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A. INTRODUCTION 

Rapid economic growth is a prerequisite for the availability of 

consumer and capital goods. Both types of goods may either be imported 

or manufactured locally. In both cases, the availability of infrastructure 

and energy is of great importance. Also, machinery, equipment, transport and 

other vehicles as well as i.~formation and other kinds of logistic support 

materials are necessary inputs. 

Generally speaking, developing countries satisfy their needs for 

capital goods, technology, communication and systems support by imports 

from developed countries. At the intial stage of development, this is 

probably the only possibility. Appropriate support from developed countries 

is required at this stage. However, developing countries should make 

greater efforts to develop their own technologies, manufacturing base and 

kno~how in order to ensure sustained development and render their eco

nomies independent as far as possible and capable of satisfying most of 

their needs in terms of consumer and durable goods. They will thus en-

sure that development is in line with their particular needs and take 

maximum advantage of natural endowments, available raw materials, energy 

resources and climatic and other conditions. 

In order to fully utilize imported plant, machinery and technology, 

developing countries do not only need foreign exchange. Likewise important 

is the availability of raw materials, energy, transportation facilities, 

communications, after-sal~s services and distribution of products in the 

local market. This requires specific knowledge ~n different fields, and it 

is therefore of great importance to enhance the intellectual potential, 

knowledge and "now-how of local personnel°. 

Knowledge is a prerequisite ~f development. While education and 

training schemes will initially concentrate Qn the proper utilization of 

imported machinery and technology, further prograJ11111eB should aim at en

abling trainees/students adapt and develop new technologies, machinery and 

~quipment on their own, taking due account of local conditions, new scien

tific achievements and developments in the field of electronics. Thus, 

apart from 'applied knowledge~ 'creative knowledge' ·is required and 

should be fostered at an early stage of develop~ent. 
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The problems related to maintenance of industrial plant and 

machinery should be given special attention. They involve technical 

and technological processes of great complexity. The availability of 

maintenance services contributes greatly towards the optimum exploi

tation of improved plant and machinery. In view of the scarcity of 

foreign exchange in developing countries this issue merits particular 

consideration in order to extend the life-cycle of imported equipment, 

and increase the technical availability of such equipment. 

In order to strengthen maintenance services in developing 

countries, knowledge at all levels needs to be increased. Therefore, 

training should be extended not only to operators and maintenance staff, 

but ~lso to management involved in decision-making in regard to mainte

nance planning, organization and execution, s~tting up work-shops, pur

chase of spare parts, etc. Training in the field of maintenance will en

sure better utilization of available plant and equipment and thus a higher 

return on investment. 

The purpose of this paper is to highlight specific issues related 

to training from the Pl'ints of view of the designer, manufacturer and 

uEer of machines and other capital goods. Accordingly, the necessity of 

promoting 'creative knowledge' in training courses will be emphasized as 

it is of utmost-importance for the development of a country's indigenous 

know-how and technology. An attempt will be made to also deal with com

plementary issues such as supply of spare parts and acquisition of 

capital goods. In short, the paper will discuss mrintenance-related issues 

to be considered in designing, producing, importing and utilizing new 

equipment. 
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B. LIFE CYCLE .Ah"D COST EFFECTIVENESS 

Every technical system has a determined and comparatively liinited 

life. The total life cycle is calculated by adding the time required for 

designing and producing the equipaent, and for the utilization of such 

equipment during its serviceable life. Life cycle is a complex term, 

comprising three different groups of activities as shown in figure 1 

below,i.e. development, production and operation of plant. These are mutu~lly 

interrelated in many ways • 

• DES£N MANUFACTURE MAINTENANCE 

~ .... ..... 
~ RESEARCH 

PRODUCTION i OPERATION ~ ..... 
~ g 

V) 
k: -
~ 

DEVELOPNENT Q 

VERIFICATION QUALITY Ca-ITRJL 

Fig. 1 

The implementation of each activity or part t~1ereof requires 

'efforts'and financial investment in capital assets.Thus, one can establish 

the total costs of the life cycle equivalent to the total amount of the 

funds invest~d in both ac.tivities. Figu::e 2 gives a breakdown of the costs 

of the life cycle. While the table is self explanat~ry, it should be 

pointed aut that it comprises t~e most important el~ments only. In individual 

cases, the cost structure mav be .ouite differel'.t. 

