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ABSTRACT 

This Designing and Producing the Bamboo Of Cleave Machine Semi-automatic 

is Produced in Order to Produce the Machine that help to press the Bamboo which be 

Able to do Easier than using Workers by Applying the Principle of Pressing Bamboo by 

Hand and to be the Principle of Producing the Press Bamboo Machines 

This Machine use AC Motor to be first Power of Machine by Passing the Power 

through V - bealt to Another Systems. The System is Divided into 3 main sets that are 

: insert set, Cutting set, and Moving Equipment which Start from inserting the Bamboo 

into Rolling set that the Roller can Adjust the Distance According to the thick by using 

Mechanism. Then. Bamboo will be Moved to Cutting set. Slice the Bamboo to be Strip. 

Finally, the Bamboo and the Strip of Bamboo that we get will be Moved to Moving 

Equipment by Separating Between the Bamboo that Reused and Strips. The Strips can 

be used in Agriculture Later. 

From Testing this Project found that the Mechanical Systems can Produce Each 

Strip in 3 seconds Approximately and the thick Range that can be Sliced best is 0.3-0.7 

Millimeters and Cleave the Bamboo 750 part / hour 

Hav 1: 
( Mr. Plangwat Paengteerasukkamai) 
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2. L"t'lt'lt'lnu,1J1Ju,a:eWl~LfIlffi~",n"8n ~"t12J ~"t12JfIl';l12J~12J1:"",n"t'ln Ul'IfIl';l12J"t1U1 0.3-.5 

iia fl L2J,,:r 

~fltJL"'l~fl~tA,~n1-M~!J 

1. UJ'1.eJ~i1t'1ULf1LfIlitt~'W;j;t'ltlftt'l~ 
I 
~.,... ~ ... 

2. LfIlft}~",n"t'ln2J'IIU1~ m1~ x tn';l x t'~ = 90 x 190 x 120 LlJIU"L2JlJI:r..
 
'1k L "'i''' ~ " 0.. ., ..3.	 ~'1I2Jt'lL"t'lT'DU1111 1 U,N2J1 220 ~';la'YI L1JU"Uma~'IIt'1~LfIlffi~",nlJl8n 

.,.. .. .. .. .. .I".l' It '~L!
4. LfIlft}~",n"t'ln2J~n1!NZm~nlJl8nu,1J1J'IIU1UtJ';lL1J~t'ln1'l1UUt'ln'llt'l~~2J IoU 

5. in1!NZ'IIt'I~m1'inlJltmt'l1Ktl"t1inm:r Roller il1lLf1"t11f1l2J",~;j""~tl'llU1~ Roller 2 ~n 
., 

'IIU1~LlueJ1Uf:\u6n~1~ 2-3 U';l ~tl2Jt'lLlJIt'lftf~ri1i~t{t1":1f1l';l12JL7-:l 7-8 L2JlJI:rtU1ii inM"~: 

;;LfIIM"'IIt'I~ Roller LiluL"t1~n;;2J"fl1tln~2Ju,a:'Lilutl1.:l"'un~2J 

3. fIl';l12J"t1U1'11t'1~L"UlJIt'lni3'11U1~ 0.3-0.5 ii~flL2JlJI:r nti1~ 5-8 ii~flLlI,,:rfit'lfll';l12Jtl1';l 1-1.20 

L2JlJI: ;j~tln:rw"'1Jtl~'11I;j~tuu,U';lUt'lUU,fl:U,U';l,r~~~12J1:r"tlfu:r:tl:U' U,fl:~1111ffi",n:rlJlt'lnU'fIli~ 
0

a: 3 ;uJit'lmrl1t'1ULmeJ 1;In 

4. fl~ri1i~"'1n2Jt'lLlJlt'lf"'';ltl :r:1J1JL~t'I~teJI 

__ ... ... u _., cs ., 
~ fin"",LUun,-n"!1 LL"~'''l' U'hJ,n'n1""fl~/LntJ'lIfll:f" 

0

;UlJIt'lUn1~"'!J 

~ .,.. .....1.. 0 , '1.Of ..
1. ",nti1LfIlffi-3",nlJlt'lml1l2J'YI2J"""t1U1!1 ~U1J""t1U
 

~ ..lx .l' ..1.1' ..
0

2 .",nti1LfIlffi~.,n"t'lnl'l';ltJu,t11J'YI",:"t'I-3U12J1"IMJU1 

"	 ..l.. ..I k ..3 .t'ltmLL1J1Ju,fl:t'11~LfIlft}~",n"!In'YIl'lt'l~n1mIMJU1 

3.1	 t'lt'InLL1J1JLLft~ct11~,~;j~"'~'IIt'11Jt~'IIU1~ 5-8 iifliUJ"1 

3.3 t'It'In u,1JUU,fl :';IMJU1,~;j~", n"t'In "111LLU';l'llU1U~';l ~tJ~'2J1 :r"",n"!1nU''IIU1~ 

0.3 - 0.5 ij~flL2J,,:r 

4.	 ';IMJU1'11It1t'1uUJ'eMhLfIl1tl~",n"t'ln
 
"'i'_ .,.. 'I" .l''' ....l ..
 0

S. t'lt'lnLL1JULLfl:~11~ U'I:~LfIlffi~",n"tln ~"t1t't'I~fIl&1t'l~nu~t.lnrol'YI"':"l1I,r~ 
I 

o ~., «~ 

6. 'YIl'lflt'l~m"'1~1U'IIt'l~Lflft}~",n"!lnLLfl:Ln1JtJfl'llt'l2Jfl 
" 

~I ... .~ 0 4 ..
7. t', utJflLLfl:';lLfII71:'VIn1"'1~1U'IIt'l~Lfllffi~",n"tln 
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,., ... 
ft1"NLfil'ltN 

, , ... ...... 11 ::I 
~ffiJ.JLfl'J'tN LVit:l'VIl'lftt:lUVl1 "::l'I'VIti1l1Vl 

tJf::tl!l"UilA1jl~1~~"'ru 

1. ''''Lfl~~'''nlJlt:ln~ft1J.J1''Cl(nlJlt:ln'lA'fl'11J.JVlU11lU1l'1 0.3-0.7 ~flftLJ.JlJI'l 

2. n~J.J'I1ULf\1t:l'l"'nft1Uft1J.J1'lmhttJ'l.n':l~Lnl'\l-":::tfl'!l'l!nu~1u~vh ftr.'1'l1fliftlJit:l 

f'I'ltlUI'I1'J Uft::ft'll'lJ.J 

3. uit:l~"ft'VIfi1JlJI'lUft'1 IOl::ftTN LfI~'1t:lfln~11J11J.J~~AIJit:l1lt:l4t:l L~t:l\h i1lt.n~1u1i1U"'n 

ft1U'lU'l1fl1Cln.. 
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n!JtL'n'1"1n1~~!J LLtttLUlun1~c;i1LUU41U"tttlr;ttfl'i4 n1'i~~!l 
':',,0-. .. .,.,.J .,...1 .,
Lnlfl'\.lfl1L'\.l'\.l1Pl~-IIm?')~tl ~'\.lfl1 fli\1'UI ".fI!. 2551- ~'\.lfl 30 n'\.l!J1tl'\.l ytfl!. 2552•.. 

( 12 L~tl'\.l) 

... 
2551 2552n~n7'l1J 

".II\. 'lUI. 11.1'1. 11.1'1 n.'II . ii.1'I UUI '11.1'1 il.P.I n.l'I. 8.1'1 n.fl. 

1. "m~nA''\.l,,1'1'\-11ftl\jil 

2 tltlnu.uu 

3. ft:-l-Il ~ ~ 
~ 

4. 
0 CI " f1~i\tl-llm~1-111'\.lu.il~LnueJil'tl~il ... 

5. ftttJeJilmni1-111'\.l • ~ 

nJtI'l::Jl1W'!l'a4tfl~4n1~~!l 
, 

fitlil~Lfitl~-IIutl~~JJ1W'tN1Pl~-IIn1n"'tl 50,000 U1f1 (\l1'\-1ij'\.lU1f1 )U.ti-llLij'\.l'\-1JJ~~'lfA';-IIi1
~ 

- Pi1fltlUU.f1'\.li~'\-1U11Pl~-IIn1n"'tl (10% 'tl-ll-llU~1LU'\.lm~) 5,000 U1f1 

, '1.1' ... ... .: 
,. '\-1JJ~~"1 ~"Dfttltl 4,000 U1f1 fitlil~Ltltl~~-II'\.l 

- fli1~1-11YfJJ,"Ltlnft11-111'\.l~"'tl 700 U1f1 

- fli1~1-11~~tl1Jtln'\-1u-II 1Ji'')\-1U-IIfttlfltl-ll (tt1L~~-II1'\.l~(tl ) 10 L~~1 il~ 300 = 

- fli1~1-11U.t1il1JfI~lJlI!itl1l1ti1'lf1tlL,jW11ti1t1-11nC\1't 300 U1f1 

fIl. '\-1JJ~IJlIPi1ft1fi1~t1tn" 

. t 'l~I.l!:1 'I "... • - fIl1'\.l1 - 11111 ~\-1nU'\-1'\.l~t1-111'\.l 2,500 U1f1 

-II. '\-1JJ~~f1h1'ft~ 38,500 U1f1• 
- ,h1'ft~u.i\~~t1n1N 

.../
'\-1JJ1tJL'\-1~ t1~L~il!J'Jnfi!Jn11 
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..
 
tJ'VI'VI 2 
.... .. II 

'VIq~!t"Lfl !I'lI'il~ 

~ ... ...-1-1" -10 t!f'l. .. .I... 'liM_'.I .. 'i': 
tJYlU4il:nfl1~C1~Yl'l'M'~YlLntl~'IItl~ YlU1)J1 'II ~umrrUiIU1Ll'l1tl~4iln"tln )J l.Hn~tl" ~U)J" LLfl: 

.. , 'l':"l ~- 0.... •	 0 o.l.!ll '1_ r'l.!'-Itltln1W~1)J ~~ loI1ltlU1~'II1~1~ 1 \tfl1tlLL'IIU~)J1Yl1m1tltlnLL'lJ'lJLLfl:l'l1U~W L'Yitl\t1l'l~1)JLlJU~lJ loI1lYl 

., ..., 'l'M ... !~..,.. ... 'ltM ... !-I.. -- 0';'" Ci'_ ..
4il:'YiIilU1Ll'l1tl~",n~tln)J l.Hn~tl~Lu)J"LLfl:fltln1W~1 )J l.HYl)Jtl1:iYlfitl1'Yimnl1~1UYl'" loI1ltl4il:)J 

...-1 -I " .... 'Itl~ 
Yl'l'M'~YlLntl~'IItl~"'~l'Itl~ 1.1 

2.1 in'M'w:i~'ltl'lltl~\)J~ 

2.2 tl~ttl'llU'lltl~'1JJ'~ 

2.3 ~1'tij.jU1m1m14'n"tln 

... -I'I.Jt'l 0

2.4 Yl'l'M'!IYl ~,aUm1f1l1U~W 

2.4.1 )JtlL"tlfl~Th 

2.4.2 "fttJ~nnU 

2.4.3 L~tl~' 

2.4.4 L'Yifl1 

2.4.5 L~tl~t. 

2.4.6 LntlfYl"'1tltJ 

2.1	 an1!twz\f';lltl"i141md 
':"l_l ... ~ ...l ...I....... ... " .J ... ,,-I......

'l)J l.H LilU'Yi'llttJLfltl-1L",m Yl)J~~IilU1m1)J1"'1n'Yi'lll'l1:fJfl\t'U1 .~"''''LtlU\t'U1Yl)Jtl1tJtlUtl1~ 

~f1'" tJ1~'IIil",ijtl1'ltjUtl1~LtlU1tltln tlth-1'l1ri~'1JJ~n6-1l'l~ijftn'M'~Yl1~;l'Yiin'M'w(m1tltln"'tln 

LLfl:~~"L)J~"')tUitlLLtJtJL;\mntJ\trU1' mh~;;tl LilU;;1I~ij;l'Yiern'M'wLi]ULL'lJtJ monocarpic L~tl 
tltln"'tlnLLfl:~~l'IL)J~(;lLLi\'~~uLL,jn"':"1tll1J \)J,~miUri1L\l(;lLL~:m1n1:4il1tl~Ufi~1)Jfi11)J1I1ii 

... 
tl!h~ntj1~'II~1~fIl1tltJfIlq)JLntltJfJne'~U'IItl~ tfln ,;~t UL'II"\tU1~ L'II~tltJ~ULL~:L'II"filu tlm~Ut UYl'ltl 

tJtnJ l~i~tfln~ijin'M'w:tju~U(WOOdY bamboo)ijtl1:)J1W 77 ft~~(genera) 1,030 1Iil", 

• .J. -I t tl 'I"'tl	 .....oJ ... ... .......l ...
(species) ",~UYl'YitJ 1.1 1:LYl ~ ~Yltl)J ~)J1W 15 ft~fl 82 111.1" .~fIl1(;l~1tl~)JtJ1~"JI~Yl\tfl-1L \t~tl 

.3 .I ''1 .•1 .. ,,-l 'I 0 ... .. tl -10......
4il1nn11l'l1fi4il LUtl~"'1ntl'J ~UlJ1~mLfl:'111"'LlllflUCJL1Im1l1ty ~Um1'"l1LLUn'YiU~ fl ftnlllYlft1flltytln 

.oJ ... -1'1.':"1.,...... 'I. .... G .... .... 'I~
tl1:n11\tU~"'tl n1n1 ~ l.H2Jtl1q'lltl ~Un11tltln"'tlmLfl:~flJlL2Jfl"'tl1~U1ULLJln l'I1~nU tJ1~1IU'" ~"11 

L~~1U1U 30 - 50 n tu,~~tJ1-1"J1il",t<DL~fl1U1Un~1ffitlnnij tl1q;tlm1tltln"'tln~tl1~U1ULLfl:~ 
• "	 • I 

ft,j1Lft)JtlL111.1;1 Lilufltlft11f1lt un11LntJ\t1LLfl:fitJ7')2J"'~tlri1-1il~1 LtlUtun1~1LLun~UfLilutltJ1-1fj~ 

1~rJft1)J1ro~1LLunlIItltl1~tlftn~m~W-1"'~lItl-1L\t~1f}f}nVi'Lilu 2 mj)J nq)J~ij~tJtJL \t~1nf} 

(sympodial or pachymorph system) Vi'LLri\)J~~ijriUri1LU",tUtl~LYl~'lYltJLL~:tULLCltJffiu~u 

(tropical zone)'1.m~~ij1:tJtJL\t~1tl1:LJlYl~",:i1ftm~tN::'IItl~thu~;l",ntJLAufi1(rhizome proper) 

iu ~~U "'ULLfl:ijitltl.:t'Wft~1Lft)Jtl(aSymmetrical shape)lII!1ij~1u!l1~LLfl:;huiu ~1U~!I1~n~1 



• • 
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",:ij'l1(bud)tl~LLfl:7tl1J1~1irnij1J~rln(root primordia)m':"'1tJtl~~{l",:~",lcy~t1UrlnlJitl'ltl 

t6ltJ~~LtI~"'~1ij~111'"tA"Htl ~"'~1LLfl:;~1'tl{ln~ 2~n"''''1n''11JU~'''~1n~ 1 ~"'~1LLfl:~1'tl{ln~ 3 ~n", 
,,~..J .~.. ~t1 

"'1n"11JU~"'~1lJfl2 ~'!IUU~7tltJ L 
• .I... " .I	 ~" '~.:"Ll.l.....: "0	 0 - ..

nq~f1~~:;1J1J~"'~1fl1~"'m(monopodialor leptomorph system) L"'LLn L~ 1SIf1~flUn1~U'" LULLfl1Jn~ 

itl1.lfu(subtropical zone) j1",ftJ'1JJ"'leJ~iiriun1~ ~1Utl1:~fI fil'lf1tJhil.flItJii",in31u~1ii1:1J1J~ "'~1 

djUU.1J1Jft1~~tJ~'l mr.J~ii1:1J1J~"'~11.11:;U1f1~ ",rl1in1!~'tl~ft~u~;j",ri1JLflU"tl~~1(rhizome 

proper) e.Jtl~ tJ1~ nfl~{l",1tlflitlu;h~ lJiu LI'ltJ-i~ 'ltl ~"'~1",:ii'U1'" ~t\\.lt.h~, ..l!rnfl1~ ~~nn~1~1~~~'.l1 

~"'l'Y~uLtI rhizome proper iifll~1~tJ1~PitlU;h~~~1~eI~tlLLft:;ii~1(bud),Jrln!ltl~1JU;tl'rJn;tl LLlJi 

"1~",ch,ruirnijn1mnlJi~LL1Jtri'~fIlrl~",ffitl1~1(temporarily or permanently dormant)~~irn",:;'l~ 

iin1ni~u1 fitlLtI d1",fu(;J1~~1~11tl'n~U1LLfl:;~"'1'l1lJitl 'l'" t6ltJ~1n",:;,;~u11tl~i1u~1 'leJ ijft~U 

UtltJ~';~U1'l1htlUL"'~1 

'1JJ'tJLilu1'~~~~rhLLri~et",~~~tttf'i4'nu1~1l-ifL~tlfll~1~~:;",~n~1J1!1lu~"t1::;411''1.1 lU'IN:;~Lfln 

tr",.,UuLij"'L1tJ~'tl~,"fl1~~nLLfl:;~",~n LLlJiriti~iiLfl~n1m~ijtlA'ufIlti1 L1tl~'lsrw1:;"'~1~"1I1;;lJi1~ 1 
.. 1.1.1" - " " !1'1 ':"Ll"" ., " 1.1 - - .,~'YitlLLflm fltJU'tl\lflfl1~~'!I1n11 LUn11L"1I L~ 1SI"11~nULLfl:;nu LU 1:;~f1f11fl1"Utl~~1nU 

6 t11:;Lflflilu'N:;~Vlij~1~n1fi"'tJh~riUL~tl"':;"'1'!1il",..tl~\meJ~~~'1"''''1nll1fl1,j1~ 1~~!ftn 
~ _':"1	 '.!'l .." ~..J ." % . , ... ., " '!'I" ".I .I " 
LJ.l Le.JLlJU'Yi"1l L1J~fltJ~~",mtll'J LU~~I"I Grammeae ~'!Iu~",mn1J"''lI1LL(;J~lJU,"'!I'I1:;fJft'"'Y1f1~~f1et''' LU 

Lftn LLft:;~i1U;;'!ILijtl~itlU 'lmr.Jl;r1.11:LtJ"1Iu1A'tlti1~nti1~'1~1~ L"1iU l;nUn11ritlelfl~'l~,r~flufl1~ 

~1'U~U l;r"'n~1'1.l111'!1u:;,j1~ 1 L;I';1Lfl11tJ~C'\u(;J1l-ifLiluL~tln1:"'11tlu~'1e11",n1ffi';1n1:;"'11t ';1 
.. "'.6 ""!'I ,.,	 " " .!'l .. 1.1 .. _I ,0 '\'!"I 0

~flIf'!l~n111 L'!ILlJUtl11fi L'!IU flIUfi": "'tln "'fl1~ L"1I~1JU~fIl7tl~'!J n1Nn17lJ1:;1J~ LtJlU f11L~1 LU:; f11 

~fIl1rJ~iitllun11Ln1t'l1 Utlnt4il1n,rul1Jti~ l;r\itl'lU~ ",Utl1e.J··L;r~i1Utl1"'11tlti1~~ ~fIi1t LLfl:;ntl'leJti~ l;r 

t11:;i1J~~u'l"'~"'~1~ 'l~LtJ~~Lfln~rrnriuiitl1:;~1r;u 75 elllfl ~'l;;j1fi"'''''1JluLijtl~'lfltJii1.11:~1fJ6 

12 ~Ilft LLtJmilu'!Iil",t11:;~1N 44 "1IilC'\ 
• I	 II 

'!IilC'\'1tl~'UJ1eJ~,..f~1uilflI~mrl1J ii;~lJitl 'ltlu 

1.	 LtJ'I~ (D.asper) ~i1u'leJlu~nft Dendrocalamus iltJ~,Jflnriul'l.l111fl1nft1~t6ltJ~~,"1:;~ 

4'~",1'C'\t1r1~u~1tI,nriu~1n ~i1ULtJ'IU1'"l",qj ft1tKuijLt\'Uthu~utfnft1~t11:;~1N 6-12 

~tJlU~L~"1 'Wij"'U1~t1~tl~tJ1~t11:~1N 20 LtJlU~L~"1 'tftUtKUijfl1tJ'I1~~i'J~f11 ii'lu~~n 1 

tl~,f~'ltl'ltl~~1 ij"'ft1tJ';U{ L"1iU'ltJ"~"'~tl 'leJ'I,:j~1 'leJ~~~;Im 'ltJ,,~"'~ ~i1u~u ",utll-if 

futl1:f11U~ ft1;}ul;r~fl~tl1fl111 L"1iU LiI'I.lL~1 ~1~",i,:jfll1 L'n11:;U.;~LL1,:j;l LtJ'I~ij;ru 

n1LUlJIt4il1ntl1:LflfII74u '!I1~~Uu1~1t1~nlutl1:;LflfIIlfl!ltl1::~1Nn Yi-fli. 2450 1.1~nflli-:Ju.ffi~ 

;l11Jfl'Yi1::rI~ 4'~""r",1.1 rI~u~1 

2.	 'ltJiqn (B.flaxuosa) tl~lU~llfl Bambusa 1tJ'!Iil",~iitl~~~'l1.1LLft:;ij1J1nl'l.l111fl1nfl1~LLfl:; 

111fIl'lAfi1MuL;lmei'" LUULtJ'IIU1C'\'~ 1",qjii~t\'1.ltJ1U':luJnfl1~'IItl~;rutI~1J1 tu7-10 
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.. .. I .... .. I	 .... " ...~.. 0 " ..r 
L4JlUIJ1L~IJ1~ lJflt'l.:JtJ1')lJ~:~1N 4-1 0 LIJlU'IL~'1~ 'J~L,)N't'l~n.:JLVI~t'lUVlU1~ fl1'1\.l4Ut'lVlU1 

'YlU'Yl1U~ \;j,'i1'±.:J11U\Um~rit'l~11.:J L"JiU ,r.:J11U'Yl1i '±.:J11U111U~U 

3.	 'W~1~:flt'ln (D.longispathus) t'l~\U~fJfl Dendrocalamus iht')'JnI11111LLl'iLWl1l11\~"I:i1 
" 0 " ~ 41 .It .41 " 41 , J' ... • I
Ut'ltJ~1n fl1IJ1U~L'tJ,)LLn L~~VlU1~ 't'lL1tJU "I:LL'In LU~.:J"I1nYiUlilUlJ1:~1N 6-7 L~II1 

1J~t'l.:J'U1j;\L«w.hu~u6nfl1.:J 7-1 0 L4JluiiUJ'I~ ~1~U'.:J1J~:~1N 10-15 L~IJ1~ ~1~U\;j,'i1 

,r.:J11U\U.:J1Urit'l~11.:J1M 

4.	 'l~t11V11t'l'WVlU1~ (B.arumdinacea) t'l,i\u~nfl Bambusa ij,t,)'YlnI11111't'l.:J1J~:L'Ylfll~ULLriij-.J	 • • 

~L;mLVlflt'l.:J LtlU'l~'U1j;\ \Vlqj ijVlU1~LLfl:LL'U.:J 1J~t'l.:J'U1lilL«U~1U~u6nfl1.:J 10 -15 

L'IJlU;tL~1'l1 \;j,'i1Lr17.:JU1U \;j,'i1,r.:J11U 

5.	 'W~1V11t'l'l~'11~1 (B.sp.) t'l~\U~fJfl Bambusa i1\Ut11YiULLflU;.:JWrj;\n1CU"lu~1LLfl: 

4'U'Yl~1 ~1~u~L;mLLri fit'lU;1.:J~1 'l~ij\llU1~ 'U1lilL«UeJ1UL«U~u6nfl1.:J't'l.:J1Jflt'l.:J 
.1 ... _I~	 ... J' 0 " 

lJ7:~1N 7-10 L4JlU"L~I'l7lJ"'t'l.:J!J1,) 30-40 L4JlUI'lL~"7 LUt'l\llU1 fl111U,'" 10-12 L~"~ LVI~1: 

"I:\orI.um7rit'l~f1.:J 4'n~1u 

6.	 'l~LntJ: (C.Virgatum) t'l~LU~fJfl Cephalastachyum ij'Yl1.:J111111LVlUt'l ~1~U'U1j;\L«U~1U 

~U6nfl1.:J 5-10 L'IU;jL~'1~ 1Jflt'l~tJ1,)'U1j;\ 50-70 L4Jlu;tL~"~ ;t'lLWU ii~~n1UL~nUt'ltJ Ldt'l 

\'11.11 1-2 L4JlU~iL~1J17 ~1~U~.:J1J1::~1N 10-18 L~lJI~ ~1ifu\;j,'i1Lr1N~11.:Jt'l11111~ L"llU L~1 

lPlNlIIi.:J1II1 1'l1U 

7.	 'Wfin (T. siamensis) t'l~\U~fJfl Thyrsostachys ihJ1n'Yl1.:J4'-1\'11'l'ImCU"lu~1 ~1ifuL~n 

'U1lilL«U~1U~u6nfl1.:J1J1::~1N 2.7 L4JlU;tL~1J17 '.:J1J~:~1N 5-10 L~IJ1~ imtN:Lilunt'l ~1 

"'1,,0~ 0" 1t".1..,/ '.1 .... 0\""..,,, olt.I'
IJ1U L"JI'Yl1fi 'Yl1LtJt'ln~:"m~t L~fin'Yll'l.:Jt'lt'ln'1tJII1.:JlJ7:L'Ylfll L~t'l'Yl1 \1LLVI.:Jj;\LLfl') "1:1.11 LLJ'~ 

., I ., 

fl.:J\U'Il1~UtlJlfl1L~t'lnULL~fl.:J'Il1~Ut4JIfl1 20 fllJ1~ "I:t'l1UWfin'tA'1J~~1N40,000 ~1 
,	 ., 

8.	 'l~u.:JLilu'WilYiuL"u'JnI111'l't'l.:J1J1:L'Ylfll'l'YltJ ~tJ~1n"l:YiU'W"JIUj;\U'l1~t11l'1.:J~u\nfl 

LLliu Lilu'W'U1fJ1\\lIqj LlueJ1~u6nfl1.:J't'l.:J~1ifu1J7:~1N6-18 LIJlU~L~II7 1'l,)1~tJ1';l't'l.:J 

1Jflt'l.:J1J~:~1N 30 LIJlU;tL~'1~ 1J1::ttJ,mi1lfiJ"'1n'WU.:J~t'l m~'Il1~1,'i1~U1U Lat'l11LL,"U 

.... ... 
LLfl:.:J1U"In~1ULL'Ylu'Jn"JIUlil 

9.	 'Wti Lilu'W~ij,u1"L~n~~j;\ntj1ltA'L,"71:ijL«UeJ1~u6nfl1.:J't'l.:J~10.5-2.5 L4JlU;tL~1'l7 

Lyh,ru ~1ifuijftL;tJ,)LLn~L'Yl1ij,u1Jnlllq~it)~1fULUUnt'lVlU1LLUU\U.,t')'JnI11111,t'l.:J 

1J~:L 'Ylfll 1J1::ttJ"JI~t'lmN11.eJti1J1 \;jLiI~1~UJn';l1lilLLfl:'Il1\l1Ut'lUJ~1,'i1t'l1V117 

1O. \e.iL'\lIi\t'l.:JLilu\e.i~t1~n~1t1 LI1L~ \u~1J'Jn"JI~ ~1ifUiiftLVli\t'l-1LLfl1JL;tJ';lt1:t1un1J \e.iL'\lIi\t'l.:J 

d~tJnnu'l1J\lIfl1tJ~t'lL"llU1.eJ.:J1;h.:J 1.eJ1J.:J~1 'l~"'U~1 117:ttJ"JIU't'l.:J'leJ"JIU"d 1tJItJ~1n",: 

UtJ~'Il1'l1J,'i1L~t'lfilL"It'lf LL"InU ~L~tJ~Vli LLfl:l'lu'l'YltJnutJ~1J~n'l~,u"d1J~~U1J~lil1H 

" 0"1'l1~U1UL,"71:fl1I'lULLft:\1J"I:ft')tI.:J1~~1n 
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... ... .J 
11. ·l£JLflll.:J'W'IIil",iJil1l11:ruffinflthnihJ'Vl1.:Jn1ri11~flft1U" WU~1n'Vll'!'" t'U1l1fl nft1.:J ft1tf1U 

..~ .. • II .. ~ ~ ...J.. ...' r 1.1 
~\'tLlIlIt:lfI'" ft1llULftnu.JfI ~IlLlJI~'Vl"'~~lIU1"'L\'tUf.,I1~UUnft1.:J 'l~~1ru 2-3 L'lIUlJIu.JIl'l 

... ... ... 
Lyhuu tlafl.:JlI1'J 20-25 L'lI~u.JlJI'l 'te.iLflll.:J'IIflUiiULLft~L""CY~UtlJIt~u'hu f1101f1lfllU 

~U rhul~ qjAU't'Vlllilll~tl~n 'W'IIil",i1Li~u'1JJtl~;ru Lftll~1 n n~1 LW11::ft1!J1U~'J1I.:J1~ 
~ ...... 

