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Preface

This study has been prepared as a specific contribution by
the UNIDO secretariat to & Seminar on the Design and Development
of Agricultural Equipment for Africa, organized by UNIDO, &and held
in Cairo, Egypt, 17-28 October 1582.

The Seminar was orgwunized as a follow-up to the conclusions
and recommendations of the First Regional Consultztion Meeting
on the Agricultural Machinery Industry, which was held in Addis Ababa
in April 1982. The content of this document therefore relates
closely to studies prepared for the Consultation Meeting and to the
outcome of the Consultation. A major study, based on that documentation,
the outcome of the Cairo Seminar and supplementary work, has recently
been issued by UNIDO under the title "Agricultural Machinery and
Rural Equipment in Africa - A new approach to a growing crisis"

(UNIDO/IS.377) March 1983.
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Introduction~

The possibility of African countries to increase the production of machinery
in the agricultural sector in order to achieve reasonable targets for food self-
sufficiency, thereby minimizing their dependence ¢n foreign technology, is con-

tingent upon two complementary factors:

1. The creation of appropriate designs for developing agricultural machinery,

which is the key factor for practical adaptation of demand and production

structure, and

2. The development of local production and maintenarce structures.

Tne nature of supply and demand interrelationship is in fact determined
by the degree tv which the design of the equipment takes into account the require-
ments of the user, the performances expected of the equipment, the conditions
of use in the environment concerned, the possibilities offered by the local pro-
duction structures, either eristing or to be created, and the materials available.
Appropriate design could also lead to reductions in maintenance operations, by

standardizing and reducing the number of items, and in technological dependence.

Mastering of the design is the key to the development of an autonomous technology.

The development of manufactur2 and maintenance in the agricultural sector in
African countries depends directly upon the design of the equipment. The alter-
natives need no longer be limited to one of two extremes: (1) local manufacturing

enterprises that are designed on rhe basis of the technology and financial resources

1/This paper relates closely to the studies prepared for the Regional Consultacion
on Agricultural Machinery in Africa, held in Addis~Ababa, April 5-9 1982,
UNIDO Documents UNIDO/IS.288, 70 Tebruary 1982, ID/WG.365/1
of 9 February 1982, ID/WG.365/2 of 8 February 1982, ID/WG.365/3 of
20 February 1982, ID/WG.365/7 of 30 March 1982, See also the report
on the Consultation, ID/239.




of industrialized councries, or (2) the village blacksmith. The primary obstacles
to the first alternative are the high investment costs, the size of production, the
difficulty experienced by local labour in mastering the technical and organization
elements and the continued dependence upon other countries for supplies ol

materials and component parts. However, this type of unit is suitable for the
process industries, for thich there are few technological alteinatives, and the
production of complex conponents (engines, for example) for sufficiently large
sub-regional or national markets. The village blacksmith likewise has both
advantages and limits. Being close to the user, he can produce and maintain

simple tools and equipment. However, his production capacity, the type of materials

he uses and his level of technical ability limit bis production potential.

In general, the small- and medium-sized manufacturing enterprises in urban
areas predominate in African countries, but the problems encountered show that they
are likewise unable to meet all of the requirements. Virtually none of the African
countries has a basic, organized production netwnrk capable of fully satisfying

the national market requirements for agricultural equipment.

It is essential to promote the emergence of new types of decentraiized
production units that are more closely adapted to the rural-user environuent,
with progressive mastery of the basic technological options and with flexibility
depending on relatively multi-purpose production equipment to allow diversity in
production. In view of the Jdiversity cf mechanical sub-assembiies contained in
one item of equipment, the variety of tasks to be performed (design, construction,
maintenance and repair, supply of spare parts, raw materials and components, etc.),
all of the existing potential resources within or outside of a country must be
exploited. Frequently the origins or technological iunovations lie outside the
agricultural mechanization sector, For example, automobile maintenance workshops
fulfil the task of maintaining agricultural equipment. A tractor assembly line
could be linked up with an automobile manufacturing and assembly units. In another
sphere, a plastic injection moulding unit could supply a wide range of products
required by agriculture (irrigation pipework, fermentation vats, tanks, etc.),

including the forestry sector, which 1is all too often ignored.

The design and development of appropriate equipment i: not currently possible

in Africa for various reasons:




1. Engineering manpower capacities are inadequate,

2. Assessment of agricultural requirements is rare; where it exists,
communication to the engineering and industrial sectors is poor, largely
for institutional reasons (poor communication between the ministries of
agriculture, research departments and experimental stations for agricultural
mechanization, and between the ministry for irdustry and manufacturing

companies); and

3. Transition between prototypes and the launching of a preliminary series is
frequently found to be impossible due to financing difficulties, absence of
a guaranteed market and a lack of confidence, even on the part of national
authorities who for variois reasons prefer to continue importing traditional

foreign equipment.

