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Abstract

The research of design and develop of sma[[ rice mill machine in country to

mitl pouned unripe rice. The purpose of this research was to study smatl rice mitl

machine in country to pouned unripe rice. lt was to increase capability of enough

produce.

Case study of process pouned unripe rice' s group of Nongum tambon

DongYai Pimai, Nakhon Ratchasima. This group used 105 Thai jasmine rice to soak in

the water about 12 hours next took to process. But they shoutd to have high skiLt

and high experience to roast the pappy (soaked in the water) but pounding shoutd to

have high ski[[ because when the mortar was up they should to bend rice back, take

it out and winnow.

The produce's information was old and used old machine. They shoutd to

have high ski[[, experience and time. The researcher solved probtems by designed

and devetoped of small rice mitl machine to reduce steps of ctean the rice miLL and

increase capability of produce and reduced production cost.

The testing showed that efficienry of old rice mitl were 2.5 kitograms/hours.

Sma|.L rice mill machine were 1 6.8 8 kilograms/hours. lt was increased 14.3 8

kitograms/hours. (3 workers). Percentage The percentage were 83.41 and reduced

production cost from 37.93 bahVkil.ogram to 31.757 bahVkitogram reduced 6.173

bahVkilogram. The percentage were 76.27 .

Keywords: Keywords: Pouned unripe rice, Pouned unripe rice miLL machine, Sma|.L

rice miLL machine
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r_-- -_l- - _lvrumua']nya'tu Q1nn1ia15?0 Lnl.inl:d.i ta5!dn ufirniarraiotr.lto na1{ uaytu,lor.ior] uav

iarrafioqltu (SMEs) fl n.F,.2560 -2561 yt!.jIzu6o,rYrudqrLturJ:vrnurjrr,uoIdqrar-o

un:l'rre!1 tronr:uiruurriruorJn:niuavrniorfiornioro-n:dldn:cuaunr:zu6mornnr:6nur
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ndl urj::rjdrr ril r riruluuril airraorlr,lnj a'rmofirLru duaioua::rtflrr nuirturu
aur:nar6odrrrrirld' so - oo 6laniuoioiu drtrirfiulrroriunrrrroio.:nr:1ouflo1r-urJilrru

nr r r do': n r : 200 - 300 fi la n :-! si o iu uri n {l qrr util a r:L r : n o.rd n1dn u n r u rio r n r :rirhi
vrrndrtuturf,ulanrnlunr:ar6ortrruilrhl 130 - 140 fiIanfirsioiu 6olfluriu 7,800 -

8,400 rryrioiu i o lliun r:ar6ordrr uiru-{ldn:n nc rda.:a qj ttr nr: nvrvrrc r! 6 an{r.t rrird'r u
e ! -& J, i "a:nnv16oruiuitnnaufitjrornt'urioulnuriuornnr:oirudrrirhJilororrrnauoondr unco.: ri.i

n.r,rd t. t qrJ n : n5n'1{n v rvr r v uJ 6 o nrir r uir i o liu

))nl yt 1.1 n:nnurna.:

s{n0{yl'lt'r
a sar?nun{ Bulno

1 ou n'jr rr 6 n{r? o vua o o o n o 1 fl ril 6 o n o uul o o r n fl q ur o"ln ei rr
r{ .. d av , a )d,

un ltuqJultllunlta:']{tn:0.!a?'l2t:Jltuloldnrr]utJdytSrlyralxl:0d
ldri'rdrr rilr ua vtrr nSor tfr oa o:v u y 126 1 ua v n :cu:u n r :lu n r:n v ry r v rtjd a nrir.l ril r

Jt .\uon0'rnuLn:{ni:tnuu{a1!''l:ora:!a:tnn21!rllu!!{nn,tnnt:[nuni1fir onrrrJu]-unlur.:
- -a y , tro'r1r'rtuu:1n!1un?11lno:[:Ial1{at:n ,'l!tLunl:a51,uan1lyluaunlr.ldndcurit!tu:cmvt

{n
ui

?1?ana'roo'r L{uun? uo.:Rn?1rll uavnrl! rU rUr, o{nu a1!.D0ra5! af liuavlr'eturrn:utno
J t- - "ttr.Jtu tno lfiiunn0a:'']n6t:n0u r,t u.: riuBa y ryl o rfr! dnun ryilud ruardn rfrostouauo.inr r

00.:n1:

t.z innrj:yarinr:io-u
1.2. t rdofl nurn:vurunr:a6qrirruir
1.2.2 rfi ooonuuuuavnhurrnia.:nvrurvu]f, ontrrrrirnlnraio{a{r?
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1.3 rounon'lridB
e I ) Xt-

1.3.1 lJ0urrgroiufluvrnl:finu1 : n1l?lnalninuf,nulnquuu::utJ1?$J1 u'tuLuurlu

n'ruao{raqj drrnofi lru o"rra':"oun::rtiur
-2

1.3.2 roultsroluruol4'l

t.a.z.t aur:nf,rirrki z rJ:vunvr 6arhruiruac{rrndor

1.3.2.2 a:ru:';aei1rloini.:av o.+ fiIaniusioni.i

r.q rJ:clutddnrn'iroctdiu
r' de

1.4. 1 rn50.!a,ii1?uJ'r

t.s.z trirnSorfi ofi arrrr:nrfi !!:cfi vBn rvrlunr:rirlrulpiurndurio ujiuutfi uuriu

n 1: !t? 5 tol.t

t.+.a {ritrukir.irnllfiLrldlunr:rlfr tGuuoir
t.4.+ {ritruinml6oirilair.ra::ri aur:oudflrgra, uavqrla::ndifinduki duovriu

e ),t. d tr . c
n1: a51.tn?1lltfl otJu lunl:uSvnoua't{11u]oa1t:anllflnul
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d A- JJ

?loufl uau{t1u?ou?l tnu?1la{t

e a de , d ay J
n1l00nlllJlJuaca:1.i[nl0.ia11?$]''l tlr0 !y[nl0{a'] 15nyl1{']u [otlJuou1{o 01[1]uuo.l

-- Jf J J . i ,
flnulvrfllrltlav{1u?0uyrtnu?t0{91'ri 1 Lun1r00n[t!![!ava51,lrn50i t 0filyuo,uulo{ud?u
, J s a .J q,a, A . ia J Jslli 1ra{rn:0.:[ou!1o!5va{nr 0 h,l!o [n i 0 {dl,'t? u]'tytr!:sdyt0n ln a{ao rI014'tlJytu

) - i. v n : ,
na1?0'r 1J12Llr',r t1? rA:0.inn:ralnrlJtu:c!l.it0,lLtia t[u?y]1i[un1:rri0ntua?ut0{

) u " !.
tn50{0n: fl1:flnu1n15yt1i1u n1:? tn51vl,100nuyu n1lFt11.r?txl,tln1u?un5{ L!n't:ilLl L2a1u

- -JSlUautauoo{u

z.t rim$ir
, ,t - d v

tj'r2Llr1 IUUHAnn rU?rtj',r?ulJtlljlruuto{ !ouyll01n[ 4flt1?!]1uu? n50$aqt't1rn1
d d e u c o 1v ctuoa?utuqJrn lnlnutan?J'11[14uu? ty{:1vr!?ir]i'1? rilu?i{ 9t'tu1n B]dnt12LtJa?u d'ly5un1:

, -' J 'u a e v *g
ant'r?uJ't t:t]iln[a0n:?{1J12 unon uu [nut.l?uLo 101n:2.i1]1?attJU? [al]lauo,ldmu?nn
"" - )& e

U'lmlA t:UnnU?1'ti11[:.1'rl,'12uU1LLJU1J1?tlruU? [u5uUJu!.:00U (Dough Stage) yl01-.iyt0.:a0n:?{

ravrJlu5uuvuhurtrrl :v lfu s-z iu treriufirilsor6uuL6nusiu'rhiurio"o ttrilrrtudiuu
, jo w {, , u

t0.:irlJ: lnn Lou[0Yl1v [unlnoa']u uua.iiJaorl? rrJ''lreilr{ru [oun d{uio0uallto']u 5outdn

!n:v{uu Anaunr On:81fi uo.inlU uacuyl6rin,lr.] {I rririorurirvnrlnrurnr:al ua yr i -ii ''-.
, -'s, ) -Z 't?n1 a1utuo (a{Lnq01n:?.:?l'r2tiut6{ru0{n1nuu1 ntl1nfi50010unvutdolJ't?!1slt?o)

1 e .t , I u ) - c Jd
u?ouJao00 nQ1n:1{lt1?ul nlvo{l.t1[a rr.]anlJ't? rlrl uJCi fi,[11r110nflro']u]tinrti1] 0an Lrr!o

! " 4 u 4 .q, ,! , o e e 4,i- 4,01n!uulmant''l?fl4!!lfu Lanlruv rLtu"t fl0uu'trr.triot't? L!,1?o1u L1'/n?1!i0ua{ fl5otJri1j
c e u :, a .v inuur6o1l1?oaoor?a'fli1diun?riliouy'rfr.r 1{r':ard':!:vtrru 15-20 urfr uiod.lrnstornnr:

) a s i J . a u .i .,frudorltl5ruon a1n{ud1!!6o1l1rd'rrLr'Lein:nuavsl'1ra1[!6on{1?oon !:v!1ru 15 urfi
t1 4 ) ,e d, v ! " - !:0nun?1t!a0nnvfiaoa0nalnuJao fl.t0y [0$]6ifil'116iflutuvu1ju a1y5ulru00un159i1t1?av

qe. e u . e a, ;, .
Ltn1a.:tl5{l.J1nUAv [tr?a1U',rU 0.:r]n [t tr5{{']ut'tu ua{n1nn1t't?rr.l1un'mn-? ullrldo1J.t2!1la

se4,J
n:so'i alotlr0 uuntol[uaon00 n 0y[o,[lx[].J1 50r]!5Lnn 61?i1[a5aanLuri ,[11ui1nsi!ltac

.""
0xa'rlJ1101.i1Lnnruyr 14t0u't lunanrnalfllj!JvlI51?lravu101a 1'tu vrs0 li.rr1?trilyloo u5o

f
lJ1?rlJ'l14rJ (tnufl tyllnu, 2560)

2. t. t i6n:rirdrrr:.iruru#r16l
, z ,t

n1:LUIUIJ1J1?u.l',t t U9tOUn15lgltUtJlJl?tl].tu ug]aya:oun5? 0yLntu rluto.l tjo{
a u u it1n:ualriu lootualnr:vqrJ nrf[;i'l4ilJ roiu!:ur6.rdrraiu6'rhJurri.: u (usiurlnuo.toovdl

- oJe 1d. a , .)o 4 a d la-nau 'rvlryrulufltl) t{q! n:fuyt01L!u lunl5[o5u1l fiFo no! tlasfl1tuvai1lrl-uldwdo.[rr
eqr{u ovntl u:on:von rl]uou n:2no [uu.t21uua{ Luulll?ytad1i1.[1? u.i.]frai'Llnfrac:.N uav

a e Z JJ - J,,- ".n avS?n tou n05{1,0q 0lJ0{l?inu!aan0u [el!5:Jl6urfru.inotlriu0oulrri'lrd!fr1triluu 1.8

.:-.- ll e 1 4 ! c drnu? ntu0.101fl fl'tl tUn0tou?nu olaoyun L']ryt.trI1Jl,tln Ltlnu?5.t!rRu?l4.ino nnvraul?,:{1?
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.. ,te,q I e " ; , a q,t cv) j
LUrUal.l n':uu1r!aonun ac:?nllJo LolJ5ulru Lylunlr 0ua?U.tti.t' n:vylotJ u5a LnSu l,riaun]-?

!a
'tlrrtrir ornrju uunr!ffo111?oonarn:'t{ Ioul{doutororronlvtrlSorirraonfiav:rl 1

onLM ounu

)-
nlv{vt 2.1 1J1't ul1

dur , qiar $ra\E1),2562

-.- - :,-y-- t x lq cqee ,1, e d. - * p , fn1:n?.tJ'1?ll]'r llun0uu n0n1:yt11141'1?qn UULA{ t't?y]n.t6i.:[!ulj1.] llt.1 t1.i0.tn.]n
q 4 udt )a, "" s jrvs

frluLut:Jaou':!a?uyltlluu10u 0ia1r.l't50yl1tran[ounl:621o Louuaot.l2Lr.lunnrulau
e ) , tA" c, " o ,t y , 1a
1J'r?o0nufln r{qunrfuyt0'rrlJua1u5un1tri'tlj't?ru1 i60 ur.laou (u5oo1nnv [tn5uvl3trrui16)
tte J q 

'r!bivirua'ta:nnu Lravfirlolilkilaufi6o rorrbi dr.:raria6u luly{doul (r,lrnlv.lu:lhJ ovdrhi
1 et a e , j
luiriou4n) rirufinrh:rrir i,:norn5uuliudr kia.rlur,rrjodu uorJ:vlrruraiaa-n 1/4 ro.ivrrio

6u rarnldurnrfiuhJroiurovqnlrivYrii uio anfi.: lrjEnrir.: tr,rririr.: lt'tinrunuhhr rdotri
e ;' a ,1, ucr4 y y l, J "!'r?any?onn?110an uavrylltn L? [un:uon uSanJnS']ua?n?il!a9io [!ouraioulna"uf.]uLrIoel-.r

. y , J t- . & a J J "n1im1t1?Ll.J't 1JU9oUU nOnltult! aantl?aon0lntUarr.tdnuura{ [r]oLIlrlla anaan
y c o Jo < .i .J" a.

rudr hovrudarioluirdut rjrilrJ:vvru filqrJn:nifiiirriJu 660 nln a1n lfnu n:cd'l n:n
q ,, a J ^jn ; ,e < J t,)- - J ,uul]ltnSnu oilr:an I n n:vloan ti lulru.rur]1t'tu oliivtln:nn:yrool[un0l1 0'lu'u uoiac

e ^ . t J ,y r a Ja:'Llounny!1:0n?n'],u't?L!1 uavt?u .l fiutl4uuun:nnlJLdo{u1n !u1uI utn:nntyLda,:
v ' ).if o u : r u a cr rir u o r o ra : n a o.! a 1rl yi ! i u rr 14 6 v rirrir r ril r fi n"r udr td a rlu n : n l{ a U : s r 1 ru

d or , ) en1u141{n:n nul uuuo'tt1lt:ou 1qlulr.t 5a6?ntn lJnun o u-Lli'Lf u-oI o nu dn{12oej
J oc. .rioa 1 oirhJnoil:y!1ru fiotn{'r2oanol nn:n ldn:vd'i ri.hJilo rornrnraioul6ondrraon udr

q ' t . . ,rr - . ! I !LAantunrnan 01an uavuloan[u oan,1ri1 1 ao{{!nau ourldonoonuro riluo,ura:o
2 q tu , .lJfiu.:n:n Larl2tulrn?Lta2a.i [lJ h41] Uay?ilru auld! AurASn

2. 1.2 nr:rirdtuirafulrail
-i-. _-_ d ..- ---.i ! , dtl , g
1l u 0 0 u n 1 : tfl t u l.t u a y n l l n ? 1,t 1 Ll.t 1 n Lr.t q 1.! i 1 n l't! ! d,: td l l r n tlgi l n yti1u

F qed J r , .t , .J "utlr'l tull1nul{nun Lt[nu?rnul lua2urug]nolinlntd!6a n1:I d uuo,]n nl5sl"rtJrrflunr:f,
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ruvrulfi 01 u1ux'rf,Li'il:':f, drrGlrdururu n:nn:c16o.: n:nn:v16o.:iruronrudr6'zuar
I 4 r ,d c c ,
a.:na1ur!un1:yr1lJ'r?LU'luuua u [14!yra:nr:?n']1

2.2 i'tt
- e. - ) - " J,u'r'r noy{r 0114'r514an a1nruyaor0.i uuu a1u Luru [u Lan!laUu r1? rLlulit[!tdu.:

J o . i a . t-
tou? Lun:una Orfza lu?.rfi Gramineac iifrt1u?.!flIIua t uo:v na Ltun:una Triticineac

tnun trrar6 t'r'rllu rl?ul:rau rduou otvna Aveneac 10ttn t1?Ionqtvta Tripsaceae

"lJloun trrl,no fittJ:vrnunr': .l lu?lfi Gramineac or-lnarri !t? fi.roulufl:vna oryza un
uuirdu 2 tj:sm flrlua'na-nuruvnr:rfindudu.Juau 6o,urr an (Cuttivated Rice) rfio{uul
uoqlqunrrrfllc anro.ururru nTu,ur:rJr (Witd Rice) rfi,druq lruurrttrfi rracilulofi?ltJ

rJl,u4inrnroriuorntuu In:na:r':raiurao!'r? oY{uao.:lu n1wfi, 2.2 (nolr[flurilf,nrYrueitrl,

zsitt

nrCr

dfinrurriulri

*-*,'-t

fi,.*-n.
it-iutu
rfi

r,uidum\ 
_>r:

1***--/
o&tnuonriulo

/hloqcn

ntrd z.z In:rair.!ro{ur6nd1?
J s --llll1 : [:nanllt{u 1J1?140UUva O:lunU1ylA.!, 2559

In:.:a:r.lto.:rlf;orr? (Rice Fruit, Rice Grain, Rice Seed) r!uaratio Caryopsis

rdo.:lrnaruyrrnluurSordur (Singte Seed) finuuuounluaru-.l.uo.riiltraioldor,,trL a (pericarp)

udnri?rJ:ynoun?uln:{at.1.! 2 arulr,rrg 1 6o

2.2.t a::uiuaulr!60r1? riunrr una! (Hutt uio Husk) d,rluarutorunau!'a?u
:vnornrauJ6onlr/lrg (Lemma) uj6onrf;n (patea) rarl (Rachilla) ndu:olu5o (Sterile

Lemmas)
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2.2.2 axuililun 1:i! rJ: v vrl ulri uiunrr dr':ndoq (Caryopsis l,16o Brown Rice)
.d J ,

t1?nao! ooanuruc u]aot't?luaony lun:t!?nn']:ro'tr!aanoonlla? tnunl:o'r lrt0n15a

dflurirutol{m ndordoviiirurJ:v noud'rd

z.z.z.t fiafiu (Pericarp) uio (Fruit coat) U:vnotdrudordo I tYu

2.2.2.2 dtafiutufio (regmen) uto (seet coa0 riududsioornrdor{lr{rhJ
v o ) a- c, I ) ! ;- c, i
riruluillahuruvrtlurfror0oaort'ufrrSurriuriluunr rtiufr:'r!rlo{a1:orrar:rJ:vmvltfiu

2.2.2.3 rdoorql:u (Aleurone) riutiudrioorn16o{ln5o ovr,lorildrrar:
(Starchy Endosperm) rYnnv (Embryo) fih.t:or'uqr

z.z.z.q e|udtfruurh Eorirudrtu ttar: (Starchy Endosperm) oq''fuluqo

ro.iL!6oli,?

