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_mﬁjectiggféﬁgls:@pg of the Research Project

R The mﬁiéu«iya n% this raﬁaarmh prmjamt is. tn prﬁvide i

- ganeralzﬁaﬂ madal *n% managmng ;_mainﬁananﬁ& iﬁ‘ R

'pweparad %Qads inﬁuatry in the araaﬁ Nt Fﬁﬁien Wﬁﬁe&&%@é&hf

anﬂ Preﬂared Fhuxen Maalm. o o :” T

:Thé'ﬁﬁdai w;ll tontain BuFfmcient in%w&mataﬂn Lm “ullow %tf“

o tm he &ﬂaptad For usa :n ather induﬁ**iaﬁ. f

| -It waa dacided ta undertake the reEearmh pwdjett siﬂte 

b auth&r is 1nvn1ved im maintenance ‘management and in['

- partxmuhar Cin the devalmpmmnt and implemaﬁtatimﬁ a$ &

planngd _'maintenanca ‘programmes - The ﬁrucagﬁ uE

fk&devalapmanﬁ and implamentatmnn' exposed many git#a;rgs

_awaxting any prmspamtzve maxntenanca angxnaer.- Théré is

.{ ke, Lm{yrggtiqn availahle nn ﬂ;?ferent aspects n?z

Qmaintananna but unfurtunately mmat u* iﬁ:

P SRRt F

'. .~__. is fragmantad

- glVES a brief daaathtzan o¥ what 1$ raquipad_ - ".
_‘.;.prmm;aes large benefits %mr thuaa wha Euﬁcﬂagfu11y

implament such & prngramma

- 1.Prnvide& feu implemmntahles pwactlcal axamples R

‘what Lu dio and hmw to dn it

.—_ _ﬁeldam tella tha readar or studsnt of the piLfalls

~  seldom  tells. the reader or student of the real -
effort reguired to design and succaaafully implement_
Csuch a Programoes. '

However, this praject will put f&hwahd_a”ﬁmﬂei which will
address many of the theoretical eloments together with

practical exanples gainad from ngEHiehce: in design -and

implamentatinn of such & pﬁmgrammau

Pactara which have a significant e#fect on the success of
a company in this industry are i ' o

Saw T



%agﬁ ﬁ

B @”ﬁﬁuﬁt qualsty

- -’-grmduct cost

- produact avaxlah;lity
f*-'-'ﬁnaﬂﬁﬁt,imnﬁxat;mnn

'_The rgsult is  that. Equzpment is . a{ten expested ko he_'
“highly %lexlhle in. gﬁder to manu%acture a 'wide mange of
-phmdqus,' hava High ava:labai;ty ‘8T 85 tp enaura high .

- productivity of capital; and o .manufagtgggﬂjquallty

- products cansistEnt1Y ;_whiielfminimizing - the adverss

effecks  pf waste, poor labour. utilisatznn__andl_ high
maintshance cnsts causad {by subatandard ma;ntenancef
mah&g&mgnt:and_pra;titeg. -

The research project will  address the aatian of
maintaining the equipment as wall__a ‘the . associated
elements :of plannang,. organisation, -aueurdinatznn and

' cantrml of - the wurk and workforce,

The DEVelﬁpﬁgﬁé_énd_Histéry'af ﬂaiﬁféﬁaﬁ;é;ﬁgﬁa@emenﬁ.

The EVQlutimn mf ma1ntenance managpment har taken:place g

_acrnsa three sucueasive gene»atiuns W

"These.may be summar i sad as fullows

1. First Beneration of Maintenance Management

With the advent of the twentieth centiry there was
little heed for  any formal maintenance systems.
. Most production was performed by  hand and the
equipment which d;d exist was simple and asy te
rahaiw. Prnductiun_ output  was more - dependent - on
- human skill 'thanlqn machinery e%fectiveness in  the
épnveraidn- prmaoés. _ However , the industrial'
revolutian impactad' sighificantly' mh_ g atatua
guo.  Up £o the beginning of the Second World War
machinewy was Large, Peaaunahly simple,  over
daaiqnad and inherently reliable.  Industry wWas
Still very lsbour intensive and equipment breakdowns
had lass affact, reaultlng in less nead of |
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 _ §ﬁﬁHi§t£Ea&ed : mainteﬁ&ﬁte ' 9y§%ams w?&ﬁi‘*éﬁeiﬁ"'
 ddsac sted’ ﬁi@ﬁﬁr sRiFL” Fhﬁulrﬁmanﬁﬁ;_ o

-.Qétﬁﬁﬁ @aﬁa@atimn

’\ S

e~ ?‘?am_wﬂ-t j’f‘-a;fi": tﬁa"séa:ana World Wah® chinged all &t

Ehiéiéighi¥iééﬁtiylz' Incraased qﬁ&ﬁ%itiés ot - gnaaﬁ'

el m&ﬁa aguipmént WarsE reﬁu:red while thilfe waa’ &“ l
dﬂﬁﬁ in “thé avazlabziity ot é?%ective marpEHer . -The .
ﬂnly “Alternativa’ nas autamat1ﬁn and mﬁﬁhénlaatiéh:- '

Reﬁuilding the. warld after the war enéired J*had: tﬁe '

pressire bas  sustalned.” Industry  badame” mdrd
ruliant on’ machinery.  Machines becdne Lighter in

éﬁﬁéﬁﬁﬁﬁﬁiﬁn;'*"éﬁk$:'udﬁmplau, lpas hel:ﬂhla Cand

_requiﬁad higher skill lsvels to maintain. them.-'_?he
‘maiHEAHARTEE ﬁun&epfs Nﬁifh evolved  included  the

$n113wing =";-'

A Scheﬂuied maintﬂnanme based on _the asaumbtimﬁ -
T7 Cthat all comporents had a fined ;z%g._‘f”- S
P Quphist;cated Aﬂmznlﬁtﬁatlva syatems tu plan,3':
- uwrganise aﬂd cmntrml the resources _requlred fnr
 medntensncas R
~ . The tnllact1mn_and_énalysi5 n¥ 1§rge:masﬁea ot

. data fm:'eétabiiﬁh the &per&tfbhai ii#égﬁan' ¢¢:
 equipment o componants. o -
- A naw *ocus oh work measurémeht in maint@nance.

 Thiﬁd Bensration

More  changes occurrad  in the' yate  19487s.
Automation and mechanisatien escalated to levals
where machinery  outnumbered penp]e fiﬁ f'.éamgf
industries. Inﬁuatry Becams mnre dépandent oh

machinahv, %lwctramechanxcal camplex1ty~'-in¢heaseﬁ-
cand  the direct pressure on maintenance  became

obvious. e S

Fourth Beneration

nQring tha'i9ﬁm*s tﬁe-cuﬁcept'a+ aﬁheﬂﬁlad



o wagg- % _
'ﬁaiﬁteﬁange was +asp Jbeing wmwiaﬁ%d by, Eﬁﬂéi i”?%§£ 
| ganﬁitgnn maa.*aﬁanne. Liye $o Many - ofhEr

"mﬂ“%*ﬂﬁtvfing eongens | the  cengept, . Telal

'Frnd_qtzve Maint@nanag was brmught ta uf ?P@m Japan.
CThe "1 aperata - o +ix“ syndﬁmme whimh waems ta_ 
_eaiﬁt in nost weﬁtgrn mgnufacturing facziitzes is-
rapidly ﬂisappear*ng. o TPM suppmﬁta tha niw
manu%acturing technulagy a# Juﬁt in T:mg '(JII;; _
- Thig ng__gfg is bring;ng abnut a changa in. Eh@_

attitude.  of ~ managaement. _wherehy ;'tﬁe ggp??ﬁ o

responsible '.,£ﬁfﬁ machine  operatign ' is  also

-“frespmnsible £ certain maintanance actinns; Thig

‘provides an,  avenue for  really optimising  the
maintenance fungtion @@ 0 T T a

1.3 'Plénn§ﬁ'ﬁgiﬁt9ﬁanga ingﬁerapegiiye}[

In hgs npaning addraag at the 198& Maintenﬁncﬁ Managameﬁt_
 Conyenticn,. D.B. Mostert @ identified the lelcw;ng

fﬁctmﬁa whigh 'cmuld hava _ 5ign1¥icant in%luenme
_-ma;ptenance in Bauth a+rica 1n the &uture £

be Eﬁﬂﬂ'i“ F%*EQP$ﬁve&tment

.bapitai expenditure is  at iuwer'h_igyaiﬁd‘thgn
depreciation nhahgea.?@aulting ;h'a digiﬁygﬁﬁmgﬁt;ih_
blant-'and machinery, The overall effact is that
- equipment i% getting gldar and “investment ig - being
delayed, Al though this is not necessarily true for
all industries and companiss, the arguments agsinst
. cash  outflow, depreciation charges and  interest
-chahges are stﬁung,fespecially' if one realisés that
 with & little effort and some. expenditure, the
operaticonal life of equipment can be gxtended for a
gund many yeaws. '

2. Di#figuity tn_Econamigaliy_Justify Replacemants

Duel"tm the 3nagétive ﬁate o# excﬁanga, price
increases on impérted squipment are  phenomenal.
Although equipment may bring significant |



ﬁa@ﬁ &

+

_"pﬁﬁf;gtivxty impﬁgbameﬁia'l*iﬁasaf
bhrst by tha 7

' equipment. The'net effect {s mare’ pghu;&alﬁm‘fand{-
.mwdernimatimn ”* e“iﬁﬁlﬁg ﬁlant and &ﬂuimmenf-_ S

sebme o : wih b AR ot ot SN

g tﬁﬁﬁn*ux%ﬁ

-5

'ftﬁiEH:}i&rga foreign dehta 5 r&deem, 1E ig likely -
~ khat F:nancing for domeatic invastmamt _ will be -
':Iimitad. “Wa WiTl in the sRort term aiﬁn be unahla-_;
_ ta depend on large influws_af fqrqign m§pital_ _

$h9 E*iiieﬁ maﬂPﬂWEP ﬁhﬁﬁtage_ haﬁ alw&yg baen féi%v -
in Euuth ﬁfrican maxntananae departmentan. SR

ST gy 24 T

) i ‘*f :. .
creﬁﬁés Tn’ ﬁrzm_s ﬁ?’ﬁ% g {mm%égﬁ_

fheae cammantﬁ weﬁe made Ca humhéFf af yaars ‘agm  and .o

althmugh the mauntry TS intebnal situatimn ha
Emmewhat, mnah m$ them are atill apﬁlfcaﬁia
 these changea are the *ullmw1ng i-

. changed

1. aner -marpnrata tax Patea with taxes an dlv:dendﬁ
' ara mleaﬁly A means to prmmmta me craatiwn and &rwe
%unds for expaﬁbion. These expansiuns will prmbaaiy

-ant mccur in highly autmmated and mechanzaeﬂ plaﬂtﬁ¢

- 2. The prmbab:lxty of a new guvernment in the very near

 juture. To liva up ko the expectatians u* Etha_
majority of sputh Afrizans the new govermment will
probably clamp down on  autbmatidn ie an attempt o

_'incraase'amplnymeht. Wa will be wnder pressure to
keep the present equipment running for longer.

3. The current naticnal and'ihtarhatiahal'reaeasimnarv.
climate will sustain pressure on mnmpanies _ta reduce
custs and maintain or increase prmf:ts in statie
'marketm,' Cash putflow, depreciation and §nterest
charges will remain under pressure.

4, Due to the large numbar of retrenchments the number
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 ¢n$ Ekzllad “amd cap&hl& tradasman 1n th@ uﬁamﬁl ety
' &&3§§ hls fncre&aﬁd €hd BaTare ”*%ﬁ mfé&§'~§mﬁ35f'? 
. paTiERE ‘gmplbyees %nr ma:nﬁaﬁamé% aﬁ& &ﬁératimﬁﬁ@f
-In iine with weﬁucing -ma;ntenamcé costs | Wwe néad ﬁa'f-
_ _?dénti#v all ‘tasks™ wHieR ‘may  ba Ee&?@bmé& h
Sfployesd R LBRERT 1evaL B sha mnuﬁt“%ﬁ*”“gbﬁea31%V
EBtpalld " of %raxﬁ;ng aamiwskxiiéd warkers Bhd ‘Fafvis
ﬁk;il:nﬁ others ammng ayr aapahle amplmyees.__ '

1.4-,?Hﬁ?uujééiivééTaf°ﬁiééﬁﬁd'H&iﬁ%éﬁ&naé”*' a

LT S R R S DILURE

: ﬁéﬁ&ﬁéﬁ';ﬁe¥ihéa maiﬁééﬁéﬁcéﬁmaﬁégéﬁéﬁiﬁaimﬁf;ﬁaﬁfm3°m _
aﬁaﬁlin@ Ah aséeﬁ ka tmntinue ta ruldiy ehe o fuRBeios sbr
whieh 187 has ﬁes;gnaﬁa ﬁ}thmuqh‘?thiﬁi-in'w¢a£t§ eahat
'méﬁﬁ&amanf&wmana@éméﬁ& muﬂt aeﬁiave,“*tﬁé wdEd At whieH
'Ehaaf.ia aﬂhi&veﬂ THiuse #mﬁm plre a¥ efd Hesiatelits

: mafﬁﬁaf SR L glates A whitdr o the® Suﬁaédﬁ &t

_ﬁaintenance, whm Buggasta the fnllmwxng H

"The @ﬁai Bf aHy well run maintanante arginisaﬁzmn 3% %a .
_hav& Eha lmwest cost of the sum of - twm quantltxes, LT :

- _ﬁatﬁ&gﬁaacgwtaﬁaaaiAﬁa#mateﬁfai;'aﬁa.* i
- produstion loss _émst resulting from ah;ina&equaﬁa
0 maintenande prebeamit o e

CIn summarys

The objective of Maintenance Mansgement is  to ensure that
gquipment and plant  facilities remain operational at the
design mutnut levels for the duration of their  esonomig
life ' ' ' o

PIanned Mainﬁananca mantwibuﬁea tm tha achievemant of .
thig obijective by ¢ '

- EnSurihg 'thaf equipment and plant fﬁcllitlhﬁ ”aﬁe
availahla fur praductian whean requihed._ '

- Ensur:ng that thig in ahhiéved cnﬁtme?fectivaly IR
‘wih the least resources.



#5  rEmﬁuP1ng that 5hmrtmterm effnrt (Planned mdintaﬁanne"
" actions naw) ach:evea 1ang~term availabilmtys U

. .‘-: Wl CEL

= Ensuring ' ﬁhat' the safety of  aperating and

mairtenance personnel  is never compromised by poor
'-mazntanance management decisions or maintenance
o &Etiﬂnﬁ. '

Most uftaﬁ:the_'maintananga department  is  viewed.-as an

ewil -ﬁésﬁlting from  Less “khan parﬁemtly éngineerad

_aqulpment.: ‘ALl facilitaea_ requira seime o form of

maintenance action at ane time ar another, even that of
o compatitors. With this tacught in ﬁiﬁd.gpd'_sinca wiz
eaﬁmyﬁ‘ﬁfﬂ£$h;=Hmain§9hance tequirements away,' u geiad

maintsnance mgnagemant ‘ghould be viewed &s  a strategic

adwaakaga;'. If.-da5igned and ;mplgmantad Emrﬂectiy;_ 4

o owklir

- Rednte_ tﬁe_ coad _bf maintananée 'péE m&nufactﬂred 

o mﬁssiQtVin.mabntaininq-tha qUa;ity-ﬁf'a phuduat;-Hw;

" -_Enaure that bmth plant availabi11ty and aa*sty are
makimised. : '

-  Engure that all  maintenance resources are managad

. corractly. '

- Enagba that the effective life of equipment is

incbeasedu o '
1T WILL CONTRIBUTE TO COMEANY PROFITS

1.5

Dafinitions

The following definitions are not intended to prescribe
to any'parsnn haw the terms should be used, - hut rathar to
indicate MW they are genewally peﬁcezvmd and will bi
used thruughuut this text. '



Adminigtration

The managemgnt of  public or private enterprises or

P

E;ﬁﬁngg Maintenance -

ALl those. activities which | must  ha{axegg#ad_EtQ,§h§Pﬁ§ -
that: a apecx*zc ‘plant item or mmmpbnent achiaves = a
_-predetermined 1eve1 of availability and effectivenasﬁ tn_-
ensure . that the mbjectzvea m¥ the mhgaﬁiﬁatinn QPE.
aﬁ“iﬁ"ad* o R e

'\ il a e

sﬁhéﬁuled Malntenanca-'

i;fﬁne maintgnaﬁcﬁ carrzad ﬂut thh Qmmmgnentﬁ Péﬁia&ad,I 
.ﬁEQ&PﬁlESE n$ astual ggn@itgnn <, o *ﬁ§“1ba5151 ﬁ*"raﬂ.
assumed or prYen hard 1ifé, Lo .

PO P

Preventiye Maintenance

 Peripdic inspection of existing facilities and squipment
'fb'uﬁﬁﬁﬁeb””cbnditiuns'that may lesd to squipment break
_dawn, as well as  to eorrect these cpndltxana whxle they
are atzll m1nnr ant include lubrication, inﬁpe:tlan,
mlaaning taska and the replacement  of parts showing

imminent  failure or iﬁmh which a hard 1ife has been
established, A o o

Breakdown Failure

Repairing items as thay fail.

Productive Maintenance

| The examination of the plant condition ta determine when
& potential failure condition has arisen Cand  initiate
~ action bafora this deteriorates to total failure. |



Condition Monitering =

o The .uqntihuaua-QQaluaﬁian of  the health of plant and

‘eilispment EhFohghout”® ket sBrvicedble  1ife  which
dincludes monitoring. of ppr%urmanCQ pawamatara;'hdiﬁelaﬁﬂ;7
Vibrabian &halys;s, '_wear_ pawt:cle' _ahal?gig_.and_ MDT N
_'tethnzquaa.-- ' | I : B

Tha %aTiﬁwinﬁ dlagram has béen adapted from one pﬁmpmaad: |

by Patton'™  cand depxmts haw  the abnve_.maintenanca_
_ EtPAtagiea are pelatad o L

mméirznz‘ o '. pnsuéxms N S omderve
: : o WAINTENANCE s * - WAINTENRNCE

msn&mvm ™™ ™ P mweéianuten'

g O NNITRINE  WANTENAMCE
saLsﬁaéHEnuEEn P e PR

| NAGHINE BTATIETIC - FIED IﬁTEEUﬂL o snsn%hnaﬂs

T CONRROL LIMETE  PREDICTIVE HARD TIE ERERBENGY
< NMEW-UEFICIENT . TRENDS - BPECIFIC TINE - - REMGDIAL

mammﬂﬁn : B ' . REPAIR

Figure 101 Relat:mﬁship Eetwean Maznﬁén&nce Btrhté@ies'

: :_Equibmént_Fundtigg.'

The purpose for  which %he equipment was _deaigned' and
built, o T

Fuﬁhtimnai Failuhe

Inability of & system to meet a specified performance
standard. '

Faiigwe Mode

The manner in which the failure occurred, e.g. a broken
G Worn comnponant. o :

Failure Mechanism

The machanistic detail 'by which the <failure ocourred,
@.g. fatigue, averload, wesr, misalignment,



The achiievengdt of gojedtives.

Efficivgney

' Tth-a¢hievemént of tﬁg ends with the smallest amsunt of
resouFfel Ghith generaliy ibplids cost-d¥féckivendssl

 Produtitivity

OutpubZihput.  (Within the same £imé~frame).

Potgntial Failure -

'sxdéﬁt%ﬁf%hié"'pﬁ$§iéar f’&%ﬁaiﬁiaﬁfxiﬁaicatiﬁg khaE @

_Rglgaﬁxzagyif*f*'

The probability that & systdn isubsysten” or Eonpidnent)
S will function  in the “Hesired manner -Qﬁﬂé?f“épﬁ&i#iéﬁ
-cmnd:tions for & givan fime.'" : :

Failure

The termination o©f an item’s ability to perfarm the
required functior. A : ) I

gggnificaﬁﬁ_xtem'

One whuae failure could affect nperatzng ﬁafety or HaVe
ma 3 o ecanmmic cnnsequehces.
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2.1.1 Backgraund.

N@Eiﬁ-. TR . s - .’ y »

' dalﬁ ver“"t‘}‘m |

P inmmw in whra:h 6403 im?‘éﬁ‘i:ii;mt:.mrf Was tw%teﬁ .
P R manufmw-ving; Mndustrv ard iR ﬁaﬁ*—ti‘mﬂ% Fout

mfﬂﬁ“ﬁwﬁ avuas o Fmeﬁﬁ‘Vﬁﬁ%tﬁﬁ&@% an&“ﬁ%é%ﬁwaﬁ P%mz%n__

caF o met

. LR D
T S IR S T R

“HEEW@F&ll? *hﬁ ﬂﬂﬂﬁﬂﬂieﬁ ir this 1ndustr'?“dm et ﬁwﬁ .

any@ggg;gultunglm,Laaﬁﬂhum maka uae,-mﬁupw@d%m P whe

#{W “ﬁﬁé #armlngﬂ_
mpa?atzwnﬂwahiaq*Frum -actualfy preﬁaring tha?ﬁ&elds,"

'$Erklli§ing them, %he applxcatzmn of peatiaﬁdba ang .
'her*j::icis'de-;s tcn 'I:na:w évé’n:tual harveﬁting. ' Bai‘té*-ally,
-_ﬁhnwbvgﬁ,_ campany invuiv@ment_; is Only gear&d to

Prmbiding the praducar ‘with teﬁhnara”@ih#awma$aﬁn.:_-

. .i.«
- PRSI B
firers HiII auhmzt ﬂally pr%gﬁgts to:

EREPCNE RS

_ ; :
Agﬁicultural

khe’ #acghhy 'aperatzmnﬁ manager E ali oW ﬁlm Fo plan

hi$n$aczlity utiliaatgan.l Taking - inko azount - the
nature of the product,’ unschbdﬁleﬂ 'hachine outages
arg uwacosptabnle and.snme_$armma¥\pxannedumaimtananﬂe
is of the utmgat3impmptancea-5Machiﬁé-imspeati@hﬁf“

- mainterance must  be  slobted . into - preduction

Mwindows®, which are perinds of low or ho preductior

CIncorpect  foretasting  or unpianﬁed' ‘raw makerial

intake could affect maintenance &hd will raﬁult AT
inareased unplanned machina outaqes.

Research  umdantakeh. by the Nafiﬁn&l- Fﬁaduﬁti?ity

Institute  “® shows that = the average plant:

availahility im . the +Food,  tobages. Cand - beversges

industry 3is guite lew at 84%. OF the cempaniss
gurveyed, the availability  ranges: from DA% <~ 94%.
The survey alsa showed that 73% of mamufacturing

| e e CHE FRERURYBECE HEREE and are
_.pa;ﬁ ¥4r the Quantlty and _qaalxt§'6¥ %he drm&uct__“ :
del%vemeda N Factpwy 1nva1xemenﬁ



'CﬂMﬁ&hxés did have sane darn of preventive ma@ntﬁman@effz
_1phngham, whieh was h:qh, but tha results achleved 4rum
thE immlementatlnn of _sg;h progrannes  did. nmﬁ ﬁ&ﬁW_I7
 that tha;env:saged resﬁltg_we&ajhgingla;higmgd,_ '

-ﬁf'.ail the ihduﬁﬁbier 5urveyed the fand _ihﬂuagny L

. seened tu gain the mmst beneflt $rom increasing .
_maintenance expenditure in ‘the area of pﬁgveﬁﬁiye'

ma1ntenance. The difference batgnen spanding nil om

_ 'prevantive_ mazntanan:e-tu apendxng Bo% . of malntananca'
”“:cpsts -on _PFEVEHthE maintenance cnnstltuted 1A%
inmréaéa in'piant_availahiiity.' '

© PLANT AVATLABILITY (R)
0] - . :
00 FETRO-BHEHICALS
FE .
WETAL NANUFACTURE.
. L it FUUD o .
| =R '
BEEN P ENGINEEHING
| CLOTHING
N N T . O . |
{oREVENTIVE MAINTENaNGE cOSTE Af A PERCENTAGE OF TOTAI_VAINTENSNCE COSTS

© . Figure 2.1 Influence of PPEVEHtiVE Ma1ntenanne
S B Cnsta on Plant Availahil:ty.: T :
'ﬁ Eurvay'undewtaken of the three;majah :nmpetitbfﬁ in.
the frozen vegetable and pnepared.irazéﬁ_meélé arena -
showed that only one was  measuring and recording
plant availability on & regular basis. 'Anﬁther was
recording actual production tons compared to required
production tons and. using it_ as & basis for  line

- efficiency wi thout 'actually'ﬁe:arding-the effect of

different factors on peor throughput. One ~ company
had a formalised planned maintenance system installed
while the other two, both belonging £o the same

' holding company, had maintenance schedules in place.
Both were in_thé process of re#iéwing]theih'5ghédu1ea f
%bllowing tha RCM principles and were investigating
cnmputeﬁiaing the maintenance ad@§nistﬁatimn systam.
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R man saparﬁxwmate@vwﬂ% -0 withmut the @ualitv
fand gwaﬁa hEing adversaly aéfg@taﬁ¢ s
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.ff ﬁakh&ﬁu1aﬁ ﬁhwdmmtﬂaia haﬁweateﬁuuamﬂ pwhwasagdqu n
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ﬁﬁﬁﬁwﬁﬁﬁw?&ntum Bhe - FEquinEEs ré&hablo- paﬁkag1ﬁg '

"whan mabkawadamand malka*%a&rﬁhelgwﬁﬂm&%mvﬁxt»d‘f
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”: &n rﬁalenlatiﬁgfthe? umatsﬁ% *1mﬂﬁ*ﬁr@ﬁm&ﬁ@mn bﬁ}

| ksotiornal ko »mgﬂ@ﬁe potankial ) lestysabes- 4inge
e pﬁﬁdumt i ppmmessad into stack arid an  out
of stock situation resulting . frem. equipment3

bneakﬁuwm g A-% highly unlikelya? Whe :mah b 1aa&__,

prgdumtimnw is usuably limbeee : o the: cest of
direst labour which wauld Che réﬁuﬁﬁad tgwmﬁﬁk_
addi tional  howrs Lo cmmwlebe g thrﬁmghpw@b.
Ruality would eniy. be a?%emted afher: 24  houps

if no alternative: exiétﬁ‘$nﬁ ph&ﬁﬁﬁsiﬂg th& F&W:--.

maﬁepiaiu . . ."ffm;'”.'“-' :;qul:?u o ,?

Different ﬁhuﬁuété require. phdcasging"thﬁwugh
| purpose built machines and due to-the: seasoRal
ﬁaﬁmreﬁ' e ﬂthe'_-pﬁﬂduetﬁ-xl@artaﬁﬁ t\ﬁbmplex;_
equipment stands id%eV“fmr«ﬁeﬁimdgaﬁ?vthé&fyear.:
The result iﬁ'ﬁh&ﬁ“éﬁ&ipmént"is’avaib&ﬁ&é}@ﬁﬁ.
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| Must of the provessing equipment iégimpprﬁéd_
~gnd - the gdverse 8.A. Haﬁd/#areign:':muprency N
:ek&héﬂgé' r&€é§.maké;equipmént-axpeﬁSive,-E?Hia;ﬁ  _
_Yegether with  the low, capital produgtivity..ef
Ly GECRELD 1;emg'q4l“eduipment due, to the, seagonal

,_,ngture-

~0f  the product, has . ensuped, that ail
mrﬁcgﬁganq lanes ara 'eng;ngeved tq m@&im&ze'

: utilzsatian.__ Thls is. achieved hy :hagga pvgrg._

.é‘-: Ll ,..

