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ACl'dJOWL£OO£Ml':NT

A:lsistMtP~esillOrof Indl.wtricl wd ProductienEng1ooeri~~tl WET,

Ohnkn fer ~ close INpOrV1lJion, inIlpir1n'il guidanee, Villueble 86vice mXI c0un-

sel in tNr!IrJ l:ltep of the thcslll WI:lrk.

The i'JUthlX'grlO.U!fully l!CkrIowledgos his 1ndebtness aM teno.1erll hl$ s1nccl:e

thlrits to Or._Ing. M. AnWiltU1A::im, Deom, F~ty of Mech2lrlicai Eng1nOering, amr,
tlhllkn fOf: hill adv:\.(:e, help md ~ageJlront.

,
ing. l3UETI Dhakafer lW; gu1dIll'lCQ and advial, specially dUring thCl one ~th



S,~U.!! " A ,R,~

Atr:I t"Jp!ealjuts IlIUl CI:IIlli&tllof e.1~ nnba:' o! ll'«h!neriU, lIbkh

Jt1, tum" have 0. ll1tgC l'lmIbl!t at ' '., 'l«lt ()Iri:e••PJ:opa ~txJnmc» (£ t!-.et

~ 1D ontl:Nbaly ~t not mly tor Illlet1ng tho p:od1ct:!l2l objective

b.1t. a1.Clo~ thl:l prtlfltabW.ty Of t1'e inWatry ibe1t. ~ ma1tItorunca ~u,..

~ tb!I; aN Il"P'tellble to JUt:- Ild.llil ~, lII:'V J,1.'fMIntJ.w IlIldntll'ltnC8

.en!~ 1nspoc:Ucn. In tMs~, • ~ .t:tk!Y at ~tivo II'I81nt:lnal'K:a

'hoo boon l!ll'Xlo. f'e11tJrQ ll1MIlt of ea.::h ~~t tut-.m ~ irlve9t1cJl!.tod to iM::ntliy

dtie&1 ~ ~ am 1J.oblefor: t:hIl ~ b!:G~~ of the~t.

l?aUtu:G hbteI:y hail '*:n co1laettJd. ir'M n t:yp1cnl1y aatb,n ll1me! jutlc J;dll. 03t8

1m l:«JJ l!N1ymod 1:0 CICIt.cx1'll.1Dllapp:op:law fe11um d1ctrS.b:.1tJ.ea. ""Ibm fa1luro

&S~ hE !::em uned~t: tho \oft:Ck, I'I!oIr:IWq of ltG Iddfl ""lliU.-..Ml1ty ••

~t1.m ~~a brJlltl bcm .ti.nIIlto:1by thIi Mm:1n:a lo1b11hool1 £st:.1l:lat:ot

t~ a1d the <Jraph1enl IOOthad of llaa:'d 1'1ott1ng.. l'lainteNrlee p11W1fer .adl ~

~ 11Mbean~ en thaibM11lof COIlt:~m md 4(t.lnt:llle ~

t:1cn.- Ca:iputer ~~ NMl lX!en wrltb:n £0:: data l3nelydtl Ilnd £Qt: .o1v1ng math-

~ l:'lOdrJ1a.~ ee 48ta collect:1m haw brlen dUo.1!1Hd find e fQ:'ll6t for

&ltn~ Milboon~tM.
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~ p;ufj.tab.U11:ymt also for:na~ ecQtlal1J(. fla::h1ne f£ ""-t.ver type.

~ d:1o!p OJ:'~lQ1Vl!t I1o.oIeVet'a1q>lc rr corn;'Jlu is liabloe to ~.

Aptet '!eto ~, ~ tend to wear OJ:'deter1<X'~~ with Ullfl ll'Xt tb:l

peosa;e of ~. 'DW; ehmgllt in ete:t,a tNlb.r1l11y c.£ff:l:ts thll1r eff1cl.llnl:y. "*deb

.in tum af£eet::: t:hf, queU.ty of mamfactunld ~t. In othor •••..aya. this i'ec:t

me eJO it.(>OtI:••Ilt: ~. tu ~ 1n::I:'GM.1nr;I=1: of the maintenlrCe ~

Mary to d)t:.:l!n o::nt:1n.l.tD) re1 SRbi1'1:y of the! WJcldne llnI1 (11) The omoll!tlme.

A1t:b:::u;;l\~ of !i'InCh1ncsL; eOll••••ulled prillW"ily with ~r1ng I!Qoo

dti."'lM~. ~ dEM:!lotn:nt. ~ an ef'f"ect1vo MJ.ntlrllll'li:e plen ~ pr:ogra-. . .
tl•••ctdtW.i:.: to N "'r'tb:l. Mving Wo.t'OJC"d"to l:laint:a1nnb1Uty CCW1sideraUaw tnd

tlXll1~wt1C!l of StJppCI:t.IJd__ 1'Ix!effv::t:1~!'l ~ thR 1ll8in~ plln nMd8

t7Jba~b;d ~t t:!1lI!11:feof too ~ l~ ClJIGof JTttII:lyC:~be

~ !if t1• .t:n1.rrlBImo:! of ~"dm:I:'y 1D c::m:r1ed oot. b.f fcrDl1.at:.1nq Da1nt.nllnCe

o~ CI1 t!lI!I blW.s of ~ IlIla1Yfl1.!lof CXl81:$I1d lb.mt.1.<rl&.

IbJl!llQ:', i!l st••••tci: ~ nMcdnt:en1!nCe Plait" 1:s needed fat: t.h8 IIla1ntcrnnce

of ~~ l¥ th:laklpUon of "WLop:il!ltema1n~ pol1c!QS. SUIlt»gy ~

plm ore 1nttt:t;cl.at.] becwse lIlB1nt:.«lanoocoot. infilX!l'lQt:!l unit rcplIM' ."••t. Wh1eh

:1ntu::ll m'~ t:bo:!1lIaint:mince p1Gn. '1'M ma1nt:enlrlCE! orgmisaUOn nee&d to =-
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tllta:nrJf:iw &:!eiSlaw that. C«l 1» tilktIn.. P'Clt'e:Jml(lle. far' • CUl4XLII!I,tIlUbJcct

to lJcItittl b.'Ol!i:ck7..n<XlOBi!::J haW to doclm 'IO'het:her t.o repair a: ~ it,

udlo it 1£11.")llI\ oper:et1ngt1~t (Z' ally en It:'; fll.1lure. wheUItit tD nplllCQ

tt1nUt'£' ~tz in IJt'OUPO when cnap8rll"'P~lw:I £aUed. eb::. 'lnts 1t 15 seon

that the ~ of the l;IIlin~ ~t La to II.~ extG!ntecw:erncd

\.'1t!1J..1r:ntt..."J(ing tm ewcopr:1a~ of VIlE'1ausdee1n1OMto oontrol the C«1di-

t1at Q! ue.dl!neto be :in Une with tile d>ject1~ of the o:gm1n..uon~

l"~ tI» aw1.ie:lt:1eaof ~tiva llla11il:enmoo1IK>Ocl5,dda hag t.an,
•

et)11ec!:ed £rm NnbnI:unJutQ Kills Ltd., ~, l!I t:yp1cally ~ jut:!!

!ld.ll of ~ o:uItry. 'l'hclnyoot af V<:lt"1«x:l~e.ll of this cd,ll Imabeen

gl.ven in Fi{p.lrli '4".1.. It een bo seen that ttue ..-e bo 1/'.I1insecl:J.on5 1n the

fIl1l1; tnp ~<ll'l 18 kno.C'lM hor:Is!m.or llw-.t yllt'l'lGlde and bottall ~ 18

1:nl:Ml.ac SGdd.ng at:' heavy yllt'Tl side.
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At~tf ttJ!!t'e 1'SIlQ~1ea1ly ~!Id ~ pelleyfor Jute

fl;1ll$.madd.mt".1.In _t of t.~eases, ~ 11: C2C"~ G,lt: 1n the ~crcl

~. !?«~ QEt1U ~ ~ ~l'en, the gm_at c::ntit.1cn 'Of t:to

Jut\! tUll. ~ 1G~ 4a; by day•.

t>r.iWlt:~vc: ~~ poUc:y ~ 1s fo11•••••••:InJute K111s,is

let ~ 1n oI!I ~ way. '1'he£'e 1&w i"b;e6 t1I9! inte!:'val to ~ • IlII:lC!l1l'Ie fOle'

pt\iJeU!:.!:W ~ ec::tial. $CIIllIltJ.me8, mtr:1OOnly a madl1ne- U t:.t.:.l fcc' ~

tift ~<n::a e:'ll.~ed ~y v1l:hDI.lI:~ the~tuy pooo

tliUoo of the nec!al5&'y~ m:t •.••aiWrlHt:J of ~ fs:1li-U. of the wom-

tlbcpo. ~ of We, bIJr*lt f%'Onl~ wi:. of ~tiw ~ 15 nat

ClbttI,1ned at an. Uffic1~1.ed ID.1 :to called pt'eVQl'1l:ivemII11"/t11nft1ee baoI'Gnot redl.la!d

the !'Uli:ler of f&il.urw; ~y. Oo.Il~ dl10 to ,.a1nbmane9-.ttl thf!tlollsecl.ated

c:>tJt ~ ~ h1gb. !bJ:eo4/CL. ~ quanUt.'Yat ~ta'l 15 being loct. Anal~

s1. of ~ e'Kl ecot U a p'O)o;•••lition 1>d'<4:~ ~ .a II8C:h.irJ:l,COl: p:'ClY'Ilrlt:1w

~, but t!WJ; typo Q/1 maly:l'b Ms nI!l'\I'l!!r.l8en~ cut in JutQ ft1'ls.

n. ~ ot t!'II;l ~ po.lld.OfI is to 1MpId; the lIItIdlimA~

tl'IIllld,n:lt:dI:&eb ltlh1dlalI;i~b1ally calM ,",""""etelz'el'Ik~ arl:.!:l .:lute 1-lil1Is,

l!1t.~ ~ I&'CCOi."r1edout, I:h':!U fir,. r.ot ~0t":M.'6 1St~ - -



•
:1n~ Presult m.pect1.Qlpolley ~ mlIrlIlly • rule'of tt'ut>, nt/ICC t:ht.l

m:i oclcnd£1cnlly d!Jvelopod mal:hod. Dut :In.spe::tjm of ~ eritic&. «!UiJll'1El1ts

is va:y ~tznt: foI: date::t1cn end c:onect1on of I:'I1nor&!facts bt!f~ f'IrJ lWljOJ:'

ttvo il"£px;UQl polley fcc B:I f)m"'.,iCfl plmt lOh1ebis a single =rlUnIo cal; Iwlp

~ l/ImjOl:' btoll1tdcwnof the plent., Arrf broaktbn of this plJSlt C«'l emu:c

Hi(! Who.1omll bc:d.rl) l:l~tdolfn with1n two to t!'r8e h:Jurti; timIII. 5111d14rly foe: a

lb)ku f<:tUu::eof JIUi"Sri; dr:lIIJlJ1ngm~ 150 100mGof • 2SO 100l:!unit Jut:.

~o11bI q l'IfMl to be dosed ~ w:U:.h1n fwr to f"1'1l'Oh:urs i;1I]e.

D.tt::1n Jute Millar eppU=t:iQ:l of the 1ubr:1cmts~ t¥rt. dena M p£ dx:Ive

~t.1Cn t3dlod~. t:hcnJh~ .Illlnl£!'IC~ of tho 1lIlleilJ.JleJ:tM<:aIC:Jmed

b.':rJc nwlL'Xl IlO'lY lubric:atioo ftl!ftIal.s Ilnd c:btlrt:l!I htMl been ~ 11'1tho$e

~ W <:looe m p:lSS1ble to tbt BbcnIelUbr1eaUon 1nfor:l1at.l.cJns. As ~ .b

no ~ ~ to trar:. the o11Jl1m. hewto awly all, ~t1c:n of oil md

1mI:'1cmUl 3:J f.••c:o;a.,1ng. On the Cl'!:h!!rMnd.diI.IIlIto t1lft ~t1on of all.

ana ll1!r1Ctrktz in,011 ew'kat:1al pcdnts of t:m 1foflCh1nery.UMIrllbil of weat'OUf:

d! n11 ~JPW e6 O>;:p:titl:ld:s is ~ day tfJ &lye
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'lhI!l~ objoct1'1ro.of ~ ~ ~ to ~ the o..>t1lEl~t1vc

~ ay!:fer Oldt~ ~ I:t'P1Y.1n;,l~t1ve ~ llJJOe1n zro

~ ~t <=:It<n'I~t1llc.

