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Introduction

. The Expert Group Meeting on the Development of Design Capabilities in
Developing Countries was held in Vienna from 11 to 15 May 1970, under the
sponsorship of the United Nations Industrial Deveiopment Organization ( UNIDO).
Its purpose was threefold: (@) to discuss the important problems of increasing
creative possibilities in engineering design and the production of prototypes: (b) to
exchange experience in the establishment of design centres in the developing
countries; and (c/) to work out recommendations and guidelines for decision on the
future development of design capabilities and the production of prototypes of
engineering products, machinery and equipment in developing countries.

2. The meeting was attended by experts from both developing and developed
countries and by representatives of international organizations. The participants are
listed in annex 1 to the present report.

3. Mr. O. Soskuty, Chief of the Engineering Industries Section of the Industrial
Technology Division of UNIDO, served as Director of the meeting. Mr. A, F, Hussein
(UAR) was elected as Chairman and Mr. E. F. Gibian (United States) as
Vice-Chairman. Mr. N. Krainov (UNIDO) served as Technical Secretary, and Mr. B. T.
Tumer (UK) as Rapporteur, assisted by the following as members of the Drafting
Committee: Mr. A, K. De (India), Mr. N. 1. O. Ero (Nigeria) and Mr. R. Orovic
(UNIDO). The Chairman and Vice-Chairman served on the Drafting Committee ex
officio.
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I THE IMPORTANCE
OF THE DEVELOPMENT OF DESIGN
CAPABILITIES |

4.  Engineering and industrial design' are indispensable for creating, promoting
and maintaining industry in any country. Without viable designs industry will not
flourish in a developed country and will never become established in a developing
one. Design is the link between science and technology; it seeks to transform
knowledge and ideas into economic goods.

3. The nature of the design process is such that it is set in motion either by the
conscious identification of a need by a customer, the proposal of an engineer or
scientist for the application of a new scientific advance, or the recognition by an
engineer or businessman of a requirement for the creation of a new product.

6.  The design process has three basic phases. The first involves the creative
thinking and analytical effort of visualizing the final product. There follows the
conversion of the data available into the proposed design. Finally, in the
communication phase, the design intent and its solutions are transmitted to those
who will execute the project. New ideas, new data and information are continually
being creat:d during this process.

7. Virtually every engineering design cycle involves repeated attempts at a
solution thiough trial and error. Design problems are often ambiguous and
open-ended. Figure |, which gives a diagram of the design process, indicates that the
designer's first task is to delineate the project in as specific and quantitative a fashion

lBy engineering and industrial design, the'folluwin. definitions are understood:

Engineering design is a creative activity concerned with the origination or modification of
an industrial article, including the accompanying research, development and testing, resulting in
specifications, working drawings, pilot models and prototypes, and in data and instructions to
facllitate manufacture. In the end, the design must be acceptable to the consumer and may need
to be modified from time to time to satisfy current market demands. :

Industrial design is also a creative activity, the aim of which is to determine the form of
objects produced by industry. **Form' in this sense concerns not merely external features but
principally those structures and functional relationships that convert a system or product into a
coherent unity.

The present report uses the word *“*design” to embrace both the sbove definitions. A fuller
discussion of engineering and industrisl design is presented in the following chapter.
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Figure |.  The design process

as possible. The specifications serve as guidelines for the activity to follow and as
criteria for judging the degree of success that has been achieved when the final design
is completed.

8. The designer must then outline a concept, usually in the form of a rough
configuration. This is the creative phase. The concept must then be evaluated
analytically. The process described does not generally occur in a simple, sequential
fashion. Manufacturing considerations overlap the conceptual and analytical stages.
And at each subsequent step it is possible that prior decisions may have to be
changed and a new sequence initiated. Having executed the design for a given
concept or configuration, the designer may choose a different concept and repeat the
process. In any case. the over-all process is highly repetitive, involving loops within
loops, and the designer’s most important tasks are to establish the sequences of loops
and to control the process of repetition.

9. Inevitably, in the early stages of the industrialization of a developing country it
must rely principally on the developed countries for the means of production.
However, once plants for manufacture have been established, the developing country
will feel the need to introduce new ideas or to modify existing equipment to suit the
natural inclinations, habits, customs and circumstances of its people. At this stage the
developing country requires experienced designers. If such personnel have not been
identified, trained and developed, further help must be sought from the developed
countries.

10. It is vital that the development and training of designers be simultaneous with
the inauguration of an industry. Competent design work is slow and often costly;
much planning and care is necessary to develop indigenous designers and design
teams and time is required to train them. Future key indigenous designers must begin
by gaining an insight into the design process, working backwards from existing
products supplied by developed countries.
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The present position in the developing countries

11 The countries of Africa, Asia and Latin America that have followed the road of
independent development are striving to organize and expand their national
industries, establishing enterprises by their own efforts and with the assistance of
other countiies.

12. The material and technical base for the state-owned sector of these countries
cannot be developed successfully without training native workers in the skills needed
for the creation of their own national mechanical-engineering. machine-tool and
other industries that are vital to the development of the national economies.

13. Some of the countries of Asia and the Middle East (Afghanistan, Burma. the
Khmer Republic, India, lran, lrag. the Lebanon. Pakistan. the Philippines and
Yemen). despite various difficulties, have increased capital investments for the
development of the mechanical-engineering, machine-tool (notably in India),
metalworking and oil-extracting industries and metallurgy as well as for the
production of agricultural machinery and spare parts and electrical power equipment.
Measures have been taken in these countries for the creation of repair shops to keep
equipment in good condition as well as for the development of domestic industry.
Such measures illustrate the efforts of these countries to obtain economic
independence, and, incidentally, they prove a lead into design work.

14.  Some countries of Africa (Algeria, Cameroon, Ghana. Guinea, the Ivory Coast,
Mali, Moiocco. the Sudan, the United Arab Republic) have started to develop their
own machine-tool industries, and in the United Arab Republic the production of
metal tubes, railway rolling stock, automobiles, tractors, various types of agricultural
machinery and consumer goods (such as bicycles, radio sets and plastic articles) has
been attempted.

I5. These countries are thus creating the foundations for modern economies. but
further development and improvement are required. Profound contrasts exist
between the abundance of natural resources and the extreme backwardness of
productive forces in much of Africa.

16.  Of total world mineral resources, African countries mine 90 per cent of the
diamonds marketed. 81 per cent of the cobalt, 62 per cent of the platinum, 70 per
cent of the gold, 50 per cent of the magnesium and chromium, 36 per cent of the
manganese and 32 per cent of the copper. Africa produces 66 per cent of the world
production of cocoa, 66 per cent of the sisal, 95 per cent of ground nuts, and 25 per
cent of the coffee beans and cotton of the world. There are rich reserves of coal. oil
and iron ore. At the same time, Africa contributes only 2 per cent of the total
industrial output of the world’s market economies.

17. Some of the countries of Latin America (Argentina, Bolivia, Brazil. Chile.
Colombia, Ecuador, Mexico, Peru, Uruguay and Venezuela) have developed ferrous
metal and machine-tool industries, electric power and heavy €ngineering industries,
lifting, transport and road-building machinery. non-ferrous metal, motor-car and
tractor industries and other branches of engineering production. Although the
countries of Latin America are now more advanced industrially than most Asian and
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African countries, their further industrialization proceeds slowly. What is required is
the rapid development of national mechanical-engineering, metalworking and
industrial branches.

I8, Industrialization is the key factor in the economic development of the
developing countries. The United Nations considers it most important for these
countries to develop metalworking industries and. in particular, to establish national
branches  of  machine-building  and  tool  production and  to  manufacture
general-purpose machinery, woodworking and other equipment necessary to their
economics. 1t is also of great importance for the developing countries to participate
in foreign trade.

19, The countries of Africa. Asia and Latin America must at the same time solve
the problem of producing spare parts tor repairing and maintaining the machines and
cquipment employed in the various industrial branches.

20.  The branches of machine-tool and metalworking industries to be created will
require the turther specialization of production, extending into the manufacture of
universal tools and fasteners (bolts, nuts, screws and the like), and this output will in
turn make it necessary to produce metal castings and forgings, as well as to assure the
co-operation of the separate branches and encourage an exchange of information
among them on economic and technical problems.

21 Without access to the modern scientific and technical achievements of the
developed countries, the developing countries would be unable to accelerate their
industrialization. And this would widen further the economic gap between the
developed and the developing countries.

22, The problem of transferring technology to the developing countries is therefore
of great immwediate importance. The developing countries must be able to make
flexible use of the technology acquired. to adapt it to local conditions or to develop
it to meet their present and future needs.

23 The solution to the problem of transferring technology to these countries can
be arrived at not only through understanding the reasons for the existing lack of
technological information or means to purchase it. but also by analysing the
possibilities for creating a scientific and technological infrastructure that would
enable them to mobilize their resources and develop their own production. Such an
infrastructure would also permit the introduction of production methods based on
modern scientific ard technical achievements as well as the means for carrying out
the necessary scientitic research. For these reasons design is vital, and the training of
suitable indigenous designers is imperative.

Types of design in industry

24. The development of design capacities should be undertaken by a central
enterprise (or enterprises) and should proceed slowly and carefully at first, owing to
the complex nature of the field and the difficulty of building up a competent design
staff. Expansion could be effected later. according to priorities.
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25. There are two basic types of design, namely, industrial design and general
engincering design, and they should be given equal attention. They should be
developed simultancously. and institutes or places for teaching both. either
independently or together, should be established.

The total design requirement

20, Design is a» essential factor for a balanced and lasting industry. The problem of
developing design s not an casy one. and much planning is required if it is to
suceeed.

27 Before attempting to develop design. the procedure for training indigenous
designers and design teams must be well studied. and no effort should be spared to
foster an atmosphere that will stimulate and encourage natural creative instinets.
Design development. the training of designers and the build-up of the design staff
must begin no later than the start of industry,

28, Design work for any developing country must relate to its specific needs. The
interaction between engineering design and society is increasing. Optimal engineering
design should, more than ever. take into account sociological. economic and political
implications as well as purely engineering factors. Equipment designed in a developed
country is often unsuitable for a developing country because of the differences in
customs and culture. Unfortunately, the latest technology is often supplied, resulting
in too great a technological jump and possible disturbances to the environmental
balance. It is therefore imperative for all developing countries to seck to establish
their own corps of designers and to train and develop them to meet their own needs.
The present status of design capabilities in some of the developing areas of the world
is presented inannex 4 to the present report.

The cffect of design on industry

29, 1t is clear that indnstrial design can have a marked effect on the utilization of a
country’s resources of both raw  materials and manpower. It can also affect
profoundly the quality and scale of whatever production may be undertaken. Good
design can contribute another economic advantage by making possible the utilization
of the excess machine capacity that is frequently found in developing countries while
poorly co-ordinated industrialization results in the duplication of machine tools in
newly constructed plants,

30.  Good design should make it possible to produce the articles actually required
by the people, thus giving domestic industry more staying power in the local market,
with a favourable effect on the general economy. It could also solve the chronic
problem of shortages of the special tools most needed for production.

31 Design can solve the problem of how to provide the spare parts nceded for all
services in the country public, agricultural and industrial and can minimize the
pressure on the limited amount of foreign exchange available during these first stages
of development.
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32, Design can also help to point the way for the private entrepreneur, the creative
thinker and small-scale industries, with the aid of showrooms for new designs and the
provision of protection by patents to protect new designs. Handicrafts and village
industries can be sustained and improved by new designs. It should also be
recognized that the design of equipment of pilot plants needed to study the
characteristics of indigenous raw materials is an important step towards improving
the economy of a country.



I IDENTIFICATION OF NEEDS AND
FINANCING

33.  Before any design work is begun., it is important to ascertain the real needs of
the country in order to avoid wasted effort and to ensure that priorities are properly
ordered. In-depth snrveys conducted by competent market rescarch people are
therefore of prime importance. Developing countrics will lave to rely initially on
outside help for this work.,

Identification of areas requiring design

34, 1In order ta establish a system of priorities for design requirements, it is
essential to carry ont a complete survey of all possible projects. systems and
products. Governmental priorities must be known so that the survey can begin with
an over-all master plan based an national needs and work downward from this to an
analysis of markets far individual products. In this task UNIDO field advisers conld
assist the corresponding  governments or even initiate such action themselves.
Feasibility studies are often needed to ascertain the capital or consumer goods
required. In some instances, a government may even wish to ¢reate a demand for a
certain product or project that calls for a design. Moreover. although a developing
country may have statistical data on imparts, consumption ete.. it might well need
expert assistance i processing these data, which UNIDO could provide.

35, Engineering products do not usually go into production betore an exhaustive
investigation has been made covering market analysis. model design, model testing
and other related subjects. In a limited sense. engineering products consist mainly of
machine clements. such as clutches, couplings, bearings. control devices. drives,
linkages, springs and seals. In a broader sense, however, an engineering product may
be defined as a manufactured cconomic good: it is usually the result of 4 commercial
activity. In what follows, this broader definition of engincering products is taken as
the basis of the discussion.

Market analvsis

36. The starting point for every modern engineering development and design is the
analysis of the market for which the product in question is intended. Without it, the
management of a factory would not know what new designs were needed and
expected by the prospective customers, and it would thus be unable to give the
engineering department general mstructions and guidelines to follow.
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37. A new design is usually a modification of an existing model, requiring the
redesign of industrial machinery, equipment and consumer goods, except where an
entirely new product is ‘0 be developed. The latter cases are rare, however, and are
often the result of new inventions, although inventions may also occur along with the
modifications and improvements of existing engineering products.

38.  For example, the new models of automobiles that appear on the market yearly
in the developed countries are normally modifications of the previous year's models,
perhaps differing in stvling only or in such improvements as power steering,
automatic window opening or new safety devices. Similarly. in the ficld of industrial
machinery. machine tools are being constantly improved.

39. Two types of market analysis can be differentiated: general market analysis,
which usually concerns matters of an economic nature such as supply and demand.
and special market analysis, which covers the engineering aspects in conjunction with
the financial considerations.

40. General market analysis deals with such problems as predicting the financial
gain that conld result from a design change. 1t predicts possible new competition, and
assesses the new sales and advertising effort required and other matters important to
the progress of the enterprise.

41. About 75 per cent of the industry of the United States regularly uses general
market analyses. and another 12 per cent employs this method occasionally.
Questionnaires are mailed to a representative cross-section of the prospective
customers, or a special agency is employed to interview a variety of consumers in
various parts of the country. If export of the new design is anticipated. the market
analysis is extended to the prospective foreign markets also. The results of general
market analysis are usually reliable. provided that statistical methods are used in the
evaluation of the answers received.

Encouragement of local design capabilities

42. At the level of national policy, perhaps the most effective way to encourage
local design capability is through the control of imports. If impartially and
effectively applied, this policy has the effect of obliging or encouraging producers to
use locally made parts, whose design must often be modified. This modification
could and should be assumed by local product designers. and would have the indirect
advantage of enhancing their capabilities. A similar situation exists as regards awards
and concessions for exports where the exporter must meet international standards
and higher levels of quality.

43. At the institutional level, the desired effect can be achieved in various ways.
For example. publications and meetings can be important means of disseminating
general information and technical know-how. Professional institutions should be
encouraged to assist in the establishment of acceptable standards for the
performance, safety and testing of inaterials and products. Common testing facilities
can be established in various institutions.
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44. At the enterprise level, the creation and effective use of independent
commercial consulting services is perhaps potentially the most fruitful field for
improving product design. Development can also be accelerated through
manufacturing under licence. and this approach should not be discouraged at the
policy or enterprise levels. Equally important to all industry is the establishment of
local design capabilities, either through central design centres or within the enterprise
itself. It should be noted that these approaches are not mutually exclusive.