Eqmzpment life must be ma«imised thruugh prmpew =
ma;nﬁenange prq&adures.ﬁvf N '

o R A
Bt Sbienirh X T TEIA

T L AT B n R . A e g ‘HI' ; " RE

“khe praﬂucta' ara deétinaﬁ for Human-

'ﬁbq§Qmptimn all activity, including  that ot

- meintgnance, must be geared ‘toward  ensuring

that the pruduct is not ﬁiwectiy cmntaminaﬁed- 
'qu that ik will becomng cmntam;nateﬂ aftgr

pwmcegs;ng thhgugh prmduct ngrnﬁt;ng
pruduct hand11ng which may allnw th& grawth a¥ '

harmful micrn—mrganiﬁmﬁﬁ

Bueﬁtb_Jthe'ﬁaque' of the praﬁudt,” the use of

direct labour is high, the typical ratioc of

‘direct  to  indirect being P30, Water
consumption - is high, typically 36 . - 58 tens
water per ton product. Electricity consumption

is high, typically 39e@ -~ 5000 kVA  maxipum
demand per manth and energy Cunsumptlun of '
i ﬁﬂﬁ ﬁﬁﬁ kWhr per month.

The product acidity levels are high  and

ef%luant'water pH readings vary from 3,2 - _&. S

Equipment structures have historically been
manufactured from a combination of low carbon




'eteel anﬁ'w-i.m
dtantarsbion . ne |
a@emmpanylng hygmen@ and 'main_
p?ahlemﬁ tmgetﬁaﬁ with the avﬁz’a&%l:tv
: 1@war grades =t ata;nless HtEEi a_mﬁﬁ££9§_w* _
_m@mpare +avaurah1y thﬁdﬁhat of carbon stédls -
';hevm resulted in plagk mnﬂernzsatanﬁ prmgram@eg"'
'tn imprmve the life a{ equzpment. : : '

"2.1.2'_fgé'lﬁ%nﬁﬁfataféméntf

_ aﬁf'xmprnvemaﬂt in plannad maznteﬂance may &1&ga§1y

and nznd1racﬁ1y ] cnntrihute e ampraved pamganyf'

i mhufita.:;

 ";'?he notes to f”tﬁ'. incume statsment
Zraesumptxang made in ﬂrawing u@ ghe rev:aad_ fﬂcame

2.1.3

sﬁatem&nt.
Eﬁﬁnmmié'fﬁ&fﬁatmhs

Ta hzgh11ght the dilemma n* the mm;ntenanca énqin&aﬁ

it is 1mpmntant to 1nvestxgata a few .. thﬂﬂﬂznnnmim"

indizvators wb;:h hav- a profound 1mpact mn -1

: daciaimn ta Pepaxr ur replaﬁa plant anﬂ-ﬁﬁuigpant.

o 'Ft’s@*eign E‘gﬁhangg

Since most _n% nur $QUInmﬁﬂt is imported it will be

- prudent ko 1nvastigate FivdEly the effect of the
: exchanga h&ha un agr ay;ng pnwﬁrp‘*The a&changa rate

AR T

uwith our most important suppixers grqgﬁ5\$uilmws 3
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. Figuhe E 2 meezgn Exchange Ratea

ti.ll

*v_GnnsldEﬁxng the pQOP Exchange rate, thin deterinratimn'
i the ethange rake may be . cnmpared_tg_a cumpuunded
inflation rate of 11,3% per annum. - S

' Fiﬁad_fnvéstmeﬁt

Figure 2.3 Fixed Investments in selected Industraes“"_

- {As Constant 1985 pwicea)_



The . géneﬁal trend '1ndicates that :n all industries

- there 'is a tendenay to maximize the Iife of equimment

”_industpy”weai output started declining after 1981

and dafer_capztal_ﬁeplacamentu In  the manu*acturlng
L

and. the requ1r9ments +ﬁh ddd;tinnal - capatity would.
follow auit.. - : - —_

Praduction Fﬁices-_. |

C1f _a:cbmpanQI is not veplacing equipment, ‘while it
hupes  to hémain;ih- buﬁinéss,' it-_must_repaiw the
ex1sting equipment. The production price index is an

- indication of what the maintenance engineer can

'expett to  pay for replacament papta. and other goods
.yeah on yaar. _ '

| PRL

Figure 2.4  Production Prises W0
{Indlices: 1980 = 1p8)

Percentage Utiligétinn'af Proguction Capacity

- From the fnllmwang it is clear that there is excess
capac1ty in the industry whith will make it extremaly
difficult tm raplace the existing equzpment with new,
more modern  and higher. capacity ‘machines. It is
ohvious that map:tal productivity is lower  and new
";nqutments will onhly ha undertaken 1f 'thay-prnvide
the accepted returns. ' q
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Capagity for Non-Durable Emmds“‘

- (AL Lmnstant 1?3& Prlcea)

-hFiguhP 4.5 Percentage L Utilisation of Prgddctiun.

Private _Consumption Expen iture,¥; Food, Baverages,
Tmbamcm-' R o

- The trend éihéé 1982 has been downward with alight
impravemants in 1984 and . 1984, The market ig still
very static and in certaln areas of the food business.
the market -is"cnhtﬁacting. - The _mnly means = of
improving . sales would he to offer the customer a
"aupapiur quality prnduct at a  better ﬁr1ce than~.
unmﬂet1tnrs. '

YEAR ON YEAR
X INCREASE

Figura 2.6 Privaté Congumption Expendl ture
" Fpod, Beverages, Tobacco'? :
(At Constant. 1985 Prices)
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“ ’?%@&& i fuw'if any raal hw;ght phﬁﬁpamtm fow th&_-_-
' indumtry.: It is claar that we mumt g ' S

CF

fﬁﬁauﬁa“%hw”cu%%.waw iEmm m§ﬁmfhc£uﬁ¢qg-

- §ﬁ§ﬁ1y a*$?nﬁucE of aupeﬁimr qualityy

= use these to galn market sharey
= mnsure 'tﬁ&t"maintmnanae becomes & strakegic
'advantagm since QLA campatitars are %ating tha

BN wﬂﬂw. '

2.2 The Fracaésing_ﬁamiiitv o

 The . %acility unda» invmmtigat&wﬂ is the fropen. vagm&ahlm &nd
| praparad frmzen ‘meals Facilzty uf th&  Prepacwd  Foods
Division of a R1,8 Billlon turnavar per antun gompary 1isted
on the Johannestury Stock Exehamge. This facility is
"aitumtmd an thm Reaad apprmximafely 200 kilometres from the
Loskop Irrigation Bohehe in the Brobleredal and Marbls  Hall
‘diwbricts  whers apprﬁximataly 490%  of ftha-vagata&ima Cdor
processing aee growt. 'THE remeinder of - the vegetables are
procured fromn the North Fagtaﬁn Tramﬁvaal (32%) and the
_ Tvanmvaal Highvald (39%). S O

This processing facility sterted am & vegetable canning
. facility, expanding intn frozen vegetables and eventuslly
diwcontinuing the camning of vegetables - altogether. The
result of  this  expansion, due o conswner | demands,
fecessltated the procyrement of larger volumes and varietles
of raw materiale. Due ko the seasonal nature of the product
there ig limited Ltime for processing the largﬁ' vol uies  of
material, @.g. - Peast A40p8 -~ 420f tons in - 12 weeks.

. Moreover, the variaty_u¥ pwmducts and  the limlted dapa&ity  "

of the supensive freesing equipmnent necessitated sBoeking
additional proacurement areas to expand th@'phncmﬁnihg HEason
ef & particular product thereby permithing the intaks of
lowar tonnages of product per  shift worked whils still
maintaining or even expanding the variety of products.
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iﬁﬂﬁﬂmnai&lﬂ'%ar procuring ﬁawfmatarial,;

= . Provides technical aasistanaa ﬁm
| predusdes: 0 s SR N
- Ih the gdee ek rrumial raw. materialﬁ .

ﬂmﬁe&tak@s Bhe gﬁﬁ&ﬁﬁ prﬁﬁ&ﬂ&timh,
pl&ﬂ&iwg &ma hﬁwvsﬁtiwf with tﬁﬂ @amﬁﬁﬁy B
Hond PenQtpments b ST et
- MBASHeS the ﬂmpﬁts'wn - the pradurt is
fdelivered, arades the pre&ﬁ¢t1 aloana aﬁﬁ'#
ghille bke product in preparation bees 0
Rpafspoart, and diagaccheﬁ tha phamuut ta'
' £&@ mad pﬁﬁ&ﬁgsxng *amility.

i%? 'Ezﬂsmﬂblﬂ Mmiﬂ ﬁ“@%ﬁﬁﬁlﬂﬂﬁ_ﬂgikikz

&" Racaives the pro.uek in hulk, then washes
_ - and’ elesns the ﬁrmﬁu&fr - S
- Trims the pwﬁduct to remove debects anﬂ

faliage  using 3 abour LK aﬁnhiﬁwﬁmf-
wrimming lines. : L
- futs, blanches, freeses and sorts  the

product, then feeds it into bulk storage
to | await Final packaging as reguived by
ths trade. ' - o .
- All lines are of countinuous process with
vary [ittle, ¥ anyy 40 process storage,
should any machine become defective.

1ii} Mixing Raoom

- Raedeives pwuduct %an pulk cold ﬁturaga
ﬂﬂil"fi



ﬁm @-ze B g
;aﬂﬂ-m,g»s:aw@ﬁaal lﬂmﬁ%Ws«@m T
_ -"ﬂ];hnmmus line in the prm@m%timns S
_ Pﬁﬂﬁﬁﬁﬁﬁqbe$hﬁ%¥$¥iﬁwﬁﬂmﬁxﬁﬁw&
- Ega@ﬁﬂgmgamixaﬁ back into bulk mmld
_ o atmrage to awalt Final packaging as
e et refudrad by Ehe Enade. ' |

ot TANA SR R RS SERA S S R I L

RsaaiVEﬁ tn@ mr@ﬁumt {vgm bmlk cald'
sturage ﬁaily. .
;g;;- - Fasgs, mﬁﬁﬂuﬁtrtMFaugh autumatmc o _
o _ chmakwaighars ar volumetric fillers inte
EEEE igwmiﬁgf Fklling and- . sealing. wachines
o i - - whiichs package the lﬁl‘“ﬂﬁuﬂﬁr e e
wra m Pasbe. individual paskaged:. predusts: ieke
'1;%?;,gw OB ‘aaﬁgamar;anﬁ~,ma¢1e$iseﬁgathggafaﬁ@w
o ::l:i»swatchw E B -. R R B R ;,;._.'r: Co
G ew [ Bteres pelbet laads 1ﬁ+m Mix:mg e
“ ey -‘W&F‘Ehﬁiwﬁﬁﬁi- oy RS : RCTNI L

Srart oy Pagge

'.:w.‘.=5&bma§1mll packaqad*pruﬂuct5 iﬁ'uaid'
- rooms  prior - to  dispatching  them to
U distribution warsheuses. AL wapshouses
are.  refrigerated - tooms to snsure
mainkenance of the cold chain. | :'.
- Assembles  packaged — produst oodirko. o the
regquired mix prior  to-dispakeghing it o
one of tha distribution warahuuass; ALl
ﬂmatribuﬁimn by roed. thanﬁpnrt.

.-vi) -Pkaparad-Frgzen Meals

-~ . Receivas raw material from buik cold
‘ghorage or hulk.dry_gamdw shores.
-~ Mixes raw materials according €9 a
racipe, then rolls or forme, freszes,

o
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2. 3 3 ﬁﬁa&&#ﬁy Qperatang Capémity o

e e e,

%@r'%ha Vege#ahle Frﬁﬁéssing R&tilitYy aa shm@%-:n
ﬁyggndix 2, Eﬂ; khe hﬁik of the mﬁnduct maagés tﬁré;gh}'
&ﬁg *mmPAﬁwgazlng tunnalﬁef Theae»ﬁuﬁnais~£aﬁ $FEE2E
éh?;verage ‘bf twalva [$%-3) tnns uf prmﬁutt% per haub
far the Feaur (4) un1ts._ Hmwavar be*mhe‘ tha - ﬁrmﬁugt.

?razen,” ;ﬁ ;gaésas thwaugﬁ “the n&ﬁeﬁ prmsééaeé -
whzch .raduae& RUTH actual maaa - the : pwadu&t'”
requlﬁing $weez$ﬁg thr&ugh vigtd: iﬁﬁ%; i TREGmASS . O
the phmdmz# Pamuipiwg fresziny- iﬁ knéwﬁ adwwﬁﬂt
Praduat1an,~ Hehe votume - of ﬁﬁnd@th - By Androls

'ralculaﬁad #rmm i'*"_ivyﬂ“?a:Q R j?'ﬁﬁ*ijw¥a '
Nett Froduction = Gross Material Intake i Standard
Yield - Ceee e e e
The capacity planning is based on an average standard
yi@ld ey ?ﬁ%. ALl calculatians are based.nn :

- F,TS hﬁurs a*feative pwudumkiaa per shift so as ﬁ@_ '
take into azcount the. processing tine lost to -
product run theeugh at the start and end of a

“shift and lunchtimes. A full shift comprises 9,33
hours., | - B |

~ Double shifts awa wnrked.

?'-A five day washk,

~ & patkern of 4,4,5 weeks per mmnth.

4 week = hours available = 7,75 x 2 x § x 4 = 34
5 weak - hours available-ﬁ Ty x 2 x H.x O = 388
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'23_'

| Fxguta z,? wamw;;jag

CoRosE | METT

ITaRE | A

sbly | b _ 4 BE,2
August F 3l 2Emt [ 3B Lol 2131 EBek
Beptember) 4 598 3 @3 - 38 ] 268 |  &9¢ |
fictober | 2040 | 1428 | 348 119 38,4

| Novenmbse _-'-1 geg | 1295 | 318 | iem | KU
R WS SRR NS T JO UL ™ SN I - U - N | 34,5
|dasuary | 249 | 17 | 2833 146} &zk?
_'jFahnuary - ZT B 183 | R- £ I U - | _--ﬁﬁﬂi
Meren | tegl - timsool 38 | ow | 24y

May zgrt | 1aem | 3p 1 0-SI R 31

June .} 1798 | 1257 | 388 ws | ze,5

’}?BTQL R -j,;a{ss$. -.2w;34?.f[ e |1 aa?f,;,;f a7 |

| FIBURE 2.7 Vagatable | pﬁ@:@géing'_Facizity' Capacity.

Util1sat1mn

“Detamber has A planneﬂ ahutdawn' ﬁuring which

the camplate facility is off. 11ne $mr 3 weaka.g-V

This shutdown extends into Jehuary - for 1 webk.
Thus the time ava:lable e - ﬂraﬁu&&idﬁ fn
' ,December 15 233 and in January 233 hmura. ' '

Hours requiPEd '#-Nett- P&bductipn ¥ Btandahd
tapacxty o the freszing tunnels/hour = Nett
.Ernductinﬂ 120 o ' ;

- From Figuhéﬁﬁ.?[fit is.cleaﬁ that at no staQE'ig tﬁe

plant_.ayailablé 'capamity ﬁaaliﬁad. ,_gTheu athage'

utilisation .of the complete prm¢55$1ng facility is

ngan by the fnllnwing:.

1697

e X A0% = 4B, TH e (1)

I o o ) =m:=§la= )

Far  this figure &0 be meaningful it would  be

necessary to look at detalled capacity planning, but
is still indicative of the availabla capacity. -
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 Frem this it is clsar that there is no immediate
danger of realising fac;lity capanity._ '

_ifg'hbwevgwi tha LA should raduce to Bﬂ%, the hzghest
% uti1i5atimn would increase to :

8,49
e LBE% = 83 3%

o (86,3 - T, T) S o
an increase of - ¥ legey = 12,59%
o _ TP L memmmm
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f Bu Praar‘““ ﬁiv&a«a de*initimﬁ af ﬁtratagy that seemﬁ

gﬁf” explamﬁ apprmphiatety how the solution tm

';ma1ntenan:e related prnblems should be apphnachad.

| "THe ‘precess of deciding on  the thiestives &f the
'faﬁgﬁniﬁatimn {maimtenancea ﬁapartmenta, an changes in
these ah;act;veg, G the resources used to atta;n]

theae_abjectmves and an  the policies that are to
gavern -~ thé acqu:sittmn, use 'and d:apasltiuﬁ of
resnuﬁces.“l' :

Btrategy is by de¥1nitimn' & mesns to an end an. may
graph1ca11y bie depitteﬂ as follows

PO ..sTRﬁTEEY.. e tt——— ey
Whare we are o (Where we want to Bei
i Hnw we are goingle i

o get there

.Mgintenancﬁ g ﬁtratagy finds  application in Lwe
distinct areas in maintenance. Firstly if.is a macro

strategy which looks at the mairtenance function as a
whole and cmnﬁadara the elements of maintenance
administrationg ' '
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comes  to  fruition duriag the Plant Erhancemsnt
Praqramma when Maiﬁtanance Folicy is estahliwhed L
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- - When musﬁ'it'he malntained,
on Nhy misk it ba mazntainedg and
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The atréﬁegy ta'ba'fmllmwad__may be either one or a

combination of the following @

._1

- Fixed”gima interval maintenance

~ Condition based maintenance

- Dr-gondition maintensnce

~  Dperate to failure _
= Redesign or project maintenance

In sattingf up the maintanange plan, the elensnts of
the  maintenance  administration system must be

- addressed  individually to establish’ how each may be

schieved in the context of the overall strategy.

The maintenance actions will be - addressed whan_

_cunsidaring the Plant Enhancemant Programme.

Controlling and Enhancing the Maintananeé~anaﬁian .

"In order to be in a position to snhance maintenance
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funckion. is under o donbeol. o For this oreasen We muast

examine the two canmepta'ﬁﬁ Managerd &l Oowkrol atd
Managerisl _Ehhantamun# as ﬁhey &nvalva dimtiﬂctly.

Managemeht-ﬂbntrnl

The managwrial functimn uf control ig the meaﬁurament
and warrectlion - of performance inc ordar o maka A3 ]
that the wobjesctives and the plans' daviged to attain
tham are -accnmpiished. The basic contrel . process
invﬁivas ﬁhﬁem staps § ) B :

e Establimhinq standards
“ Measwring performance agminmt thaaa standarﬁa
» - Borresting variations from standards and plans,

T a**aat mwwraatimﬁﬁ in a- continuous maﬂnar reguires
tha. davelmpment. and implemantatlﬂn of & cnntrnl
P OGN ANME . S ' '

Vo

Analyze Causes Idantify mviatznna :
o : A =
. b ;
Flan Derpective Action Enmpare with Standards
| 1 |
Implament Correction Measure Performance
: o : A :
Feadback
- L.oop
. N
—— = Artual Ferformance -
Figure 3.2 The Management Control Loop'™®

"One of the mowt important ways of tailoping controls
to needs for effectiveness and efficiéncy, is to maks
sure they are designed to bighlight exceptionm. In

other words, by concentrating on excepticns from |
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'It ia lmphﬁﬁihla tn %mcu& attantimn on avarything, mm"
'it i impmrtnnt to set osaningful #tandards and raami
t& davigt1ana ﬁrmm thmse ﬁtandardﬁu

y

Mahggggpnt Enhancamant

A Flant Enhancamﬂnﬁ Frmgrammw has a% itﬁ'und@rlyinm
. ﬁwinc@pha ghe aghievenent of nsintensnce objectives
1,a._imprnvad haintenance affectxvqﬁaﬁ@ maaaurﬂﬁ in
'taﬁmﬁﬁ"nF plant  and weguipment "cmnﬁiﬁlmn " and
maintgmannm afficiency measurad . dn o terms. of  an
_imprmvau utilisation of the mainkenance rescurces.
Thim brings us o  the  concept of Maintenance
Pmﬂtmtivitw B S DRI

Tﬁe a*?amtiv&nama [~)i maintﬁnﬁnmw Ex Pﬁl&t&ﬂ to uutput-
while a&%iziengy cis o related te input. Tha
maintenanca-mamagar has control -mvar-the_ fpput and
the convarsion  process while tha oukput ;sfa reaul b
of the inpubt gnﬁ  the ﬁnudaﬁs.:-..rh& maintanancs
stratagy is. directed ab enabling thaizmaintaﬂmnas '
englnmer or manager - te manipul abe bobh the input  and
o protess heo ﬁﬂhiéVﬁ tha'dasirad oubput  (objachives of

- the maintensnce function). I ' o

Figury 3.3 below dapints ﬁh@.ralatimnahip hatwesn
panagarial  control  and nanegerial breaktherough and
thaler individual effact on the achievement of
nmjaﬁtivaa.

”"Manaqehial ;bhamkthwmugh dif%arﬁ:'{rmm' managsrial
tqntrni ag - an  "attack" satrategy differs from a
"defence"  wtrategy.  Where - managerial Hontral
consists of keeping thae actual performance close to
the target or standard, managerial  breakbbrough
quaestions  the standsard {teslf.? 9% Mpgd enhancement
progrannes suffer from lack of breakthrough in that
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the  sot objectives are not attained.  The cortrel
system will only detect deviations from the standard
 and bring about actions which will Bring actual

- pertormance back to standaerd. - -

..‘

Figure 3.3 Management Breakthrough %

' Tha maintenance department in itasif will not achieve
the improvements required to achieve  the company
. objectives set for maintenance 1mphm9emaht. At hest
it may achieve 5@% of the goal. - Managerial
_braakthrpugh therefore waquiras.cahmumitatiuﬁ across

departmental  boundaries. The enhancement  praject
necassl tates representation from all  departments
concerrad. Managerial  breakbthrough most  often

requires a signlficant change in  organisational
culture. All too often the implementation of ayﬁtéms
Lonly i® viewad as all the ghangs required to achidve
the objectivec.

SyStemé prly may not have the dasired result when an
gnhancemant  programms is . embarksd  upan. The

R stumbling block ig human resistance to change while

the umderlying problem is fear of the unknown., To
address. this problem requires the followings
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- parmanently-to one ares.  Resords.  of night work
are often -nun*axistant because the artisan .is
iﬁvﬁriably : instmuztaﬁ L overbal ¥y e - ap
inau. juataly. Addi dtonal stmfl“f‘ X2 reﬁuiﬁed far
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'"w&;i,yzhava‘ +hwo: o+ hosses,  giving  rise  to

conflicting situations. Other disadvantages

v;aﬁgfthat gach ssction operates in  iselation and

aven mn_-tachnicai - mattars the  Engineering
Manager has.a  limited aubhority. o Fhis wfhen
leads to pwmblﬁms=baingv amlwéﬂ by zenpromises

in order. net  th upset the other departmenti

The{ advantage claimed is that the  FMeodustion

Manager can . -best -ﬁécidEf.Qn Copriority  while
-,cmmenimatimh ie direct. Singe domnumication .

is & mather - af paraanality; 4F there is .a

‘problem im this field it will net be selved by

authority &nd, as far as prioribies’ ge, theee

Care in o any case always ruled by pradustion

quuibémentsu This systemn creates a mituatian
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"ﬁhéfé-regﬁénaibility-and authority are divided,
- _.which is inconpatible with sound management.

i

bing to En ;,;MM -

- Th:s aystem is mare cunsistent and dllﬂWs ¥ar
;:'bettar_ adm;n:atﬂatinn frnm a techn:ual '_and
’;diaczplinary pmxnt m% VIEH-‘ Tha syﬁiem is much

 more cnnducxva tn +ha creation mf & team’ spirit_
ammngat the variauq enginaera whe) can draw %rum'
tanie 'anmther- s -Fac:illt:es _and expertzse. -The-.y -
Enginearlrﬂ Managar is in a hettar pmsitlmn to

: reallucate facilikiaa ancg’ 1abmur accmrding ta_
'-;zircumstancaa and prxmrit*ea.} CQn$liats Care
mmnimzeed. : Inter:haﬂgeahil:ty ‘of  staff for
leave _.gr__ Eickneaa . relief,  stand-by. ;ahd
"emargenay servicea are much masiar to arraﬂga.
 The exchanqa of material and spares is ‘also -
- facilitated  and an overall uniform palicy is
.'”implementad thrmughnat the -urganiaahxmn. This
type of organisation naturally does  not excludé
'_the d;rect communication,  on the ﬁhnp flmﬁh,
between  the uparating  and | engineering
penﬁuﬁmelu _Thah reporting o a ﬂingle autharity
is always essential for a4 more professional

_ é;{et:u“t_iur_'l ci-F_ any carvice. - 8 '

3.2,5 Workshops

B The plant Fitters should be equipped Lo perform all
the operations which are pac~t of a daily toutine
maiht@nanca'nequirémanﬁ, including a certain  ampunt
of welding  and rigging. The machine  shop,

- boilermakers, riggers and civil thadem will have

egquipmesnt and labour adequate 1) handle all work of

such size and nature which i® not part of a4 daily

roubine, A list of aquipmant and tooling which is

- bamic  to the differant tfades and workshops is in
- Appendix 3. 2R, ' '
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Naintenancm Planﬁzng : L : : o
- a‘;"t__ :;; L) D En ’*H,‘ﬁ &&;1 LY SN \,fﬁ'& S e}aeg&ma\ o
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- Lavél of Piannaﬂ Na;ntenance
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_ﬁuarmagiui B Bt an Sl B ShndgeRe L T ond el L HE RO

Mpmﬁiéhgmfmm“ﬁﬁewhﬁ f@ ¥%3ﬁham“hfn%§ﬂg§g§ ﬂﬁfﬂﬁh%ﬁ“':
plw RRER *unmtlmn is to  carry out o all the
admin:atrativa and planning wmrk aﬁamtiataﬂ with;
Py anned el dtengnee Bak - ‘Wﬁﬁllsiﬂﬁ; ﬁhai“ﬁh¢~~aétimn_

'.Mf

'rmmainm the rasnmnsibility grf Engzneariﬁg ﬁanaqamant

-  Having _a ma;ntanance planning dapartment dmes
' not imply a plannad maintenance  system. Tha

Zr@mpmnaibiiiﬁy :“ féﬁz_“ succeas%uf s pianﬁad
- maintenénc§ P&%tm “with’ Enginaarang Management «

PR

: -Thm méiﬁkananca p;anner “keéps tha acéﬁa*

'é'_;'Furamen st nut receivm awders frém pldnﬂera

: ’hut %ram thﬂ ?annéa SRAAREERS a8 L Xhma

-(‘1,4.'? B

Ihe size of the Maxntanance lenning Bagaﬁtm@ﬂt o

Fraameas Moy Mo T R AT LIRCL N &3

FES MR PR S SRS

Tts sizd dunmhad Gen ¢

- Qize hnd Camplaxity of the ‘Prant”

- bemgraphzc ﬁp?@ad a$ the plant
~ Levél 8¢ Computerisation '

- Leval of Coneition Hmnitmring,

& genaral guideline &% to the size ot ‘his dupﬁrtmant

'iﬁ phavidad by PE Conpmratm Barvices Y

- Ore Tullwtima plannmr and one clerk for & plant'

empluying 20 maintandnce artimana.

'mj- Two Fidll-time plannara and twm clarka ﬁuh ﬁﬁ

maintenance artisans. : _ .
- . Thres full-time plannahq and thraa clarkm far-
K art:maum, and 86 on.

Thaaa'numbera ralata to tha staff Eequihaments FQh.
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mperatimg a. planned maamtamanme sy&kama:@ Tn devélap
- and implemant a aystam will require meire panple.- The
additional number < of peeple ig based on how quitckly

 the Planned maintensnce system must h@*develmped ang
':mplamentad.: : - . _

'The:dutiesAuf'the~Héintehaﬁ¢e Planning Department

=~  Maintaining an up”tﬁ"ﬁaté-‘iGVEnfmrvv' which
includas: C :

= . Enwuring-that all R ﬁ@ aquipmenk are .
B physicaliy nunhereds S o
- ;"xncmnpnﬁatﬁng naw plént' 1tams_-_in£n 
B invantery. ' S ' |
L a“Enaurimg that tha plant invantmry and tha3
assat - register contain  the  same
Cinformations ' ' .
lw =?1Prapaﬁing malntenance schedules together with

the maintenance foremen and the enginesrs, -

- Planning ~ and issulng of meintenance schedules
and discussion  with  the = foremen  and  the

gngingeﬁﬁ.;_
A 'Kaaﬁihgﬂﬁrack at mutéﬁanding~wprklaaﬂ.:
- Plannin§ pabibﬁic 5hu§&nﬂn§;'
= Maintaining sccurats and  relevant  machine

- mistory records.

