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ABSTRACT 

Thailand is a well known country where jewelry is produced to export. The 

process of jewelry production needs many special skills and efficient machines. 

Moreover, the preparation of plaster is also important in producing jewelry. This 

requires various stages and takes more time to do. However, these problems can be 

eliminated by knowledge in engineering. Therefore, this study aimed to develop the 

vacuum mixer for mixing Investment for jewelry production. 

The vacuum mixer consists of 12 Hp 220 volts ac electric motor with the gear 

which has 1:40 dimension. The whole body of the vacuum mixer is made of stainless 

steel. The pot for mixing the Investment is 21 em. wide and 31.5 em. high. The tub at 

the base for placing the pot is 29 em. wide and 21 em. high. This base is equipped 

with a 20 m
3 

per hour vacuum ventilator and a vibrating motor. This vacuum mixer is 

operated by the electric motor which transmits power into gear. Then the gears drive 

the belt to make the blade stiring the Investment and water in the pot until they are 

well mixed together. Then the mixture is forced to the tub at the base by the valve 

while the air is sucked up and the mixture of the Investment is cured until all bubbles 

are disappeared from the mixture. 

After experimenting, the result revealed that the use of the vacuum mixer can 

reduce the steps in preparing the plaster from 8 steps to 4 steps. It can also save 52% of 

time allotted. 
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.1 ' ='t .1 .1 0' "" ok d "".1 '1"'1 0' "" 0'
J,d 'U '1HHm'lJ 'lJ (Investment) llJ 'U J,d 'U lJ '" UH~ tI 'i ')j''U ~ '11 '\.H 'VIIl-H'l ~ 'II '1.J:1Jl ~ ')j' ~ 'U fll 'i 'VI 1tUJ VUJ 'W 

,. d,Q,I .Q ~ do do d I".Q 
~ ~ tit~ 'W l~ :u ",m':ltU~'Wtfl''I:l fI tI 'VI 'U fI ll:U'i tI'U ".X.:j ~l"'~ttl fl~ :Ufll l:UU'II.:jU H:JJlflU~ ffl:JJlHl 'VJ 'lJ 
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'til"'lfl1~41fl 'VI'Uflll:U~tI'U1~:JJlflfl'h 7,000 - 9,000 tI.:jfl'WlfmGiifl'" U"'~ffl:JJl'if:li''lJttHfl~'iI1fl'l.h 

1",'11~ 1~1~fl 1:JU~fl~11 
rd ~ lI!f,d ,W .c6o",::1lI!f,rdQ,l 

u:unflfl:U (Vacuum) 'I1'itll'iflflll U:U"Xtytylfllfl' fltI U:Utl~tIlfllfl'U'lJ'lJ'I1'U.:j'VI1'l1'U l'VI~~tIlfllfl' 

'il1flfl 1 l:U ~'U ~'U 'VIl.:j~ ~lfl11f111:U~'U 'lJ'i 'i fllfllfl'fl~ t ~ij fll l:U~'U ".X.:j fl11fl 1 l:U~'U 'lJ'i'i fllfllfl' 

l~fl'Irmll~tltJ~tlfltltlfl1tJ '111 m'i1 ltllti.:j t 'lJ'I1i1.:j~iJ~,j.:j:Ul~m,j'lti'lJ;j:JJ'\.f'U tIlfllfl't 'Uti.:j'il~\lfl~~ 

tltIfl1 tJt~tlfl '1 'til t ~flll:U~'Ufllflt 'U "'~"'.:j ~.:j'l1:Ulfl~.:jtfi~ffflll~"Xtytylfllfl',r'Uttl.:j 

2.2 f1t]1:I~~'U'I1~8U'I.J'I.J( Investment) 

='t .1 • 1 0' "" ok d "".1 'I Y.'I 0' "" 0''1' ... '" "" 
tlJ'U J,d'UlJ"'lfft~tI'i')j''U~'I1'U.:j'VI~'''~'II'U:Ul ~·D ~'Ufll'i'VllU:U'W:U'W !~m~'Wl~ :U"'fl'l:lW~'Wtff'l:l 

'I1"'lfltJ'i~fll'i~'iI~l~'UU:J~:u.w~~ titl'VI'Uflll:U~tI'Uff.:j ~l"'~tflfl~ ijflll:UU~.:jUH:UlflU~ffl:Ul'if:l.. 
't'J'lJ'til"'lfl1~41fl t 'UU 'iI~,j'Uij~~i1~t~'U ~l'Ul'U:Ulfl 1~ij~~i1~tltlfl:Ul~1'l1'111fl ij,j'tI~,j' mffflt'U 

" , . 
fll'i l,*.:jl'UU~fl~l.:jti''U1 tJ U~1~fl.w'Uil'UU~1~'U'I1~tlU'lJ'lJ111'l 1tJ'iI~ijril'U ~ff:uViffltity'l t'li'U 

cristobalite t~'Ui1'UlJt'lll 1vJ'lfij~'I1i1.:j t 'UU'il~,j'U ffl:Ul'if:l~i1~ 1~1~flfll'i tmeiii1fll~tJw'I1lJiJ 
" 

1000-1500 C Cristobalite 'iI~'lbflt~~'U'I1 ~mt'lJ'lJijfll'i'llfllfl~l 1~~1~~11:Jlfi~fll'iU~fl~1111.:j0 

.d 0 I.Q rI GI ,,:!f,: ,. 'jJ \l} lSI tI ... I tl, .aI.Q Q

'IIW~'VI'VIlfll'itl'lJtmU:U'W:U'Wtm~ ~'U'IIW~'I1"'tI'I1'itlt'VI'Ul ~"''I1~t'lll ~tJ !'UU:U'W:U'W fllJGIf:U 'I1'itl'VI1.:j 

......, ... ..,; 'I" " , 
tfllH'iflfldl UfI"'lGlffl:ui"'tvJ~ (Calcium Sulphate CaS04 + 2H20 ) U"'~t:utl ~'I1ml:JJ'itl'UUfl 

~tJi:UU~l'il~ttJ~fl'Ufffll'Wt~'U~'UtJmfft~tI{ (Cacium Suphate CaS04 + l/2H20) ~tJ~:u'il~ 

'til'l1'lrl~t~'U ~ltJ'i~ffl'U'i~'I11Hril'UtJ'i~fltl'lJ~1.:j'lt 'U~'U'I1~tleiii1fll ~.:jt~'U~",~i1~'iI1fl 

eiii1fltl'U 1~tltlfl 1G1f~ (Si02) eiii1fll 'iI~t~'U~l~ff:u~'lflfli'fl'l:ll'l1~tlfll'lJtJ:utJWff:u,j~~H'l'lltl.:j 
" " 

~'U'I1~tlU'lJ'lJ 1:Jt~ttJ~fl'UutJm1tJ n1t1.:j'illfl1~i''lJflll:U~tI'U 'il1flm~'lJl'Ufll'i ~i1~ 'Utlfl'illfli1~.:jij 

ril'U~ff:U~'U'l t'lf'U ~.:j'VItl,Ht~.:j 'I1~tI ~.:jth'U ~.:j'il~'lflflt~tJWff:u,j~'IIt1.:j~'U'I1~tlU'lJ'lJff:U\!'iW 

~.:j~'U fI.Wff:U ,j~'11 tI.:jtJ.. 'U'I1 ~ tlU'lJ'lJ~~t'U fll'i ~i1~~lt~tI'Ut~~tI.:jtJ 'i~~'lJ titI ~tI.:j 'VI'U flll:U~ tI'U 1~ 
"
 

:JJlflfl11 7000 
0 

C 'iI'U~.:j 9000 
0 

C U"'~ffl:Ul'if:li''lJUHfl~'iI1fl'l11 h'l1~1~1~fl1:Ju~fl~11'il~~tI.:j1:J 
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I 

ihh'U~ff1J'U~~ ffl'J ~n~1'lftn~ fll'Jti~fl'i ~'U ~~l~'th~'U \Pl'J lm\Pll~tJ fl'j:::tJ ~fl'H rl~ 'H ~ ~ttl t~~'H rl~ 

lcm::: UCl:::tJ~ffl1Jl'Jt:lvh~l'U'~~lmrl~~~~fllnJtJmj~1J't{ 

.cI , I .4 ,.. .c::l" 
2.2.1 m1t\il1U'lJfl1:::tJ8fl't'ia8 fl'j:::tJ~fl'HCl~tl~ fl'j:::tJ~fl ~Cl'H:::'YIHflCl1J1Jtff'U~l'U 

t\Pl~ tl1Jfl'j:::tJ~fl'Hrl~ ~:::~~~ 1 'Ifm:::tJ~fl'Hrl~ff11J i~Ut1'UfltJ!l'UtlHVi~~IPi'~~'U ~~Uff~~1'U 

~'U6flClH UCl:::iitl111JtJl1'H Clltl'U'Ul~\Pll1Jtl111J~~~fll'J 1,*~1'U~~Uff~~ 1'U1'!J~ 2.1 Vh~lfllCl'H::: 

'HClltl'lfil~ t'lf'U ~lm'H~flt'HUtl1'Ii'J'J1J~1~1i'!J 'H~mh~lfl Galvanized Steel Sheet l'Ufll'J 

. " 
wax ~~ 

. " 
,'!JVi 2.2 'Hlfl! l'U tlH'H Cl11J'H ~~ i:Jut1 'U ~:::vh 1'lftn~ilty'Hl'Uw:::~~'Y'l~~mfllff~~ fl~lmij~~'U 

".ct!J/ I II) III]!J/ 0 .ct "" I!J/ ... 1!J/ 'I' 1!J/
'U~fl~lfl'Umfl'j:::tJ~fl'HCl~~1J !~'YI1~lfl Stainless Steel ~l~1Jff'U1J~~ \Pl~~'U~~~~fl 'H'H1J~ &~tl ')j' 

" " 
U'!J'J ~Cl1~nmh t~'Jl:::ffil1Jm~t,rl i '!JCl:::Clltl'H~~U'YI'JflCl~ 1'Utij~~'U'Hrl~ vh1'1ftn~tl111Jtfftl'Hltl 

ntJIPi'1utJtJwax i~ 



lJ 
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2.2.2 m1NtT1J~'U'tU'em'lJ'lJ~tmrl flUlJlJ~ ~lM tlltJ~1 1 tl fl~l'U ~tl~fl~ H~~ ~lvtJ~Hnr ~",.,1'V1 
y... '1 ... : .k y ... I d y y d ~ i Y 

11J fl !'l1 ~ 1'U ~ ~ Hff1J fllJ 'U 1ff~ m~ CJ1 ~fll Hff1J~ 11J ff~ ff1'U 'VI Qfl~ fl~ tt ~ 1 ~ ~ 1J fffl1'VH lJ 'U fl ~'U ~ 'U 

i~tJfl'h Slurry ti'lHff1Jl'UffmY1'U~1lim1J1~ff1J~dhhrlfl~fl111JlfftJM1tJ~W~Mrlfl1~ 1"lf'U ti'11ri 

" "" 
th1J1mfl'U1 tl~~'th' M'~'U Mrl fltllJlJ 1litt~~m ~ 1liff11Jl'Hl'VI'Utt'i~fl~~lmCh hM ~ 1~ Miflti'l' rith 

Y "" lI).1 0'1 Y I d Y Y .k d d 0'1 y""
'UfltJtfl'U !1J~~'VI1 tMff1'UHff1J1Jfl111J1~1J~'Uff~ CJ1~~~1Jfl111Jtt~~ttH1J1fl m~'VI1 !mfl~fl111J..
 

