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. Introduction

The symposium you are attending today is a part of a campaign started by
the UNIT™D NATTONS> INDUSTRIAL D™VSLOPM™T 0%G’NIZATION (UNTDC) in 1968, to
help developing countrirs in improving their maintenance and repair faciliti-g,
Because of the crucial importance of maintenance and repair to the industriali-
gation and economic development of developing cruntries, a special attention
is being given by UNIDO to this very important aspect <f industrial activity
in its programme of technical assistance to these countries. An important part
of this programme is the creation, within dewlaping countries »f-a good under-
standing of meirenance, its ohjectives and implications so that this problem is
bandled and approached in the proper way. In addition to the dircct techmioal
assistance given to many developing countries, in the field of maintenance, to
solve specific problems or help certain enlerpriges, a series of mertings are
plasned to spread the right conception of maintenance. °* symposium on maintenance
and repair in developing countries was held in 1970 in Duishurg, Pederal Republic
of Germany, in which the various aspects of the problem were tackled in a general
way. This is to be followed by a series of regional symposia in each of which
one aspect of the problem is to he tackled in depth. The first of his series
is the symposium you are attending today, which tackles the planning and managerial
aspect, It was decided to start with this aspect, first because of its importance
sud seoond because it is generally the most neglacted aspect of maintenance activity,
Thanks to the genmerous help and hospitality of the Government of Japan and the
invaluable substantive assistance of the Japan Nanagement !ssociation, it was
possible to hold this symposium here in Tokyo today.

lBintenance is becoming one of the most important industrial activities
both in devel oping and developed courirics. Developed advanced countries have
to oope with the contimmous striking progress in terchnology and science whioch
is revolutionising manufacturing techniques. Developing countries, in their
endeavour to foster their eoonomic development, have started industrialisation
programmes which ie susociated with & trensfer of advanoced technology from the
deweloped oountries. In hoth oages, more machines with more complications are
added sach year to the equpment stock. The ratic of Saintenance to production
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cost is increasing continuously and the ratio of maintenance personnel to
production personnel is alsc increasing. tcruirement of such machines is
not an »nd by its~1f, but n means to attain certain gbjectives, the most
important of these is a reasonable return on the capital invested and a
contribution to the advancement and prosperity of the country. However, if
these machines are not cared for and hanéled properly so that they will give
the designed performance and output, ‘he result will be catastrophic. In
developed countries, with today's very sharp competition, rising labour costs
and increasing capital investiment per labourer, if enterpriscs stick to
cutdated management technigues, particularly in the maintcnance firld, they
will soon be out of business. The situation would be much more critical in
developing countries. Here, this dors not mean enterprises going out of
tusiness, perhaps to be replaced hy more «fficient and dynamic enterprises,
tat it will mean the perprtuation of econocmic stagnation of these countries.
1f such invested capital is wasted, either by keeping it idle for an unreasonably
long time or by diminishing their useful life-cpan, such investment will become
a hindrance to development instead of being an asset to it. It is much more
important for developing countries than for developed countries to look after
capital equipment and get the meximum out of every dollar invested. Capital
is one of the moast scarce resources in developing countries and most of them
are already in debt as a result of acquiring carital equipment. They ocan
hardly replace capital equipment, renew iheir stock and acquire new capital
to cope with their development programmes. Yet it is noticed that it is in
these ocountrirs where maintenance is most neglected. It is ironic to notice
that capital is wasted in capital-poor countries, while it is much more ocared
for in capital-rich countries.

M‘tgce of m tenance

The volume of this aspect of industrialisation and th- magnitude of the
problem can be judged from the following. In 1970, the maintenance bill for
37 major companies in thr chemical and allied industries ir the United States
of America was £3.76 billion. Taking into considcration that 37 companies
comprise only a small part of this industrial sector, we can form an idea

of the magnitude in the whole sector. ‘gain, it was astimated in a ceriain
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study that maintenance mismanagement in US. in 1958 cost about €3.2 billion

