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Ary typlcal jite Ml consists of & large rucher of mechineries, which
in farn, heve o largo meber of eomponant pertss Propar colntmnonce of thaee
nertdntelon 1o extrenaly dmpactmt not cnly for womblng the prodicidan dbjective
m&mm&nwttﬂuw&mmwth.wmmmmm
cics that sre epplicable to fute #llls machinerion, are [reventivae maintenoncs
axd pexlode inopections In this wek, a thopough study of preventive melintenahoes
hat bon modos Pailure nodes of esch cpidpaent have been dmvestigotod to SdenHéy
eritical components which ere linhle Eor the camletn twodidown of the aquipcent,
Fallire history has beon eollosted froa a fypdeally sediun slzed jute =431, Datg
0o bion enelywxd to debormdng apgropriaty fallure distributisa, Welbull faliurs
@lnirihation hae bern uned throoghout the vock, because of 165 wida apolicebdlity.
Hetrituton pareviecs hove boen eatinatod by the Mexinos Li:alihood Cetinstar
Eb&mmﬂngrnprmcnlmﬂnﬂnéﬂﬂndmntﬂnq.!aintmmplmfcﬂm
MmmeMMﬂ:uhMmMMMm
toms Corputer progrormes havwe boon writton for data gnalysis and for solving mathe
aytical models, Probleon of data collection have been disouased and o farnat For
G040 dhoet hhe boen surprestod,



QIAFAT, 4 INIRCOUCTION

2.1 Gopopi Zntzoduction

r.J-
Mm&mmﬂmmuﬂmmhwtmtmtuﬂyfa:

Indectrind profiteshility hut also for national economy. Machine of whatever e,
howrer chanp o exponaive, howvey Adnple or comlex is liable bo Lrsskdown.
Agxt fomn heodidownn, nacidnes tond to wear o deteriorats with use omd Hhe
patmafe of time, This chage in state natwally affects thalr efflstancy, which
in tum effects the quelity of numfactured prodict. In othor ways, this fact
hoe 0 inpoetmt $oplicstims, (1) The ircressing cont of the aalnbtenance hecss
saary (» abbrin ontimuing reliatdlity of tha nochine and (11) The cbeciosmea
af e oohines.

mmm&mumpﬂmuymmmmm
clrines Cpc:a'liuml, the dumlmt of mn eﬂ'm:ﬂw naintonence plan o progre-
n‘ﬂﬂﬂﬂﬂﬂfmﬁntth&&stmstmctatﬂt stage wvhen acquisition of the
uadhimm to be dacided having dus regard to maintainabdiity conslderations sl
ﬂnlngiwﬂmnfmtudmﬂmeﬁmﬂmsﬂﬂuminmmplmm
2 b0 fo=cunlunt] thraughout tha life of the nDachines Huge sxa of moncy can be
eovnd 47 Hiw molntenonce of machinery 15 enrpled mt by familating nalntensnce
atratopos ce the beals of proper snalyels of cost and Aownblme,

oorrext, & sharter kerm "Mointsnance Plant" is meeded for the meintonance
off aoehinos by the adoption of appropriats matntrnanen policiss. Strategy and
plon ore irtrerelatsd becouwse paintonanoe cost influences wnit replaceent whilch
imiun offeets the malntonanes plan,. The malnbmonce crgonlszation eedod o oEoe

cube the neintononco work load io dependatt upan the malntrmance plon.,



Io sclve ay nadntenence problem there are ofban s large e of
altomadve Jeclaime thet con e tokan, Per cxrrple, for a cxopanont mhjoect
hmhahmhmmwmmm&muﬂmmamu.
Whills it io In m operating otats, ar only on 1ts fallure, whether ko replace
SHaillry caxponmntn In Groups Wiem ona perhaps has fatled, etz. Thus it 1o seon
that the fexcHon of the palntenares deportment 1s to a lerge extent concerned
with Identidving tie eppropriatoness of various decinlons to control tha condi-
Hon of Decline to be in 1ine with the cbiectives of the arganisation,

1.2  Fxchiney layout Plen ofaNediun Slzad Jute Mill

Far the spplication of prowmntlve malr'tbmmq"mﬂnla, dats han bean
collocted fran Nabemun Jutd Mills Ltd., Dhakn, ® typleally codiumecized fute
rill of the camnlxry. The loyout of wrlorn machiinories of this ciil has boen
glvin in Figure L2ed It con bo seon that there sce £ maln sections in the
ill; top soction is knom an hanalan or light varn side and botboo pection is
koon a6 encddng or heevy yarn sida,



NABARUN JUTE MILLS LIMITED

MACHINERY LAYQUT PLAN

Fig. 1.2
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1. Emulgion plant 6. 1st Draowing 11, Twist drgme 16 Hibbert dressing machine 21. Lapping macnine 26. Baling press moching
2, Sottner machine 7. 2nd Drawing 2. Low cop machine 17 Sacking loom 22. Cuiting maching
1. Hard waste T/cord 8. 3rd Drawing 13. Mock roll machine 8. Hessian loom 23. Hemming sewing macnine
4. Bregker card machine 9. Finisher drawing 14. Mack cop machine 19 Domping machine 24. Herrackle sewing machine
5. Finisher card machine 10. Spinning Irame 15, Dry beaming machine 10. Colender machine 25. Overhead sewang machine



At preoant, thera 11 no acloanti€ically bsssd cainbonance policy for Juta
19 pachimry. In mst of the cases, sainbnanca is carrisd eut in the hachanerd
wdys Decmrow of 4R heipharord malnbenorce systen, the general endition of the
Jutn Mille awchinary is detecioating &xy by day. .

1.1 U arenilve = Ty

Frecert preventive neintensnes poliey which is fodlossd in Jute Mills, is
ot done in & ploawmd waye Thers 1s no flosd tims interyal to taem & pachine for
preventive a= rnance action, footines, miynmhttmfwm
tive mnintmmaney s dlasmentled tharoughly without considering the invmtocy Do=
Mtimdﬂumammaﬂnﬁhmiw&mfﬂuﬂ-dﬂnm
gheps Dacawe of this, bonadlt from cexyls) ovt of preventive molrionerce 13 not
crtsined ot slls Uncheduled and 30 callad prevontdwe peintarencs haera ot cedooed
the mmker of failvres apprecliably, Dountlme tdw to gainlenaoce sl the aosecladec
oot remsdn very high. Foreovrr, hoce coentiiy of prodsetio 1a bedng logi, Ansipe
6is of damtioe =l coot e 2 peoconeditdon befors volcing a machine: far proventiye

caintonance, lat thin tyme of malyzis ks pever baen carrisd art 4n Jute fidlle,

12242 Zrosent Inenection Boiicy

The @peoss of the insmoction policlios i8 bo inspict the maching & rectify
tha Finor defects which moy sventually cx:ad cooplotk Break<oms But An Jute Hils,
al thoogh inepections are cieried out, these e Fot perdforoey &7 Peulor - -



intoevals. Prasant inspection policy is marely a rule of thumb, rether thm

oy sclatificully developod method. Dut inspection of some eritical squipnents
umyimtmmmuqumtimnf:dnrdﬁacumfmmmjw
rerisdomn ocors, which ray caise hoavy moduction loas. For exmnpla, an daffoce
thmimmcﬁ.mpnlicyﬂrm&mlﬂmglmtﬂﬂﬂhhaainghﬂhcmhlp
mﬂngamj:tbradcdmnufﬂuplmt.ﬁmhrﬂetdomnfmmmtcmcmm
the uhoio o1l betng shoatdom within tus t0 Heee hours tHme, Similarly for &
oy Codiare of Hikbert deeoging nmachioe, 150 loomw of & 250 loom unit Juta
Mills ooy hawo to be closad doun within four to fivo hours e,

2.3.3 Pronopt Eutefcotion Actions

A3 for &8 possihle, tha "Lulwication schedule™ should be fixed by glving
proper considcrations to tha fallowing Iubrication infarmations,

1. Ho. of spplicaon paints,

2a Progrmey of eoch appliesticn, |
3. Mothod used.

4y Amoammt reguired,

5. Type of lulrict reqpiired,

Duft in Jube Hills, epplication of the lubricants sre ot dono ay per showe
"lafxication achotile®, though the mamfschoers of the mechinerien oone mred
have mpliod may lubrication momals and charts hawe been prepered 4n Hose
ranawilc o5 cdone i peasihle to the above huhrlcation informastionn, As there is
o radning achoe to tradn the ollan how to apply oll, comsumptan of cil and
lubelcmta i3 fncroasing. On the otherhand, due o the non-application of oil.
oyl Ixticats in all spplication paints of the mechinery, tha rate of wearout
of atl typm of coopononts f9 Ahexeasing dsy by day.
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4 Otective ond Scome of tho Prosent Wod:

The prinary cbjectivwe of e Thesis 15 to dotonmng Bhwe ootioel prevantive
reployecnt g for eoch oachines by oonlying peovmtive mointonouos models mad
coneldering ropleceamt oot and doantine.

in dor 1o peot thi= primry objective there are zowe cecondory objectHves
Wil eerss

i. Idamtificoldon of critical cosponats for ayh mecdhines

1%, Determinaticon of folluras distriutions o bant £it falluwe charactorin-
oo amd history of exch xhines

111, Determilnestlon of coot end esvinge for the developed ndntenhos policy.
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mm, mm.u inqxr:t:im, crxbayl ond xooalr, mgmﬂsat.i.m strurturg, rolise
o rrevcnt-lve madatononcs texdels have bomn studied and thedr colutiohs hore been
cxricd aut o find oot the aprropeiots GAlntonarees policios of Jute P15 oochiorey.

Mhepteer 1 covxrs the flow chart of both ficszaln ad Sacdnrm aide mochincery
of A medin slond Jube 512 and e deeiption of oxdioting swindencwne policles
follood In Jubtx Milla,

Swgrixr 2 covers  the Introduction to common nelntrance mollicios, typen
e justdfication for application of provontive padntensmee rodels, dasoeiption
ot diffesent failure dlatrlutlon ond data analysis for estimsting Weibull dlo-
iintion pravhs, Gwing to the wrsatllity of the Fellall distriluBlon in
socomodnting a wide vericty of distributions, it hao beon uaed thooughout Hids

X,

Vo

. e
Mt;,mmmmmmmm:qﬂmbfmtmmmemtm“ -



In choplby 3, nachinesien® coopament Uaks hove Loon preparert,

Chptrr 4 10 concornod with e dota ecllaction ad doto anclysis of
veriow opdoonts, chart for fadlure histary of Sobaun Jute 1) sectinery snd
valuco of Vodlafil disteihation poroeebers both An Hodan Likelihnod Cotimataen
axl qrophdeal oothesic,

Choptowr 5 oomrs the detorminotion of omroect mainbnance policles which
include modal for en age replacrent policy relating to tha egoctod coplacemmnt

coot por it Hme and nodel for an oo reflacownt policy rolafing to the total
daintioe por unit Hee and discopsion on effectivenoccs of the froposed policies,

BDEANENEE =y TN T = S TN
2 D0 - BOND AT
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OOFTin 21 LITERATURE: REVIEW

a1l tn Coryaon anca Toll

Aty rula thet msalow e specific action to sy possible reslisation of
Er mafingr 1ife is called a oaintanancs policy. Hore precicely, a maintesnance
Tolidy fa & functlon whose rawm is the sat of posoible paintrmencs actions. As
e matre md effect of falluro of the dlfferent mechinns md thelr components
@=m tok 5oy itMrmﬂmtﬂmmmm;fwamuqmunmucﬂ_ﬂa
hallmﬁﬂrmmamummbmumammintmmpnudmmmm
bevlena,

2.1.1 Prgwentive Roplaceront Bolictes md Modely

mman@umt&nmmm'mﬂﬁdppm fallure, Humpimt
i» bt a3 fellure roeorval, breoicdoen replmmtm‘;::l::er:tiw nair: ben e
action, Houoyer, the same cwponent mey be ceplaced prior &0 failure in ordar
iy proverd mn usscheduled interrupticn, even shen {t 1s Amctioning propecly.
Juch a roplocanart of an oparational comparmmt 15 crlled a preventive raplace-
mnt o rewniliee cverhanl, Thas, reventive maintenance involves o wat=Full
progrore of clesdng, scrvicing, oxl replacoment of plant facilitdes, The vael-
ox chjoctivo functiony for the mxielling ey be pexleization of profit, minlzs-
timn of fobknd meintenanos cost, mindoication of downtimo atc, The praventive
reintronen modols have boen atodiod in ganeal by Joaogerson, Mecall, =i Rednare
{1 3wl JoeTon (2} G, Walss {?]wmatmmmlmtpﬂiqrmld
be xmeficcl AF the epectad time to o Inservicr failure uere g decransing fun-
cidm of tha oge of replacament. G.R. Heed (4) also coamidermd the queoklon of the
honeficidity of a reploceent policy. Ho bassd his cansideration aclaly on tie
fallipe cotse ¥In We opindlon, replocemont should be coneldcred SF the falluce

rabe i3 Snoronedng. 4 gotatied chuly by Flehinger (5) coneldered the expested



nrrbor of folluron ond the expocted mirber of plannerd repleacecents in a
rpodfiod intoryal, It peas that oge replacement for an infinlte tine gpen

b moerdend et eitention in the litecature, Horsa (6} shows how to detexrmine
the replacopont interval by oinimizing oxpected cost per unlt time, when such
&n gptinnl intervil exdatn, Tha derivation of m optimm age replecerent intzr-
vl correspoodng to a finlbe tioe npon 1s bagically oich more difficult pecbe
1. Breda: mpd Probchan (7)) prove the axistaen of such on optimal policy.
Optinm hilack roplecemont policien for an infinibe timn spen within o more gong-
ral cotking have bern otuled by Ssvage (B). Howver, his farmlation doss not
ooy roafly appiicshle, since he leaves the oxpresalon for the cost oo o0 Auno-
tHon of the roplivsaiant intorval in general form. In the prasent woark, the pre=
wvantive mdntonones rodols vhich heve been disoucsed,are age replocomsnt policy
ralating o cxpoctod replacenant cost por undt time and ega replecesnt policy
ralakinn ¢he total dovntire par wit time,

- . . -

202 Ingretetaley S | .

- - "

) .

%mmﬁmmﬂmmumm,mﬂmum
ondlition of the machine st oy specifisd tioe or intsevnl, In order to roehcee
2 nurier of rodcdownn, one cmn prricdically insooct the machine and cectigy
amy moor dofarin which asy oventually coame complete broakdouns, The ctabe op
pocition of tha mochine, good oo fallad, can only bo detorrdned by en Inopeetion,
for Coaploy v Chwacking the aurtmut quality of the machine. In constructing the
fnopoction oodcl, uually, it 19 ssoened that inspection will reveal the stobe of
the et with cactaintye Dut in reslity, this mey mot be the case. Keomine(9),
Colonan ol Alrsw (20) have Included this paacibllity in their stixliss, They
I reciogioed bue Ymparfectionag flostly, the inspoction procodure may fall be
doioxit on crlating fallure and eccoardly, Incpoction mzy reglster a foilure when
o squipont 15 good, T cojective function of tho inspection policies are mini.
pdaetion of doartime, ar in other wortls, medmization of svallability, mdnimicesion



of total ek o,

Zelsd Condliion Baced Malntanence Policy

It 15 defincd es tho maintmanco escriod out in response to a signifi-
conf. detoriction in on equipment as indicated by n change in & oondbored para-
brer of the ecuipent condition. On indication of deteriotation, the equipment
can be schodulod for chutdown at a time in advence of fallure, Consequently,the

aramt of urmcenrsory preventive replacement con be reduced.

There ere two major reasons far not employing conditlon based msintsnznes
in cortain circmtances, Firak, not all emmes of plant fallure can be detocted
in advanco, Socopd, oondition monitaring is by its nature, cosbly in MaNpIWCT .
ool foring equikent or boths It is worth while, only in the cases, where thn
enct of eondition ponltoring 1s lower then the cxpected reduction in maintenanco -
lohour cogls avd ovallabdlity casts, or wherg safety of persamol Ls a relevant

camidorationn In Jute Milla, candltion hasod maintanance policy is not followed.