~ . Ensuring that systems and procedures are being
Followed sorrectlys reviaing and updating them
when MECASRANY .

- Preparing  managesent  infopmation  about | the
‘performsnce f the maintenance department.

- Training  of new Bmployees in' the'use:_u¥ tha
planned maintsnance system,
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. Theraealification of s Maintshance Plannse

“- Bhould be a gualified tredesman: R
- -ﬁppwmaah A a]& penpia ashould me taﬁt%m‘ -AHd
Cdiplomatic, _ :

-  Should have raapact n% anginaerinq pursumnal.

= . Bhould went the job, o

-7 @hould be  able to  work methmdi:aliy ~ and
- myscematical ly. "_ S

- Should be appointed at outset of & new
 progranne.,. | |

- should be paid am:wruing ta resnanmibilitiem.

- Stiould be properly trained in the principles of
- plannad maintenanca. : '

The Plant Enhaﬁcemgnt_Prng3

No - mainkenance  departneh. : tdet withdut
malnterance  personnel . Arry _ v  pperating

Cegquipment wil)l  have. some  forem of  palnbenante

pryanisation. THis doss not mnean that . a planned
naintahanae systam or work administration wsystem is in
place,. Maintenance admihimthatimn i$ mada up ot the
following elements :

NﬂINTENﬁNBE ADMINIETRRTIBN BYBTSM

NQINTENRNCE URGRNIBQTIDN

WORK ﬁDMINIBTLHTIQ BYSTEH

- Jobeard and Jnh Administratinu Bystem

- Joh Time Estinasting '

-~ Betting of Priorities

{~ Equipment Register 'Flant Inventory

- Maintanance Managamant Infnrmatinn Bystem

PLHNNED MﬁINTENANﬂE BYSTEM

- Equipmant Ealettiun '

~ Equipment Anal:gis _

« Failure Mode. Bffect, ﬂriticality Analysis
Maintenance °alicy/¢tratagy

Task and Freguency Analyses

Legal Tasks, Bervices and Luhri:atinn

Task Brouping _

}

i v

NAINTENANBE EUALITY
| MAINTENANCE BUDBET AND COBT CONTROL
EQUIPHMENT Rk, LACEMENT POLICY
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Tha maintananae mvga'ﬁﬁatimn ham %ﬁ@n__ﬁ&ﬁﬁummad in 
Pl ' 1h_ P amie _fﬁﬁwa Wit

"The - cost @*fectiva..'pér*uﬁmahte improvement  of
‘existing plant and equipgespt.” “" : _

It covers the following elements o

- thcaﬁﬂ and job admimistration system

B . Eqdipment'ﬁegiﬁﬁawiﬁlaﬂt inventory
S Maintenance Managsment Information System _
e Planned  maintenance  prograome and

3. 3.1

sdminietration
an:&rd ahd Jab ﬁdminisﬁwaiiun Systom -

“Th@ maintenanca managar [wEgd planf mnginear b@qinm L Tx]

nhtain T ﬁnntwml nucasmary R1- gﬁnuinaly manage o

maiﬁtenanca wien & work. order &yﬁtém is put inte
E‘F'F@Ct i Rkt . . . -

"The key to effective work adminislratior iw & first
rate Job Card System." 9%
"An  impertsnt module  in the  Maintenance Management
Information System i{s concerted with the active,
dnactive and completwd work ordars.Y 2%

Nelden 9 gtates that @

“Hork order control dis the bawts of the total
maiptenances informatioh syabtemn,; which 'inmludém
interface with inventory ‘purchasing, and payroll.®
Thie interface is shown in Figures 3.5 balow.



Fzgura 3, y Interfacs af wmrk Urder ‘Bystem with Otheb
: Fun&timﬁ : . R
1t is clear that no  Plannd tral . in the
maintenance env;rnnmant Eah ma mMGGEﬁsful withmut -3
Wark Drder Bystem. 1t provides qqantif;able feedback
an overall  maintenanue _ﬁermeMaﬁca._ L abour ahﬁ
aquiprient cost, snd  emuipment history. A property
'sthucturad Work Order System should do tha followings

- Pravida a written request for maintenance werk.

- Provide a written record of what was done, by
whom and how leng 1€ took. '

= . Define a&and scope each  Job whether it s
- braskdowr, PM, Project or othwr work.,

._4 Authorise werk to be dane, .

- -'ﬂssign_ Juh  prioritigs a» that the most
important work gets done fFirst.

~ - Make it possible to plan and scheduls work.

- Capture labour cost on sach Job .
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= . Recard uae ot %gécial tmm}ﬁ angd matgria}mfé_fﬁgg

- F»mvida a wﬁittan instruction to tha~abﬁ15an,
t P s . ' ' p Do :
_ +_=_?Maaaura perﬁmrmanue and afﬁimi@ncy uf 1ahmmb_
| ¥ur¢a.
#:”f'ﬁravidé déﬁé o aﬁaiyzé-méinéehéﬁﬁéT:dﬁai and
S mainterance hiatmry hy jmﬁ, aquipmeﬁ% and  cost
cantra;. ' ;

- Enahle  the calmulatinﬁ _ m% tha mutmtanding
wuwklwad per trada amd mpaﬁatihg mectimn.

Thara are ﬁuur bagic rules which are aﬁaential to tha
sucecess of the Jnhcawa ayst&m 4 '

'%=5;wﬂmé'ﬁ¢cument shotld. ha uﬁ&ﬁ'¥mﬁl all types of
"“?}maintenance Work, Using diffarent  Hocumentks
_'imﬁ dif%arenﬁ wn.k' oy mmn%uwaﬁ tha ﬁtaﬁf by
making it more diﬁﬁicult to gat tha Bysten

' wurking properly. : o : '

- . Haavy hapmr mhauld be used im&érﬁhe Gopy af tha
jobcard which reaches the artisan.

= Only one mab should avar work OF one jobeard..
' This makes planning simpler and  allows  ¥or
sucurate costing. ' '

- - All dphs done by every artisman m&ﬁt. be coversd
by Job cards., This is essential for history
recoards, workshop planning and costing.

demlaring the Jobcard

Bmal L ar, pmnuatwwizad ¥mbms are the mess manvaniant
ko carry and use; therafore the momt likaly tm b
used properly by supsrvisors snd crattsmnen. Tha
jobcards ara usually bound in books of €ifty. There
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P«‘uﬁs 2 _ . .
- arae. thwaa tza_cmpiea of aach Jmhcawd, thm'£1»s£ twm

am ﬂiﬂtﬁv m‘kw am mlvF carrbﬁning. The last ‘__mmay
ig of heavy papers o ' R

pMolden'™ gummarisee thae basic informstion to be
:cnllamtad ad follows:

Purpose iﬁafIn¥armatmnn nguaut&d

Ta define kbe . o~ A urigue joh. numbmr

Jab o - Equipment rumber,
CdepEstptiong

o and. Location
Account number _
Budysi/Praiset fmdnbar-
Priority, code
Typa of work cmde :
Work requested

0 S 2 B TR

uamaur ea;imgke E

' F‘lsmnin : - Matkerial- amtimata
.'Et:hedulgﬁg, E e JJab plan 0
Contenl . o = . Thtal. ﬁatimataﬂ amst
S ) o 'Apprmvaim R
S : iy LRI S
o SR e Aebusl ) abousBosmt T 0
Dontrol, - Actwal) material cost
Hismbory - Actual werk done

Failure codes

. The informetian raguired above 48 RLY enﬁampaﬁéing-
ard 1ts use will depend on ths type of arganlsation.
-Mmﬁt'mét@n the organisation runs & costing myat@m_ in
parallel to  the work administration system snd 4%
beconEs  unnECessary to capturm material and aparéﬁ ‘
cost on the. jmhcard. ' ' L

Jobeard Format

Appendin 3,34 Figure 1 ahows the front and Bppandix
3.30 Figure 2 the back of a jobcard together with the
general layout and infnrmatiun required sffectively
to peefora work adainistration, '



_ Coniard e "‘fg!i\u{ uw_ AL v'w;.,;z tatae e 85 nad
1. mha:QMﬁﬁgina$mr, any persan requesting  werk,
$311s  in khe  work - reguest.  During 'ﬁﬂvmalﬁ'

o wmrkingwhuuwm T thasama&nhanﬁﬁﬁa & *ﬂmamwaia'
O e sike, - o when Benuenti g Wk - wmﬁhs» Bhan ishg
rﬂmaiw.,nf__a breakdown, the jobrard hoak  is
forwarded to the maintenance foreman who will
cesmian . the juboard:bop, enter  the time received
';h::;amﬂf detaah: thﬁ-pﬁr%uratad ampiems wmmn Hitr e

m~4ufﬁfm Ctggrirn o th BEdl o The o

i tedena mainheasnge BURE Y EBEDN Y, O &nfhharaaase,”:-

crer o of @ breakdowng . the éahcaﬁd i bﬁmhawmay’ &
'~—$avwarded ﬁtwemt&v o ﬁﬁa ambisgn am»ﬁhyit- '

st R LA AT PO L ‘_-- N IEE R R et 4_*\_‘-. -r'..-f LY

&Wﬂr Iﬁéneﬁm&reﬁq thewmaintengﬁmﬁmﬁmwémaﬁéaﬂ&i&h@ri#ﬁ*”
'ac@'muhﬁtﬁefﬁjﬁha&nsgﬁmcﬁ&ﬂn*anﬁ ‘pdat’&tﬁe&ﬁhar-kﬁm
ons oFdrenan’s (Bontanl - Gabinety showss sint i Appendix
:wnsﬁﬁiaﬂ. Figuw@' lgr-@ﬂ direckly £ the  Artisan
Lnading Board, shown® in Appendiu 338 Figure R
nThe apepnd $1insy is retainagd by, -tha foreman. as
t @ c@nﬁﬁbh te ensure “that 4 sened - jmbcarua whav& :
:éwé--h&ﬂﬁ ratawnuq and cansal&dahad pETILE -Ape -
- raﬁawmed ﬁl&msyu S T IR

B '.?heg>awtﬂﬁah gol.cets the Jobesrdc and ikl
- request the. foreman.to write -out amdosign  any
‘requisitions for spares and material required.

4., Un  compietion of the Job.the artisan enters a

' ehort desoription of o the work done  and
important cpares used. Wikh - ease of use in
‘mind  the inforoetion supplied must be to the.
point to allow the maintenancs planner  to
capture the essence of the work done aon a
historv summary  card or  in a"cnﬁpute»imed
databazs. The astigan alsa. fills in the time
apent and signq the mecardw .

B ThaVJabcard e petu&nad_tn the foreman whe will
matisfy himself that the Jjob was completed



satisfartomdiu. befare.  whigning’ 4 tseadfarsi The
. jobuskd is waﬁurnaﬂ o the i gl nator {a» final
a E@Wﬂmﬂu PR A A L ’-_9: LT o ; P r Ty -:-}'-*2_*‘!'%?5

”baf:wﬁmaa paw WQek tha maintenamce- ﬂianner AN

-:Rﬁllﬁﬁt-. 1 thnahdg amﬂ lreamr& the ﬁékg_ 
requireds C S
ol BEL 1 Ta

.;Gurkentlv.. we are faced with Ca powarful new -
fpHilm&mphygfn&maiy1MmthJ;Claés”Mamufactuﬁihg_-(NEM)g:'
04 the thres cornerstones of WGM, two are related to
| the mainténanse function nemely. Totsl Prewentative
Maintenancer. (TPM) and. Tobsl®Bualisy -Conerel.(FEC)
_ﬁlnce Me, shanld: tmntinually be striving tm.aliminata
pmar qualﬁty @nd enaure mus&nm&r aa@i&ﬁamtimn,:awe
jabmard, whimh gmes A lwng way &aw&wd aﬂsaﬁtﬁmg MG DR
'achzevlng Bhis ﬂhJEEtiVEn

1{_wéiémgmﬁéffthétwiﬁg&ruaﬁidﬁab5ara 1 maiied 7&1eaﬁ1y,.
'artiﬁgn'¥eadback'mﬁ.tha Joky rapnﬁt-is done morractly
and that.tﬁ@'intepegﬁeﬁagawthas shgn the jobzard when
the . job ha&§'haan complated to %the satisfaction af
all, wWes ensune that the deedbaok 1nmp is complete and a
we are provéded with timecus inforsaties  to allow
adJugtmmnt @ o ourt: gyatamn i*-HEQQtivaudeviatiﬁna
enist or ocEur. |

This jobcard procedurs 1w graphically depicted in
Appendix 3,38 Figure 3. The sutlined prouedare 14 a
general one. and my ha_adamted”tm auit the particular
Factpry or maintensnce policy. ' '

Job_Time Estimnking

To Flan and Control maintehance work it is essential
ko heve an idea of how - long each task is going to
take to  complete. It is theréfores necessary te
estimate Jub time5 Far & ' : '

= . Maintenance schadules and checsklists



Fa@g @@

_wﬁ ﬁ&iswmwk #agm&u&a mut attﬂﬁﬂk& ﬁﬁ &mﬁeﬁ%a&éﬁy%ax-

Thiﬁ anah&@a plawﬂing tm estimate the mmﬁakaniaﬂg--'..

warklmﬁd fmr-aath wmwkwhﬁﬁ amd'@vanﬁuﬂlly to. mwmv&ﬁﬁ:
the enginesy math rrm 1n$mrmat&mn Tragswsary. £o a*famt_"
1ungtarm plannin@ oF Manwwar requiwementa., '
;fhﬂ'tww.maﬁﬁmdﬁ-Mﬁﬁt siten wsed are s

- ﬁna1yt;ca1:E§timating, whera = _ _.

. Ehe jwh is bhﬂuan ﬂmwn imﬁm alaménta jf.fu?.

o~ the bime o anmmle%ﬁ-éeach. aiﬁment iﬁ
estimated SRR e et S

'.:r- '.a&amamt times -are aﬂﬁeﬁ tnqether to give
': ,the mwavail jobh time

- a&lmmanees are maﬂa 4nw waat, fpreﬂaﬁ&&&@hh
- - PR ' S Lo
' o Bowee e e wrgean
BRI mamha&&tive~ﬁatimat&ﬁ§gﬁmhénaégwﬁﬁ&~¥iuff:"
: - a'.ﬁanﬁé“u$ sim;laﬁ jobe are analyzed ta
_ determine tha. time For completion
= bhame jobs-are used s ﬁban:hmark“ jobs

C amd any - swba .&equiring_ éatimating are
‘compared to these “Benchmark" jobs.

_Jbb Priorities

To ensure that the “most impartant" jobs get deone
first requires an  objective priority rating system
far the planning and scheduling of maintenance work.

It - ls possiple to develop one’s own  systen but
Nolden® discussas systsms which may be applied with
relative wase and litkle o ne adjughmant... The
ﬁettzng of pr;urities may be done using multip1¢ar
mymtama or  straight numeric systems,  The syastems
considerad beluow fall into the category of multiplier
systems @ ' o



o

' ﬁg§ngg@

ﬂﬁlat&we 1m&@mﬁan@$ m# nmamntﬁmawmawﬁmﬁanﬁ&turm%f’
' (RIM&IH’- [LIat g mw?:»;"m YooarvE tEe ,rr@ RETTR S w FCRURINS

- Heesoptwe scales.  Ons tm hate machineey, ©

'&uxwimgar Lo gepd paeat el ohlen be
ratie ga&a@mmﬁeﬁ'@ﬁ’ma;nt&@ancaawabm‘n3un@$m
- Fﬁﬁ'wm&@hineﬁyﬁand equipment on a scale of
1-to i@, 1@ be;ng the h:ghegt rat;ngi | _
= Fap aaﬁaqﬁ%y ofrwerk. on a scale of § to .
1ﬁa 5afaty_ and braakﬁnwns-awe rated as a
T Thé pvzmwity 1ndax 15 mhtaim@d* Framn khe -
B \prmduﬁt ®f: khe twmxxram&ngﬁaw The. hlghaﬁt'
w%g watimg """ SREC always.  ghven shpt wmﬁk**&m@ﬁt'
e -1mp@bhamt b prodackion. and willk: -be -dhe
e ety betsonplete ¥inataﬁuas;gn4¢ g kvl

-:Mee&*~ﬂrganuy*'agr,ﬁmatmman,vﬂaak3gw¢ﬂ Equﬁpmeﬂﬁ
~BrEtiEabity  eNHOREC) T SR TE
*H%*’ﬂﬂThPaﬁ ﬁmaléa Cameoused: eamhv1ﬁamgin§ ﬁmnm*i

045 1 constdered- thehighest beaks - «

hoem Emergentiy, .
B DONACITey -

B ecReuking Work, -
CAw Comvendiemue.

= Need W genEy mﬁala:
b f % Emergency,

- Ro= Dewntime,
_ X Q Rautina Worle,
s 4w Donvenience.
= Coustomer Ranking scales
' i = Top managsment,
2 = Production with direct ravenue
| impliaatinhs,. ' '
L3 = Middle Man&gement R+n,
4 = Othars, L
- Equimmamt Britiaal;ty:
= Utilities and Bafety Bystens,
2 = Rey equipment with no backup, _
X = Ippact on morale or preductivity,




ﬁﬂgﬁ E& Ny : 7.::  ;  T V?; i* _,;.

.' -y .\‘i Mé&“ h&%%&ﬂ% W*E‘f’ﬁﬁﬂ’hxﬁlﬁl ﬁ%ngp # .
hor aFb: pREt - LpEe At dulrhe MQE#omigh«awﬁﬂﬁ@&f”

‘l“i&tiﬂ@nt v:“n o F *?’he wetd pawed 0 A SR :*,&'F%éx‘i'_-

ey oy b mbghhe ﬂgqukwa B Ghange: e - m&iarihw_-
-.ang-- the Need«M&gﬁnﬂ?»p&ﬁmng may baﬂﬁﬁ&ﬂ@ﬁﬁ
hﬁ reflamt dhia.

CH.EE Eﬁuipmeatpﬁggtétg&fﬁlant Invaﬂﬁngie;zu-wﬁgua&¢ T
' M&ﬁntaﬂ&maé‘@épgﬁﬁméﬁtﬁ have to xaak;aftar:mgng:ﬁtgma'
n¥-.p&&hﬁfandweq@ipmﬁht;~x;t-iﬁmﬂﬁéﬁﬁﬁ%a&ytm'kﬁqw how -
many itéha thare are and what'khey Are. Far  this
purpogs - ik imuagsén&ial]'th davalop - the-Equipoent
Regiubary swhich. i a-lisk of all items ofplant khek
are tma:ﬁaﬁﬁmnm&hii&ﬁxaafﬁfhaimaﬁﬂt@maﬁﬁgmdagamﬁmaﬁﬁa -
C This didfers ﬂip@mthE;asﬁathﬁééﬁﬁﬁﬂﬁ=wh&ahais a list
of all the Cthany assets and is designed “and used
- For aﬁaaumtmng P ROBEE. ¢ Te s make Equimmamt eaﬁslv B
identiﬁ@ahle _and..allow: . the | swardk. aﬁm&n&atrah&ma ta
”#unati@n prnpar&wg ----- requ:we& the davammmmamt ot a' 
- zomprebseséves sh. i logigally o cenwkruched- plamt
:tnumhanﬁng systen ?havchmmmﬁ af & nummﬂﬁmng-sggtam'
Culbimpkely. dekeratnes the- pewerosnd. flexibéligy of
the Mainkenance Managemant Information Bysten®. .-

A number.  of depaﬁtménta' have an-.intQﬁEEt in the -
el pment ramely & -

= Malotenance
= . Operabions
- ﬁ:cuunt;ng
.- Storgs (Bperes. and matewial)

- The key link between the departments is the ﬁguipment
_ it#alf.i, The equipment regiﬁter o plant inventory

forme the basis of the mansgement system and the link
 between departments. | o | |

Careful attention should be paid to the following
points. when ﬂa:iﬂing -uhmn a plant rumbiaring
ﬁvstam“”n ' AU



P%@ﬁ 'ﬁ&

&ﬂ%éawharavah mmahmhla; Cdbejees whsees by ddevelbp ol

_ %hia@avmhw&al ikl gy - ﬂyaﬁem Basais pwa#&w&h&w
it hbe lecekien edthe ‘aguipment. A ﬂmmple and
-_s*?ective ' umbarxng system cmmmencas with the |

- prodoctinn cosh zentbe number aaAan 1ndimatinn'_
LS plank. Iucat$nn. R ' S

- _The'ﬁlant_numbering system should be used only
 4®- ihdicate the plant  pumber and “should be as
. short as possible.  Seven  digits is -usually
 -@&&$&@§&@€.t@ he a reasenable maximum, -
. *ﬂbtaim} the input of all users of  kthe eventual
Ceinformation.  The numbering system: must pﬁwvide
o halkl  the requirensnts of maintenance: manag&ment_
and Fbk- eaaily inte existzﬂg prmmeduras.' '
ST P T S
~ﬁwfkv$ni"thévﬂknnhwm1 of  expenses it s often
important to sontrol  at  eguiprent level, a
LU higher Crevel-of similar pleces of -eguipment b
Cosmuipment logically grouped or o a higher level
still of wquipment grouped by manufacturing  oe
pramaﬂming department. or unit. . = The planL
:numbaw must provide for this by simply allnwing.
Afor Bumnariting hy a different fisld within the
numbenr. '

3.3.3 Maintenance Management Information System (MMIS)

Identifying the MMI reguiremnedts
Verateeg‘”‘ﬁtates :

Rocorded and processed data can be used for a lot of
raasuhs. - The most sssential useus, howaver are in the
areas of planning and controlling.”y  and ﬁumharismﬁ
the intaractimm of the MMIS and the cmntwal lopp  as
follows 1 ' ' : -

The measuremsnt of perfaraance &nﬁ--compa»iﬁan- o
. standards only indicates that & problem does exist.



ﬁﬁﬁ%yﬁﬁmvmﬁ hhamprmhbam w&ﬁmiﬁeﬁ a, mmﬁh imﬁaw bgme&--'
mﬁwnimfnhwat$uﬁw o e Dsme &R an&lvﬁrsmwthﬁna&aa

depends &o qlawge axﬁﬂmk G N T R TR
'-4._ aaécéﬁsihilitv nf'aﬁuﬁca in*drmatimh : -
e aummarised deta at various levels: oo B R

- --#&wmat @*-%ﬁe?ﬂatawanﬂ_iﬁ%awmatimmw L

To aktempt to aﬁalyge thE?ﬂﬁVinn%ﬂﬁ'iﬂ.aﬁwﬁ&ttemﬂh*tﬁ,-~
snalyze the symptem af -the probiemi The fibst ~step

b%*thé:ﬂnaiymiﬁ.is'fmfdeﬁeﬁm$he-tharﬁmwtwcdmae'@ﬁ'thé
prablém This will preobably require furthers analysts
_ﬁﬁ**im@&»matiwnmaé Swellas. ih*daﬁth.iﬁvestigatimhap

Unless thm manager has tiﬁ& e the'aﬁsistAnue'_tm
eurry ok thia analyaia, tha ¥1na1 ﬂ&ép#td_3cﬂntéml'
(mmwwamtﬁve action) dees not take- “Blage. -3t e in
&ha ares o analys:ﬂ and - umhreutiwa achiun where the
”mﬁmtrml tyﬁia ﬁﬁwmally Hhaaks down. N

' 'Maanuanance managemenh infarmatimn 1w taken from the
#mllawing auuwcaa: '

ne __»mparatimnal duwntime lng mhaaks

= 0 pubstanding job gards . - oo
~  completsd jobcaprds |
- gtores transactions

-~ time shests

Fram this it is clear that ta have & clear and
aceurate pinture of how waell tha syatem ig parfarming
requirws an analymiﬁ of 1

- rasources
- work (activity)
- aquipment performance

In-_ﬁhis section I will dual with the regauraa
_ ggnVahaian process  and  the aquipmmnt par¥mrmanca
while the ‘resuurces will be covered extensively in
the section on Budget and Cost Control  although it
forme an intagral part of tha MMIS. '



ﬁta&f, h;ﬁ@*ﬁﬁﬁiVﬁﬁﬂﬁﬁ- a* ﬁhﬁ aarvima thé”
' functiun par*mrmﬁ nam :
Dpepatimnal and d@at .ubjaativsﬁ dﬂ&inﬁ tha fwer m&&n”
-paw%nﬁmanca dAreas that must be aSEEEEEd ta ﬂetermina
thea effe:tzvenegs of the maintanance %unctian‘_. Te
. achigve its ob ectives the maintenance iunctimn.naaﬂﬁ
-tp'_mmhaﬁk an_ﬁthe Piant Enhancemant PFrogranmne ﬂhiia
the effects ot good maintenance and the results of
the PEP are determined from. ~n assessment of the
improvement in ths objectives. . .

-The ”'éleménta lfhat hequxre asaeaﬁment : and the
,parametara that need: te  be mnnitnraﬁ are dapicted i
f ﬁppendax Z.3C and +ollow the guidelinaa pruvidaﬂ by'__
'”-Stapelbergm?; waks¥za1d‘*”and Carrall s

_'PEﬁfnhmande paﬁgmeters_T

Each of the- ﬂéﬁaﬁﬁtaﬁ£ 'tm-.b$ _measured - will be
discussed with, wherever applicable, . a possibla
exﬁ]anatimn nn rmmt mauﬁea 4ur pmnr per%nrmanua.

1. Mainkensnze Function Uperating Efficiently

Time Rﬁfwvapy (Manpowsr utilisation}

Total Hours Booked to Jobs |

Tatal Hours 01 Siﬁa

This _iﬁ caleuiasted for the aﬁtisahs in éa#h

 workshop. _Iﬁ'is _paﬁsible__fn achisve a tima
recovery of 99-95% for mechanical workers, 78—
85% for electrical workers,  When 'implaﬁenting_

_the.mginteﬁanté syutem theae ¥igurea may ‘he

1 ower . Racmvsries below thesa figures may be
dus tor '



Pﬁ@a aﬁ

- gg@-@ﬁtﬁﬁw ﬁ?ﬁ?‘%‘&r
y +a9¢@ﬁgkm¢shmm&ﬂ_&ﬂ_ _f

AR ﬁﬁ%&ﬁéiénﬁh¥*ﬁﬁ&‘

indﬂ&&mmae wnﬁkwh&p B¢

Cgtahd Erdiak waitihu*$%?” mwwk@_dJ hi:_}5;~
: plannmng bﬂardmu . P
B i . ; i,,} Qf m

ﬁhi+t artisnns ot exwﬁetaﬁ tm ﬂm anvthing
TS wepair hreak@wwmﬁta Thi@ aagandﬁ ﬁﬁ
. m@magwmﬁnt pulicy. ﬁééuaa&
s gn*grraek hamking mfigimgrggg;f fff]ﬁ1if=
o dmne 4o 1mpramm the fmréman~: '

o : Mgl b ;.' AL ey _. '.'.'." Wﬁi"ﬁf’ﬂﬁ‘i
= Inegeaists Jobs. .. IRGPURLER,
o parried_ ovar from q§é ﬁﬁﬁﬁi,

&ha nﬁxt -

'_?a D“Pﬁt@“dinQF work  ngg - *ullx
0 Artfmans  stand around  idbe b
iﬁ &wﬁﬁ& nf mutﬁtanuhmg ﬁﬁyma

' .rj,"__ - w*nwﬂﬁﬁ
- EQiY%Fﬁ i???: e v

Cm atwaling time,_\ Ins artaﬁan' ﬁlipﬁ away
wi thout clocking mut. $aMa as the*ﬁ._

s x*tﬁgeh_';;f

- ;Q§9f¥iciant wmrk. Tnﬁdggny gﬁ%iﬁﬂh§$,
Timm ramuvwr» must be appbuachad cauﬁimualy and
we aust ensurs _thaﬁ_”vnuﬂnﬁﬁgggﬁgwi agglvued
prop. *ly  befars  any ﬂﬁmiaimﬁs a&a ~EakEn »
Foranen  @ay '¢ééi' ohliced TEE start humk;ng
| exness time e jmbcardm to conpensats.

