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Abstract 

At present, sesame is popular vegetable that many people preferred because of it is high 

nutrient and fragrant smell when cook it. But in extraction process still use chemical substance so 

it will he have contaminant and chemical left over on it. 

With above reason, authors therefore design and construct the single-screw type sesame 

oil compression machine to obtain pure sesame oil and evaluate it to compress 2 sesame seeds 

namely white and black sesame seeds. This machine include baking set that use to remove the 

moisture within sesame seed at 45 OC for 10 minutes, this baking set use heating coil of 300 W. 

After that compress with different spied and select appropriate waste ejection opening 

simultaneously and it also have additional waste sieving equipment then wait for precipitation. 

For single-screw operation, it uses l-phase 2 HP motor and round compensation with ratio of 

1.10 ipm and vary its speed of 45, 60, 70 and 90 ipm which transfer power to single screw and 

compression head. This machine can adjust motor speed using inverter. 

In testing procedure for this machine to compress the sesame oil with vary diameter of 

waste ejection opening as 9, 10, 11 and 13 mm and use compression temperature of 110 OC. In 

each evaluation use sesame seed of 500 grams and vary speed of 45,60,70 and 90 ipm which can 

obtain maximum quantity of 40 and 33 percent for white and black sesame seed, respectively 

from each 500 grams with die of 11 mm in diameter at 45 rpm for both sesame kinds. 





