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Editorial

OF VITAL IMPORTANCE TO DEVELOPING COUNTRIES

DEVELOPING countries seliing out on the path of independent industrial development are¢
being obliged—and still more will be so in the future—to import various kinds of equipment,
machine tools and other machinery while at the same time establishing their own industries to
produce these goods. They are being confronted with the problems of repairing and maintaining
all this stock of valuable machinery, machine tools and industrial equipment. It is now being
recognised that scientific organisation of repair and maintenance of a country’s machinery and
industrial equipment can considerably extend their aseful life and thus meet part of the constantly

growing demand for new machines and equipment.

In the following pages we present our effort at an issue devoted solely to one subject, ‘“‘Main-
tenance Management and Engineering.” We wanted material in keeping with our editorial aim
—‘articles authored by men recognised as leaders in their respective fields’. Fortunately, we
could achieve this aim, and for that we are grateful to the United Nations Industrial Development
Organisation, particularly Mr. MI Fawzy, Special Adviser, for permitting us to publish papers
presented by the world’s eminent anthorities at the recent Symposium_on Maintenance
and Repair in Developing Countries held at Duisburg, West Germany. The papers have
covered the whole gamut of Maintenance Management and are of particular importance to
developing economies like India. Allcopyrights and title rights of the papers are retained by

UNIDO.

Considering the volume of the material, part‘icularly its usefulness to our readers, we

decided to have two special issues on the subject—this issue and the next one—so that between
the two issues, a Very comprehensive treatment could be given.

NEW MEMBER OF PRODUCTIVITY FAMILY

1 am new to thisJ ournal, but not quite so to the editorial profession. Yet I am occupying
{he chair of my predecessor with diffidence. 1t will, however, be my constant endeavour to
keep up the high standards set for this journal.

While taking the liberty of introducing' myself, 1 must say how privileged 1 am to
join the ‘Productivity’ family. My background is business administration and overa decade-

long association with small-scale industries and foreign trade may possibly help me in the
challenges ahead.

1 also take this opp_)ortunity to wish the readers and the contributors a happy new

year and to seek their continued cooperation. 1 chall always welcome with gratitude their
suggestions to make PRODUCTIVITY more useful and thus serve the cause of productivity.

—v.5.C







Strategy for Introducing and Operating

Systems of Maintenance and Repair

in Developing Countries :

An Institutional Approach

BN Bhattasali*

Fconomic and industrial growth of develeping coumiries like India requires increased production

from investments already made in plant and machinery.

Since replacement of ¢ostly equipment is not

so easy and spares for imported machines are not readily available, it brings forth the imperative need for

introducing and operating appropriate systems of maintenance and repair.

To bring consciousness and

awareness about the urgency as well as importance of proper maintenance and repair among the develop-
ing countries, institutional arrangements at various levels—national, industrial, regional and enterprise

—are called for.

BY and large, most of the developing countries
have to import their capital equipments—
plant, machinery, appliance and their spare
parts—from abroad. Almost all of them have
low capital bases. Whatever liquid capital
they may be able to mobilise, are again not
readily convertible into foreign currencies,
because of the prevailing trade gaps and un-
favourable balance of payment positions.

In spite of such basic handicaps, the industri-
alisation of developing countries, moderni-
sation of their agriculture and of the public
utilities have to proceed, and proceed at a
much faster rate than what had taken place In
the past. if the widening gaps between them and
the developed economies are to be bridged, or

'IExecutive Director, National Productivity Council of
ndia.

at any rate halted. One of the redeeming
features in this difficult situation, however, is
that in the developed countries, their decision
models for maintenance, repair and replace-
ments, are based on high labour costs, which is
not the case in the developing countries. In
other words, the high cost of maintenance and
repair, often make them discard their equip-
ments and seck replacements rather early—pure-
ly on economic grounds. In the developing
countries, where the labour costs are much
lower, such equipments could otherwise be con-
veniently used for substantially longer periods
through added efforts in the way of extra care
in maintenance and repairs. This is certainly
an advantage for the developing countries,
whose benefit could be properly realised, by
organising satisfactory systems of maintenance
and repair, and trained manpower for operating
the same.
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I-NATURE AND CLASSIFICATION OF
MAINTENANCE AND REPAIR SERVICES
IN DEVELOPING COUNTRIES

In developing suitable organizations and
trained manpower for operati ng such mainten-
ance and repair systems, though the models
of the developed countries conld be accepted as
broad guides, these could by no means be copied
for wholesale adoption, without the requisite
additions and alterations, so as to conform to
the actual physical needs and economic realities
of the developing countries. This calls for a
good deal of imagination and improvisation.

Some of the special features of the main-
tenance and repair services, which stand out
rather prominently in most of the developing
countries, could be described as follows:

1. Though the requirements of mainten-
ance and repair services in the develop-
ing countries both in quasntity as well
as in quality are by far greater than the
developed countfies, these are yet to
take even elementary institutional and
organizational roots in the former.

2. Most of the developing countries having
been feudal economies in the past are
yet to have modern industrial bases
and technological skills. The workers,
supervisors and managers there do not
always have requisite skills to operate
and maintain modern equipments upto
the requisite standards of proficiencies,
resulting in more frequent breakages,
malfunctioning, wear and tear. This
calls for extraefforts towards skill
development, both in quality as well
as quantity and at all levels.

3. Most of the developing countries are
importers of capital equipments. They
are unable to keep readily available
stocks for replacement as spares in
adequate numbers, thus causing serious
economic losses through shutdowns and
interruptions in prodnction.

4. Many of the developing countries buy
their equipments from heterogenous
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sources in different countries, with
different sets of standards and specifi-
cations. It is often difficult to
provide proper technical facilities and
skilled manpower to cater to the main-
tance and repair needs of such hetero-
genous equipments.

5. Most of the developing countries at
their present stages of industrial de-
velopment have rather a limited scale
of consumption of industrial equip-
ments and spares. In the absence of
the benefits of economies of scale, it
is difficult for the suppliers 10 provide
facilities for major repairs or after-
sales services. The consumer also can-
not always make Proper arrangements
for major repairs locally, nor under-
take indigenous manufacture of spares
—which means more dislocation and
interruption in production.

The adverse cost repercussions of all the
above factors on the industries of the developing
countries could be incredibly high. And these
could be substantially reduced by introducing
and operating appropriate systems of maintena-
nece and repair, catering for the actual needs of
the developing countries, The additional costs
involved in this process would only be a small
fraction of the total losses which would have
been sustained otherwise through interruption
in production and shutdowns.

The maintenance and repairs systems cover
extensive ranges of activitie at an enterprise.
These could be classified into many groups and
sub-groups depending upon the areas of coverage
or types of services provided by them. For
the sake of convenience and cogency in present-
ation, however, these are being divided into the
following six broad categories in terms of the
services which could be provided to the different
arcas of the enterprise:

1 Maintenance of the buildings and
grounds

2 Maintenance of the plant equipments
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3. Lubrication and inspection of equip-
ments including material handling eg-
nipment and transport vehicles.

4. Electricity, water, sanitation,_ ventil-
ation and other utility generation and
distribution services.

5. Alterattons and additions to the exis-
ting plant equipments.

6.  Alterations and additions to the exis-
ting buildings, grounds, utility genera-
tion and distribution services.

In addition to the above categories, certain
other related or supporting activities would
also fall under maintenance and repair services
as follows:

1. Plant protection—fire, sanitation, venti-
lation, general safety and noise control.

2. Store-keeping for maintenance work.

Management of maintenance and re-
pair workshops and liaison with pro-
duction departments for manufacture
of spares, major overhauls and major
repairs as relevant.

4. Waste disposal.
5.  Administrative and accounting work.

Depending upon the type and size of the
enterprise, it may often be convenient to provide
these services for the maintenance work from
within the existing organisational arrangements
of the enterpri. operations. For example,
maintenance stores could be looked after by the
normal storekeeping organization. Similarly
the engineering departments could also be used
for plant protection, production of spares,
major overhauls, waste disposal, etc.

Apart from the above classifications of the
maintenance and repair activities based on the
types of services provided to the different areas
of the enterprise operations, these could also
be vieved from their functional aspects in the
context of time available for systematic plan-
ning, scheduling and executing such activities as
follows:

211

Preventive  Maintenance involves
observance of systematic maintenance
routines by operatives as well as
servicing departments.

Preventive Maintenance

This stands for regular inspection of plant
and equipments at stipulated intervals, to detect
the adverse operating conditions, structural or
functional deteriorations, which might lead to
their breakdowns, damages or excessive de-
preciations, with a view to taking timely re-
medial measures to lubricate, adjust, repair or
take such other appropriate steps which pre-
vent losses to the enterprise. Preventive main-
tenance involves ovservance of systematic main-
tenance routines by the operatives as well as
by the servicing departments. In some of the
enterprises, preventive maintenance is used in
rather a narrow sense, confining the activities
to inspection, lubrication, adjustments and tes-
ting—informing the user departments defects
noticed by them which require repair, re-
placement, overhaul, modifications, etc., to
be followed up by them. This is done with a
view to conforming to the time-schedule
preventive maintenance. In the light of the
cxperiences in the developing countries, in cer-
tain situations, it is often desirable to involve
the maintenance departments with the directior
and inspection of such repair, replacement
overhaul and modifications. This does no
mean that the user departments are absolved ¢
the basic responsibilities, for ensuring that pre
ventive maintenance of their equipments a
carried out systematically and satisfactoril
but to ensure that the maintenance departme
has a complete picture for discharging its s¢
vice obligation to the users.

Operational Maintenance

Ina running factory, interruption in prod
tion may take place due to accidents, breakd:
of equipments, power supply, gas, water,
veyors, elc., for which operational mainten:
staff are provided, to set the defects righ!
resumption of production work. Some of
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Breakdowns of plant equipments
are Toften the cumulative results of
several minor breakages, damages,
distortions and maladjustments.

operational maintenance staff are required to
function round the clock even though the
factory may be working on one or two-shift
basis. Operational maintenance is mostly inter
linked with breakdown repairs.

Repair

From a broader perspective repair services
are really part of maintenance services. From
a narrower point of view, the necessity for the
upkeep of proper systems of repair basically
emanates from three different sources:

(a) Preventive Repairs

In a number of cases, particularly
in the developing countries, actual
breakdowns of plant equipments are
often the cumulative results of several
minor breakages, damages, distortions
and maladjustments. Whereas most
adjustments could be rectified on the
spot, breakages, damages and distor-
tions may require timely repairs or
replacements, if more serious shut-
downs are to be avoided. Proper
systems of preventive maintenance,
therefore, have to be complemented
by preventive repairs in those cases
where wholesale replacement might not
be necessary. This aspect gaing added
importance in the material-scarce econo-
mies of the developing countries. Mi-
nor repairs or adjustments could be
carried out by technical staff engaged
in preventive maintenance on the spot,
but where this would upset the time-
schedule for preventive maintenance,
these should be undertaken separately.

STRATEGY FOR MAINTENANCE AND REPAIR

(b) Breakdown Repairs

Breakdown repairs on an emer-
gency footing are required o be under-
taken, when the equipments have actu-
ally failed, causing interruption in the
factory work or in the factory services.
Just as minor preventive repairs are
executed by the preventive mainten-
ance departments, minor breakdown
repairs could also be attended to by
operational maintenance staff. When
this is not practicable, the defective part
is replaced by a good one, sending the
former to factory for repair, it repair-
able, or scrapping it altogether if not.
When spares for replacements are not
available as often happens in many
factories in the developing countries,
emergency repairs on top priority may
have to be undertaken to reduce the
period of interruption in factory opera-
tions.

Alterations and Additions

These emanate from periodical reviews,
designed to bring about the necessary improve-
ments in the operation of the plant equipments,
buildings, sanitation, utility generation and
distribution, etc., soas to ensure uninterrupted
flow of work. Where existing equipments
and facilities are mainfestly defective, or which
persistently fail, efforts are made to alter these
or add to these with a view to bringing about
the necessary improvements.

H—INSTITUTIONAL ARRANGEMENTS

The institutional arrangements for preven-
tive maintenance and repair services could be
organised at four differentlevels : (1) National
level (2) Industry levels (3) Regional levels (4)
Enterprise levels.

National Level

The fact that the resource-scarce economies
of the developing countries, with lower labour
costs, should give added importance tc main-
tepance and repair services had been stressed
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earlier. But in actnal practice, this is seldom
the case. Not only adequte  facilities for
operating these services in the developing coun-
tries are not available, the extent of harm which
such a state of affairs is doing to the interest
of these countries is seldom realised by theni.
In other words, there is a conspicuous inade-
quacy of consciousness on the urgency as well
as the importance of the problem in the develop-
ing countries. The primary objective of making
institutional arrangements at the national levels
therefore, is to generate a satisfactory ltevel of
repair and maintenance cONSCioUsness, thirough
the length and breadth of the country, amongst
the corporate bodies, the management and the
engineering personnel at different enterprises,
public utilities—in fact at all establishments
wherever sizable technical operations are under-
taken.

The task of generating such a widespread
consciousness becomes most effective, when the
cost implications of maintaining such services
in terms of anticipated gains through cost re-
duction and better output, both in guantity as
well as in quality are explained in clear terms
to the business managers, engineers and the
financial administrators through proper publi-
city materials. To make this proposition
clearer, it is desirable to explain the situation in
terms of the productivity of the capital deployed
for organising and operating maintenance and
repair services. In order to be really effective,
publicity materials on techno-managerial themes
have to be expressed in the simplest possible
language supported by adequate number of
iVlustrations.

Apart from preparation of publicity material,
the national institution could also undertake data
collection and research through work sampling,
could organise short seminars explaining the
benefits and the methodologies of operating such
services among the top-managers, to begin with,
stimnlating dicussions and their active involve-
ment in the process. Once the topics get some
foothold among the top managers, systematic
follow-up action for ensuring the spread of the
relevant ideas among the middle managers.
SUPEeTVisors and workers could be initiated at
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the nationa! level. But such efforts towards
the spread of the ideas, and what is even more
important, the practical methodologies in of-
ganising and operating maintenance and repair
services at different enterprises, need the co-
operation and co-ordination with more specia-
lised institutions and local organisations. The
national institution has a basic responsibility
in promoting such institutions and organisa-
tions throughout the country if maintenance
and repair services are 1o be really effective
vehicles for raising the level of productivity of
the developing countries.

Apart from generating the satisfactory leve!
of consciousness and other services mentioned
above, the national institution could also pro-
vide information on latest developments in such
fields, by maintaining contact with similar
prganisations in the developed and developing
countries. It could promote study-missions and
exchange of experience with different countries
seeking to strengthen their maintenance and re-
pair services. Tt could provide publicity liter-

ature, audio-visual aids, to different institutions
and organisations interested in propagating the
subject, and where circumstances permit, it
could promote symposia and discussions for
exchange of technical and methodological know-

ledge and experience within the country.

Industry Levels

Notwithstanding the basic role of the national
institutions in promoting maintenance and
repair services, it will be readily recognised tha
such services have considerable amount
variations in their organisational structures
operational procedures for ditferent lines
production. For example, the sort of )
tenance and repair which are required in a
mill will be substantially different from t
maintenance and repair required in '
engaged in manufaciuring transistor
shoes, or optical instruments.

Since the production Processes in diffe
factories in a country are far too numerous f
each one of these to have its own

body for supporting maintenance and

activities, it will be convenient to classity a
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such production processes cogently under appro-
priate generic heads, for the purpose of such
industry-wise institutional support. Classifi-
cations of this nature for different countries,
will naturally assume different forms, so as to
cater to their own peculiarities, viz.. the type of
industries, and state of industrial development,
resources, climatic conditions, etc. For exam-
ple, in a medium-sized country, it may be neces-
sary to have industry-wise institutional arrange-
ment on a fairly broad foundation, i.e., chemi-
cal industries providing coverage to refineries
and petrochemicals, pharmaceuticals, fertilj-
sers, rubber and plastics—all functioning under
the same roof. In a bigger country, provision
for such institutional support could be diversi-
fied and specialised for providing coverage to
different areas.

In view of the special importance of the
repair and maintenance services in the develop-
ing countries, one might think of having an
exclusive institution restricting its coverage to
maintenance and repair services only. But in
practice, this is neither desirable nor practi-
cable. Successful operation of maintenance and
repair services involve intimate knowledge and
relationship of such activities with those of other
departments of the enterprise, particularly pro-
duction and engineering departments. The
technological bases in most of the developing
countries are much weaker as compared to the
developing countries. The problems of opera-
ting such services can seldom be successfully
solved when dealt with in isolation from other
activities of the engineering and production
departments. In the circumstances, rather than
setting up institutions to provide exclusive cover-
age to maintenance and repair services for certain
groups of industries, by far the most effective
solution will be to set up maintenance and re-
pair cells in the professional engineering insti-
tutions functioning in major technical lines,
i.e., Institution of Metaliurgy, Institutions of
Chemical, Electrical, Civil, Electronic, Ceramic
or Aeronauntical Engineering. Fach one of
these could promote a specialised cell within
the existing organisational and technical set-
up to provide specialised coverage to mainten-
unce and repair aspects relevant to the lines.
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As distinct from the general coverage pro-
vided by the national institution, the types of
services provided by such institutions are much
more €laborate and specific in character. These
professional institutions could conveniently
organise short-term training courses for the
middle managers, supervisors and technicians
on maintenance and repair activities in their own
lines. They could also give a hand in publishing
manuals and guides for such personnel on main-
tenance and repair work in their respective
lines, and at a reasonable price.

Apart from training activities, such specia-
lised institutions could also become reposi-
tory of more detailed knowledge and information
in different lines, in terms of contemporary
developments taking place elsewhere. After
developing a satisfactory degree of expertise
in different production lines, such institutions
could also undertake consultancy assignments,
which will not only provide a testing ground in
the actual field of such information and know-
ledge, but will also provide valuable feedback
and research material for the national organi-
sation and to others interested in the same.

Regiona! Level

Both the national as well as industry-wise
institutional support for operating repair and
maintenance services have pronounced pro-
motional bias. But support at the regional
level has a service bias and is primarily intended
to provide such maintenance and repair services
which are normally beyond the capabilities of
individual enterprises on payment of prescribed
fees. Thus, such regional maintenance and
repair establishments are run on a commercial
basis, but have to be promoted as a calculated
measure, with a social purpose in view. This
aspect is particularly important for small and
medinm scale industries, which do not always
possess the requisite technical competence to
cope with all their maintenance and repair pro-
blems. As mentioned earlier, in the develop-
ing countries, suppliers of plants and equip-
ments do not often maintain their after-sale
service nor workshops for major overhaul and
repair, nor is it always practicable to send the
equipments abroad for such servicing, overhaul
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and repair. This means that in the developing
countries, major overhaul and repairs, beyond
the technical capabilities of the enterprise, must
be attended to within the country, and at not too
distant a place, if serious inierruption to pro-
duction is to be avoided. This is precisely the
justification of providing highly-developed pro-
fessional services to undertake mainténance and
repair contracts for the different enterprises in
different regions of the country. Owing to a
fairly common tendency for the industries in
different lines, to get localised in different areas
in the country, it is desirable and convenient to
operate such regional servicing institutes 1o
specialise in maintenance and repair work on
one or two major lines of production, i.e., texti-
les, foundry, etc. Indeed, when this is the case.
suppliers of plants and equipments who sell these
under a guarantee may find it convenient to
appoint them as their authorised repairers.
Many other manufacturers may be quite happy
to supply the necessary technical information
o maintenance and repair to retain the good
name of their products in the market.

Enterprise Level

Enterprise level maintenance and repair
services in the developing countries must not
only receive the normal care and attention as
is in vogue in the developed countries, but a
lot more in view of the added cost repercussions
as elaborated earlier. In practice, however,
maintenance and repair service in the develop-
ing countries are often dealt with in a perfun-
ctory manner, with an overwhelming prepon-
derance of breakdown repair carried out by the
production and the engineering departments,
without any systematic planning. implement-
ation, or up-keep of records. lrrespective of
whether it is testing of the lifting appliances,
servicing of the conveyors, checking of the
gauges, or maintenance of the blast furnaces,
it is necessary to drive home at all levels of
the enterprise the cxtent of losses it would
suffer because of these—how the safety, health
and smooth functioning at the enterprise would
be affected if these are not carried out properly.
Apart from educating and training the mana-
gers. supervisers, and workers on these services
through lectures, demonstrations  and film
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shows, the co-operation of workers, organi-
sations should also be sought in this regard.
These aspects, however, have been elaborated
further in subsequent pages and for the present,
it will be sufficient to stress that maintenance
and repair services at the enterprises need special
attention and care in planiing organization and
implementation covering all engineering inclu-
ding store preservation activities at an enter-
prise.

III—STRATEGY OF INTRODUCTION

Whenever introducing a new techno-mana-
gerial theme, naturally the basic strategy 1o be
adopted towards this should be to convince those
in commanding positions who are primarily
responsible to implement the ideas. Such a
process of implementation of new ideas is made
a lot easier, if there is a basic appreciation and
acceptance of the themes among those directly
involved below the top-management, 1i.€. the
middle managers, the supervisors and the
workers, and of course the all important trade
union leaders.

Maintenance and repait services are, how-
ever not new themes. These have been known
and practised in almost all human societies in
some form ot the other and from the remotest
days of antiquity. What is new in these, how-
ever, 15 a proper scientific approach, both in
planning and organisation, as well as in terms
of rapidly advancing technologies. This paper,
however, is not concerned with the technological
aspect of maintenance and repair services, but
with the popularisation and extension of such
services at engineering and manufacturing es-
tablishments on a proper scientific basis.

In most of the developing countries, how
ever, encugh published materials are already
available on maintenance and Tepair services.
Vet these are not catching up. The implemen-
tation of the relevant ideas are inadequate,
particularly in the context of their basic econo-
mic and operational importance to the develop-
ing countries. Amidst such a sluggish and
tardy operation of the maintenance and repair
services, some sort of shock treatment which
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will make people “wake up™ is often necessary,
Social psychologists tell 1s that such a shock
treatment for awakening a mass consciousness,
can be best done in terms of three basic emotions
1.e., pleasure, griet or indignation. Of these
three, the last named, ie., indignation could be
used very successfully to awaken conscious-
ness on the importance of maintenance and re-
pair services, when acceptance of the ideas and
their implementation gare sluggish and tardy.

This conld be best done, with 3 degree of
dramatisation to generate some popular sens-
ation from the top political levels, ie., by the
Finance Minister, Industries Minister, or even
the leader of the opposition, by publicly accusing
that the country js losirg s0 many million rupees,
pounds or dollars every vear, because of indiff-
erence and neglect to operate proper svstems
of maintenance and repair, Pecuniary data
for this could be broadly mobilised through
work sampling and scrutiny of past records on
Interruptions and stoppages of work and the
cost figures appertaining to these from a few
répresentative institutions.

Before such a popular sensation is created,
a good deal of preparatory work is involved to
plan and organise “What next?"” Popular indi-
gnation when excited is rather 5 hungry pheno-
menon, and wants its food. By all means pro-
vide food for il—up to a limited extent bur well
below the point of satiety.  Fill up the rest with
fuel, so that such indignation keeps on burning.
All these require careful and advance planning.

When the political V.ILP. creates a public
sensation, by his indignant statement about the
losses which the country is suffering through
neglect and carelessness in the field of main-
tenance and repair. he must also have, at least
a broad outline of the solutions which will
mitigate the problem, foliowed by an exhortation
to set up a national organisation of managers,
engineers and scientists who shall provide the
country with the necessary leadership and gui-
dance in the field of maintenance gnd repair
services.  He must clearly mention the
government’s anxiety to promote such services
0n a country-wide basis, and announce 2 grant
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for setting up a national institution or at least
for adding a new department to an existing
national institution in the field of engineering
Of management, for providing coverage to
repair and maintenance services, He may
also like to make two additional announce-
ments, the first one on convening a national
conference or a seminar of top technocrats for
organising industry-wise, regional and enter-
prise-level maintenance and repair services, and
the second one declaring a few national awards
annually for contributions towards the arts and
the sciences of maintenance and repair by the
engineers and the scientists, by the managers
and by the workers.

In convening the national conference, it
raust be ensured that the participants represent
different industries, different geographical areas
where sizable engineering and manufacturing
works are carried out or are to be carried out,
different professional interests, i.e., managers,
scientists, engineers and their professional in-
stitutions, trade union, manufacturers or im-
porters of capital poods and spare parts, etc.
Such a national conference must come up with
specific plans and recommendations for setting
up industry-wise, regional and enterprise level
organisations, and also set up sub-committees
o follow these up systematically, reporting
results to the national organisation at periodic
tntervals. It will be a valuable contribution
to the cause of maintenance and repair services,
if this conference agrees to publish a quarterly
a monthly, or journal on repair and mainte-
nance services under the auspices of the national
organisation which would disseminate relevant
information, at home and abroad, publish
important contributions by the technocrats on
the subject, and report progress on the various
aspects of the movement, at the natj onal, indus-
try-wise, regional and enterprise levels.

The fact that governmental patronige to
the maintenance and repair services is provided
or that a limited amount of public funds are
deployed for this purpose could not be cois-
trued to mean that responsibility in introducing
aad operating such services rests with the govern-
ments. Tn fact nothing is further away from truth
than this. By an. large, most of the develop-
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ing countries are emerging from feudal tradi-
tions, with shaky industrial bases, traditions
and resources. Few of them have such cor-
porate organisations of technocrats, which could
stand on their own feet without governmental
patronage. Governmental patronage towards
maintenance and repair services is, therefore,
not only necessary, but also desirable to ensure
smooth functioning and broad acceptance of
themes at different levels of the nation’s
economy. But the techno-managerial organi-
sations and their activities in a country must
necessarily be such as are planned and oper-
ated through the corporate efforts of technocrats,
enterprises, and institutions, if these are to make
the desired impacts. In other words, govern-
mental patronage could be compared to a decot-
ative and protective garment for the corporate
bodies of technical and professional people.
engaged in introducing and operating main-
tenance and repair services in the country and
on an extensive front.

IV—STRATEGY OF OPERATION

After the modern maintenance and repair
services had been introduced to the enter-
prises and engineering establishments through
the activities mentioned earlier, these have to be
organised for physical operation, at least in a
few model plants on a selective basis to start with.
In applying the principle of selectivity in the
process of organising and operating such ser-
vices, the basic objective would be to generate
the requisite multiplier effects. While selec-
ting suitable firms for generation of multiplier
effects in this field, following factors should be
kept in the forefront:

1. The firm must have progressive managers
and should enjoy public esteem for
their techno-managerial excellence.

2. The firm has a high turnover, and there
should be good scope of demonstra-
ting the effectiveness of maintenance
and repair systems in pecuniary terms
which could impress and inspire others.

3. The firm should be in a major line of
production in the country, so that its
example and experience could be readily

followed by other firms
lar lines of production.

Systematic operation of mai
repair services in a few firms havin
characteristics, results in emul
examples and spread of such
firms quite rapidly. On the top
competitive spiritisalso set into mot
the enterprises so as to excel
this direction. If the managers
are also members of one or more
tutions mentioned earlier, then s
the situation warms up and a f
is created for further spread and
of the maintance and repair servi

There is another important
principle of selectivity which
importance, particularly at the 1
when additional resources for
tenance and repair services, i
manpower are rather meagre.
selecting more jmportant areas of
tion for intensifying the quality and
of maintenance and repair servi
importance to other areas.
principle for operating selectivity
is : higher the cost implication of
greater is the attention required.
ing this aspect, it might be wort
the following questions:

Jsi

1. Is this a critical item?
cause a major shutdown,
damage, or harm to an
for proper maintenance
tain.

2. Ts standby equipment avai
of failure? One can
compressors of package
short notice. If the load
be easily shifted to
need for proper mai
gent on other factors,
“breakdown’ maintenance

3. Does cost of proper main
expense of downtime and
or replacement? If it
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tear down a machine to repair a repe-
titive wear point than the over-all cost
of the repair itself, the value of proper
maintenance is questicnable,

4. Does the normal life of the equipment
without maintenance exceed  many-
{acturing needs? If obsolescence i
expected sooner than decay, maintenance
may be a waste of meney.

repair work Covering the entjre plant could be
divided into four categories, carrying out what
may be popularly called g VEIN Analysis—

(V=Vital,
Normal)

(@) Vital Areas

Areas where aty breakdown would resylt
in very costly repairs or replacement and almost
a complete closure of the plant operation, for
which no standby facilities are available, resyl-
ting cessation of production work for a consj-
derable period of time. The example of this
is a cupola in afoundry ora turbine jn thermal
plant, for which local repair facilities might
not be available.

E=Essential, I=Important, N=

(b} Essential Areas

Areas where any breakdown would result
in expensjve repairs and replacements and
cessation of work in g major area of the plant
operations. for which no standby facilities are
available, resulting in serious interruption in
production for a substantial period. Example
of this could be found in the failure of the main
POWeT unit in a conveyor System or failure of
a major heat treatment furnace used for sofren-
ing forged materiafs before machining in the
direct line of broduction.

{¢) Important Areas

This refers to mzjor areas of enterprise
operatioor for which though standby or local
repair facilities might be available, they would
nevertheless involve substantial expenditure in
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repairs or replacement and

: serious interruption
In production work,

(d) Normal Areas

Normal areas of maintenance operation
are those where breakdown will entai] nominal
expenditure in repair or replacement or minor
interruption or delays in plant operation.

The VEIN analysis mentioned above opera-
tes around the direct cost implications of repair
or replacements, as well ag indirect cost impli-
cations due to interruptions in plant opreation.
in developing model for classifying the main-
tenance and repair services in terms of direct
and indirect cost Implications into four cate-
goTies as mentioned above, a broad analytical
estimate is all that js needed to start with. Such
an analytica] estimate would no doubt vary
devending on the nature of the enterprise, and
the facilities, particularly stores and repair
facilities that could be mobilised both within
and outside the enterprise.

Apart from applying the principle of selec.
tivity in the above context, the stratepy of
operation of the maintenance and repair ser-
vices within an enterprise is glso vitally concer-
ned with organisational arrangements and the
costs for operating the same, gwing due regard
to efficiency and progressive improvement ip
such services over g period of time. In opera-
ting  maintenance = and Tepair  services,
ultimately it is the economic  consideration
that is the basic deciding factor, and 3 purely
engineering approach might lead one astray.
It 'may be possible to eliminate breakdowns
even of ordinary items from engineering point
of view, but it may not often be worthwhile to
do so from the economic point of view, as it js
futile to spend pounds to save the pennies. It
is, howaver, relevant to reiterate here that the
method of categorisation of maintenance and
repair work in terms of cconomic onsiderations
must be the developing country’s own and cannot
be copied even from similar factories of the
Western counsties, where laboyr costs are high
and replacement costs ofien cheaper,
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Whereas repair work irrespective of whether
it is preventive repair or breakdown repair must
necessarily be carried out with appropriate
priorities whenever replacement is not called
for on economic grounds, it may not be practi-
cable to cater for the requirements of preventive
maintenance covering the whole establishment
all at once. The VEIN analysis elaborated
above, operates the principle of selectivity on
economic consideration, and not on physical
or functional division of the enterprise. The
question which automatically arises at this
point is how and on what organisational arrange-
ments one is to get on with the job to start with.
Along with this, one also has to consider as
to how much of the maintenance work could
be carrived out by the shop IMANAZETS, Or Super-
visors of different work centres.

] Normally the maintenance work at an indus-
trial enterprise would, by and large, cover the
following areas:

1. Process equipment——furna.ces, heat ex-
changers, piping, pumps, compressors,
motors, stills, instruments.

5. Safety equipment—vacuum and pressure-
relief valves, flashback or flame arres:
tors, breathing and emergency-relief
equipment.

3 Ulity equipmenz—main boilers, elec-
tric generators, supply, storage. and
distribution systems for water, steam,
and compressed-air pipelines.

4 Tanks and auxiliary equipment—SLoTage
tanks, pipelines, dykes, drains, gauges.
and measuring instruments.

Lh

Plant buildings—including shipping and
storage areas, also transportation equip-
ment such as tank cars and transfer
pumps. '

& Fire-protection equipment—water supply
and pipelines, pumps. permanent fire-
extinguishing installations of toam, fog,
gas, spray, of dry powder, first-aid extin-
guishers, fire trucks, alarm sysiems.

But during the early stages,
ance staff are still being mobili
for the job it will be desirable to
and “FEssential” items from
the centralised maintenance
gating the responsibility for 1
of “Important” and “Normal’
shops. In apportioning such
however, the technical and
of the maintenance department
shops would be supreme, 50 as
and ease in operations rather t
any rigid formula. As more a
ence is gained, the pattern
responsibi]ities, could be ra

The VEIN analysis indicat
fies maintenance Wwork in
repercussions. This would
of reducing losses by adjusti
and depth of inspection for
is a technical question T€q
engineering analysis on the fo

1. Age, condition and
poorer equipment
services, But if
or soon to be obso
to inspect on a ske
at all.

7. Severity of service:
cations of identical
shorter cycles. In 2
might need to i
every day, the same
metal-working plant

3, Safety requiremenis:
gin for safety. For:
inspects the solen
ches on presses €ve

4. Hours of operation.
turers suggest freq
on an 8-hr day, ot
mileage). Buildi
vices operate on
Sometimes (W0
ever comes first.
cleaning may be
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operations, or at least every 30 days.

5. Susceptibility to wear: What is expo-
sure to dirt, friction, fatigue, stress,
corrosion? What is life expectancy?

6. Susceptibility to damage:- Is it subject
to vibration, overloading, abuse?

7. Susceptibility to losing adjustment; How
will maladjustment or misalignment
affect it? Where manufacturing toler-
ances are tight. shorter inspection cycle
is needed.

Such an engineering analysis, however,
throws up the basic issues in the process of
decision making. In the developing countries,
experience has proved that many of the items
which manufacturer would soggest replacement
after a certain defect had appeared, are eminen-
tly snitable for repair, A critical technical
examination of the possibilities of satisfactory
repair, {even though a manufacturer who is
often too anxious to 21l extra spare parts might
recommend far too ecarly replacements) could
be a source of coasiderable economy to an
enterprise.

As far as repair services are concerned, apart
from breakdown repairs, for the purpose of
administration and organisation, it is convenient
to include preventive and upkezp repairs under
this, irrespective of whether the work involved
is derusting of pipes, painting of buildings,
welding, or electro-deposition of metals on
worn-put parts, One of the reasons why in the
developed countries simple repair works are
often not undertaken by the maintenance staff,
even when this is well within their technical
competence, is that the latter have to work on
highly organised and tight time schedule. It
will not be possible for them to adhere to the
pre-determined maintenance schedule if they
were to undertake even simple routine repair
works. This is, however, not the case in most
of the developing countries, particularly at the
aitial stages, when the maintenance programmes
considerable amount of flexibility. In

such matters, what is most important is to
alive a spirit of service, particularly among
supervisors of the maintenance teams. It
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should be impressed upon all maintenance
operatives that shop managers are their clients
and maintenance staff should go to the farthest
extent to satisfy them, soliciting their goodwill
and co-operation in the process.

As regards basic additions and alterations
to the existing plant facilities, normally these
shonld be specially scheduled and accounted
for. But when the nature of work involved
is such that these could be undertaken without
much dislocation of normal work, then on
economic consideration these may well be
undertzken by the maintenance and repair
departments, Before accepting any such addi-
tional responsibility. the precise technical and
economic implications of this must be made
clear to the top management.

There are two other basic issues concerning
the repair services which deserve special consi-
deration. The first one amongst these relate
to the organizational arrangements for execu-
ting repair work and the second one concerns
priority administration. It has been envisaged
carlier that routine and simple repair works
could be undertaken by the maintenance staff
for which a special maintenance workshop
could be provided. Apart from the special
facilities which a particular enterprise might
require, following equipments, by and large,
would cater for the general requirements of
an average maintenance workshop:

General Purpose Lathe
Drilling Machine
Shaper
Planer
Double Ended Grinder
Tool Post Grinder
Forge and Smithy equipments
Heat treatment furnace, cyanide bath
and quenching tank
9. Gas and Electric Welding
10. Hand and Power Hacksaw
11.  Abrasive Cut-Off Wheels
12. Assorted hand tools and measuring
instruments.

Sl S

The advantage of having such a workshop
under the maintenance department would be
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expeditious clearance of work depending upon
urgency of the situation, without seeking extra-
departmental assistance. Naturally workshop
of this nature will not be able to carry out major
repairs. For this purpose, assistance of regular
engineering departments and, when suchr epairs
are beyond the technical competence of such
departments, outside assistance may have to
be sought. This means that the supervisors
in the maintenance shops should  be
familiar with the technical capabilities of the
enterprise, as well as of those outside workshops,
which might be located in the vicinity. [Irres-
pective of whether major repair and overhauls
are undertaken by the enterprise or placed on
an outside shop, an effective pattern of priority
administration for executing breakdown and
maintenance repair work has 1o be developed
under the authority of the top management.

It will be appreciated that operation of
satisfactory systems of maintenance and repair
are matured and built up over sevzral years
even in the developed couatries. The pub-
lished literature and guidelines on these are at
once vast and complex. In the above para-
graphs attempts have been made only to high-
light some of the major areas which are of
specific importance Lo the developing countries.
Managers and engineers desirous of having
further information ofl the subject should con-
sult the bibliography listed at the end of this
paper, paying particular attention to modify
these to conform to the physical, technical and
economic realities in and around their enter-
prises.

V—COST CALCULATIONS AND
EVALUATION

Cost calculations constitute an essential
part for introducing. operating and evaluating
maintenance and repair services. Unless the
extent of loss which a developing country might
be suffering is expressed in pecuniary terms,
it seldom produces the degree of seriousness for
effective and widespread introduction of such
services, Unless economics of the different
aspects and arcas of such services are properly
comprehended, it is dificult to operale such
services on scientific lines. Unless pecuniary

Cost calculation
essential part for intro
operating and
maintenance and repair

parameters are used, it is di
the effectiveness of such s
seen therefore that without a
factory method of cost ca
ness of maintenance and repair
be seriously handicapped.

In spite of its basic 1
culations operating amidst 5o
some of which are little
approximations if not speculat’
expect to attain that degree of
is normally expected by the
fession. Yet this limitafion ha
attempting to make the
situation, patticularly duringt

As far as the direct costs
and repair are concerned, 1
tively easy to compile, based
and could be estimated on
But the indirect costs on
tions are likely to suffer wide
adequately supervised at
In any case the broad cost €
for operating VEIN analysis
the earliersection, could be
doing so the best answer
the loss of production in
costs, added by proport

In most factories in the
records of time lost for
repairs may not be available.
over of such events are fai
be computed statistically
pling. As regards major
ruption in production,
well be available, and in
be computed in terms of
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gested earlier. If these are not available, then
major breakdowns being important events,
and since workers and supervisors should know
their frequency and extent, necessary infor-
mation could be extracted from these for com-
puting the pecuniary figures. This would mean
reliance on verbal statements, but this is the best
which could be done in the absence of mere
precise information. The importance of pro-
per upkeep of necessary records for cost cal-
culation, however, has to be stressed on the
management, and perhaps, from that time
onward cost calculations would become easicr
and more accurate propositions.

As regards evaluation of the benefits of the
maintenance and repair services, this is best
done in terms of productivity of additional
capital deployed, As it is well known, pro-

ductivity is the relationship of the output over
the input, i.e.,

_ Output
Productivily = Tnput
Productivity of the money spent on opera-
ting the maintenance and repair services would
be : :

Productivity of

additional capi-=
1al deployed for
_‘maintenance

and repair

Ecoromic gains

Additional costs for )
maintenance and repair

- : As regards the economic gains generated
through strengthening the maintenance and
repair services, these could be computed in
terms of reduction in interruption of production,
reduction in repair and replacements, inclusive
of proportional addition of overheads to the
figures. It is not necessary to add such pro-
portional overheads to the
for maintenance and repair, as the latter is a
precise figure of actual incremental cost in-
curred, which would include elements of

overhead if any that had been spent in the

process,

additional costs:

STRATEGY FOR MAINTENANCE AND REPAIR

For the purposeof 3 reasonably satisfactory
and broad cost calculation and evaluation, the
methods indicated above could be generally
accepted. If, however, further refinements are
required in any particular direction, then these
could be easily constructed, more or less, on
the very same foundations.
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Organization and Importance
of
Company Standards

G H Weber*

Company standards are necessary in order to meet'dcmand for standardised information required

for tasks of design and development.

Standardisation makes it possible to save time when seeking infor-

mation and to avoid duplication of work. Another advanfage of company standards is the reduced diversi-

fication of parts and materials.

A few exceptions apart, company standards are usually the revised forms of basic ot metrological

or national standards.
must have management support.
standards department.

N view of the standards established by the In-

ternational Organization for Standardization
(IS0, the national standards institution and the
standards organizations of industrialized coun-
tries, the management of an industrial enter-
prisc is faced with the question as to the need to
standardize within the enterprise. Before de-
cision is made tosetup a standards department.
the aspects of benefit and expenditure must be
examined. The purpose of this rematk is to
provide management with suggestions concer-
ning the bases of decisions and the establish-
ment of company standards.

It is indisputable that standardization is
one of the most important factors promoting
industrialization. The earlier standardization
is planned, propagated and applied, the greatet
its rationalization effect.  Here the developing
couniries have a great advantage. Drawing on

S
*Deutsche Stiftung fur Entwickiungsiander

-

To ensure long-term effect of standardisation, a company standards programme
Application of company standards can be ensured only by an efficient

the experiences made inindustrialized countries,
they can ensure that ihe introduction of stan-
dardization goes hand in hand with the develop-
ment of the national economy. If standardi-
sation is introduced at a later stage, 1.e. when
inefficiency becomes obvious due to haphazar-
dly applied foreign standards or a lack of stan-
dards altogether, it will be less _successful and
far more costly.

Company standardization shonld be intro-
duced simultaneously with standardization at
national level.

It is a pre-requisite to the infra-structure
development of a national economy that paraltlel
{0 the building up of industry, the transport
system, energy €conomy, agriculture,
health systent. and research and cultural
lies at horizontal level, the vertical strmecture,
including individual industriesand associations
of industry are established.
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Although national standards provide the
pre-requisites for company standards, their
application can be ensured only by efficiently
operating standards departments in the various
companies. It is important to correctly re-
cognize and assess the interaction of national
and company standards. The standards de-
partments in the industries of the developing
countries have to be organized under far more
complex conditions than those which prevail
in the industrialized countries. On the one
hand industry itself is still in a stage of develop-
ment, on the other hand the number of avail-
able engineering staff is completely inadequate.
It is of great importance that the government
support the preparation of national as well as
company standards, since they create the pre-
requisites for training the necessary standards
experts.

As the companies themselves are responsible
for the drafting of company standards, their
view of standardization is company-oriented,
standardization activities at national level being
only of second concern. This article deals
primarily with company standards.

Why Do We Need Company Standards?

In view of the great number of international
standards and recommendations in existence,
the following facts must be taken into account
in seeking an answer to this question. Estab-
lished national standards apply to all commonly
used sizes and varieties of the items in question.
These standards may be compared to a dictio-
nary which contains all words of a language.
Just as a writer cannot use all existing words,
so no industrial enterprise will be in 3 position
to use the entire range of sizes and varieties
Covered by a national standard.

The majority of national standards have been
developed from already existing trade standards
or from company standards. While they have
been improved and adjusted with a view to
general applicability, they are (based and this
is an essential pre-requisite) on the experiences
gained in the companies.

ORGANIZATION AND IMPORTANCE OF COMPANY STANDARDS

Company standards are selected from avail-
able sources and adapted to the specific require-
ments of the individual companies. They
frequently include many items which can never
be taken over in national or international stan-
dards. On the other hand, they will need and
include only a limited part of the national stan-
dards.

The essential difference between national
standards and company standards, i.e. between
theory and practice, has been described by an
American standards engineer as follows:

“Theory takes all known possibilities into
consideration; practice takes only ali existing
possibilities into consideration ™

ISO and IEC recommendations are not often
applied in their original form when introducing
company standards.

Company standards are necessary in order
to meet the demand for standardized information
which, in turn, is needed for tasks of design and
development. This information includes not
only the data necessary for communication
between design department and workshop or
between supplier and consumer, but also data
concerning the market supply of components
and raw materials and production possibili-
ties in the plant. Standardized information
is available in the form of standard material,
catalogues, standard sheets, specifications, draf-
ting room. handbooks, etc. This concentration
of information is a valuable time-saving aid for
the designer. By consulting catalogue lists of
repetitive parts, he can sometimes avoid having
to design such parts.

Standardization makes it possible to save
time when secking information and to avoid
duplication of work. Another advantage of
company standards is the reduced diversification
of parts and materials. This, of course, saves
the firms considerable sums of money, parti-
cularly storage costs.

It is quite normal that in the course of time
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stocks on hand increase and larger numbers
of varieties are manufactured. They are often
an indicator of an upward trend in business and
the continuous improvement of the products.
1t goes without saying that new parts and materi-
als are constantly being produced.

Since the impovement of existing parts and
the design of new parts goes hand in hand with
the dropping of older parts which are no longer
needed, it becomes evident that the reduction
of varieties must be planned systematically.
One of the main aims of company standardi-
zation is, therefore. to reduce the nomber of
varieties.

‘As already mentioned, another important
objective of standardization is to avoid dupli-
cation of work. for example, with regard to the
design of simple components or to adminis-
trative work in the offices. If we take alook at
the offices, we often find that Mr. Baker, who is
\»'qulng in the warehouse, i1s doing the same
thing Mr. Smith is doing in the purchasing office;
they are both entering ordered stocks on index
cards. Neither knows what the other is doing:
perhaps they don’t even know each other. This
may not be a catastrophe, but it is certainly a
waste of time and money. There are many
Bakers and Smiths in our offices. Duplication
of work can be avoided if forms, work-flow
charts and job descriptions are standardized.
It is a matter of organization whether this task
is taken over by the standards engineer or by
an associated office.

Another important task of the standards
engineer is the introduction of foreign standards
and specifications and their adaptation to condi-
tions in the company. Frequently these docu-
ments are provided by the purchasers of a
product. They differ considerably with regard
to the make and arrangement, and are often
written in a foreign language. These documents
cannot be handed out to the offices in their
original form. One of the tasks of the standards
department is lo revise these documents and
comment ot abridge them where necessary, so
that the various departments can apply them
cotrectly and economically.
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Company  standardisation
should be introduced
simultaneously with standardisation’
at national level,

If we compare the books on standards of
various companies, we find that the majority of
standards compiled are company standards.
Secondly, trade standards are included, a large
number of which have had to be adapted for
company use. Apart from a few exceptions,
ustally basic standards and metrological stan-
dards, the national standards have been taken
over in revised form. International recom-
mendations—if included at all—have also been
revised extensively. As a rule over 75 per cent
of the standards in these books are company
standards.

The advantages of company standards can
be summarized as follows:

—reduction of the number of purchase
orders

—reduction of stocks

—simplification of design recommendations

—improved enforcement of safety regula-
tions

—rationalization of warehounse administra-
tion
—reduction of costs involved in testing.

The Role of Standardization

In order to be able to assess the significance
of company standards, we must consider the
spheres where standardization can be introduced.
Since there are different types of production on
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which company standards have to be based,
we must first study these differences. In view of
their influence on company standardization the
following two types of production should be
mentioned:

1. Products consisting of components from
several manufacturing stages:

(a) Series  production (catalogue-type
business), e.g. the production of trac-
tors—standard types with a number
of varieties which can be ordered
through a catalogue;

(b) Single production (requisition-type
business),e.g. the production of power
plant machinery and equipment which
differ with each order—size and desi gn
are largely determined by the buyer.

2. Single-stage production, e.g. the pro-
duction of detergents or cement.

With regard to company standardization
a distinction must be made between industrial
enterprises manufacturing products consisting of
components from supplier firms, apparatuses
manufactured externally, and components desi-
gned and manufactured in the company itself,
and enterprises  where products are manu-
factured in a single stage and where only the
raw material must be purchased but where
extensive and often complex plants are required.
The type of production {single production or
series production) will considerably determine
the eflect company standards will have.

Whereas specifications for the procurement
of materials and correlation of the component
parts of the products in connection with the
maintenance are of predominant importance in
mass produc_tlon, the reduction of variety, the
use of repetition parts and the selection of the
most suttable materials are the factors of main
emphasis in individual construction. 1In single
slage production emphasisis laid on the standar-
dization of manufacturing supplies, spare parts
for production equipment, operation materials,
tools and appliances. The sphere of influence
differs accordingly. When company standards

ORGANIZATION AND IMPORTANCE OF COMPANY STANDARDS

are adopted in multi-stage production, they have
a considerable effect on design and d :velopment;;
In single stage production, however, there will
be a negligible effect, if any, on the efficiency of
the design and development departments.

The main spheres in which company stand-
dards contribute to natiomalization are:

—product planning
—development and design
—graphic reproduction and documentation

—construction of tools and manufacturing
supplies

—production planning and control
—procurement of materials
—goods entry control

—storage

—materials testing

—quality control.

One areg in which standardization is very
desirable is electronic data processing. Stan-
dardization greatly facilitates the processing of
information. Due attention should be paid to
this fact in the initial stages of company stan-
dardization. If computers are not used, it
must be borne in mind that the information
selected for processing must meet computer
requirements. If this is not done in the initial
stage, it is inevitable that when electronic data
processing is introduced at a later date the
costs will be much higher, due to the necessary
adjustment of the data to be processed. Elec-
tronic data processing is being introduced in
all sectors of industry today, and account must
be taken of this fact when introducing company
standards.

In series production company standardi-
zation will as a rule facilitate the work of the
departments responsible for the abovementioned
tasks, In single production, the areas of appli-
cation are the same; there will only be shifts
of emphasis in the various functional spheres.
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For example, economization possibilities will
be of more importance in single production than
in series production, where, due to the large
amounts ordered, economization by reducing
the number of varieties is not very promising.
In the automobile industry which is a good
example for modern mass production, we speak
of a standardization threshold beyond which no
savings can be achicved by reducing the number
of models and increasing piece numbers. In
other words, it does not make any difference
whether a standardized or non-standardized
part is used. Apart from the favourable cost
factor, there is also the advantage, among others,
of improved maintenance possibilities when
standardized parts are used.

In single-stage production the influence of
company standards covers the followings fields:

—construction of plant facilities

—production control (in some cases)

—maintenance

—procurement of materials

—sgoods entry control

—storage of spare parts for
facilities.

production

These are mainly departments which con-
cern themselves with planning, administration
and maintenance of production facilities.

To What Extent Can Costs Be Influenced By
Company Standardization?

It is well known that the more evident the
possibilities of economizing through planned
action, the easier the decision to carry it through.
Standardization clearly has the advantage of
saving costs. As the effect of standardization
makes itseif felt in such a large number of
fields, it is impossible to assess its overall
effect. Every atiempt to justify a company
standardization programme on the basis of cost
accounting gives rise to problems, the majority
of which have remained unsolved.

With a few exceptions, the literature on
standardization contains information on indi-
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vidual measures only. Especially in European
literature no information on the actual amounts
saved is provided. In principle it is not
difficult to assess these amounts. However,
actual figures in terms of money indica-
ting the overall success of standardization
would reveal too much abowt the enter-
prise and are, therefore, not published. For
this reason the discipline concerned with these
problems in Germany lacks the basic data which
1s essential in ascertaining the economic benefit
derived from standardization.

The following should, therefore, be under-
stood simply as an attempt to show the possi-
bilities of a standardization programme. Fig-
ures indicated are not generally valid. In prac-
tice the pre-requisites for standardization differ
to such an extent that at present generally appli-
cable values cannot be indicated.

Having ascertained in which spheres standar-
dization can be applied, we must determine the
costs arising in these spheres and their share in
the total turnover.

The turnover of an enterprise consists of:

—direct material costs 30 per cent
~—direct wage costs 10 per cent
—indirect or fixed costs 50 per cent
—taxes, ¢tc. 10 per cent

Material costs may be affected by standardi-
zation to a considerable extent. Labour costs
are only indirectly affected. The effect of
standardization on labour costs will be investi-
pated in another context. Costs such as taxes,
etc., are only indirectly affected by standardi-
zation. Due to a reduction in goods on hand,
for example, taxes may be reduced.

The most important factor in this analysis
are the fixed costs; they usually account for the
largest share of the company’s turnover. They
comprize

—sales

—engineering

—production

—finance

—staff and legal matters,
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The effects of standardization are felt in the
sphere of engineering and production and to a
lesser extent also in other spheres.

The next step will be to asceriain the costs
of the various spheres in the total turnover.
According to studies carried out in the United
States, standardization affects 40 per cent of the
fixed costs, 70 per cent of the material costs and
33 per cent of the total turnover. Since there
1s a higher degree of automation in American
industry these amounts should be higher in
Europe and most certainly so in the developing
Counlries.

Even if these figures do not reveal the results
obtainable through standardization, they clearly
emphasize the significance of company stand-
ards. A forecast of the extent 1o which costs
may be reduced in spheres infiuenced by stan-
dardization is difficult and dependent on many
factors, and the decisive importance of these
numerous factors is easily overlooked.

The results of the American study show that
the savings resulting from standardization flu-
ctuate between 0.3 and 5 per cent, the average
being nearly 1 per cent. Tt became clear that
the costs saved in the larger spheres where
standardization is carried through cannot be
ascertained.

How the cffect of standardization on a
company’s cost structure can be represented
and assessed. is cxplained in the following
paragraphs:

In a table subdivided according to the ele-
ments of costs the spheres where standardi-
zation has been carried through are listed in the
first column. Costs such as sales, finance and
staff which are not affected by standardization
are not included. The second column lisis
thote departments which are either directly or
indirectly affected by standardizalion. The
third column contains the annual costs (in the
relevant currency) incurred in these depart-
ments. The last column indicates the share of
these departments in the total annual turnover
in per cent.

ORGANIZATION AND IMPORTANCE OF COMPANY STANDARDS

The next step, that of assessing the savings
possibilities arising from the introduction of
company standards, requires a geod knowledge
of the structure of the company and much
objectivity and insight into the possibilities of
standardization.

The probable success is calculated on the
basis of the following elements:

—the minimum success which must be

achieved
—the presumable success

—ihe maximum success which can be achi-
eved.

The success achieved by an average stan-
dards department under unfavourable condi-
tions and without incurring high expenditures
is taken as minimum success.

The assessment of the presumable success
1s much more difficult. First, the technical
standard of the individual fields of application
is ascertained. Then the willingness of staff
to accept changes and improvements in their
methods is studied. In this context psychologi-
cal aspects are of great importance. Another
important factor is the efficiency of the stan-
dards departments, especially its capacity to
carry through a measure.

The following examples may illustrate this
situation. A time study revealed that a desig-
ner spends 6.3 hours a week seeking information
on toolks, semi-finished products, attachments,

seals, design details, construction elements,
etc., which is essential for his work. Only 60
per cent of his efforts are successful. By stan-

dardizing and classifving information, this
time loss can be eliminated. If the annual
costs for a designer amount to $25,000, inclu-
ding the costs for his place of work, an amount
of $1,60.000 (6.4 per cent of the total costs) can
be saved in an office where 100 designers are
employed.

The costs of the drawing office can be reduced
by 10 per cent by rationalizing the preparation
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of drawings. At the same time the paper should
be fully utilized. The costs involved in re-
production can then be reduced considerably.

A reduction of stocks goes hand in hand with
a reduction in storage costs and also in the
number of items to be handled. The store
department will handle less orders, but due to
the increased turnover, there will be larger
piece numbers, which means a reduction of unit
costs. Thanks to the smaller number of pur-
chase orders, the work of the goods enury con-
trol department is reduced The costs for a
purchase order lic between $5 and $100, the
administrative costs for a stored item between
§160 and $300. Consequently the varieties
stored are reduced, possible savings in other
areas of the materials sector can be assessed.

A maximum success js defined as the results
which can be achieved in a field of application
under most favourable conditions. The pro-
bable success is calculated by means of the
equalion

a+4m+b
E =

6

which is used for other types of statistics.

E = expected probable success

& = minimum success

m = estimated presumable success
b = maximum success

Taking as basis the percentage of the cal-
culated probable success, the amount of the
probable savings can be calculated on the basis
of the annual costs. Total expected savings
are obtained by adding together the individual
values. In addition, the share in the annual
turnover can now also be ascertained.

Attention must be
points:

paid to the following

1. The success caleulated in this manner
cannot be achieved within a short period
of time. During the first years after the
imtroduction of standardization, the pro-
gress made will be negligible.

ORGANIZATION AND IMPORTANCE OF COMPANY STANDARDS

2. Once the caleulated success has been
achieved, it is either not repeatable or
only at large time intervals and to a
much lesser extent. Permanent efforts
are, therefore, necessary to maintain
the level achieved,

3. Changes in the spheres of application
can overshadow the effects of standardi-
zation. These changes may take the
formofa change of the number of orders,
high investments in the fields of appli-
cation, reduction or increase of staff,
programme changes, etc. Such changes
are common to all dynamic enterprises,

When Considering the question of costs,
it should be emphasized that the decision to
introduce company standardization does not
depend exclusively on savings  anticipated.
There are numerous cases where the ‘intro-
duction of company standards is necessary and
where a standards department is set up even if
savings cannot immediately be reckoned with.
This is due to external influence or internal
measures. For example, the introduction of
electronic data processing requires the establish-
ment of a standards department. An inquiry
carried through in several hundreds of indus-
trial establishments revealed that as a rule one
doliar invested in standardization will resylt in
savings up to $50. On an average the savings
amount to $5 for each dollar invested in stan-
dardization,

Organization of Company  Standardization
Activities,

When organizing 2 modern standards de-
partment, it js necessary to take into consider-
ation those principles which render possible
effective and economical work, These are:

—the scientific principle in standardization
work

—the cybernetic
standardization

—the principle of progressiveness of the
development of standardization

—the principle of coordination of theeffects,

principle of organizing
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For effective standardisation,
application and recognition of standards

must be added to the category of systematizing,

The scientific principle underlying the
work of standardization serves to guarantec
good results by organizing the flow of work
systematically, methodically and logically.

The various stages involved in this task are
as follows:-

1. Definition of the requirements or the
problem.

5. Collection of information and data.
3. Analysis and organization of data.

4, Ascg:rtlainment of the chief tasks or the
statistical accumulation points.

5 Ascerfainment of the maximum limits
of manufacturing or operational costs.

6. Ascertainment of the technical stan-
dard of the company itself. ascertain-
ment of competitors, and clarification
of legal questions.

7. Preparation of the standard involved
and relevant documents.

8. Informing and instructing the depart-
ments concerned.

9. Observation of the effect of standardi-
zation in order 10 be able to suggest
improvements or changes.

controlling and informing.

10. Improvement of the standard involved.

The structure of a standards department,
regardless of its tasks and size, should take into
account the cybernetic principle of the control
cycle, This means that the application and
recognition of standards must be added to the
category of systematizing, controlling and in-
forming, if standardization is to be more than
just theory. Fecdback through application
gives new impetus to standardization, shows
where improvements are necessary and where
gaps exist, and indicates the degree to which
implemented measures have proved expedient.
Feedback occurs when material is requested
for externally manufactured parts, semi-finished
products and drawings for company-constru-
cted parts. Feedback through standardization
cesulis from the arrangement of drawings and
lists of parts. Another point of feedback con-
fact is storage administration and quality con-
trol.

On the basis of the principle of progressive-
ness, the harmonious interaction of the indi-
vidual standards is ensured. A standard which is
widely applied in an industrial enterprise serves
to ensure that the functions of the departments
concerned are harmonized. This effect of a
standard has to be taken into consideration when
it is being developed.

The abovementioned principles must be
taken into account when standardization be-
comes an integral part of management policy.

In this context questions relating to the size
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a department and the establishment of suh-
departments should be discussed.

The optimal size of a standards department
depends on the ¢ ype of production, the size of the
company and the frequency with which varieties
are changed. The standards department of an
enterprise with single-stage or continuous pro-
duction will require fewer staff than that of an
enterprise of the same size which is engaged in
multi-stage production. Frequent changes of
programmes or models Fequire numerous new
designs, materials, new semi-finished products,
new tools, etc. This means an increascd work-
load for the standards department and a cor-
responding increase in staff. The same arises
when we compare 5 company engaged in single
production with one involved In series produ-
ction. Less work will fal] to a standards de-
partment in a series-production enterprise than
in a single-production one where many adjust-
ments in design are required. The standards
department should consist of a standards engi-
neer, a standards tester and a technical assistant,
Its structure is determined by the type of tasks,
the size of the company, and the workload.
No generally valid suggestion can be made as
the departments will differ from firm 1o firm,
Too large a standards department will be dis-
advantageous, gas inter-departmenial adminis-
trative work would then take up too much time,
especially at the Ieading personnel level,

The standards department should be sybor-
dinate to a manager who also supervises the
engineering and production departments, the
iwo main spheres influenced by standardization.
The standards department would lose its neu-
trality if it were integrated into one of these
spheres, and the result would be a considerable
drop in efficiency. This also holds true for
companies with continuoys single production.

In practice the standards departments often
have sub-depariments responsible for:

-—design a. ministration
~—graphic reproduction

ORGANIZATION AND IMPORTANCE OF COMPANY STANDARDS

—microfilms

—technical documentation,

The expediency of this arrangement has,
however, been contested. Tt is recommendable
only if the designated activities are directly
related to the work of the standards depart-
ment, if a feedback effect is ensured, or if other
advantages can be derived. The standards
department should not e entrusted with tasks
not directly related with its work: otherwize
Parkinson’s law would become manifest,

The standards engineer entrusted with or-
ganizing a standards department will start his
work by compi ling data. By means of an analy-
sts of the stock of drawings, he will determine
the need for basic standards, The necessary
data on tools and semi-finished products is
derived from an analysis of lists of parts and of
manufacturing plans compiled for the clearance
of stocks which can be obtained by analyzing the
frequency with which items are moved from the
stock. The use of the ABC analysis helps to
determine which parts benefit most from being
standardized. Other important sectors can be
ascertained as a resylt of cooperation between
development and construction. There are marny
signs indicating the fields where stadardization
is necessary. Duplication of work is one such
signal. The standards engineer must focus
his attention on objects, processes, and pro-
blems which repeatedly occur (for example,
different people doing the same job in different
places). Disturbances and difficulties also indi-
cate the nced for standardization. The stand-
ards engineer then has sufficient basic infor-
mation at hand and can formulate a concept
of standardization and prepare a work program-
m¢. The standards engineer should consider
it imperative to coordinate his work with other
departments.

Itis very important that management support
the company standardization programme. Only
then can a long-term effect of standardization
be ecnsured. Y'Y )



Role of Maintenance and Repair
in Economic Development of
Manufacturing Industry

J Molsberger*

Developing countries suffer from an unduly high rate of depletion of capital assets and a

chronic waste of productive capacity which even

economically stronger countries could hardly

afford. The article stresses the role of maintenance and repair in the economic development in
these countries. Recommendations, to tide over maintenance problems which include planning
activities, policy measures, standardisation of machinery, creation of technical supervisory agencies
and the training of special repair workers, have been clearly spelled out.

THE subject of the present study is mainte-
nance and repair and spare part supply in
manufacturing industry with reference to the
problems of developing countries. The sub-
ject is treated within the framework of a market
economy with planning ingredients which is
the prevalent economic system in developing
countries. It is the purpose of this study:

— to describe the role of maintenance and
repair for economic development,

— to review the situation in developing
countries,

— 1o highlight specific aspects of main-
tenance and repair activities which
should be focussed at the national level,
and

— to outline some possible ways and means
for improving or rationalizing main-
tenance and repair in developing coun-
tries, taking into consideration their
specific problems.

_ Section I portrays the present general stale
in developing countries. The importance of
maintenance policy is emphasized by sketch-

*Harvard University, U.S.A.

ing out the losses in production and growth
which typically result from poor maintenance
and repair. A theoretical analysis of optimal
maintenance and repair activities of a country
under different sets of conditions provides the
basis for a thorough discussion of the problem
of maintenance and repair for reviewing the
specific situation of developing countries, The

quantity and quality of available labour as well
as alternative choices of capital goods and main-
tenance techniques are taken into consideration.
Special attention is drawn to the balance-oi-pay-

ments aspect of maintenance policy.

Specific problems of maintenance and re-
pair which should be dealt with at the national
level are described extensively in Section 1L
The pros and cons regarding the import of new
versis second-hand equipment are discussed
under the aspect of maintenance and repair.
The availability of spare parts is treated at
some length; particular attention is paid to the
establishment of central stocks of spare parts,
and the possibilities for import substitution of
spares and other maintenance materials are
reviewed. Some considerations concerning the
setting-up of repair shops in the context of
industrial estates follow. The last paragraph
gives a statistical survey of maintenance and
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repair activities in an industrialized country
witha view to finding clues for estimating
present and future needs for maintenance and
repair in developing countries.

The problems of maintenance and repair
are analysed with regard to their relevance for
economic policy. Conclusions and recoms-
mendations are made in the context of the
theoretical discussion. Section 1I1] reviews
some additional ways and means of improving
the maintenance and repair performance in
developing countries. Recommendations in-
clude planning activities, policy measures,
standardization of machinery, creation of tech-
nical supervisory agencies, and the training of
special repair workers,

For the sake of simplifying the terminology,
the concept of “maintenance” is often used in
this study in a broader sense, including also
“repair”, especially in such standard terms as
“maintenance cost”, “maintenance workers”,
etc., instead of “maintenance and repair costs”,
ete. If, however, the context required a clear
distinction between “‘repair” as replacing or
mending of paris after breakdown of equipment,
and “‘maintenance” as the set of measures to
keep plant and equipment in good operating
condition and to prevent breakdowns as far as
possible, the term “maintenance” has been used
with explanatory additions such as “preventive
maintenance” or “maintenance proper”,

I. EXAMINATION OF THE PROBLFM

1. IMPORTANCE OF MAINTENANCE AND REePAIR
FOR EcoNoMic DEVELOPMENT

A. The Sitaation of Maintenance and Repair in
Developing Countries

One of the characteristics of developing
countries is the great scarcity of capital. It
should be expected, therefore, (hat capital goods
in these countries are maintained better than in
industrially developed nations which have a
relative abundance of capital goods. Besides,

J MOLSBERGER

the natural conditions in many developing
countries call for special care of machinery
and structures: tropical claimate, extremely
high or low humidities pose their own mainten-
ance problems unknown in temperate zones,

Unfortunately, the actual situation is any-
thing but adequate to the conditions prevailing.
Since many years, experts have stressed the
Jack of proper maintenance and repair in deve-
loping countries, In 1958, Hirschman wrote
in his ‘Strategy of Economic Development:

“This is perhaps one of the most charac-
teristic failings of underdeveloped countries
and one that is spread over the whole econo-
mic landscape, Eroding soils, stalled trucks,
leaking roofs, prematurely run-down machi-
nes, unsafe bridges, clogged-up irrigation
ditches—all testify to the same pervasive
and paradoxical trait: the inadequate care
for e)gisting capital in capital-poor coun-
tries,”

In the same year, the United Nations Secre-
tariat stated:

“Because of inadequate maintenance, in-
dustry in many underdeveloped countries
suffers from an unduly high rate of depletion
of capital assets and a chronic waste of
production capacity which even economically
stronger countries could hardly afford.”t

The situation has hardly changed since this
was written. The same complaints about
neglect of maintenance and inadequacy of spare
parts supply which were made in a report of
United Nations Technical Assistance Experts

L. Albert O. Hirschman, The Strategy o f Economic
Development, Yale University Press, New Haven
and London, Tenth Printing (Paperbound), 1966,
p. 141,

2. United Nations, Management of Industrial Enter-
prises In Under-developed Countries, para. 84, as
cited in Industrialization and Productivity, Bulletin
2, United Nations, Departiment of Economic and
Social Affairs, New York, March 1959, p. 55.
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19592 reappear in a case study of the Steel
adustry in a developing country, published in
966.4 “So the United Nations Secretrariat’s
>stion for urgent action, made in 1958, has

. lost its topicality:

“The attention of governments and industry
is drawn to the urgent need for adopting
proper maintenance methods and practices,
and to establish proper facilities for training
of maintenance personnel.”®

The lack of proper maintenance practices
has serious consequences on the economic
development. Possible losses in production
and growth resulting from. and possible gans
foregone by, inadequate maintenance and repair
are the subject of the following section.

B. Possible Losses in Production and Growth
due to Poor Maintenance and Repair

{a} Destruction of Equipment: The most eye-
catching loss cansed by poor maintenance or
inadequate repair is the premature deteriora-
tion or total destruction of productive capital.
The already cited report of the United Nations
Technical Assistance Expertsmention numerous
instances of “‘equipment being allowed to deterio-
rate beyond repair and having to be replaced”.®
Negligence in the maintenance of buildings and
structures can cause—in addition to direct
losses—secondary damages to the machinery
that is inadequately protected.

3. *“Some Problems of Industrial Management Re-
ported by Technical Assistance Experts”, Industria-
fization and Productivity, Bulletin 2, United
Nations, Department of Fconomic and Sccial
Affairs, New York, March 1959, pp. 53-57.

4. William A. Johnson, The Steel Industry of India,
Harvard University Press, Cambridge, Massachu-
setts, 1966, pp. 174 ff.

5. United Nations, Management of Industry Enter-
prises in Under-developed Countrics. op. cit., as
cited in Industrialization and Productivity, Bulletin
2, op. cit,, p. 57,

6. “Some Problems of Industrial Management Re-
ported by Technical Assistance Experts”, op. cif.,
p. 55.
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Lack of proper maintenance
practices has serious consequences

on the economic development.

Since capital is scarce in developing countries,
the relative importance of capital destructions
is much greater than it would be in an industria-
lized country. Thus, the marginal impact on
growth is likewise greater,

b) Production Losses: Deterioration or des-
truction of equipment leads to losses in pro-
duction. These losses are twofold: a falling-
off in product quality and frequent disruptions
of the production process (or even a combi-
nation of both).

Undetected or unredressed wear and tear
of machinery, or lack of care for control devices,
typically results in deterioration of product
guality. In other cases, inadequate mainten-
ance or incompetent repair causes frequent
breakdowns of machinery leading to disruptions
in the production process. During downtimes,
when the production factors do not render
productive services, wages of idled labour and
capital cost for idled equipment still have to
be paid, The consequent effects are enhanced
if the repair cannot be carried out, or the spare
parts cannot be delivered, immediately. The
economic penalty for stoppage of operation
is highest in continuous process-type industries,
The cost of interruption to operations is lower

in the case of fabrication or assembly of dis-
crete units.?

(¢) Induced (secondary) Losses: Primary pro-
duction losses caused by poor maintenance

7. Cf “Better Way to Compare Your Plant’s Main- -
tenance Practices”, Factory, Management an
Maintenance, August 1958, p. 140, :
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and repair have negative effects on those firms
which are customers of the firm in question.

Poor quality of intermediate goods deterio-
rates the quality of the final products as well—
or requires additional treatment or processing
by the final manufacturer. 1If the quality is so
poor that the material cannot be used at all
but is still passed on to the customer, the waste
is even greater because of needless haulage by
railways or trucks.® Again, it should be men-
tioned that the losses through waste impair
economic growth and development relatively
more in a developing country, where resources
are particularly limited and the industrial sec-
tor is only small.

Frequent breakdowns of machinery which
reduce the output of a firm or industry, or
lead to irregular deliveries, also affect the in-
dustry that is supplied by these products. Here
too, disruptions in production may become
unavoidable. In order to reduce their depen-
dency on unreliable suppliers and, thus, to keep
their production flow more constant, it has
become common practice with many firms
to keep—normally unnecessary—high™ stocks
of intermediate products. This, of course,
is an uneconomical tying up of scarce capital
and hence a waste of resources, too.

The construction industries illustrate parti-
cularly well the case of induced losses. Negli-
gence in the maintenance of construction
equipment brings about delays in the comple-
tion of buildings and structures. If important
mdustrial projects are concerned, this delay
will cause new delays and inconveniences in
the “interrelated” industries; the set-back in
programmed industrial performance, i.e. In
the implementation of the nation’s economic
plan, will altogether be multiplied.

Other induced losses occur because of bot-
tlenecks in the supply of spare parts, be it that
their import is restricted or that their shipment
is just impossible without longthy delays.?

8. Cf. W. A, Johnson, op, cit., p. 163.
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The consequence is that many firms try to
hold an abnormally large stock of spare parts.
From the individual firm’s point of view,
this is an absolutely rational policy, but for
the overall national economy this is a waste
of resources detrimental to growth; it might
be overcome by a revision of the country’s

spare part supply policy.

(d) Disguised Losses: It is well-known today
that in many developing countries installed
capacities are wnder-utilized.?® Tt isless known,
that excess capacity quite often disguises in-
adequate maintenance, at least temporarily.
The breakdown of an ill-kept machine need not
disrupt the firm’s production process: a switch-
over to idle equipment is an often used device,
Only if the practice of poor maintenance and
incompetent repair is continued over a longer
period of time, deterioration and frequent
breakdowns of the whole set of equipment will
become apparent.

The cannibalization of machines also be-
longs to the category of disgunised losses due to
€Xcess capacily: parts are stripped from idle
machines in order to obtain the spares needed
for broken machinery. Again, this can only
be 2 short-lived practice averting from the real
problem: shortcomings in the country's deve-
lopment policy to provide for an adequate sup-
piy of spare parts, and, as a consequerce, un-
economic investment decisions on the part of
the single firm.

Deterioration and delays in delivery can
be disguised in a situation generally described
a5 a seffer’s market. Producers are able to
dispose of poor-quality products—at any time—
where there is a serious shortage of supply.
The situation is not unfamiliar to developing
countries where tariffs or quotas bar the im-

9. Cfeg “Some Problems of Industrial Manage-
ment Reported by Technical Assistance Experts,”
op. cit., pp. 55-56.

10. Cf. ep. Under-util zation of Industrial Capacity,
National Council of Applicd Economic Research,
New Delhi, 1966, esp. pp. 44-49.
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port of competing goods., Poor performance
is particularly well disguised if the product
allocation is no longer left to the market forces
of supply and demand, but is replaced by an
administrative distribution system which forces
cornsumers to purchase from firms not neces-
satily of their own choosing.”** Here, consu-
mrs will have to accept whatever quality 18
made available at whatever time.

(€) Foreign Exchange Losses and Damuage to
Goodwill: The developing countries generally
have to import most of their industrial equip-
ment for invesiment and most of the spare parts
to maintain this equipment. Inadequacy of
maintenance makes it necessary to replace parts
excessively often, sometimes even to exchange
the whole machine before it reaches its normal
service life. This implies an unnecessary loss
in foreign exchange, it is an absurd situation in
countries which suffer notoriously from severe
shortages in hard currencies.

Possible losses on the export side should
not be overlooked, either. The supply of
poor quality products and lengthy times of
delivery are badly suited to gain export markets.
Once the deterioration of quality has been
realized, future exports might become jeopar-
dized. The “MADE IN...” mark of origin
may lose its attraction, and the loss of confi-
dence need not remain confined to the actual
low-quality product: it may just as well affect
other export products of the country. The
loss of prestige might become so serious that
not even expensive marketing campaigns abroad
or participation in international trade-fairs
will fully restore it.

5 OpTIMAL MAINTENANCE AND REPAIR ACTIVI-
1ies OF A CountrY: A THEORETICAL ANALYSIS¥

A. The Effects of Differences in the Interest Rate
(@) Longevity, Durability Outlays and Main-

tenance Outlays: Maintenance and repair costs
can be conceived as outlays aimed at extending

11. Cf W.A. Johnson, op. cit., pp. 158, 162.
* A graphical presentation is given in the Appendix.
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the service life of the equipment which occur
only after the equipment has been installed and
began to operate. Spending on maintenance
is only one way to extend the service life, the
“longevity” of capital goods. The other way
is spending on higher quality at the time of pur-
chase of the capital goods, so thatitis less prone
to wear and tear. Longevity outlays can thus
be broken down, as suggested by Blitz,'® into
durability outlays and maintenance outlays.
Both are interrelated and are to be considered
together.

Durability outlays are made for the built-
in enduring quality of capital goods. The
price of higher durability can be compared
with the cost of maintenance of initially less
durable equipment which can only reach the
same longevity if it receives better care and if
parts are changed more often.

Tt should be pointed out that the variations
in durability are assumed for equipment having
the same operating characteristics.’® Whereas
greater durability could be reached by dis-
pensing with accuracy of operation, speed,
versatility, complicated control devices of a
machine—in short, by simpler construction
and hence at a cheaper price—the operating
characteristics of the machine would be
altered. On the other hand, greater durability
for equipment of the same kind is only possible
by making it more expensive: by choosing
better materials, a costilier construction, by
assembling the parts more carefully and
inspecting the work more often and more
thoroughly. Thus, greater durability has its
price.

12. Rudolph C. Blitz, *Capital Longevity.and Economic

mic Development”, The American Economic Review,
Vol, 4%, No. 3, June 1958, pp. 313 f—Rudolph C.
Blitz, “Maintenance Costs and Economic Deve-
lopment”, The Journal of Political Economy, Vol.
67, 1959, pp. 560 ff, (In the following cited as:
AER, 1958, resp. JPE, 1959.)—The discussion in
this paragraph has benefited particularly from
this author,

13, Cf. W. Paul Strassmann, Technological Change
and Economic Development, Cornell University
Press, Ithaca, N, Y., 1968, pp. 195 ff.
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To get a certain desired longevity of
equipment, a firm can spend more on
durability and less on maintenance or

vice versa.

To get a certain desired longevity of equip-
ment, a firm can spend more on durability
and less on maintenance, or vice versa. Gene-
rally a mix of both durability and mainten-
ance outlays is needed. In an extreme case,
longevity can be obtained by spending only on
durability, without any maintenance.’* On the
other hand, it is not possible to get longevity
only by maintenance; some durability outlay
is always required.

Blitz draws an analogy to the factors deter-
mining the life-pan of & human being: “This
initial dorable endowment is to be conceived
as similar to the innate physical endowment
of a human being; on the other hand, main-
tenance expenditures are analogous to subse-
quent efforts of doctors to extend longevity.”15

Within the a.m. limits which are imposed
by technical constraints, a substitution of main-
tenance outlays for durability outlaysis possible,
For every investment the optimal combination
of both kinds of outlays is to be defined.
The optimal combination is that which, for any
assumed longevity, minimizes the total cost of
longevity.

14. This is possible in the case of capital goods such
as buildings, etc. For example: more expensive
construction material is used which need not be
painted, instead of a cheaper material which has
to be painted periodically to reach the same
longevity,

15. R.C. Blitz, JPE, 1959, p. 561.
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(b) The Influence of the Inierest Rate on the
Combination of Durability and Maintenance
Outlays: Durability outlays occur immediately at
the time of the initial investment. Maintenance
outlays are to be made only in the future. To
compare both, the future costs of maintenance
have to be discounted to the present, using the
given rate of interest. The level of the interest
rate will influence the present value of the
maintenance costs occurring in the future:
Discounted at a higher (lower) interest rate the
present value of future costs will be less (higher),
In other words: The amount of money to be
put out af interest now, can be lower if the
Interest rate is high; it has to be higher if the
interest rate is low.

Assume two countries, one having a rela-
tively low, the other one having a relatively high,
interest rate. The equipment invested and the
maintenance techniques are supposed to be
identical in both countries, and it is also assum-
ed that the future price of a “maintenance unit”
(labour plus materials) is the same in both
countries. The same technical combination
of durability and maintenance contains, in the
high interest country, a lower present value of
future maintenance outlays. That is, the pre-
sent sum of money that is necessary for main-
tenance outlays in the future is lower because
the interest rate is high. The same longevity
can be reached, in the high interest country,
at a lower present cost.

A technical combination of durability and
maintenance which results in minimal total
outlays for a given longevity in a low-interest
country is, however, not the optimal policy
under the different conditions of a high-interest
country. Since in the latter country the factor
“maintenance” is relatively cheaper than the
factor “durability”, economic rationality requires
to buy relatively more maintenance and rela-
tively less durability than is optimal in the for-
mer country. The minimal-cost combination
of durability and maintenance for any given
longevity is thus, in the high-interest coun-
try, not only at a lower level of total (present)
costs than in the low-interest country (price
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effect); it reflects also another combination of
the two cost ingredients: relatively more will be
spent on maintenance and relatively less on
durability, compared to the low-interest country
(substitution effect).