" IfftJM 1tJtllJ\9l1ttlJlJwax 1~ ~~'I!'Ufll'i'~~'UM rl flUlJlJ~ fl~lJ~t1 'VIl~ fl1'i ffm':11~ijflMifl 
" .. 

f'hu'U~ih~fl~lJ~t1'V1'1!'U~~'l'11'M'1~uliVl1J..{tl'UMrlflttlJlJ~~ri1'UHff1J i~tJ..r1 1tl~~ijfl~'i1ri1'U.. 
" i~tJtl'i~1J1W ~~il 

"" " ij1M'I!fl~fl~ih = 40% ~fl~ij1M'I!fl~'UMrlfl 

" 
fflMi'lJ11Ifll'irl1'U1W fl~ 1~~~il 

" " ij1M'I!m.m~tl'UMrlmllJlJ = tl~1J1m~fl~m~lJflflMrlfl (V) x 1.2 + 20% ~fl~ij1M'I!fl.. 
~'UMrlfl..r~M1J~ (2.1) 

d .c:. I n.d 2 

i~tJ'VI tl'i1J1~'im~lJflflM~fl V = -- x h (2.2) 
4 

Y I 0' I 

d = Iff'UH1'U~'UtJfl~H~fl~m~lJflflM~fl 

h = m11J'Q;~~fl~m~lJflflMrlfl 
:QI " ~'.e:t. QI

'U1M'Ufl~fl~~'UM~flttlJlJ~flM'U~M'U1tJtl'i1J1~'i( C.C. ) = 1.2 C.C. / m1J 
" "I ,

20%~fl~ij 1M 'I!fl~'U 11 rl fltllJlJ..r~M1J~~rl1'U1W 1~ = flflfll'i INflff1Mi'lJfll'i'Q;\ylfftJ~fl~ 
. ". 

ri1'UHff1J~lfl~~lflfl1'i~~mfl1ffflflfl~lmijfl·I'Uu~~ri1'U~~~m;tllJfl1'l1'U~.. ..~ 

'" ....'Utlf1l11~l..:J 

. " 
1. fll'i~1~~'UMrlflUlJlJ~ij~mIW~~~'UH~m'i'~m,htJij1M'I!m~'U fli'1J 

: .k ~ 'I Y • I"" ?II

2. fll'i~1~'U1ff~m~CJ1~I1J'U~fl~m~1fl1'i!'lfM'U1tJ1J'i1J1~'iI1J'U ( C.C. ) 
". I 

3. , 'U fll'i l~~ tJ1J~'U Mrl flU lJlJ ti'1:J$'U ~ 1'U I~'U ~1'U ~lJ H u~dh1tJ~~~VtJ~1J1fl'1 fl1~~Vl1J 
_I.e::.. 0 " .do ~. 'JJ 'JJ , 
1J'i1J1W'U1ff~fl1~flfl 2% l'Vlfl~~m11J~~1J~'U~fl~ff1'UHff1J 

" 
4. 1 'U fll'iI~~tJ1J~'UMrlml lJlJ ti'l:J$'U~l'Uij~'U1~ 'MtY ~1~~ltJ1li~~IVtJ~1J1fl'l!fl m~~~ 

.I"": ... 'I Y I Y Y .1 
1J'i1J1W'U1ff~m~~~ 2% l'Vlfl mff1'UHff1JI'lnJ~'U~'U 

'I 0 I .1 I lI) 10 Cl Cl Y .k I 'I 
5. t'Ufl1'if11'U1Wff1'UHff1J~fl~1J'UM~flUlJlJ~~ !1Jfl1'U~(l~~'UUlJlJwax CJ1~fl~fI1[I!'U 

m~lJ flflMrlfl 1'Vl'i1~tl~1J1~'i 1li1J1fl'l!ml~~I~fl~~m11J~~tJ1fl' 'Ufll'irll'U1W• 
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1. Hn1J~lfJ tl~tllmfHH)n'llln1. m:i Hn1J 1'\.,\1;;nlltu~ ~tl~!'H" 1 

" "" GJ'JIa-o ~ d ri1'UHn1J~lfJ !'YIM1'Um~'IJtln!~1J~'U'UtlfJ l'lfn'l..l~l'U'If'U!"f1 

~ 

~ritl~lfJll"~91tln9ltl'U'tJ~11J"1fl"lfJ"~!~fJfl 1m11 42% ~{)~ 

Jl'H,:rn~'U'Hn3 :ilfJ"~!~fJ~ M~ 
d 

2.U~~1l:i~1Jln 2·tl~tllmfH)tln'lllmh'\.HHnHJln2. m:i Hn1J~'U1'U nnlltu~!~1J~'U 
"dQld ~ "I 

1l'H~1l~~~1!:i1 H1'HfJl'l..1 'll~!1Jmn: 1~timl'U~'U1'Hqj"1~"11.J 

hj"~!~fJfl1J1n,:rn Jln~31\i'1 91tln91 tl'U 'tJ~11J"1~"lfJ1Jlmrn 

38% ~3~Jl'H,:rn~'U'Hri3U'IJ'IJ 

2.2.3 ~t.Ifl1~na:::lfl~Mijtl til'H1'lJNtT'lI~U'Hatln'lJ'lJ . .. 
1. 'I11lJ~hUJ1.:j ~~tJ'I11lJfl1.:j'Viij'\J'Ul~lff'U~1'\.J~'U6mn.:j 10 - 12 iid 1~rl1'Hi''lJNfflJ~'U .. . 

'Hrlvu 'lJ'lJ nmJ lm'.i l~Vfl1 ~lff~Yil~'WV1.:j ~~Vff:::WJfl 1 'U fll'.i l'VIff'J'U NfflJ'\J v.:j~'U'H rlVU'lJ'lJ 

.s d '" • ""'i!ilIiJ!iI !iI
l'U V.:j'illflVl.:jlJfl'JllJV~'H ~'U'lJ~ I fl.:j 1~lPlllJmllJIPlV.:jfl1'.i 

2. lfltV.:jNfflJ~'U'Hrlv ij~mHu:::mijv'UlfltV.:j~1,j UlPiij'\J'Ul~1m1iu'l:::u~.:jUHfl11 

3Jfl'.iv.:j~~mfl1ffVVfl'illm'Uv\!'U'H'lV(Vacuuming Machine) llJ'UlmV.:j'ilfl'.i'VIlJ 

.. 
him'U ff'J'UNfflJ'.i:::'H11.:j~'U'Hrlvn'lJ'Uw,j'ln'U il'il~1J''UiJ.:jijfl1'.i 1~ ff11'U hJ-rhu'lJ'lJijv()V U'l::: 1~ .. .. 
1'lJ~1,ju'VI'U~Vflff11'U Yil'H.wlYiU'VI'Ulfl~mNfflJ~'U ulPi'il::: NfflJ 1~fli .:j'l::: 11JlJlfl 

I 

.a 
jI 

.a ... 1 I ~ 
r 

.a QI 
I 

dod. 

~fl'l:lW:::l~'UM'V.:j l~lJ ~ffllJl'H1Ni1flU-W'Uti'lJ'tf'U 1~vijoiv.:j11.:j~lPivnufltV.:j~lJmfl1ff Yilfl1'.i~~ 

mfl1fffl1V 1'U M'V.:j'H~V l~lJVVfl'illflfl1V 1'Uijfffl1'VHfivu~'U ~qjqjlfl1ff 1'U fl1'.iNfflJ~'U 'HrlVU'lJ'lJ . .. 
l'.il'il:::Ulfl1'11'U:::YiNfflJtJ'U'H rltl U'lJU,j'l1tJi 'U M'v.:j'H ~v l~lJ 'illflU'U 'il:::l11fl1'.i~~mfl1fffl1V i 'UM'v.:j ... ~ ~ .. 
'H~V l~lJu'Uvvfl vh1M'mfl1f1YiU'VI'.ifl~Tt)~i 'Uff'J'UNfflJVVfllJ1'HlJ~ l11 i M'ff'J\.! NfflJ'lJV.:j~'Uijl'UV 

U-W'U 11JijrJV.:jmfl1ffU'VI'.iflV~ lfltV.:j~~mfl1ffiJ.:jij'.i:::'lJ'lJ~'Uff::: lViv'U l~V i M'rJv.:j mfl1ff~U 'VIm 
'lJ ~ ..
 

v~fl,v1'UlUV~'U'HrlV\lfl~~VtlfllJl 

4. fJtJmwg'U'1 1~Ur1 m:::'lJVfllPl'J.:jJ, IPlli'.:j 'V'l'V'V'lmff~flrl''Hi''lJfl'Uff'J'UNfflJ 
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~ QI'
2.1.4 'UUVltlUfl11NtlllldU'tU'ItlUlJ'lJ 

~ . ~ 

1. fil'U1w'll111,rn'\ltl"l~'\.mrltlutJtJU~~~~'ll111,rfU~imJ'~tM'Vi~mJ 
~	 ~. 

2. t't1'lllff~tllfl~~1'U'lflmh,:nYll1i'tJ Hffll fimJ'1t't1~'U~'1 t 'U'lllU~~ t .gVi ltJfl'U Hfflln'Ut M'l11 

o I 'JI '1"; QI 'l'JI .1 "'''' '1 .d
3. 'Ulff1'UHffllt'\lln1'U ~'Utfl':itl'lHffll\l'U ~'lfnmlJ':i~lIlW 1-1.5 'Ul't1fl~Ufffl~ ~'UfIlVi't1 2.3 

_I";	 QI ''JI P '" 
3lJ'n 2.3 Ufffl'lf1l':im'U \l'Ul1~m'\lli>ntJn'U 

.	 ~ ~ 

o I 'jJ.a	 GI .a q I I jJ QI G) ".c::s
4. 'Ulff1'UHffllt'\lltfl':itl~~flmf1lfftltln~lnflltJ Vi':itlll't1"l ~1111f1l':it'Ut'Utl \l'Ul1~tl 

.:, '" '1 'JI.I '" 
ff'Uff~t't1tl'U t'IHJ~llJ':i~1I1W 1-2 'Ul't1 . ~ 

5.	 'lllff1'UHffllt't1~.:j1'Um~tJtlnfiii~'UWax ~fl~~tl~fIltJ1'U u~~tJ':i~ntltJntJil'Utl~l'l 

'" 'JI 'JI I .1 I '1 i P 'JI
t':i tJtJ':i tltJU~1 t'Vlff1'UHffll'\j'U l1~tl~'1 ~ 'Um~tJtln fltJt 't1~~'t1l~i>ll'U'\ll~'\ltl~m~tJtln 

111m't1~'1~Hn~1'ltJ'U~'U Wax ifltJ~H~'Ul1rltltll~'t11tM'~'UWax tfftJ111tJ'~~~ 

Ufffl~1'UfIlVi~ 2.4 

"	 ~ 

6.	 'lllm~tJtlnl1 rl tl.yjt't1~'U 11 ri tlml'1 t.ultflitl'l~flmf1lff~lnff1'UHffll'\l tl~ ~'U 11 rl tlVnfl i'~ 

t~nmtJ':i~lIlW 1-2 'Ulfi~~Ufffl'lt'UfIlVi~ 2.5 
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"
 

7. !~bJffllHH"1J'lJ~.:j~'U'I''';~hJ m~lH)fl 1'11'!~1J fll'j'rliv.:j'lJv.:j~'U '1H;V1'Ufl'j~lH)fl 
..i	 ..: _I '"1!J1 ... '1!J1 Q 

!'UV.:jlJl'j)lflfll'j~~mfllffVVfl'j)lm'UV\J'U 'j).:j~V.:j!~1J &m~1J 

..i '" I 'I "'!JI!JI 'I !JI • i-I ~ .k0
!1JV1Jfll'j!'¥ltJ'U'IHlVU'U'UM b'Ufl'j~'Uvm'jtJ'U'jvtJUCll b'I1'Ulfl'j~'UVfl'l1ClV 1J~.:jfl.:j 

. .	 '" " 
i ~1 'Ulii1J rrtv1'I1'u'I1'.:j m~'Ul'UfllHH"1J~'U'I1~V~11J,j'U~V'U~.:jfl~11ijfll1mYlriqJlJlfl ~v.:j~'U 
0'" !JI Q ~	 '" !JI '" I!JI Q QIV

~l!'U'Ufll'j 1'I1n1''j 'j)ff'U!'jtJ'U'jVtlflltJ1 'U 10-20 'Ul'¥l !'rI'jl~tJ'U'I1ClV'j)~U'l1.:jUCl~U'lJ.:j~1!'jl1J1fl fll'jflfl
'" '" 

" mfllffVVfl'j)lm11v~'U 'j)~fl'j~'l11 i~tJ1fl 

2.1.6 ,y8fll11~1-31um1Ntf"'~U't'i~8 
,	 ,,'JI , 

1. fJtJmwli1 '*1 'Ufll'j flff1J~'U'I1~V fll'j !~vflliVil'j)lfl1ff~lii1iij!fffl 'I1~mfftJ'Uli'j)~'I1'Jfl 

!,j'l i tJflff1JnmYl'U flff1J'lJV.:j~'U !'If'U 'rIltJ~Vil'j)lfl i~ !fl~v.:jijmlCl~fJtJmw~Vil'j)lfl 

1Cl '11~~! ~'U ffU1J 

" " 
2. fll'j "fl,j'U~V'U'I1~V,j'l1J,j'U~V'Um'j)Vi-11'I1'lnflfll11J!fftJ'I11tJ~V.:jl'U'I1~V i~ !'If'U fll'jflfl

'" 
vJV.:jmfllff~i1imlJl~ff1J 
'I	 !JI '1!J1'" .:, "I !JI..i '1!J1 d 

3. &'U'lJW~~flmfllffVVfl~V.:j b'l11Jfll'jff'Uff~mv'U~ClVflnCllflltJ!'rIV &'I1mfllff'¥lU'¥l'jfl 

IV''"1 !JI	 '1!J1 ~ d...!JI • i d
~lV~Clfl "l 'Jflfl'j~~'U	 b'I1ClVtJ'lJ'UlJl'¥lfl1'11'Ul'lJV.:jffl'U flff1JUCl~\lfl~flVVfl tJl'U'¥l,,!fl 

1	 • II II • 

4.	 fl'j~'Uvfl'l1~vli!'¥l~'U'I1~VU'U'UU~l!ijv~.:jVi.:ji~1'Umfllff'Ul'Ufl'",h24 'ih1m 'j)~~v.:j 

" " 1'l1~ lfl 'J 1J i 1il '11' '1.11 'I1'U vv fl 'j) 1 fl~ 'U '11 ~ v 'j) 'U 'I11Jfl Vi 11'11'!11 v~ 'UU'I1'.:j ffU'¥l 'j)'U !n'U i tJ 

. " 
0"I !JI	 'I !JI "I .1 !JI i!JI 

l'rl'jl~l1JV!'lJll~l!H1m'j)'j)~'¥l1bm'UV\l'UU~fl'jll fl 
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, <:II 