2.2.2.5 d\i! (Embryo) oq]fi ofii rnoosperm vrsdrunJ6on'lr,rqjrfl ua'rudov

roirgr{uriu Embryo rvnouri':osl"uoou (Ptumute):rnoou (Radicle) rdor{uoiuoou
(Col.eopitl) rdor{r:rneiou (Coteorhiza) viari'rviootrr: (EpibLast) ua"1u rf,'ar (ScuteLtum)

n'nnc rfl udrudihJ:6u uavttriual

z.a rnlo.rdn:drirdrylu:vuuto.rl:.rf, rim
J aw a J " J .a

ta50.iat1? lutvulJ Lliatl?tJ:u no!o?u [n:0ny']n?1rJaJ 010 tn50{nytvt'tv t!a0n
) e a -- a y 

"rn5orriomr ra5orriorTu [acrn5o.invyioGirrdur ltuoiu t!rGo': nrafiifiarl, zsso)

2.3. 1 raiooirnrtravorar
J- r.v tr -titrU6onfi fllrorn lnuo:n:rinocil:vnoulrjeiru?{raoUu[luii'ruiulln

-'d ,!e , i .a J
aitiolJutualuna.:y1n't5no uEr naa nnouyt0yylnl:4t12 L!a0 n Llla uo{nua?1!Lau 'tuta.:

roCo.ll-n: d': a nrj :ndrTnrrlo u frhl kiuri ur 5ofi t r',l rl fi u ua v lnuhi inori'rhl uiir dr
, i JaB < ., J , I I Jd!u[uaufl!u1uun t!1n211J't2r!aon !nnuvrln'']:notlun Lou ttrnsa{uunall a?uanuuruorvlti

tiu'lo luqJ v501,u1oLanugrtulyun 'rnn't1111?tla0n !nauyrln1:nouu n Lou9tv$n5.i (Sieves)
JI
duJur!outurolnd'r6ulri'uhrujdonueififnn'ilrynnuunlnuolrTuu:rhlurirr rudnfrtraSo
e A Jr, - ou e 4
2AE0U fl r tral ltnnnuunnlaoo'1utn:0{yt1n?1tJ6c019rn{na1?''}ua?fl 1.rfi u0c0nnn[Lun

" -o J -v o Z
[avn']an tutugtauto.:n1:a!11 Lul]uooufl a t!

J " J-- a J otn50.i 1nl1!a301fi o{uao{LunlYl.yt 2.3 ruurnt0{ 1n? ']li6v olnno uu n
i a ,- tr ) ; c ! . c )-ai[0otlu 00n01nt1?t!a0nuuuannantou?{n[!u[tL]1JtlJo{au uau[!uuulJytuuuttnu
s J q , v ,a I a , . J J . : . c J , w J
!ouvl?llJ lJ1?tUaon llau a{[0o!uo''1.1 "l av[aa 0uy]i.rlua nna.io? un?1t.] L5?yt9l1':fiuLuo{01n

i a , a ,, ? w J.rir:t!6on uas6rroor.Jufi:r.Jir.:rLavurraunyor{nu uavoyonno uunoonolnri'ulouldrr:.:au

oo d'ruanfluarnd z.a

2.3.2 tndornvryrrvdrr rrJ6on
) u - "- )

rfl:0.:nv[Yr1v?]'r2 Lua0nr!uunn ua'rnqJ nlyuoru'1on1a{n1:Haot0.i t:{at1?
J,A9tu0{i1n!:ua 6nlyl110{ tal0{nv tyt'rv,t ''r?[!aon n']''lt.ld:J11u5 n! Ft?']t.l9ro{ n1: Lt?o 00u

tn6ornvrvrvtrruj6onfiraarutio uavfi!:vfi yr6nryrfi usrnrirlniu d'{uaoflustr:rlfi 2. 1
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Inni.,ln) c,0L

lnfl0no!$ror

B

D

EF

n 1fl d 23 rn6 olrir n': r uav oro ru'o r oiu ur r.l a n n 6"r rd u r
dlr , raiuu nd'roini, zsso

$!lunrn a 6o tir:uJ6on a, O Hadlr6a{urdouuurolrarg C 6oyr.loonto.la! E 60
i o { I a e ,a i, " !
a{t0ouuLlJou,lju']otan Bau F Fr01'1?[!a0nyzulun']:yt1011 ay0''10tLlo{glu 1noovun:nto!
dqJur{oururolraqj zdorrrirtJiurlilrrutra3iouduuasnrf,n-flo46anvun:rtuns6o

i. a ) : !.
anna.i ln?l ayo'to ttay 6 n0tnt0.it0a.i!xru0u

n1r1{d 2.1 rJ:viyEnrn,uolrniolnsrmrv{r':ur.l6on{frori'r{ "l

fl:vlJlUn1t,uUA
i!aan 51 n..l6o n Lra; fr 1"r19rU 1',]2vfl 11't 9lUU,a J11',tX n

(uJo6riu6) tuJoi16rd) (r]oiriud) ( airdud) (rlJ0:ttun) tujoirdudl

tn:0.io11,1?
t.-

Ln:0.inJtyl'tJt!aan

uuutxan
a.-

!n:0!nutyl'tur!aan

ttulJi'lu
t.-

!n:aincLvt'lYLuaan

[!uanu]t 22

40

36.6

32.5

30

40

46.5

55.9

62

20

16.9

11.6

I

60

63.4

67 .5

70

dsl'r : Esmay et at., (1979)

ornmr:rrfi z. t oyrriuld'iruoiornvryrstrrrl6onuruanurlrtlurado.rnvryrv
Si , .t v ,< J - A )vlulJ:vayl0r'llt tun1:nJ Lyl']ult1? ttla0 naian ut0 t!5 uu !, u! n! n 1: nvrrr; utl du 1 tn5ol
nvrvrrv'tirrrl6onurranur.loYr*ao'rtunrvrfi 2.q rflurndolnvrvrvrirru.J6on urrdfiull{rYu
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r rir, J e v :touvl?[! tn:o{ncrytlyt']2r1]aanu!!Qnu1nov!:3n0!o?uanna{t dnr!t12uu't{ 2 anulluLu
i, I !vltlvll.:o:{lJ1:J02un21 H1:0UyrnlnflU LOUn?'t!tSll0rJtonenu't{n3 tyt'tuyt-.ia0.i0vrn?1 15?

:o!n1{n'uil:s!rru 25 uloir6usi r!f,anrirrovunnlvu?1{anu1.i#laolri':ou:lrdou
(Shearing Action) uayinuJa'onlriyaooonnrututo.:arI:vu'irIanndl ujunr:ncr rv

-Jrild o n'[rruo.lrhrrildon dlriunr:ililtiol'irlnrulu:vu'ilnanutnv]-n z a nlri'fiturosl'rn'ir
1e

n?Mrl.l'lt0n uao.t,1? [arJ0

va

Wimberly uasnzuv ( 1983) lpirirnr:fi nurnr1!a1 1:0tun.]tlir.t.tu !!avn?r!
J .a )6a.lnr: nr:hi'vra-.:{'ruron rnso.i nv ryt'rs !!6 o n u!! a n ur16rarur:n:r!5?:J uavi'ouaonltl

4^^a c\et J ,a Jd ,l
n1,11qvt 2.2 ti0y rlru Lfi?1tn50{ns ryt'ryr!a0 nrt!1j0 nL1{ytx1Jl10 rau 'tu4lJUna1{ L qJ{uoy

.. - s ) : -
doslivrd'rqu (rira"rfir) fi urnf,u n'luand,rla1Ir.ifr 2.2

va( vs

n'rfl d 2.4 rn{ornsuyrvtmril6ondruraiolnyLyl'rsL!1J!anu1.t

dlr : rateru ndrufai, zsso

n1r1{d 2.2 uao{Fl'r1!ai!1inlunr:lirlru [ayn']rtdo{nl5 dllrutolroiolns rylls r!6on
tt1llJ n u1.i

fiur : wimberly., (1983)

Esmay ttarn v (1979) ldrirnr:fi nuln?1!a'!yiuiiro{n?1x15?:o!to{annt
s1{ tlavru'rorro{r#ur.irunutinar.lto.lqnntur.ldnal.]ya:J 6{6.1rl1ifl5rl:tl uardnu}nflu
gl1r1.ivrr 2.3

?u101,o{annaaul.r

(fia6urn:)
arruarrr:olunr:rirrru

(ri'uzd':Lx)
lU1nAJr{

-:(u?)
n11! U'r'l Lau lufiuunat.l L!AOt1tU1',: L!apr11'taI

n1a.!!1fln0.tn11

(u:rrir)

4

6

10

100

150

254

100

150

254

0.9

t.2

2.2

1.25

1.9

3.8

2.5

4

6
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ta!''tu6uana1{lla{anu''t.t

nsLYt',t!r 6an

a?1!n21',t?a{nnu1.t

a!r?r1!nJ6an

a{u1.qR',t1&[:?t0ulJ0{ann

(:o!ciaurfr)

!aaLrJ9r: u') !aatlln: l.t') anu4IL:') anuutl
101

150

220

254

4

6

8.5

10

44

64

76

254

1.7 5

2.5

10

i,450

1,320

1,200

1,000

1,000

900

900

740

n1:'r.!fi 2.3 ntrua'ryYuii:vrair.rvr.tlo ltacn1L]r5r:or-rtor n u1i nsrvrlvrrj6o n

dlr r Er-ry et at., (1979)

Pustaka Baun6uv (198t) ldlirnr:finu1a?rrta'!fiuiito.rFr?'rut51:orJlJo.ianurn
' 1{1'O{anU',r{aoa{nvli,1#n15n!n15nvtyt'tJtuaonto{u1?L!a0n fl !?10lflu1frt6ur.r'rufi uuna'

ncryrcr 6onana{ rtu rY'ranur{firduzuruautinalirnx 254 iaar!o: ana{ruaa 216

Iadurfli ovlarasionrr!tSa:ourr (PeripheraL Speed) aoalh 15 uJoSr6usi dlovfiararirlri'

nlins rvr'rvr!eonrvana{11.Jl:u:J'rru ts rrjoir6uei rir u nr:nv rmrydr? !!6on u1j1]anul{oy
-' v .- &r5rfiunr:rirruornnr: dou{rr r!6onlraaardronvrrrc{rr r 6on lou'lriuSarrirrujaonriu

quJ q d)d a e
n:v0''lu lvr?a?']iln?1{1,0{an u'li n'tLun:ru }lr aol'r't t!a0 n!1{a?u!0'r01u?ut aot1?

, & ,ic,
t!aon Lvaa.iaanul{nvlvltuuu 03 tufl'tltl4u.iytLtJ[]lrJ1varJ L!n15nvtyl"rvtua0nl0i1t1?t!a0fl

ovrirtri'rl:v?vrBnlrtun'r:ri'r.11uro{anu1{nv Lyllullu 1firJ:vf,tBnrvr1un1:nurytlyr!6an
qj

ro.r'rj']? r! a 0na oa{sIui LUo? u ! ruyl[nu2f]! n1l [tan nvlyt1ut1l r 6ionu!!anul{ Lr Lunl:
nsrvnurdAantl?lw'i{u!:sryn[rniouriolorurani rLayn?1ildu#ilfiytiuolornrndalrfiuhj

!
Ja- 1 d y

uar a"nuolvlro{r!do{r?r!6onfrIa'nuruvrudoriu?ur?ri! i r.ra rio o'tu n'tildnlurona n

nvrvnudl?r!6onu!!enu1{liuovaoa.i rdo{o1ndr'trrl6anriu{iiia'nuruv116outt'u ryfi
I v .e ,a Ja- a &

ir?a!tJan!t11ti0{anu'l{lJ1nn?lLtaoy{uotjll Lua0n cinufuvuJrinau 1illra nnvtytlvtLU!an
!!,

urrfinr:riof,drrrla'onaln'irdrr uJ6onr,i-uriuSotu uriorunr:l{ruto{annvrylvLr!!anu1{iUrlZ,
riuovfluo{rYra'nuruviliu{ro{{1? uJf,onriu 1 rtu nr:ldqn nv ryrly Lru!a nu1{'[un1:nvlyr1v
-Y-- t4 4<v a 4q , J,,
1r'r?r!a0nvr!anufuu $Jaoau tuu5uryflru!! a't!"1i0 [t,i1u L0n i 200 nu Bnnl Ltanny Lyt131t1?

eu u .aa ut!aon[t!ua nu']{ Ltnulluf,yl']anu u uxanul? tuljSyty|flttrl:ouiua,l 5n Lt.i']u LotyltJ.! 100

oriurvirflu

2.3.3 n1:r-or1?

n'n{otr1? rfl univ!xunririrdoi1fi undolotifi fi mro,:HEqtr?ndo{ya'rornnr:
nv Lyr''lu r!60 noonudr Iounr:{ooon!:y!1 tO uJoirdusi nr:rirlruuol rn6ow'ot.tlrno
n1nn1ili't.i'lu j?r.triu:yr.r'jrlu:laatut{ 6ou:.iLeuoyt.'tu (Friction Force) uasu:lt6ou (Shear

Force)

Esmay uarn6uv (1 979) kin;im.irrnior6'n:frlf1unr:riourrrfufi r,rarutfr ofi
a.)frurLirrulrnr[Jurnio{{orr?n?1 oiuq.r rfiorornlrirJiurrurirrar:firirn1rlior1?16' !irjlru

10
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e ; .- )-- 4. )tl?41: ai [urJlva nun']t Lt.r'ru Luanu vYluot't?r!a0nr!anu vujaou'11 LtavLnl0{1Jn
-J-,u'r'ttuouu.tLru{ to 3 tuona

z.E.a.r rndor{or.,ruurrYour.,ua', ovi:vrunr:lirlruloeruL6o'tirrndorovnn
u v) v 4 y ) Jc
lJ0url,lvrt0{ L! Fr [20:nnalnoTl.luulj0{rni0.:1,011? uavtl? na a.i0u rnai 0u1i tu:otj 1n:?u
e e , J4

9l?u [L1.: t14?u{0u0{tJ0! nl?u tayv 0utlu: t? ruton?1.:5uy?1.: n51u uaunultn:{y]tll0{n:?u
a- a

uonnlnuU.i!AflU'l.id1v:!nun5c uvla (Rubber Bakers) 6riturn 30-50 ia6r!sr: loorJnfi
e I J d, ,

ua'2n?1r.rrir:olJrouronn:? ufr rvulvauiFiro q!5u!1 13 run:stourfi (Pustaka, 1981)
J - e - J. -n1l!011? Lyt u.in:.i[ou?1u Lolll? n:J01u?uu1n LlavLnu:!'t{u 111?41552!aoa{ o.tuuL5{a

ariutr.ui6qJ:nrJ:nni:iTori?rtuuu!n1:{orrrtoril{ riordordrfnrfluurlrlnl:lTor'r?41:rn+':

lournior{otrarn6o.:u:nocldn:rufiiuuro t,ooo iafiuo: uavrnto{tolrr?rndo.:d z ori{
n:?udirll'ro 800 ia6un: a'rurndol tanrllrn':'o':d I ovldn:radituro 600 fra6rlfi:

Jo . " Iri'rvun (Wimberty 1983) n:culunr:liorrrfrrirnr:! iur.Jlr nr:rirfluua'rriu ov6'u|r:0
w * ;! v

t?uaouiu'1tult1?un Lo uav lotJtu'tfuljl?41:y| Loa1nnlt,u9)lJ'11[111.]tufi?u

Wimberty (t 983) kirirnr:fi nuln?1!a'ufiuiirvfi 'i'r{rJu'roronni'lu
v u &q J - . J

uavn?1:Jn0{n'r:n'ta{ulytttLutnt0{1t01'r?:?t]0n!:ya 0n1 n1:yt1n'tutan tn:0ntqt1?
rYruao.:1usrr:rrd z.q 6rovr#uld"irnr?u{nr1?ifirurordur.rrurtutinarflrargduovriorld

vrdrlru (rira'lrir) dlrnriu uarovldrJ:v?yBnrnrfr ulrnduriro 6'.:uan.rlun1rl.id 2.4

n1t1{d 2.4 tlro rira-rrirfioi'o{nr:ro.r rndo{r-our? ullll u1.J1oYi ttayl:y ayrGr l]rron nr:r-o
,l

t1?aulnoorua.:

tdual1u6uBn61{

(iaFurn:)
n1a{r1

(hp)

rJ:cf,r3ntr (6lani:r{mndavt'rllr)

Singte Pass DoubLe Pass Triple Pass

4

7.5

10

15

20

25

350

550

750

1,000

1,350

1,700

570

890

1,230

1,700

2,200

2,700

680

1,050

1,460

1,900

2,600

3,200

dlr , w,.nb"rly., {t183)

2.3.3.2 rntorrio.ul?uu?#i l'ini?u Ioulfl urnEordo.urrrfr oi'ovrJ:vnouru5n

vr:rn:r udrirnr:rn6ouritunrn rnt: (Abrasive Coating) dlriun:rl onyr:{n:.tud6ofionlu
/ c !atfla't a1u1lnu!uyrluLtru'llln'tul0n'turalrljl.lul{n1 !nu0oslnfl!ovuni{r!1,u,1o01{ 1 nn

-_Ji, _,r, e e e J a , J , , J dtu0qn!1u1olJ0{tJ1? na0.:yr0yyl1nl:tJnt11 t{}.tn'tta6iull0.tSyucy''t.t:v14?1{n:?ufi[nd0u
u ea l)r,s a Jog.n1nlflrrfiumvuniifr!o1rt!']et:61ufi'rhj'l,ouiturofilfij:yurru 10 iafirufl: (pustaka,

1981)

500

600

800

1,000

1,250

1,500
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e-cJ-)n
z.J.J.J tnt 0 {10111ltlJ lJ14UtO tlJ U[n l0.ttjO1J1? ttlJUy ttr4Utfi tUu n?to1]1?

