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1. Introduction

It is beyond sny doubt that rapid and efficient development
of develoning countries requires their economies to bs advanced as
fast as possible, so that they could provide consumer and capital
goods to their population, either from their own production or
through the international trade. This sssumes s number and varisty
of capital goods, machines, mechanization, motor and other vshicles,
and a complex system of infrastructure, energy capscities, raw
materisls, traffic communication, information snd other eslements

of logistic support.

As a rule, developing countries resolve their problems snd
needs for capitsl goods, manufscturing and other technologies,
communication and system support slements primarily through imports
from developed countries, the sconomical and intellectual capecity
of which allows sconomic and efficient production of all products
necessary to the present-day -in snd the modern way of life. For
a start, this is probably the only possible way. The very first
steps in developing 8 country’s own economy may be quite difficult
to meke without an sppropriate support from developed countries,
especially if it is well-measured and spplied in the proper way,
Viewed in long-range terms, however, developing countries sheuld
undertais incressed efforts in order to provide . the development
of their own technology, msnufacturing systems and know-=how, so as
to ensure sufficiently fest and intensive development leading to
an independent economy capable of satisfying most of their nesds

in food and other consumer goods snd consumer dursbles, This is

strongly imposed slso by the obvious need to have the development




brought into accord with the countries’ own environments, with
respect to avnilablq raw materials, energy resources, way of 1lifs,

climate and other loceal conditions.

Without dwelling on the ways in which funds to import
machines and technology from developed countries are provided, jnd
how much these are paid for, it is obvious that importing countries
have to ensure s number of corditions associated with supplying
rav materials and energy, transport, co-;unic.tlons, producf
distribution on the market, ssrvice after products have been sold,
eté., in order to allow imported basic assets (machines, plants,
technology) ares well utilized. Tﬁé} also requires considerable
material facilities, but. firés of all, imposes the need for a lot
of knowledge. This is to say that sssential matters of the further
development of developing countries cannot be resolved by merely
importing equipment and technology. It is essential to work
simultaneously on the creation of intellsctual potential and
knowledge. For imported basic assets and technology to give what
they potentially can do, it requires a lot of preliminary knowledge,

s lot to be studeid and learned.

This confirms the well known opinion that for rapid
development developing countries have to scquire as much of théir
own knowledge as possible, Without knowledge there can be no
progress, there will be no conditions to‘ovorcono underdevelopment,
The scope of the knowlsdge has to he as large ss possible, The
efforts towards scquiring more knowlsdge must not be contained
only to proper utilization of imported machinery snd technology,
slthough this probsbly has to be one of the fifii stages in the
training aud sducstion schems, but slso to the development of own

technologies, new machines snd plants, adapted to ths locsl




conditions and based on modern scientific schiesvments, information
and computer techmologies, electronics and other disciplines
representing the framework of the contemporsry world. Reqired are,
therefore, applied knowledge but even more creative knowlesdge.
This should be teken into consideration already in the initial
stages of planned development. If left for a later point of time,
assuming that one can talk about education for modern technologies
not before certain development level hes been reached, not only
that precious time will be lost but it will actually prevent the

required rate of development to be achieved.

The problems associated with maintenance esre of particular
importance. The maintenance of technical systems, i.e. of all
types of basic assets such as machines and mechanization, represents
ip principle complex technical and technological process, covering
a number of relatively different problems of a high degree of
complexitys On the other hand, maintenance affects to a large
extent the total amount of funds invested in the purchase or
construction of basic assets, and hence on the achievemsnt of
targets and assignouchts set to sny technical system., This is of
particular importance for developing countries, which do not have
sufficient assets to cover their neesds, and in which inadequste
investments make serious problems. It is therefors extremely
important for developing countries to ensurc that their basic assets

are given the utmost care and ths highest quality maintenances.

The high quality msintensnce of technicasl systems requires
many prerequisite conditions materisl and subjective in nature to
be met, Within this framework, knowlsdge comss agsin in the first
place, Quality maintenance systems ensuring that basic assets,
machines and plants esre opsrable without long downtimes, at s high

efficiency, require s lot of knowledge of sll levels, begining from

.
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operators and maintenance personnel to those that make decisions
about maintenance in the sense of planning and technological
defining of maintenance procedures, including those responsible

for providing the required workshops, energy, communications,
information technologies, planning and purchasing spare parts and
.supply materials. Therefore, training snd education for maintenance
is vital not only for high quality service, but also for 2 higher
efficiency of basic assets, i.e. machines and plants, snd hence

for a higher return on investment.

