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Abstract 

This research aims to build the prototype of Pia-Salid (Snake-Skin Gourami) 

cleaner. At present, Pla-Salid is one of economic animals and is also one of small 

medium enterprises in Thailand. Pia-Salid traders require to reduce cost in hiring and 

decrease time in production procedure in order to gain the most efficiency. For this 

reason, this prototype was built. This machine consists of 7 main parts. They are as 

follows: (1) A drum with screw blade of external dimension 500 mm and 200 mm 

internal dimension, 200 mOl pitch, sieve pore in cylindrical shape with 500 mm 

dimension and 700 mm long. The drum also has a way in and a way out with 1100 mOl 

of total length. (2) A set of drum supports. (3) The structure that holds the equipment. 

(4) 10 injectors. (5) Motor gear and centrifugal pump. (6) Major and minor containers for 

water. (7) A set of drum pressers. Amount 380 kilogram of Pia-Salid was used the 

principal material in the test. The measuring instruments were a stop-watch and a 60 

kilogram scale. 

The result found that the small fish has less transfer-rate than the bigger ones. 

It could be said that it depended on the size or the weight of the tested fish to resist the 

injection or the friction of the drum wall. And if the revolution was low, the transfer-rate 

could not be reached the requirement, but the cleanness was decreased. To find out 

the timing of transferring 20 kilogram of fish (8 fish per kilogram), five tested were done. 

The result showed that it took about 1.56 minutes. And then 60 kilogram of fish were 

tested, it approximately took 4.25 minutes which calculated from the revolution at 12 

rounds per minute (12 rpm) in finding a volume of the fish cleaning. 
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n.1 Friction loss for water in copper tubing open or closed system. 116 
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1.1 ft11IJL1J143J1ua:::ft113JthftnJlIa"fft"i\1nT'i., 

LrtEl\l~lnihr~uu1..li.n ",a~ tl ElilLlI\l,i~riL~~'li;jn~"n\4~'VIit\ll\l,1.h::L'Yl~L 'Yl £1 ua::nl~Lj £1\1 , u 

1l,n~a~tl ElLlI\l,El~~'VI n1111"11Ul~L~n 1\l,"nlJ"n\l, lYl £1ii~1l1::nmJElliiyut£1\lllal~a~1J1nnil, , ~ 

2,000 fl1El1.Jfl1lfl1El'l.JflalJ~\l,~lJlnnil 100,000 '11 ~\I'Yil11£1L~fhj~lnil 650 Q1U.'l.Jl'Yl~eJtJ, 
LLa::'Yil1~"nlJ"n\l,iin£1L~L~ EI~~::~11\1ii'V'lluih~u\l, Uiiffl'V11'l.J ~1l1::n El'l.Jn1~~a~ll alffa~ LLi\l, , ~ 

n~tI\la~~u'Yl\l,1\l,n11il\1LL1\1\ll\l,fl\l, LLa::a~1::£1:;Lla~ll\l,n1~~a~l~,rEl £.Iiil\lLLiil::ii1l1::~'Ylfi111'V'l, 
1J1n~ff~ 1~£.I~1l1::ntl'l.Jnl1L~Wtl1 £1l11'V11LfliEl\lSj Elli\l,LL1\1 Lliil~::L lIu.Lflitl\l"ll tI~Ln~~lli;n, ,~ 

Lvi el'lblJlH'I.\l,n~::'l.Jl\l,n11~aflll iill ",a~LLi\l n1::'l.Jlu.n11~a~1Jenffa~ LL i\l~::1l1::ntl'l.J~1 £.I 

1 ) Ql\1hum 2) "lItI~Ln~~ 3) ~~il1JalLLa::LtllLieJtln 4) iJ~Ln~tI LL"liLLii\l 5) Ql\1 

Llitln Ql\1Ln~mLa::Ln~~Litltln6 ) ~ln1Jen ~\I~lnn1::'l.Jlu.nl1~a~d~u.il nil~::lJ1LlI\l, 

1Jal",a~u i\l ti eJu.,rl\1~::il.ffu.~tlu. 1u.n1~~aYl'VIiill£1,ru.~tlu.lJln ~\lJ'u. 'Yll\1fl m::W'ii£1~\lL~ 
~ 

L~\I L~ U.ilf111~::a~L 1 iill'\.1itl~lU. lU.LL1\1\11u.flu.iil\llu..ffu.~ ElU. f1fi~11lbffU.h LLiil::LlI\l,~ 

~eJ\ln11"l1 tI\I~1J1::n mJn11 ~\I,rU.fltl\l,f11ifl11lJffU.l~flEl.ffu.~El\l,~ 5 flElnl1Ql\1ri ElUf1~::'Yil 
~ 

nl1~ln 1\l,Y1 ElU.Lil lYl £.11 u.i1~~Uu.~ tI\lliLL1\1\11 U.f1U.1u.nl1Ql\1LlIU'VIi n1J1\l,l\l,'VIiill £1'Yl~1~1H, 
lYl £1"nl1U1U.lbff~\lL1J ~n1J iii11u.ll\lLL1illiilllillJln~::LL 'Ylnf1mh1U.fl iilEl\l'VIim.h:lLLiil::ihnl1'V1lJu., 
Lll~1m ~ tlliLn~~miil::Lli eJn'VIiilYlElEln~lM111liill LL~lu.i1~~U\l,L~iin1~vri1J\l,llJl1iiilJJ1L vi El, , 
"li1 £1t u.m~Ql\1 ~\I'Yll\1mhJ L~\I L~ U.11 fI U.\llU.~~::Yilnl1Ql\1~tI\liifl11lJLLii \ILL1\1LLiil::-;)'"!f1Yl, 
lhw"nm1Ql\1tu.U~iiI::flf\l LW11::tilJ1W"n1l1n~::ii~iil~tlfl\l,\ll\l, tI1~'YhtiLn~nl~L~tl£1Ql 

.d .., 'I'" • 'I ........ 
"lI El \I fI \l,\ll U 'lfH:: 11 ~ iii ~ El fl11lJ "':: tll~ L\l,"1I tu.:: iill \I LLiil ::~1 n nl1 ffl11~ LU.LU11J ~ \I 'VI 1 ~ 

"'lJ'Yl11J11m1Uiil::~::L.:a\lL'Yl11EJ\lLli iiLfliEl\l Ql\11Jenli 'Yll\1fl tu.:: W'ii£1~ \lL~~~f1~::ffrl \I Lf1itl \I, ~ 

~l\1lliillffa~LyjtlLlI\l,~\l,LL'l.J1J LLiil::~::ff12Jl1nvr~\l,1;iu.L~\l,lElmff~aL1J 



1.2 -1<R1l1..h~a\JA1IthlT~"\Jn,.'i
• 
1.2.1 Lv:l fI irl'1\1Lfit}\Itr1\1tl~ltl~'iI
 

1.2.2 Lv:l el1.h"::", iJv"!L';) ~11 tl.m 1111\11 tl.
 

1.2.3 Lv:l El~'ilm11iLL ,.\I\l1'Ufltl.
 

1.2.4 Lv:lEllim1111"1tl.tl::'illntlU1EJ~\I;itl,
 

1.3 11 aUL11 <R1Hl\Jt~'i\J n,,.
 
1.3.1 ffn\lLfl1El\ltrl"tl~ltl~Vl~tl.LLUU
 

1.3.2 li1Jm~Elftwvh Li1tl.itl,fi1~\1 1tl,m1,ruVlf3J~::LLn1\1tr1\1tl~1
 

1.3.3 fflm1tltr1\1tl~lff~'illiff::e:n'il'~tl1:1J1 Ul. 8 fi1~nf3J I tl"fl
 

1.4 t1,.~tUtf"riA'ft-i'\I::lMu\I,ntA,.\Jn,'i
 
1.4.1 '~Lfl1El\la1\1tli:l'ff~'iI~tl.LLUU
 

1.4.2 '~LLriL"lI1::UUn11e.J~V1tJ~lff~V1LL~\Il~LLri"ll"1J"lI"tl,
• 



A • 
tJfIfi 2 

2.1.2 ;1a",irw., Snake Skin Gourami 

2.1.3 ~iJ~nf.nfn"lfI.f Trichogaster Pectoralis 

. 
2.1.4 ihuntltl 

1.1 ,n ffa ~H iJ ll.1.I ,n oJ1~" 1ll.111 fl yfll.L a L;1 EJ 'rllJ3J1 n LL lllJ 1.1 d: L'Yl flL 'Yl t; i1 

L1EJ"ll.111 111 LGl L'UEJ all.l"ih'UEJ LLGl::~a 1.ItJ'U." GiTvrilJ1.I1::L'YlflL'Yl [J ij,m"lillLL~~ 
1 1 

... .1'" .r t ... ~I •t ll.ll.1"l.111 Lull.ff1ll.1I1n LL 111.,1I1n ll.UlllJ1J1L1UU11fln~1~'iJ E1~u1::L'YlflLLGl::ll.EJlILGl [J~
 

ffa"Lilll.1.IGl1L'Yl tILLniiu'VI~\IihL "~atilll.lJ1L 1 mrh1mh.l1l1flna1\1 Ld1Ym1.li:nff~~ll{' ,'"

11 1 
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LLliJl ~1f1~Eh1 LLqiu1L1mlh~u."nll.3Jln ~E1 L"lJ~,r"''I'I1~~3JYl11.1·nn11Ul"(fll1.''lJEI,,,r'''I'I1~, 
u.::L.:n."LY11l LL~::Ul"(flW'1J a",r"'1'11~ ~3JYl1~f11, 

I A ,;::t 0 '"" 

LL'I'I'HJ:.l~~Y1~f1ty 

1. ~lL1HlLjjEl\l~3JYl11.hlnl1, '~LLriu1Llm~lI.~ ~lU~LLVnnHl Ul\1(flWlIEI" 

~lU~';lUUll1. ~l1J~1Jl."tl LLG'l::~11JG'l1Jl\11.11'1'1li 
'IJ 'II 

2. ~lLllEl1Jl"W~ ,r\l'l'l1~Ll3JYl11.11lm1 'iLLri1J1L1m~U~ ~h1J~1Jl,,1.IIiIl ~11J1iI• 
1Jl"W~l'1'1ni ~lUIiI1Jl"LLnl... 

3. tilLllElUl.,,1.lEl ~"''I'I1~~3JYl11.11lnl1 '~LLriu1L1m~lI.l1 ~lUIiIU1"LW~U", 
~lUG'lflflEl."qill1. ~lUflUl,"1.I1::nlf'1 ~lUflL1.I1", 

4. ~"~lLlluUl\1L~1i" ,r"'I'I1~Ll3JYl11.hln11 'iLLri ~lUG'lUl"LLl11i\l, 

2.1.5 "it.l-il"ftn~m::Uft::""t1 
~ . 
1.1 iii1 ~~~ihuil."ifi'!YW.::f1Gil u1.IIiIln1::~'I'IJ El LL~lIU l"t~ nilihh.llLLUWnl" iifl~u 

'II 

';El"Ul1f11UL~U1 "'1t~ ~nt~ f11U'I'Ii"lWi1Hii(f1U1.lG'llU~lI.Ul1L-nll.L~U1nU~UnUf11UEln 
'II 

1'I'ItY f11U'I'Il\1 Lll~,"1.IIillU6J," a-1IE1\1 ~1~lii111m::~ ElW'JJ1\1LrllEl ElmiiU1 '1'11Elii~f1J1LiJlI.~lI. 

LL~::m1~lWl~1I1l\1~13J~1.l1~lni1n."tflll.'I'Il'" iiLn~~1J,"Li,",,rl\1.l11.11::mm 42-47 Ln~'J 

l.hm~n[j~'I'I~'~ 1.1 ~lLl~~6i1"ii"llUl~ 1'l'lniL~3J~~::iiflll3J ul11.11::mm 20 L'lrll.~h3Jin... 
1.I~lLl~~1ftl1JmjluJlii\l L-nll. 'l'llI.tl" ;j\l 3Tn1ftl1Jtlliumj~13J1J1L1m~ii~uft3.iJl 

'II 'IJ' 

L'7fU ~mL~::Ll1wi1U LyjEll,rLiJul1~nmiUfh1T\I~l LLIil::riEl'l'll El~ll\1''Ii LiiEl\l~lnUG'll1fii.~dt~ 

L111ULL'I'I~-:lJlti113J1fl~l1iiEll'1'1l1W1nVi1f"l1.,,'iLLri ~l'1'1ilU (jIaEl~~uVi1fLLa::i~lLan ') ~-:I 

~3Jl1{J~~::ltlmL~th11ulia LLfl::hmlil1'iLiJumh\l~ 

• '" If
2.1.6 n1"iU'W"i" t11r.J""fi, 

ifi'!~,.m::LWf'I tl,n~~lil.llHLLIiI::i1LiiuLL~n~l\1nll.aril\13JeJ\lL~lI.,~,y~~tl U~1.l1Hii 
'II 'II 

'h.l1U11L1U1 ill.'I'Ii\lLL~::iu';tl\lLnEl1JLiJuuiU(jl1\1"llUl'lU1UiiflW'l'l~\lUl1'1~ '1'11m1ilUtflU 

'1'11\1 iia-~lLi3JLLG~::~lUnil.l1LiiU (f1Ui1Liiuiiitt';v-:lU113JlI.'li"lJlI.ll1.nUm.t'l'li\l f11u'I'Ii-.13Tn 

3JUhjUl1~Ui1-:1 tflll.'I'Il-:1a-i1~l-:1nil.l1~ 1l1.f1i11l-.1hhiEl-.1~::El3JLiI\lElen3Jl-#\I~v\lil\1 
'11'11'11 

f1 lil1l\1''Ii t1fll~~~~m1{JH~3Jw,"fu~::ll\1'1i'~L~eJiimui1\17 L~tlll. lIUli1tilU
'II ,. 

Lu.~UL~m~1JtilL~3J~LLGill1::ij~li1U11t11::3Jlm n1 'I'Iun 130-140 tlil1l\1''Ii,fU6-7 n73J 
'II 

LL~n ~1\1 tl tln'U LLGt1 LL~ LL '1'1 ~\I~l iL~ U\lU iii1 El rh.,,'-snill3J1.hn Ll~i1~::L~3Jll-:1''Ii i." LL~ L~tlll. 

L3JH1Uuii"'L~Elll.a·\I'I'Ilfl3J '1'11Elll1.f1~HlI. LLli1.l~1~1'1'1it-:l ') ~::Ll13Jl1{Jll."''Ii'i'l'lGnUflf.,,LL~fl:: 

f1f-:l~::'im3Jlw.4,000-10,000 ~v'" inHm::lIeJ.,,''liUfll~~~LihtaL'I'I~El'" 
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... ... '1
2.1.7 nTn;a"jqJLCil1HCiI 

~,hJ~1ti~~~:Li1J~miJll.9l11l1tJlll.1::tJ:: 24 il11J\I 1~tJ't1tJamH)miJll.ilL~eW "I 

L"li~::aam tJll.9l1'V11J~1l1 rJ1ll. 48 il11J\I LL~L"liu1\1~a\l.yihjhii'um1r.lti1J ~::iitm~U4::"lill.LiJll. 
q 

11a-"lJ11~ti aamiJll.9l1 ~mJ ~l.yi BBn~1f1~"lil 'VIti "I~::iitl\l a1'V111~~ B[jih1'a\l rJ\ILliihl.a1'V111 
~ q ~ 

~ll.fI'".hviu 7 luL1.1ual LriBn\la1'V111t1lJ'VI1J~~\I~::Li1Jnua1'V111~1\1 "I LL~::Lrlaa1t1hi 7 L~all. 
q q q 

1l::iiTll11Jmli\lLLii 10 L"llll.~L1J~nrll.~1.1~\I,"uLiJWlJll.1~~'Vii'a1J~::~wu1ft~~BL1.1an 
q 

2.1.8 nl"j1MtJl,.,1"j 

a1'V111~1.1~1~~~-nBunuMia ~::LTliJ1 il~::La[J~ 'VI1B1.1~1tJ-ll111~[Ji1J1.1unu 

rrnu\I~~uLLal111J..,r\lLL'VI Uti~ 'Viln~:: ~Tl'jJ1LLa:: hJ1Li1ll.a1'V111"lJ a\l ~n1.1 allll.1tJ Ei el ll.ell tJ 
q ~ q 

i\lLLii 71ll. £1\1 1 L~Bll. Lria1.1aliielltJ~i 21 lll.LLalTll1aa\ll~n-lll1Eltil\1a::LatJ~ i1J1.1unu 
q 

rrnU\l~~ua::La [J~'VI1el LL 'VIUti~ ua::1.1 alnUl\1 LW11::an1.1allJl\1ilL~1ruL~U 1~ L11~Uti11J11n, ...., 
nUell'V1119l\lmhl~~ 

~1'V1i'urrnu\l~1i~1J1.1unlJi1,fu Tll1li«n 1 ~lU 11 2 ~lu1~tJ~1Jr:rn1~LnBtI 
~ 

La-miBULL~1~\lLa111a\l~1.1Lfla1~ll.LiJunBll. m11~a1'V111Tll11iLYitJ\l1ll.a:: 2 Tlr\l1wrll\1Lil 

1~ t1i~11\1lJll.LLiJll. hr1::~Uirl 1 ~1JTll1tl::m1Jltll.al'V1111~1.1alnll.'VI1J~'Vi el~1U1U'VIrt\l "I t11 

al'V111L'VIael-lll1J1Ull::Ln~m1lJ~L tiTrh1~La-tJ u~m1~~::fil'V1U~m1Jltll.a1'V1111~LLtiUelU~\I 
-. • 1 :'1 ..I VI .. 

~ 

• 1 • .... 1.r.... ..11" . ...0 

LuLuUm1mn't1~::Tl1Ultll. L~ LW11::u~ltJel1JL~1ruL~1J Yl"lJll.'t1nlll. a1'V111't1 'VILL~a::y1111~\I 
., q 

i el\lfla rJL ~1Jm1J1m1~1J1n.;ffua ULti1J a LVia1~L Yi[J\lWmllJTll11Jiel\lm1"lJa\l1.1~1 .... 

n111~al'V111LL~a::Tlr\l Tll1Wmm1J1~LiJll.L1al LL~::Tll11~a1'V111hn::'VI':il\1~ 

a1nlfl rJ\I~tii'all. ~el 1WIfl\1Li1ua::Lflll. nelUl1\1 al'V1111JUuiJu~~Tll1~~Jl 1~ff'ruOJ1 tll.., ., 

LRtJnau 1.1a1~::~~L ~a\lu~::iiTll11JLTltJiu 

2.1.9 T"jA 

1.1~1 ti~~~11Jm11J-nl~LliTi at1~::LiJU11Tl11rJLL1\1 ..,r\ltJ\lLtiLTl £J1.111n!li1ii11Tl1::lJl~ 

.;ffu1uti B1.1a1ti~~La[J \l.amnnJl1ll.tiaLn~L~tJ~\l1l::ih1~1.1al;tuaatJ~1L 'Vi11::aBn~L~ll. ~ 

a::a1tJ1uJl~tiLV4 tl\l'Via 1.1al i,'{~Yl~\I~ B\I;tll.1Jl'V11 tlhlJutbJ1~Li tJ\I~a\l1lJth tJJ1Lfha BmL~l 
~ 

1::lJltJJ1L-lll1'V1ti 'VI'ia1mh[J1.1a1L1.1Wf1Li11a~ll. anmh\l'VIrt\lfH'lEl 'l~i'm.Urm.hln!lL~1Jail 
1l::Ln~~1 L~ 1J\i1Lf11::~~ Yll1J r;11.1al ~'1 L~lJti'1d'1l::Lm::~~ La aYl"lJ B\l1.1L'i1fh1~n11L1l1ruL~lJ1~ 

~ ., 

"lJB\l1.1L'i1-n::~n 'VI1f1iiL~lJJ1~U1J1~ a\l1lJfi1'}Yl1~ tJi~1::1J1tJJ1ti::B1~L;Jl ~u1 U11 a1~1J1n"l ~:: 

ih1~i'1L~lJd'VI1tJLi 
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am..l,.::m1'\11ii~ Ihn~1l::ltl111Lthl.~a-LLllvi"f tllViUiliiul~LL~a'lla1lf)11th;jau• 
a\l LifU\l1111n"l"u El LVi11::tlal~L U"LLj:.Ja Ellllnal mull.l1f1LL~::tI ~ aEl L:lm::ul~'tI~~tla1 ~1 
,... 

El" 

2.1.10 ilR'iUa::fn'iiln"n\4,.. 
i~~El\ltl~la~~'~LLfi.. 
1. Vi1n"nn"tlal Ll5" "nm::L~" "nUl\l lmm,i'l LL~::L'\IIih.l1 
2.	 Vi1ntlr;nnmdEl Ll5" tI~ll5a'U tI~l"lf::l~ tI~l''\II~ ll::n",r\ltlala~~'1J"l~L~n 

LL~::'1Jll.1~ huu Gf1"tI~ln~1I tlaln~ tlal~1~::rt1~::n"''li'1JEl\ltlala~.ILL~::an..~ 

tI~11"1m:i€J'U 
cv	 trtK . CV .... :'A I 

3.	 ~il1L~aElflal'U L''If" ~1L\I"~1'tH)\1 \I Lill iI::VilU'Ul.... 
4. Vi1n nu L"1lEl~ LLa::"ln

• 
tlala~ila11111n'\ll~U'\II~nifl1'~ LL.iLrlaltl111L~tJ\Il"tia t1ala~~'1la11111{)~1l::.. 

'\IIalJ'\II~ni~1'~LYhnlJatil"LL'\II~\lJlti1111"lfl~ \),::~"\l\l-')lLtJ"~~L~rJ\I~::~El\l151rJn"UEl\ln" 
'II '11	 'II 

LLa::ril,)~i~~a\ltl ~l a~~ L~lI;f'UanYll\1'\11 rt\l~1 U 
'II 

hml1UEl\ln"LLa::fh')~Vi1ni~1~LU"el"~1lrJiiEltlalL15" Vi1ni1L~"i1Y1El\l ..\I
L.h ~:Vil1Jlh1111,r\lnlJ L~rJiI LLa:"ln tlTthf1aa1l1EllJtia'¥ifhrlJilLu'U1finT~iJa\ln'U'i1\1 

'¥i~a~h ~ rJ\lViElLLa1iil1-,)1'W1n"n f111'tilLVi\lflallLLU"Bl'\ll11'i Li4 Elua\ln'UiilYi'"nlulJa\l1l1• 
n"tlal1"11 m::~tlalit'UlIln"al'\11l1a tiLtill.'\11llL i1"n~lIyj a\l1:1\1vi"fl~,i'1~~::ltll1lt1an 1" 

'II 'II' •	 .. 

tia LVi1l:El11l~::ii',jtla1~Lij"~ilTIJEl\ltl~1 a~fl~il1Il~1Uanmh\l'\llrt\lfl m'; m:lJl rJ,i'l yja\l1,f
'II 

a1~ill,jlu~iil5a\l~l'1J,"li1L~nn1LEl1'l' LU"m1U a\ln"hilYi'Vi1 nfl~1'1J El\ltl ala~iI L1i'1'til'U 
•	 'II 

UaL~El\l'~ LLa:~El\l'\llat"~111lil:Lm1\1a tiLall Eltl1"1fl1~~ a\lLtI~ rJ"1'\IIahi'"ti 
'II • 

2.1.11 nT'i;lU 

Lrlaiifl1111-,)lLi1"~::~a\l,rlJtI~la~iI 'tlLif[J\ll"1mi a"Li4 ElLLEln'tiLVi1:L~ [J\lfl111i 

n1:"lfa"in LL~11i,j"'\II~ml\1in ~ntla11Y;~iI,r\l,r1 LLa:i1t1al;f"1I1Vii'El1ln"Li4 EliilYi'tlal 
'II 

"lfElmh ti~ILtI"tlal~1i1LL~1f)111ia1\1~lfiiEl" LL~1\l\lli,j"in;f"~lna1.:1an,r,"'\IIrt\l m1,)lJ 

tl~~IL i4EllidJ"a1'\1111t11:-')11" ~:~a\l')lJtlal~ii"1l"li1Ul1i\lLL¥i 10 L"If"~LlIil1 it"'tlfl111i 

aEllJ~'U11\1\i~13J1l1lti a LViJ1::til1iLL'\IIYla~'\II1mia\llia-1\1in~1\1LLu'Ual'\1111 tI,nnlI:Lij~hi, 
~ _ A ~ _ cv.. 

mn1l1n"El1'\1111~111lJ1L1tUll."an'\llalrJ1" 

Gf1"m1,rlJtlal1Yi'~1I~,r.:ltim i4a-;il'\11lhEl f111,rlJl"L~a"ii"lf111L Vi11:LtJ"(]~~tI~'1 
'II 

\1l\~11"''li li1 £JliL1J an ~a1lLL~1115a~\limEl1~lT1L1Jan~a El1l'1' 
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2.1.12	 nTiLLt.I"i"it.l
 
"
 

nTnhtl~1~~~L~hJLtI~nTILLlh1t1El[h-3111rt-3 ~-3,h[Jt'l~f13Jtla1~~~~3JT'nlLn1J 
'II 

l 1lJ11Ilfll~Lt1~L1 a1 ~1lUnn;f~LL~::l~i'lJfl113J\i.mJflti1-3LL.,..d1ll ~1 [J ~1'YlnIlijIl1fl'tf-3 iT-3~-3 
• 'II 

LiI~~~f11flflnEin~1~1IIrt\l~1[J 

.......
 
2.1.13 1tif11 

1JfI~Ln~~1~u1,rij~1II1flifl~i·m::m.nmtl~w~L~fl[Ji~"'1 ~lnl~ LL[Jn"'1LL~::li 

ltllJ~ i1JLtI~f1111111LtI~'Vl1f1lri ~1'V1i'lJliti1LtI~tl~~ih:r~3J1n1~LnlJ L~ [J1,h3T~ ,h3T~ 
'II 

l.la1 ~~~ij11miiL ~11::111 ltl1,n~fl~ ~1111 n11:U'VIa1[J fl ti1-3L1f~ fl~~111 n11:uYlfln1lllt-3 ~LLa:: 

El1'V111i~{Lfl~1tl~1~'ti1L~'lLLa1n1JLnafl 1~e1~11~1~ 3:1 ~f1tl~1 3 a-1~Lnafl 1 a-1~1IIiTn 

l1'1 ~~ 1~5-3liT lB-3Lflafl1J n::~::ir-31111m1i-3 i-3Li1fifl~~1::fl1ii~6;f~~1-3t1~11~~:fl1~• 
L1[J-3t1 ~1 LL~~'lJ 1~~1 [J-31:UlJ~~::LLn1\l liT'ttlin:[J:L1 ,nmn LL ~-3 #-3 LLYi LLYlYl Li:uii-3L 1~1 

1.l1:::U1m 11.00 ~.1~n~1J-n1-3'l~ii-3L1~1tl1:::U1m15.00 ~. 1II"1f1 3 t:U-3Lfl~ ~-3Ln1JtI~1~-3L,j-3 
'" , "''''.... .f"" t1.. .. d.J' , "'... tI '" . .rL1[J\l L1II~ ~m~m::~L1[Jn11 ~1~~YlLL~~LiI[J1 'll-3L~fl';l::~3J t'l1~f1\ln11 a1LL1II-3n11~ ~1n• 
'l~ii-3Lfl~ LLa11,r~a1~~nfla3Jl1~~fl~~~ i\lLi1LfI1~1Via1Li~nflfln i11nYifl'l~ii-3Lfl~1~ [J 

ni1Jtla11~i1f1~na1\l11l.L1f'\.l.L~:U tl~11f\i.~dLi[Jn'i1 t1~1 ~fl-3LL~~ L;tfl'l::LL~-3LLii-3 L1a1'YlEl~'l:: 

mfllJ Lf1[J1l~LnfllJ1II3J~'tf-3i1 

.: .... 1.......