45. UNIDO is alrcady active in promoting all of these strategies in many ways.
including export promotion. the dissemination of technical know-how, the
establishment of standards and quality control, the provision of consulting services,
and assistance in licensing and in the establishment of design centres. Examples of
these activitics are given in annex 4 to the present report.

Classification of design work

46. The spectrum of design in product engineering is broad, varying from small
consumer items to large capital projects. All require the same basic design process,
but the order of magnitude differs widely.

47. Both engineering and industrial design are required. The two are parts of a
whole: they can be differentiated only by the nature of the work that they involve.
By way of illustration, the architect and civil or structural engineer collaborate in the
field of construction work. while the industrial designer and mechanical or electrical
designer have the same relationship in the manufacturing and processing industries.

48. The work of the two types of designers is complementary and must be united
in the design of the product or system throughout the entire life of the project. It is
useless to call in an industrial designer to make an engineering design look well and
handle and operate well at the end of the design process: he must work in harmony
with the design team from the outset.

49.  Further divisions of design may be identified as project. systems and product
design.? Product design refers here to the design of a single product that may form a
component of a system. Essentially, it may be defined as a piece of equipment with a
single function. Systems design. on the other hand. relates to a collection of products
so arranged that they contribute to the required over-all function. The system so
formed may be designated as “closed” if it adjusts by feedback of its output, which
is then compared with the input and automatically corrected. If, however, the input
is simply transformed into output with no attempt to correct errors, the system is
designated as “open”’.

sz;'a't design takes into account the entire plant consisting of all the various assemblies,
sub-assemblies and units required for a particular process, and details the complete specification
of the equipmnent, including the cost analysis.

Svstems design covers units such as clectrical, hydraulic, pneumatic and mechanical control
units connecting the various assemblies so that the entire plant functions as an integral unit
according to the desired programme requirement,

Product (equipment) design refers to the engineering part of the design of individual
components, machines or devices,

RO S 7 e
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50. In a sense. all products form parts of systems: even a domestic appliance must
fit into an existing energy supply. lence, the designer must understand the essential
nature of the input to his new creation. what output he must obtain and how this
creation will fit into an existing plant configuration. Strictly speuking, however,
systems enginecring is concerned with large units that have a multiplicity of inputs
and outputs and many sub-systems.

3t The classification of engineering products required by any developing country
will depend upon its state of development and hence upon its essential needs and the
support it can receive from other countries. There will be certain requirements for
process industry work, but, in addition, there will be basic requirements for the
metalworking industries. For the latter, a classification was produced for UNIDO at a
conference held in Moscow in 19663

52, The metalworking industries produce goods for the following sectors of the
engineering industry - as classified  in o the  International  Standard  Indnstrial
Classification (1S1C), Rev. 2:

Manufacture of machinery. except electrical (ISIC 382):

Manufacture of electrical machineny (1SIC 383):

Manufacture of fabricated metal products, exeept machinery and equipment

(1S1C 381):

Manufacture of transport equipment (1SIC 3%4);

Manufactire of professional. scientific measuring and controlling instruments

(IS1C 383),

53. The corresponding classes of the Standard International Trade Classification
(SITC) are:

Machinery, other than electric (SITC 71);

Electrical machinery. apparatus and appliances (SITC 72):

Manufacture of metal. N.E.S (SITC 69):

Transport equipment (SITC 73);

Professional. scientific and controlling instruments: photographic and optical
goods. watches and clocks (SITC 86).

54. The function of product design activities is to provide or adapt products to
meet the particular requirements of a market associated with a specific arca or
peoples. The successful application of these activities has an important over-all
influcnce on industrial development. Perhaps the most important aspect is the direct
question of suitability of products. A specific exanple is the power tiller specially
designed for paddy rice cultivation in tropical arcas, since the conventional tractor
ploughs commonly used for dry cultivation of rice are practically uscless in wet
cultivation,

Report of the hiterregional Svmposiion on Meralworking Industries in Developing
Countries. Moscow, 1966, Hniled Nalions publication, Sales No.: F.68.11.8.9.
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55. lmprovement in reliability is another aspect of design activity. The redesign of
suspension systems of road vehicles for rougher rouds is a simple example of the kind
of improvements that are necessary. While products should be designed for local
climatic conditions, it is surprising how often this obvious requirenient is not fully
met. Considerable work has already been done on adapting equipment for the
tropics, and Ihie stage has been reached where most equipment is designed for
tropical use as a routine matter. However, the adequacy of cooling and ventilation of
equipment and vehicles still needs attention.

56. The less tangible. but nevertheless important, needs of the market in styling, in
higher comfort factors and in acceptuble standards ol quality play a significant part
in product design.

57. One application of product (and plant) design. which is often overlooked. is
the proper presentation of ustriction manuals and the marking of parts for
identilication. This problem involves tanguage and reasonuble degrees of literacy. In
addition, further work is necessary in the design of both equipment and maintenance
manuals that are oriented towards the simplification of fault diagnosis. These
considerations are related to the maintainability of both plant and product.

58. Quite apart from the design or adaptation of designs for local markets, there is
the need to adapt a local design for the export market. An example is clectrical
equipment, which may have to be redesigned to meet the differing sufety and other
wiring standards of several countries.

Criteria for product design in developing countries

59. Certain conditions prevail in most developing countries that affect the design
of products made in them. Among the most important of these is the relatively small
Quantities involved in series production. An example is the use of wood rather than
plastic for radio and television cabinets, where the mitial cost of plastic injection
moulding equipment is extremely high. An efficient local manufacty rer will naturally
look to the export market if the domestic market is too small.

60. The need to exploit local raw materials and components is frequently a factor
to be considered in product design. and one often made necessary by import
controls. For these reasons. adaptation of designs should be u continuous process
aimed at supporting allied industries.

61.  One important impediment to local design of products is the inadequacy of
local standards. This consideration is particularly important where equipment must
be integrated into an existing system, or where the product is destined for export.
Internationally accepted standards. such as those of the International Electro-
technical Commission (1EC), are important, but thus far only to a limited extent.
Also, even where such standards exist. it is sometimes not possible to check products
against them, owing to a lack of testing facilitics.
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62, Product design leading to improved relibility and case of uaintemance is
receiving attention and is becomting increasingly important in most developed
countries. For example, improvement in component reliabitity is being achieved
through studies of product failures. The need 1o improve produet reliability in
developed countries arises from the high cost of the fabonr needed 1o nndertake
repairs. This need is equally important i Ceveloping countries bt arises lor the
oppusite reason, namely. the faek of skilled labour, at any price. to do this work. The
degree of refiability reqquired in the products of both developed and developing
countries cant theretore be assumed to be about the sime. o practice, both of these
reasons have led to designs mcorporating sub-assemblics and simple means of fault
identitication.

Patential for impraved praduct design

03 There is o need 1o improve product design so that the prodaet is better suited
to the customer’s local clinitic and other conditions, and las o fouger life, with
improved styling, comfort and quality, easicr maintenance, and an export potential.
Clearly, this is & continnons need. and the strategies proposed Later in this report are
gimed more at promoting and creating design capabilities tha at providing solutions
to specific design problems,

o4 1t is diffienlt 1o establish o general level of demand for uew or improved
products to be designed locally. Perhaps the best approach is for govenments to set
realistic targets for levels of vaw materials ad other content available focally in goods
For the ome market and for export. Phis approach wonkd, ammong other advantiges,
ave the effect of setting the higher levels of achievement necessary in the design
ficld and. in turn. of defining the needs in terms of design requireinents.

The need ta establish sectaral design centres

oS, Once market surveys have been conducted, their findings analysed, ad the
range of goods to be produced has been decided upou, an institnte or centre to
perform the needed design functions should be established. Such a design centre
conld be set np as anindependent body or as a part of an existing organization or
industrial enterprise.

60, The valne of such centres lies in the importance of best utilizing the inevitubly
limited number of designers who will be available initially. 1t would be pointless For
them o be scattered aronnd among various industries, sinee designing is best done by
teams. The design centres conbd help to fomr such teams and give them an
opportunity to develop their capabilities. A design centie for antomotive produicts
could serve many related plants, such as those that produce bearings, seals, brakes,
clutches, springs and the ke, and that have been carcfully  sitnated near the
automotive industry.

67. Similarly, u design centre for agricultural nachinery would be essential, Here
the first step might be tor designers to consider the use of indigenous naterials, for
example, and then to proceed to the more dittficult task of designing machines better
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suited 1o the focat tevrain and conditions. $ikewise . appropriate design centres wonld
be necessary for the mining aud petrochemical mdustries that Yy exist in Q)
developing conntry. i such cases design would be concentrated on pumps, valves,
pressure vessels, mechanical excavators and the hike,

Setting up a new design centre

O8I osetting up g new design centre. it s mportant that the appropriate steps be
faken m the proper onder. Fhe needs must first be identitied and detined, and the
plans aud agreements must be well Tormulated. A group undertaking such a project
mnst tmly “see the end hrom the beginning™, not only i visnalizing the end result,
but also i properdy anticipating the problems that will arise, so that measures to
comnter tham canbe taken quickly. The following, then, are the steps to be taken,

The preliminary survey

00 The purposes of this first survey are:
Fo determine the need and justification for such g centre:
Todetermine the assistance required and the feasibility of providing it;
Foexplore the types of sponsorship that might be available:

Toevolve apretiminany plan of operation.

70, The people who aie 1o conduet the survey shonld have the following
qualitications:

A knowledge of the country
Experience with its nimufac turers:
Familiarity with the ndustry in question and its problems:

Kuowledge of the types of governmental and intermational assistance available.

T Fhese people must be selected with great care. as their conclusions and reports
will strongly mtluence the events that follow.

72 The nformation to be incorporated into the report should include:
The type of product 1o be considered;,
The nature of the assistance that is recommended:
The snggested geographical ocation of the design centre,
The size and capacity of the design centre:
Recommendations as to sponsorship of the design centre.
73 When the above Facts have been assembled and the report prepared, it shonld

be reviewed with meticulons care by the proposed administrating agencies. and a firm
decision shonkd be made as to whether the plan should be put into operation.
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The plan of operation

74 Asits name mphies. the plan ot operation is a basic outline of tie project from
start to completion and shoold serve as a guide for the entive operation. 1t should
detine the purpose o the progect and actuallv be a charter ol the scope of ats
operation. Tt abo serves as a contract or agrecment i the event that it is co-sponsored
by two parties. such asthe government of the developing country and an international
ageney suchas UNDP outlining the obligations ol cach party.

75 The adeal plain oF operation should delineate the work plan and provide
budget snmmary . inchiding a list of the equipment and a breakdown of the expense
contiibutions ot cach party. Inough detail of the organizzation must be included to
establish salines, duration of service and the like,

Too A tentative sehedale of operations shonld beincluded: the timing and
efficiency ot the profect can he measired against this. This document should be
signed by the two parties as a binding agreement. and copies shoukl be placed in the
hands ot the responsible directors, managers. advisers and experts to serve them as a
working winide for the condiret ot the centre.

Fonancing the desien faciliny
70 T cannot be expected that such g design centre will be seli supporting.
certaindyv. in ity initial stages, there will be no souree of income other than the
support ol s sponsors. Fhese sponsors will nornually be the following:

The government of the developme counn:

7x. Sinee pubhic finds are not plentitn m-most developing conntries, it is unlikely
that the sovernment will assinne complete fiancial responsibility for a design centre,
I avent of the usnal dual sponsorship, the government normally provides personnel
services and cquipment avatable Tocally, Tts contribution nsually includes:

Salaries of director indigenous otficers and other personnel;
Local salaries o tellossship trainees:

Fand and honsing Tor the contre:

Fquipment and supplies produced within the country:

Fransportation and handling of imports.

International agener

79 The contributions oF such agencies as UNIDO and the UNDP Special Fund are
usually  conmparable to that of the government, depending somewhat on the
circimistances. Ty pical ob these contributions are:

Salaries o the project manager or chiet adviser, and the professional staff of
foreign experts.

Maclime tools and mechanical equipnient not available locally:

Faboratory and electrical equipment of a precision not available locally;
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Miscellaneous technical aids, such as:
A library of books, publications, and technical information:
Audio and andio-visual aids:
Caleulators, computers ete.

Private industry

8. Although not uswally involved in the setting up of design centres, private
industry can provide assistance in various ways. This type of assistance, by its very
nature (so as to avoid competitive situations) must be in the form of joint ventures
and can operate most effectively through manutacturers’ associations. supported by
the contributions or dues of manufacturer members, They can provide dissemination
of technical knowledge, assistance in standardization activities and common facilities
for materials testing,

Fees for participants

81. When a new design centre has increased in sophistication and expanded its
service to the manufacturing industry. it can then receive some remuneration from
those who make use of it. This income would be in the form of fees for consulting
services, for the use of designs and drawings provided by the centre and for tool
designing.

81 While this source of revenue may not he large. it has other corollary
advantages. For example, it tends to discourage some irrelevant and superficial
consnltations. The participant manufacturer, by paying proportionately for services
rendered. will limit his requests to the most necessary types of assistance.

Approval of financial authorizations

83 Provisions for prior approvals or the expediting of specific approvals should
form a part of the original agreement. However. even when such agreements have
been incorporated into the plan of operation. individual approvals for specific
expenditures often involve lengthy delays and require considerable follow-up.

Tvpe of organization

84.  Considerable thought must be given to devising i organizational structure that
will provide the greatest co-operation among the participants and the most efficient
operation of the centre. In view of the usual dual (intermational and national) nature
of sponsorship and operation, the interests of both, as well as those of other
organizations, should be represented in some of the following ways:
An advisory committee, consisting of:

Representative(s) from the relevant government ministry

Representative(s) from the co-operating international ageney,

The project manager or chiet adviser:

The director,

Industry representative from local or state government:

An officer of the mannfacturers’ association:
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Fonmation of o corporation or society so as o penimt a certain degree of
atonomy an providig authonzations and approvals,

The progect manager or chiel adviser, who would be wesponsible 1o the
mtemational exeenting ageney smd o wonld provide the initial direction and
pudinee,

The drector appomted by the government, who would be vesponsible for
indigenons aperations, facihities, nunntennice et

The admmstatn e otticer. who would be aesponsible o the director for
handhng such admmstrative matters as accounting, reconds, stores, (erchasing
and pas roll,

Phe protessiomal expert statt, who would be directly vespomsible to the project
nenier ad would consist of toregn experts for cach of the major fields
covered by the project.

The comuteipart protesstonal statt consstmg of nationals with some laining
ad expenence relevant 1o the projecis. they would work with the foreign
experts but be vesponsible to the duirector,

Phe management sttt which would melude the local officers and numagers
who work under the supervision ot the divector and adhniistvative officer to
conduct the busmess and the phyvsical operations of the centie.

SNelecting the siee tor the design contre

835 The tollowmg magor considevations shonld determine the location of the
pProject site:

Population centres and timsportation.
Concentration ot the mdustries nvolved,

Avatlamhity of kned and o buildings,

8o, For the most eltectne operation. the design centre nist be readily aceessible
and be near asource ot skitled or semiskilled marpower. Tt shonld also be located as
centrally as possidle with respect to the magor groups of industries that it will serve.

ST o heep nntal costs s fow as possible. the availability of sotable iimsed
bunldings or ot undeveloped Lind. possibly owied by the government, shondd be
gven carctul consideration. Building costs are Tugle, but the constinetion of new
burldings of the most stable tyvpe s normally preterable o the adaplation of
exssting binldings notsuited to the proect. However, rather than delay a new project
for the crection of new binldimgs, temporary housing should be considered. Quarlers
conld thus be provided tor the responsible personnel. who conld plan more
effectivels tor the penmanent tacility

Scelection l'.’.[‘("'.\'l el

SN For the foreen professional expert sttt it is necessary (o select people who
are. by both traiming and expenence, capable of performing the functions of the
design: centie. FFormal edueation ix only one eriterion: even SUPCIVISOTY CXPCriCnee
may ot be of a hind to meet the needs of the centre. The expert must be all that the



IDENTHICATION OF NEFDS AND FINANCING 17

nanie implies, and there is no substitut: for personal expericuee and involvement in
the Kind of work 10 be performed. Also, sinee the expert may have had only limited
aceess to technical or design information or 10 the more sophisticated tvpes of
equipment. resourcefulness is an important duality in experts selected for such a
project in a developing country. The primary: sources of reemitment of such experts
are: industry in the more developed countries. development or rescarch laboratories,
and imiversities and other educational institntions.