The results obtained so far and work now in progress remain at the local level
and therefore do not achieve sufficient attention. Conversely, countries rarely

derive benefits from research and technological innnvations outside the country.

There is also a basic cultural and political reason: the majority of p.ivate
decision-makers and government departments in African countries do not favour the
promotion of simple equipment, whether or mot it is designed locally. They
support, expressly or tacitly, the practice of importing equipment. Obstacles of
all kinds, due in particular to the lack of interest and co-operation on the part
of government departments, paralyse experiments while they are in progress or reduce

them to mere diversion.

An awareness of these facts is not enough. A new, normative approach must be
taken to design development and manufacture bas.:d on concrere assessment of the

actual situation in African countries.

The question of the design and development of agricultural equipment which can
be manufactured locally will be examined in this paper according to the following

steps:

1, An examination will be made of the presernt situation with regard to production
resources that can be mobilized in African countries. The fcllowing will be

dealt with In succession:




a. small-scale production
b. small- ind medium-sized suburban enterprises
c. large-scale enterprises

2. An order of preference will then be established for seven various categories
of agricultural and rural equipment (a) hand tools and simple equipment,
(b) animal-diaught equipment, (c) portable equipment with anciilary motors,
(d) stationary equipment with ancillary motors, (e) single-axle tractors,
(f) simplified tractors of less thamn 30 hp, (g) heavy motorized equipment
(tractors, combine harvesters) and civii—engineering equipment, etc.

3. An examination will then be made of the parameters governing the technological
complexity of manufacturing eguipwent which can be implemented, distinguishing
seven arbitrary characteristic levels of complexity, taking into account the

nature of equipment, induction per‘od, and size of investment.

4. Finally, design and development of equipment will bte examined with regard to
the promotion of a specific type of rural mamufacturing workshkop for the
production and local maintenance of basic agricultural equipment vital to the
general requirements of the peasant populus in African countries or regions which

are not industrialized or industrialized only to a minor degree.
From the fourth section onwards this document concentrates on the target of
manufacturing unsonhisticated agricultural equipment in rural areas at the level

of the artisan industry interface.

A programme of action is proposed with a view to effectively promoting the

solutions and viewpoints offered.

1 Current Manufacturing Structures for the Production of Agricultural Equipment

Tools and equipment curremtly manufactured locally are produced mainly at

three levels:

1.1 Manufacture by Artisans

A distinction is made among traditional blacksmiths, modern blacksmiths and

rural mechanics.
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Traditional blacksmiths constitute a self-contained, closed caste: orly

blacksmiths' children become blacksmiths. The income of a master-blacksmith is
frequently high. His work is repetitive with little variation. including such items as
hoes, gin traps, and special tools such as palm cutters. The communication of
know-how is by internal apprenticeship. Value added onto the items manufactured

is approaching 100 percent since they generally work with scrap iron (metal rails,

lorry chassis, timber-lorry shafts, etc.) and locally manufactured charcoal.

The share of the market volume supplied in this way is very extei .ive.
Assuming that a family of five neople in rural Africa purchases 1 hoe per year on
average, a rural population of 1 million inhabitants represents a market for
forged hoes of some $ US 400,000. In contrast, this same population spends only

a fraction of this amount for the purchase of agricultural tractors.

The caste of traditional blacksmiths has developed very little in term of the
adoption of new equipment -- arc welding and tools for forging in a standing positicn
are often rejected. However, it has lost litctle ground in its own traditional

markets, except in the face of imports of certain products, machetes in particular.

For certain products, primarily animal-draught cultivation, modern blacksmiths

have acc~pted new equipment, such as lever-shears, foot-operated vices, misc:1llaneous
hand-tools (punches, swages, metal anvils, special pliers, etc.) and, in general,
work in a standing position rather than seated on the ground. They have extended
their production range to manufacturing parts for ploughs (ploughshares and mould-

boards), and to servicing equipment occasionally used for animal-draught cultivation.

Modern rural mechanics fall into various categories. There are mechanics who

specialize in the maintenance of bicycles;, motor cycles, pneumatic tyre repairs, and

those who specialize in the maintenance and repair of automobiles and lorries.

More rarely coach-builders can be found who are capable of transforming new
pick-up trucks into panelled vans, and mechanics equipped with arc-welding sets who
can produce various tools that are competitive with “hose made by blacksmiths, such
as mechanically-welded hoes rather than forged hoes, metal beds, security grids,

barbecues, and even precasting and decorative partition moulds.