The purpose of this pesper is to point ocut to seversl
essential questions relating to the problem of training and
education for maintenance from the msnufacturer’s point of\vlcu,
or from the -achingg and capital goods designer’s standpoint.
Accordingly, we arcxgtlking here sbout sn education system segment
which has to provide creative knowledge in this ares, necessary
for the development of a country’s own knowshow and its own
technology. Hlthin.this framework, an attempt will be made to
throw somes more lights on associsted questions relating to the
problems of spare psrts supplies and to the problem of purchasing
new capital goods, In other words, the psper will discuss main
factors which have to bs taken into account with respect to
maintenance when s new machine is to bs designed snd produced or

when it has to be imported or otherwise acquired.

For clarity ressons, some basic notions on the maintenance
ss a scientific discipline dealing with these processes will be

given,




2. Life cycle and cost effectiveness

Every technical system can be used over a determined and
comparatively limited time period. If the time period within which
s system is used is added to the periods of time required to design
snd manufacture the system, s time period corresponding to the
total life cycle is obtained. This means that the life cycle of a
t;chnlcal system is a complex category comprising a number of
activities /1/. This is shown schematically in Fig. 1 /2/. As it
can be seen there are three characteristic groups of activities:
development, production and utillzation,’uhich are mutually inter-

related in many ways.
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The implementstion of each activity in the life cycle, and
even of each segment ther~from, requires certsin "efforts®™ or
material assets to bs investsd, In this senss, we could tslk about
the totsl costs of 1life cycle or about tiie totsl funds invested,

A schematicsl presentation of psrtisl costs comprising the totsl

cost of life cycle is shown in Fig., 2, This is sufficiently self=-




explanatory and requires no additional comments. It should be only
pointed out that the presentation is strictly general and that it
includes only those costs which have the largest effects. In

individual cases the structure of costs may be somewhat different,
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The evaluation of whether funds will be appropristely
invested can be perfcrmed only if all effects that the technical
system is capable of providing are tsken into account. The messure
of these system properties is "system effectivensss”, which, tasken
rouﬁhly, indicates the degree of satisfying ths requirements, i.s,
the measure of fulfilling planned or desired targets. Theorstically
is proved that system effectivensess depends primarily on relisbility,
which represents capsbility of a system to operate without failure,
and on aveilability, which essentislly represents the messure of

the system quality with respect to mainternance,

On this basis, the effectiveness of invested funds or the

effectivensss of the totsl life cycls cost can bes sxpressed as




schematically shown in Fige. 3. In other words, the effectiveness
of invested funds represents the effectiveness of the observed
technical system (capital goods, machines, plant) expressed per

unit of assets invested in all stages of life cycle.

Fig. 3

In order to ensure the highest possible pffoctlvcncss of
invested fund;, a number of requirements has to be met. First of
all, the technical system itself should have favourable properties
"of reliability and suitability for maintenance from the design
point of view. In addition to these essentially internsl factors,
important outer factors, such as material supplies, servicing,
maintenance, spare parts provisioning, stc., have to be satisfied
as well, This involves servicing and maintenance facilities, ware-
houses, opsration and maintenance personnesl, their quslifications
and knowledge, availability of technical and other documentation,
stc, All these slements are coversd by ths term Integral Logistic
Support, and are studied within s separate scientific discipline
=~ Logistics. A schematicsl presentation of the contents and

targets involved in Logistics is shown in Fig. 4.