In a::dlr to Inlt tt\1$ IrlDl:EYobjective thsre a:e l!:'CnI! ~ objoctiW'lll

lAuch fCm

u.. ~ of f<lllure dt"tr1hltiOOfl to bYlt fit: falluro dJaracterl.a-
t1cs aM hf.&t=y of ~ ~

.t.1i. Deter:!.\1nat1.on~ coot: ~ ~ fa: the ~ Idnten.:nce p::>lic:'J•

-.~.'.

10 '.Pwa:,ol. itdooe ~. ~ .r.e nQa1r. <rgm1zlltUn !ltruc:tu..'"'C. ~
i ' -.,.~ "-." {\" ,:-,-, '- --,--.
,1.l1JJ.f::'J;~-Wid .~~ becidrw thor~ cOOs...In the#:!!tIeI1l: tXrt~..'
'bIO~vo~"'"lb:nmoe 1I01e'r;havo~ st"cUed md~ tlOlutlau hiJII'O l:o!n

<:<ft'iodOlt. tlo f1nd wt tID ap::rqri.af:l!. m1n~ poUri •••••or ,Jute PoUlu ~.

foUl;UOl] In Jut.c !'W.ls.,.

a-~ 2 CO'Jl:!II:'S tl'x!1n~t1on to 0 -, mlntnliltl<:G rc"MQI. types

i!lndjU:lt!£icat1on fa: 8pi)11.cat1(l1}c!! p:cva1tivt1 n\li.••tmmee n:xJels, ~

of o:fifftl::mt foilw:e dietr1l;Qt:1am m:'l dau. anllly:l.1.s fox ~1:ir.let1l'U liIe1}"l11 d.ln-

t:I=ib.1tion plJ:"lEnmn:•• 0w1n;:r b':> the versatiUty of tho \oIe)tnIl tUat:z:Jl:Ut1a'11n

d • ...,...dnt1nq illwiOOvtld.cty o£ cUstrim~ it h8IJ 1mI UGI!Id~t. tl11S-.



~ 4 1n ~ with tiD data eo1lect1on ~ <btu av:;lys1'l. 0£"

vnr:1cuI~t:s. dn:'t fa::'f.uJ.1.B':Qhlst=y of t,ltbanln Jute i!Ul I'lIlChift::ry md

valuoooSIJoSlyn dlntr!b.ttii::npnr<:t,dX:::!.i lx>th1nl-~ ~llh:xld Cr;t.1r.lata::>

./lIXl.9J:'~ IXIth:l<t.

1nc:lU'-bm:x1olfer an age rcplaee.ill!:n t polley ~ to tha e:r.pecb34 ~t

cont. pr;!J:'trit t1n:l <l!ld JX)dal fer: m <.'li'JO~t !XJl.1c:i rcl.at!~b:l the! t:o!:a1

G

/.
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An; J."U14t:hat asa1gnG II. specific ee:t1en to I'ltrf posM.bl~ ~eUs4t1on of

~:~~ 11!-eis celled I!l 1lWl1ntG:1arK:Gpolicy.Mot:e~ely. a IIIQnt.1alce

~ is I! fIn::t:1a'Ilo4Jr»cr~ 1!ltte set of pOGs1blc IMint:ll!nmee «:t1Q'1lila As

tm m.tm:'oa(I efftrt: of fa1luro of the d1£fer."elt ~ «'Id thd.r l:O:llpOn«Its

iX'J txIt SOXlt it 15 ret"!! tht:It. ~ 1l!l to 1)3 e;'s!no;t1e polley Wh1ch is appllee.ble

Wlxn a cooc:ictlett Of .tI.!IIXh1no is '~"a:cd ~pm fatillrlt. the 1"OpldCQ••• ,t

is bJi::.Wd l!lIIfhUw:e rCCDltal. b:e*':brn .eeplllCel:lelt QI:'O::.:n-etlw mW.obenflnCe

«:;1:.100" ib.lc'."I'JI':. ~ __ «".:••cnt .-.J be i:eplaced ~ClI:' to fallure 1n crd&tt:'
,

to lX,Miut m ~ int:lla:upt1.Qn, e\l'l!Il ~ it .la f'Unctim1ng lXo~ly.

t1l:n(J£ toW ~ east. ~.at1on o£domtiJIDete:. 'l'hr!pruventlw.

~ llDdola have baen .~ in ~& by <1cxga ••••••• l1IocaU. S\l'l R8dM:r

('1) oxl Ja:'d1no (2) a. Wo1e en ~ that enl!I;j8 repl~ PQl1c:y WllU1d.

be Jxn;rf'!cv11f ttJa~t.d umeto ~ 1tls~ee fml~ werea ~1nq fun,.

e1.:iCn o:E thGI a;JO r:s£.nIPI'" •• '••••t. G.K. He'd (4) ~ oons1dee-.i t:he quest1m of t.b:.!

bl:ncfic:Uit".l of II repltraamt polley •• 11(1b8so:l h1a CClllSiderat:1on aolely en the

fl.'lUuro entn. In h1a opin1m, rep1O::xl't.lJllt shouldbe c:aw~ it' thrl fallure



. ~

o

VpIX::l£~ :tnt=vel. :It tlOG!Dthai: aga npl••••,•••L for Sl. Inflni~ t:1r.Jt'span

lim ::t=!v«I fXlfJt~t1on 1n the l1to1:ature., Mane: (6) showsheMtn detem1no

thIl ~ in~aJ,~ ~ mlpCCtedcost per Ul1t t18lc, tb:!n such

m qlt:ioo11ntttvol eJ:1!Ib •• '1'he derivation 'Of omopt1lrlu:l ar;jl:'replllO!i.lftnt. inbE-

vn1 UEtCO,x:tlI:!!tGtn iii. fWt:e t1.•• npm 15 b8IiIlc~y "'JCh lQX'Cd1ffie\llt ~

lfn., .Ba:1at md P~ (1) pl:'O'\IQ'the ax181:mc:11 of 8Udl en opl:1.l;al policy ••

0pt:1r:I.nb!oe.lt rt:lpla cut. mUchn f~ 8l 1nf,lnlte tima Spa'! with1n Q ~ ~

rl:ll oot:ting ~ t-n st"M"'" l::r.i S."agc (Al••I~. h1s £<l:."l!lI1l1tlon oo.s not.

G!D:l~ ~, 1l1noehe ~ the! ~oial for the cost Q? fl £uno-

l:.S.cn<iii t:Ila-~t. intc£vlll in ~l'I1 ~ :In the pnIlMnt.work, the pE'I>

V3:lt1w ~ l'DOObW1ctl hEM:!been di=clld,_ • ~t policy

~ t1XlC!;lIpeCln:l.~llOI'llnllt coot pot ...at.time iWld• repl~lt pol1cy

~ ~ tott:Il &:iwnttn- p!lI:'unit t:1n'l •

,
100 ~ ~ of m 1lJspect1a:lpollq U to dlrt:err:dn3.Ult! ct:abll or

o::nm.t1.mt:e ~ ~ .t ~ 5ped.f1ed t:irnI2 or 1nt«wl. In m'I:Ser to rcdl.ac:e

~ nr.b!:r oE~. ~ em ped.od1e3l1y inspoc:t the mochil\llo mel ~

LIlY'~ d:!fU:;W W,ld1 ~ eventually Cl1l;SO ~ ~. 1bo r:t&to or

p::citkn or too 0IX:bi,n0.gocdcr fn1led, can cnly 1:ll!!IEl~ by en 1nllpcct1on,

~ 0X\e1, ~ly, it 1S ~ lim!:. 1n.~Pf!Ct:1Q'l wU1 ~ tlH!!steb:! of

fkI ~'n3'It tJ1th ~ty. ~ .in ret'I1l.t:y. this l:l«'J not bethocue.. Ka!d.ns19l.

Cola:Im me! Al:r.DJ; ('10) h(l\llt .1ncJ"do1 tMo p<l')s'bil1t¥ in their st. ••••, •••• '!'My

1xr'Jtlr:cccq£!ned twQ ~eet1cn!;,£J.n:t:1y. t:htl !lU:pceUa'l Pili. o,:"l"1!l m.v faU to

l1Ad; ttl. ~ failure <:n1rmcmdJ.Yr imj;l<!lCtion ma:i regitter D.fall~ whm

~ CJllp-x:nt is good. :ttn wjec1:1vo fulct1en oE the 1nspec:tl.cn pol'de&l ll£'em1n1_



•

'It 16 defined as tho maintmmco elltt'1cld aut in Z'l!9pot'l!H')to • 1I1gn1fi_

c:rnt dci:Gl::iol:icn in an equipment lIS indiclltcd by 11d>1lnge in /:I.l:'Cn1t«'ed. par_

r:cl:o:" c:a: too c:IUipamt CQ1d1t1on.On indication o£ det.rlataUon. the C!<JI11~t

ccn be nchcd.:Ilo:1 f~ shUtdoWn at a t.1r:'Je1n Cldvllnce of failure. COIlIieqUmt:ly.the

in CGrl:ro.ncircurIBtanc:c:o. P'irst. n<>t911 =es of plant fldlw:e CilI1be detccte4

in ~. Sa::and. <XJndition llI(Xti.tcd.ng 1.:!:by 1m nntut'.e, eostly in ~.

13:lI'l.f:I:ocln(J-equi:xaent 01:'bt>t:h. 'It is wo;-th while, only 1n tho cases, 10Iherc ~

coct of ecMiti<:m moo.1to.dng 1a lower t:hal'l the expcc:bld. ~t1on in IllliliItenmec -

1l:'1>o'.lt'CCC'lizav1 availability costs, or 1dlel:e safety or pcre:amel is II.nlevomt

~t.:l..cn.. In Jute 1"111.0.cc:nd1UoolbaSoo F.laint••.,u'n:'. polley 1" not fol1CMed.

2.2 TJlpcflof Prr!wntlve Ma1ntm~ Polley lIl'ldJust:i:flcat:1onfos:'_l!f1
~on

intaE:'Wt, Q'le is the pcrloc11<: poHey (a;rc rcpll'll::Ql:lEIntl mld anothllr u the "cquen..

ti.!lJ.pal:lcy.A ~c policy is me in which a ~t is l:eplaced as soon ~



en t:bo ~ ia ~~ rnoE'etdvmtagoa,ul .men the lifat:1rne d I:hl! 1.nvost-

~~ LXU.......,1G bfi.n1t;f'. 1i: d1H'crs fr= tI'a per1.cld1cpollq 1n that tbl! mm'l-

datct:y ~ e;IQ>in re-ocalcu1.«ted 4fter rnd1 ~ ARllle&t:1ons

c4 erl'JDltinl po1fd •••••1n::lu.;b nituQt1aul in \o'h1ch t1'lI'l ~t 15 !$UbJe:tto

rql1d ~ eru:nge an:! tlnef'a::& posn,.r1Ja a relatiwly short 11£8 t:1loe.

Fat"'thojUBf:lflcat1cnof ~tive ~t act.1ons.twoirnpcctmt

Cl:1tcd.o. c..st. bQ IillUsficd.

(1) 'Xi1O tota\ lXlGt of riIpl~.t _t be grnatc aftel: a t"atlure thlri

~ t.tn.'encos~' tc the~1.nf:e a:i~ .IfGomn~ er1tcrlon.mx:h

G!.Iclantk'c ~ hgm II'> tile Oll••••••opr:J..at:e crifX:!l:i.Q'l. th'ln that c:rltsr1Qn is vW>-- ~.
IititubJd i." p.\em oECXlSt.ll~. th1a uort:. of sltuatlt:n mttJ be calSed by,-
~ loa;; of l;'IEOduct:1on tl1nco ~t flf'tcr tallure 111unp1.llnned. <r

f"a11>.O::iC([ ~ pi.- of plMt IIIBY~ &It!Iage--t.Q 'o~ ~t.

