" ~ ~ 
1) lfl'.ifl~fl:;lYl1:; ff'Ul1U1J1Jlfl~lfl'n1Jfl'.ifl (The Engleberg type) 

A a" ~ '" ~I A "'0.11 d I 
lfl'.ifl~fl:aYl1:; ff'U11U1J1Jlfl~lfl'n1Jfl'.ifl 'lJ'W'fl'.ifl~YlYll'1'l1t1l'H'nfl'Hnfl 
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..!\ "'91 .f tI ........ 

In'rtYl 2.9 1fl'rfJ.:JfI:m1:ff'U11U'U'U 1fH1fl"'UOlfi (ilm 'ilf1f1:::'Vi1f1, 2528) 

2) 	 1f110.:Jff.,rl1U'U'UfJ'VifJ"1a 
1fl10.:Jff'1i'l1U'U'UfJ'Vi01" 1~'U1fl10.:Jff.,r11 U'U'UoUflff 1~tl1~gfll1'UoU~ 

jI 	 daS' .t ~.: 'I ~ OJ " 44 Go'

'Ul1'V1lJ ff1'U NfflJ'U fJ'il1 'U fIlfl1'Vi'll'1 'lf~f11'UfJ~11 'UfIlfl1'Vi'll'l'U fl11lJfllJ ff1m Hl L'1r L'U fill 'U ~'U11U,,:lJ 

ff1'U,jl:f10'UfioUN'UtlHoU~'U11 i.:Jm'Vi~ 2.10 1fl1fJ~ff.,rl1U1J'U fJ'ViO 1"1J1.:Jlfl10'i lliijfffl2'Jf1tll'U 

.!\ d 91 1 .<\l '12 91.!\ '" jI 1 ,.~'" '" fIll1f1 "O'U 'UO~llJ"~ 'U 11 'U11'U1'U'U1'U 'iI.:J L~OOflU 'U'U ffl HlfllO.:Jff'U 110'Vi0" " l1lJ:lJlJ'Cl1~WtI~ 

" "'OJ ,,91 '" .!\ "'91 .f tI 'AI'! 91
1:::1J1Jfill 'VI 1.:J1'U'0:lJ "f1'1:l W:fIll 'VI1~1'U fI"1 tlfI 'lJ&fI1O.:Jff'U l1U'U1JW.:JlfI" &'IJ 01fI UfllJllJ1W'UO.:J'U 11 

il:a1f11!Otlfy;h U":::l~'U~ijtllJ'~n'UlJ1f1,'U,jl:::&'VIff''VItIlm:::,j1:::&'VIff&fio'U,r1'U ~'i11N'UtlHoU~'Ul1 
t .I..I"; 'I 91 'I • OJ .. OJ jI"; 91 91 .,. 

'U'U ff1lJ1 1 fll1 1 'lf01m::: llJ " tl'U L~ ff::: ~1m1m LlJ U'Vi'ilJ1f1'U f1u":::g f111 'U 'U~'U11'V1 'Vi OfllllJ~1t111'U fIlfl 

d 0 191 1 ''1 9J .Js Q. 1 C\ "QI 	 4.e:f Q 0
1'Vi'l11 f1ff1lJ11f1'U1f1"1JlJ 1 'l1.:J 1'U l1lJ L~ 1lJfJgfl1~lJlJ fill fffl1110 ~tlflll f1::: 1'V11::: 11 'U 1~lJ00fl1m1'V11 

fI11l1'U'ViOfl' l1lil.,r1 11.1''UUfI'U1l1~fI1~lJ fI1nh.:J1'U 'UO.:J o 'Vi 0 1 ",r'U il:::l~'Ulf110.:Jff.,r11~~m~0'ii1.:J 
f111oU~'U111~ tll'i1f1l1 nO'U .,r111,j~Ofl1~ tl.:J f1:::&'VI1:::1,j~OflU":;oU~'U11~m~o.:Jn'U,,j u ,,:::ifl~ ,jfl~ 

I f~'" ~ Q1 "J. do" -=' " ~ OJ 

~:::um.:J1fJ'U 0~'VIff1'U 'VI 1t1'U O.:Jlfll O.:J 11"
QI

'i '0 1f1f1l1'U ~'U1111" 11fll O'i fI '0::: 'VI111 'U 1'V11WfI'U11ff11'V111f1 

.!\ jI d d 91.1 OJ 

1'Vi m WfI'U11ff111f1lJ1lJ"~u,,::: 'U11lJ"1tlOOfl '0 1f1 f1'U 
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............, 

, . 

... 4 ""51 l' OJ ..,

.fI1'VtYl 2.10 lfl'H)~ff'Ul1U'l1'l1f)"W"" "" ('ilfl'i 'ilnn::.."n, 2528) 

c::t I d til Go' '4" QI d .J d d QI

1JU~'Ul'11""n l'Ufl11'U~'U11 u~'iI::1J'I1m'U~'U11lU 6l'11mJ1Ju",,:: 8 l'I1""U1J lil'U~::llnH'YIffl1Jllf)U'.i'l1 

'.i::U::1'U fl1 '.i 1~1J fl1 '.i'ti~'Un1It~U'I1 ~nfl1'.i1'U fl1'.i');'~1'U 'iI::nlfl1'.iUri flu,rnff''.if)f)n'il'm1'f)~'ti~ 

http:iI::nlfl1'.iU
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,; 11 "" ... d ,;.... ....... _I _I'; ...... ,; ,; ~11o,';

91 flfll '.i flUfn N 1U 1 9eJ1fl tl1'IHJ~fl1.J m '.i lJ1Yin l'HllJ '.i llJ'lll1'11'.i tJ n'lll1U1l1 ltlVl1 '11 

<9 d _I'" ,; .., ~I""'" dO,';'; _I'" ~I
VI'.i 11.J (1-3 fl'.i ~ 1.J 1U fll'.i VI Uti flL lJ II tJ fl'll11Ull~fl'.i ~1.J1U fll'.i tJUIlJ U 11ifll'.i VI Vl1 '11 '11l1llJ lltJflLlJU 

,rl1n1'.i~'WftJlJU1'tJ~~AlJ'UmZ1.J1Ufll'.iff,rl1JU'5'U~tJU~fh'~lflflfll'.iU~mffllJ1fl~'1f1fltJ 
t .., A,; ~ 11 "" ... ,,; _I'" ,; ... I ..; ~I'; 11 ~_I<9 ~,; 0 , ,; "" 

'llU~tJUfll'.i'llfil'lll1 .-3'lll1ltl\lfl'l1U'llfil 'I1llJlltJfl~lJ'I1'.itJn1UVlllJU'lll1flt1tHOtJflllJ9-3 lflVl1 'I1lflfl 
t • " tI • 

fl11lJftJU Ull~lflfilfll'.i u~flf l1UllZl1fl'Ufl'1f1fll'.i 'tifil'lll1ii;h!Ufl1'.iiifll'.i 'tifil~lU1Ufli'~iil'l1lJ1~ 
r: QI, QI ~ I ....... QI , ,; "'" ,; ~ I'; 

Ull~U1'11Ufl Ufll'.i'llfl'lll1llJlJ1flUfll'WOllflfll'.iU~fll1flUllZfl11.JfJlJ l1f;jru'l1fJlJ 111'11lJ1~nlJ llJ'.itJU 

lflU'tJ U~~~Y,fitylJ1fl~~fI'U fll'.iff,r11f{1eJ1fl~ tJ-3ff,r11~'~tlfli1UfllflL'W')f'.iflOfl11lJ1L~-3'lltJ-3t1fl 
"" ..,,; 11'" d ~ , d "" ~_I I ... ~AI..A 0''; QI t ...
'I1U 'llfl'lll1ltJ-3 '"' tJ-3lJfl11lJU'll-3 llJU'll~lJ1fl9UlflU llJ Ull~O tJUlflU llJl'W tJVl1 '11 fll'.i 'llfl'll11U Ulflfl 

, • .." • ..,"4 0.11 .ct" Got jI d
ff1U ff1flty U fll'S Vl1 L'11 lflfil fll'S U~fl'l1fl U m~1.J1Ufll'.i ff'll11'111fl9~1l flfll'S U9Ifl'l1fl'll0-3'll11n1'.ifl 

... "" ... ;,! !'II ... .., _I _I'; _I'" 'I'; ~,;
fl1'S'W 91'.i(II1t1fl'I1U'llfl1l111lJUtJUfil1.JU'S fl 'lltJ-3m~1.J1Ufll'.i U lJ '.illJ'll111lJ lltJfll'I1flll1t1llJU '11l1ff1'S 

... .... 
2.4.1 U1J1Jgo11UU1-nU8ugmVlul (HorIZontal Abrasive) 

..A "''; A.....f......,; .,; ..; ,; _I'" ... 
lfl '.i 0-3 n'll11U1J1.JU 9~lJ'I1U-3t1fl'l1U'llfl'll11 9ZVl1l'1U1V1flZlYI1Z '1111llJllO flU ll~'llfl 

,;.., ... ~I d I ~ QI ,;... I QI ..f ..,
'1111'll11911t1 fll'lU ;)ZllJUl'I111fll'llltJVlHfl'.i~1.JtJfl lJfl111V11t191flO~fl1.JUflU l'Wll .~ 9Zl'I)JU'llU 1Ufl1.J 

,l ... d 11 ... .... '1.';'" 'I 
'WU'S~U11.J'S01.J1N11l'lllflVlHm~1.JOfl9~\Ifl'WOfltl1t1l'1Ufllfl1'W')f'.i l'WtJ l1lJfl11lJfllJ lUfllmZ1Y11:: 

_I'" QI "" I 'I d ..; ,; I ~I ...... 
llJll OflUllZ'llfil'll11 t/fll1 U 9Zl'I)JU tJ~fI1t1lUl'I111flVl'S -3m Z1.JOflVlfl1Um~llJU91::Ufl'S~l fllllJl'I'S otJ11'.i 

..A ,,;. .... d ,; ,;,; ... ... , 
l'WO l'I '.ill'l tl11JUllZ'.illlZltJtlflUtlmHlfl91fl1lJllfl'll11f11U'll H'lltJ-3t/fll'lUflZl Vl1ZlJ tlfltlH1N U 

UU1'llU1U~1l0filfl11lJtll1t/fli1U tlfltl1~i-3flrll1ii~lU1U 2 l'I;tJ 3 Ul1-3 ff1lJ1'.i(ltJi'1J'SZtlZ";1-391fl 

tlfli1u'f{911lJfl11lJAO~fll'.i'llmr:f\~-31U lfl~0-3ff,rl1U1J1.Jtlfli1UUU1UtJUtlfl1f.ltl1JU ~o~'tifil~Z\lfl 
III 

tlfli11fltl~fllllJtlfltl1fllfl'~hu'll0~tJmtJ,r111m::,r11~UU9Z\lflfifillWflOOfl91fltiulf1t191~um-3iou 

http:n'll11U1J1.JU
http:tJUfil1.JU
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2.4.2 Uuu9fti;"mU1UtlU 2 9ftllomhu (2-Horizontal Abrasive) 
.. at91 ~ q All wSI 0 AI.Q .Q 

lfl'!itl~t'I"111U1J1J'H)::lJ~fl'HU'\IfI'\I11~lU1U 2 ~fl fltl ~fl'HUfl::LVll:: UfI::~fl'HU 

... 1...... .Ii 0 	 'JI .lid 2''JI 	 ... 
'\IfI '\111 f1l1lJ'Vtfl fllJ~fI fllfllffeun::Vll fll'!i lWflUflfl1J'\Il1tltlfl ~lfl'\ll1fll;1 tl.:JVl fl:: lVll:: U 1;11 fl tl U \l fl'\l fI 

'\I11ff.:J 'UJ~'Qfll1UtUfI'\I111rltl~hu 'Qfll1UtUfI'\Il1UI(1Uflll1.,r11~::\lflUlIfltltlfl 1f1VfI:Ufl'!i ~ltlU9itl'U 

2.4.3 	UUU9ft;;UUUlUtlU 2 9ft1Ulfl~tl'l1AOlnu (2-Horizontal Abrasive Compact) 
A ... 'JI .:...... ""... ... ... 

lfl'!itl~t'I''\Il1U1J1JU~:lJ~fll1U 2 ~fl fltl ~fl'HUfl~lVll:: Ufl::~fl'HU'\IfI'\Il1 

1fllIih;f1f1lJ~fI fllfllff~~~::";lfll'!ilWflUflfl1Jtltlfl~lfl.,rl1~fl~1Vll:ml(1 ntlU \lflff.:J , UJ~~fll1U tUfI 

2.4.4 IIUU9ft;;UIlUlUtlU 3 9ft (3-Horizontal Abrasive) 
... III ~I III ,...... III ~I ... III A , 'JIy' 

~fl'HUfl1UHllJUfl1fl::lVll:: t'l'1U~fl'HUtlfl 2 fl1 ~:llJU~fl'HU'\IfI'lJ111'Vttl 11'1111 

... 'JI ... 'JI 0 , 'JI 'JI d,lI'" d ... A' ... d 'JI 
lJfl11lJ'\Il1f11lJfltl~fll'!i fll'!i'\lfl'\l11U1J1J~:Vll l1'\111Vl t1 lJtjW.fl1'VtVlfl'\lUUfI::fllmflfl'HflVlUtllJ1H 

2.4.5 	I&UUl,j;;uUUlUtlU (Horizontal Dies Double Pass) 

A... .:... l' ... , ~ d 1
lfl'!itl~t'I'U1J1JU~~lJ~lUfl::1Vll::U1J1J lJ 2 'Qfl 11~fl1 UUU1f1~1JU1'VtfllVll1~U U 

QI QI .o..Q "4 ,.J JI.1I 
UU1U tlU ~lflfl1fl~lVll:fl1m fl1J'!i l1WIl-I1fl:1Vll:: ~::'Vttlflfl111'HU fllfl1 ..... "l1'.i t'l'1U ~lUVl 2 ~~l1lJtl111 

'JI .. , ,. , t " 31 At r, d m~ '\Il11UfI tlfl~:: 'HflIl-I1U"l1tl~'!i:'H11~~lUVl.:Jt'I'tl~ fll'!i 'HflIl-I1U'\I tl.:J'\I111Ufltlflfl'!i ~mfl~::Lilufl1'.i 

fl~lVll::ml1Uatlfltltlfl~~~:: 'lI.,rl1fll(tl~11fl::'l11.,rl1fl"'tl~ ''HfI~lUl~Uflf~~ 2 1~Ufl1'.itUfI'lJ11 lf1l1 

"" ... • 'JI d ,A I "" " • AI " lJ ..... fI fllJ~f1 fll fll ffVll'H U1VllWflU flfl1J tltlfl lJUfI::lJfI::Ufl'!i .:J'!i tlU Ufll '.i 1Wfl'!ilUfI:lJflll1'\111 

AI.o!I ......, ..
2.4.6 IlU1J,ftOHft::n11::IUiltlfllli.l::,ftl1U'UV)'UllIUUUlU6U (Rubber roll Huller 

and Horizontal abrasive) 
A':"" , .... III" c:fd 

1fl'!i tl ~U1J1JU ~::lJ'Q fllll~Vl '!i ~fl'!i ::1Jtlfll1 ~U UVlffVll~m~ flU '\IllJUfl~fl11lJl '!i1Vl 

~HfiuUfI:: ~::ij'Q fll1 UtUfI'\Il1tl~'U '!i ::Ul1J lf1l1ij';flfllJ~fI tllfllff'flUfll'!i lWflUflfl1Jn tlU~~:: 
• '_1111 ....... "" " • AI 'JI 'JI


t'I'.:J lJlI~~m'U'\IfI'\Il1Ufl::lJfI::UflH'!itlU Ufll'!ilWfl'!ilUfI~lJflll1'\111tltlfl~lfl'\ll1t'1'l'!i 
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.. 

2.4.8 u'Uugfll't'l'DflIl'Ul'1Ul'UUD:gfll'ttDnifhrJH (Engelberg and Horizontal rubber 

lined) 

.,j .1... ~ 0'" "'1 1"'* ...A ~ 
lfl·H)~U'U'U'Hl::1J\1ml1l1flUlfll.H:lhlVl111h11V1 hifll' fl::1Vl1:: llJ l1flfl LLl1::1J \1m1111fl 

J 0'" "'1 ... 2 I ~ t '" 0'" "'1 0 ..1J'l'1VHYl111h11V1 hlfll'''Ilfil'tl11 ~1h1111~'tIfl~~ml1l1flVl~fffl~ ~::1JIPl::um ~Vl111 hl1V1 hifll'l'1Wm 1 L1J fl 

.,r11H1h1'V~oUfil 'till LL~lLLfll1'U~:: ~mWfl hW~fill1lJtlfilfl1fllff nflhl ~.,r11~:: H1h11tJ flfilLWfl.,r11't1 fl 

Ul1::tJ111V.,r11flflfl1~VIPl::UflHiflhl~flltJ 
~ ~. 

~lflfll'~luhlmfij~ 'tIfl~ 1Hff.,r11...r~l1lJ~Ual1Hff.,rllnjjfldlh1~hI'UVluhlthhl111tY 
, ,.. '" '" 0'" '" t '" '" 1 A'f ... 1 "',.. ~ ~,.. ~ '" ~AI~~fll1h1't1~'tI11V1111h11V1V1~A1fl::1Vl1::Ul1::'tIfil'tl11 hllJ~''UhI Hff'tlll't1h11~111fl !~VlVflVlJfilA1 m 

\l1h11h1lJ1fl ;~jjff1L11~lJn1fl1Hff.,rll't1h11fillgfl~hjff11J1'flU,j~oUhlfi'U1 Hff'tlhl1filfl111~n'U1 Hff 

'tIhl1~1l1tY'i{ i1fY11111 i!fl"llfl~1 Hff'tlhll~lgmj~jj.,rfli{flvi{lh1 tJ,:: aVlifll'Vi1h1fl1'l' ff,rll;~ ...h1,rjj 

,.. '" A~ d '" A"I' .I! "'* 1 '" ~ "'* A"I' .1 .,j 1 QI ~ 'tIl111fllJ' lJ1W VlU ~ LL 11::flfllJfY11111h1~flfl Hff'tlhllfilll1fl flfllJtyWI hi" fl~'tIfl~llhl Ul1:: flfil~!fl 'U 

'" 2 1 .r ~,.. A 1"'* .,j ~2 0'" "',.. 0' I ... CI f'1
ffhl"l1 hi fll'CJ1flU 11::Lfl'U'tIl11lJl1flfl l'Vifl~:: l~lhll't111lJltl'U111'\l111 hllVhlflfl~l~qtlfll' Hl1lPl ~~LlJhI 

.I! ~... 1'" ~ "''' '" CI I , ,.., A"I' '" ffl'l1'll1h1~'tIfl~fll'lJfilfl '\lfll' Htl''tIhllfilLl1fl("1'\lhllPl fl~~, 2537) ~~ffllJ1'l'flfll111 fil11lJty11111l1fl 

"'" "'* ... " ~2 ~ "'* "'A~ 4 A"I' .1,2'""QI
'tIfl~1Htl''tIllflflfllH,.'tI1l1~fJaUn'ViAl flfllJlJ'lJ1W'tlll11fllJlfl CJ1~lJty111h1 ~!fl~~lfltl'fll'Vi'tltH 

• .. JI 

fJtJmwnthfltylh1fll,ff.,rllflfl ~fli1h1oUfil.,rll i~Uhll"fl1'Vln'Uil~thhltJ'::flfl'UUl1::fll'l"Yh~1h1 

....... v 

2.5 'ttWU~"ll 

... QI " .,j "'" ~ d 1Y.'l ... I" 1\l fll1h1 'tI~'tIl1't1fl~lfl' fl~ tl''tIll't1h11filll1 ml'U'Uu flhl hi flhl VI '11 I hI'::~ 'U11\j 'Ulh1 fil tl~:: 

tJ'::flfl'Ui{1V 2 fflh111i!flflfl H~oUfil (Abrasive Material) Ul1::iltJ'::tl'lh1fl~fllfl (Binder) ,rJhI 

... ,,~"'* ... ... ..., " ... tI ... tI .... 
CJ1llJhlflflflfl UlJflhllCJ1VlJ flflflCJ1fll1fl ,~ (Magnesium Oxychloride) ('Vi'VI'ViV fll'::"lhI, 2533) ltl'~ 

i1h1oUfj'tlll,rhl'rinlfl i1h1fllm'Vi~' 'tIhllfil'tlfl~llJgfilLmhll'Ufli' 12 14 16, Ul1:: 18 n'U~hlulJflihCiVlJ 
flflfl 'CJ1rllh1tlA'lfflh1 17 ~fl 3 1filV1Il11um-mlJ i{1viltJ'::tl'1h1 flmI1Lf1aflulJflihCiVlJfll1fl hrf 
fl11lJL~lJ 30 ~fl1't1fl~tJ'flVl Htl'lJhfl.,rlnhlua1UllJl'Viflfl'Uhl1flHUflhlll1gfl 'rh1,ru,r~i{lVfll'~~ 

~ 

Ufil~ ~lflUhl fl ~~1 l1'i{"IlhllfillPlllJ~fl~fl1'l' (tl'litJ i'lPlhlflltl'm. 2529) 1tl'9l,jUl1:: fflh1Htl'lJ\1 fli1h1oU~ 

.,rll~1rthltJ'::LVlff~iitJilhlff jjfll"~ i1h1f11m'Vi~'l'1'Ufli' 16 ~ 100 ff1h11~vJl11Ufl Htl'lJn'U~hI 
Q , r 4 !CIS Q , t/ d. cI d '1 ~ '" 1,,'"

'tIllflfl 20 tl'1h1 Ul1::hllLf1l1flUlJflhlLCJ1VlJfll1fl ,~ 30 ~mVl 20 tl'1h1 hI'UHflH~::lJfll' ~l1h1fllfl 

1'Vi~' Htl'lJnhl'::11':h~l'Ufli' 16 Ul1::l'Ufli' 18 fldl~l1: 50 ff1h1 1h1f11''Viflfli1h1d111i'mfl1fl~oUfil'tll1 
~ . . 

fl'nVUflhli~ (E.V. Araullo et ai, 1976) dl11i''Uf11''Viflfli1h11h1tJ'::'Vlff'VlVf11~nhl...r1'tJ1~i1h1f11fl 
tI 0 I... "0 '.1 '" tI "'*.1

L'Vi~'j''Ufl'j 16 ~1h11h1 1 ff1h1 l1h1f11m'Vi~'l'1'Utl' 18 '\l1h11h1 1-2 tl'1h1 -\j'lJllJUlJhllPl'tl1111lfl \jhl'tl11 
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, '.Q, ,r 4. .ct .ct 1 9J''':' 001 

1 ff1'U~f)'t1'Uf11fU'n')f'j 6.3-6.5 ff1'U un:'U1lf1nf) 29-30 Plfl'j 911lJ'Q'~'jU~n:fl'U'Uf)'I~'t1nf)~fl't1'U'UPl 

'U11 un:,,jihb'Uf11'j lfliif)'U~h" 'U .uPl'Ul1 tTl't1;'Uf11 n~il~~flH'U .uPl,r 11Ufl'U'U f)'U i'U ')f'U 'U'VI'Uf)'I 

U'j::1'VIR' 'VI fJJ'INil~ ~fl H'U .uPl,r11~ iifJWm'n~l 6'U1'U f)'IlJ 1'il1flfl'j 'jlJ 11fll'j Nil9l~flH'U.uPl , 'U 

u'j::1'VIfnX'U f11'j fl1'UfJlJfJW.fll'n'Uf)'I~flH 'Ui IrfJ1fUm::,jflii~ flH 'U.u PllfffJ't11 fJ'il1fl,f 'U ~ f) 'U flU Nil~ ~ 'I 

1'fft:l'Uf)'1~flH'U.uPl,r111PlfJ..f1iu ii~'Iif ("l''U6'1flW1 n, 2547) U~f)d1'1''j~~llJf11'jNil~H'U.uPl,rl11'U 
JI 

')f'U'U'VIU'UVPl't1 ~fl~llJfl11lJ')h'U1ty'U f)'I';1'1't1 -Hf)\lflH'U un::U~fl~Htl'U f) f)fl i U i'UflU Iiif)fl'U'U1Pl 

L~PlH'Uun:ftPlfb'UmlJ1WH'U f11m'n')f'j f11flUfl1 1'UflU NfflJ\lflH'U .uPl'U11 't11flftPl~h'UH\J f11fl 

l'n')f'j iiH'U f11fU'n')f'j 'U'U1Pll~Pl1 't1qji 'U ftPl~b'U~lJ1fl flU fl:: 1'VI1::,rl1L uiif) fl'il::ff11J1H'fl::L'VI1:'~ 

U~'il::ii,r11,rfllJ1flfl11\lflH'U~ii'U'U1PlLlJgPlH'U~Lgflfl11 1'U'VIHfl~'Utl'U't11fl~flM'U.uPl,r11iiftPl~b'U 
'" ..;... 'I " ... 'JI t .14 i~'JI I ...
't1'U f11m'n')f'j'VIlJ'U'U1Pl L't1ty 'U flU ff'U11'U'U f11'jfl::L 'VI1::UJnf)fl'il:fl::1'VI1: 9>l')f1 U9Ifll'j 'U Pl'U11'il: 

... 1II~'" 'JI ... 'JI 'I t t.4 .., d t . 
'UPl 'U11 Ltln::mfJPl'U11't1 fl'UOfJ L'U 'U'U ~f)'U'U'U 'U11 CH'I fl'j :'U1'Uf11'j 'UPl'U11'U'U 'U 'U~ f)'U ~f)lJ1 'il1flflU 

.. ~ t- OJ' t tI.cl QI Q,I d'QI QI !II tI .. 
fl:l'VI1:1Unf)fl 'VI 'I 'U'U 91 f)'U fl:l'VI1:un:'UPl'U11'U 'U9I f)'1lJfl11lJ fflJ'n 'U'6 fl'U091 'j 1f11'j u O'U 'U111un f)fl 

.. .1 I 'JI .1'" I....., 'JI... 'I 'JI ... '" " .14'" I 'JI ".
''nf)unf)fJ'U111u nOfln'l'Q'\l fl't1'U 'UPl'U11un:'t1f)'I'UPl L 't1\lfl't1'U 'UPl 'U11fl:1m:lunf) fUff fJflf)'U muf)'U 

lJ1fUfl'U il1'il:'Yh llff11'jfl:1'VI1::LUiif)fUln:f11'j.uPl'U11U'j :ff'VIim'n~1~ llJ i Ulr1fJ 'U'U1Pl'U0'l l~PlJ'U 
ii~h'U~htit:y1'U f11'j;rPlff,r11~'1'U'U1Pl 'U f)'Il~PlM'Ufl1'j ii fl11lJ ftlJ'w'Ultl'U';f)'Iii:lPl,rl1 ~'1911 'jH~ 2.3 

.cl d4Q.f Qd' Old' 
fl1'JH'n 2.1 'U'U1PlllJPl't1'U'UPl'U11 (Grain or Grit Sizes) ('n'j'VI'ntl 01'j:'j~'U, 2533) 

.. .. v 
'U....'VlltlVl'H....'UVI'Ull 

J 
(tU01) 

Ve-3lUVI 

(ilIlDltlft1) 

'U....'VllilVlHWUVI'Ull 

J 
(tue1) 

' itVe-3l VI 

(illlDltlft1) 

10 2.39 60 0.28 

12 2.01 70 ... 0.25 

14 1.68 80 0.20 

16 1.40 90 0.18 

20 1.91 100 0.15 

24 0.84 120 0.13 

30 0.71 150 0.10 

36 0.58 180 0.089 

46 0.41 220 0.074 

54 0.36 - -
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2.5.1 	 '"'t1,."fllfll'W'lf1 (Emery) 

ih" 0 1 fH'Vt '1i"H rJu ih..l;JA1i1 Hl'1i'l~~lrJU ffn 111:: OOUnadH Corundum 

.' • 4 • ..I! "" (Aluminum oxide (Al:P2» u~:: Iron oXide l'1i'U Magnettle (Fe30 4) ..no Magnetde (Fe20 3) '11.:J,,::1J 

d ..I "" d ,..I ,..I 1 " ..I! ~ , "" "'..I! "" d ,..I
fl111JU'\l.:J'YI\T.:.I1I10~::lIf11111U'\l.:J0~'YI0~'YI 8 lI11ff '11.:.19'11011 Corundum U1'i\1'Y11i'11.:JlIfl1111U'\I{l0~'YI 

9 lAmrJ uui~ ijfl1111U~{l1 0.:.1 ~ 101'Vt '1i'1 fJtl.I ff1J u"; '\Io{lii 1..1 mfH'Vt'1i'lfl Ofl111111 1..11 U'Ilu \T{I U~:: 

1tilfiA11~m tl1nu 01 A11'; O~.:.IU1A-n01J 1AV1i " 1J'lf1~'\1 O{l iiu01 m'Vt'1i" 11-n11rJU({ouffJ19'11~fI-n1v 

nUl'I1~0000i'11~ i1u01m'Vt'1i'llrJuui~'Al~O,.nUf,/9'Iff11101'1I;JAff1AVlU'Vt1:: i1 u01m'Vt'lf,thu 

d 11 i ,4:( , .d t ~ 3 ~ i.. -4 • Q I d 
l1il!"::'VtuLilunou 1J1Jl11,H'YIUUUOU 'YI{lUfllU::11JU1'Vtn:: 1I1JF.1a011101Jff1UNff1J'\I0,n~~0 

"'\IU1Al~0'\lO.:.lff"~U'YI;U lu111::1'Y1ff~~uu~::1u ijm11~iiu Carborundum (Silicon carbide) 
• w w 

U~:: Corundum (Fused aluminum oxide) '\IU1A;iH'l lUlfl';t!{lffoU'l1 'ti.:.lUUUUU1UOUU~::UU1i{l 

t rJU '11..111..1 1I1f) t '111..11~V1nUnu f,/9'Iff111 01111U AUtl{l ~iJvm;1i1U;JA~1Vi1Um01'Vt '1i" Nff1JnU~U 

U1JOih;V1JOOO i'11~ (Magnesium Oxychloride) U~::J1tn~0 (Magnesium Chloride) ";lLrJuiiuUA 

utl{l 1 'lfijfl1111~::LiiVAL111J1::nuon,71i 11 "1114111rJuodH~u;i0i 11 

2.5.2 	H,."fllnulh (Silicon carbide) 

ii~mOU({1LrJui1U~ijfl1111U~.:J Q{l1J10ijfl1f11111U~{11:: AU 9 11;011,::1I1tl.1 

'!J/ !J/ "" !J/ ~ 4 AI 1..1! '0 .. !J/ "" 
2800-3300 HV U9'I'\IOAOV'\I0.:J11U010U01UUflOfl1111hJ1::U9'lm1V C)f{1011"910{llV~::'YI1 Ll1tnAfl1J 

'I11vlu onoUAff m'U9'l0u~::11~AJu '~'Vi11 'If f,/11 on11' 11; o;fu ff1U~ij ff1U F'lff1Ji1u mou({1Ju 

ijfl1J'mj LfiA~U 9'1 1:1 OA 111:1 1 ~{liJVlI 'th1l11rJUff1U1h::00u '\Io.:Jf,/1101w l~v1nu01'oUAff l'l1U 

O1::A1lJ'Vl'lVoUA u~::i1uL1v,::iu LrJU~U 

2.5.3 	~'U'un (Calcined magnesite) 

41 .. ~ .I AI "" <II!J/ 4 """i"~ AI ..I
\11..1'\111 L'1i' l'Um''\IUllJ~Ol1U'\IA'\Il1 flO UfI~LfI~VLLlIOU '119'11lJUff11lJ'::00U'YI 

"'" rJ...... d!J/ ""<II 11". !J/ '" 
lIff1UNff1J'\IO.:.l MgO L U111:10U1:I:: Si02 OU CaO 11:l0UOV1J~f)lltl.l::fIl;nVUlJ.:.I'YIUfl1111'OU\T{I UVlI 

'.nUf,/~ff1110111JLOllm U~::fiOff~l{1tdoNff1JnUff"~::~lmO~Ou1Joih;V1JfI~oh~ ,,::i~~u 
0009ffl1:l0h~ ~L111J1::nU011fiou1:l::u1U 

4 	 "" "" 14 J2.5.4 	1n'D01l1Jn,."ICfU1JfI'D611f1 (MgC~.6H20) 

r 4 ~ 4.di !J/ r 4 ~ 4 "" '" ~ d "" .. !J/
U1tn1:ltl11JUtn~0'Vl A~lnU1'Vl::l~ 111tlU1tn~tl lI~f)lltl.l::L1JUtn~Aff'\ll1m' L'1i' 

I rJ '" AI .. !J/ "" ~ 11 ""!J/ ""4 "" .t <II '1 !J/ , 4 1 .ct
.:J1U l'1i'Ul U9'l1lJ'::ff1U L'1i'~::~lV11l1::11JU~U1J'\IOAfltlllq'Vl1if)A01tlU ~l1::U 0t)011 'O~tl '11LAV1J 

" 4 "" i .. 111 ' 4 "" ... i 'rJ '" I,fI~tl i HI U~::Lf)~tlUfI~L'11VlIfI~tl 'A L1J'::fI1VLfltl{lN111U.:J 1JL UtlU9'l11tJ9'ltl'HmV111:1:: 

~{lU1Atftl1JU~:: ill..;l11~mV1n1J'~'lf;.:Jijfl111J111:10A.nV'U01'U1111';1trJU~oi1u oUA oU'11~L11,71111 

lmh::'YI1U 1U01::U1U 01111 riO~Oi1UoUA ";1'~AtJU11'Vt~1-ntli1U~";1~1tJL11 ~011'citl'Vt0011111At) 

http:V1n1J'~'lf;.:Jijfl111J111:10A.nV
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.. .. 
fH1lJ~U'Ul1m'l::ihJfllfll'W'jfHl1flU0'1 'hHr~'jHhu 1~f.) 5 l~v'Ilnnrfl UlI::fH1lJ'Ill1flftf.) 

UlJflihCJiVlJt1l1f.)"~ ~ijftfl1t11llJl~lJ~ 30 ftfl11tlltlv'l1'Jt)'Yl1tlt11llJ1~lJ Nt'I'lJ"lflmi1.:J ,,rl~lt1U 

~Ull1ilV1'I{~ flfl1.hrl1UNt'I'lJ'UH t:hUlJl~Unfl1:l W::l~UU l1.:Jul( 1 '1m011 u~flfii1f.)'h 11{~Ul(1 
t .. OJ";... "'.~ A .1,,,.1 ,.1" ~ ,,,... .1 

~lflUU~.:JU It'1'1UNt'I'lJ 'Yl1Jt11UUl1U V1lJU'UUllJ tlU lJ'Wf.)fl1;t lJUflUll1 1I fl 111Jt11llJ l1UllJ1::1J lW 

.t .t,PI" " ,Y..I .., ,,,......,," ,,,,,;.4 "'~";:P"1 U1 'Yl.:J 'J I11Ul1.:Jf.)n~:: 'l1'l111llJ1::1J1W l1U'Wf.)'jf.) l1tlfll1U'Utl'Ul1lnN tl'YlllJf.)Ul1.:J "'YlUI;11~.:J 

o .. J... , ~:P ~ '_1,,, ,:P .. , ,~... A0 

UllJlflll.:JU~.:JN11m:: 111~I~llJ'UUltl flt'l'l1J1H!Ul lJ 'jf.:J1U 9'J \Nf.)Vl.:J 1fltl~lflfl'j::'U1Ufl11'UU 

. 
•Of "'..' .., y.2.6 'Ui)\UJYl1JNtlVlOfll1Uflfll1fl'UO-!l"n 

... .4 ........... ~" 0'''''' 1! 0'"'' ... ,..;
t::l1fllJlfllUf.).:JtlfllfltlU'j.:Jlt'1'Vtl'YllU fl'Ul1JlItl'Ul1~::'Yll l1lfltlt11llJlf.)U UlI::'Yll 11'Ul111f1 U'Ylt1tl 

6~11fl1111'dU 'Uf.).:JM\J'titl~11 fiijflll~f.)fl1'jU~fl..rfll'lfUt1U 6~'jlfl111l111 ~,rf.).:J,jtl~ ~.:J...r.:Jl1lJtl~ 
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2.6.1 
_Of .., .., , ... II 
'U1)1)lIftl1UVlfl'Hflflf)'Ufl1::1Jl'Uftl'U,,,n 

"''1 I I ... " t ~ I 'I c:I d " .l!
fll'm~fl't1fl L'lH'11tJfltltJm::'U1tJfll'H'1'Ul1tJtHl::L tJff1tJ ItJfll'Hfl'Ulfltl1'U11 C]f~ 

... 1'" c:I " c:I" _I......... I , I ~ 0 1"'"llNa f1V~Hfl'Ufffll'n'Utl~Lllafl'Ul1 L'n'il:'t11fl1llafl'Ul1\lfl'U{)'U~tltlH 1l1't11l1::ffll 'iln'n mflfl 

ftlV'il1ltJ!llgfl'lfl1 i~!~tJffl!'t1~'Utl~fll'iL!~fl..rfl'tJm::'U1tJfll'iff'lf11~tl'tJ 
A c:I" _I"" I ...

2.6.1.1 f1111l'1ftJtllafl'Ul1!lJatlflfltltJff 

A c:I"; 'I"''' "")! ,~ ......
f1111l'1ftJ!llafl'YIL't11l1::fflll'Ufll'i ff'Ul1f1tll tl va: 14 U~'illflrrflllHl'U1'ilV 

.... c:I";" 'I ... ~ 0 '_1 0 A 1 
'n'U11't1a~'illfl1fl1J1flV1'Ul11 'U'i::v::'na'U'na ~ ua:::'Ul lJ'YIlfll'i'U 1f1Ua::aflfl111l'lftJ f1Vfll'i~lfl 

, ,, c:I "" A ..., "'" _I""";'" A ~ d II .l! _I'::! " 
Ufifl mllaflL't1atlfl111l'1f'U'i::f1'U~H"l fll'iff'U11'lJatlfl'YIllfl111l'1f'U~1'Y1dtlVa:: 9-10 C]f~lJ'i1J1W'itlV 

" c:I c:I .~" , ... ".,;'" A.,; ,......... ... 
a::'Utl~'Ul1L~lltllafl ua:::,,'U'Ul1 'il:::\T~fl11fll'i ff'Ul1'Y1llfl111l'lftJ 'YI1l1flfl11 (fl~Vl fl'ilfl1'ifl ua::: 

~ • , " , c:I .,; "'1 ... ~ t 0 1'~'" A ,.,;
f1W::, 2539) 'il~flal1 f111't11mflll~'imlfl'U1flV1'Ul1ItJ'i:: v::'na'U'n a~'U'Ufl1'i'YI1 111lfl111l'lftJtl~'YI 

II 0'1"" "''''_I'::! ' A..; I
'Jtlva: 9-10 t'n'il:::'il:::'YI11't1'itlVa::fll'ifflllJ'i1l1W\T~fl11f1111l'1ftJ'YI1l1flfl11 

.r .. 
fll1t1V'UltI"R 

... II 
flWIllVtftl1iJ (1f)lI"::) 

(~f)lI"::) 'Hf)tltI::a lOS fl" 1 fl" 27 

9-10 57.51 62.60 58.52 

11-12 52.24 59.62 51.08 

13-14 35.44 52.88 48.86 

15-16 23.46 51.34 46.32 

17-18 13.80 33.32 19.96 

c:I ' 
2.6.1.2 'i:v:nal1tJfll'i!fl'ULflV1 

'" " ... "1 '" ", c:IIflWfIl'nfll'iff'UfH'Ul1 15 'n'U~ 'Uffm'U'YIflatl~'U11~1~"l 9 U't1~ fll'i1fl'U 

.,; .,; ...... ...... " '~II "c:I c:I "" lfltJ1'Y1'i:::V::: 30 1tJ 37 1tJ ua::: 44 1tJ 't1a~'Ul1tltlflfltlfl "ntlva:::'Utl~'U11'~1l!llafl'm::~tJ'Ul1 

44.27, 36.80 ua::: 28. 71 ~lllth,r'U (tJ'i::\T~ ff'YInff'i1~ ua:f1w:::, 2526) 
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2.6.1.3 	 fll'j~lfl..rl1 

ffmnfll'j~lfl..rl1'-n'\.J'\.Jl"Hr~fll'j!~'U!~tl1..rl1la'~"U~1!~'\.J'jttn:nl'n 
~1~C'] n'\.J~ijNn~DtJW.fl1ff..rll ff'U':h "Hr~fll'jl~'Ul~tl1..rl11a'~"U~1 ~lth..rl1hl'\.J1~'ti'\.J;; U~1n~ 

.I , .., 1 14 '... ""K 14 :!!Ii 0 , !!!l4 P" d... ... ... d
tl11lJ'J1'IJ 'IJ.fl1V'Hn~ ~VllJlJfll'jmfl'UllV1~ l11'IJ'lJ1 "tVil 'H L~I'Ul1V1lJtJW.fl1'nfll'ja'~Vl1J~ fll'j 

~lfl..rllif~ , -n'IJ'lJlijNn';l',rtlW.fl1fffll'jff'UD~ ..rl1n~n~ ~~~lflif~ , -n'IJ '\.Jl1~'IJ'j t VtnnllJlfl~'IJ• 
• 	 II • 

~tV~ijNn';1,,rtJW.fl1'nfll'jff'UD~..rl1n~n~ 'ti~..rll'VlV (Indica rice) Unt..rlliY~'IJ (Japonica rice) 

(n9ivl n"tl1'j~UnttlWt, 2539) 

2.6.2 if;}~rJlntll'Ufl1ttJl'Ufl11fjolin 

2.6.2.1 	 tl11lJl~1''i1~lff'IJ~Fhu6~tlfllf'IJ'li~'U11 
, 	 dQ9!dfll'j'li~'Ul1..rl1~1t1ltl~6~'li~..rl1u'U'Um1Vlf'IJ 'n'U11tl111U'j11'J1~!a''IJ VI 

•• 	 II 

fhlf'IJ 'UD'Ulfl'IJ 'U 'IJ 'U D~lf'IJ'li~ 'Ul1;; L'HlJlta'lJffl'H i''U ltl~ D~'li~'Ul1U'U 'U~ fllf'\.J fl'j 1VUfl'\.J i~Dd 

1'1J'j1~ 12-15 llJ~'j~D1'IJ1;; ~ltl11lJ'~1\T~fl';h 15 'lJm~61'IJ1;; ';1',r'jti'Ufll'jffun:;~mm:;..rll 

..rflijfil1~lJ\T~~'IJ (1h:;ff'\.J,1 ;llh'HlqJ, 2544) 'lfij~1'IJ1iv~m;l1il~ltl~6~ff..r11Ufl'IJ'\.J6'\.J'U'\.J1~ 
d do..." ... d ..."K d d ... d t 

infl VlVIlfll'ja''Ul1'Ul1~6fllJtn 105 tl11lJl'j1fll'j'HlJ'IJ'U6~~fl'H'\.J'U'lJl~ 4 'lJ1 tl11lJ''j1V1~Vl1J~'IJ'IJ 

~6~ijtl11lJl~11'i1~U"'IJ~Fb 9.46 'lJ~'jtl61'IJ1;;'H~6ijtl11lJ!~1~ 1,420 'jD'U~6'IJ1;; ~l'h,,rfll'jo~n 
.., " 	 d ~... 0' d

fll'jU~fl'Hfl'IJDVVlq~ \1i~fll'IJ~ 1,ItyU'U~, 2549) 

, Ifij~1'IJ1iV~flrillil~'j:;Vtti 1~'j t Wh~lf 'IJ 'li~'Ul1n'U ~'j::um ~'li~'U11 , 'IJ 

!tl~6~'li~'Ul1U 'U'Ufl nVlf'IJa'D~ tl~6~n'IJ11'j:; v:;"; H'jt'H1Hlf'\.J 'li~'Ul1n'U~::Ufl'j ~'li~'U11'U6~ 

ltl~6~'li~'Ul1U'U'Ufl'j1Vlf'IJUfl'IJl~tl1':iij':itv:;'1h~11'hn'U 10 iinilllJ~':i (N'l~fffl~ 11ij'J1ci~, 2535) 

A III 0" !'II OJ 0 d" ..,
1~V~:;Ufl':i ~1'IJ ttl ':i D~'U~'U11" tVil 'H 'IJ 11lJ'IJ~1UVflnun::llJ~'U1166fl ~lflfl'IJUnttl11lJtllJ 'U 6 ~ 


..o 	 .., .., 

2.6.2.3 	 "1'IJ1'IJtl'j~fll'j'U~'U1l 

o 	 t1 .., ... " ..,,, A 
"1'IJ1'IJ tl'H '\.Jfll':i'U~'U11lJa'1'IJ 'lJfll':i U~fl'H fl'U 6~'U111'IJ 6~1J1fl"lflm':i 

'li~'U11!~61,r'Ul1thi'm.b tVll'IJijtl11lJ06'IJ~ lJ'liu~,:)m::~l':) ~,:) ~1!~'IJ~6':)l'hfl1':i 'li~!mil~ih 
d" "0 .,'" , t... 0'''''' ..,,,..,'IJ 6fl'UD':)llJn~'U116 Dfl tl1l'l1fll'j'U~ 'H'U l1.fl1V 'lJtl'Hl~V1"tVil 'H 'fl~fll':iU~fl'Hfl'U6':)'Ul1 6'IJ 

'~6~lJl"lflU':i ,:)'li~ tl11lJ~6'\.J~,n~"lflfll'j'li~ff ij':)1'\.J1iv~';lfll':i'li~'Ul1fll':i'li~'U11~L'HlJlta'lJfll':i 
'li~'U11'Hn lVtl f,:) 'lbtJn~m1Jlwfll'j U~fl..rflllJ~ ~..rl1, ~ 
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QlA 4~ QI 0 t QI 

(Efferson Nonnan J. and Klaus Singelmann, 1969) U1:I::aJ.:nJ~llJ1~tlfflJ1Jff'fW~llJ1lJflHflll'\l~ 

.01 ... "'" • , 'III do," ...... .f M!!",<I
'\111 l1lJ1t1'\1~fff.l11J111:11tJl1lJ1tJ U~1:I::mlJ1tJ'\I~m1COj fl~:'Y11 l1tJtum'Vtt11lff~'\IlJ (lfllf111:1tJ 

v9I9I:::n tI:::fJ1:I, 2534) L'lflJL~tJ1t1lJt11'J'1j~'\I11A'1tJ1f11fWU~'\I11U1J1Jllfli1lJUfllJ lJ6lJ SATAK.E 

"'' ftl4 01 <14 " AIM!! ..." ftlM!! a •RMBIOG 1~v 'ti''\I11LlJ1:Itlfl 2 'VtlJljfltl '\I11LlJ1:Itlfl'Mtl1J1J:::1:I U1:I:::'\I11LlJ1:Itlflq'Vtlltu\lS 60 'Vt1J11 

'~llJ1lJflf-3fllS;r~'\I11~Ll11J1:ff1J fl1S;r~'\I11 3 flf-3 t.f1;r~lfilJ 3 flf-3 ~::vi1,,rtJs::ffl'lim'Vt1:l~1:I-3 
da 1" '" .f a .... a .f ... .t ......

