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SUMMARY

industirial development in developing countries entails the
inoreasing ues of squipment, If such aguipment is not looked after
adequately so that it will zive the required psrformance and exe
pected span of life, it will become a burden and hindrance %o
development rather than an asset.

Maintenunoe 1s ocme of the most important industrial activities |
which eontribuies to the proper use of squipment and thus to adequate
equipment performance, the enterprise output and profitability and
the industirial development of the countiry.

Maintenance, however, requires a series of inter-dspendent
and mutually supporting activities, the most important of ihese
are planned maintenance (including preventive maintenanoe),
maintenance prevention, predictive maintenance and repair operations,

Bach of these techniques has its role in the whole msintensnce
activity,

1/ T™is document has beer. reproduced without formal cditing,
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La industrializacién de los pafses en desarrollo entrafia una utilizaocién creciente
dd equipo. Ese equipo ha de cuidarse debidemente pars que dé el rendimiento requerido
y aloance la vida dtil que de 61 se espera, puesde lo contrario, cn lugar de eonstituir
una ayuda pare el desarrollo, supondrd una oargs y una rémora.

Una de las actividades industriales mds importantes es 1la del mantenimiento, que
contribuye a que se haga del equipo el debido uso y se logre asf que sean adecuados
su rendimiento y la produccién y rentabilidad de la smpresa, con lc que se contribuye
& la industrializacién del pafs.

Ahora bien: el mantenimient~ requiere una serie de actividades interdependientes
Y sutuamente coadyuvantes entre lcs que destacan el mantenimiento planeado (inoluide
el mantenimiento preventivo), la evitacién del mantenimiento, el mantenimiento predic-
tivo y las operaciones de reparacién. Cada une de estos técnicas tiene su funcién
que cumplir dentro de lo nctividad genercl de mantenimiento.

Ahora bien, en los pafses en desarrollo, ademis de la falta genera! de comprensién
on cuanto & 12 {ndole y a las exigencias propias del mantenimiento, se experimentan
dificultades en relacién con lcs aspectos siguientes:

a) Las empresas de pafses en desarrollo, - diferencia de las radicadas en
paises desarrollados, no cuentan con 1- venta ja que supone el encontrarse
nerca 4de los fabricantes de equipo;

b) Bn los prifses descrrollados existen empresas especializadas en mantenimiento,
lo cuzl es 2lgo casi totalmente desconocido en los pafses en desarrollc;

¢) Muchas de 1-s operacic..33 de reparccién que han de efectuarse en el equipo
actunl requieren un equipe de reparacién pesade y especinlizado, 28f come
cptitudes profesionnles especizleos. Istos recursos son c-ros ¥, por leo
general, rebas~n lns pesibilidades financieras de 1la m2yor{: de las empresas
deu pcfses on desarrollo,
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However, in addition to the general lack of understanding
cf the naiure and requirements of raiintenance in developing ocountiries,
these couniries axperience apecifie diffirilties in 4hin field.

a) Pnterprises in developing countries are deprived of the
advantages, enjoysd -y Lhose in Jdeveloped countries, of
being near the equipment manufacturers.

b) Specializel maintenance enterprizes exist in developed
countries but hardly exist in developing countries.

¢) Many revair operations on today's equipment need heavy

and specialisged repair equipment and special skill., Theee
are expensive and are usually beyond the financial ability
of most enterprises in developing countries,

d) While enterprises in developed countries do not have to
keep expenczive and slow-moving spare parts in their stores
because of their nearness to squipment manufacturers,
thoga in developing couniries have to stock such parts.

One of the important stups to overcome thesme difficulties is
the establishment of central maintenance and repeir shops which legok
after the requirements of a group of eniarprises., Thase shops will
handle repair work which is beyond the financial snd teohnical
ability of tne individual enterprises, They will be able to employ
special skills and have hesvy and specialized aguipment ané use them
esconomically.
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d)

as empres~s de los p.fses cn desarrollo tienen que tener en almocén piezns
de repuesto de elcvrdo precio, y que no 3e necesit-n con frecuencin, porque,

» diferenciy de lns empresns de prfses desarrollados, no ticnen cerca a los
fobricantes de equipo.

