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Ve have the honour to submit herevith the Report of the Group of Experts on
Maintenance and Repair of Industrial Equipment in Developing Countries., It was
prepared during cur meeting at the United Nations Neadquarters in JNew York from
28 November to 9 December 1966, The Group elected Mr. Fouad Bussein, Director-
Genersl, Industrial Design Administration, Gemersl Organization for
Industrialisation, United Arsd Repudblic, as its Chairman,

The other mesbers of the Growp were:

Algon, Enver

Ali, Masa

Chigbo, G.O0.

Coppini, Bdgexd J.

Jarmer, Richard N,
hﬂ!‘!, Plerre

Mulla, D.8.

Pimington, ?.

Pronikov, A.8.

Riha, Frentisek

Manager, Metallurji Febrikasi,
Ismer, Turkey;

Chief of Operations, Pakistan Industrial
Technical Assistance, lahore, Pakistan;

Principal Research Officer, Mational
Institute of Industrial Research,

lagos, Rigeria;

Head of Engineering Division, Grafa 8.A.
Textile Mill, Buenos Aires, Argentina;

Professor, Araduate School of Business,
Indiana University, Bloomington, Indiana,
United States of Amcrica;

Engineer, A/, Chief Division, Eutretien
Kodak-Pathé; President, Association
Frengaise des Ingenieurs et Chefs
d'Entretien, Paris, France;

Consulting Engineer, Express Building,
Churchgate, Jombay, India;

General Superintendent of Maintenance
Monsanto Chemicals Ltd., Ruabun,
Wrexhan, United Kingdom;

Rector, Moscov Technological Institute,
Moscov, UB3R;

Chief Sngineer, Power Department, CXD
Prague, Csechoslovakia,

Mr. I.D. Radovid, staff member of the Centre for Industrial Development, was
assigned to the Oroup to assist in its work,
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The terms of reference given us by Mr. I.N. Abdel-Fakman, Commissioner for
Industrial Development, in his opening address were to study and analyse in depth:
l. The current conditions of maintensnce and repair of industrial equipment in
developing countries,

2. 'The organizationsl characterisiics of the maintenance and repair function best
suited to the beeds of developing countries.

3. The economic implications of the maintenance and repair function in the
inpdustrialization of developing countries.

4. The significance of industrial attitudes and related labour problems in the
performance of msintenance #nd repair of industrial equipment in developing countries.

More specifically, because of the particular relevance to the subject matter,
we Were also requested to examine in more detail the problems of:

5. Training for maintenance and repair in developing countries, and
6. Replacement parts,

On the basis of the above, we were asked to reach conclusions and make
recommendations for appronriate national action by advanced and developing countries
and intemational sction by the United NMations system.

Our report, based on the preliminary report submitted to us by the Centre for
Industrial Development, follows thece guidelines,

We recommend that the attention of Mezber Governments of the United Nations be
drawn to this report, and their comments on the same be invited. We also recommend
that the report, with the corments received, be presented at the International
Symposium to be organized at the end of 1967 by the United Nations Industrial
Levelopment Organizatiorn,

In submitting this report, we have acted in our personal cspacity and not as
official representatives of the organisation or Qovernments to vhich we have the
honour to belong.

We wish to express our gratitude to the following people who, by participating
in our discussions, have contributed valuable date and insight into the special
pioblems in this area:

Mr. James M. Boyle Senior Engineer, Installations and Service
, , Engineering, General Flectric Company;
Mr. T.P. Creamer Service Administrator, Fuclid Products,

Poreign Distribution Division of Genersl
Motors Corporation;
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. Richard 0. Nermann Memager, Installations and Service
Igineering, OGenersl Electric Company;

Wr. Ngon L, Jensen Manager, International Regional Pngineering

, and Service, Worthington Corporation;
M, William J. Xnop Chairman, Yoreign Affairs Cosmittee,

. Amsrican Institute of Plant Engineering;
. 7.B. Peltier Oenerel Manager, Regional Exgineering

and Bervice Division, Worthington Corporation;

Mr. Alfred W, Sitaaski State Government Melations Representative,
Jusble 011 and Refining Company;

Mr. Benry P, Steler Director, Technicel Writing Division,

Eployee Development Services;
Mr, Otto Teitler Vice-President and Genersl Manager,

Machine Tools Intermational, Incorporsted,

We thenk the management of the Busble 011 and Refinipg Company for the
informative visit to their refinery in Linden, New Jersey. Ve also vish to
acknowledge our appreciation to the Technological Division of the Centre for
Industrial Developmsnt for oollecting end contributing papers that formed an
indispensadble background for our discussions. In particular, wve would 1like to
express cur thanks to Mr. I.D. Fadovié for preparing the preliminary report, and
to Mr. R.C. Desai in his efforts in prepering for this meeting., PFinally, our thanks
for all other help that made this Meport possidle.

Signed: PFousd Mussein
Bagard J, Coppini
Masa All
Frantisek Riha
Pierre By
D.8. Mulla
G.0. Chigbo
2. Pimnington
Iver Algon
A.8. Pronikov
Richaxrd N, Parmer




1D/1
English
Page 6

11 tion

In developing countries, where vith few exceptions, scarcity of capital is a
major obstacle to industrialization, the maintenance and repalr of industriasl
equipzent assumec particular importance. Investment in equipment, usuelly imported,
represents a considersbly larger share of resources theun is the case in
industrially advanced countries. For this reason, good maintenance and repeir
practices, assuring more effective use and longer 1life of equipment are of the
first importance.

The maintenance and repuir function has a variety of aspects in developing and
developed countries alike, and these are deseribed in amnex I. Conditioms in
developing countries, hovever, rarely correspond to these countries?! needs., In
many cases equipment 1s operated at only a fraection of capacity, equipment downtime
1s excessive, and machinery is sometimes daraged beyond repair. The reason iz not
only insufficient care on the part of operators, but indifference on the part of
ranagement: maintenance 1s considered an unnecessary burden since it does not
yleld imrediate results, This attitude, together with lack of skilled labour,
spare parts and aiequate facilities leads to corparative over-investment in
equipment and high capital-output ratios in countries vhich can 111 afford it,

The over-all result of inadequate maintenance and repeir is lost income for the
enterprise, slower growth for the country and excess capital investment.

The princlpal objectives of maintenance and repair policies in modemn industry
are:

(a) To ensure that all available machinery and equipment are being used for
production;

(b) To preserve the value of mchinery, equipment and plant by keeping
deterioration to & minimum;

(c¢) To accomplish the above objectives as economically as possible for as
long as possible;

(d) To protect the safety of all employees,

These objectives can be best achieved, broadly speaking, by emsuring:

(a) Proper selection of machinery and equipment for long, useful life;

(b) Availability of replacement parts for trouble=tree performance during
normal life of machinery amd equipment;
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(e¢) Availability of qualified maintenance and repair personnel and operators
to odtain reasonable life expectancy for machinery and equipment;

(4) Correct choice and adaptation of most suitable meintenance and repair
systems and techniques.

The evaluation of maintenance and repair performance is not easy, since it ic
impossible to select a single criterion that provides a meaningful measure of
performance for the wide array of industrial enterprises in a national econouy.

The over-all objectives of the maintenance and repair function in developing
countries, hovever, are among the most significant aspects of their long-range
industrislization. Certainly, considerable improvements are possible, Comprehensive
studies made in industrially advenced countries indicate that even there the useful
vorking time for maintenance labour is between 35 per cent and 50 per cent,

The characteristice of the maintenance and repair function in developing
countries undergo important changes with the process of industrialization. 1In
addition to the growing stock of machinery and equipment, requiring an ever larger

maintenance force, the increased use of specialized and precision types of equipment
demand and bring about constant qualitative change.
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Sonchyeions snd recospendstions

Examination of various aspects of mintenance and repair of industrial
equipment in developing countries leads to the following conclusions:

(a) In both industry and government there is not sufficient realization of
the need for more effective maintenance mnagement and for the recognition of
maintenance and repair as a function in its own right;

(b) The major obstacle to effictent mintenance and rwpair is the lack of
adequately trained personnel, at both the managerial and supervisory levels;

(c¢) Poor maintenance and repair lesds to poor utilisation of industrial
equipment, excess capital investaents, and high production costs;

(d) Local attitudes are often in conflict with the application of effective
maintenance and repair practices;

(e) Preventive mintenance of industrial equipment 1s particularly neglected;

(f) Local manufacture of spare parts reises serious problems of qQuelity in
terms of engineering technology, quality control, and supply of rev materials of
correct specifications,

On the basis of careful examination of the subject-matter of this report and of
the conclusions made, the Group of Experts makes the following recowmendations for

action to be undertaken by developing countries, by industrially advanced countries
and by the United Nations:

A, Develogigg countrieg

1. Organization of centralized and diversified or specialized workshops to
carry out maintenance and repair work and initiate locsl production of replacessnt
parts for smaller enterprises incapable of setting up their own effective vorkshope.
Such workshops can be established on either a regional, country, or industry basis;

2., Establishment and developwent of ancillary sectors to the engineering
industries so that supplies of raw materisls of correct specifications are made
available for the manufacture of replacement parts;

3e Establishment of design centres for designing originel equipment and spare
parts especially for developing countries; and for adapting to local needs existing
designs originating in industrially advanced countries;
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M. Provision by the Governsent of fimancial, fiscal and other incentives to
industry, for the purpose of inducing ratiomal msintenance and repair policies in
industry at large and the establishment of in-plant training programmes;

5. Porsulation of a rational policy on imported replacement parts, more
efficient customs clearance procedures and, vhenever applicable, the establishment
of duty-free zones vhere spare parts may be stocked for use in the region without
undus cost to users;

6. Organization of & buresu to collect and disseminate information on
mintenance and repair and inventory prodlems and practices, and to ansver queries
from industry on this subject; collaboration of such bureeux with other existing
regional and national industrial information centres; encouragement of the formation
of & maintenance technical association;

7. Standarditation, and s reduction of unnecessary variety in makcs and
models of industrial equipment, by co-operative action of Governmeut and industry;

8. Proviaion of incentives for trained msintenrance peopls to remain within
their specislized occupations;

9. Establishment of more trade training ocentres and technicsl colleges, where
practical creft training and specialised treining would be provided under the
direction of qualified instructors. Modern training techniques such «s viaual aids
should be acquired by those responsible and existing training centres and educational
institutions reorganised vith the same requiressnts in aind. Proven student and
trainee selaction techniques should be introduced; .

10, Prczotion of closer contact between industry and educational institutions
to ensure that curricula and pruactical training mset the needs of industry; for
instance, establishment of sanagement courses in organisation, planning and
scheduling, costing, inventory comtrol, report writing, Jjob analyris and objective
setting, husan relations, and 80 on;

11, Provision of incentives for larger firms and directives to government
enterprises to give practical training to a sufficient number of vorkers to meet
their ovn requiremsnts, as well as the needs of firms t0o smll to run their own
training centres;

12, Establishment of a planning organisation for the formation of a maintenance
and repair and spare parts production system commensurete vith tiw level and nature
of industrial developmsat of the country concerned;

,0‘.
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13. Promotion of training for supervisory and middle managenent levels, first
to develop their potential as mnagers and second, to assist them in carrying out
their specific responsidilities. Such a prograsme needs a pPlanned follow-up over
& number of years;

1h. Bstablisheen’ of a broad educationsl programme to promote industrial
attitudes that would fecilitate the industrislization process.

P.  Indutrislly sdvenced gountries

1. Preparation by equipment manufacturers of detailed operating and
mintenance manuals and spare parts lists, where necessary in local lenguages, and
making these availabdble upon delivery of equipment;

2. Provision of pre-delivery training of local personnel by equipment
suppliers, vhere needed and requested;

3¢ Belaction and establishment of local agents of foreign manufacturers who
have sufficient techaical competence to give practical assistance in mintenance
and repair; and sdequate facilities for this purpose;

b, Use of designs for ecpecially sturdy equipment vith a minimun of gadgetry
and better tropicelisation to reduce need for maintenance and repair;

5. Establishment of closer contacts with design centres in developing
countries for the purpose of promoting local designs for equipment end spare parts;

6. Use of intermational standerds for basic forme and sizes of zeintenance
instruction sheets and manuals ; .

7. Jaking available to Governmsnts » firms, and other relevant institutions of
developing countries all available books, pamphlets, snd other documents on '
mintenance snd maintenance management produced for public use by various government
departaents;

8. Mnufacture of spare parts for equipment sold in developing countries so
that they remain available for periods longer than is the practice based only on
the needs and experience of industrially advanced countries; or, alternatively, the
filing of production drewings and specifications for parts no longer manufactured
and making same available, upon request from developing countries, at cost.