2.2 L'Manmn "ift1.uJ (Stainless Steel) 

L'VIann~1l~~il:u 11118 ~L~1l.L~~ ,f~ iifl';hLtI~la1ll::~~3JL1II~n ~ijlfl1Liim,lfIti1-3ufl[J 

~Li~ 10.5% ~al1l.Ill'Jf1l'Yl[J LLtla'l1nIl1'lf1er"n{l'lf'h stainless steel L;ith''l1nla1ll:~Li:U• 
i"mh1hi LtI~~\i.:uer~L ;ifl\l:U1'l1nn11'ti1t1!lffi[J1n~1::wh\lfl Eln;nL'l~1~a1mfln1Jlfl1Lij[J:U 

11l.L;tElL1II~nna1 H'~3J Ln~ltl~vM3J1J1-3 6) L~afl1J~b lr ii1111u1~t1niJfl-3m1Ln~~11:ULi[J1II1[J 

1~n1J~1L;tm 111 ~nmi1lrml:ul~Lil1l.fl ti1-3ii iJfI-3n~m1n~niEl~ (Corrosion) LL~:lli"li11i111116
• 

~nnia1l.l~~1 [Jflti1-31a1ll:..r1ltl ~1111i'1J1~Li1lli'~m:U1wILLa::l~1II~1[Jtl1::L 'Ylfl l~m'l.Yn:: 1~..
 
f1~~1IInn3Jn11fl~ U[J3JL1rm1~1II::di1 corrosion resistant steel Liiflllil~1::1J'iili1LiI~.	 , 
l~1II::~~3J1fU~1i1 LL~::fl mnl~1::ilJ lil LLYil ~nEl\lila1i1L 11~1:U11tlVi1JL ~1l. L1II~nna1lr~\i.:u• 

..J d tI ... ..J .. '1.J' .... 1" ....Ln1i1 18-8 3J1n'Yl~iI "lJ-3L ~m11::1Jtl-3 n1~'YlL'lfl~-3L~ ~L1l.m1ll~nflfl fl1L:U[J3JLL~::~Ln~ 

il13J,hi1J L'VIanna1H'ml:utl1::LIl'Yld,r~LiI~Commercial Grade ~flm,y~1ltl1ll14Bl~~1U 

irn1,r'ti1Lfl~El-31i-i1ltl ~-3L11 Li13J11t'l-;)1LL~ntl1::LIl'YI"lJa-3L 1II~nna1 l fLi\i.:ulyj'l1m~"lJ1~~~ 

fh1ll~iI;f1l.il1:U3J1i11~1~ AISI L1f1l. 304 304l 3'16 316l LtI~~~ ~-3a-11l.~~3J'l::LiI~i1n11111l.iI• 
Ln1i1"lJa-3L1II~nn~1li'Liii.3J ~"iifl11:u~a-3n11"~n11"i"1~~LLiln~1-3n1l.mmltl L1II~nmi1li' 
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~ihJflun1'nn ~ ~n1l t1n~1L Vi ~n nilLi'~n1l';)::hJLi1Uri1lLVfn::~~1"lJfl-Jiru';)::iiw Lf1l1~l'nii £111 

fl flnL'l1Cf1 1J1-J 6] L~iflU ~1 fl rJ.. aULrtfl-J1Il,;)lnnl~iilt1tln'i£JlnU ~::ViiT.:J 1~~Lii£J1I (Cr) 1U 

LVi ~nnil' i'~n1lnu El ElniRL';)U1UElln1f1l n1~iil1 ~L Vi ~nnil' i'~n1lLilu~nllfl fl nTumiilal £I.. 
W~1I l~~Lii £111 El fln''l1Cf1 ~ L~~ flU~l El Eln't11U~1l11::~L Vi ~nn ~1' i'a'n1l a'1111~mn~a'nllhi 

ri ElU~WLfll l~~Lii £111 El Eln''l1Cf1';)::riEl~1;tU2J1 an~f-JL '7iu til LVi~nn~l'i'a'it1ltmih1~Ln~~El £J;j~.. 
"li1U LLi1u'iL1 m~El £1tfUii~1111;t'" ~"a'1111 ~tl'Yil1 t-rLn~t1 tln'i£J1rlUlil ~L Vi anriElu~wLf11 

... " ....... .1' ":1 'I""" .. .1'"",,
~~L1I£J1IElEln L'l1~';)::nEl~1"lJU2J1 n,;)::LuUa'1LVi~LViLn~a'Ull"lJUL~1 

1 

2.2.1	 t1"i::LIlf11Ji)"L"anm~",11""aJ 

LVi~nn~lLi'a'U1lLLtl"ElElmUUn~lIrrU~i1U L~ 5 na1lflfl ElEla'L't1Un~~ Ly.JEl'i~~ 
1'" 1 

~L ~~n'li 1IlfL'Y1UCft~~ ua::na1lL~11~1111Uii" l~tlln-n1~~m.j~n.. ~ 

n~lIflEla'Ll1Un&i~ (Austenitic) ViimVi~nn~1'i'~U1l~~::Qa 300 LuuLm~ti1i"luLL~jVial£J 

2J1n~~~i'l-\l 70% ii~m~1I,ji~LU.iLVi~n~~L3.i~~ (non - magnetic) ii"1U~~1I"lJEl"lmLii£J1I 
1 1	 .. 

16% ~Tf1JfluarJ1"1I1nti~~ 0.15% ii"1U~~1I"lJa"li1~itmna 8% Lyjat1i'1Jl.h,,~m~1I~1u 
q	 , 1 ~ 

n1~ii1n1~lh::naU(Fabrication) LLa::L~1I~1111i1urnUn1~rl~njflu Ln~~rli',)nnua[h".. 
LL~ivlalmLa::ittl1lL1£1n 18/10 flan1"Irlii"1u~~1I"lJtl,,1~~Lii[J1I18% LLa::nmna 10% 

"aaJLfti)~iA (Ferritic) LL3.iLVi~n~~~~ (magnetic) iili1~mfuflu~~1Im1l1m 
•	 .. 1 

~~1 LLa::ii1~~Lii£J1ILilUlil~~~1IVi~nrl~1~nJa1';)arJ~::w'j1" 10.5%-27% LLa::iiitmnaLuu 
1	 ~ .. 

"1U~a'1IarJuatl111nViiahiiiLa tI.. 
naaJaJ,-t"Lfl"iiA (Martensitic) LL3.iLVi~n~~'3.i~~ (magnetic) ii"1U~~1I"lJtH. 

l~dLiitlll 12-14% LLa::iilil<i1mfuau~a'1Imlt11una1" iill1~u~tl'1ILtlU"1U~~1Imh.h::1I1 m1.. 
..	 

.. 
0.2-1% hliiumna LVianni1'i'a'U1l~~::nada'1111~tll1i'u~1111LLii,,'~1~wn1d1~~1111i'flU.. 
LL~1ii11t-rLiJu~1mh.:l~1~Lh (Quenching) ua::tluflui1 (Tempering) a'12J1dtla<il~1111LLii" 

,~ ~a1t1nUL Vi~nna1mfuflU LLa::~un1d1i"lu~~1~ru1Un1d~~~L~1fl"i~ fl~a'lVindd1l 
~	 1 

L~1fl"UULLa::..nulf1l1ndd1lrY1'11 

"~aJLYiaJA,)1aJLLi"TilU"1"ic;'l",.,a" (Precipitation hardening) Lnd~~Lilu~ 
~"" , .J' Ad.. • 1 A	 AA	 .::: 

d';)nLU~~::nau ~e:l 17-4H 'l1"1Ia'1U~a'1I"lJe:J" ~dL1I£11I 17% ua::umna 4% a'12J1~m~1I~1111 
'\I '\I 

LLii"U"I"L~~tlnaLflL~1I~1111uii",;)lnn1dYln~~n(Precipitation hardening mechanism) 1~[J . 
A " _ I ... A "	 ,( A 

a'1111dm~1I~n111LLlI"Ud"~"2J1n 1I~1~1111L~U~a',;)U (Proof stress) fltld::Vi11" 1,000 tl" 
.. '\I	 '\I 

1,500 L1In::111 a'~1a (MPa) ;1umjrlU'nn~ ua::ndd1l1n-11i'ul1d,,~ma'1IUi~1t1~1111i'elU (Heat 
..	 ~ 1 

treatment) 
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naJJ \Ol L'rt i{n'lf (Duplex) J11 f1'h'l ~11 'I I:HUJ1:: 'VI'.h 'I 1f11 'I ~11'1 bv.J e.J1~ fI bb ~:: 
• OJ 

e.J e.J ~l 'YI'\..l,U~f1 3HfI'nihJ3Jbu'\.I,1illi1t:-l a'1J e.J rh::'VI11'1 19-28% LLt:l:: hJ~1J~~JJa''1nll 5% Lbt:l:;J1
•	 'lJ 'lJ 

umnmrm.Jnll1i11::nt:l El mH'YI'\.1,U~f1 'Wlrh§Jn111i'll'\.1,mnlli1 mu'Wl::e.J rh:J ~'11 '\.I,1J11t11n1'" 
'U 

LL1li1~ ElJJ"lJ El'lfl t:lElL1~ 

2.2.2	 lh::TtJ"1Sl!i1f)"nl":il,r"1'\.u~anmrl1-i'Glf"JJ 

• 1-tl'\.l,~'1ln~~ElJJ~nliln1eJ'\.I, (Corrosive Environment) 

• .:Jl'\.1,ElW,'VIl1iJ L~'U.~liI i:J El.:Jn'U.n11bblfimUn:: 
• 'U 

• 1i'llUenu,'VIl1aJa''1 (High temperature) i:Je.J'In'U.n11Ln~f1111JtJElnL6Jl~ 
• 'II	 'II 

(scale) lblil::iJ'IfI'Ifl1111 bb'ii'l Lb1'1 
,;:;I	 ~ d AI G.o' • 

• 3Jfl113JLl"lJ'ILL1'1~'1L3Jm'YItl1Jn1JJJ1~ (HIgh strength vs. mass) 
'II 

• '11'\.1,~~eJ'In11~ElUl3JtI (Hygienic condition) ~El'lm1f1113Ja'::m~~'1 
•	 'II 

• '11U~lUa'rJlif~ltIn113J (Aesthetic appearance) L1iLiJU~U3J hj~El'l'YIli 

• LahJubtiElU (No contamination) tI El'lnum1'l'hu~mtl1n1J ~1L i'l1.l~mtl1 

• ~lUl11Un11-ll~mLUULlhJn (Wet abrasion resistance) 
'II 

2.2.3	 ~'1l1il"L~anmhl-i'Glf"lJ 

No.1- 7tl'i'm,\'VI1El1~Lflu / El1JtlElU 'VI1El1.lfu1.I1'1~1tJfl113JfElU f111UElElnL'l1~• 
L1iL~'m)~ mm /1i'llU1U~111'Wm~ElElmJ11~tJli'1L1.I~::1i'llUit'YIUfl11111El\l. 

20- ~I11'W~h 20 'VI~'1~lnm11~Lnul~£Ja~f1113J~Ula'lNl\l.n11Elueim.ma:: 

m1n~~b1~£Jn1~~m~ml.d~1iL'YI1L~UL1[JU 

2B- ~1 20 itNluan1il'ilUl~1~cin~l1u1.I11Jfl1111L1tJUL~1If1113JL'Il~1L'I1 
'II .. 

~::ntJu1.Ilunlill'1 ~~~hUJ1finl11~bflu ~111i1 tJnl1EllJ\htiElU'tI'iilfl111JElElnL'lf~ LLlil::"t1L1.I 

7~L1Jl ') NluL1.IrT~ann~~,)~ ~~biJu1nnl1"t1L1.I'tIEl~n111~Lflu E:l1~L~t'JUlnn~::Elu1u1::iu 
'II	 'lJ 

2B 

BA-Nlun1::U1Un111ilLflul~tJfl113J~Ulaila~fia::,rEltJ')Nlunl1E11lflElUY11tJ 

fi1snLvl~'L~u L.;iEliJEl~nUnUnl1mm~Lil,tunUElElnfDL~u1uEl1n1f1 E:l1arUL~1 ~::nElUfl1111 
'1 ....a .. "'" Ft ., 11'" .. __ d' ".	 •C"	 0 .... _.wi 

L~l L~il	 ~1~at;lIlm'YIL~anmn L1","3J~::n1::l11t;l1tJ1liU 'lf~~::lJLfl1iH'VI3J1[J BA ~1El No.2BA, 

A :A~~1a1JtiElUL~1 ~:ihrn'ltm:L~ln1::~n :A")L~3Jiu"lnn11iilLflu amiElu1uL~1f11UfllJ• 
U11tJ1n1f1 E:l1L")1~L~U~::LtJunl1,ril~bi1mmn~.",ril~1 ~1ElL~m,.r[J~bill3JLn1ilitiEl"'n11 

'lJ 

~1 ElU tl ElUb"'ltMWJ1n~::1,ynU"'lu~rniri\tJn113J it~a~ n11~bcfiau ibElU aauihi'lUlJ'I::L31 
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ff::'t1'aULL~\'IL l'Iiimulu No.8 11::l-nnu\l1u~dJ'U"nau ill. l;hU'Yl1\11.unUYl tJn'n:IJ 111"11U::lUflr1 

aun1m1un1:U1un11~~~a1l'111 
q 

A	 ,dl ... tI ft 
No.4, Hair Line- ff111'V'l~1 2B 'Yl~lUn1111YltlYl1Un1::.-J11Y'Yl11mUa1 120-220 

'II 

· .r.~	 '" 1'"tYlUfl1fl11:IJl'IU1U1.IUaUnULL1\1nYl, 1.IU1Yl1.la\laU111flL:IJ~'Yl11U LL~::1::U::L1~1fi11 "1I\llU1.Ia\l 
'II	 q 

n1::Yl11Y'Yl11U ~1 No.4 LlJuff111'V'l~1~ffua\l~afi11\41Lul-n\lluli'1LU L15U11Ue:J1l'111 m..Jm'm 
q 

Lfl~a\llmufl'r1 aUn100~U:IJ 
q ... 

A ...., ..,.... I lCII .... 0.... I 

No.8- ff111Yi~1 2B, 1.IYl~1U~11.1YlaUl\1~:LaU":IJln1.lU~l:IJ~lYl'UBA L"1IU 

#1000, Hl1.1uiYl1 t"uii~\I,r"a::~iiLilU:lJLL~:1fl1Liiu:lJaanL'lf~ ~1 No.8 L'i1U:lJln1l::LlJuE3'l 
'II 

L\ll ff::'tiaUflaltJn1::1Im\ll ~a".nm't1"~1Ull'l tti1l:dJULl'I~nn a1Hffit:IJ"1IitYlLL~ UtYlUE3111::f1niYl 
..	 'II 

~1 mfl~a\l;r"Gl::LBUYl \41Lul-nnu\I1UYlnLL~\I'YI1\1~lUfffllU~ Un11:IJ LL~:\llU~L,r Ufl11:IJ 

ff1U\ll:IJ 

2.2.4	 nTnliln'iiJ" 

Ll'I ~ nn ~1L1ffit:IJ LiJ Ul'ff" ~'Y1 ULLa: il U'Yll Unl1n"n iElu EJ til \Ihfl ~l1:IJii 
q 

Ll'IannalL1ffU:lJl'IalU"1:na~ tfl:1J11"~lU'YI1Ufi11n"niEJuLi~ Li~", 1UU1:L~unl11-n\llU~ 
'II 

~1\1 nu ~\I~Cl\lLa E1nLul,nU\llU~~"l'I1EJ\llUU1::nElUtfl1\1 ff71\1 lU\llUElYlffll'1n11:IJ~1\1 ')
q 

mh~1::3TYl1::1'\I 

nT'iniln'iiJ'luY"l11.1 (General corrosion) LiJUn11nYlniElu~LnYl;fu"aElYl..t1 
A".	 ..... J".c:c.... ., • .... 0 

~1l'1 Ul (Uniform attack) n11nYln1E1ULL'U'UU:lJEJU"11 UUElUL'V'l11:11ff1:1J11f11Yl LLa:'YllUl[J 

n11nYlniEl '"~1I:Ln,,;fu~1\1l'1,r1Li n11nYlniElULL'UU d'1l::Ln Ylifunu Ll'I ~nnal L1ffit:IJ1U~\I~ 

LnYlaEJ:IJ~ii~a~EJn11nYlniauluelYl11~~l:IJln 

n1"iniln'imUaiJ\1111nA"l1I1,h\1iml1wih (Galvanic corrosion) Lilunl1 

n"niElu~Ln.-J,nntal'l: 2 "1Iii.Yl~iiti1n rJ'Yll\1LVh;lLLYln~l\1nU:IJ1 E1ti~"nu 1i:IJEI tilUff11a::al u~ 
'II	 q 'II 

iiq'Yl1nYlniElUL~U1nu Ll'I ~ nnalL1ffii.:IJ1I:Lilutal'l::~iiti1n rJff\lnil ~\llfUelYl11n11n"nfau 
'II 

LL'U'Una11ii.fl3Tn1l:L1i~ am~:IJifu1ULl'I ~nnalHffit:IJ 
..... g. A 1	 A'" ,.f ....

n1"inil n"imULlJ1UI n n"iiJ1U"iJ\1111 n n1"i \II ,nJ iJ\1 ft1"ia::a1 ~f1l1fJrumil 

I .. .. ..... . A .... 
n'UJ"\1\1 (Erosion corroslon)/n1"inil n"itJ"L"iJ\1111 n n1"i'llil9 (Abrasion corrosion) n11 

nYlniElULL'U 'U Erosion/abrasion Ltill.u~ ffiU1~ LnYli'1:IJn U1::l'I')1 \I n11tinl'l1El'Yl1 \InanUn11 

nYlniEJU1l1n il11a::alU ~\ll'I1aLf'l1Y~l'IaYl:IJ11l1nm1;rYl" 1l:LL1.I1Ua EI UEI tiLUtfl1a:alU ua: 
q	 'II 'II 

Ll'I ai1 Ufl11:IJL11ff\lll:rhh~'tj1l'1,rlff:IJ~ffiiel"11n11n"niElu«\I Ll'I~nn alL1ffii.:IJ1l:iifl11:IJ 
'II	 'II 

~lU'YllUn11nYlniElULLu'U~nniElu'i l'I1aLL'U 'U"llYl ,,«\lLdEl\l1l1n iivhf:IJm11~[j~ LLUU ua:«71\1 
'11'11 

A' ~A ., ~ 
'YlYl LL'YlU1.IU'Yl ~ 1l'1Ultf1l1Lff:IJ f) 
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nT'Hl(Pln~E.l,"~l3JtJfllHn'i," (Intergranular corrosion) ~fJltmdn~n'ie:Jtwn:lJ 

"lJ e:Ju~ndltdl~,)ltL tle:J.J';ijln ~n~m"j"~nf.J~n"lJ e:J.J lmLii t./:lJflTflmfu~L1rn"lJ e:JU ~mlt C rllL~"lJ t1U 

Ln"j"lt~tJ~:lJ1 rnlfldLii mJ ~<JI~.J ~EJ rn'VIl1ii~.Jl.h:::lJlrn 450 e:J.Jrtl ~fl11:lJ~lWYl1ltm"j"n~n'ie:Jlt 
q 'U 'U 

~l:IJLLlt 1"lJe:JULm'\.l,~1 LLm"lJl~t./mdL~EJn li1~~Lm~ ilL" 'VI1EJ Lm~~'Ji1t1L 'VIlm.J~1l.J~ihn 
q 

(Stabilized grade) LL~::~e:Jn::1.Ji.:JJ1~Ln~mdn~n'ie:J'\.I,0/I1:lJ"lJtllJLm'\.l,"j"::'VIi1.:lm"j"L~mJl.h::ntlU 

lm.J~1l.J 

nl'in(pln~E.l,"lllJlJiif~3J~3J (Pitting corrosion) dJ'\.I,m"j"n~LLu1JLillt';ij~'VI1t1 
q q 

LLUU ~ii,:lJ"l.I:lJLiI'\.I,m"j"n~niElltLu vn::~ Lilltel'\.l,m1 t./:lJ1 n ~.Jii f.J ~rl1l ~Ln~mdn~ n'itl'\.l,~ ~1'VI U1 
q 

dJ'\.I,"j"Lan .. 'VI1milltd'Yl::~~~t1~Lde:J1~CiILL~~1:JJ1"j"tr'J~m1~ruL~mdEJ1~~i.~UtltI~.JLL1~~t1:JJ 
1.1 J 1.1 II q 1..1'" II 

~ii m1n~ niemuuu ~ii.:JJ"lJ:JJ ~1'\.1,:lJ1m::dJlt~11~:::~1t./~ii~mmfl~ tlhllf (Chloride ion) ';ij::
q 

LiJ'\.4~l LL'VIti,,~YJ~mnld';ij::tlnih~lt1i.~~lt1~~~1'\.I,~" LL1~~tl:JJ L'Jitl.it fl11';ij::L~ tlnt i1~~~1t1 
'II q q 

fl11 :JJ1::3J~ld:::1.J 1~ tlLUvn::: El ti1"ri.J1tl.Li11~::~1 t1"l.1 tl.J n10/1 ~ii El m'VI1li!~.J t11L~Eltl.'t"l.l~';ij::ih t ~ 
q 'II 'II 

d)~ nl1n~ niEltl.LLUU Liii.:JJLI:JJi.3.iff1 :JJ11tl LLnL"l.I'tCil t ~LLn1~ t1n11L ~ tlnt it~'VI:: f.J Li:JJ~~ltl. 'Yl1tl. 
q 

m1n~nitltl.~"nil L'Jitl. L'VI ~nn~l H'~ii.:JJLm~~L 'Wan-n LL~::Ln1~~'\.l, '] ~~:JJ11mLnL"l.Ii1fi1'V11 
'II 'II '" 

't~ 

n1'ine;) n~m..1 ",i,"ria1JM~ilU nu nile;) (Crevice corrosion) LiJ,"n11n~ LLUU 

itdi ~;f," ~ ~1'V1'tt1 ~1," ~tln i1~ 'VI1tl n~t1U"l.I tl.J L'VIa nn ~1't1~ii.:JJ ii (:.I~rl1t 'VItJ~ ,r'"tl tl n~L';ij," 't3.i 
'U 

~ :JJ11m,]1'ttJrlltJDn'i£l1ElEJn:nL~,t,"~11"~~:JJElEln't6Jl~1~ rh1~~~:JJiJEl"ntl.iiLLtl.11 ":JJ~';ij:: 

LLo/In'VI1tltlnih~1t1~.Jttl.yftl.~aud ~.Jl!tl.t'\.l,~1l11::m1ti.J1'\.l,~El.J'VI~m~t1.Jn11iiyf,"~a1J 
'II 

.... I 1 lIi ..I... ... 
n 1 l' n e;) n'iill6 tU1n1" LL'1 e;) it il aJYI aJ~ 'US" (Microbiologically Induced 

Corrosion: MIC) LiJ '\.I,nl1n~nitl '"~ Lih~(:.I ~ :JJ1';ij1 n';ij fl~'W Ln ~,l1n LL U fl fi L;t1~ ii tl til," 
q 'II 

~.J LL1~ fftl:JJ Ln1:::~o/I~ H1'V1'lhtJfI.J L'VI annffl'ti'~ii.:JJ·l'h1~1J'iL1tluf," tJo/I5,"tl f1n~L';ij," ~.Jl!," 

L~ tl,"'t"l.It ,"m1no/lnitl'"~.Jfl~1 £JnULLUlJ Crevice LLUflfiL;!.l~.Jrlll~tfm,"n11m m1no/lnitl," 

L~11l!.l~.J 

n1'iLLGln-i'1'1L'i1il"'l1nn1'inGln'iil"n1u1Gl'ft'11aJLR" (Stress Corrosion 

Cracking: SCC) SCC ~El m1LLo/Im1J11::;h~:JJii'\.l"nnm1no/lnie,"1,"1Li~~iifl11:JJL'V\ittl1 
q 

L'V\~nn~1'i'Ril:JJLmo/lEJEJRL'Yl,"iltln';J::iiLL,"11,r:JJ~';J::Lno/l SCC Li.Jni1Lnd~LVh)n~n L'VI~nmf1 
'II 

li'"il1JLmo/lL~Eln~n~.JR1:JJ11tli1U'YI1,"n11no/lniemLLUU SCC '~".3ni1Ln1~ElEl"L'Yl,",n~n 
qj 
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2.3 ~n")~urhu (Screw Conveyors)... 
"ll"~ ~n1"lJ 'U. til rJ1i f%l Vl1'U"lJ'U. th tJ-'r~~u'1m nUJ'1 ~ i.til~.J 1'U.ll'U.'11::U1 'U'VI1fl II 'U.'1 ~l <Ill5 tJ.Jn 

• 'lJ • 

i.tilu1::n flUtil'1 rJ1l\1i'1n\lll§l:: LLn'U.~m'VI~wiJ'U Llfl'U.-'r~~lll rJ1'U.11\1 ~'1n,nf 'U. G) ~n1Ym::m1~11\1 
~ . .
 

~n1LtJ'U.'t~'tf\l LLr.j'U.Ln~ Ul~mL~h.lvll'V11e.lLlr.j'U.L~'U.Ln~ rJl-JJU 
~ ~ 

"ll"~ ~m"lJ'U.th £.Iiiu1.r:h LtJ'U.1::U'U"lJ'U.tll rJ-'r~<Il~ Lrll LLrl ~11\1Jl rJ L~11:::ij fl\lvlU1::n flU LoW tJ..l 3 
• 'lJ • 

~A Q..<oQ..<o.Q I ..... oQ..<oQ..<o 

"ll"'U. ml 11\1<1l'1rl\l Ln~tJ1L'1m"lJ'U.mrJ ll~::~mm~\I"lJU 
~ 

LL1\I,JU"lJ'U.tll rJ-'r~~lf'U.-JJml fl nm';]ln ~1 Ln~ m ~m1'U."lJ m::'VI ~ 'U.li\ll'U.mJ 'Y111~-'r~lil LL~ 'U. 
q eu CI cu q 

I.U-nl \I VI '"1 -nv f%l flUJ ~ vfll11::-'r\I iJ v\I n 'U.v th1i LL1\1 JlV\'lrn-'r~<Il"lJ 'U.tll tI LL~:: LL1 \I L~t1 <Il 'Y11 'U. 
~ . 

1::VI ':h \I ~1 ~1'~<Il"lJ luh tIfluih LL ~\l11\1 vlltl\l 't1J,r~"lJll\1m1V1~'U.1vU"lJ v..l ~n1LL~ ~::1flU"lJ m:: 
• • 'lJ 

VllI'U."lJmh rJ'trm.tl."lJ m::'VIlI'U."lJ'Iuh [J 1tl.L-n\lU nu~-'r~~m1l1 m1l1a~1\1 G) ~lm1rl"lJ'U.til t1~1 tI 
q q dJ q 

~n1"lJutilrJ't~L Utl.e1tl.mnLliil1'~~J'tl.,;]::Lu'U.~..la::LarJ<Il L~~~Vl1miEltl.L~n G) n~l~ LL 'U.l"lJtl. 
'lJ • 

tll rJn1::rh't~,t..lLLtl.l1::tl.1ULLa::LL'U.1Latl\lrh~lIntl LLU11::tl.1U't~t1\11J1::1I1m 20' ~n1"lJ'U.tlltI 
• 'lJ 

Gl'm~Hu.::-W L~1jiJ..l iian~li"lJ'U.tll rJlULL'U.l"l1'U. ') LLa::LL'U.l ~'U. 