Hence follows the first recommendation
for an optimal policy: Provided that all other
things are equal, the country with a higher
interest rale should spend more on maintenance
and less on built-in durability to obtain a given
longevity, than the country where capital 18
available at a cheaper rate.

¢) The Influence of the Interest Rate on the
Longevity Chosen: So far our analysis started
from the assumption that the longevity of the
equipment was given, and the question was which
mix of durabilily and maintenance would be
optimal to obtain this longevity. Now we
ask which longevity will be chosen. The deci-
sion, again, is influenced by the prevailing
interest rate.

In determining the optimal longevily of
equipment at the moment when the investment
decision is made, two factors have to be taken
into consideration. Oneisthe cost of addi tional
longevity, the other the ‘savings” which
result from postponing the capital replacements
in the future.!®

Suppose that a machine of higher longevity
is chosen for initial investment. It follows that
we have an increment in cost, but the next and
all successive replacements can be postponed by
the increment in lifetime.  Postponing all
future replacements brings.about a stream of
“savings”. These savings may be considered
as a capital gain or a marginal revenue of in-
creased longevity. The present value of this
stream of future savings can be determined by
discounting it at the prevailing interest rate.

The capitalized value of the savings has to
be compared with the increment in cost caused

16. Cf. R.C. Blitz, AER, 1958, pp. 314 ff—W.P.
Strassmann, op. cif., pp. 195 ff.
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It is economical to
choose a higher longevity—and thus to increase
the total cost of Jongevity—as long as the margi-
nal revenue of longevity is greater than the mar-
ginal cost of longevity. The optimum is reached
when the capitalized value of the stream of
savings equals the increment in cost for higher
longevity. At this point the sum of the cost
of the initial investment and the discounted

values of all future replacementsisa minimum.*

by the greater longevily.

The country with a higher interest
rate should spend more on maintenance
and less on built-in durability than the
country where capital is_available at

cheaper rate.

The interest rtae has a decisive influence on
this compuation. The present value of the
stream of future savings will be less if it is dis-
counted at a higher interest rate. If the savings
are smaller, the increment in cost of longevity
has to be smaller. It follows that the optimal
longevity will be shorter if the interest rate is
higher.

Al other things. being equal, the opti
choice of capital longevity in the coutry with a
relatively higher interest rate would thus be a
lower capital longevity compared to the country
where the interest rate is relatively low.

d) The combined Effect of the Interest Rate:
Level and Structure of Longevity: In section (b)
and (c), the effects of differences in the interest
rates were analysed separately. Now the combi-
nation of the effects is examined.

For a mathematical treatment see: Fred M. Westfield,
« A Mathematica! Note on Optimum Longevity,”
The American Economic Review, Yol. 48, No. 2, June
1958, pp. 329-332.
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The longevity impact of a higher interest
rate is a combination of the effects on the jeve/
and on the structure of the longevity of equip-
ment. The effect on the structure of longevity
(the mix of durability and maintenance) always
has an unequivocal direction, towards more
maintenance (¢f section b), The effect on the
level of longevity (i.e. the longevity chosen)
consists of a direct tendency towards shorter
lifetimes of capital goods (¢f, section c), com-
bined with an indirect effect via the substitution
of maintenance for durability. The indjrect
effect goes in the opposite direction : it lowers
total cost of longevity (cf. section b) and there-
fore curbs the tendency towards shorter life-
time. The change in direction of the level of
longevity is, therefore not determinable on @
priori grounds. It is likely that the direct
incentive to shorten longevity will not be coun-
teracted entirely by the a.m. indirect effect.

This is assumed becanse of the following
consideration: A4// savings occur in the future,
and therefore the interest rate affects the savings
In toto. As to the cost aspect, only part of the
longevity mix, viz., expenditure on maintenance,
will occur in the future. So, the fact that the
interest rate is higher will affect onfy parf of
the cost side. Thus, the impact on the savings
side should be greater. The higher the share
of maintenance costs in total longevity costs,
the less the longevity will be reduced by impact
of a high interest rate.

All other things being equal, the country
with a relatively high interest rate should tend
to reduce the longevity of its capital goods.
However, if the country can rely heavily on
maintenance (and less on built-in durability) in
order to obtain a desired longevity, the optimal
policy would be to realize this substitution as
far as possible; then longevity will not be reduced
very much—in the extreme case, it may remain
almost unaltered.

B. The Effects of Differences in the Wage Rate
Up to this point, the analysis was concerned

with the isolated effect of differences in the inte-
rest rate, resulting in differences in the present

T MOLSBERGER

(discounted) value of future costs and revenues.
It was assumed that the technical composition
of a “maintenance unit” as well as the Juture
price of such a unit were identical in either
country, regardless of whether the countries
had high or low interest rates. This assump-
tion is now dropped.

Differences in the interest rate between two
countries—if we disregard distortions of the mar-
ket forces by political interventions—reflect
differences in the factor endowments in these
countries, A high interest rate indicates a rela-
tive scarcity, a low interest rate, a relative abun-
dance, of capital. A relative scarcity of capital
corresponds to a relative abundance of labour,
and vice versa. That is why a country with a
relatively high interest rate will havea relatively
low wage rate, and a country with a relatively
low interest rate will have a relatively high wage
rate.

Differences in the wage rate influence the
(future} value of maintenance costs. Suppose
that the same techniques for maintenance and
repair are applied in either country, the main-
tenance wage per hour, and therefore the total
cost of maintenance, will be less in the low-
wage country.

Now, maintenance and repair costs are not
composed only of wage outlays but also of
outlays for spare parts, tools, materials, mechani-
calaids, To a certain degree a substitution bet-
ween labour and capital is possible: mainten-
ance work can be done with more or less mecha-
nical aid; repair may be more or less labour-
inensive depending upon whether a broken
part, or a whole aggregate, is replaced by a new
one or fixed again.

If the price of maintenance capital is the
same in both countries, cconomic rationality
should induce the low-wage country to substi-
tute labour for capital in maintenance and repair
activities; and all the more so if the price of
maintenance capital in the low-wage country
is relatively higher. In the ideal case, this
substitution would take place until the marginal
costs of labour and capital were equal to one
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another and to their marginal products. The
Subsititution of relatively cheaper maintenance
labour for maintenance capital will result in
an even greater reduction of total (future)
maintenance costs.

The same longevity can be obtained at a con-
siderably lower (discounted} cost; or by spend
the same amount, the low-wage/high-interest
country can obtain a higher longevily than the
other country. In other words, a reduction in
cost of longevity, induced by the high interest
rate, is possible without reducing longevity,
perhaps even extending it.

The conclusion drawn in section A(d) ought
to be modified now, taking into account the
influence of wage differentials: The com-
bined effect of a high interest rate and a low wage
rate will make it economically optimal for a
country to choose a greater capital longevity
than a low-interest/high-wage country. The
higher longevity should be achieved by substi-
tuting maintenance for durability and, in addi-
tion, by choosing maintenance techniques which
are more labour-intensive. On the other hand,
the optimal policy for a country with a low in-
terest rate and a high wage rate would be to
choose equipment of less longevity, to spend
relative’y more on built-in durability than on
maintenance, and to apply capital-intensive
maintenance techniques.

C. The Effects of Differences in the Price of
Capital Goods

If the capital goods which two countries in-
- vest, and some of the “maintenance capital”
(e.g. spare parts) which is used in both, are pro-
duced only in one of the countries, viz. the low-
interest/high-wage country, it is most likely
that the price of these capital goods will be higher
in the other country which has to import these
goods: Transportation cost and customs duties
will raise the price,

1t has already been pointed out in section B
that a higher price of maintenance capital will
. reinforce the, already existing, tendency in the
- —high-interest/low-wage country to substitute
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maintenance labour for maintenance capital.
A higher price for investment will also make the
(initial) capital expenditure on built-in dura-
bility less attractive.

D. The Combined Impact of Differences in
Tnterest Rates, Wages, and Prices of Capital
Goods

(@) Conclusions: The combined impact of
differences in interest rates, wages, and prices
of capital goods between two countries can now
be summarized:

Suppose there are two countries: country
A has a relatively low interest rate, 2 high wage
rate, and low prices for capital goods; country
B has a relatively high interest rate, a low wage
rate, and high prices for capital goods. Under
these assumptions it is optimal for country A
to investincapital goodsofa relatively short
lifetime, to obtain the chosen longevily by spen-
ding relatively more on built-in durability and
less on maintenance, and to carry out the in-
dispensable maintenance and repair work by
relatively capital-intensive methods. The opti-
mal policy for country B would be to choose
capital goods of a relatively long service life,
to obtain this longevity by spending less on built-
in durability and more on maintenance, and
rely for the maintenance and repair activities
on relatively more labour-intensive techniques.

() A numerical example. The preceding
analysis can be illustrated by a numerical ex-
ample computed by the United Nations Bureau
of Feconomic Affairs. (Cf. Table 1). The ex-
ample compares the average yearly costs of
depreciation and maintenance for a mitrogenous
fertilizer plant in the United States and m
Central America. Alternative lifetimes of 10
and 15 years are assumed in both regions. The
computation does not take into account differ-
ences in interest rates but gives due weight to
wage and price differences.’®

18, For another example ¢f. *Use of Industrial Equip-

ment in Under-developed Countries : Problems
of Maintenance, Repairs, Replacement and Obsole-
scence”, Industrialization and Productivty, Bulletin
4, United Nations, Department of Economic and
Social Affairs, New York, April 1961, pp. 33-36,



242

J MOLSBERGER

TABLE 1

Comparative cost data on depreciation and maintenance for a nitrogenous fertilizer plant
with alternative lifetimes of 10 and 15 years: United States and Central America.

(Thousaunds of U.S. dollars, per year, per one million dollars of investment jn the United

States)

United States

Central America

Same techniques in M&R 3

Greater relative use

| i
! 'el'a(:'s ! ;;_5 as in the USA ‘ of latour in M&R
| ¥ = 10 15 10 | 15
| | years years years l years
|
Depreciation 100 67 135 90 135 90
Maintenance and repair 40 80 35 70 29 58
thereof labour (20) 40) (8 {16) (14.5) 29)
thereof spare Parts 20 {40) 27 (54) (14.5) 29
Total 140 147 170 160 164 148

Source : “Problems of Sizeof Plant in Industry in Underdeveloped Countries™, Industrialization and Produc-
tiviry, Bulletin 2, United Nations, Department of Economic and Social Affairs, New York, March

1939, p. 22,

It is assumed that the extension of longevity
of the fertilizer plants can be achieved by in-
creasing the outlays on maintenance and repair.
According to the practice in the United States,
maintenarnce costs are equally divided between
labour cost and outlays for spare parts. Plant
equipment and spare parts are only produced
in the United States and have to be imported
to Central America. This raises their costs
in Central America to 135 percent of the cost
inthe United States. On the other hand, labour
cost in Central America is estimated at 40 per-
cent of the labour cost in the US,

It appears that the shorter lifetime of 10 years
is most economical in the United States, whereas
in Central America the extension of longevity
to 15 years is the economically rational choice,
even if the same techniques in maintenance and
repair were applied as in the US., Central
America could even gain a higher cost advan-
tage from the extension of longevity to 15 years,
if relatively more Jabour was used in mainten-
ance. According to the example, the optimum

is reached in Central America when the substi-
tution hits the point where the costs of labour
and spare parts are equal.

It may be added that the cost of longevity,
in absolute terms, is lower in the Unitcd States
even if a lifetime of 15 years is chosen; Central
America achieves a relative cost advantage only
by extending the service life of the capital
goods.

E. The Applicability of the Model

Empirical evidence shows that the theoretical
model presented here may fairly well be applied
to maintenance and longevity decisions in the
United States as compared to industrialized
Europe.

There is enough evidence, indecd, that the
United States—which had a relatively high
wage rate and a relatively low interest rate during
the post-World-War II period—acted accordi :
to the principles deducted in the preteding
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theoretical analysis : it is a well-known
tendency in the US economy to make the
equipment easily serviccable, to exchange
parts and units rather than to repair them, to
design the equipment in a way that repairs and
replacement of parts can be executed witha
maximum of mechanicalaid. All thisisdone in
order to avoid high costs of labour-intensive
maintenance and repair.

Unlike the US, wages in industralized Europe
were lower and interest rates higher. Labour-
intensive maintenance and repair used to be
of much greater importance.

As to the longevity of capital goods, there
is not much reliable information. In the US.
many ' ‘durable” consumer goods as well as
less valuable production goods are cheap to
buy and disposable after a relatively short
service life. There are some indications that
the longevity of capital in_general is lower in
the United States than in Europe and that it is
declining over time in all industrialized coun-
tries.,1® T his issue, however, presents too many
statistical nncertainties to be decided unambi-
guously.

The model may be applied particularly well
to industrialized countries, on the one hand,
and to developing countries on the other. Gene-
rally, the developing countries have relatively
high interest rates and low wage rates and
the prices of capital goods are high, com-
pared to industrialized countries. However,
some modifications have to be introduced that
take the specific conditions of develeping coun-
tries into full account.

3. THE PROBLEM OF MAINTENANCE AND RE-
PAIR UNDER THE SPECIFIC COKDITIONS OF DE-
VELOPING COUNTRIES

A. The Quantity and Quality of Available
Labour

So far it has been assumed that the quality

19. Cf, R.C. Blitz, AER, 1958 pp. 326-7.-R.C, Blitz
JPE, 1959, pp. 562-4.—L.Rostas, Comparative
Productivity in British and American  Industry.
New York, 1948.
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of labour available in a country is homogeneous
and thus the single “labour units* (manhours}
interchangeable. In reality, however, this is
not the case, and we have to consider the im-
pact of this fact on our model.

Generally, there exists a relative abundance
of aggregate labour in developing countries,
but skilled labour is usually scarce. Conse-
quently, unskilled labour is cheap while the
wages of the skilled workers are h'gh, in rome
instances even extremely high compared with
the wage relations in industrialized countries.
Since most of the maintenance and repair acti-
vities require skilled or even highly <killed
(specialized) workers. the cost of tatour inten-
sive maintenance and repair may be extremely
high in the developing countries, 100.

The real situation in the developing coun-
tries requires that we differentiate again and
consider short-run and long-run solutions anc
different kinds of developing countries.

For our purpose bere, developing countries
can be divided into two groups:*

(i) Traditionally purely agrarian countries
which are now making first steps fo-
wards industrial'zation, wh'ch have
only a poor tradition in handicrafts,
and are not familiar with even the
simpler modern technologies (countries
of type I).

Countries which have already a cer-
tain industrial tradition, which can
dispose of a cadre of industrially trai-
ned workers and, in addition, have a
considerable number of craftsmen famili-
ar with the basic techniques of working
metal and wood (countries of type II).

(i1)

(@) Countries of Type I: What is the opti-
mum policy for countries of type I in the short

20 Under certain circumstances, this distinction may
reflect stages of development, too.
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run where skilled maintenance workers are practi-
cally not available? The most obvious solution
would be to choose those projects which do not
require maintenance and repair because they
have enough built-in durability to reach a
certain longevity. However, this js only
possible in very restricted cases: for projects
such as buildings, roads, or bridges, All kinds
of machinery with moving parts need a certain
amount of maintenance.2’ Hence, other solu-
tions have to be looked for.

In the short run, these countries have to
employ foreign specialists for practically all
maintenance and repair work of complicated
industrial devices., These specialists receive
an even higher remuneration than in their home
countries. On the other hand, investment Zoods
and maintenance equipment, too, have to be im-
ported completely from industrialized coun-
tries and hence will be more expensive than
in the exporting countries. In this situation the
factor-price relations will not induce a substi-
tution of maintenance labour for maintenance
capital, nor of maintenance outlays in general
for durability outlays. The only influencing
factor will be the higher interest rate inducing
a substitution of (future) maintenance outlays
for (present) durability outlays, and, eventu-
ally, a slight shortening of the life time of equip-
ment. If, however, as is usual in the early stage
of industrialization,very fav ourable credit condi-
tions are offered for the initial investment, the
burden of durability outlays will be reduced,
and hence the interest rate effect will be mode-
rated or totally equalized.

Under these conditions, the optimum short-
run policy for a country of type I would be to
choose the same production technique as an
industrialized country short of skilled labour:
1.e. to rely less on maintenance and more on
durability and to extend the lifetime of the
cqu:'ipment only to the point that is optimal
in developed countries.

If there is a choice between two types of

21, C.F, A.O,Hirschman, op. cit,. pp. 141-2, —R.C.
Blitz, AER 1958, p. 324
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equipment, one requiring highly specialized
production workers but less skill in maintenance
and repair (simple machinery), the other doing
with semi-skilled workers in production but
requiring highly skilled maintenance workers
{sophisticated equipment), the decision should
be in favour of the second type of equipment
(what, by the way, would also be the optimal
choice in the industrialized country). This is
$0 because maintenance workers have to be
“imported” anyway—for both types of equip-
ment. The differences in wage pay for these
more or less specialized foreign workers are
only “marginal®; so it is economically rational
to employ them in maintenance aciivities where
professional skill requirements are highest,
Semiskilled production workers, on the other
hand, can be trained in a relatively short time,
hence foreign assistance is needed here only
in the very beginning of industrialization.

The long-run aspect adds a new angle to this
policy. Here, the dynamic effects of economic
development come into play. Within the con-
text of our theoretical model, the most im ortant
effect of economic development is the evelop-
ment of manpower skills. We have seen that
countries in the early stages of industrialization
do not command over a labour force whose
skills are comparable to those of workers in
industrialized countries, and optimal policy in
the short run has to follow the pattern of invest-
ment as if there was no abundance of labour.
Optimal policy in the long run has to develop
highly skilled labour force because this is the
only way for a country in early stages of develop-
ment to reach eventaully the point of substitu-
Ling scarce capital by abundant skilled
labour, lLe. profiting  from its natural
comparative advantage by using its cheaper
(abundant) factor of production.

The training of workers, the type of training
offered, is closely related fo the type of industry
chosen. Whether it is casier to train people
for production rather than for maintenance is
controversial; experts have expressed  both
opinions. Hirschman, for example, considers
preventive maintenance (not repairs) as an
administrative process which is “intrinsically
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harder to master than production jobs”.®
Consequently it presents a particular problem
in early stage of industrialization. Hirschman
states:

“Any production activity has these three
assests: the target is clear-cut, we know it
can be reached, and success in doing so is
subject to an objective test....

The basic difficulty about maintenance of
capital—as opposed to operation on the
one hand and repair on the other—is that it
1S preventive activity which must be per-
formed at fairly long intervals that are neither
known with precision nor signalled by the
capital itself....For maintenance to be
effective, people must be similarly made to
act as though it had to be undertaken at
precise intervals, suppressing their better
knowledge that deferment by a day, a week,
or a month may not matter; they must
organize this fiction, submit to it, and set up
a signalling system to enforce it. In other
words, maintenance is predominantly an
administrative process if we so define an
activity whose performance is not directly
invited or compelled by the production pro-
cess or the product itself, and as such it
requires an especially high degree of organi-
zational ability,”22

The opposite opinion is expressed by an
American steel engineer:

“Lack of experienced and technically skilled
workers can best be offset by using methods
and processes in which the operations re-
quiring skill are entrusted to machinery to
the greatest possible extent. Skill in main-
tenance, mechanical and electrical work
seems to be more easily found or developed
than that required for complicated manual
operations such as in sheet or timplate
rolling.” 24

22, A.Q. Hirschman, op. ¢it., p. 154.

23, A.O. Hirschman, op. cit., pp. 154 and 141.

24, Wiliam A. Haven, *Seleciion of Steelmaking
- Processes and of Locations for Integrated Iron and

of the Iron and Steel

Steel works”, A4 Study
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Perhaps it is not possible to make a generally
valid statement deciding a priori that mainten-
ance skills or production skills are easier to
transmit. Different cultural backgrounds of
the developing countries may partly induce the
different attitudes of labour towards a certain
job. The general underevaluation of mainte-
rence activitivities is most likely, however, to
affect the professional status of the repair and
maintenance man negatively, hence the psycho-
logical obstacles for maintenance training may
be substantial.

The type of industry that is best fitted for
vocational training in maintenance skills in
developing countries depends to some extent
on the “weakest™ point in skill deficienctes which
again is a matter of the degree of industriali-
salion already oblained: in the very early stages
of development manual abilities as well as a
“maintenance habit” are lacking.

The generally accepted expert opinion seems
to be that maintenance habits are the most
difficult to promote. Some experts therefore
give preference to those industries which have
the highest “educational” effect. Hirschman,
for example, recommends that developing
countries should concentrate on new ventures
with a complicated technology (preferably
machine-paced, process centered) w hich presents
a compulsion to maintain:*

“industries and processes where lack of
maintenance carries stiff penalties in the
form of serious breakdowns and accidents
instead of simply leading to a slow deterio-
ration in the quality and quantity of out-
put or to brief outages of single machines
that do not disrupt the whole production
schedule.”

According to Hirschman, ““simple” industries
present too many °‘Latitudes’, too much toler-
ance for poor performance in maintenance.
Hirschman'’s propositions imply that the capital

Industry in Latin America, United Nations, New
York, 1954, Vol. II, p. 354, Cited by W. P.
Strassmann, op. cit. p. 201,

25, A, O, Hirschman, op, cit., p. 142.
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and maintenance-intensive productions chosen
at the early stages of industrialization should
not only be continued but even be expanded
during the progressing stage of industrializa-
tion. This however raises the question of the
availability of capital. The United Nations
Department of Economic and Social Affairs,
for example, pointed out that the proposition
1s “generally too expensive in terms of capital
and skilled labour to be introduced on a mass
scale”, 28

The cost argument is indeed fundamental.
The limited access to foreign capital has actu-
ally induced oost developing countries to pursue
more modest industrial projects as well. This
may allow another way of training professional
skills and advancing the development of main-
tenance habits: “breakdown maintenance”,
in case of simpler technical devices.

Repair after breakdown is said to have the
same psychological assets as production acti-
vity: success or failure in performance are
immediately apparent.2® Morcover, “‘break-
down maintenance” or “replacement at failure”
is by no means an inferior way of maintaining
equipment: (1) It may be cost saving, in case the
cost of downtimes is smaller than the cost of
preventive maintenance. (2) It is the optimal
policy for all equipment with a failure rate that
is independent of age or decreases with age-
wether or not replacement cost is higher after
failure than before. Investigations have shown
that a wide variety of devices falls into this
category.? Examples cited are: Power hand-
tools, ball-bearings, ¢lectric motor centrifugal
switches, linotype machines, automatic calcula-
ting machines, bus motors (subsequent to the
second major overhaual), most electronic com-
ponents, cte.

The training of repairmen for “breakdown
maintenance” of simpler industrial equipment
has the advantage of familiarizing the workers
with relatively simple techniques but avoiding
the discouraging ‘‘latitudes” and the high

26. “Use of Industrial Equipment in Underdeveloped
Countries™ op, cir., p. 31.

27. A, O, Hirschman, op. cit.. p. 154,
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organizational requirements of preventive main-
tenance.”® This form of training appears to be
particularly suitable for developing countries
with a poor stock of skilled mainterance wor-
kers. By comparison, the training of experi-
enced repairmen for prevenlive maintenance
would be the “‘second” step. The country
would eventually reach the stage which is
typical for countries of type II

(b} Countries of type If: Incountries of type
IT the situation of labour supply is “better”,
compared with the situation 1in predominantly
agrarian countries: countrics of type 11 can
count already on a cadre of workers familiar
with maintaining and repairing simpler, con-
ventional devices. In the short run, these coun-
trics may bave to rely on foreign specialists for
the servicing of some complicated, modern
industrial equipment; but their main task is
that as advisers, training people rather than
doing the job themselves for a longer period of
time.

The problem of training in manual skills
might satisfactorily be solved within relatively
short periods of time but the problem of develop-
ing a maintenance habit remains the pivotal
point of long-term development efforts. As
pointed out before, maintenance and repair
do not enjoy high evaluation in almost any
developing country where the mentality of
negligence is not confined to the labour force;
equal indifference, even strong aversion, is found
on the part of the management to engage in
maintenance activities.

A change in the mentality of management
is, therefore, as important as the acquisition of
maintenance and repair skills by the worker.
The training of supervisory skills (*‘to organize,
to instruct, and to motivatle subordinates”) and
the instruction of foremen (‘‘a necessary social
stratum lacking in preindustrial societies™)?®

28, D.W. Jorgenson, J. Me Call, R. Radner. Optimal
Replacement Palicy, North-Holland  Publishing
Company, Amsterdam, 1967, esp, pp. 45 ff.,
70-71, 132 ff, 146 fT, 156 ff.

29, * Use of Industrial Equipment in Underdeveloped
Countries”, op. cit,, p. 43,
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may be added to the catalogue of preconditions
which are necessary to raise the “production
factor”’ labour to a level comparable to indus-
trialized countries.

Once this problem of developing a main-
tenance habit is however solved. the develop-
ing countries in the Jong run should gain an
advantage in maintenance and repair costs
compared to the industrialized countrics.®
Although training and upgrading of mainten-
ance workers as well as greater awareness of the
maintenance problem will eventually cause a
rise in wages, it is most likely that maintenance
labour will remian cheaper than in industrialized
countries. On the other hand, capital—which
is not only needed in real assets but also for
education and training—will continue to be
scarce; therefore, the interest rate will tend to
be higher than in already industrialized coun-
tries.

Regarding our theoretical two-country mo-
del, we may conclude that developing countries
of type IT, especially in the long run, are adequa-
tely presented in the low wage/high interest-
country model, whereas paradoxically the model
of the high wage/low interest-country (normally
the indusfrialized country) is applicable for
the short-run conditions of countries of type L

B. Alternative choices of Capital and Technigues
in Developing Countries

After having discussed the production factor
labour in developing countries the choice of
capital will now be taken into consideration.
Except for the case of a country of type 1 under
short-run conditions, the factor relations in
developing countries suggested, as optimal
policy, a “two-stage” substitution of labour
for capital: (1) by spending less on durability
than in industrialized economies, but extending
the lifetime of equipment by more intensive
maintenance and repair; and (2} by relying on
more labour-intensive methods of maintenance
and repair than is customary in developed
countries.

30. Cf also R.C. Blitz, JPE, 1959, pp. 560 and 564 ff.
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How far can those propositions be followed
urider present-day conditions?

(a) Degree of durability of equipment: Let us
first consider the decision for more or less built-
in durability at the time the initial investment
is made. Enterprises in a developing country
have to buy most of the investment goods
from producers in industrialized countries.
Naturally, this equipment is gencrally designed
to the needs and requirements of firms in in-
dustrialized countrics that make up the bulk
of the customers. In these cases, the develop-
ing countries will have no choice between more
or less durable capital goods. They will have
to put up with the equipment that is more
properly suitable in industrially advanced coun-
trics. The only means to approach the desired
optimum is to extend the longevily of equipment
over a longer period than is customary in indus-
trialized economies—in other words, to repair
installed plants and equipment when they
would have been replaced in developed countries.

The choice of-capital is, however, not always
restricted to such an extent. In particular, there
are three possibilities of which developing
countries could take advantage to get less built-
in durability of equipment and hence to lower
present cost of investment:

(i) Some of the equipment which deve-
loped countries supply has different
degrees of built-in durability and re-
pairability, that is, require more or
less maintenance. Firms in industria-
lized countries make use of this choice,
and so could the industrially less deve-
loped countries. Sometimes changes
in maintenance requirements entail
changes in operating characteristics,
100.3 As long as these changes do not
impair the quality of the final product,
they are unobjectionable. They may
sometimes suit the typical needs of
developing economies even better (small-
er scale production, lower speeds of
output, €1c).

31. e.g. machines may be run at different speeds, etc.
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(ii} In the more advanced developing
countries (countries of type II) where
machinery is already produced locally,
foreign prototype machines may be
redesigned to fit local materials, stan-
dards, or skills of operators. Main-
tenance and repair requirements may
also be subjected to redesigning.® Ini-
tial costs for durability can be reduced
(at the expense of higher maintenance
and repair costs) by using cheaper
material, a simpler construction, or by
permitting less accuracy in assembling,

(iii) A third way to purchase less durability
is the import of second-hand equipment
from industrialized countries. High-
wage/low-interest countries replace their
equipment when the cost of main-
tenance and repair rises with the grow-
ing age of the equipment. At this
point, it can still be economically used
in developing countries. (of type II)
which have cheaper skilled labour avail-
able for maintenance., Provided that
the cost of transportation and mount-
ing is not excessive and that spare parts
will be available, it pays for a low-
wage/high interest country to use
second-hand machinery.

Second-hand equipment may be all the
more advantageous if the equipment was re-
placed in the industrialized country only because
more modern equipment needing less main-
tenance had become available., In other words:
labour-displacing inventions can make replace-
ment of old machinery profitable in the high-
wage countries without doing so in the low-
wage countries; the latter may make a bargain
by buying these machines. The problems
involved in the use of second-hand machinery
will be analysed more thoroughly in Section
1I of this study.

(&) lapital-iniensity of maintenance and repair:
Compelled by rising wage rates, firms in

32, Cf Gerard ¥ar! Boon, Economic Choice of Human
and Physical Factors in Production, North-Holland Publi-
shing Company, Amsterdam, 1964, pp. 55 if.
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Most maintenance and repair work
can never be done on a large scale; it
is more in the nature of ‘made to order’
work and, therefore,
intensive.

more labour-

industrialized countries try to substitute capital
for labour in production and maintenance
as far as possible. But the possibilities of
labour-saving operations in maintenance are
more limited than in the manufacturing pro-
cesses where capital intensity can be pursued
up to the point of automation. Most main-
tenance and repair work can never be done
on a large scale; it is more in the nature of
“made-to-order” work and, therefore, more
labour-intensive.

Capital/labour substitution in maintenance
and repair is achieved in three, ways:

(i) Auxiliary work may be mechanized
by introducing mechanical aids for
mounting and dismounting of machines,
handling of machine parts and in trans-
portation work.®

{i1) The labour content of repairs may be
lowered by a policy of “unrepaira-
bility and expendability” of components:
not the single broken part is identified,
removed, repaired and replaced, but

33. Cf. Productivity Report: Plant Muaintenance, Report
of a Visit to the U,5.A, in 1952 of a Specialist Team on
Plant Maintenance, British Productivity Council, London,
December 1952, pp. 46-49,
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a “package” of parts, a ‘“functional
unit” is replaced by a new one; the
old unit is not disassembled and re-
paired any more. By this method (1)
the time and manpower invelved in
fault identification 1s reduced, and (2)
handicraft repair (regrinding, recondi-
tioning, soldering, etc.) is made un-
necessary.

(iii) Econcmies of scale can be realized by
specialized shops for overhauls in case

of mass-produced goods (e.g. truck
engines).

These relatively limited technological possi-
bilities of reducing the labour content in main-
tenance and repair work demonstrate that the
odds are in favour of developing countries of
type II, where wages of skilled workers are
comparatively low. These countrics may re-
alize their comparative advantage by:

(i) avoiding all capital-intensive forms of
maintenance and repair,

(ii) relying on more conventional practices
for auxiliary work as well as repair
work proper.

(iii) aiming at additional capital-saving
methods of maintaining and restoring
the proper functioning of the equipment.

This includes the identification and exact
localization of the broken component so that
the number of machine parts that have to
be exchanged is minimal. Also, the recondi-
tioning of parts would be preferable to replac-
ing them by new ones.

It should also be pointed cut that it may pay
for a low-wage country to produce itself at least
some of the spare parts instead of importing
them. There is a definite advantage if local
production of spares is labour-intensive; the
substitution of Jabour for capital would make

34, Cf. *Maintainability of equipment” in : McGraw-

Hill Encyclopeedia of Science and Technology, Vol.

8, McGraw-Hili, New York etc., 1960, p. 75,
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the price of the spare parts attractive.3 Pro-
duction of spare parts in industrialized countries
may, however, have reached a point of capital-
intensity and large-scale output where their
price is lower than any price at which a Jow-
wage country is able to produce without econo-
mic losses. Import substitution for economic
reasons should then be avoided.

C. The Balance-of-Payments Aspect

Shortages of foreign exchange has become
a common criterion for all but a fortunate few
of the developing countries regardless of the
degree of industrialization they may have reach-
ed already. The foreign exchange aspect,
therefore, is a limiting factor imposing 1tself
on all economic plans for industrial develop-
ment. Import substitution and export pro-
motion have been popular recommendations,
whereas the maintenance and repair aspect
has enjoyed much less attention. Its influence
on the balance of payments, however, is any-
thing but negligible.

It is evident that the premature destruction
of equipment due to poor—or lack of any—
maintenance causes premature import needs
for replacement and thus an unnecessary bur-
den on the balance of payments. But there
is mote to maintenance and repair policy than
this general aspect might suggest. The deci-
sion on the type of equipment and the kind of
maintenance applied will affect the amount and
timing of imports, as well.

If the choice of machinery follows the pat-
tern of industrialized countries, j.e. if machines
are chosen with high built-in durability requiring
relatively little but capital-intensive mainten-
ance, the burden on the balance of payments
will be heaviest: it means choosing a high im-
port value at the time the initial investment
is made, high expenditure on spare parts and
other “maintenance capital”, finally high re-
placement outlays after a relatively short time.

A foreign-exchange conscious, cost-saving
investment, taking the developing country’s

35. Cf. also: “Use of Industrial Equipment in Under-
developed Countries™”, op.cit., pp. 32, 46,
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factor endowments into account, would be de-
termined by the following considerations:

(i) Expenditure on the initial investment
as well as on later replacements can be
cut down by choosing equipment of
less built-in durability, be it new or
second-hand.

(i) The period between the necessary
replaccments can  be prolonged by
attaching more importance to main-
tenance and repair, thereby increasing
the longevity ofp equipment. The num-
ber of replacements within a certain
period of time is reduced, and so is
the total amount of requisite foreign
cxchange.

(ii1) The foreign exchange content of main-
tenance and repair outlays can be
reduced by relying more on labour-
intensive maintenance and rcpair me-
thods and by a policy of import substi-
tution for spare parts,

At first sight the highest savings in foreign
exchange scem to follow from an import-sub-
stituting production of the equipment itself,
In this case, however, raw materials and com-
ponents must often be imported all the same,
and this makes for smaller overall savings.
(Of course, the development of a domestic
machinery industry may still be economically
advantageous for other reasons.)

It appears that a policy which is directed
towards saving a maximum of foreign exchange
is a policy which, in the long run, promotes
the most economic use of the production factors
available in a developing country.

11. SPECIFIC ASPECTS OF MATINTENANCE
AND REPAIR TO BE FOCUSSED AT
THE NATIONAL LEVEL

l. BASIC CONSIDERATIONS WITH REGARD TO
THE IMPORT OF NEW Versus SECOND-HAND
EQUIPMENT

} MOLSBERGER

A. The role of Second-hand Equipment in Indus-
trialized and Developing Countries

The import of second-hand machinery by
developing countries has been mentioned on
various occasions as one of the ways to choose
investment goods of less built-in durabiliy,
This problem deserves some further considera-
ttons lcre,

In market economies, investment decisions
are made by the individuz! firms; but most
market economies today are mixcd economies.
Especially in developing countries the “planning
ingredient” is considerable. Many of the
industrial ventures are promoted or owned by
the government. Hence, the question of im-
porting used or new equipment has its bearings
also on the public authorities. Moreover, the
system of import licensing and foreign exchange
control practiced in most developing countries
makes decisions of the government relating to
this problem necessary.

[t may be useful to point out that the utili-
zation of second-hand machinery in develop-
ing countries by no means relegates these coun-
tries to a second-class status, nor perpetuates
the technological gap belween indusirialized
and developing countries. In fact, most of the
second-hand equipment that is available in
industrialized countries is installed again in
these counirics: In the mid-1960's, almost 95
percent of the second-hand machinery that
was offered on the US market was purchased
by US firms.® At least two second-hand
machine-tools were sold in the United States
for every new one.¥ In Japan, too, the use of
second-hand equipment is widespread, parti-
cularly among small and medium-size firms,
as may be seen from table 2,

36.  Report of the Group of Experts on Second-hand Indus-

trial  Equipment for Developing Countries, United
Nations, Economic and Social Council, E/C 5/104,
28 January 1966, (mimeographed), para. 15.
37.  Albert Waterston, “Good Enough for
Developing Countries 7° The Fund and Bank
Review: Finance and Development, Vol. 1, No, 2,
September_1964, p. 91.
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Table 2
Second-hand equipment as percentage of total fixed assets in Japanese industry, by size
of firms
Number of employees Percentage of second-hand equipment
195 55 1956 1 1958
4— 9 48.8 40.2 34.3 n.a. na
10— 19 44.1 40.8 29.9 na n.a
20 — 29 39.5 34.3 28.7 n.a n.a
30 — 49 35.0 28.9 26.1 26.8 26.5
50 — 99 31,5 22.0 22.3 21.9 20.9
100 — 199 23.0 16.3 16.8 14.5 13.8
200 — 299 15.2 9.1 9.9 9.3 10.0
300 — 499 13.9 10.1 9.1 7.4 7.6
500 — 999 11.2 5.2 4.2 4.6 6.3
over 1000 4.6 4.1 4.9 3.3 3.1
Source: M. Shinohara, Sangyokozo (Industrial Structure,) 1959, p. 120, as reproduced by Amartya Kumar Sen,

“On the Usefulness of Used Machines™, The Review of Economics and Statistics, Vol. 44, No. 3, August 1962, p. 346,

There has been a certain tendency among
developing nations to refuse the import of
second-hand equipment. The situation in in-
dustrialized countries like the USA or Japan
suggests that the arguments against using second-
hand equipment need some rethinking. No
one, of course, should advise a developing coun-
try to acquire only used machinery, no more
than a developed country should be advised not
to use it at all.

The causes for the generation of second-
hand equipment are many, and so are the motives
for using it. Main factors that have obvi-
ously influenced the employment of second-
hand equipment are the size of the firm, type
of ownership, the physical characteristics of

processes (metal working versus chemical in-
dustry) and their rate of obsolescence.

Preference for second-hand equipment has
been relatively sirong in metal working, in the
production of lower precision items, for equip-
ment with an average rate of technical obsole-
scence, and as a means to obtain equipment rela-
tively cheap initially, therefore popular with
smaller firms which have scarce financial reso-
urces. As to ownership, foreign firms establi-
shing subsidiaries in a developing country have
been. found to employ more used equipment
than local entrepreneurs, partly because of their

38. Cf. W.P. Strassmann, op. cit., pp. 201-205,
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Table 3

Second-hand Equipment Policy in Major Processes of 70 Mexican and Peurto Rican Mf{g. Firms

Type of firm Began and repla-  Began and repla- Began with used Began with new  no response or

places or expands places or expands equipment, but  equipment but undecided

with used equip-  with new equip- replaces or ex- replaces or ex-
ment ment pands with new  pands with used
equipment equipment

Small 10 6 1 —s =
Medium 11 7 2 I 5
Large 7 16 3 1 —
U.S. subsidiaries 17 10 i o 1
European subsidiaries i 1 1 l 1
Immigrant H 6 1 — 1
Private national 9 8 5 1 3
Public nattonal — 4 — i _
Nondurables producers 9 20 4 1 1
Durables producers 19 9 2 1 4
Total 28 29 6 2 5

Source: W, Paul Strassmann,
Ithaca, New York, 1968, p. 208,

greater familiarity with the market of second-
hand equipment.

To illustrate the use of second-hand equip-
ment in developing countries, the results of an
investigation covering 70 Central-American
manufacturing firms are partly reproduced in
table 3. The most general pre-requisite for the
use of second-hand machinery is satisfactory
performance. In the words of a Group of
Experts of the United Nations: “Second-hand

Technological Change and Ecomomic Development, Cornell University Press,

equipment which only produces goods which
are not competitive in price and quality at
least domestically is not a bargain at any price
and should be rejected outright.® If a machine
does not produce goods of the absolutely
best quality, these goods can still be competitive
provided the consumers accept their quality-——
possibly at a lower price. Under these condi-
tions it can be advisable to acquire older equip-

39.  Report of the Group of Experts. ., op. cit., para. 62.
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ment that was replaced because new machines
had been available which produce improved
goods. Yet in most cases lucrative acquisi-
tions of second-hand equipment pertain to
machinery which produces goods of the same
quality as the new one, but does it under the
condilions of a developed country at a higher
cost—under the conditions of a developing coun-
try. however, at a lower cost, than new equip-
ment. In the following discussion we have
only this latter case in mind. the analysis being
limited to the maintenance aspect.®

B. The Isolated Effect of Differences in Main-
tenance Costs

In the absence of technological pro-
gress, the operating characteristics of a new
machine will be the same as those of the re-
placed machine, that is, the new machine is
not superior to the used one. The only reason
for installing a new machine is the increase
in maintenance costs of the machine in use.
Theoretically, this would be the case for a
low-wage country to buy the old machine if
its maintenance costs are below the costs in-
curred in the country of origin of the machine.

In reality, however, this may not be a suffi-
ciently strong incentive to buy used equipment.
If no improved models are on the market to
induce an earlier (“premature”) replacement of
the old machines, the potential buyer may
fear—and his apprehension may actually be
justified—that the old equipment is replaced
only when physically worn out and that satis-
factory performance may no longer be expected
from ~such equipment. Even if the said
equipment still works rather well, the difference
in maintenance cost may not exceedthe “thre-
shold of perceptibility”; whether it does or nof,
depends largely on the extent of the wage dif-
ferentials.

While in reality differences in maintenance
costs are likely to affect the decision in favour

40. For a more comprehensive discussion ¢f. Report of
the Group of Experts. ., op. cit.; AK. Sen, op. cit.;
W. P, Strassmann, op. cit. As to second-hand
transportation equipment ¢f. John R. Meyer,
“Transport Technologies for Developing Coun-
tries”, The American Economic Review, Yol. 56,
Nt. 2, May 1966, pp. 83-90.
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of second-hand equipment only in connection
with other factors (which are discussed in sec-
tion ). the influence of differences inmaintenan-
ance cosis is isolated in the following discussion
so that their proper effects become more dis-
tnct.

The rising maintenance costs of older equip-
ment are largely due to a higher probability
of unexpected breakdowns. Their impact
varies, depending upon different sets of condi-
tions. For the individual firm, the cost of
breakdowns consists of the fixed cost of idled
equipment and of the wages of idled opera-
tors. Part of the variable costs are down during
disruption of production, especially the consum-
ption of materials and power is reduced. So
the cost of breakdowns for the individual firm
is not identical with the production loss during
downtimes. "

(a) In case of highly capital-iniensive pro-
duction of process type or continuous produc-
tion lines, a breakdown at one point of the
production line affects other stages, and some-
times the whole, of the manutacturing process.?
In these cases the fixed cost of idled equipment
will be rather high and will outweigh the cost
of idled labour. If breakdowns are frequent
and have adverse effects even on those indus-
tries which are suppliedby the afflicted industry,
a temporal setback in economic growth might
result. A developing country should, therefore,
refrain from buying nsed equipment of the a.m.
kind with a high probability of breakdowns.
A sample study of two Central-American coun-
tries demonstrates very convincingly an aware-
ness of the risks involved : among the firms
that did not use second-hand equipment, about
half did so in apprehension of production losses
in their integrated plants.’®

(b) The situation is different in case of in-
dustries of fabrication-and-assembly type or
benchwork type that use light equipment and

41. Cf. R.C.Blitz, JPE, 1959, op. cit, p. 568.—W.P.
Strassmann, op. cit., p. 203,

42. Cf “Better Way to Compare Your Plant's Mainte-
nance Practices”, op. cit., pp. 139-140.

43, W.P. Strassmanu. op. cif., p. 213,
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are less capital-intensive, Here, the break-
down of one machine will affeet the operation
at other production stages very little, or not
at all. The cost of breakdowns consists mostly
of the wages of idled operators of the machine
in question; and these are low in developing
countries. Under these conditions, a low-
wage/capital-scarce country could still make
a “bargain” buying second-hand machinery
even if the machines were liable to more fro-
quent breakdowns.

The consicerable advantage which deve-

J MOLSBERGER

loping countries may
hand equipment
can be illustrated
(of table 4).

In this example, vearly interest and break-
down costs of a new versus a used machine are
compared in an industrially advanced and a
developing country respectively. The wage-
cost relation between the two countries is ag-
sumed to be $§25:82. As expected, the high
cost of idled labour makes the utilization of the
second hand machine with its higher frequency
of breakdowns unattractive in the high-wage

gam by using second--
in productions of type (b)
man arithmetical example

Table 4

Arithmetical example :

Net Savings for Industrialised and Developing Country on New and

Used Machine, respectively

Industrialized country

Developing country

New machine Used machine New machine Used machine
(1) Price of machine $10,000 $5,000 $10,000 $5,000
(2) Interest rate prevailing (percent) 3.65 3.65 7.30 7.30
(3) Opportunity cost of outlay on machine $365per year $182.50 per year $730 p.y. $365 p.y.
31 per day 80.50 per day 82 p.d. $1 p.d.
(4) Labour cost per day per machine $25 825 82 $2
(5) Expected number of breakdowns pef year 1 9 1 9
(6) Expected cost of annual breakdowns in 826 $229.50 84 $27
terms of idled labour and idled capital 1x(254+1) Ix(254-50) 1%(242) Ix2+1)
(7) Expected yearly interest and breakdown $365.00 §182.50 $730.00 $365.00
26.00 229.50 4.00 27.00
cost per machine C = e o - - -
$391.00 $412.00 $734.00 §392.00
(8) Expected *'Net savings” (L) of new
overused machine 821, —$342 ...

Source: Rudolph C. Blitz.

Economy, Vol. 67, 1959, p. 569.

“Maintenance Costs and Fconomic Development.” The Journal of Politica;
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country despite the low capital cost of the
used machine versus a new one. But the low-
Wwage counltry is able to make ‘‘net savings”
totalling $342 by prefering the second-hand
machine to a new one (line 8), In other words:
as long as net maintenance and repair cost of
the used machine is below this amount, it is
cconomically advantageous to prefer a used
machine to a new one, In the arithmetical
example presented here, the cost of each re-
pairing may even be ten times as high as daily
operating costs, i.e. $20 per repair executed,
the advantage of using an old machine instead
of a new one would still be substantial:
$342—8160=8182.

This is an extremely favourable result re-
garding the use of second-hand equipment,
which is due, of course, to the assumed high
wage differentials between an industrially advan-
ced and a developing country. But even if we
assume a higher daily labour cost in the deve-
loping country, e.g. $8 instead of $2, all other
things being equal. the case for second-hand
equipment would still be impressive: the annual
interest and breakdown cost of the new machine
{line 7) would be § 740; that of the used machine
$446. The “net savings” of the used machine
(Iine 8) would thus be $294. The used machine
1s preferable to a new one as long as repair
costs for each breakdown are less than four
times the daily operating costs, i.e., less than
$ 32 per repair. The cost advantage afforded
by the nsed machine would still be: $294—$256 =
$38. 1t should be noted that the price assum-
ptions in the example even understate some-
what the advantage of the used machine.

C. The Effect of Premature Obsolescence

So far our analysis was based on the simpli-
fying assumption of unchanged technological
standards. In the absence of technological
progress, machines will be replaced when
they become physically worn out, and can
no longer be economically maintained. They
will be replaced by the same type of machine.

For a developing country which plans to
import second-hand equipment, the physical
condition of this equipment 15, of course,
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very important. The physical condition is
primarily influenced by the factors which have
caused the generation of second-hand machinery.

The principal causes for the generation of
second-hand equipment in an Industrialized
country, besides mergers of firms and liqui-
dations of plants, are:

(i) the switch-over to a larger scale of
operations, caused by increased market
demand ;

(ii) modernization of plants and equipment
up to the point of automarion, caused
by labour shortage and high wages.

In both cases, the equipment is replaced by
technically improved machinery which will suit
the changed market demands or factor-supply
conditions better than the old machines. We
may say, the technical progress has casused
premature obsolescence, in the industrialized
country, of machinery which actnally is working
still well, but the conditions in that country
do not permit an economic use of these
machines.

The very reasons that caused premature
obsolescence of equipment in an industrialized
country make these machines particularly
suitable for a developing country: smaller mar-
kets call for smaller outputs, and production
on a smaller scale may be more economical
than under-utilzation of large-scale capacities;
and, as pointed out before, the factor-price
relations in developing countries suggest the
use of machinery which need relatively more
labour than capital, both in operation and in
maintenance. Premature technical obsole-
scence (in industrialized countries) will, there-
fore, become a special incentive, in addition to
the maintenance aspect, to prefer second-hand
to new equipment in developing countries.

44. Regarding the optimum replacement policy ef,:

George Terborgh, Dynamic Equipment Policy,
McGraw-Hill, New York-Toronto-London, 1949, —
Vernon L. Smith, Investment and Production,
Harvard University Press, Cambridge, Mass.,
1961.—Ingrid and Per Welin, The impact of
Technological Progress on the Economic-Life of
Industrial Equipment, Handelshogskolan i Goteborg,
Skrifter 1967-2, Akademiforlaget, Goteborg, 1967.
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supply of spare parts can be secured.

D. Special Problems of Maintenance and Spare-
Part Supply for Second-hand Equipment

As g United Nations Group of Experts on
Second-hand Machinery already pointed out
some years ago, “there is no clear-cut differ-
ence in the magnitude and nature of maintenance
problems between new and second-hand equip-
ment”.4* Much depends, however, on the ex-
istence or absence of technological improve-
ments of the equipment in use.

Under the assumptions made in section B,
the nature of maintenance is the same for new
and used equipment, but the magnitude of re-
quired work is greater for used equipment.
In the case discussed in section C, the magni-
tude of the mainlenance work may be the
same for old and new equipment, whereas the
nature of this work is different.

It is often assumed that the maintenance
of equipment of olderdesign requires less skills
than that of modern machinery, whereas the
skill requirements for the operation of old
machines are higher than for new ones.!® But
there is no simple solution to this question;
it may also be true that modern machines are
made easily-serviceable, with unrepairable and
expendable units, in order to save on highly
paid, skilled maintenance workers. The situa-
tion differs from industry to industry.

45.  Report of the Group of Experts. ., op. cit., para, 45,
46, Ibid., para, (9.
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The special problems of maintaining second-
hand machinery are mainly of a practical
nature. Sometimes, maintenance manuals and
schedules, or part catalogues, are missing, or
even blueprints of a machine are not available.
Service arrangements are generally not made
for a single machine, butmay be obtainable for
a nimber of integrated machine units or com-
plete plants. In the latter case, management
in developing countries has often shown re-
luctance to rely on outside repair services.
Strassmann, for example, observed:

“Willingness to buy used equipment was
determined largely by confidence in one’s
own maintenance and repair abilities. A
metalworking plant can grind bearing
or shaft for its own machines; an electrical
manufacturer is as good at rewiring cir-
cuits for his own as at rewiring those for
sale.”

The purchase of second-hand equipment is
only recommendable if the supply of spare
parts can be secured. But the difficulties of
getting spare parts should not be over-estimated.
No doubt, spare parts are more easily available
for new machines than for old ones, in parti-
cular if they are supplied by the machine-
producing firm. However, machine manufac-
turers generally do produce spare parts for some
years after the particular type of machine has
gone out of production. When production of
these spares is discontinued as well, manufac-
turers are wont to hold a certain stock for some
more Yyears, It has been reported that some
manufacturers of textile machinery continue
to make spare parts for machines they produced
forty years ago.f®

There will be a time, of course, when the
availability of sparcs becomes a real problem:
when stocks are depleted, or when the manu-
facturer of the machinery is no longer in busi-

47. W.P. Strassmann, op. cit., p. 213.
48.  Repor: of the Group of Experts. ., op. cit., para. 48
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ness. Missing catalogues or blueprints that
are needed to identify the spare part exactly
will add to the difficulties.

Before deciding upon the import of second-
hand machinery, a country would do well to
explore the availability of spare parts thorough-
ly, including the possibilities to produce spare
parts in local machine shops. Frequently,
second-hand machines are less complicated
than newer models, are made from simpler
materials and have parts of less sophisticated
design. In this case, the local production of
spares in developing countries (of type II)
should not encounter insurmountable difficul-
ties, provided the necessary steps are taken
in time. Local production of spare parts for
very complicated modern machinery is apt to
face many more difficultics.

The preference of second-hand equipment
versus new equipment combines several advan-
tages: saving in foreign exchange because the
price of used machines is substantially lower
than of new equipment; more labour-inten-
sive production and maintenance and hence
lower production cost; inducement of local
production of spare parts which means adding
a labour-intensive spare parts supply to a labour-
intensive production.

2. AVAILABILITY OF SPARE PARTS

A. The Importance of a Regular Spare Paris
Supply

Availability of spare parts is an integral
part of a good maintenance policy. In a deve-
loping countries the lack of spares is often
one of the most serious bottlenecks in uninte-
rrupted  production. The supply of spare
parts, therefore, deserves all the attention of
the policy makers concerned.

In a mixed economy a good spare parts
policy on the part of the individual firm is not
possible without the cooperation of the public
authorities. Problems of priority allocation
arise between public and private enterprises
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an integral part of a

good maintenance policy.

if spare parts are generally scarce or not easily
oblainable on other grounds. The public
authority may exercise its influence on the
allocation of spare parts by way of a whole
set of instruments of commercial policy such
as import licensing, foreign exchange control,
multiple exchange rates, etc.:

An essential aspect of the spare parts pro-
blem is stock-piling. There should be no
question today regarding the general importance
of keeping adequate stocks of spares, although
time and again experts’ reports disclose a lack
of recognition of this fact, especially during the
first phase of new industrial ventures.®® The
effects on prodnction are always detrimental.

One of the solutions which have been
recommended is that individual enterprises
keep large stocks of parts, in particular when
poor transportation facilities, rigid foreign
exchange controls, and coincidences of all kinds
impede their quick supply. Other solutions
that have been proposed are to establish central
stocks of spare parts at the national, regional,
and branch level, and to envisage their domes-
tic production.

The advantages and shortcomings of these
propositions will be given special attention in
the following sections. :

49, See e.g. “Solveen Report on Rourkela Steel Plant”,
The Eastern Economist, Vol. 34, No. 7, August
17, 1962, pp. 304, 307,—"Some Problems of
Industrial Management Reported by Technical
Experts”, op. cit., Assistance pp. 55-56.
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B. Decentralized Large Stocks of Spare Parts
at the Individual Plant

The advantage of large stocks of spare parts
at the plant level is that spares are quickly and
easily availableif needed. "D owntimes of equip-
ment can be kept as short as possible, This is
especially important in case of heavy process-
type production or continuous lines, where the
economic penalty for any stoppage of operations
is highest.

The most serious handicap of decentralized
large stocks is that considerable amounts of
capital are tied up. It has been observed that
many firms initially tend to keep spare parts
inventories at a very low level but after their
bad experiences they fall into the other extreme
of hoarding whatever spare parts they are able
to get.

The particular conditions in developing
countries induce firms to keep greater stocks
of parts than is customary and necessary in
similar industries in developed countries,”® The
reasons are:

50. The Indian National Council of Applied Economic
Research has estimated that in a large number of
Industries spare parts constitute almost 15 percent
of the total inventories, which is considered as
a rather high proportion. Cf. Maintenance Imports,
National Council of Applied Economic Research,
New Delhi, 1967, P.74,
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(ii)

(iii)

Specific climatic conditions in many
developing countries make for deterio-
ration of parts that usually have not to
be replaced in countries of temperate
zones, Wrong treatment and over-
loading of machines by operators who
are not sufficiently trained as well as
incompetent maintenance—both more
frequent in developing countries—also
contribute to higher degrees of deterio-
ration.

The poor communication and distri-
bution systems in many developing
countries make it often impossible to
place emergency orders for spare parts
and have them delivered within a short
time. If parts have to be ordered from
abroad, the customs clearing retards
delivery substantially; delays of ten
days and more caused only by customs
clearing of spare parts flown into a
developing country are ntot unusual.

Import licensing and foreign exchange
controls which are practised in most
developing countries prompt many firms
to stock more spares than are needed.
Uncertainty of future quotas makes it
appear safer to utilize import oppor-
tunities fully when they are offered
rather than to trust future allocation
of import licences of foreign exchange
when spares would be needed. Under
import control systems anticipated re-
placement needs, as reflected in import
licence applications, tend to be over-
stated. Fear of sudden changes in
import regulations (e.g. introduction of
new controls, higher import duties,
etc.) also accounts for excessive stock
keeping. It may be pointed out that
it is the economic system rather than
disability on the side of the managers
which leads to the wasteful use
of scarce capital resources, to a discrep-
ancy between a single finm’s gains and
losses and the overall economic gains
and losses of a country.

Where conditions in manufacturing proces-
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ses require prompt availability of spare parts,
the system of i
spares has many advantages no other system
offers. If this system is chosen, it is necessary,
however, to do everything to realize oplimurm
stocking levels, that is to say:

(i) Operators and maintenance workers
showld be well trained to work with the
equipment so that breakdowns are
minimized.

(ii) Communication and distribution sys-

tems for spare parts should be impro-

ved. Much could be gained by facilit-
ating and accelerating the customs
clearing of spares imports.

(iii) Controls of spares imports should
become less arbitrary and should be
freed from lengthy administrative pro-
cedures.

C. The Establishing and Keeping of Central
Stocks of Spare Parts at the National, Regional,
and Branch Level

Less capital will be tied up if stock-keeping
of spare parts is centralized. The higher the
centralizalion, the smaller the inventories needed
for every kind of spares, because a sort of ‘‘insur-
ance principle” comes into effect. From this
point of view, the highest degree of centrali-
zation, i.e. central stock keeping at the national
level, would be most preferable. Other argi-
ments in favour of centralizing stocks are:

(i) A central agency has better information
of possible suppliers of spare parts both
at home and abroad.

(if) Orders for the domestic fabrication of
spare parts can be pooled and produc-
tion thus rationalized.

(iii) Spare parts for older models that are
no longer produced are better identified ;
central stock-keeping makes their avai-
lability much easier.

decentralized stock keeping of
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(iv) Administration of import licences and
customs clearing is facilitated and
accelerated.

The smooth functioning of central stock-
keeping is, however, dependent on a number of
conditions which have to be met in order to
avoid damages to the economy which are more
serious than any possible gains:

(i) The communication system must be
well developed; it must permit the
prompt placement of orders.

(if) Management of the central stocks
must have excellent professional stand-
ards. Accurate book-keeping and in-
ventory control should be a matter of
course. Moreover, the men in charge
of planning the inventories and pur-
chasing the parts must be qualified
technicians, familiar with the techno-
logies in the various industries.
(iii) Sufficient facilities for rapid trans
portation of ordered parts must exist
both from the suppliers of these parts
to the central stock and from there to
the manufacturers who demand them
and these facilities must be available
irrespective of monsoons, droughts,
and the other scasonal impacts.

The actual situation in most developing coun-
tries is still far from complying with these condi-
tions: their communicat'on and transportation
systems have bottlenecks of one kind or the
other; besides, the distances within many deve-
Joping countries are €NOTMOLS by European
standards. Yet, the most crucial point seems
to be to master the administrative task of such
a central agency securing the supply for so many
and different firms. Even in a country with a
small industrial sector the centralization of
stocks will require a highly sophisticated ma-
nagement.

The best way to run efficiently a central
agency for spare parts might be in the form of
a commercial enterprise, €.8.,as a purchasing
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and storing cooperative or agency. The indi-
vidval firms must have confidence in this agency
as a prompt supplier. Quick supply, in turn,
is only possible for the agency if it has secured
access 1o spare parts, be it by imports or local
production. The main role of the central agen-
cy would be to rationalize the storage of spare
parts, and thus to save scarce capital,

The central agency if conceived as a public
authority and endowed with the Power lo control
and approve the individual firms’ orders for
spare parts, would be in danger to turn into a
super-bureaucratic institution that is an obstacle
rather than a promoter of economic investment,
maintenance, and replacement of capital. The
experiences of European countries under the
regime of rationing and controlled supply
(Bewirtschaftung) during World War 11 and
the early post-war years may be worthwhile
taking into consideration., The experiences
of a large steel mill in the public sector in a
rather advanced developing country may also
Hlustrate our point:

“The handling of the orders placed by the
individval plants with the purchasing de-
partment in respect of urgently required
Spare par(s and accessories threatens serio-
usly the production operations. In some
cases urgent requisitions of the plants were
not forwarded by offices which are not in a
position to judge the NECESsity or urgency
of the purchases. Repeated requests of the
plants were unsuccessfiyl,”s!

The difficulties at the level of a national
central agency for spare part supply would
multiply, compared to those arising at the level
of a single firm.

From the preceding discussion it appears
that a central stocking of Spare parts at the
national level is likely to be rational policy
only in a very smali country with a fairly well
developed communication “and transportation

e
51 +Solveen Report on Rourkela Steel Plant*” op.
cit., p.304.

system and serving an industry which is not too
diversified. Even then, complete centralization
should not be aimed at: inexpensive parts that
are needed frequently are better stored at the
individual plant as are the important spares for
continuous production. The central stock
would assume the role of a “wholesaler”, a
general purchasing agency; it could be run pri-
vately or by a public authority whichever would
be more appropriate within the context of the
economy; it should, however, be run on a
commercial basis,

In all other cases the, odds seem 1o be more
n favour of a modified solution: to establish
central stocks of spare parls at the regional
level. This solution would be similar to the
central stocking at the national level in a small
country. The distances between the various
firms and the regional spare parts stock are
shorter, transport problems are reduced, the
difficulties for management decreased. The
qualifications and limitations that were out-
lined when discussing spare parts stocks at the
national level will, of course, apply here, too.
Generally speaking, central stocks of spares
at the regional level are a reasonable compro-
mise between easy availability of spare parts
and the tying up of as little capital as possible,

One problem that may be better solved at
the national than at the regional level is the
allocation of orders for domestic spare parts
production. If preference is given to those
machine shops which are within the region (to
reduce communication and transportation pro-
blems), capacities become unevenly utilized
between the different regions, unless machine
shops are evenly distributed, too.

Central stocks of spares at the branch level
can be established for the counfry as a
whole or on a regional basis. Unless it is a
small country, centralization at the national
level will bring hardly any advantages to a
developing country for the Same reasons as
mentioned before, Splitting up regional stocks
of spare parts, according to the various
industrial branches, into independent stock-
keeping units may be €conomical, provided the

o
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pre-conditions of good communication and
transportation are met.

Specialized spares stocks for individual
branches may reduce the technical and adminis-
trative standards which are required when keep-
ing large general stocks for all industries. But
certain derogations should not be overlooked:
if an industry is not regionally concentrated,
the choice would be either to keep fewer stocks,
thus rationalising the storage problem but crea-
ting transportation and communication pro-
blems, or to keep a larger number of stocks
within good reach of all firms but giving up
possible capital savings in storage. Regional
spare parts stocks on the branch level would
be favourable if industries are regionally con-
centrated; they would be very economical if
different kinds of industries are concentrated
in different regions.

D). Possibilities for Import Substitution of Spare
Parts

In a developing country of type I all equip-
ment has to be imported, and so have the spare
parts, This may continue for a rather long
period. Tt will be the normal situation even in
the earlier stages of industrialization of
a  developing country of type 17.52
The step towards domestic machinery pro-
duction is usually undertaken in the later pro-
cess of development. In many developing
countries as well as in the now industrialized
countries, the local machinery production evol-
ved from repair shops which branched out at
a later stage.

In developing countries of type II which
have machine building and engineering indus-
tries of their own, the spares for domestically
manufactured equipment can be, and are, pro-
duced by domestic manufacturers as well. Most
spare parts for imported equipment—either

52 In India, for ¢xample, almost all the machinery
and equipment peeded for industrial development
during the first planning period (1950/51-1955/56)
was imported Cf. Fourth Five Year Plan, A Draft
Outline, Government of India, Planning Commis-
sion, (1966), p. 264.
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new or second-hand—are imported, though.
It is true that big business firms often produce
the parts they need in their own workshops
and, occasionally, spares for imported machine
are ordered from local machine or repair
shops. But this is not a general rule. There
are various reasons why these countries defer
domestic production of spares for imported
equipment:

(i) Local facilities may not permit the
production of technically compli-
cated or high-precision items.

(ii) Imported parts are produced large-

scale and are offered at comparati-

vely low prices that leave little possi-
bilities for domestic substitution at
competitive prices,

(iii) Drawings and designs may not be

obtainable from foreign producers,

or patent rights may preclude
reproductions.

(iv) Customers often prefer imported
spares to their domestic substitutes
because they apprehend inferior qua-
lity of the locally produced items.
The inferiority of substitutes need
not be due to incompetent or less
careful work of the local machine
shops, but may be due to poor quality
available raw materials, e.g. steel.

(v) In a situation of acute shortage of
raw materials it can be as lengthy
or as costly to have spare parts pro-
duced locally as to get their import
licensed.

It was reported, for example, that dur-
ing a longer period of rationing
strategic raw materials the mainly
small-scale-ancillary firms were left
without any quota of essential raw
materials, and if they wanted to
continue production at all, they were
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forced to procure them at a higher
price.®?

Inducement for the local production
of spare parts may be lacking be-
cause the import of spares is not
restricted, or because the national
currency is overvalued. The import
of spare parts may be just a habit
developed during times of liberal
import policics,® and may reflect
sluggishness to look for other
solutions, but by far it may be the
cheapest way of obtaining spares
if the currency of the developing
country is considerably overvalued
in relation to hard currencies. Even
if there is a local machinery industry,
it will not be able to compete with a
foreign supply which is artificially
cheapened by unrealistic exchange
rates.

i)

Sometimes, especially if the machine
shops are of small scale and not
locally concentrated, lack of infor-
mation on the demand for spares
may cause the producers aloofness
from import substituting production.
This lack of information, in turn,
may reflect neglect of the spare parts
problem on the side of the public
authorities.

(vii)

The possibilities for import substitution in
a developing country may be larger or smaller
depending on the obstacles which so far have
prevented the substitution from gaining momen-
tum. Any policy decisions must take these
“barriers” into consideration.

The first two instances cited above indi-
cate a situation where the comparative cost
advantage is not—or not yet—on the side of
the developing country. It would be a very
costly policy for a country to force import

53 Saroj Kumar Basu, Alak Ghosh, Subrata Ray,
Problems and Possibilities of Ancillary Indusiries in a
Developing Ecomomy, The world Press Private Ltd.,
Calcutta, 1965. p, 91.

54 Cf. Maintenance Imports, op. cit, p.73

)
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substituting production of spare parts in such
cases. This policy would compel a country to
impose high import duties and initiate other
administrative measures that are difficult to
enforce. The possible outcome might be far
from desirable,

In all other instances a developing country
may—but must not—have a comparative advan-
tage in the domestic production of spares.
Before encouraging local production, the cost
situation must thoroughly be analysed. It is
of equal importance to identify—and to remove
—those obstacles which impair the realization
of comparative cost advantages.

(i) A more realistic exchange rate policy
discontinuing the over-valuation of the
domestic currency could bring about true
comparative advantages in spare parts
production, especially if production can
be made labour-intensive, The dis-
torting effects of an unrealistic exchange
rate, of course, are not limited to spare
parts imports.

(ii) The supply of raw materials for spares
is a crucial point. The improvement
of quality would require changes in
pre-conditions the study of which goes
beyond the scope of this paper. One
of them, however, isbetter maintenance
and repair. Where a shortage of raw
materials has prompted a system of
guota allocation, the discrimination
of producers of spare parts should be
avoided.

(iii) There are various possibilities to disse-
minate information on the local market
of spare parts. The function of collec-
tor and transmitter of information
could be assumed by the public authori-
ties, professional organizations, €.g.
employers’ associations, or by a spares
stocking agency on the regional or
branch level. The agency would be
particularly suited as a “clearing house™
for potential purchasers and manufac-
turers of parts.
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(iv) If agreements on patent rights, designs
and drawings have to be obtained from
foreign owners of rights and documents,
the spare parts agency or a professional
organization may take the initiative
here, too. The necessary negotiations
may be conducted under the sponsor-
ship of International Organizations.

3. ESTABLISHING OF SPECIALIZED REPAIR AND
MAINTENANCE SHOPS IN THE CONTEXT OF INDUS-
TRIAL ESTATES

Medium and small-scale firms face parti-
cular difficulties in maintenance and repair.
They are often too small to make the hiring of
full-time specialists for maintenance and repair
cconomical: these men cannot be employed
to their full capacity. And what is more, the
repair shop of a firm has to be supplied with a
certain minimum of machines and tools. These,
too, cannot be adequately utilized in a small-
scale enterprise. The smaller firms, therefore,
have to rely generally on outside contractors
who are not easily found in developing coun-
tries. If maintenance is assigned to own
employees who have not undergone appropriate

 training, most likely the performance is not of
the desirable quality.

The maintenance problem of small-scale
and medium-sized industries could be solved
to the best advantage by establishing nearby
specialized repair and maintenance shops.
The creatjon of such repair shops might be pro-
moted by the government or a special public
agency, or they may be established by joint
action of the industrialists themselves, possibly
on a cooperative basis. In some cases, where
several firms pool their demand for maintenance
and repair services and hence constitute
a regular clientele, private industry may be
induced to set up repair shops. In the earlier
stages of economic development, however,
repair services should be regarded as prome-
tional rather than commercial; initial steps for
their provision should be taken by public
authorities,

A pre-condition for setting up specialized
repair shops Is, of course, a certain regional
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concentration of firms demanding these services.
The condition is particularly well met in so-
called industrial estates.

Industrial estates have been founded, within
the last decade, in almost all developing coun-
tries, with the general purpose (o promote the
development of small-scale industries. Indus-
trial estates have been defined as “a planned
clustering of industrial enterprises, offering
developed sites, pre-built factory accommoda-
tion and provision of services and facilities to
the occupants”.®® Whereas in industrialized
countries only general services—such as power,
water, sewage, roads and railroads, etc.—
are usually provided, the services and facilities
offered in developing countries are of a broader
scope: the special services (which differ, of
course, from country to country, or even from
estate to estate) include e.g. training facilities,
technical counselling, marketing assistance,
tool rooms, and machine shops. In some coun-
tries, maintenance and repair shops have already
been added to this programme of subsidizing
small-scale industries.

Industrial estates must be large enough to
guarantee the sufficient utilization of capacity
of the equipment which is installed in the repair
shops. When planning the shops, the number
of firms outside the industrial estate proper

55 United MNations, Department of Economic and Social
Affairs, Industrial Estates : Policies, Plans and
Progress, A_Comparative Analysis of International
Experience, United Nations, New York, 1966, p. 4.
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which may share in the services of these shops
could be taken into consideration, but special
allowance must be made for the regional factor:
longer distances impair fast servicing. The
transportation conditions in developing coun-
tries make this factor relatively more restrictive
than would be the case in developed economies.

Repair shops in industrial estates could be
established in connection with regional spare
parts stocks. It would permit the production
of some of the spares in the repair shops, or
where existing, in the machine shops of the
estate. It might also be envisaged using repair
shops as training centres where employees of
the customers firms are trained in routine main-
tenance work so that specialized craftsmen at
the repair shops are free for the more compli-
cated maintenance jobs, check-ups and repairs.

Most of the industrial estates which are
promoted in developing countries are non-
specialized general-purpose estates accommoda-
ting all categories of small-scale industries.
Servicing of firms which belong to a variety of
branches makes higher demands on the skills
of the craftsmen and the outfit of the shop:
different specialists for several branches and
a variety of machines and tools are needed.
Onthe other hand, better utilization of capacity
may be guaranteed by a multi-branch clientele:
electric motors, for instance, are used in almost
every industry,

In single-trade estates which provide accom-
modation only to firms belonging to the same
trade, repair shops can be smaller since narrowly
specialized. Special advantages could ensue
from connecting such shops with regional spare
parts stocks at the branch level,

If well equipped and manned, maintenance
and repair shops that are already operating in
industrial estates might provide good oppor-
tunities for on-the-training of craftsmen, who
may later be placed in newly established
estates.

4. QUANTITATIVE ASPECTS OF MAINTENANCE

AND REPAIR

It is of particular interest for the individual
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firm facing an investment decision as well as for
the public authorities engaged in national eco-
nomic planning to have estimates on present
and future maintenance requirements: the
total cost, import content, and the manpower
needed. In this paragraph, maintenance and
repair costs in an industrialized country are
analysed on the basis of the statistics available.
Some of the findings are used to estimate present
and future needs for maintenance and repair
in developing countries.

A. Maintenance and Repair in Industrialized
Countries :

The Case of the USA

(@) The cost of maintenance and repair
in manufactures:  Surprisingly there exists very
little statistical information on maintenance ane
repair activities in the manufacturing industry
of developed countries. Only aone coemprehen-
sive report has been published by the U.S.
Bureau of Census as part of the 1958 Cen-
sus of Manufactures programme, The data
on maintenance and repair cost, together with
other vata on selected costs and asset values,
were collected in a special sample survey. The
investigation covers the year 1957; neither in
the half century before, nor in the decade after
this date have maintenance and repair costs been
included in the Census of Manufactures.

The results of this survey are reproduced in
Table 5. The data shows that, in 1957, over 9
billion dollars were spent in the USA for
maintenance and repair on structures, grounds,
and equipment of all operating manufacturing
establishments. This sum is rather remarkable.
In the same year, expenditures of the manufac-
uring industry for new plant and equipment
totalled 12-145 billion dollars, expenditures
for new machinery and equipment coming to
8:281 billion dollars thereof, a sum that is
lower than the total spent on maintenance and
repair, 58

36 U.S. Bureau of the Census, Statistical Abstract of
the United States: 1959, Washington, D. C., 1959,
table 1061, p. 796.
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Table 5
Cost of Maintenance and Repairin U. S. manufactores: 1957
Expenditures for M&R on structures,
Gross book grounds and equipment in 1957 M&R expen- | M&R wages
value of ! diutre as %, as % of
Industry depreciable Salaries and | Other M&R | of gross book  total M&R
assets, on Total wages paid to | COsts value i expenditure
Group Dec. 31, 1957 own employees |
Mil. dol. Mil. dol. Mil. dol. Mil. dol. Percent Percent
N SRV R PSS J

All industries 110,489 9,011 4,539 4,472 8 50
Food 11,731 777 357 421 7 46
Tobacco 400 24 11 13 6 45
Textile 4,984 354 148 206 7 42
Apparel 1,006 98 43 55 10 44
Lumber 2917 292 111 181 10 38
Furniture 1,041 69 32 36 7 47
Pulp, Paper 7,165 514 239 226 7 46
Printing 3,697 172 78 94 5 45
Chemicals 13,105 909 459 451 7 50
Petroleum, Coal 7,936 501 263 238 6 53
Rubber 1,782 149 78 71 8 52
Leather 467 55 23 32 12 42
Stone, Glass 5,153 391 174 216 8 45
Primary Metals 17,329 2,000 1,064 936 12 53
Fabricated Metal 5,713 450 234 216 8 52
Machinery 9,421 624 326 298 7 52
Electr. Machinery 4,089 360 186 174 9 52
Transport Equip. 9,303 986 563 423 il 57
Instruments 1,263 97 54 44 8 35
Miscellaneous 1,987 188 96 92 9 51

Source :

U.5. Bureau of the Census, U.S. Census of Manufactures: 1958, Vol. T:
Government Printing Office, Washington, D.C., 1961, pp. 98 and 99,

Summary Statistics, U.S.

Percentages: own computation,
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The outlays for maintenance and repair
amount to § percent of the gross book value of
the fixed assets (that is the actual cost of the
assets at the time of the purchase, including
transportation and installation costs). The
data for the individual industry groups show a
very even and narrow distribution around this
mark of 8 percent (which is the same as the
median): 16 out of 20 industry groups spent
between 6 and 10 percent of the value of their
fixed assets for maintenance and repair; for 12
out of these 16, the percentages range from
7 to 9.

Total maintenance and repair expenditure
is broken down into “salaries and wages paid
to own employees” and “other maintenance
and repair costs”. On the average, within all
manufacturing industries of the United States,
half the sum of the 9 billion dollars spent on
maintenance and repair was in the form of
salaries and wages paid to ownemployees, Again
the data for the different industry groups show
only small deviations from this average; 15
out of 20 industry groups spent belween 45
and 535 percent. Here again, the median proves
to be equal to the average. Thereis no correla-
tion between the deviations from the average
observed here and the deviations from the
average of total outlay figures.

The so-called ‘‘other maintenance and
repair costs” include materials and supplies
used for maintenance and repair activitics as
well as maintenance and repair services pur-
chased {rom other companies. Hence, the
breakdown does nor distinguish between labour
cost and cost of material for total maintenance
and repair. It is not reported which part of
the “other costs” is spent for outside services,
that is on the salaries and wages of employees
of other firms. In all probability, this share
varies between different industry groups; not
only technical reasons but also the cost aspect
will influence the expenditure pattern: due to
economies of scale, maintenance and repair
work may be performed at lower costs by
outside specialists than by own employees.
There has been a vague indication cited by
Morrow that expendilure on maintenance
materials, equipment, and supplies makes up
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90 percent of the amount paid for maintenance
wages and salaries.’” This implies a relation-
ship between labour cost and cost of material
in the order of 53 percent to 47 percent.
Modern Manufacturing, an American review
which is mainly concerned with management
and maintenance problems, uses for its Main-
tenance Cost Index the relation of 60 percent
labour to 40 percent materials ountlays. This
breakdown secems to be realistic, and it is used
in the later computations,5

Several conclusions may be drawn from the
statistics of table 5 that are relevant for the
purpose of the present study.

(i) First, the average manufacturing firm
in the United States spends about 8
percent per annum of the gross book
value of its fixed assets on maintenance
and repair. Since the different industry
groups show very little deviations from
the average in this one vear for which
figures are available, it can be assumed
that for the total manufacturing indus-
try the percentage will not vary too
much over time either. Thus, a per-
centage from 7 to 9 should be represen-
tative for a number of years around
1957.

(ii) About 50 percent of maintenance and
repair outlays are in the form of wages
and salaries paid to own employees
of the manufacturing establishment,
Again, there is very little deviation
from this average in the different indus-
try groups; so it can be regarded as a
typical situation over some time, too.
The share of rotal labour cost in main-
tenance and repair expenditure will be
around 60 percent,

(iii) Since the aggregate “U.S. manufactu-
ring industry” covers an exceptionally

|57. L.C. Morrow, “Introduction” to Techniques af Plant
’ Maintenance and Engineering 1955, Plant Mainte-
nance Show, Inc,, New York, 1955, p. 7.

Cf. “Maintenance Cost Index—Retooled for the
1978%'5, Modern  Manufacturing, February, 1970,
p. 86.

58.
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wide range of establishments it can be
assumed that the fotal capital stock
recorded on December 31, 1957, was
composed of plants and machinery of
every age (the only exception being
equipment using very recently developed
techniques). To say that a sum of
about 8 percent of the total gross book
value is spent, in one year, on main-
tenance and repair of all fixed assets of
every age, i1s the same as to say that over
the whole lifetime of every unit of
equipment an average Yyearly expen-
diture of approXimately 8 percent of its
purchase price is made. Because of the
uncertainties involved, a margin of at
least--10 percent should be allowed
here, too, so that a percentage range of
7 to 9 would be realistic.

It should be emphasised that this
average is true only of the ftotal
manufacturing industry. The indi-
vidual industry groups will show devia-
tions from this average; the deviations
will be greater the more the statistical
total is split up. By no means should
this percentage be regarded as an average
that is applicable for the individual
machine. It is even less true that this
average amount is 1o be spent actually
every year in the course of the lifetime
of a machine; the expenses will rather
be lower for new pieces of equipment
and then increase with its age. Since
we are concerned with the macrocco-
nomic aspects of maintenance and
repair, we can disregard the deviations
from the average.

(iv) If the average annual expenditure for
maintenance and repair is multiplied
by the average life time of fixed assets,
we get the average total cost of main-
tenance and repair incurred during the
life-ttme of plants and equipment.

The concept of average service life of all
fixed assefs is rather artificial: there are great
differences in the economic lives of capital
goods, not only between buildings and machines,
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but also between different kinds of machinery,
ete. Estimates of the average service life of
capital goods—if available at all—vary substan-
tially. Nevertheless, the concept is useful for
obtaining a global figure that indicates the
order of magnitudes involved. If, for example,
we assume an average lifetime of 15 years, a
figure which can be considered conservative,
then a total amount equivalent to 120 percent
of the purchase price of the fixed assets has to
be spent on maintenance and repair during this
period. In other words, every dollar invested
in manufactures entails on average at least
another dollar in expenses for maintenance
and repair.