Uno de los pnsos mfds importantes pars s~lvar esws dificultades es el estubleci-
miento de talleres centrales de mantenimionto y reparacién que ~tiendon a 1las necesi-
dades de un grupo de emprcsas. iZstes t:lleres se ocupnrdn de ~quellos trabajos de
reparacién que rebasen lns posibilidades financieras y técnicns de cnda empresc por
sepxrado. Podrdn emplear ~ptitudes profesionales especinles y contardn con equipo
pesado y especializado cuyo empleo resultarf ~8f sconémico.
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INTRODUCTION

1. Maintenanzce 11 Lescming one of <tne most important industrial activity
in botl: developig and developaed couniri~u. In developed ~ountries, the
rvectacular advance in gcience and technolopy ic accempunied vy the uge

of more sophicticated «nd complicated couipment: transfor machines and

the increasing use of clesironics are just twe cxamples.  Thus, the rising
capital investmeni per labourer and the market competition heve forced
enierprises 1o pry gréat atteniion to downtime ot equipmént ‘due to its
enormous coat to the enterprises.

2. In developing countrises, industrial development is associated with
trensfor of techmology from the advanced countries and increasing use of
equipment. Such equipment is acquired mestly througi loans and purchases,
and this is & very big strain on one of' the most scarce resources in
developing ocouniries, i.e. sepital. Tver if the equipment is donated,
local working capital would be required. If such equipment iz not looked
after adeguately so that it will give the planncd porformance and output
and lssi & reasonable 1life, it will become a burder and hindrance to
development rather than an asset.

3. Maintenance, in both cates, is one of the mosi important activities,
affecting the enterprisets profitability and the indnunirial development of
the couniry. Adequate maintenance, however, require: » series of inter—
dependent and mutually-supporting activities. The mest important of these
is called "Maintenance Prevention”, i.e. eliminating as much maintenance

wid repair work as possible. This takes place in two siapges. The first

is at the equipment ordering stage; particular attontion should be paid

t0 equipment desism and specification frcm the maintenance point of view,
teking into conaideration local conditiors, aocessability of parts for
dismantling and ease o repair, The second gtage is when equipment is
actually installed and producing. Pailurcs should be studjed carefully in
ordar either to avoid them in future or to prolong periode between failures.
Meintenance work which ocsnnct be eliminated should be carerully planned

and scheduled. Preventative maintenance tachnigques should be adopted 1o
avoid emergencies and unexpected stoppapes. Predictive maintenance
procedures should be ussd to follow up any physical changes in equipment -

in order to avoid further deterioration or to be ready for its repair
beforehand. Many picces of monitoring equipment are used in predictive
maintenance, such as noine and vibration analysers, crack detection and ' ltre~
sonic testing.

4. Adequere repair of ‘equipment is of utmost importance in order to
implemont planned meintenance work, to avoid excessive dovntime and to enable
oquipment to give its deosigned performance continuously. Ho planned
maintenance work can be oarried out with equipment badly repaired or
adjusted, A planner must have a: accurate an ides as possible of the
expected times between failures. Badly repaired equipment may stop
unexpeciedly any time and put all plans out of rear. With bad repairs,

8 well planned maintenance programme will gradually turm into a series of
emergencies, resuliing in excesgive downiime and inatility to continue
production. Produets today are produced to close tolerances and unless

equipment is properly repaired and adjusted, the percentage of rejections
will be enormcus.




5.

6.

1.

8.

9.