"" "" CV2.3. f1qll{lUltllntJiJSJqt;yt;yln1ft 
w ll:!I ~"QI .o=:io 9Jd QI'JI.d~, 
ihJfftutUlmfY fl'el ihJ'el~mmfYU'lJ'lJ11'Unll11'Ul'YI~~mmfY'illnfl111J~'UI9l'U'YI1~'YI19l1ml 

q u u cu 

ml1J~'U'lJ~'HJ1mfY~~ t 11'ijfl 111J~'U ~~n11ml1J~'U'lJnfJ1mfYt~mrmJ t~'eltlri mJ'el'eln1tlmm~l 

tmti~ t 'lJl1d~~il~,j~1J1~m~lti'lJ;j1J,f'U mmfYt'Uti~'il~tln~~'el'eln 1t1t~mJ ..11t 11'fl111J~'UfllfJt 'U 
'" '" 

dI <!l "" 'I"'''; ~ .1 ~.., 'I 91 ""0 

,,~,,~ C)f~111J1fJmm~fffll1~-qtytlj1mfY ~'U~~'lJ'lJ"1J'el~ mmfY'YIt'W1J1J1mJ'U'il~t1J'U19l1'Y11~mn~ 

" m~t'UmniHl'U u~t'U~~'U'lJ-qtytylmfY,r'U'il~1~m~"'Hl'U'illnm~~'U'lJnfJlmfY 1~tlm~~'U 

'il~\ln"'l t 11',,~,,~t~'elfJ"l 'il'Um~~~ij~~~'lJ~ln11m ~~'Um~fJ1mfY~'el~~'el'lJ"l "'1t 11'1~m ~~'U~ 
, " 

1J1nn11ffl1J1~tlih 1tit'lf~1'U'~ t 'Ufll'WVi 2.6 Uff~~11~nnwVl'Ui1'U'\J'el~~1fJ't1tytylmfY'il~""1 t 11' 
" , . 

m11J~'U 't1~ fl1fJ t 'UU" ~~1'U'U Bm'Vj 1ti'U U~ tij 'el~'U ~1fJ-qtyty1mfYt 11'u'U 'lJti'lJ~,r ~ mmfYVi'el~~l'U 
," , 

t 'U 'il~\ln~'U 'el'eln~fllfJ'U 'eln"'1111'm11J~'UfllfJ t 'U"~" ~ tij 'elil~19l 'el'UU fl111J ~'U 'lJ n fJ1mfYViijfi1~ ~ 

n11~ 'il~~'U t 11'1i1~1fJU 'lJ'U ti'lJ N,r~ 

. " 
3U-n 2.6 Uff~~11~nnwVl'Ui1'UUH~'U,,!tyty1mfY"'1t 11'~1fJU'U'lJ~~ti'lJ~,r~ 

<:II 

2.3.1 't'iann11,h~1'U'Utl~iJSJqt;yqpmft 

,\," ~ "" 0 'I 91r:11 91 ..,;; 
( a) ~ ~tl9l'el~ 'il~111J'U19l11Jt'\J1J'U lWm'Yl1 ~ l1mC)ftln~~'el'eln'il1nfll'l1'U~fftutu1mfYt'\J1 I9ldlJ1J 

II CU'U quu 

'YI1~'lf'el~ D 

(b) trl'el htl9l'elfm~'U' tltn'el'lJ 186 f11C)f~\ln~~t.,r1'il~\ln~~ U~Tff~m.Jn'YI1~i'U 
tJ JI tJ w 1 ~ tJ 

(discharge value) tln~~'U U1J~il~u,,~ij'l11i1'UV1J'elV1 ~ fJ~'el'lJ f11C)fVi tlmi'lJ'el'eln'il1nV1JU 'il~~'el~ij 
'" '" 

.., 4.., tI ""~ 91 
fil111J~'Um'U'elml1J~'U'lJnfJlmfY fll9lmn'U'elfJ 

r:II .., I 4 r:II 91 1IJtI
(c) mC)ftln'el~ff~'el'elfl'il'Um'el'lJl11J~ mC)f'il1nfll'lf'U~fftutu1mfY'il~tlmn'U~~t'\J'1 ! fJ~ 

'U qUU IV eu
" . . 

'If'el~1H t'U fftl9ltl9l'elfijnfli'~l1i1~~~Uff~~ t 'U 1t1Vi 2.7 
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t J
 '.1 

Ie)(b I 

. . 
, QI ~ ,JQJ' , QJ ~ do QJ QJ ~ do ~ 

'I ~'11 1lm1'\.,1fl'U ~nm\PI t\PI V'I V\PI 'I 1ff1'U'I ~ '11 11-:jfi111J\PI'Ufll9f'YI\lfl'\l'UVVflfl'U fll9f'YI\lfl~\PI t'\ll .. 
do I 

t'I tJfl11 

ij\PIm1ff1'Ufll'Iij\PItl1J (pump compression ratio) 

I I 

mV'U-:j1tJ 
~ . 

(2) fll'IC]}'l'I~'I1':i1-:j"H\PIt\PIV{ti'U11t\PIV{ VlfftJtJ1~'Ut~'U19i1C]}'l'l1rlV~'U U'l~'I~'lJ1tJm11J 

~V'U1'llt'U19i1 
., ~ ~ ~ ~ 

(3) nl9fli ij\PI tYlV.,j'U VVfHn fltl1J V1'ilij1VtJ1'll~'ll'U vd 1VtJ1'I1i V1V'\I V-:j '\I V-:j !'11 'l1UVl'il.. 
~ I 

'l~'lltJt 'UtJ1~'Ulim11J~'Uff -:j ~-:j 11iflfl.,j'UVVfl1\P1tJ~ltJ ulPi'il~flfltJ1fl~'Ut.,r1 1 'llt'UM'V-:jfft\PIt\PIV{1~Vfl 
.... 'ij 

0Glfj} ~~ ttl .Qr,dtjJGltjJG)t:jJ~ QJQJ,J 

'YI1 ~'I1'll'I~ff'YItifl1'Vlfll'Itl1J'lfl'l-:j 1tiUfl ~'11 ~'11 fll9f 'U'l'lff\PI (gas ballast) 
~ ~,d QJ,d.c::l d I QJ ,J 

(4) fll'I n'\l V-:jfll9f'YI tlflV\PI'YI 9f'l\PI V'U'U'U U'l~ 9f'l 'I~'I111-:jU 1'Ufl'Ufft\PIt\PIV 'I.. 

.. 
t11J'll'I~flV'U~1tJ 1'l'l1~t~'U'I'll'YIHm~'UVflfl'l1-:j t~tJfli1 lIl\J'll\J'l01 (stator) flltJt'U.. 

'YIHm~'UVflfl'l1-:jijtt'vi-:j h'l1:;:nJ'YIHm~'UVfl'l11J'U 1~1\P1tJ1JVt\PIv{1 wrh t~tJfli1 h!\J'I01 (rotor).. . 
Ufl'U'\IV-:j 1'I1\PIV{V~t'U~ltl'l1U-:j~'t11 tM'~'UU\PI~~b'\lV-:jfft\PIt\PIV{'VlV~ ij'liV-:jM1-:jtVitJ-:j 0.001,11 . .~ 

'U1m.uliu\PI~~1~1'U'U'UUt~tJfli1 top seal rotor 'il~\lm'il1~t~'Uiv-:jtYlV~\PIU1'U (van) 2 ij'U U1'U 

2 v-uil 
~

'j)~~n~-ujh(HnJ; ~ 1Y( H~~ti1Jfhm'IL~tJ{'HHJfl nm 



11 

r
 
1 j
I 
I 

UI.·'Mi""'l1~1",f-1 

'~f.'fF:"IIwar)lil 

• g 

3ufi 2.8 tl""~~'I1i:ltltll'i..hnlJIU'l~ri1'UtJ'i~m),IJ'\J{)~;hJ~tytyltllff 
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Jj 

.	 ~ 

2.3.2	 't'I'lhfrj'~qtytylfl1f'1 l1UltJl~fiutJ1J1,*1~ri1f1111JlrJU ~qjtlJlfllffflfl UltJ'i fl'Yl 

",.d 19101 <;"" ...9. 1 91 91.d 1
(Mercuy-inHg) ~~fll~'Yl 2.9 llff~~ l1tl1U1.J1 ~ 'i1Jl\Plm"Jj'~lJ'i:f1fll.J~ltJl1"fl~tlfl1'YlflltJ uQf1~~ 

mfllffflflf1tJ"ltJiI~ ffl'Wflf1;{l'W",,1~lil~ 111'~1J"~ 1tJ1 'W m"Jj''W:l.Jn ~tJ 'i fl'Yl~lil~ ~l.Jn tIlfllff . 
flltJU flf1f1111J ~'W 11 ~ flU

~ 

1M 'I!f1fi lfi~ 'il1f11.J'i 'i tIlfllff'il:~tIltll1Jflflf1tl 'i ~m:ihnl.J ~111 i11'11fl~tJ'i fl'Yl 
'J/ I 'J/ tI'" 1Y... 1 91 I 'JJ !to' .e:t. .c:I Q,I 0 Q,I Q,I.c9 "ly

1l":~'W l1lJ'ifl'Yll'lll~l1"fl~llfl1~~"fl~tlfl1~~ 29.92 'Wl (760 1J1J.) 'Yl'i:~1.J'W1'Yl:m~~'W'W'il~ ~~ 

ri11Jl \Pl'i j 1'W 'II fl ~ ri1f1111J~'W 1.J 'J 'i til fllff~'i:~mi1'Yl: l"lrJ 'W 29.92 if1 tJ 'i fl 'Yleit~ 1mtJ1.Jlii tJl.J 11UltJ 

91 .1. '" .. ~ 
lml1J1\Pl'ij1'W'W'il:l'Yllf11.J 14.69 tJfl'W~/\Pl1'i1~Ul 

q~'y"""-H" Z~:Ju~~ ,.""m\,.. '" 
! I 14.7 't1~ufl'it'l1'Jnij1) 
1 f 

,1

1'Wfll~~ 2.10 1;{mr~~1,f1'"'Wfll'iltJ~tJl.JliitJl.Jri1f1111Jltl'W~i\!i\!lfllff1'Wl1Ulmh~C']1~tJ 
I	 " tI r 

ii~~f1111J~'Wl.Jntllfllffijri111l'W 0 UltJ'ifl'Yl (14.7 tJfl'W~/\Pl1'iuih)1'W'Yll~f1~l.Jn'Wfi~~~1~V~ 
~ .
 

o	 tJfl'W~~fl\Pl1'i1~UTff1J\!'iW (Psia) 'il:lrJ'W~~iil~tJf1';h~i\!i\!lfllffff1J\!'iW (Perfect Vacuum) 

ffl'W1Jlml~11.J'W11i11t1~'IIfl~lf1~1~f1111J~'W'il:tlff~~ri1f1111J~'W~ 0 1l~1'W'i:1.J1.J 
~ . 

~qji\!lfllff'l!'W ijri1f1111J ~'W 'il ~ 1P11f1';h 0 11 ~flijri l"l.Jeit~ltl'W ~ltl ff~ ~f1111Jll\Plf1~ln ::l1i1~m ~ ~'W 

'i: 1.J1.J ~i\!i\!lfllffn1.Jll 'i ~~'W1.J J 'i tJ1fllff 
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II 

() ;;m-Juf;"\;HI\!1 ry....-::._-----,--­
roo'; (mmHg) 100 

r--,--L l-...L..--L--'_-L-J L .........l ....L__L-.L l_ L ..J. ....•• l --l_L-J......-.J
 

E~ t'j~ lOX· '1O~ 

.l.-..L..........l--l....'-...L........-lI•.._ .•...L_"_J~.u'".J_i ...
 

- t (, ., >:. IE
 
f--l-~ I ! !
1..1- -,-I-J.-I-LI--L.......L.....L....J--L-L.
 

-O.t IE 
, I 

., 
ri1'Ufl11ll~'Uffll\!~cl't-u~~'lJ'lJq'tytylfl1f1 (Absolute pressure) t'Ul1tl1fJ,jtl'U~l9itl\9lnl,rU1t~'Ufh 

Q,I do I Q,I d' Ji oe:t 1 I Q,I Q,I 'Q,I 
fl11ll\9l'U'VI,,!.:.!fl11~\9l"!tytylfl1f1ffll\!~W C1f.:.!llfllt'Vllfl'lJm .:.!\9l'U'lJ~~ mfl1f1 fllfl11ll\9l'Utfl'l ( l4.7-Pg) 

~.c::I I 1 a.c::l a rI It] Ji ~ -etGJ iJQ,I IQJ 

'Utlfl'llfl'U'Ulll1'U1fJ1\9lfllq'tytylfl1f1tl'U "l tlflfltl 'VItl~ (Torr) U€1~ ~llfl~tl'U C1f.:.!tlJ'U'VI ~G)f1\9lfllfl11ll 

t~'Uq'tytylfl1f1~,,!.:.!lllfl fitl tfltl' "l ~\9lq'tytylfl1f1ffll\l~W m1.:.!'VItl{ihlwvhnlJ 11760 '\Itl.:.!~lfl11ll 
, . ., 

~'UlJ~~mfl1f11J1\9l~il'Uri1'U'Vitl1fJfiv.:.!t~flf).:.!fl';ht1flfl~fitl 1 1llfl~tl'U (Micron) t'vhnlJ 0.001 '\Itl.:.! 