In a recent study in the United Kingdom, it is estimat~d that £ 3 billion are
spent on maintenance per year, of which £ 1.1 billion in the manufacturing
sector alone. Dr. P. Jost of U.K. has q’uotgd, in a recent conference entitled
"Saving Cagh by Machine Care" that about £ 500 million could be saved by applying
aveilable knowledge to wear. We can visualize the magnitude of the savings

if only existing knowledge and experi~nce in other firlds, such as management
techniques, factors affecting equipment design etc., are applied to maint~nance
practice, In developing countries, it is not unusual to see figures of downtime
exoeeding 50 percent. No figures ar~ available for maintenance cost in develop-
ing countries. However, to give a rough idea of the magnitude of the problem,

the fixed capital formation in machinery and transport equipment in 1967 in 18
Latin Americen countries, 11 ‘sian countries and 11 ‘frican countries is estimated
to be cbout %4 billion. ~ssuming cost of maintenance to he about 15 percent

of initial cost (in developing countries this is a low figure) thr cost of maine
tenance in these countries per year fot the equipment acquired during the yeap
only will be $1.€ billion. If, due to lack of adequate maintenance control, the
ocost is incressed by, say, 60 percent of this estimation, then ahout 8 950 million
are wasted in thes: countries annually only in as much as newly aoquired eguipment
s concerned. Again, if due to inadequate maintenance, one third of the usual
useful life of such equipment is lLost, then more than %1.25 billion ar~ wasted
for every new addition per year of capital formation. The actual capital wasted
woulid e many times thia figure or would be in the range of tens of hillions of
dollars. These figures are anly for 40 countries or a little more than half the
mukber of developing countrfe#” *lthough such figures give a very rough indication,
they give an idea of the magnitude of losses and waste due ‘o lack of maintenance.

It is common belief now that most developing countries would gain more in
GDP by spending relatively emall sums on the upkeep and care of Ftilting equipment
than relatively much larger sums on new investment.

After indicating the importance of maintenance and the magnitude of its
activities, I would like to give a resumé of what is considered as the right
approach to maintepance and the role of planning and managemsnt in this approach.




fter World War 1I, the spectacular advance 1n sciencs and technolcegy
has revolutionized produ.tion technigqurs; ~utemation, transfer machines,
increasing use of electronics are exampl~s of such change  Production
management scon discoverrd that they cannot cope with the complicated production
operations and increascd volume of nroduction until production cperations are
adequately planned and controlled. Great advances occurred in this field and
production planning and control becam- a science of very advanced techniques;
producticn planning and contrel Zepartment uecame one of tne most important

sections in any industrial enterprise.

However, with the :‘normous advence in production planning and control,
management thought that they are in a position to master all activities; production
schedules, costs, etc. Haintrnance, even up to a few yrars ago, was relatively
very much neglected., Hanagement attitude was that maintenance is an activity
which doers not deserve any special attention and it is good enough to assign
to it a faw technicians and skilled lakourere tc put machine~s back into operation
if any thing happened to them. The maintenance man was looked at only as a
mechanic carrying a couple of spanners and a lubrication can. It is not very
long ago when if a technician or lahourer did not prove himself in the production

line, hes was transfrrred to mainisnince,

The idea of management was just to kerp machines running. However, with
the introduction »f quality contr-1 which became gradually a highly developed
discipline, management realized that it ie not enough to just keep equipment
running, but they must produce items within close specifications and limits to
avoid a high percentage of rejection. It was alsc realized that repair work
must be done quickly to avoid a long downtime and high cost. Management's
attitude changed from just keeping the equipment rumning, to doing the work
acourately and quickly. Some seriocus consideration was then given to maintenance.
Repair technicians and labourers were sp;cia.ny trained to handle production
machinery properly and special repair tools and aquipment were introduced. This
was a big improvement in maintenance work at the time. 't that stage, all attention
was directed to repair operations after failure and management was happy amd
satisfied when equipment wae repaired accurately and quickly when something hap-
pened to them. Some sort of planning repair work was introduced, but this was
very primitive in nature and was delegated to the fourth or fifth line of
management.
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With the introduction of more complicated equipment and the increasing
market competition, management began to realize that coping with maintenance
by just waiting for failure to happen and then handle it quickly and accurately
was a suicidal procedure, which resulted in enormous downtime and cost. It
was difficult to implement production plans and schedules and to oeet market
demand and sales terminas were impossidble simply because no one knew when a
machine was going to stop and emergency repairs were in the range of 80 to
90 percent of maintenance work. gain, the sudden stoppage of one machine
sy stop a complete line of production and perhaps the whole factory and in
addition it may cause damage t> other equipment and products.