A9 The locally recruited counterpart staft must also be selected carefully. While
nunpower s usually plentitul in a developing country, experienced manpower s
usually scarce. The exigencies imposed by time and cost dictate the use of the most
experienced personnel available. As with the experts, itis important to select as their
comiterparts persons with suitable educational qualifications, with some experience
in the same or related ficlds. and with native skills, who with minimal training can
perform the necessary task or supervision. 1t must be Kept in mind constantly that
these men will eventually operate the design centre by themselves after the terms of
the foreign experts have expired.

Cost of design and sources of finance

90, The ultimate aim should be For all designs produced to be viable and, wherever
possible, to obtain a considerable cost; benefit advantage. However, in the carly stages
of o country’s development it is difficnlt 1o achieve this, and it is thus often
necessary 1o subsidize design: centres. UNIDO miight be able 1o help. possibly with
direct fimamcial g-aots of various Kinds.,

D1 As the design centres gain experience. it should be possible for design budgets
to be developed. Design target costs could be set up. and desigiers would be
expected to operate within them, I the designers exceeded their budgeted allowance.
a special case wonld have to be made in ovder 1o sanction additional expenditures to
complete the design work.,

i e e s
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111 DESIGN PROBLEMS

92, Initially, it might seem desirable to deal with simple designs that would yield
quick benefits to the whole population of the country concerned. Furthermore, it is
important to try to use indigenous resources wherever possible. Some already
existing handicraft industrics could be greatly helped if they were provided with
suitable portable tools that would permit production to be rapidly increased. New
design solutions for such cottage industries could give them fresh impetus and
possibly attract additional foreign customers.

93. In the carlier stages of industrial development, designs are required primarily
for the manufacture of equipment, components and spare parts for the existing
industries of a country. In many cases it is necessary to adapt foreign designs to meet
specific domestic requirements. Over the long term, however, project and systems
designs are required. Basic processes must be bought, and indigenous deslgn confined
in the first instance to simple equipment. With the passage of time and the
development of industry, the role of the indigenous designer becomes incre asingly
important.

94. 1t should be kept in mind that design and development of products is a
long-term task. Design work is costly, requiring time, money and able, experienced
designers whose training requires a minimum of five years.

Adaptive designs for domestic needs

95. It should be possible to adapt the existing designs of developed countries to
local needs by taking out manufacturing licences. Where this is done, it is important
to recognize that the licence and the attendant documentation might not supply all
the required know-how. Indigenous designers might need to work closely with the
licenser. visiting his plant in order to understand its operation. Clear and careful
documentation is necessary, and the organization and management of design
adaptation should be efficient. Where the level of technology in the licensing country
is appreciably higher than in the country that buys the licence, it 1. ight be necessary
to modify the design and. in many cases, the production processes, possibly lowering
performance but none the less allowing the introduction of manufacturing locally.
Problems involved in the changeover could be overcome with the help of the
licensers. It might also be possible, because of cheaper labour, to produce
economically in spite of low productivity. The testing of the modified design must
also be carefully controlled, and prototypes must be tested environmentally.

t¥
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Other requirements

96. The developing country should establish its own patent agency. if it does not
yet have one, not only to protect original design work, both domestic and imported,
but also to provide local industry with information on the latest technological
developments. The importance of keeping up to date cannot be overstressed. since
technological changes can- and often do nodify design practice. This is especially
true of new manufacturing processes. (Some current examples are laser cutting and
welding and plasma spraying.)

97.  Designess live on information: their appetites for new technical data and
related facts arc insatiable. Any developing country should set up a library and
technical information centre to cope with the enormous and ever-ingreasing amount
of published data. Subscriptions to all pertinent technical publications should be
acquired. and it would be helpful if some sort of regular publication, listing current
accessions cte. were available.  Wherever possible, it would be particularly
advantageous to have a unified classification system so that the collation and retrieval
of information could be expedited and, in the years ahead, could be computerized, if
need be. Initially, such an information centre might be located at the design centre;
later regional information bases will be required for local industries. After a time, it
might be well for particular regions to specialize in information of certain kinds.

98.  The need for systematic recording and analysis of product defects must be
given bigh priority. The nature of the defects and failures indicate where design
should be up-dated and improved. It is thus essential for countries to set up simple
and effective defect-reporting systems as early s possible in their industrialization.

Creative designing to satisfy domestic needs

99.  The situation becomes more complex when the stage is reached at which the
copying of foreign products no longer suffices and new designs must be created. Even
management must then participate rather than confining itsclf to administration. It
must take great pains to ensure that all factors reccive due consideration. and that
the optimal design solution is achieved in a specific set of circumstances. Since time
is usually a critical element at this stage, the use of computers with graphic inputs
might be helpful. New systematic approaches should probably be adopted. and the
staff of designers should be well versed in the latest methodologies.

Standardization and technology in design

100. A standard may be considered as a single solution to a recurrent problem. Like
specifications and codes of practice. standards are among the primary tools of the
designer. The design standards adopted by the developing countries must be
expressed in metric units, since standardization makes possible the interchangeability
that is vital in all modern design work.

R .
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101. Standardization can be approached on three different levels:
International (Intemational Organization for Standardization, 1SO);

National (e.g. British Standards (BS) in the United Kingdom); American
Standards Association (ASA) in the United States; Deutsche Industrie Normen
(DIN) in the Federal Republic of Germany:

Enterprise (company) standards, which should be developed from the
intemnational and national standards.

It is not unusual to find a standardization organization already established in a
developing country. If this should be the case. the new design centre should be eager
to become part of it.

102. One of the main tasks of the standards section of a new design centre is the
careful selection and limitation of the list of standards to those that will be really
needed. Such a selection is imperative, since for machine screws alone there are at
least 12 material classifications, at least 10 diameters, more ‘han 13 lengths (in each
of the above diameters), at least 20 forms of heads. points etc., and various
surface-treatment possibilities, in all yielding tens of thousands of different items.
Only a minor fraction of 1 per cent of the tctal number of standardized screws could
serve the centre and its associated enterprises adequately. The same principle holds
true for materials classification, stock sizes and the like.

103. A further broad field for the standards section is the rai ge of tools to be used
by the design centre as well as by the participating enterprises. This matter requires
close co-operation with the production department. because even an abl: tool
specialist could hardly cover all of the many different kinds. The production
department might request more than 3.000 different tools for its own work: and in
this event the standards section should try to reduce this unrealistic number by
negotiations with the production department’s tool-design, toolroom and
production-planning sections. Production cost must be calculated on the basis of
what is most economical: the use of the most appropriate tools or tools with slightly
higher working times. The second alternative is often preferable, because the
purchase, storage and maintenance of tools is more costly than wages in most
developing countries. However, this might not be true of tools for use in conjunction
with a valuable, highly utilized machine, whose work cannot be done by other
machines. Other tasks of the standardization section might include the preparation of
production regulations, inspection rules, conditions of supply, and performance
manuals. Considerable effort is needed to sift, collate and store all this
documentation in a way that permits its easy retrieval. Such an organization
ultimately may require mechanized systems or even electronic data processing
equipment if rapid and accurate information retrieval is to be achieved.

The role of the computer in modem design

104. Among the technological developments that have affected design the computer
has made the most far-reaching impact. As noted at the beginning of the present
report, the designer’s most important tasks are to establish the loop sequences and to
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control the reduplication that takes place during the design process. Any part of
these tasks that can be done practically and economically by a computer should be
done so. The engineer should expend his energies and talents only on those aspects of
the problem that he is best equipped to handle. that is, those involving concept
generation. modelling and the establishment of specifications and acceptability
criteria. The particular attributes of the computer are speed. memory and reliability;
it performs computations and logical decisions at a rate that is difficult to
comprehend. It is essential that the computer and the designer serve as partners in
the design process: the successful and wide use of computers in engineering design
implies a highly interactive man-machine configuration.

105. The flow of information between man and machine must be rapid. and the
information must be accessible to both. However. the man is confronted by two
major obstacles: the first is the availability of the computer with respect to time and
physical location, and the second involves the question of communicating with the
machine. Prior to 1957, the engineer had to learn special computer languages in order
to communicate with it. Algebraic computer lunguages such as FORTRAN and
ALGOL represented a major step in casing the communication problem. Then came
the problem-oriented languages such as STRESS, COCO. und finally PLAN, Although
these new languages represent u breakthrough in the process of man-machine
configurations, they, too, have shortcomings. While they more nearly match the
natural problem-solving orientation of the engineer, they still fall short of a truly
natural form.

The impact of graphics

106. The engineer works in graphic as well as in mathematical terms. When he must
translate his graphic expression (perhaps a drawing) into a linear stream of letters.
numbers and special characters. he is consuming precious time. quite probably
making errors that are not always casily detected. and he is not being creative, at
least in the design sense. Graphics is the language of design. and if the engineer is to
be relicved of the need to recast his thoughts into an unnatural form. graphics must
be the primary part of the communication process.

107. The term “computer graphics” is very broad and includes numerous peripheral
devices around tlie computer such as XY plotters. printers and drafting machines.
These devices are used to convert computer output into graphic displays and are
extremely useful because they yield a pictorial information that is more suitable to
an engineer or a designer. However, even in such an environment. the engineer is no
less isolated from the computer than he is when a typewriter prints out a solution in
alphameric form. With the graphic display screen. a cathode rav tube (CRT) relieves
the engineer’s and designer’s feeling of isolation and improves his productivity. He
now sits in front of a CRT and. with the aid of a light pen and kevboards. he is given
direct access to all the operating elements of a data-processing system, He is now in
an interacting relationship with the computer, which is communicating in his natural
language.

105. The major benefit of computer graphics is the possibility it offers of substantial
reduciion in the time required for the design process. In addition. it can provide
more solutions to a design problem than was previously possible. and this in turn
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should lead to a better product. It is imperative that developing nations that have
limited resources in terms of manpower and that are faced with bridging the
technological gap examine this new, revolutionary tool carefully. The authorities of
developing countries should be aware of the possibilities offered by computers and
make sure that their designers are trained to use them. At present and for the next
few years, designers in developing countries must use computers in developed
countries, but with the increasing use of data links, this difficulty should be
overcome. Nevertheless, the unfamiliarity of designers with computer software will
continue to be a problem unless or until there is adequate dissemination of
programmes. UNIDO could make an important contribution in this area.



IV. PROBLEMS OF PROTOTYPES

109. In order to perfect designs und set them in operation satisfactorily. it is
essential to have workshops and testing laboratories in which prototypes can be
manufactured and tested. Such workshops and laboratories should be located within
the design centres, so that designers can sce their ideas being realized and learn about
any deficiencies that may occur by positive feedback at first hand. This subject is
covered in more detail in chapter Vil of the present report.

Organization of production of prototypes

110. The organization of a prototype workshop is really a combination of a factory
of general layout, a co-operative purchase society and a technical training institution.
In order that the main functions be discharged satisfactorily, there must be a general
administrative unit, a production department and. in some cases. some kind of
education and training unit.

114, 1t is essential that the prototype workshops be responsible to the design centre
since, if designers do not get u clear feedback from the initial manufacture of their
creations, crrors and miscalculations might well be carried over into the production

stage.

Provision of components

112. In certain cases it might be desirable for the enterprise building a prototype
workshop to manufacture its own components according to need. Nevertheless. there
will be a need in all probability to obtain certain items of equipment from
manufacturers clsewhere in the country. The purchase of these items requires
technical skill as well as business acumen, for cost, delivery, quality and reliability
must all be acceptable. This observation also applics to parts that must be imported
from other countries.

Assistance in the development of new products
113. Assistance in product development can come from many sources, such as
domestic and forcign private industry, industrial associations. governments and

international organizations, including UNIDO. Designers in developing countries
should keep in touch with all of these sources, by correspondence and, when

23
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possible, by personal visits. I thas connesion, it s mmportant for anew design centre
to make ats work and experience hnown (o these mstitutions so that they uin be
aware of how they might help or be hielped i turme This hind of nmual support
condd also be nsetul mthe modenization of existing products o whiere an enterprise
O government sees a new need ansmg o discovers aose il nnprovement i g product
or process. The centre should also encourage and assist mdustral enterprses i is
own countrey to set up ther own design Brciliies,

Introduction of modern technological processes
into industrial production

M4 Iis vital to the cconomie riealth ot adevelopimg conntiy i, as iew provesses
become hnown and aie developed at design centies, all hnow-how be mmediately
made available to s industrial cnterprses. Special open davs, with demonstrations,
seminars and - mdustiy get-togethers, must be aramged soo that mdustrialists can
witness, at tirst hind, how a new technological process works, and how it may be
applicd satistactonily i the conntry s idustrial eny nomnent.

TS Fven o developed conntries, new processes are olten evolved m government
research establishments and remain nnused tor vears, owimg to the absence of linson
with mdustry, poor pablicity , and Tack of msight on the part of the originators mto
the real problems of mdustry. Fhie centies shoukd assist industrad enterprises in
uvrganizing production.



V. PRODUCTION PROBLEMS

Froo Adequate mspection of prototy pe nsmmfacine at b stages mnst be provided
o cimie proper feedback o design of any confornance discrepancies. Similarly,
thotough testing mst be nrade o models, mock ups ind complete prototypes.

FES When protany pes Tuve been successtinlly produced and adequately tested, the
nomul prachice then s o pass the design and produaction instructions over to the
nanpbictnnme wits assigned to prodiee these artcles meguantity

Ca-aperatian between design centres and prodinction nnits

FES. Desgne and production shoubd never be in selt-contained departinents but
shounld vather torme pant of the sane continanm, Foo often, in the mdustries of some
developed counties. an unhealthy dichotomy has evolved, whereby design s
sparated from the place of manatactie o the hardware, While it is not always
possible 1o have desigie and namntaciire methe same geographical location, it is
essentnl to ensme that theve me very good connmmcation links between these two
Activinies 1o foster co-operation. for no design cane be economical unless it takes
cogizanee of the manutac g capabilities of the producing concern.

FEO The designer cannot work e splendid isolation, 1 is now anaceepted practice
fov the nmutactnnmg engineer to become mvolved inanew project even before the
despn cngimeer prepanes the diawmgs ot a prototype. Correspondingly | the design
engineet’s respousibility does wot end when s uew  product enters the
nenmtactning stage. The person who designs agiven prodnet is often responsible for
following 1t through the production process. Inevitably, problems arise and changes
are requned. Fov example, a clige me material conld relieve o procurement
bottlencch or speed up a0 manufactmg operation. Fhe design: engineer seeks to
develop a desinr best sated to perform ats intemded function, The nannfacturing
engineet cooperates watl T frome the start, o mcorporate e the design features
that will facilitane the manntacture of the product and perlaps even improve its
performanee,

Onality control, testing and adjustiment

E200 Quality: control reqnires: particnlar: consideration thronghout the process of
manutacture. Siee adeguate sampling chiecks must be made of incoming nuterials,
components and sub-assemblies, some effective fom of goods-inward inspection is
wequired . Alsoappropriate quality checks must be applied doring manutacture and
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asemnbh Adequate istramentation tor s parpose must be provided  and
meerperated mto e prodinction process it the best utlization ot matenials,
nanpower and equpment s to be aclneved. Problems man arse i this work sinee it
often entals instniment design.

