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ABSTRACT 

Soybeans are a crop that can be utilized, especially in terms of food rich in 

protein and fat as the human and animal needs. For using the soybeans must be 

processed to obtain the desired physical characteristics. The process is mostly a 

grinding and extraction. However, these two processes are completely different 

applications. 

This research aims to study and create the soybeans grinder machine become 

to flour, the quantity of grinding, the variable that affect to the amount of grinding 

and economic analysis for guiding to investment. The researchers have designed the 

grinder unit by the coarse grinding and mill grinding unit. For the coarse grinding unit 

is similar to a disc and in case of grinding mill will be used the roller set. Base on the 

power train of bolt grinding unit, the electric motor with 2 HP. at 1,450 RPM are used 

for the experiment. For the grinding mil process, the rough material is feed into 

grinding mil chamber for reduce the size of material become to the flour. 

The results of the research found that the suitable speed of the coarse 

grinding and mill grinding unit was 480 and 725 RPM respectively. In case of these 

relationships, the average quantity of grinding for the coarse grinding and mill grinding 

unit was 271.8 and 150 kglhr respectively. Furthermore, the results of experiment 

discover the materials that are not accounted of the coarse grinding for 13.9 percent. 

For the economic analysis for guiding to investment found that the breakeven point 

and pay-back period was 110,378 kg and 0.0067 year respectively. 
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tJ~1J1N 1 tJ ':i~'U"tI~Wif11 Ln~UtJ'OJ1nLLil~1l'U,htJ~'VI~~L~~1.11tJ':i~'U;{1U 20% "tItl~LLil~51L'VI~tl~'Vl~tl~ 

1 "tIll'U LL"~-n11Ln~utJ'OJ1mLil~1l'U~1tJ~'VI~~La~1J1tJ':i~'U~1U 20% "tItl~LLt1~51L'VI~tl~"/jil~1"tIll'UL~1J 
v v 

12.01 LL6'l~ 10.93% 1~u111'V1t1nLLl';~ LL6'l~ntJ~1J1ru1"t1ll'ULVhntJ 4.82 LL6'l~ 5.69% 1~u'll1'V1t1mL~~ 

LtJ~utJLViutJntJtJ~1J1N1tJ':i~'ULL~~1"t1ll'U"tIm-n11Ln~UtJvh'OJ1nLLt1~1l'U,htJ~'VI~~LL~Lv.u~mh~L~U1 

0.55 LL6'l::: 0.84 % 

m1J1"/j1n1':iLm!t~':i m:::'VI';i1~Ln~~':iLL6'l:::~'VImru (2550) 1;{vi1n1';i1-.5'ULL,,~Vl!ilJ'U1Vl'Uq"tltl~ 

51L'VI~tl~1'VI1J'1~Un1';itJ~1JVl'Uqf(1L'VI~tl~"'tl~~'ULL6'l:::~~L~tlnVl'Ulfl 'VI:ULYlmtJ U LL'Vl';i"l~LLnLn~I'l':im ~~ 

~~'VI1J~ 7 Vl'Uq fitl a'OJ.1, ~'OJ.2, ~'OJ.4, a'OJ.5, 'UfI';i~1';i';ifl1, 'l1"t1V1u 1 LL6'l:::Liiu~t'VI:U 60 1'\uVl'U~~ 

ilU1JtJ~nn'U1J1nt'UU'OJ~\J'Uii 5 Vl'U~fitl ~'OJ.4 ,~'OJ.5, 'UfI';i~1';i';iR 1, 'l1"t1V1u 1 LL~:::Liiu~t'VI:U 60 1~u 

Vl'Uq a'OJ.4 LL~:::~'OJ.5LiJ'UVl'U~~;{1'U'VI1'U~tlhfl';i1ail1J1;{~~1'UVl'U~'UfI';ia1':i';ifl 1, 'l1"tIVlU 1 LL6'l::: 

Liiu~L'VI:U 60 LiJ'Uvr'lJ1~~~1'U'VI1'UtJitl1':iflLtJ'OJ~'U'U tl~1-31';inI'l11JVl'UG~ilu1JtJ"n a11J1';imLoJ~1'l11Jtl1~1; , ~ ,,~ , 

G1'OJ.2, ~"il.4 ,~\1.5, ~1"lJVlU, 1 LL6'l:::LiimL'VI:U 60 G11'UVl'UGtl1UU11fitlVl'Ul5-.5'mi'Ulh LiJ'UVl'UG"lJtl~,,,,,,, 

1J'VI11'V1U1~ULn~';if'11~I'l~ilU1J1111J1tJ"nt'Umfln6'l1~LL~:::mfll'l:::1'Utltlm5u-3L'VIi1tl. ~ 

51L'VI~tl~ (Soybean, Glycine max (L.) Merrilt) LtJ'UYl"/jLt'I';i~5jfhl~L'VI1J1:::~1'V1i'tJ 

tJ6'lnG1~'UntJn1';itJ6'ln-n111;{ii';i1U.:J1'Un1';itJ6'ln51L'VI~tl-3L'UtJ':i:::L'VIt'I~'UL~mntl'U 5,000 t11J1LL~1 51 
~ ~ v 

Q ~ 4 q .cui Q 0II:II0 .0::1::,' .a=I 4 ~ 4 

~"tIfl1'Vl L1I6'l ~mL'VI"tl.:J1J'VI"1U"lJ'U1~LL6'l:::'VI6'l1n'VImU~';i11Jn:lG1~1 a'U11'l16'l LL6'l::: ~L'VI~tl~ mL'VI6'ltl.:J 

LiJ'UYl"/j~1J~n Gf1~'U~-3tJ';i~1J1N 1-2 L1II'l';i Gf1~'U~L'VI~U1JtJnfl~1J;{1U"lJ'U~L'VI1"t111 ~tlm;j'U-dtl~"tJ11 

'VI~tl:U1.:JLL~.:J tltln~tln~tltl1qtJ':i:::1J1N 25-30 1'ULntJL~U1tl1qtJ';i:::1J1ru 90-1001'U tJnLLtJ'U"tI11~~ 

LiJ'Un':i:::'iiln~.:JLLG1Vl.:JL'U';itJ~1 (n) ~-ntl"tltl-3~'U LLfl:::~-3L'UtJniiL1J~Vl 3-5 L1I~Vl';itJ1'Ii L1J~Vln6'l1J ~1~ 
~ v ~ 

L'VIt9tl~ll'U 1'l1ritl'U-n1.:J~n~t111'l1fltltl'U~.:JLL~Vl-3L'U';itJ~1 ("tI) l'Uf(1L'VIt9tl.:J"il:::nt111l'ULL6'l:::1tJ';i~'Utl~ 
v " 

http:LL~:::~'OJ.5L
http:il~1l'U,htJ~'VI~~L~~1.11
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th~:U1ru 60% 'lID~t':m.,aD~1~mhvl,jn hh~u 40% u.~~ J1iJU 20% ~1U~L'HamUU 

f11flu'l.m~';itJl 35% (m:U1"1l1f11~Ln'bWl~, 2550) 

. ~ ~ 4 

(n) ~U"1L'HaD~ ('lI) L:u~~mL'H~D~ 

..t ..,j

'Yl:U1 : http://www.guru.sanook.com 'Yl:U1 : http://www.foodsafety.bangkok.go.th 

~'tJ~ 2.1 u.G1~~an'l;ru~'lID~t1L'Ham 

f11~'tJ'Jnt1L'HaD~tU'tJ~~L'Ylf'l'l.'Yl~G11:U1~rl'tJ'JntY1 L'HaD~'I.~~~tI tI~~ 3 'l~ 

Uf1~G11';i~rl1 L:s~~t'HlJ 60 L:Smt'HlJ 2 L:SCl~t'HlJ 3 L:s~~t'HlJ 4 t1L'HaD~~ G1m,j'u1~£JYl'lj'l.~ m:u 

1'1j1f11~Ln'l;tJl';i 'I.~fi1LilUf11~"'~U1U.~~'tJ~U'tJ~~"'U~tY1L'HaD~~U:U1t'HlJ ~D ""'U5f'1~"1h~ 1" ;~. 

t~~~~~tJl~~ ijD1~LnuLfim£fu ~~V~G11:U1';irl~hU'Yl1Uhf1~1J1r11~'I.~~ "1'H~UvrU~ G1~.4 G1~.5 

LL~:: L:s~~t'HlJ 60 LUU"'URm~~Uf111:uilCl:U:U1n~G1Vl ;~D1Clf11';iLfiuLfitJ1'l1D~tY1L'HaD~~~~uDcitiu'1 ,. " 

~1£J"'U5 ;~DtJi.U"l:b~'tJ~~:U1ru 60-110 1U. " 

(greatkingcity, 2554) f11~LL'tJ~~'tJtY1L'HaD~tm~~~tJl1iru"t)1'H1';i~'H~1n'H~1£J 

~U LLm: LUU~iltJ:U"IJD~~U~1.flf1~~tJl1iru"~1f1t1L'HaD~~..j1'H1l1CltUVi'D~tJl~1~ u.ti~'I.~LUU ml:Ut 'H nl" . .~ 

~~d J1iJUt1L'Ha'tN t1L'HaD~ LUUYl"llJ1iJU~"1~qjtU'H~1tJ'tJ';i~L 'Yl f'I D1'H1~~";1~1 ntY1L'HaD~ 
• I 1 .,.,., cO ..,j. 'I • I ..,j 1 ...... ... t " '''''' iJ~
u';i~L'Ylf'l UUrlULDL"Il£J L"IlU ~'Yl£J ~u qj'-lU LLm:u~::L'Ylf'lDU ULLrlULBL'Ij£JtJl::1UDBflLQ~~ tJl LLU~~~L U 

2 'tJ';i~L.fl'Yl 'I.~u.ti f.l~tJl1iru"~1nt1L'HaD~mlJtJ1Uf11~'H21f1U~::tJ1Uf11~'HiJntiDu ~~tJl1iru"~1f1t1 

L'HaB~Y1'1.lJtJ1Ufl1';i'HiJfI L~U J1U:ut1L'HaB~ L~1~ t1~BnY1L'VI1~~1ntY1L'HaB~ LUU~U 
" 

http:http://www.foodsafety.bangkok.go.th
http:http://www.guru.sanook.com
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,1.J 4 U flJ::Q.I~ 4""'0 lI',d4 ~J~,J
"1nm L'VI~eJ~ 'VI~~"1nn1'S~nVltmJ1JmL'VI~8.:Jmflm'VI1~::m fl LL~".l ~".l1J'VIL'VI~8"::LU1J L1J 8m'VI~lVIlJ 

., 'itl'" tl tl:'1 ... I ..r... Ii ... 11 ,J 0

lVI".lflL 'S~1J ~1lJ1'SmL 'Sl Lu1J81'V11'S'VI~1fl"!l1J1VI L"!I1J L1Jm'VIfllJ utl'S~1JLn19~'S) LLu~ LULn8'S 'VI1 

1tl'S~1JL-iflJ-if1J 'VI~mh1J n'S'SlJ1GL~mLfl nL811tl'S~1JU~~'VI~ (:.I a (Julru"fl1'VI~~1~"1nm'SLLtl'S'Stl5".l. ~ 

L'VI~eJ.:J i1,,~u1Jl~ijn1'S~WJ1J1(:.1a~.nru"fl1'V1~ , ~1JL~8tm~(:.Ia~.nruen~LiJ1J~fl8lJ-rU"lJeJ.:J~u~1.nflt1J 

'VI~1fl~ tl'S::L'VIPl L~miJ1Jn1'S"lJmfl~~1IV1LL~::L~lJfl".l11J'UfllJt1Jn1'Su~1.nfl5".lL'VI~eJ.:J (:.Ia~.nruen~ijn1'S 

~WJ1J1~1Jt'VI~ L"Il1J leJPln~lJ 1mfii~t".lL'VI~8~ L1Jflt".lL'VI~8~ LiJ1J~1J81'V11'SL"'~lJ"1nt".lL'VI~eJ~ 

L~eJ~"1n5".lL'VI~eJ~ij~1'SLflij ~LiJ1Jtl'S::1fl"!l,J'VI~1~·ij'UIVI L"Il1J L~~~1J 1eJa1nLL"(jflmhvl1~1ij1Ji) 

1,., :,,".3 '" ~tl ~.,. ...,J
~L~8'SeJ~ nL~'VI Lu1J~1J .,1'V1'Sumfl 'S:::neJU"lJ8.:JmL'VI~eJ.:J~nLL~IVI.:JIVI.:J~1'S1.:J'VI 2.1 

'tl'lfl'll'i:::ntl1J 
..I 

Ll.f1~'tl"i 
v 

,j1 hh~\J 1'!Jl1'\J f11f('Ul!:l~11I"i\ll (g) ASH (g) LI.~li1Vl 1f11ij\J 
d 
B\J "I 

(kg) (g) (g) (g) n\llfll'!f~ lvlt'U'tli 
.. 

