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ABSTRACT 

Nowadays the fuel energy is consumed more than it was used in the past and most of 

energy used comes from petroleum which is not reuseable. Morever, the crude oil which is raw 

material to be refmed is likely to take place in nature; it usually takes a long time. Therefore, this 

natural resource must be used efficiently to maximize its benefits. Contructing Econo Power Car 

will be one ofmany methods to decrease the energy consumption. 

The Econo Power Car was designed to be water drop in order to reduce the wind 

resistance. The body was designed to cover all parts in order to decrease the circulation of air and 

the lightweight aluminium alloys were the materials to use. Besides the engine was improved to 

increase the complete combustion by adding 2 more spark plugs and an inlet valve rocker arm 

slide was installed to reduce the energy consumption of the engine while it was turn off. 

The test to fmd out the economy rate was done by collecting data based on the theory 

from the Automotive Engineering. The crucial factors affecting the economical fuel consumption 

was frictions which were friction of the road and friction of the air. Therefore, the design to be 

water drop-shaped with closed cover was done to reduce friction and the wheels were adjusted 

everytime before competition. The results revealed that it archieves the goal. From the 7
th 

Honda 

Econo Power it could save energy at the rate 543.018 km per litre at the speed 25 km per hours. 
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..; 
'YI 2.3 
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5 

~ 'i "'" .,; 0 'I v,:, i v i I ",.1 'I v"'" A ~ 
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~.:jllff~.:jt'\.J1,j~ 2.4 

2.6 f11'U 
II I I • II 

:jf'\.HY1'\.Jlfl~6.:j~mml~l'\.J1'\.J1I1fli'lJ ll'i.:j t '\.Jll'\.J 1~.:j ~mlW~I'lf'\.Jl~tJ1tilJfIl'\.J";1 1,j 'il ~ir'\.J~.:j t oN 

f1d11l1~'\.J~~ (Bending Stress) lH'l~fll'i~lJ~1 ( Deflection) 1~'\.J~6~lti~t'\.Jfll'i66fllllJlJ f1d11l 

1~'\.J~~~.:j~~ln~~~b'\.J6fl~~\I6.:jfll'\.J W ~11ll1'tl.:j~i1l11l'\.J~~~ (Bending Moment) ij~l~.:j~~ 

~.:jfi1'\.J1WHI'il1flff1lfll'i 

Mc 

I (2.3) 

M i1l11l'\.J~~~ 

c 'i~tJ~ 'il1fl'il1flllfl'\.J ff~IVi'\.J 1 ,jiJ.:j ~b'\.J 6fl~~ 
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I i A .: .,;
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, _I ... 
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oJ..s :: I v <!I V 'Iv 
C)f.:jl'itJflff'\.J'1 11 f1111l1fl'\.J66fllllJlJ (Desing Stress) 11'i6f1d11l1fl'\.J t'll'.:j1'\.J 

I II II II 

t'\.J m wVi 1~ijfll'itill1'\.J~\I'\.J 1~\I6.:j:jf'\.J.:j1'\.J 1Jlll~1 ~lfl111l,j(l6~t1tJ\l6.:j:jf'\.J.:j1'\.J ir'\.Jfl6
 

f1111l~1'\.JllH~.:j
 
(2.4) 
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(2.5) 
v .,; 0 1v

f1d11l1fl'\.J'YIfIl'\.J1W ~ 
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(2.6)N 

, ~.d 4. , JI.l 'QI ... f 0 JQI QI 
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(fl) 'lfii~'IIfl~1I'i~Vi1Jlm::'t119ifl;f'IJ~1'IJ111~'lJ1I'j ~Vi ~~fldl 'IJ 'lJ'j ::Itl 'VIfldii~ Mi fll'lJ~tJ'lJlI 'lJll~ 

, ," 
'II'IJ1~fl~9111fl~n1l1'11W:: 'lf~1'IJ 

". . 
('II) ~fl1:1 W::fll 'j , '*~ 1'IJ 'II fl ~;f'IJ ~ 1'IJ111fltJ1,rfl~ ti1J fll'j Vi m 'il \1qjlfftJ~191 

JI JI I I JI 

(fl) 11nn1fl 'II fl ~;f'IJ ~ 1'IJ 11 ij fl 1 11J ~ 11 ~ 'IJ Vi9i' fl ~ 11J 1Vi ~~ Mi fl 1 ~ 1'lf'IJ ;f'IJ d1'IJ ff1 Mi'1J 
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Iflifl~ij'IJl ~'lJ9i''IJ 1'IJ mtih'l1'IJijfll'j' ,*rl1fl111J'lJllfl~titJ'il::9i'fl~Vi'il1'jW1mh~1l::lvtJ~I~'lJVilff1j 
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(~) ~ 1'IJ1'IJ;f'IJ ~ 1'IJ Vi ~ii91 flfl fl1J1 tl1 ~ii9lfl i'~ll::1J 1fl '1 fl1'j 'j::,j~'j:: 1~ 1'IJ fll 'j''*rl1 fl 111J 
, JI I I 

'lJllfl~titJVi 1~ \1 ~'il'IJlfi'IJ 1 'lJ l,jfl1ff~Vi~ii9lflflfl1J1m 'il 1~fflhl ff1J flti'IJ 't11' t1'fl111J ff11Jl'jfJi'1J1I'i ~ 

9iNti'IJ 

Q d 4 1 4 111~fl'I1~flllll:: 11l11::1'lJ'j1::'If'IJ~'IIfl~IIH mllfilM'lJtJ11111:: llM::m'IJtJ1 

NNNy uu 
, 

'''''' 1.5 -2 3- 4 5-6IIHfl~'IJ~ 

: .Q Q 4 
II'i ~C)f1'V1ff'Vll~I~tJ1M'jfl 

d 
IIH m ::II 'VI filll fl 'IJ"fl tJ 3 7 -86 

: .Q 4 
II'j ~C)f1fffl~'VIff'VINM 'jfl 

d 
II'i ~ m::1I'V1filll fl 'IJ"fl tJ 4 10-128 

, .... 
1I'i ~m::II'VIflfltJ1~M'lJfl 5-7 15 -2010-15 

o .... ".,J.,"4 0 1 "d,'" .,J. 0 lIJ"1 ?tff111':i1Jrj'VI 'lf1Jfl111J'lf1'IJ1qj 'lJfl1'jflflfill1J1J'lJfltJflm'il'il:: 'lffll'VIII'IJ::'lJ1 n 'lJ9I1'j1~ IlJ'IJ 

II'IJ 1'V11~' 'lJfll'jrl1'IJ1Wflflfill1J1J1~ 



~ 
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II
I. 

III' 
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2.8 ~'lJltl10U'U~ 
'"	 ,., ,., J , SId ,.,,., tI Q,I

~1J II VUll ~ 'IJ 'U 1fl ff1'U 1J 'J ~flV tJ'IJ V.:I 'J~ tJtJ tJ.:IfltJllltl1 ro~ QflV VflUtJtJ 'H 'YI f1111J ff1J .... 'U 1ifltJfll 'J 
I , "	 I I 

'J V.:I i'tJ 'J~ tJ tJ 'Ii1.J1f1 iiV'U HI ff.:l 1'H ri1 ij ro ~\lfl1J i'1I'..f~ ff1J 'J Hl'U ~, 'U fll 'J 'IitJ ~~ Vi "1fl Ull~ iJni l'..f 

" ;r'U "h'U1J 'J~flvmh.:l'l 'IJV.:I'J ~tJtJ~m11JfI.:I'YI'U 
..	 ... dQ .. "", Q

2.8.1 ~1JUf11JltJV'J (Camber Angle) f1V~1J'YI1JU 'U 1tl'U tlflll1.:1'IJV.:IllV'H 'U 1ff1'U tJ'U lVtl.:lVVfl 

4 Q fj} 0 Q,I ~	 ~" "dQ ~ 4 " 
'H 'J V1Vtl.:ll'IJ1'Y11~1JfltJU 'U1fl.:ll'J1 ro~ ff11J1'Jfl1JV.:I~1JUfl1JltJV'J ifl ro1flllV'YIlVtl.:lVVfl ro1flU'U1fl.:ll1JVllV 

'Q ..:. ~lt .., ...."" ..I Q "" ,ff1'UtJ'U1Vtl.:lVVfl ro1flU'U 1fl.:l ro~l1J'U ~1JUfl1JltJmtJ1fl 'U 'YI1.:191'J .:Ifl'U'lJ11Jm~1J'YI1Vtl.:ll'IJ1fl1'U 'U ro~ 

lrl'U ~1JUfl1JltJV{ lltJ 

i~ 
HI·
II:; lI~rr~ 

,	 :Ie· '(. 

"..1 ...., ,	 .. ". '''~ 'H'U1'Y1'IJV.:I~1JUfl1JltJm'Jfltl'U9I 'U Vfl91 fIl'IJV.:I~1JUfl1JltJV'J'lJV.:IllVro~Qflfll'H'Ufl 'H11J'U 
. . 

Q	 

" 
fil tJ1fl1Vlmhml11Jfl1f1111JfI.:I'YI'U'..fntJfIl'U 'J V.:I i'tJ 'H U'1 Ull~";l'..f 'H U'1tl1.:1 ff1J ~ffntJVl'U i:hfl'U 'U 

, • , ..I " ='1 ,~ d.lr Q.l ... ...
'U 911 U'H 'U.:I ~ 1J 'YI Qfl91 V.:I llJ 'U fll'J ')j'1 tlllflfll Hlfl'H 'J V'll V.:I tlHtJ 'U fl 'U 'U 'YI C)f.:l 1J .... 'U ~1fl'U 'U tJ 'J nw 
~ d ," " ~ Q,I J Q	 d.::s d IQ,I	 I 

fl.:l flll1.:1 'YI tt.:l fl11fl1'U 'IJ VtJ fl'U 'U U9I 'U lJ ro ~ tJ'U 'U ro ~ 1J'J ~ tJ tJ'J V.:I 'J tJUII ~ fIl 'U 'YI1Jfl111J U'IJ .:Ium.:l fl11 

Q,I	 .:s~ ,d.:s I.Q ~ ~ tI.dl Q ," I 4 4 ~ tI 
Ull~ tl.:l1J ~1fl'U 'U 'YIl'J tltJ fl11lll1J ~nm 'H ~ 'U ~ 1JUfl1JltJ m tJ1fl ro.:l 1JfIl'U Vtlfl11'H 'J VlflVtJ ro~ l1J'U tT'U tl 

,c:lQ .. d '~, " ~ .. ~ .,f A ..:. , ........
U9Ifl1J'Jfltl'U 911.J1.:1UtJtJ'YI ro~""tJ1tJ11J9I.:I~1J 'H11J'U Ufl1JltJV'J lltJ 'YI.:I'U l....Vl....1Jff1J'J'Jfl'U ~ 'U fll 'JtJ .:IfltJ 

.,f ", 1" 1"Q":' .1llltl1l'IJ1 'U 'YI1.:1 f1.:1 flfltl.:l'IJ'U 

,	 " " 
2.8.2 ~1JUfl1JltJV{tJ1fl 'IJ V.:IlIV'HU'lViff1flty''U fll'J'U.:lfltJl~tl1'IJV.:I'Jfl~.:I~ V11Jij 

fl) 1rI 'U fll 'J llfll 'H llfl' 'U 9i 1U'H 'Il.:lU'U 1~.:I'IJ V.:IUfl'U 1IV ~ 1~ 1J Uf11JltJ V{ijfl1lr1'U tl'U 6 
..I " '" "', ..	 p.... ,1	'H II fl'YI flflll.:l tJ'Uufl'U II vro~ \lflUtJ.:I ro1 tlll.:l ttlff'U ~ltT'U tlflll1.:1'IJ V.:Ifl111J tl11UII ~Ufl'U t1 Vfl.:l Ufffl.:l 'U 

_Id 0'" P'" ........ .,f ....... ~lt " ........ "1'" .11lJ'YI 2.6 ro~'YIl	 ''Hff11J1'JfltJ.:IfltJllV ro1fl'HUfl'Ut1V'H'JVUfl'UtJ.:IfltJllltl1tJfl9l1l1J'U~1l fl.:l1tl'IJ'U 

0"" .. ~ .. " .... ~ <ll ,
fll'J 'YI1' 'Hll V'J fl tl'U 91l1J'UUfl1J ltJ V'JtJ1flUll::1'H llfl ro::Qflm:: ro1tlll.:ltJ'U Ufl'U II v1l1'U fl.:l'U 'U ro .:I')j'1tlllfl .	 " Q 0 " Q,I Q,I Q

U'J .:I 'YI1J1m:: 'YI1tJ 'U Ufl'U II VUII::Ufl 'U tJ.:I f1tJ III tl1 
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. ..
 
31.]-" 2.6 Uff~ 'UpJUmH1J V'HJ1fl 

'U) fll'j"V~n'Ufll·H~'U~1JUfl1J1'1.Jtl{,nJ1~V~1I1flijl11Cl~ 1rtVHlijl11 Cl~ ff1'U 'lJ'U'UV~~V 

HI 11 :: ~ tJl tJl1J1 rl tJ~ 1'lJ 'U i,j ~1'U 1 'U 1~ V~ 1I1fl fl1':i a~,; 111iV11 ~,; 11,j g tJ'U 1,j 'Vl 'j ~ 'U V~ \! ')fU Cl:: 

• _I Q,I tI ... 1 _"I Q,I "oJ ~ 
ff1'U 11 'j:: fl V'lJ 'U V~'j:: 'lJ'lJ 'jV ~ 'j 'lJ ~1JU fl1J1 'lJ V'j 'lJ 1flll~ ')f1 tJll V~ fl'U Vl fll'j 'U V~ Cl V'j fl'Vl ~ 1J1'lJ 'UUfl1J 

1'lJV1Cl'lJi~ 
II II 

fl) 'lhtJ1'U fll'j'lj.~ fl'lJ1iitJ1 1~ 'U HCl1Jl111flfl1'j VVflU'lJ 'lJ hf~1JU fl'U,j~fl'lJ1n tJ1'U V~ ~ vij 

I d c:: ~ '.J! r tI ~ Q,I 'JJ' 0' 'JJ 1tid Q,I Q,I Q,I

'j:: tJ::WV~ff'U tJ1J'j ff1J'Vl ff'U 'j:: 1111~1n'U Hlff'UtJflCll~Ufl'U 'lJ ~fl'lJ1Cl tJ1fl'lJ1ff'U Hlff'U tJflCll~ ClV ~tJfll'j.. .. .. 
vh1lftJl~ij~1J1~'UUfl1J1'lJ v1'lJ1fl1m::Ufl'U ,j~fl'l.J1itJ11~tJ~ 

.. ~ .. 
2.8.3 ~1JUfl1J1'lJV'j11J'Ui:l''UtJ 

ffl1119J~~V~fll'j t If~1J'U V~~ V1~ 'U Ufl1J 1'lJv1tJ'U6Vg1ff1Jm7U i~~~1l4V1 ~'U fl1'j" v~n'U 
fll'jfffl'UV~tJ1~~H~,jfl~ 

~1;~1lfa'Vij~1J1~UUfl1J1'lJV1'lJ1fl1Jlfl~lU'UVfl'UV~m~1I::iji'ffij'UV~~1J1U fl1'j11 ~U ~ 
, "1 "1IIc:l c:l ":",, , .... " Ufl'lJfl11tJl~~1'U 'U U~VtJ1-:1lm~l1J fl111J1'j1t'Ufll'j11~U'UV~ClV'Vl~ffV~~1'U1I::~v~1mfl'U ~lU 

• II 

U Vfl'U V~tJ1~1I::~tJ1tJ11J1fi~fll'j ~'U i flClVVfl ~~irU~~1~U ffl1119J1lf~1'UU Vfl'UV~ tJl~ lfi~fll'j fffl11 'j V 

~1~ 1fl';h~1'U 1'U 'UV~tJl~ 
.. ..~ 

2.8.4 ~1JUfl1J1'lJV'j1'lJV'j11J'UCl'lJ 

1rtVijU'j ~1J1m::vh 1lfnff'VlHU'U 1~~Cl~'lJU tJH~ij~1Ja' m~'UUfl1J1 'lJV1 Vi 11lftJH 

~tJl tJl1J ~ 11:: Qflfl~ 1lf~1 Cl-:l1 ~'U ffl1119J 1lf11 oW'lff1J Hff'U V~ tJH n'lJ~'Ufl UUij~,ji H UCl:: nff'Vll~~ 
1,jgtJ'UU,jCl~ i,juCl::1'Ul1Cll1~tJ1nu JU fll'j a~11 ~'U 'U V~tJl~~lI::~tJltJl1J91V~l'U fll'j1,jgtJ'UU,j Cl~ 
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dlCl 0 , I Q , d .. d'_1 d d 0 ~ 11J 'YIH 'YI1JUH1J1m:::'YI1;1 (J'YflJ N1(I '1..1 '1..1 U;llIHVW1tJ11J'YI ~:::'\1 ~'lJLfI n (J'IJ 'YI lJ C)f~UH'YI1J1m :::'YI1'IJ '1..1 

..., 0' ... " 0' ... ~ .1..: .I ~.1d.l I '" 

l'Wfl11 Ufl1Jl'U(J'H'UtJ~"lH ( Camber Thurst ) Ufl1JL'U(J'H'UtJ~'1IH'IJ~:::L'W1J1J1fl"l'IJ 'YI~'IJfl\l'IJ(J~fl'U 

fll'.i LiitJ~\I(J~tJH~ff1Jli'IJ DtiUr1'IJN1(1'IJ '1..1 ~L'rhti'U 1'\1 n~~L ~1J~'IJ ~~U ff~~ 1'1..1 11J~2. 7 

0' 
ffl;l(J'.in'U 

1 d' "1 fj/ A oIlIl!l.ci dOl QI AQI 

ff1'IJ '.i::: tJ::: 'YI1~ 'YIU 'U~ UtJfl ~ 1mff'IJ U'U ~ U'IJ 1 Ufl '1..1 n (J ~ 1fl'W'IJ(I ~ ~ ~ fl~ fln 1~ 'YIff1J Nfffl'U'W '1..1 

... I 0' 
(I'IJ'lJl'.illfl11 '.i:::tJ:::UflffL;I(J'.il'll1J ( Caster Rail) 

" .
ff1m~1,rLfi~lfftJ~~~un::: tJ1~iYfl u'!-hflmi~ff~:::iiu'.i ~ ~'IJ n 1JflltJ1'1..1 tJHU~ n:::ltf'IJlvhti'IJ 

... o'".d" ~ d 
un::: 1J~1Jt1'IJ lin (J'YI Qfl;l (J~U""1fl;ll1J 

" 2.8.6 ~1JliitJ~\I(J~Ufl'IJU~ti'UliitJ1(Steering Axis Inclination) '\1i(J~1Jfl~-n'IJ (King - pin 

<II .d '" '" .1 ... ,,~ 1 ""..6 ...Angle) f1(J~1J'YIUfl'IJ 'U~f1'Um tl1l()tJ~L\I1pll '1..1 '1..1 ~ 1flfll'.i1J (J~~ 1'1..1 '\1 '1..1 1\1 (J~'.i (I C)f~'.i::: tJ:::mll~\I (J~Ufl'IJ 



S"Z Ltf1~rtLt-~~nt-~ (lno :lO~) LtLQ1Ltlrtrt LtUfl!.1t1.rtrtt-Jr:! NmrtL~ 
!" '" I' (fi I "';r f" '" (fi 

Q~t-QfIortt~LtUHf.ULt::fl::!.rtLI (UI rtQLtl rt"rtt~Q~t-QfIo::fl::!."1~&LlJrtLfIortUH~HLtrt~O~) 
" II ~F' 1="/5 I" ,,191'0(5 (5 to " '=' 

LtUfl!.1t1.rtrt G~t-QfIot-~"rtt~LtUfl.ij11Lt::fl::!.rtQl'-t-QfIoLrt"rtt~Qrtl (QlSuy QO~) Ltlrtrt L"S"Z I PI=" " (1) •• p ...K " • Ii'"
II ', 

t~11tfl~1!.LUL!:tuL&t-1mflLlJ~£trt 1~~fl~ 1~1 t-!.~trt11t-f\"11L~rt Lfl.~U 
II . 

rt~IJ!.Q~~ Lflt!b::& tfl ~m~t-£LrtU11t-Q fIot-fl~trtrt QrtmH~HLt,YJ::!.rt L~t-ijrtL tijrtM-' (ij 
II •, 

rtrtlJrt~UL&~~1~rtQ~1::!.U!.LU::~11U!.fl.1!.LULQUL&flQ~~M!Lt2fl.!}11::&IJ!.t-QfIofl~LrtnM 
II • 

rtUtfl~lt-Q rtLLtrtL rtU rtsr.lt-~flQrt::&Q~ rtfl.t-~LLt::.r.utfl~mijt-fl.rtU11 L, fl.Q!. rtflo~U1Lt~ rtrttrtlH ttL ij 
to p 0 I'D I"" 0r t'Ot'O I' 'l;;lJ' f'.,D I 

flrt~fl.UL LtmQutLijrtflrt~t-Qfl1::fl::!.t-QfIo ~L rt fIofl.U rtt~ ~~ rt 11.1:: &rtflo ~U1Lt~ rtrttrtlH 11ULrt fl.~U ~ t'O I Ii'" I J::I~ r to I to Ip r 'l;;lJ' f'~ to 

rtL~W.r.u[jf1H11rtLtrtLL~f11t-~uIiQ~"1 ~"'L~rtl1.1 tfl~mijt-fl.rtun L, fl.Q!.rtflo~rtrttrtlHn~um' LLt 
,,~'=' I=" F' ~ III &7 """ Ip r to It) r~ '=' " II> 0 

::&U!.fl.1Q!."fIofl.fIoLt::mflortI Q~ rtfl.t-~LLt::.r.uLtfl,~UrtL~W .r.u[jrIHn rIl rtU1ULrtflrt~t-Qfll::fl::!.rtlJ!. Ii'" F' to f' "" 0 F' I'D ,,~'='IV IVln '=' ~ l' p 

t-QfIo~1 rtLL~Ql'-LIJ 1J!.t-QfIot-rt"rtL~rIl t-~!.LULQ::~nfl~Lrtt-tMt-QfIofl,~U~!.LULQ~~flUb (flo
10 if if (fi f' (fi I-lit lP'" '"'" I 

Utfl,.fQfl.trtijltrtrtrtijlHfl~LL!:t!.LU~fl,tijt-fl~ltfl~m~t-£L rtU11~L 
II 

LLt !.Lufl~l fl~L rtnMrtrt"!.LU~~!.LUrtl ~HQ Mlt-~flQrt"1 flrt~t-Qfll::fl ~ !.~~ !.LUL Lt t-Q ~t-& rt rt t-~ rtflo 
o '" 10 '" (fi(filol' r0 (filP;:'" l' 

ULrtrtM-m~Lrtt-tM~rtrt"t-!.11~~1~LL!:tt-~Hflt-QfIo rtrt"!.LUrtLLt rtL~t-!.nUL&~~l~~"tL~rtijl tfl~l 
• I III 

fl,ijt-fl,rtU11 L, fl,Q!.rt fIo~U1ULrt ~ rtrttrtlrt"LLLtULrtrtfl rt~t-Qfl1::fl::!,fl,Utfl~mijt-fl, rtU11t-Q fIoH ~Uflrt~ I'D I'D r '=' II Pt' 0 J::IP r to:' to to ,0 

~ LL!:ttfl ~m~ t-£L rt U11fl t}1 tfl ~m~ t-£L rt rt"!.L UUL & fl~L rtt-tMrt rt" !.LU ~~fltlfo (U 
II II 

rt t-~ rttfl~1 fl,ijt-fl,!.LUQ~ ~H rtLttfl~mijt-fl, rtUn rtrtt-Qflo LtLrt"tfl~1 fl.l!£t-fl.rtUn t-Q floLtLrt" p I'D PP I'D I'D I PI=" P to I'D P"P to t'O P" 
tc II•II III I 

U!.fl.1!.LULLtLt::mfloQrtmLrt"HfIorII oF' ""Ivilt 

t-!. ~t rt11t-f\ "ttL ~rtL~QL rtfl,~Urt~!.LU!!~Lfltlfot-,@u-UL(WQ rt rtQ~l::~rt~t-!.11::~nfl~Lrtt-tMt-Q flortrt" 
II ' 

t-!.n~~flUb~&LtUflQ rtfl rt~t-Qfll::fl::!.LIJ fl rt~t-Qfll::fl ::WtSb"LLLt tfl~mijt-fl, rtun t-QfIo~~fl,U~UL •I "II l' tf, II l' • 1ft 0 r 1ft I'D 1'0(5 

~,t:1rt~HflL~ "t~~LL!:t tfl~m~t-£L!.Lu rtL~H!!::&tfl~m~t-£LrtUnrtrt::~n.fQfl.1rtijltrtrtt-~ 
IIII II 

L,Yt-Q L t-2 9 H~"::!.pQ::&tfl~m~t-£Lrtunt-QfIot-fl~trtrtf11t~fl~1 
II • 

t-Jr:!tfl~ml!£t-fl,!.LUfl,fl.11UQQ!.LUfl.U~Q rtfloUrtt-LtL,Yt-Q 01 t-IJ ~ t-1J~1 Nmm!.LrtL~ rttfl~ml!£t-fl, f" r 1'0 1'0 1'0, I'pr ~ &7 &715 p rr 1'0 to 

01 
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-f~-----~~~~ 

Toe.ou'!" ~1if""'I~' ........ 
1---:-~'--w \ 

•,,,,
•t 
•t , 
, r 

ALL WHEELS , 1 
TURN FROM \ :, 

THE SAM& CENTeR ~I /..,' 
'0. 

'H~l~'\JV~ll1J 1 VI 'H~l~m;fHh"qj'\Jv~ll1J 1 VI~fitJll1J~'WtJltJl1Jfh~~HJlfl1':i'\JV~lIV~lfi~ 
0' ... !I ..;.... .I '" !I !I";'" ~ 0' .1"'1'" • 1 !I~ 

Uf11Jl1JV':i l1JtJ~'\Jl~Vllfl~'\J'tJ fl1JfltJ'H'tJ lVl1Jll1JllJ'tJ ll1JUfl1Jl'UV':i'U1fl 'illfl-ct'll'H~'tJ 'il~1J Nfl Vll 'H"CI V':i fl 

..; !I J! 1 ..; .,j ";'11.1 !I !I. 1 !I~.,j 'I ~ !I 
'WtJltJl1JVI'il::'H1l'tJVVfl~1'tJ'II1~'tJ'\JW::VI':ifllflflV'tJVI L '\Jl~'H'tJ1Vll 'H"CIvmv'tJ LflflVVfl~n'tJ'\JHUfI:: 

lfi~mfl1':i't;, 1,rtJl~lIV~fl 

, 
_I'" 1 .... 0'

11JfI 2.9 U-ct'~~ll1J VlV'tJVI 

1l1J1 VlV'tJ't1~~~~ Hffl'Hi'1JlIv'H~1'\JV~':ifl~1 11.1 l~v-lIv~n'tJmfl1':i~lfi~'illflfl1':i~'tJ 'flfl 

!I !I ..;~ ... 0' 
VVfl~ 1'tJ '\J l~ 'ill flfll':i 't1"C1 V1Jll1Jllf11J l'U V':i 'U1fl 

..6 1.!1" 0', 1 ''1 !I '" 1!I'" 0' «!l I 0' ..6 • 1!I I
C)j'~ 'tJU'il'1J'tJ':ifltJ'U"-ct'1'tJ 'Hqj l~'il~ 'H1Jll1JUfl1Jl'UV':ilflV'UlVlltT'UtJ C)j'~'il::Vll 'HfIl'\JV~ 

1!1J 1't1f1~~vtJM1'li'tJn'tJ 
~ 0' .... 0' ... ..... ~ ~ !I 51..; .... .1 

2.8.81l1J1't1ltJl't1VV'tJl't1':i'U (To Out Onturn) 'H':iVll1J':iff1J1l1Jl"CItJ1llJ'tJ1l1JflV'H'tJ1't1lfl~'\J'U'\JW:: 
II , " II" 

do .&!!II sJ fJJ ~ J1 dol Q,I d 0 1"2 jI Q,I d Q,I d do 4 Q,I

lfltJ1l1JV fI V'H 'tJ 1~1'tJ '\J1lUfI::C)j'ltllfltJ1't1lll1Jl't1lfl'tJ 'il ~ 't1l 'H"V'H 'tJ 1't1'" -ct'V"'1J':i ff1Jll1Jlfl tJ1l~tJ1fl'tJ 
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J}J~-T
 
TOE·OUT 

l 
l'I tVvAlt" ~ 

2.9 na Im.Hfl1.Jlatlll1'lJ1.Jl~ltT 
~ ~, ~ 

ml1 mj.a;tH~tJ1U 'IJ 'IJU ffl1J1Hl";ll1 Ulnfll1J fl111J~t:I ~tll'i 1'U tll'i 1~tJ1mh~\l fl~t:I~ 1~'t'J fl 
o l.!l Q,oI,:" 4 , Y , '1 OJ JJ , "OJ mul1 'U~l1Jt:I~1J'Ut:I~'U fllfll:lt:l1'i1J\lflll:lt:lfl 1t:1tJ1~1l11Jl:::ff1J Uflfll:l ml:::CJf'IJCJft:l'U fl11U 'IJ'IJt:lfllfl1Jl'U 'U 

1J1fll~ tJih::: 'IJ 'IJ ~ lti~ 1J1,j~ti'IJ 1l1'ti'U 'lfm;'U ri ~ (Cross-Link) t:I d1 'U U'U 1'U 'U l'U ti'IJlV.l:ll~ t:ll1 U1 

fll:lt:l~nl:ll 

" I J J .c:l JJ OJ.c:. ", QI Jl1' , QI QI 1
U1J11'i::: 'IJ'IJll:l tJ1'U~::: 1Jfl111J\lflflt:l~fll1Jl1l:l flfl Wflfflfffl'i Ufl1J'U fl 1J ffl1J1'iflU'U ~'U'U fl'IJfll:l fl . 