1 THE _SPECIFIC CONDITION: IN DEVELOPING COUNIHTRS

In addition to¢ the general lack of understanding ol maintenance in

| developing countries and improper care of equipment, i‘hese countries
experience the following difficulties in the field of maintenance and
i repair:

a) FEnterprises in developing couniries are deprived of the

advantage enjoyed by the industrielized countries of being near to
equipment manufacturers and suppliers. In developed couniries when
certain troubles specific to certain equipment occur, a telephone

call will bring specialist nervices within days and perhaps hours.
This is, of course, not the case when the distance between supplier
and customer is hundreds of kilometers; only in rare instances do
local agencies supply such services. In addition to the ocost of
sending a specialist from a manufacturer to a customer in a developing
country, manufacturersmay afford to release their specialists for a wery
short trip, but in meny osses they cannot afford to release them for
longer periods. Thus enterprises in developing countries have to
build up within their organization the special sk;ill to oope by
themselves. This is very costly since personnel with such special
skills are usually highly peid and underemployed most of the time.

b) Nany specialised maintenance enterprises exist in devaloped
ocountries. Thesc can oarry out certain types of seasonal and
specialiged repairs in a more proficient and cheaper wey than when
carried out by the enterprise itgelf. Such specialized firms hardly
exist in developing countries, with the result that 4th:y have to
build up a naintenance work force of trained pereommel to cope with
seasonsl aid emergency repairs and peak losds. Even if such skills
oould be sade available to the enterprise, which is rarely the ocage,
it woul, be & costly procedure. With the availab.lity of such
speocial ized maintenance firme, enterprises could build up their owm
maintenance forces to cope with average loads, leaving the peaks for
specialised firms,

6) Many repair operations on the production machinery of today need
special, and often heavy and expensive, machinery. MNost of the
enterprises in developing countries are small and can hordly afford
$0 buy such equipment; even if the equipment were bought, it would be
idle wost of the time and create a financial burden and incresse cost
of production.

d) Spare partz are one of the very crucial problems faoing
developing countries. PEnterprises in developed countries do not

have to stook expensive and slow-moving apare parts. Poreign ourrency
45 not readily availadble and in most countries a long time is required
to obtain an import permit. Bquipment may stry idle for months defore
the required cpare part iz obtained. In most cases this is much more
expensive than keeping the pert in stock; thus developing countries
usually carry a bigger stock of vpare parts than developed countries.

At the same time very few enterprises in developing countries can afford i
the establishment of machining capacity able to manufacture parts in




10. e) Skilled maintenanve porsonnel ace very scarce. The lack of
adequate mointenance facilities makes the sisuation siill worse.
Most of tod. y's maintenance, repair and adjustment op.rations cannot
be carried out by all-round mechanics, bul recuire specially skilled
technicians. Today's ecuipment desigm i3 no developed that it needs
nmuch more skilled mrintenance crews rather than actual machine
operators. The need for maintenance skill is partioularly important
in developing countricy, where enterprises do not nave at hand the
technical help of the manufacturers or specialized maintenance firms.
They must depend compleieiy on their own staff.

11, £) Almoet 21l equipment utilized in doveloping countries is
imported from the most advanced countries. Suvch «quipment is designed
40 cope with the economic, cultural, technicsl! and physical oconditions
of the developed countries and thus many modifications are required,
especially for working with dense tropical species, The manufscturers
are usually not in 2 position tc¢ study losal conditionc und oarry oul

- the necessary modificaticns. Even if they vecome eware of the

neoessary modificetiorne, since the equipment supplied to any one of
the developing countries is usually & very omall percentage of their
total mass production, they can only afford to introduce minor
changes.

2. It would be a very great advantage if developing countries .
could build up their ability to study behaviour of equipment under
looal conditions and carry out or include such modifications in the
speoifications of equipment to be crdered. Although the savings in
cost and reduction in downtime gained by build.ng up such ability is
considerable, mosi of the enterprises in developing countries are too

. small in size to be able %o afford building up of such capaoity within
the enterprise.

I1 ROLE OF Ck

13« The biggeat obstacle to building up the iechnical capaciiy to tackle
such problems im the fact that most of the enterprises in developing
countries are too small and have limited financial resources. They cannot
afford to establish their o training facilities or send their staff

to industrialised ocountries for training, and as a result have to depend
to a great extent on local training facilities. In many cases training is
required to upgrade personnel to a level higher than that obtained in
standard technical trade or vocational schools which are practically the
only training facilities in developing countries.