• 'lJ

"ll" ~~n1"lJ Util rJiiGl'm.tm::~11\1 'tli tJ1 n J'\l1:uunl1iJ vtma::fll tI El El n nl1~11..l n n1::r11 

~::~'1nltl't1Jli~Ulm,j'lnlJn1::U1U\llUe1lil1 'U.mi~l\1 ') 't~JlrJ "lJU1<1lm1l1 m"lJutlltJ,!uii-wirJ 

't~.t\lLL~ 1 t1\1 300 m 
3 
/hr Tlll~tJl1"lJutilF.Jii't~.t..lLL~Lnm't1l1n~;ftl.'t1J';)tl.ii\lU1::1I1m 50 LlICII1 

-Witlflll~L11.t\lLL~ 10 ii\l 250 1eJU~eJtl.l.y; ~1tl.fll111L11LLatl."lJtl.tilrJaJn't3JL1'mil0.5 m/s 

.. 0'"2.3.1 LlJilfn"ia1LiUh'J 
u 

~n1~1 L~ tI\lVlln L~tl.11111\1 LL~f)l tJtl.ElflL1l';)::'t3J'Yl1l1.J La wh ~n1~lL~tJ\I,ftl.linu 
'lJ 'lJ 'lJ 

\llU1J1::Lf)'Y11C11 (~l L~ tJ\I 11 EJ'l.~ l'~1iI ~~11 LUU~U) 'VI1 ElL 'VI~l::RlIn1.J m11i\llU~l L~ rJ,r)'Rlil 

l.h::Lf)'Yll~ L'r'l1l::~lU"lJ El\l ~m~';)::ti\ll.JElnil1in1J\llu1J1::Lf)'Y11Yl'VI1El~lL~ tJ\l1~Yl111::Ll1'Ylllil'til 
'lJ • 

~hru~ ml1LL1.J1.J"lJEl\l11.JRn1 ~\l"uil11.Jan1,)YlLtlw:ftu~tl. ~ihAru~RYl"lJEl\l'7fYl Rn1~1 L~ tJ\I l1J ~n 
" " 'U '" "I , 'U 

1';)::nl';)lnlaVl::'VI1El'r'lala~n an-:Jli'1tJm11Yl ni'l ~1tl.~\1 'VI1ElVlaflt-IL1,;) il~'Yll-:J"lJEl-3m1U~ 
'lJ 

"lJ El-:J iuluenllU lil LU'U.L n~ tJ'lonl tJ'VI1ElLn ~ tJ1"lJ1l'V11eJ1U'7fYl Lil tJ1nULLnuL&1 F.J 1ntl.Ell';) ~lil.t\l,.f\l
• 

Ln~tI1"lJ11LLa::Ln~tI1'JilFJ il..l111~ 2.2 
'lJ 
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Right Hand 

Conveyor Screw Left Hand 

Conveyor Sc:cw 

Left hand Right hand 
Hand Of Screw Flights 

Right and Left Hand Screw 

1.um1"Vhn1"tl.b1i1~m·,rU']fli'lLLU'ULna [.I':I'1J':I1 Vl1mnatl':l.n1t1 1.VlL,nnm1i~Lnlil 
'II 

~1[.1 '] ~L1t1ni1 "nlJ'1Jtl~ll'1JU" li'ltlii,fUi'lElUi~d 1.i11~"l!lil1.u~nJ1.uLLU':IUtlU'Y11~~1UVlU1 

'1Jtl~~i~Lni'l,;)1mfu~i~LnliliEltlLL'1JU,f~~El~~~ LL~::m~LL'1JUtlElmnn~1~':IL~nUtl[.l,;)1n,ru1.i~ 
'11'11'11 

i~ Ln fill tl~l;l iu1.u ~n1~ tlUi'l1"~VlU1i1 iu1.uLil t1~fl11J LLU':lLL'1JU'1Jtl~~i~Lnl;l t11Lil t1~m1J lL'1JU 
'II 'II 'II 'II 

'lf1 t1LL~~~i~l1.u~n1,f Ufl~L UULna t1':1aD1 £I t11 i~ Ln i'l L~ uiu1.lJ ~n1Lil [.I~ lil11lfi ~'Y11..1 La t1~'1J a~ 
'II 'II 

LL'1JU'1J11n LL"fI~il LtlU1.lJ ~m·1.u Ln ~ t11'1J11 VI ~nm1"i{,.b t1.11."ilLu~tJ~'1Jtl~n11~,;)11"t1nLn ~[.I':I 
'II 

"n1V11am1u fI'1J tJ~VfuL ¥J tl~ chu1.Unl1oW\l11mlil"ill;l1.u~n1",ruL~ m~~ aUVl1JULL~Tr ffi'l,;):
'II ~ 'II ~ ~ 

L~~au~t1.11.uii~'Y11~1.i'l1n~1t1 ')1.VlLi "nlJ'1Ja~i'i a" 1~t1d'1i1LL1ii'iEl4fi~'Y1l~nl1L~~ au~'1J a~ 

l'~~ WJUd'1~ LVIti a,f~ ~lti~<lllllfi~'Y1l..1mn'lllU'1J tl~ LLnU1.u~n1" LL~iiVl~n atiilLd tl'Y111Ui1"ill;l 
, ~.. 'II , 

1u~n1,ruLi1u 1.mn~ t1':1'1f1 U1.Vllii'i EI'1J':I1 LtlUi'i mL~l;l~ tllLth~ 1.u~mL na £I 1'1J111,.,iiiiail £.I 
'II 'II 

LL~~~LLfffl~i.n1.1~ 2.3 
'II 
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~_._.~~_-l-....:~=-\-r-~~~/~~-r---------'
 

B ~~'--4-=;:~~~~~---\--r-~~ 

C_-'fI
D_--\~J-C::::::""""\d:; 

~~-f1--l=:d=r':~~~~~~~$Q~~=1tct~Cjt~-:-:-;:--!-''---J.- ---'-.-'---,~---_-_---.....J) ~T) 

F ~~_~~~~~~~~~F1 

lua'mih'l\rl~'VIin ~tl lb,..nla'~1~L,,~a'\.l,~L,jl"iii'1'Yl1\1~1~m~~in~'\.I,"iJa\l~h 
~ q 

U~"iJ tl\llua'm 1'\.I,m~a an LLUU1ua'm,x'u."il::tl amLuum~l~ n,j~::a'\I~nu,j~::LJl'Yl"IJ a\l\ll'"LL~:: 
~ ~ q 

,j1:: LJl'Yl"iJ a\lla'~ ~"iJ'\.I"htl ~\I,f'\.I,lua'n1~\1ih,j LLUU'VI ~1 t11,j LLUUIIll tI n'\.l,'VIlnmJ\llu ~n"~l3J 
q ,. \J \I 'U 

,.,jLLUU"IJtl\lm1~~Wlm1rl LLU\lLU'\.I, 3 ~,jLLuuIIllmi'u. LIIlLLri 
~ ~ 

- a'71\1~111LLUU"iJtl\l tll~iJ~a' t~ t11.tlLL~'\.I,1UU~L nihl'1~~nu mt"YiaIIll'u.1'u.LL~l 

'Yi a"il::Li/'\.I,a-l 'u. ~'VI1I'\.I, vnl~~ L"11'\.1, 1nU1~'Yl mJ'\.I,'fiLlI'\.I,~ L'VI a'1 L'Yl" tl'\.l,n1~ LLa::L~laU"1fil~'VIlI'u. 
q q q ~ q 

(Rotary dryer) Li/u~U 

- LLuuluLnlhl'1n~~~n1JLLn'u.L"'Hn 'i1"Li/'\.I,1,ju.'IJ'IJ~linwyt'1 'J hJ1u 
~ 

a~Wl'VIm1~ 1ua-m"il::'Yil'V1 ,zl~'VIlIUVnla-~ a-1UYi El"il::El cinu~ 
• '" q q ~ 

- LLUU1uLnfi [11 U9I1tlUu.n'u.Lii £.1'1 n'\.l, LL.iL~ihLnuL 'Yifll~1"m:n" lua-m1.h::LIl'YlU 
'" 

L'VIlIl::nU\ll'\.1,aln'Ynla-~ 
q 

L.yj mhmlEln L"11'U \I1'Ualnvn Li'1lY1a'VI::a tlml1m"~a,, L~ ml, \I'IUflln 

vnla-~ElElml1m)\IU1~';),.,jm'1t1 (Hopper) Li/'U~U 
q ... 

1ua-n1'lInnu.ti"~111 inlY~",ju.uU L~ 'Yil::"iJEl" LL~,h~L'IJLnfi[n Wl~11nu.ti\l'1.9i~"U'" ~ 

1. lm~1I1ua-n11.h::Lll'YIULL~'U LU"il::a-71" i nlYCll.:L'VIii tl'\.l,LEll1a-~ LL~'\.I,tI1'1mvr'u.'" . 
U9ILu'ULnihn1ElULLn'UL'Wfll'V11Elu.tJn~a~Li/,""li1" 'J LLtr'1"1111?imi/,"11JL~~ Lmnfi £.11';):;L~3J ... .
1I"lJtl\l'11" 



• • • 

15 

1~ ') ~U11Hn ~ w.Jfi~::: LU u~uiJ~ mh>'l~ miie.h'll:iJihiEl>'l"lJl~~l nflU 1u ~nJLL uu1u L~hJ'tifll91 

'\.blu~~i>'l~lmLuu e.n;;HJ~~ ~~~~LLn'U,L ~~1 LL~:::l:iJ~~~~fl1HLnuL ~~liil~1u ~mLLUU lu 
'U 

L~1JrJ>'ILLU>'l~11J~n'Mrn:::mj~fl>'11~1in'VI~lmiJLLuu <K>'I~Ellud' 
'U 

1.1 1u ~njLLuulUL~1J~ih:t1:::~l~"lJ €h'l iu1u (Pitch) L'YhnU"lJ'U,l~L~U~,hu 
'IJ 

V'I'U,rrn~l>'1ue.Jn~~"lJe.:l~lu ~~L1t1n1u~njd'111u~li1im~j~lu <K>'ILL~~>'I1UjU~ 2.4 llJ~nj-nuCii 
~ q cu '" cu cu 

dL 'VI:lJ1:::nU>'Il'U,"lJurh~.I'riil'CiI~l ') luL'VI m:::nu>'11 u"lJurh ~.I'r~~ 1ULLUl'U,e.J'U.1ifluTill1Jl1ljtlU, , 
L'YhlCi1nl~ 

al ~ 1 ~ ..1 AJ'u't1 2.4 Uiil'nZ UL~1J~~-n1.l1m!l'U, (Helicoid flight conveyor screw) 

1.3 luGinJLLlJu1tIL~hJ~ih::tI::~l\1"lJB\lill.1UL'YhnlJ2/3 "lJf)>'I"lJ'U,l~L~'U,~.h," 
'IJ 

~mrrnal>'lUf)nGi~"lJf)\lllJ ~tln llJ~n~".llil.~d'llllJVi~,r~u (Short pitch) llJ~n"".llil.~dL'VI1Jl::nlJ 
'U • '\I '\I 

\11 U"lJ U til til~~;fll.1ll.LLll.1 ~ >'I VIl n1"lJ"lJ '" til til ULL U 1 tHl U ';):: ~ ~ nl,., 'VI ~¥J" Ln ~"lJ f)" l'R~ 
~",.1.l~ 2.5 

'\I 

al~ 1 'I." - - ..~ J'u't1 2.5 U~n~L1JL~1.I1l,"~~~'Hrn(Short pitch conveyor screw) 
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1.4 lu ~n 'EbUU11Jb~:lJ~ih~ rJ~~l,J"lJ thl ~U1u l rhnu 1.5 l 'l'il"lJ f),JJJUl ~H~U 
'J 

~lU~UrJnfll,JUf)n~lil"lJf),J·~lJ~.Jl1rmlU~m'lJ"Ulild-;ill1J'~1il-nml(Long pitch) lu~nT'lfitliid 
qJ q e:u 'tI 

LVI m~nU\llU"lJUrll tilULL1,TUElU "lJUrll rJl~Iil i.~mh\l11lill~l l'Vi:lJl:nU\llU"lJuril rJ"lJ f)\Il 'Vi ~l 
q 

'V(1f)1~1il~i.'VIfl~1i.~~ltJ ~D~ml"lJuriltJ~'nIilL11 L'riu 1i1uL"~f)~~hilL ~f)L ~:lJmm~ ~\Idtl~ 
q ~ 

2.6 

"iuii 2.6 1U~rILLUu1UL~:IJ'lJ"U~ViIil'lftJll(Long pitch conveyor screw) 
... 'U 

1.5 lu~n:~LuulUL~:IJ'lJ"UIil1UL1t11 (Tapering flight) ~m~Hll,:I:tI:'Vil\liU1U 
~ 

L'Yhnu LLCiiL~U~lU~UrJnfl'~ ,JUf)n~IiI"lJEl\l1U mlhnij"lJU1~~\ILLCiiL~nnlll:tI:~1.Jiu 1u "lJUlIii 
'U , 

tlfl:fiUL~El tI 'J ,;)U"lJUllflL ~U;~lUf'liJ,rJnfll.JUan~~"lJ El\llmn~ tJl ij"lJU1~LrlT'j: tJ:~l\1"lJ El\l ~U1u 
~ , 

Ln~tJ11Uand-nUlflitih'lUUDtlluam~'Y11'V1Ul~i1eJUlalil (Feeder) Wl'VJ1U"lJUlaIilLDunawhu 
eu eu It 't 

tl tln,;)lm)\lU11,;)1alil~L 'VI fl t: eJn,;)lnan1-n"lfId'';):~m:IJl mY) eJWlll\1a~lLa:IJtl ~\llt1~ 2.7 
q q 'U 'U 

"iuft 2.7 luan1f~uulUL~:IJ-n"lfIh.IL1t1l (Tapering flight conveyor screw) 
... 'II 

1.6 lUan1l,uulULi1:IJ"1lUIilLL~"uhu~urJn~l\1t;\l\1'1JU1Iilf)U(Stepped diameter) 
'IJ 'II 

Ltlu-n..an1~\bl'Uan1hILt11J'7f'Uflw..imfl1;11U ~ii"lJU1"LLi'\.u.huf'(u6n~1\1 hlUan"lJeJ\llu 
<II lU., U lU 

~h\lnU:lJ11h::ntl'U~Elf'uhumULW~lL~r.l1nu iiliuwi'VI~1[/lua'n1iJem1a1fl1~tHl1U~iiLiu 
'II q 

~lUf'(uEfn fl1\1 L~n~:tl tilUffJU1~'tI Eh1n\l'U11~L~tl'Y11"'Ul~i'U1a.. L-nl ti"1l'lil am- ~1 u11J~ ~ 
'II 'II q q 'II q 'II 
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l~'U.t:-ll'U.~'U.£Jn~l>'l1'V1ru '\l::rh1V;1~lfi"lJmll1.J1m~j~~mj5~~1"lJEJ~1~~~ ElEJmn~nn l1J~nj 
9J IV q q CU 

l~nrh 1,xnl11.'VI ~ El Eln"lJ EJ>'Il~~ llJ'U.1.t11.~~ 71>'1jtl~ 2.8 , '" 

(Stepped diameter conveyor screw) 

1.7 1'l.J~n1ll'l.J'l.Jhll~3J"1lil.~W~,r"lJm II dJ'U.1'l.J~n1~~1:::ll::W~,hi3J'\llnW~,r 
'" '" tt "'" 6"..¥ 1. A ~ A 6':::' dI 6" 4 A G'A A d

~'U.LL~l'lJ m rn:: tJ::l'l ~"1l"lJ'U. tll1El tJ ') Ell'\l L13J'\llnl'l~"1lGf'U.'lJ £.mJ"iJ'U.m'V'llil"lJ3Jl m~l'U. 'VI1fJtl>'ll'l~"1l 

ml (Long pitch) nhl'U.~n1tlfJ'U.l~~ L'V\3Jl::n'l.J>'Il'U."jJ'U.1Gf~"1lil.lfiGl::L~ lllfil'VI ~cil l~~ltJ1Gf~'\l:: 
qj II II II 

T)mJ '1 Gl~nl1er~711't111V;l~lfil'VIGl~li.~~~u Gl~nl~>'I>'I1U~H1.Unl1"1J1J ~>'I1'L1~ 2.9
J q ~ 



18 

1.9 1U~mllUu1lJl~:lJlllJmnlhJl6JYEl'U1'U~~i&'UdJ'UnTj~1TJ1mn~tJ1blUU 
'U 

ln~ rn 2 thn ~ ij~w1f&u ~.JlfWI.nn1~1::~::'Vh.Jiululn~rn"iil::vil\1lV1 rJ\lfl~\I'VIrt\l'lJ El\lln~ rn 

lbUU~'iI,r~\I.~~lu'U1u~n~~Iil::la rJ~1J1niiwn:lJb ~ rJ\I'iI~\l1'Um~~1 rJ1~~:l.nn 1~~~i. 'VI1il EJ EJ n 
'U • • 

"ill n~n~"iil:: i.llyj.Ji.tJi.n iii b'VI1J1::nu\11 'UiJ EI 'U1 ~~b -ll1 bfl~EJ\I ~ ~:lJ~" tl.Jm~~l 'U~ ~11~ ~~~I b~lI tl 
'U • • 

bbiil::m~i.'VIiil~~~lb~lIEJ ~.ntJ~ 2.11 
'U 

,-t1it 2.11 1u~m1lJb~lIbblJlJLn~rJl6JYEJ'U1wVi~-n#'U (Double flight short conveyor screw) 
... 'U 

1.10 1u~n~ul.lu1l.1l~1J~il1u",nrJ 1um~~fl\1~1,"1Jln';)::ib1UYntl1J1~'iI"Jil\1 
'\I 

~\lmn\l~11\11::'VI11.JW'il,r"lJ EI\l1Ul~hJ"1f,"'il1J1'i1~;)lWtm ~:: t1::'Vi'il-n'ilG'l EI'ilfll111 tnl"1J El\l1u~m61 
~ q J ~ 

1'Um~~illuvn mJ::~'il1'VI'uvnrJ~~~111lmli,"Ln~£J1 1wYi~'Yl1\1~~lU'Yl1"nlJm~U'il"1J El\Ill.1~n 

~l~ 1I1u ~\I~'"1urn~"iil::'Yil'V1\l'1~~1,"n1~Lfl~ElU~"1Jtl\l1l:i~f.ilU 'VIrt"~11lJv.1 mt:l\l rJ\I~1111~t1 
'U • 

iJi'Ullllij~~1\1 6) i.;an~l[J lIil1lJtfm1.h::Lll'YIdH1,"m~fl1ilmfltrTr~'iI'lJm:iim~'lJ,"ri1rJ L"Ji,"
• , '\I ., 

'lJ t\l.:;lhnTHIU lUu~'U. ll:i'i1~L'VI1J1::~lInum~1-111u tfn~1.h::Lll'YIii '1"Uri1l:i'i1iJ~:lll'YI LlI~'iI LUll.. ,. . 
Ln ~'i1 '111 iinT'j')U~l'lJtl\l1f(V1 1"Ji'll'"tl1 t11l.i~:\lLb~hr 1'V1'ttmlJl~,"ii\l1..h\l.mn\l ~\I~t.l~ 2.12 

•• 'U 
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"it.lfi 2.12 l.11tfm1.11L~aJ~~"11'Vn[J (Conveyor screw with paddles) 
'II 'J 

2. "U~~ (Cut flight) Lihl."utfn~~Ln~1J1nnl"nt1"U!.in~"1JL~:U"llii~~iI,raJ1~1!1\1. 
.... .,j 'I 0 ... ..,.r 

3J1YlIIIL1J1::'YI"lJEl1JL\l.1J~ILmn 
, 

lII~h1\1. 

2.1 "U~Yl"Ji a-3~L'~" ~ [J aJ LiJ\I."U!.in1t1!.i11-3fl£l'1 ElnU !.in1"1JL~ aJLL~ i\l."u1J::rm 
• 'J 'J 'J 

iIllLilwrlEl..:J~Ll'I ri [JaJ LL~ ~::"lltl"~l..:J Lrl1 ')n\l.111Ui\l.'YI1-3"lJ tl-3i\l."11hJYl ~ tlYlfl11aJ EJ11"lJ EI.;J"11 !.inJ 

"utfn1"lliiIllU"llm::t1"ll\l.1htJltf<il"llEl-3~~t1 tl ut1"lltlU IDt,"U 1J:: Li-3 f.! Gl"il!.illl LnYln11fl Gln Lfl £l'1 f.!!.iaJ 
'J 1 'II 1 l' 

n\l."\I.1::whm11Lfl~ tl\l.t1 Ll'IaJ1::nU.;J1\1."lJ\l.1l1Ell!.iYlt1 ihi'll'Iun L111 Gl::LaElIII LiJ\l.LaJallll'l1tl LiJ\I. 
1 

"iufi 2.13 "11tfnm1111"11~iI"1lEl..:J~Ll'IriU1l(Cut flight conveyor screw) 
.. 'lJ 

2.2 "11~ilvr11 (Cut and folded flight) Lil\l."11!.in1~!.i11-3Ll'Iiitl\l.LL11U"ui<il LL~ 
'II 

LdEll!.iil Li1\1.~~iI Li1\1.l'Itt..:J Lfl~ EI\I.!.i-3;i\l.U~11!.iil1J::<iln Gt-3 LinEI-311..:J"lJ tl-3 !.in1rh"~1!.i<il Ln IIIn11 
1 'II 1 'II 'J 1 

f.!!.i1lftGlmft~ln\l.l~;f\l.ni1LLUU"lliiil"U~il1inlJil1"iL1Gl1"\l.n11f.!l.i1l,rElElGl-3 Ll'I1I1::"inU-31\1. 
1 

'2I\l.1h tJl!.iil~ihi'1l'1um1111J\l.ii..:JJll'1Um.J1\1.nGl1..:J Gl::L atJiI Li1\1.L1Ia til l'I~tlL il\l.Lnatll i-31tl~ 
1 ~ 

2.14 
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2.15 

'Sufi 2.14 lu~n~LLuu lu~~wu (Cut and folded flight conveyor screw) 
~ ~ 

2.3 lu~~~~lul'nEJ Lu"lu~mLLuului~ LL~l"~:;EJ:;fl..1mn..1~a..1 ~::t1::~(iI"K 
~ 

~ a..11u ~::~~ luvnEJ~~"i13Jnu ;"Ln~EJ1 ~",f" 'YIn~:; EJ:;~~,r~ a..11ull::~~ lurn tI 1 lu. , 
~fltl~fl113J EJ11~a..1"11'~lu~n~ i mYm::~·tl..1lurn EJ~~~ll::fl~1'lttif'l'YI1"~'H;r13JnUl1JLn~EJ1, ~ 

L"li" Ln~ EJ11ufl~aj1"hJ'YI1"~111uy.n EJnll:;ij~ amim:: Ln~ EJ1ij~'Ji1 t1~"tfu Ltrvn EJll::LUU 

~1ii1"Lfl~ a"~'iltl"1~~ fh1~L ~3Jfl113J~"LL~,,1 "n1~j:.j1,i3J1~~rh1~di~n1~j:.j ~3J'~~LLfl::, , , 
~1~L~1 L'VIm::n1J..11"'iI"f:htl11,i~~LUUL3J~~ LiJ"Lna~~iiJ1'V1,rnL1J11l"~"J1'V1,rnmn~,,~1.J~, ~ 

3ufi 2.15 lul,inJLLuulu~~~~ lul'n tI (Cut flight conveyor screw with paddles) 

3. lul,in~LLuulurn[J (Paddle flight) LUUmd,.t1u~ulu'Vntl'VIfl1[J SJ 11Jll1~~ 
~ 

U"LLn"LVifl1";1"n"LU"d::EJ:: SJ LLfl::ij~ lurnEJl~Lii?l3J3Jij~ 1"nf'l'YI1"~~ElL rta"1J"Ln~t111", 
~",f"11,i?ln 1,i13J1~mln lul'n [Jd'Vi1 Lfl ~ all.~'1.J;r1"'VI"1hi1?l [J1~~1l::flninVi1L U""li1..1 Sl , ~ , ~ J 

~..1,f"lu~nd"'1l'it~d'L~3J1::nHn",hL~[J..1LLfl::iin1dflflmfla1j:.jI,i3Jn"'1.J'~m.h,,~h13Jii""1"n1" 
~ , 

j:.j I,ill1~?lfi1" ') ~"71.Jri 2.16, ~ 
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1'11;; 2.16 LU~mLLUUL1J'Vn£J (Paddle conveyor screw) 
" 'lI 

4. Lu~n~LLU1JLLfI'i~'l (Ribbon flight) Lu~n~~1L~£J.:I'1I'n~d'~·h"~lEJLVI~m~U 
'II • 'lI 

LLU\UJ1U~1l1ULiJum.tLn~£Jlmh:l~miiEl,,~~91~nULW~1n~1.:1~1£JLLfi.:lLVlamiJu~::£J:;i.tJ~~El~ 

fll11J£J1TlIEl.:lLU~m"IJ"1~Li\uhu~nUrn~1.:1"1JEl.:lLU~::£J::~~,r fll11Jn11.:1"IJB.:ILU LL~::fll11J 
'lI 'lI 

~"1"IJ El.:lLU ~ 1J1~m tJ~ [JULLtI~.:I L~LL'l1Jil LU ~ 1J1~Cl ~f1.:1 LLuuYimiiB.:IVl1B LL1.i.:lLiJ"a-l" G) 

LL~1\t11J1L~B1J~BLiJuiuL~[Jlnuni.~ LUa'n~'1I'U~d'LVl1I1::nU.:I1U"lJu{h£J1a'~~iifl111JVlii.~~.:I 
'!I • '!I 

LL~::LVlii.£Jl91~ L,sU ,r1~1~L'V\~1 £J1.:11J::~mJ ,r13JU~U1ElU ~~1Jn1U"1JB.:ILVI~1LVlii.[J1 ~.:I~tJ~ 
'lI 

3t.1;; 2.17 LU a'n~LLUULLClUil (Ribbon flight conveyor screw) 

lu~n~LLuuilduaml1n,,::Li.:l1U"1JU,h [J1~~~ LVlii.£J1~~L~1I1n1J1£JVI~1 £J'1I'n~ 
'II • 

LL~lrJ.:I~1J1~Cl\t13J1"1JU,h[J1~~LL;j.:lL~ LL~::L iia.:l"1nVl'"1~~Lml'a£J LL~::ii"lieJ.:Ii1.:1 ~::£J::L W~1• 
nuLu~n~"::fhllt~~fhi.:liluLfl§au"lJm::Li1J~um~"1Ju{h[J1a'~LL~::"lJm::"lJU,h[J1a'~tJn~L~~ 

'II •• 

LU a'11.:1LltVlU1 LL~::LL;j.:l LL~.:I L~~l [J a11Jl~Cl"1J",h [J1a'~~iiJl'V1UmhL l'n:: a.:l G) L~1inU.:I1U 
• 'lI 

'VIUflL~ lu~n~LLuuUrJ."ii~tJLLuli~UG) m1Jim~DL::m~a11.:1~n~"~El LtJU 
'lI 'II 

4.1 LUan~LLUULLflliil~~ lliWl£J LiJun1~\t1LliW1mJ1~~~::W-j1.:1~~,r"1JB.:ILU 
'II 

LUW1£J~::~~fl~LiJ"LLU1Ln~£Jla'lUm~Lfl~B"~"1Ja.:l1a~LL~::lliWl[Jal"1J1n~::h1in1~L~B1J• 
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~~~lunUL"'Hn LYiBa~,h'\..l,rlll.~h-il "lJB-ilhJW1U LULfn1""lfit~ii'L'VIln::nU-il1'1U"HnJflamfl~161
J 'II • 

"lJm::di~m1"lJll.rl1U-rLf~LLi1-i1 ihhV\'lrmU1,;)ll.n-illh~'1l!mhll.na1-i1 a::LaU~ Lilll.LlI~~l'I~BLtlu• 
Ln~~ i-il1"1.1~ 2.18 

'II 

J1Ifi 2.18 LULfnJLLUULLflU~d~~LUW1U (Ribbon flight conveyor screw with paddles) 

'I ~ "" 'I .. .r
4 .. 2 ~lJLfn1"LLU1JLLflU1"1l'1a1mLfU (Multiple ribbon flight) ~ULfn1""lfll.~U 

'II 'II 

1.I1":n aU~d mLtlU~d 1uif-il LL~ Lfa"LLtluitll."1.I ~iHi~'Yl1"ij~Ln~ [Jdflll.a::fi~'Yl1"nll. '111111 ~~~~ 

nu LLn ULWa1L~ tI1nut~ uii LLri" Ll'Ian L~all~~ n11"'t11"lWlIB,,-rLf~,;)::Lfl~ au"1.hj1"l'I,r1~drJ1u• 
A 0 '" "" 'I" A 'I .. ..t. 'I~ d 1""

"lf~l'I u·:lLLa::';)::nnU1 n aU~dEJ ~u a n"lf~l'I u" ~ULfn1""lfU~ll.Lf1ll.1I1n';)::~ ''If ~ ULfl1"a" j:J LfllLLa::';):: 1f 
• ~ • 'II 

Lda1j:J"1I,rarJni1LU"n1""lfu~5ll.i"1"1.1~ 2.19 
'II 'II 

~ ...

J1Ift 2.19 lULfnJLLuULLtlU~dl'la1EJLm.t. (Multiple ribbon flight conveyor screw) 



• • • 
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2.4 

illUila,nTu~mJ mYl eJf!.y.jrhLL~l~ii.£JlI-nULLUU~f1Y11,') L-nl nULvan ~n1 LL1,')U""ln
" 

1If1 LYI f1f-nuu £.I lI-nmJ1u-nf1~m''1l1U"lfU'J flYl'VI ciulilLLL~::"1Tmhwlf'JL~eJ,')'YI" L1uu~lIm" f1f,fu 

LiJudi £.Ifllm" f1f'VIieJ 1If1L" eJ f~ Lrl'1,') ~"1I1nU"lf" L~ eJ,') 'YI'J'Vf~f1l1n u• 

_a. 
11lTl1WHU, 

5"11'i1Uth [Jn1mLn~t11L~1I1u 

D 2 
XJr

Iv =60x xsxnx¢xk (2.1)
4 

3 
Lrlfl Iv ~f1 5Y111"llurilm-n,')m1l1Y11 (m I hr) 

D ~f1 "llUl~ILLlU~lUl'luEfn£l1,')"llfl,')Ln~£.I1'V1UflU~n1 (m1
" " A. A.t:.c:i 

S flfI 1::£.I::'V'l""lfLn£ltJ1'V1UflU~n":i (m)
" 

D "llUl'JLilu mm 100 125 160 200 250 315 400 500 630 800 1000 

s 'ilUl"Lilu mm 100 125 160 200 250 300 350 400 450 500 560 

4. ~ 

n flu fl1111L111eJU"llel,')~n1'V1UeJU min 
" 

¢ ~u LLy.jfILYlflffl1111L~1I":il,')~15,') 

¢ =0.125 

n1m"lJurilm!U'VI,rmL~::13.iU-n,')fl1I1I1n,rn 

¢ =0.25 

n1ml~"'iluthmfuL1J1LL£l::l~LLii,')fllIlIln,rn• 
¢ =0.32 

n1ml~""llurilmfuLU1LL£l::l~uii,')fllIL£l£.l•
 
¢ =0.4...0.5
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20"~~-+----"~~~-+----+------I 

f Is0+----'--f-----,II\:""---+-----f- 
'0 

? 
0:1 

~ .1()O'-j----+- __f-----"".---'-----+-~-__l 
5: 
r
III 

.~. 5° +-----1~-__f_--_+_--"k-----I 

.n0-+---+----4-....,.....,.--+----+--~ 

. ~ ~ ~ ~ ~ W 
~. Ltl8'liIA""'lm1D'ltJ k-':"'-' 

"S LLWfl L~Elf~~ 5~T1"lJll.li1 tl~ LiiEl\l-;)1n"lf~ f.m1"lJll.ri1 tlvr\l LEl £]\1..tJit 2.20 
, 'II 

. 
.clI 0 I .... .... 

n11'Vl1LL1\1Y1m:::Y11i1 El fl\l~111 

-;)1nnl'l,jEl~ 2 "lJEI\lib~ll. F =rna LiiEl1~fl~n~\I'tll.f.UlJDJ1n1f11,;)::flnLL1\1~\I~i1"lJEI\ll~n w	 , q"-~ " " 

LrtE!\I,;)1nLL1\1t U1Iri1\1"lJE!\Ihm (g) ~\liu 

F =M net xg	 (2.2) 

. 
Li'iE!	 F fiE! LL1\1n1::'th~E!~i'1I 300 (N) 

M nel fiE! 1I1~"lJE!\li1i'mr\l'Vl1li1 (kg) 
g ~E1 LL1\1tU1Iri1.,'j"lJt)\lt~n (m/s2

) 

2.4.2	 n,..u.),''''Jm'''U1''I1U(;l!li)'I1(;l-i'aJ 

Lii f) ~i'1IY11 \I n1::U f) n f) ci'tUf.i1l11:: f.i1l ~ ~ LL1 \I U~ ~L~,;):: d:Jll.fl1111 i1l~Ulh::'Vl'h\l
'II , 

,d..t 1"'....... .~... .... ~ 1I "'.