11J1:I~1JUlJ1 lJ1JU9Ifl'Mfl1J1fl'\llJ 1JfI1~'ti'lJfl111J'\I111J1fl'\llJ (N~-3fYfl~ 11lJ'ti''ti'-3, 2542) 

2.6.2.4 ~tu'MfJii'lJm:1J1lJflll;r~'\I11 . 	 ~ 

fllS;r~'\I11'lJ,rfN;r~'iiVi1flU ;r~ff161i166fl fll S;r~ffUlJ lA''ri1',r1fi~ 
" 1! , " ... 4 ~ .f 111'" ,,,... QI"

fl111JS6lJ fl111J. 6lJ~::ff:::ff1J lJ'M6-3'\1~11J61'Vt1JlJ'-3'\1lJ L~ff-3N1:I 'Mlfl~fllSU9Ifl'Mfl'\ltl-3'\111 ~lflfl111J 

" , " ... 0'''''' d .l" .", d. 0 , ,,'" "aStllJ lJ'MtH'\I~l'I1 'MN1'\1tl~11J1:I~'\I111Jfl111J'ti'lJlJtltJfl11 '\11-3 lJL1J1:I~ ff-3N1:Il'I1 l1lfl~fllSn1'\1tl~ 

d ~ ... 1"a~ ft r= QI d", ... d
11J1:I~ u1:I::a lJ111 ~'\I6~fllm9lfl'M fl ~1J"fl'lJ1lJ l1J1tuU9lfl'Mfl'\ltl-311J1:I~ '\111 lJm:::1J1lJfllS'\I~'\I11l'1 

~tu 'M fJii ~1-3t1lJ'Vt1J11'lf1~~tu 'M fJii'\ltl-31:11J ~,rllJfllStl~i1~ vi tll'll-3L..r1~m1J 1:::ff1J~'ri1',r~tl V1:1 ::: 

..r11'11flij~h~lq~ ~tu'M fJii~'ri1',r~6V1:I:::..r11'11fl'\l6-3L1J g~..r11;hh~lq~6d~ 25.90 6-3fYW111:11CHVff 

d QI " (l,I ~ Col 4 CIIt tI A d "12 I QQ.c:i"
U1:I:::1Jtl9lSl'\l11'Mm6V1:I::: 14.69 (1JtuCVI91 qlV1-3fY'Vt~fY1, 2547) ~~mlJ Ltl11~tu'MfJ1Jfl1Jff1lJ lJfllS 

U9lfl'l1fl'\l6~..r111'lflJt1lJ 
, 'Q QI GI • Q,I 'JI 

2.6.2.5 	 n:tJ:::'MHS:::1111~'MlJ'\I~'\Il1fl1JUl'l~tJ1~'\I91'\l11 

.... ",4'" . to"d d
Ul'I~VH'\I~ '\111 lJ 1f1S tl~'\I ~'\I11U1J1J9IHCOj lJlJ l'I1'MlJ1l'1'ti'::: 1:Itlfl111J 1n 

d" AI 0" i/Q QI Ad QI ~ QI " QI 4 , 4 ... 1 Q Q : ~ I., 
11J1:I~'\I111'Vt 6l'11 ''M 1fl~t11S'\I ~ fffl1Jllfll1lJ '\I~'\I11 t11S'\I~ff6VH1JlJ l::: ffl'l1i fIl'VtlJlJ ~::'\IlJ tl~fl1J 

tJtufll'Vt'\ltl~tJ1~;r~ '\I 11U1:I:::S::V:: 111~S :::11·:h~tJ1~;r~..r11U1:l::11 fli1lJ;r~'\I111~lJ f;hfl'qJ t11S ff..r11 , lJ 

4 Q,I Q , 'Q 01" QI t : _ r d." r 
1m tl-3'\1~'\I11flS1t1'M lJ S::V::'M 1~ l::'M11-3'M lJ'\I~'\I11fl1JUl'l~V1~lJ lJfl1S1J S::V:::'M1~l'IlJ tltlfl11f1111J 

" d" d" • ftl '" ... 4 "" a" a ftl ~ ...
fl1H'\I6~L1J1:I~'\I11 L1:I fllJ tlVfl1Stl~ lJS::1J1tu 2-3 1J1:I1:I11J9Il1'Vt6 L'Mt11Sff'\l111J lJS::CJ l'I1ifll'Vt lJ' ~ 

(Harry Th and L. van Ruiten, 1981) 1A'jj~llJ1~V~flfl'lJ1'lJ11tl~'\Itl~S::m:111~l::WlHi1lJ;r~'\I11t11J 
uvi~m~;r~..r11flrl11fl6fllStJi'1Jl:::V::S::m11~i1lJ;r~'\I11t11JUvi~tJ1~;r~..r11 2 ii1:liiL1JfI'J ,rlJjjt'lfI'J1 

" " 	 QI .c:S , , I "1 ... 14 • QI" 4 QI " •

'\I11'Vt S61JfllJ ~::1JfI1S :::V::l1 HU9I fl9lH tltlfl 'lJfl6 Ul'I~tlH'\I~'\I11U1:l::11 fl'MlJ'\I~'\I11S ::tJ:: 11 H 

4 ... '" .I! 1"" ... d " d" ...... <I dLl11J1::ff1Jfl6 1.5 1Jfl1:I11JfI'J Clf~ ~'\I11'Mm\l1:lVlJtlVl'Iq~S6V1:I:: 14.5 (1i9lflllJ9I \lqJU'\l~, 2549) 
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tI ' 'tI' J! tl4I .. " "" 51 d2.6.2.6 l n~'Uo~')fO~ II OtJ'U111 llOfll'U1mO~ff'U11'U'U1~mfl 

~lfl ~1'U1~tJ~ L~tJ1~O~ ti'U'l10~tlriOtJ~111t1~ofl1'Ulfl1o~ff~11'U'U 1~ ,gfl 

,f'U 1 ~flri110~ 'U'U l~'m::ltl ..h~~1~'ti11M'fll'.iU~fl11fl'UO~~l1ff1'.i,f'U2jfll'.ill~ll~1~ tJ'U'U 1~'UO~'l10~ 
tI ri otJ"'l1nJ~o fl,f'U ~:;2j Nllfim)~ '.i 1fll'.i1'H II'UO~~11'tI~ofl~M'O~'Ii~ Ull:: 'U'U1~'UO~'lio~ tlri OtJ~11 

t ,,; 41 ... .", tI' .J 41 tI' .J .J ... 51
'U'U'U'U 1fl'YU'HlJ1:: fflJflO 1,125 ~ln~lJllll'lJ~'.i UlI::l '.iHl'U'HlJ1::fflJflO l '.il~ff''HlItJlJN'UN1 

'" .", '" 51 1 ""tI ... ~ "" 51 ,,; 11 "" '" 'U'U1'Ufl'U'afl'H'U'U~'U11 ~tJlJ '.i::ff'YItim~'UO~fll'.iff'U11'Y1 'JOtJll:: 68.73 ('.i11'.i'.iW '.i~'U'~'lf Ull:: 

flW::, 2552) 

2.6.2.7 lIlJt}~i1 

ft11H~ 2.3 'U'U1~ltf'Ur·hfJ''Utffllll~'UO~gfl~hJ,j~'Ul1Ull::mlJ1WlIlJl'Ufll'.i'li~'U11 
(Gariboldi, 1974) 

lfu'" ... ..,'II'U1A' N1U'UtlnaH'II6..Jgn"'U"UA'IIll 

... ... 
(1U1a&'Ufl1) 

8ft11nl1'"a"Uo.un"ijA·h 

" , ....(gfl'lJlftftl'Ufl1f16'U1'f1) 

500 8 

600 10 

800 12 

1,000 15 

1,250 20 

1,500 25 

http:i11'.i'.iW
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QI !II2.6.2.8 	 O~l1fl1'l1JOlJ 
, , " 

t1mlfl1'ltJOlJi11'111l1:::fflJdl11i''lJlfl;O~,j~'Ill1U'lJ'lJm1vi1lJUfllJ~~2jth 

U~fl9h~tilJ1t1~llJ'IllJl~'IlO~ltVlJr-htllJdml1~i1lJ,j~'Il11~~~l'll~~ 2.2 

",.1 ......
"IIUlRltTUH1QUtfnal~"118~\1n't'lU"IIR"II11 

... ... 
(1Ji:ltUtlfl1) 

8f111m1''t'Ia'll8~atltlYI'i1 
.I , ... 

(\1nU1Rmtlfl1f18Ulfl) 

500 680 

600 1050 

800 1460 

1,000 1900 

1,250 2600 

1,500 3200 

m = 2.4704De -511.3 	 (2.3) 

111l1V1'I19,) : 

~lflflU ~lJ fl1'HllJ1~V' lJl1 O~~1~V1ttfo.:jti'lJ i1~ ~V~fil1 H'lfi~ fl1 '1 

u~flifl'llO.:jttfl1~1~UllJl1~Otl'l::~fl~lttfllJ11lJ~lU1~V'lJtblJ~ffl111'lfltli''lJ1~1i~'lJ~OlJll1fl1rfl 



32 

• .1' '],I .1'"
2.6.2.9 'IIUlrl'lftl~lJntlV'II111lJiUln 

, .. !II QI~iI A .1' GI d ,. . 
U tll1ff'll1111'il 'iltll1 ~tl':!lJfl11lJfftlrlfln tl~tl1Jfl11lJ 1~ 1~ tl1J'IItl~lm tl~ ff 

~l1,rUtltl V~~ ltll~,jrltltl~111,jfitltll~lq,rtl~,jrl ~~ij~lui~tI~ffmll'~tJ1tl1J'IIUlrlUn~l,j i H'IItl~ 
III • • 

'lftl~,jritltJ~111,jfitltl 'IIUlrl'lltl~'lftl~,jrltltJ~111,jfitltlUUfl1~ijl,jil~ff'11iitJlJNUFfl'llU1Utl1Jtltli1u . 
QI Y ~ .Q 0 , ", .c:t,., 4 .... 1 Q Q 4~ 

'IIrl'll11 'IIUlrl 1,125 ~UlnJnnllJ~~ 'il~l11 11tll~ff'll11lJlJ~:ffl11ifll'Vttl'~~rll11tltJn:: 68.43 

(~11~'nU i'~Ulrl'l1 Un::flW:, 2552) 

~ .:t" " d .1 "" ~ d '" I
tlll"ntlllll1q\LtlrllUtlnft'lff~~l'Vttl~rllJ'l::ff~fl Utll~tltltlU1J1JfflH'mtl~lJtln1~~n lj):: 

,j~::fltl1J1{1t1l1qll~~thfity tltl1i~~lJ')fl~'Utl~tl1~d'Uff::liitluun:l1qll~tl1Hh~fflJ~nt1 U1J~.:!lllPi 
• I ~I" IIJ !II.:t d "'" .1 .... "d "" d
lJ~::lJ1W fl.ft'. 1900 llJU~UlJl lrllJtll~~U~1 Utll~lJ'l1JfflJ~nVlfl~tl~lj)flnl~Ul'Vttltll'lnrltll~ 

~ '" ~ 0 ,.tI.:t IIJ 2" "" IIJ.I 2 A .1"" "1 "" ffUff::l'VItlU CJ1~l11 11~lU'fftl111tJlln:: l~HUU11UtlllJ'VIH~lUlfl~tl.:!lJl"1JfflJ~ntl rltJ11ntltlll" 

"0 t "" A,,,. ,"1IJ2 " ..,:"
'Vtnfflff~l" 'illU 1U~::Ul1J~~'illfltl1JlltlUH~U''Vftl ')fn1~ H l~fI'lJ~"W'UUlrll1~tl~tlll" Un::fl11lJ 

n::lotJrl'Utl.:!~lUl~Ui1t11HUrl"1Utl1~tltltlll1J1Jlflitl~,ji'1JfI'lJ~nt1 hl~tl!'illU11~U l'lfU ~lrl tl~,.;U 
fI'i ~ AQQ", r, t"" t ~~ 4 1 '" l1lJUllJlJ~rllU~::Ul1J~~'illtlfltlU'Ul~UtlV fl'llJl~nn1~fflJ~ntJ l~llU~::Ul1Jlrltl1 rlmntlm::Ul1J 

"':"1 ,,'" I " 1" 0 1 " "':.:tQI '" 'VI tln11~tlN1U~rl'!fUVtlnH 'IItl~lJ1n ~,~tll" fl'lH~1J ~l~tl~ 'VIlJfl11lJtl11~llJUtlU11~'lJlJltlH~tl 

"..,: " d 0 ~I '],I.:t. ""1 2 1 "~I '" •1~ ,~tl~'VI11 ~U rl1Vfl11lJ'ntl'~ lj)11lJU~tl~lJtll~n1~ fl'lJ~n tI 'IJ ~::U lmll ~ 1~ tl~ llJ'IJ 1~QUtlH 

hhfftl'VIH ~llflfl11lJl~1'Utl~tll~H~U fll1(h~fI'lJ~ntfl'IJl"::Ul1Ji~'illtl 2 'l::Ul1JU1J".ill'Wtl.:!'Vttl t5'1 

"0 ..,: d • d........ .., .....,: d " I "IIJ"
1~,~tl~ l1H1Ul1fl11lJ"1l"::111H fl11lJln1tlq~ 911U'ltlUn~~1l1fftl~tl'il::~tl~n1~Ufll'llm 

... A ..,:. .I... ~I ... "':~.J!lII " 0 ~I .... 0

3 ~::Ul1J '1n'1 Hntltlll"'VtUJ1'IJ'VIfln11lJ1Utl~fl~llJ'lJ11nfltlll"'VII'IJ Irl Un~'lJllJlllJUHntltlll"'VI1~lU 

'Utl~lfli tlUh~tld'ilU n~l1lj)~1fu~ iiWl'IJltl1~'Utl~'fli tl~tlril1 '1{111flrl 'illtltlll"~I«IUln tll~ tll~ irl 

.:t "0' .:t 1'1 "IIJ.JI" .:t.:t_
'UU lrl'lltl~ tl1~ lfl'tJfI'lJ~n (fun:: ~lUH'IJ ~'U tl~tl1~ lfl'tJfI'lJ~ntllH l~l \I tl91 tl~un::n::ltltlrll'VttJ~'Vttl11i tll~ 

,f~lAlJ,rU ,At.rlflitl~;jtlirl'VI1~tlnl(1'IJ l'lfU irl~humj ~11Utl'Utl~1'll~tl!lrltl~1J~UH ~u1J'lJllviu~ 
d ,,. d, QI"'" .4 Q o. A!I , X. 4", 1GI 
lJtll'lUtl1~lflntlU'VI U'l::Ul1JtlUHU~ Un1fltltJ1IflntlUrlUfI'tlrlltltlU1H'ltl13flUllJfI'l'lllHl 'l 

1~tl!'ilUlflrltl1~fflJNfI'l'il'Vtl::~rlH1t:1llflUUfl1J11JU 1l"l~tl!~hu~Utl1~tltltllJllJlfl~~rllr7tlllfl'91~~~ 
""... A "':1 , "IIJ "" ... A,HUfl un::1fl'llUlfl'lltl~tll"flntlUYI ~V '11 l~t:lmtllj) (Mechanical Dial Gauge) tlll"'VtI«lUllmtl~ U 

.... 1IJ"0 .1 " .... d .. "" ,,,.... IIJ''''
~::V::Hn~1 l~UlfllJtl~W'VIHt:Ilntl'VI~t:lUflfl'l'llllJl 'lf1~'II'IJ1~fl11lJ IlJfI'lJ~ntJ l')fU Force 

Transducer, Velocity Pick-up 111tl Acceleration Pick-up '1n'1 lr7tli~un::r1tlUfftytylWl~lUlflitl~ 
o , I " '" .l.:t , "" "0" " fll'IJ1W111lJ1n lJfI'lJ~ntl f.l,jmwmnlUlJnfllU'Vt~ 'lJffllJ1~nNn91'U,j~::l'VIft"~ Un~'ill1tJu~tl~ 
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111''lhhZflV'lJfl'lJt211flltUVl'U flllJ1tu uazu'll a'HYqJqJltu~\J'~l 'ti11..r'.i1fl11fl1V'Uh~ a'llfJaV"lfl 

~h~'lllZ1f1ff1hlfll~UVN1l1fl 
2.7.1 fi1nl,nPim'uYuuzl1'fou (Natural of Vibration) 

fl11-&lJa'ZlViVlJ V1'il'ri'ill1tul1~lJfl1llflgVlJ~llV~1flQ (Particle) afl1:jtuzUfl1~ 

'11Ufl1~1l1 IrlVl't111'lJfl'lJ~lu'tY,j~aHfl~fl111flgVlJ~1~lJfll'lJnal {Periodic} UUU~ll (Random) 

.:. I 1 d..r ..,Q .. d ~I
U'lJ'lJ'lf1fll (Transient) lJ f1lJ 'ilZflal1(l~mfnZfl111flaVlJ f11lJlJ fllunal 

11'1111'" 

T 

fftyty1tulll'r>]fU (Sinusoidal) lltHfI1,"~ 2.13 'il::l~lJfl111l~UtJflfl111l~'~tJ1 
.. 01 .... ~I"'''(One discrete frequency) r>]f~\lflfl1'tYlJ~ ~tI F=lff ua::1l'tYlJ1111lJlJ UJ1f1r>]f (Hz) 

"" .... cI " ""fIlWYI 2.14 a'tytyltulillJfll'lJl1alUU'lJ81111llJfl U'lJUHa'll (f+2f) 



34 

. 
.:t t ... 1 QI

IJ1Tt'fl 2.15 m'HltlntY1'WlJ'S::nfl'U1Jf:HUYf.llf.ll1W 

_I ", ftl ".,;.,. 	 elA 
~~lJntY~fl1JfI~mHl1,:JtY11~i:m'WfJlJmWYnJm'S'I1l:l'W (Rotating bodies) nt'Vifl 

"ftOf 	 ... .:. ... A ... .... , • ..... ";1
UnlJf.lI'I11m'Sln~fl1111tY'WtY::1'Vlfl'W (Vibration) 1JfI~lmfl,:J\lmn~ H~m'Sln~ 11tY11~~tll 'W1JW::'t1 'S 

" " eI rJ 1"ftl ........ A '" rJ" 1" ftl " ...191f1'S 'I1lJ\J~1fJfl1111''S11 'WH~ 'I1lJ'S::tY't1ti.fll'Vi'IJfI~lmflnm~~i.H 1 \J9I\J1'I1~ m,}lJmw'SfI,:J'S'U 

ftl " ,A A.., 0'" , ...
(Bearing) u~::f.,}lJmWtY1'WfI'W'l 'U'Wlfl'SfI~\lm<J)'11~ltYfJ'I11fJnfl\J11~1f1'WtY11fl1'S 

uvd I 'UJ' d ;." 4 
2.7.2 	fll11Ji:I'1JTt'Ufi1:'ttlHfllU.I l1Ji:I'1J~l.uJ ua:::fll11JU''Uf.na'flf)'U 

, ." ....,;, ." ell 1 " ...fl1111 11tY11~~fJ (Unbalance) flfl111~'t1 11tY11~~fJ'SfI'Uun'Wl'Vi~11' 'W1'I1~ 'I11n~ 

nnd''WtY::l'VJfI'W 1'Vi'S l:::UH'I1uU'Wd\lzii Yif1't1Hl~fJ1ti'UYif1't1 H 1JfI~01'S,fi~ 'litY11~~d fiU'lf'W 

• 
t 

http:l1Ji:I'1J~l.uJ
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rqoi 

'il1m'UJ01'j F nnW
2 g (2.4) 

2qlV2r Woie 
..I g g'il1nflTvtVl 2.11 

2qr We (kglm) 

2qr 

e w (2.5) 

""111'(1 q 
~ GI I tI 
U1lfUn01~~"'W (kg) 
.,. ~ Q1t tI 

r 'jff1J'V'(I~ U1lfUn01~~"W (m) 

e 'j:::U:::~~li!Ju6'm'n~'V'(I~1I1(1~l1J~tJumJ,,~ (m) 
.. .... 

W "hlfUfl (kg) 

Aid ... ", " ..I A1..1 AI t. , " r ....
'lfllJ 'il:::1lfU LA11'j:::tJ:::~A~UUfl(l1~ 'V'(I~1I1(1V11lJ(ltJUU]J(I~lJ1flUUVl1 lflJ1't'1lJfl 

, ." "'..." .I d<8... J, <8 .I
11 'lf1l~(ltJ1I1fl 11(1::: 'il::: LflAlLHlflJ~lJU fl(l 1~1I1fl'VlJ fI(lflfl '(111 O1'j 'lflJ 'If:::1V1 '(IlJlI1n'VlJ 

" ' II2.7.3 t1'l'''l1'UtHtllUJ 1,..t1''''~DrJ (Unbalance) 

, , """ ..I " ... ',JJ " .Ii ...O1'j lI'lf1J~(lU fl'(101'jVl~lJtJ'V'(I~1I1(1 (CG) L1J ,,'(I~ lJUlJ1UfllJlf~lJCJ1~1I'lf1m~ 

• ..1 •.1' , "'" ..I ... I ".1.1 <8
fl1~'l VlTIl lfLflA1I1(1V1 LlI'lfll~(ltJlJ'VlJ fl'(l 

2.7.3.1 O1'j'(l'(ln111J1J~'ri1'M"flA01'j ,,j'lf1l1l1f1'i'i '(I1JUflUlf~U 

2.7.3.2 l1nAfl1111l~'(I (Tolerance) 1Um:::1J1lJ01'jfliifl~1~'l 
4 t A GI ... I Q,1 l.c::l!! ... 1 .. Cl 

2.7.3.3 lflA 'il1nfl1111't'1lJ 111lJlJ 'V '(I~lU '(I1'lf~ LlI'Vl1 flU ''I1lJlIa ~'lf fllJ'j nlfHllI 

" Ad., """ r ... ..1 ....., I1'WHm01fhlJllJ6m(lflVl1 't'ILflAlJ1lflJflVlUflflflHfllJ lJUfl(l:::~A 

2.7.3.4 lflA'illflO11,,r~llJ L'1flJL'W(ll~lflA01'jlfhi1'(1lh~m1'j01'jiiAi1'V'(I~01'j 
1.1 AI'" .1 .1, • AI....' ... , .....1" '"IIf(l'(l'VlJ2lJ (Casting) fl1'jfl(l'(llJfl1'V'(I~'I1U'lf1lJ1JH'I1lJ L'lflJ UfllJlJ1:::fl1J 1J'WA uvtflVl L'I1 lJ 

fl1111'~1\T~ tJlJLrl'(l~'illfli'1JUH1JlmflA'11 
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... ,, " 
2.7.5 "'Ufl'V0-1A1UI 1Ja1J~i.u:J 

~llJlJ1~'ii1'U'IltH ISO No.1925'A'flll1'Ul1fll'i 'lifflJ~"d 

2.7.5.1 fll'i'lifflJ~"dU1J1JffO~ (Static unbalance) 

" I .. ,
2.7.5.2 flU LlJfflJ~"tJU1J1JtlA11J (Couple Unbalance) 

" . ....s.
2.7.5.3 fll'i LlJfflJ~'t'WU1J1JfI~tlfl11J (Quasi-Static Unbalance) 

"... ..2.7.5.4 	fll'i LlJfflJ~"tJU1Jm'H'Iff1ff~'i (Dynamic Unbalance) 

... ..;... "2.7.6 N,mnJ1Uflfl;nnn11"1Ja1JV,l1UJ 

~ .. t "". , " ... .:, <II J'" " • , ".I •
1'\..ItH~1f1fll'ifflJ~"tJ'U'U Ll1111 111f1l1fl11lJff'Ufftl11tl'Ulm::m'.j'U Ll1111 l1 'lfUff1'U 

.., 
l11;l'U1tl~U'Ulfll1fl11lJlfftJl11tJ't'h'1f1i"'''lfftJ~llJlJ1 

... 1I <II ..s:ll'" ••
2.7.6.1 Lfll1fl11lJrI '1..1 ff::111tl'UC)f~llJ'UtllJ~ntJ~tlfll'i111~1'U 

2.7.6.2 m~fll'i'oM''Iltl~~61J\1f1iJlJ (Bearing) 1!tltJ,,~ 

2.7.6.3 lfll1fl11lJ l~'U 'Iltl~1ff~'Iltu::1oM'~1'U 

2.7.6.4 lfll1A11lJ\1tylfftJtI'i::ffl1~fI1'W'Iltl~lfl1 tl~ ffl'i fI" 

2.7.6.5 lfl~Ufftl~~~'i1Jfl1'U''Ufllnh~l'U 

. 
4'0 QI A.GI 	 0 

2.7.6.7 lfftJfI11J11~'ifl'W11mtl-:l~m\1-:1 "11!1"lfll'.i111-:11'U 

.. 4v .:., 4 ... " .. , " 
2.7.7 IA10-11JOlfln11a'Ua::l11o'Uua::1IA11t'H l'W0n11 tll-1a1J~arJ 

~ 4 ... J'... ,,,. • ,. t 1 ...
lmtl~lJtl'lf'Ul1'UlJfll'i 'lftltJ1-:1U'W'.il1"ltJ 'U~1~t1'.i::l11ffl1-:1~ '.itllm::mlJ'.ifll U~

I 

1'1..1 

_I "... 1" ~ <II ... J'" ...... "......"lJ'.i::l11ff L 11 tJlJ fll'.i 'lflfl'.i tl~lJtl'lflJl1'U'UtltJlJ1f1 l'Utl-:l ~lf1lJnfl1U'W-:lU"::1~1'1ltl~lmtl-:llJfllJtl~'Il1lJ 

4.d.,. 	 ".'1 <!l ' ''''._'1lJtyl11f111lJff'U.:, fftl11tl'Ul1Lf1l1~1f1fll'.i " LlJfflJ~"tJ• .....l1'.itlUfllJtyl111"""~tJ1tifll'.i fI"-:ll1~tl-:l.d" 'lft:j'll'1'U1tyfll'.i 

lfl1tl-:ljjtl111'll'ul1dlifl1i'oM'-:l1'Utl~''Um'W1::1H-:l1'U~1i'll'U111'l1qj~ l1ltl tl-:lflfll '.i '11'1..1 111 'mY~1'Vi1,f'U 
.., .., .., 

rl1'UlJ1f1,.,li~~1f1~1'.itlUl11J'ti~ff'U1i4,.,n~~~u Hofmann, Bruel & Kjaer U"::Schenck 
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. ~ ~ 

2.7.8.2 flTnn'l ff'll~~WU'IJ'IJ't'U;lfflfffll 

l11'1I~fJf111fl11'll'Hl'UUl~Ul'II~flfJ'Ufl'l f111IfffJff'll~1'1t11~tlfJUmW1~ 

~H'1 VlHVl1'1fflfffllleMUflU1~UH flU1~tl11'llai'l 'H1fl'UU1~f111Itl~flU~ IrJU~U tl11'll 

.... " ... .r ...., ...,... A 4 ~ •AI 
mafW~flflU \Jflfl fl'l 'Ufl'lf1111~'UU fl~fl'IJtl11'll1'1::: mtJ~ Uf11n~'Ufl 'Iltllfl'l 'llflfJ1JflHUflH'1 'H1'11tJ 

:5u ijtJ'll'-i'tiU'lllflti'IJ'I1u1ff1ml'll~~fl'lfl11Itl1fl~Umfl1'1~~fl'lfl1'.lltl1mUmfl1'1'H~U~ljtl11'll1~1 
\T 'Ifl11 d'u ff::lVifluJUlrJu,jqJ'H1'Ufl'lltl1fl'lumfl1'1fl~'ll1 11'llJ'Iltl1mff'lf11~lj\!flMU~'H~U,,rlfl~ 

...... "A14 dllJ· ~!',IIJ"Oi"'" J., 4.1i
f111fl:::1VI1::: U1'1::f111'U~ff'Ufl'l'U1111Ja flfl f11n1~U VI L'llff'll~atJUU L~Vl1 'Hlfl~f111 ffU ff:::lVlfl1.JClf'l 

'H1flljf1111'1flf11'.l d'u ff:::IVi~uJu'~mf1f111 UflflHfl~fl1'j)'j):::ljHU11U''ll~~l1'1'1~l~U,~tLa:::f111ui''IJ 

Q 0 lq .. a AlGI rI 44/" ~ 
fl1l'lJ1tJVl1 L'llO'llaflflf1111Jl'IJff'll~atJU'IJ'IJ static U1'1:::'I1U1'iltJ Ufl1101'1ff'll~1'1tJ 

, ~lj 'I1U 1 U mrl tn ti'IJ I tl1 fl'l;j fl 1~f11'.l d'u ff::: IVi fl UI~ fl f11Hh 'I~aU'IJ'IJ Centrifugal 

Balancing machine ~a1UtJU11n{l ff1'lllHnl1'ui,*ti'IJIl'viUlfl'li''lJU'IJ'lJltl8flU~ soft bearing U1'1::: 

• lIJ' A d IIJ~ 1 d ... ~ ...
l:::'IJ'lJUVlUU'IJ'IJ l'llltlaflUVI Hard bearing L~lflfl ~tJf11'IluatJUVlnU fffl1191fll U1'1:::1'::'IJ'lJlfl'll'IJ 

", t I • 

1f1 Q ~1'1 n 11' 'ri'm U 1il 'll:: ff1'll 11' f:l 'll1 , u i eN, Ai1 , U I eMu IAtJ1 tiu ti'IJ 1::: tltl '" ff'I'll1 I 'If1'll 1 'il 1 n 

• AI A 4 ... ,N '1"='1 A 4... lIJ"......... I


fl1'11J1':::lVIff Itllfl'l'llfl1flUff1'll110 1'lfI1JUltllfl'l'llfl1~ffU1'll L~ l'lfUOU (1UtJ 'U~ny;l1, 2533) ff1U 

...... , i" A ... .:, 4 IIJ"... ~ J., 4 lIJ
'I1U 1'llfJ Uf111' 'If'llUltl1'fl'l'llfl'IffUff::: IVlflU L~'llfl1Hlf1\11f111 ffU ff::lVlflU'Ufl'llf:l If:lVlnU'UU1~ 

Igflljfl111~fhf111'd'Uff:::liiflU'Ufl'llfl1fl'lUO'I 'UW:::lfl1mumfl~titl~ 'UW:::lfl~flU~lfltl'"Jljml:: 


U1'1:::'UW:::l11f11'I 'f:l 'll1 'I iUUU1'1'1V1flfffl'IJ l11fl11'9i~i'lI91UI91flfl~fl11'lld 'I iu 3 9i1U'HU'I flfl flUU'IJ 


I A 2i .f"" 'i'" 4 '" 
UVlU1Hltllfl'lU1'1::UOU1V11'11ufl U fl11'Vlflfffl'IJ'll:::,nf1111~tl1fl11'lliH U 3 'VlffVl1'1 flfl UU1~'I 

.., ... d A ~ diJl!'t 4 
UU11ff'llUa:::UU1UflU fl11'lll'.l11fltl'Ufl'lltllfl'ltJUfI VI 'JJ 1\Jf111Vl~fffl'IJ flfl 2,500, 3,000 U1'1::: 

3,500 lfl'IJ~mJ1," fl1'llJ:hitl ~af11'I'Vlflfffl'IJ f;'fl1'Id'Uff:: IViflU i uuu1~,nfitJl't'i1'11UlfitJi' 2 'VI'J'~h 
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, , , ..v 1.q.::& d.c:l" QI ,Q tI d d .4 tI 
fI1fl111J1H~.:I'fJ'PI l'YllflU 10 11J~'.i~flTUl'VI fl111Jf:l1JfI11'YllflU 4 1@J'.i't1C]f 'VIfl111J1'.i1'.iflU1fl'.ifl.:ltl1..J~ 

2,500 '.iflUfifl1..Jlfl (1.:11;fI.:I fIlnmfh'l'il, 2548) iAii.:ll1..J1,)t1f1f1f1l1UUfJ'llmW1P1Un::'VIPlfI'flU111 

...... ':'.0!1 .J{ ... ~ .1 !II.., Q 
f.)WfI'1JU~fIl'.ifl'1..JfI'::':1'V1f11..J'UfI.:I~ntl1J1'Utl111111..J C]f.:lu'.i::flflUPl1t1 f:l.:lt11nfl'U1..J1P1 0.4 x 0.6 x 0.6 11J~'.i 

fl'11Jl'.if:lU'.i'.i'~::fI~TVtnlf1'~fI~U'.i'.i1~nt(1J1;jtl111111..Jiff 25 n1nfli'1J fin ifl'1..J fIl'.ii1..J fI':aVifl1..J 

'll'.i::':flflU i'llA1t1\1f1liitJ1'U1..J1P1 2 un:: 4 ijnill1J~'.i 't't~fl1JA1t1U'U1..J~1'll~t11..Jiifl''VIHfIl'.ilflgfl1..J~'UfI.:I 
.: .. !II ~I ... .., I 0 .. 

\1f1lUtJ1 1JfIt~ fI'.i 'U1..J lP1 3 U H1J1 11J1..J 'lf1..J PI'll '.iU '.i flUlm::':flnfl.:l fl1Uf.)1Jnn lf1l'.i'VIH11..J'UfI.:I1J fl1f1f1'.i 

fl'11J 1'.i f:l'VI PI fI' flU fll '.i i1..J fI':: 1Vi fl1..J oJ.:I 111..J 1~.:I un:: 111..J 1'.i ::.:~U 'Il~,)tJ~1111J 1:: fl'1J' 'U fll'.i f11.:1 11..J 

'll'.i::':flfluff1t1 Ufl1J't'til1t;l 2 ijnil11Jm fl111JrllO 10'.i'VIClf un::.: '.i::t1::nn 1 , 'Ufl1'.ii1..JfI':aVifl1..J 511..J lfl 

hff.)wfI'1Ju1ifll'.ii1..JfI'::1fifl'U '1..JU1..J1~.:I fhi'lfilfll'.i'VIH~1 t'vht1U 2.10 l'llfll1~1..J~fIl'.iq'U~11,.hnu 
" r 'Q.I !It QI ,.,_ tQlQI SI

3.19 un::'.i fltJn::':fl 111J'lflt'VI lf1U 0.48 L1..JU1..J1'.i::t;lU fllP1'lf1..J fIl'.i'VIHfl11'V11flU2.08 '.ifltl'fl::':'UfI.:IfIl'.i 

qUi111'ht1U 1.99 un::~{It1n::fl111J~lL't;'t1'U 0 f.)WfI'1Jmlfll'.ii1..J fI'::L fifl1..J'UfI.:I~nt(1JL;jtl11111'U ~111 
i ffd~J1..J~1,btl'1..J fIl'.i fI'~l.:1Lfl1 fI.:If11,,y~nill'l~1Jlmui1..J fI'::aVi{I1..Jun:ai.:l fl'11J 1'.i f:l nPl fIl'.i 1 fftl111t1'U {I.:1 

~... .. · ..... ·1 ... ..,~ "!II~ alln1Jl'UtJ111111..J 11..JfIl'.i'U1..JfI'.:I'VI1.:1UfI (W't't1'.i 'tl1J ~, 2543) .:Il1..J1~tJnflll1f,m'U{I.:I~1J m'flflC]f.:lm::"l 
t 1 • , 

Ufl1..J ~flflii~{If1l'.i ff1..J fI'::1fi{l1..J un:: r-m'U fI.:Itll.:1'f1P1f1l'.i ff'U fI'::1fi{l1..J ~n fIl'.i "fllIl't't u'hdj{l,)PI'U~fI 

'11'Uf11~1Jt1UUfl1..J~fIt~1J~1..Jf11,,yfll'.i~1..Jff~aVifl1..J'fIPln.:l ~1J~1111Jl::fI'1J flfl 30 un::.: 45 fI.:Ifl'l un::.: 

~t;!fI'.i::~ulfitlltiTti.:l'UfI.:I '.if:l i f:ll~1..Jfll1J~~Pli.:ltll.:1nPlfll '.ii1..J fI'::lfifl1..J Ufl fI~ l.:1t11..J t1un 1~.:I'U fI.:I'.i f:l i f:l 

1~1Jfll1J~hj~Pli.:ltJ1.:1nPlfll'.ii'UfI'::lVifl1..J1-vltl.:ll~fI1rfltJ1l'inf1..J (fiTU.:l 11'V11tJ1i1, 2545) 

Controllable input 
factors 

l ! ....... ! 

Input III 1-1-:-_pr,......oc_e_ss_...,......,I.. Output y 

f f· ..···· f 
Zl Z2 .......... Zo 


4 0':' ~.I 
.ftlTt'fl 2.18 UUU~ln{l.:l'VI1 LlJ'UfI.:IfI'.i::U11..JfIl'.i 

http:fIl'.i'VIHfl11'V11flU2.08
http:1..JU1..J1
http:1..JU1..J1
mailto:1@J'.i't1C]f
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2.8 nl100n"UUnl1'r1~atH (Design of Experiment) 

(2) fll':iVlfll10.:1,r'Uitl a'U,~ lrJ'U,r'U fI 0\,1fllnh a .:J~fitllii0fl '~~lflfll':iVlfll10.:Jld0.:J~'U 
11Tri1fll'J Vltll10.:J Ltlvii1f1QtI'JZff.:Jfi'1'i401m vmfiVUl1;0111a.:J~A~"ttl , 'Ufl~11 ltlv~ziifll'J 'oN 
UN'Ufll'JVltll10.:1IIUU~H'1 

, _I ~ _I "... ~ _t=
2.8.1 t1"J"'u1zn0U'U0-1nl1'r1~a0-1 CJf.:Ju'JZfl0Utl1VVI'JVll11'UfI (Treatment) lJ'Jmw 

..: ...... _ I";" , ...... ... ,,1 
ff.:J"fH 1ffill 11':i011ifll'Jfl1.:1'1 V1f10.:Jfll'JVltlfftlU 'Ufll'JVltll10.:J11':i1Vl1Z1tlVtltl.:J'U 

2.8.1.1 11lhVVltll1tl.:l (Experimental Unit) fi0 l1thv"tl.:la.:JVltll1tl.:l~\lZ'~i'u 
A ~4 QI, 0 t ~ .. • ". , .dee.J dt,

V1'JVll11'UflltlV1fl'U 'Ufll'JmZVl1f1H tlflHl1'U.:I 11'U.:J11'U1VVltll10n::11111vtNl1'U1VVlLnflVl"ttlVl 

\l::l'i1fll'J1tlNl111thv Vltll1tl.:Jii"'U1tl '~'hj~lntl -U'U1tl"0.:Jl1tbV V1f1l10.:1~::~'U tldnUl1l11vi1\l\lV 

1~url nmnUZ"0.:Jfll'JVI~l;;'0.:J 1i11~U;Vlfll10.:J "'U1f1 "0.:Jfll'J Vltll10.:J \l1'U1'U VI~VlI11'Uri' 

.:IU11'J::111W fl111JU11'J11ntJ fIlV'tJ l1thVVlfll10.:1 lAV1n'U Ul1::fl1111U11'J11'J1'U'J::1111.:Jl1thV 

• Q,1 t .. I ~ t .4 

2.8.1.2 l1tJ1Vfl10V1.:1 (Sampling Unit) fl0 ff1'Ul1tJ.:J"tl.:ll1'U1VVltll10.:J11'J0 

d ~ f 

01nzli1'U VI.:J11'U1VVltll10.:J 

2.8.1.3 fl1111f1l11tllf1~0tJ"tl.:Jfll'JVltll10.:J (Experimental Error) fi0 fl1111 

I " ..;, "...... ~ ... ... .4 ,,1 d ... 
Uflflfl1.:J 'J::1111.:111tJ1tJVltll1tl.:l VI tl':i UVI'JVlUJtJflltlV1fltJ fl1111f1l11 fllf1l10tJ" fNfll'J Vltll10.:JtJ flfl0 

fl1111 uti 'J 11 'J1'U fIlV1'U"tl.:JU~l1ZVllV1l11'Uri' t.1'lfh~1f1 ,~\llfll1 tJ 1VVlfll10.:J~1~i'UVI~Vll11'U ri' 
lAv1ntJuflfl~Hn'U111flfl1111f1l11f11fl~0tJ"0.:Jfll'JVlfll1tl.:l~::\1.:JUfftl.:l11tJ1~::iiVViiTtl1\llfli1\l\lV 

fIlV'U0fl~'U ~rl.:JNl1fl'J::VlU~tlfll'JVlfll1tl.:J'Utlml1iJtl'11 \llfl VI~Vll11'U~ ltJfll'Jl'i1fll'JVlfll10.:J fl1'J 

, "... .4 " ,J .4
TtVlV111 fl1U fJ 11 1111 fl1111 fll11~Hfll1 tltJ" tl.:J fll'J Vltll10.:J tJ tl VVI "ttl fl1111 fll11tll fll1 tltJ "0.:Jfll 'JVltll10-1 

"" .r 1 '''' Iflfl-UtJ~lfl 2 ff1111~ l1ty fl0 

.A d4 • Q,I 

1) fl1111f1l11tllfll1tl'UVl11111fltlUfll'JVltll10.:1 (Inherent Variability) 11fl\lZ 

lOfl ~lfl1'f1Ql1; tla.:J~U1mVlfll10.:1iifl1111Uflfl~1.:J0d'Ut1110.:J ff1111'J fJfl1UfJ11 , ifd1U1fl 

Js .d4.4 I 
2) fl1111f1l11tllfll10tJVllflfl"tJ'JZ1111.:Jfll'JVltll10.:J (Extraneous Variability) 

lOtl \l1 fl fll'J 11 ~U; 'J ::1111.:J fll'J Vltll10.:J'~ffJ11ff11 0 11;0 tl1 ~ IOtl \llfl fll 'J -u'Uitm-ll1 'J ::111H fll'J 

~ 0"" ~ ~I ..; , " "" .4 ,2
Vltll1tl~f.lflTt l11tlCJf.:l tl1 \lllJ'l..! ff1l'H <;J 11 'U.:JVlVl1 l1lfltl fl1111 fll11f11f1l1tl'U "0.:1 fll 'J Vltll1tl~ ~ 
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" ..d , , .. ,
3) flU't,,911 (Replication) fHJ fl1'.i'YI'H'U1t1'Y1~'Clfl,nJ1flfl11'H'U,nn.J1t1 

,~... ..... ... ='1 d... ..,... .. dr ,AI ,
t1-ltJ'YI'.i'YIllJ'U911~tl1ti'U 'H'.ifl'lJ'Ufl1'.i'YI 'YI'.i'YIUJ'U~ ~ 'YI'.i'YIllJ'U~'H'U.:J lJ'.i1fltl 'U'H'U1t1'Y1~'Clfl.:J 

JJ1flfl'h'H d.:J'H ,,bm'f1l'H~~lfl.:J;jfl1ni1~1, 'U fl1'.i'YI~ 'Cl fl.:J 

_I • •
4) lJ'.i::lJ 1Wfl11lJfI'Cl1~lfl'Clfl'U 'Ufl.:Jfl1'.i 'YI~ 'Clfl.:J l'Ufl.:J ~1flfl11lJfI 'Cl1~ 

lflgfl'U'Ufl.:Jfl1'J 'YI~'Cl fl,urJ'Ufl11lJU~fl911.:J'.i::'H'h.:J'H,\,btl'YI~'Clfl.:J~'~ltJ'YI1 'YIllJ'U ~,;)tJ1ti'U A.:J,r'U fl1'J 

'YI~'Clfl.:J~'ti;j~1~::: 'titl1lJ1'Jt:lU'J:::lJ1Wfl11lJfI'Cl1~LfI~fl'U'U fl.:Jfl1'J 'YI~'Clfl.:J'~ 
5) fl11lJ'~tI.:J~'.i.:J'Ufl.:Jfl1'JU'J:::JJ1Wfh ,filJfl11lJUti'Uti1 fhu'J:::lJ1W ~,~ 

~::: 'mf,fitl.:Jfi1f111lJlrJ'U ~~ .:Jfl1'.i'YI~'Clfl.:J 1~v...f1'U ti'1'U'U1~'Ufl.:Jfl1'J'YI~'Clfl.:J , 'Hqjlfl'U'U fl1'Jfl1tJtJlJ , o,~ 0,51'" • ",~ cI 
t1U'Cl'.i:::'H11.:J'YI~'Clfl.:J m~'YI1 ~ltl1fl 'YI1 'Hlfl~fl11lJfI'Cl1~lfI'Clfl'U 'Ufl.:Jfl1'.i'YI~'Clfl.:J'U'U U~tn'U'U1~1'Clfl 

, II 	 • 

Lfi'U'Ufl1'.i'YI~'Clfl.:J ~:::'ti'\h1~fl~fl A.:JU'U~1'U1'U 'Hthtl'YI~'Clfl.:J fl1'.i~:::lWtl.:J .... fJtVlfl~::,,rU'.i:::JJ1Wfi1 

fl11lJfI'Cl 1~ LfI~fl'U'U fl.:Jfl1 '.i 'YI~ 'Clfl.:J '~flth.:J,j1L~fl~fl U911~ fl.:J ~1flfl11lJfI 'Cl1~LfIgfl'U'U fl.:J fl1'.i 'YI~ 'Clfl.:J 

f 4',... 1 0 4 0 r .. -4 

lJ'.i:::lJ 1W ~1flfl1'.i 'YI1CJf1'Ufl.:J 'YI'.i 'YIllJ'U ~ 'U fl1'.i'YI~'Clfl.:J ~1'U 1'UCJf1U'Cl:::'U'U1~'Ufl.:Jfl1'.i 'YI~'Clfl.:J ~.:JlJ 

dr... ... 
H'Clm::'YItJCJf.:Jfl'UU'Cl:::fl'U 

2.8.2 	 UVVrJ1'Un1:::tJl'Ufl11RDVI ~tl1lJ1'Jt:lU,j.:JiT~\ltlflflfl 'll,rJ'U flfl 

, ...Of ..d , " ... QI .dQ,I

2.8.2.1 lJ~~tI'YIfl1tJtJlJ ~ (Controllable Factors) 'HlJ1t1t:1.:J iT~~tI'YItl1JJ1'.it:l 
o , t ,1"'l rJ.ct , 	 SIdGo' 	 I 

fl111 'U~fI1'Ufl.:JiTntl'U'U t1 t'U m :::tJ1'U fl1'B 'U H'Cl~~flfl1'j'YI~'Clfl.:J L.... '.i 1:::11fl1'J'YI~'Clfl.:Jr;t'YI'YI~'Clfl.:J 
_~ 0 ".d t .4 " 

~:::t1fl.:Jfl1'H'U~fl1~1.:J~'YIfl1~11~:::lJH'Cl~fltJtl'Ufl.:J~1lJ~fl.:Jfl1'.i 

2.8.2.2 iT~\ltl~fl1tJtJlJ'ti'll (Uncontrollable factors) 'HlJ1VO.:J iT~\ltl~'ti 
II 	 II II 

tl1lJUt:lti1'H'U~iT~\ltl'lr'U~ 'll1'Um:::tJ1'Ufl1'j ";.:Jij,fi~~1m'YIfll'U l'ClV'ti";'Utll1v l'U'tJ'U''Ufl1'j 

... "" ... 4' ,,1 rJ' ". .:!I 51fl1tJtJlJtl.:J 11'.iflfl11lJl lJL'VW.:J ....fl tl.:J~1.:J~l'Hm'Ufl1~' 'UH'Cl~flm:::tJ1'Ufl1'.i r;t'Yl1fl1'J'YI~'Clfl.:J~.:J~fl.:J 

• ... 	 _<if .... "" ,1 • 'I 51 _Id _<if "" .... ,1 • _I": _<if "" lit ~ 
'VW1t11lJfl1~~ lJ ~~ tI'Cl fl1:IW:::UtJtJ'U ''VW l 'HllJ'Cltl'UlJ ~~ tI'Cl fl1:lW:::UtJtJ'U ''VWllJ'Cl tlU lJ ~ ~tlfl1tJfllJ ~~I• 
th'H -ltJfl1'.i fffl1:l1iT~ \ltlU'Cl:::fl11lJtYlJ'ti'U .fi'Ufl.:JiT~\ltl' 'U fl1'.i 'YI~'Clfl.:J,f'U1~ tI...f1i U~:::1'fI '.i 1:::11'.u'fllq!'Cl 

fl1'.i'YI~'Clfl.:J i~~1fl~.:Jfl.,tu ANOVA (Analysis of Variance) ~.:J;j'H'Cl1t1U'.i:afi'YII,}'U One way 
t ,1",,, .... 

