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Abstract 

Research this project invents for design and build the water turbine produce 

the electricity, by set up the equipment produces the electric current from water 

energy flows from the nature , which , be new choice for Thailand in using energy 

pays back. then born the idea in energy water lead flows in the tide comes to use is 

born the advantage 

The water turbine has produced the electricity that does designing and establish 

to compose 3 part importance, be , the part of water buoy, water turbine part is the 

pin wheel that is made of the iron I each have a draught 30-40 centimeter group part 

carries round which compose the gearwheel yes carry round and a transmitting belt 

carry round . 

From pin wheel test produces the electric current that establishes to induce 

float in a river already record seek feeling numb fire effiCiency reaches to open the 

stump makes straight for to share 5 the ampere , water speed flows to share 12 the 

meter / minute I the speed round the pin wheel turns to share 4 rpm. and tend 

that increase, follow the speed of the water that increases. 
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1.1 fl113JttJ'U3J1LL~::fl113J~1~ry·l.ltl{ji1tYVI1 

il~~u'<tJ~~fI1fl~31LL~~Ltln"lliJ".illJ~~Vfll1tJ~1iJ~1~ 1 tiJ't.h~LVlfIllVltJ1~i:iLLiJ1f.1~L~tl~n1".i 

'th~VfcJ~'V'f"'~~1iJ LL~~Vf1'V'f"'~~1iJVI~ LLVliJ~"'1lJ1".iCl'l11lJ1t m~Ln~'th~ItJ"lItiLL~~"'1lJ1".i Cl~~ ~iJ'VliJ 

"tJtl-:JtJ".i~LVI fill VltJVfmmL vi-:J:Ufl11lJL~1t iJn1".ilVf~~LVflJ1~"'lJ "'1lJ1".iCl'l11'V'fa~~1iJn1".i1Vf~lJTVht ~Ln~ 

'V'f"'~-:J1iJh'lvh1~ tl1~ L"liiJ ~LL:wJ1LLfl1tVfqj..ij~·wl~n1LY'liJ'4~:uer\9l".i1n1".ilVf~"tJtl-:J,h 9-1 0 LlJ\9l".i~tl 

iJ1Vi LL~~:Un1".ilVf~"tJtl~,hlVf~ltJtiJVl1~VlfllL~mniJl:W:Un1".ilVf~6tliJna'U 
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~~'l\l1'lHY,1V1mJ11m,xLn~'l.h~lEJ"lI-U 

1.2 1tolCltl'a~iHrl"ll8..:Jlfl'a~n1'a• 

J11V1fl LLfl~'l11m~lyJrhvtL~lJ11m,xLn~th~lEJ"lI-U 

1.2.2 'Vl~"eJ'ULLfl~V11'lh~~'Vl5f11~m1ttl1\l1'U"lI8\lti'l'l~\JJ1~~\l1yJ,yh 

1.3 "ll8'UL"lltol"lliHlR'a..:Jn1'a 

1.3.1 "m'U~'Vl~fleJ\l'U~L'Jrutf1'U~mL~mlEJJ1LL:uJ1LLfl'J1V1q! '<ij'lVl1~mflj':il'U'-l~ 

1.3.2 mJ mruG1'l~'lEJfh~\l~eleJmL'U'Ubl.fl~"~1'l~'UeJcJ'U'UC:bJ1 EJm1'U1'Uti\l,x'U"'lJ~"J1L~a. ~ 

-r'U m1G1'l~1 EJ n1~\l':il1n LL1'lJ11V1fl 

1.3.3 1-b'L':il'UL'UeJ{m~leJ{V1~a1~"lI1{mtlEJ'UI'1"l1'U1~ 120 LLeJlJU LtJ'UeJ'I..lmru~~tol, 

~n'Mru::::vr'U~h1'Uti\l,x'ULtJ'U~hL~EJ'U l'Utl\l,x'U 11'ULLi.J\laamtJ'U 2 ~nl~mL'U'Jbl.n'Unfl1\l~~'U1'U~'U 

'Vh1m'Utl'l,x'U'~'l 2 ~n~'U~'Ufl\ll~ 
'" 1.3.6 vi'UfleJEJ'l11L~'U~1'UP1'U~nfl1'l 39 L"li'U~LlJIW~ EJ1'J 270 L"li'U~LlJ\9l1 ij"i\'1'U'J'U 2 vi'U 
,~ , 

1.4 t1,~l~,.uiiffl1f1',hil:M;-ru 

1.4.1 1~ti\l,x'UJ1~~\9l1yJ,yh~n'Mru~vi'UfleJEJJ1"1lJ11mhl'I..l1-tl\l1'U1~':il~\l, 
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'UVIVI 2 

1 'UnI"jvllL ihJ~l'Ul~tJ 'EreJOU.'IJ'IJ LLa:::?f~l~ n-1'1-1'U,h:.J~!9\h-lvh lvltln-1'1-1'Ui'hl'n~ru:::1'IJ!9I11J 

"lle.l'IJL"ll!9\~fhv!'UVl fle.l i'j 61'IJLLl'la:::1'IJmJ~ri~-1nm-1 i'j'lJ1'Ui'IJLL'U')nm-1vhlm'IJi'IJa-1L~e.l~'lJLL"j~Jl 

Lvm LLa:::i'IJ~'ULn'IJL~e.laVlLL"j~LatJVlVll'U"llmJl'IJ'U~')Jl i'j'Vi'Uae.ltJVl"j~m:::'lJe.ln 2 .ul~ i'jmJmru, , 

" 2.1 n-1'1-1'U'lhlrtJiw.!'Ul 

2.1 -11'Ul~tJn-1'1-1'UJ11ri"j-1n1"jV'l"j:::"jl'11vll~ n-1'1-1'U'll'1-lrtJil9!J'Ul LLa:::lm-1n1"jriae.l-1GlVllV'I~ 
""",dd .,

2.3 -11'U')~tJVlLntJ')"lle.l-1 

2.4 Vlq~~L~tJ')n'IJ nI"j(:.J~!9\L'Y'l;11V'1Gl-1-11'UJ11'UU"j:::LVlf31LVltJ 


25 Vlq~~L~tJ')n'IJ'ElUmruu.umm::HL?f!9\"j-1Lu'Um:::LL?f?fGl'IJ 


~ d dQ,/ 

2.6 Vlq~DLntJ')n'IJLL'IJ!9\L!9\e.l"j 

2.7 Vlq~~L~tJ')n'IJnI"jae.ltJlPi',)"lle.l-11!9\~l'UJl 

.,.d <V 

2.8 Vlq~DtntJ')n'IJbV'lal 

2.9 Vlq~~L~tJ')n'IJl6tiG1-1fI1Gl-1 
'i&I , • 'if 

2.1 ';"~lJt11i'~YrWJ\11 Lfl;el~n"L~l1a1n1f1Viel1tl1V1llU.u"'ILLu\Jvi1JaID~. , 

Chaipattana Low Speed Surface Aerator, Model RX-2 

fl')l1JL~e.l1J1Vl"j1J"lle.l-1?f.f11V'1LL,)Vlae.l1J~LilVl~'U1'U'lh:::LVlPiLVltJVln1'U'Q Lu'U(:.Ja1Jl~ln.f11,):::, 

http:i'j'Vi'Uae.ltJVl"j~m:::'lJe.ln
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lW1~CJ~bb1m~vr.h~\J 'VU'1. 2527-2530 'Vl"J.:lbl.'IJ~ul1m-tlJl~ilfJrui11~~"li1CJtJ11b'V11Jl 
b~CJ bb~~15mmJl baCJJ)1CJcrn\?ltJ"Il11bb~~~"IlJllPil.:l 1 ~.:ln?!llJl1ft"li1mLfu"IltJtyvn1J)~~1'lJ1~~tJ 

~ellJl1'IJ"li1.:l\J ~. flI. 2531 L\J'IJ~'lJlJl?!m~fl11lJLthb~CJ"Ilel.:lJltJ~L1ruIPi1.:l1 ileYmlLL'lJ1L-UlJ 

1'IJLb1~1J1nE.:l~'IJ f1111mflti11lJ"Ill~hlm"i]tJtJ11b'Vllfl11lJ L '\J1L~CJ"Ilel.:lJlel~1-3il,.b~a'Vl5fll~L'Vh~, 

fl11 ~"J~tJl'Vl?!lJb~"iJi"I1~b~1el~~1~.:l~1~11"1l'Vll'IJ~1~11"1l~lTIi1'.b~~~ibfl~el.:ln~b~lJmnlfl1bbtJtJ 

tJ"J~'VlfJt1l~11-tl"iilCJ ?!llJl1ft~~\?l1J)LeJ.:l1'lJtJ1~b'Vlfllil1tJbbtJtJ "1'VlCJvh1'VlCJ1~" 1t1lCJ'Vl1.:l1JlLb'lJ1'Vll.:l"i]ln
'II 

" "n.:l~'IJ'l.htiCJ'W~'lJl" 
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mfnY'lt'l~1'UJ1Li!1EJ ii 215 

1) 15~'Vl~~ 1immY'lBI?1LoUl1'IJ~lllvimth~~1tJ1;;t.i1J1LL'U'Um:;"illEJ'V'Jel~ 
2) 15~t'lel~ tll"il:;m:;vh1v1iI?1EJfj'~tr'UlI?1Jl11?1~fl~'U1 'IJ'U'Ut.i1Jl LLt11'IJ~elEJ1~~fl 

~~1'lJV~e.hJl~lllL~ll 1I?1EJ~fj'~tr'UJll71~fl~lT'il:::'Vll.J'Uili ~1EJ fh"~"lJmllm~elfl'V'Jfh"lJ'UlI?1L~f11~ 

LO'U 2 LL'.i~ih 'Vl~elm"il"il:::loff'V'l,,~Jl1'Vl~n1~ ~~t'lllfl1'.il'l"\l1'.irult'1~1~;;'UU'U'U U.t1TU11'IJ~I?1~~'VII?1~el" 

1off ti1'UI?1J1Li!1EJ~.fllEJ1'W'U~b1rul'.i~'V'lEJ1'Ul~'V'l'.i:;m~{)Lflt11 U~d'I?1'U1'.i-UL1Y'l1 'Vll'.i 

~ Q Q# Q,I 

fl1";lfifl'tlt1 1"ilU U~::'W!'lI'U1 

mll"lJ~'IJ '.i ~'VI1'U-r'Ut'I'Uel,,'V'l'.i ~'.ilEJ ~1~1'Ufn'.i iii mn bL~~t'I~l" ;;'UbL'U'U11?1 EJ 1711?1 LL'IJ~" bfl1el~t'I'U 
'U 

O"\lm'.illtilUI?1J1Li!1EJ~h"'V'lEJ1\Jl~'V'l'.i:;1l"~{)bf1t11 Liiel1'U~ 1 'V'l~'Ij.fllflll 2532 bL~~~ 11?1\J1'.i-UnY'l 

1'Vl1".Hrlel1'U~ 3 'V'l~'ljmflll 2532byjeliiifl'lj11~mb~~'W~'Ul'.i:;\J'U'l.hUI?1Jrlbi!1EJ LtI'U'.i~EJ~L1~1 4-5 U 
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Low Speed Surface Aerator) ~.;JliJ'W Model RX-2 'VI1I1tJo.;J Royal Experiment ll'U'U~ 2 iJ 

flruG1lJ'Um'W rn".ifhm'Vl'e),eJn~ll\J'W11?iG1{!o.;J 1.2 ill~n~lJ"lleN€l€ln~LI\J'W/LL".i{!3Jl/-tJ llJ{! ~llJ1".it:l'lhttfl.i, ~ 

, " 
i11YfVi 2-3 tl""r'Uth-ti~~1'lJ'U1 

Lfl~€l{!nm~lJ€llrnf'1 .. n.;Jv1'WJ1-rrtJ~w.J'Wl" LL tJ'U~'W~€ltJ G11lJl".it:ltJ~'U~h;'W~.;J11?i1'l1lJ".i~v)'U 

;'W~.;J"lI€l.;JJl G"b'WtJ".i~n€lmhf{qJ 1l?ilLn lfl".i.;Jn{!v1'W~tJ 12 L'VI~tJlJ "lI'W1V1b~'W~1'W~'W6f1m.;J 2.00 

LlJl'l".i iJ6(1€l.;JJ1"l1'W1V1'U".i".i'" 110 ~1'l".i~VI~{!lVltJ".i€l'U~l'WJ'W 6 6(1€l{! LI\J1~".i6(1€l{!Jl'W".i'Wl~€l1~J11'V1~., ,~ 

m~l\JlmiJ'W~€ltJ 6(1€l{!Jl.QI\J~t:lf1-rr'ULfl~€l'W1~'VIlJ'W1VltJ".i€l'UI?iJtJlJml'l€l'n,'rlvh"ll'W1V1 2 LL".i.;J3Jl ".i~'U'U 
~ , 

LL".i.;J~'W 380 b~ii 3 LWG1 50 LM'VI ~l'W".i~'U'U41{!fh~{!l?ilmVJ€l{!lntJi'VIVl".i€l'U LL~~/'VI~€l 1\J1'Wl'll~-1I\J~ 

'Vh1~rn)'VIlJ'WLfl~€l'W~"lI€l.;J6(1mJl lVl~f1JlI?iJtJflJllJl~J 5 ".i€l'U/'W1Vi G11lJ1".it:llVlJl~f1~.;Jh~~~J, 

JltJ".i~lJl ru 0.50 LlJl'l".i tJf1Jl;'W 1 tJG11V1m~l\JlmiJ'W~€lm'VItj€l~JJlI?iJtJflJllJG1.;JtJ)~lJlru1.00 LlJl'l".i 
~ 

~11~iJ~'W~~J61lJrrG1".i~'VI11-1Jln'U€l1f11f'1f)'ll-1"l1Jl-1lJlf1;'W b iJ'Wf.mvll 1 ~€l€lf1:aL I\J'W1'W€l1 rnf'1~~~ltJ 
b-ih1tJt'WJl1vl€l~1.;J".iJVlL~J IJ,~:::1'W"lIru:::~JlbatJt:lmJf);'W 1 tJG11V1 m~l\JltJ61lJrrG1n'U €l1rnf'1Lb~JI'lf1~.;J 

~ 

1tJ f).;Je,hJ1 l\J~n€lt ~LflVlWm€l1rnf'1l\JlJl'lllJ~-11t~~~JJlvlJtJ Bf1~-11'W"llru:::~6(1€l.;JJlnl~.;Jbfl~€l'W~ 

~.;J~~JJllL~1 f1V1~.;J1tJt~~1Jl'li'W I\J::: LnVirn".iBVI€l1 f11f'1,f11 tJ1'W6(1€l.;JJlflltJt~~1J11\J'Wm:::vY.;J6(1€l.;JJ1 
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b:W~".i bLGi:::r.lGiYlmm1<Ji'an'tl".i:::01".iVl~'1l~bLri O1".iLEJn#i'1'1Jel':!;1UGieltlt U'1Jru:::"';1'11UIil:::G1'1c.mt ~LbtJU, 
leiLVl".i'Weltl~~~Vl~'I111UG11U1~~1 ~1:W1".itlr.lan~u~11~bfl~elU~r.I~:Wr.l~1Uel eln~bIilUb-b'1tlu~11U 

".i:::~ufI11:w~n1~~bJ1Luuel~1'1~an~1t1 sa'lriell~bnVln".i:::u1U01".i~'101".ib~:wm01I"101".immbuu 
r.I~3.,lr.I~1U bL"::: O11vi11~LflVlO1".i1VI"'1Jel'lJ1b~EJ1'tl~1:wV1I"lVl1'1~n1V1UVl LVlCJYl~el:wtlU 

v ~ 

2.2 ,:j1u1Iij'an,:j\1'L1't11[fI'a,:j01'a'W~:;~1"lf\1h'i lfl~,:jn1~flmNa(9l1'Wfi 

LfI".i\101".iflGiel'laVlLYl~ LUULfI".i'101".iYl".i:::".i1"tl~1~'1Jel\lYl".i~U1'Vl~:WL~IilYl".i:::L.ij1el~'IX1 ~mu~ 
'II 

:WVl11'Vlmamm:'l~ ".i 1"l1~~1 vi1 O1".i~n~11:ijtI1~~Ubbuun'l'IXuYla\l~1m~tI Yla'l'l1UIil ml1il1 n f111:W b~1 

'1Jel'ln".i~bL~~11VlGi~U 2 LtUU fiel bbUUVl:W'LI~1:WLbU1Lbnu (Axial Flow) bbGi:::bLUUVI:WU'1J11'1n1".i1V1Gi, , 

.". ........ 

fl1'r1'Vl 2-4 mv'l'l.JLLU'U'\Ij1.!'U\l11:WU.'U1~Lfl'U (Axial Flow) 

http:1:W1".itlr.la
http:1Jel':!01".i1
http:tl~1t101".ir.la
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fl1'1'l~ 2-5 n-!J,xtlU:u'UVl3JtI'!J11~nl':i1V1~ {Cross Flow}• 

f . ,c 

.........:M. 
4~~~t 

;;x~..:o 

d IVV ~o-
fl1'1'lVl 2-8 bL'WI~mVltl Cross Flow L-:i3JVl1-:j1t1 

"ll'U1~b~'U~hf<'1'U~mn~ 1.00 b1J~1 811 2.50 b1J1il1 ~~ 2 bb\J\JIil:::'\.J1:::ml'l.Jn\Jlf11~bVl~mtJ'U~'Un1~~ 
'\J 

bfl~eNn1biJ~1'WVJ1bb\J\Jbb:dbVl~nm11 i1d)tJ1'Vl~e:Jcl.n1tJ1'Un~e:J~~Iil1JJ11\9l n1f1~bb);\:::bb1~~'U1'WVJ1~ 
'\J 
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bb~:::LiJm\l'iiJ'j1'Vll;hLb'j\l~\l1~ 650 b~~ (Open Circuit Voltage 650 volts) btl'U~'UrlT~r\l1t1V!~'U 

bf'l~B\ltilbij~1'VlVl'1LL'ULJLL~LV!~flm1'j vl11m~i'l~\l'n'U1'Vl'rhLL'ULJm:::bLG'1a~LJ LL~:::1-ifL'jf'l~'Vl'jlm8Bi 

(Rectifier) L'll~CJ'Um:::LLG'11'Vl~lbtl'Um:mG'1~'j\l LL~1b~B1J~BLeUlnLJB'UL1BiL~B~LL~:::f'lB'U1'V1iL~Bi 

(Inverter &Controller) 

. . , . .. 
.fl1V'1Yi 2-9 IJ,f'I~-ln'l~lJ Axial Flow L~lJ'Vh:nlJ .fl1V'1Yi 2-10 I.Lf'I~'l".itJU"lJtJ'l Cross Flow djtJ'!illJ·thl.Lm~ 

http:djtJ'!illJ�thl.Lm


10 

t1n~ru fHlq'VI~ (2548) 1~VhLl'l'~'1n1'j1:ijt:J n1'j~~1Pl1'V'lih~1mf'l~B'In'l~tI,h.l.tJtJmB?lL'V'l~ 

1uLf'l'j'ln1'j 1 'V'lYhW;;1'1J1'j~~tJ'V1:Uthti ('l.Itl11111:Ulfltl 1 00 m~11Pl~) VI'Wn1'1t1m -el1UlBIJ.:U:ijtl
" 

:ij'l'V11I11b:St:J'I'j1t:J LI1ICJ1~~n'l;1 n1'j~~1Pl1'V'l'I~hi"l;;1'1'11t1J1 ~1CJn1'j?l~1'1 bf'l~B'In'l~tlJ11J.UUf'l'jB?lL'V'l~ 

'l.Itl1111 40 m~11Pl~ m1lJL~1 1500 'jBtJ~eJtl1Vi i"l~eJlJ'IIl1IeJtlmn.il'V'lih1V1rl1bill1l'j~tJtJ1'V'l 3 L'V'l?l 4, , 

L'Vi1ntJ 851lJf'l'jeJtI ~'11:ULntl 100 1lJf'l'jeJtllPl1lJbnru"rl1'V1t1111 bf'l~eJ'IfhbilI1l1'V'lyh?l1lJ1'jO~~1Pl1'V'lyh 

1~ 380/220 L'Jav150 L~'V1'!l 57 lJ.eJlJlJ.tI~ 30 nL~11Pl~ 1Pl1lJ'Wnl1lrl1'V1t1111 bL~~?l1lJ1'jmL,j'l~1t:JL'V1~11I 

1~1Pl1lJf'l11lJ~eJ'In1'j'l.leJ'Iffi-if ~~n1'j1:ijt:Jvh1VlL~tI'hn1'j~~ 1Pl1'V'lYh~':m Lf'l~eJ'In'l~tlJ11J.tJtJf'lieJ?lL'V'l~ 
" 

2.4 'VIq'l:;6bfiI:!1ntJnT~Na19l1'WVhWa~-31'lnht'UtI~::b'VIfi1'VII:! 