It is beyond any doubt that the sctivities and procedures
‘covered by the Integrsl Logistic Support slso imposs certsin
investment or q.tcrminod "gfforts”., These cost are part of the

total life cycle costs, ss explsined in Fig. 2.
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The shars of logistics cost in the totsl life cycle cost
is generally very largs. This is shown schematically in Fige 5
/1/, which illustrates the total life cycle cost as an iceberg,
with only one its part projecting sbove the water surface., This
is the part psid for purchasing a macins, i.s. capital good, or

its selling price. It is known that the selling price covers tne

TRAINING SUPPLYING COST
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manufacturer’s costs (development, manufacture) and a certain
amount of profit, In this way, by selling the machine the
manufacturer resolves his main problems. The remaining life
cycle costs, which sre frequently "invisible™ at purchasing,
"are born by customer (with the exception of warranty claims).
These are, therefore, custoaers’ problems. They are usually higher
than the purchasing costs and affect the customers’ problems
accordingly. It can be seen from the illustration that a larger
share of these costs originates from masintenance. This is to';ay
that maintenance affects appreciably the total life cycle costs
of modern machines and equipment, taking frequently the largest

share of the total logistics costs.

The illustrated relaticns of individuel sections of the
totel life cycle cost are of general, but in essence of principsl
importance. They apply more or less to all types of technical
systems and to sll conditions of their opesration and use, There
are in literature sbundant information on them. It is statod, for
exsmple, that the cost of masintenance of crawler tractors over a
period of eight years exceeds the purchass price by 4 to 5 times
/3/, while the costs of maintenance for light trucks over s
period of 5 yesrs and sbout 200,000 km of travel exceed the
purchase price for spproximately 3.5 times., Similer dsts sre
svailable for machine tools, sgricultursl machinsry, but also
for computers and ol;cttonic systems /4, 5/. There is enough
ground to beleive that these relations will be sven more expressive
in developing countries emphasizing more sharply the costs of

maintenance snd other logistics support.




3. Maintenance process

The process of maintenance represents the sum of all
activities undertsken to remove failures, or to prevent their
occurrence, This process is characterized by specific relastions
between individusl activities and tiaes in which the activities
are conducted. Sings- it is usually assumed that a system is
restored to its fully operable condition with maintenance
procedures acconpllgggd, i.s. that it is "as new", the process

of maintenance is called also the proces of renewal /6/.

The process of maintaining technical systems has the
characteristics of an entirely stochastic or random process, This
results from two random events determining the process. The
first random is the accumulated time of operation before a
maintenance procedure has to be performed, which is generally
determined by the failure occurrence, i.e. by the system reliability
characteristics. The other incidental verieble represents the
time required to perform the maintenance procedure, or to bring
the system from a "failure condition® into operable condition
again. These two incidentsl point of time interchange alternately
in the process of maintenance; marking decisively its charac‘er :
and quality. Along with this, it should be pointed out that any
technical system besides in use may be held in a storsge. Storage
is necessary somestimes (if operation is ssssonal, like with

sgricultural machinery), and it must be taken into account.

The basic status of s system could be best anslized using
the "the status time picture®, which is shown in general terms
in Fige. 6. It is shown in relstion to the total (cslender) time,

which means that sll time intervals have besen included: time in




operation or ‘uﬁ-tino‘ (tu), time in feilure or “down-time" (td)
and storage time (}.). The example has been processed so as to
cover all other labortant elements affecting "the status time

~ picture” of the systes, begining from 1£s manufacture and start-up

(zero-point).

Figc 6

Itv}s assumed that immediately after leaving the manufactur-
ing plant thesre is 8 need for thes system to be operated, and thet
the system was opsrable in the period 0 - 1, being in s proper
condition and performing adequatsly. At the pcint of time 1,
however, a failure occurred and the system changed its status.
Since a repairabls system is in question, the malfunction of which
can be removed with maintenance procedure applied, thess wers
performed in the period 1 = 2 and the system was restored to its
operable condition, At the point of time 3 the nesd for operation
ceased and it was anticipated that the shut-down would continus
through a longer period of time. The system was put in storage,
therefore, after it has been specially preparsd for storsge. It
was known thst the system was fully operable when stored, The
actual condition of the system during the time period 3 - 4 is,
houiver, not known without special checking or tests conducted.

In the givon sexsmple it was asssumed that such theks were not
accomplished, so that the "time status picture®™ for the period

3 - 4 doss not provide the information on the system status, At




the point of time 4 a need arised again for the system to be
operated, and it was taken out of storsge and responded to the
demand for operation. The need for operation was present until

the point of time S5, when the system was put to storage again.
However, the system did not respond positively to the‘next call
for operation at the point of time 6. During storage in the time
period 5 = 6 a malfunction occurred in the system and it was not
capable to be directly included in operation, The system was then
in a down=time condition until corresponding maintenance "procedures
were applied, i,e. till the point of time 7. During the period

7 - 8 the system again functions properly, but at the point of
time € a need for resuming certain maintenance procedure occurred
again (preventive maintenance, which will be discussed later on),
so that the system was put again into the down=-time condition.
After the specified work has been accomplished, the system continued

operation, but at the point of time 10 another feilure occurred,etc.