U'IJ'lJVfllfl1J1'U 'U1~1V.'il:::"hv~ijoU't:lliitJfi t:ln,j~ti'IJ 1l1'1Pi1ti'U'lfflti'Uri~ t:ld1 'UU'U1'U'Ul'U tr
~ 

'U ~::: fffll1 rlt:l 

1 ~'..; .1 ... l' d
~HltJfl111J l'YW~fl'i ~'Ut:I~'i:::'IJ'IJ'U~::: ~qjlfftJ tJt:ltJl~'i1~1'i1 

. ~ 

1,];; 2.11 Uff~~fll:l 1fl,j~ti'lJl~tJ1U'IJ'IJl~1ff (Davis) 
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1'11'U'IJ1tl''1Hj'tlln:)'Ufl~ PL U~:: QK 9i~ti'IJ~H~~~lil~'lltl PQ l~'IJ'i::fJ::l't'htitJ 8 ~H~~ 0 

..i I .. ~t1 JI t1..l A,t1"" ~ 
f:)f~fl~tJ'lJU'lJ1tl''lJfJtl~1~'UtN'i(lfJ'IJ~L U'lJ1lff'IJ~H~11J 1 'YI2.11 MN mfl'IJ 'YIH'U111JflltJ'IJ 

~ ~ 

M,N, ~~ir'IJ M,M, llhtitJ NN, U~:: MN, 'U'lJl'IJtitJ PQ l'n'il::~::ir'IJt5'lU'lJ1ff'IJ6tl~1~'Ufl~U~fitJ.. 
~ ~ , 

l~fJ111~ 2 't19i~ti'IJn~~ OR n'l::'U'lJl'IJtitJ PQ ~1fJ 
..l 

'lltlffl1Jm~fJ1J POR 

OR sin~ 

(2.7)OP 
,... 

'lltlffl1Jm~fJ1J QOR 

sin~OR 

OQ (2.8) 

sin~ 

sin{n - \II - S) (2.9) 
..,. 

'H'ifl sin~ sin{\II - ~) sinS sin{\II -~) (2.10) 

'Hl'i~~fl~~1fJ sin ~ sinS sin \II 'l::'~ 

cotS +cot \II cot ~ - cot \II (2.11) 
..,. 

'H'ifl cot~ - cotS 2 cot \II (2.12) 
~ . 

10 QI .:1..:1" 

U~ ffl'H 'itJtll'i l~fJ1'Y1\ltl~flO:) 

c 
cot~-cotS 

b (2.13) 

c 
cot \II 

2b 

c 
cot \II 

28 

c c 

28 28 
..,. 

'H'ifl b 8 

sin a 
2r 

c-d 
(2.14) 

QI QI .. 

tll'i'Hlf1111Jff1J'n'IJti'Ufl~~1J a U~:: cot~ - cotS 

sina-S = 2sina-sina-S (2.15) 
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.... AI AI" 
2.10	 1ft'IJl~l'iU.ll 

..\ "';'!J 1~ "i 111'" ..\ 111 1111.1 !J !J !J !J !J 
11JV'HltJ'U~1WIJ1 IN !~tJ l1Jln~m,~'U If:l~ 1 'VIH~l'U'IlH ~v'VJn~V~::::~V~l1~'U'V'U~~ 

tT'U6mn~i11J~~l1it~ 1~tJiH'tlij1~litJ1fiHt1'U 
QI"" !J!J!J 
'tl1J1~'IlV~~Vl1'Ul~1'U'UVn 

b	 (a-c)-+- (2.16) 
sin~ 2 

b---(a-c)- ­ (2.17) 
sinS 2 

c:I 1v, QJ	 Q ,! 1v .c::u=lQl ~ .cI d QI.:!i d 
~::::l11'U ~11'tl1J1~1~t11ffl1Jl,m::::'l,I ~11~ltJ11i~~'U'U1ViVl1~m~tJ~f1111Jff'Uff'U SAE ~~ 

tJ	 I I I 

til11'U~fhiitJl1J 1 ~'h i'tlib~1~tJ1'1lV~'f:ltJ'U9i' flV i'tlijri1'U 1fl'~yhfi~~ lnm'lflnV'UVi'llv~n'V11'U'1 

!J '~1.1"; "" .1 .1 I ..; !JQI	 QI

~l'U'UVn'llV~'f:ltJ'U~ 'U'IlW::::l~tJ11~UfI'U'VI"1~ 'tl1J1~1~t11'1l'Uvgn'U'::::tJ::::a,b,c U~::::~1J'~~"1~'VI~V 

1l1'Ul'U ~::::ffl1Jl'f:lij~1 tl11l~ln~lul1\l~~'f:l~~ 1'UU'U11ff'U91' ~ 

, 
.. 1" Ii2.11	 mll~l.J,"T1H fWUf)~10rJ,"V1 

".ci~ l!J.cI,=l .ci.cl , 4" ~ , Q,I d 
'f:ltJ'U91'VI1~'U'U m~ f1\1~::::1J117 ~l111tJ~VVn 117 ~l111tJ~~::::1JfI11Jlnl1'V'UVtJ'Il'Uvgn'Ufl111Jl'1 

" QI ""1~ !J !J "" "" 1~';' !J c:I 1!J..\ QI,f:l 1J1~'IlV~'f:ltJ'U91U~::::'ff1J 1'H'UVtlG'j ~::::91V~1J~1JlVtJ~1JlnG'j 'f:l~:::: ~11~~1t1f1111Jl'1\l~ ~lVim'U 

t1'U117 ~l11~tJ~vvn~ijfll1Jln~1111nu, ~l11~tJ~vvnijfll1Jlmfi'U 1 tl~~::::vh 1M''f:llC)fVvnrlv'U rlv'U ~ 

, 
.. 0 Ii 

2.12	 m1't'Ulnflll"f)~10rJ,"V1 

" QI 1 '111 'J/ 1!J .A 1 1 ' .. .. ~ .1 I
'f:ltJ'U~ff1JtJ 111J l~VVnU'U'U 1 C)f~ 'Uff.fllVi1i"1J~l~:::: 1Jln~m'Vi~nfl11 nnl~tJ1VtJH 

m ::::n'U11'U'f:l ~::::1C)f 1 tlm~~l'U rlv'UVinnfl11111mnm::::u'VInt1'U'Ilv'U'VI HlrlVlitJ11 fl'~'U H Vim ::::1~'U 

vvn1 tlu~::::lrJ'Ull1~ 1M'Vinnfl11 
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II 

e.r. 2 

~y.~ j
I
tG 

...----.------/
 

QItJ"t tI~ ~ IQJ tltJ Q ~ .c:l dtJ .d tJ 
fl1 UH1J'U \PIVl i:lflfl11t'Vl1fltJ l1J t1J'U \PI\PI1'U fll'IVl i:lflfl11'HHI::1J ~"'I12fU 'VIi:ltJ Fa n1J'VIi:ltJ Fb 

" .
~W::U'I~~'UtJtJfl1~~lfl~'U'U 

.,. tI Q ~ 
l1Jt1J 'U\PIVli:lflfl11 

2 
mv h G 

-d 
r 2 

2 G r mgd r 
V -d- --- ­

2 mh 2 mn 

~ r;;dd Q 

fl111Jt'I1Vl i:l flfl 11 (m/s) (2.18)'in; 
eu: Q,I , 

2.13 fl111'U'Ul'H'Ufl'll8~'l(lfJ'UfI 

.c:l tld.c:l tJ tJ tJ I A QI Q 1'" 
mw~tJ,nm''U\PI'VI1J 3 i:ltJ m'I~ 3 i:ltJtJ~tJ'UVl'U'I::"tJ~::Vl~1'IW1flQ~tJ.:jfll'Iff1J~i:l ".:j1t/ 

... 1QQQ .d QI 'JI: QI,l : .4 tJ .d JJQJ QI QI

~lflUH 11{] m t/1'V1~" ff1J F·m'I:: w,n.:ji:ltJ'VI.:j 3 fltJVl 'U ~'U 'U1'U i:lfl1:l W::\PI.:jU1fl C)f.:j ~::\PItJ.:jlflt/1~tJ.:j fltJ 

Ufl'U 3 Ufl'U ~.:jl~ 

t=a~-b=:J 
. . 

G +-_-{--4----'\-----'L­

w 

(fl) (~) 

. " . 
3~n 2.13 Uff".:jfll'Ii'mh'l1lrfl~tJ.:j'I~Yiij3 ~tJ 
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W 

L 

A 

b 

e 

d 

... 1" lSi
~1I1'jW1 1Jl1J'U~'jfl1JUfl'U xx 11:: fI 

R1L 

R1 

Vi1l1'jWl11Jl1J'U~'jfl1JUfl'U yy lI::l~ 

~d 

(~-~)d 

~-~ 

... 1" lSi
~1I1'jWl 1Jl1J'U~'jfl1JUfl'UZZ 11:: fI 

~L+~L 

(~+ ~)L 

~+~ 

(R3 + ~) + (~-~) 

~= 

(~ + ~)-(~ -~) 

: GI fI 
'Ul'11'Ufl'Ufl~'HW'U~ (N) 

I SI SI.d/ ... 
f1111JlIl1'Ufl~'lf'N~fl'l1 'U lf1~'11 ~~ (mm) 

SI SI 
'j::lI::'YIHlIlfl1~~l'Ufl~~fl'l1'U 1 (mm) 

SI ... .d/ .. , 
'j::lI::'YIHlIlfl1~~l'Ufl~~fl'l1~~m~f1~'UlIm~ (mm) 

.d/ .. I 

'j::lI::'YIH1I1flUfl'U fl~H f1~ ~f1~'U 1If11~ (mm) 

.d/.4 SI'" 
'j::1I::'YI1~111flUfl'U fl~l~ f1~ ~f1mfl~l~ lIH~fl'l1~~ 

." 
m~,j~mfJ1Vi~~~lfln1J~fl'l1~l (N) 

." 
u'j~,j~mll1Vi~~\llfln1J~fl'l1"'~U~~::~fl (N) 

Wb 

Wb 
- (2.19) 

L 

We + ~d 

We 

we 
(2.20) 

d 

Wa 

Wa 

Wa 

L 

Wa We 
-+­

L d 

W[~+~J (2.21) 
2 L d
 

Wa We
 

L d
 

~= (2.22):[:-:J 
'JIQ .d. OGJ .Q ,,,. 

m~1I1'jW lU~::'YIm::'YI1fl1J 1I1'U ~1'11'U:: 11::~ 1I1'jW1 f111 
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2.14 U1.:19Yn&YI1U91tliUJ 

(2.23) 

fflI'lh::ff'YIii'IJt:l.:ju'j .:j~l'U 'YIl'U 'lJt:l.:j t:llfllff 

1,:1 sJQ,I tll.:I" Q,I 

A .... 'U 'YI'H'U 191~'lJt:l.:j'jflfJ'U 91 ff1'U'YI 91 l'U 'YIl'U fltHlll 

d .. 
v f1d11l1'j1'IJt:l.:j'jflfJ'U91 (mls) 

fil k. L1~I'Ufil~til'H'U~l~fJ~tJiH'lJt:l.:j'jfl 

• 0' 

V111H;l2.2 filfflltJ'j::ff'YIiiUH~l'U'YIl'U'lJt:l.:jllll 

... .. 
llfl'l!lW::'lJt:l.:j'j flfJ'U \9l 

3
k.( kg/m ) A(m 2) 

, 
'jflU'IJ.:j 

.. ~ 
'jflfJ'U91'U.:j 

!I
'jfl91.. 
'j fll.J 'j 'j 'YI fl• 

0.13 -0.15 

0.20 -0.35 

0.25 -0.40 

0.60 - 0.70 

1.0 ­ 1.3 

1.6 ­ 2.8 

4.5 -6.5 

3.0 - 5.0 

~w (2.24) 
0'• , !I 

fll'H'U~ 'H ffll tJ 'j:: ff'YI ii1fffJ~ 'YIl'U fll'j 'H ~ 'U 
J/ ,. 
o QI do dY 

w 'Ul'H'Ufl'IJt:l.:j'jfl'YIfl~ll.:j'YIllt:l(N ) 
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I .. 

l'I1'n~n 2.3 fflltJ'.i~ff'YIiUHL~tJfI'YI1Ufll'.i'H1:!U'\Ifl~nfl 

fffll'Vi'\lfl~flU U 
.. 

t;'ffm.h~ff'YIi (k) 

... 
fffll'Vifi 

flUULrlUm 1fI 

d.'''QI QI d.flUUll llflflflUL'.itJtJ 

flU ULriU MU 

flUULriU'YI'.i 1tJ 

0.010 ­ 0.016 

0.015 - 0.020 

0.020 - 0.030 

0.016 - 0.070 

0.150 - 0.300 

" d d '4 "'~ " d.=t" 0' 4 d ,:
U'.i ~f11U 'YI1U flll J:-Ill91 flUJm fltJU 911~f11tJtl111lL '.i1tl~'Y1 Ull ~fl1'H 1mfltJU91Ltlll flU 'YItJU 'ViU '.i 1tJ 

d 1Iq" ,l do 0' 4 ~ 4 do" ~ QI •,1
fl 'iI~ lltlflU'.i~911U 'YI1U 'il1flfll'.i'\lU'ViUmtJ~ '.ifltJU91Lllfl 'iI~L '.illLtlllflU'YI 'il191fl~L'Villfl9l'.ilL'.i ~ 

(I +a)Wa 
(2.25) 

g 

o QI • .q 21"
fll'HUfi 'H a fl9l'.ilLHL'Il'~~1l ~ 0.07 radls 

JI 

W \h'H'Ufl'\lfl~~1'.ifl (kg) 

a ~91'.ilfll'.id~ (m/s 2) 

g UHiU'llfh~'\Ifl~illflii~m;,titJ (9.81 m / s 2) 

1U fll'.i Lvilltl111lL~1'i11fltl111lL~1L~llLrlUtl111lL~11'H 1i 'iI~~fl~Lvill~91'.i wi ~'\Ifl~'.ifl Ull~fh~/~ 

'\Ifl~ltl~fl~tJU~ ifltJ~91'.ild ~'Hl 1~'iI1flffllfll'.i 

(v2 - vI) 
a (2.26) 

S 
4 

'H'.ifl 

2 2 
(v2 - vI ) 

a (2.27) 
2£ .. 

Lllfl a ~91'.ilL~~ (m / s 2) 

d " 
VI tl111l1'.i191U (m / s) 

v2 tl111lL~11JllltJ (m / s ) 
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S nlll~1.ntlm·H~1Jfl111J1~1 (s ) 

.e 'j::[J::'YIH~1.n'Um·H~1Jfl111J1~1 (m) 

(2.28) 

.,j 
11JiI (2.29) 

2 
.,j 

11JiI	 .e 'j::[J::'YI1~~1.n'Um'jI~1Jfl111J1~1 ( m) 

S 11111~1.n'Um'jI~1Jfl111J1~1 (s) 
d	 ..; 

Vl1l 56	 = fl111J1'j11~1l[J (m/s) 

R	 (2.30) 

Rv	 (2.31) 

om'H'U~ 1'H '"	 til~~~~i11 ~,j'I.Jlfl~i1'U (W) 

fjJ 4 d ~ 
llH~1'U'YI1'Um'jlflllil'U'YI'YI~'H1J~ (N ) 

d 
v fl111J1'j1~i1~'jfl (m/s) 

2.17	 6V111'n~lrl8.:1Ufl1::'U'Ul~'U8.:1lrl8.:1 

m ~,j'I.Jlfl ~i1'UI~'Ull 'j ~~'VW1[J11J,j'I.J~'U 1M''jmfl~i1'U~ ~~'Hl 1~ 'illfl~~ff1JHff'j::'H11~[Jl~ti'I.J 
.,	 • J/ • 

H1f1'U 'UVi~i11 ~,j'I.J Ifli1i1'Ullll::n'l'Hlflm'j,j'I.Jlfli1i1'U-UtI1~ lfi~m'ji1'U1fill 

(2.32) 

II 

Hll~W~fN~ltl1t1-n'UI~i1~~1~11J't1~'H1J~ 
II (2.33)

Hll~W~i1~~1'U1'U-n'UI~i1~~1,j'I.J't1~'H1J~ 

OJ 27tD	 (2.34) 

v	 (2.35) 
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1" cI ...
 
o
flll1'U~ 11	 ro f1111l1'j11'11.:J1d1l ( rad Is) 

cI 
v fI111l1'j1'IJfNHI ( mls ) 

r i'ffij'IJfNV1.:J ( m ) 

cI 
n f1111l1'j1'jfl'U ( r pm ) 

.... 
= fl \lI'j TYI ~M ro 

, 0 .., 

2.18	 '::tJtJi:r~mi:I.:J 

~ <CI,l ~ dQ " d d I ~1 ,
fflV'Wl'U CJ1\jfl'W 1'Il'U lf1~ 'IJ'U 111 \llfl U'U 1f1~'Vlfl~ \l ::1fl1'11'U::'IJ fll ffV'Vl11 fflV'Wl'U U'U'UUll:: 111l 

Js ... "I 0 'I " • 0 .... III 1'1 ,cI"; ...." 1'''' 1"'1 1" " 
fll'jll'Ulfl~'IJ'U1l1fl 'Vll111t:mJ'Vlfl~fllll.:J Lill 1l1~1l'Vl fll'j'IJ'U~1V CJ1llfl111l 11\l ~Ull::\jfl~fl.:J~lll 

l1 ~mffnl Jfflff~{ ~.:JU V1l1 oN1l1fl'Vl1.:J~1'U .:Jl'Ulf1~fl.:J~m flll 1~ v~l Cli\l::f1 ~fl.:J fldtim\/fll CJil1ifl 

~ l' 4 ... '.... .... .... ,,1 ,.... ~ 
l11fl.:J CJ1 (Sproket) CJ1.:J~~ fl~'U'Ul'Wlll'IJ'UUll::l'Wlllmll fl~'j l'IJfl.:J fll'j 'IJ'U \l::'11 'U fl~fl'U'IJ'U l~'IJfl.:Jl11fl.:J 

II	 II "I 
lCJil1.:Jfffl.:J Ull::fll'j'li'U~1V lCJii1 \l::11Jijfll'jffii'l.hn~'IJ'U'j::w:h.:J 1CJiti'Ull'qfl.:J1CJi 

.... " 1 I d" I ~	 ~d' GI	 GI" " fll'j 'IJ'U~1V CJ1 lI'IJfl~ 'El~'j::l1 1Hfll'j'IJ'UilI1VfflV'W1'U Ull::fll'j 'IJ'U~1mllfl.:J'VlH~1'U'j lf11 

ff1J'j'j f.)'U:: l'U fll'j ff .:Jf;'~.:JUll::fll'j'h~.:Ji' fl'l.!:l11CJiffl1l1'j f.)'Ii'U 1~ 'U 'j::V::'Vll.:J1flllfl11fflV'Wl'UUll::'Ii'U 

1"" .... 4 ...... .... 4 .... cllII" 
~'W'j flllfl'U l1 11lVt:'j l'Wlll CJ1.:J1l'Vlff'Vll.:Jl11d'U~11lfl'Ul1'jflff1'U'Vl1.:Jfl'U fl L~
 

"... ....1' l'

'IJfl~'IJfl.:Jfll'j'IJ'U~1V CJ1 

II	 , 

- 1'Ufll'j~~fl.:J 11J~fl.:Jfll'jfl111l1nv.:J~'j .:Jl'tilti'Ull'qfl.:J
 

- 11Jijfll'j ffiitll 'U'lJW~ff.:Jfh~.:J1l1ijfl'UfflV'Wl'Ulh 1,n~ti~'j l'Vl~~ml'U fl'U
 

d Q,lGI I	 ~ GI IQ,IAl" 
- 1l'IJ'U1~m::'Vl~'j~fl11fflV'W1'U 11lfl 'I1.:Jl'U~1Vfl~'jl'Vl~1'Vllfl'U 

II	 II 

- ~~fl.:J41Vfl11fflV'Wl'U l'W'jl::l'~V.:Jutim\/fl.:Jl.u'lti'U1l'qfl.:J lCliu~1 f.)fl~ff~m.u'l 1tlnhu'U 
, II 

- 1oN.:Jl'U 1Ilti'U~Wl1tJiJ"J.:J 'Uinwnijfl111l;'Ulm::~'Ull::flfl.:J
 

.u'fllffV'lJfl.:Jfll'j'li'U1l1v1CJi
 

..........
 
- 1l1ffV.:J~.:J 

- Ldfl.:J \llflfl111l1~1'j 'El'U"J.:J\l::ln~ti'U~'j lmrlfllCJi'IJ1~
 

- 11Jijfl111l6fl'Ufl1l'Ufl1'jff.:Jfh~.:J l'Wlll\l::~fl.:J'IJ'Ul'Uti'U
 

- ff.:Jtil~.:JU'U'Ufl'jflff1~fl1J11l
 
d I cv A " 

- 1l'j lf11U'W.:Jfl11fll'j 'IJ'ULfillfl'U~1VfflV'Wl'U 
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JI	 •• 

ff1(J'Vt1'U lcti~flfl~~tll'1vt'11'.iW 11~1~'U'hij 1'1V{oUflUtJi~'Hfl1(J"1 ti'UlJ1~Vl'UV~n'U hwij 

lf1'H::u~'U'U'UUHgfl"1 L~'U9i11~VlJl(J~n'U ~~Uff~H':h fll'.i'Hrlvg'U1:h'Hi'tJfll'.il ~~1'U lctil~~~ 
•	 JI , I 

~11~'U'H1fl11U~'Ul~VlJ\1flfl~~'UV~ 1" 'Hiv l'1V{oUflUtJi~'UV~ lcti1~ijfllnJi'1JtJ1 ~ 1'Uliv~fl11lJ 

'H'U1 Ufl::'U'U1~ tll'1\h1tJlrl'Ufi'1fll'.i'UV~ff1(J'Vt1'Ulctil~Vfll'.i'U'Uri1(J1ff~1~ 
I JI	 JI I JI 

fll'.i'Hrlv~'Uff1'Ul'Hq)1~\h,j'U ( '11'.i::fl1lim1Jl::fflJ ) \1flfl~~1Jl~vd1~ ..h~1(J lf1'H::vhh,j'U 
• JI	 • 

vdfl1(J1'U	 ~ 1li~11~'U~v~1..rfll'.i'Hrlv~'U'11mh,j'Ufl1(J'U VflVfl ff1'Hi'tJfll'.ii'tJUHVi1litl~oUfl 

. 
2.19 fll1tl"nQ.l,n6V111Yl~;jp\'t)"fll1 

o Q,I ~,l'Q1 d "d 
fll'.i fl1'U 1W 'H1Vm 1'Y1 ~'U 'U '1 ::'U'U V~fltJfl11lJ 1'.i1'.iVtJ'UV ~1'Vt f11 tl~ 'H1 '.i~ 1(Jfl11lJ1'.i 1'.i VtJ'U V~ 

.cI ~ .e.I.cI ,.cl.cl' QI .. 1'J/0 

L'Vtfl1'Y1~lUfl::m'1 '1::lJVfl'Hfl1(JV(J1~'YIlJ~f1~Vfll'.if1l'U 1W'H 1V~'.i1'Y1~ CJf ~'H1 ~'11fl 

d 
fl11lJl'.i1'.iVtJ'UV~1'Vtfl1'.iVtJtl ~ 

(2.36) 
d ~ 

fl11lJl'.i1'.iVtJ'UV~1'Vtfl1'.ivtJm 

(2.37) 

1~(J~	 Illro ti~'.i1'Y1~ 
o 0 .a.l. 'J/ ... 1 I 1~ QI .cI". I" QI _I "QI	 0

fll'.if1l'U1W'H1fllfl~'Y1 'll'lflVfl CJf P 'H1 ~ 1~(Jfll'.iflWfllfl~'YI~V~fll'.iff~~1(J~11J'.i::flVtJ~1(J.. 

P	 WpN. (2.38) 

P	 fh~~~1~'H1'U'U1~ lcti (kW) 

fh~~~1~;rlJlflgv'U (kW) 

9i1tJ'.i::flVtJl~~1'U 
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I-I+-HI-+--I+-f--l-i--', 

'0'" Jl1J1 ~ ,., JI d.d,.,.oj JI d1'Ufll~ff.:jfllll.:j m 'lfUHff1JllfflHlUll::: ,C)f'H~'U~1tJml1Jl~dfl ,C)f~:::lllV'U~1tJml1Jl~1 v 

"" '1 .1! '" '" .ok lIJ l' 0 '" .d , ... ,. 0'... .d JI ,
Ull:::1Jm.:jV~ 'UU'U11n'Uff1Jfi'4ff F C)f.:j~:::'Hl ~~~lflfllll.:j'YIff.:j w 'H~V '1Jl1J'U9IlJ~'YI91V.:jfll~ff.:j T

1	 p 

f1111Jl~1'\JV.:j 1CJi'Hl'~'illfl 

v pZn (2.39) 

dl~tJ~ v ml1Jl~d'\JV.:j l'C)f (mls) 

... 0' VJ l'p ~:::tJ:::""91C)f'\JV.:jl V.:j C)f (mm) 

Z ~1'U1'U~'UlJ'U1VJV.:j 1CJi (~'U) 
d 

n f1111Jl~1~VlJ (rpm) 

" ~.:jU'UU~.:j1'UU'U11l{'Uff1JHff 

F
1 W/v (2.40) 

l~tJ~ F
1 

m.:j1'UU'U11l{'Uff1JHff (N) 

W p fh~.:j.:jl'U (kW) 

dv f1111Jl~1 l'C)f (mls) 

..	 " 2.21	 U'H"'"'J,.umOH 

1'U'\JW:::ri.:jfh~.:j~'\1v9iV'\JV.:j 1CJi~:::iju~ .:j'HUU'UVflllH1'UU'U1i'ffij'\JV.:jlVJV.:j1CJi 
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Fe (Wig) y2 (2.41) 

h'ltJ~ Fe UHl'H~tJ~'H{jtf'U6''Uu'U1oU'69i61CJi 
tJ 

Wig = thm1fl'\lm lCJi9i6f1111W11 1 l1J9I':i (kg/m) 
d 

y fI111Jl':i1':i61J ( mls ) 

d 1~' 1 ,.1 I 0 ~ ~ 1 I .1 , CO' d ~CO' I 

~::l'H'U tlTI Fct 1J'\l'U6~fl1J1;j1JUlI::~1'U1'U'\l6~Tl'Ull16~ ClfU9I~::'\l'U6~fl1Jfl111Jl':i1 y llJ'U 

6th~1J1fl 

F ~F2 +F
2 

(2.42)
e I 

F UH~~''U lCJi (N) 

o " "i' ' 2.22 n11't'iUIlUlU"t'lIGif 

.Qd. 0 911' J IGI ,tI "1 1 
.Q tI ~ l'

11ifll':ifl1'U1W 'H 1'\l6 Clf~::'\l'U 6~fl1J':i::tJ::'H1~tf'UtJfl1l1~'\l6~'\l6 Clf':i::tJ::Vi9l'Jl''\l6~ll1m ClfUlI:: 

o ~ I~ 4 1" CO'.:
~1'U1'U'\l6~fl'U1J'Ull16~lClf'Yl~'H1J;'l Clf~~ ;'l~lflff1Jfll':i;'l~'U 

2C+(Z+Z)+[(Z-Z)]2~
x (2.43) 
P 2 2n C 

x ~1'U1'UoU'61CJi (oU'6) 

C 
I I rI 1 I 

':i::tJ::'H1~':i::'H11~fl''UtJfl1l1~ Clf (mm).. 
p .... rI ~ 

':i::tJ::Vi9l'Jl''\l6~ll16~
l'Clf (mm) 

Z ~1'U1'Ufl'U1J'Ul~6~lCJi (fl'U) 



24 

.
 