. 
cI .c::I I QI 

V111HfI 2.2 Uff\9l.:.!fl1~ ~'VIfJ'lJl'I'U 1fJ1\9l'\ltl.:.!~~'lJ'lJq'tytylfl1f1 

I"" '" fl1~ ~ 'VI fJ'lJl1 'U1fJ1\9l'\l tl.:.!q'tytyl fl1f1 

., 
TorrN.m"', Pa barmbarUnit 

., -3lxlO-2 1xlO-S 
7.5x101 N.m'" (= 1 Pa) 1 

1x10·J1 0.751 mbar 100 

s 3
1har 1xlO 1 750lx10

133xlO-3
1 Torr 1133 1.33 

~ ~ ~ 

" ...Of "l, .......Of d~

2.3.3 flll1J111'U1J (Pump speed) 't'i1Bfll'U1lYl'UB.:.!'U1J (Pump displacement)fl11llt~1lJll 

f11'U1W 1~'llfl,j~lllW '\I tl.:.!nlC1f~1 ~t\9ltl{fl11\9l1,j11€11fJ~tl'lJl9itl'Ulfi ii''Ufitl ,j~lll\9l~'\Itl.:.!fl1~~\9l 
~ . 

(volumetric displacement) x fl11llt~1~tl'lJ'\Itl.:.!;]ll (rpm of pumps) l1tl1fJfit,*fJ1'lt~'U l-s-' l1~tl 
~ ~ 

m
3_k' ~1tldl.:.!t'lf'U ;]llfl€1 h\9l1~'\Itl.:.!'lJ~f1'V1 Edwards ~'U EDM-6 iifl11llt~1;]llff.:.!ft'fl 6 m

3 -hr"' 
• OJ .~ 

di d;1.l '''' 
C1f.:.!fl11ll ~~ 1lJll 'l~'\I'UtlfJfl'lJ 

OJ 

(l) G)fijfl'\ltl.:.!nlC)f~til"'.:.!~lltltlflnlC1f~ii • 1\9lfJ~1 1,j1llt €1fl €111,rfl'ldh t M'fl11llt~1~ll€1fl€1.:.! 

1J'fl'l~ t ,*fJ1fl1f1l'I~tl 1'U 1\9l~ t'llH~'UnlC1fV'l.:.!~.:.! t'Ufl1~'lJtlflfl11ll~~1~ll 
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JI 

Q;:l.r IQl ""' ~.el,,,QI QI 

(2) f1111Jt':illJ1J'\J'IH)~fl1Jfll11J~'U'\J fl~.fl1"lfU~~qjqjlfllff '11 ':iflfll11J~'U'\J fl~fllttf't1'll'fl~t'\J 1 

~1JflC1 f1111Jt~1~1J~~iifhfl~~~f1111J~'Uff~ H""1C1~C1~~rlfliifll11J~'UC1~~1C1~ 1'Urijjflfll':i1~~1J.. .. 
~~1J'flUff~~fl':ilvJ'\Jfl~f1111Jt~1~1J~f1111J~'U~W'l tl'U 2'lJ~ 2.11 Hff~~f1111Jt~1~1J'\Jfl~~1JflC1 h\9l1 

.c:I 4Clto QI , I QI d I a 1jJ~ QI <I 3! ... 1 d 
':i'\Jfl~1Jnl't1 Edwards ':i'U EDM '\J'Ul~\9lW'l fl'U ~~l'I1'Ul1~1Jfl 'll'fllttf1JC1C11ff\9l (tff'UlJ':i~) f1111J~':il•'" . . 
;]1J ~~ C1~ C1~fiml1J~'U ~1 

-
.I: 

E t- ------J~rr-b~~;:;;;;;:;~=;;;;;;=:JlOb-
"0: 
D­
III 
~ 

~ 1 ~---+---:..,,-t!.+--l-4~::':--+---+-~-+---+---=I 

10.3 

. '" _I"'" Q ""~ QI

1lJ'YI 2.11 Hff~~f1111Jt':illJ1J1Jn:l'V1 Edwards 

, I I rd , ttl 

fI l11J~'U ~h~~ 'I11J1Uil~ f1111J~'U ~l~~fi1J i nw 'lffl~f11ttft,rlt11Jfitl1Jffl1J1':i (l't11 1~ . ~ ~ 

H~.fl1tJ1 'U.fl1'll''U~ "!qjqjlfllffm~ ~~ 1~ ffl1J1':i (l't111,riifll11J~'U ~1~~ 1 ~ 'l'i~ijt'V'l':i 1~,rfl ~fl~lfl 
ttl rd. rd rd 

.fl1'll''U~1 'lJff~;]1J~~C1~'lJ':i~iYvJTI.fll'V'l'\Jfl~fll':i t11Jml1J~'U~lff~'\Jfl~t11J ~~H'lJ ':i 1 'lJ\9l11J'\J'Ul~'\Jfl~;]1J• 
SI rd I rd 

H1J1J~~'I11~t~tJl'11~flfffl~~~'I11~ t111J''Utl1Jfi1~ ~lfl~l~t'lf'U t11Ji'U EDM-12 '\Jfl~1Jil1''V1
• 

Edwards ~~1,rfll11J~'U~1,,!~ 10'4 torr trlfl1~1~f11ttf,jC1C11ff~UC1~ 10'2 torr trlfl1~f11ttf,jC1C11ff~ 

~1J~~ 1,*nC11";1~'I1t1'l1'U fll':i~1Jfl1'll''U~ 1,riiml1J~'U C1~C1'l ~'lUff~'l 1~ 'Ufl':ilvJ':i'lJ~.. 
cnl 1 • rd SI 

2.12 "h'l1i'1Jtl1J~~'I11~~~tJ1UC1~fffl'l~'l'l11~ nC1lfi1~1'Ufll':itl1JC1'l'l'i'l'l11J~ (total pump down 

time,T) 'I11'~~lfl 

T = SFxV 
(2.3) 

. '" ~ 

T = nC11fi1~1 'U fll':i t11JC1'l'l'i'l'l11J~ 
Q '" 

S = f1111Jt':il;]1J 

_I"" ""' 
V = lJ':i1J1W'\Jfl~.fl1'll''U~fftutulfllff'l1':ifl':i~1J1J..... 

'" , 
I 0 ~ lIJ" _I""

F = fIl~l~'V'll~lJ1JC1~ (pump down factor) '111 !~~lJ't1 2.12 
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]I 

..
 
fidfl~l~tll'Jfil'\.nw ~lm'lfwdhJ~~lfl'J 60 ilfl'J fi'mtll'Jil~i11t'H~flf1dl~~'W 1 torr mfJi'Wmn 

s = 
FxV 

T 

'illm,j~ 2.7.. 'il~'~ F = 7 

~~J'W S = 7 x 60
3 

~ 140 
-

I-min' I 'I1~fl 8.4 m 
3_hr' 

l 

1000 

100 

... 10
2 
" 
CII... 
::J 
en 
III
 
CII
... 
a. 

1.0 

1 
Single stage 
pump 

0.1
 
2
 
Two stage
 
pump or
 
combination
 

0.01 

, 
11., 
~ 

,, 
\ 

11. 

\ 

\ 
... 
I ­ ,sl 
~ 

'"

""" 
/2 

"­ l.' 

~ 
o 2 4 6 8 10 12 14 16 18 20 

Pump down factor F 

3t1~ 2.12 Uff~~mTY~ Pump down factor F 

2.3.4 tltlmoil~f1l1'jJ~U m'J~'ill'Jwlfl~fi',j'J~tlfllJ'I1~mj'm.!"~I~fJdtilJ~,jmW1~~~if 

(1) 'l1d~f1dl~~'W~1~'~ m'J'il~mfllJf1'J~ml~~'W"1'tytyltllfY~fi'fl~tll'J1~ ':h1~lJWt1d 

'il~lh~l'W~f1dl~~'W~lmtl 1'lf'W 'I1d1~ltl'il'flflfl'W''WAC}f<i'W ~li"*1~f1dl~~'Wff~tl'.h 10'3 torr 'I1d1~.. 
'il~GJfll~ 'J~lJlJ"ltytyltllfY;~JJtl i'l1'11d1~ 2 UlJlJ flfl 1~f1dl~~'Wi'W'l1d~ 760 - 10.

3 
torr GJid~'I1d~ 

U"~~ltl';h 10.
3 

torr ~tlGJid~'I1d~ 
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(2) m11HI~lfltlfl'llmffltlflifl fJ1Jmwiflm11J~'U'Hfl1t1U'U'U1I~iflfll11J~'U~~1'Ul'Uffltlfl 
I "" iI lrJill I <!i li11 ... 1I)iI I_I"

log ufl~m'Uffltlfll')j'.:Jlff'UflH ~fl 'U'UH'lfl.:J fJlJmWtll.:JU'U'UlI.:J ')j'm'Ufll11Jfl'U Lfl~t1H'HtI1'U'1ltlll 

1~~~'U 1 'U1Clfi'U ff11Jl'Hl~1'U 1'U ffltlfll'lf.:Jl~'U 1~ 

(3) m11J1 l~~ti'lClfrl1J ~1Jmwiflfll11J~'U 'H fl1ml'U'Umfftl'H~tltll';jU 1fll11J~~'U'll~.:Jti'lClf 
.a Q,I ~ Q,I ~ .a 

• 
j/Q,I ~ 1 Q Q,I ''jJ "I I Q,I .t:S 'jJ 'fJJ 

'H';j ~tll';j Ufltlfll'll~.:JtllClf fl.:J'\.J 'U11J~ 1'lftl'UtllClffl1.:J'If'Ufltl'U 11~ 'Hfll11J l1fl1.:Jtl'U lI.:Jfl~.:J'YI';j 1'Uf!1Utl 

.a I lC:! ~ I 0' ~Q,I gJ"l .a fJ/
'H';j~f!11m t1'Ul'YItl'U'll~.:JtllClfflH '1 fJ1Jmw1J';j~lfl'YI'U1Jtlll~ 1'If L'U ifl';j 11l'U'H';j~mtllffU'H.:JlJlfl';j j1'U 

I ... _I..... ... I li1 
f111Hfl2.3 fJlJmWlflfll11Jfl'UUfl~'lfl.:J')j'.:J1'U 

760 - 1 torr
 

760 - 10 torr
 fll ';j 1tJ~ V'U 'll 'U1fl'llV~ 111 'Jj''U::ilfl111V,~f1111J ~'U 

760 - 20 torr 

5 - 0.01 torr fll11tJ~U'Ull1Jfl~t]W trfllJW::~ff'lf1f~ ',~~1 1rlVf1111J 

~'U1tJ~V'UUtJfl~ 
Q .. 

lfl~U1Jf1f1 fl11fl 10 - 10-6 torr 

iI ... ,d 0 iI'" '" 1fl~'n';j1'U 760 - 10
-3 

torr f1111J~1'U 'YI1 'U 'llfl fl1fl1u fl V'U ~ 11J fl11 'U1f1111J1V'U 

• iI ~ 

1fl~l'YIV fi 1J ri111il fl 760 - 10-3 torr fll1'U lf1111J1V'U'llV ~ fll'll
 

Q -2 -6
'" lfl~l'n'U 'U ~ 10 - 10 torr 

-3 -IIlfl~1vvv'U1'U1'llci'U,11 10 - 10 torr 

WI i'YIfl~V'U 

1fl~llVfl~lmV'U 760 - 10-3 torr 

lfl~1Jl11~1V'U 760 - 10-4 torr 

v 
2.4 lt1~aUmmU,. 

d il1I)iI '" ~ ... "':"1I)-1"'1i1'" d ''''''' iI ... I

!'Hfltltlfl1 L';j ff'U1J llJ'Uff'n'YI'YIl LlJ'YI ')j'l';j t1tll'Hfltll'Utlfl1J'YI1Jfl111Jfl1'U'YIl'Utll';jtlflm~'U• 
?I i I d .. ~ I • I '" • I'" .. ~ 

,,!.:J fflfl'U m ffllJ'U fl'H~ ~ff1JJ ~'Hl1.:J!'Hfl tlU fl~f!1';j 'U ~'U Clf.:Jffl'U lJ';j ~ tl~'U lI~1JlJ';j 1J 1Wf!1';j 'U~ 'U \Pl1 

tll1 1.2% ijlmlijtl1Jl~'Uril'\.J~ff1J'H~tlmh.:Ju~t1~~fl1J';j~1J1W10.5% 'H~~1J1tltllnhl'11'lnfltll';j 
iI~" 'i '" 11)" '" '" , '" 1I).dff';j1.:Jl'ffl1J Lfl';jl1Jtl1J~~tl !Clffl (chromium oxide film : Cr02 'H';j~1';jtlm1 passive film) 'YI1J~.:J L1J!'H'U . ~ 

Q I I.c:!..c::. j/ 0 19J d 'jJ.Q fJ/ Q,I I ~ "", I _'4 .c:! .c:! 

ltll~flflU'U 'U ~~'YIm'H'U 1'Y1l 'H !'Hfl tltlfl1 1Jfl111Jfl1'U'YIl'Utll';j tlflm ~'\.J l'ffl1JlJtllJ~.:J'U1I~1Jfl111J'U1.:J 
~ ~. 