Evaluation of the feasibility of a particular investment needs 

to take account of the different functions the technical system is capable 

of providing, i.e. 'system effectiveness'. "J.'his term indicates to which 

deg .. ee the system satilf ies the requ:!.rements in accordance with planned or 

desired ·tarbets. System effectiveness depends ~rimarily on reliability 
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the capability of the system to operate without failure and on availa

bility, that is the actual technical availability of equip~nt in rela

tion to its full productive capacity. 

-------- LIFE CYCLE COST 

RESEARCH I 
tE'.£lD'MENT 
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- FtOS1b1l1ty 
Stud1~S 
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-~ 
~~flt 
Focil1t~S 
~laptntnt 

-/tllcnlfactur111g 
-A~ling 
- Quality Control 
-1'sting a 

Asst-SStmMt 
- lttitlOI 

Log1st1cs 

fS'ERATION a 
9.PFalT COST 

-~ting. 
SaWs 

- Trrnpartot1on 
- QJtt'oflCln 
- ProviS1oning 
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-LogiStlCS 

Support 

FiQ• 2 

CISPOSAL COST 

- Pl"oduct 
Disposal 
Rtt1rtmtnt 

-M:Jt~rlOI 

R«ycting 

Effectiveness of the funds invested (effectiveness of the cost o! 

the life cycle) depends ~n the effectiveness of the technical system 

(capital goods, machinery, plant) per unit of asset invested in all stages 

of the life cycle. This is illustrated by figure 3 below. 

FiQ• 3 



. . 

- s -

In order to ensure the highest possible effectiveness of the funds 
/1 

invested ~, a nwaber of requirements has to be aet. First of all, the 

technical system itself should have favourable properties of reliability 

and suitability for maintenance fro• the design point of view. In addition 

to these essentially internal factors, importaut external factors such as 

material supplies, serv:fcing, maintenance, spare parts provision, etc. 

have to be taken care of as well. This involves servicing and maintenance 

facilities, warehouses, operation and maintenance personnel, their quali

fications and knowledge, availability of technical and other documentation, 

etc. All these elements are covered by the tera Integral Logistic Support 

and are studied within a separate scientific discipline - Logistics. A 

schematic presentation of the contents and targets involved in logistics 

is shown in Fig-~re 4. It is beyond any doubt that the activities and pro

cedures covered by the Integral Logistic Support also impose certain invest

ment in determined 'efforts'. These costs are part of the total life cycle 

costs, as explained earlier. 

LOGISTICS 

SUPPLYING 

I ~A:NTE~ANCE 
I ' 

\. ~TRANSPORTATION 
' 
·1.--TR-A-IN-IN_G __ ..., 

fACILITIES 

Fig. 4 

The •hare of the co•t of logi•tics in the total investment is 

illustrated •chematically in Figure S below. This figure shows the purchase 

price of the equipment as the peak of an iceberg, with the cost of items 

related to logistics being invi•ible at the time of purchase of the 

Blanchard, B., Design and Management of Life Cycle Cost, M/A Press, 
Portland, 1978 
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equipment. The purchase price covers the cost of the manufacturer of equip-

11ent with regard to its d~elopment and p~oduction, and a profit margin. 

The remaining costs of the life cycle are borne by the purchaser (with 

the exception of warranty claims). These costs are usually higher than 

the purchase price. As can be seen from Figure 5, the larger part of 

these costs is related to maintenance. Thus, maintenance costs considerably 

affect the cost of the total life cycle of machinery and equipment and 

frequently acccunt for the largest share in the total c~st of logistics. 12 

Fi;. S 

The proportion of the cost of individual components of the life 

cycle of technical systems is of great importance. It applies more or 

less to all types of technical systems and to their operation. Literature 

on this topic is abundant. It is stated, e.g. that the cost of maintenance 

of trawler tractors over a period of eight years exceeds the purchase 

price by 4 to 5 times 13 , while the cost of maintenance of light trucks over 

a period of five years and with mileage of 200,000 km exceeds the purchase 

Todorovic, J., Cost effectiveness optimization - An important system 
target, Int. J. Prod. Res., 1982, No.3 
Kuznjekov, E.S., Problems in automobile reliability and maintainability 
control (in Russian), Vissaja Skola, Moscow, 1977 

. . 
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price by 3.5 times. Similar data are available on machine tools, agri
/4 cultural machinery, and also for computers and electronic systems~ 

/5 
and ~. It may be expected that in developing countries the costs of 

logistics will be higher than in industrialized countries. 