Ll.f1~L'WlJ 
.. 

LM~n ih i.i2 1\JB11li\J 

mlJ1ru 410 9.2 41.3 17.6 21.6 3.5 5.8 127 7.6 0.6 0.17 3.2 0.86 

,J 
'VIlJ1 : http://www.goodhealth.co.th 

"IIU~l'r\llfl~U % 1\1l'lLL~~. 
:r "1'l111J"IIl.I{%} LLI'lf'lL;imJ1.'uil.l'lh~l.I L~eJltJ LfI1 1'l1f[ull1L~''V1 rltI~rltI'~ 

.. ..'" "­lJ,Ja~mL'VIf'ltl.:J~U 10 4.9 9.9 0.5531 17.7 0.2333.5 

O1mt1L'VIfleJ.:J"IIU~ihtlfltln 9.8 47.6 3.2 6.6 7.6 35 0.38 0.66 

rnntY1 L 'VIfi€l~'ilii~iWi'lLtlfI€ln 9.87 51.5 1.2 4.9 7.3 35.1 0.36 0.7 

tY1L'VIfI€l~L~n.J'VIi.\>I 5.8 39.1 20.1 4.3 5.4 31.3 0.34 0.58 

,J 
'VIlJ1 : http://www.dld.go.th/nutrition/Nutrition_Knowlage/ARTICLE!ArtileP.htm 

http://www.dld.go.th/nutrition/Nutrition_Knowlage/ARTICLE!ArtileP.htm
http:http://www.goodhealth.co.th
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.:- ...
2.2.3 mnt:l1LVi"t1\1 

mn5'lLVi~t1\1 (Soybean meal) LtJ'U~altl~"'V1"t1eJ1~'ril1n~ltIa1Vim'UIJ1lJ'U'W"ll 

L~eJtl~lJ1ruLtl".i~'U'tJtI\lmn51LVi~t1\1'ril:::;ff'UtI~nU15m".ian~ J1lJ'U LLm:'tJ'U1~'tJtI\lLlJ~~~\lmn'tJtI\l51 
'\I 

LVi~t1\1" 1111".ifILLU\l1~LtJ'U 2 "lIij~ReJn1n51LVi~t1\1~ihtl~t1n~ alltl~ 'ril1nm".i1 LfI".i1:::~f1fiUl1'V1'tJtl\l 
'\I • 

mn51LVi~t1\1"l1ij~d L~eJntl\l81Vi1".i~1tI1'V1U11mtl".i~'Utl".i:::lJ1ru 47.6 L'\Jtl1L~'U~ ~\lmn"llij~d'ril::: 

1111111-aL~eJ\I~1tI1~1\1'l ~\lLL"~\I~1tI1".i1\1 2.2 a1'Um".i11151LVi~t1\11tJ1-a\l1'ULLa~\I~1tI1".i1\1 2.3 

1l1,J1f11ltl-1IlHI51LVifltl.:J (bJfl"St)1,J) n1"S1hltJt;;.:J11,J 

50-120 
.J 

LfI".itl\la1tl1\1 

38-106 
, ...... 

'UlIt:l1LVi"t)\lt:J\I 

250-320 mLLvl51LVi~t1\1 

1I1nn';h 3 ij"aLllltl".i 
3 OJ ~ 

L"eJ\la1tl1 

Lfiu1~'U1'U;ff'U L"I1'U m".iltl1nLL~\I m".ivi1t~~n m".ivi11~LL~\I~1eJ15~1\1'l m".i'Yi11~L-alJ-a'U;ff'U n1".iLL"I1 


LL~\I m".i1ia1".iLflii m".i~t1\1 m".i'Vltl~ 11t1f:1~'Um-&i.'Um".iLLtl".i".itlfit) 'V11m;j't)~1tI1 'UlIL'Ua LLm~ 

• '\I 

d.e::: I., lIev ~ 1 4 .., ~ d e: 
tl1Vi1".i L 'V1tlL'V1l1lJ"f11 ~VinU~"~"ltI 'UEl111~"~"1tI"'UlJlm~ LLm::".i1f111t1nIJl1 L'V18L'V111f111lJVimnVimEl 

1~m".it:Ja lJIJ1ru"tl1Vi1"S L ~t1'Yh1~~alJlJ1ru;iijflrufh'Vl1\1Lfl"ll'U1m".ia\l;ff'U LL":::LtJ'Un"In'tJtl\lfl1f1f~~ 
• '\I ~ 

'ril:::'V1~\I"S1f11"111mn~"Sm1'Umll~"t:Jaltl'Vl1\1m".iLn'l;1tI".i~'U1JI"1~LtJ'U;;'U a1'VIf'U LLU\l51LVi~tl\ltY'ULtJ'U 

m".iLLtl".iltl'ril1nm"S'U~51LVi~ t1\1LL'UU LL~\lL'YhtY'U LflElN1'U m:::'U1'Un1".i'U~~\ltl1~~::: ;;tl\lm::'Yi1Vi"1El 

f1f\l L ~tl1m~'tJ'U1~"!Jtl\l1IJ1f:1~U~;;tl\ln1".i• 

http:ril1nm".i1
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QI ...

2.4 n~::'U'J1.m1'~fil~"fJ1J1~"fJe~'JPlq~'U 

a1V1i''U n TSfil Wtl'U1 ~1P1 "~'U L;J'Un'j::'U'l'U fl1'j L~1J;; 'U "lJ €I {I fl1~ LL tI 'j 'j 
~ 

tI €I1 Vl1 'jl 'U L:a {I, 

"lJ€I{l1P1 q~hJ ~'l'U1VI qJ~€I{1~1'U~'UI'l€l'Um'jfl'j€l{lVl'i€l LLEJfI ~~vlhJ~€I{1m'j€l€lm~EJn€l'U L-U'U LPI'lii;'U L PI 'Ii 

flnfl11'l"~'U Lu'U~'U e~1{11'j~1'l11JfI'j::'U'l'Um'jfl~"lJ'U1~1t~m~'Ut!'U€l1~~::;;€I {I 'vi11~11'l"~'U LL ~{I 

L~EJn€l'UL~€I41EJLLflt: fI~ L1f11m'jfl~"lJ'U1~fI{I l~uLOYn::€I~1{1~{l1~fI~'UvlL;J'U1I'lfl~'U'YI1{1m'jLn~'j 

..;.. .... .... ~ .... ..;" "'..3 .... .x .. "'" '"I ...
{l1'U1~U"lJ'U1~"lJ €I {I fJ'Ufl1 f'l'YI1J Nl;W1J{I'W1f1J'IlU 1'l€l'j1 f'l1"lJfJ{I'll'lfl ~'U'YI ~ 'Ilt11V1 'j'UflIfJ"lJ1 UVI 'jfJ ~ 'Il L 'WfJ 

tI'j::lEJ'Il,j~fJm'j'\.hh~ed{l1'U fI1'jI'l'j'l~t1fJ'U ~~mfJ{I ~'U~'l'U 11.'1~ fI1'jLLl'lfl~f)Vl1€1f11'jL~EJVl1U"lJfJ{I• 
11'lfI~'U fJ~1{11'j ~1'l11J'l.h::Lfl'YI"lJfJ{I fI1'jI'l'j'l~t1fJ'U"lJ'U1~"lJfJ{lfJ'Ufl1f'li1~'Umji1'U"lJ'U1~"lJ€I{1€1'Ufl1 f'l~{ll~EJ, , 'U , 

tlf)~LL~'l~::l-nI'l::lLLm{l (Sieve) ~{l1J11'l'jij1'U"lJ€I{I"jI'l::LLm{li1ii1J11'l"jti1'UVlfl1EJtI"j::Lfl'YIL-U'U ISO 565.. ..~ 

(1987), ISO 3310 (1999), ASTM E 11-70 (1995), DIN 4188 (1977), BS 410 (1986) LLfI:: 

AFNOR NFXll - 501 (1987) 1I11'l"jij1'ULVlfhi1f1f1LLtJm;J'UtI"j::Lfl'YIfl1'j1.g{l1'Uvl~1{1i1'UL-U'U
.. 'U 

~1'l1.'l1V1m"j1J€I1V11'j fI1'jn€l1.'li1{1 ~{I'YI€I LU'lJ~'lJ 1~EJtlfI~LL~'lVltl'nr)~"lJfJ{I"lJ'U1~~I'l::LLm{lm-ni1'U 

1J1f11J1UL-U'U l1JI"l'jfJ'lJ .Q'l LLfI:: mesh G11V1i''Ufl1''jLtI~EJ1JLYiEJ1J''lJ'U1~''jI'l::LLm{l''lJfJ{I...y{l 3 VlthEJ1~ 
'U 

..; .~.. I .... 

1'l1"j1{1'Y1 2.4 nTH'U"jEJ'UL'YIEJ'UVI'U1U'l~"lJ'U1~"jI'l::lLLm{l
'U 

US Mesh Microns 

(!-1m) 

inches US Mesh Microns 

(!-1m) 

inches US Mesh Microns 

(!-1m) 

inches 

4 4.760 0.187 18 1.000 0.0394 70 210 0.0083 

5 4.000 0.157 20 840 0.0331 80 177 0.0070 

6 3360 0.132 25 710 0.0280 100 149 0.0059 

7 

8 

2.830 

2380 

0.111 

OOQ,:\7 

30 

35 

590 0.0232 120 125 

105 
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I 

I 

US Mesh Microns 

(I-lm) 

inches US Mesh Microns 

(I-lm) 

inches US Mesh Microns 

(!-1m) 

inches 

10 2,000 0.0787 40 420 0.0165 170 88 0.0035 

12 1,680 0.0661 45 350 0.0138 200 74 0.0029 

14 1,410 0.0555 50 297 0.0117 400 37 0.0015 

16 1,190 0.0469 60 250 0.0098 500 31 0.0012 

caa'111'1 (Friction) 11ll(] ~un\J'lG'll'lfl1EJt'U~(JntltlflLL 'IJ'IJ11'L~tlh1\nl'ln1'aL~ n~"l"lJ'e:l'I'l~ f)~hJ
, " " v; 

~'Un~:at'lii'l.l'U11'l~111~~tl'l m~vYWLL'HL5mJ (Shear force) Lfl~tl'l'IJl'ltitlEJG'l1111~mLtI'IhiLU'U 4 

th~LflVl?)tl Lfl~tl'l'IJI'lLL'lJU~1'U (Disc miLl), Lfl~tl'l'IJI'lLL'IJ'IJ~nn~'I (Rolling miLl), Lfl~tl'lUI'lLLU'IJ 

LLHlILlItl1iim~ (Hammer miLl) LL~::Lfl~tl'l'IJI'lLLU'IJ~'Uii~~ (Pin miLl) ~'IUG'lI'l'l1'l111~tl~ 2.2 
. ~ 

Lfl~tl'l'IJ I'l LL'lJUIJi1'1 q~~ii~1'l Lvi'U~I'l~tlt:J LL(;l nIJi1'1n'U1tlU(;lL'U'I1'U1~t:J;l~::~~1~ru1(i'l n1~'IJ I'lI , , 

it1L'VI~tl'lt ~LU'UtJ'IU{1'1~tJG'llItJG'l1'Um~vi1'11'U~~'VI';h'lLfl~tl'l'IJI'lLL'IJ'IJ~nn~'I (RoLling miLL) LL~~UU'IJ 

~1'U (Disc miLL) L-if1~1t:Jn'UL~m~1flLfl~tl'l'IJI'lLL'IJ'IJ~nn~'IG'l1111~(Jtl~'IJ~::t:J::lh'l'IJ~L1ru-dtl'l11'I
~ 