un~wineiomuiSwe 

unEwiiomulc9nqN 

Eninssudszni~ 

a1sGq 

~ l ~ ~ f L J ~ 1 5 1 9  

d l ~ f l y X l ~  

un; 1 unQi 

1.1 naiuaS~ui~aa:~aiudiWsuvo~Fns~nis 

1.2 pwds:asdwosFnssms 

1.3 " ~ B ~ l ~ W " 1 1 0 9 ~ f i ~ ? f I l S  

a, 

1.4 s z a f h a e a o e  

1.5 dszluTrdioz?;:u 
d d  e 

uwfi 2 I I U ~ ~ R ~ ~ ~ , " Y ~ S ) N Q ~ T I ~ K ~ L J  

2.1 ilSl6fLJ (Keywords) ~io9~~59ni~%CI 

2.2 i r w a h  . , - -  a *  
2.3 ~iuaoun~nua&as 

d d  0 

2.4 wq~~maiWq 

unii 3 ?~msiiaGu9iu 

3.1 ~ I H u ~ I ~ s ~ ~ ~ ~ u s ~ P ~  

3.2 5~rnsiiaGwsiu 

3.3 msarisanfosaaazimi9s:uu 

3.4 nismwaouszuu 

3.5 mwae)uIWdom~Rs~nis~u~wd~%1"u9i 

3.6 Wsaoaou 

3.7 aqd 





gadimisFn.nuims.u~s~iwis?wu 

i~dnamo~n"~auaa& a q i u w ~ G % B s i u  
P l o d  

~~~ i%.awiawama$~ona%~~~a:n is%Bsiu  

~iwumsi iaGuFnssf l is  

d l ~ 3 4 d B ~ ~ % ~ d l ~ ( ~ F p l i c a t i o n  Service Factor) 

rnsadan%q;nuisaawn 

nisia"sn.uuinds:~uawai~awui:~u 

waniswnaesmsgu~ifipdsivinaua"asi"ui3 

Fau%l.uuiawesmu 0 9 -. %BqamOG I l o  OC d % ~ i i u s i ~ % B 5 0 0  nYu 

wamswnaosm~guiil%l"usivinaubnsiwia 

~ ~ ~ % $ ' 2 l ~ l ~ ~ e ) ~ ~ l ~  0 10 mm. 1 6 2 ~ ~ ~ 9  110 O C  d ? P I l ~ ~ l i % ~  500 n%J 

wanismaaosms~udi~usi~iniudnsiwi3 

FaulBwuiawosa1u 0 I I -. l$5amDUP I 10 O C  ~ ~ J ~ s u J I $ % $  500 II?~ 

wamswaaasmsgudi~usiviflaudasi.uia 

Fne%4.uuin.uoswiu 0 13 mm. 1Bqam~UP 110 O C  ~ ~ ? u i a s i ~ % $ 5 0 0  nfu 

plamsrnwaosms~udi~usivinaua"ns1ii 

FwoIBuuiawosais 0 9  -. 1 6 9 a m ~ G  I 10 "C d ? u i t u s i i % ~  500 n?u 

wamsmaaasmsgui i~u~iviniudasi i i  

Fau%lwwiawesniu 0 l o  m. 1 4 ~ a ~ l ~ 9  I l o  "c d ? u i ~ l d s i i $ B  500 nfu 

wamswaaosms~u$iGusiainLua"nsiii 

Fnu%$wuinvaswie 0 I I -. %$9uwcG 110 O C  d?ui~ldsii%$ 500 n ? ~  

wamsmnaosms~udi~usiviniua"nsi6i 

FneIBvu1a.uosaie 0 13 m m . I l 5 a m ~ G i 1 0  O C  ~ l ? ~ i a s i ~ % C 5 0 0  nYu 



mwi7 

2.1 au~ws1v13 

2.2 9161fiU$Bln.18 

2.3 siiifiu$ uv.2 

2.4 4 1 " ~ 3 f i ~ $ B l ~ ~ ~ 1 1 f l 1 5 ' + 1 ~  60 

2.5 q i a a n s G ~ $ ~ u a ~ i m i G  1 

2.6 4 1 1 1 ~ 9 f i ~ $ ~ ~ . 3  

2.7 msd;naauuyl4ipd 

2.8 niidGnaauu6.sua3uaaoa 

2.9 Drying curve in constant rate and falling rate. 

2.10 iYdd&aauuaa& aaae sa~1~lawai1~~oua~oan"wni5a~oq~ub 
v 

2.1 1 ~ ~ U ¶ ~ ~ : ~ ~ E I V ~ ~ ~ ~ ~ ~ ~ ~ ~ E I U ~ R P ~ ~ U ~ ~ ~ ~ R ~ ~ ~ ~ ~ R " U B ~ " I I ~ R  A LLaX AZ 

2.12 ~ d d ~ 4 i ~ E I P I ~ h I l b ~ U E I I a d O p d  (Claw or Jaw coupling) 
v 

2.13 ~ d d ~ 4 l l E I U f l ~ f I a n ~ ~  (Stud coupling) 

2.14 ~ d d & 6 m & u y l Y u d ~ s n a  si?o~Ywd$dngdGsfiu 

2.15 ~ ~ ~ ~ ~ ~ ~ % B I P ~ ~ P ~ U ~ L ~ ' ~ $  

2.16 yl~nni5aanedaudsenoEi"uod~aR~o~mui~ndddd$s 

2.17 ~ n ~ s u e ~ o s a n ~ u a ~ ~ a a ~ l u n s w ~ r o n m Z a a n ~ i a a a ~ : u ~ w " ~ a n Z a a n ~ i  

2.18 daudi~qwi~ri.uinGmvo~~nZaadw 

2.19 aass i i ~  q Wns:4ifiuawai 

2.20 ~loElawo;fliuadfl 

2.21 Cylindrical Roller bearing 

2.22 Ball Thrust bearing 

2.23 Deep Groove ball bearing 

2.24 ~wama$aavisrruule awuii 
9 

2.25 2~awa;aavisaruuIaada~ui~ 

2.26 Zudsiasw iwawo;a~uudis q 

2.27 ni5~iao4aa54~waniua5xylii41uaa~a 



a
5

r
t

w
t

-
t

-
m

m
w

~
~

m
m

 
s

m
m

n
m

m
m

e
m

m
m

m
S

Z
S

2
2

m
m

m
 

w
w

t
-

 
m

 
o

 
'Ii 

0
 

w
 

w
 



mwi 

4.5 nsidLP17uuLiuud?uiw~iGuoinLudnsiviai~uld 

ainasldwuvia FmerIAuimvoswiu 0 I3  mm. 

4.6 nsidafiuuiiouan~oia$uddiGuoinLua"msiuiaiZu?i 

91UlR"UWlO 0 13 m. 

4.7 nsidifiuuaiuud?uimdiGuoinLpJimsidi$Ju?i 

oinauimsidi Fmolhuiwvosmiu 0 10 -. 

4.8 nsit4afioeraisu~doi1$uo"disJ"u~in~u$~siii~Zu1i 

vuiwvosmiu 0 10 mm. 

4.9 nsidbfiuuaiuud?uimdiGuqinLuiwsidi$~u?i 

oin~uimsidi Fwol$vui~vosmiu 0 i i  -. 

4.10 n s i d a d ? u u ~ i ~ u a ~ o ~ ~ $ u ~ ~ i ~ u ~ l n a u ~ m s l d i $ ~ u ~ i  

" U l ~ " ~ 8 9 ~ l U 0  11 m. 

4.1 I nsidnsid~#uuaiuu~?bnm~isJ"u~in~u~~sidi$Ju?i 

ainrua"msidi F~al$vuiwvoswie 0 I3  m. 

4.12 nsida#uuLiuubdoiL~wddis~"uqinauiwaidii!u1i 

" U ~ W " U D S A ~ O ~  13 mm. 

4.13 ninsiads 

4.14 mnsi~aw"s~a$sIu~wie 

4.15 ninsi?bj~a~s 
4 9 -  

4.16 LLamsnisiqiituu~wnuLn<os 

4.17 ~ L ~ ~ ~ ~ l ~ ~ ~ ~ l ~ e d ~ l ~ ? ~  

4.18 a~aw~ms~sn invo~s i v i a  

4-19 a~amsnis$smnvoqsidi 
d d  d W  

4.20 nsidmsaP1?uu~iau~dosa~~uwdiGusiIunis~1~~oa 
9 

4.21 nsit4nis1d~uuaiu~1~:~:1aainis~uJiGusi 

4.22 nsidms~fiou~~uu~~u:aaainiswnmznou 
9 

5.1 nsidrnsad%e~l~iuuds:5~Zs7iwnisG~1JiGu 





-49 u 
1.4 ~:Ciuuab;aau 

1.4.1 l b ~ ~ l f l i 4 ? 6 ~  (Research Design) 



2.1 6i&i@ (Keywords) ~0~b54ni%?% 
d a. 

2.1.1 s i  (sesame) ~ t J l 0 $ 9  ~ ~ ~ i ~ u d S : a n w 8 ~ n  i~au~nuuinaananipfiod"uia$u 

o@pImerw"Pa< 

2.1.2 difiusi (sesame oil) MUIU~"~ d i f iu~~$qinnis i j~ l  (zn) sidiniosiwia 

2.1.3 nisou ~pnu i i ss  nis~f ina iufou~u~n~~pI i~naiudud$osnis  opaii%G 
9 9 

fiaiu;uGunuw?d 

2.1.4 siiiu ~suierZs au~wsiawiIZ~inni4a~uqinWusi ~ w v ~ s I ~ i i i u n s s u ~ i ~ ~ q  

2.1.5 siqw nmuZs audwsiaa4siXoinsiam iiiunssu5imsninaawn pfionislpi" 

naiufouaw"o%#naiuiupfuwld 

2.1.6 nisnsosnwoth 'lluivfis nisnsosafl%'ll?o4sa$oduoonoin$ipf'%odifiu bin 
9 9 0  

% ~ ~ ~ ~ l M ~ ~ ~ i ~ U ~ ~ : D i ~ d ~ l ~ i 3 i n ~ f f % ~ ~ ~ $ D d U  

2.1.7 niszwsl wmo$s ni4~upf~onisii1Gaudwsikuaamn ~Wd~~%Gt i l f i~ i t~ds~~~ lu  

~ U $ N ? p f ~ e ) ~ f l l n  



a a  
2.4 ?lqpl~?l~l;t$ 

1uaiaw$lZniia~swa'nniswisivini3iisq dr;iini~~n~n1wdoo:l$~i1ddxz~ndl4 . . 
a n -  

%unixGinixai~is~fian$os~a"w~i~usiI~uxx~~~d~:as~~nxsnisiu'a Fwawqugwanua4os 
d sd 

w"l6diuidxzynwlvno 

2.4.1 91 

d B  

s l ~ ~ u w " v i l ~ u L ~ s u 2 n o i ~ l ; t ~ ~ q ~ ~ : I w ~ ~ w u  s iud~ l~ndxzu la  380,000 1; 

na~a'w 35,000 6u "w%I%uni~nriFnnsnoIudszaww 40 % aaaa:aisnonldiisd-xaw~ 60 % Gm 
a a n -  

a~uUadidx:uim 700 a"iumw ~~uwv~u~nusnw#iunixw~maaazni~waim~s d ~ n i i a  o i y  

i u  w u i o a r n w ~ ~ ~ s a ~ ~ s ~ ~ ~ w ~ a i u n a x  (ivy, 2543) 

dhm&,4ivii~u lu~udwsi~iiGuuinZq 35 - 57% du$i~u$aiuY$uiu1ai~u 

sipmuYdZaaai-doiwi~a~u:?imiGuuinuiu ~ l ~ % i ~ I ~ ~ n d ~ ~ ~ i ~ 9 ~ a " 8 ~  1ii~1oFoiudostTu 