Felly oxd Haeris (11) published considerables works In this £leld.

2e2 Types of Praventive Malntenonce Policy snd Justification foe-gn
Application

Danically, thera aro bwo types of preventlve malntensnee policlss of
Intorcet, ome 16 the poriocdic policy {age replacetemb) mnd another 1s the socuen—
tial palicy. & perlodic policy 1s one in which o compoment is replaced as scen g=
it fidls, ar a® aoon a3 it reaches specifiad age, whichever ocours first. This is
the almplest and best knoun of the pericdic maintenance policies and 1s appropei-

obe for on imeabmnt procecs with on "Unlimited™ life time, A sequential policy,



an o ofhorhoryd, is alveys nore alventagecus when the 1ifatine of the Lnpegst-
ot [roeoss Ao “finlta’. It differs froo the periodic policy In that the mom-
detrry replocerat e in re-calculated afber cach reploceserit, Applications
of peprntinol policies includs aituations in vhich the cquipaent is subject to
cpdd tecdnologion) change ond therefora posossoes a relatively shoct life time.

For tho justification of preventive replacement actions, two Inpoectank
cltoedn et be getisficd,

(L T tokal coet of replecsent cist be grcater after a fallure thon
bofore: wdvxe "Cost® Jo the gpproprinte oriterion, If caoe other critoedon,such
mhmﬂmhtﬁmumﬂ:wmmim, ttmumt:riterlmisaub-
stibirtnd in pleco ;E-mst. lim&, this nurhufﬂ.b.mtlmuﬂ]rm cmseutq
MMdMHmmtﬂm&m:mhmplm,

'fnﬂm:nnfmpimufplmtm;mmdmmnﬂmﬂumt. S

{11} CEroventive replaccont ey be alventsgooun only 1€ the fadlure catm is
IncmoaTings As an illusteation of this peint, a case can be considered where

e fodioee Fate of the equipmnt is constmnt, By the definttion of £allure
roto, roplacarmt bofore fatlura doen not affect the probability that the edquip-
rent Will £all in the next Instant, glven that 1t is good now. 3ince replocrment
cosln ane posd tlve, it will nover be sdviseble 0 9o preventive replacoment, i.e.
replocing £ oondpoent bofore felluore.

Z3  FPgitoes Distribgions

Thoee mre throe basic ways in which the pattsan of falliros can chango
wAth e, The failure rato ey ba decressinng, increscing or conatsnt (OER,IFR

ar PRl. It 1o cawmly mxgestosd that the best molnbnmance for a mechine which



p |

shous conotont frdlure rate 40 only to carrycut maintensnce when a reskdom
acrnte A CFR is also tynieal of complox systerm sublect to repalr ar overhaul,
uhere ddforent compments exhibit different falluto rate pattsyns snd parte of
tw: sychon ney heee different agm. The coobinatlan of differenmt fallure rate
mtbmnhuﬂhnmﬁ&umtm:mwm.lnsmﬂmi.z, it
e boon Indicaind that one of the necspssry camditions for replecing equirrent
befaro foiliwa, l,e. poeventice replacements, ic that the distribetion of timn
to follure for the equipment achibits wearout, or gquivalently, #he fallure rate
incroaren wvith sge. Exponentinl distrituton poscesoes constant fatlure cate. An
AntoewEing point to note about the hyper exponentinl dlstribution is that with
an incrosso in time, the fallure roto decrossss, This noy be interproted &3 an
irgroven it In the equipront with tine and may be the cose with amiprnt which
requivec fonil eljusinonts efter on owerhml or replocenent o got it eomplebsly
ooxationnl. The distributionas which posgess an incressing fallure pate are Hhe
Bogail, tho Oorm, and the seibull distriution, The probebility dsnstity funckions
(£ iE) )y t:lmlnﬂw distributlion functions (P {t) ), relisdlity functions (R (&)
o £allixe rhtvn or hasard eates (h (£) ), for the shove dlotributions con ba
memmnmtmﬂ:ﬂmmmﬂﬂﬂmmmmnfam
{2), Potelck D.T O‘Camer {12) md Savage l@. Hioucver, in the present work, the
il dotocibution has boan clyoson o u'mlrne follure cheraterjgtics of thae
mochInes, Do disamsion will ba centered on firnt, the relative merits of the
ekl lity dsteibations and then how to calolate £ (£, P (£}, R (&) and

h (t) of Va1l alstribution only. The mode of the distritmtions which shew CFR
and PR has baon dilscubsnd sbove. Now, only the relotiva merits of Normal, Goooa
] Yeiall distrihitions sra heing discussed,

Thr neepal (o Geusalan) distribution is applicable, for inetance, when
a rodm fallure is the consequonce of & large munber of emall and indasendent
"gvlm®e ProctHical axample of this dlstritation can be found in the fallurcraf



i1xpa o baneninos, Howevor, nany life length dlatribubtione of prectical
opdioniions are cdwiously not nareal, bocmise of thair marked skewness. The

ol dlateibhotion s chearacterined by 1t nean sl ctandeard deviation.

The greoe Faally of distribuetions, whilch 1s characteriesd by & shapa
pariotcr and a socaln poromater, 1s cieded and thexwfore may be coro natureol
£o uso Bhen the noemal forlly, have an Aincreasing fallure rate when tha shape
parorshr L3 eooler than 1. Powsver, this distribution con be axpectad to
ecour An rodurslant systers where asch duplicate part has an Sdentical expeonen-

#15) {(or germe) distribution of failures,

Tha Hedbull fanlly of distribution s cheractrrised by two ce three
pormmetocseahope, ocale ond locsabion paesotcs, Whan the shape parsaater is
aey it iz opdvalent to the negatiie exponential distribubion, and when this '
value 1a leege, (o woaosle 3.5), 1t aprearioates the noreal distributions -
Tids £amily of distrilutions appears ko £it a-large mmber of fallure chacacto—
ristics of emimment, Welbull (23) used this m’&;nuibu fotigue fallure, Koo
{248}, for vacam tubs fallure snd Dicblain f25iFend Zaden (15} for Bell bearing
follivo.,

Fron oxtreme value thoory L 1n found that Af & system eonsists of
serrad copaynts and 1f the systee falls for the fallize of oy conponenty
w80 failure dstribution of the syotem is & Welbull distribution, Howaver,
ore £t yoors, the ¥elbull distritution has grown in loportmyse end 18 perhapa
™he oot popllor pacarotric famly of fallurs distrilution at tho present time,



Al the shove thres distribations wvith increasing fallure ratn, diffor
Doinly in t2dl proboidlities s do, in Soom cases, I may ba fomd that one o
oo disirihuttons fit the fallure charactoristics, It hol alrendy been oentioned
in coctforr 1.4, thot the Welhull distribution is chogsen here to snalyza the fal-
hire charneboristics of the squipmnts.

The Lo [ervarter Weilnll [acbabllity dermity fAmction (P4af) 1t qiven

by,
p- :
Etﬂ.i-—(—-*h) C( JPJ {243,1
TL . «n '% nee w3e
Tha relitahillity functim 1s given by,
- . t F -, - 1
Ri{YY = \,m i [ *FQL') J | - N . mww (2.3,2) -
The cualetive density functian {(Caf) for this distribution is given by,
P =t1-ap [ =(5)], e (2.3,3)
ol correepanding Inatantancous fallure rets or harard rate 15 glwen by,
. L)
£~ 5y
1.ca
p &
r{t) = ~7 &%—) eva (2034
2ofa  Dobn Aolvnis for Fabimqting Weiball Digteibution Peramsters

The ovnileble rethods for the estimation of e two parameters (7))
of &ho Helbull distribution, inciuds the oaximom liceliheod estimators (MLE),
the bogh linae fnvariant ootumators (BLIE), the good linsar Lmmariont esti-
rators {GLUE), and the least ogueres, In afiition to those methods, sowe



graphionl toctxriques such as hazard plotting and Wesilmll paper plotting ooe
alno oreiloilo,

In the resmnt work, HLE mathod and Hozaerd plotting methods heve been
aplict for thn estinatlon of the two paranctees ( 27 ) of the Weibull dls-
Ut an,

2ol fiptpan Likelihood fatimatern (MLE} Method

Thry rethed wee developed primarily for 1ife teating aftuatlon..Bat, it
can he ophilied ¢aslly for reploccmont situation as well, In the macimo liknli-
Mm,fmﬂnflﬂt:faummmm_mmﬂfﬂm -
mﬂﬂmnmhﬁniﬂmmh:t;ﬂuahﬁwuﬁh:.pl.n‘uhta.l.nﬂd'lbfﬂn__
solufln of U equntion: .

+

r J‘

.&_.1_;1 5‘”"":}%1"1- % -];- 5 1n tyeel2eded)

T g + (n-o t, i~1
Lwd

whera, In 15 the natural logmeithn, t, ia the lth fallure time.

Aﬂmdumﬁ,ﬂnmiaparm, ;L ¢ Can bae estimated by,
» "
-l

Ter o cpleta comple cmoe, © » 1, the shove eguation redions o

Mk

) L
tﬂ # (= I:} tp T’
m - anw {2.4.0

n B
In
,._3-;4?' t"—— --,}...-E- n;ntl eee  {2,8.7)
5 tﬂT-". > 1= 3

-
[ ]
=



pd T

=
Zout

+ -] cee  (2edad)

?‘tn

it ic clexx from the equatian {2.4.11,? cen oot be solved with a
single Fallurz. Sgtination of P ma ;ch only start sfter the semond follure,
The major problem with IE i1s that estimation of TJ 1= highly biased then thore
are only a fou fallure. However, data collected for the onalysie of present wark,
contains moce than three follures in case of all mochines, The resulting bias
in the ooHroted parometers can ba concidered as nogligible,

24827 Honard Plotfimm Mathed

T haosard funetdon h {7 far a dlstpeibotion of umgm folluretia
dofined in frroo of the cumilative dlstributian finctlon M+l and 1t derive-

tion , which i3 the probability density functiem, £ {t), as follows:

hi{t) w '—1‘%?)-

The comulolive hazsard function H(t) is

t
#it) »[nie) at
or

_j{'f{t] dk
5 1=F (8
= -~ In[1-F ttf]

For the Welbnll ddatcibation,

e

1



herofara,
Hip = 55 ore  (248.5)
o, Int = ﬁ% InH » 1‘1171/ owe {2.4,6)

Iy this relstionship, In t is & lincar function ef In H, Theo Welbull
hoered pepor 18 eimply loglog graph peper, From equation, {(2.4.6) it is clear
Mk e e of unstru@tm-apmtmaifp.tm.fmtmmﬂtnuﬂ-
mtel .

Pm,ﬂ-iltmﬂ,ﬂtmmﬂimﬂthTmehmm
ﬁ:mtﬂmlgrmuurgﬁhmdphm, the baslc ctape inmvoived ace as
follouey

'
-

{1} 70 e the n copls times (both Fnlled mdm:f_ailnd tirm) from
Bunllmttnlmt; '

(11) To Iobel the times with reverse ranks, that 1s, the first time is

1sillewl ny, thon n« 1 &nd the n th 46 labelled 1,

{318)To nark the fallure timoe to distinguish from the wnfailod tnen,
bocmwe £ha hesord valow 1s calculetsd immlving the falled itmms only,

(v} To colculete tie hagard value for sach Fallure omttting unfalled
Lo,

(v} To enloulate the cmulative volue for cach failure ag the s of ite
hrecrd welp and the hazard valun of all precosding follure timen. The casnle
cunilativn haomd valves provide o eparawtirlc estimete, of the comulative
functimn of tin e distribation,
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{vd To plot csmlative hazard value Vs, smple fallure toe on a
1ogloy orarh reper. Kalson (i#) mentions that Wolbull hazerd paper fo svalle
bl corrcreinlly.

(vil} Dy ey, to fit a stralght line Hwoush the data points. If the
plot Lo reacowhly atrsight, o ray onclude that distribotion odaquately €its
the dnbng

{viid) To cotimata and) 7) ad mentioned beforms

As tn mltrwnative to plotting, equation (2,4.5) con ba solved by computer
pEoETITYy mlso, ﬂumﬂ:ﬂmmbhum-dbﬁmﬂemﬂfdlm.lnmﬂium
mﬁ.nﬁmﬂﬂnmmﬁugmm&ytnhm“d.-.



CHAPTER 3¢ CRITICAL COMPOMENTS OF MACHINERY

3.1  Introduction to Critical Componmts of Machinery

Ept fov, a good mmber of Jute Mlla machinery contalns about S00-
2000 corponent. ports. All of them are not critical far preduction. Generally,
ior a fodlure of nponcritical componant, narmsl production trarget 1s not cuffored;
becmise dn post of the cases, maintemonce of these companents cen bo careled
a:tinmmﬁngtmdlﬂmufthemaﬂﬂnnmﬂitdmmtm:mdmmtnmpﬂr
or replace e sanes Unlike process or muclear industry, the feiluren of eritical
capaen{s of Jute Hlils mochinesy do not possess ey catastrophic or major fal-
e yhich vory often result in dnger to people nréutc:miwdamage to property.
But thelir failnres con couse huge quantity of production losa endt thus provent
rodiciion dbjective being oeb. Igentification of crltical mmpmaits for esach
af the Jutm 1'1:].115 :F.'I:Hnlrlns in .l.mpm.'tml‘: in fﬂm.llnﬂ.ng a nystmla'l'_‘l.c mointo-
nonre pln:n. T nm:h.lrmise r.:l:it:!.cal component ::hm:l: is propared here from tho

fﬂilur" hintory of Ilabarun Jute Milis Limi.hed



3.2 oot for Gel T iz of E M

s ETULSI0N FLANT

faln vnits o Critical portsd in Frobable cause of
Sacitlom mEin wdts or gocd fallure
. tlons -
1 2 3

Virating element Nexrout

Transmizsion Puralator filter slenent  Dislocatlon of joints at

soldered points

Yolm bearing Dislocation & wearcut of
Platrn bearing balle ...
Pump £11ter Dislo:aﬂ:;d:fm jointa at
Gasr bhax gasknt Dmnags after use
0% Smal 0,519 Tearout

Pup 1095e8)  0uS~29 o
10"Seal 0.S=32 7o
Hulip ring 4017, ' T i
Mullp ring 4-025 . [ o
Bullp ring 4=032 " ] O
Gexr boax ooskwt Danage sft=r use
o' Jeal 0,513 Tearout

P geor box Y Sapl 0,522 i
0il retaining bush Wearout
Driving wheel seal Tearout v
Sanlred boll bencing Dislocatinn & wearout of

balls

Gland seal Mpcar Tearcut
0Y ring - body s =

Rapisonic pup *0' ring - bypasa —do-
‘0 ring = 2nd in Ict =
Valve spring breziaqe or lesg tmnsionsd
Fivlon washer Tearceul

Hellenil insect =i



2o SCUFTHER IWACHINE

Metering valve
Hetering systom Stop valve
Hetering electrical system

Gable

Uppestr bush
Hain body Lowver bush

Upper roller

Liowrer roller

Hain drlve Motor

Wearcut
Wesrout cor leakage
Sshortelrcuit

Crack ar wearout
Wearcu bk

Wearout

Crack or wearout
—d—

Burnmat

Drive wait Gear box Dreakage of wearoud of
, different parts
Vee belt Tearout
3. HARDWASTE TEASER CARD
1 i 2 } 3

Stap motlon pinion, 18TxS0P

Stop motlon pinlen, 20TyS5DP

Broekoge or wesrout of
teath

e

5ton motion sproket, BTxS/0"P  —do~

Plicdh pin
Step moian,Gear Fitrh pin wiweel 90T x GOP
and chain drive
Worker sprocket, BT x _:"p
Stolppnr sprochet, 25T %

atripper & worker drive
chalrn 8t = 0 Long x 5/0"P

51
=)

Vee bolt no,. 1250

Mator
Drive it & Delivery rollersprocket,
convoyor drine 19T x 5/

Tenslon sprocket
Bavel box sprocket

=
=

Compeamd £lesve sprokekb, 221‘% =do—

=
—ciio—

Wearout of linkse

Toarout
Burnout

Breskage or wearout of
teath

—d'ﬂ—_
—Ci



2 3

Food ovnopEaTt

terdrr ol

o . i -y

Podd roller beu=ing, Dizlocaticn & waecout of
02X 200 {For both rmllers
TRl B JP=2)

Feed rollor wheel (For JF=2) Wenrost

PLich pin wheol, WOF Wor
oot JTerd & JP=2)

%

Flited rallor brcing, Diclocstion & wperart of
FIO00Z0) (P IFD) Lnalls .
Hend rollee boncing,

GO3O0175-00 (For Both .