l'Yitl'Ul'Vhti'U11.:Jm~fl11J 1 U~'U'U'U~tlff.:J 20 ~'U ti'lYl"1Jfi~1'HUTU'\.Hltl't11fl1t111l11~ltlUHtlfl 
~ ~ 
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ffl'Hflihf ~ m)flfi~t11 'U ~ii{l~hnJ'i·H.J1f11ff tt,j'~ 1'U1'U,rmJUfll1~t.,j'l'vhtJ fitHtlltl'IJ1m tiitJ1J fff1-:1 

~.. 1 "" ~.. .1 1 I '" '" • I '" "''''1'JI • I 11"1J mt1JtJ1J{ltlfi ~C}ffl 'YIfltt'YI'U'tJ'U 'H1Jfl1tJIPl11J'UW-:I ffttlPl'Umffff11J1'itllJ'i'IJlJ~-:lfJWff1J'lJ1Pl 'Uf11'i 

"" ",,,,4.d 'JI 1 'JI .1 ~ 'JI1 ..: I 1 "" 
~l'U'YI1'Uf11'ififlfi'itl'Utt"~ff1J1JIPl{l'UG"]'YIlPltl-:lf11'i 'H'Q;-:I'tJ'U ~f1 f1tJf11'it~1J ff1'UHff1J'tJtl-:l mt1JtJ1J 

tt,,~t~1J1i1IPJ~'UG"]tGJf'U 11J~'IJ~mr1J uf1tn"tm~ 1'U 11Pl'itl1'Ut.,j'l1tJ iitl~1J1fifil1 60 'lfUfI ~1tJ 

fJwff1Ju~~111t'Hij{l'U 1m 1'l1'U tJ1fi~{lf11'i~'UffU1Jtrltlt'¥itJ'lJtl'IJ 1"'H~'H~{llfffJ'lfUfI~'UG"] fll 
o QI ~ 1 ~ J ... 1 1fJ1 'jJ I QII 

'I.J1~ -:lm'l:J11Pl1tm~-:I1tJIPl tlf11'i t'l5{11Jtt"~f11'i'tJ'U ~lJ 'i~ tJ~t1mf11'i 'If-:l1'U fJ1JfI1fi'IJ'i 1f11 tt"~ff11J1'itl 

,hm;'IJ1J11,*1~~-:I'H1JfI ~-:lfh 1lfffttlPl'Ut"fftfl'U 1"'H~~'YIHflW~l f1Wff1JU~tm~tJ'i~ 1tJ'If-ui~fftltJ 

~U:Ufl~ltlfl 

2.4.1 'lrU~'UtNtTUVlt.\mt'l'U'lj.:uu'U 4 'lrU~'HNfl , 

1. tfi 'i fI {I tl fftlPl U~ fi (Austenitic) tt11 t'H ~ fIf1f1 1 11 ~ fI 'U tl fi 111 fiff1'U Hff1J 'IJ {I-:I
OJ 

1m tiitJ1J 18%tt~1 iJ-:liiUtn"~'l11tJt~1Jf1111J~1'U'YI1'U f11'itlflfii{l'U ~fi~1tJ 'lfUf1{1tlfftIPlU~f1trl'U~ 

UtJ1J i ,*mh-:lfi~l-:1'tJ 11-:11J1fi~~f1 1'U'IJ'i'ifl1ffttlPl'Umff~1tJtl'U ff1'U tl{lfftlPlu~fi~ii1 m tiitJ1JHff1Jtl~ 
.dI '" '" .dI '" "'~ o.'1iJ 'JId ",.k i 'JIi

'Q;-:I 20% m 25% tt"~'Uf1tfi" 1%m 20% 11~ff11J1'itl'YI'Uf11'itf1f1tl{lfiC}f~f1C}f ~f1'Y1fJW'H1J1J'Q;-:I C}f-:l 'If 'U 

ff1'U tJ 'i~ fi tl'IJ'IJ{I-:ltIPl1'H" {l1J 'l'i ml1f1111J!{I'U tt"~ttH'U n'U f1111J 1!{I'U i 'U tfl~ tl-:ltJ'U \Pi' l1~t~ tJfil1 

d 'JI ~'JI '" '" 'JI 
t'H"fifi"l ~'iff'U1J ')J''UfI'YI'Ufl111J'i{l'U (Heat Resisting Steel) 

2. tfi'ifltvJ{I{1~fi (Ferritic) tt11t'H~fi~f1~f1 iiff1'UHff1J'tJtl-:lfl1{'IJ{I'U~1 tt,,~ii 

1mtiitJ1Jtrl'Uff1'UHff1J'H~fi fl{ltJ'i~1J1W 13% 'H~{I 17% 

3. tfi'ifl1J1{t'VI'U~~fi (Martensitic) tt11t'H~fiflfl~f1 1f1tJ,t11tJl1~ii1f1'itiitJ1JHff1Jmj 
OJ OJ 

12%tm~iiff1'UHff1J'tJtl-:lfl1{'IJ{I'Ui'U 'i~fi'IJtJ1'Ufi"1-:1 ~mJ1 1tJi'*lllff{l1J iifl tfl~{I-:lijtll9ifl tm~ 
4 ... '" 4 .k 'JI "'''' 1 i ~ 'JI .dI I

tfl'itl-:l1J{l1ff1fi'i{l'UG"] C}f-:llPltl-1f11'ifJWff1J'lJlPltfl'U 'U;I1'U f11'i1Pl1'U'YI1'Uf11'ifffifi'itl'U tt,,~ fI111J 

d 
tt'IJ-:lUH'YI'U'YI1'U 

G .. I d '" ""1 'JI I • .1 11IJ ..
4. tfi'ifl~t'VHlfiC}f (Duplex) tt1JA'H"fi~f1lPlfl1J f1Hff'i1-:1Hff1J'i~'H11-:1111m ~'ilPltm~ 

lit tid. d. I Clto.Q d.Q JOI 0 'jJ

{I{IfftlPl ~'UIPl1J 1mt1JtJ1JHff1J{I~tJ'i~1J1W 18-28% tt"~'Utf1,, 4.5-8% A'H"fi')J''UfI'U1Jfi\!fi'U11tJi')J'-:l1'U 

.dod d 4 _it QI Clto 9J.Q QI' d .QI 

'YI1JfI,,{I'i'U 'Q;-:lIVWlJ{I-:lfi'U1J i '!1tfiflf11'ififlfi'i {I'UU'IJ'IJ~t'tJ1J (Pitting corrosion) U"~'lf1tJt~1Jfl111J 
fj/ QI I .d~ fj/ QI a QI 

1Pl1'U'YI1'U f11'ififlfi'i{l'U 'YItlJ'U'i {ltJ'i11{1'Ut'U tl-:l1J1111fiUHfiflfl'U (Stress corrosion cracking resistance) 

A'H~fifi~l'lj'IJtt~-:ltt'IJ'lJlPlfiH~fi (Precipitation Hardening Steel) ii1mliitJ1JHff1Jtl~ 17 % tt"~iiutn,, 
~ 1 "" I'JI 4 d ",.,r d ~:!'<I "".dI

'YItl-:lttfl-:l tt,,~ ~'U m'IJtJ1JHff1JeJ~f11tJ t'U{I-:l1l1f1t'H"fi'lf'UfI'Uff11J1'itl'l1'IJtt'tJ-:I ~f1 ~'UfI'i11tfltJ111-:l 
~ . 

A'H1J1~"h'Hi'mhttfi'U il1J 11111'ti'1 tm~ff1'UtJ'j~fi{l'IJ'tJeJ-:lmf11fftll'U ffttlPl'Umff ff~" l1utJ1Ji'* 

~ llL.. la .Q a"Q-Q ~ Clto ~ d fJ/lt(fJ/ Q .d" I QI 

'YI1 ~lJfI{I {I{IfftlPl'Ufi tm~tvJWJ'ilPlfi C}f-:lflfltlJ'U 95%'tJ{I-:lA'H"fifi"1 ~'iff'U1J 'YI1'1f-:l1'UtltJi'Uill1l1'IJ'U 
OJ • 
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...... 
2.4.2 fJt'Ua"~'lJ\JI'YIHmUfll""'U8.:Ja"U\JI"'UiUT 

trl~ ItJi tJ1JIVitJ1J ntJ'rff~tJ'.i~ Ifl'YI ~ lml1Jl1'U 111'll 'U ~.:l,m .:lffll~ 'UlClffll~ fl~ 1.:J'illfl1'ff~~1 oN 

iii I j1 a I d l.r] CJJ Q,I iii I QI.c:::. d QI j1

I'U fll'.ifl~ff'.il.:l~'U"l ~tJ1.:lI11'U IfI'lffl I'U ffl'U'tI~.:ltJW ff1JtJ~lflfJlfltJml1J'.i~'Ufll11Jffl1Jl'.iO 'YI'U 

" .,." '" .1 '" ml1J'.i~'U'tIfl.:lffll~'Umff1J'tI~ff.:ltfl~ 3 lJ'.i~fll'.ifl~ 

1. fll'.i~ij'ilflm'~1JI11Cllff.:l vh1»ijflmlf1111J~tJ~ IrlfllVifJtJntJlC]f'.iliJfl~. . ~ 

fJWl1fJiJ~lfl';h 1,000'C 

d.,. I 0 " '" .1 0 'I " d 'I "'I d2. fll'.i'YI1JfI1'Ulml1J'.i~'U'.i~fltJlJl'UflClN 'YIl l11ffl~'UlClffl111J1~'YI'il~ I'll' 1'U.:ll'U'YI 

~f).:l'YI'Ufl111J~~'U (f1~'Ul'Yl'UI'W ~1) l1if)~f).:lfll'.itJW ff1J~~h:hml1J~f)'U 1${~ (lfl~~.:lcilfJml1J~~'U) 

3. fll'.iij~ lff:j.JtJ'.i~iY'YIffll'.i'tltJ1fJ~l'.i~~tJtJl'U flCll.:l ~.:lffl1J1'.iO 1'*ml1J fJl11J1fl"l 

1~ lf1fJ1oN~11~f)1JU~fJ (1'lf'U iWfll'.ivhm;.:lfl1) 

fJt'Ua"~'Iffh;s.:Jfl't1'Ufl.:Ja"U\JIUU1a" ffl~'Umff 1flfJ~l 1 tJ 'il~ ijffl'U Hff1J'tI~.:l111~fltJ'.i~1J1W 
.d 0 GI CJJ.cI QJ.e::t. c:I .d 0 QI .... I ad, iii d 

70-80% 'il.:l'YI1 I111JflWff1JtJ~'tIf).:lI11Clfl'YIfflf1W 2 lJ'.i~fll·Hl~ ml1Jll'tl.:lllCl~f1111JllflH 1'U~l'.il.:l'YI. ... 

2rl' 1~'U fll'.i Iill fJtJ tVifJtJ f1W fflJ ,j~I:jf.:lflClntJ1'fffl'lfiifl ~'U 'il~l if 'U1 ~lwm lff~fl~.:ll~'U l'fffl~iifJ1J1'* 
• q • 

ti'U~dl.:lfl~1.:l'tll1.:lijfll11Jll~.:lIlH llCl~ l1JfI~ff ml1J~fll1~'U~l ffl'UIC]f'.iliJflijml1Jll~.:lIlHllCl~ 
~ . 

ml1Jl11ijf.J1~ .:l1l~ijfll11Jllfl'i ~l1i ~f1111Jffl1Jl '.iOi'tJll'j.:l m~ II'YI fll fI fJ 1,jll~ fl'I1fl~l ffl~'UlClff'1 »~1 . ~ 

Vit~'Uflm.:l'tlf).:lVl.:lfll11Jll~.:l f1111Jllfl'i.:l llCl~ml1Jt11'UfJl 
, 0 '" .e::t. .cI I 0 jJ 

tllfll"1Ultlll~'nIU(Thermal conductivity) ffll~'UIClff'¥Jfl'll''UfI'il~1Jmfll'j'Ulml1J'jf)'U 

~lfll1111~flml'lf111tJ~'U [carbon (mild) steel] 1Jlfl ffll~'UtClfflmfl~ijffl'UHff1Jlf1'jlijfJ1J~dl.:l 
.ct. • • ~I 0 Y .e::t.,Q.el1 0 jJ

IflfJl (p1am chrommm steel) 1JfI1fll'j'Ulml1J'.i~'U 1/3 IICl~lmflf)f)ffl'YI'U'U~fl1Jfllfll'j'Ulml1J'j~'U 

d CJJ 4' 0 '1 c;Jd , iii CJJ d .e::t. 1.c:I I .... 101:::.
1/4 'tIf).:lI11ClflflCllf11'jtJ~'U 'YIl l11Jf-lCl~~fll'j I'If.:ll'U'YIf)Wl1f1lJff.:l t'lf'U1JHCl~~fllHntJfl1JlJ'j1J1W 

q lU lU q 

"" . l"j" 'I" " ~ .1 "j"ml1J'jf)'UI'tll (heat mput) '.i~1111.:lfll'jI'lffl1J, ~~-3 111f1111J'jf)'UllJ'U'j~fJ~nCll'Ul'U'tI'U 11Jf)~fl-3 

o .1 .1" .
'YI1-31'U'tI'U~lJ'j~'U (hot workmg) 

d • 
Q,I _I oiQ oiQ QJ .cS.ct. , ,..cI 
a"~lJ"1~tI'YIfjfll"1'UmU\JIl(Expansion coefficient) ffll~'U ICl fflm fI'YI1Jffl'U Hff1J If1'j t1J fJ1J 

f)dl.:ll~fJl ijff1JtJ'j~iY'YIffll'j'tlfJlfJ~lf1~lfJntJt11~flfl~lf111tJ~'U ll~tmfl~~ffl'YI'Uii~fl'il~ijfflJtJ'j~ 
Q 4' Q,I I d jJ t:I I ci do QI ,.ct. I 0 

ff'YI1ifll'j'tltJ1fJ~ 1~.:lfll1111 ClflflCllf11'jtJ~'U 1 l'Yll fll'j'YI ffll~'UIClfflJfll'j 'tI fJlfJ~ 1~ -311~1JfI1fll'j'U 1 

'JJ ~ '1 CJJ CJJ _'t QI Jt .c:I.d .c:I .cd '1 ".''''0 If1111J'j f)'U ~ 1'Y11 11 ~~.:l1111J 1~ J fll'jlJ f).:lfl'UI'V'l f)11 ClfHCl fJ.:l HCltfffJ111fJ'YI~ l1J1J It 'If'U 'lflJ'j1J1Wml1J 

~f)'U 1'Ufll'j 1~~1J~1 m~'illfJml1J~~'Uf)f)fllf1fJ '1 '*llvl-3'Y1f)-311fl.:l'j f).:l11~.:l fll'j~tJfjflil~-3n'Ufl1'J'Ufi 
~ . 