't2.J'~qJLn u'ttltl'l~ tll'lltIlIfI.:J'W'IIilIJlU ~1~1 ffi\b'ttlvi1nu1u;Jut'huLriflfilL"'f1f LLft~A'ULlj" . ... 
~illl~L;n~1"'1n'W'IIil",u 

~~~tl~nnmJ1n tUtl'l~L'Vlfll'tVlll LLft~\b~1L;tl'l~tll'llw:lfl~tl'l~~1ru 32 'IIil", ,y.:J LL~".:J 

Arundinaria ciliata O.75-1 1dfLLft~Il~tj'Utltln .. ... 
Lllll.:JL~UfI 

A. LusiIJa 0.5-0.7 

Bambusa 10-15 

Arundinaceae
 

B.blumeana
 7-10 

~ 

10-12B.burmarica L~UfI 

... .. 
B.longispiculata 7-9 "'n~1U LUtlL1lItl.:J 

B.nana 2-3 

B.pallida 7.5-15 .. .... 
LlltNL~Utl 

.... 
(nft1UB.polymorpha 6-18 Ll4Utl 

fitl ~ ;-,-ri''ll'l11'J 

B.tu/da 5-10 

B.vulgaris 4-4.5 



9 

-~fl~uu1fl-1 .. ..
lIfl,)VltI1A1ft'" ~u1~0 '.J-l. V1fl"murn III n1·ll~1.h·~ tUllU 

'1~;;h') "'ft1J-l Cephalos trachyum 

-pergracile Munro 

12-20 
.. 

mUfl nflft11-1'i,)fI'11') ~U 

'W'"LlItI~ C.virgatum 15-20 
.. 

L"'Ufl nflft11-rD')Ill'11,) ~1 

'1~t1-1t",qJ Dendrocalamus 

BrandisH 

10-17 ~')'1tl ~nft1U L~fln'~~11:t 

'1~hih ~'Wlin D.giganteus 10-12 ~')'hJ nflft 11-3-B'') PI '11 ') 

'WU')ftl",qj D.hamiltonii 10-17 
.. 

L"'Ufl 
, ... ... 

nflft '11-311') 111'11 ') 

n1~818;rul~~4\d• 
fi''nJ'!l1;j1Jfl-3'WVlnllU~ lJ~ ~n u."mJh~1n~U1l1mtu1L~'11~ft1J-l11Cl1JtI1t1~U1l'1I 2 u.tIti 

., 
fifl~-3 U.Utlfl1 Iftl L~PI U.ft~UJfl1 IftIL~Pln1ntl1miufi,u.t1u1:fL~PI - ~,)\UJ1n Ln1:t",n'1'il~lfLJ-lfl"lUn11 

.1 ....... ~ .J ... .. .. -J 'I ' '1.! '1.! .. oJ X X 
L~1~u~n U"J-l~flLntlVlIll')n~,)-3lllflLJ-lftl'ln')U L"'ru1Jfl-3I.WIJl-3~~ ~ftJ-l\!'CU LUfl'l~1nf'l,)1J-lllUU.ft~LlIfl 

".. I	 " 

'11 li1l~ftn~n1'-3flmrUlJh u.ft~ LijflL~1~~uill,)tl1fii1 ~~li11.~1l,)-11Jfl-1n1 '1f.lflnf)fln'W U.llUflU~1J-l 

'11J II')tI 111')ft')U'W...~-1li\UJ11JtI1t1~u1fll,)tl1fi~uuVlU LllUn111.-nri-3 U.lIU-3 ft1",1il L"'~1 ~-1ft~",)n 

'1'1" L~ u.ft~'\;ICJft~hUU~1l1~flt~ Lfl1:t9lffi'1U1-1P1U~-11X\UJ1fj"fl1;l~n1n1n"Ji1~-1 U1JU-1111t1 Lilu 
,	 ., 

'11t1'1ii'~ Lrl1:tUfln L",ilflilll1n n1n1t1ft1 U.ft~1J1t1",llfl L~J-l LiiJ-l ;r')tIt~tlftttln1ntl1t1~u(uU 

lI')tlnu 4 1fififl 

1.	 n111..ffLJ-lfl" 

......: , ~_. '1 ... !n'" ... IV..J ........,.J. ...
f

,)fiU~-3t11n LmJ L')ft1 u.ft~ ~ "'CJft""-1V1nft1,)J-l1Uft') flnfltl1""'U-1flflll,)-11~tI~L,)ft1n11flfln 

I'lflmlfl-1'W"-1'W ..	 ., , 
UllUflULftJ-lfl'11J U1-11ll1-3fl1I;jnUL')ft1U1Uii-1 30-40 tJ~-3I;j~flflnl'lflnftn flf-1",il-3 L'11 iKfl-1U1 LJ-lfl"1;j1 n 

flfln '11J L~1~"Ji1 LfttinflU ~-1~~U1 '11J1J~n lUn~fl '11J'lA' 

2.	 n1,1~L"'~1 

1fidLuu1fivhilCJft;lnU'WVln'llU" 1fin11Lflflmh~illl~LiluLU.i~ui~-1ilfl1~~wi1-1 1-2 tJ ~" 
., 

tlfl"flfln ~UL"'flfllll,)1J-l'-3L~tI-31 LJ-l1Jl1 t'ifl~1nUU;;"I'l~Uftnft-1'11J~uii-3L"'~1nU"fl Utl,)U1'1t.11J~n1.u 

",qJ.J~ L~'11.J'1ti~U~ ~')U",llfl L~1 ~~";w.J1~1flJ-lntlft1 wJnft1J-l17Cl utlnUJtl~n'l;\Lllunu n11 
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3. n11L;a1 

LtlUn1"t11t1~U1fil~1t1LL"lA'tl-:lrrn~IlLfltlna1;itlL";LLnLnuLtJ a1fll~nltl1tJ1::V1~1-:l 1-2 t1",:: 
~ ""..I All .. • 0"1 .,"" ." t. All • II a I."f 0 II ~ ..1..1., _ I II.!' 
LlJUn111l'l~IlLfltln""LLlJ1fl::fl1LVI)JfIl~1)Jtl1~ 2 'fl lfItl...1nUU"'-:lU1 LlJlJn".ll1 L~ LU'I'IIJ1tl-:l n171J\1n L£'I 

., • .,..l:r "1
Lfltl 'lUtltlU"'::LL'I-:ltltllltltl n)J11J11)J'tl'l~-:lfl-:lLUIlU 

4.	 n11L~-:lLL'U-:l 
, , " 

n.:JLLlIu-:l~tln-:lilLLlJ1ntlfln)J11l\1nulL~~1 ilftllltl.:Ja1~U n11".11t11t1~ufifii1 Utl)JnW1n 

~~'" L"11~::",~n~IlL~tJ1::V1ti",,j1L;-r.htl n11Lt;fln~-1,rUfll~1Lfltln~-:l~ii'U1'"L~ue.hu 
r ~ ..... 111' .. ., ~ ~" .. ,,:..l 0

~Utlnfl1-:ltJ1::)J1N 1-1.5 U~ "'-:l"'::Lfl~fl'" lJ11ltJfl1t1n-:ltltln LVlLVlfltlm'lifn".ll1t11~tJ1::)J1N 100 

- a"f II a 1"1 a I ..l "" II .,.. -., "I."" "" "I'" t "I"..J 00L"IiU"L)J"1 lJrMl1tN LlJ LULLlJiN'VIL"m)J L~ V1tNl\it1nnfttJIlULLft~ L"lfL'VI1LV1t1tltJ LVlLLUU",U1 LVI~)J '11 

.. ., .ol.. "I".oj al - .. ., J "I ..l.oj H"I.1'
V1fl-:lfll1'11-1)J::Tf11~LTftlnULLIl" L".IIL~fl1tlnlJ~1N 6 LIlflU ntl1t1fl-:l1 ~nfl-:l LUVIq)J'I LlfI1t1)J L~LP'I 

'l~ n1fl~L V1)J1::~)J LUn1nJ~nL~~tl'l~tJu tJ1::)J1NL~tlU"'lttIl1fll)J-a-:lVl1fll)J Lntl-1"'1ntJUlfIn,n 

~ U...::ilfll11)Ji)J~Uft~1Lt\)Jfl,j1L1\'11n LLft::a1IA'u'fl-1~,T-1l'i1 t~L1-J UiLL1\'"1fI1t1 ,r"J-1tJ1::V1tili 

" 
LLN-:l1ULLfl::tJ1::V1ti",hLrK~1t1 

2.2 t1~t!lllu"i1~\md 

LL,nJL";U1L~tl~1L~~a1Lfln1 ~flIUL'VItlrrmilutlti1-:l~,rU tJ1::ttl".ll,n;~tltllltl-1~U"'::tlLUn 
.. .. I ..l II ,All .ol...., ~ I 

flUUlfI )J1n)J1t1)JVl1r11fltltl1-1'1fllUVlfl1t1fllUI'l11l L)Jtl-1 ".11-1L)JtlLLiJ-1tltlmlJUVI)J~"'V1\1 LLfl::LLtln 

tltlmtlutJ1::L1l'l1LL~~ )J~tt6L11t\1)J1ro 

" Lrt~~)J1';1LtlUtJ1::ttl".ll,n~;-1i1 

1) ~1un11'f.lufmffin)J"lf1;l• 
- ~tl-1nUn1~"'Ift1t1'tl-1~U1fI1)Jl)J~-:l 

- 1i~tJLtlULLU~~tHnUft)JTf1tJ
 
.. t a'.ol t .. 1',....
 

- ".II::fltlfll11)JLn'tl-1n1::LL~U1lJ1 L)Jtl'l~U1V1fl1n nU1l1~::U1"~)J'f1tJTfflU
 

"I'" • .ol
 - LVlfll~1)J1)J1U 

- L-DtJ1::;Ut\~U """LL"-:lLilu~)J~n~tlUVItitlUL'"LUtJ1U~U
 

2) t11::ttJ,uIl\1nimfN..~1~;4anl
 

...1nfll11)JLL;-:lLLN flI11)JLVli1t1~ n11~IlVIli flI11)JU!i'-:l-:ltl LLfl::n11t\tl1-:lLJi~ ~-:lLilu~NinttN:: 

tJ1::41l'i~'tl" ~~ 

L11ft1~11tl,j1 ~~1L;-Lilu'i'ft'tLft1)JLU-:l1UfllflUn11f1 LLft::LilUft~U"1-:l1'fl-:l n11ftfl-1~fl~fl1 AtJUUU 

tJ1::V1J"~LilUtltl1-:l~tlnll~t1 
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3)	 tJ~1t1"J1,r"'1nim~tCU~'rl'NLlllij'f1~UJ'1tj 

- Ldfll~t;tJ~Lth~L~f1n~j;\11; 

- Liu'l.t1t;rfhl~~L;jtl~
 
J' IL!.... ....... 'i' 'I.!'
 

- LUfl u;.jtJ1~"llUj;\ft1~11tlL\nl'l'rl1t111n1;1
~11ll LC'I 

- t;n,U~1UtllflL\1~nn~U1U1"llilj;\ 

4)	 m1t-rLm~tu~ilfl.nCU"''i''tln11~LLfl~tlft1~n11~ LLti~f1f1n'l.~Li:lu 

~ilfl.nCU"'LIll1fl~~nft1U"'1f1L«UlfIfln'lii'LLri n1~"'1j;\ m~'i~ n~~~ n~L;r1~fl'l.~ 
"	 I " "..l _"1...... ." ..l ~...... .!': ... t ...! 1! " ..l

lJI~n11~1t1lf1fl1ll'l "JI~flfl).J lJI~n11 ~",t1~ n~LlJ1tlflftlfl1L'~ U'f't1~ LIll1fl~).JfI~tJ"lJl,)U1L"'IIU '1IfI.:J ~¥'f 

tlfl1 flfltJ 'I."JI "1fl"1 

I "..t:'I_! 't,!l "~D" .. ~ " ".... " .,~ilJl.ntU4f1"'1n~1ifu LLfi~ii~'fI~ lJ..I ~ ~LLri Lmfl Ul~ iU,)1~~U~~fI ~1~ L~m1c;\ L~ 
.	 " " 

Lli1 ~ULiil'l Y1')1fI1mj'1 1It1"~fl,,,j1Uft')UL'i1~1 ..11LLflt1 ,r~flurifl~fl" 'Viflft.nl1Y1.:JU1 

.... ...... J' 'I.~ _! 'I J!' " ..l ... "''1'' ... If " ~ "'" I If"
~fllJl.nCU-rl"'1fILUfllJ..I u;.j LJ:'lLLn tl1L'l ~,,'JIU~ 'rl~'YtL~ lfI~LntltJ L"IL~t1tJfl1~11 nlfl1J~ u L~ 

" • 1 If.~ If " ... ~ ... J'" 'I.~ ... 
mU~lJ lJ..I~1t1 L~Lm~fi~ LIll1fl~L'lUlfI~U1J1U lJ..ItJ1",'" 

~ilfl.nNmi~"'1n'leJ~nVlLLri lP\N'LflI).Jn~j;\11; lP\NnL'l lP\1~1).J ~n~U1l'l A'Ufi'ij ~U 

~1,r~ LL~~lfI1ntJfl1 ~).Jtlfl1 q~'l.ri 

t1~t!l'llU'!lil~\J.I'UU.ti~\Il2 Il'U l~;i 

1. tJ1~t!J"ll,r'rl1~;'1um1tJ1U11ll L"liU m1U1~'l.iflUJ'1tj~1..11LtlUfl1~11 'W~1"'~LtlU 
" ... ~ t .... 

1tJ LLn~ ,,~ ~lfIU1~1l'l'll.:J"'~U1~1n 

2. tl1~1t1"J1,nu;'1um1t{ft'lltl L11~1~11tlU1'1.~~1..11LiJU~i".ncu"'L'i1~1 'I.;' 

o	 ,,~... • 
LlIu Ul~ Lmfl LlfIm LLIll1 "1ft"1 

..~ ~ 

2.3 ~'UUU'ln,,.n1~n"f)n 

'I.~'I.~~,..~t;r..11~i".nN..rlJi1~ 1 fit,)1Lfltln'leJ~ij~1l'lN tJt\'fI~tI1') ~')L1t1tJLi]U~U'I.~iJlfItlLL~ft.:J 
If :J! " 0 ""... ... 1f.!..1... J' 'I_I!'" ~ ...... 'I lAt.! 

LIi11~L"ll f.11"f1-.1011U1).J1 ~"ll",nft1UfIt'11Lftfln ~'rl).JLU'lllJ..lL~UtI') L"f1L')ft1L~ft1 ",n tflflft1U "'~LD'IlJ..I 

... ~ ~... ILl! J(" ... ... ~" ~ !til J( 'i'_ .1 .... - ....... ... ~ 
~m\1t1~1t1 L).JflLfifln lJ..I~1LL",)"f1.:JIi1"'Ll'l1t1~L ~f1 ~~ ~"ll LC'I~~",')n LC'ItllJ!ltJlllJl1~,)fim1 "'.:JU 

1. n11ilflYJf)U\J 
...	 • .. • 'I_~ _! 'i'_ ''If''' ~... ~ ... J! ... 'i':J!.!"I'

n11"II'rlflU ~~1t1tl~ O11LL'11-3 IJ.J u;.jflflfILlJU'rlflU 1 Iol'ItI ~"IJ~ll'lLLfl~Lflfltllfll'l '.:J011lf1ll'lJ:'l')t1).Jll'lloll'l 

'I_I!'" 'I.!'" "" " "... ..." ~ ...
lJ..I~n lJ..IL1t1tJ tl11f1f1~m1 ~~L7'tItJfil,)1lJll'IL'l,)tILftfltlfiU"'1 
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..._ .... til _ 

~ 6"""'UIL.t1!1 

t..!M_~ ...... ..."... 0 I ...l.l' ...... IL!
1. ~ ~Ltl"~ \WtlVli'4'ULtlVlfiLJ\ LLi'4~'LJ\V11LL\1U.:I'Vl"tl.:ln'wVll'l'UU~'J I,I:.l 

2. t~L~tltli'WI1,"Ui'4::L~t1l'1L~tltl1Jl1tlfiltl'lPI'n.l::L~tlmhu'UU'1lP1LL«~t-«\f~u'ritlUlmejlll 
'I " ... 'I. I'" ... 'I " J'l'

~tl'U 1 "tI1t11tl ~\1ffitlLi'4tltl~lJ~?l'ln'ULLU'J"tlLJ\lltU~tl'1l'1t'lt'lnL1JU'Vlt'lU 

... 
Qnijtl4'1t1 \1ft.:l"'1nLfll'\~iLt1U'VitlULLft~ f1'J?L~t1U?tl'Utl1 nn?::'Utlni.:lri'Jui~LLi'4::';1t1t ~\1u111t1'ULt1u 

'J.:Ini'4tl 

2. n''lehlmeJ 
n1~ej11~Li~UfUl'ItlU~;j1U'fIitlU'1.:1t11nLLi'4::~tl.:lt-nfll'J1tl?::~tJl?::1'.:ILUU;;LfIl'ft Lltl~UlIltlt.h 

'ritlUUJ'tltlnLUU 2 ,nritlu LLft~~.:Irltltl1 ej1LLti.:lfll1.:1'ntltlnLuu'nLiin 1 n1~t.h~::lftl.:lej1"'1ntli'41t1 
'I " ~ _ 'I_~ ~ .r 'I_~ tl • ~ - <I , ,... 'I !'I.'I"" .. 
~tltl1\11'Vl1.:1loP'1u~YJnfll~.:IL"~::LUtl ~'Vl1.:1 i'41t1tltlU 'Vl1.:1IoP'1ULL'!I.:Itl1n~1t11nm1 Ltltl ~l'I ~ennLi'4n 1 

LLft'J~.:Ifi1114'nl'ltln 

3. m'l~n"tm 

m1"l'n"tln ~tl n1nht\\'LnULL~n~'Jtln1?t-nijlPlt.hllilejt~LL"ntltlnLtluLftu'U1.:11 L7t1n l'Itln 

ritluu11tl~1u l'Itlnl~~t1i'Jltlij2 1IUl'l~t1 "tln~4'n'!lu1uri'UehU:i Lmn~1 V1tln~U ~tl.:lL\1i'41L~t'l 

~'1eJ~1UtUtltlnL~tl t~"'tl n'U1.:1l'11tllftl~n1~ \1Wtl1~4'nLtl1L~"1::eh'WH.rU\1~~ritlUl.7t1n "tlnSh 
" 0 'Itl...... • 'I_!...l... .t 'I"
Cl1U1 ~ ~n~1u"'::tlfll~1tlfll.:l'VlUm11oU'Vl~n~1nLUtl ~tl 

... .. ...... • ... .t 'I_!'I.! \'_ ~'I " " ,
l'Itlntln1lWl\1U.:ILnJm1 l'Itln6ll::LLfIl.:l ",n"1tlfll~1tl\1U1'!1tl.:lLUtl ~ I,I:.l Iol'ItIL\1i'41'21 ~tltltln'U1.:1LL6ll 

'I.!.l' 'I " ...... 'I.!- ...l..t'•. .l' ... ~ 
~'ltl.:ltl1n ~\11t~~ l,I:.I6lltJl'Vlfi'Wl'l1U~U~'JnL"'U 

~i~n"tln tJj)Ui ,,~if 

1. ritlu"'n"tlni.:l~tl.:l"lli1l*1 fIl~~LL~.:I'nU:iLfin 1 ~ej11.n1lLffi'Uritlu .. 
2. L\1i'411tll2!i'.:I~tl.:l'1.:1t1lLiin \1Wt\1qJL~tlt'lriU 

3. n1~n"tlnt~~A4'ntl~1::\1~1.:1Liu"'tln'UULLi'4::LftU;1.:1ih.:l ~tl.:l"t11t11tlfl~'U~tlt\\'LftUVltln .. ... 
ijfll'J1tl\1U1L~tltlriU ij~u'W.ftuVltlm~t1'J 

4. n''lL''.'''tln 
J'l - .... ~ 'I "... .oil 0 'I. I 'I.!'...l... ...

m~L\1i'41"tlm1JU~fin1~LLJl.:l Lni'4t1~L"'U"tln ~\1L~t1'U LtltlU1 ~lJ~1u",:a".:I1U'Vltlfll'J1tli'4::LtlfJl'\ ~'JfJ.:I1tl 
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1. ~fiL~~1lJltm~u t;i1Ci1L~~1LftUlJltmt~tit1U LL;.:J~U1 ~1tllJ1.:JL~1.lt1riUrit1ULLi\',)~.:JL~~1~lJ 

L~~tJ1.li.:Jiilffi~U1IKCilL!UlJlt1nt1t1nt~i1inM'N::flli\'1tJL1.l@CilLLI'1.:J	 At1 i1fll,)11.l1.lutulK') ~')Uhi'l~1.lfll1.l 
.. 0 '1.1 ., k "'. -- ., 'I.l'

L1.lt1U1 "IJ~1U"'::"t(;lL~UI'1t1n I.~ll(;lnu """£II 

2. ~1h~@1lJlt1nlJl::LLl'l.:Jtmm1L~~1L"JiUL~tJ')rilJlJlt1n~ULLl'iiltJ1.lL~~1 tm1.l~u11K£i\i1inM'n.l::1 

L~ijt1UnI'l; L"r1::L!UI'1t1ni1'U1£i\L~nn~11'1t1ntiu,. 
5. n1'7itlJJ'hnd 

'l~~Luu~~i1fi~')~')tJlJl11.lfi111.l1l1~~11.l11~U11.l1t{~1.:J1U'l~iu~LLI'i~ilJlnn.l~U1.:JrULLUU 
., ..I I .1 '1.1 ~'I_'" .... 0 l' ., ~, 
lJlt1.:Jn1ffi,)£i\~1tJVlL(;IU~,)tI.:J11.l LLtJ~nlJl"'l I.tJ"'1n~ IJ.Jfin1.l1l1lJl "'.:JU1L~UI'1t1n1.l1t1t11.l~nt1U 

~in1'iitllJi\md 

1. L~~1L!U"f1n'UJ'itJt~,u1Ci1 L1tJU LL~::~.:Jt~LL-«.:J~ilVl 
- ..J ~ ., '" '" .~..I "'''''.1 ~.,. ., 'I"2. LlJlffi1.l1111lU:: LllU lJU V11.lt1 ioU I.~'U fiVl"':: I.lltlt11.lIJ1::L11V1\'i~~n (BaSIC dyestuff) "t::tJt11.l I.1.l 

'l~~CiI'l~ ~~')tI~CiI L"JiU ~L;tJ') (1.l1~1'lllJlU n'1u) ~~1lJl1~ (Lt1neJl'1r1UrI')U) ~LL£i\.:J (ii~1.l1ffilU11,)U) 
... 

~U1L~U (~il~\Ifl) 
~..I., ~ ~ ~ '1_ ~ .. .,~..I ., '" 

3. ~::@1t1\'iift11.lVlI'1t1.:Jn11tuu1ft1UlJl.:JVI.:J I.,)1UU1LtlU~.:Jll11lU::LL~,)Ll'I\'il'l@::~1t1LL~,)'l~~.:J ioU 

~~t1~1filU'l~L;1riU t~Lnflt1~.:J'ltlL@nUt1t1 L~t1t~~£II'UJ"U'V1UVl1U lA'1.lt~L~t1£11 
o k 'I.t,'! , , 'ItI'" ., ~., x .. ., ~.l''' '" ., , ., '1.1

4. U1L~U"t1n IJ.J I.~'1.l~.:J I. I.U~1.lt1fiLL~,)Lt11'U ~ffi"t::I'11.ln """ lIJI.:J"t:: I.llL,)~1U1ULLl'1nI'11.:JnUI.1J 

., .t '1_1:'.,., '" ~ ., .. 1! Cll" . t	 .. '" 1! 1'_
f111.l@nM'n.l::'t1.:JLUt1 ~ mflt1.:Jn111.V1fitlt11.lflIilL'1I1.l ~U1n llL,)~1IJ1::1.l1n.l20 - 60 U1V1 I.'1Il'l,)11.lnJU 

- _11 • ~ ., ~'" ~ oJ ~ _ • ., _ 0.!'"l" "'.,
90 t1.:JfII1LlIJI~LlIJItI~ n1nJt11.lLLI'1~::filNfil')1t1t11.lfiI.£i\\'i~U.:J W1tJL~"1:: LLlJlm1.lfil')11.l"t1LlJUlJlt1.:J I.1l1111lU:: 

tU~tJ')nu fil,)1tit11.l"'1nfitit1u'ltlVl1~L;r1.l 
...	 , ... 

5. ift1~L~~U.~')t~Lt11U1~t1t1nt~~1.lCil ~t1U1L!ulJlt1nillit11.l'ltl~1.:JU1~::t11£11 ~1tl~1.:J~')t1n11il 

~1i1.lllilliltit1U L~t1~1 t ~'l~~£IIfu LLi\',)~.:JLL£II1il t ~LL~.:J~ilVlrit1U,j,1 'ltlt;.:J1U 

2.4 VlQttijm...n1Jn"th1J'UU 

2.4.1 IJtlL"tlfLYloA, 

LrI"t::"lJ~1i)",J1::~11'U n11t;fltlnffi! Lfii1tt.:Jijt1 Lfll1tl.:Jt;~~1t1a.:J~@1t1t1ti1~Lritl');t1.:Jriu 

n11LfiI~t1u'lW:l m1Lfil~t1U~ L"JiU "1il~1.l Lfil1tl.:J{n~1 Ll'l1tl.:Ji1U~~'l~ Lfil1tJ.:J~~1.lt11~11 Lfll1tl~~U~1 
'1.1:' .. ,1.!'"1"" ., 'Itl '" tI .. .. .. ..; '" ., I ~ ....~ oJ..I

r.lft ~ LLft~Lfil1'8.:J~I\'1ULlJU"U L1.lt11.lt'l~L'1" ll1t1 I.Ufl n1n.l Lfllffi~1.lt1Lfil1'8~I.'1L~~1UU 1.lwt.:J~U~V1 

'Il11.l1t{~1UL~;jt1uriULL~::i1UVlU1V1~1fli'U~t1mni1.:J1U't1~fltln1n!LfiI~~;jt1 Lfll1t1.:Jt{L~;jt1UnUi.:J 

~~1A'cui.:J,ruAt1 1.lt1LlJlt1f (Motor) 1.lt1LlJlt1~t1Lfil~.:Jn~'lfHh (Electormechanical Energy) ~~1 

~u'~LtI~tlu"i~~1U\yHh (Electric Energy) t-«Ltlu"i~.:J1unfl (Mechanical Energy) tuttl't1~ 

n1~'lULfil~t1U~ i1t1~ttrll,numnl1'ltl'l{.:J1U~t1ti1.:Jntj1.:J',)1.:J ~nu1'ltl'h1.lt;.:JTuriufltlnffi! 

'lltih Lfil1t'l.:J;jt1'lltih LL@::Lfil1tl~'l;(lltfhil~tl1::~1n.l 80-90% in~1.lt1L"t1f1."fh (Electric 

Motor) LL~(;I~;~ttJ 

mailto:LL@::Lfil1tl~'l;(lltfhil~tl1::~1n.l
mailto:1h~@1lJlt1nlJl::LLl'l.:Jtmm1L~~1L"JiUL~tJ')rilJlJlt1n~ULLl'iiltJ1.lL~~1
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!'I ••I_'" -'i' _ " .of "col 0.... .J".J ... .J
l.I'el~V1t'l1b","'1)JloP'lN~rJ~~tJ'el~VlU'VI~1fllqJ2 ¥'i'JUfllt'l ¥'i'JU~)J~ '\!I~m11'J1 ~~~::¥'i'JU'IJ/fWIl~~'J11l 

~'J,j1 ~~i:l1fllN~1'l~fll~1tJfitJ~fll1t'l~ri1 ~u~ 1vJTh m 1'Vi1 ~1U'IIt'l~)J'el~Vlt'lfl'ri~1t'l1 ~tJ~U1)J ~~~ ~'\!I~n 2 

'11l~~n~~u 1~~ri ~U1)J~,.j~'\!I~nm'J1 ~~::~U1)Ju~~'\!I~n1'ri~1'11t'l~'II~~'JI1l~'J,j1 ~~I:J~t,"~n~m1 

l:J~n~\lriufU'II'el,:j~\l1)JU~~'\!I~n,r~~t'l~ 'Vi1t~'11I1l~'J~~'J,j1~fll~t'l\l~~'J1,:jt'ltln~1~~~~'\!I~nm'J1 ~nl1l.. 
..Ii col~ 'I" ... col .... 0... ... col

n11'\!1)JU~fll~t'lU'VI bU b~ n11'\!1)JU~fllfit'lU'VI'IIt'l~'IJ"'fI'J"'~'JU1UfI::'VIf'1'V11~n11~fllfit'lU'VI 

n1'11'i1~11J"'i).lnJ'il LPl'il4'L~ rh 
)Jt'l~Vlt'lfl'ri~1~'Jnl:J~(;l~U)J1t;r~1UUtl~t'lt'ln1~~ilu 2 U1::1Jl'VI ~t'll.l'el~~t'lfL'ri~1n1::U~VlN 

(DC Motor) ~i1U)J'elLVlt'lf~"'t'l~t;rritJLl,'\!It'i~"'1tJ1v!fhn1:iU~j;JN ~i1U)J'el~(Jlt'lf~LtJtJ(DC Source) 

L~t'l~"'\l~tlnl:J~VI)J1t;r~1U U~::)Jt'l~Vlt'lfLvJ~1n1:;U~~~tJ (AC Motor) Lil \l)Jt'l Lj;Jt'lf~"'t'l~1.;rritJ... 

u'\!It'i~"'1tJ1'ri;hn1::~L~~itJ (AC Source) )Jt'lLVlt'l~U~~'Jn-Koo.lU1)J1"'1n)Jt'lL(;l'elfn1::U~~NL~t'lt'" 
'I" 'I.!' ," .r

~1)J11nb~~1U~t'ltJ1~n'J1~'IJ'J1~)J1n'llU 

1. )Jt'lLVlt'lf1.vJ~1n1::U~VlN 

)Jt'l~(;lt'lf1.'ri~1n1::L~~VlN(Direct Current Motor )'\!IffiLitJn~1;l.')Jt'l~t'lVlf (D.C. MOTOR) 
., 

)Jt'l~~t'lf1.vJ~1n1::U~~1~U1:int'ltJ~'JtJ u~~'\!I~nm'J12 i'J'J1~t'l~1::'\!I~1~'IJ"'~'JI1l~'J,j1 'IJ"'~'J"'~1,j11ij:; 
... 

1~fuLL1~~ul'ri(Jl1~ilt'lutIDum1'Vi1~1u 'Vi1t,"~n"'~1U1"'U~~'\!I~n 2 "ll'" i:li'Ju~~'\!I~m'\!lij'eluriU'J1~ 

tn~riu ~nI1lU1~I:J~n~u'Vi1t~'II~~'JI1l~'J,j1'\!1~U~fll~t'l\l~~ m1'Vi1,:j1ud~t'l~~U'IIt'l~)Jt'l~Vlt'lf1.vJ~1 

n1::U~VlN U~"',:j~,:jpJ~ 
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1,j~ 2.3 utffl.,jm'nhn'U~t).,j1Jt)19l8f 

"''lnpJ~ 2.3 d'lum~.vh-1'lULd'fl-1~U"II'tI-1lJ'tIL~'tIfl:rlrhm'~lJ,~~N;:jlJ,N~u1vllJl~-1r.l'ltJ~'lU 

lJ,1.11-1 chuhJA'fllJ ijfJLlJILlJI'flf e.i'lu1,Jl-«"II~~'.l(;l (jj''.l'll'l~'tl'lfLlJL''''fl f .vh1-«"II(;l~'.l "''tl'lfLlJ L"''flfLn~ 

~U'llJlJ,~L'"~ n1vlrhfulJ'l 'VI'l-1 rK'lU;('l tJij'tlLtluifJL,"i1'tl (N) LL~~~'lU"II'.l'lLtlui'.ll~ (S) L,"ij 'tlunu 

i'.lLL~L,"~nm'.l~'.l'l-1'tl~ln~1 Ln~~'lU'l"'lJ,~L,"~n~in~unu 'tl'lfLlJL"''tl~~u1tJl'IJ\ifll'VI'l-1~'llJL;JlJ 

'IJ'l~ m vtffi lJnUfII'tllJij'.lL~L~'fl rnlJ'IJ~'llJ1tJrK1tJ lJ,tJ ~-1 cl'l'IJilJ ir~nUfl'.l'IJ"II'tl-1f11'tllJ ij'.l LlJI L~'tl f• 

LL~L,"~nm'.l~'tl~ln~1tlnfllf-1 .vhl-«'tl'lfLlJL"''tlfir-1fOl-1\ln~in 1-«,"2.J 'lJ1tJl'IJ\ifll'VI'l-1~'llJL ;JlJ'IJ'l~m 

lJI ~'tl(;l L1~1 Ln ~mn1 ~U''tl-1'tl'l fLlJLIit'tlffi'tllJ'tl L~'tl flvl~'lii'l-1'l'IJ 

n)t'butJ ~~n'tlU"II'fl-1lJ'tlL~'tIflvl~'l n ~~LL~~N 

lJ'f) L~ 'tIflvl~'l n~~lJ,~~~-1~eJ~ lJIlJ'll;(-1'l'IJ ;:jLfOlN~~'l-1 LL~~fl'.l'IJtJ ~~n'tlUfOl~'ltJnuLflli'tl-1ri'lL U(;l 

1vl~1n1~lJ,~P1~-1 ;:jfl'.lutJ1~n'tlU~i\'lfliCYL,"ij'tlUn'IJ iJpJi'l-1ftnttNU11tJU'tlnfOlft'ltJfiu lJ,~n~h-1nu 

~~-1m~'Il'l1tJl;r-1'lu 1L'ltJLfOl~-1ri'lLU(;l1vlrhn1~LL~lJIj-1",~ii'll,"Ln", ..1vlrh1'IJnI"II'tl-1LLN~'lJ1vl~~-1

.J. !'1 ••I.~ ... ov ~ ••I 1" ... 0'" ... ... ov'tl'tlnlJ'l f4'.l'IJlJ'tlLlJI'tl~ ~1111'lnj~lJ,~lJI~-1LlJ'tl"''ltJlJ,~-1''''IJm~~~ ,"lJ'tlL~'tl~ 'VI'l ~,"lJ'tlL~'tl~,"lJULn~vt~~n~• 
fUlJ'l fl'.lutJ~~n'tlU"II'tl~lJ'tlL~'tlflvl~'ln~LL~~N 
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ft'Jutl~:n'6U"lltM~'6LlJltlf 

1.L1LlJltlf 

2."Il(;l~'J(;I~U1~LL,jL~~n 

3.;'JlfitlfA1tJ
'" 

4.tstN~'flLl'ltlf 

5.~.hMtl1Ji'J 

6.eJ1f11'61JV11tJ 

'" 
"Il) ~'Jutl~:ntl1J~inl "Iltl~~tlL@1tlfl:rHhn~:LL~l'lN t1~:ntl1J~'JtJ~'Julfi1~1 ~~il 

. '" . 
1.) "Il(;l~'J(;I~U1~LL,jL~~n (Field Coil) ~'fl"lt(;l~'J(1lVitJn';u'el~n1Ji'JLL,jL~~nVi~(;l~Vln1JLflN 

I ~ ~ ~ I 

~tlL@1tlf Vi1~U1Vlri1Lij",i'JLL,jL~~n;'JL~il'el (N) LL~:i'J1.Llf (S) LL'VlULL,jL~~nm'J1"IJ(;l~'J(;IVl1.;Li:Ju 

'Il(;l~'J"''el11J~1tl1~U'JU ~U"~LL,jL~~n"l:Ln(;l~UL~tl"'"tJLL1\1~u1~l'l1\11.""~tlL@1'elf 

2.) f'JLL,jL~iin (Pole Pieces) fitlLLnU~1~f1J1tl\lf1J"Il(1l~'JVl~U1~LL,jL~~ntJn~",~",n1JLflN 

~tlLl'ltlf~1U1.U f'JLL,jL~~nVi1~1"l1nLL~uL~~n'titlU1J1~1'tl""tlunu (Lamination Sheet Steel) L~tl 
, '" 

~"'n11Ln",n1:LL~1~~'Ju (Edy Current) Vl"l:v'h1.""fil'J1~L;r1'1ltl~~U1~ILL,jL~~n~",~~;'JLL,jL~~nVi1 
, '" '" 

~u1Vl1.""n1Lil",i'J~U1~LL,jL~~niJfil'J1~L;r~~~~(;l LL'VlU;'J~U1~LL,jL~~nt11'J1 ~'J~1U~U1'1l'el~.. .
 
f'JLL,jL~~nVi11.~~fun1Jtl1fL~L"ltlf"f(tl~ 

3.) LtlN~tll.6ltlf(Motor Frame) fitl~'JuLtI~tln~~1l1tJUt1n'llfl~~tlLl'lt:lfLL~:~(;lft'Jutl~n1J~ 

(Stator) 'Iltl~~f1Ll'ltlfl.t)1l1tJ1.uh~n1JeJ1iJ",i'JvhtJ'Il'fl~~tlL@1f1fLtlN~tlL;}tlfVi1~U1~Lilu'Vl1~L~U'lltl~ 

Lt\'ULLNLL,jL~~n1:~~1~f'JLL,jL~~n1.""Ln"'ftU1~LL,jL~~nfilru'J\I"l~ 

4.) tl1fL~L~'fIf(Armature) fitl~'JULfil~tlU~ (Rotor) t1nm"'~Vln1JL"f(~1 (Shaft) LL~:~'fl~fu.. 
, 

n1~,n~u~'J[/Vl1tl~fun1~~U (Bearing) t91'Jtl1fL~L~tlfVh"l1m~~nu.~uu1~1'tl""tlunu ~mIJl1: 

itNtltlnLth~~IJ1J1L~tl H';1JlI('l~1J ~tl1fL2J L~tlf (Armature Winding) 1J~ft'lc;)tl1fL2J L~tlfLi11J1l C'lfl'l ~ 
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~1UJ1~1~~~~ ~~~'~~~~~1n~~~~f~~~,~~~~n~~~~~~~~~1~~u~fi~~ti~;~'~~~~~1f 
" 

~~~~~fl.t) 1l~1~'C;)~~~~1f~~~~~fLJi~Hnufll~~ij~~IJl~IJl~f ~1f~~~~~~ftJin~~'~~~~1~~~~~\u~ni.., 

0'1"" .. ....l 
,,~.., 'VI1 ~\'Im:i'~~~~~:i'\'Itj~~fll~~~'VI 

__.. .. ....J... I .:J .dl.-"., ..I ..
5.) fll~~~~~j;J~IJl~:i' (Commutator) fll~~~~~fll~~~'VI~n~~~\'I~~Cln~~j;J~~1f1nUm:i'~~~~~:i'.. 

~~~~'rl~1h~n~ fil~~ij~~1JI~j;J~f'i1~1n~'Vi~'VI~..,~c;)~~;j~1l:i'~n'tl1J~;r1~~tJn~~tI~:i'1l'VINn:i'~tJ'tln ~LJi~~.. 
~'Vi~'VI'tl~~~~'~~fll~~ij~~1JI~1JI~ftJn~~n~'tln"'1nn~~~~~~'J~1~n1 (Mica) ~1f~2./~,..~f fll~2./ij'J~lJI~lJI~f 

'Yi1\'1,j1~~i1~i~fu~N~~1~lJIN~r41~~1~1n~1l:i'~th~~~~~~11lt~,~~~~mf~~~f 

6.) ~llNth~ (Brush) ~~(;j~l~er~nUfll'tl~ij~~j;J~r;]'tlf 'Yi1~i1~~'Vi~~~\'I~fJ~tJ~1JI2./1~1n 

fIl1fu~~\'Iffi~n11~lJltJ~~tJ~'VI'tl~~c;)~ ~~~H'~;j-1~~~u.11~n11~ei ~~1~i~u.1LJi~h~ntJ~1l:i'-:Jri1~~~~ 

11lfu~Ni~1~j;JN~r41mf1~1 ~llNth~'Yi1\'1,j1~fu~~Ni~1~lJIN~n~\'Ifi-:Jr41fJr41tJe.h~11lt~fll~2./ 
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fI)'j\il"''j\tl\ltJ'tILl'1tlfl~Vl'1m'::LL~l'1:NLL1J\I'tI'fln1~~\I~ 

tJ'tILl'1tlfl~Vl'1n~LL~l'1~\lLL1J\ltltlmflu 3 'j\il~1DlLLri 

1) tJtlLlJl'tlfLLtJtJ'tI'lfm'tJ (Series Motor) 

f\'tItJ 'fl Ll'1tl f~@i'tl'j\ ~~':l ~ ~u'1 tJ LL,,] L~~ n'tlun ~tJ ntJtl'1fLtJ LIOI 'tIf"lltl \I tJ'fl LlJl'tl f'JIil~~rj '1 fl~~ ~,;• 
(Series Field)ijflwtrm~t~~~fi'tlL~LLNij~1\\liltJtJLiLflu~urhtr\l'j\'tI\I~tl1~Vl'11tltJn"ll'fl\lLfI~u1~Th• v 

fI':l'UJ L1':l ~'tI tJ"lI'tI \I tJ'tI Ll'1't1f'tlun ~tJ L~tll,,] i1t~~ ~ fI':l'1tJ L~':lIOl::M tJ'1 n LL~ t.l'1 i1t~~ ~ tJ'1 ~'tI fI':l'1 tJ L~':l n101::• v 



• • • 

ttl,tt~l1l1nt-.t~~n::.tUl,tftA1.fGW1Gtml,t-1,~l-Ut"lA~n.t~N) l~ 'l ~f11 

':••"MGl 

o0
 

JunlJS II1II 'WJV 

+ 

I1Lt'ltl' t"mtLr..l!lnl1~f1,gLUt'G~::~m 
1 'I k ~ rrl· 1'1 

1A.t'I!lr..g'rtLr..l!lgLUt'Bl4lrt~ltl"::W"'rt~ltl"nt'ltlnLNl.U::rtk\'ULrtnr..~gBl4l'BrtlA.nllo 1A.t'I!ln.UU'rtLr..I!l~" 
~ I:t ~ 0111 ""~J'O "'" 1"'.11 ~ r:r D• 

L.~nrtk\rtlHjIGt'g" !!N,r..imL.r..lel~ ::1't"lOl.u~rnlel!!~nL.na.n.n."jBl4l'Grt jBb,rt'L.Bltlllo lflr..~~a.n..vnL.na. 
II I 1'1 

Bl4J::b (110:) Plel.:l)Bl4J::bU~k\ 'rt"rtLn~lflr..~ltllr. nnLnlr.n.n."gBl4l'Brt gB~'BrtlA.nlloLr..ul1g'Uk\ I • • I I:t I 1:,.D,.D,.D ,... I ..... 

(JOlOV\llum-ls)nLnJ1,n.n."t'gl4J~,,::gULtft.tUBl4J'Grt'(G 

l1.tuhGIlIl"t-.t~::.tUl,tftA1.fGIlJ1GI1t-G~ttl,t-1,~l,UN~~11.t~N) ~ ~ 'c ~rU 
t"_'.'1.. ~jI: 

oo 

l '\ );','\ 

, .-Jl-o+ 

Brt~'~BB~Lrtltl~k\l!!t'BJft'~rtguhBn.n."jBl4J'BrtIA.jLlS~rt~'B~,n~t'~!t't 

11 Lg 14Jn~ltl ~'bLBU Lrt t'~::br..~,rt Lr..I!lB~Lrtlfl~k1.1!!rttB~' t'~ltl ~::b n.Ut.i'11 Lr..I!lU Lrt::b~,,::g UU!1-k\nLt' 

~tBtP~~tU!1-k1.nLt'~t rtWhBn.n."t'g~~,,::gUjBlS'Brt rt~L[t't'Btl!l' L,\2n.~,gU~ Ltft.ttnL~~ gLk\LB
.. 

oz 
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3).)JtlL(;l'flfl.vHhn:i':;U.~V1:i'·:HL'U'Uf.JtUJ (Compound Motor) 

,.,1'f1wtJn~1"'fI)J1h'J~)J'fILl'l'flf)J'fIL(;l'flfl.~fhn:i':;LL~V1NU.'U'Uf.J~)J~r.t:;,j11"lCl.lin~N:;~~1I'fI.:J• 
)J'fILIJl'flfl.~fhn:i':;u.~l'l:i'.:J u.'U'Unnu LL~:;U.'U'U'fI,*n:i')J)J1:i"J)JriU)JflLVI'fIfu.'U'Jf.Jfl)JiifiJCl.lin~Cl.l:;~LflI~ 

I ... .... I 

~'fIiJu.Nfl~~.:J (High staring torque) LL~I"l'J1)JL~'Jffi'Ul"l.:Jil~.:Ju.~ir.:J't~mVl~(?lr.tun:i':;i.:JmVl~(;1L~)Jil 

,. .......... I ... ""l~
 
)J 'fI Ll'l'fl:i'U.'U'U f.J fl)J )J'Jfim:i'1Jl'flU1I (;1 ~'J(;111 U1UV1ffi11(;1 ~'J (?l"llU'VI'fI 'J 2'Jfi 

~,.,;i.:Jt-nL1i'fl1l(;1~'J(?lu.'U'Ui'IJ";'U1'IJri'U'fI1L)JLr.t'flfL1tJn~1"ll'fl'VIiU"t1 (Short Shunt Compound Motor) 

i.:J:i'1h.:Jr.t:i' 
OJ 

Series field (1;1 '1r1<l>1 I 

Sh~llll field 

zU~ 2.13 'J.:Jr.t:i'u.fl(?l~n1~1.:J1U)J'fILj;j'flfl.~fhn:i':;l'lNLL'U'U"ll'flfniu";I"l'f})JL'l.h{(;1 
ell..... .. I., ......, :,. 
'fImfifl'fl.:JI"l'fl(;l'fl1l(;1~'J(?l1IU1Un'U'(?l~'J(?l'fl,*n:i')Ju.~:;1I(;1~'Jt'l'fl1L)JL~'fI1L:i'tJn'J1~'fI.:J"llU'VII"l'fl)J 

LU1'J~)J'f}LVI'fIfLongshunt motr) i.:JpJ'J.:Jr.t:i' 

+ 
l~oll!l1ilwl 

Shunt field
Arm. 
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2. "ltl~[;lflfl.yHhn~::u.~~iU"ltl~LJltlflyHhn1::u.~~iu(Altemating Current Motor) ~1tl(1tJn~1~tl.~ 

"ltl~lJltlf	 (AC. Moter) 

" n) "IlUt'l"lltl~"ltl~[;ltlflvlfhn~::u.~~iuu.ti~tltln'Wl;~iJ 

"ltl ~LJltlflyHhn1::u.~~iuu.ti~tltlmfl'IJ3 "IlUf.'l'l~ u.n 

"ltl~lJltlfl.yHhn1::u.~~iu"llUf.'l 1 ~~~ ~ffi~tJn~1~~~mU~~"ltl~lJltlf (AC. Sing Phase) 

~tl~'Vl~~~ "ltl~lJltlf(Split-Phase motor) 

fll11.h~~LJltl1"'''ltl~lJltlf(Capacitor motor) . 
1,;~'i''IJ''ltl~lJltlf(Repulsion-type motor)
 

tlil~'1tlfu.';I'If~"l'tnlJltlf(Universal motor)
.. 
~~f.'l~f.'lf.'l LTt~ "ltl~[;ltlf(Shaded-pole motor) 

2. "ltl~lJltlfl. ~fh~iU"llilf.'l 2 ~~~~ffi~'itJn~1~~~~"ltl~LJltlf(AC. Two phas Motor) 

3."ltl~[;ltlfl~fhn1::u.~~iu"Ililf.'l 3 ~~~~1tl~tln~1;\~~~"ltl~lJltlf(AC. Three phase Motor) 

"lfiJ~'!I'il-:lJJ'il~~'iln,"';h	 • 
" "ltl ~lJltlfl~fh u.ti~tltlnlJl1"ln11t;r"lltl~ n~::u.~ 'l~fh 'l~ 2"1lilc;);~i1 

f'1 ....I ..~ tV .. 411 I'" ,.1.2.1	 "ltl~lJltl~bTf"1n~::u.~~~u (Altemating Current Motor) ~1tl~1tJm1 ~tl."lI. "ltl~lJltl~ 

" (AC. MOTOR) n1~U.ti~"Jlil~"Iltl~"ltl~lJltlfl.~~1~iu~~ti~tltlmtl'1J3 "llilf.'l1~~~il . 
1."ltl~lJltlfl~~1n1::u.~~iu"llilf.'l 1 ~~~ ~ffi~1tJn~1~~~n~~~~"ltl~LJltlf (AC. Single 

Phase)
 

- ~t1~'Vl~~~ "ltl~lJltlf (Split-Phase motor)
 

- fll1tl1.~(;ltl{"ltl~(;ltlf (Capacitor motor)
 . 
- "h;~'i''IJ''ltl~lJltlf (Repulsion-type motor) 

- 'Jil~';Itlfu.';I"lI~"ltl~lJltlf (Universal motor) 

- ~~~~~f.'l LTt~ "ltl~(;ltlf (Shaded-pore motor) 

2. "ltl~(;ltlfl~~1~iu"Ilil~ 2 ~~~~1tl~'itJn~TY.!~~~"ltl~lJltlf (AC. Two phase Motor) 

3. "ltl~[;ltlf1~"1n~::u.~~iU"Ililf.'l 3 ~~~~1tl~1tln~1;\~~~"ltH[;ltlf (AC. Three 

phase Motor) 

!'1 ••I.~ ...... .... ...	 r 
1.2.2."ltl~lJltlHn,"1n1::u.~lJlN (Direct Current Motor) ~1tl~~tJm1f.'l."lI "ltl~lJltl. (D.C. 