' o i [EERES LTS E ,;%g SR
MJtstahding wmrklamd (wuﬁﬁ R T turnmvaﬁ}
Thi$ parammtmr may bw malﬁulaﬁaﬁ im ﬁwm HWAYE .
IF Jmh i estim&ting is d&ﬁaiw et fLuppages

P 0 ot B e LD

%‘ﬁi ﬁ? G agRe




| nge_.ﬁé_'

Total Hours ODutstanding Werk

Total Manﬁﬁursfﬁ?ailabie/wgeg _ 
Cﬁmmnnz'pram£i¢e is to esteblisb o an average

tahget.nf two weeks peh'wqughmpg

Another maaau»a ia the ﬁatiu mf wnrk ardeh
tuﬁnmvar: ' '

Numher af mes Cmmpleted

. Total Numbar of Jobs on Requast
7;Raa5mns.fhr_&nnsisﬁantly'lqw warkload:

-~  Dutstanding jﬁbs'nmt'recarded'an ihhcéwdﬁ

- " Qutstanding jobs net. being estzmateﬂ
~ . Estimates not Pemmrded o

?"_'warkﬁhnp overstaffed
Cansistently high warkloads
- wm#kshdp.pﬁhduciivity low.

- Completed jobs not recorded
=~ - Warkshop understaffed |

Flant/Equipment Performance
Freﬁuénay of  breakdowns iz a measure of
equipment  reliability (Msan Timé  Betiaen

Failures MTEF):

Total Shifh Haura Legs Planned stmppagew

VRE =TT m¥ Breakdmwna

Froportion  of  time tNmn~availability af
' &quipment) lost through bPEakdnwnE' '

'Tntal Actial Time for EEEakdnwnﬁ/DEfect thppages

1]

Total Bhift Hours Less Production Stoppages



 .§gge .$? 
- 'Eqﬁipﬁeﬁf &ifa.i"} a-bilit??'

= Tatal qh:ft T1me Lesﬁ Tmtal mentime

Tutal 8Hi¥t sze
"Equipmént.utilisatimnz

Tutal Uparatlunal Time ._:'

W

Tatal 5hi$t Time
- Equipment capitalisation:

Tetal Equipment Utilisation

S

© Total Equipment Availability

Equipment Availability is one of the indicators
- that probably attract the most attantian “since

.evaryhmdy 9_3-1mmed1ately nmtx%zed _'when A
maching goas down and becomes unavailable For
prmdumtinn.. o Fallnwlng _ Cuilacmtt“” and
' _Erad1ey““’availabillty prmvxdea E maaﬁure' of _
how avazlabla as&ets are by ihcarpnrating bmth
the tlmewlnwuse and the time-af$ for. gquipm&nt
'in the fallmw:ng way: . - |

Time in use

ﬂvallahiiity =
- © Total Time- Raquxred Feir Frudv:tinn'

Tima in use

Time in use + Time to Repair

T e e e e, . s e

HTTF + HTTR
Wheke MTTF = Mean Time to Failure
- MTTR a.Mean'fime'tu'Raﬂair

This may be used #s & measure of the tobtal

maintanance sactivitys



:“Page‘"5$  |

. D;agnnstxc tmme _

- gtrip down time
'"f. 1Replacement time

o fRe~assamh1y time:”'i"'
S 'Cmmmisslmning time

thua allmwzng 'aptimiﬁatlmn of  mach of - these
-elamEHts to increase aquipmant upﬁtima, or - as a

measure uf management e**act:venasa*'

 ~_ - Bpaﬁaﬁ ava:labil:ty R

- Trainlng o
5TJ  Manhing»;eveiﬁ.

_ It is difficult to geheﬁaliae'ahaut%_eqqipment-'
_'availablllty but it has been suggested that
- most modern equipment -shmuld be able to sustain

_at laast FTi%. ok Mxngla .1tﬁ‘ﬁ uf plant a5  :

used in manufaéturang ar - with facilities with
high'quipment"ﬁédQndancy.this figurs is_algm“ A
'meaaura'. a¥ plant _évailaﬁilit?; : In  the
prmductinn drﬂ'phucass induﬁtry whare plant
ava:lahllity is a function of the ‘availability
af a line oF .ﬁevgral itams nf.aquzpmant esch
with | its  awn  avallability,  the plant

cavailability is  caledglated from the product  of

individual availabilities = o series
availability. Series'-availahilit? 9tates that
the lime ig down i%'any item is dowh. With an
indiv:dual availahilxty of Wﬁ% ~@ath, and +our
itens sarles cnnhected, the p;ant availability
changes to: ' ' ' '
3,95 % 0,95 x ¥,95 x 0,95 = §,81
This is & true reflection of what can be
expected - and must be barne  in 'mind when
 budgaeting theoughput. Contributors - to 'law
| plamt availability will include the following:



Paga 59

- Uhdérmainiéﬁanub

7— ﬁ Uvermaxntenanca _-'_ R
o ZInadequately trainad maintenance e

:_mperating peraannel

.  ﬁanh1ne5 1nadaqua£ely speczfied, designed,

'-; bullt, 1nstalled

"~ Machines overloaded _
= Lack of ava11abi11ty of ﬁpares
- Eabntage '

'f:ﬁsagaﬁing‘- Management'*anc¥i;iaﬁ:y'  af _ the

| Maiptenance Function

aMaihtEﬁance'Pigﬁning

Rautihéjmaintéﬁance;tumpletinna_ -

.'_pogirﬂnursjan_Sghaﬁhledfﬂginigqan;e_aqhﬂ3 -

-Tﬁtal'Huqra ﬁléhnsﬁ ¥df'Schgdd1ed Hain#engnqafiqbsf& |
or

:iufal NﬁmhéF dfﬂSchedu1éa'ﬁumpiaﬁad-5

'.Tmtal'Numbeﬂfn¥ Bahedules,léaueﬁ

”Thg-targetifahbuld_be | 108% and not }mwerf than

95%. Reasons for. lowse returns @ -

- Tog many 'breakdawha._ The'artiﬁan is too
__huay repazrnng bweakduwns tm carry mut the
.schadulea : ' o

~  Modiricebions done at theﬂ'expahée of

‘meintenance jobs

'~ Production - staff not  making machines

avallable for scheduled masintenance

- f qu many schedules .
- Bad 5chedu1e$

-  _'La5t schedul es

- = Inadeguate workshop planning'

- Lack  of interast  from angineering
personnel ' '
- Bhortage of staff
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3 Bawe must ba taken tn enaure that ﬁthedulea are .
”f:ﬁmt} just ticked oFf 1n  the a%%zce,, Lhiﬁ; 
'-requmras tha engxnear “or fnremam tm do chemkﬁ'"'

'-_tm EOTTIES thdt schadules have heen aumpleted
,cmrrectly. ' o ' '

.Wmﬁk by.:aténgQV;
-”Meaﬁures the parcent&ga/pragmrt;mn of the -.utsﬁ_.
t:me spant  ~qn' _dl%%erent.'.categuriaﬁ of

':engineanang work. ;___

= Braakdowns

- Maintsnance
- .'ﬁqdi%icatimna_

= Capital Work

:' .'*-3 :5§fEtY . 

'The NPI“"prav:dea the fnllnwing target $uv the

-._ﬁmazntenancm mix-

f PEévantivé_ﬂ. -

Repairs -~ - 21%

. Projects  2i%

'while general targets are. 15»25% an :édheduléd'
'malntanance and 15*2&% ﬂn braakdmwns. '

. To be truly ef$eﬁtiVe fhaaa indi;aa;ﬁhQuld“r

- he;eéé?-tm read -and undéﬁstaﬁd._

=  be concise ard relevant

-~ be coopleted regularly | o

L shmw trends and highlmght variances

= show Snitial and target pEP¥ﬂFmath while

Stheir  impatk - can he heightened by
'preparzng the 1n¥armatiﬂn graphically..



_Camgﬁteriéedﬂﬁaté=Eabtﬁringfff

Maun &t al“ﬁ wPitEﬁ that recant stud;eg haye shawn I

that bhere are  in excess of 192 su%tware packages to .

par{urm 'variaub aspvctg af’ plant malntenan:a. The
'applxcatxun u% Cumputer ‘Aided Ma;ntenance Management
0AMM) - rangea irnm aimple mlchucamputer-based gystems 
ko cnmprahena;ve malnframewhasad systems. - There aha-
'-.”a5numher of hardware: suppliers who are. ;nteraﬁted in

.”marketmng 5a¥tware and a number of snftwawa_packagea_“

which' w111 nnly run on certain. hardwaﬁe.-'na“nnt'ga£7
off the beat:—:en track. 1t is & vel'*y exb-_anssiye-_

eﬁercaae'7_t puﬁchase a aaph;stlcated, matehed
_ hardwawe/aa%tware systemn whzch 15 tatally xnflex;ble

ang more m{ten ‘than. rnot ends. up not gett;ng uaed.-_"

- Many prughammea inat:ally driven by huge main%rame]':

. systems have been replaced by PC driven syﬁtema‘“"

The MMIS cnnsxsta of all the 1n$uﬁmac1nn raquzhed by_ '

Ceach - Tevel af managament.- The 1nformatlnn may . be

Jgrnupsd into 5pec1{1: mndules and at the oukset it 15_;_

th. nacessahy Lﬂ_purchase or develup a cumputer:sed

595tem:¢apéble of" addressing all the Cmodules. The._"7

_Iali éntampassihg ma;ntenanLe_data base 15.depictad in 

Figure 3.6 showing the mndules;whicﬁ.ara raquired and'3 

. those which are optional and may_ﬁg-addad:ihftime.__

. FINANGIAL | cowntme ¢

%, GENTADL HCPOHTWG
N foPTIOmALY wpraNaLy
Ch T . o
N 4 rEAFsRMANGE
mv:uroqv eun'mr.ll..‘ . REmORTING

(OPTIGHALY - -

o e e e

. aRTIONELY |

© ACTIVE, INACTIVE, AND.
COMALETE WO GROERS |
EDUMEDY

' umrmv: mutzuamar.*
COMTIONALY -

T .
" oHEOULNE -
AMD RACKLCG
- COPTIORALY

S rouuenr ! bramuns

¢ HISTONY ¢ {OPTIGNAL)
TOPTIONALY :

DIRECTONY FLES
REOLHAED)

" Al encompassing maintenance data base,

Figurd 3.6 Computar ﬁided;ﬂaintenan;e_HanagamEnﬁﬂn
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' BenJamin et &l writea that & survey among

campnnxes 1ntera5ted in EAMM, shmweﬁ that generai
applzcatluna sa*tware packages far m;crqcnmputehs

wers very popular due to their relatively low cost.
‘These . packages are readily available and  the
maintenance manager ‘musth- :ana;der the option  of

davelapzng a cmllertimn af these packages to sult hzs 

needs, ‘Anather alternative in the develmpmpnt of

QﬁMﬁ.;thhe'adéptiun of gaeneral appllcatlan softuarse
(lgtus 1-2-3), which most . often  includes festures

- fors -

: . : . ;‘-’.
= _word processing - r
~ ' . spreadsheet analya:s

- qraphiﬁa o

Sy

database management.g

'Bnught,_'¢nmprehénsive_:5ystema __araf.eﬁpanﬁive 0

L  acquiﬁe_?ang _ih5ta;;__.and.”u?tén_ require  further

mmdificatiqﬁ*ﬁa-give- fhe usgb 'wha£;he.*wantsi;_'Tha*_*7

Eystam is often in%lexibla and'ﬁeriﬁug.mmhﬁidEﬂatiun

must be given to develpping a unique system suited to
- company needs. ' o

#lanned Maintenance thgtammé and Adminigsration

Verstaag h Mmﬁhray‘” Fmgel‘”f and Pratt‘”‘“’ a11f
indicatﬁ that, until racently, it wa5 assumed that
the bsst form of mairtenance was systematic plant
uyerhauls' with equipment or components replaced on
the basis of an . assumed or proven hard life. AL1
that was required was to ac;umulate'su{fi:iEnt.Hd&ta

~and replace the component before the calzulated
averague life was reachad. Thia appbmach {s, hawﬁVEr,_

only. applicable tm simple items of equipment or
equipment with a dominant failure made, . '

The move % -away . frum ¥\ smmpﬁe Szﬁedulad Malntenance_
Prmgramme to a Planned Ma;ntenanua Prmgramme! The

~implementation _ﬁf a__Plahned:Naintanance _Pﬁngﬁamma'.

reqaires-a_gthuctgred épprqach as depicted in
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.éppandix-3;30‘ : Thlﬁ mndel has been adaptad +rum mna__
provided hV PE Enrporate 8&PV1L&” gud ST

'quuipmént ééléctinmfﬁnal?ﬁis‘

. The cost of a pwmgact dmpendlng upun tha plant 5129,-'”

will he hzgh_ whether ut;lismng_'nwn persmnnel o
nutalde_ cnnaultants;_ The deuiéiﬁn to +a11mw this
route is . an sconomical one and the  cost of the
Cpraject must be offset agalnst the benefits of less
dbwntime,.3lpwq# maiﬁtenance' ekpenséé ':and *beffér
dtilisatimn-'ﬁf equipmmnt and Iahdur"-;:ngfplants s
-aﬁaﬁéting with high Iavels of downtime the béﬁe%iﬁs.

of  a maintenance pragramME are  self evzdant ahd""

'tmanagement w111 easily he cmnvinced af the nesd  to
_5pend,the mmneyu._In:plants.aperating_at.lnwew levels
oF downtime and in the current ezonomic recessiony
managemant is  hard presaed fn reduce c&sh' nut¥1bwL
The maintenance engineer ar maintenance manager is
already +aced with rediced manpowet, prassure tm'
reduce ekpéﬁaéﬁ, ifprove pruductiv1ty and further _
réducé'piant'déwntlme, " To EHEUPE that any Pwoghamme
is succesﬁful PEqulPEE a% the eng:neer tu :__"

':%-T_'xdentify the areas wequ1r1ng attantinn

S  pP1DPit1ﬁB these areas or items of equipment
~. proceed with Ehe programme, focusing ¢ on the__;

‘ magt significant plant op equipmant. :

~ The Paratu prin:;ple must he appl:ed slnce, in
general, it haﬁ been %nund that apprmaimately 20% 'n¥'
all the maintenanca prnblema 1n an mrganisatinn

genérate about B0% of the 1msse§. '

At ¢ome 'fplants' racards : are llmited to ddlly
_dﬁératinnai loge uﬁ' éhi%t ﬁepnrts wh;]e' elﬁewhere“
_datafléd repmrtg and maintenan:a Pﬁcardﬁ are kept.
"Tﬁia in+awmat1nn may be supplemented by plant taura,
"dlﬂcusaman with uperatimna peraunnel - and mazntenanca_
_parﬁmnnel. The analysls i primahily cmncerned wlth
the main facturs affecting ﬁlant perfmrmanme..
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.'f 'f ﬁyailaﬁiiityﬁUtiliéaﬁinn _
- Production Rate

~  Product Yiald

- Cmstw .

Bibson®” giveé'an'éxampie'n¥'an'éha1y5is of & power
statxnn and ig ghaphi_ally deanted in Figuwe 3 T

Hours Number of Stoppages . i

UNSPECIFIED -~ | PROGRAMMED
_ QEQRKHLWQ?%UHNV ' pmansuumﬁ Q”QEJQED

- Figure 3.7 Duwntime ﬁnalysma‘"’.
“The downtime aﬁﬁlysié shmws'that'apart;%ham'scheduléd 
maintehanﬁe,_thewbuileﬁ  seems troublesome. However,
further analysis in terms of the number of stnpbégeﬁ'
shows that cnmbuat;mn ' phnblems. are 'diaruptiva;
Attent:mn can ba fu:used where it will have greateét

. 1mpac+.

Equipment Analysis

Plant and edquipment exist to perform & certain job,
i.8. thgy have a specific funckion. Maintenance bhas _
the- heapnnéibility of  ensuring that the -equipmenti
cérﬁiez out - the #functicn and plant output is  a
measure of tha“suCtesé with which the plant carries
L out  its function, Versteeg " indicates that the
'abviuus 'place_ta starﬁ-cungidering' the maintanance
ﬁequirementﬁ of an item of equipment is by defining
'1ts functions. The inability of an item of a plant
ta perform ;tg"ihtaﬁded function is termed a
Functional Failure.  To fully define the overall
failure of an item of equipment requires: '
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"Q_Q _ -1dent;¥y1ng the signif:cant campanemts mf tha.;”'

" item. This. requires &’ 1og1ca1 breakdmwn of the

o item . into  significant components. This
. breskdown may follow the - product flow Ehrough
the equipment or be in terms of  assemblies or .

- sub-gssemblies of . the .  equipment.. - The

s idén*i&ia&tiun u*IQigni$icant ﬁampnﬁentﬁ'may_'be-'
done following & modified Feult Trae Analysis
tFTﬁ)"“‘”’ - Equzpmant ‘Assembly Tree (EAT)S®,
These' tiwe “methods are graphicaily depzcted in

"ﬁppend1x 3.35.”. o

- 7aideh£i¥?iﬁg,fél; “iof the - functions of  wach
_'aigﬁificanf:campuﬁent'*sapabately; It is enly
’in. thesa functiens that the %unctzonal #ai}urésl

can be- 1dent1¥13d. ' '

'  n.;The fullawing* is; an examplé qﬁ{;?auﬁh' an

"-analya:a:
"fiquipment :;':_ Conveyer B?atemLJ .   *£: _ ﬁf_-
Functional & - L. Conveyer Drive ;é_
' Components - 2« Tensioning DEvi:e= L
R ' 3. Belting
4, Pulleys (head & tall}
- B ldiers -
‘& Fped hopper
~ Functions = & 1.1 Drive Belt
- 1.2 Move Load
1. 3 Return Luaﬂ ‘when Btupped
'-! .
6.1 Channel Flow tu Blide #ate
6.2 Contains Material -
Functional & 14 Balt Stops
Failure - . 1B Conveyer cannoct take Inad

- 3iC Bnnveyer runs back :
1 o

_6A Nq prnduct flnw
- &8 MatEblaI splllaqe pceurs

'Relimbility'ceﬁﬁkéﬂ Maintenance,(RCM)'j

“In 1978 F;  Qtanléy NMowlan . and Howard @ F.  Heap ™9
published & book, "Reliability Centred Maintenance®
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which was the result e éﬁpehien;g.gaihéd“;ih:bthe
maintenance - ‘of civil Ltranquﬁﬁ;-a&réhéft.nveﬁ -more
'than twenty years‘:a RBM e A& matntaﬁancarféunceptf_
thzh tnmb:nes several wall éstahlished'phiﬁaiﬁlaﬁ_;
and presents & 1mg1:a1 and atructured marinier - o

analvze equmpment “and devalnp appl:cable mazntenancé
prngﬁammas._ It answers the following questions : '

- what must be mainkained?
= owhy must 1t be msdntained?:
= - how must it be maintained?
Mmubray“’ indicates  &hat in  the management of

ma;ntenanée - we are striving ‘tn  integrace the
 ¢1&951¢§1._”theories'-idfi'maiﬁtahaﬂte . with -issues
relaifhﬁi to 'safetyg;~'nperating_aacgnamicag __hiant o
- demigny ~spars$ .maﬂégement, ”reliability “'thearyg"
equipment critiﬁélity'anﬁ nnndmtlmn mmnitmring.-. A"
| tEchnlque for integﬁating all of this lies in ROM.

Failure Mode Efect and C&ititaiiﬁy onalysis (FMECA)

_Tha'cnnceptu orf Fun;tinni and Fundtimnal-Failure ‘has
been defined and - discussed iR the . context of
 mignificant. mnmpnnénta. The ab;lzty to identify a .
functlmnal failure or putentzal +failure depends an:r

- clear définitinns g# the functions of items as
they relate to the efuipment or the oparating
context in which the items are to be used

- . & clear definition - of the conditions that
constitute a functional failure in such a case

-~ a. clesr definition of the codditiens that
indicate the 1m1nence af th1s failure.

Failurs Modes

A functional +ailure may be due %o a number of
 different reasons, designated failure modes. It is
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'thé_manﬁEP ihfwhiﬁh thg fun:tinﬁa1.failurg:nt;&#red;i
Aﬁ'axampIE' is the fcanveyér feest hopper whiah’¥aiiﬁ.
'.whan mater:al aplllage OECUrS. Th;s failure may. be.
the ﬁeault . af the flange bolts &aillng, the casing
-cnﬁﬁaﬂad nr the casing. wmrn.. The most . 11kely imzlure
jmaﬂea muat be 1dent;€ied for malntEnance puhpasea._-.

.Failure E#f&cfé -

-;ﬁJshﬁpt:summary_af thg_ef%ect of the failure is added
£0 assist when making a deécision about an applicsble
‘maintenance task:  The questions generally considered
arer - T | o

o mill thé ' mpahating pewsnnnel knuw that a
"ffailure haﬁ Ucuurred ar is the faxlura hidden?

= how will hé:faiiura.hecamﬁ“éviﬂant? .
U abe- "’them".' any | 'z;aﬁei_:y"_ CUHSEd'u'ént;_e'g_ ._ 'hégultihg: _
- fram. the failure? . L

=~ what -maintenance action will be regquired —and
how long will it take? :

f'j what pdssiblé sacgndaﬁy.aémége'may Peéult rom
- the failure? .

- - what precagtionary measurss may be Laken if

 repair cannot be effected immediately?

= wWhat . is ..ﬁhmt_phébabilitQ of 5uch' én' event
occurring? . |

The aspe&ta u@':?unctinn; Fﬁnttimhal-Fdilare,'Failuﬁé.
Mods  and Fallure Affect are addressed weing the -
Information Worksheet shown in Appendix 3.3F. |
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'-NaintenanCE_ﬁtratéax

. Equipment FéiluPa-Ratteﬁn$ .'

'-ﬂne'a¥_tﬁe undehlying assumptimns of -maintenahte.has '
‘always besn that there is a direct link betwsen the -

amount  of _'uﬁhedulad mainteﬁaﬁce ‘and mperating o

reliahility.,  This assumption was based on the belief
that . because mechanical . parts = wear out,  the
. FEllability of Lany equlpment is directly related to

.mperatlng aga. It w*qliuwed thét- t6: reﬁuaé:.tbeu.
tikelihood of $ailurh,'ah' inrcrease in the fweqnencyf_
Vfuf nva#haula waa requlﬁaﬂ.'_ Btudles haaed on the
analysig e failure dyta suggested that mazntananca .
. based on hardﬂtime pml:ties were, spart frum their
- gxpen5e, ineffective  in ;mntrpllzng failure_hates.

Th&-beaaun*w55 nmt-bécauée intarvals wers tmn-lbng-mrl
that inspectianén-pere  ‘not. thorough, . but rather
becauée,'cdﬁthary tm.inpnctationsg for many items the

likelihood of failurse did nut, in fact, 1ncreade w:th-l-

operating age. "  Nowlac SUfound that only 11% af
- items, 1'n'+'act, benatited from scheduled maintenance |
while 89% 12l L owed diF*erent failure patters, nane o
whieh shmwed weahuut w:th nperating age. Aga-
Héliahility Eatterna_ara shmwn_zn ﬂppend;x 3.38. . o

‘he‘diffarénces in failure. pattewns hold +the key to
malntanance atrategy.- Th:s aspect has led the move
- away  from trying o find  often nnnwexistent %ikéd 
time intervals for  Scheduled Maintenanue to  the
cmncapt af Planned Maintenance whare tha misth |
appwnpmiaha-ma;htamanca task is identifled. S8ines it
is the  objective of ‘maintenance to ensure that
aquipment is available when required by the operating
pergonnal, there is  an increasing ‘trend  toward
inspection procedures designed to identify pmtenﬁial

 failures, and to initiate action before a functional
failure  ocours ‘The cartept of “P-FY time is
depx:ted in Figura 3.8 below. '
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. 1% 1 - B Visible crack
¥ B o
% € Potentisi-fallure . _
B S : B |
S ! ' '
- { \ D Functional
0%, [ “talluré _
L o . o . -
A IO S R SO TN SO “'Tr;"' I
T 4 & &8 0 0w W '
" Ssmplednspection tntervals  *
jFiguﬁé-Z;B Ip-Fr—Time Plot

The interval between a pntehtiai' failure and a
-%unqtimna] %azlure is denuted as the WP tima..

Reiiabi;;tVQEngineerihg_

" o he able to establish a failure pattern for an item
retuiras an understanding of Reliability Engineering
and . the associated  definitions and :nnmepts which
gnvern the a:quzs1timn and analysis of data._. The
theory dlscussed belaow has been taken from the works
Cof  Bradlay®, Churchley “% Beasley " and Bﬁitzf”t_
Since the nomenclature of reliability engineering is
not yet standahdzsed ‘the symbols will be defined as
“and . when they are usad and generally follow the
Quidelines provided by Bradley‘“' L

Relisbility, expressed graphically, is a plot of the
relative freguency of survival - o operating time.
Relative -fréquency being the ratio of the no. of
items surviving. to the total no. of items which -
started the test, at a speci%ic operating time. .
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L ke warviving at tue b
Rediabflity at tiew & = R{E} = - e, - -
_ L h Nusber of $tewx whan tiee = @

*en Rt} = Probabltity of the Ltew working at thee t,

In contrast to Reliabilify we;have_Unraiiabilityhf
© Unslisbilibys F{E) % Probablldty than an iten will fail heture tiae b

_Tha-numhéﬁ"uf'suwviving jtems plus the number of
failed _items'caﬁstitute the total number of items
whigh started the test. Thus, relative to the total
- number of  items, the proportion of surviving {tems
|  -p1u§"-thé-prupnrtinn'q¥' failed 1§9ms'fcph§tituﬁé.the"
‘whole, and since R(t) and F(t) are both defined  as
. proportions, thent | - | |

CR(EY F PR =4

Graphically, the concepts of Reliabflity and
Unreliability are shown in Figure 3.9 below z

J )

e § _

L= =] .

Rellabllity = Bt} or unretisbiity = Ffe} -
i

8

Figure 3.9 Plot of R(t) and F(t) vs Time 0

The prabability of failure in a given time interval
1 ko t2. UCan be expressed as R(t1) —- R{E2)., The
'failurg_ rate, ﬁtt), is the prate at which railures
occur in the interval £1 to €2, 0 o
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ROEL) - ROED)

B L I T e
k2 - BIRED)

The instantansous $ailuﬁe'héte;_gr hézafd;raté, =)

is defined as the limit of the failure as the

interval length aﬁhrqaches_zahu,'ga constant failure
 .réEa, which ”qhﬁreaﬁﬁn&s 'ta'ﬂ(tlj is often called
lambda (4). A constant failure rate simplifies the
‘mathematics of reliability engineering. Often =z ()
is nut constant all aver £ but is constant . within
ceetain limits-of t. ¢ o

- Thé'Failgfa_Prpbabirit9 Dansity Funchion, %(E)-may be -
e '_dﬁ‘:ﬁ_ried'ag fﬂl_law_s_-i _ o _ L

txe |

AR

ST N S

" The area under tha f{t) mQPVE.iévuﬁiﬁy oﬁ_iﬁﬁ%lﬁfndé
a1l items will fail eventually. The f(t) curve can .
be divided into regions of F(t) and.Rith: .

[ 1 S o f
O femME R fRME R PR SRMIwY
¥ b L

This is depicted graphically in Figure 3.10 belows

Conatusit albors rare= § [» 620 -

Figure J.18  Failure Frobability Density Function
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- The difFEﬁevt 5e¢tinn5 mf the claaﬁ;cal "Bath ”Tu5 -
Curve",y. F1gure 3 ii, ‘can now be analyzed in tarms a¥ e
the above themry.: __— SRR

-t--—-—-Useiui worklnglifa-—-—-—-i; S :
1 o .
m'l Early iJ Canmnt failura . Wear out - - / .
. § l”"ﬁ:’gg i | rm: pm‘.’d- i f_nilur.e.p!rlod
. g s : 1 i .
B | S i 5
1 =Y il )
[ At B e
Time sinte test tarted '

FiGUPE'3-11:QBath'Tuh_Dque“'nf'Hazaﬁd.gata.zgt)ias

Fallures in tha firast PEgibh ars due tn manufacturing f
and’ design Faults. ~ In the second reg;mn failures

 _n:cuP at a law rate, at random and from causes such

A aacldents."i1n3 the final period, Ta11UPE$ BEEur

Cmainly fram cumpunemts waaring out, 1thuughf}}

rnmpmnents within an -item may shnw weaw, the ;tem
: generally fuilaws a cangtant failure rata.