L'j'l1'V'lfhi"l;;1'1'11t1J11tI~1.veJd LiJtIh'l1'V'lih~Lnl9l:fftiL~eJ'jeJ'I-rtJ'j:;tJtJn1'j~aIPl1'V'lYh~1n 

i"l;;1'l'l1t1J1~1mL'V1a'l~dJtlLL'V1fi'l5'j'jlJ"ll1~~eJ~tJtI~tlL~n~1 i 1 tI L~tI a1V11ml151'j IJ.~:;L~BtI~1'1i 

1:U'j1lJ5'1L'j '11'V'lyh~Lnl9l~1n'Y'l;;1'l'l1t1J1:fftlJ1~'l'V1~ eJi"l;;1'l'l1t1f'l~tI Lvlt:J~~ nfi115'ltl'j~ Lfl'VlIJ.~:;~1 tI 

tI'j~nBtJ~1'1i 'l.Imh'l1'V'l~1i"l;;1'l'l1t1J1 ~'1~B1t1d 

http:lJ.eJlJlJ.tI
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II 

'lh::a.fl'VI"llB~1'a~L~rhr~~~~1'il'lh (1\ijJ'U1 en1). 2543 : 35-41) 

L1\1lrh~h'Vl~\I\l1'UJ1,r'U 1VlClbbU\le:JelfILU'U 3 tJ)~bfl'Vl ~B 

1) L1\1hlvh'Vl~\I\l1'UJ1bb'U'U1:wiJ~'mn'UJ1 (Run of River) bU'UL1\11'V'lvh ~~~1\1~'Ub~B 

~~1>11'V'lvh11?l tJn1)U\lfl'U'Vlf'l'Vl1\1 fI111'\tj~"lJB\lJ1 ':i)1f1Lb'\tj~\lJ1b~ni b"li'U1>11U;;lTl11tJ ;;l151)'\tj~eJf.htJ 

~1\1i lVfm)1u~1n'Ubb~~1't-l~~1'UvleJ't-l~m1\1J1~~1?ll'i111 bb~~1"1ibb)\I~'U"lJB\lJ1.g\ll>1n':i)1n~1bb'\tjtl\l~ 

~\lm't-lu'Un\l~'U.g\l~Bn'Ubbn'U'\tjU'U"lJB\lbrt~eJ\ln1bilwl1'V'lvh ~n~w~"lJB\l1)\lL'V'lY11'W~\I\l1'UJ1 bb 'U'UL:wiJ" . . 
~1\1bn'UJ1 ~\lbb~Vl\llum'W~ 2-14 

2) L1\11'V'lY11'W~\I\l1'UJ1bb'U'Ui1eJ1\1bn'UJ1 (Storage Regulation Development) bU'U 

11\11'V'lY11~l'i1't-lU1~~~ 1>11'V'lY11 1l?ltJfI111"1i'Vl~\I\l1'UJ1~iJeJtl.g\lm"U bU'Ubb't-l~\l5)1U'll1~'VI~BbflVl"U1n 
" 

m1~~1\1~'UmbB\l1'U~n~OW"lJB\lb~B'U ~\lbb~I?l\l1'Um'Vl~ 2-15 .g\lJ1~i1B~"t'UeJ1\1't-l~m~B'U':i)~i1 

tJ~U1wmn'WB~"il~ontJ~BtJBBnU1b~eJ~~1>11'V'lY11HII>1~eJl?lbJ~1 1'UtJ)~b'Vlf'll'VltJ11\11WY11bb'U'U;lfln1"1i 
" " 

fl1'V1~ 2-14 LL,,~,:]i\'fl~ru~t':i':)1'W~1'V1i\'':]':]1tithl'uU'Wile),,:] LRuJ1 

~lJ1 (1WJti1 m1':i. 2543: 35) 
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.,l ... 
'Vl:IJl (1fl1\11 m1':L 2543: 36) 

611'U'U'U (Upper Reservoir) LL'l:::eh~L~'U~1611'U~1~ (Lower Reservoir) ~T'il:::~mJ~mJ~lmh~ 

Lil'U~161d'U'U'Ug:j~1J1L~ElVl1J'Un~-M'ULLg:j:::Lf1~El~filLijt9l1'rh~lL~El~El~nl"jc.J~l'll'I"lvh vi~ Lb?lt9l~1'Um'Vl~, 

i11'W~ 2-16 U61I'l,;j~m~ru:::h,;j1't'1+h'W~,;j,;jl\1J1LbUU61UIl~U
" 

.,l ... 
VlU1 (1fl1\11 em'S. 2543: 37) 
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.. 
fl1'Utll::na\J"tI~l'I1l~l'VHh'Wa~,l1 

L)~1vj';hwa~~1'UJ1ii~"l'U'lhtna'U~fl1)~~n~~l'Iel1tid 
" 

~"HJ1fl1) L~m,h'Wa~~1'UJ11tI'l-nJ'Un~~'UbLm~'VI:U'ULfl~el~fhdJ~1 vj-rh .f11t11'U~1el1fl1)':il:::ii, , 

~el~fl1'Ufl:u)t'U'U m)1'V1a'llel~J1LLat)t'U'U n1)e.J~~1 vj-rh el1fl1)-r'UJ11~tlvh1tI'<il:::()m1~1~111ml1 , " 

2) ~:mm~ (Screen) biJ'U~tlmclm-ift1el~n'Ubf'1'Ml11 VI~ell~~1~ 1 ~':ilt~1'UboH11t1'Vh1~ 

bn~m)a~~'U'llel~vlel~~J1 'VI~elG'l~1~fl11:Ub~tI'VI1E.J1~n'Un~~'U 'll'U1~'llel~"1iel~~t bLm~':ilt~f)~111 b~n• 
'VI~'€l1'VItlibn'U1tI bVf~1tt11L~n':il:::iie.Ja~'€ltI~lJ1ruJ1bbater~)1m)1'V1a'll'€l-:JJ1mtl1'Uvl'€l~~J1':ilta~a~ 

bbl'lt111'VItlibn'U1 tI'<ilt 1,jG'l1:U1)()t1'€l-:Jnur~~~ii'll'U1~1'VIql1~ 

3) '€ll:U~r1L'VI'UelJ1 (Headrace) LiJ'U'lia~~1'V1-r'U1~J11'VIm.u1:U1tJ~vlm;~J1'€l~mtl1 'Ut'l1 , " 

4) vl '€l~~J1 (Penstock) biJ'Uvl'€l~1V1-r'U-r'UJ1':il1m'VI-um~'€l'ULLat~~~altI tJ-:JeJ1fl1)-r'UJ1 

b~'€l'VI:u'Un~~'Ubbatbfl~'€l~fhL'iJ~1 vjvh , 

5) eJ1fl1)'l~LL)~~'UJ1 (Surge Tank) LiJ'Ua1fl1)~G'l~1~~'UL~'€lfl1'Ufl:ULL)~~'U'll'€l~J1~':ilt 

er~1~il1E.J1'Uvla~~J1 ;~'€l1':ilvl11~vl'€l'VI~'€l~15~J1b~tI'VI1E.J1~ l~tlvh1tI':iltG'l~1~'€lci)tVl'"h~~1L~'€l'U 
" 

6) tI):::~J1 (Wicket Gate or Guide Vane) LiJ'U'U1'UtI)t~~fl1'Ufl:Un1)1V1a'll'€l~J1~':ilt
" 'II , 

1'V1m.u11t1'V1:U'U1'Uw~'ll'€l~n-:J~'U fl1'Ufl:u1~E.Jm)tJ~'VI~mtJ~tI)t~JTm~J11'VIa~1'Ub.u11tltJ-:Jvl'€l~~J1, , 'II 

1 .., '" 
'U'€l~nVIL'VI:U1tG'l:U 

7) n-:J~'UJ1 (Water Turbine) LiJ'U~1-r'ULL)~~'U'lleJ~J1m'VIa:U1':il1nvleJ~~J11~fJLL)~~'U 

d':il:::vl1'V1u1~5 ~'VI~'€l e.Jan~'U1~n~~'U'VI:U'U vl11~Lfl~'€l~ rl1L'iJ~1vj-YhG'l1:U1'Hle.Ja~1vj-yh'€l'€l n:U11~, 

n~~'ULiJ'U~1'UtI):::fl'€l'U~~1flqJ'll'€l~L)~lvjyhwa~J1 ;~':il:::1~n~11(i~)1E.J'ltL5t1~1'U~1.uf)~'€l1tI 

8) vl'€l-r'UJ1 (Draft Tube) LiJ'Uvl'€l-r'UJ1'V1a~':il1fl~J1th'U'€leJn:U1':il1nn~t-r'U 

'€lan1tI tJ~Yf1E.JJ1 vl'€l-r'UJ1d'iltf)~'U~ L1ru~1'U'VIa~'llf)~n~t-r'U 

http:vj-YhG'l1:U1'Hle.Ja
http:VI~elG'l~1~fl11:Ub~tI'VI1E.J1
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9) V11~J1~'U (Spill Way) fieJ'Vl1~'a~U1tJJ1eJeJfHnfla1~LnuJ11'Ufl'aru~J11'Ua1~il 

'j::~U61~Lfi'U1tJ 'Vl1~J1~'UliJ::~eJ~il"IJ'U1~1Vlru'V'leJ~liJ~1~tJ~jJ1ruJ161~61~~'j::U1tJ eJeJfl 611 lJ1'at:l
\I Q.I 'U , 

'j::U1tJ aelfll~Vl'UL~eltJel~n'UllJ1~Lfi~rl11~IL~tJVl1mLriL~el'U 

10) Lrl~el~fhU~l'rh~h (Generator) dJ'UeltJmrur,:11V1~ULtJ~tJ'U'V'l"'~~1'Ufl~liJ1flfl1'jVllJ'U 

'1l el~n~~'Ul,mU'U'V'l"'~~1'U1 'rlvh l(iltJ1 iVl"'fl f11'j'1lel~'1l~m(ilWi'~~1'U61'U1lJ bL~bVI~fl 

11) VllJmLtJ~~ (Transformer) LU'UeJtJmru'1'rl-W1mir,:11V1~ULbtJ~~bb'j~~'U 1'rl-W1~~~l'l1~• 

ill'l'i~ 2-17 LL&'ffFlmflfiil'l'1J11~'1JeJ'Il:::'U'Uh:Jlv1vh'l'i~'1,mnll 

~U1 (U~U~'UL~mJa~n~, 2546) 

Q.I .Kif ~ d d
",,, n n1"a LUeJ':!\1l'U'tJeJ':! mn";) eJ"ab\1leJ"a 

flTHtJ~ tJ'UbbVlci~~1tJ1'rll'l'j~bU'U1'rl61"'u,r'Uilb'Vlrluflbb~~i5fl1'j61'jtJl~~~d, 

1, fl1'S1iVl~flVl1~fl~~6111~ b~fl'Vl'SelUflGi l~tJfl1'S1i fl1'S'Yh~1'U'1lm~'UL1el{bl'lel{liJ1flfl~lfl 

~')lJntJe)tJ mru~b~ fl'Vl'jauflGi ";11~bfi~"'ru{U1ru1'rl61"'UbU'Ui;lfl~ru~"'ru ru1ru~LVI~tJlJeJelma1'1'1'V'l'Vl 
'I vv vv 'I 

bb'j~~'ULL~~m::bb61Vi~1tJeleJfllJ1 ;'UeJ~ntJ"ii1'U1'U'SatJ"lJa~fl1'j~'UVllJmbtJ~N Lb~::'1l'U1~bUeJ{"lJeJ~ 

"IJ~~1~mi 611'Ufl1'j1~n1bil~rl11lJ~'1lel~"'11]11]1ru1'rl61"'U ;'Ua~nu"'11]11]1 rum::~'UlJ1";11~ 



• • 
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t\l1m'll~ 2-18 Lth.J1-:jt\l':i~h..lb1eJ{L~eJ4bb'lJ'IJ'Vl1-:jn~~?I:w8b~n'Vl'H){jn~ m':i'vh:J1Ut\l::1~1-:jt\l':i
\I 

m:::~Un1b{j~1~CJeJ'llmru8L~ n'Vl':ieJ{jn~ vh1V;'VI,j1"':W~?I~b~ ~~~~eJ~1:W{-:j'VI1::"lJeJ-:j~tyty1ru~:W1. , 

Ln~?lU1:WbLlib'VI~nCJiJ~1Lb~~i"HJ~~1btlU{~'VI1::;L'liunu <ffml1?1u1:Wbb:WL'VI~nl'll€f~"lJ~'Vl~CJ.nij"lJeJ~'VIileJ
• , \I 

Lb 'll~~ T Ln~LtluLb1~vlu<ffml1~u~"lJ~'Vl~CJ.nijbtlU~fllru1ru~b'VI~CJ:W~1:W~eJ~m1 
't 'U I)~ '" 

2. 1-b''VItrnm':in1b{j~fl11:W~ 1-:jt\l':in1b{j~fl11:W~'VI~eJeJeJ?lsa~ L~ b~eJ41il::~eJ11btlU~1U'VI~~ 
~ " " "lJeJ~1~1il1eJUb1eJ1b~m 

~-:j~1u'VIilmb'll"~b~m~:Wbb1-:jvlU1vN~1~1:W~eJ~m1 'VItrnm1"lJeJ~eJeJ?l6ii" bm~ eJ41-b''VItrnmTUeJUntr'U 

1-:jt\l':i~1CJnu b'liU ~.n{'VlL"~eJeJ?lsa"bm(9m41rJ"tl'VlVieJeJ?lsa"Lm~eJ{ 'Vl~mneJ{eJeJ?lsamm~eJ{ btlU~U 

1il1m'll~2-19LtlU1~t\l1'Vl~mneJ{eJeJ?lsam" b~eJ{ m':iVh~1UIil::eJ1~CJ'VItrnm':iueJu mr'U'Vl1~ 
\I 

'U1nIil1meJ1Vi~'Vll'll8U~'Vl 1~t\l1'll':i::;neJ'Ul'll~1CJ Ll C 1 btlu1~t\l':in"/lbbUuv1Lb'U'U"lJU1ub~eJn1'V1U~ 

fl11:wmU1~1il1 C2 btlU~1~'ll'll~~"'qjqj1rul'llbi1"lJ1 B "lJeJ~ 01 ~1R1,R2 btlU1~1il1bLti~LL1~vlUb~eJ 
n1'V1u~1'UB?l1V;"lJ1 B "lJeJ~ 01 "lJ~m~ L2 btlu1'V1"~"lJeJ~1~t\l1 bb"::;'Vi1'V1,j1~UeJU"'qjqj1runtr'U:W1 

m~~U1~'\l':iL'j1"/lLbUuViLb'U'U"lJU1U Ll C1 btlUbb'U'U'UeJUntr'U'Vl1~'Uln b~eJn1'V1U~rh LlC11V;• 
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+-=- Vee 

1J.~1 ~,:j"'1:U1'H1'll11'lJu'j~t1ni'l1i,:j1'!.Ml€l~1,:jfrl1,:j'll11,:j L~'j1~1inu1vi"'~1'l1n fl1'IJfl:um'jvi1,:j1'U 1vi , . 
~1t1 "'1:u1'jf;)'Vl'Ut11~-:t1'V'lvh~,:j11vi ~,:j~n~00J'U1:U11m'U1,:j~'jB'UL1€l~Li'l€l~:U1n;'U ~U~ 2-20 1-:t~'j 
B'UL1€l~ I.i'l€l~LI.'IJ'IJ1i'Vl'j1'U6l1G'1 Li'l€l~t11~-:t 

~1n~u~ 2-20 1,:j~'jB'UL1€l~1.i'l€l~1.1.'IJ'IJ1i'Vl'j1'U6l1G'11.i'l€l~t11~,:j1 'Um'jt11I.Ul'lfl11:u5 Ll'ltlij 

'lll'lml'l~1m''1lJmI.U''',:jLtJ'U~TU€l'Uni'i''IJ~,:jLtJ'U15m'j\l€l'Uni'i''IJ 'Vl1,:jvi1'UG'I'U1:UI.Ll.iLVI~n ~~ij~n'l:!fru~ 

m'jvi1,:j1'ULVlij€l'U1-:t~'jiJ",~11L'IJ'j Li'l€l~ Fi€l 'Vl11'U6l1G'1 Li'l€l~~,:j?l€l,:j~~vi1,,:j1'UG'li'i''lJtl'U ~1V1~,:jrli'l€l€l'V'l 

~1V1~~~:U~11'UL1'"1«'U 1 n~~G'li'i''IJ1UG'li'i''IJ:u1 fl11:u5'll€l~€l€l"'6l1"'L'" 1.i'l€l~;'U €l~tl'IJri1fl11:ULVI~tI1'll1 ... 

