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L ? l ~ 8 4 ~ ~ ~ 1 ~ 8 ? J t Y L ?  (Rolling cane juice Machine) 



9 '  

b ~ % s n l % " a U  : ansodt?uii8ouaim (Rolling cane juice Machine) 
d ,a, 

P I F J M ~ ~ Q ~  : uiuaq$u a$uao?tg iiaaww'd Q i a u a i a i m s i o i s i  5 ~ 6 ' ~  8 

uiodsziYnpl" d i q t g m i  iii~p1Pds 8 i 9 i s i  2 5:;~ 7 

d s - t i i ~ s u d s : o n ~  : 2548 

waw"?6oinnisw'mruiLn<oq$u<ia"ouws"ou~u$o ada"on$ougnY~ada"one,on~in6i$ou 
w P 

aaa:Qnt?u~il~naiuaiuisnIunis~u~ou~~aaiuuima~uiiu~uinai~ 35 -40 uu. % u ~ a a i  1 

i a l u s  t u ~ o u 1 i ~ i u a u 6 o o  141.71 nn. o ~ i d ? u i u i i $ o u ~ R o a & u  64.87 n n .  ~ i i 6 o u  



Project Title : Rolling cane juice Machine 

Name : Mr. Sonchai Kalncharleam 

: Mr. Pajak Angboonta 

Academic year : 2004 

This research is to develop the ready-made sugar cane extractor which is based on the 

principles of sugar cane peeler and sugar cane container integrated into one machine for 

colnfortable and rapid condition in producing sugar cane syrup from t h e  original process. 

To develop the ready-made sugar cane extractor can be divided into 2 operating 

machines are 1. Sugar cane peeler 2. Sugar cane extractor. The operation of such two machines 

continuously operates according to the system which has been set. Firstly, it is to study shaft, 

motor, and belt. The researchers have studied the feasibility of sugar cane peeler design used by 

the materials distributed in the market. Consequently, it is to develop the sugar can peeler 

integrated into sugar cane extractor and to test the operation of its such machine as well as to 

improve and to modify the machine for the actual operation. 

The finding of this project on developing ready-made sugar cane extl-actor is the sugar 

cane peeled from t he sugar cane which has been extracted for providing the sugar cane syrup in 

35-40 im. diameter container ~ninilnally and gaining the average volulne of its sugar cane syrup 

of 64.87 kg. and average time consulned for 1 hrl141.71 kg. sugar cane is equal 45.78% 
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nisiiaGusiu5:u in$as~utii$auarn ?$5ia$oatias?d9##auZ Fnunisl#s"unaiu 

iauiooinnin5m5aan55u?marinni5 nsu:?aan5waian{ uwi5wfii&nnbubaZ5i"1111sna 

{yy? aaazarmflu5Cuaaazw"mui plm5wuia"u~wnhrahaZ5ivusna{yy? 

uououqm u?Gw awn aiu4 4 i n " m  $sifira$~iaPa"uni.sCmi,%u~auiis~ uos 
aa , aol n o  d 

an<osCnsa~azuo.uou;su y n a i n s y n ~ i u ~ u a a u a ~ u a ~ a ~ ~ i i l ~ b n ~ s n i 5 a v u P d Y a i a ~ ~ q t i a s ? d  

lGiauZ 
a- n 

~ ~ i i ~ u d i u ~ ~ u w ~ s i i s i u a v u k  o ~ a ~ u ~ ~ ~ ~ u . l r ~ i o ~ s n u a a a : ~ 5 z i ~ ~ " 1 1 i ~ ~ ~ ~ ~  aaa- 
d d  a 

. u o ~ o u q ~ n a i u n 6 a n ~ v i n 1 n ~ s n i ~ ~ i o u n i ~ j w f i i ~ u ~ w n 1 ~ 1 a ~ ~ i " 1 1 1 1 s n a ~ ~ y " ~  
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, , 

a- e e 
2.2 91ua0Umanua;a~ 

2.3 aauagn 
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2.4 Y ~ ~ N Q Y ~ R ~ ? ~ Q  
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3.1 aawunis6i~Gusiu 

3.2 ~ ~ f l l 5 ~ l L ~ ~ ~ l ~ ~ ~ U  

uw$ 4 ni'~5~n5izGwani56i~Cuqiu 





m ~ s i s i  n-2 qmsnisid&ui i  

m1919i 0-3 i o t i Y ~  Perfixes 

misiqd n-4 <apiw"oaadas.wpa'aer SI 

mls ld i  n-5 Principle units used in mechanics 

m l s l d ~  n-6 Selected physical properties 

m i s i d  n-7 q a a u f l ~ m i ~ n a v ~ ~ i ~ i n n a " i n i ~ ~ n u ~ ~ s u w i  i ia : i~ inn$iwau 

misidG n-s P i i n ~ ~ n i u s n w v o s ~ ~ q ~ p ~ a n q q u u i ~ ~ G m  



mww" 2-4 r~nwspn~~f i~uasa~uwiu~uiuwyuFou 

mww" 2-5 a~ansaiuw,u~dw-as$u 

mwd 2-6 aanws~n~m:bn3qn5"1sniuwiu"a 



mwi 3-8 aanasms~a iq~aa~~ lsq~a I .~" i f ip I~n~q  
" v 

mwi 3-9 a m a s n i s m ~ a ~ s ~ a ~ u d u ~ i 6 0 8  

nlwi 3-10 r m a a ~ z s z a a ~ l s s ~ a ~ a i  1 iraz 2 

mwi 3-1 1 ~Laasol.j~a&s:u:uosdla; 
Y Y 

mwi 3-12 a a a n s n ~ ~ ~ w ~ ~ ~ u a i a u ~ i ~ ~ ~ a ~ a n ~ e , ~  

mwi 3-13 a a n a s n i s ~ ~ ~ n J o s E u a ~ ~ l ~ u ~ n o  

m w d  4-1 aana~n~idaPl5uua~~uaa~i1~dudo~au 5 nn. 
Y Y 

snw; 4-2 11nasn~did1d~uer.~la~~l~pl3w~~nis~u~i~nuaw~udodou 5 nn. 



Polar second moment of area 

~ ~ = i v ~ ~ p w ~ l o s n i s ~ r i d i  r ( r  i auon ldd i  r , , , , )  

Modulus of rigidity 
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1.4 ' J Z ~ ~ E J Y ~ S ~ P E J  

1.4.1 ~i¶JEIfll'a?<fl (Research Design) 

d u n i 5 $ n ~ i ~ ~ n i b ~ u  i7Qis~n$os ~~a" in i sp1waod  ~ 1 l d 9 ~ ~ ~ f l l ~ 1 1 ~ 9 i f l $ B 4  
ly 

1.4.2 <uwauaaa:~"bis5h 

1 )  ~n~iqaau~6~idmaniw.vosbou - 
2) 4n~nmi~iuawis~nZaida"on6ou 

3) i n ~ i o o n a a u u a c ~ i s ~ ~ ; " o s  

4) i i ~ G u r n s a 4 i d  

5) 7 ! 1 ~ 9 M ~ ~ f I d p l . l d 5 ~ ~ ~ ~ w  

6) 5~nsi:6~daaazd?ud~qsa~Klv4ounwioa 



2.1 dldl;~ (Keywords) ~04~Fl54f l15?&l  

d " '  
1 ~ 1 5 0 9 ~ ~ ~ 1 & 8 ~ i T R  (Rolling cane juice Machine) I 8 ~ l n ~ 8 9 ~ 1 ~ ~ E l ~ ~ ~ l d D O a i R  

Z a u g n B u w 5 s n x u o n  ni~ii~iuuosan$os~nufiinaiua:oin6ou~sdi~ouluados~u aa$apl"i 

1 ~ ~ 8 9 9 ~ l f l l 3 u " ~ ~ a  L L # a ~ p l i l & D f J e 7 8 ~  

ai~n~aJi"anlsds:miu~6w"u~ 
, "  

i16PJU61A (Cane juice) igudaU?I8SiiWaiui$ipa1~9ifidi8ld~8u 

i u  (n.)i?o ~ ~ ~ " U i l n ~ a a s a ~ ~ o l ~ ? ~ ~ ~ a w a a ~ ~ o ~ o o n u i  a& iu#u 

ada"on (u . )zo a i a u $ ~ u u o n v a s i 9 P d i s q  14u iul; ~ a l d  

$ 8 ~  ( u . ) ~ B  +PJ IG#U~~~TP~PWM~~ Saccharuln officimaruln L. l u a s A  Gramineue 

<ua?luno diXua?lunl$osQis$u G~; ra iuw 'u$  adu B s u u i I f i  5oum:am G u a o i i i w a i u ~ i  

&mml%u w'doa~aan 'uaaddiwaiu  

,, d d 
2.2 q i ~ a a ~ ~ l a n u a 4 n s  

Y Y 

nisw'wuian<osduJibouws'ouiu l6aauaSmluni.sosnaauuIn5saJi~uioin 

d 4 t p ~ i G w u ; u i o i n  a ~ o s n i ~ a h ~ a m f ~ ~ s ~ u ~ o u n " ~ ~ ~ ~ u ~ ~ ~ e a n m : n ~ f f i m w ~ ~ w . a i w n s s u  

QnGibmu u i u s r u 6 ' ~  n s z  , u i u u i b u n  G a q a  , uiuis:;n< imu iu f i " ,  u i a a u n u i  u s 6  

u a a  , u i u w s l n ;  dqaw'u$ 
Y Y 

nisw'rmuianfosdu~ibouws'oudu ~ ~ ~ ~ ~ ~ ~ R ~ u ~ ~ D o ~ ~ ~ u E I ~ ~ ~ ~ ~ ~ R ~ ~ D ~ ~  

d7ysu iPaPwu~u io in  a~osnisaonaauuaaa:~"mruian~o~n1onaaa:ku6ou nm:?nanssuan~ls 

~iam;4mGiFnu u i u n ? Z a d  aadn~Js:ihi, uio~l=i7a I o a s i A i  , uiu?"ulwpa" ~ ? a w w  



aa 0 

2.4 VlqlJ~VlEllg$ 

2.4.1 d~:%aaa:nai~lt~uui"~~~doa [g] 