_If it is assumed that the time to failura is
des:ribad by an axpanantial denaity +unct1nn, then

. 1 e""“ '
FlEY = o

_wherae 8 = Mean Life
= Time period of interest

‘Now Reliability at time t can he expressed as:

@ 1 eWedt
R{E) = f =
t e
._,,E-th
Mean life = arithmetic average of the lifetimes of
all items considered and for the exponential function
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the Méaﬁ 1i4€'_iS:Equiygleﬁtztn-ﬁhe ﬁaaﬁ ﬁimé-hatweeﬁ'f

. Thenr Rt} = gt

m gt

 Number df'faiiuréa

Wheres A= -
: C Teotal operating'hnura S

. _ ;o
M = Mean tima betwean failuhes (MTBF) e —
oy
Failure Consequences =
'The_ evaluation of 4ailube . consegiances and

maihtanaﬁcéT stratagles are fac:litatad by a decision
diagram technigque. This involves a specific sequence
mf;déﬂiaiﬁh' Questimna rEquzwing & "yea/nm“ answer in
: éach'ca&é;- whare the 1ﬂ¥armat1mn to make a specific
dec1$*un is nnt claar, a default anawer ﬁpEElfiEE the
ackion that will best prmtect the equipment until
there is a  basis for a better decisian. The REK
Decision Diagram ig  given in. ﬂpnandix 3.3H.  The
angwars to the decision dxagram ara dncumented in the
ROM Decision wur&aheet as 5huwn in ﬁppendix . 3I.

The cunsequanmgg _nf a %ailuka._wiml diztate the
-ma:ntenance requirements. These _ma?-?ary- from the
cost of  replacing a failed mmmpnhant to  the
'-dastruchimn of expersive aquipmant or the loss of
1ifa. ALI f&iiura cdnaequancés are grauped inte ¥ndr
- zategories defined as follows ¢t o

- Bafety, :nvmlvmng dangew tu peramnhe;
- _'Hneratlmnal, 1nva1v1no ecnnmm;c 1uss and the
| cost of repair C . :
- 'Nnn-upahatimnal, invmlving only ~ the gost of
 repair ' ; :

4"'_Hidden Faidlurea, which has no direst impaat bt -
increases the 1ikelihnnd a% multxple
failure,
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- The 1mpurtance -of 1dantify1ng tha cmnaaquences n+
%a;lure is given by Verﬁteaqmu.-- -

Ce it determxnes the azgnzﬁicanﬂa of ~items  for .
 _"prevent1va ma;ntenamce_ T |

~ " it dstablishes the preventive task mhsective

- '__1t_ dete»minaa the _da%ault strategy whan: na_'
| applicaﬁla_ahd ef%ecﬁi?e-taak'can'bé-%uﬁhﬁ;V '

The decaaxmn pwmcess invmlving the identi%icaﬁian mf_ :

the . cnnﬁequanceq o +azluwe is dapicteﬂ in FIQMPE
3.12 belows |

t. bu the fetiure evident to the operating | ;
ﬂﬁ*mwmunwnlpwhwnmeuimnr.‘
- dubies? . _

2. Does the feilurs Cause & loss of ~ RIDDEN FUNCTTON
function ar secndary dasege thlt I _

- could have & dirsct lffact ot
npnpltinq_!afoty?_ o

T T

 AFETY t:u!aeuusnm 3. Does the failure bave an adverse
L BRI jﬁutﬁwwnmumﬂjummntﬂ

. W
mERATIONL 0. WON-DPERATIONAL
COMSERUENCES COMBERUENCES
Figure LS L- T Failure cnnséghancéﬁ‘“'

Maintenancéiaﬁrategx_

'ﬁn_ ef%acﬁive_]maintenanme-pragﬁam will realiee the
i nherent re;iability' of the aﬂuipﬁéﬁt but ne amount
of maintenance will improve its reliability. If the
reliahility = is inadequate the only recourse is
-rgdesign.' | ' ”

RECM 1danti$1ea +xve categurles of planned maxntenance
tashst ' o
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‘On-condition Tasks. Sthsduled inspections to detect
'patantial failurea are cnmmnnly terned. un—uund:tiun'
* tasks, since they call for the removal or repair of
'1nd1vzdua1 :ampunenta of an item. "on the cnnd1t1an”'
_that they da not meet the requ:rad 5tandaVJg

: ECheduled- Maintanan¢B “which- includea" .RENQPE'Zand
‘Discard tasks.  Many simple and single-celled items

' dlsplay wEarout characte%isﬁics. o That' isy the ._'

__prmbabality mf failure incresses signi%i:antly aftEﬁ:_
a certain ﬂpEP&tlhg age. - IF thig wear-out . age. is
_1dentifiable, the awerail $a1lure rats may be- reduued
by imposing & hard time limit to prevent mpaﬂat:an st
the ages of higher failure frequancy. —Rework op
ﬁiscaﬁd and. Replacement. 'ﬁ¥ parts re¥Ehs' tn' the
maintenance antzona required ta raatare the items’
fnrig:nal reszstanne tm failure.

-Rede51gn._ Whan the 'reliahillty ot an item . is

unac:eptable and no mazntenance can be %uund whach ig

'.applzrable and a%#ectiveg Cthe Paliabxl;ty must be
improved by Pedaﬁ;gn._ EEE. L

' FailuPEm$inding Tasks far deden Fazlurama These are :
schadulad 1H5PEEt10ﬁ5 fur hxdden f&l]UPEE-. '

NumSchaduleﬁ Mainténance.. I¥ no tasks abe +aund
Whlch are both applicable and e++ect1ve, the item is
left in aehvica until a functional *failure ocours. .
This permits the item to realise its maximum useful
Clife. It is important to ensure ‘that such an item
‘has no-hidden failures and that a failure has no
safaty consequences. ' ' -

Thi devalnpment of a'mainﬁénance_}prngﬁ&mmé &mhsiata_
. of determining_whi;h of the maintenance tasks are
hoth applicable and effective 3 -

- applicability . depends on  the failure
characteristics of the item. An inspectimn o
potential failures can be applicable only if
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'-ltha-'itém' has &haractebistica that -~ make it .
‘possible  to define a potential  failure
eenditions. - 4 o o

- -Ef%e:ti#eﬁaéﬁ_ié:”é measure bf.fﬁhgihéﬁuitsﬁ'm{
© tHe task. If the ‘failure doss naot Cinvalve
'ﬁé#éﬁy;:tﬁen fhe_eéféétivehséé'“is'heaﬁurad Jin
'”acnnnm:n termar--ile; the task is sffective if
CiE i Laat~e¥fective.'.p3 In b.ﬁhéh'-ﬁaﬁa of
mparatinnal cunsequencas the cust 'mf ¥ind1ng :
 and correcting poter £ial failuraa aqt he lass-%
 than the cmmbined cost  of _thg .mperational
'znnsaquencea plus the amst af ﬁépairing tha

'_¥amlad_gnita._ Dobson 5

pruvides a ﬁtandardzﬁea
ecmnamic_tra&e aff atudy WHluh is included in_

 Appendix 333,

Bmrvices aﬁd“tubricatiuﬁ.-*'Mbat.;equipmeﬁt_rgquikes
acheduled serv1a1ng and 1ubricatidn* 'tp"maintaih
' satiafactary nperation.  Lubrication ¢mﬁﬁtitutaﬁ a
 di§nard task while sePVicing cmngtitutea an- on-
condition task. = There is usually no question about

'ﬁwhether _thgy are aPPiiEable and E*fﬁqtive and dre .

'_autamatiqélly included in the Maintenance Programmé,

Tagkﬁ and Fwequency Analysis

Onee  the applicable Ma1ntenancs Strategy has he@n_'
identi&ied ard pFQV1d1ng that it invalves ﬁama form
of ma1ntenance, a task is identified to achieve the
| abjective of identifying - or eliminating  a failure.

in the absence of 5u$+1cieh£” uper&ting;_daﬁa_ a
cqnservative initial  interval Far the  task is

selectad. With the acguisition of aperating data the
%a:tual information required  to revzsa,_.lnxtial

dacisions will . be available. An example of

mazntanance tasks and - %wequencles are prpgentad 1n
Figure 3.13 belaw. ' L _
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" 2 Baryicing

[MedaT 2.3 Task ' ez Purposa - — T3 Frequenty] -
1| Check coatant lovel i overilow mumlr i : e Once weekly
. | 2 |Fumn rsﬁutw per MP-1077 : - | Asmove £olld particles & galisd matior Once yaidy
—3 |Nona . . . i N .
uﬂbn-mumnrlﬁg L . BB ) DR
Mode! 3.7 Parsmater _ 3.2 Fragquoncy - | 3.3 Criterla
CooRnt lumnurnlun'lnm!ﬂﬂﬂsh} Ab-minnia, intanrm o} =1BOF
% | (sAoe at fof MAedR 1) - lizams ustorNods 1) iumecslorMadl 1}
F [same a3 lor diode 1} j -] mlnu'les ullur gach cf d gtarl ] slnrl | << 155F
4. Scheduled inst insp for mnumon sssessmant -
Mode rcomﬁﬁﬁ — 4.5 Frequency . 43 Crwera
1 Puddiing beneath vehicll .' . Dably Presence of puddie
[ 2_| Rate of drainiog duang flushing | Onea yeaﬂy_Lwnua inﬂ AbNGIENy SIow
* 3 “None - ) - —
1

F:.gur*a 3. 13 Task and Fr-equent:y Identiﬂcats.un“"

M RCM maxkimises the ef{ectiveness

Fullnwzng Moss
and ef%:cmency u¥ pPEVEhtiVE ma;ntenance by . directing :
tasks ta detar or ‘prevent thae accurhen:e bf a

gpa:zf:z fa:lure.' The taﬁka mugt be mrgan;sed into a

schedule that: Lmposes the least burden on the pradurt; 

user and mimimizes the t1me that the item  mush be
removed from  service to perform prevent1ve
- maintenance. The maxntenance action must, as +ar an -

.'_pbécticablé; be _nerfavmed when the - item is ot

requihed'by gperations personnel. Tasks must be
fitted into a modularly strustured schedule using.
calender time or aPEﬁating hours as - tha tr;gger +ar
maintenance act:nn.

An example of a Maintenance Schedule from the work of
De~weérdt3”is_ﬁruvided in Apperdix 3.3K.

The'MainEEnance_Budget and Cost Control
MThe quaiity of - the service phovidéd by _fhe

Ma;ntenan:e Department has betome a cornerstone - of
pruf;tah;lmty in  ‘many industries. Hnwaver,-the_gruwfh

in  the demand for this service has led to a

tmrhebpmndxng gﬁnwth in the relative cost nf

_maintenan:e nisas

Hence the  maintenance +uncticn  faces a twnfolﬂ
prablem, i.e. one of quality of service and grie of the
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 cmst___jaasdciatad_.,wiﬁhp ppuvidxng - the servime._ '.

MaintEnaﬁ:E'cuﬁtzfman{he'redunad- in a number of . wWaysy
. among which are the following s " o

- effectively = utilising . artisans, .. thersby
. - reducing the number Q*'stafﬁ-required,- '

I-f§ ﬂ ;;idEHtiFyiﬂg 'tﬁuge  items ot plant  making the
. biggest centribution to maintenance cost and
T foeusing -managaniéi' effort  to Bnsurs - that
‘breakdowns are reduted while eliminating over-

. maintenance | ' -

 _# : 'Imnrnvxng tﬁe- ._atandard '64 . wdrkmanship;;-
' "eliminating unnecessary PE-Wark '

.&-~ :!¥tﬁitica1;_and”?aunaumahle spares. —analyses  to

Censura - a  high o enough sarvice  level  and

| simultaneously  reducing = the . high . cost,
. associated wath keeping axpanaava sparms '

- VIrj enauring tﬁat th5E ©Whi aﬁefﬁpéﬁdihq"the morey
' have access to information which will timeously
~iﬂ¥ﬁrm”them7m¥ ;expendituhe tu_&até and relative
-;tn'budggf E - . '

= enmuring that a reliable method is used to
accumul ate, allocate and  report cnété in & way
that is simple to understany and meanlngful ko
thmse who must use the 1n+nrmat1nn

< . establishing an;afficient équiﬁmant replacement -
policy. '

Banctions have ensured thaﬁ*éqhipment and"spare paﬁts
inflatiwn_'greatiy, akceedg the consumer pﬁicel'indax
(LRI} ° Ta .ensure that the ‘cost  of -mainteﬁan;g _
influence on - the CPI is minimized, maintenance cuaﬁ
wontral Cis o very rmal”-'and .aquipment : raﬂlacemeht'
policies have dismappesred along with the . capital
required for the investment. This aspect is not as
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- negative as it appears at"f{ibatg nIn; Izne with WGrld

Class Manufauturlng 6@% o Japanese - Ependlng ;g
devotad to upgrading the :apabxlltzeﬁ _mf aa:st:ng_;

equipment and. processes wharsas the US 5ﬁand9 e

‘additional capacity and replacement of  old equipment.

. Maintenange wost control strategies and maintenance

policies must ensure availability in the short  and in .
the long tarm, ' ' '

'_Haiﬁtanan;a '.éaat_-may be- di?ided_aintm' twq_ mﬁin '

' categories, i.e. labour cost and material cost.

3.4.1

Material Cost

MéintéﬁanE55;ﬁateria1ﬁ7=abe ‘the items reguired to
engure that plant and - equipment are kept operating
5afé1y and reliably. These materials can be divided

into -&:numbeﬁ.mf'ﬁi$4erenh categories, see Dobson Y.

and MHipkin®™,  but may generally be claaal%xad as
usage spares and: insuranca sparas,

.Usage gparas are usad on a ragular' bagis and are

'subaact to narmal stmck control systems which include |
minimum stock levels, PE“DFdEF IEVEIE and  most
soonomic re~bﬁﬂer quantzties ‘based on historical
_usage._, - Bee nppEndix 3. 4n Figure 1, Items are
_claﬁﬁi$1ed usinyg the ABC distribut;un, ﬁppendla 3. 40
F;gure 2.  ABG ana1y51s _has as its bas1s.strxngent
control m{.-:mstly_materiaia ~and Pelaxadg-cantrﬂi.mﬁ
cheap materials. An example of an ABC  analysis is
prmvided”in Rppendxx 2.4B and is taken From the work

of Gchonberger et L e

Insurance spares .

‘Dobson™™® states that if all maintenance spares were
managed using an’ABC-ahaIysi& most of them-wmuld'énd
up as B nﬁ'ﬁ clags items éhd managead a:ﬁmrdingly'
since usage Bpares make up a  amall pmrtimn of tmtal

'_sparaa._ The reaultﬁ wuuld bae ¢
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‘zﬁ-TT many itema bazng elimzna?ed fwam the 5tnqk-liét._ -
' "aﬂue ta 1w usage ' ' LR L

=~ lower customer service lgvels being set, whils®
:-Q”Cabtain itama_rEQuiregimﬁ% 5eﬁvi¢eglévels;'

o relaﬁivély 'unaaph:ﬁtzcaﬁed techn:quea w111 be
' aelactad tn maEnage impmrtant 5pares.

HFmildwing' paﬁr&rdla et al®m 'éﬁiﬁfcal spares will

,halﬁ prmduct;un and therefmre Paquzra a servxce leve1' “'

af at least 95%, whereas non-eritical 1tem5 Paquzre A
.EEPV1¢E leval af Wﬁ%. Inauranae spares are purmhaaed

 and kept Cin steck ta avewt majnr economic dlﬁ&stEP.:_. 

They ars uaually expena;ve, have luw ugage and fullnw
' _very irregugar demand patterﬁﬁ.

:--The deczsinn Fnr keaping inventnry 15: én eranmmxc-
.-ane._ It cnmparea tha risk of nmt hav:ng Lhe spares
'available in. case of a breakdmwn ta the :mst raquirad"
&mr the" invaatment. ' '

 pccunulating Material Cost

Maintensnce Spares

When & $ﬁahe'i§ 15$uad from the 5tnre, the value of
'the EPBPE is debited ko tha enﬁt uentra to which the
spare is. issued. The ¥mllmwing 111u5tratiun ShONE
how the cost u# tne 3pare is allncated :'j

- -Thansattiqn t: Buppl‘er [-'- - u Stores
Sparea XEX _ 'Spares_ XXX]
Transaétiun‘zé _ :_Btures _-.  o 'Bbst Centre
.|5pares__xkx'_ SBpares XXX}

The main document in Cthis 'éée':ig-Tﬁhé'.Stﬁhea.
Requlaltznn, ﬂppendix 3.4C Figure 1 \ o
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'_iﬁ is pmss;ble tu bvpaas the- stope and purchaﬁa. ”
_ﬂlPECtly fnr a speclfac mamhine. : Tha alincatinn nf
'the aast of the sparas 15 as %mllnw5 i o

Tbénéaétiun'it' -'  quplier """ . Cnst Eentre -

Spaﬁes XXX = Sp&ﬂss xxx

‘The ma&in  document i this case is the Purchase
Requisition, Appendix 3.4C Figure 2.

. The central ac:puhting ‘system will dathPa~ tHai
stores,  purchase  requisitions and provide morthiy
_¥éadback in the farm of & summarised Beneral Ladger

Ancount tmgather with mthan :nst _elements Such as
salaries, overtime, bene%zts, ‘#tc,  An example of

such & Eaneral uedger Atcount is prnwlded in ﬁppandix--
 3.4D. . This information is useful in that it prmv1des'
~an indication of the performance of a dapartrent and

eventuaily the bM$inE§§ but ~does 1iftle to provide
in!urmat;un- timeuusly and parmlt an  analysis far
identification n¥ the equipment :anthlhutxng mast to

.maintenancm expanaa.
'Maintenan;a-Labnur_Cnstf'

.Ma:ntenance 1abour is analngnus o maxntenamae Eparea
in that .a cost  centre mst pay for the lahmuh_hpurs:__

{mparas) purahéaeﬂ from the maintenance workshop
txtare). . The maintenance workshop means any group of

- maintenance artisans working for a single foreman.

‘gpares (Material) . Labour {(Time)
Supplier I ~Man
Gtere NbﬁkShdp

Cost Centre

Allocating the cost of spares is reasonably siople.
Allocating  or  issuing maintenance labour to cost
centres may be prmblemat;c. ‘The - biggest prmblem

_ariaes from tha way in whiah this f:me is managed,
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the way in which the cast of th15 tlma is calmulatad.
and the azmurata and honest vannrdxng u¥ tﬁg_tlme
- spent 1n the varzaus depawtments.:"' o

. 'tﬁns‘t';ﬁér Ht‘mr" Worked

'Mainﬁenéndé' labnur time hay hé 'divided linto  two
.separate classes. ' - : '

5__'_Tim9 ﬁpent on sxte - The mveﬁtima and nmrmal

i*lmﬁ +or Jhiﬁh the artlﬁan 15 bnaked, ig the
tima maptuwed %rnm the clmukcahd. b

- Time bnak@d tm jmbs - The time awtually hmnked |

o apaci%xc jmbﬁ by the artiﬁaﬁ and is acquired
'-frnm the jnhcardg. oo

Bone of the artisan # time ie takun up by waiting for
the next Jmh and: 1n contrast tm looking. %nr ﬁparaa,
walkzng to the job, or diﬁcusszﬁq fhé Joby which a11

£orma pawt of the jmbg cannbt be allncated tm any
Cspecific job. - This introduces the concept of Time
Racavery., ' '

. S : T me bnuked to jobs
"Time Recavehy = - el 1ﬂﬁ%
. Txma spant on ﬁlfe

The time in both '¢aaas must ha.fﬁr the same period.

FHeneral vaiﬁes Cfar ﬁima Pa&mvery for different
industr1e5 and different anginaering dascaplinaa are
ohtainable and may be usad to evaluata the mpaci{ic

industry. ' '

 In malculating the charge out rate it 18 necessary to
establish the total cost of an enginesring workshop.
The cost is made up of the +oiluwing #lenents 3

- Salariea e artisana,' suparvigory stalt,
maintenance nanagement ' '
= Wages ~ artisans’ assistants
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--ﬁr'-_ataff bene*ifﬁ

3 ﬁ'__'Cﬁnsumablaa prmtact;va '-ﬁlﬁthing;. ﬁieaning'
_ . ma’cen-..--a_],_m, tea & co'fee T S
- Taols o o
“”“ujwmpkﬁhﬂp'5banes.an&-mat§p1alg. | | |
- Telephone, = water, electricity;  teanspart

ansociated with the workshop.

Thaﬂ Charge Out Rate is the cost of an artisin bour
cand if multiplied by the actual number of hours spent
in a department will provide. the proportion of
lmaimtanancé cost ks be allocated to a cost cénﬁra $

-Tatalzﬁmﬁt of Maintenance

Bharge Dot Ratalé _ v s — -
: - - Tetal actual hours booked to Jjobs

This method of allocating maintenahce_mdat_is éimplé‘

to understand, pﬁavideﬁ & true cost’ of  an artisan

- hour - and pﬁmvidea & hasis n* cnmpariaan w;th s;mllar
| tampanieg induﬁtry. AR example m% ﬁuah ]
calculatinn ig- ﬁhnwn in Appendix 3.45 and 1g takan
frmm the wor k of Brand‘“’ '

'Time_shaetﬁ'vaEEQQHpr Lavds

To book time o jobs Many &mmpanies mike use of a
time sheet. This sheet i filled out at the end of
the shift and the artisan is expected . to Peflﬁct“
where he spent his time.  The disadvantagea
associated with this means of allmcating time are as
*allmwe :

- Time_bamkéd' is inaccurate sinee  the arbisai
attempts to allocate every minute of his time

- gince the sheel is completed at the end of the

. day, the artisan 1nvar1ab1y will not be able o

recall accurataly whare he was at a partz&ular
fime and will be in o hurry fo get home

- gince most coppaniss also cperate a job card
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systen itl'will be ekbécted'u? the.aftiﬁan e
book the same in#mrmatiun twa:a an Lwo. sepawaha

Thiﬁ.fnrm nf:¢nl1e;ﬁing[daté anﬁ.allmcating time must
be eliminated and use should only be made of the job -
 gard aa-'diﬁcusged garlier. To ensure. that acthate
data is pruvideﬁ every Jjob ahauld be done with a job
card and only one person should wurk on & Jjob card.
Theijdb aa&dﬁ prnv:dea us with

- . oa Pernrd orf wnat was done _

B the awtzﬁar whn did the an - iﬁenti*zed hy a
' unigque numbae making a summary simple

@'_'_tha time spent - '

T  wherm the bl ey was spent - unique plan numbar
- the = workshop that did th& job e uhiqua:
' _engineering diaaip;ine numher.

ﬁ summary mf the histirg m$4 tha Jaby uarda will prnvmde
L w:ﬁh Lha actual hmurﬁ bumked B jnhg, '

Time Sgent B Bité.

The tine spent on sit& may easily be acquired from
clock cards. It is important to note that elock
cards  are ususlly - eeturned to  the commercial
department oh . & weekly basis and if the time -is nobt -
captured before this, it will be vary difficult &p
deterning it latar on. To provide & contindous
revord of artisan and labourer time performance it
may be worthwhile for the foreman to open a register
or & monthly basis to record  overtime worked, sick
hours, leave, time off, ehc. This register is aent'
tu the maintenance planming dapartmant waekly o

- pewmit capture of hours on  site and will then also

serve as a backup in the event of clock cards getting
lost and no other means of asguiring this information
existe. ' | ' ¥ ' '

Time recovery in  cunjunctiun'with piant availability

bt sy PR e e b iy e e A rm et g o TR AT mR e s o v g 4
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o i¥-. availability iﬁ h;gh 'ahd'r@cavery low it’i

' ahawa thatk arhiaana ara - Frae tm be utiilﬁaﬂ
otharwige, i.s. pﬁngect weir K '

- TS availéﬁ;lity.“ié' low  and recovery  low it
' would seem that jobs are not being done  and
jobs are being done without jobeards..

B3 ﬁlfbcating Mainktenance Coat
‘Maintenance costs’ must  be allocated e the

_ departmmnta whink use the. gervxme.- To allocate. cnsts_
-ab thig - lewsl only will not “wide the maimtenance

manager with meaningful - ‘nfnr mn hﬂ which to hase

decisions. The caat of msinten..ﬂe mue s be allwcatad.
b individual machinea for the. %m]luwang reasonst

- '-ellmws far 'pinpninting tna CANSEs m$ éuﬁtéinéd
-h;gh CDBtﬁ - ' '

~  provides meaningful infermation for  decision
C making ' ' '

- o= cost perforaance  of dif%event maahlnaa Gan ba
. pompaced : ) o
‘«  hudgeting becomes more accurste
e cost~effectivensss of  differsnt  maintenance

roltines and policies can be evaluated.

If the plant numbering system has been designed
corretly the allocatipn of maintenance costs is
greatly  simplifisd.. . PE Corporate "Earviaﬁs‘“‘
proposes that aaintensnce costs be reported in great
detail. This is the ideal situation but wili
probably only be implemented with great di*figulty_in_-
- eompanies whare the ﬁccmunting Management Information
fystem has not been designed specifically with this
rapdﬁting atructure in mind. . .
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 The cost mumt at laaﬁt ba. élldﬁatﬂd.ftn items of

ERWE

equipment  while -.f@wthh»-laﬁazysig_' will: ‘reguire
‘serutiny of detailed Beneral Ledger Accounts. |

'M&iﬂﬁén&nca Budget

Malntanance hudgeting may be dmne uaing & Zeru Basad"
Budget o Hzﬂtarical Cmstg. '

'-uZéra'Eamad Eﬁdgetsf

It is. & time consuming practice of havirg the

enginaaﬁ Justiﬁy all activities and. costs as 16 they
ware b@ing undertaken for - the first bime. If y1e1da-
benefits but reguives much time and effort, :

ﬂiééarlﬁal GCost Hudgats

'  Thi5 aeem5 to  bhe the qeneraily ancepted merthed. mﬁ;_;

budgeiinq fo. mazntananme. Muth warl has beern done

on proaviding indices for the lavel_bf_-maiﬁtenancé

raguirad in varznum indua&riaa. Emme_bf the methods
used o hudgeting include:

Capital Renlﬁcgmént Valas. De Matteis"® states
that this is the most ai@ni#icant and reliable

index and suggests & Figure of 4% for the
ahemical industry. Fmr the Food industry thls
ﬁigure lzes batwaan 3% and &%,

-Bales-_VaIua is o%tﬁn_-used_'as' a basis for

pstablishing maintenance costs.  In  the Food

Industry this figure is betwesn 4% and &% of
-.Nsv_and-Ia low when comparsd  with cartain wther
'industrié$_ ' S

Standérd' Cogt is based on hisxorical' cu5t5

versus production vnlumaé. this azsumes that
'all mainténance_ cost . is 'variable;.and is a-
.?unﬁtimn-'mnly of production _leumeﬁQ- The
Cagtual monthly costs are conpared to budgetéd-
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' gtandard Emats and Varzanues ara explamned in

'"H'Palatlun ta phnductzmn vuiumaa."' This . is an

. aver ﬁimplifimatlan of the +unctinn. Cawtaxn;

xf ca5tB w§11 he incurred ragardlasﬁ ot praductlmnf

volumes while ather costs are- diraatly related
ko prnﬂuutzan vmlumes,' level  of planned:_
' Vmaintananca, 1eve1 a+ maintenance related plant

improvements - and - praduztzan - prncass'f
Tfimprqvementa_'1n?ﬂ1¥ing Baul pment védasxgn nr *

Iiﬁa-laymuts,

- §sma1at1aﬁ'pf Pravious Year’s Budget

. A third methad for. budgeting maintenance cost
is simply o increass the _ previnua yaar a'_

- Budget by an inflationary amnunt w:th tmt31 
' disregard w-"radu:tlmns_; i maintenance
' expend;ture, nnmpabiaans Wlth éimilar”cnhpanieajﬁ'
Cin the sama andumtry, o genarally accapted
" narms %mr the 1eval of aast5. 5' i '

Cost Standards and E‘gﬁyﬁts S

1.