I Jr. . - - J eJ o.e
LOUvr? LUua?6'ur1l01J:1Jto{?'1.:5u14?'r{14uljo [ari0!n1nlltt: uavnvun:.ia?o Lotfi01i,]114n'll

x!riotrrirJ:viyr6nuarao yr"rf,nr:!i! urii:yuc nr:'[{.:ruto.rrourrd'lneirriuaeirYuturo- --n - - -
- -J a J e,tjo{1,1?na0.: ua vn1509r:1n1:6nu:otj0.i14uuoyt[na 0! n1n t t5 tnl0.i,[oll']? uljul,iulrosi{

raollurlyrd z.s rflurniolriocrmdfiuildriulouvr'rhj rndolriotr.:tfiodovr]:vnor:6'ran:ru
a - !,q " , Ja , !lnaounlnlyt!: uacrlv un:{a?o 9to9l,! lugl1uyu.iyllJ:u uu141.rt0.:nt?uyl tna 0un1fl r ttfiu

d I avv s 4 J .l
nvunS':a?n rfi1.r1Ja:Jr1r 0 [14r]1? na0iyravytlnl:{o,U1?a'tlJ1t0a0000n!'t [o n']:rnaouylro.:

de-Jy4
uJaotl? tno0'rn u:.1ty?u.:r!aot1l nao{y0qtv 21{nll u [Lavs]u tLn:{a?oo1 [:Jtlu1{.[o

e a e r a ec )^ !Lra2uaolJl?nao{ovrnaouyr!l?1lrn'[ur3rrruto.l'i''].i:v'i1.in:?un1:tiolrrfirfioiuocui
q J e I o v o j < ,) a v < . Ja!! 5ru lutuq ounl:,UolJ1l tuunl:n'tQel5'1yt[na0!0 uylrxai o1,''11 Lo u5']rn n fildooon!1ac!n-!,

) ,- e )'
AOOrI'lUStlv Unl{tlA?nna{Ui [16U14u0n:O! tn:O.l (Cone - Housing) A?Ul,1?iJ't?r 1Un1:{O

u)
t1?udrovn na{fi:1{!a'ou{1? (Se[f - UnLoading) ua;ovq nrlourdra'n:yulunr:rirlruto.l
rnda.:siohld'r uaq.rlunrnd z.s

skJ Hopts,

Ai Sollio.

I Abr4ircS!r[ri!

lrc! C6(

S:,(t!

Drrlc,

l{!

&t frbuin Srlrir

$$bq Bnl. PcfdrtoG
Xnfitltl

8ru Or{.(

Parld RiE Ut,lb

d^_ e -R',ltIvt 2.5 tn t 0 {101J'l? tLlJ Ll l4UlJ u

dlr , Er.uy, et at., 1979

2.3.q rniolt-oriu
Aeuc,d-JdA'e

rn5o.l?rorJullJurnlonQnt navr n?'rr.rAlnqJu!{ [o 2ljlsmv n0rn:o{lror.ru uulJ

[u?nsi (VerticaL Pol.isher) uavrnio.iliorTuu!!uLl?uou (HorizontaI Potisher) rndoqtTnr]ud

iuuldri'rhlovfiultdrtuurruuruounliri'l.r'ru 6orfior:LSodrrnnrlourtrrrrlurnio.:rl6o
e ) - l,.JrirrnvonInirr no1ntt:{gi'1u:vr4rrr Lather ttavrtvunina']o'tuan1?un?1uo"urirf'rfr

;i a ) --14l.lUIAOt',t10vnnn1nn00n 1L14[!ao112a11i UaJ!!?1? tYl1.]?rUn?[A50ntOrU0vlJ:vn0!O1U

Curt

tublxr &rts
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tv6nu:rn:vuonnru'tui Leather Strips l,u'rn 8 x 17 r{ufirrtmi il'ruruurn6nfinrYuriroan;

r-ritrzuuaSny:rn:vr,lonrvfiovun:ldr uavqlnundurirarrnufirarluo{nrtrlunr:rioriuorrfiodu
- a ' s- J , ' , J - J -0r:{u:t? n5?ulrouu Bra0t1?yr1lou1J[!a?0vtnaouyt!1u5[? :1.:oluuon[n:o{i]n5 d2u5,tou

ontluovttn:.r ttacluaoonur:tl fiud v - Shaped Cottector ttavovonoooonloulYnar]
)

o{uafr! Lunllryr 2.6

I

3

n'ly{d 2.6 roSolt-nriuuuuuuruou

1 6o n:sronlarav,2 6o yrroonuL6o{r':, s an:rirr6ur

dlr : Pustaka, 1981

2.3.5 rnCorrinuuro
)!<o&ee

tn50.:notu"t9l LUU n 1:yt1.t'tu1J0 {tu 0 au n 1: uunnllrJ u 1?lJ 0{ L!ao,tl1?a1l
Jwle1ye&
t{n1:notu'tnuant't?41:[uun']5uun!12yn00n01nou.ti't? Loullunt1?a15yl Lo01nn15alJ1'l

! ,-
aonrtiriurnrn0i'r.r 1 fiuoqjnlunrrrLd'olnr:tol{uilnrr lunr:rirrirr:cr,t'jri!:c rylnorunryl

t .a . I e
11?A1l0vn1uuoa'rnt! 0: t{urlt 0ill?yn uJa0t1?a1:a1 '1tfl601J1.11u [nu [tn?']r.Ju1?r!u

rnruei'lun1rn"o,uuro o'ruunki a tin 6o 1/t duirt,t/a fruin, O/e {rrra'n1r.rrg, S/a

drrrinlr,rqj, +/a drrri'n'traqj, :/a ttr,r'nr5n, z/a rirrri'nrdn uav r/a trru'nr6n fira-nuzuv

rirr 1 filflunr:uundrr rniorn'orurouaorri{unrrfi z.z dr:y'nturqrdndrfinornriuridt
sl

uJa0aunvlJa nuruunalJ uaya!uuuulnn?1ylu0.t 1?1rnLvrru ttasflnllun [ou Ltr]uun:.: d'11rlu
e u . a , 4 u - c )- !
!'l?fluo Lilaflu1unal{ Bau! aou't?lt't't ntanytno!!0v a?1! n?1{ Lyt'tfiljlj't?rn t fu rlav

siudrrarlT :n doturokirYr ufl c un:.: na u (Trieurs) lo uldn r u u rruol uS odrr rflurn sud

rit uo fl v un:r n6!!:vn o! ri? u ua,iu uaSnyr:rn:vu o n?r{r.l 16 u{ r5 nrio u arur: nr,tluld
n1u1uue.iu[u6nvm{nrv! o nU:un ouriru:ou r{rndruor (Pocket) il'rurulr nriirdul'iruquti

)a , - C u Inalnt0.in.i {{ tulo t[9lfl911.inuu.:[tr] 2 - 8 aaLrlo: !u1o1J0{50 u[?1Qv1ll0e filtuo10.1
^ w t! - i c , 4 e
aofl6uflvlavr.l1u0v[niina:J00n!1 a1 :ljl,u'r9lt0nn.itu0uflLiflu't9lto{ltJar]fl'r2 t.r,tj1?yn
a ),1 o!, d a ,t ,ct, e ; ! e

lanvltouu,t u'tqlj0{q{av t1otan Llavnl: ltu{.uu1o turutu[tJotu1ol,o.1lJ1?lyttJtua nBruu
a u '-

ilJ:'r.i1r0{t aot'r?!n?1 a1nqJn0n15nntu'roluao!1?10nnvIn5{na! [y{5'rv!9.]a

-----_-_-------- L

-r-.1- 
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l4

rionttraur:ororrn{or rdolornouttni!narJ0noonurdri'finrrlaur:o tlacnr:lir.irud
rirtvrrv utiu frrnv un:rnargnoonuuu'lrifinruaur:o1unr:rirrlu 1,000 filanilsiod'rl!.:
ov6ur:nuunrimfi'nlnqfld' ts uloiu6us{ ornoiudt rarnrirrfirJriourdrrniard'oturnfitt
fi'nlrarg ao uJoirfiusf rniorovuundrrloilriuuodr,ri'ntrarg r,ravdudrrocila!fiuuirrru
vt't.i00n

c

a

+

It
D 6

rmi z.t a'nuruvdldl,u n r :d'o ru ndrr
!4ri1u!14E A 6o dnuruvuolnv un:.16'otur ntrt:r!, B 6o n r:rjil:vu vvir.:uo.: ovun:.1

v1
L ltav D n0 nliF]o,Uu'tnuuaotl?turlst1{ 1

fiur: Pustaka, 1981

2.4 n.t..nnuudrdrurnialdn:nadau!oi[ndo{e{1?uurorSn

2.4.1 n'r:o0nLruu[na1

i6 n r: riru': ruyrturo,u o.r rna ra'lrira"r6.: rirr.run riuldo (code) ro.:a 1n!

inrn:roCornauvilaraigouBnr (ASME) rflui6fiavorrn uav.irueionr:1{rrui6nr:o'.rneirrfrL{

vrqufrnT urriu16ouqrqo uavkifior:rurfi.:nrudry6onrtirriuuuruiludrfioduuuryrar
)c.firtiunr:oonurtlorui6ainti (Static Design Method) urirnara'rulrnrvoqnrolrinrurd

)a, w o Jt , I .j o w ,J .uvrtuu?!nn: vllJrY{l1vtyla'l }]uouaaont2aluon0'rn ul't:{y]ntuyr']u.:o1003 tlauuuuaioq
1\.- y a rfla0orla1ntn o.l1Jur1r a10 {Lnon? ']u ra u 1uLu0{r.r'r01nn?1!a1 ruua?ut14qJa1 :u?5n15

rirurtar ASME 1fi6nrruuu6An61ani o1:fu6rsiorfisr'rl:vnounrudr (Fatigue Factor)
t v s .^ t! .

!'rtnu1llo{d?u (rivri Srnrn:ru uavtrrg nfiorru, 2522)
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T

ocd

N

T6

T4

=,.E[{c,r)'+ (cnM)2]1/2

= sr'r!:cnounrudtfia.:ornnr:dn

= n-ttJ:vnounrrrtdrrfia.lornnr:io

= n?rilrduldou (N/m2)

= brrtusito (tl.m)

= hurudo"o (tl.m)

no n?1!Lnuaan[u!

6o eirnruilaoon"u

= 0.6ocd

n0 rr't1:.ltnuLaauooflILUU

ra'rffuJ:v n ounrrudratL r:o 16o n1{sttta-nuruvl,ol u:li n:vrir 6.:nldorn

n1r1{n1nr.ru?n !. t rirril.ruoiaoroirlta'rfiuon6{u lurar!a{la v r,liaa'ruarau!a{arac1,}i

ttaln?1rJtfl utaou Lt{1u01n

0.18o,0.3o, v:o T

s !a .,s' v d, l.y
LOU la0n Ltn1u0ult1!t lunl:ftlu?ru l.lavnlt a1!:a{a! !}!ana1a2']l]rnuroau

ldlrulotrldifi u.: z5s6 rro{Firddur'ldrTrndm

2.4.2 nlto0nu,uuau

t

61 6oir'1,{rJ:cnor.licu'j'r.rry,ra'r qu rauqrdol,fiilquhJnio:L 1 rYurirrarirfirlor
, { tr J- J , ,nuu]L tnnnl:u,,tu61t11yt0:u14?1.: ty{a1y u lrav.tju{"]ua ytuuu Ltnur]ln tyl0 n1:a{o1un1:c

vainoln!fl61xluhju-.roildoro{t'utluiifiult flriurLrntriuri 6rLdu,rdu! dnia u6o 6r,duadur,
) a ! cu, tr "fluH1 ruonllnr:ln'ton uava1 'lloy'ttoto.l'tu a:Jovyt'tu'to1niantu6nndl Alsl 1o2o

.i v a ! ov a trn1500nllu!a!fi0{ra0n1u'ro.uonatt a0ona0.!n!n15Lti1u u{n0{ta0nlu10al]r]'tu
,u J -u'rFli61u oloiornnr:rrturoro{e fit{rilJl,fla'ttu'rosi1,t 1 m1:'Nr1nr.tu?nfr r.2

'lun:tttornr:oonuuuaildu nr:1#6urfl ur-aotfi o16urriurYurnal rd?dlFi1
a vL -Jnrua!!9t10.tt anna1uul]'t Lty1n1fl 'Dta n1l9i.tu

ocd oylN 2.2

LLlo

J
tr.J 0

2.3

สถ
าบ

นัวิ
จยั

แล
ะพ

ฒั
นา

 ม
หา

วิท
ยา

ลยั
รา

ชภ
ฏัน

คร
รา

ชสี
มา



16

!, <ir -i 1nuuglo.lyl:'tutu10,lJ0 { tauH,tufluu n a 1.i t a1Ln:u lflo tljLyluuriuo.ll,'1.:
! ^ , .te; du . ) ".- ! -nla u?nI ?.3 21n?l[ a!}lanu6uyrL]u0u1L:,uu19t[y]1$fi uavlu1o 0:nLrlra1to5u Llu!

tr o - , " ..C
R',]tyt1 [14: ualu'lll1 tty1n2l u't?1l0i6i! lua n1:o={0a LUii

2'l
T

T

b

2.4

J
[1]O

L'JO

no

n0

bld

t)
raSnvlr a'rLo:11

9..
n?1!n?1{,u0{a!

j
n 11! U 1?,U O.: a

raui],rufi uuna'')nt0.iI ad

n0

n0

llaca!n1:
4T

oc
htd

n0 fi? 1r.r14u"11 0.i a !
J'

u,.rou1ni11,lu'r?rordlornalnr:vilaoia n']lua'? riuLrriluurfr uuriu'irriT nru
! aua , i !

u110u tyuul? n?1nu tta?uln1n?']tJu 1?uu 1l,t ltlunln?']11u 1?a! 01nuuov1r1tiu1ql,tav
y ) - ) - -t e I d g

n?1!u1?1ro{nuaonlnniu?nyt 1.4 Lylou'tr!lulJtylulJflufl?at.] nln?'t!u,t1tJ0.iailltll,u,todun?

'rn?1r.JU''l?ro.io!dooc'tt'nt1'lu't?!oi6 ryir niun'luo1?ro{ordo

2.q.3 nr:16onlt'rulrlto.irrlJlJuui{

n1:L6onldrulerroroa'ua ntulounri'lddlnltolun't:ldlru i6 nr:r,iru': ruo ru
J, i -n15lt.1',1uyt.:1u AOno fi']: LtaIn't:d1l,tilj01Un1: [t{',]uu:Vt U1l0.W10l16']U lso

- a, &uc, , - Jnauanlu vr[trlJl.lalul0.r5ut a1t0{rnlo.ti]nlna gtai!anlu yalutuo LouoJri-
- -ei a. Jtu 0 u n ! a nBtu v ?lJ t''r.i [rlJ lJ 9]'') { .l 1J 0 { 9t 6 ! a n ! uy 50 lJ 1,:fl ntu 0 u n ! e n ! uy 0 q n 1 u tu

jr {,,t, w & i J. v)ag{ lrl uvr? l,! ua?uu 9ra! a nuuac!lyn 0! L!n? u6?un'1.: 1 Lnun tru?urna0ufrli1]lu1, r!u
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1.7

Retainer

Retainer

D.rp groovc ball bearing Angulir contact ball beiring

n1flfi 2.8 Lr6o{rluavL6uenduqnflu
)-
fru1 : u1ur,r dufiivUoJimi, (2540)

Lro 115
ca-
P

Lro'/o 2.6

riio Lro = olqnT:td':Turj:vriu rfluiirurudru:ou

C = u:.:naifiU:vriurflu l,t

P = u:lflaifiiolslduantu

(Equivalent Dynamic Bearing Load) tflu N

p = latunfildnto.ialnr:orunr:1dlru
1a= 1 Alu:UualAnUUHnnaU

= lO/3 drrairndrqnflurirrom (Rotter Bearing)

u:rnar'fi al4a (Equivatent Dynamic Bearing Load) rlttrufi.lu:lditurn uay
-tffrnvrrlnlfi6.rn:vrirrionaiuqniluYuu:luurinfi (RadiaI Bearing) r,rioallrn:rtuununal.wo.:

ora"tqn0ufi'up udrovrir'triorunr:'tt'lruto.:nduqnfluriufirirrvirfiuu:!dn:vrirsionduan
4 - ) -J a u d
Uu0l{ 1 (t.r0vtJvr{ttl.t !uuu?:rlu Bas [uuu?unuyr50tlr]ufl !n)

.&
0auanuullJ rtI{ luBu25fl!!n0v0n n5v?i'tn? u rr:{14{ [uuu?5fi! ttac[ru2[nu

e!
nf olriudrna:utor u:.ririrnrfr rilruro uavfi fi ur.rudr u:ralrLaoyn'rurruld'ornal nr:

Outer ring

Inner ring

Outer ring

lnner ring

xFr + YFa

i.,a,
= tt:{6Url6y|nlvylln00alanlu LUU N

= L${fllvli'l [1JLrU?5fl! rlu N

= u:.:n:v1i'r1u!!u?unu (rriotuur{) rflu N

Ball

(:)'

P

P

Fr

Fa

2.7

tl..lo

สถ
าบ

นัวิ
จยั

แล
ะพ

ฒั
นา

 ม
หา

วิท
ยา

ลยั
รา

ชภ
ฏัน

คร
รา

ชสี
มา



18

frrrJ:v nou u:{uuurinfi urrirkior nnr:r.r

nrnarurnvt'r,.1
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2.4.4 rarln:lair.l (Cotumn)

raTriluln:lairrdriryrirfiilu:qriri 1n1Lrn1:oonrrur:uayt{.rrufi'rlilid'.:d
J:

u: r a-o rriu u:': ri o r o r n drurint o,:In :,r a ir r ua c dryf n u : : yt n ri r.: 1 ri u n r :iu u: I m r u
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! av
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2.4.5 'r11r16o!
4 4 &ro
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.-- ".,i I J<
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u i 4 a u a lov - ,
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o ' J n . - e a u d a ) , ,a

14:00u'r{t91u? [ a[ytno:0uLt0r.] r{9t:{,u111flu n llun ni00u uavnl:uo n5 u{{d{ [rJxn1:

uao!avaluro.idu.lrudulrufiur,triltra-wrur,taraoeir.:;illt:-udrlr1fl,unr:rdal

2.4.6 n1i6on1{!oLgroi

lunr:16onrLormof rdorirhldlruovfr'orrirfirfirqrualffi .irer 1 ro.!nliyth{.tu
4 u - ,- l

to.r rnSo{n n:'il rtlltior.J:c rnil'lflfi:relac l6uoodrll:finaud'olnr:rrlriruluafino eirll:
c' v a .,ea s 4 u , J

1Llugrut 0nv tu[a 0n!a Ln0l lF]L14lt'tv6 fl! an111n1l [t{1ulyl0! 0.t 6uuqJ 1n1i .l fi0crRo
I - .-Z
Tln-u:r o rn oi o*.rliu o y 6o.lfr o r: ru1 6.ia.i 0i1.i 1 oi ohJi

1) nrrlt5r:outa.:rornoi
-. o v Jv " Jz) n1a{u00{n1: ttt0{n't:yt't{1u1l0.lLn:o,lnfl :
3) qrualrjfi nllrir u:.:iolunr:rirnluro.irndoio-nt

4) a'nuruvnr:rir{1ufl o{ rnCo {d'ni

s) sirur,rilrlunr:fi ofro.rrlorsroi

6) anrnurodorn,ruuondfronnrll{rLorsroS (fior:ruranunr:rYondou
!,.

n?1tJ{ua.i 4uav ooln ruuonlr n)
t ) " --.!anuruvyltl,u0{:J0tgt05t14uu2u1a1tJtY{a !o.iu

s .j,
1) !n:.:6:'t {vt{'t u

2) avornlunr:'td.rru
_. c
3) LrlJ{U:{l'lavyruyrlu ulJfu14'lu0u

+) nr:rhlinutirkiiru
5) nr:tioluunirtri.iru
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-. . J .d 4 ) tdd . ^ A d i
6) lr0[er0:r14uu?u']rJ:.r'r056'run?1l.l[5?50!n{vttr]n!1l0retoltunou 1 0nvl

.!
l]nfua una1u15fl lJ:lJl4loLuauuuLla{n?1!t51101j t9l

7) fi:rnrqn
- . ) " --tanuruvto{u0tu0lt14uu?u1tllatou? lt0.iu

1 ) d'ornr:r{o:afl rivrrfl ufi rau

2) qrualri6oir.: 1 oiounir (nju drurrrroiuvlnrnoi rar)
a) aur:01{riu:vuabifiiu:.rrYu 220 bas{ ld

.4
01n n1: tu:ulJ tvt uu a nururt onlJo t9to: ast u tfl? 1rJ0 [0105 lvuu?u1a'']lJ tY{ao nl'l

tl
xo rn oi !14iiu?drryla rA u? uoilo rsroirufi uruhar:r rr'{afiaru t]rurntunr:fion"rl{'[uqltu

t/
616o{dlornotrvfi urdrrl',la16uruavldn:cualilfl r zzo has{

2.4.7 n'r5 Lea nl{rorvnarJ

dnuru vton{oar.la1 rinouu .irfl raortfi o6o froar uruuuuuviu.:
(Centrifugal. Ftow Fans) uavrioaruutr,tao'uruurunu (AxiaL flow ransl d.:luddovnrimn'.r

- ! ,s - ar0 'rvvrnautluuvr]ut14?u{tvt11.ru llfia!u!lJvlrur14?ui acuu{ to9l,l'lanufuY
) e ,ae -

1'0.i l1.J ua'ur15n vrova:1nto J uljlj
t) vr-oalluriold.lrafr (Forward-Curved Bl.ade)

Z) n'oadun'nldsraal (Backward-BLade)

3) uuuuoirloud (Airfoil - Backward Curved Blade)

n1:1{d 2.5 n?'tttE?a!

drr 
' 
oun: r5raorqa, (2541)

2.5 nrrilnurnr:rirmu (Work Study)

n1:6nu1n'r:vrh.i'u rfluir1n1rdil'ruursiorfiolurornitln'lif,nulnlrtodoufiuav
6nurrrar (Motion and lime study) dilo Ytlnr:ri's!urdurfludurirrfioto{ua-nit1n1in'u

uu?fiouav dnnr:!on Federick W.Taytor uav Frank B. GiLbreth rio!rtourjrulo.:
a A J d ; Js d i )

n1tfinu1 fl1:rna0uruavnl:anu1t?a1[r11u'rurlr!1ru[0]uro vln''l:finu'lnl5lnaouYl0v

lJounlto9[6u tuo9l?0u1.r axT Ulixau (m,/s)

llna fl?u firon

du fi.irrun

aluooa,]1an::rL

ufiaornrJfr fiiurrni niuornnr:rdo niuoln

n15r0u:

alu bi urr nlnala6n tv'lruoi oTr,rr: r.lu

ntvulu 6r.rn

aluriu:vlu fl:lu In:u 6uud ar.ilar,rv a]uorn

nltua'o rlunlnInl ao

rnn'ir 7

1nn'i1 12

!1nn'i1 17
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anrnu':ofrolnr: rixru d.:rdur{oilrruo:rrYunr:dr.lrutornurrulo uronry riordofinr:'[d
)uJa4s<,3

tnt0.i0nt tn50{rJ0 uav0! n56u [1J tJlLnu?toifi!fl1:Hdn t0u1l'tull0.in15fin1J1i.in11.:{u111

naluriJu "nr:finuri6" (Method Study) 6lovn:olnalfio n::lto.lnr:finurnr:rndoudlou
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)^- a,tuo5fiu uavnr:1{ {ouaurn:orurra rfrio*'u rtluoruiolal:s nou nr:ld lrunr:r-oaralru
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nr:fi nuri6nr:rirlru (Method Study) ulrufil nr:finuri6nr:rir{ruornnrifufi n
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2.5.1.1 airurn:uofio
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2.5. 1.3 0'ru!rn:u'ru:.:.:1u

2.5.1.4 druaran:vrrdl 1
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t1?[r1JU[OrJvlt']?lJ'1U tr0H LUun0!U O{UUn{910{!n1lytOA0![ au1!5vdrf,n1 !un1l?i1.t1u
I qrav - Jd ,a J.-

tfroltfldHarua-nfrilRrurly,rlould'dlnllytoao{filnh?[Ua-onfirjirLrru 400 nirJ/nr-,: ayooao!
d6dao 6anrurrErrru soo :ouriou1fi iirurun{.:dsrhradu rzo o{o 1{rrar'lunr:sl'rrir,
:vrr ru 1.50 u'rfi H adldo rn n r:ci! sr-: o dr.i ril6 o{red oh udr 50 fi"l o d rl rd oiour

rJ:vlyrBnryrnmlu!urlol{1't 01nn1:inrulo$r5o{m,uorfilio'ufidrlru 45 ql'roeir.i {r?ro.i
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.id
vlr.rl0 u!n?lrJ[[1JUn?1S{I1U100',',I1]n?1!60{n15!0.19-t1i,]! a1nn,Eyloao.l 5sayt6n1Y1n1:
o ! ,) o "

rirmutorrn5o.:sirrlr': uirfra5rliul{n:vualy{fl1 3.2 uo!urlisioilS!lrudrt 400 ni!rndo,rsr'r

ururY.rr6ul{n:vuilylilt tz.zg uolru!idoliil'trurirr qoo nil roio.:sl'rrirr$irfifiuiiuairl
1 , , u !t,v , J ! -lJUd1rJ',t:0!:V14UOn'l tllyi 1! 1n n? 1rn 5 0.i 0i111? u! ! o,: [olJ

airyf uralulrrL uavntuv (2558) luthltiunl:,.lAfldixddlrrruilnndaulraqjr.iru
w d q J r--fl5u11?un1ll!n?u tll0! a.: nu!00 L[au uta{0{1i.] 114[Rtra,]tytu0 n61{1ut 60"[1? tlori!5lno

- & -- Ju'llJ'l!: Lnnn0v Lo5! a15y11ryt'l L avau Lutl{nlurti!a.ltyn norRn tlnn'urirl 1o'ltiulruiiufr
) de )i.:urrauorn5ondlli?tulordna'rvfu'L{lunY?Liou fr n?u nl n r: vr'r.: rulo utd

bln:aouly:araai ptc 
1 6F887 6lrn*orf, drrfi rirrlrauodarrrlr0etdyrs{,firrndoluavdrrur

- 3 --- - J" 4 tuaMtn0nL?a1n15at'l? Lo Lu.!'tui duuyi.tn 1:fr nu.tnl:! iu n.t 1r L5? toLJlJoix o [9ro5d{1?
4 ) qu

tulord n rfro'Lfirvntluatdlrnlieir? rreiaurfio loridrnr:yoao!riudm z rfio td'uri nr.at_

nt.41. n!.47, fiuqTan 2, r.Jllori 1, rirru,rfiurdr uaytrrnafiurdr? n1n 6nr:unaou
.A ,;fl!?1n?llt t5?l0u1.lo tnoSytrfirl'tvat]fl! n1:cit,'lxu,t2 tla vl,.]? nao{a ui! lc! 1ru 3,300 rpm

uav 3,500 rpm n'tlt6i1riu uayr{anliytoaolnr:f,drandolua vdmrrr roldmytsl 7 rinld'
eirirlndoruavlheriitraAuttd'?hiet'rn'ir 60go uav 40% nrrlrYu

fi { ri 6 I ? { a 1 u 1 n a (2 5 5 7 ) rd o vr-nr u r ra 5 o I f, rir r n do I a'r ra f u1{'Lu n ir ri o u
lour!5errrfruu n:vrlrun1:'tun15a,?j'r?ao.iisuLi 6o:vuuldu:rra'uoylluhnr:nvryrlcr!6on

J o ,1 ) - dto r' dn
LIAU 5s1.i1.] [t[l:.r[141U.i LUnl:nvtytlvL!don Blotutior]: c d uEn rnr ol rn:-alfrrirr lduri
-i_--.-_ -.., v 4' ,.c . 4e-ulyun 10{,t1?na0{ylto t1J0Iti1.J0tiJ0,:u't?[!a0nyt[o5!n1:ncLyt.tv [[au[UA5tiufitOi?it?tfrr.]

cs.-)ufio '[ntrih"mq!:varr.iraa-nrfiarfirL!:vf,ySntilunr:f,t{rndo,: 
n?1!:?or5?lxn1:f,trrndol

nrr!:vudofl a'.i.t1u uayn.:nrurityt'tilntur nr:,troldrr ndol

Lou Lu{1u?0u tonl tuu n't:a nulgttJ [[1j! uav a0 rns o.iAti12 ndo{ tfr oliln 1:mo ao!
rJ:sirEnril ravrfltr{o!nilio.: Inurndolf,timn6'or:vuru:rurarrurdld'aur:nf,trrndo.r
4u 1 t d 4Lol?ot:'rn?ltylllJ rri{ ra uoytlu Ltenul{ns[yt.tu Ltav[{ a{{tutounat t?ld{.i1unontfl{
{luuavnlidlr.iinur ludrltol{rrrduurSofftrilnultvriuridrrraollvB tos rnio.:f,ritndo.:
:vuu u:r n,rr'urtritrr 16lu5o raa'u i ll .ozvo ua ! rnio{edr? n #or:vuu u:.lri uoyrruloidrr))
lnilu]aoLoauyl 85.43%

frnlra yi.:6 ofrg rLlnaiu uav'jrfi :.st.iriuyi riu.lln: (2556) nr:finuruav
4 e ,a ) , ..d d a J

r1.J5U1.i lvlUU rn:0{nv ryl'tu1'11[Ua0 nUwu10 Ld nr]ann!:s a{n rfrodnultlnro{[n5a.i nv Lyt''lv
J J ,A J J J$auyrna0!!tvtuu,{atel0{nutyt''tsylLlrlteat.tgl0nttnclyl,]ud1?[!aonul rn5olnvryrvfr

rir nr:finur],riuri rn6olns rmrs r!6on uuuanfiun:r u unuuol rnSolny ry.ryuu! uiir du{d
oonu!!6i1iduro{ uavlnio{ns rvrrv rrj6}n ur.lu anul{1,uto rF n orn nr:6nuryru.ir rnio.l
nvryncr!LJUAnfiun:tuunuuourl:vfr Bnrnnr:ncrfirya.:n'jr 99 uJoir6usi uoiovrfionr:tof,tJ!

, ) a ae ; i J .a elnn?1tn50.invtyt'ruuulJL${tlrlun Lqnfurtflnllnytyl,tvgt,tr6ou.t0tUiuutl4ui.in-urnSoi
.,t J )qu , )

nvrvnvLL1JU0Lr !n:0{nv Lyrlv rL!uenulwu'tqtanfl!11 qrun lfln15n v lyl1sy]Lo6.in?1[nlon
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nr ry rvyltia ontr!ufi nd rrr r urio v 6'a r urifl ryra r nr:nc rr rvt:r ohurulraru:ol6rdr ar a't#
j

nrruarur:nlunr:1i'r.11ue1'1 rnunin5arUreu!?arlunr:nvtyrryrrnufi uh
- d , u ) d, J-. .q:6yr0 r0?in (2553) LonliA51{rnso.:drr1?naio.i {iounuirgurir'Lu!rucilriairl

4 de ,a A av :rn:0{6iJ'rinao{!1l,tu'luiu1oo0uoun0n1t00 nLr!!rn5o,:di1?naioiuuurLoulu loulianndl
u1':u1er:ilurulorfrur.iruautinarr q dr inr:frr.u rYurur 6o rYufi o1r u:n nr:d.r rd u.l

! a, ,.
lj'r? t!a0na{(yu1a nna{u1,1 n?!n ax1![i? [unt:!aout1?'[f a]- r{udrilnrurirlunr:ylu
.-1---!- !. ,4 s c! : . a arnSo{tuoouyr60{fl1:nv[yt1yr!aa n Lou LiJa nna{u.'1,: an x!Lvt ln-un.: unru r5.:fr uornsrrl

nu turlouvalu nrlLlunltna!u!iJ[.Ba!r!'t inytaa{u6[.u60 n r:1t:Lar,!luovdrlfnrln
n'r'uJ!5? [r.l L9t Ltanna{ an0cyt1L n15ns tytlvlj,t? r!a 0n Lr.Jd r]-ouo{noa51.iLn50ldrlIndo{
o-r .t! i.,.i-n, * a ,r,u-tulnu 'LduornoirUudurira"fl{anndl 

anyrLu1t-rnrru15.:frsir,:rYurirnr:nvlyt.rurl6ontl?oon

ravfi tooo!!un!a1una!oonli ri'.iriuirfi inqrl:ra.rr{60 rfi ooonuuu uavair.uniotf, trr
) qy . e e ! . ,nao{ ltac a!r,l9t51!a0 La50 {6,[11? na 0{, a51{rJuqlo.lr.t1u rn ru n1:!5vdunfun11rnln

(rduetrrgoqlu:cd'!6 (s.so duh] )raa-rornairrrndorf,drrndo{ud'r triarBflnr:rirrruto.l
) q te a

LA:O{ Lyzutlu?t']fu n1u?lt 5yt1u llyNunrunly,{'Lu 6ru 6o oirtlo:la5r.: rirrrnr:lflru uac
, a d,olunfunll1tJ0nHanflrufl n'tnnl:u1Na!lyuulJLi1 1,JLnl.tuli yr!a1tnso{dtlxn60{!nrur1lr

E y o Aq
oqlu:vd'rn runru6ur nri'fl unrn:r uavllriay6.tuo.rna1: oao{f, q11? 1,000 nirL udljtrr
.^ -v- 1 p - c r Y c. . c ,10 nilrfro?ilnlrfluL6ol,ouvirnr:ynao{ J o:{ rorlJo:rtuol$r5oA 85.4% n.}ti[oi.]vli
r.J:vfimBnrntrorrnio.: aonndorrYualr:fiorud#r1{ 6o rirraduto.:nJoi16us{rlSo6ornnr:f,
r ) ae , J .io?u tn50{411?na0{ tln1 1nn?1n1l!oo'tua:nd1,.t?ii.t14:! nltatnl1vlr141t2{nl,t [io}J'ul,oi

JJ
nr:a1l?nd'o{d?urnio':fioru16oriukirioun'ir 95% ilnnllytoaolnu.irr!oiududuSo6tor

v Aav A av , J -, . ) ,annru?rI1?nao{yao'tuLo:onar11na0{Lulrnayain!n1LnEr[aauoq5v]1i.1{ 94.g0lo fr.l