6ouafiu~$anaw$1 (Gramineae) a ~ i ~ ~ i i i a a p . S d d ~ i a ~ m e ) ~ m i u i n i ~ u  

u~f ia~~. jaad i~nwau%& aaa:niup.Sa"~lbiawia.u"ild~~isuaaiu~la%w~.uo~m"adao~?u aabaG 
, Y 

aawia.u"i~d;daap.Siddu 7 vosFan ~ou$ulb~%ud.j~amnidalui"uw~ou (Tropical) !an&i{ou 

(Subtropical) ~ ~ W ~ R ~ ~ S ~ ~ ~ ~ . S U R % ~ L ~ ~ ~ ~ ~ ~ U ~ ~ O  0 ~ R ~ i ~ i n 8 0 ~  ~ ~ H & ~ P O ~ ? O U R " O  

~~uiuinw"nnimwaiu (Sugar beets) a ~ l w n i . j d ~ n & ~ u v o q ~ a n ~ i n " ~ ~ i s : w i i d a a r " u i d i  35' IM~?B 

aia:lb &e)~nouaaad!aa~~~awd~n~'1aai~a~~~waaa:afi~~i~ian:aruniu1uii F~uAaldaada 

q m w D ~ a ~ i u  l i n a s i i n j i  20°c d ? u i m ~ i d u a r i a d n a ~ a : o i s : w i i d  1,500-2;ooo 

Sa2aum.j dpnn'ulmu dald iqaaix:tudiw:aaou~q.j:du~q 500 auws anplu (2523) nsiia 

aar?u~iw"u<~oud~oud~na8unix~iai~i~e)ana~u 3 d.j:rnwdo 

1, ~ o u d i w ~ u i i i i w l  (Industrial cane) &D8WaniL8Pd&BUGnMflUd~W$u~RU 

w"nwaruGu<;ou.uasd.jzawndiq 7 ialan dinPud.jzawn?muldini.jQiw"u$6ouQnwnua.u"iui 
da a d ,  oindi~dl:awa~~aaio~mau5q3a~fiusaud.j:uim 220 w"u<lutiuau~uawud 20 w'ugswidu 

ddGna8unisbi 

2. &ouafua (Chewing) l6iafi &ouiiLdade)n~u $lu&. ~ ~ 3 1 ~ ~ 4 3 1 ~ d i ~ n a ? ~ ~ d  

d o u h ~  dpnawdoGuaoi~i&oudiwiuu?lnn~aums~ w?o~4diw?u5"ud.j:miua,m {ouaiua 
d d Y  Y d  

dGuudQnn"uBwmuw"u~ Gu<aasndo6oo~~n~d.jwse,~~udi~ iniuduuin iimuaranadoqou 
9:  v 9 d t  aioai~oGuaabalmuioouZaraupd'iivd.j:miu ~u<darod~o~u<uo~~?ua iiwunuaqaamq 

liawui:audiw?uii<i&ou 7~14u?Fnnlauwsq ~ouw"u<ifa~uiGuuuin aiaulv~az 
Y  d l  d;nn'ulu~qwjaxiny?aaa:uns~u ~nw"w$w$sdow"pd<ui~mi diwunuasii aado:a8u6ou 

~$8-~aadlidaa~uud~nn"uawsi:%m.i;iaaa:da"o~~uuin bou<~aiuw"u<~tma8u5~uiq1~~$q 
a -a 

B5uiiiiGm~n~inaanuani:uanu 
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au"odndi$~wiuaauauzdTin~d-~uiiinndis~u 3 aiau dodauuonqw$sZnaiuaiis 

uindnnii rda"an (Hard rind) <~a~i~d~s~sluinni idauadn6of i  (Flesh) ~udxnoflbvaad$~i 
r i d  

~ ~ i ~ ~ n f l ~ l v i l a  (Parenchyma M% Storage cell) ilazaia%~m~a?daud (Fiber) $suzagudau 

d i s  1 l ~ .a '~aouada~~uidos~#aondas~wwssad ~auinmsdosnlsingiiaiau~i~uid$an 

d~znoudaurvaa"7a~ui $s~a"nluM" (lignin) a ~ ~ d a u ~ d s z n a u ~ d i 6 ~  ada"nnw"imdii%d 

diduri~srrssiia:dasn"uaiau~odniu~u"u~sdi$u dauidu?diuo;& naiuoisXda w'nd1 

aaa:viaeiwis luii$um& q SioCsna'iaoinl~zuitu 1200 w'a naiumui ia~u~osldiuo~ 

~ u i n i ~ r i i a a % n ~ a ~ b o n i a a z p a ' o u a s a , d o % n b ~ ~ ~ u ~ n a i s ~ ~ o s ~ i $ u  uonoini~na"Priiatu?R 

guinalsfinozil8(~ith) s a u ~ 8 u n ~ u a i a ~ i ~ n n s ~ i n a ~ d a l d  $sa ju~n~lazdsz~ i iu<Iu  
d d  d 

dauia~uda"os$o@~lnl ~nsdauiiunod6'uniPrl~l gunin m;o~ia8u$u iauwuuvso~5e)u 
* A d  ' 

q lda.uo;dalwaa"$sw"imuiwan~iCiwia~uaos a ~ a ~ o u a n ~ ~ i . a a a " i ~ $ i ~ o z a a w n i i a z d d a ~  
d &  2 

~imiaaonuinaiu~iism~anaiuduplosa~ndou<u~~n"pI d~ui tu~aniw~oslda~~as ~1(s"uuoi 

Euiu$aaazainiwaaa~bou 

2.4.1.2 daud~mau"uosii8on 

siaudsznoPr"uos6an i ~ o l # f i i n i s ~ n u a v i ~ ~ o i i n ~ u ~ a u i ~ a " a l ~ o d a  q l n l i  
Y I 

daudsznou;siolnli doCi 73-76%, i i a  11-16% ~ia"ow11%s~ain~i~$ 10-16% 



a ~ o G v i s ~ i a ~ v ~ i ~ a a u o ~ ~ a 6 ~ ~ a z a i u ~ i ? $  Tmuai7uua8a;ouaz o:?$ii 
- 1 1  4 4 

aiaudsznouii-3 q ums;no (nBxuss6, 2521) 
9 

Jiwia~bnsa 70-80% 
9 

Giwianpbnsa 2-4% 
9 

Jiwiadqnlmsn 2-4% 

an~nvnsns~oGuwi6 1.5-4.5% 

an~o.uosnsaSuw?d I .o-3.0% 

Carboxylic acids 1.1-3.0% 

Amino acids 0.5-0.6% 

Td=ih 0.5-0.6% 

a a i ~  0.001-0.0500~ 

Gums 0.3-0.6% 

Wax, Fats, Phosphatides 0.05-0.15% 

Unidentified non-sugars 3.0-5.0% 

2.4.2 ~l~nr~m~eenaaunrawi~~~nana 

msoonaa~1u~uaiauan<e,~insnaiia3ui sz6osoi8anaiufwis6iuna~1~arw5" 
d 

a"aq wafiiaiw5"aaazouq u idszno~1a4 i~aun"u~~~uo~n"11a 'n~ l~z "uo~$u~ iuaa~ :~1d i~n is  

~i~iu~o~$u9Pddau#~ddi~~~ozoonaa~l~l$u~iu1&;~do naiuadi%om~~iuna~iiai'rlioeii~S;~s 
pl i 9 -  n 116 $swoa:aaunaSu~a.uo 1 ~ ~ s ;  

2.4.2.1 nisosnaa~~uawai [ I I 

aa~iio:l~na'ia~~wq~~lunis~~naauuawaiuiaaa"a~~~lwnaiua~u~au a a i  
d n  pl , 

a~o~vinii~waia3u~u9Pddau~ul~o~luan<e,sinsnaan"ou~n~~m 6q6uisnaso-l~Gvisod~5d 

msoonaauuamaibmuaawi awaioivo~~~edenaawn~i~n'u~n]~iudn~1m:vo~nis94~iw 

6sio12nJ30 

awai (Shaft) a~u~udau~~syuaaa~l.a"9wnisai~~id~ 

lanw (Axle) ~~w~u9PddaudnEl~:abuan"un"uawaiaai~8jnyu aiauuina3wda 

se,G'u%wdauinyuidu Bo a"eaciuwiu aSuXu oeii~'2s8wiu~sawai~aa:aanuii~eua"sn 
9 , A  1 

s-~u~uiiawai?aiii~uaiaupa"w~:nyu~i~o~u~nwi~~ 

 ail^^% (Sp~ndle) a~uaWal"UiR~ui?niH%,u biu lna1~~3L1~i~f1% (Head- 

stock spindle) I ~ U ~ W  



t f ;u~id6(~tub shaft) P??~P119flf~L?UflbBRTld6 (Head shaft) k?~~i~aiMd!% 

a h  $uaiauiordosn"uanioquwd uoawn; w f n a n f e s $ u f i i ~ q d u  q i.uuim p ~ i i q  iaazaiaw 

A uuoe,nuidini~l%Bion"uawai$u~ 

awaiaawa (Line shaft) wfo~waid~f i iaPs (Power transmission shaft) wfsawai 
A 

auu (main shaft) r ~ u a w a i ~ s i o m s ~ o i n ~ n ~ o ~ $ u i i a ' s a a ~ z % ~ % u n i s d ~ i a " s ? d ~ s a n ~ n s ~ n s n a  

$u q Smeranwiz 
# ,  

ia%l%'ld&(~ackshaft) ~?f~~Fll&l~;%'ld~ (Counter shaft) I ~ U L W R ~ V U ~ R ~ U ~ ~ O  

.szniisanfos$u;~ai&n"uawai~uunfean$osinsna 

awaidou (Flexible shaft) a ~ u a w a i $ ~ i ~ n ~ n d e ) w ~ a w ~ o ~ o T : ~ s l d  awaids-anwi 