XL Fmal spection muast be thorongh to ensire that a0 mumimnmm: ot fiulty
products feaves the tactory - g tacdities tor the proper recordimg ot detects and
cttecinve salvage shoukl be provided. Sinnbds - all adjustinents and resetrmgs of the
cquipment st be documernted ad kept up o dates Generallv speakimg, the
prionvny problems qu thas area coneern the acquisiion ot the most appropriate
measrmg astrnments and gauges and provisione tor adegoate andaccurnate
docamentation and oy skitul anadvsis These activities require trinmimg and
coustderable expenence N mmportant aspect of prodiret testing concerns items ot
cqriprrent. capital goods and products whose velinbihity and sateny oseran extended
period st be kuown

I'roblenn of metrology
P22 the designer should state on Tis diawings, clearly and - completely . in
speacitications and sets of tolerances, his requirements tor the proper operation ot the
component that e has designed or moditied. At the ontset of production of such a
part it should be mspected with special care and aceuraes and the results of the test
should be written down and filed ¢1his does not imph - howeser, that such testing
and reporting need not be pertormed when seral production: gets imder wav)
Benoriag this essential vade canoaesubt ne many crrors, meludimg a0 completely
crroncons eviluation of the component. nultunctions that are attributed 1o design
deficiencies are otten merely undetected detects o manatactiimog bnan engineering
desigu centre mspection metrology s ot prime mportance
F230 fispection metrology has two aspects, One s basic metrology - whose function
v o presenve and certity basie standards of length atness, limearnity nd shape. It
may extemd turther mto cernficanions of weight, pressie, foree, and the like. 1he
second s works metrology - whose precision s giaantecd by basie metrology. {is
purpose s toomeasure or test parts ad tools submitted by the prototype or
pre-production worksl o The main function of inspection metrology is to ascertain
the dimensionat chiracteristios of enginecrmg products and o cnsure that they
contform to the desigo requarements. Phe requirements readhly apply to all tvpes of
engineering products such as machine tools and instmments,



VI EDUCATION AND TRAINING
FOR DESIGNERS

124 Wiale destners are creative people. creativity is a broad coneept that is more
easily recognized  than detined. 1L G0 Conwayv, Chamman of the Council of
Engmeering astitutions i Fondon, as defined the word as it ielates to engineering.
as follows.
“Creatvaty mean engieer is an ability ;e apotude, probably basically
mnate. which allows him 1o think ot “dreanrup’, visualise or imagine
new or unusnal sotutions to problens. Genenally these nvolve methods
ot design or comstructon, but i the broader comtext include sohrtions 1o
wathenurucat or abstract problems. ™

Sclection and development of creative people

125, Creativity does ot appear 1o be linked directiy with intelligence. which is
measurable 1o some degree. and there are as vet no valid tests to measure it although
research s proceeding. Abso, there is o fornurla that ensures ereative thought.
Endoubtediv. nuch more research is needed to undenstand how the creative person
operates and iy motivated. Such sty should be carried out in both developed and
developing conntries,

Project work in schools and institutes

120 The project method. especially it carried ot by heterogeneons groups, can
provide a verv usetul learming situation. I'or engineering, the design-and-make project
exposes the leamer to all of the problems mvolved in teming an idea into hardware.
Ixperiments carried out at the Enghish Electric Management Traming Centre at
Rugbyv England. have demonstrated the vaine of this approach on o mnmber ot
oCCasions,

127, School projects have also been very fruitful. As a comtry develops it should be
possible to introduce projects 1o be undertaken by gronps of students at the top
classes of the schools, Flhis practice has the benefit of widening the horizons of the
students and of introducing them 1o the process of design early i life.

In-plant training and research
P28 Much s 1o be gained by etfective on-the-job training for designers. In this
regard, management should recognize that it is an integral part of its function to train
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and develop subordinates. A great deal can also be accomplished by tormatized
training whereby designers fronm one timn are transterred o other Tinms for a time to
study and o contribute to their design: methods. This approach is also usetnl in
rescarch, but here the transter needs o be o at feast two vears” dusation.

1290 Where traming centres are attached to design centres there inmst be adequate
facilites to provide practical experience. Especially in a creative enginecring-design
centre, practical hnowledge and some actual industrial production experience m the
mstructing ot designers as absolutely essential. The trainees must he able to develop
complete designs includimg all the practical detanls and aspects, such as selection of
the most snitable waterals and determnration of the appropriate tolerances. the
practical workshop training should include an introduction: toall neanmal operations
and traming - the use of the vanous machine tools under the gudanee and
supervision ot a workshop instrmctor orexpert,

1300 For yvoung draughtsmen working at the centre. the design of spane pats and
other practical jobs for the industry, wineh are usually of o simple natine, provides
very good timing opportumties to Tanibarize them with the design standards of the
centre, or of the conntry. Later they can proceed 10 do more advanced and
complicated design work i conesion with the production ol new engineering items.

131t might be advisable for UNIDO 1o sponsor scholanships 1o permt capable
students in-developing countries to visit and study design work e developed
countnies. Certain basic traiming i design could also be carried out in the design
centres of developing countries atter these centres are established.

Design methods and aids

1320 Systematic methods ol design have been des cloped extensively during the st
decade. and this trend will probably aceelerate as creative thinking is better aaly sed
and understood. These systems must be adapted 1o the particular prodact or systems
design concerned and 1o the particular working environmient. A good example ot
such aduptation was the development of PABE A (Problem Analysis by Togical
Approachy Tronn the Fundamental Design Method, which had been worked out by
governmental rescarch ottice in the United Kingdom.

133 AdlL designers should be made awaie of the Latest meclimnical ads i the design
process. 1t is somelimes from quite simple aids that the greatest benetit nay be
derived  models made from cardboard or batsa wood, sketeh pads for making quick
drawings, perspective grids and the like. Specialist engineering designers must also
become tumiliar with both digital andimalogue computer operations

Education and training of future designers

134 Much care and thought will need to go into developing 1the education and
training patterns of developing countries. Tnitilly, onee they have been identified.
the best designers should be sent tor training to the design centres and industries of
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the developed countries so that they will be able to absorb what is already known
and understand design in the light of modern technology.

F3S. Eventinally. however. there must be a properly recognized educational pattern
for designers in the developing conntries: and the sooner one is established the better.
It possible. the conntry coneerned shonld seek to make this career pattern widely
known and attach status to those who are suceesstul in the field. Too often, designers
i developed conntries are looked upon as inferior engineers: most of the prestige is
attached 1o research and development engineering work. Developing conntries have a
good opportunity to reverse this trend or at least to make for parity of status
between the two.

130, The teaching of engineering in developed countries frequently tends to
downgrade design ability tereativity). Curiosity, the desire to find out for oneself and
the use of one’s imagination are often stifled. As Albert Einstein once remarked. 1t
is nothing short ot a miracle that modern methods of instruction have not vet
entirely strangled the hioly spirit of cnriosity™,

Successive stages in design work

137, 1t s possible to break down design work into several discrete steps: certain
intellectial skills and abilities are called tor at cach stage. First. the firm accepts the
problem situation and is prepared to undertake to resolve it. Next. the main problem
and related problems are identified: this step can be arduous. requiring careful
mterrogation of the chent or customer and other sources. The problem, once
identiticd. must be acenrately presented. sinee good engineering design depends upon
the speciticity of this statement.

B3R The design process continnes with the generation of possible  alterative
solutions. Here creativity comes fully into play as ideas are brought forward by a
team of designers. In this phase of the work a number of design methods become
available that can stimulate Freer, unstructired thinking. Some of these are described
later in this report.

1390 After examination and application of the various approaches. the best solution,
taking mto account the constraints and the reconciliations that must be made, is
chosen.and work is begun on a detailed design. ManuTacture and assembly take place
as the process continues, and feedback oceurs on a continuous basis. The iterations
will inevitably lave repercussions on the design process as design is extended into
nanutacture and testing. o the testing and inspection plase. designers have an
opportunity to see their creations in operation ind to make List-minnte adjustments.
If the object designed requires construction at another site. this phase may be
regarded as an extension of production. Finally, delivery to the enstomer of the
product and‘or its svstem takes place. which, in turn, alters the environment in some
way. TEcan be seen that, as activity progresses down the line. the scope for making
changes diminishes.
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VIl ORGANIZATION OF
DESIGN/DEVELOPMENT CENTRES

140. Advanced design development is generally undertaken only in those areas
where engineering problems can be recognized clearly and carly. Such work may
require basic and applied research, which may be conducted at design institutes. The
purpose of such development work is usually to add to existing design information
and to determine the cconomic viability of projects in the carly creative stages or to
provide feedback carlier in the process. The need for such work may also arise from
error i design, lack of method or data. or. worst of all, lack of adequate
specifications.

[41. A characteristic activity of design development is to reveal any discrepancy
between performance and  specification and to suggest ways of reducing or
climinating it.

The aims and objectives of design centres

142, For the reasons given in chapter 1. it scems desirable to introduce
design/development centres as complementary to sectoral design centres. From an
organizational point of view, design centres should be situated adjacent to industrial
enterprises so that frequent direci personal interchange can tuke place and thus
ensure a rapid feedback of intormation. For developing countries design centres
should be of particular use in certain specific areas. These are discussed below.

Design adaptation

143. The development of consumer durables and industrial components is usually an
evolutionary process, and in the past it hus been fairly slow in developed countries.
Successive versions of a product may differ as availability of materials. skills and
customer preferences change. These differences are often quite small, and the cffects
can then be absorbed casily. Such work calls for design adaptation, and developing
countries need to have development centres to ensure that adapted designs will really
stand up to environmental conditions etc. A good example is a vehicle's suspension
system, which might well need adaptation in order to be suitable for the terrain of a
developing country.

Design creation
144. Large and complex design projects are usually undertaken when an existing

system of goods, services or information no longer fulfils the customer’s need. The

30
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new project might be so remote from what is now possible that very deliberate means
would be required to achieve its realization. In this situation, design creation is
required. and developnient tends to become the critical phase of the process.

145. Development work is necessary when parts of a system are being designed. The
specifications to which a given part is being designed have generally been derived
from a larger and more comprehensive project. Although there may be doubts as to
how well this project has been designed. the number of uncertainties involved can be
kept to a minimum if the performance of the part meets the specifications. Hence,
hardware mude to the design must be tested and., if necessary, changes made in it.

146. Such large projects will not be undertaken initially in developing countries, but
it must be borne in mind when setting up design/development centres that such work
may have to be undertaken ultimately. Also, when parts are actually being made
according to new designs, the first results are often poor. Typical reasons for this are:
inadequate instructions, lack of skill. inappropriate tools, unsuitable materials, or
merely that the method of manufacture is siiply impractical. Obviously, not all such
shortcomings can be corrected by changes in design, but whatever action is taken
generally needs the support of design development.

147. Finally, there will be need for development work when the system is put
together for the first time. Interconnexions, which were imagined by the designer,
now exist in reality as mating plugs and sockets etc. The performance of the system
will have been deduced from earlier separate tests of several co-operating parts. The
inputs to these parts were, in all probability, provided by signal generators (i.e.
sources of electrical or mechanical power), and the outputs were fed into measuring
instruments.

Construction of experimental models or prototypes

148. While prototype models are needed for experimental testing, the pilot models*
that may have been made up during the design process to test for strength, vibration
and deflection can be even more important. Experimental production workshops or
prototype centres are needed for these tests. The main purposes of a prototype
centre should be:

To develop machines for serial production in the affiliated enterprises:

To provide technical advice and service: to all enterprises in its vicinity;

To improve the quality and performance of goods produced in the country;
To render assistance in the design and production of tools and dies.

If a prototype centre is to be truly successful, the local counterpart personnel should
join the foreign experts as carly as possible.

149. The production of prototypes by design centres is possible in countries that
have alrcady achieved a certain stage of industrialization but where factory

‘A pilol model is the firsl model, made in 1he best way possible, 10 check 1he feasibility of
the design proposal,
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organization and the quality of niddle-level management need further development.
The market should be large enough to absorb the output of serial production.

150. Simple consumer goods such as household utensils, builders’ hardware,
furniture. stationers” goods, toys, plastic and rubber components should not be
selected for introduction by prototype centres; only complicated and skill-requiring
units such as machine tools should be chosen. These are demanded in great variety,
arc produced in batches on the same or at least similar machines, and are very
suitable for introduction by a prototype centre.

151. Before starting such a venture, all related questions should be fully clarified.
These questions may concern the following:

Availability of foreign co-operation (technical assistance, licence documents);
Means of financing of the project (investment and recurring expenses);
Availability of a suitable location (labour, power and water supply, transport);

Form of organization (responsibilitics for technical and administrative
matters):

Availability of local co-operation (sub-suppliers and participating firms);

Availability of a sales organization for the goods produced (e.g. a machine tool
manufacturers’ organization).

152. In general. foreign co-operation with an industrially advanced country should
be sought and maintained for a number of years. The financing of fixed capital costs
is usually more easily secured than that to cover recurring expenses. Hence, budgets
should be drafted about two years ahead to make sure that necessary funds will be
allocated. It is very important to incorporate in the fundamental four main
departments design. production, training and administration- the following
sections: standardization (tool design, toolroom, tool maintenance), production
planning. materials testing, and heat treatment. Skills and facilities in these lines in
countries suited for a prototype centre generally require more serious upgradings and
improvements. The quality of products of local supplies must be checked and
improved as well as the performance of participating firms.

153. When it has been decided to establish a prototype centre, the financing has
been secured and all other questions clarified, care must be taken in selecting
machinery, equipment and personnel. Machines and equipment must be suited to the
climate and conditions of the country. Complicated and sophisticated machines
should be used only if unavoidable, and then their maintenance and supply of spare
parts must be ensured. When personnel is engaged, it shouid be assured that they not
only have the required technical skills and know-how but also instructing and
teaching qualifications. A qualified skilled worker is not necessarily also a qualified
foreman.

154. Before starting production in the centre, licence documents must be adapted to
suit the conditions and possibilities of the country. and materials must be ordered in
advance in sufficient quantities. Nevertheless, training and theoretical teaching can be
started promptly. If at all possible, the metric measuring system should be adopted in
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a devcloping country as early as feusible. The old system of inclies and pounds s
being phased out; even the United Kingdom pluns to change over to the metric
system in 1975. Dimensions, tolerances. preferred sizes. material specifications.
selection of stock parts and many other tasks are the field of work for a
standardization section. For inspection and testing. a carcfully selected range of
measuring instruments and facilities must be available. and the personnel must be
trained to make use of them.

155. The special tools, jigs and fixtures necessary for production cither can be
obtained from the licensing firms or, preferably. be designed and manufactured in
the centre. The toolroom of the centre will be expected to serve other enterprises
also; hence it should be well cquipped and neatly stocked with tool steels of various
dimensions and qualities as well as with other materials. The toolroom should be the
first section of the centre to begin operations.

156. The production of prototypes starts with pattern-muking and the nachining of
components. Care should be taken. when machining cast iron. that it alreudy be
somewhat seasoncd. and that some time elapses between rough und finish machining.
Hardening facilities for steel components and for tools should be provided at the
centre, so that a facility for testing hardness should be installed. The planning of
early production should include provisions for sub-assembly of group components so
that the workers cun sce how parts work together and where the maintaining of
tolerances and surface finish are most important. Scheduling and checking of delivery
dates for subcontracted parts is an inevitable must for the early stages of the centre.
The final assembly of a machine tool, even if it incorporates a large proportion of
imported components, will be an occasion for pride.

157. In the early stages a prototype centre spends much time in training its
personnel. This training must be extended later to the foremen of the participating
enterprises as well as to designers. draftsmen and production-line personnel. The
purchasing section must be made conversant with materials specifications, supply
conditions and related subjects. The workers must be trained and retrained in the
correct handling and reading of measuring instruments.

158. The transfer of the production of components to participating enterprises
could start soon, but not before the first two batches of a particular machine have
been assembled at the centre. All potential sources of trouble must be fully checked,
and all problems must be solved, whether they concern materials. production.
tolerances, assembly, painting or packing. To the highest degree possible. production.
assembly, testing and painting should be done as closely together as possible to avoid
unnécessary transportation with its concomitant costs and delavs.

