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introduction.

Production equipmeat is procured in order to obtain a pre-determined
volume of production, of specific guantity and quality. In order to obhtain
this objective, such equipment must be fully supported in the field partic-

ularly in connection with the maintenance activity.

Maintenance is already an expensive item especially considering the
complicated and sophisticated equipment of today. On the average, and under
good conditions, the cnst of maintenance of equipment during its lifetime
is equal to or excceds it purchase price. "ith some equipment this cost

may reach two to three times the purchase price.

Such expense is justified only if it helps in attaining the main
objectives of maintenance i.e. increased productivity of equipment and
decreased downtime and overall cost of production, and safeguarding the
equipment itself. This can only be achieved if maintenance is planned
carefully and rationally. Under haphazard maintenance, not only the cost
of maintenance will increase with thc resulting increase in total production
cost, but the main ohjectives of maintenance will not be reached in spite of
the cost increase. The lifetime of equipment will be shortened, downtime

will increase and production will be reduced both in quantity and quality.

It is generally agreed toda that unplanned maintenance, or what 1is
generally termed "Fire-fighting technique" should be completely avoided.
The main theme of discussions in meintenance circles today is how the plan-

ning of maintenence should be carried out.

Definitions and Objectives of Preventive Maintenance.

Vithin the sphere of planned maintenance many definitons are heard,
such as planned maintenance, scheduled maintenance, corrective maintenance,

predictive maintcnance, productive maintcnance, preventive maintenance and




maintcnance preventior These terms arc understood and concoived very
differently even amonss the maintenance cxperts. This is particularly true

in the casc of proventive maintenance,

Definitions ~re made to outline a prrticular activity so thot it
becomes clear what tho activity cnteils and Yow to go about it. What is
importent is not the understanding of the definitions themselves, but an
understanding of the different phascs ~nd aspects of maintenance aclivities,
the aim of each phrse ~nd how thesc nims e.e ~2ttained. It would be thus
eppropriate to cxplain and clarify just the different maintenence activities,

hoping that this will lcad to n rationalization of definitions,

Plenned Maintenance.

Tho term planncd maintcnance does not describe a particular typo of
maintenance, but it implies thnat maintenance is planned in advance ag against
haphazard or unplanned maintenance. It is agrecd todny that all maintenance
should be planned and this implics that ~ll maintenance rctivities should
come under planned maintenance. Ireakdowns will always occur unexpuctedly
and handling of such breskdosme is called emergency maintenance.  Such
emergency operations should be planned to a large extent in advance. The
reporting of broakdowns: the rapid diagnosis of the failure; the speedy
allocation of task to a specinlized repeir gang; the support of this rapair
gang, particularly concerning the spcedy spare part delivery and availability
of repair tools and equipment; the speudy attendance to the failure; all
should be orgenized and planned to the greatest possible extent, Al though
tho stoppugo of equipment due to the failure is not planned, what we mean
here hy planning is that when the failure occurs, cveryone concerned would
know what to do; wherc sperc parts and repair tools are to be obtained; how
to diagnose the foilure quickly; and how the repair experts are transported
with the necessary cquipment to the location of the failure. This is the
opposite to haphazard hendling of emergency failures where everyone is running
all over the place without achiceving » great deal. No one knows who does
whet or where the repair cguipment or ports are, Howcver, such maintenance

could be classified as Lmergency repair end it is understood that it cannot

be completely planncd.




Apart from emergency maintenance,

under the following headings for pliases or aspects:

a)

b)

llaintenance Prevention: This first aspect or phase

covers all measures to be taken in order to avoid main-
tenance completely. this takes place in two distinct
steps. The first is w.en the cquipment is being designed
and ordered, ly paying attention to the maintainability

of equipment thus reducing the maintenance effort required
during the lifetime of the equipment, This aspect or phase

is called Maintenance Prevention. The second step is some-

times called Corrective Haintenan_g_q and it usually takes

Place when the equipment is actually in operation by study-
ing failures and chenge design, materials or working con-
ditions to avoid the repetition of these failures. It

does not entail any operations where the repair or replace~
ment of a part bhrings it back only to the original condition
without the abovementioned changes. It is interesting to
notice that training of maintenance personnel and machine
operators could he considered as part of corrective main-
tenance.

Routine Maintenance: This entails all operations which

are necessary to keep the production equipment going
efficiently. It includes lubrication, periodic inspeo~
tion, adjustment, cleaning, periodic overhaul, repair,
replacement, etc. All these operations are carried out
either whilo cquipment ig running or during pre-planned
shut-downs. All such operations can be included in one
maintenance plan with timing of operation and the person--
nel to which each operation is assigned. This phase of
maintenance forms the bulk of continuous maintenance
activity during the lifetime of the oquipment.

all other maintenance activities come




c)

!