4ibaumoaamln$ (Cable) aawnd?sw?oaaman~tla (Wire rope) ~~~ums~is~ i f i%ua 'npI tuz i  

aan~wyuw"i~un"ulZaadaisiiia'slZdau 

awaioieilsiuaassG alssna aa'a9Gm w?o1159gm nfoa~'aswaiuniiqsaun"u;i1d 

&Eu nis~iuasuisn"os%4naiua~uwnuau"i4au aassrna'i6~~oieaz~ni'sadduuaadasquim 

waomaaai di%Pl"awaiaZuwiuaw.siznaiua"ilb az<u~s$o~oonaauuawail~~Plaiuaa;;~qaas~ 

a~erswndiwiunis~$siulubnpItu:< U ~ n Q l ~ ~ U ~ W a l ~ ~ ~ ~ ~ ~ ~ ~ ~ i U ~ ~ ~ ~ l n ~ ~  (Rigidity) 

adoswoaw"oanyu~~niu%uawai~p?"o~~w~~din"m~w~awuz 5;az'bfis ((Beflection) ' u o ~ a ~ a i 6  

adu~sdidsu%unisiiwum'uuiwawairiui~uan"u awsizKiawaiBszu-Ffism6ozailmnisaanis 

V'24zw8196 ??i%XnaiIJa$a?nqFI (Criticalspeed) "U891WalaRas ~ ~ ~ 1 0 ~ ; i i ~ P l " ~ ~ ~ i ~ ~ i ~ ~ ~ D ~ 1 ~  

a- d -duaass~u.um-Mdnaiua~a'uosawaiau'i~na"naiua$ainqwd~d s-u-~AsPd*osuwaionisa~onqCm 

' u 8 9 i 5 o 4 ~ ~ ~ ~ r l w a i  E l8aa~~%4 (Ball bearing) t?$89?JtXSafo961Ua (Misalignment) %~n is%.a"  

~ i u $ w o a w u z h n a i # a t l  

1) a'nqawal a ' ~ ~ % $ d l ~ ~ ~ ~ i ~ w ~ i 6 ~ ~ d R " ~ ~ ~ f ~ f l n a " i a ~ ~ ~  (Mild steel) aai6i 
b ~ ~ n i 5 a w " ~ f l ~ i ~ ~ w ~ ~ ~ u a z n ~ l ~ ~ ~ ~ i ~ ~ ~ ~ b ~ ~ n ' a ~ ~ n i ~ ~ ~ b f f p I ~ a a " a  fnoz14aw~nna"iwnu 

S a n d u 4 i a w a i  a h  AISI 1347 3140 4150 4340 a3udu a w a i $ ~ v u i m a a " u d i ~ w ~ n a i s ~ ~ n i i  

90 ~ n l n ~ n i l : n a " s w o i n a ~ G n n a " i n i ~ u ~ ~ $ ~ i i ~ n i s ? ~ ? ~ ~  seiislsffwiuaw"o1pl"awai~sini~n 

i q n  ~osnaauunasw~i~iuaadon~Bawdnna' ini~u~u~~'au~if jow$~za~onl~aw~nna"i~Cn$u 

2) u u i n w q a w a i  aw"o~XawaiB~winuims~iwaw$oPaEu ~ s d n i s u i w s i ~ i e l  

' a z w ~ l ~ d ~ ~ ~ ~ f f ~ ~ ? d f i l ~ ~ ~ V ~ l ~ ~ 1 ' a ~ l ~ V ~ 7 ~ ~ ~ ~ l ~ ~ ~ ~ ~ 7 1 ~ 1 ~ ~ z ~  (Nominal size) %U ISOIR 

.v,V d d 
775 - 1969 a~il~diwiu%X~oona1~l~l~adon1~wsuaw~~dniui~nwi~n~dw"a1d uon~in6Gq 

a~u.uuim$nonna"osEu'uuimuosaau~s~%4sos?ua~ai#au~~uims-~uosawai f ldoinwis-1s 

2 2-2 



3) nisBoissuilumsoona~uu n i s i i u a m n ~ 9 ~ u i ~ v ~ ~ ~ w a ~ $ ~ ~ a ~ f u ~ u  

a'nm;ms?.a"diu 9uui~n~~nis~i.uuiwawai~wdolGar1aiwud01as~~uinsz~ioeii~a~ua1i 

a~urnsaierswo i~u1uns~vodawai~na6o2 ( c a m  shafr) ~ u m ~ ~ ~ u u ~ a ~ u m ~ m a ~ u ~ o ~ n i r  
d P  8 

~ ~ i i i a a n ~ d a i u w ~ q  ~ ~ E u ~ u ~ w v D ~ a l Y a i i I n w B ; p d ~ u . u m ~ ~ ~ i u o - , ~ o ~ ~ r i ~ ~ i u i n n i i i  
Pa. dw 

iinwwla" duc.l"u d u ~ o a ~ u a i o z 6 o s G n a i u ~ ~ ~ s 1 n ~ ~ o ~ n i a l u w n ~ w w ~ s n ~ s  K~yuGwumld 

u o n u i n u ~ a ~ a n a i % I a ~ a d ~ s ~ n i . ~ ~ i u d i ~ ~ ~ ~ ~ ~ a a " a d d o i o o ~ r i o ~ l ~ a i i R n a i ~ ~ ~ u . a ~ a d o u  4 - 1 ~ w a g ~  

% $ a 3 o ~ i a a a a u ~ ~ s o s ~ ~ 1 1 ~ a i o ~ a i i m n ~ i u a ~ a ~ f i u ? ~ i i u ~ u  

n " s a a ~ i i o z 1 ~ i ~ n w s ~ i u d i w i w ~ n " w ~ u ~ ~ 1 ~ o ~ 1 w a i 1 5 X ~ i u  luwisnlfji7G~sa"a 

~ n o : ~ p i " ~ ~ ~ w . u o ~ ~ ~ ~ a l ~ u a ~ ~ ~ ~ ~ ~ ~ n ~ n a w L a ? ~ ? i a ~ u  0.3 ionaiuuiaawa~ I m (1) 8inTu~ltwa~ 

a is f l i a ' s$2? ,do iaaz lGiyu~~?i$~  1 ~ D f l ~ l ~ ~ i ~ l P " I ~ 1  20 a i l  9 1 ~ 9 ~ ~ 1 ~ ~ ~ ~ ~ 1 ~ ~ ~ ~ ~ 1 9 1 ~ ~ 1  

lunsd.uosaaaiyna~uadiwiwan?n~uu~dumidniulu~aa"aazld9yu1w1~?iaiiu 0.5 waow 

f l2 l~B l~VD9LP" IB l  

d o  d d a  
naiuaitsansdwaiPl"su~n~ii4~udnno n a 1 ~ 1 a a ~ ~ ~ n ~ ~ ~ i . r & i u s : ~ A b f i ~  an5i: 

ozc.l"osl.~"szu~~ri~.uo~awai~o~niuldaas~niouana3udadin"~luni~fiinum~zoza~ow 

(Clearance) sxwii jba t7lUP"IlU 1389 ~F I99WIdbf l?89~n9  ~ a ~ ~ ~ ~ ~ l S ~ ~ ~ ~ ( l l ~ ~ " u ~ 4 ~ 1 ~ ~ 4  

d iwf~sas fu"~ la i l $aw~~ iza~~  ~1awai~szu:~n'd4~inan"ld~da:w"i~w"f la i~~er iavod~lda~~~dau 

i + u ~ ~ w ? o . u u f i u a ~ a ~ 1 3 u ~ a ~ i l d ~ n ~ i a i a u n i s ~ w  (contact ratio) vosi3osamas6ao i i l X  
ms+~fii5~.uosa3asYisiwduwaw'i~nas nisaa"on~a~1~~uisosfw~wai~aiun"u~~a3u~ns~don 

~ a w ~ ~ ~ ~ n $ o ~ l q i w l G ~ n i s a ~ o ~ a a u a 8 i n f u n i ~ l ~ ~ i u 1 ~ w o a w ~ i ~ ~ u s : . u z b r i ~ v o ~ a w a i ~ u z  



4 w 2 d  
lnR& $soiQo:i~uaau~siiu3]~99~Jwin~oIa~l$saa~1udiuaaua~d~o (Self - bearing) (sun 

<uod;ui iszszFn'sa~udid~ 

9:u:~r ig~sni iasJ i i~ l~ i iu im5~iuniMuw~guaiuawis1a~ ~ w u i a ~ l d a a $ a  

{oonaauuoiQo:~o~ido!d~aguaauami~%unisfiinuwnaiut$san~snis;iuswz~bs~$ 

FYsiSe, 

dinYuawaianiosfnsnakald iis:s:Fn'srj:n4isgmisos~u$asL~u$snaso: 

l n i l h  0.08 ~ m d m  (4) 
2- a 

6 ~ i n ~ u a ~ a i m ~ ~ ~ " l o s w s ~  (Spurgear) 41bli~;e)f$3~ 9:8"69 tu iiaan~dsi~ 
s 

~ffos.uun"ulninasa~w 0.125 lnln aaamaiua iwa~us~os~wrn  1 i i ~ a n d g i n a > o : G o s n i i  

0.0286 8981 
C(P * 

din?uilh~aidual"le,swonoon (Bevel gear) ~ m r n w ? ~ ~ ~ ~ ~  s z u z l f k  a ilaknds 

iagas.uu{u linasacu 0.075 rmn 

sinanqwakna'iaozaduii.uuimvosawaioioozniui~~~~u$#naiuaa~san~s $ 
~osmsaawu~oza~unaia~aa$sa~ss%uniYu~~s~niuuonlb ni9miszerzFcisvosawniii3vuiw 

9-a d aw'in"uwaowois~i1$Fm~l.aaanl$dowfui11a"a%u?rllina~iawi~aq t d u  4"sisszuzlr isuas 
9-n d a 

awai~iuuim~w'in"umaowoioiil~Tws%rllanwr~erufuiaaa"a%u?.aina~ia~ia'aq adw ?Znis 
sa d 

