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The obiect.j,Ye D·f this l"'f.j!sehi:\N:hproject is to pr·op0$.e e. model

by \~lhi eh maintene.nee may be managed in the P:·r·epC\l"'edFoods

Xft'ldt.tEftr·5': l/iIilri:t6tii,{ t'ompC\nies i'r\ '€his :i.hdwErt'.r·'s'hav~' int6iem~H.j:e8

rtl'd'clLde~ eqt' a (~ejf'Rt:ene.l'1eE1'~t:lln\i frt4:;'erp~£1;6n sy~{:firm~" ~;owA~rj~, f d~:
t'thS':i.l'1dt.lstr·y, does e. s·tl"·!..lctured progr'amms which will pr'ovide

the Me.intene.nce Manc:\ger·~"ith the slemen·ts of ~~n<i:\drrtinistr'etion
system, e~;erlk i:>sque:.me~ "ofl{ '5:lflplemii?l'1tatioh' ~'fI€f ftiw;:tl~'
:[tlt'el"'t'el i-tf:ifoAlShi~;s €ili:ff~£,.

AM ewtensi ve li tsr-atur'e sur-vay wc;\sL1nder·taken to e$tabli sh arid

assess the various elemen'l::s of a maintenance adminl.!?ftl"·atiol"1

syst€?m, their :i.rlter·relationship and their' e.pplicabi.l.i't:y to the

Pr·epar·ed Foot1s Industry.

being l.mplemE':;nted at the COmp<l-l\1Y

~nves1:igation, culminating in a generiC, theort"ltice.l model.

This project report

together with the

concludes ·r.hat if this pr'oposed model,

aims C;\nd objectives of speci 'f i c

or'ganisation, is implemented, many of the claimed benefits

will be achieved.
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1 INTRODU~TlON

The, pl:)j(:h..·.tiy~ of this res·ear-ch project is -co pr-ovide a

gGll'1er-ali s.e.d ft).(;;M:lel 1= or- mana~iI'1g mal r1tehantt~/ t.lh.t?c

pr-epared food$ industr-y in the 81"eas of 'jt;''r-ozen' \JI~'ge\t:.al1l·,ln~s

ail.d f'r-ep.ar-ectt-r'ozen Mea.l s.

The mLlcJel will contain sufficient infor'matit:lr1 td "allc:f:W :tt

to be !\;\cfapt.$dfor' use j,n otheH" 1.ndws:"...··j.es.

It wag deC:i.ded t.I';:j Llnc:ier't,akethe j"'esear'ch pY'oject si net?

th)t? al..jt.h,(t)ris i nv01ved in mai, nte'!r1anc:e maC'l':lg,ement and j. n

Pii\\t':~i,C:\"llctr'in tht? developmen'!: and imp1em€:lt1tat.ithi O't a.
plan,o.§d rnaintenance pr-ogr·amme. The ~k·oc~::rss of

develd:JPIll.enl: and implementation eHposed m;;i\11Y pi'cfalls

awaiting any pr'o'iilpective lMdntenance engineer-. Tller'e is

am,pl,;e tl?f,9rtp;~1tiQ[l avC\Uabl e on t:li +-fel"-emt aspects of

mi;\intenam::e but unfortl~\r1ately !tIost of it.:

is fragolel1'ted

gives a bl'·ief descr-ipt:i.oI1 o-f what is r'eqLtlr-ed.

prmfll~ses ;tar'ge bent~Hts for· -those who successf\"llly

i.mplement s\..lch C\pr-ogl"-amme

pr·ovides. few implementable~ pr-act:ical eNamples I.lf

what to do and how to do it

sel dc.1m tell s th.E' re""dl?;'r or- student o·f the pH:fctll s

seldOm tell s the r-eader' 01'- student of the r-eal

effort required to design and successfully implement

such a programme.

However', this pr-ojact will pu'l: for-wS\r-da moclel ~"hich will

address many of the theoretical el~ments together with

pr-acticaJ. eHamples gained fr,om E'Hpp-l"'ience ill design and

implementation of ssuch a pr-ogr-amme.

Fe\ctor-s whi c::hhave a signi fi cant effect on the success Of

<l';\ company in thi s i ndustr·y ar-e :



pr'p,gL\j:t8\..tf\1 i t.y
8r·odl,.lct(:;os:l.:;
pr'oduct avai 1abi 1i ty
pr:od,p.c;tir'HlP,<ation.

The l!"esultis 'l:i:1atequipment is of~e!1 e~:r~S:C.tedtQ be
highly fle~<il:lle in prder' to mam.d'e.,ctwre a wide pang.e of
pr·odl.\~t.r:>,have high avail~bi 1:i.:~y so as to enr:>\..\F'ehigh
pr'odueti vi ty of capi tal, and to me.nLlfat;::tl,.,\r'squal:lty
produets j:onsistsntly while minimizing the adverse
effects of w,",,-ste,poor 1abour- uti 1isati on and hi gl1
mai r~tenance costs caused
management and pr'ac;tices.

The research project will address the
maint@ining the equipment as well as the

<Ii\ct;i.onof
associ.:l.ted

elements of plalining, ol"·gan'!.sation, co-ordin<!\tion and
contr-ol of the wor-I<;and wOY',kfor·ce.

1..2 The Development and History of Maintenance Management

The evolution of maintenance management has taken placa
across three successive generations (1) (:ll

These may be summarised as fallows

1. Pi,r'st Gener'ati on of IY!aintenans.e Management

With the advent of the twentieth century there was
little need for
Most production
equipment which

any for'mel mai ntena(',ce system!;;;.
was performed by hand and the

did exist was simple and easy to
repair. Production output was more dependent on
human skill than on maehinery effectiveness in the
conversion prOeQSF. However~ the industrial
revolution impacted significantly on's status
quo. Up to the beginning of the Second World War
machinery was large,
deSigned and inherently

r'easof1ably
r'eliable.

si rnpIe 'lover'
Ind\..\str'ywas

still very labour intensive and equipment breakdowns
had less effeet, resulting in less need of



~@phi sti ~ated tTla:i nterih.~de syst~1Y\S

assoc:t at ~tl 111 gh (f.W· sUo 11 P::~qLU r'emerl'l:JL

.it.hd mat'e eqLti pment we!"e r~qLd r'~eI 1.'11111 e tf1~f'e was a
dr6p in the avc,:d.l.;;\l::liH.tyof ~¥~et:tive m':;\'r1poWer·.the
6rliy .::titer·native was adtorna.tU:m ahd met:han:i.sati6n.

ReBun ding the war'l d after' the War·ensut'ed that 'the

Machines became 11~hter 11'1
r·eli abJ.e and

reqLtir'eci higher· skiD levels to mainta/.n them. The

'o}'\'H Htenant::e e0r12e~:ts whir::h evol ved j. nc l uded the

.foll owi ng :

SChedUled maintlf:!nance based on the aSSLt.mpticin

that: all components had a f:h·:ed .dfe •

.:... Sophisticated '.,:\dministr·ativei systems to plan,

or·gan:i.se and contr,pl the r'esour'ces r'equir'ed for'

Ill¢tiJ"l·tenance.

The C(Jll ect i on and anal ~/si s of 1at·ge masses o'P

data to establ ish the operati Olla] lifespan af

eqL('lpment C'.H" component.<E>.

(-)new focus dh wor·k measur'emeht. in maintenance.

3. Third Generation

Mdr·e changes occur-r-ed in the late 1960's.

Automation and mechanisation escalated to levelS

wher'E) machi ner'y ol!tnumber·ec.1 people in some
industr·ies. !ndLlstr'y bec.:ame mor's

mac:hine~y, ylBctromechanicaJ. complexity increased
and the

obvious.

direct pressure on maintenance became

4. Fourth Generation?

Du~ing the 1980's the concept of scheduled



!Uai, r)tetlanc:~, was ~J;\fite~.~~~,n~r'el1~f't~cl b",
on..... f,:ongl:lt~prl mc:\;L ""ehaMC::<:h 4~ m~~rw" ~<;. "',J';,: .···,i

man.lrtfC\~t.9r·ing C::0Q~ej...:? r.he .~<;:lns~'p~; l?'T
F'r'odyc;:t.i, Ve MaiMt·eM<anE~was pr'(i;)pght, t(:J u?,. '~CPQl

ot.her'
74 ~:l¥!tf" s

Total,J~,.'f":1-'~

The II I ol:)(~r·ate..... yo!,;: of i ).(II syndrome which saetn$ to

e:.:iat in. most we~~t.l=r·rlrtlF\nL\fac::tLlr'i11g -f aci i i'I:i as is

r·.:;\pidly disappearfng. n='M SUPPOI"'ts t.he new

manufacturing technology of Just In Time (JIT).
Thi, n?w era i. bri~ging about a change iM the

atti tt.lde of tnaMagemen'c

responsible for machine

whereby the perBan

operatiq~ is also

l"espoMsible for c::er·tain lTlaintemmce ac::tions. This

really optimising

m~1\intenanc::e fLli1ct:t on (1I) (4) (:5)

1.3 Planneg M.:l.intenal1cein PersPective

tn hi.s qpeMi tl9 adgr'ess C\\t the 1986 MallitSlnan(:;!~Ivjanagem~nt
Cof,1Vel,tion, D.B. Moster··t (10) idel,tif:i.e<::! the Follow:!.I,g

)"1'

factor's which
I.. ;.

si gnif i c:C\\nt i I\If l. Llen(:;~

Capital is at lower

t.lepr'eci.aticlI"I charges r·esult.ing i.n a ciistnv@st.m!,!;Dt in

plant and mac::hinery. The overall effect is that

eqLlipment is getting older and investment. is being

delayed. AlthoLtgh this is not nec::ss$arHy tr'Lls fOI"

all industries and companies, the arguments against

cash outflow, depreciation charges and interest.

chargas are st~ong, especially if one realises that

wi t.h a 1ittl e efft:lI",t ~\I1d some e~·tp.nditur-e, the

operational life of equipment can be extended for a

good marlY year's.

Due negat i ve r·ate of exchange, price
increases on i.mpt;lr·'l7.edeq\..\ipment ar'e

Although eqLlipment may bring significant
phenomenal.



~f·t)clwt:1::ivi ty imp,P;,~~~;fier,\t~~ tR~$'c§ k'~'e
OffSgt by the ~"tric.Ps.ak;.~s·fn prio:es ~.*\
e~t\i~htent.' Th~' net erfet:t 1s 'n)tw'e 'i":~bl..tiraH;~
mOder·nJ.sat.ion o'~ el<is'(:i,ingpiant knd equiPfllent.

3.

WH.:h l.3I"9a -Forei gn debts ttl redeem, i~is 1i kel y

'l:ha'i:. Hnant::ing for domeat.i.c investmel1t will be

fi~ifed. We ~rl1 in the s~cirt term Qlao be unable

to depend on large inflowa Or 'for'eigI1 capital.

"the s~diled manpow·er·shor·tage has ,always been ~elt

in South ?:Hrican mel,inter\i,;\rIce depar'i:ments •

•.. c.

comments Wel"'e and

although the country's internal situation has changed

Amongst
• a

these changes are the following:

1. Lower cor'porate '\:C:\)<rC:\tes wi.th t~Al'(.S CHI di vi.dencil;:;

aN~ clear'ly C:\maans to promote lob cr·eatitm arid -Fr"EilEr)
c-,

funds for e)'(j::Jansion. These eNpanSl.("'lnS wi 11 pr'obaL17.y

not occur in highly automated and mechC:\nisedplants.

2. Th. probability of a new government in the very naar

futur£. To live up to the expectations of the

mcajol"ity of Souttl Afr:t cans the new gtlVeFinment wi 11
pr·c)b(:~bJ.y t:l amp dtlwn on C:\L1ttJlTlatidn :i.~' 8n attempt ·to

increase employment. Wewill be LInder pressure to

keep the present equipment running for longer.

3. The current national and international recessionary

cl ima.te wi 11 sustai n pr'essLW'eon c.ompanies to redl.tCe

costs and maintC:\in or increase profits in static

Cash outflow~ depreciation C:\nd interest

charges will remain under presaure.



011 skilled end ci;\l'!rable tr'~desmen in the
,~,_ ' !, '_,_ '\' ': ~~, !J;{" ;-;( -i~ ;-!, ,'_7~- '\ ~-

has incr-eased ano we ar'e
• \ ;\,.,.:',.~,j.. ';,.,~\.r/;f

In.:\ l n t en anc:ec:~li~r'e E!mp16y~e~

In line with reducing

t..l'li E'tm~1oym-eni:;
s~l'&er,·t\~~~~

~, -'k-" '_

bper!:l.t i tlr'IS.

1derit! fV
§mployees

mai 1"1tenCl.t')ce costs we nelf?d to

wf'iith may be 'Bs~~~~in~'~
~)!;':~;, ' -'1," ~ ) -'c';:campal.gn

sld.ili~g others among our- c;s.pahle etnployees.

on 1B~~~C 1eveh ~ .:aMd mbCt.fit"i~!r1·;")it~g~Jf·es~:i.~k
of :t.r':C:\iHiAg $emj.F~kin~8 'wo~kef"s ~~18 ftlGft.l.-

Mar:CLlsf11 defined tnC:\int.enallce management simpIy as

sriatllfn~ an i;?sset. t,o contil'1\,,\e to -rL\l-ri tk~' ,fLl1.i)dt.±on fOlr'

wl1ich was design~d.
m~,~\M.U'~l"h~A·e:~··man..:\cf}§ffieht·

if!fill. s a~hi eved ihusi:.

'·14'1 thc:)ugh th:l;1s' , of~et.,
mUlSt aeli.fsve, tM~ cc·~§t: 'Gd'! wMlcK

ftir-rt\ par·t. o'f t~,~, ~·eejs~b~E,;tlD
rfi·.:i,£·fi;,(;,:~:Frh' Par' k I!B) ql~(ot.es e\ wr'it.er on the sl..\l5j~r.:f! of
I'rUa:i:ntenanc:e'l who sLIgge5rl::s 'I::he following :

liThe ~a~l tlf ~:'tnywell r·Ltn malntehatH:::i:l! or~ahis;;:ti6h is :ta
have tft·@ lo~",est cost: of the sum of ·two quantities, Le.

/rlal n:f::anaric:~ i. .:{bdkw· C:\Mc!rnater'! al, and

pr·oducti em loss cost N~sul t.;i. ng fr·om an i 11adequata
tnaintenance p~bgram.u

In summar'Y=

Till*! oi::Ued: i VEl of Mal ntenance Mana9}~!!len~~i!!!L_tq epSLlr'e that

egL.lipment C:\r1d Ell f.l1'1t i=aci1i ti es "'sma! n oeec..atianal <=It the

Slesl gn outeu'\: 1eve!2 ,for· the dLlr'ati 01"\ of ·theif' e_S(::l_nc)ml.c:
;tife

F'l s.nned Maintenaf1C::e t-::ontr'i bLltes to the ach i eVemarl't: of

this objective by :

Ensuri ng that. equipment and pI ant f(';\cU. i ti es at"s

C:\vailable for production whan required.

E~suring that this ie achieved cost-effectively i.a.
w:t .h t;hs 1eCl.$lt l"'esOUN.:e ••



l£msur'ti,nl!] that short-tt:w'm ef.fcli"·t (PI ,'&\nned maintenance

actions now) achiElves long-ter'm availabiUty.

of operating andthe safety

mair~ten.:,mceper$lormel is nevew' compr-omi.SEldby poor-

maintenance management

actions.

deci $i ems or maintenance

Most of tan the maint..en~nc::edepar-tment is viewed as an

eviL1 res!..i!ti ng fr'om 1,ess than per-fectl y engineer'eo

eqMipment. All facilities reqLtlN? $(l;ltlle 'for'm of

maintenance action at one time or anDther~ even that of

01..\1'" compet.it.or·s. ~h 't.his t,'loLlght. in mind ~nd since w!.
t.:anf'lt.)'u wi 151:1 . maintenance ...!·egLlir·ements away, good

m;?\inten<:\nce management $houl.d be vi ewed as a $tr'at~_

!!.th/j'antC\g~. If designed ~nd implement:;ed corr'ectlYj itt

will:

Reduce t~e CO$t of maintanance per manufactured

item.

Assist in maintaining the quality of a product.

Ensure that both ~l.ant availability and saf.t~ are
ma)1, i cui sed.

Ensure that all. maintenance resources are managed

cor-'r'ectl y.

Ensure that the affective l.ife of equipment is

i ncr'eased.

IT WILL CONTrHBUTE=£_TO COl"IF'ANY F'RoFrrs

1.5 Definitions

The following definitions are not intended to pres~ribe

to any parson how tha terms should ba Used, but rathar to

indicate how they are ganarally perceived and will be

used throughout this text.



The a,ran<§\gemento·f pL\bqcor' proivate
opej"·cd:.ions.

, ... ,!

All those activities which must be executed to.~nEure
that a specific plant item or compone~t achieves a
predetermi ned 1eve]. o·f avai labU ity ~mcJ ef'fectivenes. t("\
ensure that the objectivea of the organisation are
achieved.

R£,!"~~~nemai nt~natrc~ c;ar·".·ied but wi th ~omponents r·~p'1\:\'E8'd,
r'eg,,':\I'"'d1ess o<{i.ac;tual cotr($!'u.'ticn'C,on the ','b<i~si an
assl..uTledor' pr'Q:yf.?1)hc'\tdi, iH;.

Pr·eventive l'1aintenance

Periodic inspection of existing facilities ~nd equipment
to uncover' cond it ions thCi\t may 1et':\dto equi pment br-aak
down, as well as to correct these conditions while they
ar'e still minor' c\l"tdincl.ude lL~br·it:at:i.ot'l'linspection,
cleaning tasks and the repl.acement of parts showing
imminent fsilure or for which a hard 11fe has been
establ.ished ,.

Repairing items as they fail.

Product~ve Maintenance

The examination of the plant condition to determine when
a potential failure condition has arisen and initiate
action before this deteriorates to t~tal failure.



'the conti nuoue evalLtation of tl'1e heal th of plant and
life

inc !Lldes !l1oni'\::01'" i ng
~il~atici~ lh~lysis,

of p$'r·fQr·m~-l.ncepar'am'Ster'~, Mol.se and.
wear particle analysis and NDT

tec:hniqt.te~'i.
the fo):~.owi I1g ell. agr·am has
by !='att:on(9) and depi cts
stf'a'Cegias ar'e ("'alatad ~

been c.\dapt.adfroom
how ·the above

one proposed
maintenance

I"PROV~""'~¢w
MAINTENANCE
nODIFlbATl ONS
RETROFIT
'~EbEB;rBN

PLANNED HA1N1EtMNSE
'..'.. --t;... ....;.):...~-~--

PREV~Nl'IVE
MAINTENANCE

..u_--t---",- .
CONDinONKDNlTORINB
S'TATls;lc
PREDICTIVE
TRENDS

..SCHduLED
'pER'If~D't!C
FUED I~TERVAL
HARD 11"£SPECIFIC TIME

" "--SO~~CnVE
MAINTENANCE
UNscheDULEDHAINTENAHCE
9REAkDOWNS
E~~RBEHGY
REHED:lAL
REPAIR

ON CD~DntDH'

SELF S~HEbUCED
HMHVNE
~,~:~~,~jFi~~~~~
AS REQUIRED

~9uipment FLlnc:tion

The purpose for which the equipment was d~signed and
built.

Functional Failure

Inability of a system to meet a specified performance
standar'd.

The manner in which the failUre occurred~ e.g. a broken
Or worn component.

Fat!..ur·eI"lechanism

The mechanistic detail by which the failure occurred,
e.g. fatigue, overload, wear, misalignment.



The achi evement of the ends wi th the smalJ.E!!st amount o·f

rescH..lrCeS wnle:h generetly iinl:Hi~$ c6st ....~:ffe?etlver\t~hE;~;.

Outputh. npLtt. CWithlh ~h$ sa~e timi-frame).

The pr·ababi l:t ty that. "'\ sysb ..4m ($lubs1stem or' ctHnponertt)

will ·h.mc'tion iM the 'desir'ed marlHer· !-(!lelst' {;.:tp~cifieC:l

conditions for a given time.

The termination of an item's ability to perfb~m the
requirad function.

Sj,gniHcan'c Item

One whose fai 1ur'e COl.I]. d affect oper'ati ng safety or- have

major economj,c: consequeMces.



'Phe i I1dttSTIF"Y t n whr·th '1f:n'e:i i nves-Hg'ati ern tl,J.::ts' 'cdl'i'i:li.{t:;te'ttI
i s ltht~\NhnL\'fa~i!LW;'itlg'Inc:Jidstriy arri:l srli ~·~}.tiie:Lt'la-¥' ftfulid
:iH1 'lfh'iE!' alr'eas of f1r"d~(t!li VegEt<itf:{l~I~:a.tld" p:iif·~P~t!~d; pt<j'''o~'en
Me~ls'.

do not. own

any,,, .,i,\gJ:;;.i,~t;;:.bk:t, t.!.!,t,:s;\ l. c. , 1C:\,r:t.c:l. j;:l,kl t make. '.'LIse." ..' Clift.. ,p.r"Clc:l,bl'C;:i~r- s wh1.1

del~ verf"·{fk~ ·~r'tl:rtl't\E't:·to the faC'ttH";Y·Or""·.1:'tcl'ep:ro'i:lIn¢! ar'e
pai(d f~r' the quanti ty C:\nd ·l4tJal1. tY"cff" .tile ~r'odLl(::t

del~veried. Fac'~or~y iAvqlvement' Ji;'h;"'t::ll~e f!,arming
; ,

ope;r·a'l;i40tl".y;~r.;;;;e~:fr·omac:tuaJil:y prepar'ing thef fiields,

fer.ltiliizi~·g them'~" th~ application of pestiJ~.Jes and
I 'i

her}:!i eildes to ·th~.ir' evi#,!n.tual hnr·vest.i ng. 8e'j;e:r'a1I y,
, 1 : 1:,

howi?v§r-;, cpmpany i nvol vement.. is onI y gel=\r{ed to

pr·ot..-lding the pr-oducer- wi th -te.!;hnical 'fh:for-ma~i~on•
•' f:

i,

Agr-~cult~(I<:\J. rjffil:~rs will sUb~it a'~*l'y ~pr·~~<!a~ststo
1~he ae:to1'"y opel"'atf6ns -mani::\ger'tb"-.\ifToItJ" '~hi";n-Pfo pI an

his;;: facility !..ltil.i.~eti.on. 'TaJ\;lltlg imto actt!€ltint· the

nature of the produ~t, uh~c:h~aUlea' fuaehine outages

are ~m~cceptahl e artd SCimeform of planned maintenance

i 5 of the \..Itlnost impor·tance. JYI,achiIhe ;t rl\spett:ti !IDI1S!

mal. nteni::\nca must be 510ttecl into pr·IiJG.lI..lc:tiOfl

"windows", whic:h C:\r-eper-iods o-fl lCllW!nl!" no p'l'··sauct-it;)li'~

Incor-ract -tClI"'et:asting cw' Lmptaf1l'ted r'aw (tlaterr'ial

intake could a·Hec:;t. maintenat':::e &"d will r'sliil'ult in

.increased unplanned machine outC:\ges.

Rese.;trc:h

Institute

by the NC:\tional. Pr'odLlct:i vi ty

the aver'age plantshows that

availabil:i.t.y in the food, t.obattco and bev!:?r-~1ge5

i ndustt·,y is qui t.e low at 84%. 010 tha compani as

sur-veyed , the availability r'anges Pr-om 5'4% ~ 96%.

The s\..tr·Yeyalso showed th;aJt 73% of manufectur·ing



~··agg· 12

c:ompan:i.es did have some form elf pr'eventive ma.~·nte,f'l,C\r).®e
pt·ogram, wi"lic::1lwas hi gh, but the resul ts achieved fr-om
the i mple.mentat.i on of such pr'ogrammes eli d not 50-OW

that the envisaged results wer-e being achieved.

tlf all the industr' i;?s $ur,veyed t.f1~ fO.Gl.d i ndustr-y

el~pendi ture in
benefit
the ar-ea

from increasing
of preventive

seemed to
maintenance

g.ain the most

mai ntenance. The di ffer-ence bett =en spendi n.g ni 1 on
pr·eventive maintenance to spending 80% of maintenance
costs on preventive maintenance constituted .:. 14%
incr-ease in plant availability.

90

PETRO-CHEMICALS

PLANT AVAILABILITY (%1

100

PAPERMETAL MANUFACTURE
FOOD

130
ENGINF.F.HtNG

CLOTH1.NIl

25 50. 15 100
PR"V~NTlVI:" "'A TNTENANCE COSTS AS A PERCENTAGE OF TOTAl f.'~ INTF.N/.NC" COSTS

Fi gLtre 2.1 Influence of Preventive Maintenance
Costs on Plant Availability.

A survey undertaken of the three major competitors in
the fr·ozen vegetabl e and prepar'ed frozen meals ar'ena
showed that. onl y one was measuring and r'ec:ot-ding
plant availability on a regular basis. Another was
r·ecor·di ng actual pr·oducti on tons compared to requi red
production tons and using it as a basis for line
efficiency without actually r'ecording the effect of
di ffer·ent factor-s on poor throughput. One company
had a formalised planned maintenance system installed
while the other two, both belonging to the same
holding company, had maintenance schedules in place.
Both were in the process of reViewing their schedules
following the ReM principles and were investigating
computerising the maintenance administration system.



nrl'1~ ~il!ll@!f.I~l~:l!~®r,;H~

tihl'';\!I:1~!t:::t. eHt' ;i.\!$ce.GI:. ..iIDY

4,ltr;tre:I",CpnrH~4~,e'roi;;t~~'1';; i

!i;.'m~Cl)s$dtm.(I;.e')t:(E),S1:Clp."\; ..:I.!nl~! metdGll?fi ~em odl!'" "l~E!',*«:l:!D~t~rn1;
w,J:ib.InrEll::ubd sht..d:ting dm~>,)nthe e'I\1:ire mr'sc:;e?~~ TI'l~

pla.nt does not c:ontinue oper''':":\til1'lE)

~~nfut!'t.ebl"·Llpteelly bt.:.t:\:: is.,t';eul'::.\;iIl'·es" t.O lbjieretihe: ili:t;\

'b.hilss mal'llnel& offer· a.t. $eSist §.·,f,ctl 1', "st,li flu.
1.

Ifb,~, ih;8e.ke; rof I"aw met!eriaif; ~,s s,ees.Cjnal~ Wit:!iJ tbe
r;e.s,!llll.tnt,ma;e ,,·ti,tH3 canf!tH::!al:sal>g.$' reqilld:tr·ements£"cdi@t·i""~

pall'·'tiii:(~H.ll,aw' ~i"·(E)d!:.l.ll;t,; .is, har'\jtE)ste:d :..'.:.alil,d plcPliiesse€l

~r!i:bbm.£:lI·,:a'1':'?!:laH1Wely shor'-e ;gime",,' \.~

wb;e~ l"a.t<\I' !, matew,,;; ..aib i:ctbr.:1oib. ,oe' s:l?car'e:c;l: mOlf'i' ~(l;)I)l!§'er

t:,~lao :'l':\W.plt·(;~Kli:ma·lte~11¥' ~;.q" hOl.lrs wi the)Clt the tj'l4lcali ty

and grade being adver·sely aofofsci:ed ..

ij'fhl'eh '[:!l'I"'Cl(l.'lE!SSE!(l!! pr'G1dKtgt! i$ $t.t:)t;~d rut! ~Jt:tl~t:tar;HEI

W'E!·wstJThe@ ~i; lfrJ;1torr, hlhe f'·E!qJ,::~.;iJ~~t~k' 1",eHb.a~~it pao~;:1Ci\\!£:l~htJJ
Whem mar-kep' dE!mamd' !!:Sal3:s" for,:', t,h,elj:?r·C:ldit~\:d:;t.iI'\.~n~;t

tun (t:C\J: l!t.liLati f:)g~ the: CO$t ',of" • lo's'll cjflr"'Q(l1l!.1¢:i#\iiOfl ltd:

dis norlnaJ;<to ign~rie potenfda.l \"'Glst·\)$aj~e$,(.,fsinoe

tine prfuduo::t is pr'oo::e;ssed i n'l:o stock ehd an out;

of stoe k S1 t:ua'l: i. em r'ssul t i og f r-em equi pmE!nt.

breekdown is l'1ighly l"tll1i.~lrely;;. 9~he CI05l'la:of los'lt

pr'omuct. i €1M is U$lla~; 1y 1iml'itst!:. to t.he ¢:Glst O)'t

dir'ect labour' which wOLlld b~ retl'j'~I:Bwed to·wol"~k

addi 'hi onal hol1.w's to compl (,:rbe the~. "HI r'tlUlgi"lpUT:.w"

Quality would only be aFfected after 24 hlOurs

if no alter'l1crl:i\le e:dsif.:$.{-ol"· prls®es$:i.h~ the raw

mater"ial.

1)i ffer'ent prc:n:lucts r·eqt.li r'e pr·ocess1. ng thr'ough

pur-pose but 1t machi ne$ BAd alle ·to ·the· s·easomal

natl.lre of the p~"oGlt.:.\c:t$ certain nel')fI)p 1 e},:

equ:i. pmenJc stands i Cllfl.,e f~w' perri. t)(tls of the year'.

The resul tis that equi pmen tis a\fa:i.lable fc;li'"



t~T fii9~\~jg~en~1;<
r:'t~~an!=f7" ~'~qLti r'em,en~~ $Y;'~
cat:'§~yt !"plCl[!nHlg

r9r,r'E!ct, ! ~~r'~~e~~fii1$!
tnaintanance acti ons PIFr'for'mecf
-, -" -':"";- - S 'r, -~ - -, L,: l~r ' > "j' ;; v. ~>, I'; "'1"-

~chieY€fi>I,d.

Most of the pr'ocessi ng eqLl:i,pment is i mpor'ted

e:<change rates make equi ptnent e)'(pensive. This,

;!,:;p!k)etherwi,t.h th~ 1!;j~'2' cap~,~f.:\l rrr:pg~}§tt.~yit¥
cer-i;5\;n .~j,;ems of eq'r1i,ptnen'l:,Ql"le to tq~ J:ieaR9f1~1

n~j:.I..lr-r'r!of the ,.f{lr;odlr\c.;t,. h@~ ~q~b(t:'sgf' J;~f}E~~J
(:;lr:gs@~~i,ng li nes ~re f;)pg~D~~t;"eg t:q m<,f\i;~~,JIl~ze
util,i$§\tiC)n. This i..:; ~chieved ~)f ch~!1ga QYf,'r'j$.
t:::q_.iptnent 1if e must be m<!:t'<:i.mi$ed thr'ough pr'oper'

Inai,Ot.enatl~e pr'C)cedW"E!;:i •

.~i nl;:e the products ar'e destined for' hLlman

cons.Lltnp'cion all activity, int:lLAding that of

f!1?>;i. ntS!n~nC:§!, must be ges,Y'ed 'towa.r'd en$Llr'i ng

that the pr-oduct; is not di l"'ect1 y contami natetl.

Nor' it bec:om\'it c?f1t,.;1.!!1iDate$L af;t;~r
pr'odLl,ct t:!.lffr'p$t;i,119 or'

may a,llow the ~r'owth pf

proce~sing thr9ugh

pr'oquct handli Of! whi ch

harmful micro-organisms~

Due to the natur's of the pr-oduc't , the L!t~e of

di r'ect 1abour

d I ""act to

consumption

i$ high, the typical

indir'ect being '?0;30.

is high, typic,""lly 31J1

ratio of

Wat~r

5~ tons

water' per ton pr-oduct , E:lectr'icity q:::Jn$umptLm

is hi gh, typ:i. call y 30~:;I0 5W00 kVA ma:drollin
demand per month and energy consumption of

1 500 000 kWhr per mqnth.

The pr-oduct; ac.i d it Y 1eve 1. s ar'e high and

effluent water pH readings vary from 3,2 - 6.
Equi pment st.r'uctur'es haVE!hi stor i call y been

manufactured from a combination of low carbon



steel.

c::ar·bo·r;l'

st.eel and stainl.ess

C\l~compat\ying hygi ~h'e and mai ntetta';' ~~'4~
pW'oblems t.ogeth~r· with ·the

11i:lwer' gr-ades of stai n1ess stsel at pt"ic;es

c$m~:Jar'efavourably with"that of car-bon

!1\tve l"'esulted in f.:11iaJ:1'~ moder-nisati.ot'l pt· 0lli r'am.fI)'eS:-i

'1:0 impr'ove the life of eqLtipment.

Apper'\t.liiH Z.1A ge.m.$r'.a:\1:i,sedincome st.:tteme:nt

wAieN irJi(",lid,c~;l7:eswhat is typically i::aldng pI.<:\k::~

togei::h(,;!,!!'"\fiith"'a lI"Elvi.se:1ii if'J'C'Ol.l1,e·s,#at.!#,meQl:;t

an improvement in planned tnain'l:enance

and indir'ectly

profits.

The nO'l:e$ to

as!.l:}LUIl.pt.ion$ made

$tatemt\'l.I'1't.

contribute to

the

ill dt·.£:\wing l.IP the r'evi sed
<'_ .'.'~ ;'r

i',Jlcome

2. L:::$ Economic: Indit:c;ttoF-S

To highlight the dilemma of the maintenance enginEi!er-

it is impol"'te.nt to invE)stigate.i:t fe(.!~of tln.s.J:u;:;0110mic::

i neli cators WI1:i. ch hewe a prof ourrd i mpac:t on our-

decision to r'epair' or' replaGe plant and 1e;\tl\..\~Rm~nt.•
• ,~<"".,. -:.,,~

Si nce most of 01.(1" equi pmerlt is impor'ted it wil]. be

pr-udarrt to i nves'!::i geate fir'stl y the e-tfet:1: clf the

e:·n:::hange.\"Ccvi'!!:? (:am0Hr- I ...\Y;~11<,;1pOW'f.:W· The ~H;,!ctlangsf'-ate

wj,th our most impol"''tant suppti(~.rr:s ~r'l:{.':c;t;s~fo.;;J.low\s
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Figul'"'e 2.2 Far'ei gn E:Nchange Ra't,esWI

Conside~ing the poo~ exchange rate? the deterioration

in the e}u::hange l"'C\\'l:emay be c:ompar'ed to a compounded

in~lation ~ate of 11,3% pe~ annum.

FiNed Investment

nNAMCI,JNSURANCI, IF":.::;:__""
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JIIllIlNQ

~o.
J"ORRISfRT
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1801 02 11::1. 1M IJ6 N 8'7 ea

Fi gUl'"'e 2 •.3 Fi Hed Investments in Sel ected IndL!str·i esCiI)
(As Constant 1995 prices)
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The general tr'end i rtd.i cat:es that in all industr'ies
ther'S is a tendsncy to maxLmt ze the life of equipHnent.
and defer· capite:\lr·eplacement. In the ma'lnL.tfactLtY"ing
indLl!str'yr'sal output star·ted decl ini ng aftc:w' 1981 (l!111I

C:\nd the r'equirements fbI'" C:\dditional capa'lcity would
fall ow sui t.