Preventive lieintenance: Although operations coming

under this title could as well form a part of routine
maintenance, thoy cntail a philosophy and a conception
which difierentiete them {rom othcr routine maintenance
operations. The idea behind preventive maintenance is
based on the fect that it is difficult to determine
accurately the lifctime of an cquipment or when it
will breakdown. “hen the breckdowvn of an equipment or
part of an equipment has grave consequences, a safety

measure is introduced. 1In an American publication, pre-

ventive maintcnance is dofined as the maintenance undepr-

taken before the need develops to minimize the possibility

1 s s i

of an unantiripated production interruption end hreakdowr.
and this is the nearest fo the conception of Preventive
b}g.;ntgﬁa.nce in this paper. Thg equipment or part of the
equipment in question is changed before the end of its
lifetime is reached. This, in foact, entails the sacrifice
of part of the lifetime of the cquipment fo» safety; the
magnitude of the part sacrificed depunds on the consequences
of the failure if it occurs premeturely. Therc should be,

of course, & halence between the cost to the enterprise of
the part of the life of the equipment sacrificed and the

cosi of the possible damege which would occur if this part
fails uncxpectedly in service. A typical exemple is the
acroplane. Changing the blades of a turbine or a bearing

of a compressor hefore the cxpected end of their life may
cogt a few hundred dollars. This is insignificant compared
to the money-loss incurrcd and the loss of life if the cngine
fails in the air., Another c¢xemple is that in a continuous
process plant where = small pump, for example, is needed in
tho operation of the whole plant. The failure of such a
pump will stop the whole plant with possible damage to other

bigger ~nd mory expensive parts of the plrnt and to the




product itsclf. In this casc the cost of changing the
whole pump periodically befor. the cnd of ite lifetime
would be very small comparcd with the cost of possiblc
demege if it fails. It is vencrally accepted that pre-
ventive maintenance should be considered when corructive
maeintenance cannot be Justificd, predictive maintonance
cannot be applicd and oc required maintenance, i.o.,

maintenance after failure occurs, cconnot be tolerated.

This distinction between preventive maintenance and
routine meintenance, although both contain a scries of
planned operations carried out according to o pre-planned
schedule, is necessary becausc of the following: All
routinc operations are carried out on all cquipment ond
there is no scope for determining and deciding whethar
the operation is economically necessnry or not. All
equipment requires lubricntion, periodic overhaul and
there is no qucstion of suppressing such oparations on
economic bascs. “ithout them cquipment will not go on
producing ard maintenance opcrrtions become costly and
unorganized, and the life of thc oquipment will be
shortencd. On the other hand, prcventive maintcnance
oporatiuns bocome nccessary only as 1 snfoty measure
againet possible risk. With proventivc maintonance
each caso should be studied and a decision is made on
whether to cerry out the preventive maintenance operation
or not and thc part of the lifetime of the cquipment or
part of tho equipment to be sacrificed according to eco-
nomic and sefety con.iderations. This insinuates that
preventive maintenance, as outlinecd here, mny be a waste
if adopted. In other words if the lifetime of equipment
parte and the oxact time when failurc is expected is
accurately known, thun there will be no need for preven-
tive maintenrnce as outlined in this paper, while routine

maintenance will 3till be required.




d) Predictive Maintunance: Maintenance prevention,

routine maintenance and preventive maintenfnce need
fact-finding ectivities to help in their planning.
It is necessary and useful to know what is happening
to diffcrent parts of equipment under actunl working
conditinns. This will help in obtaining & better
estimation of the lifctime of the differcnt parts of
the equipment for the preventive maintenance, or in
a better assessment of the frequency of routine
maintenance or to know beforchend if an unexpected
deterioration is taking place in certain parts.

Many tachniques are being developed for thie purpose
such &8 noise and vibration mersurement. Thie phase
of meintenance is composed of auxiliary operations

which help in hetter planning of the other phnses

The distinction between the different phrscs of maintenance is useful
since it draws attention to di“ferent approcches leading to different aims.

However, all are necessary for a successful mairtcnance operation.

Unfortunately in many serious text books end technical articles on
maintenance, preventive meintenance is defined in different ways, for
example, in one te-hniczl book preventive meintenance is defined as
"Its purpose is to minimize breakdowne and excessive depreciation resulting
from neglect". This is the mein eim of maintenence activity as & whole.