-6

Problems involved in artisan production

The following problems are virtually identical for the 3 categories of artisan

workers.

a. Inefficient supply systems

Supplies 0€ new or scrap iron are collected by taxis or lorries from large
towns and routed to rural workshops. These supplies are delivered only on a daily
basis, without any storage or group-purchase facilities, hence without the possibility

of discounts for bulk. Thic method is expersive and undependable.

b. Financial restrictions

As a result of daily deliveries of supplies, the artisan spends from day to
day what he earns. There is no accumulation of capital nor much development of

equipment. The mechanic has virtually no working capital nor stocks of equipment.
It is difficult to earn money from maintenance and repair work since clients
never make financial provisions for such work. It is easier to sell finished pro-

ducts, primarily at the weekly market because they are paid for in cash.

r. Seasonal work and diverse activities

The rural artisan is also a farmer with the exception of young former students

who repair bicycles, motor-cycles, etc.

Agricultural work is intensely seasonal and it corresponds with the solvency
period of clients. During this period the services of the rural n:chanic or
blacksmith are required for agricultural purposes. Mechanical servicing and work

on the land tnus coincide.

The dry season is a one of inactivity. This explains why the managers of agri-
cultural projects have finally decided to pay maintenance staff a full-time salary,
even though they are used principally in the rainy season. The traditional artisan

solution was unsatisfactory.




One solution to this problem would be to promote non-farming artisans whose
activities would consist of production work during the dry season and mainteaance

work during the rainy season.

d. Insufficient training and poor product quality

Often the artisan's activities are too numerous and the quality of his work low.
Any improvement in quality as a resnlt of further professional training is biockad
since improvement in quality is linked with greater time spent. The invoiced price

would be rivalled by the quotation from artisans whose work is of poo.er quality.

To succeed, both the productivity and the quality of training must be improved
to increase the artisan's profit as well as the quality or the product, without
increasing the cost. This is sometimes possible, as will be seen later. hy intro-
ducing machines to precpare kits of semi-finished materials, leaving more time for

better~finished subsequent operations.

1.2 Manufacture by Small- and Medium-sized Suburban Enterprises

A distinction must be made between the traditional small- and medium-~sized
suburban enterprises, whether or not part of an "industrialized zore", that are not
linked to a decentralized manufacturing network, and the manufacturing networks of
COBEMAG, ARCOMA and COREMA in Western Afric2 in which a central urban workshop is
linked to rural workshops in order to form an overzll system to carry out production

and local maintenance tasks, sometimes in conjunction with an agricultural project.

1.2.1 Traditional small- and medium-sized suburban enterprises

Traditional small- and medium-sized suburban companies are comprised of z few
dozen workers at the most whose activities relate to outlets in the moderu urbar
sector rather than to those in the traditional rcural sector. Boller-works can be
found which deal in structural steelwork, metal beds, strong-boxes, metal cupboards
and door-frames, wind-engines, dewatering pumps, block moulds, brick presses, and
sometimes even equipment related to the mechanization of agriculture, such as
cultivator mountings, farm trailers, decorticators, and milJls. These will be
accommodated in an industrial or small crafts compiex where such a structure exists

in the town.
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Problems involved in traditional small- and medium-sized enterprises

a. Supplies remain a problem not so much because of transport, which is over a
short distan.2, but because of the limited choice offered by local importers and

frequent depletion of stocks.

b. Market limitations

The managers of these small- and medium-sized companies are unanimous in deploring
the limitations of the market in the countries concerned, which makes profitability
a difficult proposition for essential modern equipment such as high performance

machine tools, presses, furnaces, etc.

Orders are for too low a quartity, the markets are irregular, and sometimes
are barely at solvency level. Orders for one outlet are very diverse: each client
presents a particular prcblem, e.g., the type of hoe used in the Sahel region cannot
be used in forest areas or in rice-growing areas. and requires toc small a number
of identiral items. H=2nce the fixed costs for modern equipment do not benefit from

reduced costs through standardiz.d manufacture.

c. Competition from imported equipment

The cost price is high, and competition exists from similar imported equipment,
which is manufactured under better conditions. The result of this is that small-
and medium-sized enterprises frequently tend to become local .ommercial agencies for

foreign equipment, which is considerably more lucrative.

d. Poorly qualified staff

Small- and medium-sized enterprises have difficulty in finding qualified staff
because technical training is in general poorly adapted to actual demand. There is
little provision for permanent training facilities. Management 1is relatively difficult

since the level of staff is low.

e. Limited financial resources

The job of entrepreneur 1s not as yet very well defined. It 1s difficult to
obtain funds under acceptable conditions, e.g., low bank interest rates. Frequently
the capital of these companies 1s brought in by an official who appoints a manager.