I i ~ 'l' '''' " ....2.23 fl11"'11~tl~1~"'lHt1\UJflin.untl..:JICJflnfl~1..:J 

'J ~ tJ~ li1'Ii~U 6fHn~'U tl 'l1~ tl '11e1i~ fm1l tl tll'J 'Ii'U1fl ~ tlU 'U tl'l 'J ~ 'Umi'l ti1~'11 m~ ri 'I f-l'1 11 tl111~'1 
4 tI .d .c:.t.qd 0 QI ~ 

'J~ 'U'UtlU 'l'Utl'l 'JfltJU9I CJ'I ~~1J 1litll'Jfl1U1W~'1U 

x--- -2-- (2.44)![x-Z-z + ( Z-ZJ (Z-zJ]c 
2 1t 

, , " ~ l' 

4 2 

l~w~ C 'J~tJ:;'HH'J:;'H11'1'lUtJfl'11'1l tl'l CJ (mm) 

o "1'"x ~lU1U'Utl CJ ('Utl) 

""" ~ l''J~tJ~"WltJ'Utl'l1 tl'l CJ (mm)P
 

z ~lU1U~U'UU~1ijtJU (~u)
 

Z ~lU1U~U'UU1~tl'lle1i~19111J (~U)
 

p 
D (2.45) 

. y 
sm­

2 

'Y 
360 

Z 
(2.46) 

D ! ", " """ ~ l'1ffUf-llUijUtJfl'11'1~91tJ'Utl'l1ntl'lCJ (mm) 

P 'J:;tJ:;~916'Utl'lle1i (mm) 

" 'Y ""~1J~91tJ (tl'lt'l'l) 

Z ~lU1U~U'Utl'l1~tl'lle1i (~U) 

" 
'liU9I tlU tll'J 1~tlfl'UUl~'Utl'lleli 

'H 1~liJ 1U'Utl'l~U~lijtJU 1i4tltlf1e1i~ tll~tll'J t~'11U 1~~ '1tl~ViH1U 1A'tl~1'1'Jl'U~UU'1:;~ 

ff1J 'J 'J fI U ~ ~V lU 1tJ11 'J ~ 1 tJ'nr~ '1tl~ flU'H 1~ lU 1U~1ij tJU fl1'J ~~ 1'JU1#'111 tl 1 11if tU fll'J 'Ii'U 

• 'I "0 """ =". 'I ,,"" d .d 0 1':'1 ~ .d A 'I" ''I '1' "" d
ff1U1J1fl~~ l')j'~lU 1U~91CJ1lJU tlU'1~ l')j'~1U tJU't1~lU 1UnU11JUfU~tll'H UU l~11 CJ1m:;~1utJu~:; 

.Q .. ,~ 

1fl~ tll'J fffl'H 'J tltltJl'1 ff1J11ff1J tl 
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1~v..r11ud'lL~'Ufll'i'lim)fh:)ff~mnJfI iihilv'Ufl1'iij1J1flfl'h 17 ~'U 1I::1H~11J'U~Lilv'UL~'U
0' SI..t d , ..\..t .1..t.1 -6..t....l... .I

'iU'IHnVL1HW1J'm 'Hfl111JL'i1 'Ufll'iLfillfl'U'YIL1JlW'UU1JlH91llfl~nll1CJ1'-:JHll'YILfl~'IJ'U1I::Lfl~'IJ'U1J1fl.. 
... SI .I , ... ~ ... a0 

'H 'i fI'U flV'IJ'U fI~fl1J 1I1'U1'U11'U 'lJfI-:J'VU'UV'U 

Sla d SI ,Slo ... a ..ta~ • SI ~ 
m1Jfll'i91'i::~flLllfl'Ufltlfl1'i ~1I1'U 1'U'VU'UV'U'YI1J11'UflVH'UflV 23 11'U 

~Lilm.Jfl1'iFhum'i1J1i'YIHfl111Jfflu'l,rijfl111JU~-:J HV 10-550
 

.... 1 'lSi ~ ... 'i ,..t'lSl.1 ... 'i.-6, ~ ,

9111J'i::flfl1Jfll'i ~-:J1U N,r11'H'i1J tCJl''Y1 ~1J'i::flfl1Jfll'iLllflfl'IJ'U1~ tCJl'CJI'-:JU1J-:JflflflLlJ'U 3 flq1J 

. 
1. UHm::'t11ffli1Lff1Jtl 

, 
o .r=td. ... 1

2. UHm::'YI1'Y11Jfll'im::91fl1J1UflllH 
q 

2.25 m1'Hl~~WI'U'fI18tl~'Uf).:.I3,j'fl1.:.1 

l1JL1JU~'lJfI-:J~U~'ifl1JL!U1Ufl'U Y
 

~(AI+~)x = AIXI+~~
 

x 
(2.47) 

<ll , 1SI •1I-:Jflll11 ~11 

(2.48) 

'i 0' .l..t 
t1JL1JU 91'IJfI-:J'Vi'U 'YI'ifl1JUU1L!fl'U x 

M
x 

(AI+A2)y 

AIY I +A2 Y2 
Y	 (2.49) 

fll'i'H1~f1 C. 'lJfI-:J1U'YIH 

1I1fllJ91'i 

h ... 2h c.	 - 'H'ifl- (2.50) 
3 3 
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_I !J.:.... 1! .6 !J -,!J ,d 'I-I I... 
1J'i~n81J~1tJ1'lftl1'VHH 8lmff ml~fl111J';j8'U C)f~1Jm'i1J'i'i~1'll111J~~1J1~8tJHfiJn~~'H1~1l1l~ 'U 

(AI' d oQl4 d4 ~.QJJJ I' A(AI .Q 

8;l'i 1~1'U Vll 'H1J 1~ ~1JtJ'i ~ m'i ~lfltyfl8 '¥411H1'U Vllfl'i 8~ tJ'U;l ~ll;l'll 'U ;l8~ ~ll;l8tJH;l81 'U 8~ 

d 4 ~Q' (AI 0 d' 4 JJ JJ 0 

;l1l8~11 111V11fl'i 8~ tJ'U ;l;l~ 8 ~ Ull~ 1J'U ~~'H q~ Vl1 ~1'U n;l tI11J 8 ~fl11J fJ 1J;l8~ m 'i 'H q~ m'i VI H 1'U '118~ 

~ . ~ . 
~'Ulfhu'U ~1tJ1'H~ijmn;'~1'U'II8~lfli8~tJ'U~''Um'i1J'i'i~ 18~ ti~ 18~ m'iln~'¥4 ftH1'UUll~m'i 

fh~~ 'Hi8,j1J'II8~lfftJ~8~ijm'iVi H 1'U 8~H ff1J~'U nfl'U 8~H\ln~ 8~ 1 ~ H~'¥4111~ ~~fiJ nulh88m1I'U 

" ~~'H1~m'iViH1'U1~ 4 ~~'H1~ ~~ij 

2.26.1 ~~'H1~~~ (Intake StI:oke) 

2.26.2 ~~'H1~ti~ (Compression Stroke) 
o ,eu QI~JJA A J 0 , ~ '.:'~d 

m'i VlH1'U 'U ~~'H 1~8~ 1'i1J;l'U11J8\1ntl1J11l8'U 'II'U ~ln;ll11 'H'U ~U'U tJ;lltJllHll'U 18~ 

.... " -. d ~ ... I ... -. d,!Jd _ I.... d d"" _ I.... ... 
Ull~ll'U Itl1~tJ1J~ \1ntl1J8~~1'U~~1J'H'i8 18~ 'H1J1J'i1J1;l'il11nll~ Ull~1JUH~'Utl~ 'U1J'i1J1;l'i8~ 

_I " ...... ~ A· A.l,.dI" d!J 
1J'i~1J1tu 1 ~1'U 'U 7.5 - 10.5 ~~'H1~8~~'U~~11J8\1ntl1J1ll8'U'II'Un8'UtHU'UtJ;ll[J1J'Ullln'UmIUll~ 

,:r11n[J'U ~~tJ'i~m'i hJ 



27 

2.26.3 ~,:nf1:::thti-:) (Power Stroke) 

'" 0 '" <!l" .. , '" ~ '" ...;,.. 1iI , iI.f,.
~nl1:::fl11N'H'HH'HJm)fl11"~-:)'H1:::-:)1'\.J" llJ'\.J~-:)'H1:::'YI fl~\lfl~~ 'Hllfl 'H1J'U'\.J ,~tI 

_I , ••1 "'.. A,.. d '" '" .f '" 1 _I
lJ'i :::fl1t1 n ~lfl'H11'YItl'\.J 11JU fl~\lfl~~fl~:::lfl~fl1'i'i:::llJ~'U'\.Jfl111J~'\.J'fJ: -:) '\.Jm::: lJflfl'fJ:lJlJ'i:::1J1W 

0' ~ 1! "'.! '" , ild I .f
39-40 lJ'i'itllfl1fY (400-600tJU'\.J~/m.'\.J1) ')'nU1Jfl'\.J'\.J~W'HfJ1J~-:)~lflfl1'iI~l 'H1Jfl~:::\1-:)'fJ:-:)'U'\.J 

tJ'i:::1J1W 2000-25000 U-:)fYWlflH~tlfffl111J~'\.J~'fJ:-:)~'\.Jmh-:)';'\.J;;';'\.J1~rl'm :::'t11'IJ'\.J '"1'~fl'fJ:'IJ~:::~'\.J 

hf\1fl'fJ:1U~ij'\.Jil-:)~~~U'\.JV;)1t1rll-:)(BDC) mh-:)'i1~1~1 fl1'il~U'\.Jil-:)~1'Uij-:)\1fl'fJ:'IJ~:::'t11hf~w'H fJii 

Uil:::fl111J~'\.Jil~il-:);)ij'\.JtJillt1~-:)'H1:::-:)1'\.J fl111J~'\.J~:::il~il-:)l'H~ijtJ'i:::1J1W 3 - 4 'IJ'i'itllfl1fY (40-60 

0' ~ ",d... .. ..
tJij'\.J~/;)'i.'\.J1)Uil:::~W'HfJ1Jfl~:::l'Hilm')'W-:)800 - 900 fNfYllGlfill9Wff 
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2.26.4 ~.:j'H1::tmJ (Exhaust Stroke) 
'" II

fll'inH1U1U ~.:j'H1::tmJ lilll1iVltmYtJliivu~NfffYu6~1~rll.:j u,,::iiu1vlffmil~ Uflff'lU lU lUlU 

lIJ .. ..I.. '" ~ lIJ .. A .. 2 A .1I I 

LVlff~'YIllm.:j~uro::\lm::tJ1~VVfl'YIH"U LVlff~roU~fltltJlfIVU~lUtlU~m~"H Uf111"VU'\IUrou 
I ". II 

1rl1Vlff~li /IHvd'U m::tJVfltltJVVfl ~.:j'H1::tll~ffU~~fl1'i nl.:j lUl1iviiu1Vlff~i1~ 

- - llu:1linl 
':bell 

11I1"kOlO 
\ :.1"0: 

, II II 

3tJ;i 2.21 uff~.:jiiu 1Vlff~U,,::iiu 1V~nl.:jlU'Vir Vlltiu 

II ,II 

1U'YIq1:l~fll'inl.:jlU'\Iv.:jiiu 1U')bnJ"1~~.:j'H1::tl1~U"::lill~U ~.:j'H1::~~ iiu 1v~u,,:: 
II ,'JI. to' 

iiu1vlff~nl.:jlU'VirVlltiuiitJfl111vnv{ufl1.J (Over Lap) trufivnvuffU~~~.:j'H1::tl1tJ'\Iw::liiiu 
'JI " , 

1Vlffmilli.:jro::i1~ffii'YI iiu 1V~li1l1il~1~Ufll'ilill~Ufll'inH1U 1U ~.:j'H1::~~ u,,::1U ~.:j'H1::li 1v~ 
, II I I 

lilllil~ij 1v~liijm.:j~U1l1flfl11ro::loU'l~m::tJvfltltJ lVlv'litJ1rl'V1ff~U,,::ij1V~tJ Hff1U tltylfftJ111 
w"ld'j} QI d' ~ 4~ 46.

fltJ LVlfftJ~1~ ro.:j'H1:: lVnV'illflllro::ffU~~lllV"U'Vlffmil~ 
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J J 
2.27 fll'\1I'If18' 

.1 .. .. .. 
2.27.1 ~~IJ'I::ff~fl'UV~fI1'I\lI'H~V'I 

II II 

" "" ..-SGll0 'fj}GI OQl lQoCt 4,fIl'I \lL 'I L9I V 'I L'U 11J 11J 1J 'YI1J 1'Y1r11fl qJ ~ ~'I..I11J 1 ')ffl1J'I:: 1J 1J 'I..I11J'I..I L')fVrrHI ~ 'U V~ 

~ " rt'J 1.ct 4"!1 ~.c:t. QI" '.1 .. I i II QI 0Ifl'IV~~'I..I9I Uflff C)fll'l..lV~1Hn~i1U1J1J 'iI~1J'I..I'I..I 'iI::1Jfl111Jff1f1qJ'I..IV~M IJL'V4'I1::HW'I..I9I1'1..1 111J 
• II II 

~1'1..11'1..11J1flL~'I..ILfliV~~'I..I~'111~~L1J'I..Ieif'l..l fI1{\lL'I L9IV{L~'I..I ~tJ m WNff1Jt11,j'l..lL;fVL'V4 a~ n1JV1fllffi'l..l 

U9l'I1"i1'1..1~'V4VL'I11J1:: I~~fl';h 'V~ (Mixture) ff~N1'1..1'Yivi11J'V~loU'l~m::1JVfl'Q;1J 

lm~ffr1~'UV~fI1{\lL'IL~fl{ ~'I..I~'Yifl81fllff (Air horn) 1ii'l..ld~ (Throttle valve) L,1flVi111l!1~LtI~ 

111"81fll ffL'U"11J1fl11 'I fl'l..l fl ~.o!I" 

1Y111 i'1JflflflV~ (Venturi) 'UV~fI1{\lL'IL~fl{L~'I..I ff1'1..1 11rt~~Vi1 i..r81fllff' 1111N1'1..1Lfi~ 
~~ ~01"lQ dQlQ:GI :GI'

'Q;qJqJ1fllff'U'I..I C)f~"IqJqJ1fllff'l..l 'YI1 11Lfl~U HtI~'YI111U ~'I..I11J'I..I (Fuel Nozzle) 'iI'1..1'1..111J'I..I \lfltl~'V4'1..1 

flflfl1J1L~'I..IHfl~1l::VV~ (Spray) U~1Nff1Jn1J81fllffL11jjv'I..Im::1JVfl~~~ln'l..l~~ 
II 

2.27.2 ff1'1..1Nff1J'Ufl~t11,j'l..l81fllff 
II II 

t1~'I1ff1'1..1Nff1J'lJV~'fl~ (Mixture Ratio) t191'I1ff1'1..1Nff1J'Ufl~t11,j'l..lL;ffll'V4a~n1J81fllff 
II 

t191'I ff1'1..1 Nff1Jfl~ L~'I..I 11 tl1~t1111 Ufl 

II 

t1111Ufl'Ufl~81fllff 
(2.51)

II II II 
o QI OQl.ol!ll lQ 

'1..1111 '1..1 fl'U fl~ 'I..I11J '1..11')fflL'V411 ~ 

QI I d. IQlQI , QI QI 

fl9l'I1ff1'1..1Nff1J'YIH'YIq'l:lt) 'iI::L'YI1fl1Jfl9l'I1ff1'1..1Nff1J'UV~81fllff11'1..1fl 14.7 m1J - 14.8 
II 

fli'1J 9lVt11,j'l..l11J'1..1 eif'l..l11 Ufl1 fli'1J (14.7 -14.8:1) 
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..., I ... 'I" 1""; ,,~ ~ _I...._I 't
VI1l':i lff1t.! NfflH1tJl-3lJ':i ::'I1tJ~ L'I1 fll':i IN'I 'I11J'YIff1J\!':iW 'il:: IlJt.! 16:1 L~tJll'l1JlJ':i1J1W 

... _I "04 " 
'\.IV-3Vlfllt'l'elfl 10 IlJV':iI9ft.!11l
 

... I '" 'I "1 21 0 ... 1 ..; '" "" 1"111 0 ... 04"
vm lff1t.! Nff1J Il'l V I'11 ~fll"-3 \1-3 "l~ t.! '\.IW::'YIIf1HNtJt.! I1lI1lV-3fll':i '11 VOl fll" -3\1-3 "l~ fl 'il::l1ltN"~ 

tJi1J1W Vlf11t'l'''-3l'l1~VtJ':i::1J1W 12.5:1 

... "" 2.27.3 'I1"flf11':i'\.lV-3f1l':i\!I':iII1lV':i 
, . " 

lijV\lfl\1tJI~V'W "-31t.!~-3'111::~~ vh111'vlf11t'l'nmh,j't.! (1 V~) \lfl~~I;1l1tJl t.! m::tJVfl 

:,er .:I 4 ~ Gl • I<Q 

\1tJ 'YI-3t.! Il'l ':i 1:: '\.IW:: 'YI \lfl\1tJ I" Vt.! "-31fl~ "ltytyl f11t'l''\.It.!.f11tJ Lt.! m:: tJ V fl \1tJ f11l1JUI1l fll1ll-3':i:: '111 1-3 

... 'I ..k ~ ... ... ..k ~ ... 'I 
f11l1J fl~~t.! .f11tJ It.! m::tJ Vfl~tJ9f-3llJt.!"ltyqjlf11t'l'fltJfl1l1Jfl~~t.!.f11tJt.!Vfl9f-3llJt.! f11l1Jfl~~t.! .f1ltJ Lt.! 

" tJ':i':i mfllt'l' 'illflfl1l1J Ul1lfl9h~ ~-3flri11'yh 111'lfi~U':i -3~~t1l,j't.! ntJVlf11t'l'I;1lm ::tJVfl~tJ 

" ..; " " 2.27.4 'I1t.!l'Y1'\.1V-3f11':i1,!I':iII1lV':i 

" " ,
2.27.5 Nff1Jt1l,j't.!ntJVlfllt'l' It.! ~fl'll W::~VtJ"::VV-3 fllt1l,j't.! ItJt.! Cit.! Qf1lNl1 '11111t.! ff.f11WYi 

~ " 'I" 1 ' 0 'I ".... 0 ... 1'" 'I 1 "..; 0 ... 21
IlJt.!'\.IV~l'l1"1'il::I1lV~ L,)U1"ltJl1t.!1t.! 'il:: 1J'YI1I'l1lfl~fll"-3 ~VtJl~1Jlfl Lt.!n"lINl 'I11J'YI'illfl~ f.l1 

:... ~ _I ... I";... .... 1" 04 121 0 ... ..;
t.!11Jt.! IlJt.! HtJtJ"::VV~Nff1JfltJVlfllt'l'flVt.!'YI'il::1Jfll':i '~':i::ltJ~ fll':i INl '111J 'il::':i1~1':i1U":: ~fll"~'Y1 

1Jlfl 

o ... '" "'t "" 1 1"'''2.27.6 f11tJfJ1Jfll"~'\.Iel~lfI':iV~tJt.!11l l~tJfI1':i\!I':iII1lV':ifl1tJfJ1Jfll':i 'I1"'\.IV~ V~1Jlflt.! V tJl1l l1J 

f11l1Jfi'V~f11':i 111 l1Jff.f11l'lfll':i1~~lt.! 
" ,'JI " " 

fI1f\!I':ill1lvflfielun~'I11J~ 11Jijmj'lvhil111't1l,j't.! fl"ltJl~t.! 1V ~~t1't.!t1l,j't.! It.!'Vivi11J 
. " 

1 V~i~ijl~tJ~tJ1-3ri1t.!'Vifl"ltJl~t.! 1 Vt1l,j't.! U9iri1t.!1Jlfl 'il::I~t.!~VtJ"::VV~I~fl ~ 1'11,,1tJlt.! 'ViVi11J 
" , 

1 V~ t1l,j't.! 'il::fl"ltJl~t.! 1 VV~l~ff1J\!':iW'11~-3 'illfl1 v~l;1l 1 tJlt.! m::tJVfl \1tJli1JQfl6~;;11t.! ~~'111:: 

6~ 
, II' " " 

'\.I w:: 'Vi ,h,j't.! I;relll'lii~ vdlt.! ffflll'l '\.I V~ 1'11"1'il::ijt1l'11 t1'fl1J1fl fl1l Vlfll t'l'1 ~ t.! fV tJl'Vi1 u9i 

, "" " ." 
lijVt11,j't.! I~t.! ~VtJ,,:: VV~th,j't.! 'il::'I1t1'fltJ':i ::1J1W 3 1'Vi1'\.I V~ Vlfllt'l' ~~t1't.! fll':i 'Vit1l,j't.! I~t.! ,,::VV~ vh 

" 'I "0 ... 1_ 1... 1" I ...l'l1t.!l1Jt.!m::'illtJ lJtJ~m::tJelfl\1tJ ~VtJl~~ 

flU f11tJ fJ 1J ti 1~~ ~ It.! lifv ~ 'illm:: fJ:: 'l1fl U,,:: tJi1J111l ':i '\.I V ~ m:: tJ V fl \1tJ fI ~ ~i ~ 1 1J 

ffl1Jl':i \IItJ~ fJt.! UtJ" ~ 611l':i lfll':i I'll "'\.I V~ 1 V~ 1II~~Jt.! it.! Ii~ i ~Vi 1'11~l~ ItJ~tJt.! "ltytylfllt'l'lt.! 'Vi v~~ 

~ I~t.! fll':i ItJ~tJt.!ll tJ,,~ 1 V~l'~ ell~t.! f11':ifl1tJfJ1Jtil~~~1t.! '\.IV~lfI~ V~fJt.!",rt.! lV~ 
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..., J..., T.......o;;I1 '
 
2.28 fUIYlCJJtlf! ,,,,muutJLuU rnum.llIN'U 

JI • • 

f1l:i't1UlJlJi1'~f1l:i't1OJ1UHnf1tJ.:Jl1i1tJ'LJ6 (Centrifugul Clutch) ~::~V 1~tJIPlHnlJ1'VHll't1Vnf1tJ.:J 
, ... 

UlI::V~'~1~tJ1 

d d ~ 0' ~ .d d old ~ J d 9J : QI • 

\lW:: 'VIf1111J1'i1\1V.:J1m V.:J tJ'LJlPllPll UHnf1tJ.:Jl1'LJ tJ'LJtJ'VIU1~\I'LJ 't1~ 1J'LJ1l1'LJf1 (Clutch Weight) 
JI 

~::U'VtJ ~1J'Lhmrf1~::11Jrll.:JaVf1l11t,r1n~,rV.:J11.:J'i::l111.:JU~'LJnfgf1nlJU~'LJf1l:i'VI0J1mni.:Jfhl:i.:J~.:J 

V.:J 11J1n~~'LJ l1~Vf1l:i't1OJ1vdt 'LJ filUml.:J ~lf1l1~VmHi~fhl:i.:J 

CLUTCH PLATE 
. \ ClUTCH DISC CLUTCH OUTER 

~__CLUTCH WEIGHT 

.oj.oj tI... d.r d... tld....r dJ/ : .... <9 .r 1 ~ 
11JVim V.:J tJ'LJ 1Pl1Jf1111J1'i 1~.:J\I 'LJ UHnf1tJ.:J l1 'LJ tJ'LJ tJ'VI1f1~ \I 'LJ 'VI9J 1J 'LJ 111 'LJ f1 ~.:J 1J1f1 \I 'LJ 1Pl11J tJ"1tJ 

d d 40 d d JI : QI .J QI , I 

~'LJtNf1111J1'i1'V1ml1'LJ~f1111H'i1l1'LJ.:J (1800 - 2000 rpm) 9J1J'LJ1l1'LJf1~::1l11tJ.:J1Pl1m.:JVVf1f1~U~'LJ 

f1~f1l:i'VI0J1l11t ,rU~'LJ1l1 gf1nlJ1~~'LJ f1l:i'VI0J1~.:J1't111Jlff1JFlffn'LJ~.:JJ'LJ t'hl:i.:J ~lm""1I1't1 Vil1~tJ.:J~.:J ff.:J 1tJv.:J 

1Wa.:J;]lJ (Primary Drive Gear) 
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PRIMARY 
DRIVE GEAR· 

1U 'U H fl'Hihll ~ 1.f\l fltlU (Roller) Ll'YIU ~mi',..1\7fl \1 flt/U ~:: fl d'.i:: ..d H LlNU f1~'YI CJi' (Drive 

'" , "''' ':..l ... " ..l il A '_1 " Plate) fl'UUNUflll'YIll)f (Clutch Plate) U'U'UUUH1'H1tJ.:I""U~UtJ~::1'H1tJ.:I\lfl Ul11flUflflfl lJ~lUUflfl 

'Ufl.:lUNU.u'U ..hhrUNU.u'UflflUNUfI~'YICJi'~'U,..,ifl~flfh~.:I 

PRESS 
'NCREASE 
CENTRIFUGAL 
fORCES 

ROLLER.. 

OJ _I ... J
2.29 nT'nrtlfllu"O.:llfl10,U.ltl91 

V~'.ilriTlJ fll'.iV~'YIH'YIq'l!lDIII 'fl~~Qfl~~l~'1 'lJ1Um::'Uflfl\1'U l~tJ '1J'~i''Ufll'.i V~~1 fll'.i 
, "..,;... .1 d ...... d" 0 '" ..,;....1 d, , ... ..,; 0 1" ... ...