All time intervals shown in Fig. 6 represent in their
essence incidcntal_or random values, Incidental is the time
interval unt:l the falilure occurred and incidental are the factors
determining the duration of maintenance procedures, while many
random factors affsct the time perind in storage, Accordingly,
the whole process of a technical system usage is a random process.

" The same applies to maintenance and fsctors sffecting its process,

It is important to emphasize that time intervals describing
"individual conditions of s technical systems have s complex
structure, This appliss separately to up-times and down~-times, For
s simplified presentation it will be sufficisnt to note that the

up=time includes all shut-=downs caused by power failures, climate

T e g
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conditions, abscence of operators, waiting for work, time required
for washing and lubrication, time for feeding with energy fluids,
etc, The same applies to down-time, which includes the time of
waiting for maintenance due to occupied facilities, transportation
problems, shortage in labour and particularly due to shortage in
spare parts, Both these require a detailed analysis simed to find
out those vital factors which will allow the system to be operable
as much as possible with the least possible down—times, Even with-
out this, it may be pointed ocut that in many cases and in developing
countries particularly, the time of waiting for spare parts is a
factor which extremely affects the totasl time status picture, i.e.
the duration of down-time under fsilure and the utilization of the
total available time,

The process of maintenance cen be evaluated in many ways. One of

the simplest but good indicator is the so called "readiness®,
expressed by the ratio between the time in operation and the totsl
available time, It is obvious that readiness will be higher st
shorter down-times, Because reduction in fasilure shut-downs is
achieved through a better maintenance system, having adequate
logistics support (primarily with respect to spare parts supplies),
it is concluded that readiness can be increased by an improved
maintenance system, This obviously increases the total effectiveness

and reduce the costs of the achieved effectiveness,

The duration of down~time under fasilure is affected to a
large extent by the machine to be maintained, In this case, we are
talking about properties built into ths technical system relating
to meintenancs, This is usually evalusted by means of ths so called
"maintainability”, which describes the meassurs of the time

necessary to accomplish s masintensnce procedure., The higher is the
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maintainability, the higher is the probability that maintenance
procedures will take less #ime, This means that a technical
system has to be specially adapted to masintenance. In addition

to satisfying the perforsance requirements, providing a production
output at determined quality, and along with the capability of
operation over longer period of time without fsilures, modern
machines and other capital goods have to be designed so as to

ensure they are suitable for maintenance.

4, maintenance system

The maintenance system of a technical system can be reslized |
in seversl ways and in several different alternatives. Individual
alternatives or solutions for msaintenance systems may be different
in a number of details, but slso in the basic features sssential
for the system. This applies first of all to the maintenance
system concept, and.:then to the applied technolgy and organization,.
Under the maintenance system concept we understand the principles
on the basis of which decisions on the time vhen maintenance
procedurss are to be carried out are made. In this respect there
are two basic concepts: presventive and corrective maintenance. With
the preventive maintenance ths required procedures are carried out
before s failure occurred, while w*:n the corrective maintenance
it is feilure that occurrs first. The technologial aspect relates
to the type sand method of carrying out maintenance procedures,
and the system orgsnization is connectsd to the relstion of

individusl levels at which maintenance procedurss are accomplished,

The concept of s maintsnance system represents its most
importsnt fesature sffecting very much the general quslity of the
system, This term relstes to the feature of ths system depending




on the principle on the basis of which decisions on conducitng
maintenance procedures are brought, It is explained that there are
two essential conceptual possibilities: preventive and corrsctive
maintenance (PM and CM in Fige 7). In the first cass, maintenance
procedures are carried out befors failures and they are undertaken
in order to prevent or delay a failure, The corrective maintenance
concept, on the contrary, is designed to apply maintenance
;procedure not before a fellure has occurred. In this case, their
task is to restore the system from "failed” into "opersble® status.
Both those concepts can be used in conjunction, and then we have
combined maintenance (OM). Combined -ain§on-nco can be relized in
several ways, but usually so that certain parts of the technical
system are masintained preventively,while the remaining parts are

maintained after a failure has occurred.
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Fig. 7