(b) Salaries and wages of maintenance
employees: Table 6 illustrates another aspect
of the cost of maintenance and repair: The
amount of salaries and wages paid to own
employees occupied in maintenance and repair
Is compared to the total payroll as well as to
the sum of production workers’ wages,

On average, 6 percent of the payroll costs
in manufactures is spent on maintenance and
repair activities. A somewhat higher percen-
tage results if maintenance workers’ wages are
related to production workers’ wages only;
for the total manufacturing industry it is 9
percent,

Here, in both relations, the individual
industry groups show greater deviations from
the average than in table 5. The actual values
range from 1 to 23 percent for the share of
maintenance workers’ wages in total payroll,
and from 2 to 34 percent if maintenance wor-
kers’ wages are related to production workers’
wages. The highest percentages are shown by
the industry groups “Petroleum and coal
products”,  “Primary metal industries”,
*“Chemicals and Products”, and “Pulp, paper .
and products.” All of them are highly capital-
intensive industries. On the other hand, in
the industry groups with the lowest percentage
of maintenance workers’ wages in total payroll
and in production workers’ wages—*Apparel

59, Cf. Vaclav Nesvera, Study on Renewal, Repair and
Maintenance, Manuscript, p. 13.
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Table 6

Salaries and Wages Paid toc Own Maintenance and Repair Workers in U, S. Manpufacturing
Indostry : 1957

Industry Group Total payroll Yyages of production Salaries and wages of M&R workers
. workers

Share in total payroll Share in total payroll |As percentage of the
sum of production
| workers wages

Mil. dol. Percent Percent Percent
Al industrics 76,379 69 6 9
Food 7,143 59 5 9
Tobacco 284 85 4 5
Textile 3,183 83 5 6
Apparel : 3,664 78 1 2
Lumber 2,110 82 5 7
Furniture 1,432 73 2 3
Pulp, Paper 2,734 74 9 12
Printing 4,301 57 2 3
Chemicals 4,090 57 11 20
Petroteum, Coal 1,150 67 23 34
Rubber 1,310 73 6 8
Leather 1,157 81 2 2
Stone, Glass 2,354 77 7 10
Primary Metal 7,019 78 i5 20
Fabricated Metal 5,383 71 4 6
Machinery 9,050 67 4 5
Electr. Machinery 5,133 64 4 6
Transport Equip 10,486 68 5 8
) Instruments 1,571 60 3 6
Miscellaneous 2,826 65 3 5

Source: U.S. Bureau of the Census, /.S, Census of Manufactures: 1958, Vol. I: Summary Statistics. U.S. Government
Printing Office, Washington, D.C., 1961, pp. 98 and 99.
U.S, Bureau of the Census, Stalistical Abstract of the United States: 1959, (Eighticth edition), Washington, D.C.,
1959, 1able no. 1054, pp. 782fT.
Percentages: own computation.
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and rated products” and “Leather and leather
products”—the capital intensity is very low.
This suggests that the share of maintenance
workers® wages in total payroll is related to the
degree of capital intensity.

Table 7 gives closer attention to this rela-
tionship. Here, the capital/labour ratios of
the individual industry groups {i. e. the
ratios of fixed assets to total payroll) are com-
parad with the share of maintenance workers’
wages in total payroll; the industrics are grou-
ped in order of their capital/labour ratio.
There proves to be a strong positive correlation
between these two sets of values.®

It can therefore be concluded that the share
of maintenance workers’ wages in the total
payroll of the US manufactures varies with the
ratio of the gross book value of fixed assets to
total payroll. Since the correlation of the
respective values for 1957 proves to be very
strong, there is good reason to assume that this
dependency will also be true for other years,
and perhaps indicate a general regularity.®

(¢) The number of maintenance and repair
employees: Table 8 presents an estimate
of the number of maintenance and repair
workers in the United States manufacturing
industries. The estimate is based on the data
on maintenance and repair cost in manufactures
in 1957 and on statistics on the number of
employees in manufactures in 1957,

The number of employees occupied in in-
plant maintenance could be calculated by
dividing the sum of the salaries and wages paid
to maintenance workers (as given in table 5)
by the average wage of these workers. How-
ver, on the basis of the statistics obtainable,
the average wage of maintenance and repair

60. Analogous resuits are obtained if, instead of the
capital;labour ratio used in table 7, the ratio of fixed
assets to number of employees (“capital per emplo-
yee'") is used, or if both ratios are applied enly to
production workers, not to all employees.—Only
one industry group, ‘‘Primary metal industries™,
does not fit into this correlation. The data available
do not present enough clues to explain sufficiently
this deviation.

61, Cf. also V. Nesvera, op. cit. p. 25.
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workers cannot be computed exactly. The
statistical sources allow only to calculate the
average earnings of all employecs, of production
workers, and of all non-production employecs,
The average wage of production workers in
every industry group proves to be lower than
the general average wage—the average earnings
of non-production workers and employees
being, logically, above the general average.

Several considerations which cannot be
further expounded in this study lead us to
assume a maintenance workers’ wage which is
below the non-production workers’ wage but
above the production workers’ wage, the non-
production and the production workers’ wages
being the upper and lower limit. The values
that are computed for the number of maintenance
workers are therefore margins determined by
these limits.

The results of our computation are listed
in column 3 of table &: the minimum figure is
722,000 and the maximum figure 1,109,000
employees occupied in maintenance and repair
activites in total US manufactures, in 1957,
This corresponds to 4 to 7 percent of the total
working force in manufactures (column 4).
Again, the highest, or respectively the lowest,
pereentages are shown by the same industry
groups as in table 6.62

These results obtained from the statistical
survey of 1957 are surprisingly in line with an
earlier survey and with the latest figures avai-
lable.

According to data collected for 1935 which
cover a ‘“‘cross section of plants engaged in
manufacturing many kinds of products”, the
average proportion of maintenance to total
plant employees was 6 per cent, the proportion
actually varying between 4 and 10 percent.*

62. This is not surpl:ising since simple arithemetic proves
that the values listed in column 4 of table 8 are
only margins around the figures listed in column 3

of table 6. o
63. L. C. Morrow, “Maintenance Organization and
Management”, Factory Management™and Main-

tenance, Vol, 93, No. 12, December 1935, Supple-
ment: Plant Operation Library, ps. 163. Reprinted
in: Factory Management and Maintenance Plant
Operation Library, Massachusetts [nstitute of Tech-
nology, Cambridge, Mass., 1941.
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Table 7

Capital / labour ratio and share of maintenance workers’ wages in total payrell in U, S,
mannfactures 1957

Gross book value of fixed assets: Total \ Share of maintenance workers’ wages in
Industry Group - ___("C_apitia];!g:_ﬁ:)?jlrl Ratio™) | ol gagroll
Yalue ‘ Ranking ‘ Percent Ranking
i

Petroleum, Coal 6.90 1 23 1
Chemicals 3.20 2 i1 3
Pulp, Paper 2.62 3 9 4
Primary Mctal 2.47 4 15 2
Stone, Glass 2.19 s 7 5
Food 1.64 6 5 7
Textile 1.57 7 5 8
All industries, average 1.45 6

Tobacco 1.4 8 4 11
Lumber 1.38 9 5 9
Rubber 1.:25 10 6 6
Fabricated Metal 1.06 11 4 12
Machinery 1.04 12 4 13
Transportation Equipt .89 13 5 10
Printing 0.8 14 2 17
Electr. Machinery 0.8 15 4 14
Instruments 0.80 16 3 15
Furniture 0.73 17 2 18
Miscellaneous 0.70 18 3 16
Leather 0.40 19 2 i9
Apparel 0.27 20 1 20

Source: Own computation from data presented in Table 5 and Table 6.
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TABLE 8

211

Number of Maintenance and Repair Workers in the U.S. Manufacturing Industry: 1957

All employees

Production workers

|
|
|

M&R workers

Number of M&R

Industry group i Number Number (Min.-max.) workers as % of total
‘ 1,000 1,000 1,000 number_ of employees
| et
|

All industries 16,630 12,842 722 — 1,109 47

Food 1,688 1,134 71 — 95 46

Tobacco 88 81 2— 4 2—4

Textile 989 893 26 — 57 3—6

Apparel 1,264 1,123 8§ —17 1--2

Lumber 646 579 19 — 37 3—s6

Furniture 375 3t 5 —10 1—3

Pulp, Paper 566 458 36 — 54 6—10

Printing 867 534 14 — 17 1—2

Chemicals 767 508 67 —100 9—13

Petroleum, Coal 186 135 36 — 46 19—24

Rubber 260 205 12 — 17 5—7

Leather 362 323 4 — 8§ 1--2

Stone, Glass 526 437 28 — 43 5—8

Primary Metal 1,272 1,053 148 — 205 1216

Fabricated Metal 1,114 830 34 — 54 3—5

Machinery 1,707 1,266 59 — 68 3—4

Electric. Machinery 1,084 795 29 — 45 3—4

Transport. Equip, 1,500 1,401 85 — 110 46

Instruments 307 212 8§ —12 3—4

Miscellaneous 665 514 15 — 27 24

Source: .S, Burcau of the Census, Statistical Abstract of the United States: 1959, (Eightieth edition), Washington,

D.C., 1959, table no. 1054, pp. 782ff.

Columns 3 and 4: own computation on basis of data published in  U.S. Bureau of the Census, I7.S. Census
of Manufaciures: Yol. 1 Summary Statistics, U.S. Government Printing Office, Washington, D.C., 1961, pp. 98

and 99
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TABLE 9

Share of Maintenance Employees to Total Plant Employees in US Manufactures, in Percent

Industry classification

Share in percent

Heavy equipment, fabrication-and-assembly type
Light equipment, fabr.-and-assembly type
Services

Heavy equipment, process-type

Light equipment, process-type

Miscellaneous

Average, all industries

2.5
4.0
3.5
8.3
8.3
11.1
6.6

Source:
1970, p. 77.

Exact comparison between these data and those
given in table 8 is, however, not feasible because
the industry groups covered in the 1935 investi-
gation are not indicated.

The latest figures available are listed in
table 9. They are part of a sample survey,
published in March 1970, which covers 3502
firms, mostly of medium to large size (59 per-
cent of the sample firms had over 500 employees,

40 percent over 1,000). The data are probably
of 1969.

_ In this survey, industries are grouped accor-
ding to Modern Manufacturing’s industry classi-
fication system. “Heavy equipment, fabrica-
tion-and assembly type™ or “Heavy fabricating”
covers electrical  equipment, non-electric
machinery, aircraft an spacecraft, efc.
“Light fabricating” refers to fabricated metal
products, electronics, instruments,  etc.
“Heavy process’ covers petroleum refining,
chemicals, rubber, primary metal, stone, clay
and glass. pulp and papers. “Light process™
inchudes toods, textiles, apparel, tobacco, part

Computed from data in “Survey Mirrors Today's Maintenance Management”, Modern Manufacturing, March

of chemicals, ctc.®

The new classification makes comparison
of percentages with the 1957 survey rather
difficult because the 1957 survey followed the
Standard Industrial Classification system. In
both statistics, however, the higher share of
maintenance workers in process-type industries
than in fabrication-and-assembly type indus-
tries is a common feature. The more com-
prehensive data of the Census of Manufactures
show that maintenance labour and maintenance
wage costs are relatively most important in
heavy process-type industries (¢f. table 7 and
8). Comparing the average figures between
the two surveys, a slight increase in the share
of maintenance workers in total plant force,
from 1957 to 1969, cannot be excluded.®s

64.

Cf. “Better Way to Compare Your Plant’s Main-
tenance Practices’, Factory, Management and Main-
ienance, August 1958, pp. 138 fI.

Two other sample surveys giving, i.a., information
on the importance of maintenance workers in total
plant force, are even less comparable: ‘“‘Mtainten-
ance Management Practices in Industry Today”,
Factory, Management and Maintenance, Septem-
ber 1958, pp. 90 ff., and ““The Pulsebeat of main-
tenance Today”, Factory, June 1966, pp. 98 ff,

65.
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B. Conclusions for the planning of maintenance
and repair in developing countries

The results of this study of the quantitative
aspects of maintenance and repair in the United
States present valuable clues for estimating the
needs in developing countries. They can be
particularly helpful for estimating aggregate
manpower requirements, overall capital needs,
and foreign exchange demands regarding future
maintenance of new investment projects in
manufactures.

(@) Muaintenance and repair  costs: As
we have seen, average annual cost of mainte-
nance and repair in US manufacturing industry
amounts to about 8§ percent of the capital
invested; labour costs account for 60 percent
and cost of material for 40 percent of total
maintenance and repair expenses. The amount
of maintenance cost is, of course, determined
by the existing wage rates, prices for spares, and
maintenance techniques. These may be diffe-
rent in a developing country, and any estimate
of aggregate mainfenance costs in a developing
country on the basis of the American experien-
ces must take these differences into considera-
tion. In the following, three numerical exam-
ples have been computed in order to illustrate
what the average cost of maintenance will be in
in the manufacturing industry of a developing
country where conditions differ from the Ameri-
can example, The import content of mainte-
nance costs, i.e. necessary foreign exchange
outlays, is also computed.

In case 1, it is assumed that the developing
country uses the same maintenance and repair
techniques as the USA, and that all mainte-
nance materials have to be imported. In case
2, it is assumed that the same maintenance
technigues as in the USA are used but that
only 50 percent of the spare parts and other
maintenance equipment is imported. In case
3, the same import content of 50 percent of
maintenance materials is assumed, but mainte-
nance techniques are assumed to be more labour-
intensive,

In all three cases, wages in the developing
country make up only 40 percent of the wage
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rate in the USA, and the equipment used in
production is always imported. This latter
assumption entails that transportation cost and
import duties have to be added to the price of
the production equipment as well as to the price
of the spares. In other words, the value of
the fixed assets—to which the maintenance
cosis are related—is higher in the developing
country by the amount of these additional
charges. In our examples, they are assumed to
be 40 percent of the value of the fixed assets.
The same additional charge is imposed on the
import price of spare parts and other mainte-
nance materials,

United States:
$
Investment 1,000
M&R costs per annum™:
8% of investment 80
Wages thereof: 60% 48
Materials ,, 409 32
Developing country .
$
Investment, f.0.b. US port 1,000
Transportation and import
duties: 409, 400
Total cost of investment 1,400

COST OF MAINTENANCE AND REPAIR IN A
DEVELOPING COUNTRY:

Case 1

(Same maintenance techniques as in the US,
all spares imported)
$
Wagerate: 40 %, of US wage rate
M&R wages per annum 19-2
Import content of
M&R materials: 1009/
Cost of imported materials:
140 % of US cost
M&R materials per annum

3

64-0
44-

Total M&R cost per annum

ot

Foreign exchange outlays thereof

* M&R =Maintenance and Repair
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Case 2

(Same maintenance techniques as in the US,
509 of spares imported)

$ $
Wage rate:40% of US wage rate
M&R wages per annum
Import content of M&R materi-
als: 509
Cost of imported materials:
1409 of US cost

Cost of locally produced mate-
rials: 8G9, of US

19-2

224

12-8

Total cost of materials per

annum 35-2

54-4
22-4

Total M&R cost per annum

Forcign exchange outlays thereof
Case 3

{More labour-intensive maintenance techniques
than in the US, 509 of spares imported)

Relation of M&R wages to
materials: 70:30

Wage rate: 409 of US wage rate
M&R wages per annum
Import content of M&R mate-
rials: 50%;

Cost of imported materials:
1465, of US cost

Cost of locally produced mate-
rials: 80 % of US

22-4

16-8
9-6

Total cost of materials per annum 26- 4

48-8

Total M&R cost per annum

Whereof foreign exchange

outlays 16-8

J MOLSBERGER

(Y Number of maintenance workers and
wage cost of maintenance and repair: National
industrial development plans generally contain
some estimates on the employment effeets of
industrial projects. Here, too, the results of
the US statistical survey may be useful econo-
mic guides for developing countries. It will
be remembered that the share of maintenance
and repair workers within the total labour force
of US manufactures averages 4 to 7 percent,
depending on the kind of computation used.
Planning authorities in developirg countries
should regard these percentages as ninimum
figures which should be reached at least, but
in most cases ruther be surpassed. The reason
is that while developing countries may have
little possibility to adapt production techniques
to their fuctor endowments, this is not the case
with maintenance techniques. Developing
countries realize their comparative advantage
by using labour intensive methods and should
therefore employ a higher maintenance force
than industrialized countries.

As to the percentage of maintenance workers
and the share of maintenance wages in total
payroll in individual industry groups, the
figures of table 7 and 8 may be helptul for more
detailed manpower planning. Here, the rela-
tion between capital intensity and the number
of maintenance workers required deserves due
regard: the higher the capital/labour ratio of
an industry, the higher the manpower needed
in maintenance. Again, the percentages given
for the single industry groups in the US ought
to be considered as minimum figures, provided
more labour-intensive maintenance techniques
are applicable.

III- WAYS AND MEANS OF IMPROVING
THE MAINTENANCE AND REPAIR
PERFORMANCE IN DEVELOPING

COUNTRIES

Generally speaking, maintenance and repair
can be looked upon as a means to activate
unutilized production capacilics, By emplo-
ying labour which is relatively cheap in activi-
ties which can be made relatively labour-inten-
sive, developing countries will be able to realize
their specific comparative advantages of pro-
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duction. Maintenance is a way to save capital
by applying labour skills.

The problems of maintenance and repair
have been analysed in this study with regard
to their relevance for economic policy. Con-
clusions and recommendations resulting from
the analysis have always been made in the
context of the theoretical discussion. There
remain some reflections on the pructical impli-
cations for policy making which will be outli-
ned in the following section.

1. Planning Activities

The planning of industrialization cannot
confine itself to the simple installation of new
plant and equipment. The amount of costs
to be spent on maintenance and repair and the
manpower needed in these activities are so
considerable, they cannot be neplected when
planning investments, On the average of all
manufacturing industries in the United States,
the same amount that is spent initially on invest-
ment is spent again in less than 15 years on
the maintenance and repair of this plant and
equipment. In developing countries this
amount will be somewhat lower if optimal
maintenance policies are chosen, but it will
still be remarkable.

Investment plans should, therefore, always
include estimates on the future needs for main-
tenance and repair and the possibilities to
meet these requirements. The import needs
deserve special attention in countries which
are short of hard currencies. Some examples
of global computations for total manufactures
are given in this study. Similar but more
detailed computations should be made for
individual industries,

Where studies of the actual situation dis
close lack of proper maintenance and repair.
the public authorities could improve the per-
formance by establishing regional repair shops,
of by promoting private initiative to set up such
shops perhaps on a cooperative basis. Plans
for the creation of industrial estates should
always include the establishment of a common
repair shop.
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Special steps should be taken to secure the
supply of spare parts. The setting-up of
regional stocks of spares will often contribute
to solve the problem. Spare parts stocks
should preferably be linked with a regional
repair shop. Possibilities for a domestic pro-
duction of spare parts should be explored tho-
roughly. The production of spares may be the
appropriate first step towards an own machi-
nery production,

In public sector enterprises, plan targets
should not be set in a way that allows or even
provokes negligence in the maintenance of
equipment. If the plan targets are fixed in
terms of quantity of output (instead of the value
of the salable products, or profitability of the
enterprise), and if this is the only criterion used
to judge the performance of the firms, sacrifice
of other important objectives which may con-
flict with production is encouraged. Instances
are cited where preoecupation with maximizing
output in the short run resulted in total neglect
of product quality as well as maintenance and
inplant training programmes. Not only was the
management interested in achieving high levels
of output, even at the cost of destroying capital,
betause output was the only criterion by which
management was judged, but the workers, too,
were similarly motivated since bonuces were
related only to physical output.® Plan tar-
gets as well as wage policy should avoid such
encouragement to englect maintenance. On
the contrary, maintaining the capital in good
condition should be a declared target, for
which incentives are provided.

2. Other Policy Measures

The svarcity of capital in developing coun-
tries suggests that even greater atlention is paid
to maintenance and repair than in industrially
developed countries, and it suggests that it is
done in a labour-intensive way. Policy mea-
sures should be directed towards encouraging

66. Cf. W.A. Johnson, op, cit., pp. 156-7, 163-64, 180-1.
Economic history of the USSR and oiher centrally
planned economies provide similar examples which
induced these coumtries to change their original
emphasis on tons of output.
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optimal maintenance activities. At least, they
should not penalize them. Actually, negli-
gence of maintenance on the side of the manage-
ment, or a bias against labour-intensive methods
of maintaining capital. has often been encour-
aged by public policy.

Payroll taxes discriminate against labour-
intensive technigues in production as well as
maintenance. Instead of relying on payroll
taxes public revenues should be secured by
other lax forms which do not penalize the
hiring of workers in a situation of relative
abundance of labour. A bias against emplo-
ying more labour may also originate from
minjmum wage regulations which do not take
the actual situation in a country into conside-
ration.

A discrimination in favour of capital-inten-
sive methods of production likewise results
from tax inccntives to reinvest profits.  Part
of the income or corporation tax, e.g. a divi-
dends tax, is forgiven if the profits are reinves-
ted.6” The hiring of additional workers,
however, does not give rise 1o tax benefits.

The incentive towards greater capital inten-
sity is highest if in addition to the deduction of
investment costs from income, even from the
tax duc—the taxable income in later years can
again be lowered by normal depreciation of the
assets bought with the tax credit. It s less
if later deduction of depreciation is not allowed.
In this case, the investment incentive consists
not in a tax abatement but only in a deferral,
an interest-free loan.

One way to correct this bias towards grea-
ter capital intensity wonld be to discontinue
the system of tax incentives for imvestment.
But since the objective of the tax incentive is
to promote industrial expansion and economic
growth, this solution would be inuppropriate,
A better way to end the discrimination of labour-
using techniques would be to grant the re-in-
vestment allowance also for the employment
of additional workers.®® Such incentives would

67. For details of a concrete case, see W.P. Strassmann,
op. cit., p. 127
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be particularly suitable for hiring trained
maintenance workers and thus for improving
maintenance performance.

The use of second-hand equipment should be
decided on grounds of economic efficiency.
It may have decisive advantages in a develop-
ing country. Policy measures should therefore
not discriminate g priori against using second-
hand equipment. Instances of discrimination
that were reported are: difficultjes in getting
credits for the purchase of second-hand equip-
ment and the imposition of high excise taxes
on used vehicles.

3. Import Regulations

As long as equipment and spare parts have
to be imported by a developing country, the
import regulations remain a crucial point of
maintenance policy. Under-estimation of the
importance of maintenance and repair on the
part of the public authorities is reflected by refu-
sing e.g. import licences or delaying imports
by eumbersome administrative procedures.

A quick and unimpaired import of spare
parts is of the utmost importance for the full
utilization of installed capacity. a problem
which most of the developing countries have to
cope with. Refusal to grant foreign exchange
for one missing spare part may put a unit out
of operation for a long time, a unit the instal-
lation of which may have cost a multiple of the
price of the missing spare in foreign exchange
outlays. This is “saving” in the wrong place.

The undelayed supply of spares imported,
furthermore, prevents their unnecessary and
wasteful hoarding and the tying-up of capital.
National import quotas should be “‘balanced”:
the import regulations must avoid discrimina-
tion against either machinery or spares. The
import of second-hand equipmen:, too, should
be regulated purely on the basis of economic

68. An interesting recommendation to promote labour-
intensive methods of production by way of a tax
deferral has been made by Strassmann. Cf. W.P.
Strassmann, op. cit., p. 128
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considerations. In many instances this will
mean removal of restrictive practices.

4. Standardization of Machinery and Equip-
ment

In many of the developing countries the
great variety of types of installed machinery
is confusing—and posing maintenance problems
of their own. Especially the procurement and
stocking of spare parts is complicated. As
to the domestic production of machines, the
adoption of a standardization system on the
nattonal, or preferably international level could
help to reduce the inconveniences substantially.
Foreign prototype machinery might also be
redesigned partially to fit the national standar-
dization system. The supply of spares for
older, non-standardized equipment must
remain secured, nevertheless, so that capital
is not prematurely inactivaled in a capital-
scarce €conomy.

Regarding the equipment which has to be
purchased from abroad, the simplest solution
to get largely standardized products would be
to concentrate on a single foreign country,
even. on the most limited number of firms.
This would ensure a minimum of different
types of machinery but reliance on a single
supplier country or even one firm may create
undesirable secondary problems, political or
economic dependencies which are unacceptable
for the country. Higher prices of the products
possibly offset the advantages of standardized
machinery. While these extreme limitations
should be avoided, a certain concentration on
a group of supplier countries whose standards
are compatible will bring advantages,

5. Technical Information

Lack of information makes for a great deal
of difficulties in maintenance and repair. The
indigenous maintenance staff quite frequently
lacks proper information on the maintenance
and repair of complicated foreign machine
devices. Directions for the handling of these
machines may be incomplete, or may pose
“langnage™ problems.

2n

Lack of information
makes for a great deal of difficulties

in Maintenance and Repair.

Apart from this, management as well as
workers are often not aware of the maintenance
problem since the adverse effects of inadequate
maintenance cannot be  seen immediately.
Fragmentary information on buying and
selling possibilities often causes difficulties
in the supply of spare parts, and sometimes
induces firms not to choose optimal production
techniques.

Governments can promote cooperation
of firms on the branch level to furnish better
information on maintenance problems that
are specific to that branch. Where this is not
a feasible solution they could set up an organi-
zation which will collect and forward techuical
information. The organization may be a
technical supervisory agency—as outlined in
the following paragraph.

Governments should request the assistance
of international organizations to  improve
information on maintenance  requirements
and to rationalize actnal performance. In-
formation on second-hand equipment could
also be propagated by international cooperation.

6. Creation of Technical Supervisory Agencies
and Statutory Check-ups

Technical information alone is not suoffi-
cient to improve the actual performance of
maintenance. In many industrialised coun-
tries maintenance of machinery and vehicles
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is enforced by staturory periodical check-ups
which are aimed primarily at promoting occu-
pational safety.  These check-ups may, how-
ever, also be considered under the aspect of
enforcing maintenance standards. In Indus-
trialized countries special supervisory agencies
are sometimes entrusted with these check-ups,
e.g. the Technischer Uberwachungsverein (TUV)
in the Federal Republic of Germany.

Developing countries might follow these
examples and set up similar agencies. Their
formal legal slatus may be that of a private in-
stitution commissioned by the government with
the public function of supervision and endowed
with statutory power of enforcement, such as
the TUV in the Federal Republic of Germany,
or they may be a public institution which is
directly responsible to a government. The
establishment of such an agency should in both
cases be considered as a public task.

Checking safety devices and the safe opera-
tion of equipment should be the main func-
tions of this supervisory agency. This would
already cover a wide field of activity and would
include controlling most of the important
mainlenance operations. Beyond this, the
periodical check-ups could be given a broader
scope: additional technical counselling on
appropriate maintenance and repair could be
provided on these occasions, especially for small-
scale and medium-sized firms. Another task
could be to draw up maintenance manuals
and standards designed especially for develo-
ping countries, e.g. to give guidelines for the
use of anti-corrosion material under special
climatic conditions.

7. Training of Maintenance Personnel

In the now industrialized countries a cadre
of maintenance workers has developed step by
step -simultaneously with—and induced by—
the gradual development of the capital goods
production. Developing countries, on the
other hand, skip most of these stages. They
import modern cquipment at a time when their
own capital goods production if it exists at
all, is still in its infancy and a “spontaneous”
formation of maintenance labour has not yet
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taken place.®® Therefore, governments should
take deliberate action fo ensure the training of
maintenance personnel within their manpower
planning programmes.

Lack of appreciation of
good maintenance organization
has more detrimental

effects than deficiencies

in skills.

Training for maintenance has a double
aspect. Onc is the training of technical skills,
the other the creation of a maintenance habit.
Experts agree on the point that lack of apprecia-
tion of good maintenance and inadequate
organization have more detrimental effects
than deficiencies in skills. It is consequently
of vital importance that management is made
aware of the role of maintenance and repair
in modern industry. Education programmes
should include executives as well as foremen
and supervisors. They should cover subjects
such as staffing, supervision methods, and
organizationat and clerical work pertinent to
efficient maintenance.

Since the present state of maintenance and
repair in most developing countries calls for
urgent action, methods of accelerated rraining
which have proved successful in industrialized
countries would be recommendable for deve-
loping countries, too. Accelerated training has
been defined as “a form of systematic concen-
trated training of a limited character, in order
to transfer specific knowledge ina short period.*®

69. Cf. R.C. Blitz, JPE, 1959, p. 570.
70. G.K. Boon, ep. cit., p. 69-70.
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The description of experiences made in the
Netherlands may be interesting in this connec-
tion.

“Several systems are followed, the main
feature being to analyse a specific operation
or group of operations, which will be quali-
fied as a skill. The people are trained in
the different aspects of the skill in a very
systematic and clear way, theoretically as
well as practically. Beforehand, the wor-
kers are tested in a simple way in ordar to
ascertain such things as work-experience,
intellipence, talents for the specific skill,
character and physical qualities.

In the Netherlands amazing results with
this accelerated training have been achie-
ved in the post-war rapid industrialization
period. All kinds of metal-workers were
trained, inclnding maintenance and repair
personnel; and also spinners and weavers,
operators for mechanized agricultural equip-
ment, lower and middle management—and
administrative personnel.”?

Avalanche effects are obtained by training
first a group of instructors in accelerated trai-
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ning courses. These instructors could then
be assigned to regional repair shops or technical
supervisory agencies to organize accelerated
training in maintenance and repair for the
firms seitled in the region.

To prevent government-sponsored training
centres from becoming over-crowded, a com-
pulsory set-up of maintenance training shops
in big business firms could be envisaged, e.g.
by tax exemptions. The training In regional
repair shops or by technical supervisory agen-
cies could be concentrated on the needs of
small-scale and medium-sized firms.

In industrialized countries advanced specia-
lized training is sometimes offered by so-called
mobile repair shops or maintenance trucks,
The German railways, c.g., employ mobile
training shops for practical training in welding.
Training in these shops is particularly economi-
cal; since they can be moved to different towns,
a maximum amount of people may be trained
by the same equipment, and by the same ins-
tructors, The use of mobile training shops
seems to be particularly suitable for developing
countries.

APPENDIX

A GRAPHICAL PRESENTATION OF OPTIMAL MAINTENANCE
AND REPAIR ACTIVITIES OF A COUNTRY

A. Effects of Differences in the Interest Rate

The formal relationship between (present)
durability outlays and (discounted future)
maintenance outlays is shown in Fig. 1.2 and
1.b. In both graphs the 45-degree lines—in
Fig. l.a marked 1, 2, 3, 4, 5 (thousands)—are

71. G.K. Boon, op. cit., p. 70

constant-outlay curves. They indicate combi-
nations of durability outlays and discounted
maintenance outlays which together make up
1, 2, etc. thousand dollars: For every point
on the same constant outlay curve the sum of
the coordinates is the same, namely the value
given by the intersections with the axes.

The isoquants marked 5 years, |2 years,
etc, show which combinations of durability
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outlays and discounted maintenance outlays
are technically possible for obtaining a
longevity of 5 years, 12 years, etc. They
start from the durability-outlay axis to
indicate that, in the extreme case, a certain
desired longevity can be obtained by spen-
ding on durability alone without adding any
inaintenance. Since it is not possible to
obtain a desired longevity with outlays on
maintenance only and no outlay on durability
at all, the isoquants do not intersect with
the maintenance-outlay axis. The down-
ward convex shape of the isoquants demons-
trates that the rate of substitytion decreases
with rising share of either component of the
cost combination.

The optimal combination of (present) dura-
bility outlays and (discounted future) main-
tenance outlays which minimizes the total
cost of a chosen longevity is given by the tan-

* Figure I. ais a slight medification of a graph used

by R.C. Blitz, 4ER, 1938, p. 322.

gential point of the isoquant of that longevity
and a constant-outlay curve. For example:
for a longevity of 21 years the point O in Fig. 1.
a indicates the optimal combination of main-
tenance and durability costs which topether
amount to 4,000 dollars. Every other combi-
nation of maintenance and durability outlays
procuring a longevity of 21 years—that is:
every other point on the 2l-years isoquant—
will resnlt in a higher total cost than 4,000
dollars.

The assumptions underlying
and 1.b differ in only one point, all other
things being equal: Fig. 1. a represents a
country where the interest rate is relatively
low, Fig. 1. b represents a country where the
interest rate is higher. The purely technical
relations remain unchanged, anditis also assu-
med that the future price of a “maintenance
unit” is the same in both countries. The
same technical combination of durability and
maintenance contains, in the high-interest
country, a lower present value of future main-

Fig. 1. a
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tenance outlays. That is, the present sum of
money which s necessary for maintenance
outlays in the future is lower because the in-
terest rate is high. Therefore, the isoquants
in Fig. 1. b—as compared to those in Fig. 1. a
—are shifted to the left in 21l peints but one:
the intersection with the durability-outiay
axis. (The curves swing around the intersec-
tion points.} In the high-interest country. the
same longevity of 5, 12, ete. years can be rea-
ched at a lower present cost except for the
extreme cace in which the longevity 1s obtained
by durability outlays alone.

The shifled 1soquants in Figure 1.b do not
touch the same constant-outlay curves as in
Figure l.a. Other optimal combinations of
durability and maintenance costs for every
chosen longevity are shown by the tangential
points of the shiited iroquants and lower cons-
tant-outlay curves (dotted lines). 1In the high-
intercst country, the minimal cost combinations
1, m', ete’. for the same longevi‘ies are not
only at a lowcr level of total (pre-ent) costs than
in_the low-interest countty (price ¢ffect), but
reflect also other combinations of the two cost
ingredients: when the interest rate is higher,
relatively more will be spent on muintenance
and relatively less on durability (substitution
effect). A comparison of the coordinates of
the points O and O° shows this very clearly,

If the interest rate is higher, the same longe-
vity of equipment can be obtained ar a lower
total cost than in the low-interest country
because of the shift from a relalively higher
spending on durability to a rclatively higher
spending on maintenance. If. however, the
same total outlay as before is mace. a higher
longevity can be reached. The corresponding
isoquant for the constant-outlay curve 5 is
drawn in Figure 1 b {dotied isoquant). The
optimal combination in this case also contains
relatively more maintenance outlays and less
durability outlays (cf. point p” in Figure 1.b
and point p in Figure 1.a).

The combined ecffect of differences in the
interest rates on level and structure of longe-
vity can be demonstrated as follows., Ina high-
interest country, the effect described in section
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C of the text willtend to shorten the chosen
longevity of the capiial goods {in order to reduce
the cost of longevity). This can be demons-
trated graphically by the shift from one isoquant,
e.g. 23 years”, to another isogquant, e.g.
*21 years”. in Fig. la,

But not only the present value of future
savings is reduced in case of u higher inlercet
rate. At the same time, the effect of the
higher interest rate discussed in section B
of the text will come into play: fulure main-
tenance costs, too. will have a lower present
value and, by substituting maintenance for
durability outlays, the “longevity mix” will
be changed towards a greater share of main-
tenance outlays. The substitution will lower
total cost for the same loncevity: the isoquants
themselves are shifted towards the left (Figure
1.b) For a total outlay of, e.g. 4,000 dollars
a longevity of 22 years instead of 21 years (as
in the low interest country, Figure 1.2) may now
be purchased. The optimum point on this
shifted iroquant is situated more towards the
maintenance outlay axis.

B. The Effects of Differences in Wage Rate

The combination of a high interest rate with
a low wage rate causes a substantially larger
shift of the isoquants to the left (turning around
the intersection points with the durabi'i'y-out-
lay axis) than is shown in Figure 1.b. The
shifted isoquants are tangent to lower constant-
outlay curves: The same longevity can be
obtaincd at a considerably lower (discounted)
cost; or by spending the same amount as in
ahigh-wage;/low-interest country, the low-wage/
high-interest country can obtain a higher
longevity. A reduction in total cost of longe-
vity, induced by the high interest rate, is possi-
ble without reducing longevity. perhaps even
extending it.

C. The Effects of Differences in Price of
Capital Goods

Those effects may be demonstrated graphi-
cally. toe. An isoquant for the came capital
longevity intersects the axis at a higher value
for durability in the high-interest/low-wage
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country which imports the investment goods.
than in the other country. A hicgher price of
durability, together with a highcr price of “main-
tenance capital”™ will shilt the optimum still
more towards a greater share of labour-intensive
maintenance in total longevity outlays (cf
Fig. 2.b)

D. The Combined Impact of Differences in
Interest Rates, Wages, and Prices of

Capital Goods

The combined cffects of the a.m. three
variables can be presented graphically, using
the isoquant method. as before (cf. figure 2.a
and 2.b.)

A comparison of these new graphs with
Fig. l.a. and Fig. 1.bproves the additional in-
fluence of wages and price differentials very
clearly: the isoquants in figure 2.b intersect
with the durability outlay axis at higher values
and are shifted much more to the lefr.

PRE.CONDITIONS OF SUCCESSFUL PREVENTIVE MAINTENANCE

The benefits derived by implementing preventive maintenance programmes will
depend largely on the gegraphical location of the plant, the process, the method of
manufacture, the products produced, the cleanliness of the plant and surroundings, the
effectiveness of the preventive maintenance programmes and the intensity with which it is
carried out and lastly, the fervour of the persons carrying out the programmes.

—from Machine Building Industry, Vol. 9, No. 5, p. 35.



Upgrading of Maintenance

and

Repair Personnel

The specialised training and upgrading of maintenance personnel is tied closely to the type of

equipment used in an enterprise.

While the basie skills needed for maintenance can be taught in a  frain-

ing institution, the range of the plant to be effectively covered could entail on-the-job training. Training
should not interfere with production but lead to improved production and mare effective machine

utilisation.

N its approach to training in maintenance

activities and occupations. ILO is guided by
conceptual and planning principles which
underly all its attitudes to training. These
principles are sct out in Vocational Training
Recommendation No. 117, 1962,

Fundamental Principles

Training should be a life-long process star-
ting before the working life and continuing at
determined critical times to permit the promo-
tion of the individual to tasks providing not
only improved work satisfaction but also better
social and living conditions which are, to a
large extent, geared to improved income ear-
ning capacity. Within this over-all concept.
training should be given to all people to enable
them to use their abilitics to the advantage of
themselves and the community,

Training will be most effectively imple-
mented when it is done within an over-all plan
which takes due account of existing and planned
national structures. Thus when sectoral train-
ing approaches are used in the initial stages,

*Contributed b,\_: International Labour Office, Geneva

and this is frequently necessary in developing
countries, these should us soon as feasible be
intcgrated into the national plan for vocational
training. At the same time the various levels
of competence required and the techniques to
be applicd in the country must take into account
not only economic requirements but also the
human needs of society,

Approaches to and Methods of Training

it is seldom that new ideas or inveations
occur only in ene country. Uswually. these
build up in several places simultancously; so
it is with new and improved “approaches to
training. The cost of training is increasing due
to higher salaries of trainers. the more sophisti-
cated equipment needed and the trend in
many countries to pay stipends and allowances
to trainces. Efforts to develop approaches to
combat this increase are being explored.

Certain figures published recently seem to
indicate thatl increased investment in general
educational systems has not led to comparable
increases ineconomic growth,  Ifthisis the cace,
it is obvious that education and training must
be much more closely geared to employment
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aceds and possibilities and to cconomic im-
provement.  Systcms of step-by-step training
tied to emplovable skills may well yield the
desired results at a lower cost than the
present block systems. cspecially if they are
firmly based on careful job amalysis of the
occupations in the country. However. in es-
tablishing such systems. care must be taken 1o
make sure that training will be available at the
correct lime in every man and woman's carcer
to avord the phenomenon commonly called the
“Peter Principle”™. (The promotion of people
until they reach their level of incompetency.)

It is cstimated that over 40.000 occupuations
have been classified but if we study the various
training schemes available on a  world-wide
basis, 1t is doubtful whether specific training
1s availlable for more than one-quater of these.
This has been brought about largely by the
conscrvatism of trainers and cducationists
and the tendency to establish self-perpetuating
institutions and courses into which human
matertal is fed on the basis of past atrainment
in a limited range ol subjects rather than of
astitude:. After processing in theie education
machines, the product is fed into an end-usage
market which is much more hignly sophisti-
cated and sensitive 1o change than is the pro-
ducing machine.

There has becn a traditional tendency to
regard the job (the “trade™ as an established
mould into which the individual must be fitted.
Some suceess might be claimed for this system
but it is probable that had work started with the
man. eveil better results might have been achi-
eved. For cxample. the so-called “drop-outs™.
{this is really an unacceptable term today) are
frequently regarded as failures but in many
cases they may represent the lorerunners of
those who sce the “system™ as being archaic,
inflexible and destructive of human inveation.
Empleyment markets act as cfficient sclection
mechanisms and it is remarkable how many
of these “drop-outs™ not only find employment

ut frequently rise to suceess in their respeciive
spheres. Thus again. training schemes must
take full account both of needs of the employ-
ment markets and the desires and potential

UPGRADING OF MAINTENANCE AND REPAIR PERSONNEL

of the individual. “Tap off™ is also an impor-
tant feature in developing countrics in the num-
bers leaving training institutions before comple-
ting long-term training. “Tap off eccurs when
the acquired skill already represeats a markel-
able commodity and attempts to improve the
commodity (trainec} by the addition of further
skills at the tap ofl 1ime probably makes little
or no additional coatribution to the economy.

TRAINING FOR MAINTENANCE
ACTIVITIES

With these basic considerations in mind,
traintng for maintenance activitics will be dis-
cussed under the following heads:

() first-line maintenance—the

(b) the maintenance man:

{¢) supcevisory fuactions in maintenance.

operator:

The Operator

It is well known that the driver of a motor
car has a great bearing on its life. In fact.
tyre, steering, brake and gear wear are directly
related 1o driving habi's and can within Hmits
be controtled by driver training and drive r super-
vizion, The example of the motor vehicle has
been used but most machines requiring manual
control fall into this category. Therefore,
training in maintenance starts with the basic
tratning of the operator.

The depth to which such training should go
15 subject to considerable variation; obviously
where the value of the machine is ten times the
annual salary of the operator, the training should
be deeper than when the tool used is oaly valued
at one hour of a man's salary. When consi-
dering this question. the desired standard of
maintenance must take into account the period
of planned obsolescence for the equipment.

“Housckeeping™ 158 a critically important
factor as a determinant of the quantity ol second
lire maintenance necded. M good housckeep-
ing is practised—and certainly training can bring
about better how exkeeping—the maintenance
nceds caused by dirt and by bad materials,
stacking, and handling, will be reduced. Good
housekeeping, good operation and safety con-
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sciousness go hand-in-hand n avoiding the
still too commeon “working to breakdown™.

If the basic training of opesalors includes also
the elements of first line maintenance. it should
be possible to arrive at a situation where a
machine will. in fact, have a useful life sufficient
for the purpose for which it was designed and
manufactured. In other words, the operaloer
will no longer be the first link in the chain of
destruction. Such training should include:

correct operational sequences;
regular lubrication with the correct oil:
cleanliness;

maximum loading and speeds:

trouble shooting and the use of charts to
diagnose simple problems.

The Maintenance Man

To define the exact duties ot a maintenance
man is difficult. Certain occupations are wholly
concerned with maintenance and repair, e.g.,
the motor mechanic and related trades. The
basic and further training is all concerned with
keeping a vehicle on the road in a safe condition.
In other ouvcupations, such as building workers,
their training should permit them to construct
a new building or part of it. but many of those
trained will use their skills to maintain an
existing structure. Many examples could be
guoted from other occupations but it seems
probable that training for almost all main-
tenance activities starts with initial fraining in
specitic occupational tasks not defined as main-
tenance. However. it is true that people who
received their initial training through an insti-
tutionalised system may not be able to relate
this specifically to maintenance without further
training.

This further training may aim at (a) exten-
ding their range of skills for maintenance acti-
vitirs; (b) giving greater depth to the existing
skills; or (¢) relating these skills to a specific
maintenance and repair type of activity. Such
training might include for example:
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(a)} the adding of certain welding skills to
a fitter; the adding of certain fitting
skills to a welder;

(b) the deepening of 4 machinist’s skills
to include a greater understanding of
tolerances, and fits and limits; adding
a knowledge of machine design to
eliminate breakdown due to improper
machining;

() aiding a fitter in the nnderstanding of
the principles of machine construction,
including the necessary practice to
permit him to dismantle and assemble;
to train electrical wiremen in the wiring
of electric motors.

1t is established that of all probable causes
of breakdown, approximately 80 per cent can
be traced to some 20 per cent of possible causes.
By using an analytical approach, training can
be concentrated upon those factors which create
the highest necds for maintenance. Thus, with
this acquired knowledge, the training planner
can gear training to produce maximum effecti-
veness with a minimum input and ensure that the
correct numbers will be trained to undertake
the various activities related to equipment main-
tenance. For example, in the automotive trade
many more mechanics must be trained to main-
tain braking systems than are needed for trans-
mission maintenance.

The specialised training and upgrading of
maintenance personnel is tied very closely to
the type of equipment used in an enterprise.
While the basic skills needed for maintenance
can be taught in a training institution, it is
obviously impossible either to provide the range
of plant which is used in most industries or to
simulate the conditions under which this plant
operates on the job. For these reasons, much
of the training must be done either in the opera-
tor’s plant or in the enterprise which manu-
factures the equipment. The production of a
newspaper, for example, requires large complex
machines which cannot be duplicated in a train-
ing institution. Therefore, the training of the
maintenance staff can only be done economi-
cally in the individual company or in the manu-
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tacturer’s plant. As in imost countries. the
tquipment has been in operation for several
years and the supplier no longer has a responsi-
bility, the training scheme will have 1o be cstab-
lished in the user's plant.

Suvpervisory Functions in Maintenance

It should be remembered that maintenance
applies to all organisations whether it is that
of a one-man entrepreneur, a large industrial
organisation. an office, or a farm. and the
aggregate losses due to poor maintenance may
well be greater in the sum of the small enter-
prises than in the sum of the large. This is
particularly so in industrially developing coun-
tries where there is tittle background in the use
of mechanical devices, Training schemes musl,
therefore, take into account the smal! unit.
It is not the purpose of this paper 1o discuss
the relative merits of promotion to supervisory
rank of people from the workforee and of dircet
appointment of supervisors but the social impli-
cations of blocking promotion of the workforce
must be faced. 1t is probable that the bulk
of first line supcrvisors or maintenance acti-
vities come and wilf continue to come from the
workforce: this is particularly truc of main-
tenance supervisors where work experience and
an understanding of machine farlure are so
important. If it is assumed that the supervisor
will come trom the workforce, will he have the
neccessary practical skills to make him accep-
table to the workforce? 1If he has. his training
should be geared towards man and materials
management; if not, he must be given the oppor-
tunity to acquire new skills and to improve those
he has. Considering specifically the main-
tenance activities. he must he trained:

(a) to guide and supervise plant operation
tn general and to establish preventive
maintenance schedules. A few simple
case studies are appended to iliustrate
the fact that the maintenance of equip-
ment s largely a matter of changing
the habits of people. This can most
elfcetively be done through training
or retraining operators or modifving
cquipment to fit in with the normal
habits of the people;
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{b) to instruct and supervise the operators
or mechanics engaged in the first line
maintenaince of the cquipment through
cleanliness, correet lubrication. adjust-
ment and control of the machines under
his control:

to advise upward in the management
chain on the necd for more specific
maintenance or repair action.

(c)

In an enterprise, the neceds of training and
production are often in conflict and it has fre-
quently happened that well preparcd and effec-
tive training programmes have lapsed due to this
conflict it the same man is responsible both for
production and for training for maintenance,
If training programmes are to be a useful insiru
ment in improving plant maintenance, it is
essential that a training officer be appointed who
would not be dircetly involved with the produ-
ction process.  Training must however be im-
plemented with the full knowledge and support
of production personnel so that stand-down time
can be fully utilised for training. Training must
not interfere with production but should lead
to improved. production. better appliction of
good techinques and more cffective machine
utilisation. This in furn wiil bring about a
decrease in lost machine hours caused. by break-
down, or by planned maintenance shut-downs
which have proved to be very costly way of
organising maintence,

CASE 1

In one Asian country. for example, it was
found that over 50 per cent of the heavy-duty
ore-carrying trucks were out of service because
of breakage of the third gear. The first con-
clusion was that these vehicles had cefective
third gears. An analysis, however. showed
quite clearly that the real cansc could be found
in two factors of operation: first, the ore trucks
were consistently being overloaded by from 100
per cent to 150 per cent since the iron ore being
mined was of such high quality as to make a
full truck an overloaded (ruck; sccond, the
drivers had not been traincd to use the gears
correctly and drove almost constantly using
only two gears, the first going up, and the third
going down. Because the down-hill trip was the
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ioaded frip, the third gear fractured. A brief
training programme for the shovel operators,
as to loading limits. and for the drivers, as to
upshilting and downshifting while driving,
solved this hitherto unsolvable “maintenance
problem™,

CASEIT

In a North African country a new batch of
lathes was put into operation. The handbooks
sent with the lathes were in a language not
understood by the operators.

After threc months of normal operation.
it was found that 4 out of 12 lathes werc out of
action due to the leadscrew scizing in the head
bearing. The opcrators and maintenance
mechanics condemned the lathes as being badly
constructed because they had rececived cxactly
the same (realment as all other lathes in the
workshop.

After the handbooks were translated, it was
found that the instructions called for oil to be
inserted in the bearing after every four hours
of operation. The other lathes in the workshop
required tubrication only once each week. The
operators and maintenance staff were given new
instructions but within a few months, the same
problem recurred because they returned to their
old-cstablished practice.

The solution to the problem was found only
after a drip fecd lubricator was fitted which held
a week’s supply of oil so that long established
routines could be maintained.

CASE 1T

In another Asain country a large number of
marine diesel cngines were supplied to the
Inland Water Transport out of war surplus
stock. These engines for war reasons were
rated at a higher brake horsepower by the ins-
tallation of special injectors and increasing the
revolution per minute.  After installation of
the engines in ships and running them at a rating
as prescribed in the manuals, high fuel consump-
tion was the result.  After putting one engine
on the dynamometer test bench the reason for
the high fuc! consumption was found and the
right injectors were installed in conjunction

o
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with the proper phasing and calibration of fuel
pumps. In consequence of this, specialists were
trained for making the proper modifications
on all the engines in operation.

CASE 1V

On a larger scale the example of the CHINA-
7 UNDP/ILO project—Auto-Technician  and
Instructor Training Centre—could be cited. Any
gconomy undergoing  rapid industrialization
needs a well-developed transportation system,
and this system is often a very costly sector of
economy particularly in that it usually involves
the use of capital for the importation of vehicies
and plant abroad. In the Republic of China
it was found that both on the score of capital
costs and of frequent breakdowns, the transpor-
tation system posed a problem. Accordingly,
international assistance was sought in expan-
ding and improving the Centre for the training
of auto-technicians and instructors,

Very early in the life of the project evidence
from transport operators and highway constru-
clion enterprises both in the public and private
sectors established that substantial savings in
operating costs were being made as the result
of training. This in turn resulted in industry
turning more and. more to the Centre for help.
Progressively, better technicians, better instru-
ctors, better supervisors, found their echo in
longer life of engines and. vehicles, fewer break-
downs, less frequent overhanls, lower fuel
consumption, lower repair and maintenance
charges, and lower labour costs. To quote from
the published final report on this project:

It is estimated that since the establishment of the

Centre, the service life of vehicles has been lengthened
from 250000 to 650,000 km. and the service life of
engines after overhaul from 30,000 to 120,000 km. The
service life of batteries has been prolonged from 4 to

12 months and of tyres from 25,000 to 126,000 km.

The gasoline consumption of buses has been improved
from 2.6 to 3.4 km per litre and the road breakdown

mileage has been increased from 15,000 to around
255,000 km.”

[t is pertinent to add that apart from the
above benefits of training. on the personnel side.
a large percemtage of trainees received after
geaduation salary increases and promotions. eee
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This resulted in an unfavourable trend in
the nimber and cost of M-workers over produc-
tion workers. Equipment downtime tended
to go up because of a shortage and subsequent
high turnover of M-workers. Management
was forced to do something-—and they did it.

Industrial  Enginecring principles were
applicd to M and gradually modified to suit
the particular needs and problems of M. To
begin with the aim was mainly to optimise the
quality of M services and minimise the M costs.
Later on, a more over-all and broad-minded
approach has come into the picture. This
development has recently been further aggra-
vated because of the approach to M problems as
they appear in military systems, where M
factors like Reliability and Availability of equip-
ment in many cases may be a question of survi-
val or not. Although this criteria may be the
best incentive for man and mankind to do
something constructively, it falls outside the
scope of this paper. But the achievements will
undoubtedly make their impact felt even in the
design of industrial machinery and equipment
in the future.

Effective administration of M activities
can only be excercised through sound applica-
tion of three well-known elements of scientific
management

1. Orgauization
2. Measurement

3. Control.

Experience from industries in Furope and
North America shows that it is possible to reduce
M costs from 15-45% and at the same time
increase the availability of machinery and
equipment (reduce down-time), What can the
developing countries learn from this experience?

The following is an attempt to describe the
experience of I for M in industrialized countries
so it can serve as foundation for a discussion
on what industries in developing countries can
apply. And in this connection it should not be
forgotten that industries in developing coun-
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Effective administration of
maintenance activities can only be
exercised through sound application of
organisation measurement

and control,

tries are not something uniform or standardized.,
One can find industries where everything from
equipment to management is at par with similar
enterprises in the old industrialized countries,
But one can also find industries of a very low
standard. Most are somewhere in between.

PRE-REQUISITES FOR OPTIMIZATION
OF M EFFORTS

Before we can think of optimizing M efforts
through the introduction of various forms of
incentives at the plant level, a number of pre-
requisites have to be met.

M must function within a well-defined orga-
nizational structure. An appropriate -flow of
information and data on M must be designed.
Proper planning, scheduling and control of M
must be introduced. Supply of spare parts
and material must be properly arranged. M
manpower must be brought up to a specified
level of competence. The M workshops must
have a layout that satisfies the needs for repair
and overhaul, and the bulk of the working
methods must be standardized according to the
best principles of work simplification.

Organizational Structure

The organizational structure within the M
department and between M and other depart-
ments is an extremely important pre-requisite
for successful M operations. A successful
structure in one company will, however, not
necessarily suit another company. It must be
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tailor-made in each case. Some rules can,

however, be given.

Aims and objectives for the M department
must be defined. A possible set of objectives
would be to :

—Minimize lost production time due to M.

—Reduce M costs and achieve the best
use of money spent.

—Optimize nse of M manpower, fools,
equipment and materials.

—Improve M in the broadest sense—in-
cluding both the technical aspects and
the service given to the production
department,

—Achieve better management control of
quality, time used and material con-
cerned

Definite lines of authority and responsibility
must be established for the M department(s)
and other departments concerned with M in
any way.

The internal M organizational structure can
be designed according to two basic concepts :
centralized and de-centralized M. In the
centralized case all requests go to a central M-
planning function and from there to a suitable
team. In the de-centralized case all major
production departments have been assigned M
crews to fit their needs in terms of specialization
and volume of work. In almost every case,
when the de-centralised concept is used, there
should be a centra! group responsible for admi-

No maintenance work can proceed
effectively in the long run without some
type of information system
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nistration, stores, machining operations and
levelling of work between the de-centralised
groups.

Which concept is to be preferred ? This
will depend on local conditions and problems,
in particular :

Type of operation ; If M chiefly is restricted
to a few fields of opeation, (process piping,
electrical equipment) the character of the
work and the amount and type of super-
vision will be affected.

Geographical situation and size of plant :
One type of organization is more effective
in a compact plant while another may be
more suitable when operations are spread
over a vast area. If the plantis very big,
highly specialized workforces should be
considered in some fields.

Scope of the M Operations: Should M
not only maintain the equipment, butalso
assist and perhaps be responsible for cons-
truction work as well as installation and
renovation of machinery and equipment, the
scope of the organization should be wide
enough to handle these more varied acti-
vities, This is especially the case when pro-
ject administration is applied.

Flow of Information and Data

No M work can proceed effectively in the
long run without some type of an information
system. The purpose of such a system is :

—to handle the routine flow of requests for
work, work orders and material requisi-
tions through the M organization,

—ito collect information for management
purposes,

—to distribute impulses from management.

To cover these activities there must as a
back-bone be some sort of a work request and
work order system with a material requisition
sub-system. This system is also used to give
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for

Maintenance’

Some motivational factors are universal while some vary from country to country, depending

on social conditions and cultural heritage.

Preparation of a good maintenance asystem at the

planning stage itself assists in the installation of an incentive system to keep actual operating

results in line with the original plans.

The establishment of sound policies and design of useful

incentiveschemes for maintenance in developing countries requires alot of imagination and hard

work.

n Incentive (I) is something that incites to

action—stimulates, and motivates man and
mankind to perform, e.g. to turn out more and
better work. This paper deals with Incentives
for Maintenance (M), in particular industrial
M as applied in manufacturing and service
industries.

The basic function of M is to keep plant,
machinery and equipment in a condition that
will meet normal operating requirements.
There are many sub-functions within M, e.g.
M Inspection, Preventive M, Corrective M,
Breakdown M and Overhaul. And these sub-
functions can again be divided in sub-sub-
functions which furthermore can be looked
upon from a technological as well as an organi-
zational angle. Other papers deal with these
functions and subjects in detail,

In order to discuss I for M it is, however,
necessary to have a clear picture of the many
components and facets of M. We must know
where we are, and where we want to move.
We must know what can, and should, be accom-
plished through the introduction of improved

*Contributed by HB Maynard & Co., Denmark.

technological and orgonizational methods and
techniques and we must know where the intro-
duction and up-keep of the improved methods
and techniques can be supported through L
And we must have a base from where to measure
the performance in order to calculate the re-
muneration or reward for the extra efforts
applied.

We must also know what motivates man.
Some motivational factors are universal while
some vary from country to country, depending
on social conditions and cultural heritage.

The installation of a sound incentive system
involves many applied sciences such as engineer-
ing, administration, sociology and psychology.

M is not a function that can, or should,
be looked upon in splendid isolation. M’s
performance depends heavily on other functions
within an enterprise, in particular Production
and Procurement. And first and foremost,
performance depends on the attitude and out-
look of top-management and its ability to or-
ganize and administer all functions within the
enterprise in a balanced and well co-ordinated
manner.
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1 for M at the plant level is not the the first
or cven one of the first tools to use to improve
the M situation within an enterprise. There
are many pre-requisites that have to be met
before we should think of intreducing I for M—
pre-requisites which by themselves will assist
in improved M.

THE DUAL ASPECTS OF M

As already mentioned earlier, M can be
looked upon in a number of ways. Two as-
pects appear to be of particular significance:

1. M as a function that keeps machinery
and equipment downtime below desired
levels.

2. M as an indirect cost element that in-
creases product price without adding to
its value.

It is tempting to overemphasize thc first
one in order to achicve a low level of machinery
and cquipment downtime, This is in the in-
terest of the operating departments althongh
it may result in increased M costs.

Increased M costs will attract the eve of the
cosi control department and efforts are likely
to be initiated to reduce the M costs. This
may result in less M work which again may
result in more breakdowns and less availability
of machinery and equipment; the operating
department will suffer and output will decrease,

1t is up to top-management of an enterprise
to keep a happy balance between the two
opposing M aspects.

M work, as any other work, can be organized
according to good industrial management prin-
ciples and practices. But the organization of
M can also be faced with an almost impossible
task, namely if the machinery and equipment
are not suited for the production, not suited for
the operators that attend to it and not suited
for the environment in which it works. Any
machinery and equipment is designed to func-
tion under certain conditions. It isup to those
who plan the fuctory and order the machinery
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and equipment to consider these factors care-
fully. And it is up to top-management—and
perhaps Government officials in particular, in
developing countries, to see that itis done.

The cost of production facilities and their
contribution to the manufacturing costs should
not just be based upon the purchase price of the
facilities. How many vears will it be usable?
What is required every year to keep it in desired
operating condition? What will this cost in
respect of M labour, material and overhead?
These costs must be estimated and added to the
purchase price. And we may find that the
equipment with the lowest price may not be the
equipment that generates the lowest over-all
cost.

It is much casier to prepare for a good M
system when the enterprise is at the planning
stage than when it has started production. And
it will be much casier to install an I system that
will assist management’s efforts to keep actual
operating results in line with the original plans.

MAINTENANCE IN REFROSPECT

The history of organized M is short. Tt
is only within the last couple of decades that
advanced management principles have been
applied to M in enterprises in the industrialized
countries.

The need for managing M more effectively
arises from several reasons, some of which
are:

1. Introduction of more and more sophisti-
cated equipment requiring higher and higher
skilled craftsmen for M.

2. Limited supply of skilled craftsmen with
requisite qualifications,

3. Rapidly increasing wages for the crafis-
men.

The sophisticated manufacturing equipment
was introduced partly as a result of the incess-
antly accelerating technological development
and partly because of the need to offset increased
labour wages and shortage of labour.
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has so far been the major stimulus for motivating
man to do more and better work, Very little
of modern motivation theory has yet been
systematically incorporated into industrial
incentive systems. Most of what has been done
is for salaried personnel and of an experimental
nature.

As most of the developing countries have not
yet run into these problems, we shall only
briefly mention a few of the elements. Without
going into details it is {elt that even with the
differcnces in motivation in the industrialized
and the developing countiries, it should be
stressed that there is more to motivation than
can be rewarded by I plans. Such motivational
factors are mainly : Supervision, job contents,
job level, specialization, influence on decision
making and knowledge of results, work group
relationships.

The needs that are usually taken as the starl-
ing point for motivation theory arc according
to the American Social Psychologist A.H.
Maslow the so-called physiological drives. The
human being who is missing everything in life
will hunger for food, water, somewhere to Jive
with his family and the like, rather thansafcty.
esteem and knowlcdge.  As long as the problem
for the individual is to cover his basic needs,
his thoughts will be focussed on them. To cover
basic needs primarily motivates him to work—
it is survival of the fittest. When his basic
needs are satisfied. other and “higher” needs
tend to play a greater role to him  The physio-
logical—basie—needs are still there, but not so
dominating. The needs for safety come inte
the picture. The safety factor includes coping
with elements as medical and dental care, un-
employment, disability, old age as well as sceurity
for the family. If both the physiological and the
safety needs are satisfied, thc next “higher”
needs that will emerge are the belongingness and
love needs. The person will now feel keenly
the absence of friends, a wife and children, i.e.,
he will hunger for a place in his work group.
The esteem nceds are the next ones to appear.
All people in socicty bave a sound drive for sclf-
respect, usually high evaluation of themselves
and also for the esteem of others. To self-
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The design and subsequent
installation of an incentive plan
must follow certain principles and

requirentents

respect belongs a wish to perform something,
to develop, to be competent and well educated
with a specific field and also to have a certain
amount of independence. The person feels he
has a flunction and is esteemcd in society.

When looking at the sequence in which
Maslow puts the nceds that form the motivation,
one may not agree and it is also still let to
prove whether or not this theory can be trans-
ferred 1o the developing countrics. The theoryis
built upon man’s situationin dynamic societies.
We do not know if it applies to man in static
socielics too. When the basic needs are over-
come the environmental conceplions may strong-
ly influence man's motivation, thus bringing cul-
tural and religious aspects of the different
countries into the pattern.

PRINCIPLES AND METHODS FOR
SOUND INCENTIVE PLANS

The design and subsequent installation of an
I for M plan must follow certain principles and
requirements :

Design of plan : Make a detailed demand
analysis before starting on the design. What is
expected from the I plan ? What is the company
willing to invest in installation costs—such as
setting time standards, orientation and training
of personnel, required physicaland organizational
changes etc ? What is the company willing to
spend on recurring adminisirative costs 1o ope-
rate the plan 7 What savings can be expected ?
What is the expected lifeiime of ithe basic data
and the application model ? A demand analysis
will indicate the correct level of aspiration to
aim at.
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Establishment of standards ; Firm standards
covering most parts of the work for the crafts
involved must be established before the plan
is fixed. Standards should not prove to be too
loose, nor too tight, shortly after the start of the
plan. Revising standards too soon after im-
plemenation may have bad effects on the M
workers It is not necessary to cover all M
crafts from the very beginning.

Correct reporting : A correct reporting and
control system must be operational at the same
time as the I plan is put in force to see if any
standar is too loose or too tight, and if the
standards are applied correctly ; this is helpful
because facts and figures may be useful in
labour union negotiations, or are required in
the M information system.

Revision of standards : Methods and means
for revision of standards must be built into the
system alrea y during the design phase. Pro-
duction egunipment changes very fast in an
industrial world with rapid technological deve-
lopment. There is a similar development of
M methods, tools and equipment.

Acceptance by everybody involved : Three
groups have to be taken into confidence during
the design phase in order to obtain a positive
attitude and co-operative spirit. These groups
are the workers, the supervisors and, if standard
data are used, the applicators—the individuals
who apply standard data in order toestimate job
standards. The introduction of an incentive
plan in the M department will not only change
working conditions for operators but also the
tasks for foremen and supervisors. Resistance
against chan e can be a problem and an exten-
sive training and orientation programmnie must
therefore be an integrated part of the imple-
mentation plan.

H.B. Maynard, one of the fathers of advanced
management, summariscs in his Industrial
Engineering Handbook the characteristics of a
sound wage-incentive plan as follows :

. There must be a direct relationship
between something of value which 1s
measured (frequently output) and the per-
formance in terms of the measure.
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2. It should be simple enough for each

10.

.

employee to understand readily and to
compute his own incentive pay.

. The standards upon which the wage-

incentive plan is basedshould be accurate-
ly established by thorough engineering
analysis and, whenever pertinent, by time
study.

. The plan should provide for the changing

of production standards whenever changes
in methods, materials, equipment, or other
controlling conditions are made in the
operations represented by the standards.

. Standards should be guaranteed, however,

unless changes occur which clearly alter
the work measured.

. To be effective, the plan should be suffi-

ciently generous to convince workers that
they are being adequately repaid for
turning out good work more rapidly.

. It should be unrestricted as to the amount

of earnings. However, no wage-incentive
plan can continue to be effective very
long if high earnings can be made without
a high output of effort.

. Under ordinary circumstances, manage-

ment should guarantee that the employees’
basic rates of pay which existed prior to
the plan will become minimum rates of
pay under the plan.

. In fairness to owners and consumers,

the plan should usually result in a reduc-
tion of the unit factory cost of manu-
facture, making lowered prices possible,

Desired simplicity of records will be
achieved when labour cost remains un-
changed at any level of output in excess
of that established as standard.

The plan should be so established that
it may be related readily to other manage-
ment controls, such as quality control,
production control, or cost and budgetary
controls,
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management necessary control and guidance
information.

The M information system helps everybody
concerned within production and maintenance
as well as higher management to obtain syste-
matic answers to the following questions :

1. Before the job is performed:

What work needs to be done ? In what
order of priority ?

What crafts from what area should do the
work ?

When should the work be done ?
How long should it take ?
What will it cost?

What methods should be used ?

What materials and what quantities are
needed?

Do we have too much, the right amount, or
not enough manpower ?

2. While the work is in progress:
Are we keeping up with our schedule ?

Are we doing the work that we do, when we
should do it ?

Are we using the proper methods to do the
work ?

3. After the work has been completed

Did we do the work on time ?
Did we meet our labour/material estimates ?

How effective was our M-force ? Emer-
gencies vesus routine jobs ? Utilization ?

How can we further improve our M opera-
tions ?

The questions sound simple and so are the
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answers, if we have the appropriate information
system.

In large enterprises the flow of information
and data is of such a magnitude that the cost
of computerizing the flow may well pay off
within one year or so. The reason for this is
that the speed with which cost control, planning
and scheduling can be accomplished will result
in additional savings. There are such systems
readily available as computer software packages
covering virtually allinformation needed within
a M organization.

Planning, Scheduling and Control

The purpose of M planning (How a job is
to be done) and scheduling (When a job is to
be done) is to define the objectives and content
of a job and then get the right men and facilities,
at the right place at the right time. A well
designed and well functioning planning and
scheduling system will :

1. Reduce delays caused by lack of coordi-
nation between production and M
schedules.

2. Reduce wasted manpower by eliminating
unnecessary travel time for tools and
materials needed.

3. Reduce labour charges to a minimum by
proper manning for each job. If a job
1s a one-man job, it should be carried out
by one man.

4. Coordinating multi-craft jobs so that
delays created by crafts waiting for other
crafts to finish up are minimized.

5. Reduce waiting time between jobs be-
cause the next order is already prepared.

6. Prevent searching for materials which are
ordered but not yet received.

The purpose of M control (What has been
done? is to provide managers and supervisors
with a tool that will exhibit deviations from the
plans and schedules in order to enable them to
take orrective actions.
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Stores and Procunrement

“We do not have parts when we need them”,
is one of the most often heard complaints from
the M staff. Il a M crew has to wait for spare
parts and materials it does not only delay the
time required to bring machinery and equipment
back to operational performance, but may also
create irritation amongst the crew. in particular
if it works under an incentive system. The
anticipated bonus may be reduced. The crew
may have to change to another job. And when
the missing part has come, the crew may rush
back. This is against all accepted rules of job
satisfaction.

It is, of course, not feasible to keep all parts
and materials in stock. What to keep in stock
and how much can be decided through simple
calcnlations. It must be a part of the planning
and scheduling not to start any M job without
checking the availability of parts and materials
with the store departments.

M-shops, M-tools and M-methods

The same systematic thinking which is used
in a layout for a production depariment can,
and should, be used when organizing an M
shop. Consideration must be given to flow of
machinery and equipment when it comes for
repair or overhaul : Space for disassembling,
cleaning, intermediate storage, reconditioning,
testing, painting etc., must be properly arrang-
ed for. Where should the facilities used for re-
conditioning be placed? Whatcan be stationary
and what must be mobile ? What tools can be
readily avaitable and what tools must be kept
under lock and key? and so on. Should each M
worker have a set of tools selected to suit each
one’s particular needs in accordance with the
type of M jobs attended to ?

The systematic thinking should alse be
applied to individual workplaces in the M
shop, in particular when certain M operations
are of repetitive nature.

The M methods should be as standardized
as possible. The MTM (Methods Time

o
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The manpover engaged in
maintenance must be well qualified

within their respective crafts.

Measurement) system and related systems can
provide valuable assistance in building up
standard methods and data. It is not
uncommon that large industries in~ Europe
and the US have around 80% of their M
work covered by effective standard methods
and standard times. The significance of this
for introducing 1 are obvious because we
then have norms on which to base the actual
performance.

Trained Manpower

The manpower engaged in M must be well
qualified within their respectivecrafts. They
must be well informed about the objectives and
scope of their work as well as the M function
as a4 whole. And they must receive regular
upgrading in order to be able-to handle more
and more sophisticated  machinery and
equipment.

When a special efficiency or I scheme is
introduced, the M workers must receive detailed
orientation about its purpose and training in
its application.

ELEMENTS OF JOB MOTIVATION

The problems and questions of job motiva-
tion have long attracted the interest of many
people in the industrialized countries, as a
natural consequence of the evolution in these
countries, where the basic nceds have been
overcome,

Much research has been dome, but many
questions remain unsolved when it comes to
making definite rules for man’s motivation to
work. The prospects of making more monety
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12. In general, the plan will be most effective
when applied to individuals or small
groups rather than to farge groups.

13. The plan should have the continued
attention of those directly responsiblefor
its operation and the continued attention
and support of top executives.

14. The plan should be fair to employees,
managers, and owners in its establishment
and in its administration.

15. Definite instructions covering policy and
method of opcration should be provided
so that the plan may be maintained.

16. Management and employees or their
representatives should be inreal agreement
as to the adoption or modification of the
incentive plan.

Maynard also gives the following advice as
Lo pitfalls that should be avoided in establishing
and operating a wage-incentive plan :

1. Failure to fully inform employees and
their bargaining agents regarding plans
and proposed procedures in establishing
incentives.

(S )

. Failure to have supervision play a major
role in the setting up of incentive plans.

3. Failure to recognize the calibre of men
and the high level of competency required
to establish and maintain wage-incentives
properly.

4. Fatlure to take into account. analysc.
and establish standards for materials and.
spoilage or bases whereby there is a clear
understanding that incentive payment
applies only to the production of accept-
able work.

5. Failure to properly and continuously
maintain measurcd standards and wage-
incentives once they have been established.
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The operaticn of an incentive plan over a
period of time is fully difficult—probably
more difficult—than its desipgn and
installation.

6. The practicc of setting a temporary stand-
dard in new plants or on new operations
should be kept to a minimum. In any
cvent it should be clear to all that the
standards are tempotary for a relatively
short period of time.

M PERFORMANCE MEASUREMENT

M Operation Time

For years, industrial engincers have been
trying to find ways of developing accurate stand-
ards for maintenance work, following the same
approach as used in measuring production. They
have been trying 1o set standards which would
represent the exact time required by the qualified
maintenance worker to do cach job. Not only
is this very costly and time-consuming, but it
ignores one of the basic characteristics of main-
tenance work—the wide varicly of conditions
encountercd.  Engineers alwuys asked how they
could sct an exact standard on, say a pipe repair
job when they could not tell in advance how
badly the pipe was rusted.  Once it was accept-
ed that this was acipally impossible, ihe
foundation of the Universal Maintenance
System (UMS) started to take shape. It
was realized that it was feasible to fay that a
given job could be performed within a “range
o'time”. Forinstance, whilcitwas not possible
to say that changing a bearing on a press would
take exactly 3.14&5 kours, we could ray with
certainty that it would take somewhere between
2-5 and 3-5 hours.

Working on this principle, the Moynard
Group has built up a library of data on main-
tenance work, covering all trades ard most
industries. The standards rcpresent the time
required by an average craftsman to do a job
nnder normal condilions using & good method—
not necessarily the method that has been vsed in
the past. One standards “applicator”is required
for about twenty craftsmen. The craflsman’s
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performance, and hence his bonus entitlement,
1s not measured on a single job, but over a
period of, say, a week.

Using the “range of time” concept, managers
can casily develop standard job times for re-
presentative or bench-mark jobs and have them
catalogued in a series of standard work group-
ings by type of craft involved and according to
the range of time or work group into which they
fall. These time ranges are illustrated by the
standard work groupings and work group time
as shown below :

Time Standard Time Range
Group median hours (Hours)
A 0.1 0.00-0.15
B 0.2 0.15—0.25
C 0.4 0.25—0.50
D 0.7 0.5—0.9
E 1.2 0.0—1.5
F 2.0 1.5—25
G 30 2.5—3.5
H i 4.0 3.5—4.5
I i 50 4.5—3.5

When a catalogue of reasonably accurate
bench-mark jobs has been developed, the next
step is to compare the work content of a given
job with the work content of a job already in
the catalogue. When there is an appreciable
similarity in this work content, the same work
group time can safely be used.

The development of standards is rather
complex if it has to be done from scratch,
However, there are thousands of bench-marks
from all types of inaustries available which with
very little effort can be validated to fit any plant,
Revision of data is often facilitated by computer
programmes.

]
!
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When a data bank for bench-mark jobs has
been developed, this can be used as the base for
incentives in a wide variety of ways.

Production Output

In some cases it is also possible to measure
M performance through production output.
Comparing the number of M hours with a fixed
base (i.e. production output} is one way to
indicate an efficiency. It 1s, however, hard to
avoid influence from changes in sales or from
shortage of material. Comparing the number of
M hours with an input/output relation is also
difficult to measure with decent accuracy and also
in this case to avoid influence from irrelevant
factors,

The performance may also be expressed as
thereductionin downtime (hours or %) regis-
tered, As this includes only a limited part of the
total M work itis not a clear cut expression for
M performance. It may, however, be used as
a temporary measure because it can be installed
quickly.

Merit Award

In a merit award system management deter-
mines to underline certain aspects of the workers’
knowledge or behaviour by relating them to
factors in an evaluation system. The system
must consequently be tailor-made to each
company. Examples of merit award factors are :

Knowledge of work and work experience
Quality of job performed

Application to job

Co-operation

Attention to safety

Care of materials, equipment and tools.

Each factor carries vsually a certain weight.
A committee of supervisors, foremen and per-
haps also a labour union representative perio-
dically reviews cach M worker in respect to
the award scale. The individual’s number of
points are converted to the amount of money
he will receive until the next review,
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Unfortunately, the design of the system I PLANS
means that reward for good performance comes
too late to have a motivational effect on the Based upon the different M performance

worker. The correct selection of factors and measurement methods previously described,
their weight can be discussed and the super-  a wide variety of I plans can be developed.
visors are seldom experienced enough to make M work and I plans can be broadly classified
reasonable correct assessment of the factors. and grouped in the table below;

Although the first results when implementing
merit awards are often encouraging, the system
is not really to be recommended. The reason
for this is that worthwhile results can seldom
be sustained.

The figure establishes a relationhip bet-
ween types of M work and the basic approaches
to I plans. We will now investigale some
interesting I payment schemes more in

7
Other Methods detai

Some companies use work sampling in I Based on Operation Time
measuring M efforts. Combined with improve- . )
ment steps in olher areas, work sampling has I based on operation time usually have
been useful in indicating trends. Also, it can 2 Strong motivational effect. They are best
be exceedingly uscful for highlighting areas Uused on M work group I. They are hard to
where improvement is required and then for measure and follow up in group I if most
indicating the amount of improvement that is ©f the time is assigned to trouble shooting.
achieved. However, it offers no real measure

of the actual performance or effectiveness of A. Actual performance is measured against
people, only indications of the way things are standards. Incentives usually start at
going. It does not measure the work with res- 10075 performance (sometimes lower)
pect to skill and effort applid to the job or the and wages rise as performance goes
adequacy of the methods used. up. A typical pay formula could be;
M work I plans and base for bonus
I M workers attending chiefly to scheduled 1 M operation time
and pre-planned M and repair either in an 2 Production output
M shop or in a production depariment, 3 . Merit award

II M workers assigned to specific areas or 4 Work load bonus plan
equipment, and acting as trouble shooters 2 Production output of group serviced
and attending to numerous small M and 3 Merit awards
tepair jobs. Supervision mainly from 1 M operation time
production department,
I Service personnel such as storekeepers and 2 Merit awards
tool room attendants with intermittent 1 Bonus based on efficiency onarea or

work requirements, group serviced
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Total pay=B--B

|
\
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(time allowed—time taken
time allowed

Where B=DBase wage and ‘“time
allowedis compiled from the standard
data system.

The base wage can be determined in
three differcnt ways:

1. Individually for each worker
through merit award system,

2. Be lixed for all workers. or

3, Be gronped after.ic..
the company.

vears with

An alternative to the plan above is the
following formula:

time taken
Teitalpag=E time allowed
Here the total pay is highly influenced
by the workers” productivity. To even
oul variations. which are hard to avoid
in maintenance work, the productivity
ceuld instcad be measured on a work
group, i.¢c. the M people in a certain
production  department.

A more rough approach is to measure
productivity of a work group, divide
productivity into three sections and
measure say 107, of all jobs against
standards. Each productivity section
has its own wage rate and the work
group consequently can receive only
one of three wage rates each period,
dependant upon which productivity
section this work has been assigned
to through the measurement against
standards.

I Based om Production Qutput

This method can be used in all the groups

1. IT und T111.

1t fits best to 4 trouble shooting

group and for service personnel where we

otherwise have a measurement problem. Pro-
duction output or input/output relations could

be measured in a wide variety of ways.

follows

A.

Here!
some  suggestions.

This plan includes all direct and in-
direct personnel influencing production
output.

Base wage can be determined in the
same way as with typical pay formula
given already.

The bonus received is dependent on the
production volume approved. The to-
tal wage then amounts to:

B+ B xfxproduction culput approved
where B=Base wage

f=A factor assigning a relationship
between wage and outpul,

For instance:

{ could be 0,0001 if production is under
1000 tons

{ could be 0,00015 if production is unde
1100 tons

{ could be 0,0002 if production is unde
1200 tons

The motivational effect of such a plan i
not as strong as an operation lime system.

B.

C.

Service personnel can have bonus on
low idling time for the M workers.