14. While the demand and potential use of hijhly skilled personnel and
special and expensive equipment may be limited ir any one enterprise, the
total demand from a group of enterprises may make this economically

Justifiable. This provides the mein rationale behind central maintenance
and repair shops. ,

et e SR




15. The establishment of s centrsl maiateninne and propair shop would
have the following advartages;

16. 1, Since it will cope with the demand of heavy work und. specialigad
operatio..e from many enterprises, it will be able .o afford the
purchase of heuvy and apecialized equipment. Such equipment would
be utilized economically andi the costs of repair 10 the indsvidual
enterprises wou'd be reduced ic reasonable levelse It will cope with
all operations which are beyond the ability of the individual
enterprises, such asg

8) General maintenanne of machines.

b) Turning of large diameter parte (0.5 = % 2nd more meters), an
operation which requires a big lathe which cannot be utilised
economically by individual enterprises,

6) Surfacing and grinding large surfaces, an operation whieh requires
planing, surfacing and grinders of bir capacities,

4) Specialised operations such as gear cutting and balancing of parts.
®) Acourate and high quality forging and casting,
2) High standard welding operationa.

8) Bpecialised equipmeni for servicing ofy

~ Special tools (oarbide and stellite tipped saws, knives
and outters)

- High pressure hydraulic systems
= Eleotric motors and relays
- Eleotronic controls.

17« 2. Central shops will afford to hire and train highly specialined
maintensnce technicians, machine operators, welders, etc. and pe
then adequately while using them eoconomically. The work donme will
&ive their personnel 8 chance to continually improve their proficienay
and gain experience by dealing with a variety of jobs. The availadility
of such experienced personnel is sn asset to the enterprises, and alse teo
the country. It will smave calling on experts from the developed
cowntries, thus saving the snormous cxpense, particularly in foreig
ourready, such help would involve., In addition, in the long sun,
maintenance experts will be better aoquainted with local conditions;
foreign experta will perhaps he coming to the country for the first
time and they will require a certain amount of time to become
soquainted with loocal conditiors and problems; which may be different
from thoce in their own comtry. Thus experienced personnel in the
oentral shops will save time ag well as inoney,

18. 3 A central workshop with experienced personnel and adequate
machinery, casting, forging and welding capacity would be able to
make individual parts in an emergency so that aquipment can be kept
running when such parts are not available in the stores, even if
such & part will noi be of tle same accuracy and speoification of
that supplied by the manufacturer. The saving resulting from
cutting down downtime of equipment makos it really worthwhile for

the individual cnterprises to enoourage and help the establisnment
of such centres.




19.

20.

21,

22,

‘23,

de  With the acrumaralion of ayperiinee in the erntral shop, the
quality of lcnolly warufnstured spase parts wiil improve and parts
that are no* too complicated ard de noi require very specialized
techrinues, machinary and etnipment would bs manufactured locally
40 the came standird ac the imported ones. Thus large gtocks of
such parts, in particula: slov moving and emergency items, could be
reduced, and ihc reduction, without the riuk of prolonged downtime,
will beanelit enterprisce materially and improve their productivity
and profitabiiivy.

5. Thre evistenste of central shops would alge encourage the local
producticn of other simple iwrdware iteme of the standard and semi-
etandard nature that sorez genernll: very mich reeded in developing
oountries. They could benome the nuclens and initiators of loocal
manufacture of such itens. These shops would manufacture prototype
ser':3 for local enterprises and then muide them in the proper
technique, machining process, heat treeiment, etc. They could also
produce on 2 nou-gerial basis simple pisces of produection equipment.

6. Central shops, with their acourulated experience of local
oonditions and problens, could Act ne advisers to local enterprises
in handling their problems and improving their techniques, resulting
in reduction of failures and better use of equipment. In time,
central shops would not only help with repair operations and the
manufacture of some parts, but would also study failures, advise on
changes in working conditions or materials to avoid them, and
redeaign parts to suit local conditions. This would help build up
looal design ability and would be & vital agset to enterprises in
the modificatien of equipment to suit local conditions and in
formulating the right specifications for new equipment from the
point of view of maintenance. The ceniral shops could be able |
to denipgn (end subsequently produce) complementary equipment, el
transfer li.ies, dust cxtraction, ets.