Preventive maintenance, which is obviously much more
attractive (it is better to prevent than to remedy), can be reslized
in several ways, This spplies especially to the typs and character
of s preventive meintensnce procedure, and then on the time

determined to conduct such procedure. In this sense, preventive




maintenance can be relized as “on condition maintenance® (OCm),
rather then "preventive replacement® (PR), which had been popular
up to some time ago. The "on condition maintenance® provides not
only better sconomy, but contributes slso to an increased level

of readiness.

In addition to the above explained conceptual elements,
the two other elements -~ organization and technology for individual
maintenance procedures - are of importance for the quality of a
meintenance system. Howsver, these are questions which have to be
resclved for each individual case separately, depending dn the
type of machines or capital goods and other circumstances. These
segments of a maintenance system will not be analyzed in details
therefore. It will be necessary only to indicate that a successful
maintenancs systom assumes also that a powerful information system
is available to provide the necessary information on operation
for machines to be maintained, about all events affecting the
process of their maintenance (failures, operating conditions under
which the machine has been used and the failure in question has
occurred, opsrating load, climate conditions, quality of operators
or their knowledge, spare parts supply, etc.). Thess are also
specific problems, but have to be mentioned in order to get a clear

picture sbout the knowledge rsquired for maintenance.

5. Designing technical systsms for maintenancs

1t follows from the sbove given basic explanations, among
other things, that each machine or other basic asset has to be so
designed as to provide the required opersting performance and high
reliasbility along uithwsltisfactory cheracteristics with regard
to meintenance, Simply stated, s modern machine must perform

reliably with the least possible number of failures and csuse a
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minimum down-time possible, and in case of a faiiure its design
and other fesatures must allow repid remedy, i.es. quick recovery to
operable candition. Envirorment in which machine is used must be
taken into account, as well as the conditions under which it is
maintained, All this may impose specific requirements in developing

countries with regard to machines or other capital goods purchased,

From the point of view of maintenance, the process of
designing a technical system can be resolved in different ways and
by applying various procedures and methods, This applies to all
sort of technical systems. It is not possible, therefore, to give
some firm instructions that should be followed in designing a
machine so as to schieve high maintenance properties. It is possible,
however, to revcai general principles providing objective possibi-
lities for easier end safer meeting the requirements of masintenance
during designing process. It should be teken into account that the
very old rules says that a good technical system having high
operating performance is also highy reliable and it usually has
good maintainability,

The principal approach to the design of technical systems from the
point of view of maintenance could be presented in the form of a

simple algorithm or block dijagram - Fig. 8,

From this quite simplified and genersl presentation, it may
be concluded that initial analyses of msintenance problems should
find their place already in the stage of defining the basic concibt
of the system to be designed, i.e, already in the preliminary anslyses
and elaboration of design assignments (1, Fin. 8). On this basis,
maintenance requirements are "built-in" the product designed,slready
in the stsgs of slaborating prototype documentation (2), An
snslysis is cerried out on all the required input information for

deteiled snalyses of the msintenance system, and especislly on dats
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sbout estimated fajilure occurrences (3). In other words, the input
information includos.thc estimated reliability cheracteristics of
individual elements, as well as estimated duration and costs of
maintenance and other importsnt informetion, This is particularly
delicate stage in the whole process of anslyzing a maintenance
system, The next stage is to define the criteris and possible
limitations (4). Namely, an snalysis on a maintenance system is
based usually on optimization from the point of view of costs

| (decision sbout preventive or corrective msintenance, time periods
in which individual procedures are spplied, and similar). In
certain cases, howsver, priority should be given to specific

requirements such ss required readiness, safety, etc. (5).