If the majority of the M workers
covered by direct M work me
ment and are rcceiving incentive pay
some provision must be made to avo
pay-differential problems among assi
ed M personnel, scrvice personne
and the scheduled dircet M personnel
In some instances, the assigned
sonnel could be the better craftsme
and yet reccive less pay. The
problem exists with service pers

If other M workers receive j
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bonus, it 1$ necessary to provide a
method to increase their earnings with
incentive pay. There have been various
plans to measure store-room work etc.,
but none has proved very successful.
The most satisfactory arrangement to
avoid pay discrimination is to pay
a bonus based on the efficiency of the
M  workers serviced. The assump-
tion is that the store’s attendant will
give prompt service to help worker
reaching a high efficiency by avoiding
delays caused by careless servicing.

D. Trouble shooters can have bonus on
low cquipment down-lime caused by
machine troubles. Work load bonus
plans are also often constructed accor-
ding to this philosophy.

E. Equipment utilization and maintenance
costs can be favourably influenced by
this plan:

Total wage=

B-t+f, equipment time scheduled—breakdown
" hours equipment time scheduled

af maint. cost budget

* maint. cost outcome

“Maintenance cost” can be substituted
with “Maintenance labour cost™.

where B=Base wage
f; and f,=factors defined inthe same
way as under A above.

There are a great variety of different possible
wage solutions under each of these plans,
and all details must be prepared at both coun-
try and plant level.

1 Based on Merit Award

A pure merit award system is not recom-
mended. 1 can, however, be used as part of
an T system based one.g., operation Lime.
The system described under *Operation Time,
A (see page 299} is an example where the basic
wage rate can be determined by a meril
award system.
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Individwal or Group 1

Most incentive plans can operate with either
group or individual payments, without upset-
ting the basic plan. 1t is just a question of
distribuling incentive carnings.

When making the choice between the Group
and Individual T plan. the following pomnts
are considered in favour of the Group pay-
ment:

1. Group payment average carnings, So
that the total pay maintains virtually
the same position from period to
period.

2. Group payment average earnings, so
that cach employee in the same craft
receives the same incentive pay.

3. Group payment average difficult work
with easy work.

4. Group payment may be extended to
cover all hours—even those without
standards (nonrated productive workers,
sweepers, toolroom attendants, etc).

5. Group payment simplifies the adminis-
tration of the plan.

Thereis arisk though that the group-payment
system will result in a failure because:

t. It can be a compensation for potential
errors or inefficient management.

-2

Individuals or small groups feel they
are ‘carrying” less efficient fellow
workers.

3. Individuals or small groups feel they
contributed more incentive earnings
to the common “pot” than toolroom
attendants, etc who are included in the
same plan.

The following points are advanced in favour
of individual incentive systems.
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I.  Each employee receives pay in pro-
portion to what he produces; high pro-
ducers tend to produce more and low
producers have the incentive to conti-
nually improve.

2. High producers receive high earnings
which are not to be shared with low
producers.

3. Individual incentive can be basis for
the foreman to appraise the efficiency
of each employee.

With these qualities the individual-incentive
plan tends to promote a higher individual
performance level than the group plan.

We think that, when making the choice,
first preference should be given to group pay-
ment. That is becaunse the most important
advantage of group payment is in promoting
team work, to maintain a level of quality and
to stimulate mutual assistance on jobs. If
group incentive payment is installed together
with well developed control functions and ac-
curate, properly maintained standards as basis
of the incentive standards, a group plan achieves
the best total result in the long run.

Recommended I plans

In accordance with the earlier discussion
we again stress the necessity that an I system
for M work must be based upon a good organi-
zation and the I plan has to follow the princi-
ples summarised by H. B. Maynard. As the
ideal T plan that fulfils everything desired has
still to be found, one has to compromise,
In our judgement the following should be co-
vered in an I plan for M workers in developing
countries:

A. Individual base wage rated against a
merit award plan.

B.  Group application of bonus to pro-
mote team spirit and high quality level.

INCENTIVES FOR MAINTENANCE

C. The bonus cumulative period should be
one or two weeks—not more.

D. The bonus accumulation should be
gradually reproduced in a graphic way,
€.g., on a “thermometer” in order to be
understood by workers who may be
illiterate,

E. The bonus must be based on measur-
able criteria that can be pre-estimated.
The more advanced industrics are re-
commended to implement the advanced
operation time systems used in Europe
and North America. An organization
that cannot meet the prerequisites of
such a system might very well start
out with an I plan based on production
output.

Sucha plan could be designedin the follow-
ing way:

Total wage=B--B1+B-

where : B=Base wage «

B,=Bonus for meeting production out-
put estimates

B.=Bonus for achieving desired pro-
duction overestimates

1 Plans for Supervisory and Managerial M Staff

It is extremely rare that supervisory and
managerial staff participate in an 1 plan for M
in the more highly industrialized countries.
The information and control system will pro-
vide top-management with data required to
assess over-all performance as well as perfor-
mance of different departments and activities.
And top-management will review the perfor-
mance ‘with those responsible, appraise per-
formance above desired standards, and discuss
remedial actions in cases where performance
is below standard. This contact and joint
review is considered an important part in top-
management’s function in coaching, educating
and motivating subordinates,

This top-management function is hardly
less important in developing countries, and
cannot easily be substituted by any I plan.
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If, however, one wants to apply an I plan
to supervisory stafl performance it is of course
possible, as long as certain prerequisites are
tulfilled. First of all, and whether the plan
is related to output or costs, the supervisor
must be able to influence the resulis in an
appreciable way.

The Industrial Engineering Handbook by
H.B. Maynard gives the following rules:

To be properly included under an incentive-
pay system the supervisor should:

1. Have the responsibility for costs pro-
perly assigned to him as part of his
over-all job responsibility. If this is
assigned to him through the level of a
formal position analysis, so much
the better.

2. Be able to exercise significant influence
on the costs of his department’s opera-
tion by virtue of increasing his skill
and effort in managing.

3. Have a sufficient amount of control-
lable cost in his area to make the appli-
cation of an incentive plan worthwhile
to the company and to him.

4. Be assigned to an area of responsibility
which corresponds to an accounting
reporting area, so that his performance
can be measured by the regular system
of cost reporting.

The elements of a sound incentive plan for
foremen are quite similar to those of any good
wage-incentive plan. A plan must be:

1. Spelled out in the form of a policy and
procedure manual.

2. Easy to understand on the part of the
foreman, simple in design.

3. Easy to administer, it should aveid
high clerical expenses in calculation
of performance and pay.
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The elements of a sound incentive
plan for foremen are gquite similar to
those of any good wage incentive plan

4, Designed to reflect directly in higher
incentive-pay the extra eflort and accom-
plishment by the foreman; it should
contain enough incentive-pay possi-
bility to evoke active interest.

5. Able to reflect a reasonable relation-
ship between effort (cause) and cost
improvement {effect); the foreman must
be able to see the results of his endea~
vour and to evaluate the results in terms
of his improved performance.

6. Designed to promote teamwork among
the supervisory group and not cause
competition among the foremen at the
expense of the over-all good for the
company.

7. The plan should promote the ‘“‘con-
sultative™ approach to management;
the plan should evoke the attitude of
“how can I help you to do a better
job?” from the foreman’s immediate
superior.

Managers

An increasing number of firms have been
installing salary-evaluation plans for managers
and staff’ personnel. Salary evalvation is, of
course, not a universal procedure, especially
not for higher levels of management. On the
other hand. as a very big number of companies
are using these procedures, it is a good indi-
cation that they are worth major consideration.
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Achievements

Here we will make a brief description of
typical results achieved from implementation
of T for M work in two different industries.

Case I: A PAPER AND PULP MILL

Before the plant manager decided to invest
money inincreasing productivity in his M depart-
ment, a study showed that ntilization was about
609 and performance about 857 compared
to standard data performance. This meant a
productivity of 605/x 855,=>50% with a tofal
crew of 150 workers. The implementation of
1 was preceded by a thorough overhaul of the
M organization, and sub-projects were carried
through covering the following areas:

(a) Organizational structure
(b) Training and information
{c) Preventive maintenance
Stores and transports
Work order system

(f) Planning and scheduling
Management control system
Tools and equipment.

Standard data incentives were installed
according roughly to plan A based on opera-
tion time (see page 299).

One year after installation, the following
results were observed:

Uiilization had increased from 609, to 78 %;.
Performance had increased from 839 to
110%;.

Thus productivity was now 78% x 110=
86%;. Productivity increase equalled 729,

This means that while the plant expanded
its production output from 200,000 tons/ycar
to 340,000 ions/year in connection with a
plant enlargement, they could maintain their
original crew size. At the same time they
obtained a higher level of maintenance guality.

Case II. A WEEKLY MAGAZINE PRINTING
PLANT

In this company M costs increased steadily
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and they were having more and more difficulties
to overcome delays due to breakdowns in the
production equipment.

To promote higher efficiency out of their
M crew of 101 workers, they started a pro-
gramme with the same sub-projecis as in case
I. An I plan was installed and within 2 years
results were evident.

Although production output had increased
rougly 10 percent, the M crew had decreased
from 101 to 81 workers and the printing plant
had virtually ne delay troubles caused by break-
downs any more.

National Interests in M

When a country has comparatively limited.
domestic manufacturing resourses, as is the
case in most developing countries, it is self-
evident that everybody concerned with the
well-being of the national economy is interes-
ted to see that all installed manufacturing capa-
city is utilized to the maximum possible extent.

This manufacturing capacity is established
under conditions that are characterized by
limited firancial resources and have most often
caused heavy expenditure of scarce foreign
exchange. An optimal return on this invest-
ment is in the National interest of any govern-
ment, government department, government
organization and industrial association.

M is, of course, only one of many factors
that influences the optimal ufilization of instal-
led capacity within a manufacturing enterprise or
a service industry. Capacity may be idle
because of lack of orders, lack of material and
supplies, poor management which may result
in poor production scheduling and control and
so0 on, and so forth. Some facters are more
tangible than others and some factors may be
of far greater importance to the overall utiliza-
tion than M. However, when a factory or
a part of it is idle because of some of its machi-
nery and equipment being out of order. it is a
very tangible reason for reduced utibization.
And any other current factor will hide nicely
and pleasantly behind the M facter.
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It is commonly recognized that manufac-
turing eguipment in general lasts shorter, and
is more idle because of breakdowns, in less
industrialized countries than in the more indus-
trialized countries. And the countries with
a lower degree of industrialization can actnally
less afford it because their financial situation
and their foreign exchange resources in most
cases are extremely strained.

In the industrialized countries it is difficult
to envisage that maintenance should be dealt
with at any other level than the enterprise level.
Management of all categories realize that pro-
per utilization of installed capacity is of utmost
importance to the productivity of the enter-
prise.

The environment creating this attitude and
understanding does not yet exist in most deve-
loping countries. It may, therefore, be necessary
and justified to accelerate an evolution in the
right direction.

1t should, therefore, be amongst the abjec-
tives of any National industrial policy in a
developing country to urge manufacturers
to keep plant, machinery and equipment in
good working order.

As with other Is, policies and subsidies
created to promote rapid industrialization and
efficient operations, it should be revised at re-
gular intervals in the light of changing environ-
ment. Any subsidy or T that becomes of a

rmanent nature may upset or delay a healthy
industrial development process.

The encouragement of good M for keeping
plant breakdown to a minimum should not be
limited to efforts for the introduction and up-
keep of an efficient M system within enterprises.
The productivity and in particular the costs
of operating a M system is to a large extent
affected when the plant is built and the machinery
and equipment is selected. A National policy
for I on M should not forget this factor. Many
M problems in the developing countries have
been seriously magnified because machinery and
equipment has been installed which was neither
suited for the prevailing climatic condtions,
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With comparatively limited domestic
manufacturing resources, the national

economies of dveloping countries must
ensure maximum utilisation of all
installed manufacturing capacity

nor suited for the quality of local operators
repairmen and supervision, nor suited to the
repair facilities available locally, por suppor-
ted by local stores of parts and components,
and did not match already existing machi-
nery and equipment and so on. A National
I scheme for M must consider these serious
problems and encourage a comprehensive app-
roach. And thecomprehensive approachshonld
not be limited to the enterprise function such
as procurement, production, M and financial
contro! but also include the many governmental
departments and organizations dealing with
industrial development, import control, tech-
nical assistance, finance and investment, techni-
cal education, etc.

The national industrial policy in a
developing eountry should urge
manufacturers to keep plant,
machinery and equipment in good
working order
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Enforcement of National Interest in M

In most developing countries it is necessary
to obtain permission from one or more Govern-
ment departments or organizations when a
parly wants to:

(é) Establish a manufacturing enterprise
(b) Procure machinery and equipment from
abroad.

This fact provides the concerned National
authorities with an uwnigue opportunity to see
to it that enterprises are established andjor
expanded according to sound economic prin-
ciples and fixed industrial development policies.

It may need some discussion to reach agree-
ment on what sound economic principles are
and how the policies on industrial develop-
ment should be. However,
limited to the area of industrial M.  What
would we, as responsible politicians and civil
servants, do in order to promote better M?
The subject seems to fall in two parts:

1. How can we promote better M i new
enterprises?

2. How can we promote better M in exis-
ting enterprises?

Design engineers, procuremcnt officers and
industrial engineers can provide a lof of criteria
that have to be met when we want to operate
machinery and equipment within certain levels
of availability and reliability. A number of
papers deal specifically with these subjec:s,

The paper on Maintainability, e.g., lists the
following major factors that aflect availability
and reliability:

Design characteristics
Operational characteristics

M manpower qualifications
M organization

Repair shop facilitics

Spare parts logistics

Inspection and test equipment
Tools and methods

Manuals and handbooks

this paper is-
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~ The desired level can be expressed in terms
of one or more criteria like:

Operability of machinery and equipment
Time for M

Cost of M

Risk of injury to personnel

Time required for training

What can politicians and civil servants then
do about M when they institute policies on
establishment of enterprises and when they screen
schemes submitted? The answer is casy—at
least in principle:

(a) Policies must be based on sound techno-
logical and financial principles.
(b) Schemes must be evaluated in the
light of established policies and criteria.

In real life, however, itis extremely intricate
becausc it is difficult to spell out and agree on
policies and criteria that are detailed enough
fo be of practical use and it is difficult to recruit
local manpower that has the gualifications and
the integrity to exercise the evalyation. And
what kind of 1 can be introduced to encourage
everybody concerned to follow established
policies and to meet M criteria? Who should
participatc? How should the T be calculated?
What should the base be? TIs it realistic to think
of an 1 scheme for M for politicians and/or
administrators? In most cases the answer is
No. This does not imply that one should not
try te educate and upgrade everybody concerned
with M. The aim should be to promote broad

~and balanced looks and consideration of overall

efficiency rather than that of a single element,
e.g., purchase price or power consumption.

Much can be said about the problems that
confront officials concerned with industriali-
zation in a developing country. Funds for
investment are in short supply. ~What kind of
industry should receive priority? Procure-

-ment may have to be made from countries or
- suppliers who offer grants or loan on easy
“terms. Will the machinery and equipment
“suit local conditions?
"operate the factory? What will the cost of the

What will it cost to

product(s) be? Who can distinguish the in-
terests of the supplier from the ambitions and
needs of the buyer? And who thinks of M?
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It is recognized by well established suppliers
of industrial machinery and equipment that
their continued success depends on the satis-
faction of those who use their products. Deve-
loping countries could most probably make
extensive advantage of this fact. It should be
possible to introduce a rating system that would
evaluate the performance of machinery- and
equipment and collect the data centrally. If
the rating is below a certain level, it should
have an impact on import licences. Several
suppliers and importers may object to this and,
with some rights, claim that fhe operability
of machinery and cquipment depends on a wide
variety of factors including several on which
they have little or no influence, e.g., poor
operators, poor materials, fluctuations in elect-
ric power supply, unauthorized laubricants or
spare parts. . Many of these factors can be
compensated through instruction and training
as well as after-sales service and follow-up.
Suppliers and importers that can provide this,
or assist National efforts {(e.g. technical schools),
should receive preferential treatment. A rea-
sonable choice of spare parts should be placed
in consumer stores So they are readily avail-
able. Optimum standardization should be
aimed at in order to keep stores within reason-
able limits, The major problem with an 1
scheme of this kind lies with its administration
and the reliability of the data on which to base it.

Conclusions

I systems are anintegral part of remunera-
tion systems and designed in order to stimulate
participants to extra efforts through an award
that is related to the performance.

I systems, and in particular wage I systems,
are well described in the literature related to
industrial management and industrial engineer-
ing. They can be applied to all kinds of manu-
facturing and service activities. In principle
there is not much difference between their appli-
cation at the plant level in developed and
underdeveloped countries. The main difference
comes from the environments and the educa-
tional level of the individuals involved, in parti-
cular their ability to receive, interpret and
dispatch exact information and data in writing,

stimulating
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Incentive systems aim at

participants 1o extra

effort

In ¢nvironments where there is no or little
tradition for 1 systems, e.g., in repetitive pro-
duction work it is difficult to introduce I schemes
for M. If intreduced, they must be simple and
easily understood. The best results may be
achieved through 1 schemes covering first-
line supervisors.

It is tempting to think of 1 for M at the
country level, but it is difficult to establish
standards on which to base an I plan, in parti-
cular for Government officials. As most M
problems can be anticipated at the procurement
stage, efforts should aim at a careful technologi-
cal and financial examination of the criteria
used for selecting machinery and equipment.

Importers and suppliers play an important
role in this process and in backstopping M
activities. The efficiency in these respects
can be evaluated and hence stimulated through
increasing licences to those who are most suc-
cessful.

Industrial associations can arrange special
M campaigns at regular or irregular intervals.
Enterprises may compete on the basis of who
can reduce M costs the most, or who has the
least breakdown time in relation.to productive
time etc., etc. Awards can be financial or
just homourable,

-1 is normally one of the last, if not the least,
management tool used to increase productivity.
Much can and should be achieved through
improving the organizational structure and by
simplifying methods and procedures. The esta-
blishment of sound policies and the design of
useful I for M in developing countries require
a lot of imagination and hard work. se0
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Preventive Maintenance"

It is now recognised that unplanned maintenance or what is generally termed “fire-fighting techni-
que” should be completely avoided. Planned and preventive maintenance is a system which results in
lower production costs, safeguarding equipment and increase in both quality and quantity of
production, Any such system has, however, to be caretully planned, skillfully introduced and given

time to show the expected results.

PRODUCTION equipment is procured in

order to obtain a pre-determined volume of
production, of specific quantity and quality. In
order to obtain this objective, such equipment
must be fully supported in the field particularly
in connection with the maintenance activity.

Maintenance is already an expensive item,
especially considering the complicated and
sophisticated equipment of today. On the
average, and under good conditions, the cost
of maintenance of equipment during its lifetime
is equal to or exceeds its purchase price. With
some equipment this cost may reach two to
three times the purchase price.

Such expense is justified only if it helps in
attaining the main objectives of maintenance,
l.e. increased productivity of equipment and
decreased downtime and overall cost of produc-
tion, and safeguarding the equipment itself.
This can only be achieved if maintenance is
planned carefully and rationally. Under hap-
hazard maintenance, not only the cost of main-
tenance will increase with resulting increase
in total production cost, but the main objectives
of maintenance will not be reachcd in spite of
the cost increase. The lifetime of equipment
will be shortened, downtime will increase and

*Contributed by UNIDO Secretariat

production will be reduced both in quantity
and guality,

It 1s generally agreed today that unplanned
maintenance, or what is generally termed “Fire-
fighting technique” should be completely avoi-
ded. The main theme of discussions in main-
tenance circles today is how the planning of
maintenance should be carried out.

Definitions and Objectives

Within the sphere of planned maintenance
many definitions are heard, such as planned
maintenance, scheduled maintenance, corre-
ctive maintenance, productive maintenance,
preventive maintenance and maintenance
prevention. These terms are understood and
conceived very differently even among the
maintenance experts. This is particularly
true in the case of preventive maintenance.

Definitions are made to outline a particular
activity so that it becomes clear what the acti-
vity entails and how to go about it. What is
important is not the understanding of the defini-
tions themselves, but an understanding of the
different phases and aspects of maintenance
activities, the aim of each phase and how these
aims are attained. Tt would be thus appro-
priate to explain and clarify just the different
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maintenance activities, hoping that this will
lead to a rationalization of definitions.

Planned Maintenance

The term planned maintenance does not
describe a particular type of maintenance, but it
implies that maintenance is planned in advance
as against haphazard or unplanned maintenance.
It is agreed today that all maintenance should
be planned and this implies that all maintenance
activities should come under planned main-
tenance. Breakdowns will always occur un-
expectedly and handling of such breakdowns
is called emergency maintenance. Such emer-
gency operations should be planned, to alarge
extent, in advance. The reporting of break-
downs. the rapid diagnosis of the failure, the
speedy allocation of task to a specialized re-
pair gang of the support of this repair gang,
particularly concerning the speedy spare part
delivery and availability of repair tools and
equipment, the speedy attendance to the failure;
all should be organized and planned to the grea-
test possible extent. Although the stoppage of
equipment due to the failure is not planned,
what we mean here by planning is that when the
failure occurs, everyone concerned would know
what to do: where spare parts and repair tools
are to be obtained, how to diagnose the failure
quickly, and how the repair expert are trans-
ported with the necessary equipment to the
location of the failure. This is the opposite
to haphazard handling of emergency failures
where everyone is running sll over the place
without achisving a great deal. No onc knows
who does what or where the repair equipment
or parts are. However. such maintenance
could be classified as emergency repair and it 1s
understood that it cannot be completely
planned.

Apart from emergency maintenance, all other
maintenance activities come under the following
headings or phuses or aspects:

(a) Maintenance Prevention: This first
aspect or phase covers all measures
to be taken in order to aveid main-
tenance completely. This takes place

(b)

(©)

in two distinct steps. The first is when
the equipment is being designed and
ordered, by paying attention to the
maintainability of equipment, thus re-
ducing the maintenance effort required
during the lifetime of the equipment.
This aspect or phase is called Main-
tenance Prevention, The second step
is sometimes called Corrective Main-
tenance and it usually takes place when
the equipment is actually in operation:
by studying failures and changing design,
materials or working conditions to
avoid the repetition of these failures.
It does not entai! any operation where
the repair or replacement of a part
brings it back only to the original
condition without the above-mentioned
changes. It is interesting to notice
that training of maintenance personnel
and machine operators could be consi-
dered as part of corrective maintenance.

Routine Maintenance; This entails
all operations which are necessary to
kecp the production equipment going
efficiently. It includes lubrication, peri-
odic inspection, adjustment, cleaning,
periodic overhaul, repair, replacement,
cte. All these operations are carried
out either while equipment is running
or during pre-planned shutdowns.
All such operations can be included in
one maintenance plan with timing of
operation and the personnel to which
each operation is assigned. This phase
of maintenance forms the bulk of
continuous maintenance activity during
the lifetime of the equipment.

Preventive Maintenance: Although op-
erations coming under this title could
as well form a part of routine main-
tenance, they entail a philosophy and
conception which differentiate them
from other routine maintenance opera-
tions. The idea behind preventive
maintenance is based on the fact that
it is difficult to determine accurately
the lifetime of an equipment or when
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it will break down. When the break-
down of an equipment or part of an
equipment has grave consequences, a
safety measure is introduced. In an
American publication, preventive main-
tenance is defined as the maintenance
undertaken before the need develops
to minimize the possibility of an un-
anticipated production interruption and
breakdown and this is the nearest to the
conception of Preventive Maintenance,
in this paper. The equipment or part
of the equipment in question is changed
before the end of its lifetime is reached.
This, in fact, entails the sacrifice of part
of the lifettme of the equipment for
safety; the magnitude of the part sacri-
ficed depends on the consequences
of the fatlure if it occurs prematurely,
There should be, of course, a balance
between the cost to the enterprise of
the part of the life of the 2quipment
sacrificed and the cost of the possible
damage which would occur if this part
fails unexpectedly in service. A typi-
ical  example is the acroplane.
Changing the blades of a turbine or a
bearing of a compressor before the
cxpected end of their life may cost a
* few hundred doMars. This is nsigii-
ficant compared to the moeney-loss
incurred and the loss of life if the engine
fails in the air. Another example is
that in a continuous process plant
where a small pump, for example, is
needed in the operation of the whole
plant. The failure of such g pump will
stop the whole plant with possible
damage to other bigger and more ex-
pensive parts of the plant and to the
product itself. 1n this case the cost
of changing the whole pump
periodically before the end of its
lifetime would be very small compared
with the cost of possible damage if it
fails. Ttis generally accepted that pre-
ventive maintenance should be consi-
dered when  corrective maintenance
cannot be justified, predictive main-
tenance cannot be applied and as
required maintenance, i e., maintenance

(d)
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after failure occurs, cannot he tolerated.

This distinction between preven-
tive maintenance and routine main-
tenance. although both contain a series
of planned operations carried out accor-
ding to a pre-planned schedule, is
necessary because of the following: All
routine operations are carried out on
all equipment and there is no scope
for determining and deciding whether
the operation is economically necessary
or not. All equipment requires lubri-
cation, periodic overhaul and there
is no question of suppressing  such
operations on economic bases. With-
out them equipment will not go on
producing and maintenance opera-
tions become costly and unorganized,
and the life of the equipment will be
shortened. On the other hand, pre-
ventive maintenance operations become
necessary only as a safety measure
against possible risk. With preventive
maintenance each case should be stu-
died and a decision made on whether
to carry out the preventive maintenance
operation or not and the part of the
tifetime of the equipment or part of the
equipment to be sacrificed according to
economic and safety considerations,
This insinuates that preventive main-
tenance, as outlined here, may be a
waste if adopted. In other words if
the lifetime of equipment parts and the
exact time when failure is expected is
accurately known, then there will be
no need for preventive maintenance
outlined in this paper, while routine
maintenance will stifl be required.

Predictive Maintenance :  Maintenance
prevention, routine maintenance and
preventive niaintenance need fact-find
ing activities to help in their planning.
Tt is necessary and useful to know what
is happening to different parts of equip-
ment under actnal working conditions.
This will help in obtaining a better
estimation of the lifetime of the different
parts of the equipment for the preven-
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tive maintenance, or in a better assess-
ment of the frequency of routine main-
tenance or to know beforehand if an
unexpected deterioration is taking place
in certain parts. Many techniques are
being developed for this purpose, such
as noise and vibration measurement.
This phase of maintenance is com-
posed of auxiliary operations which help
in better planning of the other phases.

The distinction between the different
phases of maintenance is useful since it draws
attention to different approaches leading to
different aims. However, all are necessary for
a successful maintenance operatiorn.

Unfortunately in many serious text books
and technical articles on maintenance, preven-
tive maintenance is defined in different ways. For
example, in one technical book, preventive
maintenance 15 defined thus: “Its purpose s to
minimize breakdowns and excessive depreci-
ation resulting from neglect.” This is the main
aim of maintenance activity as a whole. In
another publication preventive maintenance
is defined as the “Planned maintenance of plant
and equipment, resulting from periodic inspec-
tions that disclose faulty conditions”. This
definition also is not complete since there are
many routine maintenance and preventive main-
tenance operations which are based on past-
equipment history. Again it does not include
the safety measure stipulated in this paper.
Another definition for preventive maintenance
is that it is the maintenance of production means
in the non-failed state with the objective to
prevent or reduce failure. This involves routine
maintenance, routine adjustment and non-
destructive or non-stoppage lesting. This de-
finition is also too drastic and entails operations

of maintenance prevention and predictive main-
tenance.

Pla nning and Installation

Whether preventive maintenance is conceived
in the narrow sense stipulated in this paper or
in the very broad sense of being a synonym to
planned maintenance, the steps to be taken for
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and the requirement of the installation of a
preventive maintenance programme are the
same. These will be explained briefly in the
following:

The first requirement for the success of a
preventive maintenance programme is that
equipmeni must be in a good condition to
start with. It is extremely difficult to install
a successful programme if the equipment, due
to neglect and lack of planned maintenance in
the past, has reached such a state that break-
down or emergency maintenance has become
the prevailing activity, As a rule of thumb
if the enterprise is spending between 507, to
70%, or more of its maintenance effort on break-
downs, then it will be extremely difficult to install
a preventive maintenance programme. Under
such conditions, such a programme will be
extremely difficult to implement and will become
very costly without giving the enterprise the
anticipated advantages.

It is extremely difficult to install a successful
preventive maintenance programme; if the equip-
ment, due 1o neglect and lack of planned main-

tenance in the past has reached a state that

breakdown or emergency maintenance has become

prevailing activity.

The first step would thus be to start with a
programme of overhauling and putting in good
condition all equipment. This is, of course,
quite costly, but this is the price the
enterprise has to pay for past neglect and lack
of organized maintenance. However, if such
a step is not carried out because of the expense
involved, the conditions will continne to worsen
and an almost complete plant shutdown will
be the price to be paid for such a policy.
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" The second point is that a successfu! planned
maintenance or preventive maintenance pro-
gramme cannot be implemented overnight.
This will require from several months to several
years according to the type of plant, available
past maintenance records, type of maintenance
carried out before, etc. Usually a rough pro-
gramme is determined first according to the
suggestions explained below. Then such a
programme is medified and re-planned conti-
nuously on the basis of records and figures fed
back to it from the factory until it reaches a
stage where it becomes suitable to the condi-
tions prevailing in the {factory.

The third point to be noted is that any degree
of sophistication can be built into a preventive
maintenance plan. Establishing a PM program-
.me should not become an end in itself, but it
should be always looked at as a means of attain-
ing certain desired objectives for the enterprise
as a whole, Over-planning and over-sophisti-
cations should be avoided especially at the early
stages of installing the programme. Such a
programme should be designed to suit condi-
tions of the enterprise and should not be just an
imitation of a programme installed somewhere
else. It is generally recommended to start with
a simple programme which would gradually
be built up to a complete one. Consensus is that
it is also too biga bite to start the work by apply-
ing a PM programme to the entite plant at once.
Itis better to start with certain machines or a
department and then extend it gradually. The
advantage of building up the programme gradu-
ally and start with one depariment is to give a
chance for the training of personne! and for all
concerned to absorb and get acquainted with the
procedures to be followed. In many instances
it was found that the main reason for the failure
of a PM programme is that the personnel con-
cerned were not given g fair chance to under-
stand and get acquainted with the programme.
Building up the team of personnel who will
carry out the programme is a most important
steé': and should be given the necessary effort
and consideration.

- The initial step in establishing a first and
rough preventive maintenance programme is
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to establish an equipment identification system.
Such information as machine make, place and
date of purchase would be recorded on a card
orafile or similar system. Each machine should
also be given a code number. Such identi-
fication system is essential for the PM program-
me and also for the inventory system.

The next step is to establish for each machine
a history card, with records of all breakdowns
and length of time required for repair. Such
a record is essential for organizing the details
of the works required in the programme. It is
also advisable to include in the history card the
cost of all maintenance and repair operations
carried out on this machine during a certain
period. This should include labour, material
and spare part costs separately. It is very
important, particularly ai the early stages of
introducing a PM programme, to follow wup
progress. A base should thus be established to
measure progress, and equipment history cards
are an essential element for such a base. Usu-
ally in an enterprise, there is some informa-
tion available on past repairs and breakdowns
of equipment, but this is usnally scattered in a
way that is of very little value. Tt is essential
to collect such available information in an
understandable form such as equipment history
cards, ete.

The third step is to organize all technical
information, such as manuals, pamphlets, etc.
on equipment in a form which makes them easily
accessible. Such technical documents are usu-
ally laid in different places so that it becomes
difficult for personnel concerned to get hold of
them when they are needed. An equipment ser-
vice library could be established and documents
arranged and classified with the help of the
machinery code number.

Next, an inventory of all maintenance and
repair operations required for all machinery
is compiled. Equipment manufacturers’ techni-
cal documents and recommendations, equip-
ment history cards and information obtained
from other enterprises using the same type of
equipment should form the basis of such inven-

tory.
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A work programme is then established with
timing of every operation and the personnel
required tocarry it out.  The programme should
be constructed fo have a nmore or less even work
load in the muintenance departments. From
the work progranume the maintenance personnel
force should be estimated and steps taken
to cmploy and train them in advance. The
necessary equipment should also be procured.
Competent personnel and adequate equipment
is a nccessity for the success of the pro-
gramme.

It should be remembered that o PM pro-
gramme doss not entail only maintenance
operations. but also stoppage of production
equipment for mainlcnance. Thus such a
programme should be established with the full
co-operation and understanding of the produ-
ction department, This will also create a
precedent of co-operation between the produ-
cltion and maintenance departments which is
essential for a successful maintenance.

Introducing the Pregramme

Once the programme is planned, great care
must be paid to how it is infroduced. The
programme must be sold to all concerned. A
serics of meetings should be arranged with both
producticn and maintenance personnel, and the
programme, its procedures and aims should
be fully discussed, Tt is only natural that
the introduction of such & opew activity
in the enterprise will be watched care-
fully by all concerncd, especially the top
management. They will be anxions to watch
whether the programme is really worth-
while and if it is giving the expected results,
No preventive maintenance programme  will
give immediate resules, but 1t will take some time
before a tangible outcome i+ obtaired. The
prozramme of introducing the system should
be realistic and factual, otherwise, the result
will be only frustration. 1t would be a damag-
ing blow to the programme if enthusiasm and
sympathy were lost by both top management
and personne! because of unjustified expecta-
tion and frustration.  As a matter of fact, since
preventive maintenance ¢oes not show results
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in reducing repair load maintenance cost except
after some time, the programme will pass thro-
ugh a phase where there is no reduction in main-
tenance work while the cost of personnel and
equipment carrying out the programme will be
added to the normal running maintenance cost
of the enterprise. This temporary increase in
maintenance cost is natural and must be expec-
ted. This should be explained fully to manage-
ment. Starting the programme gradually, de-
partment by department will help enormously
in passing through this critical phase comfor-
tably.

Any new PM programme needs modifi-
cations and alterations until it reaches a stan-
dard suitable for the enterprise. An efficient
follow up system is necessary in order to be
aware of the necessary modifications and to
make sure that the programme is progressing
along the right lines. The responsibility of this
follow-up system should be clearly defined and
should not be delegated to certain personnel
who already have other responsibilities and are
engaged in other activities. Itisusual that when
urgent work crops up within their other areas
of respounsibility, such personne! will forget
completely about the programme and the follow-
up system and concentrate on handling this
urgent work,

A monthly report shonld be prepared show-
ing the number of operations scheduled, number
of services completed and behind schedule, and
also failures which have stopped occuring after
introducing this programme.

Conclusion

Planned and preventive maintenance is
a system which certainly results in lowerin
production costs, safegnard equipment an
increasing both the quality and quantity of
production. This is the view of almost every-
body who has introduced such a system in a
plant.

However, planned and preventive main-
tenance programmes should be carefully plan-
ned, skillfuily introduced and should be given
time to show the expected results. o000



Preventive Maintenance:

Planning and Organization

Wolfgang Manoel*

The least degree of preventive repair planning is involved in planning based on oceasional inspec-
tion. Loag-term preventive repair planning is involved when it is decided to repair a machine when a

certain degree of wear is noticeable.

The planning and organisation of preventive maintenance raises

many problems of economy for which numerous models that aid decision-making can he eifectively made

use of.

THE term “preventive maintenance” comprises
particular measures which in theory and in
practice serve the maintenance of installations
at regular intervals, i.e., measures which are
taken in order to prevent breakdown and
damage. Preventive maintenance measures
may be classified as:

i. Direct measures of preventive main-
tenance

ii. Indirect measures of preventive main-
tenance.

Direct measures of preventive maintenance
are those included in maintenance and servi-
cing, intended to reduce wear on the one hand
and measures intended to prevent wear on the
other (preventive repair work).

Wear reduction measures are intended to
reduce or at least slow down wear in equipment
(i.e., the reduction of changes in the widest
sense—arising from routine operation or a
harmful environment—in the material and
technica! structure of equipment). They cither
serve to improve the resistance of the cquip-
ment concerned or reduce the strain on it.

1t is a feature of preventive repair work that

*From Federal Republic of Germany

whesn wear appears it is dealt within good time
so that the equipment does not break down or
damage does not occur.  Technically, this may
be achieved not only by preventive rcpair work
on the worn componcnt, but also by its preven-
tive exchange, which contributes to attaining
the original production capacity. Another
feature of preventive repair work is that it may
be subdivided into measures taken prior to
breakdown, and those measures which—al-
though taken after breakdown-—are yer taken
in good time before any damage arises.  This
kind of repair “in good time™ is of practical
importance only for equipment which is da-
maged during stand-still time, and such equip-
ment which may be replaced 1mmediately by
other cquipment in case of breakdown.

Indirect measures of preventive maintenance
include preventive inspections, performance
tests, and the sctting up of statistics on service
life. Altogether, they supply the data required
for the plananing ot dircct preventive mainte-
nance operations.

All these measures have one thing in com-
mon, namely, the ultimate aim of preventing
or reducing breakdown of equipment and the
damaze involved., There is o fundamental
difference between these measurcs and the
repair and inspection work underiaken only
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when an enterprise has already suffered loss
caused by the breakdown of a machine, a piece
of apparatus or any other equipment. These
measures do not fall under preventive
maintenance.

If the advantages of preventive maintenance
have so far been neglected in spite of the rapidly
advancing mechanization and automatization
of the means of production and the ever-increas-
ing integration of equipment into the production
process, this is mainly attribntable to the fact
that the economic benefits of preventive main-
{enance have been underestimated.

It is therefore of particular importance to
emphasize once more the numerous economic
advantages of preventive maintenance of ma-
caines and other equipment, including the pro-
gress made in the field of rationalization which
derives from preventive repair work.

Main Advantages of Preventive Repair

1. Prevention of accidents and destruction of
or damage to materials and equipment.

immediate losses caused
interruptions in  pro-

2. Avoidance of
by unforeseen
duction, e.g.,

losses incurred by non-delivery of goods
urgently required for marketing or
other purposes (additional costs);

losses resulting from failure to meet the
stipulated delivery date, e.g., decrease
in profits dume to delayed delivery, pay-
ment of compensation, penalty for non-
performance; decrease in earnings, if
the customer places no further orders;

costs for standby machine operators
who usually cannot immediately be
given other work;

additional costs resulting from the pro-
longed operating procedure;

losses due to additional negative effects
on other equipment and other depart-
ments of the enterprise,

WOLFGANG MANNEL

3. Increase of the periodical capacity by
the reduction of periods out of service
due to damage. The advantages are:

repair work can be prepared more effi-
ciently;

time is no longer wasted in detecting
defects;

possibly, repair work can be started
while the machine is still operating;

execution of repair work during breaks,
on Sundays and holidays, during works
holidays, and out-of-season periods;

concentration of different repair jobs.

In this way sales and profits are in-
creased, viz., the costs of outside financing or
capital expenditure for increasing the capacity
are reduced.

4, Prevention of economic

losses resulting
from: -

machinery breakdown costs due to
rejection;
repair of faulty products;

decrease in profits due to poor quality
of the end product.

5. Reduction of actual repair costs:

by combining several repair jobs (e.g.,
costs of preparatory measures are saved)
and :

by better coordination of supplies (e.g.,
reduction of stocks in the spare part
depot).

6. Other advantages :
elimination of disadvantages resulting

from a decrease in machinery perfor-
mance;
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a smaller number of spare parts is re-
quired;

the intermediate stores (emergency sup-
plies) can be reduced in size.

Measures intended to prevent wear
have similar advantages, By inten-
sifying the measures intended to pre-
vent wear, not only frequency of damage,
but the actual repair costs can be reduced
because intervals between repairs can be
extended.

Introduction of Preventive Maintenance

Firms wishing to introduce preventive main-
tenance should have an idea of the type and
extent of damage resulting from the break-
down of various types of machinery. They
should therefore compile statistics of damage
and disturbances. These should be subdivided
according to the type of installation and parts,
and according to department, because a deci-
sion for or against preventive maintenance
cannot be taken for the entire machine park.

Apart from the statistical analysis, however,
possible consequences of machine failure should
also be analysed theoretically. On this basis
a type of priority list can be prepared which
shows in what order the various machines
require preventive maintenance.

Before introducing preventive maintenance
the types of breakdown should also be analysed
to discover which occur most frequently in the
various machines or machine elements, be-
cause not all failures can be anticipated by
preventive maintenance. Some  breakdowns
are due to age or accident, others occur quite
early in the service life of a machine. Preven-
tive repairs can forestall only breakdowns caused
by normal, gradually advancing wear and at
best some of the breakdowns caused by accident.

In practice, the type of damage will often
suggest the reason for the machine failure.
Therefore the damage statistics should, if possi-
‘ble, also state the technical “diagnosis” of the
damage. The statistics often clearly reflect
to what extent the three types of breakdown

7

are relevant. Such statistics can also be used
for planning the repair schedule.

Preventive Repair Procedure

Repair work after breakdown and preven-
tive maintenance differ insofar as the latter is
carried out at regular intervals. The repair
schedule is based mainly on .

i. type, frequency and date of the pre
ventive repairs; :

ii. type, frequency and date of preventive
inspections, and

ii. type and extent
measures,

of wear reduction

In this connection the planning of the ins-
pection schedule is of particular importance,
especially with regard to preventive repairs.
Both in theory and practice different procedures
have been developed for planning such measures,
i.e., schedules which indicate on what date and
for what reason a particular measure has to be
taken. We want to discuss here the procedure
applied in case of sudden breakdown of a ma-
chine or machine part, i.¢., the sort of machine
that, after remaining fully operational {despite

"constant wear), suddenly breaks down com-

pletely once a critical stage of wear is reached.
Such equipment can be preventively repaired
especially when it is of the type which breaks
down because of wear.

The least degree of preventive repair planning
is involved in planning based on occasional
inspections. Long-term preventive repair plan-
ning is involved when it 1s decided to preventi-
vely repair a machine once a certain degree of
wear is noticeable. When this procedure is
applied inspections are also required. As such
control measures are in some cases difficult to
carry out, and often very expensive, the repair
work is scheduled without direct examination
of the machinery.

In these cases planning can be based only
on the expected service life. Such information
can be gained by keeping a record of expected
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service life for each machine, making spot
checks on the wear characteristics of test equip-
ment, evaluating the experience of other firms,
or by obtaining information from the manu-
facturer of the equipment concerned. If such
data are available and are representative of what
can be expected in future, it s advisable to carry
out preventive repairs on a machine once it has
reached a certain age. According to the factors
determining machine wear, the service life is
measured in different ways, e.g., output, number
of hours, weeks, months, etc., the equipment
has been in operation. When establishing
criteria for repair cycles, the average life of the
various machines should by no means be taken
as a basis, because the service life differs consi-
derably evenif breakdowns occur early in service
life and accidental breakdowns are both infre-
quent. Onthe other hand it is in no way always
advisable 1o carry out the preventive repair
before the earliest possible date of breakdown.
A certain risk of breakdown must be taken.
To what extent the service life can determine the
repair cycle must be analyzed by means of a
profitability calculation. If the intervals be-
tween the repairs are shorter, more repairs have
to be carried out, but machine breakdown and
resulting damage are less frequent.

Similar considerations apply when deciding
to introduce a strictly periodical repair cycle.
In this case repairs are carried out at fixed
intervals, not according to the amount of time
elapsed since the last repair. A problem arises
when a machine breaks down between these
fixed intervals. In such a case it is difficult
1o realign repair periods with the long-term re-
pair schedule, unless the equipment concerned
is repaired again at the appointed time.

It will often be economical to coordinatc
repair jobs on similar machinery. By means of
such economical repair procedure considerable
time and costs can be saved, especially if vital
production equipment is concerned which can
be repaired only when out of service. This is
especially important in enterprises working to
full capacity because the reduction of periods
out of service due to repairs will make it possi-
ble to increase the production and sales volume.
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Inspection Procedures

This section deals with installations and in-
staliation elements that break down suddenly.
Inspection procedures for this sort of plant and
equipment are determined by the aims that are
being pursued. If preventive inspections con-
centrate only on normal, gradually increasing
wear, a scquential inspection procedure is to
be recommended. The main feature of this
sort of procedure is that the length of time
allowed to elapse between inspections is depen-
dent on the findings of the previous inspection.
Sequential planning is therefore involved.

1f inspection is to reveal in good time un-
usual wear relative to the age of the installation,
itis advisable to carry out inspections at regular
intervals, The handbooks recommend such
regular inspections as a measure for the dis-
covery of failure in equipment that should always
be ready for use and where failire is not immedi-
ately noticeable, e.g., alarm systems, fire
extinguishers, lightning conductors, military
equpiment, etc. Regular inspection is recom-
mended only if accidental circumstances occur-
ring while the equipment is not in use can cause
failure.

There is a choice of wear reduction proce-
dures. Wear causes changes in the material
and technical characteristics of plant and equi
ment and reduces its usefulness; in principle,
these changes can be reduced in different ways
or even be completely eliminated.

Important Wear Reduction Measures

I. Improving wear resistance: Measures
should be taken at the design and pro-
duction stages, by:

the use of materials, or combinations
of materials, that are especially wear-
resistant;

use of protective layers;
creation of favourable shape of surface;
selection of materials having comple-

mentary properties wherever friction
accurs between materials;
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careful repairs;

thorough quality control at the end of
the production process or repair process.
2. Wear reduction: Reduction of normal
wear through:

preventive measures  against harmfal
environmental conditions (e.g., elimi-
nation of harmful waste gases, dust, etc.);

guarding against harmful environmental

effects with coats of paint, coverings,
protective layers, sheeting, and other
anti-corrosion measures;

choosing a location where conditions

are favourable from the start.

Wear occurring during periods out of service
could be reduced by:

taking care of plant and equipment, e.g.,

greasing, covering, etc.;

storage in special storage space under
particularly favourable conditions.

Reduction of “‘chemical wear™ whilst equip-
ment is in use, by:

improving the characteristics of the
material to be processed and/or stored, e.g.
pre-cooling or pre-heating, advance re-
moval of harmful substances, advance
addition of wear-reducing substances;

creation of favourable production condi-
tions and storage conditions, e.g., favou-
-rable temperatures;

lining production containers and storage
containers.

Reduction of ‘“mechanical” wear whilst
equipment is in use, by

taking measures against dust and other
forms of air pollution;
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taking measures to prevent any foreign
bodies—dust, emery dust, swarf, etc.—
from entering between two sliding sur-
faces, e.g., by sealing bearings, filtering
air intakes of combustion engines and
compressed air tools, fuel filtering,
frequent cleaning. efc.;

use of lubricants suitable for the degree
of movement and material properties of
the moving parts;

frequent lubricant changes;
establishing a favourable production rate;

avoiding frequent changes of speed and
load ;

drawing up of operating instructions,
bringing them to the operators’ atten-
tion, and controlling regularly whether
they are adhered to:

careful selection and training of opera-
tors;
machine

awarding bonuses to careful

operators;

taking constructive measures to make it
impossible to overload plant and equip-
ment (taking precautions against over-
loading, e.g., the fitting of slipper clut-
ches, lead seals on machines, etc.).

In practice several of the measures listed
above can be applied at the same time, Indeed
many of them can be applied, but some
less actively than others. Those responsible
for keeping plant and equipment in order should
not strive to attain technical optimum values.
1t is not worthwhile to apply the whole range
of wear reduction measures, because they usu-
ally entail certain costs which must be com-
pared with the cconomic advantages expected
from wear reduction. These advantages are
primarily that repair and replacement cycles
are shortened, whereby the costs of repair and
replacement can be reduced. In the case of
equipment which, even in a state of advanced
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wear, remains fully operative until it suddenly
breaksdown, this planning must aim at mini-
mizing the sum of additional wear reduction
costs and replacement and repair costs. As
long as the service life of the plant in question
is unknown all efforts should be made to keep
average total costs per unit of time down'to a
minimum.

Conclusion

The planning and organization of preventive
maintenance raises many problems of economy.
These become more complex, when more thou-
ght is given to economic requirements in plan-
ning different preventive maintenance measures
for simultaneous application. Numerous models
that aid decision-making have been developed
in Anglo-American and German publications,
however, permitting an approach to be made
towards an optimal solution of a large propor-
tion of these problems, if the necessary infor-
mation can be obtained.

In this short paper 1 have tried to show
not only the importance and advantages of

preventive maintenance, but also to give you an
introduction to organization and planning.
You can take up the idea of preventive main-
tenance and intreduce it as far as possible within

your spheres of influence. o0e
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LUBRICATION: ESSENTIAL PRE-REQUISITE FOR
PREVENTIVE MAINTENANCE

Lubrlcation is an essential pre-requisite for any preventive maintenance plan,
A direct result of a good lubrication programme is a gradual increase In production.
Properly selected and correctly applied modern lubricants provide adequate protection
against friction for longer periods of time. As a result consumption and costs are
lowered and equipment breakdowns are eventually reduced to the barest minimum.
Elimination of unnecessary friction also reduces power costs. A wearing surface,
improperly Iubricated, will generate heat. This {oss of energy may actually in some
cases overload the prime mover, Bearings are precision devices and relatively
expensive. The labour required to replace bearings is also expensive. A good
lubrication programme can help increases bearing life and consequently reduce
maintenance costs.

—Machine Bullding Industry, Vol. 9, No. 5, p. 35



Central

Maintenance & Repair Shops

Ing A Laberenz*

The establishment of central repair workshop for the maintenance and repair of all types of ma-
chines and equipment is essential. Repair shops which are weli Iaid out, equipped with efficient machinery
and skilled workers contribute significantly to a country’s progress towards industrialisation.,

NLIKE industrial enterprises in typically

industrial countries, industrial enterprises in
developing countries find it difficult to maintain,
service and repair their mechanical equipment
and car fleets. Industrial enterprises in indus-
trial countries have the advantage of being
located in relative proximity to the manufactur-
ers of their mechanical equipment. Further-
more, the problem of covering long distances
is of minor importance once the road neiwork
is well developed. Moreover, postal and rail-
way systems are so highly developed in indus-
trial countries that it is possible to deliver spare
parts and parts subject to wear within a very
short period. Orders placed by telephone or
teleprinter reach the producer within minutes,
thus enabling a well-orpanized enterprise to
despatch the ordered articles the same day.

Of course, a complete and well-kept stock
of spare parts must be considered a first re-
quirement. This, in turn, presupposes know-
ledge of the weak points of machinery or equip-
ment. Naturally an entrepreneur will never
carry stocks of those parts which are known
to be indestructible, but he will be farsighted
enough to provide for an adequate stock of
those parts, which by experience are subject to

*Frankfurt, Federal Republic of Germany

extensive wear and tear or break easily if handled
carelessly.

In buying machines and other mechanical
equipment, the purchaser sees to it that the
respective spare parts are delivered in sufficient
quantity. These are mainly transmission belts,
seals, etc. The spare parts are clearly listed in
an illustrated catalogue, thus enabling the ma-
chine operator to quickly find the order number
of the damaged part and place his order by
telephone, teleprinter, or any other means of
communication.

The consumer may also consult the well-
organized customer service which is taken for
granted now-a-days. Well-trained personnel,
equipped with special customer service vehicles,
with tools and spare parts, do not only help in
case of need but also improve the reputation of
their firm by providing a fast service.

Repair work may be put in hand at short
notice and the amount of time machines stand
idle reduced to a minimum when there are only
short distances between producer and consumer,
and it is possible to place orders in a relative-
ly short period of time, when there is a well-
developed road system and a smoothly functio-
ning transport system, when the stores are well
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Well-trained  personnel, equipped
with special customer service vehicles,
with tools and spare parts, not only help
in case of need but improve the reputa-
tion of the firm by providing a fast
service—

cquipped with spare parts that are clearly listed
in illustrated catalogues, and when the customer
service is staffed by experienced personnel.
Delays in delivery thus become negligible.

In developing countries the situation is
completely different as distances between the
manufacturer and the purchaser of the machines
ar¢ very great., In the country itself there are
no facilities for the production of machines,
they must therefore be supplied from industrial
countries. The first problem will be finding the
cause of breakdown because of the lack of
trained personnel. Written material such as
operating instructions, data on mechanical
equipment and spare part catalogues does not
always appear in the language of the country
concerned, so that interpreters must be consul-
ted, which may easily lead to misunderstandings.
The transmission of orders to the producer
depends on the means of communication avail-
able.

Enquiries—which are quickly dealt with in
industrialized countries—may take weecks in
developing countries. Transportation by sea
or air contributes considerably to the increased
repair costs. Customer services which are
readily available in industrialized countries are
still lacking in the majority of developing coun-
tries.

All these problems call for a solution having
the effect of making the consumer as far as
possible independent of the manufacturer as
far as spare parts and repairs are concerned.
The way in which this could be achieved is ex-
plained below.

CENTRAL MAINTENANCE AND REPAIR SHOPS

The problem is how to manufacture and
repair the machine parts needed by small busi-
nesses when there is a lack of skilled workers
and necessary equipment.

For this reason it is important that the
enterprises in the developing countries be divided
into the following groups:

i.  Enterprises which are not confronted
with the problem, i.e., those with
their own skilled personnel and spare
part depots or spare part production,.
These include power plants, large-
scale industrial enterprises such as
motor works, etc., broadcasting and
teievision companies, mineral oil
drilling plants, mines, etc.

ii.  Enterprises which either hold limited
stocks of spare parts or are able to
obtain them, but which lack the
technical personnel required. These
include hospitals, food processing
plants such as sugar factories, mills,
bread and bakery products indus-
tries, slaughter houses, canneries,
cigarette plants, and breweries.

iii.  Enterprises which entirely lack tech-
nical personnel as well as the facilities
for manufacturing and storing spare
parts. These include transport or-
ganizations carrying passengers and
freight on land and water, authori-
ties with community-owned vehicles
(street cleaning, refuse disposal), small
textile processing enterprises, saw-
mills and woodworking enterprises,
road construction firms with road
building machinery, producers of
building materials and associated
machines, enterprises with limited
power production facilities,

In this context enterprises menationed under
iii avove are of particular interest, i.e., enter-
prises which are short of technical personnel
and spare parts,



ING A LABERENZ

Special problems have arisen in cases where
the introduction of machinery is part of the
development aid contributions made by various
industriatized countries. So it may occur that
an enterprise will possess many different ma-
chines, all of which differ considerably from one
another as to servicing and maintenance re-
quirements. Hydraulic machines need a specific
type of oil recommended by the manufacturer
becanse of their oil seals. 1n cases where these
machines are supplicd by different firms or
countries the first difficulty consists in selec-
ting the correct oil, not to mention the problem
of spare parts.

If it is necessary to contact cvery manufa-
cturer when a machine breaks down in order to
obtain spare parts, an organization is required
for purposes of coordination, and it can often
happen that a machine has gone out of produc-

tion and the spare parts required are no longer
available.

In order to remedy this situation, a way must
be found to repair machinery that has broken
down and even produce the required spare
parts.

One way would be the establishment of
centtral workshops which, once equipped with
skilled personncl and adequate machinery,
would be able to provide help where needed.

The term “central repair shop” means an
enterprise which is centrally located and can be
reached from every place in about the same time,
Centrally located does not mean that the exact
centre is determined with dividers. The availa-
ble network of waterways and roads determines
the location of the central repair shop. In
addition, the density of industrial enterprises
and the proximity of an airport must be taken
into consideration.

Another important factor is the availability
of a mains electricity supply and a telephone
network. Generating equipment belonging to
the rapair shop can temporarily replace the
mains electricity supply. For long-term solu-

tions a mains electricity supply should be avail-
able.
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Persons who visited and studied the develop-
ing countries confirmed that a skilled worker
can find a job in every city. Thanks to his
wage, he can afford a flat in the town, which he
would hesitate to exchange for living quarters
in an unsettled area. When selecting the
location of the central repair shop attention
must also be paid to the transport facilities to
the next housing area or town,

The suply of water must obviously be taken
into consideration. Water purification plaats
can be used in cases where there is merely a
shortage of drinking water.

It will be difficult to immediately find the
right location. On the one hand, all mentioned
requirements should be fulfilled but on the
other hand the customer, namely, the enterprises
for which the rapair shops are intended, should
be able to contact the repair shop quickly.

It would be wrong to begin immediately
with the construction of sheds, workshop and
living quarters without previous experience.
At first the volume of work should be determi-
ned, taking into consideration the distances
involved. The construction of dismountable
living quarters is therefore recommended. The
systematic construction of sheds, office buil-
dings, and living quarters should not commence
before a site has been finally decided upon.

The tasks of a central repair shop can be
divided into three groups:

(a) repair of machinery and equipment
belonging to enterprises not having
skilled personnel, and the production
of spare parts;

(b) training of apprentices, skilled workers,
masters, training of unskilled workers,
organization of training courses and
demonstration of machinery;

{c) carrying out work as subcontractor;

perhaps a consumer goods production
line.
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Due to the difficulties mentioned with re-
gard to personne! and materials it is not possible
for industrial enterprises in developing coun-
tries to maintain their own mechanical engi-
neering shops. While the central repair shop
can train tts skilled personnel to be turners,
welders, and milling machine workers, for
example, these workers would not be employed
to full capacity in small industrial enterprises.
Therefore, the businessman has to rely upon the
central repair shop.

The relationship between the businessman
and the central repair shop can be seen as fol-
lows: A company’s machines break down,
and the staff are not sure what is wrong with it.
They are uncertain whether the machine can
be repaired on the spot by a skilled worker,
and so the central repair shop is informed and
asked for expert advice,

At this point the use of the mobile workshop
is recommended, which has proved useful all
over the world, and which is also known in
developing countries, Mechanical troubles to
motor vehicles, agricultural machinery, road
construction machines and equipment can be
quickly found and in most cases, be expertly
repaired.

A mobile workshop is a workshop mounted
on a normal or crawler-type vehicle, equipped
with the required tools; the mobile repair shop
must have easy access to the object to be re-
paired. The size of the mobile repair shop
depends on the jobs to be done. For mainten-
ance and lubricating jobs a station wagon
suffices. If large-scale repairs have to be carried
out, a large number of tools, machines and test
instruments must be available. As the vehicle
carryirg the workshop does not only serve to
transport the mentioned equipment, but should
also provide working space, which will not
be sufficient for a large number of craftsmen.
For this reason crafismen who have been
trained in as many skills as possible should be
employed. This also applies to the driver.

If the roads permit the use of a mobile work-
shop, it will be driven to the businessman who
has reported a mechanical fault. The skilled

CENTRAL MAINTENANCE AND REPAIR SHOPS

An important function of the Central
Repair Workshops is to train skilled
workers. A well-equipped central work-
shop can easily prepare 20 to 30
apprentices per year

worker decides whether he can effect the repair
with the equipment he has at his disposal, i.c.,
turning, drilling, grindirg, and welding appar-
atus,

Straightforward repairwork and the produc-
tion of simple replacement parts can be carried
out on the spot. Machines and equipment
are occupied for short periods only and are
soon available for other work. 1If, when a piece
of machinery is dismantled, the shop proves
inadequately equipped to deal wiih it because,
for example, urgently required milling opera-
tions cannot be carried out, the damaged part is
removed and taken back to the central repair
shop to be repaired or remade. If the whole
machine is found in need of a general overhaul,
it must be sent to the central repair shop. For
this purpose a fleet of transport vehicles belong-
ing to the central repair shops must be avail-
able on request. An initial period of opera-
tion must elapse before it is possible to deter-
mine how many of these vehicles are required,
and what their capacity should be. 1t is not
possible to state exactly what size of vehicles
are required, because this will be revealed only
by experience.

The main function of the central repair
shops is, therefore, the repair of machinery and
equipment belonging to small businessmen,
where this work cannot be undertaken by the
mobile repair shops, the production of replace-
ment parts such as gear wheels and all other
parts requiring turning and milling operations
which can be carried out with the mechanical
equipment available,

The second important function of the cen-
tral repair shops is to train skilled workers.
A well-equipped central repair shop can easily
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prepare 20 to 30 apprentices per year for the
skilled worker's examination. That means
that with a 3% to 4-year apprenticeship the
shop will always have 80 to 120 apprentices in
training. A well-equipped workshop is neces-
sary for the first two years training of mecha-
nics, precision mechantcs and toolmakers,
blacksmiths, motor mechanics, electricians, and
perhaps also joiners. The number of appren-
tices is determined by the size of the shop,
its mechanical equipment, and, not least, the
number of skilled workers in a position to pass
on their knowledge and skill to another person.
The future technological development of a coun-
try is dependent on the quality of training given
to apprentices, and it is essential that those who
set the standards appreciate this fact.

Training shops specializing in the training
of skilled workersare left out in this paper. What
is being considered here are apprentice shops
which have been established with the develop-
ment aid of individual countries, but which are
independent of central repair shops. The skilled
workers produced by these apprentice shops
could later develop into the new generation of
technicians and engineers.

Advanced training courses for skilled wor-
kers leading to a master’s certificate must be
held in addition to apprentice training courses.
Short training courses for unskilled workers
must be held in conjunction with apprentice
training courses in order to create a labour
force capable of carrying out work that does
not require a craftsman’s skill. This will
considerably reduce the cost of repair work.

The further training of workers for specia-
lized work must also be considered. The
training of workers in special skills such as
autogenous and electric welders, shielded are
weiders, ete., is in the interest of the central
repair shops, because this will later help small
enterprises to have repair work carried out
locally. This will then reduce the central
repair shop’s workload.

The planning of a central repair shop must
be based on the expected volume of repair work.
Personnel and mechanical equipment must be
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available in order to ensure that work may be
smoothly carried out. If the inflow of work
is not continuously in correct proportion to the
size of the shop, a compromise is necessary,
i.e., work of a different type is undertaken.
Setting up a production line for the manufacture
of consumer goods would be a paying pro-
position. Household utensils, for example,
are products for which there would be sufficient
domestic demand. They could be produced
on the presses available, and this would fill the
gaps between repair work. Care must be taken,
however, not to allow repair work on vital
machinery and equipment to suffer as is result
of the consumer goods production line. Re-
pair work and the production of replacement
parts must always be given priority.

The location and activities of the central
repair shop have now been dealt with, and it
remains to describe what type of machinery,
tools, and equipment are required. It may
be stated that the essentials arc as follows:

A sufficient number of machine tools of
different sizes and working capacities, and of
the most straightforward design and constru-
ction, possessing all the usual fittings, together
with special dttachments, and a complete set of
tools.

Special machines which remain unused
most of the time and, therefore, represent a bad
investment, and also automatic and semi-auto-
matic machines should be avoided and prefe-
rence be given to manually-operated machi-
nery. The work sent to the central repair shops
is of the one-off variety, and any production line
must make use of simple machinery.

This type of central repair shop may be
equipped as follows

Lathes of various types,
bench and column-type
drilling machines, milling
machines of various sizes,
planing machines of var-
lous sizes, grinding machi-
nes of various types, e.g.,
tool grinding machines,

(a) Machine
Tools:
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apprentices, but that there is no institution where
repairs, training and perhaps the production of
consumer goods are carried out under the same
roof; the establishment of such an institution
would be commendable.

Apart from the advantages, mention must
be made of the difficulties which may arise.
The list of these points does not claim to be
complete. Certainly a number of other ob-
jections will be raised against the establishment
of central repair shops, partly in those countries
providing development aid. Nevertheless the
fact remains that, due to further develop-
ment of industry and small handicraft enter-
prises, the times of primitive production with-
out machinery have come to an end.

Following points, however, must be taken
into consideration.

(1) TIn many regions where businessmen are
already operating relatively simple ma-
chinery, it was possible to find workers
who were prepared to carry out repairs
on this machinery. The repairs, which
can be made in a central repair shop
in a few hours, are carried out by
these persons with primitive means in
many days of laborious work. These
persons lose their jobs when a central
repair shop is established.
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(2) There is the danger that in a modern
enterprise, like a central repair shop,
an unnecessarily large administrative
organization develops out of all pro-
portion to the size and profitability
of the enterprise. As a consequence
the costs for the jobs to be done would
be too high. The customer will care-
fully consider whether the repairs would
not be cheaper when carried out in
the old traditional way with hammer
and chisel, even if he has to wait longer.

(3) It has not been decided whether the
ceniral repair shop should be a govern-
mental or private enterprise. Who
should provide the funds and adminis-
ter the enterprise? Are there funds
available from development aid or
does the government have to provide
the money? Should such an enterprise
be run privately? If so, how can
prices be controlled:

When all the advantages and disadvantages
have been taken into consideration, the es-
tablishment of central repair shops for the
maintenance and repair of all types of machines
and equipment cannot but be recommended.
Repair shops which are well laid out, equipped
with efficient machinery and skilled workers
contribute to a country’s progress towards
industrialization.

Reason for

Low Productivity

#“Many industrialists”, says MASS PRODUCTION, “would rather spend £100,000
on new plant and equjpment than £1,000 on planning how to use it ..
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A Study

on

Renewal, Repair and Maintenance

Vaclavy Nesvera*

Industrialisation brings in its wake many problems connected with replacement,
tenance, especially so in material-scarce economies of developing countries.

repair and main-

Renewal, repair and

maintenance place specific demands on economic resources. Adequate maintenance forms part of the
industrial infrastructure which is represented by maintenance and repair capacities of enterprises. The
programme of modernisation and rational utilisation of older machinery acguire strategic importance
as this is definitely less costly than renewal and it facilitates adapting of machinery to the optimum

conditions of production.

THE specific aim of this study is to provide
planners in developing countries with a set
of methodological instruments for assessing the
nature and volume of needs for replacement,
repair and maintenance and for identifying
the material resources—labour, materials and
machinery--required to meet these needs.
At the same time, the study gives a review of
the main technical and organizational proce-
dures used in this important area of economic
activity, The main emphasis is, of course,
.being laid upon methodological instruments
for analysis and projections.

An attempt is being made in this study at
analysing the problems at various levels, i.e.
the plant, sectoral, national and international
levels. Admittedly, the bulk of technical and
organizational problems must be solved at
the level of enterprire; on one hand, as an
integral part of current utilization of installed
capital, on the other hand, through the specia-
lized activities of maintenance and repair units.

search Institute of Economic Planning., Prague

|

Considerations are also given to analyse
the problem at sectoral levels. By applying a
sectoral approach, it is possible to assess the
demand for replacement and repair and, con-
sequently. the needs for specific economic
resources in various sectors. In the process,
important conclusions usually emerge which
are relevant to the formulation of the over-all
economic strategy and economic policies. At
the same time the sectoral approach can also
contribute to the bridging of the existing gap
between micro and macro-economic levels
of analysis and of solving the problems of indus-
trial development. Some aspects of the
problem area under discussion are undoubtedly
of macro-economic nature, e.g., the balance
of payments impact of different replacement
and repair policies. Certain problems can be
successfully solved by coordinative and indica-
tive measures of the Government.

Problems connected with replacement,
repair and. maintenance assume a great impor-
tance from the very start of the industrialization
process. Sound policy in this field is a necessary
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Efficient and safe operation of
built-up  capacities requires highly

qualified personnel, various material

supplies and an appropriate

organisational framework.

condition for rational investment outlays and
capital utilization. The more so in developing
countries where scarciry of investment resources
is often being considered as the main limitation
of economic growth. Efficient and safe opera-
tion of built-up capacities requires highly
qualified personnel, various material supplics,
and an appropriale organizational framcwork
which in the conditions ol industrially developed
countries are laken for granted are. however.
in developing countrics often lacking.

The aim of this study is not to put forward
uniform or normative solutions to problems
dealt with. [Instead, by suggesting alternative
solutions we will aim to create preconditions
for a choice of an optimum approach in the
given specific conditions of individual countries
and:or sectors. In fact, even the basic concepts
of renewal. repair and maintenance have to be
defined in an altcrnative way.

This study will deal with replacement, repair
and. maintenance of fixed capital stock in indus-
trial sector. Muin attention will be devoted
lo plant cquipment.

BASIC CONCEPTS
A. WEAR AND OBSOLISCINCE

Here we review the cauces of depreciation
of individual plants and equipment and outline
the factors determining the varions rcquire-
ments for their rencwal and repair

While ™ buildings, machinery and other
equipment get worn out physically, they also

A STUDY ON RENEWAL,

REPAIR AND MAINTENANCE

lose their value due to the continuous economic
and technical progress. Thus, there are two
types of depreciation with entirely different
causes. The classification of causes of depre-
ciatirn ¢ given in a schematic way in Table |

Table 1

CLASSIFICATION OF CAUSES OF DEPRECIATION

1. Causes of deterioration
I-1-

By gradual wear

1-1-1+ Through operation
1:1:2- Duc to environment
1-2- Breakdown

2. Causes of depreciation in economic terms
2-1 Obsolescence

2-1-1 Due to the development of new,
more efficient types of capital

means
2-1:2- Due to changes in production
technology
2-1-3 Duc to changes in  market
conditions
2:2+ Reduction in the actual purchase

1. Physical Wear

Physical wear is a process which changes
the original qual't'es—physical, chemical,
mechenical, ete.—of plants and cquipment.

The rate of physical wear of plants and
equipment i determined by the following
factors:

rate of ulilization and load characteri-
stics of 1the cquipment

environment in which the plants and
equipment are utilized

care cxtended in operation and mainte-
nance

In contrast to the wear connected with
operation, the wear caused by adverse effeer

.
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Dependence of engine wear on usage of oil

Sonrce: Voinov H.R., Issledovanie abkladki dvigateley
trenija, Shornik TV, Moscaw, 1949,

of environment is not positively related to the
degree of equipment utilization. On the con-
trary. the adverse effects of environment are
often greater in case of less utilized or completely
unutilized equipment.

To illustrate possible factors which deter-
mine the degree of physical wear two examples
are presented in Fig. A {dependence of wear
, On usage of oil} and Fig. B {dependence of
. changes of dimensions of a part on temperature
and concentration of the environment.

Two basic apparent forms of physical wear
can be distinguished:

Mechanical wear. resulting in

— surface damage of the parts (compo-
nents) of plants and equipment
changes of original dimensions and
shape

reduction of their functions (precision
and performance}, ctc.

> 5.0mm /YEAR

S‘Ornm/YEA‘R
\2 mm/TEAR/
20 40 &0 B0 100

CONCENTRATION 74

FIG. B

Dependence of toss of material on temperature
and concentration of environment

Soirce: Fontana M.G., Ind, Eng, Chem. Vol. 44, No. 4,
1952, p. 89a

Chemical wear, resulting in

material being eaten away (corrosion)
mechanical qualitics of parts deterio-
rate

functional failure.

An illustrative example of the mechanical
wear of simple elements of a machine {e.g.
bearing, pin) is given in Fig. C. 1In the first,
rather short period after the equipment is
put into operation, wear increases very markedly.
This period is the running-in period. In the
subsequent, long period wear does not increase
substantially. Finally, in the last period, wear
increases very steeply.

An iltustrative example of chemical wear is
a case of a pipe-line wear due to gradual
decarburization (see Fig. D).



332

A STUDY ON RENEWAL, REPAIR AND MAINTENANCE

RATE OF WEAR [ PLAY 1N mm] EXCESSIVE -

: /’ INCREASE

044 N WEAR

NORMAL OPERATION
7 € i FIG. C
031 RuUBINING 1N ] .
Course of wear of a simple
element
0.2

OR\GINAL PLAY

0.1/

Source: Zelenkov G. 1., Technologij:
remonta dorezhnyhk mashin
Derizdat 1951, Moscow

TimmE

FIG. C

Some elements of plants and equipment
lose their functional qualities suddenly (e.g.
bulb, certain elements of measuring devices).
It is, of course, not possible 10 make a reliable
and exact prediction of such a functional failure.

Two specific cases of physical wear are
to be introduced:  So-called infam illnesses,
caused usually by unexpected defects (deficien-
cies) in production, assembly, method of instal-
lation. etc,
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PO\NT
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TIME
FIG. D
Course of pipe-line wear due to gradual
decarburization

Accidental depreciation or break-down: the
wear does not proceed gradually but suddenly,
caused either by external or internal factors.

As a typical example of accidental depre-
ciation can be mentioned fire, explosion,
flood, typhoon and other disasters.

2. Economic Depreciation

In a dynamic economic system the bulk of
the planfs and equipment is depreciated and
scrapped due to cconomic causes rather than
due to its physical wear.

Economic depreciation is a process in which
plants and equipment lose their value due to
the introduction of technical innovations and
to changes in the cconomic conditions.

Generally, three different cases of economic
depreciation can be distinguished

i. Appearance of a “challenger”, e.g. a
new, more efficient machine, which can
replace the installed machine. This
is the case of obsolescence due to tech-
nical progress in newly manufactured
capital goods. The use of the new,
more efficient machine usually causes a
reduction of production cost, an im-
provement in quality of the product,
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andjor an increment of safety and
improvements of labour conditiens, etc.

The rate and the pace of depreciation of
installed machincs is above all determi-
ned by economic parameters of those
new machines, which can replace the
installed machines in their functions.
The pace of technical progress and,
consequently, the pace of depreciation
of the installed equipment vary substan-
tially from one branch of industry to
another and differ also for various
kinds of equipment. In general, it can
be said that the fastest changes in design
are observed in cquipment used in
most progressive lines of production—
most progressive from the point of view
of technology and requirements of the
market.

Changes in the technology and organiza-
tion of production.

These changes can be caused by:

— innovations resulting in substantial
changes in material inputs;

— changes in product design;

— transition fromsmall to large-scale
production.

In engineering industry, for instance, a
shift from metal-cutting to metal-for-
ming tends to accelerate the deprecia-
tion of currently used metal-cutting
machine tools. Transition to large-
scale production leads to accelerated
scrapping of universal machine tools and
to their replacement by specialized
equipment.

Changes in market conditions. This
can cause a decline in demand for
products produced on the given equip-
ment.

Thus extensive replacement of classical
electron tubes by transistors accelerated
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the depreciation and scrapping of many
types of vacuum techniques equipment.

A specific case of ““economic” depreciation—
exceptionally appreciation—of installed capital
means is a decline {increase) in reproduction
purchase cost of these means.

It is thus necessary to consider the changes
of value of the given plants and equipment both
from the point of view of their physical state
and their efficiency of operation, in the context
of over-all economic conditions.

3. Service Life

Depreciation of the individual capital means
usually proceeds gradually. The final stage of
this process is scrapping. The time period,
during which a given piece of equipment fulfills
its technical and economic functions is the
period of service life. A quantitative analysis
of the service life usually is a starting point for
an estimation of renewal needs.

~ The following different concepts of service
life are of a special practical significance:

— “Total” service life which is the age at
which a machine is being scrapped;

— “Primary” service life. This can be
defined as that part of the total service
life, in which a machine brings the
highest effects;

— *“Fconomically useful” or “‘optimal”
service life,

Normally, the service life of plants and
equipment can physically be extended almost
without limits through repair and careful
maintenance. However, capital means arc
usually scrapped as soon as their operation does
not meet certain cconomic requirements.

Estimates of the length of service life can, for
the same machine, vary between 10 to 30 years.
The same machine can really reach a completely
different ‘‘active” age depending on the way
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and conditions of utilization both from the view mic deprecialion”. Therefore, the illustrative
point of the process ol physical wear and from example of service life given in Table 2 serves
the view point of different conditions of “econo- only as a very rough oricntation.

Table 2

ESTIMATES OF SERVICE LIFE AND COST OF OVERHAULS OF VARIOUS KINDS OF PLANTS AND EQUIPMENT*

Average Yearly Cost of

. Service Life b
Examiples : Overhaul (% of the
{years) purchase ?:'os[ )
1 2 3
Buildings
industriz! 60 — 80 0.6 — 1.7
otfice and residential 100 0.5
Structures
bridges- -reinforced concrete 200 0.3
railway readbeds and superstructures 120 1.5
dams 80 —120 0.5 — 1.0
melioration systenis 30 — 50 1.6 — 1.0
SeWEr pipes—cement 20 1.4
voncrete cooling towers 50 2.0
steel drilling derricks 12 8.7

Machinery and Equipment

Power and driving equipment

mobile compressors 10 8.0
mine ventilators 40 2.0
transformers 30 1.0
steam turbines with generator 30 2.0
hydraulic turbines with generator 40 1.8
mobile combustion engines 15 4.0
distribution mains 200 kv and 100 kv 40 0.5
switchgear cubicles 200 kv and 100 kv 30 1.0
Mining industry equipment
mining equipment 35 — 40 1.5 — 3.2
stripping shovels 10 — 25 2.4 —30.0
drilling sets 4 — ]2 4,0 —20.0
mills and crushers 15 — 20 5.0 —20.0
Food industry equipment
masticating mills 15 — 30 1.2 — 5.0
sifting, screening machines 15 — 40 1.5 — 5.0
oven'bakery 20 2.5
bottle washing machines 10 3.0
milk and canning evaporators 20 2.2 — 4,0
Wood-working industry equipment
wood drilling machine 15 0
knot borers 15 3.2
wood-working lathes i35 6.6
sanders 15 3.8

*Experts’ estimate for the sake of depreciation charges
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1 2 3
Paper industry equipment
diffusers 20 5.0
paper machines 30 5.0
cutting machines 20 5.0
Printing industry equipment
composing machines 20 4.0
rotary printing machines 20 2.0
gravure printing presses 8 3.2
cutting machines 30 0
Chemica! and rubber industry equipment
homogenizators 20 4.0
absorbing towers/sulphuric acid production 13 5.3
storage tanks for gasolin, oil 40 2.0
reactors /sulphuric acid production 12 5,5
roasting furnaces for pyrites 30 6.7
Non-metallic minerals industry
building materials equipment 10 7.0
cementation furnaces 25 2.8
baking ovens/ceramics 40 )
drying and annealing kilns 20 7.0
Basic metals industrics
blast furnaces 30 5.3
coke ovens 18 20
steel melting furnaces 24 10.0
moulding machines i2 3.3
casting machines and equipment 20 3.3
rolling mills 20 — 30 2.5 — 3.3
Metal-working industry
reheating furnace 20 4.0
POWET presses 20 5.6
centre lathes 12 — 25 3.8 — 7.1
automatic lathes 12 5.2
horizontal boring machines 15 — 20 3.5
planing machines 20 — 25 3.1 - 4.0
grinders 12 — 15 58 -—9.0
welding equipment 12 — 15 55— 7.1
coil winding machines 15 4.5
Construction industry
concrete and mortar mixers 10 8.0
dozers, scrapers, graders 5 — 6 10 — 35
building cranes g8 — 12 9 — 12
Transport and communication
trunk cables 30 — 35 0.7
main gas lines 30 0.5
telephone exchanges 25 1.0
diesel-electric locomotives 10 8.0
covered wagons 45 0.7
cargo boats 40 1.8
airplanes 5 —-12 2.7 — 16,2

Source : Ministry of Finance (éSSR), Laws and Orders, 1954,
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Estimates of service life are generally quite
different from the service life periods actually
achieved. For cutting-machine tools and for-
ming machines estimates of service life generally
vary around 15 years. But, in all countries
where an inventory of installed machine tools
has been made according to their age, a large
number of machines older than 20 years has
been foun still in operation.

From the data contfained in the inventories
of machinery in metal-working industry in USA
which were carried out by American Machinists
in 1949 and 1958, we can conclude that between
the 10th and 20th year of their age only 14.5
per cent of the original number of metal-forming
machines and 26 per cent of metal-cutting
machine tools were scrapped. A very detailed
analysis by the Research Institute for En-
gineering Technology and Economics in Prague
has shown that in the Czechoslovak engineering
industry machine tools are kept in operation on
average for 25 to 30 years., FEven after this
period, however, most of them are not scrapped.
More than 70 per cent of discarded machines
are resold or transferred to plants, shops and
schools outside the engineering industry.

Not all of the causes for depreciation have
a direct bearing on the service life. Thus, phy-
sical wear may have no impact on the length
of service time, if the consequences of phy:ical
wear can be made good by repairs. Physical
wear plays a decisive role only in case repair
would be more costly than the purchase of a
new machine or would not be technically feasi-
ble at all. Therefore the bulk of machinery
and equipment and also of buildings and stru-
ctures 1s being scrapped--discarded--due to “eco-
nomic” depreciation, caused in turn by the
appearance of new, more efficient machines and
equipment, the changes in technology of pro-
duction and by market conditions for the pro-
ducts,

It is being asserted that machines are being
scrapped before they are completely physically
worn oul. In the junk-yar s we can, however,
see that the machines brought there are usually
both physically worn out and technically obso-

A STUDY ON RENEWAL, REPAIR AND MAINTENANCE

Table 3

AGE-COMPOSITION OF MACHINE TOOLS IN THE
INDUSTRIALIZED COUNTRIES

Country Year Percentage of
Machine Tools
clder than
10 years 20 years
USA 1958 60 18
United Kingdom* 1955 52 12
1961 59 22
Western Germany 1953 62 21
1961 55 20
France 1955 62 43
1961 59 e
Italy* 1958 59 33
1961 56
Canada 1958 58 18
Czechoslovakia 1962 61 23

*Machine-tools in metal-working industrias only

lete.  The question—which of the two basic
causes of depreciation determines the service
life—cannot be answered univocally in most
cases. The technical obsolescence generally
1s the basic canse, whereas the technical condi-
tion of a machine, i.¢. the degree of its physical
wear is often the direct (immediate) cause of
scrapping.