'll€l,:j'll1'l"'1I'lmi VI~€l~1'U1'U'j€l'IJ~~'U'll€l~'lll'lml'lii''UL€l,:j n11€l€l",6/j"'L"''Vlfl11:u5'll€l,,:j1,:j~'j€l1~t1n1'j 

tI'IJ~1~m~1'll€l,:jG'l'U1:Ul.bl.iI.VI~n1'U'llVlml'l L1 1uvi11~'Vl'n'U6l1G'11.i'l€l~ Ql LL"'~ Q2 G'li'i''lJtl'Uvi1-:t1'U• 
1.~€l~1V1;j,,:jvi1,:j1'U ~~,:r,:jrl'IJ1~~n~1V1~,:jVltll'lvi1-:t1'UG'li'i''IJ1 U:U1i'l"'€lI'lL1m ~"i11 tILLVI~'1"i11t1LL'lJi'lI.i'l€l~, 
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4. Hf'Vl"jl'U68a LI'l eJi~mL'U'U 'W"(j'W " L tJ'U1~"il"jB'UL1 eJi LI'l eJiffi-if'Vl"jl'U68a LI'l eJifha~L"li'U L~enn'U 
, '\I 

1~tlvll~1'U'~11Jn'U B'U'W'Vl LLmneJ1vl'W'Vl'Vl"jl'Uay.jeJilJ LlJ eJi 1~"il "j B'U L1 eJ i Ll'leJ iLL'U'U.Q"il~vll ~1'UL~ijeJ'U, , 
(lJ d q i) tI d IV ~ 1"'" '" 
n'U1~"il"j"tl tlltl"lleJ~Lfl"jm"tltJ1tl Latl~LL'U'Ui1"t1~" 'V11~'Ul'Vl"tltJ1tlaqJqJlrueJ'Ui1'Vl ~lJ"j~~'Ufl11~II,L"j~ 

mn~'UeJeJn LeJ1vl'W'Vl I,",,~I,~lJfha~1y.j.yh~ltleJeJnlJln~'Ul'lllJ~eJ~m"j LL~1~"ildB'Ub1 eJi Ll'leJi LL'U'U.Q"il~
• 

1~allJl "j tl nlb{J~fl11lJ~~'Um1&11,m "il~~eJ~ii;;YqJqJlru"ill nB'Ui1'Vlt1 eJ'UlJl m ~~'U 

1'1 

~tM 

"ill m'lJ~ 2-21 1~"il"jB'UL1eJibl'leJTI-if'Vl"jl'U68a Ll'leJi~eJ'W"(j'W" 1~"il"j'lJ"j~n8'U&l1 tl~3Jml,'lJ,,~
'\I , '\I 

T1 B'Ui1'Vl'Vldl'Uay.jeJim1JeJivll~Ul~-r'U;;YqJqJlruL-nl ~~Ly.ja~~BlJYJI,L~'U"/j1Vf~fll,~eJt1eJ'U;;YqJqJlru 

B'Ui1'Vl1~"tIl B "tIeJ~ QHLm~Q2~m~"il"jl,tJ'ULI,'U'U'Vf'1l~" "il~'Vhn'Ul~tl;;Yf.1lf.1l1ruB'Ui1'Vl~~my.jat1eJ',J1Vf 
"til B ~~'Vl"jl'U68~bl'leJi~~~eJ~~1"il~vll~1'U~a'Un'U1 'lJlJl ~3JmL'lJ"~T21,tJ'UbeJ1vli1'Vl'Vl"jl'U~y.jeJilJl,1JeJ{ 

'Vh~til~-r'U;;Yf.1lf.1l1ru~~eJeJmeJ1Yii1'Vl m"jvll~1'ULdeJii;;Yf.1lf.1l1ruB'Ui1'Vlt1eJ'UL-nll.n~1'U L1 "il~L~~tl1 
tJl1'lJeJ~ L2 ii;rn~lPlnfl~eJ1J L2 'U'Ucil~iiLy.ja~l~n'U 1,"li'U ~1'U'Ul,tJ'U'U1n ~1cil~"il~l,tJ'U,,'U LI,,,~1il~1 

'U'UbtJ'U"'U~1cil~n"il~l,tJ'U'U1n vll1Vf'Vldl'U68aLlPleJi Q 1 LL"~Q2 vll~l'U~a'Un'U1'lJm ~~;;Yf.1lqJlru1y.j 

~a'U1'lJlPlnfl~eJlJ L3 ii;rn~lPlnfl~eJlJ L3 'U'Ucil~iiby.j~~1~n'Ubl,,,~~a'Un'U1'lJlJll'l"eJ~L1"1 intJl 

;;Yf.1lf.1l1ru1y.j~a'U~~1'lJ L4 LtJ'U;;YqJqJlrubeJ1vli1'Vl 

5. Hi' SCR vll~l'U~a'Un'U m"j1'[ SCR ~eJ1'U1~"il"jB'UL1eJiLl'leJ{ 1&1-r'Ufl111JtltllJl,b,,~1&1tJl1Jl 

'lJ"j~~1l1Pl1.[~1'UeJ~1~LL'W~~mCJ b'W"jl~alm"jm~eJn SCR ~'Vl'Unla~1y.jvh~~1m1m'Um"jvll'l1'U1&1 

Lb~"il~~eJ'lfl1'Ufl1J;;YflI~U1ru~"il~1.[m~~'U"tIl G "tIeJ~SCR bb~"~~1eJ~1'ltln~eJ'l LL"~~eJ~fl~eJ'ln'Um"j
'I o~ Q.I" tV 

vll~1'U'lJeJ~1'l"il"j "deJ SCR tJlm~LLabL~11'Um"j1.[n'UbL"j~\?\'U1y.jl'ld'l SCR "il~tJlm~bl,~\Pl"eJ~L1m ~~ 

~eJ~1.[L'Vlfltlflf)1"j~tl~tJlm~bba'lJeJ~ SCR L-nl"li1tl 1'l"ildbdeJ~~'U \?\~"j'lJ~ 2-22 
• '\I 
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I 2 

lL o-___-.....SCRI 

0-----.... seRa 

'iJln )'tl~ 2-22 'N'iJ)B'UbJel1blPl€rfl.ij SCR 2 ~1l;'1~'Un'U'vh:n'U'Yhvlijl~L\J'Ul;'I1IPl-o~IPl~elm)
'\J 

~ICJu)'l~'U1'U1'l"il) ~1 uVl'l11'lm)1Vla"tJ€!'lm~bbl;'l~~I'U SCR ,~1 C1 'iJ~'tl)~'iJbL)'l~'U~I'Um) 

Ulm~LLl;'I"tJ€!'l SCR LLa~VllJmL'tla'l T1 LtI'U1VlalPlbmwh:n'U"tJel'l SCR Ua~ci'l~'YqJ1ru~LVl~mJ 
G 

€!el melTVI'V'l'VI, 

m)'Vh:n'ULd€!i'i~a-oamL)n:JJ1m~~'U~"tJl G "tJel'l SCR1 1~Ulm~Ul;'li'im~LLl;'I1Vla'iJln
'\J , 

.rr1'U1n'iJlmL'UIPlLIPl€!~~I'U u1'tl L2 f1~'l'U'U 1'tl SCR1 f1)'U1'l"il).rr1a'U 


lPlaellPlLdm 1911 C1 "il~1~-r'Um)'tl)~"ilbL)'l~'U.rr1'U'U~~eln'U"tJl A "tJel'l SCR1 iiY'in6LtI'Ua'U ~1"1'l~
, 

~eln'U"tJl A "tJeJ'l SCR2 i'iY'in6btl'U'U1n 

SCR1 

Ulm~Ul;'l 

Ld€!i'i~as&~n~l;'I€!'lm~~'U~"tJl G "tJ€!'l SCR11~ulm~Ul;'I 'iJ~vll1~ SCR 2 Vl~IPlUlm~LLl;'I 

Vi''UVll;'l~'Un'Ul'tl b~)I~"tJru~~ SCR2 Ulm~Ul;'I Cl'iJ~l~-r'Um)'tl)~'iJLb)'l~'U'iJlml.'UIPlLlPlel~ V ~1~~el, 

n'U"tJl A "tJ€!'l SCR2 iiY'in6btl'Ua'U~1'U'U~~€!n'U"tJl A "tJel'lSCRl LtI'U'U1n Liiel SCRl Ulm~bbl;'l~'li'i 
lUe)l;'In~'U"illn C1 ~ICJ1~ SCR2 vll1~ SCR2 VlCJIPlUlm~Lbl;'l, 

B'UL1el{LIPl€I{ (Inverter) Vl~elI9l1er'Un~'U Ltltm'tlmru'Vl1'lBL~n'VI)eliJm=1~vlIVlillm'Unt), 

I.L'tla'lI.L)'l~'U1y.jm'l1~l.tI'UbL) 'l~'U1y.jl;'l~'ULVlmJ m -tlrh-h "LVlmJ" Li1eJ'l'iJln11)'tlfl~'U"tJel'lLI.)'l~'U1y.j
'\J 

http:N'iJ)B'UbJel1blPl�rfl.ij
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aaUmv1"il1fl~lB'UL1B1L~B~"il~1~L~CJuL'VfijB'Unu~tyty1rul'1l'l1"il~':)'l L'W~1~fl1~'Yi1':)1'U"lIB':)~1 

B'UnB-SL~B{~~l.ff1fif11~ Ltl~lU~ ~1"l1B':)LL~':)vl'U1'V'lm.:)1~lJ1t1~1fl{]~v11'U"lI1BBfl(output) v11tJ<lb.:) 

nm~'U" LLa~i11"l11lJba.:) L~B'Yi1fl1~t1-rm~vlU"llB':)LL~':)vl'U"lI1BBfllmml'L~tJ.:)nu1'V'laau~t11'1l'U1~ I ~ ~ 

lJ1n~~~ ~.:)1'Um~uTufl1~a~1.:)~tyty1rulyjaauv11'U"lI1BBndi1'V1a1n'VImCJ1fi L'li'U Frequency 

Modulation; FM Pulse Width Modulation; PWM LiJ'U~'U ~.:)a1lJ1~t1B5U1CJfl1~'Yi1':)1'U 

B~1':)~1CJ'l "lIB':)~lB'ULlB1L~B{1v1vl.:)d L~B':)"il1m~UU1'V'lv.hm:maaau1'UtI~~L'VIfl11'VICJi1fl1~'Yi1':)1'U 

~LL~':)vl'U~t1I"l~'ULiJ'Ul'1lU"lI'U1~ 220 11al'1 LLa~m1lJg 50 LM\J1'1l (Hz) 1~CJfl1~'Yi1':)1'ULiJ'Ul"l1unm 

L~lJ~1n"il~e)1':)B':) 0 11al'1 L~lJLU'Uuln~':)~1a.:)a~t1~::lJ1ru 3111'"lal'1 LLa::a~a':)"il'Um~yf.:)i1~1LiJ'U. 
~ 

.~ 

au~.:)~~~ -311 l1al'1 ~1nt1'Ui1~1L~lJ~'UL-D1~~ 0 11a1'1 LiJ'Ufl1~I"l~U 1 fnunm~ 1/501'U1l1 

(20ms) 'VI~B 50 Hz vl':)LLa~.:)l'Uil1'W~ 2-23 (L~'UtI~::) vl.:)t1'U\lhB'UnB1L~B-s~::~B.:)'Yi1':)1'UL~Bl~ 

aB~ l"laB':)nuan~ru~"lIB':)LL~ ':)vl'Umv1fla11lJ1LLal-D1':)~'U 111~~1~ ru1 B'Ub')BiL\J1BiB~1':)~1CJl1'Yi1':)1'U 

1~a~LaCJ~unl~CJ'Yi1fl1~~1CJLL~':)vl'UL~lJ~'U~ 78 1'"lal'1 "il1nt1'ULtI~CJ'U~::vlU"llB':)LL~':)vl'Ul,U'U 156 , 

234,311,234,156 LLa~78 \J11lJ~1vlU1'U'lil.:)na1~L'VIlJ1~alJ"il'UI"l~UI"l~':)1"l1U "il1nt1'U'Yi1f11~Lt1~CJ'U 

~~vlU LL~ ':)vl'UL'li'UL~CJln'U1'Uv11'Uauanl"l~ ':)I"l1U "il~lv1~t1I"l~'U"lIB.:)~rutlnru1yjaauLVi CJlJ'VI1':) v11 'U"lI1 
~ .... 

BBn"llB':)B'UL1BiL~B{vl':)il1'W~ 2-23 ( L~'UViu) ~1mtll"l~'Ud"il:::Li1'Ul1~ruru1rulyjaau~11'11~Lu'U
~ ., '" 

l'1lU LLl'ia1lJ1~ml11t11-H':)1'Ulv1~'ULI"l~mlmyjy.J1u1.:)t1~:::L.fl'VI l'Umru~~mf11~~t1I"l~'U~ruru1ru 
~ '" ., 

311 


234 


156 


78 


·78 

-156 

-234 

-311 

V _ Q.I II 4" . V f 4Q.I ojC:fq 

m:::LLaaaU'VIamn~"lI~"lIB':)"lI'U 'VIL~CJnfl'Ul1 Stand-by Power supplies 'VI~B Uninterruptible 

Power Supplies 1~m~CJfl~Bll1 UPS l-HLiJ'U~~uulyjy.J1a1~B.:)a1'V1-ru~t1mru~a1rrt1!'l L'li'U 
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flfl~VlJL~e)'f L~mL"'~.:J~1(J1vh~1m~LLG1G1"\J'Vj~mn~.u~';;B.:J Transfer Switch ~.:J'l'i1.:JTU~J(J 

flJ1~L~JD.:J 1/1000 ltl1V1 1il~~BBiJmrul.';;1n\JihJlJB{I.~B{~1(J1yJm~I.I.G1G1~'U1~I.L'Vl'U l~mLiJ~N, 

1il1ml.'U~L~€J~~.:JiJ~~1il11 'lJru~~iJl.l."'~.:J~1(J1yJYhm~I.I.G1G1~'U, 

,jflfl1':ifi1il~a~L~a1n'Ulfl':i~a~1~"lJfl.:j3'UL1fliuomi 

1'U'Vl1.:JiJ~llihi1",1''UJ.:J1il~8'ULJ€l{L~B{,r'U1il~1m'Vl~61I.~B{G11~iLL'Vl'U611~i'Vl1.:JfI~ 1'Vl~ 
~.<::I. t(..::IV I IV At( Q,I,q " 

611.~€l~G1JWij1il~~'lJflLL~fI~1.:JfI'UG11~6I!'Vl1.:JfI~~.:J'U 

(1) m~I.I.G1-;;)~1",mViCJ.:J-nV'l'Vl1.:JI.~mLVh,r'U 

(2) 1~G11m~f;)-;;)~"'CJ~fI1~t!1m~LLG11~~1CJ(1]1I.B.:J, 

I!C1 

E 

..'01 

":1 I 

• Clio A ~ ({

n1':ibL,\N"lf'IJ~"lJfl.:lfl'IJL1 fl'Hflfl':i 

(1) ",:Wml.iJ~~1yJYh'tliJ~LLiJ~.:JLL~.:J~'U~'U (Step-Up Transformer) n1lL~~~'U1yJYh 

'Vl1.:J~1'U'Vl~CJ fliJ (ES) iJrilG1.:Jfl11bl.~.:Jvl'U1yJ.w1'Vl1.:J~1'UiJ\i~fliJ (EP) -;;)~L~(JfI"':WflLbiJ~.:J-d11 ",:W€l
1: '\J 'U <;Q 'U' 

LLiJ~.:J1yJ.w1'tliJ~LLiJ~.:JLL~.:J~'U~'U (Step-Up Transformer) "'~fl ES > EP nlLL~.:Jvl'U1yJ.w1 

m~LbG1a~'U'Vl1.:J~1'UiJ\i~fliJiJiJri1L'Vhil'U 100 V bL~~~~~1~J'U.ij1'U1'U~€l'UfiB 1:5 bL ~.:Jvl'U1yJ.w1m~
dol '\J 

http:nlLL~.:Jvl'U1yJ.w1
http:m~I.I.G1
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(2) VI:umbtl(;1~1'Vh~l'lJti~bbtl(;1~bL';i~vl'l..m~ (Step-Down Transformer) t11bb';i~vl'U1vh~h 

V11~~1'UV1~cJi)i'J (ES) ilfh,:re:lI:m11bb';i~vl'UhHhV11~~h'Utl;j:Ufli'J (EP) "iJ~b~tlnVl:umbtl(;1~'lJti~il11
\ \J o.t 'U 

VI:umbtl(;1~1'V'1vh'lJti~bbtl(;1~bb';i~vl'U(;1~ (Step-Down Transformer) VI~8 'Vl~tliJi'JumJn11t1~:UiJi'J 

(Bl~ a~: http://www.blmiacec.ac.th/E-learning/eledB-2_files/lessonB-2.htm) 

.cd Q , cd 4 

bb'UVlbVl8'i'lJUflVl1-3 "ILb(;1:m'UVI bVl8'i'HUJUVl 

r1111bb'U~bVl8~n'Uri8'Uf;h'UlV'h:nCJL~tJn11 b6(j(;1 (cell) r111rlbb'UMbVl8tl'Ul·rnlJ'Vj:lJ1tJV11~ 

1'V'1vh fi8 f11';iUlb6(j(;1bVl~1,r'U:Ul~8n'U b6(jm~~ 4 'lJ'Ul~~bi1'Un'Uy(lhrt'U';itl~ 1, 2, 3 bb(;1~ 4 bbtJn 
" 

b6l1'6'1bb'U'U8'4m:u 

bb'U~bVl8~"lJ'Ul~ PP-3 bb61~~11l'U';itlbb'U'U 5 b~tJn11ril'U 9 b(;1'vku'Ubb'UMbM8n~8~1~
" 

bb Vl"iJ~~ b~8~"iJlntl';i~n8'U1tll'11 tJb6(j(;1"lJ'Ul~b~n 6b6(j(;1~88' Jm:un'U'U';i';i"iJ8tJl'Ul?i'ltl~ bb61~~1'U';itl~
-; .. 'U 'U 

d'lJti~~'U;~biJ'Ubb'U'U PP fiil PP - 1, PP 6, PP - 9 bb(;1~8'U'1 

PP - 3 

bb'U~bM8~~'U fi8 b6(j(;1mtJ1'U1?i'1bb'UVlbM8~bb~(;1~b6(j(;1"iJ~ilbb';i~~'U 2 ld~V1 ~~,r'Ubb'UVlbVl8~';i(JtJ'U~il 

\(j~?ll:1J1';i(J~lmb';i ~~'U11'112 b~V1 ii'U1~~~~bbMn~l~1tl6'ilV1-r'Ubb'UM b~8~';ifJ tJ'U~il'U bb'U MbVl8~~1~ '1 

~n~11f1~1'UVl8'Ubb';in fi8 611:Ul';imfi'Utl';i~"iJ1'V'lvh11l~6'ilV1-r'U1m'Uf11';i~~bfl~8~ tJ'U~b~8 bfl~8~tJ'U~• 

http://www.blmiacec.ac.th/E-learning/eledB-2_files/lessonB-2.htm
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fl1~~bb 'U \9l b\9l f.)~~fltJ'U~6'l1lJ1~fI\h:::'<\l1v'lboU11'l11v1' L~f.)-:j'<\l1flflfl6'l~1-:jl-HblJ'Ub611mb'U'U'VI~ tJJli]
~ ~ , u 

(secondary cell) l~men~Lb'U'U'VJ~tJJJi]tTt.! bdf.)6'I~1-:j~'UbL~1(9)f.).:Jth1'l1vi1fl1~'l1~:::"i!lyh"~e:J"(jl'f'<\l1vi 

rif.)'U~-:j'<\l:::~1tJm:::Lb6'l1vI~1f.)f.)fllJ11v1' bb~:::Ldf.)1im~m",1vI~1 (discharge) 1'l1'<\lt.!m:::Lb6'lrif.)'U~.:JbL~1 

nt111'l1'l1~:::'<\l1v1hnJ1v1' hib'VIiif.)W1llben~'lJt.!1~ AM 'lJt.!1~ AA 'lJt.!1~ C 'lJt.!1~ 0 LL~:;'IJ'U1~ pp• 
'VIflLL'U'U 1~tJ~11'l1tT'ULen~'IJ'U1Wlb'VIcil'dflfl"'~1-:jlJ1 blJ'Ubb'U'U ben~'l1~lJJli] ~-:jLen~'IJ-u~.Q\df.) "'~1-:j L6'I~ '<\l 

, 'U ~ 'U 

bb~1fh111miL~f.)~1tJm:;Lb6'l1v1?hf.)f.)fllJ11v1'Vf'U'Vibdf.)1-rrt'l1bb~1 Gb'U'l1~~flf.)'UU1.:Jri1'U1\J~'VIlJWlb'l1~f.)-:j 

1'l11WltJ1~ fla'UlJ1 b lJ'U6'lJl1Yl L~lJlv1'Bfl 'VIa-:j'<\l1flitt-rrt'l1i1~:::tJ~b1m'VIU-:jbb~1 (9)e:J.:J b'l1~ tJ'Uri1'U'l1~~flf.)'U 

1'VI:!J~-!lI\J:;1-rrtv1'~~-!lL~lJ bb~:::1~"'1lJ1~fI'l1~~'i;l1v1~1boU11m'VIlJlv1' 'Uf.)fl'<\l1fldcr\liiLenmL'U'U'VI~tJJliJ~ii 
'>i • " 

'IJ'U1~L~mn'Uben~ Lb 'U 'U'l1~llJli] ~\Iflci11ii'IJ1cJf.)tJ1'UVi'm\9lmWl~\I~'<ijfln'U1'Ut.!11l'IJ f.)\1 Lenmb'U'U-U flLf1~ ­
d.i '\I '\I '\I 

I.UJtJ 1 u.1.1~Hfi~I.'tfl1'IJ'I.ng) AAA 

u,tJtJ 2 I.tJ'Ul.'tf11'IJ'U1g) AA 

I.l.tJtJ 3 U,1.1g)~~~L'tf11'IJ'U1g) C 

u,'UtJ 4 LtJ'UL'tf"'lJU1g) D 

I.l.tJ'U 5 I.tJUI.'tfl1'IJ'\J1g) PP - 3 ,"~ml.'U\ilI.\iltl~ 9 h~'V1 

nT'a'.h;J1'U"1I i)·wlIa1vJih 

Len~1vI~1,f'U6'f~1\1~'Ulm~tJfl1~t11LLvI\I~11-1~m~tJfli1 Lbvl\l~L~f11'VI~~ (electrode) 2 LLvI\I 

lJ1~lJ~\I1'l11'U6'l1~~~~1tJ~L~cJfli1 Bb~f1'V1~f.)1~Vi (electroLyte) ~.:JLL6'f~\I1-Hb'M'Ult.!~'l1~ 2-24 bLvI.:J 