Production F'r'il;.';es

If a company is not
hopes to r'emain in

r'eplacit1g equipment, while it
PLtsiness, it mLlst f"'epair- the

eXlsting equipment.
indication of what

The pr'odLtctien pr·iee inde:·(is an.
tha maintenance engineer can

expect to pay for' replacement parts and other goods
year' on year'.

PElI

Fi gur·E)2.4 Pr'odLlction F'rices (11)

(Irldice$: 198121 ::::: 11210)

From th~ following it is clear that there is excess
capaCity in the industry which will make it extremely
difficult to replace the existing equipment with new,
more modern and higher capacity machines. It is
obvious that capital productivity is lower and new
investments will only be undertsken if they proviae
the acceptRd returns.
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F'erc::eMtage Uti l. i $ati on of F'r'c)duc::tiem
Capacity for' NOM'~DLII"ableGtlt.Jds(W
CAt Constant 198m Prices)

r'r j, V i::\ te Consumet i qn e::,~peMd i t qr' e . - F C:HOP' 2 Sever'age$ 2.

Tobat:£!2,

ihe tr'end 5i Mce 1982 hCi\sl?een downward wi th $\1i gMt

:impr'ove.ments in 1984 and 1986. The mar'kat is ~3till

ver-y >'-itati, c arid in c:er·tai n ar'mas of the food bLlsi Mess

the market is cOl1tr·ac::ting. The only me""ns tlf

improving sales would be ttl offer tha customer a

!SLlpel"ior' qLlali'l:y pr'odLlc::t at a better price than

c:ompeti tor's,

Figure 2.6 Private CtlnsumptioM Expenditure
Food 1 IDeveN~ges, Tobac::co"')
(At Constant 1.85 Prices)



1'I'Hal~"6)\{fAre» 're»v,r:l of .t\ny 1"·.",,1 bl" i gil i~ prClspG»lt:its of or' ·the»
indu.try. It is claar that w. must I

enSUI"'ey ·tha"!: Ill<:t;!. ritent:tnc:ti1 be.~comes a stra'I:',fi,Hi,Jic
advian:l::.age liSi nea eur- C(:JmpG»titor·s al"·. fa\:.tl.ng the

t~am. '(f;)dd~~"

2 ..2 The Proc:essing fZac:il'ity

The facUity Llnd.,r- inv.'9:'fti<gi;\\1t~r.:Wl is; tonG» .fr·o:;:i(·enV€rl\gf.~·~'~\l:ll.fa ~ncl

pr'apar-elld T1"'O:..tGin meal. -feci). i 'tty o·f '\:he Fjr'epifV"~ii1d F'OOcl1S
OJ.vi si.on of ~~R1.;$ 1:3:i.1 1:1: on 'hlt"'ntjv~r' p.r' ar1fH.Ullet."IlllpJ\\I1Y].Bread
01'1 the ,JohannasbLu"'g $'\:och; I2Httharl'cge. 'Ah:l.!I!1 faci1H:y is

si ttH\d:.ed em the Refltf ~ O\\pprl:J)<im<l1l.baJ.y 20~Zf ~::i,l ometr'e1ili from the

Lo.~:op 1.r,!'·igt:\';ticlIl Bche/ue in th(\l~ (31"·rJblcit·$cI.e.~J.liiInd Ivl<l1l.I"·blaHaD

di ilStr' 1. cts whar'e CIIPPN,il<1.m$,vtely40% of the ve)getO:\b:t('?s fcw'

pl"oc::el;ii$ing ;\l\I"'agl"OWI'1. 1"h8 r·(f.Hneind.!"' of ·c.h~~vage'c sbl ~?,. al"a

procur-ed frcHIl the Nc:w·th Ea$'I:eH"'nir.i·H1f.livaii':\1 (32%) and ~:ha

'"r·.f.\n$lvaal Highv~l d (28%).

1"h1.. prece.sing facility .tartad a. &\ vagatabla canning

facility, aHpa\rlda.ng 3.nto 'F~"oiHm vacje·tablats and avwrntua'11y

eli $lC';on'l:inut rtg 'th. cii':\nr1ing o.f vag.'tab]' e$ &\]. togerl:har" Tt~e

N?SI.tl'l: of ·I::h:f.1$ a>tpansi CH1 ~ dt.t~ to COfiSl.tmar' d.mal'1c:1w.}

nec:e$i1iliititteld the! pr,oc.:I,w·.mfP.£1·cc)f l.e.l.t"·(;j..··w· volt.llTl~S ;;:\I1c:1v~\t··j.• ·t;iel$

nf raw mat.rials. Due to the wea.onal nature of the product

·I::.hmr'ei. U.mH:.ad tj,mGi! for process:l.t1<;,:Jthe large vClll.lrty•• of

matar·i.I, e.g. Paallii: 4000 6000 '1: en !!!I in :l;~ werilklS.

Mor.ovelr~ the vari.ty of products and t~. ~im:f.tad capacity

0+ the .HpI1.H1!Sive fr· •• zilit;;j equipment. n('?casimi't:a1:ed s<>laldr'\(;,}

additional procurement area. to e!Kpand the proc ••• ing •••• on

o·f • p;\l\!""I:icuI (\':\!"' pr'oduci: 'cher'li!::ly pa!"·m:t'l:·!:.l.ngthe i nt.ke of

lower tonrl<i<\ge$l of p!"'oduct ptllr· Shl.ft. ~~or'k.d while .till.

maintliil:!.ning or evan eKpaneling the variety of product ••



T.h(;fl fl"tn~en veg~it,~il;\fflJt~{l'\'i;\l"\'ciI' Wl"'~pa:r'eed fr'o\t.Ei:}n 1'I\6)a).\'$

di vi s;ti,(:m C(O:t1.S'l'ititt'li M'of 1knEr'''F~N {:J)wifl.g

, l1i:Ei!:S!pjlonsi 1m 1 a 'por' PI"OCUI"l. ng r.aw NI.arttar i ii;\l "
r'r·(.".)vl, cles tschni cal ';:tliitsi stancs 't.o

jjji"(tiwuc:er's"
)IM t,r.ts cas'S c;)'f r;:t"l.lci a1 r'aw mr,:\'!:(j>r'ial 1$

t\rH~lertaR~s the gro6tr'Hcl pl"e~al"~:\'Hon,

rH'al"ltifl(,iJ ,l\\\p\,C1har'vEil$t It:!1' w:i. th il:f:llii! l!t:Offipa.Fi'Y I $.

oWM'sqMipmeMt.

((;feU, '-IeY'eel ij ®I"ades 'l:h~ ~r·'~et~.,(~t,~€flHill'ktAS aAtd

¢;'hi 11 c; tl"'l"e f;>'f"mduc't: i n ji:)l"ej:l)'Ih\!"·e'U c)n .p'®'r

ttl".litFisPlmr1:? and oi i\Pi'\ cchs$! t,hE.'1 pt-oc1uc:'b to

t:l'la ffi&in p>roc::es$!il1~1 oF~\t:::i U·t~y.

Rece! vas the PI" ,.uct 1n bul k 1 then waliii.hes

.i':thd ru:l earl\$ tl,\(I:; pI"Clduc:t'.

Tlr-l, NISI the pr"odt.lct to I"'srnova mail-ects encl

-fou. ..\~e l.tll!iing

't.r-:l. mOl! ng 1 j, nelS.

Ct.l't:s, b1 arlc:rllii!S 'I fr·eeaes anal !Sorts the

PN:l!dUC:t, then 'fs6\tds:i. t in '1:.: C) bt.ll k stol"'t:\ge

'to ii;\I/olait of i nal pi\i\Cl1:agi ng ~\$ r'e~ql..~i,re¢l my
the t.l"'.r.'Ids.

All lines are of continuous proce.. wit.h

very 1 i't::u e ~ l. of li:\I1Y~ i,"\ pr(:;)c:e.~il s'cor'age,

s;hcml.d ~\ny machine become de.fec.ti. va.

~ecai ves pl"oth.\ct. 1'1"'101'1\ bL\lk t:ol cl t.~tt:ll"ags

dli:\i 1y.



~~.r!'~~mr4;~di v,~~,~la1 PPMtl~~~$Jl~~~,~W
§ifil\\J'1r/~(I'l)\rltH"tml. i n~ in t.he pr'(j,pt:w··t.i,CH1S

!'"~;t\I"'~ ~ erG) '" l;l V;;, '~ h IF! ' ¥;?,\:~i ~iL\Hi:i·;)fii~4~(~~'Il;~;
f;i~~~:~,,:\1.Il;l~,;jni.)H~$ be.t:I·~ into bL,I:U~ c::old

artor'age to ,\;\wai i: fi.Hal pac::ka!i:'li n~ o:~s

,fC;,~B;"'I~r'~pl J;ly ;lthr ',l::!"'€;\¢lfil' •

.,.. R~a:e,i; V;G?S ·t~I1;e)tpr'j)l)'q:II!>Jc::t'fr'om bl..t). k col d

stol"age de.:t:l v ,
"... ,f~'ge!1;lmj!lr;odM~.:lt'i ~:InN'Jugh at.ltoolati c:

c:hec:kweighel"'l$ or volwnetr·ic:: fillG.lI"s intcJ

$Cj)Ji:!(fl:id"Jgj" !fa:J. U rig <iMl~ mGle!\l:i,n~ mec:tl)i..n(i<'H$

, which; RaC::~~<i:\t9Stine PlI"'O$idJ.lct;.

... F!~l1>I,,;~ i ndj,y;i,dl;.t';'\l. we,c:k~geql p(!'·®dl,;l~·l:;$l ;j;'!'lt.1;))

"ol..l:lr.er' ,,;ear't.oms ; and (1l)al,le;lti,&$~m; thf.1Ss £,Q,r·

.'!' 8tor'ss W<i:\l,).·e:rt: J,oe<:;!s int..c) Ml.)<ir'll.9

W~r·t:)hoL\$leS •

s-tor'es all palckaged pr'oclw:::'cs in col1j

r'ooms pri or' t.o tii spatl:::hi f1g t.hem t.o

distr'l.but:i.t..in w<:tr·ehQ.ll;.ISG?$.:;' (",a. a. wcW'ehll;;lt;\ses

ere rEfrigerated ~ooms

maintenance of the cold chain.

Ass.etnblalS pac~~(:\\g.cd pr'odMa:t i r1'1::t':l 'l~11e
requirad mix prior to dispata:hing it to

to

ona of the distribution warehouses. All

dist.r·i.t:HJt:i.Of1 by r'oad tr·anapoY'·t.

Receiv~. raw material from bU,K cold

stor'age 01" bl..l). k dr·y goods stew'ss.

Mi He$! !"'ii\W m<l:lt.G?I'"i. a1 s accOI"'d i rig to <ill

r'elr.;:ipe~ t.hem 1"'011$1 or for'ms~ fJ"·e.z~s,



FJat:.];t.C'lg.t:lS,. ~$\fld
" .~ <"''1\',"" .~!>::t~i";'i'J >, ',0, ,'.

~i1EiRFt.l;h.
$;tor'~$ p.a.J.J.et loadS; into MiJ.:ih(;)

·Wa,!",S'n,!W·",\·s,e;s".·

A'p,f,Dendi:': 2.2'A· shOWE:+(.¥fenar~l l~~o'Uts~.~rk blLt:i,.c:f::!='I"'ae;(i r),g (FirgLlra. t>, Repci;r;~::i~g (Ff~9,\-lNil
'arl1lrCl Pit·epaW"et:i' P'r'Cl~'erl"Mt~ats (F'~.€tL(f'·e 3) ..

F'IDl'" the Ve(,;!j,et·\!;\)pleF'rcrtU:)ssiIiQ '~at:iLitYl' as sh6wrr· in

A~~~nd i H .2. ~A?' ..the bul oof! the p',r:,odut:t p/~SS$S t~r-l::{~19h

·f ot.,t.r··,f.,,'·ea:.:ti n.g ,eLmf11els. Th,ese· ,\;,lwlflel5- e:af'l f r·ee·ze

ayer'a~e o,F";l:wel va (12) toM~ 'of ;prCl8U:~t flour

for' the fOLlr (4) uru ts. However, befo.r'e the prClduc:t
j" :: ",~.

I S 1~r oz:en ,. i f:
whit:h r'edL\(:::e$l~

pa~ses~~hrb~ah the
t·", ,

the elctL.tal mass

oi:her
c;""':!"j.,.

pr'oc:esses
pl~·oduc::tcpf the

r'L-,?quif'ili;ng"f i'l'eeZ;iH'lg) , throLltJh yi eil.d' it C::)'S's. .l"fl~e;}ma$·so'fi

the pi~'odLtc:,t, r's!quirllmg freeZ\i ng U.; ·(>.)n<own'as "'l'IIletrt:

F'r'CldLIG:tiCln~ the volUlHe pf j3lft'Od.LIC'0 $olm;," anm"':i,$

calcul\;\ted llrom :

Nett F'r'oducti 011 ;:::: 6ross M,\\\ter·ia1 Intake H St.andard

Yield

The capac::ity planning l.S based on an avar"age standar'd

yield of 70%. All calculations ara based on

7175 hOLolrSeffective pr·oc!t.lc·b.ion per' shift S(!;) !as t.o

take int.o ac::c:otlnt the j:l)roc::essing time lest to

product run through at the start and end of a

shift and lunchtimes. A full shift comprises 9,33

hour-a,

i)oubl e shi fts air-a wor·ked.

A fiva day Week.

A pattern of 4,4,5 weeks per month.

4 week - hours li';\vailabl e :;:: 7 ,7Ei x :2 H 5 H 4 ::::: :;HI{!
I::l' weak - hClt.lf·s avai 1able := 7 76 H :2 H 5 ~{ 5 :::: :388w 9



Fi gUN~ 2. 7 r·epl"'~.~e.nts the Ir·ev,jU:lJr'E?d

av.~.dlable capat:it.y !!If the 1:r'ef::ziM'ItJ':tLmne-ls.

GROSS
PR.OBUCT
INTAf(t:

A

M.ONrH
NETT

PRODlJCJ I0N
H~)

,HfJ1JR9 ' " .HOURS %
AVA!UM1ILj~ REQUIRE·D UTIUSArION

JuJ.y 2 666 1 866 3:1.~ 1iii6 6121,2
Al.\gu~t 3 b4!5 :2 $61 31121

"
2.13 68, 6

September' 4 5910 3 213 381i1 261» 69 ,10
October 2 10410 1 4·28 310 i 1.9 38, 4
November :I. 850 1 295 310 11218 34 v.8
li)ec H) 1. 3]('7 96)4 233 13!(j· 34"15
JMLtar'y 2 4tW9 1 74~ 233 146 62~7
Feoru<i\ry 2 76.S 1. 937 ::n!O 161 52:~1March 1 6!2i~ 1 123 39B 94 24~\1
A@t"il 1 6~6 1 612. 310 126 40,lli
May 2 074 1. il52 31.0 121 39~m
June 1 795 1 257 388 105 27 ,0

TOTAL 28 555 20 347 3 800 1 69·7 44,7

FIGURE2.7 Vegetable PI"'ocessing Facility
Uti l.i sati an

Capacity

December has a p1.anned shutdOWn dur-Ing whi CI'1

t:he complete ·rac.l.lity is off line -ror' 3 wee'ks"

Thi s shL.rl:downe:·(tends into JaC1L1a'I"'Y1'01'" 1 week.

Thus ·the time availC\ble ..pOt· prodltetion in

December·is 233 and in JanW:\F'Y23~~hour-e,

2) Hours required = Nett Production + Standard

capa.city t.::)·f tile fr'eez i ng tLmnels/hour· = Nett

Production + 12.

From Figure 2.7 it is clear that at no stage is the

plant i!!\vaiJ.abl~! capac.ity r·eaJ.ised. The aver,:~ge

utilisation of the complete pr'ocessing fC\c::ility is

given by the fol1owing=

1697
H t00% = 44-,7% --_._- (1)

380121 =::.'::===

For' this figt.u"'s to be meaningful it would be

necessar·y to ).ook at deta:tl. ed capaci ty pI anni n9, but

is still indicative of the available capacity.

the,



~ttlf''I:file!"!1 ~..~Ms e~l&ti.ta;~~~!ElIj,<dIf i ~'Mr's'f4li;~r;si'f'\l,~N~'se;iEll,~fl'~f;l\' ar.l
S'i'1.¥~fu\t\'eSf.:'ir:H~ ';'l::\'~a~l~.bill\i!:\!~: calf 00%. 1'he .fol1owiotg
e-f.ficienc.ies ~·e. used

~. 1J,":,,<":: , " ,? a. ,~__j~:\J~:,::

bper.ati I"lgj ~~W:.ir;~.enc.y (Ult) ;:;.: s!(!%

Li l1e Uti 1isati on (Lu) ::::: ttlH2I%

Line AVE:\i.l~bil.~cty (~A> ;:;.: 90% ------ (2)
,.... \ c., Line IJffective util:isatiorl,¢IC~U>

::::: 0 'I S x 10~8 ;:;.:0,64 or' 64% .--....-_._ (;3)

Line Availability

0,49r
1r!~ LLJis CQR$iRSFr'!::lP
;',' _' . y , . "'" ok. ." .•.. -c._ . "';', -. "~;'. ..,;.' " -'h':in tha 7.75 effectIve
WGw·fd. f1(]jJ hffilLly,st" perM shiil~'ti..

r.::: 49,7%
=~:::=~,

Fe'pm FilFl+lr~ 2. i~ "!:11~ highaii5t 1J.~il i sati,pl1 ~~
(:PI,?~.qftr·,irtg at' L.A of 9f~%· the p,j;:;th(~l %·I,.\'t.il $c;:l:',.ion ;i..$;

::::: '1"6,1"%

From this it is clear that there is no immediate
danger of realising facility capacity.

If.,however, the LA should reduce to 80%, the highest
% utilisation would incr....ease to :

0,69

0,8 =====

(86,3 - 76,7)
an incr'ea$E1 of ------------- x 100% ::: 12,5%

76,7



~.:T.,O
il!4/

::, LI'Y~·t_ ~~¥~~~'\~ ..eJ,:f~~~~~f~~~ . th~
Un i 1.:it i,e..t;i 51'1 w,€),t,bl t!f ':~,~ ..r; e'Gl:i;;I;1;t ed' 1;0 :

76,7

~ !;.·~~'l,,:~r'L~x, ~:i'~
F'r'~m tfds that plant cal:3acity can be

',""P'" tnhi.O·'· ."""I.,J#· i"·l,...~((::i"(i!. i'l1cr:eaiecl n.at Q'!:1fy by ·~ur·chE:\Eiin·g.;:\dd1i':ional capii::al
'M,jld ;·~tii!~'I.al!'i~#.' f:'Llf~9wf. ."tr;,:S L cC',,;.'t ~ ¥:( wl

e'qLt.i~ment~ I:;)'ut sittljjJ.y bry impr'oving th~ pSI"'-ror'maMca Q·f
:~r~i~Th~t~,,_,;~\!it'~ .~'~~'_''\0

m.al, ntananca!
1.Dot.'$'-nt. ~:'fi'v:i: i;'4;.'£:>~t;'~: Pe~ , •...;

-f:'lm,.e-'se·fi:()illt.tr·s$ ~(Ct ,5;tS a gui.deline only since it is nC)·t
.{ ~,dnt.~~fl·t~~ fox ""''f'l

\&:ays p~)$$ible to pF'OCSSS the full r a,hgje oOP PI"'C)ou(:c:'\ts)'

~.t'l <?o1..]; i .t(:te ft'.ee~ing ·k.l\.tt\'nel$ sih'ce their' tt\,etb\·tadso'f
'Ti'7@' ~,~;i"~tr,~'r~~~t!:i{1~':.~ s~~__t :' t:_~_£)r~
qper·a.timtn tli iffel"·. Thi s has the e!'f Fec'l;, th.;\,1: at

r.::st"tC\:l.f1 t:i.mes
t"'tt''''1:it ~ ~'.Y' ~ ;~,..",row ~""I"'e:lS\"llting
#. t~.11Q{~-~~:;w it
rre'C\I'" ilLI11

~ 1"'C!,v,·~ltle·nt s

0,+ the yea"" the pl<!;1.nt ile-l?,ibil :tty is
i;" :~J t:.';\'-?,;., 't~J~l,rj't <./H~~n'(_,':mf ~""~l-r~'('''''f:'f_i'5f''~ ~;i;'}~.

in cel""!::i;\i n eqL.ti pmsnt oplsfI'a:t fuAg ~t C)'l"'

~n\l;l. I··'~J. :t:l VI g,t
7·"p~e·§lIP'®l::r$..j,~~,l~t,L.. gf . (;,If\~

;:.:;..;:;;~..,,:,;.....;=~~.........;o:;;..n:.;:.. .;;:...L. tOe'!l!§tI"';S.!Trt:lf'lt l ..wh~ic.;:h :t 11t.t;?fI' !!'.l;C t§a
w~JtlID the e~'t~d:"ffi'm'!;i!'A,t;: h~!s the N~SHOn$H>i1. i tx:____qi, .. , --'~=...r.:..; ••:=;.;_;;~.",::-. -;.;;;.;;;.:.;;; t
9;.t!lt:lm:i..singeg1,,1i pment, LIt:!. l:i,sati on.

ir; l',' •



y, ',' -;'\ {~' _!'f-:-~i

In ot'der' to rnanage malnteJ1artc::e

the f 011 owi rig

a.ppl icabl e..

el emertt$ ar'e pl,er'cei be
,!~,;y ; t ;,c- r .~: f'i':lt ,'; f ,~,~~'\
el ernents were f'e·se<ltr'€:lied

impo.r·tant and
t:J fj~ -J;\'j.{JC" vt#l~~
and wi 11 m,e

'~"., 'i "'i" It':" _I Y') i': j,,; '" \

di $iCussed e:·{tefV.:1l1.vel y in the c:ontel-tt ~).f a theor·eti cal maldel to

affect maintenance managemf.:lnt.
" ~i:

1
The Mai ntenarlCe Or'gan i $.:\ti on

;'~' 'i

'·l1a F'l ant ~nhari·t:ement F'r·o.i;;JI"'a.mme

The Mainte'l!lIanc::e Eludg.et .ttnd Cost Control
t>:» 2' r~;'f~M!:~,~ ¥;r;-;;", if;;' "~~" ;,':{(';

M·aintens.fj,cze Qlual,i ty

Eq.l.,\lpme:['jt IRep 1ac::ement F'ol i f=Y

,jZ);:;'f';'{'. L :. ;

3.1 The M~intenant:e·Pla.l1

3.1.1 The Frb;;onan¢;ElFl.lnction,.

'::,t

Funct i OFIthe Maintenance

follows:
as

Input output.
'(P'ROt::;S!SS
Activity Equip Contiit.i onMaintenance

Resources
Labour
Spares
Outside Services
Tool.s & Equipment

Repai r-s ~t. Breakdowns
Monitor Condition
Over-haul
Rebuild
Repl-ate
Im,spec:t
Lubricate
Mb'dify
Other'

Safety
Availability
Reli abi Ii1:y
Equipment
EHicienc:y

Pr·odut:t
Qua1ity

Equipment Life

The Mia\lntenanc:e Func:ti on ml

The output of the maintenance fUnction is some



A'reaf,iLlr'eo'f e,qLtip.fllE)l1'tcondition.
··d-tt~, "J! ••.. ~ ,,' "' .·r,··· ',-i r,Y'; ';'\'i" ., ,.. "1 r,o~~., "nL;,it;b~r' of .'.pal'TC:tln.eb':l't'"·$ wh·].t:h may

ThSlr'e al~'E a
f~L.'i~~ t
measn.u"·ad t t:l

establish
>

main·ten·ance.
i:kt! ·r't i";;.:t;},C',£ 1"

:(npt.rr. to the mial ntananc:e

;ri~i~€enang~ r·es.ol,tr'ca~",.

ss

:; ',<;
The p·J'"·ocess
"":;,"" l':i"~i0::;;,

the maintenance act.ivities wl.ich at'-'e car·r·ied
-,.' ~

Ol,tt to conver·i: the F'esources into the
J

Ol,\tpt.lt.

U"· ~ ;$'!c;;,'
3.1..:2 The IYfa:J.n·l:snanceObjective

1. t

pr-i mar·y objec:ti YeS
:~'; ':J -; i'$. 1 'f.:1 ~~;;
),def'li::i of i ed to ric l Llde :

iff ,:r
maintenanCE!

<'-:-'i

been

t ;>': C_):;,. F.':; ;*,,:>1-

Reducing the

man!-fr:actl.!r·editem.
'I{~Si~ti'f,;g 1"1m~~i~fl'taining pr-c:Jduct qt.l~.{li
{',,>, 1(.'; i ;;',,:C. "I'i' 'J.... .,
~nsl,\r:i.ng that p l ant: aVai],.::\b :L 5. ty and sa·h;rty ar'e

cost of maint$!nanCe

.-"" t-··,·

cON"eCi~.J.y.
~.,...~

EnsuJ'"'ing that
"",..,:",-4,

Iif espan of

equi pment is i ncr-eased.,

These objectives ar's ver'y broad and to become

meaningful need to be translated into goals which

ar·e:

wr'i tten

Llndew'standable

measur'i;:1ble

ch.I J. engi,ng

achievable.

established without

consi.ciel"·l.ng 'l;:lle ovel"all COlllpg:H')yobjecti Ve!;? arid the

wbJectives of the departments which make use of the



L.:i.miti rig, aW\'nt£,§ill" malri't(;;Jri~1;;Mt'eeKpens.es to 6'% of

SaT'e'Er ..
AcnieVirig a pliant <i;\V'ai1..:tbility (::Jf 90% within

one or' t'wo of i f\anc i a1 year's.

t..imiir;if'tg, QVE!li",timewot'(.\:.edto ~'7% of nor-mal hours

Wet", ket!'.

{i.\c:t'ligving an over-all. ql",tisean utilisation of eW%
within one fl,naI1c::i.al year.

Thi $ 1::i'l'i:api derrti f i es the el{pe'Gtted savion'g'Sahijl Wher'e

'Wfj,eya.t·a 1 i ~l:i(;Hy to be achievet:!. It pl"'"cJlvicies 1;;he

ge,,,*1 s to di r-ec::t effor·t and is a measur-e of Whf:;i'thef'

tile ·geal s .t~r·ebei ng ac:hi eved.

Du P're'gz (131- ~i ves a clef i ni·ti (:.lrl of str'ategy that seems

ftl sKpl ¢tin appr·opr·j;.::italy how the soh.rti on to

maintenance rel.:\ted prob 1ems shoul d be appr-oached ~

tiThe pr'ocess of aeci di ng on the ob§etdtri ves:; GlT the

ot'·(!.ral'1'isat.it:ln(maintenallce depar--cment), or') chrnnges in

these objectives, on the re smLlr-ces l.\$ed to .::ittain

these obJect.ives and on the poU.cie$ that al"-e to

govern the acqui$itton,

r·esoLlr'c~es...

LIse and di sposit::i on of

Strategy is by definition a means to an end an~ may

graphi call y be depi cted as foU ows

rr;:::-::-::::1 .. STRATEGY ~~-
l~~~ we are 90i:9~~~~e __w_a_h_tt_o_b_e,-,1

to get thel"e

Maintenanc(':! strat.egy finds application in two

Firstly it is a macro

g;tr·ategy which loc)klS at the mair1tenance fLtnc:tior'l as a

whol e arid consi del"'s the e1emen·l::.s of maint.e!nance

adrnini strati on =



i Itl~irl'tenan(je: Ol"'g~ni~at,ion'

F').,ant E&nhanc€lllTlent·.'PI':'G!.g:r~c:\mtrl.er

¢{,cElCla.rd S~stem

'l"baitlten<1\\:nC'e IcPl"fc:w'iT\at.:ton System

Maintenance Spares Control

... ;MaFiagement of Pl.ant Utilities

1'1a1ntenance Iikldget and Cost Contl"'ol

ReJii.abi.Hty "Fhsdry

".. Mai ntenance ll:lLiali t y.

$ecQncll y it; is <i:\ mic::r'Q st.r-.ategy it'! the conta:d:, 0';

maintenanc::e ac::'I:::i;(OI'ol,i ,e. pet-for-mi ng the wor,l-:;. Thi s

comes 1:0 frl..dtion dlu-'j,l1g the Plant Enhallc::ement

Pt'ogF-ammewinfanNai 1'1tenant:::e Pol. i cy is estabI i !F'hed :

What must be maintained,

Whf.',mmust it be mai ntai ned,

Why must it be maintained~ and

How must it be maintained.

The strategy to b. followed may be either one or a

r;:ombination 0'; 'the -rol.lowi,"\g

Fil,{ed ti me i n'ter'val mai n'te:m<1:tnc::e

CorIeLl, ti on based mmd,rrt.enance

On-condition maintenance

Operate to failure

Redasign or projec::t maintenance

In setting up the maintenance plan,

the maintenance administration

'the el emeni:s 0 F

system must be

addresBed individually to establish how each may be

i:;\chieved in-the conteHt o'f the c.wer·all SFcrat!?!gy.

The maintenance actions will b~ addrlssed when

considering the Plant Enhancement Programme.

3.1.4 Controlling and Enh.ncing the Maintenance Function



it« al'llY way. w,., fI'4tm~ el1suf' a that ,:.h 6)< ffhi\\if~t.e,ha~.(\1ie

:Ftlhttl'!ion is t.II'1der· donditJ!'oi~w fli"cw-tt:lis I"~.:<;\sonwe Itlb\ •.sst

'SHc:vmirre· 'bble two C:OI'l\!l::YSpt s·',."t:l'F,' MaM C:\1gj ell"'j.lill ..1i1l:l)I"lI~lf-.01 ¢1.Md'
MaMa€ler.--i;i;\l EEhhant::emeM·t .ms ;they i 11\101\1G!l eli lHiti 11C:l~ly

dif f e:r-enril:srhl"!r.il.*tegies,~II WI)

The maMag!i1I"ial. funct:i.on of contr·oJ. is the mea$UN:~men·!:.

al1d cor'l"-ection of pel··fol"mar1c:a in or-dal" to make $~(ra

1:.hll:\'l:thoo objeoti ves ~\I'1dthe pl Cl\nS clavi sed t.o attaim

them are accompli; shed. The basic:: c:ontr-ol pJ!"oc::ese;

i nvo1 VEllS thl"'ee steps •

Establishing standal"cls

Measl.ll"-ing pl-::w'formanoe against these s,ibar'ldaf'ds

M Correcting variations from standards and plans.

To effect COl"ractiohs in a continuous mannar require.

the developmen-t:. and i mplemaMtr.:d:ion (iJf a contrell

pr'c)(Jr'amme~

Analyze ;::$.....e-$-----'- Identify lWiatdon,s

I /;.
Plan correct~ve Action Compare Witl~ Standal"cls

~ (
Implement Correction Measure Performance

/;.

Peenl.back
Loop

-- ....... ...ActLtal Performallce -__,_----~

"QI"le of tl'1e ilIoliilt j, mport:.ant w«\ys o'fl t~\i 1ol"i I'lg c:ontl"ol s

to needs for effectiveness and efficiency, ia to make

st.\re 'chey are designed to hl,ghBght .~<cep,\:ions. :trl
other word.~ by concentrating on exceptions from



t?l ~nn~c;I.J::Hl.~r·f.~rfl\l;\q~.~, 1tI<j\\1},<ii\g.er::sC;;.~'~ ;}f:rl,.··l~ontl".~.~,.~,~~'~;~h~f'{
I:;ln. 'I;~~ t.\f1lel ht;ln:<:?Lv'''~,d .~l~C~'Fi':t~on:;!r;'i·flqi··p~Fl"I;·~.(\:) '~~~As:·'~1

thos~ p). iaFsS} wl'l,~r'~ ·t,h~tr· ia;ttt'llnti.OI'1 ,it:5, r·T'lt.~;i.r'e£;L.~II U21

It i.$ .i "!ptllii'>$i. bl ~ to ;tocl,.\'i;\ ,9\'f.,tentit:lr\ CH1 sVE!r'ything ~ $0

it i. important to set meaningful mt.ndard. and react

t~ devi~tions from those stand.rds.

A Plant Enhancement Programme has a. its underlyinl

pt"-inctLpRs' :bh. i/;\~'hi!l1Vemf:eMt

i ..e. ,.:i..JIl~rov.d 111.1n.tsnance
t.r:mw·wi". of pl e:tnt and

o·~ mlll!l nt S'l''l.YAMeel 01::1j at:: t i ve!!!>
s·ffec:t.i ve11e~~ In~."'~lta¢l in

.qLli pment cdna'f{froh .and.!

m.in't~nmnCIi efficl.el.ncy

:i. qtpr·c.wei::l L\'t~i1i ~.!IC:\tn:)M

This b~ings us to

I::'l"'od~,\c::tiv~ tv.

the corH::apt. of

n\. 1'!.H"rec:t:tV~ln~!l!I$ of 1tI<li\i1'1tuH'IcllifiC Si :t$ r'~U att,ad ,to C)L\'t:.PL\'f~

~"lhJ,le affic:i .• n~y ili\i !"'.ll;\ted tc! :tnpl..rt:. The

m<li\inter\<I\t"lce m.:\n.ager· haw contr'ol over- 'the i npLlt .rld

th(%l conyers! <;In p,r'ocasllll whi l,e th~ OLttl:l.l.l1~ i 1tlI Il\\ 1"·~!$·l.,ll·t

of thGil i npL,lt <l';\nd the j::lt:-pcasli\i. Th,.~ ItI<i\\J. ntef)Mll.ln.c;:e

liltr'&\tegy :t $ <1;'Iir$(:::ted .t ellll\\J::lli ng. 'I'.:h!i1li mll\\in't;..e;na\n·c:~

engi ntlfJ,er 01.... Illa\rli!:\.ger to m.:\ni Plll .:\.'te bo·th the input ant:!

pr'oc:e$$ to .¢tchi ~v~ the des:i.I"(l;'H::IOlttPI.!t (ob,jtlilC:'I~,ive1$ elf

the 111$;\i nt ell'1<'i:mC(i$! 'fl.mcti en) •

F:l.gllr'!iI 3.:3 below dep:i. c::t!l1l the rel ~\·t:i.OI'1tilhip l::le1~W!l1·sM

man¢tc;;)eri.:.\J. control .and m¢tn.:.\ger·i l\\\l I::1r·Gu\I{:thr·t:)~Agh¢tnd

the.?i I" :t ndl, vi dLlll\\l (i·Hec::t en th&il i;\\chi eV<iel1lent C).f

objec::tiv&ils.