ANOVA, Two way ANOV A, Fully Netted ANOVA, U'cl::: Balance ANOVA 'YI.:J'Ufl'U'UflgfltJ 

lULLtJtJU'Cl::: \l1'U1'UiT~\ltl~'Vi1fl1'.i fffl1:J1~1t1 ~.:Jtl1lJ1'.i t:lfl1JtJ1t1'.i1V'Cl::: Liltl~1UU91'Cl:::U '.i:::lfi'YI iIlA.:J~ 
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... ... "Po
2.8.3 YU~"'8~m111f111::"'U8'UQm1"~UI8~ 

2.8.3.1 One way ANOVA 

I~Un,,1Ifl'.i1::11'fl111Jmhun1J'\ltN11'OllfJ 1 11'OllfJ lflfJun91u~111'OllfJ 
QI '4. Q.iI.a '0 QoQ d Q tlgJ,JI a ..,Q,I Q.iI 

~.:Jnal11J 3 'S:::~1J 'HH)1J1nn11 ff1'H'S1JnHU1J 2 'S::~1Jnff11J1'Stl1Ifl'S1::'H'U6l;,1a Cflm1J6Un1J 

-n.:Joiu T-test 1~fJ'tf1'um"11uu91 'S::f11J (Level) 'U6,:nj'OllfJ~fi6n1'Sn~a6.:J (Treatment) 'H~.:J'1~ 

,hn"ffmn fJni16UH1"fU 1fY1mlulH.:J1Ui6.:Jn1'Sffnfl1fl111Jl;mtulun1'S1~fl1l1JnUnlU 
... ,,~ ....r JI -- f. .I -- 'I I "'a .., .Of'" J... .r 1 

'U6.:JffUfl1nNa~'Uu Cfl1fJ1tin1'Sn.:JffU 3 1tin1'S LUll~a:::1tin1'Snfl6 'S::~1J'U6.:Ju'O'OfJnlMl'UU ~fJ 

E'I I J J ... .r 1 I .... 1 . I'! ...
m::1JUn1'S One way ANOVA 'O::luUn1'Sn~ff61JfllnlafJn1n~'Uu Ull~a::'S::~1J ~tllu'SV1J1nV1J 

" 1 I J ... .rI
'U61Ja uu~a::ff1Un1n~'UU 

2.8.3.2 Two way ANOV A 

I~Un1'S1Ifln::11'fl1l1JUU'SUnU'U6.:J11'Ollv 2 11'OllV 1~v..r6IJa~'O::';1 
Q t/ tI cl 1 Q,I ...Of OJ' 1" I Q.iI QI' t 11 ".clQ OJ QI 

n1nlfl'.i1::'H~6.:J1Jn1'SU1J.:J'S::~1J'U6.:Ju'O'OV 'Hl'VIlnU fJn~16VH''JU 1'lJ1'HUln1'OVua::vtWlU1'il:: 

'Viln1'Sffnfl11lf,!W'HfJijlla::na11un1'S61JUNU CD iiNa916'S6fJ!11 ~Lft~~utULINU CD 'H;6hj 

2.8.3.3 Full Nested ANOV A 

d Q t/ 	 ...Of ,,:Lc:. :'1 t" .Q,I QI

LilUn1'S1Lfl'Sl::'Hfl111JUU'SU'S1U'U6-!JU'O'OfJn1JanflW:::LuUnQ1J Luu~a::: 
f. .Of .., t 	 .4 1"'" ~1 ..It ... ~I

'JU u'O'OfJn-!J'H1J~'O:::1J1'01nn1Hj1JLvt6 'H1n~fl111Jff1J\!'SW un"n~a6.:J C1Nff11Jl'Stl11fl'S1:::'HNa 
II 

~61Jhj1J1nn11 50 til n1J11'OllfJ 911'OllfJ lUn1'Su'S::1J1aNa..r6l;,1a 1 fl1-!J fJmi16dl.:JL1fU1J~..rnL1'l1-!J 
.4 ~A Q.iI Q 1 ' ,=:I 'Q,I • d OJ 4 ='I OJ .cl

'HU.:JnCJf61~Q~1J uLL~a:::1~'Oln Supplier nlL~n~l-!Jnu 3 U"-!Jfl111J1I'U.:J'U6.:J1~Q~1J'O::luu11'O'Ovn 

U	11J1'"'OT.i W 1 1 un"~ '0:: ff -!J Na 916 n1'S Na~ ffU ti'1 1J~..rni6-!Jn1 'S ffnfl111fl111JUU'S U'S1U 'limfl1l1J 

d Q,lQa4 t t. 
LL'U.:J'U6.:J1~Q~1Jff1JLU6-!J'Olnfl1l1JLL~n~1.:J'U6.:J Supplier n-!J 3 lL'H-!J 

2.8.3.4 Balance ANOV A 

E'I ... ~ .1 .1 .Of .., J ... .., E'I I ~ ...

Lu U n1'S 11fln:: 'Hfl111JU u'S u nu 'U6-!Ju '0 '0 vn1Ja nflW::luuna1J CJf-!J1J• 
"~"'_F- ... I .., 1 	 1 1 I ",.rI 	 I 
'U6IJan1Ju'S1J1W1J1nlLa::1Jfl111JU~n~Hnu uu~a:::m::1J1Un1'S ~tI uu~a::'U1J1Un1'Sn'UU6~ 

n1Jn1'S66nU1J1Jn1'Sn~a6.:Jlla::fh911.:J'1 ~lft~~U n1'S66m11J1Jn1'Sn~a6-!J;-!J'uL~tl1..r6-!Jn1J~-!J~ 
o ~ 	 1 0 .., 1 ..It ... ~."f .., J"0

'il::mn1'Snnfl1ua::'U6n1'HU ~ U n"n~a6-!Jua::a1~1J Un1'S n~a6-!J CJf-!Jffl1J1'Stl1Ifl'S1:::'H u'o 'OfJn 

'Vi1n1'Sflnfll hi'1Jlnn11 31 11'Olltl 

dl'H 11J-!J1U 111V~flnfl1 t U L;.:JLm tim;; tl1J~1',nU n1'S flnfl1' 1'L"fU .:J1U111fJ116-!J 
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", ..." J., "A" . ~ 1J{Wfl11 0.05 Ufl::1/fl111/1'MV1/W'1O~'UV\lflflV R-Sq = 'IVtJfI~ 95.48 R-Sq (adJ) = lVtJfI:: 94.93 
QI t , , 1 4 d,..,.cIQI' 4 

~N1J1J UfI'fl~11'I:W::'H 1~'I::'H1Htll~fl'lJ\lfl'H 1J UfI::fl111/1'I1'I V'lJ ~l~lJ NfI~Vfll'IfI'fl'H H)'UV~\lfl'H1J 

OJ' '" A , ... """ d:' OJ' .. "" .r'Ufl'Ul1 fl6 'I ~tJ::'HHtJl.:Jfl'lJ\lfl'H1J 1JVtlUfI::fl11lJl'I 1'I V'lJ~1 6~'I1fll'I fl'fl'H'I V~::lflfl'U1J \1nlflfll'I 
~ ~. 

W~l'Iflnfh P-Value C)f~iifh~lfl11 fh a 0.05 ~~fI'l1/1'IfI'lJVfli1~fI'v~if~imj1Jiifl11lJU~fl~Hti1J 

(i;;fll1J~ 1,/tyU~-3, 2549) fll'I1itJflf~;lii1~Q'.h::fI'~ri'1~Vlmtl'lJl-nlJ'lJ'J.hd1f1ifl1'Vf'U6-3nfll'I'U6~ 
fll'Iflflfl'6'lJ11J flll 11f1 'I 1~»fl11lJU'lJnh11J 'hmrl61J 'I~fffl1fll'I flflfl6tliifhhiL'vhti1J 1 fltJ~~ 
_f.! .:t .Qd QQ 19J '.Q,d Q 0'..::.. " ... J

llJ'ItJ'lJ1\1lJ'lJ11iflflfl'6'lJ 2 11i flUfl11ifll'Iflflfl'6'lJ'U6~86f1f1~fll1f1ti161't Hollingsworth F- Test 

Statistic (1l HF) Ufl~nflflfl'6'lJ'U6~'il6»1Jff1JU"::11J6UlJ1JJonhson-Neyman Test Statistic (l'i IN) 

lf1 tl~f11:l11mtl'lJfl11lJfI'llJl'I fl11Jfll'Ifl11JfJ1/fl11lJ,jl'il::l~1J'U V~fl11lJ Afl'VffllflU'lJ'lJ~ 1 UfI::tl11J 1 'il 

4.c:t t ~ cfd:'1 t ... 1 Q.I 1 4 , QI 0'Q QI

'UV-3fll'IflflfI'V'lJ'UV.:JTli fllnH 2 11 11"::lflWCVIf11lJ1JfI'11JlJ'I::fl V'lJfll'I~fl fl'1J ~ flVfllf1'1/'Vffl1i'UV~ 

fluh1Jl'ilfll'Iflflfl'V'lJ fl'm1Jfll'IW~~mnflV til'H1JfI~11J11J~~flflflv~n;,ti'lJfI'V~ ~11J11Ji1U,j'I 

i11/1fhti'lJ'H~~ Ufl::fI'1111'IflfI'1,j1ffA~;l fl11lJ,jl'il~L~1J'UV.:Jfl11lJAfI'Wfllf1U'lJ'lJ~ 1 nfllnr-3 

2 n fl'llJ1'Iflfl1'lJfJlJfl111/,j 1~~1~1J'UV-3f1111/ AfI'VffllflU'lJ'lJ~ 1 1ffm'lJ'~flm tll fl111/,jl'il::l~1J'U6~ 
... ..I ",.r".:!1 AI "" " ... , ... ,..!. .r

fl11lJ Nfl'Wfllf1U'lJ'lJ fI 1 I 'Vf1/ '1.1 1JllJV~1/ lJ 'I:: fl'fl1i fll'I fI flfI VtlU":;'1.1 1J lfl'U V.:J~1VtlH1/fill'Vf 1/1I1fl'U1J 

nfllnf~fI'v~fI'1111'Iflfl11JfJlJfl11lJ,jl'il::l~1J'UV~fl11lJAfl'W"lflU'lJ'lJ~ 1 1rul lrlV'I:;AmjtJ1:hflty 

(<l) iifh!'i4lJ~1J 611Jl~fll'Iflflfl'V1J fh611Jl'ilfll'iflflfl'V'lJ..f~ffv~1i ~~U,j'iN1J~llJfll'UV~'U1Jlfl 
i1VVH fflJ,j 'i:: fffl1fll 'i flfI flVlJ 'i:: A'lJfl11lJU~fl~H 'I::Wh~6f1 i 'W fI '1.1 V~~ .:JflflfI V.:J U fI::'i:: A'lJ 

,rtl~hflty ~h1Jfll tb1JfllfflJli'\11r'UV~611Jl'il fll'IflflffV1J'UV-31i IN 'il:m,j'i N1J~llJfll'UV~ 

fflJ,j'I:: fffl1fll'i flfl fl6tJ U fI:: 'il::u,j'i NflN1J ti'lJ 'U1Jlf1i1Vth-3 'i:: A'lJfl111/U~fl~1~ 'i::'H 11 ~6f1i'Vffl 

. 
6f1i'WfI'UV~if'ilifl-nfl1 1 ,.flnflfl11lJUl'lfl9h~'Uv~fI'l'I lflilv'lJ~1J'U1111J,.f6~flfl"6~Ufl::fll'i '''-311J~;.:j 

1WJ11-311f11~U~fl~1-3ti1J lfltJiiif'ilitJ~'Vilfll'i~mn 2 if'ilitJflV fl111/U~~UH'\Jmfl'1'I'flil61J~1J 
d .1 1 A!'I' ~... "A ...... ..1, "1 ... "'JI A 

Ufl::fl11lJU'\J-3UH'U6-31il~ \d1J 1J1't1J C)f-3lJLfI'i6~lJ6f1Hfffl~fI 'M 1J fllnLfI 'I 1:: '11 '\JV\lfI flV Two 

Way ANOVA ~'I::A'lJ,rmi1flty (<l) l'vhti'lJ 0.05 U"::iifl~1/i1vth~..f~'I1lJfl4 fl~1/ flV fl~1/ OX, 

OQ 1cl11J,.fv~flflflV-3 OF UfI:: 0 1cl11Jf11'i1.f-311J'il;-3 N"fll'I~mn'Vf'lJ111nflfll'Iflflfl11lJU~~UH 
y • 

fl'1'i LflilV'lJ~1JUfI:: 1i 1~~1J11J~1J vdl~ii,rmhflty11J fl~lJi16dHli~ 'I1lJfl'l1 ~~ 'illfl-niifll'I lf1ilv 1J ~1J 

'\J111f1tl'Vf1J'hLnflfll'iflflfl111/U~~UH'U6-3ffl'ilflilv1J~1Jm1l1wJVlJfI:: 25 UfI::lnflfll'I"flfl11lJ 

U~-3UH'\JV~1il~~1J11J~1Jm1l1wJVtlfl:: 22 'I1~~'illfliifll'i1"ff1'IlflilV1J~WUl1',jun1 351Jl-n l1J 

,... d A A!'I' A~ 'JI ... 
fl"llJ OX lflfl fll'i flflfl11lJU'U-3"H'\JV~ffl'I lflflV'lJ1't1JlJ 'i1l1W'i 6tl":: 13 UfI::1f1flfll'iflflfl11lJ 
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U~.:J11H4IJ0-31i1~~'Uh.lw'Um1l1tUtOVtI:: 10 l1ftn1flijflll'..wfflllflaO'lJW'U4IJ111tlu~1 35 'U1;; ''U 

I "" ., .... &\'I'.~ ~ "" .,
fll\1l1 OQ lflflflllt1flfl1111U4IJ.:JU H4IJ0.:Jff11&fltlO'lJn'UlJl111tU l OVtI:: 14 Uti:: lflflfllltl fl fl1111U4IJ.:JUH 

4IJOU1~~'U''UW'Um1l1tUtOVf1:: 911ft-3~l1flijflll,..wff11&flaO'lJW'U4IJ111tlU~1 14 ,71111-3 ''Ufl~lI 0 

lf1flflll f1flfl1111u~.:Jm .:J4IJ0.:Jff11lflaO'lJW'Um1l1tU tOVf1:: 18 Uf1::lf1flflllf1flfl1111U~.:JU1 U1~~'U 

''Uw'Um1l1tUtOVf1:: 13 l1ft-3111flijflll' ..wff1l lfl a O'lJW'U 4IJ11, tlU~11flOl;;tl1j''U'111.:J11f11l~V1n'U 

1flVffltlflO flll' ..wff1llfla 0'lJ w'U i \J,rO.:J 'VlfltlO.:Jijflll f1flfl1111U ~-3m.:J ff1llflaO'lJw'U Uf1::1i 1~~'U 

''UW\J~1I1flfl'"hfll1'..wff11&flaO'lJw\J'\Jfllli..w.:J1\J1I~.:J (Lewinstein et aI, 2004) 

flll00flU'lJ'lJfll1'VlfltlO.:J i \J-31'U1 fmI\J' tfijfl1111"hffqJl140'l11V' \Jflll f1flth i..w'ihtlllf1:: 

~I I .<$ 01 • '" t 0 ~'I' .<$" A " .1.... ttllJ'Uflll'Vlfl tI O.:J OVH1111 tlflflll flll f1 fl fl1 'lf1l1V\J \J 1I1llJ'U 'Uflll ff4IJ 11l\J tl.:J1I1fl1lfl14IJ l1llJ f1 0 fl'U \J 

ij11f11~ \l.:J 111flijfll1,..wm1I1tU~1I1mI\J ~doll'Vh' ,rfll1'Vlflf1 O.:Jl~'U'tl1tff.1vfl1111V1m;''lJ1fl~.:J 
,,~ I 	 to"A 	 fa., ... 

fI 0-311 flll Otl fl U'lJ 'lJfl11 'Vl fl f10.:J flO\J fl1l'Vl flf1O.:J '1'f Ofl1111 UlI'UV141J0.:J 4IJ0.:J \ltI Uti ::'Ull'lfOflO 'Ul 'If-3 

1'1flfl11 11f1::.:J 1\J 1fv4IJ0.:J f1 f v1~li111ftflflll 00flU'lJ'lJ fl1l 'Vlfl tI O.:J 1I1',n\J flll'Vl fl tI 0-3,140 , ,r'flfl 

", .<If' 01" Y .<$" i A .<$" ., 1Y I 01fl1111l4IJ1 lIlJqJ11141J0.:Jflll Ufl fll1 fl4IJO.:J 4IJ11ff11~1Vflll ff4IJ11 \J tfll 0-3ff4IJ1141J\J 1fllf1fl ~0V1.:J 'lfflll1 \J 

... ")! ~I ... " A 01 01" 1YI " 
flll11fll1::11~flrJlI'tJ\J llJ\J fll111m 1::11 '1'ftl111f11111ffll1'f'U1il::111H l1V ~ fI\J'tJ\J 

flll N~fI Uf1::Nf1fh 1 l114tlfhl1'Uflm1l1tU flllN~fI~ll1111::ffll 11;tl~fl~'Vi1 i ,r'1v1tfl1l1l'thn'lJ ' 

~'U'tJ'U1111 11; O~fl~fh11l'vhn'lJQ'\JV, 'Ufl1111m 1::..r ~fl~lI'tJ\J ~::u~-3~\J'tJ\JUtl::t;" ..w'ihv 

oom~\J 2 ftfl'lltU::flO ~\J'tJ'UfI.:J~ Utl::~\JlJ\JN\JUtll (tjlltltl,::ff.:Jtltj4IJ, 2006) 

2.8.1 f'llUJ'UmJ~'U'J'U 

~'U'tJ\J (Cost) 11111Vil.:J \l1\J1'U'~\J l1;tl~.:Jllf1mtl~v\Jmh.:J~'U ,14tlhn~1I1c;.:J 
'Vli'1'fVff'U11;Ofll1'lJ~flll Ufl~\J'tJ\JJ\J'Il::ijfl111111111V'fl~LftV.:Jn'lJfil"h t,,'..w~lV (Expense) flO 

\l1'U1'UL~'U~111~lV1 tl''Ufll1'lJ~flll11; oioh,u\J .:J1'U ~.:J'\Jfl111111111V~.:Jflrl1141Jtl.:J..f.:JffO.:Jfi1 ~.:J 
hiuflflfl1.:Jn'UlIlflUfl diffl1 i,::1'anJffQtI Utl::f1tU::, 2539) 

""" ...2.8.2 nq1:l.t'JfI'U'J'Un1'fU3f1 

2.8.2.1 	 ~'U'tJ'UN\Jutll (Variable Cost) 

~I" .... .J.,f.... .,," tt,"t, .,...; 	 .r 
'lJ\JfI\J'tJ\Jl1ltlfl1 'lf~lV 'UflllNf1f1'Y101~l1'f1l4IJ\J1110f1fltl.:Jfl fl'Vl.:J'U 

,f "'I 01"", " ... ~I...s 01 ~".,. .,. t
4IJ\J tl~fl'lJflll flfl ff'U ~4IJ tl.:J f;jNf1 flllJ'Urllflty C1f.:J f;jNtlfI ffl1l1l flfl1'lJ fJ2J4IJ\Jlfl4IJtl.:JflllNtI flltVtff\J 

.!I '.1 " 01.1 t .1 01 ... I...."... " , I .r.,1flV'Vl1 lJfI\J'tJ\J N'UUlJl'U'U ~::UlJ1N\Jfll1141J\JlflflllNtlfI fltll1f1tl fllNf1f12J1flfl\J'tJ\J \J ff1\J 'U fl~:: 

Y ... "1' t.r.,,, 1" I ... 01 "" 01 dol
2J1fl T.t1NtlfI'UOV~'U'tJ\J ''Uff1'U\Jfl't\JtlVfl111 tlfl1Vl'lf\J i'UflllNflflfffl1f1'U'tJ'UN'Umh 'tI1I1Vm 
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fh'oN~1tJ~1't'nfl tll'tfl'.ifffl1 t1lUHHU Ul:1~fhtl1i'fllnfffl1 L~'U~'U ih'U''Ufll'.iNiiflfl'lf~'U'VJ'UN'U 
A I C1. d <II .. • tl • ~ <II ,.l... , ~I " .1/

Uu'.i 'tflJlf1a.:a fl11lJMI'n'U1 fl11;1V fll'UllJ'U fl11'l1{lL'nl:1.:a Ul:1:fl1m.:a.:al'U luUfI'U CJS.:a'tflfl nlJ 

• "., 01 , "!JI 01 d "J"" QI ... I tfl1''lf1l1VUfll:1~'.i1f101'.i ~Hfll:1111't11~1f1fl'Uflll: tflfl'U'VJ'UN'UuunN'tflJfl (Total Variable Cost: 

TVC) 1l1flfll'.iNiifl 

" .d.2.8.2.2 	 flU'VJ'Ufl.:a'YI (Fixed Cost) 

1~ 'U~'U 'VJ 'U 'tfl flf),'oN~lV'UO1'.i Nii fI~lnfl1l1fli11l~flfl.:a~'1 'U m:1J1'U01'.i 

Niiflll:1nfl~'U1't1lJfl '~11i11l~Vfl.:a~i.:amh11l~\1fl'oN 'tflfl '~~flllJ lflfl'~11~Niiflll:NiifllJlfl'tflfl 
" .o!IlIJ'''' " ... " ... ""'"'Uff1'UU,1,0 .d.do .t'Uflfl 'tf'.ifl IlJNl:1f11l:1f1 f;iNl:1f1ll:flfl.:alffflfll 'lf1l1V U1l1'U1U'YIfl.:a'YI1l1'U1'U'tfU.:alfflJfl 1l~ 

'~lt1~fI'UUtll:1.:aflllJ'tI'U lflO1'.iNiifl J.:a~'1 U01'.i Niifl '.i:v:J'Ul'th'!'U "h'U 't 'U'.i:W:Vl11fU'VJ'U fl.:a~ 
ffllJ1'.ialt1~vuutll:1.:a 'AflllJ'tIUlflfll'.iNiifl ~'U'VJ'Ufl.:a~J.:a'tflJfl (Total Fixed Cost: TFC) 'VJm1Vfll'.i 

'.i1lJl~lA1f1tl'U l1fU f'il1~fllJ'.ilfl1 f'ilm~~A'U fhl1fl~fl'U 1~'U~'U 
" .d~I'"2.8.2.3 	 fI'U'VJ'U'YIlu'Ul.:a'Ufffl (Cash Cost) 

~I" .o!I. '1'" .d....r " ... ,,,. lIJ I ... .l.o!l
lUUfI'U'VJ'U'tf'.i flfl1 'lf1l1f1'Y11flfl'tl'U Ul:1:r;tNl:1f1 fl1l1f1 I

Au1l'.i.:a1l1flfll'.iCJSfl'tf'.i fl 

<II A"f'" .... '1~ ... .1/" .d ~I'" ,1 ... J lIJ" ~ 'I ' 
llfl'tflu1lllflfll'.iNl:1f1f11.:a'llJl 'IJ t'Um:'U1'Ufll'.i Nl:1f1CJS.:afl'U'VJ'U 'YIlu'U!.:a'U ffflU1l~lflfl'tl'U Ifl'YI.:a t'U ff1'U 

'tIfl.:a~U'VJ'Ufl.:a~ Ul:1:~'U'VJUN'UUtl'.i 
iI .d, '~I ...2.8.2.4 	 fI'U'VJ'U'YI lJlu'Ul.:a'Ufffl (Non Cash Cost) 

1~'U~'U'VJ'U '\1lflfh'loN~lV ~lnflll1fl fl1'.i'1~i1ll~V O1'.iNiifl ~H'l 1'U 

m:1J1'Ufll'.i Niifl u9il~'Uf'il '1oN~lV~~Niifl'~'I{~lV 'tllI;.:a''Uvil'U fl.:al~V1tlU ~'U'VJ'U~'~l~'Ul~U fffl 

d ... J ,2 t '1' iI <II A I " .d.l/ ~I" .d... QI •0 " 

flll::1flfl'tl'U ~'YI.:a Uff1'U'tIfl.:afl 'U 'VJUNUUu '.i Ul:1::91'U 'VJ'U fl.:a'YICJS.:alu'U 91 'U 'VJ'U'YIlJ fl11lJ fflfltyflfl'U 'tIH g'.:a 

lJUl 

lnJUj III 
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~ " 1~ 0'''''' .l! <;It.}! .., ... ... 
t.n11~lff'UntJ fl\l1flma111'U1tJff'Um CJf~m'U~~ltT'U~H\l1fl~~tJ'UtJfl't'lHl'tr'Ul~tJ1fl'U 

''t'f'n:::1~tl111'U~ ,,r11miY'UtfuiDfl.:j~~'t'lD~,-N'UntJ1~ U't'l:::ut''U~'U'tl'Um1Nii~i~ti'U w ~~ A 

... A~ ...,....l! <;It" 1" , ... ~ .,. ... ...s ... 
1:::~lJ1JnJ1Wm1N't'l~1'YI1fllJ Ql CJf.:j1lJ'U~~fJlJ'rJ'U ''t'f11:::11tJ ~''YI1fllJ~'U'YJ'Um1N't'l~'t'ff)~ {ITI11lJ 

A~ ..t ~. ~ ... I 1~ 0 , "... "' ... d
1J1lJ1W'YI~1fl11 Ql "'U'rJ'Um1N't'l~\l:::\T.:j\l:::1J'.:jfl1111tJ fl 'YI1 l1'fl~m1'U1~'rJ'U U't'l:::'lJDm1N't'l~'Y1 

\T~fl11 Ql nV1~\l:::\T~fl11~'U'rJ'Um':iNiimh,,rlfl~N't'ltl1hYl~J'Ufl11Nii~\l1'U1'U Ql ;.:j'~'U 
mlJ1Wm1Nii~~,rI'U1tJ1ll'UflT"hrl111nm111fln:::M''~~lJ'rJ'U ()1nh11I~vD1fltJmll~fl1ff~f 

JI 

1~Yl.:j1j ff1JlJ~11':i1miY'Utf191D11oU1tlnhtilJ P 1J1'Y111't'l:::mlJ1Wm':iNii~\l111oU1tJ1YhtilJ Q l1oU1tJ 

~'U'YJ'Um1Nii~fl~~1YhtilJ TFC lJ1'Y1 U't'l:::~'U'rJ'Um':iNii~~'UUtJ1'U~V91Dl1oU1tJ1YhtilJ AVC 

"_~ ... 0 • ~ 1~'" ,14
ff11J1Hlm'U1W1J11J1Wm1N't'l~\l111'U1tJf'JlJ'rJ'U Q fl~~'UflD 

TR TC (2.6) 

l1~D P X 0 TFC+(AVC X Q) 

\l:::1~ (P-AVC) X Q = TFC (2.7) 

Q TFC 

(P-AVC) 

Q TFC (2.8) 

d 

4" ..tl~tJ~ 	 TFC flf) ~'U'YJ'Ufl,,:j'YInlJ 

AVC 	 flD ~'U'rJ'U~'UutJnlD11oU1tJ 
• 	 Q JJ I , 

P 	 flD nfl1ff'Um~Dl1'U1V 

4 "1.1 ". I 4' • 4d 	 flD m 1'1JD,,:j~'U~Dl1'U1tJ 111D ff1'U~1,,:j flD P AVC 

d • _~ ~ d4 ... ..t.," "1.1 " .... " ... 
\l:::'11'U111J11J1W~~tJlJ'rJ'Uflflf) m1N't'l~'YI'Y11 11N't'lm 111JD,,:j~'U''YI1fllJ ~'U'YJ'Um1N't'l~ 

fl,,:j~.j'U'D.:j 11~f) d X Q = TFC (~1,,:j~ iY'YI1iflfl~, 2548) fffl'},m1D.:j fl1':iffflll1fl11lJ,rI'U1tJ1tf'YIH 

~1 fl\l , 'Um1Nii~'fl1D.:j~1J1111J:::l;;Dl'Y1fll,wij1~QtJ1:: ff ,,:jfl'li~Dfl111Jlr1'U1tJ 1~'YI1,,:jtf1'U ~':i fl \l' 'U fl1':i 

.,. "'''' 4 ?I..!.~ d1 ~ .... 1 ~ .....
N't'l~lflHH~lJ1J:::''UD1'YIfll1J'U 1~'11J"'U'UD,,:jm'n11 'U Dmfffl1'U~ ':i fl\l ~tJm1Mflll111m1::: 11 fl11lJ 

,rI'U1tJ1tf'YI1.:j~1'U91H<I'] ~\l11r1'U ,i4D1Ti1JlDfl1ff'l't'l:::'t'l~fl111JlaV.:j 1'Umnh~':ifl\l~\l:::Yh1'UD'U1fl~ 

N't'lm':i ffflll1ft1Yl1 1m ~fl1':i1 .f'~'U'rJ'U 5,370,000 1J1'Y11~vm':iQ1f1J'~'U'rJ'U11 ~'Ul1tJ'U ''Ufl\lfl'nlJ 

,f'U~1 900,000 lJ1'Y1 a~n~DmfltJ1~'UQ~tDtJ't'l::: 7 ~~~lJ'YJ'U (Breakeven point) 979,533 l1thtJl~v 
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nnf'lJfl'Slm't.nt.l 12.50 1.11l1~t)fintH ih:fI:f!'lJ't'J'lJ (Payback period) 2.2 1I1m~fll'SU1JlIth 

l1\l,,j'lJ~l1i (NPV) W vm1fiflllfl~Oflll: 7 nhi1.1 3,333,979.47 1.11l1 VYl'Slff1'lJ~lItJ'S~ 1f1'l1U~0 

~'lJl1'lJ (B/C Ratio) ufl11'rhfl1.1~fWll~ 1.66 VYI'Sl~1IY101.1!Ll1'lJmtJ''lJ1flHfll'S (IRR) Ufl1n;'fl1.1• 
9J d I QI ,: 4 ~ dt' ' (II ~ f, ~ 
'SOflll: 20.9 C)f~lJ1flfl110Yl'SlflOm1.1fIt~'lJ'.JfllJ (MLR) l110tJlI:; 7 UlI:lJ1flfl110Yl'SlflOm1.1fI'\l'lJYl1 

.do?! .,: di .I,J/· 1 J':'I,.I,J/ ... .,
'\l0~1flHfll'Sl1fll11'lJfll0flll: 15 fl~'lJ'lJ ~~fI'lIJ fl11 flHfll'S\J1IJ'lJ IJ Al1Hl'Sfl~ (Vi'S'l1f1 

i'lJ~~h ~Y1, 2528) ~Ul1'lJ1.1l"rl1' ~CJ1 !g'lJ\hil f.ll~ ~lflfl hf111!fI''lJOtJ'S:;lJ1Wfll'S~'lJ'l'lJUll: 

~1IY101.1Ul1'lJ i'lJfln~1L'n'lJl'Sf)~ h~ff'l111 (n1ft~fll'S~i;~ 70 lfl1f1'lJ~01'lJ) ~o~tJ'S:'VlJ 
flw:m'SlJfll'S Ti~nw1fl11lJlrJ'lJ 'tJ'~ i'lJfll'SfI'~H1Hff flO~'fi,.tl10 1flflfl'ltJtJ'S:;lJ1Wflnfl1 

• JI • 

lfl10~im nlJfll'S~Ai~ 4,000,000 1.11l1 fl101m'j!m:iff~riOfl'~H 2,000,000 1.11l1 fl1'Sf:11.1'S'Sl',!fl 

~ 1 QI " , i.J!' d d "d
lfl'SO~'t'J'lJUH Ull:i'Sfl~flllOf.l1~ 2,000,000 1J1l1 m "D~lf.1!1JfllYillA 1 ,000,000 1.11l1 'S1lJYI'lJ't]'lJfl~l1 

tJ'S:ilJ1W 9,000,000 1.11l1 tJ'S:lJ1WflTl~1f1 i'lJflUff'l111!tJiiofl Hfl1f1lJ Ufl1'l1111tJiiofl 3,200 1J1l1 

• , ••11iI' , I ~ J' 
m l1Tt1 50 1.11l1 mm:fI'01.1 150 1J1l1 fl1m'jlJm 10 1J1l1 mlnOlJ'Slfl1UlI:iflOm1.1tJlOO 1.11l1 'S1lJ 

~'lJ't'J'lJUtJ'SN'lJtJ'S:lJ1W 3,500 1.11l1 ~Ofll'Sff'l111!tJiiofl 1 !fl1f1'lJ l!1I:UtJ'S:lJ1Wfll'Snfl'~~lflfll'S 
ct J/ .1.... ....... J/ J/ .1 J/ ct0 0 

fI''\ll1lIJlIOfl 1 !fl1f1'lJ flOYl'lJ'\ll1 2,750 1J1l1IJ1I1f1'\l11 880 1.11l1 'Slll:;IOfifl 300 1.11l1 'S111f111.1 

30 1.11l1 'S1lJtJ'S:lJ1Wfll'S 'S1f1'~~0!fl1f.1'lJ 3,910 1.11l1 Irtofifln1h~0 1 !fl1f1'lJ tJ'S::lJ1W 400 1.11l1 

o .c::l" Q,r .c::t o.ct Q.f, "='1 00' .14
111n1'SfI''\l111'lJ1I: 40 lf11f.1'lJ Im:l11n1'jfl' IflO'lJlI: 201'lJ 'lJ lIJ ~:l11fll 'SIJ'S:lJ1W 3,840,000 1J1l1 

JI • JI 

~~,r'lJ U'S:;f.I:n1l1 f!'lJ't'J'lJtJ'S:lJ1W 3 11 ~lfH1'lJ1if.li1flnl1lJ1 ~'lJ't'J'lJU'lJUff1'lJd1fiqJ ~Ofll'S 
.1 ... , I ':'1 d .... i I J/ 0 di dI ...s ., 'JI 
IJ'j:fl01.1l'jfl~ lJ11\l:;!IJ'lJ '\l'lJUHlIflflllH 'Ino 'HqJ Y10~fl1'lJ~ fl~fl11lJ(J1flqJ '\l0~Y1'lJ't]'lJ 

1flfltU1'f1: Ifl1:lYl'Sm ~fi11'Sf)~ ~'1itJ'S:;fI'1.1fl111Jd11~~ ,r'lJ'1i'~ufllnHU~'lJ i'lJfllHhl'Sf)\l 

mh~ifll~'lJ \l~'1il1'S11.1'.h'SltJ'~tJ'S:~1 ~1'l11lJ1 ,r'lJ\l::fI'llJ1'Sflf!'lJ't'J'lJ mfli'lJ~1I ~1~'lJ'~i~H\l'lJ 
.... ... 1 ct d .d ct ... J/ , J/ P " '11.... " J/ • I flOl'Sfl\l HfI''\l'lJ1fln'1fl Y11lJ'ljlJ'l1'lJl1lJfll'SfI''\l11 'H!fll:lYl'SmUn1'lJ1~lIVillOtJ 11flO 'S1 '\l11IJ1I1f1 

Ufl1l1.1 lJl~1'H1.hf.lu~ilfltJ'S:fI'1.1ifqJ'H1 fll'S'\llfl't]'lJ \llflfll'~~h fl1CJfOlJti11~ Im:;fl1m~~!fll:lYl'Sm 
J/.I 1'" d ...." dI " .£ t " i J/ di .....rjIJ'S::fl01.1 H fI''\l'lJ1fllllmO~ lI1Jfll'lJ~ fll'Sfl1'lJ 1W ,Al'JlJ't'J'lJ 'lJ 'lJ \l:;fl1 'Hl1 'Sl1.1fl~ 'S1f1~ltJ'H 'S 0 

J/ t ct , J/ , J/.d 'JI t " • , ,....., , P d d.ar J'di0' ,J/
Y1'lJ't]'lJ'lJ'lJ1JO:: '1.11.:.1l1f1 fll1I'\lllJ1'lJ'lJ'Il:fI'l1JUfll11n1 'S All11 'S l11.:.1rj1\ltJ 'i'UMI11'lJ1JqJ111'lJ \l.:.l 

11 ... <I i ... '" J' ., :'1' .4 i.....0 <I I
11 'lJ1fll'S1Ifl'S1:'H l11~1f1'Sl:IJf'1'lf1'Y1 'SlJ11.1'S 'j ~ 'lJ~1'lJ1\ltl'lJ111~1n:1IJ'lJ fl'1'lJ'H 'lJ~ 'lJ fl1 'S'l11f.1!'H 1I 0 

' 

http:Ull:i'Sfl~flllOf.l1
http:3,333,979.47


,.,. 
1J'YI'YI 3 

1\J1J'YI~ 3 ~:::fl-dl1i1.:Jfll'j~llU\J·:n\J1\itJ ~.:J~:::fJi1JltJ'j ltJl:l:::!VtJ~1\Jfll'j~llU\J.:Jl\JJ\J 
~ ~ 

~:::'lh:::flfJ1J~1tJ ,j\J~fJ\J fll'j'YI~l:lfJ.:J Ul:l:::'jltJl:l:::!VtJ~,j\J~fJ\J~H'l 1\J fll'j 'YI~l:lfJ.:J '~'YI~l:lfJ.:J1\J 

ct. .. .d.d " 
flUfl1U11HlInn1Jlln::·nU1~flfllnfl1'Uf)~ 

~ 

"mntlfl i YIn 'II f)~tl111J',j fl1J,! n6'Uf)~'9niiu,j~,r11 


~ri~Flnfif)n11I1fl 011n'Uf)~,r11f111 'Ultltf)~a,r11'UUl~lgn 


~ 
f)f)nIlUulln::fI!1~'Ij'~~tlmortli'ufl1J,!n6iiu,j~,r11I1n:: 

'Ij'~~tln1or1~nllri'ufl::llif)u'Uf)~'9niiu,j~,r11 

1 

nllffmntlfliYlnn11~uItI'9niiu,j~,r11fif)n11ri'ufI::llif)U 

1 

n11ffn\lltlfliYln'Uf)~n11tfUfI::llif)ufif)tll1J1Q1 

n1l11Ml1 nlln:: ~Qll11Jii 

L 

ffn\lln1111tl11::11tf1Ulff1\IJff1f1flf 
'Uf)~n11t1i'ufl1J,!n6'9niiu,j~,r11

• 

,j~l;'Itlla1J1flfl1UYlU1i' 

. ~ .ct QI o.Q.QQImftn 3.1 'IJ\J~fJ\Jfll'j~ll\J\Jfll'j1~tJ 



48 

011 iIlm,:"J11111'f)1'U f)11 rl1-3~f)li'U .,j,.oU'TlUll:: fl11lJl~11 tl'lJ~jj~1l~tlO11U~ f)l1f)'Utl-3 

oU'l1ff111'Um::'lJ1'U011ffoU'11 jj1~Qtl1tff-3ti'~~tlfff)'lllfl11lJfflJ";'U'Ii''Utl-3..r-3 2 ihHrV~tlO11U~f)11f) 
'Utl-3oU'l1ff11 l,.vl'*'tl-3n,T'U One Way ANOVA l'U ltl,umlJ Minitab Release 1411f111tl1 

fl11lJd'lJ";'U'Ii' Uflt'll lfflJ011fl11lJ fflJ";U n'UfH..r-3 fftl-3if'il ~V '~'U U'U 1'V1H l'U 011 tI i''lJtI 1-3 011 

.., 'II "')I .Q .., )I 'II "')I ~ 
U9If)11f)'UfHff11 L'U mt'lJ1'U fl11 ff'Ul1 Clf-3fl11 'VI" fffl'lJfl11U9If)l1 f)'U tl-3'U 11 L'U m::'lJ1'U fl11 ff'Ul1'U 'U 

'II )I ... .,; ... 'II )I... '11)1 .:.. itll J tI)I ... '" ~ 0 ....