LL1\1LL~::1::rJ::'YI1\11~tl'tll.'YIWlI:: "lf1f1111"lJE!..:JnULWE!\I~111~\lUU,;):: L~11 

(2.3)
 

. 
LiiEl T fiE! LL1\1Ui1 (N - m) 

F fiE! LL1\1n1::'th~~i'3J (N) 
ro ~f) i'fIIiiLYJf)\I~13J (m) 
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o ~ ~ ~ 

2.4.3 n1'1'A1,nnnnA"l13JL"iT1'i)U!li)"UUJ"il1A 

f'l1111L111"a11Ln nf.,wl ';)::iif'l1111ill~lI.nn11f'l1111L 711"a11'il a"lIaL~ af.ill.n1Gt"t~w 

N 
i =..-3.... (2.4)
G N 

'" 

.. ...... &:III .r 
LlItl iG f'ltl tlildl'Yl~'iltl"Lnm'Yl~ 

d a A ~ 

NG f'la f'l1111L1"11"tl11'ila"LmJ1"'YI~ (rpm) 
.. . a ff'

N", f'ltl f'l1111L1"11"tll11la"lIaLilfJ1" (rpm) 

2.5 T,jua::LWiMT,j 

• t 6JiLLa::L~ a-3t 'litiilVtf11"'''fha-3t lI.n1"t\1fiLVi a1J"L'fel-3 el ri'Vi1-3nll. sA-3f'l ~1 £J n11m1""''' fh Gt" 
'II 

'iI el-3L'f1£JVi1l1.ti1"1"lIil1 LL~nT'Hf"n1~-3 t~ £Jt m'liLLa::L~ fJ-3t'liii"liel~fi11 Lf11111"flLt" LL1""Uil"~1I1n 

LW1"1::"3Jiim1"~lI. ua::1'liET" iif'l1111uii"u1"-3n11 Lf1 £JVi1l1.ti1"1"1I~1 t uamtUl.:m1"ti"1WlI a-3tSJi 

-;l1 LillI.yj'fJ-3f'11i1-3n-3f'l1111~"'iI EJ-3t SJiyj'1 [J LVIii elll.nll. ~-3 Lf11111"tWl1'1..iVt,n £Jiii~d 
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n) 

1---.---4 

n) ~~£h'l1"lf11\1U'\.n'-::~1J "lJ) L~8..:J1"lf,j1J8ci~1Ua1..:Jfh1J1J 
OJ • 

60 8..:J~1 

fl) L~8..:J,j1J8E.l~1U1JU';11nJ 60 8..:J~1 
'Il • 

..:J) ih~8..:J1l1£J lu 
,,) ih~8..:J1l1£JU8n ~) ii~~8..:Jn~ 2 ~1 

tsrl~liiiBri~1ml'U.'VI~1tJ"1lit~u~fiitmJlin'U.1J1nfia'~fi~B tsrlLLUU1i771J~1iiim~tm:;,jB.. . 
1srlLtJ'U.t1aBnanni~'YI7~n7::UBn ~"ii,f~Li'U.L~[J1 LLfuyjLLa::a'11JLLfuL1tJ,,~~n'U.i"7t1fi 2.22 .. .. .. 



27 

1-00---o.a--...-4 

.1..1 • 1. 
JlJf1 2.22 "lJ,"1~Y11\1 6] "lJa\l '1f 

Pd=-
sin a 

(2.5) 

. 
Li'ia d ~a 

p ~a 

H"uh'"t!turmn\l1\1muJ~~i"lJa\lLVJa\ll'lf (mm) 
1:tJ::w~i"lJa\lLwtl\ll'lf (mm) 
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(2.6) 

, 
Liia	 df ~a Li"~l'"~"Efmn,]lfl"~\uV4a,]l'li (mm) 

dR ~a Liu~llLY'I"Efmn,]1J~an~nni']'Y1~,]m::uEJmJa,]l'li (mm)
'IJ 'IJ 

d = p (2.7) 
a tan a +2k' 

L~a	 do ~a Li"~l"~"Efmn,][Ja~~""lJa']LV4a,]l'li (mm) 
k ~a "lf1']~']U""lJa']~"Lwa,]1'li (mm) 

d = p (2.8) 
s tana-g-2r

4 

~a Li"~l"Y'I"rrn~1,]"Ji1']a'~fl113J'VI"l~"Lv.J8'] (nun)
'IJ • 

g ~fl "lJlL1Ylfl113Jl~"lJel']LL~,"1J::nu (mm)
 
r4 ~fl 1~iilfl"~"Lv.Ja,]1'li (mm)
 

2.5.1 ,)1"'1wihuweJ\lT"liiltMaJ1::aluIUfl1"it,r\l1" 

Lv.Ja.:Jl'lii1L~n (z\) 
Z\	 = 6-7 ~" linu~t1n~urLv.Jfl,]1'li~t11ufl11m11~1[Jiifl 

= 8-10 VI" linufl113JL~11'li~1n11 1 mls 

= 11-13 VI" linufl113JL111'li~1n11 4 mls 

= 14-16~" linufl113JL~hl'li~1nil 7 mls 

= 17-25 VI" Lij"')l"1"VI"~L'VI:lJl::a'3Jn1Jn1~1,r']1lL~~Yl, 

Lv.Ja,]1'lii11'V1w
01 

(Z2) 
Z2 < 80 W" Lij"')l"1"VI"~L'VI3J1::a'3Jn1Jnl~1,r']l"~~Yl, 

< 120 ~" Lil",)1"1"VI"Lf'] a'Yl~fl1~,"13Jlli']l"
'II	 • 
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(2.9) 

L~El N a fiEl Tl113JL111ElUL~El\ll"li,rlJ (rpm) 

N b fiEl Tl113JL111ElUL~ El\ll"li~13J (rpm) 

Za fiEl ~1,"1,"vhuYJEl\ll"li,r1J 

Zb fiEl ~1,"1,"~,"LYJEl\l~13J 

PD =PXh X/2 (2.10) 

..l 
L3JEl PD 

"" TIEl fhi\l.\I\11,"~lL vn::'iJ El\llsrl (kW) 
P "" TIEl ihi\l\l1,"~R\I (kW) 

h "" TIEl LLWTlL~e:JTIJEJ\llorl 

12 "" TIEl LLWTI L~ ElTIJ EJ\I~,"L VJ El\li1 L~n 

. . 
LTl1t1\1 L~3Ji\l'iJ El\l 

ii3JL'lnmJ 1,2 anmJ 
11 11 'II 'II 

or 
TlEl3JL~1tfL'lI'EJ1 1,2 antf1J 

11 'II 

ZI 10 11 12 13 14 15 16 17 

h 1.95 1.75 1.6 1.45 1.35 1.27 1.17 1.1 

Z1 18 19 20 25 30 35 40 45 

/2 1.04 1 0.94 0.74 0.6 0.51 0.45 0.4 
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lum1'WILllf)f"1.lU1~ l'IfiJ~~11111nVI1i.i1l1n~111~~ "1.1.5 LL~:: 6 (lU1l1flj:.jWm"1.l) l~rJenir.r 

WJ111 i3J~ui"lJ f)~fl1111 L111ElllLVJ f)~ l'If~l L~nnmhfh~~~lU1i1L 'Vn::"1.1 f)~ 1'1t 

I 5: f: I

2.5.2 n1'lM1R1R113JL'i1'J1thl,nll'n"'U"l1 

1um1~lfl1111L11"1.1 f)~ 1'1t1l::i1'ltminll1i1wJUWULWf)~;r1J~~f)~111 1::t1::~~,r LL~:: 
'II 

fl1111 L111 f)1J 1" r.r1Un11fl1lt1 mL ~ f)'ll1 i.1.l~11n-n11~fi f)~U 1'If LL~:: LWf) ~ 1'lil~ [j II iJ\'1 J 

(2.11 ) 

, 
diEl V flEl fl1111L11"1.1El~1'If (mls) 

Z2 flEl1i1u1uWUL~El~1'If~lL~n 

n\ flEl fl111JL~11El1J"1.I f"HL~El~ 1'If~lL~n (rps) 
Z2 flEl1i1U1UWUL~El>11'1t~11l'qj 

n2 flEl fl111JL~11El1J"1.IEl~L~El~~11l'qj (rps) 
P flEl 1::r.r::~~,r"1.lEl~L~fl-'lt'If (m) 

(2.12)
 

(2.13) 

L~f) X flf) 1i1U1U-llElL'If o
 

00 ~El1::r.r::,·h~1::wi1\1L'Vi~ltYl[Jlh::3J1m(mm)
 
p ~El1::[J::~Y1,r"1.lf)~L~El~1'If (mm)
 

(2.14) 
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(2.15)
 

P
Fs =- (2.16) 

V 

. 
Llia Fs tia LL1\1~\1tori'Y11\1fff.1t;! (Static) (kN) 

p fia nlrr\l~ff\l (kW)' 
V tia fl1111L11WUlVil'U. (m/S) 

(2.17) 

L~B Fd fiB LL1\1~\Itori'Y11\1Vi~1t;! (Dynamic) (kN) 
It fiB LLvlflLt;!crf"lJEI\Itori 

(2.18) 

L~E1 Ff fiB LL1\1L'VI~£J\lwtt~'U.rr(N) 
q fiEi Jl'V1"n~B\ltori~afl1111£J11 1 LlIil1 (kg/m) 
v fiEi fl11:IJL11"lJa\ltori (m/s) 

(2.19) 

(2.20)
 

L~B Ss fiB ~lfl11111J~Bt;!n£J~am1LLiln",n'Y11\1~iiil(Static) 

FB fiB LL1\1~rht'VI1ori~1t;J (kN) 
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(2.21) 

L~E!	 SD fiE! Tilfl113J1.l~E!i1.ntJ9iE!nT'jLL~ninrl1-3V'lfrr" (Dynamic) 

FB fiE! LL1-3~'Yh1~1'li"lJl~ (kN) 

P = Fe	 (2.22) 
g	 A 

fiE! fl113Jiu~n~fl-3Uu"liE!L'li (kN/cm2 
)
 

fif.) LL1-3113J~m::'Yh,ru LfJi (kN)
 
A fif.) ~U~'lJeJ-3LLOU,yE! L&fi~~nn~ (cm2 

)
 

Tilfl113Jiuuu-nE!LfJi~E!~tyl<?11~1,r (Pall) 'I1n~111-3~ 'lJA nlTil Pg ~J1nn'"i1Til Pall n';):: 

'th1ieJ1~m11i-31u'lJf.)-31fJi (L) LtI~£JULLl.lfl-3'b..l~1£J 

~Jl/ PgI = 0.8 0.9 0.95 1 1.2 

L ~ 2000 5000 10000 15000 50000 h 

2.6	 LLtJ~\IUaim 

LL1j~-3t1fl a n'Yil~ltl~djui11a-3i'u LV'l fll'lJ w.::~3JU LL~1 'il £J'Yl E!~ LL1-3 9i a '1"..11i nUY111E!U• 
(Housing) Bn9iB~it-3 LLU~-3Uaani'ULL1-3'1.~ 2 am~tm:: fia i'uLL1-31ULLu1LLnuLLfl::i'ULn-311.1. .. 
LLU1~-3UlnnULLnu 

l'a',,~1i'Yil LLU~-3t1flanfl11iifl w.a'3Jllii~-3d' 

1. iifl113JLLii-3LL1-3LVi£J-3V'lE!~L,nUfl113Jiu 

2. Ldfl1a'i1~a-3tlflU L~a£Jfl3J1ie:tufl::BE!-3 L~H1a'~ ~1f1'Yl11t1 a'13J11Clel-3Y11"iL~B~,;):: 

"~'YiltlUtl11£J~B~1LWfll1un·Hu.~1a'~L~fh,ful.lu"l.lnuwrmafl~u• 
3. Li1U~11.i.lfl11111m.t J,1'd'V'la-3-31Ua'mL~£J"1.l nULL"-3L~£J"'YllU -;J::tl tlmnL1.1.,.l.l'lJB-3.. ..	 .. 

V'la-3-31Ufl113J'i'BU 

4. ~1I1.l1::ff'Ylfnl1'lJ til tJ i1L~tl "~i'Ufl11111tlui B-3L~ 1Il::a'1I "~1Il mnu"l.lnfllhi-31U 

Lwli1-3tlm~lliin11-3 ~ 
... J 

5. 1a'''Ull1~1~E!-3Lnl::~tlnU Lfl1-3a'11-3'lJ tl-3LLU~-3'1.~~ L"liu ,fl3JU~ a tl~uitl-3a'11111Cl• 
Lnl::~" ~1,,~~ 
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hl.'t11~t1nu~ 11;(i1"1fU~L~£J111:ii~Ul.GnJmi~'l"Ut11\l.,f\l.LiJ\l.LtlL1ihli~,f\l.n1'l"L~f)n1-n
:oJ. • 

11;(i1ia~'rWl£J1111\1\i.~~Ul.I;(1IU~~111~ieHnl'l"1~1Iln~I;(~i1111~m~UI.:"llfl~~1\l.,f\l. ") ~.,,';):: 

i:f1111'l"m~fln1ffi1LYit\l. 111~~\l.1n "ll. i11'l"1"'~ "ll.1• 
1I1i1'l";)l\l."ll\l.1i1Ua:Wn91~1111L~a"lla~Uu~~t1aan 1Unl'l"aanLLUULLU~\It1aamraanLL1JU 

a ~ 

,)lLtJ\l.91a\lf"ll\l.191111i1'l";)l\l.~1'" "lla\lLLU~\Itll;lan L'7i\l. "ll\l.191~1111191\l.fln "ll\l.l91'l"L\l. LLa:G1 
,. rU J 'I 

f1111l£f11"ll a." LLu~."tla an \l.eJn1nn,f\l.LLi191a."fwn91f1111lL~ aL-riaLifl £11." L\1\111: ff1lnU~n 'Mill: 
~ 

~1\l. ~."wn91f11111L~aLLa:1l191'l";)l\l."lle:J\lLLU~\Itlaanff1:IJ11'f191L91'\l. 111f1~\l.1n "ll. fl1n\l~ "ll.2 
a ~ 

If11'~rn\l"lla\lUU~~t1l;lfln (Bearing housing) Ifl£Jtln~iLLi1UU~~1I:~fl~91nuIf11''''"llfl\l 

L~~a\l~~L tJ\l.L\I\~n'VI ~ fl 1ff91 LLU~"'lI:rh LtJ\l.tlatln ff111 L1i'lnu1~1'.,,3nri\l\ rt~m1'~flLLu~."tlaan 
" 

L1i'lnuIf1'l""'"ll a"'LfI~a." al111-nn"1'l"ff11.1 elfl\l\1-e:Jff111'rw~nL~LLi1 LL~~n~UI.:\I1\l. LL~L \l.n11' 1;(111 

wa~ia.,,1i«~n\l\1a ffn1' ~911 ~LLU~~tl aan~91nuIf11'\I1fl£JL111~'VI1I\l. \l\1-tl"ll£1UY)1L~ tf1\1\1U 
'II • 

LLu'4~tlaan~mi1flfl 'J L1iL~~YlnUy)1LfI~a." Ifl£Ji1Ltlfi£Jnil 4inYll If11''''rn."Ifl£Ji1Ltlu£J1I 
'II • 

f11111nL'VI an\l\a fl 'VI1au1."f1#\l1iL\1\ am 'VIii,£J1if\l.1'1.1 LL~1 L~tl1.ltl1':nau3nn\l\rt\l If11'\1 ff11\1 

. 
'II 

4infl1LLlj."lBanLtJ\l.i\l.L~£J1 (Solid bearing) LLa:: LLUULL£Jni'\l. (Split bearing) Y)~1'tl~ 2.24 
~ 

LLu'4\1tlaan~L,ni1£Ji1Ltlfl111111fl1';)l\l. DIN 1850 LYl'ri1\1\\l.fl1't1i1\1"llfl\lUu'4\1tlaflnLi6 a£11\1 
a 'II 

i~1't1~ 2.25 
'II 

• 

SaUd bearing SpUt bearing 

fEoc8 

J; 

-+---4--4---il~-I---t--fl----tt---+-,;.-+--+

Jt.lif 2.25 L1.u'4"tlatlnU1J1Jil1" ~ i1111111911'.!1ll. DIN 1850 



• • 

34 

2.7 iia..ni, 
iillLtl'U.LTI~B"i1Bn~~Yll'V1,"l~ L~1I'Vii".Jl'U.1 ~LLfi"llB.JL 'VI~ 1 L~el1~"llel"L 'VI ~1~'U.'1.'VI ~ ~hv. 

1::UU'Yi Eltl~~l ml~'VIi1.J '1.1.hr.J~~'VIi1.J '1.?imllTl1111~ El.Jn11 'Viio303l'U.~Ul111L ~1I1 ~LLfi"ll elo3L'VI ~1 

~'U.En~'1.~~lmTl~Elo3EJ'U.~ lIE1Llilfrf Lno3~l1 LL1.JTI'U. 'VI1El'Vii.Jo31ULL'VI~o3~'U. 'J 

2.7.1	 n'''LUlm.htLIlf11HJ"iiaJ 

i1~'lUUd''1.~ij n11~~ lilii11 El Bn 111 'VI ~1 EJ"lfii.lil LL~::iinl1L~ EJ n~el ~l.JnUlIl n:lJ1 tJ
• 

i.J-&u~" l?iiinl1iVl'VI1l1lil'VIU L~el1~tn1I11rtLLEJm.h::LflYI LL~::L~ EJn~el '1.~,rlil L~ufl,,;f'U. nl1LLEJn 
'U 

lh::Lfll1ell~LLUo3mm'1.~Ltl'U. 2 lh::LfI't1~lEJn'U. ~8 

1. LLEJnlilll1tl1::Lfll1nl1L~1I'Vii.Jo31U 1~nu"llElo3L 'VI~1 

1.1 lh::LfI YI"LL103 L'VI~ EJ"'VI"~U£1n ~1.J (Centrifugal) L~1I'Vi ~.Jo3l 'U.1 ~nu 
'II 

"ll Elo3 L'VI ~1 llil EJ ElltlEJLL1.J L'VI~ U.J'VI"~U£1n~l" 
'U 

1.2 tl1::LfI'Ylhlill~ (Rotary) L~lI'Viio3"l'U.llilEJ BltlEJnl1'V1l1U"llEl.JW'U.LWEl.J• 

1.4 LLUU~L~~ (Special) Ltluiill~"ii~n~UI.::~L~~'1.1itfl1111Cli~ 1~El £i1U 
'II 

tflll tl1::LfI'Yl"ll1"~UL~ 

2. LLEJ n tl1:: Lfl 'Yllilll1 ~1 c;lU in ~UI.:: nl1,rUi U"ll Elo3"ll El" L'VI ~ 11Uii11 ~"LL tJ" 
ElElmtlu 2 tl1::Lfll1~El 

2.1 Yll.Jl'U.l~lil EJ'1.1I~ El" EniEJ'VIin nl1"ll8"nl1LLl1 Uii"ll El"'lI8.;JL'VI ~lJll EJ1U 

.fill (non- positive displacement) .fi1l1h::Lfll181tlmL1"L'VI~EJ.J'VI"~uUn~l.JEn~iVlEJ£i1u 
'U	 'II 

.1	 ..r"'1lI .,
u1::LfI'Yl'U.n Llil 

2.2 Yll"l U1~ EJ Ell i EJ'VI ~nnl 1LLl1U~'lI EJ"'lI El" L'VI ~ 1 1~ ElL U~El.J tfU ~1 Unl1 
'II 

LTI~ ElUiU~lU"llelo3iill ii1l1h::LfI'Yld' 11!ILLUUhVll~ LL~::~ntfu,rml£i1un~lIL~rJ1nu 
'II 'U 'II • 

UEl n~ln nl1LLU "1.h:: LfI'Yl tfEl"LLUU~ll1~ mil1111 LL~l rT"Ell'l LLu"ii11 '1.~~111 

1~mh::tf"T11i"1'U."llel"LL~~::LLUU~lU L"liU iillJl~'lJL'Viao3 iill~lI iill\hul~l~ LtI'U.~'U. .fill• 
L'VI ald'Cln El EJ fI LLUU'1.-ni.J1UL\\vn::'1.11 L'VIm:: tfllUlLtl1iEl£ilo3 ~u 

'U 

2.7.2	 n'''fh","nl£l,,83JLL1J1JU''''LM~[I''M"A'1Uf(Centrifugal pump)
'U 

ii11 LLuudYll"lUlVi EJ Elli£lnl1'V1l1U"ll El.J1uwlil (Impeller) ~1~-rUnl1til UfHllil• 
nli"~lf1LTI~fl.J~'U.nl i" L"liu 1l1flLTliEJ.J U'U.~'VI1mJ mVi Elf'1.wvh L~ EJ1~nlio3"l'U.~ln 

LTI~EJ.J U,",liin~::tln til Ul1 Ellill ~ EJnl1t.Jin~,",'lIfl"f11Ul1JWlil (Vane) ~ EJ"JHlo3 L'VI ~ 1~ fIlh flU 'J 
'II	 'II 
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vhliLn" m1L'VIahUL\l.1i:IJ~G{Li\l.·HlU1-1 (Tangential line) Lrltliim1L'VIa1\1.am3'm::i-1mh1n 

';)::Lnil LL1-1L'VI~ rJ-1'V1il.I'I\I.£1mn..1 (Centrifugal force) LLa::LiI\l.j:.Ja1iiim1L'VI a,;)ln,;)~I'I\I.£1na1-1 
'II 1 'II 

"lJ tl-11u~~ tltlnLtlGi'LL\1.1 La\l.1tlU1-1't1nfil'l't11-1 (Radial flow) ~-1,r\l."lltl-1L 'VIa1~tlnlu~"l:.jani\l. 
'II 1 'II 

tl tlnmn';)::iifll'l't11-1m1L'VIa~LiI\l.l:.ja11:U1\l.Lm1J-1fftl-1 i-11tl~ 2.26 
'II 

m~\""\_14";..jj 
(Itadiol /Iowl 

rrnl...l1a",n"~ 

IT_''''flowJ 

"Sufi 2.26 fll'l't11..1m1L'VIa"lltl.J"lltl-1L'VIa1"lJm::~l\1.tltln,;)ln lu~~ (Impeller)..
 
'lJ tl..1,j:IJ LLUULL1-1L'VI~ rJ-1'V1 il.1'I\I.£1 

'\I 

1~ rJ'VI an"1lal'llf(~fLrl tl"ll tl-1L'VI a1tln'VI:IJ\I.ih1iLn~ LL1-1'VI itl'l\l.£1n al..1 f111 :lJn~i\l. 
'II , 'II 

"ll tl-1"lJ tl-1 L'VIa1 ';)::ii fil:IJlnit\l.Lrl tl tl ci vl1-1 \11 n';) ~1'I\l.rJnal-1"ll tl-11U~~:IJ1 nit\l. i-1,f\l.~:IJ~tl1iu 
'\I , 'II 

LL1-1 L'VI~ t1.J'VI it,;)~I'I\l.Una1-1 ~LL't;1l'i-1~-1ii't11-11 i"ll tl-1L'VI a1L'VIa L-n1 (Suction 
, '\I 

opening) mj~ 
'\I 

1'I\I.£1na1-11u~~ 
'\I 

"lHl-1 L'VI a1~ fin ~"L,)l 't11 H ~ I'I\l.Eln a1-1"ll tl-11U ~~ Lrl 8 fin I:.j an tl tlnL tl ~1 U 
'II '\I 1 '\I 'II 

LL1-1 j:.J an ~\I."ll tl-1 f1~ulu ~~ LLa:: LL 1-1 L'VI ~ t1-1'V1 it';) ~ 1'1\1. Eln a1-1LLLt1\1:;L 'VI a a a n:IJ1 ~ a 8 ~ LL \1.1 
, 'II 

La\l.1aU1-1 ~-1,f\l.1U~~~'1-,)l LtJ\I.~8-18 £il\l.L~8\1.~:IJ (Casing) L~8'Yi1'V1Ul'th1U11:IJ ua::«\I. 
'II 

"lJ 8-1L'VIa1L'VIfhit1tla't11-1,j1[J (Discharge opening) L~tl~m-n1nuritlGi'-1'V1~tld::UU li.J1\1.~tlLtl 
'lI 

1\l.nT:id1U'i1:IJ"lJ a-1 L'VI a1~tl m..Jani\l.tl tln:IJ1ii-,)1 LiI\I.~tl'lL~:IJ~\I.~,;)Yll~ll~'VIi1-1u\l.Li\l.'itlU1-1
'II , , 

"lJtl-11uvi~ i-1,f\l.ll::iill~'VI i1-1~-1I:.jU-1.n1 u1\I.'lJ tl-1L~tm,j:IJL "li1:IJ1:n"nU'lJ EllJ"lJ a'l1uvi":lJln \I" 
1 1 

i..1na11dL~[Jn-;h i\l."lJa-1L~a\l.B:IJ (Tongue of the casing) im~Hu.::..r1 ') Ltl"lJa-1L~tm,j:IJ,;)::~ 

L~1l1n1tl~ 2.27 
'II 
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.....-.L------c::u-i.-aieda 
(T_dc..ioll 

,;.,.j" lCai«cl 

. 
';)1niu1Ia.:l L'im.n12J'tJ9112Jfi~'t'I1.:1n11~2JU luw91';):ihl a.:lL~~1' 'VIlil aan2J1';)1n• 

;fU9112J fl112J [11111 a.:lLiu~aU1.:111a.:lluw~~ L~2J;fU ~.:I,rU"lia.:l11.:1~.:1 LtJU'Yl1.:1 L~U1I a.:l1l a.:l L'VI ~1 

1:'VI11.:1 ~,r.:l1l a.:l L'iauii2Jnu(uw~ii';):~ a.:l L~2J1IU1~;fu~1 £I 1~ £J~~nm1LL~1 a~~1m1L ~2J 
.A"d ........ .Jd,..," '1 ~ .d,:,~ A .....
 

'YfU 'Yl'VIU19191';):fl\l'YlLVi a L'VIfl113JL11'1J a\lm~ L~,U~mL"3Jtl 'll\l';):LiJu~a L'VI3Jn1~"l."UL"£JVilil\l\l1U.. '" 
\ttl [Ja\lli'ULtl\l mh\l'~n9112Jfl112JL~111 tl\ln11''VIa';):a~a\lLittl \1';)1nVia\l\l1UU1.:1 L'i1Ut1..m tJ~ [JU 

2J1LtJUVia""1Uimn\ntJ1Itl"fl112J~U (Pressure head) .. 

2.7.3	 LLUUih" ') 'ftO"BJlt.I"i::Ln't1LL"i"L,.~g",."U"U
 

ii2JLLUULL~"L'VI~[J\I'VIit~UUtn2J1~mLti\ltltln'~n'VIa1mLUU
~\ld 
v 

1. LLUU,.Ogt,j" LiJuLLuuv1U~1U1I a\l,11JtJ1:Lll'Yld mh1~ ilL tJULL UU~ 
~ 

11 tl"L'VIa1~'~a L,i1Lt~urrn iil1""lJa"luw~iifi~'Yl1"1Iu1unULLnU1Ia"LVia1 LL~1''VIa tl an....h 3J 2J 90....	 . 
a"~1nufi~'Yl1"~''VIa L'1i1 "lia'l 'Yl1" L~U1Ia"1I a"L'VIlil1,;)1niu'1J a.:l L'iauii2Jiiv1u~'VI'U1~~L~2J;rU 

~13J fl112JV1111tl" LiU1tl1J1 "1Ufiff'Yl1"n1~'VI2JU'1Ja"11Jw~1J1.,jLL1J1Jiim1L ~3J"litl\l'Yl1" L~Ul~•
..l' .... tJ.J .... tJ .... • ..r . 'I'"	 _=1 ... .....l' 

2J1n1lU~"~ 'Yl 2.28 a"~"na11U';):"1f1£IL'VILL1"n~1JULm1~~LL	 Via1'1Ja.:llJ3J2Jfl112J"2J~a~1IU..	 .
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2. LLUU ii~:t1J ~"J'1 if1J LLUud~am~ut::"lJ EI.J11fWYlLLCI::1lJi1.J111 u tl.tl n"lJ tl.JL1E1t1. 
'lJ 

if1JL\,\1iEltl.nULLUULL1n'YlnlJ1::m1 'l::~Ylntl.ih ~U.JLL~i1IllU1tI.'l::iiflluHtI.JlL~1J;ftl.1Jl f11U
• 

i.Jn~Tl~.J~Yl EI tinuL1ml.if1J'l::'7l";w1";"11 E1.JL \'\Clltl n~an~tl.tlEln1J1~tlU ') LUtI.fift'Yl1.JLt.JLf'IiEl.J 
'lJ 'lJ 'lJ 

'Yl1\1L~,"~\I LUlUhuhi\lL~~,ru iil1";iim1t~lUL~UWa\l\llt1.UmJtH 
'lJ .. 