C.  The United Netions

1. Rendering of assistance in establishing centralized and diversified or
specialized workshops for maintenance and repair and production of replacement
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parts. Assistance would be given in planning such workshops, in providing qualified
experts where needed, and in financing the acquisition of equipment;

2. Rendering of sirvilar assistance in establishing and developing ancillary
sectors to the manufacturing industries so that supplies of raw materials of correct
specifications for the manufacture of replacement parts are assured;

3, Continuation of the high priority accorded to the study of maintenance
and repair prodlems in the Secretariat vork programme in the field of éngineering
industries. The future work programme may further consist of exchange of
information such as accounts of studies, and professional meetings, in this field.
The United Nations may also consider convening periodic meetings at both
governmental ard expert levels to continue exchange experience between dcveloping
erd advanced countries;

&, Rendering of assistance in establishing training centres and technical
colleges where emphasis is on preactical training, and the quality of teaching is
mintained at a high level. Assistance would be given in the planning of curriculas,
in providing qualified teaching personnel and in financing for equipment, teaching
aids, and school facilities; and in reorganizing and expanding existing treining
centres and technical educational institutions;

S. Establishment of scholarships and fellowshipe for training key
maintenance and repair personnel abroed;

6. Rendering of assistance to selected industries and firms by organizing
permanent maintenance staff departments and treining mmnagers for these; and
installing maintenance planning and control systems;

7. Compilation of manuals on the organisation and management of
(a) mintenance facilities; (b) mintenance staff departments; (c) day-to-day
operations in a maintenance shop;

8. Dissemination of the report and similar United Nations reports as videly
as possible to all management and engineering institutions, techniocal institutioms,
and to industry.

/...




I. MAINTENANCE AND REPAIR OF INDUSTRIAL EQUIPMENT IN DEVELOPING
COUNTRIES: A SUMMARY SURVEY OF CURRENT CONDITIONS

1. In early 1966, the Centre for Industrial Development of the United Netions
(UNIDO) prepared a comprehensive questionnaire concerning the current condition
of maintenance and repair of industrial equipment in developing countries of
wvhich a copy is shown in annex II. About 140 Gopies of this questionnaire
containing 30 questions were distributed to 34 developing countries through United
Nations resident representatives, experts and private companies; €1 responses were
received. This chapter is a susmary of the findings obtained through an analysis
of these responses. Because of the limited number of replies received from
individual industry groups, the analysis wvas not made on an industry-by-industry
basis; nevertheless, wherever indisputable conclusions can be dravn concerning
particular industry patterns and prodbleas, these have been pointed out.

2. Responding to the questionnaire were eighteen United Nations and other
experts; nineteen private firms; ten public enterprises; and fourteen government
ministries or agencies. A variety of relevant points of view is thus reflected in
the information received. Of the 34 countries contacted , Treplies vere received
from 20 countries: from Asia and the Far East, 9 countries; from Latin America,

5 countries; from Europe, 2 countries; from the middle East, 1 country.

3. Responses came from the following industry groups: food processing,
ochemicals, mining, electrical equipment, power, metal working, textiles,
construction, and various types of light manufacturing. A number of ansvers were
also received from training institutes, laboratories, and unspecified government
suthorities. The principal findings are shown below.

shortass of malntsnance and repair persconel

k. More than three quarters of the replies reported shortages of personnel for
maintenance and repair. The pattern of responses indicated that the more
industrially advanced countries were short of highly specialized personnel; while
countries in earlier stages of industrialisation needed both specialists and
personnel capable of routine maintenance. Supervisory personnel is in short supply
in all developing countries.

[ooo
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Irairing for maintenance and repair

5. About two-thirds of the responses acknovledged that some kind of
specialized training for maintenance and repair personnel was availadle in their
countries. However, the comments also indicated that vocational training in
schools is generally very limited, and that vhich exists is not sufficiently
specialized for maintenance and repair. The practical content of the curricula
in vocational schools is generally considered meager and the equipment
insufficient and outdated. Both instructors and students, it is felt, should
undergo better screening.

6. In-plant training is provided by most large enterprises and govermment
agencies, but it must start from basi€s, since mechanical swareness is norsally
lacking in nev employees. Effective training programmes, therefore, must continue
for several years. Protrected courses and seminars are considered of limited
value except as stimuli for developing more interest in maintenance problems.

Shortage of equicment for maintenance and repair

7. Less than half of the replies reported shortages in equipment; and these were
mostly in (a) special purpose implements and precision machine tools, which are
expensive for a single small or medium-sized establishment; (b) testing and
calibration equipment; (c) mobile service equipment; and (d) simple tools and
auxiliary materials handling devices such as creanes. In general, public sector
enterprises are considered better equipped than all but the largest private
enterprises.

Conditicn of malntenancs aid recelir by industry snd type of equinsent

8. The light engineering industries, especially those producing comparatively
simple products, appear to experience fewer difficulties vith maintenance and
repair than industries requiring the use of complicated control and measuring
devices to assure qQuality. Small enterprises in remote areas and industries
depending on imported parts have more acute repair and maintenance problems decause
of the lack of facilities and timely replacements. Large processing industries
(sugar, oil, rubber) are generally among those industries with the most
satisfactory repair and meintenance conditions.
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9. Slightly more them half of the responses reported that centralised vorkshops
mmmmnpuruum, although the majority also commented that such
Wut“uumlmmwmuam. The vorkshops reported were
mainly run by the govermment in the transportation (aviation, reilvay, shipping,
motor vehicles) industries or vere availadle vithin the major industrial
estadlishments. OnrthmMnotthommmwonmmW.
mmmmmunomoralhud or emergency replacement nature.
There vas scarcely any provision for specialised training.

wmm

10. Answers indicated that large enterprises in every country had established
sizstble in-plant maintenance facilities, vhile smaller companies, short of
Capital, had concentrated on productive facilities and depended on outeide
Tepairs for anything more serious then routine vork.

Exsventive saiztecapce

u.mm.mwmmm received disclosed that preventive
mintenance ves a Snerally accepted procedure in these ocountries. Joet
enterprises reporting such prectices as regular luwricstion, cleaning, and
resharpening, vere large industrial nterprises which vere either swbeidiaries
of foreign compenies or government estadl ishments.

12. mclltucmuwotm.mmmmem
muuuwmmﬂmwmmummmadm. A
mmamxuwmumuormvbmamm
&8 Bajor causes of motor vehicle aocidents. Tntndmul-nc\nnlhofdtto
mmammmwmrnmuwtmumumm.

Denlacemect parts

15, W%mmtotmhunhwﬂmorﬂtvmwm
mzmmpmwmmm pcm‘nnwuhuotnthurmtﬂu,
either for equipment used in their particular industries, or in othesrs.

/000
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However, in only three of the more advanced developing countries (India, Taiwan,
and Yugoslavia) vere significent quantities reported. The quality, durability,
acurecy, surface finish, end other such features of these parts were in most
instances less than fully satisfactory. The reasons generally given for this
vere shortages of basic materials and inadequate foundry and heat treatment
facilities.

Mintsnance and receir shops as nuclei of mepufacturing olants

1k, Only adout a third of the responses provided information on this usubject.
Only four cases vere cited vhere a successful transition vas nade from
maintenance and repair shops to msnufacturing plants: these concerned electrical
ppliances, automobile assembly, machine tools, and ailitary equipment. Wnile
this method of industrialisation had been rarely tried out, the opinion was
expreesed that it had been successful in some countries and had made a

significant contridution to the repid development of manufacturing units, both
large and emall.

imerts of replacemsnt parts

15. Some countries reported no import restrictions, or minor ones, vhile the
remsinder indicated that import restrictions existed. There are no regional
patterns for this: tariffs are imposed in various countries for one kind of
equipment or another depending on vhether a particular type is thought vital
or vhether it is locally produced. Restrictions are often imposed not only to
protect local industries and markets, but aleo to save toreign exchange.

sarvieing by foreisn mecufacturers

16. Less than & third of the responses indicated setisfaction with present
conditions. It appears that vith the excoption of a fev highly reputadble firms
in each country, most of the foreign distridutors do not have after-sales
service facilities, or if they do they are limited to sales for which they are
poorly stocked. The best servicing conditions seem to be those for motor
vehicles, but this is not universally so.

17. In some instances, assistance is given during s period of guarentee;
thereafter it is discontinued. The technical ineptitude or disinterest of
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company agents was repestedly commented on, both in the matter of rendering
practical assistance in making repairs and in obtaining out-of-stock parts

quickly. Detailed operation and service manuals are scarce, particularly in
local languages.

to e

18. The pattern of response rating the importance of various factors that
obstruct efficient maintenance and repair is almost identical in all regions and
appears to be: first, shortage of skilled personnel for maintenance and repair;
second, lack of readily available replacement parts; third, the negative attitude
of users due to their lack of awareness of the need for effective maintenance
nanagement of industrial equipment; fourth, inadequate equipment and facilities.

standardization in maintenance and repair.

19. Over 20 per cent of all replies agreed that maintenance and repair were made
considerably more difficult because of the large variety of industrial equipment,
and absence of standardization at all levels. However, no strong opinions were
expressed about curbs either on local manufactures or imports. The reasons for
this appears to be the fear that compulsory standardization would act as a
barrier to progress in design or to imports of latest models of equipment.

Special equipment desisns for developing countries

20, About three-fourths of those answering agreed that special equipment designs
for developing countries could facilitate maintenance and repair problems in these
countries. The points most commonly suggested were: (a) simplified construction
eliminating excess gadgetry; (b) more rugged construction enadbling equipment to
vithstand overloads; and (c) better tropicalisation and special protection for
dusty conditions. Those not in favour of special designs (a) vieved them as
forms of technical stegnancy; (b) were wary of vhether foreign producers would
design special equipment for such small markets; and (c) doubted vhether users
would be willing to pay higher prices for such innovations.
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Froductive life of industrial equipment

2l, From the information obtained, no industry patterns are diccernitlo,

The variety of industrial equipment and differing conditions of use do not.
rermit a meaningful aggregation,

<2« Tt wppears, however, from the responses given, that the "preduction lira"
~f equipment., when used in the same sense as in the indurtrisile dreeloped
countries, in the majorlty of cases is shorter in the develo:in: countries. The
reasons most often suggested for this eondition are: (a) ‘myrcier initial
installations; (b) overluading and negligence; (o) extended use whiloe equipment

requiring repairs is awaiting arrival of spa recy ool () v e repatr,

Downt ime

3. The same pattern was found in the answers of all countries. ‘he waiting
pericd for industrial equipment to be repaired was said to depend m the
availability of replacemert parts. ‘nce spares have been obtained, ropair
progresses normally,

2L, Typical cases reported that the time leg in ordering ran trom o few days, if
parts were available within the country, up to a year if veplacemerts Pod to bhe

obtaiuned by sea freight from abroad. Exchange controls, customs complicstiong,

excessive paper work, in-country transit time, and a general lack f co-ordination

may further delay receipt ol an order; consequently, waiting times of three to six
months are common. Cases were reported in which idle equipment had been brokern
down and cannibalized in order to make repairs on other similar pieces of
equipment., The problem seems to be general, with no one region or industry
appreciably better off than another. The majority of the responses indicated
that history cards were not kept on equipment and that no data on maintenance
and repairs were available,

Main ges of nt breakd

25. The lack of adequate maintenance and operating skills are widely recognized
as the main causes of equipment failure, Climate or other physical conditions
peculiar to the locality were third in order of importance.

leoe
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Replacement

26. Only one response indicated that history cards on equipment operation and
saintenance expenses were kept and used as the basis of cost projection for
replacement purposes. Some few establishments for example (railwvays, motor
vehicles) stated that equipment was expected to last a set number of years.

More typically the policy seems to be to make replacements after a major
breakdown or vhen equipment ie unservicesble. Some Governments have depreciation
policies (normally ten years amortization), but specific use of these tax
regulations in forming prevalent industrial replacement practices is reported as
slight. )

Qher problems of majntenance end repair

27. Other factors contributing to the difficulties of maintenance and repair vere
reported as humidity and dust, poorly equipped and staffed workshops in the
interior, the wide variety of models of industrial equipment, small internal
markets which make it impossible to produce replacement parts cheaply and lack of

special materials, of documentation, and of interest in maintenance and repair
problems.

t ce re e ded b oV t

28. The organization of government services for the maintenance and repair of
industrial equipment is generally similar in all regions. Individual countries
may omit one or more of the functions described below.

29. Typically, a Department of Industry acts as liaison with industry and glives
general advice. Practical assistance is provided on request to small-scale
private firms by a small-scale industrial corporstion (as in India), a teshniecal
co-operation service (as in Chile), or other agency or public establishment, for
example, a railway. Management and technical training institutes and productivity
centers run training courses, hold seminars, prepare manuals and may even give
vorkshop assistance on a contract basis (as in Taiwan). Government inspectors
also visit plants and give advice on accident prevention and workmen safety.