\'I:: L'lf~f)l1'UVI'UtllJ L'lff)'U l'UVltl-391111,.l11 ,.t1mt'lJ1'Ufl11'U'Ul ,.1t1lJfl lJ'U'U~tl'Ufl11"1''U'U-31'U 

... .., ... ,1 
1'iltl ,.-3'U 

3.1.1 m1fhH'Uitif{J~rJfh-:j'~'~rJlf8-:jn'lJm1'V1ittl8~ . . " 
rfl~Vi~n111'U,.if\'l~V~1-3ll'jihnV1,rtl>3n'lJ011'V1"lltl>3 A>3il 

tI 

3.1.1.1 tJw fflJ,j91'U tl-3~fl9ltl'lJ (Response . Characteristic) 1 'U flll1~vil~tl>3 

~ ")I ..,)1 .,;'" 1 'II )I '" tI0
fl11nfl'lllLl>3HWfltfl11U9If)11f)'Utl>3'U11'V1ff ,.Vfl111'U,. ll1~1U l~ll~tl'lJ (Response Variable: Y) 

.Of '" 5fI .Of '" .,; )I ~.. d
3.1.1.2 lJ\'I~Wfl1'lJtJlJ (Control Factors) 1lJ'UlJ'il'jW'VI~fl>3fl11nfl'll1 fltl fl1uun 

.... ... )I • I':! ~ "'.,;.. 4 i I 0' d IIIti .,;1tl'lJ'Utl>3~f)l1U'U"'U11UfltlJ1lJ1W'U l11'U fl'VI1'YtlJl'Ytflfl11lJ lJfflJVJflV lil'U I ~llJ9Iln>3'V1 3.1 

fll'l~~ 3.1 if'il;iVfl1'lJtJlJ 

. 

if\l~rJfll'lJt}lI (Control Factors) 

.., . 
1::it 'lJfIl 

.... 
1::it'lJi~ 

d 1 "')1 4"')1Velocity: fl11lJll11fl'lJ 'Ufl11ff'U11'Ufl>31fl1tl>3ff'U11 (rpm) 1,260 1,500 

Weight: Jl11Uf)l'Ufl11rl1>3~f)li'U.,j,.,rl1 (g) 0 30 

.Of .., d 'II ... )I .. ... ~ d 
1) lJ'il 'ilVfl 111Hn1 tl'lJ L'U fl11 ff'Ul111 lJ 1 tiLl >3 f)11t1''lJ9I>3fl11lH'1,tl'lJ 

!l' 4 dl"')1'" '" .,;
tl1t1",.tl1'lJtJlJ INVERTER 1'Yttlfl1'lJf.)lJfl11lJll1 'Ufl11ff'U111t1fltlf) "UI1'YtVl 3.2 
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.:l ... 101 r, d J}
Ill'WYI 3.2 fll',jlJ',j'U~.:jfl111JL',j1·H)'U~1t1'l1~f11'UfJ1J Inverter 

2) iJ~itlJ1M'!!fll'Ufll',jri1.:j\lfli1'U'Ii~.,j'11 M1J1t1~.:jfll',j1~1JJ1M'!! m.,j'l 11.1 

l'U \lfli1'U'Ii~.,j'111~tll,r~~tt1ri1.:j~~',j(ltl'U~1'Ufll',j1~1JJ1M'!!fl ,j.:j.fl1'Vi~ 3.3 

..." .." ... 
't1~ll~.:jflH'U ~11J~1',j1.:j't1 3.2 

.if OJ ..,.
\l\ltlMYI (Held - Constant Factors) 011fl'J'lJfJlI''Un'''YI~1If)~ 

.,j'111~ld1Mi''Ufll',j't1~1l~.:j " "..." ...'\J11L~1'Vi'U ~~ ~fl1J~ll 105 

d ... , 
fll',j lfl'U ~1 m.m d "" '1.1.....lfl'U'\J111~1~lflUMll.:j ~m~tl1fl'U 

.4 .::Iii 
1m~.:jff'\J11 

4..::1".::11 QI

1m ~.:j ff'\J11't1 f.l1'U fll',j ',j 'U ',j~.:j1J1 ~ ',ji 1'U 
. . 

~1.I6,mfll',j't1~1l~.:j , 'tJ 1" A .. " f.l1'Ufll',j flfll',j 'l1.:j1'U1m~.:jff'\J11 
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,
if '" ...QQllfl.:tn (Held  Constant Factors) fl11f1l'lJf,J1I1'Ufl11nflDfI.:t 

I I.QQI'j/Qi 

'S :::tJ:::11 In :::wn~11 t.! 'U~'U11fltJ tJH 
.Q .Q .Q.Q tI d 

1.5 lHHU1J~'S (ti~fllt.!~ 1J~U'U~,2549) 

'Ut.! l~.yv~l1 riVtJ'lf11!11 ~Vfl 

.Q.Q .c:I QI 

1,125 m'SHmHU1J~'S ('S11'S'SW 'S~t.!!~'11 

Ull:::f1W:::,2552) 

4) iJ~itJ~f11tJtJ1J '1i'~ (Nuisance Factors) !~t.!iJ~itJ~vnih~llu9i,rVtJ . 
11lV'1i'~fft.! i ~ it.! fll'S VI~ llV~ l~tJfll'S VI~llV~ lltHij 

~ 

rfjitJ'Yi1fll'S f11tJtJ1JiJ ~itJfl1tJtJ1J '1i'~ !~V 

'Ui~f1111J U11'S Nt.! ~ !n~ ~ 1fliJ~ itJ'S tJ fl1t.!~~ ff11Jl'S ml11Jl i '*!~V'U if! Nll ~ !n~~t.!!rtV'Yi1 fll 'S 

!mtJ1.J!'titJtJVIl~ffil~'S:::wh~fll'SVI~llV~ ~l1Jm'SH~ 3.3 

, , 
... ."f'" "" , " '11fl11Hn 3.3 1J~~tJVlfl1tJtJ1J 1J ~ 

, 
UQ9rJnfll'lJf,J1I'1I'111(Nuisance Factors) litJtl.:ttl'U 

f1111J~t.! i t.!!1J~~'lf11 , 'i'JI'" '11f11tJtJ1J 1J 11!flt.!'SVtJll::: 14 

~W11fJijit.!fll'SVI~llV~ i ... '11 
VI~llV~ t.!~W11fJ1J11V~ 

. 
it.! fll'S 111.y1~'S :::itJ'Uv~iJ~ imT 

~ 

t.! ~:::~~l'SW1~lflfl111J ff11J 1'S fl'UV~!f1l V~i fl'j Ull::: . . 
fl1'S 'Yi1~1t.! VI~ II V~!~V111.y1~ 'S:::i tJ 'U v~iJ~i tJn f11tJtJ1Ji ~ij 

~ 

3.1.7.1 iJ~itJfl111J!~1'SVtJ~:::'Yi1fll'SVI~llV~ 1~tJfll'S11i'tJi~fh~'S:::itJ9i1~~~11J 
• ~ .l/ i ... dI d ~ d

f1111J ff11J 1'S fl'U V~! fI 'S V ~ C)j'~ t.! fll 'S VI~ II V~~ :::~~ 1'S W1fl~f1111J! 'S 1~ 1"l'~ Ull:::f1111J! 'S 1\1~ "l'~~11J 

~.c:I'JI d, QI QI d ,'11
f1111Jff11J1'Sfl'UV~!fI'j V~ff'U11'Ut.! l~mfl fIl'S:::~tJ'UV~iJ~~tJfl111J! 'S1'SVtJ111 ~~lflff1Jfll'S 3.1 Ull::: 

3.2 (MINITAB Release 14) i~ij 
~ 

Low level setting = ( a-I )max+( a+1 )min (3.1) 

2a 

High level setting = ( a-I )min + ( a+1 )max (3.2) 

2a 
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Number of Factors Factorial portion Scaled Value for a Relate to ± 1 

2 22 2
214 

= 1.414 

3 2
3 

2
3/4 

= 1.682 

4 t 2
414 

= 2.000 

5 2H t14= 2.000 

5 2
s 

2
S14 

= 2.378 

6 26•• 2
S14 

= 2.378 

6 2
6 

2
614 

= 2.828 

tI • 

~~u\..uih)fhH'\..I~fh a ffl'.d'1J tl1HIVtlU1J1J ri'1'\..11h::ff1Jtl'(11~ L'yi1ti1J 
tI 

1.414 ~~Ml'lh~iJ'iI,)tI'~~~il 

Low level setting = ( 1.414-1 )I	.500+( 1.414+ 1 )I .260 = 1 ,295 ~ 1,300 

2(1.414) 

High level setting = (1.414-1 )1.260 + (1.414+ 1 )1.500 = 1 ,465 ~ 1,500 

2(1.414) 

.4 4" .4 '41 d ,.d ~ 4".d .ci.4 tLmV~ff'\l11 f1V 1,420 'l'V1J91V'\..Il'Y1 ~tILtI'\..IfI1'Y1LM1Jl~ff1Jtl1Jtl1'l'ff'\l11'Y1"1~ 'iI~LW1Jm~'(1~ 40 'l'V1J 
tI 	 • 

~V'\..Il~ U'(1~'(1~f1i'~'(1~ 40 'l'V1J~V'\..Il~ L'rlv1M'~'l'~~1J1'\..1tl1'l''YI~'(1V~~~L't;'ti1J 1 ,340 -1,500 'l'V1J 

, "'" 
9lV'\..Il'Y1 

3.1.2.2 iJ'iI ,)tlJlMUtl1'\..1tl1'l'rl1~~tl;:;'\..I'li~,rl1 1'\..I tl1'l'fltl'l:ll~~m1J1o.!Jlmrtl~ 
L~1J1'\..1~tl;:;'\..I'li~,rl1 1,rJ1MUtl'illtl91~tt1 ~~'iI~1,rJlmrtlV~~ 0-30 tli'1Jtl1'l'L~1JJ1Mum.f'\..l 

..t,~ ..t"1 I"" ", ... "..l! '" ~ ~ ....ffl1J1HI1W1J ~ l~tIL'Vi1JL'\Il '\..I ff1'\..1~1'\..1'\1H'\IV~~tlM'\..I'\I~'\I11 C)f~tl1'l''YI~'(1V~ 'iI::W 'il1'l'o.! lf1~'\..I1M'\..I tl 

1'\..Itl1'l'rl1~~'Yi11M'tl1'l' U91m1tl 'il1tltl1'l' ff,rl1~1t1~tl;:; '\..I~ i,jff1J~'(1d 
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. 
3.1.3 	tll1f1AQ'OUtl1'1UfltlHn"o-3fnnuu;)Vufltiltl1'1fttl'ln 

'Ill\! flih., 'Ii ft,r111J1 ff&i~tl 'Vi1 fl11l1ft fftl1J fl11 U ~ fl 11fl'tJ tl.:J,r11ffl11 'Ill Vfl11l1ft fftl1J 

... , "'" 1 1" ...... • r ... ... "'ISol1IHHlt.1fl1::1JTWf111ff'Ul1 'llIV 'If\!fl'l1t.1'Uft'Ul1 (l1.:Jt.ll'11t.1fl\lfl'l1t.1 fltl 5, 10, 15, 20, 25 UlI: 

011 ~f,,., 	 d ~ Q,lIj! 14 Q,IQI 	 0 

30 fl'UJ ftV\lfl'l1 t.I t.I t.I ~ tlHlft lItl.:J fl1Jfl111H111 tl1J 'tH 5 1:ft 1J'llI 1 V1'lft.l 1ftV1 flt.l UlI: l11f111 

• J! 	 01 Sol "'Sol ~ Q1J
fllt.11W '111';1 tlVlI:f111 fl11 U~fl'l1fl'Utl.:J'Ul1ffl1 'illflfl11ff'Ul1t11VfflJfl11 ft.:Jt.I 

(3.3) 

3.1.3.1 fl11l1'll1l1tl.:J1-«tl'l11~l1~'n1l'Utl.:J11'il i'v ijUt.l1111.:JtJ ami~~d 
1) fil'11t.1'll1f111tltlml1J1Jf111l1'll1l1tl.:Jlt.1~.:Jfl'it.l DOE (Design of 

Experiment) 'Utl~1tJ,Ufl1lJ Minitab Release 14 ffl'Hr1Jf111tltlflU1J1J~ij 2 l1'il\lV 1111i'Vfl111Jl~1 
Q .d 0 t .I QI _III JI ~ .d ~ 0 t ~ QIQI QI

1tl1J'Utl~\!fl'l1t.1lJ1Ilt.11t.1l1.:Jfft.l 5 1:'llI1J UlI:lJ""V'Utl.:J'Ill'11t.1fll11'n1J1J1Ilt.11t.1l1.:Jfft.l 7 1t:'llI1J f111 

r. r t 	 ..; ~ 01 of01 

l1ftlltl.:JCJ11111t.1t.11t.1 3 CJ11111Jl1.:J'I11J'llI 105 Runs ~11Jfll1Hl1 3.5 1J1'1111J1Jt.ll1flHlIfl11l1ftlltl~ 

" 1'. 01 " " ..ll ,Sol2) l11f111l'I'llIlItl.:J t.lU~1I:1I1ft1J~11J~111.:J'UH~t.lCJ1.:J 'llItltlflU1J1J1Ilfl 

1tJ,Ufl1lJ 1'll1V1~;tJlJfI:.t1 ~1I:'Vilfl11l1ftfftl1Jmf1i.:JJ1'11,rfl1~tlli41J1t.1\!fllit.l'li'lll,r11 
3) 'Illf1::.t1~i.:JJ1'11,rflU ~11Jl1i41J1'tf11 t.llllt.1 ,rl.:J\I flMlJ 'Ii'lll,rl1iil'.:JlcMlJ 

.tl1'n~ 3.3 U~1tJ1::fltl1J \!flMlJ'lift,r111rlllJ1fl1tl~ff,r11 tJr1Jfl111J1~11tl1J1Hl~lJ'tJ~11Jfll1H~ 
" ~.o\ "'Sol 1""3.5 UlI::l11f1111lJft1fl1tl.:Jff'Ul1 'I1l11.:JllJ 

" "..;,~ d" 1" · d " '" 1 " 4) lJl'Ul1l1 ~11Ilflf111lfl1J'Utl\!1I 'llIVl11f111t;flJlfl1J'Ul1111flf111ff 'I1'tJfl 

flf~1lJ fl11 ~1J1~mflJ ijm1..1 lwn;,nlJ U~11..1 lei.:JJ 1 'H,rfl1ltJfl 'Vilfl11LUm,r1111 flll1tJ1fl1 tl ~ti'lll UtJflei~ 
.Jl'11,rfl,rl111 ~1 'Vi1flllUlJ Yifl HlI 

5) 'Ill,rtl\!lI~'lI'illflfl1111tJfl,rl111fllJlflllJ 1W 1 ~tl'H 1~tlVlI::fl11 U~fl11fl 

'illfl\J~1~ (3.3) flllJ1Wfh'illfl\Jfl1UlI:'il'lllUlJYifl,-r 
,,_ " Sol Sol t ..; 

6) l11f111J111fl11l1ftlltl~'lJ1~~lJ1Ilfl'IJtl 2 - 5 1IlJfl11Jl1~ 105 Runs flllJl1 

tltlflU1J1JH' 

http:1'll1V1~;tJlJfI:.t1
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fll1H~ 3.5 'hi1Jfl1''f1fll'1tl.:J~'tf'illflfl1HJBflU1J1J lflvltJ'.iuflnJ Minitab Release 14 

LlJfl1'.i'VIfltftl1J 2U'ilUV 

StdOrder RunOrder Velocity Weight 

13 1 1380 25 

38 2 1340 10 

91 3 1420 30 

99 4 1500 0 

34 5 1500 25 

87 6 1420 10 

72 7 1340 5 

. 

100 95 1500 5 

46 96 1380 15 

18 97 1420 15 

48 98 1380 25 

102 99 1500 15 

41 100 1340 25 

96 101 1460 20 

39 102 1340 15 

79 103 1380 5 

54 104 1420 20 

35 105 1500 30 
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, , 
3.1.4 'fl1f)~;jf)1~fi1~'Ufl11f1~af)~ 

3.1.4.1 Lfl1v~,t~Jl'H1rtl U'I.J'I.J~~91V-n f1111J-n~aVV~'¥lffijmJ 3 ~lU'H,j~ L~V'.n'U 
rLt: ".ddQI QI I 


tl1'.i'lf~'Ul'H'Utl'IJV~'lJ11'¥lLtl'I.J911Vm~ 

, I,,, , 
IIICl oI!!I Q,I 0 Q,I Q-Q .:I " I 


1l1't'1f1 3.4 Lfl'.iV~'lf~'Ul'H'UtlU'I.J'I.J~~91v-n V'HV ADAM EQUIPMENT l'U ACH-3 


.. .!\,l, ~ Q,I r:, 

1l1't'1f1 3.5 Lfl'.iV~·H'Ul'H'UtlU'I.J'l.J911'lf~ 'H1J1VL-n'IJ 35466-41 
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.a.... ,1 """" 'I ~ ~ ,1 'JI _14 .d 0 '" 

3.1.4.3 lf1'HN1f1f1111J'fUU'U'UfI~flflJ;1l'If l'Unl'j 'If~f1111J'If'U'U111lJJ;1fln'YI'U11Jl'1:1' 

.ct A Q.II ,l Q-Q d " I


.tl1'ftfl 3.61mfl~1f1f1111J'If'UU'U'UfI~flflJ;1 tJ'Hfl G-WON l'U GMK-303 


A Q. d Q-Q ""01 d A .c:I"
II

3.1.4.4 lmflnflfl111Jl'j1'jfl'UU'U'UfI~flflJ;1 l'lf1f1f1111Jl'j1'jfl'U'Ufl~lmfl~'1:1''U11 

.c:l .9 QI d Q-Q.d " , 

.tl1'ftfl 3.7 lmfl~1f1f1111U'j1'jfl'UU'U'UfI~flflJ;1 tJ'Hfl Tacho Meter l'U OM 
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. . , . 
.c:I 4 QI QI .a .4" 

fIl'WTI 3.81f1H)~1~fl1·HY'\.JtY:::1'YIV'\.J tJ'HV INSPEX 1'\.J IPX-602 

~ tI flI44Q1 , , QI QQI" 

3.1.4.6 n1mV·Hfl'YIllJ'\.Jlf1'jV~1JV1~'j:::tJ:::'H1~'j:::'H11~tJl~fl1J~fl'H'U'U~'U11 

ci o'.d". 
fIl'WTI 3.9 ~1mV'jlfl'YI tJ'HV HK 1'\.J 15SM 

.c:I " .a QI Q4S1. I 

fIl'WTI 3.10 lmV~1f1fJW'H1J1J tJ'HV Lutron 1'\.J TM-958 
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3.1.5 '!tlfl1~Ua:::lfUaAUm~':"'tl11nAa8~ 
A ... " cI3.1.5.2 Lfl'HH-rr'Ul1'Ul..Il~LftflUUUUfll..l'H)l..I 


"" .... ... " .I
tn'nfl 3.12 \lfl't'l1..l'Uft'Ul1Ufll..l1..l61..1 'Ul..Il~ 121..11 
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~I .1 "'.1'" dOl.., "' • .1
3.1.5.4 Inverter llJUf2lJfl':itl.!lJ'Ufl11JJ1'TH)UfI'.:.I'U'1JJflUJJ61;tO' 3 ina' 

(A) (B) 

i)l'W~ 3.13 Inverter ~flO Haitec iu H2000 (A) JJOL;tOf 3 L~a' ~flO Mitsubishi 

Electric Corporation iu SF-JR (B) 
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.4 '" '" 'I ~ '" '" '" '" '" '" .13.1.5.6 lfl'Hl.:!fl~lWfl'U11 I,)H\.Jfl1'jfl~UtJfl~'\.J'U11 'U1THfl 'U11lJ'Cl1tJ 

... . ... . '" '" '" .tl1'rtfl 3.15 lfl'Hl.:!fl~UtJfl'U11'H fl 

... '" SI 
'H'U"~"n 

.1 01.1'" 01... '" SI
3.2.1 flun1WU1'lJ"".~atlgn'H'U"~"n 

'I .1 ".1'" ..... '" '" lilY 0 .dI .dI...... ..;
I'\.J fll'j V V fl111J 1J ~ lJ mfl.! lJ'j 1J 11'lJ~ 'Cl tJ~ fl'H '\.J 'U ~ 'U 11 I ~l fl1 '\.J ~(l':!11ifl1 'j 'YI ~::: 11'1lJ1'j (l 

... 1QI tI I Q Q,I" .s "I ,,,,, Q QI,,':' .a r, d "I ~ " ... 1 QI d ~IQI QI 

lJ'j1J11'lJ~'CltJUfl~fl'H '\.J'U~'U111'VW IlJ I'H~fl'H'\.J'U~'U1111''\.J11':::l'Y1V'\.J ~':!'\.J'\.J~':! I~l I')flJ'j:::fl1Jl'H'Clfl1lJ'\.J~1 

iJi'1J 11'lJ~'ClVtlfli1'\.J ,j~,r11 1~ tJii'lJ~J1'H,rfl~11'1lJ1'j (liJi'1J~hU '11 oU .:!.fl1tJ1'\.J 'lJ~iJ i'1J 11'lJ~'Cl V(iJ'j :::n1J) 

l~tJ~:::ii.J'.:! 2111'\.J 1~vm:::~ltJJ1'H,rfl~ '~11'lJ~'ClV fl1'jm:::~ltJJ1'H,rfl l~V"rri1tJ1'Y1J1'H,rfl~lti'\.J 
'iJti.:!~~;iH'l~J1'H,rmrvtJfl"h 1'\.J1'd'V'UV.:!~fli1'\.J,j~,r111i4V1..r~fli1'\.J'Ii~,r1111'lJ~'ClV l~tJ'lJ~iJi'1J 

tI r, ... 1 " I .!I d .d 4 , !l' " .s A .d!: Q,I ,.1 '" 
11'lJ~'CltJ '\.J'\.J lJ'j:::flV1J~1tJ 2 11'1'\.J flV l'H'Clfl'YIHm:::1JVfl 'YIlJ'jv.:!~n'\.J'UH 1'rtVlfl'ClV'\.J'YI'\.J1'H'\.Jfl lJtJ.:! 

.. .. 
';lU'HoU.:!;i1.:!'l 'UV.:!tlfli1'\.J'Ii~,r11 U'Cl:::'lJ~~'\.Jti1'H,rfl i':!U11'~.:!1'\.J2iJ.fl1'rt 3.14 
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(A) (B) 

3.2.1.1 f11nhl1'W'lJO.:J1~1li'1.1fflJ~fI~ 

Ufl'Wn1gfl'QflH'W'U~.,r1'J ,T'W 1l::l.rjlJ1~1li'1.1fflJ~fI~ fio'W f11'jlfrlO~'W41l 
i1'W'Ii~,r1'J~ij'th'W1li'fl01.1.r1fJ~'W1HU H'Wf11m.... 'l1'j H'Wf11flut1'11rlOU,f.:J 1.r~mf1 ~.:JUllJlfll~ 

H'W l,fA fJ1.1~flO~f111lJfJ1'J ~.:JUl'H'W ~1.rjlJ1~1li'1.1fflJ~fI~lJ l'tilfl1'l11 i'1.1 fflJ ~fI~ 1 ~fJ'iiHl'W i1lJti1.1 

QI 0 : 'I" 1'" 1 rI _101 ttl 4 _IQ.IQIBalancing Stand lfflfl't1Hl'W'W'W1l:: L'l1UH 'WlJfl1.:J'lJO.:J am 'W~1lJ'j1.1fflJ~flfJ If'jO f11'jlJ'j1.1 

.. ....Q 'l.l ... '" " '" I 'I • 1..1 '" • 'I ... '" 
fflJ~flfJU1.11.1fffl~ CJI'.:Jlflfl L'Wl'WO'IJO.:J'Qfllf'W'IJ~'IJ1'JlJff1'W L~lf'jO'~ ~'t1lf'W fl'~01J<ll L'W'Qfllf'W'IJ~ 

" t 0 "I_t'... 1 I .. .Q 1 . .. t 0 1"... .:... 0 "I " 
'IJl11~'W'W1l::'t11 &l11f1~f11'j lJfflJ~flfJ CJI'.:Jf11':j lJfflJ~afJ'W'W1l::'t11 lflfl~f11'jff'WfI'::1't10'W ua::m Llf 

lfi~ pmlff fJlf fll fJ'l111 ~ ~ llJ1J1 f11 'j1l i'1.1fI'lJ ~fI~fi0 f11':j Ul'~~lf1rfl fli1 OOfl 1 1l1l1fl'Qfl H 'W 'Ii~.,r11 1 ~fJ 
m:~nfJ1jllfU(l1'W 1f11li'1.1fI'lJ~fI~OOfl1 1J1~fil.:J'11~fJ1f1g0'Wfill1lf tl.:J'lJO.:J1~JllfUfl lflflm:1l1fJ 



61 

iltJ'lJ~mJUn'1~OH'U~tJi''lJfflJ'2rItJ1'U Balancing Stand ,f'U~~~1t1~'lI0-3~OH'U,f'U",::hjc.:l~~lAlJ''U 
'lOf1l'J tJ i''lJ fflJ'2 ab 'H 1OtJi''lJ Un'1~~~1t1~ J-31~'U~lU'H1.hlAlJ11tJa'h~0 H 'U,f 'UJ-3 ,1ifflJ '2'tu1 ; -3;f0-3 

-nlf1l'J tJi' 'lJ fflJ'2 abO Ofl~-3 
.1 ."" ~... ... "" tI3.2.2 'VVI~1Jn1f.l11V1fll1t.'nn.J:::I'rIO'U'UO.:l9n'H'U'UVI'U1l 

.1 "'" .:. ... .l~'I.1 ".li"J. ., '" 
1~ ~ lJ 0 'Jill 1~ 0 11 ff'U ff::: 1'Y1 O'U 'U IlJ'U ~ lJ 0 'J tu 'H t.I-3 'YI "'::: 'll'1tJ t.I 0 1 'J 1~ f1l 'J 

tf'U ff:::l'Yio'U 'lI0-3~0i1'U'Ii~.,rnld0-3lJnlO11'J-3it'U ff:::l'YiO'U 1'U f1l'Jff.,rn 11 'J -3tf'U ff:::Lfio'U ",:::,fi~lJl 
.1 ".1.1'" ..st 11 ... "J."... ... "'" '"0'"''~lO~lJO'J tulJ llJ::: lJ'U O'U 'YI1 'H lJ'YI'J l'lJO-3 f1l'JrI 'U ff::: 1'Y1 Ot.l'YI 11 'YI "'H'lIO-3 ~O'H'U 'lI ~'lI11 'HflOf1l'J 

-n1-31t.1'l10-3uvi'U'lf1tJ1~UHit'Uff::lfio'U,f'U'H'tiTa-3~1tJlJ01~mfl...H41 3 l'rlff 2 UHlfl ffllJ1'JOtJi''lJ 

fl11lJ 111 'J O'lJ' ~ ~1tJ Inverter 'J 0 -3 i''lJ ~ OH'U 'li~.,rl1~1tJ~ ti'lJ ~OU'U (11 'lJ1-3) UfI::: -nlf1l'J 1~ 

111 -3 tf'U ff:::l fiO'U~1t11fl10-31~lL 'J -3 it'Uff:::lfio'Uu'lJ'lJ'WO'Wl 
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3.2.2.1 	 ~1\J 'lh::flO'IJ'lJtH1ft1ftfll'Ji\Jff~1-flO\J 

1ftfJ'l1fl'jf,U1ftfll'Ji\Jff~L-flO\JJ\J ii~1\J1.h::flO'IJ~"hflty 3 flO 

1) 1ft!1\J'JO~i''IJ tiTH"!l~i \Jfll'Ji''lJUHi\J fll'J 'l1i''lJffllflndun:: ~1\J 
~ . 

'lJo~'lJ1i~ i\J fll'J1ftU'J ~ff\Jff::l-flO\J 

.. .. "di" d.. i" .... '" " 2) 'lJMI~ff1t.J'n1\J lI'11\JTYI \Jfll'J91~ff1t.J'n1\J'VIft~ 'I1l,lfl'l1\J'lJft'IJ11'11~\J . 

Lv101ftfl 1111i\Jff::L-flO\J ~Lfift~\J 1'n'J1::'I11flff1t.J'n 1\J 'lim::'I1'IJ n'IJl,l fll; \J 'Iift,r11 fl11111~1'J O'IJ~'~ 
1l::~lfl':hfl111;~1l1flfll'J'l.H'lJth i\J Inverter 

3) 1ft".ni~ l\Jfll'J1ftfll'J i\J ff:: L -flO\J L~\J ~1\J1\J fll'J'J O~i''lJLLfl\J L'nn1 

'lJO~l,lfll;U'lift,rl1Lv101ft U'J ~iu ff::l-flOU 1ft t.J i~91~'IJ ~fln\J ~iifl1111~U \T~ i \J fll'J 'J O~i''lJUfl\J L'n n 1 

A 1" '" it: .o!I A r .... .l, .o!I,.1".,JI 	 I
L'nO '11'11 ~\J91111Un:: 'J'IJ fllfll'JrI \J ff:: L'YI O\J L'nO~l t.J910fll'J1ftfll'J ff\J ff::L 'VI 0 \J "l~1t.J'IJ\J 

o ~ ~ ~ 
3.2.2.2 	fll'J'VIH1\J'lJO~1ft1ftfll'Jff\Jff::L'YIO\J 

111 fll,lfll; U 'lift,rl1'l1 i''IJ ffllfl n dil V'U r0 vJ\J 1\J fll'J 'VI ft ffO 'lJC ~ fl1111 

ffllflnti'lUfl1'IJO~l,lfll;\J'lift,r1110~JU9fO~thfll'J 'VIftffO'IJ~1t.Jfll'J1ftU'J ~ i\J ff::l-flO\J 'I11fl~ fll; uJ\J 

V~'lifflltrndl,lfll;u'lift,r111rl0'l1~Ull::iifll'Ji\Jff::L-flOUt1U uvi'U'If';ltJ1ftUHi\Jff::l-flO\Jd ll::,r!U 

fl1,hvi u flU 1ft U H iu ff::L -flOU LTtO hf'VI'J 1'UC~ fll'J i\J 111 fl ~ fll; U 'lift '11111 ft V91 H 'liii 

.l, .o!I A • 1 .. " 1 A .. " d .. ':'.0!1 AI tf
UH ffUff::l'VIf)UO\J1I1'J'Ufl1\J L')fU U fll'J ff'IJl1 Ulfl'JO~ff'IJ11'V10111llUHff\Jff::L'VIO\J 11lfl fJ1Jm OJ 

~U1I1'J'lJfl1U ~~uviu,htJ1ftUHiUff:a-flO\Jilfn1~~1ftvlIOL91orl-Wlq, 2 U'J~,r1 'l1i''lJfl1111L~1'JO'IJ 
~1t.J Inverter llffl1111L~1'Jf)'IJ i~u~ 0-1,500 'Jo'IJ~ou1ii un::1ftUHi\Jff:a-flf)U~1fJLfl1f)~1ft 
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!! ...... .j AI ... ...." I JJ .... ,. ~ " ... ...." r.
f111 "flll UIYlti'nftf11H.JtJ alJ\1fll1tJ'tIfI'J11~6fll·Hn.,rrr:aYl6tJ Lfl L "\1fll1 tJ 'tIfI'tI11Y1-3 

2 Utltl ~1VntJfl6 \1flMtJ~l1ri6~1Vjj6Uft~\1flMtJ'Ufl,r11~~tJatJ~1Vlfl16-311ri6111~V-3 1f1V-i-3tl6-3 

JtJ"1f111tJi't1tl1J~ftti'~1V11 Static Balancing ij1~QtJl~tl-3fll'ri6Y1f1rr6t1 f111d'tJrr~lti6tJ'tI6-3\1fl 
MtJ~lfl\1flMtJ~H"iifl~~"hNft~6~6Vft~f111U~flifl'tl6-3,r11tl11 1f1VYi~lH1.I1 2 i1~iv i~un 

d ... .j AI 0 .... J,.... ... .... " 1
fl111J11116t1 "tJfI'tI6-3 f111't1tJa1J ~~Yl1f111Y1f1 tl6t11A fl111J tltJ rr~lYl6U'tI6 -3\1 fll1 U'tIfI'tI11 tJ 

o 0 .4 .JI d GI d ~ .. 
tlfl11~~lft6-3f111Y1H1U'tI6-31fl16~rr'tl11 Yl1~fltlfl111J111~1-qflUft::\l~-qfl fl6 1,360 Uft:: 1,500 

4 r, A .. IQI II Ad" 1 A' ~... 0 

rpm 1flV\1fll1tJYI~ 2 "UfI~~{lfl1Jlt1tl1J~ftVUtltltlfl~ lfl'lJ'tI6\jft UalJ'tI6~f111tlUrr~lYl6U Uft~U1 
~. ~ 

Nftf111Y1Aft6~1JltJ1~1J1ftNft ~lfl Minitab Release 14 1U";~fl;rU One way ANOVA ''n6 

nRVtIli1Vtlfl111JU~ fl'tl6-3f111 d'u tl::ati6tJ \llflf111~UatJ.J~ 2 ')fUfI 1;'11 i't1flllffflll11mVtilnvtI 

f11'.i tJ i't1rr1J~ftti'\1 fl MtJ;JfI,r11~H"iiflnU 1l11J111fl 1 1:: '"fl111JU~fl~ H'tI6~tJ 1::')f1fl1 i,j1~ 
... ~ 1 -~ ~ J, ~ I.I 

'nln1Jl~61 flVl1~fl"U Mann-Whitney ''n6Y1f1tl6t1f1111JU~fl~1-3't16-3lJ'.i::''lm 

3.3.1 m1f1~1.18~,;t8'tn8f1i"1.1'UtHif;)~fJ iiu'nllHt1iiiJiii~d 
4 .1 "1 .1.... ",..; 4 ",..11 ....d...3.3.1.1 l'n1J1AfJlJmW tJf111lJ'.itltl1J~ftVYI~~l'n1Jl'tl1 LlJ UUfltJ111ftfl(lfll1U'tIfi 

~,..; 0 

"11Y1~::Yl1f11'.iYlflrr6t1 

o d....... ~ ,..; 4 11 ~Q ""11 .l ... ~ .e

3.3.1.2 U1UflU111ftfl\1fll1U'tIA,,11Y1''n1JfJ mWllVtl16V L 'n6flltJ611Ui'l1V'tN .. .. 

tl6-311f111 li~l1ri6~".wjj6Uft::l1ri6tf1Vlfll6-311ri61111v~ 
....!r .. 

3.3.1.3 1l1\1flMuli~rr6~itJN~1..rU1f~ ~lflUU1l11Jlfl;fl11lj'lMtJ1..n~'tItJ1f11~U 
I " ,..;..r 1 ~ d 1""" .e Q~ Q" 0NltJtIUVflftHYI 4 U1('tIU1f11J1~1!lU ')f LtJlfl1fHtl'tl11't1tJlfllftfl) Uft::Yl1 1111UtJtJ1Jfl111Jfl1J 

.1.... ~ ....... " ~ ...Q 11.... " '" 1 1"3.3.1.4 lJ1t1tl1J~ftV\1fll1tJ'tIfI'tI11 'fI1V1tif111 1t1tl1J~ftVUtltltlfl~ flV " 

Balancing Stand tJi'tltl1J~ftti"l..rQflMU11'if\..J6dtl'w Balancing Stand U~111~fI~lUl1U-3ri1~-qA ilitt11 
Q4' AGIst t, tI 

,fllA1J fl611\1fll1tJ'tIfI'tI11UUtl1J~ftV 

3.3.1.5 1l1,r111l1\1fll1U1J1tJ1~fl6t1l,r1 i1l1tJU";W)hV1f1UHd'tJ tl~ltim..t 1Ii't1 

d,1l do 4 Glt .Q<vtI,J'''4 QQ,I

fl111J111'f11V Inverter f111Jfll11-3Y1 3.6 Y111111J6tJflUYI-3Qfll1tJ'tIfI'tI11Y111ft6f11VmlUft::Qfll1U'tIfi 

" 4 , d
'tI111fl16-311ft61111V-3 

o .... 4 1 0 d ~ ..... 1 1" ~ ....3.3.1.6 Y11f111t1tJ Y1flNft flVYllf111lfltl,,6lJftf111 fftJ tl~'Y16tJ flV "lfl1 6~1f1 

U1 ~ittJ rr::lti6Ui-3fl1'n~ 3.8 1flV1~i1lfl16~1'f1U1~d'tJ tl::,ti6tJ ff1JNrrfltl1f11 6-31 t1UflUMtJ;JfI,r11 

o _ """ 4 .e3.3.1.7 'YI1f111J1tif111Y1f1ft6~'tI1~~U\llfl'tl6 3.3.1.4 m 3.3.1.6 n.lfl1t1Y1~l11JfI 30 

Runs f111J~i~66flUtltI'{ 

http:1f1VYi~lH1.I1
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fI"l~~ 3.6 ~;'''1.Jm~'VI~fl6~~'fl''iJlflm~66flU1.J1.Jm~'VI~i;'Hl~ l~tll1.hum1J Minitab Release 14 

''lJm~W;If161.J 211'iJ'IltJ 

I 

StdOrder 

24 

22 

26 

21 

30 

25 

27 

28 

. 

RunOrder 

1 

2 

3 

4 

5 

6 

7 

8 

. 

. 

Process Type 

By Machine 

By Machine 

By Hand 

By Machine 

By Hand 

By Machine 

By Hand 

By Hand 

Velocity 

(rpm) 

1460 

1380 

1340 

1340 

1500 

1500 

1380 

1420 

" 

16 

19 

13 

12 

20 

18 

25 

26 

27 

28 

29 

30 

By Hand 

By Hand 

By Machine 

By Machine 

By Hand 

By Hand 

. 
1340 

1460 

1420 

1380 

1500 

1420 
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. . 

.c:& _ 0=1 " '" 

l"lt1ll11ntl~n'HtI"'::"lml"fltn".Jl'nll 

'Vfl,ji'l.If1'll'laUttl1Lntl~ni1t1';fl.rn 

6f ~ .. 

1flUHfI'tIfI'::l"f)'U 

11n::'Yi'10111~1.I'I"6l;Jn 

http:Vfl,ji'l.If1'll'laUttl1Lntl~ni1t1';fl.rn
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fI1'jfffl1:l1f111lJfflJ";lJn'j::l1':h.:jflU U~fIl1f1'\J 6.:j.,rl1ff1'j ntJfll'j tflJ ff::L Vi 6lJ ~ lf1f11'j if 

y A ... " d 0 1 0 ... t ... d..I"" "P"""'U111lJlfl'j6.:jff'\J11'\JlJl'fll~fI 't11f11'j't1'fl~6.:j 'fltJlJl~fllflJ't1.:j 2 'b'lJ'fl 't1lJ'jtJfflJ~'W'l'l1tJ11 Static 

o ... " A.I':! ... :t ""....:,... 'I
Balancing lJl 't11f11'jff'\Jl11'n61lJ'j tJtJl't1tJtJ'l6tJ~::fI1'jU~fllf fI ~Wlf.fJlJ U~::fI1'j fflJff:: 1't10lJ LlJ 

_I .q • 4" .d Q,I d $:I ,t Q.i' ~ 
ffm1ZlJfI~'\JO~1f1 'j 6.:jff'\J11't1'j::'fltJfl11lJl'j1 1,420 'j 6tJ1lJ 1't1 U~::'jZtJZlf H'j::lf11~tJHfltJ~fllflJ 

iQQ 0 d" ~ QI" iQ1 q:'GJSIQI

1.5 lJa~'lJ~'j U~Z't11f11'jLfl1J'\J6lq!al otJa::fI1'jU~fllffl'\J6.:j'\Jl1ffl'j tJWlf.fJlJ lJfI1n'fltJWlf.fJ lJlJlJ t 'b' 

"1 iQ tI J.,.. ~ A QI d" 4 0

1't1D':i lJlJL~D':i U~ZfI11fflJ ff::L't16lJlJlJ'fI'j6~1'flm ~fflJff::l't10lJUtJtJ'nfl'nl UaZlJ 1~~fI11't1'fl ao~ 

lJ1tJ1::lJ1~~~ 1tJ'jumlJ Minitab Release 14 lofw.:jo,rlJ Correlation ,V;6lfl':i1ijfl11lJfflJ";lJn U~:: 
o ... " ""..." ... " 1 1.2!·'!f" .:,lJl't11f1111LflnZlf fl11lJfflJ'nlJl''b'~'fflJ 'fltJ 'l1'n.:jfl'b'lJ Regression 

...... ... .1 ............. A
3.4.1 1Iim1f1AQf)~ "U'U1f1HlJ{JtJftA~'U 

3.4.1.1 ,filJ''fltJtJmwllJfI11tJi'tJfflJ~~d~~z,filJ,.,rl 'tJllJUfllJ1lfgfl~fli1lJ'U'fl 
.,r11~~zvilf11'j 't1'fl fffl1J 

o d...... " d..do .1 "..." 0 '.1 A ...3.4.1.2 lJ lUfllJ1lfafl~fllflJ'\J'fl'\Jl1't1L'nlJtJlJmWl'j tJtJ1fltJ U~ZlJl lJ'nflfl1lJ fllflJ 

~1tJ,f~fffl.:j1i flfllf ftfli1tJilflU ~::lf ftfli1tl1 fl1 fl~ lfftfl' M ~tJ~ 
o ... t "I. I.!! 'I"" to'" g,I... 'I t"'I P ~ 

3.4.1.3 lJl~fllflJ't1.:jfffl.:j !lJ~.:j llfUlf~ ~lf1lJlJlJllJlm'fll1lJl11lJ llf t'l'l'\JlJl'fltulJ 

, " d...:' 1"'" A ... " dOL g,I... t ...~llJf!JlJtJflaH't1 4 lJ1('\JlJl'fllJ1~1!llJ 'b' thlLfl'jfl.:jff'\Jl1'\JlJl'fllflfl) U~Z't11 lflflJlJlJlJfl11lJfllJ 

3.4.1.4 tJ i'1JfflJ~~ d~fli1lJ';'fl.,r11 i1tJ1'i fll1tJi'tJ fflJ~~ du tJtJ ff(j~1'fl tJl of 

Balancing Stand tJi'1JfflJ~adllf~fli1lJl1l.llJflgtJlJ Balancing Stand utf111~'fllf)~ lflf19ilul1U~ 

ftl~lJ''fl hj~l~'flL~lJ ~fl':h~fli1lJ';'fl.,rl1,rlJfflJ~ad Utf11h::flO1J llJLfl1fl~if.,r11'\JlJ l'flLgfl 

3.4.1.5 tJi'1J1::tJ::111.:j1::11";lH~fltJ1~ntJ~fli1lJ~ 1.5 mm ua:: fl11lJ'~1'jfl1J 
1,420 rpm ua::vilf11'j,iI'fl'fl1fl~if.,r11''t\'vil~llJvilf11'jif.,rl1,tJaflflmlJ1W 25 fi1~fli'lJ 

dg,l ... , g,I .Jt. ... 1 0 ... .Jt. ...
3.4.1.6 1fI1J'\Jfllq!~~1fltJl~'\J11 fI1'j"lJ ff::t 't1fllJ 'fltJ't11f1111'fl UH"lJ ff::t't1fllJ ~1f1 

UfllJ L'n al'\Jfl .:j~fli1lJ.,j'fl.,r11 ua::vilf11'j 1'fltJW l1.fJij ~lf1lffl .:j.,j'fl.,rl11lJ 'lf1.:j if.,r 11 1'fltJvi lf11'j ~lJlfitJ 

9i1flth~.,rl1~HllJfI11ifllJmlJ1w 200 fli'lJlJfI'l 20 1lJln lfl'fltJa::fI11f11'jU~fI..rfl'\Jfl.:j~fli1lJ.,j'fl 
.,rl1 ~1f1U~1~ (3.3) flllJ1Wfh~1f1u~ma::~'fl,j'lJ';;fI'l' 

Q,I Q.a:lA ... 1 " At , .d .d ... IGI tI
3.4.1.7 vi lf111 't1'fl afl~ fl1J~fllflJ't1'\JlJ llJ'fl1tJlfl'j fl~lf afl1lf 1tJ.:j't1lJ 11J fflJ~ ~tJ 

, 4 <V : d 4 
t'b'lJl'fltJ1f1lJ ~llJ'\JlJ~fllJ't1 3.4.1.1 tH 3.4.1.7 

3.4.1.8 \l1~afl1'j't1'fl~fl.:j 'tJtJ'j::lJ1a~~ 'lJ11hufI'jlJ Minitab Release 14 1lJ 

.'!f ".:, • A......" 0 '.1 0 ... "... 1 .'!f " .:,1'I~fI'b'lJ Correlation 1'nfl't1'flfffl1Jfl11lJfflJ'nlJl ua::lJl lJ't11f1111Lfl'jl::lf1'b'~ lJ1'I.:jfl'b'lJ Regression 

http:lJfI1n'fltJWlf.fJ
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~'U4t1tf1tl1fl1tl~ 
lIrl81'1i16~ 

I • 



...• 
'IJ'n'n 4 

'1 .cI ..c:i i.h --=' t '.Q Q 1 . " 
L1...I'U'YI'YI 4 ~::fl"11mllf1:lfl1'1'Y1~"''ltH~1.:a<l') CJ1.:a'nJ~.:au~ V'YItifH'I4UV.:afl11lJ lJfflJ'l"V4UV.:a 

Q~JI.d •• Q,I" td ... 	 "QI 

~fl'H1...I4U~4Un'YIff.:a~"~VfI1'1U~fl'Hfl4UV.:a4U11ff1'1 'H".:a~lfl1...l1...lfl~::fl"ntl.:afl1'1VVflU'U'UU"::ffn~,~ 

_I "'_I'" "...... " " • oS _I":!'" "'... fdlJmru lJ''UfflJ'l"V~fl'H 1...14U~ 4U 11 ~~'YI1fJ~:: fl"11m fI1'S'llJ '1 V'U''YIV'UfI1' fflJ'l "V~ fl'H 1...1 ~1fl1tifI1' 
.r _I ... , ... 4 .d.... ... .: 
4U1...IalJ~fl'H1...I~1.:aCJ11...1~ CJ1.:a~"fI1'1'Y1f1"v.:a'YIfl"nlJ1lJfI.:a1...l 

... ...... )II , J ....., v ..I t, .., V ~ 
4.1 	 fl11"fl'U18I1fi...n1'U8~tl'11SJ ISJD'SJYJDr.J'U8~gflfl"'Uft'Unl1D'~NDfl8fl11Uflflflfl'U8~'UnD'11!" 