" MOTOR) n11u.ti~"Ililf.'l"lltl~"ltl~(;\tlfl~~1n1::u.~[;l~~U.ti~tltlfl1~~tI'IJ	 3 "Ililf.'l~~i1 

1. "ltl~(;l'flfu.UU'fl~n1"l,"ffi~1tln~1;;'ft"ltl~(;ltlf (Series Motor) 
,. .. .cal .0''' ,.

2. "ltl~(;l'fl1U.UUtl~"Il'IJ1'IJ~1tl~rom1"1l'IJ'Vl"ltl~(;ltl~ (Shunt Motor) 

3. "ltl~[;l'flfl~""'Iu.uueJ~"l~1'flCitln~1flltl"l~t11';1c;l"ltl~(;ltlf (Compound Motor) 
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~'il Lfl'ilfLcWyh n~ LL~61"l~ 

).J'tl LlJI'tlfl,.Hhn 1:;LL~~N LtJU~Un1 ~-:liULfll~'flU~~1 ~'lJ'fl rl1-:1,"~-:l1. ULN -:l1uflVl ~1," n11).J 

L,"1'1:;i1 fllr;u~).J,.m~;i L£'iU1.U~1Un1m fu fll '11).J L1'11~ ~-:I u.~ fll'11).J L~ ~1 ~ ~r.tU~-:I ~-:I {II ~ iltl).J1.;rn U).J1 n
II q 'II v~ 

1.Uh-:l-:l1U'fllJl~1,"n11).J L"llULN-:l1U'Vl'tl~1 L1-:1-:11UL@U1.tlL,"~L'tl ~ L~'flf LN-:I1UClfNL~,":;,"1'tl1.\l LiJutifu 

n1 ~-:l1.Un11iU Lfll ~'flU1f11 vHh LiJU~U1.Un11~mt1 L~ tJ'l nu).J'tl L~'fl fl't'lfh n 1:;U.~lJl N~ -:I fll'J 1f4'n 

fpJm'Nl1i1-:1 1 ''tl-:l).J'flLlJl'tlft't'l~1n1:;LL~~NU.~:;L;r1h~-:I,"~nn11ii1-:11U''tl-:l).J'tlLlJl'tlft't'l';;1n1:;LL~lJlN 

u.uu~h-:l 1 

1. ti·nJtI~n'ilUll'iluJ'ilL61'ilflcWYhn~LL.(;I"l~
 

).J'tlLlJl'tlftvHhn1:u.~lJlN~~'1UU1:ntlU~~1~'lJ 2 ~'1U;-:I;l
 

1 ~'1U~'tl~nu~,"ffi~L1tln~1~LlJlL~'flf (Stator) th:;n'tlu~'1tl
 

- L~1).J,"ffi Ltlfll (Frame Or Yoke) Lilu'LfllN111t.JU'tlnii1,"U1~Lilu'VI1-:1L~U'tl-:lL@UU.N 

LL~ L,"~nr.t1nf'1L '"~tl 'I.uf'11.tIf1.,"flI1U'1-:1r.t1LL~:;ti(illei'1UU1:;ntlU~u11. \lu.;-:I LLNii1 ~'1tJ Ln~n,"iitl,"1f} 
c;; ,. " ~ Q'li IV .,j

L,"~mLeJU,"U1).J'JULUU~LJ'VI1-:1n1:;'lJtln~-:lpJ'VI2.15 

~ ", 
- i'1u.~L,"~n (Pole)U1:;n'tlU"''1tJ 2 ~'1u~'tlu.nUi'1u.~L,"~nu.~:;"(ill~'1~ pJfl2.16 

mailto:L1-:1-:11UL@U1.tlL,"~L'tl
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~ ~ 

~,)uLL1nLLnui') (Pole Core) li'l~,)tJLLeJuLVI~nU'l-:l1 nU~')tJ~u')u1J1~nt1UnuLtluLLvi-:l 

tie;, ~ e;, nuLVh').I ~')utl ~'ltJ~vi'lL t1U1tJLf\'-:I,rUL~t1 Lf\'-:l1UW n~).I"llt1-:1~,)L1LlJ1t1 fL1tJ n~'li') LL)J LVlfl n 
v v 

(Pole Shoes) ij~lJ1tl1J1~~-:lji\1\¥.r')LL)JLVlfl n LL~~bLlJ1t1nnMe;, nu).l'l n~~e;,L~t11.,x Lne;,;t1-:1t1'ln'l fIIUt1tJ 

~qe;,L~t11.\¥Liie;,;t1-:1t1'ln'lfllUt1tJ~qe;,"l~iJ~~ 1.\¥L~ULLNLL)J LVlfln"l'l n.r')LL)JLVI ~n"l'ln.r') LL)JLVlfl neJ'l'l.lLtl 

6-:1t1L(;Jt1f).l'ln~q e;, LLi\'')Y1'l1.,xLne;,LL1-:1ue;,VI'1'tln'li-:lue;,"llt1-:1t1L(;)t1f).l'lmilun'l1Y1'l1.\¥).It1 LlJ1t1 fij n'l i-:lVl~'I.I 
..l 

(Torque)lt1'V1 2.17 

_I". v1;uYl2.17 t\m:tfU::;~'tl>1 

. ~ ~ 

~')u;jilt1-:1 "lle;,~')e;,il'l.l'l~LL)JL Vlfln (Field Coil) "l ~~'I.It1~1t1U1u.n'l.li,)LL)JL Vlfln"lle;,~')e;,;jvi'l 

" ... ., ... " I a "",.t I C'I ~ ... 
VI'I.I'l'VI1U n 1~LLil"l'l nfl'ltJ'I.It1n L'Yit1il1'l-:l L~'I.ILLN LL).I LVI~ n 1.VlLne;,"ll'l.l u.~ ~L«'I.ILLN LL).ILVI ~ nU":;Lne;,n'l1 

~n i\''l-:l LL~ :;L~1').I nunu~U'l~LL)J LVlfln'llt1-:1'tl1L).I L"lt1 fVh1.\¥Lne;, LL1-:1Ue;,~'I.I 
~ 

2 ~,)VI~'I.I (Rotor) ~,)VI~'I.IVlffi L1tJn~'l t1L"t1f~,)VI~'I.I;jli'l1\¥ Lne;,n'li-:l-:l'l'l.lijLLn'l.l,)'l-:l'tl~1.u 

f1iu\1nuu (Ball Bearing) ;-:ltl1~nt1Ut1~1.'I.ILLeJ'I.Itle;,,.r')Yi''ltJ (End Plate) "llt1-:1).1t1LI1It1f 

~1L1LlJ1t)ftJ1~nt1U~1tl4 ~1~')tln'l.li-:ltu~ 2.18 At1 

1.LLnUL'Yi~'l (Shaft) 

2. LLn'l.lLVlflnt1'lf).l'lL"lt1f (Armature Core) 

3. fllt1).1i)')Lflt1f (Commutator) 

4. "llt1~')e;,t1'lf).l'lL"t1f(Armature Widing) 
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1.u.nU~YH~1 (Shaft) d'JuLJi'J~1'VlftJ~l1lflltnJij'J~61~LJ1tlf u.t'l::~~u.nu~'VI~ntl1f2../1~~tlf 
.... I I I 

(Armature Core) tl~::ntltJ ~i'JuLJi'J L~~LJ1tlfu.nu~~t'l1il~::'J1~tl~tJUU.tJ1'~ ~~tlU~ ~'J1~'VI~utl~luu.U'Jij~ 

L~iJm~tUi'l::~;;tlUL~ 

2. u.nu~'VI~ntl1f2../1L~tlf(Armature Core) ';1~'JmL~UL'VI~ntJ1~tl1tJ~U'JU (Laminated 

Sheet Steel) ~i1U~~1'V1ftJ';U~~t'l'Jl1ltl1f2../1~tiiltl~~i'l~1~U.Nij~ (Torque) 

3. fIItl2.Ji'hLLJ1~l'Itlf (Commutator) ';1~'JtI'V1tl~u.11l~'f)tlnu.tJtJLi]u~u.I'it'l::~il~u'JUL2.Jri1 (mica) 

,*U7::'VI~1~~~'f)~filtl2../ij'JLI'IL6I'f)ft'bui'J~~tl~flltl2../ij'J~LJ1~l'Itlf~::ilitl~~1'V1ftJ1~tlt'l1tli'l1tl ~tl~~l1lt'l'J~ 

tl1f2../1 L~tlf LJi'J filtl2../ij'JL~ L~tlfdt1l1lu.uu;;~ritJ u.nu~ ~t'l1 ~i'Ju~tlnt'l2../'V17~n7::tJtl n iJ'VI'i.l1~l2../ iri'lritJ.. 
u.tlNthu (Carbon Brushes) L~tlftJn7::u.i'l~1ni'l1tlUtlUL;h Ltlti~ "IICflt'l'JCflt11f1J1~~tl~tli'lf1-:tL~U 

u.Nu.~L'VI~ntln~'Ju'VI~~1~Lii~mrin~1~u.t'l::Li'l1'2../riuri'JL~uu.Nu.~L'VI~ntln~'JU ~~Lii~~1n~(;lt'l'J~ 
...
 
i'J~~~L'VI~n i~mh'J2../1u.~'J~1tln~1 tlfimm2../tl~LJ1tlf (Motor action)
 

4. ~~t'l'J~tl1f2../1Ltiilf}f (Armature Winding) Li]u~~t'l'J~';Utl~lU~tl~i'lt'ltl'V1(Slot) "Dtl.:l~LnU 

CI 0 "tr.. "'1 I .... ~.t ....
tl1 ~2../ 1 Ltiiltl7 ~U1 ~~tl~t'l'J ~~ ::Lt'l n'VI7tl 'VI 'lJ t'l ::~1 U<;l U7tltJ~::2../ 1 n'VI1t1Utl tlUU~ Utl ~ ntJm ~tltl n u.tJ tJ 

.... , .( 

"IItl~LJi'JL~~l'ltlf-nij~,rU1 ~~tlil~::1~~'VI2../1::i'l2../ritJ~1UI~h~1 il~tl~m~ 

U.tl~~ri1U (Brushes) ~~zU~ 2.19 u.t'l::"li'f)~U.tlN~1Ui~zU~ 2.20 

pJVi2.19 uUNchu 
pJ~ 2.20 'Ilt1-3uu'Nchw 

';1~'Jtlfll1futluiJnl~1-:t~t1uu.Yi-:ti~'VI~tl2../~U~11U"litl~U.tlNili'liJ~n~f}ri~1UtJU~~tlL~ri1ud.. .. 
l2.Jiri'l ritJ~fl\tl2../ij'J ~I'I ~l'Itlfl'lt'ltl ~ ~'Jt'l1 ~~tlftJ m'::u.i'l u.t'l::~~ n7::u.i'lLyH417::'VI~1~"II ~t'l'J~tl1f2.J1 ~"'tl f ritJ 

'J~~ 7L~Th~1 nll1tlUtl n ~tl"'1~t1U2../tl ~l'Itlfn 7::U.i'lLyH41 LJ17~~::';1'V1U1~ ftJ n 7::U.i\~1 nll1 tlUtl n ~ f1Ltl 

ir~ filtl2../ij'J ~1'I~l'lf} 71~ft'J ~t11 f2../1 ~~tlf~n~u.7~ij (;)';1L~2../tl ~l'ltlf'VI2../UL~• 
2 \4.nn1"l'11iN3JilL/;lil.fn~LLftl~Yh(;l~.:I (Motor Action) 

'VIinmntl~2../tlLittlflyHhn~::u.i'lLJ1N (Motor Action) ~rltl~t1uu.Niun7::u.~LyH41I'1N~;1Ltl 
'I .. .J .J 1.1" ... .. " ~tl'l .... " • ..
~U2.Jtl~l'ltl~ l'l'JU'VIU~~::u. NmUe..l1Ufiltl2.J2../'J ~61~l'ltl7~ "111 ~ ~U~~t'l'J l1ltl172../1~~tl7M1~i'lU12../ u.2.J~ 'VIft n 
.... ... 
;U u.t'l::n7::u.i'lLyHhtin~'Ju'VIil~tiil::L 'VIiU;1LtlLU"IICflft'J (;)i'lU12../U.~ ~'VI~n (Field coil) i'l~1~i'J~'VIU'f)-l~ 

fu~::~ii"'i'lU12.JLL~L'VI~n 2 i'lU12../ LU"IlCU::L~tI'Jriu 1'112.J~CU~2.JtJ"ii"lltl~L~UU.1~ u.~~'VI~n ~::L~~(;)riu 

fifli'V11~LJ1N;r12../~::in~1~riu U.t'l::fifli'V11~ ~~tJ'J~::~i'l1'2../U.N riu ';1L~~ii (;lU.7~ijCflLUi'Jtl1 f2../1 ~"'tlf ~~'J1~ 
... ... I 

u.nu~~ft1u.t'l::u.nu~~t'l1i1 i'l'J2../tl~lritJlJlitJt'lnnu"Dtl~2../tl~lJltlf ';1L~tl1f2.J1~~tlfil'VI2../uL~ ~N::ili'Jtl1fv • • 
I" I I 

2../1 ~~tl fl11'V1U1i1'V12.JUL~il(~tJn~1 b~lJltl f (Rotor) ~~'VI2../1tJ fll'J12../~1 LJi''J'VI2.JUn1 riI~1U1~ ~~ULLN 



U~ULl1rc\Ui\u.ft'iL~tLU '~ 

L~LWLt . ~ 
~ 

n~"IlJ"~tu:G14'GI1t'GIL::ro.j;tU~I"UW ~.# ~ 

~t'~t't14~~U.fG~GI1t'G"'f11Jt'L!4J~~n.~"",,~tU.1Gt41GI1 

" 
t'GIL~Y'U.j;tU1Y'UW n11lJ1lJ"~tU.1G~'Gl1l'1.lJ' j1l'1.i".1G~' 06 Y'ULI1~t~l1ttUk1.LIlJ~~l'I.a~~G14'GI1 

n."",,::&w.~ ..,~rc t'9'~ ", .. 

(JOlOW 

lUnL.jS 5uOl) .1G14'GI11toL~'I1GWj4l'1.l't'G~L~Ulit'.1GMI1'LGlt'lto~\jlIL~~"l1tUhG\jlto~WILn.,Vl'I.Ll'I.lL 
" 

Wto~It'lILG!,G~t'G~!~ (JOlOW punodwo8 lunllS }J0llS) j4l'1.joLlGl'. L~Ulit'.1G""I1'LGn.~l'I.Ll'I.lLj4l'1.jo 

nm1wto~\jlILG!4JJr~t'~k1.~ ~~ ~G'l'I.jol8to~WIL~k1.l'I.Ll'I.ILWto~lt'llLl'I.G!'tLu~l1~hlnn".1G14'GI1 

~1111'It1~k1.1f!t'~~tUl'I."'\jl~k1.1f!rc\t''@!4J''t'~ ~t'WnlMCi'I1LtoW!4J" (anbJOl 5u~els 115!H) t"WGt'.t"f!G~ 

.j;t1tf'~~I"U.j;tU1Y'UWt!I1~hlnn".1G14'Ql1l'1.~I1ULl1l1tuhGnn"~~,, l'I.Ll'I.lLnn" t't14""~&UL!H~UG14'GI1 

t'GIL\jlLl~I"U.j;tU~I"UWLl'I.~'" l'I.l1~hlnn"t'tllJ~"~ULt+tA-UG14'GI1 tG14'Gl1lt1toL~1I1GWLWIU'lMk1.
'-r-.... 

•
:' ki'..... ,., ~ 0 

(JOlO~ punodw08) 11~!"1nn"t't14~"~ULt+tA-UG14'GI1£'£ 

IiLt'It'l' U'I1LtoWl'I.li~rr'tLUt'G14~~" •" ~ .. 1'"1· " 

~t'WLi'I1LtoWtLUt'G~I1~It1~~U~'I1~I8~~t'~l'I.Lt'n~~LI1k1.'ULl1l'1.to~G14'GI1j4l'1.l'~t'wnlMLi'I1LtoW!," 
. ",

.. ~ 

L14l'1.l1k1.tcg1It'lnt't" Llt'WU'I1LtoWI1 ~1"U.j;tU~I"UWl1l'1.l'I.Ll'I.lLnn"tG~'GI1 tGMI1'LGWIlo \jlto~lt'llLnUl'I.Ll'I.l. o ........ p;r D ,., ....,.,,., .,II" ....
 
I'I " 

G!,~'" (H08 Pla!:l)G!4J~~U~k1.'rc"I1Ll'I.~lt'lto~WIL~l'I.Ll'I.lLnn".1G14'GI1.1G~'GI1j4l'1.l'L~UIif'Gtk1. 
" 

(JOlO~ lunllS) l'I.Ll'I.lLnn"M14""~ULtftA-UG14'GI1Z'£ 

GI1"1~GG!,LtcW~k1.1f!t'G~t'~I1&un.Gnn".1Gt41GI1tA..fL14"I1£lG~
.. 

l'I.~t'1i'\IiLt14l'1.~W~'~LGULI1t'~~"'toi'I1LtoWG!,LI1It'l~k1.1f!ft\G~'t'~It1~~~ nlMCi'I1LtoWULI1~~~"~tU 

• Ul'I.k1.l'I.Lt'l'.' GI1,It1It'l' Ul'I.k1.l'I.Lt'l'.' I1tUl'I.Gnm't't14~"~tUtG~'GI1 I1hlLrr't'lMW' Lhlnli,gU~ LU.U., l'I.Lto~ 
~ ,," ,.. IW" ~~ II " .# ~ • ,.. "" ~ Ii-I"" ~ • 

.& Lk1.LGI1~hlt'G.£.W' l'I.~It1~t'GtW'l'I.~ 't'L!iGIiL~k1.l'I.L,Ctl'l. ~ Lt+tAU-~ t';.wm~Jr~ LI1L!\l1lint'~~~I1~1"U t.luL'" 
I I." 

IiL.t ~l'I.~l'I.lJ'It\ .1 G14'GI1t'GIL It'lto~It'lIL!4J" t'~W~toi'I1LtoW U,!\k1.l'I.Lt'L~Gtk1.ULI1It'l ~k1.11t1 ~k1.1I1L~ t'~It'l~ 

~~.\I toi111 LtoW G!,LI1It'l ~k1.1f!L,y!''' ~ L11t'~~ ~Ci' I1LtoW It1 ~k1.1f!lt\ Gt!" I1tuhG.1G14,GI1t'GlLnG&Ci11LtoW
. 

Lt+tA\ l'I.tW, t'QILUIiUtLt+tA-\ utt'QILt'1L~l'I.~l'I.l;P.HI1lint'~WGt't,,).\~Q~I€~~Y'U.j;tU1Y'UWf!(Pial:! sallas) 

• 1~ ~~~ L~~lt1n'.f Glfl' GI1t'GIL.1G~' 11'.1 LGn~l1.t Ul'I.BU ~k1.' ft" 11Ll'I.~\jl to~ '"I.G!4Jl!.fG14' GI1G ~ 
", 

(JOlO~ Sallas) I1tunGnn".1Gl4'GI1 ~"£ 

t'1."",,:;&ul.tt-f.lU~\fI' ~rc t'~fI,lfJ UJIo '.f: 

(alnJ puell ijal,5u!Wal:l) t'~I1~tA't'GIL 
I 

IiLJtI1UI1L~ ~\l'I.lJ'l'I.,!\~\l'I.tek1..1G14'tl Gtk1. .1G""LI1.1LG"'to~"'IL).\ ~ L~ l'I.~G!,LIi~Q~f!t'G~t'~U~k1.' ft"
 
""
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J 
--=s 
JOll 

~t-1Jtl\~!\&Wlt-~Ci1UIfI~fUtnL~UtLI1L~U1(q) P£'6 ~MLltt-~ 

~t"1::~!,,"Wt~WlLn\ tjontnL~Q~ J 
" 

u., IiL"'t-~k1."t-QL ZH nrI1UI1LtWQW r-h • • ... r~ J 
(wdJ) l&LnQJ4If1Qtnll'~.tUWlt-~Ci'UIfI~Q~ S QI11 ,.. 

J 
(g~ '6) 

JOll =S 

(g ~ '6) ~LUI1~UL~Jtl\Lk1.t-~ (paads SnOUOJ40uAS) ~~Wlt-~ 

tt1LtlflQ LtUlit1QI'ol1ntt1LtlflQ t-~LUliL"'t-~k1."t-QLUI1LtW::\3"tQ"'If1'~t-Ql.tLntnL"'f1ulilinL .!'I I'e' ... r''''~ B ,..,.. 0 I I r" ... ~ 0'" I f" 

tcLnt3t-Ql.n~k1.tLUti'Lt"~QIfI'I'" t3n\ f1QtM.tek1.tLU!!::"'U~k1.1f'C" I1LM.~ ~L~k1. ''''t\3WI.M.Lf1\3k1.\ ~t"1::\3 
.. 

~"t3,,::tU!!Q~1 17£'6 ~rUn\t-Wt3"t-1 t3t"1I1Lt3t"\liL~t-~k1."t-Q'" ~ t-Uk1.t3t"'rt..VLJt'Q~::"'t3t"'::~~" 06~ •• J 

n.v t-Ll4l L~t" \ t-LlA.;'U~!!:: ~11 Lt3 t-~w t ~WILt3 t"111Lt3.fQIfI1 QI1t-QILWtu ~t-1Jtl\"'\LJt1.t\t t-Ifl t3,,::~ '" LQt-~ 
.. .. 

Ifl' ntek1.::"'tQIfI'''' ~U L"'M.1L1fI U1~U~k1. 1tc"tcLnt3 GWf1~t3t3,,::tUl.GIfI1 Qtct-GlLnLrnM.::fU~U~ '"h.. t" -r-" I ~ .... ~ t" .... 

L~::tllnU1L~t-Q~::",~ulL'lL~Lu 'S 

n,VLj!1L,ttt-l3L~t:::~L~,tt"f1l3t3~,,::gU.fQIfI1QI1L~U!bk1.'V \ WLn"'l! 

f11J~~"::tUjGIfI1GI1L~Ut-M."LWUl! Jtl\ l. ULI1W\Jk1.1f1,tJJtt '£ 

~\Ci1UIfI~l1tm.tWUtLI1Lt3 '6 

LIfI::"'U1UIfIQLtl1"t-~U&QlA.LWI1 '~ ~ .D ,..J 1"1 .. t ... 

• t-&"t3,,::&u.fQIIIQI1t-QI.::rn~U13fUW 

lA.\1M.1tcn1f1.\h::&~L&IfI~L~UQUk1.1Ci1UIfI~l!U&LI1L~ 'L 
I 

U1LULI1f'C\mLI1::&/1rr.t-HI1'''I1Q~LU '9 

n,VLj!'::~L.ttt-l3L~L~.tt" t-t"t3"::&U.fQIfI1liI1L~UU~1IflLnLt: 'S 

!t'\ ~ U,!\k1.nLt-::tLltt3Q~nLt-L~U&LI1Lt3 'v 

1. t-Ll4lI1Q,\3lflt"::tLlt~ntM.Lt-JtVLUrr.,V::LI1k1.1 '£ 

LZ 

I 



UQ.t::tutl",nnI1Dt.t'ftl~lt"tO~",11QY'QftiTZ!!rt!
.. If) 

c.. 
Ilfl ~ .", 

1Iw~ 

&G~l&'t\' Lt\LBMlyn::&Ull'llA"t .. ~ .tt,. r r-1w. 

'-1"l"CW 
lfV11l1Lptapla·'IIt."'LlMtU!''II".l'•.lft'IrMJf ". 

JCIIQI .. 

~""'" lU8JJnO 

ll·llA.rUt-~t-~~" l"'" ,. 

~\?1.ttk\.jGI!1,&Utt~ k\.,?1.I:'?1.,VGilL rJtU?1.~?1.j>!!:: l!IjG~'&l?1. t::~"jGlil' ~'~?1.'lJG~'lil'~?1.\ U~ k\.'rt"I1L?1.~ 

?1.~W ~1U ~k\. 'rt"I1L?1.~::~".fGIfl'&l?1. t,,,::&U!!l1.t L~jGIt1'&llfJC.\3~II.I1,V\lfLULGt-Lpt-GY.t-Lpk\.::&11 GfW 

?1.~ t-&,,~ ..U,Irt., ,,"It.L?1.t.rJ?1.k\. 0 '::l!I&G~' ~'~?1.'It11~~~,,::&U?1.t'1A. ,.. -::¥.t.G~'&' I1Uk\.t?1.GnUG?1.rJLlm~t'&"I1I1' ,.,....... ,.. ULl!.t-G?1.' ,.. ,..... ~~ ,..... k 

?1.?1.IIo' L?1.C.rJ?1.t\,'.fG~'GI1?1.~' GILUIU'IA. ~~, I1L~n.n. "::~,,c.rJW' ~~, 1111"t'IA.I1?1.I1~""::&UL?1.C.rJ?1. t\"
!it 0 ,.. F "'r' .. ~"'!i'" 0 r' 

jGW'lil1 (JOlOW SnOUOJlpUAS) .fGW'GI1'~&Wlt'~G;'t\, (JOlOW UO!pnpU! 'J-V) n.~""::&UL!"C.fjr:"" 

.fG\tl, Gte?1.~' U?1." L~t'~ ?1.L t'L~&LU U~ k1.Ll'U&L\'~IiWll1~' ,,,::&UjGIfl,Gtet' GII.W!1I1oU?1." L~L&' 

U13~ltmttLt\Yl'Gtr.t\kmLU ~l'll.t"t ~ , r-'~ 

(q) ~) 

'. I : ......: : "~l;.;e
.); .s/ . ~ -·.t i~ 

oj"$"_'~""/1 *1l.~··--+ :8 Ole o:e :Yo 

: /~, i **: .~. : jo ~: ~ .-. 810 .. e1 
I I' •"" • 

11,$"011$"oe0~olie"0
~ .\. ·t· 8 o 3 3838 

~ 
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n'11,J1~~n ,,"1;r~tH"tl fI.U-:l1U~ "~1Vl n11~ 27n'"t~t;r~tl~"tlf~ Vlti!J'J1l1~1 ~~ ~~ ~UUVl1-3 

n1~1tln (three-phase, squirrel cage induction motor) ~~IM;-:lll1~ 2.23 flm~tN~'tl-:l~tl~lJItlf 

.... ~... -- ~ 
llU"'U~IMU 

1.	 hLlltlftJ1:mtlU~'J!Ji'JU1Y1tl-:l~"'-3l1-:1tl~tu~nU~~;-:lI4~~~1!J'"t~U11"V;UVl1-:1n1~ffin 

2.	 ti'l'1rl~n~1~~uiftl-:lIil-3~
 
" "°1".....,
3.	 "tl-:ln1m1~~t'n1~'JU Y11 ~Vl~n"'n11n1~~~tl~'tl-3~1-:1"'U 

.... • (...l 'I .!"i'_ • (...l , ,,-- ~ 
4.	 Y1f1ln1"'"~fu~u~!JU ~ lol'lmu~!JU~1m~u 2 ~1!J "tl~'1m.J~tl~l'1tl1 

~.J ~... ,J.oJ'i'
5.	 n1'J~'Jtl1t.L nm"tlffifll1l'l1~ nfJ ~\II~'" 

.oJ .11	 --,,,. ~ 0'" ,III" 'I"j'l ,,, ....
6.	 ~~tllJtlU~N"'U ~,,~n''''~'J'''~~I'1~''tl1'"t~Y11 ~\II~U'l~~1-I~ \II~n\ll~1.l ~"'~1.JU~~ ~\II~n(;l 

,"	 " 
~1-3;U~\IIU!J'JU1tUL1~lJItlf ~N;uu'"t~yht~n1~~~~1u'Ju~1n1Vl~tu~1~l'1tlf n1~~~U'"t~";1t~~n", 

~U1~~ti~\II~n t UL1UJltlftK')!J ~U1~t UL1~"tlf~~~~~1JI~1JI'f.l1"'~~-3~"nu~~~nu ";1t ~~nl'tfli1Y1'f.lfn 

'i' !'I""'" -- -- I • ...l .... J' 'i'_ ~ 
\II~U~1~"tl1~1.lYlfll~l'ttJ'JnunUn11'U~U'tl-:l~1.l1~~~~\II~nYl~nl't,uloVI!J~~"~j;Jtl7 

7. ~rltln1~~u~tl~lJItlfl~\II~U~tl~l'ltlf"t~fIl-:ln11\11~UL"'!Jij~ ,,~~tllfll (phase loss)d~Ju 
•	 I 

~ ••I'" ..... ..1 ..... ""PI" I 0'" ~ 
~UU~tl~"tl1~nt'~"!J,) n1~~~Y1\lnl't-:ltltln1-l1'"t1mnftYl~\II~tl"t~~fIl1~uULntlU~tl-:l~Y11"t~Y11 ~\II1-Itl~l'ltl1 

ffi1.l~~1n 
..	 ~., ~ -I .... 1"" I ....1.4 

~tl~l'ltl1~UU\II1-:1n1~1tlnU~n"t~~lJUYlU!J ~ ~llnU~1 nn'J'l~tl~lJItl1~UUtlU 1 ~ Utl.:l'"t1n 
I	 , " 

tfIl1.:1~11.:11tiiu;rtlu ~~~ijfll'J1~\h~~tl5tl (reliability) ~.:I tII'Jm\ll'Jilijim~tN~~~U~1l'rt1~;j ~tl~"tlf 

llill't;i~.:I,ru1~~1~ilu~tl~j;Jtlfn1~~t\~flU~~11J11~1U ~1\11fJ.N1U1e;t 1~tJ1~1Jn "'~tl ~"tl fiiijti'l'l11~1'J 
...l 

IIl.:lYl 

b~l'ltlf'tl.:l ~tl ~"tlf~ \II ti!J'JU1\11S-lUt uti'"11~;'J~,j1-3"t1 n tr"11 ~hii.:l 'LfIl1,r~ ~lJi'"t~t\'1\11fl.:l
 

." -- '.J ~...l 0'" -- ..... 'i'_'" .!II -- 1II"...l" .!II

~~nUtl!J 1JI'JtltJ1.:1~'1JU ~flLlJItl1L\IIUtJ'JU1~f1"11L1').-3lJ"1n\t\ LlJU 1800 rpm f11J111L1'JYI~Y1rct~LlJU 