30. Replies mention that although such bodies as are mentioned above deal with
maintenance and repair problems, in most cases they do so only pchphornl].y, or

/
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they provide limited services -such as general advice, films, and short seminars.
When actual workshop assistance is needed, the situation generally is that the
government departments are concerned only with their own maintenance problems, and
few co-ordinated efforts are made, in the event of equipment failures, to offer
practical assistance even to other national agencies. Consequently, as one
response stated, "small private firme are at the mercy of the large companies for
practical assistance (for example, major overhauls requiring specialized tools)
and must pay whatever price is asked".

n ce

31. Special programmes for the improvement of maintenance and repair of industrial
equipment are not extensive, although responses indicate that some individual
establishments are attacking maintenance and repair problems by means of inventory
control of spare parts, centralized workshops and better training. The extent to
which the national Governments participate in these special efforts (in addition to
their normal training and plant inspection activitius) is not known, since if such
prograxmes do exist, approximately half of the replies fail to disclose knowledge
of them, private or public.

[d gtance b e Natio

32. Although congiderable technical aid has been received for particular
manufacturing or public worke projects, foreign assistance specifically for
improving repair and maintenance practices is not reported as substantial.
Most significant has been aid in training technical personnel. (nly about a
quarter of the responses indicated experience or knowledge of United Nations
assistance programmes available for .'t.his purpose,

33. The measures recommended included both general and specific actions. Those
most frequently mentioned involved activities required of national Governments,
equipment manufacturers and equipment users, and appeared as follows:
Dunctions of Governments:
(a) Most technical and managerial training comes under government control.
Present specialized courses for maintenance and repair are few. This training
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needs to be expanded and facilities brought up to date, to allow more concentration
on practical work and special techniques. Poor teachers should be shifted out to
make way for instructors with industrial or workshop experience., Evening classes
should be held so that workers can attend, and roving vans showing filme on aspects
of maintenance employed to stimulate interest. "White collar" engineers should not
be encouraged, and more work of practical nature should be introduced into
university courses;

(b) Standardizetion and a reduction in the variety of make and models should
be encouraged by the Government.

runctions_of equipment manufacturers:

(a) Detailed operating and maintenance manuale in local languages should be
prepared by equipment manufacturers and these should be made availeble, together
with spare parts licts on delivery of equipment;

(vb) Pre-delivery training should be provided by equipment suppliers if
desired;

(¢) ILocal agents of foreign manufacturers should have suf'ficient technical
competence to give practical assistance in repairs, and adequate facilities should
be set up for this purpose;

(d) Special sturdy designs with a minimum of gadgetry should be made
available and better tropicalization provided.

Functions of eguipment users:

(a) Catisfactory organization and structure must be given to the
maintenance activity, and budgets should be established for the maintenance and
replacement of equipment. This will require the preparation and use of equipment
record cards. Introduction of simple inventory controls, and good accounting
practices should also be developed;

(b) Preventive maintenance programmes need tc be established and given
initial support by government agencies, training institutes and industry
associations. Simple rules, clearly set forth, are needed,
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II. THE MAINTENANCE MARACEMENT PROBIEM

Introduction

34. Maintenance problems are crucial within manufacturing organizations of al1l
types, and emphasis should ue largely on such organizations. A basic concern

ie why maintenance problems have become so serious in recent years in many types
of organizations in many different countries. One may begin with an analysis

of specific problems in the developing nations which bear directly on maintensance
and maintenance mnnagement,

35. To accomplish this task, it i{s first necessary to construct a framework for
an analysis. This chapter will be focused on this question, and the following
chapters will indicate the nature of specific problems 1dentified here and
potential solutions. The focus here ie on management, since the persons atble

to influence maintenance practice most directly are managers of enterprises who are
in the position to exercise authority, in order to bring about necessary changes

in maintenance organizations. This point of view does not, however, omit the
importance of technicai skill and craft training necessary to proper meintenance
practice. All dimensions of the maintenance proceas are like links in a chain - no
single one is uniquely important, since all links must be in place at the

same time,

The nature of Banagement progress

36. Modern productive enterprises in developed countries everywhere share wany
cormon characteristics. These organizations are complex interrelationships between
people and machines, orgenized in a hierarchical fashion. Figure 1 in annex III
indicates the general pattern. Generally spcaking, there are approximately six
levels of personnel in such organizations:

I. Top mamgement: these are the well educated, highly trained presidents,
vice-presidents, general managers, and other executiver who formulate bagic
organizational plans and strategies. Rarely are such persons concerned with
day-to-day activities in their organigations,

II. Top level staff: here are found such highly skilled individuals as
lawyers, personnel specialists, market analysts, research and development scientists,
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economists, and similar personnel. Such men assiet the top menagement in planning
the over-ell strategies of the corporation. They are also rarely involved in
day-to-day operations of the organization. .

III. Functions menagement: marketing managers, plant managers, engineering
managers, maintenance managers, financial manegers, and similar persons belong
in this group, their major task being to menage the actual cperations of the ;
concern. Often they are directly concerned with routine operations and frequently j
work directly with those who are actually performing work tasks. They are
recpongible for getting assigned jobs deme.

IV. TFirst level mansgement: here are found foremen who actually supervise
wvorkers in various sectors of the work task.

V. Skilled machiniats, electronics technicians, pattern-makers, plumbers,

and gimilar highly trained craftsmen are at this level,

VI. Workers: the large group of unskilled and semi-skilled workers who
actually perform routine work tasks.

T

37. 1In presently developed countries this type of hierarchical organization has
evolved slowly over centuries. The main reason why it has endured 1is that it works
well in most induetrial situations. By means of this organizational method, it 1s |
poasible to aseign responsibility and authority in e highly specialized manner,
allowing for the proper and efficient development of a1l typee of skilled men.

It is imposszible for any modern man to know everything - but with thie type of
organization, a man does not have to know everything, He can specialize in the
activity most suited to his netural talents, and higher level personnel need only
check occasionally to determine that things are going well,

Conditions in developing countries

38. Now that technology is being transferred from the developed countries to
developing nations, this sort of organiza:ion becomes requisite. Thus, a
developing country that imports large and complicated lifting cranes needs skilled
craftsmen to maintain this equipment properly. These men require a foreman to
instruct them in their duties. The t‘oremn. requires 2 middle manager to guide him

in planning his work - and so on. As more complex equipment and capital is
imported, the need for a structure of productive organization similar to that
employed in developed countries increases.
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39. A basic difficulty in most developing countries is that the trained
managerial and technical manpower necessary to staff such an organizeticn does not
as yet exlist. As a result, firms tend to appear as in figure 2, annex TII.

Levels II, IV, and V within the managerial hierarchy are understaffed or tadly
staffed, since not enough trained men are on hand to do the job. In most countries
a few very campetent men at all levels will be found, but there never are enough
of them.

40. The lack of such middle level personnel shows up very atrongly in maintenance
operations, since most maintenance management and activity takes vlace »n these
levels. Thus, the typical firm may have a superintendent of meintenance, who
normelly would be a level III manager. He would supervise level IV foremen, who
in turn would direct level V craftsmen and technicians in actunl work., 3ut ¢ll too
often there i8 no adequate candidate to fill this level III position, and as a
result maintenance management is poor. The fact that level IV and V personnel

are often insufficient only makes the problem more difficult. A number of studies
in human resource development stress the seriousness of the problems in finding
and training adequate personnel ~n all of these levels of skill; and where such
men do exist, the quality of their work is not always up to the test world stendards.
41, Thus maintenance in developing countries suffers from two major shortagess
fTirst, of middle level managers eand technicians to plan and organize maintenance:
second, of the necessary craftsmen and technicians who actually do the work.

Any proposed solutions tc meintenance problems must take into account theec
difficulties.

Attitude of top management in developing countries

42, The lack of level II through V personnel in developing countries creates many
problems for top menagement. Without adequate staff to perform lower level tasks,
and their supporting starf being non-existent or untrained, their organizations are
in frequent danger of getting out of control.

45. The result often is that shown in figure 3 in annex III. Top menagement here
is literally forced to do not only the top management job, but also the Jjobs of
their non-existent subordinates. The difficulty here is that no group, however
talented, has time to accomplish all of these Jobs well. Top management must
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necessarily in such cases ignore or overlook many crueial tasks., If the question
of a critical bank loan ccmes up at the same time that an urgent parts order must
be made, top managers will almost alwaye attend to their banker first and parts
second, if at all. Note that in more developed countries, this parts order would
be handled by a competent level II or IV man. But in a developing country, thesec
men do not exist,

b, Evidence to support this argument is voluminous. The usual maintenance
results are poor, because maintenance problems, unless they reach the total crisis
level, simply cannot compete with other top and middle management functions for
top management time,

45, The shortage of trained craftsmen and technicians is serious, but it is
equally important that such skilled men be managed properly. Where meintenance
programmes can be planned well in advance by capable maintenance managers, trained
ren are most efficiently utilized. But where trained maintenance managers are
extremely searce, this management funetion is not periorned well, if at all, Good

crattsmen are wasted 1f most of their work is unsystematically planned,

Twpediments (o mwaintenalice solutions in developing countries

46, With regard specifically to maintenance, a large number of local owners and
managers in (eveloping cuuntries appear to view maintenance expense as something
that must be reduced, since it adds nothing to immediste reverue. Maintenance is
a subtle type of operation, and it is not always immediately obvious that spending
now can save much more later, Unless the managers nr owners of an enterprise
become intervested in mainlenance, it will be done poorly, no matter how good the
maintenance crew,

47, Tt appears that preventive maintenance in particular tends to be neglected in
developing countries, Vhere no visible problems affect the equipment, it seems
surely pood for one morc day of service: but days drift into weeks, and eventually
avoldeile major danage ovecurs, A simple and effective corrective action cited in
an example from a Middle Fastern country was, wheu najor breakdowns oceurred, to
vake a quick check of ‘preventive maintenance records. If the glven piece of
equipment had been neglected, the operations supervisor was responsible., After a
Tew such instances, the operations superviscr realized that the question of his
competence was at stake, and preventive maintenance was much more efficiently

carried out,
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48, To & great extent, plamning determines how well and how efficiently naintennoe

is performed, but in developing countries planning 1o o Clen a comparative iy now
notion, It implies some future time orientation for botih manarers and workers, ard
relatively few in theee countries bave been traired to think in this ranney,  The
comron attitude is that today is today und tomorrow is serething uneonnceted with
.t Planning also involves the firm belief in causation, and thiz, too, may nct lte
azuch in evidence,

Ly, At the bottom of meny difficulties in developins eountries s the notion that
an educated (that is, 1i trrate) person should not perform vame! labour, ueh o opan
will choose to work as a clerk, a government official -1 catreprencur oHr in 4
vimilar position. That & craitsman should be elunntel e inleed 2lien tc some
cultures, and accompanyin- this attitude is the notion 'lnl any mechanical work 1o

eogy: & broken part is replaced, a malfuncticn revnirsd snd what eould he eanieyr

-3

One result of this is the inability of meintenance and reaair personve]. to
cormunicate with those who have no expericnce with thic rieid, Trie has quite
cerious conseguences on c¢nerational efficinney, Lecsusc the rtbitude of owors il
ranagers toward maintenance personn-l is as impovtant o the galiticetion. A the
raintenance craftsmen.

"0, The gbove remarks are not meant to imnly that edueition and pr rsornel are nll-
itportant, Various loecal limitation: are algo present, Wor evample, in the abarnee
oT a bureau of industrial standards, ruch time <¢ wasted by firme tryine to o uork out
tifficult standards problems on their own., PBut the usual ressorn why such tureaux do
mot exist is that the persomnel needel “o rperate ther sminfegtratively snd
techinieally does not yet exist. Governmert burerucracies typically cur®er from
tany of the administrative protlems noted atove. Or it may be that hoeauce local
share parts manufacturing operations are not yet created, the firm must laboriougly
nanufacture many of its own spares, Again, the reason why such opcrations are
lacking is due at least in part to the lack of personnel to staff them properly,

>l. Capital shortages, foreign exchange shortagee, political questlions, lack of
raw materials of correct specifications, and meny similar circumstances way also be
leterrents to good maintenance practice. But many ieveloped countries suffer from
cuch problems (or have so suffered in the past), and they have been able to resolve
their difficulties the more easily because they have had skilled men to help. later,
some of these institutional problems will be explained in rore detail; 5t111, many
0l them have as an underlying cause tiie shurtase of skilled men,
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52+ Perhaps the most eritiesl izpediment of all ic gcod maintenance management in
developing countries is the attitude of top management and government officials,
Good maintenance is very much a matter of proper state of mind among the responsible
persons, 3imple failure to appreciate the value of good maintenance practiee weighs
more than many of the institutional or educational constraints.