UJJ P.tc~allU.ve~mt f'W:I be .advan~ cnl.y1£the fellu:c'6".re.t;>,18

~ Aa so 1Uunt%lStkin of l:h1s pOir"t:. a case Cal b!I (X:I'lS1dIrOOwhere

~ folllrO t:'atc of tte ~ 15 cmstmt., &t \:he def1n1Uon (Xff!\llure

~ rcp1.,u., i't- tcl'~ fa1lura -doMl not affect: the P£'Cb\Mltty ~t t:hc equip-

mlt. W1ll i'aU in the next inat:tln.e. .p.Yen that !.t: 1s gmd now. 51noerep}o;< ••••••••t

COG!::::«:c ~t1ve, it 1d11 nawrbe~WJ.o to doft_«IlItiva~t, i.a..

~rl."'l9 thlt I,"qllil*""lt beofcre fillUl:'e" ••

~ ~ t~ bllsic way$ .in 14l1dJ tn! patten oE fe1lureo an d'1Eft;ja

t!!.th l:ioe.. U'Ia £eiluro rlSttt Illll¥ be ClI!c:rlHul;1.ng, .1.nc:rGs&1nq or c:cnlltM.t (m1l.Il'R

«" om). 1t 1tI e:atla11y zruggestod thot tho best fll!I1ntma1O!l for: a I:IllChinc "Ihid\



u

~ ~ :fttUurerste be ~y to c:nnoyout IlIDJntal~whena l:r~m

t::ICWl.~•• A Q>R !a also typical of c:an;Jlcx 9'Ja~ subject to ~ QI:~,

~ ~t: «tIV«lIlUts exh1b1t<:llfful:'cnt £&1ura ~tllI ~tta'nfl. ~ psrt.s oE

elll s~ ~ heIro cU:f'facant:a,es. 1'htt<:D!'b1nat1cnof d1ff~t failure no",
puttcc.llI ten&! to IIIera etiI t:hI!I&ySl:aJl ~'n'ft:y 1nc:rl:msm;.•• :tn &ectiQ'l 2••2, 1t

IUElboon 1ndie::Itod that c:ne of tho r!"CV'1l~o:nd1t1a'u1 for nplBclnq equJ.rment

bof'crQ f/JUu!:a. 4e.. p=tiw raplOCl"!iOOnts, il:: that t.'1e dist:ribut1cn of l:1mD

b:) f"a.i.lun1 fcc' the equtJ;lBlt dl1blts "'9BrO..lt. O£ <t'-i\J1vi1lBlt1y, the fil11ure J:'ate

~ witb. f'.qe. txpa ••• tial d.1Atr1butim po!l$:(!Sscs ~bInt failure rate!. An

1nb:r-~ J:101nt to natn ~ th!l hYP!Caponent1<ll dist:d.butJ.m is that. with

/J:1ilIa;QtGO 1n t:1rnt', thI! fa.UUI:O: rato deen!ZlSlll:. 1'h1s I:lIJYbe 1nlx:&:pLcted es WI

~t ~ t:hll' equ1p;'131twith tiIM and !MY be! t:tw eme with oquipllt!nt which

""Q"'roc:ronll rrljustr.mts eft= Q\ ~ or rt'.!plac:etoon.t to 9M-it. o:npl~y

q;:Q:'at.1.al."ll.o1:hs ~tr1buU<Xllll wh1ch ~1::Sl:l m. 1ncr'using fa1l,ure l'llte lire t:he

Uol'!::a1,tOOGm:n, md the Weib,U d.1:Jb:1.bJt1on. 1.'he ~ty ~t.y runctlaw

(f (tJ ), <~n,lllt5w distr1b.1t1on f'tnet1oM (f'tt) ).•l:'"tH'*"1ity func:t1t:ns (R (1:)

md f'~ rtd:<Boe I,.. Ii l'tlt86 ttl (t> ). fIX' the Move diatr1tut:J..ons co:n be

fan:'l. in r;,:q l:xlcItQ'I etat1l::t!ea1 d!G!:dbJUOns en:! a1= in the boclal of J~

(2), Pet::rld!: 0.1' O.C<alrr (U) md Savage (~ .•)~. in ~ jll:l!l%nt wode.. thII

ilc!l:J.i1' diDt:r:1bJt1m has baen d •• en to analy&e fllllure cherec~:iatld of the

~ty ~1bltiorl.~ W>dthemhallto ea1culllte t; (t). p (t>.. It (tJ en:'-

b (t) of UeUrJ11 &atr1b.it1~ CC'lly. The UDOOof tho d1s~J.bJt1ons wh1eh .showCP'R

Tho.Dl':l!:'l:W.(et: G!'IUn~) d1Sb:'1Wt1cn is applicQb1e. for 1rIIl.bnee, whlMl

a r<n:hl. f'a1I=e is the ~ of a llU'9Q JlUri.-r of $l'&llll and ~t:

"atro::r." •• ~ mI3Ilple Of 1:h1s 41str11'nt:1al cst bl:! f«n:t in ttle fa11uz:,mct'



l~ m.'I~)1nai';. l~, Ila1Ylife length d1.lJt:rtbutimsof pr-octical.

~Ucatiay;: a:'C!obY1Ct.lQ1y not. llOrlaal, boc:llr.lllC of t.heir I2i&d;:ed .skewness. '1'he

rxc:cl cl:1::It:dJJUtiCa is c:h$:'~!sedby its JlIem .-.:i c~ devillt1at.

b;t we t!llm the nz:r.ml frnUy, hl:we at 1l'lc:rcasing faU\lr(l J:'.'!bI whai t:l'n shape

p;;r~ i$ IJEWW ttI;n '1. f~, this distrib.l~ em b3 cxpectadto

~ .1n rOOl.n1ant systmlD ~ eaeh dupUcete P«I='thas •• 1dent.1cal CI:~

t1Gl (w grnoo) d1r;t:rllluUcn of £a1.lurm.

. ,
vCiluc-!b1l:l!:tJ'e,Ha::'~'3.S), 1t.~s tho.~ l1Utdbut1cn1ll

'.l'i.l1O.=.n1l1 0IfdilStrUl:ltiaw llP~ to .fit ~_~ ~ of fall~ charact<:!-
, . - \

~l:ic::s o! ~"ZllB'.lt.. \rIe1bull (13) used this to ~iba fatigue fnUl#C. ICeD

(14), fee v.1 'n. b:bs :fnUuno l!f'ldL1Ch1Q:1n.'~llM Z(Jl«l t;(S) for &11 b8zlr1ng

>'>= -a-_-- vll1ue t::holxy :Lt 1a £OJnd thll.t 1£ a sysb!lll etlnS1sb o£

se~ ca:P:U3lbant 1f the ,qratmll fails fa!: too f"1I1l.- of any QOlllpcnent:i

~ tM~, the We1h1l1d1strlliIUIln hflSgrac'l :!n ~ end ill [l(!J:'h"Pl"

th:t met pq:Ul.m:-p~M1atric f1llllUy of fa.Uw:e d1Ab:"ibut1cn at the prc~ t1Jne.



"

A.l1 the IlI:xm! ttIr83 da:tr.1hIt1omI Idth Sncroa5ing t"allure ram, d1ffcr

m.'dnlyin bU pr:obntdHt:1e>l «Jd Jio, 1n l!Qtlft ca$(lSj if l!lllYb& found that t:ne CC'

tQ:'O diot:r1.tut.1<:tls fit: the failure chllr~at1cs. xt hQ!JI!lreody ~ IIlSnt1Qllld

;in ~tioo ~ that: t:hI21I1••'h(11 diJ!lu:!lluUcn .15 cllMen here to Slaipa U1e £aJ,...

f(t,) • •••

Rttl - . [ '-'-'I'J.', QiIP - •••~ , , •.....
•

~ o~at1ve &nslty fU'let1Q\ (Cdr) for th1s tU.:rtril:Jul:1cn ia 91Vl;ln ~.

PIt> ••• """ [-(-tl]. •••

•••

Tho D"IaUl!Ib1e£I!ttlcldB fat: the rlSt1matlOl'l of the two perooeltis ("'1.)
(If" tb:I.Walt-til d1strlbut1cn. inclUde ~ 0'.71"•••• l1~lhood ut1lnil.tot'D (MLe).

ttc baot llJlijg: inv<r1alt cotlnlatora lm.:u:). tIlIIgood1~ lrlvadi3rlt _u_

~ (CW&1.Q'I;}the l_t BqUarQ9.In a1dttial to thc!se lMthodll. ~



In tl.v l%e6l:lnt wor:k. MLEIIllltno:S und l~ plott:1ng I!2thods ~ bec!n

~ !~ tin GSt.1lnatlonof the b.oo3 PC'~ ( ~. 't ) of the lleJb!l) d1a-

__ a>.

nw, mt.htld _ ~ pr:1mllrlly for: 1..if'e testing situlltJal..'bt" it

<:anbe arol!«1 oasUy for rep1CCE&1l!1'l.tsUu.tim. lllJ -U. In the """"no l1ko1i-

1XIOd~. far tho f'iJ:$t.r ,fIlUure9 arrfi'1ge4 in ~ or:da" of t1IlID _.

.md :6:cc...nu.wploof n itc:w en ~4 tle shtFC' plrllln6b!r. P 18 obWned'iJ'f tm __

~ of ~ equnt:iaH

•••

~t In 1a thtl natural loqElt"ithll. ti is the lth fft11-uee t:1mD., ,
I\ft(r da~ ~ • the =1" p.'.Ir<¥lleter. ~ ,can be est:ilQll.t:edby,

%' /' r --L
~. C ~7;;1. {: (n •• r) t::J?



-
•••

•

,
It W c~ fromthe equation (2.4.1), r am not be solvnd with 1)., ,

single f<dlura. Estiroat1on of r md ?"yellll only start ofter the second fnUore.,
The majotcproble:n with lILt 1s thot estimation of f is highly biQll.eC!Imm tIm=

m:c enly 0.~'I fl'dlure. Hoo..evcr, data collected for t:he nnalY"'is of P=(\Cf\t WOl:'k,

eo.nt3i!lS = ~ tIwee failures in CMle of all ml'ldl1ne:::.'Ihe result:1ng bias

in t1~ ecti.';IQtcd "p&'ll;IlE'!t:el:seMt be corn;ideeed Il1ilnn@'g;lble •

The lw:lard function h (t) for ;, dlstl:'1bution of timeO to frdluret)D

dci'inedin tnt'::t!Iof the eu<:Ulativedistrlb1Uon function Ph) l'1ldits deri~

t:iva. • \/t'.ich is the probablUty dere>lty function, f (tl. as foll"".llI

h. (t) •

~ etrlIdnl:lve h=d funcl:1on H(t) is

t
H(l:) ••J.hU:Jdt

o

it. f (tl de
.0 'l-1"1f)

• -1n[t-F(tJ)

h{t) •
r _
t

r-'
t



~~(l,

"It).~

c:r. 1n t; • ~ In II + In'1,,

•••

•••

C2.4.5)

t¥ th1nma~ In t: M tI 1.1.no.!lr~ of In H. 'nu:I W••11:••11

I1ulW::d~ is .im;;lly 1Qglog <jraph pl!p8:. FrtICI O'lUat1~, (:!-4.6) it: 13 cl.ear

t2lat tIla' n:1t:lpe:d thII stra1gbt: line plot: ~ 1./~,th1I fllCt:u. used to _u-
IlII!.te~ ••

Per, Ii. 1. (too ,0, the!~ponding t1m t: 8qUels"l:th1at\lle 11;;U5fld

to~1~a;hic:oUy. Per ~ plotting,the b¥1c: Ioltepf;involVl:ld an!_

foUous-t

--to '1:0erdE' the n iltl1P14 t1lllen (both faUed Sld ta'lf"llUecl t:1Illtl fJ:'Olll

oranl1 QRt to ~t..

(W To 1dJel thl t:.lmaswith r:cM!'.1':Ie~. th~t 1s, the fir.t. 1:ir!lIIb

11!boUod n, tJv:ft n - 1. a'ld the n th 18 1«'oelled 1..