1750 rpm ~n1fl.:l,j1L~tJ'Jriun11fl1\11i.:l'f1.:1ti'1JI11L7-1L'llu;i'"t~A"Lilu~tJtlft.4u""tl.:lti'j;JrlLn;.:I'LfIl1,r~ 

~~~ij~tlL7tJn~1 ftft'rt (slip) 

synchoronous - Running
 

speed speed

%slip= x 100 (2.19)

synchronous speed 

=1800 -1750 x 100 
1800 

=2.78% 
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tlVl11L~'Dtl~L1LVltlfl1.l~tlLVltlfL,"rlmU1rot:f1.ltl~ntltlVl11L~;~'Lf;,~~ntlL,"~I1l~~tlLLJltlntl 

i1.l L1LLJltl~:,"~1.l~'JtJtlVl11Ln~~1~rot1nt1V111L~ii~'Lf;,~~LL~rot:il~;Ti~1,"~~ lhL1LVltlf• 
14~1.l~'JtJt1lJ1111Ln~LYhntltl"11Ln'Dtl~~1.l1~Iit:t~Ln,",m1l~';1.ltln1.l ;~,r1.lIit:t~ilLL1~i1.l• 
L,"rlmu1 L~tl~1it1n L1L"tlfil~;Ti L~tlL;JtJtlntlm114~1.l~1.l1~ LL~ L'"ftn"1.l~ LVI LVltlf ~~';1"\\'Lnl1l LL1~i1.l• 
LL~:n1:LL~L14rlmu1 L1LlJ1tlf i~,r1.l lh~tlL"tlHj~;Ti 2.8 LtltlfL';w1LL~:t1V111Ln;~'Lf;,~~Lil1.l 1800 

rpm i1~affLil1.l 50 rpm tllJl11L~'DN:iiL,"~ll'ILIJl~~'Dtl~~tlL"tl~tl 1750 rpm (1800-50=1750 rpm)
 

.,.. ..~, .. ..I t~,
 
tl"11Ln'llN:~ ~,"~I1lL"~'VIIit:1:!J 'J ~1.lLU~LTi~'V1
 

,"~n m1';1~11.l'Dtl~~tlL"tlfL ,"rlmu1L14ijtlUntl,",j'tlLLtl~~ Ll1ltJ il~ LVI LlJItl f';1,"U1~ ~~1tJntl 

'Dll'Ift'Jll'Itl3~1JD LLft:1nlJltln;1,"U1~flIft1tJntl'Dll'Ift'Jll'I'l;}tJlJDn~LLft'DN:1~ilL'"ftl1l'Dtl~~flLlJItlffll~1tJ 
., ... " .... 1 ., ~.. "~_$ ..... J' 0 " .......1., 5...1 t ...

ntln1:LL~n~lJJ1.l 1.l'"~tlLL1J~~ I1l~U1.lIit:~m1LL~n1.lI.ll'I'1J (Magnetizing) Lnll'l'DU'VI1 ,"~n~n'1J'VI,"~1.l (;l 

..J.J. "t 5. • " ... ., .. '!l" '!l" ~ ..LL~ :'f:i'J1.l,"U~'Iltl~LL~nU 1JI'1J1it:1it1tJ ,"ntl'D ll'I~'J 19ILLft:~m1~'11 Lr4 tILUtl~1it1 nfll'J1~ Lt1tJ ll'I'VI11.l 1.l ~1LlJItl1 

ntlm1~'1IL~!J~~LlJILVltlf 
• I .. .. .... o ..~... ~ £_ 0" .......I.,.!'I... ., ...
 

1.ln1NL~tl~tlL"tl1L141.lm1.l1~ ~'"ftll'l1.ltltJ 1 n1:LL~ ~1LlJItl7"t:'VI1 ,"~nftn'1J ~1.l'VIflllJlNn1.l'll1~ 

.,:,.," .. 0.,,,,	 .. .t.J .......1 "
 
ll'I~1.l1.l~ftni~LVlL"tl~:~ll'Ift~ 'VI1","~01:LL~"1.l'Dll'Ift'JI1l~LlJILl'1tl1~1n'D1.l "Ii~Lil1.101NLl1lm'VI01:LL~ 1.l 

.-- .. ~J' ::'J''' .--..r" .... 
'D l'I~'J "'ll'1tJlJ~ L'"~'!lU 'VI~ULUtl~rot1nn1:LL~1.U'!ll'lft'Jl'Itl3~lJ~ ~1 n'!lU n1:LLftn1:'!1.lLLft:1LLtln'VI ~ 

Ti1'J L'Jtlf'!ltl~~tlLl'1tlf'DN:iiL'"ftll'lUtltJ 1 lit :iiPi1L.,hnm~tlt~ilL'"ftl1lLLtln;J~fl1'JL'Jtlf(Active 

power) (kw) ~~ll'I.tI'L£fItJ~tlLl'1tlflit:L~~fUtlth~Lilutl~1l1fl11I1ltJl'1Nntl L14ft ll'I L;~nft (Mechanical 

~ .. ...J ...... "':.1'~~ ... ...:J' 0.,
load) ~:UUfl1'JL'Jtl1LLnm"tl"tl~1ttlLlJItl"tl~~tlL"tl~:Lfl1t'!l1.lL~tl ~14ft';\L'lI~nftLfl~'!l1.l 0.70 1\1,"1t1 

.. cr	 0..... I ~ .. ..I • ..1
L~fiJ~nft'Du1I1lLftnLLft:Iit:Lilu 0.90 1\1'"ltJLflIfiJ~nft'!lU1"''''"'11 i1:1.lutl1:i'VIfi1l1Ti'VIL14ft '"' Ll'1~'V1 L14ftl1l 

....I .. ,..l ... ~.!' ~ 'I ... ., ~., 'I, I 

Ll'1~'VIIit:~fll1~~ "Ii~tl1Iitrot:'~Cl~ 0.98 WlL~tl ~,m.JL~fiJ~litn1n~'!l1.l111l ~'"'1I~1n 

n1:LLtlitl~L1LLJltlf (locked-rotor current) LLft:n1:LL~n1:~U'Dtl~~tlLl'1tlfL,"rlmU11it:il 
, .1 ....... ..I""~,....1 ..1. 1 ' ~ !t'I ... .!"l... ~ .. • 
fl11J1:~1N141141fl14m'VI1'!ltl~ n1:LL~'!lN:'VI~ ~,"ftl9lL"~'VI'1lN:'VI1JfttltJ ~1Ll'1tl1 ~14L1J1.lfJft1: ~1Ll'1fJ1'JfI LN 

'\\,," ~1.l"1.l;;fII'Dtl~n1n1~1.l'Dtl~~ 1.l1~ I.L~ L14ftn 'DtlA:~tjlJI '1L~ flI'J1 ~ Lnl~ ';1.ltl'Dtl ~ ~ 1.l1~ L;JtJunu1:1 
.. , .. ".!"l ,... • ..1.....1 I ~ ..0 

LlJItl~:~ll'Ift~tltJ1~nll'lLnIit~L1J1.lL'"l'1 ,"fll1LLft:fII'J1~ClLL1~ll'I1.lL Lfl11:LL'VI~ ~1L"tl114~1.l14UtJ'J1.l1ftll'lM 

.., J! 1 ..:." ~..... I ,cr .. ..... .. cr 
l'111l~1.l11t'1J1ft~ ~U'DN:L1~Vlun1:LL~ ~Mtl~:~flI1~1nLL~:ft ll'Ift~tl!J1~n" L1'J L~tl ~tl L"tl1~tl1Jl11 Ln 

"':.1'	 ., ~ ~ ..... 'L! ... ~ ... ~ .J. 
LTi~'DU	 11l~1.lU~1LlJItl~:lJItl~ u..IfI~n1:LLi'H'ltlfl t1LlJltl1~'J''J'DN:14U~ 

'I ..I £..1 0 ...J .. ~ .l'..1 ... .. ....1 
~1.l'!ltlA:'V1 ~tlLlJItl7L 141.lmU1~1~L n~~~U1~14~U ~~'VIft1~11Cln1:'J1.l~tl LlJltl1 ~tlLlJIt'l1L n~ 

.. ..... ... .. ., ~ .. ..I 0...J" 0., 0'1'" 
Ltil tJ 'J n l'1 tl ~ n 11n11n1:IJJUL14 ~tlun U L~tl ~ tl LlJItl1L14 utJ 'JU1 Ln ~ Lll'ItJ'J n 1 ft~ 14 ~u lit : 'VI 1 ~ 14 

~U1J.JLL~L 14~n,"~u1A~t1"11n1~-3ih~L"hnu ~tlLl'It'lfL ,"rlmu1LWftL;!m~:i1'!lU1til"14tlin~1 ~tl Ll'Itlf 

~tlLl'1tlfL14rlmu1~1~L~~ i~,r1.l~~ i1;'tl41ntil"1.ln11tl1:~ni tU'D t"l.l:~ ~tl Ll'1tl1i14rltJ'JU1L~~ L;!tJ'J 

... ..1 ... .1' ... .!"l., 't_!' ~ .. o"~..t'o",,, ... f
14tJU f111'V1tl1n'VILnll'l'!lU~~Lnll'lL1JU,",~14'J: u..Il'1tlL1.ltl~ rot~'VI1 14 ~~n1~~1.ltltJn'J1 n1N'Iltl~~tlLl'1tl 14ft1tJ 

LTl~ 
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;;fIIYl'l~m'nn~U"IItl~~U'l ~ ~ ~IJI ~l'Itl f"II tl~~tl ~IJI tl f~,..titltnl'l ~'l ~ ~~ ~'" ~~Utl~ riu~'lcA'U"IItl" ~~ ~ 

~U'l~ L1~61tlfol~~~(;Il9l 'Ll9ltl~U'l~ L~~lJItl f cA'~,ruL~~lJItlf<t~,..~ut U;; fII ~;ltl')riu;; fIIYl'l~"IItl" ~U'l ~~ ~l'I ~IJI tl f w • 

n'l~~U~tlU~Ufl~~tl~tu~'l~~vl~u'l,..\.hm~'ltln~~~~t\\'riuL1~61tlfol~nflUm~~'lcA'u"IItl~~vl~ ~fl~,j'l 

tm~~lJItlf"'''lunflu;;fII 

;rtl~'l ~'YfJl,)~r.t'l1.rA' ~ri n'l ~"''lt11J1~'l ~~,)"IItl"~tl ~lJItl f~ ,..titl')U'l ~~"''l\IK'"I'l nr.t'lu')ui') riu 

fJl,)'l~rl"lltl~~,..ii,,"''l tl1.n t1"'~'l ~n"lltl" ~tl ~lJItl f~,..titl')U'l ~UU"''l''n ~~~tln'"l~ij fli'lfJl~~ "''l~fi~~~''ll'l;j 

"IItl~~U ~tl~lJItlf~,..titl')U'l~uu"''l~n~~~tln~ijt1IJ1~~~'''fl'ltl1 fli'l1.rA'fum~eJ~IJI'L£Jttlij"ll(;lfl')(;I~~IJI~lJItlf 
~ "'0 ~ .1..1 11.111.1' I .,..J ... ", CI • ... 

tI~~"''lu')uUtl'l'"l'''~~ufltlU~u ~Vl'"l'lnm~"'tl'"l'ln/1'ltlutln ~tl~lJItl~~tl"'~'l~~,)"'fl'lti1 fI'ltl'l'"l"':~ 

tll'l71~~~fttl~~tl~"'~~'lnn~'l ~""''l\~'"I'lnm~tl~;r'lnlJ~tl~lJIf1f ~tl~lJItlffi"'71~~~twf~,..'):~n'"l: 
4/ ... ... ~ 0 I 'I "... I '" CI ,'','' .J"l ~.. ... I ..

~"II(;Ifl')(;I~Titl~"IIl9l~l9ltl,) "Jl~Yl'lm"'tl~"'~fll'ltllJl~'l~~ 2 fI'l tI~fll'l"'U~"':~uUfllN"'U~"IItl~tlnfll'l"'U~ 

'" ... ,..1
~~l9l~(;I~t.uYl 2.24 

fr~601oq 

Poles. ~ 4 6 • '0 12 '4 16
 
..... 3000 '800 1200 900 120 eoo 5'4 ~
 

L. P...... ~ 

~..1 0 '" ~ ~ 'I !"'l ..I" .1 I '" ~LI1.!' ~ 
~fl~lJItl~~,..umU"I~lJlJ"IIl9lfl,)l9lTiU1tllJ ~~~lJItl~ ~"lI ~U~'lUYl6ltl~m~~u~fll'ltll'l71~TJ U!'I ~~IJI~61tl7 

~:tl1:ntluli'')tI''II''ft,)19l~~~~tI,)~'l2J''IIl9l i~ij~n1Yl'l,,1.~fh~i1u 120 tl~fII'l lJitl~;r'lrilJ~,..ri~t4'ltl\~ 

~'l2J~~~~~19l~cA'~/1'l"~2.37L1~lJItlf~'l~~~~",:ij~'ltltltln2J'l,;itlrilJ~ihE~ ring) t11J11'l~~,)"IItl~(sli[ 

"IIl9lfl,)l9lL1I.l'Itlf"t:LLU1\UU'~')tI m~~tl1fli'l P'I,)'l2J;i'lUYl'lUt U,)~~1~ tle.i'lu~~m~ ~~tlfll,)'l2J ~'lUYl'lU 
'I ~ f: J' '" CI ~ J J! 0" ~ ~ 
~U')~~~ ~~~lJItl 2J'ln"llU tllJl ~'l ~~,)"IItl~1Jtl ~"'tl~:IJI'lfl~ ~ft:'I'lU'lfll ,)'l1J lil'lUYl'lUtltl n"''lm~", ~ ~1~lJItl ~ . . 

.. «i'.aiI ., Cl a: .. " " 4\ tl' "0 , " " 
1Jtl ~lJItl~"':"'''lU ~l9ltl1JtllJl ~'l ~~,)~IJI1JYl n'l~~"1JfJl,)'l1J l'I'lUYl'lU ~U,)~'"I~ ~~~lJItl1'"1:'r1'l ~"'n1:~~n ~:~U 

'" 
ft(;lfl~ ,j'lt\\'~iil9lfli'lYltlfnn~~u~~ Ti'l')~')tlf~~m"tlf"IItl~1Jtl~lJItlf"llil(;lu",:vi'lfl~~;jtl

, 
\~ijL"'fl(;l~ft:. " 

.....~ CI..I '" _ ~ 0 II.!''' "'..'1 '" 
"'~~~~1Jtl1J~'\.U:HI'~1J" m1nfilJ"fllmm~U"IItl~1JtlLlJltlnt'lU!'I"'')trn'l1~flU~'ltiutlU~N'''U 

"11.!'_1"!!! "!I_I"!!! ~..1 0 '" ~ ~... "'~ 
"IItl U!'I LlJ1E1lJ ~fl:L~EI LlJ1E1U"IItl~ 2JtlLlJltl7L,..Umu'l~UU"IIl9lfl,)(;ITiUfflU ~1Lfltl ffi (;I~U 

;tl\~L,r?!lU 
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... '" , ...l .....~ 
2. ~tl'l71LNJil·nmJtl~ ~14fl"'~1n 1 

3.	 iU"li,)~L,)fl1n~::~u",::1~ijPl,)1~~u~",tln~
 

'" .. ,,~ .. i" '" ~ ...l..l
4. ~1~1~tl 1.1 '" 
nJtl'l71L~ ~[l'I~L~tl '~1UmJ ~14fl"'Y1f1l~Y1 

;tlL~!m.J1mJ 

1. ,hi~r.j1!Jiumro1t~fmn 
I • 

2. n1ffifu€'l71L~1~~un L~tli~~1U L~tli1Jil'J1~1A'1\lYl1\liU'N4WL~LlJltlf 

~tlLlJltlR~LJil~U~L1IU~tlL'ltlf~ij€IJI~1L1'JJil~~1~~1",::ilL'\.1fl~'\.11tl1~ilL'\.1fl(1l €'l~1L1'Ji1",:: 

--, 

11....·--__-....; 

IlY~'~"I] • .......,~
 
I~'" b' .......... ~ drtM'Il
 

... 1..1 r..l '" i r •.10 , ...Y12.25 ~tlLUlt'l1L"'UtJ'lU1UUU1JPlfl'l~~UT'flU 1LUlt'l1ft1~Lnft 

i\ln1c\1~tlLl'ItlM11!~et1~L~et LL~IM;~J)1Yt~ 2.26 ')'JL~L'ltl~::il'lll9lfl'Jl9ILtlU~tl~'IIll\ 1Ill\fl'Jll\ 

nt::LL~ ~~lJtl1"''''::LtlULL1J1J'\.11~nt::ffi n ~ ~lJtl1 "l "'::LtIULL1..11..1'\.11 ~ n 1::~tl n'\.11tlL11 ULL1..1 1..1 'II '" fl 'J 19I L~LlJltl f 

LLfl::'llll\fl')",n~::LL~~~lJ 

:- I 
, i 

,
J.. • - -, '~ :	 oc fO.Iao ~ -....

«"'-'4,.......,
 

'll~fl'J"'n1::LL~~~1J'"'::Li~ i~~tl L'ltlfilPl,)1~L1'J~~~ tU~ ~~ LtlU, "'~'lI {;l fl'J ll\ nt::LL~'l1~1i\::~ n 

n~::~ULLfl::~tlL'ltlf'l::itlJilL1I\l4'~'\.1'J::nlJn11'\.1~U'lltl~~U1~ 'lI"'fl'J£il~L'lL'ltlf"l::ilJil'J1~Jil~1!JPI~~nlJ 

~tl L"tlf'\.1 fl1 tiL~~ LLlJlJ'\.11~n ~::5'tl nLLfl::~tl L'ltlffiil1l~ fl 'J'"L~L'ltlf 
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., 
Ll'Itlfrftl1tl1),1\nfl.lt~tlijiiflll'lN'1),1ntJiiflln11\n.P.l'lltl\l~U1),1~1mrU~~~~utUiifllL~mlntJ~U1),1 

L~l'J n11cUL'1iu~Ln~futlf.i1\lfi~Lfi 'Vi1t m1Ll'Itlftl~ti\l1.~ 
" - 'i' _ ... 'i' .. • I' l.!AL!'" " .. " ,

n11n1~l'IU),Itll.l'ltl~\l LI'Iffi~ ~1Ll'Itl~~OnlJ~tltl ':I UJ ~~",nn1~l'IU),ItlLl'Itl1 ",~",nn1~l'IU ~U 
• "... III • 

., ..... ., ... .....IoClf ... ~ J" .r I" 
~ nttN:a~t1'd n Un1J),I tl LI'1 tlfLLUU~1·m 1~1tl n~1tl),ltl Ll'Itl1Y1 ),I1J~~ 'J ~ L1LI'1 fl1 Y1.:JUIlll~1JUtl~n U 

~_" ............... a ., a __ ~.., ...
 
LI'INft11\l'lltl\lL1Ll'Itl1L),ItlL1Ll'Itlffitll'l11L1':1iJ1~),I1N 95 % 'Iltl-:ltl 1'111L1':1'1ltl-:l),ltl Ll'Itl14n-:l ~fll1Uft "'~),I 

., ., I 

_'1 ,,,... " 0''' ........ "":!:'"I'i' f'" ...

n1~LL~I'1N1JtlU ~~ntJ'II~~':I~n1~'JUn1~LLftl'lN"'~Y11 ~~Ln~'II':1L~UtlLL~~'II':1 ~l'I ~U~1Ll'Itl "Ii-:l"'~~tlfll 

~U1),1LL,j mftn'llfl~ ~L1'ILl'ItlfLU~~'Vi1 t m1l.l'1tlffititfl11Lfid~Utitfl11Lh'\ltfll1U~ 

),Itl LtfltlR-:ILfBl1,rft~1),1 Ln~",~'Il11.iJt~ n11LLri'l.'IIrf1':1 L':ItlfLLnml'ltlf ),ItlLlfItlf~'Vi1-:11UtU 

., 
Ll'I'6f~~LiluLLtJtJ ),ItlLlfI'6ffiU~ nYln ;ht1¥LnCil n11LL~nn-:l (lagging) rf1'dL'JtlfLL~ml'ltlf L11LLri'l.'Il 

~ ... f'I " " .... .11. a" ". ... c:
LL~nmrf1':1L':Itl1LL ~ml'ltl7 ~11l~':Itln11n1~l'IU L1Ll'Itl1tltl1\l),l1n e.J~Y1 tll"'~Y11t~rf1':1L'dtl1LL~ml'ltl1~1• 

., ., " ~ ... ...d 1. ' I ., ., J... " ... ...
~U1 LL~::",::~n~1~LL~nn-:lrf1':1L':Itl1LL~mlfltl1\"II\l ),Ifltltlt,nu) L),Itl),ln11n1::l'JUftU1),1iJnl'l ),ItlLl'Itl1 

,-:Itfll1U~"'~~~U;;'Jtlrf1'dL'JtlfLL'riml'ltlfLilu~~-:ILAtli'Jl.iJ),ItlLl'ItlR-:ILr\1,rft"'::tei\.Un1ri'Ul'\Ut~~ '"~ 

~tl-:ln11ijtil'l11Li~~fBI-:1~LL~::~~1.,jn1~~u~1tl~!lCilUtltlUnL~~CiliJn~h\1~ftJ),ItlLl'ItlR\ltfll1U~1.;;Uri 
... ...~.......
 

L~UL UtlL1LlfItl1n1::LLfttfl1\l ~tJ':I L':Itl1 LL~::f1tl),lLrf1ftL"litl1 

... d .... ~ _,'"

n1'iLtl'SnJJ'SLlJI'el'i n1'ilJl"lJI~ l.Latn1'3u1'i~'in~1
• 

til'l11ri1l-:lL;j-:ln~'Iltl\l),ltlLl'Itlf"::'4Li'JUri1l-:l~1~1tlLilut)l'I~ L~tl~1 ri1l-:l~1 =746 1'1fIj;f 

••1 .....I 0... • I .J....?! 0....1''' ... .. f ... CO f!"l. ~ .J~
LL."ml'ltllYl~1fll 'Yfltl-:llJ1~n11Y1 L'1I~1n1 ~\lL!J1Y1'1Y1 L,\l n~ f1tlYltl nLL~ ttl l'I11LfiYltl m1JlJ1),11CI.lYllJ Cil 

.. • I.J 0... 'i'_ • I ... .!"l'. I "'...I ..... ".!"l
~1tlLlJ~t1Un1~-:I I.VltllJnl'l"'~1t'4LlJU~U':ItllJtlU"'l'Itlr~Vl (lb/ft) tll'l11L1':1'11tl\l),ltlLl'Itl1"'t1~'4L1JU1tltJ 

0'" "...VltlU1Y1 (rpm) 1A~UU 

Speed Torque 
x 

(in rpm) in /hlltHorsepower =-'---~~------"~ (2.20)
5252 

~.:J,ru1.,j~1d~U),I'6LlfItlfonil~1Cil1 ri1l-:l~1"'ttl~ntJt1l'111L1':1 ),ItlLl'Itlfilijt1l'111 L1':1 ~1 ",~ij,j1 

Y1tlfn),l1m~tl t~ri1l-:lL ,j1L~),I L~tl t~Y1U~tlfliTVltlfn),l1n 1 ),ItlLl'Itlfilijtil'l11L1':1~1 ~1Li'JU~tl\lij 

flltl),lLrfLUU~LL ;.:JLL1-:1 n'i1n1N'IItl\l),ltlLl'ItlW1fI11Li'Jft\l L~tlt ~t1l'111ri1l-:l L,j1 L~),I ),ItlLl'Itl ftrl'l11 L1'J ~1..
 
., 0 

~~ij'llU1Cilt~qj U1~Un),l1nLL~tij11Pl1LLrf\ln~1),1tlLVltlfijt11f111Lfit-:lL;jtlijri1l-:lL,j1nu m),l1NfBI1 

'ntlfn~~nCfl'1n~tl~'ltlf<.~l.l.tl7Vl1~tl"71~l<UL&'t~"ilUCfl1tl'UltHl'ItlfiltltlnlolotJu\.j'"1'1 1olo~IM;'1fl11nu 
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ttJ~ 2.29 U~(Mfii'l'Vltlfn~i2J~'I.ltfriU€lJI''lL;~ U~mlJltlf~~'lA''lJtJ'l''~~~':ll'L(;ltlm''l,";.mih~ 

tJ,:ntlu,JI~tI 

1. 'Vltlfnn,:~'I.l d~I'I.l'Vltlfn"llN:€lJIrlLfiLi]'I.l~'I.l6 

2. 'Vltlfn~,,(pull-up-torque) LtI'I.lfii'l'Vltlfnutltl~~t'I~~2JL;"L\\'~tlLlJItlf'\ll~'I.l . ~ 

3. LU,nl'n~U'Vltlfn(brcakdow torque) LtI'I.lfii'l'Vltlfn~"f1t'1Yl2JtlLlltl~:e.lilJlritl'l.lm,;lt'li" 

Efficiency(%) = _~u--=tp,-ut_ 
mput 

Power output 
= 

Power input + loss 

300 

c
200

Percent
 
rated
 

torque 
100 

o-t--.,.---y---,----r---rJ 
o 20 40 60 80 100 

Percent rated speed 

~ 2.27 OTlriY\'tl10I1fl::-ti"'TlL11 

L~tl"41'lniJ n'l'~ 'lJL~tJihtr" L~'l't'''''VlL;"n ~~e.I;lJIl,J1,tl"2Jtl L~tlf41:utl tJ n~'l~'I.l"''Vl ,~.w'l 

flI~'l2J 1tl'l.lLtI'I.l.r~ utJ,~ r1'l'\ll'l.le\'\II'lL~Tt1Vi'Vl"lltl" 2JtlL'ItlfLtI'I.lr1'ltr",j'l ~'I.lV4'Vl~iltl'l.lL \\'ntl2JtlLlJItl ftl '14l4l: 

il" ~'l 'I.l'Vl'l" LVi ~'l LL~:r1'ltr" L~'l""''Vl '\111tln'l" 'lJLatJLtI'I.lfll~12J;tl'l.llJitl2JtlL~tlf tJ,:~'Vlfl1l1Vi"lltl" 

2JtlL~tlfl.li.w1tl~':'\II~1" 75 U~: 98 LtJtlfL;'I.l,) tJ':~'Vlfi1l1ViVitr""1'1.l'tl"2JtlL~tlf ;"LL~(;l"L'I.lLL~t'I" 

im1V4~ 2.28 (b) 4l:iJfii1UtltJ l11L\\'mn;1"1'1.lLL~:i1n1"'lJLatJL'I.lltJflI~12Jffi'l.l~l'l~" ;",r'l.l~'I.l"'Vl 

lliYh~"l:·hn~r11tr"L~1""''VlL;"n~utltJ~"n,rilLll'l.l~41:fhL1liJm'L~~tJr.:;~'Vlfi1l1Vi~~tJn1'L;1'~~~ 
... .. '11:'''' ..l .J ~ ..l _ .t 

L'\112J1:~2JmJ 2JtlL~tl' m, LlI~~ ~'VlL'\112J1:~2JLL~:n1'tltlnLLUU'Vl L'\112J1:~ 2J n1', tlILfi tJ'VlLn l'l''I.lL'I.l 

2JtlL~t1f1h:ntlu,JI~tJ 

~..l r ~ ~ ..l~. I ..l 0 'I" -.!'I • ..
1. n1'~'lJLfitJ'VlPltl7 (core loss) LlJ'I.lm'~'lJLfitJ'Vl IolJL'\II'I.lm'l.l1 L'\IILnl'lLlJ'I.lLL2JL'\II~n"lltl"LLn'l.l 

t: -- ~ ..l 0 'I" - ".01..,.... ':;..l~ 'I ..
\1I~'Vl~~) LL~:m"'lJLfitJ'Vl'Vl1L'\IILnt'ln':U~"II'1.l1l'l'l.ltltJ1 '''L'tJm1n':LL~Ltl'''t'I'Vl L'\II~ L'I.lfiltl' 
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2. m1~ru~~tJ~~~1JI~"t1f (stator loss) 1il'J'UJ1t1U 12 R ~ru~~tJtu"Il"'t\'J"'~~"~lJIt1f "Iltu::~ 

n1::U~ I 1~fleJ1U''''fl'J",i'J,.:n~illil'J1~rA'1U'Vl1U R 

3. m1~ru~itJtut1~"t1f m1~ru~itJ 12R tU''''fl'J'''t1~1JIt1f 

4. m1~ru~~tJ~t~fl",n1::4'",n1::"'1tJ ~i]Ue.Jfl~~n"''''1nm1fJ''Ilt1.:1-wini ~~tim,j1~tJ 

n1:Ut1\t~fl"'Ut\:ilfil1u,J1L,J~tJu1u"1~n1:u~t~fl"'tJnn1i.:lt1\t1.:1 
~ .. ~ ~ ~.:.~ J' ~ 

5. m1~ru~l:lmUt1.:1"'1nlil'J1t1~l:ltJ"''Vl1U m~'lI~l:ltJ'Ylu",u~n"''IIU'''1nlil'J1~~l:ltJ''''Vl1U'IIt1.:1 

t11 mfliut\:"Ilt1.:1 "i'U~nnu~ ~t1 rA'1um1~~U"llt1.:1 t1~"t1f 

100 

90 
Full-toad 

eIIic:ienc:y 'lit 

-- Power 

80 

70 '--+--- :... 
Power output 1 2 5 10 20 30 50 75 125200 
~ Hotsepower 

(8) (bl 

o ., :"I ..J., ":"1 ~tJ .....J., ...J' . 
n1fl.:l~uU kW 'Vl1Jlt1.:1m1"l:1J1t1.:1~1JU~ fl1~'1lU1""t1.:1~t1~1JIt11 ~~1JI kVAR'Vl"t1.:1m1'Vl'J"IlUt1tJ1.:1 

.. ., .....Jl ,J' t ., 0 ., :"I ..J ., J', ., ~ .5. ... "':"1 
:n"'L1'JmJ"IlU1"'t1t1L1'lt1n! \\'Y"IlU "'~~lJUe.Jt\ ~n1a.:lLlJU kVA 'Vl1Jlt1~m1 "IlUt1~mJt1\'J1JI"JILntJ1 Ufl: 

~1tJ1-w~1~t;",:i1"1lU1"'~~t1fU;l"'~1n"'''Ilt1.:1''1lU1'''t1t1~1JIt1f;:t1~tJ1:t11N75 ~ffi 90 ~tJt1f~"'lJtJl"llt1.:1 
... 0" ~" ... ....1 -I.. " ... " '1" I0 1 0 I ..

t~fl'" 'lI.:1"':'Vl1 W1~'JtJn11~t\t1ntlt1~1JIt11~~UmU1'Vltl"llU1~1JI1.:1 1t~Lt\t1n "Ilt11il'J1"l1 ~lilun t1t1~1JIt11U" 

fl:~'J",:i1~'lIt1fit1\u-wmlJlt1f(service factor) t11nntj1 1.0 ufl:~n",dh.:l1'IJntltVlfl",1~115 
r,.. ... ,.. .".. .1 ~ ~ ., 0 'i'!'i' 0 

~tJ f17~'lIU"t1t11.:1lJ1t1~Uf1.:1 UtI'J1"':t1 m1t\"'1J1:~'Vlfitl1~~HtJ1.:1 m'nl1.:11'IJ ~f1~'Jf11 ~~t\~ t1\1t111Cl'Vl1 

'I.!''' - ••I..J ",!AfI<'..J 1,1<' ..J.. o ., I<' 
W1f'l'JtJL'lIt1:n~ul'lmlJlt1n!t1\1t111Cl ~'Yl ~~U'VlU'Vl"': 'Yltlt1~"t1n!~mfl.:ltl1~.:1 1 

n1tltJtlt1~"t1;;":~ftJm1tlt1nutltJ~~t1~tlumnlt1.:1nU~t1n1ni1.:11utua.:lu'J",iit1t1lJi1.:1 1 

1. ODP (open-drip-proof) OOP ~t1un1t1tJlojf~i4t1fll'J1t1~:t11"'''Ilt1.:1a.:lU'Jtil~t1t1 ~.:I"': 

'Vl'IJ'Vl1U~t1n1rntJ"'''Ilt1.:1~V1fl'J1ti~nu 15° "'1nuu'J~~ ",:i1m1"''''t11mflie.i1Utlt}~flt1f~i4t1mn1fit1~~u.. 
2. TEFC (totally enclosed fan cooled) ~t1u TEFC toif1.umnlt1.:1nur1uufl:n11n",nit1u• 

~~t1.:1"'1n~tl1'J:U'Jlilftt1t1 ",:i1mrA''''t11mfli~tJ';~fltl~ftn 1 

3. n11ilt1.:1nUn111:~fjj;l (Explosion prove) Lilu TEFC t1t1~"t1f~lflu~tl1'J:U'J"'~t1t1~i1 

m1~n",~~a~~ ~~ft13.l11Cl'VlU~t1n111~~fj"''Ilt1~n1''l1tl1tll'IJ~tJ'Wi1n1'l1'''1n1l1tlUt1n ~.:IYh t,n~~n", 

u1:mtJ1" 
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)JtlLlJItlfL,"titJ'),j1i11::'l..l'l..l)J1lJ11J1UlJI1)Jf!Jwin,;w::·DfI.:l'VItlfn 1::1.ld]U NEMA(National 

Electrical Manufacturers Assciation) ~tJ1::~Li]U1::;'l..lA , B , C , 0 , E ,"'1tl F m1tltlnLL'l..l'l..l~L~ 
.... " , ,. .. ..I "''\' '1 ............. .1

"'::Li'itln ~"lI ::f1tl.:l)Jlil1'V1tl1nL"tJ.:I"tl'VI...::n1::'Ju ~,"i'i~ LLi'i ::L1.:1 ,")Jtl lJI11LfiLlJI)J'VI 

.I 0 ,.... Jf .....1 .. ...r ... 
)JtlLlJItl fL,"UtJ')U1 LL'l..l'l..l,"1.:1 n1::1tl n LtlU)Jtl LlJI tl1'V1-n'l..l"DtlUUtl tJ'VI~~ ~ A')1 )JU1 L"lItlCltl~.:I 

, 
, .. ..J... 'i' £ 'l ,.. tI ... l' 0 ..... ... 

LVf11::,)1)JI1')U~)J'l'Ii'i,)l'I LLi'i:: )J)J'ULL n1::LLftn1::!JJU"JIU1l'1 '"CUlil::'VI1,"u1'V1n1::'Ju~1LlJltll N 

,.0 "...... .. .... ,...1 0 • f'l ..I
~tlLlJltl1'V11 ~,"Lnl'lm1n1::L "tl)JLLN~U )JtlLlJItl1L,"UtJ')U1LL'l..l'l..l,"1.:1n1::1tln(NEMA design B) LlJU'VI 

UtJ)JL; )JtlLlJItlf NEMA design B t')J1n1umri'l..liu~~i'i)J;j)JLenUlJI~rii'i (centrifugal pump) 

.......... II . 'I"..l..... ..I I
 ......

)JtlLlJItl1'V1)J'VItl1nn1::'Ju~.:I(NEMA desIgn C) ~"lIL)JtlL.:ItlUL'JIn11n1::~u'VIq.:ltJ1nftTl"LLi'i:: . , ... 
nt)1u~~;I~tl.:l n1::~u.aULfI tln,"i'i~ i1m 1t11::qntJ1fttl.:ltl1::m1 tiltJW')1t1)JtlLlJItlfL,"ihi1ti\::i1L1LlJItlf 

LtlU~ i.:llJl111.:1~ 2.2 

lJl111.:1~ 2.2 )Jtl""tlniil'VItlfnn1::~u~.:I(NEMA design C) 

Induction 

Motor 

Design 

Starting 

Torque 

Stating 

Current 

Full-Load 

Slip 

Breakdown 

Torque 

A 

B 

C 

D 

F 

Nonnal 

Normal 

High 

High 

Low 

Normal 

Normal 

Normal 

Low 

Low 

Low 

Low 

Low 

High 

Low 

Higher 

Nonnal 

Normal 

High 

Low 

)JtlLlJItlfft;t1~.:I (NEMA design D) 1;ri'l..lm1tltlnLL'l..l'l..l~1'"fli1'V1tlfnn1::~u~~.:ILLi'i::n1::LLft . ... 

n1::~U,j1)JtlLlJItlku"i1il~,)1)J~1U'VI1U~.:ILLi'i::,j1.:11U1lA'1::,"~1.:185 ~.:I 95 LtltlfL;U"'tl.:l.alJl11L1') 

~ Ii' _ .... £.. t .:t........ 'i'. ..I.. ..I ~ "... ..I ...... 11"....1
'lI.:1 U'I1'1.lft )Jtl LlJltlru1::'Ll1'V1Uti\ ::''l..lC'lU L,"ftC'lf\)J "'')1 )JL~tltJ'.:I"D.:I ~"lI L,)i'i1U1U)J1n'VIlil::Cl.:ltllJl11L1')LIJI)J'VI 

... 0 ..... rr 1'.... 0 '1 I1... ..
fl\')1 )J1JI1U'VI1U,"1,m1::1tlnti\::'VI1C'l')tJ'VItl.:lL,"i'itHLLft::)JtlLlJltll L'"1'l..ln11tltln LL'l..l'l..l ')LVftln1 n11.:11U~)J 

...r ~ .:t_'1 .... 'i' e! 
IJItlLUtl.:l 'VI-3UlJtl-3nULtlL')tlnJ'VI 

~U')U)Jtl LlJltlf ~1 LLuntltlnLt1u.an';11J11)J~lil::''VIu~w'"lJij1lLC'ltJ1~ritl1,"Ln~n11LiCtJ,"1tJ 

I ~J'..I ....- .., .. .. ...; 
tltJ1~tuLL1~'VI-3UL Utl~ti\1nft)J'l..lIJl'tl-3~U,)UtllJl11'V1U~t\.l'"IJ)J'tl-3~U')U)J)J1"131U'VI 4QOC 
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. . 
... - _..... - I .. 

~1f1.,JVl 2.3 LL~/Mn1fLWJ.l'tlflJMIJ~HMUt1'tlflJMIJJ.ltj.,J~~~tNilU'1ULL~fl:::"lll.Wl 

Insulation 

Class B Class F Class H 

Motors without SF. 80°C I05°C 125°C 

Temperature rise at 

Rated load 

Motors with 1.15 SF. 90°C 115°C 135°C 

Temperature rise at 

115 % load 

". .. ~ .. ~ ... ..J ,.. ok .. \" 
t ~fi ~'11tu'1'J '1U'1"l :;Lf;ltl "''VI 100°CLLi'l :;~tu~IJ~' tu:;'VI~ tlLl'Itl ffl'1-3'1 U~ '1~ '11""l:;' urHI '" 

LL,j'~ '1~U'JU~'J UL-v,qj"l:;hi\~,j' ~1tli'l:;i'l'1 tJ LL,j'~'1"l:;~-3 fltu~lJijLnu;l "'~ '1n", r.J i'l~tl1'1nn"l:;"; '1 t '"~U'JU 

t;r-3'1U\~i'l"fWllil",~u'JU~tlLl'ltl;;lutJ~t;rLL1.J1.Jflli'l'1~ B 

i1l'li1.J~'1n\1ntlu~tl-3'Dil",~t;r~tlLlJ1tlllYl;h 'tA'LLri LL1.J1.JlJli1.J\1ntlu~~Tl (sleeve bearing) 

LLi'l::LL1.J1.J1.J'tlifi'l (ball bearing) lJ1i1.J~ntlu~~Tltl5':;ntl1.J~'JtJ'VINn1:;1.Jtln~'JtJ'VI1-3n1:;1.Jtln'VI~-3L~~tl-3 . " 
ta'LLfl:;'1L"litlfi'Jf (reservoir) Lfii'l'1'tl-3~tlLl'Itl~:;~~Utu~~Tl'VItl-3L '"~tl'l iJm ~fttl~U~'JtJU'1"l '1 n;\•

," '" 
L'Dtl'i1fehu'Vl'1-3\a' ~'1Li'Ju'Vl'1.:Jehuu'137u"l'1n1L"litl'i'JfltltT'I~~Tl l'1~1.J~ntlU"li~ut~n1.J~tlL[;Itl1fit;r ., . 

.. q I" I " .... 0 ... ... 0 \"

-3'1UL1.J'11 'D-3rl'J1~m1,"i'ltli'lUtlm'lutltJ'Jn 1 6 L(;ItlU ~7tl'Vl'1l'l'1~1'1tJi'l:;LtltJ"'VIm~u~ 'J 

" " 
l'li1.Ji'l ntiuLL1.J1.J1.Jtlifi'ltl1:;ntl1.J ~'JtJi'lntl'l.lll'1tJ t ULLi'l:;Il'1tJUtl n l'l'1~1-31'1'1iUt uLLi'l:;iuutln v v 

.., ~ .I.. " I" I .J
l'li'l1.J\1nuULL1.J1.J'Vl ~'Dn1.JL~ft(;l~Un 1 LLft:;~ 3 'D~f'ltl: ~n'l~fttlftUtlm-3Cl'1'J1 LLUU-LLTff'l LLi'l:;LL1.J1.JtI 

... I ... 1 ~ ... cJ'1_ !... ... ... \ I "3 0 ... .. "....... • 

~n'1~i'ltli'lU U'~l'l""-3 n1Cl.ltl u.I~m1i'ltli'lU~tlL"tl1':; ~Ll'itJ~'1tJ L~'Jr.Ji'l~'1fllqjrltlCl'1~n'11~i'ltl 

I ." I 

~u~'1nLnuttl "l:;;ht '"~tlLl'1tl fLatJ~'ltJ\lllf'1 iJ n'11~fttl~U~'1 mnu\tl L1'1~ :;~1'1'1iut ULLi'l:;Lfttl n'11 

~ft'8~Ut ,"n1.J ~'8LlJ1'8f ";'1t ,"Lnt'tL'8L'J'8fi1'VltU~tlLl'l'8f 

UtlnL~i1tl~'1nn'1~fttl~uLLt\'1 LLTlml'ltl~d'1Aqj;jtln'114'(;ILL U'J (alignment) t "'~tlLl'ltlfn1.J 
~ ... -l "I'" ... ... ~ ~_ ~"'''I
~~i'l" LL~f;l-3C;\'1Il'1fi'VI 2.29 ~un1tu'tl-3~tlLl'ltl1l'ltln1.J~,"i'l'" loI11tJl'l1'1 LTfi'l '1' tl-3 ~~i'l"':;lJItl-3tl~ ~ULL U'J 

...... .., ....oJ .. ..I i'J "... ...
LA!J1n1.JLfift'1'111.J LL~(;I-3"-3Il'lfi'Vl 2.29 (a) n1Cl.l'VlL U1:;1.J1.J~'1tJTf'lU "':;l'ltl-3~n'l1"'''LL U1LLi'l:;LLNLLN 

.c "I "I " " • ,... "I ~ " ... I _'1'" 4/ k ...
l'l-3 ~ U~'1tJfi'1U ~~L ~~'1:;~ ~~'1tJfi'1U"':;l'Itl'lu11.J ~~ ~"L TftJ-3fitll'1tl m rutl-3nUm1i'lU r.n LLN "-3~'1 n 

0.... \.1 '1" "I" ... ~;'..01 .... " Lnu lJ"l:;'Vl'1 ~~tl'1fJn'11~'D-3'1U'tl-3l'li'l1.J\1nUUl1UM L~tl1:;1.J1.J~'1!J,"'1U~~'1nm'1 1 ~'1tJTf'1U,tl 

0... .. 0""" to ". ~ t ~ .. " 
~'1 f'l'lJ 'VIf'l1~n1:;'Vl'lf'ltllJltl-3L tifttJU~'1tJfi'1U'Vl-3~~'" LL~1'1 ~'1 tJTf'lU~U-3'" :;'!I'1 c;\tti 'Vl-3UULfitl t ~ 

~'1tJ,"'1U11.J 1~i'l '" tilL';'11 nu L~tl L~'14'''LLU'J,tl-3 ~:;1.J1.J\~~n IA'tl-3LL~'J LLi'l :;"''''LLN ~'1 t U~'1 tJTf'1u\~ 
D.!'l" " ... .4 I \ .... .4 ...

L~~'1:;~ ~ L1'1"l'1 LuUlJ1tl'llJ1 ~"l ~tl1.J n 1:;LL~ n 1:;~U~tlLl'ltl1Lfitll'l1'J"l'J'1 n1:;LL~~:; ~Ln(;l n1:;LL~L~tl ~ 

~ G'"
, 

~~i'l"LlJ1~'Vl 
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1~1.J1.J;1.Jiu~'JtJ~1tJ'Vi1UihJ~~LtJ"Jl,r),J1n~'Vi'11~),Jt1~~t1fflijt1~'11~n),J1~131U~1),J'l1C1;1.JiU 
f " .... I 

L~~~1~i:lt1~'11~n;;ih~u~1~ ,;~un1~;h~tJHt1~'11ri'Ju 1tln/t1~'11~n ~~1il1-num1~1u'JtlJ
 

Motor rpm Equipment pulley diameter
 

Equipment rpm Motor pulley diameter
 

About 1 in. play 

\ ... 
o· 

00·,,----i]----3 
(a) The load shaft must line up (b) The motor shaft pulley must be accurately aligned 

perfectly with the drive shaft • with the pulley on the deviCe to be driven 

-I 0'1 .. ., 0 'I".!'l 'I"" 'I 
.n11~f1n1~f11 ~U~fil1tl~tOlIn1n~ ~1),J11C1"'1LLUnt1t1n~~~uu.n1~~ ~ULLU'J~fIl),JLL~~.n1~~U 

LLU'JLLnu ~fl1.J"n~u~1-num1ffi~fu~1~ilu~"'~~t1~i1.J.n11~~n1~'Vi1'i~~t1~LLnu~1tlLL U'J1~LL u'J~~~ 

n11flfln LL1.J1.J n.ltWDt1~V1tr1.J ~ n~u~~ ~fl~fl fl nLL1.J1.J1~~~ ~fl"llt1"V1fl1.J ~ nilu~U),J1~~ ),JfiflllU1~LL~~.... .. 
... ., -I 0 ., ~ ., ~ -I.. ''I'' ~ "n1' 'i'_"
f1f1lfl1~'IIt1~m111.J.n11~f1n1~f11 IMUU ~~1.J~nuUfl),Jt1" ~ Uflt1~V1~1~tOlI~),J '11~LL~~ U'l~~~'11~ .. ~ .. 

~h~1nu ~'Jl!I~~'J~~tr1.J"ntluij"Jlu~U~~'IIU1Li1~1~nuLi]u~1u'Ju),J1n ~~~1~iJu~t1~ih~ULiI~fl1.J 
~ .t .!'l "" "" ., ., ~ ~ '1.1I

QnuullU~UU),J1~131U ~'Vifl~~LiI~nlJlflmffiflnU1.J1.J~ftffi~lltn1nft lJIft1.JQnuufI'J ~u"'~ 

tl1~nt11.Jlt1~'Jl!Iuu'Ju~t1~ri'Ju;it1 LL~'Ju1u (Inner ring) U~~LL~'JUUt1n (Outer ring) (uVI'Ju1ullt~1~ 

" ~'J),J~;1n1.J~'Vi~1U~~uVI'JuUt1ntOll~!i~f1~1ui'Jmu) i1~nn~~U1.J1.J~ij~n~),J (ball) ,..1tlU1.Jmij~f1N 

n'~1.Jt1n (Roller) t1~~V1(h~LL"''Ju1uLLfl~U V1'JUUt1n u,.tJ4j~i1n'''V11t1i" (Cage) V11t1(1tJn~1 

RetainerkuLLtJn~nna~ 1,ri1,~tJ~,.h~fiI~~ uit1LLWJu1l'1LLVI'JUVI;i~~~u ~nna~ri4j~na~t1~1Ul1~'IIt1~ 

UV1'JU UVI'Ju1U, U~'Juut1nu~~~ijLil~n~u u,.tJ,r'Jltl",~'Vi1tOl11n 'LflVl~ fil1fut1um1Li1~~1l1.J'Ual1~i:ltJ),J i~ .. .. "4 

zUVl2.30 
..I 
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~~~Ollerring 

18II~=:::J*--Innerring 

IMPfIIOCMbill tutna __COtIIaetball__ 

tt1~ 2.30 1Pl1~~f1~nH~itl~ntl'l.l 

1.,,»u"''1tl~~itl~niJ'I.l 

~itl~ntl'l.l~14'~t1'1.l~'I.l~~'I.l~lil1tl~4'n1n~'M~1tJlIU", ~,j~~"»U",,,,~illil~1~~~n,j1~ri'l.l~1~ 

f1Ji"l~'tl~~niJ'I.l'M1B~nn€~~tl~n1tJl'l.l ~tJ~i~11J~ntl'l.l'Mii~~~",~1J1::ntltl~~tJ~~'I.l,j1~';~ltJ 
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" . " 
1.1 "itl~ntll.l"llill"\1nn~,m~~;.a.:l~nLLmL~m(GROORVED BALL BEARING)Lill.I"itliliJ~nn;.:I . " 
~.:IIl'ltJll.lLLtltlLLmL~tJ~'"1tl~tl.:lLLmm;rLLi\''lLL';m7t;{.:I'll.l "itl~n;jl.l'DU(jlilL,"~'l::~'l,"full'l7::'I.hl.l 

I " 

n~'l.:l"'l~ LLl.I~ffllii LL~::full'l7::lJi'l "'l~ LLl.I'lLLnl.l LL~::~'l,"fufll'l'l~ L~7'tltl~.:I "itl\1ntll.luiJintiw:: 

pJi'l-3 "'.:If1I 

1.2 (j1itl~ntll.l"llU(jl\1nn~-3n~~LLtltlihhntl3'll.l(SHOULDERBALL BEARING)LtIl.I"iftl\1n;jl.l~i1 
.:: ..I., ., .... ., 1.J-~" %. ~ ~ 

~nn~.:Im~'Vl~~'l7ClroLL1-3"'l~LL l.I'l7fl1~ LL~::roLL7.:1"'l~LL l.I'lLLnl.l '\.1,"'\.1.:1 'Vl fII'Vl'l.:l ~(jl lJl¥1t1\1nlJ'\.ILLtltIl.I 

~'ll.ll'"qj"t::UtJ~1l'l~'ltl1::ntltlLtl '\.I~ L~tll1lLn(jlm1~'ll.lnl.lLtl'lH"itl\1ntll.lLLtltI~~intiN::pJi'l.:l 

"'·utl'II 
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1.3 Pl"\J!nn'U'!lij,,~nni~niUJLL1J\JLii!HI(ANGU LAR CONTACT BALL BEARI NG)LUU~i1J 

tJu~ij~nn~~n~)J~i'l'UJ11ClfuLL1~~'UILLU'Jfillij LL~~fuLL1~~1)JLLU'JLLnutu~rt~iiill"1~1.~ ~i1J~ntJu 
~ . 

LL\J1J;1Liju~'Ju~~il!J )JU1 )J11.11~ntl1J Lilu~ L~tlt\lLn {;\ m1~1uriuL tl1HL"Ii UL~ m ri1J ~i1J iJ ntJu"llU{;\ 

iJnn~~n~)JLL1J'Jijlhri1J31U lJIi1J~ntJULL1J'J~ijim!w~pJi1~i~l1.1 

1.4 ""\JtiniJ'U'!lij,,~nni~LL\J\JLLn1.:JtJru~'US(SELF-ALlGNI NG BALL BEARING)LilU~i1J 
I " to' I , 

iJntJuili1\\nni~n ~)J ti\\'1~fufu LL1~lJI'1)JLLU'Jffll2jLL~~LLU'J LLnui~t1~ ~1~'11Cl t~LYi~'1i1LU!HLuu1.1.1 
,. ..I...... '1.1'''' ~ ~...... "'_1

~1nfllU!J LL~~L"'~1"1Un17~{;\~tllJ.l'l"~1J~n1JULL1J1JU)J~n1!~ IMru 
~ . . 
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1.5 P1i\J~ntl1J1fijfl~nn'~iJ~3J(BARREL TYPE ROLLER BEARI NG)lJItru~ntl\l~ij"nni,mtUI 
" , , 

t;(~'l\llfufuu.NIJI'l~U.\l'J1f11ijU.~~U.\l'Ju.nu ";~ti~~'l3J'l1rt t ;(n1JL1'4 ~'l;l LntJ~U.1J\l ttl",'ln~u6 U.~~L1'4~'l 

~fum1rK(;l~st~L;;mn\lu.1J1Ju.nrj~ tlfu~u6 

.., ~,.. ~ .. ~ ... ~.,J... .: ...
1.6 P1ft1JttnIJ1J1fUfl1Jnn"~L'i!I~ (TAPERED ROLLER BEARING) Ll.I\lIJl~1J~nu\l"{l~~nn~~Lffi'J 

" " 
IJItr1J~ntl\li1~'l~'l1rtu.tJn;\l~'J\lL~ t;(~'l\llfufuu.1~1JI'l~U.\l'J1f11i1U.~~u.\l'Ju.n\l~ iltJ~,j,'l~'ltl1~nS1J 

LiI\l~t,xtffl\l;i fII"{1'l~ 

.., ~I" ~~., ~ ... ~.,J... .: 'i'.!'
1.7 fl"\Jttn1JU1fUflttnn"~~R~(SPH ERICAL ROLLER BEARI NG)LlJ\l(;l~1J"nu\l"{l~~nn~~ lI'I~ 

" tlfuu.\l'Jfu~ i1trm~tN~n'l1t;(~'l\lL\lIijfl\ln1JlJltru~ntl\lLij",~nni~n~~~'l~'l1rt11JU.1~t\lU.\l'Ju.n\l~ 

~'l~'l1rtfuu.1~t\lu.u'Ju.n\l~~'lnnrj'l 

.., ~I" ~ g iJ ... ~.,J, '" ...... .,J
1.8 flft\J,n1JU1fUfl,nn"~L"Jl3J(NEEDLE ROLLER BEARING)~ \lIJI~1J~nUUYl ~'~'lUn1J1J1L'JN"{I 

i1~u~mnJ1~ntl'J,jtltJ ~'l~'l1rtfuu.NIJI'l~U. \l'Jffllij~~'ln ~nni~'JIU'l"'Lt\'Ue.h~\l6n~'l~Lfln u.lJiij 
... 

flI'J'l~~'l~'l1~'ln 1JI~1J~
~~... 
nu\lu.1J1JU~ 

~ ... ,
2 u.1J1J flit) u.1J1J~u.\lI'JU 'J.:I ~\l u.~~

1I_!'" 
1J.l~u.\lI';lUU.U1J 

,
';l.:l ~\l 

... 
(;I~1J 

" 
~n;j\l,il(;li1i1trn~N~pJh~ i~pJ 

1.9 P1i\J,ntlU1fijfl1Jnn'd'jLL1'~LL U~LLnULLCI~L~!I~(THUST BALL BEARING)Lijulltr1J~n;j\l 

~~nni~tJs~fuu.Nu.U';lu.nuu.mL~tJ';li1';l~u.\lI';l\l2 ';l~ ';l~\lI~~~';l~n1JL1'4a'l ';l~~~S.:l~';l~ti"'L;'ln1JrK';l 
~ 

Lffi\l 

1.10 P1.\Jt!ntlU1fijflt!nn'~tff~ruLL1'~LLU~LLnU(SPH ERICAL ROLLER THUST BEARI NG)LU\l . .. " 
(;Itru~ ntl\lil iii nni~1A'~ru U.NU.\l';lu.nu",'l n11JYl1~~ntl\lu.1J'Janni~ t"'~ li'lt,x~'l~'l1rtfuu.N U.\l';l1f11ij'I 'l III 11 .. 

'I~CI II ., .4 ., ... .., '11'.... I" tr
U'lLanUtltJ u.~~tJ~~'l~'l1mafl\llJro(;l';lLtl~ U'I\lI'lmn(;lm1u.m~\lI\l~\ltJ 
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1.11 fl.tl~ntlU1ln"1nni~tR~ruLL'~LL'U~LLn'U 2 ;1P1'11.:1(THUST BALL 
., 

BEARING DOUBLE DIRECTION)Lih.llJltr1JiJnnU~nn~~mnJhJu.~~u.nu 2 iiflll'VI1~ ijU.V1~U~tl~ 
, "" " 

Lflu~~1j~'IItl~i'lnn~~,;~ 2 Ji'1U ~1tl1~t1hJu.Nu.U~u.nU~';~ 2 iiflll'VI1~.. 

-r"'1m'li,j1fli'tltintlu 
~ ...,..,..1... ~.1''''., ~..I'1"!"I • .. 'I." 'I" 

lJIi'l1J~n1JU'VI ~"l\L1JU"l\U~~U'!Itl~LflI~~"tn~ni'l'VI1"t1m~~'VItl~WIl1"'~~L..,tl~V1~1tl1~t1 ~"l\~1U ~l'll"!'l 

u.i'l~flI~'VIUm~~~tJ1~U1U;~,rU1'~"J~L;{';11J1tr1J~nnU'ltKu.ri ~1~u.i'l~iJnn~~'IItl~lJItr1J~n;ju 
, I '" I 

ft~'I.ltJ1ntit~';1~~tJLVI~n;lijfll1f1JtlU'~ eJ~tJritl'Ll'l~LijtJtl tit1nUUL;rn~~tl~'VI1~flI~1tlffiU"1btJLfitl 

flI~1tJU.;~L,"ri'J1'ft"JL~tlL~tJtl1~m~L;r~1U u.i'l~'VIulJitlm~anVlffi~~ 

., 
'IIU10'l1ltl~~n;ju1Jlijm~ihVl'l.l~HLtlUtJ11J1~31U ;~UU'VI1~tJn1J~ 'IIU1~'IItl~lJItr1JiJn;jUtit~~tl~L~tln 

., ., 
tl1tit1n~)Jtl'lltl~lJIi1J~n;juuu1 ;~i1 