FsnnswonsiqZsx3ii~s1aw9q ia~naiGoua~azdoad~5"adaau"i;~nsz~naaa:fiu 919 

L~nariouuinni i iv inv~wduq Zs 40 a+ idoado5"auinniiivEnZs 20 ii5miGui Y i  

iio:~gu%~iGu ii i 2  Ti3 i 5  f i 6  i 9  ?u]oh r n h  1oFwa"waa nxwoz4FuaauuFGiu 
I * 

d -  s 
~sdauaSu5miGuuwsau o:snfi~aai3fiiGu i 12 iviitu (iv?, 2543) 



1) ~GnGufifsi~iaaa~sdsnl~n 

qi$dPn%uds:awnlwu~aniqwiuZ~oqaudmlX 3 viin &if 
- s i d i  $~?d~n;uha%di 4 ~uPd$ ~6a~ri 

'3- d d qidiqssuu aduGu<;utSosia"nusu:Wn 4 nzu x 1 auZwGvuin 

I n 4  ~douGis i1 .a~~  oiUa6u~&a 90-100 Tu ~aangm 60-130 EFanYudali 

sidiuns.aass6 a~uw'u<$uaSesifloafiua8uw'uiaidaa?u Zms 
d an o 

aruz~i%#d~n%u9;;"uw"~aiu~~n5nG a"n~lsu:nisao4~aG'~Iw~iuuwe,~uom auanu.amivu~w%n$ 

iaazads a"nm:inagu~auu 4 n h  8 8 ~natwns'iua~aqnaari ii8udouCi-las aannnds6iuuin 

%u3vuimln~PiauCisntiu i I Wnde 1 xp%u msa6wWn~:uuu sauii6u I Ga Z I Wn 

oiea6ua$ua 95-100 Tu anawaPn 60-130 FiFanYudoii ~uud~nuin%uGaqii~pla'm~4iuu" FG 

n:anpl q?uwf unssidui upll.aisniu CUQG .as:qi awq? awvsysd G~lqFan gmsn"w6 
uns.aassd qwsssuy"si~uuq3 dsi;uy? aaa:qsiecQf~iG 

sidiun.1~ aguGu<aad gnisd?udq~~u~Fwouni~wuia"uanums 

m.amf $sl6~waa"anfiu<buzjiowds:5Goin~w.aus:vriis ~01.34 6usidiunsnassAlu 

swPljia3 2528-2530 iniswwno~lwawaPm%u.a~iGwwaa~aaaz%u~niw?ianumsns~u3 2.534 91  

difiupdi un.18 G ~nusu:msao?yaGuI~aauuwomu~m IuZaluaab birn"u?~aawnndsn'iuaaa- 
d a - o  

deuGisqs auawua~i.aiiw a'nusu:Wn 2 w @nanPnms~rYuGiu W S ~ U  i Cov:3 2 Wn nisdusn'a 

vos'lnoza~uaauua%u.aa"usaudi~u ~aiuuiad$o~duii%d8iuauu~~@nde,n"u~s iipl4'n 

audw 3 niu A8 1,000 auiw oiaa6ua~uadaiuq"1du 85 5u 8uqndu 90 a'u anaGn 60-148 

EFan?uie?i w~~wiuAoFsns~aadsaaazwudonisN'n$u %u3nisawizd~n 2538139 nsuaisasl4u 

mslnuws uni-iwuia'uanuws~i~w5" u?Gw n1auG.a~ dirYm u3dn uiuiwsssu a~uawo?briss" 

1 aaaz~uinuP.ioAiCiaFw~~aazW"~w'u$u aisan?unisdans16i un.18 1udu~isnTn 

unssivZuiaaazniqjouqi iw"edsnon%disds:awn~~u $s9naiu~a~ms~ifiuPd$ un.18 as& 
'3 da: IO,OOO - 30,000 6u (nsuaisa.a?umsanuws) 



- sivi? $ I$n l ;n~u ia~d i  6 i u i  in'aari 

iu$ainsaau ivuimau$ma$il duni i  s i l ida i  a"nuaz4il 2 2% 4 

y aawili?s$iuuin mouaruasdaiasaaars oieai;ukua 110-120 Tu wawgw 60-90 ii'Tanfuda1i 

afluiu<dma~mbasms awsi:~i~.nla:mii~uSna"umau danuin~CswTmaaeraaa~~~aam 

~ioaawulmu-aia iaaGqw?maaerZsgmsGm& 
,do, 

iu$afiiers%wu uan~m:fln 2 nzu 4 y Buu~maubmabn aadlwinii 

iu<dosaaeradnGau mubmSsn.wiis~~dierpl'aIo ladalasaaars aiea6uaiera 110-120 Tu wawgw 

60-90 ii'Tanjudoli d;nuin~G~w~maa~iasar~uaaa~aGuslwi (nsuaisaGumsrn~ws) 







2) 98JV 
- Zuqyh u$udQnisaiir+awPum$wi - iuuluwiaa:a6ua$ua1ZisiLi 

9 .  

daiuidouau~nau - Ggwiuu aiaw%n$ozd;n%ww"uiuiriounisd;nBia ~ i u ~ d ~ n d s z u i u  
" 

Y 
Y .  

soeaz 70 uosw"wid;nsifidszawa iinisd;nsiZuq~du 1Auri auasimiii a"s:lnzl 
dol d 

yssue q?ww; unssl~3ui wszyi awy? unswassd iw.asysd q.aFuw"u Bi2u q s i ~ ~ f i i i t i  

a a a z h  

- daiuqyh kudanisaaiadounsnQinu - ~sninuiiaa6uiioa1A;sLLi 
a d 

daieadowwqatniuu - gumnu aiau%n$e:d;n%u.aniw~u~1insow~~w dpnnfinisa6u 

iiuaaw".a?i D~uid;ndszu~a4oua: 30 uos~u~d;nsi~sdszaw~~ aina'sd;nsidaiuqBdw~ 

dl;% 16~ati ~ s n 5 w n i ~ a u y " s ~ ~ l a n  qwssnay? iw.asysd gwsSmsl" ira:Lau (nsuaisaw3u 

niban~ws) 

3) ms~oiswia~sn iu id~na i  

- 13uSwiawduwsie f imssxpnu&~ iaax4naiugmuauysdwo.aunas 

- r3wdu&own$ops aiuisns-uiu~i"a.a:RanIii~i.~"siinz 

- naiuadwnsw - disvosGu nasoiszniis 5.5-6.5 lia~uSui&uan?o 

GwGu 
2 d d n  

- ~~a~uwuwwunisdgnsi7wdon"uuia~uaaa~uiunaiuq a w s i z o z i i  

Iw"siaZwFsns:uiw16iiu 

4) 5Zrnsdqnsi 
na na d 
a~nirdpnsiG 2 a8 ne, 

v 
- an  

- nisd;namuniiw an~lwsnsaiaw%n$Guud;nsi$aua'6iuFwena"soin 

inYuuZutaaa"a ox14iu$msiniiu%w"nszoiu.a6i~.auo IwriJasJpn aia"ansimnau<u~~wsi:O'i 

sooundiGuaiXs ~foaubw~naawwiwiuiuq au$msiozmnaJ'u i i%X?isonw3osonl i .a i i inuo 

dinfu"~ra~a~u~~niiuo:14dszuina 1-2 i i lanfuiol i  iuoi{u.aniwnisaw3uuSuiLaznaiu 

anu~uuasin~wsns IunisniiueiaI4wsiuaxi~uw $aO' i  ianau n?ovaZw-f wmh6wsi I:I 

~w"siau%X~ubmsins:aiu.akii.auouin~u ~o9du4nisiian~~sJonsi~~uuniiuui~4Iu~uw 
.a. d 

isn~mawy"s~uan~osdan~I~7mw"iusnaawsnimo~ maansods:no~~Aauwiu 4 wiu tYiussp 
2 ,  

iu$m$u$i~a:fiiosddouaudmw"u<~w"sioonwiudmsi~~inua?~ a6olubmsiwnaswwnuwiw 

i s  4 wiuo:?nSuwiu i i%~aubmOnn'sxo~uoon~aazQnGuna~ 6usiison$wuiozns~iuda 

na'x 7 6'unisniiu in$asdansi ~~ow'asn"usoInsn~uwiuvuimibn azI4aaaidgndszuia 20 

u i i i o ? i  w i n w ' a s ~ u s o ? o u u i ~ l ~ ~ 0 z % 4 i a a i a ~ u s  10 ui7i i o 1 i  (nsuds~.a?umsan~~ms) 







1) n l ~ ; ~  (Pressing ~ $ 0  Expelling) 

nisiua$u71nisraonii5uoonoin~m~~u$%.a"n"uuiuiuaaa"a 1muaawi:Guu 
d d 

1.a"Kuauawwvdi~u !fl?os~u!waiuv~waaa:ns:u'aunis~w"s!~u~n (batch pressing) aLa" 

Fi8Li89 (continuous pressing) $9810i$~niS~¶Jl$Pd (cold pressing) ~.s+e,nisiufou (hot 

pressing) 618 
d a A d  - nisiua"u Guul4hauamw.awpJd?uimP.;'ifiuqs i i u  s i  &as ka 

a d 
apla"os ol:nor aaa:uzwha i h d u  aassnm$ns:~;iiioa~oaao"ue,sLudww"vo:Gilw"wdsac11aa" 

~aMnLaa:~u$iduaaune,onui iia~'u$?~aiuisoJ~ldl~?dLau 1molPjdasiiuns:uaunisP;ii 
d sl 

%w"u?qnz ~idu$?~oz~~mmw~aaa:nsaniw~4u~~uan"ua~~~d%uau~m aaazlPj9dGii';ai 
4 -  a 

nisadiuuradaswisanuanw9;u1~1udi~u ga~eiisa~u ~idu~iaaa:ii~uiaa^as$an'wa~on1m8 
-d d 

, . 
am&5in$uwou (nutty flavour) iaui15uune,nnB~n$uaais aai~$un~uinuu~uYu . , 

d d  d P ,  
F I ~ ~ N ~ S ~ M ~ X J  niiGi cold pressing ~ d i " ~ ~ : ~ n ~ i ? i i  aw-ii~umn~s~!de,s~c11u~JiJu 

m~oo@nuin 

- n1sGulo.u Sds,-~w~niwZni ini50~1~$u n i n ~ i ~ b o o i n n i ~ i u  

a$u~:~iuins:P;ii~ume,udold1mo%4niiiu~e,u $soior8wan?os~wLLuu1~1msa"n (hydraulic 

batch press) w~e,anfos~maauuan~uabw (co~~tinuous screw press) pl% expeller nisa6waaon 
9 

~i5ulwu?~rwii&:l~fiaiu~uds:pJim 1-15 ~uiomisisia i ia~:~sns~CiJuapla"oo~~u 
# 

d d  d 8 * 
ninaius 2-4 ide,s~c11uw~midu 



9 

2) n~sa{mGiGu$aogai1a:aiu 
a n 

nisan'm~i8uoon~ina'mo~u~audaw"ia:aiuadua66uuu%.a"n"uolin aaa:%.a" 
9 

d a dc. 9 9 

a~mGiGuoonoinauamw.awold?u~mGifiuii wfoan"ndiGuoonoinniniawa"ooinmsBu 

&uan<os6'm taiia:aiu~l.a"o:$o~1iLduw"~ldo4isniu ?Aaad lanavu (n-henxane) m$uou 