'" v v <II 
, 

"'y. .. 
fl11D''Unft'1tJltl18~D''U11'U''lftIDn 

fI1,fffllJ1f11,fffl1:n6'Y1iil1"4UV.:afl11lJ1,jfflJ'l"V4UV~~flH1...I;JfI,111~ri~~ft~VfI1'1u~mtfl 
" .. ~ ... " '" ...... _I '" ~ ~ ..s ... 1 I 1'14Uv.:a4U11ffn L1...I'fl'1V.:aff4U114Ut!lf1lftfllJ1~f:JlJ'~ff~fl'l1V"fl'l!llfl11lJ "lflty4UV.:afl1'1 lJfflJ'lftV L1...I~fl 

H1...I ;JfI,1n ;.:afl1'1 'YIflfttH hf'Yi1f11'1fr,1n 1 flV\h~flH1...I;Jf1,1nlJ1'Yi1fl1"~lJJ1'H':;fl ,\4Vff'1.:afl11lJ 

hi fflJ'l"tfl1...l ~ flH1...I;JfI,1n 1f1m1lJ~lflt1flH1...Itlfl~~ 1,j'~lJJ1'H':;fl u'tf 1;.:a L~lJJ1'H':; fl\lflH 1...1 flf~,,:: 
d 	 tI ,tI 

5 fli'lJ ~1...Iii.:a 30 fli'lJ Uft::'1::A1Jfl11lJ"1'V1J4UV~~flH1...I'lifl,111':;1...I 1~i;lJi~u~ 1,340 'V'U/1...I1n 

.:..r ~ ... oS "'4'" ..
'l1lJ4U1...IflHft:: 40 'V'U/1...I1'Y1 \l1...lm 1,500 'V1J/'U1'Y1 CJ1.:alJ~ftfl1'1'Y1f1ftV.:a ufffl~ L1...Imfl~1...I1fl fl ~nn.:a 
,. 	 . 
.. .cl' 4 QI QI do 

'YI fl. 1 uft::lJf11m"V4UV~fI1'1U91fll1 fl9Hml1'Y1 4.1 

33 
. 

32~ 
~ 
Q 

-c 	 31 
= 

30j 
~ 
I>.() 	 29 

~ 
~ 	 28

<"( 

21 

_lJnHutlnA 

_lJnihnJnA +5 n'lI 

-'-lJnHutlnA +10 n'lI: :~: : :: 
_lJo»utlnfi +15 0'11 

-+-~o»utlnfi +20 0'11 

-lJnHutlnfi +25 n'lI 

--t--lJo»utlnfi +30 nill ~ 
1,340 1,380 1,420 1,460 1,500 

Cylinder velocity (rpm) 
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_I .,; lIJjJ CIS! "''' ",e:!( '" ..\ .. " ....91fll1JflTvtVl 4.1 LtlUffiHm·HW{l~fll1U91fl'Hfl'UV.:J'U11 flH1H'VUJ'U1'H'Uflt'vtV !'I11Ml 

tl111.1 '"hnJ~{ld U{l~'Vi1fll1a,rl1 9111Jtiv'U''U~fht1'U ~ N{lllnflrrh \1fli1 'Ullfl~1 ,rfi11U~rJfll1 
OJ ~.d .. ~ ct" ~4 l, .. d Y A 

Uflfl11flfl1V1Q'~ L'Ufll1Vl~{lV.:J·HW{lg; 28.27 ff11'H~1J1flfll1fll1ff'Ul1V1lJUHff'Uff~lVlV'UVI'UVmlJV 

... r! Q OJ .- OJ tI d4 .4 ~ OJ do"" , , OJ" QI4 OJ 

11J1 rJ1JlVlrJ1Jfl1J\1fl11'U 'U~'U11V1lJfll1 l'vt1J'U1'H 'U fl 9.:JVl1 ! 'H l::rJ:: 111.:J1g;11 11.:Jgfl11'U'U~'Ul1fl1JrJl.:J'U~ 
, 1 JI , , 

,r11ii fll1ltl tiV'U -till'VrJ\l-ll 'Vi1 1,rfll1"91fl 'I1mj'U iim1J1W,r VrJ9111J' 1l~1rJ 'th'U'\1fli1'U -tiiifll1l-n1J 

"" I " 

11l11,rfl 30 fl;lJ'U'U '~'Vi11,rfll1U91 fl'l1fllJlfl-tiQ'tl fVrJ{lg; 31.57 111flttArJ1Jl-tirJ1Jti1Jgfli1'Ullfl~,r'U 
OJ " t4 4Jd" OJ tI t ,

fll1 U91fl11 fl'U V.:J'U11ff11 'U 'U 1.1 fll1l'vt1J'U 'U (l.:J 1tlfJCl:: 11.67 fll1 "91fl 11 fl'U 'tN 'lI11'U'U ff11J11 ml1J.:JVVfl 

lIJjJ~ .. OJ Q,I 4:1 1" d ~ .I.J d, r OJOJ OJ

I'U 'U 2 19;~1JtlV'il1fl 5-10 flllJ fll1U91fl11fllJU'U1 'UlJVl1'vt1J'U'UVltl-llVl ff1'U'U111'Ufl 15-30 flllJ 

4ev"~.d 4 OJ " ".d , d .J
11 1 V'UV.:J'\1fl11 'U 'U~ 'U1191 1V1 Q'~U{lg;lJ flll "91 fl 11 fl'U V.:J'U11ff11 'U VtlVI Q'~ 'vt1J11tl111Jl111 V1J VI 

OJ 4" ~ .. 4" d t ,.J d 4 ~ 0 
m1J1~fflJfl1Jfll1ff'U11t11mtl1V.:Jff'U11'l1'U1tlt{lfl'U'Utl11VgVltl111JlnlV1J 1,420 1V1J/'U1V1 'il.:J'il:;Vl1 

t.II " ollIS OJ" ~.d QQ f/ d
I11 fll1 fffl11 1VU{I~ fll1 Uflfl11fl'UV-II'U11911V1Q'tl (Ti91fll'U91 'lJtyU'U-II, 2549) 

J., '" ....... .1.. "'S! ..: r '" t,,, ..
fll1 ff'U ff~ 1Vl V'U VI 1 fltl 'U'U I'U fll:;1J 1'U fll1 ff'U11 'ill flfllll'vtlJ 'U 111'U fl'U 'U ~Ul fftl.:J L'U 

flltlN'U1fl fl f11n.:J~ fl. 1 U{I:; '~ufftl.:Jfi1mgrJfl11d''Uff:;L'YlV'U''Ulllfll'vt~ 4.2 
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23 

-. 

i 21 

-=e: 1.9 
0 

] 
~ 

.~ 1.7 

1.S 

-'On;hn.Jn~ 
_____ ,on»uun~+sniu 

_'On»uun9i+lonill 
~'On»uun~+lsnill 

~'On»uun~+20n'1I 
_ 'On»utln9i+2S n'1I 
~.-'OnMutln9i+30n'1I 

1,340 1,380 1,420 1,460 1,500 

CylindervelQcity (rpm) 

d 'I" ,d <V.4 as'.1''' "QJ

~lnl tI tll'Wl1 4.2 ~flUUfI~f11nHW'UO~tll'H1UU~L110U~lntll'H1'U11t11t1~n'HU'UfI'U11 

'um'H'rhJ1hHUn~ln~ni1utlnf1 ~~ 30 nlll VnrllfhnT'Id'uU~l'nOU~ln~ni1U;rfl.,rl1 ~1jm'.i 
, II II t • f 

L";lJlil'HUn 30 nlll UU"I.'Vil'1fmH1UU::anOUlIlnntIfln 2.23 ih,i;LlIFl'.i/1Uln un~~ni1u;rfl 
51 tI Q t Q -:., de " .d.d ~ Q .. d _r! d Q,I, '" 
'tI11 n91UU lImlUUU~!110UUOtll1tIfll11.70 lInnLlIFll/1Ull1 'HlmlJ'.itllHl1t1'lJnU u'lm~fI'lJ 

r Qlt 'Q.d~t' QlQ J., .. 'SI 
'UO~Ul'HUnUU 'W'lJ11~n'HUl1''WlIU1'HUnllmlUUU~1l10UlIlnn1110tln~ 4.89, 6.02, 9.61, 12.52, 

., Q,I dO'" <f, .. .ci 4d lIS
15.10,18.23 FllllnlA'lJ 1Ln~f1111111110'lJ'YI111 'HmlUUU~L110UlIlnl1tIflflO 1,500 10'lJ/Ull1 011 

~ .. .eI 4 _ .Q.Q d , .c::t".d. ., , ".. <%J ...::t ~ 
UUU~L110U0I211 1.96 lInn!lIFl'.i/1Ull1 f1111l!1110'lJ umlU'U1111111 'HlnflmlUUU~1110Ul1Fll 
.d 4 d 4' ~ .. d Q 4 .. 4 

l1tIflflOfl111l111'.iO'lJ 1,340 10'lJ/Ull1 f11m'.iUUU~'110Ul1 1.76 lInmllFl'.iI1Ull1 

. ~ ~ 

~lnmll1Ano~ml1Yimh'Hun'u~ni1u ;rfl.,rl1mf1UU 'I.'Vil'l1'1111'lJ~~fl111l'l:htlty 
"I ' " ...... "'" '" .001 J! tI '"51 ,2 0

'tIO~ml ~lIUlI~ntl'UO~l3n'HU'UfI'U11'Y11~fj1~tI~~ t1111ml00nU'lJ'lJun~u':i H'llA~ nlW uml 

tll'lJUlI~nd lf1t100nU'lJ'lJFllll'Hnnnl1011 til'lJ ulI~nd4uthu ~'H lJU un~l'i1ultlV1tlU 'H n~011 

tI ... " 2 :II "... ... ~ '" 1 0 1! ..,0 

1'lJUlI~ntlml1~lllJUFltHlInll1Anl1UUU~1110U Atl111ml00nU'lJ'lJ"n::U':i1~Ul1U'lf1t1 uml 

QJ c:., a .. ,,, .IIQ 0 441" 44191"4 
1AU1~UUU~'11f)UL'WO 'H1111'lJ'HmlUUU:::L110U~lnml111~lU'UO~~n'HU'tIfI'U11~n'HU'UA'U11 

51 tI "tI'" "...... 514.2.1 Nnmlf)f)nU'lJ'lJlm~Un~'llA~ mtu 1'lJUlI~ntl~n'HU'UA'Ul1 

mlU~l-:J'llAtli''lJUlI~ndl3ni1U;rA.,rl1 'I.'Vilml00nU'lJ'lJU~H ~lU1U 2 'llfll~f) 
51 "Itll jI .. '" 51 1 t tI 2.1, d51 ItI l~nO'lJl'Ul ~ U t11U0J11t1Un:::'U11'UO-:J~n'HU'UA'Ul1 UUFln~1f1Uu~::: 1:::nO'lJ,11t1'lfUU1Ul1 

http:15.10,18.23
http:lImlUUU~!110UUOtll1tIfll11.70
http:On;hn.Jn
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.. d'l9l0 ,£ A dAr Go' I ~, 4 _.IV -'" 

lfHIV\..I'VI L~Vl\..11\..1 4 ''If\..l fll'JLflflV\..I'VI1YiVfl'j~~lf1\..11'11\..1flff1\..1!fl\..l \..I\1fl'l1\..1 fll'JlJ'JUff1J'lflflfl1f1 

fll'Jfl'j~ Vlf1Jlmj'mh\..lln\..l'tlti~9ilU 'I1,j,n31'11 11m!vflwh l~fI'cfuH1oW'lJth~fll'.itli'U ff1J'lflV 

.r .... . _I'" 0' ... _I'" 0'. '" ..\ t ,
11UU\..I 1'.i flfl11fl1'.ilJ'.iUfflJ'lfltlUUUffiWI lJ'.iUff1J'lflfl'.i11JflU Balancing Stand CJf~'IJ\..I~t)\..I \..Ifl1'.i 

tli'ufflJ'lflVJ\..IUff~~1\..I 111,rV 4.4 

4.2.2 Nflfll'.iVVflUUUUfl~ff~1~U"\..I'lf1t1'\..Ifl1'.i1~fll'.i~\..Iff~1,"V\..I'lJV~\1fl;1\..1.ufl,r11 

l~t;!tlm W'1~UH~\..Iff~:t,"V\..I '~'tilfll'.i ff~1,:uni\..l'lf1t11~U'.i ~~\..Iff~l,"V\..IJ\..I 
ff1\..1 'IJ V~J 1\..1 't'il Vlfl1'11 gfl'l1 civ lYlVt1~'IJ li~ tTl '11 i'U'J V~ i'UUfl\..llYifll'IJ V~ \1 fl ;1\..1.ufl ,rl1 tTl'11 i'U1~ 

.z., ... .Q .Q " ~ t~ 41 J, • t,'JIQ.I Q,I 

fl1'.iff\..lff~l'VIV\..I CJf~fl111Jfll1'IJV~\1fl'l1\..1'IJ~'lJ11m1 12 \..I11~'lJl~~(11'11'.iU1~fl1'.iff\..lff::l'VIV\..I\..I\..I ''If 

~au \1fln\..l li1V~ Vlfl~ ftU ~ fln\..l V~'I1~\..I~llJUfl\..llYifllUfl::i'UU'.i,!J ~\..I ff::l,"V\..I ~ l1JU \..I 1 Ufl\..l l,rl1J 1 

'JI" ......... t "12 
A1f1 V,!Jffl1J1'.i(l1~fl1fl1'.iif\..lff:;1'V1V\..I\..I\..I L~l 

http:Iff~l,"V\..IJ
http:L~Vl\..11
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- .....1 	 "...\.r:! - .Of"" '" ,f. 1 '" '" "11..1 fl1l' 'tlA 1I fH lJ1AQ ul':: n .:JtU'tUHul' litH 'fItltJ u ~ ~tI 'II fWlf1..l A fl1l' 'II'U1 u ~ fl111..1 'II A'1111 

lrl1..li1\l\ltl11ftfl Ull::fl11lJl~1H)tJ1'Ufl1l'11~1..I'11fJ.:J~flH1..I,jA,r11 i1~~tll'fJ.:J LAtlYi1fl1l''tlAlIfJ>1Ui'tJ 

" ... ... 2 t .... _ ,f .1 '" ... " ..l,f .1 "... ... ... " 
nlJ~lIl1gfl11'U'IIA'Ul1'tl>1 2 utJtJ flfJ\llfl11ifl1l''II'U1u~fl11'U'IIA'II11'tl'll1..l1uA1t1lJfJUll::~fl11'U'IIA'II11 

..l,f .12 .. , ..; , .Of '" d t Wl20 0 .. - 2 'I'
'fI'II1..I1Ut11lJlfI'.JfJ.:J11l1fJ1111t1>1 n11..1u\)\)tlfl11lJlnl'fJtJ1..I1..I lt1\l111fJ>1fl1l''tlH11..1'11fJ>11fI'.JfJ.:Jn'U11 LAtI 

ct d~t ... .. 0 	 , 

lJfl111JlnA.:JUA 1,340 l'fJtJIt.l1'tl fH 1,500 l'{)tJ/1..I1'tl UlI::1..I1HlIfl1l''tlAlIfJ.:J1J111..11 uutJtJ'IIfJ>1f1 1fl1'.i . 	 ~QI. ct t Qi • ~ ... Icl 
n'Un::l'flfJ'U HlIfl1l''tlAlIfJ>1lJfI1A>1~tl LU'U 

2.0 

I 
1.8 

• • • 	 • 
-+--ByHand1.6 

5 
___ ByMa~hine'i 1.4 

is 
:> 

1.2 

1.0 

1,340 	 1,380 1,420 1,460 1,500 

CyIilldervelocity (lpm) 

d" 1 .1"" ..... "" " ..l,f .1" "... .I\l 1fl fl1'.i LfltJ 'II tll,d 1I 1..1 fl1 '.i'tlAlI fJ>1 u stJ nlJ~lIl1gfl111..1'11A'II11'f1 '111..11 uA 1t1A1t1lJ fJU 1I::'11 'U 

luti'1lJlfl1fJ.:J11ri6111~tlnf1..l 1~..r1'11fl1l'tt1..ln::l'Vitl'U~mlfl~Ht1'U ~.:JlUfI1~~ 4.2 ~>1fl1l'ui'tJ 
.. ... '" " ..l,f ...)/ .... 1"'..l ~......l I .1'" .. 

nlJ~lIt1g fl111..1'11A'II11'tl'll1..lIUt11t1lJfJ 11f11mlIt1'11tl>1fl1l' n1..l n:a'tltl1..l 'tl\T>1fl11 fl1l'u stJ nlJ~1:w ~fl 

H1..I ~41..1luti'1lJlfl1tl.:J 11ritl111~tI>1 \lflH1..I,jA,r11~41..11uti'1t1jjtl~U i'tJ nlJ~lIdJ'U1 ..r1'111ij ~tlfl11 
tt'U n:a;;fJ1..I fJd~ 1.7 ijlliillJAl/1'U 1'" lrl'U1'11m~V'lflfl11lJ1~1l'fJtJ'IIfJ.:J fl1l'11~'1..1 Ufl Zfl1l'ui'tJ 

nlJ~fld~flH1..I,jA,r11~4'U IUti'1lJlfl1tl>111ritll11~v.:JJ1..Iii1'11fl1l' tt1..l nZ1;;fJ'U1'ti 1t1tJ 1.31 ijfliillJA11 

11..11'" nfitltJl,"tltJt1'Umf1~tJ';hgfli11..111ritll11~tI>1ui'tJnlJ~fldJ1..Iii1'111ij~tlfl11tt'Un::l;;fJ1..I~lfl'h~ 
" 	 1 d ~I d..l 1 -2 e .1'" ..1tltlll:: 24.81 	 1..I'lflfl11lJll'1l'fJtJ 111fllu'Ufl11lJ1l1l'fJtJ'tll111J1::nlJ 1..Ifl11 n'Ul11..11..1fl1l' u1tJ nlJ~fltI 

... '" " ..l,f .1" .... t -, ~ .....l Q Q ... _ Q ..l,f .1 
~fl111..1'11A'II11'f1'11'UluA1t1lJtl1..l 1..1 lJfl1fl11 n1..l n:: l'tltl1..l'fl 1.69 lJlIflllJA 1111..11 'tl Ufl::~fl111..1 'tl'll'Uau 

2. A , cl 11." 	 Q Ji,." It ..4' 	 QQ .. 

t11lJlfI'.J fJ.:J11l1fJl111t1.:JlJfI1fl11{1 1..1 n::1'tlfJ'U 1.28 lJflfIllJAl/11..11'tl .>1U1..I1 L1..IlJ'IItl>1fl11 n1..l n::1'tlfJ1..I 

...s.... Q";,f .IJI.... , J,.... ,f d "...\ d ",,f I 

{1 l11l'tJ\lfl11'U 'tl'll1..l lut11t1lJfJ~tJ11 fl1'.i n'U n::1'tltl'U \l:: \T>1'11 'U 1fl fl1..l tllJllJtlfl111U111fJtJ l~lJ'II'U n1'U 

~fli1'U~~1..I1UI.1lJlfl1fJ.:J11ritl111~lJ>1~::iifl1l'tt'Un::1;;fJ1..I~1 

http:n'Ul11..11
http:n11..1u\)\)tlfl11lJlnl'fJtJ1..I1
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fl1'.ifffl1:nn.ntJ1.HVitJmi~'.i1fl1'.iU~mrtl~ltlfl1'.iiy,j'T'l~";W~tlM'U,j'~,hl ~M~V~";W1Jv 

U'Cl::~tlM'U,j'~,j'11~M~v~1mfl'4V.:m~V1M~tJ.:J 1~tJlf.:J~tlM'U,f.:JffV.:JJ'U"1fl1'.itJi'1.JfflJ~'Cld ~1tJn 
Static Balancing l~mjllJ1ff,j'111~vnJl tJ1.J1VitJ1.Jti1.J~tlM'U ,j'~,j'11tJtl~~ L~"lfl1'.i tJi'1.JfflJ~'Cld1'U 

... 1 <CII o4.:::1".d QI d .:::I I r Q,I " 

ff.tl11::lJtl~'UV.:J1fl'.iV.:Jff'U11 VI'.i::~1.Jfl11lJ1'.i1'.iV1.J 1,420 '.iV1.J/'U1V1 U'Cl::'.i ::tJ::M1.:J'.i::M11.:JtJ1.:J'U~'U11 

ti1.J~ tl M 'U ,j'~,j'11~ '.i:: tJ:: M1.:J 1.5 ii 'Cl ii1lJ~ '.i 1m:: l'U tl1 '.i tJ i'1.J fflJ~ 'Cld~ tlM 'U ,j'~,j'11J'U ii,T'U ~V'U tl1'.i 

tJi'1.JfflJ~'Cldi.:Jd 
4.4.1 \l1~ tlM 'U,T'U,j'11~l'vilJ'V~ fJtJtJ tlHUtl1'.i tJ i'1.J fflJ ~ 'Clil tJ1.J ~VtJU~1J'U lJ111.:J1.J'U 

u,;'UtJi'1.JfflJ~'Cld (Balancing stand) 1~vhfVl'.i11.J~.:J'~~tlM'U,j'~,j'11iiJ1M'Utl1fi'U i.:J.tl1Vi~ 4.6 
1 'I JI ' 

.Q a.cla 0 QlGt.Q "" .QQ,I!I 4 IS!

U'Cl::Vi ~1 '.iW l'V~lfl'Cl V'U Vl1ViVtl'.i:: ~ltJ'U 1M'U tl ! 'U1.J'.i nW~l'U 'UH'U V.:J~ tlM 'U 'U~'U111ViVU1.J.:J1ff'U 

.lr ".... • 'I .1.... '!'I!II'.r 'I d
tl.:Jtl'ClH1m::1ff'U'UV1.J'ClH1ViV'lf1tJ !'Utl1'.ilJ'.i1.JfflJ~'CltJ LM.:J1tJ'U'UUff~.:J !'U.tl1ViVl 4.7 

d .Q Q,I " • Q,I 0'
1I1'Wfl4.6 ~tlM'U'U~'U111.J'UUVI'UtJ'.i1.JfflJ~'CltJ (Balancing stand) 
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4.4.2 111ml1J 1 olijt)11~1J\lfl"'1JtUfl..r111~t)hrlnflfll~l1~1J 11Jfll~ 11~1JlJ1JUl11J,j i'lJ 

11':IJ~ftvJ1J fll~ 11~1J ~::;jfl11:IJlih.lfl'VI11J~~1~.:t'ti11 'If 1fl~;jJ1l1'Jm111Jln1J 11::11 ~fl i1J tb1J~~l 
..;, ,,<11 A ..;,..;, A 1 _I"" "'1 _I"" ,..t0

'VItJ'fl Uft111.:t'VI1Lfll tN 11:IJ1[1'V11fln«.:1 t1fll't'Wfl11:IJ f1:: ~l1fl 1Jfll'I 1J nJ11':IJ~ft [I 1J fll~ 1J ~ lJ f1:IJ~ft[l1J1J 

o"lY'r A d ~ ""i '" jI" ... 1"".!z .1!m L'i'l IfltJfll~ tflftt)1J'VI'V'fl1J1111Jfl 1J lJ~ntu ~n1J'lJ1.:t'lJt).:I-a fll11J Uft:: 'JH11'1J fl.:tflftHUft~lt11J 'lJt)lJ 

jI • ~1.1! i .1"" ,.. 1 d 0 .1"" ,..
~n1JftH'lJt).:IUfl1Jl't'H11l1J1Jl'l.11JU1J1 1Jfll~1J~lJf1:IJ~'W 1111'fl.:l 1JflWf'VI 4.8 Uft::'VI1fll'I1J~lJ11':IJ~ft[l 

J.:t 2i111J'\Jt).:t-afl"'1JtUfl..r11 L~t)m::111[1Jnnrmh1JLn1J''l.Jtj.:l~hmnl.:l~1J 11J-afl"'1J 

, , II JI 

4.4.3 fll'I,ji'lJ911Ul1'll.:l'lJt).:t'V'flLflnfl1J "'U1J 'olLil1J'lJfllJil11Jt'h.:t'lJfI.:I11flUl'Wftl 1fl[l' 'If";.:1 

.t • .. .1! ' ''' l' t ,.1!.J! .!z ~I "'" .1"', jI/ , ....11'f1.:t'lf1J t)~1l11Jt)1'l.11Jl 'VI 1fl1J Uft:: 1J11'11JlJ1J1J1J ".IJl'l.11Jfl.:tflft 1.:1 L 1J1Jfl1U lJ .:IUft ~lJ~ lJ 11~:: tJ~ L'VI1fl1J 

tf1Ul<tf1J n1J U11'fl.:l11Jm'W~ 4.9 flntJi'lJ~lU'H U.:t'lJfI.:t'V'fllfl~f11J~l~m.li'lJ11':IJ~ftV 
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.. 0 .1'" o'Q ~ r. 11 11 <i 0 I .1"" 0'
4.4.4 l1Jn'YI1m·hJl'Uff1J~lWI'Hl'U·H)tJ'YI.:Jffn.:J~1'U1Lt11 ~H'U11J111.:J'U'UU'YI'UlJl'Uff1J~lW 

Q r... 0'... .... ~ " ... '" ~ Q 0' 11 r. 0 , 

nflflHll'In'YIljilffn'Ufl111Jff1J~lW'\Jn.:J\1fl'H'U'\J1jil'\J11 UTafl'H'U'\Jfl'\J111Jfl111Jff1J~ntJUt11 'U'U ~lU'H'U.:J 

'U'U q'fl'\J n.:J\1 fli1'U ItJ~V'UUtJ1N'tJ1'U lJfl ml'H ~'U 'YIljilffn'U 'H1mj.:Jij~hH 'H U.:J ~'H tJljil ~lU'HU.:Jl~1JU({1 

t 0 401 .. = t dQ 4 t
'U'U~:;'YI1mltJl'Uff1J~tWC]j'1~11J'\J'U~n'U 4.4.lfN 4.4.4 nflflH 

.. All .1'" o'Q ~ 11 <i 0.1 ~ Q ~ .. d ~ 
I1Jnfl1fl1llJl'Uff1J~llmlV'UlnVUt11'il.:J'YI1mllJl:;fln'UU1l1'Y1fllln.:Jff'\J11Ll'InLf1'U'\Jn\111 

'" "" .v....ok 'I ..;
n~nfl1lU~fl'Hfl"ll:;fl1lff'Uff::I'YIn'U C]j'.:J~ll'\Jn.:Jml'YIfllln.:Jufffl.:J l'Umfl~'U1fl fl ~llH'YI fl.2 Ull~ 

t;'l\l~vml'YIljillln,;t'I{Ufffl.:Ji.:J4tJml'l~ 4.4 

21.4630 ,...... 
;§;e.... 2S 
<U 
Q 

iii 20 

= 12 IS 

~ 
104> 

!>() e S ~ 
~ 0 

Hand·Normal Hand-Balance Machine-Normal Machine-Balance 

Process type and BaJnllcill~ 

I • 
.c& ... ~ Q,I"111"" 4.10 fI1l'illlf.ll nVll:':fl1·m~fl'Hfl'\Jn.:J'\J11ff1l 

Q" ".f.! Q '" '" ~ Q" 11 ... 
'il1flfl1l'YIfllln.:Jff'\J11Il'1nllJlf.l'UI'YIV'Un~llmlU~fl'Hfl'\Jn.:J'\J11 'il1flfl1lff'\J11~1V \1fl'H'U 

"" ~ ..;.r .111 ....... .....,,,..;.r .111 .. ..; 0 .1.... 0'1I ..; I 

'\J1jil'\J11 'YI'\J'U4lJ~1f.11Jn fl'U\1fl'H'U'\J1jil'\J11'Y1'\J'UllJ'i'l1Vlmn.:J'HllnL't11tH V1V11fl1llJl'Uff1J~llV 'Uff1'U 

r. ,~o Q ~ 1 ,~ ... '" ~ ..;.r .111 ... 1 , I .., 0' 0 • d
mfl'U'U 1jil'YI1fl1lff'\J11 IjilV '1f\1fl'H'U'\J1jil'\J11'Y1'\J'UllJ'i'l1f.11Jn IjilV 1JtJl'Uff1J~llVUll::V11fl1l~1JLf1'U 

.... · ~ 1 ... Q 1 0.... .1,11 1
~1nf.lH'\J11ffU 'UlJfl 201'U1V1 'U'il1'U1'U 200 m1JUll~~llfl1l'YIljillln.:J'U ~UfffH 'Umfl~'U1fl fl 

..; I"; Q~ 11 ... ""Q .... " .ok d
~llHVI fl.3 Ull::fI1l'illlf.l'\Jn.:Jfl1lff'\J11'i'11f.1\1fl'H'UtJfl~ 1Jfl1lU~fl'Hfllm.J1l:: 27.46± 0.03 C]j'.:JliI'U 

~1'U1'U6~llfl1lU~fl»fl~1J1fl~q'IjilI~nnnf.l'ULfiv'Uti'U\1fli1'U'1fijljil~'U uril~ml1\1fli1'Uiljil'l111tJfl~ 
.... 140' J 4'" 'Q,I 'Q,I ~ ... _f:! .4Q,I CV 
lJl'Uff1J~llV1J1V1ljillln.:Jff'\J11l'1'U11 n~nfl1lU~fl'Hm'YI1fl'UlnVll:: 20.38 ± 0.02 I1JnllJ'iV'Ul'YIV'Ufl'U 

" I " 

ll.:J 2 U'U'U U~1l'1'U116~nfl1'iU~fl»fl'\Jn.:J'I111fi'I{,r'Uijm'i1l1jil1l.:J5.:J'nvll:; 25.78 ff1'Ufl1lff'l111 

http:fI1l'illlf.ll
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" " "" '" " .J..,f Aiji Jt • AI'" tI t "''' jI'Il11ffl'H'ItHHHWn:: 15. 74 ~fl11 'U'Utl'll11'V1'1l'U2lJ~1tJlfl'H)<l11 n6lJ'j1JfflJCfJnV'U'U ff'Ul1Ut11fll'j 

Utlfl11fl~l~'Q'tl1'U fll'j'VItln6<1n un:: fl1'jntln<l'll6<1fll'j~'U ff::l'Yi6'U,r'U1~~'U~nLtlVm <lft1Jfl1 'j 

Utl fl11fl 1Tt'j1::~ lflfll'j fl <I~ '116<1 'j::V::HH'j::1111<1~flH'U 'Iitl~11n1JVl<1'1itl'1fl1 ";111-1'fl1'j Utlfl11fl,r'U 

"''''' ... "''' t .t. .. .J. ... J 1 ",,,.J. tntln <I 1'U fll 'jff'll11tl1V~ fl11'U 'II tl'll11'U'Ufll'jff'Uff::1'VI6'UVl1fltl'll'U 'U fl'j::1J1'U fll'jff'll11V1ntln<l'U'U 

do" t .4. ~ .til d' ~ do
fl11lJ ffllJ1'j t:I1'U fll 'j ff'll11 'U 'U 61 ~ ~:: ITtlJ 'Il'U!'U 6<1 ~lfl fl11lJ fl<l 'VI'll tH 'j::v:: 111'1 fl1 'j fl:: 1 'VI 1::un:: 'Iltl ff 

t 0 1jI. .,f.:ll 0 1 " t "''' 1jI .,f 1jI' 1 t.ld!:ll'U'UffllJl'l't:lVll 'fl<llV'Il'U ~<l61~Vll 11lfllltl'jfl'j'U'Uff'll11 tllJlfl'll'Ufl1lJ'U ~ utlfl1'j'VItln6<1 'UflH'U 

1'j16<1,"~ lHU1 '1f6\1n 1 'U ff1'U 'II 6<1 fl1'j ~'U ff:aVJ6'U 1 'U fl1'j u'1f11111 fl~flH'U 'I1ijtl~1'1'1 thih~n 
.... 'AI.ltl<ltl6 lJ'U 

25 
1.98 

-.. 20 1.11 
1.49 

1.32..:.
j 

1.5 

a 
.~ 1.0E! 
.D 

:> 0.5 

0.0 

Hand-Normal Hand-Balance Machine-Normal Machine-Balance 

Process type and Balnncin,l', 

~lfl2'l1mTt~ 4.5 L~'U~6\1n'll6<lTil1l1~V'Il6<1fl1'j ~'U ff:: L VJ 6'U ~lflfll 'jU,rl1~1V~ flH'U 'litl 

" AI '" .... .J. AI ", tI.. if.. .... .J..,f Aiji .. 1 'AI'"
'Il11lJ fltl un::~mn...l'VIlJ'j1Jff1JtJnv Tt1J11fll fllHI 'U fft L'VI6'U 1Ilfl~fl11 'U VI'll 'U 2lJ~1V1J6 lJlJ 'j1J 

f/ t .:I , .L ... d.:l Q ~ a tv JJ! -dA _I4 Q 

fflJfJnV'U'U1Jfllfll'jff'Uff::1V16'U1Jlfl'VI'Q'tlVl 1.98 ± 0.03 1JnnllJtl'jI1'U1V1 Unt~fl11'U'Iltl'IJ11V1'1l'UllJ 

.11 ,. , d .. f tv "4. I c::, .. " ,:t .J .Q Q Q d. 
tl1tllfl'j6<111n61111V<llJ'j1JfflJtJnVlJfl1fll'jff'Uff::1'VI6'U'U6tJ'VI'Q'tl'VI 1.32 ± 0.06 1J~HU1Jtl'jI1'U1V1 fll'j 

JI , , 

'VItln6<11'Ufli'<lTt1J'hfll'l'ff'Uff:aVJ6'Uiiu'U11U'lJl~V1n'Unmrtlnfll'jUtlfl11fl'll6<1,rl1ffl'j O'U1U6<1 
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... .,f 1.1
'IIUA'UUl 

... 
~W't'l.fJ1J (0 C) 

. 
<V '"nl'nlUa:::I'fI8U (mmls) 

, .. 11 ~ 
11C1tJlJtJ fWI 41.98 1.98 

, .. ,1''' .11C1tJlJtJ 'J1.1fflJ~Clll 41.88 1.49 

11rlm11~ll.:J-t1tl9i 41.83 1.71 

, d QI tI 
11 CI tJ111111.:J-t1nJfflJ ~Clll 42.07 1.32 

\lltl~l'Jl.:J~ 4.1 l~lnhm~ll'UtJ.:JfJtl.I11fJii'illtltll'J1ftJ.:J'Ii~'U11hn:::ll:::~ijtll'J'Ii~'Un1~1l 
n.A 111.111111mn tltll'Jff,rn~111~tlHU 'Ii~,r11t1i'1.1fflJfJCI tl uCI:::1~t1 i'1.1 fflJfJ Cltl Tt 1.1 'hfJtl.I11fJ ii 'illtl~tl 
Q • d Q' d .d d Q Q 91 dA t1" ,." 't1'"
11U11C10111111.:JlJt11mClf.llJltlYl'i:1~YI 42.07 O.:Jfi'11CJ1C11CJ111ff UCl:::tltl11u'U~'UnYl'Uul ~1f.llJO &lJ 'J1.1Q. :. 

GI 

t/Q .:I 4' d. Q ~ 
fflJfJCllllJfJtl.I 11 fJlJYI~lY1'i:1~ 41.83 tJ.:Jfi'11CJ1C11CJ111ff uCI:::mmClll'UO.:JfJtl.I 11 fJlJ'UO.:Jtll'J YI~ClO.:JYI.:J11lJ~ 

" fio 41.94 tJ.:Jfi'11CJ1C11arllff 111tlltAf.l1.11'n1l1.1fJtl.I 11fJii'UO.:J'fl.:J11lJ~11lJ~Tt1.1"h fJW 11fJi'1'UtJ.:Jtll1 'Ii~ff,rn 
" . . 

\lltl1fO.:J,j'l'Uuij fhYiu~tl~h.:Joutl'OlllJltl UCI:::ffllJl1Cltlrln11fJtl.I 11 fJii'UO.:Jtll1,j~ff.,rl1 lUlt11o.:Jff 

,rn'illtltltlMU ~l.:J'lfij~tiuij ~1l'w~ll~ lmflfl tJ.:JOU 111tl~O.:Jtll1Yl111.1 0.:Jt1111JfflJ'iU D'UtJ.:J,j\l ~tJ1U 

Q,IjI Q fj/ dI lit"" "ltl 0 Q t/ QI QI cI do .Q .£$ 1 ..l 
~lUfJW11fJlJ~1f.l \l.:J L~'UO\!ClI. 'YIltll111t111:::11t1111JfflJTtU1HTtlJl~lJ ~.:J11tJCI:::16tJ~ U1.1'YIYI 5 \l::: , 



•
"" tJ'rI'rI 5 

.... tl 
5.1 m11'fl11:.:'t1,.n'm1nAi:IE'~ 

.... tl ~ 1 J ........ !II 41 1 ....!II 

5.1.1 ml1lfl11:.:'t1f11U. '''iI''~DrJ'V0~gfl't1U'VA'Vllnil~NDVl0m1UVlfl't1fl'V0~'Vlli111 

'um1;.fJll~lrJlfI~0~;.fJl11JU1An;;n 
fll l fffnnflll fffl'll1 V'YI »'V4 n'IJ 0-3f11111i,jffl1 Y:} n V'll 0-3 ~fll1 'U 'tiIfl 'lfl1~ ff-3Nn~0 fl1 l 

U91 fll1'fl'IJ 0-3 'If11ffll i 'UIfl1 0-3n'lfl1'IJ'Ullfl,gfl 1IflVij191QUl:': ff -3ri'I'~Offfl'll1f11111 ffltity'IJO-3fl1l i,j 

ffl1Y:}tUf1 'U~fll1'U'tifl'lfl1 c;-3fl1nlf1 nO-3 i~'rilfl1ln'lfl1 i~Ul~fll1 'U'ti1fl'lf11111'rilfl1l I~111ht1'Jfl 
,'ito',flilflfl1111i,j ffl1Y:}m11flm111 ~lfl~fli1'UUfl~~ i,j'~l1J",,,,rfl U~1;-3'~l1Jl11,rfl~fll1 'U 1flV 

4.r:: '" tq*l.dl .., '" G .... ...!V 4 t I 

1'V411'IJ'UflHn:.: 5 flUJ ~'U LUtH 20 ml1 "n:':l::lfltJfl11111nlOtJ'lJ0-3~fll1'U'lJ1fl'IJ11 1l1191-3U9I 

'" 4.r t "'.dl I '" tqp 0 d"
1.340 HltJ/'Ul'Y1 1'V411'IJ'UflHn:: 40 lOtJ/'Ul'Y1 ~'UfH 1.500 lOtJ9IO'UTYI un:.: ttl'YIlfl1llfltJ'lJO\!n un:: 

o ..... p 1* I .~ .. ~ .l!
Vllflll11ml::11Nnflll'YIfln0-3tl1V uluml1 Minitab Release 14 n-3fl'1l''U One Way ANOVA CJf-3 

" fl1'i11fln:':111~~-3il 

I
Source DF SS MS F P 

Weight 6 154.694 25.782 131.99 0.000 

Error 98 19.142 0.195 

Total 104 173.836 

S =0.4420 R-Sq 88.99% R-Sq(adj) 88.31% 
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Indiuidual 95% Cis For Hean Based on Pooled 
StDeu 

leuel H Hean StDeu +---------+---------+---------+--------
I 15 28.274 1.647 (----) 
5 15 29.176 1.291 (--.-) 

11 15 31.368 1.54' (--.-) 

15 15 31.243 1.532 (----) 

21 15 31.346 1.417 (----) 

25 15 31.'53 1.295 (----) 
31 15 31.569 1.181 (--.-) 

+---------+---------+---------+--------
28.1 29.8 31.1 31.1 

Pooled StDeu = 1."2 

...I.oi..." '"1I1flOl'IlJ'ItlJ1f1fH''UOlqffl~llJ~l'n:jVlAI " 5.1 llJO...t1Olnlm1t'HNfI1~H.I 'If One 
d QI Q,I 4 d.cl J:QI • Q,I d, 11 f ... QI, " 

Way ANOVA VI'Iti'lU'lJtJd1f1tylV11flU 0.05 lItl'H'lJlIt ?t11~fl'H'lJVllJOl'I1'n0'lJ1'H'lJfl 'HNflOl'I 

QA: ".tQI " • 4001" Q fU~fl'Hfl'U0~'U11 U~fl~H1I1fl~fl'H'lJ'Ui'l'U11tJfl~ 1'lJ0~lJ1111flOl'I'n1l1'ItU1f11 P-Value 'lJOtJfl11f1l 

........ ...8............. · Id,,,. 4"1
AI 
'Iti'lUtWn1f1ty'H'10/Olf~lV11flU 0.05 11f1t1l1flfllOl'IlJ'ItlJ1f1NfI lI::m'U i'l11Ol'IVli'lflO~ff'U11 i'ltJ 

1mtJulfitJu~fli1 'U 11 'I 'I lJi'llUfl::~fli1 'U~lvtlJJ1'1113'fl 1ltri~Nfl910mlJ1tU01 'I u~m1fl'UO.:J,rl1 1i'ltJii . . 