In another publication preventive meintenence is defined as the "Planned
maintenance of plant and equipmcnt resulting from periodic inspections

that disclose faulty conditions". This definition also is not complete
sinc. there are many routine maintenance and preventive maintenance opera~
tions which arc besed on past-eguipment history. Agein it does not include
the safety measurc stipulated in this paper. Another definition for pre-
ventive maintencnce is that it is the maintenance of production means in

the non-failed state with the objective to prevent or reduce failur . This




involves routine mrintcnance, routine ndjustment and non-destructive or

non-stoppage testin;;. This definition is alsc too drastic and contails

oporations of maintenance prevention rnd predictive maintenance.

Planning and Installation of & Preventive lointenance Progremme.,

Whether prcventive meintcneance is conceived in the narvow sense
stipuleted in this paper or in the very broad sense of heing » synonym to
planned maintenancec, the stepe to be tcken for and the requiremcnt of the
installat.on of & preventive mointenence progromme are the seme. These
wWill be oxpleined bricfly in the following:

The first requirement for the success of o proventive maintenance
programme is that equipment must be in ~ good condition to start with.
It is extremely difficult to install o successful programme if tlo equip-
ment, due to neglect and lack of plamned meintenance irn the past, has
reached such a statc that breakdown or emergency maintenance has become
the provailing activity. As a rule of thumb, if the enterprise is spending
between 50, to 70 or more of its maintenance effort on breakdowns, then
it will be extremoly difficult to install a preventive maintconance programme.
Under such conditions, such & programme will be extremely difficult to
implement end will becomc very costly without giving the enterprise the
anticipatcd advantages,

Tho first ctep would thus bo to start with a programme of overhauling
and putting in good condition ell equipment. This is, of course, quite
costly, but thris is the price the enterprise has to pay for past noglect
and lack of organized meintenance. Howevor, if such a step is not carried
out hccause of the expensc incurred, the conditions will ccntinue to worsen
and an almost complete plant shut-down will be the price to be paid for
such a policy.

The second point is that & successful planncd maintenance or preventive
maintenance programme cannot be implemented cver night. This will require
from several months to severzl yeers according to the type of plant,

available past maintenance records, typc of maintenance cerried out before



cte. Usually ~ rough pro.rrrs 1o determined first necording to the
suggestions vxplnined bLoelov, Then such o precramne is modified and
re~planncd continuously on the brsic of records and fimures fed back
to it from the fretory wn*il it ru~chers n stiee vhere 1t becomes suitable

to the conditions poovailine in the factory.

The third point to bhc nete’ is thet mny du.ree of sophistication |
can be built into o preventive cintencnce plea. stoblishing o P
programme should not becone an end in itself, but it should bo alwoys
looked at as o mecns of attrining certrin dusired cbjuetives for the
enterprisc as & wholc. Over-planning and over—sophistication should
be avoided cspecially 1 the cnrly stages of inctalling tne programme.
Such 2 progrrmme chould be designed to suit conditicns of the enterprise
and should not be just ~n initntion of = programme inctelled somewhore
else. It is gonevrlly rccommended to start with a simple programme
which would gradually be built up to n complete onc, Conscnsus is that
it is also too big o bite to start the work by applying o Pl programme
to the entire plent ot once. It is better to start with certain machincs
or = dopartmunt and then cxtend it gredually. The advantoge of building

up the¢ progromme groduclly and start with once department is to give o
P P : J P

chance for the trnining; of personnel =nd for 211 concerned to absorb snd
fet ecqueinted with the procedures to be followed. I[n many instances it
was found that the mein reason for the feilure of a PI- programme is that
the personncl concerned worce not given A fair chance Lo understend and get
ecqueinted with the progromme.  Duilding up the team of personnol who will
carry out the progrumac is o most importent step and should be given the

necessary offort nnd consideration.

The initial step in cstablishing o first and rough preventive main-
tenence programme is to establish an equipment identification system,
Information such s machine mekc, place and date of purchase would bo
recorded on n card or n filc or similer system. BIach machine should also

be given n codc munber.  Such identificevion system is essentinl for the

M. programm. ~nd ~lso for the invonto systen.
P




The next step is to c¢stablish for vach mn )chine & history cacd, with
records of all broakdowns and length of time required for repair. Such a
record is essontial for orgenizing the detaile of the work required in the
programmc. It is also advisable to include in the history card the cost
of all maintcnance and repair operations carried out on this machine during
a certein poriod., This should include labour, material and spere part costs
soparately. It is very important, perticularly at the carly stagoe of
introducing a P progremme, to follow up progress. A bese should thus bo
ostablished to measure progruss and equiprent history cards arc an ouential
alement for such o basc. Usually in en enterprise, there is some informe~
tion aveilable on past repairs and broakdowns of equioment, but this is
usuelly scattored in e wny that is of very litile value. It is essential
to collect such cvaileble information in n understandable form such as
equipment history cards, etc,