85.99%

oiriuf tonirl uaynruu (2ssr) lifiinqrJ:ca{6 !:yn15B:nrdooonulluayairl
tr +. , J oornso{Atllrn60iqrr!r oanur.rrirfrolt'lunr:3{rrnd'ol'tuq:rtu uauUtvnltfraa{rfioyoaor_r

) dv , ) c. J - o .u )d
all::0uv110{ Lnt0.iafl1? na 0.iq!tutLJoanu'1.:o {{[tIutn5o.iilo'[un1r u!:r!.[1?yl!rlatgn
n5c!?un1:fldnhid'u{aulr nrin uay nltdold.l:{inurir u louinr:rj:vu nsil{runinnr:

a v oedt , ) -o0nu!!n']lyloa0{ tyI00l0.in1t!51JlJ5iarJ::nUv LUnllyi't,i1u L140rao Nanl:iiuyrlj?1!n50id
v11,t1?flaowrJtutuoanul{n 0srJ0n51n1lyt1,!1u!5r.t1rut11na0{ rraslllrstr.l[ 6o!.]una1{uav

i , . - d av
!11:U',r6Ultna!0]'l ,{an15mna0!!:yd 0n1y{n1:nvryt1ulJo.: Laso{d1ll2n6oltltutfroanur.:ri
J<inr ur5r.uoranulnri?doanu 1n{11,840 rio 950, 1,680 sio 860 uay 1,360 rio 7OO io!0io
urfi vru'jrudoaqnilr.rrE?ro.iqnu1.insry1vovdllr?dflt'tnl5?ilrufin'r'u.rri't 1,840 rio 950,

1,680 rio 860 :ouriourfi lriunnrirlfi'uvrrla66 6o qs.eo uas 45.85 usidnltlSranur.i
nvrvr'ly 1,360 sio 700 :ouriourfi finruun n rirlrYuvrrla fi fr Inufio"fl:rnr:dr{1uaoa{ 6o

43.4s fiIanil siodrlilriirudsr:rnr:ny rr rcfinrtr uo n0i1.i ri'u 1{a6fiIn ufi o-sr:rao a r 6o

87.62 ,85.05 uav 81.77 nJoirfiud n1r.r6i16'! liurrudu{mdldir finlilrflnrirrfi'wlafifi
rurifirlirrrurfiudu 6o 87.84, 88.43 uay 89.2q r!ofr6u0{ orrLrird'u r,rurd,Jiurruunaldkifi
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nl'rr.rLrnnei'r{riuvrrrafrfrlnurr.JirLrruaoar fio 12.16, 11.57 uav 10.76 uJoirfius{ fl,rr]ah6'u
-4. e- 1. I que
urn0uJ0afln?'tl.t[:?,U0.:Anu1.!nsrylv Lru0uainyfi.]lrid'o:rnr:rir.:ru d'n:rnr:nvryrv uac
^r:-.-- - 4y I .n*,- - : !ulu'l0lunau [oaqa{ lrgt0yli1trlo5urjs:Jlfudu?]1?rfr!{u

oiru duloa.t (2553) Ia:lnr:in-urdolairluavvlnrutnCo.lf;trrnd'o.l!r.r1orfin rtu#{
.-d_{. |.d .e o 

"-_-!.- 1\y- 4e ) ayr 0flnultl.J0:rrun!1?n uav,t .r?rnfr Lo01nn.na6?urn5oid?il?naio.rtulq rdn Ioul{ o['lai
d'urirf,.: 0.s u:lfr l{n:vualylrh 220 hao{ ldqnur.rlunr:nvlyrv{rrr!6on uavrirnr:
ilnaotlnlred1?ri?u il'ruru 2 alufiuii 6or{uiiraouvi t0s uavr{uri nt o rdodnurnJoirdu
tt6uavritri'ndtdornnr:f,d'rurniorf,drrturorHn druyrrfluuurvrr.:1unr:finrurrniarf,

dJrlrrn6orturnGnfrrurLrvriruiun:orni'l ornnr:vqaornr:dttvrl.jr {rrriuriraarlv6 tos
rirnr:uoaornr:ddtdrutr o.s fiIanil lou nr:sY.::vuyvirr:yu.irlanur.r 1.s iafr nrn: ldX -. , )
drrafnrh'rnd'o.uoder rvirrYr 0.388 fiIanil ld'ujoirduaitmiiouay 70 uavuJoiriusidrrfin
o.o uJoir6ugildrrarlunr:f,laatu 8.2s urfi riru{rrniurj nr 6 ri1n.r:floaolnr:dtrrri.rutu

v
0.5 ilani! loernr:et".::vuvlir.l:vu.ir,:anurl t.5 iaBr:rn: ldrihrarindrrn6'0,:rodu ryirn-l
0.3qq fiIanil ld'ujoirdudm6io uar 67.g uavuloSrduritirrrdn z.s rilairdug{ l{r:arlunr:
dA
aloau 6.55 u'ryl

rJ:viuvri yvuvfru (2552) ldfinurio'ua51rrnio.:ql'rdr.rdorlfi0 ffldufir)rgrartoln(l
J.

uririrufrardn rira{olfioaoniiryilrurfluiud'r orop rro{o-{rriou:16rra diolliuuild
u:lrrunutunr:arisrrire dolfiovir'l#rfion.lrlrfioud'rlun.r:sirdrr.tolio dllnuri'rhl
n:vu'lunr:ai6ndmdorio torn{luririrulnn6glnnlu sl'ruauiou eirmonrnlrl o'.rr,rio

u:'r0?14 yr amtilntyo.i.il00ni,lyutel rltustou nt: Anyrtilnnarldrdr do nr:ririr.:ar:fr
A qev &.lnnlnn'Eao?un:n [!t']6u!'luunr!a=onoonU,l']rethdrun:n rfroliatraar:fr1dornn.r:sirdr1il

r.a.rudrfinrur.iruaraur:niu!:vy,uldrrndu droio{{u:rrruo! 3-5 nulunlieir 1 nilld'
lirL,ru 5 6n: Iou1{:vuvrrarlunr:sird:vlrru 15 urfi rnia{sirtr.t{oliadair.riulr
arnr:nrirrru16"[ouldrormoihirlt z2oltad rulo va Lr:{f'] lthTrrfiuivrn:orn*.rriourfi
aur:nsl'r{rrlri z.: 6n:10ul{:vuvrrarlunr:sl'r 5 urfi Hnlrfrndtdornnr:sird'rurndoiet'r
-z a q e1 q v1
tJ'r?!n?1! tnatnui LnaLnu{n!na!uullu

.-i.-.^. -.y--r-.,)--^, - a c e e,e) cra.:u na1uifil (2550) fl ru u1la5 0 {dtr?ru.to rd n uuu rna-oufrki frlr unr:
t .ne .Jd ! ., , A.s jt.ot) ,!:vern0rLtuluuuo unl:!:yn0!tJun.tuluUiv[y]fifr'L{{tuou1{rtyriuaru$'.tltllii'tadr

) ' - 1' tv - i:oa1tta0rnio.i (:nEnEn) uay[n:0{dtt?tu10rdnrt..]r{?un-u nr:rirriulrurilornnr:
A <u a - J I - a aa0nu!urn:0.rat1?tiu1o[a n uaveloet.lrylr.]rd!oUn:n:tniilrd u.:?irrtUdon{lriunr:rlourir:

t4 .t wv ) det!d0nh4n1[n5o{dr{m:uo-.llooiouun{mar:urFnrfiloonorndmar::rrL udtdur :vnou
e 4 d ..e d e 4 av9rn0r.:i.Ju:na'rila0rni0.i r ayl't [1iaM5ntnA0uu1uLnSo.id.,i't?rulotdnlUlriu5nr:urirnun:n:

1tn1 q!rum1'1 dl ryl0r?uao!ruyln1:r1r8'ru.rr1?r!a-on uacnr:1du:l.lrltolairJflridlrulunr:
a!--..14 i A -. I i A\vp6tJ1?tua0n u0n01nurni0{at1?tu'tnrai nrltttl lnaoufr lri duuutltilaur:n fitrdanlri?tirr

,i !.c, J.
l!a0n00n1l1 Lo[uuyl.:,t't?1t'11 uauli12naoi

สถ
าบ

นัวิ
จยั

แล
ะพ

ฒั
นา

 ม
หา

วิท
ยา

ลยั
รา

ชภ
ฏัน

คร
รา

ชสี
มา



30

ya"rornkirirnr:oon!LU1l ua vnTnrur raiorf,{rrrurn rF n uuu rn a'o u fikisi! uLi!fi
udrkirirnr:yoaou uav!:yrfi uzuanr:rundorf, dr.:,uurnrSnururndoudkiriuuuufi
nrrraur:n1unr:dtr':ldlouradu r49.70 filanilsiodrll.: lifr'udrelrruradu or.:096 Iould
u:rmurJ:ynoulunr:rJ6rjfi .:rurfi uInurdu.l

oiriur{ ln{rl alr;:ni ar:ivriS uacourn:ni rfiolrllnru (2553) nr:io-u rfiooanrlu
.e 4 , J .r.a Juava:r{rni0.iar1? na0{q t!tljoanut{n Lyrolt Lunr:dtlrr ndol Lutttu uay!:cnr:fraol

tyr0yoa0ua!::0uv,t 0.i[n5a,:atr?na0{turuttoanurlri {.:rijurn5o.:Iolunr:urj::rJiIfi!
:10'16)n nl u! ?unr:H6 nlri{'ldouurnfn ua v nr:tior]drqrinuriru Ioufinr:rJ:cune{'[{
tunfinnr:oon uuu nr:yoaorrdofrornr:!iutJ:ral::nuvtunr:rirrruiriddqo zuanr:io'u

, e 1enuir rn5ardrjtlndo.:$Ltutfioanurlriocfio'm:rn1:rir rutjirrruqjmndor uavdrrrdlurSo
Urunarr uayirJSr.* onou r'a rua nr:y oaou!:sBmBn rr nr:nv ryrrcrol raio.if,{t ndor

. ,JtrJturro a n u1,trifrn': rl r5rtala n uriri.lsioa n url{r t,eqO rio 950, 1,6g0 rio 860 uav
1,360 rio 7OO:ouriourfi yru'irrfioao nrru rirro{a n u r.i nyryrr voylirlio'sr:r nr:rir lrud
nrtrrir 1,840 rio 950, 1,680 eio 860 ro!riourfi hiunnrir{fYuvrr.la6fi 6a 45.80 uav
45.8s usidarulS':anurrnvrrrv 1,360 eio 700 :ouoiourfi n'nrrlunnrir.:rYuyr.rafifi Ioofi
a'n:rnr:rirtruanal 6o 43.85 fiIanilrio{rll.: d.:uo-n:rnr: nv rytrviarrrt ustnrir.i,iurr.t
afifi1oufio'n:raoa{ 60 87.62 , 85.05 uac Bt.zz ujoirdug{ mrrrird'l rJ3rLrruoiu{rrdkiitfi
nruunnrir.rniuvrr.rafifiusifilirJrrurfiriiu 6a 87.84, 88.43 uav 89.24 uJoirfiuri nudrd'!

j ,- )ta ed
'uruvrr.JS:r16u unaufrloilnrru un nsirlrYuy rlafifiIn uirjilr ruaoar 6a 12.16,11.57 rac
10.76 uJoir6us{ srrrlaireYu riu6arfioaonrrur5rtoranurrnvryrrvl#rioaarovrirl#o'n:rnr:
rirlru o'n:rnr:nvryrv uavlsrlrruunoudlriaroo usirvlirlfitdiuililrru6'udrrrfrldu

u -^^\! lri w u 4 av o* .r ja
1l:vt1u0 6ifl au a1 (2530) Lo-duoon[tu! uaca5r.irn5old{rr ululi-lv{fl rfr itlro

4 - - i -, e 4 \e, Jarann:v o:o nuytunl:Haqo1 rJlJ:uayl0rlna{ Lol,1.:alsrIRrun.lnsr=[n616er.lra5orfrulryirriu

lniorddmcrurolr.rr! lourj.:l.flr.J:vlutrilunirriounr:Lrutu!n6ufr.::ytunr:nyruryr!6on
* !t.o q" - j c ) a. J,1r''t?r.ro?unu atu?0un lni.:n1tu L0 rii0n Lr w!fruanndlutulu!aonryd n6lrilu:c!ufriru

''h,jbi{t{ou yrnusi'j1ldrfrln:curunr:r-nrrrrdrhJrYu:vllnvryrvnl6ontr.:niol l rYu 6o
!--e e \ ,e v " u ) ! - be ,.!r? nutyrlc L!aontta']nvnn{ot't? tUo? u sti.Jrild{rUurdtfru6nndluavnhalyr*[dttlrrrnau

oon ffid'okir6onld'uu,rJflr{r1.,rr.,, , ,,rr,:. frou';JL1un.rrrru.r1,t't,r#,:r,rlrr a riud
rtJuniuri{rri'rr a fi'u{ 6o r[u{rv6ollr,rr! t+8 riuri nu.z riuri nt.rs fiu{ tr:oonlvd105

! !oLtav u0t1?[r4uut0n 4 auo no u0n1 'lu 15 iluot1i ri4uu?du!1no.i tru6 nt.g iiuii n!.
l0louunaor d:olfiunvryrv 510 :orleiou.tfi, 596 :ousiourfi rau 715 toleioLlrfi rniol
ae 4 r ! !-l -drirrfrafrrf,uuri firiryrin!:vurru ro fiIan:h mnnllyto6olr uavrj:v6una 6rldurinr:ur

| .1 .e
rtjoi riu si.[rrfin n']:uln?1!ti?llolirl nr:raro"o:r n r:f,drr lracnrt!icliu ar,tn
tn:uonrafli alJki'jruniorf,{rrdair.rdudlylrvaldoyf,drruJ6ondfiorrrLdurioo 1 d:or
fiunvrvrrv 715 :ouriourfi ur:rvlvldm:rnr:f,tmki4l6r qa.orfilanileiod'.lLs loud.f,rrdf,
\ed ,.1 .e - J ,jc!ornJ0i[{uoi.[1?yntnda 22.72% uavrdurirn:vualyh{rrfru.ii,'r]rllau 1.50 1J1yt[yi1fu
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3. I ilnurt&unaunr:edn{r1 rdr

otn n r:6nur n:vr':unr:28o drr rrir,u oroq riuuinr:virdrrtil r druluuri! sir!a
a e-- \ed e )n.:turu altnay{u'ru n{u?ountt'rtau''l {{ ?nu[oflnu1t0!a01nafl1uyt0:.: yr!?'tLu

) a X^ntcu?unr: asrtr':tu't u.:n.:[tLLtn':runuLunrrt.laoLravtni0{rau!!9i,i[0u d,:n!!nr:
' ss r J - J

nluvl00Lvn Lu laut0{ta:o.inntuuu L14u[a?no1u uuy]''t{fla!ut{ao to L 1la!aflu adu11Ln5a.r
.? ,4.- sd"--- Jle" ,-,""-""r -01'u1?tlJ'rvr[o5Lluauu1uu ! n 1a.ir.] anuou n'l1n 1: r.r a n u.r tr to.:[o!yrylt0u0{ L! [o Lt!nlonfl{na1?
-J r--d4e4 J - Y- " ! .- )-
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tltu.! 0nun11lj9ro{n1: yt1 Lua tau t0n1a Lun't:n1uu1udun''l

3.1. 1 finulu"uoraunl:nclyriyt 6ont']?ui''l

nr:rJendl?ui, !fll-tnr:u :: :J1nln, l?:yuvdi raiodr:duriudrritniludrsl"r
J ti v a a. e id

Lou Lt?orofluva'tu'llov'r[on']nn'tu tuyto{0uL1lu11?tn1 a!!va 105 {$loun:fu 'tonFlu tlay
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t. rirtrrlu:cuvuirraiodrrdudlr6'r
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3.2 riu:au:trrialauavFlnurnr:ru6ndrrrrir
4 ' -!n'ti[R1J:?ui? {o!a!tlnI[io.:duolnnr:ao!o-ul o1nrl?riiulu!rjl tirmofilra

:-^-^u-.- -..-. -. -. 4 t r" 
t, 

o -.n.:uanunlrrra- 'r v{ua1{i?r 1lflufrdosnr:,uolr{o.roa1orL']n n'{ tz d'uriofl urivrxna'lhi
us

a']l]1:0r.r6ierLo14u11!n?1rJ6o{ntl Louurliulnt,.r1Ld'olnr:ir.:uiurnn'.:200_300 fiIaniilsio
-t , -?u{{!nerrlrflueldorrirr rritln 1ir iuavr.J:vrrru 60 fiIaniurioiu irrirlyflriaur:nzu6sr
1!-!. cr, d a 1, I tvtnyruslr!ntt!st0{n1t uayt.l?!.tudIn:nrrrlrJrfrulyro o-lrthnr:rdulonralfrili1utri

3.2. 1 o'uurar'lun:vurunr:H6fi tt dr
-s"[n!t0 a! lr.].r6un1tr.tan fl1{nrucrll {uo,:lorirnr:dnur uasou raartfiorirnr:

fi'n]lvavr6nl lJornr:2fin loonr:r6rdoxa#.:vlo 20 nrs.r 6.rn{:rtmriruluuriuaur:osir
drr rrirki o.q fiIaeionir ua-rornsr'rdrro!rfiu'ir uJ6onrirrnts lyr.ruoon 6qir{rr uirdulrilo
.-J- . - 'o , Jqu i - & a - J
1110 uunrlJao n00 nQln?tl?r 1 Lut[9l avni{t r?a.][adu 15 urfrnonil :ruac rdaoo"lor:r.,fi
3. r

n1:1.!d 3.1 uao.:r?a{unr:oir uacr?arnr:iaudlrrrir Inu'lfiE16tr (+oo nilrion{l)

n:{Yt
[']61 tUn',t:n1

(u'rYr)

rrarlunr:sir
(u'tvt)

rrarlunr:dou

0drnto.riou : iurfi)
1 2.03 1.. 10 10.94

2 2.15 1.43 70.94

3 2.23 7.28 10.94

4 2.54 1 4 1 10.94

5 2.46 1.J)