The owner then endeavours to obtaln an immediate income, to the detriment of the
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investment and of the long-term prospects for the company.

f. Lack of capacities for innovation

The small- and medium-sized enterprises need to conduct research intc new areas
and design new products (prototypes, tests). However, their volume of activity does
not always warrant the expense of such research, and it is diffijcult to buy patents,

licences, drawings, etc. which are adapted tc the local market.

g. Client complaints

These companies offer products which are more expensive than those offered by
local artisans. However, cliients deem the quality to be better. A major source of
complaint is the total lack of after-scales service (dewatering pumps, agricultural
equipment, etc.). This also applies to imported equipment sold by these companies:

they rarely have spares available, apart from a few basic essentials.

1.2.2 Manufacture by networks consisting of a central small- or medium-sized

company and decentralized workshops

These networks undertake projects to construct agricultural equipment for animal-
draught cultivation. For example, COBEMAG (Benin) and ARCOMA Corema (Upper Volta)

manufacture, inter alia, ploughs and carts.

In general, the projects consist of structuring local artisan work (smiths,

mechanics) with the central workshop as a consequence and not the initial core of the

project.

The basic idea hehind a network is to collect electric motor-driven machines
in a central suburban workshop and link them up to an electrical grid inr order to
offer the possibility of manufacturing kits of semi-finished material. This
material could then be distributed to rural manual workshops where finishing
operations with hand-forging would be carried out, followed by assembly &z 4 paint-
work, Local maintenance of the eauinment sold would be carried out by these rural

workshops.

Another concept is the complete manufacture of equipment in the central work-
shop, sub-contracting manual operatisns to the rural workshops. The decentralized

workshops could thus be equippéd with an arc-welding set, which would mean sub-

|
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contracting welding operations to them, thus improving local maintenance facili-
ties by virtue of the welding equipment. Workers in the decentralized workshops
could also be used as temporary labour to make up the work force in the central
workshop. Accommodations would thus be needed in the vicinity of the central

workshop.

Problems involved in manufacturing network

a. Institutional complications

If traditional suburban small- and medium-sized companies could be created by
private enterprise (with assistance as required), it would be ideal if the structure
of these could match the manufacturing networks in extent: in fact, the increased
organisation required is not necessarily compensated by increased profit for the
contractor. In addition, the mentality of rural artisans and that of local or
foreign investors establishing these companies have little in common. These live
alongside each other without any point of contact. An element of mutual contempt

is not uncommon.

Moreover, Governments and, more particularly, their ministries responsible for
technical training, labour, agricultuvre and industry have frequently analyzed the
theoretical advantages involved in creating networks of this kind: integration into
the same structure of an after-sales service, potential flexibility, versatility,
possible integration of a training centre, possibility of assisting the artisan
trade, imptuvement in the system of communication between the constructor and the
peasant, who feels a closer affinity with the rural artisan than with the urban
contractor, integration of the manufacturing project with agricultural development

projects, etc. .

However, a legal structure must be found for such an arrangement, The idea
of a co-operative has frequently heen discusgsed. The State would be the owner of the
infrastructures within the context of the initial project, thus providing a State-
controlled system. A leasing system could also be envisaged whereby the co-operative
would lease equipment to the State. 1n the first instance, an overseeing ministry
would maintain the right of inspection over the co-cperative. This right would

possibly extznd to the hiring of salaried offici2ls to head it by creating a problem
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by virtue of the coexistence of salaried government officials with workers whose

inccme is dependent upon the company's trading results.

In the second inmstance, the manufacturing network would be more independent,

although the State would retain ownership.

The ideal solution would be for the workers in a co-operative to unite and
borrow from the banks, thus enabling them to assemble the requisite capital for
the company among themselves. In practice, it is only the States, with or without
assistance from bilateral or multilateral assistance organizations, who are able to
raise the requisite capital for investment and working capital to meet training
costs and those involved in starting up production (with possible technical assist-

ance from expatriate specialists).

b. Organizational complexity

Managing a manufacturing network is a comrlicated affair. From this point of
view, the institution of a network is more complex than that of a suburban artisan

sector.

In conclusion, this structure potentially offers all the advantages required
in terms of supplies, on-going training, links with government projects and access

to technological innovations when the 3tate is involved.

It is sometimes advisable to go beyond the initizl sectoral 1- ‘uch
projects. For example by linking a wood-working or rural buildin .y with a
manu ‘acturing network for animal-drawn cultivators, the profitability of a lorry
or a certain item of equipment (e.g. planing machine) could be cptimized and
periods of low activity in one sector would be counterbalanced by those of greater

activity in another sphere. This would lead to greater versatilitv and flexibility.