159. Testing requires special attention in developing countrics: the right kind of
measuring cquipment and environmental test equipment must be available. In some
cases special apparatuses are necessary. Aesthetic and biotechnological factors must
also be considered in the final testing phase of prototypes. For consumer products.
potential customers should be asked to try the products and comment on how well
they serve their purpose and what, if any, eve appeal they have.
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The introduction of prototypes iuto industry

160. To achieve the maximum contribution to the economic development of an
industry, the sclection and production of the prototypes to be produced is very
important. The main danger lies in developing “attractive prototypes™ with uo
guarantee that the industry is really in a position to manufacture them, and perhaps
without there being any real demand for the planned product in the country
concerned.

tol. This warning is necessary because often in developed countries products that
have successfully passed prototype testing have been rushed into production only to
result in a failure that has proved costly to put right. This often happens because the
prototypes are constructed by very skilled fitters, craftsmen and technicians who
adjust the parts without feeding back to the designers information about the
alterations that ere made in the testing process. Furthermore, the plant capabilities in
the factory are often vastly different from those of the machines in the experimental
workshops that make the prototypes. Also, environmental testing and aceelerated
testing under extreme conditions of use may be a requirement, as is usual with
automobiles. Some automobile  manufacturers even allow  customer trials of
prototype vehicles on actual roads before they undertake the production and sale of
new models to the general public,

The structure of design/development centres

162. There arc two ways of establishing design/development centres. The first is to
set up a completely separate. self-contained organization containing all the necessary
divisions, such as design, marketing, production (industrial) engineering. documenta-
tion, laboratories, packaging and manufacturing. The second is to plan a centre
closely connected with industry and training institutes, which has the necessary
facilities to produce prototypes and which can make use of all manvfacturing
capabilities.

163. There scems to be no reason why a training centre should not also b» placed
alongside the design/development centre so that the latter becomes a teaching
laboratory. The whole complex would then be responsible for new designs a d their
development as well as for training experts in industrial and engineering design and
development and the whole gamut of industrial production. The logistics of the
placement of individual industries and their ielationships with one another is
important to developing countries. The developing countries can learn much about
industrial organization by observing the changes that are taking place in the countries
where sophisticated technology is being developed, where take-overs and mergers
lead to concentration and specialization,

164. The advantages of the relationship of production plants to design and
prototype centres should be carefully studied. There seems little doubt that one of
the inajor educational and training failures of the developed countries in the field of
engineering design has resulted from the divorcing of academic, theoretical training
from “live”” practical work. If this tendency could be avoided by dgveloping
countries that seck to establish all-embracing design cen‘res, great bencefits could
accruce in the futare.
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165. For developing countries the setting up of centres of excellence rather than
separate teaching/ training centres would seem to be highly desirable. 1hese centres
could supplement existing teaching establishments by conducting short conrses,
seminars and symposia to keep the top designers up to date. hitially, it would be
desirable for such centres to be set up with UNIDO expert help mestablishing
training programmes for the nationals. In this conmexion. it is imperative that the right
kind of initial work be selected for the centres. As noted previoush it would be selt
defeating to try to produce the most advanced engineering items and tar better (o
start with the simple and very useful articles for dav-1o-day domestic use.

Technical staff

166. The most important asset of any organization is its statf: it is essential to select
good technicu. people who not only have adequate qualifications but alo the
necessary  human  qualities. 1t is recommended that candidates be given certain
psychological tests. conducted by qualified persons. so that these qualities can be
gauged. Ft would be the responsibility of he director of the centre to select 3
well-balanced team of technologists imd technicians. A teaching aptitnde test would
also be desirable. although not absolutely essential, but the candidates miest haye
good all-round industrial experience.

167 In all probability, there will be an insufficient number of candidates with
adequate  qualifications and abilities in design and production. It is theretore
recommended that UN experts be chosen to fill key positions initiallv. At a later date
these positions can be taken over by locul nationals when they have gained sutficient
experience.

168, It is vital to the well-being of such a centre of excellence that good salaries be
paid that arc above the equivalent offered by industry so as o avoid well-qualified
staff being lured away. If such centres are really to thrive. thev must preserve their
qualified manpower. Also. it is highly desirable for the good of the centre to alfow
the professional staff time off to do consulting work. so that they can keep in touch
with the industrial practice and situation in their countrics.

169. A durther fuctor regarding technical staff is the ratio of technologists to
technicians, that is, to para-professional engineers. Designers may well need to draw
upon the expert Kknowledge of techuologists  such  as  mathematicians and
metallurgists, but they also require technicians, In developed countries the ratio ot
technicians to designers varies according 1o the uature of the work. but good
average is two or three technicians to each designer.

Buildings

170. 1t is generally more satisfactory and less costhy in the long run to design and
construct 4 new building rather than to try to modify an existing one o
accommaodate a design centre. Also, the selection of an appropriate site is easier after
evaluation of the traffic and transport situation, as regards both stalt and materials,
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2 On completion of g feasibilitn study o detailed biilding progemme, with
specilications and tonctional chiarts showmg the optingal Bow ol men and netenal,
nist be prepared v order to Tid asitable Eavoatand phyvsical desien, The structine
shoubd be econonncal aud fleble and allow Tor casy expansion nn several directions,
Theh qualits e tional buddmes niist have an adegnate working eovironment, with
appmopriate hightmg aconstic and - colonr treatment. and thes reqiure canteen
Facthties as well as senvicmg and manntenancee Tacihities. Proper i conditioning nus
well need to be provided. dependme ipon the chimatic conditions ot the site.

P70 The posinon of the office comples shonld be cential wathe Tiboratories,
workshiops and environmental test bavs etesavanged aronnd thenn T his arrangement
makes Tor easy aceess and good commumications. A nthites should be v in ducts,
with loose covers placed on the sidewalhs 1o case ol aecess Adequite capacity for
growth ol all installations must be consudered.

Equipment

Worhsirop

P73 Then torn depends upon the matare ol tiie work to be nmdertaken, bot certam
stanrdard equipnent s requieed at atl such development centres. Canttion is necessary,
however, to avord choosiy autonatie machme tools, Tor they are not sint.ble Tog
prototype nanntactue., yereral parpose machmes are equined. Tt s L better to
have comventional machine tools of fagh guality sl all the neeessiny aceessones (o
niake possible masimom anheation Cattme tools ol standand ty pe smd the attendant
grinding machmes oo namtam them sue alse necessany . T certame cases sl
computers v be needed, mtathy s they conld be rented vather than pirelhased
vntright. X snegested st ol eqmipiment for o tvpical desen centie s presented m
annes N o the preseat report,

Laborvatones

P2 AL centres need standard measnomg eqmpnient. and spectal Taboratories need
additionad equipment Tor materals testing, and general tigs Tor testing imock-ups and
pProtoly pes.

Dosigie ond techmical offiees

P75 Herea proper livont s essential so that competent desigiers will have adequate
work sttions. Faqmpment meludes deanghting machmes, Livont tables, workbenches
tor modellmg (paper. bala wood ctea, cameras (Pobnord tpedy and calenlating
niachines,

[700 Adequate praphie aeproduction eaqmpment s abo needed, and it s
recommended that wicrotilm facilines be provided so that prints can be prodneed.
read and stored casilv e The carly acquasition ol this equipmient wonld avoid the Kind
ol touble that v now emerging in sone developed conntries, where storage and
adequate etniesal ol merolilins have hecome problens.
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177, Drawing offices should be spacions and open-plan in stvle, with the designers’
olfices placed ronnd the penphery. 1t is important to form the iter wilh moveable
partitions 1o pive added flexibility, I addition to each senior designer's own
workbench. there might e certain istances, be i need for g separate wock-np and
madel shop to serve the whole design oftice. 1his tacility should be located adjacend
to the minn drawing office.
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VIl RECOMMENDATIONS

PPN Towards the cose of the mecting, the patticpants made a0 senes ol
recommenbitions tor steps to be taken o momote the rapid establislient "ot

cticctne desin centres i deselopimg coantries Some ot these recommendations

wareaddressed tonthe developine conntees. some to the devetoped contres. and
others to ENIDO. They are onthned betow

P2 b THE PENVTTOPING €O NTRIES

i

the development ot designe capabilities shonld be promoted by thie
estubbishment of design centies

Desten work should berestneted intrally to simple applications i order
1o build up techimcat knoss iow and contidence The appheations shounld
be appropnate to the comntny's requuremnents and resotices. and
especially shoald make use of Tocaty avalable natenals Value
engmecrmy and anabvss conld be anlhized s working tools Toy

COMPones.

I heences are acqgmired to poduce articles of toremn design, local
designers and productnon engineers should make the ntmost use of them
Lo mnn expeniciee.

Designers mnst be aequamted wath the manutactonne capabilities of
thew osn countries and the faabinies that e bkelhe to be added i the
tuture. e order tooensare that realistic and viable designs are produced.
They mst abso promote Knowledge of retevant prodiction techmignes m
The Tt oM i Comtnies

AU approprate times prototy pe mamibactoring shops should be
establishied witton desien developiient centres to enable the desieners (o
validate ther creations and ginn contidence in ther work, which could be
explotted by mdistry

Due attention should be given to traming mstititions, to the phitosophy
of designiny to st caviconmental and soaal conditions, and,
parncbarly the design that tikes nito gcconnt econonne factors,

A number ot supenased travelling scholastiups should be established to
erable  both distnal and enineenig designers from developing
conntries to observe directhy and participate i the work ol design teans
 other conptnes
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IS0,

18T,

Selected penonmnel shonld be sent ta snall and mednnn-sezed udustnd
finms e developed coumes o U design eseard e it s doecthy relared
o problems encountered e the developmg countiy concerned. and
experts e desien trome deseloped counties should be mnated 1o e
specilized advice and help swath domesie tamng,

When necessany, standardization and patent anstrtutions shoald be
mtroduced  The pevmament exchange of techimeal mtommton hetv een
mdistries - deselopig and developed counties shioald be cncoutayed.

FOTHE DINETOPLDCOENTRIES

I

Fechmeal assistaee to the developing connties m the development ot
design capabilities should be provided Iy eennting axvperts tor the
trnmimy ot local engmeens and techmenins

Framees medesign trom the developing counties hoald be aceepted
mdusteal and edocational oreameauons

Titommation relevant 1o design work, necluding education and tming,
should be sapphed both dinecdy tordeselopug countries and to students
trom them,

Consulting senvices should be provaded 1o specttic design problens
cncamitered modeveloping coundares

FOUNIDO

-

sl

Eapert asaistance momarket sunvevs should be oade aalable to (e
developing conntnies. Poonity Lists of cngineenng producis deaens courld
be establishied o the basis of thie findimgs of these suney s,

Fechmical assistinee to - the developiig countries tor ihe nnprovenent ot
desipn capabihtien, based apons the experence of - the developed
countnes, should be prosvided.

Fectimcal assistince i the establisliment ol chgmecnmg and industrl
design centies on the mational or regionat levels shonld be provided It
wonld be ot key mportinee tor such centies 1o work losely with
imdustiy,

Uinted Nations experts shoutd be sent to developing coumtries to toaon
local personnel iomdustial desigie and the production of MEotoly pes
Assistiniee meosetting i patent svstens should be made available on
tequest

Fechmeal mtonmaton and techiical books on the Lites design e theads,
processes and eqmpment shondd be provided.

Rescarch work on methods tor identitymy and selectmg designer trnmees
strondd be sponsored

UNIDO shonld cooperate witl ICSID, HO and UNESCO, trough the
medwm o then g progeanmmes, e the mprosvement of the design
capabiities ot the developrrg conntines
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Letter of transmittal to the
Executive Director of UNIDO

The Group of Experts on the Development of Engineering Design Capabilities
in Developing Countries, which met in Vienna from 11 to 15 May 1970 at the
headquarters of UNIDO, respectfully submits its report.

All participants agree that successful industrial growth in developing countries
depends to a considerable extent upon indigenous capacity to create and develop
engineering design, as well as to adapt the designs of various kinds of products to be
manufactured under licensing agrcements in accordance with domestic needs. The
engineering design capabilities of nearly all developing countries are either lacking or
at early stages of development. To permit the optimal use of available technology,
this capability should be increased in these countries. whatever their present level of
development,

In the course of the meeting we have discussed such important matters as the
identification of areas requiring design, costs of design and problems of prototype
production, training in design. problems in the organization of design centres in these
countries, and the role of UNIDO in rendering technical assistance to these countries

“for the development of their capabilities in industrial design. We have also worked
out recommendations on the future development of design capabilities ana the
production of prototypes.

We recommend that the attention of the Member Governments of the United
Nations be drawn to this report. and that comments be invited.

In submitting this report, we have served in our personal capacities and not as
official representatives of organizations or Governments.

We thank the management of the Maschinenfabrik Heid A.G. for making it
possible to visii their plant in Stockerau, and wish also to express our appreciation to
the Industrial Technology Division of UNIDO for collecting and contributing the
papers that formed the indispensabic background for our discussions, for preparing
the draft report, and for other help that made the preparation of the present report
possible,

(Signed)
Members of the Expert Group
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However, largely*for historical und sociotogical reasons, little originul design work is done.
Most of the larger and more important cnterprises obtain their designs by collaborating with
forcign enterprises, and many of the smaller ones merely attempt, with varying degrees of
success, 1o copy forcign-made articles. Rescarch und development work is done within some
entempriwes -some of it with notabl success, However, the intensely competitive nature of indian
business makes most entreprencurs unwilling to invest much time or capital in product
deveiopment. Indeed. only one clectronies company in India is known to follow the procedures
of a progressive development programme,

Nevertheless, both business and Government realize that something is wrong: even today,
alfter a4 quarter of a century of national independence, technology must still be imported on a
large scale. This problem is constantly discussed in the press and debated in Parliament.

Another significant positive influence is the defence establishment, which is setting rigid
standards of acceptability for its equipment purchases. Furthermore, the Chief Inspectorate of
Electronics is working to upgrade the quality of technical products manufactured in India.

OF especial importance - and of particular interest to the participants at this meeting--is the
new Institute for Design of Electrical Measuring Instruments, situated in Bombay. A UNIDO
Project Manager was assigned to it in December 1968. Ity plan o vperation, which was signed
carly in 1969, cnvisages a five-year programme costing US$S 833,000, with counterpart
vontributions of about the samne amount. The project is to have seven UN experts and thirty
professional persons on the counterpart staff, as well as about cighty non-professional Indiun
statf. Tweive fellowships will be offered.

The facilities are to include a mechanical workshop, a heat-treatment shop, an inspection
unit, an electroplating shop, a paint shop, a calibration and testing laboratory, a mechanical
drafting office and a technical library. A training scction will be set up for sixty trainees on three
levels: engineers, supervisory staff and skilled workers. For shogt-term results, the education of
young designers in advanced subjects in the field of technical instrumentation is to be attempted.
This educational programme will be ¢xplained to the entrepreneurs at special meetings, and their
suggestions or approval will be solicited.

It is confidently expected that the work of this institute will stimulate Indian industrial
design capabilities, thereby reducing the country’s dependence on foreign sources of technology.

in conclusion, while the Indian instrument companies are not, lacking in basic mechanical
training and manufacturing ability, they are deficient in modem engineering management
techniyues as practised by the more industrialized countrics. On the other hand, the Indian
entrepreneur is exceptionally capable, and no one knows better than he what suits the Indlan
market at any given time. Assisting agencies, including UNIDO, should demonstrate methods that
may be regarded as more advanced than those in current use, but the final decision as to what is
to be donc must naturally rest with the local entrepreneur.

Since industrialization is still in its early stages in Iran, no design centres have yeot been
created. Nevertheless, a gradual approach to engineering design is being made. For example, work
is in progress to produce domestically designed machinery for the manufacture of welded beams.