~JL~f11'VI~~LLvI\I'VIU.:JI\J:;L~tJfli1fJ11'U~ ~-:j~1'Ul'VIru'<\l:::LlJ'Ul~'VI~ ~1t.!BflLLv1-:j1-1U.:Jb~tJfl11 f111f1~ ;.:J
" 

ri1'U1'VIqjl\J~t11lJ11\J1flf.)f.)fllen~'lJf.)\I1~'VI~ 

e:Jf.)fl1'IJ~"(jf).:J1~'VI:::Ln~"il1 flfl1~~1lJ~1n'U~~1-111\1f.):::\9le:JlJ"(jt!.:Jl~'VI~n'Ut!t!n~L'<\l'U ~1tJcJ1\1 

tJt!fl1'IJ~'lJtJ\ll~1-1::: fit! t!f.)fllen~'lJtJ.:JL'VI~fl~L~mr;h 6'f-UlJL'VI~fl;\IbnWl"il1flfl1~~-:jL'VI~ fll11t.!fJ1fl1~ 

http:u.1.1~Hfi~I.'tfl1'IJ'I.ng
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1"Vi~,htJlJln LL~T'iI~'j1lJ~1n'U tltl nGllL"iltJ I,dm,!1€ltlnl'/l~"1Itl\l1"VI~lJl1mtJl,'/l""il~ I,vtJnT:i1mtJ'Vll\1 

~~I\1~".i".iri 1~I,ViljtltJn'U~tilJLVi~n;,:nvtJ~1vhmCJ 

1"Vi~m-ihvtJtll1tJi9ltTtJ "il~I,~€lnlV1iirnllJ?lllJl".iClltJn'l'j'j1lJ~1 n'U€l€lnGllL"iltJ lv1~nl1 

1"Vi~miLvtJi'n1t1i9l tl1't11I,m€ll1tJi9lI,L"~fn1Cli9llJl11\1Hv11CJntJ m 1 tJi9l"il~~\ll,m€ltlnGllI,"iltJtl€ln"illn 

tl€lnl'/l~"1Itl\l1"Vi~~\l1,vtJfll1tli9lLb"~v1\1LLvi\lfn1tli9l111,utJ1"Vi~ mriHfL".ilL~CJn':h€ll1tJi9lt1ntl€lnGllli9l'll 
" 


(oxidised) ci1tJfll1tli9ltTtJ"il~tln~~1'1l (reduced)

" 

a L"fl'Vl".i tllm-itTtJLVtJ~I'jl,fliiLill'll::: ~\lCJtllJ1 Vln'l".iI,Li;lm tJ~CJtJ"1Itl\l €l€ln6llL "iltJ".i:::Vil1\1m 1 tJi9l 

bb"~fll1tli9l Li'.li9l~tJ li9lEmvi\lm 1 tJi9lLL":::fll1tli9l1~\I~ILVtJ~€l\llJ1LLI'1~ntJ 1tJmriil1?11'jaLi;lfl'Vl'j€llm1"il!: 

I,UtJ~Tt11e:JtJillfl"1l€l\ltltl n6/}L"iltJ (~\liitJ".i~"il"'U) ~\lLni9l~tJ~fl11tli9lLfl~tltJ~illJ1tJcim1tJi9l \1l\l,!tJ, , " 
fl11tli9l~\lCln~~1'1l ~1tJ€l11tJi9l"il~tlntltlnGllli9l'll ;\lL1e:JtJ1"111tJmriil1"il!:1~ Lni9l~tJtll b'/l" tlCJbtJ~m'.lru!: 
"" " 

'jtJVi 2 -27 t1\1LL~11L".il"il~l'lWJ1Lni9lrnllJ~I\1~n~~'U (;\lVllJICJt1\1bb".i\l\1ltJl'Y'lfh) l'Un'l'j~tJ".i~"il"1l€l\l
"" , 
e:Je:J n6llb"il'U "il~1tJ".i1lJ~1n'U1i;lVi~~bbvi\ltll1tJi9l €l'U.lllflbb~ i;l~e:J'Umfl"1le:J\ll"Vi!:"il:::~€l\ltJ, ~e:J tla l,i;lfll'1".itl, 

'U€ltl tllJl 1'U"1Iru~L~tl1 n'U~€ll1illfl"1ltl\l€lB tlGllb"il'U"il:::BBtl"illtl LLvi\lfll1tli9l LI,i.=l~ bill'I.ntJ~I".iaLi;lfl'Vl".itl 

lmtl"il~~B\ll~-r'UtJ".i~"illJl, 

I,".il?11lJl".itlLirnllJ~I\1~tl~mVII,u'UtJ".i~Iv"1IU ill I,".il~€l1\1"il".i1 'Y'l-rh iln'U~l"11e:J\I 1,1,vi\ltll1'Ui9l 

bbi.=l~fll1tli9l ~\lI,I,?li9l\l1'U".itJ~ 2-28 l'Umriil1aLi;lfll'l".i€l'U~\llJl"illtln'l".itJ~BCJ"1Itl\l€lB tl6/}b"il'Ub~€l~"il~1tJ 
" 

".i1lJ~1n'Ul,l,vi\l €lI1 'Ui9l "il~Lfl~e:JtJ~"illmbvi\lm1'Ui9lLil1tJl'U1\1"il".i~I'UVI"tli9l1 'Y'l (vhlV1Vi"tli9l1'Y'l~11\1 

~tJ) LL"~Lfl~B'Utl~'UltJciLLvi\lfll1tli9l;\li1'U~llJ1".itltJ".i~"iltl'Umfl"1lB\I€lBnGllL"il'U1~~ tll1 f11".i1Vii;l"1le:J\I" , , 
tJ".i!:"ilabi.=l fll'1 ".i€l'U'il~vh1VII,ni9l f11".i1Vi""1Ie:J\lm~ bl,~~'U1tJ1\1 "iltJ~e:J~"il'U m~vr\l bl,vi\lfll1tl~1~i1e:J'Umfl. '" 
"1IB\lB tl tl6llL"iltJ VI~tl"il'Um :t;vr\lm 1 tJl'lfl tle:JBtl6/}11'1~VllJi9lbb~1 ~"ili9lilb".iln~111~11 b'/li;lfll CJtJ".i:t;"iltle:J n" . , 
Bl1illfl"1le:J\ltJ".i!:'i1mVli.=l ~1'Ual,i;lfl'Vl"jf)lm;lL~CJtl";h ae:JtltJ (ion) ~\I"il~lJl"illtl~I".i~'U 11~Vimtl"1ltil'l 

hi Lill'lI~LI,~ e:JB n6/}b"il'UbviltT'U ~'U €I ~n'U b'/li.=l bb~i.=l:t;"1Itii9l bbi.=l:t; a bi.=lfl'Vl".itllmtlvt'l i~\I fitiVl~tl n'l".i b~ tnntJ 
" 

I,~tl\l"illtlf11".ili€ibi.=lfl'Vl".itllm1bbl'1n~I\1n'U 1'li.=l€li9l"il'U Hm1'Ui9lbl,i.=l:t;fll1tll'l~bl,l'l tl~I\1n'U 'Vil1VI 

~llJ1".itl~~ I'll,'/li.=l"lltiI'I~1\161 ~\lii".ilflll'1i.=l €li9l"il'Uflru?llJilli 1,1,1'1 tl~l\1ntJ I,'jl"il~lJlFitl't'.lII'1t1\1~lbbtJ".i~ 
I, " 

bb(91 nvil\1ntJ"1Itl\l1,"lI~~\lVllJl'I ;\11,V'U~\I~~h~'ru~~1'I1,~€l~"il!:l~-r'U'Vl".il'Ui €)I, tJ~ tltl bViv'U"1Itl\lI,"IJ" I,I,~~ ~ '" . 
'lltii9l bdB1~tJ~:U~?ln'Ui1'U 

http:tl\l"illtlf11".il
http:tJ~I".ia


24 

- "l" ~ >I- , 
• ,;"l·:f,.:~F~" '-d'~'l" 

'" "" '" bb~{I~1Jn'Ufl112J~11J'VJ11J 

fl11:WI.h~fI(fl~fl1Cl'U€lfl"lJ€l.:ib"/!6'1 b~(Jf111bU'ULb";i.:ibfl~€l'U1'V'1vh (electro motive force 'VI~€l 

ci€l11 EMF) rh~bbt1'U€l'U,r'U (1~Cltlfl~"il~€lci'th~:W1ru 1.5 t 16'1vl) "il~~'U€lcinU'!IU~"lJ€l.:j1(9lb)~t11JJ1
'\J '\J' 

L u'UB11 'U~ Lb6'1~fI1tb)~lL6'1 ~'!IU~"lJ€l.:jl.'11";i8L6'1f1'V1";ieJ16'1vl 'U€lfl"il1 fli1t{.:j~'U €lei nU€lruVifliJ bb61~€l1(J"lJ€l.:j
'\J , '\J 

b"/!61 cl'1V1~U b"/!611Vll1u.";i.:jLfI~€l'U1'V'Ivhl.'l.:jl.'l~ (rated) €leib~f1'IJ€l(JR€ltl";i~JJ1ru 1.6 116'1vl LL61~"il~ 
'\J , '\J 

~fl61.:jJJ1bU'Urh~1tl";i~:W1ru 1.2 116'1vl bdm"/!mri1u.{;'l~fl1(Jtl";i~~'VI:W~ 

m";i bbtl";ibtl~Cl'U1tl"lJ€l.:jbL':i.:ibfl~€l'U1'V'I'W1"lJ €l.:iL"/!mbif11"il~bU'U~.:icl'1;{qj u.~ntl1b"il1~"il.:j b~€l.:i 

(9l1:wilB fl~.:j'VI~.:j~ ~1;{qj fl11 'l1'U~€l fl11:W~11'U'VI1'Ufl1 (J1'U"lJ€l.:j L"/!{;'l (jntemal 1.:i"il':i8L6'1 fI'VI':i€lU fI ~ 

'VImtJ'!Iu~111~B.:jtl1':ibb':i~Ii1'U1'V'IYh~fI.:jm'Utl1':iv11.:j1'U) fl1tJ1'U#ll b"/!{;'lLB.:jbn~"il1fl1f1':i.:i6'l~1.:jbb{;'l~l.'11':i~ 

1-tlv11 r11f111:W~1'U'VI1'Ufl1Cl1'Ui1111l.'11JJ1";ib){;'l~vi'.:j1$1 Lbl9i"il:::ilr11if€ltJ:W1fl;.:j~'U€lcinUb"/!mb~{;'l~'!IU~
'\J 
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i' '. 

1'11 L\j~m 'S {l1'l'U"il::::LL'VI'U fl111J~1{1~n~"1Je:J{I811'U~mlt1~ LI,~~~lL~fI'VI'SBhn1~11Jn'U t 'U"1J ru~~~1~1'U'VI1'U 

~'U"il~LL'VI'Ufl111J~1'U'\I11'UmCJt 'U"1Je:J{IL6!ml~Yh t'U'StJ~2-29 "1J.LL"'~{ltVfL~'UL6!mlvJ'Yh ~{lii~1n1L\j~
" 

lL'S{lI'l'U~1 1.5 11~YI I,L~~ii~1f1111J~1'U'\I11'UmCJt'U (Rl) ~1 10 lm~1J ~Bm;n'IJfl111J~1'U'\I11'U
" 

~{lLU'U1{1"il'SmCJ'U€Jn ii~1 1.5 n1~lm-1 L'S1"'11J'Sf,Wh'U1ru~1'lJB{lm~LL"'~lV1~~1'U1{1"il'S1~CJt~n{] 

"1Je){llm~1J';h I (1.5 / 1500 ) 1mA...... iJ~~lLB1Jtj 

~1f1111J ~1'U '\I11'UmCJt 'U1,"(f~~~BB'Um1J€J~n~~~~B~1m~ LI,'" I,L~~~€J{I't111,-iJ11J1~~~11 CJ , " 
1~CJ1{1"il'S"il~L~CJ'Ut VI:WltJ'UI'l{l'StJ~2-29 fl. ~{I"il~L~'Utol1~1'U'\I11'U 2 tol1~~~Bn'Ua~LU'U1{1"il'SLLoU{I

" " 
LL'S{ltol'U ~{lI,L'S{lI'l'U~(;]nfl~B1Jtol1~1'U'VI1'UmCJ'U€Jn~1 1.5 n1~lm11J ~'ULvhn'IJ 

V R 2 (R2 / ( Rl+R2 ) ) X 1.5 

( 1500/( 10+ 1500 ) ) X 1.5 

1.49 11~YI 

I = ( 1.49 / 1500) =0.99 rnA 

~{lii~1~1~{ILam!€J tJ ~1 bL'S{lI'l'ULL~~m~bb"'~~1~{Ib~ tl'l Lanti€J tJl:wiitJ ~LViCJ{I~€J~"il~m~'\I1'IJ 
n1'S vl1 {I1'U"1J €J{l1{1"il'S ~1{1"il'St Vl1J1'UJtJ~ 2-27 ~'11{1"il'SmCJ'U€Jn~'t111J1~aiifl111J~1'U'\I11'U~'1'V!1J~

" " 
L~CJ{I 5 lm'11J LVlij€J'Un'IJ~1a~1{1~1'U1ru~1m::::LL",t'U1{1til'SI>I€J'UI,L'Jn L~mr{ll:W~~fi.:jfl111J~1'U'\I11'U 

mCJt'UL"(f~ 1~~1m~l,b"'bvhn'IJ 

I = (1.5 / 5) = 300 rnA 
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V R 2 = (5 / ( 10+5 ) ) x 1.5 = 0.5 V 


fhm~bbii'l~~\l1 vfL\1[;l~hW flB I = (0.5 / 5) '" 100 rnA 


d I <V .d 0 I 1f q • I 0 

6/l\l rn bb ".i\lVl'Wlb[;l::: m:::bbii'l'Vl[;l VI ~mNmn\lmf)'W ~~1It:J [;l m:::'Vlt! B tJ 1\1111f)1I ltJ I'lBf)1".i 'Vl1\11'W'Il B\I 

'J\I~".i.fl1tJ'WB f)~\hm~a~'JtJhlllilV'll:::bb~ ml1J~l'W'Vl1'W.fl1tJt 'Wb6/l~~:::1tJMlfhm::: bbavfL\1[;l ~1'W 
'J\I~".i f11tJ'W af)~\lL6/l[;l~:::~ltJBaf) 1 tJ bb~cJ':lbU'Wf)1".iii'lruba tJV'l61\l\ll'W~ln~'JtJ 1t9\tJ~1f)#i''JB~l\1-rrl\1~'W

'II ., 

bb ".i\lI'l'W~I'lf)fl~tl1Jfl'Jl11~1'W'Vll'W.fl1tJ1'Wb6/lmU'W 1.5 - 0.5 = 1 1'J~Vi vllt ~bnt9\fh~\I\ll'W~'WbtJ~B\I 
1tJ b'Vh tit! 

p = (V2 / R) (1110) = 0.1 W 

;\I~:::aru b~ tJ1 tJl U 'Wml1J1B'Wb~tl\l1JT'illf)ml1J~l'W'Vll'W.fl1tJt 'Wl6/l~#i'1L6/l[;l~~ei'W~'W~\I~~bu'W'II ., , 

f)1".ib-vi1l~1 ml1J~I'W'Vll'W.fl1fJt'W~'WBmb[;l :::~:::i1~~t ~rilbb".i\ll'ltl~l'lf)fl~mJ~'WBf) 'J'WbltJ'Wti'WbU'W1{] 

~m1tJb~tltJ1 ~\lbUtlmru~bm11tJvll1~'J\I~".i.fl1tJ'WBf)~'Lhm~Bm:::bba1rlY111~V'lm~tJ\l1~'N"iJ".i 
vll\11tl~B1tJ1~ bl[;l:::(i\lbb~11m:::bla"iJ:::V'lm~tJ\I'J\I"iJ".i1~V'l~\I{jl'W~ii'lrubtJ~liln"iJ:::1tJ~t9\B1tJf)1".i1-U{jltl,'II ., 

'IlB{jb6/l~~{j 

1'l\l,!'W"iJ:::b~tl11~1 fl111J~1'W'Vll'W.fl1tJ1ub6/l~"iJ:::b~1Ii1m l1J~l~qJ 

b6/l[;li1~l1Jlf) 1l'ltJf)1".i[;lI'l~l'IlB\lml1J~ltl'Vlltl.fl1tJt 'Wb6/l~[;l\l ~[;l m:::'Vlt!b~a\l"iJlf) ml1J~l'W'Vlltlfl rl tJ1'W 

b6/l~ih~[;lI'l11BtJ~{j bb~ncJ\l1~ii'llm".if:l~Vlm"iJtlbUtll"1tlm~ 
'II 

fha~~1'W~B,t1111~ 

~ru~m'1ru:::~l fltlJeJtl\1ti\l'IlB\lb6/l~1rlY11 ~\I~lbU'W~B\lPim~lriBtl~"iJ:::~(i\l"iJiJVI'IlB\Ib6/l~ bbtIt! 