~nn~'It 'U.ff'U1Ji1'I 'l~iifl1111L~1~tlU~LL(;lnIJi1'1n'Utl'UL~tl'l1l1~1nn1~~tl'lm~u~ 'IL5tl'U (Shear force) 

col 0 t,., ., ... G 4 !'I...I col .. '" ,tt,.,.,
V1~ ~V11 'VI'l.I'U11'l'l.ltl'l'WI'lI'lUL~n~'I LL~~ Lfl~tl'lUI'l LL'IJ'IJ~1'UL u'Ul.fl~tl'lUI'lVlll~ n~ru::LI'l'U 'Un1~ "IJ nu 

.., 4.cJQ 4 " • ~ ~ d.., d v <r ,. tv:; ~ .., IIti'U....."lJVllILtl~tlflLL'l.I'I L"IJ'UmL'VI~tl'l L1I~I'l'l.l11LL~~LlI~I'l'l.l11 L.....1'l LI'lt:J "IJ'lJI'lVl'lLLUULu t:J flLL~~LL'VI'I 1'l1EJ 

'VI"nn1~vi1'11'U~1(;l(J~u~:mnul'lt \1~~LDEJI'l~1t:J LL ~ 'I L5tl'U~iiuvi'l(Jm1'1L~t:J'In'Ut 'UU'U1~fllii'VI~1EJ.ff'U, ~ ~ 

~'Un111\JI(J~'IJ~~G'l1aJ1~m.h'U~'l.Itl'l(;l~LLm'll~ ~'I~1n'VI"nn1~~mi11aJ1;l,)1 L u'U ~€I 'I vi1n 1 ~P1n~11111, ~ 

LI.tl'l~1'Utlm1n1'l1'VI~~1'U'l.Itl'l1(;l'l~U (Feeding) 1tl~L'U~tl'l'IJ1'l fl1111L~1'l.1tl'l'l!1'l«1'IJI'l~a'ltJ~lJitl 

tl'l~aVl5fl1 .....tl~1I1ru ~'Iltln11,f'ULfl~tl'l'IJI'l~ii'l.l1EJt 'Ui1~~,j''U ~1'l«1ul'lltlEJa1'U1'VIqj~~t-HLt1'UuUU 
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vi~1 :http://wvvw.topmachinebiz.com vim :http:/Awffl.metalworkingmachine.net 

n) LL'll'll~1'U 

.,j ., 

Vl~1 : http://wvvw.xlerator-handdryer.com vi~1 :http://www.munsonmachinery.com 

fl) LL'll'll LL~1J L1J€liij,,~ 

d.. tI 'I IV 0 'I IV I '" 'I 0 '" ... 0'"
'i€l'll'VI1Jfl111JLVl1J1~'UJ"ll€l.:J 'i~IJl'VIm'i ~"tI.:J1'U 'VI 1 LVlfl111JIWm'U€l.:J L'Um'i'VI1.:J1'U"ll€l.:JLfl'itl\l~mvnL'U'U 

Lt1Ltlltl~1.:JlJltlL~tl.:Jn'U tl~1.:JL'inlJl11Jfl111JGl1J,;''UG''lltl.:Jfl111JL~1'itl'lli!~tl.:Jf;)n'W';J1'iru1tl~1.:J":l LBUVlL'U 
'\I 

d IV I '" d... 0 '" 1 ..- ( ) d '" IV.:J1'U'VIVltl.:Jm'ifl111JlPltlL'Utl.:JG1\1LL":;\l1'U'VI1Jm'i'VI1\11'ULL'll'll tllPl 'U1J1Pl Automation LVitlVl1\1I!-J"vl1'U 
\I 

fl111JLLll'Ut:i1"lltl\l;ff'U\l1'UVI~tl1G1Vl,jtlm'iL<U1Lt1~m:::'ll1'Jn1'i~'U,jtlLtI a1V1i''ll m'i'W';J1'iru1fl111JL~1 
, \I 

http:http://www.munsonmachinery.com
http:http://wvvw.xlerator-handdryer.com
http:http:/Awffl.metalworkingmachine.net
http:http://wvvw.topmachinebiz.com


• • 
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E=~•... 
Nl N2 

(2.1) 

hw~ 

N1 = 1"l11l.lL~TH)'lJ'lltJ'I~1-rr'lJ (RPM) 

N2 = m11JL~1~tJ'lJ~1\Jl11J (RPM) 

D1 = 'llti1~L~ti~1'UPl'U~mn'l'lltJ'I~mmJVi1'U-rr'lJ (m)
" 


D2 = 'llti1~L~'U~1tiPlti~mn'l'lltJ'I~m'l1tJVi1ti\Vl11J (m)

" 

m~~'1 n1~'11~tJl-u~1 tJVi1'U~11Jn'lJ~tJ~1 tJVi1tiJti~'1'V1i1'1~~tJ'IVl\l1~ru1~tJ 'V1tJ{1"l'VI~tJ LL ~'1 

'iJ~ LL~~LL~'1~'11ti~1tJVi1ti ;'1~11J1~mL~~'1m11J~1J~titfl~~tJ 

T= Fr (2.2) 

l~tJ~ 

T = 'V1tJ{1"l'VI~tJl.I.~'1'iJ~ (N-m) 

F = 1.I.~'1 (N) 

r = ~Plij'lltJ'I~tJ~1tJVi1ti (m) 

L~tJl-uLuti~t1mru ~tin1~'11tim~-rrtILI"l~tJtiLI"l~e:J'I~mn~1'i1'1 '1 L"liti ~1J ~~~1J I"ltJ1JLVi~~L'l!tJ{ 

~1tJVi1ti~1L~ tJ'I LUti~ti 1Jm\JltJ{LUtitJtln~ru~iJtJ1Jl-untitJ~1'1LLVi~'VI~1tJlti1~'1'11titJ\Jl~1'V1m~1J 



12 

.. ...I.. ., v... ...I., 'i' .,j '" v "'.. '" <$ ...I 
3Jm\9l€J~ 'VI'lJEJ3J L"Hn'IJ1J1n'VI'l~ L'IJ L~-3-31'IJ'Q\9IG'11V1m~3J L'IJ€J-3,nn3J"l.I€J~fl€J 3Jfl113JL~1~€J'Ufl-3'V1 LLa~ 

~1V1lJ'IJ (Rotor) ri1'IJ3J1mU'IJ"Hij~m-3n~~~€Jn (Squirrel cage) 1~ii"l.l~a1~w'IJ€J~~-3hliitl'IJ\9I~1EJ 

1111 ntl~~n1EJLl1oW1viLLtl~-3ri1'IJLLa~fl€J3JihL\9Ie),~LVlll€J'lJn'U3Jm\91 €In l1Yhm~LLG'1\91~-3 ~-33Jm\91 € In l1yh 

m~LLG'1m.:JL~G'113J1~mh1tJ1m~ 3Jm\9l€Jnl1Yhn~~LLG'1G'1a'U 1 Ll1G1 f)€J 3Jm\9l€J{vil-nn'ULL Vla.:j~1EJ 

Ll1Yhm~LLG1G1a'U 1 Ll1G1 220 halPl 50 LO~\9I.ij ~.:Jn1~Vl1"l.1'IJ1~"l.I€J.:J3Jm\9l€J{LU'IJ~-3'hr11l!L~€J.:j1ll1n 

3Jm\91 €In l1oW1 ~n1'ilLU'IJ'Qtl mru~'lJti1a.:J 1:~EJn1~Vl1"l.1'IJ1~"l.I€J.:J3Jm\9l€J{G113J1~tlVl1L~1II1nG13Jn1~vi 2.3 

21TxTxN 
p= (2.3)

60 

1:~EJvi P ="l.I'lJ1~"l.I€J-33Jm\9l€Jnl1oW1 (W) 

(rill€JW~'lJ1~~'U'Un1~~~n1~~a.:J-31mhwr'U1:~.:J-31'IJfl1'Ufl3J LLa t enfl1~fl1'U fl3J, 2552) 
\I " 

tl\9l~1~'IJLtlii€J.:j~a.:J.:J1'IJ~1Ll'I1::: (Specific Energy Consumption) VI~€JL~EJn'hfh SEC J'lJLU'IJn1~ 


. L tl~EJ'U LViEJ'Uvl'IJ'VJ'lJl'Ia.:J.:j1'IJ"l.I€J.:Jn1~~~\9Ii1'IJfi'1V1~€J'U~n1~~.:JIII:::~1II1ru1ii.:Jn1~l-n~a.:j.:J1'IJ (~a.:J.:j1'IJ 


. fl113J~€J'IJ LLa :::l'Ia.:J.:J1'IJLl1oW1) I'i€JVI'\hEJn1~~~\9Ia'IJfi'1V1~€J'U~n1~iivtt11mU'IJ MJ/vr'll1fJ n1 ~~~ \91 


i1'IJfi'1vr~€J'U~n1~ €J~1.:JL~n\9l13Jfh SEC fha.:Jlllttlnl-nLiJ'IJ'U~~\1~1ii1'IJ"l.I€J.:Jn1~1-nLmfJ'ULVifJ'Uvl'IJ'VI'IJ 

\I. • 

n1~1'Ill'la.:J·n'IJ1'IJ1:~-3-31'IJ€J\9IG11V1m~3Jtl~:::LI1'V1L~fJ1n'IJ1'IJ€J'lJ1fl\91 1:~eJel\9l~1~'lJLtlii€J.:Jl'Ia.:J.:J1'IJ~1Ll'I1:::, 

G113J1~tlVl1L~1II1nG13Jn1~vi 2.4 

Vl3J1 EJ LVlI9lVl1n1'lJm~'U1'IJn1~~~'11-n€Jtlmru1l1oW1~1LiJ'IJ~€J.:J Ltl~eJ'lJVI'Lb fJ"l.I€J.:Jl'I a .:J\l1'IJ1~ , , 

€lEn 'IJ~tl"l.l€J\ll'Ia\l\l1'IJfl113J~€J'lJL~eJrl€J'IJ1:~fJflru~1EJ 3.60 L~eJtl~3J1rul'la.:J.:J1'IJLl1oW1 LLattl19l~1n1~ 
\I \I \I 

~'lJLtl~€J.:J1yJoW1G111J1~tlvr1L~1II1nG1lJm~vI 2.4 LLat 2.5 19l13Jiil1~'U 

t1i1l1tu~""N11Jll1vh(kWh) 
SEC = (2.4) 

t1i1l1tue.Jfte.JHI'I (k~) 

http:LO~\9I.ij
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(2.5) 

III 

A1'U'lWBtJl"S1 ihJL'lIav.(l 1yHh 

(2.6) 

(tVi\J£'IV 1.L~:ULviv'U, 2549) l'Uv~91 1f'l1mvvmL'U'U~.1'U'VI1~1f'l1m~:u~,n"1-:Jt~5jv1~n1~t-&' 

~1'U~'U1'U LL ~~ I.L ~~ 5jlOlru.n1'VHHLL~1'Uij~~~'U1.L'1.nFl~nr'Ut1mtl~ ~'ULLtl£'l~ltl L~v-:J~1nivIi11nVl .~ v , v 

1Lm1~"'LL£'I~~Vla'Ul~L~vnl'Un1~"~'Vl'U1'Ulfl~~n1~~1~~ ~~n1~1LI'l'n~"'ieJl,J£'I~v~m~mLVl~~ivl,J£'I 

~1nI.LVl~~~1~~L"ll'U ieJl,J£'I~1mh~Jn1~91mVl ih~1f'l1m~:u ~1'Un1~L1'U ~1'U'U~hl1~ IVl~n1~ 

~~1~ru1 Lf'l~'M~f'l~1.'191in1'm~'Vl'U"ii1LtJ'U~v~Pin'M1-ifeJl,J£'I~-:J~v1tl;l 

Rvll'U'VI'U~~'Uv~ln'Un1(;\~n1~f.J~91 ~~1I'U'VI'U~~1.'1eJ~eJ1~~~~1:U1tli1~~'U'VI'U'VI1~91~ ~L"ll'U fl11.L~~ rh'I" , .. 
1~Vl fl11.'11tn~rutJ1.nfl LtJ'U~'U 

, '\J 

2.1 0.2 ~'U'Vl'U~1:U 

.., ~.., d.Q': I II.J 

9l'U'VI'U ~1:ULiJ'U91'U'VI'U'VI L n Vl'!l'U~1nf.J£'I~1:U~~Vl11~ f.J£'I~1:U'!lv ~ ~ 'U'VI'U fl>3'V1 LL£'I ~ f.J £'I ~1:U" , 
~'U'VI'ULLtl~~'U ~~LL~Vl~911:ua:Ufl1~~ 2. 7 l'U>31'U1~~;lf.Jm1:U'!lv~~'U'VI'Ufl~~~::~~1~ru15~ri1 L~eJ:U, . 