~U~bflSAfle)Sfl;4 (Double integration) ~B~'~~'UOSI~JLUP~&G (moment area) Id~&4 aaazQz 
, Y 

lnina'1a~s%uGC 
use u dimYu~ai~4uuiw~i1~~n"umaow (Stepped shaft) nis~rllaBwsna'iauiaa8a 

9 

oioozi ihaaazideraaai  1 ~ ~ 1 ~ ~ i : ? ~ m s S u G ~ n s ~ a ~ s n Y s 1 w ~ i ~ ~ s % 4 a ~ i ~ v ~ s ~ e ) u a v ~  
)I I 

sa  a - 
(Boundaly conditoon) ~mi~nn~s~awaimd~eruvuiw a~dueru14n"u (aadt%s%#aaaiuin) de, 

9 
sa  
aa Graphical integration l l X N u ~ n e r i c a l  integration d in?u?~absn~$i iuoi~o%i~?doin 

s a  w P 

~ o n a i s ~ i u d s z n o u m u i u ~ a v  4 iauaavas~anPnz~pinis%~anfosn"iuam1rl4~liau%unis . w 

Aiuam $s8~:1nina'iaSs9u~i2naiun"u diwiu$ejiu~au~soioni~~doifiaanaisdiu 

dsznouwuiuaav 5 w ~ e ,  6 $~?;aaans~uwaudimiunisAiuaw1a"e,eiisa:a~uw 

4) niso~n~~uubwaiwiuFR"wvos AMSE riou3 w . ~ .  2497 l i ' i j f nsue ,u?~~ 

?inisdiwaanivuiw.uosiwai~~~ia"s$s~imuwa~uF8w (Code) b~ui fu inu?ffansanfosna 

alisamYp~u?ni (ASME) Ssaa~iiaaaiuza'asaa~uiuiuaaa"a8wia~ ?Znisoeniauuawaiwiu 
d u  a 

F 6 ~ v a s  ASME nus~lnaiuazwanaaaz~iudonis~4siu $ s o z ' ~ $ n a ' i a ~ s d o l d  

-a a a n i s ~ s f i d i a i l ~ w q ~ $ n a i u a ~ u a $ e , u ~ ~ ~ w  1 a ~ z ' 1 n i G ~ i s m i 5 s n a i u ~ i m ~ ~  

4 -  a naiul8uvuiiiPdu~anwu'upIuiwa1 $sa~unisosna~u~r~wu?~a~mermaim~ (Static design 



method) hnicaniarunis Ai~s"um-aoonaruuiwaiIBw"oicamiiwai IAwaiaduaiuunauiian 

aas FasGu~naia'wejigubnais%uraa:nisuoniiin"u d ,  aha: d ~ l i u 6 1 ~ 7 ~  
, Y 
a s  a 

naiui8wdis q wanauuuuiwaiGgsio?nlAo 

P, d d  
u # 

iwai%waiauuins:o~~islinai~inuwiplua"~5ns w"sbiws1:awaiwywo~ 

maoaaaa7 uonsiniuiicasins:~"i~soioo:i~lduwiidasodaaow~aai$~i ~sifuiwai~di~fl 

naiui~smuadosuioinnaiubiaSwaiaw~w~ 8inYunndiwauuos ASME l45zmsaiuu 
oi a 9 a o i  

ar~wffiara; ~ s ~ u ~ s m o s u ~ a d s ~ n o ~ l n i u ~ i  (Fatigue factor) uli6ua6osiau 



n?a~un~6vosawai:u K = d ,  l d = 0 douwu6ia~sz16 

16 
d ' = -- [(c, T)' + (C,,, M)' Ji l '  (2- 10) 

nr 



a = -  1 d L  
~8 - < I 1 5  

1 - 0.004 (LI K) K 

b w u i  n = 1.00 i~odmoaduaau~l ss 

n = 2.25 1~0dCI1018~hl~1~ cc 

n = 1.60 L~ndaioi~ai~n4uaquuisaiau 

L = ~l3luolao~s"~sbwal 

ozaGu?~iiaums$ (2-12) 1$uaunisuas~wss8w (Straight line formula) 

aaa-aums$ (2-13) ~~usrummosaauaao$ 4saiflu~i,ns$1ni 

uonnn&dwuos AsME ~~1~~-~aoi?~iiawaii("s~1$0~1udipd~qqu~1w"a?4~ 

nasoz~Piinaiuadu~ioul$siuk~ 

r,, = 5s N I 1- diw?uiwai$?i9ias& 

r, = 41 N Ilnm ~ ~ P ~ ? U P I I W W ~ $ G ~ O S $ ~ !  

aad6i~iwuwa'ai~uosaw~i~uon~snuiua~v"u~sban~ w?e)dau~t~~"~sbav: 
9 9 ,  %n%.aninaiuaAuadauI4siuo~nauni~ 

rd = , v% r, = 0.18 o,, (2-14) 



wziu~iio9ni-89~awai4naiuaa59~n~swiua"nusu:ni91~4iuu~a r7nasiozl.a" 

a iun i .~ i  (2-17) 6wsaeaisugyu~w9Be~luii~in9nis 

2.4.2.2 ~ 1 ~ 1 ~ 8 ;  [ 5 ] 

a"n~mzd ib~vosuoawo;dna3~9 i~ ]  uoawo;~ l4%usiuqwai i~ns5ui~~ulddl  

ns-aaaaih i i i ~ u n l i z  dx:inw%n$q Iduri uoawos"vuiwa4n Isivuimwer~uu?ilaa"wd w?n 

6ia"sE~l.a"n"Elldida~~ua 220 laaw" ~aazuo~wo;.uuim%n$dl.a"u"u9daiiu~daiiaswuiw6ia"~d 
9 d  n o s  

13uBiuauiilaa'wd n i o r ~ s s h  ~aaiiiwuiwd~uw9iud~Gi~o94i9~wnu"no-,9niiesfiini9 

6inum ~iaz~a"onuulw.uosun~wn;m daioAdi9q lus iu~iugwai inns>u~adndi~lwiau  Iiaz 

diuaiauln$ do ~ i u n i ~ l 4 f l i ~ ~ Y n u i ~ ~ n d o 4  iia8uiinsfa"numzbn39aifi9itaza"nplnaz 

ni3%49iuuo~wa$wuimln$il4n"uSdaiiuarlai 380 l aa6  Gn5wuiw?ilwnii 7s  ETaa'wd n f o  

loo 119981 ~~uuob~n;an~ua~iw99n'szuon u " ~ u % ~ 9 ~ l ~ ~ ~ i u g w a i i ~ n ~ ' a u 1 w ~ i z l . a ' ~ i u 9 d ~  

l aaz f l ~qs in~ i i i u  ~irn;nv?ssimunawo; iaaz3im9iu 

a"n~swzni.sn~uvoduo~wo$ uoawo;~oan$o~in~9ddidadbuu~guwa"~diulddi9# 
P ,  

aduwa"99mna auywaiuaaw5aJiaa"un& .u"i~4iuluaawdaG~~a"udin.szaaaw~~biuaun~s 

aaduw59iiuwzqoonld $sa4eu~~aiws~auan$o.~nuiu x <unuisnaiuiin~zaraa~a'uw~~ 

n.jzmi~loon?d.u"i9na"9 wnazi~auiuaaiaw~naiiw&>nuq daJ~aar"u~u1uGffwidwiui~u 

uiGni aiuiuuian~n~Suaiuiuasnau4oun"laii~m~uBnais N aawd2fiduans n ~ n d a ~ i i  

n~Iuaiuiuaad~wdn N - s aiuiuaani~w~n~~aio~~:9115~d~ii?uidon"u wado ozwa'nda~i iu 

lBi~iuoon1dwiddiu4iuds;d lufiiuosa~ssan"uwinnszaaalna~iua$iaandadi~u aau 
d d P  

w i ~ o o n u i o i n i i u p f a " ~ o o n ~ ~ i u n G i n ~ z w i ~ 1  aiu~u~aPj~nanwanw9usoudadiozZGnwi4 
. # u 

o n 4  d 

w=zsn"u$iun"uhsb ~a~~~anwanmwuec~a"n~amWadipa'uld1~duoon1dwi~wai 

dszanwvo~uoawo~dl~lu~iugwaiinn55uw"a1d do uo~woinsz~aaws4 ua: 
# 

9- a nszaaaiacYu aiiuisnBi~~und.s~~nw1wm4u 

1) uo~woflddin5zaaiw54 

2) uo1wo;wau 

3) uoawo$~miuaQ? 

4) 

5) "iilFi5~tlp181F105d 



1. l l ~ ~ ~ l f J ~ 0 9 ~ 0 1 ~ 8 ~  

A a 
~saa.ss~9ii~r~n~4n~nnu~bas%~naiuau1~aafiuormofGa1@~anu~ no aiejudiu&iw 

ni uoanos"baiu7 13waaiuuanoiiseio~ ldua~uuoawofdaifu 7 idaari 

0 h i 1  AC eiouioln Alternating Current ~ada-k nsviaaath aavdszBiunrwos"& 

u o a a a ; ~ ~ ~ u o n r ~ u a n " ~ ~ d ~ u ~ ~ ~ e ~ u ~ e , d u o a w ~ ~ ~ ~ a ~ i ~ a d o ? s  

o J goGaqaiw7 ~a~oaGashniswi% ?%oonaaua?lubZw .vodu?Gw IWOIOW~: 
d 2  d aa.vds-Biunrwesu~du~8yndidq ~ums$wden"Yui~m$~a'w 

o adn .wuiu% giuau~da ( Phase ) ~~laguiios~+uorwoi~aEu 7 "PHI" 

wmunaiuii ladn uolwo;~l4M"a?d Gabno-14 I ldn &9aFw143 ada 

o "H p 2 2  ~ J ' B ' B O ~ " I ~ " ~ ~ N L ~ U  "fi1aq98JY1~ uono~nTna3u ~p uomo;aJo%wi 

u-%a3uiiFa~w&nuw 

uoiao;~nsKaoz;~d~uM"s ~p araz k~ 8nZaofiu unaw~~uis;aoGmdlo "Contn u i  

8au nmunaiuiiusamoitw o-Iw'nussnu-fi,&$aodi~sndia aSus-o-~aail4si1~Zwion'u 

u1uq 

0 FlalU$ M P ~ ' ~ u B ~ $ u  Hertz 40 Cycle Isec 

0 na1ua;asou w~ano~ai!lussu4euii (RPM - Revolution Per Minute) 

o la.ssbw vru~ei% B,uauFaaw" (volts) wioiass~u$do~doa~,uo~woi 220 nTo 

380 baaw" 

o n.szaaa nonogs ~~uawns-arn (Ampare) $ u o a ~ o s " ~ a P ~ G . v a ~ ~ a u s J o u z f i ~ < ~  
s 