3. LLUUn\JM" ii1JuuudU1\1f1f\lL1Uni1 Vortex \'\1tl Regenerative turbine 

a n'Mut::~ Lt1I'M"ll tl\l iTu~ tl1u~~'l::LUULL~ULLUUn~1Jn~Uiifl113J\'\U1 f11U"lJ tl\l1uwYl LflYl'll nn11 

L6]l1dtl\l UU"1I BU"1I E1\1 LL~ U1uwYl ill1,..;-LflYl LiJtl.LL~tl.f11mLflU ') LLCI:: :tl.1tl.LLtl.l1t11~ "lJ m::~ 

"lJ EI \I L\'\ CllL \'\ tH1i1111'l1 nrl1.J Yl Yl ~'7l E1.J i1.J1::\'\ i1 \I f11U"lJ EI \l1u WYl'l:: tl nL \'\ ~ U\I EI EI n ~l U 
'lJ 'lJ 'lJ 

LL1\1\'\ll.t1It1.rJmn\I LL~L itEl\l'llm-nr\l"lJ E1.J L1E1t1.ifllilYl rrtl.E1 ti "lJEI\I L\'\,n~\ln~lln'l::~.JirE1t1.n am1i1 
'lJ 'lJ 

1J1Lf'IiEl\lil\11::\'\il\11uwYlLLCI~tl'm\'\~£J\lEI E1nLlJan 
~ ~ 

4. LLUU n\J\1"LLWJtY\J iflILLuudL~lIri Lii £]1 ~aYl;ftl.1I1iilWiua'uJl'llnti EI 
'lJ 

U1Yl1a Yl\lJ'tl.1.Jl\I f1f\l~.J L1Unil iflIU1Yl1 ~ 1uwYl"lJE1\1ifmutl.uuun11L\,\aLLU U~a'1I\'\1E1nl1
• 

L \'\ a Yll3J LLU lft1l~"lJ EI \lif3J Lit EI \I 'll n ~l tl.lJ1::n E1U J\I\'\ 3J Yl"lJ E1\1 if1J'l::~ EI\llJ1::n ElU n tl.LUti. 

'Yl1\1n1::UElmV;Btfl3Jl1tlun'la\lLtJ1utiBJ11J1Yll~L~• 
5. fl,,.11'liHLUtUUf&l (Mixed flow) Llt1nYll1Jan'Mm::"lJB\l1uWYl\'\lBfit1l 

'Yl1\1 n11L\'\ a"lJ E1\1"lJ 8.J L\'\al BEI n'll n1uw~if3J \'\1E11uw~ LLUud'l::L~ 1Jwa\l\llt1.1"';-LLfi"lJ tl\l L\'\ ~l 

tYl £.I tlli£.I u 1\1 L\,\~ £.1\1 \'\ itt1lUrJnal\1 LLa::U1\1 ~anitI."lJ EI\I LL~tl.1uW ,,1ULLtl.l"lJ tl.lunULLntl.LW~1 
~ 

"lJ8\1L\'\alf\L\'\atlEln'l::rl11J1J 45-80 EI\lt1I1nUUnULwa1• 
6. fl,,.11'ln9l13JUWJUfl," (Axial flow) "lJtl\lL\'\~1Y;L\'\i'H"lr1ua::88n'lln1uwYlii 

flt1l'Yl1\1"lJUlt1.nULLnULwen LL1\1Y;L~lIW a.J\llt1.1..;nU"lJ tl.J L\'\ alLUtl.LL1\1 ~an~tl.1 tI.flft'Yl1 \In11L\'\a 

L~ £.1\1 tl til\1Lii£J1LliiiLL1.JL\,\~ t1,'l\'\ itt1ltl.rJna1\1 
~ 

.... 'J .....=t .,; ... ~ 
2.7.4 an1tm:: LUY4~'2Jil\Ju&lUU1JLL"\lL"'JS\J'M"R"9 

'U 

Lrttl\l'llnil1uw~"lJtl.Jif3JUU1JLL1.JL\'\i £J\I\'\ll.fttl.rJ L.r111n11tltlnuu1I1"';-L\'\lIl::~l1 
'lJ 

nun111i\llU1Jln1J1 t1\'\al t1"lfii.Yl n11.,]lLL,"nlJ1::LIl'Yl8l'l'l::~'l11tl1.1'llnin 'Mm::"11 tl.Jluw~ 

'l1t1.1h::nu trn'MtlI.::nl1L\'\ a'il 8""lJ8\1L\,\~lL,]l LLCI:: tl 8 n'lln11lW~ \'\lE1i~tllJ1::a'\I~n111i.J1t1.
• 

'iltl\liTu1UWYlY;L~111m1LLtlnlJ1::LIl'Yl~11J\'\trnfl1ni1\1.rud ~\l1lJf\ 2.29 
~ 
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81 ••

ft) ~), t) , 

.~ 
Q)	 ~ 

'iuri 2.29 im~m:;1U~~1Jth1,j1JLLUULL~~L~~tI~~,"~",,6 
~	 

• 
~ 

n)	 Open impeller "1.1) Semi open impeller 

fl)	 Close impeller ~) Paper stock impeller 

11)	 Propeller u) Mixed flow 

"11)	 Radial flow 

2.8	 n1'ilMa'"flil 

im~m:;m~L~a1'\.1,l'iaii2 LLUU fia 

1.	 n"11MaLtuu'i1UL~gU (Laminar flow) 

m~L~a LLU1J~l1JL'itiULtJ,"m~L~a~ a""111fl"1.l a~"1.Ia..:J L~aLfl~il""~LtJ,"Li,"~~~ "1.1'\.1,1'\1,• 
fl""Ltlfla1ml1Jm~L~aLtJwff'\.l, ') (Laminar) fl1111L11"1.1a..:J"1.IB..:JL~a1'\.1,.ff'\.l,~mj1mt6) fl,"ii~hL1i 

~ 

Ll'i1 fl'\.l, LL~ LL~n~l..:J fl'\.l, U1\1 L~ mt'atl m~L~iil LL1J1J~11JL1t11JLtJ'\.I,Ltl~111nD'ilB~fll111ill~wf 

~::~i1'1fl1111LA\UUa'\.l,fl1Jel~~lm~Ltl~£J""LLtliil..:J'ila..:JAnnular deformation ~..:Jfifla ~iilflm'ilm 
~ 

fl1111~"~'ila..:J'ila..:JL~iilfl1Jfl116JL11LmL~hJ," i\l~tl~ 2.30 
~ 
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2.	 n1"ilMauuuiJ'wu'J" (Turbulent flow) 

n11L'VIlilLL'U'U,1t\iht\LUt\n11L'VIlil hH.J~ ~mn1WlJ ~h1"lJ a'!L'VIlil Lfl~ at\~L1J a til'!hlLut\ 
q 

1::Lij £J'U fl1111 L11"lJ a\l at\n1 fl"lJ a\l"lJ a\lL 'VIlil LL~n ~l \lnwyr\l"lJt\1 ~ LLlil::-n"''Yll\I fl1l3J Lflt\Luat\ 
q 

tl'VI1'Unl1L'VIlilLL'U'UirWU1t\i\l11J~ 2.31 ~\I~'U an1lnl1L'VIlilLilt\LL'U'U11UL1£JU 'VI1a irt\il1t\ 
'\I 

fla fi1Llil"lJL~rnt\lil~ (Re) 

Re= pVD = VD (2.23) 
Jl v 

L~a	 Re fia Llil"lJL1mt\lil<il 

D fia Lthuht\~t\rrnlil1\1fia (m) 
V fia fl1111L111wYiEl (m/s) 
v fiE:! fl1111'V1ii~,;)lil,r (Kinematics) "lJa\l"lJEl\lL'VIlil1wYiEl (m 2/s) 

Q 

(a) Beginnill£ of (b) Fully nubulenl (c) f1aJ welocity profile 
nubulence flow for- nubulent flow 

fi11ntl~"lJEl\lLlil"lJL~rnt\lil<il'U anL~11 n11L'VIlilLUt\LL'U'U11'UL1£J'U'VI1mL'U'UirwU1t\ fi El 

Re < 2300 nldL'VIlilLL'U'U11'UL1£J'U 

2300 < Re < 3000 nldL'VIlil1WIf1\1'Yl11t\on-it\ 

Re > 3000 nldL'VIGHLU'Uir\\th\\ 

...	 ... 
2.9	 R'J1&1~"L"'Ul\l'J1nR'J13J\1\1 (Head) 

fl1111 ~t\"lJ El \I,j11 fl El \11 t\~'Yl n-~ n ~::ii 1 ~ El "lJ El \I L'VIlil1~L'VIlil,;) 1n 'Yll\1 ~lt\~ Cil (Suction)
q	 '\I 

"lJEl\l,j1lL1J';)t\ti\l'Yl1\1~lt\1i111(Discharge) ,;)::'VI1Lit~ 1I,;)ln~1Jn1d Bernoulli 

P 
V2 2
 

_I+_I_+ Z = P2 +2+ z (2.24)
r	 2g 
1 r 2g 

2 
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t~£Jfl113J.r'U~13J (Total head), hr ~:;VI1L~~lm"'~~13J"1.Ifh'lfl113J~U'Yll'i~lU~~ (Static 

suction head) 'n1Jfl113J~U'Yll'i~lU')1£J (Static discharge head) t~m13J~1 fl113J~U 

~nJL~m iiEl'i~lnfl113J£J11"1.1f)'i'YiEl irEl~EI irEl'iEl 11~1 t~£J~:;VI1 L~~'id 
'\I ., 

(2.25) 

L~EI P fiEl fl113J~ULiiEl'i':illnfl113J~U"1.IEI'i"1.lEl'iLVla (m) 
y 

v 2 

-
2g 

A .... .d ~ 
flEl fl113J~UL UEI'i':illnfl11:IJL~1 (m) 

Z 
A 

flEl 
"4 cv .... t: 

ml:IJ~ULUfh'l"'iJln'Yia'i'ilU~n£J (m) 

2.10 n1"H.ruLaUL;ith'~1nfl11aJLaUft't11""V 
m~~ruL;'£JLiiEl'i~lnfl11:IJtJ~~:lJl~tlmJ'i ElEInL.r~'id

'\I ., 

2.10.1 ft11aJ~"\1tyLauLi:to\l~1nfl11aJLaUe;t't11"'"nO (Friction head loss) m~ 

L~£Jfl113J~U Vl1E1'Yi~'i'ilULiieh'l"'iJl nfl11:IJ L~£J~'YllUt 'ULiufi ElL iu~~'i sa'ihiilm~LVI a';):; L1JU 

LL1J1J~11JL1£J1J (Laminar) Vl1mJuihu (Turbulent) ~1:IJ1~tlf11U1m~ln~~~"1.IE1'i Darcy
'\I 

weisbach fi EI 

L v 2 

h =/- (2.26)
I D 2g 

L~EI hI fiEl fl11:IJiu~qjL~£J LiiEl'i~lnfl113JtJ~ (m) 

f fif) i:IJtI~:;~'Yl1ffl113JL~£J~'YllU"1.lf)'ifif) 

L fif) fl11:IJ£J11'YiEl (m) 
D fiEl Liu~.hu~urJnal'!1n£JtU"1.lEl'i'YiEl (m) 
v fiEl fl11:IJL~1m~LVli.u11£J1"'tiEl (m/s) 
g fif) fl11:IJd'iLiif)'1~lmLd'i~'i~~ t~n (m/s2 

) 

2.10.2 fl11aJ~"",mLaUL;io\l~1n ioiltl itl\ltl11a'1"V 
fl11:IJ~U~tlJL~£J~Ln~;1'uL~EI"1.If)'iLVIaLVla~luirfJ~fJ irf)'1f) LLa:;11~1 f11'U1 mt~w 

'\I ., 
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(2.27)
 

ldtl hL fltl f1113J~Ua'tlIl~t1 lrttl>1~1ntltln1m1w~::1Juritl (m)
'II .. • 

v fie:! f1113Jl11lu~£J"1Jtl>1"1Je:!>1"~"1;11'U.ritl (mls) 

g fitl f1113Jd,'Ilrttl'l1l1ml1'l~>1~~11;1n (m/s2) 
....... 1.1""£ '" 

'II 

~ d..¥ ..... "" 1.1 trK f1tl a'3J 1::~'YImJtl'lfl113J~1'U.'YI1'U.m1 L\I\I;1 'll>1"lJUtl£JnU"ll"Willll;1::"lJU1~"1Jtl>1tl mm 
'II • 

2.11 rha-"V;""titlJiiIJ 
fh~>1fi'~1ij1n~3J fit! V'la..'l'l1'U.fi"mt'lt~t1~3J't1£T..'l"lJe:!'l '\1\1;1 1~ £J~3J11f1\1\1 '~';l1n 

'II 

(2.28:)
 

ldt! P w flt! n1~'lfi'~1ij1n~1JJ1 (kW) 
r fltl J1\1\umhlvn:: (kN/m3

) 

Q flt! e)~11n11'\I\1;1 (m3 Is) 
h fit! f1113J~'U.113J (m) 

P =IE (2.29) 

lde:! P 

I 

E 

fitl ih~'l"lJtI'l~3J (kW) 
fit! n1::LLa'lrh'~h (A) 

i-it! ll1>1LfI~Em"rH~1 (V) 
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2.12 nl"naan1J,"'(;liiaJ 

VhnH141~1nm~'t1~"aUTl11:IJ~U~L~"lIa.JB:lJLL't1u~hluff:IJm~ 

h = 1.215xlO lO 
XQI.852 X L 

(2.30)
Cl.852 X D 487I 

, 
d;a hI ~a LtJ~T111:IJ~qjLR'rJ1U'ria (m) 

Q ~a er~~1m~LVlfl"lla.JJ11U'yja (liter/s) 

L ~a T111:IJrJ11~1:IJ"lIa.J'ria (m) 
C ~a fi1T1.J~1"l1a.J Hazen-Williams 

D ~a "lIU1~LiU~1u~u~nfl1.J"lIa.J'ria (mm) 

l,raanLLuu 

STEEL 

Welded and seamless 80-150 140 100 

IRON 

Cast plain 80-150 130 100 

Wrought plain 80-150 130 100 

MISCELLANEOUS 

Fiber 150 140 

Copper and brass 120-150 140 130 

Lead, Tin. Glass 120-150 140 130 

Plastic 120-150 140 130 
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I 

2.13 l",Hhtrl'n\)<A'" 
2.13.1 fha-\)lrHh (Electrical power) V\m[ltl~ er~11m1Ltl~[J'\.l.LLtla~~i~~lUV\1fl 

er~11'l1fl~m1'Yh~lW1l1nim~Hu::V\i1~ltl"anim~HU::v V\i1~LL'YlU~l[1itlJim~tclP LLa::~V\tb[l 
~ 

Lilu 1~fIl (Watt) fha~lvl~lLiltu.ja,ml."lJfl~LL1~Lf1~flulvJvhn1::LL~lvJvh 
'II 

P=EI (2.31) 

Lrlfl P flfl fha~hl~l iiw\.bmilu 1~~ (w) 
E flfl LL1~LTl~flUlvl~liiw\.bmilu 11a~ (V) 

flfl n1::LI.~lvJ~liiV\tbiJLilu LLfllJLLUf (A) 

1I1nnD'lI fl~ 1mf:u 

E= IR • 
LL't1ll.fh E a~hl.~:um1 (2.31) lI::l~il 

P = (IR)I 

=I2R (2.32) 

1I1nnD"lJ fl~ 1mf:u 
E 

1=
R 

LL'Ylufh I a~1u~:um1 (2.31) 11::l~il 

E
P=E

R
 
E2
 

= (2.33) 
R 

~a~~lulvJ~l (Electrical energy) Vl1Jl[1ii~ nla~lvJ~1'Y1nmi1luhnU1::[I::L1alV\rt..:J 

~"nflm~aTl nl.'lIfl..:Jrha..:Jlvl~lLi'JU 1~~nU1::[I::L 1al1"If..:J1ULilU1Ul11 
v 

L;j [lULL'YlU~i1 [lillianMm v ~ 

w 

W =Pt (2.34) 

1000
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2.13.3 nT'i~h"''JnnnDIA'i1i",nJail\llT1yh 

L~El,i1t ~Vhjlf11V1"'1t1~::: 2.5 U1'Yl t~m fitiUnUnl"ifl1U'1 (u'"lJeJ\ln1dnU 

nd:;LL~t ~~l''1J eJ\llJ eJ L~ eJTIru LL~:;8lJJ1 

2.14	 lJilLGHIf(TI,hn'i:::UilUlaU 

lJ m~ eJf1~~lnd:;LLGf~~Ut~LLfi lJ m~eJfLLUUL 'VI rtmU1 (Induction motors) LLCl:;1Jm~eJf 
A	 01'" ...	 ... .J "'1"" dLLUU'1I"\I f1dU~lJm~m (Synchronous motors) lJm~mLLUUL'VIUtl1UllJ "ll'LLVl'i'VICllt11Jln '11"\1 

,hLLunl~Lilu~eJ\l1.h:;LIl'Yl1'V1qj· ') ~eJ lJm~eJf"lJU1~L~m~~L~m(Single phase motors) LLCl:; 

lJm~Erfltlfh~~ (Motors poly phase) LilulJm~eJf"lJul~1V1qj ri''1UlJ m~eJf:n\llf1d,"~fi~ 

f1'11lJ ih~ill1UeJ ~ ~l'\nd'ilJ LoJiunu~'1 t1f1'11lJL1TieJUfI\I i'1'Yln ~Ill'1::1'VI ~~ 
~ q	 q 

2.14.1 lJilLl;Iil-fLLUtJl'M.au'J"h (Induction motors) 

lJ m~ eJfL'VIrttl'1U11id1u~uih ~\I;rU rI~eJ\ln111i-rt\l fI'11lJ L1'1deJUfI\I i1'V11eJ 

fI'11lJ L1'1'ieJurlil ~\ln-i1L~lJ LL~:;fI'11lJL11dElUrli1~\Ini1 L~lJLL~:;'VIlJUn~U'Yll\1t~ (1UU1\l 
q 

n1iil.) 

1]tl t~ t)fll't-rh 1] t)t~ t)fll't-rhm :artH1l1'1I 

m:::Uff~H 

(1) LL1\1ij~ (T) Kt·rp· la K2.I2·R/S K2.I2·R2 

(2)fI'111JL111eJU (N) E - la. oRa .l{K4 orp) (120// p)-Srpm 120// P 

(3) ~1Jddflu:;ih~\I E.I() 

(Watts) E.l(}/746 K.E.lO.PF K.lO.PF 

(HP) (K.E.IB.PFy746 (K.IPF)/746 
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........ ..
 
,HUiilm~m :... 

'" ..f fie) fl1111tl (Hz) 

/ fie:! n1"::LLN' (A) 

/ fie:! m::LLriilvliil~ll1 ..rill.1Im~e:!flw~1"\I (A)a • 

/2 fie:! m::LLm1~£I11ijlll.1Im~e:!flwN'~1J (A) 

'" . .... 
• OJ 

K[,K2 ,K3 fie:! fI1f1'1~1
 

N fie:! fl112JLlne:!1J (rpm)
 .. 
P fia -;'j111.111.,]1LL2JL~~n (Pole) 

PF fia Power factor 

R fie:! fl113J~lWYi111.~mWti (n)
 

Ra fitl fl113J~111.'YI111."JIa\l~ll.1Im~af1.w~1"\I(0.)
 

R1 fitJ fl113Ji111.'YI111.11;)1I1lij~mWN' (n)
 
... OJ 

R2 fitJ fl113J~111.'YI111.'YI~£Illij~mWN' (n)
• OJ 

8,81'82 ~tJ N'~ll 

8rpm ~tI 1"tJ1JN'all (rpm) 

qJ fitJ -;'j111.111.W~n.nLL2jL~~n 

.. d 0 

2.14.2 lIaLGla"i"'U.I111'tT'i\Jn"itUan 

.. ...." ....... ~ •• I ••1 .. ::;.

"JI~iil1~tiL~L~tl1 (Stator) "JIe:!'111m~e:!1"'Y1 ~"lfn1J ~nN'111Lnti~::1I'YI'I~1I~ 3 "JI~ 11\1 

Ltftl'l'YI11111 120
0 

~mlll.LLiil::nu ~ tJ"1"'1n1J1\1ll1"~ll.ii1~\I'WN'111LWti n1"::LLti'WVhti~1Jti111L Wti• 
"JIm::'~iil L')l"J1~iil1~tiL" L~ tJfJ\lN'111"J1~'YI~,1~Ln~ till.11JLUJL~~n~~1Ill. 'i (Rotating magnetic• 
fields) U'll.yJ~n.n (Flux) '1JtJ\lffll.111LLliL~~n~ti11J11"tl~1Ill.'idll::~~~1lblll.hL~tJf (Rotor)• 
hL~ tJf~ii ~m7rn::N'f1'1 LL1J1J't11"'1n1"::1J tin irl1'11l1fiLL~UL~~n'W~11J1\1 ~ ~ iil1 mL~ll.el~;fll. 1"1l 

OJ 

lluLilu1"llLL'Y1\1hL~ tJf ~ ~1"J1 tJ1Jll.tJnhL~ tJfll::iiitJ\lL1l1::~111 £I11f11"m"ll.1"tJ1J1\1 L~ tJ1i~\lLL 'Y1'1 
OJ 

Gn~i1U1'Y1 a\l LL~\I~~tJLL'Y1\1~1"btJ iilijLU£l1I LL 'Y1\1~1\b~'1n~1111'1'V'l1~iil'l'111 ll.1tJ'I el~;fll.1"lhm 
OJ OJ 

Lilll.LL'Yi'l ~1"J1 tl1Jll.tJ n hL~ e:!f'<il::iii tJ'I L1l1::fI111 £111 fl1"ULill. 1"tI 1J1\1 L~ tJ1 i~\I LL'Yi\l iil1 ~ ~1U1 

'YIB'ILL~'1~~mL'Yi'l~1U1tJiiliiLumJ LL'Yi\l~1U1~\ln~1111\1'V'l1~iil\lhJl ll.itJ\lti~tJ ~ ~111£111 l~J £I~ii 
OJ 

"JIll.1~LL 'Yi\l~ tJll.,)l\11~L ~ii tJll.'YI1\1n1"::1J an~\I'~~m 'rill.ill. ~tliil1 mL'Yi'll1"L~ e:!frY'I tie:!'1')l'1 ii mJll. 

i1~~1LLiil::rl1£1 'Yi1'V1,rl~~~n'lll1"n1":: LLN'L~it[J1\t1~ Ln~i1u1tf'l~iil1 £I '1.1 nl.::till.111 LLliL~ a n~ 1Ill.• 
111 n tiL~L~ tlfU~ll.3J1~~ l1"L"tlf"lfil.~d'~\I'liii titl1\1 L'V'l1"l::'li~a\lU1n1"::LLtiL,j1~~a tJ an1l1n 

l1"L~ af'YI1"\I n1"::1J a fiLiil [J LL1"\lL~ \i[J1U11l1 n till.111 LLliL ~ an~ 1Ill."JI a\l tiL~L~ 8f'YI111KLn~n1"::LLti• 
L~ii£l1U1;fll.lll.LL 't1\1i1u1111.l1"L~tJf ~'1Ln~till.111LLliL~~nl'VIli~l11.nll.LLiil::H~nnll. l1"L~ tJf~\I 

~8\1'V11111.'VIittill.l3JLL3.lL'VIan '1.1 "iil1" N'L"LYI 8f~\lL illl.i\l~il811.L ,J11":1J1J Hiil~'i1l1 n1:1J1J~ an11. .' 
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'VIlIU"l.I lh'l11L~ ll'fLL1J1J'YI1.Jnl::1Hln Tl1111 L111tllJ"l.I tl.J ~Ull1 LLll L'VIan~'VIlIUnlJ"l.I tl\lhL~ tlfLLlJlJ 
1	 1 

'YI H	 n 1::lJ tl n J u"n ~ L~hJ.J nU3J1 n 1~ tI ~1 1L~ tl fl1:: 'VI 11 u·,1'1ni1 Tl111JL111 tl1J.:a \I1 TI 1U~ 
1 

(Singcronous) L~tI.J1am~:: 3-5 LrhJu LVi11::ilii~~tl (Slip) Ln~;1uttULtH 

11 tl L~ tl fluif1111UU L~ tl LUUnl'HI~~U'YIun11 H~ ~ lin l1::Utill 'VI ~ tl el~;1U1tl 
1 1	 '\I 

'YI1.Jn1::1Jtln 1~tI"im~ih Utili (Aluminium) LUu,butl1::ntl1JLLGI::[J.J'VI~tllln"1J~~GllIWI L111~~ 
'\I
 

.... Ai .... ~
 

1I1~1t1LVitl1::lJlt1T111111tlU~1t181nlfl 

o	 d"-=l ~ ...- QJ0 

2.14.3 fl1 "iMTWUlll'1111'!1""1 Cit '!I ih13,J tHGl eJ"ifl LU""Gl\Ul1a.1 

"Unl1'V1l"l.1Ul ~"l.I 8.,'111 tl L~ E:rf~"iLuu~unlcr.J,rlJJW;ltl.J'YI11lJii.J Tl1111 L111tl1J 

LLGl::LL'H~n1::rh~rh "~1~rl'«ULTI~tlU~ LL~1\tlTh~L~1I1LL 'YIU~l" U~lIm1.r.J~ tlLtlU 
1 

21fTN ... 21fTN
P = -- 'V\1tl HP =-- 	 (2.35)

60 746x60 

Lrltl	 P ~tl n1cr.J.Jl'U"l.I8.JlIm(;1tlf (w) 
T ~tl LL1.Jij~ (N-m) 

N ~tl Tl1111L~11tl1J"l.Itl.J<11111 (rpm) 
.cs	 I "" I cv

1f Tltl Tl1T1.J~1L'YIln1J	 3.1416 

2.15	 mJfl"im'''''fl1''iM1tJMlIlIeJLGleJ.f 
1	 • 

.,'11 'UTI l1JTI1111m ~ tlf';)1 Lu'"';)::~8\1"itltlmmL~ ml1U1 tlTl1111 ~::~ln 'VI~tlL ~ tlm1T111JTl1I 
1 1	 1 

11 tlL~ tlfl~f11\11'UL~<11111T11111tl1::tHTl tltln1mTlllJTI1111 m<11 tlfii'VI iill tltl1:: LIWI L"Ii'U tltl n 1m''U 
1 1	 1 

m1~<111.J,;)1 tltln1nriJ tl.Jn'Un1::LL~Ln," tltln1miJ tl.Jn'U1l11:: Ln'U tltlmm~~lf~ LU'U~'U 
1	 1 , 

2.15.1	 tm1eJ.fl,.ait~LaS(Overload relay) 
" 6'".. "J'.....l 'I _'I "t.