It should be mentioned in this context that
the technical condition of a machine is to a cer-
tain extent dependent on economic factors,
since to the machines which cannot meet cer-
tain economic criteria proper maintenance and
repair care is not being extended.

Machines which are “prematurely™ scrapped
due lo their technical obsolescence are considered
to cause a loss, amounting to the portion of
balance value not written off. However, it is
hardly a loss in case of really obsolete machines.
The loss is actually incurred at the time whenthe
investment was made into an obsolete machine
and should therefore be charged on the past
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period, during which the machine was pur-
chased. Otherwise there is the danger that
obsolete equipment is kept in operation.

Some of the factors that determine the ser-
vice life as dependent upon the intensity of
physical wear can be quantified or estimated
on the basis of past experience. An example
of such estimates is presented in Table 4.

Table 4

COEFFICIENTS FOR CALCULATING SERVICE LIFE. OF MACHINERY
UNDER DIFFERENT CONDITIONS OF UTILIZATION

Conditions of Utilization Coefficient
Normal operation in two shifts 0.6—0.8
in three shifts 0.4—-0.6
for less than 8 hours a day (x number of
bours in operation a day) 3
3
When used in laboratories or research units
(shops) 1.2—1.3
in assembly shops 1.4—1.4
Incidental usage 0.6—0.8
Usage in humid rooms or outdoors 0.6—0.8
in excessively dusty rooms 0.6—0.8
Usage in rooms with adverse chemical environ-
ment 0.4-0.8
in rooms without heating 0.7—0.9
in_rooms exposed to intensive shocks
(vibration) 0.6—0.8
Usage without adequate footing (foundation) 0.7—0.9
Work in wetness 0.7--0.9
Prevailing work with continuous mesh {machi~
ning) 0.8—0.9

Work under difficult cutting conditions 0.7—0.9
Cast iron machining 0.8—0.9
Plastic material machining 0.8—0.9
Incidental usage of grinding preparations

on cutting machine tools 0.7—0.8
Deficient operation (vocational iraining shops) 0.6—0.8

Nore: A multiple of all the relevant coefficients has to
be multiplied by a corrective coefficient which is
graphically described on next page.
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Some of the factors that determine
the service life as dependent upon
the intensity of physical wear

can be quantified or estimated.

According to the coeflicients contained in this
table the physical wear of a lathe utilized in
two shifts (coefficient 0.7), operated in dusty
environment (coeflicient 0.7), exposed to shocks
and vibration (coefficient 0.7) and operating
under adverse difficult cutting conditions
{coefficient 0.8) would be so high that compared
{o the normal conditions of the lathe utilization
in one shift, the service life would be reduced
to almost one third. A corrective coeflicient
of 1.25 corresponds to the use of four partial
coefficients; therefore 0.7 x 0.7 x 0.7 X 0.8 x
1.25=0.343.

If the same lathe is used as a piece of ancil-
lary equipment in an assembly shop in good
condition, its service life might be extended
by 50 per cent over the standard service time.

The rather complex process of depreciation
and scrapping of the plants and equipment
allows only exceptionally the establishment
of a direct link between the scrapping, the
service life of individual pieces of plants and
equipment and the renewal of a particular plant
or machine. Individual machines are replaced
in their economic functions without it being
possible to follow and quantify this process.
Therefore, it is appropriate to set the problems
of renewal in the context of the whole system
of capital means installed in an industry ot in
the economy as a whole (see Appendix II). Be-
sices, the problem of renewal is not to be re-
duced to the mere replacement of plants and
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dered as renewal, even if there is
no visible connection with the
old capacities being liquidated.
In that case the value of renewal

2

is corresponding to the part of
the total investment that equals
the depreciation of the existing
plants and equipment in the given
period.

1S

//

The most common interpreta-
tion of renewal is physical re-
placement of worn out machinery,
equipment, buildings, etc., within
given _ﬁroduclive units by new

¢t 2 3 4 5 6

NUMBER OF COEFFICIENTS

Source: Simonis, F. W, : “Die Bewertung von gebrau-
chten Werkzeug-machinen und machineilen
Anlagen™, VDI No. 18{1956.

equipment. Renewal connected with nioderni-
zation of equipment, buildings and structure
is depending on or conditioned by the develop-
ment of technology, preduction, demand, etc.

B. RENEWAL, REPAIR AND MAINTENANCE

1. Renewal

Renewal is defined here as the volume of in-
vestment needed for replacing plants and equip-
ment depreciated inagiven period. Ina broa-
der sense renewal would mean not only actual
replacement but als repairs of worn out parts
of machinery, equipment, buildings, etc. In
this case repairs of machinery particularly so-
called general repair (overhauls) fall under the
concept of replacement. Usually, however,
only the replacement of the whole machines
or eventually of complete lines of preductive
equipment by new machines is considered as
renewal,

In the over-all national economy context also
the construction of new capacities can be consi-

ones. This interpretation is being
applied in this study.

The purpose of renewalis not
only to replace physically worn
out plants and equipment, but

also to modernize the whole system of equip-
ment, according 1o the necds of modern techno-
logy and the requirements of the market. Active
renewal policy means the adoption of a consis-
tent and economically rational investment policy.
Above all it takes into account the aspect of
modernization and transfer of machines. For
estimating the investment resources required
by the needs for renewal, it is also necessary
to consider the time-lag between replacement
investment and discarding of the obsolete
capital means. As a rule, active renewal
takes place earlier than the actual scrapping
of the replaced items.

Frequently used machines are transferred
within a plant, i.e. the location andjor the func-
tion of the machine is changed to better meet
the overall requirements of the plant. Trade
statistics of industrialized countries show that
there is also a considerable transfer of used
machines between various planis.

Normally worn out machinery is not re-
placed by exactly the same type of machinery
due to the technical progress. Replacement
thus is mostly carried out with the aim to
modernize the existing fixed capital stock.
Consequently, replacement and modernization
cannot be considercd as two separate pheno-
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mena. Replacement usually expresses quanti-
tative, and modernization gualitative aspects
of the same process.

Modernization can be carried out in various
ways. One way is the modernization of exis-
ting machinery with a view to increasing the
performance, minimizing losses from failures,
lowering the labour cost, improving the safety
of operation, etc. Another form of moderni-
zation consists in actual replacement of indi-
vidual obsolete pieces of equipment by new,
more efficient ones. The largest effects can be
usually achieved by a systematic total moderni-
zation of the whole productive unit,

Modcrnization in a narrower scnse is the
modernization of individual units of equipment
installed in accordance with the requirements
of modern production technology. Two basic
approaches can bhe mentioned:

i.  Adaptation of machines, equipment,
buildings or construction to the specific
way of its utilization, e.g. reconstruction
of an older lathe to a machine too! for
centrifugal casting;

ti.  Standard modernization aiming to in-
crease the qualities of older models
of machines. Impulses for such a
modernization are given usually by
producers of the machines.

The best occasion for modernization is
usually by a major overhaul. Thus, major
overhaul and repair as a whole are to be consi-
dered not only as a way of removing the traces
of defcrioration of a machine, but also of in-
creasing its adaptability to new conditions of
its utilization.

Modernization is sometimes connected with
reconstruction, i.e. a functional adaptation of
machinery, equipment and/or buildings through
changes in technical design. Reconstruction
and modernization are not identical concepts,
but reconstruction is usually undertaken with
the aim to modernize the capital assets.
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Replacement usually expresses
quantitative modernisation
qualitative aspects of the

same process.

and

2. Repair

As has been already mentioned, the distinc-
tion between renewal and repair is far from
being clear-cut. However, renewal normally
means total replacement of worn out or obsolete
machinery, equipment, buildings, etc. while
repairs consist in replacement of only certain
parts of machinery, equipment, buildings,
as well as their restoration and renovation.

Two basic categories of repairs can be distin-

-guished:

t.  routine (small) repairs, consisting usu-
ally of replacement or repair of indi-
vidual parts and elements of the
machine,i.e., those which have a shorter
service life,

it. overhaul (rather extensive repair of
the whole machine, building, ete)) of
all worn out and damaged parts, with
the object of renewing the original tech-
nical condition and operational effici-
ency. As a rule, the cycle of major over-
hauls is longer than one year.

The causes of physical wear vary for indi-
vidual parts of plants and equipment. Indi-
vidual parts therefore have different periods of
service life. The different prevailing working
conditions determine the wear of individual
parts and of the whole machines, equipment,
buildings and structures and can give an acci-
dental character to the course of physical wear.
The distribution of admissible wear values of
individual parts determines the degree of risk
of failyre of the whole machine.
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NUMBER OF PARTS WITH MARGINAL WEAR

Lt TERM OF REPAIR WITH A CERTAIN RISK OF BREAK DOWN
1000
1 TERM GF REPAIR WITH NO RISK INVOLVED
500 i c
o A“ _,}B
TIME

FIG. E
Repair Timing in Regard to the Degree of Risk of Break-down

Source: Vybrene kapiboly z ekonomiky
pakladatelstri Prague 1966, p- 111

From Fig. E it can be seen that if the re-
pair is carried out in a point A,the risk of failure
is almost nil since all the parts of the machine
will not yet have reached the level of admissible
wear. However, if the date for repair is fixed
into the point B, a risk is being taken that some
parts wear before the repair is undertaken.
The curve reflects the spread of physical wear
periods of individual parts and their numbers.

The course of wear of individual parts and
the general cost of their repar or renewr]l deter-
mine the volume and timing of repair cycle.

The graph in Fig. £ has been worked
out according to the norms of preventive repair
applied in the Czechosovak engineering
industry. In the period between two over-
hauls, following are to be carried out:

—two “medium” repairs,

—six small repairs,

—a number of inspections,

—precision measuring before and after
each “medium™ repair and overhaul.

There is no standard repair system which
could generally be applied. The obvious
reasons for this are the different courses

chemickeho prumyslu slatni pedagogicke
(collective work of several authors)

of wear of individual machines, the different
requirements in regard to the reliability of
operation of equipment,  differences in
working donditions of the equipment in
individual countries and a number of other
factors. The repair systems to be used
therefore should be based on an objective evalu-
ation of the actual situation in regard to the
equipment, plant, industry and country. A
classification’ of repair systems is introduced
in Table 5 (on page 342).

The needs for overhauls and for other re-
pairs are interdependent. Thus, careful and
regular carrying out of small repairs can reduce
the need for overhauls.

This interrelationship has been proved by a
sample inquiry in the Czechoslovak engine-
ering industry: whereas in individual plants both
the cost f overhauls and the cost of small
repairs (in relation to the purchase cost of machi-
nery) widely fluctuate, their aggregate values
come much closer to each other. On average,
the small repair cost was 50 per cent higher
than the overhaul cost.

3, Maintenance
According to generally accepted terminology,

maintenance means the whole set of measures
for kecping the plant in good operating ‘
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REPAR LABOUR INPUTS( IN HOURS)
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\ S - SMALL REPAIR

1 - inNsPECTION

C - CONTROL
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Fig. F

Period of utilization in years {two shifts operation)

Cycle of Repairs According to the Standards for Preventive Periodical Repalrs of a Lathe

tion. The concept of maintenance thus would
include repairs and sometimes even remewal.
In this study, however, a narrower concept
will be used, covering only the routine care,
such as:

— cleaning

— painting, anticorrosion protection

— lubrication

— inspection control.

Some secondary functions usually are being
organized closely together with maintenance,
such as:

— stock keeping

— generation and distribution of power
and other utilities

— plant protection including fire protection
— pollution and noise abatement, etc.

The treatment of these activitics does not fall
within the framework of this study.

Special importance should be attached to
anticorrosion protection, lubrication and in-

spection control, since these activities require
specific resources and skills.

Anticorrosion protection ensures the surface
protection of machinery, equipment, buildings
and structures against the aggression of
environment, Anticorrosion protection which
mainly consists of protective coatings and
conservation is quite labour-intensive and
requires a wide variety of special materials.
Losses caused by corrosion are estimated at
$ 6.5 billion p.a. in USA, £195 mil. in UK. and
DM 2-3 billion (only steel corrosion) in the Fed-
eral Republic of Germany.

In a number of industries corrosion is the
main cause of repair, Therefore increasing
attention is being paid to coating and painting.
The cost of anticorrosion measures in US chemi-
cal industry represents 20 per cent of investment
cost and 80 per cent of repair and maintenance
cost,

Lubrication is to be regulated by exact rules
determining the kind of lubricants, their quantity
and the timing and method for their use. Proper
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lubrication, accordingly, demands specific quali-
fication of personnel (lubrication technicians),
materials and organizational measures. It can
be assumed that on average one specialist for
lubrication is required for cvery thousand
employees in an engineering plant.

Different pieces of equipment and their
individual components have specific require-
ments for the quality of lubricants. There-
fore a large variety of lubricants is needed,
requiring specific purchases and large stocks.

The organization aud control of lubrication
in a plant is handled by the maintenance chief.
The lubrication technicians are usually organized
in maintenance crews. A proper organization
of lubrication requires:

— equipmen! records,

— lubrication prescriptions. lubrication

plans
~— indications of lubrication points

— organization ot deliveries, stocks and
distribution of Iubricants

— system of utilization of used lubricants.

Inspection means a check up of the condition
and the functioning of plants and equipment.
This requires a variety of activities including
the removal of minor defects, largely without
stopping the operation. These activities are
carried out by bhoth the operating personnel
and by special “inspection repair-men”. Which
of these two categories is to carry out each of
the various functions depends on the specific
conditions as well as the safety requirements of
the plant.

The professional supervision of plants and
equipment is nsually undertaken by a special
group of maintenance workers. These workers
are to be at permanent positions, especially in
the case of conlinuous production. Special
problems in regard to the staffing are the under-
utilization of the specialized inspection main-
tenance workers as well as the control of their
work.
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Professional supervision of
plants and equipment is usually
undertaken by a special group

of maintenance workers.

(. PRECONDITIONS FOR REPAIR AND
MAINTENANCE

1. Labour (Maintenance Workers)

1t is not possible to draw a clear-cut line
betwecn maintenance workers and workers
who operate machinery and other equipment.
In enterprisc statistics repair workers usnally
fall within the category of auxiliary personnel.
The broader term “maintenance workers” often
includes not only workers carrying out main-
tenance and repair but also workers producing
spare parts and parts or whole pieces of
equipment. In addition, firemen and members
of factory guard are sometimes included here
as well.

The main factors determining the number
of maintenance workers needed {i.e. the ratio
of the number of repair workers to the total
manpower in a plant) are:

i. Capital intensity of the production;
the manpower requirements tend to be
high in capital intensive industries
(e.g. power, metalworking and chemical
industry), while it is low in textile,
garment, tanning. and wood working
industries,

ii. Structure of capital means to be main-
tained; machinery and equipment
naturally have a different demand for
repair than buildings and structures.

iii. Standardization, design and material
characteristics of plants and equipment :
manpower requirements thns depend
1o a greal extent on the choice of equip-
ment, on the technology and production
of given equipment. '
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ijv. Factors determining the deterioration

of plants and equipment (see Physical
Wear on p. 330).

v. Efficiency of the applied system of
maintenance.

The data in Table 6 and 7 serve as an illus-
tration of differences in repair intensities of
various industries. Equipment requires about

A STUDY ON RENEWAL, REPAIR AND MAINTENANCE

Czechoslovak machinery can serve as an illus-
tration for this.

Table 7

LABOUR STANDARDS FOR PREVENTIVE REPAIRS OF A
BENCH DRILLING MACHINE

Type of repair Norm of labour intensity

4-5 times more labour per value of installed indsonrs
capital than buildings and structures. Also
within the category of ‘“‘equipment” there are Inspection 0.75
substantial differences between repair work
requirements of technological equipment, power Control 1.0
plants, and instruments. In more elaborated Minor Repair 10
systems the needs for repair workers are determi-
ned on the basis of standards of repair intensity Medium Repair 27
for individual kinds of capital means. The —— -
data in Table 7 which is based on standards for il

Table 6

INDICATORS OF REPAIR ACTIVITIES INTENSITY IN VARIOUS INDUSTRIES

Industry Number of  Installed Plant area Area of Share of repair Area of repair

all personnel P in m* repair shops  workers in total shops as a per-

in m* personnel (%) centage of the

total plant area

per one repair worker X X

Oil refineries 5 41 - 6.6 33.3 —
Chemical industry 8 39 720 13.8 12.5 1.92
Metallurgy 9 153 970 17.3 11.0 1.78
Rubber 13 94 475 7.7 7.8 1.62
Textile 20 68 725 20.3 5.0 2.8
Electro-engineering 27 105 660 12.8 3.7 1.94
Engineering 28 92 740 12.8 3.6 1.73
Precision tools 37 60 495 9.2 2.7 1.86

Source: FACTORY 110/1958/No. 8, pp. 52-63.
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Fig. G shows that the number of main-
tenance workers depends on the technical capa-
city of the equipmeni. The repair of an electro-
motor, for instance. of 10 kw. takes about 15
minutes repair per 1 kw, whereas the repair
of an 100 k w-motor takes only about 7 minutes
per kw.

As technical development progresses, the
ratio of repair workers to the total number of
personnel tends to increase. Particularly, the
process of automation increases the comple-
xity of equipment and its repair requirements.

Thus. for instance, in Du Pont de Nemours
chemical concern the number of production
workers was increased in 1940-1955 by 50 per
cent, while the number of repair workers grew
with 230 per cent.

Repair and maintenance place special re-
quirements on the skills of labour. In several
types of industries the skill requirements for
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maintenance workcrs are higher than for pro-
duction workers. In case of automatic or
programme-controlled machines, for instance,
the production worker must only have an ability
to repeat relatively simple tasks. i.c. manual
skills for fixing and handling the finished pro-
ducts and to switch the machine on and off. The
maintenance worker on the other hand should
not only have the manual skills but also
a deep professional knowledge, in particular,
regarding the basic mechanical. electric and
hydraulic principles. These skill requirements
obviously make the specialization and division
of labour within a plant necessary.

The opinion on the specialization of main-
tenance professions is far trom uniform. Gene-
rally, two basic professions are recommended:
maintenance workers for mechanical systems
and maintenance workers for electrical systems.

Special training is necessary for maintenance
and repair personnel. The training should aim
at both the broadening of the general know-

IN min (A) min (8)
- Kw ‘
Repair 1500 - peR K 1S (A) in minutes
labour s (A) and
inputs {B) in minutes
in min. B per kw
{000 + (8) L 1o
500 4 5,
0 1 & & A a 3
0 100 500

Capacity of the electro-motor

FIG. G

Volume of repair and the capacity of the equipment (electro-motor)

Source:Zigmund J, Informace ¢ udribe, No. 6050[1966, YUTECHP, Prague
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ledge and the mastering of specific technical
problems.

In addition to the formal education at ap-
propriate level (vocational schools, technical
high schools, technical universities), the qualifi-
cation of technicians requires specialized prac-
tical knowledge of maintenance. An example
of a basic training programme for repair
workers is given in Table 8.

Table 8

REPAIR WORKER TRAINING PROGRAMME (Example)

General Millwright Assignment Hours
1. Assembling and crecting and general main-
tenance of machines & shop equipment 2920
2. Construction of special equipment 1000
3. Installation and maintenance of hydraulic
and pneumatic equipment 1000
4,  Fitting bearing and scraping Ways 500
5. Lubrication of machines 500
6.  Welding and cutting arc and aeetylene 1000
7. Operation of varicus machines 500
8. Related classroom instruction 580
Total ?6&)

Source: Morrow L.C.: Maintenance Engincering Hand-
book, McGraw-Hill, NY.1957 pp. 2-19

2. Spare Parts and Materials

Spare parts are used to replace the parts of
a machine which get worn out faster than
the machine as a whole. A spare part can
be defined as that part of a machine and/or
cquipment, which can be used separately as a
replacement for the identical, worn out or
damaged part of the machine. Also a separate
functional unit can be considered as a spare
part, e.g. electric motor, pump, etc. On the
other hand clamping and cutting implements
of lathes, for instance, are not regarded as spare
parts, but instead as material inputs. They

A STUDY ON RENEWAL, REPAIR AND MAINTENANCE

arc not depreciated as a part of the value of
installed equipment.

The need for spare parts and materials for
maintenance is determined similarly to the
need for maintenance workers. However, there
is generally a need for a wide range of different
parts. Special importance therefore must be
ascribed to the supply and stock keeping of
spare parts.

In various industries the annual consumption
of spare parts amounts to 1-4 per cent of the
purchase cost of installed machine and equip-
ment. Spare parts stocks represert 1 1o 2
years’ consumption.

In an average sized chemical plant there are
about 10,000 items on the list of spare parts
and about 15,000 ttems on the list of repair
materials.

The need for spare parts is especially in-
fluenced by the degree of standardization of
equipment. For 100 machines of the same type
it is necessary 1o keep in stock only about
one third of spure parts comparcd o what
is needed for 100 machines of five different
Lypes.

3. Equipment in Repair Shops

Only a certain part of repair and main-
tenance activities require special floor and
equipment capacities. By their nature, repair
and maintenance mainly are ambulatory.” A
large part of repairs and the dominant part of
maintenance is carried out on the spot of in-
stallation without moving the machine or
equipment.

Capital requirements of repair and main-
tenance are given by

— the technical outfit of repair shops
(machinery and equipment)

— the working area of repair shops

— mechanical implements (tools) and
instruments (e.g.) measuring

—— the stock of spare parts and materials
(mentioned in preceding section).
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The technical outfit of repair shops is partly
characterized by the large proportion of uni-
versal machines (general purpose lathes, dril-
ling, grinding and milling machines of normal
sizes) and partly by expensive and complex
measuring devices. Data on the technological
structure of machine-tools in repair shops in
USSR are contained in Table 9.

Table 9

COMPOSITION OF MACHINE-TQOLS IN REPAIR SHOPS IN
ENGINEERING INDUSTRY

Kind of the machine Share {per cent) in
the total number of
machines in repair

shops

Centre and turret lathes 40—50
Vertical and chucking lathes 2— 3
Boring machines 3—4
Vertical drilling machines — 8
Radial drilling machines 2--3
Milling machines 7— 9
Planing machines 7— 8
Shaping (slotting) machine 2—3
Grinders 10—12
Gear milling machines 6— 7
Other machines i—4

Source: Jakobson M.C.: Jedinaja sistema planovopre-
dupreditelnove remonta masinostreitelnych pre-
dprijatij, Masinostrojenije, Moskva 1967

The outfit of repair shops in big plants out-
side the engineering industry(e.g. metallurgical,
chemical works) i1s generally more complex
and costly. There are special anticorrosion
shops usually linked to the material testing
department, boiler shops, pipe shops, stain-
less steel welding shops, etc. Relatively more
equipped and bigger are also electroshops and
particularly shops for the repair of measuring
and regulation devices,
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The working area of repair shops is, as a
rule, relatively larger than the area devoted to
basic activities in machine-tool works. In
repair shops there 15 a2 working area of about
30-35 M2 per worker, which is three times
more than the average area in processing shops
in the machine-tool industry. It must be
stressed that this estimate concerns the relation
between the number of workers and the extent
of the area of repair shops and notthe—different
—relation between the total number of main-
tenance and repair workers and the area to
repair shops {see Table 6).

The investment cost of building up and equip-
ping repair shops is determined by the techni-
cal outfit of the shops, the working area needed,
the costs connected with the initial outfitting
with tools, and the necessary spare parts and
repair materials. The fixed investment costs
into repair shops generally represent about 1-3
per cent of the total fixed investment into a
plant, For smaller plants higher values are
valid.

The value of the stock of spare parts is ap-
proximately at the same level, i.e. 1-3 per cent
of the investment.

4. Downtime of Equipm ent

One of the specific implications of repair
activities is the down-time during which the
machinery partly or ertirely is taken out of
production ard which accordingly causes loss
of production.

In order to keep these production losses at
their minimum the plant manager can under-
take specific organizational and technical mea-
sures for shortening the dowa-time during the
given repair work. Furthermore. losses can be
reduced by utilizing normalidle periods of equip-
ment for the repair or utilizing reserve capaci-
ties, Finally, all mentioned activities reduc-
ing the deterioration of equipment and the
risks for breakdowns naturaly play an im-
portant role in this context. The choice of
repair system is largely determined by the esti-
mated risk for down-time of the machines.
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The length of time during which the machine
is put out of operation due to repairs depends
on the magnitude of the repair. The down-
time of equipment in repair can accordingly be
reduced by rationalizing the repairs and plan-
ning them wellin advance, Technically repairs
can be prepared beforehand, mainly by:

— preparing the necessary technical docu-
mentation

— securing the availability of spare parts

needed

calenlating the repair time and schedu-

ling the repair work scquence.

In many cases it is possible to prepare the
scheduled repair by dismounting the cquip-
ment for a short time and make a diagnosts
of the repair and spare part needs.

Finally, the risk of losses due to down-time
of machinery caused by failures and repairs can
be minimized by means of reserve equipment.
These reserves can be kept either in installed
equipment of productive units or in the repair
shops (system of repair through exchange}.

The feasibility of keeping such reserves is
shown by the ratio between the invesiment cost
of such a solution and the volume of probable
losses that could beavoided. Henceitis usually
not feasible to keep rescrves of costly and
complex machinery. One can aiso regard
the possibility to use more intensively other
machines of the same kind in the case of break-
down and down-time as one kind of spare

capacity. In the engineering indusiry a uni-
versal machine tool could be used for this
purpose.

5, Specialized Repair and Maintenance Shops

In order to rationalize repair services at the
sectoral and national levels specialized repair
shops can be established. Generally three
types of such repair shops can be distinguished:

— sectoral shops,

— repairshops tor specific kinds and brands

of machines,

— regional repair shops.

A STUDY ON RENEWAL, REPAIR AND MAINTENANCE

In addition, it should be mentioned that the
most common extermal specialized repair and
maintenance service is the one carricd out by
producers of the equipment.

Sectoral repair shops are usually established
for repair and maintenance of special equip-
ment of a certain industry such as oil refineries,
electro energy and construction industries.

A sectoral repair shop can be organized as a
separate plant or as a repair shop attached to
some plant within the specific industrial sector.
Lither the personnel of such a specialized re-
pair shop is sent out to carry out service in the
plants, or the machines and equipment are sent
to the repair shop.

Repair shops dealing with specific kind and
brands of machines represent a porgressive form
of specialized repair shops. They mainly
perform overhauls, This kind of speciali-
zation makes it feasible to intreduce meihods
of large-scale production into repair activities,
In this way, overhauls can be carried out at
much lower cost than if they are done indivi-
dually by the plants themselves. As a result
of specializaiion of overhan's in the Czccho-
slovak engineering industry, the time needed
for overhauls of certain types of machines
was reduced by 75 per cent and the labour costs
by 50 per cent. The experience shows that in
order to achieve such substantial savings, the
number of machines of a certain type to be
repaired must reach 35 pieces annually.

Some experiments in USSR and in Czecho-
slovakia show a possibility 1o reduce the down-
time of equipment thiough the “‘system of
repairs through cxchange”. In this system
the specialized repair shop concurrently with
demounting the machine for overhaul delivers
another machine of the same type in pgood
working conditions as permanent replacement,
This system can enly function if the repairs
are of high quality and i the repaired machines
have the sume technical parameters as a new
machine, Another precondition for the ration-
al use of this system is the existence of a suffi-
ciently large inaustrial sector and of a suffi-
cient number of machines.
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Regional repair shops can be used in re-
gions which have a great concentration of
industrial—mainly small-sized—establishments
with the same repair requirements. The main
items to be repaired in this case are buildings,
electro-motors, coatings, pipes, clectro-distri-
bution systems and climatization equipment.

RENEWAL, REPAIR AND MAINTENANCE
POLICY AND STRATEGY

This section deals with the economic and
organizational aspects of renewal, repair and
maintenance on the plant and the aggregate
levels. Emphasis is placed on the plant level
and mainly on explaining the organization,
the management and control, the book-keeping
and recording system as well as the analysis of
repewal, repair and maintenance. The aggre-
gation of these problems will then be discussed,
i.e. the national planning of renewal, repair
and maintenance, and the strategy in the con-
text of industrial development.

A. PLANT LEVEL
1. Organization and Management

The specific problems of the organization
and management of repair and maintenance
are to decide upon:

i. the degree of specialization of repair
shops-and repair teams in the plant;*

ii. the centralization or decentralization
of repair capacities; and

iii. the organization of management for the
repair and maintenance  aclivities,

The choice of the appropriate degree of
specialization depends mainly on the size of the
enterprise.  The larger the plant is, the more
can the repair facilities be specialized. In
smaller enterprises all the mainfcnance and

* The problems of specialized repair and maintenance
shops functioning at the sectoral or regional basis have
been dealt with in the section on Policy and strategy, |
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The choice of the appropriate
degree of specialisation depends
mainly on the size of the

enterprise.

repair activities are concentrated in one mainte-
nance department, while overhauls and special
services are carried out by external shops. In
large planfs the specialization can lead to the
establishment of a system of intemal main-
lenance units. Such a system could include:

P

a)y maintenance of machines and equipment
1. mechanical shops (machine tool shops)

ii. welding shops (pipe shops, tinsmith
shops, boiler shops, etc)

b) transportation equipmen! maintenance

¢) electrical maintenance (shops for electro-
mators, etc.)

d) maintenance of radio-technique, measuring
and regulation devices

e} joiner's maintenance

) construction  maintenance (bricklayer crew,
scaffolding crew, etc.).

The specialization of muintenance capacities
depends, however, not only on the size of the
plant, but also on the technology and organi-
zation of the main production activity. Thus,
in the chemical industry, in the production of
electrical energy, and in such metallurgy or
engineering industries which require a high
precision of machine-tools, the specialization
generally is rather far-reaching.

The second mentioncd problem to be solved
by the management is the choice between
centralized and decentralized maintenance capa-
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cities. The following alternctives are possible:

@) Centralized maintenance capacities, organi-
zed either as:

i. anindependent repair plant of an enter-
prise {or a trust),

ii. acentralworkshop within the plant, or as

iii. several workshops. one for each major
section of the plant.

b) Decentralized workshaps within the productive
sections

¢} A combination of (a) and (b) based on several
smaller detached shops which are combined
with the ceniral workshop. This can be or-
ganized either as:

i. decentralized workshops, with the plan-
ning, the spare parts stocking and the
inspection being centralized in the chief
maintenance department; or

1i. decentralized workshops in the large
productive sections and centralized
maintenance for smaller departments,
and also centralized maintenance for
certain kinds of equipment which have
special requirements for maintenance,

The choice of the appropriate degree of
specialization depends on the actual costs, the
quality and the guantity of activities as well as
the actnal down-time of machines in repair.

Finally. there is a basic organizational pro-
blem in regard to management of repair and
maintenanice  activities. A decision must be
taken on the degree of centralization of mana-
gement and on the incorporation of mainten-
ance and repuir activities within the organiza-
tional set-up of the enterprice. Two alternative
solutions are possible for the latter problem:

i, all personnel is subordinated to the
chief of the whole repair section (usually
for electro-maintenance, maintenance
of measuring devices and maintenance
of buildings);
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1i. the personnel is partly subordinated to
the chiefs of various production sections,
and to the maintenance chief only in
regard to methodology and professional
aspects of maintenance and repair.

The maintenance chief is alternatively sub-
ordinated to:

1 the production manager,
11 the technical manager or
i1i. the director.

The subordination to the production direc-
tor is often problematic, since maintenance in
the short term may conflict with the aim to
maximize the oufput. There may be a tendency
to postpone or neglect repairs. This risk can
be avoided or reduced, if the technical manager
15 in charge. The dircct subordination of the
maintenance manager to the director, finally
1s particularly suitable for large plants with
complex equipment and a great number of
repair and maintenance workers.

As can be secn, there are no fixed criteria
for choosing one of these alternatives. The
choice depends on the actual conditions in the
enterprise and its experiences from the past,

2. The Recording System

The analysis and planning of repair and re-
newal necessarily requires a systematic collec-
tion of information on the existing capital stock
and its development. This information usually
serves as a basts not only for the actual mana-
ging of repair and maintenance activities. but
also for tax calculation, capacity planning,
etc.

~ The two basic kinds of records are the finan-
cial book-keeping and the operational technical
recording.

The financial book-keeping deals with money-
value of installed plants and equipment, of
depreciation, of maintenance and repair costs,
etc.

It requires a stock-taking of plants and equip-
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ment which is a problem in itself, since it de-
pends on the method of evaluation. In general,
there are three ways of evaluating the existing
capital stock:

— interms of the original purchase cost,

— Interms of contemporary purchase cost,

— In terms of balance value (net, after
depreciation).

Generally, however, the method to be used
for evaluating installed plants and equipment is
determined by governmental regulations.

The value of installed plants and equipment
includes the purchase cost, transportation cost
and the cost of putting them into operation,
i.e. the assembling, mounting and installation.

The operational technical recording is the
source of primary information for the control
of renewal, repair and maintenance activities.
Basic elements arc the inventory list and the
immventory card.

The inventory list summarizes the installation
of plants and equipment in a chronological
order, while the invenrory card gives the detailed
basic information on plants and equipment.
The inventory card usually serves both the
financial accounting and technical decisions.
The contents and form of such a card naturally
depend upon the kind of plant and equipment
and the maintenance system. An illustrative
example is given in Table 10.

Usually, the necessary details and records
concerning maintenance, lubrication and spare
parts are noted on the card. Records on the
costs of individual pieces of equipment on the
other hand are only kept for valuable equipment
and if highly developed systems of accounting
are used. These records serve as a basis for a
systematic evaluation of renewal alternatives.

To enable a rational decision on renewal,
repair and mainienance it is important to have
a constant flow of up-to-date information on
innovations, i.e. new technologies and new

1ines, which offer possible alternatives to
those currently in use.
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To enable a rational decision on
renewal, repair and maintenance, it is
important to have a constant flow of

uptodate information on innovations.

The introduction of a rational information
system on installed plants and cquipment
requires various methodological and organi-
zational preconditions, such as:

1. the definition of an “inventory item”
ii. the determination of its code number
iti. theclassification of plants and equipment

iv. introduction of the new plants and equip-
ment in the control records

v. regulations concerning periodical in-
ventories.

An “inventory item” is the smallest separate
unit of plants and equipment. The concept
“inventory item” is usually determined in tax
laws which define the minimum value of an
“inventory item” or the minimum period of its
service life.  In this way a dividing line is drawn
between investment items and other minor or
short-lived items. In the case of buildings,
cach separate building is an inventory item,
irrespective of whether it actually stands alone
or is located within a block of buildings. In
the case of structures, each separate part which
fulfills a certain technical or economic function
and has all accessories of the whole complex
forms an inventory item. More complicated
is the definition of an inventory item in those
kinds of equipment which have a large number
of components and various accessories. The
telephone system of a plant, for instance, can
be considered as one item including connecting
lines and telephone sets. In the case of a
boiler house it is, however, opportune to use
the boiler with the supporting frame, gallery
and foundation as a separate inventory item,
and the economizer, the ventilator, pipes, stock,



352

STUDY ON RENEWAL, REPAIR AND MAINTENANCE

Table 10
EQUIPMENT RECORD
Ttem Iventory No,  W—
Purchased from
Manufacturer
Horse Power AMPs, Serial No. Type
Speed (PRM} Quput Speed Model No. Size
Volts Ratio Style No. Capacity
Phase Frame Cat No. Dimensions
Cycles Job No. Drawing No. Shipping Weight
Additional Descriptive Data and Comments
Drives W, Item Through Transmission speed reducer and Inv. No.
Driven by H.P.
Uscd ir connection with W, Item
Date of 5;" 'ggl(i‘,:)ggm"sf £5 | Reg. No. Branch Location ! Remarks
IR S A I
\, ! _
[ - T ) "
. B I R, | e o
| | |
r’acking sp ecification Daily
Bearing data Weekly
Lubrication data
Jan
Drive specifications -
Frequency of P.M. Inspection Feb
1tem for P.M. Inspection Mar
Inventory No. of auxiliary equipment Kt
Spare paris stock list =
‘ . ‘ May
Symbol No. Description | Mfes. Part | Max | Min | Unit _June_—
o P 7number R R B L
‘_ ; July
| ! -
| | Aug
! Sept
i Oct
|
\ Nov
i Dec

Source: L.C. Morrow: Maintenance Enginecring Handbook, Mc Graw-Hill Book Company, Inc. 1557
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fly ash handling equipment. etc. cach as separate
inventory items,

Code numbering of inventory items enables
a permanent, uniform and univocal identifica-
tion of plants and equipment by a symbol,
usually a number.  Code numbering is the best
solution also for mechanized recording. Since
the number of inventory items generally

arrives at thousands, in such casesit is not
possible to make a separate coding for the

technical characteristics of each item.

_As a rule, the items are numbered chrono-
logically. Sometimesitis useful to combine the
identification number with the classification
number. as shown in Table 11.

The further basic step for introducing an
information system is the classification of plants
and equipment.  The simplest and most general
way of classifving capital means is to divide
them into two groups: buildings and machinery.
These two groups can be divided further in
a more detailed classification. The machinery
component, for instance, can be broken down
into : production machinery and equipment,
power equipment, driving and transmission
equipment, transportation meuns, instruments.
etc. However, even this type of classification

Code numbering of Inventory items

enables a permanent, uniform and

univoca! identification of items

and equipment.

ts usually too rough to serve as an operational
technical information system. An example of
a more detailed classification is givenin Table 12,
which shows the decimal classification system
used in the Czechoslovak engineering industry.
In this case a classification number stands for
a rather detailed technical characteristic.

The introduction of the new plants and equip-
ment in the conirol records is an important
measure for the information system. Obviously.
the starting point for the record-keeping of
plants and equipment is the installation during

Table 11

AN EXAMPLE OF A SYSTEM OF CODE-NUMBERING OF PLANTS AND EQUIPMENT

Classification Group of plants and equipinent Inventory Number of
mumber number possible itemns
1 Buildings 101—199 99
2 Structures 201—-299 99
3 Power equipment 3000-—3999 999
4 Production machinery and equipmcat 40001—49999 9999
5 Power distribution equipment 5001—5999 599
6 Transportation cquinpment 6001 —6999 999
7 Instruments etc. TOO1-—7999 999
8 Animals 801899 94
9 Land, land improvements 901 —999 99
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which the following actions are to be taken:

i. the item is given an “inventory

number”;

ti. the item is registercd in an inventory
list;

iii. a permanent equipment record (inven-
tory card) is established;

iv, thetechnical documentationis registered.

The periodical inventories are the revisions
of the records which from time to time are neces-
sary. They arc based on a comparison of the
records with the real state of planis and equip-
ment.

An inventory of plants and equipment is
usually combined with the inventorics of other
items of the capital assets, such as unfinished
investments, unfinished production, stocks of
material, stocks of products, etc.  The inventory
of plants and equipment can be carried out
in connection with a technical inspection, A
special case of inventory is the so-called “general
inventory”, organized for the whole industry
or country.

3. Analysis of the Econcmic FEfficiency

The analysis of “needs and resources™ of
renewal, repair, etc. is explicitly or implicitly
an optimization analysis. Repair require-
ments of a machine are not determined exclu-
sively by the technical circumstances. i.e. by
its physical wear and technical functions. Ulli-
mately, also criteria of economic efficiency play
a decisive role, since a decision to carry out a
repair also means an extension of the “‘life”
of the existing part of installed capacities. Such
a decision therefore necessarily is an ontcome of
economic rather than purely technological
considerations.

The methodology of assessing the economic
efficiency for decisions on new investment as
well us on repair and renewal is subject to pro-
found theoretical discussions in the literature.
In the following some of the basic methodolo-
gical concepts wili be introduved. It should be
noted that the problem of evaluation cannot be
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Table 12

DECIMAL CLASSIFICATION SYSTEM

{example)
Classifica- Description
tion code
4 Machines
402 Machines in engineering industry
4024 Metal-cutting machines
40241 Centre lathes
402412 Centre lathes with 250-315 mm turning dia-
meter
4024122  Centre lathes with 250-315 mm turning dia-

meter and 750-1000 mm bed length

solved by a mere application of simple or even
complex formulas based on a system of indica-

tors. 1t must also include the wrilization of
relevant broader experiences and qualificd
prognoses,

The logical structure of the efficiency evalua-
tion is the confrontation of the aimed utility
function with the given resirictions. The
first methodological precondition for such an
cvaluation therefore is the establishing of an
utility function. Usually, the maximization of
profit 1s considered to be the main utility fune-
tion. In the case of repair vis-a-vis renewal
the maximization of profit is identical with
the minimization of production costs. Thus,
the first step of efficiency evaluation is the calcu-
lation of the operation costs,

The Calculation of the operation costs of a
repaired machine as compared with the cosis
of a new machine is usually rather complicated,
Such a calculation, therefore, both can and
should be limited to consider those items which
are specifically subject to changes due to renewal.
such as:

— basic wages

— depreciation charges

— materials cost

~— instruments cost

— repair and maintenance cost

— cnergy

- technical preparation of production,



VACLAY NESYERA

Table 13
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EVALUATION OF THE ECONOMIC EFFICIENCY OF A REPAIR AND/OR REPLACEMENT OF A MACHINE

I. Characteristics

Subject of analysis: Replacement of two uni-
versal lathes by a semi-
automatic profiling lathe

Product-mix and
volume of output: No changes

Description of alternative
solutions:

Alternative 4

Maintaining the old tech-
nology: production on two
universal lathes utilized for
more than two shifts a day;
lathes require major over-
haul.

Alternative B

Introduction of a new
technology, usage of one
new semi-automatic lathe,

H. Operational cost (in $)

Alternative Differences bet-
ween alternati-
tives

A B (A-B}
Wages 3030 1310 1720
Materials (basic)
Materials (overhead)
Energy 1030 1200 —170
Instruments 330 350 —20
Routine repairs and maintenance 500 400 100
Depreication charges 690 1300 —610
Rejects 200 30 170
Technical preparation of production 80 —80
Total savings in case of alternative B 1110
III. Resource Requirements {in $)
Alternative Differences bei-
ween alternatives
A B (B-A)
Investment outlays —- 8750 8750
Overhaul cost 5430 —5430
Balance (resale) value of discarded lathes —2008 —2000
Start-up costs associated with new machine 250 250
Difference in outlays 1570
1V, Results
a) Annual savings in production cost 1110 U.S.%
b) Difference in investment (once for all) outlays 1570 U.S.$
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The main restriction for achieving the
given utitity function are the invesiment funds
or the investment costs respectively. Theve
consist not only of the actual investment out-
lays (purchasing or repair costs, respectively)
but also of the costs of intreducing the new
technology, the costs of installation. the costs
connected with the demontage, ete.

An itlustrative example of a calculation of
operalion costs and investment costs is given
in Table 13, 1In the example we assume that
two universal centre lathes are in operation,
One of the lathes is now due for an  overhaul,
and the other will be due for an overhaul in
two years lime.

The two alternatives to be evaluated are:
(A) the

(B) the replacement of the two lathes by
one semi-automatic luthe,

carrying out of these overhauls

If the replacement is carricd out instead
of the wwo overhauls. the wage costs will be
reduced. OCn the other hand, the costs ol
eleciro-energy. maintenance and ro.ling repairs.
of instruments and of the technical preparation
of production will increase, The cosls of an
overhaul of an universal tathe arce estimated
at US$ 3,C0C. The present value of the second
muchine-tool overhaul is naturally less, since it
occurs first in two years” time. The cost of
a new semi-auwtomatic lathe is estimated at
US$ 10.6CO.  The costs for introducing the new
technelogy represent about USS 300, The
replacement of two universal lathes by one
semi-automaiic lathe wiil reduce the floor area
by 10 m?2. It is appropriate to include the re-
duction in floor area (expressed in investment
cutlays per 10 m? of floor area) in the calcula-
tions, since all rational zation measures within
the given plant also should economize en floor
area, thereby reduving the requirements for
extensions.

Evaluation of Efficiency
There are different methods for evaluating

the efficiercy of renewal and repair. The
simplest methods are based on the following
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criteria;

the length of the pay-off time  (minimi-
zing)

the rate of retum (maximizing)

the average cost (minimizing).

Tach of these methods can be applied.in a variety
of forms. Here, howcever., we will only deal
with the simplest forms of application.

The method based on the length of pay-
off is applied in the following procedure: The
annual cost savings resulting {rom the use
of the new machine vis-a-vis the utilization of
the old machine. are compared with the amount
of investment according to the formula:
I.—T,

C1—Ce

where k is the ceefiicient of cconomic efficiency
of the rencwal (2) as compared with the over-
haul {1):

I:.I» are the purchasing costs involved in the
overhaul (I,) or rencwa!l (L), and Cy, Cs
arc the annual costs of production of the
old repaired machine (C1) or the new machine
(Co).

The resulis of the calculation are then con-
fronted with a “normative” pay-off’ period,
which plays the decisive role in evaluating the
results of an efficiency analysis ¢f this kind.

In the case mentioned in Table 13, the coeffi-
cient representing the pay-ofl iime is

1570
11107

k= = 14

This result is usually interpreted in that way
that the new machine pays foritself in 1.4 years.
1( the minimum pay-oil period has been deter-
mined to, for instance. 2 years® the alternative
of renewal is acceplable,

*According to the Journal Manufacturing Industries Vol.
XV, No. 1. p. 27, about 607 of US companigs re-
quire the pay-oif period in the range of between
1.5 and 3 vears,
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The rate of return method 15 in 1s simples]
version very similar to the above pay-off met hod.
Tts basic component is a cocflivient represeiting
the inverted value of the above mentioned for-
mula, viz.:

o GG
L e §

C1—Csq is reduced by the depreciation charges
causcd by the installation of the new mavhine.
The ¢mpirical value of the caicuiaiion is then
compured with the requied rate of relurn.
In the case presented in Table 13, the value of
the coeflicient is

o

k= s~

This value is—explicitly or implicitty—con-
pared with an inlernal rate of return.  1f this
internal rate is st at for instance 20%,. the re-
newal (which has a rate of return of 7170
would in this case be rccommended.

The minimum average cost method basically
means that an item is o be replaced when the
sum of the lowest combined annual average of
operating costs and capital costs of a new mach-
ine is smaller than the corresponding average
of costs caused hercalicr by the old machine.

This method. can be itlustrated by a hypothe-
tical example.  According to the figures given
in Table 14, the minimum average cost of a new
machine with seven years service life is § 4380.
The replacement is carried oul when the old.
repaired machine causes @ minimum average
cost which is higher than this figure.  Asa rule,
the present annual operating costs of an old
machine are considered to be at their minimum.
since it is assumed that the costs are rising from
year to year.

A pioblem common to each form of effi~
ciency analysis is the rime adjuistmient of cupital
costs and operating costs.  This adjusiment 1s
carried out (o discount receipts and expenditures
spread unecvenly over time.  Theoretically.
the internal rate of return for replacement should

he hicher than (or equal o) the rale of retum
obtainable from allernative IAVINITNCRES with
comparable risk and tax siaius: and fower than
tor cgual to} the costs for oblaining outside
finaneing.

In Table 14 an example is given alro of a
caleutation with Ume adjus'ment. The interest
rute used is 10 per cont. In this case the re-
nowal is effcient it the annual average costs
of the old mechine are Ligher than & 4173,
compared. with Urre-adjusicd total cost.

4. Planning

Planning of renewal and repair can be de-
fined as the cyplicit coordination of future re-
quirements and  supplics.  Thus. it is the
estublishing of a material balance of the re-
quircments for renewal. repair and maintenance
in physical and 'or value terms against available
repuir and mainienance capacities. including
Aowance for external services and supplies.
Two different kinds of plans cun be distin-
guished, i.c. general plans and operational
plins.

General plans mainly aim at balancing on
4 long-term basis the requirements of renewal.
repair and maintenance against available re-
sources within the framewerk of the system
of plans of ihe enterprizes.  In the case of long
and medium-term plans, ranging from about 4-10
years. greal altention has t be paid to the
“hoice between renewal and overhauls as alter-
natives of the equipment sirategy. Another
crucial point of long-term planning is ihe assess-
ment of future capacity resources for repair
and maintenance.

While the long-term plan consists of a
svstem of rather aggregated indicators, the
annual plan for renewal, repair and maintenance
is more detailed. The example given in Ap-
pendix 1 of this paper can_be regarded as an
lustration of a system of indicators suitable
for annual planning of rcpair.

The concrete programming ol repair and
mainterance activities is a matier of operational
plans, Their character and form depend on
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the choice of maintenance system (see Table 5).
Two basic kinds of operational plans for main-
tenance can be distinguished: (i) plans based on
inspection regulations, viz. ‘“‘afterchecking
planning”, and (ii) plans based on fixed main-
tenance and repair siandards.

After-checking operational planning of rc-
pair requires gqualified and experienced per-
sonnel (inspectors}. advanced operative planning
in repair shops and a relatively large stock of
spare parts. It is primarily suitable for buil-
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dings and structures and for equipment with an
ambiguous course of wear, An illustrative
example of planning on the basis of inspection
regulations is given in Table 15,

Operational planning based on fixed repair
standards is the basic characteristic of standard
repair and planned preventive (periodical)
repair. Its basic precondition is an elaborated
system of standards. It is suifable for equip-
ment involving a great safety risk and for a great
number of identical machines of equipment in

‘Table 14

CAICULATION GF MINIMUM AVERAGE COST OF A NEW MACHENE (8)

Annual average for period ending with vear indicated

Without time-adjustment_

With time-adjusiment

Years of service Operating cost Capital cost Total cosr Operating cost Capital cost Total Cost
1 3000 3500 8500 3000 5500 $500
2 3100 2750 5850 3048 2881 5929
3 3200 1833 5033 3094 2011 5104
4 3300 1375 4675 38 1577 4716
5 3400 1100 4500 3181 1319 4500
6 3500 917 4417 3222 1148 4371
7 3600 786 4386 3262 1027 4289
8 3700 688 - 4388 3300 937 4238
9 3800 611 4411 3337 368 4205

10 3900 550 4450 333 414 4186

1 4000 500 4500 3406 710 4176

12 4160 458 4558 3439 734 4173

13 4200 423 4623 3470 704 4174

14 4300 393 4693 3500 679 4178

15 4400 367 4767 3528 687 4185

(Figures do not always add, because of rounding.)

Source:

G. Terborgh, Dyvnamic Equipment Policy, McGraw-Hill, New York, 1949
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Table 15
DAILY INSPECTION SHEET
Dept. Date soonmpae
Inspector
Torn 2
Mech Elect Lubr. Hydr. Pneu Misc
No. Equipment SYM. Remarks Reason for Repairs No.
SCH.
1 Stifl leg A 1. Sub linea broken
2 Pit covers A
3 [ngot buggy B 2. Sub linca off
4 P.C. cranes E } on 4 lead rollera
S Charge cranc A
6 F.B. Tables E 2

One sheet each turn for type of inspection

MAINTENANCE INSPECTION LOG SHEET

No.Equipmemt T.C.1 2 3 4 5 & 7 8 9 10 1I 12 13 14 15 16 17 18 1920 21

1 Stiff Leg
Mechanical 3 A A A
Electrical 3 A A C
Lubrication 3 A A E
2 Pit covers
Mechanical 3 C C A
Electrical 3 A A A
Lubrication 2 A A A A A A A A A B ACBBTCABAAAB
3 Ingot Buggy
Mechanical 2 AABBADBTG CBAAAAUCDBAAATCU BTGB B
Electrical 2 A A A A A A A A A A A AA A A A AAAA A
Lubrication 2 A A A A A A A A A A A A A A A A AAAAA
T.C,=Time cycle 1—Every 8 hours Svmbol schedule: A—No repairs
2—Every 24 hours B—Minor repairs
3—Every 7 days C—Routine repairs
4—Every 28 days E—Emergency repairs

Sowrce: Morrow L.C.: Maintenance Engineering Handbook, Mc. Graw-Hill Book comp. Inc. New York 1957
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Table 17
STANDARDS FOR REPAIR IN THE CHEMICAL INDUSTRY {USSR)

Equipment: Centrifugal vertical pump, 10==25 m¥hr. 70m, 2900 r.p.m. 8kw
Type of repair cycle; 7B-25-60

R = Rouline repair

M = medium fepair

O = Over-haul
Kind of Cycle of the Repair cye- Duration of Number, of Volume of one Costs (Roubles)
repair first over- les (hours)  one repair  repairs in repair (hours)

haul (hours) (hours) one cycle Total
machinery  materials spare parts

(0] 8640 8200 168 i 68 27 200 300

M 2880 43 2 34 13 100 150

R 720 8 7 10 4 50 80
Total in one
cycle X X X 10 206 81 750 1160

farge-scale production. An example of stan-
dards for this kind of operational planning is
shown in Figure F and in Tables 16 and 17.

The basic distinction between the mentioned
systems of operation planning is the different
degree of the flexibility of plans. Taking into
consideration that in recality the necds for rene-
wal and repair are to a certain degree infiuenced
by factors of accidental nature, it is realized that
operation planning must always be flexible to
some extent. Even in the most developed sys-
tems of maintenance, certain decisions remain
to be made from day to day.

B. THE AGGREGATE LEVEL

There are a number of problems of rational
maintenance, repair and renewal policy which
exceeds both the technical and economic capa-
cities of a plant and must be solved at the

multi-plant, scctoral and/or national levels.
The setting of these problems and their metho-
dological solution depend on the over-all
context of economic policy. Thus, the formula-
tion of the problems and the proposed solutions
will obviously be different in a market economy
and in a centrally planned economy.

1. Analysis and Planning

The aggregate analysis and planning of
repair and renewal of plants and equipment,
aiming at coordinating futurc requirements and
supplics, differ from the mecthods and the ob-
jectives used at the plant level.

In sectoral and macro-cconomic considera-
tions regarding the process of industrialization,
the assessment of requircments and resources
for renewal, repair and maintenance is obviously
based on highly aggregated indicators.
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With the increase in the volume of
capital wmeans in a given sector or

country, the demand for renewal,

repair  and  maintenance  services

increases as well.

a) Demand

The preceding paragraphs dealt with repair
and maintenance of individual machines, pieces
of equipment, buildings and structures. The
analysis of a system of e.g. a machine park must
describe the process of depreciation, rencwal,
modernization, ctc. with quite different methods.
The model of the development of machine-
tools shown in Appendix TT gives a relevant
tllustration of the content and nmiethodology
of planuning and analysis at that level.

As will be explained below, the aggregate
demand for renewal, repair and maintcnance
depends on the characteristics of the installed
capital, i .e. the volume and the age characteristic

and the structure from the point of view of ser-
vice life,

The extent of wear and the
requirements for renewal, repair and
maintenance are a function of the age

of the stock of plants and equipment.
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It is self-explanatory that with the increase
in the volume of capital means in a given sector
or country, the demand for renewal, repair and
maintenance services increases as well. It is,
however, difficult to make general'zations of
the ratio of this demand to the value of capital
stock. On the one hand, the importance of
the demand tends to increase not onty in absolute
terms, but also in relative terms due to the
continuing process of mechanization and auto-
mation. On the other hand, the demand can
be reduced through the pursuance of a rational
policy of renewal, by means of rationalizing
designs of machinery and, last but not [cast,
by rationalization of the repair and maintenance
activities.

In gencral, it can be assumed that the cxtent
of wear and the requirements for renewal. re-
pair and maintenance are a function of the age
of the stock of plants and equipment. With
increasing age the maintenance and repair re-
quirements are growing, mostly with un acceler-
ated rate, The age characteristics of plants
and cquipment thercfore play an important role
in time scheduling the requirements. But the
rile is not without exceptions. Old equipment
(and buildings as welly is often used for auxi-
liary purposes only, their precision and perfor-
mance requirements are usually less strict.  This
can reduce their needs for renewal, repair and
maintenance.

The various categorics of capital means differ
in regard to their necds for repair. The simplest
example for this can be found in the differences
between the volume of renewal, repair and main-
tenance requirements for buildings and that for
machines. Thus, depending on these structural
characteristics the same volume of capital can
be associated with entircly different volume of
repair needs. A larger share of machinery
and equipment resulls obviously in relatively
bigger reguircments.

In Table 18 data are given of the share of
machinery and cquipment in the total value of
fixed capital assets in varfous manufacturing
industries in the USA. From these data con-
clusions can be drawn about the relatively higher
requirements for renewal, repair and mainten-
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Table 18

CAPITAL OUTPUT RATIOS OF MANUFACTURING INDUSTRIES IN THE UNITED STATES

Industries branches Total Machinery including electrical
and transportation  equipment
USss* US$ per cent of total
Food, beverages and tobacco .81 0.41 51
Textiles 0.91 0.51 45
Wood and wood products 0.78 0.39 50
Pulp and paper 1.13 0.65 58
Printing and publishing 0.66 0.42 64
Rubber 0,70 0.44 63
Leather ¢.43 0.19 44
Clothing 0.338 0.18 53
Non-metallic minerals 1.18 0.67 43
Chemicals 0.89 0.35 61
Petroleum 5.64 0.54 17
Basic metals 2.34 0.92 39
Metal products 0.83 0.51 63

*Dollar of purchasing cost of capital per dolfar value added in 1953 prices.

Source: Compiied on the basis of unpublished materials supptied by Harvard Economic Research Project.

ance of the installed capital in metal-working
industries, printing and publishing, chemicals
and rubber, as compared with ¢.g. the petroleum
industry.

The data contained in Table 2 show very
different requirements for renewal and repalr
for different kinds of buildings, structures and
equipment. Equipment in the construction
industry, for instance, bas much greater repair
requirements (the costs of an overhaul represent
in average more than 10 per cent of the purchase
costs per year) than machine tools in the machin-

ery (in average about 5 per cent).t

There is a special relationship-between the
cost of machines and the cost of their qver-haul.
As a rule, overhauls of costly machines have

+. These estimates of service life and cost of overhauls
were originally designed for financing renewal and
overhauls out of a special fund. Mainly the following
data were used : estimates of average service life,
standards for a cycle of major overhauls {according to
the svstem of planned preventive repairs), and the
relationship between the overhaul costs and purchase
costs of a machine.
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relatively Tower costs of repair as related to their
purchasing cost than cheaper machines. This
applies, for instance, for machine tools. There
are several causes for this relationship. The
most important cause is probably the fact
that low-cost machines mainly are produced
in large series, whereas their overhauls are
carried out individually. The difference in
labour productivity of repair shops and o1 pro-
duction units of new machines 18 in this case
more pronounced than in case of larger and
complex machines, which are often produced
as unique pieces.

Repair and renewal requirements are, gener-
ally, interdependent: Machinery and equipment
with higher renewal requirements also demand
more repair. However, in some cases the accele-
rated renewal of equipment (shortening of ser-
vice life) can result in the reduction of nceds for
repair. In such a situation, the renewal re-
quirements and repair requirements exclude
each other.

b) Supply

From the national or sectoral point of view
the resources required for renewal, repair and
maintenance consist of specialized labour,
capital, material supplies and stocks and specific
imports of goods {equipments and spare parts).

Repair activities are characterized by large
labour inputs both in regard to the quantity
and the quality of the labour required. This is
partly due to the fact that manual work prevails
in the actua! productive time and partly to the
relatively low share of actual productive time
(35%, - 50%,) of the total working time of repair
personnel., Even with a good organization,
the bulk of the working time of repair workers
is spent on preparatory activities.

In the framework of the whole economy
Jarge resources of labour nsually are engaged in
repair activities. Out of the population of
14 million of Czechoslovakia for instance there
are about 500,000 repair workers.

Compared to the labour input in repair
activities the capital inputs are generally not large.
Thus, in Czechoslovak repair shops there is
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only 28,000 Kcs worth of fixed capital stock
per worker, whereas in the chemical industry
the figure is 220,000 Kcs.

Material inputs arc also not large in volume,
The variety of materials required in repair
shops on the other hand is generally large.
Keeping an adequate level of stocks of spare
parts and materials therefore requires relatively
farge amounts of working capital.

A country’s requirements for maintenance
can normally be met only partially by domestic
resources. The depree of self-sufficiency in
maintenance services, in supplies of spare parts,
etc. depends primarily on the size of the economy
and on the level of the economic, particularly
the industrial development achieved. Develop-
ing countries are to a large extent dependent on
imports of capital goods, especially machinery.
This is reflected in the high import rates of main-
tenance services and deliveries of spare parts
and components for renewal,

¢) Techniques of planning

A country’s plans for renewal. repair and
maintenance at the aggregate level are generally
not prepared in details, and they only exception-
ally have the form of material balance sheets.
This also is true for centralised planning systems,
where in most cases only partial analysis and
plans are made with a view to applying specific
policy measures,

Such a partial analysis can for instance aim
at assessing the needs for remewal. Sectoral
studies would then be the most suitable method
of analysis. The sectoral studies are generally
examining the existing state of installed capital
means and the overall investment climate and
will include the evaluation of installed machines
from the viewpoint of their replacement by
new machines. For the latter purpose the
technological level of machines has to be re-
viewed and be compared with the technological
mnvovalions.

The analysis of the needs for renewal, based
on the examination of the economic efficiency of
replacement investment, usually requires plenty
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of data and large inputs of highly qualified la-
bour. When these prerequisitesare not available,
a different, less demanding method of compara-
tive analysis is being used. The technological
level and structure, the age and composition of
machinery and equipment in a certain sector
of the country in question are then compared
with the situation in another country in which
this specific sector is more developed. The vol-
ume of resources needed can subsequently be
calculated by using approximative methods.

2. Policy Measures

Governmental action in solving rencwal,
repair and maintenance problems mostly takes
the form of technical, organizational as well as
financial policy measures. The technical measu-
res include the promotion or eventually the
actual establishing of:

specialized repair shops and servicing
facilities

central stocks of spare parts

design and technical bureaus, research
institutes and organs of state inspection

educational and training facilities, etc.

These actions must be based on a systematic
analysis of the economic and technical feasi-
bility from the national point of view. Thus,
the question of the establishment and the size
of specialized repair shops, stocks, and the vari-
ous institutions must be thoroughly investigated.

Specialized repair shops us the technical basis
for rational supplies and services have been
discussed in an earlier section. In regard to the or-
ganization of specialized repair shops it is neces-
sary to consider on one hand the savings, resul-
ting from higher productivity of the shops and
the improved quality and shorter time of the
repair services and on the other hand the lossces.
These are mainly increased transport costs, the
reduced flexibility and speed in coping with
hreakdowns and the lack of knowledge of con-
crete conditions of equipment operation.
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To delermine a general, appropriate ratio
between (a) the volume of repair and main-
tenance to be carried out by workshops of
plants and (b) the volume performed by exter-
nal suppliers is not possible. The ratios of
different industries vary substantially. They
also depend on the type of capital means in
use. Large differences exist even between
different countries. These differences cannot
be explained merely by the different levels of
industrial development, but also by actual habits,
traditions and the institutional set-up. In USA,
for instance, about 80 per cent of all plants nse
external repair services, but the external suppliers
perform on average only 7.6 per cent of the total
volume of repair work. In the Federal
Republic of Germany and in Eastern Germany,
on the other hand, chemical plants use external
services to a verylittle extent. In Japan, repairs
are usually performed by external firms, parti-
cularly by the suppliers of the equipment.

Governmental action in solving

renewal, repair and maintenance
problems mostly  takes the  form
oftechnical, organisational as  well
as  financial policy  measures.

Decisions regarding central stocks of spare
parts at the national. sectoral or regional levels
are based on similar considerations. Specialized
repair shops also form a natural basis for storing
and distributing the spare parts.

~ The design and technical bureaus. research
institutes and organs of state inspections have
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the following functions:

— to provide consultative services in re-
gard to the rational repair and main-
tenance of equipment:

— to develop the “type” project of the
organization and the techniques of
repair and maintenance;

— to adapt the design of importcd machi-
nery and equipment to localconditions:

— to develop a system of technical stan-
duards. which would promote the umn-
fication and standardization of the
equipment;

— to establish a system of state inspeciion
for crucial parts of plants and equip-
ment (electro energy, hydropower plants.
ete.), espevizlly 1n cases where major
safety risks are involved.

The government plays an importunt role in
promoting or establishing these institutions.
Many developing countries lack this necessary
institutional <et-up.

In the field of education and training the
governmental policy comprises the following
measures:

— promotion of the education of skilled
labour by establishing training centres
and vocationu! schools;

— encouragement of closer contacts bet-
ween industries and educational insti-
tutions;

— in¢lusion of the problems of mainten-
ance, repair and proper operation of
equipment into the curricula of vocati-
ol schools;

— the organization of exchanging ex-
perience among repair and maintenance
personnel.

In addition to these various direct actions,
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the government can apply indirect measures.
In order to promote proper maintenance, re-
pair and renewal. the government can specifically
impose some of the following policies:

i, a rational depreciation policy aiming
1o create conditions for eflicient moder-
nization of installed plants and equip-
ment,

i 1ax and credit policy measures, or sub-
sidies and/or state capital participation
to promotc the establishing of speci-
alized repair shops, stores of spare
parts, and specialized plants producing
sparce parts;

ili. foreign exchange and tariff regulations
to create conditions for adequate im-
ports of spare parts and technical
services as well as for the ratiomal
policy of renewal of machines which
are not produced domestically.

Taking into account the adverse balance of
payment and scarcity of foreign exchange, gener-
ally prevailing in developing countries, the
policy decisions related to foreign exchange
outlays on imports of replacement parts and
maintenance services require special atlention.
In short, it can be said that the policy maker in
developing country has a two-fold task.  Firstly,
he must minintze foreign exchange outlays’
on imports of spare parts and maintenance
services. Secondly, he has to assure the conti-
mious and adequate supply of these items o
all public and private enterprices.

To achieve these aims, the goiernment
could adopt several measures. First of all the
government should endeavour to increase the
efficiency of maintenance and the economy in
spare parts utilization. In this connection 1t is
important 1o improve the skills of maintenance
and repair personnel assigned to identify the
causes of breakdown and to specify the ordering
of spare parts and services. Inregard to admini-
strative restrictions and tariffs on imports of
spare parts a flexible policy is needed which
could ullow to speed up the delivery of spare
parts. Imports of spare parts should be given
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a special treatmentfrom the point of view of both
customs procedures and tariff policies. Finally

the government could take measures aining at

rigorous import substitution policy with a view
to building up domestic repair shops and work-
shops producing sparc parts.

In premoting the domestic production and
services the government should not restrict
itself to levying high tariffs on imports of sparc
parts to protect the local producers from foreign
compelition. Temporary tariff barriers have
to be accompanied by additional, positive
measures from the part of the government.
Thus, local production could be stimulated by
technical services. cerdits, training facilives,
cte. A mere introduction of administrative or
tariff restrictions on imports of spare parls and
maintenance services may bring certain foreign
exchange savings in the short run, but will inevi-
tably lead to under utilization of cquipment.
Since generally large amounts of foreign ex-
change had been spent on the equipment, there
will then be no saving in the long run.

If, in the case of export industries, the foreign
exchange savings achieved through reducing
the imports of spare parts and maintenance
services have adverse cffccts on the ouiput. the
savings could be casily compared with the even-
rual losses in export procceds. In domestic
market oriented industries the corresponding
cost-benefit calculation involves a comparison
of losses in output against the foreign exchange
savings. Here a shadow price will be used for
the foreign exchange in order to evaluate the
losses in supplies for the domestic market. In
addition it must be taken into account that the
demand for otherimported goodsmay increase.
This could be due to the fact that cerfain
domestic industries are forced to operate at a
lower capacity because of lack of spare parts.
etc. and that the demand therefore cannot be
fully met by the domestic production.

3. Data Requirements

For the above-mentioned measures the
governmental bodies and other relevant insti-
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Imports of spare parts should be
given a  special  treatmenl from
the point of view of both customs
procedures and tariff policies.

tutions require information on existing plants
and their equipment.

The system for collecting the data as well
as the type of data asked for are obviously re-
lated to the given economic system. In a market
cconomy capital means are only pxccphonally
subject 1o ceniralized stock-taking, whereas
in centrally planned cconomics usually very
detailed information on capital stock in the
whole national economy are collected and used
in ministrics. planning agencies, e€tc.

For the first group of countries, u§ua1]y in-
dircct methods of estimates are applied. The
neccssary data is arrived at from.:

_ halance sheets of individual companies,
— rectrospective data on investment,

_ data on output, imports and cxports
of capital goods, and

— inquiries, mainly by sampling method.*

In a centrally planned economy the fixed
capital stock and its development is normally
subject (o a very detailed system of information.
Tn Czechoslovakia, for instance, a centrah_zc'd
system was introduced to obtain information
on the state and the annual changes of all machi-
nery in engineering industry. of rallway wagons,

*As an exampic can be mentioned that the US journal
American Machinist senl out questionnaires to ascertain
the state of machinery in the metal-working industry.
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Table 19

Description of a Punch Card for the Statistics of Installed Machines
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Column Duta Column Data

0— 5 Classification Code 46—47 Year of production

6— 7 Country of origin 48—50 Central organ (industry)

8—20 Producer, model 51—52 Trust

21—25 Purchasing value 53—354 Enterprisc

26—30 Weight in kgs. 5556 Plant

31—40 Technical characteristics 57--58 Shop

41--45 Maintenance characteristics 59— Free columns

important machines in coal mining, etc.

The data collected are not only in terms of
value but also of technical nature. The whole
system is based on a rational computing techni-
que (punch cards). The contents of the system
can be seen from the illustrative example of a
punch card in Table 19.

Such a detailed system of centralized infor-
mation requires a whole complex of organi-
zational preseriptions. noymative  delinittons,

classification and code numbers. This is neces-
sary to enable the identification of a given
machine and to get information about the
extent and composition of machine park in
different enterprices. industrier, regions, elc.
The system is based on primary records pro-
vided in plants according to a standard form.
It becomes an efficient means for the rationali-
zalion of the information system within indt-
vidual enterprises.

In all economic systems governmental tax
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policy requires some basic unification of recording
on installed capital. Special regulations usually
defing the methods of the book-keeping on
plants and equipment and their definition and
evaluation as well as the periodical inventories.

Most problems connected with these regula-
tions were already discussed from the point
of view of plant level. A specific problem is
the re-evaluation of installed plants and equip-
ment in such cases, when the nominal values
differ widely from the present real values. The
process of reevaluation of instalied plants and
equipment is a very expensive and complicated
one. The aim of such a unified way of evalu-
ation is to create a more reliable basis for the
calculation of amortization charges. Theevalu-
ation is based alternatively on price indices or
on price lists. A new evaluation can be combi-
ned with the so-called “general inventory”
(inventory of existing plants, cquipment in the
country, region, industry}. Such meuasure was
undertaken in 1954 in Czechoslovakia, in 1960
in the USSR.

4. Recommendations for Development Strategy

Developing countries cxecute their industri-
alization programmes in the conditions of much
higher investment infensity of the industriali-
zation process thanit used to be in the nincteenth
century in now industrialized countries. In
addition, a rather pronounced division of labour
has developed between the actual operation and
the maintenance of plants and equipment. That
is the reason why the problems of repair and
maintenance have gained such importance and
consequently have become an inherent part of
a sound development policy.

The lack of capacity to assure adequate
maintenance and repairs is one of the reasons
why some developing countries often are not
capable to adopt new technologies. 1In such a
situation even equipment provided through
grants can become a burden for the recciving
country.

The problem area of renewal. repair and
maintenance has a number of aspects relevant
for the formulation of fundamental principles
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which underly the setting of long-term aims of
economic development:

i. The renewal, repair and maintenance
of the existing plants and equipment
is one of the essential conditions for
the economic development;

ii, renewal and, to a certain extent, repairs
represent an alternative to the buil-
ding up of new capacities,

Renewal, repair and maintenance place
specific demands on economic resources and
they. consequently, represent an important
limitation to ecomomic development in an
optimalization exercise.

The needs for renewal, repair and mainten-
ance also determine to a certain extent a sub-
stantial part of the demand structure for cor-
modities. We can thercfore speak about a
structural limitation of the process of. econo-
mic development,

A certain similarity can be found between
the supplies of services, spare partsand machines
for renewal on the one hand and the supplies
of intermediates on the other hand. Problems
of repair and renewal are treated accordingly.
All supplies mentioned are described in the
matrix of inter-industry relationship (technical
coeflicients). Further-more, renewal, repair
and maintenance place specific demands on
qualified fabour and material supplies. In this
context we can speak about a limitation of
economic development from the viewpoint of
available resources.

Maintenance, repair and renewal
require productive factors of the same
technological nature as those required

by the supplies for the new investments.
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Maintenance, repair and renewal require
productive factors of the same technological
nature as those required by the supplics for the
new investments. Essentially, the factors of
engineering industries and construction are
involved. Maintenance, repair and renewal
thus create a compeling demand in relation to
the building up of new productive plants. They,
in particular, need a greai number of skilled
personnel at intermediate !evels which is the
very scarce factor in developing countries.

In the conditons of severe scarcity of invest-
ment resources—both financial and material—
renewal can be considercd as an alternative
to develoyment. In order to concentrate invest-
ment resources on important development
projects it is possible 1o delay the rencwal of
existing planis and equirment, i.c. to prolong
their service life. Developing countries nsually
do not need to cconomize labour costs through
innovations and modernization eof equipment
in the same degree as industrialized countries.
On the contrary. investment is often motivated
by the aim to create additional employment
opportunitiecs. Thus abundance of Jabour sti-
mulates a rational extension of the service life
of the installed capital.

In developing countries the share of machi-
nery older than 10 or even 20 years of the total
equipment is rather large. This is a natural
reflcction of the delayed renewal of equipment
in favour of exlensive new investment and the
increase in industrial cmployment.

To a certain extent it is possible to delay
also major overhauls, Technical poscibilities
of posiponing rencwal and’or repair have, of
course, certain tecknological erd economic
limits the trespassing of which results in the
misallocation of recources.

As an example of such misallocation, in-
cfficient or too costly repairs may be mentioned.
Introduction of measures limiting investment
outlays on renewul may lead to the situation
when the cost of overhauls beccome higher than
the cost of purchase of new equipment.

In the pursuing of an industrialization pro-
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gramme the modernization and rational utiliza-
tion of older machinery acquire strategic im-
portance, since in this way the existing equip-
ment of several industries can be zdapted to the
requirements of modern technology. Moderni-
zation is usually less costly (in tetms of invest-
ment funds) than renewal, and it facilitates
the adapting of machinery to the concrete con-
ditions of production.

Another important way of reducing invest-
ment outlays for the industrial development is
the purchase and use of second-hand machines
and equipment. Such a utilizatien of older
machines can obviously be considered rational,
only if the cost of their repair and moderniza-
tion is less than the cost of new machines. The
application of the cfliciency analysis is there-
fore absolutely necescary. Installation of
second-hand equipment can on one hand reduce
the purchasing cost, but on the other hand, it
usually incrcases the repair and maintenance
costs. Furthermore, the use of sccond-hand
equipment generally is a hindrance to the uni-
fication of instal'ed equipment. Ffficiency
considcrations are thercfore neccssaiy even in
cates of very favourable purchasing conditions.

Various material and organizational pre-
conditions are required to asture adequate
mainrenance, repair and renewal. There pre-
conditions form an important part of the indus-
trial infrastructure, A large part of this in-
frasiructure is represented by maintenance and
repair capacities of enterprises. As was dis-
cussed already i connexion with the policy
measures, the building up of specialized repair
shops, plants for production of spare parts and
their stocks form a specific problem for the
policy makcr. Amoeng the institutional condi-
tions for facilifating a smooth operation of
plants and equipment an fmportant role is
pPlayed by the whole set-up of training, consul-
ting and. rcecarch institutions,

The problem of maintenance, repair and
rercwal alco has an inmipaci on the time-scheduling
in economic programming. The demand for
renevwal and/or overhaunl vrually arises ceveral
years after the plant and equirment had been
put into operation. However. from the very
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beginning of the operation, an adequate main-
tenance and repair work is required. The condi-
tions for assuring these services must be created
from the very outset of the exccution of the
investment programme.

The rules governing the needs for rcpaiy
(mainly overhauls) and rencwal are of stechas-
tic character. Most of the requiremen's appear
after a peried corresponding approximately
to the average service life of given eguipment
and its parts. The necessity to have maintecnance
and repair capacities installed from the begin-
ning is enhanced by the frequent incidence of the
so<alled infant-illnesses of the cquipment.
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The time-scheduling must include the advance
training of an adequate number of repair
and maintenance workers and fubrication specia-
lists. Approximately half the number of
these workers must be available during the run-
ning-in periods of equipment. Analogically,
the primary stock of spare parts and maintenance
materials must be available from the very be-
ginning.

Finally, it can be mentioned that mainten-
ance and repair activitics can be viewed upon
as the natural basis for the development of
demestic engincering industries.

APPENDIX I

A SYSTEM OF INDICATORS FOR PLANNING REPAIR

The simplified example of a repair plan
represents a system of the most important
indicators reflecting the inler-relatienships bet-
ween needs and resources of repair activities.
The data are obtained from empirical studies.*

The repair needs are here calculated for
various types of plants and equipment, which
differ in the intensity of repair or in the labour
or material requirements. The following ex-
ample classifies four groups of plants and equip-
ment:

1. machinery

1. electro equipment

ul. measuring devices )

1v. buildings and constructions.

The necessary resources are classified as

follows:

i. labour inputs:
— repair workers
— technical and administrative per-

sonnel

1i. material inpuis:
— spare parts (flows and stocks)
— produced in own workshops
— external deliverics
-— other materials (flows and stocks}

*The studies were undertaken in the Czechoslovak
chemical industry.

i11. exlernal repair (services delivered from
outside)

The final balance of the requirements for
repair against resources js obtained on the
basis of cost calculation.

Under “preconditions” we understand here
a system of standards which form the basis of
a rtepair plan and which define:

i. the relative nceds of repairs for the
diffcrent categories of fixed assets,

ii. the relative inputs of labour & material,

iii. the relative volume of stocks of spare

parts and materials, and

iv. the degree of self-sufficiency of the

enterprise or industry in repair services
and production of spare parts.

The delermination of these standards is
based on thorough znalyses which precede the
actual planning process.

The example is meant to cover a period of
up to 5 years. It can be applied both for an
individual enterprise and for more aggregated
units. According to the length of the plan
period and the level of planning, the needs
and resources for repair can be disaggregated.
Thus, the neceds can be divided according to
diflerent kinds of machines, different kinds of
repairs, ete. The classification of spare parts
and material inputs can be done according to
technological, organizational or other criteria.
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A STUDY ON RENEWAL., REPAIR ANDP MAINTENANCE

aprexnix 11

A MODEL FOR THE ANALYSIS AND
PLANNING RENEWAL

The analysis of renewal requirement is a
specific problem on the over-plant (sectoral.
nationwide) level and in the Jong-term pros-
pects, The following model is introduced here
to highlight this problem. The data used for
this model result from empirical studies in the
metal-working industry* and they can there-
fore serve not only as a methodological instru-
ment, but also as un actual illustration to the
described rules governing the development of a
system of plants and equipment.

The aim of the model is to enable a quanti-
tative analysis of the volume of renewal of a
system of plants and equipment, such as a
park of machine tools, looms ora fleet of vehicles,
The whole set-up of plants and equipment
15 usuzlly far from being homogeneous. There-
fore, special atlention is being paid to the
structure of plants and equipment and its
changes as well as Lo the impact of these changes
on the velume and composition of renewal
requirements,

The calculution of renewal requirements is
based both on the physical terms and on money
value terms.

Renewal Requirements in Physical Terms

The volume of requirements for renewal,
expressed in physical uwnits (e.g. number of
machines) depends on the following factors:

i. the leagth of period to be considered

ii. the size of the plant and its growth

iii. the age composition of the plant and the
cquipment

iv. the service life.

The availabilily of data on the v_ohm}c:,
the rate of growth, the age and the service Life

*Nesvera, Rozvoj
Prag, SNTL, 1963.

technicke zakladny strojirenstvi,

15 thus the precondit'on for an analysis of the
renewal requirements. The model describes
the inter-relationships of these data and their
utilization for an analysis (sce Table II/1).