53. The legal limitations Placed on the nugber of foreign skilled technical
personnel that can be erployed locally in developing countries is definitely an
incentive to train native workers and craftsmen. But such regulations must be
applied circuzspectly lest they sericusly impede certain Industry functions, such.

as maintenance and repalr, und unnecessarily increase the costs involve:,

54, Another personnel problem in many developing countries is the dlftieni+y of
cormunication among persons of different cultures, in particular hctwee. local
personnel and foreign spccialists, The barrier 1s not only thai of laninge, but
also = and often more so - of different patterna of thought and actior, Certainly,
the local population must learn to adjust to the demandc of life in an Industrialize
soclety; but there is &lso a definite need for foreign personnel to make adjus tments |
too, and thus increase the effectiveness of their contribution to the
industrialization process,

95« Realistically, it must be recognized thnt managerial attitudes are extremely
important in determining how well maintenanc: management and activities are
practised. Top meanagers must be convinced of the value of good maintenance before
effective measures can be taken, as must key government offieials , 8nd until many

old habits and thought patterns are changed, improvement ray be afrficult,

56. Also important here are worker attitudes toward industrial diseipline,
education, work and planning, Workers often come from pre=-industrial environmental
patteins, and such patteins must be modified if technical training is to be
sugcessful,

5T« No less important than the acquisition of technical skills is the reorientatiop
of old attitudes or formation of naw ones coapatible with an industrialized soclety. |
In most of the developin; countries the existing attitudes are often in sharp '
confliet with the purposes of the maintenance and repair function, and changes of
attitude, more often than not, come about only over a longer period of time,

58. The adjustment of o worker vith & predominantly agrifcultursl background to
industrial life is often difficult. In the old order, seniority hed precedence, but
in injustry it 1s technical adbility, not seniority, that has preceience.

/.‘..
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59, Safety, like mmintenance, appears expensive in the short run, but it
indubitably pays in the long run. Safety conditions depend very much on how
serious the top management of a given enterprise is about accident prevention., Ir
the subject is constantly stressed and if supervisors are rated in part on how
successful they are in minimizing accidents, it is possible to make conc'derable
headway in cutting down the accident rate., Most accidents can be prevented - if
mepagement cares enough.

0. In developing countries, where the discipline imposed by industrialization is
still largely lacking mmong local workers as well as among many supervisors,
follow-up 1is necessary. Every programme, including meintenance programmes, requires
constant checking until its implementation continues without conesistent pressure.
61, Such worker protlems are decidedly not insurmountable., In nany in‘stances ’
Tfirms have successfully trained to high standards men from pre-industrial
backgrounds. But it is inpomnt‘, if such treining and development programmes are
to be successful, that top management recognize the difficulties of training in
such eircumstances, and that they make every effort to gain insight into the
workers! background so that training can be focused properly for the men involved,
Failure to recognize this can leed to failure, and such failures are common in

many countries, Training and education should be tailored to specific country
requirements, not imported from another country without thought as to applicability,

The source of maintenance prodblems

62, Although good maintenance management ic practised by the middle levels of a
firm and actual maintenance work is ordinarily performed by craftsmen at still

lover levels, responsibility for good maintenance practice is with the top. In any
environpent those in the best position to create the necessary climate, policies

and plans for good maintenance practice are senior managers and owners of productive
firze and senior government officials., These persons, if they are aware of the
problems created by poor maintenance and see clearly the economic advantage of good
zaintenance practices, are able to press for basic reforms, involving improvements
in education and training, in organization, in institutions, and in existing
maintenance management and practice., But these changes cannot occur as the result
of hard work and thinking by maintenance managers or workers., Such men can, with
directives, repidly improve maintenance performance in almost any country or firm;
but they must be given full support and approval from the top.
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Short range and long range solutions

63, The development of the orpanization hierarchy shown in figure 1 of annex III
took centuries in develcped countries. Time and effort are needed to develop and
train good men on all leyvels, and countries which began their development. process
early have had this time, TLeveloping countries, however, do not have centuries in
whieh to evolve such manpower, and every possible shortcut must be devised to help
them to their goal, The cruecial short range problem is tc find a way to develop
middle level personnel in the shortest possible time, Maintenance managers and
skilled werkers must be included in any meaningful training programme,

Ok, We are speaking here only of maintenance management, and of maintenance
craftsumen and technicians - but finding personnel of levels II through V is a
problem in other areus of prcduction and distribution as well. If one is to discuss
ways of improving manpower, it is necessary to know what this manpower must do. The
training of maintenance craftsmen, while complex, 1s usually understood clearly,
Such skills as welding, rachine-shop woirk and so on, are relatively clearly defined.
65, Hewever, maintenance management is not understood go well, Essentially, a
maintenance manager is lhe person who attempts to achieve maximum continuity of
production so that the iirm can operate nost efficiently, and he must.do this at

the minimum possible naintenauce cost. This balance between minimum meintenance
cost and continued production ean only be achieved by vigorous appliecation of
scientific thinking in oiganization, planning, training, engineering design and cost
accounting, Persons capable of pertforming well in all of these demanding spheres
are scarce everywhere, and the developing countries have great difficulty in finding
end treining such men., But unless they are found and trained quickly, and unless
skilled craftsmen are tiuined to work under them, maintenance problems will continue,
This is the essence of the short range raintenance qQuestion for developing countries.
00, The long range maintenance problem is somewhet easier to solve though less
relevant at the present time. 1n general, developing countries will continue to
follow the lines already set in more developed countries, where in the course of
time, mure and better middle level personnel has been developed, Eventually, all
countries will be better leveloped in this sense, since they will have had enough
time to develop their huwan resources more fully. But every possible acceleration
of' manpower training on all levels now i8 a critical part of any maintenance

inmprovement suggestions.

/.00
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Hature of solutions

{7« The above analysis affirms that virtually all solutions to maintenance problems
lirectly involve the rapid improvement of personnel at all levels., Of particntay
importance here 1s the need to move lower level persornel up o hirher level:
through various forms of training., Figure 4 of annex III indicates the nature of
the proposed strategy. Managers must select the best of their lower level empl OO,
pass them through intensive training, both inside and cutsilde the firm, and nowv |
them baeck into the firm at progressively higher levels, Thus the semi-skilled |
prcduction worker mey become a skilled worker; the skilled worker a foreman or
supervisor; and the foreman a maintenance manager. Clearly not all of thies wort

can be done within the firm, and a later chapter will :deal extensively with

training at various levels. However, it is important for firm manacers tc yecornize

the critieal necessity of training on all levels, and to encourage the maxivun

rartjeipation of their people in training programmes of all sorts. They must rlco

co=operate with government and supra-national authorities to develop sii1) rerve and

better training programmes of every sort,

#, The result of such intensive training efforts, if' successful. is salsc shown in

figure b, Here the top management pyramid steadily tends to grow with tinze, and

rore and more competent and trained persons are educnted and brought baek to the

firm to operate in positions of increased responsibility., The end of this process

will occur when the pyramid resembles those im more developed countries - in shori,

when the supply of truly competent and well trained persons approximetes the level

in the more advanced economies, At that point, top mansgcment can operate as top

ranagement, leaving the critical level II, III and IV functions to their own
qualified personnel. Not until thie procese is completed will such difficult.

problems as maintenance be resolved., Tt is erucial thut top management recoguize

this human resource development problem, and that they take every possible step to

ensure that the supply of highly tralned manpower is adcquate. It is equelly

important that various responeible senior government offieials recognize the

importance of the role they must play in this co-operative education and training
effort,

fooo
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enslusiop

69. This chepter has attempted to indicate, in & brief and perhaps over-simplified
mnner, the nature of management problems in developing countries as these prodblems
apply to maintenance practice. The following chapters of this report deal with
specific problems and suggestions for solutions, It is felt that in most countries
much can be done quickly to improve maintenance prectices, but that it is crucial,
if puch progresmes are to be effective, that full support be fortheoming from the
top. Many progreames fail, treining plans are thwvarted, and good mintenance,
praetices decline, because the hecessary pressure from the top is not present.

T0. The world's industrial countries have & vast pool of umutilized knowledge
about good maintenance practice and management, wvhich is available to developing
countries for the asking, Many of the developing countries have thezselves

evolved sound and pseful maintenance programmes vhich might be applied in other
developing nations. This report is an effort to ocutline the essence of good
pPractice fyom every source, in order that tay country really wenting to improve
this sector can do so.

,..l
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III. ORGANIZATION FOR MAINTENANCE AND REPAIR

T1. The purchase of replacement parts typically involves maintenance, production,
and purchasing, It is necessary in every operation to make sure that all

three of these functions are welded into an homogeneous vhole. This is more
easily said than done. The production or operations supervisor is usually

under pressure to get goods made or services rendered; the warehouse is under
pressure to avoid excess inventories; the maintenance supervisor wants the
equipment to be in perfect order and operating. Fach manager, in trying to
optimize his own area, is in conflict with the other two. Co-ordination of various
tfunctions is therefore essential: all areas have to be integrated into a
harmonious whole by top management if maintenance is to be efficient. This

is particularly difficult to achieve in a developing country where there are
shortages in every sort of skilled labour.

72 In organizing maintenance and repair of industrial equipment in developing
countries alternative methods may be described, The first is when the supplier
of the industrial machinery and equipment provides proper maintenance and repairs ’
adjusts complex units anl provides spere parts.

73« The advantages of this method are ease of maintenance and high quality

of the work. It does not, however, provide uniform meintenance for all producticn
equipment in the plant, keeping it in firsteclass condition, because normally in
any plant the equipment and machinery are supplicd by a number of different
manufacturers, Furthermore, it does not help to train local maintenance personnel
for the machine building industry of the country concerned. Maintenance personnel
have also to follow a larger muber of different instructions and service manuals;
and too often, units have to he delivered and maintenance personnel sent from afar,
requiring an expenditure of foreign currency.

T4 The other alternative in maintenance work is the provision of a special
maintenance and repairs work system capable of keeping all production equipment

in the best working condition at the least cost in the shortest time. Usually
this system does not depend on suppliers, and spare parts do not have to be
imported,

75+ Such a system helps to create the nucleus of & future machine=building
industry, and to femiliarize local personnel with production equipment. It also
nekes possible the unprejudiced evaluation of all equipment, and favours the
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development of ways to improve he veliunility and Juratility of the cquipment
according to the specific conditicns of +he country, uch cystems, worked out for
cach country and taking into account local corditicra, -:-ald comtribute to the
speelalization and eentralization of repair weri.
1h.  Lpeclulization and centralization of maintenar.c woutl oy, et o inoa
29=30 per cent reduction of vxpenser in equipacit raintenance, cuttiry down idle
time five or six times ard supplylus industriol enterprise with all kinds of spare
parts for rmaintenance work, thus contriluting to high quality repsirs,
T7. Wnen repalring preduction equipment -0 - sreclaiized plant, it is advisable
fer production cquipment mairtenance work ‘¢ be carried out tcgether with
modernization.
73 Whether puinterance and repair shops will be centralized or decentralized,
specialized or not, will dererd on the size of the enterprise and on the type
of product made or service rendered. But » in all cases organizational principles
will be tho same:

(a) Determination of' responsibilities 3

() Cost control;

(¢) Preveacive padrtenances

(4) Plaming und scheduling

(e) Vork meusurerent;

(£) Wethods and stardurds;

(g) consunable and non-production materials;

(h) Maintenance budget;

(i) Training;

(J) Reports to managenent;

(k) Tools, equiprent and tacilities,

These items are briefly commented upon telow,
79. Wnile the determination cf responsibilities must never result in a rigid
system, the maintenance activity snould have a written organization chart showing
clearly and logically how the total work=lcad is divided, and how the divided parts
are properly co-ordinated. Functlons must be spelled out in detail so that the
responsibilities of various positions are known, FExperience indicates that for
the best operation of the maintenance activity, the person having over-all
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responsibility for maintenance functions - this 1s usually the plant erglneer =
should report to the person having over=-all responsibility for the entire plunt,
In cases where the plant engineer reports to the production superinterdent or
production manager, there ir danger that maintenance problems will be subordinated
to production problems and will not recelve the unbiased attention they Jdeserve,
Examples of organisation charts are given in annex IV,

80, In order to control maintenance and repair costs, it 1s rnecessary that the
persor responsible for maintenance and repair ba kept constantly advised

of the breakdown of his expenditures and that he take prompt action to analyse
and to correct variations in his budget performence, He must also establish an
authorized cost limit on nainten-hce and repair operations. balnterance repairs
vhich exceed the authcrized cost limit, or which are not strictly classltfiled us
repair work should be approved by the plant engineer.

81, Accurate and complete reporting and recording of the downtime of preduction
machines is essential to the evaluation of maintenance performance and control
of costs. Machine dcwntime, expressed .3 & percentage of scheduled machine
production time, 1s & direct and objzctive answer to the question, "To what
degree is the maintenance department succeeding in its goal of maximizing the
availibility of machinery and equipment for production or servicet” Hlstorical
trends shown graphically on a machine downtime chart are of great value in
relating past performance to the present position and, even more important, for
setting up realistic goals for future improvement, Downtime records on an
individual machines alert management to design weaknesses and other maintenance
problems and should guide future purchases. Analysis of the cause of downtime
on a particular piece of equipment provides excellent guidance for the solution
of design problems. Fliminating the need for repeated repairs is a most effective
way of reducing both manufacturing and maintenance and repair costs,

82. Ore of the most successful techniques for reducing equipment downtime is tc
put into effect a carefully designed preventive maintenance prograzme tailored to
the specific requirewsnts of the plant. The essence of preventive maintenance

1s anticipation - ideally, anticipation of the adjustments and repairs of machines
as gauged by scheduled inspection and analysis of past maintenance records,

/‘.I.“




83. In this vy, adjustment and replacements are accomplished defore major demage
occurs necessitating costly repairs. In many developing countries, written
mintenance records may be incomplete or adsent. In such cases, it is possidle

for managers to reconstruct them partially by commnicating orally with low-level
perscrnel (vho may not be literate) about their knowledge of similar equipment

in the past. Often such men are very knowledgeadle, although they may de unadle

to communicate their knowledge unless they are Qestioned on specific points.