~1{j1 '!'W flB ~lml11'l'IlB\lb6/l~ (cell capacity) ;\1 flBtJ~mru'IlB\lm:::bLa1rlY11~\lb6/l[;l\1ti"l "1 

al111".ic\~ltJm)f)1tJ1~.fl1tJ1'W"II1"l".i:::tJ:::nm\1ti"l #i''JB~l''l b"ll'W b6/l~1rlY11b6/l~\1ti"li1fl'Jl1J"iJ, 1,000 

ij~~bbB1Ju4'J11J"l \1111tJml1111 (1VlE.If)1".ihJf)Vl(i"l~lfl'Jl1J~tl'Vl1'W.fl1tJ1'Wl6/l[;l) 
v 

b6/l~ijii'l1111".if:l~ltJ 

m:::bbal~ 1,000 ij[;l~bb€l1lU bU'W".i:::tJ~b'Jm 1 4'J 1m \1~tl~ltJm:::bbii'l1~ 100 iJ~~bbB1JUbU'W 10 

4'J11J"l \1~B~ltJm:::bla1~ 20 ij~~lb€l1JU bu'Wn~l 50 411m lUtl~'W 

bb~t11f)~1'J(i"l~lml11"iJm:::bbii'l'IlB"lb6/l~1'W".itJ'Ila\lij~~bbB1JU 41111"l 1VltJci'lW\l1111~ 
, 'II 

\11J ltJ(i"lml11~~"l\11JVl'IlB"lb6/l~ tJ1\1fl~\lb".il"iJ:::rllij"l(i\l~lbb".i\ll'ltl'IlB"l b6/lmUtla1tl\1ti\l'Il€l"l~lm 111 

~'tI€Nb61J~~rw ~·rvh1vi1~CJ nlJfHlJ~lf1dl~HJm~bb6'1'llCl\jb61J~~d(J~lbbd\lvltl'llCl\lb6/lfl ~\I"iJlf)#i'1B~1"l
, '\J' 
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bl,'j.;jt'l'W"UeJ.;j bS(f"bVl1n'U 1 5 11"'1 t'l.;jtT'W"il::ijFnllJ"il"UeJ.;jYi~'Nl'W~.;j'VIlJ~mil.'W'VIti1CJ"UeJ~ij~~11'1~• , 'U 

i11lJ~ b"li'W 1000 X1.5 V 1500 mWh 

bIij6'lbb'U'U~,:jn:::;~ - tiT\..! (Zinc Carbon CeLL) 

1~CJ1~1m"Ul1e.J~~b~?I ~eJ"ileJ{<il b~eJfl~~b"li l'WU Yi.~. 2409 ~~~tl'\~Ku~btJ'Wlmbn1 l~CJijbbmtll'u?l 

1~eJeJtl1S(fl9lb'VIm ~~v11'V1Ul~btJ'Wf11ltl~'U))<ill'W'VI1i'mYi)'W 1~CJ(>]1'V11i'eJ"il~tltl~eJmeJ'UJl1CJ bbeJlJllJ­
<I: '\I" '\I 

m-l'W~ tl1)~eJeJeJtllJ1<illtlbblJ.:Jtll'U?l1~eJe)tl1S(f19l ~~btJ'Wfll1tl~"il~~f)l~CJ1'llbbvi~th'W &11'WbS(f6Hb'U'U 

i1~ tl~a dl'W1'WU"il"ilu'Wt1 1Jl"'~'W1~'WlJlbtJ'W)~tJ~bd"1CJ11'Wl'W'I1'U<illtl1'W"UeJ~ bS(f{;l bb 'U'Ub~eJfli!f~ b"li, 

~.:J-r~tll'W 'W1lJ"U eJ.;j bS(f" bb'U'tHU CJ tl (wet cell) b~eJ~"ill tl~tl'\~l'ru~"UeJ.:J&11'WtJ?llJ"UeJ~8b{;lfl'VI':ieJ1ml 
'U 

(>]15.:J.tll tJ'WeJtl"UeJ.:J bS(f" bb'U'Ubb~~?liJtJ1'VI:w;fv11"illtll{;l'VI~i1.:Jtl~abb~~v11'V1Ul~btJ'W eJl1'W~m tJ1'W 

.tlltJ1'W(>]J5.:Ji1~tl~a"il~btJ'Wi'WU1~1 ~.:Jbbtmm1'W~eJeJtl<illtlfll1tl~bb{;l~'U)'j"'l11~b tJB b~fl'VI)eJ1mll<il'W 

b~lJ Bb"fl'VI':if)1m1tT'WbtJ'W&1J'WtJ?llJ"UeJ~bbeJlJllJblltJlJfl{;leJ1'l"bb~~~~rlfl{;lf)1)19l~~ij~'VI~btJ'Wm~eJeJ'W1 

1"'11ltl~tT'W<il~tJ':i~tleJ'UJl1CJtJ~ bblJ~ tll'u?l1~eJeJtl1S(fl9ltJ?llJn'UtJ.:Jdl'Wbb{;l~8b{;lfl'VI'jeJ1~vl v111~ij~tl'l;ru~ 

b'VIm i bb~~mCJ1'W<il ~?lf)~ bb vi.;j~l'W11~.;jv11'V1Ul~btJ'W(>]1?1~?llJm::bb?l 

m~~l'l;'VI{;llCJi'W bl,{;l::i'W'WeJfl?l~<il~btJ'Wl,be.J'WYir;n?l~tlU1~ OJ ~lJeJ~
'\ I '\ <u 

1~ tJtl1':i b'l.l~CJ'W&11'WtJ?llJ"UeJ~81,{;lfl'VI':ieJ1mti' <il~?lllJl':itlv11 bS(f{;l bb'U'Ui1~m:adl'W1~'VI"1 tJ bb'U'U 

~.:J b'VIlJl::;nml'Wl,l,~m?1jiJ(9) (>]1eJ~1~1,"tl'W Bb{;lfl'VI'jeJ1~vl~v11"illfl~.:Jrlfl~eJhl9leJ~l~b~tJd "il~v111m~ 

bS(f{;l~iir11FnllJ (>]1'W'VI1'Wm tJ1'W~1~~ v11l~b'VIlJl~n'U.:Jl'W'VI'I1fl~(>]f)~~l tJ m~bb?l?l~ b"tl'Wb~ tJ1n'Utl1'l 
'U 

bIl1l6'lI,b'U'UID6'ltl!116'lUbb1l~fl1il(;l (Alkaline Manganese Cell) 


1'Wb61l,m'U'Uelflf'nlm1lllJ!lmihnJ'U ~1~mivl181L'U~llfl~1'l11tl~1ia-!lf)~a lb(;1~ll:U-!lf11Ua1~ 
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€J€Jfl1'1.l1'1 I,'!i'UI,~tr.J fi\J 1,'I.lf;11,1,'U'Ua'1fl~~ 01'U l~~~m1'U~,r'UtJ~~fltl'U~'wN~a~fl~~~,rvl11~b~lJ 
.., , .., 
Yl'UV1~d~'U ~~N ?llJnd:ll.f;1A'Vl~tl1f;1l'1~1lJn'Utl~1'U~m."lru~1,V1f;11 i 

bl,lJ~fll'Ur;11~tltln1'1.l1'1 ~~vi'1V1til~l,tJ'UA11tl~'lJtl~I,'I.lf;1 1,1,'U'Uaf;1Al1f;1l'1l,l,lJ~nl'u?I,r'U vi'llJl~lfl 
?ll~~'U~r;1'Vl5n11 ~~fln'U1'U'UllJ'lJtl~~bf;1f1'Vl~tl1f;1~f1 bblJ~fll'U?l1~eJtln1'I.l1'1 N~\9l~'UlJl b.rJtl1~iifldllJ 

, 'U 

~'lJtl~8tlfl6Bb'<il'Ub~lJ~'U ci1'UN?llJ'lJ8~1tJ(I)"'b~~lJ1~~~tln1'1.ll'1b~~n",h af;1f111mJ,r'U~~iirhfl11mll, 

1'WYll?1~lJlflvi'lV1til~btJ'U€lbf;1A'Vl'jtl1m1 l~~m~Hi~bf;1A'Vl'm1m1ttf;1~?I1~m.uvi'lm1'U~bl,f;1~fll1tl~
'U 

~i1Arum'W"'~vi'11~b'l.lf;1'lJi1~.nbV1lJl~~lV1'r'U~l'UVI'Wnvh.um~ bL?lr;1~ btJ'Ub'l.l£;l~i1f1rufll'Wr;1~'W~8lJ~~i1
'Ii 'U 'U 'I 'U 

"tIiJ~"lJv-1t.1.mlbl9l v~bb'U'Ut?i1-1 ~ 

e)1~ €l~ http://www.carbatt.com/index.php?lay=show&ac=article&ld=370062 

IV d'~~d 

V1~nn11"t1v-1v11AlJ~a 

bde-nh1'~ 'l~.:t1tlbb'Yltl~'1JiJ.:tbVl~l~~ii bb) .:t~l1t1bvh nuJ1VlUfl'IleJ.:t'lliJ-lbVlmtl~:Wlmbvhi,'btl~:w ~1n 

Vlftnm)d'Yhl,xb;hhlt1Vlftnm)Vl~lC1e:J~l.:J b'tltl b~mVl~nvh1:w~.:t~iJClJl '1JiJ.:tbVlml'il.:t'{j{J~ntliifm:WVltllbbtJtI 
I'il.:Jn'U iJl{~ii~i.'I:ft1,xb':;'U1,),:Jb~mfm:WVl'U1bbtJtlbb~~t11:WlbVitJunuthL~C1n'.hfl11:wdl.:J~lLYn~ 

http://www.carbatt.com/index.php
http:b'l.lf;1'lJi1~.nb
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1 !,i Itf.'1J '.1 id Hi'lll 

liiii'U\l 1>11' III I}" 

lIj~l...i'H~~ln\mrH':l iill!qjl/nf 

lfl~l,r!llH) iij);)'i11\ It hlJr I' !,1 nJ 11t..f 

"illnV!~nnl'~.Qvh1VfBl~~i1~G'1G'11:w11(l~~"ilihN~~vm.:Jfh ~-dl.:J~h~N~~V!~B:U~.:Jb~mJ'U 
~.:J1tJ1'UI..Qm'lB'l Bl'~~i1~G'1V!1151vrU~:w1m1J\l~{JVlB.:Jrll1~~btml".ibm1t1LbVl'U~tJl bl.m~t1~mJ1 VftJl 

http://WVVIN.rmutphysics.com/CHARUO/virtualexperiment/labphysicsl/Fluid/archimed 

es/archimedes04.htm 

1!~\ltlBV~1LLtl:::01~tlBV~1 (Buoyancy Force and Flotoation) 

(WWli;j B'U'Ul. n~f11G'1\9l1"lJB.:J1V!i;j.V!ih 54.) 

bI.1\l~El~~1 (Buoyancy Force) v!1J1~5'1 Lb1'l~'t'lTI~mt:vhu'U1\?l~~'l"il1JEl~1'U'llEl.:J1v!i;jV!~B 

i;j B~~1B ci1 'U'llB.:J1v!i;j~El citi.:J bb 1.:Ji;jeJ~~1 \l t:n1~vllElci1 'UbI.'U1 ~.:JbG'11JEl bbm:;1:J?!11Jl1 fJlJl.b 1.:J1'U 
v v v 

http://WVVIN.rmutphysics.com/CHARUO/virtualexperiment/labphysicsl/Fluid/archimed
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~~6'l::: bb ';j'l~tl1tl~b'Ul ~'l~htl'Utl 1il1flil1"i'1~ 2.31 Iil::;b~tl11b~)'l~tl1tlbbtll ~'l~htl1~Iil:::ilI"11 b vhti''U 

J1VlUn"ll'eJ'l'1J8'l1Vl6'l (1il~'lVl~8~tl\91tl1fl1";i) ';'lIil:::eWltlbbtl1 ~'l bVl\J8~tl~1 ABC ';~bb?fVl~lV1tJJ1VlUfl 
'U 

'1JeN'1J8~1Vl6'lil1tJ1~~tl~ ABCEFA U)'l~tl1tlbbtll~~\9l1tl'Utllil:::ilI"11bvi1n'UJ1VlUfl'1JeN'1JeN1Vl61il1tJ1~ 

~tl~ ADCEFA ~61 ~1'1):::Vl11~b~)~~~?feNIil::;ilI"11bvhti''U bb d~~tl1tlbbtll~'l ~~8'llillflJ1VlUfl'1JeJ~'1JeJ'l 

1Vl~illtJ1~~tl~ ABCD ~t1mb'Vltl~\9l1tJ'lJ8'l~b~~ ';'l?f12J1)mb?fVl'l1 mU'1JeJ'!?flJfl1) 1\9l~'l~81ud 
'U 'U 

(2.1) 


" 
fieJ tllVluml1~"i'I1::;y 

V fieJ U~lJ1m'IJeJ'l'IJeJ'l1Vl~~t1mb'Vltl~ 
'U 

----.. 

?flJfl1d~ 2.1 ?f1lJl'mH'ti''Ul\91t1~61eJtJ(P)lbb~::; V b'1Jtl'\J~lJ1\91d'IJeJ'l'IJ8'l1Vl61~t1m~'Vltl~'lJ8~ 
, 'U 

i.'11tl~lillJ (ill"i'1~ 2.31 bb)'l1mbtll~'l~fl';j~.yh'Utli.'11tlb~fl 6) 'lJ8.;Jl\91t1';'l8tJltld'\Ju~;lJ1tlbbtll~'l'IJeJ'l
I 'I IU '\I 

iJlV ~I lev 

Vltl1\91V1 QA lJfllb'Vl1fl'U 

= yhoA 



31 

= ycrA 

crV 

yv 

Yf v x dV = yv 5:' 

.t' -
1 
f v x dV 

l' 

--'"--_.-- --- ---- ­

Q.I Q.I d 
nl'fVI1.:.1W11"lJ€l.:.l1W1q'V1\1a.JLLa~a€la (The Stability of Submerged and Floating Bodies) 

('W.n~(! B'W'W'). nafill?!I'l~"lJB.:m.Ij(!.vl'u,) 58.) 
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bbtlTUeJtlLbill'l:! Atlm~\J:lna~t>11 bb Vltl':)b~:wtii'tI L"IIti b~eJihJ1eJ11\l1\l:!(l flm~bb6'1J1~~Wlt:htlvh1~dlWl 
~ ~ 

fl1'jVl:wtl 'jB'Ubbfltl1 tlLbtllt1BtI t:11b~eJ\?hJ1(lflBeJmb 'U'UHL'iJtleJ~1':)~ (ij l~~tJ'jm'l"l) L~eJ\?hJ1t1t1Iil:!, ~ 

11 0 do iV .J q ~ <V ~ ( iLl 

'lJeJ fl1V1t1Wl'V16'11I'lqJ'V1~Wl'IJB':) fl1'j:Wb6'1mJ 'j .fl1'1"l'IJBYJ!91fllil:W1'l eJ ~Wl ~tltI fllfl1':)'lJB':) fl1 'jlfl B tI 1911 

(Center of Buoyancy) 1il~tii'B':)eJ~b'VfiiBIilWll"\tI~mn':)'lJeJ~fll1:W~1~'lJB,:j1191(l (Center of Gravity of 
'U 'l \J 'I 

Submerged Body) ~Wl~tI~flm':)'lJB~fl1'jlfl8t1~11il~LUtl~WlL~mil'U~Wl~tI~~1~'lJmtl~:w1ru'IJ8':)'lJB~ 

1'Vflfl~(lfl1I91mb'V1t1~ (Centroid of the Displaced Volume of Fluid) 1A',:jt1t11i5~1t1~~Wl~Iil:!'Vh1~
~ , , 

W\ 
f.h) 

bb 'j~lfleJ tllIllbblfl:::J1V1\Jfl'IJm1191 (l'l~'I"l tJ1 cn:wv'h1VibflWlLL'j~ ~1'l1'U1tlV1I"\'V11~19I1:W L~:WtlTWfl1, ~ 

1191(lflf:l'UfitlaI'l11:wijL6'1~tJ'jm'l"leJtl1~ ('<ilWl CB tJ~I'l~8~bVliieJ'<ilWl CG)
., 'U 'U 'l: ~, 



33 

"\l11l CB m.nfl~"\l11l CG 'hiJLb1\lI.VitJ\lL~fl'Ij'm.J~1m~'vh~i)'r~(1~'U;1"il~vh1~1~fl~t!'d''V'l~flfr:h1~
, 'U' , 'I: 

b'V'l11~bb1\l(l€J Cl~ll.b~~lhi<1Ufl'1J€Nl~ fl"il:t:"lhCl 1 ~bnl1lbb1 \lrlflTU 1 'UViI"1'Vl1\l'Vll'Ub~~'U1'i4fl1 
, 'I! 

< '" 

(V1~1 : 1~'Vl5 8\lfl1fl1cll.b~:t:'1J1ty flUI1l\l1'U. 2537.vnJ1 228 ) 

b'W{;l1 dJ'U~'U~l'U~mife:w"l'U bf)~€J\l~mbnmJ'Vlfl'lJtJ 111 'Y11'I,rt:hm'U fl11~\l,i1 Cl fh.-1\l"'~€J'Y111~ 
'I! , ... , 

bnl1lfl11"'lJ'U1:t:WJ1\l</j'U~1'U~1\l1 '1J€J\lbf)~eN '1Jru~1-n\l1'Ub'V'lm"il:t:€J~il1Cl1~il11:t: fl11 fl1:t:'Y11'lJtJ~ 

~1'11 b"1l'U bL1\lfl~ LL1\l~"Il~b~'U~~~bb~~1~b~'U~D~~\lm"iliJ~"Ibb1"1G'1~I'lLL~:::bb)\lbLUU1~~m 'Y111~ 
Ln~ fl11~11~b'W{;l1m"iliJ~m~ tJ flLbl'l fl~ 1"1n'U1'l1~l..1fl't;ru:::fl111-n\l1'U~"I;1 A€J 

b'V'l(l1 (Shaft) bU'U~'U~l'U~"'~'Ubb(l:::1-rrl'Ufl1)~"In1l..1"1, 
bbfl'U (Axle) b'\J'U~'U~l'Wf1fl't;ru:::b~tJln'UnUb'V'lmbb~hl,..,~'U ~l'U:JJ1mU'U~l)€Fl:rU~'U~l'U~, 

""~'U, b"1l'U ~€J ~€JG11Cl'V'l1'U bU'U~'U ~"IL'V'lmLL{;l:::bbfl'URtJCl~L~tJml~n'Wl1 b'V'lm hH1~'U~1'Ut1'U 

G'1~U'lJ1yJ (Stub Shaft) bU'Ub'V'lm~~~bU'U~'W~1'U~m~eNnUbf)~B\lCl'U~~ml'l€J1 ,..,~mf)~B\l 

~'Un1l..1"1~'U'1 iJ'1J'U1~ ~tl~1\l bb{;l~~1'U~'UBBfl~1 ~1,..,:ru1-n~€JnUb'V'lm~'W '1 

b'V'lmbb'Ul (Line Shaft) ,..,~m'V'lml:1\ln1l..1"1 (Power Transmission Shaft) ",~m'V'lm~'U 

(Main shaft) LU'Wb'Wm~\l~BI'l)\l'il1mf)~€J"I~'Un1l..1"1 1-rrl 'Ufl1)ci\ln1l..1"11tl tJ\l bf)~€J\l~mfl{;l~'U '11~tJ 

bQ'W1~ 

.. '" 
bmeWilmfl(l 

b'Wmel€J'U (FlexibLe Shaft) bU'WL'Wm~G'11m)t1elB'U~1"'~Blf1\l1~b'Wmtl):t:bil'Vl;1'Y11~bCl 

G'11tJm~1,..,qJ (CabLe) ml1lG'1tl~\l"'~Bml1lbwi:1m (Wire Rope) 1-rrl'Wfl1)~"In1f1\l1'Ul..1fl't;ru:::~bbfl'W 

"'~'U'Y11~~ n'U1~bb~~\ln1l..1"11~-uBCl, , 

1a~b'W{;l1• 
1'Ufl1)b~€JfllG'1~bbm~i5m-rrl'U fl1)'Y11b'V'lm um:l€J fl bLUU"il~~B\lfhi:1"1~\lG'1il1'W fl1)1-n\l1'Ubb{;l:t:, 

fI1)::::~b'W{;l1~€J\l:rUbu'W""l..1fll~Clvi'11tlLb~l "il~~B\l'W'il1)ru1L~BfllG'1~bl.{;l:t:i5fl1)e,jiii~b'Wmm~'1J'U1~, 
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bb61:t: f111jJ'\I1'U 'VJ1'UI'lBbb1,:j m::; l>1 flbtJ'U'W bral't1bbfi'l, 
1347 , 3140 ,4150 btJ'U~'U b'\f'j611~ii'tJ'U1V1b~'U~1ral'U6fl611,:jl(?lfll1 90 iJ61~bjJ(?l':i iffl"il:t:fl~,:j:w1"il1fl

'J 

b~Bl1Xb'\f'j611ii11f11tl fl~~V1~BBflbbtltlfl1':i'\f'jtntnjJb~Bnl-if 
'J ' 'J 

"lJ'U1~"lJB'U'ViGn 

b~B1~b'\f'j611iijJ1~':i\i1'UbV!iim,!fl'U B,:jr1 fl1':i:w1l>1 ':i\i1'U ':i:t:V!11,:jLJ':i~b'\I1ral~,:j1~r1TVi'UV1:w1l>1 ':i\i1'U 
~ ~ ~ 

'tJB~b'\f'j611 ~~1::::tl'tJ'U1~1'U ISO / R 775 - 1969 bml1~1V!.:rtl~BBflbbtltlb~Bfll-if ~~ilb~Bl~l;'{1:w1':itl
• 'J 

V!1~BHl~11LJ 'UB fl"il1nilrJ~btJ'U'lJ'U1V1~6'fB V1f1fi'B~tltl'tJ'U1~'lJB~bbtl~~m-if':iB~-rtl b'\f'jm~l tJ'tJ'U1~1:t:tl, 

'VI~nW"il1':iru11'U01':iElB flbt'U'U b'W 6'1 1 

fl1':i fl1'U1 f1I'VI1'tJ'U1~b'\f'jm~ bv!jJ1::::6'fjJ~'UB~ tltlfln't1f11::::fl111-if~1'U ~~t!'UjJjJU~'tJB,:j b'\f'j611~" , 
bn~~'U1'U'tJf1I::::1-ifnw"il:t:~B,:jiifh1:W:w1fl fl11~fhvj'w~11'l1'UAB b'\f'j61T~:t:~eNiim1jJbb~,:jbfl~,:jB~mtJ1'U 