Based on the prototype docu-ontation,.accu-ulatcd initisl
information and defined criteria or limitations, an analysis is
cerried out on each anticipsted maintenance procedure (6). The
first part of this analysis evaluates whether there is sufficient
information for the conceptual solution on the maintenance system,
and if found that no sufficient information is svailable, additional
input data are looked for, new expsriments are conducted, etc. (7).
If determined that ths process of masintenance is sufficiently
defined, procedures are sstablished for esach individual maintenance
sctivity and the level at which it should be performed is determined
(8). It is very importsnt that along with the so defined maintenance
system estimates have to bs made on the durstion of esach indivldual
maintenance procedure (active maintsnance times), the rsquired
qualification of lsbour has to be determined, including the required
tools and accessories, consumption end other masterisls, etc., as
well as the total cost of conducting procedures. Accordingly, we
sre talking here about s comparstively coqﬂox undertaking requiring

considersble effort,
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After the whole maintenance system has been determined in
this way, it is then evaluated in general terms (9). If found that
no required results had been achieved, for example that maintain-
ability is below the required limit, suggestions for modifications
of improvement are determined (10). Howsver, if the gensral
evaluation is satisfactory, then werk is procesded on preparing
the final workshop documentation (11), and then sxtended to cover
also the maintenance documentation (12); Finaly, with other common
procedures accomplished (tests, homologation), the system is put

into service (13).

6., Basic approach to training - for maintenance

from the above given concise explanation on the maintenance
process and system, it may be easily concluded that the problems
involved are quite complex » With 8 pumber of segments different
in their theoretical essence and practical content. It is natural
therefore that a separate scientific discipline has been developed
for the needs of stugdying these problems,called Theory of maintenance
or the Renewal theory. The theory of maintenance is actually
part of the Theory of Effectivensss, which is a gensral scientific
discipline studying the problems of opsration and maintsnance of
technical systems, It is worth mentioning thst the theory of
maintenance is s relatively young branch of science, Its formation
started several decedes ago, and it was not before some twenty
years ago that it had been rounded up as s separsts discipline,
Its development, howsver, is a continous process. New approsches
are being developed and new contributions ars given both in theory
and in epplication, new contents ars included and new methods
introduced, In this framework, psrticulerly distinguished are the

works directed towards bringing meintenance systems in sccord with
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the envircnment in which the technical system operates. This is
extremely iaportent for developing countries, the operating

environments of which have certain specific features as a rules.

All this suggests that maintenance problems have to be
studied separately and thet personnel involved in maintenance has to
be specially trained for that purpose., This applies particularly
to the personnel employed on key managing positions such as
directors and supsrintendents in manufacturing plants, msnagers
16 maintenance divisions, all engineers and technicians working
in development, design or purchasing departments, in factories or
in ministries, state agencies,governmental or private import
organizations, including corresponding personnel in banks, various
agenéies and institutions deciding or participating in decisions
on purchases concerning basic assets, capital gooods, machines or

technical systems of any kind.

Particular needs for training for rs.intenance are present
in relation to personnel working on the design of maintenance
systems, maintenance workshop and equipment, planning the
requirements for masintensnce,spare parts, etc, This personnel
should be capsble not only to apply the laws of the theory of
maintenance and associste scientific disciplines, but it must be
able also to provide its own solutions for masintenance systems,
accomodate to local conditions, work loads, snvironmental loads,

manpower, and similar,

And finally, a sepsrates segment of training for maintenance
should be dedicated to those that sre to transfer the knowledge
from this area to others which will be involved in tesching and

training. We sre talking here sbout pssonnel at universities and




faculties, institutions and schools of all levels, including the
schools for basic training of workers in factories or in aress

where manufacturing plants are erected or mechanization applied.

As it can be seen, a very wide circle of experts and personnel
at various levels and with a very different degree of prior education
are invloved, This implies that the training system for maintenance
must be very comprehensive and very diversified in structure,
adapted to the diresct needs of the trainees. For esch personnel
profile a separate training programme should be elaborated so as
to ensure in all cases an active attitude of trainees to the problem
is stimulated to the maximum possible extent and that development
of creative knowledge is initiated. This is most important for
personnel working on these problems in plants producing machines,
or working on the development of technical systems and their
maintenance, It is exactly this segment that is frequentiy forgotten

when developing countries are in question,

7. Possible programmes and activities in training for maintenance

from manufacturers’ point of view

Training for maintenance from manufacturers’ point of view
should actually meke part of the general education for maintenance,
and it should be cresated in every developing country to cover s
larger or smaller scope., Since in many developing countries UNIDO
has already dons 8 lot in spresding the idea about the need for
the training of this kind /7, 8, 9, 10/, the segment of training
for maintenace from msnufacturers’ standpoint should be fitted in
an sppropristes way into the alresdy developed forms of sducstion.
This segment should represent s "superstructurs” over ths already
sstablished txaining system for maintensnce, In thisrclsc, howsver,