(W)'l'o ~ thll fallure t1nIcato <W;~ from t:ta ~aUod t1JIBII.

l.Xx::atJ:l(!tho beI:.ls:d va1I.w 1!1ca1culat.3 1nvo1vir1g the !"allec! it.us cn1.y.

an.tlat1w baird va1ul!!Iaprovide tl n:rIp<ll:anetr1c st1r.lDta. of the or.u1«Uve

~ af t:1ntrue ~
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('1/1)'l!'oplot CI5Zl1at1vc haza:'dvalU! VI.'I~8~ faUure ttnnI en a

l.ogl.oo;J(ll:'1l{f'l ~. Nelson (1~ #IrlI'lt1cns that Wctb.n hazard 'PIPB' is 4VallD-

(vU) By eye. tl:I fit II. stl:'a1gbt Une f:trcu9b tM data points. It' t:Jll!l

plot. 1:>~y l'lttdght, or. r.IaY<:a'IClude timt:d1strlllUticn ~ fits

"" .."'"
pcu;;tUl.m We. the l.IPltb>;1 an nat 00 used befOX'e thE! ~ ftl11unl. In Mdition-,

~,dn1 of too JlQ'I:'_bi:'!E'~lift l1kG1yto b:I M' Ed,..
• ••

. .
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E:1Cqlt !"fM. a <Joodmmher of Jute MUla m1lcttinery caltelns about SOO-

2000 ~t pnrts. All of t:herDore not a:1t1col for produet:ion. Gencrillly.

£a:: n £Gilure of nom::rJ.t1cnl ", 'l<'Ilmt:. normlU produd:ion terget .is not. suffered;

bc<::= :in coot. of the cases. maint:monee of these OOlllpOm!l'lt:seM be carried

C-QiipCOC!Iltsof .Jute Mj,l1s moch1n@t)' do not possess t!Il(f catastrophic Qr maj<tr fai-
.'

1= Ibid.} very often result in di!nger 1:0ptJOpleor ext.msive da::liIge 1:0property.

But ~ fail.mxls c:an cause hugG quantity of product1<:n looa a'ld thus prmra'lt.

p::<cdJetion <lbjecti'I/C 1lcl.n<JlOOt..Identif1cation of erlt:lc~ compclQltlJ for ~
.

oJ! ttc Jute ~llllScw:h1net:'UlS Ls_Jrnporant.to f<>=Ulat:1ng a l'Iyste:natie lI'Ininfcl-

mru.i::lplon. The ~ c:r.l.~ eompotll'Slt.cl1.llrt 1s prepared het"e frem tho

:fnil= llintory of-ilabarun Juba MU1sL1ln1W.,



19

1

-

2

ViJr•.ting eleme!nt:

Pur~ fUt:ere1~t

Ycb! bearm;"
P1Gt:al. bearing
~ filter
Gfllaebox gasl:et
'ot Seal OoS-19

'O'Seal 0.,5-29
'O'Seill O.s-32

flUu,p _ring 40001:.'.
Nu11pring 4-025
.r:ulip ritlg' 4-032

GeE box gosk«t

'0' SOi!llO~S-13

'0' ~al 0.5-22

011 retunin;l mrm
Driving Iolheelflea!

Gl'.t1d sell1 bye=:

'0' ring - l:>ocl'f
'0' ring _ i:lypttsIlI

'0' rJng _ 2ndin let

Valve Iprlrq

Nylal~
llellco.'i.l.ins~t

3

.~t
Di51ocaUm.of joinb at:
noldEGd points

Dbloeat:i.~ & wearout of
ballH __

P1.s1ocat1.cc1of joints <It
-pomts
~ U'ter; use
••••.••t---------d~
D~,., afb!t'we

Turout

-d~

.~"'"
T~t

D1s10Clltion I'<wearou.t 0£'
""l>T...,..,t
-<0-
-d~--Iir_ag. CIt" lesll t:ensio:.ned
':t~t--



20

2. SOFTNEIl. l'lACl-JINE

,

Ilcter:ing t;y!ltcm

D:r-ivo unit

2

Meterin9 v,uve
Stop valve

l1Qtering <':1ectx;Lc;U lIyst-em

G<'ble

Uppl'!r 'I:lImh
LmICL bush

Upper rol1.'"l:'
LOI'lCr roller

3. HARDWI\!:lTE TEASER CMID

3

Wcarout

WellrOUtor leakage
Shortclrcuit

Wearout

C:r;<lck or "'l'!BJ:"out

Drcak~c or w"'arou-tof
different parts
1'coroot

Stop =tion,Gear
<lU1chain driw

2 3

stop motion pinioo,18'1'x5DP Braakage or wearout of
'reth

Stop mot1ClllpirJ.OI'l,:!O'l'x5DP -eo-
stop motion sproket,76'b5j8"P -do>-

Pi tdl pin -dQoo

PiI:chpin wheel,90Tx 6DP -do-

Ca:rpoundsleeve s;prokct, 22~ -do-
Worker spr<lCkct,761' x f -do-

S"Stclppar r;prod;:ct,25T x f! -do-
Strl.pper & worker drive
ctalr .• 13' - 0 Long x 5/B"P Wearout of linkll

\

D:r;ivc t!'llu; C<
coovC!ior drive

Vee ix!lt no.125O

Moto"
Del:!.w-ry :r:olle:r:sprocket,
191' x 5/8"1>

Tension eproc:kltt

B9vcl box sprocket

'l'carout

_00'
Breakageor ~arout of.-
_do-.
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~Cf""
5~1RI'Jr'::1!t.Je'::i.. !!emf$h••••• yrtpsrl

• • 3

t.htu: Ch1
~llOu •••

--

hod ~ be 'D). D!S1ocatlen& 'J wi:. of
~:s..clO (E'ot:'both rolls;s
..»'1001. ,J1'-2)
Felid 1:OUa:' l1tDt1 (For Ji'~ ~

p£b::b pln ~ 1001' (Fer -»-
both ,JI'••t &. .;rr-2>
F1utlild rolla: b:W:1ng. ~1a::5tlaI. •• 'Wt:!eII:'Wtof
1»>01002900(1 U"OE'J}"-:2) 1lIIl1ls

""'" """'" -~ (Fcc!:loth ...dc)..
.11-1 • JP-2)
%ntcs •••• tl. ntu6 :b!I.s:1ng,
~ (PottJOttl -d>
Jr-1."JF~
0..: 1otlMl. 1DS'l' (1"cI:' bott.l ~ Qt" • wt
J'F-1t:. JF~

:li.bcl::t'!d1ate p1nial. :r>'1' -'>
(Fell:' :!F--2)

- 0t44e ~ dtiw. lih'nl, 3ar ilkd:cut'-"""""""~ ....,.
Gu1d&~ beadng. Dis1.oc:att.m mel Me ro It
G02-OO5.iO- of rolla:'
Q;ddn .co11ol:' ~ '15'1 b*"'9R OE'• ~Fl:qt

~
~ ~ror Sf' .00&>

~ IIMft lWleY Wotawt a: ~
fbb::I:' _ 15 u..p !Itdm::m;

TilpOI:' locka:' bUsh, Q mn" Wtn't'JUt

Aotl:r pulley ~"*'9" ot' wetrWt
Veebelt B.ccUm 1SGO 'teKoot
~ lodaer tmh 50 ••. ~
~ cl.ut=b Vee pu1.l.P,,7~ a: 1 out:



2

22

•
Duf'fa 1otIee1. 'iOST
1'1'1I'lIYP!rb1od: b::!arln9,..........."
QI:~ t"01k!r dd.vo
SI4w\x.-t. IJI1rE 5/f!'t'
P!nlcn, ur

"""- ,..,
Geat-~1. 3(J1

lloc'1ng,G02wSO'1770000

-"'-DJn1or-ut:1m &. ~ of

""'"-"'-------D1slr:x:et1Cln I; ~t of

""""--
0eU'Vl:!Q' ~ ap:odo!ll::,4S1' Brei:*age ~ ••• !~
(r:tl~ex,)

~ """*et, 22r'-.,.l
.R!' 1Il:1w ~t~ 241'

CaJlXiti!1J ~ 3OT-39'Z
-~ J:tl1l•. 1itleel,1ST

Roll_er.tva: Ghaft ~. GG'I'

~, Ji' l:o:c'e
P1.Ilton ring
on tlOal, t" b:!J:cl,
~ ootll.fe.s pipe

'....•""'"

••••••••••
'" 'out--.....",.--



.5•. FlNISllEn CAR[)

('l')t>& Jl"-3 r. .If'-4, Hilnuf';clursrl haser)
1 • 3

Feed t'Oller bearing,
602-9016~(
Pitch pin wheel. 10GT
Fec!d t'OUer llhoe1, 49T

Feed 6b:'i.pp!,l:' ge«, 25!'
Q;np:undgear ~.llO'l

Pltch p1n

D1sloeatim & WlUll:azt of"',..••.._.
-do-

-do-
-do-

BrG:lkago or:- wearout

Driw unit

Inb::i:Led1ate shaft: ~
~~_1S HJ'

T~ 1o<:t.er:-b2sh, 42 mm..-= pilley
V_~1S6O

,

V_ belt Bseel:lcr:13200 -dI>-

T~ l~ tush,SOI:IIt" w.erout
~tr:ifuga1 clutch Veapllle:t Breakage or WUlrClUt

OaffC'tl\1Qe].,:wsr

P1U'ltlel: bJ.od( bearing,
602-90456-00
Dr:-lIlrdngrelleE' sp;.-ock~
«IT :c 5/f!' P

""""'. ""•••••••• 34T

Dearing. 602-901'71-00

Bearing, 6021-02020-90...,""""
Ilel:lrirog. 6020-901.'0'5-00

Broaka:1o or ~t
DiJJloca:t1Cl!l & welft'QUt of
balls
IJreak~ or woaratt.

-do-

-do-

01e1ocatlon 8. wearout of
bolls
-do-

Breakage or weurout \
lllslocation & wecout of \,
~ i,e,



1 2 3

Bear1n9, 6020-02025-40 D1:3J.oclrl:1an& ~t of
001••

~ 602-905'75-00: -do-

"Pell'hlry .roll&:- sprock:ct.4at' lkeaIalge Ql:'wearcut i4,_ox>
'1'eIlS1nnsprocket,221' -do-,~
Rf'Ortw spt'ocket,241' -do-

0.11~. It' bom
Pist:on r1rY;J

OU sGal. '1" bc:Il:e

Do'Aty oeal. f e.s pipe
See1ed r1ng

~
~t m ORAWlNG PW::HIN&

(!ypu l'u!lh Fa Mtnufa::b..v:$t J~ll Mackie" Sa>!I)

1 2 3

DeU.vmry rollll'lr bmhes

Voe belt

S""'"' p1n
0iUtt> bush £or: baa:-:
roller bled:
1'1.<mnel$trlp fer Rvo1v1ng

""'-
FeUer bar pinfI

Flmnel 1I1ecvns



1 2

CIItl ~ CI!II'l ~

Can pa:lcar trip lever
Slide rod hdl

C<ln. padre,:, ••••b:J1Cd. rocl
Con _~

Cnil6ermotionin~ate

Co1''''C' ~
CoJ:l. b<'!:$e plm:e

Kef fer coil*' r.!O'l;1onGhaft:

, BI:<n:'l!r-bel.t:

t:4'l1I shaft. brar:kGt b.1sh
Cha1n wbecl an back ,!:Oller

Gearing wppcl::'t klldret
Shelt,e pin bu5h
F~u~ rollermae

"
•

Ois1Qcation & '.leaI:'out of

""""...",..,~.
&-eckage tr ~
w-ra.lt or crac:k..=.
••••••

'1. 2Hl).DRAWmG MAaIING

(Typal ScrewgUl. oollhle ctl!ll.Hanuf~l "m:as~e & S«UI)
1 2 •

1lImh for delivery roller
lw"••••
Front: rol1~ pin1QI.
.Cha1n

C~~
S11&! rod tush ('l'op)

SUde rod h15h (Ootb:u)



2

Can ~ stud p:I.niQn
'Cm'l Packer J:'\lI1nE!r

Cal poda:!r= stu:!
Can poct:er rat:dlet: rod pEU1

3

,~mat<r """""'"
Hot<r_'" ~ or wcarOl,lt;
ChU:1n\-lheel Q'I diver --=11cr

11:ltDJ:" e. d1:'1w """" 1dl<r --=ti<n
ChQ1n wbe!:!l double cDtt1a" --'Ttlru::t moring Disloeatlcn &. wcaraut

of ...,.