111"" '" :'1 , .. 'i ....1 "" ..,0 "" ~11'l1LmeJ~~m~1V uLL£'I~fl1LaV beJn1aL~'Uw1 nti'U11'l1~I'jj~a1:u1~t1fl1'U1ru Vl911:UVl>3alJn1~'V1 2.10 

LL£'I~ 2.11 9l1:U~1~U a1'Ut'UmtiJelffi~f.J""jI:U'!lv>3~'U'VI'Ul.Ltl"j~'U~~~~1~ru1i1>3l1'U'VI'Ufl1-.ij1-:1LL~-:I~1'U, , 
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(2.7) 

(2.8) 

, ... .. OJ'" 'l1fl1~fl~'EF1~f11 
fl1LG'ltlll':i1f11LfI'feNllilm':i1VU = 1"'''' '" • '" _ ... (2.10) 

eJ1~m'.i '!l,'j1'ULfl'l'El,'j'OJf11Xfl1f1,'jn1'l~m\ll\ll'ElD 

4vv .: ... ) 4" 
I ... 'i'" ( 'i1f'l1~f'I'itl~vO'ixtl~'flflcmL\Jv12Lfltl1.J +'i1f'l1Lf'I'itl,'jvn'i 

fl1LG'lV~tlfl1G'1L{j'U~J1nG'U1f11':i = • '" .... :'1 (2.11) 
fl1f1,'jn1'le.lfllillil'El U 

r I I ,,~ 

fl11J'UG'I{j + fl1'U':i':i~flru" (2.12) 

'l11'l1f'h~1,'jLL'l,'j,'j1'U~fl1'U x 1'U'vi1,'j1'U~'EltJ 
(2.13)

fi'1"','jn1'l~i1Ii1~'EltJ 

I'hl'rh~h~mnhfJ x .a-"illJ,'jfl1'l'vi1,'j1'U~fl1'U x 1'U'vi1,'j1'U~fltJ
fhltJvh = -------------­ (2.14)

fh"','jfl1'lt.Ji1\ll~fltJ 

(2.15) 

(2.16) 

~lIfh L~'U~{j'VJ'U\-1'im.,1I1Vfl111111':i1V~1Viifi1LVhri'U':i1Vi''U \-1'itl~~~ f111':iLtJ'U~'U~ht'U Ltl{j fl1':i 

1LfI,)1~~~~~1I'V1'U LtJ'Ufl1':i1LfI':i1:::'\.1f11111«1I"''U51Jtl{j~'U'VI'U (Cost) ,)1V1~ (Revenue) LLm:~mfhh 
• ~ " ill. 

\-1 'itl~~ ri 1L'~11 (Profit) ;{j LL'hN'U1JI111 fl1':i L tl~f.J 'U LL tl"{j1Jtl{jtl~1I1ru fl1 ') ~~ IJI t'U n 1':i1 LfI,)1:::~ 

~~;!1I'V1'U lil::;t <Hn1iil{jfl1':i~~IJILtJUiftlll~-el1{j~{j L~ml:::1~'VI,)1'U11 lil~Jlll'VI'Uvff'11'U1rulf1Ln'Un11n1iil{j 
., .. II " " '. " 

fl1':if.J~IJI"''i~'W \-11mn'Un11n15{jfl1':i~~1JI flWG'l1111':it:11<Hlil ~~1I'V1'U1~\-1'imtJ'Ufl1':i1J1\il'VI'U,!'U L~{j, , " , 
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(2.17) 

(2.18) 



LfI~€J.:I'UVl51L\1a €J.:It'U-:JTlll~EJ;l~::'ti1n1'S~n~ni5n1'S'UVl~'n.Jfl'U 2 U'U'U ~€J 01 'S'U\11 LL'U'Ut ~ 

~1'UU~:::01'S'UVlLVlEJt ~~nn~-:J LVlEJ11-:J0'S€J'UU'UlflVlH~€J ~::lt~'I.1Vl'U\1ILL'U'U~1'ULt1'U~l'UVl"IWILL 'Snvi1 
'\I •• 

\1'U1~'U Vl \1EJ1'ULVlEJ 01 'S'U Vl LlJa Vl51L\1a€J-:Jt ~LL(J] n€J€Jn~1nn'ULtI'U~'ULan '1 l'(J]'ltl 'S::?f-:J rl"U€J-:J 01'S'U Vlt'U 

.c'UU'Sn;lLiJm.h1tit~"1\1-r'U01'Svi1€J'l\11'Sa(J]1 LL~::101'S'UVl~::LeEJVlt'U'I.1Vl~ 2 ~::t ~"lfVl,mn~-:JLtI'U~l 
• ~ '\I 

'U Vlt~5l L \1a €J-:J~e.h'U O1'S'UVl\1EJ 1'U \ill EJ"qVl~1'U'UVlLL~liJ"u'U1Vl La n~-:J LtI 'UeJ -:JiJ"U'U1 VlhlLfl'U 100 

1.lJLfI'SLlJm 
., ., 

O1'S€J€JmL'U'U"qVl'UVlVl-:J 2 "qVl ij~::t ~"qVl;;'Un1"'-:JLwni)?f'S::~1nn'U LVlEJt~lJm~l€Jf1vi~1'1.1ijVl 

1 Lvi?f "U'U1Vl 2 LL'S-:Jl!1 Lt1'U~l;r'ULfI~€J'U"qVl'UVlU~~::"qVl ~-:Jn1"'.:ILVlEJt off?f1EJVl1'U~llJn'U~€J?f1EJVl1'U 

tI ..I '" 'S 'VI 3.1 LL'Ulf1VlO1'S€J€JmL'U'U'I.1Vl'UVlU'U'U~1'U 
'\I • 

~ 1n~tIU'Ulfl VlO1'S€J€Jnu'U'U~1'U'UVl,r'UtI'S:::n€J'U\il1EJ~1'U 2 LLe.i'U ~€J ~1'U ~l~1-:JU~::~1'U'U 

LVl EJ~~1'U~l~1-:J~:::€J~n'U~ t.'i!1:: ~€J-:J(J]1lJLt.'Ul~~iJ"U €J-:J ~1'U fll1lJn11-:JtI 'S:: lJ1ru t.lJa Vl~1L\-1 a €J-:J"ii'1'Ul'U 

16 ~€J-:J il1EJt 'U~€J-:J~\1lt'UiJVl"1\1~tlLO€J'ULlJaVl~lL\1a€J-:Jt~LL(J]n€J€Jmt1'U~'ULan '1 LlJaVl51L\-1a€J-:J~ 

t.t.(J] mt.~l~:::1\-1~~.:Ivi1'Ufi1-:J"Utl-:J~1'U ~1'U~1'U~1t1'U ~::Lt1'U ~l\-1lJ'Ui'l1lJ 'S tltl 01'S-U'U"U €J-:JlJ€J t.(J]€Jii.yj~1• 
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L"1l1::~e.J~~111LL·l.r:I'Sfl1:thffi~~11JLVliie.J'U~1'Ul9i'd{;h~ tJ'U~1'U~:::V~~~~1V1~tJ1~LlI~~51LVI~e.J~LL(;\:::Vllj'U 

1t1~dfJn'Uvh1~LlI~~5dLVI~e.J~"f)~~~dmL~'U\J~l"i'tJ~~~~e.JantJ~~1mVI(;\~1'U~e.J~~1'U~1tJ'U(;\~1t1V11 
'II 'II 

~1'U~1,h~ nTlVllj'U"IJe.J~~1'U~dtJ'U~:::m1~Lm LlI~~5dLVI;;e.J~1t1t1:::V1:::ntJ1tJ£j~~~~ ~e.J ~1.'U~e.J~"IJe.J~ 

~ 1'U~d,h~vh1~LlI~~ 51LVI;;e.J~LL\Jl f)e.Je.Jf)LL~d1VI(;\(;\~~1'U~1'U~1~h~LL(;\:::f.1 n\1~l"i'tJ1mVI(;\ e.Je.Jn1l1~ 
'II 

d. ""':'1 ::; 0" ..,
m'le.Je.JnLLtJtJ"1l~~1'UtJ~L~e.JVl1V1'U1V1Lu'U"IJ~tJ~VlfJ1tJ'U'U~:;d1~V111111Le.JfJ~ 45 e.J~!'I1 f)tJ LL'U1 

'l:;'U1tJLf1e.J1~LlI~~51 L VI~e.J~~~1'Um'ltJ~LL~1~1111"If.11VI(;\(;\~~1'U~h~1~~1 fJ m'lVlll'U"IJe.J~"lMtJ~m.if 

http:m'lVlll'U"IJe.J~"lMtJ~m.if
http:VI~e.J~~~1'Um'ltJ~LL~1~1111"If.11
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~1mtJ LL 'LIJfi~n1'H)tlnLL'U'U"If~'U~LL'U'Uflnn~{I ~tl{Im"itVln1'~'U~Ln~;'LI 3 ftf{l~{I~eN1.-n 
~ ~ ~ 

flnn~{I 3 I'i ~1'L1J'LI 4 ii'J 1~tJI'iLL"inflnn~{lii'J'U'LIa~'<il~L'ti1~~tJ{lft~1tJW'LIL~tJ{lL~tJ"lbell'LIm"it1tJ'LI
\i v \I V 1 

LLfI~t:itJtJti'JLvri'itJ{l1.VlLiJ'LI~'LIL~n, 1'11{11'L1~J1Jn'U~nn~{lii'J~ 2 ~{lij~JL~EJ'U (LvriltJ'LIn'U~J~ 3 LLfI:i 

4) "i:iEJ~~1{1"i~vr11{1f1nn~{I 1J1nn-h iln 2 I'i ti'JLvratJ{lujmlnt:itJmiJ'LI~'LIL~mL~J~:il'lnfl{jLLfI~Lvrfl 
~ "" 

1~EJfhvr'LI~'l~EJ~~1{1"i:i'Vd1{1f1nn~{lt!tJEJn11f1nn~{lI'iLL"ifl LLfI~flflfI~{ll'ia~vhmlflJ1mfl"tl 3 LLfI:i 4 ij
~ ,,~ ,,~, 

'l~ EJ ~,jtJ{l11{1t!tJEJ~a~1'11vrt!1~'U~~'LIti"lLvratJ{l1.VILiJ'LI~N LLt1{1~tJLtJ, 

~ ~ 0 I/..J :'1 'q t V dI cl.<V II 

m "itJtJ mL'U 'U"IlVlflfl flfI{I 'U~L~tJ'V11vr'LI1Vl LlJ'LI"Il~'U ~fI~LtJ EJ~ L~EJ'l'Um L vrfl tJ{I VlI:J 1'L1m 'l'U VI ~J EJ , " , 
"tI~'U~vrEJ1'U1J~ILL~JJ'LI ~'LIti1~{I'!i'ULft~tJ'LI1.-n1JtJLl'ltJi1Yh~1 1 Lv4a "tI'LI1~ 2 LL"i{llJ1 L,j'LIL~tJJn'LIn'U• 

tJ .., I'" 
m 'l1h'q VI 'U ~V({la tJ{I'qVl1J11'11{11'L1~J1Jn'LIu'LI~tJ{ltJtJmL'U 'U'q ~1ft'l{I a 71 {I Ly; tJ1'11 m "i9iVI ii'''l'q~ 

'U~~"latJ"l ritJ'LI '<il1 nJ'LI~{lJ1"l~1LLvr,j"l'q~'U~~{latJ{I'U'LI1ft"i{la71"l1Vla11J1"i{l1'11{11'L1~J1JntJL;l1V1EJ 

~VI~{I"Il ~'U{il LL'U'U"V1'L1L1';l1'L1'UtJ L~tJ{I'<il1miJtJ"Il~'U~"tI~LL"ifl LLfI:i~~~{I"tIVI'U ~ LL 'U'UfI fln~,:j1.VI~1f111 .. l ' 1" 

LritJ1.VlL1J~~ti'JLvratJ"la11J1"i{lLvrflfl{llJ1L;lujtJe.11tJm'l'UVI'<il1f1'q~LL'lnLL~J '<il1ntT'LI1'11m'ltJtJflLL'U'U"i1{1 
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~1L~EJ,mJ~Vlti'1 L'VI~eJ~~1n"IJVllJVI~~"eJ~L'tl1'V11tl'U LLG'!::eJ eJn LLlJlJ";i1~~~1 L~EJ~ilnwct~";i1~11G11'V1i'lJm ru• 