?mGald6~aa:?maow"aZawo$ ~ ~ u b u  ~ ~ P ; i i a : a i u ~ ~ s u l . a " n ' u u i ~ ~ m ~ o  i s n ~ v u  
ed 

? ~ ~ l 3 ~ ~ ~ ~ l ? 6 ~ ~ ~ ~ $ d ~ ~ l a : ~ i ~ ? ~ ~ ~ ~ ~ i ~ ~ ~ a " ~ ~ p I ~ ~ : 1 ~ ~ R  i i f i u i o d ~ u  
d ~ubme:a:aiuaonuirYudaP;iia:aiu aoloQifiua:aiuo~)nuia~a"a ~i?dnkuaaunaoi~~p;iia:aiu 

oan aisa~aiuuas~if iu%uiaw"ia:aia~l is~duni i  misscella $sds:~nou$autaP;iiazaiu 
9 w 

ii wfo~la iuGu GiGu haa:mn dsnino:aaanoonoinpi'iGuFmunisnsod aiauranavuaaa:ii 

asunoon~muni3s:awu (evaporation) ~flai%l@bil L~a:?~~i8U'Pro~n~id3:~1~ 98 adofa$u& 

Iaa:~naiu<utwa"noddounii 0.15 adofa4ud l ~ u i i w G ' n  ~umoums3:awuaoitaiia:aiu 
n o  a o o n d o s 1 4 n a i u ~ a u i ~ m w ~ u ~ i 6 ~ ~  aw3i:winl$e)mwpsl'qdan"u?d o:a$s%~an"moon~am.a"u 

Y a a  Y  B 
iiaiuais$iua~nl~~~u~aa:P;ii%~~iCu~~mol.a~.uu.uu 





4 
m W W  2.9 Drying curve in constant rate and falling rate 

[ i u i  : 45~196,25461 

2.4.5 ~ ~ ~ S A ~ ~ ~ B I ~ U B L R B ; ~ ~ B . U " U F P ~ ~ R  

mfoqin.j~u~i&%nnnii 90% %uawrn~n.jsuo~~~uuoaw~flddi  siii~diiaanla~ 

wa"9~iuoinwa"~~iu?d~ia~uw&~iuwisnaawdos~'u~wa~pf?o%u~iwen~~~is ni5d96iGdv89 

uoawoflnlisF~an oieo:$~6iG~Fnuwiso"~ui iup1i~a~u~ w3o94aiswiu.u"udo~nwo~~~~ 
d ,YdZ 
~swsuuue~~u~rm~aonaap~uv~9~rran~ i a a : n a i u ~ o q n i s v ~ ~ ~ % ~ ~ i u ~ 1 o ~ ~ ~ ~ n l 5 a i 9 i i l ~ 9 9 l n  

uoawo~aauu%ulaa:awui:~un'uni~di9nll4~iuuin~~~ 
# 9 

d W  

.aGndi~q.uo~6dd% uusw 

1) 6dd;9LIUIJLL& (Solid or Rigid couplings) 
I 

2) 6dd?i911U~%Ps4~ (Flexible couplings) 

3) ~dd&aauudina?huaa"Bu (Claw or law Coupling) 
9 

4) 6ddG~aauuar~ninik (stud coup~ing) 

5) 6dd~9dlM%J~i51fP1Wyld (Starting couplings) 



I )  ~ddisiauuaa~s (Solid or Rigid couplings) 

a"numznisio~d"Plndtiuuaa$s ~fiums~idai8qmvosawaiu~tmo;ita:daiu 
w 9 

4 a awai.uo~Fnawdoau"ibau~uFwu~w"om~m wauosmsiafidda~a~u~apf9ouo:9iunhqniitii 
" 

d 4  A' . v 

mnmstmaiqtauaaanu1waiai?6s:Wu n?oan'ma$osauoanmvuaiu3q5s 4 daa:gnk ii1An'm 
aassnm$amIau<si,da-ba ~z i i l d i i i aY~mmiuu i%un io~a '~o io~ : i i%p l "awa in~~~n~~w'n96  

luniwi 2.10 aaam~snwfislmezainsuv~~q:uuawai 6iRau~~u.uo~aanu 

twai 2 aaf)u~ois:niisaiuaa~nuadu5uoda~osEuuin u:ailuwalw"an"mni~a~uFnam$nai I I ~ $ J  

aaa:$6dd& $aoieo:a$uwa1#nisv,~u9di5ou an'mnis$un:aw"ouuinniidnG ara:oiodswa 

%#an'mnaiuunwioq adu twaihan?odnso?~?' t~~uniii~m~sFao%46ddd~aauuiaGsdipfiu 

ueamo$~a?d%n~uin~nnasa:%~an~o~~oodi~dour$u7at i~$an~ (Feeler auge) aa8anp 
9 9 

~dd~dmsaonousz~unpr"ia~dauuoddd~~diiddainn"ua~nuawai?d 90 8d81n%9d baa: 
9 "  

a 8 i7dda"sw'd 2 di$diiznuszdnsnyu96qzuzpl'i~$vuiun'u 99jnaiium~mwaiman"wnilo.os uu. 
A a 2-2 

aiauan>o~uowmvuui$nniou n"o %i?laGaaneaosdaGm& ;s%urnw$ 2.10 
" 

%m{aanalnow4snosaidoduu;dddd'uosIaia:diu aaazao~~1~~dawai.U"u9dlu~~mi~w~~n'uu"iu 

Gu~~~o:diuii:o:wiutiua~anu $nGu~dnd~~~ius~:miu~auaia~ Imoni5nyuawa~ldoeiiq 

hl ira:diuii in~i~mR~aoawfouq Eu ~~ii%w"~iinaso:diuii:tumiuaiuaa~nu%m%d~f~ 
- e  d 

&Jm>qaaua%s;uaaa:n'uRs~od6iu uenuIn% usum-jes~m$a:agomiuuln~na$uaaavo; 

wsaearouaauaii:du aw"enaiuiuiw%oii~ddd~doiu"in'u~nam?65:tu 

oinawg~ai7sndia ~"ild~ddd~iauuaa~s19j~ooozl~5'unaiu~ou~iuil4n'u 

uoawo;tatlnq aw~i~o:1Zo~aaiiaaz6il4iio%unis1m~~~~niim~aa"~nl~~dddsiauu~m 

niu aai~dddsaauuai~qa:~ou%$n'uin~oqiniina~ui~1niu1nniiawiii:dia~oaaa~1m,"Jiaa: 
9 9 

i i tn~lum~~~~~~udin i in isabon%46dda"~iauu~mn~u 





3) ddd&aauudina:uuadau (Claw or Jaw Coupling) 
ad - 

- aauu DIN740 ,Part 1, type A a ~ u 6 d d ~ ~ a a u u ~ ~ w ~ u  &I~I~NFILL?~ 

d a  d Y I 

daui~ia.u'i%ua3ulwdnwinCanw$q ~~n~~~~:a~ufn~~ndaaQuaau~~amnuuua~i~o~dddds 

a i e e : ? i ~ ~ x s n ~ i ~ a a ~ ~ a a ~ n ? a a l u i a u  ?iflaiua$u?d?dia:ia3uuisaw"na~~i5qnx:aawn 
d d  - 

- tiuu DIN 740 , part 1, type B ~$u6dd~~iauuiww~u6uan~lm:?i 
1 Y Y  ,Y, dauaainieiaTu KddaPquu hubs 2 {a T~d~:n~ufi 'uui~%ua'f i~~:~oa~ua~a~tauu pinion 

nisdauaaKdd&aanru$ ~ulelZiinim$ni~aix~G~?~duu aaa:e:l;iilX?da~mnixnYu?~i 

nilanus easaaxaCmani4ym?meinuoawafid 
9 9 

a d 

Kdd~sw'sansvum; awui:fi'uuaawn5"~9uuimid5uadnq inaiugsawaild 

flasaiiunii 400 uu. daua~mxn~:~nuasaa5aG~vm~a3upfyuiia:a~tax~G~n5:~n impulse 

mui~nuaus'p lm~ido~~uu"~n~aanui~aix:n i i~uai~~~~u~na~?dabn~nu iaaxniuixniold 
9 9 

w'saauuaiuakaaa:aauuiipdauou?m' 

. F I ~ W ~  2.12 ~ ~ ~ ~ ~ ~ I I U U ~ ~ L Z O U L ~ O P ~  (Claw or Jaw coupling) 

[ i U l  : G ~ w s ~ ,  25461 

I 

4) ~ ~ ~ ~ P S I I P I U ~ ~ L ~ % I I  (Stud coupling) 

dd&iiuuaa'nin~ua du~dd~~iiuu2mn~ua$u?dwiuuiw~~iu DIN 740, 

Part , type A hub "~o~~dd~~e:?iaii~"1fi~dpd~d~e:?i~adpd~5~n~xunnnau d a u ~ n ~ u e : i ~ u  
w d d  

na"nsn"aaiunnnui hub wadunaq7an~uaex$uvnqawaiiu ddd~aaiuuna'nan~uaniui~ndn 

lZw"qiauuaaua~aaaa:aiuaunu Fmui hub ia9alps~e:~iuieina'n~~aQuandfina'i 
8 Y  - uoneinf! ~ ~ ~ ~ d d & a a u u $ u q  ~npfmua~uu pfaiu~~Cm~iuaaw~waw~:wa"m 

0onuiiw"swismsBi &~aseiisniw7 2.13 



Y 

mwi 2-13 6dd~aiiuuna"nan5ua (stud coupling) 

[ inn  : GSWS$ 25461 

5) 6 d d & ~ i ~ ? ~ ~ l ~ i f O J ' W y p a  (Starting couplings) 

msiuwyPaarorwa$lusluzi~~~ann~a"narin r.liu nslbwaninaiara$ouqs 
aa ! 9 9  3 9 A G i l ~ v m : ~ a r n y u ~ o ~ 1 4 ~ a a i u i ~  aaai~~~muinniiAiqaqn~uaiwe,$uoulwinnvPa?R w a a i  

~uni~a~arwyuafiunii~saaiu{wa"wuoa~a~Wnisiu~?a' G i % ~ u o ~ m a $ ~ n a i u ~ a u $ q  eusa 

aioaza3urnulA 

"ail6YtpiKandia anuisoGil&;F~u%4uoawa$n~~n~d?~~inisifuw~u 

naiu:uPdlmu%4 Resistor starter oeiia~s~wiuaroamo~nw"maa^d~aa:~siniaawa Xoanisms6iqa 

i n ~ i u i n  ?idsz~s~mm~ou~uunama~an~ua~in~nnsanszsonaaa"a~4~~u~dddaaip1u~%~ 

n y u I m u n ~ n n i s ~ i a i w  aaaznisoonaiuuvna6~l~ldaaaupIafuwyuaiarisoaaiaoon1Wigu aaa 

aauu$a"asudo 
Y .  
a 0 

- 6dn]aaasarwyui7sna (Mechanical starting couplings) 

6n]ind9L$UMyU Mf06ddi4fla"d~Sn'u (safety slip coupling) 8 : ~ 1 9 1 ~  

d 9  - F~uoi~una'nnisunaaa3aan%usn~guu"nais 6 n ] ~ ~ ~ ~ a r w y u a ~ l i i o a w a i v o a u ~ ~ w ~ s a s l i n p I  
V d  A .  

awaivnsFwamFmuw3q ~ a a ~ ? ~ d ~ ~ a s a ~ ~ % w a m ~ n n o u ~ u o a ~ o $ ~ ~ a ~ a n a i a r a $ a ~ o ~ ~ a n ~ i u a ~ ~  