'Uft'1l1Vinl1 "ll.Jl'U1I m ~ tl1';)::~tl.J Ln~T111111E1U"l.IU tl tI1.J'VIiil nLGW.J LlI L~U 'U 

T111111tl'U~ Ln~;1'UL ~tl.J1Jl111" n~l L'VI ~'VI Gil tI tl1::m1 L"Ii'U tl m'VIllihL1~ ~tlll n1::LL~Li'itl.J';)ln" 
1	 1 '\I 

m1"i.J1un1::LL~Ln,"Liitl\l';)ln1ltl L~tlf11J1l11::1I1mn'ULl.l'VI1"tl1l11::1'VIiil~LnU (Overload) 

• .¥ 0"" 6'"" .. J''I" .... oM'" ~ "!!l 6'~L'VI~L'VIGll'U,;)::'YI1 'VIlIm~tl1Ln~T11111Lft'tI'VIlt1"l.1'U L~ llfm1utl.Jn'U1ItlL~tl1 L~tlnTi "llLtlL1tl1 
1 

1'V1G1~~.JLiJ'U1lim1~"m'Um1iJtl.Jn'U1Im~tlf~utl1l"in'"rt1ltl 

1m1 tlft'VIGI~1Liil6tl1::ntl1J~l tI"l.I~Gl1~T111111tl'U (Heater) ~'U8ti1JULLe.iu 
'\I 

LUL1Irliil (Bimetal) ;J\lf11';)ln1G1'V1:: 2 "llU~ L~tl1l~~n'U1ri.J~lL~Lrl tlLn~T111111tl'U;1'U 

"l.I~ Gl1~T111111tl 'ULU'U'YI1\1 ~1U."l.I tl.J n1:: LL ~,;)ln LL'VI Gi.J-;il tlLtl [J-\l1I tl L~ tlfLrl tl n 1:: LL~~L 'VI GI L-lll 

11 tl L~ 8fii~1 ~\1 f1~I"~"ll~"l.I~ Gl1~T1111118ULn~T1111118U~\I;i'U LU'UH GI"~LL~'U LlJ L1IrlGl18ULLiil:: 
~ ,	 '\I 
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Lri~ i'1iul~Vlll'1~il~(;fun ~tJ~"lJ a~ tm'1 e}'f[VI~~~~ae)'u.nnl mJnU'1~,;)"ifl'1mntLtJ~'1-:I';)"ii~ 
• 'II • 

m::LL(;fa amnn"lJ~iil'1~LL3.iL VI ~n"lJeh'lfla'\.m 'YIflL~ a{~.J'Yh l~w"l Gfll~(;fVl~n (Main contact) "lJa.J 

fI a'l.l.LL'YIfI L~ a{u~~l1 m~ afa an';)l nLLVI ~.J-;i1 mU'l.l.n1"iiJ a.Jn'l.l.lIm~ a{,nn fl '1111 LthJVI1 rlhi 

La L'1 anm~~1L~EJihf~LLUUli"i"ill~l~mdam.l'l.l.1uLlIl1iil.J a1ULLtt'1';):;ntu1I1aEi 9\1 LL W\.i,.JL~lI 
'II 

Ldmfl'l.l.i'1a~LVl1ia'l.l.hu~n1~nULLuu~mL-n'YI (Reset) ~a Ldai~'1.J,;)"i1uLLa'1V1,",1"11 ~(;f';):; 

nn ~amm lril1~a.Jn1"i,;):: 1~1.J,;)"iih~1'l.l.~nflf.J,th l~~rJn~~i1l1 Reset liwu1 illeY(;fn tU1l1 
'II • 

n1"itJi'ui~n"i:;LL(;f"lJa.J LaL'1 aftVI a~ t~rJun ~LLtt1n1"iui'ui~"lJ'l.l.1~n"i::LL~ 

taL1anVla'l~LaEJO~hL'Yhnu 125 % "lJa~m::LL(;ftVla'lL~1l'I~n'l (Full Load Current Vlia FLC) 

"lJa.JlI8L~af L'J5'l.l.3Jm~afiin"i::;LL~t Vla~L~lIWn'lL 'Yhnu 40 LLam1 i.J,r'l.l.~l ~.J~""lJ a~n1"i 
'II • 

tJi'U:.JLaL1af[Vla,,1Larrii~lL'Yhnu 10 x1.25 = 12.5 LLa1JiI taL1anVl~'l1Lam'lrl~1hlii1J1J
• 

u1u:~wn"n1::LL,,1~ihm"itJi'1Jt"rJl-tt"lJfl1.JtJ1U~hu.wu1"lJa~LaL1af1V1a"1L~rr L'J5'l.l. 9, 10, 

11,14,16,18 LLallil i~"itJ~ 2.32 LLiil:; 2.33 
'\I 
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2.15.2 ~tnUm~LGtil"i" (Contactor) 
6',d A 6'0 ...... I~~ 

ml\l.LL'YI~L~Bd 'VI1"B LLlInL\l,~n~ B\I,LL'YI~L~ B1" 'YIl\11\1,~1mL 1"\I~\I~~LLlIL 'VI an'YI 
'II 

Ln~'llnTlB£I ~Lla::LLn\l,L 'VI ~n enfLlI L'lBf filliWl41 ill ~'iL~ ~ El\l,~ 3.11 LL~::n\l,Lla:: ~\I tJl\1, 

fil~\I"rJrhL"liltf3Jm~Elf \t1"tllii.h'VI~U\ll"~1U~3J"rJvhfil~\1 L"liu 3Jm~ElftrJrh Lil"~" 
'II 1 