Ideally, a multi-purpose system of this type should be granted a privileged
position from the Government for the performance of State contracts in this sector.
A systen of decontrolling duties could be envisaged to enable this official network
to counteract foreign competition in such priority sectors as animal-draught culti-

vat fon and minor mechanisation.




1.3 Manufacture by Large-scale Local Enterprises

There are many examples in Africa of agri-ultural equipment enterprises which
go beyond the framewcrk of the small- and medi:ne-sized companies. The majority
of these are located in large countries which have already achieved a certain degree
of industrialization, such as Algeria, Egypt and Zimbabwe and, to a more limited
extent, Senegal, the Ivory Coast and the United Republic of Cameroon. Whilst these
enterprises in general claim a regional interest, the level of inter-African exports

is in fact extremely limited.

Experience over the last ten years has shown that the problems of the small-
and medium-sized companies apply to the large-scale enterprises as well, with the
added factor of size. The market is relatively more limited; the orgamizations
and management problems, e.g. funding difficulties are more complex. Where these
enterprises offer the assembly of imported equipment only, the low value added locally
makes it a propousition of little attraction: 5 to 10 percent at best.

Finally, we have seen that in the event of a reduction in economic growth, and
thus in the equipment rate of purchasing rural zcmes, large-scale enterprises have
the requisite flexibility or adapt their production to the market. Disbanding is

therefore inevitable, e.g. Ivoiroutils and Siscoma.

1.4 Summary and Conclusions

The extreme forms of manufacture referred to above come up against highly
complex structural problems. Therefore the average African country camnot resort
to them as a basis for an agricultural equipment production policy. The artisan
blacksmiths, whose role as the supplier of traditional hand-tools remains essential
have nc possibility of further development beyond certain limits. The major
industries encounter numerous obstacles, both internal (in particular the reduced
size of the market), and external (competition from industrialized countries).

The small- and medium-sized urban companies lilkewise face numerous problems
and have difficulty with respect o clients, maintenance work, supply of spare

parts and research and development of equipment adaptations.

It may be sald that there is no ideal formula, except for altermative com-
plimentary solutions adapted to the sitwation of 1individual countries and to

geographical zones within these countries. Large-scale agricultural machinery
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industries or assembly urits are clearly unsuitable for many of the rocr sut-

Saharan African countries.

<. Local Manufacture of Various Types of Agricultural

4nd Rural Equipment

In this section we shzll analyze the problems of loca: ranufacture of sevem

types of agricultural and rural equipment.

2.1 Hand tools and simple equipment

As we saw earlier, traditional and modern blacksmiths and some modern
mechaaics and welders manutfacture relatively good quality hand-tools, such as
hoes, and machetes, agricultural equipment, such as gin traps, seeders, manual
oil presses, cattle-troughs,, irrigation gates, and valves, a d building equipment

such as grids and door-frares.

Production tould be improved by the creation, in particular, of a central
purchasing system to optimize their supply of quality raw materials {new, mang nese
silicon steel in place of scrap mild steel, for example). Training would have

little effect, however, on these traditional sectore.

The failure to find steel alloys capable of competing with those used for
irported tools has led to the smiths completely giving up producing machetes. Cer-

tain local works manufacture these items under licence.

Frequent studies have been made of prcjects to preduce punched hoes in a
similar way to machetes. 7The extremely wide variety of hoes required and the
sluggishness of the market have discouraged these projects which, had they been
implemented, would have had the direct effect of eliminating the basic activities
of the blacksmith.

Workshops oriented towards rutting and welding inctead of forging could thnus,
without any technical d'fficulty, construct equipmen” such as seeders, rotary
dihbers, driers, cribs, threshers, paim-oil presses, stone presses for cattle-licks,
hand maize-shellers, arabica coffee bean pulpers, silos of shcet-metal or reinforced
concrete, small items of structural steelwork, security grids, door-frames and
basic metal furnitur2z, beds, strong-boxes for rural use, kitchen stoves, block

and partition moulds, terra cotta brick presses, cattle-troughs, irrigation gates,




various pipes, valves, and incubators. Al! c¢f thes~ items can be manufzctured in a

rurial workshop with a mechanical saw, lever shears. a portable disc-grinder, an arc-
welling set and drill, or in a manufacturing network. However, typical detailed
drawings would have to be issued for this wide variety of objects and they are not

gererally available.

N

.2 Animzl-draught cultivating equirment

This type of equipment is alreaiy manufactured in a numbe~ of countries and
does not present any insuperable problems. However, a welcome innovation would b=
pioughshares made of manganese silicon steel or a similar material, and ploughshare
mould-bozrds made of triplex steel. As these steels are difficult to implement,
it would seem expedient at present to import these items and build the remaining
items --plough-slades, plough-beams, props, multicultivators -- locally. If
n2cessary, plough-shares can be made locally, but mould-boards are tvo difficult

to> form.