-3~ 1J'il~fJl11 cilij~~-3-ri'ill'jW lfll'j1'*.:l1'U 'il1Jn'U'tIfl-31'fffl
q 
t'lf'UvlmmfHtJ~fJ'Ufll11J!~'U (heat 

I .1"''' " ~ ".. I ~...... "exchanger) 'j ~1111-3llJCl f)fl IfI H ff'j 1.:l 111 ClflflCllf11'.i tJ~'U llCl~'YI ~f)f)ffl'YI 'U 'U~ f1llJ'U ~'U 

tlll~pY1U'YI1Um"1ftVlfl~8U fftl~'UIClff'YI'U~ f)fll'j nflfl'i~'U1~~ lCl11~'YIfl'lfiifl~l1tJ'il~'th• 
• 1"''''''' '" ... 'I ... ~ ~I" 11)..... ,. '" 1IJ" d ... ... ~ 
lJ{JmfJlfltJ~f)flC]fI'il'U l'UtllfllrY tflflllJ'Ul1Cl1Jflf)fllC]f~tJ'Uf-ll ICl11~ 11'jflf)f)fl IC]f~ 'YIlfl~tJ'UHlI11Clfl 

li'111J 'l~Yh1J6n;tlluutlGi1f191 H"~l'hl..rlnf1Um'V'l~'W~bm~tl~tl'iu'W ~1111;t1tll1 In 'Wuihl H~ 
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ffU~lH(;1ffij1 m tihnmff:Uijd 10.5% ~'U'tJ vh1,ffJW ff:u,j~'\Jij~VJ~:Uijijn'Clf~1J'Ulf'U~b 
ttJ~tI'UutJ(;1~,tJ n(;11m1j'UVJ~:utJnilm 'H1ij'Wmffelf~t(;1wij1 (Passive Layer) ~l'H1jij'Ulml~ 

ilij~n'U m1n~n1ij'U~~tJ11ntlm1Wifiitln11 'Wlffelfii (Passivity) VJ~:utJnilij~if~~ij'\J'Ul~1J1~ 
" :JJ1n (ffl'Hi'1JU~'UffU~'Umff1JN'\J'Ul~ 1 :U:U. VJ~:U'H1ij'Wlfftlf~ mWij1i1 ~~ijfr:I1:U1J1~lVitl1Jl'yhn1J 

11~m~~llJ 1 U~'U tJ'U~nff~ 20 i'U) U(;1~:Uij~~lttJ~1'~n1'UVJ~:uif~~lm~~~utl'UU(;1~Vhmrl~.. 
" tJnil ij~ffu~'Umff ~ lnm1ti~n1ij'U 't1~:U1(;1 mmll'tJ~i;~utJ1 ~tJ'H1 tl1~~ l'U 1'Uff fI1'Wt'H:U l~ff:U 

lrlmfi~ijm1;j~ ,h'U VJ ~:utJ nil ij~rl'~~ff~l~~'U1'H~' ~tij~~ (;1ij~nm fl11:U fl~'Yl'U'\Jij~'W lfftlfffm 

o'='t~Q,I gJ Q,I ;fQ,lJ 'Go'QI I 

Wij1 llJ'UlJ ~ ~tI'H (;1 n'\Jij~fl111J~ l'U 'Yll'U mm~ m ij'U '\J ij~ ffU~'U t(;1ff 'U ijn~ In'U tI~'\J'U ij~n1Jfffl1'W 

m1ti~n1ij'Utl'U '~uri fl11:U1 'UUH '\Jij~tJBmtJ1ijijnelf'~CJf fl11:ut1j'U m ~tJ1:U1W ffl1(;1~(;11t1fl(;1ij 

'1~ U(;1~fJW'HfJij 1~tI~1'tJH~1m1l~:utJ1:JJ1W 1mlijtl:U~~'lhm~:Ufl11:U ~1'U'Y11'U m1n~n1ij'U 

'\Jij~ffu~'Umff m1 t~:u'l1lfirl~~'Jhm~:Ufl11:U~1'U'Y11'Um1n~n1 1,f'Yl'Ufffl11~n~ij'U 1~tI~1' tJ 

n1ij'U1'UuH'~ ff1'U 1:ui;tJ~hr:U~~'lhm~:u fl11:U~1'U'Y11'Um1n~n1ij'Ut'il'Wl~~ l'lf'U m1n~n1ij'U 

UtJtJ~l~:U (Pitting Corrosion)1'U'Y11~tJB,j~ ffU~'Ut(;1ff'lf'l1~l~ij11~n ijm1 1~~1'U~lti~1'Ufffl1'W 

" m1n~n1ij'UtJl'U nm~U(;1~ 1'U fffl1'W'If'UtJ'Yl 't1~'If'l1~t~ij11~mm~ijijfft~'I1~n ffl:JJ11t1 1~vh 

fJtJmwlfl~ ij~ 1~1 'Ufli'1t1ij'U 1~u~n1ij~ ~ln'lf'l1~ijijm~'I1~nffl:Ul1t1'Yl'Um1n~n1 ij'U ,~~ lm~vh 
.. " 

fl11:Uff~m~~1t1 ~~'I1t1:u1~1'Uij~ffl'Hm1:umm1 U(;1~lfl1ij~~:U 'Uijn'illnij'lf'l1~ijijffl~'I1~n~~'Yl'U• 
... I d.1 lIJ~ I ... .. ~ ~ dI ~~ ... I I ~
 

m1n~mij'U~lnffl1lfl:U'HmtJlJ1~tfl'Yll~Un m~, ij(;1f11(;11t1~ tlJ'U~'U Clf~ !'lfn'UijtJ1~U'W1'H(;11t1 !'U
 

2.4.3 'If'l1~'\Jij~ffU~'Um ff~'I1t1:u 1~1 'UtJ1~l'Ylff' 'Yltl 

VUYI SUS304 l1j'Urru~'Umffijijm~'I1~n ijff1'U~ff:U'\Jij~1fl1tijtl:utJ1~:JJ1W 18 % U(;1~ 
'" '" • I ~ ~~ .s .s . I ..~ d.1 .. 
'Umn(;1lJ1~:JJ1W 8 % !'If !'UfJ~ffl'Hm1:umm1 lmij~~:U fJlJmW !'Um~tJ1'Um1'Yll~lfl:UfJlJmW 

.s ... .s ~ ~ ,.0lI ~ .s ~ ,. .s<!I ~ 
lfl1ij~fl11lmij~ !'lftJ'U !~~m'H11 fI1'1f'U~"1~~:U tfl1ij~:Uij!'U !H'Wtll1J1C1 lfl1ij~(;11~~1'U '1(;1'1 

VUYI SUS304 D l1j'Uffu~'Umffijijm~'I1~n ijff1'U~ff:U'\Jij~ 1mtijtl:utJ1~:U1W 18 % U(;1~ 
..:::::. Q _ I d. J I d 111 jld. I Q 0 QI .e:t. .d. d._
'Umn(;1lJ1~:U1W 8.5 % ~~:uml:Uffl:Ul1t1'\J'U~lJ!tI'U !~~f111'1f'U~ 304 m:Ul~ffl'H1tJm1~(;1~'Yl:U 

.1. 1 <'l <'l.l .1° "'.1 dOl ~ I d~ <'l I 

m1 '\J'U ~ lJ!ltJtJ 'H ~:U(;1 mm~m 1~~'\J'U ~ lJffl'H1tJ~lJ'YlH'YlClftJClfij'U l'lf'U fI1'1f'U~'YlllJ'U 'H ~:U'H (;1n m~ 

~1~~1'U t1j'U~'U 

VUYI SUS304 DDQ t1j'UffU~'Ut(;1ffijijffl~'I1~nijff1'U~ff:U'\Jij~1fl1lijtl:utJ1~:JJ1W 18 % 

.Q .Q ... I d. J d "lg)d4 I jI d. .d
U(;1~'Umn(;1lJ1~:U1W 9 % ~~:Ufl11:Uffl:Ul1t1'\J'U1tJW'U !~~l:UijU~'UffU~'Umff~ij~:um1ltJ(;1t1'U.. 

• 1 .1 lIJ.1 <'l ... '" I .1 dOl ~ d ~ <'lI

UlJ(;1~1lJ11~ !lJ:Uln ~~t'H:JJ1~ntJ~l'U'WlfflJ t'lf'U m1'\J'U1tJ'YlH'YlClftJClfij'U'Yl~ij~m1m1~~U(;1~m1 .. .. 
<!I ... ~ ~ 

tI~~1 tlJ'U~'U 
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~u~ SUS316 t~'\.HYU~'Um"HH)fft~'I1~fl ihi1'U~ffll'Ufl~1f1'HijtllllJ'i~lI1W 16-18 % tm~ 

'I1mn"lJ'i~1l1W 11-14 % tm~iJ~ij11lii'IJ~'I!1l~ffllfl~fl~1~-Ufltl~"1f1 2 % ~~'VI'Ufll'itiflfl~fl'U~t~'U 
lI)~"''1~ ",;1 go' ... .<\.<\ ~ ~ 

'11"111 ~fIfi ~GJr ~'Um~'IJ1'Uflln11~tfllllJll U'VI~fl m~'IJ1'Ufll'i~"~fll'l11'iU"~tmfl~f1ll tlJ'U~'U 

~U~ SUS403 t~'U fftt~'Ut"fftmflt'VJfl{~~fl ijfld11l~1'U 'VI1'U fll'itiflfl~fl'U -Ufltlfll1'1l''Ufi 

"" '" '1~ • .<\ '" .<\ '1~ 1~ .1 0' ~ 304 llff1'U~ffll'Ufl~ 1mLllmJ 17 % 'Il''VI1Lmfl~m1 tmfl~ ~GJr'IJ'U ~~fll'l11'i ~lJmwl1~~ll 

t'VJfl{'11L'ilfl {U"~ fll'i ~ flU9i~fl1CJ1'U fllfl1'i 

1l1m!1'U1 'VIti 1l1~'i!1'U~~'U ... '" 
1l1~'i!1'UflLll'ifl'U 1l1~'i!1'U~ hlJ 

(TIS!) (1IS) (ASTM) -

SST 304 SUS 304 304 X5CrNi18-10 

SST 304L SUS 303L 304L X2CrNi18-9 

SST 316L SUS 316L 316L X2CrNiMo17122 

SST 430 SUS 430 430 X6Cr17 

J;cf. J' 0 v 
2.5 1~'U'U1J8LVl81tnu1«.:ImiH 

'i~'IJ'lJ1IflL~fl{tntl{ri~ ih~.:I~1~'1 'U fll'i,j'IJ1,rfffl~ 'I1~'U 1 ~1l1'i11 flllflt~fl {~ff1111'i(llJ i''IJ 
g lI)~1 0', '" '" 0' "'.<\ • g'l

fId11lt'i1'Ufl~ fll'i 'I1~'U ~ fI f1t1llflt~fl 'i 'iI~~fl fl'IJ'i~'IJ'lJLfltl'i 'VIflU" ~t~ "1'U'IJ L~flfll'l1'U f1f1111lL'i1 ~ 'U 

0' d 1'1 l.oei(l.J '.c:I 

fll'i'l1~'Utm~'VIfl'ifl'Ufl~fffl~fl~'i1L'i1'Ufl~fll'i'l1~'Ufffl~'iI~fl~'U'Il'1~ 5 (l~ 150 'ifl'IJ~fl'U1'V1 (rpm) 