'V\'"l~"1IEl\l~ElULl'YI~L~Elf ~El m1"lifil~\ILWvh1il"1""tlm~tl"t1~1U~3Jm1" 
1 

~~~Elfila\l LWrh1i1\1,1"3Jln ~ml.LL'YI~L~tlffilliL1"1 ~m1"fl~11J~3Jfila\l" rJvhl\l,9ilLLVIl.i,\1
1 

~"'] "11 tl\l1"::UU"rJvh"~'il £I"rJ~1u~1I1 'VI7Lt~rriha\l'VI1tl~B"LL 'YI~ L~Elffil\11"Lil"~ £I"wvh 
1 

"1I"l?i L~n~ tl L"lilnu'ii~,rw.lU~3JLLa::~tl £J~"1I B\I~ El"LL'YI~ L?i Elf fil~\I" rJVh~iJB"L,jl~ El £J~ 
1 

tl1 'I';):: Ltl \I,"rJ Vhn1"::LL'i~1"\1 'VI~tl"rJvhn1"::LL'i'i~Un"~"tl[jnum1"tl BmLuunl,.li~ BULL'YI~ 
'II 

L~Elffilli'i13Jl"fl~11J~3J1\1'l1'llm::£J::"na(Remote) ,,~ ~\IfilliLn?i~113Jtlatl~n£J1)U 
1 

ertlnllil\ll"l"m1"~11J~3Jfila'lLWvh ~..11"tl~ 2.34 LLa:: 2.35 
'II ;.I • 'II 
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(Main contacts) 

(Aul.iliary contacts) 

(CoU) 

2.15.3	 L'lfir{nGlL1J"imnil{ (Circuit breaker) 

L'Il e:rfnVl Lu~n Ln eJfLihl.mJn~uhJ~~l\1"il~LL~::i1tl'111ll.m~~~1 \I"il~ iil'Jall1"!Jll.l~ 
q 

l'J~lmLUU;fll.eJtinuLL1\1LfI~eJll. n1::LL~li\llll. m::U~m::i~l\1"il1 (Interrupting current) ii~.J 
'II 

".IJii.~fil\I1ll..i111 f11111i' ml.LL~::".IJii.VIfil.Jl tl.~1 £J LLa.i Ll'J ~ n L'Il eJ fn VI LU ~n Ln eJ f~ii.£J 111inll. 

LVI £J~1 hJ~1J1~mL1.i\lVll111h::LllfJm~fil.Jltl.a anl~HJtl. 2 LLuufi a LLuufil.Jlll.il £Jfll111i'atl. 

(Thermal circuit breaker) 1i1~VlluL1Il'1a1tl.m~iVld\l"il1LLUufil.Jltl.~1 £JLLa.iLl'J ~n" 'VJ-rh 
q 
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(Magnetic circuit breaker) rnflmL1iL~anlwYh~d1~~1nn1::u~~l"H~LnU~f1\1~U111u1iL~~n 

1Un11~\1~~li~'1t'1ill~t1'LLrJnaan~1mlu i\l1U~ 2.36 
'II	 'II 

... tf
2.15.4	 ''Hau (Relay) 

~La rJLuuauwsm'Yh~,r1~ LUUt1'1 ~,rij~ an nT:i't11\11Ufl i1 [J nll"ll~ a1~• 
LL1iL~anLwYh~1al'lf~uauttl (Solenoid) 1Lam-ni.um1fl111fl1l1\1~1Lw'iAhhim.h\l~a1n~a1[J• 
1LarJLUUt1'1~,rfl111flll~'t11\11U~1rJLWYh LLti\laanmllam~H;u.::m11i\l1uliLuu 2 U1::Lll'Yl• 

a cs"o....	 4 "".eII ...,. ff' 
1. 1LarJma\l (Power relay) ~1allm1Unnu"'nflaUU'Ylt1Lfltld (Contactor or 

Magnetic contactor) 1,num1fl111t1l1Lw-rhrhi\l ihJu1~1~roni11LarJm111~1. ~ 

2. 1LarJt111JfllJ (Control relay) ij"llU1~Lam11a\llwvh~11,nuJ\I~1t11Uflll 

~1lu~iifht\llwYhl1i1l1mt'n ~~aL ~ am1fl111fl1l1La rJ~1aflaULL'Yl1m~af"llU1~ hmJ 1Lau. ~ 
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2.15.5 TI'Jd' (Fuses) 

~1 LfYil'V1Ul~iJ eJ"nUfl111J LihJ'VIl £J~';)::di~;tuntJ ~1U l'V1'ieJ eJ1Jn~ru,1 yJ vh• 
~I 6'''''.1 .. 
n1~1J 2 u~::Lll'YIfleJ 

1. ~1Lf"1fU~1J1~~~lU ("1fU~~~1",;)~'t1Un) 

2. ~1Lf"1fU~'VI,.h"L1~1 (Time-delay 'VI'ieJ 510 blow,Time lag)
 

~1Lflh~" Lil'V1ftJm~fl1tJfl1J1J m~eJfL tJu~1 Lf"1fU~'VIli1"L1~1 Lii.eJ",;)lnn~::LL~
• 
L~1JLL~nlu"lJ~~~lf~1Jm~elfijfil~" 6-8 L'Yil"lJeJ"n~::LL~1Jn~ ~,llfum~liYbLf"1fU~'VIli1"L1~1 

'U 

ff11J1~f1'V1li1"nl~~~1",;)~eJ"yb;tYi ~n1J~ 2.38 u.~:: 2.39 
'U 
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2.15.6	 a~i11fiJaJnGt (Push button)• 
~l~,rtJ:un~ (Push button) dju~i~,r~Lrlan~LL~'"J1..J~eHJiifl ~l~,r'l:;L~'1 

q 

n~u~ut~ £J":U~1'1~1 LL'VI'I-t'l"1~ L~:UVl'im1£JnLUU1l1M15'1nqHil "Momentary switch" 

~l~,rtJ:un~diiyf'l"lfit~VI,rli:IJ~atln~LiJ~ (Normally open) LL~:;"lfit~VI,rli:u ~~t1n~iiJ~ 
q 

(Normally close) ~'1'itl~ 2.40 
'II 

'nJrf 2.40 ~i~,rtJ:un~ 
'II	 q 

2.15.7	 MiUIGtl't'h'IY1Y1m. (Pilot lamp) 

VI ~ ail"~ iruunnuuuVI~ ail"~1iLL~il'l~mu:;m'i'Yll'11U"1Ia'l"'h''l'iiiVl~1 £J~1i'" ., 

L~an L"lfU LLil'l LVI~a'l J1L~U L;j£J1 til£Jnl'iLtI~£Ju~hTl'iau'W~l~~n~luVI,rl Ul'1"lfitilLUU 

LLUU'i1 :uatinu~i~,rtJ:unilVl'ifl iiVl ~mLtI~'1 1u~'HhwrULLtI~'1 LL'i'lLTI~ flU 220 t 1~~ 1iLUULL'i'l 
'II q 

LTI~flU~lt1'i:;:IJ1m 6 t1~~ ~'1JtI~ 2.41 
'lJ 
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-=l 
lI't1't1 3 

3.1	 Anlt1 f1'J13J<Au"nl''itl u"'ffl"i"nl''i 

1 Un11~1L UUn11Tll1fhit..1n..11.h:1 [J"lfU"lJ fl..11Tl1..1n11~'J:Ll11..1;fu1J1ihJ1mrfl[J LVi [J..11~ 

L~ tI Ll11..1'Y1m~: LUI: n1:1.Jl'l.t n11fl1..1 Tll111 fl ~ 1 '"n1.J ~UL e:J..1 1111'"Lf1 ~ n11~ilIU 1 Tll1111 
'II 

Tll111Ll11111flLflTll uliilflhui '1 "e:JemGi'tl..1Tlll Ll11111rJ,"1Tll1111~ijmj1l11.h:[Jn~Vl1m.J11.J1.h..1 
'II	 'II 'II' , 

LLfil"lJ~..1,r1.J11 LilUL~fl..1~ li1~qj LLiil: Lrl fll11 LL~l ~11111rJ,"11Tl1..1n11l1..l1,rt~fl U1..11..l i.'l e:J~n[J ij 

1J1:ifl>1l1W1U..11UIfU 6] Ln (iJ'J1nTll111oW..1We:J1'lf)1.J~~,"~,l1..l1 ,rLLiil::i..1li1~ qjfi e:J ~e:J..1fi1Tll111 

L"li11'Jn..1Tll111~fl..1n11LLiil::"1ITl1..1n11flU1..1'tifl..1 LL'; 

3.2	 n1"ia-i'1"Lfl1rHa1"1..hnaatfl 

1Un11fl flnLL1.J1.J Ll11..1 LTl~f)..1 ~1..11..l iil1 Ll~~ l~fhVlU~11..l LL1.J1.J"lJ fl..1~uGi'lu1..l1::n fl1.J"lJ fl." LTl~e:J." 
'II 

~1"'1..l a1Ll~~i..1~e:Jl1..ltt 

3.2.1	 nl'Hiiun1';L'M~m;,'ffl"i"a-i'1"<A'Jtfl-i3J 

n11e:JemLL1.J1.JITl":i\l~11.,,';)::Yi'J11UI.1n11ilfl..1nun11Ln~Llli.lILLiil::l:.Jn1flUl~~1[J 1u 
~ 

n11fi11Tl1..1Ll'i1.,,~-rlll~L~e:Jnl,rLL&:JuLVlann~1l1LlulISUS304 "lJU1~ 1,219.5 mm x 2,439 

mm x1.5 mm BlI1"lJU1~ 20 mm L~e:J1iLn~~1..lfn ltlLLiil::~..1~~~n1.J9111..liil1fle:Jnl~~1U LLiil:fi1 
'II 

m1~lu1Vl'.r"lJU1~Liu&:J1u~,"rrnL'l1"'Lfhn1.J500 mm 1~UTll111U11~1,r'Ji'..1 700 mm ""11..l~ 
'II	 'II 

3.1 
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nl1L~ an'li~:;W~11rnl~ln nl1U a-1 nunl1di~ ~ihJLLL'l:;~n1au LW11:;~a-1 
q 

~'h"-1ii-1'V1~n aUl3J£J l~£J'llJ ~n1Lnam~ L~an 'lill:;LiJW1f"~L~hJ'llJ3Jl~1;jlUm~ii~ ~ ii"1JU1~ 
~ u 

Liu~.hmmrJnL'll-1L rhnlJ 500 mm 1~ £J~1:;£J:;w~,r~L~an'li~L 'VI3J1:;~3JnlJ~aamLlJlJm3J 
~ 

fl113J£J11"1Ja-11i11~13J~a1:;£J~W~,r200 mm fl113J~""1Ja-1Ln~m 150 mm l~£J"lLL~U 
~ 

L'VI~nn~lli'~"3J SUS304 'VIUl 1.5 mm 3J11i1~LiluLnamLLL'l:;rllm1~-1Lna£J1'l'VIl~~13J"1JU1~ 

1iI-11t1~ 3.2 
~ 
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3.2.3 'l.hn't11\1Li1~-iaJ 

lhn't11,;JL-lll~rrll'YiT'illnm.J\I,L'VI~nmtl'J~ii.:u SUS304 VI\I,l 1.5 mm \?l~ 1'rlLiJ\I, 

~L VI ~ rJ :um,;JVI:U LL~:;'Yiln11iT';mr;n 3JLLlJlJ 1~rJii"1111rJl1";}ln~l\1,f1,;J1.l1n't11,;JL -ll1 LrhnlJ 150 
~ ~ 

mm 1\l,m1Vi";}11ru.l"1.1\1,l~ ~lit,;J f1,;JfI11:UL Vlm:;~:uLLc:I:;m1~~~,;J"Jj~L YJeJ,;J,j'lJ ~,;J11.lY\ 3.3. .. 

"iuii 3.31.l1n'YI1,;JL,j'1"1.1eJ,;J~fll... 

3.2.4 1.hn't11\1ililn~-iaJ 

U1n't11\1ililn~-iaJ'Yil";}lmLt.J\I,LVI~nn~1'J~ii.3JSUS304 VI\I,l 1.5 mm ~~1~ 

LiJ \l,iLVI ~ £.1:Ufll,;JVI:U.. LL i:l:;'Yi1 n11aJ1 \I,";} \I,l~"1.I\I, l~nlV1\1,~ 1~ £lii"11:U rJ11";}ln~l\1,n,;J1Jln'YI1,;JL-lll 
~ 

LrhnlJ 250 mm 1\l,m1Vi";}lJru.l'Y11"eJeJn~eJ"~hu"f1,, er~11"11:ui\l,l\1,n11"1.1\1,tllrJ"1.I eJ,;Jl~~ 1~
• 

LVllIl:;~lInlJm1~,;JtllmLlJlJlu~n1 ~,;J11.lY\ 3.4.. ~ 
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7t.JrI 3.4 lhn111'!EJtln~1iJ... 

. 
3.2.5 'l"tLM'l14fiGl'l@ti':u 

1'!LL'VI1U.~1fI1~1:u 't'hiJlm'VI~nn~1Lrl.'fii.:u SUS304 "lJU.l~ 19 mm x 19 mm 

1i1u.lii1"lJu.1~Liu.rJ1u.i'lu.rrmn~L't'hn1J 503 mm ~'!".itl~ 3.5 
~ ~ 
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. 
3.3.1 n1~R,"~m""ll~\lfifl~~';1nlJ(;l~3J 

nT';i~l LL ";l\lU~~m-:::ihn1J~1:JJ~ eJ \11,r~l,r\l ~m\l~..1 LVJ eJ\I ~1:JJ L~ eJ~'1:::'Yl";ll1J ~l"1.1eJ\I 
LL";l\lyj LL't1'11\1LLa:::'ii.lL1J'VI1"1.1'U.1~"1.I eJ..1 :um~ e:rf1~ 'VI inm";l'Y11~eJ\l1"'1Jal';jlW1'U. 60 filan1:JJLL~::: 
.Jl~..11'U.~1:JJLLa: l,r~l,r\l~m\l"lJ'U.l~ 50 filan1:U LLa::: 5 iilan1:U:JJ1~ mtJ'U.eJ'U.m:JJLLl.~:rhm";l 

q

~\lll'U.L VJ eJ..1~~1:JJLfl~ f)'U.~"m~"ll11m";leil'U.~1~L~1J";l:::JJ1 rn 52 Tilan 1:JJLL~:::'ii.l~1~hi a \11 'U. 
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lllmUJnl1 (2.2) 

F=Mnetxg 

= 52 kgx9.81 m/s2 

= 510.12 N 

. 
o A.:II 0 ea", Q.,o

3.3.2 n1"ifl1'Wlnt.'M1 LL"i\lUilfI n"i::rnnUiI"ill 

lllnallnl1 (2.3) 

=510.12 NxO.2 m 

= 102.024 N - m 

3.3.3 

nl1'V1lf11ll1 L111ElU ~111 L~ El~ El \I nl1'Y111U ~l ifY11l"lJ ,"nl [J"lJ El\ltl ~l a~ ~~ 

L'VI1I1::a-1ItYl[J'VIlt~~lnifYl1l"lJ,"nl [J"lJEl\la-n1LL~::"1 ttl'VI1f11111 L;11ElULWEl\li]u 
'I 

lllnallnl1 (2.1) 

1!
I =60xD2 x-xsxnx"'xk 

v 4 'I'
 

~lnifil1ln17"lJ,"nl[Ja\la-~~60 nt~n111YlEl,"lfi u~::lllmhu1a-'YI~')1,"1,"1
 
'I , 

~~1ii ~1t11::1I1W. 1 nt~n111'1::t~~lifYlTl"lJ,"nlmfhnu 

I = 60 kg x 60 min x llitre x 1m
3
 

v 1min 1hr 1kg 103 litre
 

= 3.6 m 3/hr
 

D =0.5m
 

s=0.2m
 

¢J =0.25
 

k = 0.5
 

3
3.6 m /hr ] 

n = [ 0.785x60x(0.5mj x(0.2m)xO.25xO.5 

= 12.229 rpm 

., . 
iA ltl lfl111U~l'jijUU1uri1'IJ1W111fl11:ut~1~ ij1.HVJ ij~,jUil~ij~fll~ 
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3.3.4	 n1"i~"elGl"i1'Y1G1110\lL,h)\liuLLa::L,h)\lGl11J
 

n1'Hhu1nl.'V\1a~11'Yl~1:'V\':h-:lL
~ a-:l,]unm~ a-:l~n:IJ Lyja~1I:\bfi1~l~11 

~1U1nl.'V\1Lnrj'f:IJm~af~all1 

1I1nGf:IJn11 (2.9) 

77 
= 

18
 

= 4.277
 

1I1nGf:IJn11 (2.9) 

. N a Zb
1=-=-


Nb Za
 

4.277	 = Na 

12.229 rpm 

Na =12.229 rpm x 4.277
 

= 52.30rpm
 

.... ... tf tf
3.3.6	 n1"i\ll10Gl"i1f1G1l10\1Ln t1"i1J 0 LGI O"i 

1I1nGf:IJn11 (2.4) 

. NG
1 =
G N 

M 

= 52.30 rpm
 
1425 rpm
 

iG =0.0367 

fi1Tl11:IJ11~a~.nrJ (Safety factor) 'lUn11aamLUU 10 % Lyjaa'1:1J11fli'UIl11:~ 

:IJ1nn11u~:rT-:I'l,num1~YlJU1'luaU1Tl~~all1 

iG =0.0367 xLI 

= 0.04 'V\~a 1/25 
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3.3.7 

~1mnJm1 (2.33) 

HP = 21tTN 
746x60 
21t x 102.024 N - m x 52.3 rpm 

= 
746Wx60
 

= 0.749
 

fi1fl111JU~El~.nrJlum1ElElnLL1JU 10 % L~mfl3J11nrUlll1::ti3J1nni1LL~::iJ\lli 

1tl.m1~Y1JtI.~lltl.ElU1fl<il~ El 

HP = 0.749x 1.1
 

= 0.8239
 

~1nn11~1,"1t\Ln1&t\l"ll El\lllElL~Elf~::Lrh nu 0.8239 U1\1~1V11m.h::1J1m 1 

LL1\1~1 L;iEl\l~1mfl~El"Li1\1Ui,ntfa~dt,rt¥l 1 L¥ltf ~"lwnEJ"~~1~ti,hu lV1rulliltmJlmi"lliij
'" 

m1~a<il~El\lrhm1i"~1n~1\1U1::L'Ylill ~"l~U~ElmnrJf1JElL<ilBf"lIu1~ 2 U1"~1 tiijlUl1El"~~1~ 

LL'YlU LL~ Ln rJfllElL~ ElftiliijElun1rnn11U7U1ElUl<i1rJijYiEl"li VLT 1um1U7Ufl111JL717ElU• 
~,,~'"~" Li~ Eln Ln rJf1JElL<iIElf"llu1~d'L ~ ElL~1Jtf1J77t'I'U.::"lI El" Lfl~El"a1"U ~1 tfa~ LL~:: tfll.l17tnblu 

vr~tl.11::uult1.1Eln1tf~Ellu 

3.3.8 n,·nh""JOIl""hi"lw-rhaJmCRo{"",hi" 
1Jm~Elfij'tJU1~fl111JL717aU 1,425 7ElU~ElU1ii n1::utfl¥lvh 9.5 UEl1JLLUf 

LL1"Lfl~Eltl. 1¥lvh 220 11~.1' n11V11fi11,r"1t1.~1" 

~1ntf1Jm1 (2.31) 

P = EI 

=220Vx9.5A
 

=2090W
 

3.3.9 n"'iA'''"JOIl'''&I'CR't~n"tlJi;nlf.",hi".. 
L;iEl\l~1n 1'litili~El"m7L Uti.l'liLtiuL~ rJ11,r""n1&t" 2090 W fl111J L~11ElU 

LWEl"'/U 52.30rpm 'Yl<ill~il~" i = 4.277 1::t1::"tti1"LW~1U1::1J1t\L 650mm ~ln~171"ti 

1 lifi1u¥lfIL'lElf'tJEl,,~tl.LWEl"1'li f.. = 1.5 LaElnli~tl.LVJEl"tiLVl1J1::tf1J~El Z\ = 18 ~tI. ~ln 

<il111"ti 21Yi~1LL¥lflLYlElfWuLVJEl"~1Lan 12 = 1.04 
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"illmUJnl1 (2.10) 

Pn = P x f,xf2 

= 2.090kW x 1.5 x1.04 

=3.26kW 

Lv.leh'l1'li~12J1J1lil1;jlUDIN 8187 "illn~111.J~ "!l.5 (111T1e-lU'1n "!l) i.~"!lUl~Lue}'f... 
1'li Nr. 16 B 1:El:-vi~,r 25.4 mm LyJ miJum1~W1,h li1il Ellum1~fl.JL v.l eJ.J LL~:6fieJ 1'li~.J 

L~eJn liLueJ{ Nr.10 B 1:EJ:~lil,rL 'Yhnu 15.875 mm LL'YlU 

3.3.1 0 n'1''M'f1'J1:IJL~'J''D\1r'1i 

"illn~2Jm1 (2.11) 

V =ZI xpxn, 

=18xO.015875mxO.872 8-
1 

= 0.249m1s 

o .... "f: I I • 

3.3.11 n'1''M1'''U'JU'lID L'1fUa::1'::u::'M,\11'::'M'J,\1LYfa, 

Lli,eJ.J"illnaml'YlWlL'Yhnu 4.277 WULWtl.Jm1lL'Yhnu 77 WU ~.JJU~11J11[lVil i.~ 
.... J' 

"illn~2Jm1~.JU 

1. V11 LL 'V.JTI L~ tl{-;llU'1U"lleJ1'li 

"illn~2Jm1 (2.12) 

J;= (Z22~Zlr
 

=(772~8)2
 

= 88.174 

2. V11-;llU'1Wlltll'li 

"illn~2Jm1 (2.13) 

x = 2 ao + Z\ + Z2 + J; x p 
o P 2 a 

o 

=2 650mm + 77+18 + 88.174x15.875 mm 
15.875 mm 2 650 mm
 

= 81.889+47.5+2.153=131.5
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,nmUJnT'.l (2.14) 

r _ Z\ +Z2 
J4- X 

2
 

=132_ 18 + 77
 

2
 

=84.5
 

4. ~11::t1::vh.J1::·wh"lLY.H:n~LIii',nnn11filU1 ru, 

1l1nff:IJn11 (2.15) 

a = p ~ +~~2r-8h) 
4
 

= 15.875 mm (84.5+~84.52-8(88.174))
 
4
 

= 653.722 mm
 

1::t1::~1.J1::w;jl.JLY-l~lL'Yhn'IJ 653.722 mm 

3.3.12 n11'"1~1A'J13Jt.Jail(;1l1U·!Ul\lt'li 

n11~1~1 fl113J tl ~ fl "irtI1J fl.J1'iiiii'fl.J nl1'Y111'IJii.J111'1i1l::'il1 ,,1ii'1 tI LL1.J'Y11.J ffn" 

(Static) ~1fl LL1.JY-l~1~(Dynamic) LL~::1l1n~111.J~ 'iI.3 ll1fl~U1n 'iI 1'1i Nr 10 8 ll::LIii' 

q =0.95 kg/m LL~:: FB =22.7 kN ~.J,fUff1m1f;)~1LIii'1l1nff:IJn11~flLtld 

d "" 
1. ~lLL1.J".J'Y11.Jfff;)~ (Static) 

1l1nff3Jn11 (2.16) 

P
F: = 

V 
2.09kW 

= 
0.249 mls 

=8.393 kN 

d .... 

2. ~lLL1.J".J'Y11.JY-l~1~ (Dynamic) 

1l1nff:IJn11 (2.17) 

Fd =FxJ; 

= 8.393 kN x 1.5 = 12.5895 kN 
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,nmUIn11 (2.18) 

F =qxv2 
r 

= 0.95 kg/rnx (0.249 rn/s)2 

= 0.0589 N 

,nmnJn1-r (2.19) 

FG = Fd+Ff 

= 12.589 kN +0.00005589 kN
 

= 12.5890589 kN
 

,nmUln11 (2.20) 

Ss = FB 27
 
F
 
22.7 kN 

= 
8.393kN
 

= 2.7
 

,nnLl:Un11 (2.21) 

SD= FB 25
 
FG
 

22.7 kN 
=----

12.5890589 kN
 

=1.803
 

3.3.13 n1'-M1'D"",l;tiillri'ltil"",-:::UU 

nl1~,;)T'HU.l L~ €J n"iii:u"ttLf1~th'l~l>1lli.'llLl~~~eH'Yl111Jf111:U L11LLi.'l::a~11 n11 

i.'VI i.'l"lJ th1"lJ a"i.'VI i.'l LLi.'l::~,;)11rn1 n>1"1J ttl ~ 'Yi a~" ittt1::1J1J LLi.'l::\b Til ~i.~' 1l'VI1"lJtt1~"lJ a"ii:u"tt 

11a>1~i.'ll~ 1~ £J"I5ii~"lJa>1ii:u~ L~em';)::L uttii:u LL1JULL1>1 L'VI~ £J>1l'1Uf1ttrJn i.'l1>1 Lita >1';)1 nii:u LLU1J'dt~ 
'U 

fi1lJ1"::ID1n-f11l'l'Yl1"n i.'lLl>1n>1 90% LLi.'l::Gf1:lJl1f! a t1nLL1JU Lvi t1n11'th"ltt~Gf>1 'J i.~~ 
'U 'U 
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~finT'i'H111l'1i\iiJJ 

1. 'VI15~11m1L'VIfl~~a>ln111,nu1:uul~El~~~rrJU~ 1~Elli~111>1~ n.11u 

1l1f1(:.1Uln n 'VI1f11111L~lLLfl:a~11m1L'VIfl~~a>lm1 

2. Llta>l-:;)1nl1e),Y1a>lLL~>I~1i"lJU1~'VIU11.hunfl1>1 (Type L) fl11111~Ll11n1J 3/8 

Ul lb"tJ'VI1fh5~11m1L'VIfl~~a>lm11~Ellu~ttL~anli3.5 GPM (i.'f11111[)~11::L~anmnnl1 

ii"l.~LLil LL~fl1111 ~a>lm1"lJ a>l ~aamLU1J)
'U 

3. lbf\1~L<A' 3.5 GPM (~a'VIt1>1~l) ~~5~11n11L'VIflJ'>I'VI1I~~'Yhn11U~ 

Llta>l111n~lU~~aanLLUulnhi1U1U10 ~15~11m1L'VIfl~>lLl11nU 35 GPM (7.94 m3/hr) 

LW11::U:ttu5~11n11L'VI fl"lJa>l1:UU~~a>l m1~a>lL6.i~1nl1 35 GPM LLfl:L~ ansaaiill~111 

"lJU1~~fi1U lUI.L<A' 

.... '1 ~ ... ftl r(' • ... ~ ftl ...
3.3.14 nT'iLitilftlFl"i\l &'f"i1\1"Hl\l"i1.JillJn"nUil1\1 , 11 il\lLFI"iil\l it1\1lJit1&'fiti\ 

q 

lum1aamLu1Jfh'VIu~li ~a>l1mh'VllrmJfl1 60 kg LLfl::il~111 37 kg LLfl: 

tt1'V1,rn"lJa>latln1nr~u1m~~~>I L'riU tl>ltt1 LnElfllm~af iilltt1 LLfl:~a>laamLUULfI~a>li1>1 
q 

t1fl1i.'f~~ liii"lJu1~wa L'VI111:t6.il'V1 qjLnuLtl LLfl:i.'f:~ln~am11i>l1U 1~ EJfi1'V1U~1i~1UEl11 

1,150 mm fl1111n11>1Ll11nU 851.6 mm 

LL~ Llta>l111nl1f11U~ihL UU1fl1>1 i.'ff1>1~lU 1'VI ru~ aanLL1J1JL111::1im1L~all LUll... 
'VIanih1ifl1U~>I'VI1f\1 L6.iL~'Yl1>1ffn~~1 ff~ f ~ afl1U~L6.i ff11111[)'VI1LL1>1t1~ n1 El1~L6.i!f\1L~ 

1~ El1ifflln11n11t'f1l~ ~ L~ El.J a rh>l L~ Ell -;)1 LUU~a>llii.'fll n11~UL-n1111'ril El~>I'VI1 f\ 1 LL1>1 
q 

t1~mEl1"lJa>lmULi ~>I~1>1n'IJfl1WIlU~~ 4 ~amUV~LLUU (Fixed ended beam) ~>lLUUfl1U 

~t1 fl1 El,f>lffa>lV~ UUU'Yi11iLL~ fl:-n1>1 LfI~au ~'VI1a'VIllU Ltl111n i.'f1l1W L~lIL6.iL~ LL~:111n an~ru.:: 
q 

m11i>l1u"lJa>l-iu~luL6.iLuu5u~n1El~am1ffruLtiEliii~LL~:'Yl1wrJa-u~ami>l1U 
'J .. 'J 

LW11:U::ttUfl1U~L~an1i~a>l L~ anhi.iL'VI111:ffllnulf11>1fff1>1LLfl:vhn1U1.1n>l 

fl1111i.'flEl>l1111~mlllLL~::L r111f11111LL;J>I LL1>11inu~l LfI~a>li1>1 i>lttuL'VI~n~L~anlil1::Luu 
, . 

,; , .A d 

L'VI~nn~a>lffL'VI~Elll"lJU1~ 50.8 mm x 50.8 mm 'VIU11.5 mm 

3.3.15 n1"iLailm'Ha'nfl1l'itL'H~gJJiil~&'f 
q 

n11L~ an1iL'VI~nnGla>l Lvi a LUU~11a>l11Jtt1'V1,rn"lJ a>l LL 1>1~n1::'Yi1uufl1uau 

LIta>l1l1111 n1l'~~111 LL~::1a>l 1U ~111 ~ >I L~~1l11 Ul.1 L~ an L'VI ~ n Gl a >I ~L 'VI ~ El 11 i ~1ff"lJ U1~ 
q q., 

50.8x50.8x1.2 mm fl1111EJ11fl1U 1,150 mm 't1>1'V1l1~ 2 ~l Li.'f1"lJU1~fl1111EJ11 800 mm 

1l1W'JU 4 ~d fl1UGl1>1"lJU1~flJ111EJ11 1,050 mm -;)1U1U 2 ~l LL~::fl1UGl1>1~1U'VIU1LL~:: 

~1U'VIa>l "lJU1~ 750 mm -;)1U1U 2 ~l lf11>1fff1>1t11::na1JLtlilEl 3 11'~ ~a 
q 
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Eh1f11 -;ilUTI.l. 6 i1 
"15~~ 2 flltl.U~~ltl.~l.J·yhnT~i~:IJ:lJuln 1~i.~"lJtl.llilfl11:IJtI11 1,050 mm 

"15~~ 3 flltl.~1.J~1tl.'VIU1LL~::~1tl.'VI~.J·yhm')"ilil1i"lJtl.1~fl11:IJtl11 750 mm
• 

LL~::\bJ.J 3 "I5~:IJ1L~El1JL,h~1t1ntl.l~~~li'Y'hmJmnrLiJUL'VI~nn~El.Ji.mVltl.L~~ SUS 304 i.J 
')"1..1~ 3.8 
'Il 

~ c:: 0 Q.o<oI Q.I'

3.3.16 n,..nai:JnL1"1an"1nn1~~·HI\l1'1J~·nl• 

1

L~ ~nuln~1iU(,9IL ')"~ L~ ElfLvi mEl.Ji'lJ lili'1J ~1tl.~1.J ~El.Jiifl111J Lt-n.J LL d.Jhjij~i1 

1~1El e:i Eltl.Lntl.L1..IL~ Eli'1Jlh~,.rn~i':lJLL~::-;iltl.lu1..I~1~1i.i~.JL1..IL~ tI"Jltl.l~ L~~nUln~t~ Eln1iii 

1"Jltl.llil 38.1 x38.1 mm LL~::'VIU~ 3 mm \hL1..Iilil~:l1mlJlJ~1~tl.~Llon..:lLLtI.J"LUtl. 3 .:aU ~El 1 

~1..Id::nEllJL1..I~1t1~lWlll.J 2 .:atl. tt~::ilmn.J 1.:atl. i.J,.rW;}::L~ildEl..:li'1Jl1..:1~:IJ~ 4 "I5lil 2 ~ 
• • 'Il 

"'~lil~1i'YhEl1..lndurLtJtl.m~nUlnLf~~ii.:IJSUS 304 i.Jd1..l~ 3.9 
• • 'Il 
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If1~'l,ri'1'lL~~n n~ fl'll-nih Lthl."lIwJ1'll~~L~flfn~~~tJ'taJl '"m::~n~~fldi~n1~, 
L~~£J'l~ii, "l.Iu1~L~~nn~fl'l~l~flnl-n "l.IU1~ 50.8x50.8 mm LL~::~U1 1.5 mm '\.t1'ttli~l~l~ 

f111tJ£J11~'ltl~::nfl1J'ttl~1£J 3 :ftU~fl 1 "1f~ ~'l';)::'t~~1tJ~tl1a'~~1-n'YhfltlmnrL1JUL~~nn~fl'l 
, 'II" 

'tfa'a'ittJ SUS 304 i'l~,J~ 3.10 
'II 
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~ Q; 44 '1 ~ Q."o

3.3.18 LManGl"J"lftlc;u 'HU,Ul'H1c;)c;)")3J 

L~ ~n~l'ii~~~1-:icHiil afL~ an1iL~ ~n~L~:lJ1::LLrim-:i1i~l\1,LLiil::'Y1\1,~ am-:in~n1a\l, 

1~m~~n~L~unliihm1~"11lJnl1~ 50.8 mm fJ11185 mm L"ill::-:i,m1~ 10.5 mm -;)1\1,1\1, 1 
'II 

-:i LLiil::'t11m-:ii.1.nl~'i"1J\I,l~ 
cu 'U 

10.5 mm f111mnn 600 mm l~rJ't1l'tf~~1J~ 
cu 

4 i\l, 1~~~li't11 
.. 

utln-:imL1j\l,L~~nni1i.f~~U1J sus 304 ~~-:itl~ 3.11 
q 'II 

3.3.19 r")aLail{LLa:::UU~\It.1ailn (Rollers and sliding bearing) 

n1-:iL~ un1ihiil Liilufw"ill-:iUl,1"il1nn1-:i1i~l\1, 'Y1\1,m-:in~n1u\l,"il1mr1 'Y1\1,~a 

nl-:iL~rJ~~ n1-:i1tJLL-:i~~Ill1::~1~ '] i.iLiJ\I,urh~~ LL~::-:i1f11i.1iLLW~1J1n,rnl~rJii"1J\I,l~ 

Li\l,~l\1,~\I,rJn~l~ 85 mm Li\l,~l\1,~\I,rJn~l~l\l, 30 mm iifl111J~m 70 mm iu~ii"ll1J~n 
'II 'II 

18 mm "11lJnl1~1u~ 22 mm 1~rJl~~~'t11atlmmLu\I, PE 1,000 ~~-:itl~ 3.12 
, q 'II 

m-:iL~ unliLLtJ~~t1~an W"il1-:iUl,1"il1nm-:ili~l\1, 'Y1\1,nl-:in~n1u\l,"illmrl 'Y1\1,~u 

m-:iL~rJ~ ~ LL~::~ ihiruiu~'t11wit'1~LL 'Y1mLtJi~~ LU\I,iilnU\l,i.ifi uW1il~ ~ LL~::-:ilm i.1iLLW~lJln 
~ 'II 

,:rnl~rJii"1J\I,l~ Li\l,~l\1,~'mrJn~l~\I,un30 mm Li\l,~l\1,~\I,rJn~l~-:i 20 mm 1~m~L"ill:::1~i.i 
'II 'II 'II 'II 

~l1J:lJ1~-:i;jl\1,~l\1,~l1JH7 (Il1mm1n "lI) 1~~~li't11utln-:imLU\I,'Y1a~L~~EJ~ ~~-:itl~ 3.13 
lUI 1 1 ClJ 
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3.3.20 ~an 

fftfn~ti.ieJ\liifrn3.miJ\lLL~\ILL~::~eh'l'YlUm~n~n1au~~ 'YlUnl~L~tJ~~ LL~::1'U 
LL~-'ltUff1l11::liil-'l ') 'imh-'l~ Liu~huflU6n~l\lff~n 20 mm ii'lJU1~fJ113Jm1 72 mm L,;)l::~ 

~ ~ 

Ln~tJl"lJU1~ M10x1.5 mm rr" 2 il\1 -;'ilU1U 8 i1 lff~~tiy'hmJn~nrLilUL'~-.anntrl'i'ff"3JI, , , 
SUS 304 i-'l~1Jfi 3.14 

~ 

I 
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" 3.3.21	 n"wmhVl~n 

1Un1'i'Yilti''i~mh~~ in ~fl'i fhii.'iii'i nT.ifl~n"i flU"lJ fl ",J'1 "iU LL1JU"lJ fl ",5",~';}:; 
'II 

~ ~i'i:H"''Y1in1'Y1 qj ') ';}:;'i!fl'infl~LLFJn fl fln';}l n 'i111fl"i'i Lflifl'iL~dJum.h",~l~FJ ti'",~mrl~'Yil,;}:: 

i'l 3 ;rU1J1U"i:;nflUL,jl~1FJnU~fl 

;ru~ 1	 ~..h'i!lU'Y11'iL,jl ';}:;i'lfl11:un11'i 750 mm fl11:UN'''' 620 mm 1f1i'lulnti'", 
'II 

280 mm "iULLUUn1"iN'fl'i,;}:;2Jimfrn:;'i1'i"iU~ 3.15 
'II	 'II 
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" . 
i'U.l1 2 ~1'Y11\1~1'U.88n ';)::ihJ'U.1~L'Yhn1J~1'U.'II\,z1LL~';)::ii1~~hhml\1 180 mm 

":il.lLL1J1Jm"H~f1\1';)::ii~m~H1.t,:::~\I":itl.y\ 3.16 
~ ~ 

" . 
iwn 3 r.i1'U.n fl1\1'11 8\1 t1\1 ';)::ii'1l'U.1~Tl11:JJ tI11 950 mm Tl11:JJ ~\I'118\15\1 620 

~ 

mm ":itlLL1J1JnT'j"ri1\1';)::ii~m~Hl.t,::~\I":itl.y\ 3.17 
~ ~ 
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3.18 

... 
3.3.22 n\lWmh'leh'l 

5-1-WmrTHh1~::;W~11"ru.1T1ru.n:IJ1J~ LL~::wn:IJGhflrulum1"1,r-11WlIEh15-1-wmrl'J:: 
q ~ 

T1~1 ml1Jtl\l-wnVlin LL~:.yhm1"L,;)l:1"lill:IJLL1J1J~nlV1Ulil LiL~ El~liln1J5\1~n1VI ruLtti~l tI LLi.'l:~ 
~ ~ 

fflflru,;):Lirum1"flEllillh:nElULttilnlil~l,r'YhEl1Jn1"nrdjuLVI~nn~~IHnnii.:IJ sus 304 i>11"tI~ 
., q q ,. 

'luff 3.18 tl-1~mrl1"El-1... 

~ 0 d. Q..<o:"
3.3.23 LManil"n"''''leJ\ln\l", 

LVI~nUlnr11mU~1"El>1f1J5-1\hy1L~Elnl,rihJUllil38.1 mm x38.1 mm T111:IJVlUl 

5 mm \t1LtI~lillV11ttiTl11:iJ£J11 750 mm ~1'U,1'U, 2 ~1 l~lil~li'Yhtltln1"nrdjuLVI~nn~l 
q q 

Li'~U:iJ SUS 304 

" .dl Q.ol' :3.3.24 LManil"mJ(;1n,,", 

LVI~nUlnUlil5\1Jl~L~tlnli~::ihJUllil 38.1 mm x 38.1 mm LLGl:VlUl 3 mm 

"1.I'U,llilTl11:iJ£J11 695 mm L';)l:1" 10.5 mm ~1'U,1'U, 1 1" ~lU1'U,LVI~nUln~1,rJ'\IV1:iJlil 6 ~1 
~ ~ 

l~lil~li'Yhtltln1"nrLtluLVI~nmflH~ii.:iJ SUS 304 i·ntl~ 3.19 LLGl: 3.20 
q • " 
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r;:. r;: oQ;,:::tI Q".o ..... 

3.3.25 LManmnma:::LMamnmnGl'UIGl"Hl\l"S1.JGl"nJ 

LVI ~mL~uri't11V1£j~"1f~·H)\Ii'lJ~iiJL~f]n 1iLVI~mL~uriii "ilUl~Tl11:IJnil\1 50.8 
'II • 

mm Tl11:IJtn1 130 mm LL~::'VIU1 5 mm L"1::1"Ln~£j1 M10x1.5 mm ,)lU1U 2 1" ,)lU1Uri1i
'II 'II 

t'VI~mnnri1iii"ilU1~38.1 mm x 38.1 mm LL~::'VIU1 5 mm ~~1V1'~Tl11:IJtn1 

163 mm LL~::L"1::1"10.5 mm ,)lU1U 2 1" -;llU1Uri1i 4 ~1 LL~::'t11m1"L~f]:lJ'tf"~f]\IiuL,rlnlJ 
'II 'II 

IT11""a'f1"1a'~ri1,y't11f]t1n1"ntLtluLVI~nn~1"f~ii,:IJSUS 304 ~"1"t1ri 3.21 
• • 'II 
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llVl1fh:J1lJVl1:JJ"lJ'U.1VlTl11:JJm1 163 mm ~'U.1 5 mm L1I1::1"lJ'U.1Vl 10.5 mm.
" ", 

~ 

-;l1'U.1'U. 2 1 't1~~:JJVl-;ll'U.1'U. 4 on'U. ii1m1Lifl:JJL,y1nlJm~mLj:.j'U."lJ'U.1Vl 50.8x50.8 mm -;l1'U.1'U. 
~ 

8 ~'U.l~Vl~1iii1fl1Jn1mLiJ'U.l~~nna1L1~,":JJ SUS 304 ~~11J~ 3.22 
• • 'II 

~ 
:f 
~-
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3.3.27	 L~eJ\lcDtJ 

L¥J Eh'l,yu~l iilEh'l ii~11:IJ L'VI:lJl::~:IJ ~flnl1~,'If11~.:J t~£J"lJ'U.l~u~'U.~,h'U.~'I'IUr n Gll.:J 
'II 

11l£J'U.flmr.:J'VI:IJ~L'YhflU 100 mm L~'U.~1'U.~'U.6nGll.:J11 'U.L 'YhflU 16 mm i.~ifl.:J~:IJ"lJ'U.l~ 5 mm 
'II 'II 

tlil£Jii-;'jl'U.1'U.W''U.~ilfl.:Jm11i-Jl'U.18 W''U. i.:J11l~ 3.23 
'II 

3.3.28	 L~eJ\lGl13J 

L¥J fl.:Jlill:IJ ~ ilfl..'lnl11 iii"lJ'U.l~ L~'U.~1'U.~'U.6n Gll..'1111 £J'U.flnL 'Vh flU 400 mm 
'II 

L~'U.~1'U.~'U.6nGll.:Jlll£11'U.L'Yh flU 300 mm LLGl::ilfl..'lmjl 'U."lJ flUL"lJ1iln111i..'ll'U.1l1..'1t~£Jii-;'jl'U.1'U. 
'II	 'II 

W''U.~~fl..'ln111i~fl 77 W''U. i..111l~ 3.24 
'II 
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'" 
3.3.29 '111G1\1 

lUnTH~Eln"lJ1ck.J LyjElh1U.J1Ud' "lJ1ck.J~ El.J1El.Ji'1J\hvl'.rnl~ LL~:::"iI:::~El.J l3-iiim1 

L~~ElU~Vl1Ellm~l~ LL~:::~El.J bn1J11(]t1i'1J1:::i1Jwnllt{.J~1l~Lyj Eltl11J1:::i1JL~'4f).J~1.JtI Gl1 t{~?l 
'lI 

1""EltiluLLU11:::u11Jn1JvrU'Y1n~f.J~br.J1ui.J1t1~ 3.25 
'lI • 'II 
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~ d tJ A, 

3.4 1I"Glil1,mTi1.h::ntlUtA"HNa1\11.h.:naa61 

3.4.1 LLUUtA'i\l a-i1\1LA~tl\la1\1Ua1 aa61 L~El ElmLlJlJ~.JLL~~U,)1 Lilu~ El.Jl'hm 

~~111 ~EllJ,jEllJnydEl.J 'VI~m~1J L~1JiilU~L~U11~El.J LLm:'lJ1~ rJ~1I1~W.1 1I1nI11~~11J~ .J~tl~ 
'U 

3.26 LLa:: 3.27 

..... ... 
2. Lnm1Jm~El~ 

3. LVJEl.J,]1J"lJU1~ 18 WU 
4. LVJEl.J~11J"lJU1~ 77 WU 

5. iltl1lJ~.J~111J~.Jlorl 

6. lorlLlJElf 10 B 

7. ~11J 

8. Ln1l1~~111J~U 

9. ~1~~EllJ~~1~~nUEl.JnuJ1 .. 
10. 5.JWnU11El.J 
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... 
12. 'YifJ~l5,~"lJ'U.l~ % iil 

13. La'l 

14. "lJl~\l LLUU'lJ1Ua'\l - ~1 
'U 

15. nl~1fJ\l1U~~lnl\lfJfJn 
... .., .. "" 

16. 'VI1u~nfJ\lU~\l"lJ'U.l~ 3/8 'U.l 
... 

17. rl\lvinUl'V1~n 

18. Tl1'U.~1\l .. ... ... 
19. 11~11~UlrJUli1\l 

... 
20. Tl1'U.1fJ\lrl\lUl 

21. ifllUfl:JJ 
'U •
 

<S ..,..,
 

22. "If~• rJ~1fJ\l1U~1:JJ 

23. h~L~fJfn~~1:JJ 
... ... 

24. 'YifJU1"lJ'U.l~ 1 Un 
.. no ... 

25. :JJm~fJ1LL~~iJ:JJUl 
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3.4.2	 n1"i~1L","n1"i'lh::::m)1J 

nl1tl1::n fl1J lf11 \l a'11\l LfI~fl \l ,tl\l tl en a'~ ~ ~fl\l ~ LL'U'U ~hl fl fl nLL'U'ULi1~ rJ ii 
'II 

.ffU~flU~\l~flLtld 
1. i~L~1rJ:JJl~~fltlmm1~rJVl'111ml';11nlf11.:Ja'11.:J~fl flnLL'U'UL1~1:JJ11l~ LLa'~.:J 

• •	 'II 
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" 

,-11';; 3.36 m':i,y~t~':i\l~f1\1'V1~\lm':iLimJ... 
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," "". 

t~l:, 
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..~<:t! 
C, 'f 
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88
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2. ~1 iuiunTn.b::n Elu.:iUa-'mL~~EI'I ~1'1t1 ,n ~~~ L']1~1 £JflUEI ci1'1 ~:JJ1J"Hlr 
'IJ 

lI::L~:JJ 1~ £Jn1~\t1.:iUa-1U~h"l ')"11 EI'Il~~'1 ~i'1'1~,r~ L~'i£J:JJL -) \t1:JJ1t1~::n ElU L,]1i1 £JfluiJ ~l (91U 

,rum~t1~::nElu 1~mL~~'1Lilu~1iu,ru i'l~t1~ 3.51 ii'l 3.61 i'lit 
'IJ 



91
 



92
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'. 

if 



96 

. . ... 
3.5 't'ta\l\l,\t,iflMThm,n\t,n,.n~"\It.1a, UfAa::A'i\l 

tf o<t tf 
lImlPHl"iLnU"i 

-;ilU1U'VIU'HJLWVh~li= -;ilU1Ui~etl"1Jf.h'1Im~eJf1.w-rh x il111>'1~li>'llU 

1000 

1,492 W x 2.2 hr 
= 

1000 

= 3.2824 'VIUl rJ 

-;ilulU'VIUlrJLW-rh~liL'YhnlJ 3.2824 'VIUlrJ 

tf'" 
lImlPlD"iUli 

-;ilU1U'VIUlrJLW-rh~li= -;ilului~~ "1JeJ>'I1Im~eJf1.wvh x il111>'1~li>'llu 

1000• 

746Wx2.2hr 
== 

1000
 

= 1.64 'VIU1rJ
 

-;ilulU'VIU1rJLW-rh~liL'YhnlJ 1.64 'VIU1rJ
 

Lrl eJ~i1L W-rh'VIU1rJ~:: 2.5 lJl'Yl 1~mYirJlJnlJm1vilUl ru,"1Jf.]>'Im1nUn1::LL~L WVh"1JeJ-:I 

1Im~eJfilJLL~::iimrl 

eJ~11m1~uL1J~eJ>'ILW-rh =-;ilU1U'VIU1rJLW-rh x 11m"1JeJ>'I'VIU1rJLW-rh 

=(3.2824 + 1.64)x 2.5 

= 4.9224 x 2.5 

=12.306 lJl'Yl I 2.2 ';1111-:1 

'VI1eJeJ~11m1iuL1J~eJ-:lLW-rhil111-:1~:: 5.59 lJl'Yl 



. 
<:t 

'lJ't1't1 4 

Q"oI ff .:d.... A 

4.1 ~~flU~:~~~~D~n1~n~~DUL~~D~a1~Ua1~a~• 
4.1.1 L~8~e:h1nTrYl~~8ULfI~E:h1th\l1J~1~~~ 1'V1i.~~n1Jl~rttl"J::~..1ffLL~::'il81JL'iI~~i..1"tl- . 
4.1.2 L~ 8~8..1m"JYI"J1ui1..1tl"J::~Y1TII11l'4'l18..1LfI~8..1~1..1tl~1~~~ 

4.1.3 L~8~8..1m"JYI"J1ui1..1ifru'VI1'i18..1LfI~8..1~1..1tl~1~~~ 
'" 

4.1.4 L~ 8~~::\hif ruvn1J1LLfl'l'il tl1Utl"J..1 LL~::~~\l,1~ 8"ttll\l,8\l.1f1~
'" .
 

~ . . 
4.2 i"~D"n1~L~~t1&JDUn~n!LY;Dlm"n1~n~ailU• 

4.2.1 ~"Jl~~8Ufll11JL1E.1uim.l'il8..1LfI~8..1~1..1tl~1~~~ 
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4.2.2 L~1£.1:IJ,"lWmL~aHl,"m1"~UL1~1
 

4.2.3 L~1£.1:IJ~1',t'l"1l,"1~ 60 n1~n-r:IJ
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"juri 4.4 ~ni'l'tl'U,1~ 60 ntliln1':u ... 
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4.3 ,hiltJi,"n1n1i1ftiltH~~e:h:Ja1\l1.hnftaii 

4.3.1 i1~11a1hi5" LL~::'Yi1m1"LiI~11a1~'YI1"L,j1B:IJ 
4.3.2 L~:IJ\r,l'*Lu5"1~1~1"::i1Jf111:IJ~"lJe)\l5"

1 

4 .3.3 ~ 1"1~ GlEl1J1" EI [J4'1"lJ EI"t.I::Liiu5,,~mi'11"EI" 

4.3.4 'Yi1n1'~~Ellw 220 b~~ LL~::LiI~L1J1"mnElftu~fl11Jfl:IJ 
'II l' 

4.3.5 ~1"1~GlElU~1LLWu."Gl1Y1,r~n~I'~~EI"EI£i1U~1LL~\i"OFF 
'II 'II 

4.3.6 ~"iI:IJGl1~,r\l,mitu (Emergency Switch) ~~fl1Ufl:IJ 
1 1 'II 1 

4.3.7 nYlGl1Y1,rGl~1f~:lJm~ElfLn[JfLL~::B:IJ\h 

4.3.8 ~1"1~GlElU~1LL~ \i"m1"~~"lJEI"~1~Yli1tln~EI"~1E1lli 
'II 

AA~ O ......... ~ A
 

4.3.9 UYlGl1Y11f~n~1"Yl1LL~U" ON ( Yl1":lJYlEI"~:lJU'YI1UL"lJ3JU1Wn1) 
'II 1 

4.3.10 ~1';)1U1W~ElU"lJEI"~1:IJ~L~:lJ1::Gl:IJL~El11flUn11"'YI~GlElU lY1[J,yuLL1"n~::L~:IJ~1n 

fl113JL~11"Eluiimilufl11:IJL~":l1"ElU~1GlYl1 Ufl11"'YIY1GlElU fiEi 5 1"ElUlU1n ~a"'l1mfu'Yi1n11"L~3J 
1 

7E1u1um7'Y1Y1GlEluflf,,~:: 2 7e:JU'U1n ~ul~7E1u~l~';J1nm7fl1u1mfiEi 12.229 7f1U'U1n 
" 

4.3.11 ~~lJ1il'1t1lLfl1111~:El1il1l1n 
.

fI~fl1Ufl1JL~tl~fl11lJa-:El1i1 LLa::1JlL;;nr.-lan1~ 
a 1 , 

.ell 0 Q ..... A 

'YIY1GlElU 3J1~7;j1Ufl113JGl::EI1<?l'YIm"'UYI:IJ 3 7::YlUflEi a 

A ~:lJ1[Jii" LliihiiEln Ln~YI LL~::lmJ~1 

B ~:lJ1[Jii" LliiiLiiElmL~::Ln~YI LL~iiliL~mrEl[J 

C "':lJ1[Jii" iiLijEln lliiiLn~~ LL~::iilLiU~mtEl[J 
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'YI~~EllJ 

4.3.13 ulr.J~~l~,:nn~Tdh'l~ 4.1 1I1~';l11tu.l'V11f11111L111Ell.J~~El.mTlt~t..I~';l11tu.l~ 

-;ilU1U1J~1~1~'VI~·m11Ltl\1 lL~::f11111~::El1~ 

4.3.14 ulr.J~filf11111L111Ell.J~L'VI1I1::~1I1u~111\1~ 4.1 d1UlIl~1;)lUlunlwt\l.. 
f11111L111Ell.Jlum1'Y1~~Ell.J'YI1,r1'V1,"mJEl\l1J~1~~\31~1l1t.11UL1~1 1 Ulti t~t.lrhm1'Y1~~Ell.J 

tt\l'VIll~ 5 f1f\l t~t..Ilwrll\1Lnnnli1J~1"lJU1~n~l\11 1miElu L~ El'VIlUnl1'Y1~~EllJflf\lLL

1J1::i'YIn-1l1~~ LLn';l'i\l"lJEl\l LfI~el\lLtl\11J~l ~~~ 

4.3.15 uutinr.J~m1't1~aEl\l~",lu~111"'~ 4.2 

4.3.16 Ul1J~1~~~"lJU1~1'VIqj1l1'Y1~~Ell.J~f11111L111Ell.J 12 1EllJ!Ulti t~t..Ir'hnl1 .. .. 
'YI~~ElUn\l'VIll~ 5 f1f", 

4.3.17 uutinr.J~m1't1~~El",~",lU~111"'~ 4.3 

4.3.18 Ulfilf11111L111EllJ~ 12. 1Ell.J!Ulti 11J'YI~~EllJ1J~1~~~tt\l'VI1l~200 nt~ni"lI 

t~m'ill~ 20 nt~nfll fiElULL~::LYillflf",~:: 10 nt~nfll ';lUfl1lJ 60 nt~nfll ';l::l~rf"''VIlI~ 5 

4.3.19 uutinr.J~m1't1~~El",~",lu~ln",~4.4 

4.3.20 Ulr.J~m1'Y1~~a\l~1~';lln~111"'~4.3 LL~:: 4.4 1I1'V11m1l1tu.m1Ltl"'~L'VI1I1::~1I 