~~eJ~m";ilJVI'VIEJTlJeJ~1~L~m ";i1EJG'!::LilvVlm";ieJeJnLLlJlJLL"VI~111'U~t1~ 3.5 

o l1:li .lJ... .. 
n3a1L~tJ~mLVI~tJ~tJtJm1JtJ 

l1ilJltJ.:J m'lUVI L uueNLLU.:J 

1JVlUVlLLUU~nn~~, .. " 

o cd ~ at ~ 11A. .d cv d c:
m";ifl1'U1WeJeJn LL lJlJLf'I";ieJ~lJVlmL'VI~eJ~'U~:: lJ'n~1";iW1Lmn nlJ L ";ieJ~fl11lJ LL'iJ.:JLL";i~'iJeJ~ 

~'U~1'ULL~::1fl";i~"~1~ L~eJ~~1n~1'U1~EJ;lLtJ'Um";i~m~nfi~15m";i'IJVl1V1EJ1otl~1'U~'llJtllJ~ nn~~ L ;l'f)VI 
\I \I 

... .. 
RPM ~'f)"1EJ'n1'U~'l-UlJ'iJ'U1V1 2 il1 LLG'!::~eJG11EJ'n1'U~1\P11lJ"lJ'U1V1 6 il'l 
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N1 O2 
= 

N2 	 01 

N1Dl 
hi N2 = 

O2 

1450x2 
Nz = ;: 483 RPM 

6 

21TxTxN 
P= 

60 
60xP 

1~ 	 T1 = 
21TxN 

60x2x746 
T1 = 

21Tx1450 

LL·H~.:JttJG'l1~'W1tJ 

T 
F = 

r1 

9.83 

= 9.83 N-m 

1~ F = 1 1 =3870 N 
(2x2.54x2x1000 

1 1 
1~ T 2 =3870x(6x2.54x - X - ) 

2 1000 

T2 =29.5 N-m 

~ 	 ~ 

RPM ~tlG'l1fJ'W1tJ!Jl1-iJ".J'II1J1f1 4 ill LLa~~tlG'l1fJ'W11J~1(;l11.1"IJ1J1f1 8 ih 

~1nG'l1.ln1'j~ 2.1 G'l11.11'jClr11tJ1rufl111.1L~1'jtltJ"IJt:W!lflann~.:JtJflll'ifitl
• v 

= 


http:G'l11.11'jClr11tJ1rufl111.1L
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v ~ a ~ ~ 
VI.:J\J\JflI')1:WL':i,)·H)'\.Jn1':iVl~\J1Itl.:J'qVl~nn£1.:J\JVI flItl 

1450x4 
=725 RPM 

8 

2TTxTxN 
P= 

60 


60xP 

Tl = 2TTxN 


60x2x746 
Tl == 2TTx1450 :: 9.83 N-m 

LL':i.:J~~1\Jt11tt'V'/1\J 

T 
F= 

9.83 
F= 1 1 = 1935 N 

(4x2.54xi xl000 

1 1 
T 2 =1935x{8x2.54x - X - ) 

2 1000 

T2 :: 19.66 N-m 

... 
2. tltlmL\J\J'qVl~nnil~UVlLL£1:ahl"\JVl1I\J1V1 

3. ~VlVl11t1V1U~~tlUn':iru, , 
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'" 
4. t-Ja~:u'Ua1'1.I~11ILL'U'U 

5. ~~~nB'U~~~1'U'U~LL~~~~~nn~~'U~ 

6. BBnLL'U'UIf'1~~a~1~~1~-r'U~~vr~~~'UIilLL~~n1'VI'UIil''ll'U11il 

7. ~~~nB'U~ti,lf'1~~a~1~~1~-r'U~~vr~~~'U~ 

8. ,j1~~'U~~~aB~~~~~vr~L,j1n'U~~If'1~~a~1~ 

9. ~~vr~lIm~Bfl'VIYhW~BlIL~'U~~'U'Ulrlvhf'l1'Uf'llI, . ..
10. 'VI~aB'Unwvn~1'U"lIB~Lf'I~B~ 

11. ~-r'U~1~LLm"ll~'Ua1'ULL~~~~mru~1~' t'l1m1l1~all 



.d 
tJ'VI'VI 4 

cd 	 cv ~ 0 v cv t 
1. 	 LfI'Jtl~1~f111lJL'J1'Jtl'U a1V1'J'U1~'Jtl'Um'JVI~'U"(jtl~"q~'U~'Vm1tl~"q~ 

2. 	 'eltlmrutli''Uf111lJ L~1'Jtl'UlJtlL(;ltl{ (I nverter) ~1V1i''Utli''U'Jtl'U m'JVI~'U"(jtl~lJtlL~tl{ 

... ., t '" c:I I

L~tl'VI~a tl'U f111lJa1lJ1'J" b'Um'J'U ~"(jtl~"q~'U~'VI~atl~'VIf111lJL'J1'Jtl'U~1~ '1 

3. lJtlL~tl{1vlvh"(j'U1~ 2 U'J~:U1 ~1'U1'U 2 ~1 ~1V1i''ULV'U~'Ufh~~1~n'U''(j~'U~~~atl~• 
,:., 0 	 ILl ~ ~ V 4

4. 	 m"(j~a1V1'J'U"!I~LlJa~mLVlatl~ 

5. 	 'U1wm..ij'UL1a1~1V1i''U~'UL1f'11L~tlVl1tl~lJ1ru~LfI~tl~'U~a1lJ1'J,,'U~t1LVlatl~1~'U 

Vltbvntani'lJl'itl'U1Vi 

. 	 ~"", 	 .. ..6. 	 "Il~'U~m LVlatl~U'U'U'\I1'UUmm'U'Uanna~ 
~ 

7. (;l::un'J~~tlmHLLi1~"(j'U1~ 100 IJm ~1V1i''Ut1~LLVn''(j'U1~~~LLi1~vl1~'l1mfl~tl~'U~ 

II 

4.2 	 cU\Jfli.lUua=1fin1~,.,,.aD~ 

~~1~n~11lJ1 u1XT:h~1'U1..ijEJ;1Uti~m'J'VI~atl~tltlmV'U 3 m'J'VI~atl~,r'U a1lJ1'J"fhVl'U~ 

.rr'U(;ltl'Um'J'VI~atl~1~~~;f 

1. 	 L(;l~VlJ1(;lQ~'U fitl LlJ~~t1LVlfitl~1~~~tllJ 

2. 	 LtJ~lJtlL~tl{1vlvh-u'U"!I~'U~U'U'U~1'U1~t11~1'U• 
• 1"" "''''''''.1 .... c:I !'1 ••I.":1.., .... c:I

3. 	 u'J'Ufl11lJ"'VI~1u'J'Ufl11lJL'J1'Jtl'UlJm~tl'J Lnn1 ~'JtllJ1~f111lJL'J1'Jtl'Um'JVI~'U"(jtl~"q~ 

'l1'U'U~l~vl-tlLfI~tl~ijtl1~f111lJL~1'Jtl'U lm~f111lJL~1~~tl~m'J fitl 350 RPM 

http:cU\Jfli.lUua=1fin1~,.,,.aD
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4. 	 L~hJUJ~Iil~"m..,~tl~~~lu,,~VI~'IJ 

5. 	 L~mlJ~Iil~';lLVI~tl~V1n~~1'IJmlil<,itl~-rtJ L~lJ~tJL1~1 1ii1'IJ1'IJ 1 'lJ1Vi L~tlfl<,itJLb~1~~mlil 

<,itl~-rtJtltln 

6. 	 111~1LVI~mvtt~V11lJ;;tl 5 fi'IilLLEJmlJ~lil~tJ~hjLbV1ntltln 

7. 	 i~J1V1,rmlJ~Iil~1LVI~tl~~fi'IilLLEJmL~1V11lJ;;tl 6 LL~~U'IJV1nfh~~1'lJV11<,i1~U'IJ'Yimmm<,i 

'VI1il~tl~1IilmlJ~Iil~LLV1ntltln1iJ1nn'IJu'lJV1n~~1'IJ';tl~ tJlilalJtJ<,iru U~~LlJ~Iil~1LVI~tl~~hj
\I 

LLV1nU'lJVin~~1'IJ';tl~ tJlilUia1J\l<,iru 

8. 	 Yi1m<,i'VIIil~tl~V111J;;f) 4 ii~;;f) 7 L~1JBmtJ'lJflf~~ 2 LL~~ 3 V11lJ"1~tJ 

9. 	 Yi1m<,i'VIIil~f)~V11lJ;;f) 3 ii~"iif) 8 llilm~1Jfl111JL~1<,if)tJm<,iVl~'IJ"tltl~"q1il1iJ1'IJtJIilLtJ'IJ 

420, 480, 560, 690 LL~~ 760 V11lJ"1~tJ 

1. 	 LV1~EJlJ1V1q~tJ Rf) LlJ~Iil~1LVI~m1~'Y1~f)1J 

2. 	 LtllillJm~f)i1:vlrh'li'tJ"1lIiltJIilLLtJtJ~nni~1tXYi1~1'IJ
, \I 

3. 	 '\HtJm11Jfi~~hLl-rtJ fl11lJL~1<,if)tJlJmV1f)i1'vIrh 'Y1~f)1J1Iilm11JL~1) f)tJ n1<,iVl~'IJ"tlf)~aqlil 

~nni~tJlillIilEJ1.gLfl~f)~ijf)1Iilfl111JL~1<,if)tJ hn~fl111JL~1 300 RPM 

4. 	 t11L1J~1il~1LVI~f)~~~h'IJn1<,itJIil1iJ1nn1)'VIIil~f)~~ 1 "tlillil~tJIil1~a1J\l)ruL~1J~~1'IJ';f)~ 
Q 	 ,,~ 4 

LIJl1JLlJ~lilmLVI"f)~ 

5. 	 L~m1J~1il~1LVI~f)~lJln~~1'IJmlil<,if)~-rtJ L~1J~tJL1"11ii1'IJ1'IJ 1 'lJ1Vi L~f)fl<,itJLL~1~~mlil 

<,if)~-rtJf)f)n 

6. 	 ,hLLtl~~1LVI~tl~vtt~V11lJ"iif) 5 i~J1V1,rn LL~~u'lJVinfl1,,~1'IJ1Jl1)1~u'lJVimJ"m<,i 

'Vllil"f)~1'IJ';f)~ tt1LVI~f)~~~h'IJm<,itJIilVlEJ1tl LLtJtJt;'f1JtJ<,iru
\I 

7. 	 Yi1n1)'VIIil~f)~1Jl1lJ"iif) 4 ii~;;f) 6 L~1J~mtJ'lJflf~~ 2 LL~~ 3 1Jl11J"1~tJ 

8. 	 \'i1m<,i'VIIil"f)~1Jl1lJ"iif) 4 ii~"iif) 71IilEJ1'IJ;;f)~ 4 1m.g&)bVl~f)~fl,,~n'IJ~~tJIil1~alJ\l~ru 

LL"~hjalJtJ'lru~1nm<,i'VIIil~f)~~ 1 bL~:::1'IJ;;f)~ 6 1~u'IJVimJ"n1<,i'VIIil"f)~,,~l'IJ';f)~
\I 

~ 	 __ d~ l 

"tl'IJ1Iilm L VI"f)~'VI~VllJlil'VI~1'IJm<,itJlilVIEJ1tJ 

9. 	 Yi1m<,i'VIIil"f)~1Jl1lJ"iif) 3 ii~"iif) 8 llilm~lJfl11lJL~1<,if)tJm'lVllJ'IJ"tlf)~'lfIil"nn~~tJIilLU'IJ 
, ~ \I 

380, 460, 540, 630 LL~~ 725 1Jl11J6i1~tJ 
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~ .J 4 0 CV A t V ~ t .: 
n1'j\'lfliliN\'I 3 b'W8'1111f'!11:IJG'l1:IJ1'Hl'111'l801f1-3f11'U.J~Wl"U&-101TUVl'l1:IJmJ"U&:J"llfltlVl\'l-3 2 "llVl \'I-3'U 

fl1 'l\'l Vl fl8~~~vi1Lu'U fl1'l1~,r'U1Pi8-3vi1 fl1'l'IJ~tI\.h-3Lf'!~8-3t VI:Wfl8 vi1 fI1 'l~ Vl~-38'IJ mcl f'I1 tlf'!,:IJ, , 
~ 41)"" ~"o" d1" A 1'"0"",,

f'!11:IJL'l1 'l8t1 b'III fltI:lJm~8'l~'U01f1~"U8~"UVltlVlLLtltI~1'UL'W8 b'IIIG'l1:IJ1'lt'lf'!1t1f'!:lJfl1f1-301 'l~fI~ fI LLfI~, , 

t ~L 'III :lJ1~G'I:lJntlfh~~fl1'l ~il ~"U8-3"llVltlVlLLtltI\!flfI~-3 £11'U"llVltlVlLLtltI\! flfI~-31:w 1Pi8~~ Vl~-3~'lJfI'lcl 

f'!1t1I'l:IJf'!11:IJ Lh'l8t101'lvi1~1'U"U8-3:IJm~8ftvHh ,h~tI'rr'U01'l'VlVlfl8-3ii~~d 