TPt & TP=2)

Intremadiste otud baaring,

SOMONEE00 (For hoth =

IrA @& IF=2)

Guns wbvsl, 105T (For both  Brodage or wmoroot
Jre] B JPwd)

Intwrwiicte pindon, 407 -
{For JF=2}

- Gclde poller drive wheol, 397 Komout

Strippoer mmﬁ e

Gulde roller bescing Dislecation ol wearoat
GO2-00530. . ’ of rollcr
auidn rillec wesl, BT Drarrrrm of wearort

|
warler Epreckot, 06T X 2P o

Intormediate shaft pullay  Woorout oo drcscma

Mo = 15 TLY Buoroat
Tapor lociox bush, o Mne Herpout
Motor pulloey Ercalcerys or wearout

Vee belt B-sertion 16560 Temrout
Yoper 1locioer Tush 50 ke Nompout:
Corpeifunal clhuteh Yaa pulley Dredoagn o wogrort



Dofor poltee

Doltivery B rall
ey it

(11 conftrodloe

Dffer vheonl, 40%T Brexcano or woarout

Mgt hlocsk: hearing, Msloration & waroat of

EN2=B0456-00 ballg

m‘: muuztd;i;? Bradeos of woarout

Pirian, 13T a3

Pinicn, 34T e

Ogar whexl, 30T e

Dcraredneg, GO2w50rL 7 i) Melpeation & werront of
holle

Eocring, 602-02020=-50 "

Delivrey pollne sprociwd 48T Preckage or geerout
{Deplex)

Tonolon sprocket, 227 e
{1 Duplax)
RF Drive cprockmt, 247 T . .

Canpomll aprocket, XID=-10F i ' .

Lagither roller wheal, 15T e

Rall érlmw ghaft gesr, G6T =in- --

Seml, X" bore Tearout
Pirton ring Werrout
041 seml, € bexe Terrout
mm.%’n.spa.pa Toaraut

Sealrd ring Y



{Types JFa3 & JP-4, Hamfacturar: Praser)

1

2

Pod otrongooemt

Wb & ctrippor

v unit

Doffor roller

Feed roller bearing,
602-90152-00 (

Pitch pin wheal, 106T
Feod roller wheel, 497
Foed stedpper gear, 257
Compoured gesr whecl 00T
Pltch pin

Broakago or wenrout

Cuide roller drive wheal 38T BReaksage or wesrout
™
Stripper apoocket, 21T :%P w0

Gulde roller besacing,
602-90530
5

Hnrterapmd:ct?ﬁ'!x-ﬁi’

 Intermedinte shoft pulley
_ Motor = 15 HeP

Tapes: Mmhmi-a,lzmu.
Motor pulley

Ve bellitB-coction 1560
Vew bolt B-sectfion 3200
Taper locket bush, 50 .

Delocation & wermout of
rollere

Ercakone or woarout

Centrifugal clutrh Vea pulley Grosksgo or weorork

Daffar theel, 1D5T

Plunber hlock bearing,
G02=90456-00

Dreing roller sprocket,
4T x5/ P

Pinien, 131
Plnion, 34T
Bearing, 602-50177=00

Booring, 602-02020=00
Ocar wheel

Magaérmt
Dislocatirm & werront of
balls

Creakege or wanrout

s

s

Dislocotion & weoreut of
nlls

s

Dreakage or wearout |

Besring, 602-50176-00 Dislocation & wesrout of “L

balls §r

*



Sontd. PINISHER CARD

2

Doldvery & pall
S vt

Bearing, 602-02025=40

Beacing, 602=90575-00

Dislm=rtlon B wearout of
balls

= 2 ]

Dellvery rollie sprockcet,48T Breskage ar wearcut gf

{ Dx:plex)
Tenaion sprocket, 22T -
(Duplox})
RF Drive sprocket, 247 s o
011 moml, &* bore Tearout
Piaten ring Weerout:

Oil controller o1l Goal, 1" bare Tesrout:
Doty ceal, %" B.S plpe Teer out
Senlad ring Tearcut

Gy ST DRAWING MACHINE ) )

{Typay Pugth bar, Momrfocturert Jimes Mackic & Scnas)

i

2

3

Faller &
upper soctlon

Driye soction

Delivery roller bzhes
VYoo belt
Shear pdn

Olliks banh For beet::
roller hlock

Flomnel strip for revolving
rubber

Fallar bar pinn
Flanno) glecves

Chaln For rewnlving rubber
drdve

Duplex chadn wheel
Werm stid
Call speing

e Aot
Tesrout

Brapkage or wearort
Wesrouk

Damega after use

Breskage & plent of pine
Danagsy after noemal use

Woarcudk of links

Ervakage or weoarout

Breskage ar less tensloned



Corrtda 157 DRAWIHG MACIINE

Can pecdker can nameT Neerout
Cen parckor trip lover e
Con pachor
acctlan Slide rod uch iy
Can pacinr patrieed rodd -
Cm packer arm werrogh or creck

Coflder motdon intermcdiate Dreskaye or wearcowet

Coller plote Wezrout or crack
m‘mﬂm Collar bese plate =dom
Koy for coller rotion shaft  —do-
Dearing Mslecotion & wearout of
. ‘ , balls
. Brawor ‘bl Tanret
) ¥com shaft hrerket bush Wearaat
Ferod socHo : Chain vherl on back reller Ereckage or wessort
: Gearing support hrmcket ©  Wearout or crock
Shear pln hush Weorout

Filuted roller mxle R =

;?'!_ i) DRANING MACHINE
(Typet Scxew qili, damile com, Herufechrer: Jarms Maghio & Sond)
1 2 3

Iush for deldwvery roller Wearoat or crack

braiaet

Front roller pinion Ereckage ar wesrout
Uppees zocblon Chain Wearcut of Links

Con rurmer Wearout

51ida yod bush (Top) " Wearout

51ide rod bush (Botizm) =



Contds D

DRAMENG MACIIHE

2

3

Hotor & drfon
Hnoctimn

Crdller mottion
oo=bion

Can pocker stud pdndmm

O paclkor munmer

Can packrr purmer sha

Cen pexcker cabchetd cod paél

Electric motoe

Moter pulley

Chidn vhesl an rliver
rollor

Chalin 1dler
Chain wheal doubile carrler
Thoust hearing

Follch plrm

Top faller corew .
Fallrr apring hracint
Faller opring

Eottom faller scrow
Delivory pressing roller
Daan

Felt slocve for revolving
rubber

Coller potHon Antermcliiatn
Coller plete

Collor base plate

Coller plate stid

E}.’Eﬂkﬂgﬂ or umnrvRIt
Hemzout

B =
-l

Durnoat
Breskage or wenrout
s =

-l
iy

DislocntHon & wenront
of balls

Brockage or bhunt of pinn
Wearcuat -

T Woarost er erack

Breakeqn ar less
Eore Lened
Waorant

i

Danoge pfter uee

Hreakae or wearoot
Worrout o crade



1

{Typc: Scrow gill, Trislo com, Mamifocbarer: James Mackie & Sénn)
2 3

27

Uppee section

Con poacker
soctkion

Figoor amed

Arivn oocking

Fallex o3
Ioss coction

Be=h o dolivery collor
bracket

Promt roller pinden

Chain

Crn nrmer

Slide roller bush (Top)
SHde roller bush {Dottom)

Con pecker stud pimdon
Can packer rurmer

Can podierr runmer zhxd
Can packer ratchot paadl

Holtor
Motor pualloy ) :

¥anront

Bresikago or wesrogt
Wearout of links

Brearams or wearout
Wearenrt

T & o
i

Duerronst

Trenlcags ‘o He_a:mt

Toper buch for froma p:lia:,' Voarout | A
Chain wheel o sliver roller Breskams or wearout

Chain 1Aler .
Chain wheel double corrier
Thrust besrlng

Faller pins

Top foller scroy
Foller apring bracket
Faller sprinmg

Bothon faller poroaw
Bellvery proccing reller
b

Felt sleeve for revolving
ruhbler

Faller motion intermodiete
Cailler plote

Cojler baso plate

Codlor plate stad

ol

—ﬂ'.:‘l—'

Dislocaticn & wearost
cf balle

Trealzage or hlurt of pins

lgarouk
Wonrout or cormcie

Lrescage o loon
terslonad

Wearont
s i o]

Donnge after uke

Breaitage or weorout
Wearoot or crack

Warenct



E- FINISHER DRAWING
(Typet Screw gill, Double can, Manufacturers Janes Mackie & Scns)
2 a

Uppor aoction

Can pocdr

Mok and
drive oction

Follee omad
ors section

Cofflre raxtlen
saection

B=h Far delivery rollere
bracket

Pront rollsr pinfien

Chadn

Can nmner

531dn roller ash (Top)
3lide roller bush (Bottom)

Coan packer stud pinion
Con packer rummes

Cm packEr runner std
Can packar ratrhet rod pawl

Motor

Motor pulley

Toapor bush for frame Palleny
Chain whael doybla carrier
Chxin ider

Wemout

Ercalrane or wespoart
Waerot of links
Wesrout

==

==

Breacags or wesrout
Wearout

==

nat i
Burnexat

Eresicaoe or wearout
HWoarod

Breakage or wesrout
" o]

Chaln whesl on sliver rollar Wesroot

Throust bearigg

Faller pina

Tap feller scerves
Falim spring hrackoet
Faller spring

Bottenm faller pirew
Dalivery pressimg foller
oas

Felt slocve for revolving
rubber

Coller modion lntremadiate
Codler plata

Caller base plate

Coller plate atud

Diglocation & woorod
of ballse

Brenicmye or hlunt of pina
Wearout

Warprout or crack

Breakuge or lang
trns Lomed

Wearmot
"% ]

Danage after use

EBreskage or wearout
Waprort o crack



0w SVINTHG FRAMS
(o B¢ 2D B I 3,0, Mooytactmpnt, Joes Mocklo 8 Sops)
2 3

i

|

Mildr chaln wnecout of links
Aoll beyring Melocation & wosrout
of bella
gihn&m Chedn runrer Wemrout
Liftor okt " "
Bockr pdrdon Crngzze o weorout
Priving tane Toarout
Tin tealon & quide pulley Woarout
e sy Teriom plley olide —do-
Tin tonsion pulloy heaming  wdow
Oflite boch For front Wemrost
XeIEing soller
Appon {Far 45" AJD) Tanrout
] Ruber pressing reller hoss Wemsart
Pront sectdon - Dotrcioes (RJE-& LD == o
Dotectas Link for obop - S
otion
 Ade spindle (For 4 ALD) i
Hlonrt nrTT Memrout or crack
Hloart dmble carrirr pinlen Oreskom of weesook
et lovor Hosrt whoc) iD=
soctlen flonet. lever e
Dall bosring for heort numner Dislocabion & wemtatt
of balle
foller booring DMialocition & wereork
c£ rollern
Braft chain diae) Brpskage or wearout
o glde Draft chadn pindon it
Pooxe grip driving bolt Tearout:

Chaln for draft gescing Woarat of lirks



Blder doubla cariae Ereceoe or wearouk
wheel
Brlder Axhle carrier =i
pindice
Drivc 1sits Ton hand wheal pinden ~dom
Bdlder shaft wheel "
Mot Burnot
N Motor pullay Iroskzage or weerout
THLT FRAME
Nefacturges Jewe Modkio & Sons)
1 2 3
- —
iloort lever Waront o cpanic
Teer? doudle Sxrrise pdnion DBresktsgs of wearout
Hewt Jovar Beart rumes Wenort
ooction
Ball bamming Ffor hewd Dislocytion & wearact
nronec of balls
Alurindon £riction disc Voarout
EWluBs typa wherve Dafect in wtirrve beoring
Front aoction Flyar {Open laq) Nesrout
Dead smindla e
Tey end retalnex i
Rack pdnion Mesrcut or hreakacge
Bilder riain Wanrouk of Iinks
Bottm goctlon Tuist D choln whool Bredkege or weerodt
Lifter brackot Wamrourt o crack
Tor hond wheel plnion Presieoga o wearout
Buildam: shaft wheel e
Brlve sochion Brllder D,C, whogl =i
Motor Burnooat
Laniy belt Tearout



12, COP WINDING MACHINE

Mamfarburer: Jomos Loy & Co,

3

n 2

Drive noctlmn

iTin shaft &
con soectlon

Mobkor pulley
Yoo belt

Eotor

Splral pinion, 21T x 19700
Spiral pindlem, 58T x 110P
Cop com
Spdndls

Half clutech

Foot step bracket

Wearout & cracde

SpinTla hoarsing =0-
Cop bem-ing Di=location & wosrout
But&msa:lim : - of hall . - .
. Spindlc gun cetal bush Wearout
Packing wood Cracik i
gn RIEE, WD MASHE

{Typo: Mark TX, Momofacturer: Janes Mockle & Scns)

1

2

3

Orive & Augtonne
e soctiom

Motor

Hotar pulley

Ball bearing for idler
licy, L.3D

Poller heoring for ddler
pullay, FLSS

Flad dedving belt
Liftnr breackel
Dapper hracioet
Rotrhet Toe

Darper gpring

Burremrt
Wearout or bhreskage

Mzloontion & wenrourt
of halis

Dalo=mtion & wesremt
of rollera

Tencout
Wosrtut of comck
Woaront

]

Brezicane or losc
tns Lorved

-



Mlﬂiﬂ;, m

Foller bercing, MO0

Dimlocation & wenrort
af halls

Dimloeatdion & wearout

Coor bk untk of rmllera
G111 soal (LJ243) Tesrort
0Ll aeal {LI223) i
frd lop guerd Neerost
Botton lnp quard =i
foller bearing, ELT Dinlocation & woerowrt
of rollore
Scroll et o)l roller bocs (Flaind Wesraut
By Scrall roller bogs (Key i
vy
Camtre” lap quard {Top) Droskaye of wearcut
Cantre . lzp guard {Botton) s+
Bull bestire, LT Maloeation & waomoat
of balle
! Z
Dottxm tengtion apring Brosicena or loos
Tonslan dewwicn o, . tansioned
oot o tnd . " ¢
Ay, 08 _WDHTTHG HAQITNE
LlenuEacturert Jomes Mackle & Sons
Hot=r Burrout
Prive soction Hobrer pulley Bredcagn ar wespogt
Lendx, balt Taarout
Boaring DMalocation & wermot
af bello
Cop opindle Monrout:
Tansiah rod Braskoge
Copy tpdndle Cop cong Weexrvart
rectisn
Autcowttic systog Peforts in the oymtcs
Logers apring Erockngm or lo=s
trnslonod
Tenatormd ol 1oy Wearcart
S1de spindie ush -



Contd. COP WINDTNG MACIINE

3

2

Comecting arn &
cantr’, cection

Comecting arm
Cormeecting mem bearing

Comecting erm brackret
Comeating arm roxd
Centre’ Inrarket

Breakame o crack

Hxloratlon & wesroat
of balle

Breaknga or crack
Bredhage o wearart
Wearout of centre hale

Cutter Blunt
Cuttor spring Broskage or less
termioned
Eﬁ‘" [FY BEAMDMG VACIING
—_ Haruf sciypess LEFCoy
i 2 a
Pressing roller Wearout
Drasing raller -, -
Uppar poetion Spoal henger - icm
Presaing roller xracket Wearout or coack
Spring Breskage or less
, tenaloned
Main driving pdnion Wearout of breskcare
Femd roller Wanrout
Lower gortion Main shoft brectet Wearout or erack
Driving pinlon key Werork
1, HIBOERT DRESSING MACIINE
—— {Typet 9 cylindms, Hamrfocturect Hitbert & Co.