FIl1Jclt p1nD 8J:ellkoge ot blunt: of pins

'lbp £aUOl:" ~ _ Wcatout
FallCir spdng brcl:ot: Woorout or crack
Fillai:' spring: ~. ot 1C3l'I

FolJ= "'" """''''''''beG:.; ocd:Lcn Bot:b:Jl:lflJ110r 6CttlW' .~.
Dciivt!I:Y~ing eollct' ---.
Felt Gleave fQI; revolving D~ tlft:er tme=-
Cal1er1OOt::1a'l 1n~ato
Co11« plate
Co1lcr ~ plate
Ccller plate flt:ud
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,f!, 3RIl DRAWIHG MmJ:INt

('l;yl:s: Sse! gill. '1'ripla em, HMuf'QSb,re;lJ!l!!!l! Jlladdc & stre)
, 2 ,

Bu!'lhfa: c.blivery roUQr
hl:acket
Prant roller pj:d.on
Choin
C_~

Sl1dc roller hlsh (i'op)

Slide roll= bush (!kIttQn)

Can P"Cktt .stud p1niml
Can packer runno::r
Can pldmr ~ stud

Con paclc= ratchot pawl.

Bre!lko:;Ja o.t:"lIliluout

Wl!~

-do-

-do-

Mobr __

lbtor PJlley -~ 'OX'wearout
'1'apcrbJzhfor r.t'tlIOO~il!lY ve~
Chid.nmee1 al ~vcr J;'o1.lerElrealca;re or ~
Chain WeI: oodooo
Ch!l1n 10Ibeel double cnrri.er ~-

'1'hruSthearing DiS1ocat1on&. wearcut
of balls

F== ••••
Top faller screw
Fcl1rn:- Il-pr.m{l brn&.et

PilUcr $Irlng

Botta:! faller 1I=t!1l1

Delivocry pre;sJ.ng rolW

"""Felt: .sleew for revolving
"'-r
Faller r.:otim intc:tmodia1:c

C6Ucr plate
CoilE'!:' bE(l plate
Co.U.cI:: pl<rl:c oM

DreakagG or bbmt Q£ pins
W~t

WDllI:outor cr~

DreMDgeCIt 1=.•..,-
~t

-do-



2. !'DaSHER DRAWXJ«;

1'l'ype1 SSSE;!!q1ll. !?oI.lble ga. J!anoJfacb.lNorI
2

20

J!l!WSJ4adcj" & Sg) •
3

D.Jshfor delivtt'Yrol~
~t

f'1XIrIt rcl.ler p1nion
Choin
C~~

Slida roller bush ('top)
Slide roller kwh (Bottom)

Can paeker:' stud pin10n
Cl!n proc:keI: t"U!'ll'lI!!r

Can pacllltt nIfIllllr stud

~ ~ rab::hE:t: rod PilN'l

~ or Io'ellCout
11'" iout. of 11nksw.....,.----

"'''''' """""Mob:t1:p.I1ley Brea1cageor ~
'I'~ lx1:lhfor e:- p.>lley WoaJDIt
Chain~ doubla c=ier Breakagem: ~
Chainidler -do-
ctll'lin wMel al sliVl!l:' rol1c' ~
'ltu:ust be$::'ing DilIlocati= & ~t

'" boll'

FcJ.J.e:r p1n$

'top fll1lel:' ="
PallfE" sp1'in9 l:lradcet
Fallet ata:'1n;J

Bot:t:alI. £a1le: ISCrCI1

Pellwry presdng .toller-.
r'elt .1ol'!vI:! ff¥ .eevr>1vi:¥;J

"""""
Coller IlQt10n inta!::lrallate

Cailer: plata

Ca11er baae. plata
C~ pla~stud

~ or b1unt of p1nsW_
W~t <tt' tt",*
lk'elllkaoeor !fl.toM",,",
w",""",-



.19. !lYWmG FlWI'l. -

,j'f'lt9'! 9t ,..,D & 2t' W. ~t "as maAA a SaJD}
< 2 ,

""-- lrk-.a:out of 11nks
llall_ Ph1oc:at1cn & It tout.

0<boll.-- Choln= .~.-- """"Ir-, --
""" """"" -«-
Drl.'V1:lg ta,-e

"-Tin tmI:t1on & gu1li:l pu110y """"'"~ ~'II'!nIJ Te:mon PlU •.•• 01100 --""',.,'" Tin 'b:!n::dcn ~ hoo:a1ng --
Oll1t:a b:mh ~ :l.'J:'cnt

""""""~s1nIJJ:011«
Ap:on (Fat «' 4,0) -Ru1b1l' ~ rollCl" boss ."""'""""" """"" oobi:bJt tR.II.6 L.II) --Dctec~~-far D~ --""""
Axle ~ (ll'or * A.D) --
'''''''' """'" WeIII:'OUt. ct: c:-adc

lJom:t. OOuble e'::ln'~p1n1cn ~at:'m """Ilem:t.1cfYOI:' ''-' ..••.•. --ll-X"I:i<n ''- """" --B&U !Xlotlrmg £or: heort:. runn':!r DllIlot:at:!Qn &. , !zoot.

'" ""'"
""'""'" """"" Di"i,ocllt1on /II~

'" """""Dl:'aft dtaSU Iotll;lel tlilM!lr!'q' cr Wi!lrCIIt-- Or<!ft. ebD.1n p!n1a1. --Pa.IGE" o;d.p ddv1ng bdLi: --CN1l'l fqo &:-iIft. QIBedng Me arl: of l.1rik.-



2

atUder doUb14 om1"'C.....,
81r11••• doH., c:aft'1c

""'-Tophrn! "'*l pWen
Btllcb- ~t~

."""
""""-

30

3

_~.c-_out

•
l1. :lW1S'l' l"RA.'1!:

Itg!#ac;t:uqr. :I- Madd.o& .!!;om)
2 3

lie.,. '""'"1krl='m

."""" """"
~ mbte ~ pln'on-~
8l!IU )""""ng I!olr helrt"....,
Al~ fr1cticnd!-=
£.L.,8. t¥Pe ~
FlyQ: tOplln ~)
1'-d sptnt'tJo

~1lIJ eJ'Il1 ~- """'"""""'" """"'l\dA.t D.,.cclmn whool
LUtler1XiVwl

'1'opbin! ~ p1n1cln
ad.l~ C!aft tlh8e1
IIniM••••D.c:. "'-1
1'IvtQ:

l4n1Y. belt

wem:txIt IZ' er:o:.
a.!I ••••or: ~,,:"'-Itv_
D:lslocat1on & s ~
of boll>

•••••••••~ blr~••~_~

11" , out of llnka
Dredc.. at' 'OIl:I!It'out.
We out cr crack



I
, 2 3

5~ p1niQn,211.':It.11J1P

spiral p1n1cn. Sin' x 11Pl'

Cop =
'pind1e

~orwem:out--"'~t
Wcat'OUt of! ~
port1<n
'=cot

WeaJ:OU,t & crlld:

-do-

Di.!<locat1on & lIICeroo.t
of boll

"~t
-do-

end<

13_ R(U, WINDING MN:IIDl&

('l\>m~Mqrl; no MroufPmmY;"I Jtr= Mar:*ic& Scm)
, 2 3

"""'"-,...u.•
Ball. bemng far: Uller
pulley. L.s9

f'llld driving IxUt
LU"teI: l=\d(et

D~ bradret

lttt~ Toe

Da'"l*' spt:':1ng

Disloeat:ion & wcarout
of rollers

\,,



I
1

•

--""Ct""

•

"'" lq>..-
Dothx. 1.rlp ~

Rolle~. RU1'

50:011 rol1lIr ~ (t>J.a1n)

SCL"Qll:tl:l1le= bofi (Key.-,
c:erl:re-, lap 9U!It'd ('fQp)
Centre _ lap ~ (l'Iottan)
~l bem"ingt LT

. .

J4r CCt> WIttoDf:> ,WOJ:OE

!lamf~tJmlI!S ""'it" & 1lon!

•
DiBloc:at:1al" . !Jt:out
<>I'bolls
n1s~6 __ out

of """"'"--•••••

•••••
D1S1oee~ l. _out

0< "''''''''--•••••
~rx~t

•••••
~&~ ••rreut
0< boU.,

'WP~iwt

.D:I$1.OC$t:1r:In a M>a&:out
of ball»:--&:llii1l' 1'98
w 'w1:



2

"

,

~~-
COIlnCI,'lting _ rod.
Centre' bradcetC.-
Cul:t:el:: _rring

Birellk:Bg8 ClI:'crack

Dil'l1oc:atlon & '""' :r:out
oE bolla

Sreekaj18 or crud::
Bz:'eaJ'.ajJQ <% wearoot

Wc!!ltQlt f1 O!ftt:r:'ehole_.
Ih'oekagcl or le5l::
••••••••••••

•
Pr.cWlg .roller
......., roll""

'pool.-
P~ll1ng ~ll= brac::kst.,-
Ho1n dd.v1ng p1n1on

<""'_
MainlIhllftbl:'~

Driving pin1«l key

3---...,~
Wear;:out or <%lIdc

~CC' less
•••••••••••••
weawut or bb<~"'._W_
WeIlX'OUt or c:rlJCkW_

19.. HX1lBER'1'mESSIOO WOfIJlE

('lyre!9 sy~, HsJufI;Ct!.lm! H}Nlert~Co.•-~-Can1cal wh!CIl fee;e.J.
CaU=l \<It\eelf~U

Cclnicalwhllelf~lI

Ct:!n1cal Iohlal £--::lV
F.I.V. gear lx»C c:ha1n.RC-356 Wcerout of balllll t. 1Jrlks

GearboXbefJdng Dislocation Be weat'Ollt of'
balla

O1$lOc:at1on" l~=outof
"""" • bolls
W~ of l.1nlcs



I
2 3

Pkking 3haft. We_t
pfeHng1!Ibaft:l:~ .Bre!lk1!llJOor !eM--
Loy """" Br~ QI.'crack-." -!:'klffet:' Ilous1m1 --Pidd,ng {II1lI Bre~ or a:.x!t
PJ.dd.ng CDrc -- 1. - t.5 H,P _t
.1'101;0:;'pilley ••••••••••
Vee belt ~ SSO Te~t.

"""""pulley Wearout QI.'b!:edcage
~ p1n1.on,90/55\' a&=l!cl!lgeor WI:Iarout.
l>1n .rolla' tW1ioo~ 9at --C!!l'ltrt! llh<\ft p1nicn, 2S'1' -do-
RatchDt: pjn1cn, 4Cft -do-

Or"'" -. ~"Qt' weara.rt
Centre lIIhaft W""",",
S~ shaft --~t:1ng= ~ or wvarout.
CrlIl'lkshaft b.ist'I

w_
Centre .shaft hmlI --Sword l!hil!~ tmh -do-
Wyp= --~eball --T.".". ,...., -do-
rrtJdr:: p1a'lx!'-L-' ., - •..

1.7, SAaaNG lOOM

___ (!,H'T.1 3?!( n,s. 1'b1ufas:bgE£1 LEF'Co.)
1



"
• 1lESSV./1UlOtl (",.\ttl l.o:pl; systNn)

(Om w &5' tIo g;Jf R,!!,~t Lm:o..)
t 2 3

--Vee bl!lt no. as
l1actl1ne pulley
C::qJwnd p1n1m, 'iKJ/4St

"'inrollfr ~ 9OT.
Ct!nb:'e shol!t '~. 25'1'
RI:Itchot pini~401'

Cl:'mk llMft

Ca'ItcI:l shllft

~shBft

Cc:nwct1ng lI,rllI

CJ:'etk shaft bush
Culb:c DhJtft W9h
StolClI"d 1Jheft. !.:usb

""""....". boll-- '""'"
'1't'uck plate

Coo
-,.""
ill!:!t. gate--Cop-
Cep ,d!!tecbx

w__

~lilg(I cr ~

"""'""'"'lkct«a;JfJ t:e:' aadl:

W~t

-"'-

••••••••w_
tcElt'Q.lt

1f1!lll:'ClUt: a: hi: 19kr"c

~ Ql' \«:!l!rCUt

-do- ,---do-

~ageQ:'~t

••_t
-do-

~*-Je C£' ""'lIrOUt
W~t---do-
-do----do-

-do-



~T.C.Keay

•
"""'"'--Vee bIIlt
Llltltlllll:' belt

":dn shaft m:i:Q:'

Mi:lSnshaft ~
t:lrl\1tn; p1n1<m

S~pJ.atl!l

3

- - .,

,

"""'"V. balt. "-'11
011 pd!Ip bJc:lcot;---v~Nlt. B..12O-_.•.