"1"Iarlc\\\~ler'i.:\1 braa~kthr'ollgh d iff er'. ·f r-om m.:.\n.:\g~r'l,.:.\l

c::ont~1"'(.11 .:\\ilI an "attack" lll>tr'mtegy di.ffer·$ ft-om $.

str~tegy. Wher'e

c::ol1si $its o'f "':eepi ng 'thGil .c::·tu&~l p(lllr"fol"'lll¢\nCGil cl os~ tel

th6! t<1\\rget or 1iii·tc\\\ndc\\\I"'d'l mfA\nagew':I..:\J. bre.:.\t<throLlgt1

C[uGill!!ltioms 't:he 'SStanda\r'd :i. tsel. -f. II wu I"lom;t ~nh¢\nc:ament

progr.mm~s suffer from lack of breakthrough in that



·t:he set objecti ves ar'B 11('"ltattai ned. The cdHtrocal
system ~d11 em1 y det~ct devi at.iorIs fr-t:liTl the st.andard
and bring about actions which will bring actual
pt'-:lrfor'lllancaback to stantlar·d.

SPORAl)JC LOSS
DUB' TO UCK 0' CONTROL

l_,__ -------------~

The mai nten~nce depar'1:mamt in itsel of wi 11 tl0t achi eve
the improvements required to achieve t.he company
objeC'l:ives sat. for' mainten~1nc~ impr·ovemeI1t. At best
it may athi eve 00% of the goal. Manager'i a1
breCi:\kthrough ther'e-for-s I"SqLlir'es commun i c:ati on ac:r'oss
departmental boundaries. The enhancement project
nec:sss;itartss rsprE!ssnt.ati on f r-om <:\\11 departments
concE!rnad. Managerial brnakthrough most often
raquires a significant change in organisational
culture. All too oft.en ~~_ implementation of systems
only is viewed •• all tha change ~aquirad to achieve
the; objE!c:tivE!c..

Systems only may not have thE ~esired result when an
enhancement programma is embarked upon.
stumbling block is human resistanca t.o change
the underlying problem is fear of the unknown.
address this problem requires the following:

The!
whilE!

To



t, ,,>i'll,'

~C.l ~9ll:iLl~~~,t,h~~

the ob.i~t:t.;!.
,;",',i ~

P;fl~'~,' !~1
lji\~t~ r",olvs'm~rtt}r.:~m ~~~, ~:i~Jrlw(t)r't)r;.d~~t~~.
~~.~. ~'!1~~~1:,ac~. Wl, Ft1 t.ll~ ~ffW, i tl.¥st~tp ;",~p~
I?r:~CI;-)~I,.~r'l'fl\3.. A l?~n$1;? ~f 9:~~Trl$h i Iii) rpl,;ls'I';. ~v~~,X~
1Wil'1c::e pf.f1ople wq «.10.r'S r'~ac;lpy ~~C.(!pt thir;lg~

"'\ . ~. .,.' ~ :'< .) t· -. •

~~me mt'r'f?tp'f I;lasi c ,':;onc:epts t::.f good (t).f'garli sa"":!.Or!

<'f.\f'·eU""=t i'

:I.• [stal':!l ish

fl\;",\;I;l;J9r~~Y
pi y~,~i tH1

, <\;:>!

<fIji1~gl"·G;\pll:1. c ,

of
w{t~ lit~l' or
o'f ~l,.l'tho~'·:j,t.y 'fHD<'::'t iRn~}~,,.... . .... '",

I<eep 1 i. nes

P O'$i$i i. l-;>1 ~ •

sht;)\,,\~.cl b~i";"$t~V;~~~li9t.1 0.1'" t..l'\. \.\$a: t.)f .!:\j$~it41':'ii:\r\'t?'1
'.i!" ';

mir1irJliztiil<.:1 l,.\nh~$ill.'l J~ Cl,e\\'M' divilSll,t;m of

b. m_d. between the .ssistant .nd the
Ol,,\'(;. i ellii C;ii;\11

i -'_ _i,,"_- ',';'

a$$j,iElte<;i.

3. Maintain ~ptimu~ nwmber 91 paqpla reR;.~~ng t~
Ol"jf;~ i nol vi. d~.\al • Ths 1J')91iS'~ €f!il'l:ec:t:f. vs
ol"'gi/:\rli $ci:\t.i ems: 13.mi1: t.hs r'lumb Sf' of pspp 1e)

r'eIJ 01'"'t.:i n; '\;:(:) CIne) lSL\Pl r'vi !Sor·y l. ndi vi dLI¢\l to

bet,we!(o.l1'1thr~)e) and 'iph: • Where tb~ i;\tn\#Lll'1t o:f
1iSLlpew'vi lil};i, on naso(!;)c i $ smal.l, lOr tt.1(;9 wmr!'l:
sup.rvi •• c follow, a ;.n.r,l pi;\ttarn, on. man
can supervi1$. tan to twelve p.opl.~



4. ~i1t ·;t:R5(e~~~t,rlS~tei:l.' ~Fl~fj';;ae!'"'sm~..1:htti~~,l\)6~
~t~6 $I ~ ihVc:lrV'~'[I'• ~)~i' OO~M~.~~itry, lsifh;HO~t1 c'¥ ~:t~c:t117~r':1.H~

in~i I"1t~R~H8e' ;}V!Sk!par·!tt~e;~~'«: 'P;~~itl~f'~'~
!:!aMlil~iHer~tidll Of the l$}el"$(""lnaH1r.ie;s fih:\f:::i.r)qr up!

the or·~ani$atioli. IYIe.ir\'\:.ena..nc:e i$ a l$er'vice
clr·~~i4i%l~tHjr; anef'~ ~\@~hiEt" :eg' *n' i~f\al, '?\8i: an end
Hi ~t.i\selrf:~' r' 1£' ~e~:~~stM;j'Hn~¥'6hl~)i~·SI'a~e{e:t.t$t.~h\)~l"·

1iiI.¥.\~i s41~tt'i 8!ri mwst
~~divf~uji iH'fhe

tie a~1 o·l:d'~~~i've' of';' 'ili~h
gttgi~R)i:~~tion.1 To tl,':L's ';~hd

nia± fiit~na.fle:~' per'siol1nel InLlst be careful). y

liSelectad ""no tr~i ned so ·that all I'li 11 wcw'k
tb\%kl":d ~ehi evrng 'tNe abjecti ~~~f)b~ in.u nt~M\""nEf$'

Local which .a;F'~ef::t
1:

1. T~~~'8f ol:leP!k!f::'i ~n = ....

'ffi~' ty~~ of il\afRtl??I'~~;\r't:ew:tl:i.
Q\j"\d .i\rtH.'Je(F1!\: of Sit#)erv:Cgi 01-1.

'eB~!i~u~£~b~ 6~~~~tionsl-
Llslng S-d(;\y, one !Elh1.oft orJ~r'atj. C)tIS vs. r-ound-«

;, ·t'h~-c:1Htk, 7":day opew:'atttlt'!{m 'aff~d'~s the Elf'!-::e o·f
'i:h~'mc:\ineenai1c:~ 'Pall"ce ~\nd the s:er·cu::'EQr'~81 tR~
SL\perv:Lsor·y orl;;jani i.~\b.ori.

3. ~aodraphic:al situation~-
Mal.t'ltEklahce whi.di is eiH~c'\-:.iV@ fh ~ t:ompaet
plaht mus~ be modified to hahdle a dl~pjr~id
plant. A pl~nt SipN>lat:lover· a ).C:\r·~e 1oC:i:\\'l:iOl"l

mU$t be dacent.rali3ed, whic:h may result in

several parallel organisations performing the

sama type of wOrk at diff.r.~t locati6ns.

4. Size of pl.tlt=·~

The siza of a plant~.s

of maint.nance· amploy.aSi

it effect.. the numb.r

involved, Must ba
can.ida~ea. primArily to aeta0mina the ~ufube~



, CHi, $t.I.f:H;:)y·visol!i"'$t~tl'.Ip1o')le~s rl\~eclecj" J)n.:\, sma];·l

pll,at'lt. ~t mt:PY'; t:,b(7;).,t:1ecesser·!f'to mGll.lble.'. 1,lP Homl

[·espC:)I"1Is±b;kl:l.ty.~Main!!} ,p.'ew6w'·bt>lt:mot'e I¢el"s~ti.a;,~

j!l~opa; ~." t

t7i. $c;ope' o'~ the .-='1amt MaintenamlC~ Depar·tmeMt.:...,

Th'is is d~teli'··mined by ffi.an,agsme'trb1:)01icy. When

many $~condar'y ·h.lf1ct.ions ar~ .t:l.deled·t.h~ number'

ef sUPel"vi$O~Y personnel will incr~.se

ac:cON:tl.ng1y.

Itat~· of Training and Reliability

For'ce; -

lSenel"'all Y'l where the mac:hlne-tool

p,r·etJom:i.l"lat~$, s~l:i:t1eel cr-aft.sm~n

of l!-jor'k

mdust.r-y

wi 11 be

available, <'::\110 ·fewer· supervisor'$ will be

needed ~ Wller-e h'ilwer' $ki lil,ed c:if"~af1:;meh 'an(i:l

s~mi...,sl.:;i11ed war'ker-s ar-E) pre.$'t;·mt. tht;;!

f.mpe'''·'¢ision densi t.y may be hi ghar'.

3.2.2 Maintenance Organisation

MatteisHlS1 :stlt\h~s' th.:at aJ.thol.\gh dif·fer·ent type's of

expertise are requirad, it is essential that the

respensibility shOUld ra$t with lOne individual. The

main ser-vices r-t*quired ar'e meG:haniC:al~ e:Lectl"ical,

r-eoff'ig.eN:\\::i.on ~\nd i nstrl-tmentS:\'ti em. In g.erHi!tr·althe

bulk of the work is mechanical. Histol"ical figures

yield the iI1for·rt\~tion on the m~int~nance ·time spal"'t

by the various di$ciplinas and are shawn in

Apper1d i x 3. 2A.

For this reason a mechanically orientated Plant.

En~_naar/Maintenanc:a Manager uhould ba the

responsible per$on for the co-ordination and planning

of over.rall Inalntenal'1ca ac::"l:ion , whi Ie the heads o·t

elect.r-ic::al., rli:lfrigeratl.on~ inst.r·l..lmentat.ion 't,~r·vic:.~;;,

etc'1 ara responsible for technical expertise., work

quality and planning a. well as the organising of
their individual disciplines.



S~r·v;I.~~$ s!.,l,mM l;\s eJl~t.:trit:al, r·~.ff"i~,erat~(tl'fl, iftlv:i.1

b®i J. ~r·m~kl. n~Y~;'i\1(glJtL"il~l.l.i~U1fl!aiMt.en~I;yt:e tlXl"ld ltIa,c;lill:L1"l.iLr'Ng ail's

l"l:)r·!h~~~~,)'_s..~n:t:~·ad~!':ied whole Sl,'te. $il"lt::S the
ItS geQ.g'r·ap·h~c:any i;i'l:iI'N~atil ;ul ttel"is
e];eeent.r,~ffi . wPt"'kshO.Ji',)s.

ThE! aidvah·!tages q.f dec:ent:r'aJ.i sat:l. Oh i rt tl1i';$ r'e!s:pect
ar'S d~$c:ribE!tl by ~$.tt@i~ti!!)\;;{~'8'fnC:lude:

~ i,_"
"r,',I:'.Q;~J}mit¥:J9 p}.alJ,t't r·~,ql,.t,!;::!e§,w~lkin,Q ~.rtne, whj.ch

'fl!(ID''\?i" 01"11y"ic!';j)mp;f'ltJ:'\t~9;' 1abUltl!f"" ".l!;lti 1i sat1 Cltl but a1 SlO
"'7f;~;#"

'<=\;rt: !tI:)W$ p;r'ompt amt! on as WE!::ll as mel. ng
lias$) t i rj; n9.

$mall" ;af!'eW$,

moM w.d:e and montr'ol"

The same people handlil'1g the same mac::hin~r'Y

eqLti pmi'mt and

knowledge of
probl~m';$.

the

A

:rhe $af(le· arti sans

oper'Q'ltc)r's i mpl~'c)ve

(l:;oMf] 5; th

r'(~l at i ng to
job t'elatiol'1$

same

r .

Whe t:~ng~.neerinliil sLq:UeI'Mqismr' hasF 'I~F bett.~~

oppmr",cm'1ity to implemel"lt ",ll':lIll"ling, imlbf,"(;l)lVements

and qLl¢\l d.1:y (Zot1tr·ol.



Ln'
CCl'Itlmerd q,l, ." Qwel"4I, •••i t).mS
Man.ager ; " " !, "Ma~~g::et.'"

'1"; j-'r--' Admi"ist ..atiG~

Mechanical Electrical IX Maintenance
RS1fri l]l,et'O;lci::'i'tll'1 'Pli:l'Rll1i Migc. '

.' f,RI¥r:Y~(.:~r;i;
'·~Mgi.i1eer

, 'Ser.-Ni ces
, ,~g~JneFlr'

, .' ," I' ~:,'-"df_~_tl.~~: __ , ~

Mat:~ining PlAnt
,'r;;i 'tt~r5

Plant
~i1tt!ef>s

Boilermakers
1'""

r"

Tf!j~ al";t:il~<ii\.n is 'r'~<atfH~n avai l'abJ;~,,"'olm si""~. if~m\i?$i
Mas ,the tiisaclvsn:m<age tha't Mle opel('.;Vl:libr· ClOl(W$1~!iiI·t

plan $1IiI1lEF t.!··n.'i!r-E! i $- sOltnE!{$)ne ,t.t:ll at;tend till) tinE!

J:"~·olblems.. The qt..t<ality of Wttll"~~' is Gli!'tie.'M pgGll'"

because of a ]:c1';\ck of supew·visiclt'l ano ir:l'cE!l"est

in the artisan since h~ is
r.5ermanenta.y t~l e)flS <area. ~e(tlortl'iS of rni(!jht 'Not"'!>.:

C:\j"'e ctjften non ....eYd,stent 1 becf.t\.;\sa thf~ ar'tisan ,a,s

irWariabl y

il'1,,:\ .... iLti:\taly~ Adcli;{JlL:ti')nal staff is, r'E!tlL.lirecl fttlr

providing this Sf!-!I"vide.

Whaf"E! ~t¢\m;l-by a1Irtislans al"'E! Msec:l fOIl'" ~41'\;;t'H'"

hOLU"S sel"'vi c::e 1 'the (:!ont::I"ol, whi eh i $I eICI'Pol"'oeCl



Pllanning.

the

nor'mal cClmpU.mr.mt:, in '!:ur'n per'for-mla this duty

on a r·tast:er ruasi s~

They,s .e:t:II'iS tW(ii) p>hUit;lsOph':Lesi{ co,nCe'l"*fli.r::t~V '\'line l:Itma

m~.tl~(\!l~;rn'$n·t'd!:'·e~,oll'·tiI)lj'g ,~:Isl,y tins F'iItAMt: IiMt,ll.d:neef." % \' ~G:)ll owihl$J
Mat1~e !iy:!?:.{'~l!:l ,. .la!f.i'l,d .e:t:r'<e.:

ili.ijl,f;.\' ,[4}Di;.I!:\:F'r1"l. ~I~gil!leer' nSI'lOr·t:im9"to 'l::ber (f'I!'·oWlEtct.;itom

Mr$;\'n~m'eftt)"of 'the' r'e··1et-xant!v~.,Sf-)tt:i:: i <;!IIi, '·Hlliho'l{,inas{fltt\l;;Jl
~txt\I';J®.r·it1%"over~ tmis"pleW·til Sti\\l ali" eng~'mls.eH~

$,billlWe' ths en€ji neet's im !;Zt;)at·gs ,(',of SSf,tj'W!:&(;;:.e'sbwi1It~j:
rap(l;)r.:d:;.t.b i:iIA liEngd.neerif:lg Manager· i,' ''j tid $. system

a;I"'eanes the anom~l'jf that: the'· '~l ar:l:C e1!;1';,)J.Heer·

wHl hs.ve· two b(..1.s;ses, giving r·ise to

conflicting situations. Other disadvantages

arl;1 thatei:1\ch section oper'ates i 1"1 j. laol ati (;;)1"1 and

even 01"1 technicc.~l fTli:1\tter's the ESngine~)I"'ing

l'1anager hi:1\sa limita!cl al..vt.hority. 1his Gl-ftsl1

lead$ to pr"ol:tllem$ bei ng sol '.;'elid by (f.;ompr·CI(T1isas

in order not tm upset the ether d.p.rtmel"lb~

lhe advantage cl.~d,m9d hi tnat. trle fiilY'·od\..\~tion

Mi:1\nager can (Pest decide on pw·toF'ii.ty whiJ.e

communication is direct. Since commuMic:at~C1M

is a matter of personality, if there is a

problem in this ft.ld it will Mot ~a so~Ved ~y

authol"'ity .aMo~ as! far al;i pr'ior'j,Mes gltl, '1:hase

i:\rt'l in anv case alwaY$ ruled by prOoLlc;t:i.on

requirements. This system create$ a situation



Wher'e r'esponsJlollity and author'lty ar-s divided,

which is incClmpatiole with sCH.mdmanal#Jem~nt.
~ \ "," .. ".. ," •. '" I>

This system is mcw'econsistent ,:\nd alloV-ls for

better administration from a technical and

.clisc?plinary pOint of view. '-he system is tnw:::h

mor-e conducive to t.he cr·eation o-¥ a ·teamspir'it

amongst the var·ious engineers who can dr'aw ,fr'om

one another's facilities and e~~pertise. The

E:ngineerir<"1 M.:mager· is in a bett.er· posdtion to

r-eal).or.::ate facili'ties ar1d 1abou.I'" f.:tccor·ding to

circumstancES and priorities.

minimised. Interchangeability of staff for

leave or st.and-by and

emer'<;Jeneyser'vi ces ar'e much easi el'" to arrange.

The e)·(change of mi:;'\t~71rialand spar'es hi also

facilitated and an overall uniform policy is

implememted thrc)ughc)ut i:hE or·ganisai:ion. This

type of organisat.ion naturally does not exclUde

the dl.rect c::omml.miC<1iXtion,on ·the $ihop floor',

bet.wSel'1 the oper'ati n9 and engi naer'i ng

personnel. The rapor·ting to a single e,\L\tho!"·i'I::.y

i~ always essential for a more professional

execut.ion of any uervice.

3.2.5 Wor'kshop!S

The plant fitters !Should be equipped to perform all

the operations which are pa~t of. daily routine

maintenance reqUirement, including a cartain amount

of wel.ding anej r'ig~~ing. Thts mat'::hl.ne shop,

boilermakars, riggers and civil trades will have

equipment and labour adequate to handle all work of

such $i ze and natur'e will ch is not part Oot ",,\ daiJ. y

r-t:ll..rl::ine. A lis'l:: of equipment and tool ~.ng whicl"1 is

basic to the different trades and workshops is in

Appel1diH :3.213.



.i:I.:t 1 the

adml.r'li.str·..d::ive <l':I.nC(plann1.flG wor'k associated wit:l1

l;'l'~nrte'd 'ffi'aj;ht~;.jiim:::e:,8~t~ r"E?~li$iri'9'" eh&f;:-&h.i "'a,~·tion

r'emaitlllii- the r'asRcmsibility ef E:[l~gj,n~erJn~ l"1j:\.n':\tiSment.

Hav:ing a

not. i mpl y
r'espensi bi1 i~y

p1 <i':l.f"lnedmain·l:~.m<1:\J1Cfi;lsystectl. The

f(:Jr \llt..n:ceSls-frtl' ~d:$nr1kd
m-ai,rl'l::e>n4\nC:(if)'t·~,~tlii} wi th Engi neet"·j, ng Management.

ThF.1m~i n'l:e'1~ht~ pl annar- 11 ke~ps the st6·y\:JjI'I

FOI"'em~n ifiLtst not r'ecei ve el~·der·s>'fr·om pl. "'nrhJ?i~:$
but 'freln' the eng:tn~~;··,

lev~l of pfcinned Maintenance

r~ize ~nd COlnple)dty of the 'Plant
l\ltJlrrbe>r: of i terns r~)f i nverrt or-y

Geogr'aphiC: spread pf the plar)'l:

level. c'.i'F CompLd:er'isat:i. on

Level of Conoit1on Monitoring.

A gener'al gUJ.df,i}li rle ./1;\$+o the $1ze o+ 411i s dep.r~r·tment

is pr'ov:l ded by 1='1::: CClI"'por'ate Set'vi ces (1'):

One full-time plannar and lOne clark for a plant

employing 20 maintenance Artisans.

Two full-time planners and two clerk$ ~br 50

maintenance artis.na.

ihr'e~ full-t:i me pl <l':H1ner's~\McI tht·'eI.'J cl eY"k$ for'

90 .rtia.ns, and so on.



QP~r'atiml9 a plarmem ll1ail'ili~~f'la.r,.r.::esys'l::emr' To develop

anti implement a sys.t~m will. rsqLd.re mor-e pec.)ple. The

additional numb~r of people i. based on how quickly

the p I ann~d maintenf.:1.f\c€ilsysrt:.emmust: be: tleveloj::!sd and

i mplement:ed.

M;aintaining an Llp-to-date i nverrt or-y') wh:i.ch

EnsuriRg that all items of equipment are

physica~ly numbered.

new plant into

i nventor·y.

EnSLlrl,Rg t.hat the plant inv~nto('y and the

asset register contain the same

in·formation.

Preparing maintenance schedules tog~ther with

the mair,tenance fcm~men and the enl;ji'f1~er·s.

Ptanning and issuing of maintenance schedules

and discussior1

engi ne~r's~

with the foremen and the

Ke~ping track o~ o~tstanding workload.

!='lanning per-iodie ShL\'\~.downs"

Maintaining accurate and

hl stcw·y f'·sccw·ds.

E:nsLlr·~.ng that systems and [j1"'ocedLlres iiI!"'e bei nt~

followed ~orrectly; revising and uptlatin~ them

when t"lsc(';lssary.

Preparing management information about the

performance ·f the maintenance departmsnt.

Tt'aining of new employees in the I.lSE) O't the

p],¢\nneltlmOilintemance system.



l$!1oLllc:I be a ¢!1I.\al.i -ftiecl tr· ....ds!lii/llerl"

ApPt"roat:h to aLi/. people sl"joulc:l be t;·a.t:t·f>u' and

(tli pJ.oltlat! c.

Shoul.ct have r·espec:t. o-f engineering p.r·sormel.

Sh;')Llld ww·l'1t 'l:he job.

,Sht:lltl.d be able to work methodically

lalY1'.§.1:emaHcall v ,
!Should be <i;\f.lpC.1l.I"lted CIt

pr·ogr·amme•

• hould ba paid according to ra.pon.ibilitie~.

ShOL.lld bEt.!I~w'opel"'ly tr'aiI"Hi'!d in Hle prJ.ncipJ.es of

outset of

planned maintenance.

3.3 The Plant Enh.anc:ement Pratt'

No

y

a new

wi thOl.lt

opeN:\ting

lI,ai ntel"laI1t::e

ol"'gan:i:!liiatit:ln. Thh~ dc.1e15 not mean that a pl.anned

maintet1anc:e sysr~:em or work adminis'l':.riat.ioI1 l.'l\Ystem is in

pl.",vc:e. tvl<l':\inb~n.:\\nc:<*!aciminj.$itr·(\';\tj.c.m u.~made LIP 0" til€!'

fall.owing elements:

. j, s'l:

maintenance

aqulpmfWnt wi J.l,
Any

'F 0:" P.I

MMNTENANCE: ADMINISTRATION SYSTEM

tlAXNTENANCE ORGANISATION~.--~-------------------------~------------~---~WORk: ADMINI8Tr.ATIO:.: SYSTEM

- Jobcard and Job Administration System
- Job Time Estim.a'ting
- Setting of Priorities
- Equipment Register/Plant Inventory
....Maintenance Management Information Systeclt

PLANNED MAINTENANCE: SYSTEM

- Equi pment; Selection l
- Equipment Anal~.l=
- Failure Mode, Effect, Criticality Analysis
- M.aintenance ?d i c:y /St.rategy I
...Task and Frequency Ai1alyses
...Legal 1"asks, ServiCes and LLlbric:atiorl
- Task Grouping

IvtAINTENANCE QUALITY
MAINTENANCE: bUDGET AND COST CONTROL
EQUIPMENT Rb r...ACF-MENTPOLICY



The m~:i.nterl<i\J'IC:S O'l"'t;!I';;H'li!$,~tionr'I~!l!I f::)s~n ¢li~·!;:;Llj!l;l!ll·e<d

d~,rtO';\i1. The ~*,,::I;', ti,it'l!1~1'1~~~te,l"llt..J'r"c;)i3;t'~m!. n~tl.tp)
ft1t:US!! on 'the GlYl!llt~.m: l"·e~tl,.li.I"'ed ut';) Fil~n~ M'<ill·~.~\l4t1"e

il"l

wtll
Cil1ct

Con'ttl"ol mai

<'i;\cuivj.ty.

V"(l;)1l1lC)ur'CEl$~no tth~
H:.s olP;jE)c::tiV'(i!~IU

of

It cover's 't.he followinl,g elements

Jooc::ar'o f.\\nd job ~c:lrnini!!i}trf.\\,tion IlliY$luem

Equipment Register/Plant Inventory

M.r;\intEln.:ance M~":;\li.agemf!,)ntXnfor·mat.i on System

Plannmd

3.3.1 JC:locar'cl ~nd Job Admi ni str'~t.ion Syst.em

IITha m~i nuen!i\mca manageI''' or' p I ant. angi neGlI'" begi n!5 i~t;l
ob'\.~ai1"1 i:he ~.::tlntrol neece$l!ilo6llr'yto gSrlLli nel y m~nage

mf;\\;ir\·tan~nce Whl!':lli a wOl"'k or-clar $y$·t~'m hi put i 11'to
ef.fac'l':.. II WI)(,l~1

rat!? Job Carci Sysi:am. II

IIAn 1mpcw·'I: an 'l: modl.lla in the Mai nten~nce Mli\\n<l\\gement.

Information Syst.em is concerned with the active,

II~JClt~!~: of'de,

mai f'ltenal1Cs

control ia the ba~i. of the total

i l"lterfc!:\I".!:6!wi,'I:h inventory, pur'd"It\\$i ng, <l\\nd p<l\\yroll. II

Thi. interface illll $hown in Figura ~.S below.



Fi (;j\.\(,.a :;).:5 Iht~r"f at!e of W(Z)r'~~l1r'oer Syt;tem wi th Other
F\lht!t i Or1SC1liU

Ii: 1.'$ Col.E!~W' t.hat hO r'l, anni n$1 an!Zl ro!Cl p~H"I.tr'{;1)l i h the
tT\r.d.nt~I"1ant!e eF\\d.rt.")nmEmt t:a,n be ~::;l.\a:C:E!ss'f\.llwitho~.lt a

Wt:lrk Order mlys:t:etT\. It provides qL.I~\r1tifia.bl.e feedback:

on Clv(;w'all lIlaJ,lit6!nanCe per ..f Clf·/I).:\I"Ice, 1aJ;lol..tr· ahd

eqLll.pment c<ost, and ((~ql..lipment histor·y. A pr'operly

st,r·l..lc:tL.lr!r'~dWor'~: Ot"dew' System $hol..ll d do thEl foll owi hg =

!='r'ovi de a wr·i tten r'ec:ord of what Was dorle ~ by

whom and how long :f. t toc)k.

Define &nd .cope each job whether

bre;sd·;:down, P!"l, Project cr- othl:lr' work ,

it 3,s

Assign job priorities the iTlost

important work gats done first.

Capture labour cost on each job.



\'

tvh~a!"iL.w·eI?eri'or·m.:mce and ef-f'1t::iency C!)·f li\'~bc!)L.lr·

'force.

Provitl. data to analy •• maintenance cost and

maifltsn&\m::e hi.srtol'·'Y by jobl1 eqt,tiplnelit and cost:

cerltNh

Tl-n:ilre<l:l.r'~four' bal$ic f'·ul.es WI"lid1 ar'e e!lllsen'tiaJ. to ,(:he
~'IIL.tcce$Sof 'chs jobr.:aY'·dsystem (~'):

.... C)fiI.' tlt;lcull\ent $(:;ould ba \"I.Ii:i~d of or <i:\). J. typ&S C!)f

maintenance work. Using di~f.~.nt dC!)cument.

for t:lif.ferent wo, ~~ onl y CCli"1fust-;!$ the Illrta'H by

m~\\ldng it mOl"'. dJ.·H i cut t to get 'I::h,* sys'cam

world ng pr'operl y.

H.avy pC\\per'shoul d be Mse!d .for the copy o.f the

jobci:'\rd which r-.aches th~! ar·tisan.

On 1. y one man shou1d eVe;)!'" wor k (1;)11 ana jc)ba::al"d.

'''hillli mal{:alm pla\nn1.nQ simpler· iI:\nd li:\).10INS for

accurate Costing.

All jobs dona by .very arti •• n mw.t b. cavered

by job cards. Thi. 1s •••• ntial for history

records, workshop planning and costing.

Smallar, pocket-ailad forms ar. the most convenient

to c<l:l.I'·r·yand I.tae; th.r.f.!:aN:~ 1:h. mOMt 1i kel y tQ b;(;ll

u•• d properly by supervisor. and cr.ftsm~n. The

jobcards .1"'. u~u.l1y bound in book. Qf fii'ty~ Th.ra



.are thr'fli1e (3) copi as of each jobC:Gi\r'd, tl"H:l'H w's't: two
al"'e ~i1:m~"t ts611 f c:ar·boni.ng. Th~]' <:\st copy
:t s:l CJ·f h(i;!<i\\vyp£\psr·.

Noldert(flU $Iumm<i\\r·j,$~SI t,h~ b~\Sli.c ir1ftJr'm<!t\,t'ion t.O be
<:01l. (1.H!:tGPdas 'roll C::)Wlii!t

To clL!)).f:tl'1$ ·I':.b~
job

:tnfcJln'roationReguESlSlted
A t..lt.i q4.!(i! job tlurnln~r'
IJ::qUl. proen'!::number,
de$lC::I''':i.'pt i (::iN ~
atl~ I ocatJ, on
A c c:Cl\..rn '1:: ril.!mb e 1'"
13L\eilgsi~ lft'rc(J !Y3t."t nl4Vmbsl"'
F'1"·;!'!.'1)JI":t t.y, ¢:!.'1)dlf,)
lype 0'(' wor' k code
Wor' k 1"·eqLl~sted

Pl ann l.r1<;J .,
$t:het!I;.\11'fig.,
Conti'"0 l..

L..!l;\t~OI.\l"· est:.iml1';\'~e
Material ~sti~at.
,J CJt) P 1 ~.l',\
Total es}'l':.i fI.l.;\'teGl: C::OSlt
Appr'ov~l s

.................. ~ii ~_~ ..... __ '7'", ..,..- ....... ---.- ...... -.--.- ..... ~.- ..... -- • ..,.. .......... --...., ...... '""' ...... __ ........... ~ ..... _ ..... .,..

Contr'c))',
Hi !'!l'~..ory

Actua[ lI. a~I(;;)I.(rll:os;-t;
ACtLI<'i;\lmiT:\tJ.:w'l<i\\l.coat:.
Actual work dona
Fed), L\Y"e codes

--------------------------------------------------
Tha iMfo~mation required above i. .11 .ngampa •• ing
and it. u •• will clep.nd on th. type of organlaation.
Moat often tha organi.ation runa a cOSlting ay.tam in
parallel to the work adminiSitration .y.tam and it
be;!c:om.. WH'I€ilc:a1lllS<'i;\rv1'~c) captl..lf·Q)materi. ~\l i\l\ndSPlr;\r-elllEl
coat on the jobc:ard.

Appendix 3.3A FigurQ) 1 showa the front and Appendix
3.3A Figul"e:2 '1:1'1. back of «.~ jobC:'\;\I~'dtogoo'l:ll.rwit.h 'l:he
ganeral layout and information required effectively
to perform work administration.



1. '1i'h!*l ~m:rdgine\!tor'1 a.hy' per-SO.ll reql.testirl~ w¢!'!"·k.,
of ill.... in 'the WOt"·~:: r,eCjLte:st" l:)ur'i hg 11or'mal
wor'I3 :i.hg,'hol.t~s· WheM i.the ltie!i<f'1~erla:f\t;:e'.J:. '''manl'li l ~,E;
00 $d,,\I;',1!:) 1 (:":llf· when hellll..lesti mg wtl!"·l;; ;·(t)d:lhe.r;bhal'1 :b.fl1t;'t

rSPl<i;l.ir· of a bN.i!akdown, the j obt:ar-d book is
for··warded to the mal ntenance few'aman who wi 11

$Ii tyn Ute j ro.l;:ll:lar'd In(l;\mM~ slnt.er nhe tui. me ff"eo::eil\t(:!Hij

.aod q.ed~~Cllht.hli? perfor'a't.ed (!l!.lOpie:!$;, Wt")en tllslf"e

~i:l' 1"\C1tn·"".;i; nt.e)l"\an¢:e s\..q;:).er·YiA~d;qn~ or' ~in ;broe' 14a'ille

o'fl a breakwjpwt1,'1 'rb.he g·Obc::atf·d b(1;1(li)~i!" 'IM\y' be

fClY"wi;\l"'de:d '(ij;:i:'Ii"ea:b..l!.y t.o title all'd:.isan on shi'1f-t~

1* rell:Jltl}r·ed,,. 'the' maint.emwFit:fKfor·e.ruam i .wi Hi" ,wr·ilt...e
,<," ~L(h tlile j~b li"f1st.rt!tc:u:Lon.•and pos,'l'!, 6..t.,sib:t:.her, 't.t.~

.:,Folt·emamlS .O~V'lt~ol Ciab·inetv showm i >irl1' A.gpetmdi)'{

"~ol5lil Fit!jLtI"'E! d;~ elr cliree:tly ttl the Ar·t.isan

L.oadil'ig Board, shown in AppendiH 3.:3B Figur'e 2.
"4,,·Tt1)«;;) s(:!(i:ionii:l1f,,1:tltl,S'$( is repli:\i.neGi wy the 1io.r'E!1l1an as

·a csntriol, tt" enaLlr'e tl'-ls;b d, sSll.led j,orocar'ds n(jsve

b~~el"l rf.il,t,\ttr·n.....,1J and, t:mnso1 d~dt.\tecl 'w<i 1\',h tme

f'f.1:Oi;;'\di-l'ted ,fJ.!6msy,.

I"'('f.:lqt.lestt.he, fOtr'ernal"l t.o wri t,e Ol?lt tll"ld, sigm ~ny

requj, si ti ons ·for spar'es and mater-i al requi red.

tin t:(:;lmplltd~ion O't the jQb ths

ahort description of the

il:\ri: i $roln efl'lter's .m
work done and

important. ~Dare. used. With ease of us. in

mind

point.

the ir1for'mr....\'t:ic;II"l

t.o al.low the

supplied must ba t.o the

mai ntf:.mance planner' to

histc)l'v

datab¢\~~~
summar'y car-d or'

The ar·'l:.ia~n also

in a comput.er-hled

fill. in the time

spent. and ~igns the jobe.rd.