6 2.70 1.38 10.94

7 2.51 1.43 10.94

8 1..56 t.43 10.94

9 2.25 7.43 10.94

10 2.22 1.36 10.94

11 2.74 10.94

1.46 10.94

13 2.52 1.28 t0.94
14 2.45 t.37 10.94

15 2.76 7.56 10.94

1.6 2.79 1.46 10.94

17 2.1.9 1.23 10.94

18 2.19 L16 10.94

19 2.20 1.28

20 2.78 1.24 70.94

10.94

1.24

12

70.94

สถ
าบ

นัวิ
จยั

แล
ะพ

ฒั
นา

 ม
หา

วิท
ยา

ลยั
รา

ชภ
ฏัน

คร
รา

ชสี
มา



35

n:fiFlnurn'lrurdorTutor.irurunirnr:r'lrearo,hdr:uir Ioud'alnr:n,lrfiofito.r
{oxa 95 ul of rdus{ ua v'tiorafi rirnrtLaaro rndou t 5 rrjoirdusi' rio'r rfi ula:r nr:6rr6r
{ora rta rnr:rirrruiiru:u 20 nir nr:ir6n rravuhto4aor n n..,:rrd 3.1 ronrvrrarnr:oh
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T

I 40* n
Ilf*
14'

N= I*i-t(I*,)'t")
n-l

)

ff_ 40x20 ,, 36.7 s - ((27.04)2 / 20)
20-7227.04

5.79 = O n{.r

s'x Y -d'lriu ornnr:rirutrui.tu?!nl.iro{nr:durrarnr:n"r{rruiruuur6rL ru = o ui.r
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o-)nliqlluav o dra{ara n:cvurio n:vrrunr:26m rfinnr::ono utorrrudrl#rfioflrgvrnotror
rirl#rdolo nrovrlnrrnarovr.r ndl{iiu6.rli'rjrfl rguur ufftdlnu nr:oo nuluairr r,ndord
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ltlJo ann
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n1:aan
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o1 nue.runfi rir.irJarrjrrLri rn:rvrit rgr.rrri.:d

3.3.1 rJ:valnr:ni
lunr:irafl rfi o!yrn 1 dunourirrfl roiorldl-nuv *ay!:yaunr:nfl,rnr:rir

' a, e t A o d , )L ,.ttiu nr:niairr r:"ird'or'ldri:vaunr:rurfroei'rrnndrorimfin"r'ir'Ldtri'udrraiou"r nr:sl'rd6'ofld
v ) o --

t4 nuvnr:ndnrhtrfr o1fi rhruuuarirrauovt"lfi 'nntn

3.a.2 imq6u
J

rfr olor nrr.lnq'ttdtrr ul6on rfl linqdr.rrirl#nr:ol'r6.: piolsrhtruvyr'{rr
.J ".5ou l ogrfroaonr:ufln#nro{drrrrir rsi rntrriourfiuh.Jfiovrir'l#rirrfioryurfluriou

1.y--., , J r1 wv - J ar.m1?ttl1na 0u Lt1aoou0.tnt1?r14UU2rOUIU:cUvU.lrtirlf irurionr:sl'r
3.3.3 rnialo'n:

-J v dt t4 .1 ! orn:o{0n:r tt t i.tlJ01Iu[!uuu!n:nn:yrdol nrurirlri'60fl{d'udra1.:afl u
n15unaln o1n nr5rfr!doranuirvrr.rn{rt{ro rfl oflvhhruro 3 u:l 6.rornnr:n"1u?ruril
1y,lflt6ouav 1,500 - 2,000 ulyt

ornrio{afio-ukirirnr:irn:rvriiryur rw.irhrYunounr:cr6n{r.ruirn'duflouiri{u1n
aa!rus0u Lou[5uo1]01nn1:siruiirurl!ilo rornrnoon ild'o.tyirrirnaiul!naiulrrilurirril
duoououn'irril6on{1?nyu!o d'0.:'[{:vuslraruru uarn:nn:rro'ofluq,tuluf,o1l-rfiioq]

,4-u0u 14:0lJ''l{urruoro hirrau nr:ririrru.jrrfioiurJ:cvrul,uni:riou uioluqrtui.:uiluhrd'
a',n r-orY, {ir-urir6.rd'ornr:oonttuuLravail.irnio{ncrvrvu!6onrimrrir.uurn16niarlr:n
l{luriruriou qrtu raioar6nrfioo'T rarjrurfluqnarran::rtunir6ou rdoairr:rulduriqrtu
Jd
irln:vurunr:'tunr:r,r6srhidrurn tdnrr,:rori.:'hnr:ncr rc uJ6ondr.:uirdrulrval

3.4 nlraonuuutadol6d'rruir

oonurrrnio.lf,drruir ovrirnr:oonurrtirfirYrrurnr:rir*uGuduorn rYunoud t
,a i -nr:ilrnrar!a-onfrnjrudarvar uopper udrrtJotiordrua'ruro.: Hopper rfiolritr:rlouuir{

4 <y I ;
rnSo{a'[1? tr-uoaufr 2 nr:nv rvrvr!6ondrr rr.J6onlouldanul{nulvr.]yao,:an]rxdun?1!ri?
:ouoi'xfi'urarlurt, lfirilrfio16ouhiurSodrruqnoonorn,i6rnud, unouryr ur6orjrrovlvraa.r
u r lri o r :'u,Yu r o r fi 3 n r : n'q uu n dr : a r : u a-r n r n rr 6 o tralu a a r u r qi o r :.u ud'r o v n n a.: ir,

uaiu:o.r16ur q5 orarrarirdolar arovr!rror unauvr'firitarinrrroon eirum6otrrda'irrarin
lrnovlvaalvrlrjordra6 osnvrvrc r!a'onoonkiilrnriouduog'nh.lnr:rJ:-uorsrqnnv rvrrv'[#go
raiovirr rYuooud + nr:iq{rediirunr:nvuvr;r!6onoon Inuldqninlunr:fiuur6n{rr'[ri
u!usrrrldd'o.inr:loatmfrorrirnrfinrtrfouog' orn,funouo-lna'r:rjrrv.r a nsuflouur:rr.luiir
d'rurYu aur:nuaot;rJuruuaio.lf,{trrjr n-ruaod,unrnd 3.2

3.q. 1 In:lair.lua-nriol rnColf, tm rrir
In:lairlradn,o*n5o.rf, d, uir (v r u ral o) deufi rijuln:rair.:1d1dru6 n n eio,:

uacrfiSnorn rirrflrln:.rairrdulrloufiuuroln:rairr,uuro 720 x 50x 50 rru6uJo, rlay
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druuaiudoranur.:nvrurvr 6on{r:rfu1{uduuaSn uu.l 1.2 iaeNn: riJuuaiudndrudrn:ou
druuonl{uilurra6n 1.2 fia6urn: rijudrurj:snari:rJirrd'rnryrfi 3.2

nt'rd e.z uaoldudruua-nrorrniorf, {rr$ir

nr:r{d a.z uan{n'r1!a-rfiud:yy.irrruro unynlulSr:ortor nell{
rduairurutinar.:to.:anur.r

nrryrsnJ6on
a'ltun{tr,troranar.:

ncrvrcrU6on

d 

-

fr?1u t:?ta!10{ afln a{ u't.r

(:auciaurfi)
!aaL!0, lJ'l :.raa llJn: u? aflu!lJL:? anr!x?J''1

101

150

220

254

4

6

8.5

10

44

64

76

254

1.7 5

2.5

10

1,450

1,320

1,200

1,000

1,000

900

900

740

u,r : Esmay et aL.,(1979)

3.4.2 n1ty1!u.totrolrira'{,lnr:nytrryr!6on

or nnr:fl nurdorao'rdldnrirurudrrlu rn'or rTr nr:nv rurvdrr utj6onl,uurl
., d c qet i .-oir.:1o".:uaorlusrr:rrfi 2.1 ov uiuld'jr rnSornc rvlrv r f,on[L!u6nurrrflurnioinuryilv

..,e.4" . -g- ^ J .-ruJ6onfil#uJoSr6uddmoiu4rqo o".:riuo-rrFonrnio,:nvrmrsr!6onl{iuu,rrrunna*1u.,.,

ornnr:fi nurnrua'rLriu6:su.ir.rturn uavnmrLu6r:o!ro{a nut{ uavnrurir
:orJrio.!enu1n sYruaoflunr:rrfi 3.2 ovrliuldirrnio.:nvrmrvu.lSonuwqnn6rur.:fifituro
rduairuqutinarrvr'r5ndqofiturorvird'u tot fi afi uo: (q d.t)
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-l- - J
oo'iuirrdonrn5ornv rvrvr!5an rijuuruqnn6".:urrfi fi turordue.irururinargyirrir.r

1ot ia6un: (q di) inr,,,r.,nir.:toranntar.:rvir',i! q+ fiaarilfl: uavrvldn,,rir:outo.r
qnndrurrqndr,rrlurirrvirrYr 1,450 rouqiouifi uavn:uri'::ol,uorqnna-rar.:andrarludr
rvirnTu t,ooo:ouriourfi ornqr:rru]iul rfiaunruaur:n1unr:rirruo-ruaor'[unr:rrd

ornorr:rld a.a oyrriulpi.ilndolnsryrsr"tla'unr,r.,uunn5.:u.rdfirurarrduairu

flutinarlrvirrir 101 iafirrLm: (q dr) o;0io{drira-rrvirryu 2.s u:rrir uasocfi!:vfirBnrulu
nr:vr'rrrurvirrYu o.s d'u0io?ir1l{ n-.rriunr:urturntolnhdrlurYunouriornr:nvrurvrl6on
dr16onrniolnvrvrrvnl6onrf,uuuuqnnarorlfifiuurnr#ur.iru4utinarrrvirriu tot fiaawfl:
(q i:) iorrunirrtor6nn6rurrrvirn-! 44 !adNfi: louovldnrrul5.r:or.,tolanne"luroanr'
vrurirryirriu t,qso :ouriourfi uavnruril:ortuoqnnd'ou.,oq#:r;;;;r;" ;,;;;;;;
oiourfi naooouov'ldturorolrirdflun.,:rir.,dou:rrruirirfi u 2.s u:rrir

3.4.3 n1:oon!ru!:vwnvryrvr a'onrordr:r!6onuuranna"rt,ro

:vrlnv rurvuJ6ontortrr ulf; onuruanntur,:fitdrirnr:oonuruovi: urr
'uornr:rirlrulour.l:vnouhjriro anndou.,, z an #ra4u1ufinr.,orro,f.,r;rurl;;;;
rujoirdus{ d'ruaol'lunrnd 3.8

nrrr.r d 3.3 ua o.r na u a'r:yIuii: vu.ir lu u r o rdu r.ir u ! u nal{t 0.1

j . -J.
n na.i u1.: ua snla{yfl 0.!fl '15

vrdlr : wimberly., (1983)

anna{u'r{anyt
06

1,450 5ouri 0Li1yt

1

J

0

anntur'rqnfi z

1,000 :o!siotrfi

lt 0

fl
0

0

turntarnnni.rarr
(fiairun:)

tult:!\
(ir)

n?1!tl1? taIill1]firunal.t uJafltl?u't')
c.Tua0tllau

n'la{!1'ln0{n1l
(u:rrir)

4

6

10

0.9

1a
7.25

1.9

3.8

2.5

4

6

nrild :.4 ttan{:c1.]!nyryl.ryrrJ6ondmuldonuuuanndrulor*ldoonrluu

0

aruarrr:nlunr:rirmu
,- .:,c(nult? lrJ r)

100

150

254

100

150

254
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3.4.4 n1:u,1fl u1o lytatto.ia nnajlu-ti

ai n nlloo n uu! [ndo.:f,rjmrrir dldoon uu ri]unr:ny rury rr.J6o n rr,uron ndo
ur.rfiirduairuqutinarlryirrYl 101 iairtlsr: (q dr) inarun{.,ot,ooanndoo.,o,ri..r;u qq

iaiuro: ua voct{nr ru rir:out,o ra nnd.lur rq ndurlu ri: uvilriu 1,45o:orriaurfi uav
naurir:outo.ranna"ot roqndrrrlud'rrvirrir t,oob :ouoiourfi

:cLiunr:riru oonha'r,uo,::vlunvryrcril6ondrrr!6onuuuanndrarrfildlir
nr:oonuuuovl{':cuuld uavauflai 616rrlr:nttaqr:roav16uoto.r:vrr.rnr:iruyoorirdrt,or
:vuunsrfl rcrU6onrirrrl6onuuannalur.:1d6'rnrud l.s

3.4.4. 1 n,ti14.1ilu.tntoltnat.trolann6.lutI

rirraun'[#qnnd.rurr 1 iunr:vnr:riruyroarrfi urir#rornrniold,urira-.1
rvirrYu t u:rrir rn'oyrturq nrarfi iun1tv6{ao

-!o'.lriulornoiuuro I u:.:rir irira"l p = 746 x 7 -_ 746 w
Ioerl#nrurir:ounarrooann#ourl 1, n1 = 1,450 rpm
- J , - _J- J J- ! e
ovuunlu:.iln T fr rnoiufr Ltralrolann6.lurl I atn:or,rr16dlfi

anna.:81.!anyl 1

1,450:ausiourfr

gnndrarsqni z

1,000:oudourfi

1s

LJ0tna: LYilt'l 1 U:.itJ1

1,450:ousioulfr

nrnd a.g uaoi:cuunr:riruroorira'ruor:ylunr:nv uurvr!6ondtnl6on

2 nnT
P

9l{1.JU T1

60

P x60

2n\
746 x6O

2 x lt x1.450

4,9L2 (N/mmz)

rirvuolvluratiurvrarua6nndr St37 o.lnrri:.liaEuawTtolrusn uay

trilud1 T1

lvannal0v Lo't1

ov = 340 MPa lLay ou = 470 Mpa
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r[6yri']n'r:aanu!!ia.ra:lrdorJ:vnourYlLlti uavarsroi eYrd
I ovn?1r.J!6uLdouoon lru! ril ryrarfria.:dlhiaorirnrru rdurEau'[ilrulqu't{rfiu.!

75%

16 = 0.3(0.75) oy

= 0.3(0.7sX340)

= 76.5 N/mm2

u6o rd = 0.18(0.75) o,

= 0.18(0.7sXa70)

= 63.45 N/mm2
-c- -drriu6q6onrirriou t6 = 63.45 117r.2

riruuonr:'H.:ruurinn-.rriurirsr'?U:vno!n?1ud,t (or:rld t.z)
Ct=3

fl1:14',11'U,lo?0,!rlra.tlo.lanfla".!u1.i 1 a1,].1:0fi1!?fuldorna!nr:d 2.1

rdoritruolfi c- firittuquri Ioun.rna!n1:d2.1 arur:oriuuhiogllfluo.ralnr:lraritd'-ro.tu
16CtT1

uyludl d3

IItd

rox: x1+.etz x ro31

r x63.45

d3

-! : v
d.rgu Lfla1.uo{ann6{u't{ 1Li,ayannA{ul{ 3d = 10.57: 12.00 mm

3.4.4.2 nt: 11,!.tn,tio!tratto{anna.iu.ti 2

nhr,ruolfiqnni.:ur.r z iunr:vnr:riluroa!6rrri,rd{ornrndorfiurirdr
p d Jvlyl1n! 1 u:{}.t't!1101,t']lJu'totlralri!n1:va.iao

-! 
'--r'-i

o=lrlurarnoi,uuro t u:lriririra"l p = 746x7=746w
loo'tri'n'lrlrir:or !y{a.r!o{anr'rd{u1n 2, n2 = 1,000 rpm

!, --., _!9 g d j - "_-!avuunlus{uo T yllnnruytr all0{anna{u.t{ 2 a1!1:nu1160=.:i

P
2nnT

60

P x60n'rrju T2

llyunl 12

21II]

746 \.60
2 x ,r x1.00

7 ,123 (N/mm2)

ru,rSnndroskidr

rit,ruo}iryraltiurilalruSnn6'1 St37 o.lna.mlnnrualt6ro.llvrdn uac
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ov = 340 MPa L[6Y o, = 470 Mpa

.':,uauliinr:oanr[!liolfirirfi arj:vnol6'uld uavaunoi ri'1fi
- 1t 1.tyn?1u tnu[a0u0 0n t[!!o.t [11a11]50{d1l hra nn,.]n?1 Uiu tioul{.lru10 u'l{rfiul

7 50k

vto

t6 = 0.3(0.75) oy

= 0.3(0.75x340)

= 76.5 N/mm2

rd = 0.18(0.75) o,

= 0.18(0.7sx470)

= 63.45 N/mm2
-t- 1
d'.rtiuiqa-onniriou t6 = 63.45 117..2

ritaunnr:lduurarind'lrYuriroYrrJ:ynoun.rl dr (mr:rrd r.z)
L1 =3

n15U11JU,]filJO{LylAllO{Onn6{U,t{ 2 61rj150fi.]u?6uldornalnr:fi 2. 1

rdoriryuohi c. finir uflu4uti Iruo.,nurn..,rd r. t arr,r:o ui erutfioglugrJuora,nr:lrarjld
fi.1u

d3
16CtT1

[[vruFi'] d3

rrd

16x3 x(7.123 x 103)

n x63.45

yJ : :n{uu [1tai$o{anna{u.t{ l Rayannanul{ 3d = ll.97 = 12.00mm.