IN 1 ,.., 11 'YI1 fl~'U U fl ~::111"'W.:ll11 flU fltJU ll:: fllll.:l.:llU 'YI1 fl~'U U fl 1l1"'W.:I~fl'YI ~:: 'YI1 ,.., lfl~U H'U~ 

, fJ/ ~ A 1fJ/QI .ell.d .4 , A fJ/ QI l.d ,,,<9 0 1"'"GI QI

(Torque) ~ ~.:IUU1~fl ""'.i'UUH'U~'YI1~tJ.:I~fl fl~~::9Hl.:lQflfl~911flflU'YI~::lNl ""1l~.:I~::'YI1 ""1fl~ 

... (;'/.1, 1 A" ~ A "..,; ..." 
fll'.i '.i:: 1'U~'U fl.:lfllll)f'U UfltJH1U m.:l U lf1'.ifl.:ltJU 9lLl 'U'U\lfl~'U'YI.:ILl 'U'Ulf1 '.ifl.:l tJU 9l'YI'~'.i:: l'U~~1tJ 

_I ,_.1 A "..,; ... '"~ '" A A '_1'" " ','''lJ'.i::flltJ 11 Ull::lf1'.ifl.:ltJU91'YI~~'.i::l'U~ ~tntJfll'.ifl~ 11lfl\lfl\1'UlllflUll.:l lJtJ.:I~UtJ911tJllH fl~~::Qfl 

" '_11 , ... '" '" A A.l <9" ... I QI ,
~~l'Ul lJ Um::'Uflfl~'U fl~ 'il::Qflfl~91111lfl\lfl\1'UlllflU'UU tl.:l~U tJ911tJ'UU 1'.i tJfl11 fl~'.ilff1U fll'.i 

V~ (Compression ratio ) ~.:I""1'~~lfl\191'.i 
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r 
V

d 
+Vc (2.52)

c 
V 

c 

'" ... I ... 
11m r c 

~91'jl11'1'Ufll'H)~ 

V
d 

1Ji1l191'jtl~'U~~~fl~1J ( ihnl1tJ1~'U 
3 3 

em ,m ) 

V c 
1J.... " ,,,
'j1ll91n'~~lHl 'H1I 

... , ~ 
(1I'H'U1tJ1 'U 

3 3 
em ,m ) 

•• I II 

ti91'j l~h'U fll'j ti~nll't'I'1i ~ fi~'U n'1::fll'U1W'Hlti91'j l~h'U fll'jti~nu 't'I'1i~,~,r'U f11'j f'j::fJ::l1ll1 

.. ,.. "..l ,''' '" .. , ... ~'1 ...
fll'j 1il~l1ll::il~'U~~11ll1 ~~ 9l11l~~fflfll'j'H~'U '\J ~~l""lll'U~1'H 1tN flll11f1~ 111~11ll1 ~~llJ~'1::lI 

," ,d" ,..l,..", 'I ... ~ .. , ...odI" ~ , ..l
'j::fJ::l1ll1ll1'lfl~~lllfl'U~fJ fl~'U'VI ~~'1::1'Ul 1J L'Um::1J~fl~1J ~~'U'U11ll1 ~~'1~91~~llJ~fl~'U'VI 

~fl~1J'1di~~~'H 1::~~ '~~~~\lfl~~l~l '1J1'Um::1J~fl~1J ~1fJll'j~16~fJ'U~~fll'j''H II l1ll::1~'Ufll'j'ri 
, .. , ~ ... .. 1.1 .'1" '" ..... ".... ..:..1
~l11'fJ~~fl 1J~1fJ '11flHll'U~~fll'j'1~l1ll1fll'j1il~'U~~11ll11'lf'U'U 'VIl L'H1m~~fJ'U911~fllll~1""1I'U'U 

~ .1.... .., .. ~'1 ,..l odI .. .1 ........ .1' .. " 
~1fJ lJfl9111ll1 ~~llJ~fl~'U'VIt1fl~1JfI~tl'UfJ911fJ1J'U 10-20 ~~ffllJ'j::11''VI1ifll'''''U~~fll'jlJ'j::~ ~~l'Ul 

, 1J1'U m::1J~fl~1J 11'l1l1'jfl1Ji'1J1J1~ 1,rii1J'j::ff'VIifll....~~'U'~ 1~fJ 1oN1J'j:: lfJ'lfu'11flllH16~fJ'U~~ 
, .. ..l " '.1'1 '" ~.. , 1 'I ,,~ .. , ..~"'I""
~~'VI1'U1 lJ L'U m::1J~fl~1Jfl1J'j::fJ::l1ll1fll'j1lJ~11ll1 ~~ L'H'lflll~ ~fJf111JfJlI L'Hll'U11ll1 ~~lJ~ 

'" .., '" .. "" ,,~ .. ,.. ...
'H ll~t!'U fJ911fJlll~ 1J'j ::1llWfl1J'j::m:l1ll1fll'j il~11ll11'H'lflll~ 1~fJf111JfJ 111'H ll'U 11111 ~~il~'H ll~ 

.. , .1 ~ d odI , ," '" .1 d" , ..l .. , .. 
tl'Ut.l911fJlll~ lJ'j::1llW 40-60 ~~ffl G]f~fl'HlIlfJf1111lfl~11t1fl~1J ~m~'U'U'U1llfl'U~fJfl~'U'VI11ll1 ~~ 

~ .... odI • 'I ".,.... 'I ~ d" ~ .1.... ..l • ,.
'1::lJ~11''U'VI '1~'VI1 L'HlJ'j1l191'j'U~~m::1J~fl~1J L'U'UW::'U 'U ll~ll~lllfl'U ~fJC)f~lJ'j 1I191'j'VI'U-I fll'U1W'Hl 

ti91 11tY1'Ufll'j ti~~l1't'I'1i~J'U ll~ll~l~mr ~fJ~~1Ji1ll91'j ~,jl' 1Jfil'U1W'Hlti91'j l~h'U fll'jti~~l1 't'I'1i~ 
II, II, 

,r'U1~ 'U 1Ji1l191'jn'~~ii~~'1i~ 1'Um ::1J~fl ~1J ~~,r'U ti91'jl~h'U fll'jti~nll 't'I'1i ~ ~~iifhU'~fJfl"hti~ 

2.30 1.Qi'n188f11f1 

~~ 'H 1::~~'U ~~1tl~ m ~~'VI1 'VI 1~1I~~111 'HU ~t!'U6911fJ1J 'U'U ~~t1fl~1J 1~ 'U m::1J1'U fll'jf1111l~'U 

f1~~ ~1fJf1111l~'U'~~l'vhfi1Jf1111l~'U1J'j'jmfllff (m::1J1'Ufll'j 6-1 1'Ufll.... 1J'j::fl~1J 3-2) 1~'U 
• )I II t 

11'fll1::n1fl ~lfifJ~fi1J fll'j1J'j:: ~ , ~~'UW:: ll'U N1 n~lil~fl~l~'U~~lf1 i ~~fJ'U9i''1i~1I1fl 1~fJ 1'Uf111111~ 'U 

.... "".:1 ~ rdt/ d t3 -CIl'" ....'1 Hf1111l~'U ~~'1 ::911fl111llfl'U ~tJ'11flll H1 11't.l~'VI1'U'U ~~fllC)f1 'U 'VIH1~'U 'U~~ ~~ ~W 'H fJ 1I'U ~~ 
., . 

ij1 fllff1 'U ~~ 'H 1::lP\~ '1:: 11'~;j 'U '11fl f1111l!~'U 'U ~ ~ 'Vi~ , ~ ~l1ll:: n~ 111'HU ~ 1 '1:: iiflW'H tlij 11' ~ fl11 
". cu ~ Iy 'U 

'" ".1 .. odI ..
1J'j'jmfllfffllfJ'U~mm~~fJ'U91lJ'j::1llW25 ~~ffl1G]fll1C)j'fJ11' f1~ 35 ~~fflLG]fll1G]ffJ11' 
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'" d 4", ",..6~ ",W , 1"" .. " ..
'I.:J l11:: VI lHI.:JfI i1'1·nn:: i1f1 1l)f.:J llJ 'U fll'.i i1f1fllC)fIl1J1J i11C)f'U VI '.i .... f1 'I1f)~'U tl911tlll1.:J 'fJ~'U tl911 tI 

..6 a, ,,"" '"	 "" 11'" ,A.. '''' 1J'U ( m::1J1'Ufll'.i 1-2) C)f.:Jf) f)1lIfltl.:Jf)1J11'tl11::'\IiI.:Jlfl'.iil.:JtI'U91'lHl'Jl''Uf)'Utlf)l'J'U'JI'1.:J91'Ullll::'JI'1.:J 

tJll1t1'\1 i1.:Jf) '.i:: 1J TLJ fll'.i ll;' J'U , 'U lfltil.:JtI'U,l'Ii.:J i'U ,i1~ 'I::TIfll11i.:J 'I1f) ~f) 'fJ1J fh'U ~'U~911t1riH 

lJ111tl'11~mri1t1fh'U' 'U,f1.:J tJll1t1'\1 i1.:J ~.:Jl11:: VfI 1111Vitl'U'I::tJ riiltltJ'.i ::flltl'~ ~f1 , i1~ nil'U ~f)'fJ1J'I:: 

<ll" ..6 , ''''' ~ ~ "" ~ '''' ~" '" d ~ .1 ~ fl.:J ~'U tl911 tl1J 'U C)f.:J lJ I.... tl.:J IlJ'Ufll'.i I.... lJfl11lJfI'UIVl1'U 'U 1191 fl.:JIlJ'LJ f1111J'.i iI 'U 'I1f) f111lJfI'U VI I"" lJ '\I'LJ ~ntl 

T (r)k-I (2.53)T2 I
k 

P2	 PI (r) (2.54) 

0 (2.55)ql-2 

WI_2 rnR(T2 - TI )/(1- k) (2.56) 

m ::1J1'LJ fll'.i2-31~'LJ fll'.iitil.:Jti''LJ ....1iH1'U f111lJfil'LJ' 'LJ 11'tl11::tJilJl9l'.ifl.:J~ 1~'LJ fll'.i i1lA1lllJ 

'" .1' A .. ""..6 1 2 "" '" "" d , "" '" ~.l,IIVI'LJ fll'.i 11''LJ f11lJ 'U lfl'.i i1.:J tI'U 91 'I'.i .:JC)f.:J f)'11fltl.:Jf) 1J11'tl11::tJ '.ilJ 191'.i f1.:JVll'Jl''LJ lfltl1f) 'U fll '.i l'.i lJ'\I'U f)i1'LJ 

.. a" a ," ~ "' .. I'''2~'LJ tl911 tl1J 'LJ III f) 'LJ iI tI qf) l1lJ' f) nf111lJ In 'fJ.:J "1 fI f) iI 'LJ ~'LJ tl911 tl1J 'LJ 11ll:: 11''LJ "1f1l1 1l.:J~'U tl911 tI II H 

a" '" 4 " " '" .1 _'I ,,'" wIIllf)'LJ i1t1 '.i::l11Hfll'.i 11''U f11tJl1'.i i1fll'.i'l1f1111J'.i i1'LJ .... "H.:J1'U 'LJ \jf)lJ i1'U 1l1 f)1JfllC)ftl1fl' 'U m::1Jilf)'fJ1J 

Vl1o 1" "".1 <ll do' ""d ~ .1 0'" '" ,.1l1 fJW l1 tJlJ'fJ.:J '\I'UlJ1f)lm:: fl.:J ~f1 'fJ.:J "1f1V19l111l1'LJ.:J 3 fJW l1 tJlJVlI.... lJ'\I'LJVl1 l1f111lJfI'LJ 'fJ.:J'\I'LJ i1t11.:J 

d 41 40 I '4 QI 

'.i1f11'.i 1 1l1l::lJfI1'fJ.:J"1f1V191111l1'U.:J 31'Jl''LJlfltl1f)'U 

V3 V2 (2.57) 

T3 T (2.58)max 

Q2-3 m rQ hv '11c (2.59) 

P3 P (2.60)max 
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'" .6 '::.1'" "'1 0' 0' "1"'"fl11lJll\J ttf·rQ;·UJlm1lJ'YI.:JlJ'ilJ1WIV\JliTflVi \J'i::lJlJ W mll'l1\J .:JtJ\J tl9l1tllJ\J m ::9J\J 11 Lfill 

~.:J111::'t;'.:J1\J 11~V~.:J111::'IJtl1tl~1'IJV.:Jfi1ttf9iVf11'iff\J1l1tJ (m::lJ1\Jf11'i 3~) fl11lJ~\J'Q;.:J~m::vh 

9i V11111fifflJ'th1M'lnll U'i .:J~\J a fifflJ1l.:JffA'\J6911tlrlH 1~\J ~llfhLij 1l.:J1\J Ull::fhi:;.:J'II V.:J lfl~ ~N tl\J ~ cu • 'IU CUI ,,'ed 1 

k-l 
T4 T3 (lIfe) (2.61) 

k 
P4 P (lIfe) (2.62)

3 

mR(T - T )/(l - k) (2.63)W 3- 4 4 3 

,.4 fj/ 01" tI~':'dc6~, tI IQI

fiV\J fl.:J'i::tl::tyll'YI1tl'IJV,HI.:J111::YI1.:J1\J \J Lm V.:Jtl\J ~H)H 1l\J VLfftlttf.:JLlJllfiV\J tJ\J tl9l1tlll1.:J~:: 

'i::1J1tl'VLfftlff1\J111qjvvfi~lfim::lJVfi'Q;lJfl11lJ~\J ~::1l1l11.:J'i ::~lJ L~tl1filJfl11lJ~\J tl1tll\J 'ViV~ 1lJ 

, '" A, ''I'' 4 ",.6" A ",,J 'I '" ".:
illfftl LViV lJ &'I1l'1111Vfl11lJll\J'Q;.:Jttf.:J~::911\J f11'iLflllV\J 91 I'll1'IJ\J 'II V.:J~fi'Q;lJ &\J ~.:J111::fIltl 111m119J\J 

• • JI 

f11'i fl1tl' VLfftl'IJ V.:J LfI~ V.:J ~i.:J ~.:JL ~\J f11'i fIltlUlJlJtJilJl91'i fI.:J nliiVlJ n.:J 11lJ~ m\J li111-n ~1\J1\J lJ1 fi 

.6 '.1'" '" ~ '" .,; " "A , '''' '"0 'I ......ttf.:JVVfi lJVi'i VlJ i1Lfftl L1J\J ff1l'119J'~1f1qj'YIYl1 &11tJ'i::ff'YIlitl1ViYl1.:Jfl11lJ'iV\J'lJV.:JLmv.:J lJll\Jf1L'i1 

~ 1"'" '" 1 ~1.6 ~ ....,;, I '" '" .,;~.:J ')f1tl~mVV'YI 'YI'i::lJlJlJll ttf.:JI1J\Jm::lJ1\Jf11'iUlJlJtJ'ilJ1mfl.:J'YI \J')f1.:J 4-5 U'YI\J1tl~m'YI 

... ,J ... ,"
Lf1ll'IJ\J~H 11 

" .1'" .,;m::lJ1\Jf11'i 4-5 - f11'iflltlfl111J'iV\JUlJlJlJ'ilJl91'ifl.:J'YI 
JI JI 

- ii\J1Vlffmtlll ii\J'v~tlll 

(2.64) 

Q,I fj/ Q,I dW 4' d A.ci tI .. tI IQ,I 

~.:J 111:: tyll'YI1 tl 'II ij.:J1tl ~ m ff~.:J 111:: fI ij')f1.:J 'YI~ fi'Q;lJ Lfill ij \J 'YI ~1 fitJ\J tl9l1 tllJ \J fl.:J tJ\J tl9l1 tlll1.:J 

'" , '" ~ '" ";.1 .6 l' ~,,,;
~.:J111::f11'iflltl i1LfftlL1J\Jm::lJ1\Jf11'ifl11lJll\JfI.:J'YIlJ'i::lJ1W 11\J.:JlJ'i 'i tllf11fl' \J ')f1.:J 5-6 L1J\J ')f1.:J'YI 

JI • • ... , '" ~" ~ 1"" 0 '" 'I 4 0'... '" 1l\J VI ffmlJ~fi11.:J9IllVll L1J\J f11'iV'4 lllJ'YIUlJ\Jtl1LVitl.:JViVLVi'i1:: &\JLmV.:Jtl\J9I ~Hfl11lJll\J~::'Q;.:J 

, d d 'J/ 4. .q .:, '" , .e( ...: 

fi11lJ'i'itl1f11fl'1Vitl.:JLllfi\J Vtl~lfim.:JL fftlllYl1\J 'IJV.:Jf11ttflJ'iL1W1l\J i1LfftlUll::'i::lJlJ VLfftl LlJ Vff\J tyll 

QI A tI .et, 0 • tI .: , '" 
~.:J 111::filmm V.:J tl\J 91 ~:: 112J \J fI 'i lJffV.:J 'iVlJVi Vll U1l::t1fi'Q;lJ V~1\J 911U11\J .:JtJ\J tl9l1 tllJ \J II \J VIfftl tlll 

• II • I 

v~'IJw::Viii\J 'v~Ltl~LVlvLilJ1tl~ml 11~9iv' tJ 
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<Q e'QI QI 1 ~ I QI QI e'1 'I tI r:i til
fll'.i 1lfl'.i1:: 't11t) ~fl'H)V 't1 't1~1111fllff1lVi'\.J Ji ~Wfll '.i't11fll;l H"1 ~ 11111 1~'lJV.:j fllll)f L'\.J m:: 'UVfl 

I 'I J1. ,.1 'I .1"; 
~'U':If111 L't1fll'.ifll'\.J1W.:j111'IJ'\.J tl L'\.J ~lJ't12.27 

3 

~'-'-';::::::::::'__...,J.!l
51 

I 

TOe BDC 
Specific Volume, v 

3t.1~ 2.27 1tl~mvv't11't1 

QI '1 .cI QI.cI 

m::'U1'\.Jfll'.i 5- 6 - ~.:j't11::fll'.ifllll LVlffllu'U'Um111~'\.JfH't1 

" " - n'\.J 'v~lil~ n'\.J'Vlffllil~ 

3 

Entropy, S 

, 

(2.65)W S- 6 

(2.66)
 

" , '\.J fll'.iti 1'\.J1W1.h:: ff't1imVifl1111~V'\.J l'.i l~V.:jfll'.i't1 '.i l'lJl~lI.:j~W 't1fJij;lH1'\.J 1t)~m lvi1U'\.J 

.4 ,J1' .1 i" <Qo QI QI 0QI<Q t:I QI QI

U~:: lVi V 't1.:j 111'IJ '\.Jl'.i 11'1'1111HI ':IffJ W1'1'11 'U9I 'lJV.:jfllll)f~~1I fl91 ffl't1'.i 'U~.:j 't11:: V~ U~:: ~.:j 't11:: 't1 H 1'\.J 

WI 1.... WI .1";4 JI
U'U'U LVlll)f'\.J 't1'.iVifl Cl]f.:jt] L~~lfl ~lJ't1 2.28 
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70 

~ 60 
~ 
l!,.... 

r: 50 
~ c 
G) 

.(3 40 
=: 
w 
iiiE 30 
Cl>..c:: 
I- 20 

10 

1 2 3 4 5 6 7 8 9 10 11 12 13 

Compression Ratio, rc 
, 

.1.... ..1.1'" ... " 31Jn 2.28 flHrtlJ'j::ffVlli.fl1Vifl111J'jf)'\.J 

, II'.... 1! 
2.31 n11t1UUnflll1J1t'lUN1Ufl11.J1::l.JUJflll1Jlt'lU 

, ~ QI SI A ~.j 0 ~"" ~ QI ... I ~,=fI

'\.J fll'HVi 1J f)9l'j lfllHll tilVlfl111J 'HI'\.J1J'\.JVi '\.J H111'\.J.:j'l ffl1J Titl Vll IfI 1fI tJfll'j lVi1J ff1JlJ 'j:: ffVlli 

fll'jVilf1111Jff)'\.J~ib~.:jmh1 (h)U~::m~~::~f1~W 111Jii'\lf).:j'l1 11~~ff1JNff (T ) ff1J'lJ'j::ffVlifll'j 
oc 

" .Q or.Q d '1"'.1'" .,( " d.Q.l ~ ...
Vi lf1111J'j f)'\.J ~::lVi1J lfltllVi1Jfl111Jl'j 1'\1f).:j'\If).:j I11~ ff1JlJ'j::ffVlli fll'jVilf1111J'j f)'\.J VllVi 1J'\I'\.J '\.J '\.J m~tJ.:j 

'I I ... ... 'I I 'jJ ... .Q .4 .'1 4.4 .4 '" d11J lVi tJ.:jVi f)U~:: m ~ tJ.:j 11J l'J1J 't'J'\.J fl1Jfll'j lVi 1J'\I'\.J lf11fI'j f).:jllJl~ 1J 11 'j f)l fI'j f).:j ~1J1Vi f) 11 f1111J l'j 1'\1 f).:j 

1 11~~l'vi1J~'\.J '\.Jf)fl~lfliffll'j~f1~W111Jii (T
oc 

) J'\.J 1~'\.J 1 'lJ 1~tJlfl' '\.JVll.:j'lJ6,j91~.:jJ'\.JVll.:j1~f)fl 
"" ~ d. ~ A .:IQ , ~.4 .:I "QI"fflVlltJ '\.J fll'j m tJlV1f1111J"HI'\.J flflf)fll'j lVi1JVi'\.J VI H1mtJ1V1f1111J1 f)'\.J 11 'j f)fI'j 1J 'j::1J ltJfl111J'j f)'\.J f1.:j 

.Id ..6 , " d~ '1.1'1" 'I"
~lJVI 2.29 C)1.:jfll'j111f11f1111J'jf)'\.J~.:j"fflVlllJ'\.JIlJ Ifl'l11lfl~lflff1Jfll'j 

.1....
I

,,,... " 
31Jn2.29 fll'j ')j'fl'j1J'j::1J1tJfl111J'jf)'\.J 
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(2.67)
 

. '" 'ill'U11..1fl'fU 
, 

I , ,Q,QQ 

fl111lUllfl1l1~'I:::1111~~W11 fJlI'YI H1 

_I .Q,.Q 'JJ 4 
lJ'I:::ff'YIti.fll~fll'I~lfl111l'I t1'U '\ltl~fl 'It! 

fftJff. fll'I~lfl111l~t1'U 

100 1"IIliiO::---------;-----~----------. 

60·· 

40 

20 .. 

O~---_::_::__---~----------------Jo 0.5 1.0 1.5 2.0 2.5 
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~Flns 

~ 
~! '" "''l., 
L.-~L+(II2) 

Ar fL 

T~t" 

A," 2wll} ... ttl2,a)W 
,(" .. (ti2)l. 1 
~i(' 

AI wfCtL·*' "" . 2 
(Lllt)ln (tiL + C.») 1JF (4(mL~ + IIIfJ + I 

C1 ..~ )I +(IILrJ14 

It,. '" (tll)l. 

l1rt1IlIr Fba 

~ K.(M,,)I.<nrrlll) -/t<Mr,)Kt<Mr,J
At" 211'(rJ. - ,b 'JIf:= Cl 4(lIff',lK..mr,.,) + KJ.mr.ll,(mr,..)
,~ ~ t (tl2) 

C ... (2I)Im)\' '" "11~ - ri)l 
1 (,J - rf) 

fill F\n$ 

Rtcttmgvklrl, 

Ar"1tDL. 
1, "" t. + (DI4) 

V'" \1r!Jl/4)L 

TritJslflildr" 

1f
A, ", f It' t (Mfilit 

\' "'{1I"12jDlL 



ftl1,hulwua:::ftl188nU'lJ'lJ 

" ".
ff,...Yi'lJh.llJ'VIih):::i}ntJCl:::tiitJ~ti1ml1tntJ1tilJf11·HHlfiUlJlJ~h.:J1I'J 'i:::lJlJlflHff~Ht,st.l 

" , . 
'i(l 'i::: lJlJ loJiti1a.:Jtm:'i :::lJlJoU.:JtllJtatJ1 t~t.I~t.1 l~tJ'I:ijf11'itll'" afi'VIq'l-laVitntJ1~fl.:J\h1J1 t~ 
.1 1 .1 ..... 1 4 1 J/ ... J/ .!. .1 .j .,. 
1J 'i: fi fllJ 1...1 m'i fl fl fi UlJlJ UCl: 1J 'i lJ 1J 1.:J t't'4fl 'H tfi ~ fl111J ~ fi fI fl.:J UCl::: t'H 1J 1::: ff1J1J 1fi tJ.:J'llt.l C]f.:J 1J 

" " 'i1tJCl:tiitJ~,jt.lflflt.l~.:J~fl 1tJiHlfl 

.. 
o CLI CI.I 0 ... 

3.1 Dl~'lJ"""Pl8 .... ftl1~lt""'1H1"" 

" , J/
3.1.1 t91i tJ1Jf11'i 1t.I';rt.l~flt.l~.:Jfirl11 1~ijf11'i1HUHt.lf11'i~ltUt.lf11'i Ll1fl1'H'VI'i1lJUt.l1'V11.:Jf11'i 

" tJ~oU~.:J1t.1 1t.I.;rt.l91flt.l~fl 1tJ 

J/ 1! J/ .. cI J/ "'"0 ~ J/ 1~ 0'"
3.1.2 flt.lfl·dl'llfl\!Cl t't'4fllf1lJ'i1lJ'i11J'llfl\!Cl'VI'lltIJt.I'I:::f1fl.:J 'If l t.If11'i~ 1tt.lt.l.:J 11...1 

" " 3.1.3 f11'ifl1t.11Q.1 tm:f11'iflflfiUlJlJ '11fif11'ifl1t.11W UCl:::f11'iflflfiUlJlJ';t.Iff1t.1lJ1.:J';t.1 1liij
". . 

~ l'H'll 1tJ1t.I9111JYlfl.:J91Cl1~ ;.:J~fl.:Jtaflfi 1~';t.1 ff1t.1 Vi t~t.I1J 1Pl'i! 11...1 ff1fiCl Ll1fl1M'~ 1tJ~flf11'i ~~ 'H11J 1 

tJ'i:::fifllJ 
JI JI JI • 

o Q. t1 oCt.' 1 1J1 4 .. oCt. I Jlo SI4Q Q

3.1.4 f11'i~ 111...1 1...1 f11'i ff'i1.:J'lft.l ff1t.1 'If1...1 ff1t.1lJ1.:J'lft.l 'I: 'lftm fl.:J1Jfl't'4tff'l-l UCl:'lfH ~'lf1t.11tyff'i 1.:J 
" . 

;.:J 'I: 1~';t.1ff1 1...1 Vi1~.:J1t.1 fl~l.:JijtJ'i:::~'VIi fll't'4 

.. 1J/"" 0 1J/ .....1 ...... ," .o!I 11!'3.1.5 m'i'VI~Clfl.:Jt't'4fl 'Htfl'ifl.:JtJt.lfI ff11J1'i(l'Vl1.:J1t.1 ~f111J1f1QlJ'i:::ff.:Jfl~.:JfiCl11'1.:J'I:::(lfl ~11 

tJ'i::: fflJfl11mTlt~ 'I11...1 f11'i~ 1tUt.l.:J11...1 ;.:J~fl.:Jijf11'i 'VI~ Clfl.:Jf11n;H 1t.1'llfl.:Jtfl~ fl.:J tl4fl1M"~HCl.:J 11...1 

. " 
flflfi1J1~Vitl~ 1~tJu4f11'i'VI~Clfl.:J '~~.:J{j ;ifl 

- m'i'VI~Clfl.:Jtl4fltJi'lJtJ1.:J tm:u~1'll t~t.If11'i'VI~Clfl.:J~1~1 t.I.:J1t.1 'Ii.:J1l4fl1M''VI'i1lJO.:J 

~fllJfi't'41fl.:J~HII'J 'llfl.:JLfl~fl.:J uCl:Ll4fl'l:1~tJi'lJtJ1.:Jufii'll 

- m'i'VI~Clfl.:Jtl4fl'H1tJ'i:~'VIifll't'4 t~t.Im'i'VI~Clfl.:Jtl4fl'VI~fffllJtJ'i:~'VIifll't'4mn;'.:J1t.1 

'Ii.:J11ff11J1'im;H1t.11~9111J'llfllJt'll91~11.:J 11''Hifl1li 
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.1'" ~ ..1tl1 'N l'U 'J'f1u'J'::'H tJ~l 'lf61'YH'~ 

" AlLil'Ufll'J'fl'fl~'J'f1U'J'::'H VflL;f6L'Yiii~ 

" " 1~1~11J nl'J'U~~.u'U fJ6'U ~lU'J'::'H VflU l,j'UL;f6L'Yiii~ 

" 'tilnl':ifl'6'IJ1PI'J' Hl'U'J'f1U'J'::'H VflL;f61'Yiii~ 
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3.2	 n11tJtJft1l1.J1.Jlfl1·urfH1C1 

fl11f1f1f1l L1J1Jfl112JfJ11~fI~fi11 t'l 1~fJ~ ~ 11Wl~lm :::fJ:::'IJfI~ fl'\..l oU1Jn1J1::: fJ::: 'IJfI~fi1tfl~ fI~ fJ'\..Ilt 
tI 

LLn:::1:::fJ:::fl1111~~m;~1112J ~'\..I1112J11t'lfiTl1'\..1~1:::fJ:::~fJ~LLn'\..l~m1i11il~LLn'\..l~m1-n~t'ti1n1J1430 

iiniiL2J9I1 Un:::1~1:::fJ::l'\..1fl111Hff1'\..1~1~fI~fl'\..loU1JL'rhn1J 700 iiniiL2Jfl1 

" ",,: " ".r ,... ... ...... ,~
fl11 flfIn LL1J1Jfl112Jn11~ 'IJ fI~ n m1 '\..I1'Yl ~ 11f1~'J1~ 'l::f1 fI~ '1.1 '\..I fig n1J fl112J fJ11'IJ fI~ fl '\..I 'tfnfl '\..I 11~C)j' ~ 

tI 

ijfl112JfJ11L'thn1J 600 iiniil2J9I1 Un:::fl11f1f1f1lL1J1J1:::1J1J,j~ti1JL~fJ1L~'\..IU1J1J1:::1J1JL~111 ~'\..I 1~ 
tI 

1:: fJ::: fl112Jn1'1~'IJfI~~fI';~11f.]~oU'l~L'ti1n1J 620 iiniiL2J9I1 
tI 

fl11 flfIf1lL1J1Jfl112Jn1'1~'IJfI~fi1ti~~:::~~nw 1~lnml2Jn1'H'lJfI~i1 1 '11 rl 'lJfI~fl'\..l oU1J';~ 11f1~ oU'l~ 

~'\..I1~fl112Jn1'1~'IJfI~fi1ti~n;,n1J 400 iiniiL2J9I1 
, 

fl11f1f1f1l11J1Jfl112J\'(~~fI~fi11 t'l 1~fJ~ ~11 W1fl112J \'( ~'IJfI~1~~fI 508 iin iiL2Jm LJJfl'thfl11 
tI	 tI

_I ~ QI" .d	 QI 'QIQI fJ/	 4 0
lJ1:: nfl1J'Cl fI'Yl~ 1112J'lJ1~ 9111 t'l ~:::91f1~ nflfJ~ 1n't'l '\..I ~~n1'11'\..1 ~1:: fJ::f1112J\'( ~'IJ fI~f111 t'lL'Yl1n1J 300 

iin iiL2Jfl1 un :::f1112J\'(~ 'lJfI~ N1f1q2J'lJfI~fi11 t'l~::: ~ ~11W 1~ 1nf1112J\'(~'IJfI~f1'\..1;r 1J Lrlmt~oU1J ~ '\..I 1~ 

f1112J\'(~t...hn1J 550 iinih2J9Il 

o	 , ov dl 
3.3	 n11fl1'Ult'U,"1't~'JIG''Ufl16tl~'lJ6~V1l1C1&'UII'Ulllft'Ux 

• tJ • tJ	 I 

~ ~l'HU n1n1tJ't'l H ':i t'l Vi ij ~fI';~1112J~flm ::'thVi~2J';~1112J~ 2J'IJ fI~1112Jt'I1 ~fJ2J 1~fJ 1M'f1112J 

fJ11'IJfI~1tJL ...hn1J 1430 iiniil2J9I':i 1~fJ~~1':iW1~lm::fJ:::':i::'I1'.h~un'\..l~fI'I1i11il~un'\..l~fI'I1-n~ 

1'\..1u'\..l1un'\..l x 

b - ".------r-.." 