~~~~1~CU'lltl~lJIi1J\1nnU~t1 'IIU1"'L«Ue.hfju6ni'l1~'IItl~t 'IIU1"'L«UeJ1~u6ni'l1~.n1tJUtln 

flI~1tln.j1~ u.i'l~tltllJi1~1 ~tJi~1tl,jn~~L;r'llU1~L«U"hflllu6ni'l1~'IIt1~~LiluVlin U.i'l~~tit1~W1htlri1J. .. .. 
'IIU1~L«UeJ1fju6ni'l1~~~.n1tJUtln U.i'l~flI~1tJVlU1~lJi1~ri'l.ltlt1n1tJ 

..I ., ~ • I '1.1"" .,.!':., .. '1.1' ,.!':., .. 
'IJU1l"!'l'VI~tJlJIi'l1J~n1JU"'~lJ~~nt11J~lJl"!'l~t1lJ1~Li'l'IJ"i'lnl:iCUi'lm~w ~u.n l:iCUi'lm~w 'IJtl~ 

"l\Ul"!'l icuin'Mnr'IJtl~'!IU1'" 

., ... 
utlLtltlf (No.) '!IU1'"1lJIUtln (D) '!IU1{;ltLU (d) flI~1tJVlU1 (B) ~Pltl'!ltl1J~tl (R) 

6206 62 30 16 1.5 
-_..__ ..---- -_..._-- -.__ ..-.-.-_.. --------~--------

6207 72 35 17 2 

6208 80 40 18 2 

6209 85 45 19 2 

6210 90 50 20 2 

6250 52 25 15 1.5 
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4.n1"i1,r~1U"lIfHI""tJ~ntlu
 

V1iu~ nnUu.~t\:;"lIu",iJ flI,)1~~1~1tll'l.ln111;n'111;.:I1UI4~n ,h.:ln'l.l L111.1 flI,)'l~~1~'l1C11 1.1 

n11roLfl'"luu.1.1')1fl1ii ",)1~~'lSJ11{11'l.l~1ufi1,)1SJLfifil,)1~~1SJ1{11u~'lufll,)'lSJ1J","',)'lSJ~'lSJ'l1{l1u 

n11iU~:;L;;tlUU.fl:;~.:IL~t1.:1;.:I ;.:Il1t1fl:;L~t1'" 

4.1	 n1"irutft ,,1U LLu'1fflli1 "irlJ~nnu~l;nuL,,1tJ.:I4'mnflffllii~iJ~SJiSJrrM:;~~1.:1~ nn~.:Iu.fl:;l1.:1 
., 'i'_ 1 ~ " " .J ., 0.,.. ~ .., .J

\\1SJ11C1nJ m'" uu.u')u.nu ~"'U'NL'lIunu \\1~1Uu.uU1'l.:lflnu.fl:;u.uu~nnfl.:lYlNn1:;Utlmw')Y1~~ .	 .,., 
iSJrr~SJ1n~1~11C1futfl",luu.u')u.nuU'u'l.:l~')uu.utJiI~1SJ'l1C11Jfui,)Ltl.:ll~,ru"nn~.:InflSJ~1tl 

., 
Y11.:1 m:;tJtl n n flSJ \\1SJ'l1C1tOt :;4''''~'l U.~U.:l'!ltl.:l i')Ltl.:l""SJn11Ui.:l i,)'Iltl.:lL"fl1I4lJi"llU",il~'l SJ'l1tl1Utfl '" 

'I""..J. " 
uu.u')u.nu~"''I.ltltln,)1u.tJtJYlnt\1,)SJ1u.fl,)1 

... C5., ~ _ ..,,, .. ..., .J~ .!' • 'i'_ 
4.2 "1U~'11~WM "flU~nlJuSJ'Ill'ltOt"n"'Y1'l.:l"'"Ufil,)'lSJL1'JflItl "')Lfl'llYl UI'ltOt1nCJfl~w1:;~,)'l.:l"',)'l~ ~I 

'!ltl.:l L" fl'l ntJ flI,)'lSJ L~ u.fl~"lIU"''!ltl.:l"itJ"nn'l.l U.fi~,)USJ1nl'litJ~nnUu.tJtJ~n ni.:l n flSJ~iHflnu1tl 
.,	 ., 

ISJrrft'LJIuu ~nni~nflSJ~1tlYlNm:;tJtlnnfl~ ~1SJ"1C14'",1Jl"U.~U.:I'!lf).:IlJT,)~tl.:l""SJn11Ui.:li'),tl~L"a'l 

u.fi"llUl'l~~1SJ11tlfu~",1'l.lu.u')u.nuUKutltln~1u.tJtJ~nri1,)SJ1u.fl') 

'Uil"""tJ~nnu 

l'litJ~nnUnflSJ11~fln 200.000 300,000 
. ~. 

"~tJ~nnUu.tJtJ~nni~nflSJ	 200.000 350,000 

"itJi3nnUu.tJtJiSJrr~~SJ 150,000 300,000 
., 

"iu~nnUu.tJtJ~nni~Y11~n1:;Utln 200,000 350,000 
. . ... - --

l'l€tJi3nnUu.tJtJi3nni~Y11.:1n1::1ltlnLlm • 120,000 200.000 

"itJ~nnUu.tJtJ1Jfufi,)Ltl~~	 100.000 150,000 
... _.. . .,-.._ ...-.- -_ .._. - 

"itJi3nnUu.tJtJ\!nni,mfl~fu~'"11.1 60,000	 90,000 

4.3 ;1U~'11J.11J"fIliu\!nnuu.tJ1J\!nni~~1tli3nni~Y1Nn1:;tJtlnnflSJtOt:;ilfli'lfll,)1SJ1J",tOt:;d'~'I.lu."'fIl 
....10 ., .JJ('" 'I_ 

~tllYl~'lfllCYYll'ltl~TCtOt11W1 ~U'llN:tltlnu.tJtJ 

II" _ ....J :t ., .... 1 .J • ., ., ~ .. 
4.4 n1~U"'::L"'e)ULLfi:;mTCtU.,.!I~"~tl~fIIlJ1:;ntltJYI~1"'CY'!ltl~"fltJ~nlJUfIItl fIl,)'lSJnfl~'tl~ 

~nni~	 flI,)'lSJtJl~Y1i'lltl~~'lJ.Tu~ritl~U u.fl:;i')1J1::ntltJ~U1~1tl~fl~SJ'l L1iU fII,)'lSJ'ln;rtl~lUn11 
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tJ1~ntltJ fil~1~~~L~t/'"' t Um1~~1J1 ~UL~lJl'tl,m11ju~~L;jtlULL~~m~-:I Lit/-:I;-:lii~~1tJtlth-:l 

if",,,,uuti-:lUJ~)J11m'lTi1~;r~ ,tl-:llJ1itJ~nnu. .. 
..... .., ~I

2.4.3 "'l~DLnfJ')n1.J~n~~ 

iI"'''tUUL'Vl"tut~~t~ti11lA'ri1~~u11'l1)J1n';1t\\'~-:ln11~lJ1~1~n11)JlJi1-:11L"'lClJl,",~u11tJ 
X..... .. ". ....1 r. .... !' ~ .oil ... .1 ........ ::. ... " .oil 

)J1n'UfJn'Vl Iil~L~UL,",~1m1~~1J1~lJn1W1J11-:11 n W1tl1"t/Lfil'ltl-:l",n1'Vl'VlU~)JtJ"'Utl-:l'U~~lJ1'"'~t/Lfil1tl-:l 

tilJ1tU~LL~~fil~tJ")Jn11~~lJ1~~t1~)Jtl-:ln~ iUA1~1tl~~1J1.nNorilJi1-:11 ~-:I~Utl-:lfil~1)Jr;ltl-:ln1ntl-:l 

1J1~1j;l'LA'tlti1-:1~j;lL~ ~~1J1.nN""'illl\~~-:I~LiitltJ'Jn1fil1tltJfllf~",~i1~tlTf~n"lltl-:lL~UL~n ~-:lti1L11)Jtl-:l 

L'lTi1~~~iuA1LL«~nlil~L~ui1)J1n~1t1~~1t/,il,", ij,il,",~~-:I~1lA'ftJfil~1~~utlil"'1nL~n1 ~tl"lltl-:lL~U 

~~1~11mfil~tlul~~1lA' ~-:I~1~tl-:l"'1n"lltl-:l"'1-:1 L'1iU 1tl Lfil1tl-:lflU L1tl LL~~~UlJi1-:11 Lfil1tl-:lL~UL~~1~ 
.oil .. .. l' '.. ".!II ~.1 0 t"... .oIl...Of J' ... .. " •

LfIl~!lUL~~ LIl'I!ltl1-:1 L1 !l~ LnlJUVI~""1 ~Ln,",n1nfll~!lU L~~ lJty1ll1U~~1t/"1Unfll-:l"'~1J1!ltJ L,",~1 

..I r.~ .. .!' ... J ..I 'l.l o t"... ... .... " ,...0 

LTfl1~LLtJlJI1J111 L,"11~)JtlLlJ1tl1 LTf11~~lJ1-:1 ~1tl'IUn1MtlU1 'Vl"'~ lJ'Vl1 ~Ln,",n1ntJLfil~tlU L,", LLlJ1)J 

~U~~U~~1,rty'il,",~~-:I~-:I"'~"II1,",Lit/lti1.lA' n~tl ·L~tl-:l· ~-:lLtlU;r~"Ii~t/~-:lri1i-:l~1tld1t/'Vltl,",m1~~U 
,,0., I .,..J 0t"'" .... 'I~ 

"'1nlJ1Um~-:l1J11-:11tlU'Vlt4t~\'t1 ~Ln,",m1LflI~tlUL~~ I.f'I 

~~tl~A~tltt'1 

if"'''tUUL'VIfiltUt~~t~ti1 'l~ri1~~u1'ltJ~1n ';ht\\'~-:lm1~1J1~1~n11~lJi1-:11L"'ltytj;l~u1'ltJ 
X..... .. ", .... t r, .... " ~ ... ..I... ... ..::. ....oil " .oil

)J1n"llUfJn'Vl "'~L~UL,",~1m1~~1J1~lJn1WlJ11-:11 n Lj;ltl1"t1LPI'ltl-:l",n1'Vl'VlU~)Jt/"'Utl-:l"llU~~1J1"'~t/Lfil1tl-:l 

tilJltu~LL~~flI~tJ.,~m1~ft(JIlI~t1~)Jtl-:ln~ iUA'1~1tl~~1J1.nworilJi1-:11 ~-:I~Utl-:lfll~1)Jr;ltl-:ln1ntl-:l 

lJI~1 '"''llA'tlti1-:1~,",Ln ~~lJI.nN.,r'il,",~~-:I~LntltJfJ n1fil1tltJflIf~1il~ij~tl,"~n'tl-:l L~UL~n ~-:I ~1 Ll1 )Jtl-:l 

... ~ " ".. .. ""' ... ...... ....I.. !'''' t .... ,
L'lTi1~lJI~",Ufll1LL~~n"'~L~U)J)J1n)J1t1~~1t/'U,", )J"JlU,",~U-:I" IJ'lrufil~1)J~U "''''1m",n1 flItl"lltl-:lL~U 

.1 .oil.. ..!' .. 0 ...,.. ..... ., J , • .:t 
"~1~11mPl~tlUL~~1.f'I 'IJl-:l"'1~tl-:l"'1n"lltl-:l"'N L,U 1tl LflI1tl-:ltJU L1tl LL~~~UlJ11-:11 LflI1tl-:lL~UL~~1U 

Lfilitlu'l~~ 'lli'tlti1-:1'l1 tl~'l1Li1U;r~~';1 t\lLn"m1Lfil~tlu'l~~ 
~ , 

ifClJ~1il~~1tJ,hunPl-:l"'~lJ1tltJ1.lA'~1 LTf11~LLtJlJ1lJ111 LTf11~)JtlLlJ1tlf LTf11~~tl1-:1 ~1tlr;lUri1i-:l 

~U1 ~",~'ltJ';1t\\'Ln"n1ritJLfIliflUVl LLlJiij~uthu~~1,rty,il"~~-:I~-:I"'~"II1j;lLitJ'lti'lll n~tl ·L~tl-:l· 
":'I"" J. 0..... . "0 ....... ..1 0t"'" J..I
 
'IJl-:lLlJUlJ1~'~t/"'-:ln1~-:I~1tlmtJ"tl"m?\llljU"'1nlJ1Un1~-:l1J11-:11flU'Vl"'~'Vl1 ~Ln",m1LPI~tlU'Vl 

\lI.nn1'i11~~~~~~~f1u~!h~t'1 
0

n11d1tJ'Vlfl"n11l11ljU"'1nr;luri1ft-:lUU ';1'l~~~1t/'iti L'1iU 1I')t/n11tf~1t/Tf1U t, t\'tlfll~1)J 

~ :-l "'" ~ cr~" ~ .J ".....,.i ".c ~ "" Q' "'"0u'"' LlJUlJ1U ~tlfil,)1~u,",nfl\fl ~fl~tl-:lntl'VlQnn£"t~lJ1,",nu L~fl~fl~U-:I~~U~1tlLijU~tl"lltJ n"'~'Vl1t~tln 

'" .. .." t ... ~.J. .., I" ...
~tl~U-:I~~U1J11~ LTi11~~~~U1'tl-:lt\'tl'Vl-:l~tl-:lLn,",fil~1)Jf.J,", LUtl-:l"'1nn11l)J~~ LLlJ1tl1~1n)J.n11~ 

)J1n1 L'U ijm~~ri1i-:l~-:l1",~;j1t\\'Ln,",m1~u'ltl~n11~-:lri1i-:l~-:I'ltiLLtiUt'hL~tl~"'~LLn1."II;rtlLit/ 
. ':4, .,.!'.... ~... ., "..I." " ... " " ..0 At

L~~1U"'~ loM~n11U1Ltl1ih.lh'tl~~11J1" L,)'Vl~~"IItH~tl~t/1tltJ~tl ",~~~n';-N~Li1u~tl-nUL~tl~ "Jl~ 
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'!IO"'!ItluY{tl~ 

LY{tlUI'N(Spur gear) 

LiluL~~-3~i1inMw.~Lilu~~'VI~.:m~~lJ~n i1-nU'U'1urilJLLnu'~-3i'1L~~-3 i1V1U'1ilPl'J~-3 
., . 

-nUL~tl-3l1U'1UL",hriu LLft~LVlij~UriU"fttlAi-3L~~-3 e\-3pJil 2.39 

pJ~ 2.39 l14tN9IH
 

Liftl~,"1Jtl'U (Worm gear)
 
., 

~ ... tI ,,"'... ~ 'i'''' -J 0 '" 

L,"~-3'lJ"'U"'~ 7~n~lJA'1tJ"'1 Ln fttJ'1V1U~ULLft ~L ,"~-3V1U~U ~"'tJLnfttJ'1V1U~U"'~fi~n'1ft-3 V1~U 

\tI;lJl1lLY4~-3V1U~UVI~U"11J i-3ltl~ 2.41 L~~-3"1lillPl~ilm.JH'rilJn'1~lPI~~lJfiI'1'1)JLn~-3' 11lLilu 

fil'111JLn~'1tl'1n'L"Jiulun~cO'~-3n'1~1PI~lJ"''1n1J~L''~~-3i1fil'111JLn~-3Lilu~u 
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LftilUlilO'UlO (Bevel gear) 
... 