" 
'Wn~~~B,:jfl1':i t11jJjJU~:lJ1fl1tI'UBfl"il1n"il::::b~tJm1jJb~tJ~~1~'\I11~~1'U!?l1bbV!tl~bb6i'1 rJ~m"ilnB1~bn~, 
fl1':ii'U6'f:t: bVi B'Uii ~J;j1~bYJB~ bb61:t:U.tl~,:j~1B~.:rtl b'\f'j611B~ bnV1m1jJb~tJV!1tJ1~~1tJ~,:j~'W

" 

50 95 180 340 

14 55 100 190 360 

60 380 

65 
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m':imJnbb'U'UL'VH'I11911aJ1~19I"t1e:J.:j ASME 

nB'tJtJ V1.fl!. 2497 1~iJm'H'JBll-r'Ui5m':ifhw1ru'Vll"t1'Wl~'tIB"lLV1m~'1fh;r"l~"lfhVl'W~bU'W 

1fl~(Code) 1~tJi.'1111f1111mmLfI~B'InmL'tA"li.'1'Vl-r~mll~m (ASME) LLiJllb1mlil~~1'1L~tJlJ1'Wl'W 
"" 

bb~1n~111i5m1BBmL'U'UL'V'lmmlllfl~"tIB'I ASME ncJ"liJfl1111i.'1~~1mL~~~ltJl9i€Jm':i1off'll'W ~'1'i}~ 
1~n~11~'1I9iBhJ 

" i5m1~"ln~11'n 1off'Vl~~~fl1111 bfl'WL5B'W~'1~~ LL~~1~.H~lill':irul~'1 fl1111~1'Vl~€Jfl1111 Lfl'W 

'Vl'Wlbbti'W~bn~~'W'U'WbVlm ~·uu'Wm':i€J€JnLb'U'Ul~tJi5i.'1(i~mi.'1~1 (Static Design Method) 1'W 

m':iVlli.'11Jnl':iG1l'Vl-r'U€J€JnLb'U'U bVlm 1 ~Yl'i}11rulL'V'lm1'W1tl~ 2.11 
" 

'itJ~ 2 -37 Lb"~~L'Wm€J~rmM;u.'i~~l~ "I ~ ~ I 

4 ..! 81f 

(Villl : 11'Vl'Ei ~"lmmru bb~~'UlqJ tI'W~'11'W, 2537. 'Vl'Ul 232) 

m1B€JnLb 'U'U m1r11'W1rubV1~11'Wm1BBmb'U'UVll"t1'Wl~'tIB"lbVIm Iil~JlB"lYllill':irul~"lL'Vl~l;1 
nli;l·NllJ (Power) LL~~m1~ (Load) moffLVlm~'1nli;l'l 

fl11lJbfl'W~Ln~~lJn'UbVlm 1111~'11tl~1'1'll'Wl~ 1i.'1~ bL~:;~1~lb~'i} ~":HU'Wi.'11LVl19I1'Wm1,,' , 

Ln~fI1111bfl'W~nfll"l (Stress Concentration) ~'W ru 1'l~lbb'Vlti'l~l\l '1 'tIB"lbVlm 


- fI1111bLn~\l (Stiffness 'Vl~B Rigidit) 'VlllltJ~"l fl1111fl\l'Vl'W~Bm':ibbB'W~1'Vl~Bm1u~1tl 

'" '" 'tIe:J\lbVlm LllB1'Um':i:; 

- fl1111L~1in~~ (Critical Speed) VllJ1t1~~ m1~'W~1't1B\lLVlme)'WLUw:.Jm~B"l 11l'i}ln 

m'HLB'W\9l1'll€J~bVIm 

o III '" 
m':ifn'W"J WVllfi "JlaJbfl'Wbb':i .:jb~e:JlJ 

1 'Wm1 B €I nLL'U'U'll'Wl~'ll€J\lLV1mG11'Vl-r'U~1'Wtl n~v'h1tl 'i}:;Yl\I l1rulbuVll~ nl~\l\l1'W.nl1 ~ bb~~ 

~~€J~nm 't.!€JmnntT'Wbb 1\l~m~vh€J1\1"il~btJ~ tJ'Wbbtl~\l€J~~~€J~b1mn1~ ~"ltT'W bV1~1~\lLn~fl1111 
" 

b~m,nm~€J~ll1"ill nml11~lbUW;11'W1'VltY !?l\ltT'W~\lJl€J\liJ\9l1tl':i~nB'Ufl1111~1(Fatigue Factor) lJ1 
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l~moiJeJ\l ~lCJ fh~TtJ d:J neJUfll1lJ~lG'11lJldm~ eJn1oiJl9l llJ 61nl':lru:J'lJeJ\llld\l~ 

~J1nl'l1dl\lV1 	2.3 

l\?lCJ~ 	 Cm = Wll'lJd:JnBufll1lJ~lltiB\l\llnmd~\?l 

Ct ~l'lJd~nB'\JmllJ~lbtiB\lmTiJ\?l 

'lj'W~'1J€J'I bb'J'I C;Cm 
... 

"" bYlGll€JtJ'U'I : 
" , , ~ 

bb'J'I~111b~JJ€JVl~mWJJ1j'U.;Jl 1 1.0 1.0 

bb'J'lfm:~n 1.5 2.0 1.5 2.0, 

bYlGllVllJ'U :, 
, 	 , ~ 

Lb,)'l~ll'lLi.1JJ€JVl~mWJJ1j'U.;Jl 1 1.5 1.0 

LL'J'lm~l9jn€J~l'lLUl 1.5 2.0 1.0 - 1.5 

LL ,)'lfm:~n€J~l'lLL'J\l 2.0 - 3.0 1.5 3.0, 

~ $V 

G'llJlf1lJ1)311mbf1~eJ\lmmvi\lmlJ~m (American Society of Mechanical Engineers) 1~ 

rllVl'U\?lVl61mmusnl'UmdB8nb!.uul'Wm~\lfh61\l~'Ul\?lm~vnl1 ASME Code 19l1lJVl61fH,nru.nt1 1~ 

vBlJ'YU1Vlf111:J.HA'UlQeJ'U1i\l1'UVll1~\l1 nG'llJnl) (2.2) 

(2.2) 
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n1~1.u'l1'UL'W~lbb~:::~~ VlmtJ~'l 'll'U't.h:::mJ'uh]md~tl~:::neJ'U1.u'l1'Ubb~d fleJ\ilbbtJn~'U1~ 

~dCJ15~lCJ i1\ilCJ1:wJl8'lv11mtJ~'Ucid'U1\ili b 'Ii'U 'l1'Ufl8\ilbbCJn~'U"lieJ~~8 bM8 'fiy.jy,jlbL~ :::~~Jl~'liJ~'l 

b'Wmbb~:::~~ 

b~ma,:jfh~-3 (Shaft) 

b 'Wm?1'lfh!\''l (Shaft) bU'U~'U?1d'Ubf1~8'ln~~611Aru1'Un1~ci'lril CJnl~'lVl~'U~~8'l n1~~eJ'l" , 

o v ., 

ma-3\ill'U'VI1'Ub~m 

n1~?1'lriltJfh~\l"IJeNb'Wmcid'U1V1qj?1'lrilCJnl~\l~1'U~~ ~~bU'U~dnm'l~:::w:il'lb'Wmn'UbyjeJ'l 

V1~8~ml1tJ'Wl'U L'W~lbb~:::bYJ8'l~8'liJ~8\l1Vf'WeJ~n'U"IJ'U1\il~~m.u ~eJ'l~~v111Vfnl~'lAdl~~l'UVll'U 

b'WmGl\ilGl'l ~'l1'U~fl't?fru~fldlmfl'UiJ\ilbb~~A11:WbA'Uv)\il't.h~mru 25 0/0 
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V I V I V I v 

"J~tJb'V'l(;ll~~bI.(9\ 10 lUI. b'WlJ:U'U V1m~ 1 lJlJ l'WlJ:U'UV1(;l~ 2 lJlJ ~'U~~ 20 lJlJ b'WlJ<n'UV1(;l~ lJlJ "il'U~~, 
• v v • v 

100 lJlJ bb(;l~b'WlJ:U'UV1(;l~ 10 lJlJ "il'UO.;j 200 lJlJ Vlil.;j"il1mr'Ub'WlJ:U'UV1(;l~ 20 lJlJ "il'Uo~ 380 lJlJ 

2.9 'VIq~~b~V'''lll'U1"lia-3r11a-3 

"J~'UtJ~~n1il.;j~"wl"1l ~.;ji1eNA'Lb~!leJtJ 2 'lli1(9l AeJ l"1llb(;l:;l~eNl"1l (Chain and Sprocket) ~.;j 

ltJ'U!l1"JtJ1beJ1 "J~tJtJ~.;jn1il~~";ltJl"1l"il~f)~eJ.;jeJ~ntJb~eJ.;jl"1l ~.;j&i(9leJ~ntJL'V'lm-iJtJll(;l~l'V'lmi911lJ 8\11"J1 
~ ~ 

ilafi"lla-3n1'S"1i''U~';lV1"li 

1) 1'U!l1"J~(9l~.;jhj~eJ.;j!l1"Jf)11lJb~m\l1"J.;jlvhntJb~eJ.;j 

2) hi"iJ1btJ'U~eJ.;ji1lb"J.;j~.;j~'U~'U1'Ul"1l~l'U~.;jlVliJeJ'UntJ?lltJ"'n'U~.;j'Yh1Vi'mtJ, Hf.;j1'U'{JeJ.;j 

3) hii1!l1"J?li:hfl 'U'{Jru~~.;jn1il~bVliJeJ'U?llCJ'V'll'U 'Y111m~8\111TV1(9l~ bbti'UEl'U 

4) i1'{J'Ul(9l!l~~(9l1'(9l bVliJeJ'U?l1CJ'V'l1'UbdeJ1.u.;jl'U~1'U8ml'V1(9lb'YhntJ b ~eNl"1l"il :;i1'{J'Ul(9l b~!l 

.!l11~e:J?l1 CJ'\'1j 1'U bb(;l::; ll1~e:J.;j!l1"J~.;jnlil.;j b'Yh,!'U f111lJ !l11.;j'{JeN1"Il"il~ifeJCJ!l';hf.'11 CJ'V'll'U 

5) &i(9l~~~ltJ!l11?11CJ'V'l1'Ub'V'l"J1:;b~CJ.;jbb(9\f1~eJ.;j bihntJb~e:J~l"1lbb~lt1e:J(9l?lil!l b.ul 

6) 1i~l'Ul~ntJm1.lVlIliJf.'1~ tJ~nru~i1f111lJ~'Ubb(;l~~'U(;l:;eJe:J~
, 'U 'U .. 

ilm~t:J"lle:J-3n1'S"1i''U~1V16li 

1) i1b~CJ~~~ 

2) b ~eJ~"ill!liifll1lJb~T~eJtJf.'1~"il~ii8'U\I1"J1mdeJl"1l'{Jl(9l 
~ 
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1) hJbm~B{ (Rollerchain) L"7hl'ul?ll1tJ)::!n8u1tJ~lmb~'W~8 (Link) ~1'W1'Wbb~::!~1'W 


'W8n~I?l~l?ln'W~ltJ?I~nU'1l (Bushes) hm~B~mn~?lllmcinuu'1l ~..:Jbb?lI?l~1'Wi11'1"l~ 2-40 

'\) " '\) 

3) ~m.1ru~'1l8..:J-W'WbVJ8~hl'il~!il8~;11nl".ibfl~B'W~'1l8~L'"j~ b1;1B~b'iJ'WltJBcil..:J?I~l?ll n~..:J'il~ 


b~'Wm'"jbfl~B'W~'1l8..:Jh1;1b{;18n!?i'~..:Jm'l"l~ 2-42 


2 3 
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n1~a.:lfh&t.:l"llel.:ll61i 

1tJ"lJru~ci'U)l~~bb';i~1tJlbtJlb?ftJM';i~?(:u~a F[ ~bnVlfi'ulo6m~v'hfi'uwtJl:Wm106 iJ~m::}ru~ 

'Vll~~l'UVl~e]'umn bb ';i~i111:UbbtJl fJ1l"lJe:J~106 FL b'UtJbb 'J~~'Vh1mo68Vl ri1iJr111Je:JCJlo6n"il~8VllJmJ!;l~ 

:U:U~oUeW; eJlo6Vl:utJ1'llb"lJru~iJu1Vlm:We:J~lo6iJr1w/llnu 180 e:J{JV111 Vll'H~l1 CJ~ltJltJ14tJ'lJe:J~b ~1e:J~106, , 

ISO 1~nlVltJVlm\?l';i]ltJ'lJe:J~lo6b!;lb!;le:J1cl\vl.:ruci{Jnl~~11ltJ ISO/R 606-1967 (E);~ 

A';ie:JUAf!:U~~l"1;bm!;le:J1\?l1:U:U1Vl'J~ltJ5{Jnt)1j (BS) bb!;l:;mM';i~ltJaVl.:r~m:U~n1 (ANSI) 1VlCJloU5n1j';i 

B bb!;l~ A ~m11m~mbaVl~~{J~:lJ1"lJe:J~lo6';i:nn5{Jn~1jbbm~aVl::f]m:U~n1Vll:U~1~U nl';i1oU~eJhib!;l 

l!;ld ISO nlVltJVllV11'i{i11 b!;l'IJ~ae:J{Jbb'VltJ';i~CJ~'WM.g'IJe:J{J1"IJ1VlCJue:JnbutJlY'l1j1tJauVlnci1tJ'lJeJ~Vl~~D1 
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(2.3) 

'ill'UTUiil'U~l~:w bvrlJl~ (;1lJil1Vfb~B nl<ilVlb u~'U1VfiJ~l'Ul'Uiil'UdJ1 n~'U bbfl~iJBV1 ':ilVl~V11lJI')11lJ 

~B-:Jnl':i ~l'Ul'Uiil'U"llB-:Jb:WB,:jl"1im<ilnul6ih~CJ~~V1~~l-:J 1 

Ps WsNs (2.4) 

.d "" b&JB I')B fhfl-:Jm<d\~Bnl"1i (kW) 

WS fleJ nlfl,:j~~B-:Jnl':il'Unl':iilu (kW)"" 

'" Ns AeJ ;(l'th~nBuli-:Jl'U 

V Pzn (2.5) 

.d 
b&JeJ V "" AB rnl&Jb~l"lleJ-:Jl"1i (m/min) 

P '" AeJ ':i~tJ~~V1~"lleJ,:j1'1i (mm) 

z "" I')B ~l'Ul'UY1'UU'U~bUtJ'U (iil'U) 

n 
41 

AeJ fllllJb ~l':ieJu"lleJ,:jVlbUtJ'U (rpm) 

vrth 308) 



• • 
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d 
'U'Vl'Vl 3 

'U'VI\h 

1'U'U'VId:u~r.h~rw b~mfl1'ia'h:Jn\l~'U,h~.ji'll'll'Wvh1'U~'J'U~I\1 '11~Cl'lh1'1J1'V1"ICl bb"IJ'U\I 'lhlnvil 

fn'ieWmb'U'U fll'U'Jru bb!;l~a~I\1n\l~'UJII!Ji'llPll'Wvh ~1~ClviI1~fiim;TVI~,\;~ bb!;l::\l1'U1~Cl~bMCl'JoUeJ\I 

~\la'itl bb 'U'J~~"lJB\llfl'i\lnI'i11 :u~a~I\1Btlfl'irul!J ~lPll'Wih'V'li>i\l\lI'U'VI~ LL 'VI'U l~ClBI~Clfn'i 1 'VI!;l"IJB\I 

fl'i:maJll>mJ!)'i'iU'1JI&l~ ;'laIUI'if:l~~1Vln\l~'U'VI~'U'iB'UIPl'JLeJ'll~ i>in'\;ru~"lJB\ln\l~'Ud:U::L~Bn1-tl' 
n\l~'ULL'U'U'VIU'U"IJ'JI'l nI'i1'VI!;l (Cross FLow) L 'V'I'iI:: l~'iB'U~a\ln';hn\l~'Ubb'U'U'VIU'UIPlIUbb'U'J Lbn'U 

• \I' 

(Axial Flow) l~Clm~Cl n'l~'UJld~\lriICJfl1i>i'l~I'Ub'V'Im~iifn'i'VI~b~B\lltl~IPl'J fh Lij~1'Wih 

(Dynamo) ~~lPlbtJ'Ufl'i:mal'WVhbL~'J'I11LBln'i::Lbal'Wvh~~ i'llPllffitlbn'Uln'UbL'tJI'ILlPleJ1~ bb~'J1-tl' 
~tlfl'irubbtl!;l\lm::LLal'W.wlm~LLal'l'i\lLtJ'Um::bLaG'1£i''U 220 b!;lvl 

" 
n<l'IXu'l11V1lJU'IlUL'V'la1, 
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nT~11-3LL~'Un1 "a ~1LU'U-31'U 

m".iG1~1\ln'n1'llih:,,~ (?I1vlvh 1i.ff'U(?Ie:l'Um".il1\lbbVJ'Ubb~~m".iv\'1bil'U\l1'U~\ld 

" 2. e:le:l flLb'U'U bb~~G1~1\ln\l,x'Ut11 

3. 'VlVl~e:l\lm':i'Vi1\l1'U "lJe:l\l~'U~1'UI.h\l1 bb~~'\J1''U bbru."lJ'Y'l~e:l:W'VlVlG1e:l'Um".i'Vi1\l1'Uiii~ \l 

4. 'VlVlG1e:l'Um':i'Vi1\l1'U ttl G1m'U~IiI~\l b~m!f1'\J".i~~'Vl6m'Y'lbb~~u'UVinVJ~ 

5. G11'lIVJ~bb~~lbfOl':i1~~VJ~m':i'VlVl~e:l\l 

~l'U 
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1. flm~nl'lq'l:!}~LLa~..'j1'IJ1~~~L~~1,jeJ..'j 

filru~~~lbUWI1Ul~Pifl'l~l'V111'M~\ll'tlJ~tJ~L~trJ-DeJ\l~~l~nclT)1utJ'VI~ 2 LL~1 U8n:iJ1fll1 

filru~~~lb\JU~lUl~L~\J'vl1\l1tJPin'Ml'H11U~b~eJL'litUfl1':il'l~"m618tJ\llU:U~~ ~8 tJ~b1ruLblhl1LbfilJ 
" 

8tJ':ilJtJfilalfl':iR':im:Ul':i~LLG'l~L~1'1,rUl~ ru 61mu~~\lncllTVlmtJfilf~ '¥ilLVILtiI1lR11lJrKlJ~Ufi~~ii , " 
dJutJ':i~LtJ'/jUvl8fl1':i~lL\JU\llU'VII1lG'lm ~\l11 

1) ~ltJvl8fl1':i&i~vl8'll8mllJ8Ubfil':il~Vl1-u61mUmUfl1':i'VI11lG'l8\l b~m"illm~l'lleN61mU~, 
IVcv V' If ~cv 

':i"ilflfltJfil':i81"ill':itJLba~~1"iltJ 
"" " 

2) btJULLVlcl\lLthVllJltJfl1':i~lL\Ju Lfil':i\lfl1':i"l ~a LtJU~U~m·tlI:tIlrh"illflfl1':i 1 'rlvh~ltJ 

~~\?l 'llru~~~u~ ~\jflclT)ii nT~1VlG'l'lla\l LLliJ1bbfil1LVlqJa~l\lvlm~a\lL Ul'll\lViM L~trJ LbG'l~iifil11lJb~1 
fl1':i 1 VlG'l'lla\lJ1611lJ1':i()~:u~'tI11J1~~\?lbtJum~LL611'rlvh1~ 

3) atJ'1m\tJ~b1ru~~Vl'r~fl1ru:UUtJ~lJ1 fl~6111l '¥ilL'IXfl1':ib~\J'VI1\l1tJ b~a~fl'Ml~U~ fl1':i 
" tV '1 '1 