1fI tI~11lJ'i ~'IJ'lJtn tI{'VIflU"~11 flL~ fl{'iI~~fl~1~fffl~'I1~'U ¢i1t1tJ~ 'i1f1~~ ij'VIfl{fI ~ ~~'¥Jmh'Ufl~ 

tl~'i 1fll'i '11~ 'U tm ~ 1~jijfll'im~~fl'Ufl~fffl~'UW~ fll'i 't11fll'itlJ~ tI'U tl~'i 1fll'i '11 ~'U fl~l~9iflt~fl~ 
0''';'1 ~ 'I ' ~lt 0'... 0' 0'I 

lIflt~fl'i'VI ~GJrff1'U ~'I1t1JLlJ'Ullfll~fl'iflflll1l1t~L~fl'i (Commutator Motor) U"~llflL~fl'im~Uff~H 

(Dc Motors) ~~ijih~~,j'IJfl~1'U'lh~ 5 n1"1~1P1 ('1~,j'IJfffl~~ijtff''U~l'U~'U~fl''l~ 25 iJ"iiLll~'i) 

ii~ 500 n1"1~" (l~,j'IJffm~ijLff''U~l'Uff'U~fl''l~ 250 iJ"iiLll~'i) 
'U '" 

1'U fll'i 1~~1'U'Ufl~llfll~fl{L'I1~tl1th linllfl1~fld11lL~1'ifl'IJ~lfl11lJfl~J'U fll'il '1 ~fll'iri~ 
1·"'1 "'I1'1.c:1 1 9! I 0' , ~'1~.c:Io' ~'1~lI)~

fll"~ f1t1ff1t1~1'U'I1'ifl C)f f1t11l\!m'U'U1f1tff'U~ltr'Utlfl"1~~1~"l 'I1'ifl 'Il'Lfltl'i"f1'ifl'IJL~fl '11 ~f1 

g ~ ''1 QI d QI I Y QI' ... I
fId11l L'i 1 'i fl 'IJ" f1" ~~ 111~ fl ~ fll 'i U~ 'U" fl~ W~ fll 'i" fI fI1111L'i1 'i fl'IJ fI ~ fl"11~ fl ~ fllfftlff1'UlJ 'i ~ flfl 'IJ 

, iJ I' iJ jI 

L'Villt,r11lJ'1'U'i~'IJ'lJU"~~fl~Lnmi1flfhVlfliJ~ij;'U ri1'U~~tIlfl 11~ '1 'U fll'i1J11 ~i'fl~lU"~fll'i'1~~1'U 

'1 'Ufll 'i ~ 'iI ~ lJri fl tI'i ~ 'IJ 'IJ ~~ til fl ~~ fl ri11tm ~ iJ~ fI ~ fffl1~ fl1 'i ri~~ 1'Uill~~ ~ fI1111L~ 1 'i fl 'IJ ~ 1fl~1~ ij• 
... 1 ~ ~ .oei ='I d 0' o'y ~ I .c:I QI.c:I d 0' 
lJ'i~ ff'VIli m~ 'iI~LlJ'U fll'i 'i11llfltl'i"f1 'ifl'IJU"~lIflL~fl'iL'U 1tlJ'Uff1'Utfi tl1fl'ULfftlU"~L'i tlfllIflt~fl'i 

... J, '" 0' 0'.<\ ~lI) ~ g ~ 
GJr'UfI'U11 Lfltl'ilIflt~fl'i t~fll11 tflfl111lt'i1'ifl'IJ"f1M~11l~fl~fll'i 
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• '., 'j " • l/..·i,' 

.. 
.d~0 .... ,J " '" 'I1fl'll1ff'll1;J1U1U'Ul'U8.:J1J8&f181 

d 
f111)J~'IIfl-:J~~'U'U(hz) 5050 

d ~1 '" " f111)J!~ I'll fl-:J ~ fl'UCIf-:J f1~'U ff'll tJ-:J)J fl!~ fl~ (rpm) 1500 1000 

d 
'II'Ul~HWlfl11)J!~1~fl'U 1/10 150 100 

d d 
f111)J!~ 1~ fl'U'IIfl-:J\l'Hll 'II'Ul~r:l~f111)J!~1~fl'U 1/15 100 66 

d(rpm) 'II'Ul~r:lflfl11)J!~1~tJ'U 1/20 75 50 

d 
'II'Ulflr:lflfl11)J&~1~fl'U 1/30 50 33 

,d tI ~ 1 0 QI QI" dl QI" 0 QI "rlct 
'II'Ulflm~~il'U'IIfl-:J!flfJ~)Jfl&~fl~)J~-:JU~'II'Ulflfllr:l-:J 65 1~~ ~-:J 200 1~~ ffl'l1~'U)Jfl!~tJ~ 

." . 
mijfJ1th!'rJff!~fJ1 Ur:l~9i-:JU~'IJ'Ulfl 65 1~~ ii-:J 37 fi1 r:l1~~ ffl'l1i''U)Jfl!~fl{mijfJ1t11ffl)J!vJff 

~l~l-:J~ 2.6 Ufffl-:Jii-:J)Jm~fl{~ij&nfJ{r:lfl~fl'U'II'Ulfl~l-:J"l ~~il~,r'U'l'U~tJ-:J~r:llfl)Jfl!~fl{9i-:Jmh1 
, I ".'1.n'Uff.fllVl-:Jl'U~l-:J "l ";1 hJmh-:JUVli'l1r:llfJ &'If'U fflfJVll'Uff-:J'IIfl-:J !f1~fl-:J~ff)Jil'U ~'U ~flflfJfl 

QlQltI t ~ OQl 

f111)Jff)JVl'U1i~~'I111-:JUH'UfI(T) !!r:l~fllr:l-:J (P) 

21CTN 
P -- (2.4)

60 
Jrl)3


T --T
 
16 

fh~.:j.:jltJlrJtJ W 

= hJllltJ~ii~liitl.:j'iJlnfl111JlihJf1'Y11tJlrJtJ Nm 

f111111~1'jtl1.J"JtI.:jI'VH'l1lrJtJ rpm 
'J!, .­
IfftJNltJ~tJmml'VHn mm 

f111111~tJl~tltJN/m2 
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.. 

(a) (b) (c) 

(a) 'J1~tJ tl~ "'V~l1JU~~"'V.,j1Jl11J\J 1tJhI'Yif1m~~~trJti\J 

(b) 'J1~fflfJ'Vn\J1 '\11 "'v.,j1Jti1J"'V~l1Jl11J\J 'jVUYlH~~fJ1ti\J . ., 
.e::tj/ Q,I ".e::t QI Q,I

(c) 'J1~fflfJ'Wl\J'YI~V'\I1JU~~~V~l1J1JUtl\Jl11J\J~~mtltl\J 

. .
_11:\ ". 

1'U'fI 2.14 Uff~~fflfJ'Wl\J~1J 

·.... tfmll1J 

.•--·0
 
··. 
· . 
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.... " 
1J1J. ,'\.J1 

QJ ," 'j} .e:t. " 
'\J'\.J1~J'P'IH1ff'\.JtJfl'fl1-il'\Jfl'Hlfl;t11J 1J1J. ,'\.J1.. 

.z ~ '" 
n) = fl111Jt~1'\Jfl-il"fl'\JlJ
 

.z ~
 

n 2 = fl111Jt~1'\Jfl-il"fl;t11J 

I ~;t'HV1~ 

trn1~11 fl111Jt~1'\Jfl-ilff1tJrn'\.J~~-ilfl~lJ'\.J'\JfllJ~mr-ilfffl-ilt~'\.Jm11Jt~1t~tl1 ~-il,f'\.J.. 

I " ~ '" d ~ '" ," ~ d 
'\J'\.J1~H1ff'\.JtJfm1-il"fl'\JlJ x m11Jt'J1'JfllJ"fl'\JlJ = '\J'\.J1~H1ff'\.Jtln"1-il"flm1J x m11Jt'J1'JfllJ.. .. 

oj ~ '" ~ I " ~I = fl111Jt'J1'JfllJ"fl'\JlJ '\J'\.J 1~ tff'\.J H1fJ'\.J tln"l-il" fl;t 11J 

.z ~ ~ I " ~ '" 
m11Jt~1'J fllJ"flm1J '\J'\.J1~tff'\.JH1ff'\.Jtlmn-il"fl'\JlJ.. 

I =!!....L =~ (2.5) 
n 2 d) 



, 
"'I 

'lJ't1't1 3 

f\1'j ~~ flU 1.J1.J1fl~ ~'I ~b1'1J~'W 'j ~1.J1.J~lIm f\1fl't 'W 'Il'W 1fl~ ~'I 'll'j~fl1.J 
., 

b1'l1J1'j(lClll'ti'WI9I~'WUCl~'j~t1~nClll 'W f\1'j 1191i t11J~'W 'I1rl~ ijfl1l1Jb1'~1I1fll 'W f\1':i'lla,j~'Il'W b1'l1Jl':i(l 

ql I Ii) 'JI t 'JI cI ql ql 'JI cI .:, 

~b1'1JUCl~l'VI\I'W 'I1Cl~ 11lflHCl~ 3 11.J1 1Jf\1'j~lImf\1fl'~~fl'\JW~~b1'1J \I'WllCl~l'Y1 \I'W'Yi':i~1Jm~1.J1.Jb1''W 

'JI.I ~ 1 'JI•. I ",.1 'JI 'JI 0 Ii) 'JI I cI ~ 
11.J1\!'W1'Yi ~ '1111 ~'I mf\1fl'Cl~t11911'\J'WUCl1\l fl~lI~~ fl UCl1b1'11J1':i(l'YIlfl111J b1'~mll 11l'lltl ~fl'YI'l':i~1.J1.J . ., 
ri'l nl ~'Ib1'11J1':i(I'll i'1.Jfl1l1J~~ 11 ~1.J 1~1~~fl1l1J1 '111J1~ b1'1J n1.J'ti'W 191~ 'W fll':i ~b1'1J~'W 

3.1 til'U1W'Ml'U'Ul~'UtF.ti1'U'HnJ~'U . .,
'" .1 .o!I.1 'JI.I • '" 'JI
(I'I~b1'1J \I 'W '\JfJ'I1fl':i ~'I ~b1'1J \I 'W ':i~1.J1.J "ltytylf\1fl' 19I~'I ~b1'1J \!'W 'I1Cl~flHCl~ 3 11.J1 

., ., . 
~~,r'W '\J'W 111'\J~'Iti 'I~ ~'Iij'lli1J1I91'j l~t1'1'Yi~ n1.J'lli1J1191 ':i'll 'WllCl~'l11fi$l~'Ifll':i ~b1'1J 

OJ 

'JI YJI I 0' <> cI 

1l1fl'\J'W11l1J1191':iil'W'\J~'I11.J1'Y1Hm~1.J~fl~b1''W~ltl'WtlflCll'l 9 1C)f'W19l11J19I':i 1Jfl111J'Q;'I 180 

1C)f'W ~11J 191 ':i 

d _ 1!.d 2 

1I1flb1'1Jfll':i'YI 2.2 V- --xh
 
4
 

, 1!.92 

U'YI'Wfll V= --x 18
 
4
 

V = 1,144.5 em 3 
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~llnf1l'ifil'U1W'H1tJ~:lJlfl'i'Ufl.:.l!~1~'U '~t'vhntJ 1,144.5 em 3 'HifltJ'i~:lJlW 1.145 i1fl'i~fl 
. " 

1 !~1 ~1'U1'UVi~fl.:.lf1l'i~'Uff1'Hi'tJ!'VI".:.l1'U!~1~1'U1'U 3 !~l~flf1l'iF-nnJ 1 fli'.:.l\l~!'VhntJ 1.145 x 3 
. " 

Q. .a _ IQ q 1.cI • jJ "l' 3J .e:t.GI I 

= 3.435 "fl'i'H'ifllJ'ilJlW \l'U 'VINfflJflflflHflfl.:.l ~lJ'UmJn11 3.435 "fl'i 

" " .
\I1n'VIqil~ri1'UNfflJ'UD.:.l~'U'H~fln1J'U1 ~fl40 !tJfl1!~'U~'Ufl.:.llhmrn~'U tJ~lJlfl'iVi'Ufl.:.l 

". 0 " ql I .:!I.a.cl .Q 

V'l'U'VI'Ufl.:.l'U1U"~\l'Unfl'UNfflJ flfl 3.435 + (3.435 x 0.40) = 4.809 "fl'i 

ff~tJ'U'U1fl'Ufl.:.lt:l.:.l NfflJ~U ~fl.:.lijtJ~lJ1fl'i fIlfJl 'Uhhj'fltJni1 4.809 i1~'i 

o ''j/QlQ ", cI
f1l'H'Ufi 'HtI.:.llJ'U'U1fl!ff'Uf.l1'Ufl''UfJn''H 21 em. ff.:.l 31.5 em. 