84. Another mjor source of maintenance information for plamning purposes is

the handbooks, parts mAnuals, and service information provided by mamufacturesrs

of the equipment. Managers should slvays attempt to obtain as much of this

material as possidle. g
85. Essentisl to efficient and effective maintenance performance is proper |
planning and scheduling of the work-load. The magnitude and complexity of the
typical mintenance and repair operation in sny larger mmufacturing and many §
service enturpriscs require thet a formal and systematic procedurs is followed. |
The potential for successful planning and scheduling is grestly increased vhen the
following steps are taken:

(a) Establishment of control units with responsidbility for all planning
and scheduling, headed by one Qualified individual;

(v) Use of a maintenance and repeir backlog report showing estimsted hours
for each individual Job, by trade, and total backlog by trade. Estimated
completion date for each job must be shown on the report;

(c) Use of written requests for ail maintenance and repair work beyond
routinely scheduled work 3

(d) The detailed planning and estimating of labour hours and materials costs
for all maintemance jobs except crisis mintenance;

(¢) Development of daily work Assignments for each craftssen, planned ome
day in advance by his maintenance foreman;

(f) Assigment of priority rating to each maintenance job:

Crisis - Breakdown or safety

Schediled - Important or routine.
86. Detailed time studies of repstitive maintenance tasks cen de very effective
in Wmuunccporfor—u- in & given plant. To be successfiul, a work
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§ neasurement programme must provide the basis for improved maintenance performance
§ by establishing hov long it should take to complete each assignment, not how long
§ it has been taking to get the job done. It is then possible to:

(s) Establish the approximate time required for each task so that effective
planning and scheduling can dbe accomplished;
. (v) Meplace the foreman's job estimates with more accurate and better-

founded Job-time data;

! (c) Provide a more accurate basis for staffing maintenance crews;

(4) Provide a means for messuring the effectiveness of maintemance forces;

(e) Mrnish yardsticks to measure departmental and group performance.
87. The methods and standards developed and used by mainternance and repair
operations can exert a consideradble influence upon the performance of maintenance
and repair tasks. With the development of powver-operated portable tools and
equipnent vhich has occurred over the past two decades, and which appears to be
continuing at the same high rate, many cases are found vhere better tool, material,
or method selection would have resulted in lower total job cost. Training of the
maintenance personnel in the use of this equipment is crucial. Ewaluation of
maintcnance and repair performance must be made in terms of the most modern
materials, methods, tools and equipment awvailabdle.
88. Good Judgement and careful adainistrative control are required to achieve the
best compromise between the conflicting demsands of adequate parts availability and
ninimum investment of funds in the maintenance and repair inventory. Inadequate
stocking of repair parts increases machine downtime and often results in reduced
maintenance labour efficiency. On the other hand, over-insurance, in which every
possible needed repair part is stocked in the plant, can dbe very costly. One of the
characteristics wvhich many manufacturing plants have in common is the constant
changs in sachinery and equipment eamployed by the plant; this is another reason for
continuous analysis of the spare parts position. The evaluation of material and
supply inventories must be tempered by an understanding of a vast difference in
requirements in e highly automated steel plant compared, for example, to an
automative trim manufacturing plant.
89. The budget performance by the maintenance and repair department is only one
of several yardsticks in evaluating performance. Excellent budget performance
may be achieved vhile excessive deterioration of plant and machinery is alloved to
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occur. Likewise, budget performance in the maintenance accounts gives no indicatio]
of production machinery availability or of m#éﬁihe downtime due to maintenance
deficiency. Once these limitations of budget performance as an indicator in
evaluating maintenance performance are realized, budget can be a useful tool not
only for comparing week-to-week operations, but also for comparing trends for a
period of several years. It is important that maintenance cost standards are 1
regularly revieved and revised to take into account any improvements in equipment,
materials, tools or methods. 1
90, A well-trained crew 1s critically important to good repair and maintenance
performance. To assure a qualified work-force on a continuing long-term basis,
many larger enterprises will find they must establish and operate employee training
programmes, both at supervisory and operator levels. In addition to these
continuing training programmes, it 18 often necessary also to give specialized
technical training courses on new machinery and equipment design and such
operational features which require new, specialized maintenance and repair
procedures.

91. Reports to management must be compiled to provide a continuing picture of
plant maintenance and repair costs, and to show the por.tion, progress and
effectiveness oi' the repair and maintenance programme. Graphical presentations can
be very useful for this purpose.

92. Insufficient durability and reliability of machine tools involves a
considerable increase in expenditure for their maintenance and repair because of
constant use of equipment and unfavourable climatic conditions.

93, In a number of developing countries unsatisfactory conditions of utilization
of technological equipment are typical, This is due to high humidity and
temperature, the lack of opportunity to produce machine tools or tools for their
repair, or spare parts, and the necessity of employing workers with inadequate
qualifications. Therefore, in the case of developing countries it is especially
important to pay sttention to all the main aspects of the problem of duradility and
reliability of service of machines and sachine tools, as it is the only way to
minimize expenditure of time and other inputs involved in breskdowns.

foos
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94, Planning and wide-scale implementation of measures aimed at raising the
dqurability and reliability of service of machines of different types, development
of scientific research vork in this field, theoretical elaboration of the problem,
{ .ralysis and summing up of data on the utilization of machines will lead to sound
means and & variety of methods for raising the working capacity of machines.

95. Methods and apperatus for testing the technological reliability of machinery
are important. The technological reliability of machinery is 1its capaclity to
retain the qualitative parameters of the technological process during a giveu
period of time. When a machine is used, its qualitative parameters are affected
by different processes and gradually change. It is essential that a new machine
should not only retain its precision but should also retain it in the required
1imits during the inter-repair period. To attain this, tests of technological
reliability of machinery should be carried out. Tests should first assess the
reserve in the precision of machining in a given machine tool, and second, glve
some prognosis as to the period of time during which the reserve will be present,
96, Methods and instruments for testing and investigating separate parameters of
machine tools as well as standard rutes have been developed in industrialized
countries. The technological reliability test for modern machine tools 48 an
indispensabla part of complex tests, which allov the assessment of the main
technological parameters of a sachine tool and provide the data for the most
effective perfection of its design and methods of mainterance.

97. In cases vhere a plant does not have sufficient use of specialized equipment
to justify its acquisition, serious consideration should be given to purchasing
maintenance and repair services from a well-equipped contractor, where such
services are available, Comtrol over the activities of such concerns should be
vested in a staff msmber of the maintemance department.

98. While variable maintepance and repair work may fluctuate in direct proportion
vith production, s great opportunity is presented to saintenance during periods of
lov production to scoosplish all the repairs vhich have kad to be deferred during
normel or above-normal volums periods when machines are not available for repairs.
Provision sust be made to reserve, and not to cancel maintenance work which
accusulates during periods of high production. Sti11, to control maintenance
nanpover and thereby keep dovn maintenance costs, the backlog of work should
normally be kept relatively cons ‘ant, so far as this is possible.
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IV. ECONOMIC AND COST CONSIDERATIONS OF MAINTENANCE AND REPAIR |

99. There are two distinct types of cost savings which may be realized through
improved maintenance and repair operations. The first, and the more difficult to
measure, is the type of saving made through reduction in downtime, reduction in
scrap and re-work, increased efficiency and improved quality of product. The
second is the saving realiged through increase in work efficiency. As an example,
a large company in the United States, using a technique known as "work sampl ing”,
estimates 40 per cent as the effective working time of its maintenance work force.
By increasing the level of effective working time (the time a craftsman spends in
actually using the tools of his trade) from 4O per cent to 70 per cent, the time
utilization of maintenance labour is improved by 75 per cent. Relating this
improvement to a maintenance crev of 100, one can gee that a crew of 57

craftemen would be sufficient. It is entirely possidle, however, that while
reduced machinery and equipment downtime may result in savings, maintenance costs
could actually rise. It is the responsibility of mairtenance management to
secure the correct balarce betweer. maintenance and repair costs and the cost of
plant downtime, and so achieve a minimum total cost,

100. Too often the effort will be made to reduce maintenance costs by arbitrarily
cutting the maintenance labour and materiml budgete. Very frequently this method
of cost reduction and management gttitude results in the "spending” of the plant
vorth. Deferred maintenance, with premature failure and replacement of equipment,
inevitebly results in increased costs in the long run.

14. Another practice usually ascociated with this type of management approsch

to maintenance and repair is that of reducing the maintenance labour force during
seasonsl slack periods or scheduled downtime. During these periods, the
Baintenance force should be sustained at a strength sufficient to perform
essential wvork vhich cannot be accomplished during production periods. Major
overhauls cen be performed at such times with Rinimm cost and with little or

no interference with production.

102. In order to keep maintenance and repair costs down, 1t is essential to
establish cost controls, such as:

(a) A cost classification and o breakdown and segregation of costs in osder
to kee} management informed of expenditures ;
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(b) written maintenance and repair requests;

(¢) An authorization limit for maintenance and repair requests for the
purpose of controlling the type and cost of maintenance and repair work requested;

(d) Work orders for authorizing, identifying, estimating and scheduling all
maintenance work involving sums which exceed the authorization limit of the
maintenance and repair request;

(e) Material requisitions as a basis for controlling and compiling material
costs;

(f) A management committee to scrutinize all work orders involving certain
types of work and funds over a designated amount;

(g) Purchasing of items and services which cannot be economically
fabricated or performed by plant forces;

(h) A maintenance and repair budget.
103. The purpose of the maintenance and repair budget is to provide all levels
of management with a review of proposed expense levels and to maintain effective
control of costs. Budgets should not be based solely on past performance, but
should also reflect planned future operations and their effect on maintenance and
repair costs. A warning should also be made that the maintenance and repair
budget must be used carefully in the evaluation of the maintenance and repair
functions; good budget performance may be achieved by allowing equipment to
deteriorate beyond a reasonabdble point. Also, budget performance does not indicate
preoduction equipment availability or machine downtime attributable to quality of
maintenance.,
10k, The cost of efficient maintenance and repair is high, even in industrially
advanced countries. In the USSR, research has shown that in the machine building
industry every year spproximately 10 per cent of the stock of equipment undergoes
major overhaul, 20=-25 per cent intermediate overhaul, and 90-100 per cent minor
overhaul, In an average or saall sise enterprise, the cost of major overhaul
alone is normally up to 60 per cent of the cost of a nev machine in the case of
medium-sized tumning lathes; up to O per cent in the case of universal ailling
machines; and up to T5 per cent in the case of capstan lathes. Also, before the
major overhaul, a machine tool undergoes two intermediate overhauls, eech of
vhich tekes sbout half as much labour as a major overhaul, and six minor overhauls,

/
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each of vwhich takes about a quarter as much labour as a major overhaul. In
addition, machine tools are periodically checked for accuracy, lubricated and
given preventive treatment.

105. Thus, the cost of maintaining and servicing a machine tool during one
maintenance cycle (that is, up to and including the major overhaul) is greater
than the cost of a new machine; and if maintenance and repair is badly organized,
it can be several times greater.

106. No less important in the economics of maintenance and repair is wniunting
the idle time of equipment while it is out of production during various kinds of
overhaul. The maintenance downtime per maintenance cycle for screw=-cutting lathes
of average size and complexity will be taken as an illustrative example. The
figures given below (also from the experience in the USSR), are for maintenance
teams working a single shift; they indicate how many days a screw-cutting lethe
must remain idle for the given type of maintenance.

Type of maintenance Lathe downtime
Major overhaul 10 calendar days

Intermediate overhaul 6 " "
Minor overhaul 2.5 " "
Accuracy checks 1 " "

107. As indicated earlier, a machine tool normally undergoes two intermediate and
8ix minor overhauls before its major overhaul. Accordingly, the mmber of days
for which the lathe will be idle for maintenance over the period of the maintenance
cycle will be 10 + (€x2) + (2.5x6) = 37 days.

108, A machine's operating 1ife before major overhaul, and similarly between
intermediate overhsuls, depends to a large extent on the methods of operstion.

If the screv- cutting lathe runs for eight years before major overhaul, the time
lost for msintenance will amount to an average of five deys a year. But ir,
because of insufficient attention to operating and maintenance methods (and this
is common in many developing countries), the maintenance cycle is four years, the
volume of maintenance v rk will be twice as great. This clearly indicates that
great attention must be g.ven to methods of maintaining and opersting oquipment .
The maintenance cycle pattern and the interval between overhauls must be such
that, through fuller utilization of the service life of the equipment parts and
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sub-ass¢mblies, the equipment is idle for overhaul for the shortest possible time,
and expenditure on its overhaul is kept to the minimum.