• " .d I" , • QI 1 

Ol'1Vli'lflO~OtJH'UOtJ 1 Ol'IVli'lflO~Vll1~flt;l1_!ll'U0~1I1fl1l1flfll P-Value 1V11flU 0.000 1U'Itfl1 

fflJtJ'I tUVlitJ'I t flOUOl'I ii'lu'U'1I1~ tJ1ftUfl11lJl;0,T'U 'UO_!l,j'Olqffll'thftufotJfI:: 88.99 Ufltthfl1'l 

...t1'U1tJlmtJmfitJm~tJ1ftUfl11lJ1;mr'U'U0_!l,rOlqfflni1ftufotJfI:: 88.31 ;_!lJ_!lffo.:Ji~fln11ii 
. _I ... ~ .r '_1' t • '" ." " ~"4 .oifl1lJ'ItlJ1tULfl'U';IOtJ~:: 80 'U'U lJ l1ffi'l.:l11Ol'IVli'lflO_!l'U'UlJfl11lJ'U11"lfOflO ff11J1'IfI'U1'UOlqffl tJ 'If ti'l 

(Minitab release 14, 2004) 1I1flltJm'n~ 5.1 fl1m~tJ'U0~fll'1U~fl,"fl'U0_!l,r11ff1'l 'nU':h~fli1'U~'1t 
lvtlJJ1'H13'm,j'1' tJJ'U i)t'~fl11'il~tJ6~nfll'lll~flMfl\T~fl11~fli1'U~ ,,jiifl1'llvtlJJ1'H13'm,r1'tJ ;~ 
fl11~~tJ'UO~Ol'1 U~ flMfl'UO_!l,rl1ffn~ ~l~q'i'lfl001 'I i1,r11It1tJ~ fl i1 'U tJ flii iifl11~~ tJ6m 1fln 

U~flMfl~ 28.27 UfI::~fli1'U~1vtlJJ1'H13'flJ'U fhm~tJ6~':i1Ol'Ill~fl,"fl fli):avtlJ\T_!l~'U~llJmlJ1tU 
QI 0 QI'U1'H'Ufl Vll'nlJl'U1 r d.c& "'_lJI'"i'lUfl,29.07,30.36,31.24,31.34,31.45 Uflt 31.56 ~llJfl1i'lU 

~ _I'AI"" .... "" " "~ 5.1.2 O1188flU1JUUattf~Hl~~lJfl1WlJ1Utf'U~arJgfl"'U'U~'U lllliltUl1'U'IrJrJ 1'U011 . .., .., <1\ ... ..,,, 

l~011tf'Utf::'118'U'U8~9fl"'U"U~"U1l 

... " d f ... , ...... ", ... " "1'.0,,,i)lflfl1'l11f1n::'Hfll'1l'nlJ'Ul'H'Ufl 'U~fl'H'lJ'Ui'l'Ul1 'U'H1'U0 5.1.1 Ufl1'U'lJ Vl1 '11 

Vlnug~fl11lJd1tity'U0_!lfl11lJ ',jfflJfJflti'i)lfllJ1f1l'h'Ulfi'U~ff1lJ1':i fI...t1'~O1':i U~fl,"fl'Uo{),rl1iiOl':i 

A _e ...I d .r • """' ... <4 1". "_1 '" _I ....
1 'nOlJ'1lJ1tU Vll 'n lJ'U'U i)1'U1'UlJ1fl Vl1_!l fj1i)tJi){) i'lVl1fll'100m11JUufI:: ff':iH'li'l f,}lJfl':i tU 'lJ fll'1lJ '1U 

fflJfJ't1tii~Oli1'~Ol':ii'UfftlVio'U'UO_!l~fli1'lJ.,ji'l,rl1f1i'lfl~ lilltJOOflUUU~llJ'Haflfll':ifl1'1tJ1UfflJfJflti' 
~ ..d 4 _I QI t/ Q til" cd QI' 4, • 4, " <4 
'If'U ff1'UVI '11 l:l 'U /Olf.:lOl':i lJ ':i U fflJ fJ fI tJUUU fffl ~tJ~ O~lJOlni'l f1101 ':i ff'U fft1VI 0'lJ 1'n 0 '11 VI nUfI.:I 

http:29.07,30.36,31.24,31.34,31.45
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Q o'JI ... 141 ~ Q . Q QI :, .4QI"
flU11 fl ~ 1::: 'H '\I V \If! ~1flf11 ~ lJ1 'U ff1Ji;! f! tI\1fl 'H 'U '\Itl'\l11tlH 'tf'U fl fl'U 'U 'U 1J 

'" Al ,,'" _r:!'" J,... Q "'" 1 0 _I'" " 1tlQlJ1::: ff .!JfllYfVllJ~ tI'Ul'VItI'U f11~ff'U ff:::l 'VIV'U 'il1fl~fl'H'U'\Ifl'\l11 fl tI'VI1fl1~ 'VI'fIf!V~lJ~ 'Uff1Ji;!f! tI~fl 

... "'" t .........,J _I '" ... " ,J,J _I~'" Q ... " ,J,J _I

'H'U'Ufl '\I11'V1~ 2 ll'U 'U fl V 'il1fl111 f111 '\I'U llJ~ fl'H'U '\Ifl'\ll1'V1'\1'Ua lJ~1tf1JVUf!::: \1fl'H'U'\Ifl'\ll1'V1'\1 'UllJ 

~1t1lfl1v.!J'HriVI'H1f1.!J fl111J1111V'U1r'U lcl fl111JL11i~1l~ 1,340 'H)'U~V'U111 O.!J 1,500 1V'U~V'U111 
LLf!:::li1Mf!f111'V1flf!V~1J1'Vilf11111ml:::,rMf!lfl{JltJ~um1J Minitab Release 14 l'Ufhfi',t'U One

ANOVA Uf!:::lil1J111m1:::,rfl111JUtlfl~1.!J'\IV.!JtJ~:::'tflm~',j'lcN'Vf1nij'tlVn'flfl";~fi',t'U Mann

.a '_I ,,J _I" ....... ,J _I" '" 

Whitney lYfV'VIflffV'Ufl111JUtlfltll~'\IV.!JlJ1:::')flm 1:::'H11.!Jf11~'\I'UalJfl1{J1JVfl'Uf11~'\I'UllJfl1f1lfl~V.!J 

1 4 44 QI~ 
'Hf!VI'H1f1~ CJH1JMf!f111'V1flf!V.!Jfl.!J'U 

Source DF SS MS F P 

Process Type 1 1.11875 1.11875 407.40 0.000 

Error 28 0.07689 0.00275 

Total 29 1.19564 

S = 0.05 R-Sq = 93.57% R-Sq(adj) 93.34% 
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Indi~idual 95% CIs Fo~ Mean Based on 

Level H 
By Hand 15 
By Machine 15 

Mean 
1.1113 
1.31_1 

StDev 
1.11111 
1.162_ 

Pooled StDe~ 
---+---------+---------+---------+-----

(--*-) 
(--*-) 

---+---------+---------+---------+-----
1.32 1 ..... 1.56 1.68 

Pooled StDe~ • 1.152.. 

Mann-Whitney Test and CI: By Machine. By Hand 

H Median 
By Machine 15 1.311" 
By Hand 15 1.6892 

Point estiaate fo~ ETR1-ETA2 is -1.38_1 
95.4 Pe~cent CI fo~ ETR1-ETA2 is (-8._331.-1.3"19) 
II - 121.' 

Test of ETA1 - ETR2 ~s ETA1 < ETA2 is significant at 1.8111 


\ 
1l1flfl11tJ1~1J1'f1FH'fl111'1f"'~~ lt1tJ1.f One Way ANOVA ~'~rluutJt'htlty 

!"11flU 0.05 ..r~2J'fI~l1J~lll{1~ 5.2 'WU11 \lfllflJ'lit1..r11!rtothll1tJi'U'fI'1J'l'flV'U~1 fl111J'fI'11l11C1 

tJi'u 'fIt1fl11 tllJ 'fI'~ Lii~lJUfl111JU~ fl91HfllJ~11J '11-0 t1'U ~{I fl11 ~lJ1tJ Lii~~1Jl1l1flfl11fi1l11 tu1t11 P

~ ".It 4. 91 l' Q,I <II 0 Q,I 1 Q,I J .... I
Value 1l1flfl111LfIll~ '11 N'fI t)$~1JlJ f)tJfl11f1l1~t1UlJtJ'fI'1f1tyL1'11flU 0.05 U'fI~1l1flfllfl11lJ'.i ~1J1'f1N'fI 

, , ~ _I ... "(I ....... ,.J.... ..Ii,:, " ' .... " 
V.U11f11 fl1J lJl:':'fI'1'11ilJ1~ fl~Ufl11 ~t1'f1'lJ 1lLfltJ1flUfl111JL'11fl1JlJ'Ufl{l'U fl2J 'fIL1'11flU1 fltJ 'fI:': 93.57 U'fI~ 

. • ... r! d d 41 :A ~ )J I QI " ..c:. <I 
fllfl111'11lJ 1 tJ&lJ1 tJ1JL1'1 tJU LfltJ1flU fl111JL'lSfl1JlJ 'U fl{l 'U fl2J 'fIl1'11 flUl ~tJ 'fI~ 93.34 ~lfl fl1l1LfI'n~ '11 fl11 

.r _I "" ... " ~ , , ... • ""'" ~ ""'" t ... ,
'UlJlIJ'(Jfl'l1lJ'Ut1'Ul1lJlJ fll P-Value 11'11flU 0.000 'I11JltJfl111J1111ifl11'f1{1 'fI'fl~11ilJlJ1Jfl111J U~fl~l{1 

~lfl.fl1V.~ 5.2 V.U11,hLU~tJfl11 tllJ 'fI':::&iifllJ'U~~ fl11tJi'U'fI'1J'l 'fIV'\lfllf lJ~~lJ1tJII1tJ;jfl~~uthLU~tJ 
.d , Q,I " d..r .... 1 " J , .J .... 1(AI aid,., 1'" <IQ

1'1 \T {I fl11\l fl 'I1lJ 'U t1'U 111'1 'U lJ llJ t1 1mfIl fl~ '11 'fI flL 'I11tJ{I lJ lU 'fI'1J'l'fl tJ1'11 ~tJ 'fI:': 22.94 lJ fl1 '.i 11fill:': '11 

, _I 1 1 "" ... <I 1 _l'l' <I':' t _I ' 
fl111JU~fl911~"IJfl~lJ1~'lS1fl1 t1tJ 1J 'lSV.l111JL~fll t1Vn~fl'11lJ Mann-Whiney lJlJ N'fIlJ11fl{)11 afl 

lflJ'lit1,rl1~lJ ltJII1tJL fl1 ~~'I1rl~L '11 ~tJ~~tJ i'U'fI'1J'l'flV'JlJ , ,",t11fl11 tllJ 'fI'~ IiifllJ,rfltlfl11 a fllflJ 'lit1 

" .J.r _I~ .s... <I"" .J ... <I • .s 
'Ul11'1 'U lJ llJ ,nV1J fltJ 1U 'fI'1J'l 'fI VV. ~11 tu nlflltJmv.1'1 5.3 N'fI fl1111fill ~ '11 fl111JU ~ fl~H fI~ 

ETAl <ETA2 'I11JltJfl111J11 \lflMlJ'lit1,r11~~lJltJII1tJLfl1~{I'I1rlfl!'I1~tJ~~tJi'U'fI'1J'l'flV'JlJ Utllfl1l 

tllJ'fI'~Lii~lJ~~lfl11 \lflMlJ'lit1,r11~lJ1tJII1tJ;jfl~tJi'U'fI'1J'l'flV' lt1tJU'fI't1{I1lJltJmv.~ 4.3 ;{I\lflMlJ 

'lifl..rl1'11 rl fll '11 ~tJ{ltJi'U 'fI'1J'l'flV'UtllL D~tJfl1'.i tllJ 'fI':; !ii~lJ~lfl11\lflM lJ,jt1..rl1~'I1 rl fl;j~tJi'U 'fI'1J'l'fl V' 
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QI QI tI , .:,. .., _~ GI ~ ~I _ tI .d 
fl11lJ fflJ 'YUH; 1~ 'I11Hfl11 ff'U fft 1f1 f)'U Ufl:: ~W '11 tJ lJ1Jf)~ l1 f) ~1JA 'U 'U tlJ'U flU 11fl11t '11 t'n f) '111 

QI QI "r, dr" ~ Q,f d_ dl ,~ (I <v cf,.QI ..,,,

fl11lJfflJ'Vf'U1Jf1~fff)~,j""U C]j'~f1~tlm'U 'l1""Uf1fJff1~ ,,~ ~Vl1f)111tm 1~ '11 'I11fl11lJ nlJ'Vf'U1J UiUJ 

hJ1UmlJ Minitab Release 14 ,~..;~ti'i'U Correlation 1i4fJ'I111nf~fffJ~ijfl11lJnlJ..;'Untl'U''U 

Pearson correlation of o-..s,n,smmn-n and n,s<l-- U<lt: I n"'ou .. D.935 
P-Ualue - D.DDD 

The regression equation is 
Broken = - 1.30 + 11.4 Uibration 

Predictor CoefSE Coef T P 

Constant -7.2959 0.8117 -8.99 0.000 

Vibmtion 17.3773 0.4721 36.81 0.000 

S = 1.42734 R-Sq = 93.3% R-Sq (adj) = 93.2% 
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c1A lOJ , d'IQI .di "GQlOQ./ 'al 
lTfll'llt.ll'lft.lflt.l U'1::fll P-Value 1If11l'VI1fl1J 0.000 Uffll.:J\\.:Jfl1111U91fl91HOV1.:J1It.lVff1f1tylll1fl1J 0.05 

Ell 1 ... .lI. lJ1 I .:,.... '" ~ ...

Lut.l flTWOll t.I fflllJ91! 1t.11 O.:J t)f.:J fll11t.1l1 111::1111.:J flU fft.l '1':: l'VI Ot.l U'1:: fill U91fl11 flt.lt.lllfl1111 

U91fl~HOt.l ~lfl9l11H ~ 5.3 1t.lfIll1Lfln::Mfl1111ffll";t.I ti'L;.:Ju~t.I 'II0~flll ttt.l '1':: L'not.l U '1~ fill 

ill ~ ,. Q.I _I ~ ':'..d,"', 1JI '"Q 0 

1191fl11flt.lt.lTf1J11 fI1 P-Value U'1Zffllul::ff'VI1i'll0~fIllfft.lff~l'VIOt.lllfl1t.10Vfl11 0.05 'VI1 11V01l11J 

fl1111ffll";t.I ti''II0~~~~ LrtOVt ~lHU1 ffll,jl~ ff'VIitllZ flO1Jfllltlllfft.l i ~l~V101Jfl1111l;0lft.l'll O.:J 

JI I .... al ... .tAl ...... i'" '" "'.:, JI .lI d I ,,:. I

'110\1 '1U'1Zfl1 ffllul:: ff'VI1i ul~flO1Jflll91 fI ff'U ~ lflV1fl1J fl1111 !'!f01l t.I 'II 0~'110\1 '1 t)f~flN1t.1LflWcn'VI~ tl 

4 , "1j1' QI Q.I ... I 1 t Jd QI Q.I f/, Q.IAI" , 

~~ff11111 \\ fl'111 Lj>1119111LuHIt.lU'1Z9I1Uul91111 'Uflll'V1l1'10~flH t.llIfl1111 ffllTf t.l1i 910fl 'U U t.lt.IOt.l 

U'1Z 'Il1flffll flll fi1t.11V'll o~..f.:JffO~ tl1Util 111flVt~1HU1ffllflllfi1t.11V~~ ffO~ij fl1111 ffll";t.I ti'Ot.l 

LrtO~'Il1flfh ffll,jl~ff'VIi~tlw01Jflllttt.lff~LVio'Uijfi1'1h~t.ll!I't.lVU'1Zff11111ml1'tlft1t.11W111tJ9111 
'" iI..... ... lIJP.lI, .:, ....... ~ .J:' • iJl 


flll U91fl11 fl'lllflfl1111I' t.I ff::L'VIO'U'IIO~\'lfl11'U L~l t)f~Tf1J1T"lflflllfft.l ffZL'VIOt.l'VI!Tfll'llt.l t.I t.I'Il~'VI1 11 

flll U9Ifl";fl'll0~,r1191111 'tltA'1V 

Correlations: Vibration. Temperature 

Pearson correlation of Uibration and Te~erature = -0.0_1 
P-Ualue = @.688 

Regression Analysis: Temperature versus Vibration 
, 

The regression equation is 
Tenperature ~ _2.2 - 0.16_ Uibration 

Predictor CoefSE Coer T P 

Constant 42.2092 0.6697 63.03 0.000 

Vibration -0.1637 0.4070 -0.40 0.688 

S = 1.04838 R-Sq = 0.2% R-Sq(adj) = 0.0% 
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~I " ~I..l .. ... ""01I1flfll'HlalJ'j:1l1a-U01.la'fl11l1lJfll"'YI 5.6 ua: 5.6 11l0'YI1fll'j1Lfln:11-u01.la 

1 1 "a'if " .:. • I )!I "''' ~ ~'" "'.. ... QI "1'" ,~w '11' n.:Jfl'1l'lJ Correlation "'U11f1lfl111l~1l"lJli-U0.:J'YI.:JffO.:JlJ""tJllfl111lffll"lJli lJl'1l'.:Ja'U U'fI 

I .. d 1 0; fI r- 12 Q I 2 d'lPdI .c:l I 

OtJ1.:J l'jfl'fl11lfllfl111lffll"lJli-U0.:J'YI.:JfJ~0.:J""1'jtu1f11 P-Value ~ntJua:F-m'YIltlflO P-Value llfl1 

niltl'U 0.688 ;.:Jijfl11l1flfl1n:i'UutJdltlf:\l~L'yhtl'U 0.05 ff11l1HlffltJl<K1nl'.:Ji1utJ1 2lliij 

f1111lffll";lJi'tllJ 11 1mrlJ'''''11.,f01.la~.:J 2 1l1'Yi1fll'j1LfI11~ Hfl111lffll..;'Ui'l;~UJ'U"'1tJi.:Jti'ilJ 
I QI QI tic. JI 

Regression Im~"'U11ffllfll1f1111lffll"lJlil'1l'.:J'fflJ 

(5.1) 

U~OdH l1 ~'fI11lfll1 ~lJ ff:, VlolJua~~tu 11 t.lijlliijfl111lffll";lJ i',; .:J'~lJtllJ 

Ido.:J1I1fl flllii1l1'jW11l1flfl1 P-Value ~1l1flfl111:i'UutJd1tlf:\lua:fl11L'fIfl~1.:J1I1fl\lflHlJ'lifl.,f11 
~I Q .. ..., ' .... _I ~ .(~I ...... ,..l... ...:. 
lJfl'fl IlJ 0.:J1l111 1fl fll'j" 11 11 W 1f11 f11fflllJ'j:CI 'YIli lJ'i: fl O'U fll1'f1 flff 'U 1I1fl tJ1 fl'Ufl111l1 '11'011 'U -U O~ 

JI .. 'QI ~ I 0 ... r! .e:t cI QI 4 ~ SI Ji t GI 

-U01.laCJf~I'YI1fl'U 1 otJa: 0.2 Ua~fIlfll'.i 'YIllJ1tJ1lJ'.i tJ'UI'YItJ'UlfltJ1fl'Ufl111ll'1l'01llJ -u0~-U01.laCJf~l'YI1fl'U 

'otJa: 0.0 ;~~~ffo~i~flrll1ijfl1~lfl11'OtJa: 80 Ufffl~ ''''11fll'.i ~lJff:lVlOlJ-UO~\lflHlJ'lifilliij 
... QI ....2!.... ...".... " ""!P .. .. 'JI'" f1111l ffll"lJ '6U'U'UI'HI-" 'U fl'U~tu11 t.l1l-U 0~11 O~-Ufl-Ul1111 flfl1 :'U1lJ fll'.iff-U 11~11tJlfl'.itHff-U11-UlJ1f1 

d 
lafl 

... 4 1:' 4 ~ I"" "... "" v
5.1.5 fll1ltfl11:'tt'nl.:JY111Uflll1lf11Lnll'U8.:JfllllJl'ULU.J\>,}QtI'ttU'UfI'UTJ 

fll'j11f111:::Hfl111l~1l'rJ'U'lJflntJi''Uffll'Jad-u0.:J\lfli1lJ'lifl.,f11,flJl~cNlllJ1fifi 
o '" ..... ~ ..... .d ~ F- "..let,,, ....."lI 0

fllllff1lJIfllJ CJf~l lJ 1li'YIfl1lJ1tu lJl1l1tu-U0~'\I11'Y1ff 'U flllfJllVJlJ ua:nlifllllJlfl1:lfllfl1ff11l11f:1 

ft1lJ1W,Il,do~",m~lJflllftl'U1tu~,lici'U~0'U lf1tJft1'U1W1I1flffllflll ~ 2.7 i~~OltJd 
"" "1:' 4 .... j! 1:' "" .... v ~I "" 5 .1.5.1 fll1l1f111:'tt'nH\fI1Ulfl1l1lf11iJ'fI1'U8.:J fll1tT'UTJ\'lltlgn'ttU'UfI'UTJlJn'fl 

o '" ... y .. et" d et et... , "'~ l.r
1) flla~flllf1aIiU'ntJ Ifll0~ff'\l11-UlJ1f11afl1l11tJa:10tJflfI~flO LlJlJ 

(1) -U'U1f1fh';~flllf1ii'fl 25 nlafli'1lI~111l~ 

(2) i111l.:Jflll'YiH1'U-U0.:JlHff 8 ,r111l~1'1'U 
o QI., AS' QI a 

(3) 1I1lJ1lJ1'U'YI1fll1tl-U11 20 11J/lflOlJ 

2) l1f1liii1m.hv.,fl1tl11''U'tf0.:Jli1a1f1 (tY1l1f11l1Hff.,fl1l'YItJ, 2554) 

(I) 11f11.,fl1tl111101l1l:ii 100% 30,000 'U1'Y1lilJ 

" ... ...(2) 11f11'\11111fl 22,000 'Ul'YI/li1lJ 

(3) nflltJa1tJ.,f11 17,000 'Ul'YI/fllJ 

o "(4) 11f1111'\111 8,700 'U1'Y1/fllJ 

http:11l0'YI1fll'j1Lfln:11-u01.la
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(5) 11f11Umm 1,000 1J1l1/iU 

" ... A.<l " d ~I3) ;jU'lUfl11N{t~'\l6~1f1'i6~tY'\l11'\lUlflmfl mJfl66flllJU 

" 	 _I"(0 ;jU'lUl1H;jH (Direct Cost) lJ1::fl61Jfl1tJ 

(1.1) 	,r111tJ~6fl 15,000 1Jll1/iu 

, Ill" I III A" _14 '" 
(1.2) fIl l'l11l1tJ lUfl11'lf6'\l111lJ{t6fl 40 1J1l1/~U 

0.3) thUH~lUm'nJfl1'\lU,rl1 501J111/iU 

(1.4) thhHql 	 1501J111/iU 

(2) ~U'lU111{1trmJ (Indirect Cost) tJ,::fl61JA1tJ 

(2.0 	1~Ul~6U~tJ~1J1ifl11 6,000 1J111/1~6U 
, 'I'" A 4 

(2.2) fIll'l11l1tJ6U'l 1,000 1J111/1fl6U 

4) j "" ... " l1tJ fI ;jU'lU'\l6~m::1J1Ufl1':iN{t;j'\l11 

NGfU10Ach •\ll:Ifl1(111Y1) 
SI 
1f)tll:I~ 

.,r11fI''' 36,543.42 60.52 

.,r1111t1 10,564 17.50 

tJ tI1t1.,r11 10,189.8 16.87 

;1 2,317.68 3.83 

untl1J 765.90 1.26 

'.i1t1'~nll 60,38080 1.0.0.00 

, 
.. 	 " Q ")J 2 Q ... I'

ftl1HtI S.6 ~U'lU111{1;jH'\l6{Jfl11N{t~ (Direct Cost) 1l1fl1fl1':itY'\l11i't1tJ\lfl'HUlJfl;j 

.. .., •Nl:lfU1WIlfI •Vl:lfl1(111Y1) ~f)tll:I:: 
,,, tJ·

fl1'11111 tlen 50,490 

fhl4'1t11um,4e 132 . 
fl1U'I :t:t1Un"1101 50 

~~1 165 

~ ... .
U'lUYlH~nV1nm'Ifltlfl 1 1ft6U 50,83100 84.19 

fil",rutfu 9S~3.aQ 15.80 

'.i1t1'~nll 60380.80 100.00 
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. . 
... 'JI 'JI 4'" 'JI' ...

Pll1HtI 5.7 ~'\.J'J'\.J'YI1~VVlJ'H·H)fl11'1Hl1tJfH'YI (Indirect Cost) 

th'~9UJtN~ 
, 

\lfUl1(l.Jlt1) 

Q 4 '" l~'\.Jl~V'\.J'Yi'\.JfHl'\.J 6,000 

fh,,r~ltJ~'\.J"1 1,000 

'JI ~ Q 4 
'j1lJ~'\.J'J'\.J'YI1~ VlJ\llflfll'jHll~ 1 l~V'\.J 1.QQQ 

.d .c::I 0 ..:I 

\llfl~1'j1~'YI 5.5, 5.6 Ull::: 5.7 'j1tJll:::lVtJ~fll'jfl1'\.J1WUll:::'j1tJll:::lVtJ~ 

'JI Q ... 'JI 'JI Q '" 'JI .1 Q" .l! 0 ,,'JI!:'I 'JI " 
'UVl.Jllfll'jHll~'UV~fll'jff'U11~1tJ\lfl'H'\.J'U~'U1111fl~Uff~~ I '\.JtllflH'\.J 1fl fl.4 C)1~'\.J1lJ11'lH1I'\.J'UVl.Jlll '\.J 

fll'jfl1'\.J1W 'H1~~~lJ'J'\.J' '\.J fll'jff.,r11\llfl\lflM'\.Jtlfl~ ~~ff1lJ1'jflU'YI'\.Jfl1~llJ\l~'j \llfl\l~'j~ 5.1, 5.2 

" o.l!... ",.1
Ull:::5.3 l'\.Jfll'jfll'jfl1'\.J1WC)1~lJHll~~'\.J 

~~~lJ'J'\.J'UV~\lflM'\.Jtlfl~ 44,303.79 1.J1'YI ~~Uff~~fll'jfl1'\.J1W'n'\.J 
... · 'JI .14 d" 'JI....... • '" Q1 '" " ... 'JI ,,'JIMS


tllflH'\.J1fl fl 1~tJlJl.Jllfl1'U11l1l11Vfl'YII'l1fflJfl1t'Yllfll.J 18.13 1.J1'YI/fl llfl'l'lJ Ull::: 1'\.Jfll'jff'U111'HfI~ 

~~~lJ'J'\.JJ'\.J~V~ff.,r11ltl~vmh'\.J1'\.J 2.44 9i'\.J ti4V\l:::t~tJ~'YiVf;ml1',r~ltJ~l~"1 fll'jff.,r11~1tJ&f1iv~ 
.c::I " d ..:I .1' GJ .c::I"'.a.d Q,I Q,I.a.c9 'I" "1 "d.Q 0 

ff'U11'U'\.J1~mfllJ~~"JlJ'J'\.J l'\.Jfll'jff'U11~Vt~V'\.J'YI'j:::~'Ufll'jHll~ 2.44 ~'\.J/t~V'\.J \l~\l:::'YIlI'H'j1tJ I~'YI 

'~i' 'U \llfl flU ff.,r11 ijl.J II tl1t'tilnl.Jfll' .f~ltJ'H~ V~'\.J 'J '\.J 'l'1lJ fll'j H~ ~'Yi V~n'\.J , '\.J ri1'\.J fll'j 'H 1 . 
~~~lJ'J'\.J'UV~fll'jff.,r11~1tJ\lflM '\.JVitli' 'UfflJ~llV'u 

~ 

'\.JijilllJ1Wt'til''j fl1'\.J1W '~i~u 
~ 

o " .c:I"" _IQIC!t.5.1.5.2 fll'jfl1'\.J1W ~~fJlJ'J'\.J \llflfll'jff'U11~1tJ\lfl'H '\.J1I'j'UfflJ~ll 

. 
... , 'JI .r.:! 'JI • Q '" 0' ... 'JI l' Q

Pll1HtI 5.8 'j1tJ ~Ull:::'11 'jlJ1W 'j VtJll:::'U V~l.J llfl1fll'j'U1tJHll~tlW tyJ \llfl fll'jff'U11~1tJ\lfl'H '\.J 

t1i'l.JfflJ~llV' 

... ..., J 
NOPIIlWon 

, 
\l0ftl(l.Jlt1) 

v 
1BUO::: 

.,r11ff1'j 43,136.82 69.41 

'JI '" 'U11'Hfl 5,728.93 9.21 

t1mtJ.,r11 10,189.8 16.39 

0

'j1 2,317.68 3.72 

Ufllll.J 765.90 1.23 

'j1tJ'~'j1lJ 62,132.13 100 

http:Q,I.a.c9
http:44,303.79
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I 
.... .... I 

flUflllWon 
, 

\lOfl1(111.,.) ~t)lJO:l 

." 11'<11i m'\ll'lL flOfl 50,490 

fhi .fV1Vi 'U fll'::O 132 

•
mill 'Nl'UmnJfl' 50 

fhLVHh 165 

If Q 4
'UlJ'UVll~flH111flfll'NflfI 1 l~O'U 50,837 81.81 

.. 
illL",i'U~'U 11302.13 18.18 

111flflln~~ 5.8 UfI::: 5.9 nVfI:::lVVfI i'U fll'fll'U1WUffiH i'UfllflN'U1fl 

Ji ='1 " ... " 1 iY. "" .... " .1'" 0' toofl.4 'HlU'U'\I0\lfl '\IO~ fll' ff'\l11 ~V 'J\lfll1'U'\I~'\I11u'tJffll~flV 'U'U ffl11lHI 'U 1111f11'U1W111 

Z. '" i"''' Ji ........ ",.I 11 41" '"
Q~~rJlllJ'Ufll11111fl\TfI'V1 5.1, 5.2 ufI:::5.3 'Ufll'ff'\ll1'Jf~llfll~-3~-3'U ~~1'JlllJ'U'\IO~\lfll1'U '\I~'\I11V1 

.1'" 0' Ji t lIJ.P'l '" Ji ...0

u'tJffll~flV 38,503.85 tJ1V1 'Jf-3Uff~~fllHIl'U1WVI-31111~ n ~'UfllflN'U1flVl fl flln~ fl.4.2 'Jf~ll 

." 4 "', "....... ..... ""1'" i ... " i "dI Z. t 11 ...\If1f11'\1l1lllflOflVl "Ifffllfll1V11fltJ 18.66 tJ1V1/fl flmll UfI::: 'Ufll'ff'\l11 l1fH~~T~lllJ'U'U'U~O~ff 
" .14 0 ... Jt dI Z. ... " 11 .,. "'.1.... 0'"

'\I111ufltlfl111'U1'U 2.12 fI'U l"'Wl1:lfH~~TJlllJ'Ufll'ff'\l11i'l1V\lfll1UVlu'tJffll~flV 111fl'\l0\!fI'\I0~ 

fll,a,rl1i'Ufll,a,rl1~1Vlfl10-3a,r11'\1'U l~lgfl '~llfh~~fll'Nnfltld~ 3.33 it.lll~O'U ii~UlJ'UfI-3~ 
4 "','lI .....1 '" 4 Jt.r;! ... 'I" d '.... dI

7,000 tJlVl/l~OU UfI:::ll~'UlJ'UN'Uuu'V1 50,837 tJ1V1M10'U lvttllu'VtJlVlVtJ L11111'UtlVH"If~Ll1Ul1~ 

L~vhfllmntJtJl'i1vtJi'U\Plln~~ 5.9 

11t1fl11 gll;;"Ullfl .... U'" •gil,.,,, 1tJf;JtlV.}Otl 

~~~lllJ'U (tJlVl) 44,303.79 38,503.85 

\If1fh,rl'llUflOfl~'cM'a (tJlVlliu) 18,132.37 18,660.39 

mll1w,r"l!1If10fl W ~~~lllJ'U (i'U) 2.44 2.12 

.,. 0' 0' d ... ". Jt.r;! ... 0.... " 
111fl fll' 1 Lfl n:l11V1Hlff''l:I Jfflfffll 11:::!11 'U ~~11 1110Lu'VtJ1V1VtJ 111U1'UWU'\10-3fll, fJll 

lJU'\IO-3fll 1 a,rl1,rU11:::vttJ-.hfll' a,rl1tf1V\IflM 'U~1Ii'tJffll~fId,r'U 11:::ii~~~lllJ 'U~~1 fl-;h u ff~-3-h 
fll,atf1V\lflMulIi'tJffll~fld 011,,r'U91''U ~'lJlflfl11 11 1 fl,rO\lfl fllfl N'U1fl fl vttJ1101h,r'U91'u'\Itl~ 

,Q JI 2 -=- ... Jew' t/ l.d~ 4 JI ;Q, t 40 lit t", .d 
flllff'\ll1"l1V\lfll1UultJ ffll~fIVtlYVllOVfI::: 18.18 11f1::: flllff'\l11UtJtJl~llU 'U 11:::11 fll ~1'\1'UfI'U tlYVI 

http:38,503.85
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fomu: 15.80 f11'Hmv'U'~V'U''Uff-,n..I'UO.:)\lI:IfhJ'U ,"'U"f11\11:1fl1'U0':)f11'jff'\hUf'lV~flii'Uu'U'U 
tJi'mnJii,}I:IerJ'Uijfl1~~lfl-h tJ'U,rl0,:)111;)1fl 'j1V' iifff'l'U ~1I1;)lflll-ll:lll-lii~~\T~ fl11~n;,',",\I I:Ifl1'U0~ 
~1'l~'~J'U \T~~ll1~'U~'lV UI:I::m1l1tuf11'j ff~l'l~OlAO'UJ'U ~ flii'U ~ tJi''lJ'tYlIii,}I:IerJ'Uijm1l1tu~~1 

, .ct"" 1.:1 41" ,.ct"" QI"Q Q Q .
fl'l1 f11Hr'U 1'l ~ 'lV ~ fl 'H 'UU'U 'UlPlll 0 ~'Vl 0.32 ~'U/l~ O'U Uff~.:) 'l1 f11Hr'U1 'lPl'lV~fl'H 'U 'U~ 'U 11'H 1:1 0 

d AI'" .. t .:51 J! ' ... ,," .,. AI "" '" 0' ...!. .r ...
l'H'lV~lJ 'j 'U ffll ii,}I:IV'U 'U ff1111 Hl(H'PlT~lI'l'J'U fl O'U flU ff'U11~ 'lV ~ fl'H 'U lJfl~ U1:1:: 1I f11 'j ',"1I'U'U 0 fl 

tJ'j::1I1W 9,600 'U1'Vl/lAO'U 

5.2 tJihhulfiD 

.:51 "" ~ , " ".., v ...l" ....
5.2.1 f111ftflOUltJ'n1iTtD-utJ.:.tfllUI11U1lIfJDrJ-utJ.:.tUfl't'i'U-uft-unfli.HflD9JtJfll1U9Jfl't'ifl 
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6.2.3 nUflm:l11j'il'tltJ~1~tJ1,rO~t11Jm~U~nl1n~O~,r1"nf'W ~::tJ::MH~::'M11~~nl1'Wt11J 
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fllflN'U1fl fl 

fl11HUilfI..:JNflfl11f1f1iU)..:J 



..I. ~ "'... 1'1 ....... ..,,,..1.. ..," .. A ... " 
 d 
ft11H1I fl.t Nftfll'atfl1:l1t111li'Wft" t1~fl111J l1JfI'1JfJftfJ" t1~Qfl1f\.l"~"1111 fI'~ Nft~t1fl1·.n'~fl1ffl"t1~"l1f1'll L\.Ilfllt1~ fI'''l1''\.Il~Uftfl 

.
.
Of 
0 OJ 

Ul11Ufl 

(fl1l1) 

.& V '11'"ft'llll'lfU"nl 118fl 

(~80i.1t) 

.& ... 
ft'llll'lfUI'IlIIO 

(~80i.1::) 

fl'l1$U;'l181J 
... 

(181J1'U11l) 

mlllw.un 
Of 
OJ OJ 

1I~11l1R(n1l1) 

m SI OJ1l11W"n11n 

OJ 

(n1l1) 

OJ OJ 

8ft11fl11Uftfl11n 

(~80i.1t) 

...OJ 

fl'llll1nnrtl1l8U 

........ .... ... 
(lIi.1ll1ft1I'lU11l) I 

0 13.76 13.74 13.94 13.81 1,340 198.01 28.60 28.60 1.60 I 

0 13.80 13.96 14.04 13.93 1,340 199.63 27.74 27.74 1.61 

0 13.96 13.54 13.42 13.64 1,340 200.13 27.97 27.97 
• 

1.56 

5 13.79 13.99 13.73 13.84 1,340 198.63 29.37 29.37 1.71 

5 13.91 13.85 13.65 13.80 1,340 198.79 29.39 29.39 1.73 

5 13.84 13.75 13.82 13.81 1,340 198.96 29.29 29.29 1.66 

10 13.89 13.83 13.72 13.81 1,340 200.08 30.70 30.70 1.72 . 

10 13.77 13.47 13.62 13.62 1,340 200.01 30.65 30.65 1.69 

10 13.89 13.94 13.47 13.77 1,340 199.48 30.67 30.67 1.71 

15 13.68 13.78 13.93 13.80 1,340 199.47 31.41 31.41 1.86 

15 13.95 13.67 13.85 13.82 1,340 197.72 31.44 31.44 1.81 

. 
cv -.1 4ZI 0 t t 4 " ~ "QI tI" ~QI q.t

ft'lU1J111111fl11ft'l1JfJlI : l::fJ::1fl~l::1f11~gflfJ1~fl1Jgfl1f\.l"~"11 (1.5 mm) Uftt L'l1'W\.Il"l1~t1fl1J::ft 105 

,.... 

S 




.. ~ 4 A 'I ' A QI fj} d f' d.QI"'''. CI"
PlUHn ft.t Nt1fll'.infl'I!J16'Y111''Wt1'IJ6{1f1'J11l tllrfll~t1'IJ6{1gfll1tJ'lJfl'IJ11'Y1rf{lNt1916fll'.iU9lfll1fl'IJ6{1'IJ11rfl'.i ttJLfI'l6{1rf'IJ11'IJtJl91Lt1fl (916) 

:' ..., 4 II" 4... .. _t:!! II _t:!! P."""" ..., ;" ..u""m fl1U.."WUl1,U08ft fl1U."UliliUJ A 111J11118tJ 1J11J10&'lJ11 1J11JU'U'U11't'1ft 8P111ft1111P1ft't'lft ft1UUnnr::ln8U 

..., II II "" :...., ..., II ......... "" 

(ft1'IJ) (18UO::) (18UO::) (18tJtuln) n-3't'1'IJ~(ft1'IJ) (ft1'IJ) (18UO::) ('lJ01'IJPl1I1Uln) 


15 14.22 13.62 14.00 13.95 1,340 198.06 31.48 31.56 1.79 


20 13.60 13.94 13.95 13.83 1,340 198.97 31.56 31.51 1.88 


20 14.08 13.56 13.70 13.78 1,340 197.08 31.51 31.49 1.82 


20 13.73 13.85 13.86 13.81 1,340 202.16 31.49 28.16 1.67 


25 14.22 13.97 13.95 14.05 1,340 199.13 62.89 31.58 1.87 


25 14.00 13.84 13.99 13.94 1,340 202.54 64.03 31.62 1.84 


25 14.06 14.15 13.94 14.05 1,340 201.71 63.64 31.55 1.85 


30 14.03 14.01 14.08 14.04 1,340 198.42 62.73 31.62 1.84 


30 14.06 13.95 13.79 13.93 1,340 199.77 63.20 31.64 1.85 


30 13.93 13.81 14.10 13.95 1,340 198.98 62.89 31.60 1.88 


o 13.86 13.78 13.87 13.83 1,380 199.05 28.16 28.14 1.66 

U _I,c:lq • QI QI ""VoI t/91I A " ell

Pl1111J1nnlft11ft1tJQ'IJ : 'j:::V:::111{j'j:::1111{1\lflV1{1fl1J~fll1tJ'lJfI'lJ11 (1.5 mm) Ut1::: t~'WtJU'IJ1'Jfl6flll:::t1 105 

.... 
~ 



ftl1H~ fI.l ~fl fl1'iffm~lli)'n11 Vi fl-UO~fl11lJ 'bjtYlJ~fl-UO~~ flth.l;JfI,j'11~t1~~fl9liOfl1 'i uflnin-uo ~,j'TltYl'i'\Ufl1 O~a,j'TJ-U\.llf11gn (fio) 

.
... ..., 
Ul11Ufl 

(fl1SJ) 

f'llUJ;u1illnJStlfl 

(~tltlO:;) 

Ji I... 
fll11J'VUlilOtl 

(~tltlOt) 

'" fll11J1111tlU 

... 
(1tlU/U1Y1) 

tfbnw~ll ...., .., 
YI~11SJfI(fl1SJ) 

tA v...,
11J1W"1l11f1 

(fl1SJ) 

.., .., 
tlft11f111I1ftfl11f1 

(~tltlOt) 

.., .. 
fll11J0"UU':aYl8U 

...... ... ... 
(SJOISJft1I1U1Y1) 

0 13.83 13.44 13.77 13.68 1,380 200.21 28.14 28.11 1.71 

0 13.49 13.70 13.93 13.71 1,380 198.50 28.11 28.99 1.75 

5 13.99 13.81 13.58 13.79 1,380 200.49 28.99 28.97 1.79 

5 13.76 13.73 13.84 13.78 1,380 198.35 28.97 28.94 1.71 

5 13.72 
-

13.72 

13.95 14.05 13.91 1,380 200.40 28.94 30.58 1.80 

10 

- --

13.98 14.04 13.91 1,380 192.46 30.58 30.49 1.77 

15 14.12 13.92 13.61 13.88 1,380 201.89 30.49 31.36 1.84 

15 13.90 13.80 13.69 13.80 1,380 201.73 30.52 31.44 1.88 
, 

15 13.67 13.42 13.61 13.57 1,380 199.63 31.36 31.37 1.83 

20 13.62 13.65 13.83 13.70 1,380 198.98 31.44 31.38 1.85 i 

20 13.79 13.69 
---~ 

13.67 
-

13.72 1,380 199.17 31.37 31.42 1.85 

Q.I ~ Q Q,I'JI.0 ., 1"0,1"".c-.
ftl111hYlYllf111fllUfJSJ : 'ittJ:::l1H'itl1·;m~mmn1J~n111..1-Ut;t-Ul1 (1.5 mm) Ufl::: 'lfVi1..l1-Ul1f16nlJtfl 105 

. 
o 
-..l 



.ct '!! " caI".cI, r QI" ... 4" d foQQ Q

Vll1Hn fl.t ~l1f11'.i"f)'l:I16'Y11i'VH''U6.:jfl111J 1JfI'1J~l1'U6.:jtlf)'H'U 'U~'Ul1'Y1f1' .:j~l1~6f11'.iU~f)'Hf)'U6.:j'Ul1f1'l'.i 1'ULfI'.i6.:jfl''Ul1'U'Ul~mf) (~6) 

.. 
0 V 

'Ul11'Ufl 

(fl11J) 

X II 114
fl111J'J'U"nl a8fl 

(~fltla::) 

.r ••fl1U''J'Ulilal.l 

(~fltla::) 

fl1UJl1l18U 

•(1flUfUln) 

tR,nwfn 
.. 
V ..., 

n~111JiI(fl11J) 

tR1.IlWfn11fl 

(fl11J) 

..., ..., 
8V111fl1''U1Vifll1fl 

II 
(1fltla::) 

4..., 
frll1JU'Ur::lnfl'U 

...... .... 
(1JaWVl111'Uln) 

20 13.96 13.89 13.96 13.94 1,380 196.84 31.38 31.45 1.89 

25 13.82 13.98 13.95 13.92 1,380 201.34 63.29 31.44 1.90 

25 14.11 13.94 13.94 14.00 1,380 199.30 62.71 31.47 1.89 

25 13.87 13.96 13.87 13.90 1,380 201.35 63.32 31.45 1.86 

30 14.00 14.10 13.88 14.00 1,380 202.60 63.78 31.48 1.94 

30 14.06 14.00 14.01 14.02 1,380 198.61 62.62 31.53 1.88 

30 13.96 14.03 14.03 14.01 1,380 202.78 63.88 31.50 1.95 

0 13.84 13.64 13.76 13.75 1,420 201.66 31.42 27.43 1.71 

0 14.16 13.94 13.69 13.93 1,420 197.58 31.45 27.42 
-

1.69 

0 13.73 13.85 13.91 13.83 1,420 199.17 27.43 27.53 1.70 

5 14.26 13.67 13.54 13.82 1,420 198.96 27.42 28.65 1.77 

. 