C. THE 'MAINTENAN~E PPOCESS 

The term maintenance covers all activities related to the pre

vent4 ~n or removal of failures. As a technical system is assumed to 

be fuEy operational and 'as new' after maintenance activities have 

been completed, the maintenance process may also be referred to as the 

process of renewal 16 • 

The process of maintaining technical systems depends on two 

variable factors, i.e. the length of operation of the system before 

maintenance is called for depending on the reliability characteristics 

of the system, and the time required to perform maintenance activities 

to render the system fully operational again. It should be mentioned at 

this juncture that any technical system may have to be kept in 'storage'. 

Agricultural machinery, which has seasonal use, is a case in point. 

This has to be taken into account, as machinery and equipment which are 

not being used over a prolonged period of time will require maintenance 

and overhaul before they can be used again. 

The basic status ~- a system could best be analyzed by using 

'the status ti.De picture' , which is shown in general terms in Figure 6. 

It is shown in relation to the total (calender) time, which means that 

all time intervals have been included: time in operation or 'up-time' 

Ct ), time in failure or •down-time' (td) and storage time Ct). The u s 
example has been drawn up so as to cover all other important elements 

affecting 'the status time picture' of the system, beginning from its 

manufacture and start-uF(zero point). 
tu 

0 

Fig. 8 

14 Ankenbrandt, F.L., Electronic Maintainability, Chapman-Hill, New York, 
1960 

/5 Xuznjakov, E.S., Maintenance and reliability of motor vehicles (in 
~uHian). Tran•i>ort. :!o•cow. 1~77 

/6 Cox, I'.P.., P.eneval TheoT'V, .Tohn Ufllex ""-"' ~ons, W~·York, 1°~3 
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It is asswaed that imlediately after leaving the manufacturing plant 

there is need for the system to be operated, and that the system is operating 

in the period 0 - 1, being in p~oper condition and performing adequately. 

At the point of time 1, however, a failure occurs and the system changes 

its status. Since the system is repairable, the failure is removed by 

.aintenance during period 1 - 2, and the system is restored to operatin2 

condition. At point 3, the need for operation ceases 1nd it is anticipated 

that the system will not be operated through a prolonged period of time. 

'lbe system is put in 'storage' after having been specially prepared for 

this. One must make sure that the system is fµlly cn>erational when stored. 

'lbe actual condition of the system during the period 3 - 4 is, however, 

not known without special tests being performed. In the example given it 

is assumed that such checks are not performed so that the 'time status 

picture' for the period 3 - 4 does not provide information on the status 

of the system. At point 4, a need arises again for the system to be operated~ 

It is taken out of 'storage' and should operate satisfactorily. The system 

is needed to operate until point 5 in time, when it is put in 'storage' 

again. However, when it is required to operate at ~oint 6 in time, it does 

not function. During period 5 - 6, when the sy~te~ was in 'storage', a 

failure occurred and the system therefore does not work. It is in 'down

time' until maintenance activities have been completed, i.e. point 7 in 

time. During the period 7 - 8, the system functions satisfactorily, but at 

point 8 the need arises to carry out preventive maintenance. 

Accordingly, the system is again in 'down-time' condition. After preventive 

mainten&nce has been carried out, the system operates again, until at point 

10 in time another failure results in a break-down, etc. 
• All time intervals shown in Figure 6 are essentially incidental or 

random values. The length of the period of time up to the occurrence of 

the failure is incidental and so are the factors determing the duration of 

the maintenance process. Also, many random factors affect the period of time 

in 'storage'. Accordingly, all stages in the utilization of a technical 

8)'&tem are dependent on random factors. This applies to maintenance and its 

implementation as well. 