L~tl~"Dilt'lui1in'MN~iu11~LtI'Uiu'tl1~m')t1(Cone) ,"'U"Iltl~L~tl~"'~tl~Ltiltl1tltJih"lltl~'tlN 
.... ~.....,J ~ , " 0 ., • ,.,J.... ..J. 

m')t1 LLt'\::"Il'U1'UntJl.l.n'U"Iltl~L'ntl~ til~Jl1Yi'tl 2.41 L'ntl~ tiltln"'tln",~ b"D~1~1tJLlJ~t1'U'tlfll'tl1~n11"l~ 
, ... 

ri1ft~1~~~1~LYi~1"1ltHfttlili~1l1nri'U L'li'U n11ri~ri1ft~ 1uti~ LYi~1"1ltl~fttl1tl d~J'U~'U 

~i01,~i(;lLi4il.:a 

m1~~"LTltl~L~tlHt'U~1'Un11A1,r'U ,j11~~~1t1~fi L'li'U m~~tl m1~1I~'U~U n11UU1lU 

" J ... 0.,. _ ,,~, __ t ,,_ "0 ...... " .... 
til')tILflffi~",m LL~~n11't11 bJ~tilYi~1ft"n LtI'U,,'U "Il~LL"~~,)fi'U'U ~~~""'~"ltl~f111'U~tl~"'U'J'Un11~~" 
o .,J ... ... ~ " .. • .....~ .. • , .,.,J ..J. 
"'1'U,)'U'tl ~~ ~ l.l.~~"D'Util"lltHL 'ntH U~,)1I1L~tlm1,)fi~~'U"'~"'~L~1I1~ftllLL~::lJ1~~t1"''tl~til "l')'Un11• 
tJi"L;1t'l~L~t'l,j1~'ULLtJtJ~~",~~ar;r~1'U,)'UhI1I1n ~~ L'li'U~ ~ tl1U'Uri~ Lftll1 m1~tl'U~'VItl1flI1 ft "fLL~~ 

~ ~ _.c .... ~ .; II .1,.... ,.~ ~ II. 0 tI0 -II IV .; 
L"fl LULtUJ .~e.ltUlL '"~~ L"~"'1"ULLUU~1J n~CU"'1~'l"tJ'1fl1'1ft"1UU Cl~LLlI'l'11<\~1I41Jl~I<\'1n~ LUL7tl-:l 
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tl~~aYlfi.n1Ti1lfl-3~fI~-34'n~u.fl:~-3l1ill'lllfl-3L1.Jill'lril'l~f1f1-3 u.lJitUh-31~riIJ11~ri1Jltl~:flnlfl.;r~fil1f1-3ijfl 

1Ji1-31 ~ilfl~ ~~ IJ1 ~~f1-3~\l t;r 'Ll'ltlili\lIJ1f1\lm~e.l~IJ1~-3'"l:1~nfl1'llJifl1tl 
..l'" ... 

nfl\lYl"':Yl~1.Ji\lIJ1f1\lm~e.l~IJ1~f1f1-3,r\l fil'l~",:1I1lt4'n~m~tN:itlh-311f1-3-n\l~~f1-3 U.fl:~:1.J1.J 

1If1-3 ~~f1-3~~t1nfl\lrj1 -n\l~Ttfl-3~'"l:e.l~IJ1,r\lil~m~tN:f1!i1-31~ il-n\l~-n\l~Ttfl-3 ~ Ti~1::~ mtN:ttli1-311f1-3 

-nULTtfl-3,r\lilUfl1t1'liill'l ~-3itl~ 2.42 i-3tt~\lfl~ri1.J~1\l'l\lllfl-3-n\l~Ttfl-3~'!lu ~Ttfl-3~il~1U,)U 12 -13 

.. "'6' ~ "'" 0 "'0 .l' ..
,"U n"'::~flm;N::~fl\l31\lflfll'l U.fl::3"\l,"U~"'f1-3"'::IJ1~-3~~f1"'"U'lU-nU~"'"\l'lU~"n'U~'lt'ltl1 "'U~1n 
..l .. ~ .... !'l ~ ..l ....~...!'l .!' 6' ~ l..l 
Yl~l'l flfI ~"'f1-3~:Ti1\l (Rack gear) 1I-3~1JU~"'f1-3Yl~l't\l~~tm1J\lu.U'l~fN\lIJ1~-3l'l-3iUYl 2.43 

35-rock S5-1 S4 35-&4 2&-34 

.f\.f\.f\.f\
 
21-25 "'20 1'-1& 12-13 

AIlIln.
 

~ ..l 6' ~.1'.!' ... ~,6' .:::..... ~... 6' 

~..,tl-3'Y1"':~1~1~ClnJnU~""'tN~lI\l1"lIf1-3-nU~..,f1-3 ~ Yl1 nu~ Yl1UU '11-3111.11 "lIf1-3,"UU~ m 1'1l'l 

~fl\l2 ~:1.J1.J Pifl ~:1.J1.JL~(;i-;'nu.fl:~:1.J1.Ji-3n~'M ~:1.J1.J~~lJ1l'n,ru,..:t)"lIU1l'l~fluijfl~~~IJ1~ ~~1L1tJn 

~TttN~:1.J1.Jd'i1 ~Ttfl-3 UJ~fi(Module) 'U1l'lllfl-3UJ~fl~Ttfl-3 ,.. :ilfli1~-3ri1UU" H~flUlJ11J1~31U ~')U 
"" " ..r

:::1.J1.Ji-3n~'M4I:t)"lIu1,,~fluil'l (1t1mTttH~:1.J1.Jil'i1 ~Tttl-3~Tl (DP=Diametric Pitch) '9::,run17tftl 
... 

\11 ~~f1-3 ~1tle.l ~ 1J1~~tl-3,rU;rfl-3Yl~ 1.J ~n'MN:nJ11-3l1f1-3 ~~tl-3 U.fl:~:1.J1.JlItl-3 ~~tl-3~atl ntlu'i1t;"11ill'lt \1 U.. 
U.fl~~tl 11'lnt!\lfl!i1-31~ ~'l\lLU"'"\ln"~e.l ~ lJ1,ru '" :;rtl-3Yl~11.Jfl nrj1'"1,..:';IJ1 ~~'t)-3~\l L; t)~"fil'l ~~flu 

"..
.. 

"' .... ........ ~ " .. . .., ....

f1: ~"""\I"'::~\1~1:~~ u.fl:tlr.;m~~"Yl1t1f1ltlm1\,flfln~"n(il\~"'f1-3(gear cutter) "':IJ1f1-3~flu~"n" Yl~ 

plYl ~-3 ~uij't)ui't>\Il1f1'1,"U~Tttl-3tU~:1.J1.J,rU111l'l tI 
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~'1~fui\llJ1tl\lm1eJiIJlL~tl.:J~!J~ril'lL~tl.:JlA''J!JLfIl1tl.:Jril'l,r\l fitl",:~~fim1~h~11lA';~ 
... 

~tlltJil 

1. n'11U'1~\l~'1\lltJnft~utlnL~tlt~'\l'1~Lft\l~'1\l~\lJn~'1~'tl~L~tl~IJ1'1~~S~n'11.. 
• ~ .I. I J! .. J'" .. ., ~ ..., ~ ~ ~ ::,

2. \l'1"1l\l~'11.l'VllJtlnLLfl'J L' L''1 Lfil1tl~ n",Ll1tl~ Lfitlnl'l L"Il'1:l1\lLl1tl~ 1J1'1~1:'lJ'lJ'tl~L l1S~\l\l1 

o ~ ..1'1 l' ~...., .. It'! l' ~ ... 
3. 1.l'1"1l\l~'1\l'VlIJ'IClmeu1:,"\lL fIl'J'1~~\l'1'tl~Ll1tl~lJl'1~IJ1S~m1.. l1tl~LL~'J~1lJl~Lfitlt ~ IJ'I'1.1'1" 

~fin'11i.:Jn~'1'JttLiJ\l~fi~eJilJlL ~tl~"IlUl'l L~tl~" N L'Vi'1,!\l ft'J\lL~tH"Ililtil~\l1 "':mfiLLlJln ,j'1~ 
.. ' 'I.. ~ ~ ~.I...... ...., I"': .. 

tltln LtJ S!J1~ L1nm~Ll1tl~lJlN\l",:d~I\lLl1tl~'Vli",nLL~:t"lln\l~1n t",m~fi'1:tl!J'1~!J~~tJn1W'Vl'1~ 

~'Vl!J1~'1~lJIf LL~:'S~L~\lL~n",:t;L~tl~1JI1~LiJ\lft'J\ltJ1:ntl'lJ 

L~!l'Vl11'lJLLt\''J~1L~tl~LU\lflth.:Jh n~1~'1m,j1~1U1:;QnIJl1;n\l~l'ltJ1:;"'11'\l i'Jflth.:J~'1!J1 
.J" I""'" ~ .I ~ ~ 'I. I .. • , .!'l."f .I

LlI\l L~tl'fl~L~\lLnl'1'II",tl~L~ !J~'1!J LL'Vl\l'Vl"': L!J\l"~ LlJ ntl'1"'1JI1'J'" ~ nfl\l ~1 n,,'lJ'J'1Lll\llJ ru~'1'Vl 

.I ... ~ .J ~ ., '1_!" .... ., 'l.I..r ~ .I... ~ .. 
Ln!J'Jn'lJLl1tl~ LlI\l L'"tl~'II'lJn\l UJ~\l'Vl~1tll'll'l' til tl1"'''':lJ~'1''1ltlL l1f1~'Vl~1:'lJ'J LL~:'II\l1l'l L'"tl~L~2.JfI\l 

.. .1..1 ".!'l ~I ., .. 
"Iltl.:JLl'l~~1LlJ~!J\l'.:JLlJ1.lm.lJ1:~!J~L.:J\l 

... ... 
n'11'LJiilftillJ'VI 

., ....I 'I .I ..
~mtN:m1Lfil~tl1.l'Vl'tl~n~Ln"fi'lJ LL'lJ'lJLU\l3 LL'lJ'lJfIltl 

1. Continuous n~ln~i1n'11LfIl~tl\l~LL'lJ'lJ Continuous "':LfIl~tl\l~"'1n~'1LL~U~~~~\l"'\lltJ 
.. 0 f Ji,r .. ., .at 0 ,..:..,." ~ .. til r '1 .J., ,...
Cl~lJl'1LL~\l~t'i"'''1!J filtl filnJ1tl'lJU~'JL'J!J\l~1191'1LL~\l.:JL12.Jl'l\l tlnfll1~~\l~ L\l1tl'lJlJltl LtJ~!J'Vl"': L~~m1 

I • f I 

.. .. ... " ., III' .. ... 
~Qtil~1tlLfil~S\l'Vl!Jtl\ln~'lJL~!J L1.l1:~'J'1~1tl'lJ'IItl~m1LPI~tl\l'Vl 

. ........ 'I .., .. ..I... .. .I
 
2. Intenntttent mn~ Ln~m~Q~ L\l1:;!J:L'J~1~\l~1::~'J'1~1tl'lJ'tl~m1Lfil~tl\l'VlU~'JLfil~tl\l'Vl 

' ...... t., " .. ~ .i.J
IJ1tl LU L"Il1.I Lfilffi~'lJ1~\l'1tltil~~ LU\llJl\l n~ Ln\l1.l"':Lil\lm1Lfil~tl\l'VlLL'lJ'lJ Intermittent 

• 

•
• 0., ....I ~ ... ....I.. ., ''I 'I 

3. ReCiprocating ~'1~1'l.Jm1Lfil~tl1.l'VlU'lJ'lJ\l n~ Ln",:~m1Lfilfltl\l'V1!Jtl\ln~'lJ L\l1:~'J'1~1tl'lJ 

'tl~m1Lfil~tl\l~;~L"Ji\l m1Lfil~tl\l~'tl.:J Slider t\ln~'ln Slider Crank 

....J • .. ... 
n'1"3l"unlJn11'Lftftil lJ'VI
 

,J, • ~ . ~ . 'I. .. ..... .!'l.1 ..
....I,
m1fl~eJ'1\lm1LfIl~tl\l'Vl1:;~'J'1~"lI\llJltl L\ln~ LnU'lJ'lJ Ll'lLlJ\l 3 lJ1:L11'V1 filtlL!J~IJ1'1~1 

. . " " 
1. n'11ft~eJ'1\lm1LfIl~tl\lilU'l.J'l.Ji2Jer~ri\ltl'l!Jl'lN (Direct Contact) 1:~~'1~~\l,jtlt!J~~tl~;\l 

L'll\l \1m;1m ri'lJi'JIJI'1~ (Follower) LL~:L~tl~ 2L~tH LiJ\l~\l 

2. ft~eJ'1\l~!Jtl1l'f!Ji\l,jtlt!J~i'Jn~'1~ (tntennediate Link) ~L~~f\l~'1tlni\l~~~~1tl~~1!J .. 
;1.1 Slider eJ1\lltJti~ Crank (~ffi"'1n Crank ltJf1'~ Slider) 

3. ft~eJ1\lttil!Jtl1~!Ji'J~tlt!J.:J~~"'~tillJ1(Flexible Connector) L'll\l ~1!Jfi11.l (Belt) LiJ\l~\l 
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" ~Ifl~1 ~Wi~"D'8,(J L.,..'il,(J 

1.U\\~n~111 n'VItJ1f11~l11f,r fitJ),l ~m~t1 ~tlU~U il~"lI1 L~tl m~l~)j-1LUU1.,",um1tJuilLtl n1~1J n 
~ . 

n~1J,;)un11A'U\\1fil,;)1),lfil';)tJL*1uLtl-1 t£;,tJa-1ijfltln n111.;rLfilifl.:l ijfl'li1.:1~U311.1 1.Un1n11::nfl1J~Uft';)U 

'!Itl.:l LftUI111),lU.UU~ n1\\UVIH u.a::';1n~n11),l L(;1tJ1.;r,tl.:lLftU~tJ1::~M'~ULfluitl'fl.:lLftUL;.:Ina1nu.a:: 

~_I_~ ..I. I ::. .... ".,t .J.., ~ dl..,.... 0.!'l.J " "1.'" 0
m111'V11J11n!JU1.l),lfll';)1),lfT4u31uLnmnu "Ll1tl.:l" -n.:lUm1tJU~1L1J1.l'VI~::l11tl.:lL'1 ~\IIann11'V11.:11U'tl.:l 

~ .... 0 cr ~ ... " I I::' .i -I" cr ..J
Ll1tl-1 IJIfltlVlIi\U';)fin11f111U';)N\II1 fil,;)1),l Ln'tl-1Ll1tl.:l 1i\-1'V111.\II,tl.:l Lfl1.lL\IIfl1UULfIIfltlU'VI VI';) tJflI';)1),lL1';)'VI 

... . 
" ~ " ..... ~... 0 cr ~" ..... I ... ., ... 

I11tl.:ln11 ~Vlu'VIPI';)1),lU"N'tlU1.l::';)fin11P111.l';)N\II1fII';)lll L1t;l'tl-1Ll1tl.:lVI';)mfi-11tJ1 'VIunL1tJ U~ ::~1 ),l11C1 

fii1U,;)N1rJl~';)tJ~1.lLtl-1 



::IA4tMl1lin I. nQ~U&Ubt-IMWn'I1n.,t-~l,uN.t&L.Un'~'::~"t-~l,Unf4t-Q.&wml,a.t-&~QIflt-.l,~t41f1.n.1(lle4s --~ r 1'8 r ,.. I·" 1'8 0·'" '''-i'lt ,.. 0 is r 'r fD 

U!ew) nrnl,~t4H~tk\ (lle4S UO!SS!WSUeJI JaMOd) t-~L.~t-~l,~t41Q;'k\ (llB4S aU!l) lJn"L.~t41 

I. nQl,~t4mUQlfIlL' r ~ I Ji"'~ 

n.&k\l,~l,I'tUQQnl1nlJ~::~" t-l,&rU Wl,nlLl't I. nQt-~L.Unlflt-Q&W1Q&k\ &QIfIW,1't .l'nl1t-(igWmUt-Qn1QW ,. 0 ~ , ...,.,. 0 i'I IP P'" r ,. IP I 

nlJ~n!:l.nr;p~~~l,~",1n~p (ije4s peaq) ~tAL.~Wl1ml1£lt-,!wt-l,n.Gtk\ (ije4s qnlS) ~tAL.~n.~~ 
~~ . 

n~IJ' (aIPu!ds 

>f00IS-peaH) t'!Un\&" lJ,!\~L.~u.1 np..1 nftn!1\~n.fw L.na.l,~u. 1n~, (aIPu!ds) ~~1n~~ 

I'tl,lfI~t-uPQQ;'k\nftk\::bn~nlJ~n~
. ~~ 

L.~!1\ L.~t4 1L.~n,Vl1lJ&UI1;"l'tl1u~nu"::~"l,~t41t-.l4I'tL.IfI~~\t-L.!1 Q n~nlJ' nL.t411 L.~Q-\3 Q,\3 np.1 nftk\ 
~ 

~nlJ~n~n.,!t-Q& lJln~m L.l'tnlJ~ nftk\!1\IS" L.~ t4m,Vn,VlJl1~1::maU~nlJ~n~nr;f1 (ap<v) nu" 

t-~l,~t-~L.un\Jn::~"nftk\~nlJ~n!:n~1(lle4S) L.~t41 , ~ 

Q~~rL\ QJSt-j1 
~ 

nl,t-"1.&l,Ut-QIl.::\"U~U~1't L.1flf1\n,V t-L.j4UIfI" U1i;'1Q~~::bbL.Ql,~t4 1 :: L.t4'-1 I1Wll,~ t4mn." UQQ& L.U 

N)L.\"U& L.bt4::blA.& lJW I't~ t-bnnt-w nUl'tut-l,I1Ql1l,~k\t-&"IMk\nwt-&" leU t-&" t-Wt-&"Ul,b::&L.l1n.&bL.Bt-11 .. .... .. .... "..Ie I .. 1'8 .. .... ...
, ~ 

~UL.bUQn ~\ 141::&L.11::~"14G::&L.11n..fU~L.I'tL.t3t-~L.~t41}1fI~W Q;'k\nL.t4fil,t3Q~ I t-Q~1Q~UL.bL.l't::tL.11 
~ 

11 L.U IA.Wn.1fJn1't1I'tl~Qwtbk\1.nlJ~lA.L.nk\ ~n~Uv.n.QU1 ~U&U bt-Q~ W1n'Ut1.1't IA.nlJ~n~nlJ' L.~t4 1 I r-...,. .,. ..~ r-IS" ~ .,.,. ..~ ... 

(l:lVHS) L_...,nut,liU1(1fiLUIA. t"t"Z; ,. .... 

(~ "l) 
I'z'1I ='Z'lI I 

~ "llA.tL.UI't~t-WI#I fil,t-nI11l.1IMk\ t-QU.1t-QlLnu.nlJnL.bl1lJ14mtmL.1t1 r-~"'h'",,, iIj; ,J;" 0" 

lJ~ t-Q~1t-QIl.Ci'L.&lt12'n.,VL.!4m!olJlt-Q~ 1t-QlLn~nlJnL.~l1lJ~mtm}lJ,1St'Q~'t-QIl.Ci'L.&lt12'n~t-i' .. 
~ 

GZ. =I1l,lIIlJ~t-Q~1t'QlLn~nlJnl,~ 

~Z =n.!olJi1t'Q~1t-Qll.nAlnlJnL.~ 

IN =1'tL.lt1lJ,1St-Q~'t'QIl.Ci'L.&lt12' 

~N =n.}lJ~t-Q~1t'Qll.ti1l...tIfl2' 

~\~ftl't~L.~ Q~ n'vjn~l'tll'tL.lJW~~l,~k\1t-!  ~ I 

~L.nQIS n.unlJnL.~n[J1 UQn.1'tfiUU,tt t'Q~1 

t-Qll.lJi'I'tl,lJWl,&IfI2'l1lJ!,k\f1\ I.lJ~liltll (N) t-Q~1t'Qll.ti'L.&IfI2'::~" (Z) t'Q~1nAlnlJnL.~t'Qll.jn~l'tll'tl,lJW 

t'Q~1t-QIl.WU~ Q~ n.L.&IA.t-Q~::bn[J1 L.~t-Q~1t-Qll.nAlnlJnL.~:: ~"lJi' L.~IfI2'n.,V ~Qn~n~t-~ L.~ 14QlA.l1l,~ 

&L.U t'~k\n2'u~t-9f1\t-~k\n2'L.~t41UL.l!It'~L.~14QlA.fiL.~~~U&Ui't-GtW1t'QIl.n.QU::&f1nlJ~n[J1t-Q~1 
•I II 

1~ 
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"
 ,
LL~fll'll1l1,r (Jackshaft) \'I'1t1LIJI1UilJlflf'll1l1,] (counter shaft) LtlUL"'H'l1'11U1",luVl~fl1:\'I~1.:1 

~.:I ;Jun1ft.:l n'UL"'f41L~U\'I'1t1Lfll~.:I4' n1n~ 

L'n~1t1flU (Flexible shaft) LtlUL"'~1~~12.111tltiflU~'l\'l1fl.:lfl tA'.:Il~ L"'f411.h:L1lYldihi'ltl 

~1tlf4'l",1.\'Iqj(cable)f4'l~~tIl.:l\'l1flf4'l~Ln~m(wire rope) 1.;nUn11~.:In1ft.:l1.UftnM'W:~LLnU\'I~U 

ih~~nuV: ~~.:In1ft.:lU'Ufltl• 

" ", 
n~nu~ ~.:I,rUn11~1U'lWt.l.:l~fl.:l1.;fll'l1~L~U~~~dh'Jl'ltlLL1.:1L\'I~hi1ti.:lfl1"l"l:iln11LtJ~tlULLtJf4.:1 

" 
'IIU1 "'IJIf4fl£'lL'lf41ih1.\\'L'n~1La tl\'l1 tl L'n11:fll'l1~ «11~ ~:uu~.:I~tHilfll'l1~LL;.:I LLNL",1tl.:l'nfl~1\'1 1'U 

" " ~ 
n111.;.:I1U1.Uftn~1 Ufln"l1nUUL"r'4f41ti.:l"l:;ttl.:lilfll'l1 ~LL;.:I Lnh (Rigidity) L;ttl.:l"r'4flL."tlf4",~~ij" 

fl1 tl1.UL"'f411.~fl~1. u;J"'~1n "'~"fl L\'I~1:1:tl:Ln.:l (deflection) lIfl.:lL"r'4f41 nLtlu~.:I~1.r '\J1.Un11n1\'1U~ 

'IIU1 ~L~1L "JiuL~tl'lnU L'n11:rhL?lf41il~tl~tri.:l~1n n"l::Ln fl n11LLn~.:I'IItI.l~\'I~ U ih1.\\'fll'l1~ Ll'l~ nq" 

(critical speed) 'IItHLW~1f4flf4.:1 ~.:Itl1"lih1.\\'L"r'4f41iln11iut}!i1.:1lULLN1.U'IIW:~fII'l1~L1'l'lltHL "r'4f41 

Li11.nflfll'l1~~nq"dl~ 1~tl~tri.:ldti.:lil~f4~fln11Lfltln'llUflllfl.:l~1t}.:I1'UL'nf41 L"JiU 'Uflf4LL'Ul.:1 (ball 

. ) ... "... J' ( . I· ) 1. 'I "..l .. " beanng n"fl.:l~n11Ltlfl.:lLLU'l mlsa Ignment Un11~·M1U'VI"r'4flL\'I~1:n'UL?l~1fl'ltl 

g 

L'Wtt1u.1.J1.JLn1'~ 

L'nf41 LL'U'U Ln1.:1"~LLtl ntlt}n "1~LLl'iLL U'l1lt}.:Ifl1fll~fi\'II'l1.:11.UftnM'W~~I'lN LLf4~tA'.:I, "nth 
t IV . 4 .... ~ _ ... 

1'l~ Yl.:l L"r'4 f411J1 ULLf4~L ?lf41 nf4'l.:l 1.Un11~'l~ Lfll1fl.:l~fl\'l1fl'llU.:I1U"l~UtI~1. \\'L'n f41~i1ULfl~'IItl.:lllfl.:l 

4 .. .!II .,.; .J... I"
Lfllffi.:l~tln~LlJUL"r'4f41nf4'l.:l£'l.:lf1JYl 2.46 tL"l1~'tl.:lL"r'4f41nf4'l.:lfllN\'IU.:I'IIfl.:l'llU1"'L«U~1~Utln~1.:1"l~ 

\'I,rnUtl!In~1L'Y(f41~U = 25 % ~"l::~1~11tl1ubJL2.lu"'ijCllU'Lnt'l'UL.,.hnu 

4'l1../ ..., :"1
t, ...Y1 2.46 Ltfl1A1UL~fl1ftu1ALllfl 

., .. 
L".1'!1tlL""UJ~ 

" ..I!'l ..I 0 "..l • l..l ~..l 1." ~..l .l' ..
L'nf41'11t'lL\'I'ltl.:l LlJUL"r'4f41YlYl1\'1U1YlL1.Jf4t1Un11Lfllf4flUYl LL'U'U\'I~U \'I Lfll f4flUYl LL'U'U L~U" N\'I1fl, 

.. ".1" 1. ~ .. "" ....... ,..l "..l -" , J'

ftnM'W~I'lNnU1I1~L'llUULfllfil.:ltlUflU.'U'ULL:l1 ~\'I~ 6lI.:1 auYl 2.47 L"'f41'11flL\'I'ltl.:l"l~~ftlJl6ll'ltln11\'1ftfl'llU 

ztl\'l'1t1n1~'Um:LLYln~uztl (lu LL,jn~,;) \'Iffi~"l1nn1ffi6llL;1;;'ltlnU"l1n\'lf41tl1 ~U\'I1tl"l1nn11 

~1JI;;'ltl~nl\'l'1t1~'l~;;'ltlm\\'\'ICIl~'lL;r1;;'ltlnU 
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! Iu L-J 

... 1-1... "../ 
, ...V1 2.47 tm1:tCU~lWfl111tllVl'UI-3 

.. .. 
LWtl1Ln!l"l 

~~'I.lt"qj",:;ijn'ltl'lmj'l"fl'ltJfIlf~l'lN~l'lmj'l"':;'li~tJt~n'lnJt:;nfl1.J~'ltJ~'I.lU.fl:;ri~~t1'1.ln'lt 

n'l"'I.l",i'lu,"U~t 'I.ln'lnlt::ntl1.Jftl~ L"fl'l} fltlL"fl~. fltlft'ltl"'l'l.l, Ai'll" u.fl:;tl:;Ln'l.lL"fl'l ;~vJ~ 2.48 

LLnULWtl1 (SHAFT JOURNAL) 

",:;LitJnl'lN~~'I.l~u.tlnL'fl,,1tlL"fl'l'.ln~~ l'l'l~"U'l~U.fl:;vJ'h~'IJfl~u.n'l.lL"fl'l",:;u.1..i~u.tJnLfl'l.l 
II t' '"' ...l '"' .I

u.n'l.lL"ft1'l11~. u.n'l.lL"ft1Atl, u.n'l.lL"ft1"t~nft~. u.n'l.lL"ft1l'l'ltJ'I.l u.ft:;u,n'l.lL"ft'l;tl~,,~tJ~ ,,~ztl" 2.49 

'"' '"' '"' -".I ... .10,",

u.n'l.ln1~ L" fl'l",:;ruIl1~:;""U.fl :;11'1t:;tl " l'l1~"'I.l" (PRESSURE UNIT) ft1"ru~ "fl1U.fl:;U.tlm'llfl" 

.., CJ....... cr..l .1''' ... "..... •0 I 

11JIl1t:;~~ u.fl:;\ln~'I.lLfi"':;~n'l111.J ~~ u.'IJ~Y1u.n'l.lL "fl1U.~~"'~'YI1 n'ltL'" tJ t L'I.l 'll~~1.J tL~Nl'l n1.J'lt:;"~1~ 

., I .... " ., I I.... .. III ... ....., I 

u.n'l.lL'Wft'lfi'lJ1.J1L'Wft'l "':;Ln"A~1~LA'I.lu.l'ln"n~1tJm11.J1L~Ntl'l.l u.,.n1~n1mtlnu.1.J1.J1.JtL~N6Nnft'l~ 

LtI'I.lnti1'L'1,,1tlitHl'lnU1"1~~1"131'1.lU.«~ n",:;"lI~tJft"tlDmtJ11tltJ1.J1n~ 
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~ 
~ ,.,...~ 

Ltj 
'..~H..~" ..:'U 

.. . •.W~,".a 

..-. . 
~- .... 

'IIU1f1'11'8~ L,..1 

.. 1....... .. ... ,. './ .. "......
 
L"fl \4L" fl12J2J1" 1311.lL\UJfl1.ln1.l fl~fIl n112J1 "1311.l1::\4,)1~u 1::L'VI fIi'<1l~ ~(;\n1\41.ll'l'1.l1 '" 

2J1"1311.l'fl~L"fl1~~Ltl1.l'1.l1l'l1::'4(Nominalsize) l1.llso/R 775-1969 Lfl1H~1\4ful,"~flflnLLtItI 
.. .... ~ .:.... .t " .... ~ " .: ... ..I...... ...: ..I" .. 
Lflfl nl"J1t!~1.lL"'!l1\4~12J11tl\41'fl ~l'l",) ~1.J 1.lfln'<1l1 n1.l!J~ Ltl1.l'1.l1l'lt!~fll1'lfllflfl ~ntl'1.l1l'l'fl~ LLtiNt! ~"JI 

....... ".!'..1
 
ffi~ltJL"fl1l1'1,)!J'1.l1"'1::'4'fl~L"fl1~1.t'l'<1l1n"111~"2.5 

..l
 
f1I1t'NVI 2.5 'Jl1J1flf::1.l1ltNL'Wfl1f111~~1f11f3"11J ISO/R775-1969
 

tI. 0' fl 
'lIUlfllfl''UH11.U~UfJmn:1l 'U nun 

6 25 70 130 240 

7 30 75 140 260 

8 35 80 150 280 

9 40 85 160 300 

10 45 90 170 320 

12 50 95 180 340 

14 55 100 190 360 

18 60 110 200 380 

20 65 120 220 
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-r."m,r~1"fu"1 L"tn.. 
1'f\t'I~Li~1'\.~fuii'lL'r~~'l,r'J'ltl~flL 'l.lIi{nn~'u~:SJU (Mild steel) LLr;1r;1'llXfl,m'l1L~i1~'J'lSJ L'l.lIU!!'J 

LLft:fIl'J'lSJYlUYl'lul'iflLL1,m1::'flmiJu;;UI\tiLLa'J~ntlil:L;{L'l.lI@nn~'ltJ~SJ W'l.ll:~u,y'l L"ft'l L"flu AISI 1347• 
314041504340 LiJulXu L"~'l~i1l1U'lt'lLt\'ue.hu~u6n~'l-3'C6ln~'l 90 mm ~ntlil:nfl-3SJ'l"''lm'l.lli{nnft'l 

fIl'lftJflU~-3e.hum1;Cil7t1Uflt/'l-3'l1nfl'lSJ L~flL~L" ft'li11'lfll'l Cln~~t'I ~flfl n LL1J1JfIl'J1"!!'l!!'lSJLflfl nLi v • v 
, . .. "fu I .. .. 411'" a Sf .....

L'l.lIftnmt'lfll'l flUfi11SJCil'lnflu'Ytll\:Lftfln ~"liL 'l.lIftnnft'l"liUt'lflU 

n1~~11'tU1'Un11'f)f)nUllll 

o .J..t ''''''' """ ::.n'l1f1l'lU'J W'l.lI'lllU'l Cilllfl-3L"ft'lYl"flL'l.lISJ'l:lIufl~n1Jftntiw:m1 ~"li-3'lU ~U1J'l-31'l Nn 'l1'l.l1'l 

lIU'lt'\L"~'l L~flL~L"~ 'lYlUr;iflLLN~SJ'l n1:ii'lflri'l-3L~mhiLi~lum1LTt!!-3"fl L"flu Lun1WlIfl-3L"~'l~n 
.:r " ..; "" """'0 . ..1 "'::.... ..lL1JtI'J(cam shaft) ~ULl'lfil-3!!uiIUt'I'ltlll'ltl~Uflfl-3n'l1 ~'l.lISJfI'lLL'l.lIU-3LYltl-3f1N rMUU~SJ1Jt'llIfl-3L "ft'lYl 

_..t" "" """'1' ,.Jo 'I".!"!"~" "... .. .. ,LnCilllU ~UlI~ ~"li-3'lU"':flfl-3SJI'l'l ~SJSJ'lnm'lYln'l"'UCil ~'J LlJULJlU UUfIlflL"ft'l"':flfl-3SJfIllJ'lSJLLlI-3LnNfl~ 

11 '1 tiL1.1;; nCil~ ;Jfl-3m1 Li'l~SJijCilSJ'ln'ltlufln"''lnll\:Lfttlfll'J'lSJL~tI-1f1 NYI'l-3 ~'lU~'lLL 'l.lIU-3 LLt\''J ti'-3fl'l ...... : 

rlflL~LnCilfll'J'lSJiUf\:L;;flU~-3i1tJ~ii'lL~L~fl-1LLft:LL1Jl-3~ffi-3fuL" ft'lfl~Ln Cil fIl'J 'lSJ Lfttl'l.ll'l!!~~ '1 t1f1.1 

~-3LL~~'l ...:hii1SJ'lfl13'lu~'l'l.llfu;;nCil~SJiiCilllfl-3 L"ft'l'l1'nfl'lSJ LU)'I'l-3tl~1J-;iLL~'J~n"':L~~ SJ 

iiCillltl-1L"ft'lLULfIl1tw<t'n1nft,r'J'ltlhiLnu 0.3 0 r;iflfll'J'lSJtI'lIJL"ft'l 1 m [1] ~'l'l.llfm" ft'l~-1 n'lfl-3,f'J'ltl 

fl'l ......:L~i1~SJii'" ~~-1 10 r;iflfll'J'lSJtI'l'JL"ft'l 20 LYi'llltl-1l1U'lCilLt\'uehu~u6n~'l-3L"~'l LUn1WlIfl-3 

.:r "'..; s.r. ./ " J! " "... - 'I.!"I .0L"~'l~m1Jm~'l'l.ll11JL~fiI-1tJUIl'1~UI'l'l1Jll'ltl f1~flCilflllJ'lSJtI'l'JlItl-1~ULL~'Jll\:~'l.lISJSJSJ1JCil ~l"I ~SJLnu 0.5 0 

v • 

G G'" 

, 
... • .. 