Gun metal pinton

Canical wheal frareel
Conienl whegl Foare-T1
Conlicel whael Farrm-ITI
Conicnl wheal face-IV

Bredcaqe or wearout
Wearout

e

i

-

Ful.¥s gear bew chain,RC=356 Wosrout of halla & Ldnks

Gogr box bearing

Wall weak chxin

Driving <hain

Mzlomatlon & wexrout of
balle

Halocatlon & woarogt of
lims & bhalln

¥Wearout of I1inks



17y SACFING LOOM

{Sizor 37 RS, MaymCacturer: LEFCo.)

1 2

Pick-rg ahaft
Plodng shaft cpring

Lay block
Top cocidon Buffer

Buffer hosing

Ploicing orim

Picking coro

Motaor 1 = 1,5 HJP
Motor pulley

Yeo belt o 850
Mactins palley

Grive mits - Campound  zind ong, 90/55T

- . Centre shaft pinian, 25T
Ratchot pinian, 40T

Croplc sheft
Canire vhaft
Sucrd chaft
Comecting am
Crank chaft bush
Corire shaft uxh
Sword shaft bush
Wypcr

Trbadlie ball
Trosllr~ Linvery
Truek plate' - -~ 0 ¢

Corrtre ol
loxr aecilen

Pin roller pinion, EIUI'

¢

Dreakege or wearoat

ARRL;

3r



LA04z0s GO0 RS, B I RS, Maufactarer

i

JibeIESSIAY 100M (With Loader Systom)

t LITCo.)
2

Goping =xi
deloo imiis

Conf=c and
Ioxe soctHion

o3t

Pictkding shaft
Plcking shaftk spring
Lay blotk

ffor

Buffer housing
Plcking &axma
Picking e

Motoe 1 = 1.5 ILP

Rotor pullcoy

Voo 1elt noy BS

Hachine pulley

Cerpound pindan, 90/45T
Pin eoller pinien, SOT-
Centre shaft'pinton, 257
Ratchet pinjen, 401

Crrnic thaft
Corrze shate
S sliaft
Coavecting arm
Cravdr shaft bush
Centye alaft budh
Swopd shaft Lush
Wyner

Tresfle ball
Traodle levor
Tk plate

Cam

Actuating levws
Keft gabe
Woft fark

Cop plirges
Cop debertrr

Wesrmrt

Dregeoge or lens
tensi cnerd

Eroskoamn of crack
Hearout

e

Dreghogn ar crack
Wanrout

Eyrrnoart

femrout
Wearont o bredcage

reskom or wonrout
. )

131

Breskage o werrout

'

Dresleays or wesrogt

TRIINTTY

|

an or wyaroak

AR



10, DAMPTIED MACHTINE

Hotoy

Motor pulloy
Ves it
Lenther belt

Drdvo it

Main shaft grbar
Haln shoft key
DridAng mrion
Spedinkler platn

RO Hopafactures: FLTH
1 2 3
Mo Burtwast
Ves belt, AT1 Toaraut
OAl prp kot -
Foter brakn ghoo Wenrout
Yog balt, B-120 Tesrout

Fotor pulley

Presoace o woarout

2= LAFFING HACIONE
Manufgeturer: T,C. Keay

1 2

Mot
Motar pulley

- Voo balt, A-105
Dottom cam
Hacklo
Spedreg
Drivirg chatt

Driving =hoft pirdon
Erde =hoe

Broskay o wearout

Vearout
Daxrsm aftec ucs



———

a7

Decreass of sharpness
Dreakoge of wesrout

Breskage or wearort
Wearart of tHiresd
bprrout of threat

Neale no.i56/75
Loopar, AS(

Feod 1ift cap
Presmire foot ro, 002200

‘Codler

Fomd dog, nod0o0s
Tenmlon dicc, O0GE
Tanzlon part, OOOES
Tension forruls
Hewdlew bar ash
Looper rockas
Fork

2%  JEFRMYIE SEWIHG MACHING

Harpteohoars Unpon Spacial

2

Locpar e 61200
Heedle noe 156/70
Loopee rockys
Cona stvd
Clarp sorow



s

Legttd, JETRACATE SCUTMG MACIOHE

Throat plets Woarout
Sprexdia, B107 R
Threxd rotsinogr " =t
Comecting rexd -
Scred i
Feod dogy HBrescase o wemraut
Spreader —ocioer Warrourk
Tube =i
Neadle bew Mich Y
Prevairc foot " =t
Tensimrm Mo, BTN e
Tenslon Secule R
Tonsim spring Erookone or lams
e ioned
* 7" pell sbad po, BT vemrark
25e COVERANEAD LEWIHG MACIIHE
2 3
Yoo pinton, 317 Drecicege o womsast
Top pdnicn, 327 =i
Bntivm pinlon, 320 =
Needla , Su.W.Ga Tl 5,6e Erexkooe or wearout
Hendlaln P! =0~
Noodle cone Haarout
ﬂmtn! rdnien Ireaicore o weerout
Contrw hugh Yoot

Ovechoat chein Wosraut of links




e BALDG MWCHINE

1

— ":‘—’N‘Mﬂmm
2

Fr— "

3

*0Y rimy (DifFaront alos)
Ol seal (Diffagemt nde)
Derd Sire purp

Haly m;r].‘lng
Feliof vmlve (L.F)
Reliof valva ([P}

Corvecting Mipa (M fferent
olza)
fonaratist prop

Filtm-

Tearourt
e
Hffawnt dcfocts irside
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QHAFECR 4% DATA COLLECTTC AND DATA N{ALYTIS

Zd  Fptrodwiion

Withouat propor detn collection ond sotmepent analynia, it 1s ot possie
e to dovalop s offactive and ot optinsl madnbsnancy otrategy, for any -
ctine. At tho aotret of any attoapt o cetup o oolloction systan, one Mt oo
sf48es sowrenl inpertant guratong, vhich aro sucmarised oo Followss:

nl i data chould be collectsd 7

L} Uow chould they ba collected 7

) what oen tho bost mrthods of provessing the datn 7

d} Con thr rosults of oll this effort be esanted in a mesadngful sy 7

] mmﬂmnmummmqw#tm,mmyﬂwm
intordepnndont al require chenglng of tho eysten ofter carefil rcevices of the
ﬁfm%ithmmmmm.ﬂnmnﬂumm
guined fren e rendts before eatebilddng Aty systom, Now, tho basie Snforme

tAon meduicond L5 dwut the originsl coot oo woll a0 the cost of maintononce dincing
- el Yife of the waching., In opder to dotzrmine the malntooancs oot ad don-
o comwetly, one shonld elsc consider tho quectiona ke how of bn docs tho
Fchinn Irodaion, how Doch productian tise 1s lost md cost of lont production
arring tha repeir, uhat is tho oot in temw of melnbonence napower ond ropleced
axporent partes

It 1o im0 dosirable to ooy the time leot in walting for ompower o e

cgply of eoponents and the longth of tire that ropaire take, Apart from cost
A, or et bvo Afematinng niss sbout thn follure oode of the machine and

offort off cordi iype of folloro,



$0/2

As rocoeds of the differont oointonanco functions that ace carrdedt out in
the preoant sygben ara ot kept axrectly snd sclentificaily, great Alfficnlties
heera bean faced in respsct of colloeting dAESoront data of the hrte sills mochinery,
Theugh the Mill wac comdssloned in ¢ yeor 970, only thooo yoers fxilue deta
Lace from the poriod of ot Januasy, 1970 o J1st Dececher 1901 has been collocted
in eate of all mechinos emopt sedig sechings of the plll, dw o nonemrzdlspdlity
of creect data. Gowerer, for sswing machines daty collectsd anly for a period of
o ymern, Mt tido wil) not hper o devaloy Sw aeintenance (olicy for cedng
mochines aloo, becmacse rrber of fallires ond xiseciated cost, Aentime cic, e
roch hicher than tho other aachines, In goneral, data hza beon collocctod oore or
ions oocrectly dring te sbove oertionad perisdc,

— Ithm—ulmbnmnmtimﬂmuﬂﬂmtﬁ&taﬁmtﬂrmumrzwﬂiﬂal

f"\. e
,__, ,. ‘ “.I.'I X \

parts anive. 5o, mmummuqﬂhmwm Bnhmisd"uthm?ﬁn—
htyufc:lﬁmlm Y

VoA N AT .

I o M { I"k,___f . : . . Jr

To develop 8 oood maintonence polley, the followim peofor=a £ data colleo-
tion nxy be pooposed (Tphla 4.8.1).
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1 a3 5 6 7 8
o6 hv] Metoring wolve Wornout a5 400 . " 450 630
147 600 Stop valvg Wornaut 240 120 600 720
#2225 i) - = - - o 2,23 27 455 %5
;18 17 Geble Found cxack 540 6o 500 560
4558 &40 Fskaring syston Wearnout 445 %0 450 630
o7 *i5d - - = > - - *3.0 290 645 935
B215 143 Upoer tush Wornouk 3,0 ed 200 H00
8505 590 Stop valvo w¥ornout 245 120 750 8%
AGE. 5% Hoterdng syoten Wotrat 1,5 190 0. 63
*107M o - - - - - "3 12 425 80 1295
11504 710 Lotz tush ernout | 3.0 110 500 1010
b P12 Th *1953 - e “ e - v2e02 ):-3 570 S5
15292 3m Seftee roller Brokeaiout of - Flutes 4D 599 1200 1895
19925 673 Vee balt Temnout 1.5 220 450 670
44050 415 - = o= - - - : *5,25 2040 095 3135
14408 %0 Softncr raller Braonmont of flutes 345 g2 wse  1m2
m— Fallare » 27.0 Fallure = 40,857
Proventives17,24 Praventives 5,095



Hﬁ-ﬂ.ﬂ_l SATEEL Y
Locfet w~ amries

o*Q = SATIERARLY

- Q%ZEs =  EBMIINL

0oLz 5651 SETL 0%Bs - - - - - o

124 005 o2 £ T3 DUy L LO5 104
| TAT 00ET el o oL POy Jeupyues axiFg #7174 EVEET
TEs 13 x4 0°5e Lom e - . - - e A U0 .
w6 o tve 7 3T DR T 00KP PEwa I7un Bapag 0™ EUTE
ooet 006 v 62 MR DUD X TONSINIR SN G JITETED 1548 Bt
5SY ooy 13 gt WWO) WOT JO JROLIIEX] U S 9 g906
s 205 o*r - . - “ - - COETe 20
oVt 0007 ovs G*g SRl BNTq § WA pROS PALRE ASTIOT PO Yo 0L
0%t DOE 02 51 T inouade Aoy aoqEn AsTag GiE 09
{321 2 S L1 £*La - - - w = o= ST LOGSs
vert 1 33 ¥ET Q% ”n_ﬂﬂ_ PR3 IIFERUoD 2Ky o 12 4
SvET 006 tav ey supd uspaq § JunTY pEog AT MFFI  ELT 20
56T 93 a8 £5e - - -~ = V5iLe B2,
en omt oS g  oupd wopag p 3w EAy RAI N TIATFTAD vos wZs
oLy ooy o, 1 ] QA SIO8 O oI WUl CUpaATIn T 3.1

e L 9 . € 2 1




3

SOt 47 B 0°2 WAL oeyn U 4Ty LEL G524,
SR 05 50 ovL DYO0Y, pUNSg (TPuEqra) AR g e
025 007 ozt gve (Ro; IR §O ANANN ey punadn 059 0b29
o6v oo 06 5z 08} BUOE O INQUATRAT  TA0R JoTrod Burenag 0¥ 28
62 Y ELGE 0*24 . - - - a0Zs 0BES+
ot 0o %z Q% WALy W PGERCTSTP TR0 DO SR0G=Z00* Puraea 4.1 e
oY o ozg 0"t anousay, OoSLvou 372 ooy 095 oo
OLL 05§ oLz 5*E Ree} AT o JROEINOND S0T i Taeus Io3 00 oLE ovo¥
STEt oz, 09 g T 3noymg a1 ST - IR o2z e
oot 50 86E TEe - . - - - o Dve OSVE.
=2 oze g9 o't PRI PRIy Fopoxla Ry vos 205
96T e DS ‘6" PRI IO x2TTOX Fﬂnnlnnh oG Lo
orL oar 0sT 'O°E FoWIoR ¢ GESOTSTD TISY (52020209  butanos 05 o
oLy o0 ) §°2 B9 DA PO INREIRT ynpamls JAITRS 05 065F
626 Yoy v ZL'v. - - - - I 06UT »
0sL 095 05t 5" ICALIOM § PAQEDOTSTP [IeU  QG~OZ020~C0D *Lupog oG s
08¢ 02k 09 o2 RER R JO N0 T 'UoTUTg (vE ot
8 L 3 5 ) v £ Tz 1
, oo s o ey - -

RO TV USEvas  Y§



YESG  * sATgImAOIy

5ot =

g
3

0*6L =
O'G -

BATIUBARY S
AT

BLE

3
1 A
114
(tE

Yol

)

oLo

51 1
112 7

SELY

85 R ET 88T FRAISER S

SERERENEERENENERER

1 3
Qvz
0*Ss
o't
g 4
0"t
&"

Q*c

et 7

e 4
o*L
il
o't

0"Ge
{5

IOUT p PESCTRTR BTV

NG WOT 3O JNCENGlg

REDO] PUINOg

SecoT [ANCY

RAEG Ay JO FNOUBNGI
STV FO INAUS0N

JNOLICH

Ol AUED FO JNOUIGH
ICUIA 3 EREI0ToTR ST

a2y 208 JOo IR0

FNOLIOR 1§ PAEDATITP BTIVG

Eﬂ&ﬁ.ﬂ
oL = WojuUTa

Ak OZ w dPTRITY
] FOSSALC

‘a1 gy ~ IR

It ity

Qe ARG 09 Ly

I0¢ *recyn Imog
ODZE*OU IT™] GOA
farrrd Faoy
OC=LLTOG=209* DurToag

00=QL T 06=~2 09t Brprr

o

~{8Be2 2838888 u§RE

ann Yy



TS REFREBI TR TN

O'c
oYz

0*Se

otz
L)
"l

SL" T

e
o*c
O"E
(44
34
't

ZT*Ps

o*e

INRLTON
\Be%Q W0 X POUEHOTY
AncLIN
IOE0m 7 PEEDNT SR WITW]
- sroumy

\om) o 30 JUTON
eI POy
IOUTH @ PAJEDITEIR FLTH
QAR BEOS J0 JNOWKOTY
(e @e 3o PRI

AEEEEREENEERE

3




104 = SATIUGADTS LS*PE = sATRUSARIA
5'zt = eanTvRg §%25 = OmMRA

a£v7d B 7] %L - .-

6Le % osy g"c  Fooumn § PAEOTETR FTTN  06-G2(Z0~cog  buwead
11 00 5 o'z WwiHad a7 Jo ouI0g ' g Ao A0t
qrr olE a &'z WHoB) 0B JO JouIop PRI TN
TELT 115 Zyor o'se - - - -
o oLE 0 52 FnCU RG] IRPEX] LOTHIRY,
(24 ot %0 0% TWOOT PUDOg d¥1aTD
1Ty 4 00C oev 0z ﬁsﬂnﬂn%ﬁﬁu&nﬁ.‘ Iodb ISTTOT PRATA
127 ost &0 o°L ey peoy SFIoTED
tevt ) £05 5P FNojUING a*H 5% - Xnou
£o51 £ ozt 6*Se - . - - -
006 o osr 0'c  NOUIGk 3 PEREICTEIR DITeR butamoq =WTi0d peeg
w2s ost oLy ot FERLIOY, QOZE "OU T WGA

8 L 9 5 B v ) £




0ss

§o8388%Y

5*Z

U*Ce

0*e
(Vg 4
0"t
o0tz
S*E

0*Zs

L£te

O"Ce

(Ve J
'z
(10 4

0*Y.