1430mm 

a 

(n)	 ('1.1) 

, tI • 

_I'" <!I ...	 "'13'Ufl 3.2 U11~~'t'l'\..l'Yl'IJfI~~~LC)j''\..I'Yl':iflfJ~ '\..IU'\..I1UnU x 
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. h'" ~lmnJm'n'l 2.50 Cb	 
­
3 

2h 
-Ca 
3 

h 1430 rom. 

1430
Cb 

- ­
3 

476.66 rom. 

~::i~'I::tl::'iI1fl~~ C il~~~tlu6ml1~'UtI~~tnHi~l\'htitJ 476.66 ijlli;l1l9l'I 

1430X 2 

3 

3.4 fl11fil'U"Jf.U"1~~W.'U'fI1f)fl~"f).Ul"J1{11'U1I'U"Jllfl'U y 
I I I )1 

.. .1 ..... i ~ .1 '" .1'" '" <II ~.I ... 1
'Vi~ 1'I ill1~lfl1lJ'YIH'Ut1~911'If:I~H~:: ~1lJff11lllflltllllm::1lJffllfll tlllNt.! N1lJ'I::fltltJfl t.! ~ tl 

.:I .eI QI IQI e:t.Q	 tid" 1Q,1 

1l'Ut.! 1~f1111ltl11'I::tl::'YI1H'U1'U t1~f1t.! 'UtJl'YIlfltJ 700 ll1111lll~'I f1111ltll1f11t.!l1 t.! 1f:1{1'Y1ltl'If:Il'YI1fltJ 

It.!11t.!111flt.! y 
A4	 As 

<DfJL.....---~ ~ lb, 1~ 
I~(-~)IE-(~) I~(-~)~ 

L)	 LL2 3 L4 

(fl) ('U) 

.,j 
Llltl L) 700rom. 

~ 500 rom. 

L3 650 rom. 

L4 280 rom. 
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hi 450 mm. 

~ 550 mm. 

, 
~lflffllfl1',jVi 2.49 

A 
lllt:l 

y 
AIYI +A 2Y2 +A3 Y3 +A4 Y4 +AsY s 

Al +A 2 +A3 +A4 +As 

1 
-XL Xh 
2 I I 

1 
-X700X450 
2 

157500 mm 
2 

~ L2 Xhl 

5OOX450 

225000 mm 
2 

~ L 3 Xh 2 

650X550 

357500 mm 
2 

1 
-XL X(h -h )
2 2 2 I 

1 
2"X500X(550-450) 

25000 mm 
2 

1 
-XL 

4 
Xh 

2 
2 

1 
-X 280X 550 
2 

77000 mm 
2 

~ 
2 
450 

2 

225 mm. 

Y2 
hi 

2 
450 

2 
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225	 rntn. 

h2 

2 
550 

2 

275	 rntn. 

35437500 +50625000 +98312500 +12083250 + 21175000I 

Ul1\JfI1 y 
157500 + 225000 +357500 + 25000 +77000 

258.47 rntn. 

1~tl'\JVrl1~'\lV~~1'H:t'\JU\J1Uf1\J Yllhntl 258.47 rntn. 

3.5	 fl1'lth,"lW..nJl,","fl~fl'l::,hnuG8 

~'i)1'HU1'i)1f111Jl1HHl ~f111tl.l::f11'VVf1Utltll~\J·Hlffl1JA'V Uff~~~~I1J 3.4 fht1\J~l,f 
~	 ~ 

Unn.rmJ~1I~'\lV~fl\J',jtltl1f1ntlUn1trf1~1'tl 11iln\J 100 nl11f1;1J fl111J[Jl1'i)1f1Uf1\J~Vl1t! lil~ 

Uf1\J A'Vl1 ~~ll'hntl 1430 fill~l1Jm fl111J[Jl1'::11':h~~Vl1t!lil~1~~~f111H'\lV~~1' ml'hntl 310 

Q Q I	 " , 

1J1l1l11J~' Ull::fI1'\lV~1~1C)j'\J'YI'V[J~~f1V~t1\JUf1\J yy 
o	 QClo QQ,19J 

(f1111\J~ 11 C = 953.33 1J1l1l11J~' ,Cb = 476.66 1Jlllll1J~' )a 
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~ 
z ~ 
I	 I d 

~	 I i I y ~ 71	 Ie ." i f-v
! CO.	 1 I 
! I	 . d 

Z	 . I ~
 

X'R3
I I'-E'~--'
Ul) ('U) 

, ~
 

l tJn 3.4 IIff"~fl1'ii'tJlh'H1rfl'UtH'Hl 311fJ
 

.4
11JfJ a 953.33 mm 

b 476.66 mm. 

c o mm. 

d 310 mm. 

L 1430 mm. 

W 100kg. 

100x9.81 981 N. 

'Vnl1'itl!l 1J11J'U~'ifJ1Jllfl'U xx \1:: " ... 1" '" 
...; Wb\11flff1Jfl1n1 2.19 

L 

981 X 476.66 

1430 

327 N. . 
.a. OGl!J QI 141 

IIH 'YI fl'j:: 'YI1fl1J (l fJ1Hl ~l 'YI1fl tJ 327 N. 

\11flff1Jfl1'i'YI 2.21 = 

2 L d 

981(953,33 +~) 
2 1430 310 

327 N. 

...; ~ w(~+.:.) 
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I 

d 
'illf1ff1Jf11nl 2.22 R, ~	 ;[: - :) 

981(953,33 -~JU't1'\.Jfll 
2 1430 310 

= 327 N. 

uH~m::vhntJn'tJ,"l11t't'hntJ 327 N. 

lrltJ-n'ill'HU1~f1':itJ-:Ji'tJ RI' ~, ~ ~-:J-n'ill':iWl~-:JJ1,"11f1~~f1 G lf1U~fll':i::;Jf1ft-:J~UmJ yy 

~-:J~tl3.4 ~-:J'~uH~m::vhntJn'mf-:Jffl1Jft'tJ 

F 

(n) 

o 

a 

F 

.;. 
l1JtJ a ':i::U::,"H'illf1~f1il'\.J~l'\.J''\.J~-:J~f1il'\.J~l'\.J'\.JtJf1 = 40 mm. 

F UH~'~'illf1f11':ifll'\.J1WUH~m::vh~tJn'tJ,"111 = 327 N. 

lrltJ Uf1'\.Jn'tJ,"111ij~f1il'\.J1Jl':itJ-:Ji'tJ 2 ~1 
327 

F 
2 

163.5 N. 

I 
Q 

'illf1ff1Jf11':i't1 2.2 M Fa + Fb 
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(163.5 X 40) +(163.5 X 0) 

6540 + 0 

M 6540 N.mm 

~lfl9'll'n~~ fl-4 1ff~ Stainless Steels AISI 420 Martensitie 

cry	 50 ksi 

50 X 6.895 

344.75	 N/mm
2 

I _I QI ";1" : ... ...... d " 
fl1fl111J1J~U)~.fW'YI ')fUHC)fl'YIff'YI1~1~[J1't1'H)m~U'YIflLnmHW N = 3 

....
~lflff1Jfl1':i'YI 2.6 

N 
344.75 

u'YI'\..Ifh 
3 

114.91 N/mm
2 

.,; Me 
~lflff1Jfl1':i'YI 2.3 

I 

[MX~J 

64 
I 6540 X 64 

U'YIUfl1 114.91 
2x d 3 

6540 X 64 

2X xX 114.91 

579.72 mm. 

d 8.33 mm. 

~ 10	 mm. 

111fl~~lflLrl'lff11J\1flnU'lJfHf{fll1,r lij'IJU1~1 flu ~hutfu6flnl~ 19'1uflflL't;,n'IJ 30 iiniil1J9'l':i 

e::I ~ I 0' 1 1 'QI .Q 4 ~ 4 1JI ~ JI.:Sa , QI -M I 

Un~1Jln'\..lNli.3''\..I[Jflnl~ 9'l U!'YI1fl'IJ 10 1Jnnl1J9'l':i ~~mflfl ')fUfl'\..lrlfll1'\..11'YI1J'IJ'\..I1~1'YIlfl'IJln'\..lNl'\..l 

i.3'u6flnl~ 19'11ul'l'hn'IJ 10 iiniil1J9'l':i 



49 

•• 

a a 

b 

F F 

(n)	 (~) 

ltJ~ 3.6 Uff~~uH~m::vhl'Uu'U1un'Un'tl'tfn~ 

lrttl	 0 un'Un'tl'tfn~ 

a l::v:: ..h~'llnfll'U~fj~n'tl'tf~~il~~ntl'Ul(l'U'lV = 100 mm. . 
I ..... 2 QI" ~ 2

b 1::V::'tf1~'llnfll'U'YIV~C1tl'tf'Cl~{l~~nlJ'U~11'U'lI11 = 140 mm. 
";12	 .,; 0 2 ",0	 I

F UH'YI ~1'llnmlf11'U1WUH'YIm::'YI1~ltl"C1tl'tf'U1= 327 N. 

lrttl un'Un'tl'tf~lij~nn'U1J1HI~i'1J 2 ~1 

F 163.5 N. 

(EMo = 0] .... 
'llnff1Jml'Y1 2.2	 M Fa + Fb 

u'YI'Ufh	 (163.5 X 100) + (163.5 X 140) 

16350 + 22890 

39240 N.mm 

'llM1111~~ n-2 1ff~t'tf~nnn'1 AISI CD 1030 

O'y 104 ksi 

104 X 6,8.95 

717.08 N/mm
2
 

, A I QI ";111l : ... ... <!l d ",
 
fI1f1111JlJ'Cltl~fW'YI ".IUlHC)fl'Y1f'l''YI1~l~V1'tfltlm::U'YIm'Cln'UtlV N = 3 

.	 0'...	 y
'llnff1Jml'Y1 2.6 O'd 

N 
, 717.08

U'YI'UfI1 O'd 
3 



•• 

239.02 

50 

N/mm
2 

..l 
~lmnJm'n1 2.3 

Me 

I 

[MX~J
 

64 
39240 X 64 

u'YI'Ufh 239.02 
21t d 3 

39240 X 64 

2 X1t X 239.02 

1672.22 mm 

d 11.896 mm. ~ 12 mm 

liitl.:J~lfU1hn'11J\1ntl'U~f:n1~.:Jij'U'Ul~1ff''UF'h'Utl''Uvmn.:J l~'Utlnn;,n1J 30 ijlliil1J~'S um~ij 

lff''U~l'UtY'Uvnlll.:J 1~ l'Ul'yhn1J 12 ijlliil1J~'S ~.:Jltitln 1~un'U~m1~.:J~ij'U'Ul~1't;,n1Jlff''U~1'U..
 
tl''Uvnlll.:J 1~ l'Un;,n1J 12 ijlliil1J~'S 

3.8.1 U1.:a~n&'rInn'l'" 

ri~1'SW1'Hl11'S.:J~1'U'YI1'Ull1J~1~'Um'S,j1Jlfl~t1'U1~tJ~f1111Jn~H'UtI.:J~1'SfJijfl111Jn~1.:J 

l"hn1J 0.4 l1J~'S f1111Jn.:J'UtN~1'SfJij'U'Ul~0.55 l1Jm Ull::fhff1Jlh::n'YIi'UtI.:JUH~l'U'YI1'U'UtI.:J.. 
tIlmtY 1,;,n1J 0.14 kg/m

3 1~tJ~1~f1111J&~1'UtI.:J'SfJtJ'U~~'~'Um'S,j1Jlf1~t1'Un;,n1J 25 kmIhr .
 
~lnn1Jm'Si1 2.23 R. ~AV2 

~ 0.14 
3

kg/m 
, 

(~ln~l'Sl.:Ji1 2.2) 

A 0.8 X W X H 

0.8 X 0.40 X 0.55 

0.176 m 
2 

v 25 kmIhr 

25X 1000 

3600 

6.94 m/s 

u'YI'Ufh 0.14 X 0.176 X (6.94)2 
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1.186 N. 

3.8.2 U'H~nnn'Un1"I'"1:t'WUf)'U\'f) 
I " ~ 

.Q JJ JJ dol"l "'... 1 do QII _I .Q.Q d.rnn'HU111H ~ 1'U 'YI1'Ufll'nnf\.J '\Iii ,HI iI'YI 'If 'Ufll1 '\I tJ1fill iI 'U ~ V'YI fIl ff1J 1J1:: ff'YI1i1ffV~ 
II ,. II 

'YI1'Ufllnf ~ 'U '\I iI 'U,'ill'YhfitJ 0.01 1m::\11'"oJfl'\lil~f1 'U,j'tJ LUI:: 1{I'Yifl~ 'tl ,rYi 1l'iI~ 1.1un!fl 100 kg .... 
\llflff1Jfll1'Y1 2.24 ~W 

, 
0.01 (\llfl~11HYi 2.3) 

W 100 X 9.81 

981 N. 

~ 0.01 X 981 

9.81 N. 

.... O+a)W.a
\llflff1Jfll1'Y1 2.25 Rr 

g 
.4 

11JiI a 0.07 rad / S2 

a 1 mil 

W 981 N. 
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[0 + 0.07) X981 XI] 

9.81 

107 N. 

. ... 
V ....... OJ
 

3.8.4	 111UnUnl''nflDflUYlYI.:i'HlIil 

• " • d.... "	 " 
1\H).:i~lnU'i .:i~1'U'YI1'U m'i lfHHl'U 'YI f1flHll'i11J'Ufl.:iU'i .:i9l1'U 'YI1'U ll1J U'i .:i9l1'U 'YI1'U m'i 

~	 I I ~ 

2" , ... ... " ....... ... 4 1"....
 
't1~'U'Umrm Ull~UH9Il'U'YI1'U~lnm'ilH ~H'U'U UH9Il'Um'ilfillfl'U'YI'YI.:iM1J9I ~.:iMl 91f1fl 

d 
~lmnJm'i'YI 2.30 R R.+~+~ 

1.186 + 9.81 + 107 

118 N. 
, . 

o OJ "'1' .. VOJ ....
3.8.5	 nlD.:iYluf) l'tl'eutuflDf)U 

• 91 t QI	 1 4 d Go': d 
l'U fl.:i~lnUH~l'U 'YI1'U 'YI.:iM1J9IU1h H'U~11Jfl111Jl'i

d
1'Ufl.:iHl 'Um'i lf1ll fl'U 'YI 91.:i'U 'U UH'YI 

,	 , J/ 

1.fl'U m'i;rtJlf1ilfl'UVi~\lJlffU ~.:iMl 1~~.:iij 
d 

~lnff1Jm'i'YI 2.31	 Rv 

118 X 6.94 

818.92 W 

0.8189 kW 

3.9 nl1thU1W'H18f111Y1illfjf).:iIlD~euUl~euf).:ilfjf).:il. 
•	 d

l'U'Uw~~.:i~~1,rfl111Jl~11J'i~1J1W 25 filll11Jm/~111J.:i Vifl111J l'i1'ifltJ1J'i~1J1W 2100 

... • 1 iI... 1 Q,I: QI A ClI d 
'i fltJI'U 1'Y1 lVifl MlJ'i~MU9I'U l1J'Ul'tl'fllVill.:i1Jln'YI~91 

a ...
3.9.1	 'Hlflll1111l1'tl'.:iS;llleuf).:i1f1 

it~1'iW1Mlfl111Jl~1'Ufl.:i'i(l 191Ufl111Jl~1~1,r1J'i~1J1W 25 kmIhr Ull~'U'Ul91~l,r'Ufl.:i 
.d i!' 0' I Q,I oIllII:IrI 

Ul.:i1J'U'U1911ff'UH1tJ'UUnlll.:i'ifltJ1.:i 1'Y11ntJ 50.8 lC)f'U~l1J~'i 

d 
~lnff1Jm'i'YI 2.35 v = r ro 

v 25 kmIhr 

25X 1000 
v 

3600 

6.94 m/s 

D 0.508 m 
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3.9.2 't1'fllUIl1l10'lJ'UO,U\'O .
... 
\llflffllfi1'j'YI 2.34 co 2nD 

co 
D 

21t 

e:~2 )x 60 

260.886 rpm 

.
 
3.9.3	 n11't1'fllUUllnaf1o-:tlaJPll.,j''lJ 

1~ fJfi1'j 11,)-:I'li'U 'j mJ 'j::'t1 V~JliJ'UL 4VL'rl ii -:I '~1jfi1'j til", 'U ~fl1111 L~ 1'U V-:I 'j (l~ 1~,~~ 1 
,,, I	 " 

fli1 25 n1nLll~'j/~1111-:1 ~-:lir'U ~-:lLnVfll~fl1111L~1fl-:l.yh.h::1J1W 25 n1nLll~'j/~1111-:1 Vi 

fl1111L~1'jij1Hfl~V-:lfJ'U~~ 2100 'jij1J/'1nVi 11n::L-Avl~'Ufi1'jtil'U1W~1jt1~'jl'Y1~ 1: 1 ~\l::1~'t11 

t1~'jl'Y1~'j::'t1i1-:1n'ijfi1H~V-:I 1CJi~1'li1J 't11 '~\llfl 

,... 
\llflffllfi1'j'YI 2.32 

M	 = co 

1 X 2100 

2100 rpm 



54 

.., , ~ 1 ,.., ~ 1 ,ei.!' ..,
3.9.4 "ltl\JI11'f1A1::"lHlntl~ IJIffltJIntl~ IJIfngtl"a~ 

ldV~H)1fl1~V~ lCJi~1~11lV~~~vdn'U-KmH;~ ~~J'Utl111l1~1'.iV'U~V~~v~~l'yhn'U 
d ~ '" 

tl111l1'.i1'.iV'U~V~lnV~~1~1:lJ 

tl111l1~1'.iV'U~1~V~lCJi~1,j'U 

M ro = tl111l1~1'.iV'U~1~V~ lCJi~1~11l 

2100 

260.886 

8.05 

M = 8.05 X 1 ro 

8.05 : 1 

" 
NntlW~V~~1'U1'Ufl'Ul~V~~11ln~111lA..; .. 

~lf1ffllm'.il1 2.33 " 
NnfJW~V~~1'U1'Ufl'Ul~V~,j'Un~111lA 

Z2 
~1f1 M = ro 

Z\ 

~::,~ Z2 M ro XZ\ 

Z2 8.05 X 14 

112.7 

~ 113 fl'U 



55 

.
 
3.10	 m1til'U1W"lfhD~m,rlatlnl. 

I~Vfl~l'\.rJ'\.J~'\.J ZI = 14 ~'\.J 

~lfl~l'iH fl-9 Ns ~lfllfl~V.:JfJ'\.J~~'lJI~fJ1 m::~mJ1fl~::'~I't;,n'lJ 3.04 

, 
oU~"AI T'

3.10.1	 m1"lflU1UII'lflt'ltlnI0lJ 

4 
~lflff1Jfl1'i'Yl 2.38 p WpN s 

0.8189 X 3.04 

2.489 kW 

4
~lfl~l'iH'Yl fl-l0 AI 1'1 0'UWfl CIf 'i~UWm'lJ'lJ B 44.... 0'

'Yl1J'i::fJ::'Vi~CIf 8.6 mm ~lfl n = 2100 rpm, 

P =2.489 kW 

1I~ldv.:J~lflm'iH~fl-7 lCJi1'i~I~V{~l1J1Jl~'iJl'\.J ISOIR 606-1976 (E) '~ij 
....

'i::fJ::'Vi~CIf
0' 8.6 mm ..,

~.:J'
~ 

\.J'\.J 
4 
~.:

AI
JI~Vf

'1"1 '1 
ll'lf CIf 'i~I

0'44
~V'i'Yl1J~'\.Jl~ 

'I 2 4 .., 40 4lflI1lflfJ.:Jfl'lJ'Ylfll'\.J1W flV 1 '1 CIf 'i
0'

~I~V'i 

ISOIR 606 05B ~ij'i::fJ::Vi\PlCl11fllllfifJ~n'\.Jflv 8.00 mm. 

~lflm'iH~ fl-7 lCJil'i~I~v{ ISOIR 606 05B ijIlHII~fl'l1fl 4.51 

3.10.2	 V11l~i:r6tJfllUJi:rnn1{1''Um11tJU1~~6~1. 

fh"'\.J~ hf 'i::fJ::Vi~6~v.:JlCJil'vhn'lJ 8.00 ij~iil1Jm 1~fJ~~1'\.J1'\.J~'\.J'lJ'\.JI~V.:JlCJi 

,.., ~ 4 d 4'1"
l'Yllfl'lJ 14 n'\.J 1I~::1Jfl111J1'i1'iV'lJ'Yll'lf 2100 rpm .
 
~lflff1Jfl1'iVi 2.39 fl111J1~11CJi v = p Z n 

OoOO80X14X( 2~OO) 
3.92	 mls 

111UH1'\.J1I'\.J1Itf'\.Jff1JHff 

WI	 p4 

~lflff1Jfl1'i'Yl 2.40	 Ft 
v 

0.8189 

3.92 

0.2089 kN 

11111'i.:J11 {]tJ'\.J 6fl~1.:J 1'\.JII'\.J1i'ffij 

4 W 
~lflff1Jfl1'i'Yl 2.41	 F v

2 

c 
g 
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..
 

~lfl~l'n~ fl-8 1J1n'IJfl~ lCJihnlnfl{9iflfl111Jt.Jl1'IJfl~ lCJihnlnfl{ ISO/R 606 05B 1i 

1J1n'IJfl~ lCJi 0.327 kg/m 

0.327 
F 

c 
--X(3.92/ 
1000 

0.00502 kN 

.., 
~lflff1Jfl1'j't1 2.42 F 

-J0.2089 
2 +0.00502 

2 

0.20896 kN 

m~l'U1'U't1fl lCJi 

o 1" ,0' !'!l l' 1 .,I.. !'!l l'
fl1'H'U~ 'H 'j::t.J::'HHtl''Ut.JflnH'lJfl~lnfl~ C)f 378 mm ~t.J't11J'j::t.J::'lJfl~nfl~ C)f 8.00 

mm Un::~1'U1'U~'Ul~fl~;r'U	 14 ~'U Un::~'Ul~fl~~l1J 110 ~'U 

~lflff1Jfl1'j~ 2.43	 x 2C + Z-Z[Z-ZJ2 ~ 
P 2 27t C 

A 
l1Jfl	 C 378 mm 

P 8.00 mm 

Z 110 ~'U 

Z 14 ~'U 

2(378) 110+14 [110-14]' 8 
~::,~ x --+ + 

8 2 27t 378 

161.439 

~ 161 ~fl 

<!l 1"1'0 161 'lJfl" lnflfl 'tf C)f~1'U1'U 
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,... p[ z-z ( z-z)' (Z-z)']x--- -2-­~lm"1Jm~'Yl 2.44 C ~ x---+ 
2 2 1t 

a 
l1JiI P 

x 

Z 

z 

8.00 nun 

161 
iI 
'\Iii 

110 flu 

14 flu 

c 8 [ 
- 161 -
4 

110 -14 

2 
+ ( 161 - 110-14)2 

2 
- (110-14)2]2 

1t 

. 
U~ ff1Jm~" 2.46 'Y 

= 376.14 nun 

m~til'U1W'VI11tf'UFh'UtT'U6mn.:J'\IiI.:J1~iI.:JlCJi 
..; p 

~lm"1Jm~'Yl 2.45 D = 
. 'Y sm­

2 
360 

Z 

8 

. [360/110Jsm 
2 

280.15 nun 

"," ~ lff'UN1tT'Utlmn.:J'\IiI.:Jl'Yiil.:J '1"
1C)f~11J = 280.15 

8 

D 
z 

= [ Jsin 36:14 

nun 

35.96 nun 

",,, ~ '1"
lff'UN1tT'Utlmn.:J'\IiI.:Jl'Yiil.:J 1C)f~11J = 35.96 nun 

~ 1 fl fl1 ~ ti 1 'U 1 f.l.I 'VI 1 ~ :: t1:: iii ~ 6 ~ , ~, 'U fl1 ~ ,j1.J 1fl ~ iI 'U 1~ iI 'VI 1 '\I 'U 1 ~ 1CJi UII :: 

J! I tI ~ 1"G' Q,/I 'Q,/I J!' tI ~ 1"Q,/I

lff'UN1tT'Utlflll1.:J'\IiI.:Jll1i1.:J 1C)f~1m1JUll::~1'\11.J l'Yl1fll.J 8.00 nun Ull::lff'UN1tT'Utlflll1.:J'\IiI.:Jll1i1.:J 1C)f 
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II 

~1~11J l..;,n'IJ 280.15 rom ul:1:afluFhfjuli'ml1"1~v"Il~V"I1'li~1;r'IJ ryhn'IJ 35.96 rom l~w 

~Ul~V"Il'li~19l11Jij~lU1U 110 ~U Ul:1::~ul~V"Il'li~1;r'IJij~lU1U 14 ~U 

U~iLdV"I~lfl~Ul~V"I~1~11Jlm::~1;r'IJ~'~~lflfll'HhU1Wij~U1~~Ul~V"I~19111J 

l'yhn'IJ 110 rom Ul:1::~1;r'IJij~lU1U 14 ~U ',jijUVUN1ffUli'fll:11"1l~V"Il'li9111J~fi1U1W~lMthtJ.. 
'JJ .tdl q .. 1JJ ~, tI ~ l' QI CII QI dod. 1 tI cI QI.d

m1JVlV"I91l:11~ ~"I1Jfll'Hl:1Vfl 'JI'lnUN1tjUtJfll:1Hll1V"I 1l]f911m1JUl:1::~1~'IJVl1J~U1~ fll:1lfW"Ifl'IJVI 

• ,,,.... 1!1'"	 1!1 .,... • 1" .......;.... 1"
 
f11U1W 1flV l"'V"I9111J1J~U1~ 210 rom Ul:1::l"'V"I~'IJ1J~U1~ 42 rom VI1 M'I::tJ::OW91tJVlll:1Vfl 'JI' 