~6~wua$a"uurrwud~o~u q uoanoiuis9da14?in"uaa'~~Xuno~d~ 

o m=iziiouosuoawo; a a a z ~ e ~ o ~ ~ u ~ l u a ~ ~ n a a d o s ~ u  n~.s-?s.vosoloawoi l6aaaari 
d 4 9  

d:uitu ms-p-r~o~waa a!a-d~u~suwos~wnos14~~siu~n~~azdu7 iz+i;qionn~io.vm 
u 

d l  n 

uoawe; 16~~aari a i n l ~ ~ ~ 8 ~ u ~ a ~ ~ ~ a l ~ ~ d 9 ~ 4 9 1 ~ 8 ~  su i iaaww'srrt islw 9amQGu3aaslas~wa9w 

~ G i % w  a ' n ~ s l a ~ Z w ~ ~ u o a w e ~ X ~ s / r ~ ~ u o u ~ ~ ~ z u o a w ~ i p a " u  insidaanwsnussnw- niszna~uata 
v 

58l I l~pd0dl9!5 

a 
un~woswaaen%4s1uawui:n"unis:~o aaa:bn~lsuz%uq d h a ? I u & a e ~ . ~ " s n $ ~ ~ n ~ s : ~ ~  

uosuoamo;dd~~l"~o-oiuiolbwo~slud i'~ 4on~di 



a *,, 
n iszuosu~~wof inCuwus  osuniaw'in"uiiraauiass~wi$asl$~u%p1"6wawwyu 

tiuauaassu^wvosuoawoidudnGo:$uo~n"udinaiua4asou oinGnsotaSuii igosou6i 

aa54Ciwo:q4 aaa~do~nucs$uaassG"~a"ns +iuauaa%s~'~~?$v~t~uoawoJoz$oquinn i i  

w?oaw'in'~~~aiu~osnisaassfi~vosaniazFpfawlu'usu:~u ueawo~~s~SuRia '~u" '~~~n ls :Fo~w'  
9 

iiuauPl?uitubwafi m aniwsiudis q Qliaw'it7u 
d d Y  

sJ sJ 
8 - -a 

P I ~ ~ i m w ~ s n w w o ~ % 4 a i ~ i ~ w " w l ~ i ~ ~ l d ~ ~ u ~ u 9 u ~ ~ n ~ ~ a u m s ~ a ' ~ a d u  l l ~ i f h 7 1 8 9  

A aa lvn$oa"u$a;aaoeiisu~n ~iaima~n$oauwu~assade~wiudo~ ~a~aadluvmtaiunwiiv woin8 

~ ~ U W I U F ~ ~ R  u1qn!s3nni~ni%vUuaiwiiv1$uitltliilwaW5uPd%u 7 ~aoeiis1uoiwl~aan' nis 

awls"wan$osuwaza~ua aaa:lwiwyua~u&i l un~ ju r iouas i~uu%$ia~1~q~o i9~1v  ~w~FYFIIv~? 
1u#8saau~.Jseiisussu~i 7 ~ ~ o ~ l ~ ~ % ~ s i u i i n ~ n a n ~ o s o t n ~ a s w ~ s i a a a u i s  l$!uoon?doin 

Saduw'n ira:lSo~qiaaiiiunyuai~i;wn"i~oin~~laiP~owmi;w~wUinuin aw~idmaa5q~n 

awiiw "wos~$o:Iajw"ounii 1.5 a i l  n?ofoua: 150 vosuss~w m antundnis~n?~FnamPIni 

vw:Fwawabu ~a~uoeiis~uawsi:1ajiaiisna'oa"waawsno~%uiosiiss~niis~aawai~aonaiu 

n~6 'ugs aa;iian~o~o1~n~~~saassnnasoinan~oslioiobu?vonno~n7aa'uw'ail~era 8oaas.~ 
d c l Y  a~ufiwiuvm:a?uwwisw%~uouuin l$aassG~awi~w~auhuauaAuq~ouaz 70 -90 vosnl?ux~~ 

aas99qm su Swawrgui w3naius~~svo~ns1d~ni iau"i~n"u 



P,, = FrxV 

T = F x R  



2.4.2.3 l ~ i l g d b b ~ ? d  (Rolling bearings) [ 2 ] 
a 4 -  aa u wuiu~daau~svuw~.su1~~d~~uoidu~udau"uo~~au~s6%1an~luzd~u iaar'u~naiuun& 

a & ,  
(Rolling contact) L L W U d B Z L ~ ~ ~ ~ a r ' ~ ~ 8 L ~ U P I ~ a d O l b ~ d O 9 O l ~ l L E I ~ S T ~ W ~ U A l A ~ l ~ ~ ~ U f i W l P d w " ~ U  

ultl ~ 4 ~ ~ ~ d L ~ ~ ~ ~ U s J 1 ~ n ' U w " ~ ? d 1 ~ ~ 9 n 1 5 ~ f i 8 1 ~ n S 5 ~ ~ i ~ ~ d P d w " d ? R i r " ~ I ~ P I f  (Antifriction 

bearing) k ? d ~ ~ l d  b& ~ i ~ a l l ~ f d  (Ball bearing) ~ % R i l ~ l ~ y h  6 ~ 7 ~ 1 w "  2-2 &dsmnou&auad 

a~8doin~nis%~~saa"daaufdn"uo~id i~w5 'waiuw"a?d8~i f l~~~a"w1~aa"~dduf  AFBMA 

(Anti -Friction Bearing Manufacturers Association) ~~?bai~~imsi~ira~ini.saa"onrauf~miu 

flaiubodnis~u"~laas~~~azoiq~~diuaoi ~a"oin.u"o~uos~5aa"sdauf9wiuPiaiudodni5Piaiua:i~uw 

aaajuii ariuisoQuaass2u luaauaQ~Z?i'wiouKu s~"~uiw.s~u.uasl.saa"diau$d 
d Q- 

msKinuwuifisiiu o~nrono~~wmuu~n.uo~aauf~~owui~aar"uwi~u6nai~muu~n 

meIuaaaz~laiunuiuiws~iu ~~dsznou?pl~auoPdnsu~k~ejiBu6na~~aadnqwoP$nsu 4 a#u 

iiu~u6nai~~wqwdauoransunaiunuii]zdu~~u~~sin 8 0 1 2 3 4 5 abaz 6 Ffiuoynru 8 

En;rqwaaa:oynsu 6 wraiqw ~~Euonwsi~iu.uoddaP~?s?duon~fiusauauoi.uosnynssJa~uiiu 



cu;naisn"~~ oyn~~naiuwuir4in"aon'ua?onoyn~~fi~1~uaa~&ara~na3una~uwui aaa:ia.u 

6adaosrrwuaa"uiiuBuBnaia 
ryY - na nisd~:aGudiai;l.a"aiuaaa:ar~a auinu AFBMA Iwmsuuiu aia:o"w&annisaa"on 

l iU i9  g9Piordi 

n) oi;%4diuaauis wuio& iiuau.jou ( w ~ o ~ i u a u ~ a ~ u s n a i u ~ ~ a n ~ d )  $ariuiq 

wyu~Zriouiv:$uan"wnaiua"i Tfu~uasaawauw?o~nn& 
d d d ,  

Q ui;d~~15uvoqF~a~a~~ui9~iuauwuq .asuan~lsu:awJoun'uynd~:m~ wuiun"a 

biuausou&aauiq 90% o in i iuau~a iu i~nw~u~~u1~ in"~na iua~on ior~o~v inna iua" i  ara: 

%.a"rawuAauoiy14siu 
d d  0 

n) iasao"~n1s:du wuioss raTa~urrua~~udwi~~"a~RT:o: ;u~avoa~nniqraao'a~ 

aadau~aun'uaw'in'u o.ooo1 i~i ivo~vuiRL$uii~uinai~me)9~nn~~rra: l$Lrwubaodiuns 

t?iw~urru$a oyn~ufi~d19? Q?~vinnin~uan d i  c $o:6aon"ua'aqwdl$fiiaau~s4iuauarna 

annifq%u aauisdiuauQnn~~PiuiinaYua"u~awaowauvuim"uo~Onn~~aaa:a~aawau 
, , a d  n a d -  

9) ~a~qma~md~:afiu wuiaih arnadns:fiiluaauahu.aarau~swuan~m:awioun'u 

~ i u a u w d s i u l ~ l w o o i ~ d ~ : a 5 ~  aPiin"uw~~B~u~oua~o~a~~awaudulua~udarra:a~uono~ 
a A 

w~ovs%Baiwu 

~ a ~ ~ m a ~ ~ d ~ : a f i u ~ ~ 3 u d ~ ~ l ~ l u n ~ ~ a ~ ~ n v u ~ ~ r i u ~ a ~ ~ o l d 5 ' u ~ a ~ ~ ~ ~ a : i o 1 ~ n ~ ~ l ~ s ~ u  

lZmiubosniTF~onisrd~auii. js aaa:oinislQsiuvi~uia~uaa~~ria:oiyl4aiu~iiaw~1a'lu 

~a6wmi~on~aa:rw"owRaouBii81;d~:a~ua:~~~iuo1;%$a1ui~o~n1~w?u~~ iaaiuimfi i  
" 