'z
o%c
o'

SRl
AR FO JEW JO JOOUIIRIY

L ko -

39 PeRTIOdag
TR

- - -
JOOLLIOW,
o

anpd
A3 30 3e0m JO JNOUGCEI

- - e

JINALED Yy

F0UTLA g RRUSOTETP ATING

| OWID,
HLme

gEn TR TXFe pebooen

WU JUITR o 03] (UG

Ol T TNy
aTdiTu mownay
upd Ty

wwihn e ivoe

QN VTG U]
- L .ﬂ

eupd Teq IBTTRS
- -

10q eey
Burpoog

JTE] ST

L] - o™

PGt
PRea Rgrd Wy

PRAGUTS TIAET]
Jnq I

58 §EEERAEHE

ELOS
PLOL
gLl




mm_m-,ﬂﬂl KITERS i< ] - SONTIR L
GEL O9E 52v o*2 CAMIDTY TSMET] i ZOTIMT
20T YES 62t G*Cw - - - - o2 LTVt
e ot & o't JreRLIOY, T o0y, GLg TOSET
0i9 05% oSt or2 outd JUNTG W LOHOT] PAUnOs Gopd Joq IATIeg S 2,5y 4
SOQT > A ore a*v - o - Fe OYEET.
b B3eTDan
505 oSy £5 Rt A Woeq oms 35 JNOUDNRIE 0 ~JOUf WTIoa SoTThn oL POIT
173 oz o gL Fousndy Foant dER Toesd D rias A TLOZT
ZSET 506 LOV 0%Ge - - - - 0, T ZI6LTa
YES ot 2211 g%z ANCX LT Irmy Txged uan 0C% 151404 4
SEv oSt 4 5z T Iumoig o Jeod e ToE 82Tt
133 Gog e otz B QO 35 3NCCHNID metd e o VLER
cev 09 g9 o*z _ PoUIN  JTNI WED Foped Un) i) Ceelt
ze6l o %1 o€ - - - (r3,- M LEiGe
=77} G%x Ty o'z e ToUIDU 55 5B Pl CaAOFTE ToRaETj KT (17l
(#745) 6L 059 [ 4 HHUTT 50 EALIGH T g ZE00
2 L 9 g v € 2 1




1

[ =3

1014
6%

*275
34
K1

2

G270
783

*54ATD

o

G

403

»

238 EH

§ Y g

Broiumout of soow toath 2.0
Doreged atitsr noroal uso 245
Brckonout of Goot of the pins 2.5
Rallo dalocatod & womnout 3,0

- w - G40

Hﬂl-.'m‘tlt 2.3 .

vormout of mubter portion e

wl lﬂ. w '3-1'.'

Wornout of inks 1.5
- - 2.0

Ballo dislocated & weemout 2.5

Brokanout of some tooth 2,8
ﬂr_ L [ ‘aﬂ‘l
mtofmtnfﬂupmﬂm
Wortm 2.0

s B8 K 4 g

3 8 &

o

g B &

#8388 EEB8E

388885

8 & o

d g d g

504
4135

1 7p 8

a7

897
67
%0



168%L = BaTRumAdZS Y L

gER'6 = amTHg S0y = InTROg

505 o =24 gz oupd oy .ﬁ-ﬂﬂ_ 5o AW anq ST 62 (X 8
e %9 55§ Vs . - - - " - = St v26et
L9 i L 0°z " ¥ UL —_— Hﬁ ﬂrm o o
Vo5 oov vou 5°2 " anousn 2oaT oo Yo et 1005t

; S _—

&Y oot €9 5z wRand Tddn 30 3N0uaCH Gupgaoad Azoayriag 605 GPRT
7% 5% e 024 - - - - - EE &L0ZT s
56 o2 L2 53 INOTA0X] Ul g Faciig GRL
105 i 1 34)] g 4 [eg ang 30 NGUEQN] oRmd IWTESD 3¢ poziT
: a? WY Qos D%e -~ - -~ - - 6k C0O0 «
50¢ o St o*L | | gmourg, ATBq OOA Fignl 1450

Q 4 £ m

] » 11

- e

THNTILVIL STEAVED QGIE TRl



[10g % ORI,

L o oz 94 AT Do) 0e2 oEEL
iLTd L0S oze 0*v. - = = - e o= (0, ot OO »
ZoTIRY IALTIV
sy X A 0°¢ URoNG SOS 33 3NOURNTy U TeRM UTALD o2 oL
cav oot 5114 grz CUR Mp 5O 300 3O NP T T3 S oE6%
LTt Lz o9 0*Se -~ . - - - = o, Sx £0E0
g0 o0 & sz t@eey wmoe 30 oxERE s STRoD B, oves
o 0% ove 0% Fowmn 3 PEAESOTUTR ST Cur2Roq 3onaLs o v0i5
‘ KR TPLIIQUT Jeal
Sie ove 72 a*z QST WRG O FOUCRTY TS ZOTTO3 XN 3 ;] 1154
=132 4 £9 o"2 AreTaed ynecon Pods SIRaTTRr UGy LG, Svey
=L LET GOS 0*Ce - - - - - - 71 Btres
SLY o 1373 a*: PILDTSAY LEO] tuds Lt SYLE
5.9 00€ SLE 5*2 ven Tem 0339 paCweRg dRRT 323 G 100 24
FA=14 LO5 055 0" - - - - - - o ot
0% oog SO (°F  ITOURA ¥ PRTCOTSTD STV fueeq Tirg $IC fLEL
sz oet 13 trig 4 WhRaad dkin Jo N0 EEI.HE iﬁﬁ "o 200t
131 oog 212 STz s o 30 3800 Jo JnoURoRa] 3 TR ms :145
8 L 13 i i |4 L]

@




Pl  =DATIUGAAZS 0'IE = BATIUOABI

00T = RINTTCL p'sd. = IMTY |

65 &V &b S*€ , JPoLLTON FTOT YT T EXY o
L B

ZEV o z 0*¢ R a3 Jo JAIY Il WRod FTEeD L €05ET

Oa9T Les €40 00w C L - . 5 OlEle

e o0 66 52 N} Taoy 30 ﬂ..EHn wiurd J3Fs eI [ el

0ED oog 0z Q*c  IOUIoM 7 PEQUOOTETR BTITH burpamecg e 5371

o 0% 5 Qe WHoRg OS0F 30 FROKONN TR0y U U0 UDpTRa 78] oLzt

07 o 008 S Y RIPI O 3O JE00 FO RO 0] IR A= 06T

s LOS A 0*Fs - - - - e ZD%e GSVTTa

5% 00g 59 g*z ¥R oy BpaTora gaa Lo RGGOT

056 osY av o JoUSY g £r =

) v/ Lag vEC G*C» - - - = - BOCS»

oo

SOE ooe 53 $*2 I8 WG J0 FEONaln | UTRYS 0TS e1gag iz 2600

e 00C o §¢ DG A mDE g0 JNoeI0N B0a opmd W (v, 2 H oo

G L 9 £ - 7 ) m 4




na L% s 0%, P - - - BRSs Y6504

o 3 ogY £9 gz | ynoom PRI T3F QA o 2o 15
%6 Qe 099 Py PRI E50] g 27,2 SO
0z OEY oLl gez supd &p 35 Jo000 JO INoUDNAIY F2q IS 180 6524
YO LS L O*Ee - - = - - £554 BE9%
T IO
1747 o5y 58 s*e \Paey 8GDG 3O YOOI W TR WP et SLOY
SEY 0% el 0*2 L PRI POy poT %uﬁﬂﬂ T VS
we  om 0% o't " noumy ITeg 206 SRS
YELT LY LES o'y, - - - - - - s EQLbe
o, ovs oz G%  InoUToN ' RII020TETP OTIvg Darpawey 1421 LAY
1745 05y o S*T oy ooos FO JOAEOTY ol WD e oLt
696 L95 zop 0*ca - - R VESa TE0E .
G osy 0% 5% ) WO IO YIOUDIOI T ey )7 2052
x9 o5V LT S*2 eupd Ry 3O AW FO INOURCDST g TR oo PLEES
X LT6 443 avs. - - . - = .- &t O0T ¢
ot a2 o 0*2 Wjoa SRy §0 NN ABATITD W aﬁiﬂwﬂ Y LIvE
aeo ovs QG oc WHID MO I TPULOI IEIAI 605 26
s oev 06 A o eI a0 pobEy MBI LY iy L3y
@ L 8 g - "~




GSE'E W TATIUCARIS Ml = BARUCADIX
gztIr = wINTIRA 0*as - QINTTEL

5%5 05y G5 52 \Re0y WG JO §TOUDKE TP WD BGE N
(32 ] %€ =1 0*z | 3nouIom oD uotRes &gy ot PUGET
548 i vLE *v. - = - . - £00, 3,
: ISTTOT FATTY
aos osY 1134 2 {1897 AT 30 BRI w TR UERD xE OMOET
o9 asy oL 6*Z JnowLIop, TEEER TN U £ PESIT
L65 L9 xv 0*€. - - - - OGE+ VT e
QLo ovs 7 4 o*c U wpd Sonfreg 2 vzt
087 oTE A o*t L peuopun oo . Gy 0L 97131
aly 0%¢ 11142 0%z = paog | GLE coeTY
7348 L RL o*2 L - - - - s Wk,
08¢ e 7.4 51 wRIct m0e o NCUI0N 0B JR(TeT DuTSEeay L5 TLG
v A1} ovs o2 0*t  Ineamn 3 PRMUTSRTUTP oTTH Brrxag 118 5026
e ‘ 9 N z _t

5 14 £

ZHD YEHYTHLS



L5

o5 06 o5 4 . 0y sioy BuTATRg LEL £L99
0GE 0Bt Ly, ¥ 0*C  3O0UTDR W DRRDOTETP STITRD Sutoq TTRO LS 9CES
. DY—
0% <t o 07  FOUEM g PREXIAP BTN IDYOT BUpIpERy o8 12° ]
xL ot 1% 4 gz  FOGIDA B PRHESOISTP 0l BURes] oTTe Luprmin Lt vast
S 412 Sy 0°2 RSy 06 JO JIOURRIy WUl ¥y, LT L1BE
o0t 95¢ T 0" - - " - 51 9 OVOE.
PSS ost ™ i RO oy Rt 32508 VA 4 ZaE
I0LN] X
5t 06 SV s"L TP AEOU JoJ MED YIRS 5 GLGS
132 09 2T o't ooy 3Teq Sutatap dyab Jrxg £y OEVZ
e oSt 06T g'2  Yowoa § PRROTSTR BiTve  Duyacaq sorrar Dupanag wE £6ST
BOTT 0 FNOUION e
v o9 oav (i 4 Dup3m oog3eq M3 WD ZEE LiZ}
Car
ox (444 ort 0'z  F0UIOM § PRRESolsTp STIPH ={avad IoT1od Dupuregey 743 =3.7]
ALl 0z z0S o0*0s w> & o= 1, Yils
05t o5t o §%2  TDUIOn B POEOOTETP SITWg  Dupaweg AoTrod Gupmy 15 A
oot
5 o5t 0 v 1ROT] SU0S JO JTOUNDM] IO SRR OPTRY r v
g ost 113 §%2  INOUTom 3 DOIRSOTITR STTed  Guymmy Jetrar upnodg v 0%
9 L g 5 - E T




;
i
E

Qv ze = A IRy

oE6h L = INTIA Ly e AT
: S Rm——— . i
(3 05T (17 4 g%z  FIAdon g BQUooTElP STIve  Krpateq Ioyied Dupeag oy DSREL
L el
05Z o8t ;T 0"t PapeRny JU FNOLELIN ARTTOS unXly ool AT
4"y 4 05 005t = 2 FEENT JO JNIOLION soq 5107 SurreeIs | 4a=4 OQGT T
= e p g
55¢ ¢ 3 €9 6" oML R Jrowon  fepead Bpof oF upn L DOFAT
147, =052 €00 3+ : tLa 0ok0T.
02 (1,14 oy 'z  JTOUIDM g DEQUSOTEIR FITRD  OuTaru] SaTTaa Oupesag (674 (5,2
-t ' iy
ST 09 1 4 o"r PRUIOT SIS TP W 307 bopalg ) Sord Mo
: _ fuprood
Q5z [+ on 5*1 MY 0 LGN I DF WD C AL 6509
(1 3 ost QET C¥Z  JOCALEA ¥ PeqecoTsie sgrug  Duysenq Jetroa Derpnag e o2y
) 7 05t o Sz oy EXg JO JTOLKEeIg TOLp. JI001 164 TGaL
r.2 %4 9GE g G*9 i - - o LESe B2l
s & g g T

b 1 4 [

R

DIOLWH SHVEE SHDIREAS *PAoD



05216 » GATIUMAGRI
0o = eanymRg

05 [y o o2 cafa Emos O QUM it s SSCTT
aLs bS5t 0cE £*0s - - = - - i E LKTa
oo ot e o*C EEpIYT emDS 30 JNonIog o SDTHY |31 FoG2T
0t oSt 0 5z ARG CUOT 30 3NOLENRIY WRA 412 LOveY
14744 BSE o 1l - - - . = BEET tZMT.
006 ov2 099 o'y INOQUANG IO 09 bt 4
oLE o5t 022 §*2 PR punng m|ADY ATy ST 1036
=L =2z 00 oz Ry 3¢ ncun LS A =L 2059
s 0St 009 g2 Cupameg oy U 3070 AT oL VaLL
Am a6t vig 0% - - - “ .- e, Grso,
oSt 0% 09 $*1 PR, CED Butaly A vios
O0E ot 0zt 0 W wos J0 ol JROR] VT ves BGZY
068 0G 00g 5*F _ 3nousoy, IG XY 5.6y, BOLE
{0.1-2) oSt (v ) S*Pe w .- - - LG LK.
095 ozt o o'z PRITT 30 INOUTon ure Z0PTINd o0 i
VAR T :
oot 06 06 5*t R} e O JROUpdy STPWP PTG L OOZE
we oSt xz sz HAID PRI ImanT IO o oG
......m L 9 5 ) - & T




g

8383588985388 3888¢8§S3
8B 8858283838889 823§5

o*2
o*9
o't
Ot

0*Cs

£*2
ove

0'Ca

s'z
Lt 3

0*zw

14 9

o'z
S*E
Cc*E

L 4

-

Hnga T

Grrseog Doan GUTEOY
o5 = wiuxl ey
Poom Dupra

e Fal

3B ~ uofupd oxuey
3 = wiupd toapdy

U=nt=s FIUE

whixd peAR oy
Bz ~ uopurd Ters
IGC-UOTUTS Ry

- e

o |0 JO 3 IALION

rouTon § PRJESCTIIP STICE  DUTASy Wie Jpxjuarog

124

oED

W ES
YoLs

Pash
(12" 4

BLEE

T8 e
A =

Pt

e




ERE8REE
A EEEREER:

8

FEREFRREEE
le3855233982828538886%§

g

"0

0T
57
£t

0*vs

o*c
S

o*cr

o'c
Q*z

o'Zm

5%z

0*%s

o't

5%z

0%Z.