, 
v _I .c::l 4) " QI Q QI " , "QI- ci fJ} Q

VllUu1nnlfll1f11Ufj1J : '.i::U::'HH'.i::'H1Uaf)fI1.:jf)1Jaf)'H'U'U~'Ul1 (1.5 mm) Ul1:: ,)fW'U~'Ul1~8f)1J::l1 105 

-o 
00 



25 

.d '!!! "" "" " "" <II".i, I <II", ..... " d IftUHtI fl.I Nflfll'H'Iflllltlrt1i'Vtfl'lltl-llfl1111 lIffll'lfl'lltl-llgfl'Ht.I 'lliil'lll1rtff -IINflfltlfll'l Uflfl'Hfl'lltl-ll'll11ffl'l t.llfl'ltl-llff'lll1'llt.llii1lf1fl (fltl) 

.. 
o .., 

U"'Ufl 
.., 

(fl1t1) 

.; V _14
Al1tlV"'UllluOOfl 

V 
(10tta:) 

';.d
Allt1VU'UOtt 

V 
(10ttO:) 

'" 
Allt111l10U 

.. 
(10UlUltl) 

V 
mtllW'Ull .. 
..,..,
tI-3'Htlft(fl1t1) 

V..,'" ..,
mtllW'lll'l'Hfl OA11fl11Uftfl'Hfl 

.., V 
(fl1t1) (10tta:) 

, 
.., 4 

AlltlfnUJ:'tlOU 

I......... .. 
(tiOltlft1/lUlt1) 

5 13.83 I 13.84 I 13.57 I 13.75 1,420 200.95 27.53 28.67 1.82 

10 

10 

13.77 I 

13.85 

13.82 

13.79 

I 13.93 

13.79 

I 13.84 
_. 
13.81 

1,420 

1,420 

198.78 

199.69 

28.65 

28.67 

29.33 

29.34 

1.81 

1.81 
I 

I 10 114.20 13.75 13.86 13.94 1,420 201.96 28.68 29.31 1.83 

15 13.88 13.90 13.85 13.88 1~20 203.06 29.33 30.23 1.87 I 

I 15 13.56 13.94 13.99 13.83-1,420 196.72 29.34 30.22 1.88 

15 13.71 13.93 13.49 13.71 1,420 202.94 29.31 30.23 1.85 


20 13.59 13.98 13.67 13.75 1,420 200.10 30.23 30.57 1.92 


I 20 13.93 13.66 13.79 13.79 1,420 204,21 30.22 30.58 1.87 

20 13.78 13.87 13.70 13.78 1,420 203.65 30.23 30.58 1.94 

14.08 I 13.83 I 13.96 I 13.96 1,420 199.19 61.51 30.88 1.91 

, 
u ... 1 c:t 0 "QI Q " GI-"'_~ '" " Q.I Q

ftlUU1t1t11fl11fllUtJtI : 'j:eJ:'Hl-11'j:W:n~gm.n-llflugfl'Ht.I'llfl'lll1 (1.5 rom) UfI:: l'lfl"tt.ll'lll'liiltlflll:fI 105 

. 
o 
\0 



,

" 
tl1 "1H~ n.l fI aflllffm:n6'V1n't1 a'll6.:Jfl1111'1i1:'f1l~a'll6.:J ~fli1'U'Ufl,rl1~n.:JfIa916fll1 Uflfl11fl'll6.:J,rl11:'fl11 lHfl16.:JU,r 11'11Ulf11gfl (.16) 

., 
A " tl'oII A .J0 .., .. 

mJJ1w.fin m ".., .., OJ 

1.I1111.1n ft'llJJ~1.I1Jnl 'QBn fI'llJJ~1.IIil'QFJ ft'llJJI"1'l"16U "1JJ1W1Jn11n Btl"11nnlltln11n 

OJ

(n"1JJ) (~6FJ'Q::) (~BFJ'Q=) ("1BU!1.ITi\) 
...., .., 
n~11JJA(n"1JJ) 

..,
(n"1JJ) (~BFJ'Q::) 

25 13.96 14.04 14.14 14.05 1,420 197.49 61.09 30.93 

25 14.18 13.83 14.16 14.06 1,420 200.18 61.92 30.93 
--

30 14.00 14.06 13.95 14.00 1,420 199.15 62.26 31.26 

30 13.98 14.08 13.75 13.94 1,420 199.57 62.52 31.33 

30 13.89 14.16 13.89 13.98 1,420 197.35 61.77 31.30 

0 14.01 13.67 13.74 13.81 1,460 198.64 30.57 28.38 

0 13.99 13.56 14.21 13.92 1,460 198'.37 30.58 28.30 
--

0 13.77 13.82 13.93 13.84 1,460 200.17 30.58 28.36 

5 13.85 13.79 13.79 13.81 1,460 203.96 28.38 28.97 

5 14.20 13.75 13.86 13.94 1,460 198.51 28.30 28.94 

5 13.88 13.90 13.85 13.88 1,460 197.07 28.36 29.00 

. 
OJ .oil 

fl 'llJJmur::l1lB1.I 

...... ... All
(JJ'QIJJtl"1n1.l1n) 

1.93 

1.95 

1.99 

1.99 

1.97 

1.79 

1.78 

1.72 

1.84 

1.82 

1.81 

! 

CLI .-'.0 
. 

,. OI.Q QltI "I"" 'II" .Q

tl'lU'U"1nn1m"1fl'lU~JJ : 1::fJ::'HH1::'H1H~flfJHfl'lJ~fl'H'U'IIfI'II11 (1.5 mm) ua:: LIJVtUl'll11f16fllJ::a 105 

..... -o 



9111H~ fI.1 Hflf11'Iffmnotlii'WfI"e-3 fI 'lllJ,,jfl'lJ'l fI "e-3~ flHU 'lifl1i'l'l~ ff-3Hflfief11'I u~mrfl" e-31i'1'lfl'l'I1Ulfl1e-3 a1i'l'l"Ul~ugfl (fie) 

.. 
" V tJ4 " ..;0 .., 

" tA,mufn tA v.., .., .., 
U111Ufl 1I111J11U"n1 tl8fl fl111J11UliltlU tU11J11118U lInw"n11fl 89111fl111191fl11fl .. 
(fI;1J) (~8UtI~) (~8UG~) ... 

(18UIU1f1) ii'-1111JA(fI;1J) (fI;1J) 
v 
(18UG~) 

--------

10 13.56 13.94 13.99 13.83 1,460 200.01 28.97 30.56 

10 13.71 13.93 13.49 13.71 1,460 201.00 28.94 30.60 

10 13.59 13.98 13.67 13.75 1,460 200.02 29.00 30.61 

15 13.93 13.66 13.79 13.79 1,460 198.45 30.56 31.59 

15 13.78 13.87 13.70 13.78 1,460 195.79 30.60 31.53 

15 14.01 13.67 13.74 13.81 1,460 198.94 30.61 31.55 

20 13.99 13.56 14.21 13.92 1,460 199.34 31.59 31.57 

20 13.64 14.13 13.69 13.82 1,460 199.40 31.53 31.53 

20 13.66 14.00 13.85 13.83 1,460 198.24 31.55 31.55 

25 13.98 14.10 13.98 14.02 1,460 202.93 64.12 31.60 

25 13.95 13.98 13.97 13.97 1,460 199.50 62.99 31.58 
,--

,.., 4 
ftl11Jmnr:afl8U 

...... ... ... 
(1JG11J911/1U1f1) 

1.84 

1.82 

1.82 

1.91 

1.90 

1.91 

1.95 

2.00 

1.96 
-------

2.03 

1.98 

....... 
...... ..... 



A11H~ ft.l ~~fl1':iflfl1:J lij\1i'Vi~~f1~f1111J i~ff1J~~~f1.:)\lflii'U'Ii~,j'l'l~rl':)~~~f1fl1':i Uflflifl~f1':),j'l'lff1':i1'U&f11f1':)ff,j'l'l~'U l~&gfl (~f1) 
.. 
 .
.. 

0 <Vul'tnm 

(ft;lI) 

.o!I " 1.J'<!If1ln'~WUlli fum 

(~8rJD::) 

.; .,. 
f1l1ll~UltUUJ 

(~8rJD::) 

oS 

f1l1ll11l1tJ1J 
.,. 

(181J/U1'fl) 

tR,nw.ull ...., .., 
'fI~'HlIA(ft1l1) 

tR "..,1l11W'Ull'Hft 
.., 

(ft1l1) 

.., .., 
tJA11ft11Uftft'Hft 

(~tJrJD::) 

.., .o!I 
f1l1ll&lU&I::l'fI8U 

.tQ..tQ. .tQ..::I
(lIDIllft1/lUl'fl) 

25 14.08 14.01 13.86 13.98 1,460 200.61 63.30 31.55 
. 

2.03 

30 14.11 14.08 13.89 14.03 1,460 198.96 62.89 31.61 2.07 

30 13.88 14.07 13.97 13.97 1,460 200.47 63.33 31.59 2.06 

30 14.05 14.04 13.95 14.01 1,460 199.22 62.89 31.57 2.09 

0 13.86 13.77 13.88 13.84 1,500 200.07 31.57 29.32 1.76 

0 13.91 13.50 13.51 13.64 1,500 198.26 31.53 29.31 1.76 

0 13.66 13.90 13.80 13.79 1,500 197.62 31.55 29.34 1.79 

5 14.19 13.76 13.77 13.91 1,500 194.44 29.32 29.43 1.85 

5 14.17 13.62 14.15 13.98 1,500 200.16 29.31 29.41 1.86 

5 13.36 13.54 13.48 13.46 1,500 198.22 29.34 29.44 1.82 

10 13.55 13.97 13.83 13.78 1,500 202.16 29.43 30.76 1.87 

. 


. 
Q.I _1.::1 0 I I ~ QI " 1" QI "" ~QIftlU'U1'f1'f1lft11f1l1JfJlI : ':i::fJ::'HH':i::'H1H\lflfJHfl1J\lfl'H'U~f1~11 (1.5 mm) U~:: ')f'Vi'U~~11f1f1fl1J::~ 105 

--tv 



4 ~ 4.Q. '1 • .Q QI ,.. d, t tV '" 1" Q" d,
fl1'1H'fI 0.1 fU'lfl111'1f)1::Il0Yl'B1U''tJ0{Jfl111J l1JfI'1J~"'tJ0{J~f)11U'tJf!'tJl1Y1f1'{JN"910fl1nL91mm'tJ0{J'tJl1f1'11 Ulfl10{JfI''tJ11'tJUlti1l''f) (flO) 

.
..
• " 'In'H'UO 

(0;1.1) 