... 
2. LiJVl:IJm~8ftYlw1-U'U"llVl'UVl;1~ 2 "llVl t~vi1-31'U 

• I'" .J.J '" • Ioj" !'I •• I.~"""3. u~tlf'!11:IJt'l'Vlmu'l'Uf'!11:IJL'l1'l8'U:lJm~8'l bm'f1 'W'l8:IJ1Vlf'!11:IJL'l1'l8t1 01'l'lll~'U"U8-3"llVl 

~1'U'UVllVlvtiLf'!~8-3ii81Vlf'!11:IJL~1'l8'U t m~f'!11:IJL~1 300 RPM 

4. ,j1L:IJ~Vlt1L'IIIa8-3L~:lJfI~t'Ul;)-3'111:IJ'U"U8~·!M'UVlLLtI'U~1'U, , 

d " 4 !IV 

L:lJ8f'!'l'ULLfl1Vl-3mVl'l8~'l'U88f1 

6. ,j1LLu~t1L'IIIa8~~1~~1:IJ~8 5 -B'-3th'llltJfI LLfI~U'UViflFi1f1~t'Um~1~u'UVifl~flO1~ 

'VlVlfl8~ 

7. vi101~'VlVlfl8-3~1:IJ~8 4 il~ 6 L~:lJBflLtJ'Uf'!f~~ 2 LLfI~ 3 m:IJ~1~tI 

':i'€Jtl 

(RPM) 

mll1run1'~\J~ (kg/min) 
~M1':i\J~ 

tlVliUJ\I':iW (kg/min) tl~'W~lJ\I':iW (kg/min) 
:>..! 

fi':i.:)VI 
.. ,...... 

l'I':i~VI 
:>..1 

fi':i.:JVI 

1 2 3 
..I

L,UUJ 1 2 3 
..I 

LIl"tI 1 2 3 
..,j 

LIl"tI 

350 3.50 3.60 3.70 3.60 2.40 2.70 2.70 2.60 1.10 0.90 0.90 0.97 

420 3.80 3.90 3.80 3.83 2.90 3.10 3.20 3.07 0.90 0.80 0.60 0.77 

480 4.60 4.50 4.50 4.53 3.80 3.90 4.00 3.90 0.80 0.60 0.50 0.63 

560 4.20 4.10 4.10 4.13 3.70 3.70 3.60 3.67 0.50 0.60 0.50 0.53 

690 4.70 4.90 4.70 4.77 4.10 4.30 4.30 4.23 0.60 0.60 0.40 0.53 

760 4.90 4.80 4.80 4.90 3.90 3.70 3.80 3.80 1.00 1.10 1.00 1.03 
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cI 0 I '" v
'iiJ 1fl~1':i1'U,mfl1':iVl~"tl\lVl 4.1 U1f11 fI'J1lJ L ':i'J':itl'U fl1':i\UrU'tltl\l"q ~'U ~ LL'U'U'iiJ1U2J1G'1':i1\1 

m1'rlm':ifl':i::'iiJ1t1 LLG'I~\lfI'J1lJ~lJ-WUG n'Uri1Ln~ tI'tItl\ltl~lJ1ru5'JL,.,fitl\l~tJ~1~~\I"'lJ~, ri1 Ln~ tI'tItl\l 

mlJ1ru5'JL,.,fitl\l~tJ~1~G'llJ\!':iWLL"~ri1Ln~tI'tItl\lmlJ1ru5'JL"'~tl\l~tJ~1$i111G'llJ\!':iW ~\I~tl~ 4.1 

,..... 6.00 
c
'E 5.00 

~ '-' 4.00 
"7 
(;I 

v(tO 3.00 ....... tfhJ1(Ui\'·m..,iitl·U-i1LI'I~tl~\JPl 
~ 

.)£ 
a 2.00 ___tR2J1(Ui\'1L",iitl~\J~'l'1a2J\l':inl 
r 
;; 1.00 .....tR2J1(Ui\'1L",iitl~\JPl'~a2J\l':inl 
~ 

0.00 

300 400 500 600 700 800 

fl111.1L;11ilml1'UU" (RPM) 

f11'ltJ~mmrLfitJ\lntJm1lJL~'J':itltJ 690 LL":: 760 RPM LL~'iiJ1f1fl1':iVl~(;Itl\l'V4tJ';h~fI'J1lJL~'J':itltJ 690 

LL(;I~ 760 RPM ~uLlJa~5'JL"'~tl\l'iiJ::Ln~fl1':iL~tI~~ntJ'iiJ1UtJ~~'JtlfI'J1lJL~'J~G'I\I Lnu 1 tlvi11 ~Li)~ii
\I 

n~u1"'lJ'tItl\lLlJa~5'JL,.,fitl\l~u ~\I~Uf11':iv'i1\11U'tItl\l"q~tJ~LLtJtJ'iiJ1uil~\I"ii1n~fI'J111L~'J':itltJfl1':i"'~u 

'tItl\l-q~'iiJ1U'U~H~ 480 RPM LL(;I~1-nm1lJL~'JilLiJuri1n1,.,u~n1a\lf11':i~~~ Ln~ tI'tItl\l"q~tJ~ LLtJtJ'iiJ1U 

fitl 4.53 m" n-rlJ~tlu1Vi "'~tl 271.8 m(;ln-rlJ~tl-i11lJ\I 1~tliiLlJa~51L"'~tl\l~tJ~1$i111G'llJ\!':iwLn~tI 

~ 0.63 n1(;1n-rlJ~€lU1Vi ,.,~tl 37.8 m(;ln-rlJ~tl-i'J1lJ\I ,.,~tlt1~LiJU~€ltJ"~ 13.9 'tI€l\ltl~lJ1ru5'JL"'~€l\l 
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~e:l'U 

(RPM) 

mlJ1rum~'U~ 
... .. ..I. 
mL'YI"e:l>1'V1(:J1iJm~'U~'YIEl1'U LL'U'U 

alJ\l~ru (kg/min). 

. 
OJ .. ..I • 
m~'YI"e:l>1'V1n'lJ'lJ1~'VI(:J1iJn1~'U~• 

'YIEI1'U (kg/min) 
.,...... 

f1~>1'V1 
:::..1 

f1~>1'V1 
---;--- ­

1 2 3 
..I 

LQ"El1 2 3 
..I 

LQaEl 

300 0.70 0.75 0.70 0.72 0.65 0.60 0.65 0.63 

380 0.80 0.85 0.85 0.83 0.75 0.80 0.75 0.77 

460 1.25 1.30 1.25 1.27 1.20 1.10 1.15 1.15 

540 1.50 1.60 1.50 1.53 1.50 1.45 1.50 1.48 

630 1.90 1.80 1.80 1.83 1.60 1.65 1.80 1.68 

725 2.55 2.60 2.55 2.57 2.50 2.45 2.55 2.50 

"J 0 I c:$ ~ II 

"il1n~1~1>1e·mn1~'VI~ae:l>1'V1 4.2 iJ1f11f111lJL~1~e:l'U m~'YIlJiJ'lJe:l>1"11~'U~LL'U'Ua n f1a>1lJ1a~1>1." " 
••1 ....... ~ ..... .J .r:: ."1 ..... ..1 1...... '1 ........ .J 


f1)111f11~f1)::"il1El LLa ~>1m1lJalJWiJ5 f1'Uf11LQaEl'lJe:l>1u~lJ1ruLLu>1mL'YIae:l>1'V1'U~ ~LlJe:l ~"llmL'YIae:l>1'V1 

r-hiJ n 1~'U~'YIEl1'UmLLa11~Elri'~LmLQW ;~~'U~l~alJ\!~ru LLa::!fhLQ~ E1'lJ e:l>1mmUJLL'11>1"'1 L'YI~e:l>1~'U~ 

,..... 3.00 
c
'E 2.50 

~ 2.00 ....... 
to; 1.50 

lao 

.)~ 1.00 

a 0.50 
c­tS 0.00 

__v.. .I 1" ,
-.-fl1L'I-ImNlQ'I'I1tYlU"'I-I1I1U "i'l1J\I'tu 

......"'1L'I-IatH~~'I-I1J,,~JhlJn1'\J"'I-IlI1U 

200 300 400 500 600 700 800 



28 

flu'lI"~nni~u"Clnril'Vr'tJ"H~ 2 : 1 v1~,r'tJrl111JL~T~aUa~a""iJa~'lI"flnni~u"~~Clmhfl"H~ 
, \I "U '\I" , '\j \I 

d "" c:l ..... .., 1" tld
tl 'l:::1J1N 725 RPM L'tJa~~1n1JaLtJ\a'l'VI~'tJ"1EJrl111JL'l1'laU 1450 RPM 'VI1~~1~EJ "'VI,,~a~L ~EJ'tJ 

e)19l'l1'V1l9lt~uaEJn':h 2 : 1 LL"1 Lv1a'Vl'l~11rl111JL~1'laU"iJa~'l!"\!nni~ul9l~:Mi'\"1~~'tJ LLliie.mtl'l1n!r:h 

'l!19l\!nni~ul9lhja11J1'lCl'VI~'tJuI9l51L'VI~hNl~L~a~~1mL'l~ijl9l~Li'I~1"iJa~'l!I9l\!nni~ul9luaEJ LO'tJ1 tl 

v1~,r'tJ1'tJ~1'tJ1:5'EJd~~fh'VI'tJl9lrl111JL~1'laU'VI1J'tJa~aI9l11~ 725 RPM \ii11Jm~aamLUUl1L~1J LL~:::1~, 'II , 

f.l1'tJ O1'lU 191 'VI El1U LL~:::ri1Gl~01'lf..J~I9lLO~EJ~ 2.57 oL~n1'1Jliia'tJl'Vi 'VI~a 154.2 oL~n1'1Jliia'li'1L1J~ 

Lila1 i51L 'VIaa~vif.l1'tJ01'lUI9l'VIEJ1ULLuua1Ju'lru LL~:::Gln~N:::"iJa~LLi1~51L'VIaa~vif.l1'tJ01'lUI9l~1EJ'lI19l
'II , 

uI9lLLuu~nni~dLLal9l~Hv1~'ltl~ 4.4 
'II 'II 

.... 1 it.,... .., :'1 :: .¥ d c:l.:.......,JI l: "':'1 "tl • 'I II 

L'VI~a~ 1J 19l1J~n~N~Lu'tJf..J~ 'VI~'tJL'tJa~~1m1J~l9lmL'VI~a~1Jm11J'lI'tJLL~~'tJ11J'tJLu'tJa~rl 'l:::naU'VI1 ~'VI 

L~a~nu I9lLL~:::~ 191 f.l1'tJ'l! 19l\! nni~vh1~LLi1~&1L'VIa a~:5'u ~1 fl'tJ LtI'tJ LLf.I 'tJU1~ '1 ~~ ,r'tJ'VI1~rlN::: 

~vi1O1'l1:5'EJ~~lil1LtI'tJ~a~'I11 LL i1~&1L",aa~mv1ffitlf.l1'tJm:::u1'tJO1'l~hJ'tJBnrlf~'VI~~~1n,r'tJu11tl 

~a'tJf.l1'tJI9l:::LLm~"iJ'tJ119l 100 l1JLrl'lL1JI9l'l vi11m~LtI'tJf..J~LLi1~51L'VIaa~ijGln~N:::v1~'ltlvi 4.5 
'II 
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m1l1ruLLtl~5';lL'l."~B~vI'UVl1~ (kg/min) 

t .,j 
fI'HVI 1 

t.,j 
fI'S~'Vl 2 

t.,j 
fI'S~'Vl 3 

.,j 

Ltl"V 

2.45 2.50 2.55 2.5 

~1ntJ"n 1'S'VlVl"B~1~LfI~B~'UVl51LVI~B~~~aB~'qVlvh~1'U~111ti'Um.h~vlBLilB~ ~B 1~51 