Nigeria

The bulk of the new products manufactured and marketed in Nigeria are produced by
enterprises that are the local represcntatives of foreign organizations. The equipment and some of
the raw material requirements of these tirms are imported; the principal Nigerian contribution is
the manpower required. This pattern tends to hold true of some firms jointly owned by Nigerian
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and foreign capital. Enterprises of this kind process local raw materials such as cotton, oil sceds,
cocoa and llmestone. The local development of new products and the design and fabrication of
prototypes are still in their earliest stages, but some interesting and potentially important design
work Is belng accomplished.

The growth of universities in Nigeria in the ten years since national independence has given
impetus to the steady growth of Nigerian technological manpower. Of the five universitics in
Nigeria today, three have successfully established really good enginecring departments., albeit with
limited fields of specialization, The University of Mfe, a young institution, is presently developing
its Chemical Technology Department, while the University of 1badan is now planning to set up its
own Institute of Technology. Meanwhile, Nigeria has continued to use the facilities for
technological training provided by foreign institutions. Although the College of Technoiogy of
Nigeria has been training engineers for more than twenty years, institutions abroad have trained
the bulk of Nigerla’s technical and englneering manpower.

The cstablishment of a centre for creative industrial design, with the corresponding
workshops and laboratorics for testing models and prototypes, in a developing country like
Nigeria would give a decided impetus to this creative activity. The guin would be in applying
these skills to the practical activity of industrial designing, fabricating and testing of new
products,

In setting up such a centre, advantage could be taken of the existing facilities which, when
sugmented, should be capable of attaining maximum scope and coverage of the local industrial
scene. The Federal Institute of Industrial Research at Oshodi already possesses such tacilities for
thorough investigation of design problems. 1t maintains a design section which, although badly in
need of funds for equipment, has succeeded in identifying and tackling fundamental design
problems. If, on the other hand, such a centre is created separately, it will have the initial
disadvantage of high start-up costs and the long-range cffect of committing the United Nations to
a protracted presence in Nigeria, A regional industrial design centre to satisfy the needs of several
adjacent nations would curtail the undue proliferation of such centres in a small geographical
region and provide the advantages of scalc and economy of costs. Furthermore, where such a
centre is to operate for an appreciable longth of time under the auspices of the United Nations,
the argument that it be set up within an established research institution becomes compelling.

Tunisia

The problem of engineering design is not yet well recognized in Tunisia, since most of the
existing industries are connccted, more or less closely, with the industries of the more developed
countries which supply them, or which have supplied them in past years, with the fundamental
drawings of the parts to be produced. This dependency results from the fact that most Tunisian
industries have come Into existence relatively recently, that is, within the last ten years. For this
reason, at present, Tunisian manufacturers still either do assembly from imported components or
work on the basis of imported drawings. Conscquently, no Tunisian industry has yet developed
studies in the field of engineering design; even for sparc parts and special tooling, they still remain
dependent on foreign industrics. Some small attempts are being made to begin something new on
a local basis, but these efforts are very isolated, primarily because of the nearly total lack of
personnel qualified to do this kind of work,

Perhaps the most apparcnt needs are still those connected with the manufacture of the
spare parts needed for agricultural and textile machines, automobiles etc. Enginecring design is
thus limited to the copying of parts already known: it is only a question of discovering their
characteristics and reproducing them in mechanical drawings.

An industry that would provide even greater scope for industrial design is the manufacture
of plastic articles for domestic use. Tunisia alrcady has several establishments in this industry.
There are also industries that produce kltchen utensils, household electrical appliances, and
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agricutingal and domestic mols, amd that alicady  need enginecring design departments, The
wranntacinge of radio and television sets, which at present s limited (» assembly from imported
v ts, nay uow be comsidered ready (or e ocal production ot eertain compuaiwents,

Pty o geweral need s now stomgly Tl for (he coneeplion and manntacinge of the
special toohing needed 10 complement the nuchine tooling wsed in the nrass prodie mn of pases
i the above-mentioned indusirwes,

I Tunisia, the woling centre that is being established nnder UNIDO pinjert TUN 27 can
vope with the conntey's weaguireneints dusing thy next fong 10 Five vears, but it is vresecable that
the need will arise for g contre spevialized e in (e creation of profoty pes of Incal wigin,

The United Arab Republic

Fhis owmtry has been ndustoaliziog vapaty tor the last Glteen years, Lanpe investimenis
have been comnntted 1 binkbing and cqmpping new falones ad new industries, imclnding the
posdiy tvm of antomotive vehicles, domestiv appliances, agricuttural machinesy and steel, A great
mmber of foregn heences Tty modintion o vanous mannlactnred goods have heen
prrchasot fuom welt koowa foregn s, his vapad indnstriahization las ronght niany heaetits
tv the connbiy, bt ot has natimally created @ cancomitant series of problems, one o the more
mporlnt beng the vk of emineers well enongh qualificd and with the evperence and
hoow how necessary for wark with the livensed products and processes,

Av i protically all other dvvelopmg countoes, prinkay attentivn ad bren Pand (o the
cwction of antabie bildmgs, 10 gquining the  hest up-to-date omipment necessary  For
pouhnction, and 1o prostuction itsell, Fhese e mportant concers, bt athes, sieh as doesign
devetopment and paodnetion cuperang, ive been avglected, wsilting i sonke vases in
ol ashmned pradne s and nan-ceammome pradnetion.

The tust step faken by the Govennnent 1o overcome These dificnbiies was o stienglhen
Al e rease (e capaeity of varons anmng venties, technival se hools and Hmversiies, At present
@ s2able nmber of vonng expeits awe bemg fnonshed ta mdustry,

Fhe cocation, with the assistaney o UNEDO and of the Hated Nations Developnent
Feogramme Speviat Fand (ENDP/SE), of the Fogmeening and industial Besign: Develapient
tentie AEIDICL wme Cane, s anather effort 1o lielp andhstoal enferprises in design and
devehgpnent amt proaductiom coginecnng activities, and (o provob o phice thal can serve as
wodel for sk stepartments we Gctones, as welt as one where cngneens e abke ta obtain
CNpeIR e,

e Ovintre s a0 sevier- to-mdustay prowet and, 1o the estent posaible, concentrales its
s an prodncts that are necded i increasiog qiantitics. - fains experts in design and
developient of swoaby odineed praduets, m prototype eseontion and testing as well s in
planmng, teybnohsical processing and (oading of the productom by dhng (the aetiad joly fng
stabhes or bigger warkshaps and Gactaes,

Vhe permamt stalt of the Centre s camposed of both wational and HNIDO cagineers,
Thoes assist expents from the shops amt Yactorivs in which specilie s e being done. The wiwk
i perfommed nitle on the premises of the Centse or in the B torivs, I the Tinst vase, afler the
Factory emameers hive had advice o tiammg at 1he Centie, they setnm o then phnts, taking
With them the shovnamsntation prepand in the Centre 10 complete then work. In the secomd vase,
FIDEXC enpimeers go regnlanly 1o thy Gactories, where they advise and assist Gactury personnel. In
addimon, i number of s engirers are cmploved at thy Centre, where they wark in various
dVIsons 1o aequire the preparation or theis awn areas of specilization, §ater they way e
tramstersed 1 the corresponding departomnts i shops and Gctogies,

Centre asastance 1o the G tones is granted on the condition thit the tatter sel np design
and devrlopnwent and engineening departments, i these do not abready enist, which vould later



PRESENT STATUS IN SOMIE DEVELOPING COUNTRII'S 57

assunwe the sk begnn by e Centre, this makimg posible fuiure independent  prodiet
devetopment and organization of production.

I addition o s maagements, FIDIXC consists ol lonr snbstantive dwisions, devoted
respectively (o product developmient, mdustat design, engineering, and prolotype execntion,

The Products Development Division haudles alt aspects of developnwnt and design ol a
variely of produets when these are 1o be imannactined Rreat qpuntaties (ehat iy, by serial or
wass productiont, B provides the Fageerimg Diviion of the Centre, or other factories and
shops, with technicat dacomentation onsistmg ot assembly and detal diawings, parts hists and
speclications). When requested, ot can comstinet and 1est prototypes, Together with (he
Industoild Design Division 11 is responsible Tor the acsthete as well as the fametronal quahities of
producis,

The Standardization: Section of tlis Division s responsible Tor mtroducing nationat and
mtermatiomd standards in designing as well as redunemg, though the Cenne's mecinal standards
and regulinons, the nmilbwr ot RICAE VAt ot parts used nf prodacts, A twthey 1wesponstily
ol the division s 1o supply all FIDDC CNPETIS WHH necessay data coneering patents and (o
wonge patents For products and provesses mvenied at the Centre,

Fhe development and design work me this diveston 1 oganzed o varnions desgn gronps
that have been tormed 1o accommadate vanons groups ot products. UNIDO experts are attracied
(o the namagenent of the division and serve s consulians 1o allof s sections and gronps,

The Products Development Division is also wspenstble tor the Technical Pociumentation
Archive, which prints, stores, distiibintes and reconds techmcal docimments,

The  mdustrial Design - Division ndles, in close coapertion: with  the  Produets
Pevelopment Division, all aspects of creating the extemnal form of producis designed ot the
Centge or, when necessary, ontside of i, Shetches, photographs, models gnade of clay, plaster,
woud and other convenient materials) ete, prepared i this division help i vhoosing the best
moded, thns coaabling e Produes Developieat Division to prepae the necessary docmmen tation
for Mature production

The Industrial Design Division co-oprates with specialized mstitwtions ontside the Centre
andd with then experts m order 10 ntihize then shibls and v peucnce,

Fhe Engineerng Division is responsible 1o mroduction enginecring and tor the planning and
evitlnation of production, 16 s concerned only with products that are 1o be prodnced on 3 serial
OF NASS-Prodngc ion: basis m - speaitic shops o1 actones, Fhe technical docnmentation (drawgs)
of products that me 1o e handled by s dwesion may cone Triom the Podnets Developnwent
Division or divectly from a shop or Gactory, i wineh case the other dwvisions are not coneermed.
In both cases, however, drawings, specitications, parts lists ete. should alieady have been proved
throngh the constrnetion and testing ol prototy pes,

These tasks are prrely sevice-to-indusy work, and the division performs them through
the Tollowing sevtions:

The Production Mannimg and Processing Section, whivh
Prepares pocessing sheets tor the parts (o be produced, giving ol necesary data
needed, sich as sequences of operations for aanukacturing and data CHReEning
cquipnient and tools,
Lists necessary wachine (ools il coipment on he basis oF data weeeived From the
provessing sheets and e -stndy chanls;
Makes machine ool and cqmipment layonts;
Projects the orgization of production.

The Time Stndy and Cos Fvalmation Secton, which
Determines the working time for cach phase of production on the basis of technical
drawings and processing sheets for cach part and produet;
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Evaluates the cost of production for cach operation, part and product on the basis of
data about the enterprise where the production is going to take place and documents
teceived frome the other divisions and sections,

The Tool Design Section, which
Designy non-standard  tools, dies, jigs, fistures, gauges and speciad Cquipment
necessary tor production:
Fukes care of and helps m the production and testing of tools designed by them, and
supervises the initial prodaction together with planning and processing engincers.

The Stundardization Seciion, which
Supplies the thvision with national and foreign stundurds dealing with the processing
and tooling, and standardizes, so far as possible, parts, materials, senu-finished
producty, standuard parts et of the tools to be designed and produced both within
the Centre and outside of it

The Techmical Library, which
Acquires, stores and records the necessary technical books and documents and makes
thent availuble to the experts.

UNIDO experts are attached to the nanagement of the divisions, serve as consultants and
give help 1o gl sections.
The Prototype Fxecution Division tprototy pe workshop) is responsibke for producing both

prototy pes and 1ook, this being the most suitable and cconomical system during the formative
period of 11DDC,

The prototypes are constructed on the basis of the techmicsl documentation recvived from
the Products Developnient Division, with which there must be close collaboration during the
construction and testing period. The Prototype Exccution Division is responsible tor organizing
the testing of prototypes. This work is carried out 10 collaboration with the Products
Developnweni Division,
Prototypes imay abo be constructed op the basis off drawings that onginate outside of the
Centre, in which case the Prototype I xeention Division deals directly with the vorresponding
outside designers,
Some of the nonstandard tools reqguired for serial production outside the Centre are also
sonstracted in the tokroom of the prototype workshop, accarding to ity capacitics and on the
basis ot the documentation received from the Tool Design Sectian of the Engincering Division,
with which the Prototype I xecution Division co-operates closely.
The duties of this division are pertormed through
The Prototype Department, which
Does the machiniog, weldimg and ussembling of prototypes,
Fhe Toob and Dic Departinent, whach
Builds up non-standard tools, dies, fistures, gauges ete. and dovs machining on its
special machine tools, heat treatiment, fitting jobs and the sharpening of cutters.
The Inspection Department, which
Performs alt metrological, metallographic. metallurgical and chemical tests and
analyses within and outside the Centre, aecording to need;
Does all necessary mspection of parts and materials for the Centre on the basis of the
technical documentation;
Assisty in sobving, when necessary, inspection problems that arise in shops outside the
Centre,

The Materials Store, which
Stores, handles and keep revords of the matenals and tools of the division,
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UNIDO experts are attached to the management of the division and serve as consuftants to
its sections and groups.

On the basis of the organization and principles deseribed above, the actugl work of the
Centre is organized in two ways:

(1) It concludes contracts for long-term co-operation with factories which call tor it
assistance in improving the organization of departinents of design and developinent
and of enginecring, if they exist, or starting them if they do not. In addition.
voncrete problems of design and redesign of products during production, as well us
problems concerning the organization of planning. processing and tooling ot
production, are handled in co-operation with the personnel of the fuctories,

(2) Products that the management of the Centre find are needed on the market are
designed independently of the factories. It is the responsibility of the Centre to find
suitable manufacturers for such items. (Examples are electric rons, solar water
heaters and cigarette lighters.)

The Centre has had no difficulty in finding real tasks to handle, Ity expents were welcomed
when FIDDC was introduced 1o the factories and after factory chairmen and technical nanagers
had been made thoroughly acquainted with its possibilities, Several meetings between the Centre
and factory managements were organized initially by the Ministry of Industey to familiurize
lactory personnel with the purpose of the Centre.

Since unsolved production problems in such arcas as processing, production planning and
tooling influence the productivity and quality in practically every fuctory, the Centre s
frequently approached with fequests to provide assistance in solving them, The yuestion of
further development of products has been of secondury importance, owing partly to restricted
imports and the protection of local industry and partly to the fact that production problems
requiring immediate solutions absorb nearly the entire time and cffort of the insufficient number
of engincers and technicians in the factories, Nevertheless, the coneepts of design and
development are gaining increasing strength, and the efforts of the Centre in these fields are
beginning to bear fruit. In order to explain the problems of product development, the Centee is
preparing to give courses, In 1968/1969 a booklet riving data about the Centre's activities was
prepared and distributed among the industrial enterprises of the country .

As noted above, industry has been adversely affected by the lack of experienced engineers,
and the Centre has also suffered from this dearth. llence, one policy adopted has been to aceept
many young, newly graduated engineers and to let them work on the actual problems of the
factories, together with UNIDQ experts and the smaller number of more experienced national
semior engineers. This policy has proved successful and after a certain period of time a number of
younger, experienced engineers will be available.

The experience gained with FIDDC should be uscful in planaing new centres in other
countries, since the basic principles conceming design and development activities are the same. It
is important to make the future working programmie of the institution quite clear: that is, to
decide whether it is to take care of processing industrics and unit production or of serially
produced products, since the way of working and the training of experts is completely different
for these two different jobs. If it is possible to specialize the projects even more in the future (for
cxample, automotive, machine tools or domestic appliances), so much the better, but in most
cases this would be unlikely.