..; ,tI ....... ... .. I ., ~... .. • ., 4 1~ "., 1!1
ltI l:1tJu ~lfll~1JflV 'j::tJ::OW91tJ lVl1fl'IJ 8.00 rom llJU'j::tJ::OW91tJ &V11fl'IJ 7.00 rom Il]f"l 'JI' l~fl'IJ&l1V"I 

1'li~1;r'IJUl:1::l~V"I1'li~19111J~ij~lm11tJ~11JVlV"I91l:11~ 

..
 
o	 cu.et.et 

3.11	 m1ftl'Ulf.U't'Iltl~fllm'::1,nJILUI1'Utl~1a 
~	 ~ 

fll'jVVflU 'IJ'IJ'j::'IJ'IJ'U'Ifl'IJ&ntJ1~V"I'jfl '~VVflU'IJ'IJ 1M'ij1J'JI''U''Ifl'IJ&ntJ1&~U ~~ M~U ~"I";' 1M' 
~	 ~ ~ 

&~U 'j:: 'IJ'IJ 'U"Ifl'IJ&ntJ1U'IJ 'IJ l~1ff 1~tJih:: tJ::M l"1~V "I1J'JI''U''Ifl'IJ lntJ111vM U'1";"I ffV "1;11"1 &.."n'IJ 400 
~ 

GlQlQI"QI	 QlQlQ'CII cI' 

rom	 fl111JtJ11~V"IflU'JI'flflUff"l &V11fl'IJ 350 rom U~U'IJ"Ifl'IJ&l:1fJ1tJ11 &VI1fl'IJ 110 rom 1J'j::fJ::MH 

.4 11"'" ... 1 14 11 "44 11"
'j::M1Hfl"lfll:1HnVMU1 lVl1fl'IJ 620 rom 1J'j::tJ::M1"1'j:M11"1fl"lfll:11"1nVMU1fl"lfl"lfll:1HnVMl:1"1 

l'yhn'IJ 1430 rom 

'"
 &1JV c 400 rom 

d 350 rom 

b 1430 rom 

r 110 rom 

..; 
~lflff1Jfll'jVl 2.13 cot~-cote 

c 

b 
400 

= 
1430 

c 
0.279 

~ . b 

fhu~::th 'tI&fitJ'IJ&V;VM1~1J ~ Ul:1::~1J e 

..; c-d 
~lflff1Jfll'jVl 2.14 sina. = 

2r 

400-350 

2(110) 

0.227 

a. 13.12
0 
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aJl sJ 0'
11lfl~fl~f11'i1111.pJ e m!tHl~111 1~ 1~fJ11if11'i~1l1.l1l e 1~fJfl111lfflli'U1i'\lfl~1.l1l a. ll~~ 

cot~-cote .
 
rolfiffllf11'in 2.15 sin(a. -~) 2sin a. -sin(a. + e) 

1M' e 
sin(l3.12 -~) 2sin13.12 ­ sin(l3.12 + 30) 

0.453 ­ 0.471 

-0.018 

sin(-1.031) 

~ 13.12 + 1.031 

~ 14.151 
I 

1l1'l'UfI1 cot~-cote cot14.151 ­ cot15 

3.966 ­ 3.732 

0.234 

d 
rolfiffllf11'il'l 2.15 sin(a.-~) = 2sina.-sin(a.+e) 

1M' e 280 

sin(l3.12 -~) 2 sin 13.12 - sin(l3.12 + 28) 

0.453 - 0.657 

-0.204 

sin(-11.770) 

~ 13.12+11.770 

~ 24.89 

1l1'l'Ufl1 cot~-cote cot24.89 - cot28 

2.115 -1.880 

cot~ - cote 0.275 

Q r ~ 040' 1 C .d" QI:.4 1"OIttf 
11lfl'Ulf11 0.275 1J1l'lfJ1JfI1 - 1l"C11"H~11l1'1"fl~f11'i ~~'U'Uro~f1111'U~ ~~~'U 

b 

ro~1~1.l1l e = 28 0 
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cj> 24.89 
0 

.. 
o "' ...... v.!'~

3.12 fl11fllUltlA1111tUIl~liUJl11Ul~l1UaU 

....	 ~_(a-c)
~lflff1Jfl1n1 2.17 

sine 2 

1430 _(620-400) 

sin 28 2 

1430 
---110 
0.469 

2939.04 mm
 
"
 

i'fl'~1~l~tl1~tl~a'm1'U'l~1\J1\J nilti'IJ	 2939.04 mm 

.. 
o "' ...... .!' v.!'

3.13 fl11fllUltlA1111tUll~&'iUJl'UtHg811Ul~l1UU8fl 

.d 
~lflff1Jfl1'i'VI 2.16 Roc =	 ~+(a-c) 

sincj> 2 

1430 +(620-400) 

sin 24.89 2 

1430 
--+110 
0.420 

3514.761 mm
 
"
 

i'fl'~1~l~tl1~tl~a'mfU'1~1\J1\J lvhti'IJ	 3514.761 mm 

3.14 fl11tllUltlA111flllSJI;lq~q~'Ufl111,yl1t\'~ 

.... QI 1 044	 " .l',,4 " "QI

Vi ~1 'i W1~ 1fl~1 'i fl ~ tl'll\J ~ fl~ fl111J tll1 ~1 fl 1~tl\J tlflll H ",IV'H \J 1fl~ 1 ~tl\J tlfllll ~ II tl'H II ~ 

l'Vhti'IJ 1.43 m ~1~tl\J6ri1~~tl~~1'ifll ..;'ti'IJ 0.29 m lVi'il::fil~fll\J1W~lfl1~tl\J6ri1~1\J 
" " 

U\J1Ufl\J Y 'IJ1flO'IJfl111J"J~ ~lflY;\Jil~~1t.1~ Ull::i'fl'~~tl~ 1~1 ~tl1~tl~ff\J l1Jff1\J1'Hqj~::~ i'fl'~~tl~ 

1~~ l'VhO'IJ 5 m 

A 
l1Jtl	 r 5 m 

d 1.43 m 

h 0.29 m 

g 9.81 rnIs
2 
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...· ~gXrXd
'llflff1JfllHl 2.18 v 

2h 

9.81X5X1.43 
v 

2XO.29 

.J120.933 

10.996 m/s 

10.996 X 3600 

1000 

39.589 km/hr 

f1111Jl~1~ffl1Jl~(ll~11fl'~',;'~~q~ l'thti1.J 39.589 km/hr 

o u, CL.I 

3.15 nl1f11'UlW"18f11UI'l'Unl18~ 

.. ... v 12.64 ~fl1.J1fl'fllC)j''U~U1JfI~ 
c 

.. ... 
122.46 ~fl1.J1fl'fllC)j''Ufll1JfI~ 

V
d 

+Vc...·
'llflff1Jfll~'Y1 2.52 r 

c v c 

122.46 + 12.64 

12.64 

10.68:1 

• u' .; ... 
3.16 nl1f11'UlW"1 8f11UI'l'UND'1J1'ti81'fU'I.:i 

u' , ,.;... ... 
3.16.1 8f111D'l'UND'1J1::"lH81nlflfl81'ti81'ffi.'lUIHnq'l!l(l 

0.125 CSH18 + 1.5625( 02 + 3.76N2) -. 1.125HzO + CO2+ 5.875N2 

CSH1S + 12.5(02+ 3.76N2) -. 9Hz°+8C02+47N2 

... Na.Ma·
'llflff1Jfll~'Y1 2.51 A Fstoich 

Nf.Mf 
12.5 X 28.97 X 4.76 

1X [(12 X 8) + (1 X 18)] 

15.15 kg.Air I kg.fuel 
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..., , ,.I "" _I"" - ­
3.16.2	 tlPl1Url1"'UI'IJ~::1'I1HtllmftPltll'lftll't'U'-3'nH'U~tJPI
 

"
 
tlfl'.i1~hUHff1J'.i::'H1Hij1fl1ft'~ijl:jfijl'W~~\'lHtJ6,j~ffl1J1'.i(l'H1fl11~'il1flfl1'.i1Ifl'.i1::l1' 

~ 1 ... ";1" ... I...... ....!
IIflff mff(l\'l f1'il1flfll'.i\'lfllHNlIll::1f1fllC}f~1JHllfl~'U 

xCgH1g +y (02+3.76N2) -+ zHP+7.73C02+0.577CO+12.0702 +0.0556HC 

1.045325CgH1g +24.778 (°2+3.76N2) -+ 9.3801Hp+7.73C02+0.577CO+12.07 02 +0.0556HC 

+23.704 (02+3.76N2) -+ 8.973Hp+7.395C02+O.551CO+ 11.54602 +0.053HC CgH18 

23.704 X 28.92 X 4.76 
A Fact 

(l2X8)+(lX18) 

29.41 kg Air / kg fuel 

I 

o ""'"' 0 .. ~ 
3.17	 m1fll....10&1'I11~9n1m1'nH1WUtl-3lfl1tl-3U ....PI 

A rI _I ...,l .... ~ A rI ... 3
Ifl'.iij~(I'UfI~ijn(l1J'.i::'H(lfll')fm'Wll~I1J'Ulfl'.iij~(I'UPi 4 'il~'H1:: fl111J~ 0.000124 m 

tlPl'.iT,id'Ufll'.itlfl 10.68:1 tJ'.i::ff\'li.fll'WI;~flll 90% fl1 AF = 29 'il1flfll'.i1~ fl-13 1~fl1fl111Jfij'U 
" ,.. oCt. I QI	 14 0 oCt. 

~ij~I')fijl'Wll~lmfl1.J 44,300 kJ/kg TIc =	 100% mfllft'ij~\'lff.fll1:: 100 kPa IIll:: 27 C llll::fl~ 

fl1tJ11J1W1 ijlff(l 4% 

A 
11Jij 

0.000161 kg 

.... 
'il1flff1Jfll'.i\'l 2.54 

k 
~ (rc ) 

2446.64kPa 
I... 

'il1flff1Jfll'.i\'l 2.53 T 
1 
(r 

c 
)k-l 

687.26 oK 
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.
... 
fffl11::'YI 3 

..l 
~lf1ff1Jm'i'YI 2.59 

...·
~lf1ff1Jm'i'YI 2.60 

.
... 
fffl11::'YI 4 

..l 
~lf1ff1Jm'i'YI 2.61 

..l 
~lf1ff1Jm'i'YI 2.62 

...·
~lf1ff1Jm'i'YI 2.56 

...·
~lf1ff1Jm'i'YI 2.63 

...·
~lf1ff1Jm'i'YI 2.66 

m a 

me 

m ex 

Qin 

T
3 

P
3 

= 

T
4 

P4 

V
4 

W. 
m 

W = out 

Wru:J. 

11 th 

(29/30)(0.96)(0.000161 kg) 

(1/30)(0.96)(0.000161 kg) 

(0.04)(0.000161 kg) 

11e mmCv (T3meQHV

0.2259 kJ 

2446.56 oK 

P2 (T/T2) 

8709.75 kPa 

T (lire) k-l 
3 

1067.96°K 

k 
P (lire)3 

355.98 kPa 

mRT 1P
4 4 

3 
0.000139 m 

mR(T2 - T )/(1 - k)
1 

0.051 kJ 

mR(T - T )/(1- k)
4 3 

0.182 kJ 

Waul -Win 

0.13 kJ 

Wru:J.1Qin 

= 0.000149 kg
 

= 0.0000051 kg
 

= 0.0000064 kg
 

-T2) 
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.a 2
L1Hl 0.0691 m 

2
0.491 m 

N 7 

8 2146.56 oK 
b 

Dr 100% 

h 50 W/m~ 

qts 13,190 W 

qwos = 2,306 W 

R 0.16 K/W 

..l 
~lflff1lfll'j'YI 2.67 

ts 

hAl-N;'(l-n,l 
I 

U'YI'\.JfIl 50X0.491[1- 0.48\0)]2146.56 
0.491 

52,698 W 

qwo = h(21tT, H)8 b 

50(2x X0.033 X 0.07)2146.56 

1,557.77 W 

8b 

qt 
2146.56 

52698 

O.04K/W 

• .1'" '" d'1".a ....l. CO'.I "" J! 
~lflfll'jf' 1'\.J1wun::Lu'j mJL'YItJ1.1~::L'I1'\.J ~11Lm fl.:.ttJ'\.J~'YI'YIlfllHl'lUun.:.t1lfllfl11llJ fl'\.J 

,a rlQ .et I SI.cl .et fJI ,a tlQ.d
ff:: ff1l1l lflfl11Lm fl.:.ttJ'\.J~L~1I un::1IfIlfl111l'j fl'\.J 'YI'j:: 1.1 ltJflflfl ~ lflfl n1.1'\.J fltJfl11Lm fl.:.ttJ'\.J ~L'l1l Il)f.:.t 

"" ..:. "'" ,,-4. .a ~ l' d ..:..1 d , ,,""I I 

~:: 11 Hn ~flfll 'j L~ 1IfJW 't1tJ 11 11 fl.:.t fll'j 'YI Nl'\.J 'U fl.:.t Lfl 'j fl.:.ttJ'\.J;J L~L 'i1tJ.:.t'U '\.J Il)f.:.t ~:: ff.:.t Hn 11 Lfl'lfll 

.1 co,.l "" .I
u'j::11 tJ'lL'JrflL~n.:.t1l1fl'U'\.J 
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"!!l "" "1'" A.'l"~ ... A2. Vilm'i~~~~'~1'YftJ~;r1J'H'I..Il1~lti1J'~fl~'YI')j'66 9l11J91n 1.... 6'Y11 &'Hl1J'I..I'i:::1J1J~1Jlfl-ct6'1..1 

U1J1J661~u1J~n 

3.	 tJi'mJ1~'i:::1J1J~~'i:::lii~ l~rJm'il~M·;ui1rJ'I..I 2 M1 
II	 • 

4. Vilm'i~~91~,~ff1-ct~11~11 6;11'~6i16~ti'l..l 16;11 'H -ctl.u'ln'i::: 1J6n\11Jl '1..1 ~~'H1:::~1J 

A " 
lm6~rJ'I..I91 

II II II • II II	 A 
5.	 Vilm'i~~91~'~1~~'i~~,hiJ'I..Il;1m .... ii~ 1~691~1JliJ'I..Il;161 .... ii~1'1..1~~'H1:::~1Jlm6~rJ'I..I~ 

:, SI	 'v,,:,,'; A 

3.20 ","91fJ,"fll1i:nl~UD:::tJ1:::flfJ1.J1t1U"~"'"tJ1:::'UJfI,"lSJ,"I"fJl't'tD~ 

III d. .d 1"1.	 9l~U'H-ctnn-ct6~9111J~'I..Il~'YI66nU1J1J 1 

... d l! ~ ... ... 'I ~ "1 I "'.1 ... ~ ... .: ...
2. 1')j'61J1'H-ctm'Ul~1rJn'l..l1""6 &'H &~ flHHIU~~~'I..I1J'i:::'HrJ~'I..Il1J'I..Il')j'61""-ct~ 

II	 • 

3.	 1Jl'f1,j~fi1JlfirJ1i166nU1Jtl1~1Jl1JltJ'i:::n61J 
II	 • 

4.	 Vilm'i91~91~lfli6~rJ'I..I91"1n'l..llflH'itl 

5.	 tJ'i:::n61Jl~6~ 1CJi~1'1..11'1..1 110 VJ'I..Il.u'lti1J~6'H~~ 
•	 II II 

6.	 lh:::n61J~6;r1J1fla6'1..11.u'lti1J'~ 1flH'itlU~~;r'l..ltJ'i:::'HV~1JliJ'I..Il;161 .... ii~ 
II	 • 

7.	 Vilm'i91~91~ 1CJil.u'lti1J,~;r1J1fl~6'1..1a'6'H~~ 
II	 • 

8.	 Vilm'i91~91~'i:::1J1J11J'inn'11J~~6~'i tl ~m rJ1'1..1 1~i1~6'H a~ 
II	 • 

9.	 Vilm'i91fl91~'f11Jlm1~fl111Jl~1 1~i1~6'H,rl 

·.1 .......,; • 1 "w" ... 11O. 'YI1m'i1J'i:::n61J'~911m'itl'YI'YI11J1~ln vJl1Jmn-ctlffl~ln'lJ flH'itl 

.... 1..1-~ A " 
11.'YI1m'il~'I..I'i:::'lJ1J1~~'i nnl1m6~rJ'I..I91 

II II 

12.1~'itlU,j~;r'l..llh:::'H Vfl1JliJ'I..Il;161.... ii~ 
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II II II 

1'1H\ 
I 

3.8 Uff~~tl1'i~~~~,~,j~fl'ULfttJ1Uft::~~~~fl'6't1-d'1 
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, II I II 

ltJn 3.9 Ll-,;,'~~'~1j'.~fllJlntl1Lln::a'6l1U'1fifi1fl1"i~fl~'U-,;,'~~Lla'1 

, ~
 

3tJn 3.10 Ll-,;,'~~fl1"i~~~~'flflafl,fLln:: lGJi
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. ".
3tH13.11 Ut'l'f1~fl1'j~f1~~'Pl'li'1JLflnV'Ua'V'tH;~ 

. " 
3tHi 3.12 Ut'l'f1~fl1'j~f1~~'PlL1J'jf1ti1Ja'V'tH;~ 
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u 
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· .... .... ... , !J 
V1UHfI 3.1 1ff'J'YI 'Jf 

"iRlfll"i "ilfll('IJ1'YI) 

oj, .:.: 

1. nH'flflllO.:J'U'Ul~ Y2 'U1 x 1 'U1 tl11 6 l1JVI"i 
!J 

3 lff'U 700 

.. .­
2. lmO.:JtI'UVI Wave 125 15,000 

3. a'o~mtll'U 20 if1 3,200 

.... .: 
4. tlHHI'lmtll'U 20 'U1 2,100 

800 

: Q Q 

6. 'Ultlll"iC)f'U 'U'Ul~ 2 llVl"i 1,500 

: 0 oj ...... 

7. 'Ultllmu'U.:J 20 C)fC)f 2 'U1~ 150 

'.... ~ 8. UN'Uff.:Jfl:::-C1 
!J 

21J1'U 280 

520 

: 
10. 'UltllllOflU'IJ'IJ 2 'U1~ 200 

500 

100 

300 

.Q .::I ..: 

14. 0tl1Jl'Utl1J~lfl'U'Ul~ Y2 'U1 450 

15. UN'U't111lff~fl P.V.C. 
I 

4 UN'U 350 

16. UN'U't111lff~fl Celeron 'ff 300 

1,000 

.d 
18. U'lJVllV10"i 1,500 

.... ... 
19. l111'Y1t1'U 750 

20. l~O.:J iCJi'U'Ul~ 110 ~'U 500 

21. iCJi l'IJO{ 25 3 l1JVI"i 600 

QI QI J 
22. Ufl'U'IJ.:JfI'lJilltl1 1,200 

QI QI "r 
23. ~fll11Jlfl'IJ.:JfI'lJilltl1 1,800 

24. 1't1111UffVllHllff 'U'Ul~ 10 mm 0.511JVI"i 300 

25. ~fltl'U 6200 ZZ C 3 240 

26. ~fliJ'U 6000 ZZ C 3 560 
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':ilt1fll':i 
0 

\Jl'U1'U ':ilf11 (1J1'Y1) 

~ :Qltl ~ 
27. lHH)~U 11J':i':i''Ul1J'UL'lftlLVHH 1 'tHUI~ 80 

, ~ 
28. 'YItl'YItl~U~~ 'U'Ul~ 1 'U1 2 L1J~':i 130 

29. LVh)~l1~~':i(J~f1':i(l1'U 
.... 

1 ~1 100 

.... 
30. 11'lt1L1J':if1\Jf1':itll'U 21ff'U 60 

......... 
31. 11'lt1Lf1t1nf1':itll'U 

JI 
2 L11''U 200 

32. L1J':if1n'l1J~if1':i(l1'U 2'~ 200 

• ,,,. ..4 
33. fI1 'If\Jlt1t)'U'1 10,000 

':i11J 45,670 



·
 'UYlYl 4 

...... 
llifl11Y1f1U8'UIID::NDfl11Y1f1U8'U 

II I • II II , 
o ... , .d, d " Q,I ..' Q,I .Q _14 .. .Q.d,".Q

ffl '11 HJ '\.J lJ'YI'\.J 'iI::1fWl'\lfl~fllJfll'i'YI~ fffllJ1'VUJ111f11fl9l'ilfll'i ff'\.J1lJlH)~1'tffH'VHN'YIU 'YI 'iI'i ~ 

A.... 0' "1~t 1~ 1 <OS ..... .., ~ <OS ...
1'VW'Wff'il'U'\lfllJ1'\l9l'YI "91~ .J ,Wfll'i'YIfl fffllJ 'iI::lIfll'i'\llJ'\llJ'Uf:I'U'\.J l11,Wl~ 'YI fl"C11fW~fllJf:I'U 'U'\lfl~.. 
fll'i u'Ii~;r'\.J '\lfl~ lJili'YI 1fl. ~. fjfl'\.J ~l~lnfl ~, ~u'Ii~;r'UUl1::1~fl";lfll'i 1tJi VlJ1nVmJ9I'ilfll'i 

.: _14 1.... '_I'" 1 ...., ..... 1 '1~<OS _I'" _I A 0',
ff'U1lJ l1fl~l 'tffl1'W l1~'\lfl~'i f:lU '\l~ lJ'i:: '11 Vfl1'tffll'Wl1~ 'U 91fl'U 'YI V~ 11 'Ill fll'ilJ'ilJ lJ1~1 tl'ifl~V'U 91flfl'U 

Ul1:: '11 ~~ 'il1fl~ij fl1'i tJi'lJtJ ~ ~ulll ·hijfllU9I fl~l~1 tJ 'il1m~1I'11ifl 1 1J Ul1:: ij fll'i 'I11fllV9I'ilfll'i 

~ • A.eta ... cr'~ .d, t I ef.d, QI 

ff'U 1tJ l1 fl~ 1'tffl1'W l1~'\l fl~ 1tl 'ifl~ V'\.J 9191~1I 'ilVl1:: 16V~Ul1:: '\l'U91 fl'U ~~91 fl1 tJ'U 

...., ...... 
4.1 'U'Ufl8'UIID::11ifl11Y1f1U8'U 

, Q,I ~ _1 4 1.Q I Q,I Q,I I .Q 1 ,,,.4 tI 
'U fll'i 'YI ~ fffllJ fl91 'il ff'U llJ l1 fl~l 'tffl1'Wl1~'\l fl~'i f:I U'\l~'\l'U tJ 'i:: '11 Vfl1'tffl1'W l1~ ~v 'tf1fl'i fl~ V'U 91 '\l fl~ 

'if:lllfll9lflfl91flfjfl'\.J1!1 n'VJ(l25 GJ1GJ1.) f11V'I1~~~1I!ijfll'itJi'lJtJ1~'i::lJmi~ ~lm4fll'W~~ l~fl' M' 
... tiel. ,,,1 .Q.:I_I GI.l Q,I .QQ,lef 0 Q.d, Q,I 

1tl'i fl~ V'U 9111 fll'i 'tf1 'tffll'W l1 ~ 'YIlJ'i:: '11 V~'\l 1.1 ffl'11 'i lJ~ l'U 1 'II V'U 'II:: 'YIl fll'i 1tJ 'i VlJ 1'Y1 VlJfl91 'ilfll 'i 

.: _14 1.... • A 0' " ....... ~ <OS 
ff'U llJ l1fl~1'tffll'Wl1~'i::'I111~1fl'ifl~V'U9Ifjfl'Ufll n'VJ(l25 GJ1GJ1.) flfl'UUl1::'I1l1~tJ'ilJtJ1 ~ 91~lIfll'i 

~ , 
'YIflfffllWd 3 tli'~ 1~Vij'ilVl1::1VVfI''U9Il'il~n 4.1 
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. . 
... ... ...... _1...._1

V111H'n 4.1 'IltJll::LVtJ~'YI1Jm'hJ'IlJlJl:j 

: .d 0 

m .:j'YI'Yl1m'I'YI~ffVlJ 

1 

- f11m'I ~~'Jl~lfitJ{vVf1l~'Il::''lJ m'I UoU.:j;J'lJ~::'~fl111Jl~1'I VlJ~l~ 

25 f11J. / 'Jj'1J. 

- '~V9l'Il'Y1~''lJm'I;JlJ~ 5: 1 . ~ v ..., v... .... 
- llV'YI 'Jj'1J'\J'lJl~'IVlJ1.:j 20 'lJ1 

- tJl.:j~'~1~'lJtJl.:j~mtJ1'lJti'I'I1J~1..t1 1 tJ 

2 

o : QI A til .tllQ I d1 I 0 ~ I 

- 'YI1m'Ill~'lJl11'lJf1'\JV.:jlmV.:jtJ'lJ9I ~tJm'If1ll.:jff1'lJ'YI 1J~111J'lJVVf1 1'Jj''lJ 
~ 

lJinw~l\1lJ Ull::lffV\1lJ 

- ltJ~tJ'lJV9I'I1'Y1~''lJm'I;JlJ~1f1 5: 11~'lJ 7.8: 1 

- ijm'Iflq1J~1ti.:j'ICl''lJ'\Jtu::f11m'I'YI~ffVlJ 1~Vll~UH~1'lJ'YI1'lJ ~1f1 

mmff 

o Cllt 1 " .4 "1.ct4G1 4Clto:GI ~ 
- 'YI1m'I9I~91.:jff ll~m::l~V.:j11ll1 V~ 1~V9I~'YI1.:jl~'lJ'lJ11J'lJUll::11J'lJ 

.... A ~ 
m'I~lJlmV.:jtntJ 

3 

- 1~1J1111\1tJ'lJl~'lJ 2 'I111\1tJ'lJ l~V ,.n'lJm'I'~'I::Lij~ 

' 

V" .... .... 
- 'Jj'flVtJll'~'I::llJ~ 2 911 

- ItJ~tJ'lJ ~f1il'lJ ~VI~'lJ ~f1t1'lJ'IVlJ\1.:j 

- ltJ~tJ'lJtJl.:j~'~1~'lJtJl.:j~1~ij~Vf1tJl.:jnl11i'lJmmoU.:j;J'lJ l~Vll~UH 
~ 

... .... .o!l 
1fftJ~ 'YI1'lJ '\J V.:j tJl.:j f1lJ~'lJ fI 'lJ 'lJ 

~ ~ ~ ~ 

l~tJm'I'YI~ffVlJl1.:j 3 fli'.:j ij;J'lJ9Iv'lJ1iim'I~.:jij 

1. 191itJ1J~tJmw''lJm'I'YI~ffVlJ 
~ _I QI 4 4Clto

1.1 'IfllJ'I::11tJ~l'Jj'Vl~ll.:j 

~ 

1.2 11llV~U~1lJ'I'I,,jl,j'lJ 11thtJ ml 11iv CC. 

~ ~ 

o Qr,QI"
1.3 'lJl1J'lJl'Jj'Vl~ll.:j 

1.4 lfl~V.:jfi~Ill'\J~,.n'lJm'Itil'lJ1W 
A .. I 0 

1.5 lfl'IV.:j1JVOJtV1JlJ11.:j 

1.6 111J1f1ihtitJ 
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2. fffl11:: h.lfll'j'YI~fffltJ 
. " 

2.1 lf1'j~'j(l;i1~~'LJnnjfl 40 filnfli'1J . " 
2.2 ~,jtJ~ 'LJ1MUfl 52-55 filnfli'1J 

2.3 f1111J1~1m~rJ~1.n\.lfll'j'YI~fffltJ25-35 filnl1J~'j / ~111J~ 
.	 " 

3. ffm\.l'til.n \.I fll'j'YI~fffltJ ff\.ll1Jll~~,j\.l'jm.h::M V~l ;rfll'Viii~ 
..... 