T+ A well established rentral shop cen act ss a maintenance sub~
contractor, taking over from enterprises seasonal overhauls, peak
loads and emergency heavy rep.ir. In such a cese the individual
enterprises have only to employ sufficient manpowe. to cope with
routine maintenance ana repair operations, thus reducing the cost
and turden of maintenance staff who would otherwise not be fully
utilised. The obvious advantages of this are apprecisted.

8, Central shops can also act us & training centre in which
maintenance personnel from different enterprises can be upegraded
to a high level of proficiency. This would spare enterprises the
necessity of establishing their own training facilities and sending
personnel sdroad for training, which most enterprises would anywsy
be unable to do because of limited means.




IIT THE FIRANCIAL ADVANTAGES O CENTRAL_QﬁQEi

24. Taking i to congideration the ve ioug useful acvivicies that a
central maintenance and repair shoo can render, a: previouely outlined,
the financial advantages 4o the ~mterpriges can pe summarised ag follows:

a) Repair operationg carried out Ly sicalled and competent
Persomnnl and the availavility or gpecinlized machinery result
in betier, quicker and cheaper repairs.

b)  As a resalt of (a), dowrtime of equipment will be reduced
substantielly, Time of repair will Le shortep &nd, because of the
high standard of repair, time between failupes will be longer,
The effect of increaging ecuipment availabil ity on ihe success of
the enterpriee cannct be over—catiimated,

6)  When peak loads, seasonal repairs auq overhauls and

repair are taken over by the central ShopS santerprises will be

able to reduce their maintenance staff and avoid idle time of
maintenance personnel. The resultant reduced payroll of maintenance
porsonmel will ocontribute greatly to the lowering of overall costs
of production. (To give an idea of the magnitude of thig saving,

in

companies the direot maintenance labour cost exoceeds the
profit). :

d)  Repair and adjustmert work carried out by specialist and
PrOpar equipment would result in that equipment contimuing to
perform to desimn over long periods. The percentage of rejcotions
in production will be reduced and this will contribute to the lm‘
of production costs and inoreased profitability, '

25, It is, h wever, difficult to giv: quantitative fig res for auch
financial savings. Conditions vary greatly from countey to oountry,
&8 4o those in enterprises in the sanme country and even in enterprises
within the same industria) sector 0f the same country. Sucsh finemesal
benefits, however, depend on;

8) The average size of the erterprises; the smaller the sigse, the
bigger the saving will be, :

b) The degree of mechanisation of the techniques adopied,
6) The level of industrinl develcpment of the oounmtry.
d) The rate of progress of industrielisstion. Usually if industrial
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/%. 1t must Le remembered that estebli pirg a central ma.atenance and
repair shop and bringing it up ‘o the standard necemsary tc fulfil its
cutics as outlinid atove ie & long term prccess, requiring years not

months. The crucial part is roi the purchase and installation of

equipment or ise Muilidarng of offices and shedn, but rather the iraining

of porsonnel. Thim will pase through two phuses: the building up of their
basic teckniccl knowledge ard ihen the building up of their experience and
knowledge of local conditions ind problems. During this second phase, their
techniosl ability will) pradually improve as ithey see and handle more cases.

2€6. It is not expected that such a centre will start being useful and
giving a good return for the money invested before, say, the first couple
of years. In the long run, however, such an investment will give more
than sdoquate returns. These facts should be kept in mind so that the °
sponsors of such cuntres do not expect results quickly and become
fruntrated,

27. It is better to start small and enlarge the centrv gradually as more
and more market experience is aoquired. This is due not only to the time
required to build up staff experience, but slso t0 the time it takes to
become aware of and aoguainted with local demand. The central shop is

not a production factory where the different machining operations are known
in advance and the type and capacity of mechines and layout of the shep
can be determined beforshand; it is a jobbing factory dealing with a
variety of operations which may change from seasnn to season and even from
day to day. Thus it is difficult to determine from the start what
equipment is required.