It is important to emphasize that the various time intervals described 

above are structured in a complicated way. This also applies to 'up-times' 
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and 'down-times'. 'Up-time' excludes all 'down-times' and break-downs 

caused by power failure&, climatic conditions, absence of operators, lack 

of work to be carried out, time required for washing and lubrication and 

for feeding with energy fuels, etc. 'Down-tille' also includes the time 

spent waiting because llllintenance facilities are occupied, transportation 

poses a problem, labour is not available, and 80St illportantly, spare parts 

are in short supply. Detailed analysis is required to determine how to 

achieve ain:lmum 'down-tille' of the system. In many cases, and especially 

in developing countries, the time spent waiting for spare parts is a factor 

which considerably affects the overall 'time status picture', i.e. the 

duration of 'down-time' and the utilization of the total available time. 

The process of maintenance can be evaluated in many ways. A simple 

but good indicator is the so-called avail . .i.bility expressed by the ratio 

between the actual time in operation and the total time the system was 

designed to be available for ?roductive use. It is obvious that availability 

will be higher at shorter 'down-times'. As reduction in failure shut-downs 

is achieved through a better maintenance system with adequate logistic 

support (primarily with respect to the supply of spare parts), it may be 

concluded that availability can be increased by an improved maintenance 

system. This obviously increases the total effectiveness and reduces the 

costs of the acaieved effectiveness. 

The duration of 'down··time' under failure depends to a large extent 

on the machine to be maintained. One therefore refers to properties built 

into the technical system relating to maintenance. This is usually evaluated 

by means of the so-called 'maintainability' which includes the length of 

time required to accomplish a maintenance process. The higher the maintaina

bility, the higher the probability that maint~-gnce procedures will take less 

time. This m2ans that a technical system has to be specially adapted to 

maintenance. In addition to satisfying the performance requirements, pro

viding a production output at determined quality, and along with the capa

bilit-• of operation over longer periods of time without failures, modern 

machines and other capital goods have to be designed so as to ensure they 

a~e maintainable, i.e. easy to maintain and requiring fewer maintenance 

activities than older designs. Indeed. in certain aspects one can 'design-out' 

maintenance by developing components which do not require maintenance at all 

during a life cycle. 
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D THE MAINTENANCE SYSTEM 

The concept of a maintenance system lies in its quality to improve 

the effectiveness of the system. There are two essential conceptual possi

bilities: preventive and corrective maintenance (PM and Of in Figure 7). 

In the first case, maintenance procedures are carried out before failures 

occur and they are undertaken in order to prevent or delay failures. The 

corrective maintenance concept, on the other hand, is designed to apply 

maintenance after a failure has occurred. In this case, the task is to re

store the system from 'failed' to operative status. Both concepts can be 

used in conjunction, and then we speak of combined maintenance (OM). Com

bined maintenance can be carried out in several ways, but usually it is 

undertaken in such a way that parts of the technical system are maintained 

preventively, while the remaining parts are maintained after a failure has 

occurred. 

p 

0 

MAINTENA~E 

Fig. 7 

Preventive maintenance which is obviously much better than 

corrective maintenance (prevention is better than cure), can be carried 

out in aeveral ways. It may comprise 'on condition maintenance' (Oaf) and 

'preventive replacement' (PR), which was popular up to some time ago. The 

'on condition maintenance' is preferable from the financial point of view 

and also contributes to an increased levei of availability. 

. 
~ 
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In addition to these conceptual elements, there are two other 

elements of importance for the quality of a maintenance system, i.e. 

organization and technology for individual maintenance processes. How

ever, these are questions that have to be solved separately 5 each 

individual case, depending on the type of equipment and othe~ ;_rcum

stances. These parts of a maintenance system cannot therefore be analyzed 

in detail. It may be necessary to only indicate that a successful main

tenance system presupposes an adequate information system to provide 

the required information on the operation of the machines to be main

tained, and on all factors affecting the maintenance process (failures, 

operat~ng conditions under which the machine bas been used before the 

failure has occurred, operating load, climatic conditions, quality of 

operators and their knowledge, spare parts supply, etc). These are 

specific problems which have to be taken into consideration in order to 

get a clear picture of the knowledge required for maintenance purposes. 