4.	 11)fll'j'YI~fffltJ 

. " " 
4.1 l~~ rJ1Jf1111J'Vi ~fl1J ~1~ "1 nfl\.l Vi Vilfll'j'YI~fffltJ 1';\.1 ~~ ~~ ~tl fl'j W1~ tl;1J1WI;rOI'Vi ii~ 

4.2 ff11J1ff~tlfl'jWilo~ti\.lf1111Jtlno~firJ~H"1 
~ J ~ 

4.3 1'j1J'YI~ffOtJ'YI~~ff~l'j'YI 
q 

4.4 i'tJl1nl1\.lfll'jflOflffm{'YI 

4.5 'YI~ ffOtJ 1 \.I fffll'Vi 1 ~~ 1\.1 ~; ~ tJ \.Il1'o~ (1\.1 \.I 1 ~ rJ 1 ~f1111J I~ 11\1 ~rJ hj~l fli1 25 

filnl1J~'j/~111J~ 
.. ....,j ...,j.,j .... d d 0 lot ~ 

4.6 fll'j'YI~ffiltJ1Jfll'j~tJ1f1'j{I~rJ\.I~	 11Jillf1'jil~rJ\.I~1Jf1111J1'j1'jiltJff~~11J 'YIfllM\.I~ °m-':11.. 
~'t'i lfl1'j ~tJ If1 ~ iI ~ rJ\.I~ I~ iI111''j (Illri \.I 1tl~ l1J II 'j ~ 1~i1rJ'U i1~ 'j (I ~ \.I f1111J I~ 1n~n ~(i~ fil M\.I ~ ~ 

't'i lfll'j~~If1 ~iI ~rJ\.I~1M1i 1~ rJ't'ili1dl~rl'~\.I (i~ 'j:: rJ::'YI1~ ~l.n\.I fll'j 'YI ~ ffiltJ 

" " 
4.7 oU\.I Vifl~nfll'j'YI~ffilm)~'jlfll'jff\.lltlnil~l;rill'Viii~ 
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• II.

1t.1Yi 4.1 11ff~{jmHI11\1fftl1J1::~1Jl';tl1'Yin{jrltl'U 1{j11~"H)1J 
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• II II •

l'l1n 4.4 Ut'l'~~tl1':i~ul1Jnv~l;'iVL.... n~l1n~'lln.yj'~'rhnl'n'l~t'l'V1J 
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o QI .cit! 
- 'VI1n1HI~L~'nl::'V~LmJ1VVn 

, ,,.... 1 .... .,; 
- ')j'V9l11'V1~ 'Un11'UlJ'VI 5: 1 

• JI" Ql~Q Q 

- ilV'VI 'lJ1J'U'Ul~1VlJ1.:1 20 'U1 

o ~ 
\l1'U1'UflH 
.,; 
'VI'V1~ffVlJ 

d 
fl111JL11 

(nlilL1J9I1Ii111J.:I) 

1"-IQ : ....
')j'1J11J1W'Ul1J'U 

(GjfGjf) 
JI 

L;1vL'n~.:I (nlilL1J9I11 

~911) 

1 12.55 28.70 44.30 135.440 

2 13.40 26.86 42.20 142.180 

3 13.30 26.86 42.80 140.180 

4 15.22 23.65 39.30 152.670 

5 14.10 25.53 40.30 148.880 
. Q 

fI1L~iltl 

. 
13.71 26.32 41.78 143.870 
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d 'I l' 1 A ....; 'I ''1'' 0 A .. I ..... 1" "'.1 '" 
~lfl~l'n:j ~~I't1'W lV'nllfl·H:I.:j(l'W~Y1llJ lP1Y11f11'iP1~lllJlHlfl·H:I.:j(l'W~ 1'l1'W ~P1'P1lfl(lHlflfl 'l1 

• I JI II •'" ... " "'1"'" ....1 "'... ... '11'1 .... 1
fl~'ilY1P1Y1 5 : 1 lln~nflYi 'l1lJ'U'W1P1'ifl'IJ1.:j 20 'W1 ffllJl'i(llJ'i:::'t1(1P11'l1fll't'tn.:j li'l P1t11un(llJ'i:::lJ1W 

143.87 filnllJ~'i / i;~'i ~1~fl11lJl~1IU~(1 26.32 fi1nllJ~'i/i11lJ.:j 

I II , I , JJ , ~ ... '" ...
f11'iYlP1fffl'IJlflifl.:j(l'W~ fli'.:jn 2 'il(1n:::16(1P1ntJi''IJtJl.:jlflifl.:j(l'W~~fl~lflfli'.:jn 1 lJP1.:j'W 
~. ~ 

- ';lf11'in~lh't11rfl'Ufl.:jlflifl.:j(l'W~ 1'lf'W 'IJinw~h~'IJ lln:::lfffl~'IJ
 

- ltJ~(I'WV91'ilY1P11'Wf11'i;r'IJ~lfl 5: Ilfl'W 7.8: 1
 

- ijf11'iflqlJ~1ti.:j'i(l 1'W'UW:::';1f11'iYlP1fffl'IJ
 

o "'~'J" A "'I'" - YI1f11'i~P191.:jff lnP1m:::l~fl.:j11n1lfl~ 

I •• ... ... ........... 1 1"
V111HYI 4.3 Nnf11'iYl~fffl'IJlmfl.:j(l'W~11iYl 2 ( P1(1 'l1'i:::(I:::YI1.:j 6000 llJ~'i) 

0 : 
~1'W1'WflH .... 
Y1Y1P1fffl'IJ 

1 

2 

3 

4 

5 
, ..; 

fll1Un(l 

nnl 

('Wl'ri) 

d 
fl11lJl'i1 

(fi1nllJ~'i/i11lJ.:j) 

1~tJilJ1WJliJ'W 

(C]fC]f) 

V~'ilf11'ii'WltJnfl.:j 
.l ... "'1l'l1fll't'tn.:j (fl nllJ~'i/ 

i;~'i) 

14.20 25.35 19.32 310.550 

13.55 26.56 20.13 328.060 

14.33 25.12 18.00 333.330 

14.50 24.82 17.79 337.260 

14.13 25.47 19.20 312.500 

14.14 25.46 18.80 318.340 

\llfl~l'iH\l:::1il 'W '~'i11~ijf11'i tJi''IJtJl.:jlfl~fl.:j(l'W~~ll~fl~H' tJ ~lfl~';lf11'iYlP1nfl.:jfli.:j~ 1 
• II "1 

1P1(1ijf11'itJi''IJtJl.:jlfllJl~lJ~.:jij';1f11'i~P1fli'IJ'lJinw~h~'I.J1m:::lfffl~'IJflflflltJn(l'WV~'ilY1P11~'W7.8 

1! '" '" '" 0 ... ~ 'I .. .. 'I ... .i .1 ",.l ... .1 
: 1 't't1fllJfl'IJf11'iflqlJ~1(l.:jlln:::Y11f11'i~P1~.:jff ln~11n1 lfl~ CJl'.:jffllJl'i(llJ'i:::'t1 (IP11'l161't'tn.:j'U'W ~lfl 

: d 1 d ~ ~.q ~.q 'jJ d dQ,I 

flHYI 1 ~(Ifl~'il1Untl1't'tlJ'U'W~lfl1~lJ tJ'i:::lJ1W 318.34 fl1nllJ~'i / n~'i 1~(I1'l1fl11lJl'i11Un(l1'W 

f11'iYlP1nfl.:jtJ'i:::lJ1W 25.46 filnllJm / i11lJ.:j 
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nwrl~H"tl1Jl"~tl.:WU~ "f~~ 3 11Ull:aOU~~tJi'UU1~l"~tl~UU~~m:nn"f~~ 2 ii~~rl' 
- l~1J'H'.ul1UUl~U 2 l1'.ul1UU li4tl,;nUm1'~1:aii~ 

5/ .. .. ... 
- 'If"tlUfl'~1::l1J~ 2 ~1 

- ' ltJ~UU\1ntlu~tll~u\1nilu1tl1Jt1~ 

0 ; 
'llU1U"H 
.,l 
'Vl'Vl~fI'tl1J 

l1111 

(Ull1) 

d 
"111Jl11 

(fi111l1J~1/~111J~) 

'~tJ;1JltuJl,jU 

(;;) 
fi~11m1fiultJ~tl~ 
" 

l;ftln~ii~ (fi111l1J~1/ 

ii~1) 

1 14.30 25.17 11.00 543.870 

2 14.00 25.71 10.90 556.230 

3 14.37 25.05 11.30 569.930 

4 14.50 24.82 10.60 559.190 

5 14.54 24.75 10.40 535.870 
I .,l 
f1ll~llU 14.42 25.10 10.84 553.018 

d lIJ.I" , 5/... _I ... .s .. ...:..r, ~ .,l
'llnm1'Vl~lltl~ 'l::l't1U l~11 ~1Jm1lJ11JtJ1~lmtl~UU~l""1J'\IU~tl'llnm1'Vl~lltl~"H'Vl 2 

0 ...:....... ......, 5/ .. .. ... 0 _I.,l ~ 5/ ~ ~
1~umm1l""1J'tf1l'VlUU 2 'tf1l'VlUU 'If"tlUll'~1::l1J~ 2 ~1 Ull::mm1llJllUU\1nlJUlltll1JU\1nlJU 

o , '" ... 1 Q,I.l .Q 1 .d d ..::. J : d dlI

1tl1Jt1 ~'Vll 'tf fl'11J1HllJ1::'tf U~l'lftll""ll~ ~U'Vll~ llm....1J'\IU 1Jlnn11m1'Vl~1l tl~" H'Vll Ull:: 2 (J ~ 

553.018 fil11l1J~1 / iim 1~U'~"111Jl~1'Um1'Vl~lltl~1~m~~UtJ1::1J1W 25.10 fil11l1J~1/ 

i111J~ 
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nlrtl2J"1 I ii"1 
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ltJ~ 4.6 m1-nUrr~.:Jm1lmV1JlnV1J''Um1tli'1Jtll:jlfl~t1~V'U~ 
fJ • 

, 'UU~fl::fli'~niim1'V1~rrtl1J 

..l c:$ I ~..l ..li~'" A ....li ''''' tl"'.1 "" 10~lfl1tl'VI 4.6 ~::l11'U11 m1'V1~rrtl1JflH'VI 1 'VI V'l ,)Ufl1t1~V'U~'VI 1J1Jm1 11J'U1~ l'VW.:Ju~m 
• fJ fJ

'" "".. , ')j't1m1'V1~,,'" 1~V'VI"'" " ~ 20 'U1 m '" 0'"''''111Jfl111Jtl '" <IIm1~~'~lflV1t1t1flUfl:: 5 : 1 ')j''IJ'U1~t1t1 '"1::11V~l')j't1l'Vifl~ 

A fJ fJ I fJ 

-u't1Vfl'j, fll1tli'1Jtl1 ~lfl1t1~V'U9i''ti~ 2 fli'.:J11 fT~ 1~Viifi1l'l ~Vfl111Jtl1::11 U~l,;t1l'Viii~ 143.87 

"'1 '" I A i~"" '" tl A .. .;..1 1 i" 0 : '" A .. Ifl fll1J~1/fl~1 U9U1JtI V'11Jfll1tl11J 1~lfl1t1~V'U~l'Vi1J'IJ'U ~V ~mm1fl~'U111'Ufllfl1t1~V'U91l')j''U 

"'.1 J tl..l '" ~ 0 '" ~ '" i .. .. i "" " 1J1l1Wfi1\11JUfl::l·"t1\11J 1 flV'UtI~11'V1~l1J'U 7.8:1 Ufl::mm1~~~~~1rr fl~11fl1 t1~ 'Vi1t11JfJ1J 

'" "'... ~ ~ ..l 0 , ~ " I tl '" 1 "'.;..1 4 "'1
~1~WI1.:Jl1J'Um1'V1~rrtl1JflH'VI2 m 11 &~fl1fl111J 1::11V~l')j't1l'Vifl~l'Vi1J'IJ'U~N 318.34 fl fll1Jml 

ii911 ~~1J1flfl'hfll1'V1~rrtl1J1i~ 1 ~U~ iliiim1tli'1Jtl1~lfl~t1~V'U~ 
... i" c:$ , Ai""" tl'" tl A .. 0 '''i'' I .1 '" 1 "'.;..10
llJ1~l11~:: ~l11'U11 l1JtI ~1Jm1mfll1 11J 1~lfl1t1~v'U~m 11 ~fl1'U1::11V~l')j't1l'Vifl~l'Vi1J'IJ'U 

4 i~"" tl'" tJ A .. I ~ ..l 1 i""" '" A .. I~~ V>l1Jm1 11J 1~lfl1t1~V'U~~t1~lflm1'V1~rrtl1JflH'VI 2 ~V ~1Jfll1tl11Jtl1.:Jlfl1t1~V'U~ L')j''U 

lvi1J111LnV'UL~'U 2 111LnV'U '~fltlV""~1::Lij~ 2 ~1 'Virtl1J~~Ltl~v'UUflil'Ul1t1''I12J',fL~'UUflil'U 
o ,""" I tl I ell JI' : 4 1 : d a tQI

1t11J\1~ 'VI1 111Jfl1 1::11V~L')j't1L'Vifl~'UtlVfl11m1'V1~rrtl1JflH'VI 3 ~Vfll1'V1~rrtl1J flH'VI 3 1Jfl1 
JJ JJ I JJ 

,J1:: 11 U~\l1iJ'U L';tJL'Viii~ L'l~Vtl1::1J1W 553.018 nl flL1J~1Iii911 Ufl:: iifi1tl1:: 11 U~L,;t1L'Viii~ 
fJ I 

1J1flfl'h 2 fli'~mfl tlili~lfl1tJn 4.6 
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, U J! _I U & ... '='1..1 
4.3 fU:lm1U'U~'U'UIJf)'Ufll'U1~'"t1~a'lf8aftD~'Un 7 

II JI II , 

1~tJflW::~i~'t;"~i11J't'hfl1'.iU~~'li'\.HJV'U~l1.h::'t1V~1;fV1..,~~'ti~'VI1J~ 3 f1i'~ ff'Ul1Jl1 1';1 

fl1'.iU~~'li'U~ flv~ii'U~ 2 ~.n..,'4~ ff'Ul1J~ 2 ';lfl1'.iU~~'li'U~ ~.~i'U't1{ un::ff'Ul1J~ 3 ';1fl1'.i 
•• II 

u~~'li'U'.i::~tJ1.h::l't1fl'l1 fl'.i1J't1'V11'.i'.iltJl1 11 fl't11J. l~tJNnfl1m~~'li'Uij~~i1 

ff'Ul1J~ 1 ~.n..,'4~ ~~l'U'.i::tJ::'t1H 8,400 l1Jm ff'Ul1Jl~'Ut1'U'Unl~tJH't;'ffil~'~190.67 

nlnl1J~'.i/ ~~'.i 1~tJ'~f1111Jl~11U~tJ 26.32 nlnl1J~'.i/ci111J~ 

ci Cl t/";" ~ do 0 Q'"ff'Ul1J't1 2 ~.~'.i'U't1'.i 1~ 1'U'.i::tJ::'t1H 7,840 l1J9I'.i ff'Ul1Jl1J'UflV'Ufl'.i~'t11fft1~ ~ 434.22 

nlnl1J9I'.i/ ~~'.i 1~tJ'~f1111Jl~11U~tJ 25.46 nlnl1J~'.i/ci111J~ 

ff'Ul1J~ 3 fl'.i1J't1't11'.i'.iltJ~ 11 fl't11J. i~''U'.i::tJ::'t1H7,840 l1J9I'.i ff'Ul1Jl~'Ut1'U'UflV'Ufl~91 ';1 

ffil~'~ 543.38 nlnl1J~'.i / ~~'.i 1~tJ'~f1111Jl~11U~tJ 25.10 nlnl1J~'.i/ ci111J~ 



.,j 
unn 5 

5.1 i:l'ltJNi:ln11f1ili:ltl.:.t 

~ ~ QI 0.1 .. fJJ QI A.ell ~ ... I ~dQI I 

1 fI 'j.:l fll'j f1fl1l1'W ~ fI 'Yl1 '\I 'W L'VHI ff'j H 'j f:I tI 'j:: 'H tJfI L~VLVi ~.:I U~:: f1flll H11U1J 'j 'Yl1J H~91 Vfll 'j 
~ ~ 

tI'j:: 'H 6f1L;1VLViii.:l 1f1tJV'H{J.:I9I11Jfl91fllfll'j u'Ii.:l'li'W 'jm.h::'H 6f1L;1VLViii.:l'\lv.:I 'lJili'Yl LV.~. gV'W~l 
~ ~ . 

~lnfl 1f1tJ fll'jff~l.:1'jf:l1.h::'H6f1L;1VLViii.:l i~nr'Wfll'jVVflU'IJ'IJ'Yl'j .:I911tl.:lL~'W 'Yl'j.:l'H tJfllh LVlv~fI 
" 4 'I" A ~ QI ~ QI

UH9I1'W'Yl1'WVlfllfY U~::L~tlfl &'lnmV.:ItJ'W9I'\IV.:I'jf:l~mtJ1'WtJ'W91 4 ~.:I'H1:: '\I'W1f1f1111J~m::'lJVfl 

dod. .1l' tI QI 'QI .Q, .Q, 

~'IJ 124.9 CJfCJf '\I'W1f1Ln'WH1'Wtl'WtJfl~l.:1m::'lJVfl~'IJ x 'j::tJ::~fl L'Yl1fl'IJ 52.4 x 7.9 1J~~L1J9l'j 

t191'j1ff1'Wfll'jt1f1 9.3 : 1 L~'WLfI~V.:ItJ'W~~'Wf;'~.:I i~n1fll'j~Wl'W1t1i''lJtI~ .:Iff1'W~1.:1 '1 Li4vn1hf 
II iI I I 

1.h::'H 6f1L;1VLViii.:l~.:I~v i tlu tli~~lflmTrhtli tJ'lJLntJ'IJ''Wfll'jtli''lJtI~ .:ILfliV.:ItJ'W~' 'Wu9i~::1~nii 
~ 

QI '"fll 'j 'Yl fI ffV'IJ fI.:I 'W 

~::n1'W";h fll'j'YlflffV'lJflf.:l~ 1 ~i~~LfI~V.:ItJ'W~~i1iiifll'jtli''lJtI~.:I L~tJ.:Iu9in1fll'j91f1'flLfitJ{ 

VVflLVi'j1::1'Wfll'ju'li.:l'li'W~::'~f1111JL~1'jV'IJ~1~ 25 fl1J./ ~1J. u~::'~t1m1'Ylfl 5 : 1 1f1tJ~'~ 
~ ~.
 

'\I'W1f1~V 20 iid U~::'~tJ1.:1~mtJ1'Wti'j'j1Jfl1't11itl n11M'iifl111JtI'j::'H6f1L;1VLViii.:lU'VtJfl";h fll'j 

... 1QI ... I A tI :, ~ QI 1 d'.d ... 1 QI A.Q, .Q,1"
1J'j'IJ1J~.:ILfI'jV.:ItJ'W9I'Yl.:l 2 f1H'H~.:I fltJ1JfI1m ~tJfl111J1J'j::'H tJflL~VLVi~.:I 143.870 fl ~L1J9I'j /~9I'j 

U9iLrtVi ~ii fll'j tli''lJtI~ .:ILfI~V.:I tJ'W~L'ri1J~'W 1 fltJ i ~n1fll'j~flJ1'H 11flLfI ~V.:I tJ'W ~~1tJfllm~.:Iff1'W~ 
~ . 

i1i~lL~'WVVfl L'lf'W 'lJin\l.u.h~'lJu~::Lffv~'IJ U~::6.:1L~'Wfll'j~flfll'j'j~'IJ1tJfl111J~V'W'\IV.:ILfliv.:ItJ'W~ 
A 'I """l .. 0 ..; d.K 'I "A ~ i II

LViV &'H f:I.:IfJtU 'H fJ1Jfll'j'Yl1.:11'W 'YlL'j1'\1'W &'Wff1'W'\IV.:Ifll'j~flfll'j'j::'IJ1tJfl111J'jV'W'\IV.:ILmV.:ItJ'W91 1J 

L~'WiltlJ'H 1LVi'j1::'~.:I1'WLfI~V.:ItJ'W9l'L~tJ.:I'lf1.:1'j::tJ::n~lJ'W'1 L'thJ'W LtI~tJ'W t191'j 1'Yl flL ~'W 7.8: 1 U~:: 
o Q:'QI i~ ~i.c:lAQI .Q,:GI ~ QI" fJJ ~ QlQI.c6

'Yl1fll'j 9lfl 9'1.:19'11ff ~fl11~1 VflLViV91fl 'Yl1.:1LfI'W 'W11J'W U~::L lJ'W fll'j fI'lJLm V.:I fl1tJ Vi 1 V1J ~ 1J9I1f:1.:1CJf.:l 

~ t ..; 'I "i" I .1 QI l ....;..K ""l "1"0LlJ'Wfll'j'YlflffV'lJflH'Yl 2 'Yl1 &'H flfI1f1111J1J'j::'HtJflL~VLVi~.:ILVi1J'\I'Wf:I.:I 318.340 fl ~L1J9I'j/~91'j 

~.:I1J1flfl11fll'j'YlflffV'lJflf.:l~ 1 ~6.:1 i1iiifll'jtli''lJtI~ .:ILfI~V.:ItJ'W~ 121% 

..k i" d A II) "'" 0 I QI • I A ~ 'I ~ " I l ....;..KI • 0 QI

CJf.:lL'j1~:: flL'H'W 11 L1JV ~ fl1Jfll'j'Yl1fll'j1J'j'IJ1J~ .:ILfI'j V.:ItJ'W91'Yl1 &'H &flfI1t1'j::'H tJflL~VLVi~.:ILVi1J'\I'W 

;.:1 i~iifll'j tli''lJtI~.:ILfI~V.:ItJ'W 9l'~V~lflfll'j'YlflffV'lJflf.:l~ 2 1fltJ i ~iifll'jtli''lJtI~ .:ILfI~ V.:ItJ'W~ L'lf'W 

L~1JM1LntJ'W L~'W 2 M1Ln tJ'W Li4VL~1Jfll'j~fl~l1Jfll'j LH1 i m11V~, M'L~ 1u~::iitl'j::ff'Yl i fl1Vi~ .:I~'W 

l~f1vm'~fI'j::Liifl 2 911 LtI~tJ'WtJ1.:1~'~L~'WU'IJ'lJi1iiiflVfltJ1.:1ff1'Hi''lJfll'jU'Ii.:l'li'W 1f1tJLUVi1:: Li4V 
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'P r ~ b' r IG I I=" '=:II' b' F' '=' r I'D IV 

L~~ t-~f1Q ,tM.l;;ullM.~1~ Lft"LQ~ t1.I;;UU t1.1l2fl' t-~rtQkM. t1.t1.U t1.t:}f1llt-wt-Q n.M.L1A.~1l~1t-,t n~~ 
• tc tc 
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'" ClI_.1 ClI _.I d .... '" " d • ., 91., I 91 ....
1.'Yl nlY~ flfll1 lfl'lHlLtJtJ'.i. ~l'n:)l11llnffl11'i'lHj'i'Ul111Jlnflff'il~Ull:::1f'11n'.i. n1~1'Yl'Vl1J111tJm 

'" ClI_.1 ClI _.I d .... '" " _1_1
'Yl n~l1 flfll1 LfltJ~ltJtJ'i, 1JlJlJ. 

QI JJ d' d' .cI d c:, 0 QI 

2.'Uqj'lfl f!~~'i:::fJll Ull::: mu:::. nllf'llff~'itJ1tJtJtJ~. n1~1'Y1'Vl1J'H1tJm : C)f Lfl~ ~ If! 'IftJ ~ln~,2540 

_I "<!l '" '" _I .... .,.....!i'" '" d .:.
3.lJ'i:::ffltJ'Vl~1l 1111'ifltJ'If'Vl. 'YlqlltJl1ll:::lJtJ'U~lmfl~llH'i"tJtJ~. n1~1'Yl'Vl1J111tJm : C)f 1fl~ ~ If! 'IftJ 

~lfi~(1J111'1ftJ),2540 

d "" ",d':'
4.1H~~ UfftJlnll1J. nllf'llff~'itJltJtJtJ~. n~~1'Y1'Vl1J111tJm : C)f Lfl~ ~ If! 'IftJ ~lfi~(1J111'1ftJ),2530 

" ............ "'ClIl'" ClI"
5.'Vl~1l1\ll1 ff'Yl1iHll.'YlqlltJUnff C)flltJ.n1~1'Y1'Vl1J'H1tJm : fff11tJ'!.Jnff,254l 

~tt:fJ tI Go' .4 Go' ,~4I':d 
6.1'i'Yl1i fl~fl1mtu Ull::: 'Iflqj "tJ~~ltJ. f11'iflflml'U'Ulmfl~~mnll 1ll1J l.'Vl1J'Vlf!H'Yl 10 .1fl'lf-LfltJ 

,2537 

~ tel J tI QI A Go' , ~ d': d 
7.1'i'Yl1i fl~fl1mW Ull::: 'Iflqj "tJ~~ltJ.f11'iflflnU'U'Ulmfl~~mnlllll1J2. 'Vl1J'Vlm~'YllO. Lfl'lf-LfltJ 
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.Q tI d' o'A, ... I tI .Q.Q 0 QI 

8.~~1J1'YltJ f11qj~tJ1Hf!.nllf'llff~'i1f'11m'i1J.n1~1'Y1'Vl1J111tJm:fftJ11JfflJfl'i~ C)ftJ~If!'Yl~ln~,2542 

9.1~lltll ~WCVI1f'l'illi.1f!~fl~tJtJ~fftJ~ltJfl1tJltJ.n1~1'Y1'Vl1J111tJm:C)i Ig~ ~ If! 4tJ ~lfi~ (1J111'1ftJ) 
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ci!IJ ~.. 0'
 
ftl1Hn f)-I '\J6\!f1'Y1Hl'YIfl'UfI'\J6.:jlflHI.:jtJ'U~ Honda Wave 125 R
 

4 ~.:j'H1:: U1.J1.J 16n6{uJ~ufl1J'lfl'Vhl 

'j::1.J1 tJfl111J f6 'U ~1tJ61fl1 fI' 

...... 
124.9 9f9f 

52.4 x 57.91J1J. 

9.3 : 1 

!II 
'\J'Ul~ (fl11.:j x tJ11x ~.:j) 715 x 1870 x 1050 1J1J. 

I !II 
f1111JtJl1'lf1.:jfl6 1205 1J1J. 

: cal t:::. 

93.5 flfl.'Ul'H'Ufl~'YI1i 

cm 
!II !II !II .... " I'j::1.J1.J1111Jfl6 'H 'U 1 ~ffm 1.J'jfl\'lfl~1.JfJ 

'H~.:j ~i'1Jl1.J'jfl 

60/100-17 WC 33P
 

70 / 90-17 WC 43P
 

U1.J1.JU,r.:j'\J'Ul~ 12 V.-205 AH
 

40 ii~'j
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J ...... d~" d~ 
P111HYI 0-2 fJtUff1J1J;I't11~fl~'\lij~nHlflfnl1fllnHl\.l1i'i'i1J~lU~::t'H~flflnlNff1J(mechnical 

.: ... '" " properties of plain carbon and alloy steels) ('If\.l't1~ffij1J1J'\l\.ll~lff\.lNltJ\.ItJfl~l~lh::1JltU25 

nun) 

AISI 

TYPE 

condition Tensile 

strength, 

ksi 

Yield 

strength , 

ksi 

Elongate in 

area, % 

Reduction 

in area, % 

Hardness, 

BHN 

Machinabill 

ity(Based on 

1112 =100) 

1010 HR 64 42 28 67 107 45 

CD 78 68 16 63 129 55 

CDA 64 48 28 65 131 55 

1020 HR 65 43 36 59 143 50 

CD 78 66 20 55 156 65 

A 57 52 37 66 111 90 

N 64 50 36 68 131 75 

1030 HR&TURNE 72 44 31 63 140 -

CD 84 76 16 57 177 65 

A 67 50 31 58 126 -

N 76 51 32 61 149 -

1040 HR 91 58 27 50 201 63 

CD 100 88 17 42 207 65 

A 75 51 30 57 149 -
N 85 50 28 55 170 60 

1045 HR 98 59 24 45 212 56 

CD 103 90 14 40 217 60 

A 90 55 27 54 174 60 

N 99 61 25 49 207 -
1050 HR 105 67 15 - - -

CD 114 104 9 - - 54 

A 92 43 24 40 187 -
N 109 62 20 39 217 -

1095 HR 142 83 18 38 295 -
A 95 38 13 21 192 -
N 147 73 10 14 293 -

1118 HR 75 50 35 55 140 . 

CD 85 75 25 55 170 80 

A 65 41 35 67 131 80 

N 69 46 34 66 143 80 
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..;., "'... d,," d}!
\JIl1HYI f1-2 (~tJ) fJWff1J1J1l'Y11.:Jfl"''UtJ.:JI'lHUlfl'''1f1171JtJ'U1i7·nJ;\lU'''~I'lHUlflt11Hff1J 

AISI condition Tensile Yield Elongate in Reduction Hardness, Machinabill 

TYPE strength, 

ksi 

strength , 

ksi 

area, % in area , % BHN ity(Based 

on 1112 

=100) 

2330 CD 105 90 20 50 212 50 

A 86 61 28 58 179 50 

N 100 68 26 56 207 -
3140 CD 107 92 17 50 212 55 

A 100 61 25 51 197 55 

N 129 87 20 58 262 · 
4130 HRA 86 56 29 57 183 65 

CDA 98 87 21 52 201 70 

N 97 63 26 60 197 50 

4140 HRA 90 63 27 58 187 57 

CDA 102 90 18 50 223 66 

N 148 95 18 47 302 · 
4340 HRA 101 69 21 45 207 45. 