3.4.5 nlioon uu!6ud ruursauriunr:1{.lrutor nrarro{a n naj.iu..l.i

3.4.5.1 n.tioonu!!Autontfl altonanna{tetrl t
16onFldrirorniaq SaSc ruavl.firirnrrrlrlaooryoryirniu 3 ornnr:r.l

q ruailuTr o { ry6 n ua v uaH n n dr o vki.j r

oy

.t
n'1l.J1]0Y LO o.d

oy

N

750 MPa

750

250 N/mm2

0.6o.6

0.6(37s)

150 N/mm2

ttas 'f6
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e.tnollrnnlniturnd.u.q ryla ri{uro r#ue.iruqutin a rl 12 mm. d.l
r6onlddrLdrvatulfiurir s45c turndudrarird'sr (b x h) rvirryr s x s mm. fior:rulir6lir
u:rrdau ovld'

2T.27:':-lttoL=-bld brd

2(4,9r2)

I

(s)(1s0x12)

1.092 mm.

fior:rurdrf,lilu:.:o'o ovldornalnr:d 2.5

4T
v:a I

4T
oc

hld hocd

4(4,9L2)

(s)(2s0)(12)

1.31 mm
3,..J. o o- a d, a )o.luuo{ta0nn.t1!u1?1'0{lirnn1a21riu1?fru.1?frao6o 1.31 = 30 mm.

3.5 u#nnr:oonuuu raia{in{1,lBi1
uannr:rirl.uuorrnio.riottrrir 6onr:ldqnSoruSnaora nlunr:io ur6odrrddru

n1:erilrd? urieTrnlfinruiouoqjrdohi'*rdn,fir:uiruuu uaykinr,,ur,dd'olnr:
^-.s a eJ.5.1 [n:nA:1{ Antaitn:o{!nt,]1ut,t

In:.:airlya'n,orrniorun{reuir airudrfl uln:raf^ ld'ldruSnneio*ruro t x
t dr vrhrtuln:.:airrdulrlooituroln:.:airrturrrn?rrra.: 40 rsu6un: nirrum 40 x 50
ttufiun: uavairun:roliirirrr?ul{uaiuua6nq!fiul 1.2 iaauir: rtuuaiudqdrualrn:ourf,u
d'lutJ:vnor-r

nt^rd a.to uaosdueiruydnto.run6oriodr.:rrir

t
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tnt

3.5.2 qoCnio

nr:ar6sr{u.iruddra'ry,uo*nior:'nt,uirinr:oonuuui'uei.lufil{drr.riuairr
-t0.lo{u

:.s.z.t tdu.r6nndrnrilouqtt.t St 37 a'nuruvrfluua6nndolturo 1 x 1 dt
rCoriur rdouJ:vnou riurfl uIn:r rnio,:

3.5.2.2 unuCnio l{unuu.rdnquditurordue.,iruqutina.lw!1o 7 rru6un:
u12 15 rtufirrJn:

3.5.2.3 1{ru6narnrulo 3 x a dl oYorirrflula:lna'0.:unuqnin Inuiturn 2l
x 23 rrJgt:

r.s.z.al{ivdnuilurul4u1 1.2 iad$rn: n"arrfl un:,:ut.i{muavahn:orrnCol
Ioun:rufirurn 15 x 20 rrufirrro: 6n 7 rtu6uq:

3.s.2.s 1drfl o.rqniorfl urfl ortu rColfi6ninu4urtrrarriuudrrfi ou:1fi u
Iarolfio.rtlrir uavoruiturrrfirurordudrurutinar.r 7 ttufi wn:

3.s.2.6 t{rfl o{d{u6ntoiuurorduairuqutinarr 20 rsufi un: rdayrnrira-,:rTu

tuo.rrornai uavtriqninra4udra': Irrunhilunrflo{iuornrornaiiturqrfiudrufiudnarr 5
^ taItugll gr: g{tann1't

3.5.3 nr:n'rurrurarqrrlarnoi

n'rur zur,r r rira"lto,:u o rn oi rai a r f, drr uir
01na!o{1.J

2nTN

60
s r- J-.J= UJtllU9lu0yltnntU = T1+ Tz

= 4,972 + 7,723

= 12,035 N/mz

= n?lrJrii:outo.rlororoidl{frurnio.:dtrruir

= 1,450:ouriourfi
-!

LLfiUFrl LUA nl:o,tu

2xnx12.035x1,450

u.l

P

T0

N

P
60

1,827 indt

rula'uuyil,luornioflfir{]uu:lfr louy' t u:lrir rvirriu 740 r-nri rfl:rvovltsuov

1,427

746

2.44 u:lrir

ldrira-.uornoi
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e a Ae , - - Z - -LUo.:nrnn?l [5?:auyolo.inl5n:{Lyllnu 80 iauflou'ty o{LJu0.tt.ln1:yto:o!Lu

{rarlirl#aur:naonr:vlyaoto.:llarmafldoiriufio-uil15anl{rornoi uulo 2 u:.:f.r

3.6 rir rfi unr:airl rnio.: drirr uir
e a de , -. - ! - , x..J

olLUUnl:At1{!n:0{afl 1'ttltl a10u1tu9touo.ina[Uu
J J -- J

3.6.1 r{o:JU:sn0! [ntiair.rrn5o.:dr1? Lri'] d.inl fr 3.11

(n) (t)

EJ
n'ry{yr 3.11(n) LLao{ Ln:{451,:tn5o.: (r) LLao{L o.rtu1ooi.t{ .l

3.6.2 rirnr:il:vno! Lfla1 Llavrou uad],{rnarturo 4 x l.T5 it iiruru 3 ri'u 6nnsl

n"ulouviuudraruu6rarid!arurnar Touiruroro.:rfl o.:turodrr 1 o-rd

3.6.1 rfla1fl-oa! 1{rdlo.rldru.o z fir
3.6.2 Lfl a1anB1.lnvrvrrvrirldrfr o.:&iuro z dr
3.6.3 r alanulinvryrrvorruldrto{dturo c fi"r

3.6.4 r o'i lttu1o 2 U? Ltiilir:udodldulorooi
rfiororn nr:nv ryrrc r 6ondrlr ora n nrrr'',rvtoau.,o novurLulunrrurir:orfi

a. - i<
fl1'rnu n1t!ugto.iuty{0.rlJlJvlI]1lu10sl1.i nuIay !u [! Luylr]y]1.:gi,t.t fiun1:vir'Lfiutidon uunoon

d s s .i'!,- qvi ^ - - ia,nlnBrao tfiuLttt:{Laou u:0u:.:nont u.i 0 Louyt?[!uuuLtfruzura-latavtrfluur.llunr:
4 , v A-nvLyIts uannl:y1'1.:1u al :utn:0.lnu tyl'tvttl.J!anu.'t.lnu :3n0!o?ua n8.'t{ nu Lyt,ts 2 anBi-

)Utulo tauri'tufluu nat{ Lrl nu tiu Luytflyt't.irn:,rt'u.trlu ttac oo null lr,1nt rl titlunr:ralu
A d d t -' .l ,- Jo j

tt9rflsr1':nu anul':nv Lynyt.: ntt! L:t:o!a,:n't1 avun0tnn! uuS.ira ufluyt Lu.Uzusylanar.rd n-n - -----'- - u..- '-..
__---4__i--, y < Ja - -, d. t u c._!an u.1yt141ru9l?ua11 Lt?tolJyn1nl1 QVUFtnOn!U!5.!yta,t 1:nta0uttl_oonLo o,il]u

x, 4 ,- !,'tyq
lv uvr,r'rn:3u11na n ulnu{a0.:0.ra ''trJ1:nuiu m{ t0 [uttuvvilnl;dll,tr nlrur5rlu uur drJria

tl

44

tl

I

E

7/

d

g
.t

L\

t"r
:.'\ !\

t---: \ffil1 I .1.
I
I

f,

II
7,

r.
T-.
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(Peripherat Speed) uolantn.lqndiamurir:ot4loviriroei:vra.jrl t5 - tz.5 r!n:sioiurfi
tJ4-ci[u!tuvyranulifr:Jar,']r]r5r:o!sl-rnir ovlnrutialuuu.:alaiaad:vyir{ 12.5 _ 15 u]n:0io
iurfi dtfilnrrurirdurial#lrndu ovrirbio-n:rnr:nr,r.,ra.d, uriorovrrrhifira'ufiar,rrir
-.--1- . 44 r, .--,-r-?.. i < cu1.:anua0t:?tu u0n0inu d{010n0 [r!Ron?rud'uavtfr oulu:vu.irlnr:rirlru

3.6.3 ?i1nl:U:vnouroriolnc rylrvul6ontmrrir lduaSnuaiuturo 1.2 ia6uro: eio

uavsr"osrlrJyr:.i rdot#'rfl uilrreir r6u.!tt
3.6.4 ilrvnouqnanullnvlyt'tr uavfioauldanur{nvlyt.tyru.rn a x 1.5 dt nhu?u 2

qnl{lur{oarituro a x 2.5 it
3.6.5 !:vnoun:leltaitrruirHrilSnuniuuuro t.5 iaauLn: n"qnlxy:nru..lo 40 x 30

ttufrt!sl:

3.6.6 rl:vno!qor.hn:ourniol t{ry5nturo t.z ia6rrln:

:.2 nrrreriuuqrJn:nidriliuiloao.r

3.2. t rnCorfi auasqrLn:nlfrLd;irraiunr:yroaol lduri
Coqjir nr urir:ouo rm oi
dolion':ur5'l:or

n3.7.1

3.7.2 m

r.2.3 rniod'.:

3.7.4 urfinrdlrear
4 av

J. /.5 tn50{at1?uJ1

3.7.2 riufi nzuanr:roao.l
juu nul!'t ntir.tanwiulJrilJ[?at uao{dngllii{fr 3.4

n1:1{d 3.4 uanlnr:rfi l{or.ranr:nyrrryr!6ondmujr Inul{rnioldtmujr

nt{vl
[?a'] [un1:9t111?$r'r

(urfisio o.+ fiIaniu)
rrarlunr:3sr

(urfisia o.q fiIani!)
1

2

3

4

5

5?u

toau
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3.8 tlrvriiuaauaca:JInrlnr:
3.8.t nr:nliuurfiuurJ:sf;rinrnnr:nvrurvuJ6ondrrrrjr rorloriaufnr:rirtmr:.jr

Y I . e u q A av t e e : . , )lJ',rUr,UUq! n1!an.it146u 01rr0 r.t'tu i{fiiounll.tra r uayrn5o,rdrjrarrjrfrair.:iu'[uri rfio
, J ), !

vr:1!iT rn5o.:yraf'r.:fiuarur:nrirmuldr::aou.r-nnU:yarri uayuourtmdrirrauol{uiotri
3.8.2 n1:r!Eu! rfiuur.J:vfiyr6nrno?.)!arilrauoralns ryrv r!6on{t rrir dair.:du

q , J ov , ) ) - ,!
lrarj rfrolriy:rt'jr rn5olfiairlfiua.ur:olirlruld'l::amr iFa!:yalri uartou,rmdriryuo
t? 5Aul

3.9 6iilt.lalnr{n'uu,a Jo'nvl'1ron61t

ornnr:rir riuln:{n1t dlHarL1allln:lnr:uac16uo uuv 6.los uflunr:a:rl6rirgrard
^i . J . __. er- -J ,!r,l .r,d . ;! ntnntu y$orJ nrauorru?yt't{ [unr:[rn [trfroU5t!:ll,n:{ntflfin?t a ulrur.].]nE,!iiu fr.:uao{;'

:luavrouoerl{ "l t? tulJylyl 4
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u?l?l 4

9{an1:n'lluu.t'lu

an1:oh[iu.!'ru vr6-':orny]oao.rnlurYuoauluuvli' 3 ldaranr:urrao.r uacleidraranr:

vnaourirn:rvr,i a loun'r:rirurruurturon"rotir.:1un1r oaon nr:rirutrulrrdrunnsir,!ro.i
ce'at?41lunl:fl naa{lnl0.iat1?uJ'r t aulu:uauEnlunllBvLytlJruaanl'l2rtJ1 !5luavLaun

o.tfl0 luu

4. t eaa'tiiunr:airr#orf, {tuir
4. 1. 1 a-nurucrnio.:f,rirrrilruacrndoriorirruir o-ruao.:lunrnfi 4- 1

n',r,,d q.t uao':a-nuruvro.rrn6o.rf,drrrriruavrnio.rSotrrrrir

4.2 Hanl: n6a{

4.2. l r.ranltyrnao,:rnioridrrrrir ttacin{rruir
4 4- ,4c..

n'tnn1:una0! Ln:0,:at1? u]'l ti Luytl nll0nUur nt0!ant:dLl L?a't
d.f,a J

LUnl: Anr1?11t1 (U',lyr) t{r]:1uavt0uo9i{0't:']iyt 4. 1

r110111!? a 1

rl
I

t\

(:.
I.it

t:!a
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nT :1.!d 4.1 uao.lnllL6! , < o, j d,an1:nylyn3[!a0nt1?[tJ1 [OU [t[A:0,idt'txu.],t ia:Js0

vtRt{

1 1.36

3 t.37
q

1..28

5 1.42

6 7.34

7 1..34

1.46

9 1.39

10. 7.37

11. 1.47

12 1.55

13 1.53

14. 1.50

15. 1.44

16. 1.52

17 1.55

18 1.47

19 1.35

20. 1.45

2t. 1.36

22 1.45

23 1.55

24 7.47

25. 1.35

26 1.42

27 1.48

28. r.52

29. 1.42

30 1.46

[oau 7.433

S.D. 0.0744

r?aT lun1:aii1? rritrio uEo

(urfioia o.q filanil) (urfi)

2. 1.35
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,lt i '
1. nl fr nulr?ar1!nr:d{1? rrJ'.l ild'olnr:nrurfi oil"uralto{a 95 rrJoildud

, , c . ,o - Iu,avt o{aila1n?'}!nalorna 0u t 5 rr.Joirduor air{rrfruln:.lnr:i{rfiucjo! a rrarnr:fr.!ru
0']u'ru 30 nl{ uavulljoua!1u']ii'ru?uninfr aioroiu rrarrfr olri-loi'.tirrnrtrrt onnfi rirrauo
ar tJ 1 rn n'1 u? rulria. nu, n.l

Ieo, nt_

Lr-,
N=

N=
I no*.0t-

lE+z.ee

Ixi -((Ix, )'rnt
n-l

1,67.7 6- ((42.ee)z Bo)
30-1

2

nr:r{yr' q.2 nr:monr:f,drruirsirurniorf,trrr:"iroiuurr

FE.ivr rirr.rrin{mul6on
, ,! .-"

n0uutu1 (nLan5!)

t?a't

(u"tvl)

1.r 114! n1',',}'t U.t1

(n Lan: )

Inau
(n Lan:rr)

t.c .
llJ0:Ltu9rt0nnut't')

(rlJ05[tu0t)

1 0.4 l..Jo 0.25 0.12 62.50

2 0.4 1..35 0.24 0.74 60.00

3 0.4 1.37 0.24 0 11 60.00

0.4 1.28 0.25 0 11 62.50

0.4 1..42 0.25 0.10 62.50

4.

5.

= 4.17 = 5a{l
_i,
sr-.:riu ornnr:rirurrurirurunir.uolnr:o,rrrarnr:f,rir:rrir ti = s n{r d.:irirurln{r

nr:0"!nar (t,t) doun'iril'ruruni.rtolrrarnr:{ur?a'rfi'rori'}.ir,1a'r (a) o-rriudrurun{rto.lrrar
nr:o'urrar n-roeirrinrrurdofu 95 r!of r6u0{ uavtorrairirnrunaroroa'ou t s uJoir6uri

4.2.2 ut Jtc?nintrto,:rndarEtr,:rrir uavraio,rEodrrrir

nr: oaouuau r!:viySnrnlunr:ioudm rilr r.rlrud,: rjirrruaraHa norn
trrul6ondkirflutrrrrirrduuSaruasn'irfirJ:vfrvr6nrnnr:f,uavin6 d.rriuoq'niurnio.ririou
uavradrn:vuunr:f,uavEo t0os6 ovkiunaudnJoi16ud {r.lrrirrf,u (urSodr.lo'rn-rrfluriou)

n'uJoir6uo{ ovloirjtujr6dujairdus{ orri!:vnourirr 1 
,uo.:urSoritlrrjrdidornn:vu.runr:f,

drr*ir lunr:yrnaourdo.:li'ud16'rirnr:ynao.:f,drruJa'onvr'airunr:u,tiu'rrturrar tz drhr
Ioul{{rrrrirdilrunr:udufrrohu'lu o.q fiIanirJ udariurn'rornriu6uiurdudrrirrioyrr:rr
a$Lru'rrnia{io rirnr:SorirrlviruSouuuoruvl'd'a.:nr: ririor,ttl:va'vr6nrnto.:rniorf,tr.: uir

!--
uavrniorindtl rrir 1ounr:voaouuav!:cr!uHald'o"orao{lflusrr:r.ivr'q.z diocrfiuki.ir
rn:'ola'ritrriraur:orirrulouroa'urvirriu t0.17 filaniuriot'rlrlr fiuJoirdus{d'udmlnu
rodurvirfiu oo.zs njoir6uo{
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fr1?1.td 4.2 (Fio)

0.4 1.34 0.23 0.10 57.50

7 0.4 1.34 u.t6 0.1 1 65.00

8 0.4 1.46 0.24 0.1 1 60.00

9 0.4 1.39 0.22 0.10 55.00

10 04 1..37 0.25 0.1 1 62.50
J

taau 0.4 1.368 0.243 0.111 60.75

nrnnl:ylnaaurr-.rna'rr uu'ir nr:rua srdrrrrirrii a rniorS uavrnCariodrr rrir
y ly ,< . ! J r' - - J"ouuulJu,ul?LUaonno{!n't'[ll0uuavn?1!tuyM4!']ca! tuo.rn,tni0nduru1u.t1i,11.1?Lt il
riuir:riouva' tos nJin:rri{uL.ifi.r 1.1 % ovriud'alinr:rj:n:c ucl,ir.:, o.ra n 01{ nyryl.ty

rirrul6anhiualrvar.i :1rJ6{:uuc1.ii.:ra{rnColiolil?uii

)
n1trfi 4.2 u6o'::vucrirrro.ranur.:ncrytrcdrrr!f, an

n.nd +.a uan.:n1rli'r.rlurorrniarf, drrrrir

6.