, a" G G .1' «i"~ " 'I" «i' I
fIl'J'lliLL'Il-3L1-3Y1qt'ltlntltl'l-3'l.l1U-1nl'lfl 1'l'J'lSJLL'Il-1 Ln1-3Y1'l-1",'lU1:t1: ~ 1-3 L"T):...:f1tl-3 ~"li1:tI::; ~n-3 

lItl-1'" ~'l~tl ~ll 'ltfLIfLLNll'l tfUtl n,iJUlJ1'J ~'l RcuLUn'l1n'l'l.llUCil 1~tI~,;j tI Cil (clearance) 1~,"~'l-1 

~'ltl"'lU L~fl-1 LI'lN'Iltl-3 LfIl1fl-1'"n1 flfttlCiltiilUn'l1LflflnLi"liUCilllfl-1LL1J1Jl-1 d'l'l.llf1J1fl-311J L"~'lL~ 

L'l.lISJ'l:~SJ Li'lL" ~'lil1:tI~~-3SJ'l mnu'ltltiil~ii'lL~fIl'J'lSJtl'l'JlIt'l-1~UL ~tl-1 ~'JU~ I SJ er~'l.lI1tlll1J nU"I'lM 

Li1utJftii'lL\\'tifl71~IJUn'ln1J (contact ratio) lItl-3L;1t'l-1~CilM"'lJtI ii'lL\\'n'lf~-1r'hfl-3't'l-1L;1tl-1hi 

... ,..I .. .: '" • ..J '" 0.l'll ".. .: _..I " " ...
711JLnJ1J LYl'lYlfll'J1n'l1L~tlnLL1JNSJ'l1tl-1 roL"~'ln L"lIUnUtiiI'lL1J UtiiI~flfl-3 L~tl nLL1J N"liU"'Ylfl,,+CU'l" ~'l.lISJ 

m1L~fl-1 LLu'Jd'l'l.llron'l1L;{-1'lU~"tlL 'l.lISJ'l:n1J1:tl:tri-1l1tl-1 L"ft'l~"'~Ln ",fu ~-3tl'ltiil'": Li1 ULL1J1-1 LL1J1J 

fi1nJ"''l'l.ll1tl LL1Jl-3 LL1J1JtlfuLLU'J~Ltl-1 (self-aligning bearing) i-3dn~utl~n1J'h~tI:tri-3LiJud'l..rCU 
'i'....! "', ..t'l ,... o.!"! 'I" 'i'- ~ 'l J" .. ,

1:tI: IJ 1-1 Cil-1nft'l'UJ'lU ~SJSJSJ'lfl13'lun'l'l.llUCilLlJULLU'JYl'l-1 ~IJ I.I'ItlYl'J 1 rolfltlnLL1J1Jfl'l ...tiiI:Cltlfll'l 

, 'Itl..t iI "0 ...." 'i'....! 'I.!-'" .:r..fltl ~ UL ULLUIJYl'H ~Um1n'l'l.llUCilfll'J'lSJLL·NLnNYI'l-3Cil'lU~tI:~I-3I.1'1Cil-3UfIlfl 

1. d'l'l.llfuL"~'lLfIlitt~{n1nft,f1J 'ltl fli'l~tl:'i:ri.:l1~'l.lI~'l.:l''''~1tl~11JA''JtlLL1Jl~fltIJ1tii1~ 

'l).JLnu 0.08 mm/m [4] 
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2.	 ~1~ftJ~'Ytfl1~ih~t'l-:l'lN(spur gear) '1Wll1,,;It'l~~,)!l1~tJ~Lri-:lN ;j1~~ll-:l~il 
" 

~~t'l-1'1.Jriu'WfIl,)1~nu 0.125 mm ~fl~fIl,)1~fl1"'~t1tJ-1't'l-:l~'Ytfl1 N ;h~~ll-:li1f1l,)1 

"'~Ut'ltln'i1 0.0286° 

3.	 ~1~11.J~'Ytfl1~~~t'l-:l"'t'ln ... t'ln (bevel gear) ~NIl1'Yt;lii",t'l~ 1~t1~Lri-:l N 

;j1~~ll-:l~~"t'l-:l'1.Jriu 'WfIl,)1~nu 0.075 mm 

• 
... I .. I ".1">'- 'Uf .... ..I"

"'1m~f1~flll-3nfl1,)"'~~,"U,)1'U1""t'l-3~'Ytfl1t'l1"''''~,"1~1'" l.I'ItI ~'1I~,)1""~'-3~n1-:1Y1'lt'l-3n11 

..I.!'1 .."... "" 'i' ' ..l.. , ...~Y1UYI"'~~JJUfIl,)1~~'-1~1-1 ~un11nJ~NIl1t1Ut'ln li'I n11~11~t1~~n-3't'l-:lL'Ytfl1Y1~'U11lLYl1nU'lflt'l'" 

t'l1""h"~t1tfiifi~""'~1tJuf~1~~')tu'i'1nflfll1~'lf1'~"J ~"1iu 'ifin11~U~Ln1'l~t'l-:lfllf-:l (double 

. . ..... ~..1 'i'.. ,... .!'I"'" , ... " ..I~integration) ,)fi"UYI't'l~~~~u"'",,,,(momentarea) ~lJUlJIU ~ft~ ""n~1')n~ ~UYlU 

~1'"ftJ~"fl1~il'U1","J.i~YhriUlJIflt'l'"(Stepped shaft) n11tm;~n~1,)""1~~')t'l1"''''~ih;1 
" 

~fl~~atIL,)fl1 tlltILll'Yt1~'ifin11tlu;j ~n11J1~tl-:l fIl1-3 ~ 'Yt11:;~tH toi'~1l1"'t'l-:l't'l1.J~' L'I (boundary 

condition) t~~YJnflli'-:I~~'Ytfl1~1J~tJ'I.l''I.l11l'ifi~iltJ1t;riU (~,j!i-:lt;~,)fl1~1n)~t'l'ifi graphical 

" 
integration ~fl~ numerical integration ~1~fu~~1ni1~ti1Ut'l1"l"'~~11iJ~"l1mfln~1nhu1J1~ntl'J 

~~1t1Lfl' 4 ~hu'ifi~i-:ld~~~1~mJn11t;~fll~-3~1U,)N"yH41'1l')tJt'l.ln1ffi1U,)N ~-3n",~'Wn~1')CI-:lt\l 
.l~.. , ... 
Y1Ut'lm"1lUnU 

n1'iil'ilnLL1J1.JL"fi1,,1JJ1RI'1'11'iHI AMSE 
I ~ 111''' ... ..... .. .J .. ..... .. .!'I 'i'J! 

nt'lUlJ 'Yt.fII. 2497 l.I'I""n11t1t'l""m')fin11f1l1U,)N~1'U1"'t'l-:l~"fl1¥'f-1n1fl-:l"JI-3n1~Ul.'l~lJ'I.lU'll.'l 

(code) ~!l~~1f1l~'ifll')n1~fIlitHnfl~~-3~~13tl~~1n1(ASME)CI-:I~,j~1~,)fl1"'~~,)-:I~ft!l~1U1'1.l~~')n 

"1~ 'ifin11t'ltln~1J1J~fl11J11~tAl'I'fN ASME n!i-:lilfll11~~~",')n~fl~~1tJ,jt'ln11t;~1U~-:I"'~";; 

nft1')a-:l,jfl"1J 

..... ... I ~,,~.. ".. " ,... ... "... "')fin11"'-3nfl1')'I.l ~"]JYlGM!l fIl11~ LfllULlltlU~-3i!" ~fl:; ~'Yt"'11N1C1-3fll,)1~fl1~1t'lfll,)1~ LfllU 

~U1~1l'l.l~~n"~U1J'I.lL"i'1 ~-:I~i1'1.ln11t'lt'ln~1J1J~t1~~i'ilJl!lfll1~"f (static design method) tun11 

~1~~n11~1~ftJn11t'lt'ln~1J1JLi'1t\l;;"'11N1~""fl1tU11J~ ~t12.51 t\lLTfi'''ILiI'I.l~1J1Jnfl~~fl~nfl,)-:I 
" 

.. k I ,,,	 , ... d "'" ",..I ... ~ 
~'II'1.l1l.'lL"U~1'1.l,:!'I.ltlnfl1-:11l1t1 ~U~fl~1l1!lUt'lmYl1n1.J I ~fl~ d 1JI1~fl1li'11.J fIl,)1~~fIlU"1~1 Y1Lnll'llU 

1J~"fl1~l.'l-31J1t'l..... ,"_I~"lJ'I.lfllt'l 

M T	 M 

~-H-C~"_----t}F
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I( oS 4
fl11UL 'U~Hl1n)flfl 

fl11UL~'U.rfl 

Ua 

Uh 

= 
4F 

1f(d2 -d:) 
Me 32Md 

=
I 1f(d4 -d:) 

(2.2) 

(2.3) 

T Tr 16Td
"'=

J 1f(d4 -d) 
l'Umw~LrI'UuHflfl tll\l{jNtHnflfll1 ln~~tl (buckling) 

(2.4) 

mnmrl'U 

4aF 

Itt k " ..I.,., ~ ~ ~I

~"fl'lt'bu~'lnllt~~~ 1.l'I"',;)'l~~IIIU'rl';}!Illtm· 'rI'lU~TfYl~~"fl'l\ll~U~~Jlfl~tJl~,;)fl'l u~nllt'lnUU~N 

..I 0.,., .. 1.1 ..It." ~., ~ ..... '!!l .. 
'rIn "~'rI'l t1'ltl'l~'lIltIlt:~1Jfl t1U~1J fl'l~~ l'Ifl~" ~ ,;)fl'ln IJI'I "'lUU~ Tffl'lllt'l~n" III';)'l~ ~i1t1\11'l tILU~'l ~ 'lilt 'ln '" ';) 'l~ 

0

ft'l~UUft';)ut\llqjft'l\llitt~n'l,.ri'lu,;)C\.l'~'lASME tfifiu.1JtlftalJltlfli'lftlJlf i'l,ru~'lIX~'lili';)u,.:n~1J 

"',;)'l~if'l (fatigue factor) ~'l~~m;~'l~,;)t1 
",,, --.1 ..l' .J -
m b\ll Cm = l'I';)1J,.~n~1J"',;)1~~1~U~'l1lt1nn'l"l'I~ 

Cr = ,r';)tl~n~u"',;)'l3.lft'lL;i~'lIlt'lnn'l,.i" 
__ ~.l .I ..
 
~'lUUft~n'l"'rl (2.2) ~fl:ft~n'l"'rl (2.3) llt'lnfl'ltILUU
 

_ 32Cm Md 
(2.5)

Uh - 1f(d4 
- d:> 

T 16C Td
"'_ t (2.6) 
- 1f(d4 -d) 

" ~ ..~ ~
 
",;)1~~,.un"\IIffil'l,;)1~~J'IU"'l~~I'I~
 

U=Ua+Uh (2.7) .. ,,~ 

llt'ln'rlt1'\;'!lfll,;)'l~~flIU~~~U''ltt(i\ 

r=[T~ +[~]T2 
U.'rIU~1ft~n'lril(2.4). (2.5), (2.7) U.fl:ft~n'lril (2. 7) fl'ltuft~n'ln1'l1JuiiLL~';) ...,,~t\ll2-iIlt:U'~'l 

2 

d
3 = 16 [(C Tf+[aFd(l +k ) +C M ]2]112 (2.8) 

n(l-K) t ", 

tLiltl~ k =dJ d 
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.....l'l_!... .." ..I .... 1 .....t\lnfficl'l ~"ILLN F nl':'11tl'J""UI "'''In11'1 (2.8) 'lil~fl"'~ .uL'\UU)Lvttl~ 

3 16 L 2 2J/2d =:rT(l_k4)~CtT) +(CmM) (2.9) 

.. ...., .. I t ..I CI 'I" ...; ...
~1tlt\ln1W''tl~Lvtfl1''\l k=di / d =0 L"ItlLL"\lfll1M \l"'''In11'1(2.9) n'lil~U~"'''In11''''IltJ 

fIl~1tlnut\l~~~fttlnfl~1.~fi",~i~'tJ~tl 

d3 =: kCtT)2 +(CmM )2 J'2 (2.10) 

.J .~t1 k
1JI1f1.:1Y1 2.6 I'I1P1'l r:OflUfl'l13Jn1 

... 
lI\l""tl~"1fi~ Cm Ct .... 

Lvtfl1tl'J\l~ : 

.; .. ..:J'" 
LL1~"'''I1L'''''Itl~1tlLvt''l'\l1l11 

LL1~nl':'Jn 

Lvtfl1~~\l : 

.; .. ..:J'" 
LL1~"'''I1L'''''Itl~1tlL vt"l,\l"JI11 

LLNn1~'Jntlth~LU1 

LLNnl':'Jntlth~LLN 

1.0 

1.5-2.0 

1.5 

1.5-2.0 

2.0-3.0 

1.0 

1.5-2.0 

1.0 

1.0-1.5 

1.5-3.0 

d1~fui~tJ1~ntlU'tl~n11tri~~tl 
"' 

ASME "IfLLU~u1tm4'f1hi~i1 

a = 1 Lrltl F LiJ\lLLN~~ (2.11 ) 

1 
a = 

1-O.0044(L/K) 
.. L 

L"I'tl - ~ 115 
K 

(2.12) 

tL'ltl~ n = 

oy(L/ K)2 .. L 
a = 2 L"Itl -

1r nE K 

1.00 LrltltJfl1tlLiJULLUtJ SS 

115 
> (2.13) 

n ::: 2.25 LrltltJft1tlLiJ\W,UtJ CC 

n ::: 1.60 LrltltJft1tlL"ft1\1n;\lLiJUtJ1.uhu (partially restrained) 

l ::: fIl~1"1tl1~'lill~,tl~L 'Wft1 
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"'~L~\l'l&K~'liUJn1ril (2.12) LtI\l~lJn'lntl-3'''1LI\llJ11-3(straight line formula) LL~~~lJn'l1~ 

(2.13) LiI\l~lJn1nt'l-3tltltlL~tlf~-3LLri1,fii'lfN~l",~ 

\ltln"l'ln;iYl~,tl-3 ASME d'-3~1~~Ltl1H'i'lL"'~'l~-3m;tl~l\l-31\lfi11lJ"''l,t'J'lti ~'J1",~i'1fii'l 
... 

f\'J'llJu\'\lL~tl\ll;-3'l\l~-3il 

r d =55N / mm 2 ~'l",fuL"'~'l~'WiHtl-3ilJ . , 
2 

r d =4tN/ mm ~'l",fuL"'~'lili'1itHfilJ 

LL,jlhri'l"'Wl1'~"J'tl-3L"~'l~tJtlnii-3"'lJ'ltIL~"tl-3'tft",~ ",1t1~'J\l~~ lJ,tl-3t~",~1~-nfii'lfll'J 'llJ 

" 04 111 ..l 'i'_ 04 l11'" 0 04
LfIl\lL~tl\l 'D-3'l\l"''ln~lJn1n1(2.14)1.I.'l!IL~tln 'DfIl1\ltltlfll'l\l'JCUf\tl 

rd =0.030-Y ",1t1 rd =0.180".. (2.14) 

LL~~lf'lL"~'li'1itl-3ilJl\V~~fii'lf\'J'llJL"'\lL~tl\ll;(-3'l\l'L£tl!llfL;;!I-375% 'tl-3fii'll\l~lJn1~ (2.14) 
CI	 CI ... 

A'11 J.lLL,..:I Ln....:I"1~L" AUA
 
0., ..l... ~ ... .!"l ' 'lSI
 
~1",ruL"~'l'Y1lJ'I\l'll'l~lJ'lL~lJtl ~lJ'lJl'lL1J\l rad. "l~"''l~'l ~"l'ln~lJn11 

() =	 TL (2.15) 
GJ 

0., ., Jr d4 .,t. .. , ... .!"l 'I.!' 
~'l"'1tJL"~'ln~lJ"\l J = -- IM\l\l"'-3"''l~'l~lJtJ'''L1J\ltl-3f1i'll.l'l'''1n~lJn11 

32 
() = 584TL (2.16) 

GJ4 

t1'lLiI\lL"'~'ln~lJn~'J-3 () = 584TL	 (2.17) 
(t-e)Gd4 

t...l'.1' LSI ... .. .. ., "I" .. ..i "Ilf ..l
~~\l\l,I1,.tl-3n'l1 "'L"'~'llJfll'J'llJLL'-3LnN"'"'-l~n'M'CU~n'l1~"lI-31\l nfl'J1'Y1"l~ ~"II~lJn'l1'Y1 (2.17) 

"M"'~tltJ~~1Jfi~l\Vtl~jt\lfii'l~«tl-3n11 
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2.4.5 t'fi.·uh.~ (Chain Drives) 

t'''"1l"1f1ft.:ln"i,:j'l,n~~ll\l,rij", (VllJ\l) ~.:I1l1n 'LtJ\t1~'l~ ~tl\l''''ft,:jn1i,:j~'I\l1'''~fln 'l;; ~tl\l 

im~N::n1~,:jri1i,:jtK~fjn1fHU,~~~~,:j~,"~1/;\~mIl11~Utlfj1l1n'Wiin11'l~\l'lfl~'l\l'lN::~.:Iri1i,:j.. 
'l\l'lN:;~,:jn1i,:j;t1~t1t'til:;fttIl11:;rI~11l~~fj"''VI1\l~\l(Sliding Friction) ~,:jtA't1,:j;jn11V1f4t1~\l~ 

" 0
aI ~.'.oJ 0... "''l'' 'l ...r.,... 'l ...... - ~ ... ~ 0 ... 

~YftJ,:j?ltl LIft¥'l,:jn1iN/;\:;lI '!l,:j1\l \l'VI.1J1l11:;",,:j1l1n 1 \l'VInJ - ~NVI.lJlI~,:j. ~1,:j,:j1\l~rlll, - ~t1\l11l\l. 

rI')1,A\l ~tl\l~4,:j""fj?l"\lW""1l"1mh'l,j'l;,:j1\l'liJl 
, 

1.;t1;\~ijtl~iI tJ1Jntl""tJ?l"\lU,tI\lU,~~""tJ?l"\lffl,:j 
" I (I 

n)~,:jd1tJ~1~\l'l~~,:j'LtJ\tJiI~~n11~\lil1:;fj:;~1,:j1~VI~1,:j~?lft1UtltJu,~:;'l~~~11n1i,:j'VI~',:j 

.1" or..l " ,) ~1J~tI.:I~\ltl"\ltltJ 

rI) 'ls.i~t1,:jn11;j,:j'l~u,'I.i\l1l1n, u,ft:;~,:j~?l~1roIl11:;UtltJ 

" ~ ..... ... .
2.'1t1~&'ltJLlltl ~'VI tJ'Untl""tJ?l"Wft:;ft1tJ?l"\l~,:j 

... ... ..l .. :If'~.•
n) lltl~11'V1t1~tltJ,:j~tJU~UtI.:I","nlllllltll'ltl'ltHL'lI•. ... -~ .. ~~"'I) nJ1l11~n 1:;U,'VIn U,ft:;n1n'1\l":;~'VIfl\l UJI\ltl tJ 

rI) ~ft11l11m1,:j~?l~1'l'l.jn\l~ 'VI ;j11r11ft,:j
v
 

,:j) ;rtl,:j~~tJ,h'l.fllhtJ1j1t,:j1m~n1l1nn~1 (n11V1f4t1~\l)
 
:If ..... aI ... ~ 

3.1It1'" ~lltl~'VItJ1J ntl ~11t1,:j 

".et' ,..l,... ~ .!' 
n ) u,n1JC\lVl11:::tJ~1:::VI~1,:j~Yf~1'V1V11,:jn\l1l1n 11J11 

'I) ;jrl~111'l~~t1i,:j"n,jffiUtltJn~1 

4.;t1~~fj~dtl~iltJtlntJ~~t1,:j . ,." .. .. ... .. " I" ..",.".-:
n) llrl~11l~~1tItlVI~1Ir1~11l~~'1t1t1\ltltJm1 ~VI~tJ,:jVl\l'J\ltJ)(~\ltl,:jtil1nu,1,:j

.,J.. "'l" .... I ... _¥. ~. , ) 'VIrI~11l~~~'U~,:jtil:;~t1,:j Vlm1J1:;ntln\lmO¥'l\l'ltl,:j Lift 

rI) ~Yfft1tA't1~~1,:j 'l~'\l1\ln\lLl.ft:;~~\l'lVlqj;rtl,:j~1,:j'l\lLl.\l~\ltl\l
 

.1-- .,J

5.1J!lnnJ'ltil'lnVlft1fj~ VlfttJlI (Polygon Effect) 

t'/;\:;filfjtl~tI\l~~t1.:1tlJl ~tl\lpJVI~1 tJ ~ VI~ tJ 11 tlJl~"~ lltl~'V.! n, "''V.!n;t1l1t1,:jtlJl",:;~ n11~rl tJ,:j~ tI\l 

lIfl~1:;tJ:;Ll.'1\l;t1~t1tlJl ,r\lAtI 'V.!n, "'~;fl,jtl tlJlVI lJ\l'ltl U,1,:j ~11lU \l~~,:j nftll;;~{'ItI,:j~ ;;t1,:jtIJl1:;VI~1,:j 

1::E1~1rlii rmin U,ft~ rmax ",~;i1'l\1~ii~rI~11l~YJ'ItltJ~il\l v min U,~~ vmax ~~tJLlJI\ln\l tl~mEl"","n 
.,J .:; _ .: ..t _.$ ~ ~.J~ ..t..... 0 .~ ~ ~.J 

Vlft1tJ ~ VI fttJll\ltil:;m", 111 n tJ,:j'l \lVl1 n1:;tJ:;?l~1I'1t1,:j~ 11t1~ LlI ~~1l1n 'I\lVl1t1lltil1\l~\l'Y1\l't1,:j ~ 11t1,:j ~11 

" tl-.... ...-11 o~... ~ ':..1I I CI
UtltJft,:j e.J~'ItI,:j !ln1tJ1til1nVl~1tJ~ VI~tJllnrltl til:;'VI1 ~mIJlLn"'t11n11tf \l Lj;lItJL~?l1:;t1tJ1\1tJ,:j'VIrI~11l~1~ 

~\1 u.,jmn11:;ntJ~1~tlJl ,,1tJ11,:j ~~t1\ltil:;"J!~E11~~tltl1n11i\l~U' 



61 

ut1nolt1n~,jn"wIJl1~'L1J~t;;h~lh~1i,)tJt~Ln~n1,.eUJ~ftt'l.l"~~~1~,j1~1'I.lLtl'l.l1'1.l1 LL,jr.a~ 

;j1t~Ln~n1,.an~ffi~ffiLn~ n1,.!i~ 't1~'L1'l~ 

6."lI\lt'l't1~L'li 
~ 

"1~,j"~Lll'VIn1" t.jf~1U't1~ L1 r.a~U1 L1J.11H~~n1i~. -fl1L~tJ~. -Hi1J.-t.jftJnLLft~~~U1~,rnft~ 

;1~fl1~ ~~ti1tJLLNLLft~~LJ.I'I.llJiij~ L1~~LL1J~"1J.1im~tN~f1Jfi~'l~i~~ 
~ 

n) L'Jl~nna~LL~~L11J"lI 

'i'.J ~ • I " ':"1" " 1..J... " 'i'. £'i'. • 'i""
~"II~nn~~LL~~ ~'lI\1"l1I4l~u,.~nt11J~'JtJLL~'I.lu~'1~ ~"Jl~1'1.l'l.lt1nLL~~~1'1.l 'I.l'VItJ "'t'l')tJ\I"lILL~~ ~1J~l'l 

L'1A')tJn'l.l i~pJ~2.52 L1~nni~~ijt; ~1u~,)'I.lt~qJl4l~ij"nni~~'1JLL;~ffitJ(~~'I.l'l~)fl~t'l.l\l"ll 
~ ~ ~ 

~nna~i1I4l~"JI,)tJ~t'lfll,)1J.1LfttJ~'VI1'1.lLL~~n1~n~ffi't1~~1'1.l;1~'t1~L;1t1~L1t'l.l'~'VIi\'t1L;1t1~i1J'L'Jl LL~~ 

ijLftmi~,jt1mrlt1f1,)1J.1L~ L1'~ t 'I.ln1,.t.jf~1'1.l t ~fiJ ~LJ.I'I.l,r~~'I.lJ.l1n 1 r.a~toJit1~nni~LL~~L11"l1LL1J1J 

''''~~1ma-'I.l i~itJ~ pJ~ 2.53 L1\1nni~l'l1J.1J.11""31'1.lr.a~U1J.11t.jf~1'1.l'lmi~fIl,)1J.1L~ 30 m/s t'l.ln1" 

~~ ri1i~ t 'I.l,.CltJUl'lL'I.lLfilitl~ ijt1n~ LLft~ 'L1fl1Lfl tJ~ til tJ,j n;jt'Jl\l"llolt~'VI'I.ln1,.a n~ffi~1 nn~1L'Jlt1J~i 1J"lI 

r.a~~~'I.l1.A ~,)'I.lt1J~,rolt~!i~LL\i'l.ln1JLL~'I.lil"''I.lt1n LL~'I.lilt'l~,)'I.lt~qJt~qJr.a:;j1r.a1n 8t60 ~,)'I.lt1J~,rr.a:~i1 

r.a1m~flnn~1t111Jfil1fut1u C15 
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, '" 
pJYl2.52 i'll~nn~ 

, '" 
pJYI 2.53 i'll~nn~LtUU'ft"~1t1U~U 

~) lCliluaA 
'" t'iiiufl,r",:ijpJi1"'Itl.:lU~Uil"';"I.:Ii-3 i'ii~~hu 'lUU.fl:~1UUtln L111 ijtlUnU 1IIt1~tl!JL;1';1.1il.Jfl,r 

'I" • ~ " 'i'.J • ... ... ... .... I.J .." ~.1' ....
n"l7 ~"lIU~UlJ"""I.:I ~"IIVlfl1t1LU..1U~",nU "'.:I&J.J "2.53 - 2.55 "':1.J1nlll7tlUtltlUU'Iutl"ln1.1'IU1"''Itl-3U7.:1 

.. .J~." ... .. _I'!! ... ... 'i" .: 'i'.J .!' 'i' ''i'. ..... ~ • 'i' .r.
11.:1" ~.~tl.:l7U L2-Ifl L1J7t1l.JL" t1l.Jnl.J ~.,nnfl.:lUfl:; ~"II\l"llUl"'J ~. ~1.1fl~"':;2-IU7-3Ll"t1""1U7:V1'J1.:1 ~lJfll'lUfl: 

" " u~uil",;"I.:I i1i2-l1nn'i"l ~'JmV1'l;j~.:Iiltl2-l1l"l itJitl.JflLJl2-l"l'l{ri1.1.:I"IU~ijfll'J"I2-IL~~"I 
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.. ~ 

2.4.6 Ln!lfil"'nltJ Worm Gear Speed Reducer 

Lntlftl" ~1~11Clti1t1"tl"LL1.:Jfi"'!Itl.:J~tlLfltlnTl;hLf1'Lyttni'U'!ltl.:JLrltlL111.;r~tlL"'tllltiTh 
~ I 

tU.:J1Utlfl~1"n111l,ru,ytl.:Jm1fi1'J1~Lfi1tlufitlU1i1 (RPM - round per minute) ;JLLflnfi1.:J';U Lntlf 

".!"I ~J ..l 0 ... 1. _I'" 'I.~ ... " 'I .... ...l
"l9I1tlUIll.:JLlJUtl.:JfiI' 1~ntlU"~1fi1'Y umruwal9l1tlU L.,yttlL\l~1~nUfiI'J1~"'tl.:Jm1LU.:J1~W"la~-31U 

~'Jtln11Li!ttln-B'f111"19I LLa~pJLLuum1L f1LLa~tltl n'!ltl.:JLyta11.~L~~1~';U.:J1ULLfi a~LLUU 
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...
 
tJ'Vl'Vl 3 

'" '" l I

hl'IJ'VIufol:;n gi'YJil.:Jiu~tlum ~~'lL uu,nu1Um~~1'l.:JLfli1tl~r.rn~tln l~n.:J-a[;l1u~1l'ltJiJ 
" .

1fim'1u.ft:;iuVlt)U~~'1t1;] 3.1 
v 

lJirhu 
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o 13:02 

\UI1!1Lft"U :a'IJJJ1'IJ 

1 L'"lN~~1.:1 

2 "II~iJ~~~tNLen• 

3 ,~~m~ 

4 
.: 0 ... 

,~~nn~~~1~~tJ\l 

5 
.. 

'-J'e1 ~~'e11 

6 
... .. 
LntJ~Vl~ 

7 lnc;f~1~~tJ.:I (~;h) 

3 

4 

1 
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t~. e 

xU~ 3.3 t'lnxUfuc;1.,'J'4~l'l'11~~u1'lun1r4'nl'1'f}n 

1J\l~':If\':I'UJ,"\l'l,tl-:l1meJ1~~-:I~hl~'l~'l~t1,jitJLl.~-:I;\lm~n~1J\l~':I"JItl-:l1~e.i"JIru.~~i1'fl\lr.rnVltln 

1~ ~-:I~ 
v 
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"
 3. :i':tltl~"'~-3il",4'n(;lf)nij 2 ~'" ihl~n1rl.1't'l'l.l4'n(;lf)n ilf)'I.l1~~ 1 L~'I.l "'I:1~4'n 

(;If)n~tJ1'fi-3n111;kl'l.l 2 Ltt'l.l ntlLfilm~'fi(;lNn1nJ"'fi-31m~tin 1 Ltt'l.l ntli1'fi'l.l1m~ 1 L«'I.l "'I: 

;:j1~~'fif)ntl1 3 Lt\''I.l i-3nJ 
" 

4. :i':tltln1j~-:I,htJ rhi-3"J1'fi-:l"Jl"'"f)~ntl1-3n '"H'1:tltlL~f)-3(;1:i'-:lLL~:L~f)-3 L"lil'1.ln1:i'~-3,htJ. ..
 

(;I't'lnvhU'tJ1n u.~:ijifqJ'VI1L-;"tHf'l'.l1t1U~'t'l",.ntJtJ1f)-3Yi1'rpJn:i'nrMf)tli1f)-3n'l.lli-3 2 ~1'1.l ;-34U 

",
ri1i-3~-3j:tltlL~t1ij~"'L~'fi-:lL"li~-3,htlfi1i-3 2 ~1'1.l;r1-3 ih1~n1nJfu~-3f'l'.l1t1'V1'1.l1"Jlf)-3"Jl'"ltl4'n 

", 

\ ~, 

<li;C 

pJ~ 3.6 UftlM1:::UUn11t\..HhtHh;>ollltl>ol'r;)f\''1l\1nm>olnr;) 2 ~1U 
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"un!!Li'''lI {\J~'l'lJ 

1 tRN~n~ 

2 '{;Iil~~;1tHL"li 

3 "ll~flm~• 
4 

.: 0 ... 

"Q~~nmH~1~tU.l-:t 

5 
". 

~'flLlJ1'a: 

6 
.., ". 

Lntl1\'lfPl 

7 1n~ih~~t1~ (~;r1) 
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..
 
1. LJl~lnl~1U 

, " 
1.1 Am=niftl~fln1,.rn£'l1U n11Yh4'nl'1tln LLfl::::i1ClJ\-I1VlLnUl~U 

1.2 'tl'flnUUUUfl::::L;JtlUUUUWfiJ1..1f;1'\11UUl1'£'lUi tll.lm·N1Un11£'lYl~LPliu~

.J 
- LPl1'fl~ L"'I1:::: 

- LPl~~iitl1.l1::::"'1~'l"l11~ 

n1~A'U'UU 

111' Torque 

Lrttl~"'I1mPl~~4'nl'1'fln'b.J'1"lLiJuLPli'fl~4'n1nfl"llU1U1Lfln ·h1LLN1.Un11~~ri1fl~'W~1n ~nY1'~ 
, " 

~'fl'fl n uuutT~~tl~n111.1XilPl'l1~£'l ::::U1'l nlUn11Cl'fl U1U 1::::ntlU Ufl::::LPl1tl~iiihwLrn LU1 ~tltl n UUU 
'IJ 'IJ 

mm. "'11 nV1~1ttJ1::::1.ti11.UV11~u5u7i Ufl'l 2Jn"'l::::1"'3-!~ijUl"llMLWfl11uLf'I~~4'mnm~''l'tU'WLnu 

" 0.3' / m LLfl::::"'I1nl'11fi~Pl1lUltlU1::::J..J1N"lI'fl~ Tensile strength, E, G "lItl~1'£'lVll'i1~1 't;(Pl1~~il 

Tmax = 140 MN/m2
 

G = 80 GNlm2
 

Pl':l1~ LA'UL1itlUtltlnuuu "'11 nmntPl1fll'l1J..Jl.lfltlUl.r1t1 

N = safety factor 

N 
140 

5 

28 MNlm2 

~tltln uuu't;(£'l~~~1"'Lwfl1iJ"lIu1U1Lflm~tll'" L'\II~1::::£'l~nULPl~~ ufl::::yhn11U1::::ntlU L;)1
'IJ • 

.... U ...J 't" .. ~, ..nutl n1NtlU 1 U1£'l::::U1'ln PltlLnUt.J1P1Utlnfl1~ 35 mm. 
• 'IJ 

3
1tD

T -T
d 

16 
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= :r(0.0IS)3 x 28(10)6
 
16
 

18.555 Nm. 
2-mil", ~ L= 0.3 m• 

B==.TL 
GJ
 
tr(O)4
 

J=-
32 

tr(0.015)4 
=--

32 

G - 80 GN/m 2 

() = 18.5.5 x 0.3 x 32 

80 x 109
X 7l{0.0ISt 

= 0.014 

o ..... .r 
~1 n1~-IJ JlfI L!Wel'i 

n1111'W(;)1,xL'YHi1\11'W1II~'W~'Jt.lm'UJL~'J 160 rpm.( d~J'Wt'l'J12.JLn~L 1II2.J1:;£uJ~1.;n'Wm~4'n 

(11'elnLme.l ) 

2ffTN 
W :::- 

p 60
 
21l X 18.555x 160 

= 
60 

310.892 W 
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d .. 
N, 1450 rpm. (tl11lJt~THI1JlJm~ij~) 

0, 76 mm. (t~'U~1,:!,'U6mn~~ijffltl~1'U~1,j1J) 

O2 88mm. (tff'U~1,:!,'U6mn~~ijffltl~1'U~1~llJ) 

d ~ '"N2 D,N, 1,252 rpm. (fl11lJt~1~ij1J ijffl~1'U~1~llJ) 

O2 

0 3 = 76mm. (t~'U~1,:!,'U6mn~~ijffltl~1'U~1,j1J) 

'II' ".lI '" 88mm. (tff'U f11,:!,'Utlflft 1~t1 ij ffltl~ 11..l~1 RllJ)
 

1,081 rpm. (fl11lJl~1~ij1J~ijffltl~1'U~1;r'U)
 
d. 4 J 

98.27 (fl11lJt~1m'U'tt~HflmVlfl 11: 1 ) 

127mm. (t~'U~1,:!,'U6mnuYtij~ lCJ1tntlfVlfl)
 

76 mm. (t~'U~1':l''U6mn~tYtij~ lCJ1ri~tilft~)
 
d 

Os N4 = 164.21 rpm. (fl11lJt~1~ ij1J t~ft 1~1'U) 

1" d\l~ flfl11lJt~1~ij'U (N) = 164.21 rpm . " . 
In'UnilfllllJl11·WlJYl~fHm1~h.h.Jln un~n'tiijflnm~'VllJnlJ;f~·n~n,~ 



73 

tl~U'Hmrn (action) 
.c d0

m.:Jf1m~'V11f1'fl F ("nm'llu) 



74 

FtI---+---+ 

UH~~~ B (f.I1{j) 

'JI "I 'JIo d", L d 0FUWflU1J1J t~m1J1WUH't1lJ oa m::'t11¥lli~W~n~1... 

Frz 

ilfl'il~,.t Torque Diagrame
 

I
 100010
 
20% 

40% I
 
I
 I I I
 

I
 I I I
 
A B C D E F
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Wp
TF =

2m; 
= 373 x60 

2n{164.21) 

- 21.692 Nm 
Tourge ~'A E lCJirl·Hil~.:j 20 % 

TE = 0.2 x 21.692 
= 4.338 Nm 

Tourge ~'A D t~6.:jrl.:jtil~.:j 40 % 
T = 0.4 x 21.692 
"= 8.67 Nm 

Tourge ~,~ C Uft::: B 

Tc , TB = 8.67 Nm 

FIA+ 

TF FCA' r 

FCA = HH1'Uu'U'H",,.n'm.rH 

r 
D 

fllll'/1EJJV1U 

2 
88 
2 

- 44 mm. 
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TF-FCA 
r 

21.692 

0.044 
- 493 N 

'" • ell 
V~11U1Ut~~~~U16~lU 

~A
-=1.5 ........( I)
 
F A2 

";°1J/2 1 JIUH'VI'VIl l1UVl111U= UH UUU1t~U1mJ1~ 

FjA - F2A = FCA
 

Ll.VlUfh'l.u ...(1)
 

1.5 F2A -F2A = FCA 

0.5 Fy4 = FCA 

F2A = FCA / 0.5 
493 

0.5 

- 986N .... 
UHVlfWIU16~lU 

F = FjA + F2A 
F 

884.31 + 589.54 
= 1473.85 N 

U1~~~~ E 
~ A ~ 

fll1ri~tillT~~V~ lGJihj~ltilu~v~ihtH~~'ti~ 2 ,j'1~ tUV~~ln lGJivduut:nv~ lGJi ~~uulu 
~ 

fll1ri~tilli~ lGJi~~;t~,j'HL~61 tl~uum~ lGJi~~iithn11tium~luuu1tl:fu1vu1~ 

Dr,. = 45 mm. 
= FCE 

. FCE 
o 

2 

FCE 
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2 x 4.42 

0.045 

196.44 N 
UH~~~D 

lM'1J1J pressure angle = 20° 

t~tl~1JU1~UffUN1~u6mn~ 42 mm. 

To =Fto·r 
2To

Fto = 
o 

2x 8.84 
= 

0.042 

= 420.95 N 
=FtD x tan 20° FrD 

= 153.21 N 

F, - 420.95 N 
uHluuu1~-3 

.. F = FrD + Fw 
111\11'1111n 

W = vn '" rman (p '" 
LUan 

= 7.86 g/em3 
) 

lrd 
2 

V=-.h 
4 

d = 41 mm. =4.1 em. 

V = Jr(4.2)2.4 

4 
3 - 55.417 em . .. 

o QI 

Ull1Un 

W = 55.417 x 7.86 cm 
3

.glcm
3 

- 435.57 g. 
Fw= Wg 

- 0.435 x 9.81 kg.m/s 
= 4.273 N 
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F= 153.21 + 4.273 
157.483 N 

uHmdh~~fl B (tI1~) 
"'" 'J/ 'I 'J/1flfJ'il~f1fl11~flun b1f~l'U~~tlfln~l 

2T
F 

o 
0

flflfJ1-3 

2x8.84 

0.045 

392.88 N 
FeD " FrD = - (Jl = l:Y1JtJ'j~ffVlim ~~fffJfl'Vll'U) 

Jl 
392.88 

0.4 

982.2 N 

'tn'VU1A~'Yun O'Yungflfl~~) 

~fl A 
. " 

hhnfl Tourge ~m~ l1J~1J'U~~flVi~fli1 

'fl B 

1lTd 
.... 1 'J/ d ...

ab = ~11J'j~nfl'UflIl11l~1~'Ufl~'illnm'jflfl 

at = ~ltJ'j~nv'Ufl111lftl~,jfl~'illnm,iJfl 

Td = tilf1111l~~'Uti1fl'Ut~~1'U 

a b = 1.5 at = 1.0 
X'd =0.180"u 

0.18 x 420 
75.6Nmm 

8.84 x 103 Nmm 

3 ~95618.317X1.5Y + (8.84 x 103 xl)2 ]~ 
1r x 75.6 
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21.3121 mm. 

3 liK207921.673 x 1.5y + (8.84 x 103
X 1)2 y~

de = 
1f x 75.6 

27.957 mm. 