Special attention must be paid to the charac-
teristics of the service life,  For an analysis of
the requirements for renewal the information
on the average service life is not sufficient.
Empirical analyses show that the service life
of individual items can substantially differ
from the average, since the process of renewal
s of a stochastic nature. A precise calcula-
tion must therefore be bascd not only on data
of the average service life, but alro on dala on
the survival curve (see next page).

The survival curve describes the pace of
ditcarding the number of machines installed in
a given time. Based on this curve the number
of machines of various age groups which are to
be dizvarded during the plan period can be
estimated.  According to the “rate of discar-
ding’ in the Table /T, about 12 per cent of the
initial number of installed machines which
at 1.1.1960 reached the age of 11-15 years were
discarded during the following five years. There
are substantial differences in the intensity of
discarding the machines in the individual age
groups. About 107, survive the age of 30
years. In the given case the average service
life of the machines—determined as a median
to the survival curve (age at which 509 of the
original number has been discarded)—is 27.5
years.

In the given case the requirements for ren-
ewal which are considered 1o be identical with
the number of machines discarded. during the
years 1961-1965 is 1378,

This lustrates how far from reality the
resulls of the planning of future nceds can be
if it 1s based on the age composition and esti-
mates of a “‘normal” service lifa.
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In this scheme the analysis and projection
of the survival curve is the basis on which the
number of discarded machines and the volume
of necessary renewal is being determined (the
number of machines and their age composi-
tion being given).

The model enables a follow-up of structural
changes. These changes can then be taken in-
to consideration for analysing the needs of
renewal. Renewzl, as a part of rational invest-
ment policy, playsan important role in the
process of technical innovations.

' In the example, an important trend of changes
in the structure of machines is shown in the
case of grinding machines. There machines are
characterized firstly by their increasing number
within the total installed machine tools (from
20.0% in 1961 to 22.8% in 1965) and secondly,
by their relatively short service life (cf. the
higher rates of discarding). The share of these
machines in the number of new machine tools
was about twice as high as their share in the
total number of installed machines {see Table
11,1,

Renewal Requirements in Money Value

The requirements for renewal of plants and
equipment are more often calculated on the
basis of value terms, derived from investment
outlays. Two alternative concepts are possible:

i. gross values (purchase cost): and

ii. net values (purchase cost reduced by the
amortization charges).

If the caleulations are based on the gross
value of installed plants and equipment, the
length of the plan period, the volume of fixed
assets and the age and service life must be consi-
dered. In addition. the changes in purchase
cost of the physical items must be incluced in
the calculations. Empirical analyses  show
that generally the money value of plants and
equipment increases in a higher rate than their

physical volume (expresscd in the number of

machines, extent of floor space, eic.). This
is due to the improvements of the technical

%
IOO‘
S \\\
—4
50 | AVERAGE
SERVICE LIFE
i ~
o}
0 1o 20 30 40 5¢

¥YEARXS IN SERVICE

Gradual decrcase in the number of installed
machines and their average service life (survival

curve)
kobon
L md

%
20 [

30 40 50
YEARS IN SERVICE

29

Number of discarded machines in individual
periods of utilization (expressed as a percentage
of the number of originally installed machines)

parameters, 1o changes in the composition, etc.
Thus, in Table 11/2 the average purchase cost
of new machine tools was trebled during 1930-
1963 (in lerms of constant prices). The number
of installed machine tools increased in a S-year
period. by about 9 per cent, whercas their value
increased by 25-30 per cent.

Under there ciicumstances. the reguirements
tor renewal which are identical with the volume
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For establishing a realistic renewal
policy, it is recommended to use the
system based on physical terms.

of discarded machines are low. The
average value of discarded machines amounts
roughly to the cost of machines; which were
purchased before the period corresponding to
their average service life.

In the case of machine tools park, the number
of yearly discarded machines represented 2.5—
3 per cent of installed machines, in terms of
value it was about 2 per cent only. This
example shows a further rule: the service lile
of machine tools is positively correlated to
their average value, the service life of more
expensive machines is on average longer.

If the requirements for renewal are calculat-
ed on the basis of the net value of plants and
equipment, they are identified through the

A STUDY ON RENEWAL, REPAIR AND MAINTENANCE

depreciation charges. The renewal require
merits thus depend on the value of plants and
equipment (amortization basis), on the tnethod of
depreciating and-—of course—on the length
of the plan period. They money value of
depreciation charges usually exceeds the real
value of renewal requirements. The reason
for this is that the depreciation charges are cal-
culated from the very beginning of the func-
tioning of plants and equipment, while the
rcal requirements for renewal follow with a
considerable time-lag. This lag thus plavs a
big role, especially in the case of a high rate of
growth of the fixed assets. It must also be
mentioned that tax considerations generally
dominate the depreciation rate and that it
is very problematic to use the depreciation
charges or net value of fixed assets as the basis
for calculating the service life and the require-
ments for renewal.

The different concepts of calculating the
requirements for rencwal lead to different
sults. For establishing a realistic renewal
policy it is recommended to use the system based
on physical terms. This system of indicators
makes it possible 1o confront the state of plants
and equipment with the technical innovations
and changes on the market. Innovations are
after all to be considered as the primary motives
and impulses for renewal. YY)

Adaptation to Change

The principles that everyone can be, and that everyone needs to be,
trained and retrained in the face of change has to be accompanied by one other
associated strategy because change is by no means always a2 welcome phenomenon,

and institutions as well as persons often question, and even resist, change.

An

understanding of the forces affecting change, and a perception of the need for
meeting its consequences, should be part of the educational process itself with
emphasis upon the obligation of the individual to keep in as adaptable as possible

a stance to cope with and benefit from it.

—Dr. Seymour Wolfbein in American Lapour, December, 1970



Maintenance or Renewal

A Ullman*

The decision to renew a process machinery involves investment which must be based on effective
management information system for setting up models which could be tested under different conditions

and environments in different branches and different tvpes of equipment.

However, this does not mean

!hat the old-fashioned sound judgement and common business sense can be by-passed. Judicious blend-
ing of the mathematical aids with the old practices would lead to sound maintenance /renewal decisions.

THE atm of this paper is to describe the

problem of finding the correct moment
to cease from maintenance and instead renew
machinery and equipment in the manufacturing
industry. The environment in which to decide
will be the market economy and the decision
is meant to fall upon the factory management,
which principally has to base all its decisions
on profitability as the main criteria. In the
factory we have two levels for work of this
type. Thedecision to renew a process machi-
nery or a piece of equipment involves an in-
vestment. Investments are decided upon by the
board, which, when choosing between continued
maintenance or renewal, has to consider other
questions than just the profitableness of (wo
or more competing suggestions. Such ques-
tions are: Do we dispose of the money necessary
for the investment? If so, are there other
urgent objects for investment to compete for the
money cither at the moment or later on, for
which the money then should be saved? Are
possibly available investment credits limited
to the use of certain types of production?

The production manager or chief engineer
of that certain department, in which the machi-
nery should rather be renewed, has no possi-
bilities to survey the investment situation.

*Expert from Sweden

He should just find out the straightforward
profitableness of possible alternative ways of
action of maintenance or renewal and present
them to the management, which then could very
well decide because of such reason as mention-
ed, that for the time being a less profitable
suggestion should be chosen.

Another of such motives could be the ques-
tion of tax. Investments are generally exposed
to regulations by law. There could be tax on
investments above a certain limit, or for certain
types of installations or equipment. Or there
can be tax relief on investments in certain areas
where governments see a nced for raised em-
ployment.

This paper willgenerally deal with the problem
of the production manager or chief engineer,
but will also touch on finance and tax problems.

FACTORS DETERMINING THE DECISION
Normal Profit Calculation

The total cost for operating a processing
machinery, a set of machines, or any piece of
equipment, comprises the costs for:

a. invested capital in machines, buildings,
installations, necessary new ftraining,
running in time when production is-
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limited etc. the depreciation of which
has to be charged to the production
by piece, by amount per time unit, by
time unit or otherwise suitable in each
case,

b. materjal, such as raw material and
sem:-manufactures used in the process,

¢. manpower, operators, watch keepers,
other forms of direct labour,

d. operation, clecirical power, workshop
acministration, Jubrication oil and other
consumed articles, other than (b) above,
indirect labour for all necessary services
to facilitate the operation such as work-
shop cleaning and transports etc., all
being such costs, which cannot always
be added as a certain addition to direct
Jatour, but is rather related to produc-

tion,

€.  maintcnance, mainfainers’ wages, raw
material for maintenance, spare parts,
costs for maintenance workshops, in-
cluding administration costs for these,
transport, lifting, disassembling and
reassembling equipment, test rigs, elc.

All costs under these headings build up the
total cost, that has to be charged to the pro-
ducts. They must be determined for all interes-
ting alternatives under consideration, such as :

a. Preventive maintenance and necessary
corrective maintenance on existing equip-
ment, contineusly carried out 1n sleck
production periods.

b. Renovation to bring existing equipment
into condition as new and after that
preventive and corrective maintenance,
which then will be cheaper. (Deccide
whether the renovation is radical enough
to motivate that from finance and
tax aspects it could be considered as
investment).

¢. Modernization as well as renovation
to bring the equipment not only into
condition as new but to raise produc-
tivity or fo improve precision to raise
product quality, and thus attain a
higher technical level. The result will
be a cheaper maintenance. (The same

MAINTENANCE OR RENEWAL

investment consideration as under (b)
will be necessary).

d. Replace the equipment by similar one of
same productivity and precision, which
will be an investment, that should cor-
respond to the depreciation of the old
equipment (including what is gained by
selling this) and will bring down main-
lenance costs.

¢.  Replacc the equipment by similar one
of higher productivity and higher preci-
sion, probably also easier operation
where “precision as well as operation
are improved not only by precision
manufacturing but also by modern
control equipment.

It should be noted that investment costs
are spent in alternatives (c) and (e) not only to
maintain the same production in quantity
and quality as before but as well to raise the
production as to improve the quality, It is
of interest to keep apart these two parts of the
investment. e o0 L

[ 3

Summing up these total costs for each of
the alternatives, which scem to be interesting
to compare and charging them to the expected
production by unit or by some other usable
measure will make it possible to rank the alter-
natives after profitableness from the production
engineer’s point of view. Apart {rom the fact
that the management might choose an alter-
native that does not top the list, there are a
few considerations, which will make the deci-
sion a bit more complicated than it might seem
from what is said so far.

A look at this diagram shows that we have
to deal with an aspect of time.

MAINT ENANCE
{or falure}

cosT
4
l‘\
y Broy o c oW
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When does the failure rate or preventive
maintenance cost rise to an unacceptable
measure? This form of the so-called “bath
tub curve” is principally general, If we for
the “wear-out period” draw a curve showing
total operating cost including maintenance and
combine it with a curve showing the cost (in
same unit as maintcnance cost, per product unit,
per year etc) for the actual ‘still not depreciated’
mvestment, we might get 3 diagram like this:

i MM UM
,r\. toal cagt Lembined cont

L Opernbion soat
_ (inc] maiatenance)
I-)‘ lovestment cost
l J_—____[ 95 plagned
F- -
1_7——-___L_ﬁ

Cperztion 1 .

End of usefu. 1ife -
as planne

Somewhere, depending on expected total
operation cost year by year and on the rate of
cost year by year for spent investment capital,
we can get a minimum total cost at a certain
point of time. If we take that as a point of
interest where renewal should be considered,
we might not have utilized the invested capital,
The capital cost curve presupposes a certain
operative usefu! life. If equipment is scrapped
earlier, the curve should have been different
and the point of minimum total cost probably
displaced. Obviously it is necessary not only
lo look at profitableness at a certain point of
time but to survey a period of time ahead and
find out if the equipment should be replaced
but when this must be done.

Considering this it is further obvious, that
the different cost 1tems as given above under (a)
to (c} should be found out not only at the present
actual time but at successive points of time
ahead. This makes heavy demands on Jjudge-
ment and foresight upon those involved. Many
of the important factors in the calculation
are uncertain. For instance:

What is the future demand for produced
quantity? As each product unit has to bear

its part of fixed costs this figure has a great
mfluence on the investment decision. Tt
is necessary that the management decides
as a question of policy for what productivity
(or what possible alternative productivities),
during the time to come, the calculation
should be carried out.

How about the technical development?
When will there be a demand for a pro-
duct of higher technical quality or of dif-
ferent design or generally with different
qualities or characteristics?” This wil] have
effect on the useful life of our equipment,
which obviously is not a question only
of maintenance cost. This also falls on
management to decide as a matter of policy
on which to base the calculations.

How about the technical development in
the field of our processing machinery?
Will there shortly come in the market better,
more reliable equipment with higher pro-
ductivity, better precision, lower failure
rate, better maintainability, and lower
price for which it would be wise to wajt?

How about the failure rate? What fre-
quency of failures must we expect notwith-
standing a thoroghly planned preventive
maintenance? And for each considered
alternative? What resources must be
spent on preventive and on corrective
maintenance? For present equipment there
will probably exist an experience on which
to base the judgement but for prospective
new equipment we have less experience and
have to ask the manufacturer for his opinion
and more or less rely on that. What will
the running-in time be for new equipment?
Is the maintenance planned by the manu-
facturer, so that the “teething troubles”
will be overcome in short time? When
will we thus attain the planned productivity?

If failures during operations occur, causing
production to stop, what will be the cost
for shutdown at different periods of time?
Obviously we do not get paid for products
not delivered. If, however, the product is
demanded intermittently and, therefore, pro-
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duced to stock, the deliveries are not always
upset by a failure. How impertant is an
undisturbed production and what will a
disturbed production cost in money at
different intervals? 1f an undisturbed pro-
duction 1s inescapable, what will necescary
spare capacity cost? What will a mainte-
nance organization cost, in the different alter-
natives, which can deal with all possible
failures within short time?

Generally, these various points of uncertainty
show that the matter of maintenance or re-
newal has to take into account all considera-
tions due in an investment calculation, where a

Maintenance is not just a question
for the Maintenance department,
but for the management as well

clever judgement atout the foture is necessary.
In other words, maintenance is not just a ques-
tion for the maintenance department but for
the management as well,

In the following sections of this paper some
of the aspects given hitherto will be examined
a bit further.

Maintenance and Repair Costs of Existing and
New Equipment

Let us look at the “bath-tub curve” as de-
monstrated above. We also draw the corres-
ponding curve for tentative new equipment
installed to replace the first one. If we have
reliable statistics for the existing one and can
judge about the future for the new one based
on reliable figures from tentative contractors,
we would be able to make a diagram good enough
to use for decisions, like the one above,

Let the curves represent not only the rate
of failure, but total operating costs including
maintenance costs but ‘excluding investment
costs. The maintenance cost should also in-
clude cost for shutdown operation when
unexpected failures have occurred (or can be
presupposed to occur) which prevent operation
while being repaired. 1f we cut out the interes-
ting part of the diagram and add the curve for
depreciation costs for invested capital (which
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costs should be planned to be heavier in the
beginning of the useful life) we get the above
diagram

From the bare operation cost point of view
we should renew the equipment in question as
soon as possible, say at point (a), that is obvious.
If we take capital cost into account and merely
add this cost in the same unit we might get a
diagram according to the dotted lines, which
means to say, that the machine has not earned
its own investment until point (d). If we renew
at points (b) or (c) we must pay the remajning
depreciation by income from the new machinery
or by selling the old or in some other way.

These simple diagrams might serve the pur-
pose 1o show the importance of considering all
costs as well as of having as good and reliable
information as possible about operation and
maintenance costs, about future productivity
demand, about how maintenance might be
split into preventive and corrective mainten-
ance, what might be the frequency of necessary
shutdown for repair and what might be the

cost for interrupted production in case of such
shutdown.

The first and primary careisto have statistics
an existing equipment showing all actual, im-
portant facts to make it possible 1o forecast

wi'h reasonable security what will be the main-
tenance frequency and cost for this equipment.
Secondly, the possible new equipment should
at tendering stage be sufficiently known to faci-
litate the corresponding forecast, and of course,
to plan in beforehand the necessary maintenance
resources and training.

The cost for shutting down operation un-
expectedly is of great importance in case there
is a considerable risk for such shutdowns and
we have to reckon with a great deal of correc-
tive maintenance. We can conclude that
from our operation statistics. If so our orga-
nization for maintenarnce must have a high
degree of readiness for quick corrective actions,
which is more expensive than working strictly
to a plan of preventive maintenance, To
decide what the shutdown cost is in  different
operation environment {s important and must
fall upon management. To stop operation in a
moment when any produced item is immediately
consumed by the customer must apparently
cost more than if we produce to stock and
delivery is not interrupted. Of course, keep-
ing a stock will cost, but might be necessary
just for this purpose. If so, this cost is a
maintenance or operation cost to be taken into
account and like the rest charged tothe pro-
duced items. Another solution toavoid deli-
very interruption in case of failure is to have
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Cost for shutdowns and possible
costs for remedies against interrupted
delivery must be judged with care,

double equipment, one in operation and one
standby ready to shutin. This cost is also
heavy, but is in some application necessary
when interrupted delivery just cannot be accept-
ed. When comparing the cost for existing
and new (or renovated and modernized) equip-
ment, this calculated risk of failure is of utmost
mmportance. Cost for shutdowns and possible
costs for remedies against interrupted delivery
must be judged with care and taken into account,

Investment Costs vs. Operation Costs

Cost trends: To avold failures or diminish

COsT

—_—
|
| TS ey

BEST ALTERNATIVE

MAINTENANCE OR RENEWAL

the risk for failures, equipment could be built
with a high degree of security of function, such
as with best material and high accuracy and
after thorongh and careful prototype testing.
This costs much under the heading of investment
and reduces the maintenance cost. The main-
tenance cost can also be reduced by raising in-
vestment costs if the designer gives the equip-
ment a high degree of maintainability which
means mainly two equipment qualities. The
one is the possibility to take quick corrective
actions in case of failure by seeing to it that
defects can be quickly localized by indication
routines and measuring points, by easy opening
up for inspection and by €asiness to change all
parts exposed to stress and wear. The other is
to include indication devices, where possible,
for indication of successive wear of exposed
parts, so that preventive actions can be planned
and performed in due course in preduction slack
period.

If different alternatives of equipment design
are considered, it might be possible to represent
the variations of the cost for investment vs.
cost for maintenance in a diagram like the fol-
lowing (costs are broken down to each produced
unit or can be discounted 1o present moment)
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The diagram is principally valid but can
naturally not be generally appliedto industrial
equipment in this simple way. It shows, how-
ever, that it is possible to find some design.
where total cost 1s lowest. A lower failure rate
would be too expensive on the investment side.
A higher would be too expensive on the main-
tenance side. The presupposcd shutdown costs
could be or could not be included in the main-
tenance cost when calculation is done. In
certain applications where failure is prohibitive
the best solution mirht be to have a moderate
failure rate at a comparatively low investment
cost and to have a standby reserve unit to fall
in case of failure. A single unit with very
high security of function i.e. extremely low
failure rate would cause a prohibitively high
investment cost.

A main point in this section is to discuss the
trends in changes of costs or how fo find a good
solution which is good even after years of service.
Two main points in the industrial price trend
are the raising wages and the resulting higher
mechanization of production. When using
successively less manpower to produce a certain
amount of equipment, it is obvious thatit will
be comparatively cheaper to produce and more
expensive to maintain, as maintenance is a
handwork. A. machine, which is built in series
on a production line with efficient methods,
efficient tools and a high degree of mechaniza-
tion, still takes a certain number of man-
hours to pick apart and to reassemble not to
speak of the time to measure and inspect all the
parts to decide whether they must be exchanged
for new ones. If we look at that diagram again
we might judge, that after a few years the mainte-
nance curve would be like the dotted one which
would result in a new total cost curve and a
new point for minimum cost more in favour for
higher investment and lower maintenance.
As the equipment is meant to live for a number
of years one must consider the mean maintenance
cost during the life of the equipment. Again,
therefore, these mainienance calculations re-
quire good judgement about how long a time the
equipment must serve and how the manpower
costs will develop during that time.

This tendency of successively less maintenance
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is accelerating in the developed industry ereas
of today and is stronger as industrialation is
pronounced. The actual situation in an arca and
swiftness of the trend of changing towards
quicker scrapping and renewal may be consi-
dered as an indication of the degree of industrial
cevelopment. If one can judge about this
trend and compare this with the trend in man-
power cost one has a good ground for judging
the future best combination of investment and
operation costs.

There are, of course. reservaiions to be done
here. As touched on before, the investment/
majnienance cost combination is not always
the only criteria. There might. insome cases,
be special operational reasons for limiting the
failure rate more than would be dictated by cost
considerations. Consequences of failure might
be prohibited for recasons, which cannot be
valued in a cost calculation. Further, even
the more expensive, more securc-of-function
equipment needs maintenance. This main-
tenance, though less frequent and more plan-
ned, less corrective and more preventive, needs
skill and accuracy and might well be more ex-
pensive per manhour, which must be taken into
account and prepared for.

Useful Life of Machinery, Market Requirements,
Effectiveness, Cost-relation Aspects

In the first two sections it was presumed
that the useful life of the machinery ends when
it is worn to such an extent that further main-
tenance would be uneconomical and that no
other circumstances would influence the point
of time where renewal would be due. In many
cases however, the problem is more complicated
as the flow of income from the production of
the machinery, intended to pay for investment
and operation costs, is not as steady as pre-
sumed. The production is sold on a market
with the usual conditions. Suppose, that the
trend of the market is such that the price drops
for some reason, perhaps a competing product,
better and cheaper as a result of the technological
development. Or suppose that the demand at
the same price drops to a lower rate for similar
reasons. Or suppose even, that the demand
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rises as we might deal with a modern product
which is coming into extended use.

What happens then to our calculafion?
In the first case the income drops. The pro-
duction could be the same, as the demand for the
product does not drop. The cost for the pro-
duction, invesiment as well as operation costs,
are constant. Our income does not pay encugh
ally more and further operation would be at
a loss.  1f this new situation prevails, our useful
life is up. A new machinery with lower costs,
cheaper maintcnance, less shutdown, generally
cheaper in operation per product unit and
perhaps by a higher, more mechanized production
would be the solution. if we want to stay in the
market.

The second case is similar. We want to
stay in the market notwithstanding the fact
that the demand drops. To do that we must
lower our costs per unit. Our lifetime for the
existing machinery is up and a new machinery
lifetime must begin. The market can, however,
change the other way. Suppose that we have
a machinery, perhaps a bit uneconomical but jt
pays for its costs, while it is used a certain
number of hours per week. We are consider-
ing renewal for reasons of investment and opera-
tion costs. Suppose that the demand rises.
We can meet the demand by running two
shifts. The operation costs per unit might be
raised a bit but the investment capital is ulilized
better and we could operate the machinery in
a new €conomical situation that lengthens the
aseful life until we have still higher operation
costs because of maintenance demands.

In this case we might be tempted to invest
in a new, better machinery in order to utilize
the new situation and serve our clients by a
higher production, but that is another story.
Our old machinery did no doubt get a bit
longer life,

Conditions in that part of the surrounding
market, where we ourselves act as buyers, namely,
where we aquire material, will, of course, affect
our calculations in a significant way. Prices
¢an vary to or against our favour and the sup-
ply of material can diminish or stop entirely.

OR RENEWAL

For maintenance, the supply of spare parts
is thus a specially important point. = Suppliers
of equipment keep spare parfs in stock for a
limited time after stopping the production of
certain equipment models. After that, spare
parts, on special order, will be very expensive
iIf at all possible to aquire. Suppliers of equip-
ment can vanish from the market entirely and
nobody takes up their production. Suppliers
sometimes have an unpleasant habit of changing
their models, to improve them, without saying
a word, which can mean different spare parts,
which then suddenly do not fit into our equip-
ment when we want them to.  All these things
about spare parts have to be thoroughly in-
vestigated when we consider the interesting  al-
ternatives, as under *Normal Profit calculation’
In other words, speaking of lifetime, when will
the useful life of our equipment end jusi because
the spare part will rise in price to a’ prohibitive
level or because they cannot be aquired at all!

Still another situation for us as buyers can
arise. If, for instance, a machine appears on the
market, which can do the same job at a lower
total price per produced unit than can be done
with our existing machine, then it would be
profitable for us to change, provided our ‘still
not depreciated capital costs’ can be taken care
of within our calculation. In that situation
we would consider the useful life as ended. We
might cven be able to sell the old machine and
let the income help the remaining deprecia-
tion.

QOur conclusions of this discussion is that our
machinery is a part of a system, a link in a
production-distribution chain, where more cir-
cumstances than just mainlenance conditions
and maintenance costs decide the lenglh of the
useful life. These circumstances can be re-
presented by a model of our machinery which
could be called the effectiveness-cost-relation.
The effectivencss of our equipment is represented
by the services it can, and does, accomplish
and the price that is paid for these services,
whereas the resources to be spent for the
purpose are represented by the  costs,
specified nnder “Normal profit calculation™.
These services and spent resources must be in
balance and even give the necessary surplus to
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pay for gencral overhcads and the profit by
which investment capital can be raised. When
such balance no more can be supported, the
machinery is not “‘alive” and if this situation
turns out to be stable the useful lifetime is up.

The conditions which dictate prices and costs
can differ from what was once presumed and
so the once planned lifetime can unexpectedly
be shortened. If then the invested capital 1s
not depreciated or, in other words, not fully
utilized, that will mean a loss. Therefore, it is
always advisable to depreciate at a higher
rate in the beginning of existence of the
machinery, when it is possible to survey
the conditions with more security and
later on. when unexpected changes might
occur, be sure to minimize the possible loss
if conditions should turn out to be such that the
machinery must be taken out of operation.

It is further advisable sincerely to consider
an overcapacity in the beginning, if calculations
show that the then somewhat higher costs,
because of the limited utilization of the equip-
ment, can be accepted even with the relatively
higher depreciation in the beginning. Should
then the market turn out to be able to consume
a bigger production, such one is prepared for
and possible to accept. This means, in other
words, that a lower profit is accepted in favour
of a possibility to accept variations in the mar-
ket requirements.

This discussion is principally valid also
for a piece of machinery which ispart of a
complex installation, where the market prices
are valid only for the products of the latter.
The raising maintenance costs for the piece
of machinery in question is affecting the total
production cost and the market price and market
demand will limit the costs that can be accepted.
Fach piece of cquipment has not only a cost but
also a price for its services, which, though
only calculated as part of the market price, has
to be in balance with the costs.

Facilities for Maintenance

From what is said above it can be concluded,
that the maintenance cost as part of the operation
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costs must be known or presupposed with
a certain security or confidence, if we want our
calculation to show itself as reliable, So we
must be able to predict not only the maintenance
demand, planned preventive or unplanned cor-
rective, as well as the failure rate. When and
how often will corrective maintenance be neces-
cary? What disturbances of operation and of
product delivery do we have 1o take into
account? We must as well know how the neces-
sary maintenance actions should be perfor-
med best and how much they will cost. This
in turn makes it necessary for us to know how
we should build up and arrange the necessary
maintenance resources to make these as fit
as possible for the job. This is to say that the
maintenance department should be able to
cope with any maintenance requirements that
arise and still be continuously occupied with
essential jobs, or in other words capable to do
its part of the job to keep operation costs within
the limits and still be as cheap as possible.

There have been found examples where main-
tainers sat alongside with steelmilling ma-
chines in steel works day and night, in three
shifts, doing nothing but wait for failures
to occur, to be able to set about the corrective
job immediately. It would be much better
not only for pure economical reasons to do a
preventive job on these mills once in a while, to
ensure that they work satisfactorily, in between
preventive maintenance occasions.

This is not an example with general validity.
In many cases it is better to have spare standby
equipment, if operation must be uninterrupted
and to do corrective maintenance jobs when
necessary. Examples of this is modern elec-
tronic equipment, where preventive jobs do not
meet with the requirement to really be preven-
tive, as many of the components often break
down on irregular intervals, which cannot be
predicted. Preventive jobs, that require open-
ing up of equipment, can also insert new defects.
Of course, such preventive jobs as regular testing
and measurement of operating standard, without
opening up, are done,

So the relative importance between preven-
tive and corrective maintenance is individual
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for each kind of equipment and depending on
such things as the requirements for un; nterrupted
service, Whatever the case, it is important
to know as far as possible, which maintenance
Jjobs, preventive and corrective, must be reckon-
ed with. This knowledge is the base on which
the maintenance resources must be built, This
knowledge must be acquired in all possible ways
by pressing the confractor, by collecting infor-
mation from other sources where possible, and
specially by maintaining an own reporting and
information collecting system for following up
experiences of one’s own equipment. Con-
tractors are often eager in these days to collect
information about their delivered equipment
in operation.

So all actual jobs should be listed as far as
it is possible to know anything about them.
Each job should be specified as much in detail
as possible, giving:

— frequency, fixed or predicted,

— whether initiated by calendar or opera-
tion time or by indication,

— whether preventive or corrective,
— efficient working time for the job,

— manhours and, thus, number of men as
an average,

— necessary tools, transport equipment,
other workshop facilities etc.

— estimated requirement of spare parts
and other material,

— appropriate instructions and drawings,

— nccessary capability or training standard

of the maintainer responsible for the job,

— which part of the organization {opera-
tors, inspection squads, maintenance
workshop specialists etc) is most sui-
table fo do the job.

MAINTENANCE OR RBNEWAL

The summing up of these facilities, man-
hours, instructions, ete., makes up the necessary
maintenance facilities of the factory in question.
Of course, it is not possible to cover all Jjobs
by this listing. A number of small jobs, one
different from the others will always arise so
an addition of workshop capacity 1o make
up for this balance will be necessary. Further it
must be kept in mind that the frequency of the
different jobs as given mostly in operation hours
will vary when speaking in calendar terms,
weeks, months, ete. with the production rate
or the utilization of the machinery in operation
hours per month. Thus the capacity of the
maintenance department varies with the actual
produetion rate, in so far as a certain number
of operation hours will generate acertain amonnt
of maintenance necessary 1o bring the equip-
ment back into top trim.

However, this list of specified jobs (each
specification being a rough instruction, with
reference to a special instruction book, when
iecessary for more intricate jobs) is the nucleus
of what can be termed as the Maintenance Sys-
tem.

This maintenance system can be looked upon
as a maintenance planning and control device
with the aim of keeping the material of whole
technical system at specified operation avail-
ability and at a controlled and lowest possible-
Cost,

Such a system, in its general lines and build-
up. is generally applicable to maintenance of
any complicated technical system, and is of
course, already used in many applications, how-
ever, under various labels and vocabularies,

The main parts of such an administrative
planning and control system would be a5 follows:

Planning, survey
Ordering
Maintenance Instruction

Planning, detail



A ULLMAN 389

Management
New equipment - — L—"
projects . Resources
1 f1
Experience 2
el Requirements
Data Bank
x,___.__— Planning \_—j
Survey
Maintenance + Cotrrcctn-e
i action
Instructions Ordering Survev plan

!

\ ; Planning
* Detail 1

vailure and
job analyse
Corrective action

Performance __} Corrective acticn
Detail plan

il

* Distu rbancesi{ —/

L_ Follow up I Follow up ;
"micro” i "macre'
| i)

Muaintenunce System

Administrative Maintenance Planning System



MAINTENANCE OR RENEWAL

Performance

Follow up, survey (macro)
Correction of survey planning
Follow up, detail (micro)

Correction of detail planning

Correction of Maintenance fnstructions.

These headlines wo not say much as they are,
Take. however, a look at the diagram.

The main planning function comes direct ly
under the management. This planning is done
in rather broad lines, budgeting, say a year
ahead, but also a somewhat less fixed planning
for say 3 years ahead and a long-ange prespe-
ctive for say 6 or 7 years ahead. This planning
18 reconsidered each year and “rolling” for-
ward a year each time.

The input data are mainly the requirements,
predicted for the time to come, based on plan-
ned production, machinery condition and the
resources such as money, labour, space, buil-
dings etc., put at the mainteance department’s
disposal by management. Requirements for
maintenance and resources must correspond,
hence the two-way communication.

Plans must be put into activity by an order-
ing function at the right instant, not too late
(for too detail planning) and not too early
(creating too much possibilities for disturbing
ordering).

Ordering from Survey planning is followed
by a Detail Planning function comprising all
sorts of necessary workshop planning and work
preparation.

This is followed in due course by the Main-
tenance Performance, the actual! trouble shoo-
ting-dungarcc-spanner-oil can phase of the job.

In the diagram has been omitted, for simpli-
city reasons, the pointing out of various adminis-
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trative connections with the different production
activities,

Input information signals to the planning
functions can be executed by routines such
as consumed service time which makes pre-
ventive maintenance due, or service capability
data, which reveal that gradual failures are
to be expected.

1f now all input information and all planning
was correct, everything would be just fine.
Nothing in this world, however, turns out as
good as expected,

So is the case with maintenance. All sorts
of disturbances occur. Forinstance, the demand
for maintenance will turn out to be different.
The failures will occur when production for a
demanding sales department is at its peak and
when the machinery just must not stop, the lack
for skilled people will suddenly become
apparent when we did not expect, to mention
just a few examples.

The “Macro follow up routine” should be
able to catch and report such things and turn
them into corrective action at the differ-
ent planning levels. If the disturbances are
such as to require substantial alterations of the
volume of maintenance and therefore make
alteration of resources supply necessary, it must
be taken care of by the survey planning function,
which might require new resources at disposal
by management decision. In our diagram we
also had a space called Maintenance Instructions.
These are actually the nucleus of the system and
therefore specially marked by a double frame.

These instructions describe the different jobs
to be done on each item (and subitem. exchange
itemete.) and also state for each job the different
details as given above. All these information
data are required for planning such things as

— required resources, economical, technical
and others,

— downtime for machinery,
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— most ;ﬂiqient use of the maintenance
organization,

— development of maintenance organi-
zation to meet future demands ete.

Above was mentioned the “macro™ distur-
bances. Itcan, however, also be experienced
how maintenance instructions turn out to need
modification. The “Micro follow up routine”
should be able to catch all such occurances as
when the bitter reality differs from written in-
structions. The source of this information are
the failures with the corrective maintenance
actions as well as the prescribed or as necessary
judged, preventive jobs. These should be effici-
ently reported and analysed and if this analysis
points out that a modification could be of value
a corrective action in the form of new editions
of instruction means new input information to
the planning functions.

This analysis of failures and jobs also adds
{o the experience of machinery service and
design and reveals possibilities of improving
security of function and maintainability of the
machinery as well as of improving the main-
tenance organization to give a more efficient
maintenance supply.

This experience can be used for moderni-
zing the existing production equipment (which
for the sake of simplicity has not been indicated
in the diagram) but also for formulating the
reliability and maintenance requirements and
predictions when specifying new equipment.

Two main points in using this Maintenance
System are to be specially underlined in this
connection. One is the  possibility to
maintain an actual knowledge of maintenance
requirements of the different machinery pieces.
We have earlier underlined the necessity of
knowing as much as possible of our mainten-
ance requirements. By means of the reporting
which is a part of the System we always get
new actual information to correct the one we
already have and to fill in the gap, where our
knowledge was not sufficient. The other which
is already touched upon, is the possiblity
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to maintain an actual plan over the necessary
maintenance resources, their capacity now and
in the future. This means a practically working
plan over the buiding-up for new production
equipment and—if lacking—for the present
production equipment of :

— maintenance requirement knowledge for
completing the instructions,

— personnel capacity, recruit-

ment, and

training

— material capacity, i.e. workshops, tools,
spare parts, transport equipment, other
working utilities, elc.

The knowledge of maintenance requirement
might call for work studies in traditional
meaning to be carried through either at home
or through the contractor of new equipment.
The personnel and material capacity might often,
when we are uncertain of the exact amount
and when this is expected to vary to a great
extent especially in the way of difficult-to-
acquire specialists, with advantage be brought
from other companies, maintenance contra-
ctors.

Type of Machinery, Equipment and Branch

The reader, nndoubtedly, will ask for more
detailed information for actual, generally valid
maintenance costs, lifetimes, failure rates and
appropriate maintenance resources for different
types of machinery, equipment and branches.
Such information used with care could, it 1s
natural to think, be a good gnideline for the
maintenance and production engineers when
tackling these problems.

Such information could, however, be very
misleading, and will not be given. Above is
shown a great number of interfering conditions,
typical for each factory, that affect the
profitableness in a determining way. This
will specially be valid for developing countries,
where individual conditions for each country
are known only by executives and experts
this country, or can be found by special



392

studies. Furthermore each enterprise has its
routines of normal profit calculation and as we
here deal with profit problems, which are not
different, principally, than other such problems,
the best way is for the production and mainten-
ance engineers to find out all the different fac-
tors, which affect their profit, predict their
possible trends of change in the near and distant
future, sit down with the accountant experts
and see which alternatives can be satisfying.
Then design their Maintenance Systems and
make their maintenance plans for the time to
come and plans for an appropriate and efficient
maintenance department.  This requires a thor-
ough look into the future for many different
affecting factors. As the saving goes: “Tt
is difficult to predict, specially about the future!”
It has, however, to be done, and doing so one
must judge the rate of uncertainty valid for the
different factors and how a misjudgement could
affect the result.  And Iurther by the reporting
system find out how these factors really come
true.

Financial and Tax Aspects

Financing of big modernization schemes
or of renewal of machinery involves tax aspects
of which nothing generally can be said. The
tax laws vary not only from country to country
but also from time to time. The governments
want to contro the industry in such a way that
it will be beneficial for employment or generally
for development and to direct employment-
creating investments to areas or branches
where this is thought to give desired results.
Investments can, therefore, cause tax allowances
in some areas (or countries) as well as exira
taxes in others. These will have to be consi-
dered as plus or minus in the investment calcula-
tions. according (o normally used methods.

The economy of investment will be strongly
aftected by the source of the money. If the
enterprise has its own money set aside for invest-
ments, a decided annuity of interest and depreci-
ation has to be caleulated. Tf the money is
borrowed this annuity is fixed by the conditions
of the loan. Any possible subsidies, govern-
mental or others, dictate their own conditions.

MAINTENANCE OR RENEWAL

The different scientific models designed for
maintenance/renewal problems touched upon in
the following section are sometimes designed
to take thesc financial interest and tax aspects
into account.

All these questions are, however, normal in
connection with investment calculations, which
do not fall within the frame of this paper,

METHODOLOGIES FOR SUPPORTING
DECISION ON MAINTENANCE OR
RENEWAT, AND THEIR APPLICATION

From what is said above under the section
‘Normal Profit Calculation’, it should be obvious
that the proper method to support a decision
on maintenance or renewal is a regular invest-
ment calculation. where different alternatives
are compared with reference to profitability and
where the cost of a suitably arranged mainten-
ance is playing its proper part. As investment
calculations are beside the aim of this paper,
it is not the proper place to describe or evaluate
different such methods.

As many of the important factors, that in-
fluence the result considerably, have to be based
on judgement oreven qualified guesswork, the
soundness and probability of these are more
important than whether a more or less sophisti-
cated method. is used.

Here will however be presented, in short,
one method. worked out by the Machinery and
Allicd Products Institute, USA. It was pre-
sented for practical use in 1951 and is adopted
by several industrics in the USA and Europe.
Among the published works on the method
are the following:

G. Terborgh: Dynamic Equipment
Policy. (Giving the theoretical back-
ground)

MAPI Replacement
ground in short)

Manual, (Back-

Company Procedural Manual on Equip-
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ment Analyses, {(Practical instructions,
forms etc.)

Business Investment Policy, (Certain
revision of earlier recommendations,
where the influence of taxes are taken
into consideration).

The MAPI Principles

MAPI holds the position, that the most
important problem of an investment calculation
for machinery and other equipment is a question
of time:

“When must an equipment be replaced
by a new one?”’

“What does it cost to use the old one
another year?”

If one waits too long, the operation costs
of the old one will be too high, if one changes
too soon, the capital is not utilized correctly.
Both cases represent too high costs.

To answer the question whether it is profi-
table to change an existing equipment for a new
one, the MAPI-mcthod compares the costs for
the existing and the new equipment if either
is used for next vear ahead.

As is touched on earlier, the economical
lifetime of an equipment depends on, among
others, on which competitors have this equip-
ment and will have. With the successive techni-
cal development it is necessary to reckon with
the fact, that an equipment used today, sooner
or later will be replaced by a new one, as well
as that an equipment obtained today, must be
replaced some time. Ina calculation method,
intended to answer the question when this
replacement must occur, these new cquipments
and the costs for them must be taken into
consideration.

As it is difficult to predict correctly neces-
sary data for all in the future available machi-
nery, the MAPI method simplifies the calculation
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by replacing those with presumptions, on which
a calculation model is based.

The first presumption is that: All equip-
ments, available on the future market have
same optimal cost as the most economical,
that can be acquired today. The optimal cost
is here the minimum combined cost of average
capital cost and operation cost, which includes
an average ‘‘inferiority of operation costs™*

The sccond presumption is that: The equip-
ment, which can be obtained today will, with
time, be successively more worn by operation
and older. Consequently it will be more and
more inferior to equipments available in the
future. Regarding the course of this inferiority
of operation costs it is possible to do alternative
presumptions. The MAPI method has three
alternatives, namely:

I, The inferiority is linear to time

ii.  The inferiority is stronger towards
later parts of the useful life.

ili.  The inferiority is stronger during the
first part of the useful life.

The third presumprion is that: For an equip-
ment, already acquired and in use, the sum of
inferiority of operation costs (compared to a
new ecquipmeni) and capital costs will be
fowest during “next year”. In other words,
the operation costs will increase more than the
capital costs decrease if the operation time
isextended over next vear. The total yearly
costs will increase year by year.

With these principles we have simplified
the problem. As all future equipments are

*Suppose that every year we could have the best
machine on the market and that this one can
do the actual job at constant operational costs.
Our existing machine will then be successively
more inferior to this “every year best machine”
because of wear and age., This ‘“inferiority of
operation costs” is given as a sum of money by
which the difference of operation costs is increasing
each year.
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assumed to have the same optimal cost we can
limit the investment calculation to a compari-
son of next year’s costs for existing equipment
and the best that can be obtained today.

Next Year’s Costs

For existing equipment next year's costs
consist partly of operation costs, caused by the
utilization and partly of a capital cost, caused
by the diminishing value during next year and
the interest on the capital investment in the
equipment.

For new equipment,** which can be obtained
today, next year’s costs must be calculated
differently. We can divide this cost into the
following parts:

1. Operation costs

2. Capital costs

**When considering new equipment one assumes
that it is totally depreciated at the end of the
vseful life. Earlier it is assumed that when consi-
dering replacement of existing equipment, this
might not be 1otally depreciated. This will be
taken care of by his method.

TOTA- HPERATION ==
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3. Inferiority of operation costs.

Operation costs as for existing equipment,
are,those current costs caused by next vear's
utilization. Capital costs depend on the pre-
supposed best usefullife. Obviously we must
first find this.

If for the presumed new equipment we have
calculated the average capital cost per vear
for a successively extended useful life (lower
per year as life is longer) and the operation
costs and have added to this the inferiority of
operation costs and represented these in a
diagram by curves, we will find that the total
added yearly cost will have a minimum. The
point of time for this minimum will show the
economical nseful life,

It is now possible to compare the total yearly
cost for “next year”. If thisis done for a num-
ber of successive “‘next years” it will be possible
to find out, which year the total costs of a new
equipment will be less than those of the existing
equipment (at least according to this simpli-
fied method) and when consequently this one
should be replaced. The mathematical develop-
ment and a nomogram, based thereupon avail-
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able for simplifying the use of the method, will
not be shown here.

Scientific Work

It is natural, that problems concerning
maintenance or renewal have attracted interest
from scientists of economy in cases where the
equipment turnover is a heavy item among the
costs of an enterprise.

An example of such work found in the science
literature! concerns a company operating 140
electrical fork-lift trucks. Two problems are
posed :

i.  What is the optimum working life of
an average truck in the fleet and to
what extent is this life affected by
discounted cash flow (DCF) consi-
derations?

i, Should the optimal replacement policy
for the average truck be imposed for
every truck in the fleet, or should a
separate policy be formulated for those
trucks the maintenance cost of which
differ much from the average?

The effect of capital allowances for tax
purposes is included. The author designs and
compares two mathematical models, the first
of which is associated with the total average
costs per year, the other with the present value
of all future costs and comes to the following
conclusions:

1. The study has well demonstrated the
importance  of considering capital
allowances for tax purposes.

2. The two investigated models have yield-
ed comparatively flat objective func-

A Studyv in Equipment Replacement by 5, Eilon, JL.R.
King, D.E. Hutchinson Imperia 1College of Science
and Technology, Operational Researeh Quarterly
Vol. 17 No. 1, March 1966, Pergamon Press, Oxford,
London., New York, Paris for Operational Research
Societety, London.

395

tions near their optimum peints, which
suggests that it would be more meaning-
ful and practical to specify an optimum
range of equipment life in a replace-
ment policy, rather than a single value
of the economic life,

The two models give somewhat different
results. Model 2 is more appropriate
theoretically, if technical obsolescence
could be taken into account. Model 1,
which suggests replacing the equip-
ment more frequently than Model 2,
has the advantage of providing an
opportunity of assessing technical inno-
vation and new design of equipment
at shorter time intervals.

LUS)

Apparently this work discusses possible
models for supporting decisions of maintenance
or renewal and is using an example of strictly
limited structure., Furthermore the statisti-
cally acguired information of how maintenance
costs of these trucks vary with time does not seem
to be very reliable. It might have been worth-
while by using all maintenance costs instead of
as in this case, the costs for just 10 trucks out of,
some 140, to find out a more realistic function
of maintenance cost against operation time.

A later example of scientific work is concer-
ned with simultaneous determination of optimal
repair policy and service life.® The author
says, that the problem of determining
optimal service life of a machine has been dis-
cussed during a long time in the literature under
the assumption that repair costs arc given.
Empirical findings and theoretical discussions
suggest, however, that repair costs and service
life are related and should be determined simul-
taneously.

The cash flow associated with a machine is
treated in this paper as a continuous process.

*Simultaneous Determination of Optimal Repair
Policy and Service Life, B. Naslund, University of
Stockholm, Reprint, Dept. of Busines s Administra-
tion, Box 23015, Stockholm 23,
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Empirical findings and theoretical
discussions suggest that repair costs and
service life are related and should be

determined simultaneously,

The flowis affected by the two decision varia-
bles, repair and service life, The aim of the deci-
sion maker is assumed to be the maximization
of the present value of the cash flow.

The author claims that among various me-
thods suggested in recent development of control
theory one of the most promising is Pontryagin
Maximum Principle. Built on this principle
the work suggests a mathematical model by
which it would be possible to find the optimal
form of “repair policy” i.e. money successively
spent on preventive and corrective mainten-
ance as well as “service life” or operation time.

A later work® suggests a modification
of the model of reference? using also the Pontry-
agin’s Maximum Principle, where the aim is
to obtain the maximal value of owning the
equipment, i.e., the maximum discounted income

*0ptimal Maintenance Policy and Sale Date of a Mac-
hine: G. L. Thomson, Carnegie-Mellow University,
Management Science, Vol. 14, No. 9, May 1 968.
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plus discounted sclling value by choosing the
amount of preventive maintenance and the sale
date. This model is no doubt a valuable deve-
lopment of the model of reference®. To be
useful for the practical engineer, however, that
presumption must be valid, that maintenance
costs, the influence of maintenance on producti-
vity, and as well on sale value and productivity
deterioration if not maintained preventively,
must be known with certain security and ex-
pressed in exact figures suitable for calculation,

The same or corresponding restriction is,
of course, valid {or all theoretical models. This
scientific work is most welcome and promising,
Before such work can yield practical solutions
of more general interest for production and
maintenance engineers and investmert decision
makers there must be more information avail-
able based on effective information collection
and data processing systems to make sure that
the input data in the models are appropriate.
Furthermore these data, strongly influenced by
local environments, will not be generatly valid
without restrictions for branches or types of
equipment. Consequently each enterprise must
have its ewn information collecting work done
continuously. Finally when such information
is available the models must be tested under
different conditions and environments in differ-
ent branches and on different types of equip-
ment.

By such work it might, in due time, be possi-
ble to shorten the way for the decision maker
to the goal of making sound maintenance/rene-
wal decisions. In the meantime the traditional
investment calculations will be the main help.
However developed and detailed these might
be done, there is no shortcut to find
correct cost  and  income information
and sound judgement aboutthe trends of
the tuture. There will be no witcheraftl in
future mathematical models by which correct
information collection and data processing and
the old-fashioned sound judgement and common
business sense can be by-passed. The only
thing we can hope to do is to give the
decision maker a better support. 000



Procurement, Storage

and

Distribution of Spare Parts

EP Leiter*

There is hardly a general applicable solution for spare parts supply problems.

The objective,

however, is “the rjght parts in the right quantity, at the right time, in the right place’’. Appreciation of
the operating environments would aid in the procurement, storage and distribution of spare parts.

THIS paper deals with Procurement, Storage,
and Distribution of Spare Parts from the
points of view of management, giving practical
solution from the view of a world-wide sup-
plying manufacturer of machines. We are
producing highly qualified machines which are
not manufactured as single units but as optimum
series production on progressive assembly
lines.

There is hardly a general applicable solu-
tion for spare parts supply problems. In a
definite case of need we have firstly to ask
whether the object for which these spare parts
are required is a sturdy standard machine or a
more sensitive special machine, whether it is a
question of a product of single-part production
or series production.

We have to ask whether it is a question of
problems of short-sight spare parts supply or
problems of long-term spare parts supply.

By means of further questions we are trying
to find out what are the problems which oppose

*Gebr. Claas Maschinenfabrik  G.m.b.H,
Republic of Germany

Federal

a smoolh-running spare supply. There are
large distances betweer, the machine manufac-
turers and the user; consequently communi-
cation problems and transport problems. In
addition to that there are specific geographical
and climatic obstacles, not 1o forget economica
barriers,

You can see already from this brief descrip-
tion how problematic the spare part supply
is and which factors play a decisive role,

We don’t want to see only the difficulties,
but the main points are:

What does the machine user want?
What are his ideas and wishes?

and how canthe machine manufacturer come
up to these ideas?

With the spare parts business it is the same
as with any other problem in the world. With
a good co-operation from both sides there is
a good solution to any complex of questions.

As T said before, we want to see the subjgct
from the view of a world-wide manufacturing
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and world-wide supplving manufacturer of
highly sophlsticated special machines who
supplies 1o all five continents. Itgoes without
saying that such a manufacturer can rely on

very comprehensive experiences.

Based on this experience there is only one
motto for a good and efficient spare parts

policy:
The right parts,
in the appropriate quantity,
at the right time
in the right place.

This single rentence contains the require-
ments and demands of the machine users as
well as the tasks of the machine manufacturer.

Converting this principle into practical work
means:

First of all, only such parts
which are subject to more or
less rapid wear, and which for
this reason are required at
short notice and for the major
part of the machines in the
respective country.

The right paris.

Not too much and not too
little.

In the appro-
priate quantity:

too much—Large binding of capital

too little—Breakdown of machines, loss
to the machine user, partly
complete lossin value of the
respective machine.

Not at birthday and not at
Christmas, but always in that
very moment when the spare
parts are necessary, that means
at the peak of work during the
time of highest stress or in
case of a breakdown of a
machine.

At the right
time:

PROCUREMENT, STORAGE AND DISTRIBUTION OF SPARE PARTS

The most beautiful and com-
pletely filled central depot is
of no use if the machine user
has to wait for days or weeks
until he gets his parts.

In the right
place:

The primary wearing parts
must be available 1 that
place where the machines are
operating and where they have
suffered a breakdown due to
a damage.

These are the vital aspects of a quick, effec-
tive and economical spare parts concep-
tion.

All we have to do now is to speak about the
ways that guarantee the realization of the
motto:

The right parts,

in the appropriate quantity,
at the right time,

in the right place.

This demand applies as much to Africa as
to Australia or South America and, of course,
also to the European countries.

We know that more of the machines in
the world run for 10 years without any repair;
the higher the working vaiue and the price of
a machine the more important is it to ensure
its operational reliability. That is a fact
which applies to all machines, and it is at the
same time the tribute we all have to pay to the
technical development.

The engincers of all important manufactur-
ers are trying hard during their designing work
to obtain a far-reaching frecdom of mainten-
ance. This ideal cannot be realized to a 100%,
and above all the operation under particular
difficult c¢limatic working conditions causes
additional problems which can only be over-
come by a good spare parts policy and an
effective service,
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Procurement

An economical procurement policy which at
the same time takes into account the specific
requirements of the respective country is not
quite easy.

These thoughts are influenced quite comnsi-
derably by

the information f low,

the delay in procurement,

the way of fransport,

the import licences,

various customs regulations,

the import problems,

the foreign exchange problems,

and, of course, also by the
distribution problems in the country.

These thoughts already make it clear to
everybody who is semewhat familiar with this
subject that from the very moment the
purchase of machines is being discussed it is
absolutely necessary to handle the spare parts
problem with the same importance and prece-
dence.

But it is also clear to the same extent that
reasonable considerations can only be made if
one can obtain necessary advice by manufac-
turer’s experls regarding the procurement of
the basic spare parts stock.

These experts know the wearing parts;
they know best which parts are particularly
affected by which conditions, and if the impor-
ter points out clearly the problems of his cases
of requirements, I. e.,

the conditions of operation,
his special demands, _
and his possibilities regarding organization,

it will always be possible to create by mutual
efforts the basis for a satisfactory spare parts

supply.
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For the building up of such a reliable Spare
Parts Supply Organisation, both parties have to
clarify the following presuppositions:

(1)
)
3)

What are the conditions under which
the machines are operating?

Number of hours of operation per
vear?

Will the machines be spread all over
the country or will they be put to
work only in areas of main efforts
during the initial period?

What number of machine will be im-
ported during the first year?

Place of central depot?

Where are wearing partstores (regional
depots) necessary and how many?

Area of (a) the central store, (b} the
regional depots?

What kind of shelves are available
in these stores?

How many m? are: (a) the total shelve
area, (b) the available shelve area for
the considered parts?

How are the ways and arrengement
of transport?

What is the situation regarding specia-
lists: (2) in the central store, (b)in the
regional depols?

State of training of these collabora-
tors?

Training of the collaborators in the
factory with regard to organization,
investigation of requirements, and sto-
rage system.

After clarification of these questions
setting up of stock order for the basic
spare part stock adjusted to the men-
tioned conditions and the number of
machines.

@

)
(6)

)
(8)
)

(10)
(11)

(12)
(13)

(14)

Such check lists, should be very simple during
the initial phase of co-operation, so that they
are the best basis for a successful operation.

Although a part of these questions belongs
to the field of spare parts storage, it is necessary
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and useful to have thesce questions clarified as
far as possible even during the phase of pro-
curement, o that the procurement of the basic
sparc parts stock can be adjusted to the
special requirements and possibilities of the
respective country.

For finding out the required quantity we use
a rough calculation:

10-20 machines of
same model:

202 of the machine value
for the basic spare parts
stock

10% of the machine value
for the basic spare parts
stock.

more than 20
machines:

This quota for the basic stock has to be ad-
Justed to the climatic conditions in the country
as well as the condi ions of operation,and accor-
ding to the experiences of the machine manu-
facturer it must include not only the fast moving
parts but also the normally moving parts.

To a certain extent it is also necessary {o
make arrangements for an accident, paying spe-
cial attention (o the availability of such parts
which cannot be made locally by crafismen.

When making up this order for the basic
spare part stock it 15, of course, necessary that
besides those points  already  mentioned
the numter of the corresponding regional
depots is taken info account as well as the distri-
bution schedule indicating in which districts the
machines are likely to operate.

This order has 1o te made up and placed
so carly that the procurement time by the
manufzciurer, the transport and importation
regulations are settled at least iwo months
prior to the actual requirements, lcaving two
months for the ordinary stocking in the central
store and the distribution in the country itself
as well as the regional depots.

To ensure such a working procedure, the
appreciation and co-operation of the impor-
- ting country and the importer respectively are
also necessary to the full extent o that the whole
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complex of questions including timely financing
can be seftled carefully.

For future procurement it is of vital impor-
tance that by means of a reasonable regquire-
ment investigation the actual demand is found
out and recorded so that subsequent order
can be worked out in time and above all only
those parts are subsequently procured which
are actually required.

These aspects are often not noticed or not
considered and cause increased demand
of capital and foreign exchange which is
completely uselessly employed by parts being
re-ordered which are not frequently used; in
other words the whole spare parts business
in the respective importing country must
be clear after two working periods at the
latest

In the central store of my company, which
manufactures special machines in series produe-
tion and supplies them world-wide, are stored
more than 36,000 items.

With only 2.8% of these 36,000 items, that
means with only 100 items, we covered 50.99
of the total demand during the past financial
vear.

55.4% areso-calledintermediate parts which
are only required on older models or in case
of major repairs, as for instance for general
overhauling actions.

41.8% of these 36,000 items are available for
very old or completely new models with actually
no demand during the current yea-.

Owing to a positive attitude of the manu-
facturing company and for reasons of loyalty
to products the parts for the very old models
are stored in small numbers.

Once in the respective country this effec-
tive organisation of the spare parts business is
achicved and ensured to a certain degree, a
rational, early and economical procurement
is not a problem any more.
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This vital organisation of the spare parts
policy can only be created if the spare parts
supply is built up as a system from the side of
the supplier as well as the machine user and

Operates eflectively by close co-operation from
both sides,

Storage of Spare Parts

When procuring the basic spare parts stock
respectively, when setting up the first order and
when establishing the storage system, very often
it is economised too much and exactly on the
wrong place. To recognise the ful] range of
this problem there s no other choice but to put
the clear question and to figure it ont in writing:

What does it cost, for example, to have parts
for $1,CC0 more on stock than being needed?

In the end it will cost only the interest of the
capital; and even with the interest rates today
bemg_comparatjvely high all over the world

that is after all ten iimes chegper than a
situation:

where machines are stopped in one country
due to spare parts shortage,

where machines cannot be used 2.3.4 weeks
or longer,

where spare parts have fo be reordered by
costly telcphone calls from conlinent to
continent and be flown in,

Out of my own experience I would like to
say: Here we are touching an essential pro-
blem of spare parts supply. At the wrong time
it always is economized too much and then
during the period of operation the above men-
tioned spare parts for $1,600 have to be flown in,

the air freight charges for these parts amounting
to §1,500.

Where is the economy and the obligation
to guaraniee a good service to the machine unser
in this case? where remains commen sense?

Here is a real example that occurred Just
recently in Europe:
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A larger combine harvester, value at about
$12.000, can only be used 6 to 8 weeks every

year, because the harvest period is not any
longer.

If this machine comes to
only one day due to just one spare part that
probably has a value of $2 or $5, the owner
will suffer a loss of 8 480 to $ 600.

a standstill for

What difference does it make if the concerned
spare part costs §5 instead of 4, but can be sup-
plicd from the regional depot within 5 minutes;
and how enormous will be the losses if a machine
for production comes to a standstill, because
if the necessary spare part is not available and
the whole production staff of 300, 400, 500
employees or more has to be interrupted?

Every customer will confirm to us that it is
not the price of a spare part but the quickness
of delivery thatis the decisive factor.

A good spare parts service requires a lot
of money from all of us,

These costs are already occurring when pro-
curing spare parts and by using fast procure-
ment—quick service by aeroplane in emergency
cases—the graph of costs s climbing up rapidly.

For the machine user it is therefore much
better and cheaper to pay one dollar more and
to avoid a loss of 3480 to $600 (note real exam-
ple) by getting the genuine spare part that is
guaranteeing him the correct funct:orpng
of the machine in a fraction of time.
The interest, the storage costs, the organiza-
tion and the necessary personnel can be paid
for and spare parts storage becomes interesting
to both partners. A really dependable spare
parts service can only be obtained and guaran-
teed on this basis.

Apart from the questions already dealt
with, the following problems too, haye an
importance in the storage and distribution of
spare parts:

(a) a reasonably constructed building, ser-
ving as a warehouse,
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(®)
(c) an appropriate shelf system,

(d)

sufficient storage possibilities,

a carefully planned system for storing
spare paris (locater system) by which
the whole spare parts policy 1n the
country itself can be made and can be
implemented.

A further presupposiiion for reaching this
goal and for the functioning of cvery organit-
sation is & minimum of orderliness and a
reasonable and faultless functioning and collec-
tion of all requirement data.

To reach this aim the machine manufacturer
will advise his partners in all countries and will
train their personnal, so that a minimum of
capital, a maximum of good organization, pro-
per functioning, and security of procurement
can be achieved.

Presupposition for this, however, also is the
willingness of these partners lo accept such
proposals and to overcome existing problems
of mentality so that the common aim can be
converted into reality by joint efforts,

A simple way and a simple system are—at
least in the beginning, in the run-in-period—ior
sure more cconomical and functioning more
expedient than a hypermodern, complicated
system for which, maybe, various presupposi-
tlons are missing.

Distribution in the Country

The problems discussed in connection with
procurement and storage have an essential
influence also on the distribution within the
country. No matter what economical system
is used in a country, when setting up a spare
parts organization it is important that the
partners who themselves are storing spare parts
in regional depots or in workshops keeping
ready, and supplying them quickly are willing
to do this in time, carefully, and properly only
when their means of livelihood is guaranteed,
Regulations differ very much from country to
country, so that a general guideline cannot be
dealt with heie. Considering the practices,
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regulations, and laws in the country concerned,
both partners have to select and use the right
way. The goal should be to set up spare parts
bases or regional depots within a country.

The more bases there are in one country,
the better the customer supply and the lighter
the load on the central store will be, avoiding
many small part orders, back orders, and resul-
tant air-lifting from the machine supplier.

Furthermore this way a safety stock is built
up all over the country exceeding the normal
urgent need, so that a continuous, reliable
supply is guaranteed.

Whermn such a spare parts supply system exists
the whole load of supplying does not only hit
the central base, but the first phase of require-
ments is absorbed by the regionsl depots, the
central base is not cleaned out right away, the
supply base stays stable, and within two periods
of operation the central base is gaining the
necessary, many times already mentioned
organisation for econoemical disposttions in the
future.

This organisation is of decisive importance
for procurement, storage and distribution.
It is gained only by:

a sufficient stock-keeping during the starting
period,

a special and adequate organizational central
base,

the regional depots modified to the country’s
requirements, and

an exact requirement invest:gation and by
a simple order processing.

The circle is closing itself. The organisation
in procurement, in storage and in distribution
produces the general view so that the right parts
in the appropriate quantity at the right time, in
the right place can be supplied.

Goodwill and understanding on both sides,
of the problems of both partners, are the best
guaraniee and the best presupposition to solve
properly even the most dithcult spare parts
problems. ®



Size and Composition of

Inventories of Spare Parts

and Maintenance Materials

E Arneberg*

Spare parts and materials are considered as a part of maintenance, and maintenance as an in-
tegral part of production. The composition and stock of spare parts are not guided merely by the cost
involved but by the loss of income of being without them which is generally termed as downtime cost.

Inplant standardisation of production equipment is that factor which will considerably reduce
the spare parts and maintenance materials stocked. For high value items, the preventive mainterance

programme can result in a considerable reduction in capital tied up in spare parts.

Preventive main-

tenance will have its impact only under norml working conditions.

It is better to depend on domestic manufacturers to avoid risks and it is also wise to concenirate
on a wide composition of spare parts and have smaller spare parts inventory.

THE basic aim of this paper is to serve as a

guideline for managers and their subordi-
nates in industrial enterprises, and to clarify
the scope of the problem of spare parts inven-
tories and stock of other materials used 1n
the maintenance of production equipment.

A paper on this subject must necessarily,
to some extent, be general, and is meant as
background material for the reader to give him
tmpulses and ideas of different kinds,

The presentation aims at being as practical
as possible, based on the fact that the subject
itself and its solution in real life in industry is
of a very practical nature, with none or very
limited scientiflc background.

The different types of spare parts and
maintenance materials are analysed, and the

*Expert from Norway

reasons for their necessity are thoroughly
discussed. Spare parts and materials are
considered as 2 part of maintenance, and
maintenance as an  integrated part of
production.  Fmphasis is given to the
ways of obtaining the optimum solution, taking
the overall economy of the enterprise in
consideration.

Maintenance materials and spare parts is a
common term which covers all kinds of sup-
plies necessary to keep production equipment
operating satisfactorily and turn out production
to the desired quantity and quality at the
desired time.

Main Groups of Maintenance Materials and
Spare Parts

4. Regularly used materials: For instance
oil, grease, lamps, fuses, washers, over-
coats, shoes, bolts, nuts, etc.—under
special corrative atmosphere, also steel
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and metal plates, bars, pipes, filtings,
cte.

For practical purpose this consum-
ption can be considercd as regular.

b. Irregularly used materials: For ins-
tance, steel plates and bars, metal, ete.
which we suddenly need becausc some-
thing unforeseen happens. It might
be fault in the original material, acci-
dents, etc. The consumption is impos-
sible 1o forccast and is highly irregular.

¢.  Regularly used spare parts: 'These are
parts manufactured to be identical to
certain parts in a machine, but all have
a lifetime whichis /ess thun the machine
as a whole, and they will be replaced
at least once, perhaps several times,
during the period the machine is in
operation. Examples of these are:
ball bearings, gears, electric motors,
electric controls, ¥V -belts, filters, etc.

d. frregularly used spare parts: These arc
also parts manufactured to be identical
to one or more parts in the machine, but
they are supposed to have a litetime
which in most cases is the same, or
Jonger than the lifctime of the machine.
When the machine is scrapped, the parts
in the machine may be still in a satis-
factory condition. Examples are a
propeller in a  ship, an axle in a
machine, a casting, etc.

These parts might be used during the
lifetime of the machine, but usually
when we finally scrap the machine
we will have a considerable amount
of such parls in our storeroofm.

Paossibilities for Control

When a control system is established for
maintcnance materials and sparc parls, it s
very important to distinguish between the
above-mentioned four groups.

In categories a and c the advantage is that the
material or spare parts included will almost
entirely be used sooncr or later. They certainly
represent a company investment and cost, but
with careful evaluation and experience it is
possible to control these two groups in a way
which will satisfy both production, maintenance
and economical points of vicw.

The categories band dareinalesst avourable
position. To have parts from group din stock
can best be compared with having fire insurance
on a house. 1f the house burns down, it is very
convenient to have insurance. I we had a
crystal ball which could tell us that we wiil not
have a fire in the house, we could hive saved the
insurance cost,

Unfortunately, we do not have any crvstal
balito tell us which special components, of which
machines are going to have a breukdown, and
when will that happen. Instead, we build up a
stock of spare parts which will enable us to mect
most of the situations which might take place.
When the machine is finally scrapped. a num-
ber of spare parts will have to be scrapped
together with the machine. For group b the
situation is somewhat better. The sales value
of this material will, for instance, be consider-
ably better.

In total, however, the stock coniral possi-
bilities for group b and d arc very limited. The
production department, and the maintenance
group serving production, would like to have
o well assorted stock of materials and sparc
paris in order to mect produclion programimnes
without too many difficult problems. The
controller of the company will have a tendency
to see these stocks more or less as an uUnEces-
sary cost and a failure of investment.

Factors Influencing Stock of Maintenance Mate-
rials and Spare Parts

The factors mentioned below will vary
considerably from one part of the world to the
other, from onc country to the next, be different
in di.fferent parts of the same country, be diftferent
in different branches of industry, and even vary

— i, BT
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from company to company. In general they
have, however, an influence on the set-up
of spare parts and mainteance materials which
cach company must make for itself.

1. The possibility of getting a fast supply of
spare parts:

a. From the firm's own stores

b. From a local dealer

From another enterprise which has
the same machine

d.  From a nearby machine shop

¢. From the manofacturer’s store-room.
2. Influence on production and productivity :

a. Cuan production temporarily be trans-
ferred to another machine?

b.  Can production be recaptured through
overlime, extra shiits, weekend work,
ete.?

c. Is the machine, or unit, a bottleneck
in production? (The main crusher in an
ore extraction plant, a compressor,
a large electric motor, an engine, ctc.)

The machine units can be grouped in the
following categories:

a. Highly critical
b. Critical
c. Ofless importance

d. Unimportant

It we are able to classily the machines in
these groups, we would also be able to set
i base for the spare parts stock.

3. Standardization of production equipment and
components:

d.  Does the company have an internal
standardization policy and programme?
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b.  Are we able to use the same unit in
several places in the factory?

¢. How can we practice standardization
to get lower cost, less stock and better
maintenance service?

4, Preventive maintenance procedures:

a. Do we have a preventive maintenance
programme which can tell us about
most breakdowns before it will happen?

b.  Can we measure the condition of the
equipment and be able to tell when
we will need a special spare part? (A
large new ball bearing, for instance)

¢. How can preventive maintenance be
able to reduce our own stock of spare
parts and materials?

5. Detailed drawings of mdchine parts, with
correct dimensions, tolerances, efc:

a. Are we able to get these drawings
delivered together with the machine?

b. Can we get our technicians to make
acceptable drawings to be used in case
of emergency?

6. Location of the factery:
A factory located far from indusirial centres,

main transport roads, airports, railways,
etc. is in a less favourable position.

7. Government rules and regulations:

To what extent will rules for foreign cur-
rency license, import license, customs con-
trol, etc. delay delivery?

8. Branch of indusiry and degree of automation :

Consequences of missing a desired spare
part can be very different in the difierent
branches of industry, mainly in connection
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with automation and in process industries
which operate around the clock.

Total Cost of Maintenance During the Lifetime
of Production Equipment

Statistical figures available today indicate
that fotal maintenance cost during the lifetime
of different production equipment varies bet-
ween 259 and over 3009 of the cost of buying
and installing. A figure of about 75—100%;
seems to be most common, and the very low
and very high figures are more rare as indicated
in Fig. .

INFENGY

i
P 50 1e0

Fig. 1

Maintenance cost during lifetime of equipment as a
percentage of its buying and installation cost

The maintenance cost consists of:

— cost of different spare parts and main-
tenance materials,

— cost of maintenance labour and main-
tenance management.

If. for example, the maintenance cost of a
machine during its lifetime is equal to purchase
price and installation, and if 409 of this main-
tenance cost is labour and management and 60 7
spate parts and maintenance material, then we
have to reckon with spare parts and maintenance
material cost worth §6.00 during the lifetime of
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the machine for every $10.00 of the purchase
and installation cost of the machine, Frequently
these facts are neglected, both in the economic
planning in the industrial enterprise and in the
country as a whole.

Statistics have also frequently shown that
alternative machines, which have the same
production capacity, have quite different con-
sumptions of maintenance materials and labour
cost.

From a fotal cost concept, the most expensive
machine to buy might be the cheapest in the long
run, as indicated in alternative 11in Fig. 2, the
reason being the use of better steel or other
materials, bigger dimensions in design to absorb
overload. In general we can thus reduce the
store of spare parts and other maintenance
materials, if we buy high quality production
equipment, which are more expensive. This
has very often been nmeglected in procurement
procedures and regulations set by different
corporations, companies or government agen-
cies.

1 ABQUR CO5T.

— -

SPARE PARTS ANL
MATEFIALS €OST

TiaTaL (ool

PROCUREMENT COST

It is important to remember that maintenance
starts when we are evalualing the purchase of
production equipment—itot the day this equip-
ment has a failure or a breakdown.
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Capital and foreign currency will be needed for
spare parts during the whole lifetime of the
machine,

The purchasing of spare paris can in
principle be considered to take place as in
Fig. 3 The spare parts supply period consists of:

a. Period of basic stock and major supple-
ment to stock: This includes the parts
we buy together with the machine,
and the parts the first period to opera-
tion tells us we need.

b, Period of “normal consumption”, with a
slight tendency to increase.

¢.  “Trapping down" perivd: Decision has
been made to take the machine out of
production in a year or two. New spare
parts must only be brought under very
special circumstances,

Capital for spare parts in the first period,
when the new enterprise has not yet been able

to operate with a profit, must be considered as
a part of the total investment,

In casc spare parts are delivered from hard
currency countries the necessary currency for
supply of spare parts must be included in the
financial plan of the new enterprise. It is im-
portant, especially for the international develop-
ment banks, to be aware of this.

Lack of capital in the company, or lack of
currency for this purpose in the country will
resultin none or very limited supply of spare
parts and increase in production downtime.

Determination of the Optimum size and Composi-
tion of Stock of Spare Parts and Maintenance
Materials for Machinery and Equipment of a
Manufacturing Plant

Determination is for the individual indus-
trial enterprise a very complicated and difficult
matter. Only to alimited extent can it be based
on theoretical ecconomic methods and formulae.
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Dcc,isions are usually based on the manu-
Jactuer's gencral recommendation, general experi-

ence, technical know-how and a good deal of
common sense,

Composition and size of spare parts must, first
of all, be determined when the plant is planned
and laved out, and decided at the same time as
the differ~nt production units are decided.
Later on, the composition will be varied with
supplementation of spare parts in stock. At
this stage the firm will have a growing experience
from operation of the plant on the basis of which
the stock is determincd. In this situation a
systematic and complete record of the consump-
tion of spare parts and maintenance materials
are very valuable and necessary material.

FACTORS AFFECTING SPARE
PARTS STOCK

As a background for the determination
of spare partsstocks, it would be of help to be
acquainted with the following reasons for the
requirement of spare parts:

1. Normal wear: Some parts will, due to
nermal {riction and wear, have a consider-
able shorter lifetime than the machine or
plant as a whole. Examples are bearings,
V-belts. motors, engine components, pack-
ings and electric, hydraulic and pneumatic
control units.

2. Unusual working conditions: Some pro-
duction umnits will have to work under
exceptional conditions of heat, humidity,
dust, corrosive atmosphere, etc, and these
are worse than the conditions they are
designed for.

3. Overload of machines: A common reason
for repair is that somebody trics to let the
machine handle a much bigger workload
than the one it is designed for. This might
rapidly result in breakdowns in electric

motors, engine parts, gears, transmission
units, cte,

4. Faults in the material of the part: Some
parts are supplied from the manufacturer
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with a hidden fault in the material. Later
a sudden and unexpected breakdown might
take place due to such fault.

4

Accidents: Like a crash, an explosion or
other unusual event will create a sudden
demand for some spare parts.

Of these five major reasons for needing spare
partsitis only point | (normal wear) and partly
point 2 (working conditions) which are of such
a type that the consumption of spare parts can
be calculated in advance with reasonable toler-
ances. This includes both the determination of:

a. which spare parts to keep in stock, and

b. annual consumption of each of these
spare paris.

For point 3 (overload) it is not generally
known whether spare parts will be necessary
atall. If we imagine that the machine is highly
overloaded we should, however, with our
technical know-how, to some extent, be able to
anticipate which parts are likely to break. Tt
will be impossible to gness in advance when such
breakdowns witl take place, and the annunal
consuniption of the different parts. Later on
the liistory of repair and spare parts consumption
record will  give some lead, if this record
is properly kept.

For point 4 (faults in material) the situation
is still worse, Theoretically, any part can break
for this reason, an axle, a casting, a part of a
steel construction, ctc, The background for
making cvaluations at the planning stage is very
limited indeed.

Point 5 (accidents) will come in the same or
eVen 4 WOrse category.

Expensive and Inexpensive Spare

For determining which parts to carry in
stock, and for the decision of the quantity of
each item, it 1s of great importance to distinguish
between expensive and inexpensive spare parls.
(High and low value items).
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Some parts are very cheap to buy, especially
if they are bought together with the machine
or plant. It might be small bearings, a spring,
a gadget, and many other components. How-
ever, if they are not available they might be the
reason for a complete or partial stop in pro-
duction. Let us call those inexpensive spare
parts “low value items™.

Other parts are comparatively expensive
to purchase, for example, a large roller bearing,
a spare gear lransmission or even a complete
spare machine, These can be called expensive
parts or “high value items”. Tt is natural to
apply a different “policy” for low value items
and high value items,

The determination of the border between the
two categories will depend upon a number of
circumstances, but can in most cases be some-
thing in the order of 5-10 U.S. dollars.

Wiich Parts to Carry in Stock

When a company decides which parts to
carry in stock, it is important to consider their
value (purchasing cost) in addition to their
caleulated  necessity  or  desirability, The
fow value items represent a small investment
and a relatively low figure compared to calcul-
ated cost of production downtime., For this
group it is logical to apply a very liberal policy,
especially in the determination of spare parts
composition. The figh value items represent,
first of all, a much greater financial problent.

Secondly, the ratio between cost of parts
{or units) and cost of production downtime
will be quite different for this than for the other
group. In some cases the most economical
solution might be not to carry the parts in stock,
but to supply them if a breakdown should take
place. For this group of high value items 2
different and much meare critical policy must
be applied, Only items for which calculated
risk of breakdown is comparatively high, or
where the consequences of a breakdown are
extensive, stocking of spare parts is justified.
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When a company decides which
parts to carry in stock, it is important
to consider value in addition to their

calculated necessity or desirability.

In the case of high value items delivery time
also comes into the picture as a complicating
factor. It the part can be supplied from a
local dealer the next day, the situation is quite

different from having 3-5 months delivery time
from Europe.

On the average high value items represent only
20%, of the number of items, but 80% of the
stock value. Low value articles represent 809

of the number of items, but only 209, of the stock
ralue,

Different determination “policy” has to be applied
Jor low value items and high value parts.

Determination of Stock Size

When a company had decided which parts to
carry in stock, the next question is to determine

the stock size or how many pieces of the different
units should be in stock.

We can classify the parts in two major groups:

1. A stock size of two or more (parts or
units).

2. A stock size of one (part or unit).

 Before proceeding any further, the defini-
tion of the important terms may be noted.
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Purchasing order size: 1t is the number of items
to be ordered at one time. The cost of order-
ing, of transport, etc. does not usually increase
materially with the size of the order. Also,
with a big order a lower price may be obtained.
From this point of view it is better to increase
the size of the order. On the other hand, a
big order at one time means tying up a big
amount of money in stocks and increasing stor-
age expenses. A balance has to be made bet-
ween the savings gained by increasing the size
of the order and the resulting cost of a larger
stock. Adequate costing data is necessary
to enable management to decide on the size
of the order which keeps a balance between
the savings in ordering and cost of stocking parts.
This size is called the purchasing order size or
economic lot size, If, for instance, in the ex-
ample given in Fig. 4, the purchasing was found
to be 12 units per year and the ordered stock
is received at the beginning of each year, Fig.
4 will give the position of the stock at the dif-
ferent times.

»
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Fig., 4

Ordering stock size: Spare parts and main-
tenance material ordered do not usunally arrive
over-night. The delivery time is estimated
and the new stock is ordered when the number
of units in stock are enough for consumption
during the delivery period and until the new
stock arrives. This is called the ordering stock
size. In the example given in Fig. 4, if the
delivery time is assumed to be three months,
the consumption during this period is 3 units
and point P shows the ordering stock size.
The delivery time here means the time between
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initiating ordering in the factory and the arrival
of the goods in the stores.

Minimum stock size: If the consumption of
the parts is absolutely regular, with no emer-
gency breakage or an unexpected over-consum-
ption, and if delivery time is not subjected to
any variations due to financial procedures, im-
port regulations, etc, then the variation of stock
is as shown in Fig. 4. Under these conditions
on the day of arrival of the parts ordered in the
stores, we will have zero stock.

In practice, variation in consumption will
occur and delivery time will vary, sometimes
materially. The ordered parts would arrive
in the stores later or earlier than expected and
the variation of stock in the stores will be as
shown in Fig. 5a.

.e N\ |

SIZE OF STOCK-UNITS
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Fig, 5a
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In this case a certain amount of safety stock
must be kept continuously in the stores to cover
these fluctuations and to guarantee that at any
time, in spite of fluctnations in consumption and
delivery time, there will always be a stock avail-
able. This is called the minimum stock. The
size of this minimum safety stock depends on
the magnitude of fluctuation of consumption
and delivery time and must be decided by
the management of the enterprise according to
local conditions and experience. It should be,
however, re-adjusted every now and then
when delivery and other conditions changs.
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In our example, if we assume the I
stock is 4 units, Fig. 5b shows the modification
of Fig. 4 to include minimum stock.

In this case the maximum stock will be the
purchasing order size plus the minimum stock
or 1244=16 units. The ordering stock size
will be the consumption during the delivery
period plus minimum stock or 3+4=7 units.
It is to be remembered that the minimum
stock size is a financial liability and extra cost
resulting from the variation in consumption and
delivery.

The above covers the case where the stock
size is two or more. If the stock size is one,
the purchasing order size is zero and there
is no minimum stock.