1WF~a%Baum~kd 

a d  L,, do oi;ni.j~~siuo?~~wPdaaa~ua'iu~ou 

P do aiss%uraua5"ai~aauf~do~iuvsu:14siuai~ 

c do aa.jsma~~d.j:du 
dd 7 

K do ~iinaP;uni = ,013 = 3.33 ~?~v%JI .~~L~D;LI I I?~  



2.4.2.4 t l l B W l U  [ 6 1 

mswiu~n~3ug1Insdduaiauwisna lunuanvoss:~uais6;iu6ia"swGiw"wa"ndo 

aisdiuluauudaassGw r;iilw"an"wnisan~ou~szwiisawai.u"~~aaa:awaiwiu waomuaw"uwioaw 

soplniswyuvosawai 

$0; vosnislBaiuwiuadug11n~dds~iuiii~s 

1. iqsuauflG%ai+uin w"il$ds:w~n$uqunis~a"w 
9 

2.  iqsuoufliiwcju~a pls:3wimw~sdiwYunisaisRia"s.u"udiunais (Medium 

power transmission) 

3. u?aasuns7iu~r;iisiua:oiw awsi~?ai$osini-dwa'oa"u 

4) ~ l W l ~ t l i 9 d 1 8 6 1 ~ 4 ? ~ ~  n's~i!L~ir-i~PI (Drive R) LLa"LWalWlXi (Drive N) 0iP4'19 

k m n q  
w w 

5 .  i s s i i o ~ i a s d u o w s i w w w w u i n d u ~ ~ ~  

6. aiuiss7iuG~1aassn~:~n?A~9;iil$ds6;iufiia"s1Z~uuaa 



mwi 2-4 aba~dgm~uiavoda~ow~uvw~mnyuFou ( a )  



F r  a~s~nnIuarua%Z 

F n  ras9n"3oi 

F w  u ln  0 Ama"sljaa'6 

m n w i w w s s " a f e a i u w i ~ ~ ~ ~  ~ ~ ~ s . u " ~ ] ~ ] u a i i e r w i ~ e i d e r ~ ~ ~ ~ ~ ~ e r ~ ~ i ~ ~ ~ a ~ ~ ~ I ~ 1 s ~ a " ~  

pr3aasuiaAiu.u"isa~u~ai~aisRibs aassnm%uaaua?ffij (F,) ~:w"ian'naassn":en (F") 1uGffv114 
, /  A 

&Qin6'u~a$airao awaaF i~aas~a~u~wiua isd~u ! i~~do id  2nlwssa"u.ua~merwiua~a:ljadGw'i 

%w"l~Aesijms~sarierwi~uinan"~id muisa7annis:~n.szw"i su pwsesiu$ad6asl?" 
A 

P u1flaue 

aiflerhmerw1ualeru 

uosanowiuwssadua~~i~aiawiu~a~~~ 

1. i~eaonaassnnwiuaaua?~Zauiin'u .aierwiuwss"aiuisodsdiaa~ss<ulauinni~ 

mclwiuiiuu 3 iii 

2. m n i s a 7 ~ ~ a i s ! i ~ ~ ~ a f l " ~ w i @ d ~ . s i w ~ i ~ ~ n i i ~ ~ ~ ~ v u i ~ ~ u ~ ~ u a ~ o ~ a ~ n d e , 8  

4. ~ n i s f h ~ o a  (Slip) 6sunii$o8aer 

5. aiiuwiu~~s~4alniawpJixn"u~wil~$a~~dadi~~uuin~ 

5 n ~ n a : b n ~ ~ a ~ i ~ a i ~ w i u " a  
* d l  

1) $111~ (Canvas) d i ~ 1 ~ 1 i w ~ ~ e ~ ~ ~ a u d s : n ~ u d i s  7 lw"~s idaa i l :~91e96~nis~n~s~  

2) l'#u1u?~laass~9 (Tension member) w " i ~ i n r # ~ a ~ ~ ~ w ~ a ~ d a w ~ ~ ~ ~ ~ a a s d n " s ~ ~ ~ s  

~razlaidn 



r da 
3) Uid&I8u~~ (Adhesion rubber) ~ i W l n ~ U ~ ~ 8 ~ ~ ~ 5 ' ~ 1 1 1 i j 9 ~ 9  ?d1%?ifladQu63i~t! 

iiaawda 

4) ~ulw~;nQ$m (Undercoard) ~ 1 ~ f l l U ~ ~ 6 3 ' a q ~ ~ l L L n E l 6 ~ i l ~ ~  fIl9lfls~~~B~a!W; 

aiufiu ~u6aasr3umij5mijzwiisa~rizui~aaaz~uaauai~laaijs~s 

5) aPnwls (Cushion rubber) f I l ~ l f l ~ l 9 ~ ~ ~ ~ ~ l ~ ) ? d ~ ~ ~ ~ l 0 ~ ~ 0 ~ ~ 9  ZnaluejBu~3f 
r d  z 

14u~aaa?u%~anuww~wdldm 



1) anuwipaw~i$ndn~ (Classical V - belt) dn~l4~usi~awGn5"u~~x~nx:~n~W~ 

w u q ~ ~ Q ~ l ~ k ~ ~ a d  -34 "C $9 +SO 'C ~ 7 a ~ u ~ $ a v ~ u ~ ~ u S i a d ~ u q ~ $ 9  30 m/s i j " U ~ W  

1Wuriin"erAaerbn~ls A - E 

mW8 2-8 U I U W ~ U P A $ ~ $ ~ ~ ~ J F I ~  (Classical V -belt) 



2 ) ~ ~ ~ ~ W ~ U W ~ ~ $ ~ L I F I P I  (Classical V-belt) 3 UUlW ;O 3V 5V LAB" 8 V ~ U W ~ U $ ~  
a apl$i$m~a~laiuisnds6iafiia4316asniiplGiKmdn~Zs 3 a w ' i  w"i%dtvuimn:w"ms"ma;oaisii6s 

avii~u%$rim~iwmI$gsniinGiWmdn~ naiua;a.uou$plyuais~ierpsS~ 40 m i s  admoin s 
Ga8uEn'aties~ra'ia"nuinniiplGi~~dn7 

m~ili 2-9 ~ ~ ~ u w ~ u ~ ~ ~ ~ ~ ~ ~ R P I  (Classical V - Belt) 

K15naiuBia$unzw"eaBu muwiu~snosv~mo1ol4~iuwmarwun"u~~ TmuZnis 

~~uuvuim~iuui~qiu RMA uai. MPTA a~dte i~msl~s iu i~u iau iuCn  

RMA = Rubber Manufacturer Assoc~ation 

M?'TA= Mechanical Power Transmission Association 

m s ~ ~ a ~ r . u u i n n d i F l " n - s ~ n i i ~ n $ i ~ m ~ ~ s ~ ~ i ~ u ~ ~ l ~ ~ ~ ~ n ~ ~  

3v a~ouaw'i n$i& A aaai. B 

5 \J a?oudi ndidn B c aaac D 

s\' a?uuaw'i ~fdi6m D aaax 

3) B ~ P I W I U P ~ ~ ~ ~ ~ ~ I F I P I ~ " ~ ~ ~ ~ U W ~ P ~ I ~ ~ ~ ~ U  (Notch type V-belt) 





a ~ u n i i ~ i f l i a w i u " a ~ i ~ w a a n u ~ n d o s ~ 8 ~ u ~ m s ~ a a 6 1 ~ u i 9 ~ m ~ 8 ~ w ~ i ~ ~ i u w i ~  

. a ip l i i on~ :o iun i~zuun iua iu~~ iaz~ .a "u l iZ  Guuiuir~9kuarzaw"ouaaa:arssngzaawn 

wa8Wo~awpl i :n"~~a7~ai9d79n '~%1in 7 Tmu?i~osI~~'a"onmiasnaiua~aI.d"~iugsaga 301111s 

7) ~ ~ W l ~ ~ ~ i ~ ~ 0 N ~ d ~ ~ 8 1  (V - ribbed belt) 

V - RIBBED 

R~W; 2-14 bbflmsmul"nuwdidmu~ml~wau (V-ribbed belt) 

s a w  a 
~ ~ \ d 1 ~ n 9 1 ~ f l l ~ ~ l ~ l I ~ ~  ~ ~ W U " U ~ ) R ~ H ~ B ~ ~ ~ U ~ ~ \ ~ I I U U ~ " O  ? ~ l ~ ~ b 1 9 9 1 ~ i ~ I ~ 8 9 ~ 1 n y 1 7 9  

d BY 
adU (Wedging Action) ~ s ~ ~ ~ i ~ o d s f ; i u 6 i ~ s ~ a s ~ i n a i o l ~ s m s w i u ~ ~ ~ s s " u u ? ~ ~ a ~ s s n ~ w  
d 

~niifliuwiualuu aaii.u"8ai?a6ion=i:Tm (Jumping) ~ ~ n ? ~ ~ i ~ ~ i 1 w a i a i 9 ? ~ w s 4 a ~ u a  

(Misalignment) ~&izy~~iimfi in"udadn~l~ H J K L LIB: M I R U ~  

ndiim J. L, M 8 1 ~ ? ~ ~ U ~ i ~ 9 ~ ~ l w n T 4 U w " ~ ~ d  

ndiKm K diw?u'Eliu~nlnidluiouud 

m$l;m H ~ ~ ~ i d ~ ~ ~ ~ ~ ~ i ~ ? ~ ~ 9 i ~ d 1 ~ i  



t Y l U W l ~ d a ~ l d ~ 4 ~ i B ~ 4 b ~ 5 ~ a  (Synchronous belt) ~ J ~ ~ ~ U $ O ~ ~ ~ J W I U ~ " ~ " ~ E ~ S U C  

2elwx9$o 

aauuqPlwx4fleabds (curvilinear teeth) 2 a"n~a:ioer $8 

1. aluu HTD (Hign Torque Drive) 

2. aaElw STPD (Super Torque Positive Drive) 

aiiawiuGsFnxu'airnu15n"u~w~~nini~duda (Creep) ~~najin%uniuwiuaa~lea n3e, 
< A  d 

aiuwiu? a n u i ~ n ' ~ l s i u ~ & 8 ~ n i a n a i u a ~ a d u w " u 6 ~ 1 ~ ~ 1 a ~ w s ~ ~ w x ~ m ~ s a w u a a ~ u ~ u  