soprw"6~ ~iuoawa%hanin"u~n]n]d~azGindi~~mubmFu~~ldan"Raa"d Fmunisa"u?nawia 

naa%nsoinaas~a~s~us~sia"gu~nai~oz~i~pl"naiu~~a~npIvoa~wa~a~aa~uw'u~ r3unis Limited 

aisq~mqaqm~~pl"a;u~ii~~n~dqoonaapIu?~ 

~n>~as*ialunisaonaruunianaslos6n]d~~afarnyui~sna &aanna%u 

S I ~ W ~  2.16 d>z"nOpI&2~ (I)  driving pocket wheel (2) driven shell aaa"3) )laiantwssnszpIon 

$aFsaaaa$~n6m~i~%udoaszpsii~ driving pocket wheel {I. shell, pocket wheel ioaBiflpIiwa~ 

ueawo%au driven shell oz6ddiaaBifi"pIawaivo~FwaR 
a d  

nisiiaiuuo~~n]n]a"anuwgd' dn a&unrma$ifarwyuw"i%d driving 

pocket wheel aaadsaaao$'Wyu?d!~vu:i driven shell b b ~ d r ~ s ~ ~ ~ ~ 4 ~ ~ 0 i f i ~ i  



d A  2 
donaiua~auo~aosawu.vui~~pr"~~ssaw~udw~~uif iaidd~u &uiu 

a~~acSi%a~avodnaiua$aii~$naiu~wa~w~n (static friction) aoa1saLa8;aiuisnddd:s~w 
p,d d 

$u driven shell P ; i 1 ~ ~ ~ 1 4 9 6 ~ ~ B a ~ B i a i ~ ? ~ L ~ ~ ~  %uil>;voa~waw~fipIa"pJndddisQ:an"waa"d 

$uiW"odo~~u~unsiuvoanisiuana"~u 
d P  2 * 

na1uf~uw~nwuu~lsaaaoi~ue~oawoinnaiu3w9uva:~iinisr~u 

wyuddd~aoip~:iiwaiuaiup.Iiu?W 6aku ~ : ~ ~ s ~ f l i s w s a ~ a ~ u ~ a n a i u d i u i s o ~ u d o ~ a i u  
9 

f~u.voa<dda"a~aqw9u"ua:Ji~d9.a'aiu 

aa'uIKalun~wi 2.15 &ia~a~~~fiis6uw~ulwum~s (DOL) vasuoam 

o~~.u"~w"mau~iuarmi~~~dd~aa 'n~a:a1sa6mlwawuos~wauw~~:~~  lauds:uimaw~au$u 

h~a:auflG.vBadpld<aLiuwyu lLsaGwaia.vosuoamoi~:aianaiuL$ailuinwfB~ou$uB~ 

$unrnaiu~amndias:wiida-a"ubKa~aaos (~uis:nriuaar"uvuiu) a i a u ~ a a i a f u p . ~ ~ u i % ~ ~ d u ~ ~  



n"~laa>q~mriswlonaio~aawnii~wnqaa'ub~aw"~ao aaa:vuimuosiin~na6ouvoqhnam ~7% 

msr%unyulmuws~ilinla6 (DOL) aiuiso~in%~?$n"nl3~nisWdddqiiuu~ ara:e:v!i%ppl' 

d3uisuuosnszaaa~unYudouniini>doddd~ahmuw>q 

- ?BflSQ?RUl~ntfddd& (Hydrodynamic couplings) 

? a m s o ~ m u i ~ n i d d d  i ~ m Q ~ s ~ n ~ 6 ~ 4 ~ i u a d o a ~ u n o ! u  a~a-a$ 

udddiaCis6iu % ~ 0 ; m ~ u u ~ i ? d l 4 n ~ ~ l ~ n $ o q u u d v u i R l ~ ~  a$o?d<uhnamadudoalwnzaaa~ 

ugu ?smso?mui~n66dd~an1.~:nou$au~uaassan~u~n3~uu"nnian'urnoflupa"ioa~iZau~u 

%u~~i~l i ;u~i~Yu na"nnisGi~iuaanm~a~u~mo:aan~u~riia9'ium'aniw~ 2.16 hmuuoamoimTo 
r A d  a n $ o ~ u u d ~ " u - d ~ u 6 d d d ~ ~ G i n u i ~ a d u ~ n ~ ~ u ~ u s ~ a d ~ u u 0 ~ n w a " ~ a i u n n a ~ i d ~ w v o ~ u o a ~ o ~  

ldaduwa"~~iusn6Iuniwvo~vo~?na ~i~us:~n3~ss~id%w'Zna~.drd~uua$uw&~iunn~n 

nfGauawoflupa" 

lumwi 2.16 unwshnssas'1amu%u ues?amso?muiGntf6dd& 

ds:nau&ausiauvos~u~w~o impeller P.~%I%U~R<U ((msiuGl~), d ~ u ~ ~ l ~ q ~ n ? ~ ~ ~ n p , ~  (mS9 
2 4 

nnis) aaazdinsau ( i iuva i )  dinsouran: impeller dsznua&iau6u$$o hns~vos<ddas .lrs 

idiuiwsds:uitu 50 $3 sooh vas~qwP~m6ia'9.an?r2uva:Giqiuiaa"ddudonaiu~nu $4 

naiu;ouu:gnsz.~nuF~u~s~u"~~i~ 

oinna~7msiiqiuvoa?~msa?mui~ntf~ddda u:rduhmsw"iaiu 

vo~s:uuio~ad~uuwa'a~iu?d-na'u Gil~a~mii~~12uIunisf;iuawwa"aaiu0inuoamaflplu'~ 
9 

Fmnmimn Gi~dds:a"w~niwvoaw'~s:uu~iiou~ ds~naufiEIsimiou.U'i~~a ? & ? ~ ~ B U B :  

r$u~CiuuaawimniuuinGn aado~~uu~i?dl4n'uaiudszanw~io~niskunyuiou nTo 

~oanisd~un~iu~a~muaa"diau4inisnaugudwsims?wavoa~i~u~9maau~au?d~u 

awofluu3b 



ni~~iuamwiaa~~u"mda"naa~adn"uni~ta"anvuim~dd~s 

1) ~ ~ ' d ~ f b I % $ d l ~  (Nominal Torque) 

- - kWx9550 
RPM 

2) ~ L S ~ G W ~ ~ ~ L L U P I  (Design Torque) 

~iuIurn~.U"IIana"aus:uuniswyu a a a : % 4 ~ a a w a ~ a a 3 d ~ R u 1 ~ 4 ~ l ~ ( ~ l e c t r i c  

&.d8ud(in.lb) = tbsdu"~%&iu X ~ ~ L ~ ~ R L R ~ I < ~ I G ~ ~ U  (2.3) 
d 

bun aa3dGw%&1u - - nisiiuaa$ufi ia"s 

didayu%$diu(s.~.) = pli~if1ni'di4! 3.2 

HP - - Ria"dGivosuoan0; 

2.4.6 6fl~82?kl(~xtruder) 
9 4 a d d  ms!uaauu%nanauada"ar9~:nn!~~auaassiiuan'iaa an'iaao:a3uwauuawouu1ai 

vasanaaaan vosawaad1~o:lwaiiradasn:a~nss aiaunino:Qniia:asoonwisw'iu,n$o~ 
d sad ~sawui:do:%.a"~u6~~a?8~"1~a:ni~i~d~Guaonoinaud~ rnsds6~a"soinawai~an'ioaaduasw 

aYd . v -  
$ l~$i?i~ni3d~gd Fmerd~n~lm:.uasan'iaa naiudisvasan%a msama~veswumwuiwaan~ua 

o-,~man3:wudanis!u~?o~1m6~a~a%4wbnmsd n~36mo:a6wius~rnn j isan~aa~u~~s  
d b  4 

n3:uanis$i1~"~naiua~uwwiugas:pliisnis~uku a3uwa%M"a~m~aiuiouawuvu w n a i u  

~ou6q:iauann?iuw~w"ua~diGu an+o;rar~mdifuuisa~woio~midan+as$inaiuiaun"u 

hm$asa$obiu~a~a"noinnisarn"~ n~iup1umsdisiuve,~an~asa~%us~~u 40-800 61an?'u 

do ia lus  ninwa'suin4u6mdi~uo:Gd:uimdisadds:uim 5-18 ado;&u6'vasdlpl~d~nnin 
s a d  

(mama aaa:nm:, 254s) 

msGuiiuan"aa6w6ia"~?b?unaiuw"auuin~a 

1) naiuplainwaia ns:uaumsddn~iamuisnar~idnaiu~animaiuvod 

~Sn6iun"a Gnaiu$swiugs anuisn~maadas%M"1$~a'w~mn"lw~~ $sms6'unaiu$osni3 

vos{u?Ffilnlb 
n4d pl l 

2) amdiI4dio nis!uiiuan'iaa~ma~uaswl~ni%.a"iia6iaaa:l$~am~wg~ 
7 snd 

naiasauq 

3) %~6ws~ni~~a"ng~aaa:~iui~n~~~lua'n~lm:do1dasaauu6~~uf~~b 

4) ? i i i 4 a a 8 0 0 i n n s w m n i ~  



CONSTANT ROOT DIAMETER,CONSTANT 
PITCH SCREW WITH RESTRICTIONS 
IN  CONSTANT DIAMETER BARREL 

mwi 2.17 ~numzves~nZuadmiiu~ns:uananZaansiliazs~uzw"man"asn~G 

[ i~l  : Judson (l981)l 

mwG 2.18 dauiisqnidrsuinsiiwvasinZua6a 

[%I : Judson (198111 
9 

nisiiuamuuiwanZaad ~ i a ~ w ~ ~ s ? % 1 ~ ~ ~ a % u n i s d i u a m ~ s ~  (Judson, 1981) 

iiuamnivuinuasanZ~adm?unis%kiu(~s) 

Ds = D-26 
A 

iua D = a#uiiuquinais6in~1w 

6 = wP~mnaiplFmszwiis8uan~ua;uEa~nasa 

d i u a m ~ i n a i u i ~ ~ u o s ~ u i n " a ~ ~ u n i s ~ . d " s l u ( ~ s )  

Hs - H - 6  (2.5) 

d 
apla H = w"iimnaiui~aua~naiuFwszniisnszuon~nduan"utjauia5a 

6 = w";wnaiu~w"anaiu~wszniiq8uanZua6uEaui1sa 



I z =  - 
sin 0 

diuasuwiyua~usv8aan4ua (a) 

4 
aue p = s:u:w'w& 



i i uauwi i~ss%urauaa~nau"uosdn~~a~n~aa~m(~~)  

F" = Fv x tan a 



2.4.7 aWP1 (Shaft) 

awair3u;uiauan?os9ana ~~naiudin '~vasswunis is i iu6 ia43  iia's&isiiu 
d 

awaie~%urnwvos Fuauum"aass~m (Torque) % u n i ~ i s i i u i i ~ ~ s m ~ j i ~ 1 w a i ~ 1 ~ ~ % P l ~ n a w a i ~ 1 u s  

Cia~uiodoiger6anaid ~ i u  a8~q F i  aierwiu raq  6qipdisaiifiaa3qadosoinnisvun"u'uQqa3oq 

ia~dadssainaass~muosld ~f'oaar~~~aosaierwiuuinsziim'onaiGudu~a%~a~m Fuauuddm 

(Bending Moments) hJldl9nlai ~ ~ ~ ~ i ~ ~ ~ ~ 8 i ~ ~ ~ ~ ~ d ~ ~ ~ $ i ~ i ~ 1 l ~ 3 ~ ~ ~ ~ 4 1 ~ ~ ~ ~ a l ~  6qiu 