&i~via61~11l1flLu.rrUl'laU"lI8L-U~U~ Vl~afl1'J'VI~61atJfl1)'¥il\llU"il~\l61~mfl 

fl1':i~1L\J'lJfl1':iP1fl'Ml~U~tJ1l1ruLbliJ1LLmLVlru ~\lVl'r~fl1ru:U'IJtJ~ ru tJ~b1ru~'lJm':i\lLL':ill 
~ ~, 

.oJ 
mwYl 3-3 mwYl 

.oJ 
3-4 

'jCl'IJfl~'lJnflim:!l1t:7~11J~1'ULL~~'jCl'IJfl~~1'V1u11fl'j.:jn1'j'1 'lJnflim:!l1~~11JL~'UYl1~1'\.Ji.:;l'n"«'U~~ 
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.fI1~~ 3-5 .fI1~~ 3-6 

~~EJLLm~unPlm~nL~'U'Vl1.:J1tlG'1T';id'il~'U~ ~~mLG'I~unPlm~ltll~.:JG'11";id'ill'lm";i1'VIG'I'UeJ.:JJl 
" " " 



• • 
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Q,I Qj ~ 
2.1 	 nT'aeJeJnU'lJ'IJ n '1'1 """J'l.J1 

1) 	 nI'VJ'UVll~8'U1'ULtr8,:j~'U1 'Ufl1'a88f1LL 'IJ'Utl,:jl1'UJ1 

- tl,:j'H'UJ1~1111'HHtI~ tJ'Un1~,:jfl1'a1 'VlGl'U8'lJr I1ViLiJ'Un1~'l1~Yh1~~m111 L~1'U8,:j 
" 

m:m~1.h 12 LlI\Pl'a~eJ'U1Vi 

1m'Utl'll1'UJ1 LL 'U'lJtl'll1'UJ1offtJ~w.J'U1 ;,:j~1ii1'U1'U1 'Un'll1'U 6 1'IJ LLGl:m'U'IJ1 'Utl'll1'U t-ti 

LL'IJ'U1'Un'll1'UJ1'Um~lr1)1tJLm ;,:j~m~tlJ:::'UeJ'lt 'U~1111'atl~tILlJVl lJVl1~ 

- ~fl~tlJ:::'U8'l~'UGl8tJJ1~::HLL'IJ'lJL~tntl'IJ~'U~u1'U~mlYlGl8EJJ1 ~'l'VllVlfl1GJ~'U1.J~ 

2) 88mL'IJ'U~fl~tlJ:::'U8'l1'Un'll1'U 

fl1'aL~8tl1-ti'atlLb'U'Ut 'Utl'll1'Uf')tlJ:::e4~lLiJ'U'l1'UL~8mtl bL'U'IJ1 'Utl'll1'U'UeJ'l "tl'll1'Ui(EJ~w.J'U1"
'\j 	 '\j '\j 

"~1f')'a'IJ~" fl~11fleJ 'UtlJ:::vn'Utl'Ul1'U'Vlll'U~'UbL'a'lJ11'VlGl1'Un,:jl1'U~t:fl1,:j8eJfl~1 mL'a'1L 'lJlI ci1 '1 bLGl::: 

L~eJ1'U~~'ULL'a'lJ11'VlGlvi1'l1'U'UtlJ:::'Vl1l'U~'Ub'Vl'ueJ~h J11'Un'll1'U ~:::w'U bn'UL~eJGlVl bb'a'l~1'U'UeJ'lJ1vi11Vi• 
1'lJtl'l'H'U~1111'atlb~1If')1 111 L 11fl1'a 1 'Vl6l1~ ~'lmYl 

..Jfl1V'1~ 3-11 fl1V'1Yl 3-12 

~U'l~'ll;\'fl'I~ru::;lun'lvr'UiEJ'Vr~'U1 ~~r!~'lG1m.'!1ru::;lun'lvr'U,h~UUr!l FI~U~• 
( fl1V'1 : www.youtube.com) 

http:www.youtube.com
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1) b1e::)'u1-ulum~m)mbtJtJ 

- Fl11~H~1~€lU'tJ€l,:j1Vl'!l1~1'l~t1fJ'U#l~~~a1lJ1~t:1(:.J~\9Hl~~ bba1'V'Ivhe::J e::Jf)lJ11~~~I>i'e::J,:jhi 
~lf)';h 600 ~e::JtJ~e::J'U1Vi 

- Fl11lJb~1m~bbaJ1~LFl~e::J,:j(:.J~l'lm~Lba1'V'1Yh~1fJn,:jVi''UJ1~~e.lal'lm~bba1'V'1vh 1~ 
~~I>i'e::J,:jij~l€l~1,:jUe::JfJ 0.2 blJm~e::J1'U1Vi 

v2 

d2 

i2 

d4 
02 

it 
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", ~ 

dl, d3, dS... L6'l'We.J~'W~'WCJtlm-:l } 
v = Vl V2 

nl, n2, n3... fl11:IJL11''feJ'IJ 
6'l (?l 1tl11~'Hh;r'l-ff'IJ
" dl, d3, dS ... 

nl, n2, n3 ... 
tJ(?l11VWi 

na , d2 nl ne 
1= =-=­

ne d1 n" no.; 

tJml'Vl~11:IJ 
" . dz X d4 X do ...ii, i2, i3, .. tJ(?l11'V1~LLl'im:-ff'W 1 = 

X d3 X ds; ...d t
vi, v2, v3 ... 

i i1 X i::; X i3 '" 

z2 166 S 
l =zl 20 ='1 

2) 
z4 66­ 3 

t=-:::: =­
z3 22 1 

'!l\1lVl1lJ 22 ~'U Z3, 

z,6 166 I • .J 
[:-:-=­

z5 22 1 
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1) fiJlf1G1:wm"a ZlNl = Z2N2 

166 x 4 = 20 x N2 

N2 = 166 x 4 
20 

= 33.2 
, .. 

"aeJ'Ut>leJ'U1Vl 

2) fiJlf1G1:wm"a Z3N3 = Z4N4 

66 x 33.2 = 22 x N4 

N4 = 66 x 33.2 
22 

= 99.6 "aeJ'U~eJ'U1Vi 

3) fiJlf1G1:wm"a Z5N5 = Z6N6 

N6 

166 x 99.6 = 22 x N6 

= 166 x 99.6 
22 

= 752 
, .. 

"aeJ'Ut>leJ'U1Vl 

:.J8 752 
[= ,,~ = --7 =1: 1 

., I /J_ 

"llVl-rr'U 07 N7, 

4) fiJlf1G1:wm"a N707 = N808 

07 = 08 = X 

752xX= N8xX 

N8 = 752 x X 
X 



----
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~1 n n1~Pim~l'Vl'1~~ bb(;j~-:Jl'tPJ~CJ~ b~CJ1-rremi'n~ru~~tl bb'U'U n-:J~'U flru~~~1 bi1'U-:Jl'Ub~eJ n 

~tlbb'U'Uvl'U~eJml1~n~ru~b-d'Ub~CJ1n'Uvl'U(;jeJmhlm-:Jbl.Vnj'1'U~n~lJbbl1Jlbbm ~-:Jm'\"j~ 3-14" , , 

d
mv'WI 3-14 

'" nl~fll'U1ru'Vnm(;j'tleJ-:Jvl'Un-:J~'U111, 
,0IIII, ,.',, 314.15, ,,, 

0 
Lt) 
«) 

E 
E 
o 
o o 
N 

@ 1.2 

1225.2 

c 
1.1 

b 

~-----.-------.----~-----

, " 
'innml'l bb~'Wfl~'UmvhJn'l~'W'l11, 
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.3.1416 x 100 mm. 

314.16 mm. 

3.1£1·16 x 390 mm. 

::: 1,225.2 mm. 

a ::: 350 mm. 

b ::: 455.52 mm. 

1225.2-314.16 mm. 
b 

b 

2 

::: 455.52 mm. 

., . 
3) r11 'U1 ru'VI1'~ tl'Vi 1.2 ::: 314.15 x 350 

A 109,952 

.,
0

4) m'U"Jru'VI1)~CJ~L?I'U c 

c 

350a 

b ::: 455.52 

~ln~tI1~'VIq~~"utl~tJ'VIlntl-r?l 
222 

C ::: a + b 
2 2 


C 350 + 455.sl 

2 

C ::: 122,500 + 207,498.47 
2 

C ::: 329,998.47 

C::: \3~99993.41 

::: 574.45 mm 

http:3~99993.41
http:329,998.47
http:207,498.47
http:1225.2-314.16
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5) vmnJ 91• 
~' ~ 
;n1..;i'l"i~~;.l;J;p.! fJ 

':il1fl?fm Sin = I''II 
.~ ei1n.lljFJ1;JiJlJ~ 1il 

~ ~ ll.,;tl~· ~ 
j ~~;",~,

........ , e 
COS = ~' .. C1\ l'\..Uh lIm~llillrl 

~ 

m'\..m'H~~J 
9 

Tan = lY ... 

m\aJid;;nJ~J c 
.., ..,... 11 

1il'l'U'U Sin = 
C 

350 
I 

~~'Vl'Ufl1 Sin 
574.45 

Sin
-1 

37.51 8'11"l1 

..• 91 37.51 8'1I"l1 

r--------------­
I 
I 

350 

:::: 350 X 455.52 = 159432 

4594:3 2 

2 
:::: 79716 

350 

i 

:::: 350 X 314.15 = 109952.5 A 

A :::: 109952 
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v = Axt 

= 79716 x 2.5 t 

199290 
v 	 ~ 

fl11'l x !'.J11 x fI'l x 7.85 x 10 
" -6 

V X 7.85 X 10 
6 

= 199290 X 7.85 x 10­

= 1.564 kg. 


D 
V 	 Axt 

109952 x 2.5 
3 = 274881.25 mm 

v 	 ~ 

= fl11'l X CJ1,) x fI'l X 7.85 X 10 
" 
-6 

= V X 7.85 x 10 
-6 

= 274881.25x 7.85 X 10 

= 2.157 k~. 

http:274881.25
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" 
Vllt11V1,JmllJ 2 ~1'U 

1.2 

1.2 

= (1.564 x 2) + 2.157 

5.28 kg. 

= 5.28 x 2 

= 10.57 kg. 

2000 mm. 

1 
r1225.20 mm. j __ 

A 2000 x 1225.20 

:::: 2450400 

v = A x t 

= 2451000 x 2.5 t 

6127500 
" 

t11V1,Jn = 
v ~ 

n11,;J x EJ11 x ,'I,;) x 7.85 x 10 
'II 

·6
2000 X 1225.5 x 2.5 x 7.85 x 10 

= 48.10 kg. 
" .-

VI1t11V1\TmllJ~\lVllJ~ 

5.28 + 5.28 + 48.10 

= 58.66 kg. 

http:r1225.20
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" 
ul",,j'm11J 1 ~'lJ = 58.66 kg. 


1'lJmMi 2 ~'lJ = 58.66 x 2 


117.32 kg. 

3 
1.53 m 

Q Ie. ~ 3 

u~1J1V1~ V ~11J'V1'l"'1JV1 = 1.53 m 

ltd.?),,!. rrO.39 2 m 2 X:2:m 3 


= =0.24 m 
4: 4 


3 3 
=0.24 m x 2 0.48 m 


[(D1
2 

_d2
2

) (bxd)]
12 


IT X 350 mm 

2 2 2 2 


= X 1(390 mm -100 mm )-(390mm X 100mm)
1 '"' ..:. 

3 

18,426,793 mm 
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:a 
3 1 m 3 

m 
3 

= 18,426,793 mm x ':1. =0.09 m
1.000.01:'0 mm­

3 3
0.015 m x 4 = 0.06 m 

... = fI11.:J xm1 x ~.:J 

0.45 m x 2.2 m x 0.73 m 

3 
= 0.73 m 

3 3 3 
vl + v2 + v3 = 0.48 m + 0.36 m + 0.73 m 

3
1.57 m 

* L~BtllfhJTVlirm:11J 1.53 m 
3 1J1LtI~tJ'ULV1tJ'un'U't.J~1J1~1"!1~Btlmru'llmvi'IJ~BtJJl, , . 

~.:Jl11JVl 1.57 m 
3 Lb61Vl.:J1,xL~'lJ11Jll1irn'llB.:J"!IVl€Jtlm:ruvi'IJmwJl1Jlnn11Jll1irn111J~.:Jl11JVl~.:J" , 

611t11~i lvi'IJ6111J11 tI.!j'UJll1irnLb~:::~€I tJ~1 €I ~'U'lJJ11~ 
, , 'IJ 

"Iat a l ".1 :'1'" "" 2.4 m~mmLb'U'U ~"I1~un~ruuua~m:ab1i'l~~~bu\An~::U1i'l1i'la'U (Inverter) ua::bb'U~L~8~ 

Vll.:Jf'I w:::~~VlVhlf'1~.:Jm1 €IBn bb'U'Un.:J~'lJJ1~~~1'W;111~i1bL'lJ1 f1VlI'1.:J~Lf'I~mH1'W.vhmi€J~ 
'IJ 'IJ 

l'IJbLVl,j'l'IJ~n 1 l1~.:Ji1I'1.:J~ 
" " 

1) ~Vl~1J~.:J~'IJ 45-75 1~1'l 

2) lVl1Vll"1u~ 43-99 111l1'l 

3) l1~8Vll'W 40 1~1'l t11:::1J1W 4 l1a€JVl 

1'1-:1'!'IJ~:::H1'Wtl1::1J1W 3741~1'l/.ff111l.:J l1~Btl1::1J1W 0.374 l1l.btJ l1~€J 

~i1~/.ff111l-:l1VlmuVllm'W1'IJ~:: 10.ff111l.:J bviln'U 3.74l1tbtJ ')1'IJ1'IJl1~-:lL~€J'IJ bviln'U 112.2 l1U1tJ 

tJlm'W;11i1m1J1wm1l.uVl~.:J-:ll'IJ1'WYh 112.2 l1U1tJt>iBb~€J'IJ 

4) 1iB'lJLTEl{bt'lB4Lbtl~-:lm::::LL611'W;11m:::bb61~1-:1 12 b~1'l btl'IJm::bb?\61~'U 

220 b~1'l 

5) lib~'IJL 'lJdL 1 Lt'lB TIVl"!l1{11l1 tlV'lJi'iI,~€J~~lnl11~€Jl~~lm~m~tm~€l'lh1Vl, 
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II d
2.5 nl'H;f'l1~~fl"fe:Wl 

~ I L iJ iJnl eH1 ~1 \l~11 \l \lliJrJ n~iJ;)liJ V11.,:j1 PI d n11:JJ fl ru::1 PI d n1 ';j:JJ PI 16'l I'd... 

" . OJ dI IQJIQJII 

LLG'I VI..:I '"fl'1;ru:; ~l'!leJ..:Ivi,'U"eJeJ'thViG'l1'1..:1 LLG'I VI..:I" rt 'l!lru:; rtT':i L'I.1eJlll'leJVllVl'U rt UVI'U?ll'Urt"1.:j, ,.. . 
LL,,~vhtJvi'U"mJ'lhVi?l~l..:1, 

.. . 
LL?l Vl..:l'"rt'1;ru~vi'U"eJ mhVi?lh~, LL?l Vl..:l'"rt '1;ru~V1VlI;'leJ Urtl'm eJ tJ ~l'!leJ..:Ivi,'UU~L 1 rufl" eJ.:j 

VI~.:jb·mu U~-dVlVl.LVI;'l Lfl LLeJ&'I ., 
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LL" ~.:J'"fI'MIlI~'V1~ii'i elUfl1';ilr.:JU'I.J~'l.JU~L ') IlIfl~ el.:JVI"'.:J ~U~fI'Ml1fl';i.:JfI1';i'1 ~~l/ll:U(:J~fll';i~hLil'I.J.:Jl'I.J III 

h.:J.:Jl'I.J U.Lel"LflLLel~ ., '1Hel"LflLLel~ ., 

... 
LL"~~"'fl'MIlI~fl1"jii'i~l.:J;U'I.J~,)'I.J~l'I.JEi~LV'I~lU'l.Jvl'I.J ll~~.. , 

" th.:J,h'11/lii'ielUfI1"j~eleJ~,) 

... . 
LL"~.:J"'fl'MllI~vl'I.J~elm11Vi"i'1\l, 

http:elUfl1';ilr.:JU'I.J~'l.JU
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" bb?l\il.:J~n~ru::nl'ibVl~m.J?I{1.:J€h.:J'th;ij1~€J.:J 

" ,
bb?l\il.:J~n~ru::umhii1~€J.:JbV;€JVl\il?l€JU 

"nT';j~€J (lvi''",) bd€J.:J(;)'W r1€J'W1ii1 bij'W.:J1'W.ff'W~€J1tJ n'W'thvh~u.:Ju€J 
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n1'aa~1{11un{l';;'U 

n1'H.~e:Jn1off'nJu:u'U1'Un-3tr'Uf1ru~~~l1Lij<U-3I'UL~an'ji.JLL'U'U1'Un~tr'U'1Ja-3 "n-3tr'U-irtlYrI'lJ'UI" 
'U 'U 'U 

f1e:J n61u 1~tJhk'ilI::J1mU bL~~1offL'V1f1ilf1m1Yr'U1'U~-3L~B-r'UbL1~i1\ltrILLm~Yr'U~'U'1Jm1'Un~tr'U 
'U 
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n1~€l€lmbUUn1~fl·uhUfl1tl~ 

flw~~vi1Li1'U'l1'UL~€lnn1';J€l€lmLuu~1mVl€l'l1'iJ1'Um';J61'l~1CJn1"''l ~'lmVl .... 

bb"'\?1~"'tll'Jru:t:m':i~\?1~.:JblllB.:Jl'li'!J'\J1\?1 166 i'h..! 'U'Ub~~1n~1~ 
til1'U<V1.:J1'Ut1.:Jl1'Ul\?1tJ'loU'm.Jm wElml':mtb::iflB.:J, 

" ,qJ vvd IV IV 4.14 

LL"'l'l.:J~tll'Jru::m ':itJn~ BElMItl'Ub~€l'Yll'l?lB'U bLl.'I\?1.:J~tll'Jru::::m':iEJn~€ltJ~n'U'U'!J1~'lb~BVI\?1l.'1€l'Utl1':i 

m':iVllJ'U'!J€l'l1'U r1.:Jl1'U, VI~'U'llB'l1'U 

Q.I 0 4 Q.I\V .J' 
LL"'l'l.:J~tll'Jru:::m':iVl1fl1'UL~':iEJlJtJtln.:JVl'U~BtJ~1tl~'U 

L~BVl~€l'U~.:J1-UB1.:Jlhih~B.:Jflf.:J~ 2 

http:l\?1tJ'loU'm.Jm
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Ul.'1~,:j~m!fru~~~llmVl~fl~:W:W'1ltl'tJe:h'l 4 ~~ LYlml~~dfl1tJ, , 

'1ltJ1~ 2.5 x 3.7 x 0.6 L:W\9l';i m';iLf'1~tltJ~ (1.~~,J1) 

LL61~,:j~fl'l!fru~B1,:j,J1'<ii1"ltl'l~tJ'Vh~htJl~VI~ 
~1~1tJ-U1,:jLiJtJtl~f'1~flf'11l.'1 VltJ1 3 iJ~flL:W\9l';i 

'" ,
LL61~,:j~f)'l!fru~f)WV1~l.'1B'Ufl11~tltJ\"ldil,:j.rtJf'1~,:jVl 2 fl1'\'j'1lru:.:vi1fl1';iYl~i.'ltl'Urn';i~tlutild 't]';i1f)!]'hwl.itJ 

11..1l1,:j'l1tJ1jf)~tJ~i1tJYmll"ldm1:W f.)~I'Ii-iilf'1u\9lf) ,J1{d~tl'l1-iJ~1'\'j~1l.'1~fltJmtlu{d... 