In general there are two possible types of equipment design:

(1) Forging (hot-bedding of a semi-hard mass of steel). Holes are drilled by
machine rather than at the forge, however. Similarly, handles and stilts are
made by bending flat bars which are riveted or bolted to the ploughbeams. The
equipment -- such as plough-beams -- obtained by this method is generally

light a'.d well-proportioned.

(2) Cutting and welding (welding rectangular or circular tubes with flat bars).

Final assembly is carried out using bolts. The frames are angular in appearance

and the equipment is generally somewhat heavier.

However, in principle excellent equlpment can be constructed with both types
of design. Forging seems to be less favoured in the face of the fast performance

acaleved with arc welding.

The cutting and welding workshop described briefly above tongether with a small
joinery and pairting workshop offer the possibility of constructing animal-drawn
cultivators with welded tubular metal frames or wooden frames (ploughwright type
construction). Pneumatic tyres and axles are generally imported. Axles could, how-

ever, be manufactured relatively easily.
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2.3 Portable equipment with ancillary motors

Whilct portable equipment appears to be of simple :onstruction, they are
virtually impossible to manufacture in a local workshop. Hand-carried tools are
in fact limited to an overall weight of approximately 15 kg. In view of this, they

are generally constructed of pressed or die-cast aluminium 3lloy of low thickress.

The equipment have high-performance motors (maximum rating ver kg). The
gearing is made of high-strength treated steel to maintain the weight of the unit

as low as possible; plastics are also used.

All of this implies a high complexity in the manufacture of these tools. They,
e.g. chain saws, portable scrub-clearing machines, earth augers (for planting shrubs),
back sprinklers, and even lawn-mowers (which are not carried but manipulated by
hand) are produced in industrialized countries on a large scale, including keen

competition.

As.embly is possible for these machines only at local level, but this is not an
attractive proposition. The value added is low and the necessary increase in th=
basic technological level of the workers involved is small. However, maintenance

of this equipment would have to be included i1n aiy local manufacturing project.

2.4 Stationary equipment with ancillary motors

The manufacture of equipment such as decorticators, mills, crushers, threshers,
concrete mixers, irrigation pumps, planing machines and drills for joiners 1s not
currently envisaged as teilng parformed outside a company that possesses a casting

foundry or, where aluminium alloys are not involved, a lathe, milling machine, etc,

In each case the eiectric motors or heat engines are imported. In adaition,
detailed drawings of the rotors for machines which frequently take a long time to

produce are required, e.g. decorticators, crushers, mills, planing machines.

All of the above reasons explain why th2 majority of this equipment is imported,
However, various special teciniques, in particular in the mechanical welding field,
offer the possibility of prcducing even bearing races without the use of machine

tools, and this should pave the way for construction of this equipment solely by
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cutting and welding witnout the use of ueavy machinery {see sections
With this in mind, prototypes would need to be develouped, and drawings and the
techniques of the trade peculiar to these simplified machines wmade available to

the public.

2.5 Single-axle tractors (motor-driven cultivators)

Locally manufactured motor-driver cultivators or their accessories are

virtually non-existent. The reason for this is apparently two-fold:

(1) These implements are rarely used for cultivation in hot regions,

except for market gardening and irrigated rice-growing areas.

(2) There is such a large number of manufacturers of this equipment
in industrialized countries where it is used for amateur farming, that,
with all the competition among them, prices are sufficientiy low to
discourage any local manufacture. In addition, the complexity of
single-axle tractors approaches that of 4-wheeled engines, which

apparently give much better performance for little extra cost.

At best, local assembly of imported motor-driven cultivators could be envisaged,

and this is recognized as being a proposition of little interest.

2.6 Simple tracrors of less than 30 horsepower

The problem regarding simple, low-powered tractors is quite different:

(1) Competition from equipment manufactured in industrialized countries is very
slight because these models, which were popular in the 1950's, have virtually
disappeared from the market. Moreover, the vebicles remaining in these out-
lets are not particularly suited for agriculture in emerging countries where
working conditions are —rery difficult: one can find articulated mini-tractors,

which are ingubstantial and unstable, or a few slightly better adapted models,

left over from the 1950's, such as lit+7e 7 AT 300, which may be suitable
for use on a savannau type terrar are virtually no multi-
purpcse minitractors sultable for » cain -- crawler mounted or

other -- to cover venicle requir areas, or for maintenance
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wo.h 1o permznent plantations, e.g., coffee, cocoa, palm, hevea. Similarly

there is very little equipment for flooded rice fields and marshy areas.