[EEy @I0C JO JACWLAON

T pUnog

wRacd PRSIy JO FN0UIN

OX ME0S JO IO

R Guos 3O 3holtIop
woTIad PRy 3O OO

oL,
-~ i mir
) DR JO JTERLION
WPOI> [0

Rasd prenm jo FIkRLE

L - -

15 = W xRy
RN FV
paon BupRg

oy
Oz ~ vorund Terwy

255 = U anun

i g

g = Wprpd aagusy
oo BupPes
STRIR

Itz = wupd YeaTdy

SR BE a8 388 EER

WLh

4 &

e
D

RATIEMK DHIIN 40 ¥ Rk



Te0'0E = DATEARIY

giptse = oanyred

0*95 = QATIUCARTN
o"qa = odnTIng

I

g R (0% Fo JN0UIN 105 « WuTd eXyuen

g FALION 2 - wpnd eaRlp

RECT

rd A 009 LY 38
528 ooy %I Q%2 \Roa) amos 30 ROlRd]  WR W DERER0T Firg TCZIT
e v 166 0. - = - - - - L0s LQVE
ovat 005 ovs e wRaed praRp JO INKAIIDN OTpARdg g GaGET
(233 ooz et (1) yrouwmg I 204 . 4 S0aET
o0 o0v ooz o*2 FoaIon e 3R 42 68LET
G5t SY¥ L "2 - - - - (K5 £S5ty
(14 43 009 (e 0% IHa0G and Jo 3noiIy 7 = wpnd eIy oot BEGTT
SoET gvo ovCl 0%Ce - - - e BLT
orzt 009 Lo Q' JROuWiom 3 PARUOOTETD FTIRG  Supveeq poom Dopyvg wr 175174 4
066 00s o5y 52 U3ERG 008 3o 3NOURop 185 = Wupd Ay 64T vZESE
SL0T 197:] oEezT - . - = - . e - 1 T 2 i g
oy 00 [+ g HRID IR poon BuTCg v 4318
o8 oor o0y 0*e . FnouEe WPRNTa FTCH 6L (557244
0zn 00s ozs §'2 W0 FAIYG FO JNOUI0A viprplg Wr 6Z6t
S SUre 059 0%Es * - - - - Tl BOeLl.

o6 00S o3y LET

cd

ZHODW DN &350 _ﬂwam



T oGy £65t 0" 9. -, - - - 30 A A
b o<t X -l JOOLLTON pIend O TOTRC e o7 )8
oG, (144 o st WO (PoO0)RII0S et emuen oot 0466
% =T 4 3 3 ITLLON Ixapesal Suralg v 54 0538
xt 08 13 QT IncLCAy, ™8 TID 25 QSGL
o 00z 4 52  OUIA 3 PUDOTETR ST Darprecq YW i oL
CLET 0 4l 0*% ooy, I OURATED QLA e ot
oot 1 - g T <7 oudopn  (dOg)RTNnD SEY QTEeD e (115747
4221 BSY %o Q"Ce - - - - D& e 00aP»
. I5ToI TIOIon
aov o0 032 52  AMOLODA § PEQEDOTHTD ETTRO a3 bupEsg TR il wnyy
Get 08 £y T pearimey sy Dupals uwopsen, oogqo0 2% SYeE
SEp a5 SET C*Z A § PQEIGTETR RIDTTo puymaq IoTou S T4
7 oz g9 44 POUTTIUN] S36 Butals Jadikay s =, 114
996 15,4 s avs. - - = - TG ODLTe
b2 o O % £z WIS PUTD, End I w5300 &t OVt
oz o ozt 0%z ST BGUED 7P AL PRI T xRy 056
005 o 0% Q"¢  ANCUSOR § GEDOTETR STTWE Hmﬁﬂ ots s
B P T § B ] ) w." T
T (ol

3




GLE 5% 12 S*t paaIeFep oAl WCGEAD JF O aLy vLOE
or T S2E i OTOY DGLED SO JNOUDy TR AT 11174 BES2
134 X 4 e 4 POy Wi WAL STy & FALx
174 LT e §v2 A0S sTpunds &y T B2
00T astv o /A o'y - - - - - DLS, 211 98
ors a2 - £%F  INOUIN i PAREDCTETY BTN Gargxinc GPE o0zt
B 1 y 51 peoazn sl WA rAE TIerKEnY s 856
L5 oz L¥s o°e IO, sxo O CH L 14

g L 9 T N v c r z 4
Site o arma v = camrma

gNE 0% sk oz oo awoq s qone | Bk oozt
EEZ2 o E65T o'c Fhataog 6] TR TIRRE wy ¥ZEi
oove gEE Loz o"v - - - - [y OE¥ET+
ozZE 00g (14 3 £°2 GOy BIIUBT JO JTERLION, IR Iy L QLECT
73 ok o £ UL pUnod paEmb et g oov st

9 P < v P z t

SILVH STOHIR TP SO Fog iy



oop fOLHG

3933333333333 33333
%

1 ’EE,; _.

EEEEERIINE

PEREIEE U RS & BRI

SINIRIINIIN R
[ B

1w lgglﬁ1 :ggiﬁﬁt

IE 1 'IH 3 nHE:

.gé.gs.m s@iﬁ.ﬁa;



VOO = eappuDADIy

955'aL < IR

s ik £5 5*T g b Z0ET
Zom BsY DEDs o™y - - - » - - YT, GOV o
vEE SO 59 5°T ﬂﬂu_n: ®xm Con ot +ORET
e d 56Y ooy g*p WOy BQUED 30 JPOLLION FOAGAY BT 665 GSVEL
2 gre vig 0°Z4 - - - - e vogeT «
0% oL £8Y 5*Z Wl Poeln 3¢ §IOUToM o dop 2 oYsTE
G o V2ot 0*5e - .~ - TN ozEete
we 5% o5 6*r p3o0zEp Taqeky mReAE TRURGY 29 BOGLL
we o vou ooy aneqtang P vz Zvont
Yoz (114 ¥o 0*Z ROy Laad RTaTn 454 00,2
EVE &z 8¢ g*z- JookIon o don 615 %1
o L 9 5 y € 2 T




s AL
asht

= SATUCKWRT
w  BINTTR,

0"z » BATHIMARI

S"0E = ANy

BE0L 008 GEV TOE LGy R § R S X5 57
Lea L2e = o*z - - - - w - We 7. 2
SLE (1347 =1 o't PIUOTIING ST Burada P, PEOET
L o5y = 5L AT N uTRR] BupAtap 4.4 OPEZL
&L LETE Z0s v - - = - - - Ule AL
ez 009 ozh o't PR PO TR ﬁ > ) BeNT
£T0t 006 1794 o%t INOLON ANTIOT pocy oD TTEY
UM LEZv sV o'y - = - - = - 3.2 9 ILEth.
006 o=, o5t ez tTiaty oacoT Poal oy oods g o6
sanL ostE 51 g€ R uopupd BUTATRG 2o vy,
a0 4 429 cot o*2 - - = - - - s 18 QLED,
GELT 006G POT o' BT TPRIOU JER S R uedl FuT e 0L
=i 3 L2t BLE oY - - - - - - .~ P
BLD 009 ol o'z TR RTRS FEPOR FFHE UTRY ong oy
YEOL 06 vEL o SOTF E3T SO Jiouy 20T Ouptsn 269 ¥G5LE
914 LT Viv "% - w o - . - 21 B0
1475 Q05 4] o NG AT IS BUTATI a35 1314 4
2y d 008 ott o*e ROwG ewOs FO INOUER) g SURATIe o045 TOVE
ey Ve 4 oL o"p INCAION FTTar Dupssnay g ms
g s 9 z t

§




0scy 0007 os0z §*% Poue  SGE-w Supmp Ao o vIEWE
0Ty 08 0z 0t IOUX  ATHOOUF OGN TEORXD PG THeED
DOSOS  OQ9s 0005Y o*L WO, bupmng m0q =50 ricilc) 5L SET
ren A T ®9% i - - 6% SR
ot IR 09% O'9  STING PR BT O WOTOA "o g A st LOSTY
o0t s, 41] ove ot ; NGO, aopron Dutreasy zan o OG
as0s  omE 0502 o | prouzon  Tteoe3 TRO0YS TEIRKD s verLe
og3 008 00 1 WAL 3O YTy U 32N TroN 92 o269
008 oozt 950z v I TP~ 5. RS5E oLy
gERL LoV ®® 0°9% - - s ATEs
f95T 0O SR o*e AneuoR a3 Ay FAT an
o P 5 z




(4 4 H
(s 2

Let

569

§85 8 378 %

& B

Lz

ol §IEEERERIEIBREEN

oy
0%
09
' 4

0"Se

0T
0 1
[ 3
oz

[ g T

e
o's
o*c
o'e
0"z
g%a
o'z
£*2




|8 BB & 4

l

55 o0
oot i)

20T ox

4 60

£ce 3

K L
gvSiC  w Uty
LZLY  » DILT]
o o .
s6t 05

pes 65

S® =

oo o=

74 ) =3

4 a3

et (5

o &F

29 o

8 L

ol 38 § 3R] YEE

EEENE R

=
¥

i~{ 8 8§

R




1 . 2 -3 4 5 & 7 8
*319G "1 - - - I 3.0 945 a5 004
3453 57 Cantre ghate ash . Wemeart: 1,5 B5 TeS G2
4564 1424 Haching palloy Wornout 3.0 130 15 125
487 0 Ly hlock Wornouk 2.0 7 10 £0
5723 w0 Picking ehoet Varmnaut 245 190 12,5 MN2,5
“6300 b o - - - - e - "0 a7 39 406
6974 TG P4n roller Yormout & fond crack 3.0 340 18 355
TRl oo7 Crank chatt pindon Rrokonout of saa toeth 3.0 250 15 ;|5
BAS G2 Cemiz shaft mwh Sarnoirt 3.5 142 175 199,5
*9773 207 - o - - - ol 672 39 ™2
Sa04 1031 Combye shoft pdndon Pedceronit of gope teath 3.5 156 17.5 1735
10373 50 Motz pullay Weenout 30 178 15 150
104G 573 Cra: ohefd Brcieavout 6e0 178 k 3 208
11810 G4 Treadle Lover Wornourk 2.3 50 12,5 02,5
" 42756 i .- - - - o - 0.0 490 49 539
 Farg o 2 Wotk fork Wernotk 2,0 64 W -t
1M1 47 Mot Durmtout 5.0 G056 20 636
13005 3o Contre shafit bush Sornait 3.0 2% 15 2rs
* 43004 "4 73 - - - - w 740 924 24 060
14294 S40 b & 1,0 120 15 135

Wypor choft

Polure = 51a8

Prexmnbivess 35,0

Fadluro = 3,93045

Prevantive = 3,610
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Fle LAFPING MACHINE
*, Asterisk indicater preventive overhanl

1 2 3 4 5 & 7 8
2014 2014 Hackle Brokenout of some pina 3.0 670 600 1270
*4752 *2738 - - - - - 2.0 545 427 1372
054 2312 Spring Legs tensioned 1.0 90 200 290
10438 3374 Hacklm Brokeniout of some pina a5 370 TOoo 1370
* 12504 *2066 - e - = - 3.0 ¢ 620 627 1247
14309 1205 Pinicn Warmout of some teeth 2.0 - 135 400 535
Failure = 0.5 Failure = 365
Preventive » 5.0 Praventlive - 2h19

22, CUTTING MACHINE
%, Asterisk indicates preventive overhesul

1 2 3 4 5 & 7 8
1224 1224 Cutting blade Sharpness reduced 4.0 940 1600 2540
2920 1696 Pinton Hrokenout of some teeth 2.5 214 1000 1214
*4874 *4954 - - - - ow- *4.0 1470 1627 097
7158 2254 Cuotting blade S5harpnass réeduced 4.5 7680 1800 2580
8571 1503 Yoe helt Leas. tensianad 1.0 210 400 610
10894 2223 Adjusting bolk Warnout 2.0 40 8OO )
*12570 * 1584 - - - = - 5.0 . 1342 2027 3%9
14209 1631 Cutting blade Sharpness reduced 4.0 820 1600 2420

Fallure = 18,0

freventive »

9.0

Fallure = 10,204

Prevontlve =

64456
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1 2 | 8 & 7 0
5G o ool nos I8/ woenout: 1.5 145 60 445

528 432 Loaper ASIEHA Mernout 2.0 170 400 57
644 110 Potila toe 196/7% Weenout 1.5 145 300 445
¢ 9 *3%8 - - - @ = *0a 1244 %18 30082
1540 o0 Hoodle to. 15077 wWarnout: 2u0 145 400 545
1106 148 Food 1ift oo Prekonout 245 285 500 s
1295 10 Nanlle hos 155775 Vermett 240 143 200 845
1535 G2 Pracosce fook noyd02200 Warnoat 2.5 218 SO0 18
2550 272 Hoodla nos 196/75 Wornout 1,3 15 300 445
2524 T 415 Colloe Draosnout 2.0 120 100 520
#1s2 528 thoadin niw, 456/75 Woxmout 1.5 243 ;00 445
32N 123 oo - - ow 40,0 1263 1815 2061
4 n ol ﬂ.‘!] 205 Percioaeut A0 235 600 835
2620 315 Bendtc noa 156775 " warTeut 2.0 145 400 549
A0 369 Loopze noy ASZEXA Werment 1.5 17 200 47
4029 * 40 - W ow - o - *Gal 543 1215 163
4366 137 Haodle noe 356/73 Weerout 1s5 145 a0 245
4348 102 road g No0X5 Brokoereart 2.0 235 400 635
4497 139 Lo e AB2EXA wornout 1.5 170 K o)) 4
B2 i ordflo oy 156/ Wornout: 1.5 145 300 445
*4742 414 - s T 2.0 M2 410 0
4002 121 Taainn dve 068 Arckenout 1.5 55 300 a5
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1 3 h 3 5 6 7 B

00 308 Lovpes . 04204 wrnost 265 220 550 0
*an *113 w e - - - 2.0 ¥4 440 605
AT 64 Hody ride 156/ Morrout 1.9 153 330 48
5% 51 Loopas sk Nornout 2.0 245 440 605
550 22 Longins Wornout 2.0 108 ado 626
505 . 37 - e - oW e *AD 502 asd p
647 54 Cone ghiyl Wornent 2.5 142 550 692
653 15 Clcy SOl Weemourt of throal portion 1.5 ‘70 5 400
758 95 Theoat Plots Brolewiout: 3.0 155 660 625
*a41 55 o " . - *&f} 45 G20 11256
59 40 Sproodeg Werrout: | 245 204 550 4
108 149 Theesnd retadneie Brokenout 0 115 G50 TX;
1035 28 il nos 456/70 ¥eenout: 1.5 155 330 AR
1128 92 ConnnelAng red Wornout 1.9 ¥e 660 25
1154 2% Epeoodor 01207 Wornouk 2,5 125 550 679
1207 133 Deren Wernout of throsd portlon 1.9 45 230 A%
1506 19 Spraoder Erciorsut 2.9 204 550 =4
1909 403 Heodls nos BiX07 Wernoert: 2,0 220 440 660
1947 39 Focd dog Beraenout 20 374 660 1034
44 *407 - o - “ - o= *42.0 1054 240 o4
2164 20 Smroaisr rockor Wartout 2.5 2% 550 26
2100 24 o 006D Dedrnout 240 127 420 567
2074 m Rexkee: Brolamt 2,0 249 440 665
.20 ;1) e - o e 4.0 427 220 1307
a2n 3% Hoodle no. TS/ Warnout 1.5 131 330 455
2714 [+ Sopoador no. F1207 Wocnout 2.3 125 550 675
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1 3 A 5 & 7 ]
ca 21] Worm padan, derrourt of son toeth 2.0 55 240 283
157 99 Botirm piriloh = 32T Marnout of ooem tegth 2.0 40 240 23
204 07 Hordle, S.0.G » & Alanted 1,5 o 160 250
m 5 Noodle pad Broi:anot 240 110 G0 478
393 ) Decdln, 9.4, = 4 Muntesd a5 x 100 258
430 37 W pindicn ¥Yormou®: of cow teeth 2.0 85 24D 295
661 231 reodle pod Drot:snout 3.0 115 350 475
*784 * 425 - = - - - - *10,0 438 1200 4538
1040 25 Vopty pinden Warnout off soma tomth' 2,0 55 24D 295
1055 56 HoxDe, 5.0 * 4 Erckenout 149 s 280 250
1194 58 wort: pindon Brokanout of soms toath 240 55 240 295
1214 20 Dokton pinim Vornout of coon teoth 240 48 230 278
1966 183 ooeTle, S04 w 4 Wornout 15 o 10 2430
15593 227 Hlocla naed Wornout 3.0 115 360 4%
1% 83 Hootle, S.H0 = 4 Wernogt 125 ] 160 250
1692 p W phden Wermt of sorm teath 2,5 55 300 355
*4%9 *77 .- w = - - ¥9,0 365 1240 1826
1964 213 ocils, 5S¢0 = 5 Blumtod 145 x 280 250