Management conception of maintenance changed from the attitude of coping
with failures after they happen to the comtrol of stoppage and failures, the
preventive meintenance oonception was introduced. The term "Preventive Main-
tenance" is oonoeived, up to now, differently by different maintenance experts.
However, it entails usually the planning of stopping equipment a little before
they are liable to fail, the ultimate aim being that all stoppage should become
Planned stoppage and not emergency stops. In this way mintenance management
will be controlling the machines instead of the machines controlling thea.
Preventive mintenance technigues and cther plansed maintemance systess proved
to be very sucoessful in reducing dommtime and maintensnoe cost. Hwever, it
is still not introduced in meny enterprises evea in developed ocountries md ia
still lacking msny supporting activities., It is very important for preventive
Saintensnce programmes and plamners to he well aocquainted with possible equipment
performance wnder looal onltions. They should be swere of any physical changes
taking place and the possidble tining of eguipment stoppage snd hreakdows. This
ﬁnmmuhmﬁuummusmmmm
wd om thus plam for it, and in this reapeot they need supporting sotivities,
We firet (* thame activities is the uilding wp of adequate reoords of past
s n efficient fesdback sywiea, I telieve ﬁulz
s roon for laprovesunt in Wis field. The seond is what 18 called "Prediotive !
Rin‘emance”, wmmumm;mmuu amm

mmemm mtefmwﬁu wmmmﬁm
ad others would help plammere in working out factusl sohedules in avoiding failures
before they coour amd to stop squipsrat just short of the failure point instead of
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lnosing too much useful lifr of the equipment. Predictive techniques also help

in avoiding surpriscs. lthough such supporting techniques proved very suoccessful,
are not expensivwe and easy to use, they are st1'l slow in being introduced into
dndustry. It is well known now that visual inspection only is far fiom being
enough and the adeptinn »f monitoring t-chrkrues to indicntr physical changes and
predict failures would lrad to better planning and thus to hettar maintenanoe
parformance and more sconomy.

Llthough preventive and planned maintenance coupled with ofCicient repair
proved to be useful and helped tremendcusly in reducing both downtime and oost
and minimizing the risk of equipment unplannod stoppage, they satisfy only
parti.lly the true objectives of maintemance. ™“ngineers and msnagers have m
payiag too much attention to the improvement of plans and preventive maintenmmoe
schedules to control the required maintsnance work and tc improve the officds
of repair operations and very little to eliminate maintenance work. Is
good planning and adequate repair hecame ends by themselves. The renl &d
Mmintenance should ot be overlcokrd, these are:

a) maximn possible availability and readiness of equipwent
for produotion;

b) the longest possidble life of squipment;
¢) these should be attain-d with a minimum of cost.

From the third objective point of view, there is no point in @ PR
end resources om an action which could b eliminated altogrther fiﬂlfiﬁg
like to stress that the sbjective of maintenance is to keep the ipnent
with a minimum cost and nct in Wuildiag up mficim&y {1 coping tﬁl
work.

The nev attitude towards maintenanos is to sliminate umm;; ﬁﬁ
work as mach as it is economiocally possiule, then apply an efficient repe
planned and preventive mmintenance systems to saintenance work whioh oo
be oliminated. This is generally oalled "mmintepance preweniion", A&
ihis oonoeption, maiutenance starts with equipment ordering and design
laycut. Paying enough attention to these at this stage from ths maia
of view, will resalt in slimination of & 1ot of future headaches and
savings. In this connection, management would be intercsted in tic as




a) that the equipment runs for the longest possible time
befora failure ooours. This is called machipe reliability;

b) when failure occurs, ~quipment is brought bask to normal
rning conditicn in the shortest Fossible time and with
Binisum of »s ources, this is called meintainability of
squipment.
Rquipsent reliability and meintainability, hoth together determine the
amilability of equipment fop production, which 3,; the al%m%s aim of uia*;
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Ordering stage: .t this stagr, management responsibility is %o
see that past records of equipment in the fi-ld and the experience

of the maintenance personne] is made use of in order to have the
optimum design and specificaticns and plant layrut from the main-
tenance point of view. Drcimione made at this stage would influmcp
the profitability of th enterprise during the whole lifetime of
equipment. The cost of maintenrnce during the lif-~time of equipment
varies from 80 to 300 p roent i the initial cost; «liminating part
of this at this stage would result in an appreciable saving.

%guipment reliahility should be sorutinized carefully and the
optimum level balancing the coat of increasing equipment reliability
apd gaine due to inoreased availability and coat of maintenance
should be decided upon. Increasing equipment reliability means,

in most cases, increasing initial cost. .. point is reuched where
the further increase in equipment cost due to increasing equipment
reliability is not matohed by an equivalent decrease in maintenance
cost and increased profitability. This would be the optimum level
of reliability. This level of reliability is very much affected by
looal conditions. In many developing countries where skilled labour
is scaroe and spare parts are expensive and difficult to get, it
may be a wise poliocy to look for a higher level of reliability with
higher initial cost. Saving on initial cost does not mean only
inoreased maintenanor which could not be done by available means,
tut aleo a great loss id production. The more expensive equipment
may prove to be the cheapest for the country in the long run.