109. In most developing countries the maintenance and repair of equipment will
normally cost more, often considersbly more than in industrially advanced countries.
Trucking companies in a Middle Eastern country are reported to have maintenance

and repalr costs five to ten times as high as similar firms in the West.
Enterprises in developing countries must often have more capital-intensive
operations than amalagous developed countries. Ore of the reasons for this

8 over-investment in equirment is that much of 1t will be idle for repairs at any

3 given time. As an example, American trucking companies engaging in a given type

of operation will have 20 to 30 per cent of their annual revenues in capital
{nvestment. A firm in the Middle East engaged in the same type of operations (and
under outstanding management) was cited as having 70 per cent of its annual revenues
in capital investment, and virtually all of the excess was in shop and maintenance
facilities. This was not because managers were incompetent; it was because many of
the ancillary facilities available in developed countries were non-existent in the
country. In developed countries, much of the maintenance work can be sub-contracted
to specialists. In developing countries, this is usually impossible. The few
maintenance apd repair facilities that exist often do sub-standard work, and the few
really competent shope are so crcwded as to be frequently unavailable at critical
times. In the circumstances described, vhere in order to assure continuity of
cpezations, an enterprise must achieve a great degree of self-sufficiency, the use
of cheaper hand equipment in jobs where under-utilisation is fairly certain or
vhere sbsolute continuous reliability is not so important, can prove economical and
advisable.

110. Closely connected to the higher cost of maintenance and repair in developing
countries is the unavailability of skills for testing or rebuilding defective

parts taken off equipment. Yor instance, the skilled manpower necessary to check
out a complex part or su-assembly like a carburettor or transmission, diagnose

the difficulty, replace minor components vhich are defective and restore to an
almost new condition is often totally lacking. As a result, an exsmple vas

cited, again for a Middle Bustern country, vhere instead of $1.50 carburettor
repair kits, §23 complete replacement units vere ordered. Instead of 48 replacement
gears or §2 bearings, $140 transmissions were obteined. This type of aggregate
parts replacemsat, instesd of minor replacemsut, is a vay of making up for
unavailable skilled labour, but the price is far higher. oo
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111. Closely related to the above is the practice of throwing away perfectly good
parts or only partially used items. In the Middle Eastera country already
mentioned, thousands of discarded truck tires, each costing about $200 new, had |
served on the average about 30 per cent of their usable life (based on western g
experience) before failing, due to improper tire maintenance and lack of re-building‘i
facilities. %
112, Tne practices descridbed above are usually even more injurious for developing \
countries than they would be for industrially advanced countries. In the latter, |
because of the rising wage levels relative to material costs, the trend has been
tovards decreasing the use of labour in maintenance. 1In developing countries,

where labour costs are lower and material costs higher, greater use should he made
of labourin order to save on spare parts, other things being equal, (aleculations
also show that, because of lower costs and for the samc interest rates, optimum
lifetime for equipment is longer in developing than developed countries: and this
again calls for additional attention to be given to maintenance and repair,

113. In developing countries, the reason for & smaller share of investment funds
normelly being allocated for equipment replacement is that rates of nev investments
generally exceed those of replacement needs. Resources are devoted as much as
possidble to nev investment and new capacity, in order to accelerate economic
grovth. The nommal course of action for governments of developing countries is,
therefore, to seek to reduce equipment replacement as much as possible and to
encourage installation of new capacity. In this context, there may be a divergence
of opinion between private and puwblic interests. PFrom the private point of view,
reduction of costs is equally satisfactory vhether it applies to labour, material
or other costs. But from the point of viev of the mationel economy, if labour is
the adbundant factor, its replacement by capital in order to reduce lasbour costs

may not be Justified. On the other hand, replacement of old equipment should bde
encouraged by the government if the installation of new equipment provides
substantial reductions in costs, especially in importing materials, or in
investment costs elsevhere in the production process. A mintenance and replacement
Programme in developing econcaies should be closely comnected with the nationad
investment plans.
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V. TRAINING

114, About half a century ago H.G. Wells wrote that human history has become "more
and more a race between education and catastrophe”". This certainly is evident in
the problems of maintaining and repairing industrial equipment in developing
countries. The shortage of qualified maintenance and repair personnel is one of

the most serious obstacles in the industrialization of these countries where often
no more than the rudiments of formal education exist.

Craft training for maintenance

115. It can be stated with no reservation that the educationel level of btoth
production and maintenance personnel directly affects their understanding of the
methods to be followed in operating and maintaining equipment to which they are
assigned. Unless the worker has a minimum educational background, it is useless to
train him for work on an intricate machine. It must be understood that, before
undertaking any sort of technical training, a minimum educational level is an
absolute prerequisite for the irainee. An illiterate trainee cannot progress
beyond a relatively low level of acquiring skills, since he is unable to perform
any of the routine duties of a good mechanic, such as reading measuring
instruments, noting part numbers, or reading simple written instructions.

116. Genera) primary education is not a function that can or should be performed
by industry. It is the responsibility of the state to provide for it. Educational
programmes, both technical and non-technical, teke time to mature and often begin
to bear fruit only after several years. Any educationeal plans should therefore be
drawvn on the basis of several years, with provisions for these plans to be
revieved and adjusted annually in the light of past experience.

117. To & much greater degree than in industrially advanced countries, on-the-jod
training is the way maintenance skills are learned in developing countries. A
young man aight begin work as an unskilled labourer in s maintenance operation; he
wvould learn and gradually progress by being a mechanic's helper, or a greaseman,
or by performing some other similar job. This sort of training should not bde
underestimated, decause many competent mechanics have acquired very significant
skills in this vay. An isportant advantage here is that men vork on equipment
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which is in operation under normal working conditions. Moreover, in practical
work of this kind, the job has to be done correctly, and one quickly learns hov

important it is to work to high standards. One disadvantage of on-the-jod training |

is that it is too practical. The man working in this way sees only vhat is being
done. He never sees and rarely thinks about the reason for its being done. Thus,
in electrical repair work, a man may learn, by rote, to put 126 turns of a certain
kind of copper vire on a relay. But he will never learn vhy. The next relay may
require 270 turns of a smaller diameter wire, and on-the-job trainees can also
learn this. But each item is different, and & new and unknown type of relay
cannot be fixed by such a man. A relatively simple course in electrical theory
would correct this situation, but no one can teach him this on the jJob. Lacking
fundamental theory, the mechanic could only fumble on a trial-ard-error basis to
get the job done. Underlying much of maintenance work is a sophisticated physical,
chemical or other natural science theory, and fev really good technicians can be
created by trial-and-error procedures. Theory is important.
118, If training on the job can be supplemented by some form of classroom
experience, the training programme can be both improved and accelerated. Industry
often takes the viev that this more formalized classroom training is the
responsibility of the government. Although industry may initiate and operate
formal technical training courses, its ultisate objective very often is that the
teaching of the skills with vhich its schools are concerned should be integrsted
as soon as practicable into the national system of education. There have been
both failures and successes vith more formalized training, but the greatest
successes have occurred vhere much thought has been given to tailoring the
programmes to local needs.
119. In evaluating the training progremmes, one should seek answers to the
folloving questions:

(a) s provision been made to nelect qualified men for training and for
deternining standards of performance of traineest

(b) Has provision been made to measure performance of trainees against a
given standard of performance!

(¢c) Have the programme content and level of instruction been designed to
mest the specific training needs of the enterprise?

,...
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(d) Has the responsibility for the training programmc been delegated to n
qualified individual so that the details of the training programmes will be
effectively administered?

120. Very often, candidates for training programmes are not properly selected,
with costly results, such as training failures, high labour turnover and
unsatisfactory industrial relations. Aptitude testing can usually help avoid
pitfalle of inadequate selection, vith many resulting advantages: to the
enterprise, less wastage, shorter training time, and greater uniformity of output;
to the employee, more satisfaction in his work; to the country, greater
productivity and optimum utilization of its manpover. The comparison between the
unknovn performance of industrial workers and their aptitude test scores shovs a
high correlation.

121. The need for training maintenance and repair personnel for developing
countries is not limited to the craftsman. More acute shortages often exist at the
middle and higher supervisory levels, for technicians and for instructors.

122. For all training, it cannct be too strongly emphasized that what is right for
the young Buropean or American is not alvays right for the young man from a
developing country. Training programmes must alvays be tailor-made, The higher
the rank of the employee, the more acute this problem becomes. A particular point
which should also be brought up is the training of counterparts and craftsmen by
foreign technical personnel emplayed in a developing country. Foreign personnel
and overseas representatives should be responsidle for training of loeal employees
in how to operate and maintain nevly installed equipment properly. Dravings,
equipment specifications and other relevant operating and maintenance information
necessary for the efficient operation and maintemance of the plant, should also be
handed over to the customer prior to makers' representatives leaving site after
plant start-up.

123, In addition to the initial training for maintenance ard repair personnsl,
training is continually necessary in order to improve performances, to increase
efficiency, and to apply nev developments. Up-grading training must also bde
considered.

124, Effective training for maintenance and repair, as for other subjects, depends
upon effective instructors. These, however, are in very short supply in developing
countries, and they sust also be truined. Their curriculum of imstruction must
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cover a vide range: instruction and practice in techniques of training; discussion
of the requirements of a training man's job in order to give hia a good
understaniing of & teacher's role and instil in him the necessary self-confidence
for the meeting of his future teaching responsibilities; imparting to him
flexidility, an intelligent and sdaptable approsch to any training problem that
may be encountered.

125. In many developing countries the biggest gap in the natioml educatioml
eystem is often not at the bottom or top of the scals, but in secondary education,
particularly technical secondary education. This is a serious drevback for ary
enterprise vhich depends for its existence on technology: for every technical
university greduate that an oil company employs it may need five technicians with
s secondary education. Yet, so much is involved in developing one of these
technicians that there is s limit to viat can be done within the enterprise; the
foundation for company training must first be laid in technical colleges and other
similar educational institutions.

Maoagement treining for meintepance

126, Por many decades and until rether recently, the maintenance functiom, as an
important part of an enterprise, ims been overlooked in many of the developed
mations. Maintenance schemes were often introduced on & 84 hoc dasis, to be
abandoned soon aftervards. Very seldom 4id a permanent maintenmance function exist
as part of the organization.

127. During the last decades this situation has drestically changed. Today
poreansnt maintenance functions have been set up vithin the organization of the
emterprises, and they lave carefully planned and estadblished minterance schemes,
for the execution of vhich it has decome necessary t¢ train an appropriate mmber
of eaginsers, foremen and supervisors.

128. In the developed economies it wvas found, by bitter and costly experience, that
the maintesance function, as such, could not be fully decentralized and placed
under the direct authority of the heads of the separate departments; nor oould the
function be fully delegated to supervisors and foremen. As time passed, it became
clear that a centrelized mainterance departaent, as a staff unit attached to the
1line organization, had to de installed,
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129, This department develops the over-all mintenance policies of the enterprise
and, subsequently, detailed schemes; these in turn are adjusted to such
considerations as the importance and valus of existing equipment, production
pethods and vhether or not spare parts are {immediately accessible. The maintenance
department also controls these schemes or systems. Responsibility for the daily
execution and control of established mintenance schemes, may be divided or not
petveen the maintenance departasnt and the line organisations. The department is
also responsible for the training of all personnel involved in the maintenance
schenss.

130. This installation of functionsl staff ssintenance departments into existing
orgsnisations hes, however, not been an eafy task. To begin with, there vere
objections by the heads of production departmsnts and by their foremen and
supervisors. This negative attitude vas understandable, but it has gradually been
overcoms, mainly &s & result of changes of thought among top executives.

131. The above-mentioned expsriences in developed countries should be kept in aind
when attenpts are made by industries in developing nations to improve their
organization of mintenance.