9 2 ,  

1u%m:iawai9;iiwuiwas~iiuiia"q awaio:s"~l??s~uauum"~fi raazFuauuddfi wfou q fi'u 

Ffiudn~dald snw~Pd"i6m'uosawaiozr8ua~nau .uuim1Jaw'iiTu aado:wnniia~uiu q 

uiqdira~1isszGioqiu rio141unis~mA !la'; r b s  iruf;q wfo$udau%u 7 awa~i%$ 

Ffia~aldozG#qawainaas aaa:rwaidu di~ls"u;ia~i%$$iawaidau%~$oza~u a.w$naplika 
Pd u 

(Steel) abu St50 74% St70 %unstwwWo~msflaiulr~9aass~s q aaazflswuioms$$9iuuin q 

819~$W3fI~$n~f l~ (Alloy Steel) Chrom-Nickel ~ $ 8  Chrom-Varadmm Steel 40 Mn, 4 34 

Cr4, 16 Mn Cr 5 ~ $ 8  18 CrNi 8 d u i u  msoonaauuiiuasuni'uuim'u~sawai ozbosGaistwi 
9 

ZsZstna'ii%e, 

1) i i ~ s . 3 1 ~  (Power) 118"l~"Load) ~l&Waidsi1% 
u a ,  2 

2) naiuaflunanfiuuiTuawaisauAaniwiid V U ~ R  Taq aaaz7asiudia&1 $mz 
" 

L~~aill~.s@j%um=ik~ Stress concentration u 8 ~  tu i l lbMli9Pi19 q VQdbWai 

3) flalIJaani4 (Stiffness P1?8 Rigidity) P1ulfl$~ flal~fl9wldm'0m511~u62 M?B 

nisG~IPluosawair8o1$~unis: 

4) Critical Speed M?B Whrilling Speed P1~1fJn89 ~ 1 5 i ~ 6 3 % 8 9 1 ~ . ~ t ' 1 7  G~l$ldRtI 

isa~osmsinmsaaeiu& 



%unisoonaauuvui~"~sa~ai~i~?usiudn~da"a ~xfisisslnaww:i; i~ssiusnsx 
a, 1 9 9 8  

iraxiiuanaw.jaonaiuadu6an~vun"u~~ai ado%~l"aninnaiudao~fioia~ui:au d i ~ ? u s i u  

w"armr%uuisns~ %s:w'oisa~i~snaiuam=h taax critical Speed Aaer (.lnsurlaxaiwt 2537) 

2.4.8 uoawa8dflins:aiaaiu murda (Three Phase Induction Motors) 

uoawofidfliaiudaa8uuoawoii1~~u.jxuuIdfliFsaiuada 3 aier aaa:aiurda 4 
I d a  9 -  aier Zvuiw&aad 0.5  amdi aaa:vuiw%~d 400 ~ i s s ~ i $ u ' ~ d  sawnu%rnudislojuindn 

dauds:nou.uosuoawo5"aiuad~~did~~ 3 oiisR"8 ~ s r n w i  2.20 

1) aawiwai~%Fn.jsueawoi 

2 )  l.jrws5" 

1) aiwiwo~msuoawosb 3 a d ~ ~ ~ a ~ ~ o u E u ~ a ~ a ~ o ~ a ~ u o a w a ~ a d ~ w a d a  iaax 

mnhGawaf' iaSuuoawoi 1 adawnds:nis aaiuwaafiiw"~rl4iaawiwa5"aap1uioxZ"uwawi~w 

aaax.uw~ua~GouEuuo~wai 1 adaku ~ D I W D ~ "  3 ida ox3anwix.uws"Pdaiisaieraaaa:~vwaaw 

aronn"uoiaSu 3 yw Go vwaawa~uvosada A arla B aaa-rda c 

2)  l s ~ w o ~ ~ s a ~ u 6 a ~ y u ~ o s % 1 o s w o ~  3 ~daaaerna~ud.jalnp11mj 9 I; 2 

d.j:anw do aauuaia"aF.jawoi ssa:aauumiasaino 

- ssuuaia"a~sawoi(~ound R O ~ O ~ )  R"a~. jawa~i~aawaiui ioi  W ~ D  

aaw~uAierw"Pdod3a~ai~fau .w?oaa"d?s (slip Ring) a i  3 as vmaaw~~uo~uul'~swa5"oxw'u 

agua~uadakaa8uaLuuawiin1aiuvosnoeriFs 3 ada ioonuiahaa"d?s$sa~u ~:Gaadssaiiu 

3 qw aaaxio?.dt$iEu6anauquns:~~a ~l~o?loa6w (Rheostat) oSaafinaiui'iuwiu 3 qw a l i  

axywsxG"aa"ltka:rdavasnaoa"F.jawoi ~aa:a5w.a"di~i?uaa"on1sinaiu6iumuni.jnau~u 
d pld usawo.j~Piisu~yu~i 7 ~unsxis.wyua?apsqw siouoawoia+unyunaiuiiupliuAs 3 q M  o: 



do~udu;u.umaanAqaiuada.uaqIslmo;vazium~u~dv~ou q amnaiu&iumiuAs 3 ~ w G  
d d  * 

a-dau q wrau qgu Gi%finaiui~auasuaawalaawu~u ada~oama&~u?ddu$naiudiuwiu 

As 3 .h;me:g"~mmnmumia:nauiks 3 rda e~~ngmasesn'~a1iw5qqauas :Ioa;a iuuuaiga 

Fsama;e:i%uuaawa; 3 adauuim%.w$ 

- aiuuafl~ilaaano (Squire, Gage) lsaWaiaauu$ada~sLWaivaaada9m 

ada ua:mPh.n"amo; uoamohuima~noz3Isi~~~aauuan5isaane ~ 1 4 ~ ~ z 0 ~ n i L U ~ % $ ~ f l ~ ~ ~ l a a  

an9 2 y ~n4a 2 $u aw"a%~l"usamai~fiia"sami5"m~q 
d 

%un-dlGozaa"on%$uaamo5"aei1qen&as a"~~tlEla:.uos~njasff~s Iwaa 
, . 
a e v  v ~ ~ i s ~ u a s w a i ~ ' ~ 4 o : : f i i ~ f u ~ n a i u & a s n i j  (nin?aaax~mbd, 2537) 

2.4.9 aiII?9 (Bearing) 

1) iauis;ndu 

aanr%~~~~un~si isiu"uo~an~as~iudm~i~rueinau~~aioz%4aau rauu$afJu 

lau4qon3u aau~~;ndu%4di~?usasYu~wai lnlasaJisuasa~u~sdszna~liauaanauuan 

aamaulu o:i;niYua~u6aaaan~a3uamiua"n~a:a~u~nm-dsnau Gn3ue:~ss~uuwi~~svas 
, v 

e -  e 
aa.wauuonaaa:r~.wau%pau l~~insou3J"S6us:u:pl'i~ayn3uaiia::;n flaiua3uamiuwan~"uun"uaau 
a 

i 98 t l& l  9:1fhi~uu Rolling Friction 25 5 9  50 

./, ~l%w"6i&slu~~a;u?da~a~einnaiu~dumwiuw"ou uanoin$msiias!udmsawai aaa-h 
Cl e l  

iauisuuou a$osoinls-u:nasudsunisii;sinp~i aaazmswio$u~i?ii~er niswa"maau4sQn 

~uo:afJuuimsgiui.wiow q 6u n~giu msnamad~uu~z?.wi i~Gi?~~naaa i  ~aa-~nao iu i  
e n -  diwYu'El.u"oa3uuoqaau~aa,n3uXda mudaiassn.s:aawn?iz.ua:%.a"aiu osuaaus&n-diaau<s - 9 9-  e 

daon aaazusAasu~uaiau?%vouumdaaiu$~ msdlaznouistjsoin 



fli3rrisv~mvn41~~1$4~flgu s i o ~ ~ i s ~ i u 6 n ~ 1 m z m . ~ ? u ~ a ~ 4  L L ~ $ S ~ % $ ? L I ~ ~  

%ua~uaY~iBonii Radial bearing % % ' U L ~ ~ ~ % U L L U ~ L L ~ ~ U  l ? ~ t l d l  Axial bearing ~ $ 8  Th 
. .. 

bearing 1n~~idPmoio%$?u~1~4~~11~a?Hij~a~z%u11ua~~fluw5"~81n'u;i~~ .- , *.I 

0 -  4 

1~~1$s~n8udiwYu"~la54%u11ua~~nuii4 7 vosu3Gw SKF UFN; 

- Cylindrical Roller bearing %Biuaass%ulluai~B 

- Ball Thrust bearing %~?~LL54%ldil~~bLflU 

- Deep Groove ball bearing %$?ullab~suu~~ldalafluddaz11~41~ua?Hi 

mw; 2.21 Cylindrical Roller bearing 

[don : vig ~ ~ a z a ? w i ,  25371 

mflg 2.22 Ball Thrust bearing 

[ ~ P J I  : (1115 aaaza?wi, 25371 



mw; 2.23 Deep Groove ball bearing 

[ i u i  : ~ i q j  iaa-a?w< 25371 

Dynamic load 9 : ~ ~ ~ 6 4 t l u m 7  



Dynamic load rating 

3 aieagu Baller bearing ynvGa 

idOlg~  Baller Needle Taper Tonn bearing 

Dynamic equivalent load 

XFc + YFm 

aass%ui~ua?& (~d\l) 

it5s%uiiu-~i~nu 

iirlnawoiwosaass%u~iuai~B Ball bearing 

L L ~ ~ ~ ~ W O ~ V ~ P I ~ S ~ % U I I U ~ ? H ~  Ball bearing 

2.4.10 ~ ~ d l 3 B ~ b W B ;  (Inverter) 
, . 

7u~aoi~aoi i~u~PlnsdaiPla~lrlr~apfd~ ~ i~P la~ l r l as~~G~ is~Ku i iazna iu~nsw"  ?I! 
a3u1d.aslu$Bai5dduiiaanna1u~uuiadis7 ripf~~iiu1d~dou7uWwwels7uiaoiamoi 9" 

n i u l w i  i a d i o i w " w w w o d ~ u a a o 6 i ~ o ~ ~ ~ n i w ~ ~ u ~ ~ m n d i s ~ i n n i ~ Y ~ ~ P d d  1nss.afidvos 

~uiao~imo;~Guwwi~u?da~uoinai.wsi~i~u (50 HZ pfio 6OHz) lda{u<oeisl$ouigu1dwsq 

Faoa~osnouiao;aaoi (converter) ~ i n ~ u l p n l n s ~ s z ~ n ~ i ~ a s a ~ u l d . a ~ u ~ m u i s ~ P l ~ ~ ~ ~ i  

i a . j s K u ~ i a e n a i ~ ~ ~ d ~ ~ u a ~ o ~ S u ~ a o ~ i a o ~  asvsiqnoddau6i8uadosva"niaipladniwnadukiu 
9 

a -  a 
wds6uaao;~ao; uonein~usuasosa4ipfiunauqums~isiuvosa~osw"dnosdau~u (nc 
iaazaiw6, 2537) 

2.4.11 $nbWa; (Heater) 
d A d 

ewinoi(~-ieater) ~~ugplnsd~inaiu?oulu~~.ainnssu ilpftnnisifu2iui% luau 

d d  8 