g8 ¢
-

£ 8

EZ 8889 FRBEYHE
lgegssgggs8883RR8888¢88°

o*c

o*c

(13a M

i
5"
o*e

0% 9%

E*T
S*7
&'t
5"
Q*E

a*e
5°T
o'z
oz
§°Z

o oTPeeT:
v wroiprg FOTTERY]
Yool arms

WO DLEEE]
= *o°gdp oTpCon
uworuTd TR

w sorPg forroen
TED By
w "ot Soqraon
= *otnre foTRean
pod o

-

woTRd sz

¥ =o"ht5 o
IZE ‘uopuTd egaeg
W won

XD TERRRY

as B ER YR FEIY AR ES

LiTe

CSie
Bese

e

o

&

oy




8

201 0ta  RATUDASIY OS5 = BATILEANTY

nn_n.._m“..__ BanTIeg 0*s8 e L1 N . e

052 05T v 5'% PRI ¥ o= DR YRR 095 0DaL

QsE )8 v €T YTy BO0G 30 NS ol taon b 437 O

g5 o5y et 0%+ - - - - o ow LELe GOS0
4 oet £9 0% ‘ LI USHe DEFED) @ BLED

052 oeT oL -3¢ oo, Pt oTpno)) oGt 2669
052 oot A 5T RODG D006 3 JNCRIXOY 12y “umnupd WG vsr DTG
¥o5 a2 4" 0'0 - - - - e BT ZL09
oRu ost o 5% | INCUIoA e ogpoon 1 ocus

oz oot w 6t . ESRUNTY = sovg toyponRt €st POLE

oxp 052 ogT o EEE.E v o= foupes OTRER © 1655

SLb 0% SLE 0°c JROREIOA ™ ooy 05§ B95S

GGt o osv 0%Ga . o~ .- o o e e BOES,
62 e £5 o2 YIS, @U0E F IOURPIR oy 112 vRS

aLy 05€ 41 0°E IAnCcH pod oo 1154 9605

i o2 oos 6T LEFL J0 VRN UERP [OOAmng o EET

£ vz ev 0%z a0} GuDS 30 JRoUDNeA] I2€ fuopupd moRdxl 19 GOy

8 R ¢ v . g 1




Qotre oot 09 0*Z JALRIY g ESTL voss
00BbS oooy £OD0S 0*v s3ed o 0 3eou peboang ol oupy FaRg or 2030
oG Coet £ 5¥L INOUTOE Butx fagTee Jf b o0e
S oove Sv o'z o fq poboueg Te0E 15O 20L L&
EL ooZL RE 0"9, - - - Ve TL6%%
og¥e oowe 09 0*2 JCALIOT, (= o B9 99
Swe 002 )4 o'z TP g pobexg To0s TYO By rages
4721)2 vz 2 09 g 2 PWLIOY, SUE 40 X Zeap
SE ooz 94 0" T fq pelnmg ™ 1Th T oy
1= oo 09 0"z AL, Dugz 3 2L2 DzE2
G556 0096 £4E 0°Cs - o™ - - OZEs POz
e eove o 0*2 10 g pRieeq eS8 TR &89 o2Ee
SOt 13,7 4 58 5°T LT BuTE DUCTect oy [147% TER
Qe ouvE 09 oz IOGUIRY, Bata o4 0% test
i) 4 poat £ Bt JOOUTAY, Bups Burrooe 3 oW DIEL
oz oo? 09 02 NNy, Bor o0 o6y ra ¥
owZ oore 09 D*e FRALICY, Bapx 44 3 Rt
o PR s s z T




02 = eATRUDADTS
geoy - eImtioa

&ZE Qoog oo2 s 2ELVE
OGLL 002L %S 0" 0 - - - e BTV
OLEE 000 e 5*Z WAk praTyy 3o Inoulon (ae1geualanTed FTIOW 000 TEME
SOBt 003t 5V g*L e Aq polang oo T TEV ZezetL
VLSS oore vLZ o2 s3aed ang pebeurg aond JoRTT S r/ A DOCZT
oz o0%2 ol 0"z IO, 3y = P, 157 U2CTE
103111 O0ET 66 g FOLIL futa GIFTeas J} e oz
e oove oce 0*2s - . - - - OSTe OLO2T e
) 00T 02 ! NIy AT 20y PO gZGhL
Ve ooYz 4 ‘02 170 A paliceg =g 130 170 b T3
90005 OO 2208y " Te . = - - 1247 EZLOE
@ L 9 s v € T ¢ t

G FoUID, G pdnc *0%l

Eﬂﬂtﬂnnﬂﬂnuﬂg-mﬁ

w —_



43  pata Andlyss

The foilure data far onch mmchine givon iIn the previom section has boen
anolycod to find the best €1t WAl distribution end olze £ find the mesn ond
stadard deviation of tho fallure times. Tho shepe end scnle parasctecs of the
MeAbull distributios hve beon calculobod by the Bodeon bdkelihood Estimbae
(MLE) method znd the grophtcs) nothod of hozerd plotting. In the FLE, the shape
f) ond oczle (7)) pararclers are eotinated by the cquations 2.0,3 o 2.4.4

Wnich ooy
5B Pm
u tl " | n - -
: _L;L'r - -%'1 - -E;"' Iﬂti - {2e0e3)
E N . 1w 1 -
- o om 1-1 & . . -
a,

. b
.5
%-E-a:'ﬁl—tl"] eaw (2oled)

Tm:ﬂuumufmnumm.qustrdg.ﬁﬁurumdmthuvﬂmcfﬁ
£6 knouny but e Talue of f wlll have tb be ctirated by triel @ crroe, if
mrminl coarpotatlon 16 crriad oote Qthordipe the oquation Z.4.3 con be solved
fu:![; by coniter peogranon okl the tochrdque of Kowton - Ryfeon oon be opp-
M&fﬂdﬂhﬂﬂmumlﬂﬂﬂvﬂmnﬁﬁhgimtmﬂlyww

tHon) md then oucsrinien itePnHionn e carried oot by,

3 i
g+ 1 PR ces (42321
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whcre, 4 in tho ftaration monber axd P ﬁii mﬂr'tpl}e:nmmctwelyﬂn
mmmmrmmmumﬂﬁmmmmmmum
.

Tho Yinting of tho compuinr mogrommo 1o givan 1n Appandie-l.

The ceen and atandnrd doviation of the Welhiyll Alstribution are glven by

Huin, //'Z - 7I/ 1__(1. * f_) F 1 {408}
end, X
stacderd abvlation, 6 = | ](1 +-§-: - 3 xR TR X

whare, [{ ) indlcxtes the gwms fimeiion, Tha valug of the gesen funcHon
can he cbtained fron the mblinhed tablea, Altarnately this con ba estisated by
the formile P’

rtlﬂ = av r/—{_;-_;:' {1+ _31.2]-7 *-ﬁ“'ﬁ”"}} ses  (8.4.4)

for loege value of ne Por valuea of n greater then 41, the ‘shove farmiln glvoe
acvuragte valuor of gomme fimction upto throe dertnel polnts, which i3 good enoxth
far cnpinecring spprocimation.,

Tha cotisatces of Wolhull porameires by MLE ond hezard plotHnng for each

of the pctines, e given in Toble 4,3,1.

Swpln otthod of e=timation for oome oochdnes of tho Wellnll distribution
pecawiws by hazerd plotting ia élven in Appondim=IT,



o of the T Braphical Hethod

P . 7}, (hem) | S themy L6 (rem) . P I‘ 7, {nrs) E—ﬁ {hra) ]: 6 {res)
1, DLATON PLATY 2,15 T2i16 631427 300,04 1.0 00,00 621468 341,18
2. SOFTHER MACMTNG 2462 1095407 97327 397.51 2417  1090,00 956 05 467,82
3. HARD WASTEE T/ACARD 2:.38 110151 105,75 47052 2,12 1130.00 1001.53 495434
4¢ DOREAKFR CARD MADYTIIE 2edd 551,893 d20. 12 231458 2400 580,00 534420 260,10
S» FINISITER CARD HACITHIE 2,06  GOG.29 LU 172444 2,1 580,00 544407 255434
Ge 157 DRAKTIG MACUTIE 2,00 534410 481,48 240,311 1,91 530,400 470,55 265,70
Te SID DRAMIIES MMNITRIE 2.54 690450 GI1G,19 234,08 2254 &'X00 590.% 220e12
S D DRAMDIG MACUTG 2,72 607.93 54138 213, 2,50 63000 559 446 210,38
0, FDOSHER DRANDIG MACTIE 2.1 60093 532.02 244,10 2409 5700 505,39 259,56
10, SPFININD FRANE WAQTIE 1.71 601eD 534 825 200 436 1207 800,00 533408 205,30
11, TWIST PRAME FAQIIR 3.3 012,39 500254 200,34 3,37 1049400 534,00 303,6%
42, IU COP WRNOLIG MAONE 4,01 257,14 T6.35 254,75 1,92 349,00 300 425 155.69
419, MACK ROLL WLIEFEXY MACINE 296 7580 894,03 253,63 2250 720,00 639435 272,44
14, FACE COPF WIIITHG MNIMiW 2424 4'D:90 425,38 202.m 2400 500,00 443443 231,19
15, TR BZARTNG AAMITLT 3,10 960,26 556G 414 203,59 2406 90000 056 535 323,02
15, HIBERT DAESSEE TAGINE 264 1563.,18 4300,%5 859,77 2,07  1560,00 1362 .06 £598,67
17, SACKINO LOOH 253 G0,23 534,69 217.52 2,72 630400 SEDs91 221,42
18, {ESTIAN LOM 2,31 y ok LY 632,63 200,59 2415 650,00 G14s54 208,63
19, DAMPDIG MACIE 2,63  2150.39 19123 TTGh6 2,47  1900,00 1757.78 a4
20y CALENOER DACHIS 4,29  1917,51 1555,.80 433.41 3,90  1500,00 1505 .69 429,56
Zla LAFPTHG MACIDE 4,51  Z030,7% 2595415 542455 3,80  2200,00 250020 GA0.20
22, CUTTING BAUIDNE .38 201,84 151,43 I3%,.92 4,43  2000,00 1852472 X756
23, IEPPFING SEWDYS (AR 1454 245,55 22140 116,59 L4l 245,00 222,05 154,38
4. HEMRACKLE SCWD UNCIIE 1.0 200455 179,25 195,35 1,91 190,00 176429 134,06
2., OVERIIGAD I BACRCT 1,30 191,17 159,35 129,51 1,32 100,00 155482 15467
25, DALTIC FREDS [ASIE 1433 &10,1) 57743 433,63 1425 560400 a3 ML
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QIAPTER U DEIERTTRATION OF PREVENTIVE HADRNTENANICE MDOSLS

51 Intenduction

Replacement problomg arc o pactloilar cleges of maintenoncs probleos,
Usially; replormment problens e be claanified o o Uwer dotersiristic of
prabridliste (stochostic). In cote of detorminictis pochlorm, the tindng end
artom of coplocamnt policiss e assuned to bo known, with cartninty, Here,
the caching 1s not mibjoct €0 fallwe but tho opereting cost Ancroosos with uoc.
To reduca da cparnting coot, o replodenent isa &0 ho perforned. It is aecmnd
Wt aftcr the replacoosnt, the trend in oparabing costn 4n Mnown in Bho oonoe
timen 1 provide the sam cervicce ea the roplacer] corponenty, parto. IF thess
mmpﬂmmm,ﬂm'mmﬁuminﬂnmﬂmmmﬂmﬂhwaﬂmt_'
bt peploconts, of corre, this ssguption does oot hold whero trecinologl-
cl loprovecant of the mechine i tneon into accounta

In the cane of probadilistic problers, the 4oing amd aibone of e ro-
nlocemnt actlion can depend an choncs. 3o, oointonacs of stochsatically fedling
rochine irvolves ooblems of decision nadng uwder uncartalinty, Two sources of
e ottty are dietlnpdnhed, Pirot, it is ispoasiblc to predict with certeinty
when o feilure will oury or mooe omerslly, when the trepedtion point from ocoe
Fabn of thn oochlne o aother wlll ocmur. Seand, 1< noy be impocsible to dotors
mine the actusal stoles of the paching with any arcuracy wnleas o definitn mainto-
aser octim in tafhene Duordng oporstion, the cacidne uver conslderation ic pssoe

mexl to ocrupy ana of cevesal stotes, the two axtreon stebrs bodng “good® ord
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>

“falle ., The two boundary statea enclose a set of Intcacdlate atatos that
demodn diffarent degroes of doterioretion, Tho mowenent frar otate o otato 40
goverTd by @ peabaldllity cechenim whoso 10w may bo cpletcly knewn, partle
cly krain of ukaoun, by the decloion oaker. In the sirplest aitiotion, of
oozt the macdne ooy ho describod st belng good ar Collnd, oxl the corroo-
poreling probalility low nay be demcribed by the distribotion of time betwoon
coplction of tha peplacoent action ond feilire. The tine o fallure 40 a
randgan vorlahle whoos distribution nay he tormed the cachines follee dictribue

tion.

Corresponding o thaso courcoe of uncorteinty sentloned sbove, sra tuo
Aiotinct moGels for atochastlenlly Friling machine; “mrovontive” nalnbtmoance
mdola in which the otatn of o msachine 1o alunys knoun with cecteinty, and
*"weparedrness™ nointriones modeln An whdeh the atate of Ehe pechine (ot loost
fcrmn;nf its compoentn) 1a kpoun with ortointy unless some definltc moine
trmmice oction is tokone In Ho work, only the firut type of nodel has boen

cun=ldormls

With the provontive asintonsnes modat, the eescption 1s that the nachino
operation provides cowuranee thot the actuasl statn of the pachins is novn wdih
corbointy. Alternately, it agy be essumed that the machine fa kept In steenge
for it9 later use (porticulerly vhen oceergoncy origes) but 1a under oontimons
ansdllencs, It oelos it psaiblo to daternine the actusl atabte of tha machinn
Attt gy further sadntenance action.
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Ge2 Todel for mn Ago Replaoement Policy to Mindelob the Sxpocted Roplacomnt
oot Fer Unit Tiro

mm#mlmtm' inctor of Beking remmtive reglacaswbc
of fiwed Anborvaln, thus  incrascing the poscitdlity of porforsdng a prowantive
replacanent shortly aftac o follure replacamnt, the time ot Which the proeone
Hoe meplacoront ooy denends on tie egp of the cadipemt. ¥hin fellures ooour
fellury replacamnts o sodes,

Fallinw
peploreoet
Ereventive
" roplécement
2 w  |w | e
1 : Tp
0 -
Plgore - 3, 2,1

Fron tho figuer, it o o coon that by oo hotod palicy irecxporatbes
oo prentbln cydlen of operations One oycls bing detarnined shan eqdeent
roachan Ats planed roplacesat age plus Her to effct the prevontive replacns
it &1 tho ofhor duo &0 a fallure accuring bofore the planmod replocersnt
tine plixt Moo to offeet the foilure paplocomnt,Ads.2.2 llustrstos this puint,

Prozwntiv Failvre
replacomont reglecoarnt
Ocration i
T
- Cyrlo = 1 — e Cycln = & o




This rmodel s al=o well dovelop ard for pore detalls ane tay refor to

o,
Jardinel 2}, KabirfV1) s Here n brief descripticn is glven. The objective in set
to dotermdne the optinal preventles roplacement oge of Ehe equipoont in order

to mnimize the tobol oepected replacsomt cost por undt tiee,

Lok, Cp 15 the cost of a prevontdve roeplacement,
Cf is the cost of o fallure replacsmett,
Tp 1s the time required to made & poyventive replacorent,
Tf 1n the Hnee required to follure ieeplacemont,
£f{t) 1s the probsbility density Ffowtion of the fallure tinss of the

equirent
Htp) 1s the pemtlme to fallure when ;ramttva mplmt ocoars
at e tp . N
Citp) is the totcl mc;.cctad. coat par unit tieme for prmtiﬁ replucs-
l'nmt ek tp.
- R(tp} 15 cqual to _} () at. S

tp

The total cxpocird replacement cost per unlt time,

Clep) = Total mpected renlacomont cost per cycle
Expected oyrle length

Totald, expociod replaceamt cost por cycla

= Cost of s preventive oycle X probahility of a preventdwme cycle,
+ ast of o follure cycle x probabllity of =z fallurw cycle

= CpR{tp} + Cf [1 w B(tp)]

Expecbked cyclo length

= limgth of o preventive cycle x peobablilty of o preventive cycla -
¢ Expected cyele longth of o follure cycle x probahility of a failmre
C}ﬂﬂb



o (tp+ T RItD} » [IXtp) » ] (1= Kt , ware,

te{tp)dt
M) = T
N, the tobal expects] replocsoent ot per undt ttew, i
- Cm x RE * - 7
< tp} sy v ThtpT & ¢ rp = ews  say (52221

Rare,0tp + Tp) RILD) « (At « TE] [1 - & tpl]
w tpRlED) + M{tp} + Kipd [1=FRtpl TP -~ R
- uﬁtt.pa » jtﬂﬂat+ T « TF [1 = R{tD)]
- jn(uat . *ﬁt{mi + T 1= R(tp) (ITntagrating by partsd
Subwiting this int epstim, (5.2,

JRtOat + Tp i) ¢ T 1~ RO
=]

This io the mrdel for sn ogne regdlocessnt palley, relating the total oxsoectsd

Wmtﬁmﬁtﬁmbﬂq_mtaﬂm
R poae o T ! .