132, Based on the experience of various developed countries, on the present
situation vwith regard to mintenance in the developing nations, on reports received
from United Mations experts in the field, and on research papers prepared,
internationally, for the United Nations Osntre for Industrial Development, the
Centre bas developed & programmes which fscilitates the introduction of permanent
and efficient maintenance schemss in the developing countries. It includes:

(a) A short and intensive orientation round table on the principles of modern
industrial orgacization and the role of the mintensnce departwent within it. Top
executives and departasnt heads should perticipate in this seminar as vell as the
specialists vho will be in charge of the mintenance department;

(v) Ineplant training scheses for mintenance specislists, The theoretical
and practical pert of this includes: (1) formulation of ssintensnce policies,
(11) development and installation of msintenance systems, and (111) saintenance
performmnce analysis;

Jooo
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(¢) Preparation of a mnusl on the organization snd masgement of &
mintensnce depertasnt;

(4) Preparstion of « sanusl on treiniag of mintenance personnel;

(¢) WMational, regionsl and intermational seminars to discuss the findings
of studies and propose reccametdations.
133, Additiomsl informtion relsvent to training for mintensnce and repeir is
found in annex V.
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VI. REPLACIMENT PARTS

134, Replacemsmt perts, without which no industrial plant can operate efficiently,
are often both scarce and expensive in developing countries. Management :nd
Government may not be aware of ths importance of an adequate supply of parts, or
else the total equipsent inventory is so heterogeneous in terms of age, type and
country of origin, that effective procurement of parts becomes a complex and often
ispossidle task. MNowever, careful study end spplication of modern inventory and
purchasing methods can, in meny cases, result in somwe improvement in parts supply.
0f particular importance is the need to keep accurate records of use, in order that
future orders of spare parts can be besed on relevant local experience. To add to
these difficulties, transportation delays and foreign exchange problems make the
probles of spare parts even more cosplicsted. There are several solutions,

1. Retablisheent of vorkshove

135. Tramsportation delays and foreign exchange problems alone are excellent
reasons for initiating local production of replacement parts in develcping
countries. AR efficient and versatile workshop makes possible a significant
reduction of the inventory of parts carried (many of vhich may never be needed),
and it can carry out, besides, emsrgency repeirs without loss of time due to
delayed delivery. The cost of operation of such workshops may be considerably
higher then that of workshops in industrially sdvanced countries, but this drawback
1s usually outweighed in the lomg run by the advantages mentioned.

136, Where individual enterprises are too small to esteblish their own workshops,
one or more vorkshops can be organized on a co-operative basiss A number of
exasples of such co-operstive efforts alresdy exist in developing countries, but
often there is a lack of sufficient technological and engineering experience and
of the required high precision machine tools needed for the manufacture of more
complicated or precision parts.

137. Governments in developing countries can be very helpful in setting up such
groups of vorkshops, one of which should be given assistance in installing the
rore expensive precision machine tools; and also in seeing that all the workshops
are provided vith fully qualified technical personmel and highly skilled workers.

/...
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2. gmdaniizstion

138. Ths Government cudnhhmmlmldmmadtmm P
parts by encoursging stendardisstion and reduction of umnecessary veriety of
equipment, But, becsuse of ﬂludmhuuotoﬂpatiu—n
quantity, sdequate stocking of parts may be unsconomical by the stendards of Mighly
industrialised countries.

139. One frequent complaint in developing countries is that revemue Guties om
replacemsnt parts sre excessive, and that this makes ummecesserily expensive the
repair and maintenance of iniustrial equipment. HNere, the desire to promte the
loeal manufacture of replacemsnt parts snd save on foreign enchange must be ¢

by the clesr realisation that the industrisl plant must also be kept rumning et all
times.

140, Equipment memufacturers usually have availadle recommended parts purchases,
but these are usually based on the experiemce of industrially sdvenced countries,
and alterations must be mede for local conditions besed on previocus experiemce. Fo
instance, king-pin dushings rarely wear cut in the Uhited States so the reccmmsnded
sapply by menufacturers is small. Put in one exsmple reported, trucks vorkiag in
the sapd in Semdi Arsbia cftem wesr out a set in a fev months. Covernmental
{nfluence can also be used to good effect in providing more efficiemt arraagensnts
for the allocation of import licences and foreign exchange, and for the
sisplification and speed-up of customs procedures.

3. Inyentories

k1, The planning of parts inventories in developing countries is difficult for
sore reasons than in developed coumtries. One reason is the long lead time for
orders, which may require plamning up to several months in advance} RO obe cen
really predict so fer in advance what difficulties nay arise. Other problems are
involved in obtaining skilled persommel to process orders, vhich involves mot oaly
foreign ordering, but also clearance through local ports and customs. The primcip
difficulty seems to be, however, in trainming mem to realize that each part has a
different use rate. The tendency, in early steges, is to order a set mmber of
everything; the result is an accumulstion of slov moving items and shortages of
criticel parts. The only planning vhich is seeningful in such a situation is

/oo
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detailed amd time consuming. One effective procedure reported vas to dring
maintensnce operators end inveatory persomnel together to consider a large nusber,
or even most parts, item by item vith the maintenance people and to decide vhat
xinds of use experience has been typical in the past. Of course, this is tedious
and time-consuming, dut tise cen be saved by ignoring cheap parts costing under a
certain pre-determined level, and by focusing on more expensive items: careful
attention to detail pays off here. An example vas given of a trucking company in
the Middle Bast shoving thet, in five years, through the practice of the above,
{inventory velus fell from 50 per cent of the cost of the vehicles to under

10 per cent. These points are equally importent for parts ordered from abroed anmd
for those masmufactured locally. Rffective inventory control, of course, regquires
good projections, usually based on past experience of future parts demand. These
projections, however, need not be exact, and good estimstes vill still yield results
pear the minimum cost poiat.

be  loshemic esPRets

182, Aa ecomomic feutor vhich must be considered carvfully in the problem of making
.pmummnuumwcthup—tmmmuma revesus. If the
sarning power of & plece of equirment down for repeir in high, very high local
samufacturing costs for parts of inferior quality mey still prove economical if they
reduce downtims ocomeidersdly. The coet of carrying iaventory also advocates local
production of perts, particularly the slov moving ones. Yor instance, in one case
reported comocerning a Middle Rastern ocountry, cerrying inventory costs about
amundtulmmtprm,Mawtmtm#hundrmpm
later, really ocost over §10. In meny cases, Jocal substitutes could be mede for

perhaps $8 or $9.

5.  MebsdlABK of spere Parts

183, uwmumm«amumdr 1s the retuilding
of worn-out parts. Two of the more common msthods of rebuilding are metal spraying
ad wlding. In s large mmber of cases, such as sliding surfaces and shafts which
have become worn or daseged, parts cam be resurfaced, and after the appropriate
mechining or grinding they cem be rehebilitated, sometimes even giving the seme

/‘..
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long service as the original parts. Wear-reaistant surfaces can in the same vay

be built on parts of earth-moving mechimery, vhich would othervise have to be
discarded., While the work of such rebuilding needs a certain techmological
experience, it is not outeide the scope of the developing countries to acquire these
techniques .

6. Bedesien of spare Parts

bk, One other possidility which developing countries cen usefully explore is the
redesign and further development of spare parts. Many parts designed in industrial
countries are not necessarily suited to ecomomicsl mamufacture in developing
countries. Thus, a certain tushing vhich, becawse of the cost of ladbour ia the
developed country, may be made of nylon. The developing country®s workshop may be
sdble to devise a brass substitute dushing that vill work equally well., MNeny swch
substitutes and redesigns may be feasidle in & variety of situations. A central
design engineering group could be established in a developing country to co-ordimate
such work, and local Governments cen assist in estadlishing them.

kS, One possible solution to the difficult and cosplicated prodles of replecemsnt
parts might be attained by co-operation of the menufacturer and consumer coustry ia
the classification of spares in two respects: by the msnufacturer, according to

the technological difficulties encountered in producing them; by the consumer

. Government or concern, according to the figures representing the magnitude of

desand resulting from the statistical analysis mede for local requiremsmts., It will
then be left to the developing country to choose the items best suited for ecomomical
production within its installed memufacturing means and according to the
technological documsntation supplied Dy the mamufacturer.

146, A pronounced sdvantege of this procedure is ths ssount of ia-fectory treiming
this would provide for the personnel of the advancing coumtry; ia other vords, it
vould be another way for soving the seed for a btigger and more advanced stage of
industrialization.
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QUESTIONMIMR ON NEPAIR AND MAINTEBANCE OF IRDUSTRIAL
BQUINENT 1IN IEVELOPING COUNTRIRS

Explasptory potes

1. The purpose of the attached guestionmaire i{s to provide sufficient date on
repair and saintensnce of industrial equipment in developing countries, to make
possidble mecessary steps for the improvement of this important industry function
in such countries.
2. Answers ohould be ss detailed as practicable, vith tllustrative examples and
statistical data, when these are awailadle.
3. hen an estimate 18 given this should be 0 stated.
b. The questionnaire has been prepared with a broad spectrum of industry and
government correspondents in mind. Consequently, all questions do not apply
for every individual case. Please disregard them vhen not applicadle,
5. The classification of industrial equipment suggested for consideration in
filling this questiommaire (for purposes of uniformity) is the following:

(a) mechanical equipment (including metal-working equipment)

(®) Rlectricsl equipment

(¢) Process equipment

() fTremsportation equipment

(¢) Bervice equipment (power plant, sir-comditioning, hesting, ventilating,
valves, piping, ete.).

e










2. Arve there any qtohlhdud‘.mm”unl-tm
perscnnel (vocatiomal schools, in-plant treining etc.)t 1If yes, give
relevast particulars.

5. um;mumwmmmruw
u-o.mqutpnupnwm
b, nﬂ&m.o.w\uumwww.ﬁ—nm

Mumumrﬂwmmmm vhere are the
conditions best}

S mmnumnptru-wwmm It yes,
(Y mtmopcunn‘w'unbw
® NMWUOW
[ mmmﬂumm

6. mtumrsnmndmduunhutumtmwmmnf
and maintenance facilities?

1. thnﬂumndeMWMm

8. Can a significant mrumnntm”mm-n
saintenance of industrial equipment? Olwe statistiocal dsts, if svailable.

9. muw;nﬂo-mmlw I yos, to vhst extenty Is
their quality satisfactory?

mzmuwmmxmﬂmﬁunﬂrmwnumm
ummmum

mmnwmummuwmtmuwm ¢ 4
yes, give M‘Wc

Is servicing by foreign sanufactures of imported intustrial equipment
satisfactory?




mmuummmwmmmmmmw
developing countries could significamtly facilitate repair and maintemancel

Give estimates of averege expected productive life of industrial equipment,
by type of equipment.

Olve estimates Of the averige age of industrial equipment currently in
use, by type of equipment.

Glive typicel exmmples for witiag periocds for {ndustrial equipment to

be repaired.

Are there estimates of the percentage of the time industrial equipment is
1mm«mrmwr By type of equipment.

utmm-umum—tm: equipment age, lack of
preventive maintesance, lack of operetor skill, clisstic conditions, or
other causes? Olive statistical data if aweiladle.

What are the prewailing {sdustrial equipment replacement policies and
practices, :al wvhat are governmsnt regulations concerning equipment

Descridbe other relevanmt industry policies and practices affecting repair
and saintemance of imdustrisl oquipment.

Describe specisl loocal problems, nseds and characteristics of repair and
mistenance of iadustrial equipment, if any.

WMat govermmatal organisstion (or organizations) is dealing vith problems
ﬂmﬂwﬂwwmt. and vhat are its

mm-um!mtmwmwrwuutuw
the repair end maimtemance of industrial equipmentt If 80,
give particulars.

Mhat kind Of assistance, if any, is being (or vas) received from abroad
vith respect to repair and saintemance of industrial equipment?

nomumottbmtm svailable through the United Mations system
uumumummwumaumtmu

unmmm-tm“nmtmwmmm-mwm
n’dr-lwotwﬂd”.

Vst are, hmqtuu.mmmmtnwu
mwuwuwmpm

\htummctm-ﬂuorl interregional conference,
un'munmumutm.uwmmumru
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TRAINING POR REPAIR AND MAINTENANCE

A. A pogsidble spproach to training for consideration by developing countries

Assistance in training may be developed as follows:

1.

2.

3.

Typical and suitable plants in developed countrieg are gelected to

provide in-plant training.

Similar industrial units in developing countrieg are selected as

pilot plants for application of maintenance training.

Training proceeds in two phases: in developed counirics, by providing

general knowledge and experience; and in developing countries, by

actual application.

Instructors are selected in two categories:

(a) BEngineers with five or more years' experience in maintenance
organization and management;

(b) Craftemen vith ten or more years' experience in maintenance
work.

Trainees should be selected from among engineers and technicians of

the developing countries, preferably in the electrical, mechanical

or industrial branches, with at least five or more years' experience

in a production or meintenance department and with a fair knowledge

of the language of the selected developed country.

Training will start in a developed country with six weeks of general

theoretical tredning and twelve weeks of actual maintenance shop

work under the instructor's supervision., Pollowing this, the trainee

will have three months or more of applied work in the plant of his

own country, under the supervision of the expert instructor, preferably

the instructor respomsidle for his earlier training.

This project should be followed contimiously every year, selecting

different countries and different subjects.

If mintensnce equipment and facilities are lacking in the developing

couatries, centralized maintenance shops may be established in the

industrial areas.




9.

The following curricula are suggested for training specialists
at & technical college or univesity levels
(a) Basic mechanics and electrical engineering coursess

(1) Drawing;

(11) Strength of materials;
(144) Design of machine parts;
(iv) Production technology;

(v) Mechanics;
(vi) Electrizal engineering;
(vii) Statistics.

(v) Spacial maintenance and repair coursest

(1) Metal cutting techmology and equipment ,
(i1) Porging end foundry technology and equipment;
(144) Welding techmology and equirment}
(iv) Primciple of work and design of hydreaulic equipment,
preumatic equipment and electrical equipment;
(v) Design of cutting tools, mtal cutting machine tools and
metal cutting technology;
(vi) Theory of interchamgeadbility and toleremce;
(vii) Technology of assembly, testing and setting up of machinery
and industrial equipment.