E. MAINTAINABILITY IN THE DESIGN OF TECHNICAL SYST'fliS 

In designing technical systems, due attention is to be paid to 

their operating performance and easy maintainability. In case of failure 

it shoull 'be possible to quickly repair the system. In this context, the 

environment in which the machine is used as well_ as its specific functions 

are tc be taken into account. When designing machines or other capital 

goods for use in dc.veloping countries, this issue becomes particularly im

portant and there may be special requirements to be met. While one cannot 

give specific instructions regarding the design in the diverse world of 

equipment, there are, however, certain general principles to be borne in 

mind. Figure 8 below gives an overview of the various issues involved. It 

shows in particular that an analysis of maintenance problems has to be 

undertaken from the outset, at the stage of developing the basic concept 

of the system (item 1). On this basis, maintenance requirements are to 

be included in the product design and in prototype documentation (item 2). 

A detailed analysis of the maintenance sy1tem includes an estimate of 

technical availability of the various elements of the system and an estimate 

of the costs and duration of maintenance (item 3). Next, the criteria and 

possible limitations have to be defined (item 4). In certain cases, prio

rity should be given to specific criteria, 1uch as technical availability 
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required, SEfety, etc. (item 5). Based on the prototype documentation 

and availabl,! information on criteria or limitations, an analysis of 

the anticipated maintenance is to be undertaken (item 6). The first part 

of this analysis evaluates the available information regarding the con

ceptual solution of the maintenance system. If the analysis shows that 

information available is insufficient, additional data is to be sought 

and further tests or experiments may becoae necessary (item 7). If the 

analysis shows that the maintenance concept in sufficiently defined, 

procedures are established for each individual maintenance activity and 

the levels are defined at which these activities are to be carried out 

(item 8). Also, estimat~s have to be made regarding the duration of each 

individual maintenance activity (active maintenance time). The qualifica

tions of the workers as well as the tools and other auxiliary means have 

to be determined. Furthermore, the costs of maintenance activities have to 

be indicated. 

After completion of the maintenance system concept, a general 

evaluation is to be undertaken (item 9). In case this evaluation indi

cates that results have not been achieved and maintainability is below 

the requ~red level, modifications for improvement will have to be made (item 

10). If the general evaluation is satisfactory, the final workshop docu

mentaion as well as the maintenance documentation will be prepared (items 

11 and 12). After comprehensive tests have been completed, the system may 

be produced for couanercial exploitation and put into operation (item 13). 
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F. BASIC APPROACH TO TRAINING FOR MAINTENANCE 

As is apparent from the above, maintenance i~ a very complex issue. 

The Theory of Maintenance - also refer~ed to as the Renewal Theory /u - has 

therefore been developed to study the ·iif ferent theoretical and practical 

implications of maintenance. The Theory of Maih!enance· is part of the 

Theory of Effectiveness which is a general scientific discipline con

cerned with the problems of operation and maintenance of technical systems 

to achieve planned targets. Being a relatively young branch of science 

formulated over the last few decades, the Theory of Maintenance is still 

being developed. New approaches, contributions and methods are being in

corporated in order to adapt maintenance systems to the environment in 

which the technical system in question operates. This is especially im

portant for developing countries with their different social, economic, 

technical and natural environments. 

All personnel at the plant level involved in maintenance-related 

issues therefore needs to undergo special training. Managers and supervisors 

of manufacturing plants, managers of maintenance divisions, engineers and 

technicians involved in development, design or purchasing, but also staff 

from ministries, state agencies, government or private .organizations 

or banks involved in decision-making with regard to the acquisition of all 

kinds of capital goods should be adequately trained. This training should 

first be undertaken at the formal educational level and later-on during the 

course of their employment, i.e. in the form of in-service training. 

Personnel involved in the design of maintenance systems, workshops 

and equipment and in planning maintenance requirements including spare parts 

procurement are in particular need of training. They should be capable of 

applying the theories ref erred to above and of finding their own solutions 

to maintenance problems arising out of special circumstances, such as un

favourable local environment, manpower problems, shortage of foreign exchange,etc. 

Training for trainers is another important aspect as trainers will 

be responsible for passing on knowledge, be it at the university, technical 

training institutions or workshop level. Otherwise the dissemination and 

up-grading of knowledge will not keep in step with the requirements of 

industry. 
, 
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A wide range cf personnel at different levels is engaged in 

maintenance-related activities and requires varying degrees of prior 

educational or vocational training. Therefore, training programmes 

D11st be comprehensive, diversified and adapt~d to the individual needs 

of the trainees. Separate training progranaes should be developed for 

the various groups of personnel to broaden their knowledge and skills 

and, most importantly, stimulate creative knowledge. Unfortunately, 

this aspect is often overlooked in developing countries. 