3.

The general categoriss of maintenance expense are &

‘Additions to capital, which includs

_fﬁ a New.equipméﬁt:'
~  Impravements
= Replacements

Repair and mainténanﬁe'expense,-iﬁaluding‘

- - Breakdown repair to equipment

-~ Preventive maintenancs
- Housrkeaping, i.e. paintxng

- '-Repazr tm buildinga

;a’

Last  of p»nducxng and dzstr;buting utilitiaa,
Cineluding steam,_electr:a;tyg watem, campressed

air -and rafrigardtian.
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- The maintenanae budgmt iw set up uging A zmmhznatzan
‘exf the different budgeting methnda :

e'.=-Nachinewy Repaip Budget ~ & variabie 'budgat~is
o develmped dnd is expressad in cost per unit of

'prmductinn.-
predzctahle nature. ALl $aczlitxes are

_-auhveyed and ant1cipateﬂ repa:ra {nrecaat #nr_.
. the next budget. ' '

- Vehicle. Repair  Budget - a. var;able budget is
| de#elnped and s Expresaed in cost per unlt - of
productian. ' '

~ . Labour Budget -~ this budget consists of a fixed

' and & variable portion..  The. vawiahle:'pwrtinn”
Cig  supragssed in terma u+ manhmuwa ‘per un1t u$
 prmﬁu:t1an. '

It is-_nléaﬁ that the standards are established from
historical costs. Theééu}ﬁtandardQVare modified to
Cinelude any cost  escalations, proposed productivity
"_1mpravement5 and- coat redumtian gaals and mhsectxvea
of tha arganiaatiun. . :

Marketing ‘provides the projected sales volumes for
. the next budget period  and  the total repairs and
maintenance costs are calculated. These costs are
compared to those of previous periods to establish
whether  the overall escalation ;isff_wiﬁhin the
‘phjectives of ithe arganisatimn;=: Further 1t is

compared to the 'Plant'Capital'Réplacement Va1uej-and 3'“

the Nett Seles Value to establish whether  these
ratins sre within the industry ROrmS . o

'fﬁﬁpéﬁdix 3;4F gives an  swample ﬁ? “a’ maintenance.
budget . ' '
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| Mainténanté Rualityf_. 

_ -An exact defin;t;nn for mual1ty hardly axista but 
'_-generally relates to the degres in which the product

ar: aervzca conforms to  tha deaxgn ﬁpé:;%icatxang. A

popular concept of qual:fy is doing th:ngs right - the
"fxrat time and every  time.. ~Following Schanberger et

al ® and Adam et al " the key to managing far guality

'_1198 first in the awaregness of tha need to - improve,
.ﬂ:and thanmselectlﬁg_fimprcvémEnt tg:hniques_with. a good
B _thante”ﬁm¥f SUCCESS. :'ThEFe._aFEIEEYEPﬁI .Eiﬁhifithht

 steps in éffecti?ely managing fore QUality prpduﬁté and

' sérvicas and is diagwammatically depictad in.Apﬁen&ix.

3u59 Figure 19,

- Far ahy"mrganisatiuh 'iﬁehe_-ara,-kéy: elementa"lthat
- affect quality. - These typically include people,

facilitiss and material - and we must understand how

- thay interart _with’ thé-.'campany. ' Pﬁnducta are

manufactured, parts. are made, ‘services are ganeratad
and customers are servied, Adam et &l OY cpates that in

._thia cnnversznn phmcess we must eatablish whether we-~
ST cnnfnrm:ng Lo planu The questions we must ask and
answar are: I ' S

- are ue ;_seeking_ - the  eontinual  quality

improvement desired?
-~ are gquality processes under control?
~ - are guality costs in line with gxpactations?

Bnee  again it is  necessary briefly to consider
productivity, Fallowing Faull “® there are thrae main

- themes  in productivity affectivenass, . conversion

(utilisation) and - efficiency {cost-effectiveness),
and, put simply, it measuwres the ratio of "value of

Coutputs” tw'":méﬁ.-m%-inﬁutﬁ?(',The’“vélué“ is defined
by the customer (operations  management) and this ie

where "af¥ectiVEnesﬁ"".ar dming the hight thinga .

. (QUALITY OUTRUT) finds its application. The.
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maihtanahé& departmeﬁt ia haing e?fective insomuch as

REETS mnvreatly defines Lhe customer’s naads ant hegxna o

to satzsfy them, -Th inputa are phyqical un;ts and .

generally includﬂ LABDUR o CAPITﬁL + MQTERIALB *

 :ENERGY; These 1nputs are. ':mnverted tn autputﬁ by_ -_
maintenance - actzmna; henae phnductivzty i negatxv&ly o
o af%amted if_“we do not meet the customer = defined

outputs  or if we ‘aliocate more than the requare@

| resource inputs tg achleve the mutputﬁ.

 In the maiﬁtanancg plan ' Né":ﬁﬁhféht ”nugtoméﬁ'
wequihémEnta and mverall"husinéss._mbjectiveg. into
maintenance. fﬁbJEﬁthEEn; It ism in:'tha3achiﬁyem§nt;ﬁf -
theae thectives-'that wes  ¥inﬂjMaihtanance Guality -nr_
Maintenance Pruduct;v:ty. In the:&bsenca'_n{ products
.manu{acturad Wi maaaure rasults and frepdﬁt ﬁhém-ﬁar
_ suc:aaalva perimda and nnmpare tham with gimllar
ﬂmwganzﬁatxnna.' Following Eﬁand“"‘typical parameters
and ¢ﬁd1:es ;nclude,;. '

- aokual cost of one hnuﬁ_afﬁmaintenance wiark N
w _'Patia.uf labour cost tn_matéﬁial.cﬂstf
~  ratio of maintﬁnanue easEt tu Nett Sales,

-Cap;tal Hepla:ﬁment value
A _Tmtal.Maint&nanﬁe Dnﬂnwtime
- _ __Maihtanancé staff to tntal-emplayeeﬁ;x

The aula.pu&pmse -of  the organisation {8  to make &
profit.  In gur highly competitive markets the
pressure s - on _reducing-caata_,and  proaviding . lower
._phiced proadacts - to hemain-:ﬁmpetitive_énﬁ jth_auﬁviva,

B Fauii‘“f_statéa'fthat” every CED hesds to create a
Lz“questimnihg culture, ThiaZCultubé will welcome and
Murture attenpts to  find better ways of daing thinga,
eliminate wasteful use of resources, stc. This ‘is at
the.heért of the productive organisation, and '
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Prddu&iiVity Impravament is-'aynmnymmhg:with uality
Imnﬁnvement L

f_ﬁll'af'théfaeﬁettm-discugged thus far

'f.= R Tﬁe Ma#ntenaﬁﬁé_Pian

- .The ﬁaiﬁtenancé'qrganigatigﬁ__'

'T;ﬂ : The PiaﬁF Enhanéﬁéﬁ£-?fﬁgwa@@g-

- 3..:Thg ﬁaintghaﬁ¢e ﬁudgei and_Cast'Cpntra£ 

are in efFact muallty Control and mualzty ImpruvemEnt
tachniquea. C Thay doy  hqwevgw,.ra1ata_ mostly too the
 gystems Pequirad tm- éatabiish cantﬁml' but  fail . to

address the most 1mpartant elament “khat ﬁ+ the Peugle"_.»

who oparate within the aygtem. . Brnwn‘“’atatEﬁ that
standards ara' anly part _a{ the pmcture and that
managers muyt ey O fatus the1P_ people ort caus:ng'
process - Simprovement . if they are to avnxd the "Gahhaga“-_
'in,; Harbage-out® syndhmme.- This is the only way to
avoid the negative chain of rework, checking, sorting

and - pacifying_:ustnmerﬁ. W=z need to focus on  the
'mnnceptfmﬁ-Tmtal:.muality Managemant _sinca it applies
Cequaltly te  Production and  Services in  the
'qﬁganisatibn,'  o | z ' :

Brnwn‘“’praVzdes ¥mur diatinat atapa to follow in our
purﬁuance mf the Total Guality Managemant gmal:

- - ALl individuala maﬁt_'agree on a'ﬂe¥initiun af

Cquality as  ceonformance . te  reguirements.
| Management  must  take - the  setting of

 regquiremnsnts sar;ausly and insist they be  met
&t all times. ' ' '

- T achiEQE" qaaiity,ﬂ management ~ must use

prevertion and net apprajisal atter the avent.
'EVEﬁymna"muat be  taught ta ellminate - the
-problams that cauﬁe nnnucmnfahmance..
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= The performance standard must be set at zero

;3ﬂe¥etta.;?- : Biving-”-hedpls 5-3taﬂdérdﬁ3: that

_ancauraga tiem tu bel;eve that ahrnrﬁ arg a
. ﬂnmrma1 - part - T buainess 11%3 s
cnunterﬁrmduative, - .ALl. indivmdualﬁ must - be
' expented to carry cut -their jobs :urrectiy +the
'$1rst txme« every t;me.

e Qual ity {or tha lack of it} - must. be measured in -
'._terma orf MOnaY. The puup]e muat knnw what mt
Eﬁﬁts to do th;ngs wrong.

Faullf"‘ pﬁﬂvidaa - #ramewnrk 7-#@# . imprmv;ng
,Prnduativity hut it may be appl;ad to imprnving
'muaiity equally ﬁuzceawfully since - the twa cuncepts
are aynnnymnus._- The Framewnrk . ﬂnmplzments the ﬁaur
Etébs nutiiﬁaﬁ abmve in that it demonstrates hmw they
.'nght he attained 1n pPaCtICE._' ' B

1, C Dreate a guestioning culturs.  Never stop
" aaking the guestion. “How can we improve
-prnduct;vaty!quality@" _ '

2. create . a cause“éf¥éct  vision for the
._mrgapgsatioﬁ.:. ' ' ' o - o
X 'l Gharacteriaa 1n1t1atzve w1th thaae factmﬁa ]
- foals
'~-“f'FEeﬁback5
= - Participation - N
- Experimenﬁatlmn e
- _PPEESHPE '
=~ - Persaverance

Each of these concepts will be discussed briefly.

- The Cause-Effect Vision

| The individual nesds to know why the functinn
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. ekists and  how his/her job pelates to cthe
“overall  ohiegtives of  the department. and the
;uvérali purpqﬁe_uf;:tﬁé prganisation and what
 happens for - them if the organisation succesds.
Individuals will  understand how their — jobs
 pelate’ to.. . the mrganisatimn’m'-  survival ,
‘effectiveness  and mmmpetitiveness.' - *An__
obsession with respmngiveness to  customers,
exterrally and'ihtebnéily needs to exist. -

' Boals

Boals. giva dlrectimn ko effort bub must bhe

-: mea5uPab1e -_ahﬂ hea11ﬁtic. 7_ Furthermmﬁe,

apecifie and. challeng;ng goals - lsad to h:gher "

'* perfmrmanma than Eaay gnalﬁ..~5nb- gorals must be
'claar. ' '

Fesubsck

 Femdback is-the return. of information e an
individual - sa  that a£ ?1East~ ﬁdmé' Df'  the -
infaormation is a reflection of hia_peﬁfnhmanue.
The- phisctive zbeihg' thét--he!ahe 'may sgr) f o
.qurb@ct_hiﬁ/h@ﬁ'DEPfﬂPmﬂh:ei o |

Partigipation

This  includes participation in = . de.asien
making, goal setting, evaluating feedback, and.
participation in the results (rewards and
dishenefits), South African research. has shmwn .
'h:gh carrelations betwesn succeseful sections
and the degres to which managers are vialble
Cand invelved in the day-to-day affairs of their
_ aregas on  an unstructured basls in addition %o
. scheduled meetings. | o

Experigentation

" To search constiously for answers to guestions, .
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 tryihg-di++arent spproaches. - Iﬁheréht~in 'the
Eoncept is §Ctiang guestioning and  risk. The

| mutcome is not pred:&tabla wzth martainty _ahd' '

fthe_mrganisatxmnzmust be tolersnt of aryor and

Mfailed" experiments it it wishes to encmurage :

:ﬂﬁhe quast1unzng culture and exper;mentat;um.

- Pressure

Pressure is ssen here to drive ouk complacency,

to demand ~ attention ‘and compel action.  The
pressurg should be steble and not erratic ar af
a wrisis neture.  Research has shown  that
Cbpeses in successful areae are hoth mmré_
demanding (raising pressure) and more patient
Aredusing pressure) than 'ﬁheih cnunﬁéﬁpantﬁ_in
lesser areas. ' - -

o 'Pergeveﬁaﬁue

The act o +act of sticking to a purpose or an
aim. = The pursuit of productivity or Cquality
must not be a  flash-in—-the—pan. Evidence shows.

| that--ﬁeauifs 'aﬁe-cumuiative and are evident
over a pernnd of time.  In thia area we find
tha learning curve theory where repetition aver
time breeds competence _1$ading to improvement.
Realimtic time frames @ust be set for achisving
results or failure and disillusioneent -are syrs
o Follow. '

ﬁppendix o S Figura 2 is é dynamic representétinn.uf'
the improvement process  for Productivity of Quality.
Management, in the  context of maintenance will
inelude foremsn and enginesrs. '
3.4 Equipment Replacement Palicy

oot Inteodustdon

Hauy ™ sfatEﬁ that the expansimn and. improvement of.
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producticn facilities are critical items-ﬁhiah at et
the well being of any fiem. An affective sguipment
replacement poliry asans  a r&pid ingrease in

production capital  formation .and affects Lthe

_upéﬁatibhs, of the husiness for years  to o come.
Historically business firms have had difficulty in
developing  sound  and effective - measurenent methods

for  @quipment replatament.' The physical life ot

gauipment -can he extended indefinitely by proper
‘maintenance and the replacement of parts.  This

statenent is suppbrted by Brahd“ﬁ whe states, in the
light of the astrononizal costs associated with
equipment replacement and the tremendous pressurss on
profits and'caah flow, khat & “Replacement Policies'
have disappeared mlnng with the capital raquirad F e
tha investment.

IE i necessary to be realistic 'ahd'raaliqe that an
mrganisatimn must remain prmfltahle antd- in dazng H5O
neads to evalua*a all investment uppmﬁtunztxam. Ta

this Gnd the replacament of equipmanh ta readuce

EXpENSes  ar impwuve pperations may he & sound
investment, Becsuse squipment repla~sment represents
'tha 1mng~tarm commitment of financial resources, the
financial evaluatimn- methuds are haasd on the "time
concept of monsy". These 1nc1ude= |

- Disanuntéd Rata of Return (DRR) or Internal
Rate of Return (IRR) whers the discount rate
_ﬁhimh makes future inflows of cash  esgual to the
cost of the project must be egual to oe greater
than the organd satd on * s cost of mapital ar alam'
anmmmhly namaﬁ qudla Rate.

- Net PPEQEHt value (NPV) where tha phesent value
| of the future :aah 1nflbws, d .scounted at the
mrqaniaatimﬁ 8 cost o capital, must be aqual
to or greater than the cost of the - prmdect.V
lelmwing_waght‘“‘NFv has been acknowledged as
Lhe begt eriterion for analysing capital '
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investments while Heu'? states that DRR {s the
most widely used. ' . -

- Discounted Payback Period (DPF). Based or the ‘
‘discounted cash flow technique it considers the
time  required to  recover  the  initial
Cinvestment. This addrgasas liguidity since,
generally, the shorter the payback pepiud the

- emaller the liquidaty risk and vice versac '

3. Gad Et:cmc:'mit: LHE

'The tmtal cust u% ownlngy maintaining and operating

an  item of equipment is nbtainaﬁ by -adding the

capital cast ard curﬁent_axpensea. These two cost
functions and thelr effect on the total cost is
‘depicted in Figure 3.14 below. '

'lﬁ'l‘il- ﬂDl\‘r
“OPERATIHG sobY

AVERAGE AHMDEL COST _

R . ) , .
. \_\___ . 'owumu roat

NPl ' 'h

Figure =.14 Basic Average Cost Mude] 46 -

From this model it can be seen that i

- Dperating costs ingreass with age due to. a
greatar dnput  of  spares  and | labour for
maintenance and repair

~  Dwiing osts decrease with age because  the
ﬁapital cast Cpurchase price minus residual
- value) can  be spread over a 1nnger perliod of
time

= Tha total cost curve has & minimum value as it
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i first puahﬂd up by high capital ﬁdgts; then
by high mperafing coste. '

_'#nilﬁwing FE Cmrpﬁraté 8swviua5‘“’tﬁa sronomic 1ife
- i8 the perimd whith ends when the average annual amﬁt

of owring and mperating a machine haaahen & m;nimum.
Raplamahent naciaion

There are: two apprnanhmg whzuh may he wsed to decide

:'mn equipment replac@maﬁt. Both use the cunuapt nf

pLonGmnic lifa and ara vy

Coe o Mindmum Average  Annual | Cost  where . the

investment  is accepted 3f the machine under
Cinvestigation has surpassad its sconomiz life.

< . The Challenger and Defender Concapt where the
“‘maching  under investigatiom im retainsd beyond
$t® minimum cost peint on the condition that it
renains theapsr than the minimum  average annual
tost which could be expected from  an equivalent
maghine." - : ' '

fThe Lima valua tf menmy and the 1mpact of taxaa and

aquipmant depreciation must be cansidewad. A

- example of the economic life calculat:mn ig aklown in

ﬁppendix 3.6&._

The ahnve'diﬁauﬁaiun cansiders only the QUahtitativa
Judgement teshnigues.  The decision te  replace will
alen consider qualitatxva ésﬁ&&ta lika !

: -  the arganisatimn 5 raplacmmant puliﬂv R

S -market:ng raqmiramantﬁ ' : L
- imprmvmd product quality @i machanical guality -
- sxecutive Jjudgensnd

- liguidity of the organisation.



Fage 48'

4 _:MPLEMENTarxaN e

Implementat;an wzll consider . thnae alemanta of tha thearetzcal
model whizh reguire %urther dimmugmimn Efrough appl;cat;un of
the aforemsntloned thaary and will innluda LI ' o

= The Maintenanca Brganigatiun

~ The Jobesard :

= Tha Eguipmant Register/Plaﬁt'InVantdry
L= Maintenance Managemant Infmrmatiun (MMI)
S~ Planred Maintenance . '
- Cogt Conkral

4.1

Bt d

The Mainterance Organisation

Facilities

The  plant under :unaiﬁaratimn is geographically .

-mpwﬂad mut antl - covens appruximat&ly T mquare

mekres: It i diatinctly divided inta ten sreas sach

covering #® Unigue process or pperation. Appendix

4,14 shows & plan view of the complete facility with

spproxinate locstion of the various processes  and

operations.

- 8killL Requiwamentﬁ'

Tha- varioue maintﬂnanca d;sciplinea may ke
_ nrganiﬁatiunally eertral T V= Qtructurad and

geographically geantral o area 1acateda.__$arv;ceaf
sugh as elestrical, hoilermaking, w=ivils, manhinihgg
stuam - gemerstion  wffluent - plant mﬁﬂaﬁament,-
refrlgaration anﬂ vehicle maintananag-awa5 centirally
lorated for the whula aite. . Dus to  the area mikill
requirenents and  geographical dispersion plant
fitters are decentralised and allocated to area
workshops. _ﬁlmast'all of the discipl:nea have  a
wkill origntated forenan. The disciplines are

ogroupad  as  elther mechanical or electrical  and

refrigaration and resort  under engineehm with the

- appropriate technical arparti e,
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Labour Raﬁuirémamts-

The breakdown 'u+ 1abuur hours  with the @wize of the

diseiplines raquired is shown in_ﬁppendix 3. 26,  The
'-maantenanme . nrganiﬁatimn Cwith C the rélevant_

supervisian and number of emplnyeea per discip11ne 1$
ﬁhawn i ﬂppandlx 4, 4B. o : . :

Maintenante sebvica;-

' fhé'nﬁdcessing plants work o a two shift basis of
2,33 hours per shift, Timg is requihad betwaen
Cshifts. For clganing of equipment and " s&rvzczng of

":'machxnes..  Plant.  Fitters, Electridiana - and

;-ﬁpfrigeratlwn Opeprators ars reguired to work 9hi$t5a _
These are  normal shifts, a night shift and a day

 shift of one week duration esch.  The day and . the
. night shifts are each of 12 hour duration and ensuras

that the plant is zovered 24 hours. Bhift  artisans
are reguired to remain . on site  ta be readily

-Tavailahle for any emsrgoncies. A machinist and a

- mezhanic are placed on - standby for after hours

4. 1 -:5

4.2

Cmervice,  All other personael  will work a  basic 19
hour normal dayéhi%t. With regard 0 suparvision a
~mechanical  and an elsctkical or & re*rigérahinn
. foreman will be placed on standby for one week and
will ﬁuperviag'gll _WQrk undertaken on a weekend or

pgblit holiday. ﬁppéndixl4,tﬁ ts an wxample of a

duky posters

Reporting and Responsibility

The repoarting structues tagether with the lines of

‘authority is  shown in Appendix  4.1H.  This type-n+_
‘wrganisation  does  not  exclude . the  direct
cammunication on khe shop floor. . '

The Jobeard.

The jobcard shown  in. Arpernds E.EQf is a tmpy af the
Striginal Jabﬁard. -1 was . subsequently established
that the jmbcaﬂﬂ hook. was ton 1arge to fit ;nta a
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ﬁﬁrﬁﬂﬁ’ﬁ”.pmﬁket;.: This had the effect that  the bBook
lay in an office and - when work was required this was
verbally requested of the artisan with the promise

that & jobcard would follow. This very seldom

happened and  work was being done  withouk; s jobcard.
The jobcard book has been redesigned and  streamlined,
' It'$its '¢um$urtab1y into the pocket of o jacket or

cost. . A copy o this"PQViaéd jobcard i8 shown in
Appendii 4.28 Figure 1 and Figure 2. S

The foreman is supplied with a lisi of Job Card Codes
which cavers  the identified Functional Compbnents,
Failure Modes and Causes of Failure, - Following the .
_-p#inﬁipla tﬁat__tha_ayatem mirsk begﬁimnlé.and.eaﬁy- tm.:
use it s decided to issue a list of general
cmmﬁanents'aﬂd' modes, The RCM . codes are only filled
S intin the'avént' of a breakdowd. An example  of such a
list is shown in Appendix 4.2B. o |

The jobeard doss not make - any provision for  material
cost data. ALl information regarding material costs
is  taken from thé.ﬁtbreé and Purchase -ﬁ@quiﬁiﬁimhs;'
Equimmenf g ﬁridritiaed accﬂrding' to cost and
. breakdown history.  Any ad hod  investigations require
~the - amalysis of  the 'jnbmaﬁda and. requisitions . teo
determine the-main'cmntributm%s'.km'cust-and downtime.

This method has proved to be quite sufficient. '

The jobicard procedur, 'demat_mand basic information
has heen adequately covered in Section 3.3.1.

The artisan iuading board has:lbean revised.  Tha
loading board only makes provision for Jobs Allocated

and  Jess Completed.  Whan a job is held up due to.
‘walting fFor spares the Jjobrard is completed Ry the
aﬁtiaén_and returned ko the foreman.  The reaspon” being
that quite often  the delivery of spares takes-plaué-in
the month following. that in which the machine was
stripped or the artisan is on leave or busy - with
another job.  The +foreman has  the responsibility of
ailucating'juba and setting priaritias ahd will in all
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prphabil{iy. have to Pealiﬂ;ate thé'_jnb of - squipment
assembling to the same or another artisan. .

':The Eﬁﬁipment Registér(Plaht Invéntﬁry -

Plant Numhering'SVQtam'

:The' numberdng systen st phdvide"'all the
L rgguirenents of malnténanca management and it aasily

inte exlstmng pruceduraan It muﬁt prmvide far ¥

'm'__saimplicity

w flewibility

- ths "gummafizing af. in$armatigﬁ to  various
_ levels _ ' I
-~ easy identifacatiun of equipment 1ncat1nn

= sort codes for data processing.

_'It_ig- impeﬁatiVQ to ensure that limitations are not
 ereated in the long term purely because the equipment

numher was not. carrectly uﬁganiaed and struztured.
It  was eatablished that three (3  fields would

-é&tms%y_the requiremants of cqst and hiﬁﬁ@ry SUmmary
At the different levels. The three fields contain a -

total of seven digits whlnh 15 about’ the Pecummendad
ma i mum number af dilgitg. The priginal numbering
system was changed to suit  the reguirements of
simplicity, etc, and appears o the example in

Appendix 4. FA.

‘The first thres digits represent the cost centre or

manufacturing depahtﬁent. . The mriginal financial'
cast ﬁentra codes. were retained since - they allowed

 for aasy identi¥icatimn of the area of location. The.
next two digits represant a unit or ling nunber

{similar egquipment or eguipment grnuped lngxcally). 

'Sinae . thef'1accnuntang _ structuhe requ;res the

summarising of maintenance tiste saparataly for
bulldings, vehicles and Figed plant it was decided to

_dx#*erantiaﬁe s fulluwﬁ ]
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Cost Centre  Line/Unit  Item Nuibes
B Y Y ) B E @i 39- FUR
— -Plant
- &R - L
Xinln - TG i R o
o Buildings: .
R oy - |
Rivx - e'm - ' :
e Vehicles

The . final . twe dzgits represent individual items |

Cwithin a urht.mr anga- The numbeﬁing ayatam is-
higrarchical following the cost centre where 1

= Jilel = [e]i]  reem

' raﬁlsa'sen'ta the first machine in thé First line in a
':department. ﬁppandix 4,37 is an axample of thé

Equipment Numharlng Syatam whzla ﬁppendix 4, 33 ia an

-ewample of. the Plant Invantury.

In the came of bouipment which may be moved or
equipmant which may be used an’ mors than ane line it
should ke QPQUPEd 5apaﬁate1y under a unit . number
independent of any specific lina. Vehiclas such as
forklifts ‘should be grovped under wone unit number
with all individual machines marked consecutively
with an item number commencing with @1,  If the
machine is moved to another cost centre it will mnly

T el re changing of the cost r&ntre numbaﬁ.

Enéineerihg Deparﬁmant ﬁaspunaihility Cmﬁes'

When .maintenah;e  information is presented, &
requirenent may be an analysis of the time (cost)
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spéntipgr -angineerin@ldiﬁciplihe _p&r“unitg”:lihé ar
department. For this raasﬁn it wnuid be'necemaary o
_prnvide ‘wanh . d;suipline thh a8 UleUE identi%zcat1wn

number o sort cude F o aummaﬁizlng and sasa of daba
pracéssing.:': The. mathad uﬁed in developing and .
allocating these numbers must s%311 - fulfil = the
raquzrementa set for  the develupmant ‘of the plant
number:ng system. Rppendix 4.3C is an  example of

ﬁuah a numhérang systam.f I

' Haihtenante Maﬁagamgnﬁ Infuhm&tiﬁn:(MMI} o

Productivity

M&npawer Uiilisatiﬁﬁ:'

This ia &alaulatad %or each dianipllna “and Fmr the _
maxntenance department as & whole. B nhje:t;ve of
Bd% haa haen aat #ar all djscipllnes and wzll “be

evaluabad £ o a' more apprupv:ate objective when tha :
_ma;ntenanue _prugramme has been in  op=eation for &

sufficient length of time. &n example of the time

 recovery for all disciplines is  shown in Appendix

4.44 Fxgure I whilae Appendxs A 4R F:gura 2 ﬂhGW$ +he

-trand for. & apecifia diaciplina.

CThe low '1evels_ﬂ+-tima recovery show that jobs are

being done without jsbeards. In the case of the
electrical discipling, the nightshift eslectrisien is

_repairzng hreakdowns only and since Lhara is  always

25% u#  that department i nightah;ft it will 1mpact
azgni%icantly =131 txma reunvary. o

appandix_ﬁ4n43 ,thﬂa an  example of ﬁhe:gttendance.
register for a . department and  identifies  the
emplnyae/empluya@& whp hava . poor attendance and poor '

”tlma racnvarlpﬁ.