28. 1t is recommended to start by studying csrefully the enterprises
which are poter {al customers and the i 'pe of production "nd maintenance
equipment they have. This will give a good general guide. The machine
shop of the centre would then be equipped with basic equipment with &
capacity larper than those available in the different enterprises and
some special machinery for which the preliminary study indicates demand.
Cradually more equipment would be addad t0 the shop as moro experience

is gained, As a general guide, the following equipment may be installed
for a start:

a) A horizontal lathe which handlen jobe of up to one meter in
diameter. ‘

b) If preliminary stvdies indScate that bigger sises are to b
machined, a vertieal lathe is recommended with a capacity of
2 = ] meters machining diameter,

6) If the shop is to serve mainly s¢-tors that need spares or
parts which are small but very sccurately made, s small
sensitive lathe ie to be added. This should be supported bWy
acourate measuring equipment like dial gewges and projection
profile measuring equipment.

d) A universal milling machine,

e) if the preliminary studies justify it, & cylindrica) grinding
end surface grinding machine could be added,




f) A surracing macnine,

g) Welding equipment ,

k) FPorging equipment,

i) Casting capacity, if indicated by prelim.inary studieg .

})  Facilities for ropair of electric equipment includins motor
rewinding .

28. The mbove indicates ‘hat there is ro such thing as & wtandard layout
for a central shop; as menitioned tefore, this will depend entirely on local
conditions and the ability of the individual enterprises to ocope with

their work. MNany enterprises in developing countries prefer t0 be self=
sufficient, even if that ir uneconomical,

29: 1In addition to the workshop, the centre should have the following
departaemts:

[

30. a) A technicel office 10 study msintenance preblems and
oquipment failurs. When fully developed, such an offioe will bde
of great help in reducing maintenance work and cost and halp
enterprises in ordering new equipment. The time would come when
swoh an office would be able to modify the demign of ports to sake
then more suitadle to looal conditions and reduce the number of
failures. It would help enterprises in routine inspection, meinly
by monitoring equipment such aa crack detectors, ultresonic testing
oquipment, noise and vibration analysers, stc. Such equipment is
not expensive and, in experienced hands, can be vary wseful in
dotecting changing conditions in equipment po that failures my be
avoided o. anticipated and measur.s taken to minimi. 2 their effect.
This would also help to establish realistic maintenance progreaames,
Instead of enterpriscs being faced with sudden failures, ,
inspection programmes carried out ly monitoring equipment will enable
enterprises to know well in sdvance of the poesidil ity of failure and
thus prepare for the importation, or inform the local manufacturey,of
the part required so that it im available in time and mo WNNCESAry
downtime will ocecur. Inspection opsrations amd prograsmes oan be
oarried out by the ocentre scocording to a yoarly oontrect,

3%e . The technical office would also be of great support 10 the
machine shop by giving the required specifications and drewing.
Parts mmmfacture needs proper choioe of material and accurate
dotermination of tolerances and olearances.

3. b) A drewing office to support the machine shop, the enterprises
o the teohnical offioce. mmmetmm&tmm
$od dravings is gencrelly much underestisated. In most cases the
drewing offioe will be part of the technical offioe.




33. e) A maintenance manegement departnent 4o carry out planning
and organization, which though 2 uifferent aspect than technical
meintenance activity, should re giv.n 48 duo irportanoe. Nany
maintenance problems can oniy be soived hy pianners amd organigers
end not by technicians. The centrs should establieh within its
organization the capaciiv to handle ruch prohlems and render the
proper service to enterprises in so do ing.

-~
¢ceCLUsion

34. Cemiral maintenanco and repair shops play an important réle in
improving the productivity of erterprises, reducing the production conte
through better maintenance and utilization of equipment and acoordingly
Melping in the industrial development of a country. They =0t only help

, to carry out Operations which sre beyond their mcang, but alee
oarry them owt in a more economical way.

33.  Such shops would create & nucleus for building up the coumtryte
ability to handle oquipment in a better way under local conditions amnd
for the teohnical 8bility to redesign parts to suit working conditions
and sugpest necessary modifioations o new equipment.

36 Such shops would be of great aasistance to newly formed

countries. In addition to Bolping in the design of products ang 1m\n
of mamufacture, they can duild up and test prototype series,