t(
I

I

(

-a
Is

l -T
),
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\

nmd 4.5 uao.ia'nurusr,!5odr:uirfi airurnCoriuasin

, F
I

Ot 4

I

,>

n1ild 4.6 lraona-nuruct,!5o{rrtrirloern:nn:vrdoltoltrrriru

t:
,

TI

ntrd +.q uaornr:lirrrurotndo.:io{rrrrir

F!
IIL

't" t lat lrr3
rI
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olnnri[!iuuryr'u! rndorsr'rdrr rrirtortrrriru ri'.:nrnir' q.o lunr:sr'rdrr$ir
rlirlrru q00 nil ldrrarl,unr:n'rrirr :clrru 2 urfi siolirrrudrr 400 nil ruSorhrulfian

dlell
osuqnavrduooonornrfisrriTri udru!rnuaclhruluslr nlud'a{nr: uacldrrarlunr:iou

,2
'lJ1?tuaanoon{1u,uu

IItl'

n111{d 4.3 n'nrGuuLfi u!:cy'irldodrr,uo.ltrrdruuavtalfi lio-n (r,rilru :u.)

t

{12U1U 11ll?aB

4-
n:nn5clfla{ (t'l?u1u) A au[n:a{:o?'l?l!'t ou)

o1ulun:.: t 'tl n'11.: l,tu't U1? n?'t.t 14U1

1 8.62 2.7 4 0.84 12.81 3.74 0.95

2 10.1 1 3.93 0.92 10.88 3.66 0.69

3 12.73 4.41 0.84 10.69 342 0.68

4 9.31. 3.34 0.72 10.64 3.44 0.87

5 10.81 4.35 0.43 11.26 3.30 0.72

6 9.s3 3.50 0.82 1t.32 0.99

7 10.25 4.14 14.23 3.84 0.98

I 9.25 3.t7 0.9q 10.98 4.33 0.61

9 8.78 2.65 13.40 3.97 0.55

10 9.53 3.18 101 t0.76 3.27 0.99

11 9.64 3.12 0.85 11.03 0.98

12 8.94 0.81 14.20 4.16 0.56

13 10.23 3.84 l.o2 10.61 3.40 0.76

74 11.21 3.58 0.98 1 1.05 3.58 0.90

15 10.7 4 4.26 0.73 11.52 3.18 1.09

n'rfl d 4.7 niialrfi uru:Sorirrrrirtortr':rirurirfi rio-u

4.2.3 nr:uliuurfr uurl:ciy3nr nr:io,tir:rillttrliuru

.a tn1: idou,)alrlan!1? (tut!12010!uuuLTUUlrlt?t1nu)

l

ll
0.84 | |

1.23 I I

3.37

2.85

l
l
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0'lr1{d 43 (sio)

d":fiu afllddrornnr:dlfi'roeirruf;odr.: so d'.:otir.: ovuiulpi.iruForirruortr.lriru
orinrrrutrulraraa'u o.zol fru6,um uL6ntmto.:filit'ulnuraHu 0.83s ia6uln: niutri,ir
d ,bu \e d, /
fruriid'uldurSofiuuurioun'irro.:tmr.irurSnriosornnr:(u ao n''rocjr,: ocrfiuld.jrr!Sndrrd
uuuto$l{ii'ufi rir s.o. o{fi' 0.150 uacr:J6odlufl ulUnuarrrld'ornr:tortrefru

4.2.4 r{anri oaorrniarddmrrir lunr:f,dlrndor

or:td +.q nr:ynaotfrrurniorf,dranir'lunr:f,rirrndor iiruu 400 nil
t.i01u?un 1J',t',t o unau[taJ?12un

1 0.33 0 11

2 0.35 0.72

3 0.34 0.12

4 0.33 0.72

5 0.34 0.13

nr:uoaouiouf, qlhr (rio{morofi uuurEuulrirvir fi'u)

ntnn:crda.: (tr,:riru) A at
lfllo.rt9ru't?Br'r U )

't0'lu2u6 U1? n?1.1 14U',r u'l't n?'1.1 11U',t

76 10.52 3.76 0.64 11.45 4.76 0.72

l7 11.14 4.32 0.53 1.3.30 3.64

18 13.21 4.54 0.40 11.04 3.21. 0.94

t9 9.36 3.82 0.73 1L1.3 3.67 0.98

20 9.28 3.22 0.92 1.3.02 3.88 0.63

21 9.45 4.7 4 7.13 11..1.7 3.58 0.86

22 10.71 0.53 11.11 3.26 1.05

l5 9.18 3.55 0.83 1-r.oJ 3.72 0.73

24 11.90 4.43 0.43 1.0.97 3.35 0.96

25 9.85 4.52 0.63 9.75 3.99 0.95

26 10.36 7.93 0.62 13.84 3.52 0.76

27 10.57 3.35 0.73 13.56 3.78 0.73

tt.12 2.25 0.65 10.14 3.46 1.04

29 12.44 4.23 0.62 10.62 4.32 0.74

30 11.81 0.53 10.58 4.10 0.73

n1[oau 70.353 3.782 0.763 77.554 0.835

S.D. 1.796 0.208 7.250 0.383 0.156

0.90

4.52

28

4.63

3.670

0.657
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n1:1{d 4.4 (rio)

n1u?u6t.r 1'',]?6 llflauuavt'1?un

0.35 0.12

0.33 0.11

0.34 0.13

0.35 0.11

0.34 0.12

taau 0.34 0.119

irnnr:yroao!d:ci inruro,: ra{o.rf, rirrrrir lunr:riurf, trrnda.rto.rrirrniuriraal

lc6 t05 nl'ir rirtornr:nvrmrc?irlndorror:vuc1,ir,lanuriotid t.s fi6uo: ldaranid nr:i
drruJ6oniiruru o.a fiIan:"r kirirrau"ntrrndo.: 0.34 filanil loufiuJoir6us{drrn' aq

rrj oir6us( uav ujoiriuei i s rrj oir6usi lo aldrr a rlun r:vrra ar radu t.433 u1il

nrvrd +.e rran.:nr:uoaonrnCo.rf,drrrrir lunr:f, {rrnd'o.:

4.g irurrurarirb{ih
C " v ) -en'n? Lailyr4ttJ:uutyru!n1Ly{it'r tn:0.1o"t,[it?uJ''1,?J0.t{''l?u1uuautn50.! dt1?u]'1t0.:rtJ

ii'u lnuld'rirnr:inrirn:vuab{rtrr aranr:yoao.:6arniorsirdrrrrir!a.itrrdtr 1tn:vua1v{flr

truvtn{o':rirlru 18.5 uo:rurji ei':urnio.:idrrrdr uayrniorinrirruir,uory'lil-u1d
n:vu41ilfl1!ilvrniordr.:ru 5.2 uolurli unv 3.1 uolut]i Ha:rutorn:vualyhlrrn6o.:idtuir

) I.
\

\r

a,

7
rsr

i!

t

i
t-r' t
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uavrn6o.iindr?uiluolfirir'uair.:duldn:r ualvir{tiotr n'ir rniorsildt rirtortrrrirurio
ilirrrurir': +oo nirL ryirfi'u

4.3. 1 r'irurruulirotriritro.:rnio.roirdrrto.:mriru

E = u:.lrna'ouuo{r,lflr niu zzO Lad
I = n:vr61y{fi,r yilru ttjurcultili G)p = rira'ilriflriurjeuriur"flg{ (w)

rird{v{r1r Exl
220 x 78.5

4,070 isrd

rirurruyrriruruuilr ukior nalnr:

railrulil (u) rior-u = ( )x iirl'ludrll.l
1000

P

P

P

druruiri x druru

a,OlO ind riraworoof 3 Frp

1 drmurniolsrhdrr

a d'dui ohu?ur'rlud1{ru1u r iu
- .L-

xu2t vt0quflyrtt

-4.O70 xt-(-) x 8'1,000.

3z.so r.rilrurioiu
yilrab{ (u) riardou

= 32.56x30

= 976.8railruoiordou

nr:n'oo"n:rrirty{f,rtornr:ly{ylreiiuQr.r-n1n:rurn'oudrviurj'ldty{yhyr1,fi

vra-l.rrulv{flr1ilrfiu tso r,rr.irusiorn'au (nrirud 151 - 4oo) aorturiu 4.2218 !.lvrqioilil?u
riru':rur,rrh ub,hlrto{rndo.lsl'r{rrroitrrrirusio 16ou

= 976.8 r.rilrurior6ou x 4.22t8 ururioyriru

= 4,123.85lruriordau
vrr.lnq':Ln:nifinutirnr:ru6n eo iusio16ou rn:ro.rnirirrrrirldtllihlunr:sir

dtruir q,tzl.esfiO = 737.46lryrriaiu arlr:nr.r6mki zO fiIan:"lrioiu oTlrfu nirb,,[unr:
sirdr?uir 6.82: rrvrriofiIanir

4.3.2 n"rurrurariralrhirto.:rnsoGdrruir uavrndariorirruirsiuuur

E = u:,:rndou,uolh,hft niu zZO Las{
| = nrvuatilfi1 railaurfluuoiluli (R)

p = rird.rly{rhfiyr.irurfluisrri (wl

?u9t

N

H

U
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n1a{ Lvll'{'t

niu'r ruu r ohu': uyilr okio r n ar n r :

railrulv{ (u) sioiu

uilruh,l (u) rior6ou

N-

Exl
220x9.57;220x3.1
2,105 ; 682 ivtd

i']u?!?nn x 01u'u]
) x riruru{:I1.1

1,000

2,105 ;682 iog{ nidlrornoi 2 &a! 0.25

P

P

P

N

H

U

[r:{ri1
)

1n1u?!fl0rn:o{
^ is . .is by
8 frhr iiru'lut'rbnfr1{lru1u t iu

-i-1.11J?U1450Ul.Jnyr[t

(ffi, ) re = 16.84vrjrusioiu

.682x7-
(:r,',oo) ra = 5.456 urjrurioiu

16.84 x 30

5.456 x 30

F

(P-\r)

= 505.20 railrurioufiou

-- 163.68 yilrusia16ou

nr:nno"n:rrirb,hlrrolnr:b,'h{reitunnnrn riuro-ou6i1i4i!{1.8'tvhlry-id
,.j

n ai'rlrrlyl{ r1il rn-u tso rarirusroro'o! (yil?ufi 151 - 4oo) rflur-l-u 4.2218 !.tytyio ?u
. . t 'r4 J . e E! w !n1!? yu?utllyi't?10,:tn:0{n1t't1zui1ua51iru riordau

= 505.20 railrusiordou x 4.2218 uyiriouil?u
-- 763.68 r.rrirasior6ou x 4.2218 u.lyreio,r,ril?r,

= 2,132.851J'rflrior6o1J

= 691.02 urytsior6ou

::ririrb,hlrrf.rao.rroior = 2,B23.Bturyrriordou
yrl.indrn:dfints1rirnr:r.r6o go riusio16ou rnCo,:f,{rrrrirld'1dfit 2,823.87/30

= 94.13 rrvrrioiu au1:o,{Anld t35.04 fiIanilrioiu rilrYu rirtrfl,unr:6rirrui.r 0.697 u.ryr

riofiIanil

4.4 nr:ira:rvrionHu u r{rn:uraraflia
nliriru?ruy't1o{ilmuln:lnr:16u': arLnr:

Frirr,ruotvl d'u1un$ (:rnr rndotr'n:)
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. J- j s
Qlu?l.J fla0y10n']ytL/

oiuluuuJ:fluriouilru

:1nlt1Urioy 1u

n'nirnt1s1,i14.roo{lrlulunr:airrrniola'drrrrir uayrndo.i;nd1?r:.ir orny-ki
, J a., r' . J d00nuuutlava:t.tLnl0nat1?r1l1 uayln5ol5n i{do.:Inr:url:siydnunr:rirlruto.: Ln;0.1e

y. , J d r' o ! c1'r?lrl1 Lrav[n50.i:o !?ior[1u?rul4llodUvUrOinlsafrlrn:-or ]nunr:n'rurruornrirl{iirulu
nr:airrrnior#laouniol d,:i:rtLav16trorft sio1r]d

nr:irn:rvrivr{'r u1a:.inr:ro.irndo.:i.ilrruirdfii'ukiair,:durir o1nn1rl{n1n,{u?n n.1

:rnrnod (D = :1n'rlniooo-nr1aoauo 72,020 +9,115 !1yl

= 21,135 uryr

oiurluaTuurJ: (v) = eirdrruJdon (urilqiofilanirr) + rirhflunr:dtmuir
(urmriofilanil) + riru:sru (urvrsiofrlan:h)

= 20 + 0.697 + 11.06

= 31.757 urvrsiofrIani!
:rnr,tnutT ruirdslhrr,Hr (p)

= 55 rlrvrdofilani!
nlnarJn't:

P

FN'
(P-v)

21,L35

(5s-37.7s7)

90s.Et filaniu

4.5 :uavrrarn'u4u

rn:ro.:f,trrrrirrir{1u 1 ?Yu 8 tr:I,,: trrrirua*,:nsl"rdrrtd' zo fiIaniuyioiu usi

rniolfidrruiratn:oH6n16 135.04 filaniurioiu lour,rr:vuyrrariurlufid'.rd

.e)
ir'ru':rdrrfr 1o{l1u (fiia nil)
n'ra tFlann0.t1.J (n tanrler01uJ

909.31

135.04

6.7*7iu- v d ,i
o{uu5v B s t1 a 1n!11u 0 uyt

) _ ^ -s e ;"* i4rJluL n trlon'r!ri.l 300 !1yl0loin rudo g t'elul:rnr{r?yr-sir u6t 55 lryriofrlanirL orn
nr:irn:rvri:vusnar6umutorrniolf,rirrrrir yrrl.irrniorf,trrrrirdairrduldnarduuu 7 iu
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4.6 rrjitrurfiuuil:;Susntrrornr:erdnuuuror riunr:r.r6e{rrrrirlnsnr:ldrado{;r
lJ1'.t [tl1

nr:rrvr' a.s uao.rnr:rrjiuurfioul:vfivGnrn:vr,t'ir{nr:ir6fitrrrriruuu16r n-rnr:ar6ordrr
r ce e de
tou Lttn50{at1?uu't

fl'llHaf,uuurqrl
, u , .]c
(ntl.lerot? 11.t.:)

lnlo{dt'l?ul1
(niilsior%Iui)

nu?luuuuro!
(1.J1vr00n Lan:r.t)

i e ainu ur6t0{at't?011
(urvrriofiIanil)

20 735.04 37.93 37.7 57
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uvlvl 5

a:rJruauavdarauauuy

.rruio-tifiiinqr.l:valrirfionr:oonulluavrYorurrniarf,rjrrr:.jr rdoldyroaoryr
rJ:vfir6nrnnr:f,drruir lunr:yoao.:rndorf,drrrrirusiasn:rrtd{mu.Jdonraolly6 105

!irrrurit qoo niu 6rornnr:voao.:uac!iud{rndolf,drrrrirov6'o.lrirfirfilnrunrvr'[unr:
- r .-q--_J-, * ,o' _aovr?$r'r rfl:'tv [unt:fianrr.: uLrfro onuroy6ollturo uavnl1truuri'-!nd16u.: fr'u orn a

nr:vroao.rrniorf,rirruir aur:oa:!zualn:.:nr:uavdorauorruvfi:raav16uod'rd

5.1 alJetanr:drrfiulru
ornaranr:rirriu.l1un1:oonuu! uacfiruurrnio.:6{rr:ytryuir n(lordnriruluurjl

oiruaor'[r,tr! drrnofilru o'ruinun::rrf,r.r ir"mQ!:carrirdoriruurn:vueunr:r.r6n{rlri.r
I ! ,, , e \y
to u nTta 0n uuu [ai0i tyalr]1inyt.t{1u lrrQnoo.iFrluya-'ni nt n::l rn:uoflraoi uavi6nr:
"Jyl']{'tun1:tnaau [ ?n1{ .]

5.1.1 anr: oaourrL'irrniolarur:n rfil!:c f,ilSn rnnr: 6otrrrrir 6,:ornr6rL
atn:nH6nld' z.s filanilriot'rhl uayldrnCortdr.lrrird'uurrfiair{duarrlr:oar6odrr$ir
loi to.aa fiIanirsio?irI!{ rfildu tq.3a filanilriod'rllr 1qu1{'iiru?unrrrurvil6l 3 nu
6o!fluiouav 83.qt

5. 1.2 0'tnnlifi oao.:rJ:viy8nryrnr:rirrrltollndorf, dr,: uirdfi lit'uairrdu rnio.:6
rlrruirarur:nanrirlvla.:ki 1,299.98/ lrysioro'ou 6nrfl ufosac 3t.s2

5. 1.3 Hanli-rnlrvurrJ5ulrfr uulo{lluuavHano! uytun..tia{uu :vuyrrar6uuu
uulr.Jiutir.lrrartoiln:rnr:dtj:vlrru 5 ir.r In:.rnr:ii"riraryruur:ryrfio.:ornfi:yticr?ar6u
t4u6u

5.1.4 alnnltfloaol(1fr:oeir.ruSo{rr 30 fi'.:oejrlovuriuld.jrurSrr{rruorttrjruov
finruuuuloura6u 0.763 iaiurn: ,timtolfiuio'ulouraa'u 0.835 fiaf,uLn: uiuld.irfitio'u
,.v a /
1our6ofrulu1nd'r6ulrYlto.:trrriru ornnr:{lwSodrr 30 drodrl ro.:fi!io'uitu.ron:!ntr
nrud'ornr:torrrrfru

s.z {orauouuclunr:fiaturla:rn'rrdalU
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