.
 
i d =0.18x O"u x 0.75 =56.7N / mm. (iji11J) 

d = 3liK197827.489x1.5Y +(8.84xI03xl)2 y;
D 

1f x 56.7 

= 29.875 mm. 

dE = 3 !1151805.483x 1.5y + (4.42 x 103xl)2 r~ 
1fx56.7 

27.349 mm 

d = Vl6XTaI
F 

1fid 

V'-16-x-(-2-2.-t-08-x-I-0-3-x-t)
=....:....-_'---------

1f x 56.7 

12.569 mm. 

leim'~l"tl~loj ('tnD6) 

uHluuu1tKuff1JF7ff 
o .... 
mM~lU 

f1111J t'id 
TH)'11 

ns ~1th~m)'lJl~~lu 

Z ~lU1U,"U'l.J'LH~V~ lCJi 

P fhn~~l~tnvflleU 

V - f1111Jth leU 

F Cl uHluUU1t1fuff1J~ff 

F ct UHvv£Jluuu1,rv9iv leU 

F t~~~~luleU 

Wp = 373 W , n 1 160 rpm , m - 1 
tnVf)~lu1U'WU'l.Ju,"ti7[Ju Z = 25 'Wu
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i~u~lu5nlJw~mnhnuu1111~ 2 \11mll'Jl~~ 13 ~lOJil'Jm-cw{ 

U1111 B (m~il1m,Jlfl) 

Ns = 1.33 
~lU1UV1u1JU1~U~ 10Ji Z = 25 1 = 25 V1u 

\11nff'lJm'Jnl~~~1~liiun 10Ji 

P = Wp-N.c; 
= (373)(1.33) = 496.09 W 

... ... '1 1l1'l" 1 ~ d"" "'9 525 ..A 'I iliA ='! 1 'l' ''l'\11flUNUIJ'lJ 14U'Wfll'ti' tOJf 'ti'U 'f1'lJ1::fJ:: ~'ti'. CJI'~ 111'ti'm1JU'lJl~'Jl!lU11 tCJl' t'J-cl 

mu{ISO / R606 06B-1 ~~ijm,m~mrfl8.93KN 

~'J 1\1ffU1Jfl11'lJffl'lJl'J(l'Um'Ji11UH~fl~ 10Ji 

fl11'lJl~110Ji V = PZn 

V = (9.525 )(25)( 160) = 0.635 
1000 60 

\11flff'lJm'J 

F = Wp _ 3.73 - 587.4 N 
t 

v 0.635 

F = W V2 
et 

9 
d 

\)lfl~l'Jl,:jfl 11 
w

(V) - = 0.39 Kg/m 
9 

F = 0.39 (587.4) = 0.23 N 
et 

1000 

F = 587.4+0.23t + F et 

= 587.63 N 
~lnff'lJfl1'j 

fllfl11'lJ'JJ-clfl~ftfJ (7-15) 

~lU1U~fllOJi111U~lU1Uli~,r~fl~ 10Ji 
I • '" !!!I'l"

'j~ tJ~ 111~'J::11 1HtlUfJfltll';~fl·U'nu~ tOJf 

z ~lU1UV1U11Ulil'utlU 

z
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Fb 8.93x 103 

15.197 
587.63 

~ ... ,iI. ,iI'iIF 

Clf~f1fl ~11ffl111'jfl 11HU ~ 

\llfWl1'jl~~ 15 lclh~eJ~V4IJl.,f 9.525 mOl fl1'j '91'j~v~l'il~'j~'H11~lj''U6mn~1.h~111W 
" 450 mm. ~~ir'U\llflff1Jm'j~1'U1'U,j'fllCJi 

x = 2C + Z + Z + ( Z - z ) 2 • P 

P 2 2~ C 

X = 2(450) +( 25 + 25 )+( 25 - 25) 2 .( 9.525) 

9.525 2 2~ 450 

= 119.48,j'fl
 

mflfl''1111 = 120,j'fl
""
1~tJ~~'l~1~Vl~'l~l'1IUtln~'l-3~'lU'JU6t~""I'ln~1Jn'l1.. 

Z+z z-z 
(x--- )2 +2( 

2 ~ 

c 
c
 

9.525 [25-25 25+25 2 25- 25 
-- 120- + (120- ) + 2( 

4 2 2 

= 452.44 mm.
 
"
 ~~ir'Ulftflfl'911CJihftl~w{ ISOIR606 06B1 ~1'U1'U 120,j'fl 

M 
'JI' .. ... ..d rtY'UN1'UiJ''UVflftl.:lfi~ Clf 

N ~1'U1'Ui4'U 

a 'j~v~l'il~'j~'H11~13'U6mn.:ll~fl~ 

m = 2 ,d = 40 1111. 
40

N - = 2oi4'U 
2 

d 1 + d 2 = 40 + 40 a 40 1111. 

m=2
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~h~U~1J 102m + 0.05 = 2.45 

tfl{1fJ1u~Uvl 0.2m+0.05 = 0.45 

fl'Jl1J~~l~~lU - 2m = 4 
" fl'Jl1J~~..r~M1JfI 202m + 0.05 = 4.45 

~ "" ..
fl'Jl1J t~'J'Vi~'ti' 

~'J't.h~nt11JfI'Jl1Jt~'J 

m~'Vi{r!~ 

U~ ~~ri ~1J1tJ~-nUt~f)~ 

~'J't.h~nf)1J1't.1U1Jmm~~fln 

f1'Jl1Jt~U 
"", ~ 

mfl'Jl1JU'\l~1J~tU'tl 

~'J't.1~:nf)1Jfl'J11Jtfl'uMu1u1Ju '111 ~ 

m~~U~n1J1'il1nU~~~m:Vi1~U'tl1fJ-nU 

b = rnl1JMU1'\lt1~-nUt~t1~
 

v = :rdp.Np 
= :r(~)( 160) 

1000 60 
= 0.33 m/s 

3+V 3+0.44 
1.1l 

3 3 

Fd = KvFt = 1.1IFtN 
Iinnl1l1~1\1 tntJ~2J2J~~1~~Nm::Yh~'t.1~:ntJfh.l• 

Y 0.344, (Y = 241 N/mmtz, HB = 223 
n1J'1J~l,r Kr 1.5 'il1n 

1.2 < Kr <1.7 Lrlt11l1'u~ ~m~Vi1~'t.1'tl1fJ-nU 

1.4 < Kf < 2.0 LrthfllHm:~l~mn~wu 
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QI t .s ... d d ~ ll\1/ iJiQI

~~UUt1Jt:lfl~U\l~1::f1111JU'lJ,mH'lJtl~Ylu UH'V1YlUt1"ttl~f11'HI~'JU L~ll11 ~linn 

abYm 

Kf 

(241)(2.45)(0,344)(2) 

1.5 

- 270.82 N 
fil~~~lU~ri~~hutVltl~~ijth~~tl~ t~tl F b = F d t!Ufltl 

1.11 Ft - 270.82
 
Ft - 243.98 N
 

o ... 
mtH-3'1'\.!~-3~l'I 

Wp - Ft V  (243.98)(0.33) 
80.51 W 

V1a1J\1flilu (U1J~-3) 

~tl-3n1'Jt:ll~m'J l~~lU1Jlnn'h 5000 '1ftl. 'lln~l'Jl~~ 20 

tffftllUfU n - 160 rpm 'JntlU'lJUlfl 15 mm. 

~~~ c Fr - 677.454 N 4594.688 Fa = 
677.454 N 

F XFr + YFa 
(0.6 4594.688) + (0.5 677.454) 
3095.5398 
3.095 KN. 

L
Lh 

n.60 
L - Lh n 60 

8000 160 60 
76.8 106 

'JtlU 

106 tHeL 
F 

L.F 
6 

10 

76.8 x 3.095 x 106 

106 
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C	 = 6.1945 KN. 

lft6fll~uu~~nJ6{ 6202 'i}lfliill~H'Yl 
cl 

22 

Co = 3.55 KN 
B M1JJU'lJ1 - 11 mm. 

D - 35 mm. , C = 6.1 

, 
Vl:t'J"l~flULL u1'l 

Fa 0.677 = 0.190 
Co 3.55 

Fa 0.677 = 0.147 
Fr 4.594 

C - · 0.3472 

Fa
-<CX= 1, Y= 0	 cl 

21\llfl~ln~'Yl 

Fr 

F = XFr + Yfa 
F	 - (1 4594.688) + (0 677.454) 

- 4594.688 N. 
- 4.595 f.N. 

(fH.c) 

L - 106 
F 

(1 x 6.1)3 

- 106 
4.594 

- 49.408 ~TU~6U 

Ln -
L 

n.60 
49.408x106 

-
160.60 

- 5146.6813 'lStl. 
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Mt
Fe 

d/2 

11. 1308 x 103 
X 2 

15 

1484.1066
 
'tIU1Pl'tltH Feathen Key \lltl~111-3~ 24
 

h = 5 5
 
tll'l1i'mvnn 15 mm.
 

Lc 25 - 5 = 20 mm.
 
Fe

P 
D.5.h.Le.; 

1484.1066 = 29.68212N/mm2 
0.5 x 5 x 20x 1 

.,;
Pall 100 N/mm 2 

\lltlAl1l-3'V1 24 

... 'I " ..flTllaafl !1fliJ~ 

'Pl 'ttl~HJvu m'~'Plihl~hH'tlflNVVtl 

1. UNUl'Vt~'V1 ~lU - 'till \l~'~1'H~ml1i1fJl (St-37) L~U1ff~~~U1t1'tIi'~lmm~ 
"" .,;
1J~Pl f111tl'VI~-3 

., 1SI "" (St 42) .! ~ '"<I <I";., ""2 • l'VH'llAU "'1'I1~ml1WJ1 - GJf-3l1JUll1~tl'VI1'IJm1~UHPlPl llH'lJPlU~~HH 

mdh~l-3<1'j '~~lPlfJ'~lfiPlflll'lJLfffJ'I11fJ 
. " 

3. ~tl1Plm-3 '~fJ1.nJ".(U)ffl1JVPlnl'VH'l11'11~tl '~lnUl1,rlff1J~ff;U-31U ijfll11J 

"" ... I 'SI,," ~ "" ( ";)ll1UfJlfJPll1fJU PlPl U~~'VIUtl11ntll11VPl ill111-3'V1 27 

4. uNul'Vt~'VItlll1i''IJff'~~~VtlVVtl \l~'~All~tl1'l1ihJ1 (St-37) 
" 5. WfflU1Jlill11jlU 

- U'IJ~~ mv16002 (DIN 625) 

- ffm-3tlPl (Compression Spring) ''lJU~-3 

- ~1J l~ 5 x 5 x 30 (~1J1J1A11!lU) \lltlill111-3~ 23 



86 

- l'VHlll'l1~flmU£J1 (St-42) ~'Url'\.H'I1~fl~i'1Jfl11~U'HV~m~u~ U~~U'H 

m~vh ~1~'l i~~n~(I'hhn~f1111HfftJ'I11tJ 

- l~tH 20 ~'U l~'U~h'Ut!'U6fl~1~Yi~i'= 40 1111. 111~~ = 2 

" - LTltNLeJ 3 il'J 17 -n'l.l 

- lctil1mrltl{ 06B ~1111l1~1il'U ISO/R 606-1976 (E) \llfl91111~~ 15 

- ~ll t~ 5 x 5 x 30 (~1l1l1~11!1'U) (91111~~ 23) 

- ffltJ'~l'U'I1U'l~~ A f11111l'Jl1 7421111. 4 l'~'U (~111~~ 6) 

""	 " - ~tlffltJ~l'U l~'Upht!'U6flm~( dp) 2.5 ih 3 ih um~ 3.5 ih 2 ,~ 

-llm~tl{ A.C. 220 V 3731~~ ~1'U1'U 1 ~1 

- "~Ufl'Ul'W~ltJi'1J1:l'J~llm91tl{ t~m~flmutJ1(St-3 7) 

0'" tv
3 II1L1J1Jn1"i.'n~ 

~'I.l~'J'I.l~t1n:rclgh-1 1"II'fl-1Lfll1tw{nLijt1n 'UJ1:.i ~(MBt'l.lLL1J1J ;-1:i'1tJa~L~tJ~~1-1 1 
"" " 'flfl1J1 E.lLL~~LL~ ~-1LL1J1JtI:r::;n'fl1J1Jl111~1 ~1J'lnJ1tJL~"II~'I.l~'J'I.l,r'l.l 1 ~-1,j'fl ttlil 

"" . 
1. ~Nt-nL'\!I~nmit1-1 1 il'J x 1 il'J ~~LLa~L~'flll,J:r~n'fl1Jn'l.l 

2. 31'1.l11'flLIJl'flfl.-nL'\!I~nLLt.i'l.l"ll'l.l1~ 160 x 140 x 5 ij~~LllVl:r L~'flll~~n1J~N 

3. j1'1.lLnE.lfrJ~ t-nL'\!It;nLLt.i'l.l"ll'l.l1~ 160 x 160 x 5 ijft~LlllJl:r L~'flll~~n1J~1-1 
" . " 

4. L'Wa1~nn~-1Lij'l.lL'Wa1V1Li]'I.l~nn~-1~1L;E.I-1Lm.t.i t-nL'Wa1"11'1.l1~Li'l.l~.h'l.l~'I.lEfn~1-1 35 

ija~LlllJl1	 m1280 ija~LlllJl1 ih.h~1'\!1ftJft'Jlln1J"4~LL1Jl-1 'Yf1t111nuilLLn'l.lL'Wa1n~LiI'I.lti'fl-1~1l 
" 

~1'\!1f1Jt~LTl'fl-1teJ iii-1'\!11.1'" 10 €'I.l "II'I.l1~L'Vhn'l.l 

5.	 t1Jii",,~~hLmt.i i13 ,~~~i-1L'i~'\!Iif-1~nni-1'e;,~2 ,~~ 3 LLa~,~~ 3 LiI'I.ltui1~ 
" " nULftL,j'\!lU1n'i1-1"11'1.l1'" 3 il'Ji-1 2 tuii~ 

" 6. L~t1-1t'll t-nLTl'fl-1tlJl"ll'l.l1~Li\''I.lt.i1~'I.ltlna1-1 3 il'J 10 €'I.l 

9. 1l'flLIJl'tlft;{1l'flLIJl'fln'l.l1~ 1 LL:r-1~1 AC 220 L'Jai 

11. LLt.i'l.ltl~"4(;lL~'fl-1LeJt;{L'\!I~nLLt.i'l.ll'!'I.l1'" 740 X 450 X 3 ija~Lllf;l:rL~'tlll~(;lLiI'I.lUol1-1 

12. LLt.i'l.lt1~~1'1.lU'I.lt-nL'\!I~nl"ll'l.l1(;l 700 X 200 X 3 ija~Lllf;l:rL~'tlll~~~~nU'~P1:r'fl'U 

un'l.l 
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. 
.. .:::t oCItt. OJ' 

L'!tltlWfIVl£9tn1131'\.l 

14. ~Pl#'1~tl1Ju.n'\.l~1'V1f1J'tg:l"QPlu.tI~~'t-nL'VI~n~1n 1X 1 X 1/8 U'J tJIPlu.~~L~'f)t1'l.h~ntll1 

... .,. 't"' ..... ~- oQj..,17. Lntl1'VlPl ~Lm.l~Pl IJl'ltltltlVl~'VlC;) 11 : 1 

18. 'llPlu.1Ji~ HL'VI~nu.Yi~"Jl'\.l1£9t 2 X 2.5 X 1 ,j1t111~u.~~n~~l"ltj'1'\.l~1'V11u'tg:lLLtJl~, 

19. 'llc;)~m~H~m~'ll1Ju.;~L~'\.lt:hfll'\.l6n~1~ 1 U'J tI1'J 100 ij~~LtI(J\1 40-a'\.l. . ~ 

20. L"lig:l~ih~~ Hi't"liL1Jtlf 40 tI1'J 1.2 LtlPl~ 2 L~'\.l 
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~ 
3 ~~~~Un1'~T.tn~~ 

I ... .... 

LiJ'rl1lA'~1Lilum1r.t(;lLj;i;'t1lJ~u~'Ju'tp.Jn:mr~h'l1 fiI:i'1.1LL~'J Luufuln'rlumnh::;n'rlULfll1'tl'l 

mru1::;n'rlULfll'lfwrnln'rln~'1ilntuiWi 
.1 • ~ - lJ1::;n<tlULLVlULfil1'tl'l 

- ~Vl"tVllui'JVlL'hnuil<tllJi'JVl 

- 1~"tCilil'rllJi1(;lL;r1nufll1ufi1'1 

- 1~L~11nc;lnufil1ufi1'1 
... ... 

- tJ'l::;n<tlU'(;ltJ1::;flI'rl'l~nn~'1~;hnu'(;l~nn~'1 

- ,j1~m'llJ11~~L~11n; 
... ... 

- ,j1'(;ltJ'l::;flI'rl'l~nn~'1I.l.~::;"t(;l~nn~'1 lJ1~'JlJnUL~11n; 
... ... 

- ~(;l~'1'(;ltJfu~nn~'1llu 

- tJ'l::;n<tlU")l(;lii1L~t1'11~1r.l• 
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" - ~~~,n"'tl,nntlf 
_ ., r I""" 

- ~l1\~NI)J'tlL~'tl'1U~~'YiL~t1.. 
" - ~~vi~,~f\J~tlnl,ntJ
 

- '1.h-~ntll.JLLtJUUtl~riULl4'tl~ t"li
 

-~1n11~l1\utl~~1tl~iul~LLuu~n~l1\,
, 
" - ~tl~1t1t~~ffi~jilJli~~~~,r
 

m~'!J1~ntl\J~'!Jm'n!tJ1~n t,ntJ
 
- '!J1~ntl\J~m~~~ih~L;1nl.Ji')31u
 

- '!J1~ntll.JL~1 tnr;lL;r1n\JLLtJUL~~~£i1~
 

" - ~l1\i~~l1\i1l1\tJ1~nL;r1nl.JLLtJUL~fH~ln~1~ 

- U1LLtJUL~fltJInfl1~~1'1.1~ntl\JL;r1n\Jl.Jtl~~nt
 

" "
 - U1"l1l1\'!J~~Pltl~flnn~~LLfl~"lI~flnn~~ ~1~'))Jn\JL~11nr;l 
, III , \f 

" " 
- jil1\i~'~I1Jfl.J~nn~~\Ju
 

~1nl'!J~ 3.14 Ll.~~~111~~1UVlU1'!1tl~LPlitl~~1U~i1'~1~\J1.J~~ti1t1ri1i~~nn~~m~~
 

1;tun11~~lmtJL;r1tJ1Ull.Ji1~"'ntJItlnLl.fl~tltln~1UtJI~~;(1)J 
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I ~ I ~ 

i'UL~~'fl'Y~nn~~nPlm~~Pl 5 '1!Pl ~1mf'l1'fl~~~ii,,!Pl~nn~~nPlm~~Pl 3 "!~ Iif~ltl 
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LflI1'B-34'n1J1flm~)J H\~'tl-3 t'Ji ~-3ti'ltl n'l~-3~'l n, (il Lntlfvl(;) LLi'l::LflItv-3hnjfi-3fl1-31.;j~::1J'1J 

L~'tl-3t'JiL~ijfl,.ulu ~-3nJ.. 

f " 

. ~.¥- " 
pJVi 3.17 Ut1l1l-.ll11W'li'j':AJ1JL~'il-.li'liri-.l thEJfhfl-.l'il'iln"l1n'Jll1lLnurnVlltJu-.l~l1lfjnnfl-.lEJ1-.lnVl 
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pJ~ 3.20 Uftfl-l1l1VfVI1-1U'ilu'b.J"'Wdi1lun1MnlJltln 

'1 

.
 
tUVl3.21 Uft~N1l1~'Ilfli1fl4'n~tln'llflYl 



94
 



95
 



96 

~ ~. 

n'l~'!.JftJ"li'tl,:j~'l,:j'1ltl,:j~~tJtJ~nn~,:jtJ'Nn(;1~(;11meJdf'l"'nlJl'tln ihi,:j'l-UJ(;1 5 "lJ(;1 ~,:jn'l~fu 
~ ~ 

IJ.N n(;11\1~n n~,:j m,:ji11i'tl,:j'i'l,:j"D'tI,:j ~~tJtJ~nn ~,:jm,:j nlitu.LYifl~' r;, hi~ 'vhn'\J 

. , ~ 

'Jl(;1;11 "litl,:j~'l,:j"D'tl,:j~~tJtJflnn~,:jm,:jn(;1 i1~~tJ~vh,:j 3-4 ijfl~~'-IlJl~ 
~ 

L~'tI,:j'"l'lnj~tJtJflnn~,:jm,:jn(;1'Jl(;1~ 1 '"l~;hw\J'l~(;1(;11meJdh1'!.J~j~tJtJflnn~,:jm,:jn(;1"ll(;1~ 2 'WItJ 
tI CI cu tf If CI 

~ ~ 

1~i1n'lj",nlJl'tln1meJ1'\Ji'\J~'tI'\Ju 
,~ 

.. I I ~ ClII t ClIo ~ ,ev.q
"ll(;1'V1 2 "ll'tl,:j'J'l,:j"D'tl,:j~~tJtJflnnfl,:jm,:jn(;1 '-Ij~tJ~V1'l,:j 3-4 '-IflflL'-I@1~ L'VI'ln1J"ll(;1'V1 1... . , 

L~'tI1.meJeJ'l'\J'(;1~~tJtJ\'lnn~,:jm,:jn(;1"Jl(;1~ 1 '-I'l '"l~eJ'l'\JL;r'lj~tJtJ~nn~,:jm,:jn(;1 'Pl~ 2 ~,:j,r'\J 
.... I "" I I 

j~tJtJ~nn~~m~n(;1 '(;1;1 2 '"l~;hn'lj~(;11.'-11tleJ'l'lJ, ~tJi1n'l""nlJltlnlil~ji\'J'l'-lVl'lJ,'lji\f,:j;11 ~,:jr.rn 

lJl'tln~1~'"l~LU'\JL~'tI1.meJ@1N ml1,:j LtI'\J~'l'\J~1)j1-n,:j'l'\J 

"ll(;1~ 3 "li'tl,:j'i'l,:j'JJ'tl,:j~~tJtJflnn~,:jm,:jnr;, i1~~tJ~~'l,:j 2-3 ijfl~L'-IlJl~ L~'tI1meJeJ'l'\J. ~ 

". "I I " ..:::Irio • I .. ... .. Gil ., ., 

j~tJtJflnnfl,:jm,:jn(;1 'Jl(;1'V1 2 IJ.fl~'"l~e.J'l'\J~~tJtJflnnfl,:jm,:jnr;, 'JlPl'VI 3 llJl,:j'"l~'-In'l~nlJl'tlnlJl,:jji\'J'l'-l 
cu q ". q 

V1'\J'l~~'tI,:jn'l~1-n,:j'l'\J '"l~1~",n@1't1n 1-n,:j'l'\JL~'\J~ 1 

'(;1~ 4 "li'tl,:j~'l,:j"ll'tl,:j~~tJtJ~nnj,:jm,:jn(;1 i1j~tJ~~'l,:j 1-2 ijfl~L'-IVlj L~'tI1meJeJ'l'lJ, 
... '" ... I _ .... ClIII .dlI ClII IV " .... 

j~tJtJflnnfl,:jm,:jn(;1 "illit'VI 3 IJ.fl~'"l~e.J'l'\Jj~tJtJflnnfl,:jm,:jn(;1 'JlPl'VI 4 llJl,:j'"l~'-In'l~nVl'tlnVl,:jfl'J'l'-l 
,'II' , 'U q 

V1'\J'l;1t11't1,:j n'l~1-n,:j'l'\J '"l~ l.~r.rn Vl'tl nt;j,:j'l'\JL~'\J;1 2 IJ.fl~'"l~i1r.rn Vl'tl m~'\JtJ'\Jt\PleJ'l'\J 1'!.JJ,:j~~tJtJ• 
.... ~ .... 

flnnfl,:jm,:jn(;1 'Jl(;1'V1 5.. . , 

" ~ 

lJl'tln~LVI~'tI'tI'tIn'"l'lmji\ffi,:jr.rnlJl'tln lil'J'tIth,:j"Ji'tl,:j~'l,:j~~tJtJ~nn~,:jm,:jnPl ~,:jl'!.J 
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l! 
~~ 

~~~j~ 
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L~18~~.~tun1~~~~~
 

L,,1tt~1'~~t~U';}~ ~14'nL'lt)n"',;}1~tI1';} 1 L~L'l1 "',;}1~n.j1,;} 5-6 ij~flL~L'l1
 
~ ~ 

"'1U';}U 150 L~U LL1i,ni'JUn1nl~~t)-:I 3 ",1'-:1 '1~:: 50 L~U ~t1,j-:l"',;}1~"U1lun114'n"t)n 

~ ... 
n1~~~'il.:l"'~" 1 

~ ~ 

1Jfui-:l"',;}1~"U1n114'nL'lt)nl~L'l1~LntU"'VI~~f11J 0.3 ij~aL~L'l1 ...1n11'u ilflu~""W 
I II .. I I I 

L-i1L",1tl~i""UJ£il 50 L~U 4'1JL,;}~1';"',"~£il \L~::1l1{n"f1nil'lll~11'£il'lu1£il"1f1i1L~fttl"',;}1~"u1i1 

~ ...01"'''.9.:1'''.:1'' 3 
~ ~ 

1Jful'i-:l"',;}1~"U1n114'nL'lfJn l«1JtL'l1)JLntU.,r'VI£il~fJ1J 0.5 ij~flL~l'l1 ...1011'1.1 il!lU~'~ 
~ .. ~ ~., ~ ... ., ~'1.!''' • ~ ~ 

L'Il1Ll'lffi-:l'VI-:l\l)J£il 50 L¥'lU "'1JL,;}~1'V1-:1\l)Jl'l LL~::U1 ...nL'lfln'VI ~)J1,;}l.9l'llU1l'l\l1fll1L~~t1"',;}1)J"U1'V1 

~ ... 
n1"'~~~.:l"'.:I" 3 

~ ~ 

1Jful'i-:lfll';}1)J\lU1n114'0L'lfinl\\1.iK"1)JLnw.,r'VI£il~f11J O. 7 ij~ftL~L'l1 ...1011'1.1 ilflutm~ 
I .... II I • I 

L;r1Lfll1tl-:l';-:I"~l'l 50 L«U 4'1JL,;}~1';-:I\l)J£il LL~::1l1;nL'lfioil'\Ji')J11'£il'llU11l'l,"1f1i1L~fttl"',;}1~\lU1i1 
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1JYlit4 

U.Yh..r~1nYl"fitH 

~ ...:::.....i _ t .J ... - 't.l'"'"
1IU"tlun1 1'''l'Ifttl~[lf)LiJu'!Iu"tlu"th 1'1 qj 1"1'1::: LiJua~"", :::ft1t11 1'C1t1UtlU 1'1 C1~ 

1.f1':::ft"ti1l1"mnh~1U'!ltl~LII~~tfn"tlnltJSOW~~tl"t\DJ-;rhLiJU'ttlI'l1t1'!1tlUL'!I"Uft:::rr"ql",,:::ft~'" 
" .

lltl~tfl1'~n1nf1t:JUJ t"t1iji'Ul'ltlumn1l'1fttl~l'i~1'tJil4.1 
" 

L~ifl~LLa::,hl~~'f':un"f19ta8~I I
 

• 1tl1'lJi~'9t ~'lJjj9tf 

tl1'lJlnRft1tafl~ It 

tI ... <fLR1Yli1l1fI I
 
1 

{I , n ,J. ~... ~ 1II '" 8U ~ HfI'fl1 wtfnu lL"LAHHI 1
 

i'lJLltn'um"f1R1l8~I 1
 

U'lJt1UluL\fuA8nu~luvflfhu~'.f~1U'~I I
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• ... 'I 
~111~YJ4.1 LLft"-3"'ftm'1Vl'lft'B-3t"um1~-3luii,,(n~'Bnij'J'b.J1eJYJ'B'Bn"'1m,iffl-3iifl'J1J.J'M'U1 

0.3 • 0.5 LLfl:: O.7 iiftftLJ.J~1~1J.Jth~u ~n"fl'J1J.Jui'B ~ 0.1 mm. (l'iibJ'~~fl'J1J.JU1'J 

100 iiftftLJ.J~'l 'M'U1 6 ijftftLJ.J~1) 

....1'U'J'U~'U-31'U~i1'B'UdhLfli'B~ 10 ~'UI flf~ (l-DL'Jft1 2 'U1YJ ) 

mnJl'lft'B-:J 

-I 
YI 

lIU1"fl'J1J.Jn-Y1-3mfbJm nJ f1ft'B-:J 5-6 iiftft LJ.J~'l 
::. .. 

YI"ft'B~flNYI 1 'MU1 0.3 YI"ft'B-.tflf-:J~ 2 'MU1 0.5 
::.-1

YI'lft'B-3flNVI 3 'MU1 0.7 

.~,~nlf,,1U 

(tlnii 3 L&tu ) 

;ttf",ua' ~",ufltml"'1U 

(tln~ 3liU) 

ill.",ua' w,,~nlf,,1U 

(tln;i 3Iiu ) 

;tt.,,1Ua' 

1 30 30 
• 

30 30 30 30 

2 30 30 30 30 30 30 

3 30 30 30 30 30 30 

4 30 30 30 30 30 30 

5 30 30 30 30 30 30 

2> 150 150 150 150 150 150 
..I 

UliW(X) 30 30 30 30 30 30 

SD. 0 0 0 0 0 0 
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..
 
UYI'rI 5. 

_1~Nfin1~ftfi~~U.~~~L_~~U~~ 

... &or 'I ..IM r~ &or ~ ~~ ':.J .: "&or 

Lfll 'ltN~ n"f) n u.I LU n -3tl"t Uti PI 1{'VIcpt!lViu31Un1 'lfltln LL1.J1.J'!IUthULfll ttl-3~ n '1'1-:1 Pltl-3 

%. tt!' ., ..~ ~ ...J tI ~ ~ ~ 
tl1ntJI'I'11t1,,,U31UVl1-3l'l1U nftf'l1fttJI'l'1ftfl '1ft"lf'l1fttJI'l LLft::tlU1 tl1 'l::ntl1.JL'D1111'1tJnu LLft:: 

th Ltl1t111flun1'll'i1U'1CUtltln LL1.J1.J~uthuLUn1'lftfNLPi4tl-34'ntJItln'W'tu~-3tll'l tumi L~tlLt.4l;} 
~ tI .. ~- tI ~ ....l I '11t'"tJl1t1'1 tJl Cl 'l::ft-3I'1"J1f)-4 U'lNn1'l LLft:: 'l:: LtJ'!IUVlI'I1lfl'11~:: LI'1'l1.J 

n1'lVl~fttl-3 n1'lVltflfttl1.J LLft::n1 'Iii Lfll'l1::"r 01'" '!t1'l::ft-3AL~f1\ol1t1'l::ftVliI11Vi n1 'I 

o ~ ~ "I ~~ J' ... 1 ~ 
Vl1-31UlItl-3 LPl'lfl-3 I'lntnucy \ol1 LLft::' tl1.JnVittl-3VI Lntfl,U tlU~:: Li]u LLU'1 Vl1-3 Un1 'ltl 'l1.J t1l-3 LLft:: 

LLr11,ifCY\ol1 

1flt1NDfl11'f1tilD8.:i 

~1nn1'lV1tJlfttN 5 f11f-31 ft:: 10 ~U ttfltJn1'li-3L1.Jiltfl4'ntJItlnih'UJ1U~f)tln~1nlJ'l~-3il 

fil'11t1\olU1 0.3 . 0.5 LLft:: 0.7 ilftftLtltJI'ltJI1t1thl'l1.J ~nlJlfll'11t1L~f1 1.J'1nft1.J 0.1 mm. (L;r 

'b.J"'W~fII'11t1tJ1'1 100 ilftftLtl,,'l \olU1 6 ilftftLtlPl'l) 

. ~ 

1. n1'l4'ntJItlnvJf'I'11t1\olt.l1 0.3 ilftftLtlIJl'l LUn1mllfttl-3 5 f111-31 ft:: 10 Lt\'U 'til 

~U-31ULll~tJ 30 Lt\'U~" LOU 100 % 'U111vtl;rtJlNtJl1t1'f)1.JLlItJI~n1\olU" (1.J'1n ft1.J 0.1 

ilftftLtlIJl'l ) 
..l ~ 

2. n114'ntJltlnVlfll'11t1\olU1 0.5 tlftftLtl,,'l LUn1ml'lfttl-3 5 1'1;-31 ft:: 10 Lt\'U 'til 
~ ..l ~ _ .!'l ..l'l~ ..l 0 

'!IU-31ULllfttJ 30 tnU f'I"LlJU 100 % 'U1tflVl LI'1IJ1NtJl1t1l1tl1.JL"tJlVln1\fUlfl (1.J'1n ft1.J 0.1 

ilftft LtItJl'l ) . ., 
3. n1'l4'nlJltlnfifll'11t1\olU1 0.7 tlftftLtlIJl'l LUn1'lV1~fttl-3 5 f111-31 ft:: 10 ulu 'l.ii' 

~U-31ULll~tJ 30 Lt\'U ~IILtlU 100 % lIU1tfl~'l.ii'IJI'l-3tJ11t11Jtl1.JLlItJl~n1\olU" (1.J'1n ft1.J 0.1 

ilftftLtltJI'l ) 
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"IiilLtlU'iLLUtLLltLLU';ImtL\lmnJitlult 

O1nJftJLI'l~-3t~"''l1a.J~u1tun114'nlJltln~lKtN011 ",:=lKtl-3t{~tln1nIu1~011l'li:h 
~ I ~ • 

( 1191tlflLn",) 41U'lU 2 '!Il'l ~l'li-3Vitlfl1fJL"'fl1;hUUUt1-3fltl-3if1ULLfl:=""fltl-3(nl'ltln",un'l:=i-3• 
'lilfII'l1 a.J~U1lJl1a.J~lKtl-3m 1 ~-3 ",:=lKtl-3LftfJ1ft'!tum",flfltl-3tl fu,T-3a.J1n 

" "-3111.1'lumnJfutll-3~1tl~ IiJU11'l'l1a.J(l'l'l~iJ~tln'lnI~-3nfh'l ~ffivh Luu,:=uu;i" L'ltl f 

LUfJffl Lnfl iil9lH~tlfl1m"'fl1 L~tlfl'l1a.Jft:=l9l'ln 'lum~l9l,T-3 
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nft~ 8U'n"UU'\. 1u106lftVlftlGfli1ft1ft11S1, nl~L'n'ftJJ'K1Uft':ifJJlftJJU~Ltf1JJL'n"

(''nfJ-qWU),2~40 
... .. tI 1_' ..... ..;.

LQfJ1 1"'llnnJJ. I'll, nl~L'n'ftJJ'Kl'Uft1: f18JJ'W1UtlRL'Ul l'nCJj'~, 2522 
..-:r. _CIIt,_ ~ 0 .: • .

\.InLiH mui'l LLO::: fl~~ 'U~tfl'U'U'n, n11ftl"1UUla::l!n!tftU'U'U'V""'1"lft18~fta : 

... ,jd 1 ... tI '" 1 1 ... 2 ..
'WJJ'ft'n H'ftJJ'fttffl11.J'UL'n" 'U OfJ'W1::'8JJLflglYt1::'Uft'L'K'Utl 

... .1 ... td tI T 
\.InL~H m'Utl UO::: lJ'S:::La'1J mUa'JJ\I'w, fl11Nla,,::: 

... tid 1 ... tI '" 1 1 ... y ..
'ftJJ'W'n H'ftJJ'WtfQ1\.1'UL'n" 'U i'lfJ'ft1::'8JJlflt11'ft'::'U"'L'K'Utl 

... tI : tI '" "' <II f11'n1l tl~mll1W uo:: Ylty fl'UR~l'U. ft1188ftU1J1J1ft18.:HJft1ftll taSl 1,2 : 

.tIl:l"~ ~ d .:" 0 Q,f

'ftJJ'ftll \.I. 'JfL8A~L""'U 'lflA , 'ft,ft, 2541 

... .. ~~. ... d :,
1'nm Yltl~'l1, llq....Q~1"HftH2.l8,nl~L'n'WJJ'K1'U",: CJj'LtlA~Lfl'JN, 2543 

'" tI J.!II .d ;'0.,
Q1::LWJ lntU'U'W~'l!t. mtftlG"'''8~1..~,nl~Lll'ftJJ'Kl'Ufl1:'tfL8A~ft'JN,mA, 2540 


	ปก
	บทคัดย่อ
	ABSTRACT
	สารบัญ
	สารบัญตาราง
	สารบัญรูปภาพ
	อธิบายสัญลักษณ์
	บทที่ 1 บทนำ
	ความสำคัญและที่มาของปัญหาที่ทำการวิจัย
	วัตถุประสงค์ของโครงการวิจัย 
	ขอบเขตของโครงการวิจัย
	วิธีการดำเนินการวิจัย และสถานที่ทำการทดลอง/เก็บข้อมูล
	ประโยชน์ที่คาดว่าจะได้รับ
	ระยะเวลาทำการวิจัย และแผนการดำเนินงานคลอดโครงการวิจัย
	งบประมาณของโครงการวิจัย

	บทที่ 2 ทฤษฎีที่เกี่ยวข้อง
	ลักษณะวไปของไม้ไผ่
	ประโยชน์ของไม้ไผ่
	วิวัฒนาการการจัดตอก
	ทฤษฎีที่ใช้ในการคำนวณ

	บทที่ 3 ขั้นตอนการดำเนินงานวิจัย 
	บทที่ 4 ผลที่ได้จากทดลอง
	 ผลจากการทดลอง

	บทที่ 5 สรุปผลการทดลองและข้อเสนอแนะ
	สรุปผลการทดลอง
	ข้อเสนอแนะและแนวทางในการปรับปรุง 

	บรรณานุกรม