CDA 110 99 16 42 223 50 

N 185 126 128 41 363 · 
4620 HR 85 63 22 64 183 58 

CD 101 85 31 60 207 64 

A 74 54 29 60 149 55 

N 83 53 15 67 174 · 
4640 CDA 117 95 24 43 235 55 

A 98 63 19 51 179 55 

N 123 87 20 51 248 -
5120 CD 92 77 23 55 187 65 

CDA 87 70 18 60 179 65 

5140 CDA 105 88 25 52 212 60 

52100 HRA 100 81 13 57 192 45 

HRN 185 139 14 20 363 · 
6150 CDA III 95 22 44 223 45 

N 136 89 25 61 269 -
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.. I ""'" d~" d~
fI11H'f1 fl-2 (~fl) tJ Wff1J'U fll'l1~ fH'l \I fl~ I1HIflflC11fl1'l' 'U fl'\..l1i 'l' 'HJ ~ lit~ :alH'l flnC11 Hff1J 

AISI condition Tensile Yield Elongate in Reduction Hardness, Machinabil 

TYPE strength, strength, area, % in area, % BHN lity(Based 

ksi ksi on 1112 

=100) 

8620 HR 89 65 22 63 192 60 

CD 102 85 31 58 212 63 

A 78 56 26 62 149 -
N 92 52 11 60 183 -

8640 CD 140 120 14 38 277 -
CDA 107 90 25 45 217 60 

8740 HRA 95 64 17 55 190 56 

CDA 107 96 16 48 223 66 

N 135 88 22 48 269 -
9255 HRA 113 71 20 41 241 45 

N 135 84 22 43 241 -
E9310 HR 115 75 17 58 269 45 

A 119 64 19 42 241 -
N 132 83 18 58 183 -

9440 HR 123 80 26 47 223 -
HRA 93 59 25 53 241 -
.N 110 72 16 58 223 . 
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J: t= 
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~.. CO.... r-l =s.. .... C CO...... 
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0 ~ 

~ 00 .... II C..-I ... GIU ... I,) 'HCD..-I ... ~ ... ..-1
..-I GI .... (f.I lDo s:: CD ... GO:'GI Q".... .0 ... ~ (f.I~.....f-'! GI..-I§~ ..... u ..... og~~::d . 

~ .... . ; 20 t .. ';:1 ;,..I':. lD iii't:l rJ) 't:l ....ls::H II >­i! E-1 

ASTH,Class 20 2012"10' -
ASTH,Class 25 25'3"'0' -
ASTM,Class 30 15"10' 30 -

17 0 10'ASTM,Class 40 40 -
ASTM,Class 50 19"10' 50 -
ASTH,Class 60 20"10 60 -

Malleable 

32510(ASTM A47) 25.10' 32.5 
35018(ASTM A47) 

50 
25.10' !i.3_ ~ 

45010(ASTH A220) 26 0 10' 65 45 
50007(ASTM A220) 26.5 0 10' HI 50 
60003(ASTM A220) 27"10' 80 60 
80002(ASTH A220) 80 

Nodular 

60-40-18 [ASTH) 

10027·'0 

23.5.,0' 70 
or 60-45-12 A636 
80-55-06 ( ) 23.5"10' 100 
100-70-03a ( ) 

" 
23.5.10' 110" 

120-90-02& ( ) 23.5"10' 135" 
Heat Resistant 18.5"'0' 73 

I: .... 
c::a-t 

A .... 0 . 
.... s:: 
.. ..-I 
CO 
C C"I 
0 

r-l 
r&l 

Gray Cast Irons 

-
-
-

-
-

-


10 
18 
10 

7 
3 
:2 

or 

CD 
CD 
4120c::::c:

..g IQ. ... 
4\l:= 

\ 

160 
165 
195 
220 
238 
260 

.... .... 
e 
~ 

...:l 

41..-1 
U CD ..d~ 

.~ 
't:lc:: 
~ 

.
 
~~ 

III J:
 
III 0
........
 
~ ell 

CD 
OWGJ..-I 
o '"
 
III e
 
;:l 0 

.... U 
:l 
't:l C 
0 .... 
X 

..c 
~ 
co 
C 
GI ... .... 

rJ) .... 
GI II) 
>~ 
~ 

:
10 

Q" '" e 
0 
u 

... ~,D 

..c ......c 
~ 

.... I 
CO ....CO 

C COW 
II GJ 
f-l ...-I ...... ....... A
 

... lD 
(f.I..loII (f.I>O

Q" ..... ..... '" u 4\l 
GI 1lI..c 

..c Q"U
(f.I 

~'-' 

CDQ"Q" 

10 
12.5 
14.5 
19 
22 
24 

Cast 

-
-

-
-
-
-

Irons 

5595 32 
55100 37 

115 44 60 
70143 57 

150 8065 
11 5170 72 

133 
133 
185 
204 
226 
255 

28 
31 
32 
37 
39 
40 

25-10' 
25.10' 

23.2.'0' 
23.2 0 10' 
23.2.10' 
23.2"10' 

208 
220 
242 
242 
242 
242 

47 
51 
49 
75 
80 

100 

16.5 
16.5 
14 
14 
14 
10 

IronsDuctile Cast 

-
-
-
-
-

140 - -
--200 
-220 -

-270 -

146 - -

52.5 10-25 178 35 

67. 5 3-10 217 50 
72.5 6-10 257 55 

108 2-7 283 63 
40 7-40 170 37 
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.. 1	 d 
f111H'fl fl-5 Ufl'~-3f11 RECTANGULAR TUBE Inch Size ~tH1'I1l1n 

.... 'W111 
TIlloIlIlMI 

• 
'12 X , o.a. 

D..., 

0.011 

I X 11/2 0.047 

0._ 

D.07I 

0._ 

0.'01 

0.110 

1 XI 0.04' 

0.013 

0.071 

0.071 

D.OlII 

O.UO 

0.10 

aX3 0.110 

0.1. 

0.110 

0. '711 

0.• 

0.31. 

a x .. o.lao 
0.1. 

0.'10 

D.tllJ. 

a x 4 D.IIO 

0.31. 

I11III 

0.., 

0.421 

lUll 

0.711 

'.0' . ,.U 
,...
 
'.11 
UO 

0.• 

'.1' 

I•• 

1.41 

1.71 

a.a, 
1.J4 

3071 

3.10 

lAO 

ut 

'.'0 ...... 
....0 

".71 

••12...
 
• .10 

,D.I 

w.IgIll 

.' 

~ 

0.'14 

0.,.. 

0.114 

D.34I 

Mill 

0.• 

D.... 

0.71' 

D.I" 

D.411 

o.lIIlI 

0.117 

0.171 

0.1" 

l.lID 

1.01 

1.70 

1.17 

1.45 

U4 

3.1llI! 

3.13 

z.o. 
a.1I 
:LOll 

3.1t 

UI 

4.71 

I AI.­
elM,.. 

!-
i 

.' 
I 

0."0 

0.1. 

Do '7'0 

0;224 

02lll 

D.:lIO 

o.q, 

0.", 

D.I3O 

0.17' 

D•• 

0.40' 

0.431 

o.m 
ll.ll8O 

0.... 

'.11 
'.11 

I.• ,... 
2,01 

2... 

,,­
1.-0 

u. 
a.OI 

a.R 
all 

MornInI 01" 
INItIII 

" .-	 .-Iv 

0.00414 0.0'. 

0.00'" 0.011' 

11.00142 11,010' 

0.01" 0,071. 

0."71 0,0lOI 

0.0114 0.'07 

0.0111 0.'11 

D.0711 0.'40 

D.07II 0,'" 

0.0411 0.'41 

O.oell 0.114 

0..... 0.lOI 

000711 0.131 

OM4' 0.­
0.0lIItl 0.310 

0.'04 o.:lIII 

t.J40.71' 

0.714 I. 

0.. I'" 
0.077 I. 

,"'I.. I,ll 

1M 

UD 11.73 

0.N4 UI 

1.18	 1.7. 
1.11	 1.8' 

1." 4.• 

'.7' ua 

IecIIDII 
MolUuI 

III Zr 
~ In' 

0.0'1' 0.0'" 

0.0110 O.DlIlI' 

0.011' 0.040' 

0.07..	 0.0111 

0.011114 o.,a, 
0."3 0.'" 

0.'30 0.'" 

0.143 0.'" 

0.'12 0.1. 

D.OlII4	 0.141

D.,. 0.114 

0.137 D.IOI 

0.1" 0.13, 
0.1.	 ~ 

0.1. M'O 

D.l0' 0' ­

0.711	 0. ­

0.734 D.IIG 

0.- 1.10 

0.077	 1.14 

1.11	 1.4',. I. 

ll.II3	 I. 

0....	 1.41,.	 ,... 
UI	 1.13 

,....	 a.. 

a.•"" 

.....-
QrntIon
 
10 Iv
 
In ... 

0.- 0... 

0.10' l1.li, 

U440.'''' 
0.401	 0.111 

0,401 oas 
oae 0.141 

lI.III G.I3I 

0.313 G.I3I 

om 0..­

OAII 0.714 

00414 0.'" 

0.7110..." 
0.401 0.701 

DADI 0.701 

0._ 

0.- 0.171 

.., 
0.1OR	 1.10 

0.100 "'0 
o.m	 ,.117 

0.771	 I.lII 

o.,a l.lli3 

0."" 0_ 

0....	 1.41 ....	 ,AI 
O.llll	 I. 

0.711	 I.• 

0.77'0 I. 

0.,'" u, 
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~, d 
9111HfI n-6 U'l1fl.:lfll SQUARE TUBE Inch Size \IV.:IllHUl 

SID a Wool 
TIlI;tul... w. ArM 

01111... 

Mom.... 01 
.....".i 

II " ii' ii' 

D.oe»l' D.0D2I' 
D._ 0._ 

iI 1ll/II '9'ft In" 

1/2 X \12 0.038 
0.017 

0.210 0.108 
D.aI~ 0.1" 

U.D7D1n.­
D.DlI3 0._ D.I8!l 0.107 D.DD:I:I7 0.00337 

0.072 0.001 0.183 0.11' 0. ­ D.DIl382 

511 ~ 5IlI D.~I 0.308 0.13l1l 00801 0.00513 0005.3 

0.017 0._ 0.•'1 0.107 o.OOHl 0.00501 

D.DlI3 0.470 0.213 0.138 0.00724 0.00724 

0.072 D•• D.m 0155 0.00788 0.007" 

:1/1 x )/4 0038 0.373 0.'. 0.111 0.00lI20 DDDll20 
0.017 0.413 0.201 0.130 0.0107 0.0107 

D.ca3 un 0.282 0.170 O.OlU 0.133 
0.072 D.... 0.204 0.111 0.0141 0.01'" 

7/1 X 7/8 0.038 04. Dte' 0.12. 0.0148 00141 

0.017 0.123 0.237 0154 0.0171 0.0175 

D.OU D.... 0.310 0.201 0.021. 0.021. 

0.072 0.771 D.• 0.U7 o.oaol lI.0241 

1 x 1 0.017 D.lI03 0.271 0.177 0.0287 0.0217 

D.ca3 O.7tl 0.350 D.23:l 0.0331 O.DHI 

0.072 D.... 0.405 D.al3 0.0375 0.0375 

0.071 D.MO 0.135 D.• D._ o._ 
0.005 1.14 0.511 D.33lI 0.0157 0.0157 

0.120 
0.125 

1.3D 0.1:12 

"'. 0.51' 

0.410 

0.42' 

0.05211 0._ 
D.D537 0.0&37 

lJ,H X '1,.. 0.017 0.783 0.,.1 OU. D.OUI D.osa 
D.D13 1.01 0.'18 D.2N 0.0112 D.Il882 
0.072 1.14 0.51. 0.335 0.0771 0,0771 

0.078 1.23 0.588 D.• 0.0122 0.0122 

D.OIS I." 0.113 0.431 ~ 0.De54 

0.120 1.10 0."7 0.530 0.112 D.1l2 

0.125 1.17 0."7 D.... D.lli 0.• ,5 

I "' X .'11 0.017 0.122 D.' •• 0.271 0.01152 D,Desa 

D.D13 1.22 0.553 D.• 0.123 0.123 

o.on 
0.078 

I .• 0.5271.4, 0.175 
0.407 
0.135 

0.138 0.131 
0.147 0.147 

D.De5 •. 7t 0.1.' D.," 0.1n 0.172 

0.120 UI 1.00 0.801 D.ln 0.113 
0.125 1.2, 1.04 0.87' 0.211 0.211 

2 It 2 0.120 U. •. 34 0._ D.• 0.. 
0.155 3.70 1.88 1.01 0.511 0.511 
0.1175 UZ 1.8. U7 0.570 0.570 
0.210 1.40 2.41 UO 0.770 0.770 ... 

..........
 -

I' ly 

rr ii' 

DODllM 
0.0113 
D..35 
0.0115 

D.DDllN 
D.OII~ 

D.l~5 

0.145 

0.01" 
0.01'. 
0.02:12 
0.0252 

0.01" 
0.0108 
0.0232 
D.D2a2 

0.0211 
0._ 

0.0355 
o.~ 

0.0211 
0.0211 
D.D355 
D.038I 

D.~52 

0.0111 
0.0515 

0.D582 

0.0362 
0.011. 
D.0515 

o.ozse 

0.0535 

D.ca7' 
0.0751 
D.07t7 
0.0II1:r 
0.101 
0.107 

0.0&35 
D.ca7. 

0.0751 
o.om 
o.Del, 

0.101 
0.107 

0.0... 

0.111 
0.123 

0.131 
D.IS'3 

0.110 
0.110 

D.DIU 
0.111 
0.123 

0.131 
0.183 
0.110 
0.1 .. 

0.127 

0.1 .. 
0.110 
0.1. 

D.I:lO 
0..7 

0.2•• 

0.117 

D.• " 
0.1 .. 
0.188 

0.230 
0.lil7 
0.111 

D... 
D.881 

0.'70 
0.770 

0••' 
OMI 
D.l70 
0.770 

R.-'" 
Gyfltoon.. " in in 

0.•88 0.'88 
o 11M D.•" 
1.17' 1.• 7. 

0.\75 0.175 

0.2. 0.2H 
D.m D.2~5 

0.221 0.221 
0.225 o.m 

o.aD O.aD 
0.211 u. 
D.2lIO 0.280 

0.27' 0,271 

0.300 0.310 
0.337 0.337 

0.330 0.330 
0.325 0.321 

D•• 0.. 

0.3U 0.352 

0.37. 0.371 
0.37. D.271 
D.38t 0..- D•• D•• 

0.. 0._ 

0."0 MID 
0.... 0.414 

0.'80 D.OID 

0.'77 o..n 
0.070 0.'70 
0.'10 0.010 
0.... 0.055 

0.llD2 D•• 

D.ll88 D•• 

0.. D.• 
D.578 0.571 

0.172 D.5n 

0.... 0.... 
0.110 0.110 

0.751 0.751 
0.741 0.741 
0._ 0.721 
0_ D.IN 
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.cl • 0' 
V111H'YI fl-7 lClfhlll11VHl1lJ1Jl~'i!l'1..1 ISOIR 606-1976 (E) 

lCJi ... " "'~Clf dl bl ~ b3 UHU~fl'l1fl kN 

ISO P max mm max mm 
4 : 

11 'I..I.:! ')f'l..l 
--,r 
QI 

n'V.:!'l$'I..I 
~ 

n'11J')f'l..l 

05B 8.00 5.00 3.00 2.31 4.90 4.51 7.85 11.18 

06B 9.525 6.35 5.72 3.28 8.66 8.93 16.97 24.92 

08A 12.70 7.95 7.95 3.96 11.31 13.83 27.66 41.50 

08B 12.70 8.51 7.75 4.45 11.43 17.85 31.20 44.54 

lOA 15.875 10.16 9.53 5.08 13.97 21.78 43.56 65.33 

lOB 15.875 10.16 9.65 5.08 13.41 22.27 44.54 66.81 

12A 19.05 11.91 12.70 5.94 17.88 31.20 62.39 93.59 

12B 19.05 12.07 11.68 5.72 15.5 28.94 57.88 86.82 

16A 25.40 15.88 15.88 7.92 22.74 55.62 111.25 166.87 

16B 25.40 15.88 17.02 8.28 25.58 42.28 84.56 126.84 

20A 31.75 19.05 19.05 9.53 27.59 86.82 173.64 26046 

20B 31.75 19.05 19.56 10.19 29.14 64.55 129.10 193.65 

24A 38.10 22.23 25.40 11.10 35.59 124.59 249.17 373.76 

24B 38.10 25.40 25.40 14.63 38.05 97.90 195.81 293.71 
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, 
V111Hn fl-8 1J1~"tl~ iCJih~!~tl{~tlfl111JtJ11 

iCJi 1J1~"tl~ iCJi , kglm iCJi 1J1~"tl~ iCJi , kglm 

ISO 
.. : 

11\H')f'U 
" ... 

fftl~'lf'U 
" ... 

ffl1J')f'U ISO 
.. ~ 

11'U~')f'U 
~ 

fftl~')f'U 
~ 

ffl1J')f'U 
d~ 
ff')f'U 

05B 0.327 0.621 0.923 05A 0.277 0.54 0.823 

06B 0.39 0.74 1.10 06A 0.33 0.65 0.98 2.44 

08B 0.68 1.34 1.99 08S 0.61 1.22 1.83 3.93 

lOB 0.85 1.70 2.55 lOA 0.98 1.96 2.95 6.10 

12B 1.16 2.31 3.45 12A 1.59 3.05 4.54 10.00 

16B 2.71 5.42 8.13 16S 2.50 5.00 7.50 14.70 

20B 3.70 7.40 11.10 20A 3.68 7.35 11.03 22.14 

24B 6.70 13.75 20.75 24A 5.54 11.07 16.61 30.10 

28B 8.25 16.80 25.40 28A 7.52 15.00 22.60 38.69 

32B 9.22 18.45 27.67 32A 9.67 19.34 29.02 61.90 

40B 15.48 31.55 47.62 40A 15.48 30.95 46.43 

48B 24.71 50.00 75.45 48A 

56B 33.20 67.60 56A 

64B 44.64 89.29 64A 

72B 59.50 72A 
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~1'U1'U ~tJmw'li'U • ~1'U1'U tJ ~'" 
~ mw'\l'U 

.. 
. 

'W'U'U'U lnh11'1'lJ m::~n m::~n 'W'U'U'U tJ'~lflVl tJ'::U1Vl tJ'::lflVl 
....... 
'YU'U~'U 6 tJl'U lJln 

....... 
'YU'U~'U I II ill 

nnH 

1"'" ....'ll'n'U~l'HUN'UfllJ n-6.. ,"OJ ~ 
'll'n'U~lnmN'Ut;llJ n-6 

11 3.02 3.45 3.88 11 1.97 2.11 2.39 

12 2.78 3.17 3.57 12 1.79 1.92 2.18 

13 2.57 2.94 3.31 13 1.67 1.79 2.02 

14 2.36 2.70 3.04 14 1.54 1.65 1.87 

15 2.22 2.53 2.85 15 1.40 1.50 1.70 

16 2.08 2.38 2.68 16 1.30 1.39 1.57 

17 1.97 2.25 2.53 17 1.21 1.29 1.47 

18 1.84 2.11 2.37 18 1.14 1.22 1.38 

19 1.75 2.00 2.25 1"Q,I .err.
'll'n'U~l'HUN'UfJlJ n-6 

20 1.67 1.90 2.14 19 1.40 1.50 1.70 

21 1.59 1.82 2.05 20 1.31 1.40 1.59 

22 1.51 1.72 1.94 21 1.24 1.33 1.50 

23 1.45 1.65 1.86 22 1.18 1.26 1.43 

24 1.39 1.59 1.79 23 1.12 1.20 1.36 

25 1.33 1.52 1.70 24 1.09 1.16 1.32 

25 1.04 1.12 1.27 

'HlJlm'H~ •	 1'I'~111'1'lJ6 : lJ61~6rtvJ~1 

m::~f1tJtn'Umn~ : 1fl~6~tJ'U~11tntJt11J 
.,j .. ~ 

m::~f1lJlf1 : 1m6~tJ'U~'H'U~1J1J 

.,j .. , I 1lJ .... "'.1.1 .... 
.. l,h~lfl'Y1 I : 1fl'i6~tJ'U~~6Hl'U l@Jfl'i6f1flfl1J1JtH 

1,h::lfl 'Y1 II : 1l61~6rtvJ~1'Hi6f;~..r'U 
4 ~" ~ 

111'::111 'Y1 III : 1fl'i6~tJ'U~~6Hl'U~tJmtu'Y11~f1f1 
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1::~::~~CJf 

mm 

I , 
1:: t1:: 't1 In:: 't11H 

"tllWmlH ,mm 

1::~::~~CJf 

mm 

, , 
1::~::'t1 In::'t11H 

"t!\Wmn:J ,mm 

8 

9.525 

12.70 

15.875 

19.05 

25.40 

378 

450 

600 

750 

900 

1000 

31.75 

38.10 

44.45 

50.80 

63.50 

76.20 

1200 

1350 

1500 

1700 

1800 

2000 

Temperature cp cy k= cp/c y 
Gas Constant 

R=c -c 
p v 

K °c (kJ/kg-K) (kJ/kg-K) (kJ/kg-K) 

273 0 1.004 0.717 1.40 0.287 

298 25 1.005 0.718 1.40 0.287 

300 27 1.005 0.718 1.40 0.287 

500 227 1.029 0.742 1.39 0.287 

850 577 1.108 0.821 1.35 0.287 

1000 727 1.140 0.853 1.34 0.287 

1500 1227 1.210 0.923 1.31 0.287 

2000 1727 1.249 0.962 1.30 0.287 

2500 2227 1.274 0.987 1.29 0.287 

3000 2727 1.291 1.004 1.29 0.287 



S 
..J 

Molecul8I Heating Value Stoichiometric Octane Heat of Cetane oA 
..J 

"'­
Fuel Weight HHV 

(kJ/kg) 

LHV 

(kJ/kg) 

(AF). (FA). Number 

MON· 

Vaporizatior 

RON (kJ/kg) 

Number 
::!lA. 
::ll 
I.... 

tM 

Gasoline CSH15 111 47300 43000 14.6 0.068 80-91 92-99 307 a 
::!) 

Light diesel Cl2.3Hn.2 170 44800 42500 14.5 0.069 270 40-55 " .:!' 

Heavy diesel CI4.6~.S 200 43800 41400 14.5 0.069 230 35-50' e 
~ 

Isooctane CSH1S 114 47810 44300 15.1 0.066 100 100 290 
t: 
~e 

Meth8Ilol C~OH 32 22540 20050 6.5 0·P5 92 106 1147 
:!lb 
c:! 
~ 

Eth8Ilol C2Hs°H 46 29710 26950 9 0.111 89 107 873 " ~ll:~ 
Meth8Ile 

Prop8Ile 

CH4 

C3Hs 

16 

44 

55260 

50180 

49770 

46190 

17.2 

15.7 

0.05$ 

0.064 . 

120 

97 

120 

112 

509 

426 

~ 

:iii 
~b 

" Nitrometh8Ile C~N02 61 12000 10920 1.7 0.588 ' 

Heptane C7Hl6 100 48070 44560 15.2 0.066 0 0 316 

Cetane C16~4 226 47280 43980 15 0.066 292 100 

Heptamethylnonane C1A4 178 15.9 0.063 15 

cx.-methylnaphthalene CllHIO 142 13.1 0.076 0 

carbon monoxide CO 28 10100 10100 2.5 0.405 

coal (carbon) C 12 33800 33800 11.5 0.087 

butene-l C4Hs 56 48210 45040 14.8 0.068 80 99 390 

triptane ~H16 100 47950 44440 15.2 0.066 101 112 288 

isodec8Ile CloHn 142 47590 44220 15.1 0.066 92 113 

toluene C7Hs 92 42500 40600 13.5 0.074 109 120 412 

hydrogen ~ 2 141800 120000 34.5 0.029 90 

\0 
\0 



Properties at Various Temperatures (K) 

Melting Properties at 300 K k(W/m"K) Ic p (J/Kg"K) 

Point P c p k <x-lO 
6 

3 2
Compostition (K) (kg/m ). (J/kg"K)(W/m"K) (m Is) 100 200 400 600 800 1000 1200 1500 

Aluminum 
Pure 933 2702 903 237 97.1 302 237 240 231 218 

482 798 949 1033 1I46 
Alloy 2024-T6 775 2770 875 177 73 .0 65 163 186 186 

(4.5% Cu, 1.5% Mg. 473 787 925 1042 
0.6%Mn) 

Alloy 195, Cast 2790 883 168 68.2 147 185 
(4.5% Cu) - ­

Beryllium 1550 1850 1825 200 59.2 990 301 161 126 106 90 .8 78 .7 
203 1114 2191 2604 2823 3018 3227 3519 

Bismuth 545 9780 122 7 .86 6 .5 16 .5 9.69 7 .04 
1I2 120 127 

Boron 2573 2500 1I07 27.0 190 55 .5 16 .8 10 .6 9.60 9.85 
128 600 1463 1892 2160 2338 

Cadmium 594 8650 231 96.8 48.4 203 99.3 94.7 
198 222 242 

Chromium 2118 7160 449 93 .7 29 .1 159 III 90.9 80.7 71 .3 65 .4 61 .9 57 .2 
192 384 484 542 581 616 682 779 

Cobalt 1769 8862 421 99.2 26.6 167 122 85 .4 67 .4 58.2 52 .1 49.3 42.5 
236 379 450 503 550 628 733 674 

Copper 
Pure 1358 8933 385 401 117 482 413 393 379 366 352 339 

252 356 397 417 433 451 480 

Commercial bronze 1293 8800 420 52 14 42 52 59 
(90% Cu. 10% Al ) 785 460 545 

Phosphor gear bronze 1104 8780 355 54 17 41 65 74 
(89% Cu, 11 % Sn) 

Cartridge brass 1188 8530 380 110 33 .9 75 95 137 149 
(70% Cu, 30% Zn) 360 395 425 

Constantan 1493 8920 384 23 6.7 17 19 
(55% Cu, 45% Ni) 237 362 

Germanium 1211 5360 322 59.9 34.7 232 96.8 43 .2 27.3 19.8 17 .4 17 .4 

190 290 337 348 357 375 395 

2000 

49 .4 
937 

2500 
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Pos.1 Part Name And Remark I Dimension Meterial Reg. I Drawing No. 
Seal Not Name Date Rajamagala University of Technology 
to Scale 1:1 Draw Mr.Pichai Chinthongprasert 1210812005 
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Gen.Tolerances Checked Mr.Supachai Lukkam 12J08t200S 

ISO 2768 TIde' Drawing No. 
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WHEEL 508 x 30.5 ALUMINUM 
Pos. Part Name And Remark Dimension Meterial 
Seal Not Name Date Rajamagala University of 
to Scale 1:1 Draw Mr.Pichai Chinthongprasert 1210812005 

PranakomGen.Tolerances Checked Mr.Supachai Lukkam 1~812005 
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Drawing No. 
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ALUMINUMGEAR RING PLANT 240 x 2 
Reg. 

004 
Pos. Part Name And Remark Dimension Drawing No.Meterial 
Seal Not Name Date Rajamagala University of Technology 
to Scale 1:1 Draw Mr.Pichai Chinthongprasert 1210812005 

PranakomGen.Tolerances Checked Mr.Supachai Lukkam 12J0&'200s 

ISO 2768 TItle' Drllwing No. 
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