21.. lAPl'ING w.aiINE:

~: T,&,. !Sesrf
•-l'bbx' pulley

Vee b!!1t. 1-105
Botta" em
JJa:1(lqs_

3

3

~ cr ••••_'~M

""""'"".~.
D~ .t'ter UUl\I

~~l(!$::
b0r01cntd

1110 'out



3

2... l~ mmGtIACHU~

_______ "I!!mf=~"""""'_"""'••••• '"••••••l.ol••• _
2

Jo(lQfOr no. C1200

••••.• no. 1SG/'1O

""""" -.,
""" ...•
Clr.p ~

•••• out:

1ked<t9'i Q:'"ne ,out-Sr:«*q
"'" aoout:



------------------------------2 3----------_ .._-----_._------------

.',

'l'broat p1.&.ts
Spc::wOOai:t S1207--~"'"
'-
."" ""
spc-eadE'rcd=

"""
_<oot
TIl!;lUon ~ eoa'iU
'I!em1t:n fec:ule

'kn'Slm :5pI:'1n]

W~t

nz """'9' cr W9t'0Ut

Ii 0111';

-do-...,..-.-.-
~GlJG' C!:lcss

-""""
"""" .•

,

25. OVSIllI&ADSoo.oo KN:lmm

~ Df"-!flds,]It:ntild
2-

1f=~3tI'
'1'Qp p1ni.l:rt. 32l'

Botto:.. pSnltln, 32t
~ '. s.,w .•G. iX>.4.5,6•
_.pod
N~, C.'lJr'Ie

eentrtJ p.W.cn
C<n__

O\lGdlead dlll1rl

3

nt'l!l!kagc ClI:' WQm:'OUt;.-.--~-.-
t.J" out
~ IX' ,"e«out.



-
m... fW.nJ:>, MACI-ttNE

, flmjf,spm;1 =l9!!3..!!t!fM to Co.
• 2 3-

DIff.:'ent -defects Wide•..""'"
1lr.~:ageat net <It:' ~
Sif:c,c£ dirt

.0' rln1 (D1££uo:mt~J
Oil Mr4i (U1f'f.-ent. ate)
Da:1 S1ne p.!!:p --O1f"f'cant: defect;a wide""'....,
!l.B. ClUpUng ~t

ReUc!f Wlve (L.P) -::Jo...
ReUQfftlve (Ii"p) • -do-

CCn1eel:1ng p1p!t (01f'feren,t: ~t: of (n(1 =t:i<Jn:I.,...,
f~a11.alPJllP

,
, ,

, ,



..,/,

W1~ p:op::r dato. <:o1lcc:t1m U'lr1 mt.GIl;.Urt: lIMlye12;, i.t is not: JlCSS1-

1:4.cto ~ t!fl ~tGCUVll ana cost- opt1mII1l1lll1ntswlo:t strategy. 'for: !Ir\Y-.

ch.l.nc.. At too ou:tt:ot of «rJ sttutpt flo ~ 11m1lacUcJn systlamt one /IlI>';~o:no-

Sidc:r l3OIItll:."OlUpzto"t cp:rstiala. ll!.11I:b ere ~ .as ~t

tl> 1:b1d1&It:a flhould be ClOlloct:e!! "I

b) 1k:U~~ba~?

cl ih.-f.:.u:'VIthQ b«ft. .t:ho'Js of l*""t>+s:lng the dnt4 1

d) em tb:l" raEl'Ultn of ilU tl'I1o eff'ort be pl:'QHnbzd :in a nednoful ~ "I

lit" lcs::t:Ito thaiEo QlJe:iUcn$ eru t'IQt d~a14lt. :foI:war:d. IfQstly tboy at'O

i.'lt(s:do;;aJol:b:ltmil ~ cbmg1ngOlEtoo sys_ d_ ~ rev.l.~ of thel

cri'«:t:iwuClOC .• Sot it is ~ h!lceSsary 1:0 ect8bl1.sh. t:h!l berlie:tlts to be

gu1nede:m tM rooults bcf~ Giltabl1.sh1nqfn;/~tst.. Now,tlll) ~ 1nfClrIII"",

tkn ~ La dJout: thao 0!:1g1nal OXIt m WU ao the o:et of Mlntmmce dtD::1nI;:t

U!lI,;:£\41i.fe d. t:he 1Il:'idlino. In ~ ttl &1Ib:\•••,~ the 1lI!l1nt:lim.ne. (lOSt 8'r1 dQ.n-

~ ~YJ' Cl1C$hou1delso ~ 'the ~t:lt:n3: lU:e hewoftm cSoesthQ

~~, how oocI'I ps:oducticc t1tI'a 1IJ lost alii OJ8t ::If loot ~

<'tffl'YJ tm ~t 'Uhat:is tM o:dt in tm:l:liII of mdntmlRX' ~ tn1 rcpleoed,

o:x::p::unt ~

:tt w oUlo dB'J1rfIble to Ia1a>'the u:re. lO3t In wo1t.1ng for ~ ce tm

~ c$J , •• , ••Qlt!!i .en! ~ length of t1I:r! that rapW:a t21:c. "psrt froc:l eQIiIt

&tat ern: lUll 1= 1rlt=Ucn.n],a, 8barl: th!l £nUure IiIOdeof tbI mach1mtmet

dfu:;t OIl!"~t fUpQ of :fl31lltt'o.o



ltle {Z'eOmt lq9t&1l _ not ~t mecUy m:l $d«\t.1f'icaUy.gnat t11ff1cult1m;

tuwa blIan :f1X:*i in respElCt of col1'i\CtS..D:;l d1fi'cs:'mt do.ta r:;t the juta JlUl:: 1I'lOd'linlri'.

Though ttll'! 1'&1 WID~sioned in ttrJ: yec 1910. enll" th.."'Ollyrt'lCSf"alltCC I!e~

1.0.",. £tOll ttv period or 1M. Janurz:y, 19'19 bD 31St Da::uJ:>a: 19f1t hariJ beoo. eollo::t:ed

1."1:~ of aU ~ o:ccapt .-drg ~ M the Idll. We to OOfllWallllbUiqo

oE cu:«:L dilf:&. f'lCW'J'er. for ~ ~ dab. collected only t~ a ped.a:l. Qf

hJl) ~ Eul:: tn1G wUl not: ~ to develop tt. N1ntarwlc!! po1J,cy Eor ~

=ch1~ ~ ~ ~ of f~ .,,;l .,;2.~tcdalSt, dcu;ts.nc etc. (lte

~ h1gl:v:lr t!1$) tm other: ~ In glln."JE'alt d1rt:a h=l .beom o:nlfiCt::lXl rnA! or

1=. u:e:cccUy o=-1n;l t:. atovG omt1lZ'l1ld ~

,/
/

To d2w1op ll;go::>d1I;d.n~ po11cy. the fcUcd.lJ;l JrotOLM fer dntl:l eoUcoo-

t:1onO¥I !)ePL~ (~ .IOe4.t).
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'nlG :t<l11ure &l.ta far cad!. mt:Id'dne given 11\ the ~ ecct1a1 hSl:II:x!m

ooalyood to find the mst fit 1Idtu11 d1I;tt1h.ltia'l 6'ld ~""t) to flnd; tho ~ md

Gta'da!:d deY1atil::n oe too fn1l~ t:!rle:. 'I't» r:h\'I;petIM scoJ.eptll:aa:leco Of the

ifo1bull d1str1b.lt1<Dl ~ bu<x1 ce:lculab;!d ~ the KM1""m~llhood ~~

(nu:l II'lO!ttlCdl!iJndthe ~ LWJUood oe h!lZ8t'd plott1n;z. In tho IU, thi!! shape

( r) m:! DCllle ([,) ps:dnb::!l:D.are OSltilllated l':f t1'I!'!'aquatiaJS 2.4 .•3 a1d 2.4.4

,
a ~

Z; "'''''•.. f L", ;\. 1
~

- ...1- "". _. (~)n " .1 '. "1L •••.-,

- , +n f
n L ••. ~'!.- ['-u' ••• (2.4.4)

,
~ calut1.m. of ~ 2A.4 18 st:r~f:f~ mce tho vll1uo of r

,
1G 1m:Ivn; rot: tho value ot 0 \d.l1 hl:1vc b> be Cflt1rlD.ted by triol C'4 cn:cc-, 1f

••• 101 cequtat1l:n is miecl: Q1t.. othemd.&athe GqW.ltittt 2.4.3 em be EOlved,
UIC ~ by ~ p:ogl:OCOO aDd t:M t:oeM1qUo of' Harten - ~ Cl!Itl IX! nw-

r
11I:I:L.&J th1D toI::m1~ ;en!n1~ val\Xl ol ~ 1:1'J1= tllllUll11y ~ ~

tiet'.) QK1tb::n G'rorm1w :!.tcliat1~ nt'c ClEried. cat bt.

••• t4.3--U



••
~ J.1G tM!.turat:i:c:n ,.nbl!T mel.F( 01) tn:'! ••'t rJ.) eE'O LeB;n;:tiVa1.y ~

,
:tI1!1l:::ttca md 1:00 £..mctt.cna1. derlUtiw Qf f obtaimd by ~ tl'lG! fIIi1Ot1cn

2..40.3.

•••

•••

~. n) f.nd1eIlt:d the ~ fl.lnl:tlon. 'l'M villua of tile gl\lfllll\ fUnet10n

em be drl:n1.necl £r= t:hCIpMJ11lhod !'.'Ih1<:."'. AlbUTlate1y thitl em bliI .et:1llat.lZld :bY

•••

£or: la!:fJIl V1Jluo ~ no.Vol:' ~ cl n gtElUba: thllfl 1, the ';lbaItc fa:n1ln g1vas

«lCUt'QtIIl~ of ~ fu:nct1,l:n IJiltD t:f=le dcdJ:lDl pojnts. ~ 15 gxd El'lOUl'#'l

s~ MUIOd of et:1nlat1on. for IlIaIC I:IIdl1nRS of tho Ifeib,lJ distribut1cn

per:-aiWt:ca by ~ p1Dttmg ~ t;l.vm :in App:n!ht~.
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Yl'Q.\..DJBte1!Nt1T l?sptm ;ettllU l!!M!J":9;cl;_" ~ t!Ijrt';boI1

, " f
.- . -

Na:w o£ ~ .••- , o;r;;""""- ~ ~'t (h:n) ':)r (hes)
,
~

,
: 0 (t-XO)

,
\'[" (m) ~~) I,6 (tin), ,

1. EnJU]IOOPLN& .." 11U'JG 6341'1 '00.0' , "'" ,...00 021;,68 34M"
2. SOf1"N£R KN:Wlm 206' 109S.07 913.~ 397..61 2.17 _.00 ....., 467.82,. liAAO WA3T& ~f':N."D '.34 ,""-', 10''''' 478.52 201' 1'l3O.00 1001..$3, 4-95.34
4. ~ CARJ)WlaWE '.22 "..•. 4S9.12 231.9a '.00 "'.00 ,,.,.. "".111
s. nrttsm:R CI\Rl)wamic "'G 604.29 ",... 2'12." '.31 500.00 514.07 255.34

G. 1m DRAWIllO~m '.00 534.:19 40'''' 240.31 ..'" 530.00 4?O.sS 2GS.78,. am t'fWlI!1O !'l1'CmlS ,.•. G9cMlB 61,1h'19 •••• 00 ,... 6'10.00 Sga.3G 22M'