LVI~B~vlllh'Um'S'UVlVlV1'ULLc\'11VI"Li1'qVl'UVlLtl'UtJ~LLtI~51LVI~B~LL'U'U~nnif~ vr~lJI1'S1~vI 4.3 'W'U'l1 

LfI~B~'UVl51LVI~B~ ~1111'Stl'UVlLlI~Vl51LVI~B~LtJ'ULLtl~51LVI~tl~1~m1l1ruLtl~V 2.5 nL"n~lIvlB'U1Vi 

VI~B 150 n1"n~1I~B~1LlI~ LL~LLtI~51LVI~B~vl1m1l1~ij~n~ru::LtJ'U~~~~1~nri11HLLfl11'Um'S 

'VlVl"B~vI 2 LL"~~1nm'S'VlVl"B~V~'W'Ui1fYVl1 ~B Vl1n'IJ~'U~~fl1111L~1'SB'Um'SVI~'U'tIB~'qVl'UViLL'U'U 

~1'U1I1mn'U 1 'IJ~~'Yh1~51LVI~B~1 VI" 1 'lJnB~~~~lIB~vI'U~L1ru'Vl1~L i1'qVl'U VlLL'U'U~nnif~LtJ'U-.51'U1'U 

1I1n L ilB~~1n'qVl'UVltJ~bLtI~ff1LVI~B~u'U'U~nnif~a1111'Stl'UVl1~-H1n'h'qVl'UViLL'U'U~1'U vr~,r'U1 'Um'S 1 i 

~1'ULLfl1-.51LtJ'UI'iB~'IJ~'U~~~'IJnosru'IJ-r'U fI1111L~1'SB'UfI1'Uflllm'S'Vh~1'U'tIB~'qVl'UVlVlV1'U LL'U'U~1'U1~ij 

fh~~m'StJ~ IJlvl&r1I'W'Ufiti'U'qVl'UVI~~LLtI~LL'U'U~nnif~Li4B1111~LnVli1fYVl1~~nri11 

.,j 
~1n~lIm'S'Vl (2.5) 

"1Vl~'U~1'U1 ~tl.Q'IJ~1I1ru'W~~~1'U1rlvhYi'li~~W~1'Sru1~1nfh~~'tIB~lIBLIJlBnrl-W1't1B~'qVl 

'UV1V1 tl1'U LL"~'tIV1'U VI"~b BVVlLV1tlllBLlJIBfl rl-W1't1B~"!lVl'UVI~~ 2 "!lV1.Qiifh~~'tIB~lIBLlJI Bflrl-W1 L vhti'UvI 

2 LL'S~~1 VI~B 1,49211JlWi vr~,r'Um1l1ru'W~~~1'Ulrl-w1Yi'l~'U 1 ~1111~ijrl1 

.. '" ~.':I (1,492 + iA92) x 1 
'IJ'S1I1ru'W"~~1'U~rln1 = -----­

1000 
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~-3~'UB~";i1~'U~tl~tJ-31yjyhl'Um";iH-31'ULf)~muV'l51Lr1~tJ-3fl1fJl'UL1a1 1 .a-112.1-3 iiph 8.886 U1'Y1 

*";i1f)1~tJWI.bV1yjvhtl";i~L.n'Y1'U1'U~nm~vtl";i~L.n'Y1 1.1.2 r11.bvat 2.978 U1'Y1 

~1'U1'U 

8 


300 


150 


250,000 
 U1'Y1 

5 


2.978 

U1'Y1it11.5 

215 


30 


140 


http:i1f)1~tJWI.bV
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oJ t1, d ,,~V $I d .:., 4 

'.ilfllLfl';j8.:jU~mL'VI~8.:j81.:j8.:j~lnl'l'U'VJ'Un1'.i4'1'.i1.:jLfl'.i8.:jU~mL'VI~8.:j 

81~m'.i1-H.:jl'U"lI8.:jLfl~8.:jfi'~LLEJn8~"l'U"li1.:jL1~1 5-7 tl ~.:j.j'U~.:j1-HL1~1~1~~fii8 51:1 

fhl'rlvhIJi8'V1'lhmh~il.:j~lnm'.il'rl.yhri1'Uflijfllfl \h:::LfI'Vl 1.1.2 (ul'Uin81l'1vitl-tllvHh
'II 

~.:jLLIJi 401'VItbFJ~'UhJ) 

fhBI'l'.il~8mdm~'UtJ1m.h::~1 12 L~8'Ue)1.:jil.:j~lnG'Ulfll'.iLLvi.:j\J'.i:::L'Vlfl11'VlV 

~1hNm'.iVhn'U1Ji81'ULLm:rh.ijl.:jLL'.i.:j.:jl'U al.:jfl~~lntl'.i:::mfl1flru:::n'.i'.ilJn1'.ifh.ijl~ L~8.:j 

BI'l'.ilfh.ijl.:j.ff'U~l (1lUUvl 5) 1'UL"lII'ln'.i.:jL'Vl~lJ'VI1'Ufl'.i ~~1'U~ 24'5'U11fllJ 2553 • 
'.ilfll1I'lQ~Uri8'UU~ (51L'VIa8.:jLlJ~~L~lJ) e)1~il~~ln'.ilfl1"l11fJtI~mlJ~~51L'VIa8~l'lllJ-S1'Uf'11 

..t11tlvl'Vll.:jflt1J:::~~fJ1;{";lm'.i~~~8lJl
'II 

.d v.." cII I • v 
"lI1V'Vl'.i1lJfll"l1'U"'~LL~:::fllU'.i'.i~Jlt1J"LL~1 t1J 1'U'Vl 18 n'.in!llfllJ 2554 

~lJl: http://www.weloveshopping.com/template/w23/showproduct.php? 

• .,; .,;...... 250,000 
fl1L"'8lJ'.ilfllLfl'.i8~~n'.i'.ilViJ = = 0.139 

5x360,OOO 

". . 
~-3t1''UR1L~mJ'.ilfllLfl~8~~n'.i·'nVtlijR1LtI'U 50,000 Ul'V11t1 'VI~8 0.139 ul'Vl/nl~n-rlJ 

http://www.weloveshopping.com/template/w23/showproduct.php
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.,j 
"illn~)Jnl"rvl (2.11) 

, .... 1'" (250,OOOxO.015)+250,OOO
f'llL~tJ tJm~L~'t.u:Jlnt)'Ulf'11"S = = 0.705 

360,000 

~~,r'Uvnmhnl'i'Ulf'11"S"il~ijL~'U 253,750 UTVI l~tJij~a~I~"lJtJ~tlilL~tJltJm~L~'U~hn 

5'Ulf'11"SfitJ 3,750 U1Vi VI~tJ O. 705 U1V1/nlan~)J 

o • II .,j 
m".ifll'U1ruVllfll~'UVI'UfH\'I, 

L ~'l.!YJ'Uf'I~~=50,000+3,750 
~~,r'UtlilL~tJ)J"Slf'11Lf'I~tJ-:j~m"SltJtlijtlilLiJ'U 53,750 U1V1!t1 VI~tJ 0.149 ulVi/nlan~)J 

o • II 

m".if'll'U1ruVllf'11~14LL".i441'U 

.,j 
'\lln~)Jm"SVi (2.13) 

215x300 
tlil~I~LL"S-:j~I'U = = 0.179 

360,000 

.J 
'\lln~)Jm"SVi (2.14) 

'1 .'.1 _ !'hlyjvh~tl'VItbax.a-"ihNf)1~"hIl1'U~tJ'r'UX1'U'Vh~1'U~tlu 
fl1yhn- .OJ .. '!"!


f)1 f1.:J f)1~t:-JfI \9Wltlu 


. 1.'.1 2.978x8x300 
f'll 'Will = = 0.02 

360,000 

http:fl1yhn-.OJ
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.J 
"il1muJn1':i'Vl (2.15) 

I I d... 250,000 x 0.2 

fI1'ijeJULL'ijULfl"S€l':)"iIm = ---- = 0.139 


360,000 


C;;1l1~'U % fh~1'lh~n€l'U€l1mfl~€l.:)im~€ltl '!'U"iI~Yi"il1"St\ndJ'ULL'U'UL"\.I~"S':) 1~v"il~1.-um"S• 

111 4 fV .., ~ ,J .., _ v:'1 
fI~'Wl/€l':)€l1~m"S 'ij':)1'ULfl"S€l.:)"iIm ~.:)'U'Um"SfI~fI':)'IJ€l':)€l1~Lfl"S€l':)"iIn"S fl~Lu'U"S€lf.JfI::: 20 

L'W"S1:::0:::,!'U fhszl€lULL'ijULfl~mimiifii1LtJ'U 50,000 'U1'Vl!tll1~€l 0.139 'U1'Vl/n1f1n~u 

"iI1n?lUm"S'Vl 
.J 

(2.16) 

II ... "" 

~'U'Vl'U1~'l~'U = 30 x 360,000=10,800,000 

v1.:)'!'Ufii11~'l~'Uiifii1LtJ'U 10,800,000 'U1'V1!tll1~€l 30 'U1'Vl/n1f1n~u mh.:)hn~1um"S 

Yi"il1'mnfii1'IJ'U~':)LLfI:::fii1'U"S"S"iI.nW91'!'Uiii1"i1if.Jl1fl1f.J'lh:::m"SL"li'U J1l1,rn'IJ€l':)1~(J~'U "S~f.J:::'Vl1':)~~1 

m"S'IJ'UG'i.:) flWfl1'W'IJ€l':)l1'U'vl€lm-U"S1U1t1u.:)m"S€l€lmL'U'U'U"S"S~.nW91;}1V v1,:)'!'U~':)LtJ'U~':)~~11;}f.J1n 

C;;1l1~'Um"StI"S:::Lij'Ufii11-U~1f.J'IJ€l':)~':) 2 mrud 'Vl1':)flru:::t!i~~11;}~':)?lUU~~1'U11fii1'IJ'UG'i.:) fl~LtJ'U" . ... 
~€lf.JfI::: 1.0 'IJ€l':)"S1fl1'IJ1f.Jf,/~~.nru91~'U~LL"'1 ("iI1nm"SC;;1"S1"i1"S1fl1'IJ1V) 1~viifii1LV'U 1.40 

'U1'Vl/ntfln~U l1~€l fl~LtJ'U 504,000 'U1'Vl/tl ~':)LL~n~1':)"iI1nfii1'U"S"S~.nW91~fl~fii1LO~V~€l 1 'l.:) 

(1 ntfln~u) LV'U 1.0 'U1'Vl/n1f1n~u l1~eJfi~LtJ'U 360,000 'U1'Vl1tI fii11.-U~1V'IJ€l':)~':) 2 mrud"il~ 

It, .., t 

fl1'IJ'U~Hfl1m"S"iIflru"• 
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L ~'UVJ'ULL'lh~'U ;;; 64,500 + 7,147 + 50,000+ 10,800,000 + 504,000+ 360,000 

~,nr'U~'UVl'ULLtJ')~'UijfhLtJ'U 11,785,647 'I.J1Vlitl 'VI~tl 32.738 'I.J1Vl/n1~n~:IJ• 

~'UVJ'U,)1:IJ = 53,750+ 11,785,647 ::: 11,839.397 

v 32.887 X 360,000 
,Wlfil:IJVl'U;;; -----=110,378 
• •• (140 32.738) 

"il1n1i'l:IJm')'V1 
.J 

(2.18) 
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o o360,000 

0.13950,000 

0.7053,750 

0.14953,750 

0.17964,500 

7,147 0.02 

50,000 0.139 

30.010,800,000 

504,000 1.40 

360,000 1.00 

11,785,647 32.738 

, v 
fl1~'U'VI'U~1lJ 32.88711,839,397 



'UVIVI 
d 

5 

5.1 fl1'lh:.Jt'ln1"l1r08 

"Il1n m'itltlnu.tJtJ LLt'I~v11 Lil'Um'ii1'h~ Lf)~tl~tJ~tt1L'Hfltl~L{hJt:J~LLiI~LLtJtJ"IlTU~1lJntJ ~nni~ 