In the previous given example, it is assumed
that the parts are ordered and delivered once

a year. If it is agreed that delivery will be in
two batches instead of one, the average stock
size will be reduced as shown by the dotted lines
in the right-hand side of Fig. 5b.

Summary and Recommended Procedure

1. Collect all background material for the
determination of composition and optimum
size of spare parts stock.

(Manufacturers’ recommendation, drawings
and specifications of machine units, repair
history of comparable production equip-
ment, general maintenance experience,
purchasing cost of spare parts, delivery
time, etc.).

2. Find out the spare parts desirable to have
in own stock in order to ecarry out the plan-
ned production programme.
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3. Separate these desirable units in high and
low value items.

4. Establish different policies for these two
groups.

5. Make final decision on which parts to have
in stock.

6. Decide which parts to have in stock in one
unit, and which to store in nye or more
URiLs.

1. Decide minimum stock size and purchasing
order size for the different spare parts.

8. Order the spare parts to be delivered together
with the machine or plant.

9. Review decision on spare parts stock regu-
larly and not less than once a year.

FACTORS DETERMINING THE SIZE OF
STOCK

Downtime Cost due to Lack of Spare Parts,
Utilisation of Capacity and Its Impact on the
Need for Spare Parts

The composition and sizc of stock of spare
parts is primarily nof decided only by the cost
involved in carrying this stock, but also, and
to a greater extent, by the cost or lack of income
of being without them, generally considered as
downtime cost,

The cost for an industrial enterprise of having
adiversified stock of spare parts and maintenance
materials can be specified exactly in the annual
book-keeping records.

The cost of being without them is consider-
ably more complivated and difficult to specify,
and depends upon a number of faciors, such as:

1. Production capacity compared to marketing
possibilities,

2. Available stock of finished products.
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3. Time of the year—peak or low season
period.

4. Raw materials ability to be stored without
being destroyed (for instance, steel versus
sardines),

5. Loss of customers in the futnre.

Penalties for late delivery.

Cost of labour.

© = o

Degree of mechanization and automation.

Downtime cost is composed of:

a.  Profit lost due to lost sales resulting {rom
lack of production.

b. Direct labour paid but not producing.

e

Spoilage of products preceding, during and
following the stoppage.

d. Cost of bringing back equipment to work-
ing condition after repair.

e, Interest on idle investment.

f. Penalties for latc delivery and loss of
customers,

The profit lost due to lost sales is a serious
item when sales volume is equal or excecds
production. In this case any production loss
due to downtime will result in a correspon-
ding sales loss. If production capacity is
greater than sales demand, downtime effect
will be little, The company will be able to take
production stops and still satisfy the market.
Extra production can be stored to enable coping
with peaks of market demand. For perish-
able goods, such as food, where freezers are
necessary, a breakdown of the freczing system
will result in a loss of the products. Downtime
in this case will become very expensive.

Frequently other enterprises are dependent
upon our delivery, as for instance raw materials
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or parts for assembly. If we fail to deliver on
time because of downtime in our own pro-
duction equipment. eur customer will be in trou-
ble. Tn his cyes we will become an unreliable
vendor. We will lose future delivery contracts,
which might have enormous influcnce on the
total company economy.

If the delivery contract includes a daily
penalty for late delivery we get the downtime
cost right in our face. In this situation it is
important for management to secure production
by alt possiblc means, and a satisfactory stock
of spare parts is one of them.

During a production stop duc to a break-
down, we will stitl have 1o pay all people in-
volved in that production. In an industrially
developed country with high labour cost, this
factor has a much greater economic influence
than in a developing country with comparatively
lower labour costs. This is one reason why
spare parts stock generally are perhaps more
important than in industrially advanced coun-
tries. :

A highly mechanized ot automated plant is
very sensitive to breakdowns of components
in production equipment. A sudden failurc
in onc out of 10,000 parts might put the whole
assembly line, or even a complete factory, out
of production. Even if the reliability of each
part is 99.99 the reliability of the whole unit
s only 809%.

Summary and Recommendations

Here we discussed the influence that lack
of spare parts will have on production and total
company cconomy. In a given situation we
will {or should) have figures for the costs of
having spare parts and maintenance materials
in stock, the downtime cost and added value
cost.

Unfortunately only a /limited group of in-
dustrial enterprises have reliable figures for
loss due to downtime due to different reasons,
waiting for spare parts for instance. This

413

A highly mechanised or automated
plant is very sensitive to breakdowns
of

equipment.

components in production

is the case all over the world, but mainly in
developing countries, This is unfortunate
because downtime due 1o lack of spare parts
is a very important figure for the evaluation
of the economy of our present stock. 1f we, by
an increase of spare parts stock and costs of
£10.000 a yearcan gain for instance $20,000,
it is a good investment. If we, on the other
hand, can reduce the spare parts stock by
$5,000 a year without any measureable decrease
in production for this reason, it alsois a good
improvement of total company economy.

General comparison like this can be some-
what dangerous, as they assume that the spare
parts stock in any way has g sensible composi-
tion and size (of each unit). This is most often
not true. Maintenance people getl the impres-
sion that the store-room has almost anything
except the part they nced.

Frequently it can be found that the stock
contains great quantities of some parts and
materials (and not even critical items), while
others (and critical) parts are not there at all.
The recommendations are:

1. Develop figures for stock cost of spare paris
and marerials.

[

Record figures for downtime due fo wait-
ing for spare parts and maintenance materials,
(This recording might take several years.)

3. Compare the figures and evaluate changes
which will improve total company economy.



414

4.  Evaluate at the same time the composition
and size of the different elements in the
stock.

IMPACT OF STANDARDISATION OF
PRODUCTION EQUIPMENT AND
COMPONENTS

Economic influence of standardization

In the long run, an in-plant standardization
gf production equipment is the factor which
will reduce to the greatest extent the number
of spare parts and maintenance materials in
stock, and thus decrease the capital tied up in
these articles.

This standardization includes:

1.  Complete machine units, as tool machinery,
material handling devices, boilers, com-
pressors, furnaces, etc.

2.  Machine components, as electric motors,
pumps, valves, bearings, fittings, pipes,
cte,

3.  Regular consumed maintenance materials,
as steel bars, plates, oil, metals, etc.

An example from a large chemical concern
gives a good illustration (Fig. 6).

In 1958 this concern started its internal stan-
dardization programme. At that time the four
factories of the concern had a retal mainten-
ance stock of about 5 million US § and an annual
consumption of spare parts and maintenance
materials of the same size.

In 1969, —after 11 yvears of standardization
work—, the value of the stock had been reduced
to less than 3 million US 8. This had been pos-
sible in spite of the fuct that production had
increased considerably, and the annual consump-
tion of spare parts and materials was in 1969
close to 15 million US 8.

From a 1:1 ratio between stock and con-
sumption in 1958 the company had moved to a
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1:5 ratio in 1969. In this period, between
11,000 and 12,000 different units and dimen-
sions had been standardized.

The economic advantages were not only a
reduced stock, but also reduced prices for a
number of articles, Some steel material could be
bought direct from the steel mill and all ball
bearings direct from the manufacturer. With
standardization and unification of spare parts,
small manufacturers were able to produce spare
parts in competition with the manufactiurer
of the machine, in most cases to acceptable
quality and with a price down one-third.
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Delivery and supply circumstances were impraved,
because the local dealers found it possible to
carry stock of components for standardized
machine units.

Organization of Standardization Background

The basis for standardization are internatio-
nal standards, national standards (DIN-norms
for instance) and standard dimensions set up
by different manufacturers (SKF-ball bearing
catalogue, etc.)

An internal company standard or norm is a very
limited fraction of standards mentioned above.
In practice this will turn out to be a book of
norms.

Use of norms: The material collected in
the book of norms will be used for:

1. Design of new production equipment,
both in rhe companies’ own drawing
office and by a manufacturer or an
engineering firm from outside.

2. Purchasing of materials and spare parts
to the factory.

3. Requisition of materials and spare
parts from the storeroom.

It is not allowed to go outside the norms.
Only people at a certain high level in the Com-
pany’s organization may authorize the use of
off-standard dimensions under special circums-
tances.

Standardization Office/Committee

There are two main possibilities for organizing
standardization work.

1. A standardization committee, consis-
ting of pcople who, most of their time,
are engaged in other types of work.

2. A standardization office, with one man
or a group of people working full time
on this subject,
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In aadition the office will operate with
supporting and decision-making com-
mitees.

Experience has shown that the second alter-
native, by far, has given the best practical result.
The people in the group have been able to
secure a rather rapid and consiant progress of
work.

Lack of progress has been the main criti-
cism of the first alternative. The members of
the committee have, in practice, not been able
to devote the expected amount of work on stand-
ardization. Others and more urgent problems
get priority and the standardization programme
1s delayed.

A small or medium-sized company will have
the problem of affording a qualified man for
standardization work alone. In any case the
establishment of norms must work according
to the “Management of Objectives” principles.
Certain goals for the number of items standar-
dized must be set up for each time period.

Books of norms: As mentioned earlier,
the product of the standardization office is a
steadily growing book of norms. This book
will have one sheet for each type of material.
In Fig. 7 is indicated a norm sheet for steel
pipes of cast iron.

It contains the following information:
a. Typeof article—Steel plate for boilers

b. Blade no.—here 002.007, which identi-
fies the sheet. It is different from
any other norm sheet. ’

c. Material used—here H II Din 17155,
certified according to the standard
German DIN-norms. This is a
precise description of the steel
used in these plates.

d.  Example of ordering—is the description
to be used when the company shall
order material from the outside
vendor.
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STOCK NORMS
1
. Article : ;
, STEEL PLATES FOR BOILERS | Blnde:nr.
{ Over 4,75 mm | 002.007
i Material: I Date
! H 1II DIN 17155, certificert | 4, Jan, 1968
Example of ordering: Steel plates for boilers 16 x 1250 % 2500 DIN 1543
H II DIN 17155, certificert
Stock terni:  Steel Plates for biolers 16x 1250 2500 H II
Material nr. 002,007.09
Thickness and tolerances according to DIN 1543
- = s Tthck: ;_ E5 MRS SS T ik s T T e/ e e — . — TEEATT TR TR
pess | Dimension Tolerances Weight on stock by
Mat. i
nr, t i wxl t w 1 ca
i o
om | mm mm | mm mm kg/pl kg2 R | ElG I N
- T - 7 T T SERmEE X & Tm T T T e - T h \——_17\ -
002.007.03 5 | 1250 % 2500 -—0.3 ‘ =10 +12.5 125 40 > \
04 6 | 1250 x 2500 03 | 10 125 150 48 x|
.06 g | 1250 x 2500 —0.3 ' 410 +12.5 200 64 ‘ X ‘
.07 10 i 1250 x 2500 —03 ; 410 +12.5 250 80 . i
.08 12 1250 = 2500 —0.5 410 -H12,5 300 96 | s |
.09 16 } 1250 2 2500 0.5 . Hlo +12.5 400 128 v x| xt ox
; i
Fig. 7
e.  Stock term—the description to be used Hydro}. A mark in the last
when the workshop shall order column REGN (the first letter in
this material from the store. Note the fa(_:tory names) will iell which
that the internal material no. factories have this material in stock.
(002.007.03) is used in this re-
quisition and not ja the purchasing  Where it is desirable, the norm—blades also
order. includes a cross-section drawing of the normed
) item-a valve for example.
.. The date—this norm blade was official .
(4th January 1968). Up to August 1970 a total of approximately
400 normblades have been worked out, ‘which
g Material  no.—thickness, dimensions, covers between 18.000-19,000 items. This also
tolerances, weight, ete.—which are includes sfandardized items which are not in
all necessary technical information.  stock roday, but arc used in production equip-
ment now being designed or broug_ht, and thus
b, Where in stock—The company has will be in stock in the future. This proves that

four factories, Rjukan. Eidanger.
Glomfjord and Notodden (Norsk

standardization starts in the Jactory—planning
period, not after the factory in finished.
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Responsibility for Standardization
Standardization can be handled by:

1. The user/buver of the equipment

(]

The manufacturers of production equip-
ment,

3. The organization of consulting firm
responsible for a “*key door project”.

Experience has shown that plant standardi-
zation is only successful if the buyer himself
is pushing the work forward.

The different manufacturers will produce a
certain number of standard dimensions. But
each one shall satisfy a wide range of different
customers in many industries. The individual
plant only needs a fraction of these dimensions.

Efectric motors are a good example. As a
part of standardization, a company’s policy
would be to buy from one manufacturer, but in
the company’s norm only 5-10% of all different
units produced by that factory will be included.

An organization or consulting firm making
a “key door factory” should have excellent
possibilities for standardizing production com-
ponents. This is also done to some extent,
but, sorry to say, rather seldom and to a very
limited extent,

There exist a number of new factories where
standardization is almost totally neglected,
especially in developing countries. Even in
cases where standardization is most natural,
it is possible to find the most horrible examples.

In an ammonia factory there were four high-
pressure compressors placed next to each other.
They were of three different makes. *1 think
the contractor must have brought them on sale™.
said the maintenance manager.

It might very well be so, us the contractor
mainly is interested in procuring the different
units at the lowest possible price. The total
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cost concept of procurement and maintenance,
as mentioned earlier in this paper does not
interest him very much. Only the buver has
this interest in full.

Buyer’s Authority

In a buyer’s market the receiver of a new
factory has the authority to decide in detail the
components to be used. This must, however, be
discussed with the contractors before the agree-
ment is signed and must be included in the con-
tract. 1If not, the buyer will get a nice extra
bill—whether it is realistic or not.

The well-arganized enterprises in Europe
and North America have detailed specified books
of norms which are used for all new installation.
Furthermore, this book of norms is strictly
adhered to in practice, A developing country
which gets a key door factory delivered through
a contract or low range loan or gifts, should
have the same possibility to influence standardi-
zation. The receiving country is, howeve'r,
often short of qualified people to take on this
job. Furthermore, the technicians come into
the picture at a comparatively late stage. When
the plant is under construction, it is much too
late to do anything about it.

Standardization must come into the picture
at the planning stage, as indicated in Fig. 8.
With the great influence standardization and
internal norms of different materials, parts, etc.
have on the spare parts stock and spare parts
service, it is of great importance for any indus-
trial enterprise of some size to get this
function organized and operating properly.
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of

production equipment as a part of a

The purpose of inspection

preventive maintenance programme is to
discover failure, wear, corrosion, elc.

before the situation is critical.

Impsaet of Preventive Maintenance and Regu-
lar Control of Machine Unit Condition

The purpose of inspection of production equip-
ment as a part of a preventive maintenance
programme, is to discover failure, wear, corro-
sion, etc. before the situation is eritical and
before a sudden breakdown takes place.

This will give a time inrerval between the
moment the feilure is discovered and the day the
spare parts or maintenance malterial really are
needed.

This can be a period of a couple of days,
a week. or even more, and can help the main-
tenance department to reduce or eliminate the
production downtime effect due to lack of spare
parts and materials,

Especially for high-value items the preven-
tive maintenance programme can result in a
considerable reduction in capital tied up in
spare parts etc., and in the cost of keeping this
stock.

1t is realistic under these circumstances 1o
reduce the minimum quantity in stock, and even
cut seme items our of steck record completely.

Large ball and roller bearings can be good
examples.  Instruments which are able to indi-
cate that something is wrong with a bearing,
and. that it should be changed within a limited
time have been available for some years.

SIZE AND COMPOSITION OF INVENTORIES

The SKF Ballbearing Company can today
market a high frequency shock puls  nmeasure-
ment instruntent.  This can tell when a small
failure starts in a ball or in the sliding track.

Regular measurements, and comparison with
curves recorded from previous bearings can also
tell rather exactly how many weeks or months
it is possible to run the machine without a risk
of a sudden breakdown.

For machine units like this we can rather
safely eliminate the spare stock completely,
and base the supply of new bearings on the re-
sults of the measurements of condition.

This of course will depend upon a reasonable
delivery time. It is, however, possible to dis-
cover such a fault a long time in advance, so that
it will satisfy most incustrial enterprizes.

However, a considerable research and develop-
ment actlvily is going on in developing new and
better non-destructive coniral methods for machi-
ne units. It seems that the methods which are
most developing are the more advanced and
complex condirion control systems. Primarily
this is the condition of different tests built into
the machine unit when it is cesigned, and con-
nected with awtomatic recording and alarm
systems.

It is natural that this will have a great influ-
¢nce on how the spare part stock is set up.

Preventive maintenance will mainly have
jmpact on the size and composition of stock
of spare parts based on normal wear or
normal working  conditions.  Overload on
a machine can, however, easily result in break-
down in a unit today,~—even if it was reported
to be quite. o. k. vesterday.

Sommary and Cenclusion

The steadily more applied and improved sys-
tems for preventive maintenance and control
of machine units condition will have a great
influence on the size and composilion of stock
of spare parts, It is important that this com-
position and size is evalnated in close coopera-
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tion with the existing and planned programmes
for preventive maintenance and condition con-
trol.

Cost of Maintaining Stock of Spare Parts
and Maintenance Materials

Costs arise from the following—
a.  Making the purchasing order
b.  Follow-up with the vendor

¢. Receive, control and put in store recei-
ved material

d. Invoice cost

c.  Customs and freight cos

f.- Capital costs of materials in store

g.  Storcrooms cost (building, supplies.
shelves, transportation, equipment and
other Tacilitics)

k. Cost of storeroom. labour and super-
visors

i Deterioration cost {some material will
be destroyed during storage, especially
in tropical climates)

J. Shrinking cost (theft, misplacing, etc.).
These costs can be grouped in:

I Total purchasing cost (from point a
1o e above)

2. Storage cost {from peoint { to j above)

Economic Lot Size in Purchasing

The cost of making one purchase order can for
practical calculations be considered as constant.
It is mainly the cost of own personnel which is
involved (Maintenance Dept.. Purchasing Dept.,
storeroom, bookkeeping, etc.).  Whether 10
of 100 units are ordered, and whether one
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order consists of 1 or 3 different items makes
comparatively small difference. Companies
which have made calculations of their cost of
making one purchase order have come out with
figures which vary from 5 to 15 USS. For
inexpensive materials, routines for procurement
can be drastically simplified with a compara-
tive reduction in cost.

If the Maintenance Dept. (or storeroom) orders
maiterial at a local dealer over the telephone,
and gets a monthly invoice on such delis eries,
purchasing costs may be reduced to a couple
of dollars.

In the following example we wiil, however,
operate with $7.—as purchasing cost for an
order of some size.

Storing cost consists on the average of:

Interest 8%
Storeroom, supplies, ete, 3 s
Personnel 39
Shrinking, etc. e
Tnsurance 1%
Total 18%

of cost of material in

stores

which we will use in the example, In industry,
storing costs vary from 15 to 30%;, depending
upon many factors.

Mathematical Equation for Economic Lot Size
in Purchasing

The minimum stock size is considered as a
fixed overhead, permanently existing in stores,
and thus does not affect the calculation of econo-
mic lot size. Minimum stock is not included
in the calculation of total sloring cost. The
material passing through the stores will be in
our case, equal to total purchase per year.

€ =cost price per unit
0 =purchasing cost ($7) per order
I =storing cost per year per § in store

(18% or 0.18)
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M =annua! consumption in wunits
x =—economic lot size in purchasing

Total purchasing cost per year.

., M
P=C.M.—;—X

Total storing cost per year:

L. = o \. x .1
(e+x) 7

The minimum reserve stock is considered to be

zero, as it will have no influence on the economic

lot size.

Average number of units in store will thus
X

be: -, -

2

The total amual cost will be:

K=1+1L
M o
K=eM .= o2 ) X
e +oo o (e aal= ) 5 i
Derivation of this question on x gives:
, ‘ M 1
K'= + o0 ';E + TT [ 1
With minimum K'=o0 and we get
M 1
O=+O.XT+7273.1

"=J 2. 0. M
' e.1

Graphically this is shown in Fig. 9.

Example:
e =cost per unit =$10
o =purchasing cost =$§ 7
1 ==storing cost =18% =0.18
M e=annual consumption =300 units
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Fig. 9

Economic lot size:

.#—_
2.7. 300
10. 0.18

x = 49 = 50

This means if is ptast economicai to order 50
units every 2nd month. The curve for total
cost will in practice be very flat near the mini-
num  point.

Furthermore. we must realise that a number
of factors considered in the formular do not
happen 100% (for instance that consumption
is constant).

1t 15, therefore, more realistic to talkabout an
economic areq than an economic lot size, as
indicated in Fig. 10

In practice it is in most cases possible fto ope-
rate with such big tolerances as .

4-50% and +100%, of economic lot size.

Purchasing lot size outside these borders should
be avoided.
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- ECCHOMIC APEA - LOT Si12¢
|

Fig. 10

In our example it means that we should »nof
have a lot size less than 25 or more than 100
units.

Use of economic lot size in purchasing: It is
only practical to use this formula for: Group
of High Value materials or spare parts.

Group a and ¢! Regular consumed materials
and spare parts (see page 1).

Based on the most common distribution of
materials and spare parts between the different
groups this means that

less than 109,
of the articles on stock can be calculated this way.

In total they do however represent

between 50 and 60%
of the value of the stored material and spare
parts.

Stock Size Depending Upon the Number of Places
the Item is Used in the Manufacturing Plant

If one component is used only in one place
in the factory, we are faced with this problem:
Shall we have one spare part on stock, or shall
we not carry it at all?

I this unit is critical for production quanti-
tiecs, we will have to bear the cost to have a
spare on stock. This is based on the cost of
production downtime in the case of a sudden
breakdown or failure.
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If the same unit is used on 5, 10 or 20 diffe-
rent places, we will in case of category D, irregu-
larly consumed spare parts of maintenance
materials, still have the same problem. which
is:

One Piece on Stock or None at All

The cost of having a stock per installed unit
will however be considerably less. In the
case of only one installed unit we will have:

Annual cost: L

_(+o!
1o’

If same unit is used on N different places,
we will have:

€+ o)l
2N

Annual cost: N =

Wheree = Cost price of unit
¢ = Purchasing cost
| = storing cost (in% of e)
N = number of places the part is used

Incase of category C of maintenance materia-
Is—regular consumed spare parts, it might be
economically advisable to have more than
one unit on stock, if the part is used a number
of places in the factory. (Fig. 11)

In the example in Fig. 11 is indicated 2 units
on stock when the part is used in 6 different
places, and 3 parts when used on 15 places.

SARE PARTS in Srocs

P13k 4 S

1 2 % 45 6 7T B 8 o

CoMAER DF MPLACES THE (TEM (S USED

Fig. 11
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These figures will. however. vary depending
upon:

—frequency of consumption

—dehivery time of new parts

—number of critical places where the part is
used

—downtime cost.

in any case the curve will have a falling
tendency. The mathematical possibility for
the part being desired at rhe same tine on diffe-
rent places will relatively go down as the num-
ber of places increases (Fig, 12).

TO

ME DESIRED FROM S5T00A

NUMBER OF 1 rEMS
AY FHE SAME TimE

NLMBER OF PLACES THE ITEM IS UVSED
Fig. 12

If we for instance have one part installed in
30 different places, the possibility for a sudden
breakdown on 10 of these units at the same time
is far less than a sudden breakdown on one
unit which is installed in 3 different places.

It must be realized that standardization of
units used in production equipment gives quite
enormous possibtlities for:

1. Reduction of spare parts in stock

2. Increase in stock service (availability

of spare parts).

In one chemical factory it was found 125
different units (manufacture and size) of one
type of valve. The standardization programme
brought this number down to 12. It was at

SIZE AND COMPOSITION OF INVENTORIES

the same time made clear that it standardiza-
tion had been done before the plant was design-
ed, 8 different units would have been suffi-
cient. It is quite obvious which reduactions in
spare parts stock and increase in the availability
of parts, this made possible,

IMPACT OF BRANCH OF INDUSTRY,
TYPE OF MACHINERY AND DEGREE OF
AUTOMATION

Branch of Industry

The determination of the size znd com-
position of spare parts stock must primarily
be affected by the special circumstances for
each individual company.

The general recommendations which can be
made for each branch of industry is thus rather
limited.

However, enterprises could be divided into:

{a) 1 shift operation

(b} 2 shift operation
(c)y 3 shitt operation
{(d} continuous production during *he week

{(e) continuous operation
The machinery, availability for niaintenance
work in general, is reduced as we go trom a to ¢,

Furthermore, the possibility to recapture
lost praduction due to lack of sparc parts or
materials decreases in the same order.

Process industries, like oil refineries, iron
and steel mills, paper mills, chemical factories,
sugar mills, cement works, ete., are most de-
pendent upon a comparatively large stock of
spare parts, both in composition and size.

The cost of production downtime adds up
around the clock and will rapidly reach very
high figures. The possibility to recapiure lost
proditcction is none or extremely limited,
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Mechanical industries, and shoe, textile,
clothing, woodworking industries have normally
I or 2 shift operations, and only partly 3 shifts.
The consequences of lack of a spare part is
far less, and it is natural to apply a different
policy in determining the composition and
size of sparc parts stock.

Figures availabie can also confirm that bran-
ches of industry to a very great extent have in-
fluence on the spare parts stock.

The technical magazine “Factory Manage-
ment and Maintenance” (McGraw-Hill, New
York) has made some studies of tora/ mainten-
ance costs compared with annual sales and total
mvestment in some one hundred American
caterprises of all branches.

Maintenance cost is normally 8—10Y, in
typical process industries. and 1—3 °, in the
other category.

The survey does not separate cost of spare
parts and cost of labour and maintenance mana-
gement.  If we anticipate that the spare parts
cost to some extent is proporlional to the total
mamtenance cost, we can from this survey get
a rongh picture of the situation in different
branches of industry.

Type of Machinery
Factors of importance are:

1. The machinery needs for spare parts
and its ability to take overload and
rough treatment.

2. The possibility of fast supply of spare
parts, from a dealers stock in the same
country, or from the manufacturer,

3. The cost of spare parts. Some manu-
facturers seem to have the policy fo
sell the machine itsell at a low price
and charge very high prices for spare
parts.

4. Technical drawings, with correct dimen-
sions and tolerances.
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machine is  bought

of great
fo investigate and evaluate
its needs for spare parts.

Before

it is importance

It these factors are favourable it will have an
exlensive impact on the spare parts stock. For
a machine which does nol neew many spare
parts, where any spare part can be delivered
from the stock of a local dealer at reasonable
vost. we can safely reduce our own stock to a
miingmum, and only to parts which have re-
gular consumption.

If a machine, on the other hand, is produced
on the other side of the globe, and there is no
local dealer with spare parts in stock, we have
to order parts from the manufacturer. If
we will also be unable to obtain rechnical draw-
ings, our own stock must both in composition
and size be quite different.

The four factors mentioned vary consider-
ably from one manufacturer to the other. and
are in general of a greater influence on spare
parts stock than type of machinery.

Before a machine is bought i1 is of great
importance to investigate and evaluate its need
Jor spare parts, from where spare parts can be
defivered, at what price and if specific drawings
can be obtained.

Degree of Automation

Typical for automation is that a large num-
ber of machines are built together in a huge

production unit.

A failure of one component in a machine
might stop the entire production, with enor-
mous cost of production downtime,
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A high degree of automation
requires a very good and fast
maintenance  service.

Even with a reliability of each unit of 99.9%,
we can easily come out with a rotal reliability
for the automartic plant of 50—80%.

A high degree of automation requires a
very good and fast maintenance service in gener-
al—including an extensive stock of spare parls,
both in composition and size.

SUPPLY SYSTEM FOR SPARE PARTS,
SPEED OF DELIVERY, RISHS, QUALITY
AND ALTERNATIVE TRANSPORT COSTS

Spare Parts Supply System

From the wusers point of view it is obvious
that the manufacturer of machines and produc-
tion equipment must be responsible for build-
ing up a satisfactory supply system for spare
parts.

Such a system includes:

1. Exact identification of any part. Each
part must have an identification number,
which is clear and precise and will
distinguish it from other parts.

(28]

Assembly drawings of the machine with
all the different components marked
with its spare part number,

‘e

Spare parts production and stock policy,
How many years after sales of the ma-
chine will the manufacturer guarantee
supply ol parts? Which parts does
this policy include?

4.  Location and size of spare parts stock.
Where will stock be kept? —At the
manufacturer only? -—at dealers in
different parts of the world? —in
different countries or in different indus-
trial areas? Which parts are kept in
cach of these stocks?

n

A spare parts price [ist. Economic
calculations can on lybe done, if we
know the price of spare parts, for in-
stance in conncction with evaluation of
repair or renewal.

A relatively small manufacturer with a wide-
spread distribution naturally will not have the
possibility to build up a spare pasis service
which will satisfy users.

The large enterprises usually have a better
background for service, This s generally
true in practice. In one developing country,
one foreign manufacturer of tractors had 807,
of the market. Its maintenance service also
proved to be completely superior to the others.
with a main stock in the capital city and a
number of local stocks in the different agricul-
tural areas.

In many cases the mannufacturers are unable
to cope with spare parts service to the extent
the users want. This requires capital invest-
ment and lots of work. Even if the prices secem
high from the users’ point of view, it is not at all
an attractive business for the manufacturer,

It is however fully realised that a good spare
parts service has an extensive sales promotion

effect.

From a spare parts point of view it is generally
recommendable to use domestic mamyfacturets,
or the large manufacturers which have a major
portien of the domestic market.

~ The question of spare parts supply system
includes also the routines for ordering new
parts at the users plant.

It is important that this routine be fexible
enough to meet critical situations.

\
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The maintenance department must in such
a case have the authority to take direct contact
with the dealer through telephone or cable,
—and afterwards inform the purchasing depart-
ment that the order has been made.

Speed of Delivery

l. Time to get the order approved.

2. Mailing time for the order.

3. Possible delivery time at the vendor.

4. Time for the vendor to receive and ship
the order.

5. Transportation of shipment.

6. Delayinharbour, airportand customs.

7. Time for local transportation and in-
formation to the maintenance depart-
ment.

Of these factors Nos. 3 and 4 which are
mainly out of control from the customers point
of view. To some extent they can however be
influenced to our favour, if we have been able
to establish good personal relations and contact
with the vendor.

All the other factors are more or less under
control for the buyer, to some extent even a

fast service from customs.

Air freight is more and more used for trans-
portation of urgently desired spare parts, and an
economic evaluation of freight cost compared
to cost of production downtime will in most
cases justity the high transportation cost.

The maintenance manager of a Scandinavian
paper mill took once a morning plane to a
manufacturer in Germany, and in the evening
he went back with the part he needed so des-
perately. Even if this case is very unusual,
it is a good example of increasing speed of deli-
very with all possible means.

Risks
To be without a spare part always involves

a risk, and it is up to the enterprise to decide
at which risk limit he will operate.
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Risks are in general reduced by
concentrating on wide composition of
spare parts and having a smaller stock
size of each unit.

Figures on reliability, lifetime, ete. for all
different components are, however, only avail-
able to a very limited extent. It is fair to say
that risk primarily must be based on experience,
technical know-how and common sense, and that
more sophisticated methods can only be used
for a small group of items.

Risks are in general reduced by concentra-
ting on wide compasition of spare parts, and
have a smaller stock size of each unit.

Quality

It is a fair and necessary requirement that
a part made in the maintenance workshop,
or ordered to be made in an outside shop should
have the same quality standard as the original
piece.

In emergency situations we can however in
many cases be able to keep production going
for some time with a part of poorer quality.

It has been, and still is, a tendency to prac-
tice the philosophy that a machine which no
longer can be used in production can be tarns-
ferred to the maintenance workshop. If this
redundancy is due to production over-capacity,
then it is 0.k., but more frequently a machine is
handed over to maintenance because of wear
and reduced ability to produce at high tolerances.

Transportation Cost

In principle, the user is inferested in the
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lowest possible transportation cost of spare
parts and maintenance materials, either by
boat, train or truck. A good planned and well
organized supply system will also be able to
get close to 1002, of the materials reduced.
In emergency situations, a comparison should
be made between cost of air freight and cost

of downtime.

METHODS AND CRITERIA TQO BE USED
FOR DETERMINING THE SIZE AND
COMPOSITION OF SPARE PARTS INVEN-
TORIES

We had so far discussed the different fypes
of spare parts and maintenance materials, the
“total cost concept” of procurement and main-
tenance and also the different faciors influencing,
the tssuc.

Here is given as o guideline, check list or
manual for people at the manufacturing plant
who are responsible for building up a stock of
spare parts and materials which should be the
optimum for the total economy of the company.

The stock must be decided individually
for cuch different factory. If, however, all
factors in this “cheek list” are evaluated, and
all questions answered, it could be reasonably
well guaranteed that all efforts for getting a
“correct spare parts stock™ are done,

1. Spare Parts and Procurement of a Piece of
Production Equipment

i.  Is the nced for spare parts evaluated?
b. Is the nced for
through contact
which have the

¢. What does
mend?

spare parts surveyed
with other factories
machine in question,

the manufacturer recom-

d. Does the vendor keep a stock of spare
parts?

¢.  Which parts docs he keep in stock?

f. What is his price?

g.  How fast cun the vendor get new sup-
plies from the manufacturer?

SIZE AND COMPOSITION OF INVENTORIES

h. Can we get technical drawings of criti-
cal parts delivered together with the
machine?

i. For how many years does the manufac-
turerfvendor guarantee spare parts
stock?

2. Internal Standardization Programme

a. Has the enterprise developed internal
standards or is it decided to do so?

b. TIs this programme being used, or is
it more a “programme on paper’
than a reality?

c. Is there a clear and precise top mana-
gement instruction for the use of stan-
dards or normblades?

d. Does the maintenance department check
that the norms are used in practice?

3. Internal Maintenance Workshop

a. Which tool machinery, etc. are avail-
able in the workshop?

b. What kind of work can they do?

To which tolerances can they work?

d. Has the workshop e¢nough qualified
craftsmen?

e. Which average workload has the work-
shop? Is it overloaded or has it idle
capacity?

f.  Will it be desirable to supply the work-
shop with more machines?

[

4. External Maintenance Workshops

a. Which workshops are in the same area?

b. What kind of work can they do?

¢.  What are their delivery time and price?

d. Are there workshops available in other
manufacturing plants?

e. Are there other workshops in the coun-
try?

f.  What is the situation with type of work,
delivery time and. price?

el
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5. Technical Drawings

a.

Have we been able to get drawings to-
gether with the delivery of the machine
or plant?

If not, have we tried to get such dra-
wings?

Can we make a satisfactory drawing
ourself, in case of emergency?

Are drawings filed in a way which
makes it casy to find them in a hurry?

Are copies of drawings controlled so
that we can be sure of not loosing an
important drawing?

6. Types and Value of Spare Parts and Mate-
rials

a.

and

Have we dicided all units in:
—Regular consumed materials?

—Irregular consumed materials?
—Regular consumed sparc paris?
—Irregular consumed spare parts?
in:

—low value items?

—high value items?

Have we established different stock
policy for these different groups?

7. Statistical Figures

a.

Which figures from production and
maintenance are recorded?

Are they satisfactory for an economic
calculation of spare parts stock?

Are praoduction downtime or lost added
value due tolack of spare parts recorded?

Are statistical figures easily available,
for instance through electronic data
processing?
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8. Preventive and Protective Maintenance

a.

9. Size

a.

Is the present preventive maintenance
programme good enough to have re-
alistic influence on size and composi-
tion of spare parts stock?

Il not, what can be done to improve
conditions?

To what extenl can a more advanced
control be applied?

Is enough training done to secure a
reasonably correct handling of the
equipment?

Is production equipment where neces-
sary redesigned reinforced to prevent
or reduce future maintenance?

of Stock

Is a realistic minimum stock size decided
upon?

Is purchasing order size calculated for
tlems where it is possible?

Is there a system for re-evaluating of
minimum  stock size and purchasing
order size?

10. Storcroom Routines

da.

Does the storeroom file of spare parts
and materials give the up-to-date figures
of available uniis?

Is ordering stock size caleulated, based
on consumption and delivery lime?

Does the rouiine for ordering of new
parts function properly?

Does somebody check changes in deli-
very time?

Arc stock figures changed correspon-
dingly?

Is the storeroom well layed out, so the
paris can be easily found and identified?

Does the storeroom protect sufficien tly
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spare parts and materials in stock
against dust, heat humidity, etc.?

h.  Is everything done to cut out ““red tape”
in the procurement procedure ?

i Isstock size checked and compared with
file figures?

11. Organization

a. How is the spare parts and materials
supply system organized?

b. How is authority and responsibility
delegated?

¢. Has one man (or a group of people)
spare parts and materials as his special
area of work and responsibility?

d. Can organization be improved, and
thereby improve the entire service of
spare parts and maintenance materials?

SPARE PARTS PROBLEMS IN DEVELOP-
ING COUNTRIES

Developing countries compared to industrially
developed countries

The author of this paper has had the oppor-
tunity to see and discourse the spare part pro-
blem in different parts of the world with different
degrees of industrial development.

In a developing country where it
takes a long time to get a new supply
of spare parts, we will find the smallest
stock of spare parts, both in size and
composition,

SIZE AND COMPOSITION OF INVENTORIES

Fig. 13 indicates the situation concerning
—Spare parts on stock

—Possibility to get fast delivery
—Possibility to make spare parts

SITUAT ION

—

NEGREE OF INDUSTRIAL
DEVELOPMENT

Fig. 13

e

In a developing country where it takes a
long time to get a new supply of spare parts,
where the possibilities for making parts inside
the company or country are very limited, we will
in general also find the smallest stock of spare
parts, both in size and composition.

Enterprises in industrially developed coun-
tries not only have the advantage of getting fast
supply, or getting a needed part made in their
own or nearby workshop, they also have a very
well-equipped stock of spare parts, especially
in composition.

It is more logical to have the opposite situ-
ation, with a well-equipped stock of spare parts
when the possibility of getting parts made or
supplied in a hurry are rather limited.

What is Wrong with the Organization of Spare
Parts Service in Developing Countries?

_ To the best knowledge of the author, ther
1s no special paper on spare parts in developing
countries. In a number of maintenance sur-

Yl
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veys, however, spare parts are mentioned as
one of several important factors.

Even if it is possible in any country to find
individual companies where the situation is
different and often quite satisfactory, the
general conditions are as follows:

1.

Board of directors and top manage-
ment in industrial corporations do not
seem lo have the right understanding
for a reasonable stock of spare parts
and maintenance materials.

Government bodies, like Ministry of
Industry or Industrial Development
Boards seem to be still further away
from practical reality in the question
of necessity of a diversified spare part
stock.

Maintenance managers and very often
plant managers have on the other hand
a very clear opinion that production
plans cannot be carried through with-
out spare parts, but have in practice,
unfortunatcly, been able to do com-
paratively little about it.

Factories which belong to international
concerns have in general a much better
stock of spare parts both in composi-
tion and size than the government-
owned plant in the same country.

This can only be explained as a result
of top management attitude, as there
is no difference in opinion at the main-
tenance management level.

Financing of future spare parts is not
done together with the financing of the
plant.

This is true especially in countries which
lack the necessary foreign currency,
but frequently it also is the case in
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Factories which belongs to inter-

national concerns have in general a
much better stock of spare parts-

10.

corporations which lack the available
capital.

Supply routines create a longer total
delivery time, Authorization to bypass
through a number of different people,
time spent getting a currency licence
and customs procedures delay the deli-
very of important parts.

The plants workshops are in general
too poorly equipped, the difficult supply
situation taken into consideration.

The country in total is lacking facili-
ties for making spare parts inside the
country. Special gear-cutting machi-
nery, steel foundry, etc. are major
examples.

The utilization of available machinery
and capacity inside the country could
be better.

If a maintenance workshop in one
faclory has speciatized tool machinery,
it will in most cases have an ideal
capacity for making parts for other
manufacturers. This is a matter of
coordination, of knowledge and of
company policy.

Very few manufacturers of production
equipment have built up a satisfactory
sparc parts service in countries where
machines have been delivered. ese
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Modernisation
Means
More

Profits

Courtesy : Industrial world

SCENE: QUARTERLY MEETING OF THE EXECUTIVES
OF THE ABC MFG. CoMPANY

Managing Director: We shall modernise Plant

No. 2 next year. All our

marketing studies indi-

cale that next year will

be good for us.

But Sir, this is the fourth
year in a row that you
have told me this. It’s
always ‘we’ll modernise
next year, For four years
this Company has watched
its costs rise faster than
its sales. Plant No, 2 is
our key manufacturing
plant, and it’s just too
inefficient to permit a
profit no matter how high
sales rise,

(His face flushed with
anger. He was not used
to having his subordinates
argue with him)—Next
Year ! Next Year !

Another year passed. The Company's
financial picture was just too bleak. Now he
was gathering his staff together to makea sad
announcement.

Works Manager:

Magaging Director:

Managing Director: The Members of the
Board of Directors have
decided—in view of fact
that the Company cannot
operate profitably—to
cease all operations exact-
ly from one month now.
(His hands trembiing and
tears in his eyes) I am
sorry. I am deeply sorry.

MORAIL—At the first sign of inefficient opera-
tions, modernise. Waiting for improved profits in
order to modernise is like putting the cart before
the horse.

In fact when you modernise, you almost invari-
ably profit...in all ways.




Handling and Storing
of Spare Parts & Materials for
Maintenance Purposes on Plant Level

WH Brown*

Proper control of spare parts, materials and supplies can be an important factor in reducing
maintenance costs. and to achieve this end, the organisational set-up to exercise this contrel must in

itself generate a high standard of efficiency.

THE demands of Modern Plant Management

for higher productivity and cost improve-
ment, previously applied to production pro-
cesses, now equally applies to Maintenance
Practices, in thete modern times., Consequently
the Handling and Storing of Spare Parts and
Materials on the palnt level, for maintenance
purpose, must now be considered as part of the
Maintenance Practice.

Much has been written on effective main-
tenance manapgement, and the old adage of a
“necessary evil’” has evaporated with the realis-
ation that this function is an integral part of the
whole function of any production or process
unit—large or small,

Consequently the importance of the service
organisation supporting the matntenance fun-
ction in the supply of spare parts and materials,
needs no further emphasis.

The proper control of spare parts, materials
and supplies can be an important factor in redu-
cing maintenance costs, and to achieve this end,
the organisation set up to exercise this control

~ #British
Kingdom

Steel Corporation, Newport, United

must in itself generate a high standard of effi-
ciency.

The efficiency or performance of this ser-
vice can be related to an increase or decrease
in plant downnmes, corresponding to 1ncrea.sed
or reduced maintenance expense, arising as a
result of inferior supplies and waiting time, or
reliable material promoptly delivered.

Equally, great care has to be taken not to
promote stock investment levels absorbing
capital which would be more usefully employed
in promoting higher and more ¢fficient pro-
duction levels.

Therefore, as it is a vital essential in any
effective ecotiomic industrial policy to place
quality and reliability high on the list of re-
quirements, it is equally essential to provide
the service of spares and supplies on the same
basis.

Modern technologies previously considered
as fringe professions involving metallurgy,
automation and instrumentation, although in-
creasing the complexity of maintenance control
and application, have the primary objectives
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of higher process efficiencies and cost reduction,
These in conjunction with Accounting Techni-
ques in Budgetary and Maintenance Costs
Control, provide the basis for sound Mainten-
ance Practice.

Consequently in highly sophisticated pro-
duction units delays in the rectification of un-
foreseen stoppages, caused as a result of the
premature failure of equipment or unscheduled
extensions to the planned maintenance down
times, must inevitably be calculated in terms of
substantial financial and production losses.

Having established the background and the
essential requirements in providing an effective
organisation for the handling, storing and
supplying of spares and materials to mainten-
ance and process units, it will be appreciated
that such an organisation must in itself be
sophisticated in order to achieve the desired
result,

THE POLICY CONCEPT

Normally the organisation set up to handle
spare parts and materials is located either within
the Administrative or the Engineering Control
structure of a Plant, for Management Control
purposes. This organisation of necessity must
have direct communications with all operating
or functional sections of the Plant.

Essentially therefore, on medium and large
plants, the Stores Control section requires to be
autonomous in concept. Equally the organis-
ation must be capable of operating procure-
ment and supply systems which will involve
Administrative, Accounting and Engineering
skills, to ensure an efficient and economic service,

The proximity of the Stores Unit/s to the user
Plant sections is an important econontic factor,
and this should be carefully considered with
regard to future plant expansion or develop-
ment, when determining the location.

Depending upon the type and size of the
Industry involved, Stores Organisations usually

STORING OF SPARE PARTS AND MATERIALS

fall into two categories, i.e. a Centralised single
unit or serveral units closely located in one area,
alternatively, a decentralised organisation
having several units each located adjacent to the
Maintenance Section of a major plant unit.

In the latter case each Unit would have the
special function of providing the particular
spare parts for a specific plant process, other
than the general or common supplies required.
These individual units would be controlled
directly from a Central Distribution Stores,
operating as the Administrative Control Section.

Either system has operational problems and
inefficiencies. Largely the determination as
to which system will provide the best service
at minimum operating cost, will depend upon
the amount of capital available to establish the
organisation, coupled with the volume and
investment in spares and materials to be stocked.

TYPE OF ORGANISATINM

In general, the following aspects should be
considered when deciding upon the type of
Stores Organisation to be projected.

The Centralised Organisation

(a) The ever present possibility of insuffi-
cient storage space as a result of pro-
tracted or varying supply times necess-
itating increased stock holdings.

(b) The necessity to relocate stocks arising
from variations in stock quantities held,
to prevent multi-location problems.

(¢) The tendency for Plant Maintenance
or Operational Personnel to establish
stocks of spares and materials on plant
local to their activities, giving rise to
waste or loss and Iinvolving extra
expense.

Operating a continuous transport
service of supplies to, and recovery
from the Plants. This service if ineffi-
cient and under emergency supply

(@
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conditions, can extend maintenance
times, thereby creating production de-
lays and financial losses.

The Decentralised Organisation

(a) The extension of Manning to operate
the organisation.

The extension of communications from
the Central Control, and the involve-
ment of sophisticated data recording
techniques.

(b

The provision of central and local
distribution transport, and the exten-
sion of mechanical handling facilities.

©

Objectives

The evaluation of each system requires a
considerable amount of study, research and fore-
knowledge, resulting from which several im-
ponderable aspects will still remain.

Consequently, joint consuitation with the
suppliers and the users is most essential to over-
come some of the imponderables to be met in
this kind of study, before eventual decision is
taken.

This kind of joint consultation not only
eradicates waste in effort, and money, but
promotes the correct atmosphere and relation-
ship in developing efficient material control
systems.

It is too late to start thinking about material
handling and storing when the material is
delivered. The effort has to be made at the
ordering stage. It is necessary that all control
persennel directly involved in this process, sho-
uld be consulted, to achieve the desired results.
Equally this must be done at the inception or
introduction of any Stores Development project.

Ostensibly the results to be aimed at are:-

(a) Minimum manual labour costs.

433

Evaluation of each system
requires a considerable amount
of study, research and
fore-knowledge

(b) Flexible holding capacities when
and where required.

Minimum velume of material in
transit,

{c)

Efficient stock control and there-
fore minimum capital outlays on
stockholdings.

{d)

Efficient utilisation of service

transport.

(e

Maximum volume of production.

(f)
(2)
(h)
The effectiveness of the policy determined

will depend upon the correct functioning of the
Planned Organisation supporting that policy.

Improved Industrial Safety.

An overall increase in efficiency.

This fact has been demonstrated over thou-
sands of vears of history, where there was a
need for the conservation of supplies for ready
use. This function has now become a science,
concerning itself with Inspection and Testing
of these supplies, storage conditions, protection
and security, to name only a few of the many
requirements to be met, Today many indus-
tries are classified by their ability or inability
to operate an efficient supply and stock con-
trol organisation.

It will be obvious, therefore, that to meet the
multiple of conditions and circumstances sur-
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rounding these operations, it is a fundamen-
tal requirement for Stores Management, in con-
junction with all other interested parties, to lay
down practical procedures or rules. In this
way reasonably smooth working can be achieved
in all sections, and such efficiency promoted that
service costs can be maintained at sensible econo-
mic levels.

In essence the strategy recommended in
establishing policy can be summated as follows:-

(a) Service: To provide or progressively
improve the quality of the service to
the process units or plant sections
concerned.

(b)

Finance/Costs:
all expenditure.

(¢} Productivity: To increase productivity
on a regular planned basis.

Development: To develop the service
given in the light of the best available
knowledge, and to the advantage of
the plant sections concerned.

(¢) Persomuel: To provide a well moti-
vated efficient staff and to develop the
skills an aptitudes of that stafl to the
best advantage.

(1Y Consultation: To consult with associ-
ated plants and organisations on com-
mon problems,

To budget and control

Gy

THE BASIC ORGANISATION

In setting up a stores organisation, the policy
having been agreed, and the capital involve-
ment having been established determination of
the minimum staff required, in grades and job
descriptions 1s the pre-requisite. Generally
such employees are established in staff and works
grades, covering Administrative dutics on a
staft basis and Manual operational duties on a
works grade basis.

Administrative Section (Clerical)

Deals with the paperwork systems adopted
for the control and recording of all spares and
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material movements. They would also liaise
with other departments, such as the Purchasing
and Accounting Sections, should these functions
be separate from the Stores Organisation.

Operational Sections (Manual)

Usually supervised by staff personnel, and
utilising works grade personnel, are responsible
for the security, movement and protection of
all spares and materials in store. They would
also maintain such records as are necessary for
material flow control.

Inspection Section (Engineering)

Would deal withallincoming spares in parti-
cular, and a variety of general supplics, checking
limiting dimensions to drawing, material specifi-
cations, workmanship and material condition,
before such materials are passed to storage.

It will be appreciated that sucha unit would
only normally be introduced in large or inte-
grated types of Plants, utilising Spares of consi-
derable value, and unit holdings of Insurance
Spares, considered critical for Plant continuity. -

The integration of these sections, and their
relationship with the Service and Production
or Process units on the Plant, has then to be
evolved by the introduction of control systems.
These systems in the main should be designed
to record or preduce information for control
purposes, or requiring action, so that the whole
organisation is in effective motion, to conti-
nuously maintain the service,

The main systems to be considered are:-

(a) Inventory and stock coatrols.

{b) Receipts and distribution produ-
cers.

(c) Inspection control and reporting
procedures,

(d}) Recovery and repair systems.

(e) Budgetary and expense control

systems.
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In promoting separate identifications for spares, either as
component or assemblies, and general supplies termed “cousumables,”

separate stock or code numbers have to be introduced,

Inventory and Stock Controls

In order to cstablish these controls, it is
first necessary to promofe a comprehensive
inventory or catalogue of essential spares, in-
surance spares, and consumable or general sup-
plies. These schedules would normally be
prepared, in association with the equipment
or machinery supplier, andfor upon previous
experience obtained on another similar types
of plant.

The evaluation of these schedules on the basis
of annual usages can then, with Management
approval, become the basic budgets for inven-
-tory and accounting purposes.

Subsequently as statistics are generated,
modifications to the operating budgets can be
introduced, including allowances for depreci-
ation of plant, due to the normal extension of
maintenance, as the result of wear becomes
more effective on plant operation.

In promoting separate identifications for
spares, either as components or assemblies,
and general supplies termed “consumables”,
separate stock or code numbers have to be intro-
duced. Diflerenciation requires to be made,
between specific spares connected with parti-
cular equipment or machinery, and those spares
which have a common application to a large
variety of cquipment of plant units. The
remainder being dealt with'in a “‘consumable
range” of materials.

Depending upon the data collection system
equipment used, in the recording and accounting

system, simple or compound codes can be used.
Generally these codes should follow the pattern
outlined below, and contain the following in
formation:

a) The Departmental Code Number.

b) The specific Process Unit or Plant
Section Code Number.

¢) The numerical sequence number of
all components to be carried, as spares
stock for the equipment concerned.
Spares Assembly numbers should be
incorporated where component sparcs
and assemblies are both stocked,

d) Differenciation coding to distinguish
between Electrical/Mechanical/Automa-
tion/Instrumentation ete.

Provided the data collection system can
accommodate say ten digits then for example
a stock or code number for a mechanical spare
could be 6501/307/002. :

In this example 65 is the plant or process
section number, 01 is the equipment or machinery
reference in this section, 307 is the assembly
section of the equipment or machinery concer-
ned, and 002 is the actual spare part code
involved. Similarly 6502/ etc. could apply to
clectrical equipment on the same plant section
ete.

This type of coding system is essential when
considering spares inventories of 60/1,00,000
items and above, whereas simpler forms can be
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used for considerably smaller spares inventories.

Considering common spares coding, e.g.
bearings in multiple use in any plant or process
unit, 1t may be adequate to purely prefix a
numerical series, by a single or two digit refe-
rence. to give adequate identification e.g.
40/002041.

Similarly with general supplies, i.e. consuma-
bles, a simple two digit prefix system is adequate
for control purposes, provided sensible segrega-
tion and grouping of these supplies, has been
determined initially.

Inventories or catalogues mainly fall into
four catcgorics, for stock control purposes:

(a) Replenishment on a cyclic calendar
basis usualty arising through Contract
Orders on suppliers,

Safety stocks for essential supplies
where uncertainty exists or usage Is
irregular.

Anticipated requirements for stock
above normal holdings, as a result of
forward planning for a specific main-
tenance task.

Insurance stocks, critical for the
continuily of plant or process, and
whose replacement times would be
extremely protracted, or are supplicd
from sources oulside the country
requiring them.

(b}

©

(d)

In establishing efficient inventory progra-
mmes, certain objectives require to be consi-
dered. These are:

(a) To arrange with Management and
Maintenance Control the quantitative
terms of the requirements, and to
ensure that the Stores Control Perso-
nnel can operate consistently within
thete terms.

To balance the Inventory, and to ope-
rate within the Budgeted Investment
level.

(b)

STORING OF SPARE PARTS AND MATERIALS

(c) To ensure an adequate level of service
to the Plant or Process Units.

To promote a high proficiency in the
control procedures, and a high utilisa-
tion of the administrative and opera-
tional personnel.

@

To adopt simple calculation techniques
within the control procedures, which
can be carried out on a routine basis
by clerical staff.

(e)

To promote limiting budget rules in
quantitative terms which if exceeded
will require control by management
actron.

(£)

To provide exception reports for mana-
gement decision and action,

PLANNING MATERIALS HANDLING

(&)

Any store or warehouse should be establi-
shed as a planned space arca, capable of the
efficient handling of spares and materials speci-
fic or variable at minimum cost,

The greater part of this function is handling,
either manually or by means of mechanical aids,
or a balance of both to give the best efficiency
in the operation.

The cost aspect in this connection is of vital
importance, in that such costs add to the
oncost of a product but do nothing to increase
the value of that product.

These costs can represent from 159, to 859,
of the product cost, and consequently, this
function offers greater scope for improvement
and ingenuity than probably any other field of
industry.

In these competitive times, the cost of non-
productive services in any sphere of industry
is all jmportant. Essentially therefore, more
sophisticated  techniques are continuously
being introduced to achieve better results and
reduce these costs,
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Consequently Materials Handling stands
high on the list of functions which must be
under constant review, and in particular the
irrecoverable material and energy losses arising
from bad practice.

It is only in recent times that greater atten-
tion has been paid by Plant Management to
Stores and Materials Handling. Previously
their attention generally has been tocussed upon
improving production process or practice, in
order to sustain competitiveness in their ficld
of industry,

Arising from this emphasis on improved
equipment and tooling, and on the development
of work study, value analysis, and incentive
schemes it becomes obvious that without a
highly effective Spares and Materials service.
such objectives could be jeopardised. There-
fore, unless suitable investment and conside-
ration is injected inte this function, to permit
it to achive the necessary efficiency, economies
in production and financial costs, will not nece-
ssarily be achieved.

There are three distinct cost centres in ope-
rating a stores organisation—labour, space
and equipment. Depending upon the availa-
bility of each, and the policy adopted by Mana-
gement, the whole operation can be very expen-
sive, without the necessary efficiency being
achieved,

This type of problem can be resolved by
the introduction of modern techniques in space
saving methods and equipment, but this usually
calls for considerable capital investment.

Consequently, in adopting a philosophy
which will be viable within the prescribed limits
of the organisation concerned, the reasons for
the function requirement must first be consi-
dered. Briefly these are:

(a) To control a variable flow of spares
and materials, either as a result of
Purchasing or arising from the Plant or
Process production.
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There are three distinct

cost centres in operating

a Stores organisation—labour,
space and equipment.

(b) To ensure Plant or Process availability
by safeguarding any interruption of
these supplies.

(¢} To provide an autonomous control at
an econoemic cost, compatible with a
high level of service.

Accepting these reasons and conditions then
the variation in the operating requirements have
to be gnalysed. These arc:

(@) Dealing with fast moving spares, ana
consumable materials.

(b) Dealing with slow moving sparcs, and

materials.

(c) Dealing with a combination of both
fast and slow moving spares and
materials.

It is essential, therefore, for handling and
storing purposes, that decisions have to be taken
as lo which of the three categories the stores or
spares should be included. It is equally impor-
tant to establish, in what ratio these are expec-
ted to be handled and stored.

It will be appreciated that there can be a
considerable difference in the equipment, and
facilities required, for the different categories to
achieve the desired efficiency.

Consideration must also be given to the
material and physical characteristics of the
spares and stores concerned, to ensure proper
handling and storing without damage or waste
in energy.

All of these aspects must be given full and
proper consideration, when designing the layont,




438

Irrespective of the way in which
a store is established, space
conservation within the store is
of vital importance.

and selecting the equipment necessary for the
stores organisation.

In many instances planners have to adapt
existing plant buildings, or part of such buildings,
This generally arises as a consequence of the
emphasis on capital expansion of production
or process units. Under such  conditions,
stores are stll cxpected to be capable of the
flexibility required to meet rapid changes in
the production and maintenance services, resul-
ting from order book fluctuations.

From the foregoing it will be appreciated
that, to be forward looking, under all conditions,
the organisation requires not only to maintain
flexibility and a high level of service, but to be
continuously motivated, anticipating change
at all times, but in essence dynamic.

Irrespective of the way in which a store is
established cither as a result of the acquisition
of existing premises, or built to Specification,
space conscrvation within the store is of vital
importance. Without such intention, the essen-
tial flexibility or the dynamic control under
viable conditions will be lost.

There are various systems and developments
in this respect, all with the same objective in
mind:—space conservation, and in general
these systems can be defined as tollows:—

(@) Permanent or Fixed Locations: In-
ferring Areas of fixed storage equip-
ment, such as bins or racks, specifically
caleulated to hold predetermined capa-
cities, and set out in stock or code
number series.

STORING OF SPARE PARTS AND MATERIALS

() Group or Area Locations: Of a flexible
capacity, catering for loose pallet or
stillage equipment, or multiple floor
loads, such as bagged materials, and
capable of random storage for a rea-
sonable time cycle.

(¢) Block Storage Locations: These in
essence are areas of very high density,
with large holdings of similar spares of
materials, usually received and issued
in large quantities, and suitably arran-
ged for mechanical handling.

HANDLING AND STORAGE EQUIPMENT

Basically the variation of design and size
capacity of the storage equipment selected.
should be based upon the result of a study of
the number of unit items to be held in each
type of storage. This stuuy should be related
lo the economics of Handling, Purchasing, and
Plant usage factors over an appropriate time
cycle. This will result in the establishment of
“unit load” factors, for each type of Spare or
Consumable item carried in stock.

These unit loads according to size and weight
will aulomatically determine whether they
can be hancled manually, or by mechanical
aids, but close consideration must zlso be given
to ensure the maximum of standa-disation, to
achieve the greatest economies in operation.

The necessary requirement to utilize maxi-
mum space height in any builuing has led to
many developments in handling aids, ¢.g. pallet
trucks, fork litt trucks, stacking trucks, side-
loading trucks, hoists, cranes and conveyors
and each as required can be modified with
suitable attachments for special applications,

The obvious advantages of these aids are
flexibility. speed in operation, stacking, loading
and transporting, with one man operation.

The only simple rule arising from their use
is that spares and materials should not be
placed directly onto the floor, or on fixed racking,
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but should be contained on a transportable
pallet, or supperted on timbers, to allow direct
access by the lifting equipment in use.

Pallets nsed in conjunction with a fork truck,
enables spares an  materials to be handled
efficiently and safely, by a smaller number of
operatives.

In modern practice, Suppliers, will load the
materials on pallets, to facilitate more rapid
handling at the reception arca. Without this
facility, extensive transport delays will arise,
cither as a result of the necessity to resort to
manual off loading of the supplies, or otherwise
due to transport congestion in a busy store,
where manual work will have no precedence
over fork truck handling of receipts.

Unit loads in palletised form can if desired,
be transported directly to the Production or
Processing Unit, and so avoid double handling
of such loads.

CONTROL SYSTEMS AND PROCEDURES

The control procedures to be implemented
are generally as follows:

(a) The receipt and checking, of all inco-
ming spares and stores against prepared
documentation.

(b) The controlled supply or issue of such

materials to Plant and the certification

of issuing docnmentation.

The maintenance of a reliable location
control system to effect a rapid service.

(c)

(d)

Ensuring the securily, protection and
correctness of the supplies stocked.

These routine procedures require constant
supervision to maintain efficiency, basically
because they are routines. They are necessarily
introduced to reduce possible production or
financial loss, arising from errors or omissions
and creating emergencies on Plant.
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Irrespective of the size, type or
complexity of any store
organisation, control procedures
are almost as essential as the
materials stored.

Irrespective of the size, type or complexity
of any stores organisation, Control Procedures
are almost as essential as the materials stored,
if effective economic ordering and financial
controls are to be maintained.

Basically these controls should in all cases
be related to essential “disciplines”, affecting
Management and Staff alike, in order to gene-
rate the common purpose of continuous moti-
vation within the service.

Consequently parameters require to be set
up in Capital Controls, Expense controls, limi-
tation on varieties of supplies, and equally time
control factors.

All of these requirements can be termed
“Basic Budgets”, against which operating
performance  requires to be measured on a
routine if not continuous basis, to produce the
best possible relationship between the cost of
the whole operation and its generative effect on
Plant Maintenance.

Such section budgets are part of the overall
operating plan of any Plant, which consists
generally of a series of separate but interlocking
plans, covering all main plant operations of
tunctions. Each plan is dependent upon the
others maintaining their objectives, to ensure
the successful accomplishment of the overall
operating plan, and the profitability of the Plant.
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The Order Control system within the stores
organisation for the Purchasing of Spares and
Supplies, must be aimed at the production of
the minimum number of orders raised for any
specific Sparcs or Supplies group. They must
ensure a constant, but safe minimum quantity
and investment level for these supplies, commen-
surate with Plant requirements.

This is general means that contract orders
require to be set up, against which stores admi-
nistrative personnel can obtain supplics, by
simple communication usually on a “cyclic”
or calendar period.

The important aspect in this regard is that
cach group of orders must be evaluated against
the budgeted allowance, to ensure compliance
with the operating plan.

The order control system within the
stores organisation must be aimed
at production of minimum

number of orders.

Emergencies and other exigencies will arise
from time to time, and consequently excessive
budgct conditions require to be permitted over
a short period of time, provided these are even-
tually corrected over a given financial control
period, either monthly or quarterly.

In order to ensure effective control, Manage-
ment practice in this connection is simply to
maintain a moving average graph against each
supply group ana plotted against the budget
factor.

STORING OF SPARE PARTS AND MATERIALS

This arrangement permits a limited amount
of flexibility within the purchasing programme
budget to cater for unusual conditions while
refaining management control of the situation.

Concerning  safety stocks for essential
supplies, where the usage is irregular, these
also can be controlled on a budget and contract
supply basis related to maximum and minimum
stock controls. These are not necessarily re-
ordered on a routine time cycle, but according
to the minimum stock situation existing at any
time. It is necessary, however, to ensure that
arrangements have been made under the con-
tract for the supplier to maintain “Buffer
Stocks” thereby permitting investments to be
controlled at acceptable levels.

Likewise the evaluation of the orders raised
and graphed ona moving average basis, provides
the basic control for management.

Where specific items and insurance spares
critical for production continuity are concerned,
again in a limited way contract condiiions can
be established provided that these items are
manufactured within a reascnable distance
from the Plant, or are proprietary items rea-
sonably available.

Otherwise operation on a maximum/mini-
mum closely controlled stock review, after each
issue has been made, is the most satisfactory
method of securing the right balance in stock
availability and investment control.

To support and maintain this type of system,
controls require to be set up to deal with deli-
very time variations, and to examine all the
possibilities of effecting repairs to used spares,
on a routine basis and, where cost savings are
involved.

These controls are normally Introduced or
directed in conjunction with Senjor Maintenance
Personnel, who must satisfy themselves that the
efficiency of the repaired item will be equal to
that of a replacement.
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There are, of course, major spares items of
considerable capital cost, wherein replacement
must be subject to Sentor Management decision,
and usually such items are catered for in capital
Plant Budgets.

It will, therefore, be appreciated that control
procedures to be established in the Purchasing
section of the organisation and to be effective
must emanate from Management. These con-
trols will operate through the strata of the
service organisations each having limiting
authority, established as a discipline right
down to the clerical section, who normally
initiate the whole function,

Supply orders having been satisfactorily
produced, progress control then takes over,
which can etther be as a rountine function or
“by exception”, according to the type of supply
involved.

Routine progressing would apply generally
to essential spare parts, enquiries being made
with suppliers in advance of the delivery date
to obviate unforeseen delays. In cases where
delays are indicated, this information can then
be passed on to the Maintenance Control in
adequate time, for alternative action to be
taken as required.

“By exception’” progressing would normally
apply to routine deliveries, where a variation
of a few days would not jeopardise Plant avai-
lability. Usually this action arises as a result
of the Stores Administrative section reporting
the non-delivery of material against their
control schedules,

Receipts  control is the next step in the
system, and again a vital step in the chain of
maintaining optimum service to the Plant.
Errors and omissions at this stage can create
interruption of supplies to the maintenance
section in particular, resulting in an extension
ofthe planned programme and involving financial
and production losses.

To assist the speed and accuracy of this
function it is essential that receipts documen-
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tation includes copies of the official orders,
or in their absence copies of the originating
paperwork for the Spares or Materials required.
to ensure that the description and quantity of
the items received is in accordance with the
order.

Both being correct, and the condition of the
material being satisfactory, then the paper-
work having been completed, the materials can
be removed to the stores location allocated.

In cases where an Inspection section is utilised,
then normally all spares items would be pro-
cessed through this umit prior to location. In
such circumstances, verification of the correct-
ness of the receipts is confirmed by Inspection
certification on the Receipt documentation .

Regarding general supplies, it is essential
where these are not fully checked or inspected
that the location control personnel not only
ensure that the storage location is accurate
but that these supplies are similar to those
already in stock.

Resulting from these actions the original
documentation now updated requires to be
registered and distributed to all sections con-
cerned, namely:

(a) The Purchasing Department to allow
closure of progressing records.

(b) The Accounts Department to update
stock and investment records.

The Maintenance Section to indicate
availability.

(c)

The Financial Section to authorise the
Tuvoice upon receipt.

:d)

COMMUNICATIONS AND INFORMATION
HANDLING ON PLANT

The minimum information. required for the
distribution section of the Central or Area
Store concerned, should be contained on a
summary or analysis schedule of the Spares
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and Materials required by the Maintenance
Section concerned and indicating the Plant
delivery point. i.e., maintenance location on a
Date/Time basis.

This is not management information but
arises as a result of forward planning on
maintenance, allowing time to ascertain the
availability of supplies and the co-ordination
of transport. to meet the requirements of the
maintenance programme.

On completion of the maintenance and the
recovery of the unused supplies, the normal
accounting practice of charging ont the used
supplies can then proceed with the minimum
of paperwork and time,

Within the same time cycle arrangements
including works orders/buyers requisitions can
be produced. These orders or requisitions are
raised for the replacement of spare parts, as
necessary, and for repairs to be effected to
recovered unserviceable sparcs, with the mini-
mum of delay.

The close co-ordination of this process can
have a major effect in reducing the stock levels,
particularly of spares, and consequently the
mvestment levels of these spares.

Recoverable Spares and other materials
left lying around is gross waste and eventually,
if allowed to accumulate, can become a serious
safety hazard ana security risk, as well as des-
troying the principles of good housekeeping.

Management Technigues and Controls

As Plant and Process Development extends
in any inudstry increasing the complexity, the
need for a more rapid and easier flow of primary
data assumes greater importance.  This is parti-
cularly the case in respect of control informa-
tion and to this end more sophisticated data
collection techniques are being introduced
continuously.

Not so long ago, in stores service units of
considerable magnitude, manual recording of

STORING OF SPARE PARTS AND MATERIALS

all movements was the accepted practice, whereas
within the span of a few years, the necessity
to absorb, analyse, and report information
accurately and speedily for control purposes
has brought into common use Electronic Data
Processing Units, utilizing Computer Control.

Such equipment has many advantages over
the manual systems, particularly in the speed of
operation and the enormous memory or infor-
mation banks which can be generated within
the system. Such systems provide immediate
availability of any of this information as re-
quired, without the laborious effort of searching
through manual records.

The expense justification of E.D.P. Units
mainly applies in large Industrial Units, where
as a result of fesasibility studies, savings and
better pefformances can be achieved relative
to the mannual systems, whereas in small units
it would be difficult to justify the purchase or
lease of such equipment.

However, it 1s equally feasible for a number
of small Plant units to investigate the possibility
of jointly obtaining this service or of obtai-
ning such a system through a central computer
service organisation,

The relative costs of manual and E.D.P.
systems can be calculated, but it should be re-
membered that there are many unforeseen
advantages in the E.D.P. systems which nsually
result in significant savings. These savings in
the main result from more usable irformation
or the rapid conversion of such information
for better control which in turn produces cost
savings.

The greater the uses to which the computer
is put, the lower the unit cost, as the equip-

ment can account for 759 of the total cost of
the E.D.P. system.

Computer systems have a very extensive
application, other than informaton handling,
and are being applied to Production Process
Controls overa wide range of Industries. Under
certain conditions they are also being applied
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to materials control and handling in large Stores
or Warehouses, normally termed Automated
Storage Handling.

The main object in establishing an Auto-
mated Store is to reduce the overall cost of the
operation. This cost reduction is achieved
through savings in wages, handling. investment
levels and other oncosts, while increasing the
service levels of such stores.

Most stores planners would, in the interests
of efficiency, prefer to design the equipment
and layout to meet the needs of their own pro-
blems, and the types of spares and malerials
with which they are concerned. In the interest
of economy these desires have to be subjugated
and standard equipment introduced wherever
possible, to effect economies in maintenance
of the installed equipment.

The basic operational requirements in
an automated Store are no different to those in
the conventional store, in that input is effected
by fork-lift truck or conveyors onto transfer
pallets operating between input and issue con-
veyor systems and stacker cranes.

Similarly with issues the process is reversed
but the whole system is computer controlled,
largely eradicating manual labour operating
with manual record control systems.

As stated previously, the viability of sophisti-
cated equipment of this nature can only be
considered where capital is available, and the
volume of materials handled is of a considerable
_ magnitude. Primarily the end use will be to
materially assist the supply service at a reduced
cost, and that the capital outlay will be reco-
vered over a period of about five years from
the commissioning date.

These systems can be interlinked with
planned maintenance programmes, where prior
knowledge of the availabilities of spares and
supplies 1s essential. Such an arrangement
can have a major effect in increasing the effecti-
veness of the maintenance operations, thereby
promoting savings in maintenance costs and
mmproved production performance.
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Feed back information is, therefore, essential
in such systems to ensure that each section
motivated complies with the procedure and
performs at optimum efficiency.

~ With E.D.P. systems, information fecd back
is the primary objective in order to promote
further activity and to maintain the whole sys-
tem in motion. It is essential such reporting
is continucusly monitered by more than one
person, to prevent the possibility of oversight
and error.

With manual systems, however, it is essential
to introduce Supervisors or Controllers, wherein
checking routines are employed, to ensure no
lapse in the system.

Usually this type of control would employ
calendar control schedules, statistical updating
records, and. probably registers to ensure that
the routine disciplines are observed.

Again with E.D.P. equipment, as with man-
ual systems, the accuracy of all documentation
is vital to the whole operation. Supervisorry
control and monitoring of this documentation
is essential to ensure that the “disciplines™ are
being rigidly observed.

Errors or omnlissions arising in the system
as a result of malpractice on the part of opera-
tors usually mean the reproduction of all docu-
mentation and the recirculation of the paper-
work, giving rise to increased cost and delays.

Tn cases where the receipts do not comply
with the order specification or . quantity,
exception reports require to be raised, and the
action mnecessary to correct the situation
included on these reports.

When this action is completed and the
materials are returned, or additional supplies
are awailed. the system reiurns to the initial
status of providing paperwork including the
order copies to the receipts control point.
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Referring now to the cost aspects arising
from the fulfillment of maintenance and produc-
tion requirements, unless vontinuous vigilance
by monitoring and evaluation of these issucs is
maintained. all the preparatory planning
and budgetting of the supply and investment
aspects will be thrown into confusion.

The information generated for these con-
trols continuously revolves, starting with the
ordering condition and terminating with the
supply to plant, which activates the starting
point again,

Consequently, as in the case of many such
activities, the diminishing effort towards the
end of the sequence. equally applies in the con-
trol of this type of expense.

Realisation of this defect in performance,
makes it essential that the “disciplines” to be
introduced to ensure control, must be even
more stringent to achieve the correct budget
performance. '

As will be well appreciated the volume of
separate issues arising each week in any size
of Plant, relative to the receipts volume is
extremely high, and can reach ratios of issues
to receipts of the order of up to 100 ; 1.

Serious  consideration with some
ingenuity has to be given to reduce the
problem of the plant personnel while
maintaining the objective of expense

control within the budget discipline.
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It will also be appreciated that in the case
of the materials receipts aspect the function is
generally being handled by a limited number
of trained personnel, as a total function, whereas,
requests for supplies arise from a very much
larger number of Maintenance and Production
personnel. It is ususl for Maintenance and
Production personnel to consider the need to
provide request notes as a function they could
well do without and has no direct part in their
activity,

Herein lies the greatest danger, in that supp-
lies if continuously overordered by plant per-
sonnel. to economise in their paperwork, can
set a paittern of usage which of its own volition
will destory the concept of budgetary control,
and minimum investment levels. This chain
rection if allowed to continue would seriously
affect the overall operating plan,

Consequently, serious consideration with
some ingenuily, has to be given to reduce the
problem of the Plant personnel, while main-
taining the objective of expense control within
the budget discipline.

There are numerous systems employed and
developed, as a result of such experience. It
cannot be simply solved, by limiting or refusing
to supply, as this creates frustration, and could
result in labour discontent and reaction, resul-
ting in reduced productivity, with consequent
financial loss to the Plant,

~ The basic requirements must, therefore,
include the following:

(a) The reduction or elimination of request
documentation originated by plant
personnel.

(b) Wherever possible, to arrange supplics

to Plant on a regular or calendar basis.

(c) Providing, where necessary, limited
storage arrangemenis local to the acti-
vity centre, where, with the co-operation
of Plant Supervisory, Maintenance or
process personnel, regular usage items
of a general character can be obtained



WH BROWN

445

The frequencies of delivery will obviously
depend upon the volume of any commodity

without further request paperwork.

(d) Prompt dealing with the exceptions to
the above, if unplanned and requiring
to be supplied from a store remote
from the activity centre.

An analysis of the possible and preferred
results to be derived from these proposals
would be:

(a) The reduction or elimination of errors
and omissions in the primary data
arising from plant requesis.

Reduced handling and transport costs
between Stores and Plant, and obviating
the possibility of the overordering of
small quautity requests.

(b)

(¢) The elimination of delays in awaiting
trivial supply items, but essential to
maintenance productivity, and reducing
or preventing additional expense, arising
from material loss or waste left around

the activity centre.

To establish the control system for issues and
embracing the foregoing requirement, it is at
first necessary, as a result of a work study, or
available statistics or a mcasure of both, to
establish the limiting budgets. In these consi-
derations Senior Plant personnel should be
involved and the results approved by Manage-

group required,
and the storage capacity available in
any plant section.

ment to ensure a fair compromise all round in
the initial stages.

From the usage/expense analysis obtained,
supply time sequences should be established,
having regard for high vehicle loadings,
high transport utilisation, to give minimum
cost.

The frequencies of delivery will obviously
depend upon the volume of any commodity

group required, and the storage capacity avai-
lable on any plant section.

The routine would then follow the practice
of delivering the same groups of items to all
plant stores in rotation, to be followed by
the different groups on a cyclic basis,

Depending upon  the accounting system
employed, it is possible to arrange that the
receipts credits to stock, and the supply debits
to Plant, can be processed through the accounts
at almost the same time, thereby economising in
all paperwork transactions and acccunting
activity.

ACCOUNTING/COSTING

The essentials in any comprehensive system
of accounting and costing, related to the con-
trol of spares and other materials, should provide
a complete analysis between the actual and the
budgeted costs for all control functions.
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Expense  forecasting  for  Cost
Control is today a common feature
in  Plant Management.

Such an analysis would, for example, indi-
cate over-or under-variunces on the recovery
of fixed expenses, resulting from (hanges in
activity, in storage, hondling, delivery, adminis-
tration and maintenance functions.

This information should be  processed
within the period undec review, highlighting
those expenses under each separate control
function,

Expense forccasting for cost control is today
a common feature in Plant Management. the
aim and effect being to reduce labour and
material costs to a minimum. or to maintain
these costs at an economic level, while promo-
ting high productivity.

Consequently the stores function, in provi-
ding to costs. accurate forward information of
anticipated usages and therefore expensc to be
coupled to the forecast of maintenance costs.
over any given period based upon the regulator
systems in operation is of considerable mpor-
tance.

As a result of receiving this information
Plant Managers are in a position to monitor the
effect of their intentions before decisions are
taken.

Charges to plant should stipulate the deman-
der and the plant section to be charged. 1o
enable Plant Management to verify such costs.

From the results of the costs information.
continuously produced by the accounting costing
system, performance trends can be generated,
which if fully utilised by management. will
promote many bencfits in the improvement of
maintenance costs arising as a result of:

STORING OF SPARE PARTS AND MATERIALS

(a) The better use and control of mainte-
nance spares and materials.

(b) Focussing attention on high cost sec-
tions and high cost spares or materials
usage.

{c} Isolating weaknesses in particular plant
liems, resulting in modifications and
improvement in performance being
obtained.

(d) Improved maintenance methods and
the improvement in  the supply and
handling of spares and materials to
plant.

Conclusion

The foregoing was an endeavour in short
form, to cover in a narrative. some of the
aspects of a Spares and Materials service on the
Plant level.

The inter-relationship of much of the subject
matter ts such, that there is no particular or
logical sequence to the practices and systems
discussed.

However, it is hoped that the philosophy
and principles projected will prove of conse-
quence to those contemplating mtroducing such
a service amnd organisation.

APPENDICES

I. Order and Receipts Paperwork Flow
Chart.

Expense and Budgetary Control Chart
(a) Typical Order Master and,

(b) Summary Stock Requisition
Typical Inspection Report Form

(a) Typical Issue Notes and

(b) Spares and Consumable Supplies.
Stock Record Cards

Work Order Form

Goods Received Note

Distribution Schedule

Consignment note.
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APPENDIX 3 (a)
Coples to ia

ACCOUNTS DEPARTMENT
FURCHASING DEPARTMENT
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Maintenance Guidelines
at Tendering Stage

K Sward*

Decision abou't'plants and machines are often made without full and complete knowledge of the

fulure maintenance costs.

Complete factories have been delivered from industrialised countries with-

out spare parts and necessary information about the absolute minimum of maintenance activities required to

keep the production at the desired capacity and quality level.

It is quite possible that such proposals

will be turned down if the full cost situation is revealed at the tendering stage itself.

T is, practically speaking,

find any plant or machine that does
not need maintenance. Yet, according to the
author’s experience, too many people design,
manufacture, sell, buy and use machines and
plants without considering maintenance as its
impeortance justifies.- This fact might depend
oninférior knowledge about the nature of
maintenance, but surely also, in many cases, a
conscious suppression of inconvenient informa-
tions.

impossible 1o

The lack of knowledge about the influence
of maintenance on the total cost of production
is to some degree understandable, because in
most cases the maintenance situation is not
clearly documented in the records of an
enterprise. To most accountants the mainte-
nance cost is an unknown mixture of labour
cost, spare part cost and overhead. The in-
direct costs are unknown as well. For decades
the accountants were allowed to make their
cost records for accounting purposes only.
First when modern management control sys-
tems were introduced the maintenance and
production manapers were given a suitable
tool to reveal and control the direct and indi-
rect costs of maintaining the equipment.