(Symchroaized) d38eil9m5%~9iu?~aafi 



6 .us~merwiu7~~nsar'adi1~do18ss11a:bd ds 

a i s d i a ~ w a w w ~ a m s ~ ? l ~ ~ F w u ~ i n ~ i i ~ ~ ~ u ~ K s  

lliS895nlswio;u 

% J & l g _ l r L ~ 4 ~ ~ ~ ~ L w " D ~ ~ 6 ~  

$8; vsqaiowiuls~nsfl~~Zawioaiuwiuwss"a 

iPiiIuga"ari=s ~ m s i n i s ~ m K a ~ i ~ M " ~ i u i s n i n ~ i n s ~ ~ ~ u ~ a . u ~ ~ ~ ~ u ~ a a z d ~ ~ ~ u i z  
w d r  

n'uiiLLm~~~m~sp1wssmsd5~~1s~:'niiq~uinaiaLwniLiuaLinGnu 

~aasqgudu~u~oa w"il#nflnis:iaau& i i % ~ b ~ n m ~ ~ : n ~ i ~ ~ o ~ m o ~ a m a ~  

&a% 

%wsoa$a 6ia's~aifiliadersli~~diiq"uosisqAu 
1 '  ' d  

lianui:~uawaidaisiiqn'uuin 1 awsi:ozii%nyaauwq~vsu4iql&iiia vuim 

sz~1:4m%Bsiu~esaiuwiuG4FnsCn Swaiuwuim llaari 
LL'LI'LI HTD 8 4 vuimds 4 mm.pmtch 5 -.pitch 8 mm.pitch 14 m.pmtch 

LI'LIYSTPD 9 5 V ~ d l ~ s 8  2.5P 4.5 P 6 P 8 P LLaY 14 P 

FA~s:~anerwiul~bnsCai ZnGiKmui~~iu 5 nJigmda 

1. XL (Extra Light) 2. L (Light) 3. H (Heavy) 

4. XH (Extra Heavy) 5. DXH (Double Extra Heavy) 







w Y 

Godu'odneod f l l ~ ~ l ~ 2 C u f l i U W l ~ a " ~  n l ~ ? % J B q  "Horse Power Rating Method" 5 .U"pdnBu& 

I i U $  ( I )  ~-nvwinaa39$iaafi  (Design Horse Power) 1 

$odu'odneodd 1 p-riia%qGia~KYv (Design horse power) L~e)d~plfl~P"I1$1fla"~~~9n"pla'fl~Cu::nl% 

i i~ iwnaonewkwlohniu~"1 iw$ia"e,nui~p7aiun~p1ua~azi~diu6ia"~1~niu 

$osfll% 

iodu'odnoodd 2 ~Z~nvwinp-rGi~nniup"1iw$ap-rul:~uIuni1~i~dlu6ia' oiniia~%qGiaan"lv (PN) 

L L a ~ p 7 2 i ~ ! ~ 2 % ~ p l ~ Y ~ ~ ~ 9 ~ ~ ~ i ~ P . s ~ ~ L ~ ~ ~ i  (RPM of Faster Shaft) 

iod'odmeodd 3 p- r ivu inna iu6ma"o$~i ia~n~~~uoulp .p" l$~ iu1#di~.s~pl~ iuaduwGi~n~i~~ 

a6osoin~iaa"Bn%$$ai~$iv~innaiubnainafi"w~1~d ozafi"naasqqnuiniil$~fi"n 

luauw&~n~d~iuaauzuz~~mi~~i~ .u" i~a ' i~  





(D -d ) '  
n a i ~ ~ i 2 ~ R i  Pitch Length = 1.57 (D + d) + (2-28) 

4C 







3.2 ~ ~ f ~ l ~ ~ l ~ ~ ~ ~ l ~ ~ ~ t ~  
9 9 9, 

n i s A i a ~ u 1 n s ~ n i . j ~ o " u a ~ i ~ a n ~ o ~ R " w Q i ~ ~ u  99umounisdiaGudiwtddo1nld 
p l l  n u  d p ,  

3.2.1 8nEnqaaru~ivoddoui~iui i in iTdu oza iw~~a iuwu~oauiw 'auu i i in is  

2 %I q ~ 5 5 f i l d ~ ? 5 0  IIRz 8461df' i ~ ~ f l i d ~ ~ i i ~ ~ ~ 5 ~ 6 ~ a " ~ f l ~ i ~ ~ i w ' ~ ~ d ~ ~  396 
* * 

ad; u i i i n i 5 ~ m ~ ~ u a w s i : a ~ u ~ ~ t l u ~ i u i b w ~ i d o u a m  aaazwpi i i~aadadd~nid~ndou 

Gui z961d; u ? a a a ~ 1 n ~ i ~ u a ~ o ~ i u i ~ n ~ i a " o u u i i i n i s ~ ~ a r o u ~ 6 ~ ~ 0  

3.2.2 8 n ~ i ~ i n s i z p ? d a i p i ~ l i i ~ z n n ~ i i ~ i u u a o i n ~ o s i 1 $ o ~ 1 u ~ o ~ m n i ~ a ~ o p - r i  

~ounwiosaaa~~~~~ad?uuaw"o~iui~~u~aua~~i~IunisGrmu~ 
Y sl 

o i n n i s 8 n ~ i u " o u n w ~ o d p - r f o ~ ~ d ~ u d i d w u ~ i f ~ o u 0 z i i n i s n ' w ~ i d o u  ozbosi in1. i  

doninla"sn6ow~ozQi!d+?u 1~aoziini.jnlsnanlgondauR~a"anu n"oozSuPlaiuuesi idou 

iia"aI$Bm 2 n u i i n i s ~ o i l a ~ a " o n I ~ s o ~ l ~ v o ~ ~ i ~ o u o ~ 1 w u ~ o i n E ~ a ~ ~ u u u ~ i u ~ a ~ u u s a i i  

dou~n6iwaaa"anlonboudau~ana"oou~?um i i azo inmsdon iddon~~z i i I ~ i an i I un i sn l sn  

Boer d s z u i ~  6-7 wi7 i  Bip-r f idau 5 nn. 









- - 4208.369 psi 

907.853 psi 



n1 
- - 1450 rpm. 



wiflaiu~?aa"omiu (arums 2-25) 

. . "2 - 966.667 rpm. - 

6akunaiudas~uvos1aJ~~~d 1 = 966.667 rpm. 

:. naiudasou;aJmlmd I ~PiiCu naiur?asaudaJ~~~i 2 i~az.~md 3 

, . - 
"2 

- 197.76 rpin 













4.1 ni=i5imsi:dwa 
Y 

F~uSnisan?u~niswwaopl &fi 

4.1.1 fW7WRRQPI 

1.  ~ s I @ ~ ~ ~ u ~ ~ ~ ~ M R R ~ u  

1) G l $ ~ b 8 ~  PIUl@' 35 - 40 U.U. ~ 1 3 d ~ 3 l L l  45 l . U .  4 1 ~ 3 ~  30 nfl. l w ~ n l l  
9 

~marouo-iiniswmar~u 6  n y ~  iniqhgunfda" nnn. 

2) an?uum$8~din?uw~are,u 

2. msiiiGuniswmarsu 

1) i i b o ~ i a w ? u ~ ~ l ?  diuau 30 n.n. i ~ i a n + ~ . ~ ~ ~ u i i b o o i $ i ~ n + e , ~ n k ~ a z  s nn. 
9 

FwoP"nbour.v"ii7azdiounsu 5 nn. iimsw~asunsu 6 
# 9 

2) ~ i n i s ~ u ~ a a i ~ d i i ~ ~ i ~ o u ~ ~ i ~ R ~ m i n ] a " o n o u ~ . u " i i n ~ o d d u ~ i  

3) ~ l n l ~ d ~ w " f l W a ~ l ~ ~ R f l 8 ~  
* 

P -  a 
4) oinGuGiPji~uuwnwauiduw"na~~i~i~duw"n~a 

5) Gimsif;u$~~amiuM"o~nai~ 
9 

I P -  a 
6 )  ~inGuGin i~~~uwn~auiCuw"na~nis is~uw"n~~a 

9 

7) Gi~afl~ar8suiid?uuii7uu 



.u.' 9 MuiaaPsg oinniswmnoubou 5 nn. ?muioou1~uaa~ui%a3u 45.78% 



oinmis ismsa~3aui iu ' i l  (4-1) aka: (4-2) +oQaan%asiiwu~aaa:ant~smiu~oswaim 

o:~lul$ii in$as~w"mui$Baw$uds:u-lsu 2.117 uii7 iaOiuauuas6au 5 nn.  iaaz?d 

~idauaaiud?uina 2.678 nn. aaa:an$oswiu$oswaiw~$aaaihw$uds:uim 6.48 ui?i do 

6auQiuau 5 nn.  aaaddd?onnaffi6ouLw& 2.289 nn. oinwa~aonuio:adu?$iian$~si 
" %J 

flwuio:%~aaailuns:uaunis~u~wuww"ouniian~oswiu~oswai~ aail~$d?uimZi6tx 
" 9 

uinni i  0.389 nn. a$os%noimnfasmiuw"osmaimf iau$in is~~~i l~~n~qJiQnuui~~in is  

donadsJa"onlmu%$nisdon$au~w 2 nu iimsdon$auiiia"suosnu aauw"iIw"%$aaai%uiauuos 

msdan?donn aaa:~u~~~ud?uisu~iIuaiau?1osnisdono~n1da~ouiadiuuaGuun'uanfos~ 

~ w u i ~ w s l : ? d G n i s ~ m ~ s ~ w v ~ s ~ ~ d s ~ ~ m  aw"o~u~w~aawu~ia'snu~svii%diaua~iaai%uiau 

uosnisdon$aunuas?A 

aqnlerernsafiauaiw 
" 9 sl I 

m$oswiuw"osmslim%Bdeu~~uuim 35 - 40 u u .  uiMOinis6uJi bmupiinis6un?sa: 

5 nn. Qiuau 6 nfs o: l~~i laniuaadasj~ui tu 2.289 nn. aaa:~Gaaaiawiu 6.48 u i ~  
Y Y " 9 

an%os~w 'mu i%4daa i~vu iw  35 -40 uu. 1niinis6uJilmuviinispiunisa: 5 nn .  