ns:iinlwaiiusaada~iduninaiuRiuwiugs aandaQio:;ou &Ssu aaai%4~a~m~wamoi 

~ d o ~ ~ ~ m n u ~ ~ a w ~ o a i a a : w u ~ m p f ~ ~ ~ ~ d g ~ d a u p l s ~ n o ~ l ~ u  (http://ww.hi-den.com/produc 

ts.html, 27 z ~ l n ~  2548.) 



2.4.12 ~:nrnriinaiolfasdd~:~~~nm'i~l 

1) & I ~ w o & L T ~ ~  (Cartridge Heater) 

a"n~lm:nis$4~iuAa1~~~~4 $nlwe;aiis (Cartridge Heater) 6% % d l ~ % u i ~ 4 ' ~ u  

a'mq naiuHauo:gnaisdiuain 2niws; 1~6s?M~~besms%dnai%1Iau daoeii4siu ibu%X 

n a i u l s u i a i w ' u w " v s ~ a n ~ ~ ~ ~ ~ s ~ ~ ~ ~ ~ ~ a  
d 

swiwaiaavis aapisoant8u 2 viiw &! ? @ b W P d ~ i  (High Density) g4mwi 2.24 

1la:~aadawu~i (Low Density) <4fllw$ 2.25 n%ms61 Cartridge Heater "HGW High Density 
dd w ~ u m s u ~ 6 ~ ~ ~ ~ T i a I a n : 6 u ~ a d i i i a : i a u a u ~ i % 1 n G ~ ~ u % 1 ~ s n ~ ~ ~ d ~ 1 ~ u % u a s  p;ii%dwugmn~G18i 

d o  .4 A 
'$4 aaa:~d1~4a'mwMawuw(~att/crn~) '$4& (http://www.hi-den.com/hcartridge.html, 27 G ~ l f l ~  

2548) 



ni56i~l~flilzVI~fl8f6aw'9 h % ~ a h  High Density H'~(o Low Density 9"915f'dl 

o ind i  a'wd a w p r ~ i ( ~ a t t  Density) &a~un~ i iwaqwis~wa"m niuisow~a$waw~;%dwiuw" 

$mnix"a wnt~$%$qiuait~qx:y~ii 4 dilvh~u %I 

2) kdd4165'9 h 1 ~ 0 5 6  (infrared Heater) 

Gudsia.sm inam; 9nti'nnisiinaiufou go IdfiiaGwaa.asSuds1~swaaa: 
d d u n  d 

ds"agsTws! ~wera3ua~asn~uoia~7~ariui'souosadu1ddat1wiu~~l aass.anawena$ o : i ~  

%~Fum~av8sa'w~i%i?uis8di~i7da~wni~ku vi i1~~5wna~ufou$u n ~ n n i s z o : ~  
d lYDl nls:.a"nimwuin 1~8i~!dd~:~nw%~n~1Tw~~4Fnss.a~is~xraa~awui~%w$ dosfYua3u~ana 

ma riu , ma, oims, waiagn, iranano;~qra.ams~uniwi 2.26 (http:llwww.hi- 



azmouvosiwg'lsluaa~a (luragaianizn'uailunioaia a.du B, waiarin, 
, a- 

U19) 0dfl~bf11"~~;7~tld?9 $ 9 0 ~ t l 1 5 k U t I ~ $ 1 9  L ~ O ~ ~ Q Y B I ~ ~ ~ ~ B ' ~ ~ Y U ~ ~ ~ ~ O U ~ ~ ~ L ~ A  $9 

Gnaiu~vosna"u%na"i~o9n'uni9duve,9bua~~a o:aisera%Pl"lu~a~aiiq 7 ~ n i 5 d u 6 ~ u a a s d u  
d d ,  , 

aid"osvin~ianwsou~nsz Gw699iuuiniu isaiswaIGa~wnaiuTouvunma~m~ iasssad 
. . a d  

a~uiznuis:diui%&%unisGinai~Koun'ua"m~ de, iasssaneuuia n$una~uuiaias%uo: 

~oafiunaivt&Iatiu (1%890l"%d~:~a"R~ M % ~ ~ n a i z $ ~ ~ n ~ ~ t )  '~l)sdu Infrared Heater i~ 
PlszdwGmw o:m"osGnaivmuisa7lunis1~n]a~wd~~iuIddi %Ge,~Iumv~vosnaduGudsiasw 

1Pl".inn6~w 38 ias  3 - 10 -.e,96n]"nlsne,~di~f~im"09w"i)i5sui ~oia~a '~6ia~wn~uGudsiasw 
P, 2 ,  

aaaza"mgafl1~uia %uv~zimsGinaiufoudau5iniswi iaa:nisJinaiufeu o:auunwanais 

kmwi  2.28 



a'nplm:wos 5udsir.jm iwiwo; 
9 -  e 

a3urns.iisiiunaiu5o~aauuaier.jsai (asilouhima~aiw'wdaisnaiu5ouuids 

Fan) lsBd.j-Zw7niwqs naiuqyaZo& d.j~~tm?d1&30-50% aim.jn%Xnaiu50ua'w~1~0"~ 

r&%u isi i%bds:~~maaai lA 1-10 a w ' i  ms%~nalufour~uunlswia~aznisiina1u~ou ezfi i  

~ ~ ~ m ~ ; o u i s ~ i A i a  ai8aiou 1 ~ u i $ i ? d a i o ~ u  Zs%+aaaiuin ~uui~a~nnii~wawo;iauu6a 

q 1d i i % ~ d s " ~ ~ l m o  r n s ~ m i s  saa:msnomad~auadoi~u~i~q4io Znaiudaowfiu~s 

adosoin?ojBadaa?d da'adoulnaiui3usuauqs ldlpi%a lb?sFiias 3 - lo-. Psa~u ias i  

Taitin"ouTnirQmaiiui~ogm.a"uisZ~Ai nisds:and%Bsiu%41umsouaiw'9ii~ q aiu Fi, 

aaanano;, ma, au&w'wjlir, ;won? IBt7utwaiPsnssuwaiaGn ouwaialn%X6oudafiou 

ii!di4ian4osadi % $ ~ u ; ~ a i ~ l n . j . j u o i ~ i s  v u u ~ s  1uan8< I$%wasnisaawwd idu n isoud i  
# 

i$o, Gosouainnisn IBfiu~waii~nssuaa"ou7adis q aliu ma"ouFi, i a ,  i.asiOn, Z.jiZu 

lona.jszTs 

ms%Gnaiu~ouiauu5ud.jiasm i$s&+i&j iqw Ze, daTmgo:Zosfm.a"u?sZ?A 
a a - ?i dstu a"wpuisdmduwaG'uaia Ps?oBqmaiufllni.ja~w"op1iaas~~o:lai~pfui~n"unis%G 

# 

naiufauAaer3G biAosnisnaugu;tu~f~G wui~iuaisGaTm~mPs~G%X%na"a'wg~iniqm 

psioI4GaY~gw~~Gaauu 

3) iwamosdw'onau 

Fn.jsafisvos ~wawe;w'snau do Zvmaamnaiufouu.j.j~o~%uw'oFan: 

dosiis.jzPsiisw~aamnaiu~ouaaazw'oFaPs: oz~n~miaaPa'u~aowsaiun~a?uu~on?.ad aaazgn 
a .jmas%XBnai.ju~uiaa~u~1iuuiws~iu a"trq~%4tii $wamo;Gonau S s i a i o i r G ~ ~ i s ~ ~ ~ i u  

6nplmzm.j%4siu d4'swl.j14; 2.3 (http://www.hi-den.com/htubular.html, 28 Z U ~ P ~ U  2548) 

~ 0 9 1 1 ~ 9  

aiirwuaaa 304 

14Eu 

%$6'u 

Qiai:sim 

o l rn t=~ i~msPsyu~u~ i ,  awiou, $1, h u ,  uos~Psaa~ l~o~u 

gwainnnuoiPsi.j$5 p~ 5-9 



94 a 9 

n i ~ ~ w ~ ~ a i u i s n i i % w ' 2  an nemmiqiLuu%w'naiufou~Ruwsq ~iazaauubi~d~u 

~ la iu fo~01n~w'~a~~ i l~1~~w's~ou1mu%.d"au f~u l~a18n~ns i iu iw lA  %uns~~%pl"naiufeurYu 

siniaildnyufiuu nnasdona'aq$%4~i$mawsiadu7u1naeu Ldo~~inS~maudSsiiuam 
9 d 

naiufoulA: aiaa:wu~mwg~lAq~ni~~uwsu 

4) "awamo;+J 
a 
awamoiiu Giain "awlwes"w'enau ~<wrduniwba u aaa:~~ougmn'~lanZuaiaS 

.uuimanZua&iai 1" , I%",  1%" , 2",2%" vuiRvosLn~uaas$uodrYpJ~iuauiduvos$wawo$ 

o - ~ i a a a i  lu 2U 3u 6U miuflaiurnu1:aurodiia"s Watt 11a~,naiuuiauos6a"adwoi k 

fllw?i 2.29 (http://w.hi-den.comihimersion.hrml, 28 Buinu 2548) 



6) UBPI6U~WLWBg ( ~ o b b i n  Heater) 

r~u~~w~o~aauPI~u.1rw"w~f~9~n8DnarU~1dip;l~~l%~nalu~~u~PI9189rp;la~ 

aiuisnrm~~u&u1ii~uda0niwa~~~niuis~aS0nlXr~uiznun"~lnisI4aiu ~l~a5nn&aawu 
- 9  d raa 3w,nawuran 316 rraznaow$ ~wer~u~larwna~aauum do a ~ ~ i i w ~ r u n i u i s n  .lisu 

1; L ~ E ~ P I ~ ~ B P ~ ~ I ~ ~ ~ ~ ; ~ Y E I ~ ~ ~ ~ E ~ I W B I B ~ Y J A ~ ,  I I $ % U ~ ~ S W  M ? B R ~ S ~ L B ~ U  ~ 9 5 1 l ~ i 2 . 3 1  

(hRp:l/w.hi-den.comihbobbin.htm1, 28 h i f l u  2548) 



a 
nwane+fnw'elAfuniqoon~1uuaSiniu6q niow'omww.jsn.j:uon auauvos 

a r ,  n Y 4 ~  

~ w a n o ~ ~ i ~ i n a a ~ t i  lu6i (Mica) taaxaa2wrnobaiuuaauu &f~i~#~wanos.lrumu uaauejiu 



2.4.13 awdnnAi?faidPu (Stainless Steels) 

awsnna"i?%idPu (Stainless Steels) kwdnT~mhEi~bnga~uuRa%Jod 11.5% 
* ee 

Wfoulnnai~u~su~u4~"~muiBni~n"~niau (Corrosion Resisting Steels) aa~J88f1?$1%4a04 
Y w 4- .aGm zorGmWwudoni.jn"mniouais~oiisi7oa aaa-,~nnrid"c.lmuiam~n"mniouraaaasol~a 

aausiunswuZnZau 

mdnnAi?Taid"ubmow"a 7 ?.daaAaiaEisosnih 3 

1) a~dnna"i?TaGu~Gauis"imuGGn (Martensitic Stainless Steels) awdnna"i 
" 9 B 

vGm55 mtlnsaf ool~auo~c;l'siai 11.5 - 18% raadmieou~aua~~aoIud?uisuGoo 
ea 

2) iwdnna'i?faGulrid"a~d~5"TEn (Femtic Stainless Steels) awdnna"ilruaM'u 
9 

miq InsaZuoleraolaids~ri 14- 27% imieni+uouerauaiadndou 