G MAINTENANCE TRAINING AND ACTIVITIES FROM THE POINT OF VIEW 

OF F.QUIPHENT USERS 

Maintenance training from the user's point of view is a very 

important aspect which s~ould be included in all maintenance training 

programmes, especially in developing countries. It should be included 

in education programmes as an um~rella for existing training schedules. 

The main objective is again to further creative knowledge to enable 

.trainees to develop maintenance systems connensurate with the particular 

conditions in their countries, including the level of industrial and 

technical development, climatic conditions, capacities and capabilities 

to undertake proper maintenance of equipment, etc. UNIDO has already 

done considerable work in this respect 11 .. 
Therefore, training programmes must be based on the theories 

mentioned above and be sufficiently comprehensive to cover the various 

phases that a good maintenance system should comprise. Training programmes 

for personnel engaged in development, design and manufacture of machines ·' 

and other capital goods, purchasing of such equipment from local or foreign 

sources and design of maintenance systems should include the following 

issues: 

- Theoretical considerations (Theory of Effectiveness, Theory of 

Reliability) as the theoretical framework to facilitate better 

understanding of the operations of technical systems and the 

occurrence of failures; 

See: UNIDO Report on the First Consultation on the Training of 
Industrial Manpower, Stuttgart 1982, ID/296 
UNIDO's Training Activities in the Area of Industrial Maintenance, 
ID/WG.469/3 (SPEC.) 
UNIDO Report on the Regional Expert Group Meeting on Human Resources 
Development in Industrial Maintenance in Africa Preparatory to the 
Second Consultation on the Training of Industrial Manpcwer,UNIDO/PC/146 
UNIDO Aide-Mfmoire for the Second Consultation on the Training of 
Industrial Manpower, Paris 1987, V.87-84272, 3658T 
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- Objectives of maintenance in economic terms, including life cycle 

costs as well as possibilities for cost control; 

- Maintenance management including maintenance strategies based upon 

the properties of the equipment in question; 

- Maintainability, i.e. the suitability of technical systems for 

maintenance, including methods for adapting machinery to maintenance 

requirements under different conditions and environments; 

- Maintenance system including preventive and corrective maintenance, 

and system structure (organization). -:-:1is should provide an input 

to maintenance-related engineering and design work; 

- Knowledge of information systens and data processing to provide 

data for maintenance design and programming (data on failures, 

down-time, maintenance undertaken, cost/benefit analysis); 

Integral logistic support to provide the knowledRe reouired for 

managing inventories; 

Elements of optimization methods for the selection of the best 

solution of maintenance alternatives to meet set criteria 

within existing limitations. 

H CONCLUSION 

This paper discusses only generally some questions indicating the 

need of introducing a system of training for maintenance from the standpoints 

of equipment designers, manufacturers and users. The idea is to emphasize 

the need of organizing the training syste111 on higher levels which in some 

developing countries has not yet been achieved, but which represents a basis 

for the development of dome£tic technologies, in developing new technical 

systems adapted for maintenance. In order to achieve an increased rate of 

development, developing countries have to ensure their own knowledge based 

on the achievements of science and technology elsewhere and in particular 

in the developed world. This applies fully to training for maintenance or to 

the education of those workini on the development of new machines and equip

ment and systems for their maintenance. 

The practical implementation of the concepts explained above 

requires detailed elaboration for each particular case, depending on 

actual conditions, achieved level of development, existing education system, 

types of machines and ~apital goods to be maintained, operating conditions, 
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environment, etc. A certain degree of co-operation for a larger number 
of countries at a similar Jevel of development, or for a larger number 
of relatively different types of technical systems is not excluded. In 

this framework there is room for serious consideration to be given to 

possibilities for international co-operation with a view to organizing 

specialized train~.ng courses, schools and other forms of training acti

vities in individual countries, regions, industrial sectors, in a 

similar way to that applied in training personnel employed to maintain 

machinery and equirment. Experience which UNIDO has had so far in this 

area provides the basis for success in such a widened scope of manpower 

training in developing countries • 