6. The jobcard is returned t.o t.he foreman who will

satisfy himself t.hat the job was complet.ed



$1I;\:t:i S'W'a!t:'l::(tfJrf'J.V]r,y:"'I:il~;f; (;1);rf'~ <;?,ul!iIl':j>i.tig l. 'b,;.i'.!ill~t The

joP·ccM"'¢jis I"·(t!b.tr'neo to the ol"'igJ.l1<i:\to.I'"fot- fin~d.
app,,,,iWVS,\1, .•

Q. ffiln,lCe'P~f~ \I\!~'ek the m<l\\iMter1';Milce p:l,lanner' wiit:tll.

~~o;tle¢:t aliI" jopcar·ds emui ,r'sl!lmr'tl:I the cI<i:\ta

r'eql.d.("ed.

Curt'sntl y we ~r'e faced wi th a power'fLll new

philosoPlIi'lY, nameil.y Worhl Cll:.'s.s i>1anufactul"'iMQ (WCi"f).

Qf ,the thr'ee cor'ner'liS'tones of WCM ~ twt) ar~ r'el <l\\ted to

the mei nt.ehF.:\f1o:a ft.tncd:i on ne-tIIle];y Totel F'reVe!r1tet l. v~

Ivlain'tener1ce (TF"IVl) and Tonaa,. Gll1..lali ty C:on:l?:tt'ei!,,···~irGlC) "

$i nce ',4e shottl!i.L ccar1'(:t nue l I y be s'l::ri vi rIg tit) al i mi nate

poor' q\J~U.t.y ql"id £~rlsu.r'e ~(.u:;tom6')(~·se1\;;bs"'etction~ we

have a !!jLlii:\lit.Y'0assur·""nge dOlCl1..l!llentin mai Ilt~m,-tnce, the

jobeaN:l, whH:M <yoes a .long way' towall'lllil,ess~st:l;filg .\(;1$ Ii"n

at:hl E'lvj,ng 17.his objecti ve ,

If we ei"lst.:lr'e tlnalt instrtM~,{dom$ er'e iS$I.led clear'ly,

<l\lf'tisan feedback on the job r'epoF·'l: is done cOI"'rectl y-

and Ulat the i ntel"ested p:lafl"i::i.essii:gn ~he .!iol;Jcar·dwhen

'l:he job has' been COlOi'll. et.ecl to the sati sf ..cti OM of

all, we e·nsut'·e·1~h<l\\tthe ofeedmaok loop is ceJmplet~ ancl

we ar'e pr·ov,:bdecl with timeoLls inilor·mation 'fit;:! c\!Il1ow

ad j u'£;i'l:nwlI1'I:; (Of our own system if negative deviaUon$

This jobcard procad\Jr~ i. graphically depicted in

Appendi'H 5.3B Figt.\I~·e 3. The oLrt.l.ined prDCedL\N~ is a

(fJenert'i\l one and my be adap'ced t,Q sui1: the p:lar·'t:.if.!ular

f ac'l:oF'Y 0('" Illal n'l:enanc:e pol icy ..

To Pl~n and Control maintenance work it is as.ential

to have an idea of hew long each task is going to

take to complete. It is therefore necessary to

e$·t:i mat.. job times for :

Maintenance schedules and checklists



Th:l.$ enab lies p).artlr:').ij"\Jg tea est.;;.mats the cll:t'h.s'b.andi.lt,lt!i!

wor-okl(:liad f(;;)I'"' s,i\ttchWI.::ll"'!4a'ttepM.md eVt:;lI"lUl;l;atll ..y to ~!I~'j!Glvi~is

the eng 1.nSE!I1'wi th r,r,t'.;i rvfoY'''Il\·at.:4mn A'Eltte'sSaf!'Y'\':.0 El'Hett

longte'"'m pfarmi n\d :::If manpower' r'egui I"'emen'ltts.

t.he job :t s br'of.::endown iMUO el,eme.l1;ta

the t.ime to ~!WmplGr~e ys",\cm' elEHnent is

sst imat'E!'1;E!

elsma·j"\J,·t t;.imes are added together to give

the overall job time

aU.low<':\nces ar·s mal\.h:i·foY'· f"e~;rI!, pr·epa.r·C;\tdiol"l~

e'tc ji

a r'::\:I"llge01= similar job!5 ar'e analyzed to

deter'moij,f'letha Urns for' compl\\;rl'.i(:ln

~hesa jobs ar's l.\lsed as "bemchmer-k" jobs

.Md any Jobs requiring estimating are

c:omp!!1\I~·edto these "benchmar·kll jobs.

Job Pr·ior:l ti sa

To snSltr'S that tht'.! "moat j, mpor'l::c\ntII jobs get done

fir's'!: Y"equiN?S an objective pr'iOI"':ity r·<l':rtj.ngsysi:em

for the planning and scheduling of maintenance work.

It :is possible to develop one'. own system but

Noldenusl d:isct.\SSSS ~liYstsms which fTI'::\Ybe applied with

relative aase and little or 1'10 adjustment. The

settj.ng of priot"'ities may be dons using multiplier'

sy.tems or straight numeric systems. Th~ systems

considered belaw fall into the categ(:lry of multiplier

systems :



t;JI!;ieSt,·!1,;i't.WIP scal.$s" One t,m N;\t.e m~t:hiMer!rlj

lin..!Hvcli ll')I,g !~jif or" e~u ipnH:!llft \;tllllfl!lft; \It;h lEJ. i o.,1tlh el"t' t (j!)

Fate I!;:i:\\~!,i?/grolt-;,ii:,e!;:}~Gdl",(TU$ti n;{aef.1ar:lt:e."'~I,(::lI:;·~i. >

lfior m.§.shiner'y'··arld eq!..lipmerl't on a scale of

:I. '1;:.0 :t0~ 10 being the highest I"'atirlg.

... P'e:ll'" aaul~~ar'Y of i Wrol'"k; Gfn a seal e 041 1 '1:01.~s.fet~ and breakdowns are rated.s •
10·.

l('atirngj. is: alw.\\\ys gi.'vern to" WQilHl:,' (}mGl\~t

imlPG>t:ihii1.lill$ t¢) pr'odll.lt::lilti.!bn aPlcl wiHi! 1El1i':! time

'r!ipb il.(!;I1; G:;¢)(i\(!) lets first"

!iilil ~eed' WIN,JenIlZY l'~ (el:ls.ttlmer' ReAl:;; ),~,;,: EC;:I.t(tbpmsl"\"l'z

c;rituLt:ail:d.ty· '~NL;leFi:ijC)

Thr'ee seal es i;\t!"e, LIsee! ei:\\ah I"c'M<I(ga rIg $'l"'omt,:L

f;;o 4~ ~ cons!C't;iell"eclthe I'li.g~les·t: Itlan~l\"

1 ;::;;Emer·gent:y.,

2..··;::;;D(t)Wntime'lj

3 - Routine Wor~,
4;·,;::;;·'tCdnverd,em,lte.

Need Ul"geney scale:

1 :;::Emer'gene¥"

!2 :::: DClwntime,

3 • Routine Work~
4, ~·.1 COr'lveni enee.

Customer Ranking scale:

1 ~ Top maMag.ment,
2 ;::;;Productidn with direct ravenue

implicC:\tiotls~
3 = Mi;dle Man~gement~ R+D,

4 == Others ..
Equipment Cri tical i,ty:
1 == Utilities and Safety Systems,
2 == Key eq~ipment with no backup,
3 :::: I mp.act on moral, p- or pt'oc!ut-::ti vi ty.,



1... ,Jl>tf~J_~~!ttl$<~ CI[':' ':'ef f~ec::u.!<=If:1l

t'T i~Wh~d'fJ,@j;;t- iilmFil;~,rd;;(;\l}t .;i;91~' Ibs liivn,e,~".'wi~~M{"'.;;\"I1»d,l.td.7

rj~J1:.\ti t'~~,li't I'i\";" ',\I~,01

""', §l J'@o Ul~qJ;l:lt:' I1H;~,quitN~.;v,ch;am'!y,E)t~!fl Plilj'~mrt;bl¢

~Jl'lcl ,the Nes<:;L.WI"(fJenl!i¥' ltt~vJd m(fJ rn~y ~etl¢MC:\ml.1ll;!.(d

h~ r'$f~§Il::t. 1lhhh

Maint§,n;aMa:;e dfep~l"·tloeMt$ hC:\ve to 100~1 C:\'ft61r' many d.d1.Sl1'lS

of p¢antl aMcksqllllipm.ent. It is SSSElJ7I'ltd.C:\iL t.o ~::nowhow

many i teNlS ther·e .stre and what they ar'e. For- thi $

jnllr'p(O!!l\':$ :l.t is ,E!$l'..:Hf.mtii:;\l til!! de~E!llop tine l±:!llut'Plll'lefilt
RE!ghrtaw','1' "wtilic:in. is C:\ :List, G)'of aU ,items cnf ;r,;!lal"lt tlnGtt

arE! Ute l"'ssrillDnsiLqU ,i tye of thE! m;:;1,;LmtE!nC:\me;E!ndepC:\~,fl~ltlernt~

"l"hi!iS !F.Id.lmf ~l'It'$ ~ 1>P€lOl tine AS$et ~egikstet"· Wh,;L!,c:IIt '!iii a 1ist

wf all. 'I:hl? company assets artd is desj, gnacl and u$ad

for a~c::oLlJ!"I'I::.;i;;rlgpl;,~rp;!<oses. To Ol~b;l~ eql\;!.j;ltnemtl. eh\\\$9. J.,¥
identif,d.abh:~ an(lj .alJ.ow the ~clr~;; ~(ljm~~rHLstr't\\ild.@ltl.t~

fUMct.iL!t!)f;') . pr'of,i)(!;,\nl!')\' ~ r'Elqlatl res> tbs ~;evEl~ oPltnent "o-t ..!\1\

~ompl"'ehel11~d;>,«e' l!i\l1lU 1ogi qall.y Qonirrll'il"'u¢::t;,ec:l ~,l,.amt
rlltmberd;~ng sy$l\tef(\'lt~~ 'Fll1M~ 'ChDio:~ our ,a .lrkum.b;~l"i'rlg· s¥'ptam

ul.t.imF.\tEl'~lf ltle:IHz~I"m~ipes'e.he p~wel'" ~1"t~1 fls:<:tlzllhH:l1.Y of
the IVla,Ln,t(~M,anlce jvl~nag,ement Informa1~jo;I'1 :!SYi!9'rIt;El.mOil~•.

A rtumfu~r clf depar·tments have an i n'\:el"est in the

.quipmeMt n~mely

lvt",d. nteM.;mc:e

Opef"r..~tiOtlS

Acc:ollrrt.i ng

!Stor'es (Sp~r·es> and mater'i a l )

The ~I:ey l. i nk betweerl the dElpal"'tmsnts is tMe eqLtl, pment

i tsel of. 'The eqlLi, pmem·t. l."egi stel" or p1 ant i rlventor·V

forms the basis of the m~nagement sY$tem and the link
bet.ween dep~rtmeMts.

Careful attention shOUld be paid to the following

when deca.eH ng a plant



...., Wltlsr'ever' !IDGl.$.s'!i.l::!le" dlt· is' w,ilse '. ,tt::> '" c:!few'elbp!
hi €;)il'" all'!t:h~i;rC!<\';\1 n t~tttll::H:1F' it pi 9 sys;\:!em roa seth, 11l1"leifl el"'l\'~s.l~,*,
tltll'1 :bhe l(!;lC::i';l~iian (i;)!{it the equiprl\(~lll't~ A simple a·h!rl

effective t,'.lmber·l.ng system commehces with the

pJt'odl.':lctil")nCelst c::entt'e rlt.lfhl;:l(,~tr· ~Sjah indir.:atielM

(;;)11planti l.o·c;ati·on.

The plant number'ing sY$tsm $hot.lld be l-llsed only

t(1;) in!dicats the! plant l'1umbsr and shcoulGlbs a$

short as possible. Seven digits is usually

CClM$.l;(i:lereclto be <iii reasClnable m.d:\)'tIimLlm.

... Clll.lltain the inpLrc of Q\ll user's o.fi the (:'j!vel'1tt.lal

inforlilQ\tion. The l1umber·~.ngsY':5t:em mll.tst pr'mvicle

all the r'e!C!:IuJ,Il"smef!ltsof maidi1telllance l'hemageinElht

and f)i;t: e.\:'\sily in'bt.ll l:1l<lsting pr'ott:eduN:ls.

:f!111 the cOI1:brol of (~ncper'ses it: is often

impor·tant to contr'ol at eql..\lpment 1evel , a

higher' level'Jff similar pieces of elSft.tipmentOr'

e~utpma"t: logically grouped or a higher lavel

s'l':.i11 of eqL.tipment gr,cH..tpedby manufactL.u"i.ng Ot·

pr(t)ce)\;$ing de~artmant or· 1.:(l11t. TrIa plj;;\ni.:

rlWnSIiW' must. Ijrovide -for' this by simply all.ow:l.ng

for summariztnl by a different field within the

riumb en ,

3.3.3 MaintenAnce Management Information System (MMIS)

V.rst.eg(~l states

"R~cordecl and processed data can be used for a lot of

r·e~'1Isons. The most eS$arl'ti.:~l L\ses, however· al"'('1in the

areas of plan~ing and controlling.", Q\ndsummarises

the interaction of the MMIS and the control loop as

follow!:!! u

Tha ~a$iurament of parform.nce and compal!'isan to

at:andQ\rds only indicate. that. a problem dOES exist.



AI"lI,Hysms\t:1>F ·cme,",pw·~b1el.n1'!\~d1I!;\irei.s fa, mO:I.~l'llll;1S!®(;;fIl': J;;e'~~Jf,

sf; . iMf or·rT.ll:\\.t!l;,tJn "if"cP per4HJf,'''rll'! ~Fi ~nal Y'S;i~'s". '~wdd;;ln'nease

e:letmeJfit:lSto a.1 aw·t;;)e ,,*'}'>,itel'llt.· Gill"l.=

ac:c:essib:i.lity p·f sour'c:e in·For·mation

,:... 5ummall'ised dert::a cd:; various levels

fOl"'mll:\'t: ttlf- tzhe ctata al"'ld in.for<matj;ol"l.

To cd::te!lIll2ltto al"lc\:\lyze 1:he devL, ...ipn is an at·tempt tea
canal.yt:e 't:he symptcatn mf the praflil~em~ 'thE! f:L 1'1'$It step

of the ancaJ.ysi S l.S to dei"":srmine thE! r'orub c:at.\se 011 the

j!)t"·ablem. This will probably req\..\ire 'fLtrth,E!r canal.y$l~

ttl¢\, d.it:l1i'(;;rr'rtlC\ltion as weH 0\1$1 ir'l-d€!lFlth i nVElsti gat i. c)ns.

Unless the rtlI!H'Iager' h.'a\s time or' the assistanc~ to

carry out this analysis, the final $tep ta c:ontrol

(col"'l""ec:tu.ve aa:t:i.om) does not tail;e 'plcace. llt is in

tlJ;h.e!'aN-;a of analY$i $ .l\Wldc:or'r'E!c;t:iVE! acti,on wher'e the

co:n1;l"o.].c:ve).e .r'lorlT\;ally r.fr·E!.r.\~~$dowi).

Meint:snat)(::e Iilal'1ii:t()i)emen'billfa(!"mation is b,.\\~::enfr'om the

following sources;

op~r·ai:~ic)nal dlmwntti.me log !;1neets

oLtt'ililtandlmg job call'cls

compl.tad jobc:ard$

.tora. transactions

tim. sslleet$

From this it is clear that to hay. a clear and

at:C:l.w·ata pi ctt.lre of how well tr)e sY$tem is par'fol"mi ng

requires an analysis of

work (c\ct.i.vity>

equipment performance

In this section I will deal with the re$ource

t::ol'1ver'siem process and 't'.he e(:Jl.llpment perfc)rmi::'\r'lcs

while the resources will be cov.red eKtensively in

the section on Budget and Cost Contral althaugh it

forms an integral part of the MMIB.
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't!.lnct i on is 1'1:0 g;l:ti.qe the w.Of"tJ~\ 0.*. tR,~ ma!i.n1i~'I;\'N\\\n'~~

$t~ff , or' to t..h'e<e-t-liS'ct:l.venasl;j lOf the servl, c::e·th'a
fLtncti Oil perfor'ms. II t:z,:tl

Oper'a'UlOnal. .::\ndcost obJe<::'itive$;. dei i ne the two maio n
per'f(;:)rmance aF'aas that must be asselEised to deter'mine

'(:he effecti veness of thE) m.;:.\:i,ntenance fUf1ct.i on , TlO

achl.eve its ob.ectivE?s the maintenance fLll'1C'cion naeds

to emb"",'k on the F'l.ant Enhancement F'r-(::lgramnrewhj,J.a

i:i1e effects of

the PEP ¢t!"-S

gOOdm~intenance and the 1'·eSI.11t.s

determined from Yn assessment lOf

of

the

The el ements thii:\t r-aqu i r'e assessment and -the

par'ame'l:er-s "{;:hat. need to .be moni tOI"'ed at-e depi cted i rl

AppendiH J.3C arId ofollow the gl.lidelinea provided by
Stapel. berg 1221, Wakefi al d (215) and Car-I~'oll (48)

Each of the p¢u"ameter's to be measul"'ed wi 11 be

discussed with, wherever applicable, a possible

sl-(planat.ion on r'ot'lt r.~t;\usesfoY'- poor· perfrJrmanC&h

Total Hours Booked to Jobs

= --------------------------Total Hours on Bite

This is calcl(lated fcw' the <1;\r··ti~::;ansin a'!ach

workshop. It is possible to achieVE a time

r·ecover·y of 90~9e;% .for· mechanic.::\). wor'ker's, 78-
85% for electrical workers. When implementing

th~ maintenance sYbtem thesa figures m~y be

lower. Racoveries balow thasa figures may b.
ellla tOl
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(Jl~n<i':\g~m!i1lnt policy.
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Total Hours Outstanding Work
___ · ......··.................... ...,...I_. __ ·_.._ ....... __ .oOj ........ _

1'otal l'1anhot.w·sAv.:\lLab Ie/wssk

Common practice is to sst.blish an av~rage
target of two weeks per workshop.

Another measure is the ratio of work orde~
tt..lf·nover·:

Number of Jobs tompleted
= -------------------------------Total Number' o·f Jobs on ReqLlest.

Reasons for consistently low workload:

Outstandi rIg jobs not r·ecor·declon jobcar·ds
outstanding jobs not being estimated
Estimates not recorded
Workshop overstaffed

tonsistently high workload:

Workshop productivity low
Completed jobs not recorded
Workshop Understaffed

PI ant IEgLlipmel'1t.Per"formance

Fr·eql.lency of bl"'ea~~downs
equipment reliability
Fai ].ur'es MTBF) =

meaSl..lr·eof
(Me.:tn Between

Tot.:tlShift Hours Less Planned Stoppages
Number of Breakdowns

Proportion of time (Non-availability of
equi pment) lost throl..lghbt"eakclowns:

Totel Actual Time for Breah:dowr\::i/Oe'fec:tstoppages
= ~--------------~---------------------~-----------

Total Shi ft HOLlI~S Less Pl"otluc:ti on stoppages



EqLlipmeJ'1t~vai 1~bi1ity:

Tatal Shift TIme Less Total Downtime
Total Shift Time

Equi pmt:m1::uti 1isat i 011 =

lotal Operational Time
;;::: --------.- .....-..~--.......--"..........-......-

Total Shift Time

Equipment capitalisation:

Total Equipment Utilisation. ----------------------------lotal Equipment Availability

Equipment Availability is one of the indicato~s
that probably attract the most ~ttention since
ever'ybody is immediately notified when ~
machine goes down and becomas unavailable for
pr-oduc-t Ion. FoIl ov)i ng Collacott (23) ~nd
Br'adley{241~vai.labi1ity pl"'ovidesa meast,lr'eof
how available Assats are by incorporating both
the time-in-use and the time-off for eqUipment
in the following w~y=

Time in use
Avai I abi 1ity ::;:--.-------.- .....--------- .....------.-- ..........---

Total Time Reql-tlred For' Prodvdion

Time in use= ---------------------~---~--
Time in use + Time to Repair

M)"TF
= -----------

HTTP + MTTR

Where MTTF - Mean Time to F~ilure

MTTR = Maa" Tima to Repair

This may be l.(sed as a measur'e of the toti:\l
paintenance activity=
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Diagnostic tim~
S·tr·ipdown time
Replacement time
Re-assembly ·time
Commissioning time

thus allowing optimisation of each of th~se
elements to incr'ease equipment Llp-time, or' as a
m~aSl.\r·eof mal"l;agemente·Hecti veness:

Spares availability
Tr'siI'llng
ManniAg levels.

It is difficult to generalise about equipment
availability but it has been suggested that
most modern equipment Should be able to sustain
at J. eas'e 95%. Ft.)!'" si ngh~ :i. t€i':"i'Pof pI~\l1tas
used in manufa~turing or with facilities with
high equipment redundancy this figure is also a
measure of plant availability. In the
production or process industry where plant
availability is a function of the availability
of ali ne of seveN:il items of equi pment e~:q;h
with its own availability, the plant
availability is calculated from the product of
individual availabilities m' series
availability_ Saries availability states that
the line is down if any item is down. With an
indivich.(al.aV.::l.il.abiHtytlf 95% each, ~nd +our-
items series connected~ the plant availability
changf;)s to=

This is a true reflection of what can be
SHpected
budget:ing

and must be bor'n~ in mind
Contr'ibLltor's to

when
low

plant availability will include the following=
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Undermaintenanc.
Ovet'maintenance
Inadequately trained
operating personnel
I"lachines ine\dequatel y speci f;ied, de$i gned,
built, installed

maintenance or

Machines overloaded
Lack of availability of spare$
Sabotage

2. ~A~s~s_e_s~S~',l~·n~~g__~I".~la~n~a~g~e~~m~e~n~t;~F_~r~'~o~f~i~c~i~e~~r,~lc~y~of
f1ai..rteI1anceFLmc'tion

!i~intenance Planning

Routine mainteni::\I1cecompletion:

Total Hours on Scheduled Maintenance Jobs
-. -------------, ....._--- .....--------------,.;...---..,....--- .....--------

Total Hours Planned for Scheduled Maintenance Jobs
or'

Total Number of Schedules Completed
= -----------------------------------Total Number' o·f SchedLIIas T.s$ued

The target $hould be 10~% and not lower than
95%. Reasons for lower returns

Too many bl"·eakdowns. Ttls ar·tisan is t.oo
bLtSY Y"epair·:tng bl~'eakdowns to r.:al~·r·yout; the
schedules

deme at the expense of
m~intenanCe jobs
Pr'oduction staff flO't making machine$
available for scheduled maintenance
Too many schedules
aad schedules
Lost sn::hedul.es
Inadequate work5hop ~lanning
Lack of interest from enginc~ering
per·sonnel
Shortage of staff
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Catoemust be tC;\kento enSL\r-c:~thC;\t schedul es ar-e

n;.lt: just ticked off in the office; this

r-equ:lr-es the engineer' or' for'em~.f'lto do checks

to ensu~~ th~t schedules have been completed

cOI"'r'ect1y.

t.IJor·kby categor·y

Me.sures the percentage/proportion of the ~Ot.~

t,j.m(Zf spent OM >::Iiffer-ent categor-i es of

eMgineering work.

Br'~~akdo~'ins

Maintenance

l'1odJ. f j. c<'Od:ions

CC;\j:Jltal ~Jor'k

Safety

The NPI!H"pr'Qvides tI,e follClwing tar'ge'\: for,- 'the

maintenanc.t:! miN =

Preventive 58%

Repairs 21%
Projects 21%

whi 1e ger1er'al tar·gets are 15--2121% on sct1edLtled

malntenance and 15-2121% on breakdowns.

TO be truly effective these iGdices should

be easy to r'ead and Ltnders·t<:lnc:i

be concise and relevant

be completed regularly

show trends and highlight variances

show initial and target performance while

·thei r' impaet ca,'1 be hef ghtened by

preparing the information graphically.
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I"launet ~\l12i111 wr·j_tes that r'ecent stud ies have shown
i:ha.tcher's "";"e in e:·:ces<;sof 11212 softwar'e packages to
perform various aspects of plant maintenance. The
application of Computer Aided Maintenance Management
(CAI"II"I)r'ang<;)sfr'om <;simplemicr'ocompL\ter"-based systems

Ther·e ai"e
a number of hardware suppliers who are interested in
marketing software and a number of software packages
whi.ch wi 11 01'11Y r-un on cer·tain h<,:\r·dwar·e.Do not get
off the be""ten t.rack , '1t:i s a ver-y e>:psnsi ve
E:n·:er·cise to purch asse a sophi $itir.:<':\ted,m<':\tched
her-'dwar'e!softwar'e system which is tot~'\lly infle:dble
and more eften than not ends up not getting used.
Many programmes initially driven by huge main~rame
systsms have been rep lac.ed by PC dr-i ven systems IlI

4
).

The MMIS consists of <':\11the informa~ion required by

each level of management. The information may be
gr'ouped int o SfH:·,)cj.ficmodu l.essand at the OL\tset it is
not n~ceBsary to purchase or develop a computerised
system capable of addressing all the modules. The
all encompassing maintenance data base is depicted in
Figure 3.6 showing the modules which are required and
those which are optional and may be added in time.

\ FINANr:;eAL
\ CONTItOL
" (OPTIONAL),,,,,

INVENTO~Y CONTno~.',
(OPTIONAL) \ ,,,

All encompassing maintenance data base.

Figura 3.6 Computer Aided Maintenance Management(~)
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Benjami n et al (25) v-w'i'l::esthat a sur'vey among
compr..\niesinter'ested in CAMM, showed that. gener'al
applic~tions software packages for microcomputers
were very popular due to their relatively low cost.
These packages are readily available and the
ma:in'l':'enanCemanager' rousi: consider' the opcLon of
developing a collection of these packages to suit his
ileeds. A'iother· al ter·native in the development of
CAMM is the adaption of gener·al application sofh,ar-e
(Lotus 1-2-3)~ which most often includes features
fot'"'=

wor-d pr'ocessi ng
spreadsheet analysis
gr-aphics
database management.

Bought) comprehensive
acquire and install
modification to give

systems
and often

at'"'eexpensive to

systb,"\m is o+t.an infle:<ible and seriClLUS c:ons:1.deratic.m
must be given to developing a unique system suited to
company needs.

3.3.4 Planned Maintenance Programme and Adminir~ration

Ver'steeg ':2&1, MOL.tby··ay(11, Fogel (21) and Pr'att (211,29) all
indicate that, until re~ently? it was assumed that
the b~s>t for-m of maif'~tenance was sysi:emCitic plant;
overhauls with equipment or components replaced en
the bCisis of Cin Cissumeel ot'"'proven hard life. All
that was r·eqL.lll'·eelwc;\s to aCCL.lmLllate sl.lffi ci ent data
and replace the component before the calculated
atver'a(:;jl'lL ife was r·ea\chsd. Th Is appr'oach i <,;oJ, howevEiY",
only applicable to simple items of equipment or
eqUipment with ~ dominant failure mode.

The move is away ft'"'oma
Pt'"'ogrammeto a Planned
implementation of a

simple Scheduled Maintenance
Maintenanc~ Programme. The

Planned Mainta~ance Programme
requires a structured approach as depicted in
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Appendb: 3.3D. This model has been adapted from one
proov!ded by PE: Corpor-ate Ser-vice.;z;" (h,)

fult.dpment Sel ect i on Anal ySi s

The cost of a project, d~pending upon the plC':1.ntsize,

will be high whether- utilising own per-sonne:t or-

outside consultants. The decision to follow this

('"-outeis an economical ems and the cost of the

project must be offset against the benefits of less

downtime, lowar maintenance expenses and better-

utilisatic_:JIi of equipment arid Labour, In plants

operating with high levels of downtime the benefits

of a maintenance programme are self evident and

u!anagementwi 11 easi 1y be convi nced of the need to

spend the money. In plants opel~-ating at lower- levels

of downti me and in t.he cur-r-ent economic recessi on?

man<:-tgementis har-d pr-essed to r educe cash ot.d:.f1ow.

The m""intenanc:e 8ngi neer- or- mednf..:enanceman.:\ger-is

C':1.1readyfaced with reduced manpowsr~ pressure to

r-edLlceeKpenses, impr-ova pr-oduc t t vi -ty and furother-

reduce plant downtime. To ensure thC':1.tany programme

is successful requires of the engineer to =

identify the areas requiring attention

pr'ior-iti$e these ar'eets or- items of eqLlipment

proceed with the programme, focusing on the

m~st significant plant or equipment.

The Pareto principle must be applied since, in

gener-al, it has been found that appr-ox I matrily 20% of

all the 1TI;a:L ntenance pr-ob 1ems in an or-q ani scvtiort

generate about 90% of the losses.

At !t.:.'!me plants r'ecor-ds ar-s Ii rnitee! to daily

opsr-ati onal logs or- shift repor·ts whil e eJ.sewher·a

datai 1ed repor-ts and maintenance racor-ds ar-s kept.

This information may be suppJ.ementedby plant tours,

discussion with operations personnel C':1.ndmetintanance

personnel. The analysis is primarily concerned with

the main factor-s i:\ffecting plant per-'formance:
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Availability/Utilisation
r'I"oduction Rate
Produc.t;Viald
Cost.

GibsonH?1 gives an e)·(C':\mpleof an analys.is on a power
station and is graphi:ally depicted in Figure 3.7.

Hours
UNS!>Gt./FIEP

€[ECTRlCAl- 'j)1m?'8tmoN
TOR.5INE

Number' of Stoppages

P({.()GRAMMeD
MAINTENANCe. UN'GPCCIF(£D

.. C$O~ol.J
~~====srF~WA~

FigUf'e 3.7

TI18 downti me aM.:3.1 ysi s shows that apar·t fr·om schedul ed
m~intenance, the boiler seems trou61esome. However,
further analysis in terms of the number of stoppages
shows that combUstion problems are disruptive.
Attention can be focused Where it will have greatest
impact.

Equipment Analysis

Plant and equipment exist to perform a certain job,
i v e , thElY have a specific f\..lnction. Maintenance has
the responsibility of ensuring that the equipment
carries out the function and plant output is a
measure of the success with which the plant carries
out its function. Versteeg (~Iindicates that the
obvious place to start considering the maintenance
r'equir'ements of an item of equi pment is by def ining
its functions. The inability of an item of a plant
to per·for-m its intended function is ter·med a
Functional Failure. To fully define the overall
failure of an item of equipment requires:
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identifying the significant components of the
item. This r·equir·asa logical t:H"eakclownof the
item into significant components. This
breakdown may follOw the product flow through
the equipment or be in terms of assemblies or
sub-q,ssembl ias of the equipmant. The
iden<~ificat.:i.onof significant component.s may be
dona following a modified Fault Tree Analysis
(FTA> (:;:4)(4'1') OF Equipment Assembly Tr'ee (EA1-) mil.

These two methods are graphically depicted in
Appendht 3.3E.

iderl'tifying :.::\11 of the functions of each
sign if j, canit:component separ'atel y. It is only
in these fUnctions that. the functional f.::dlur·es
can be identified.

The following is
analysis:

an e:<ample of such an

Equipment Con'o/eyerJystem
Fundi anal
Components

1. Conveyer Dr-ive
2. TE.:l1sioningDevic~
3. Belting
4. Pulleys (head & tail)
5. Idlers
6. Feed hopper

Functions 1.1 Drive Belt
1.2 Move Load
1.3 Return Load when Stopped
I

6.1 ChaMel Flow ·to Slide 8.at:e
6.2 Contains Material

Functional
Fai.lure

lA Belt Stops
lB Conveyer' cannot ta.ke Load
1C Convsyer rLlns ba.ck

6A NQ. product fl ow
6B Material spilla.ge occurs

In 1978 F .. StanlGlY Nowlan and Howard F. Heapl;ul
published a book, °Reliability Centrad Maintenance"
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whi ch was the resL\lt o·f el.;per·iance gai ned in t,he
maintenance of civil transport aircraft over more
than twenty years. RCM is a maintenance concept

est!i:\blished princj,ples
structured manner to

applicable maintenance

V-JhL.::h combi nes seve''''alwell
and presents a logical and
anal \1ze equipment and devel t'JP

prog~ammes. It answers the following questions =

~"Il'lymust i.r. be mai ntai ned'?
how mU$t it be mal ntai ned,?'

that in the management of
maintenance
Classical

str'ivi ng to
of maintenance

integra,e the
with i$suestheor·j.es

relat!ng to safety, operating economic$, plant
thec!r'y~design., management, reliability

equipment criticality and condition monitoring. A
technique for integrating all of thi$ lies in ReM.

Failur'e Mode Effect and CI"'iticality Analysis (FMECA)

The concept
been defined

of Function and Functional Failure
and discu$sed in the conte:-:t

has
of

significant components. The ability to i~entify a
functional failure or potential failure dapendR on

claar definition. of the functions of items as
they relate to the equipment or the operatina
context in which the items are to be used

a clear definition of the conditions that
constitute a fUnctional failure in such a case

a clear definition of the condition. that
indicate the iminence of this failure.

FailUre Modes

A functional failure may be due to a number of
different reasons, designated failure modes. It is
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the manner in which the functional failure occurred.
An example is the conveyer feed hopper which fails
when material spillage occurs. This failure may be
the result of the flange bolts failing, the caSing
corroded~or the casing worn. The most likely failure
modes must be identified for' maintenance purposes.

Failure E:ffects

A shor·t summar-y of the effect of the fai 1ur-e is added
to assist when maki.tlga decision about an applicable
mai ntenance task., The qLlestions gener'ally consi dar-ad
are:

will the operating personnel know that
failure has occurred or is the failure hidden?

hoW wi 11 be fai 1UN:) become evi dent'~'

are there any safety consequen~es resulting
from the failure?

what maintenance action will be required and
how long will it take?

what possible secondary damage may result from
the fai lur'e''';'

what pr·ecaLltionar-v meatil..W·esmay be tal'::Eh'\ if

repair cannot be effected immediately?

wha'l: is thQ probability of such an event
occuf·r·ing'?

The aspects of Function, Functional Failur~, Failure
l"lode arid Fai 1Llre A.ffect ar'e add;"essed using the
Information Worksheet shown in Appendix 3.3F.



Page 68

Mal ntenance str·'=tt~~

Equipment Failure Patterns

One of ths under-I 'Iing assl.tInptions of mai ntenance has
always been that there is a direct link between tha
amount; of 5cheduled maintenance
r·eliabil.ity.
'chat beca.use

This assumption was based on the belief
mechanical "'lear'out~ the

r'elated toreliability of any equipment is directly
oper'atin9 .a.ge. It feJllowed that to r·educe the
likelihood of failure, an i~craase in th8 frequency
of over·h.=\L\].s w.;:\sr·eqtd.~··ed. Studi es based on the
anal ysi s of fai 1LW'e d8 t:asLtggested that maintenance
based on hard-time ~olic:ies were, apart from their
o)<pemse, ineffective :In contr·o11ing failur'e r·a.tes.
The reason was not becaUSE intervals were too long or
that inspections were not thorough~ but rathar
b€lcause~ contr·.=tr·yto 1;.: ,q::l9.cta't:.ion s 'I for' m.::xnyitems the
likelihood of failura did not, in fact, increa~e with
Clpl-::w·at.ingage. (24) Nowl.a!"(311·fol.mdthat onl.y U% of
items, in fact, benef:i.ted +r-om sctleduled maintenance
while 89% followed different failure patters, none of
which showed wearout with operating age. Age-
Reliab:i.lit'lPatter'ns ar·@.showr1 in AppendiH 3.38.