1t is important to emphasize that such centres are vonceived 1o work and co-operate with
industry, that is, in the plants and factories, and not to become parts of administrative hodies.

In this connexion, it might be advisable in some cases to attach the projects to existing
large factories that haw a number of sub-supplicrs and that are of great importance to the
cconomy of the country. Such a solution should result in the establishment of strong design and
development departments, as well as enginecring (processing, tooting, time study) activities in the
“mother” factory. It ought certainly to result in stimulating the creation of simikar OIgaNiZations
and ideas among the smaller sub-supplicrs.
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In the presemt case, the idea of having both o Design and Bevelopnent Division and an
Engineesing Division to take care of the production problems of the Cactories has proved o be
very successtul, since the exchange of opinion between designers and processing and looling
engineers during the design penod is of the utmost importance. In addition, nnsolved cinrent
produc tion problenis in the factories now preoceupy factory personnel so much that they need
help: 3 left withont it, they simply conld not devote cnongh time to developing their products,

Foo mmeh attention has been paid in the past 1o the establishinent o hirge and
well-equipped prototype workshops, Almost evesywhere the prototype workshops are sections of
the design and development otfices ind serve designers as o means of cheeking their drawings,
both in dimension and Minction. Nevertheless, orgamzing the capacities of workshops 1o suit the
mmber of designers and the quantity of design work is rather dithicult, especially whes the
designers are practically withont experience and whien the products are rathier simple, I many
cases. when co-operating with the Gactories, FIDDC has tound them willing and able o produce
their own prototypes. the togical conclission wonkd be  to establish only smatt prototy pe
workshops with basic eqnipment, and to use o the masimum the viarions alrcady exasting shops,
Cactogies, trining centres and other facilities, and 0 allocate a5 much funds as possible tor
UNIDCO experts and (ellowships,

Ax o conchision, it shonld v emphasized  thin enginecring and industrial design
devetopment centres conld be very wsetnl institutions in sturting and creating design and
developmient actvitics in developing countrics, provided they are given the necessary support and
understanding by their Governments and ape supplicd with able and cxperienced intermationat
experts, :

On the other band, ot would be sell deteating to espect that such relatively small
institutions (aving 25 to 30 engincers, vorrespondig o the development department of i
medium-sized factory) could solve the design and engineering problems ot the country's entire
industry. Minkles i the Gicld of product design and development ae not lappening anywhere,
bt these projects should rea onably be expected o achieve the tollowing goals:

Tov estublish o model of good organization and to spread the idea of the importance of thy
dovelopuent work,

Fo start the ancles of simikar mstitutions m the Gactoewes gl
To teain o number of engineers, thus making possible the continsation of their work when
the United Nations assistance, normally in the carly stages ol duvelupanent, is discontimued,
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ORGANIZATIONAL STRUCTURE
AND TECHNICAL EQUIPMENT RECOMMENDED FOR A TYMCAL
DESIGN/DEVELOPMENT CENTRE

When setting up a design/developnient centre, o skeleton oRgasizalion of the type shown in
Figure 2 i reconnmended. While o i IpPossible 1o st all of the cquipment i might Iw
equired in such centies, the Tollowing Bists contain most of the essential stems, The names of
manufacturers are given only where they apply,

A, Mackine section
Accessories
6 Lathes
(Schaublin 102 VM) Covlant equipuent
Net of coliets
Drill chuck
Briving plate
Jejaw chuck
4-faw chuck
Grinding attachment
Face plate
Steady west
Movible stcady st
5 Toolmaker lathes
(Schaublin 102 90) Set of collets
il chuek
Driving plat
ejaw chuck
Thecad-chasing sttichimem
Milling attachment
Grinding attachiment
Tueret attachment
Conical tuming attachment
Spherical turning attachaent
$ Toolmuker tathes
(Hahwgger 2) St ol collets
rill chuck
Face plate
J-jaw chuck
djaw chuck

6l
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2 Toolmaker lathes
(Schaublia 70)

1 Lathes
(Simonet 450)

2 Lathes
(Mensiken 183)

b

7 Universal milling
wachines (Schasblin 13)

Set of collets
Deill chuck
Steady rest
Driving plate
3jaw chuck

Coolant cquipment
Sct of collets

Fuce plate

Driving plate
Steady rest

Drill chuck

Yjaw chuck

Coolant equipment
Yjaw chuck

Face plate

Steady rest
Movable steady rest
Driving plate

Coolant cyuipment

Face plate

Steady rest

Movable steady rest
Conical turning attachment
Drill chuck

Jojaw chuck

&-jaw chuck

Driving plate

Coolunt equipment
Universal table
Vertical milling head
Set of colleis
Parallel vice

3jaw chuck

Rotary tabic
Dividing cquipment

Coolant cquipment
Swivel paratiel vice
Sct of collets

jaw chuck

Vertical milling head
Rotary tabk

Coolant equipment
Vertical milling head
Paraliet vice

Set of collets
Slotting head
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International organizations

F.CLAUS

Delegate

Swiss Foundation for Technical Assistunce
Zirich, Switzerland

D. LOCKWOOD
Manager of Programmes in Engineering Technology
Intemnational Centre for Advanced Technical
and Vocational Training
Corso Unita d'ltalia 140
Turin, haly

F. F. PAPA-BLANCO

Chief of the Rescarch Section

International Centre for Advanced Tochnical
and Vocational Training

Corso Unitd d'Italia 140

Turin, laly

G. VALLE
Vice President
Intemational Council of Societies of industrial

Design (ICSID)
1050 Brussels, Belgium
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1 Nulti-purpese machine

(Meyer and Bueger) Coolant cquipment
34aw chuck
Face plate
Steady rost
Dividing cquipment
Sct of collets

4 Shapens .

{Gack) Machine vice

} Shaper

{von Roll SH 500) Machine vice

1 Hobbing machine

(Mikson 102) Coolant cquipment
Qutter support
Seot of coliets
Set of cutters
Sct of exchange gears

1 Surface-grinding machine

(Macgerie F-7) Coolant cquipment
Magnetic chuck
Universal vice

1 Susfacc-grinding machine :

(Tripet MHP 500) Coolant equipment
Magnetic chuck
Dial indicator
Whocl-balancing device

1 Cylindrical grinding machine

{Studer— | /universal) Coolant cquipment
Dial indicator
Wheol-balancing device
Internul grinding attachment
Stcady rest
Set of collets
Face plate
Grinding vice

1 Cylindrical grinding machine

{Tachudin HTG 400/eniversal) Coolant oquipment
Dial indicator
Whoel-balancing devioe
intemal grinding sttachment
Magnetic chuck
Jjaw chuck
Face plate
Set of collets
Grinding vice

| Engraving maciine

{Kublmann GMI/1 Dividing head
Vice

Set of templates
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{ Engsaving muchine
Grafageaph IT)

{ Band saw
{Macssner Record SM 320-8)

1 Screw-cutting luthe
60 mm diamcier (Luthy)

$ Surface plates

1 Rudial boring machine
{Oerkon)

2 Driflling machincs
{Aciera 22 §-1 VR)

2 Drilling machines
(Febimunn P-18)

2 Drilling machines
{Fethmann TB- 8)

1 Drilling machine
(Acicra 10K -2)

(Aciera 10 K-1)

1 Drilling machine
(Acicrad K- 1)

1 Tapping machine
(Aciera ET--3)

§ Drilling machine
{(Aciera E- 3)

1 Hand shearing machine
{von Arx)

1 Hand bending machine

1 Tubc-bending machine
(Bykart AG)

1 Shitting saw
(Adige P-60)

1 Power hack-saw
{LWB)

2 Arbor premses
2 Marking tabices

Dividing head
Vice
Set of tempistes

Coolant cquipmem
Drill chuck: 0 13 mm
Drith: 0-- 22 mm

Coolant equipmer:;
Drilt chuck: 1-13 mm
Drills: 1-18 mm

Drill chuck: 1- 8 1am

Coolant cquipmenmt
Double spindie

Coolant equipment
Drill chuck: 0-10 mam

Duill chack: 0--6 am

Dnifl chuck: 0-3 maen
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B. Tool-grinding section
| Tool-grinding machine

(Kellonbuerger 7 W) Coolant equipment
Dividing equipment
Internal grinding attachment
Machine vice
| Universal tookgrinding
mawhine
(Dubicd - S64) Coolant equipment
Dividing heud
Vice
Inclinable tabk
I Cutter-grinding machine
(Kuhimann SU - 2)
t Toot-grinding machine
tlianger Senior) Coolsnt equipment
Twist deilt-grinding attuchment
4 Tool grinder
titanger)
1 Polishing machine
(Reshauer)y
€. Testing and control room

I Measuring machine (SIP Ty pe MUL 300)
L Flecironic length-measuring instrument: /10,000 mam (TESA)
I Universal hardness toster ¢(Hauser)
1 Profite projector (Hauser)
1 Temperature-humidity recorder
I Gear tooth caliper
Gear tooth micrometers: 0- S0 mm
Thread micrometers: 0-50 mm
Stip gauges, quality DIN 1: 0.5 - 100 mm
Shp gauges. quality DIN 0: 0.5-50 mm
I Measuring cylinder
1 Sine bar
1 Height gauge: 600 mm
1 Sustuce plate, scruped: 400 X S00 mm
J Control benches, with iluminated magnifiers

D. Measuring tools (in tool crib, for general purposes)

4 Precision calipers: 200 mm (TESA)

2 Depth gauges. 150 mm (TESA)

4 Precision micrometers: 0-- 25 mm (TesaMaster)

2 Precision micrometers: 25 50 mm (TesaMaster)
2 Precision micrometers: 50-75 mm (TesaMaster)
2 Precision micrometers: 75 - 100 mm (TesaMaster)
1 Set, inside micrometers: 6~ 100 mm

1 Set. depth micrometers: 025 mm
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6 Dial indicators: 1/100 mm
1 Dial indicator: 1/1,000 mm
2 Lever indicators: 1/10
4 Measuring magnifiers
Magnetic stas.ds for dial indicators
I Hand revolution counter

Gauges and control instruments

1 Set, plug gauges: mini-maxi: 4- 16 mm diameter
! Set, thread gauges, plugs (go/no go): M 2-M 20
} Set, thread gauges, rings M 3-M 20

I Set, taper gauges: 0--4 (Morse)

1 Precision straightedge

2 Star prisms

1 Control prism

| Spirit level, suare

1 Spirit level, straight

3 set, feeler guuges

4 Sets, radius gauges, concave-convex: 125 mm
4 Sets, thread-pitch gauges: metric-English

I Set, thread gauges (universal gauges 1o grind cutting tools)
2 Slide rules (for tolcrances)

4 Mcasuring tapes: 2 m

| Measuring tape: 20 m

10 fout rules: 200 mm

Fale: I m

§ Precision straightedges

I Set, fitter’s squares: 200 X 130 mm, 300 X 180 mm, 300 X 1,200 'am
S Precision try squares

5 Precision try squares with bevelled edges

5 Ty squares for toolmakers

2 Precision angle gauges (TESA)

2 Universal angle-setting devices

1 Centering gauge

4 Precision tracing height gauges

Electrical control equipment

4 Multimeters (CEMA 1V)

2 Galvanometers (EMA)

| Galvanometer (Phywe)

| Wattmeter (Chauvin)

I Luxmeter (Gossen)

I Instant thermometer (QUARZ T-5
I Ph-Meter, measuring electrodes

E. Fitter-equipment (personal hand tools)

24 Workbenches with 48 vices

48 Tool cases with 4 drawers cach, fixed under the workbenches, containing:
} Universal caliper: 250 mm (TESA)
I Micrometer: 0-25 mm (TESA)
1 Bevelled straightedge
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1 Try square with bevelled edges
| Measuring tape: 2 m

1 Foot rule: 200 mm

I Centre punch

4 Screwdrivers

| Marking scriber

6 Chasers

1 Bench brush

1 File brush

| Brush, round

1 Brush, flat

1 Divider

4 Precision pliers

2 Chisels

1 Hammer: 200 g

{ Hammer: 500 g

{ Hand cutting tool

1 Paraliel clamp

1 Hack-saw

1 Oil pump

§ Pair of soft-jawed pliers
1 Pair, safety goggles

18 Files: various sizes and shapes
1 Oilstone

F. General hand tools:

3 Gripping clamps

1 Set, forged presses: 60-125 mm

1 Set, carpenter’s presses; 100-400 mm

2 Sets, double-cnded spanners: 6- 36 mm
| Set, double-ended spanners: §/16in- | in
2 Sets, spanners: 4- 7.5 mm

1 Set, socket wrenches: 5-32 mm

2 Sets, socket wrenches with plastic handles: 2 10 mm
4 Sets, Allen keys: 1,5-12 mm

2 Spanners (hook type): 180 and 250 mm
2 Sets, Philips screwdrivers: No, 01 -4

4 Sets, screwdrivers

4 Sets, watchmaker's screwdrivers

4 Sets, offset screwdrivers

2 Sets, dynamometric screwdsivers

2 Universal pliers

4 Side-cutting pliers

4 Flat-nose pliers: 120 mm

4 Round-nosed pliers: 120 mm

4 Long-lever, round-nosed pliers

2 Long-grip pliers: 200 mm

4 Adjusting pliers, straight

4 Adjusting plicrs, bent

1 Set, circlips pliers: inside and outside

1 Multi-grip plicrs

! Pipe tongs: 3 in

1 Vice-grip pliers: 175 mm

2 Cable stripper



ORGANIZATIONAL STRUCTURE AND TECHNICAL EQUIPMENT RIECOMMENDED

69

4 Tweezers: pointed und straight
4 Tweezers: bent

4 Tweezers: with needle points
1 Universal spring winder

2 Sheetl-metal cutters (for holes)
2 Goldsmith's scissors
2 Lever cutters

1 Set, paper scissors
1 Set, carpenter's tools

3 Sets, various hammers: steel, plastic, rubber, wood, lead

Flat chisels

Cross chisels

Groove chisels

2 Sets, chasers

I Set, pulley and bearing pullers

I Set, 3-legged puller for diameters up to 200 mm

2 Sets, serew removers

2 Sety, tap removers

4 Sets, hand knurling tools

4 Sets, numbering punches: 2 S mm

4 Sets, lettering punches: 2-§ mm

I Set, templates (letters and numbers): 60 mm

100 Sets, tool tokens

I Electroscriber for metals

10 Sets, tupsand dies: M1 -M 16

2 Sets, taps and dies/pipe theeads: 1/8 in—1 in

I Set, broaches for Keyways

Various sizes and shapes of huck- and fret-saws

10 Sets, hand reamers: 0 20 mm

10 Sets, tapered reamers: 2-9 imm

10 Sets, adjustable reamers: 6 20 nun

Various brushes of different shapes

Various vilstones and Arkan .as stones: square, sound and irlinguine
10 Triangular scrapers

6 Flat scrapers

6 Hand engravers, burnishers

6 Soldering irons: various sizes

Safety goggles foi: soldering, welding and grinding

Files of special shapes and sizes

20 Sets, watchmaker's files

2 Electric hand-drilling machines (Perles)

1 Electric hund grinder

I Flectric plustic-welding device

G. Machine cutting 1ools

§ Sets, shellend midls: 30- 80 mm diameter

3 Sets, shell-end mills for roughing: 50-63 mm diameter

6 Sety, cylindrical cutters: 50-63 mm diameter

10 Sets, end mill cutters with cylindrical shank: 2 ules

10 Sets, end mill cutters with cylindrical shank: 4 and more flutes
4 Sets side and face cutten, plain and staggered teeth: 0415 mm
2 Sets, gear cutters, module 0.5 -3 mm

2 Sets, gear cutters (generating): M 0,3 2
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6 Sety, T -sloteutters: 2 12 mm

§ Sets, counterborers, with gundes: 5,9 30,5 mym diameter
§ Sets, counterborers, with guides: 59 14,5 mm diamieter
Vanuous double and single angle cutters