'H~~"Il1 nv11Lil'Um'ii1~\~ Lf)~tl~u.~1Li1~"Ill~':I1~u.t:J'\..m1'i'Y1~t'ltl~t:Jt'ltltlmtI'U 3 n1'i'Y1~t'ltl~ ~tln1'i 

'Y1~t'lmvi 1 L~tl'H1'IJ~lJ1ru~t'lt:J~l9lm~"Il1nn1'itJ~LlJ~~tt1L'Hfltl~ U.t'I~'IJ~lJ1ruLlJ~~tt1L'Hfltl~vitJ~ 

hl1~~1 EJ '11 ~tJ~ U.tJ tJ "Il1'U ~ t'li1'5'IJ1~11 '1I~tJ~ U.tJtJ"Il1'Ui11lJ1'i t:ltJ ~ LlJa~tt1L 'HfltN l~'IJ~lJ1ruL1l~EJ , " 

.""'I!~"Il1'UtJ~tl~'Y1 480 RPM 

"" iJ~ ";.I'!! ~ 011'"m'i'Y1~t'ltl~'Y1 2 L 'Um'i'Y1~t'ltl~Ll1tl'H1u'ilJ1run1'itJ~'1Itl~'I!~tJ~LLtJtJ~nnt'l~ ~t'li1,u m1'1!~ 

tJ~ LLtJtJt'I n ni~i11lJ1'it:ltJ ~LlJa~tt1L'Hfltl~vi~1'Un1'itJ~~1 EJ'1I~tJ~ U.tJtJ"Il1'Uu.~11~'IJ~lJ1WL1l~EJ 150
'II , 

fi1t'1nflJ~tl~11lJ~ ;~tl~.n1EJt~Litl'Ul'11 ~tl tefflJtlLl9ltlfl-wvhLtI'U'q~~'Ufh~~'1I'U1~ 2 u.'i~,j'1 fl11lJL~1 

1450 RPM fl11lJL~1i1~i1~'1Itl~"/.I~t'lnn~~tJ~ 725 RPM L~tl~"Il1nn1'itltlmLtJtJl~fh'H'U~1~eJl9l'i1'Y1~ v, • \J 

.ct.., Q .d Q,t1., d 4 X ~.., ~ ~ .. 4 • 

lJ t'ln'l!tw~LiJ'U~~ L'U tl~"Il1n LlJt'I~mL'Ht'I tl~lJf)11lJ'1I'ULLt'I~'U1lJ'ULiJ'Utl~f)'IJ 'i~ntltJ LlJtl\j n tJ ~ LLt'I ~'i~~1'U 
... 

'q~~nn~~vi11~Ln~m'i~tJ~1n'ULtI'Uu.~'UtJ1~i 

"" iJ~ • I'!! ~ ~ <0 iJ~ .'1 1 111LLt'I~m'i'Y1~t'lm'Y1 3 L 'Um'i'Y1~t'ltl~'H1u'ilJ1rum'itJ~LlJt'I~mL'Ht'ltl~L 'U~~u.u~ ~EJ '1I"q~tJ~ 

LLtJtJ"Il1'U~1lJntJ~nni~ t ~Yh~1'UU.tJtJ~tlL~tl~~1lJn'U "Il1nm'i'Y1~t'ltl~1~t:Jt'li1~'IJ ~tl Lf)~tl~a1lJT:it:l 

tJ~1~mlJ1ruL1l~EJvi 150 fi1t'1nf1J~tl~11lJ~ LyhntJm'itJ~~1EJ'I!~tJ~U.tJtJ~nni~LftEJ.:s~1L~m ..r~if 

L~tl~"Il1nm'i1~"q~tJ ~..r.:satl~Yh~1'U~1lJn'U~'Ulvi'~~~1~tJm';itJ~11 ~tl 1~"q~tJ~u.tJtJ "Il1'Uvi1WU1vi 

tJ~'HU1tJritl'U"Il1mr'U~~1~'1I~tJ~u.tJtJt'I n ni~tJ~e511~LtI'U~~ u.iI~B nf)f~'H~~· LL~~n'l!tW:1u.iI~tt1 
, 'II 

L'H~tl~mmlJ1vi'ij~n'l!tru~LtI'U~~~~1~mh1lJ1u.~1 

"Il1nm'i1 Lf)'i1:1~'Y11~LjiI';i't;tijjil1 i1l9li l~u fh'H'U~';i1f)1'Y1'U'tJtl~ Lf)~tl~tJ~it1L'H~tl~vii1 ~1~~'U1'U... , 
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."1 • I..." ..I '" 
iii lnn1'~'VI;)"8~TjUuqJ'H1LLm~~url'S'Sf'I f'l8 m'SU;);)1eJ"Il;)U;)LLUUlill'ULlJ8f'111lJL'S1 'SHUm'S 

'HlJ'UlJlnn11 480 RPM mlJlru51L'H~8~~U;)1~L~lJ";)"~ ~~iliirllL'HlJllJlIi11nm'S88mLUU 1u 

LlJ~;)51L'H~8~~IiI~U;)~1eJlill'U,r'U~8~L~lJ"~1'Uo~~~'HlJ'U~1EJf'l11lJL~Tvh1~LlJ~;)51L'H~8~Clm'H~U~. ~ 

88n~1 tILL'S~'HilP1'U~m\1~ ~~LtJ'UL'H~1~LlJ~;)51L'H~8~lul'H""~11.!~8~"lJ8~liIl'UU;) LL,,~ujm-i1m'S
~ . 

'VI;)"8~1~"Il;)liIl'U'H~1.!~1EJf'l11lJL~1~~~'UltJBnwU11LlJ~;)51 L'H~8~L~lJiin~'U1'HlYL~8~~lnm'SL~U~ 

~nUlill'UU;)8th~"i'ULL'S~ ~~LL'U~'th1m-tlf'l11lJL~1rl~a;)H~tJ'S~lJlru 480 RPM 
~ 'U • 

~ ..I 1"'" ..I "'.. "'... 'I'" '" .'1'"UqJ'HrILL"tl~tJa'S'Sf'lWiltlLa'UmL'U~ 18ntJ'S~m'S'H'U~nf'l8 m'Su~mL'H"8~ L'HLiJ1.!t:.I~LLu~;)1eJ 

"Il~U~LLUU~nn~~,r'UTjuijqJ'Hlfli8LLtl~51L'H~8~mlii~un'ULtJ'ULL~'UU1~'l1uiiGtm~H11~LtJ'Ut:.I,:jLLtl~ 

~llJ~8,:jm'S ~~"lJ8La'UflLL'Ud, m'Su;)LlJ~~51L'H~fl,:jLtJ'Ut:.I,:jLLihIii1£Jnl'Se.Jallt:.1al'U15nl'SU~~1U"ll;) 

U;) LLUU~I'U~1lJnU" nn~,:jil1~'V'hn1'SU~~1U"lJ~U ;)LLuu"nn~~ri8'U Lrl81~LLi1~51 L 'H~fl~~~Un'U 
~ • 'U 

LtJ1.!LL~'UU1,:j'l LL"'1 fifl EJU;)~8~1eJ"Il;)U~LLuulill'Uiinf'lf,:j'Hi1,:j ~,:jil'"n~rutl"lJmlill1.!~1-tlu~~fl~ 

flflmLUu1'Hu "iJ~1-tlLLUUlill'UU;)~llJ~I'U1~EJmlJi.~ L~fl~"iJ1n1'U~1'U1~Um~88mLuu-q~~1'UU;)11 
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n';i1JYl\PlJ'U1Vi"~~1'UVI~LLVI'ULLG'I~eJ'U~n';Vi"~~1'U. fiijm1R1'U1':i::'JUm':i~fln1~'W"{I{l1'U~1'Vii''\J. " 
L~·H1'Ufl1'\Jfl1JLLa::eJ1fl1~fl1'Ufl1J. n';i::VI':i1~Vi"~~1'U. 2552 

"111~"111V tll'lfl':il'i'n~ LLG'I:: Yl"l1':i11l':iru Lilv1J1Jru. LfI~'l:ftifl1afli~fl1m~1J. l'I'UiI~fi~~1':i1L~V'U 
... \l 

G'lmu'ULVlfll'UlaDVi':i::\JeJ1JLml1Vi':i::'Ufl':iL'VIileJ. m~LVlVi1J'VI1'Ufl':i. Yi1J"'fl~~~ 1. 2547 . • 
~1~~'UVI~ LlNG'l1G'1~ LLG'I:: flru~. m1th::w'UflCUIl1'W L tI~~'UlIeJ~'U1JtY1LVlaeJ{lN{lvI'ULL~{ILflV~6• 


;f11l1'W. m':itl':i::"!I1J1"111m':i 1J'VI11V1m"mm~Wl':i1'l1G'1~{ fl~~~ 32. 2537 . 
• 

~ "...
LeJ1JLLeJ'U~eJ. 2545. 

t1':i1!'U"; flru1'UVi~flt1 LLG'I:: flru::. m1t11::w'Ufl111JLtJ'UltJ'L~Vl1{1LVlflL'ULaaUa::Vl1{1Lfl1'1:ftifl1afl;, ... 
t'Un11oWRI'U1n1::'U1'Um1Nafl'U1JtY1LVlaO{lN{lil1 L11i1atl.ll1fl1"1111I'lln';i':i1Jo 1 'VI 1':i 

1JVl11V1V1"mVlflL'ULaDVi':i::~01JLm\/15'U'Ul G'U11fl1J. 2546., 
'1 ".,.,j If..... ~ .:, 0... ( )
~Vi\!G'lV LLV1Jl.t4tJ'U. Lfl1'1:f!fl1afl11f11m11J. 'lILeJ~~Lfl"l1'U \J1n~ 1J'VI1"11'U . n~~LVlVi1JVl1'Ufl':i. 2549. 

111it111111m1 n';i1J1"111m':iLn~m m::VI':i1~Lm~Wl':iLLG'I~G'I'VImru. 2550. 

,..,.. ~ .-I ~ tI"" G.I'" ..... .. If
L1V~ tJ~n':i"l1LLG'I::flru:: (2548). m1I'1n'l:f1a1J':i10'U::Lfl~O{lli1L aOnitflmLLl,il1~1'\Jm. 1V1V1'U'W'U6 

G'l1·1J11V1mm':iVl"~m':iLn'\JL~fJ1. 1JVl11V1m"m;jEl~1'V1~. 2548. 

G'l1J"I11V tI ':i~Il1'lfl LLa:: flru~. m·f~1.u11Ln;tJ'ULa'i1JLtl1~'Uti1mL\l{ltY1LVlao{lllilflll1il'UL~1JLta:: 

LL\l{ltY1aa{l'W-fo{lll1il'U. 111a111111n11Ln'ttfl1. 2534 \J~ 9 Q,j\J~ 2. 

M. Sing and A Mohamed. Influence of gluten-soy protein blends on the quality 

of reduced carbohydrates cookies. Journal of Food science and technology. 

Volume 40. Issue 2. March 2007. Pages 353-360. 

http://www.goodhealth.co.th. O{lRtl1::nO\JlIO~tY1L'VIaO{j. [Online] 2553. 

[cited 10 G'U11fl1J 2553]. 

http://www.guru.sanook.com. A''UtY1L'VIaO{l. [Online] 2553. [cited 10 t5'U11fl1J 2553]. 

c:t ~ .4 

http://www.foodsafety.bangkok.go.th. wafl01LVlaO{l. [Online] 2553. 

[cited 15 1Jn':i1fl1J 2554]. 

http://www.munsonmachinery.com.Lfl~O{j\Jfl. [Online] 2553. [cited 15 1Jn';i1fl1J 2554]. 

http://www.munsonmachinery.com.Lfl~O{j\Jfl
http:http://www.foodsafety.bangkok.go.th
http:http://www.guru.sanook.com
http:http://www.goodhealth.co.th
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http://www.topmachinebiz.com.Lfl~il~.U... [Online]2553.[cited10Um1f.1U 2554]. 

http://www.metalworkingmachine.net Lfl~il~'U".[Online] 2553. 

[cited 10 Um1f'1U 2554]. 

http://www.xlerator-handdryer.com.Lfl~il~.U... [Online] 2553. 

[cited 10 Um1f'1U 2554]. 

http://www.did.go.th/nurtritioniNutrition _ Knowlage/ ARTICLE!ArtP.htmL 

mutJP1«~1. tt1L'Mail~LL'Vn;t~1'lh~'UL'Uil1'V11·ui,,1. (Online] 2554. [cited 10 (;l~1f'1U 2553]., , 
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