The di ffer'encas in fai Iure patter'ns hoI d the I<:eyto
maintenance strategy. This aspect has led the move
away from trying to find often non-existent fixed
time intervals for Scheduled Maintenance to the
concept of Planned Maintenance where the most
appropriate maintenance task is identified. Since it
is the ob jg,ct ive of mai ntenance to ensure that
equipment is avail~ble when required by the operating
personnel, there is an increasing trend toward
inspecti on pf"ocedur~et;desi gned ·to identi fy p\';')t.entia1
failures, and to initiate action before a fUnctional
fail.ur·e ('JCCLU~·Z. The ccmcept of "P-·F" time is
depicted in Figure 3.8 below.
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100~ 8 Vislbl~ crack
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The interval between a potential failure and a
fL.lncticHlal.failL.lr·eis dentl't:edas the "F ....F''' time.

Reliabilitx Engineering

To be able to establish a failur's pattern for an itElffi
requires an understanding of Reliability Engineering
and the associated definitions and concepts which
govern the acq~isition and analysis of data. The
theory discussed below has been taken from the works
of Br·adleyI2,." Cht.lr'chley(32; Beasley (33) and Br'it::!134).

Since the nomenclature of reliability engineering is
not yet standardised the symbols will be defined as
and when they are used and generally follOW the
guidelines provided by Bradley(~t

Reliabilitx, expressed graphically, is a plot of the
relative frequency of survival to operating time.
Relative frequency being the ratio of the no. of
items surviving to the total no. o~ items which
started the test, at a specific oPerating time.
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Musbl!, IIUl'vWng at UII t

NUlber of it.sl "han til •• I

or R(tl • PrQblbiltty of th. tteA wDrking at til' t.

In contr'as'!::t.oReliability we.have Unr'eliabilit:r"

UnrllHlbllitYI FIt). Probability thin An it•• Ifill fail b.for. Hit t.

The number of surviving items plus the number of
failed items constitute the total number of Items
Which started the test. Thus, relative to the total
number of iterns, the pr-opor-t; ion of sL.tr~viving items
plus the proportion of failed items constitute the
whole, and since R(t) and F(t) are both defined as
proportions~ then:

Ret) + F(t) ::::1

Graphically, the cancepts of Reliability and
Unreliability are shewn in Figure 3.9 below:

F:i.gur·e3.9

....------1
• 1

:f
~I
lil

f

o 200 1000 1200

The probability of failure in a given time interval
tl to t:.2. Can be expressed as Ret1) - R(t2). The
failur's_r'ate, 0(t), is the rate at which lailur'es
occur in the interval tl to t2.

Number of Qptming hours

Plot of RCt) and F(t) VB Time(~)
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R(ti> ,- R(t2)

0(t) = ~--------------
(t2 - t1>RCt1>

The instantaneous failure rataJ or hazard rateJ z{t)
is defined as the limit of the failure as the
inter-val 1ength approaches zero. A cornstant failul"'e
rate, which corresponds to 0(t), is often called
1ambda (1). A r:onstant f ai1!.!r'e rate simp1ifi es the
mathematics of reliability engineering. Often z(t)
is not constant allover t but is constant within
certain limits·of t.

The Failure Probability Dl:.,nsityFUnctionl f(t) may be
defined as follows:

t • &II fltldt • 1,'
til'

The area under the f(t) curve is unity or 1~0% since
all items will fail eventually. The f(t) curve can
be divided into regiens of FCt) and·Rtt);

t
J f(tldt • FIt!, fi

f flt)dt II R(t)
t

FlU + Rlt) II 1

This is depicted graphically in Figure 3.10 below:

Cdm.Ulllolluro r.". ~,. 0.0011

Failure Probability Density Function



The differ'ent sectiot1s of the classical "Bath Tub
Cqf'Ve", FigLll"e3.11, can now be anal yzed in terms of
the above theory.

--Uselul workil1tJnfl\--- ....
I

Early 1_ Constantfailure
1 rate period
I
I
I
1
I
I

Wear out

c

Figl.lr'e3.11 "Bath Tub CL\rVe" of Ha:.!C:\r·dRate z (t) (241

o
Time sin!;" test started

FailUl"es in the first region al"e due to manufacturing
and design faL\lts. In th'esec'ond r·egiortfailures
occur at a low I"ate~ at random and from causes such
as accidents. In the final pSl"iod, failure. occur
mainly from components wearing out. Although
componeni:s within an item may show wear', the item
generally follows a constant failure I"ate.

If it is assumed that the time to fa~lure is
described by an exponential density function, then

f (t) =

where: e - Mean Life
t = Time period of intel"est

Now Reliability at time t Can be expl"essed as=

II) 1 e-*,/" dt
R(t) = i

t e

Mean life = arithmetic avel"age of the lifetimes of
all items considered and for the exponential function
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the mean life iB equivalent to the mean time between
fed lur'asr

Then: "~e ~t/H

__e ...~t

Number of failures
Wher'e~ 1 "'"---------.----.~---.-----

Total operating hours
j,

M -.,Mean time betweerl failur·es (t~ITBF)::::

Faill..lI"·e_Conse9uence~

The evaluation of failure consequences and
maintenance strategies are facilita~ed by a decision
di.;\gramtechniqLle. Th ia invcjlves a spec:i.fic:sequence
of t.1eci$ir.mquestiol'1sr'equil"';lnga flyesUno" i:WSIAlerin
each case. Wher's the infer'matierltel make a specific
decision is not clear, a default answer specifies the
action that will best protect the equipment until
there is a basis fb~ a better decision. The RCK
Decision PiaC;;Jramis given in AppendiH 3.3H. TI1e
answers to thA decision diagram are documented in the
ReM Decision Work$heet as shown in Appendix 3.31.

The conseqLlenc:e.S of a fai 1LU"e wi11 dictate the
maintenance requirements. These
cost of replaCing a failed

may var'y
comp onerrt

+r-om the
-co the

destruction of expens~Ve equipment or the loss of
life. All ~ailure consequence. are grouped inte four
categories defined as follows =

Safety, involving danger to personnel
Oaerational, involvin; economic loss and the
eOErc of !"'epit,l,i1"'

Non-operatj,cma1., involving only the t".ost O'r
!"'spair·
Hidden Failure~ which has no direct impact, but
increaaes the likelihood of multiple
f ai Lur- f.;).



The importance of identifying the consequences of
failure is given by Versteeg1D~

it determines the significance of items for
preventive mai~tenance
it establishes the preventive task objective
i'l:tietet"mine$ the defaLIIt str,s·tegy when no
applicable and effective task can be found.

The decision pr'ocess involv1.ng the iden·l':ifiea·l':.ior1of
the cClI'lsequenceso·ffail L\r;eis dept cted in F'i gLtN:;

3.12 below:

[
........__.._--_...._._-_.._--j

. II t.he fatlurl! evident til the operating
staff during nOf.al pe~fDrRance of their
duties?

\ -----y;;-r--;-------

L
D;;;·th. e. ;; •.c:i1;-I'.e',• ;~-u;.;-;.-:.~~.::-;·~l-.--:;DEJUNClIDNfunction or secondAry da~ige that

could have I direct effllct on
opErating safaty?
-~-----Villi No

-E·.::=-----:::1--------IJS~FETV CONSEQUENCES 3, 000; the ti.ilure ~ave an adverfie .
effect en 0pllraUonal capability?-~"--"----I-----

f----~~--- . .----~------1
OPERA IONAl NOH"OPERATIONAL
CONSEQUENCES CONSEQUENC£S

F'igur'e ::3. 12 FaiIure Consequences (121

An effective maintenance program will realise the
inherent reliability of the equipment but no amount
of maintenance will improve
reliability is inadequate
r·edesign.

its ~eliability. If the
the only recourse is

ReM identifies five categories of planned maintenance



On-condition Tasks. Scheduled inspections to detect
potential failLlr'esi;:W'S commonly termed em-condition
tasks~ since they call for the removal or repair of
individ\"lal.components of an item lionthe condition"
that they do not meet the I"'eqt.lir·edstanda.';J.

SCheduled Maintenance which includes Rework and
Discar'dtasks. Many simple and Single-celled items
display wear'Ot.ttchar·acter·is;tics. That ls1 the
probability of failu~e inc~eases significantly after
a ce~tain ope~ati~g age. If this wear-out age is
identifiable~ the dwerall failur'e r'ate may be r·educed
by imposi£'\.ga hard 1:ime 1im1'\:;,topr'event oper'ation c\t
the ages of higher failure frequency. Rework or
Discard and Replacement of parts refers to the
maintenance actions required to restore the items'
original resistance to failure.

Rsdesign. When the reliability of an item is
unacceptable and no maintenance can be found which is;
applicable and effective, the reliability must be
improved by redeSign.

Failure-finding Tasks for Hidden Failure~. These are
scheduled inspections for hidden failures.

No-Scheduled Maintenance. If no tasks are found
which are both applicable and effective, the item is
left in service until a functional failurs occurs.
This permits the item to realise its maximum useful
life. It is important to ensure that such an item
has no hidden failur·ssand that a failLtV"ehas no
ssf.ty consequences.

The development of a maintenance programme consists
of determining which of the maintenance tasks are
both applicable and sffective

applicability depends on the failure
characteristiCs of the item. An inspection for
patential failures can be applicable only if
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the item has characteristics that make it
possible
condi'ticm.

to defin~ potential fai1ure

sf~:ectiveness is .,;;\meaSl,W'Sof the r~.lsL\lts of
tI-'ie task. If the failL\r'edeles not involve
S&-tsty, then the e~:fectiveness is meaSL\ret! in
economic ter·ms~. i ,e. 1:he task is effecti Vel if

it is cost.....e!ff~c:tive, In the case of
operational consequences the cost of finding
and correcting potertial failures~·~~t be less
than the combined cost of the operational
consequences plus the cost of repairing the
failed un i tiss., DobsonH21pr'ovides a si:andar'dised
economic trade off study which is included in
Appendi;.:3.3~i.

Services and Lubrication. Most equipment requir'es
scheduled servicing and lubrication to maintain
satisfactor'Y oper'ati.on. Lubr'ication cOllstitutes a
discard task while servicing constitutes an on-
condition task.
whether they are

There is usually
applicable and

no question about
effective and are

automatic~lly included in the Maintenance Programme.

Once the applicable Maintenance Strategy has been
iden'U'fiedand providi.ng that it involves some for·m
of maintenance, a task is identified to achieve the
objective of identHying or'~ill.iminatinga failur·e.
In the absence of sufficient operating data a
conserv~tive initial interval for the task is
selected. With the acquisition of operating data the
factual information required to revise initial
deciSions will be available. An example of
maintenance tasks and +r-aquenc i es are pr·t-asentedin
Figure 3.13 below.
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2 Servicing
Mod. 2.1 Task 2.2 Purpose 2.H·requen~
1 Check eootant love I In o~erllow reservoir once~
2 Flush rlldialor per MP·l0n Remove SCllldparticles & gelled matter Once;i'WrI

,-3 None - "1
n en-men or no --MOde 3.1 Parameter 3.2 FreQ\)ency 3.3 Criteria

1 Coolant l~mpar~lure (gage on dash) 1!i·mlnute Interlsll >1eOF
2 (same as lor Mode') (same as (or Mode 1) (same as t or Mode 1)
3 (same 3$ lor Moda 1) 5 minutes after each ct d start <1SSF

3 CO dill It I

4 Scheduled Inspections tor condition assessment
Mod. 4.1 CMdition 4.2 Frequenev 4.3 Criteria

j Puddling beneath vehicle Dallv Presence ot puddle ..~
2 Ra(e 01 draining during flUShing Once yearlv (While lIushlna) Abnormally slow
3 None -~,-

Figure 3.13 Task and Frequen~y IdentificationlU1

Following Moss(U~ ReM maxi~ises the effe~tiveness
and efficiency of preventive maintenance by directing
tasks to defer or prevent the occurren~e of a
sped of ic f ai l ur-e, The tasks mLlst be or-q an i sed into a. .
schedule that imposes the least bur-den on the product
user and mini.mizes the time that the :i.tSI1lmust be
r'emoved perfor'm preventiveser·vice+r-om to
maintanance.
pr·act:i.caDle,
l"'eqL\ir'ed by
fi tted into

The maintenance action must, as far as
De performed when the item is not

aperatlons personnel.
a modularly structured

Tasks must be
schedule using
the tri gger· tor'calender· time or operating hours a~

maintenance action.

An e}·:ampleof a Maintenance Sched\..\le+r-om the work of
De-Weerdt (lUispr'ovided in Appendil< 3.3~~:.

3.4 The Maintenance Budget and Cost Control

liThe quality of bythe service provided
Maintenance Department has betome a cornerstone of
profitability in many industries. How~ver, the growth
in the demand for this service has led to a
corresponding growth in the relative c05t of
mai ntenance. IIlS'l

Hence the maintenance function faces a twofold
problem~ i.e. one of quality of service and one of the

the
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cos'\: assc)ciated with pr'oviding the ser·vice.
Maintenance cost can be redLlced ina number' of ways,
among which are the following I

utilising artisans,
reducing the number of staff required

identifying those items of plant making the
biggest cor,tr'ibution to maintenance cost and
focwt,ing manager-ia.( effort to l:nSI..I.r'ethat
breakdowns are reduced while eliminating over-
main'!:fmance

Impr'oving the standar·d of workmanship;
el iroi1'1ating unnecessar'Y r·e~wor·1::

and consLtm~\ble
ensLw'·e high enough

spar'es
ser·vJ.ce

:analyses
l.evel

to

simult.aneously r'educing the high
associated with keeping expensive spares

and
cm:;·t

ensuring that those who are spending the money
have access to infor'mation which will timeously
inform them of expenditure to date and relative
to budget

ensuring that a reliable method is used to
accumulate, allocate and report costs in a way
that is simple to Ltnderstanc:and meaningful to
those who must use the information

establishing an efficient equipment replacement
policy.

Sanctions have ensured that equipment and spare parts
:inf1C'ltion gr'eC'ltly e:·(ceeds the consumer· pr'ice index
(CPO. To ensure that the cost of maintenance
influence on the CPI is
control is very real
poliCies have disappeared

minimiZed, maintenance cost
and equipment replacement

along with the capital
required for the investment. This aspect is not as



negative sa it appears at first. In line with World
Class Manufactl..lr·ing 60% of Japanese spending is
devoted to upgrading the capabilities of existing
equipment and processes whereas the US spends 75% on
addl.tional capacity and r·eplacement of old eqL~ipment.
Mal.ntenance cost ccm tr-ol str·ategl.es and maintenance
pol ici es mLlst ensure avaH abU ity in the short and in
the long ter-m.

Maintenance cost may be divided into two main
categoY'·j.e.,i.e. Lab our- cost and mater'ial cost.

3.4.1 Material Cost

Mai.ntf'lnance mater·j,als ar'e the items yo·equir'ad to
en.ur~ that plant and equipment are kept operating
safely and reliably. These materials can be divided
i.nto a numb er- of differ'ent categor'ies, see Dob.acn (1)

and Hipkin05~ but may generally be Classified as
l.lsagespar'es and inSL\l"'anc::espew'·es.

Usage spares are used on a regular basis and are
subject to normal stock control systems which include
minimum stock levels, re-order levels and most
economic re-order quantities based on historical
usage. See Appendix 3.4A Figure 1. Items are
classified using the ABC distribution, Appelidi:<3.4A
Figure 2. ABC analysis has as its basis stringent
control of costly materials and relaKed centrol of
cheap materials. An example of an ABC analysis is
provided in Appendix 3.48 and is taken from the work
of Sc:hQnber'ger'et al(",).

Insurance spares

Dobson!12)states that if all rnaintenance spares wer's
managed using an ABC analysis most of them would end
LIp as Bar' C c:l.as'Sitems and managed accor'dingly
since usage spares make up a small portion of tetal
spares. The results Would be



Page 80

many items being eliminated from the stock list
due to low usage

lower customer service levels being set, while
certain items require 100% service levels

reI ati vel y unsophj sti cated techni qLU::S wi 11 bf=
sel ected to manage imptw'tant spar'es.

FoIl owi ng Petrar'olo et alI3
?) cr- i tl.cal spares wi I 1

halt production and therefore require a service lavel
of at least 95%, wher'si..,\snon-cr'itical items r·equir·ea
sar·vice level of 90%. Insur'ance spar'es ar'e pur·chased
and kept in stock to avert major economic disaster.
They err·aLlsLlallye},~pensive~ have low usage and follow
very ir'r'egL,£al'"demand pat 'cer'ne.

The deciSion for keeping inventory is ~M ~conomic
one. It compares the risk of not having the spares
available in case of a breakdown to the cost required
for' the investm$nt.

Accumulating Material Cost

Maintenance Spares

When a spare is issued from the store~ the value of
the spare is debited to the cost centre to which the
spare is issued. The following illustration shows
how the coat of tne spare is allocated:

Tr·ansadion i: ____ ~_i~e~r _ Stores

ISpares xxx Spares

Transaction 2: Stores Cost Centre

Ispares xxx Spares

The main document in this case i~ the Stores
Requ~sition, Appendix 3.4C Figure 1.



rt is possible to byp;ass the stor's and purch.ase
directly for a specific machine. The allocation of
the cost of the spar'es is as -follOINS :

Tr'ansaction 1: Supplier cost Centre
xxx

The mai n document in this case i s th~.\'F'1.1r·chase
Requisitian, Appendix 3~4C Figure 2.

The centrii\l accoLlntj,ng system wi 11 captu.re the
stores, ~urchase requisitions and provide monthly
feedback in the form of a summarised General Ledger
Account together with other cost elements such as
salaries, overtime, benefits, etc. An example of
such a General Ledger Account is provided in App~ldix
3.4D. This information is useful in that it provides
an indicati on elf the per'for'maneeof a depar·'tr\~en·l:and

everl'l:ual.lythe bl.\sinessbut doe$; little to pr,ovl.de
infor'mc;\tiontimeously and per·mit an analysis for
identification of the eqUipment contributing mast to
maintenance expense.

Mainten<;l.nceLab our- Cost

Maintenance 1atiour- is analogous to ma;'ntenance !Spar·es
in that a cost c::entr'em!'s'\:: pay for the 1.boLW· hours
(spares) purchased from the maintenance worksh~p
(~tore). The maintenance workshop means any group of
maintenance artisans working for a single foreman~

Lab our' <Ti lile)
Suppl i.er' Man
Stc:r'e

cast Centr'e

Alloeatirlg ·the cost of spalP'Ssis r·e:;.sanabJy simple.
Allocating or issuing maintenance labour to cast
centre~ may be probleffiatic. The bi.ggest problem
arises from the way in which this time is maneged~



the way in which the cost of this time is calculated
and the e\cc:ur'ateand hones1: r·ecor·ding of the 'I:ime
spent in the var·ious depar·tmetrl:s.

Maintenance labour time may be divided into two
separate classes.

Time spent on site - The overtime and normal
time for ~hic:h the artisan is booked, is the
time captured from the clockcard.

Time bc\oketl·to jobs -.The time eF'tuaUy booked
to specific jobs by the artisan and is acquired
from the jobcards.

Some of th(;)i.\r·tl.SaM'S'I:irneis ta~"'-'mup by wi::\i'l:ingfor'
the next job anti in contrast to looking for spares,
walking to the job, or discussing the job, which all
forms part of the job, canMot be allocated to any
specific job. This introduceS the concept of Time
Recover,y.

Tima booked to Jobs
Ti me Recover·y ._-------------.~--- ••- >( H!l0%

Time spent on site

The time in both casas must be for the same period.
G~~eral values for time recovery for different
industries anti different engineering tliscipliMes are
obtainable and may be used to evalua~e the specific
inell,ls'tr·y.

In calculating the charge out ratm it is necessary to
establish he total cost of an engineering workshop_
The cost is made up of the following elements;

Salal'ies super·viS;(::w'y
maintenance management
Wages - artisans' assistants



st:~\of!f berilfH:l. ts

COrl$l\(Ilables pr'otective clothing, cleaning
material.~ tea ~ c~·fee
Tool$;
lI-Jor·ksl"loj:lspar'e$ and mater·:i.al$
Telephone. water, electricity,
associ !i:l.tedwith the wor·kshop.

The Ch~\r'geOut Rate is the C:C'lstof an ~\I"'"l:i'EBn t10LII'"'
and j.f mu1'l:iplied by the actual numb ar- of hOI-Ir's!:Spent
in a department will provide the proportion of
maintenance C:O$t to be allocated to a cost centre

Total Cost of Maintenance
Charge Out Rate - ---------------------------------Total actual hours booked to jobs

This method of allocating maintenance cost is simple
to LInder-stand~ pr'ovides ~\tr·ue cosi':'of an ar·tisan
hour and provides a basis of comparison with similar
compal-lies in industl"Y. An el,:ample of such •
calculation is shown in Appendix 3.4E and is taken
fr-om t.ha wOI"·kof EW'cmd13D).

To book time to jobs many companies make usa of a
'I::.ime sheet. This ':-theetis filled Ot.ltat tl"leend eli

the shift and the artisan is expected to reflect
where he spent his time.
associated with this means of allocating time are as
follows:

Tims bCloked is inac:cl.lr'ate$i nc:a th€!! ar·t:iS~\I1
attempts to allocate every minute of his time

Since th~ sheet is completed at the end of the
day, the artisan invariably will not be able to
recall accurately whe~e he was at a particular
time and will be in a hurry to get home

Since most companies also operata a job c:ard



.Y5ta~ it will be expected o~ the artisan to
book the same information twice on two separate
sheets.

This ,form c)fcolled:,j.ngdata and allocating time tIll,UEit
be eliminated and use should only be made of the job
C<lArdas eliscussad ead iar, To enSL.\I"'(~tha{~ 'AcC:I.trate
da'ta i. s Pl"ovj,ded ever'y job shout d tIedone Wi't:ll a job
C.-:tr'dand only ol''lf~per'son should work on a job car-d,
The job car'tispr-ovd des L\S with ::

a record of wM.t was done
the artisan who did the job - identified by a
unique number making a summary simple
the 'l:j,me spent
wharm the time was spent - unique plan~ number
the workshop that did the job unique
emgineer'l,ngd:i.sc:ipi.ir,e rll.\mber·.

A summary of the hours off the job cards will provide
us with the actual hours booked to jobs.

The time spent on site may easily be acquired from
clo~k cards. It is important to nota that clock
cards are usually returned to the commercial
department on a weekly basis and if the time is not
captured before this, it will be v~ry difficult to
determine it later on. To provide a continuous
record of artisan and labourer time parformance it
may be worthwhile for the foreman to cpen a register
on a monthly baai. to r.cord overtime worked, sick
hours~ leave1 time off, etc. This register is sent
to tt'lElmalntenl'::'\ncepianni ng dep~\I"tment :~leekly ,to
permit capture of hours on site and will then also
serve a$ a backup in the evant of clock card~ getting
lost arid 110 crt,har'means of a~quir:ing this information

Time recovery in conjunction with plant availability



If availability is high
shows that artisans are

and recovery law it
free to be utilised

otherwise, i.e. project work.

If av~\i1 .:\1;)11 i ty :i.s low and recove,"'y low it
wet.IId seem th~\t jobs ar'e not being done and

3.4.3 Allocating Maintenance Cost

l"laln'\:eI1ance must be alloc!O\ted the:!

departments which use the service. To allocate coats
at this la~el cmly will not vida the maintenance
manager with meaningful 1nfo~ ,n OM which to base
deciSions. The cost 0' mainte~. Je mU5~ be allocated
tC')individLla\l 1Tl•.',\chinesft';)r'1~ha .follC'JJhing 1"easoI1s<t4);

~ll.ow$ for· pinpoinl::i,h;j'tIll;) C'~a\..\se$of SLlstii:\l.rled
high costs

provid_. meaningful information for decision
ma.~f,ing

co.t performance of different machines can be
compared

budgeting becomes more accuratE

cast-effectiveness
routines and policies can be evaluated.

If the plant numbering sy.tem ha. been designed
correctly the allocation of maintenance casts i.
g,"e<\.\Uy .impu'·fi.ed. F'E Cor'por'ate Sar'vic!",lS1S41
propolSe. that maintenance costs
dert:.i1" This 1s the ideal

be reported in great
situation but will

probably only ba implemented with great difficulty in
companies where tha Accounting Management Information
System has not been designed spacifi~ally with thl.
reporting structure in mind.
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The cost must at least be allocated to it.ms of
equi pmer\t while further analysis wi11 r'equirr~
scrutiny of detailed Beneral Ledger Accounts.

3.4.4 Maintenance Budget

Maintenance budgeting may be done using a Zero Based
Budget or Historical Costs.

~ero Based Budgets

It is a time consuming practice of havirg the
engineer justify all activities and costs as if they
were being under'haksn for the first time. 1'1:: yields
benef ihe but t'equif~es much '1:1me and effor·t.

This seems to be the generally accepted method of
budgeting for maintenance. Mu~h work has been done
on providing indices for the level of maintenance
r·eqLd.r'edif.VI:'lI"'ioLlsi.ndustr·ies.
used for budgeting include~

Borne of the methods

CC:'E...ital F<epJ.aC!E..f!leI1tV",J. Lte. Dc.;) Mc:~ttel.sm!) states
that this is the most significant and reliable
inde:.: and suggests a figur'e of 4% for' the
chemical industry. For ths Food industry this
figure lies batween 3% an~ 6%.

§!l es Val.L\€;)is o"t(~n used as a basi s 'For-
establishing maintenance costs. In the Food
Industrl this figure is between 4% and 6% of
NSV and is low when compared with certain other
indwst.l"ielS.

versus production volumes.
all mi::,\intenancecost is var·iable and is C:\

function only of production volumes. The
actual monthly costs are compared to budgeted



St~nd~rd Costs ~nd yaH",iances are egplei nad in
relation to production volumes. This is an
~ver simplification of the fUnction. Certain
costs will be incurred regardless of production
volt,.tmeswhile other" costs ~re dir'ectly r'slated
to production volumes, level of planned
mainten~nce, level (Jfmain'l':.enam::er'elated plant
impr'ovements ""nd pr-oduczicn process
improvement. involving equipment redesign or
line J,t:\yot,.\ts.

ESCalation of Previous Ye~r's Budeet

A thi r-d method for- budget ing malntenance
is simply to increase the previous
budget by an inflationary amount with

yeay,·/s
total

disreg-ar'd fell" r'educ:tions in m~i liten;:'\I1Ce
expenditure~ comparisons with similar companies
in t:I·H~ same indw$tr'y, or' gener·ally accepted
norms for· the level of costs.

The general categories of maintenance expsnsa are

1. Additions to capital, which inclucie

New €'~quipment
Impr'clvements
Replacements

2. Repeir and maintenance expense, including

Breakdown repair to equipment
Preventiva maintenance
Housr:;t,t::esping.,i.f~. painting
Rep'air 'l::.<:'1 bLlildings

3. Cqr~t of pr'oducing and distributing Lltilities,
including steam, electricity~ water, compressed
air and refrigeration.
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The maintenance budget is set up using a combination
o~ the different budgeting methods =

Machinery Repair Budget a variable budget is
developed and is expressed in cost per unit of
prodl.\cti.on.

Plant Facility most
pr-sdictable All facilities
surveyed and anticipated repairs forecast for
the ncr.!)·{tbudget"

VehiCle Repair'
developed and :8
pr-oduc t i.en ,

Budge'!:"" a variable budget is
expressed in cost per unit of

Labour-Budget - this budget consists of a fixad
and a variable portion. The variable portion
is expressed in terms of manhours per unit of
pr'oduction.

It is clear that the standards are established from
historical costs. These standards are modified to
inclUde any cost escalations, propCl'.:~edpr'oductivi'!:Y
improvements and cost reduction goals and objectives
of the organisation.

Marketing provides the projected sales volumes for
the next budget period and the total repairs and
maintenance costs ar'ecalculated. These costs ar'e
compared to thOse of previous periOds to establish
Whether the overall eSCAlation is within the
objectj.ves of ttle organi.sation. Fur'theY' 11: is
compare~ to the Plant Capital Replacement Value and
the Nett Sales ValUe to establish whether these
ratios are within the indUstry norms.

Appendix 3.4F gives an example of a maintenance
budget.
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3.5 Maintenance Quality

An exact definition for Quality hardly exists but
generally relates to the degree in which the product
or- ser·vice confor-rnst.o tha design specificati.ons. A

popular concept of quality is doing things right the
firs'!:'l:irneand ever'y time. Foll.owing Schonberger· et
al (3., and Adam et al (391 the key to managi n9 for-qual i ty
1ies fir'st in tt'leawar'eness of the need to impr-ova ~

and then selecting impr-ovement techniques with a good
chance of success. There are several significant
steps in effectively managing for quality products and
services and is diagrammatically depicted in Appendix
3.5A Fi gur·e 1(<19).

For- any or'ganiseticn trlere ar'e h:ey
affect quality. These typically
facilities and material and we must

with the company.

element!5 th.t
i nclL.tdep(;'!ople,
under'stand how

Pr·oduc·!:sare
manufactured, parts are made, services are generated
and customers are served. Adam et al ~')5tates that in
this conversion process we must establish whether we
ar-ecortfor'mingto pLan , The qL.lestionswe must ask and

we seeldng the continual quality
improvement desired?

are quality processes under control?

ar'equaHty costs in line with e:·:pecta·!:ions'-;:'

Once again it is necessary briefly to consider
productiVity. Following Faull (UI there are three main
themes in productivity effectiveness, conversion
(utilisation) and efficiency (cost-effectiveness),
and, put s1.mply~ it measures the r·ati0 of "VialL.leof
C)u-t:putsllto IIcost of inputsll

• ihe "va].uell is de'fined
by the customer (operat1.ons management) and this is
wher'e lIaf-Fectiveness" or doing the right things
(QUALITY OUTPUT> finds its application. The



maint.;manc:edept.w·tment is being e'Hec:tive insoNll.\cha$
it correctly defines the customer's needs anB begins
to satisfy them. The inputs are physical units and
gener'ally include LABOUR + CAF'ITAL + NATERIALS +
ENERGY. These inputs ar'e conver·tetlto o\..\tputsby
maintenanr.:e actions; hence pr·oductivity is negatively
affected if we do not meet the customer defined
outputs cw' if we allocate more th..\n the r·eqLdred
resour·c.einputs to achieve the outputs.

In the !TIC':d ntenance plan we convert t::ustomer·
requirement$ and overall business objectives into
maintenance objectives. It is in the achievement of
these objectives th.t we
Maintenance Productivity.
manufactured we measure
successive periods and
organisations. Following
and indicfas include:

find Maintenance Quality or
In the a~sence of productm

results and raport them for
them wit.h simi I ar'

Brand (::SS; typ ical par'ameter's

actual cost of one hour of maintenance work

ratio of labour cost to material cost

r'atio of maintenance cost to Nett Sales,
Capital Replacement Value

Tot,al Maintenance Down....time

rlaintenance staff to total amp10yses.

The sol~ purpose of the organisation is to make a
profit. In our highly competitive markets the
pressure is on reducing costs and p~oviding lower
priced prod~cts to remain competitive and to survive.

Faull ("I states that every CEO needs to create a
"questioning C\..tltLIN?II.This cL.tltut"'ewill.wF.;llcomei;\.nd
nurture attempts to find better ways of doing things~
eliminate wasteful Use of resources, etc. This is at
the heart of the productive organisation, and



Productivity Improvement is synonymous with Quality
Impl"ovemen-t.

All of the aspects discussed thus far

The Maintenance Plan

The Maintenance Organisation

The Plant Enhancement Programme

The Maintenance Budget and Cast Control

are in effect Quality Control and Quality Improvement
techniques. They do, however, relate mostly to the
SYiStems r-equir-tad to estab 1 ish control but fail to
addr'ess -the most impor'tant element, tha-t of the Peopl e
who oper-a'l:awi thin the sysbem. Br-own (41) states that
standards are only pert of the picture and that
mani:.~ger'smust troy to focus thei r- peopl e on caLIs!ng
pr'ocess impr-ovement if they ar'e to avoi d the IIGar'bage-
in, Gar'bage-ou1:H syndr-oms. This is tile only way to
avo I d the negat:i.ve chai n

and pacifying customers.
of rework, checking, sorting

We need to focus on the
concept o'~ Total
equally to
or-qan isati on.

Quality Management since it
F'r'oduc:tion and Services

applies
in the

Br'own(41) provides four' distinct steps t.O follow in our-
pursuance of the Total Quality Management goal~

All individuals must agree on a definition of
quality as conformance to requirements.
Manc\gement must ta~;:e the
requirements seriously
";'l"tall times.

and insist
set'cing
they be

o'f

met

To achj,eve
prevention and
l:::':veryonemt.lst

quality, management must use
not appraisal after the event.
be taught to eliminate the

problems that cause non-conformance.
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The performance standard must be set at zero
defects. Giving people standards that
encourage
nOlr'mal

them to
par·t

believe that
elf bL\sine$iS

a
Ilfe is

countli:?r-pr·oductive. ?HI individui:\ls must be
expected to carry out their jobs correctly the
first time- avery time.

Quality (or the lack of it) must be measured in
tar-ms (::If money. The people must know what it
costs to do things wrong.

Faull lUI provi~es a framework for improving
Pr'oductivi-I:ybut it may be applied to I rnpr-ovd nq

Gluali'l:y equally successfully since ttle two concepts
ar-e synonymous. The fr·amewaf'l.::campI imi=nts the Four-
l:itepsotrt li ned above in that it demonstr'ates how they
might be attained in practice.

1. Cr' ei:\t.e a questi ani ng CLlltur·e. Nevet"· stop
asking the qUestion.
pl"'oductivi ty/qual itY'f,1I

"How can we j,mpr-ove

Cl"-eate vision for' the
t>r'gallisati on.

3. Characterise initiative with these factors:
80.-:\1 s
Feedback
F'ar·tici pati on
EHper-imentation
F'ressur'e

Each of these concepts will be discussad briefly.

The Cause-Effect Vision

The individual needs to know why the function



exists and how his/her job relate. to the
overall. ebjecti ves of the depar"cment and t.hl?
overall purpose of the organisatiqn and what
happens for· them if the or·gan1sati on sL.lI:ce~~ds.
Individuals will understand how their jobs
r·elate to
effectiveness

·the
and

or-ganisati on I s sur-vival"
co.mpetitiveness. An

obsessi on w:i.th r'esponsiveness to cL.tstr.1tner·s,
eHter'nally and ifl'c€i!r'nally needs to eHist.