*Expert from Sweden

Many plants and machines have been deci-
ded on without the full and complete knowledge
of the future maintenance costs. Complete
factories have been delivered from industriali-
sed countries without spare parts and necessary
information about the absolute minimum of
maintenance activities to  keep the factory
running at the desired capacity and quality
level. It may not be possible to prove, but
surely some investments have been made, that
would have been turned down, if the full cost
situation had been revealed at the tendering
stage. '

It may sound as if the author looked upon
maintenance as the one and only technique to
be considered at the tendering stage. The
true fact is, that it is impossible to have any
kind of industrial production without mainte-
nance, but the only justification for maintenance
is production.

A consequence of this fact is, that both the
production function and the maintenance func-
tion should be involved in all activities concer-
ning a machine or plant, from the first discus-
sions about possible production process and
possible machine or plant alternatives. If the
chosen plant or machine has such qualities,
that much maintenance is required to keep it
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running at the desired capacity and quality
level, the production function undoubtedly will
encounter difficulties,

It is to some extent difficult to find evidence
from the practical life, but a Swedish industry
can provide one. It is a chemical factory and
the example involves two identical plants,
bought in 1954 and 1959.

First Plant—Chicf of project: Manager of the
purchase department. The design of the
plant was worked out by the manufacturer,
The chief ot project exerted a heavy pres-
sure on the price of the plant, but no
atiention was paid to the maintenance
problems.

The plant was installed and started. The
maintenance department had to take care
of a whole lot of problems. Many
modifications were required, and as the
plant met all specifications when delivered,
the costs were recorded as maintenance
cost

It took more than 12 months to get the
plant upto full capacity.

Second Plant— Chief of project: Maintenance
Manager,

This plant was designed by the plant engi-
neering depariment. In this plant the
maintenance manager also was chicf of
the plant cngineering department. To
quote the maintenance manager: “‘The
design and manufacturing was made with
‘love and care’ and the reliability of the
plant components was considered more
important than the price.”” The same
manufacturer was appointed. The plant
was installed and started, and after only
4 months full production was rcached.

Both these plants were run for several years,
side by side. The records showed, that the
first plant always had difficulties, in spite of all
modifications done to it. The sccond plant
showed lower maintenance cost and lower
shut-down time.

MAINTENANCE GUIDELINES AT TENDERING STAGE

Shown below are two diagrams, showing
the maintenance costs and the production
level.

ToanT G g
ANT N

whit
U-"-—"——A———_”_
J/—/f "

7 = rated product o
PLANT NO. 2

PLANT NG,

1

Monthe aier stam

The initial cost for plant No. 2 was 10%
higher than for plant No. 1. However, the
difference in initial cost was eliminated after the
first production year by lower maintenance
cost only. Besides, the production value during
the first year was for the second plant about
the double amount, compared to plant No 1.

Some people consider a low initial invest-
ment more important than future low costs,
thereby pushing the future problems and diffi-
culties to get a good economy over to other
people. This must be avoided. because it
might mean ruining an otherwise profitable idea
or hampering a really needed development
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Production and Maintenance

Provided there are no limits in supply of
raw material, power, workers and other simi-
lar factors, the total annual output from a
machine will be determined by :

—the rated capacity of the machine at a
certain level of production quality and

—the avatlable number of production hours
per annum.

The rated capacity of the machine is mainly
determined by its size. the process involved,
power, construction material.  The quality
level of product is determined by the accuracy
of the machine and stability or ability to retain
the necessary accuracy at the existing work
load. These are all physical gnalities, which to
a large extent are possible to establish at the
design and at the manufacturing stage.

The available number of production hours
per annum are of course related tohours, during
which the machine is in such condition, that
production at the ratca capacity and desired
product guality level is possible,

Practically all machines are subject to wear
and corrosion. If the wear and corrosion are
not compensated by maintenance activities, the
rated capacity as well as the machine’s ability to
refain the desired level of product quality will
be gradually rcduced. Sooner or later the
lower limit will be reached and the machine
has to be stopped, or the production economy
will become too low and not acceptable.

Maintenance means that both time and cost
have to be epent. If the number of hours for
maintenance increases too much it will reduce
the number of hours for production,

All these factors, rated capacity, possible
level of product quality, available production
hours, are combined into one expression.

Operation Availability: Utilization of the
_ Operation Availability is the responsibility of
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determined
three factors—reliability of
machine, maintainability and

Operation availability s
by

supply effectiveness of
maintenance resources.

the Production Management, and to keep a
predetermined level of Operation Availability
is the responsibility of the Maintenance
Management.

Operation Availability

The operation availability is determined by
three factors

—the Reliability of machine or plant,
—the Maintainability,

—the Supply Effectiveness of Maintenance
resources.

The first of thesc. Reliability, is determined,
by the physical qualities of the machine or plant,
the design, choice of material in different parts,
machining accuracy, the rated load and the
safety factars, the reliability and lifetime of
components, and also by the number of com-
ponents connected to each other in circuits.

The sccond of these, Maintainability, is
depending on the accessibility for maintenance
activities and operations, facilities for fault
localisation and identification, and facilities
for continuous follow-up of the service perfor-
mance of the equipment.

The third, Supply Effectiveness of Mainte-
nance Resources, 15 depending on the number
of skilled people in the Maintenance depart-
ment, their efficiency if proper and effective
tools are available or not, if spare parts and



462

necessary material is available when needed,
supply of machine instructions, maintenance
plans, the maintenance workshops and their
equipment, planning and scheduling routines,
supervision, engineering services and service
from manufacturers and contractors.

A high Operation Availability may also be
described in terms of cost.  1n a popular way :

—Reliability is the cost for a high initial
quality of the equipmnet withlow require-
ments of maintenance.

—Maintainability is the cost for reducing
the time for maintenance operations when
ne eded. :

—Supply Effectivencss of Maintenance
Resources is the cost for meeting the
required quantity of maintenance opera-
tions when needed.

Reliability

Reliability is usually an expression for the
physical quality of a component, bt it may also
be nsed as a term, describing the safety of ope-
ration of a component under predetermined
operating conditions. Usually the probability
of safe and correct function is used as a measure-
ment for Reliability,

A component with a reliability of 99.99; is
likely to give one unsafe or incorrect functio-
ning, meaning failure, in 1-C00 operations,

but it does not mean it fails after 1-000 opera-
tions.

Usually the probability of safe and
correct function is used as a

measurement of reliability.

MAINTENANCE GUIDELINES AT TENDERING STAGE

It is not so important to know the reliabi-
lity of a component, operating singly. Usually
modern industrial components have a rather
high reliability. But when several components
are connected into circuits, the reliability of the
circuit itself becomes important. The reason
is, that the total reliability is a function of the
number of components and the reliability of
each one of the components in the circuit.
The diagram below shows that clearly.

SYSTEM RELIA
BULITY . IN % Average Cowmponent
Rehiability
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The dotted line indicates, that a circuit,
consisting of 30 components, each with an
average reliability of 9897, is likely to have a
total reliability of only 55% which is far from
acceptable in most industrial applications.

Most of the manufacturers of electronic
components, electric components, pneumatic
and hydraulic components used in industries
know very well the reliability of their products.
In many cases these components are made under
an official specification and the qualities of the
component stated. The official specifications
are often based on extensive tests and scientific
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research work for military and government
research establishments, Their application to
compeonents for industrial applications have
during the last decade meant very much to the
understanding of the maintenance problems in
industry and transportation industries.

A high reliability means high quality but
also high cost. In practice the choice of the
component is a compromise between the initial
cost of the component, the cost of a failure, the
repair cost, the availability of maintenance
resources and the cost of lost production during
repair. The higher the total cost of a failure,
the better justification for a reliable but high-
priced component,

It is, however, sometimes possible to use
components with a lower reliability, provided
actions are taken in advance to reduce the
losses by shortening the repair time, for instance
quick switchover devices to a spare component.

The cost factors are possible to calculate
by operation analysis methods, but this is very
seldom done in civil industrial applications.
During the coming period the OA methods are
likely to become more used than before, espe-
cially for larger plants and bigger machines,
such as power plants, oil refineries and other
plants of similar size, working more or less
continuously. The experiences collected from
OA applications on military weapon systems,
space rocket programmes and nuclear reactors
will undoubtedly be brought out for industrial
applications.

Even if the reliability is not specified accor-
ding to an official specification for each compo-
nent, the total realiability of the machine or
plant should be discussed and, if possible, esti-
mated.

The total reliability of a machine changes
with age. During the first period after a new
machine or plant has been started, some failures,
usually desciribed as “children’s discases™, are
likely to come. This fact is one of the reasons
for a guarantee period, during which period the
manufacturer will replace failing components,
rree of charge.
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After this initial period the number of fai-
Iures is likely to decrease. But after some
time certain components are likely to have
reached their close of life and will cease to
function. As time goes on more and more
components will fail and finally the operation
availability will become too low.

In many cases the functioning of the com-
ponents can be tested and their actnal reliability
established through measuring or testing.

Mean Time Between Failures (MTBF)

Mean Time Between Failures is an express-
ion for the probability of failuresin an operat-
ing system.  From a practical point of view 1t 1s
very useful, because it gives a practical value for
calculations of maintenance activities over a
period of time.

The real value may be determined or esti-
mated as a part of the initial calculation of relia-
bility and presumed operating conditions. This
calculation is a part of the Operation Analysis
programme usually applied on new machinery.

MTBF depends partly on the reliability of
the system and partly on the operating condi-
tions. A machinery, working under heavy load,
is usually subject to severe stresess on certain
components, which might reduce the reliability
of these components because they work near or
over their rated load. This means a greater
probability for failures, which may be
recorded as a shorter MTBF than usually
observed for that kind of machine.

The higher the total cost of a
Jailure, the better justification
for a reliable but high-
priced component.
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The normal value for MTBF for a certain
machine under normal conditions may be cal-
culated by the manufacturer, based on his collec-
ted experience from equal or similar machines.

The value of MTBF is not constant during
the lifetime of a machine. The reliability is not
constant, because there are always some com-
ponents, that will fail during the running-in
period. These failures or “children’s diseascs”
give, of course, a lower MTBF in the beginning
of the running-in period. When they are over-
come the MTBF value increases, until the general
wear has reached a certain level. The process
is usually described by the “baih-tub curve.”

The vertical axis gives the number of failures
per time unit, the horizontal axis is the time of
operation.

The cwrve is a wear curve and is used in
connection with many problems in maintenance.

For machines working under specified con-
ditions, such as paper mills, computers, chemical
process equipment, the normal MTBF can
be calculated and the real practical value will
not deviate much from the calculated value,
provided the established maintenance proce-

dures, such as Iubrication, adjustments to coms-.

pensate for wear, protecting against corrosion
and replacement of worn parts, are followed,
In these cases a maintenance programme must
be followed to the letter.

In practice the MTBF should be recorded
and used to control the maintenance programme.

MAINTENANCE GUIDELINES AT TENDERING STAGE

Many rmaintenance operations, such as
inspections, lubrication, condition checks,
should be performed when needed rather than
at established points of time. When a mainte-
nance department controls the MTBF it is
possible to time these operations, reducing the
amount spent on maintenance without increa-
sing the probabilities for failures. This pro-
cedure, however, is rather difficult and can be
done without hazards only by very experien-
ced maintenance technicians,

Maintainability

The expression “Maintainability” is used to
describe the qualities of the machine, related to
the performing of maintenance activities, such
as lubrication, inspection, condition checks,
fault-finding and repair. The Maintainability
may be measured as the mean time for preven-
tive and corrective maintenance actions. It
has a great influence on the Operation Availabi-
lity and must be analyzed.

One way to analyze Maintainability may be
described as follows:

A. Collect drawings, diagrams, instruc-
tions, operator’s instructions, mainte-
nance  plans, spare part catalogue,

assembly and disassembly instructions
and similar information about the pro-
posed machine or plant.

B. Collect information from own sources,
equipment records, statements of account
budgets, and also, if possible, from
other sources such as other industries,
about the same, similar or comparable
machines.

C. Use the collected information to:

1. establish necessary  preventive
actions such as lubrication, inspec-
tions, condition checks and tests;

2. estimate possible failures and break-
downs and establish necessary
operations to correct;

3. estimate necessary operations to
replace worn parts;
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4. use a dependable time standard to
calculate the time needed to per-
form the operaions under Cl—
C3 and also calculate the cost for
spare parts and material,

This cstimation should cover more
than one ycar. A practical recom-
mendation is to calculate for at least
half of the expected lifetime of the
equipment, up to 10 years, to give g
good picture of the economic situation.

Use Work Simplification Technique
and/or Value Analysis technique to
find out, if the proposed machine or
plant could be changed or improved to
give: :

1. less requirements on maintenance
operations

2. lesstime to perform necessary opera-
tions of preventive nature

3. less time for estimated repairs.

When  analyzing the maintenance
operations, do not forget to state the
demand on the competence of the main-
tenance workers, the maintenance work-
shop, spare part store, special tools and
aids, instructions and maintenance
plans.

Use your findings as a base for your
requirements to the manufacturer at
the tendering stage. Remember:

—need for training courses and train-
ing material for both maintenance
workers and operators

—need for special tools, instruments
and aids,

—need for operators instructions, main-
tenance plans, disassembly and
assembly  instructions, drawings,
spare parts catelogues

—need for spare parts and material, if
possibie, for the next five years, but
distributed over this period,
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The figures found under C and D may be
used to compare alternatives of design, also to
compare plants or machines offered by different
manufacturers,

In this connection it should be remembered,
that a survey was made in Germany about
1960. More than 7,000 machine tools were
analyzed and the total maintenance cost during
their lifetime was stated. Only a very few of
these machines had a total maintenance cost
lower than the initial purchase price of the
same machine. This fact is not well known or
regarded by purchasers of machines but several
manufacturers have made great efforts to
improve the design of their products in order
to reduce both the need for maintenance acti-
vities as well as the necessary time for perfor-
ming these activities.

The Maintainability, however, is not very
well known, especially in developing countries,
and is seldom given regard in comparision to
the economical consequences.

When the Maintainability of a machine or
plant is analyzed the following might be used
as a guide.

Accessibility for performance of maintenance
operations means shorter time and sometimes
less effort in the performance of preventive
maintenance, lubrication, cleaning, inspection,
testing, adjustment, replacement and repair.
If some part shall be inspected, checked or re-
paired it happens, far too often, that the desig-
ner has placed some other parts in such a way,
that they must be removed before the actual
part can be reached. The dismounting of these
parts may take a considerable time. It might
be so, that the parts could have been placed
somewhere else or mounted a little otherwise,
had only the designer thought about it.

Another annoying design feature is the lack
of drilled holes for pushers and threaded holes
for mounting pullers for ball bearings, roller bea-
rings, seals, flanges, gears, wheels, covers ete.
Once the machine parts arc assembled, it might
sometimes be impossible to remove such parts
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The Maintenance Workshop

The maintenance workshops and the spare
part stores form important parts of the main-
tenance resources. Without suitable premises
and equipment even the most skilled mainte-
nance craftsman is unable to perform his duties
efficiently.

The workshops should be of ample size and
located preferably as near as possible to those
parts of the plant, giving the major part of the
total workload on the maintenance workshop.
By locating them near these parts, the time for
walking and transportation is reduced, resulting
in increased efficiency.

The store rooms for spare parts should be
equipped with necessary conditioning facilities
to protect parts from corrosion and deteriora-
tion. The orderliness should be kept well up,
so that needed parts can be found quickly.
There should be a spare part record and some-
one should be made responsible for ordering
parts according to general or special rules,
ensuring that the supply is sufficient, but not
uneconomical,

The maintenance office should be as close
as possible 1o the workshop, at least to fore-
man’'s office and the planning office. The plan-
ning office should be big enough to house the
records, instructions, drawings, diagrams; spare
part catalogues and material catalogues. The
most important and used papers should be in
duplicate, one set for reference and one set
for daily use. If possible, the reference set
should be translucent, to allow local copying,
when needed.

Sometimes it is found feasible to locate
the spare part storeroom so near the workshop,
that the personnel also can take care of the
workshop’s toolrgom.

The Workshop Equipment

1f subcontractors are not available to take
care of the larger machining jobs, the workshop

MAINTENANCE GUIDELINES AT TENDERING STAGE

should be equipped with suitable machine tools,
It should be remembered, however, that the
profitability should be calenlated carefully
before deciding on the purchase of heavier
machine tools such as boring mills, arboring
machines and vertical turret lathes. These
machines will usually be very poorly utilized,
causing heavy cost for each machining hour.

When deciding on the equipment, it should
be borne in mind, that the machine tools in a
maintenance workshop must be more accu-
rate than usually considered necessary. It is
usually not a good solution to buy second-hand
machine tools or use machine tools from produc-
tion.

The maintenance work needs good lifting
equipment, such as overhead cranes or traver-
ses, with ample lifting capacity. The con-
trols should be operated from the floor, only
very rarely from a cabin on the iraverse.

The demand on transportation equipment
should be considered. In thiscase, second-hand
fork trucks could be used, but equipped with
special arms and hooks. They are handy,
because they can be utilized both in the
workshop, for transportation to the different
parts of the factory and for lifting on the spot
in the factory.

For lifting of heavy machine parts in the
production departments, sometimes their lifting
cranes could be used, but it is handy and feasi-
ble to have smaller movable cranes, either with
mechanical hoists or hydraulic lifting arms.

The handtools are important. They should
be of good quality and suitable for the jobs to
be performed. 1t is always profitable to spend
money on good tools, as the cost of the workers,
time and the stop time of the production
machinery is much higher than the tool cost.

Each craftsman should have his own set
of standard handtools and a box or trolley
for storing and transportation. Special power
tools like pullers should be stored in the
tool room. A simple and dependable tool
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control systemm should be used. The old
system with one numbered sct of badges
for each man is not very good. A system
using a receipt in duplicate, one for the man
and one for the tool control system, is much
better, because it gives a much better control
of the tools.

The Maintenance Records

All papers concerning one machine or a cer-
tain part of a plant should be carcfully recor-
ded. This machine record should be in dupli-
cate, one set for reference and one for daily
use. The set for daily use may be borrowed
against a receipt and should be checked before
it is again filed in the rccord file.

The reference set is used to replace dirty
papers in the daily set and should be translu-
cent to allow casy copying.

The daily set should be held in binders, if
possible, and some blank forms put into it in
front of the other papers. These blank forms
are filled out with notes about special tools for
special jobs on the machire, notes about opera-
tion sequence for repetitve jobs etc,

Ong file should be reserved for the job orders
concerning the machine. It is the base for the
maintenance history of the machine, If these
Job orders are taken good care of, it has no
purpose to have a special card file for recording
the history. If some information is needed it
is easy to collect it from the record file. To
write the same information twice is a waste of
time and it does not add anything valuable to
the record.

The maintenance records should be easily-
accessible for the maintenance personnel,
especially the personnel for planning and
scheduling of the mainienance work.

If modifications to the machinces are done,
this must be recorded and the diagrams brought
up-to-date. If not, fault-finding and repair
might be hampered seriously, causing long and
unnecessary stops.
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It is possible to use subcontractors
Jor some types of maintenance
work such as general repairs,
overhauls and repairs as a result
of severe breakdowns.

Subcontractors for Maintenance

In many plants it is possible to utilize sub-
contractors for some types of maintenance
work, such as general repairs, overhauls and
repairs as a result of severe breakdowns.

In industrialised countries suitable subcon-
tractors usually are available, A suitable
subcontractor should have:

—skilled craftsmen

—a well equipped workshop (if the work
should be brought to the contractor’s
shop)

—good and suitable mobile cquipment (if
the work should be performed at the
place)

—skilled supervisors.

Even if the subcontractor meets the require-
ments, the engagement will involve an increased
work load on the maintenance department. The
reason is, that the necessary local knowledge
of plant and equipment is found in the mainte-
nance department and that it will be necessary
to let someone from the own department act
as an information supplier for the subcontractor.

In several developing countries such
maintenance contractors have been established.
If an investment is considered, where such
subcontractors for maintenance will be involved,
the investment project group must investigate
their possibilities and take the result into the
total picture. If not, the investment may be
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The normal size of spare part stock
depends also on the performance
of the maintenance programme
and the operators’ handling

of the same.

bascd on missstatements, causing unexpected
costs and production difficulties in the future.

Supply of Spare Parts and Material

The supply of spare parts and material for
maintenance jobs is very important, especially
if the factory or plant is located far from the
supplicr. To have big stores of spare paris
and material means locking money and the
cost is heavy.

Spare parts and material may be divided
into two groups, depending onthe cause for their
use. One group contains parls and material
for replacing worn parts, the other group spare
parts and material for cmergency use.

Normally the first group is easy to handle.
Oncz the life time of the different components
is known it is tairly casy te order these compo-
nents in time for the replacement. A normal
stock control system can be used.

The spare parts for emergency are mostly
considered as an insurance against too long
stops in case of a breakdown. Which parts
should be ordered is sometimes very difficult
to decide on. but in most cases the manufacturer
is able to give advice about thal. If possible
information about these parts should be collec-
ted from industries, that already have the same
or similar machines.

The nermal size of the spare part stock
depends aico on the performance of the main-
tenance programme and the operator’s handling
of the machines, With a good preventive
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maintenance programme, most of the wear of
machine parts is revealed in good time, and
parts can be ordered and shipped from the
manufacturer some time before they are
needed.

If the operators are unskilled, untrained or
carcless, they will cause much trouble for the
maintenance department as well as for the man
responsible for ordering spare parts. Some
of the necd of parts may be foreseen, but the
rest is impossible to reveal before something
happens. The cure in such cases is to train
the operators better and supervise them more
closely.

Local Manufacturing of Spare Parts

In many countries it might be impossible to
raise the necessary foreign currency for the
purchase of spare parts from the manufacturer
of a plant or machine. Also other circumstan-
ces might justify a local manufacturing of spare
parts.

Manufacturing of spare parts for high
quality machinery, at least heat-treated parts,
parts machined to close tolerances, gears,
hydraulic components, pneumatic components,
clectric and electronic components, bigger
parts of steel or cast iron, ball and roller bea-
rings and similar machine or plant components,
will demand highly skilled craftsmen and high
quality machine tools, as well as supply of
suitable raw material.  Another important
fact is that drawings and process descriptions
for the manufacturing is not very often supp-
lied by the manufacturer, at least in
the discussion about such supply is taken up
with the manufacturer after the original pur-
chase contract is signed. This informations
to the manufacturer represents a high value,
often patented or secret design and manufactu-
ring features.

Another fact is that local manufacturing of
spare parts in many cases is more expensive
than purchase. even if the manufacturers usnally
demand a rather high price compared to the
real manufacturing costs. A manufacturer,
however, usually is in a position to be able to
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manufacture more than one part at a time and
also has the pecessary special tools, jigs, fixtures,
suitable machine tools ctc.

If the situation is such, that a lecal manufac-
turing of spare parts is the only solution, the
machine or plant should be carefully analysed
1o establish, which spareparts arc needed, which
informations are needed to facilitate the manu-
facturing, which raw material is needed, which
machine tools and other machines and facili-
ties for the manufacturing are needed and how
much the manufacturing procedure will cost in
local currency.

The necessary extra purchases and the entire
organization of the local manufacturing must
be established and considered as a part of the
proposed investment for the machine or plant.
If these additional qualifications are not filled
the whole base for the initial investment is
false. If the plant or machine is bought and
installed, the production situation will soon be-
come impossible, or production hampered
because the necessary maintenance cannot be
performed.

Unfortunately, the situation is not unusual.
A sugar factory lost production at a value of
about 250,000 US § because it was impossible
to raise some 5,000 US § to buy rubber tyres

for the tractors used to haul cane from the

fields to the factory. The country has a rubber
tyre factory which made tractor tyres. but not
of the same dimension. It was also impossible
1o modify the tractor wheels to take the avai-
lable dimcnsion, because there was no supply
of rims and no possibility to rework the exis-
ting rims.

Another practical situation: 10 big earth-
moving machines were bought for a certain
project, but no spare parts were ordered. The
maintenance manager proposed that only 9
should be bought and the rest of the available
money used for spare parts. The proposal
was not accepted. The result was, that after
only a few months 6 of these expensive machines
were idle, because some worn parts could not
be obtained. These parts called for a big
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forging press and none such was available
in the country. Relining the parts with wel-
ding was possible, but the necessary welding
malterial was not available.

With a little forethought these situations
would have been avoided and big losses, dela-
yed harvest, delayed work programmes and a
lot of human stresses eliminated.

The maintenance man should be the one,
who knows most about the need for spare
parts, the posibilities to make these parts locally
and how important to the production the
supply of spare parts really is.

The analysing procedure is sometimes
difficult, becanse the knowledge about the
proposed plant or machine might be insuffi-
cient. An open discussion with the manufa-
cturer, with other buyers and uscrs, even con-
sultants with experience of maintenance, would
sometimes be helpful and necessary to clarily
the importance of spare part supply and the
possibilitics to solve the problems.

The Maintenance Control System

The only way to ensure a good supply effecti-
veness of the maintenance resources 1S to have
a suitable Maintcnance Control System. Such
a system contains:

—machine and plant records

— maintenance personne! records

—spare parts and material records

—maintenance cost records

—a preventive maintenance programme

—a suitable job order system

—rules for ordering maintenance work

—priority rules

—statistics.

The purpose of the Maintenance Control
System is to guide the managers, both the
general manager, the production manager and
the maintenance manager, in their eftorts to
realize the objectives set for the enterprise.
The MCS is a part of the total information
system in the enterprise, but itis a speeial part.
It is impossible to use the same control system
in a maintenance department as in a production
department.
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Experience from many industries
shows that about 20 7o Of maintenance
subjects cause about 807 of the

total maintenance costs.

A production department is usually control-
led according to the “Management by Objecti-
ves” philosophy, while a maintenance depari-
ment is controlled both according to the same
philosophy and the “Management by Excep-
tion” philosophy. The reason is, that the
maintenance department nearly always has very
many maintenance subjects to deal with, while
production has only a few.

The collected experience from many indus-
tries shows, that about 207 only of the main-
tenance subjects cause about 80% of the total
maintenance cost. To locate these 209/ is of
essential interest to the maintenance manager,
and this demands 2 special control system,
where these costs gre revealed as early as
possible.

The application of a complete maintenance
control system is always giving good profit.
What is important in this connection is, that the
maintenance cost itself is of less importance
to the enterprise than the losses in production,

An example from a Swedish industry may
be used to prove this. The enterprise is a fairly
large industrial engineering company. The
number of machine tools is between 1,000 and
1,200, as shown below.,

In 1959 acomplete maintenance programme
was launched, Tt started with training of the
maintenance personnel, and a real Preventive
Maintenance programme was started in 1961.
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At the same time the general manager stated,
that the overhauling of machine tools was to
be increased from 20 machines to 70 machines
annually.

. During the years the production rate was
Increased by about 509, In spite of that the
Increase in maintenance manhours is only
fractional, not counting the overhaul manhours.

1,000 manhours

LA T I N o S

General Maintenance Guidelines

General maintenance guidelines to be used
at the tendering stage have been discussed for
many years in the industrialized countries in
Europe. In Western Germany these discus-
sions have resulted in a serjes of 5 booklets,
issued by the Association of German Engineers,
VDI, in cooperation with the Association of
German Electrotechnical Engineers, VDE.

The work was done by a committee of manu-
facturers of machine tools and a number of
well-known maintenance enginneers from the
German industry. During the later part of the
work a number of spectalists in international
and national law were taking part.

The final name of these booklets is:

TECHNISCHE AUS FUHRUNRGS-
SRICHTLINIEN FUR WERKZEU-
GMASCHINEN UND AHNLICHE
FERTIGUNGS;WITTEL, which in
a free translation means Technical

£
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Guidelines for Machine tools and Similar
* Production equipment,

They can be bought from VDI in Dusseldorf,
Germany, and they have an official number for
each part as shown below,

VDI 3227 GENERAL GUIDELINES AND
: PURCHASE PROCEDURES
—=Standards and Guidelines,
official
—Asking for a fender
—The tender
-—=The order
—General technical guidelines
for operating devices, safety
devices, signs, noise levels.
—Recommendations on delivery
procedures, transportation and
. installations of machinery.

vDI 3228 MECHANICAL COMPONENTS
—Guidelines for bearings, cou-
. plings, - clutches, bolts and

chains, plain flat surface bea-
rings, counterweights, limit
devices, packings and gaskets,
screws, hoses.

—Assembled groups of compo-
nents, power packs, gear boxes,
pumps and pipe for coolanf,
tanks and filters for coolant.

-—Lubrication systems. Lubri-
calion plans.

VDI 3229 PNEUMATIC COMPONENTS

—Circuit diagrams, symbols, list
of components.

—Guidelines for compressors,
tanks, valves of different types,
motors, cylinders, pipes and
connectors.

VvDI13230 HYDRAULIC COMPONENTS

—Circuit diagrams, symbols, list
of components.

—(uidelines for pumps, motors,
cylinders, filters, strainers,
valves of different types, pipes
and connectors.
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—The circuit diagram.
—Testpoints.

VD1 3231 ELECTRIC COMPONENTS

—Circuit diagrams, svmbol, list
of components.

—Guidelines for different com-
ponents, '
(This part is not yet finished
because an international
standard is under work.)

These guidelines contain a lot of practical
and useful information, both to the maintenance
man and to the purchaser of machinetools.
Most of these information is applicable to
other types of machinery as well. They are
based on many years of practical experience,
mainly from maintenance engineers, who had
to take care of machines of all types. The
disadvantages of a certain design pattern, for
example the splash lubrication of gears, was
discussed with the designers in the committee,
After that discussion the guidelines for splash
lubrication were established.

These guidelines can be used at the tendering

stage for

—analyzing the design of a machine to
avoid design features, which have proved
to be unreliable

—to find design features improving the

© maintainability ‘

—to set up critical points to be discussed
with the manufacturer before placing the
order

—to avoid mistakes in the final formulation
of the order

—to remind about all the hundreds of details
in the preject work, and especially those
concerned with maintenance.

The Project Work

The base for the future total economy of
any plant, machine or other equipment is laid
when the decision about design is made. In
most cases errors and mistakes at this early
stage are impossible to correct later on. That
is the reason for a careful and thorongh consi-

-

TIves were ready Tor the plant engi-
neers. The plant engineering depart-
ment made to survey lavouts and
calculated approximate prices for
buildings with cranes and other trans-

portation devices needed. The
power station was analyzed and
found capable to deal with the

increased lead.

After_a.nother 2 months the basis for
a decision by the board of directors
were finished. 1In this case the cost

P TR U TC T

1 production engineer
and as part-time members :

| expert in transportation

1 power engineer

1 expert in adminstrative routines.

The work started with a modification of the

choosen alternative. Then from this project
lay-out the objectives for ecach one of the in-
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deration of all facts about the plant or machine
at the tendering stage.

These considerations should in most cases
take place in a team, consisting of experts from
all fields and functions within the enterprise,
finance, marketing, purchase, production,
process planning, plant engineering, mainte-
nance, personnel and social wellfare, trade
unton and sometimes also official authorities.

MAINTENANCE GUIDELINES AT TENDERING STAGE

phase 6. For smaller investments one group
is responsible for all 6 phases.

In order to assure a continous process in
the groups and that the established rules for
the project work are followed, the planning
officer or secretary of the group is a trained
project man, who follows the project from start
to finish. The project manager is always
appointed by the general manager, he might be
elther a specialized nroiect man ar ana af t
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volved departments and the main contractors
were formulated. In each department a sub-
group was set up, mostly with part-time working
members.

The major design features were soon establi-
shed and the detail work on designing and
manufacturing could start after only one month.

The maintenance survey was made, and as
a result the personnel on the engineers and fore-
men level were appointed. The detail work
on the maintenance plans started. During that
work, close cooperation was established with the
contractors and the designers in the own de-
partments. Reliability and Maintainability of
the different parts of the plant were carefully
considered.

The training of both the maintenance per-
sonnel and the production foremen and instru-
ctors started.

The second part of phase 2 started
when the building work started. Some of the
furnace parts and other cquipment started to
arrive from the manufacturer,

The installation of the machines started
as soon as the builders had proceeded far
enough. The first machine to be installed
was a big overhead crane.

Stage 2.

From the start of phase 2 now 6 months had
clapsed.

The maintenance personnel took an active
part in the installation work, but still some
time was spent on training. :

The preliminary maintenance plans were
made and the routines for both production and
maintenance were established., Simulation was
used to test the routines and the plans,

The mounting of the furnaces took 3 months.

Stage 3. 9 months after start of phase 2 the
testing of the production equipment could be
started.
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The training of the operators started a little
before the actual production started up.

. During the testing period the established
maintenance routines were operative. All ex-
perience was carefully recorded and analyzed.
Corrections were made when found necessary.

The testing period also contained checking
of all the equipment according to established
routines. The safety rules were carefully chec-
ked and corrected.

Stage 3 ended when full production was
reached. it took only 6 weeks from the start
of thz furnaces.

_The investment project grolp was now dis-
missed and a new group appointed for the last
phase.

Phase 3

The production was now running well, but
still the “children discases™ of the plant  had to
be overcome.

The maintenance engineer was afull time
member of this group. The project manager
was now another production engineer, but the
secretary of the group was still the same person
as during phase 2. e

The running-in period was established to
12 months. During this time all moaifications
were made and the necessary retraining of both
operators and maintenance craftsmen done.
As a result a special introduction course for
operators was e¢stablished by the perosnnel
department.

At the end of the running-in period a detailed
survey and an analysis of the Operation Availa-
bility as well as the utilisation of the Operation
Availability was done.

The final result was excellen., The plant
was running smoothly ana the maintenance
procedures well established as a part of the

3 P

£

N



%

vy

-

normal daily routine. The ' production cost
was lower than originally calcnlated, which was
acknowledged as a result of the maintenance
routines in the plant. The total sum of invest-
ment was only 1 % above the first calculated sum.

On the following page is shown graphically
how this invsctment project proceeded. Tt
shonld be observed, that only the tasks for the
maintenance department are shown in detail.

Design Checking

It is, of course, impossible 1o give detailed
and accurate recommendations about what to
look at, when checking the design of a machine
from the maintenance point of view. Listed
below are a few points, where the author’s ex-
perience tells him to be observant,

Cleaning : The cleaning is the start for a
good maintenance. A machine should be easy
to clean—with flat surfaces, without any pockets
where dirt can collect, The designer often tries
to make his machine attractive to the eye, then
someone else adds boxes, pipes, hoses and other
necessary part, thus spoiling the look, and also
hampering the cleaning.

P .
Sometimes protective covers are used, e.g.,
on flat surface bearings of machine tools. This
will give the opcrator the impression that the

machine is protected and does not need cleaning -

under these covers. These covers have to be
removed from time to time for cleaning under
them, and it is rather time-consuming to
dismount and mount again.

Lubrication: 1t is very easy for a designer
to add lubrication fittings to a machine, but he
seldom thinks on the time it will take to grease
those fittings. There are now available in the
market very good and dependable lubricators.
If such one is used it is farily easy to fill it up
with grease or oil and it is also easy to adjust
the amount of lubricant for each lubrication
point separately, thus avoiding overlubrication.

For gear boxes splash lubrication has been
found to be less dependable. Force feed lubri-
cation with a pump is now recommended. The

" K SWARD
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Machine components like wheels,
sleeves, gears, pulleys, covers and
bushings should be provided with
facilities for removing them
without much labour.

lubrication system should, of course, have a
strainer to prevent foreign particles entering
the lubrication points.

All lubrication points must be well marked
for easy access.

Lifting: Heavier machine parts should have
facilities for attaching lifting ropes or hooks.
Threaded holes for the application of eyebolts,
hooks or lifting beams are simple to make, when
the manufacturing is going on, but very diffi-
cult to add afterwards.

Milling machines are often liftzd in the table,
which might destroy the machine accuracy enti-
rely, Holes in the stand for entering bars or
threaded holes for hooks should be provided,

Lifting instructions, sketches or similar,
should be delivered with any machine, These
instructions should be placed on the outer sur-
face of the box or crate and easy to observe,
not, as has happened, inside the crate.

Pullers: Machine components like wheels,
sleeves, pears, pulleys, covers and bushings,
with a tight fit, should be provided with facili-
ties for removing them without much labour.
Threaded holes for attaching pullers is a good
solution. For covers two or three equally
spaced holes for pushbolts around the circum-
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ference is handy. The thread dimension should
preferably be the same as the fastening bolts.

Ball and roller bearings can be removed with
ordinary standard pullers, but they are often
destroyed and may not be used again. Some-
times a milled recess behind the bearing would
make puller application easier.

Testing: Electric, pneumatic and hydraulic
systems should be equipped with test outlets,
and the components must be well marked in
accordance with the diagrams.

Corrasion: The corrosion protection is too
often forgotten. The climate 1n a country may
be damp and hot, and in such case even painted
steel rusts easily. Stainless steel is costly, but
in many cases it is well worth to spened some
money on a better material and avoid future
maintenance problems, i.e. spare parts.

In many cases the oil system is not cooled
enough to carry away the heat from the moving
parts. If the lubrication oil is subjected to a
high temperature it will soon loose its ability
to lubricate, also it may crack, forming hard

particles, which will cause wear instead of pre-
venting it,

In systems working at a higher temperature
an oil cooler and a full flow filter is necessary.

Bearings: Ball and roller bearings are
sometimes protected against water and grit
with a seal. It should be a lipseal, not a felt
ring, especially if some pressure or velocity is
involved.

These seals are pressed into a recess and are
sometimes very difficult to take out of the recess.
There should be two small drilled holes behind
the seal, so that two steel pins can be used to
force the seal out.

Bearings are very often pressed on a shaft
and resting against a shoulder or another part,
a sleeve or a gear. These bearings are difficult
to remove without destroying their accuracy.,
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Bigger bearings and other parts like couplings
should be fitted with drilled holes and recesses
facilitating the use of high pressure oil for both
dismounting and mounting. In such case a
bearing might be used again, if not damaged
from use.

Flat surface bearings should always have a
high safety factor for overload, and the hard-
ness of the matching surfaces must be about
thesame. If not, the wear will be great and there
will be great hazards for scoring. The lubri-
cation of flat surface bearings is always a pro-
blem and should be checked very carefully.

Plain bearings of greater dimensions should
have pressure lubrication, at least during the
start period.

Standard: 1t is very difficult to give recom-
mendations about standard. Standard compo-
nents are interchangable. Such parts as valves,
pipes, switches, circuit breakers and similar
can be found in many dimensions in one
machine or plant., It might be better to have
one or two of each type, because the spare part
store may be decreased and yet the safety high.

If several machines use the same type and
size of components, such as hydraulic valves,
pumps etc, the safety store of spare parts can be
reduced.

If a certain function needs one special
component it should be analysed, if the same
function can be obtained with two standardised
components already stored.

Generally speaking the maintenance engi-
neer must collect and record experience from his
own industry to be able to check the design
features of proposed machines for his industry.
as sometimes local conditions will influence
greatly on what is essential and what has little
value. In developing countries even such
normal parts as screws, nuts, washers,_ standard
bearings, packing and gasket material, seals,
push buttons, lamps, cables and pipes, valves,
fittings, sockets and connectors are not made
locally. When analysing the design it must
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In order to get the most complete
tender, the enquiry should be
detailed, giving as much information
as possible to the contractor.

be open for the need of spare parts and the
possibilities to get them.

The Inquiry

When the internal discussions about a pro-
posed plant or machine have resulted in major
outlines, preferably as described in the chapter
dealing with Investment Project Group, ~ in-
quieries to manufacturers or contractors can be
sent out. Tt is recommended, that the number
is limited, especially if the machine or plant
Is special and large, because to prepare a tender
will take a considerable time ana labour and the
cost has to be covered in some ‘way or other.

Sometimes the decision on contractor or
manufacturer is made before 4 tender is recieved,
Just because Jarger tenders ¢ost so much money
that the contractors do not want to work with-
out being sure they will get the order. In such

case the decision is usually based on an Evalu-
ation of contractor. '

_ Inorder to get the inost-complete tender the
inquiry should be rather detailed, giving as much
information as possible to the contractor.

The data about raw material, production,
power elc., are not often forgottén, but that
happens to such details as

— which national laws, standards and rules
are applied on the tender, the design,

dcliyery, installation. and glarrantee
period. '

— the climatic conditions
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— supply of power, water, steam, gases etc.
ground conditions

— availability of local servicc,'ma.chining
facilities, material stock, spare parts,
subcontractors for installation

what is required included in the deli-
very in the form of drawings, trans-
parent drawings for copying, operator’s
instructions, maintenance plans, spare
parts catalogues .

how much training of operators and
maintenance craftsmen is expected, local
training and training abroad

which language should be used in the
written instructions, .

— the Operation Availability of the ma-
chine or plant and how these infor-
mations are desired

information about spare part supply
cost, need for special tools and main-

" tenance equipment should be inclnded
in the tender.

The Tender

~ When the tenaer has arrived it should be

checked in cvery detail against the inquiry
and the information collected in the invest-
ment project group.

"The maintenance engineer should devote
great interest io those parts of the tender, comta-
ining information of interest for the future
maintenance situation. He is probably the
one in the investment project group, who knows
most about the ¢ssential Operation Availability,
Reliability, Maintainability and Supply Effccti-
veness of the Maintenance Resources.

Based on the information in the tender and
his krowledge of local conditiens, the main-
tenance engincer should make careful caleula-
tions on the maintenance situation for the next
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years. It has no purpose to limit the calcula-

tion time to one year only, as the enterprise

probably has to live with the plant or machine

for 10 to 50 years, depending on the lifetime of

the equipment. On the other hand, it is practi-

cally impossible to find data of sufficicnt accuracy
for a longer period than 5 to 7 years.

In a certain investment profitability cal-
culation method, the American MAPI-method,
usually only figures for the next year’s mainten-
ance cost is used. This method is not sufficient
to give a clear view on the important role of
maintenance in the future. If this method is
used a separate calculation of the Operation
Availability must be made as a base for esti-
mation of the total profitability for the future,
at least 5 years.

At the same time the spare part situation
must be analysed and the necessary money
calculated. In developing countries the foreign

_ currency situation is sometimes difficult and if

" the investment is done and currency for the
spare parts not reserved, it might happen that
the expected production cannot be reached
because spare parts are not avilable,

If information about instructions, main-
tenance plans etc. is not included in the tender,
the contractor should be asked to provide these
before his tender is considered. Once the order is
definite the contractor does not easily concede
to include such things, but at the tendering stage
it is in most cases much easier to convince him
to include these necessary parts.

Delivery and Installation of a Machine

The maintenance department is usually best
suited to take care of a new machine and in-
stall it. Even in plants with a special plant
engineering department the maintenance de-
partment has the necessary craftsmen, shop
and other facilities.

Before the machine is shipped from the
manufacturer it is usually checked and tested,
sometimes also run for a short period. But
during the transport it might be damaged. The
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very first thing to do is to inspect the crates
or boxes, If they have damages on the outside
the insurance people should be called immedi-
ately. If notthe insurance people might turn
down a complaint that is done later.

The place, where the machine is to be in-
stalled, should be prepared in advance, cables
for electric power, pipes for cooling water,
for compressed air, ducts for ventilation etc.
should be ready when the machine arrives at
the factory. If the machine needs a concrete
base or foundation the manufacturer usually
mails the drawings well in advance, so that the
preparations can be done, But be sure to ask
for them, as it happens too often that these
informations are kept in the purchase
department.

Make sure the lifting facilities are suitable
for the machine installation. Test all beams,
hooks, ropes and wires, so that nothing happens
when they are used.

Before starting the unpacking, read the in-
structions from the manufacturer. Be care-
ful to apply the lifting hooks, wires or ropes
in such a way, that the machine is not demaged
when lifted. :

Keep the machine on the place and first
level it roughly. Then start the cleaning. Wash
away the coafing applied for protection during
transport. Inspect everything to insure the
machine is not damaged. Clean the machine
carefully.

If the machine is shipped dismounted, be
careful to follow the instructions supplied by the
manufacturer. Instruct the men carefully and
do not let them start to work until quite sure,
that they know what to do, and especially what
they must not do.

When the assembly work is finished the
final levelling is done. Be sure to follow the
instrictions.

Before the machine is started it should be
checked. If the manufacturer has not supplied
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such a checklist, make one and enter the results
of the checking. This list should be recorded
in the machine record.

Sometimes an accuracy test 1s done, accor-
ding to standard rules. This applies to machine
tools, but also to some other machinery.

Then the machine is carefully Iubricated and
started. The first to do is to test all the fun-
ctions of the machine. This is rather a part of
the machine test and should be recorded.

Then the machine is ready for the production
department.  But the maintenance department
alto thould 1ake part in the necessary and very
importfant training of the operator.

During the first months the machine should
be checked frequently by the maintenance de-
partment. Especially function tests are of
great importance, as these tests will reveal un-
safe functioning of components at an carly
stage, which will prevent breakdowns 1o a large
extent.

All papers containing information about the
machine should be recorded and filed in the
maintenance department for future reference
and use,

Manufactorer's Service

Many people belicve they may rely on the
manufacturer’s service for maintaining the ma-
chines or the plant. Tt may be possible to do
S0 to some extent and under certain circums-
tances.

The suppliers interest must, of course, be to
deliver a plant or a machine, that will satisfy
the customer, not only a short fime after the
delivery has taken place, but as long as the ma-
chine or plant is used. He may insure that by
providing :

— a suitable design of plant or machine
— good quality control of the machine or

plant at the manufacturing and instal-
lation stage

MAINTENANCE GUIDELINES AT TENDERING STAGE

appropriate instructions for the opera-
tion and for the maintenance of the
plant or machine

assistance in training of the operators,
Instructors and the maintenance per-
sonnel

a well dimensioned spare part stock with
quick delivery service

well trained servicemen.

Even if the manufacturer meets these re-
quirements it will, in most cases, be impossible
to rely entircly on these services. Especi-
ally when the manufacturer is situated far away
from the place, the acute sitnations must be
dealt with by own personnel and with own re-
sources. In the long run the best solution will
be to ntilize the manufacturer’s service for the
building-up of own maintenance resources to
such a level, that they are sufficient for the nor-
mal annual requirements. Only such main-
tenance tasks, that may be foreseen and planned,
could be held pending the manufacturer’s or
other outside service.

One thing must be qutie clear to all people
responsible for production and maintenance:

If the instructions about operation and main-
tenance, delivered by the manufacturer, are
not followed by the customer’s personnel, no
plant or machine, regardless of design and
quality, could be run properly.

The following is check list at the tendering
stage, for;

Production, Actual and Future
Process Technique

Machine Design

Space, Premises, Transport
Maintenance

Delivery and Installation
What Delivery Should Include

ot



K SWARD

CHECK LIST AT THE TENDERING STAGE
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Project: I Project No,
: / :
Checked by: Date: Approved by: J Date:
X ] |
Short description: !
‘ Yes No

Remarks

A.  PRODUCTION, ACTUAL AND FUTURE

1.

5.
6.
7.

Are there any plans to change the actual product within the near
future?

How long time is the product actual?

Can the design or material be changed to eliminate the actual opera-
tion?

Is it possible to increase the capacity of existing machines to cover
the needed quantity?

Will the new machine become a key machine?
How much of its capacity will be utilized during the first year?

Is the size chosen big enough to allow new products?

B. PROCESS TECHNIQUE

1.
2.

9.

Which is the peak value for production per hour?

How much time of production is required to cover the production
programme for the next years?

Is it possible to increase the product quality level? How much?

Which are the required production data and does the machine have

?iufﬁcient possiblities to change or adjust these data to meet future
emand ?

How long time is needed for setting up the machine for production,
or to change from one product to another?

Is the machine design and construction correct from view of method
study?

Does the operation of the machine comply with biotechnological
rules?

Are information about the efficiency of the machine at various loads
available?

Does the machine meet safety rules?

C. MACHINE DESIGN

1.

Is the machine sturdy enough to meet all possible load situations?
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Check list (Contd.)

Machine Design (Contd.)
2. Does the machine need a foundation?
Is a simple set-up permitted?

Are figures available about the total reliability of the machine?

3
4
5, Are such figures available for the most important components?
6 Do the components quality meet the company standards?

7 Is the protection against corrosion, dirt, steam, vapour etc sufficient?
8 Is the electric equipment of the right class?

9. Are special equipment outside the machine necessary?

. SPACE, PREMISES, TRANSPORT

1. Are necessary lifting and transportation equipmen t for the installa-
tion available?

2, Is it pessible to locate an.ev, fundamentation on the most suitable
place in the factory?

3. Does the machine need ventilation? Air conditioning? Filters?
4. Fire protection? Explosion hazards?

Does the machine cause vibrations in the building, that may harm
other machines?

(¥

&

Any demands on special lighting?

Does the machine in production increase the need for storing space
around the machine?

=

8. Is there a demand for extra space for tools?

9.  Does the machine need compressed air?  Is the supply good enough?
10. Does the machine need cooling water, steam, gases? Are these avai-
lable?
11. Is the power supply sufficient? Correct voltage? New cables?

New switchgears?
12.  How much power is needed? Power contract limits?
E. MAINTENANCE
1.  Has the machine’s maintainability been analysed?

2. Is the accesibility for maintenance good enough?

Yes | No
|

Remarks
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Check list {Contd.)
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No

Remarks

Maintenance (Contd.)

3.

10.

Are there extra facilities for locating faults? Instructions on fauit-
finding procedures?

Are lubrication instructions included in the delivery? Do they meet
our standards? Isit possible to buy the lubricants in our country?

Is a maintenance plan delivered? Does it meet our standards?

Has the spare part supply been discussed and checked? Are spare
parts ordered? For how long time?

Are drawings and circuit diagrams included? Isthe marking of the
components done?

Is our personnel competent to perform preventive maintenance?
Repairs?

Are special tools or aids for maintenance and repair needed? Have
these been supplied or are they ordered?

How is the manufacturer s service for maintenance and repair? Con-
tracts?

F. DELIVERY AND INSTALLATION

1.
2.
3.

10.
11.

Is the machine run for testing before delivery from manufacturer?
Are we going to send a representative to watch the tests?

Shall the final delivery test be done in the manufacturer’s shop or
after the installation in our premises?

Are function tests or accuracy tests arranged? Where and when?
Standards?

Are any special production difficulties expected during the installa-
tion period?

How is the machine shipped? Knocked-down or assembled?

Are the internal transports checked? Any extra work to be done?
Reinforcement of bridges? Knocking down walls?

Shall the machine be stored? How should it be protected during
storage?

Who is responsible for the installation?
What about competent workers for installation?

Which requirements are expressed regarding painting and corrosion
protection?
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MAINTENANCE GUIDELINES AT TENDERING STAGE

Check list (Contd))

- Yes

No

Remarks

Delivéry and Installation (Contd.)

12,

13,
14.
15

16.

Which changes in production are necessary because of the installa-
tion?

Board and lodging for foreign people needed for the installation?
Special craftsmen for the installation?

How long time for the installation? Is an installation time plan
made?

Who is responsible for the fina! testing of the machine after instal-
lation?

G PURCHASE

(B¢

o O o

10.

Is the tender correct?

Any complementary information needed?

How with guarrantee period?

How with fine for delayed delivery?

Payment terms acceptable?

Have all requirements from production been met?
Have all requirements from maintenance been met?

Are all problems with shipping, storing, installation, starting, testing
and checking solved?

Are all possible costs calculated? Transport, shipping, packing, tes-
ting, insurance, duty?

Have all people in the company, concerned with the purchase, had
an opportunity to discuss this purchase?

H. THE DELIVERY SHOULD INCLUDE:

1.

Complete installation instructions should be mailed 4 weeks or more
before the machine is planned to arrive. Value of weight, external
measurements of the machine should be included. Instructions for
lifting and transport. 2 madels in scale 1:50 for layout purposes.
Fundament drawing.

A complete set of circuit diagrams for the electric, hydraulic and
preumatic circuits. Assembly drawings or special drawings with
instructions about disassembly and assembly for repairs.

Spare part catalogue and/or spare part list in 3 copies. 1f possible
a spare part stock recommmendation, based on our conditions, cover-
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Check list (Contd.)
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| ‘
Yes | No

Remarks

~The Delivery Should Include (Contd.)

4,

10.

11

A complete list of components, if possible with the manufacturer’s
own_lgumber, also local representative’s name should be included, if
possible.

A detailed description of the machine and its functions, giving tech-
nical data for work study, production planning and design purposes
(product).

A camplete operator's instruction, redigated according to the train-

ing system TWI, inciuding setting-up, checking before, during and

gfter running the machine, daily lubrication and function tests,
copies.

A complete lubrication plan, in accordance with the German stan-
g]a.rd DIN 8579, with sketches. Lubricants must be available localiy.
copies.

A complete set of indication marks for levers, pushbuttons, handles
and other operation devices in our language or with understandable
symbols. 2 copies.

A complete maintenance plan in two copices.

Two copies of machine accuracy record chart, if applicable, with the
measured deviations entered,

A declaration from the manufacturer, that the machine meets alf
legal prescriptions regarding personnel safety, electric equipment,
pressure vessels and pipes, air and water pollution, electric distur.
bances on televisicn, telephone, cable connections, railway signal
systems etc.

MAINTAINABILITY, Goldman & Slattery,

RECOMMENDED BOOKS

MACHINE TOOL MAINTENANCE, Knut Sward, Business Publications Ltd, London
MAINTENANCE ENGINEERING _HANDBOOK, L C Morrow, McGraw Hill, New York

SYSTEMATIC MAINTENANCE, Lecture notes,

tional Training, Turin.

RECOMMENDED MONTHLY PAPERS

FACTORY, The magazine of Manufacturing, McGraw Hill, New York

MAINTENANCE ENGINEERING, London

John Wiley & Sons Ltd, London, New York, Sydney

International Centre for Advanced Technical and Voca-
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The Mysore Paper Mills Ltd.

Manufacture

the finest qualities of paper from their most modern plant,
which bear the familiar famous trade mark

‘BISON’

Our Creamlaids and Krafts are a speciality with the customers !
Paper of excellent composition comes to you for your
personal use from our Mills !

Our Other Popular Brands :
% AZURELAIDS—BONDS (White & Coloured)
% COVER PAPER—COLQURED PRINTINGS
% WHITE PRINTING—MAP LITHO-—M.G. PLAIN KRAFTS
% PULP BOARDS (White & Coloured)

The Mysore Paper Mills Ltd.

Factory : Registered Office :
Paper Town Arun Mansions
Bhadravati Jayachamarajendra Road
(Mysore State) Bangalore-2
Telegtam : ~“PAPERMILL"" Trunk Telephone : 24856

Trunk Telephone : 331 & 362

Sales Manage'r's Difice : 267
Sales Manager's Residence : 3I8
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CHEMISTRY

the best friend of man !

No other branch of science and industry renders greater service to the
needs and comforts of humanity.

Take a basic thing like clothes. Less people would be wearing less

clothes if it were not for Caustic Soda, Sodium Hydrosulphite and
Chlorine,

And imagine a bath without soap ! Or for that matter surgery without
anaesthetics !

At its manufacturing and research facilities T.C.C. is actively engaged
in making Chemistry render even greater service to man. Listed below
are our main product lines. We may be just the ones who can make
Chemistry an even better friend of yours.

Rayon-grade Caustic Soda
Sodium Hydrosulphite
Sodium Sulphide -
Chlorine

Hydrochloric Acid

The Travancore-Cochin Chemicals
Limited

UDYOGAMANDAL P.O.
ALWAYE (Kerala)
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The Manufacturer of '
Large Power Plant

THERMAL POWER PLANT

We are fully equipped to enginesr a complete Thermal Power Station and manufacture
Turbine, Generator, Condenser and Feed Heating Plant and asseciated auxiliaries.

A 30 MW set has been commissioned at Basin Bridge ; another delivered to Parli
as also a 120 MW set to Santaldih.

Under manufacture are two 30 MW sets for Parli and Namrup and seven 120 MW sets
for Chandrapura, Santaldih and Ukai.

In addition, work is on band on a 233 MW Nuclear Turbine for Madras Atomic
Power Project at Kalpakkam.

HYDRO POWER PLANT

With our equipment already delivered, erection work is in progress at :

Basi (3x15 M) Obra (3x33 MW) UBDC (3x15 MW) and Chibro (4x60 MW),
Further 28 sets for Koyna (4x8¢ MW) Gumti (2x5 MW) Sumbal (2x11.3 MW) Ukai
(4x75 MW) Sharavati (2x89 MW) Khedri (4x30 MW) Dehar (4x165 MW) and Pong
(3x60 M) are under various stages of design and Manufacture

Yes, 41 Power Plants for 13 Hydro Projects in 9 states in all !

Enquiries to Commercial Manager

HEAVY ELECTRICALS (INDIA) LIMITED, BHOPAL

(A GOVERNMENT OF INDIA ENTERPRISE)
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THE, INDIAN JOURNAL OF PUBLIC ADMINISTRATION

Official Organ
of
The Indian Institute of Public Administration
(Published quarterly since Jan. 1955)

Subscription : Annual : Rs. 16 or £2 5s. or U. 5. § 6.00
Single Copy : Rs. 5.00 or 15s or U. S. $ 2.00
In addition to the Journal, The Indian Institute of Public Administration also
brings out research publications. Some of the RECENT titles are :

Rs. P.

Training for Community Development in India by H. R. Makhija 10.00

Soctal Change in a North Indian Village by A. P. Barnabas 10.00
Administration of Government Industries—Three Essays on the Public

Corporation by R. 5. Arora 18.00

Voluntary Action in a Developing Society by V. M. Kulkarni 5.00

Agricultural Administration in India 25.00

State Directorates of Municipal Administration by Mohit Bhattacharya ~ 5.00
Proceedings of the Conference on Training held on February 24 and

25, 1969 at the L. 1. P. A, 25.00
Relations Between Politicians and Administrators at the District Level

by Shanti Kothari & Ramashray Roy 20.00
Proceedings of the Seminar, Five Year Municipal Development Plans

by R. 5. Gupta 5.00
Citizens’ Grievances and Administration by A. P. Barnabas 10.00
Administration of the Urban Fringe 3.00
Personnel Administration—Implementing the Reforms [0.00
Our Towns—Il 8.00
Cabinet System in Municipal Government {0.00

Administering Agricultural Development by A. P. Barnabas & C. Pelz  10.00
Proceedings of Conference on Problems of Resource Mobilisation in

the States 10.00
Forthcoming Publications :
Panchayati Raj Administration by lgbal Narain
Role of the Deputy Commissioner in Punjab by Dr. §. K. Sharma
Citizen and Bureaucracy by Dr. V. Jagannadham and N. S. Bakshi
Property Tax Administration by V. Jagannadham and N. S. Bakshi

Fo:_‘ full information please write to: The Registrar, The Indian Institute
of Public Administration, Indraprastha Estate, Ring Road, New Delhi-l.
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INSTRUMENT SERVICING

Process Control Instruments such as Pyrometers,
Temperature Recorders etc.,, Anlaytical Instruments
like Colorimeters, pH Meters, Spectrophotometers
etc,, Electro-Medical Instruments such as E.E.G.,

E.C.G., Electro-myographs, etc.

Aavotronics  Diivate Lid

Sussex Road, Bombay-27 Telephone 371591

ELICO

Manufacturers of

pH Meters (with IS] mark)
pH Electrodes

Photoelectric Colorimeters
Conductivity Bridges

Purity Bridges

Regulated DC Power Supplies
Soll Moisture Meters

Soil Water Plant Test Kits
Electronic Teaching Aids

ELECTRONIC & INDUSTRIAL INSTRUMENTS CO. PVT. LTD.

Sanathagar Hyderabad-[8 Phone 39055
Sales cum Service Centres :
230'95 D S Phalke Road, Dadar, Bombay-14 Phone 44-1402

Phone 56-5912

2-E 6 Jhandewalan Extn, New Delhi-55
3470

140-B Margosa, Road, Malleswaram, Bangalore 3 Phone




The imprint of Time left on impressive buildings like the Taj Mahal
is more easily discerned in written records. In place of mute
th memorials, eloquent books speak to one and all. The past is
e preserved in documents and books for posterity to show how and
where history is imperishable. The same can be a guide to
. the future also.
living

Modern paper manufacture makes it easier to write or read
t about the great events or the mighty makers of history.
Pas Quality paper like that produced now by Seshasayee Paper

& Boards truly helps the study of the living past.

Seshasayee Paper and Boards Ltd.,

Paliipalayam, Salem District, Tamil Nadu.

Get the best pay off
from your Fork-Lift Truck
by fitting the

dependable

ANCo

TRACTION BATTERIES

AMCO 'Powar plus’ Traction
Batteries are the first choice, as
criginal equipment in the Fork-Lift
Trucks manufactured in India,

AMCO BATTERIES LTD.
BANGALORE-26

BORN 1933 - GROWING STRONGER EVERY YEAR

AM-MAC-(B) §7 C
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INSIST

on

‘CHARMINAR’

Asbestos Cement Sheets, Pipes and Accessories
Renowned for their Strength, Durability and Elegance

and also

- Asbestos Cement Pressure Pipes Manufactured as per
LS. Specification 1592 of 1960

Manufacturers :

Hyderabad Asbestos Cement Products Ltd.
Regd. Office : Sanatnagar, Hyderabad-18 (AP)

Factories at
SANATNAGAR, HYDERABAD (A. P) & BALLABGARH (Haryana)

Suppliers to Union and State Governments under Rate Contract
with the Director General of Supplies and Disposals.

Grams : ‘ASBESTOS” HYDERABAD, ; ‘ASBESTOS’
Tele : BALLABGARH

Phone © 39541 — 8 lines 497 & 498

ol
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The Coimbatore Cotton Mills Limited

Coimbatore-15

Manufacturers of

Cotton yarn 20s to 100s in hanks and Cones
Staple yarn 20s to 40s in hanks and Cones

and also
LOVELENE . TERENE COTTON SHIRTINGS
MIRRABEAU : FULL VOILE
MIRRABEAU ; SAREES
KOTA :  SAREES
SINGLIN ; SAREES
STAY LONGER 4 FINE POPLIN
STRANGER : FINE POPLIN
CM 2010 : CASEMENT CLOTH

LONGCLOTH CM 3030 ; CMP 67; CMP 1515
AND SILVERKING DHOTIES.
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I Bensons- 1728C 2

The paints that you use to
brighten up your home. The
fine textiles that go into the ma-
king of your favourite clothes.

Al these are better and brigh-
ter because of a vital industrial
rigment called ‘Ajantox".

'Ajantox’ is used in many other
industries — paper, enamel,
rubber and plastics, to name a
few. It is among the best
known opacifying — and brigh-
tening agents. Travancors
Titanium Products are the first

to expioit India's own mineral
sands to manufacture ' Ajantox’
- their trade name for Titanium
Dioxide,

As in the case of any pioneer-
ing effort, the early years were
beset with many hurdles.
Supply couldn't keep pace
with demand. The manufacty.
fing techniques —the Sulphate
process — had to be perfected
by years of research to make
the praduct of optimum purity
with the best pigmentary cha-
racteristics. Expansion plans

had to be warked out, utilis-
ing Indian resources and skill,

Today, Travancore Titanium
Praducts look to the future
with optimism, By 1971, produe-
tien will go up to 24,000 tonnes
a year. The needs of Indian
indusiries will be more ada-
quately met and considerable
saving of fareign exchange
will be achieved,

Na less important, it will also
mean a new gain in prastige
for Indian enterprise,

TRAVANCORE TITANIUM PRODUCTS LTD.

a lot of things
in your life
are a lot

brighter.

s to
AJANTOX !

P.O. Box 1, Trivandrum 7.




QIS PPPPL PSS OPPPP PPPIGOPPPL PP PG OL P OPLPP PP P PG PPPE PPIID PP LSS ATOINIS OSSP+ PSS SSS
g Telephone : 297272/254440 Grams : SOMORGANIC g
With best Compliments from : §
i SOMAIYA ORGANIC (India) LIMITED
g Manufacturers of §
g BUTANOL AND BUTYL ACETATE g
&
other bye-products <
g Industrial solvents of Supreme purity conforming to the highest %
International Standard, made from Ethyl Alcohol by the repiited
% MELIE-PROCESS §
Factory Somaiya Nagar,
Dewa Road,
Barabanki (U. P.)
% Enquiries Solicited %
Please write to :  Somaiya Organics (1) Ltd.,
$ Fazalbhoy Building, 4th Floor
45/47, Mahatma Gandhi Road,
% Fort, Bombay-1.
Telex :  011-2723
SOMAIYA
A ST APPSO TIL DAL AL OS S AL IIIPP PP PSS ASA PSS S PSOSI IS P PP SG SASS PSPPI LS L OIS

Ihe wheels of industry tarn on
producing more.............. more
. andmore ..........
\ bringing prasperity to the nation.
The wheels move on SMco METERS LTD. humble enough

to realise jt is & mere spoke in the
wheel is ever ready to play its role
in bfmgmy the cheriched goals of
economic self-sufficiency nearer.

SIMCO MET ERS LIMITED

TIRUCHIRAPALLE (TAMIL NAQU)

% Single Phase Meters
Y Polyphase Meters
A comprehensive range of
: kWh, kVAH and kVArh meters
. Y Maximum Demand Meters
‘ &
Manufacturers of A combination of kW and kVA
Maximum Demand Meters mounted
! on & cemmon terminal board
and fully wired up internally
&

Y Magnetic Level Gauzes
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numbers
that tell you

accurately the
exact position
in your factory

or firm the
moment you
ask for it!

there is
money in
numbers

How long would it take you to tell
how many parts or components each
and every machine in your factory
has produced up till this moment ?
Hours? Days? With high-precision
metro counters it would take you
no more time than it takes you to
read off the figures!

High-precision metro counters help
you keep exact ially of production,
machine by machine, man by man,
shift by shift. They give you complete
control over production, help you
eliminate waste and inefficiency, and
save time, material and money,

Both Mechanical and Electro-mag-
netic counters to suit stroke as well
as rotary motions are available for

every possible application, Ask our-

engineers to evaluate the scope for
using high-precision metro counters
in your industry|

manufacturers

. metropolitan

nstruments

trivandrum. phone : 8364
bombay. phone: 295855

(3

SAS-MIL.47.08
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Stockists of Metropolitan Instruments Ltd.

Western Region:

Bombay Tools Supplying
Agency,

T.G Shah Building.

pydhonie Junctien,

Bombay-3.

Vijay Trade Syndicate,
116/118, Narayan
Dhuru Street,
Bombay-3.

Pioneer Industries,
43, Nagdavi Cross Lane.
Bombay-3.

Vacuum plant and
Instrument Mfg. Co ,
P.O. Mundhava, Poona.

Dominion Radies.
15 Queens Road,
Bombay-4

Industrial Engineering
Coirpn

43 Laxmi Building,

Nagdevi Cross Lane,

P B. No. 3208, Mandvi,

Bombay-3

P Ratilal and Company,
43, Dhanji Street,

Meotl Mahal,

Bombay-3.

Davy & Co.,
Dhareker Heights,
38, Karve Road,
Poona-4,

Vinodchandra & Co.,
$6, Nagdevi Cross Lane,
Ist Floor. Bombay-3

Northern Region:

H.M. Doyal & Co,,
. 5§55, G B, Road,
Delhi-6:

Hari Trading Co.,
Bisheshwaraganj,
Varanasi-.

Sanwalka & Co.,
G T. Road, Miilerganj
Ludhiana-3,

Steam Equipment &
Machinery Corpn.,
79/12 Latoucha Road,

Kanpur.

Eastern Region :

Simplex Engineering Co..
$8 Netaji Subhash Road,
Caleutta-l.

S B. Mukherji & Co.,

95, Netaji Subhash Road,

Calcutta-l.

J. K. Trading Co,
35, Ezra Street,
Calcutta-1,

Southern Region

Kashinath & Co.,

102/289/71, Shanthi
Nagar,

Hyderabad-28.

Shani & Co.,
5, Angappa Maick Street,
Madras-1,

General Combustion
Engg. Co.,

2, Saint Mark’s Road,

Bangalore-1.

Suresh & Co.

1 39, Venkatachala
Mudali Street,
Madras-3.

Coimbatore Mill Stores &
General Supplies Co.,
5,/307-308, Avanashi Road,
Coimbatore-18.

Manufacturers of :
Quality
Extruded and Drawn
Copper, Brass and Bronze Wire and Rods
For
All Industrial purposes
And
Paper Covered Copper Strips &
Winding Wires
Bhandary Metallurgical
Corporation Private Limited

Bhandary Estate
Kurla (East)
Bombay-70 AS

Phones: 521987 Grams: “BHANDARYCO”’
521515 KURLA
BOMBAY

WITH BEST COMPLIMENTS

from

THE GWALIOR RAYON SILK MFG
(WVG) CO. LTD. BIRLAGRAM,
NAGDA (W. RLY)

Staplefibre Division, Birlagram

Manufacturers of Viscose Staple Fibre.
Pulp Division, Birlakootam

Manufacturers of Disselving Pulp.
Weaving Division, Birlanagar

Manufacturers of Man-Made Fibre Fabrics,
Engineering Division, Birlagram

Manufacturers of Rayon & Allied

Chemical Piant Machinery.

Telegram :
GRASIM-Birlagram.

Telephone
Nagda, 38 &88




PUMPS
& MOTORS

ARE BUILT TO ACHIEVE

HIGHER TARGETS IN AGRI-
CULTURE & INDUSTRY

“SEI” totally enclosed Motor with Pump.

USE “SEI PRODUCTS FOR PROSPERITY
& PROGRESS

“SEI" totally enclosed Monobloc.
Grams: “SEIMOPUMP” Phone : 22165, 32165

Manufacturers :

Southern Engineering Industrials
343. Avanashi Road, COIMBATORE-18.

Sole Selling Agents for
North India ;

M's. SEMO AGENCY
146, Dr. Rajendra Prasad Road, Coimbatore-12.

WE FEED THE FARMERS’ CROPS :
FARMERS FEED OUR NATION.

We supply ar competitive prices ;

Tractors, Tillers and implements;

Power Pumps and accessories:

All kinds of Agricnltural Machigery;

Fertilizer;

Pesticides and Weedicides.

Processed Fruit Products

And efficient and prompt after-sale-service.
Always at the services of the Farmers of

Assam,  Meghalaya, Nagaland, Tripura,
Manipur and N. E. F. A.

Assam Agro-Industries Development
Corporation Limited

Regd. Office ; Gauhati - 7 (Assam)
11 Branches all over Assam and Meghalaya.

o

24 & 44
Lalgudi

‘KOTHARY
258 TR
With the Compliments of
Kothari Sugars & Chemicals
Limited
Kattur Railway Station, LALGUDI P.O.
Tiruchirapalli District, TAMILNADU

Manufacturers of WHITE CRYSTAL SUGAR

The Kothari Group :
Kothari & Sons
Blue Mountain Estate & Industries Limited
(Kothari Superphosphate Factory)
Waterfall Estate Limited
(Kothari Coffee Curing Works)
Balmadies Plantations Limited
Investment Trust of India Limited
Kothari Textiles Limited
Adoni Spinning & Weaving Co. Limited
The Madras Safe Deposit Co. Limited

Head Office : ‘KOTHARI BUILDINGS
No. 20, Nungambakkam High Road
Madras 34.
Tetephone :82036 (8 lines)
Trunk : 811421 (3 lines)

Telegram : Telephone :

Telex

Telegram : *KOTHARI*
Telex : 325 MS
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If it is a Glass Tumbler

TRIVANDRUM RUBBER Insist on

WORKS Ltd., PALIWAL
. They are :—
Trivandrum-7, Kerala. Machine-made
Durable,

Available in attractive designs, plain-
& decorated (screen-printing pre-
Manufacturers of B

Can be embossed with your ‘Mono-

Chakra Major 4 ply Rickshaw grams’
Tyres, Chakra Major Cycle tyres,

) Manufacturers:
tubes, cycle rims, Camel Back
Hoses, Sheetings, Latex Foam PALIWAL GLASS WORKS,
cushions, Mattersses and Pillows Shikohabad (U.P.)
& Kerala Cycles WAL fiy: 4
Gram : Shikohabad. Phone: oifcer 120 |

khosla

ousehold electrical wiring accessorles

KHOSLA PLASTICS PVT. LTD..
41, AUNDH ROAD. KIRKEE POONA-3
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Engineers ! Mechanics ! Others !
Earn & Learn in spare time.

Assemble KAYKITS Radios in Semi-Assembled
‘Do it yourself’ Form.

SUCCESS ASSURED.
Previous Experience—not essential.
Details from :

Kayvee Radios

Nai Wala No. 5,
Karol Bagh, NEW DELHI-5.

KAYKIT

Construction Manual for Three-Band all
world Transistor Radio Rs. 3/-

Postage Rs. 1.15; Total V.P.P. Rs.4.15 only

Scheme for the manufacture of Radjos
Re, 1/- Postage Re, 1.15; Total V.P.P.
Rs. 2.15 only.

PRODUCTIVITY

{QuarterlyfJournal of NPC)
Why not write out your Productivity
Ideas ?

You have our invitation. ..

Also subscribe, if you llke.
Subscription nominal: Rs. 12 for a year
If you have an Advertisement Budget,
‘PRODUCTIVITY’ would be the best
vehicle, reaching as it does all points

of Authority Iin Government &
Industry
Here & Abroad

PRINTING JOBS

EITHER SMALL OR BIG
IN HINDI OR ENGLISH

Please Contact

NAVIN PRESS UNIT 2

70, Okhla Industrial Estate, New Delht

Phone

630469
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NATIONAL PRODUCTIVITY COUNCIL

Through the Courtesy of UNIDO is proud to announce the
release of Two Special Issues of their Quarterly Journal

‘PRODUCTIVITY’

( This Issue and the Next One)
ON

Maintenance Management and Engineering

Priced at Rs 5/- each { Rs 10/- for both )
SPECIAL OFFER

These two Special Numbers could be yours at no extra cost
if you become a regular subscriber of the Journal.

Please fill in and post immediately to :—

Executive Director,
National Productivity Council,
38, Golf Links, New Delhi-3.

Please enter my subscription to «Productivity”—Quarterly Journal of N.P.C.
from December, 1970 to September, 1971, (inclusive of the Special Issues on Mainte-
nance Management and Engineering priced at Rs. 5/- each). Crossed cheque/Postal
Order/M.0. Receipt payable to National Productivity Council for Rs 12/- towards the
Annual Subscription is sent herewith.

.......................................
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Telex service is a modern
means of communication,
combining the speed of the
telephone with the accuracy
of the printed word. It is
ideal for sending statements,
instructions, quotations,
estimates, urgent messages,etc.

A subscriber can get access
to any other subscriber in
the national telex network by
direct dialling. Messages can be
received and acknowledged
even when the offrce is closed.

The telex system was first
introduced in India on a
nation-wide basis in June 1883
with simultanecus
commissioning of telex at
Delhi, Caleutta, Bombay

and Madras.
The Indian telex network is

connected to the [nternational
telex.

The teleprinter exchange
equipment, long distance
transmission equipment and
the dialling unit required for
the telex service are being
manufactured by the Ind:ian
Tetephone [ndustries to the
specifications of the Posts and

“OFFER ACCEPTED .Teiegraphs Department.
DESPATCH T
TWO TONNES TODAY” . 1

alalololela]sle sjol=|d

—_—

INDIAN
TELEPHONE
NDUSTRIES LIMITED
. BANGALORE 16

“Quick work
_ isn't it?
Thanks to Telex!” 4

Communication
s our business

AYARSITI 137
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Transformer
lap switches,
Trigger switches for
portable tools,Master swifches
for Machine tools, Limit Switches,
Push stop switches, Push Bution

Controls, elc.

QUANTITY ORDERS ACCEPTED as per
Customers' own designs. All Switches are guaranteed.

W -J3|-dndpow

For any of your SWITCH problems;

ot INDIAN ENGINEERING CO.
0% o &
l:‘\:‘ @? P. B. 16551, Worli Naka, Bombay-18. Ph: 379544 4 374565

Also at Calcutta - N. Delhi - Madras - Bangalore -~ Hyderabad.
-
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YOUR LETTERS
GET THERE FASTER

N BEML-BunLr
INTEGRAL RAJIL COACH
POSTAL VAN

A dependable network of communications is vital to every nation. And one of the
established means of communication is by letter. If your letters are to reach their
destination quickly, they must be sorted at maximum speed. BEML postal vans are
built to ensure this. Sorting cases. seating accommodation, working lights are
designed for optimum convenience while sorting. The resuit is heightened efficiency.
Faster delivery.

BEML-IN THE SERVICE OF THE NATION

! ) Bharat Earth Movers Ltd.,

Bangalore.

ASP-BEML: 2T
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We think our workers are
entitled to more than a fair deal,
So, in addition to job security,
th2y enjoy many other benefits,
a number of welfare amenities

But this is not all.

We also recognise the so far.
workers' nead for seli-development Our strength is in cur peopie
by cfizring higher job opporiuailies, as much as in our steel.

TATA STEEL

To make promotions impartial,
we have qualifying trade tests,
for which free training is offered
at our Technical Institute at
Jamshedpur. Here, 10,000

have received technical training
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PARCHED LAND
GOLDEN CORNS

"
POWER
FOR THE PEOPLE !

Power is the wand HEIL waves...and lo! renaissance for Indian Agriculture and Industry.

A village in the hinterland. A village in the dark. Now power brightens the rural face. A dry
patch of land where nothing grew. Now power brings water and the land turns lush green.
HEIL's products work for the green revolution! Turb nes, Generators, Transformers,

Motors, Switchgear, Capacitors....... \\
HEIL power speeds up industrial upsurge. Nuclear turbine. Thyristor applications. \

Electronic controls. Planning and coordination of electrics for new industrial projects. .,
Traction equipment for Railways. HEIL's technical skills help industries! ¥4

e i O

HEAVY ELECTRICALS (INDIA) LIMITED, BHOPAL

(A Govt. of India Enterprise) .
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Safari

Mushroom (Hunting Calf}
Sizes 5-10

Rs 48.9%

Meonground

Brown (Printed Leathery
Sizes 5-10

Rs 44.95

GoGo

Black & Brown (Sueda)
Sizes 5-10

Rs 29.95 3

PRHONS o

Here. . the newest look in boots :
the most prominent influence in footwear today. Bata boots offer firm,
flexible foot comfort. .a special kind of comfort that instantly makes
friends. .and keeps them. Plus styling with dash, distinciness and
good taste. . with craftsmanship to match. Treat yourself
to a great new experience in footwear
pleasure. Slip into a pair of boots. .by Bata,
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SOPPY . covvsivianiies SEMSSE

We can’t Provide Foreign Exchange

We can Help You Save
With our Synthetic Rubbers

............

Add up the Advantages:

S-1500 Staining

S-1502 Non-Staining

S-1712 Oil-Extended Staining
S-1958 Self Reinforcing

Plus Free Technical Service

Savings in Foreign Exchange

For more details, write to:-

SYNTHETICS & CHEMICALS LIMITED

7, Jamshedji Tata Road,
Bombay-20
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Grams: “JAYGEGLASS”

Jg. GLASS INDUSTRIES PRIVATE

I6-A Wellesley Road,
Poona-|

Manufacturers of

WHITE NEUTRAL GLASS PENICILLIN
VIALS, YVACUUM FLASKS

Bottles for Pharmaceuticals
Cosmetics, Foodstuffs

INKS and DRINKS
on

FULLY AUTOMATIC GLASS FORMING
MACHINES

Cordially Invite Enguiries

Phone : 25176

LTD.
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murphy
TRANSISTORS

beauty and power blended in
every one of them

‘ Th.gfe's a W*df MUSIC MASTER
Medium Wave with Wwiderangeof , | - 2-band Rs. 160*
25 metre bandspread transistors
, to choose from.
Every one of them )
a feast for the (e
eye and the ear!

| Every Murphy is
| MAGNI-TUNED ek
to give you ,
superb sound— T
crisp, clear MINI BOY DELUNE
and powerful. 2-band Rs. 175+

*Prices inclusive of
Excise Duty only.
All othe: taxes extra.

A ' B -raea - MUSAFIR
3 -band Rs. 245 A 4 -band ‘daluxe’ Rs. 328*

murphy s 2 i 1

NAS-C.46-E,