the main target should be to acquire knowledge which would allow




country to attain its own development goals, i.e. to gain the
creative knowledge which would provide conditions for the
development cof own maintenance technologies. Programmes and
activities in training for meintenance must be sufficiently
directed towards acquiring the basic theoretical knowledge,
studying the essential maintenance phenomena and laws describing
them. In other words, programmes and activities must in this case
covef to a sufficient extent the theory and themes relating to

the theoreticel bases characterizing and describing the individual

phases and problems of maintenance systems,

Generally speaking, educational programmes for personnel
working on development, design and manufacture of machines and
other capital goods, in purcha;ing them from import or local
sources, and engaged in the design of maintenance systems for such
machines, should cover the following groups of questions or basic

themes:

- Elements of the theory of maintenance and associated
disciplines (theory of effectiveness, theory of reliability),
which should be studied for better understanding of.hou
technical system behave with time, and to see what are the
laws of failure occurrence and what is their distribution,

as essentials from which the need for maintenance arises.

- Maintenance objectives and sconomics, covering the essentisl
segments of life cycle costs of schisved e’fectivensss, 1i.s.
sctual possibilities to control these custs primerily from

the maintsnance point of view,

- Msintenancs management, coveriag the management otrategies
and factors affecting maintenancs particbl.rly with respect

to the propsrties of mschines masintsined,




- Maintainability, as suitability of machines and other cspital
gooods for maintenance, including methods allowing a mechine
to be adapted to maintenance under given operating conditions

and to a given environment.

- Faintensnce system, its basic concept (preventive or corrective
maintenance) and system structure (organization). This should
provldc the required knowledge for engineering and design work

involving maintenance aspects.

- Maintenance documsntation and data processing, which should
be studied in order to understand ths principles of
information systems which should provide the data necessary
for maintenance design and pianning (date on failures, down—
times, maintenance procedures acomplished, costs, etc.), and
also to acquire knowledge on data processing and analysis,
with help of modern informatioln technologies, computers and

attending equipment applied.

- Integral logistic support, which should be studied in order
to understand dominant factors affecting the operation of
technical systems especislly from the point of view of
maintenance and spare parts supply. This section should provide
the necessary knowledge on how to control inventories as

they affect the total costs and costs of achieved effectiveness,

~ Elements of optimization methods, or selection of the most
favourable solution, which should allow practical problems to

" be solved by selscting one from several possible alternatives
of the maintenance system and its individusl segments to meet

the set criteria and limitations,




8. Conclusions

This paper discusses only generally some questions
indicating the need of introducing a system of training for
maintenance from the manufacturers’ standpoint, or from the machine
designer standpoint. The idea is to emphasize the need of organizing
the training system on higher levels which in some developing
countries have not been covered yet, but which represents in any
case a basis for the development of own technologies, both in
developing new technical systems, machines and other basic assets
and in developing systems for their maintenance. The starting
premise is that for an increased rate of development developing
countries have to ensure their own knowledge, their own creative
forces or personne; which will fulfill their assignments at the
level of modern knowledge based on the achiesvements of science and
technology in the developed world. This applies fully to the
segment of training for maintenance or to the education of those
working on the development of new machines and equipment and

systems for their maintenance.

The practical implementation of the explained standpoints
requires detailed elaboretion for each particular case, depending
on actual conditions, achieved level of development, existing
education system, types of machines and capital goods to be
maintained, operating conditions, environment, etc, A certain level
of unification for a larger number of countries at a similar level
of development, or for a larger numbsr of relstively different types
of technical systems is nbt excluded, In this framework there is
room for serious considerstion to be given to possibilities for
international cooperation with a view of organizing specislized

training courses, schools and other forms of training activities




for individual countries, rég?gns, branches of economy, in a
similar way to that applied 15 training personnel employed to
maintain machinery and equipnenﬁgiExperlence which UNIOO has had
so far in this area represents th; basic assumption for a full

success in such a widened scope of training manpower in developing

countries,
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