(2) Technical organisations specializing in the mechanisation of agriculture
for developmeni have popularized the r~oncept of "intermediate mechanisation"
in recent years, using simple adapted techniques, accessible to the largest

number of people, with a view to optimizing technicai non-independence for users.

There is thus a nmarket for simple low-powered tractors. The volume of this
market remains relztively smali for the present, whica, in a period of world-wide
economic crisis, discourages manufacturers in wealthy countries from producing new

models and exporting them.

Various types of equipment have already been produced locally, and the pro-
motion of these types continues with a varying degree of activity. They include,
for example, the hydrostatic TINKABI tractor and the PANGOLIN (which is currently
considerably less advanced in the Ivory Coast. Firms such as Citroen and Volkswagen

also have various projects in progress, but with a different industrial logic in mind.

The first two cases do at “ecast prove that local manufacture is possible, pro-
vided that engines, gear boxes, wheels and hydraulic components can be imported for

the TINKABI.

The PANGOLIN Tractor uses a technique which does not involve any machine tools
other than a saw and drill for its comnstruction. Project development difficulties
are not therefore linked with financial difficulties in equipping the workshops nor
with the cost and duration cf training, but with the lack of dynamism in publicizing

and promoting the machine.

The problem of the limited market is eliminated if manufacture can be carried
out in a workshop or multi--purpose production network that concentrates on a wide
range of equipment, provided that no special or costly equipment is required for
manufacture of the tractors. The manufacture of several machines per year would

be in additisn to the normal work-load.

2.7 Heavy agricultural tractors and civil engineering equipment

As discussed in the introduction, local manufacture of heavy tractors 18 not a

feasible proposition. At bect an assembly works could be envisaged. However, an
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irteresting manufacturing line could be the satellite equipment to these machines:
cutting and welded frames for cultivators, sub—soilers, tillers, farm trailers. Only
the tines, plough-shares, points, complete axles and pneumatic tyres would have to be
imported. It will be recalled that the cost of these mountings, frames and trailers
represents several tenths of the cost of mechanized crawlers. It would not appear

to be possible to construct civil engineering plant locally, particularly bearing

in mind the current trend towards increasingly large miachines. On this assumption,
there are no mini-civil-engineering machines suitable for teams of youngsters to
carry out maintenance of rural thoroughfares (under contract to the public works
ministries), which would provide employment for a large number of school-leavers.

A small basic agricultural tractor equipped with a mini-bulldozer blade, or a small

trailer, could prove sufficient as equipment for these road maintenance gangs.

2.8 Summary an:. conclusions

The extent of possible lines for local manufacture is thus quite considerable,
particularly if one goes beyond the context of agricultural equipment in its strict
sense and includes all types of rural equipment, from home and farmyard equipment

to agricultural equipment.
The guidelines for selecting these lines are as fcllows:

- research the f 'elds free of competrition from industrialized countries.

- research, as an initial phase, the types of equipment which can be produced
without cast parts or difficult machining, relying solely on cutting and welding

or boiler-making.

- import ti1lling implements made of special steels and complex mechanical components,

such as engines, gear boxes, pneumatic tyres, and axles.

- research the possibility of finding an information source of detailed typical

drawings.

3. Technical Complexity of Local Manufacturing Units

There is an infinite number of different types of workshops ranging from the most

rudimentary employing archaic hand-forging techniques tu che most highly complex




using computer—contrclled robots.

Each type ot workshop requires a certain dagree of know-how and an initial

investment.

Table 1. presents 7 types of manufacturing workshops in order of degree

of increased complexity of equipment, and {dentifies the cost of the equipment

(excluding buildings), the possible products of such equipment, and the training

period for the necessary managerial staff.

Table 1.

Identification of manufacturing workshop types according

to the drgree of increased complexity of equipment

Degree of com-

Cost ot equip-

Training period

for managerial

plexity of Brief description wment (in thou- staff Possible
equipment of equipment sands of 1982 $US) (in months) production
i Traditional manual 3 6 (spread over Hand-tools
forging in a si-ting a lifetime) traps, steels/
position hones
2 Manual forging in a Maintenance
standing position, and manufac-
with Jever shears, ture of tools
anvils, foot-opera- 2 2 for animal-
ted vices, files, drawn culti-
taps, dies, spanners, vation and
<tc. No electricity manual agri-
cultural
irplerents
3 Complexity level 2, plus 4 12 As per com-

welding by semi-portabie

heat-welding sets

plexity level
2 plus main-
tenance of all
agricultural
equipment,
wider manu-
facturing

range
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lost of Training
Degree of Brief ejuipment period for
complexity description (in thousands wanagerial Possible

cf equipment of equipment of 1982 $US) staff (in months) production

4 No forging 7 9 As per level 3 plus
. Arc welding 7 manufacture of small
or using local tractors, etc.

electricity gria

. Pillar drill of
30 mm capacity

. Reciprocating saw
of 180 mm capacity

. 2 pertable disc
grincers of 230
and 115.