3 awbnna ' i~ far~u l r~woo~amu~~f l  (Austenitic Stainless Steels) ~~adnna"1 

lrGa<Z ~igIn.jiZuuerauoi 18% ~~axiiqidPaSawaolotj s - 10% Z~i~nis"plsuwaua~?ia?iu 

0.15% ( B G ~ ,  2533) 
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Bealers .. 
Blaaen Generators 

n; S; . . , . . . . I . Z L . ~ ; S  1 j j r 2  1 8 ;  P ~ ~ B ~ ~ I . . . .  . . ! : = ~ S C  3 ~ ~ 2 -  5 5  

Car Pullers . . ? c . . . . . 23: 2 2 5  233 1 2 3 G ~ , ~ ~ ~ : ~ I ; ~ ~  
2: Lumber Machinery 

:.(; . 25 , c,c, , ; . .; - - 3 z .  .. Q,:" b* - .,.. ..v:.9. . 2.::; 2 25 
7K , :.: ,7- - -  

a .... . :: r i ' 6 UacnineToolr 3 ;, .la:Cii; ' 4r - 7; . ,?: 2 2 j 3 
Ruobel Machinwy 

i . I ' $ 5  2 % ' :  2 8  
U a q O T ,  , :: 1 7 25 2 (< 2 7 2 5 

cookem e r i r r .  

Cranes & Horrt 

Crushers 31-8 

Tumbling Barrels. . ' -3 2 2; ' 75 ? 6. 2 9 
Windlass .. . 2 ; )  2 2 5  2 2 ~ 2 7  2 3  

mdworking Mnrh .. ... : 3; ' 25 I :E ? 7 : 3 

i IIS~,.:~': ;ii211 
I .,.'. ...i.,r. >.;;. s >< 



- R a n g e  ......... ............ ... 

is a Beride ela?tmei material lhal is dl resslant, +212 
resembles nalural rubber in reslilence a d  elasLity 
and weraler enectivew ir; lempemlure range cf 4 0  
10 +21TF (-10 lo +100%). Good ~esislance lo oil 
Slandad elaslomer (Alsa appller loSX0 CurtDns.) . . . . . . . . . . . . . . . . . . . . . . .  
URETMNE4relhane has p a l e r  lorque capability 
than NBR 11.5 imes!. provides less dampening elleci. -30'10 t 1 6 F  F 

........ . . .  

nub larru? and high ternpenlure opemlicrr tiblrel -;1'tc. '21'C 
can apzmdte in irmpera:ures ol -60F :o ;250'f 
(-51 10;121'Q anc has an excelienl resis?ance:n 
c:i anb chemicalr. Not recommended'or cyclic or 
sla1Uslop applicallonr. 

' E R O N Z E - B ~ O ~ ~ ~  8s a ngid, polour oil-lmpregnalla 
-lOo lo +lM" I me3al lnsert exclu~lvely lor slow speed (maXmum 

230 RPMi appllcalions reaulring high loique -40'10 +2320 c ! , 
capabil~l~er. Srmze operalions are no1 afiered by i 

mren?lempemlures, water, 0 1  a i  dirl - 

j5' LOW EXCELLENT 1 TAN 

. .  1 . . .  ~ . 

, NONE EXCELLENT BRONZE ..... 

- 

Splder Materiel 
..................................... . ~ . .  

orque I UrelhaoeTorque i H y i r e l h r q u e L  BronzeTorque ................... ....... 
Size Nm Fn-lbs I Nm in-lbr Nm : in-lbs I Nm 

. . . . . . . . . . .  1 . .  ! NiA WA 
i 39 d 5 
1 65 T3  
; 135 153 

218 211 
i 29. 32.3 

:7 53.9 
a 626 70 7 

I I ~ ?  ~:a: 
:BE0 2lC3 

i N:i hl;A 
i 2592 293.3 

N'A Nr.4 
53 5 6 . . , : .- 1 9  

227 256 
4r. . 153 
SF' 63.1 
7 9  81.5 ..- ad I283 

2268 2%: 
?7,.R 
".r. 1193 
Ni* N.? 

ace3 52Y a 

- ~ 

227 21 6 
LC': 45.3 
56: 63 1 

:'is 59.5 
. . > <  12.3 3 .... 
i26B 256 3 
3iC6 llgli 





d~uamwinaiuFmvosFnu~n~ua (Dr) 

r inauni~i  2.6 o v l A  
= 55 -2(11.5) 

= 32 UpI. 

0 = tan-' 0.145 

0 = 8.25 DPW'l 



Aiuammiflaiuna"isdu1n5ua (e) 

oinaunird 2.10 a:?# 

= 6.5 x cos 8.25 

= 6.43 P I P I .  



A = r ~ ( 5 5 ~  - 38S2)  cos 9.6601 

6iwam~lidinaiu6u (P) 

ainaumsG 2.15 o-1; 
Lie F = Fv = ~~sqcmIuanZtraan; 

P = naiwYuinZuaan; $8 3.6 Ga;uioni'sis~urns (iiiT;oinnis 

~ R ~ B ~ F R ~ ~ . ~ ~ R G ~ ~ ~ ~ R ~ ~ ~ ~ ~ ~ ~ < B J ~ R ~ ~ I R ~ G " )  

FV = P x A  

aawuii1waum-d 

= 3.6 x 1,194.49 

- 4,300.16 G ~ C U  

o i n y u ~ ~ u ~ . u o s a n " a a ~ n ~ a i u i s n ~ i u i p f i i i v ~ ~ ~ ~ s ~ l u ~ ~ u a a ~ n a u ~ ~ ~ ~ a n Z u a a n ~  (F") 

i7Piiiii?iu 

oinaumsi 2.16 046 
aiwuiiluaums 

r n s i i i w a m ~ i b u ~ u w ~ ~ ~ ~ u ~ a n w ~ n ~ ~ a a n ~  
dd s 2 PiiTuauunwannvuluan; muisnwiI8oin (uiuw. 2540) 

oinaumsi 2.17 o-18 
~awuiiluaurns 

M,, =22.65 ~ ~ ~ ~ ~ U Y U F I C ~  





9 

1. szuu<sla'naiuQu 
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Y ,  
1 4 4  

afiuaaai17o-1 l o  u i i  do~inis~a'naiu~uwuwn<ise,~%uaudw~ibaunaiufou iseon~auu 

Fwn%Gmaaao$aauu.umaawaii~ Fnu~iulgw~fiSuan~oaIta"a~niq%u<Jou I&%~naiu;euku 

nszvi~GaSuYu 
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2. s"uEIu;wClGu 

szuuEIu;m$i~u~z1Xnaiu5"oud 110 OC %u~wid*Raiu~ouvzinsa"ii%~ 

rnnuos~ia i innisdou6ai i%~?d~i iwnis~~~u.u8nins i  aaazcqfii1XLudwsiniu$i~u8onui 
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aaazsim waomvu<udau& 2 vw~w~m7lwiuw"oswaimw"ald 

5) nisoonuuuJiuaaanukaa 

Iu~zuuo~i~udau8aun"u~"a 6'Jla'naiui;'u tY~w"n$idu <sIdmnsi $4 
9 XJ A 

iudaw fi 3 Goonaauu~werms%$a"a~~ii~inaaawuaaa vaanui~n"E1~iuwisdiuoinis ms 
# 

oonaan~uFwerllgwsiiuasu~qisdeWG 

iiuasumd?uiwsnaiua 
9 

1) f?sGnJiGu 

= n4is x uia x gs 

11~1u?ila~fll4 = 22.3 x 22.7 x 23.7 Cm. 

= 11997.177 cm3 

= 12 Lites 

2) <s"9%dmn 

= n4isx oia x gs  

aawupil%uaums = 29.4 x 30.3 x 20 Cm. 

= 17,816.4 cm3 

= 18 Lites 
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4.3 aqd~ilni4nma~9 

4.3.1 f l i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ i ~  

Ido14miuvuiR 0 11 mm. iflawaSasou 45 souiouii  oz~~nj~onmi ' i~u 199.98 

niu h ~ % $ s i  500 niu hRlda8u 40% vosd?ona~ii%4%unis~u adol$au&sivia 15 
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EFaniu a:o-~d~iuimiifiuqi 6 gms %aauoaiou;unssu'3"bnisw~mvoavia3J'iu i%$au& 
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5.1.1 nnnis8npn$oya G~%w"w~iuGqns:~launisGuJiGuqi $4 2 aauu Ze) 
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m~iuKou (hot pressing) ;?# 
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2) msai~wJiGuiao6a9;iia:aiu 
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rn51s i  n s  wamswRaosms~uki~uqi~intudwqi~i Ine%~vbuwia~eswio 0 13 mm. 14 
96un;ii I lo  Oc d~~i6u91i%6 500 nyu 





kW 
w i a u ~ % G q i u  (unit) = 

d v 
- x a a a i w l ~  
60 

- - 1.32 Mpd'2~ 

2) wisimFii?ddi~%$~iu 

~iniFii?ddi - - unit x 5 i n 1 ~ 8 ~ d ~ f ~ ( 2 . 9 7 8 0  uiwiowu'au%$ 

wa'ssiu?ddi in'w 150 wriauioa#ou)(ms?ddidau~inin. 2543) 



kW ~f~iao$%4siu (unit) = - x taai$%4 
60 

aadas~fdaui8ua"ms = 4.363 nn. x 0.9 nn. 
- - 3.926 GWS 

v.2.2 mswnaos~01i3~siii 

aadasndaaa8ua"ms = 7.968 nn.  x 0.9 nn  
- - 7.170 %l5 
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