Goals give direction to.effort
measur'able and r·ealistic.
specific and challenging goals

but ml.,st be
Ft,.u"thel"ml;:lr's,

lead te) higher·
performance than eaSy goals. Job
c~.ear.

Feedbar.:k

Feedback is the return of information to. an
individual so that at least some of
information is a reflection of his performance.
The objective being that he/she
correct his/her perfermance.

may self-

Thit1 ilicludes participation in
m.aldng ~ goal
participation
disbeliefit,s)•

setting, evaluating feedback, and
in the results (rewards and

SOL.tthAfr'ican r·esear·ch has shown
high correlations between succsssful sections
and the degree to which managers are vislble
and invelved in the day-to-day affairs of their
areas en an unstructured basis in addition to
scheduled meeting~.

'"0. sear·ch c:onsr.iot..lslyfc)r .omswer·ste)ques'cions,
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trying different approaches. Inherent in the
t.;onceptis action, questioning and J"·i$k. Ths
outCt:lt1H?is not pr·edit::tablewith cer'taint,y and
the t::w'ganisat1 on O1L($t be tol ew :;",'(:: o'f SI"'r'or'and
"f..\iledll el{per'iments 'ifit wishes to enCf-H ..trage
the questioning culture and experimentation.

Pressure is sean here to drive out complacancy~
to demii;\l"ldat'l::ention and compel acti on. The
pressure should b~ stBbia and not erratic or of
a crisis n&ture. Research has shown that
bosses in succe~sful areaa are both more
demanding
<radt..\d,ng

(raiaing pressure) and more patient
pressure) than their counterparts in

F'el"sevel"al1S~

"fhf;1..\ct or- fad: of sticking to a PLll"'pOSeor'an
aim. The pursuit of productivity or quality
must not be a flash-in-the-pan. Evidence shows
that results are cumulative and are evident
over a period of time. In this area we find
the 1ear'nj,ng cur-ve theC'JI'"'Vwher'e repeti ti.em over-
time breeds competence leading to improvement.
Raalistic time frames must be sat for achieving
results or failure and disillusionment are ~'re
trJ follow.

Appendix 3.5A Figure 2 is a dynamic represantption of
the improvement process for Productivity or Quality_
Managsment~ in t~e context of maintenance will
include foramen and engineers.

3.6 Equipment Replacement Policy

3.6.1 Introduction



pr'·ociuct:.t.nof"H::Ui.tles.!:\r't~c.I"itl.c:alitems which at'Fect
the well being of any firm. An effective equipment
l"epl.'\\cerM:l'1tpolir:y means i:;'\r'apid incr'e~\se in
production capital formation and affects tha
operations of the business for years to coma.
Histch'ically bl-ts:,il'1essfit"ms have hl'i:\c1d;i,ff:lcl-!ltyin
developi.ng sound and effective measurement methods
for' eql.tipment l"·eplac.::ement. l.~e ehysic:.aJ. life O'r
~ili1me!:!.E can be e:<tenc.~.cLtD..!!t~4:i ni,tell bLF.!l"'C?E!'-:!:.
m;='Iin'l·.el,al·1(:::~?,.i\rld.J.:.I'.)j? ,roee1§!.£ement <ti..,_ear·j;§.. Thi s
statament is supported by Brand'~~ who states, in the
light of the astronofui~al costs associated with
equi pml?n'!:r'eplac:ement and the tr'emendous J.:>ressl.II"'aS01'1

pr'ofit!s and c:ash fl.ow, t.hat "Repl.-:\cementPol:tc:iesH

have disappeared &long with the capital required for
the :lnvestm€mt.

It is necessary to be realistic and realise that an
organisation must remain profitable and in doing so
needs to evaluate all investment opportunities. To
this and the replacement of equipment to reduce
expenses or improve operations may be a sound
inv\;:,>t.;;tmen'Laec~use equi pment I"·epl~~""ement ref.:ll"·e!$~mts
the long-term commitment of financi~l reseurca&~ the
firHlmc:i.alevalt,latj,on ma'l::h(::lds~I"e b~sed en the "·c;.me
cOl'1cep'c01: m(::lney". Tl"H::!St.~ incll-lde~

Discounted Ra~. of Return (ORR) or Internal
Rate of Return (IRR) wher'e the di SCOI.1I1t ra't(;;)
whl.ch ma~:(~s·futt.lr·einflows of c.:i'asheqlli:;,\],t.o the
cost of the project must be equal to or greater
than the organisation's cost of capital or also
commonly n~med Hurdle Rate.

Net Present Value (NPV) where the present value
of the future cash inflows, cl.Bcounte~ at the
organis~tion/s cost of capital~ must be equal
to or greater than the cost of the project.
FoIl O\ll!i. ng W.acht:.(43) NPV has been ~\cknow).f~dged as
the best criterion for an~lysing capital
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investments whi 1e Hsu 1421 statea that DRR 1'sthe
maat widely used.

Discounted Payback Period (DPP). Saaed an the
discounted cash flow technique it cansiders the
time required to recover the inttial
investment. This addresses l~quidity since,
generally, the sharter the payback period the
smaller· the liquidit.y r'isk and vice versa.

3.6.2 Economic Life

The total cost of owning, maintaining and operating
an item of equipment is obtained by adding the
capital, CClst and cur-r-errc e:,:penSeS. These two cost
fL.tnctions and trleir'e·Hect on the total CO!E!tis
depicted in Figure 3.14 below.

OWNING 'OS,.

1.1 Fll 1.1

Figur'e ~. 14 SC:'\sic AVerage Cost Model cu;', .

From this model it can be sean that :

Oper'ating coats increa:;e with age due to a
greater input of spares
maintenance and repair

and labour for

Owning costs decrease with age becaUSe the
capital co:;'\:(purchase priCe minus residual
value) can be spread OVer a longer period of
time

- The total cost curve has a Minimum value as it



is first pushed up by high capital costs, then
by high operating coats.

F'olloWl,ng Pl:;: C<'''w'pc)I'''ateSer"v;,C!*lSIU) the ecol10mic 1 ifa
is the period which end. when the average annual cost
of owning and operating a machine reaches a minimum.

3~6.3 Replacement Decision

There are two approach •• which may be used to decide
on equipment replacement. Both use the concept of

economic life and are:

Minimum Ann t.\<1:\I wher·e the
investment is accepted if the machine under
lnvestigation has surpassed its economic life.

Th. Challenger and Defend!*lr Concept where the
machina under investigation ia retained beyond
tt. minimum cost point on the conditton that it
remains che.per than the minimum
coat which could ba expected from
m.:AchiliSh

aveY"age .l;\Mnuial
<li\1"l eCluj,valent

The time value of money and the impact of taxs. and
equipment depreCiation must be considered. An
example of the economic life calculation is B~own in
Appemdil< 3.6A.

Th. above discus.ion consider. only the quantitative
judgement techniques. The decision to replace will
al,$0 cOi"lsidar qt.,.l, i 'I:;.<\i\ti V. ';\S~l.c::ts UJ.::e u

·~,tH~c)rg!::'\I',:1, sa'l'~,em '!::1 I"(::;!p l, .(::r,;)ment~pGtli c::~!

marketing raqwlrements
improved product Quality or m.chanical quality
aMacutivE jud;ament
liquidity of the organisation.
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4 IMPLEMENTATION

Implementation will consider those elements of the theoretical
model which require further discus.ion through applicatien of
the aforementioned theory and will include ~

Tha Maintenance Organisation
The Jobc;;,r'c(
The Equipment Ragister/Plant Inventory
Maintenance Managemant Information (MMI)
Planned Maintenance
C01*'t Con1~I"ol

4.1.1 Facilities

The plant under con~ideration is geographically
apr'aad (:!ll.l.t,'i:\ndcovet"s appr·oHiITli::'\tely 9121 12100 iSql..v~r·e
metres. It is distinctly divided into ten Arean ea~h
covering a unique process or oparatJnn. Append!K
4.1A shows a plan view of the complete facility with
approKimate location of the various proces.m~ and
operat:tons.

The disciplines may
organisationally central or araa structured and
geographically central or area located~ Ger'vices
mu~h as alactrical~ boilarmaking~ civils, machtnlng,

p 1",\J"ltm<l\\f't~·"'~~men·t,
r't;i)fl"'igel"at~onarlllJvrahic:J.e mainteH1ance ':'''\I'''ecent."'ally
1ocal:.ed for the Wh!'.:lle .it~. OL.teto the t\\rea$ki 11

w sql.\ir'emen't',s
·f itter's ar'e

and geographfcal
dacentralisad and

dispersion plant
allocated to area

workshops. ~lmo.t all of the disciplines hav~ a
skill orientated foraman. The disciplines are
grouped as eithar machanical or electrical and
refrigaration and resort under engineers with the
appropriate technical e~partiBe.



4.1.3 Labour Requirements

The br~akdown of labour hours with tha size of the
diad.plines r-equir'edis ahown in Appand:i.H3.:2A. rhFJ
maintenance organisation with the relevant
supervision and number of employees per discipline is
shown in Appandik 4~1B.

4. 1. .4 Maintenance Sar'vice

The processing plants work on a two shift basis of
9, :3:3 hour-s per' s~d··ft. Tim€;) is r'equiroad between
.hi fts for- cle.\\ning of equi pmard: and sar'vicing of
m,\:\chines. F'liimi: F:i.ti:er·}::;,Elac:tr-it'~ians and
Refrigeration Operators are required to work shifts.
These al"'e 11or-m (:.'\1 shl.f·!;.s,a night shift and a day
.hi·ft:of (:lne week dura1:i.cm ea.ch. TI1e day and trIa
n1gh1~ shifts ar'e each o-F 12 hour- dur'ation and ensur-e
that the plant is covered 24 hours. Shift artisans
ar'e r·equ:i.I~·(;)d'1:0 Ni!ma\i.n on site t(::Ibe readi Iy
available for any emergencies. A machinist and a
mechanic are placed on standby for after hours
a.rviee. All other personnel will work a basic 10
hour· ncw'mal daysh ift. With r·.gar·cito sl..q:ler·vj,sion a
mechanical and an electrical or a refrigeration
foreman will be placed on standby for one week and
will supervise all work undertaken on a weekend or
public holiday. Appendix 4.1C is an example of a
dt.ltyrelster·..

4.1.5 Reporting and Responsibility

The reporting structure together with the lines of
authority is shown in Appendix 4.18. This type of
or-ganisati on does not gil·(clLlda
communication o~ the shop floor.

the direct

4.2 The Jobcard

The jobcard shown in Appendix 3.3P is a copy of the
c.1f·iginal joDcar·d. It was subseql.lentl.y establ ished
that the jobcard book was too large to fit into a



psr'iiiotl'sp('1ckei:. This had t.lIs effect that -thebook
lay in an office and when wo~k was required this was
verbally requested of the artisan with the promise
1~ha'l:a _:iobcar'dwould follow. This VEW-y seldom
happened and work was being done without a jobcard.
The jobcar-d book has beel1 r·edesigned and ''irl:,''eamlined"
It fits comfortably into the pocket of ~ jacket or

A copy of this revised jobcBrd i. shown in
Appendix 4.2A Figu~e 1 and Figure 2.

The foreman is supplied with a list of Job Card Codes
which cover. the identified Functional Components~
Failwo'eModes
principle -I:hat

and C~useg of Failure. Following the
the system must be simple and easy to

use it was decided to issue a list of general
cC1mpone.\n'l:s arid 1ll1:Jdes"The ReM codes ""tre on1y -ft 11t':!d
in in the event of a breakdown. An example of auch a
list is shown in Appendix 4.28.

The job~ard does not make any prOVision for material
cost data. All information regarding material costs
is taken fro~ the Stores and Purchase fequisiti0ns.
Equipment is prioritised according to cost ~nd
breakdown history. Any ad hoc investigations require
the analysis of the jebcarcis and requisitions tc
determine the main contributors to cost and downtime.
lhis method has proved to be quite sufficient.

The jobcard procedur~. fo~mat and basiC informatien
has been adequately covered in Section 3.3.1.

The artisan loading board has been revised. The
leading board only makes provision fo~ Jobs Allocated
(:;,\nd~lc;..)sCompleted.. When a Job is held up due '!:o
waitin; for spares the jobcard is completed oy the
artisan and returned to the foreman. The reason being
that quite often the delivery ef spares takes place in
the month following tha'!: in which the machine was
stripped or the artisan is Qn leave or busy with
anothel'"job. The for-eman ht-,s the re;sponsibili'ty of
allocating jobs and setting priorities and will in all



pr-obabi1i'l:y hav~ to r'ea~1ocat.e th~ Job of ~quipm~nt
assembl 1.ng to the same or al'1other-ar-tisan.

4.3 The Equipment Register/Plant Inventory

4.3.1 Plant Numbering System

The numbering system must provida all the
requirements of maintenance management and fit easily
into eMisting procedures. It must provide for

Simplicity
f1e:<1.bilitY
the sl.lmmar,izingof
levels
easy identification of eqUipment location

information to various

sort codes for data processing.

It is imperative to ensure that limitation. are not
created in the long term puraly because the equipment
number was not correctly organised and structured.
It was establish~d that three (3) fields would
satisfy the requirements of cost and history summary
Rt the different levels. The three fields contain a
tota} of seven digits which is about the recommended
maximum number- of digits. The ol"'iginal nWTlberin~J
syetam was changed t~ suit the requiramants of
simplicity~ etc, and appears on the example in
Append:LH 4.3A.

The first threa digits represent the cost centre o~
manufacturing dapartment. The original financial
cost centre codes were retained since they allowed
for easy identificati~n of the area of location. The
next two digits represent a unit or line number
(similar equipment or equipment grouped logically).
Since the accounting structure requires the
summarising of maintenance costs separately for
buildings, vehicles and fixed plant it was decided to
diffarentiate as follows:



Page 102

C('1StCentr'e Li 11e/Unit
Number

fEJ
~J

Fi)(ed
Plant

~

l:EJ
Buildings

~B
191:1

The final two digits represent individual items
(IoJithina u- .a or line. °rhe nLlmber'i.rigsystem is';;
hierarchical following the cost centre where

Item

r'epl">es!Entsthf? first machine in the fir's'l::limi! in a
department. Appendix 4.3A is an example of tha
i2:quipmentNLlmbel"·:i.ngSYl'li'temwhile AppendiH 4.::':H:t is ~\r1

example of the Plant Inventory.

1.n·the case of eqLd.pment wh:i.c:li may be movsd or'
equipment which may ba used on mora than one line it
shOUld be grouped separately under a unit number
i.ndependent of any specific lirH::-!.Vehicles ssucrh as
forklifts should be grouped undar one unit nwnbar
with all indiVidual machines marked consacutively
with an item number commencing with 01. If the
machine is moved to another cost centre it will only
require changing of the cost centre numbar.

4.3.2 Enginaedng Department. ResponsibilU:.y Codes

When ma;;.ntenanca in·for·mati·on l.s pr'esenterj, a
requirement may be an analysis of the time (cost)



spent per engineering discipline per unit, line or
department. For this reason it would be necessary to
provide each discipline with a unique identification
nurnher- or- SOi"'tcode "few' summaroizing and ease of d~t,a
processing. The method used in developing and
allocating these numbers must s~·'l fulfil thE
rEquiremEnts set for the development of the plant
numbering system. Appendix 4.3C is an example of
sw:::ha MLtmbed.I'"lgsystem.

4.4 Maintenance Management InTormation (MMI)

4.4.1 Productivity

This is calculated for each distipline and for the
maintenance department as a whole. An objective of
90% has been set for all disciplines and will be
evaluated fer a more appropriate objective when the
maintenance programme has been in o~~ration for a
sl.tffic:ientlength clf time" An €(!){ampleclf the time
recovery for all disciplines is shown in Appendix
4.4A Figure 1 while Appendix 4.4A Figure 2 shows the
trend for a specific discipline.

T~e low levels of time recovery show that jobs are
being done without iabcards. 1M the case of the
electrical discipline, the nightshift electrician is
repa:ll'·j,ng I;:IN?akdowl1sonly and $Ii MCG) th~we ],s always
25% of that department en nightshift it will impact
significantly on time recovery.

A~pendix 4~4B shows an example of the &ttendance
register for a dEpartment and idEntifies the
emplr.:lyeE/employee>1$who have poor' a'l:tel'"ldanceand poor
ti me r"ecover·iF.l$.

The I'1TTRis calcl.11ated over' all BreakdclwrIact ions
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since it 1s only these actions which affect the
equipment availability.

Total time spent on breakdown actions
MTTR - ------------------------~------------Number of breakdown actions

4.4.2 Pli:mning

Pr·event:.ive Maintenance (PM)~--.--........._ ,.....__

Hours spent an PM
% PM = -----------------------------Total hours all types of work

Percentage of PM tasks completed and conSist. of
conditit1M meni tad ng , tasks and
scheduled tasks with regard to:

Lubr ica'!:i em
Vehicles
Plant and Machinery

Number of PM actions completed
Total numler of PM actions required

T11i. figure shc)LIl.dbe 100%. An example of a PM
scheduling documant and the percentage campleted is
shown in Appendix 4.4C Figure 1.

This calculates the percentage of actual hours spent
on Maintenance, Br'el7,\kdowns,Safety and ModiHcat.:i.clMs.
(~)ppendiH 4.4C Figl.lre 2 shows '::\Ii e:<amplf.ilof the
breakdown of actual hours between the ca:agories and
includes PM time in the category of Maintenance.
Modifications includes redesign projects and projects
of a capital nature.



4.4.3 Work Order Programme

Since job time estimating is not done~ the work order
turnover is measured as follows:

Number of Jobs Completed
Work Order Turnover 4 -------------------------------Total Number of Jobs on Request

Since certain jobcards are carried over from one
pEw·iod '1':.0 the next awaiting attendance i't. is

Jobcards Completed
Backlog (Number of outstanding jobcards)
Jobcards Received
• (Backl~g Previous Period - Backlog Present

Period) + Jobcerds Completed.. " Jobson Request = Backlog Previous Period +
Jobcards Received

4.4.4 Maintenance Effectiveness

Total Shift Time - Total Downtime
Avai lab j. 1ity -_ - ......~~-.......----------------,---- ........---.--

Total Shift Time

The pro~uction index of utilisation is calculated
using 7~7e effective hours per shift. This accounts
for proceHsing time lost to product run through at
the start and Hnd of the shift. The Shift Time,
however~ is 9,33 hours since the eqUipment rung tor
the full shift and is oblivious of the presence or
absence of product.

Total Shift Time is ?cr.lred from the Production ~Jg
since the proceSSing lines do not operate
continuoua ly. l'hei:c)talhours req(,Ij,f'rN::I for'
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production is entered into a Log and accumulated {or
the per'iod under' investig",d:i,tm.

Appendix 4.4D shows the availability trend rf a
prclcessing 1il'1e over' of consecutive
quarters. The objective is an overall availability
of 92%.

The frequency of breakdowns is a me~~ure of equipment
reliability.

Thi sis D..9.:S. a mec:\$\L\I~'eof equi pmerrt perfor'rnanc:ebut
rather of managerial affectivene$\s and measures how
effectively equi~ment is utilised after being mada
available.

CO$\ts are accumulated according to

Labour- CCIS'!.:S

Mi;\"t.ew' i al cos{:~~
Company Bene'fU:s
Misc.~el.l aneOL~S

L.ab our- !1'1a t.er'i aI---......_.....,. ___.._...--....._
The ratio of Labaur to Material is calculated

Total Labour Cost. ------------_._----Total Material Cost

Tetal Cost of ~ .ineering Department
~ ------------------------------------Actual Number of Hours Recorded



All C!)f thf:~above l:ler·fcr-mance par'<i;,\meter'sal"'eassemb 1.ed
into the summa~ised Maintenance Report which is shown
in Appendix 4~4E.

4.5. :1. EquJ.pl:~'\rmtSel ect ien

In the pliilnt 'co be !!\l"le\IYSEi?cI the avaJ.l.abi.lities aY"(?'

gane~ally high with two exceptions as shown in
AppantHH 4.5A. Of t.he two, the lI}3lU"'l,;jer,lil"lell ~s
appr·o>d,mataJ.y 10 poj.n·l::aoff the ob,iective of 9~%.
This lina haa the most machines ope~ating in s.~i.s
Ci\ndals(,."lthe most comple>t %"I\r .....~r'!~s. H: was cll?cided
t(;1 ·focl.ts~\ttentior1 em trli~ ""'\the <i;\ssistt':\nc:e
of a consultant an 'ie li ns wi th
pr'iclr'iti~~ingof 'che macl"ll.nalt
m<iAde.

A Top Ten al1alysis of the mt':\chiI'1eS'¥pr·lor·i·l:::i.sed:1.1"1

orde~ of cont~ibution to overall downtim~, th~oughout
the plant was made and is shown in Appendix 4.58.
All machines ill thG';!"8I..w·gsrUI"le" c:al"'I"'ythe line or'

83
(.mH. rH.\tIlL"le-~I"" "21.-11 and contr'ibute ...,-_._:.::63,8% to

130
c)vel"'a11plant rJc)wntj.me:. It t-::ani\].soI::H;) see rl that. '1::h (;:1

IIFt1~ma:o(f-*sllC)~ 'fo~ming mc~ct1j,r1E:lSfeatl.\~. thr·ee times in
the Top Ten and, although not all th~.. a~. in the
same a~ea, it waR decided to fu~the~ analyse these
machines. Thei~ cont~ibution to downtime beinr
44
130

Since t:iowl"ltime not a ~~iterium
p~io~ittsing e~uipment~ a cost analysis in te~ms of
maintenance expenm.. by line and m~chine was done.
This cost analysis is shown in Appendix 4.5C. The
cost analysis .uppo~ts
analysis.

the maintenance hist.CI~y



4.5.2 Equipment Analysis

The forming machines may be logically broken down
into systems directly associatad with the product
flow through the m.chine~ with the uarvic.s required
and with the support structure. It was daciclad to
analyse the machines following a modifiad Equipment
Ass€f!mbly"I~'~''''~" The bY'eakdown of the machi,ne :i.n·l:ol.ts
systems and dubsystems is shewn in Appendix 4.50.
Appendix 4.5E shows an analysis of the components
into subsystems and into piece parts. The analysis
of the piece parts will provid~ for Failure Mode

anal1si~ or the waye in which each assembly and final
component will contribute to overall Functional
Failure.

4.5.3 Failure Moda Effect: and Criticality AnalysiS

~n analysis of
formtng machine~
Appenclb: 4-. SF'.

one Functional Component of the
the l<nockr~l.ltSystem, if:' show!"1j,n

4.5.4 Maintenance Strategy

Applying the Decision Diagram logic to each of the
aforamantionad Failure Modes of the equipment
~t.,nockol.\t$~jst:f.:)m,yiE~l.ds t,he De)ci!:.o:;ionWClf"kslieai7, sho\Awl
in Appendix 4.6e. Of the eight Failure Modes only
two require a Preventive Maintenance task.

was completed for
Components and Failure Mades.

To facil.itate the procesa of identifying components 1

funC::'l:iol"1al.
f:~vent:u.::\lly

failurES, failure
the applicable

modes and .~fecLe and
maintanaMce task

computerised spreadsheets were developed. The

analysis is performed on the computer and at the and
of each session the work&heet~ are printed ready for
f i U.ng and \.\£'m.
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An ReM analysis of the formlng machine has shown that
most taSiks fall into the ci.:'itegoriesof On-Condition
alld C()ndition Monitoring. Since the machin!:f:'srun a
di'Herent product almOlliltdai 1y many e:han<;Je-oversare
r-equir·ed.. To ensu"'e that the equi pment.. operates
corl"'ectly after each ...:h/i;\nge-overit must be eye:led or
r-un "dry". j»uring th~Si IIdry r-un" a daUy chee:kli'st
is completed which includes both On-Condition and
Condition Monitoring tasks~ An exampla of Siue:ha
Daily Checklist i. shown in Appendix 4.5H Figure 1
and Figure 2~ It is required of the Fitter to enter
a e:ode for hillll maintepane:e:Iet..ticlnand not merely tick
off in ~m$Wer to a Yt?!s or No ql.\estion. He signs the
e:hcedai srt and presi?nt:.l.5it to the forem;mn·~ The
checkli$t will gather information fOI" one lTIorrl:hon
both shifts worked.

:rti$ imposs:!.bl $) to e:ontrol a mont,hly I::!l,.ldgt.tton month
end f~;u~.s alone. If the e:entr«l accounting system
e:annot provide information more regularly with
relative ease it may be necessary to run a manual or
computerised off line programme. This will permit th~
e:.ptur~ of labour and material data a. it ia ganer.ted
and immediatelY allacate it to the relevant equipment
and cost centre. Thi. i. done using the plant number
which ~a~ .e:e:umul~t. cost •• t different lev.ls from
equipment level to department l.v.l~ The information
must be updated at l.ast weekly and must be made
available to tholl!iewho ".pend" the! money, i.e. thos.
who fill out and authori.. .tor.. and purchase
requisitions. This will enabl~ all l.vels af
maintenance management to know how .e:tu.l eXpfiiln.es
compare to budget.d expenilii6i!GIand will highlight. those
Q'lrelii\j$reql.tiringe:do\refUl<i\\'t:.tilm'l:.ion.

Attempting to manage by month end fiQure~ .lone will
1".151..\1tin the me:!.nten.aMe:emanager atter,cH.nt,i}mont.hly



revie~meetings in a
will be unsure of
incurred. He will

to~pletely defensive mOde.
Where and how' expensea

He
were

This
will

wi 11 have

\n a position to present
or wi 11 be br'ought Llr1der·
the effect that monthly

wildly about the budget

pl.;,s of how

oscillate
valu~s.

A system for eontrolling expenses may be structured as
foll owe :

Within maintenance the number of employees should
t'ellH~in constant and wi th the e>temption of spec!.::\l
t)t:lnL(SeSor' increases the CO'l~to·f indi r'ect sal alries
and wages should not change. Contractor labour Is
often viewed .s material coat and doe. ~Dt form part
of the labour bill.

A~guably the moat important aspect. to monitor and
contr'ol i. oVer'time. All (:)vertime i. entered onto
the attendance register and once per week a
departmental summary of overtime is made. The
cumulative value is compared to the monthly budget
and the val"ianCes :i. ndi cate the "val LteII o·f over·time
left to month end. An example of such aM analysis is
shown in Figure 4.1 below.

l---~-~--~--I--~-------lI BUDGET I 40540 Il-------~---I-------~--IIACTUAL(MTP)I 36650 II--~--~~----'--~~~--~-~II VARIANCE I 3890 I
1~-"'--"''''''~-'''-I''''''·''''''''''"'-''''-·'''-I

SUMMARY DEPARTMENT 151 .

SUMMAR~ DEPARTMENT 355--~---~--~-I~~----~~-~IBUDGET I 1772 I~·~~~~~~~~-I--------~-fACTUAL(t'lTO)I 5519 I---------~-I~---------IVARIANCE I -3741 Ij~~~~~---~--(~~~~~~-~~~j
Figur'~ 4.1 Ovartime Summary



4.6.2 Material ExpEns.s

MatErial expenses arE accumulated from Purchase and
Stores requis~tion.. The purchase requisition is
filled out in triplicate. One copy is forwarded to
the buyer, one to maintenance planning and one is
r~t,aj,nad by the fc)reman. The store!1;lreql.dsltiem i!5
filled out in duplicate. One copy is retained by
engi lieer'ingstor'as whi Ie the other' j,sfOI"war'detl to
data processing~ Once per week a summary of all

with valuci!s is to
maintenance planning. The purchase requisition and
.tores' issues are accwnulated for the weak and for
the month to date. Theae are compared to the budget
and the variance once again shows the balance to
month's mnd. This information is presented to all
foremen an~ engineers to assist them in decision
making with rag&rd to exp.nses. An example of such a
monthly control sheet is shown in Appendix 4.6A.

Before the expense statements arB accumulated in the
IliCClml'i:)E3tatement'lcopieSi af'S sent 'CCI f',ssif,onsible
departmental heads. The figures are scrutinised and
corrections madE where necessary. These statements
tm..l!5ti,1cll.ldepl·'ovi5ion ,for e:·:pe:nsa$i;,I'1cl.tl"·I"'edbl.rl::fo!"'
which no invoiCES have been received. Quite often
all purchase requisitions have nat reached the
account. department by the time the expense statement
ia g2neratad and major expenses may not have been
provided for. If th. maintenance managar has
accumulated expens •• throughout the month, he will be
in a pOSition tg include the necessary provisions and
"'lil1 1'1otbe misled by '1:lleoofi:en huge "fi.WOLII"able"
variances on the axpanaa statements. This not being
tha case, he will authorise purchaaas wllile no money
is available and consequently overspe~d his budget.



5 CONCLUSiON

5.1 Summary and Conclu.sion

There is not a single article in any magazine or
newspaper today which deals with Income Sts:bements,
Fl,nanei i.i\l F<epor·t,sor' Oper'a'bions Management and does
not emphasise
cos'ts. If

the importance of reducing operating
desi gned , imp).ementad a'hd managed

COl"·r·ec'tly,maintenance enginesring will il:\ssist in
l"'educin; costs and impr·r.w:i,fig pr'oH t$. 1M a st!..\dy
conducted by the Forbes '«'business magazine in America
they concluded that $1 in every $3 spent on
maintenance is wasted and a major portion of that $1

is from over-maintaining or incorrectly maintaining a
plant.

Other" stud! et!l1441condl..(c't:.edhave Yl, e),ded the fol]'owing
r'eSl..llts:

The 2000
ft":\ct:(::w'j,esin 'cl1estw::lycout d 5ia,,·,.f400~'mj,lHon
()RM2000) by incorporating prBdi~tive
maintenance ,trategias.

nl".\ Pon't= ~~spor"teda savj,ligof ~261-mi1liclli in
1983 through the incorporation of predictive
maiMtsnance strategies.

Electric Power REsearch Institute. Findings
state that preventive maintenance will reduce
costs over corrective maintenance by 25% to
30%. Pr·sc.H Ct; ive mai ntel1i::\I"1c.ewi l.l t"edL\C~ cOSits
over corrective by 5~% to 61%.

ISCOI"': An !nter'na].Rai:.a Jf Rat ut-n of 33% can
be achieVEd frcm setting up a
maintenance programme.

Although none of these studi~a pertain directly to the
food iMdustry it is clear that the potential for
increasing profits is so enormous that a formal
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I"lain-cenance F'r·ogr·ammemust benefit this
:t ndu~tr'y as well.• Th(.~r·ear'e a n(unber'of fLlndafl1(;';lntal
differences between the various industries but the
enOrmous advantage
available are their
and ingenuity they
env:;,r-onmerrt ,

o~ the maintenance techriques
fleKibility. With little effort
can be adapted to suit any

The extensive research into the available literatUre
has yielded a theoretical maintenance model which is
generic and may, with adaptation, be used in ~ny
industry. Much empha~is has been placed on developing
the physical system while the human impact was
consi.der'edin as much de'l~ai~.<!;\? per·mit.tedby the tewt.

~\' .,

If riot.acct,;)~ted arid used by tns mad nt;en~';\nceper·semnel.,
the system has little chance of suc~ess. On the ether
hand~ it is of no use having a well qualified and
moti.veted gNil.\Pof emploYI:Ee.;..;but no way c·f cont.r·olling
or recording their activities. It is in
the recording of the maintenance acticn that we can
measur'e our- successel=jor fai 1.ur'es and deci de upon
<4\1 t(f~r'native cour'ses of action. the
organisation nor the work administration system can
operate in isolation; they are interdependent.

The overall system will not be self sustaining. There
ar'e numer-oua i nter'nal. i:\1'1(:I (;))·,ter·nal:i.nf 1Llenc:es whi ch
impact on the system and it is the maintenance manager
or engineer's responsibility to monitor the system
r.::rmtinl.tClLlsly.This mCln1tol~'ing~"iillr·eveal pClsi.tiveor
negative reaction to these infl.uences and call for
modification. The system a~st be Resn as dynamic and
adaptabls as the organisation changes.

The model wi 11 yield 'I:he pr 0111 i. sed I'··esul.t'tr.i·f i'l: is
implemented and used co~rsctly.
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5.2 Further Investigations

The ne:·:t step is ft)tal Pr'oductive Maintenance. This

$ubject is beyond the scope of this f.l.!'·Oject but

war'r'~'nts men'l::iona$ it may'be the FCILtl""l:q Sener'atian of

Since our goal must be to maximizE!

profits, we are defeating our objective if WB let part

of the workforce stand around idle while the other
par-t is wor-king (4:5)(410). The amount of maintenance is

dictated by tf user of the machine and it is only

cot'r-act th·at he/sht':! be made accountabl e for· the

eaf. Wedevelop predictive maintenance

str'~rl:egies and buy Sf'..lphi$t:i.ci:;,\tedmonitoring equipmet'lt

to check the machine while we have a highly flexible

arid ver-y '5iophis·t:,i ca'ted monitor'ing device standi ng

r·ight ne:·:t to it - the op€;w·atol"·. It. is es·timated ·t:h<?'d:

hy making the operator accountable for his equipment

and providi~~ him with the required ~ackup, skills

·tr·.-:\ini ng at'" ,:11s ~ machi rle breakdowns m",\y ',a r·ed.l,lcad

by L,tP to I >t..r,.. TP~1 shows us that cos-t:-ef'fec'l:i ve

maint..enSilnr;'ei.s ashar-ad resp':ll1sibility.



APPENDIX 2.1A

een.~ali.ed IncoMe
StatellEmt

Sales Volume (Tonsl
Nett Sales (N.S.V.1 (5)+(6)

25 00~
135 ~00

Less: Standard Variable COst (S.V.C.) (2) 51 300

Standard Margin 83 700
Less: Cost Variance 1 350
Bross Margin 82 350

Less: Cost of Distribution 18 90~

Nett Margin 63 450

Less: Fixed Costs 56 700

Production Costs
m Salaries
(1) Wages - Indirect

(1)+(9) Wages - Direct
m Services

Repairs ~ Maintenance
Sundry

r
4 050 3
2 70B 2

~bm
4,95

3 8BB 2,B8
5·40~ 4
6 ~75 4,5
~

27 "~0 20
-_ ................... -- .....