Mintainrbility of machinery is ~nother aapect which chculd ‘be
studied very carefully, Unfortunately, many designers up {0 now

direct almost all of their attention to design from the produotiom
point of view and very little attention is paid to the accessidility
of parts if repair is needed. In some cases, half the m,. has

$o be dismantled in order to change a small bearinug. S

»n work: This includes the work to be curim out during
the 1ifetine af the oquipment and which could not b avoided at
the previocus stage. It consists of the following:
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Planning and scheduling of all n--cesgsary routine operations,
lubrication, adjustment, rtc. This enlails the operation to

be carried out, who is to do them and wher.

4 programme of preventive mrintenance schedule indicating
which machine is to be stopped and at what time, in order to
avoid emergency stops. Thr probable timr of equipment failure
should be estimated and squipment is stﬁpéf»d a little hefore
failure is supposed to occur. The time the rquipment is
stopped before the estimated time of failupe drpends on many
factors. The first is thr seriousness and probable damage
and loss if cquipment failerd suddenly. In other words the
ratio of thr equipment life la.crlfi%od for safety variess

according to working oonditions. In the case of an aeroplane,
where the sudden failure of a part menns the loes of the whole

plame with passengers and orew, or in the case of an equipment
whose failure would result in damage to mor~ expensive machinery,
stoppage of the whole factory and spoilage of production
material, in such cases a high safety should be looked for.

The second is the knowledge of technical maintenince personnel
of the working conditions snd their effect on equipment

- behaviour, The more it is known about equipment behaviour

under mrﬂu mﬁitimn, the more the stoppage of equipment
is brought ﬁimr to failure point and this would result in
making ma use of the equipment and more economy. On the
other m&. it is oonoeived by many that the most economie

_handling of equipment is to wait until the part sctually fails;
‘ ta this case parts are utilised to the meximum poseible, This
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- oempetent staff and equipment,
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which machine should be allowed to work until they
actually fail and which equipment should be stopped,
according tc a plan, some time befcre failurr is
anticipated. This is very important from an economic
point of view since preventive mainicnance can be
overdone.

The estahlishment of a technical wnit. Maint~nance prevention
should continue after equipment is installed and actually pro-
ducing. In this casa all failures should he analysed carefully
in order to avoid their occurance as much as possible in the
future or prolong the periocds between failures. From the
preventive maintenance point of view and to help planners in
establishing factual and more economical plans and schedules,
it is important to have as much knowledge as possible ahout
equipment hehaviour and to follow up any physical changes
taking place. With such knowledge at hand, planners would be
able to kmow more ahout the timing of equipment stoppage and
oan bring the equipment stoppage nearer to failure point with
the same dagree of safeaty. Vivwal inspection is not enough
md sonitoring equipsent such as noise and vibrations analyses
eto, should be used. The saving and increase in produotios
whiich would result from esiahlishing such a unit will be much
sore than the ocost of the techniocal unit itself with its

The establishmant of sn efficient costing systen, Nenagement
seans the collection of facts and the choioce betwsen ﬁWiﬁ
Wesd o these facts in order to attain ultimate ohjes
Miatensnce managenent would be working complesely
without an Mhmtwmmamu




time that they also be prepared from the maintenancr point

of view so that maintenance management could make uge of them.
Management should lonk at maintenance c-sting not from thr
narrow angle of scrutinizing direct maintenance costs, but
from the wide angle of the total cost of the ~nterprise. 'n
increasing direct maintenance cost which would result in an
increase in the enterprise profitability is a good sign and
not a had one as many Mmanagers would consider it to be.

Maintenance control. Contrary to the belief of many managers,
maintenance oculd ho adequately controlled and a control sysiem
is very necessary as a part of maintenance organization. Hany
systems have been dev-loped such as standard maintenance timing
and sasipling techniques. In thia respect, maintrnance management
has a lotto learn from techniques already developed and applied
soosssfully in production activities. This subject of applying
profuction management teohniquas to mair.tenance will he discussed
in *lh saoond day,

Part of maintenance control ig %e follow-up and neasurement of

;mtm efficiency. This sill also be discusned in the third

[ this respect maintenance management should always keep

i m that the ultimete aim is to maximize the enteBorisn's

mfi&tﬁity, laintenance costs would increase with increasing
quiplent availability, Wit thie is more than compensated hy the
decPeate in the co8t of downtime, However, a poist is usually

reol ,;i,;';,f i‘ﬁ & further incyease in equipment availability is not

nid guard itself in meking nﬁ%m& - -d
- %% i; one of the major responsibilities and decisg
Rer BNSAg ¢ to determine the optimum level of L