Mean Time To Repair (MTTR)

The MTTR is calewlatad over all Breakdmﬁn actions
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wince is mnly theﬁe actimns which af%emt the

: equipment avaxlabllity.

_Tntal time spent nn.hﬁéﬁkdnwn actinn5

MTTR = e :
SR  Number of breakdown actions

Planning

Praventive Maiﬁteﬁgpcé (P

PErcéhtage of tmtal'fime spent ort FM tasks @

Hours spent on PM

 Total hours all types of work
Percentage m¥.“PMf'£a5E$'cmmpiéﬁéd: and  consists of
condition  monitoring, on-cordition . tasks  and.

achedulad taaka with regard tn'

- Lubricatiﬁn"
- Vehicles

=~ Plant and Machinery

o - Numberr of PM actions completed
% Completed = - . y— _ :
Total numl er of PM actions required

This Figure should be 1@@%.  An ‘example of a PM _ .

geheduling document and the percenfage_'cmmplated'ia'
shown in Appendix 4,40 Figure 1. ' '

Other Categoriss of Maintenance

Thiﬁ talculaﬁes_tha bew:enfage of  actual hours sperit
on Maintenance, Breakdowns, Bafety and Modifications.

Appandix 4.4C_'Figure 2 shows an  example of the
 breakdown of actual hours hetwsen the categories and
includes PM  time in  the category of Majintenance.

Mudificatinns 1na1ude9 redesion prnjactﬁ amel prajects
of a capital natuwe.
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_wﬁhk Order Progranng

- Wark Herder Tuwrngver

4,44

-Eznce Job tima eat:matang i nmak dmne, the work . nrdar_'
turndver is maasured as +m11nwa CI

Number of ans'Cmmplétéa'

Work Drder Turnnver :
: Tmtal Number af Jabs en Requast_

Bince certain Jjobcards are carrisd over from one

‘period to the - next awaiting attendance it i

necassary to determnine

- f"ﬁah:abda Comnpleted

- _Backlug {(Number of nutstanding ancawdsi
- Johcards Recsived . _
= tBackloy PPEViDUﬁ Pariad - Backlmg Present

Period) + Jobcards Completed _
et Jobsan Request = - Backlog Previous Pewiud “.
' ' Jubrards Recelved

Maintéhahne Effactiveness

Rlaht'ﬁvaiiggiligx

Tntal ahzit Time - Tokal Duwntima

ﬁvailab:lzty
Twtal Shift Time

“The produttion . index of utilisation is caloculated
using 7 TS effactive hours per ahift._ This accounts

for processing time lost o product run :&hﬁnugh'at'
the start and wend of the shift. The Bhift Time,

 however, is %, 33 hours singe the equipment rung tor
the  Full shift and is oblivious of - the pressnce or

absence_mf'pruduct._-

Tmtél Shift Time ias s .ired from the Production Log

since  the processing lines  do  not . operate

econtinuously.  The total hours raq@irad ot
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praductimn ig entared inko. & Lug and accumulated e
thae period under 1nvagtigatinn. : "

_ﬂppEndix7'4;4b"ahﬁW5 éhe ﬁavailabilitv' trand of a
_protessing | line over a nunber  of ronsecutive

guarters. The objective is an averall a?ailability

. of 92%.

4,4,5_

'“Mean?Tima_Egtween.Failurés (MTBFY

The“*rquEncy'ﬁ$ breakdowns is a-merﬁuhé,uf equipment

Creliapility.

| Equipment Capitalizabion

This is not a m;essure of eguipment 'per¥drmﬁnc9'but
&athép”n{-ﬁmanagerial:foectiveneﬁs and - measures how
effectively equipment is utilised after being made
available. : | ' ' o

Gmét_

| Costs are accumulated aceording to

'3~__' Labiour costs

- Material costs
- -_campany Ben@*its
- Ma;mallananua o
Labipur/Material

The ratio of Labour teo Material is caleulated

Total Labour Cost

-] ¥ sty i ey gt

Tutal Material Cost

Cost_par Marntenance Hour

Tekal Cost of B dneering Department

Agtual Number of anvﬁ Recorded
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All of the above performance parameters are assembled. .

~imto the asummarised Maintenance Repmrt which is shiowr
_in ﬂppendix i AE. o '

[

Planned Mainten..nce

Equiﬁm&nt*ﬁélantiun“'

e

In the plant to be analysed  the availabilities are
genarally high with two excsptions as shown in

dppendix - 4.5A.  Of the two, the “Burger line 1w

approximately 1% points off the oblective of 92%.
This line has the most machines operating in series

”_anﬂ algo the most comples anvineg, . It was decidacl

tp;¥a¢u§ attentimn wn this “W the assistance

of A consultant an - ana. d oo 'we line . with
piriorltlaing n$'the machines - stigatad was

A Top  Ten analysis ~of the machines, prioritised in
order of contribution to overall downtimes, throughout

the plant was made and s shown in  Appendix 4.5B.

ALl maghines in the "Burger lineg® mava the linsg or
' - o . B3

wnit humber "21~" and cpntribute s = 53 E% tno

: o _ _ 120 _

overall plant downtime. It can also be sewn that the

YEormakes® or forming machinga %aathre three times in
the Top Ten and, although not all thres are in the

 game area, it was decided to furthar analyse these

machines. Their epntribution to downtime beinc
44 | |

i b B 33;8%!

130

Sinwe d&wntiﬁe AVone s nat a mriterium fmb
primrif;aing Pquipment, a cwust ahéiyais in  terms of
maintenance expenses by line and  ma achine was done.
This-cogt ahalyais'is'shnwn in Appendix 4. 501 Thé
cost analysis ﬁuppurtﬁ  the maintsnance  history
analysis. o ' |
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Equipment Analys;s'

Thes +arming machznaﬁ may be lﬁgiaally broken - down
into syatems dirautly agspciated  with the produet
+1aw thhmugh the machinag wikh tha uerviaea ragqul red
and with the support atrumtura.' It was decid&d ta
aﬁaryae'tha ‘machines following a mudifiad_mquipmant
AResenbly Tres, - The-braahdmwn.af the machine into its
gystens and subzystems  is shown i Appeidix 4,50
'Appeﬁﬂixjﬂgﬁﬁ shows an anaiysia ‘of the-';mmpnnants_
into subsystems and into piece parts. The analysis

. of the piece parts. will provide For Failure Mode

'analyai%-nr the ways in which sach aﬁsambly ard %inal'

campanant- will contribute te averall Fun;tiunal
Failure. | '

Fallure Made Effect and Criticality Aralysis

An .analysia .uf one Functioral Component of the

. forming  machine, the Knockeout gystem, ig ghown in

4.5.4

Appendix 4.0F.

Maintenance Strategy

Applying the Decision Diagram logie Lo each of  the

. aforementioned Failure Mades  of the equipment

krockout Bvstem, yields the Decision Warkahaet shewn:
in ﬁppsndix 4,896, OF the aight Fa;luwe Modes nnly

Ctwo require a Prevantive Maintenanse tauk.

This process  was completed for  all  Functional
Components and Fallure Modes.

To facilitate the prmcasﬂ.mF-idantifying Components,
functional failures, fallure nodes and  sffects and

eventually the applicable maintenance - task

computerised spreadshests  ware | developed. The
analysis i perfarmed on the computer and at the end
of each sassion the worksheets are printed ready ¥mr_
filing and ugs. '
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Maintenance Behedules

' _An REM analymis n# the émbmihg machine haé shown that -

4.6

mast, taaka #all Anto the :ategmriaﬁ of On~Conditian
aud_cnnditinn Monitoring. B8ince the machin&a run &
- different product almost daily many change-overs are
hequirad. To ensure that the equipment oparates
_cnrractly after eath whanga—nvar it must be cycled o
pun Mdey"s. Durdng thes Ydry eun' a dally sheeklist
4w completed which includes both On-Condition  and
" Conditlon Mani toring taska; Ar - exampls . u* such a
Daily Checklist ds shawn in Appendix 4.54 Figure 1
and Figure 2. 1t is pequired of the Fitter to enter |

a gode for his maintenance autidn and not marely tick__ 

n%f'jn angwer to a Yes or hNo guwstion. Ha signa the
checklist and presents it to the foreman. - The -
checkligt will gather in4mrmatiqn for one month an
both Bhi?ts warkad.

Cat Berkral

Tt is ipptssible to contral & manthly budgnt en month

end figuras alone. IF the centrél accounting systen
cannot | provide  information more regularly with

‘relative eame it may be heaasnahy_tn tun a8 manual ar

compukerised off line programme. This will permit the

Ccapture of labour and material data am it is qanarmtad'

and iomgdiately allocake it to the ralevant mquipmant
and cost centree Thiws ig done uming the plant number
Which can accumulete costs at  different levals from
squipment leve! to department level,  The information
must be updated at  least weekly and must be made
available to those who “spend” the money, i.e. those
wha Fill out and suthorise #tores and  purchase

requisitions.  This will  enable all lavels of

maintenance managemant to Know how  astual  expenses
conpare to budgeted expenses and will highlight those
areRs requiring careaful attention.

ﬁttampting'tn maﬁagm by month  end *iquréh alone will
result in the maintwnahce manggmﬁ attending monthly
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in & cuﬁpletaly deﬁanamve mnde. " He

“will be unsure of where and how o

incurred,  He will not be in a position to present
plans  of how | expenses wehE'qr “will be brought under
control.  This will have the effect that monthly

- values.

axpéhaas_ will osecillate wildly abuut the = budgst

A 'system %nr enntrnlling eknenses may he strumtured aa
fulluwa H ' '

 Labaur_Expensas

Within maintenance the number of employess should
. penain  constant and  with the enception of mpacial
banuaaa proincreases the cast of indirect salaries
“and wages should - not change. Contractor labour  is
GitEn viawed aAg material ;ust and dues.nnt farm part'

of the 1ahaur bill,

- and  the variances indicste the "value®

- ﬁ“guably the most 1mpartant aﬂpact to manitor  and
contral is nvart:me. ' ﬁll overtineg i entewed onho
the attendance —pagister and per week A
departmental summary of overtime is
cumul ablve Qalue: is cnmpahed'tn the mnnthiy budget

_ Cof overtdne

left to month erd. An exsmple of such an analyais i«

shown in Figure 4.1 below. | | |

ancea

axpenses were

mada. . The

suuuanr DEPARTMENT 151 )

M O o S

u*-ulw--t-lpu— p-

| SUMMARY DEPARYMENT 355

[

| BUDGET ' 40540
AcwuanturDJ' 36650
VARIANQE '3890

BUDGET 1772
ACTUAL(MTD)| 5519
VARIANGE |  -3747 |

S - -

Y o - v

T ) pom  m Jo 994, |

Figura 4,1

wanumq_-m——m..-

Uvartima Bummary
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Material Expanses

-Métahial~aunénaam are accumulsted fﬁbm' Purchase and

| ﬁﬁbﬁaa'_raquiéitiﬂnﬁl__ The purchase waqﬁigitiun'-is

Filled out in triplicateg_ One copy is Forwarded to

 the huyawggana'itn”maintehance planning &nd “mne s

retainad by  the fmramah. The atahew_nequisitian{is_-
filled auk in duplicate. . One copy is retained by

engingering staras thla-the othar. is. forwardet =~ to

_  dat§ processing. - Once per week & summary of &ll
Cmboies’ issuss o with o values is  forwarded . o

'mainﬁenanme;planning. The purchase requisition and

stopes’ issuss  are accumulated for the week and for
the month té dete, These are conpared o the budget

-ang the-”va&iahce-anaﬁ again_-sdeQ the  balance ko

_ mnnth‘s;end;. This  infarmation is presented to all

foramen and engineers to assist them in  decision

_making'with.rugmwd:tm'eupmnaes, AN axample of such &
moikhly control sheet is shown. in Appendix 4.60. '

- Bafore tha'axpénmw-mtatamants are amcumﬁlatadlin'tha
Income Btatement, copiss are sent to responsible

departmental heads. The figures are scrutinised and

morrections mads | whars necessary. Theas stataements

must include provision for BXpenses in:urra& but for
whith me ihvoices have heen received. Buite stten
all purchase requisitions have not reached the
accounts department by the time the sxpensé statement
is ganahatéd'anﬂ major sxpenzes may not 'have-h@ﬁh"
provided for. If the maintenance manager  has
accumulated axpanses throughwut the month, he will be .
in a position te include the necessary pravigions and
will not be misled by the often huge “favourable”
varisnces on the expense statements. This not being
the case, he will authorise purchases while no  money
is avallable and consegquently overaperd hié budget;
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5 CONCLUSION

. Bummary and cunciuéiun_'

There. is not a single article in any magagine o
pewspaper | today which' deala- with Income Statam#nta,'

_Financlﬁl Repnrts o ﬂparatmnnh Management and does

not emphasise the importance ot Peducinq mperating
costs, - If designed, - implemented and managed

Cearrectly, maintenance sngineerihg ‘will - agsist', iﬁ .
-reducing posts and - dmproaving profits.- S In & study

canducted by the Forbes “* business magazine in America
they sconcluded that %1 in. avery - 43 spent  on
ma;ntanance is wastead and # major pu»tiun of that $1 )
is from aver-mazntaining o inmmrrettly mainta;nzng a' 

nlantu

_Othew_sﬁuﬁiam““' conducted have yielded the following
Cresul taz ' ' ' s

S :_Erlﬁish' Department oF Industry: The 2088
fastories in the study could savs £480-million

ADRMZSRZY. by iﬁcnrpuraﬁlng pmédicﬁivg
maintanance shrategias, : . _

- '_ng-Pmnt: '-Repmrtad"a'gayihg-uf Ra1-million “in

1983 through the incorporation of pradictive
maintenance strategles, ' '

- Eiactric Powsr Researgh  Institute: Findings
 sbate that preventive maintenance will: reduce

wosts over corrective masintenance by 25% to

3% Pwedamtiva malntehance w:ll reduce wosts
avear Lurrectmve by sm% tm Gi%.

- lszor: AR Inteénal Héﬁa"n$ Return of 33% can
' be achieved from satting up a pra&ictivé
maintenance programme. :

Although none of these studies pertain directly to the

food  industry it is elear  that the potential for
inereasing profits is so snormous that a formal
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Planned :Néintéhancé: Programme - must  benefit  this -
industry as  well. There are a numher of Fundamental
:d1+farances betwean ‘the various industries but the

_enormous '-advantagei1n¥  the maintenance- techr:quaa o

available are their fledibility. With little effort .
and - 1ngenuity they -_can3 be adapted tn  suit  any
. envirnnment. ' L

B The autenszva rasaarch into the_availaﬁlg- 1iteﬁa£QWe
has: yielded a theurat:cal mainténance_mude1  which is
genar:: and 'may, with adaptation,: hgf u§edf in any
indﬁmtry; Much emphasis has heen placed o ﬂaVeiuQ;ﬁg
: tha phys;ual syatam wh1le cbne | human impact  Was

cnnardered in as much dataxl &% . perm;ttad hy the . téxt
I% nmf acce;&ed and. usead by the main*ananae personnel ,
thanﬁyatem has. Tittle rhance of sucvega—__ﬂn_the ottar
haﬁd;_'iﬁ_iﬁi of nﬁ_uas having a well qualified and’
‘motivated group of employees but no way of cnntrnlllng

'mr recmwding their aat:v;t;ea. It is in '

tha wecowding of the maintenﬂnﬂa actiun that we _cén
measwre | our sqaaaﬁsea pr failures and dec;de upoarn
aiﬁéwnati?e ':cmuPﬁes Cof | astion. Naithep . the
nrganlaatxmn nor the wmrk administratimn gyatem can_:
- aperate in 19u1atinn, they are inteﬁdepandant. . -

The mvééall'syatem”wili:hwt'be :ae14'5uataihing; Thers
arg  numerous interpal - and external in%luenues' which
impactk on the syatem and it is the maintenance managar'
o angineer 5 respuns;bilaty to monitor the system
eontinuously. This mmﬁitbwing will reveal positive or
. negative reaction to these influences and gall far

'mndificatimn; The system must be aaen as dynamic and
| adaptabla as ﬁhe nrgan;gatimn changes.

 The model will yield the pﬁbmised'heaultﬁ if it iy
implemented and used corrertly.



© part  is working
dictatdd by #f user of the machine and it is anly
caPrect  that he/éﬁa"_baj'mada .a;cnunﬁable for  the

Fage 114

Further Invéstigatians"'

The next step i Total | Praduct;ve ﬁaintanance._ Thisg.

subject  is heyond the Cgcope  of  thim prnject but

.1warhants-mantzon_aa it may be the .Fnuwtn;ﬁgnerak:mﬁ of
maintenance.  Since aur goal  must be  to maximize

profits, we are defeating our abiettive:if'wa let part
af the workforcs stand around idle while the other

UGS, The amount of maintensnce is

Ccondition én?.  We davéidp predictive  maintanande
fstﬁategies and buy smphist:catad munxtmrihg aquipment _
o check the machine while we have a highly $léxihle_j
.'_and vary suph;ﬁticatad mmnitmr:ng device  standing
“wlght next to i it - the operator. It is ast:matad that

_ j:hy'making--the operator . accountable for his  egquipment
| and providiee him with  the @ required  backup, skille
~training an.  als, machine breakdowns may be reduced

by up to ek TPM ‘shows us that cost-effective
malnﬁenanra is s ﬁhared waapnnszbility, ._. -~ L



: ﬁaqa- 115

 APPENDIX 2. 1A

Gepevidiond Incoar . - Ravised ncoss

 Statesent =~ Statesent
R'9E g RYHE 1
* ales Voluse {Tans) S 2o s 25 904 :
bt Sales (S.W) G40 mw W {35 o 1
Lasst Standard Vardatle Cost (5.1, c.: @ 5w % wow 3
Standard Hargln_' . 83 708 82 ] 055 &
Lesst Cost Vaianca 13 1 IR I
Gross Margin . o oR¥l o8 mm . &
Less: Cost of Distefbution 1896w {390 "
Wett Kargin . . - @W . AT R A
lgsst Fised Costs o sk ow 5 7% M3
Cproduction Costs  |lwwe |} {2 | |[mws]|] |z®
wosaamies o el ([ s |31
{1} HWages - Indirect 1i2 708 2 2 Til t 2|
()14(9) Nages ~ Direct LT R T | I W15 | 4%
(7 Services 1ls sse{|l H 3] ] s e 1l 2,88
Repairs & Haintenance : 5 api] { 41 : 5408 : Ly
Sundry b 075 4,35 b 875 NN
(ither : | | 288 # | | | |
Trading Profit DTS - SRR S . b7
Loss;  Intersst _ 2 feg 1,5 2608 - 1,50
Profit before Tax (BT - - &7 3§ T8 0 52
’ AnEzmEzzzRd TmEsEs #“====Mﬂ“ pEEsSsns

A7,4% Tncreass in PoB.T,
Notes:

1. Gataries and Wages-Tndirect Include salaries dand Hages ni naintenance persunnel.

2. B.V.L. includes Raw Material, Transport and Harvesting,

3. Repairs and Maintenance are fnr aaterial anly and does not Increase

%, Agsume a 7% increasa in availability with 3,5% increase in capacity utili - bien,

3. Net Sales Value remains constant, This {5 what may be expectsd in the predent static markets,

b fssume 1% reduction in B.V.C. due to isproved functioning of equipment uhich inproves yield. and
© reduces pan saterial requireasnts for equal Sales. Voluse,

7. Cost of Burvices (water, sbpam, pas, electeicity) reduced by 4%,

8, Depreciative charged remain constant even though 4 reduction may be experienced if it is possible to
© int-ease equipeest's eronomic life theough isproved sainterance practices. .
9 Birxt labowr utilisation improved by 185 due to fewsr stoppages which impact om the wark rhyths,
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Flgure 2 S APPENDIX 2.2A
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" Figure 3
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S QPPENDIX 3 26 .

Maintenance Tima Spent by Trada

ce

LOpE o HAURE o 0 %
 BRICKLAYER 15117 CARe.3B 0 2.R4
WORKSHDP = 15159 6792.86 - 15,17
BOILERMAKER = 1S1-3¢ &05.5% . - 1.35
HF MEDHQNIC&L C1G1-4@ - 11685.5%9 o 2h. 18
BARAGE -~ idi-ng . 499218 BT 1
aF FLEETRIEQL o iEk-H@E  ROSR.30 B.83
REFRIGERATION - 1B1-7@ 728,66 = 17.04
R MECHANMICAL 38511 0 &FWF.EB 0 - 185,43
“RM ELECTRIQAL - BE5S~-3a _.12m9 3G _— 2.9 _
ToraLs 44??* 46 O 1ow.0n
'size'n$-ntau1911nea
T gMathan:cal- _ : _ _
-..fﬁacardeﬂ hmurﬁ D& 11 aaa + & 987 _#- i8 LR
C Plusy - Tima Hecmvary a &5% g e
Clacked Howes . © = 28 45
Lessy  Overtime Huuha a Eﬁ%.' : - (5 T21)
'_anrmal Hmdﬁﬁ SR N L
Pluss ﬁbﬁenteeiﬁm a 5% : ' 1 144
'Total Hmurs quuired . R D - R4 pBS

| pmmeegmes |

T_ﬁvtisan Hmuﬁa average 200 par mmnth

Dt Mo of fitbers = 1,09 x 11 = .2

- number of mechanical foremen required = 2.

et Nm. of #1Ltars raquihed = 24 088 = gt

RO w 1E

Euch munth 1 fitter will ha on laave

1]

Th *ittera-wmrk'in'twu areas and sach grouwp requires
a foreman with the neceasary technical expertise ..

sy

This exercise is ﬁepéatéd far each  discipling. In the

abgence  of  histordlzal  data an estimate will  be
reguired of either the workforecs of similacly sized

prganigations o~ the numbsr of potencial jobs  must be
egtimated to establish the workforce size from  first
rrinciplas, ' '
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Evaluating Maintenance Perfprmance
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- Figure 1 Fault Tree Analysis
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- Figure 2 -Egquipment Assembly Tree
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lEEUIPMENI: CONVEYOR SYSTEM _ . NO.: COMPILED BY:  DATE:
JEnHPONENT: _FEED HOPPER REVIENED Bv-*' DATE:

o opReE 1 OF |

FUNCTION

|FUNCTIONAL FAILURE

FRILURE HDDE

'FAILURE EFFECTS

.1.

12,

Chanrel flow to slide gate.

Contain material in hopper.

'ﬁﬂ%

) Al

No flow.

Materiél

spillage
OCCurs.

1.

2.

Liner came
loose and -

obstructing

nutlet.

Flange holts
failing.

Casing
corroded. -

Easing WOrnM.-

Operating cres will notice no material.-

£low and notify maintenance crew -
diagnosis and removal of ohstruckion

- through inspection port will cause

approximately 3 hours downtime.
Casing will be exposed to wear (uniess.
there is a general failure of Ilners -
probability luw).-

Potential fnr-;nmplat9<fai1ure of bin.

“:Bpxllage w;ll he EV1dent long befcre '
~hopper fails completely.  Hopper will: be
_ patched untii replacement can be aﬂranged.

-Localised wear areas wxll be nut1ced aned

patched. If wear is of general nature

the hopper might fail completely by ok

“bursting" but this would be highlighted -
by the number of patches on the happer :
casxng. : - .

sted

gzi

__dz-gﬁx:amaaau.
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B : ﬂgé' Rel i'é.b-i 1 1'{;y'-_--;=i§-tte,~nglﬂ

B . Age-td‘nb'hegr paum ln c-n:h cau lhe vetﬁeal axis

represeres the conditional probabitity of failure and the Noriadaul

" axi$ represents cpeu!ins age since manufacture, overhyul, or repair,

These six ciirves are derived from reliability analyses conducted over 3 .
number of yeaes, dusing which all the ltems analyzed weere found to.
be characterized by ane or anothér of the sge-reliablility relationships

| APPENDIX 3,30

shiown. The pescentiges indicate the percentage of items studied that . .

" el mrn tach of the halcpauenu (Uniled Airlmes)

_

“The mmub carve infant mrlallty. follow«l S
* first by 2 constant or gradually increaping - - -
A failue probability and then by a pronounced -
*weargut” region. An age limit may by de-
sirable, provided 2 farge number of uaits

/

memmmatwhich weaml_begim. ' ’

. Cc-mnl or p'.ldmlly mcmasms hllnu prob-
B abikty, followed by a pronduniced wearout . -
mpnn.Onceasaimmastlhnn may be desicr
ablbe (this curve is chmd.enmc nf alreraft
mqwatin; mmus). :

Guiully inc:enmg failure pnbablli!y. &ul
¢ Witk 0o identifiable wearsut age, 1t is usually
* ndtdesiaable to knpose an age limil in sm:h
cawy (this caxve is chanu:leﬁshc af almfl

j ollmea - § -

D

huﬁueensxml."'

Low failure probability when the item Is acvwe -

“or fast out of the shop, Ieuawedbyaqmd:
incmse!na constant Iml '

E L
" Constant probability of filiure at sil ages

. F

(eponential survival distribution).

lefant nio:ulity. followed by 4 constont or very

shewly intereasing failure probability (partic-

= ulrdy applicable to electronic equipment)..
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DECISION WORKSHEET S
: . : ' S o : S _ "PAGE 1 OF
$EUIPMENT=' CONVEYOR SYSTEM NC. £ : COMPILED BY: _ L j 9ATE: '
COMPONENT: _FEED HOPPER. " | REVIEWED BY: _ ~ _ _ DATE:
. | . RESPONSE TO DECISION — DIAERAM QUESTIONS
Information : : : — :
Reference  {Conse— o
: guences ' TASK SELECTION _ _
#5| o] 1] 2| 3! 4] 5| 6| 7} 8] 9}10|11|12|13}14|15]16} . PROPOSED TASK . INITIAL . INTERVAL
£ byl nl vl |yt - - _ ' ] (Inspecting for missing linsr |
: . | holts is applicable but not _
effective because it would require|
removal of stockpile to coreect
" potential fzilure of blockage and
eventual wear of hopper. This
would be patched until shutdown
i= arranged}. _ T - o L
- Inspect for broken liner bolts. - During shutdown.
1]y Nl Nl 1 1 N| M| N ' | (Because of very low ﬁrnbahility
1 8 g - “and the fact that temporary .
arrangements can be made - NSM}
2 LLYE NN : _N. Np N {If corrosion proves to b2 a
: . : | problem, then an on-copdition
task can be applied).
3| vl Nl Nl vl =] - | Eheck nuﬁher of patches on hopper.| 3 Monthly.
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. APPENDIX 3.3d

Economic~Tradegff Study

PREUENTI?E STRﬂTEEY

EﬂRREETI?E SiﬁﬂTEBY -

Eust af ?reVantive Act1un.

{Duration of prayentive tisk:

} | .I

nnnual Flanning Cast

.m.ﬁt'f.;er Ianhauﬁ_ I
:{: Frequency per annua. _. ]
* {hnuat Prevantive'cust =
| ;Eust uf_P}annxqg a Jnh='i :
_'_l'utal' cost of 'pl'anni#gz —
_Hunuer"uf s, plannes

ﬂnnual Preventive Cast = nmn '

!:ust of, Praventive ﬂctmn. _

l_.m ASLICBLE

cast of Plann:nq a Jub'

ﬂust of Eurreetive A:txnn.

 [Repair tine: _.'

: 'Laﬁﬁur'cnst per houe:
.Rehairlcnétsa

s ﬁbzqueﬁcy per yzéﬁ;

:Tufal Dorrective Costs =

Tatal torrective losts =

T m:mm.z |
ﬁnauéilflanning Lost = Rﬁ;ﬁﬁf- o
Cost of Coprective actiun .- - |
Repait Lisis ]
Labayr cost per hnﬁré__- Lo

Rep#ir costss e
Fraguency: . . " #....