Biuau 6 n!s o:l$~iia~uaadadTuisu 2.678 nn, iaa"$iaaiaw$u 2.117 ui; 

9 

o i n ~ o ~ a n i s w n a a s J i u i ~ i ~ i a ' s 1 u n i ~  

4.1.1 iiifi1unis6udoudoa'uanfosd~"aui 

1) ~mu~wisaaai  2.1 17 u i i  vGu6oul~ 5 nn. 

.u 60x5 
2) ~wuawioaaai 14a1us oriu6auin - = 141.71 nn. 

2.117 

3) K IP~~@~'U~IE  8 4 2 1 ~ 4  141.71 x 8 = 1133.68 nn. 

4.1.2 ~i&%un~sw5m~i6oudea'uan$osdiwui 
9 v 

1) 6ou<iuau 5 nn. ozgutii60~1muawiu 2.678 nn. 
9 %J 341.71X2.678 = 75,89 nn, 

2) do~Biuau 141.71 nn. o~uJ iBou1muaw~u  -- 
5 

3) K~#asnisuFiwa'ua: 8 galus o: l#d?uim~i6au1mu~a$u 75.899X8 = 

518.96 587 . Y 

61 % u o s ~ ~ ? u ~ m ~ i d o u u o s ~ n ~ ~ s ~ i w u l ~ d u ? d ~ i n d o u  5 nn. 
9 

dou 5 nn. ?#tii6ou 2.678 nn. 
9 

dou l o o  nn. lz t i idou -- 100x2.678 - - 53.56 fl", 
5 

9 s 
9 s  Y awsi:a:pa'uo:lwuiooo 53.56 % 



5 nn. 





" " 
2. wi6wsimsw5muosan$ns~uGi<oa$a,~i~$u ?~eJai'q"9% 

1) Iuaaa i  1 i a ~ u q  i u ~ o u Y $ i i u a u ~ o u ~ ~ s z u i a  140 nn. w l o  1 TU (s au. 

i i s i u )  e:Ydi 1120 nn. 

2) ?i~1~uia i i<oe1NeaRia1Ruds:uia  64 nn.68 1 au .  w t o  1 ~u (s "au. 

r ; i id iu)  9"; 512 nn. 

3) ? i d ? u i a < i 6 o a ~ ~ a ~ u f o o a :  45.78 % 
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To Multiply by 

M 

J 

Rad 

Pa 

M 

M> 

M ' 
Pa 

J 

W 

M~ 

~ g i m '  

Mgiln' 

W 

W 

M 

M1 

M ' 
N 

M P ~  

Pa 

' 1 .a000 x I 0 (a) 

1.054 x 10 ' 
1.7458 x 10 ' 
1 .0000 x 10 - '  
3.048 x 10 ' 
9.2903 x 1 0 '  

2 . 8 3 1 7 ~  10 ' 
2.989 x 10 ' 

1.3558 

1.3558 

3.7854 x 10 ' 
1 . 0 0 0 0 ~  10:  

1.0000 (a) 

7.457 x 10 

7 . 4 6 ~  10'  

2.54 x 10 

6.4516 x 10 ' 
1.6387 x 10 ' 

9.8 (a) 

6.4948 

1.0000 (a) 



I 1 nn./ iums = 0.67197 d e u k  + w  1 

I Ga;u"pa/ums = 682.75 d o u k  dm 
1 d8Uk 6.2 = 178.6 ~ I ? u /  S U .  

I d o u k  $7 = 1.488 nn.1 auws 



1 nni ms. vu = 2048.9 dou61 MS. dm 
= 14.2234 dOU61"/.& 

= 62.43 dau41 "i. dm 
= 0.83438 dou61 knaaaau 

9 

1 nn.1 au.u = 0.0000363 1 dou61 au.<a 

I GaGw au.u = 0.102 nn.1 au.u 

1 Ga6Yu1 au. u = 0.006366 dau61 au.dm 

1 n1au41 au.63 = 27.68 n:u/ au.w 



1 nainwuiaau'u (;iwdolnPa"n/ ~nmpr4) ((do) I 





I na~ua"s  (sza:wis/ mi) (do) 1 



1 Kilo I K 1 10; 

Giga 

Mega 

G 

M 

Centi 

Milli 

l o Y  

1 o6 

I 
C 1 o - ~  

M 10~: 





ni5iG n - 5 PRINCIPLE 

Quantity 

Acceleation (angular) 

Acceleration (linear) 

Area 

Density (mass) 

Density (weight) 

Energy; work 

Force 

Force per unit length 

Frequency 

Length 

Mass 

Monent of a force 

Moment of inertia ( area ) 

Moment of inertia (mass) 

Power 

Pressure 

Section modulus 

Stress 

Time 

Velocity ( angular ) 

Velocity ( linear ) 

Velocity ( liquids ) 

Velocity ( solids ) 

UNITS USED IN MECHANICS 

System 

Units 

Radian per second squared 

Meter per second squared 

Square meter 

Kilogram per cubic meter 

Newton per cubic meter 

Joule 

Newton 

Newton per meter 

Hertz 

Meter 

Kilogram 

Newton meter 

Meter to fourth power 

Kilogram meter squared 

Wait 

Pascal 

Meter to third power 

Pascal 

Second 

Radian per second 

Metre per second 

Liter 

Cubic meter 

(Sl) 

Symbol 

J 

N 

Hz 

M 

Kg 

W 

Pa 

Pa 

S 

L 

Formula 

Radls' 

m/s2 

m- 

Kg1m3 

N' 

N.m 

~ ~ . m l s '  

Nlm 

<' 

(base unit) 

(base unit) 

N.m 

I 
m 

Kg.m' 

11s (Nlmis) 

NIm2 

M ' 

~ / m '  

(base unit) 

radls 

mds 

10-3 m' 

3 
In 



Weight density 

Mass density 

Property 

Water 

Sea wateI 

Weight density 

SI 

Mass density 

Aluminum (structural alloys) 

I 
USCS 

Weight density 

Mass density 

1 steel 

Weight density 

Mass density 

Reinforced concretr 

Weight density 

Mass density 

Atmospheric pressure 

1 Recommended value 

1 Standarinternation internation value 

Acceleration of gravity 

Recommended value 

Standarinternation internation value 

14.7 psi I 
14.6959 psi i 
32.2 ftls' 

32.1740 ftl; 



r n 5 i a 1  n - 7 P I ~ a ~ Q j E m i ~ n a ~ ~ ~ ~ ~ ~ n n a * i n ~ ~ ~ ~ u ~ s s ~ ~ i  ara:~ngnna"~waru 

(Mechanical properties of plain carbon and alloy steels) 



m n 1 d  n - 7 (48) q m a ~ ~ ~ ~ i d n 6 1 ~ d ~ ~ d n n a " l n i ~ ~ ~ ~ 1 ~ ~ a ~ ~ l  i l a x l ~ d n n ~ i w a ~  

(Mechanical properties of plain carbon and alloy steels) 

Machinahilit) 

(Baced n 

1112= 100) 

Reduction 

In Area, 

Yo 

14 

55 

55 

67 

66 

50 

5 8 

56 

50 

51 

5 8 

57 

52 

60 

5 8 

50 

47 

45 

42 

4 1 

64 

60 

60 

67 

43 

' Hardness 

BHN 

293 

140 

170 

131 

143 

212 

179 

207 

212 

197 

262 

183 

20 1 

197 

187 

223 

302 

207 

223 

363 

183 

207 

149 

174 

235 



m i n d  n- 7 ~ ~ a ~ f i ~ ~ n ~ n a ' ~ n ~ 1 n d n n d i ~ 1 i ~ ~ l n ~ d ~ s ~ u w i 1 ~ a ~ ~ p f d n n a " i ~ a % 1  

(Mechanical properties of plain carbon and alloy steels) 

AlSl 

Type 

Reduction 

In Area, 

Hardness 

BHN 

Machinability 

(Baced n 

1112=100) 

55 

65 

65 

60 

45 

45 

60 

63 

60 

56 

66 

45 

45 



1b/in3 I lblft 1 kN11n 
; 

mi3i$i n - 8  ~ i 1 n s i v i s r n u n i w . u e ~ ~ a ~ ~ a a n 5 ~ ~ 1 u i s " ~ 0 ~  

a"sr? 

Aluminum 

Beryliuin copper 

Brass 

Carbon steel 

Cast iron, gray 

Copper 

Douglas fir 

Glass 

Inconel 

Lend 

Magnesium 

Molybdenum 

Monel inetal 

Nickel silver 

Nickel steel 

Phosphor bronze 

Stainless steel 

G~sidau 

qaves 

0.324 

0.285 

0.324 

0.292 

0.211 

0.326 

0.33 

0.245 

0.29 

0.425 

0.35 

0.307 

0.32 

0.322 

0.291 

0.349 

0.305 

buaa".anainr bu@'anaiu 
4 

umwiu 

Mpi 

10.3 

18 

15.4 

30 

14.5 

17.2 

1.6 

6.7 

31 

5.3 

6.5 

48 

26 

18.5 

30 

16.1 

27.6 

aah~nis 

Mpsi 

3.8 

7 

5.82 

11.5 

6 

6.49 

0.6 

2.7 

I I 

1.9 

2.4 

17 

9.5 

7 

11.5 

6 

10.6 

(E) 

Gpa 

71 

124 

106 

207 

100 

119 

11 

46.2 

214 

36.5 

44.8 

331 

179 

127 

207 

1 1  1 

190 

(G) 

Gpa 

26.2 

48.3 

40.1 

79.3 

41.4 

44.7 

4.1 

18.6 

75.8 

13.1 

16.5 

117 

65.5 

48.3 

79.3 

41.4 

73.1 
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