•• 3m m.wJllG rv-amm 2,7' 601.93 541.~ 2'13.'1.) ,",0 630.00 559.,46 ~.3a

•• mlXSHtR IlWO'J:lG !.w;:nrlJE 2.31 GOO.93 ""'" 244.111 '.03 ''''.00 505.39 259.96
10. Sl?IIW«l f'lWlt IYIC:lttllB ..., G01.'7S •••• 25 290.., 1.0.7 600.00 533.06 295.39

it. 'l'tl!ST FlWU: r'.IO:ttlID ..'" 10101.39 .,.... 200.34 3.37 _.00 g!".f» 303.65
12. [,QDlcoP 'ImlDXlD WlClIlJtS 1.01 25'1.14 256.30 "..25 .." "".00 300.25 165.69
13. MACKRm. HI1~ t'i..-.amm: M' 1>;'" 69'h03 253.63 '.50 '120.00 639.313 272.44-

u. Mo\CKCOPWI!~ !l/'dl1'Ul.1 ,..• 4'19.93 "'.30 202.01 '.00 500.00 ""04' 231.19

15. '!:It:t ~ fVICl'mi< "'0 9GS.:!i ••••M 303.59 ,... 900.00 0SG.3G 323.02
'W. mDamr mrzs:.t:n r'IICttt!E ''''. 1563.18 """ ... !G3.'77 2.01 1560.00 1302••• 69tM~7
11. So\Oa:l'lOUiOfl •••• (30'10.23 534." 217.52 ,.n 630.00 560.91. 22•••••
18. 1tG55INf r.oot1 2,31 "',45 632.,63 289.59 '.13 690.00 G'11.54 ""'''''19. MtmD rVlCll%tlG "'" 2'150.39 ••••.'" """" '04' 1000.00 115'1.70 '15'1.21
20. ~ Iw::tm'~ M" 1El11.53 ~55.00 401041 '.90 _,00 1S05.eeJ •••• 54
;n... l.APIi'ING t".II.CJUl'S 4.51 2llO9•.,. 259S.'lS tl42.54 ,,eo 2200.00 25£19.20 G30.20

22:",OJl'llW ,"oam:: ,... "" ..•. "",,40 3'l;.92 '04' 2000.00 _.n 369.SG
23. lzttmlO SEWnTG Ill\CCtlltt '1.54 ,.,.OS 221040 1<16.59 " ,,"" "',co 222.OS 134.38

24..l~ IiCWJJ'IO(W:::"::UE: ..'" 200.55 '1W.25 13S." - 1.31 190.00 1'15.29 •••• OG
as. ovtrtll:;.N) SD.'lItlC wamt'I 1.38 191.11 iGa.25 129,51 1.02 1llO.CO 1GS.Q2 "" ..,
26-. MLIrlG AtC3S I:lo'tI:::urz 1." 630.'10 5W.43 ..."'. 1.25 st'.O.oo 54'0',,43 ••••••



Rt!p'a ."Mlt prabll!lll!l.e.= tI.pct:1.o.l1cr:' c:1~ of nain'tc!neh::l:t p:cbl-.

Usually.re;i!Ai MEatprob1.= can ~ c:las::t1f1edBil a,lt!q: ~t!e l%

Pl""'t"bSl15l:k(stol::0O9tic) * tn c;:o:IC!of ~l:le p:cbl ••••• thG t1l:l1ng aid

outc:tt:o o! ro::!plaXdllbt po.Ucle$ _ ~ tlo !le ~. ldth art:Binty. Ilere.

ttc ~ ls not orubjGct. to iaUuz:oe hit too o,;azaUngcost .inr:::rowal:l 14th uoo.

'To ~ t:h1S o:;«uUng ealJt. Q ~t 1IlI to bo pe:t;:fUI:I:zd. It: a ~

~ el~ thliI repl •. ,.. ••It,. the ~ in op!l:'etiDJ CDGt's1J5kf1OloCl1P tho ~
,

U10t the rcp1e C'" It: ~ ~ 'the """"'t'no to tho .lIZ'new mMlt1m end ,o::n..

timoD to ~ tbe G_ ~ -l'I!lthe rep]"""'" CCLpttltilt( P=t:n. If ~

~ hold, tl-mWld.cus ~ts w:e:l: in toomalymoern l!l1~ inverialt

liOboM2e. L"G:'p\i,,*Sctt:s,of~. t.h!s lIi1rWpt1cn does DOt: hold Irilcro lx.-elulO1og1o-

all .L:4cO\lWGtit: of! the nE:lI1ne 1.8 tokm. into ar::comt.,

Itt the caDt! of probDb1Ust:!c ~, the t1l:I:1ngwid ~tX::r::D!of tt» ~

I\lOCW'd"tact10n eTI depI!l'ldal, ~ So. 1lIi3in~ of ~t1cally flil1l1ng

~ involvm ~ of c1I!lc1s;ial, I:llF..tng ~ WIC\1lttw1nty. 'ho ~ of"

ltw:a:ta.Ulf:ya'e diil~ F1.t'Gt.oit; is ~1blG to ~ ~th oerla1I1ly

\h!ll. n hilum wlll OOC'Ur,dr m::ce ~ly, Ihn tho b:'meit1an point: hOIll.mw

GtatQ c:£ tb;l ~ to 4):,)Uler will 0IXUl:'. se:xnl, 1£ I!lJ'f be 1IiipcKm1b1.e to dJeter.,o.

t!l1net:he ~ l'lto.te of the -.....h'no \ll1.thlV/ ~ unlCS$ e definite ~

nfP:"'"'o:::ttm. ill ~ Dllring ~t1on, t:ho cachinGlundcrr cona1deratic:n U 0SW00

moa tx:l OCOJPJ OM of lU'lVCl:al sl:ll~s. the b«:t uxtLam &~ bd.ng M9XJl!" all:!
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Itfa11ed". ~ t\«l bomi3ll:I:y st.tl.l"AaenelOl!lG0 set of 1nbai:i8Jcllfth:! lltatw U1nt

dcooto 41f£oralt degr:olI3of dob:a1o:tatial. '%tn UlJIIiSJWt flmUl atato to stato io

~ by " ~h1ltty li:leChmim\hJoo blltlY bo <XClplctclyJ:mm, partto.

,cA1y kno:U1w ~t by tOO ~~. Xn the! ••1mp1~t aitutl.t1ccl, of

OOlJrOC, th::! IIt'd'dnn may 1xt ~ lIS being 900d ~ fatl •••• rn1 t1Yl OXt_

ponding Pt""'mkri'ity low wq be ~ by the &.str1W.t1m o£ time bc!b.Dm

~ of thn ~t ae:t:la1 c'd. fol!liluz:G" '!'he t:f.tIn to £s1lurc 1tl Q,

~ vme1llble' tohOSa cU.r;t:r1but.i«I lllIlYbG tGrm9I1 tho ~ fa1lul:a d1&trl1»-

l'l'ICdellJ.in ~ tre stab:> ctf tM EC!t!ne 18 lduny'S kncun 14th cect.a1.nty t aid

"'*~~mdntmmeo =dolll !J'lVd.d'l tiJ:, lJt:ltt:cof thlt.~ (ot lca5t
•fer ~ of its c:ot•••••mts) ill ~ with =f:a1nt;y .tmlEIGIl .GCmtdcf.tn1tcDIlili'Ioo

~ cctial ill tdcm.. In ttd.II woz:K.Cl\ly the fit:>Jt t¥Pe e,f I1Ode1 has 00m

""""""'"

Wi~ the prcllCilt:1W l!I81n~ 1lIJde1, then~ 11= that the I:IECh!.flo

cperot1trl ~ l;lSSUr00C'lthat: the «:t:u..:L ~ of the IJII::h.t.M::f.t; ~m Idth

car:talnty •. Altlll:natcly, it"lllil'J bl.l!1l3!1lJ;JC<l that thll meo::h1.m1!l kept 1Jl, :sb::ulge

f<:c 1ts ~_ 1.199(part1c:u1r.dy \IIhmaWLgal\C1cd.tI.) but is ~ am~

~ It llIIIl.xlaj;t lX-=o1blo to dG~ the ncbJal lltCl:tacf the ~

t4tln1t 5W l'u:'tbx Dl,ill'l:mtnee ,lICt1m •.
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•

In tiXI .~'Oltellt: polley. 1nG1xla:!d -.sng: [..NlI'Glt:1ve rep'tlOn ••t:a

d;. t'.bl:!I:i ~ 11l1W La:: •••1ng tha poeclhtllt¥ of ~ a {Ei3Gtt1w

~t. ~y aftlIr 0. ftlUul:c rtQl •.••'. '"tt:. the t1r:= m: IINdl. th:I pt.Vi'U•••

t1~ repltJ) 'm••!:w:.u;o')~ en U. f9t of tht ~ When fe11\El:ll!1 oa:ur

f~ t:ep1•• w.b ~ ~

."""'"J:q)l" ••U'!;

o

_..
, -~'''>iEUt-

,
- • ,

""
, •• "" I •• ,, I

""
,

~ t

1"tlpr:e _ s. 2.1

l"L"ln t:hcJf~ it em. be oron tlmt tle o:p ba!Ic::l:p:.Uc:y' 1I:mptXi1ms

bIcJp»o'b'ID ~ of ~atkno. one ~ toJng ~ lb:ln equ1.-mt

J:lllld'Uo.:LtD p1on1Idi rq:'l1•••»•••lt «p plu:;l. tslIIlt to effect. t.hl: PtEoo::,ttvo repla:»o

umt WJj t:to oth:l£' I1lO'to •• fo.l.1.Ul'Qn:oc1nlJ 1:Icf'<:rethe pl.-rm ~l ••• "It

t!oo p1W t.1DC!to et'f'a:e tha ftl1luN 1;"I()'••••.,'it~2-2 tuust:.t4tai UUs pt.Int.

""'"'"r:'\:lplc. ".nut

<r. I- I' -IOf

I-
Cye10 _ 2 • I• I

P.tcwtd:1'1lO
rqi! •••••,lCIlJt

I_ 0,.'"'''''' .1. "" '1

""""_11-



I

'l'hUl lll::del is I.J1so well da<AIlop wd ~ I:J::C'l!d!ta11s Q'le t:Jrt:J.refer to
~.

Jar:dl..ne(2).~~]). lien- 11brief desaipt1«>. in given. Tho object1~ 1.l:lGel:

to ~t:c.rrnint.! the opt:1l!Ialpreventiw rcple .mt oge of the equip:'Cnt 1n «'der

C:£1$ the <XISt:of a fillw:e replace:nent.

'l'p is the t:1mr! ~ to tn6k:e .eo.p::l;'Mlll.tiva- replaet.lKlerlt,

Tf' .ill the t:1IllC~ to fnilure repla<:emnt.

f{t) il.: tho prcbab1Uty dmsity funeti<n of the failure t1r.lesof the...-
M('tP) .1e ths Iilt!mt1me: to t"fUlut:9 ~ pre\lllntive rrtPJ.•••••••mnt ~

at t\.r:lo tp

cU:.p) iJl tile t:otcl elq'.eCtect coot per =it thoo Eo:; ~tive reploce-
Dm'It.et: tp,"1lIld

N
R(tp) is ~ to J f(tJdt.

tp

C{tp) _

_ Cost of eo ~tive "'pc JI:probllbility of ••pr:GWI'lt:1~ cycle.

+ (XlSt of Dof<lilore cycle x prolnlhiHty of a failure eyc::1o

• CpR(tp) + C£ [1. - R(tp)]

• Length of a p::even:t:iw <:ycle :It probabll.1t'~. of n pre_,tiVl:! cycle
+ £:zped:cd eyele length of n fallure <:'felt!x probaMlii=y of 1If~--.
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a.e.t'tp .•Tp)ItUp) •. U;(tp) ,. 'I'f] [1- Rt~U

•• i;pUtp) .• :M!:(~ .•.Mtp) [1- 1l(t;>lJ "ft'['1_ RCt:p)J

• 1;R(tp) .• ?tfttlcN: .• ~ .• no [1- R(tp)]
)p ,- J R(t)<It; .• ~(tp) .•1.'f' ft- IIItp)] (Zntagt_tbl9 by pcriI:)
o

'".-~tDting' this .1ntl:>~¥b. (5.41>
at;t). COR(tp) .•.q 1_ R(tp)

It1tt)dt .• 'l'p ltttp) .• U a -1l:(t;»J
o

tis is the *"del t'a:" ~ o;:nrep1••GEllt pcilley, rclat.1ng tt. tGt:a1 ex~

"",~l.~""'lt."-Qllt fC" unit..l:imatil ~ """i'L1 •••••t;qt. tp.
I I . . . , •. -- •. .'., I ::_

, -'.
- L

, '-,
, -- ,

,- -'
s~ in pccs1t:9 of ecot ot ./lpoHcyc4 ~_ at.hllun <:XiJif'a, .. , . ,. -

, .~,. j". _~ ,-'OO.."l~by, ,,_' _. , ". '.