Various radius culters: concave aind conves

4 Sety, slitting saws

Drills

10 Sets, twist driths tor steeh 0,320 mm diamwter: steps U, 1 nmt up to 10 mm

S Sets, twist dribls tor brass: 2 10 mm diameter: steps 0,1 mn

3 Sets, twist drills for abuminum: 2 10 min diameter

4 Sets, twist drills, coemented, carbide tipped: 6 - 30 mm Qameler 222220228220 2008082
4 Sets, twist drills for steek: Flein 1 in diameter

B0 Nets, machine taps: M2 M o

10 Sets, machine reanmiers: 1,48 30 nimi diameter: Lo various materials and tolerances

Turning tools

10 Sets, tool bits tHSS): 8 X 8 mm, 10 X 10 mmy, 16 X 16 mm, 20 X 20 mm

5 Sets, thread-cutting tools (Hangen 60° und §s”

18 Sety, tacing tools: lett and mght

FO Sets, parting-oft tools: varous wzes

Various cemented carbide cutting tools tor roughing, tintshing, vutside and inside turning

Miscellancous machine toofs

2 Sets, reduvtion steeves, steel and plastic

3 Sets, knurling tools: different sy stemy

3 Sets, disc-cutting touls for up 10 200 mm dianseter
4 Sets, turning arbors: 3 20 mm dameter

2 Sets, grinding arbors: 3 20 mm diameter

3 Sets dogs tcarriers) for up to 80 mm diameter

H, Hest treatment

b Electrical turnace, with timer (Safed Type 10 $ 42

I Electrical turnace, with salt bath (Safed  Type 10 M 30)

I Electrical tumace with air circulation 1Sated  Fype 6 SL 30)
I Container with quenching oil

I Container with quenching water

1 Potassium buth

I Exhaust tun

1. Welding section

2 Mobile gas welding sets (Continental)
I Arc-welding gencrator (Brown-Boveri)
1. Puinting and sand-blasting section

1 Spray-painting cabin (Napp, Zirich)

I Flectric oven
I Sand-blasting cabin (Bremor Mb 40)
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K. Electroplating sevtion

Llectroplating plant (Langbein and Planhauser)
Water puritication plant

Refrigerator

Lxhaust system

L. Smithy

Fusnuce, with exhaust system
Anvil

Blacksnth’s vice

Various bummers and tongs

M. Sheet metal section

1 Sheet-bending machine

I Trimming press

I Nibbling and shearing machine

1 Creasing machine

2 Warkbenches, with viges

Varions hand tools, soldering irons eic,

N, Carpentry section

I Circular saw

1 Hund saw

1 Drilling machine

1 Belt grinding machine

I Fret-sawing machine

2 Sets of carpenter’s hand touls
2 Carpenter's workbenches

I Planer thicknesser

1 Moulding machine, with dovelailing sttachment
1 Tool grinder

I Circular hand saw

1 Hand chain-mortizing machine
| Mitre saw
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Annox 2

STATEMENTS TO THNE MEETING

Statement by N. K. Grigoriev, Director of the
Industrisl Technology Division of UNIDO

There is increasing awareness that, for the success of industrisl growth, the deveioping
countries must depend to a considerable extent on their capability to creste and adapt industrial
dosign (0 meet local requirements. The indiscriminate adoption of existing designs is often
unsuccessiul and seidom leads to the best use of available raw materials, machinery or manpowss.
This is particularly evident in cases where available technology on which certain designs are based
is not suitable to local needs or conditions. We therefore believe—and this view has been
sipported by the industrial Development Board-that the design capability of a developing
country should be developed to a degree that will permit it to keep pace with its industrislization
sfforts. We realize that, in many such countries, these capabilities are still at a very early stage,
and that efforts to create industrial design are in their infancy. It has been urged that particulss
sttention be given to such important considerations as assuring that the design is functional,
practical and in harmony with the environment. Good design should be adapted to the prevailing
climatic conditions as well as assure the relisbility of the product. Finally, design should be
ansthetically pleasing; this is a very important consideration, not only for local markets but even
more for foreign markets,

Considerable work has been done in many countries to make products suitable to the local
climate; the adaptation of equipment to tropical conditions is now considered largely a mattes of
routine. Even 0, the appropriate design of adequate cooling and ventilation devices, particularly
hest-generating equipment, must be continuously under study.

Another important factor that must be considered in product design, and one ofien
imposed on the designer through import controls, is the need to use local raw materials and
components. This restriction should be given attention in new design or the adaptation of
existing design. This is an important problem that we hope you will discuss in depth during your
deliberations. The inajor potential contribution of UNIDO to developing countries in the fleld of
dosign capability is assistance in the establishment of engineering design centres. Notable
examples are the Institute for Design of Electrical Measuring Instruments in In:lia, which deals
with the design, production, testing and quality control of clectrical measuring instruments, and
the Engineering and Industrial Design Development Centre in the United Arab Republic, which
was established in 1968 for the design and production of prototypes of cngineering products. In
Tunisia, UNIDO is assisting in the establishment of & centre for the development of prototypes
and the production of metal-cutting tools, dies and metrological instruments. Other institutes
whose aim is to give assistance to developing countries in design are being organized in the
Philippines and in Singapore.
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11 4% the desire of UNIDO 10 calarge its assistance to the developing countrics in order to
ncrease their proficiency in engincering design, We hope that you will point the way 1o the most
stitable means of transfernng this know-how (o those countries that have reached a level of
industnalization at which the developnwut of their own design capabilities would greatly
comtribate to their self-sufficeney.,

Statement by 0. V. Soskuty, Chief of the
Engincering Industries Section of UNIDO

Let me outline brictly the task before us and make a few suggestions as (o how this work
might best be ave omplished.

The agenda inclides several problems connected with the imtiation, expansion and
improveswat of the capabilities of developing countries in enginecring design. Among them ase
design and prototype building, training in design, organizing of design and  engincering
development, and defimng  the role of design contres and other means of transterring the
technigues of design 1o the developing countries, In submitting these problems (s discussion to
you, who have come from developing and idnstrialized countries, we hope to lluminiate the
prohlem from both sides. We hope to learn about the difficaltios that stand in the way of modern
engineering design in developing countrics and (o receive advice Trom the experts present from
industoalized nations as (o how these obstacles might be removed,

With us at this mecting are the project managers who organized the fiest design centres that
began their operations nndes the sponsorship of the UNDP Special Fund, ‘These projects were the
first organized eforts of UNIDO 1o invnrove design capabilities within a specific industrial fiedd.,
We look forward to discnssing with these mien their experiences and to receiving their advice at
first hand.

In case some of you would be interested in secing the design department of a4 modern
machine-tool lactory, we have taken advantage of the gencrous invitation of Maschinenbau Heid
AG in Stockerau to make such s visit possible for all participants who wish to make use of this
opporiumily,

UNIDO looks forward cagerly to the recommendations that you will make on the basis of
your discussions. These ecommaadations should be oriented in three directions: o the
developing countries to the industrialized countries and o UNIDC, They will be foemulated by
your dratting commitice and presented (o you lor your approval toward the end of the weeting.
The saveess of this mecting will depend on these recommendations as one of the wost important
and immediate resnlts. L arge your, theretore, 10 keep these nltinite goals o mind during your
discussions,

The report of the mectimg, togethier with your recommendations, will be submitted to the
Executive Director and will be widely distribinted in developing countries as an aid for the futuse
development of their enginecomg design capabilities. We hope also that you will lorm the
vanguard by bringing onr conclusions lere to the attention of the appropriale  government
authorities and the ndustrics of your countries.

Statement by N. N. Krainov,
Technical Secretary of the meeting

We have ot here 1o discuss important problems conmecled with the promolion of
engincering design capabilitics in the developing countries, and | hope that the meeting of this
group af experts will make o valnable contribution 10 the promotion and improvement of this
important line of industry,
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In many of the developed nations, the introduction of engincering design began at a late
stage of industriadization, because more attention was given initially 0 problems of basic
manufacture. Only later did these countrics understand the importance of dexsigning au tivities.

The developing countries can benefit from the experience of the industnalized nations by
improving their indigenous design Gacilities simuliancously  with their manulacturing provess,
thereby reducing the time lag in their growth o ful) industrial capacity.

Inevitably, in the carly stages ot development of a country, an industry must kean heavily
m the developed nations 10 provide the means of production. llowever, as soon as centres of
manufacture have been established, lw developing country will feel a need for the introduction
of new ideas or for modilications of eNisting equipment to suit national habits, customs and
circumstances. Av this stage the developing country requiees expenenced designers. 16 such
pessonnel have not been identified, trained and prepared bedore this stage s weached, its industry
will incvitably continue 1o depend on it developed countries for design work,

UNIDO ix ready tu give technical assistance 1o such countries by sending designers from the
industrialized  nations 10 rain loval persomwl, as well as by establivhing  enginecring
design/development centres within the countey. A few UNIDO-assisted centres are preseatly
being established. Their purpose is to give attention 1o such problems as the collection of
technical information about new design and production and the standardization of industrial
products,

On behall of UNIDO, | thank cach of you for consing to this mecting, and | sincerely hope
that you will find it interesting and rewarding.
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LIST OF DOCUMENTS PRESENTED TO THE MEETING'

1D/WG.56/3 and Corr. | Establishment of facilities for electrical equipment development,
1D/WG.56/3 Summary and  design and prototypes in developing countries
Corr. 1 By R. M. Rowell
1D/WG.56/4 and Summary  Manufacture of prototypes by centres
Add. | by A. Sennhauscer and F. Claus
ID/WG.36/S and Summary  The problems of adopting constructions sad their production
by Lajos Bdlint

ID/WG.56/6 and Summary  Modern practice in enginoering product design of various products
such as industrial machinery, equipment and consumer goods
by M. Kronenberg

ID/WG.56/7 and Summary  Production of prototypes by centres and their introduction in
various branches of industry in the developing countries
by H. W. Hein

* ID/WG.56/8 and Summary  Improvement of engineering design capabilities of the developing
countries (with particular reference to sutomotive components)
by Emil F, Gibian

ID/WG.56/9 and Summary  Some thoughts on the creative aspects of enginecring design
by B. W. Turner

1D/WG.56/10 and Summary Development of engineering design capabilities in the developing
countries
by M. Fouad Husscin

ID/WG.56/11 and Summary  Organization and structure of scientific engineering centres in the
developing countries and the role of techaical laboratories ané
experimental shops
by V. 8. Belov

ID/WG.56/12 Considerations on development of engineering capabilities
by A. 1. Angucioy

1D/WG.56/13 Form and design
by C. Aubick

ID/WG.56/15 A short note on the status of engineering design capabilities in

India and a proposal for a design centre for developing countries
by A. K. De

! A limited aumber of copies are availsble upon request.
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Computer graphics in engineering design and analysis
byD V. A .ja

Development of engineering design in Brazil

bvJ. A Frou

Enginecring design capabilities in Tunisiu

by the secretariat of UNHXO

Machine tool design and projecting office in the tool industry in
Poland
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Product design and plant design

by the secretariat of UNIDO

Some aspects of industrial design development in Nigeria
by M. 1. O, Ero

Tridimensional approach to teaching for industry

by F. F. Papa-Blanco




Annex 4

FRESENT STATUS OF DESIGN CAPABILITIES
N SOME DEVELOPING CUUNTRIES

The participants who came 1o the mecting from developing areis were asked to roport on
the present status of indnstrial design in their own countries. Some of theit stutements are
ssmntatized below,

Bearil

This country 15 far enough atong the Toad 10 industrialization 1o have imtiated i airersfl
mdustry; the first Braziban mmotor aneratt, the Badeirante, will g0 1nto production as soon as
Mo prototypes have been built and flown successtully. The production tacility, which is
governmen towned, will also tabricite certain Mahan jots under licenee.

Although somie good desipn work has been, and i being, done, Brazil is still lorgely
dependent upon toreipn sources of technology,

Smee little precise imformation about industrial design in Brazil is available, it is inadvisuble
to generalize about at, Nevertheless, the tollowing can be presented with reasonable confidence,

In Sio Panlo. 1M1 s developed several products that have hawe gone into conmercisd
pradiction by domestic mdustny . Some examples are toundry and powder metallurgy products,

A design contre, 1PD, has been establisied i S3o tosé dos Campos, in association vith
the Jechnalogical Centre for Acronautics. It comprises three departments: materials, electronics
and standardization,

Several centres tor industrial development have been established in the northeastern part of
the country. They dre basically concerned with the implantation and continued viability of
ndustry, but with some modifications and improvements, which are now being made, some ol
them could be associated with design centres. A consistent and determined elfort to identily and
plan projects of strong interest 1o individual contres should be rewarding.

In several of the constituent states of Brazil, a school ol engincering is associated with a
technological research institute. Al present, most of these institutes function much like
matcnalstesiing  laboratories, although «ome  of them, notably  IPT in Sio Panlo, hawe
established the conditions for becoming real design centees. In some cases, foreign co-aperation
vould be helptul.

The central Government s actively interested in these developments: problems related 1o
lovation, 1ype of imdustrial support, specific purpose, linancing, and recruitment and training of
staff are the subiects of 3 seties of consultations with experts,
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Bulgaria
The People’s Republic of Bulgaria s taking clfective measures to speed up its
industrialization, notably in the production of chemicals and of clectricul power, in food and
light industry, and in nachine-building. In all of these brunches, special efforts are being made to
incorporate the latest developments in the ficlds of technology, sutomation and the orgunization
of praduction. Also, a poticy of industrial concentration und specialization of production is being
implemented.

Such all-round modernization of existing industry and the relatively immense scale of
construction of new industrics in a country as smatl as Bulgaria hus generated the need for a large
number and great variety of devices for the automatic measurement, regulation and control ol
production processes. This equipment is necded not only for domestic production facilities but
for plants built for export. To satisfy these demands, 4 series of ten plants specializing in the
production of these devices has alrcady been built, and Bulgaria proposes to complete ten more
such plants by 1975,

In collaboration with UNIDO, Bulgaria has set np, in Sofia, its national capital, the
Flectrical Vngineering Rescarch and Design Institute. In order to cnsure & maximum return on
the assistance that it has requested, the Bulgarian Govirnment has allotted this new institution a
prime building site, upproved the construction of a new and modern building for it, and is
providing the means for cquipping it with domestically produced machines.

The following forms of assistance from UNIDO are envisuged:

The sending of experts, for periods of one o two years, assigned to the principal
activities ol the Institute 10 assist the Bulgarian specialists in organization and in
scientific and technical control,

Supplying the most important modern  machines and appliances required tor
successful functioning of the Institute:

Providing modern language-training equipment Tor the use of the specialists,

The lust-mentioned of the above is of particular importance. since the number of Bulgarian
spocialists who have knowledge of English, French or German is rather small, so that access to the
twehmical literature in these languages is quite limited. although special courses have been
organized to cope with the problem.

By providing technical assistance  and guidance to Bulgariu’s burgeoning technical
nstrument industry, the Institute is expected to permit substantial reduction of the country's
imports of both raw muterials and prefabricated components, as well as to stimulate growth in
roluted fickds.

Hungary

With the cnd ol the Sccond World War, the immediate problem that Taced this country was
that of industrial reconstruction; only after this immense task had been ncarly completed could
there be a change of emphasis 10 the design and production of comsumers’ goods. The production
of machine tools ix still regarded as the critical arca of industry, but u number of foreign
companies such as Grundig (I'ederal Republic of Germany) have boen permitted to set up
production facilitics in the country. Some rescarch centres already have been estublished; the
time is now ripe for the development of design centres.

India

India alrcady has an appreciable technical instrument industry. Indoed, some entu:prises
market their products abroad. Some of the firms are long established, having been founded even
before nationsl indeperidence was achieved in 1947: others were started more rocontly by new
entreprencurs who rocognized a need und have endeavoured to satisfy it.