9 000 0,67
2 BBe 1,50

...----- ...........--
7 B00 5,2

====;::===== ===:::::::

Reviled Incol.
Stateraent

25 000
135 000

38 49 950

62 85 050

1 350

61 83 700

14 1B 900

47 64 800
42 55 796

4 05~ 3
2 7~0 2
7 425 5,5
4 050 3
5 400 4
6 £175 4,5

other

Tradi og Profi t
Less; Interest

6 750
2 eBB

Profit before Tax (P.B.!.) 4 750
========;~= ======

47,41 Increase in P.B.T.
Notes:

100

37
63

62

14

48
41,33

1. Salaries and Wages·Indircct include sala~iE!s and Nages of maintenance persQnnel.
2. S.V.C. includes Raw Material, Transport and Harvesting.
3. Repairs and Maintenance are for Material only and does not increase.
4. Assule a 7% increase in availability with 3,51 increaSE! in capacity utili +-ion.
5. Net Sales Value remains constant. This is what may be expected in the present static markets.
6. Assume is reduction in S.V.C. dUE! to improved functioning of equip.ent which iQproves yield and

reduces I'aw lIIaterialI'equireilents for equal Sales VolulQe.
7. Cost of Services (water, steal, gas, elpctricity) reduced by 4S.
8. Depreciation Charges !'eAlainconstant eVen though a reduction lay be experienced if it is possible to

inc'ease equipment's econolic life through ilproved aaintenance practices.
9. Dil lct labour utilisation i.proved by 1~% due to fewer stoppages which 1IIIPJ.ct(In the work rhyth ••
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APPEND r X 3 • ~'2A

QfPAr:n l"II2:NT

ttR rC~<LAYE:R
WOR~:::SHOF'
Eta 1.LERI'1Ag:ER
QF I"IE::CH{~NteAL
GI~RAGe:
QP F.::U::CTRt CAL
REFR I t'F..:r~ATI ON
RI'1 I"IECHAN ICAL
RI"I ELEC·fF< l:cm.
TOTALS

1. l'1e~h~ical:

:Lo:i.-.10
1.51-20
151-30
151'~40
:1.51-50
101.-60
151-i'm
355-11
:355,-3121

tlr.lUl1§.

10f'11. :30
6792. t=J6
605.55

11685,,59
4992.18
395:a. :S0
7628.66
6907.68
12Jl)9.35

15.17"
1. :35

26.1.0
:I. L 1~)
8. 8~$

17.04-
1.5.43
·~·.70

f\ecoY"deC'lhour-s pa ::;::t i 686 + 6 9U17 := 18 c.:9:;'~r::..~= Time r~~~ove!r'YIi) 6~;;% 1!2f 112

c:;:r,oc;k(~dHour-s
b!.~~n C)ver~'l:::i.ens Hour-a \i) 20~,

Nor'mi1l1H())'I..lr's
f:!<l. L,,~= Absent~e!i 1!SmIi) 5%

Total Hours REquired

:::::28 605
(5 (21)

2::~88l!-
j, :1.44

Artisan Hours average 20121 per month
.'_ ~~. of fitters required • 10,. :I.

E&~h month :I. fitter will be on leave
,'. No. of fitters - 1.~09 x 11 - ,2

Thc;~ -fi tters wClr'ki n 't~woar'eas and e~,c:hgrocH.II::!r'equir'es
a foreman with the necessary technical expertise ••
number of me~hanical foremen required::;:: 2.

::~=:,:::::

This exercise is repeated for each discipline. In the
absence of historical data an estimate will be
required of either the workforce of similarly sized
organisations or the number of potential jobs must be
estimat~d to astablish the workforce size from first
nr'l.ncipl(;)s.



NAME: _•• CO: NO..•. _.•_._._ .•

MONTI'L YHANOTOOL CHECK (FITTER)
e

+10: 13: 17; 19; 22
3/T6"-11/4"

6 25rlm + 27mm. 32mm
3<75.5.150.6.40.6<100.90150

s·
7 P'p-?\Vrenc~ 12'

12"
10 Ball Hamm<!<P",n 21b
11 Hamm.... 41b

2C ~ Or.1e ':5mm 13mm

17 Tlnan~e 20Cmm~1~8~I~n~~~d~e~~=-a-,~-n~tC~~C~I~~-+~go~de~.--~~!~~P~I~~-8~~--~~~-m-_~l~oo~mm~~She~~~---r-----+-----;------r-----;------r-----T------~----t-----;------t------r------

21 He.ck;ssw
22 Cruea
.23hornmv Bar

~ 2 f"!~S<!condCutFile. Small & i..sr~
29 2 !-I.. l Round Second cutFie Sm311 So Large
30 21·Ie.ogIeSeGOndCutF"~ Small & Large
31 Tap.. 5Meter
32 Rule ::oomm
33 Comb,nabonS<!U£I!'

15Ch!m34 Ccmbm5l,,,r..YeIric Eo Imperir.'
l50mm

36 DNlder
37

41

~?~----------~--~-------+------------------~~---+----'_----r--40-'

43

45

48

L-_~!II~N~SPE~C~n;=C~=BY~. ~ __ .__~S~IG~NA=~T=U~~~ ~ L- __-L .LI----~--~----~----~--~----~--~--f __j
SOl

.....
t··)
lSI

J>-u
IJ
rn
Z
'='
0-1
X



r,(Offfil.. V HAND TOOL tHEa< (Tl.IRNER)

.r NAME: _••_••_••_._ ••_ •• CO. NO,

INO I DESCRIPTION SIZE fEB-J.\N AUG OCT.JUN NOV DEC
6mm-32mm

215etFlat RIng Scanners Imperial 3n6' 11/4'
3 jSe! Meln" Alien Key!!
4 ,Set' ImperfBf AHen KeYiI
5 Sod'~tSet

3x?5.5d50. 6.40, 6.100. 1)<1506 SetSctewOrr..·era

7 JPlDe W,er.ch 1:2"'
I star 6.40.5.00. (;.1(.'-'.8.150

8'
12'

~t) Ball Hsmmer Peln 21b
11 IHammer 41b
121MBIlel
13 Side Cuttef 6'
14 CorrobtnelocnPher 200mm
15 Wster PUl?'pP!:er
16 VlCeGr,,,
17 Tin,olDa "JOOmm
18 Joo:de SlrB'''"! CirclD + 90 de_e Pliers 40mm - lOO1rm Sheft
19 Ou!e.d .. Slra'!lh'C~ehp -I- 90degreePlier
20 SelOn'"

40mm -100mm Shaft
1.5mm 13mm

24 Cer.!r., Puneh

21 Hacl<aaw
22 CruBel
:23 Tcmmv 8ar 400mm

27 2 Round Secorod Cut file. Smell & lar!le
'.23 2 Fiat Second Cut FI1Q2 Sma." & Larga
2'J,2iialf?.ounciSecorn:iCulF,'<!9 SmQll& large

~;o~1~5f,!I:~~·~~Tf~:~~~.~~~~-~~~~-~_O~~~.~-~C~u~t~f~!I~~_~-4 -=3~W~~~~~,~~~7.LA=r~~~+- ~ ~~ 4- -4__' f- .-t ~ 4- -t +- -+ ~
32 RulQ .----~~--4---------~3OOr.Kn~~.~--------4_----~----_f----~~----f_--~4_----_t----_4----_1~----t_----i_-----+----~
:a3IComOlnaiion Sauare

36 O....oor
150mm

38 in!e'r.al Ceiper !iOOmm
39 E.t~t\al CahDa'" 3OC1mm

200mm
200mrn

43 MlO'omi1ler. (Metric) 0-25.25-50. ::>V-/!>. f';)' 100
200mm

45 G&aePist.. Metric & 1moenel

200mm
49 5et Ea." 0".
50

J>-u
."m
Z
!:;J
H
X

(,4

t··.)w
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Jobc:ard Fr'ont

.lal CMD

N~
J08CI1RDI

O!PA... t\4~Hf Tt.we I 0",." 006
I

"l.-.HT NUun", T .,.,£CII\'-(OOI FllnUII:'UDBY 1 .... Cidt JOIT.,.,II

T I .. .rMu....
'nUT oUC~IHIOq • s.t...

c U.i.II""_
Job I~::;:;I...,,..I.......~ru"",- I h...~. I~""'.IW/th-1 ... Ihlkl~1 0 ..... 'cul ......

Heqi4est I I I I I I I J I I
DATEI\lQUIREQ

""'''.'",,y Oro";"'- 1~lowff'tt (,." .. , r-:e;.d III."'~OVtO IV"IGlHUIl

I"'''~T'D tIMI- II....

f---
11"' ~ICEI'IlO

IItdIVfD I'f

Jeh T D•• I AI"",,"",, I w.,1'W

Instructioll r I I

Jobcard BackFigL\re 2

I OFTAII.S OF WORK DONE
IPle.so Prlnl)

TIme Tlm<i
DATE s,...t Fin'''' HOURSJob Report

~-----------------~-'~--------~---+--~~f----~-----~--------------------------+---+__+---.4_--~
TOTAL HOURS

APPROVED BY FOREMAN

WORKSHOP COoE I
ORIGINATOR'S APPROVAL

II IIGN 71""

•I
FAILURE MODE
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Foreman Control Cabinet
.~

L L ./! /
../I /1 ./1 /J /

../I ./ ./ ./

Work AwalUnii: ol.her A""IUn, CompleLed

RequDalil Tradu/Sparea Allocation, Job. V
Artisan Loading Boar~

MIT!SIM
L()ADII'IC
hOARD

tun.
Smll

APPENDIX 3.38

lobn
SmlUa

.Ion 'rham."
Alb.r'. Jon.'

nave A~dr.w
!lelocke 1111111""

.
Originator Maintenance Artisan Planning

Foreman Department.
'Ml ••• ..-r'.tne_jtob ~
.... .,.U •• lH u......

o.~t4~.I.. W.,k ...._ ..
"""""H&a~!i
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_"~~1-L,b,ur EHiden,!
OPERATlONAT' =- --= - WorK Order Turnover
EFFICIENCY '·C· WORKOR,nal~ - i, ork Order Backlog

-- PROGRAMME__j - WOl'k COlilpletion Duration

,.._...-~-- - Maintenance Downtille
PLnNTIEQUIPHriI-r-j.. - ar••kd',wn Fr,eqU,en,cy

PERFORHANCE_j - EquiplRent, Availability

SERVICI:
LEVEL

.;. EQuipa!!"t Maintenance intensity
- Maintenance/Ops. Titae Ratio
- tiilinhnant!! COllpletion Delays-MANAGEMENT -1 ....

ASSESSMENT p.........~ l

, ,_.' - Routin~ Service Workload
rItAI~rENl\NCE .r . Sreakd"n 9or,I" i"kl"dt~Pl~~~:~__j-Overhaul Workload

[
-OvE,RHEAn

~ COSTS
- Department Overhead Costs
- Contract Servi ce Overhead
... Suppli ers ~ Spares COtit O/head

HAINTEN,ANC,E.C,DS:r-JUSn~(CArrON
-........,. ,.._-

- Cost of Maintenance Hours
____ .,_Joo ~ Maintenanr.-e C~!it Component

... Clmt Reduction Effort
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AF'F'END I X :5. 3D

Haintenance Records,
Financial Records,
Quality Records,
Production Logs,
Experience

Equipment
- .. Selection

Safety,
Econolllics,
Non-Economic

Consequences 1----+'" railul'e Mode,
Hidden Failures Effed 'and

Cl'iticality
Analysis
l FHECA

I
'f

ReM

~

qUiP&le.nt.FailllN'!l~Patterns,
AM Analysis
- -~__j

r:----On-Condi tion I
Condition Monitoring,
Rework,
Discard,
Redesign
Failui'e Finding,
No Scheduled Maint.
-~-------

....-----._.,=.<!Strategy •-.--

---1
Functitl(\!> I

L-- __ .J

tid ntenanc!! Experi ence,
Equipment Drawings,

.__------- Equiplllent Manuals,
Suppliers

Opel'lltional Factor'i, ,
Envirollllental Factors, '
Company Objectives
------~-'
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Fau!t Tl"'ee Analysis

En..gin~Nill not
start

~

Fuel Flow
Failure

l'Iend, g.
0=
g
[_:J=

[J'

CarbUrettol'
Failure

Iyni t),n
Failure

Igni.tion System
2

Blocked
Jet
:;

Igoi ti on Systf~1Il
1

Faulty
AdjustMent

4

(AS 1)

01' Bate

and Bate

aasic .failure dependent on other lower events and
important enough to justify separate analysis

A failure ~lhich r-esul ts froll comnined effects of
other hilures

Basic -Failure independent of other events
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Fi gLll"'e 2 E.gui ement Assemb 1y_Tr'ee

Or! Vii Shaft 1
aSSeA\b~

rrfil
Differentiallrear-

axle assellibly

II

Hose
asseiliblies

Pressure
cap

~;fl"st. crage
Lontainel'

1

System

Subsystem

Fir~t assembly

Second asseQbly

Third assellbly



NFORMATION WORKSHEET
EQUIPMENT: CONVEYOR SYSTEM. :..:.NO::.;,:;_::;___
f_'lMPONENT: FEED HOPPER

FUNCTION

COMPILED BY:
PAGE 1 OF

DATE:
REVIEWED BY: DATE:

FUNCTIONAL FAILURE I FAILUr-E MODE FAILURE EFFECTS

1. Channel flow to slide gate.

2, Contain mate~ial in hoppe~,

A. No flow,

A. Matedal
spillage
occu~s.

1. Liner-came
loose and
obstructing
outlet.

1. Flange bolts
failing.

2. Casing
co~roded.

3< Casing wo~n.

Operating cre~ will notice no material
flow and notify maintenance crew -
diagnosis and removal of obstruction
through inspection port will CaUse
appr-oxtmat.alv 3 hour-sdowntime.
Casing will be exposed to wear (unless
there is a general failure of liners -
pr'obabilitylow).

I Potential for complete failure of bin.

Spillage will be aviderrtlong before
hopper fails completely. Hopper ~Iillbe
patched until ~eplacement can be arranged.

I Loca.lisedwear areas will be noticed and
patched. If wear is of qener-alnature
the hopper might fail completely by
"bursting" but this would be highlighted
by the number of patches on the hopper
casing.

......
hl
CD

J>
1:.1
'!J
fT1
Z
tI
H

X

(,4.
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B,ge ReB abi 1i ty Patterns

. Age-reflJbilit.t patttm$. 111eJIch c,,~ the vertiul ilxili
"~ the (II!3IId.itional prob.ability of f&l1ute lind. the horuonul
axis ~nbl epenting .awe ,inc\\! manufa.ctute. overluul, or rtpair.
TheH si:s airYa are derived Il"Om rttl~bUity .anaiYlu condu~ OVer ~
number ..( yeur.. dwing wkich .ali the itftZlS Ul.ilyzed "1m: mand to
b'I! chandl:riud by Oile or ~olher 01 the ~e-rcliability reim:.a.hips
Iltown. The ~b3H indiate the pen:tI1uge (If it~ studied U'.at
(~ in~ each of the ~sic pilIttems Wnited Airible;)

Th¢ ba!htub carve: blfant mort.ality. followed
fi.r:ia: by .. consunt or Stadu.,!!y incre.ning
f.ai1ue probabilily anei then by a pton®nced
"W'Ul'Out" region. An ase limit may bit de-
5i~, PfC~ .I l.uge numb~r of units
$Il1f"iv.oe to IZ'ie a_se OIt whiCh wut(lId begins.

U'llo miylt 4
~t from 2
• limit on l-=-oIoIOi

~tms.age 6

8M4 caanot
~from
AUadl.oa
~l8e

CoastuIt ur padlUUy increasing f ..ihare prolJ..
II .ability, folloWed by a pl"Onounced we..rou~

regiga. Once ~in, 011'1 ~e limit molY be d~it"
aWe (this aRnc is charad«:ristic (if ain:raft'- tuipt\-<ating enginri).

--_/

C~.a.llly inoaeasing fail~JE prob.Jbilily. i;!ul
C wiISl Ii1<) identif'uble we.uout .tge. II is us&UJly

not duitable III impose dill age limit in such
cates (this cane is d\u.&dedsllc of ..irc~lIft
twbine engj~l.

o
Low £tilure probability when the item is n~
or Fit out .01 the shop,· fcllowed by II qui.::k
~ leI.a con:;t.ant level,68%

E

Coa:sunt pn*ability of &UUI'\!! .,t all agH
'- -_ (ez:yon('nt~l Slttvival diMbution).

'-- ....__ ~ E hOnt mortality, follow«:d by .a cons~nt or Vf!ry

slewly InCR3:SWg f"ilun Pl'OMbilily (panic-
'- --------- ul!.rly appliable to electronic c:quiFment.).
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~
!)ECISION WORKSHEET

.PAGE 1 OF
QUIPMENT: CONVEYOR SYSTEM NO.: COMPILED BY: !JATE:

:;OMPONENT: FEED HOPPER REVIEWED BY: DATE=
RESPONSE TO DECISION DIAGRAM QUESTIONS I-

Information
Refer·ence Conse-

quences TASK SELECTION
f H fm 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 PROPOSED TASK INITIAL INTERVAL

1 A 1 Y N Y Y - - (Inspectinq for missing liner
bolts is applicable but not
effecti ve because it would require
removal of stockpile to correct
potential fz.ilure of blockage and
eventual wear of hopper. This
would be patched until shutdown

I is arranged) •
- Inspect for br-oken liner bolts. During shutdown.

2 A 1 Y ill N N ill N (BecausE~ ". very low probabi Ii ty.or
and the fact that temporary
arrangements can be made - NSM)

2 A 2 Y N N N N N (If corrosion proves to be a
problem, then an ore-condi ti on
task can be applied) •

2 A 3 Y ill ill y - - Check number of patches on hopper. 3 Monthly.

I I .
i

I
I

J>
'1J
'1Jrn
Z
o
I-<

X

("l.
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Economic-Tradeoff Study

PREVENTIVE STRATEGY CORRECTIVE SiRATEGV
f-<•• -
C!lst of Preventive Action: Cost of Preventi ve AtH on:
Duration of prever,tive tas~~

NOT AP?LlCABLE
Co~t per .anbour: K

Frequency per annum: x

Annual Preventive Cost = Annual Preventiv~ Cost = RM!0

Cost of Planning a Job: Cost of Planning a Job:
Total cost of planning: ---- NOT APPUCABLE
Number of jobsplanoed: --
Annual Planning Cost = Annual Planning Cost = R~.00
~...__._...._.,_._..----- --Cost of Corrective Actiun: Cost of Correcti.ve Action:
Repair tilae: ---- Repair tille.: -----
Labour cost per hour: --~ Labour cost pel' hour: --
Repair costs: Repair costs: ---.--
Frequency per year: Frequency:
Total Corrective Costs = Total Corrective Costs =
1----
Cost of DOHntime: Cost of Downtime:
Downtbe (hours) : DOHnUle (hours) : ---
Cost at hour dOHn: Cost of hour down: ---
Frequency: ----- Frequent;y: -.......-.---
Total Downti me Costs - Total Downtime Costs .,. -----TOTAL ANNUAL COSTS TOTAL ANNUAL COSTS

.L- - --



MAINTENANCE SCIIEDULE
LINE INV. W.

BODVMAKER

ACTUAL COMMENTS

Spline and end blocks Check condition. Check depth according to Standards Manual.
Form horn insert Check for tight. fit and condition.
Bumper steel Check bead heIght for max wear of 10mnt. th~ck condltlon.i,
Expander ass. Check screws for wear and rolls for flat spots.
Outside hook steels Check 1st and 2nd form for nlck5 and wear. 1st fold for excess

grooving and 1mm step, 2nd fold for excess Wear.

DESIGNATION
Feed hopper

Vacuum sucker

Cross feed ass.

Inside hook steels

Guide steels.
Ro IIi ng unl t

Notching station

DESCRIPTION
Using a blank. check for good fit. Check separators for wear and
chips.
Check for max vertical play of 1,5m, max horlzor.tal play of O,15mm
and vacuum release 2J,Omm + 2,Omm above tinllne.

Check for excess blade wear and mZ O,25mm slide wear. Check timing,
blade must be 9,5mm ± lp51111l clear before sta:-t or forward stroke.

0,05
0,1
0,02
28,57 l>-u
41,27 -u
,., nft., IT1lJ,UU{ Z0.18 0.....0,64 x
0,1 (.,J
0,05 .

(.,J
"'F'0,05 .''.

SPEC.

1,5
0.15
20 + 2
0,25
9,5
t 1,5

10

1

5
1

DATE

Finger bur

Stop bars

Check ls t form for nicks and wear, 2nd form for max radius of 5mm
and no nicks. Check qst fold for excess grooving and lmm step. 2nd
fold for excess wear.
Check Inside and outside hook for excess damage:
Check clearance between rolls of 0,05 to O;lmm. Check roHs are pa-
rallel to w!thln 0.02~ro. Check front brake, lower wear steel, chain
and sprockets for excess wear.

• Check bolt surface to gauge face rrght and left hand 28,57 - 41,27
± O,Oll11rn. Check fo!" vertical play, slit side O,007mmmaxr notch
s I de 0, I Bmm max ,

With bar fully forward check for max reelprocal play of O.64wm
finger spacing max of O,lmm free and uniform finger action and max
out-of-square between fingers of 0.05.
Check for excess grooving and max out-of~square of O,OSmm
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Or·der Poi nt atUi. Or·der Quant i ty.

r--I--'~I -2~-' 1-1'-3-1

t

Reserve srock

:~I= !Ime-- .-_u _-



The following table gives a list of parts~ their unit costs, and
annual requirementsn~

Unit Cost
M2

A5

A7

L8
1_4

A6

M9

8 000.00
950.00

!21.3!21
10.00

6 1211210.121121

400. r?l12l
Z i

1. Annual VallIe and Per't.:entageof Totel

Annl\el Val ue

M9
AS
A'j"

420 01210

310 0!?l0

1W4, 000
9b 10121121
94· 00121

\5 70!2l

2 401:1

A6

L€.1
M2

L4
Z1

~~ 1100
100

120

155 01010

13

6
ti:- 000
9 4·1210

70
24!21
200

E~s en t:!'Q'!!
of..1otal.
40.61%
~29.97

10.06
9.28
9.09

!2f.20

CUmula'ci ve
Pm~e~a9~

4121.61%

70.58
80.64·

f1t1i.92

99.01

99.56
99.79
99.99

100.!2I0

Two parts, M9 and A\5~ account fOr over 70% of the total
annual materials value.



2. ABC c~tegorie$
Categor·y

A

B

c

E_iartNumber Percentage
of Total

M9

Aei

A7

70.58%

A6

L8

28.43%

M2
L4
Z1 0.99%

Cumulative Percentage 01 Tolal Annual Inventory ValLIe

"O~
• • • ..

90

ao

70
.,
~ 60
iO
::Jc:
C

'" 60]j
s
2 40c:.,
f::!
~

30

20 A B C
Items iterns Items

10

0
M9 AS A7 02 AS La M2 \.4 Zl

Part numbers
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Stores RegulsitlonFi gUf'e 1

STORES REQUISITION FOR MISCELLANEOUS ISSUES
SR N? 38202

COST/C CODE

Oet. Captul'4l

OTY REQUES. ISSUE OTYISSUED IIt!M
Units Dec DESCRIPTION U.O.M. ITI;M NUMBER Wh. Loc Unit. Dec Contract

1 II o 0 J J 1
2 _L 00 L11 I
3 1 o 0 J 11 1.. I o 0 I I I
5 1 o 0 J I 1
e I I I 00 I I I ,.

ITEMS ISSUeD ElY:REQUEST AUTHORISED BY:

Copl .. : Fink - RvqueaJlng Party IWhile - In Book
Y6UOW - Data ProI:Milng

ITI:Mg RECEIVED BY: --

Pur'chase Regui$i t ion

Nc.
Code

Dept, _

PURCHASING REQUWSITION N2 .62412Code Dale ._
MIC No. ~--r---~-----~-------------------·-------~---------------~~u~'~e

Quantity Description slid Reference Purpose last -1 weeks Stock Min.

-----------4----------------------------- ...-----------------------,~------------------_,------------~--------+__ .....

~: ----1----_ :------------+------------+---r---I---'-
~...

Signed. tit •• i •••• ~''',. _•••• iI'I i I •• ,Supplier it ••• ,. t •••• I ••••• f ~ •••• t., ••••• "., •• , •••• I ••••• ~"''' ••• 4""" I'" i •• , •••

Price ••. """ I, ".t' ••••••• _i ••••••••••••••••••••••••••• 1-:."" •••••••••••••••

Delivery •• Ii , •••••••• , ••• f' i , ••••• ' j,.t ,t i •• ,. , •• t 11 ••• _ t. il 't'.' '11t It '" It. 11; Agreed' ••• , •••• " • , • " f ,. •• f , •••• '. I • f

Or~.Jt'No. ~•_, i , ... " • f t J ••• i ; i , , , It ••• I' ." \ ••• i ••• Ii ••• , ••••••• , I ••••••••• " ••• I ••



CJKilEt.r PE~IO') 1
API( 91 I!:"(;lt.~ 5f11II.!. ('c'lE:P.(\L

----,.- --- --~--------------- ---------1 "Xp"...St. ;;iAT:"~kT
ORIG!~AL I r 1~U~G~i 1 ACrJ~L r V~arA~C~ I

! 1 E A k TOO 4 Ttl Y.r.o TO
I JuL 9J TO APR 91 I APRI------·-------------------~----------------lI ~Rltii~AL I I I PREVIOUSI eU~G~T I ACTU~L I VARtA'IC~ % I YE~~

----- ------1-------- ---!--- --------- I---- --.----------------- ----~--------1------------ I------------1-------- ---------1------ -----
1 I IS'U.";;!E.S ! I 1 I

lc9~B r 1.53219 1 5~7t; u i SALHHS - H:lb::CT I 1?''Jlt,3) I H!S1d24 I lC6J6 .31 612916
l7117 I 5194l I 517) 1 5AL~kIE~' OV~KrI~E I 37117J I 35,013 I 36137 9.71 111520

1 (>b.H,j f 167161 j bCl u i TOTH. - 5AlA!UEoi ! 11,,360" I 1016!H7 I 46763 2. til 732436-----------I-------~---I------------r---------------------------------------I------------!------------I--~--------------1-----------I 1 l"NG"S I! I 1
;5:;:;1: I 4(1:)1\,I 51)2': U;' "'AG.oS - !fORMAt. INDIRECT r 355SS:j 1 3299~5 I 2531>5 7.31
tG725 1 :;~J.5 1 2522 r -"....,::_S - ~1I;::"TII1c; INDIRECT I ')':>7250 I ;13061 I 13Z~3 12.41

II! I I 1 I
40515 I .3,1.5 I 2510 U I T~T~l - WA~~S I 40313Q I 425~o2 I 39163 8.51 206d34-----------1-----------1------------1-----·---------------~~--------~--~----I--·~--------I------------l-~-~~---~~---u---I---------·-I I IC) lu~TfiI~Url~N$ I I 1 I
"32H37 1 1419 .. I 1:.27 U r l1i:OrCAL Alll I 1l5~7il I Hii66!! I 49;;; U 4.J! bl085

__ I 13119 I lH r !'l:.hiIO-l fU:iil I 132(3) I 1 ~?917 I ZB7 U .U 59179·'
1230 I 1135 1 51 1 u.r.f. 1 12360 I 11457 I 1£,ijJ 1Q.9I 621Z
105>6 I 1J>o 1 I WOfl(MANS COtl? 1 1056;) I 10560 1 I 5:)50

zaln I .!.9~'l4 f 1432 U f TOHL - co COtHRISUTlOHS i 2~lno! l55593! 38B U 1. 4I n1.S~o--------~--l-------~---I------r-~~--;I~------~------------~----------~-------I------------I------------I----------------gl-~·---·----I I ISTAfF 3ENEflTS I I I I
r I r ·}(It,lJS<.S I 9609"5 I n3l!5 I 631) 6.51

ZH5 I 4032 I 17'17 tJ r li::.M~ PAf I 2925J 1 39527 I 10277 U 35.11
1;''10 I :;40 I 936 I SIC~-lEAVE PAf I 1596'1 I 12711 1 3249 20.41

r I I I I I I
4521 I 5a9o! I 771 U 1 TOHL - STAff 8ENEFtTS 1 141905 I 142623 I 718 u .51 H9509-- --- -- --- ..1------- ----1---'·----- ---1------ --- ..-------- ----------- ..~-----~--l---- --------1------------ I---- ------------- I-----,,----.1. I 1 I I I !

2455bo 1 2~O,71 I 55~S u 1 rOT~l ~AH~OkE:R COSTS I Z55~35S 1 2461U15 I 61340 3.21 122060$--------,..--1-------.---1------------1---------------------- ....---------------1---·--------1-----------1-----------------1----··
1 I lii:il1t!..t:S J I r . I.

2:4(; I 5H I 154 U I VeHICLES - i!JCL I Z4JJJ r 52!:0 1 28'3J U 120.Jl
1 I I IIcliIClES - INS!;. LICEliCE I 80 I HI! I 72 U 83.71
{. 1 I V::IIIt lts - l'I'-INTENAIii:E I 1'.1~3 I 1356 I 452 25. ar
I I t Vcl'LCL£::i - rraes & ruass I 7ZS I aze I 93 U 13.51
I I II! I. 1

2~& I .n4 I 1 'H· U r TOT. '- - lI:'rlICLb I 31j22 1 1020 I 2S?a U 51.7I 42?O •---.- ---~--1-------.----l~------- ---- I ---- -..------------ ----.---------1"--- ···--l----~-------1------------1-------- ---------1------ --~--
1 1 i:S"~V:;::ES I 1 I r
. ~83 1 483 :J I F;;~L LP ;jAS ! I 7617 I 7617 !J I

1 . I I I I. I-----------i------!~~--l------~~~-~-i--!~!~~-:-~~~~~~~!--~------------------i------------i----s-!~!~--l-~---!~!!"~------I-----------
I 1020; I lOl::7 u fP.~~Ap~ ~1J~~~~~~AHC£ - I 43~47 I 7365! 362!l2 IH.l1 46611<57

>J- I 1]57 r J37 U' ~s~ FORkLtfl5 I Z513b I 21113 I 30Bl ';.31 1DZO
1j::::5 I .>:'13 r l.)13 u i ~6f' "'l~~T t ....l~·J! 33301 I 53H 13.:;1 471539

2! 1786
106048

3907
66

317
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!lJ.....

l~
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!lJ
!O
TO
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(.,!
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I~

J>
\J
'1J
m
Z
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x
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Func:ti Ohi::\l Br'eaJ::eown 0* Total Mdi ntenahc::e ~1':8enditut"e

r-----------------------------.~.----------~--------------------~tolll IlhlmlCe ~OIt •

[79,000,;;]
ri. y--' . I

cost t6 •• i»hh' COIl Of. corporate
eqllpaull h~lmles (.k), -I cervices

,~]_,]
S~. . m

eqQI~lCIt hel Hie,

Joh hhm cost ja' I.terltl ~ost

(-~-( It 11!~OIOon1

dectr/senlcer

r---"'--"- '---.----""""

: r"::,:!:::: ",
to. -;-;-~~;-

I I~
IHOOhom/m/1m

(69 1 dllll,)

cosl to Blhlah
equlpmt , hc.ililiu

perml co!tributm
to chu,t ute ~

Irtheu 56
ID¥t/npm 10}
ushluh 15 41 1
pimiAg 7
filed costs 1

Utflce mtmls

-{ I 2~D,OOO I,

...)....,
ulerhl/lthr

~ n~,ooD
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Mater·:i.alCosts = Total Maintenance E:·tpenses - .('!2l12l12101210
= 56,5/43,5

k .. 1·otel Mater'ial Cos'\:
;::::!2l~435 x 7 1211211211211210 = 3 0LI·5 0121121

= 2 649 15121
-- 395 850__ ........-J

== 2 649 15121
...... 2 12153 091== 278 j.6l
== ,317 ~~I

Total Maintenl:tnce Cost
MaChinery Repairs
For-kI i ft Repai r's
Plant Facilities

71,5%
10,5%
12,0%

Total Production Tons <Y"'1) 17 12100
Actual cost per ton=
- Machiner·y - 2 12153 091

17 !!!0121
121.

== 278 161
17 01!l0

16

Cost of EquipmEnt and Forklift maintenance is
expected to rise by 5%:
New Standal"'d:

f
l'1ai rrl:eI1';~ce
ModificationsL_. _

== 1::27

= 17

== 35 000

== 30 538
-- 4 462

== 1.,80

- Machinery :I. ,1.,;»5 x 121

_" Forkl ifts 1,05 j.( 16

Labour- Cost Total actual hours for all
maintenance

87,25%
12,75%

!-loursper ton == 30 538
17 00~5'

Tot a]. labour cost
== 0,565 x 7 000 000

137,25%
12,75%

== 3 <"155 000

== 3 450 73U;:::: 504 262
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k.abOL\r' tar'i'H =: 3 450 738 == 113

:30.538

Maintenance labour is expected
to dse by 8%

New Standard :::::1,013 :·t 203 - 220
Total cost per ton of prodt,.~ction::::127 + 17 + 220 == 364

The follcH,_ringinfor·mation is pr'ovide j regar'ding tt •..11e~'Jbudget
Annual production volume 19 000 tons
M'ater-ial. c:oet.per- ton :::::127 + 17 .0:::: 144
Labour- cost per ton -.220

l'1ated.al Budget~ Machiner'Y Repa.ir·s =: 19 !l!0125;.(127 "'"2 413 000
Modifications: a reduction
of 10% in the material
requirements of modifications
ie expected ~ 395 85125x 0.9

For·klifts ::;;19 000 )-(17
=: 356 265
::: 323 000
_- 30(2100m

510 00[]==
000:= 100

=: 50 000
:::: Hil0 000

_._.__ --_.__ .....

::::; :3 392 265
============

== 4 j,80 00!2l

Plant Facilities;
F'alnti n; of roofs
Painting of structures
Repairs to roads
Replacement of ~loors

Total material budget

Labour- Budget M<:'!in1:enance:::::19 0!2l!2lH 220
Modifications~ the reduction in
modifications will lead ta a
reduction in labour requirements
of 13%= 504 262 x 0,87 = 438 71218

Total Iabour- budget 4 6113 70S
::::==:::::::::::;====

Labour' hour's requi rerj := 38 0132
l'1aintenance ::::: 19 000 1< 1,13 :::: 34· 2l2!0
Modifications == 4 462 H O,137 _. 3 882

Artisan utility == 65%
• • Labour hour's r'equir'ed

== 38 082
O,65

58 588

Average abeenteeiem := 4%
•• Labour houre required

._ 58 513a
0.,96 == 61 029
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Of the total hou~s worked
20% is over'time:

•• Clocked artisan hours
::::0,8 H 61 029

Artisans work 200 hours per
month ~l<c1uding over·time

•'. Number of arti sans ret~L\ir·etl
::::;48 823

200 H 12

The labour· bLldget is set out;
as follows =

1. Supervisory Personnel
Ar·tisal'1S
Assistants
Planning
Workshop overhead

3.
4.