_ 1_

f- ••• •••



000 to &£f'.i.<:ult1E!61n ocet:1nq Q;' th! _~ tXI~ I:l!'Il{s•••• ~tnt

,~UtW.nat.1Cn of <lq:l1p:m't, the r:-opJ.'dltilt: po11c;y~ I¥q be CD;!""ieb

t:l:i,n1mtgoe total d!M'It:1cIIl' ZXlIt'dt. t:Iae., '1'hII' bcsie CCZ'l£l1ets _ t.hat.m ew.-

Pt ••hd.U ••• ~ ~ ~ ~ $$ lI'I. 1ncI:'eBsa In d:u1t:J.rre dI»

to th;oQrop1.rfI'''5Wlt:l. wt a ~ of thls 1#a~ of!4oi.nttnemn

tD £nUuro X'QPl0e mtn., h d1jeetlvo of! tMa ~ is to diItlet'uc1ne too opt1ma1

I:llJGtp et: Ilfl!m pr:oIIl'iI'ltiwnplll1'QlrnUl ~ co::ur suc:h that total dcrinWra r«

lE'I1t:t:lIX!is ttn''''Mi. l'h:l po.lJ,cr tlh.1.d\ hal beenWastratnd 1.nF!g.5.2.1 w:ill be

,~ fer th1s DCXlele:bo,. !RI ttw:re ceo tx.JopcoaSblo <=yeles of 0JX!r1It:1cn..

':he tol:01 cbwnt1me fa!: k&Q:Qa.t:1va rep1'" _, 111m. ~ t:h! ~ lv, ••
" - - - "

• DoIMt:!IOOob) to II rc-.tiw cycle .x ptobJb1l1ty of a prevontlw e.it=le
• Do&1htko de to .Illfallw:'0 cycle :c prOOe1l'lH ty oE a fn1J.tJro cye1.e..

• U:p +!'p) 11.(tp) + [fl(tp) + 'H J ['1 _ R(tp~ '" (AG •• /I3::t.1ai 5.2..11



""""""".
D(-) _ !e~(b) .•Y [; -/l!m)}

'"£'" < tp + :P) R<ti3 - :. ' of [H( s... 'i.e1:1- 1>ttplj ._ ••

"""'" '" "J I«Bet .•.'i'p au:p) .• '1',{[1. - R(t;pl]
o

Ohp)" Th at ml .• ';:f U - R( tp)1
Jf<.( t)dt .• 'I'pat tpl .• '!'£ [1.- R(tpij
o

••• •••

.,d,;.,,~ 12\ [L5"[;0' " p ,
It\i U-0. .=:;/ _ ~j ;~' "'

.h. (5.3.5)

/\.iADE //\/ r'.~G'Sl
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In tile pota ,t wed:. tIooprcvaltive1ll8in~ =dcl8 IdtidIMw been

~30:.1 jn flolIcl1om;5.2 ond 5.3 haw boon solved by CDliplt« pwgz:a ••.!!t to :t'1n!

out th •• !lll)1n~ poU~ tc.: jute mUls ~lell. Tho ~aU1.rc -eh!E'13CtGd.s-

t:1cs of ~ of t:hI! lSlldlil'lEieB hIM!!be<'!ndet:el:'m1ncd by £1t1:1ng VeJhJ11 dilitr1J:u.o.

tim, tm ;ca»tJa" of \lIbichhave ~ ba:ulate1 !tI Table 4.3.,1

c(tp) _

-.
~(tm .•.S J1- RVie}J
J R(t)dt + 'l'p R(tp) .•. '1£ [1_ a(tpD,

, ", ,

" ,.
I, V

D(tp.l 4' 'I'Pl(tp)'" Tf ~ •• ROq.!f
]f,'1W dt + 'I'p a(tp) .•. 'rf [1 •• R(tpU,

~1'It'diI'IJ the t1oluti-onps:oc;~ ~ ~~ IQ:'OJr.--. til. £ollOldng point:<

arc to be ~t!.orrd.The dlrt:ermtlat1on of opt1roal ~t:1ve mdnb'nzloe age eon-

sider1n;l ~ of «>st: hO$!lce'l illustrated 1n fl.gores 5,,4.10 end 5.4.2. In

~ f~ C{t;» ~ b:!C!tlplotted tw]:d=t tp gbow1ngthe posd.blc b:",~ Of tho

~. lot thIi in1tiell F.f~ the tot:l!l ma1llt«Imce CCQ:t:1$ gaataUy bpawe ~.

bllen £PUn:1by' cor.:p.'ld.ngtwo o:ot V8lUeS at !I t:il'I'oI!Il'Id then th15 ~ cost h~ bsen

~ with fl!lUunl rq1nt:e~ COGtto find out..m:i.dtone i.ll lowt. U the IX9'M•.•.



••

C(tplI
Wp}

Cflp
(failuh. mainf-
enoncE' costper-
unltmean time)

C(lp)!

Fig. S.U Fig. 5.Q,

U the £a1l1&-ena1n.ta\mee OJ8t !Ill ~ IIlhich baJ mOll!.sbowl in £1\1. 5.•4.02. the

boGt pa11c:;y1IJ to CIIIt:rY out tl1lw:G llIa1nten5lO!!l only. In t:h1Il e-.. usually, the

opocbed cost ettp) gE'atllaUy~ w1th tp bIt dcGsrDt c:::rou (Cil ) Una.•

,.,. cmpute:t1Q'l hU ~ ClEr1e:'l. out us*<' • tp V'&1.UI at wh1d:I thr t'...u~~
Uty ill 99•.~ 1'his Jt/Y;lbe t1lae ~ hut ~ in ~ tlllt cld.$tarD2

....• I"' ~ ,'~,

'-\, " i -\ . - ....J..•. L "-~' -''- ~ - .•.. - -- .:-.-.

'l'he ~ aoll..-tJ.l::n pI:'OCecu:. ". blIerl. f'olu.d f6r"a-.n t1nle 0D0tt1 .•.
I ,'~: _.r /-'. ~



,
'hble 5.4.1.1 Rcllaltmt!la1ntarlmee l'oJ1dm far each ~ ttl thr.t Ikn1a

9£ Min!J:d...,t;tm o£ Cos~!btl

; Relat1W1 'ClXSt • 0ptlIln\ ~: :
•••• "" tho ; of f&11~ : t:p bl.:lhU't. : SmringsI!n : Cost_~
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a>1,
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of tl1rJ1m1!2!1m of RwlH!!n J:!Wf!

: IIdi .o;:.~'ft 'UI:a • QptUIel age. • •
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!'romtho ~aoceh ~41ng the applJcoJ:)111t:yof pt8WIlUvaDBint.'IIIX:e

pol'eJ,c,eto jute iI1ll18~r tho tol1o'.d.nQ po1ntohavebe ••••~

1) SJnc:ea1fJoctall the ~1JM CQIJlL"i&:o tI luqt! IlI1lIIbllt' of CJllipOibldlL

PN't5, cle551fJ.cat:1«l of fa11urGll WId.tOOmby ~tifl{1ntJ c:rit1e41
parts bbl the tam&:of ~cp5.ng I!nJ aftv::t1vo lIn1rIt:.llft:S po1.1ci'

~ ~''"•••••••
W 0pt1aa1 me1nt:<!n1nl:epolley '111ve:y Ib::h dependent \lPOII the! fallute

l'ilOCiilof tM ~ me! MvaCXI.t end time to eH'oet Il&1ntmanoa.
So, data nhclu14 be C011cx:tod Id.th ••••tt."e cere au; with e1o.!1:'CltIject:1ve.

W) Ft:anthe rosults of the date. lrIalyaill ('l8b3,of..3.1.) r it 1$ cleal:' that
a1moGtiIl11~l:s llhcr.oI WClllt'CUt.d\etoeted.atics except lQll cop w.ln-
ding lI'IIICh1m, he:t:l1nQ ftftl1n9 1:IliIId\J.o),herildde II*4nlJ ~, ~

bhd 1l<lld.n<;l ~ em bliUnrJ ~ -=tdnct. '1'teso fj,vo ~ £011
J:lOC'ea:' lMJ$ emdally.

Iv] t".a1nt:tln'l'leepol1eW b..cJ en both eo-t Ml1 dowrttilne.''''' •••um. hoYo
b3Ifl~('I'~ !i.4.1rnd5.4.:lJ••Thores::Jltinqpol1d- cW'Ec
.ughtlYt 1:ott1dI..10 quf,ba ~ beciluM 1n cue ol dc.\mt:.1l:lcndn''''e",
t1On, Mrl""rnd:lon of eY"UIlb11tty of tile ~ is oJ! ut:lDallt ~
~. 1"a:' the l1VG~ ~t1onod aboVa, both a::401.&nhcuo b::o-
do.:Jcw;,~ ao tlptiaal polley.

I'ce ~ 11ko '1et. 4I:'Bdng~I f1n1ahc*-..J.ng I'Jlldl1net
WId: ClOp lI1.MLnQ~, oaddng 10ClIll II!MhNllil'l'l lCIIDs eost l'II06Il

has C!Q/I"l faU\Jt'Q.~t au ~t1liia1 "'*'MS 4'Mlt1llt DOdel bM
ahcwl~t!ve ~t:el'iBnc:4M optJ.n,ll1.'l'h0:~ason fot: tht3 11:ht
th..-o 111no COIlt OOv.:lnt8qoin ~ out plO(l1l6011:1w aeinten...:e. ,~
tlm westQ !'/em:d. dOlimt!.lMlm:lde1 hU ub:WI ~t1'Xl lU1nt«1li1'lO! u
tmffaet1wl t!\f..III is bte"'J1Cl both £~ r.alntmanccl (!tid IZ'fNC!ntiw
llatnte1l'f\di1 trito almo&t tl.tmUat' time.



1> In t2I1c WOI:il:. dat:& freD. 0l'\0 Juw mUl lws ~ 1JIWlY28d to find rot
the 4'tJWPt1.e.tof£l11~ ~t1m loa: G(d11Midl1ne. tle.taf'1'tlCl £.,
llIQI:'O jute 1lIl11aM!lt1 to be m:IlyMld to .~ mo::n t'epttlO«ltat1\1l)

MO 1I$lPt00001ntefll1lut'e dist:dbut1tn. SinclCtJute 1nci1:ttry is of great
!.IlIpottenoQ to the Mt1ona1 ~, It dllta ~ IHPJb!l eotaN ''Shed
m&!:r the control of! the tWi"Jj;Cll!te I!lUthaclty ••

W "e1ntonanee pond. haVtlbQm debll:t:dned ttl t:hQo bMJ,c of individWl1
fWICh1nl'c.But, in • jute! 1:lU1t, usua11y t:hcl:e 18 (I. ~ of .tn5!nt1d!ll
~ 1n 0l'IChsed:1m of tM p!:OCMJ. tn thiS .cart oE lIitua.t:1tnt
~Wl ma!.ntonfnCOtlgeem be cx;«ted to be lQ"lg'e' if petc:e:il:.
uttUSDt1.m of tbtl lI'l¥!hincrid ClI"l 1:4 'Da%1f1eedo a Uttl~ butstill
ech.tov1n!J Q t.%ocl: ~oduCt:1m. !,la, (I. 8b.xt' QiWIbe cm:riQd out 1n th18...-.

W) It w.- ~ that at 1:bat1meof ~t1ve N1n't:e\~,all c:rit1-
Cll1t.t:e. 1Ib:lQ1d bE)chedrod and re,)llO!ld. " II'IOr\lI ~ policy
wculd. lltI to ~ c:rit1cul ,i '~montlfG11\.lre1 d:i.trl:d,h!t1tcIB en1
tlWI raddng a ~ plen ~ lt1n11 to be "P1l!1C$d at the t1De of
prCI~ll:iYr!llIi!dnt:enad.

tv} Cpt'IMHl::yof ~ peri.odie ~ fI'lrj ~t1 ••• raplQC(!llK!nt
of crlt1cal ltl1utl; tIMUWbo ob:l&e:!..

vi tubrtcation b ~tmt for:oerta1n ~1o!l. l'1:op:Ir lu'brlen.t:1ttI.
1tI"ogwitstbt Ufe of equ1~t I:ly~ 1#lllIlt " tent' •• llettlllOi:!
(I~ of i\4ll:'1elltlon in :roSpo:t of proplC tlg>int, lubricating point:l,
Md ~ &hoU1d bQ c:n:m.ed out.

vi) LutlYieanll J:lethOM ahwld be c1JtVWII1epr!(1lot: o;:Md-~ the eft'«;11v.-.acs

"'-
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