---' -
- . P o A . r 1 L .
_ . - - - —r

Sﬂmmmmdmtdamlmyﬂ'mﬂltfdhnﬂmlfﬂ

wxw  wes LOared)

[
-

=

f— — - "

aluﬂ-tﬂ:by, S A N
%@' ®x Haan failhxa tice
L 1- i
lfJ
where, f* A ven  ssx  152243)



Se3 Mokl for mn Age Bonlacemont Policy to Mindmioe the Total Dosntlcs
Deg Urit T3en

Dtnh:dlfﬂaﬂﬂnﬂmmﬁﬂnjtﬂn:haimtnmtmm;ut
o vbilingtion of equipmnt, the replactyent policy required nay be oo which
ripinizog tobal dontine por unlt Sime, Tha hosie caflicts see that oo -
Freventliom replacegnt frojuency incromses thars ic m increase in gentiee due
o theoa roplacomnts, tut z coneeguance of thils o & roduction of dountims dm
v foiluro roplacenonin., Tha dhiectiva of this eviel is to debermine the optimal
o tp et vhich proventdve renlocanents should ooour such that totsl dontloe por
wilt tine is pkimized, Tho policy shich hae been Lllostrated {n Fig,5.2.1 will be
sxe for this oodal also, ol thare ae two poosible ¢ycles of operation,

- I - =

mmmumﬁzmumwm.qmﬁumm
cf a tp UxepAng the carlicr notntion) io . ' .

Dbty = —itil cxoeckod downtime/cycle

Expectad oycla length
Total cpected dsntlse/cecle

= Deemitlon don to o peeentive cycle x probability of a prevontive oxlie
+ Dontine due to p fallure cycle x probAviity of a failure oycle,

= TpRitp) + T [1 .« Ritp)]

Expoctad oycle losghh

= {tp+T0) Ritp) » [Hitp) « 77] 1= Ritp)] , {Aa par Sectim S.2.1)



ThaehmT,

R{tn} + w P2 1)
mwj - g + :‘Fl} E . i . DHQJ} -+ i'frﬂ-httpﬂ - {5.3.1)

Thin iz a rxdel of the problm relating replacomrent mo o btal downiinn,

The deremdnator of the equatirsy con be rediox] as per In pectlon S5.2.1,

oqunls o
IEP
imtﬁdt + Ip Altn) + T (1~ Riepl]

Sitpiiting thils intos equation (5.32.1

Bt} = e RRCD) ¢ TE [ - ReEDY P
Tfttt)dt + Tp R{tp) + TF [1 = R{tp)]

o

%h:im.mtﬂfmopumlegemplmtrﬂiqﬁmnﬂmm
at £follurs only® ollcy 1a cslouloted by,
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Jefe Aojutjon of the Foddgls by Conputer Promrmwme

In the proset work, teo preventive madntenmoe medols vhich heve boon
disg=rmsod in soctlons 5.2 ond 5.3 hava beon salved by oosmater progrsome o find
avt tha mvintemanen policies for juta mills anchinerles, Tho falluro cherarberip=
ties of oach of the machireries hare bemn deberninoed by £1tting Welbaoll distribo-
tim, the perawtors of vhirh heve besn telulated In Tehle dudel

The cquotion of the two mx¥elc erv,

CoRltn) o Cr 1 = ROLDY]
f\“attmt + Tp R{tp) + Tf [1 = R{tp)]
[#]

cltp) =

and,

Dltp) = TpRtp) « TF E.‘:-Rf'tpﬂ
ﬁnwdt ¢ Tp Blip) « 7€ [1 = R{tDY

Y ?h,qnsuriﬁmfﬁm mr‘ :&-heammiwn—my_ﬁ D

LY

L = [ .5 ;]

e :éall“it Selictes If} t!m_- 3 “"'"L:-e Aweh In Toblee Sea.t
Bod2ei ) AT ~T YA

St ML N AL TR

Raqording tiv solution procedurs by cooputer projrams, the follosding points
are to be mentioncd, Tha dmirrmination of optimgl prevantive meintenance age oo
sidering mintsdzation of cost hashesn lllustrated in Agures S.dsls & 5ada2. In
the Flouree, Clip) hos Inen plotted aguinst +p ehowing tho poasible txends of tho
crves, At tha inltial etage, the total maintensnee ccat 1a gererally becowme highe,
then dscreasoss gradually, Bubt after pasatng of esrtein age; agaln, total oDAlntsencs
coGt incresyes, In the present work, thw tine at vhich espactsd coot 13 oo has
been found by comparing two cot veloes a2t g Hoe and then this cinlmm cost hos bsen
camered with fallure maintenonce cost to find cut which one 18 lows's If the [ruven

tive pollcy cost 3 lower, then thero exicts a proventive meintemonce end that is

prdrtel,



1 Cl{tp) o)
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Celp Ce/
. fiM
Cltp) (failure maint-  Cltpl
o= enance castper-
35 unitmean time)
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Fig. 5.4.1 Fig. 5.4.2.

If tha failurs neintanance cost 15 lower which has bocn shown 1n £1ge Se8.2, the
hert pallcy la b0 cmry out Fallure maintenace anly. In this cass, usually, the
expocted cost Clip) gradually decromas with ip but dogs not croes {Cf/ ) lino,

Tha caogxitaticn has bmen carried out upte a tp valua at which ta fallure probabhe
134y i3 99.%%. This nay be time cormnming but sounder in deterwining the cxistance

of tps .- ' e T
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» [ - L -2

- . . - = [ e "o -~

The sowr aclution proceds hm been folloae? for Zossat time opdel, - ="~ -
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Talo Sedels Rosultant Malntonsnee Policles for each Machines on the Daic

2€ Minirdzation of Comt Modcl

L] *
o of the }of $aiiure in mnft § Savines in § Cost per
aehiren replocenant:, chift = ¢ peposntoge 17 Shiff
- - 7= WO 0. .\ -3 N S aeh
1., DMILSDI PLANT HACHINE 2,004 84 1259 Ca023
2, SOFTHEN MACIINE 1,577 149 .75 0.012
da HAID WASTE T/CARD 1,287 X0 2,592 0«03
4, [RCAKFR CARD MACHINE 1.560 92 p O 22
b= TFLRISFER CARII FACHINE 1437 12 9,00 O}
Hm 15T ORANTIG MACIIITE Ye221 Roploco an follure 0.020
anly
Ze 21D DRAMNTNG MACHTHE 1249 1% 6480 0u015
Ty SR DRAWING MACIIDNT 1.345 104 10.15 0018
Ga FOESIER DRANING MACTND 1+230 " Replact 5 fallure 0,019
> §
10, SPIINING FRAME MACHIE 1,729 i11 5103 0.024
41 TWIST FRAME MACHTHE 1.213 1% 1,31 0,010
‘A2. LW COP WIMDING MACHIHE 1156 Replocs E fallure 04,035
¥
13, TIACK AL WINING MAQONE 1.4 104 707 0016
2. HACE CDP MINDING PACHITS 1215 mﬂ;-;yfmm p.uﬂ
15, NY BEANING MACHTDNE 1,305 149 4,01 04012
1, NIGEERT RESSIX MAOOHE 3242 20 2601 0,013
17« SADING LooM 1.5 feplac an failure 0,017
only
0. HESSTAN LOOM 1.006 Replecr on fallire 0034
nly
10, DNFITG MAJLIEE 1.917 b o .41 007
20, CALENDER PACTITHE 1096 17 18,41 02007
24, LAPPTIG: MALOTHE 1323 »1 3.46 Qa0
22« QUTTING EAMJIIE 1.0 212 13.61 0005
27, HIMHING SENTHG MACHINE Py (3 Ewpl.m;la falinre Oud4d
Y
24, HERRACKLE SEWING MACIINE 1. 793 Ropleco ‘:;y failure 0.0G5
X5 OVESEEAD SEWING MACIONE 1e337 Repln:ec:; fallure Q07
¥
X5, DALING PRESH MACHINE 1.281 Rgplam on Falluro D401t




A
1
: ; i tn EHifl
enchines Emmt, Et;m- : mimfi
1, EMULSIOY CLANT MASMIHE 4621 136 Tl 0,067
2y DUPTHER WASIDIE L.567 150 545 0,025
3s HARD WASTE T/CARD 1.067 Replren q;-::y failura 0.030
s DREAKER CARD MACHINE 1615 % 12,5 C.113
5, TININIER CARD HAOQTMNE 1454 ™ 5204 0.000
Be 15T DRAING PACTINE 1451 a3 Sat 0071
Te JD DRANING MAIITHE 1607 (] 10,54 D055
fi- 30 PANING FACHING 175 71 - 0007
.9, POISHER DRAWIBG MACHTHE 1355 o 12,10 0,002
40, STTIRIING PRAME MACIOINE 2.%0 20 11.22 0.070
1l. TWIST FRAME MMCUOIE 1.045 W05 13,893 0028
132, LOW COF WDMNDRY; MACHINE 1590 wm? falliae 0. M7
Y
13, MACK FOLL MIKDORG MACHINE  1.645 93 9547 0,045
Ty FACK COP NDVIMITNG PACTIRE 1.642 74 18.07 0130
15, ORY PEAMDNG PACHIKE 1557 110 T8 0037
165, HINERD DREYSING MACTUNE 1,673 155 4.00 0021
17, BACKING LOOM 199 65 10,44 0,105
12 MESSTAN LOOA 1.7%0 9 11,52 006G
10, DAMFIHO HACHIKE 1955 =5 9,00 0,000
0, CALEMDER HACITINE 1557 192 42 05013
. LAPFING BACHING 1.919 275 19,18 0003
X, GOTING EADTHNE 1005 152 25.70 0007
2, TEMMDID SEMING NACHING 1415 Re:ilumlm fAaluce D251
4
21, HEFRACKLE SEWING RACOINE 1.544 Rephmmlm Fallura 0403
¥
2. OVERHEAD SEWIHG MAYIIRE 1.547 Repl ace mE fallure 053G
e DALLIIG DRLES MACJIINE 1.057 fopleca on falluee 0,084
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G+l  Conclusion

Fron the roseerch fegording the asplicebility of rewentivn onintonsnca
polician to jute mdlls cochiverios, the following points have beents spparent,

1)

iv)

3ince aleoct 4ll the machirsTies compriso o largs mmber of eoponert
perts, clussification of fallurae snd thoroly idetifying critical
parts ogin the tack of developing any effactive wnintenmce policy
caglor, a

Optiasl melntengnca policy ‘12 very moch dependant Upon the fatlure
e of the mechindgries ond the cost and tine to effoct cainbanence,
Boy data shadd be enllected with extrume cxre and with cloar abjective,

From tha re=nlin of the date malypin (Tahlc 4.3a1), Lt 18 clear that
almogt all egidpmants show woeoroub chatacteriatics except low cop wine
dng meching, homdng sewing oeching, hcrackle sawing bachine, over=
hend sawing saching snd baling proos paching, These £iva machinoes £ail
mre o lags tandcaly.

raintmnones paliclss basad on both cost ol dovTiting minisisstion hedo
boar: datarnined (Tables Geded ond S:44) . Tho cosulting policios diffes
alightly, uhdeh 10 quito expected because in case of dombtine mindwices
Hon, maxiodeation of evallability of the sochinerice is of utmart Am-
portarcay For the fivwe pactdines ontioned shove, both mxdnls aher Deroe
dodosin naintanoncs ao nptimal policys

Foe actdres 14 18t deseing maching, finlsher drawing nochine,
sk eop winding sochins, sacking looo mnd hesctsn looo, coat modal
has ehoin fallure roplacement &g opbinel whersss Aowmtiosg oodel hae
ehaq preventive cajntenanca = optinel, The fesason for this s ihat
there 18 o cost odvantage in cdmrying oot proventive ocelntenaee, For
hard wastz T/cerd, dombtime mxlel has shown evnbtive salntononrs as
irffaotive; thiln 15 becmse both fFallure malntcnaseg and proventive
maintenmess tein almost simile Hloo,
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Score of Putige ¥erk,

1}

144}

iv}

v)

In Hids work, dats from ene juts mill hos been snnlyeed & Eind it
the spoeopriate falluwes Aistribution forr aneh machine, Data fron few
mra jute oills need & be malyred to deternine oowr's represontative
;nd rroxints feibure distributisin, Since jute indmvtry iz of great
Importencs to tha naticnel econcemy, 4 data basa oey be cotabliahed
under the cntrol of the oppropriate apthority.

Malntonance policios havo besn dotermined on the baals of individusl
nachines, Bty Ln a jute rill; umially thore 48 o mmbar of indsntical
nachines in oscth sectlon of thh reocesds In thin sort of sitiotim,
pevertive malntmanco oge om be expected to be longer Af perventsace
utildeption of the rechinerics can be nacrificed s Little but atlll
acndoving o target produrtion, Bo, n shxly can be carriad cut in thio
Eafpect,

It wes aomeed that at tha tios of preventive maintessnce; 8l) eriti-
cnl {trma should be checiond end replacsd, A ooto sppropriste policy
wvould be to detersine critlcal cooponants faollure digxtributions end
then Lrking & prior plen which itone o be replacsd at the time of
prorrentlve nainteneance,

Cptimaliby of conbinod periodic inspectisn snd praventive reploceonnt
of critical itans showld bo etodied,

Lahricatim is inportmt for ¢certain oochingrlon, Propor hibricaticon
1rgers the 1ifo of equipment by roducing wier' ax] tesrs Detiniled
otudy of hubricsation in rospect of proper sgent, lubwicoting points,
mnd froqueney chould ba corried cut,

Laptly;eane pethods should b demloprd for chedilng the effectivencss
of calntenaica.
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HATH SYMIYZ.S OF PROCRAME FOR EVALUAYING WEIHLL PIZSRIFUTION

»  Nobwwl logmitm

- Ehope parameter of tha fitted Yeitull Distribution
- Expenontinl dintyitukiorn

- Scile parmcter of the fittwd Weltull Dictritwtion
. Moantine to Patlurs of o Capanent

The muber of fallure timos

- Tho ruetr of follure and proventive overheul tines
- Tho mudar of dats Get to ba run

- Square root

- 5 tandard devietion

- A Qunrg varinilc usad With funciien subprosrmmo YX
- An epprosinate relationahip for evaluating Gomome function
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JIJd; = Loop Inde varisbles
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w Bhape paremtar 6f tha Pallure distxihation
- Cumilabve dlstribotion of a componmt

- ot of & fallure palntenscns

= Total cost of fallure madnbnerceAmit time
- Total cost of praventivo naintansmoe/Aunit tion
Cont, of & proventivo pmaintansncs

- Intogrel valug of relishility functien

- Sciale paraxter of the falluro distribution
- Probabdlity dannlty functlon of & comonent
»  FPrantimo to fallure of a component

= Provantive nadnbensnce ago

- Preaasioned timc units upto which density end relishbildty
Finctiong ore caloilsated in the fipet Instsieo

a
:anaaggﬂﬂﬁn

H = Time unlt vhan tho probebility of faflure is stloast 99:5%
1 = unber of machines for which proventive mointenance age is to
ba calrilatoel
RA = Raﬂndamdiifmmsaﬂmnfcmtml}mﬂ
~ Batio of IF to 1% (for minirdsotion of downbtimd model)

AL = Roldshdldty Buncidcon of a caponant
BYGA = Pareontage aovings fron tho chosen msintenancs action

F = Tire required tof effoct b Failure maintonanca

T = Ting pedtiredt to offect & proventiw maintenance

WR = Heznrd rate of s componont
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