(c) General coursess

(1) Material handling equirment;
(11) Accounting;
(184) Motion and time study and wrk study:
(iv) Bafety.
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C. An a ntice t

The importagce of training

Craftsmen represent the skilled labour of the manufacturing industry and
account for more than one third of its manpower. In & country such as the
United Kingdom where ve rely for our very existence upon the products of our
workshops and factories,it is essential that we train our apprentices in every facet
of their craft.

Up to recent years the accepted method of craft training was to put a trainee
to work with a craftsman who acted as an instructor. This gystem, known as
"$raining by exposure” is now being superseded in the more advanced industrial
organizations by a better and more systematic approach to training.

Our competitors are also making great strides in this field., Germany and
France in particular have many ideas worth noting.

Chief aims of the apprenticeship scheme

(a) To develop menual skill and dexterity at as early an age as possible;

(b) To encourage pride in craft;

(c) To produce a reliable craftsman brought up to meet the needs of the company;
(d) To develop good working, social and safety habits.

Mrenticeshig committee

The scheme will be supervised by a representative committee of management who
may modify such details as they consider necessary.

me;of entry and duration of train_m

Boys between the age of fifteen and sixteen years, six months, vwill norwmally
be accepted as candidates for an apprenticeship course which will terminate at the
age of twenty-one years, or after five years, vhichever is the shorter,

The committee reserves the right to admit older bcys to the scheme, if in
their opinion, the applicant has the ability to complete the course satisfactorily.

Progress and aptitude will be reviewed quarterly, and the continued

participation in the scheme of any apprentice will be subject to satisfactory
reports,
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Numbers accepted for ent

The number of apprentices to be accepted for training will be determined by
the comittee according to the requirements of the various craft groups.

Msthod of enrolment

Boys desirous of entering the scheme will be required to complete and
submit an application form, copies of which, together with any further information
about the training scheme, may be obtained from the Personnel Department.

Suitable applicants will be called for interview and the successful
candidates notified, Parents or guardians will bte agked to sign a declaration
form agreeing to the terms of the appointment. Following the satisfactory
completion of the gix mciths' prctaticrery period the epprcepriate indentures for
apprenticeship will be signed.

natu ot pay

No fees or premiums are required to be paid vy a trainee. The rates of
pay for apprentices are those agreed between the Engineering Employers' Federation
and the appropriate Trade Unions. These form a sliding scale with increases
according to age,

s of

These will be governed by the hours applicable to the Engineering Department
and will conform to the requirements of the Factory Act, where thic governs the
working hours of youths,

Becord of progess

A composite record will be kept of each boy's progress throughout his
apprenticeship.

Progress prizes in the form of books, tools or instruments will be awarded
annually, Any such award will be made by the conmittee on the basis of progress
. shown by the reports covering the past year.

foon
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Selection of creft apprentices
Selection will be based on & combination of the following ecusiderationss
(a) School reports;
(b) Written tests including such subjects as English, Arithmetic, General
Knowledge and Sciencej
(¢) Interview by members of the apprenticeship committee;
(a) Existing family connexions with company, ail other considerations being

equal; .
(e) - Medical report.

Induction and probationary course

New entrants will be required to undertake a six-month probationary course
in the Wo. ks Training Centre. Initially they will receive practical training om
the bench, thereby acnuiring some knowledge of basic hand tools, metals and
measuring instruments. Subsequent training will incorporate simple electrical work,
instrumentation, welding, forging, sheet metal work and machine work.

Throughout the induction period and subsequent training programme,
instruction will bve given in safety and health principles to establish and develop
a scnsible attitude to safety. The gyllabus will also include a general
introductory course covering such items as, company history, products, welfare and
social amenities,

Apprenticeship indentures

On satisfactory completion of the six months' probaticnery peried, of ewriler
if practicable, the progress and particular aptitude of each boy will be reviewsd
and an indentured apprenticeship offered in the trade for vhich the appreaticsship
committee consider him most suited,

Should the personal choice of the trainee conflict violeatly with that of the
company, the company would reserve the right to terminate further service,

In this respect our experience and that of other companies indicates thet such
a situation seldom if ever ariges since the trainses are usually ealy teo villiag
to be guided on such matters.
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It does, however, emphasize the need, where a trainee iz a complete
"misfit", for a decision to be taken regarding his future prospects with the
company as soon as possible during the probationary period.

Parents will be invited to sign indentures for spprenticeship on the

apprentices® "Open Day" when the Central Workshope and the Treining Centre will be
open to visitors.

Furthey traipipg

Irrespective of their chosen craft all apprentices will continue to receive
instruction and training in the Training Centre for a further six months.

On completion of the first year's training, electrical, instrument and
welder apprentices will be assigned to their respective craft workshops to
receive specific training relative to their particular trade.

During the last three years each apprentice will receive extengive plant
experience in his appropriate trade, including Drawing Office practice in the
case of the more promising students.

morgmnt of indentures

At the conclusion of the apprenticeship the dndentures will be endorged
and signed by an executive of the company before being handed over to the
apprentice as & permanent record of a completed apprenticeship.

Teshnios] education

Apprentices will be expected to attend Day Continuation or Technical School
on one full day per week and two evenings & week where this is considered
necessary. Apprentices will also bs allowed to complete the college seesion
during vhich apprenticeship expires. This ensures that apprentices starting on
& particular course vill not have their studies interrupted.

Weges vill be paid for the time spent at day classes. School fees and
exanination fees will be paid by the company dependent upon the boy showing

satisfactory pregress.

/uo
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mmwmlmwm-ummmw
ofthﬂpﬂhMﬁuoﬂWWﬂﬁmw
head concerned.

wzmmwum ummm-unuw
ondbhfwamnhohnuptooubhth-tommucﬂdm
at & university.

Botes mwmmmwmwm«wﬂuqu
mmmeomtmm-ommm

Iuirofugtory okt

Ammmmmmnuwunmmmu.w
scheme of training. mﬁtnjoﬂwofmum-wMMMh
asdegquate.

mcqm..mubemmammwotw, or as soon after
as possidble. mw-mmunww.uwmmorw
vboﬁuginth-tmoﬂpttonofﬂnmofmm.

qumortpmnliutMMMMtode
the following items:

(a) The amenities provided bty the comgaly, {nelnding cantesn arTangsmets,
cloakroom and toilet facilities, velfure azd social activities;

(b) . The history of the company, 1tomc,w-lmotm
materials. Films could be shown during the mtomtpdm
to the activities of the whols industry; .

(e) Amrwamammmmmmuwm.

departments; A

(a) The pey packet; how 1t is made up; the deductions; P.A.Y.B. SITORgINONtS)
mmmmmm;

(o) Mmlmtutmwwtbmsnm;m
mumwmmauumms

(1) uwwm.muwmmmwab
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nmmmor,mmmmuum-n.umpmor
an 438rofuctory courss. It is advisable t0 continue safety traiaing during the
wvhole apprentioceship period.

Pilas and filmstrips vill be shown from time to time to Melp tuild wp &
sensidble attitude to safety. '

Jechnjcal courgeg

Tn the case of & boy who has entered an apprenticeship from the Secondary
Modern School at fifteen, it is advisable to find a oourse which gives hia
{astruction in the basic technical sudbjects.

xtummwmmnmmnuauwwtm. Bxpsrience
mmwmwnunmcnmcumxmmnmomm«
at evening shools.

m-uomyotcrmwzmmuwuwucmm
mmmmmmusmmmuuMcm-
Mechanical Engineering Craft Practioce, Outstanding boys should be given the
w«,u-mmmmmmmumw.

Preparing & gyllsbus of trainipg

Practical instruction is of pavemcunt importance, mot caly for the skills
Mmmmmfwmmtmumuunmumum
early months of work. It therefore follows that the craftsmsa who are to give
this instruction must be carefully chosem. This is especially so vhen & compeny
howtmuttﬂatumh”ﬁuwdm.

A farther factor of vital importance ia the training of appremtices an the
mmuwmammm.uwumm
mmuwwmmwmmmammmm
the sbility to impart their Xnowledge. e sust assess the agprentices’ progress
mnbmthttbymﬁmqt“hﬂnﬂucﬂlhctthm
bmmwmummummmwdwm

nuommmwmummwmu
‘memmmummmwmmum
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In companies where size does not allow the esgteblishment of a training
centre, it is often possible to allocate a smll part of the tool roon or
machine ghop for the purpose of training. A few basic machine toole, such as a
milling mechine, a lathe, a drilling machine and & bench for primary training in
the use of hand tools, would prove a great ssset,

A skilled craftsman might be made instructor either on a full or part time
basis. This is particularly valuable in the first six to twelve months of
a boy's apprenticeship for it is the means of establishing good working habits
and a satisfactory attitude towards work. It is possible, by carefully graded
vork exercises, to keep the apprentices at full stretch and still allow
development of their individual abilities.

Subsequent training should include a period in the central worksi~ps doing
maintenance and construction work, followed by general works exporience in the
production and engimeering services dspartments, A planned itinerary should be
prepared in order that each apprentice may gain as wide experience as possidble,

Other aspects of training worthy of considerstion include spprentice exchange
schenes, inter-company or otherwise, and such extra-mursl activities as
perticipation in Apprentice Societies and Outward Bound Schools.

Equipmegt for treining sehepe
The training centre is situsted in the Oemtral Pitting and Machine Shop and
is equipped with the necessary basic machine and band tools t0 cope with the

primary training requiremsnts of eight or ten apprentices. Drawing facilities
and a gell technical lidrary are slso availadle in the adjacent Pitting Shop
Offioce.

Vorkshep equirment

(a) Machine section |

1 - 4" 8.8, and 5.C, latie
6" 8.8. and 8.C. lathe
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Use s made of main workshop equigment sueh as the redtal drilling machine, |
machine sew, centre grinding machine, forgs, as dictated by work requiremsnts. |

(v) Dench section

2 - benches and 8 viees

1-mrwm-mm.mumun. Blectric are

facilities for training purposes are available in the welding
sheot-metal

b - wviring boards for instrumentation and electrical exercise

looo




1 1/2 pound hemmer

Set of spanners: 3/8".7/8"

Flat chisel

Oross cut chisel

Dismond point chisel

Round mose chisel

8% flat file second cut and basterd
12" flat file second cut and bastard

Jpstryction 1n Srainlag cemire

Pitting: series of test pieces and small hand tools; items for works and
model meking.

Machining and turning - a limited number of test pieces are made, 88 woll 8
items mainly produced for works, and charge is made accordingly.

All items produced are subject to rigid checking: marks are allocated and
records are maintained. Bach apprentice is interviewed weekly by the apprentice
instructor and the fitting shop foreman for a review of work and conduct. All
assessments are read out to apprentice before being recorded. Strict discipline
is maintained. No smoking permitted.

Staft

A craftsman acts as an apprentice instructor with direction from fitting shop
foreman and workshop engineer, as necessery.

Other craftsmen and forsmen act &8 part-time instructors in the treainisg
centre and specialist workshops, as considered necessary.
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LIST OF BACKXGROUND STUDIES AND DOCUMENTS SUBMITTED TU THE
EXFERT GROUP ON REPAIR AND MAINTENANCE OF INDUSTRIAL
BQUIMENT IN IEVELOPING COUNTRIES

Studies prepared or ccamissioned by the Centre for Industrial Develorment:
1. "Repair and maintenance of industrial equirment in developing countries =
Nigeria"; by Mr. G.0. Chigbo, Principal Research Officer, Natiomal Institute
of Industrial Research.
2, "Repair and maintenance of industrial equirment in developing countries -
United Arab Republic”; by Mr. Pousd Hussein, DirectorGeneral, Industrial
Design Administration, Generel Organisation for Industrialiszation,
United Ared Republic.
3. "Repair and maintenance of industrial equirment in developing countries -
& oase study based on the experience in Saudi Arebia”; by
Professor Richard N. Pammer, Graduste School of Business, Indiana University,
United States.
k. "Repair and saintenance of machine tools in developing countries”; by
Professor A.8. Pronikov, Rector of Moscow Technological Institute, USSR,
5. "Organization of facilities for repair and maintenance of industrial
machinery and equipment in developing countries”; by Profecsor M.0. Yacobson,
Experimental Scientific Research Institute for Machine Tools, USSR,
6. "Amalysis of answers to a questionnaire on repair and maintenance of
industrial equirment in developing countries”; by the Irdustries Section,
Technological Division, Centre for Industrial Develomment,
T. “Use of industrial equipment in Underdeveloped Countries”;
Inlatrialisstion apd Profugtivity, Bulletin No, 4. United Nations.
Other studies and docwmentation:
1. ASurvey of Training, Shell International Company, Ltd., 1961.
2. "Muts, Jolts and Boonomic Progress”, Jorym, March 1966: by
Professor Richard K. Farmer, Graduate School of BDusiness, Indiama University,
United States.
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