The third step is to orgonize all technical information, such oe
manuals, pamphlets, etc. on equipment in ~ form which mekos them casily
accegmible. Such technical documeonts aro usuclly laid in different places
80 that it becomes difficult for porsonnel concerned to get hold of thom
when they are needod. An oquipment service library could be established
and doouments arranged and classified with the help of the mechinery code
number.

Next an invontory of all maintenance and repeir operntions required
for all machinery is compiled. Iquipme~t menufacturors technical documents
and rccommendetions, oquipment history cards and information obtained from
othor enterprises using thc samc type of equipmerit should form the basis
of such inventory.

A work programmc is then ostablishod with timing of overy operation
end the personnel required to carry it out. Tho prograunme should be con-
structed to hove o 1iore or loss even work load in the maintenance depart-
moents. From the work programme the meintenence personnel force is ostimated
and steps should be taken to employ and train them in advonce. The noces-
sary equipment should also be procured. Competent personnel and adogquate
equipmont is a nocessity to the success of the programe.




Tt should be rumembered <h~t = PN oorcoromme deos not ¢ntail -only
meintennnes persticns, but ~lss stoppr ¢ ~f pr-éucti n uvquipment for
meantenancue.  Thus sush a orocramme should be cstablished with the full
co=npurntlon and uaderstonding . f the creducti n department. This will
alg crente n precedent of co=veoration botween the production and mein-

tenance denartments which 1s .sauntinrl €0 o suceussful maintenance.,

Introducing the Progoromme.

S

Once the programme is nlanncd, rreat cnrc rmust be paid to how it is
introduced. The programre must be sold to ~11 concerncd. A seriuvs of

¢d with Loth production and maintonance personnel

muetings shruld be arran

and the programme; 1its procedurce ~nd nims ghoula be fully discussed.

It is 'nly natural thot the introduction of such a new nctivity in the
cnterprise will be watched carefully by 2ll concerned, cagpecinlly the top
managument, Thoy will be onxious 4+ wnich whother the programme is really
worthwhile and if it is giving the uxpected results.  No nreventive mainte-
nance programme will give immedi~t. results, but it will toke some tima
before o tangible outcome is ~btained. The progromme of introducing tho
systom should be realistic and foctunl, ‘thurwise, the result will be only
frustration. Tt would bo a demreing blew to the programme if cnthusiasm
and sympnathy werc lost by both top mana, cment and personnel becrusc ~f unjusti-
ficd expectation end fruatration. Ls o matter of foct, since preventive
meintenrnce dous not show results in rcducings repair load maintenance cost
exccpt after some time, the progremme will pass through a phase wheru there
is no reduction in maintunance work while the cost of purscnnel and eqe’pment
carrying out the programme will be edded to the normal running meintonance
cost of the onterprisc. This temporary increase in maintennnce cost is
natural and must be cxpected. This ghould bhe cxplrined fully to management.
~tarting the programme predually department by dupartment will help enormously

in passing throush this sritical phase comfortably.
Any now Pl progremme necds modifications and alterations until it
reachos a standard suiteble for the ¢nternrise.  An officient follew up

gystem is nucuessayy in order t~ be aware of the necessary m~difications and
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to mrkc sure th~t the progromme is progressein, ~long the right linus. The
rueponsibility ~f this follow-up systcm sheuld be clenrly defined ~nd should
not be delepnted to certnin perscnnel who ~lrendy hove other responsibilitics
and ~rc engrged in other retivitios. It is usu~l th~t when urgent work crops
up within their other ~rens ~f responsibility, such purgonnel will frrget
completely about the progromme and the follow-up system ~nd concentrntc on

handling this urgent ork.

A monthly report should he prepnred showiry the number of operations
scheduled, number of serviccs complutcd and bohind schedule, ~nd also failurcs

which have stopped occuring after introducing this srogramme.

Conclusion.

Planned and preventive maintennncc is o systom which certainly resultis
in lowering production costs, snfogurrd cquipment and increaso in both the
quality and quantity of preduction. This is tho view of snlmost everybody
who has introduced such n system in a plont.

Howover, planned and proventivo maintonence programmos ghould be onre-
fully planned, skillfully introduced and should be given timo to show the
expected results.
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