63 

3. 'VIt1f1e:l{jn1"cW'l{j'l'U"l.Ie:l{j~'U~h\J~h{j ~ bbfl::'IJ~\JLui1"l.1'W~mJ'VIt1~e:lUn1"cW'l{j'l'U'\I~{j 

3.1 n1'a'VIt1~e:lun1'afle:laih 

f11"'Vlt16'lEl'Uf11"G'lEll:J~11"l~\I~ 2 I"lru~er~1btiWl1'UHLbtJ'UEl~F1~~F1Vt'U1 3 iJG'l~L1HW~ "1J'U1~ 4 
" 

t-lG'l f)11~11 :U6'lEl'U f)11Lb~fl'Vl'\.rh Lb~'UEl~F1~~F1~ bL~ mn~"iJ1flf11,.'\.h~flEl'U bbtJ'U El~F1~ ~ FI bL'U'U 

n'U-UEl\I t·h1:Jf:1fl~El-.:J AEl 'liEl\llI"l1-.:J6'l¥1-.:J'Vh~1 CJb Vt~fliJ"1J'U1 ~ L~flnl1 Lb~'U El~F1~~fl L~El er'IJ fhr~\l1'U
" " ~ 

LL~'UEl~I"l~~1"l bL~'U,1'U:u~ Lnt1m11JLI"l~tJt1 (Stress) mtJ1'U b~mtJ t1Jwlh,jm~~'UJ1iJ'IJ~1J1ru1J1fl 

"iJ:: bn~bL1\1~'U1J1fl'Vi11~bb~'UEl::I"l~~ F1~-.:Jmhl bnt1f111Lb~ml1~1ElElfl"iJ1flB1-.:J 

3.3 n1'a~t1~1JL'\IcW'l-311J'VI t1~ e:l.:l f11"~e:ltJ ~1"l.1e:l.:ln.:li'UJ'l,f1Jvi eJ1'IJ 

~lVttl111"l';j-.:Jf111i~~mb~'UEl::I"l~~I"lElBfl~\lVt1Jt1 bbG'l::1-tlLL~'UlG'lVt~Vt'U1 1 iJG'l~L1J~" LL 'Vl'U~1 

" , 
fl1'H'1€ltJ(;]'1f'lt'lVi 3 

http:f)11Lb~fl'Vl'\.rh
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... :::../
3.4 N~m'a'Vl~ae:l'Unl'H'le:lEl'l1fl'a.:j'Vl 3 

H~m';j'Vl\?l6'leJ'Unl'~~BCJ(9]lFlf\l~ 3 eJ1\lJ11:WLLl>ln H~m';j'Vl\?l6'leJ'Um';j~eJCJ"lIeJ\ln\ll1'UhJ6'l1J~~, 

;J1 ~e:l"lle:l':l'Vi'U~1'U~\ln~11 fr\lFl\lB~~~'U eJ1\l1~ CJm';jI>l';jl~6'IB'Ua1J~6'1 LL~~~1nm';ja\lbnl>lv1'U~B~ 
, 'U , \J 

~1'U1>l';j\li11JCJn(9]1~BCJ bL~L~eJ\l~1flFl'J11J6'I\l"lltl\ltl1\l1:W't'Itl'VhL'lXm';j'Vl~~El\lFlf\l~ 3 fr\l6'l';jtJhJ1~11v , 

" . 
3.5 m'a'Vl~ae:l'Um'a~e:lEl;l1fl~~Vi 4 

l1Tvru11Fl';j \lm';j"1 i\lL'IX~\JnU~\l1'U'vhvhJ~'JCJ~Bm~1Jl\?1CJ~\?I~~~1'Uv1'U?i\lri1CJfh~\lL-tltJ\l 
IiU 6..1" , 

1~CJm';j'Vl\?l6'ltl'Um'a~eJCJl'1'JFlf\l~ 4 ~~L-tl~1't'1~16'1~fl"ll'U1\?1 8 x 10 L1JI>l';j vhdJ'U'LitlJ1~1~eJ\ltvr:w 

L~e:l\l~1fltimhLvran L~1JFll11Jn1\l"llH:]timLfl'U1:W6'l11J1';jmhvi'Un\ll1'U~tJ~'ULLm"lI~\l'Vl\?l6'ltl'U~ eJ CJ l'1'J1~, 



6S 
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.J .J 
inYfVl 3-53 in'tl'VI 3-54 

" fll'tlLL"~'lm'Jfj~€ltlmru1~'llT~~'JflCJtI~nuvitlli'l~'IJ flTrm"~'ln'l,;rtl1;'l€lml1'tl~€llJ'VI~"€)U~~'l, . 

3.7 t~'itJ:lJflI" t1'Vl~fle'UI\l~~l~a't1~~vie t..ij1"Ue~flmU~'Vl~~e~ 


i11Vlih lf1i ~fl1i" L~'U'Vl1.:11tJ ~~l1leWill'1Ja~am'U~~~~'VlVlf1a-:J~l'U~ nfl~-:J 


2. am'U~I.~:lJ:J~~h;n~fI~-:J1.1.in fia 1i-:J1.1.i:lJ,j'1'Ua1u~'U'1Jru~~~~1tJ'Vl~aa'U~l'U~'i;j~ t1iln{J 

"hi1m~l.l.aJl1Vlf1L~Enmn i1f111:U1.~"Jnli1Vlf1 10-12 L:lJl'1i/ml1 Ll.l1lfllilhn~i1'Uf1~Jl~~~a~l-tlitl 

EJn1~~iBam'cJnf1.:1~lna~Vil'U(;'f~ 10 1.:lJ1'1'S LI.f1~l-tll.~mnn'Vll'Ulh1tJcJ-:J~~'Vl~f1a-:J \11Vl,rl1f1'S~flI".i
~ . 

~~l'SrulLLalLi1'U11 i1f111:lJI.~Cl~lBflIa~n~i1uJl~~Vianfl11'1Jru~tJcia Clf1-:JLL"jJl'Yll1,x~B~ b~ Cl L1f11 

bflliQLLf1~l'hl-tl1iilm~:u 5,000-10,000 'Ul'Vl ~-:JI'l~~'UhL~Bn~'U~'Vl~f1a-:J1Vl"jfia bbfl1'i;jb1afl'IJ~ 

~aeJ1'Vl i1~'U~a::~l n 1 'UflI".i'lll".itl'U'S'S'Vlnb'iha~'U~~:ULb"jJlbLfl11VlrubLf1~l-tl'StlClnBtJ mrun-:J\1'UJl 
" 'V qQJ' 

l~lmba~~~tJ bb'U'U n~i1'UJl Glnl'Jru~ Ol'Sf1tl Cll'l1 LI.f1~ Ol'Sl-tl~l'U1,xb~1'1Jtl-:J~(;'ftl1'Vli1 fl11:ulTu 1 ~"h 

1"jlv1v11f111:Ub~ClVll Cl1,xn'U~'U~'Vl~f1tl-:J ~~mVi 
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m~LL~Vl'lvll'UVlU1'V11'1 L-rr1~tll'lJ'Vi'V1Vl~ vU'll'U'iJ~'1 m~LL~Vl'I'm~tJ~m~}11fl"i'lm"j1tJ~Vl~v'1JvrmlJ 
LLfl1~nvfl'1l~ ~~v{'V1 ~'1V11Vlmru'iJ'Uu~ v'U Lfl"i1:::Vllif.;{'U~'V1Vl~VU'I1'U'iJ~'1 

v , , 

"" ,
m~LL~Vl'l"j:::~u'1Jv'l1.hluv;'Utl'U'U ru ~m'UVi'V1Vl~v'l'iJ~'1 

, " 
f11~LL~Vl'l'iJVlVi'iJ:::ll1"jtlU"i"j'V1n'iJvVlLL~:::tJnn'l~'U~'1111, , 
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~1 'VI,j'11 fl 'j "I fll 'j., L?I 'U €I fl ru 'U ~ fl ru ~1 PI 1 m 'j 11 PlI ~ \91 i VII ml"I ~ €I 'j 1'l.1 f11 'j ~ PI i5 . 

0581.0712196 L~€J"I 'l.I€Jfl1111€J'ULfl'jI~'VI1-u?lm'Um'Uf1I'S'Vl~fl€J"In"l~'UJIt:-J~\9Ih'lih, 

4. n1~'Vl~~€J'U{j1'U OJ ~m'U~!il;{j Lvja'VI1t1~::a'Vl5fl1'WLLfl::tJ'U'tint:Jfl 

'Vl~?I€J'U,n'UIiJ~~1'Uer~fll'j~ 30 ~~'VI1flll 2554 €~111t1ijtJ~~I'Ui~'VI1I~'I1VlV'l'Un'U~flru~ 

lP11fl'j'jllPlI?1\91{ :U'VI11'Vl~lam'Vlfl1'U1fl~'j1'l.11NflflV'l'j~'Ufl'j Ldm 03.00 'U. 'U~L1ruh~~I'UrJfl 

.¥ "" "'.. d cO .I"~ !:'l "" V'l'U~I'U'Vl1~1P11m'j:U "il ~L\9I'j ~lILfl'ja"lllmLfl~€Jumru'Vl b'l.l b'U f11'j'Vl~G'la'U mfl'jt:l'U'j'j'Vlflm'VI'U" 
~ , . <V 

fi~&'1t:n'U~VlV1i.l€J~ 7.00 'U. ~tl~m:~:I11fl~~fl1~i 

LLi.l~~tlllu~,:n'U'vhVlm·W)~~.:\n~~'Vlt 
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4.1 m'UaaOb1!il1L~tI\II~!ila.:jtJ~U~.:j1\J 

f'1ru:::~tJn,:r~~1\JtJl:::nB'UtJll tJ,x':l'vl,J11f'11~f11'f1 bb(;l:::tin~m~n1\JlAl~ml" 1tJi1~i;1t11\J~ 

'VI~(;lB~ 7.00 \J. 'lJru:::t!tib;)tib1"1~1~~'U,.htJB.:JbblhhbbA11V1ruBtJ1:ul:::~'U~1i;1~ 1iJ1nf111i;1B'Ut111.1
v U , 

'UAA(;l1ti~\J~'VI11'U'h lh'il:::b~1.I;til\J"Il1~'thcmm~1iJ:::;\Ji;1.:Ji;1~b1"1 18.00 ti. tl1tJlB~rnl1VfiJ , U , 

4.2 m~~~a\Jl~tJ~mi.:j1\J 

,x1V1U11fll.:Jf111" ~~~tilliJtJ~llii~1ti't-1ti~ tJl1mVI~~(;l ~.:J.Q 

1) tl1baBn'VI~m){I b1m 18.00 ti. ;{liJl:::~'UJ1i;1{1i;1~bb,,:::iJfl11lJL~1f1111J1ni;1~
U , , 

LL~ rnl'V1~(;lB{I~{ln ~11tJnllii{l1tiI'lBtiVm'U ~1 bLm:~B.:J'VI~i;1€l'U rnlv11{11ti 5-6 -ii'lLU:J;{I b ;)tiLlm 

n"1{1AtiB1~v111Vfdl~BlliiLVlI'l Lb~:::ertiI'l11tJ~mrtJ fi,:r~,nti1tJlL~8{1~1n 1lJ1tJlLI'l~tJlJ8tJ mUh'B~ 
"" \I d.J , 

1iJ1nLVlI'l~,,-oB~ 1 ,xlV1,J1Lm{lrnl" 1 Vffl11lJ,h~ruL~B~fll11.1tJ~B~JitJlJ1n ~~~~~tih, ~ 

'VI1'l~8{1{11ti't-1tim~tJ1l.i~B{llBl:::~'UJ1;ti ;{I'lJru:::~b~lJ'VI~"B~m:::LLi;1J1iJm11.1L~1rnl1 VI" 9-10 

LlJl'l)/ti1V1 i;11lJ11U~1iJ:::1mtirnl'VI~"eN1tJl 

http:I'lJru:::~b~lJ'VI~"B~m:::LLi;1J1iJm11.1L
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, , 
U."'I'l~f111CJflGlBCJ1~~UVi"'~l.J1f1d4m-:Ulfi 

" 
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v 

~~~~n1dUnn~~U~~~~N~~1U1 

v 

bb~~~mdUnn~iu~~~~N~~1U1bbih 

v 

bb~Vl~mde.Jm:SeJnU~b1ru~Vl'V1~~!)un~iuU1i" . 
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n~il'U?l1),J1'S(lflB£J~1B£J"t'U\j',Bci1~?I),JVlfll,l,a~VI),J'U~~\il
" " 

m~I,L?ll~Yh~,h'Ul#i'''ll1{\il 120 I,LB),JU 

LL?I~Nn1'S~B?l1£J11'l"ll1{\il'l1 nn.:Jil'U,11" 

~mJ\ilL(9lB~ 120 LbB:WU 
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" 
mi'ullmJbLt-J'IJ Gl..:Jbn~\J1nml'f'i:;~u\11\J:;ilr'l'm.l?l~lJ1f1frh 

~ 

.. 
.fl1'Vm1";j'll'IJti'..:J11'IJ\11n~Ufl'm 'Vl'V'l i, 

b~tJ'Vl~?l8U..:J1'IJb?l~\JLb~1~mn'l;1'V'l1,:rnP1n'l;1 
..

1'IJ1A";j..:Jm";jvi1'~TImh1'lltJuAru~..:J~n~~'V1t, \11LL~.:j 11.:jU'lJP11~ 
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UVI'VI 
d 

4 
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c;\ c;\ .., "n€11 fll1~b".il'J€J'U fl11~b".i1'!1€J-:! €J1'l".ilfl1'J'!Il11'l fI11~~'!I€J..:j, 
I) v 

1vl ".:IU'WVi fle.J~'Vl f1 5 n-:!VI'WtJl/'W1l1 
•mt:bb6'l'Wl bb'Ul'lbl'l€J'J1 , 

"" ~\>I1/'Wll1 bb€J~U bb€J~U'Wl'Vl 

ROO 3 9 3 99 

8.05 3 9 3 99 

8,10 3 9 3 99 

8.15 3 9 3 99 

8.20 3 8 3 99 

8.25 3 8 3 99 

8.30 3 9 3 98 

8,35 3 9 3 98 

8.40 3 9 3 99 

8.45 3 8 3 98 

8,55 3 7 3 99 

9.00 3 9 3 99 
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a; a; '" ~ 

L'di;l1 rl'd1l.1L'Hltl'U fl11l.1L'n"lJtl~ tlI'I'n nl'l"lJ 1'J\91 rl11l.1~"lJtl~ 

.., ~ ., v 

hI ~.J

n,:jvl'u'l11/tnVi 0 

'UtI'Vl nt:J"''YJn 5 m::::LL61t11 LL'U\91 L\91 tl'J'J 

... 
Ll.I\91'J/tilVi LLtll.lU bbtll.lUtll'Vl 

I 
9.05 3.5 10 3 98 

9.10 3 9 3 99 

9.15 3.5 10 3 98 

9.20 3.5 10 4 99 

9.25 3.5 11 4 99 

9.30 3.5 10 3 99 

9.35 3.5 11 4 99 

9.40 3.5 10 3 99 
I 

I 9.45 3.5 10 3 99 

9.55 3.5 11 4 99 

10.00 3.5 11 4 99 

! 



78 

~ ~ .., " nm fr:mJL'j1'j'E)'IJ ml~.n.'j1"l/m B(Jl'jln1'j"l/l'j(Jl ml~lij"l/m• 
... " 1¥J .. .,J 

,jt.lVim.J~'V1f1 5 tl.:Jl1'UtJl/'U1Vi m~LL?ltJl LL'lJI9lLI9l'E)'j'j, 

"" UJI9l'j/'U1Vi LL'E)~tl LL'E)~tlt.ll'Vl 

I 

10.05 3.5 12 4 99 

10.10 3.5 12 5 99 

10.15 3.5 11 5 99 

r 10.20 3.5 11 5 99 

10.25 3.5 12 5 99 

10.30 3.5 12 5 100 

10.35 3.5 12 5 99 

3.5 12 5 99 

10.45 3.5 11 5 i 99 

10.55 3.5 13 5 99 
i 

11.00 3.5 13 5 99 

I 
i 
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<f. <f. ., ~ 

nm ror;mJ t 'fJ'H)U fI11Ub11"t1tl~ tl~11f111"t111~ fI11U'iJ"tItl~• 

'IJ'UVifl~fl'Vl fl 5 
v v 

1Yl ..../
n~,x'U'i,h/'U1Vi 

0 

• fl1~bb?l'Ul ttU~t{9lm1 

'" bU~1/'U1Vi bttlUU LttlUU'Ul'Vl 
I 

11.05 3.5 I 13 5 98 

i 

11.10 3.5 12 5 
I 

99 

i 

I 11.15 3.5 12 I 4 I 99 

i 

11.20 3.5 13 5 99 

11.25 4 4 99 

11.30 4 14 ! 5 99 

11.35 4 I 14 5 99 

I ; 

11.40 4 
I 

5 99 

11.45 4 15 5 99 

11.55 4 14 5 99 
i 

12.00 4 15 5 I 99 
i 
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... 
'IJ'UVim.J~'Vlf1 5 n\l~'U't11/'U1Vi, 

"" 'U1'Vl 

12.05 4 15 I 5 I 99 

. 

12.10 4 15 5 99 

12.15 4 15 5 99 

12.20 4 14 5 99 

12.25 4 15 5 99 

12.30 4 

I 
14 5 99 

12.35 4 I 15 5 99 

I 

12.40 4 15 5 99 

. 

12.45 
\ i 

4 15 5 99 

:--------,-------4---------+--------~------~
I12.55 4 16 5 99 

13.00 4 16 5 

I 
99 



81 

llm 

tI'UVimJ~Vltl 5, 
4 

'U1Vl 

~ 

rll111l'lT~el1J 

IV 

n-!l~'U't11/'U1Vi 

~ 

m111l'l1"!Jel-!l 
IV., 

m~U~'U1 

llJ\9l'l/'U1Vi 

<V " el\9l'l1n1'l"lf1'l\9l 

1'W 

llelllti 

rll111~"!Jel-!l 

"4

LL1J\9ll\9lel)'l 

llellJU 

13.05 4 15 5 99 

13.10 4 16 5 99 

13.15 4 16 5 99 

13.20 4 16 5 99 

13.25 4 16 5 99 

13.30 4 15 5 99 

LQ~tI 4 15.71 5 99 

J1t.J~\9l1'WYh -ll1-!l11~11>i1-!l11'U11~1 5 ~1111-!l 'iJ1tl\9l1'l1-!l~ 4-1 ll~~.;jm111L~lJ1 ll~~n1"'-!l1'WYh~ 

Lrl~el-!lt.J~\9l1'WvhI911CJn~~'UJ1~t.J~\9l1191 -ll1.;jl1mI>i1~1 ~vi1n1';iVl~~el1JL'Ul1m 5 ~11lJ~ 30 'U1Vi 

'iJ~L~'U119111n1"'.;j1'Wvh~t.J~\9l1191'iJ~~'Uel~n1Jm111 l~1"!Jmm~ll~J1m~~1l1tJ~Vl~L1Jn.:j~'U l~ma'U 
'l! 

lL~~.:!n1"'~1wY11bL~~La'UlL~~.;jm111l'lJ1iirll111alJ'W'Ui5 fiel L'U-lll.:!l1m 8.00-11.20 'U .m111l~1 

"!Jel~m~bl~J1l'11Lij~tJel~~tJ'l~1l1ru 13.58 LlJ\9l'll>iel'U1Vi n1"'~1'W~t.J~\9l1I91elCJ1'U-lll.:! 4.83 Uelllti ul>i 
'l! 'l! 

~"'~'iJ1tl,r'U-ll1~n~1 12.00 - 13.30 'U. m~ll~J1L~lliim111L'11~~1l1tl ~'UL~elCJ1 "iJ'Un.:! 16 bll\9l'l 

l>iel'U1Vi ll~~vi1n1'lt.J~\9lm~ll~1'WY111191 5 bbelllti ll~~~~iilb'Ul1i111~'iJ~b1ill~'U 

http:8.00-11.20
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