.; v U4
fl111J'f,."nl Q60 

(~8E1Q::) 

~~~~~~~~~~~~~~~&~~ 

4 
fl111J'f'UltlQEI 

(~8E1Q::) 

"fl111JI'11'1611 

(1611/,.ltO 

U1lJuu4n .. 
" '" 'fI~'H1Ji1(0'11.1) 

U1 v"'11J10&"n'H0 

(0;1.1) 

" " 6fl'110nllflO'H0 

(~8E1Q::) 

, 
4" fl111JIf1.Ia::l'fl8" 

(ilallJfI'1/1,.ltO 

10 13.60 13.84 13.98 13.81 1,500 194.61 29.41 30.70 1.92 

10 13.83 13.74 13.67 13.75 1,500 199.91 29.44 30.70 1.92 

15 13.63 13.63 13.63 13.63 1,500 201.89 30.76 31.60 1.89 

15 14.14 14.14 14.14 14.14 1,500 201.73 30.70 31.59 1.92 

15 13.92 13.92 13.92 13.92 1,500 199.63 30.70 31.60 1.93 

20 13.92 13.92 13.92 13.92 1,500 198.98 31.60 31.65 1.98 

20 13.64 13.64 13.64 13.64 1,500 199.17 31.59 31.66 1.98 

20 13.67 13.67 13.67 13.67 1,500 196.84 31.60 31.69 1.97 

25 14.22 14.10 13.88 14.07 1,500 200.93 63.79 31.75 2.06 

25 13.93 14.11 13.87 13.97 1,500 200.95 63.69 31.69 2.11 

. 
4.1 _,elo ,. QI Q QlSI 1"0I~" Q

fl1UU'1'f1'f11n1'1fl111'l1J : 1::fJ::111{Jl::111H'Of)(I1{Jf)1J'Of)11U'tJf!'tJl1 (1.5 mm) U":: ':I111"11J11f!0f)1J::" 105 

--I..U 



f111H~ fI.1 N~ fl1 '5 fffl1:11611i'YH1'UtNfl 'l1:IJ 'li1:l':IJ~~'Utl~\]nlhJ,j91~1'1~ti'~N~~tlfl1 '5 U91fl11n'Utl~,r1'11:1'1'5 , \J lfl~tl~a,r1'1'IJ\J1911~n (~tl) 
... .... 

'Ul1um .I " U"fI'lUIV'U'Ulli atlfl 
.I . 

'" ft"ll1JV'UlftarJ 
.. 

ft"l11J11"l1tlU m1J1f.l&~ll m "IV11JUU'U1'l'HfI 
.... .... 
tlfl11fl11UflfI'HfI 

, ...... 
ft "ll1JinU:r: 'Yltl'U 

(fl11J) (~tlrJa:) (~tlrJQ:) '"(1tlU/'U1Yl) 

.. .... .... 
YI-II'H1Jft(fl11J) (fl11J) (~tlrJQ:) ...... ... '" 

(1Jal1Jfl11"l'U1Yl) 

25 13.80 14.16 14.09 14.02 1,500 201.27 63.95 31.77 2.09 

30 l3.9O l3.96 14.09 13.98 1,500 200.36 63.81 31.85 2.21 

30 13.91 14.04 14.06 14.00 1,500 196.89 62.64 31.82 2.24 

30 l3.92 14.12 14.21 14.08 1,500 201.30 64.08 31.83 2.24 

. 
QJ _I .cI 0 "Q,f 4, Q,I JI <it" QI rI" Q

f1"lU'U1Y1Y11fl11f1"lUfJ1J : '5~[I::l1H'5:'I1'l1.;j\]n[ll.;jn1J\]nl1'U'U91'U1'l (l.5 mm) U~: "lfVt\Jl'IJ1'l91tln:IJ:~ 105 

-
""" 



115 

..,. '" . fllU.JIll,8'U m, lJ'U 1:r~''rIe'U. .., ... ... .,f tJillft'U'rI '11 'Uft m'lI'Ul 
QQ. Q..ct... 

(J.J iUJ.JVl11l'Ul'rl)('8'U/'Ul'rl) 

By Hand 1340 
 1.651 


1.76By Hand 1500
2 


By Hand 1380 
 1.683 


4 
 By Hand 1420 
 1.69 

1.73By Hand 1460
5 


By Hand 1460 
 1.766 


By Hand 1420
7 
 1.68 

By Hand8 
 1380 
 1.67 

By Hand 1340 
 1.649 


By Hand 1500 
 1.7410 


By Hand 1380 
 1.6611 


By Hand 1340 
 1.6712 


By Hand13 
 1460 
 1.73 

! 

14 
 By Hand 1.751500 


By Hand 1420 
 1.7115 


16 
 By Machine 1460 
 1.38 

By Machine17 
 1380 
 1.27 

By Machine 1340
18 
 1.23 

By Machine19 
 1500 
 1.37 

By Machine 1340
20 
 1.65 i 



116 

, 
OJ' 

, fllUU;l'Um n1'n''Uf.T~IYl8'U'" 
o OJ' ... ... ~ UDUmYi 'IJ'UAn11'U'Ul ...... ... ...I ... 

(181JfU1Yl) (lIDIlIfl11l'U1Yl) 

1.31By Machine 1420
I 21 


1420 
 1.3022 
 By Machine 

By Machine 1340 
 1.24i 23 


By Machine 1500 
 1.40i 24 

i 


1380 
 1.2825 
 By Machine 
i 


By Machine 1460 
 1.3526 


27 
 1460 
 1.38By Machine 

28 
 By Machine 1500 
 1.41 

1.2229 
 By Machine 1340 


30 
 By Machine 1420 
 1.32 



.. ~ ... ..,,, I ... 'JI .., Jt.... ""'""," "'" 'JI '" fI',Hfl n.3 fIl1 nfl1!l1f1 'lUJrfll'W 'U 111 ~11'l1~fIl1U~fl11 fl'IJ 6-3'IJl'lrf11 fl1Jfll1 t1 'U rf~IYl6'U 1I1flfll1rf~1'l 'Ulf11 ~Nrf'IJ1'l'IJ'Ul~lftfl 

, 
o .., ... 

01?l1Jn 
ft'JUJ~U'tJl'lltJS8fl 

(~8rJO=) 

A f... 
ft'Jll1'U1l&tUUJ 

(~8rJO=) 

m v'"1111W'Ul'l?l 

.., 
(fl111) 

mlllWfl'l"fl 

(fl111) 

.., .., 
8fl11fl1'Ulflfl't'lfl 

(~8rJO:::) 

• ....., 
ft'JUJinUr~m81l 

...... ... ... 
(1I0lllfl1n1l1n) 

... 
~W't'IcQlI 

... 
('CfO'CIJrJD') 

1 13.44 14.13 14.09 13.89 163.74 36.32 18.15 1.42 41.26 

2 14.11 14.04 14.01 14.06 163.46 36.52 18.26 1.48 42.18 

3 13.96 14.13 14.23 14.11 163.52 36.40 18.21 1.50 42.41 

4 14.06 13.95 14.34 14.12 163.61 36.40 18.20 1.56 41.38 

5 14.10 13.92 14.10 14.04 163.54 36.38 18.20 1.41 41.22 
-

6 14.06 14.44 13.90 14.13 163.59 36.34 18.18 1.42 40.76 

7 14.12 14.37 14.35 14.28 163.43 36.51 18.26 1.52 42.80 

8 13.80 14.22 13.79 13.93 163.59 36.46 18.23 1.51 41.71 

9 13.76 14.05 14.20 14.00 163.74 36.32 18.15 1.42 41.26 

10 13.83 13.93 14.33 14.03 163.46 36.52 , 18.26 1.48 42.18 

u _t .J (I A ~ .. • .d 111 t Q,I f// d .. 0 tal 1!I'JI .Q 

fl'JUU1nnlfl11ft'J1JfJlI : 'IJ'Ulllf'1'ltJIfll'0-311ftOI11'lrJ-3 LlIll'i1JtYlI~l'W fl'lllll'i'l'i01J &'UfIl1'V1Hl'U (1,420 rpm) ua:::'W'Ul'IJ1'l~Oflll:::a 105 

..
-..l 



..t ~ '" .... " I .... II .... .:,... "'11 "I ...... 11 d I 


fln1UI 0.3 flllflfl'tl1f11111t'l'll'VtU1il:'I11HflllUAfl'l1fl'tlfl.:l'tll1t'1'llfl'Uflllt'l'lH'I'Zt1'IflU;)lflfll'n'l''tIl1lUifllfl.:lt'l''tIl1't1UUUflfl (Afl) 

ft1111~'U~nl1.1St)fl A . • ...... 
tRS.I1Wfnfl tR "IV IV IV IV . ft1111"'UItUIO 1111W.., n'HO 8f11101111f10'H0 fll11111'UUZlfl8'U 

o IV ... 
01f1'UfI 

" (~t)OO:) 
IV IV 

(~800:) 
...... ... ... 

(1800:) (onl) (0111) (1I011lfl11l'U1f1) 

11 14.06 13.72 13.69 13.82 163.62 36.35 18.18 1.51 

12 14.23 13.75 13.96 13.98 163.56 36.50 18.24 1.47 

13 13.67 13.83 13.87 13.79 163.82 36.16 18.08 1.48 

14 13.89 14.32 14.06 14.09 163.39 36.63 18.31 1.46 

15 14.53 14.00 14.05 14.19 163.63 36.40 18.20 1.60 

16 13.94 14.01 13.93 13.96 163.63 36.40 18.20 1.43 

17 13.74 14.17 14.14 14.02 163.74 36.27 18.13 1.40 

18 13.95 13.53 14.08 13.85 163.55 36.42 18.21 1.54 

19 13.86 13.91 14.11 13.96 163.69 36.35 18.17 1.53 

20 14.13 14.35 13.80 14.09 163.80 36.10 18.06 1.45 

... 
~W'H.gll 

... 
(lCUOICUOU) 

41.84 

43.33 

41.51 

40.38 

41.05 

40.34 

42.90 

42.52 

42.86 

41.70 
---- 

IV AI..t. .J AI II .. • d iii '.1'" " d "I 0 '" "II ..
fl1U1J1f1f11fll1ftl'Uf,J1I : 'tIUl1Jfl1mmfl.:l'l1mU'I11fJ.:IlllIJl'Ut'I'llfJf'lfJ f11111il1'ifl'U lUfll'i't11.:11U (1,420 rpm) Uf'l::'VtU~'tIl1f1flflll::f'I 105 


..... .... 
00 



.,;, ~ .::i ... .t. ..."... iI. 4 "'2 'I A ... " d.
ft111-11n n.3 f11l"fl'l:l1f1111JCl1JVflJ1il~'H11.:jf11·m~fl'HflllJ'Wtll1iY11fl'Uf111C1'UiY~lVlt1'U\llflf111iY'UTl &'Ulfl'it1.:jiYllJl1't1'U1Alftfl (9'It1) 

. 

•o ........ 

Q1~tJn 

" V ,,]4fI'J1l11fU'Unl Q8n 

(~8rJQ~) 

" •... 
fI'J1l11fU1tlDrJ 

(~8rJQ~) 

tAlI1f.u-tinft 

..... 
(n1l1) 

tAlI1w-1!n,;n 

(nill) 

..., ..., 
8ft11nl1l1ftn'Hn 

(~8rJQ~) 

4u 
fI'J1l11JU1J~'n8U 

(ilUllIft1/lU1,b 

... 
'W'H.QlI 

... 
(ICfQICfrJ1J) 

21 13.69 13.93 14.06 13.89 163.53 36.41 18.21 1.54 42.87 

22 14.02 14.15 14.23 14.14 163.75 36.32 18.16 1.45 44.85 
I 

23 13.96 14.37 14.16 14.16 163.54 36.46 18.23 1.62 41.82 

24 13.92 13.94 14.27 14.04 

----

163.74 

----

36.27 18.13 1.54 41.84 

25 14.06 
L ___ 

13.92 
-

13.97 13.98 163.44 36.50 18.26 1.42 40.06 
- ~-.- ..

U _I .,;, 0 ,j" A • .d 1 I .... .t d 'I 0 ... .t" ~ 
ft'JII1J1nn1nl1f1'JtJ'lli : 'tI'UaUA1f11fl'it1.:j'Hftt1l'H1t1.:j 1JU1'UiY1J~ftti fl111J1111t1'U &'Uf11l'Yml'U (1,420 rpm) Uft:::Vi'UU'tll1f1t1fl1J:::ft 105 

-

\0 -




..l '!!! ...... ~ I ..."....:.. All ... " i A ... " d.
A11Hn fl.3 fl1~"fl');jlfl'll1Ji'f1J"'fUli~:'H'll.:Jfl1·m~fl'Hfl'UO.:J'Ul1i'flm'Ufl1·H"1Ji'f:::'l'I01J~lflfl1~i'f'U11 1JLfl10.:Ji'f'Ul'l'U1Jlfltafl (~6) 

.
. 
. 
o .., ... 

Dumn 
• '" "r!ltl1111'V'U'Unl Dt)fl 

(~t)tlDZ) 

A ...
tll111'V'UlfUUJ 

(~t)tlDZ) 

tAsnwfnft 
.., 

(fl'1I) 

tA "' ....'1I1w'Un11fl 
.., 

(0111) 

.... ....
t)A11nl1UAfl11fl 

(~8t1D::) 

All....
tl11111:r'U1:r::Int)'U 

...... ... ...
(1IDI1IfI,/1'U1n) 

...
tlW11.fJ1I 

...
(ICfDICftl1:r) 

I 

, 

1 13.82 14.29 14.37 14.16 166.68 30.25 15.36 1.25 40.66 

2 13.85 14.09 13.87 13.93 166.87 30.35 15.39 1.27 43.52 

3 13.99 13.70 13.89 13.86 170.49 30.91 15.35 1.30 42.54 

4 13.74 13.89 14.16 13.93 168.57 30.68 15.40 1.32 43.46 

5 13.99 13.90 13.93 13.94 165.62 30.27 15.45 1.34 41.89 

6 14.04 13.75 14.34 14.05 171.45 31.08 15.34 1.30 42.60 

7 14.32 13.97 13.64 13.98 170.12 30.63 15.26 1.29 42.64 

8 13.79 13.45 13.65 13.63 164.69 30.02 15.42 1.31 42.15 

9 13.98 13.64 13.84 13.82 166.68 30.25 15.36 1.25 40.66 

10 13.87 
-

14.15 
-

14.32 14.11 166.87 30.35 15.39 1.27 43.52 

.., _I ..l 0 ,I 11" A • ..l 11"" ~ d i 0 ~"... ""flll&'u,nnlnl'tl1UtJlI : 'lJ1Jl fl'l(Jltl~6.:J'HlI6L11'l~.:J ~'Ui'f1J~lI~ tl'l11JLn~6'U 1Jfl1~l'IH11J (1,420 rpm) UlIz'W1Jl'Ul'lfl6fl1J:lI 105 

...... 
tv o 



aI ~ QI tI, CiV" QI c:,.. ..:::I" til ".c:I" d,QI

fI111-3n n.3 fll':infl1::l1fl11lJfflJ'VtU'.6':iZ'H11,ml11L1Ifl'Hfl'UtN'Ul1ffl':ifl'Ufll'H'I'Uffzl'tltl'lHnm1Tn"'Ul11Ulfl':itl~ff'Un'UUlftmfl (1Itl) 

.r !.I 1.1'4 .r . • o!.l ...... ill !.I'" ill !.I OJ OJ OJ OJ 

t flll1nn·''UUl oon ftlU.ltiUl1l00 1l11W'UUf'I 1l11W'UU'I1n OVl11fl11UVln'l1n ftl1l1i1UilZlYIOU ~W'I1(JlIo OJ ... 

01f'1'Un 
('OOOZ) ('000::) (n1l1) (n1l1) (~OOOZ) 

...... ... ... 
(lIOlllVl1/lU171) 

... 
(I.O'.Oil) 

11 13.93 13.89 14.03 13.95 169.06 30.90 15.45 1.28 43.25 

12 13.89 13.50 14.07 13.82 167.90 30.61 15.42 1.29 43.49 
-

13 13.81 13.97 13.96 13.91 167.13 30.07 15.25 1.28 41.96 

14 13.82 14.53 14.17 14.17 169.31 30.34 15.20 1.30 41.98 

15 13.82 13.96 14.11 13.96 171.42 30.88 15.27 1.33 42.25 

16 13.86 14.28 14.14 14.09 172.64 31.16 15.29 1.31 40.26 

17 13.65 14.20 13.95 13.94 174.69 31.67 15.35 1.29 41.22 

18 13.97 13.63 13.77 13.79 171.$' 30.78 15.21 1.29 42.91 

19 14.05 14.14 13.73 13.97 168.49 30.39 15.28 1.31 40.51 

20 14.00 14.01 13.91 13.97 170.64 30.66 15.23 1.30 44.06 
-

OJ _I • 0 ~ l' 4 I .,; QI '" '" '1 0 QI "'!I ....

VllU1J1nn1fl11ftl'UfJlI : 'U\.IatJ'iil1tufl':itl~'Hatll't11t1~'lh'UfflJ~ml fl11lJl':i1':itl'U \.IfllnlH1U (1,420 rpm) ua::'VtUl'Ul1fttlfllJ::a 105 


..... 
t-.>..... 



"* .s .., ..,... ..,,,.....to.... ....",.It .... " d.
Vll1H'n 0.3 fll'ifffl'W11'11111ffll'Vfl.J1i'i:a111~fll'iU~fl'HmJ8~'U11ff1'ifl11flTn'l'1..Iff:::l'tl8'\.Hl1flflllff'U11 1..Ilfl'j'8~ff'U11'U1..I1~1f1fl (~8) 

. 

, 

o .., '" 
t11~1.m 

& v tJ4
fllUI'lfU'Ulll t1BO 

(~Btlt1:::) 

& 
, .... 

flllt1'1fUltlt1t1 

(~Btlt1::) 

tA V ....
1t11W'Ull~ 

(011.1) 

tA V..,
':ItllW'Ull't'lfl 

(011.1) 

.., .., 
BVI':Ilm1U~0't'lfl 

(~Btlt1::) 

4.., 
flllt1i1'UD'::mBU 

.... .. .... 
(t1t11t1fl1/lUl'n) 

.. 
qw't'I(JtI 

... 
(ICUt1ICUtlD') 

21 13.69 14.06 13.75 13.84 170.99 30.81 15.27 1.27 41.44 

22 13.37 13.86 13.92 13.72 174.45 31.80 15.42 1.29 40.75 

23 14.16 13.92 13.83 13.97 169.19 30.88 15.44 1.30 42.32 

24 14.20 13.66 14.24 14.03 165.24 30.01 15.37 1.28 41.79 

25 13.77 14.10 14.24 14.04 167.88 30.79 15.50 1.33 40.33 

.., .1 "*. J .I.JI .It ..I... .. d i 0 .... ""I ....
VllUu1'n'nlm':lfll1Jfjtl : 'U1..I2IJtl1eJl1'1'i8~'Hfl81'H1fHtJ'i11ffll~l'W 1'111111'11'1811 1..Ifllnl1~11..1 (1,420 rpm) ua::"1..Il'U11~8flll::f1 105 

..... 
tv 
tv 



..l. ~ '" ..,,,, 01" '" .:,... "'" 'I A "'" c$,ftT'nnl fl.3 f)11"fl'l:l1f1111J~1J'Vf'Uti1~1111~flTm91fll1fl'U0~'UTl~11fl1Jf)1'H'f'U~:;lYlOlHnflf)11~'Ul11'Ulfl10~~'UTl'U'U191Lafl (910) 

ft1U";U1J1lIUa8fl 
A 

, , ..... m v'" mUlfufnifl 
.., .., .., ... 

, flllU'tSUltllUJ 1U1W'UnA 8ft11fl11llftfl'l1fl fnu.u:ruU~ITl8U 'W'l1(JU. .., ... 
aUI1.JTI 

(~8fJa:;) (~8fJa:;) 
.., 

(fl1U) (~8fJa:;) (ilSIUft1/1Ulm 
...

(fl1U) (I.a'.fJu) 
-

I 13.79 14.18 14.08 14.02 146.27 55.35 27.45 1.98 43.15 
. 

-

2 14.11 14.23 14.18 14.17 146.70 55.59 27.48 1.94 40.99 

3 14.29 13.94 13.91 14.05 143.16 54.19 27.46 l.95 42.43 
---

4 13.88 14.25 14.16 14.10 145.89 55.24 27.47 2.00 42.02 

5 13.79 14.05 13.86 13.90 143.47 54.35 27.47 2.00 41.63 

6 13.91 14.41 14.10 14.14 144.90 54.92 27.49 2.01 42.73 

7 14.11 13.94 14.13 14.06 142.37 53.87 27.45 1.97 42.93 

8 13.96 14.16 14.07 14.06 142.84 54.05 27.45 1.95 4l.06 

9 14.11 13.94 13.93 13.99 148.49 56.25 27.48 l.99 4l.68 

10 14.00 14.36 14.03 14.13 145.56 55.21 27.50 1.96 42.95 

.., .1 ..l.. A .1" .ell iii '.101 " c$ '1 0 .., "" ...

ftlUU1T1T11fl11f1lU'lU : 'U'Ul1J911tJ1J0 l1J1Jl1J~1J~atJ f1111J111101J ~'Uf)11Yl1~1'U (1,420 rpm) ua::'Vf'Ul'UTlflOfl1J::a 105 

-t-.J 
w 



.cI ~ QI V t;/. Q,I JI ..., •• aJl 'I -' elil d. 
(II11HII 0.3 fl1~"fl1:l1f111lJ fflJ'Yt'U n:::11 11~fl1~u~ fl11 fl'IJ f)~'lJl1ffl~ fl'Ufl1~ ff'U ff::l'YIf) 'U 'illnfl1~ff'IJ11 L'Ulm f)~ ff'IJ 11'IJ'Ulfllnn (~f) 

, 
.. u .. 
a1~1JII 

.. v 'lJ"!lft1U''IWUlll G8ft 

(~80G:::) 

.. ,.,. 
ft1UI'IUttlGO 

(~80GZ) 

...r; SI.,.
1111tu'Un~ 

(0111) 

...r; SI...,
1111tu'Un11O 

..., 
(0111) 

..., ..., 
8f111fn1UflO11O 

(~80G::) 

,..., ... 
fl11I1inUT::I118U 

...... n'"(IIG111f111U111) 

i... 
~tu11.Q" 

.,. 
I

(l.G,.OtT) 

11 14.33 13.82 13.75 13.97 146.53 55.36 27.42 1.98 41.83 

12 13.82 14.26 13.99 14.02 143.96 54.51 27.47 2.01 39.99 

13 13.97 13.73 13.70 13.80 144.04 54.39 27.41 1.97 42.90 

14 13.96 14.23 13.84 14.01 142.29 53.81 27.44 2.02 41.59 

15 14.23 14.20 14.13 14.19 145.35 54.96 27.44 1.90 41.82 

16 13.48 14.12 13.74 13.78 147.76 55.96 27.47 1.95 42.81 

17 13.97 14.31 14.31 14.19 141.85 53.76 27.48 1.96 41.64 

18 14.21 13.90 14.29 14.13 143.60 54.36 27.46 1.97 42.22 

19 14.10 14.28 14.12 14.17 146.53 55.36 27.42 1.98 41.83 

20 
- -

14.13 13.97 13.73 13.94 143.96 54.51 27.47 2.01 39.99 

..., _I ..... .t _I'll .... 1iI '_I.... " d 1 0 .... "91 ....
fl1U1J111111011ft11JfJ" : 'IJ'U11Jfl1f.1lJtl tlJ1J~'UfflJfJtW fl11lJl~1~tl'U 'Ufl1~'YI1~1'U (1,420 rpm) U'f'I:;'Yt'U~'lJnflf)nlJZft 105 
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.cC ~ QI r1' QI tJ .4""".4'"QI QI Q.,,, d.
Pll1H'YI fl.3 fl1·H'Ifl1:l1fl111Jff1J .....U1i'l':::111Hfl1·m~fll1fl'IJO.:j'IJ11ffl'l'fltJfl1'l'ffUff::a'YIO\Hl1flfl1'l'ff'IJ11 UlmO.:jff'IJ11'IJU1~lftfl (~O) 

. 
.. '" ...
alAtJ'YI 

A " ,]4tll11JVU'U111 a8fl 

(10ua:::) 

A ... 
tll11JVUltlaU 

(10ua:::) 

tR " ...11J1W'Ul1A 

'" (flUI) 

tR ,,'"11J1W'U11't1fl 

(fli1J) 

'" '" OPl11fl1111P1fl't1fl 

(10ua:::) 

4'" fll11Jt.1'Ut.1':::&n8U 

AA A.ct. 

(1Jal1JPl1I1Ul'Y1) 

... 
~W't1cQ1J 

... 
(iOIfal.Ut.1') 

21 14.18 13.94 14.04 14.05 145.77 55.19 27.47 1.96 
i 

43.00 

22 13.63 14.38 14.14 14.05 144.50 54.76 27.48 1.98 41.54 

23 13.96 14.26 13.95 14:06 139.90 53.10 27.51 2.02 41.87 

24 14.27 14.33 14.13 14.24 141.38 53.42 27.43 2.01 43.05 

25 13.81 13.99 14.09 13.96 141.07 53.27 27.41 1.98 42.22 

'" _I .... .I AI !II <II i 'AI'" " '" , • '" "!II ...
Plll1'u1'Y1'Y11fl11flltJfJ1J : 'lJU2lJ~1tJ1JO 1JlJ'l'tJff1J~fttJ fl111JI'l'1'l'OtJ Ufl1'l''YIH1U (1,420 rpm) Uft::: .... Ul'IJ11~Ofl1J:::ft 105 

-tv 
Vl 
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.. ~ QI fI' ., iI tal ~ ~ 4i1 'I .. #:191 d tQ,f

fl11HYI H.3 fl111'1fl'.I!J11'111lJ fflJ'WU1i1::1f11~fl11U~fl1ffl'UtN 'U11ff11fl1Jfl1'H'1Uff::t'VItlU~lflfl11 ff'U 11&Utmtl~ff'U11'UU1'l'1tafl (~tl) 

..r v ,,1"'1 .r I I ... ...... 
tR2JUU~l1A tR SI.., 

.., .., .., 
I 1'11111'1U"'111 aOH 1'11111'1'J.U'IlaLI 11110&"'1111H Ofl11n11UflH11H 1'11111i:I'UD'::IYlOU ,0&1"'Q1I

o .., ... 

aUl1JYI v 
(~OLla::) (H111) (H111) (~OLla::) 

...... ... ... ... 
(10Lla::) (1Ial1lfl1/1U1Y1) (iCUaiCULli:l') 

1 14.01 13.86 13.93 13.93 156.27 39.95 20.36 1.69 41.52 

2 14.05 14.03 14.00 14.02 155.52 39.82 20.39 1.67 42.14 

3 14.00 13.86 13.94 13.93 151.62 38.80 20.37 1.75 40.61 

4 14.02 13.79 14.21 14.00 158.61 40.,59 20.38 1.66 44.26 

5 14.31 13.96 13.71 13.99 157.14 40.21 20.37 1.71 39.82 

6 14.09 14.23 13.83 14.05 159.62 40.81 20.36 1.71 42.61 

7 14.18 13.91 14.16 14.09 155.10 39.79 20.42 1.72 44.51 

8 13.89 14.13 13.72 13.91 159.02 40.70 20.38 1.70 42.77 

9 13.90 13.79 14.11 13.93 156.27 39.95 20.36 1.69 41.52 

10 13.89 14.14 13.85 13.96 155.52 39.82 20.39 1.67 42.14 
L. ---_. 

v .1 "'. .M .1" ".1'" " '" <II 0 .., "" ....fl1UU1Y1Y11n111'1l1Jfl2J : 'UU~1Jfl1fJlJtl1J':i1JfflJ~afJ f1111lJt~1':itl1J 'Ufl1~'VI1~lU (1,420 rpm) ua::'WU~'Ul1fltlfllJ:.:a 105 

-t-J 
0\ 



.c:l ~ cv tV f/, QI" Q.# '.-!!l 4"",. a" d 1 
fll1Hn fl.3 fl1~"fl1!Jlf11111ffll'Vt'U1in:'I11Hfll'mfln'l1n"0""Tlffl~n1Jfl1~ff'Uff:a'YI0'U~lnfl1'H1"111'U'f1~0"ff"Tl"'Ulf1,an (flO) 

. 
o IV '"' 
1:11~Un 

.r tI 1.j'!Ift11UV'WUnt 1:18fl 

(18£11:1:::) 

.r , 
'"'ft11UV'Ultl1:1t1 

(18£11:1:::) 

tA tI '"' 1UUU'Un~ 

(fl1U) 

tA tI IV1Ulf.l.1'Un1'ifl 

(fl1U) 

IV IV 

8f111fl11Uflfl1'ifl 

(18£11:1:::) 

, ..IV 

ft'11UGlUJ:::ln8'U 

........ .... '"' 
(U1:11Ufl1/'1'Uln) 

.... 
'f.l.I1'i~U 

'"'O.1:1,.mr) 

11 14.00 14.08 13.97 14.01 154.88 39.69 20.40 1.72 41.52 

12 14.28 14.06 14.04 14.13 160.85 41.13 20.36 1.74 42.99 

13 13.81 13.80 14.08 13.90 154.30 39.46 20.37 1.66 40.59 

14 14.23 14.08 13.92 14.08 161.52 41.32 20.37 1.76 40.36 

15 14.26 14.11 13.94 14.10 158.51 40.59 20.39 1.73 41.12 

16 13.63 14.38 13.99 14.00 162.33 41.55 20.38 1.73 42.05 

17 13.98 14.17 13.96 14.04 163.51 41.83 20.37 1.65 41.92 

18 14.08 13.65 13.60 13.78 156.81 40.25 20.43 1.69 41.65 

19 14.28 14.07 14.24 14.19 159.83 40.87 20.36 1.69 41.38 

20 13.80 14.11 14.00 13.97 154.15 39.45 20.38 1.70 41.83 

IV .1";'. .r .111 ... .1'" " '" , 0 ... "" ..
fl1UU1nnlfl11ft'11Jf.)U : "'UllJV'l1rJlJOlJ~1JfflJfJarJ f111lJ"1~01J 'Ufl1~'YI1"1'U (1,420 rpm) l1a:::'Vt'Ul"11f10nlJ:::a 105 
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.. -!! ~ <II If. ..."... c!. 4 ... ", ..... " d,
fl111~YI fl.3 fll'H'JfllJlfl111JI11J'Yi'\..l1i't111Hfll'L1~fll1fl'IJfWtll1'i:1'1'flUfll·S'tT'\..I'i:I':::L'YIa'\..l~lflflTn'l''IJl1 '\..Ilfl,a~'i:I''IJ11'IJ'\..IlflU1fl (~a) 

.
. 

, 

o ....... 
QlflUYI 

21 

22 

23 

24 

25 

" ... 11 1.14
ft'llll'UWUl1& Qflfl 

(~fltlQt) 

14.24 14.01 13.67 

13.85 13.84 13.89 

14.22 13.92 14.02 

13.69 14.11 14.44 

14.41 14.09 14.09 

.r ... 
ft111l'U'UI1UUJ 

(~fltlQt) 

13.97 

13.86 

14.05 

14.08 

14.20 

m 11'"1111W'Ul'lfl 

.... 
(fl'JlI) 

161.09 

157.41 

159.83 

155.59 

161.06 

mlllw.fIl1'11fl 

(flll1) 

41.24 

40.31 

40.77 

39.84 

41.17 

.... .... 
flfl'Jlfl1'JUflfl't'lfl 

(~fltlQt) 

20.38 

20.39 

20.32 

20.39 

20.36 

....... 
ft'lll1D"UtTtlYlfl'U 

........ .... ... 
(lIQllIfI'J/'l'U lYl) 

1.72 

1.66 

1.75 

1.75 

1.73 

.... 
~W't'I.QlI 

... 
(I<lQI<ltltT) 

41.77 

42.61 

41.21 

42.20 

39.78 
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EFFECT OF THE RICE POLISHING CYLINDER BALANCING DURING MILLING 

ON PERCENTAGE OF BROKEN RICE IN A SMALL RICE MILL 

.... --'1," .... A

'''fl'nfl L'IIFJL'II'I!tf UO:: ~1'I.\i1,.lif'JfNflm"l 0 
11'1'lnnaJfI"l~91i'/gn""l11'1'lnnaJa91gn~m' aJ~"l1'Y1!J"la[JatJt'ln'll~i1 

thLll a'l"lnt.'lhntJ i,,~1'\i1 atJt'ln'll~i1 34190• 
E-mail: rungsan_48131289@hotmail.com* 

.., .
U'YIflIllU9 

"1"1i[J\iij1'flC1th::~"f1'L~efln'l!Ylm~1LL"'lm"LflanmnJ;tJ~aJ\i1t'1m~3J""e"on~wn91YmLO::~"l.. .. . ... 
fl'l"l3Ji3J'fiwlf "a"m~n"a",y1'lgn,l"m,wu1'llYl!J Lfl4a"wu"l'l"""lflLan Ifl!JflU":hl"t.f.J-.u" Lfl4a"miTI• 
"""lflLamil"~i1[J3Jed1"Ufl'i'VI01!JlwlZaJ'II"tie,,~" m~nv";II.h"l~"IiLnflif"l"n1::m"mniflii' 01' 
i"CLiiEl""e"~n~"ft"~ol~'::!J::";"l",,e"~n!J"l"LLo::~",rflvnhj~J,LmJa:a,,'ti"ll~Ln91n1~n'1Ia,,'li1'l 01' 
N§flOn~",rfl'li"l'll,niim~aElt"'hl~on~"maJ~3JflO LLt'I:;Lil"L~91'hl~Ln91m'L;[J~"l!J"e"Lfl4e"mi"l'l... ....... 
r1e'\.U'l01t1"m,l"m,tl"l,,,;nM"l "1"1i!Jl"f1{'d\ti'hm,f1nM"l'lia3Joyfw~M""a,,'Ii"l1n1::m"m,Hn 
\r-.i!J~ii~ofiam'LLfin-inLLo::'ti'l'hm,miTILlr;!JtJL;)!JtJ\h::ihli1l1flm,mi"l'lLi1mnYln1,i"CL;)e" m, 
n"lMLnflm'~~Liia"lf1!JL-rilJ1i"l~tl'n-'''lnfl:rf1i1~n~",rri11~''l~tl'nil 5, 10 LLSI:: 15 n;1J ~tJO"l!Jti"l" 
~d""EI,,an~" LLt'I::'YIflOa"mi1'l fltJ':hiian~"iifi"lLI4~!JLL'''~~L;)EI"~ 6.04, 4.02 LLa:: 4.69 iiOSL1J91,f\e.. .. 
1""l;) 'tifi"lm'LLfln-in~~"n1"lan~"tJntiadt1.mi'a!Jt'I: 10.68, 4.94 LLt'I: 3.51 9111J~"ltitJ Lrlmnfl.... .. 
u,,,~cLiia1.l.1J"lnif14 -.::n"ll-im'LLfln-inYl'l1J"lnif"ti'l!J 

Abstract 

This research is aimed to study the implementation of balancing of the rice-polishing cylinder 

relating to fracture of the small rice mill. Generally, the small rice mill has been widely used in rural 

communities. The cause of broken rice is mainly from the polishing process. Vibration of rice-polishing 

cylinder causes rice fracture due to a space between rubber bung and rice-polishing cylinder Is 

altered. This unbalanced and vibrated may have been the result from the hand-cast manufacture of 

rice-polishing cylinder. As a result, the excessive vibration reduces working life time of the cylinder. 

The milling process was investigated. The vibration was done by adding weight of 5, 10 and 15 grams 

on one side of rice-polishing cylinder to create unbalancing turning. The average vibration was 6.04, 

4.02 and 4.69 mm per second caused the broken rice increased by 10.68, 4.94 and 3.51, respectively. 

Keywords: Balance the rotation, broken rice, Small rice mill. 

mailto:rungsan_48131289@hotmail.com


• • 

136 

1.un,h 
11'1"H il14 \4 '.11'1'1 an1J a..1 tI"J::L fl fl Uft:: 51vf14il 

.. tI" ..... tI ,ALV41::tI ~mllaL 'VULflvunun1'LV41:: ~nV4'.11f11..1 'I 

't!imnilftfl 1 14aftfl mwftn11'11 Ufi ft::iltl'::Lfl fl1fl V. .. 
!i01'LV41::tI~n11'1'l 58 Ci..1 60 a114li1i~ftN~fl 

tI'::lI1m 20 a114fl1411'11Ltlilianft1l11'Cl8.,)flfln1tl 

'41'1'1l41V 114flIil1f1th..1t11::Lflfln'hilft:: 7 n..1 8 m". 
fl14 "Il1-lft1,fi114'lmLil14L114"v1iL11'1t11::Lflfln-hil 

Iil:: 80,000 a114lJ1fl (1I1'l1ViflV1, 2548) ufi 

tI;,Ul4ilJ'lI'I'I18114'1'1 d..1'IJfl..101,utI'ltl11'1'l1'I1L il". 

11'11 ft1,1i1111 'I1Lnfl O1'Ufl ni'n114t.1;~l1mil1l1 n 
. "" "" '" 1 !!!!-~ .....L1I14nW'll1nn1'~'lILL'fV1J11 ".m::lJ114m'1if1J11flllNft 

fianf1111'11ft1' flam,uflni'n'IJa..111'11ft1' 11'1'lft1' 

il51tl;1I1m01,uflni'nll1n '::'IJ1V1fl'''''1fl1il~1 
ni111'11ft1,ililtl;~J1m01,uflni'm.t'avni1 ft1L'I'Ifi• 
'1.1 fl..1m,uflni'n'IJ a") UJafl11'1'l1 ".m-tlJ'l1401,"11'11 

1l1~::Ln9l'1n01,uflntn111vl"''IJa'')LlIafl11'1'l 01' 

uflnfn111tl 1 1.4'1.1 €I,,) LlIafl11'11ili1a vua1EmLn9l~1n.. 
m'lIii1f1'l na".m::m14011WU11 L'li". 01' 

-- ...... ....ItI -DUflO1'LnlJ,nlfina14n1'Ln1JLntl'l 1::v::nft1UIil:: 

'5i01'LiilJL~V'l m'ftflfl111141411'1'l m1l4'lfl11'1'l 

LLft::01'Liiu;m:t111'11il11lL'I'I1I1t«1I (n'lltlJ1 L4a 

vr".f·2545) 

m,H11"fl4iln1::m1401''I'Ift1 V,f14fl fl".L'i'114il 

111 l'11L Ofl n1' LLfl ni'n "f,u nfl '1 n Lh 1.4'1.1 fJ.,) 

m::m".01,H1'lil,f".fI a14n1,n::Lfl1:a tlilifJn LLft:: 

,f14f1fJ".01,,rfl'IJ1'l 114h..1"11'111J141f11'1'1 'lll14L'lJfI 

i")'I'I1ft1JfJ14uri". ilWU1'lLi1W14' 1J1'lflfJnll::~ 105•;:,., .. .. ..... .:: 
V4lJ'l1 lI01'Ufln'l'ln'IJfJ.,)LlIl'lfl1J1'lfl1J".flfJ14n1' 

ntLfl1::Lt.lilifJnelfl"i'fltll'l:: 3.62 UI'I::,f14flfJ".m"rft 

'IJ1151n1,uflni'nel.l11i'atlft:: 25.34 (t.I,::i".,r 'lillh • .... .... .. It ......
'1'11'l1. 2542) O1'UfIn'l'lm1nn111Jft","~n'l'l"''IJfI 
.. l:. ~ , .&'" I .. A ... ..IJ ..

'1.1 1'l1414ilJ ft'l"'",1fl'll fl tlll")1141' tlflTI101'fln'l!l1 

Lit tl1 nlJ'5i01'~14,tI'IJ fl")~14,rfl11'11 LLn".".a14"f1.451.. 
L'i'1".nlJn1,uflni'n1JfJ..111'11ft11ili1n1~".'tlliln~14.. .. 
,rfl11'1'li'lv~fJLLl'ltn1'~".,t.Ii1v'5in1''I'IRfJL'I'I~V..1.. 
m~".,tli'lviim~14'tlLLUlJl'1'1lliift1:mCll'lflm'.. .. 
Utmi'n'IJ 0..111'11L'f1'Lrl fJ Lt.I~VlJ L;;V1Jfitlm1~".,tI.. 
ti1tliia"f141.n".el'l11i'aVft:: 28.72 (iti01"',r ~'lI 

• ,k t.I"." l:. l:. ~ "J 1'!'U'IJ..1. 2549) m'1J141 fl1tl1ti01W")L'f0.,)1414 L.lT11 1'1 

Lnflfl11l1Uflnfi1")114L'i'1".eb~14,r9lilL 'l'llI1::L'f1l114m, 

,rfl11'11 UI'I::1111'I1Ln 91m'Ufi ni'nillt'atl ft."/..1L 'li14 

..1114'5ivilfln'l!l1Ci..1N'l'IJfJ")l'In~14,rfl11'118..1Nlilfion1'.. 
,rfl"UIil::m'Ufl ni'nillt'a V 1'1..11 1401'L~ 0 nfl'l111 

Iil::LEitlft'IJa..11L'f~~"'1J"'fl8..1~lilati1..1il"Vli1ti'll (~f'll 

1I..1flI'l1V, 2548)
.: A" ....... 'IfII 
 ..._ .-=. ... , 

UIil::«..1'1'114..1fl~1'tlLfllIU14'lfl'l111flflfl'l1141 

fln'l!l1fl001'LLflni'n~1nn1111lftll~I'I01''I'I~14'IJfJ..1 

I'In~".,rfl11'1'lLdo..1'1nm';"'L'f::LnfJ14'IJfJ..101,WU1'l.. 
1JfJ..1h..1~14fJ1'Lnfl1i'l'llil1tlft1L'I'IflL'li'" m,11iftllfllil 

.. ... ..I .. .. 
'IJa..1Lfl'fJ..1~ m-fl'l'lll14 m'Llila14'IJfH;J".81"''IJfJ..1• 
Lfl;O..1i'mfl1l1u"''lLi'u.fl'..1 m"rfl~~oCln14'::'I'I11..1.. 
;i14,b14L'fa..1;i". n11'1'11il fI '1'1 1'I'l1l1J a..1;i148114'1.1 a..1• 
Lfl;O..1in, Lil14i14 ;i..1011;",cL'i'!fl"'L'I'IR1ii'IJa..1 

Lfl;fJ..1H1'lajni1NlilfiaL'fllnCll4::LLIil::flmtl1V4'IJfJ..111'1'l• 
il"Oan1l1i'lm'li".n". ti..1"f".tia..1i1fl1111L11'1liii..1 

V4'ltinnll'lJa..1m'~CLna".L¥la,t1ift1111'Cl'41nfl 

1J"'1flm';".«::Ln fJ".t 'I1ilfh It'a vilL'fflLlhil1::1111i• 
LLfl8'l".ilLhti'llfiaL'i'114'IJa..1m"rfl"LlIafl11'1'lIfltl~n 
~14il111m''I'I1I14L¥I fJ,rfl1'I111'11i1fl1111'IJ1'lL¥I a 1 'I1lh • 
futl'::fl114;i..1 01';1.4«:: L nfJ14i18'l14il'rl11 'I1Lnfln1' 

LLfln'l1n'IJa..111'1'l O1,finlfit14flf"ii'::Vi~11m1n1'lilfl 

m'LLfi n i'n1J fl..111'1'l Uft::n1 ft1111'Cl ft flm'LLfl ni'n 

'1.10..111'11t '11ftfl It'fJtllil..11tiiiLil".m,'li1 VL n'l!lfl'n1'l'l~0 

tl1::Lflfl1tUln'l'l'"m..1'1'1ii"iiLil".1i ...... ..
2. nqItDnLnO'l'J.Iil" 

2.1 vni'nm,a..a1'l n1,H11~::i1'1'1anm'ov 2 LLUtl.. 
1.m,H1'lLLlJtltiu'..1L"Vfl" (Friction type) 

2.m,m1UUtltim"rflW (Abrasive type) 

L'i'1".m::m1401,t".m,Rii'l'l1il1tlWLLlJlJ LLflnt!1..1n"... 
~tI .!,..I. I ........ · 
L fl111TlfJ")flfl1.:J ') fltlLfl,a..1ft'lJ1'lllfJ~ 4 Utltl 
.• I l:. .....t A'I'I'lI'l fla UtllJ'I'I14 fl14un14fl.:JLLft::~ntl1") LLlJtl1Jflft 

ftn~14mmY4'.11W'..1m::UfJn LLtltlm,lim'Lfftlfl".. 
'IJfJ.:Jun".L'I'Iamil14ii1Jlm~)fJ"tl;~fl Schule tl1::Lflfl 

LtlO,aj14 LLlJtlLfl;a..1,rflit1.i'l'l~fJl1lt'll'\OJ1 Lil14Lfl;fJ..1 

m'lit1.'Il'\fJ,ht14m"rflL..11LlIari'1Thllti'lV 

(Dante de Padua, 1998) 

http:LLflnt!1..1n
http:Lfl;O..1i'mfl1l1u"''lLi'u.fl
http:1JfJ..1h
http:m::m".01,H1'lil,f".fI
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2.2 n'nllifim'lNft"Ualm1'1ibi1,) lflv,f1tu 

R1111'UlLLU"a anLilw!\4f1!1\4 t.rtl"d 
~ ~ A

1. ,,\4fla\4n1 m1fl1111W!:fl1f1(Cleaning) ow,a 

,rWU11Luaan ,rmuafln'il::ClnR"L,r1!1Un7ntth.. . 
fl1111W!: !l1f1 Lvi!I1hifli"if'W.ra"n17fl a n L 'Ii\4 

LLnall ,r11Sll Lflti't'l1" 9i\4 ~\4 ua::i"ilL\iau\48\4'l 

,r11LU tl flnilW!:fl1f1Uft1'i1::ijnet"tu ti",r\4fla\4n178 

fiatu 
~ lL~ A~"

2. 'll\4f1fl\40171.'f1111 (Hulling) 'VI7fl,,\4"11 

nftfl",r\4f1 fl\4d ,r11 L u a flnilW!:fl1flLLft1 'iI::Clnet"L,r1.. 
~t1mntn::Lm::Ltltlfln i.:!ilt.raanlI1fla 'Ii11nft!l" 

ua::LLnl'lll UnallCmtlnUVn lfllJflumnttiflulJn tn\4.. . 
,r11nft!l"'iI::~nR.:!ttli-1,r\4f1fl\4n17'1i'fI'll11tiflttl 
~t1mntiI'L,rn::Lm::Ltlaan'VI7flLfl~a"H11 (Hulling) 

ii 2 ".UfI fla Lfl~a"H11UllllUN\4nI'l1l (Disc huller) 

'VI7fllJ.i«\4ul'I::Lfl~fl"H11ulllll'lnnif" (Roller huller) .. 
1::... A ::

3. ,,\4fl a\4n17'lltl'll11 (Polishing) 'VI7fl'll\4 

,r11R17 'Ii11nfttl" (Brown Rice) ilttl''V1nn17 

n::n11::LUatlnllnii,f\4'llad,,r11 (Bran Layer) 

LflatllltltiL~tl'l1L,r1Ilun7nt'tltl'll'1 tn\4d'il::Cln'tlfl.. ..~ 

fl£lmU\4tl (Bran) fhl'VI1.tl',r11R17 (Milled Rice) iI 
"11\h,lltl7::m\4 atlmnt'tlfl'll11ii 2 U7::Lllfi fla• 

(Vertical 

Cone Type) 

(Horizontal Type) 
z • ., 4 

4. 'll\4fl£l\4017LLtlnLllafl'll11 (Grading) 'VI1a 

,rwrhoflni'aIJa::,r11R17i1t.r'il1nn11ii LLa::'tlfl'll11 

Uft1,f~,f",r11LiillLiifl ,r11i'n ua::tla1v,r11 
... ::.. " ., ~t1'" Ttl" ... ..f1.:!\4\4'i1"fl£l"l<I1 L flflUVn LfltJ~ mmflflUIJnLVUl 

LLtlntn\4L'VIfhd!ltln'il1nri\4 atlmntfiflUIJn,r11• 
aan1l1Lil\4 ';\4,r11 (,r11LiillLiifl) ,r11i'n ua::t1a1v 

,r11 

2.3 u~nru;liiNftn'l::nution1'1ihjTl 
fl1111~'IJLav'Ii111 \4n7::1)1\4017 H11i1iiJlafi!l71m 

,r11R17 tnll1mn17Uflni'n1l1n'il::'!l1IJttl'\4n mil 

.. " n7::ll1\4n17r:nJ11 

1. 7::V::~1"7::'VI11"«\4'tlfl'll11rillLLt1"V1.:! ci1 

~fl1l1nttl,r11'i1::i'n1l1n Oflnn11'V111\4'lla,,«\4'tlfl• 

,r11~Lfl~!I"n::Lm::LuRanm"'''1l1n'il::i'n1l1n UI'I::.. .. 
1::V::L1a1n17'1i'flSci1\41\41l1n ,r11'i1::"11111n 

u7111mtl1l1nUI'I::,r11i'n1l1n.e",f,,'VIllfldLil\4u;iv 

iliiNafi tln17Uflni'n'll£I"Lll Afl,r111 W!\4fltl \4m7'li'fl 

'll11\4£1n'il1ndti"~\40ll~1\41\4'V1"1V'tlfl'ci1ii'VIa1V 
'VI"1Vutia::'VI"1V'tlfl Lll1 'lri'il::'t'hl-M'fJm1l1'1'1n17S« 
.r AI."" .I...r .......

,,\4'i11nl1na11'll1"f1\4R11117Clfil'7lJCHlJ'iI'iIVflllNafl£l• 
n17'1i'fl'll11 (Lfl;tl1atf 09lfl::1"1v::na, 2534) • 

2,7::V::"j1"7::'VI11"~ \4'tlfl'll11Ollfl::um"'tltl 

'll11Harry Th., L. van Ruiten, 1981; Ruben E. at 

al., 1978LLa:: NfI"fin"" 11U'lI'i". 2535 U1.4::1t1H• 
"'!ltlflfttl"ri\4fitlfl17i"7::V::~1"7::OW'h"~\4'tltl'll11 
ntJ91:LLn,~,j""11ttJa-3Lfl~El-3,rtl~11U1J1Jn11r.J \;" 

Un\4i"L't'holl 10 ~aRL1l9l7 
3. 7::V::"j1"7::'VI11"«\4'tlfl'll110llUt\"V1"'tlfl 

'll11UiiJu t\"V1"L,r1 7::v::m"7::'VI":i1"~\4'tlfl'll110ll 

U';"tJ1"ni1"LAnn11f11111ni1"'lltl"Lllafl,r11 

Laml'tltJ (Nfl"finfi" 11U".,r", 2535) m7tlill. 
7::IJ::~1"7::'VI11"~\4'tlfl'll11OllLL'rl" V1",rfl'll11fl17tl~ 

U7::ll1m 2-3 ~aih:Ufl1 (Harry Th.. L. van Ruiten, 

1981) ua:: (Nfl"finfi" 11U"'~, 2535) t1;iviliiNI'I 
f .. ..... .. .... . 

91£1017'llfl'll11'll11fl1VLfl7£1"'llfl'll11LLllllnnV'VI\4 

7::tJ::"j1"7::'VI11.:1~\4'tlfl'll11rillUt\"V1,,'tlfl'll11L';10ll 
aA .I 1.1"'''''2 llaaLllfl7L'VI1l1::"'1l11~fl (1::trn91 ~llL'iI'VI1'IJ, 

2542) 

4:41\41\4fl.r" 017'1ifl'lm 'I'Ill11017'1i'fI'll11 

'VIa1IJflt,'li1Vl'lflm1l1 mm7U9Ini'mllRfl,r11 ttl' 

(Efferson, Norman J. and Klaus Singelmann, 
, .......... :: .. ~3 


1969) fl1tlfln7tl IJL'l::'ll11'V1n\4\4'i1::11017L'I'Ill'll\4f1111 

~1\41\4fl!"ua:; 7::tlllm7"n'll::iiti1Lrj~\4t 1.Ifl11l 

~\41\4fl!"L'Ii\40\4 (t1mf\4.r 111l'il'VI1"l1. 2542) 

'1'11J';h~1\41\4fl'f"017'1i'fI'll11i1L'VI1l1::fiI'll fl17'1i'fI'1I11 

3 fl!"ci1'li'flLn\4 3 flf" 'iI:;"hl-M't17::inim'l'lii 
T" !if" To- ~ .r

U\41 L\411afla" Lllli'lfl:UU\41 L\411LLfln'VIn:U1n'll\4 (Nfl" 
.... AI( A .... 

flnfl 11\4".".", 2535) 

5. ~m'VIIJ~\4m::ll1\4n17'1i'fI'll11 tn1l1m 

Uflni'n" £1.:1 Lllafl'li111 \4m:;U1\4017'1i'fI'll11i1 

£I m'VIllii,h"O\4 'I'Ill11'1i1" £I m'VIllii'll£I"a:uil1.'Ii't\4017. .. .. ... 
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~9ItlYiY\Dm"L,j1YiLYl1I1::mJYi 33.70 ua:: 25.90 

D"fl1L"naL-illRUft::iieifl'TrfDllft::V-n,rneifl11iDllft:: 

15.99 uft::14.69 

(Um-nfl tP1l1"flvt"fl1. 2547) 
.., " ... .,

2.4 ·U'I,,"''''lIfltl1'1 

ftn~'""Ii'f1,j11't1D"Lfl;D"m1't1\41f1LAnUtJtJUn\4\4!l\4.. 
1,nRfI~wli'f1Yitl1;f\4~n~\4mmvt'llnl:;D-iiim• 
'tI\41'UL1IAflm,\4 12, 14. 16 Uft:: 18 ntJ1.J\4 

'" 
LI1In\1L<!i1l1lfJEJn'''nti'l\4 eifl11H1\4 17 fiD 3 1f111 

~1Y1"nNmJti111tl11.h::R1\4flfJ ~1m~fJU1In\1l<!ill 
flftDhtf 1I1vtfJntJ\4 1fl1"ll'IAn f11nU~" nft1"ui" 

uft::ntl"lYl'ti'tl\41tl (R,.YhJ iflWl1Rn', 2529) 1Rfl • 
'tIfJ~\4~tl,j114"u1::nDtJti111 

1:~\4mmvt'll' YI;fJ Emery dl\4~\4l11'1I'l11fi 

Yilil\4R1'U1::nDtJ1::wh" Corundum (Aluminum 

oxide (AI20 2» Uft:: Iron oxide l,m magnetile 

(Fe304) l'I7D magnetile (Fe203) ;I,,-v::iifl111111-D" 

fJElYi 8 111,(R 4"~1ni"l Corundum tJ;L'm~iiLl'jj"'" . 
DElYi 9 111,(R 1tllllil\4LLiYiiif11111u;j"'D"~mvt'lf'J

'" 
fl1111Y1\41U14\4f" Uft::'&iIi'itlu:ijffitl1ntJmflYl7!l 

i"U1f1RfJlI iim,li 1\4lfl~D"inr11U1.JtJmwflRlltJtJ 
l: 1 ....

U\41f1" UIII::II\41Un\4\4!l\4 \4~f1R1Y1n'11J1.JtlILU"n 

\411llmllln~\4~tlti1tJ~\4mmvt'll'.. 
2.~\4mnUn'1 YI:;fJ Silicon carbide, SIC lil\4 

..1_ ....:. .., ,. *~ .... 1 
R1'YllIfl1111U'll" ~"ITl1ntJ 9 L1I1'I8l'I'D1J1::1I1m 

2800-3300 HV Uft::fl1111IU1:: iifl11l1flll~\411"lii 

'tI\41tlllflnfi1"n\4\4t1l1'141lJ11,n\4~f1R1Y1nnmflR 

1,mn1::tl1'1l1Y11111~tl Uft::~\4Ll$ tJ,::,\4 L il\4ti\4 

3.U\4't11"l (Calcined magnesite) Yi\,n\4m,.. 
;f\4Ju~n~\4~tl,j1"l fiD Calcined magnesite lil'14 

R1'U1::nDtJYiiiH1\4N811't1fJ" MgO lil\4Y1inuL'I:: 

SI02 ntJ cao IAn1tDtJiiin'l!ttu::fla1tJu,j"YI\4fl11l1 

;fJ\48" YI\4'~\4tJ1I1,n\4DflR1l'1nn1lm'l!tfl' IIL'I::.. . 
riDril"l~fJN811ntJR1'1II::1II1tJulIn\1IJBV1IflftDhtf 
• ::'.-iU\4 Oxychloride Yill'l1l1::ntJm,riDUL'I::1l1tJ.. 

4.~1mtlD (MgCI~H20) YI:;!lLn~mI1lnih<!iv1I 
'1f'il .. .I!! .. J' .. J' ....

fllllD L'f1 1 \41 nft fJmtl',l1n-..1Y1::IL'I YI'D-..1mftD 1I 

in'l!ttu::lil\4matlin/11m,li..11\4 1'lI\4lil\4tl"l 
• 1 'l~ Ail"'.... ...... A~""lJ'::R1'14 'lIL'I::ft1t1Y111:: I \491\4 1I'tIDtlflfJlIfJYlfinfl 

niD\41aYl::1tatJni"lmaD1"nliitJ1IflftD',fi' Uft::m~D 

Uflft l-itJlIfl ft D"fi' '1JJ1::f11ll1flD"jhw.r." '1JJlil\4 

ei\4f111tJfiDi1"mtJuft::i"U1f1a!lllUIII::'&itl1u:ijffim 

ntJ'A'lI'l\4 

2.5 n'::tJ'1"n11Mao\1ni~"'i'fltf1'1 
tl1'tl1tl tJ'I41Lvta1RfJ~\4Yimti11l1Y1Anl'lliD'u 

n::1m::18tpfllYi'1h1tlDDn Uft::vtDmfll'lYl&il91t1NRlI 

U\4ulII::~\41\4eitl11H1\4 1tiD 5 1fltl~1Y1"n Uft::NmJ 
'" ~1miiDU1In\1l<!itJflIllD"tfYiii9in;fl11l1lt;lIYi 30 

fin; 1fl1tltlU'DYl1flf111111t;1I NmJtlnfJEl1,,'l~1,j1 
~ .t AI f ..."I_ :. If, ~ 

n\4 ',l1n\4\4-V"'I41R1\4NmJYllIfl1111IY1\4111U\4't1\4J1l 

,.nr 'uvtfJn~lIUn\4IY1;n'I.'lWfl1111Y1\41U'::1I1 m 1• 
d'1 I~DU~"IIR11h::1I1m 
1 1\4 ."'I41111ntl"lLfi,,fhulII::1'l1'l.tifl111't1\41flYi 

fi!l"m'l~fJn~"IRi',llla1nR11J1'tl'l41'1..lli..11\4'ti tj" 

fJEl1"hii9i',l1nm::tJ1\4m,;f\4'Ullln~\4tl"nIi11 ii 
'" '" 

,f\4f1fJ\4Yiti!l,,'lifl1111'::~fl'::1"fl!l m'N811U\4ntJ 

~1In~!l 1'l1'l.tifl11111Y1\1tJ1 YiIYl1l1::811'"lu 

m::tJ1\4m,d'Lifl1111i1\41 'lIlIft::u'::8tJm,an\4 

m'NmJ 

2.6 "ClIoft&ltJ"iih,i'flltf1'lYia ~\4~f1v-nYi'fili~\4 
tiD"iimnl~fli"l"'tID"~'I4mmvt'll,u,"LAn1tDtI fiD 

1~~\4mnlvt'll'th\4Yitln,jtlm\4Y1l1tlfl1lua1Y1ftfl.. . 
!lfJn'UtlH IYl!lLu~1l\41~~\4mmvt'llnf\4Yi9\tln\4 
;f\43.l1Iil\4if\4~1'tID"mWtlR'tYl&i thm~\4M\4'u.... 
uR"liifl1111u;j"1I1mi'i\4'ui::tl11~,j1"l,rn UL'I::n1L'1n.. 
~\4ii£i!l'l4ln\4'u YI'!l~llIJl1vt'&iii ',l::tl11~lijtl~\4 

... A • .. I ... .aI 
YI 11191 IIL'I::lIm'8nl'l'DtJ1.:Jnfll nn!l'UL 1L'11!l\4fl1' "n"• ... ... .... .J ... • .. 'I ..... 
menYl\4't1flYlYIlltlR111vtIl61Y1'Elllf1m1l1vt L1Ifln-V:: 

'1.iR1111'fJ'I41111'1,,}'tflan nn1liin1'Nifl~\4~f1,j11 

IItJtJlfi1lYl'!lm,;f\4,ufi1tJiifJJWlltl1i11 n1'fl1tJflll .. . 
fllllJl1vt 'tI!l"L'ln~\4 J\4t11'tid1tJ1nYl3J1tJ fl1111'h. .. 
'\11\41\4't1D"~\4~fl,j11 YilRtJl'I1V .1nm'Nifl 

'\11\41\43.1111 (R'tIei.:Jflm1~. 2547) tl.:JJ\4m"• 
~u'::nfJtJm,1'''inr11'IJ\41tllYl'll9ifJ1I1'iiin1' 
~~\41 n111Jii m,;f\4,u18fl~\4~,,1\4"1\4 
~f1R1Y1nn1l 911" 'J 1tltllllvt1:: !lErl..1ii"n~lI -iiinfJ\4 

fl1f'1.tJI iim'lIii ;f\4,u'i 4 IltJtJ fill Reaction.. 

http:uft::14.69
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sintered, Hot-pressed, Sintered LLL'I:: Composite 

sintered 

3.1 iam'Jft';11 

m1ini11t 'l4ililL ~flmmfl8fllJm1'WinlflL'l• 
mn'l3JWllfl-3i1Wtlfl'li11Lflvm1L?ill,t1'M,xn~1n91::rf1• 
(h-3afl1C1v'I4fii~flt~inflm1~8::Lfiflw"h~::!ltJ'14 

L~v1'1ifl-3nlJm1LLfln'in'llfl-3'1i11'M;fll1i L~fl'lbtJL?ill 

th::tmin1l'1'llfl-3i1'14'1ifl'li11ililm1t'll'-31'14flv,r1l1l1'14• 
'l!lIW Lfl tJ111";'I4'ufI'li11 un'l4'14fl'l4'll'l41f1L'nilil 

'41'M1.L1tJt 'I4';fl-3f1i1f1l11L Yill,{1'M,xn LLL'I::t'll' 

'li11Ltli!l£)O~wlr,mflflnll::ii 105 illl1~1nU'Ma-3tlin 

Lt;Enn'14 LfltJlI1~1n8'Mmnt011Ln~1 ~1LlHn17'14 

i111lJ i-3Wlf1fllJL'l11'1f1l1i1 'iMtiFh'l401nhfl11l1• 
8::fl1f1LLL'I:: L'lflfl11l1;f'l4LflElO11fl1 nLLflfI~'I4fU11'!rilfl• 
d\tiLil'l4ltlfl1l1l11f11f1'14 lIEm.888-2532 nT~ti;J1'14 

Lfl1fl;Jft'li11'll'l41f1L' n l.n'll';J1'14f11l18n1l'1t1 n9iil1::ilJ 

fl11l1Ln 1.420 1fllJfifl'l41fi L,ltJilmilJ011ft'li11 

1) 111";wlifl'li11ilil'll1v"1l1nfl;J"L'l1f1l11 

Lfl1V2Jt'l4011LYi2J,t1'M,xnLflVilO11 tifl::rf1n1;Jd'fl 

1C1£J'IWi'ilil,t1'M,xn/;Jufi 5 nil! 10 nil! 15 nil! 

2) t'l4Lfl1fl;Jtrn11'll'l41f1L'mJ1'n1fl11l!8::fl1f1 

n1tJt 'l4ti1El1iL'l2JLth L~fli!I~'I4ilL01::lJ~L1 mfl:aL01;J• 

3) 

VWtlfl'll'11 Mii1::V::",,;Jil 1.5 iiL'liiLl!fl1 

4) "1011ini11LflVL~l!/;Jufi";Wtlfl'li11,{1'M,xn 

tlnfi 5, 10 LLL'I:: 15 ni2J "1011011g(2Jt11flV1,'1• 
'li1181.,;:j~LLL'I::1flLL1;J~8::Lfill'l4'll1l;JLLfiL'l::~n";'14 

O11LYi2J,t1'Mll'n'll1l.:JL'ln";wlifl'll'11L~1l"1t";Lnflfl112J• 
~8::Lfill'l4/.:JLLfi 5, 10 UL'I::15 nil! LflV91fl'li1.:JLfiv1 

- .:. ...... ~ *.. ~ 
LnflO118'148::LfI fl'l4f11 tJfI:: n1C11;JL'I fl1C1V'I4f1 

4.2 \A:;i1"ih,.r"~'m'IW1,,i~u 

4.2.1 Lfl1fl,'lflflLLVnL2Jafl'li11'in "1011 

LLvn'li11'inilii'll'l41f1L'n~::l1iflni;Jl1l1'14'ML'l2JiltJ'14• 
'M~'I4'llfl;JLfl;fl;J"1MUJ'flil'ini1;JL'I;Jl!1 

•• '" ..I.... • _t! "lu" 1 Lfl'lfl;JflflLLtJnUJL'lfl1J11'Mn 

3.2.2 Lfl1fl;J,r;J,t1'Mll'niilflflL'l ilil 

flAii!ll! 3 9i1LL'M1.L;JLvtfl"101~,t1'M,xn'll1l,'l'li11811 

ltl~ 2 Lfl111;J,r;J,t1'M,xnfilflllL'l a";ll AcUl'14 HJ

600H 

4.2.3 Lfl;1l.:J1f1LL1.:J~8::Lfill'14 Lvtll'M18f1il'1L'1'll1l.:J 
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~IPX-602 

A _~ «A • 
3.3.1 Lfl1e.amJ11'!Jll'flLan~m"'I.LLm,nUI'l4 lllfl11 

Lie lJ;~"OlJan1.a'''tlnam1 

3.3.3 Vnm1f1Elnll::i 105 Lflll~llHTl 

, 1.ln'7"fI"fllJrilJLfl;fl.ami"1'!Jll'flLin 

"n.Jfl 6 ';'1/if1tl~llf,mflElnll::i 105 '!Je.a&mmm.. . 
m1Ln'l!Jfln';ll~11lJ '\hrifl el'mllfltlan .hlJafl 

:: - .!......
1. ';'m1"-3Iifl1~fl!1ll'!Je.am7e1'\lCL"flllnlJ 

m1ri-3Na~-3m1LLfln~n'!Jfl.a';'1/if11 Ifltllifll~ii!1ll 

tlm1tfucLfieW;)1nn11L,.qll,1,,.,,rn'!Je-3anfill,jfl
• 

m1'~DNa~em1LLfln~n'!Je-3i11/if17 

HO: Jl1 =IJ.2 

.. LL9ici1m1tfucLfiellDNa9iEln11LLfln~n'~';1m7 

t1i)LeI" LLa::tl flll;lJeI'1I3lii!1ll1fl-3 fltlm1LLflm';-n 
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;)1nn1'1~i9l-;l1"'1'141J1n [4) 'I11-3FfiitluiI:Ff.. .. 
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lJ'1:n OtlfJn;)7tl'!l"'llJ1'I"."fl"11 Lfl1'I1U".1m03'IJ'" 

iU~'I4"1lfl,j'11ijjm'1'l1'lli L?tm ¥i1Jfl111Jft~1LH1J 0 
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2. "1"!)ilJ'''~lJ~.,ra,, 
..r .1 ... .. .. 

2.1 n1'111"1J.J!nM"1I"1I1~ 
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'II 'II 
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UiI:ll1Ln&Ou1JnilL.;JUllflilohtf 30 tin; UiI:tJ1-3 
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'!I£hlNti LLR::'l.lliicM~011~fln£lUih~~';flt1'111fu• 
011waflRn~~';fl,r11LLn~~£l~1~'1f~Ufl'!l£l-3U1::Lflft• 
'l.fltl 

2.2 Minn1'191f11 011ini11~::5l'lllin011£l~ 

2 LLUUfl£l 

O11ini11 LLUU1 iLL 1-3 ~iitlfli LLR::011i,)'11 LLUUhi 
O11';flW L'h~n1::u1~0111~011'Hi'lllR1tllULLUU 

• ~ ~u .!'..1 • 1 • l!!....'r. II •LLflnfl1-3n~ I fl1lJTI£l-3flfl1-3 ') fltJ~fl1£l-3"''lJ11i1JEl~ 

1 ... -1 II
4 LLU1JI'III'II ') flEl LLUU'III~ fI~LLn~fl-3LLR::~ntl1-3 

LLUU,;flnR n~~01n ~'t'l'1f1fl1-3n1::UEln LLUU O111,r• 
n11LWtJ91W'1l fH LLn ~L 'III ft nL il~i'!lafli'1l El-3U;,;'fl 

Schule U1::LflftLtl£l111~ LLU1JLfI~£I-3';flftli'lll;El'l.ll 

H'l.Elli1 Li]~LfI~£I-3 ini11ftl,n£lli11~01";flL-31LlJftfl 

,r11i1lJfi1tJ LLfi1~fl111'1f~Ufl'!l£l-3U1::Lflft'l.fltJth~ 

1'111qjLil~LfI~£I.:lini11LLuu';fllf[fltJ~n~~01nL't'l'1f1 
fl1-3n1::U Eln 

2.3 n'1'1u!iDn1'1NftflLLR::n1'191f11 L-rl£l1~ 
fl11u£t-3n1::1J1~01'ri1"11~Lliil011LLfln~n'!l £1-3,)'11 
.. II .K 
3J'1l~91£l~~ 

II ~ ..
1. '1l~fl£l~011TI1f1113Jft::£l1f1(Cleaning) 'VI1£l 

,f~,)'11LuiiEln ,)'11 Luiii om::nnd-3L,)'1 £I un1m"1.. . 
fl1111":£l1fl L1IElrhi'91~-3i1'1.11ti£l-3n11D£ln L'If~ 

•'r." ••1 - - ':'..1'"1.1.LLnRU 'lJ118U Lft,!;"1-3 fI~ 'III~ LLIil::"-3flL1El ~El~') 

,)'11Lua£lnilft::£l1f1LLti1'1l::~mf-3'1.uV-3,f~fl£l~011S 
fiEl'l.u 

~ "'.. A:J.... " ~ 
2. '1l~flEl~011mJ11 '1111El'!l~'1l11nlil£l-3'1l~fl£l~ 

d',r11 Lun £I nil ,,:: El1f1LL ti1'1l:: nnd-3L ,)'1 £11.1 n1m.. . 
n::Lfl1::LUn£ln i-3i1'1.ti£l£lmJ1fiEl ,)'11ntiEl-3LLIil:: 

LLnlilU LLnlilunntinLWn 1f1tl£lUmmtlflLLtln ~1~ 

,)'11nti£1-31::\1 n«-3'1.1.1 V-3,f~flEl~011';fI'!I11 fi 0'1.1.1 

~un1mflHn::Lfl1::Lun£ln'lll;ElLfI~El-3S,)'11 ii 2 

'1fii.91 fi£l Lfl~£I-3ini11uuuLLH~nlil3J 'III;£l111i1~LLIil:: 
Lfl~£I\lini11uuU8nni\l.. 

3. ,f~fl£l~n11';91'1l11 'III;El,fU,)'11"11 ,)'11 

..!' "'" '" u" .., .. II ...nl1l£l-3 fl LfI~1n011n::Lfl1::L R£lnlln3J'1f~'1lEl-311'!111 
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ElEln~nn~ ~UmmfifiLLtln,)'11El£ln3J1Lil~ ti~,)'11 

'III;£l,)'11~fi3JLiifl ,)'11,rn UIil::U81tl,)'11 

'Il::L'I1~'l.tii1th~'1l£l-3m";fI'!I11'111;£l,f~ 
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'Ii El'l-l1n 7::tl::\hn::'I'I11~in-RwDfI'IiT-:1l1tl tl1~'lifl• 
'Il'11,yf 1.1 iii§UJ917u.i::iflnm7''I'IiI'lJEl~'Il'11Eld,yf• 

... .. "',...,
3.11f1'lflUfi 'Im~n17f1"ftn" 

3.3.3 'Il'11'1J11flElnIJ::§ 105 LU'I-l"!wJii11 

l'l-lm7flflREltlntlLfl~El~Chi11'1J'I-l1f1L5n 

.1'" .. ... .. - ..lufl 1 'lJ11R1tlfolW~'I'IElIJIJ::iI 105 'lJEl~ R'I'In7m 

m7Lm~tfln1,"mntl.1nfl 

'" A" -f''''1-¥/ ......13.2 ,,,,n"Un1,."ft::qun'lmfl :u L\w1,..,.QlI 

'" !!!., <I ..
3.1.1 L"'n"""11'Jl~1fl'iln\1n"~ 

LLn~~n~ 91nLftEl tl7';'t1Eltliln7~'fltlnim7 

3.1.2 LA1n""ftnL"~1I"ftnM",;fl.j11.. 
lithR~.r1tllJaLflafrlR11J11Cltli'tlfl11IJLTm)tJ 
ti'1tl ii 'I-lL1ElfLflafL+1Eltli'tlfl11IJL ;11ElUrlL'I'I IJ1::RIJ 
... ,.aI A'" ... 

ntJm"UIElL'1'11("'1 iln'l'lW'JtI'Il11• 

3.1.3 

Ifltl1i'l'lRnmnh~'I-llfltlvl1,rn,yf'll'l-l1f1L5ni1~iI~ 

mlf1tl'ai91 n iI~,til'I-l 'l'lillJff~'I-l'I'IIJ'I-l'll El~Lfl4El"LLtln 

.1'" ..... .. " ...lufl 5 Lfl1a"fltlLLtlnLIJifl'll11'1'1n 

... ..: r ... _... .aI .... 
3.1A L"'n"'II"~1M~nfl'Oflnft fllJ 

fll'lii.tllJ 3 t11LL'I'I""L+1aYhn11-t"~1'1'1'lt'n'llEl" 

i11R11ff..rn U.iI::'Il'11L;iIJLIJ~fI 
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4.1 NR~1nn1100nuuun11 

flflRO" LrlEl'll1~'UI'.rfl'IT1"lil'l'lRElfi"l tI:SinT:t'l'lRIl 

~ht1tJYI 'Il1'1'1'1t'n 'lT1"l Ltliliioi"tfi" 

'lT1"l -in 'lT1"l 

Tn) 

72.01 

73.31 

19 75.88 

70.28 

5 27.44 6.98 74.56 

6 40.23 11.80 70.67 

7 65.29 19.05 70.82 

8 68.76 19.12 72.19 

72.94 

72.52 

72.54 

~::-;=-r~tl:::;Y1r.fI~Y1r:~=flfiEI 'U"1f1t1;2J191nJ 1l~':tLYIil. .. 
50 LtlElfL~tf ':t::tI::-M1~il1.1 iUiiL2J9I':t fl"l12JL7"l 

':tEltJt"n1':ttnr11i11.420 ':tEltlfiEl"1fitfitl hf'IT1"l 

'l'lEl2J91ElnlJ::iI illJ111nU'l'lR~tll'Imiitl1n" ua::ii.. 
fn12Jif"il14 LtlElfL-n"tflfir-ll'lElEJn2J1tNd 

11nn1':tElElnUtltln1':tYlfll'lEl~tfltltf 

ttl':tLLn':t2J Minitab R.14 t "ft"l"'UIl..'J Box -

Benchken \.n~fhiliiil~91'UEI..'Jm':t'l'lREll'In~w.rfl. .. 
ffAtt • ..1 ......1, .... _

tlL Il':tL"l!"fl Ul'I::fl1L9.l'ItI'UEI..:IL'ln'l'l"Y1'1'1l'1E1f1"ltl2JEl2J.. 
• .I,.j tI .... ...1.. ....

fl1L9.L'ltll1 72.54 L Il':tL"l!"fl lH::~1!ll1'1'i'UIl~~n 

~wifl'IT1"lil'l'lRElfi1t1m1lJL;"lil20 ':tEltlhnfi ii 
tI':t::tm~ll1'1'iL;j2J;f"il11.32 LtlElfL-n"tf 

5.1I1t1 

11nm':tftn1!flii~m':tLL9In-in'UEI..:I'lT11~':tt" 

m':ttnr11i1iiElvt"1':t..'Jtnr1"lt"'112J'II"'UEI~tlml1f1.. , 
\Y1tJ\f"ft"l"t'l'lqj1::iifJm.n1'1'i'UEI"m':tmf"~1n;1 
l:':t..'Jtnr1..:1L~..:I'l'i1m'll[jiil"ll[h..'J2J1n J"El111::Li'ifi 

,r1"lt"m12JL;"l':tEltlm':t'l'lREI~ 20 ':tEltlfiEl"1f1 

':t::tI :::-M1~':t::'I'I;1..'J~ n~"ntl tl1..'J'lifl'IT1"lil 1.1 

iiL'lilL2J9I':t t"fn1lJL;"lm':ttnr1"lil1.420 ':tEltlfiEl 

"1fi H1itl~"'Il12J1Y1flL'lEl..'J,j, t91tltf fn12JL;"lt".. 
m':t'l'lRElL'ln~"iI 20 ':tEltlhnfi LLL'I::':t::tI::-M1".. 

• ... ... ..1 ...... .. ,. 
':t::'I'I"l1"tl1"ntl~n'l'l"YI 1.1 2JL'll'IL2J9I':t Ylm1lJL':t"l 

t"m':tibl'1"lil1420 ':tEltl/"1fi ul'I::\fiiir-ll'l 

«ElfifliEl~ntln1':tElElnUtltln1':t1191l'lEl"ua::n1':t 

1Lfl':t1::'lfr-lam':tYIflL'lEl" tNd 

91111""2 fl1':t1~m':tYlf!L'lEI"m':tmrn11ntl;itl 
ilElElnutltl 

68.75 12.79 81.40 

2 63.18 11.68 81.51 

3 74.22 13.72 81.51 

4 66.76 12.92 80.65 

5 68.57 12.76 81.39 

6 68.67 12.10 82.38 

11.67 82.13 

12.05 82.48 

13.52 81.82 

11.88 82.71 

81.80 

LdEl'll1HL'l11nn1':tYlf!aEl..'Jtnr1"lrr"«EI~an.. 
~"2J1LtI;tltlLfi tltl nlJ r-l atl':t1nil EI Il n 2J1fh LQ~ tI 

'UEl"i",r1"lil\fi11nn1':ta'IT1"li1t1an~"iI'I'IREI.. 
i"ltlm12JL;"lil 20 ':tEltJI"1f1 iifi1L9.~tliI 81.80 

lJ111 m Ylfl t"b OilfiEI tln;1 YI"t "m':ttli'tltl':t~., 
t ':t..'Jailill.TEltln;1nti~Li]"tI"''lI'I'I1'UE1..'Jt':t~a,r"n 

...... ,¥.1 .I 
12J'II" Ufm1':t11t1"L'l'iEl'l'l1U"1Y11~Yl1::~2J1':ttl 

m12JtmILatl11nufln-in11nm.,;f"':ttI~"'lif!,r1"l
.~ .. 

tfI tIm':t;f"J"tl LL tltl'l'l R EI L'I'I~ tI"«1lJ1':ttlaf! n1 ':t 

LLfln-in'UEI",r1"lh~'iir-lar-lifl~2J1n;f"iI 11.32 
.. ".. ........I,¥ tl" • T ..

L EI':tL"l!"fl11n'l'l"'U91'U11fl'U"J" tl 9l1t1lJEI ~91tllJ 

fi1L9.~tI'UEI"i",r11~ 81.80 LtlElfL,,"tf11mti2J 

l'In~"ilif"':ttl.h [Jii aiifi1 LQ~ [J'UEl~i",r11 ~ .. .. 
72.54 LtlElfL,,"tf 
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'!la'!latJtltu. mtli'lt1ifl10113Jfl9lLfi~m1 
A ....... .:III


tltu.::1f11 nn3Jfl1"911 3J~11'1'l [/1i1 El atJL'l11~1l1""• 
LLI'I::tJtlL'l101flLREl11ia~fftti"1'1'lq:l!l;:LLL'I::1ia3J1'I• 	 w .. 
3J1H1.,..,m1ei'1~ii<3 'iI,..,m1.~~""i-(Elfl!'d'ttnn 
L'lii1<3ti1Elfi• 

'()nl'f1'~1"i" 
111Lfi1ml!t1''I'lEl 

(1] 	 n'llQJ1 Lfarr""f, 2545. fJtIUl1.... 

1i11'1'l1~mElm .... ,,..,.1-7. fJtu.m .... 

1i11LLL'I:: m7f1n'il "au'lf11t1,.., 1.,..,'lf11 
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