~~~LL~::l'VI'~"lJEllJL"lJ~~:",li, 

~ .... 
"" 

.:' .... 
f1113JL11~13J L1~TYI Ull11lLn f11111~::El1~ 

fh'VIU~ 

(rpm) (min) (kg) A B C 

5 1 4.3 . 
7 1 5.9 · 
9 1 7.7 · 
11 1 9.3 · 
13 1 10.6 · . 
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a ..... ..I :' ..... ..... 
fl11:IJL1"1YI 1":IJ na111 \l.1'V1 \I.n 1"::Y1Ufl11:IJ 

ri1'VI \l.Y1 Ll::El1Y1 

(rpm) (min) (kg) A B C 

12 1 9.3 · 
12 1 9.3 · 
12 1 9.6 · 
12 1 9.5 · 
12 1 9.2 · . 

a ..... ..I 
J1'V1UmJa1 

..... 
fl11:IJ L1"1Y11":IJ na111 1"::Y1Ufl11:IJ 

n1'V1\1.Y1 R::El1Y1 

(rpm) (min) (kg) A B C 

12 1 12.3 · 
12 1 13.3 · 
12 1 12.6 · 
12 1 13 · 
12 1 12 • 

:' ..... 
\1.1'VI \I.n 

(kg) 

20 

30 

40 

50 

60 

a ..... 
fl11:IJ L1"1YI1":IJ 

(rpm) 

12 

12 

12 

12 

12 

na1 

(min) 

1.56 

2.12 

2.87 

3.54 

4.25 

A 

·
 

·
 

..... 
1"::Y1Ufl11:IJ
 

R::El1Y1
 

B
 C 

·
 

·
 
·
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...	 .
4.4 '1'-'1"iflUUUl1"i't1 j'l iftl1.J 

4.4.1	 J1l'1um..liil1tl~~~'I.~,nnnT~a1\1'1.liLYhn'luiJu~iil1l1~ln 

1) '7JU1~'7J eJ\l1.liil1~ LL~ n~h\lnu ii~iil~ eJn11a1\1LL~iil::f1f\lL'Vf'1::'7JU1~'7J eJ\l1.liil1~:: 

LiJuil~lU·t11Un11U~'7JeJ\lilU~ 

2)' ')lU1U'7JeJ\llJiil1~L';11u~111~eJ\I~miteJ\I ~\I~::ii~iil~eJn11a1\1LL~iil::f1f\l L~11:: 

,)lU1U1.liil1~ m.ilULnihJ1~::mn;rU yh1i"lfU::LL1\1iu'7JeJ\lJ1~ilu~ 
'IJ 

3) n11U eJU~'I.litl~lLtllleJrh1ilJiil1 L';l'I.li~miteJ\I ~\ln11U eJUii~::tl\l ~iili1\1 

,)lUlu1.liil1~L';1~111i\l~mhl1111uil';eJ~ 1.2 

4) f1l111L1ldeJ1.J~l'IlIU~111ii~iil~eJn11a1\1 L~11::ti1f1l111 L111eJU~1~::Yhli• 
,)lUlU1.liil1~~eJ\ln11'1.li'l.~lll1iJ ~eJ\ln11 LL~ti1f11111 L1l1eJU tl\l~::'1.~,)lUlU1.liil1~~eJ\I n11 

'IJ 
Q"I' ~ ~ .... d..J"	 dA ....,Q"I' 

~\lUUfll111 L1l~ eJ\I Ll'I1I1::tlll"1J\I'7JUeJ £JnUfll111tl:: m~11~~11nl.1~1 £J 
'IJ 

4.4.2 fll111tl::m~'7JeJ\l1.liil1tl~~;rum.inu 
'IJ 

1) fll111L 1l1eJu~n1n11l'1l1U~111• L~11::ti1f1l111 L111eJU~11uL1eJ\lfll111tl::m~ 
~ ..... ~ .... 

~::~ LL~ mfll111 L1l1eJUtl\lfll111 tl::m~~::iil~UeJ£J iil\l 
'IJ 

2) ilU~~lmun11U~a1\1n1f1l111tl::m~~eJ\lU~'I.~fl1eJUfliilllil1.liil11i1l1n~tl~
.... .... .,~ 

LLiil::f1l111LL1\1'7J eJ\ll'I1U~~ eJ\lLl'I1I1::tlll~1£J 

3) ,1l1~lmU1::uu~eJ\liiel~11n11'1.l'Iiil~Ll'I1I1::tlll L~11::ti1 el~11n11'1.l'Iiil'I.li'l.~~:: 

'I.~f1l111U1\1'7J E1\1J1~ eJeJnilU~ 'I.li L~£J\I~ eJ ~~::nlf1l111tl:: m~il1.liil1 

4.4.3 ~lnfll111L1l1eJu~n1n1111~tleJU,)lU1U1.liil1 60 ntiiln1111iLliil1L ~£J\I 4.25 u1fi 

i\l,rU,)lU1U1.liil11.l1::1I1nl. 1200 ntiiln111 ~111\1tlU1.liil1tla~U1\1ti eJn1n11~l\1~ eJ-ru~::1iLliil1 

1.l1::1I1nl. 110 U1fil'l1eJ 1.50 oiltll\lLyh,ru 

... 
4.5.1	 nm~Ul1U• 

1. nmLfI~eJ\lG-i'l\11.liil1tla~liiuLLuu1.l1::1I1nl.75,000 U1'Y1/LflieJ\I ('I.1i1ll1fl1LL1\1) 

2. LrleJliLfI~eJ\I~l\1lJiil1tla~~eJ\I-;i1£Jfl1LL1\1\11U')lU1U 2 f1ULYhnu 6,000 U1'Y1 

3. el~11n11iuL1.l~eJ\ln1::LLtl'l.vJvh~lnn1111~tleJULrlmfi£Ju1l1nn11~lUlnl.'7JeJ\I 

n11nun1::LLtl'tvJvh'll eJ\llI mVl eJfiu LLiil::,1l1J1'l1eJ\I LfI~eJ\I a1\11.liil1 tl~~ iULLUU~:: L~£Jfl1 'I.vJvh 

5.6U111 ~eJ 1 iltll\l LL~~111\1i'lun1m1a1\1~::liLliil11.l1::1I1nl.1.2 oiltll\l i\l,rU~eJ\I-;i1£Jfl1 

'tvJ1.l1::1I1nl. 6.714 U111 
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4. 11m~1LL1.J.J1~~1.J~11 (LL1.J.J1Wruh) 1.h::1I1Ul. 110 1J1'Yl/fl~ ,j1~1~ 4 f1~ 

ii~~nW1Elll ~m~El~l1::iEl.J,j1 £J~1U1.J.J1~L 't'hn1J 13,200 1J1'Yl/L~El~ ~1.Jl.liil1~~~lh::111Ul. 

1200 nliilni'll 111£Jl~'VIit.J1~ 

5. a~11 n11i~Ll.l~ El.Jn1::U~L rJiih L~ ElLti £J1J111n n11fi1~ 1 Ul.'tl El.J n11n~ 

n1::LL~LrJ~1'tlEl.J,111\h~~~J1111nfliilEl.J 'tl~1~lIm~Elf 2 LL1.J~1 Lti£J~1LrJ~1 3.73 1J1'Yl ~El 1 
'II 

i1111.J LL~~'Yl1.J11Wt11 n11~1.J11:: liL1 iil11.l1::111 Ul. 1.2 i1111.J ~.J~~iEl.J,j1 £J~1 LrJ1.l1::1I1Ul. 

4.476 1J1'Yl 

6. a~nn111iJ1~El,j1~1~l.liil1~~~ 380 nliilni'1I1iJ1'tf.J'VI1I~ 500 ~~1 U~tl1 

lifl~~1.JLL1J1J~.JL~1I~~J1L,r1~l.la1~El.J Lti£JJ1111n LW11::~~J1;i'.JL1~ iil El~ LLiil:: EJ.Jih1i,1l1J1 

ih.J1~~iilEl~ ~.JIi.Jr.liilliLti£J~1lrJL~1I111n;f~ 

4.5.2 l1~fill'Yl~l'U.n111iLfl1El.J~1.Jl.liil1~~~~~LL1J1J 
1 1 1 

1iu'''''''Ul" 
~1LL1.JfI~.J1~ 4 f1~ ,j1~1~ 1 L~El~1.l1::1I1Ul. 13,200 1J1'Yl 

,j1£J~1LrJ~1~El 1 L~El~1.l1::1I1Ul. 150 1J1'Yl 

1111~11i,j1 £J.tf.J'VI1I~ 13,350 1J1'Yl 

1iLR~a"a,,,u~,aaR 

~1U1.JfI~.J1~ 2 f1~ ,j1~1~ 1 L~El~1.l1::1I1Ul. 6,600 1J1'Yl 

,j1£J~hLrJ~1~El 1 L~El~1.l1::1I1Ul. 210 1J1'Yl 

1111~11i-;i1 £J.tf.J'VI1I~ 6,8101J1'Yl 

4.6 a,un"t.h::Li1"~R.l3Jn" 
1 1 1 1 

111n n111.l1::Lii~11 ~fi1I'Yl~ WEl ~l.lLi~.Jd' 
1 1 1 1 

1. tl11iLL1.J.J1~f1~,j1~1~ 4 f1~ 'Yhn1'r~1.Jl.la1~~~1l1£Jl~ 1 L~El~11:1i~hli,j1£J 

.tf.J'VI1I~1.l1:1I1Ul. 13,350 1J1'Yl~m~El~ 

2. tl11iLfl1El.J~1.Jl.liil1il~~11:1iu1.J.J1~f1~LW£J.J 2 f1~ ihn11~1.Jl.liil1~~~1l1£Jl~L1iil1 

1 L~El~11:1i~11i,j1£J'tf.J'VI1I~lh::1I1Ul. 6,810 1J1'Yl~m~El'U. 

3. L~ElliLfl1El.J~1.Jl.liil1~~~~1I11f1iil~~11i,j1£JL~6,540 1J1'Yl~m~El~ 

4. L~El4mfl1El.J~1.Jl.la1il~~nm1.l1:1I1Ul.75,000 1J1'Yl ~1I11mhIi1~~a~~11i,j1£JLl.l 
4mfl1El.J~1.Jthn~~~ 1~£J~11::fill'Yl~fi1.l1::1I1Ul. 1 tJ 

1 1 
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~ 
tJYIYI 5 

5.1	 iII"i't1~an'l"i'n(;lilliltJ• 
5.1.1	 ~am1'Y1~aEl"L~~EI"a\:n..Ja1I.ia~~'U.LLl.Jl.J 

~1nn11L1..I1£11.J L;l £1l.Jll1'VIlt'n"1J EI,,1..Ia1I.ia~~UEI'U.L 1i1~ 60 i11an12JLLa:: 200 

i11an12J ~1nm1a'1,,1..Ia1I.ia~~~'U.1~ LliLfhn'U.~"L~~a~"d 

1) 1..Ia1I.ia~"1J'U.l~na1" (13 ~1 1..I1::2J1m 1 ri1an12J ) ,]1'U.1'U. 60 n1an12J UEI'U. 

L1i1~12J~~112JL;:11E1l.J~ LL~n~h"n'U.1~ m~2J~~112JL;:11E1l.J~ L~Eln'YI~ffEll.Jfi EI~ 5 1E1l.J~ EI'U.1;l 

LL~L~1..Ia1'lr,'VIlt'm ~ £1" 4.3 n1an12J Lfh~'U. ;A\I~1ni1"1JEll.JL"1J~~ii1'VI'U.~L1' ~"~'U.~ EI"L~Eln 

~1111L111E1l.J~mjl 'U.'tlEll.JLll~fii"L1'fi EI ~~112JL ~1'Ell.J 11 1E1l.J~EI'U.1ii LLa::~")1111.i::El1~ Eldl'U. 
~	 ~ 

1::il.J A,B,C 

2) 1..Ia1I.ia~1l'U.l~na1" (13 i1 1..I1::mm 1 fi1an13J) ,]1'U.1'U. 60 n1an1'11 UElU 

L1i1~12J~~112JL11'Ell.J 12 1E1l.J~EI'U.1;l 1l1£11'U.L1a1 1 'U.1;l ~::L~,r1'VIlt'n~lna'L~£1"n'U.1~£1 

J1l'1lt'nl.i"I.i~~L~L fhnl.J 9.6 i11an12J ~1Lu~mh'U.1'U.1..Ia1ffa~~'YI~I.iEll.J~::LiLrhnl.J 9.38 
~ ~ 

ri1an12JLLa::~112JI.i::EI1~Eldl'U.1::il.J A LLa:: B 
~ 

3) 1..Ia1I.ia~1l'U.1~l'VItY (8 i11..11::mm 1 i11an12J ) ,]1'U.1'U. 60 n1an12J iJEl'U.L1i1 

~12J~~112JL111al.J 12 1al.J~a'U.1;l 1l1£11'U.L1a1 1 'U.1;l ~::L~ll1'VIlt'n~lna'L~£1"n'U.1~£1ll1'VIlt'n 

ff"I.i~~L~L fhnl.J 13.3 i11an12J ~1Lu~£1~1n,]1'U.1'U.~'YI~I.iEll.JL fhnl.J 12.64i11an12JLLa::~112J 
~ . 
I.i::El1~Eldl'U.1::~1.J A LLa:: B 

~ 

4) 1..Ia1I.ia~'tl'U.1~1'VItY (8 i11..11:1I1m 1 i11an12J ) ,]1'U.1'U. 200 i11an12J {IE1'U. 

L1i1~12J~~112JL;:11E1l.J 12 1E1l.J~EI'U.1;l 1~m~2J~ 20 i11an12JLLa::rhn11Lvj2J~f"a:: 10 
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. 
ntGlni'1J -;'i1U1U 5 f1f~tl'nn!J11L1Gl1~'Yhn11~1~~1~~L'Yhn1J 1.56 u1fi LLGl::L1'~L1'Y1fi 60 

'II q 

ntGlni'1JLll1n1J 4.25 U1fiLll1iU 

5.2	 i)tJft"j'n~'"n1"jCihL""tfn"n1"j• 
5.2.1	 tfl1~rn~
 

ifnJ'VI1~V'41J1.um1't'i1 tm~rn~
.. 
1)	 ~1Un1Ji~4aL'VI~m11 tfl1~L1'11~Ln~m1~1'i1'Yil1. ~LL~U~lU~iil'V1U~l1 

2) 
ft dA.d .. 

a11naU';l1nL1'fI1U'YIaU1J1L"Jfa1J 

5.2.2	 ~i'1J 

ifnJ'VI1~V'41J1.um1'Yil~i'1J 1.~tl Gl1 

1)"~lUnl1i~4a1L1'~ a1Jn1m L'VI ~n~1. i'Yi~~i'1Jyf~'VI1JYI'Yi1,;)ln1L1'~ L1'LL~ULGlL1' 
q q	 q 

LV'41l::1L1'~~1.i~a~'YIu~a m1n~niaul~~ LLGl::Cln L1'"1Jam~m:: aUliJ'[J'YI1~~lUal'V111~~'Yi11.~ 
q	 'II q 

.., "" ..¥ I'" 
~U'YIUn11';)~cnaJ1mflaU"1J1~L1'~ 

q	 'II 

2)	 ~lunl1~~'Yil"Jf~~i'1J1.~1JGllL;ia~,;)lni1Y1i'1J~a~'Yilm13huLiju'VIan LLGl:: 
q 

~a~~~,j1J1LL~UL1'LL~ULGlL1' iinl11i1ULLGl::~~1.1JL1'n1Lna[J1 LLGl::'Yil1~LL 'VI1U ~~~ a~'VITi'lu ~ii 
'II	 'II 

f11l1JilUlnJ~lum1'YilL1'LLYlULGl EJ1t ~ [J L\l,V'4l::1J1 Lm[J1J Lfi [J1J1l m~~ Lam1 GllL1'LLGl::1.1J L1'n1Lna
..	 'II 

... '"	 0

'VIlnU'YI'YIl 

3) nl1~Y1i"l"Jf~1a~i'1J~i'1J~a~~~i~1.'VI'~~1 LL'VI \i~"1J a~1~ LL'VI1U~~~n1J ~i'1J 
q 

LV'4n::nlhi~1~~1LL'VI \i~';)::'Yil1. ~i1~i'1J'VI1JU llifl ~ a~'VI1a'VI1JUllil~LGl[J
q	 q 

5.3	 ..umft"mL"::t~"j,,n1"j 

5.3.1	 1~LL'VI1U"1Ja~"Jf~<i1i'1JllinGl1JL ;ia~,;)lnfl1l1J'VIU1"1Ja~L 'VI~mta[Jl1J f111';)::1.~iifl1l1J 
q 

'VIU11Jlnn1ld 'VI1afl1';)1.iL'VI~n"Jfii.~~U~'YIU~an11n~niaul~1J1'Y1~LL'YIuLvia'Yi11~LL'VI1U 

5.3.2 LfI~E1~~1~1JGllL1'~Y1LfI~E1~d~1u1J1::nEl1J'VIan'Yi1;fu1J1,;)lm'VI~nn~ll1L1'ii.1J'Yil1~ 

1lf1~I1.Unl1L1'fl~fi au"lil~L1'''I i~iUfl11~,;)11ml'V1l1L1'~~L1'11Jl1ClV'4E1';)::'YI~ LL'YIUrlUl~ U1Jl~ 
'II	 q 

E11Jn1m 1Jl1.iLviEl'Yilnl1Gl~~U'YIUm1rn~ 
q	 q 

5.3.3 LfI~a~~1~1JGllL1'a~LfI~a~dL1'11Jl1m1J~[JULL1JGl~tfl1"riT~1.~ii"1JU l~ll'V1ID.. nliim1 

E1E1nLL1J1J~~';)::l~1.R1Jlm"1Ja"l1JGll~'Yilnl1~1~1Jlnn-i1d 
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5.3.4 Lrtfh'l~1mfl1th'l~1..,ih::1J1Jn11L~hJJ1f:lna amL1J1J3J1lrL~3J~'HJ"1mr1 ihli 
'II 

1J1"'flf..,hj,,::~nn~am11i'l1,"~"'~,"Wn'Yi1n11L~3JLL1J1J5~t,"miL~3JL~3J 

5.3.5 WnaamL1J1JV;1~~L~3J Lvia,htll,"m1~~~1"'~1,",j1"'~13JLL~::'Yi1fl113J,,::a1~~1 
.1 11 .......r
 
u~1 L~~'iI," 

5.3.6 ~a..,'Yi11ia..,J1~,"1~Ujan 3T'"tJ~1 ~a..,a1n1fi'1~t~,"LL1..,i1~~~,"~,"aamnn5.., 

LvimiJ,"n11i:la..,n,"hjl'VIi"'~1'" l>J tJ,"n1Ji1tJ~1 u~::'Yi11iJ1~'Yi1n11~1",~,"1i1,"m1~1""~ 

~1,"1W"atl (~1nm1'Y1~"a1Jlm~d'itl.., 5 flf.., ~a"'rl1t1J1ff..,) 

5.3.7 fl11LtJ~t1,"11tf11::1J1mr11iii'il,"1~1'VIui;fw;nm~3J'iI,"1~% it1 LtJ~t1,"LiJ," 
OJ ... 

'iI,"1~ 1 ib 

5.3.8 fl11'Yi11f~Gf1t1r441iU~1L~t1..,tJ~1L,j1~13J Lvim~3J5~nm1'i1,"rl1t13J1n;f,", 
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.. . . .... "'1 Q All. I • I All.lHlIUlf'lnlil 'J'J\ln'J. 2524. LA"HhHlatJ\UI1U "i::UUtJ\Ul1UfliJL\Uh1. n1\1L'Yl'VUJ1'I1"m. 
1"" 41 

h\l~1J~~r:nU"l 'Ylfll"1£l ~'Vn::'Jtl1J Lmhrn::"mL1'Iil.tl. 

1W~'Jl1" f'l11\1Hfl£l. 2530. n1"iiJOnU1JLA~iJ\1,)n"ina1. n1\1L'Yl'Vi1J1'I1"fl1. h\l~1J~~r:nU"-
1 

L'Ylfll"1£l~'Vi1::'JI)1JLmhvn::"mL1'Iil.tl. 
A,;'3,;'.... d..... A ,; et. oJ 

11'Yl1i tl\ln1n1m LL£l::"1l'1U1 11 "lil\l1". 2545. n1"iOOnUUULA"i0\1"n"ina 1. 'Vi1J'Vifl1\1'Yl10. 
OJ 

... .. ...., 
n1\1L'Yl'Vi1J1'I1"fl1. 'll'LtlliltJLfl"1l'". 

1 'II.,. ... 
1lJ£lU lJUltl1ihn£l. 2529. U3JUa::"i::uua'U\h. 1J.t!.'Yl.. 

" 1" 41 U 

A ~ .... ~ .... A.... ~ 1-1_":1 .:' ... 
~111m lJUI'Yl'Vitl LL£l::"1l'1U1f'1nlil tllW " 'Viill". 2539. lnnOfla',.tm"i"i3JLUO\lfl,".

41 1" v 41 

2. n1\1L'Yl'Vi1J1'I1"fl1. 
1 

........ fj".-:i d .:!lIooCtl tA"'~
f'ln"1l't1 lil1::n£l'Yl1'Vitl'Yl1. 2548. n1"iOOnUUULA"iO\l3JOa1LaU\lUa:: a"a'fln", 1. 

1 'II 

n1\1L'YlVi1J1'I1"m. ~1J1fl1JR\lL~1JL'Ylfll"l£l~ (l'Yltl-nliJ").
1 v 1 

LL27" tl1J1h1~ LL£l::~1Jitl imii11. 2547. -Ja'~::.ifl''Jn''i''i3J. n1\1L'Yl'Vi1J1'I1"fl1. fitlt!. 
1 1 

Esposito, Anthony. 1998. Fluid Mechanics with Applications. New Jersey. Prentice 

Hall. 

Juvinall, Robert C. and Marshek, Kurt M.. Fundamentals of Machine Component Design 

3 edition. New York. John Wiley & Sons. 

Mott, Robert L.. 2000. Applied Fluid Mechanics 5 edition. New Jersey. Prentice Hall 

Pita, Edward G .. 2002. Air Conditioning Principles and Systems 4 Edition. New York. 

John Wiley & Sons. 

The Screw Conveyor Engineering Committee. 1980. Screw Conveyors CEMA Book 

No.350. 

http://www.doae.go.th/libary/html/detaiIlCsalidlindex.html. 

http://www.lpc.rmutl.ac.th/elcen/eleaming/motorcontrol. 
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100 

80 

Jt.lif n.1	 Friction loss for water in copper tubing open or closed system. 

~:lJ1: Pita, Edward. G. Air Conditioning Principles and Systems Fourth Edition 

page 211 



Ll1J~"t.laiJninlJ DIN 1850 
~ ~. 

-1f'lU'LLa::1J"'itlJ,Cft"i~'\U'Ui"i"ilJit'.. 
-1J",itlJ'i'I"i!'"1JiJ"LftiJ"t"li 

- ,ha-"",",j'LYn::,h i'ut'li DIN 8187 

- ,ha-"",",j'lLYn:: ", i'ut"li DIN 8188 

- ~hA'J'IJ~"1JiJ"-DiJt"li ( p 81.) 
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-
la~=.=~~Nau.~n=i DIN 1703 

uU:;'G;u"Jul1'f ...~u~uun.;un,.,=.~Lg Pb.=.r~ 

...:i8~ij8na ;u,.,.,=\.In".=k"lu;~ Lg Pb Sb 12 

Lg pb 50 SS 
a;~;u;un'''J=.~ua=~''~8~white 1lleta1 10 Lg Pb So 10 

white meta1 6 Lg Pb So 601 . 
';;un'''J=.'lI "I ua=~"a8~1I,n "INaul.L..".iitlll 9 Lq Pb 50 901 

Lq So 8080white 1Deta1 ';;ul.L.,~n.,=u~nl~~ 
80F Lq 50 eor 

. 
la~=.~n=i - u"JDUU~a8ua=ft8~'~.D~ DIN 1705 

G-5o Hz 14 u;~ wu~u\J;ft=.. ft"l'lIftU (P) .'lI~" 60 
(G-Cu So 14) N/ar?la~:: 

G-sn Hz 12 u;~.ftUtI' WU~8n1.,~i wu~~;~::.a 91"11.'lIn::i-u"JDuU 
(G-Cu So 12) '~~"D1Ji&'lI ""l'lItful~ii", 25 N/Jm12 

U;'G.ftUtI, ft\J~Dn,.,~,,51;ftll,n wuwan'''Jnft 
" ~~B=n1~2) 

mDUUD'G';'t~::.. ;u""um."l;'~1ftl 120 N/1f1IJ12
GC-5n 8z 12
 
(GC-eu Sa 12)
 

G-.Bn Bz 10 .ftUtI, C"tf,l;u," ftU~~;~=.a ua=n,.,n" 
(G-Cu Sn 10) n;D~ ~ "I ';ft 

Rg 10
 
(G-Cu sa 10 zn)
 

GZ-Rg 10 
~D'G'~.8'G 

(GZ-eu So 10 Zo) u;'G ftU~.;;~=.. '~lI,=.;~;u;un,.,::u.::",,~Nall 
• ~ I.

GC-Rg 10 •.,..,.aBUW1
ftl1n-u"J8UU
 

(GC-eu 50 10 Za)
 

Rg7 u;~\.I,un.,,,, ""1I.itl,,W1UU8t1 ft\J~m?,~::.a 
2

(G-Cu 50 7 Zn Pb) ;Uft"l'J.Itfu...1ftll~ 40 N/mm.

GZ-Rg 7 U;"'lTNna,,,, ft\J~Dn,.,.itl"i ""u.itl,,~,u~'t 
(GZ-eu sn7 Zn Pb) 2

ft\J""l,utful~ 40 N/un 'u"'lI~'=''''1f"ft\Jl~ii",GC-Rg 7
 
(GC-eu Sn7 Zn Pb)
 80 N/_2 (.,.,.u"l)'" 

RgS 

(G-Cu SoS Zo Pb) 

GZ-Rg S~
 

(GZ-eu505 Zn Pb)
 
GC-Rg 5
 
(GC-euSnS Zo Pb)
 

"" ...
Ufl1L'VIUtI 'VIU1 131 
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G-N1. A1 Bz Fb8 

(G-Cu AI 11 Ni) 

DIN 1716 
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u;~u~na,~ ~"~un'~Li~fti nuw8n,~nft~8G-5o Pb Bz 5 
(G-Cu Pb 5 Sn) 

'~8~jj"1J1""';II~ 

G-Pb Bz 25	 

. 
G-Sn Pb Bz 10 iuii nuft~'IJ"U!~ nuw8n,~n" 
(G-Cu Pb 10 5n) 

G-Sn Pb Bz 15 UDU ~~'Uu;\«V ;uu,~nft'~ ~~»n"nft~~' 
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~8~ftlJ ';nUft~'IJL;~~IIU1~l""i 

G-5o Pb Bz 20 ~8U ~U"IJ,nLrl8;U"~'lJftU'~ ua:ft~'IJL;~~8U 
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~; ';nUft"UL;~'8~~' l;"L~\ft~ 
cr •
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1.U DIN 7708 
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DIN 7325 

Polyamid(Nylon) 

1'I11l,lIWn 
Typ	 71 

74 
77 

Hgw 2081.2082. 
2083. 2088. 2089 

PA: 6.6 

;Uft~'lJftUl"" 10 N/mm 2 ft~'IJL;~Li~8~n~, 

1 mls ;,,,alliuii, l ....ii~ 3.5 mls ;un,~ 

iu.~" nu~8n"Li~"i lI'U"U'~;L~.~"~1I 
iul.... nll";~',u;:h~'8,,,~uL~ftiul"" l"n 

uon;e~u~;~~.=L~~'U~ n"u;ft"u;eulUft 

iIu.~;; ;UU''I'l/Ull:Liilluft ;,.~,;,tI ~uu.'1~Lii~ .. 

r- V_alkol_an • ~---P-UR~----Typ~~-4-0--~ il;';IIt1 lI'IJ'~QNlIlJi'l'lna8iu'u.~LII'I'l ;,l~jj____

t-P_o_l.:.yo__xyme...:..._th---.::.y::l..:e::n:......-I ~POM::....:.::..:.... _f -r1U!"~8iu';1""m....~,JJ L ; ~';;, n, ~u;"':n1J 
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... ., 
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