~ Such dseision is omly&emm woE
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between direct mrintenance cost and downtime cost, the sum of

the two should be minimized. While direct maintenance cost is

A functina ~f the activity within the enterprise, downtime cost
depends on market conditi~ns. There would be nn downtime cost

if the enterprise would not be ahle %n gre the grods which would
have been produced during this downtime, This implies that main-
tenance management's policv is very much infliuenced by market
conditions., udain. nance munagers should nct detach themselves
from the crmmrr-ial firld and look at themselves as purrly tech-
niotans., It is im0 the duty of the top management to see $aat
mainterance management is continuously acquainted with the varying
market conditions in order t- fulfill their duty properly.

f) Personnel. ‘ny organization is as good as the calibre of the
personnel handling it. It is the maintenance management's
responsibility to see that the maintenance department has the
right personnel in number and quality at all levels, from the
menagerial level, the supervissry level to the technicians and
Skilled labour levels. Training programmee should be established
and use should be made of other training facilities in the

. oountry. Trsmiﬁg and the formation of maintenance personnel
‘takes time and a plan should be made to cope not only with
present demand, bhut also with future demands in continuously
ohanging market and technology.

1 and ntment wo Good planning and management is of little
ﬁi ﬁiﬁﬁ it ic aceanpaniud by good implementation. ’n important part
of ﬁit implementation is the actual repair, overhwl and adjustment
: ef qumt when this is nreded either acoording to plasned work or -

irgenoy stoppage. In this reepect the faiiwiag is required:

- Am '«ﬂ‘—fietem spare parts and repair material procurement,
‘ e and flow within thr enterprise. It is pot only
1% fo control the stock so that it makes parts
. ble in the stores, when required and does not pose
a fimancial burden on the enterpriss due to overstock, it
is also very important that the part or material is dispatoched

T A
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spen’dily to the right place at the right timr when it is
required for a repair -perati-n., ‘n apareciable savings in
time and maintenance c-st is ‘btained by paying attention t-

the ordering system from the storeg 2nd quick rrsponse to it.

b)  The %im- has gon- when maintenance w-rk can be carried out by
a couple of sranneras and an cil can  Hrintenance management
should see tn it that the m intenance department is adequately
supplied with the machines and t-ols necessary f-r the job
"quipment »f today needs spercial equipment for dismantling and
adjustment and alsc for quick diagnosis. Technical data and
infrrmation ahout all equipment should alsc he made available,
It is wrong management policy t.- try tc economize on these items.

¢) Repair work and even emergency operations can be planned with
great benefit tc the enterprise in crst and time saving. This
is partiocularly true for major shutd>wms and major overhauls.
It is important that management srganize who §is doing what ia
an emergency and who is respemsible for plasning and contrelling ,
elargency work, é?

The abrve gives a bird's eye view of the objectives and the aotivities
sniailed in maintenance planning and samagement. 7o conclude, 1 would like
to pass om wome paeml remarks.

Nanagement and planning does not only desl with what is required to he

dose today or torerrow, but it would deal much more with what is to be done 1
today to cope with the tisks of the fature. In the field of maintenance, this
48 of partioular importance beosuse of the rapid changr in techmology sad pro-

Mintenance ssnagement should s%0p looking at themselves and their work as |
W satively enginsering job. They should start asscoiating themselves with
MRSIBeRt te o8 and etop Mating paperwork. Metter sagines s oertainl;
t Should W occmplemsatary sad not » substitute for mt.
lood mm ‘aasagement will guarentes good mintensncr sngines
A Resring dons not guarentes good management
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First step towards good maintenance management is the adoption of the
right attitude by the management of the enterprise. They should becomr aware
that maintenance is as impcortant as a cost saving area as any other, and per-
haps more. They should give the maintrnance management pers-nnel and particu-
larly the mair tenance head the status h~ deserves and he requires to cope with
his duties, Tiey should include him in top management committees and be
aoquainted, like sther managers with the commercial si¢~ of the company's
activity and t)- market cond.tions.

The exposition given above on maintenance management and planning may give
the idea that a complicated system is required with unnecessary paperwork. The
set up of a maintenance organigzation is determined by the size of the plant and
the variety and nature of enginecering and operating problems. The system may
vary from a computerized system in a very large company to a simple chart im a
two or three machine shop. The impsrtant thing is to remember that true aims
of the maintenance activity and to avoid the pitfall of making maintenanoce am
aim in iteelf.