_'.Eust §f~ﬁpunt§ne= '
" |Donntine fhuuf#ii'
ﬁst of tour downs
Frequeﬁfy: .

|Total Rowntise Gosts =

|

Bpst_ of Downtias:

Bonntine {haurs)s

fest of hour

Frequency:

Total Downtize Costs. R

tag

donns

s . s

TOTAL ARNUAL COSTS

| TaTAL snAL £nsTS '




| MAINTENANCE SCHEDULE

BODYMAKER o

DATE

Check for excess grooving and max outvof~=quare of 0,05mm -

LINE V. N,
"~ DESIGNATION . DESCRIPTION _ “"SPEC, | ACTUAL | COMMENTS
"Faed hopper Usmg a h1ank. check for good fit, Check separators for wear and ' o ' '
_ - ehips, - .
Vacoum sucker | Check for max vertlcal piay of l,sm, ‘max hnr!zurtal p%ay of D 15mm. | 1,5
' : . and vacuum release 23,0am i 2 Omm above t!nllne. ' PR W 0 LI
. ' _ : ' 202
Cross feed ass. | Check for excess blade wear and mz O ,25mm s1ide wear. Check Efming, | 0,25
o blade must be S,Smm + 1,5mm clear before start oF furward strnke‘ ‘9,5 5
1,5
Spline and end blocks | Check conditlon. ‘Check depth according to Standards Hanual._ '
- Form horn insert - Check for tight fit and condltion. : .
‘Bumper steel Check bead helght for mex wear of 1Dmm. cﬁeck condltlon._; 1
' Expander ass. Check screws for wear and rolls for fiat $POtE. :
T Outside hook steels ~Check 1st and 2nd form For nicks and wear, Ist fold for excess 1
. o [ grocvlng and 1mm step, 2nd fold for excess wear, : .
{nside hook steels ~ | Check ist form for nicks and wear, 2ad form for max radlus of Smm |5
C ‘and.no nicks. Check gst fold for excess grooving and imm step, 2nd. |1
fold for excess wear, :
Gulde steels Check !nside and outside hook for excass damage. . . _ _
ﬁolling'unit- Check clearance between roils of 0,05 to 0}imm. Check rolts are pa- | 0,05
: ' railel to within 0,02mm. Check front brake, lower weat steel, chain. o,t
. and sprockets for excess wear. 0,02
Motching station Check bolt surface to gauge face rlght and left hand 28,57 - 1 +27 | 2B:57
L ' |+ 0,0%nm, Check for ve.tlcal p‘ey, slit slda. 0,007mm maxr notch L1,27
. aidu i, tﬁm max. _ 4,007
o : 0,18
- Finger bar With bar fully forward check for max reclprocai play of 0, Gﬁmm 0,64
: | fingaes spacing max of 0,lmm free and uniform fingar action and max e
_ | out-of-square between flngers of U,05. : o 05
Stop bars

ey

ee1

HEE XIANZRdY
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 Quantity ——

Lead

lime |

Rasarve stock -
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| Aac Analysis

Tha %ulimwing tahle gives & list af“paﬁ£$; théiF unit_cbstsg'éﬂd_'
~annual requirements ey . E ' ' T

Part_Nusber | Unit Cost pnnual Demand
M2 o ze.ae  1ze
a5 maew - 155 0o
A7 8 owe.ue 13
Le - o5p.e@ o a
L4 C .3 T eww
as T igaee 9 Ao
B Y O -
e ARG 24D
oz s zem

1. Annual Value and Penqgnﬁagé_ﬂ{ Tatal

- Part quber ~ Annual Valus Pehdéntaga _: Cumulative
o _ S - of_ Total - Percentags
Mo O anm oeew . AD.E1% AG . 61 %

a5 TRLD B 29,97 78,58

AT o AR4 gen 19.66 B, b4
w2 96 uon 9.28 U
B& .94 oed Cgume - 9%

- 5 o8 9.55 9%, 56
M2 2 agn - 99,79
La 2B puew 99,99
2t Coiwe @.el . 1oB.e

1 B34 3¢w

Twa parts, N9 and AB, account For aver ?mx of the total
annual materlals valua. .



A

 ABC Categories

Catequry

. P&qe' ;!;36 )

Me
AS
AT

R

gz

" =

L.8
M2

Le
Eiun

percentage
-~ of Total

28.43%

T

L]

" Percantof wtal annualvalue

M0

49

30

10

+ Qumulative Percentage of Totel Annual lnven'ta_ry Vajua

& p—

P R R TR R

Part numbers
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GOSWC

STOHES HEQUISITION FOR MISCELI.ANEOUS ISSUES

CODE .
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SR'N

38202

- .. DetaGspure | L
cwaznues ' S - S fssue Carviesuel 1 gem
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! i1 P byt L L
2y J1b e ity ]
3 : e I .
41 oo -1
al e{o 1
o | - K]
REQUEST AUTHORISED BY: . FEMS ISSUED BY;
ITEMS RECEIVED BY: _. Coples: Fink — mqw-nnn Party # Wikio — In Book
_ i . o : Yeitaw — Dita Procasalrgy’ o
Figure 2 - Purchase Reguisition
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oo CHASING REQUISITION Ne 62412
M/C No, o ) e . B .
Quantity Descriplion and Reference Purpose 1-,,}’2’,{.%,;‘;,'__ Swoek | Mim. |
~FTE

suppliérnun...-u_u-u-.'.-uq'..nnuu..

.
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 APPENDIX 3. 4F

Hatermal Bmats T Tafal Maintenance'ExpenEQS'-' ==
| LahuurlMaﬁerial = 56,5/43,5 .
T Total Material Cast’ . o
'*.j,m-ﬁ 435 u ? B Eﬂﬂ = 3 g45 s
,_Mazntenance T e = 2 49 150,
Mmd1¥1:at1nns L 13% = - 390 |5¢
-;Tntal Haxntenan:e Caat "= Q 649 150
Machmnery Repairs. ?? 5% = 3 QEX 091
AForklift Repairs  18,5% = = 278 161
Plant Facxlxties_ 13,6% = 317 898
"Tmtal Prmduction Tﬁns :'(Yﬁi} o= U7 @80
| ﬁctual cuat pev tnn: | | :
- Machinary = 2 053 291 - 121
o AT oew. - -
_m'Furkliffs = 278 161 = e

: 1? pEE

Gast uf Equ:pmsnt and Furkl:ft mazntenancw is
expected to rise by Dhi :

New Standardr | SR
1,85 % 121 = 127

._~'Machinary:'=
-~ Forklifts = 1,05 x 16 . = L
Labour Cost s Total actual hours for all _ S |
' - maintenance _ = 35 oo
Maintenance T, 25% = 3y 538
Modifications - 12, 75% = A 46Z
-Haurs per ton = 3@ S3I8 _ - II;BH
1? ﬂﬁm R - .

Tmtal labour cost

= P,568 T ﬁm@ drd 3 955 3l

i

Maintenance - 87 ,25% = 3 450 738
Moditications . 12,78% = - Sea 262




© e s T
. Lebour Tariff s 3 455, ?33}' |  _gii;;[F‘i13;.u

----u-‘-»—-——-——n- .
thmur caat pPF tun . 1 B x 113 B

Maintenanaa 1ahqur is expected
tn r:ge by B% : SR :

New Standard = 1,08 % 203 = 220

Total cost per tmn qf prnductiqn-a 157 + 1? + EQQ:="_ _ '364 _
. _ . . . - . . o =mten
Budget | |
':The +m110w1ng 1nfarmat1nn is prnvidel regaﬁding tf hgﬁ budget §
 —  annual production vmlume 19 2@ tons | -
- Material cost per ton = 12? A7 = 144
' ' Labnur uust per ton oo 22@

NatEﬁ;al Budget: Mach:nery Repa;r& = 19 ﬁmﬁ E 12? = 2 413 po@
: Modifications: a reductlan L o
“of 1¥% in the material | -
requirenents of mmdifiﬁatxnns

. is mxpected 1 395 850 x ©,7 = 354 265
CFarklifte = 19 Q0@ v 17 = 323 G0
Flant Facilitisss = _E00 o0e
_ Pa1nt1ng of roofs _ = 50 SUs
{Painting of struchkures = 100 BRG
- |Repairs to roads - = B Qe
._Replacement of Floors = 100 BPB
Total maﬁénial budget = 3 392 265
o e mﬁ&ﬂmpg&=
 Labour Budget ¥ Maintenance = 19 098 x 220 = 4 180 00E
: C ' Modifications: the reduction in :
modifications will lead {a &
roduction in Iabour- requ;remanta -
uf 13%a 3ﬁ4 262 w W, B? Com 438 700
'Tutal labaur budget: - o 4 618 7B

EEIRETR T e

K

Labmur hnuhs required

a8 gaz
Maintenance = 19 080 x 1,8 = 34 200
{Modifications = 4 462 x @, _T__ = - 3 882
Artisan ubility = &5%
« e labour hours raquzred _ o
= 38 gg2 - - : = o8 S88
B,65 :
. Average absenteeism = 4%
v« Labour hours haquxred S o
: = 58 588 : _ = &l @29

8,56



Bf tha tatal hqura warked;
. 2e% is overtime: | 0
.o Glocked artisan hnurs;_ '
e #,8 w &1 ¥29 '

 Artisens work 208 hours per
month sxcluding overtine

Tt Number of artzsanﬁ ravulred

= 48 823
e w12

'The 1abauh buﬂget is aeﬁ mut
a5 $allnwa';

 ’-1# -Buparviﬁmry Persannel i?;4¥.

2. Artisans. - _ 5, 5%

3. Assistants R 21,6% .
- Ay Plamiing. T 3%
o - T Wnrkﬁhup nvarhead LR, 2%

; Tuta1-maiﬁﬁenance n%dgeﬁfa-a 39212&a;+{4;&13”?maf

_Incﬁwaaa in mazntananca budget ,

RM130
6,24
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AFFENDIX 4,2

“Figurs 1 me&ard Frant

JOB CARD N

CDEPARTENT | TIME | DATE  |CODE| JOB TYPES

& [oReaKnows|

©PLAWT NWBER  [seecea cooe| B [seEry | |

TTHTT 7t e

[ewesten v T [sws ¥

C o wemmste_ | 'pare newme

ESTIMATED TINE |

| apeatedto | oate jummer

% APPRIVER BY
L ENBINEER

©TINE RECEIVER | RECEIVED BY

Figure 2 Jobeard Back

. S TIME [TINE '
JETATLE OF WORK MONE | DATE |GTART |FINISH; HOURS

| THVAL HOURS: |

APPROVED BY FORENAN

| WORKSHOP COBE

ORIGINATOR'S APPROVAL

e THE |
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APFENDIX 4,28

w3
=
P

o N L |

JOB_CARD CODES

FUCTIONAL CORONENT (511

Faulty Packaging / Product

- CAUSE OF FAILURE
* Cooling Systew (air and liquid) A Hrong Aligneeat
~ Brlve _ A2 - fbnoraal Morking Cond
Elpctrical Systus f fverloading
Filtration Systes R4 Overheating o
- Fue} System. A Hech Wear/Lintted Lite
Heating Bysten A6 - Betting/Operater’s Fault
‘tydraulie System . A7 Vibration '
Labrication Systed a8 ‘Hperater’s Heglect/Misuse
Prieupatic Systen A7 Bad Haint./Lack of PN
Refrigeration Bysten Al TIngress of dirt!
Structurs - _ : Foreign Haterial
- Praduct Foralng / Cutting Bysten All - Spikes / Retonance
- Product Fepd Bystea MZ . Unknown or no failure
Sealing Systes Af3  Damage by forkiift/Neglect
FAILURE HODES (FH)
. Bearing /Bush Failure
Filter Bincked / Failed
93 Pipe Nlocked / Broken
B4 Brake Failure '
Broken /' ked / Dawdge
86 . Chain Failure . .
1 - Cluteh Fallurs -
8 " Donveyar Belt Fallure
L& Goupling Failupe '
1§ Cylinder Failupp
i Drive Balt Fallueg
12~ Electeic Coptesd Tircuit Failure
13 Electeip Maln Circuit Failure
14 Electric Hotor Failure
15 Electric Wiring Failure
b Gear Failure
i Bearhoy Failure - :
0 Heating Elessnts Failure
1% Instrusentation Fails e
V] Low Level (Has, Diesel, Cual)
1\ Low Level (Retrigerant, Nater, Steam, fir)
2 Pump Fatlure
1] Regulator Fallupe
A Rolier Failupe
] Brheduled Inspection
% - Beal Failure
2 Shatt /7 Pulley Fallurs
28 fprocket Failurs
il Valve Failure
k(] - Redr -
. Hydreanlic Hotor Failure -
¥ Jammed / Blpcked
R Low #reesurs
H Incorrect Adjustaent / Asseably
33



Equipment Numberiqg Bystem:

FIXED PLANT NUMBER STRUCTURE

| MUBILE EGUIPMENT NUMBER STRUCTURE

'Neﬁ Structure

COST CENTRE - wNIT . - ITEM

_:Nut-neceSSary Maintenance aiméys. Npt necessary
: 5594¢ or 53900

\ EXISTING STRUCTURE |

 gosT CENTRE =~

a0

N3
to

-

'}
8¢

¢

EEE RS

CouNrT -

Bu;ld:ngs

Plant and Equ:pmant'-"

Plant and Equxpment
Free for. exgansion
Forklifts

Vehicles

e
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Bulk Bin T1pper

‘Heath Hopper

Cross Conveyor
Sand Remover
Dry & Wet Washer

‘Slatted Conveyor Elevator
Vertical Slatted Elevatnr
_ Bteam Peeler :

Serubber .

Slatted Elevator

Sorting & Trimming Belt
He-peel Conveyer:

-Slatted Elevator

Holding Tank
Scraw Elevatnr
Shaker

Eross Cunveynr :
Seraper Elevator
Blancher No. 1

‘§7iver Remover
' Shaker Grader

" Plant Inventory
COST CENTRE UNIT . " ITEM
08 Beneral : . - G
11 Line No. 1 ..4»'”'/’51
_ 12 Line No. 2 v &2
14¢ Cold Stores 13 Ling No. 3 a3
1531 Engingering 1% ' Line No, 4 0%
152  Buick Freeze — 15 Spinach Line @S
1?0 DPry Stores 14 Paorn Ling Bb .
171 Engineering Stores 17 Bean Infeed Lipe &7
177 tarhle Hall 18 Thermal Dil Heating System a8
172 ODhrigstad 37 High Pressure Boiler L ge
180 Letsitele 26 Chlorine Dosing System - 16
iBZ Thabazimbi 21 Plate Freezers i1
Preparad ands 22 ammonia Supply Unit iz

455 Carmel .23 Effluent Handizng BystEm 13
7@l Staff Shop L24 .,. 14
216 Training 26 ... is
718 lLaundry i amn |17
719 Surgery . 1B
937 Admin T Bu11d1ngs e

: ' \8¢ Internal Combustian Fnrk Tru:ks 20

9¢ Vehicles 0 21

24
\zs
26

=3

Bl ancher No. 2
De-watering Shakar
Fryer

Defatting Shaker
Wire Mesh Elevator
Cooler Blower - .
Wire Mesh Elevator

ZB1

R

HE'H XIONRddY
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. Manager
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| Projects

Ci5i-gB  lgervices Engineer

Mechanical .

15161
151-g2

Workshop* | . - { B.F. Plant

- 15188

15183 .
151-16

151~@1 Plumbing

* 151~%2 Bricklaying

151-03 Carpentry
15118 Machining

 Barage
| 15195

| .Héi_ntéhaﬁce
Plarining .
15199 .

[Electrical & Refrigeration

Services Engineer -
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Elmctrical

| Mai ntenance -
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Attendance Register
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e

E

41

J.H.C. VENTER

igat

JL.g. sMIT

1567

P.d.A. JONES

1593

J.J. KDEKEMOER

10468

|w. LEkEED.

14812494
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PM Scheduling

" APPENDIX 4.4G

BOMEDULE FILE

EQUIPMENT  EQUIPMENT | BGHERLLE TYRE DATE .~ |GOMPLETED] DATE [JOBGARD]-
NUMBER | - DEECRIPYION | AND FHEQUENGY |  NUMBER EQURED | YN ICOMPLETED|NUMBER. | §
1828—12 =58 | TUNNEL 2 'g‘é?;“;?"é&';}' ;g;oge - 14 MAY ~ 63 o ] Iggg_ :
[TEE—13—17) TUNNEL & MAECH. & WEEKLY (FB=004 . |07-MAY~5a | 7 W-NAT-T) &5k
_ - REFR, B WEEKLY _|AFG~004 . Y tio-MAY~B3] 40069
{G2— 1220 BLANGHBR 2 [MECH. 24 WERKLY |Fo4<006 B~ MAY =~ 83 N- | =y
R IR — IELEGT, 24 WEEKLY |ED4 ~000 o - Y - [ob~MAY-BI| 97845
EARTH LEAKAGE ELECT, ONCR ' 24=MAY = b3 T :
{ .. |pealaTeEn - MONTHLY : -
- R =B7-0%| GOGLSE SOt W 1 MECH, 12 WeERLY [F12=0249  |Rl—-MAY—E4
& IR - .- |eLECT. 12 WEEKLY |E12-008 N
e85 7~he | MUGHe RSt # 2 WMECH, 12 [Fla=02d H-NAT-83]
: - _ ' ELEGY. 12 WEEKLY [E42-004 o
[T52—20=aF|BINGHER —  |MEGH. 12 WEEFLY |F19—013 TO-MAT <64
-] ELEQT, |2 WEEKLY :

' PERCENTASE QOMPLETE: 2{

E12.-508

- Figure 2

Time-snéntxih'CategnFiEE~n+ Maintenanca
DEPARTMENT B/DOWNS | SAFETY | MAINT | HODS | TOTAL %
1 10 B .333,'_3'1]' és '| e 8 859,88| ' 1,74)
] 140 [ 4 031,97] 359,78 2 @59,59 148,50| 3 399,8¢] 4,69
| 151 ] 1P6,33]  185,32) 1 745,B6|  197,66] 2 W,17| 4,86
| 152 | | 34Ba,77| 627,31 17 BB4,28| & 542,72| 26 53I9,05| 53,79
| 17e | i2a,80) 480 198,33 °2,5| - 301,08]  0,81]
l 353 | 3 362,28] 371,63] S 509,70, 61] 13 273, 14] 26,59|
993 ' 69996] 103,75 L TIS,HP{  34u,38( 2 662,96( 5,39
TOTAL | @ 264,04| 1 as2,78| 32 338,47| & 293,62 49 336,08 100,00] |
% 18,77 | 2,94 85,54 | 12,73 | 1o¢,00 '
NPT 21 - .58 21 120,20
|
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: : APPENDIX 4.5C
PREPARED FROZEN MEALS |
- -LINELNUMBEH LINE"_D”ESCHTP"TION TOTAL MATERIAL COST|
o | ot/o7/92 — 19/05/98 |
- 18551000 COMPRESSOR FIOOM | ~ 83180.28
355-12~-00 BUTOHEHY ) 204311'
355--18-00 [MIXING R FlOOM | 5108.84
855—-14—~00 |BOOKING AREA - 6631,95|
 [856~15~-00 | SAUSAGE ROLL LINE __26566.64
~ |885<16-00 |PUFF LINE _ - 2318119}
858—17-00 |PIZZALINE 63684.58
855-18-~00_ | VIENNA LINE . - 65250,73|
855-19-00. |CORN DOG LINE_ 104417
B55-20-00 | STEIN LINE - 74688 31
1855~-21-00 |BURGER LINE * 202042 20
855-22~00 (PACKING LINE 1 6774,47
355--26~00 |AUXILIARIES o 10816,368
* BURGER LINE
UNIT NUMBER EGUIPMENT DESGRIP’TION _
1865-21-01 | Grinder - 2825.28
3552102 | Mincer 5 Mixer {11587.80
855-21—08 | F19 Formax Machine 1 - 485980,59
8562104 |F16 Formax Machine 2 __87481.,60
855-21-08 |F12 Formax Machine - T7529.07
| 885-~21~07 |Gyro ~ 9208.54
855~21-08 |Qutfeed Cenveyor 740,00
855~21-09 | Delivery Convevor 1405,89
855-21—-10 | Kllkklok box former ____e181.71
855-21=11 | Packing Conveyor 12097.65
855-21-12 | Box Conveyor - B174.47
1855~21~18 Bax Sealer 5074.68 |
855-01=18 [Outfead R Rolier Conveyor 431.50
) 855~21=24 | Cooking Pot 915,08
855-21~25 | Cooking Pot 2 148.05]
855-21-26 | Cooking Pot8 _ | __1284.58 |
865--21-8J | Vemag Mefts Machine 18027.40

202042.20
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ELECTRICAL CONTROL PAREL & «ruwsmm aumna

- IHTERHAL CONTROL HIRIHG _
LIHIT SHITCHES & PRBH!_MIT\' -SIII_TCH._ES.

FOPERATOR PROTECTION - [LINIT SHITCHES

. 1 | ENERGENCY STOPS
KNOCKOUT COIKNCKOUT SYSTEX IXNOCROUT BAR

- IKNOCKOUT uPS
| RNOCKOUT RODS .
r | " IKNOCXOUY ARN RETATHERS
I - {KNDCKOUY ARNS & BEARINGS
IKROCKOUT ROD. LINK TO ARM
- IKHOCKOUT SPRINGS
RNOCKOUY STOP BASE AUD PADS
'RNOCKOUT RN SHOULDER 0LTS
1 .

ROORIE  KNOCKOUY ORIVE SPROCKET FRON HOULD PLATE'ORIVE REDUCER
' - YCHAIN TENSTONER & HOUNTING GASKET -

KNOCKOUT CAN SHAFT DRIVE SPROCKET §
IKNOCKOUT CAM SHAFT R
LI 4D RH KNOCKOUT CAMS AND NOUNTING BLOCKS - - -
- IKNOCKOUT CAN SHAFT LM AMD RN SEARINGS -

WATER SURAYS

© IPRODUCY FORNING  JLP MD SYSTEM | THLET STRATNER
| e THLET PIPING
1P H¥D PUMP
PUNP/NOTOR COUPLING
- {DELIVERY PIPING |
NON RETURN VALYE .
* {PRESSURE RELIEF VALSE & PRESSURE GAUGE
DIRECTIONAL CONTROL VALY
DRIVE HOTOR -
RESERVOIR

R WD SYSTER  LINLET STRAIMR
| T TIRET PIPING
i | o PR MW -
:. | o - PUNP/HCTOR CULPLING
| | | . DELIVERY PIPING
NON. RETURN YALYE
HYDRAULEC ACCUNULATOR
- ACCUNULAYOR BUNP YALVE
PRODUCT PRESSURE GAUGE
HP DIRECTIONAL CONTROL VALVE
"~ IDRIVE KOYOR
(RESERVDIR

iy
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“bates

Dates

FUNCY TONAL CUHPOHEHT

FUHCTIONM. FMI.HRE

m UREI NODE

f mums EFFECTS

-

o

KROCKUOY S?SIEH.

' ﬁ !P&TTIES ME IHJT EJEBTED ﬂR ﬂR‘E
' ’DﬁHﬁEED. :

l

1

oy i s st -ﬁ-—'

HHECKDHT CUPS 'HISSIHG OR

DHHAEED.

EVIDENT YO OPERATOR

ND SAFETY CONSEQUENCES

 IREPLACE CUP +/- 0.5 ROURS -

" IPRODUCTION LOSS -

KNOCKOUT BAR BENY UPHARD.

{HNOCKOUT ARM SHOULDER BOLT

KISSING OR BROKEN. -

IKROCKOUT SPRINGS BROKEN.

KHOCKOUT ARMS SROREN.

KNOCKOUT RO LIAK SHOULDER
1BOLTS HISSIHG OR BROKEN,

.~ {POSSIBLE GARNING
ANOT AGE-RELATED

IEVIDENT TO OPERATOR .

NO SAFEYY CONSEQUERCES -
REPLACE/REPLACE +/- 1 HOWR

 {PRODUCTION LOSS

NO WARNING
NOT AGE-RELATED

EVIDENT T0 OPERATOR

. KO SAFEYY CONSEQUENCES - -

REPLACE +/- 1 HOUR

~'{PRODUCTION LOSS - -

HO WARNING -
NOT AGE-RELATED

EVIDENT TO GPERATER
NO SAFETY -CONSEQUENCES
REPLACE +/- 0.5 HOR -
PRODUCTION LOSS

 IND WARKING
T AGE-RELATED

EVIDENT 10 OPERATOR
NO SAFETY CONSEQUENCES
REPLACE +/- 2 HOURS

NO WARNING .

NOT AGE-RELATED.

EVIDENT 10 OPERATOR
NO SAFETY CONSEQUENCES
IREPLACE +/- 5 HOURS

© . |NB BARAIHG

NBI AGE-RELATED

KHM"BHT SHAFT DRIVE SPRBBKE.T.'}'E\'IDEHT 10 ﬂPERATUR

AND £HAIN BROKEN.

CHAIN TEHSIONER H&RN L
OKEN.

INO SAFETY CONSEQUENCES -

IREPLACE +/-0.5 HOURS
IPOSSIGLE WARKING

T AR
IEVIDENT YO QOERNOR <

1NO SAFETY CONSEQUENCES

. JREPLACE +/-0.5 HOURS
 {POSSIBLE WARNING
- 1MUY AGE-RELATED

L et e et i it e e e it it .
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DHILY CHERK -._"fuauax nacam'ss o

| 'EEFURE INITIAL DMLY STARY Up IHSh:U PUI'IP 8(1!! AND HOPFER Fl]i! MY FﬂREIEN ﬂBJEETS PRICH Hﬂ‘f HiWE FBUNﬁ -
(175 WAY THTO THESE AREAS. -

hﬁTIGHS 10 BE PERFIJRI'IED:

© 1)ENSURE_CAN FOLLOWER N POSITION WD SEWE
 ZVHSPECY ALL CHAINS AKD SPROCKETS FOR CORRECT TERSION MKD EXCESSIVE VR,
S)ENSURE WATER PRESSURE SET CORRECTLY FOR HYDRAULIC COOLER,
 A)ENSURE ML WATER SPRAY NOZZLES IN POSITION AND SECURE,
 S)ENSURE KNOCKOUT CUP ASSENBLY IN POSITION MMD SECURE,
6)ENSURE VACUM CUP BAR IN POSITION AND SECURE,
© 7)ENSURE VACUUM BAR IN POSITION AND SECURE,
- 8)START UP VACUUN PUMPS AND ENSURE SOLENDIDS OPERATIONAL.
~ O)RECORD VACUUN READING FOR PAPER PICKUP PUNP,
‘10JRECORD VACUUH READING FOR VACUUN BAR PUNP,
NOTESENSURE YACUIN RANGE HARKED ON GLASS OF NETER

- 14)ENSUSE ALL GUARDS T POSIYION AND SECURE,

' 12)ENSERe PAPER HOPPER. IN POSITION AND SECURE.
13)START HYORAULIC SYSTEN AND KACHINE.

- -1AIENSURE PLUMGER CYCLING. - -

15)ENSURE FEED SCREWS TURNING. - :

16)ENSURE HOULD PLATE RUNNING FREE.

17)ENSURE KNOCKOUT CUPS ARE DROPPING AND AREN'Y HITTIHG RRYTHING,
18)ENSURE PAPER FEED OPERATING CORRECTLY. '
19)ENSURE OUYFEED CONVEYOR OPERATING CORRECTLY.

20)RECORE HP. HYDRAULIC PRESSURE., ~

“21)RECORD LP, HYDRAVLIC PRESSURE. - -

22)ENSURE HOIST OPERATING CORRECTLY, L

23)ENSURE ALL SAFETY SHITCHES OPERATIONAL,

- 24)INSPECT MAIN DRIVE BELT AND ENSURE VARI-SPEED PULLEY 0PERATI€IH&L. : _
25, JECORD KYDRAULIC PRESSURE ON HOIST POWER PACK, S
26)ENSURE CORRECT HOULD PLATE AND SPACER PLATES FITIED FOR PRUDUCT TYPE. -
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