'lJ 'lJ 

7l'.21 2 

V = --x 31.5 
4 

3
V = 10,905 em 

'HifltJ'i~lJ1W 11 i1fl'i 

ok Q '" _ I'" .1 : '" ~ A ~ .d ~ 
9l'.:.l!V'l fJ.:.lV'l flntJ lJ'i lJ1W \l'UU"~'U1U"~fJ.:.lflfl.:.l!f.lflV'l'U'VI'U fl.:.l Un'U'H~'Ufl1fJ 

3.2 tllU1W'U'Ulfl'Uf).:lil.:r:n~njl~uUa~ij~nllflli'l 

~.I ~,o' '" '" ~ 1
\I1n'U'Ulfl!1Jl\lU!ffUf.l1'UtlUfJn"1.:.l'UU1fl9 !9l'Ufl!lJfl'i 'Q;.:.l 180 !9l''Ufl!lJfl'i flfl.:.l11.:.l 'U 

o , QI 'j} t d. 1'JJ CLI cI ClII ci 0 ,~ 
U'U11.:.ln"lJ'VI11JlJ 120 fl.:.lfl'l!'Vlln'U u"~n'U'i~fJ~'HH!V'lfl 'HflHntJ11"1!'V1 \l'U \I.:.lf1l'H'Ufi 'H'U'Ulfi 

!~'UF'h'Ufl''U6n''1.:.lt:l.:.l 29 !9l''U~!lJfl'i ff.:.l 210 !9l''U~!lJfl'i 1'l1'U1WtJ~lJ1fl'i 
'lJ 'lJ 

7l'.292 

v --x21 
4 

3V 13,863.885 em 

<!I _I '" 
'H'ifllJ'i~:lJlW 14 "fl'i 
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Jl 

tJi1J1~'i'lJfl~ti~fH"'lJ~'Wttcl~ti.;rnmrl~'WUCl~~~H:nf11ff'i1'lJti'Wt1~'W 25 il~'i11+14 = 

d FxV 
~:n fHnJ f11 'i 'VI 2.3 T 

S 
FxV s 

T .. 
~fl~f11'i1l'lJ1'11't'I1~flfl11'lJ~'W 1 torr fllfJ1'WnCll 1 'Wln 

25	 3
S = 7 x - = 175 I-min"' 'Hifl 10.56 m _hr"l 

1 
~ ~ I	 , 3

~~,r'W llmItyqJ1f11ffn~~'l111J11 ~~1'Wfl1'iijf11'i~~fl1f11ffflflt1fldnWflfJn 10.56 m -hr"' 

o ll::lr. ou til 191 "'d.'" .a3.3 fl11fl1'U1W't11U1.;jtJ~il1flflUI~tJflAVlfl1 ~fJf11'i 'If'lJflt~fl'itt1fJ'i 'lJ'Wl~ Y2 Hp 'H'ifl 373 

Qlo' d.d. • dQl 9J old'" 
1~~ f111'lJt'i1'ifl'U'VI 1,400 'ifl'U~fl'Wl'V1 fl~'il'V1~~1mt1fJ'i 1: 40 . 

'" ~lt1ff'lJf11'i'VI 2.4 

27!TN p 
60 

27!(T)(] ,400) 
373 w
 

60
 

373x60
T 

2xnx],400 

T 2.55 N.m 

"'.... "1~
Gear 'lJfl~'i1'V1~ 1: 40 1l~ !~
 

T 2.55 x40
 

102 N.m (UHflflt1~lt1 Gear)
 

3.4 V111\ltfflm'VU'l1ti.;jfh~.;jl~m~flt11~ffU~'Wtclff 304 1'Wf11nllt'ViCil t'Vi'il~~fl~f11'if11'i 

'VI'Wf11'iti~t1ifl'W~1t1ri1'Wf.lff'lJ'Ufl~~'W'H~fl	 filf111'lJt~'Wt~fl'W1'W~1'il~ lC1'H~ijfil 190 N/mm
2 

til'H'W~'lJ'Wl~t'ViCl118 'lJ'lJ . 

. 
'" ~lt1ff'lJf11'i'VI 2.4 T 

nx18 3 

T	 190
]6 

T 217,550 

T 217.55 N.m 
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d 
'llmY1Jfl1'H1 2.5 

1,400
3 

I ... 

466.67 'HI'U91fltJlf1 
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, 
«t 

'U'YI'YI 4 

fll'j 'VI~~ tl~tfl~tl~ Hff:utl 'U 'j ~1.J1.J~~ mfl1ft'i'U ~ 1'U tfl~ tl~tl'j~~1.J '11 "'flfln'l.m~ fl 1'j'VI~ fftl1.J 1~ tJ'" .. . " 
fll'j t~ 'U tfl~ tl~ i 'U ~fllJ W~'thHU ~~ ~ 1 ~ tJtla,j~\Pll:U'li'U ~ tl'U 'l.m~ fln t~~ tJ:u~'Um;tltm~Vi 1fll'j 

tm tJ1.JtntJ1.J n1.J fll'j t~~ tJ:U~'U11 ri tltt1.J1.Jt~:u~m~i'U ff1'lJ1t 'VIfl1'U 1 ~~mjVi:uvrtfl ~tl~tl'j~~1.J 

4.1 li:1'~Ui:l~tltJfl1w1Ufll'lfl~iU)~ 

4.1.1 tfl~tl~ Hff:U~'U'j~1.J1.J~~mfllft' 

4.1.2 ~'U 'I1ritli 'U~1'U Ifl~tl~tl'j~~1.J 

4.1.3 t,j'ltl'U 3 t,j'l.. 
" 4.1.4 ihff~m~ 

<II!t. QI
."0 QI

4.1.5 tfl'jtl.:J'H'Ul'I1'Ufl 

4.1.6 'U l'Wfll~1.Jn~l 

"'...4.2 l!ifll1f1~i:ltN 

4.2.1 ~~t~~tJ:Utfl~tl~ijtl i 'U fll'j'VI~~tl~ 

4.2.2 t~~ tJ:utth~'UU~~d1~~~ i'U U~t'VI~'U 
" . " 

4.2.3 rl1'U dW'\hm!fl'U tl~~'U 'I1ritlu~~i ~U l'I1Ufl 

. " 
4.2.4 tiJ~tfl~tl~ Hff:utl'U t'VItl'Uu~~u 1~~ i 'U U~Hff:utl'U.. .. .. 
4.2.5 til~d1~dt'VItl'U 'il1flU~Hff:utl'U~~t,j'1·1'U~tld~1'UriH 

cu cu \I cu 

4.2.6 til~d1~d~ ~ tl1f1lft'U~~:U tlt~tl {i'Ut~tl 'rimfllft'tltlfl~lmd'tl~'U ~'U ~'Ut~tl~U~~~1.J 
y ~ <I"'; "",1 d yo:! y

~~U~dtlJ~ d1~dt'VWt~:u t'U tl tl'U 'VItJ1.J~~ i m~:Ut mtl'U . cu q co 

" " 4.2.7 ~1.Jn~l'li'U ~tl'U fll'jVi1~1'U~1:U'li'U ~tl'U 
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" 
4.3 ,j''Ufl6'Ufll''t1~iU)'' 

1. i'~tfl~mJttl~f)~ijf) 'hJm'j'Vl~mN 

~ ~. 
3. l'll\.! 1~ln11lfirf)'\Jf)"J~\.!lf~mtll:::i~\hmrf) 

. . ~ 

3'1Jn 4.3 uff~~m'ji~t1llfirf)~\'! 
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.. 

. ~ 

4. tilfltfl1fl~Hff1J~'W lYl~'Wu'l~\h'l~ 1'Wt1~Hff1J~'W 

• j/ j/. 

1,H14.4 Ufffl~;r'Wflfl'Wfl1·HYl~'WU'l~'1.h'l~ 1'Wtfl1fl~ 

. 
_I"" '" 

~ 

lIJ I 31 .1
1'U'JI 4.6 Ufffl~'IJ'Wflfl'Wfl1'i I 'lfllfl1fl'flflfHl1fU'lJ1 ~ 'W 
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JI 

4.4 NDm'nl~iU)~ 

111 fltll~tJ 6,j~~11J~\,I ~~\,I fl1~" 1'11\,1t \,It~~ tJ1J~ \,I 11 rl~ !f1~ m ff11J1~ \1"1'11\,11~~ 
.::1 .... 1 .e:::tt..e:::tt. 

tt Cl ~ 1J lJ ~ ~ ff 'VI ti fl1 'Vl 

" .... 
'UUgJ8U 

.,. 
1~t1~na1 (U1Y1) 

.. . 
1. f11\,11W11111l!fl~\,IttCl~-M'I~1'1 2 

: t' ~tjl Qltjlc:,2. t'VI\,I1Cl'l \,Im'l t'VI \,I 'If'Vl1tJfI\,I~ff1Jfl\,l 11'V11 4 

o , jI t"'; tJ iJ"';3. \,I1ff1\,1~ff1Jt'lJ1fl1\,1 \,Itfl~~'1~ff1J .. \,IttCl~t ~Hm~'1fl1\,1 3 

o , fj/.Jt fj/ I 

4. \,I1ff1\,1~ff1Jt'lJ1tfl~~'1~~mtllff'Vl~~1Jt'lJtJ1 2 

5. 111~\,I!'VICl'l t\,lttl'l~\,1 3 

o j1~ d ~ jI jI ..,; .. :; .k
6. \,I1t'Ul \,I'VIt'VI 'WttCl1t'lJ1tfl~~'1~~mtllff~flflHl1\,1'1 2 

7. til~~htfl~~'1~~mfllfft~~t~1J~\,I~~1Jl11tlltJ 0.5 

8. tiJ~tfl~~'1~~ mtllfft~~ lrlmtllfft\,Iff1\,1'lJ~'1~\,I~!~1J 1 

~11J 17.5 

'¥i2J1m'¥i \l,J 
~ ~ 

~ ~ tJ~ t1Cl1tll~ " 1'1l\,1;i\,I ~dti1Jfl111J'I11\,1 1qj 'Ul'l;r\,l~~\,I tll~ t .r;nCl11J 1flfl11tll~'VI~ Cl ~'1 

" .... 
'UUgJ8U 

.,. 
1~t1~na1 (U1Y1) 

1. f11\,11WJ111l!fl~\,IttCl~4'1~1'1 2 

2. tiJ~tfl~~'1t!"'1t'V1J1UCl~~\,ICl'lt \,Itfl~~'1~ff1J 3 

iJ" ~ tjljl iJ .. c:,3. t ~11Cl1t'VI \,ICl'l \,It'Ul'Vl~tJ1Jt ~1J~mmff\,lttCl~tl~mfllff 3 

.. tJ t,d ltJ jI .. c:,4. !~1J \,I \,Iff1\,1'V1tJ1Jl11tJ 'W~~1J1Jm~~~ff\,lttCl~~~1J1J~~mfllff 
.. q .. 

0 

'VI1'11\,1 

1 

~11J 9 
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, 
ct 

'lJ'YI'YI 5 

~ltJJ:onmil~,r0mu0uu~ 

5.1 iJltJ~U'lfl11f1~atH 

" 
\l1f1 H€l fll '.i'Yl~€ltJ,mJ~tJ'lH'Yi tJ1.J'vh t -Ht~'U 11ffllJ l'.i fJ€l~'.i: tJ:n€llfllnh:.ll'U ~m1'lffllJl'.ifJ 

" . " 
€l~;r'U ~ tJ'U fll n11'l1 'U vh t -H1:J~tJ'liJfll'.i tfl~tJ'U ~ltJ~'U '.i :l111'lfll'.iYil'l1'Uvht -HffllJl'.i fJ€l~;r'U~ tJ'U 

" " 
fll'.iYil'll'U \l1f1'lJf1~ 8 ;r'U~tJ'Um~tJtVltJ'l 4 ;r'U~tJ'U U€l:€l~'.i:tJ:n€llfll'.iYil'll'U \l1f1 17.5 'U 1'Yi 

"l '" '" "" ='t .. c:l .. ~ 0 ~<9 .. c:l .. ~ 
m€ltJt'Vw'l 9 'Ul'Yl f1~t1J'Ut'lJm tC)f'U~ffllJl'.ifJ€l~'tI'U~tJ'Ufll'.i'Yll'll'U 1~fJ'l 50 t'lJtJ'.itC)f'U~ €l~n€ll1~ 

" 5.2 'UtlAiJ'UtlAA'U: 

\llf1fll'.iYi1'l1'U'tI fN tfl t tJ'li)tJ11iJ'lJ'.i:ff'Ylifll'W t'U fll'.iYil'll'U 1~t~'U tJtJl'l~ ffllJl'.i milJ1l'U1 

t~t~'UtflttJ'lijtJ t 'Ufll'.iffm':111oijmttJ'l~'Ul1rltJ t 'U'll'Utfl~tJ'l'lJ'.i:1i'U 1~t~'UtJtJl'l~ 
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~ fI ~ d ~ fI 
'V'l1J'V'lflHfl 9 :'lf1'W'V'lJJ'V'l , 2528 

IQ,I fI fI d Cld ~ 
"1'i~~'lf1:l! ln~'W'V'l-:j1:l m'ffl~IPI'i'IJmU'IJ-:jfll-:j~fl'V'lJJ'I1l'Wfl'i : cIHtI~~~fl'lf'W, 2535 

.tC:ll flJ fI Q,I Jt Q,I I Cld 
1'i1fl1i t1-:jfllmw U(l~ 'lflty tl'W~-:jl'W fll'itltlflU'IJ'lHfl'itl-:jlilmfl(l t(lJJ 1 fll-:jtfl'V'lJJ'I1l'Wfl'i: C)fm~ . 

~~floi'W, 2546 

'IJ'i'i~(l-:j ff'iiJ(l U(l~ ~JJUfl1(>JJ'Wff~fl(l 1PI1'iHfijjtl-:jl'Wim1~ flHtfl'V'lJJ'I11'Wfl'i : ff'W6HillPlfll'il 
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