17,4%
57,0%
21,6%

3. ,3%
2,2%

48 823

21

:::. 803 650
::::; 2 605 707
-- 997 641
:::; 60 @43
::::: 101 612
:::::4 618 71218====:::====

Total maintenance bL\dget ::::;3 392 265 "'"4 618 708. _. 8.01121973

Increase in maintenance budget
F'r'ojected Nett S..t;IlesValLIe :::::RM130

Maintenance/N8V :::::6,2%
::::::::::::=

Cap; t<al Rep! at:emG1nt VallIs
Maint.enance/CRV :::::6,7%

==
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I AF'PEr'llD I X :3. SA

~allagin9 for Quali t-y F'r'oduc:ts and Ser·vi c:es

~.;,g;t Q"l~

"~::l::le~::::'
r-~---
"

Factors affecting quality
- IItlOagelleflt
- employees
- facilities, pl'oeesSes

and equiplllent
.. llaterials
- vendors

Understanding relationship
a~ong factors affecting

..quality and perforMance
quality
- eustoSler pel'ceptions
- expected quality buteo.es
- fadors affecting quality

Action to improve and
assure conformance to
objedives
- Management initiated

approaches
- behaviour and quality

Consistent quality in all
products and s~l'vir.esin conformance

IWith the strategic position desired

Iv
Analysis: the basis
continual iMprove-
mentl assurance,
and control

II' - manage.ent
direct diagnosis:
cost of quality,
loss studies,
lIeasureSlent,
fishbone diagralls
and Pareto
analysis

- statistical
analysis:
inspec tion I
sampling I and
control charts
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APPENDIX 3.5A

Figur'e 2, A Fr·am:.wor·k for lmpr·ovi ng
P~dductlvity/Qu~lity

Direchd (lead Do III! undershnd OUrpurpose inr- but consultative/f---.- terms of :
r- Participative personal/organisational values?

review of pUl'pose personal/organisation goals?

No

Yes

~

.ot;-th~~~Ul t;-. n~
se-effect vision-r=

ProMote the questioning cultur~:
:-----' ..----IHoll can III! better stir 'Ie our pUi"pase?

Howcan we i.prove productivity?

Set specific goals I-- Use feedback ttl
with realistic modify goals

~ Set general goals
with reali stt c

criteria criteria.__--,...~-

Experi lent:
haplelllentplan

Experilent if the
unexpeded happens .L. ll.-'

Obtain fl'!edbad Il---------J
~-c-. ---

- JL-- Create 1--- Share Feedback
1--- pressure. consequences. .
_ . __j ~~ards & penalties)

~teedback {trends) fiP;rsevere in the ~
~~courage ~~::iciPationc_~ntral questioni~
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APPEND I X :::>. 6f~

Ec:or1omic Life Calculation.

Th:! aptilul life of lachinlry is baled' 011tt.a DPerating CDSt orthl'l II!Ichinery only

Cost of Capital 181 Soak PV PV
Value FactoI'

Cost of Plant yr g 37 560

Initial allowance t;
depreciation yr 1 15 1100 22 500 0,a47 19 056
Depredation yr 2. 4 500 18 0~B 0,718 12 924

yr 3 3 b~0 14 400 0,609 8770
yr 4 2 880 11 529 0,516 5944
yr 5 2 304 9 216 0,437 4 027
yr' b 1 843 7373 0,37 2 728
yr 7 1 475 5 398 0,314 1 852
yr B 1 180 4 718 6,266 1 255

Ignore sales, oper~ting costs and all costs that stay unChanged over toe .achine lif~

Maintenance cost
after tax

3 4 5 6 7

11667 x 0,6 7eS0
15000 x 0,6 90~~
18333 x 0,6 11000
21667 l{ ii~6 13000
250015 l{ B,6 15000

========================~==========
0,669 0,51b 17,437 0,37 0,314
4263 4644 4807 4810 4710

PVF
PV
Depreciation 3600 2889 2364 1843 1475
Depreciation Tax shield = Depr x v,4 1440 1152 922 737 590._-- - _- _---_ _---_ -_ -.
PV 877 594 4~J 273 185

4 5 6 7

3 Haint - Depr. Shield
4
5
6
7

37501'1 37506 37500 3751'10 37560
3386 3386 3386 338b 3386

4051'1 41'151'1 4050 4051'1
4404 44B4 4404

4537 4537
4527

,,~,........--------.- ....---...------ ...-....--..------ ..
Less: PV Scrap Val.
Less; PV Scrapping all

40886 44936 49340 53677 58404
-8526 -5378 -3853 -2581'1 -1726
-97 -83 -70 -59 -51'1

PYA facto!'
32263 39502 45417 51238 56628
2,174 21691'1 31127 ~1498 3,812

14840 14685 14524 14648 14855

Host e~onQmic life 5 years
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DIYISIOM:~~:~~HEERIN6 -1 SECRETARY

I I'IECHAHICrii.
SERVICES ENGINEER

I
I I L I

READY KEAtS GARAGE QUICK FREEZE IHlR!(SHOP E
FOREMN FOREIIAK fOREMH FOREMAN
I J I I

FITTERS MECHANICS FITTERS FITTERS I 1 EtE
14 12 ItO lURJlERS I 2
I I 1 I

LABOURERS I.Al!OURERS LABOURERS lliHLERIiAKERS 12 L
X 3 IS 17 SEMISlIlli] 11

I
!PLUHBER I 1
CARPEkTER I 1
BRICKlAYER X 1

J
ISOlLER IITTEIIDAMTS 141

J
IBOILER ASSISTANTS I~

!

ELECTRICAL AND
REFRIGERATION SERVICES
I ENGINEER

lECIRICAL
FOREI!A!f

~TRICIAHS
X 6

REFRIGERATION
FORElb,\N

ABOURERS COMPRESSQRROOn
I 3 ATTENDANTSX 5

jlABllURERS

tL'lIHTEHIUfCE
PLANNER

LOSS CONTROL
OFFICER

SEMIOR SECURITY
OFfiCER

PROJECT
TECh'IUCIAN

(URK I 1

SECURITY SW\RDS
117

J>
"U
"Umz
1:1
H
X

~.



APPENDIX 4.1C
DUTV.RtlSTER WEEK ENDING
ENSINtERtNG MAInTENANCE TEAH DATE:

SAIURDAY -I. ~A~ ~

ITEAM lEADt~---......1 ----~-_-_I I
I I----~·-I-- 1
ISHlEr ELECTRICIAN I 1 _I
ISHIFT FITTER 1____ 1.- I
ISHIFT FITTER I I I
ISTANDBY F1TTER (REFR) I I 1

~TANDBYHECH~~IC =.. ~ ~==:= I •--""'..__..-..;..;.- ..;-=..;--J
IADDlnONALSTAFF 1 - __ 1 I

lARTISANS 1 I I

I I. I I
1 1 1- I
I I I. .1
1 I 1 1
I I I I
I 1 I 1
I I I I
I 1--- 1 ---I
I I I ------I
I I-__._.. -I ...---I
I 1- I I
I 1 I .---- 1
l--...__._..---~l I 1
I ASSISTANT§. 1 1 I

1 I.... 1 I
I I ----1- I
1 I I. -.1
I 1 1-- I
I 1- 1 I
I 1 1- -I
I 1--- I I
I 1- 1- i
I I --1-- 1
I I I I
1 I--~,--,--I-------I
I 1 I I

r-------I==t---------
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JOB CARD NO.:

~~HEmT~~? 1~s"
PLANT NUHaER SPECIAL CODE B SAFETY

-I' -[III'", "crI~-f--.~--" C HAIH!.
1-_ -- ..-- - -. __ (L~- L..-.. - ..,--"'-"'if-...j--·--,H

REQUESTED BV: D HOllS.*
1--..-------------------.-----+JOn REQUEST, DATE REQUIRED
------------I------~

------------------------1 ESTIMATED TIHE

--------------, -E' =t-AI.LOCATI:D TO DATE NUMBER

. ~----- - ---->;ApPRDVED Dt-~-----=r----- ·- ENGINEER~1::iRE::_.= ~ -=
Figura :2

--_._-
-----_ ...........__. --......--... ......_ ..._- APPROVEll BY FDREMAN

t..~~--..~·------
-- ..------- ORKSHOP ~_L-

_-'.~---.' _,~"E-----~i..DRI:;::ID, 1".,1;::, :~
Fe FH CAUSE __ w~_..

. h- --,_ ..._ '_', -_ ...._ -_. _ ...... :- ...~--

AF'F'E:ND I X 4o.:2A-,..~-.-......-..,..~-.
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CODE
A
B
C
D
E
F
G
H
1
J
K
l.
H
N

fUNCTIONAL CD"~ONENT (Fe),....-. -
Cooling SysteM (air and liquid)
Drive
Electrical Syste.
Filtration SysteM
Fuel Systel
Heating SysteM
Hydraulic System
lubrication Sy$t~.
PneuMatic SysteM
Refrige~ation SysteM
Structure
Product Forli«g I Cutting SysteM
Product Fe~d SysteM
SeaIi n9 Systelll
FAILURE HODES (rH)

~l Bearing IBush Failure
'2 Fit tel' Blocked / Failed
03 Pipe elor.~ed / Broken
e4 Brake Failu~e
05 Broken / Ked / Da.aged
eb Chain Failure
07 Clutch Failur~
~8 Conveyor Belt Failure
09 Courling Failure
IS Cylinder Failure
11 Drive Belt Failure
12 Elett~ic Control Circuit Failure
13 Electric Hain Circuit Failure
14 Electric Hotor Failure
15 Electric Wiring Failure
111 Gear Fal lure
17 Gearbox Failure
111 Heating EIe.ents Failllre
19 Instruillenta~ionFaUL I!
29 Low Level (Gas, Diesel, Coal)
21 Low Le\'fJllRefl'igerant, Hilhl', Stealll, Air)
22 Pump Failure
23 Regulator Failure
24 Roller i!<"ilure
25 Schedulad Inspection
26 Seal Failure
27 Shaft I Pulley Failure
2B Sprocket ~~ilurl!
29 Valve Failure
30 Wear
31 Hydraulic Motor Failure
32 Jalllled / Blocked
33 LOH Pressure
34 Incorrect Adjust.ent / Asselbly
35 Faulty Packaging / Product

CODE CAUSE OF FAiLURE
At Wrong Align.ent
A2 Abhor.al Horking Cond
A3 Overloading
A4 Overheating
A5 Mech Wear fWIi ted life
A6 Setting/Operator's Fault
A7 Vi bration
AS Operatcr's Neglett/Hi~use
A9 Bad Haint./LacK of PM
Al~ Ingress of diftl

Foreign Haterial
AU Spikas I Resonance
A1~ ijnknollnor no failUl'e
A13 Da.age by forklift/Neglect



Equipment Numbering System

FIXED PLANT NUMBER STRUCTURE MOBILE EQUiPMENT NUMBER STRUCTURE

COST CENTRE

Not necessary

UNIT

I .Maintenance ah<Jays
5594!25 Of' 55905

New str-ucturE

ITEM

EXISTIN6 STRUCTURE

Npt necessary

COST CENTRE UNIT

TYPES
00 Buildings
01 Plant and Equi~ment
to
69 Plant and Equipment
70 Free for e~pansiQn
821 Forklifts
921 Vehicles

ITEt'!

it
'[

[
!

:t>
iJ
"'IJ
III
Zo
t-I
X



COST CENTRE

140
151
152
170
171
177
179
180
182
355
655
901
914
916
918
919
935

C;:lIdStores
Engineering
Quick Freeze ---_..('
Dry Stores
Engineering Stores
Marble Hall
Ohrigstad
Letsitele
Thabazimbi
Prepared Foods
Carlilel
Staff Shop
Secur-ity
Training
Laundry
Surgery
Admin

PI ant Inventor-y

UNIT
0125General11 Line No. 1-- ~
12 Line No.2
13 Line No. 3
14 Line No. 4
15 Spinach Line
16 CC')rnU_ne
17 Bean Infeed Line
18 Thermal Oil Heating System
19 High Pr-essur-eBoiler
2125 ehlor-fne Dosing System
21 Plate Freezers
22 Ammonia Supply Unit
23 Effluent Handling System
24
25
26

\
7125
80
9125

Buildings
Internal Combustiol1 For-I<:Trucks
Vehicles

\

ITEM
00
1211
02
1213
04
1215
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20

Bul k Bin Ti pper-
Heath Hoppel"
Cross Conveyor
Band Remover-
Dry t \tJetWasher-
Slatted Conveyor Elevator
Vertical Slatted Elevator
Steam Peeler
Scrubber-
Slatted Elevator
Sorting & Trimming Belt
Re-peel Conveyor-
Slatted Elevator-
Holding Tank
Screw Elevator
Shaker
Cr-oss Conveyor
Scraper Elevator
Blancher No. 1
Sliver Remover
Shaker Grader
Blancher No. 2
De-watering Shaker-
Fryer
Defatting Shaker
Wire Mesh Elevator
Cool er-Blower
Wire Mesh Elevator

....
CJ1
t-J

:D
"1J
"1Jrnz
t:l
H
X

..j:>.



Engi neer·i ng Department Responsi bi 1i ty Codes

Divisional Engineering
Manager

151

I I
Projects Mechanical Maintenance Electrical & Refd gera.tion
151-08 Ser'lr"icesEngineer Planning Services Engineer

151-09

I I I I
Wor·kshop* Q.F. Plant Garage Electrical Refrigeration
151-01 151-04 151-05 Maintenance 151-07
151-02 151-06
151-03
151-10

J)
"1J
"1Jmz
t1
H
X

151-01 Plumbing
* 151-02 Bricklaying

151-03 Carpentry
151-10 Machining

.f:o.
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Attendance Register
PREPARED FOODS MONTH: -WORKSHOP 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 1S 19 20 21 22 23 24 25 26 27 28 29 30 .s i

J.H.C. VENTER 110101 I

LC. SMIT 1567

P.J.A. JONES 1593

J.J. KOEKEMOER 1068

W. LEKGEU 1612496

E. LELOSA 1617415

W. KULA 1642826

.

I. _- ,_..

~

LEGEND A - LATE B - SICK C - LEAVE D - OVERTIME E - MEr . _ F - ABSENT G - ABSENT WITH PERMISSION H - CALL OUT
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APPENDIX 4.4C

PM Scheduling

SCHEDULE PLANtlE:R __JJ
FOR THE MONTH OFIMAY 1993 I
1

ECIJIPMEN EQUIPMENT SCHEDULE TYPE SCHEOULE FILE DATE COMPLETED DATE .)OBOAAD
NUMBER DESORIPTION AND FREQUENCY NUMBER REQUIRED YIN COMPLETED NUMBER

1S2~12-a13 TUNNEL 2 MECH, e WEe\L Y FB-(JO\:! 14-MAY-ElG 400513
A6I=A. B \NEW Y AFB-ooa 42&57

11t!li!-l"~-1I TUNNcL4 :MECH. !) Wl::.1:KL.Y FII-004 .. IO/-M~Y-1iXI Y IUtl-MAY-93 4~1i2
AE:FA.6\'.f\':WY AF6-004 Y 09-MAY ....Ba 4OO5a

162-j2M2~ 9l.ANCH5A :2 M5CH, 24 WE6KLY 1=24-006 OG-MAV-OO N ::17644
ELseT. 24 \NEEKLY E:24-00::l V 09-foMY-W ::17646

EARTH L5,tKAGE ELECT, ONes 24-MAV-OO
REGISTER MONTHLY

162-67-01 GOODS HOIST '* 1 MECH,12INCEI<(.LY F12-02G 21-M.W-BS
ELECT, 12 W'EEKLY 1;;:12-006

lS2-S7-Q2 QOODtI HOltlT II 2 MECH. 12 WEEKLY f12-023 21-MAY-OO
ELEOT. 12 Vl£EKL'Y E12-(lOil

152-20-27 STITCHER IMECHo12 WEEKLY F12-01ij 2il-MAY-OO
F.LEOT,12 'NEEKLV E12-005

PEROENTAGE OOMPLETEI 21

Figur'e 2 rime Spent in Categories of Maintenance

DEPARTMENT

Il1lfll 388,SII III 471,11171 III S59,SSI 1,741
14111 11131,971 l59,741 2 11159,59,1 148,511l1 3 399, 811l1 6,891
151 17111,331 186,321 1 745,861 197,661 :2 31111111171 4,661
152 34S4,771 627,311 17 884,2:=i! ~. 542~721 26 539,051 53,791

17111 126,1il1iJ1 4, IIIIIII 1::JBj33' '?,?51 301,11181 111,611
355 3 362,212!1 371,631 C JI1lIll, ':1'1?I I ,6tl 13273,141 26,9°1
903 699,96 11113,75 1 715,97 l4.~,1a 2 662,96 5,39

I ........

TOTAL 9 264,O4 1 452,75 32 335,67 (;. 2133,62 49 336,O8 1111111,illIZI
% 18,77 2,94 65,54 12,73 111111l,lIlrZl

NPl 21 - 58 21 10111,k~1II..
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92
90

88

86

84

82

80

78

76

LINE AVAILABILITY CONTROL CHART

\ I
\!

LINE 111 OF

n UONTHS QUARTERLY

96~----~--------------------~----~----~

-: IIV

\

\
\

::Lr I I II II >~I I I 1·1 i _......---r-___,.!

t - 89 3 - 89' 1 - 90 3 - 90 1 - 91 :3 - 91.1 - 92 :3 - 92 1 - 93
2 - 89 4 - 89 2 - 90 4- - 90 2 - 91 4 - 91 2 - 92. 4- - 92



MONTH JIJL ';\JG 6EP OOT NOV DEC JAN FEB MAR APR MAY JUN CUM

LAB I
MAT

LASrMAT

MAINT ACTMlHR6

°C06T MAINT TARifF

TOTAOTUAL I
TCTBUOOET

VARIANCE

WORK JOB6REC

,ORDER JOB6COMP I
PROG Bp':;KLOG

PERfltiOEK

MAINT MTIR Pt.M

PROD MITll VEH

OT/NTHOUR6

SAfETY
8/00WN6

PLANNED MI1NT

WJNT MOD!}

PROG PM RATIO

MTBFP&M i
MTBFUCH

:-:...0:

J>

""'I]rnzo
I-t

X



LlI\I E ,h(\lAJ LA.SILIT'( R. ~A.
APRIL 1993

100 100 roo QQ 100 100

C/ROOM r M/ROOM I S/ROLL I PIllA I C/DOG I BURGER I AUx.
BUTCH Bf.A.RE4. .FUFF \/18-lNA S1EiN F:A.CKINS

MON1H
UI
J>

~ F~rcentoge



TOP TEN
PREPARED FOOOS (355) - APRIL 1993

28 (f 21-03
25 ~t-
24

20 21-07

18

15

W
::2
.~
3:oa

14

12

6

lRO

1~

4-

.2.

o ~____!;

F19 FORMAXI BOX SWERI KLlKLOK
GYRO GYRO BLENDER Fig FORMA)( O/MIXER 4

TRIO 2 F19 FORMAX

EQUIPMENT
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PREPARED FROZEN MEALS

LINE NUMBER LINE DESCRIPTION TOTAL MATERIAL COS1
01/07/92 - 19/05/93

355-10-00 COMPRESSOR ROOM 83180.23
BUTCHERY -355-12· ...00 2043.11

355-13-00 MIXING ROOM 5103.34
355-14-00 BOOKING AREA 0631.95
555-15--00 SAUSAGE ROLL LINE 26566.64
355-16-00 PUFF LINE 23181.19
355-17-00 PIZZA LINE 63664.58
355-18-00 ViENNA LINE 65250.73
355-19-00 CORN DOG LINE 1044.17
355-20-00 STEIN LINE 74638.31
855-21-00 BURGER LINE 'It 202042.20
355 - 22":' 00 PACKING LINE 6774.47-355-26-00 AUXILIARIES 10316,36-

'# BURGER UNE

UNIT NUMBER EQUIPMENT DESCFUPTION
355-21-01 Grinder - 2325.26
355-21-02 Mincer & Mixer

.....~--
11567.80

355-21-05 Fi9 Formax Machine 1 45950.59
355-21 ....04 Fi9 Formax Machine 2 61481.60
355 .....21-05 F12 Forma>< Machine 7529.07
355-21-07 _§}!f<;> 9208.54-
855-21-06 Outfeed Conv6¥or 740.00
855-21-09 Delivery Conveyor 1405.39
355-21-10 Kllkklok box former 6161.71
655-21-11 Packing Conveyor 12097,65--355-21-12 Box. converor . 5174.41....
855-21-13 Sox Sealer 5014,63
355-21-16 Outfaed Roller dO"nveYo." 4,31.50
355-21-24 Cooking Pot 1 915.03
355-21-25 cool~lng Pot 2 143.95
665-21-26 Cooking Pot S 1264.55
665···21-Su Vemag Melts Maohlne 15027,40

202042.2Q
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APPENDiX 4.5E

1&3 Springs •• AsseMbly Tree Analysis .~ Page 1

PLANT: READY HEALS
EQUIPMENT: F19 FORMAX MACHINE

COlllpiled by:
Reviewed by;

Date:
Date:

: FUflCTIONAL COMPONENT! ASSEMBLY ji I SUB ASSEMBLIES I PIECE PARTS:_~~__._~ ~_~ ~ " W~ ~~ ~ ~---W-- N_W ~-----~----------~~-----~--l
: ELECTRICAL : OPERATIONS lSUPPLY CABLE :
: : :ELECTRICAL CONTROL PANEL & ~TOP/START BUTTONS :
I I I I
I ! I I

I I :INTERNAL CONTROL WIRING :
I : ILIMIT SWITCHES & PROXIMITY SWITCHES I
I ! I I
I I I I
: [OPERATOR PROTECTION ILlHIT SNITCHES I
I I IEMERGENCY STOPS I
I I I I
I I I I
: KNOCKOUT : KNOCKOUT SYSTEM IKNOCKOUT BAR I
I I I KNOCKOUT CUPS :
: I IKNOCKOUT RODS :
: : IKNOCKOUT ARM RETA INERS :
I : :KNOCKOUT ARMS & BEAR INGS I
I !KNOCKOUT ROD LINK TO ARM :
: :KNOCKOUT SPRINGS I
I !KNOCKOUT STOP BASE AND PADS :
: :KNOCKOUT ARM SHOULDER BOLTS I
I I' I
I I I
I IKO DRIVE IKNOCKOUT DRIVE SPROCKET FROM MOULD PLAYEDRIVE REDUCER I
I I ICHAIN TEtlSIONER & MOUNTING GASKET I
I I IKNOCKOUT CAM SHAFT DRIVE SPROCKET I
I I IKNOCKOUT CAM SHAFT I
: I :LH AND RH KNOCKOUT CAMS AND MOUNT1NG BLOCKS I
: I IKNOCKOUT CAM SHAFT LH AND RH BEARINGS I
I I I I
I I I t

I IWATER SPRAYS: I
I I I I
I I I I
IPRODUCT FORMING IlP HD SYSTEM IINLET STRAINER I
: I :INLEl PIPING :
I I IlP HYD PUMP I
I I IPUMP/MOTOR COUPLING :
I I IDELIVERY PIP ING :
I : :NON RETURN VALVE :
I I lPRESSURE RELIEf VALVE & PRESSURE GAUGE 1
I : IDIRECTlONAL CONTROL VALV~ I
I I IDRIVE MOTOR :
I I :RESERVOIR I
I I I I
t I I I
I IHP HVD SYSTEM :INLET STRAINER I
I I IINLET PIPING I
I I IHP HYD PUMP .1
I : IPUMP/MOTOR CUUPLING 1
I I IDELIVERY PIPING I
I I INON RETURN VALVE :
I I IHVDRAULIC ACCUMULATOR I
I I IACCUMULATOR IiUHP VALVE I
I : :PRODUCT PRESSURE GAUGE I
I I :HP DIRECTIONAL CONTROL VALVE I
I I IDRIVE MOTOR I
I : JRESERYOIR I~~--,~------------~
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PLANT: READV HEALS
EQUIPMENT; F19 fORMAX MACHINE

Co.piled by:
Revlewed by:

Date:
Date:

I FUNCTIONAL COHPOHENT
I
I-:--:-~=~~~11 IKNOCKOliT SYSTEM,
I I
I I
I I
I I
I I
I I
I I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
t
I
I
I
I
I
I
I
I
I
I
I
I
I
t
I

I I
I. I
I I
1 I
I 'I
I I
I I
I I
I I

I
I
1
I
I

FUtlCTIONAL FAILURE I FAiWRE HODE I FAILURE EFFECTS
I II~ .1__ - I=~,.-~=~ _

IA IPATTIES ARE NOT EJECtED OR ARE!l IKNOCKOUT CUPS MISSING OR IEVIDENT TO OPERATOR
: IDAHAGED. I I DAMAGED, INO SAFETY CONSEQUENCES
I I I IREPLACE CUP +/- 0.5 HOURS
I : ,I IPRODUCTlON LOSS
I ~.,/I :POSSIBLE WARNING
: I " I INOY AGE-RELATED
I 1 I I
I 1 I I
I 12 :KNOCKOUT BAR BENT UPWARD, IEVIDENT TO OPERATOR
! I I INO SAFETV CONSEQUENCES
: I I IREPLACE/REPLACE +/- 1 HOUR
I I I IPRODUCTION LOSS
I I I INO WARNING
I : I I NOT AGE -RELATED
1 I I I
1 I I I

: 13 IKNOCKOUT ROD LINK SHOULDER lEVIDENT TO OPERATOR
I 1 IBOLTS HISSING OR BROKEN, INO SAFETY CONSEQUENCES
: : : :REPLACE +/ .. 1 HOUR
I I I IPRODUCTION LOSS
: I I INO WARNING
I I : INOT AGE-RELATED
I I I I
1 I I I
I :4 II(tlOCKOUT ~RH SHOULDER BOLT :EVIDENT TO OPERATOR
1 1 IHISSING OR BROKEN. :NO SAFETY CONSEQUENCES
I : : IREPLACE +/- 0.5 HOUR
I : I !PRODUCTION LOSS
: : I INO WARNING
I I I IHOT AGE-RELATED
I I I I
1 I I ." I
I 15 IKNOCKOUT SPRINGS BROKEN. :EVIDENT TO OPERATOR
i I I INO SAFETY CONSEQUENCES
1 : : IREPLACE +1- 2 HOURS
I : : INO WARNING
: : I INOT AGE-RELATED
I I I I
I I I I
I 16 :KNOCKOUT ARMS BROKEN. IEVIDENT TO OPERATOR
1 I I INO S~FETV CONSEQUENCES
1 I : I REPLACE +l: 5 HOURS
: : : INO WARNING
I : I INOT AGE-RELATED
I I I I
I I I I
: '7 :KNOCV.OUT SHAFT DRIVE SPROCKETS!EVIDENT TO OPERATOR
I lAND ClIAIN BROKEN. INO SAFE TV CONSEQUENCES
: I lREPLACE +/-0.5 HOURS
: : !POSSIBLE WARNING
: I INOT AGE -REI.ATED
I I 1
I I I

I ,8 ICHAIN TENS lONER WORN OR IEVIDENT TO OPERATOR
I I IBROKEN. INO SAFETY CONSEQUENCES
: I I IREPLACE +/-0.5 HOURS
: I I :POSSIBlE WARNING
I : : INOT AGEMRELATED
I I , ,
, I 1 I
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I&J Springs ** RCM Decision Worksheet •• Page 1

PLANT: I&J Springs
EQUIPHENT:F19 Forlax Machine

Co~plled by:
Reviewed by:

Date:
Date:

I REF. I CONSEQ.I TASK SELECTION.
I I I

:FCIFFIFH!1 12 13 :4 15 16 17 1819 110111["""12'""11"""3""11"""'4""11'-:5""'11:-:"61 PROFOSED TASK 1 FREQ 1 COMMENTS ITRI
, I , I I I I j I , I I I I I I I I I I I I I I11IAir!v-iN"!vi-:-i--I---iri-!-! ....:-!-!-!-!-I-EN-S..,.,UR-E---,cU.,..P-S-S ....EC.....U,...RE... ------!-DA-ILViDAILV CHECK LIST !r!
11 IA 12 IV IN IV I I I IV I I I I I I : lCHECK THAT BAR IS STRAIGHT IDAILV IDAIlV CHECK LIST IF I
11 IA 13 IV IN IV I I I IN IN IN I I I I I INSH I IREPAIR WHEN BROKEN IF:
:1 :A 14 IV IN IV I I IN IN IN I I I : I INSM I IREPLACE WHEN BROKEN IF I
11 IA 15 IV IN tv I I IN IN IN I I I ! I INSH IREPLACE WHEN BROKEN IF :
11 IA 16 IV IN IV I I IN IN IN I : I I I INSM lREPLACE WHEN BROKEN IF I
11 IA 17 IV IN IV I I IN IN IN : : I l : INS~ IREPLACE WHEN BROKEN IF 1
11 'A 18 IV IN IV I I IN IN IN I I: I INSH 'REPLACE WHEN BROKEN IF I
I I I I I I I 1 I I I I I I I
I I I 1 I I I I I I I I I I
I I I I I I I I I I I I I I
, I I I I I 'I I I I I I 1
I I I I I I I I I J I I I I
I I I I I I I I I I I I I I
I I I I I , I I I I I I I I
, I I I I I I I I I I I I I
I I I I I , I I I I I I I I
I 'I I I I I I I I I I I
I I I I I I I I I I I I I
I I I I I I I I I I I I I
I I I I 1 I I 1 I I I
I I I I I I I I I I I
I I i I I I I I I I I
I I I I I I I I I I I
I I I I I I I I I I I
I I I I I I I I I I I
I I I I I I I t I I I
I I I I I I I I I I I
I I I I I I I I I i I
I I I I I I I I I I I
I I I I I I I I I I I
I I I I I I I I I I I
I • I I I I I I I I I
I I I I I I I I I I I
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DAILY CHECK· FORHAX MACHINES

BEFORE INITIAL DAllY START UP INSh:CT PUMP SOX AND HOPPER FOR ANV FOREIGN OBJECTS WHICH HAY HAVE FOUND
ITS WAY INTO THESE AREAS.
ACilONS TO BE PERFORMED:
-------------~-----~-~--l)ENSURE CAM FOLLOWER IN POSITION AND SECURE.
2)tMSPECT ALL CHAINS AND SPROCKETS FOR CORRECT TENSION AND EXCESSIVE WEAR.
3)ENSURE WATER PRESSURE SET CORRECTLY FOR HYDRAULIC COOLER.
4)ENSURE All WATER SPRAY NOZZLES IN POSITION AND SECURE.
5)ENSURE KNOCKOUT CUP ASSEMBLY IN POSITION AND SECURE,
6)ENSURE VACUUM CUP BAR IN POSITION AND SECURE.
7)ENSURE VACUUM BAR IN POSITION AND SECURE.
8)START UP VACUUM PUMPS AND ENSURE SOLENOIDS OPERATIONAL.
9)RECORD VACUUM READING FOR PAPER PICKUP PUMP.
lO)RECORD VACUU~ READING FOR VACUUM BAR PUMP.

NOTE;ENSURE VACUUM RANGE HARKED ON GLASS OF HETER,
l1)EtISll~;ALL GUARDS IN POSITION AND SECURE.
12)ENS~~ PAPER HOPPER IN POSITION AND SECURE.
13)START HVDRAULIC SVSTF.M AND MACHINE.
14'}ENSURE PLUNGER CYCLING.
15)EHSURE FEED SCREWS TURK1NG.
16)ENSURE MOULD PLATE RUNNING FREE.
17)EN~URE KNOCKOUT CUPS ARE DROPPING AND AREN'T HITTING ~NVTHING,
18)ENSURE PAPER FEED OPERATING CORRECTLY.
19)ENSURE OUT FEED CONVEYOR OPERATING CORRECTLV.
20)RECOR~ HP, HYDRAULIC PRESSURE.
21 )RECORD LP. HVDRAULIC PRESSURE,
22)ENSURE HOIST OPERATING CORRECTLY.
23)ENSURE ALL SAFETY SWITCHES OPERA lIONAL.
24)ltlSPECT MAIN DRIVE BELT AND ENSURE VARHPEED PULLEY OPERATIONAL.
25:~ECORD HVDRAULIC PRESSURE ON HOIST POWER PACK.
26)ENSURE CORRECT MOULD PLATE AND SPACER PLATES FITTED FOR PRODUCT. TYPE.
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(~LlIJGl~TCOI\lTROt

\' C7 - ~~'+O
.;:.::-"--~----"-"----~---;~,~t~~~~----~----;~~~~;-----~---'"-~~~~~-..---~G

WEEI< : REQUISITIONS I RF'QUIsrTIONS : REQUISITIONS
I::N0 U~13 CUMULA (l VI:: ~LJMULATI VI!: CUMULAT PIE

FOR rHE------
MONT:; OF L-----:~ .....'"(

:--------------------:---------------:---------------:---------------:
.a._ ;g~_::~~__~~_; ....__..., ..._: ~-----: :

~ ,~'-";-..,:.:.o \ -c=t':=t-:..: ";-='\t·,;:.t'-.=>.~·~ ~1!:":JI~ -''"'\'+- : \.~L_":;). c:5~ ::"--~-------------~--:----------~~-~-:--------~-----:-----~--~-----:
: -;;;..~ -'..-=0, --=; """-:.... 1 \.\ ':':I_I I?_ : ';;:)~ -;:.-, "";'2 .. :1--------------------:---------------:~------7-------:---------~-----:.' . . .. :
• ~"" _ ..- , -'"",,, ~ • - • ';:':!.. -. ~c:-, '8'0 : "'?".:. ....:" 5lc \..:.0•
: ~ : : ._.n~ ~ G

; :. : : :'•••aNA._a~__n••na~ __ :.a••••••••_m_Mn: ••_a_6 :-- __ •••• ··._t
:~:~.:_~~~~~:_~~!~::..:_-::'..~~_"_~_<;2_:·:~.::l.:r~n~_:_e_~_~_~..!-:S ::~~~~~:~_~=~~~~.. : .. : ~: ~~~-_::~:§~:~"T.:2:'1 :
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'w \~c;.. - -- ..:..=.:;F=\,-\.<.":) . ~___~___________________ ~ft---_---------~--g----_-----------------_--- '-~

PURCHASE I STORES : TOTAL :
~1e:Ef< ~ RE:QUXSITIONS REQUISITIONS REQUISITIONS

ENDING I CUMULATIVe: CUMULATIVE.I CUMUI.ATIVE:------------------~-:---------------:---------------:---------~--:t • : • .'i-===?--::~.?.:-:~.?.=i__~.s:.:~..s---I ~'-~'-.a '=\ __c:!'..~; _::t::s\::::,.:2~~;
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IMONTHLY··VAfUANCE • .' r ' .: : : • '. :., .:'-. ~'4' 4c.t:·:
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PURCHASE . • STORES TOTAL
WEEI< REQUISITIONS ~EQUISlTIONS REQUISITIONS

ENDtN6 CUMULATIVE CUI'IULATNE CUMULATIVE'
1-·..- ....------ .....---------: -------- ...-------: -- ...----------- .. : -- ...----- ...----...:-:
I . ill • •.•;S"=~__:::..~~-"~.:;:.:__5~;:,.,.:::1.1:.--;--~-~~~.T'"~.5..-;_==-~~.._c:::lj_:_;
, ... .... ..' . ~ .. • . ~f;_L~_.::.~_?:__::.."5..~__':.::'~~?::l:--; -~~~1:;a.,- ; ':-~-~~4~--;
; '~\...a:; ..• . •. •:_~2_"~.:=:_~.:__52=;--- ......:~_r_~J.::.--;_"o..~_~:.::- ?_~ __~~_§_~ __9~;
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