. 5 mn lever shears

. Anvil, hammers,
foot-cperated vice,
parallel vice

. Spanners

. Dies - teps -drills

. Files

. Paint sprays and

compressors
5 Level 4, plus 25 to 100 36 All maintenance, all
machine tools standard general machin-
. Lathe ery
. Miller
. Grinder

. Bending press

. Guillotine shears

6 Level 5, but with 150 and more 50 Workshop for series
numerically con- manufacture and subcon-
trolled machfnes and tracting

gear-cutters, broach-

ing machines, etc.




—21-

Cost cf Trainiug
Degree of Brief equipment (in re.‘od for
complexity description thousands of managerial Possible
of equipment of equipment 1982 $US) staff (in months) production
7 "Flexible" work- 2000 and 80 Large-scale
shop with com- more vehicle manu-
puter-controlied facture

robot operation.

Two graphs below show the truining period required for managerial staff and the
cost of workshop equipment as a function of the degree of increased complexity. The
first graph shows how the tralning period decreases, albeit to a slight extent atr
level 4 and then increases again rapidly. The second graph chows that there is a
sharp upward trend in investment costs at level 4. Depending upon the level of
production, it may be necessary tc increase the number of similar machines; the
cost given here is that for purchasing only one machine of each type. These costs
are only an indication since each machine mey be selected from a range covering the
most basic unit to the most sophisticated. Nonetheless, the graphs are informative
and highlight the advantages of level 4: this leve! combines considerable potential
with a short training period for managerial staff and a low equipment cost. Better
still, this workshop is transportable if the saw is replaced by a frame fitted with
a portable circular saw and the drill is replaced by a frame fitted with a nigh-
powered portable electric drill. These single-phase portable machines are produced
by a hig. capacity thermal w:lding set with a 220 V/3kVA output. Hence repairs are
possible by manufacturing cut and welded replacement parts on the tractor on site,
as all of the above equipment will fit ontr *“he platform of a light truck with a
carrying capacity of 1,000 kg.
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Tnis level 4 type of workchop can thus be set up in various ways, which are

summarized briefly below:

Option 1: A mobile workshop consisting of equipment transported by a .lat-bed

truck for the mechanical metalwork, with motors fed by a generator set.

Option 2: A stationary workshop with no electric motor.

This type of workshop {for which standardization is impossible) carries out
metal-work only. 1Its equipment consists of various manually operated machines

and tooling for sheet-metal work, forging and miscellaneous repair work.

Option 3: A stationary workshop not linked up to an electric grid, with

electric motuors, The eq:ipment is the same as that for optiorn 1, with facilities

for cutting and welding plus other marnual machines and tools, to allow a more

comgletez and careful service.

Option 4: A decentralized workshop linked up to an elcctric grid. This level

of workshop borders on that of small- and medium-sized induscries., It can
carry out all kinds of repzir work on agricultural equipment and engines and can
construct equipment ranging from the basic to the more complex, such as nloughs,

trailers and small tractors.

The level 4 type of workshop offers great potential because it is adapted to
local manufacturing restrictions vis-&-vis the size of productioa runs, the variety of
equipment which can be manufactured or serviced, training of labour, and invest-
ment costs. It can be recommended as a basic step towards manufacturing for many

of the African countries.

4, The Design of Agricultural Equipment for Local Manufacture:

Obviously the design of equipment must take into account the nature and com-
plexity of the equipment in existing workshops or that which may reasonably be set
up in African states, as well as the level of knowledge of manufacturing technology

possevsed by staff and managers.
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Bearing in mind the great potential of the level 4 workshop, the design
characteristics of equipment which can be manufactured in this type of workshop
will be described in more detail below. The choice of the level 4 workshop is
justified, especially as the design problems of products connected with the modern

industry are much better known,

But the design of equipment must certainly also meet the requirements of con-
sumers, offering the optimum level of performance desired by them, while reducing

the level of restrictions and dependence on the outside world.

The various aspects are dealt with below, chiefly with reference to African
cocuntries or regions with low to very lcw income (especially Central Africa) and
with little or no industrialization, by considering the simple agricultural, rural
equipment that meets their priority requirements for the mechanization of rural

zones.,

4,1 The Techrological Manufacturing Channels.

The manufacture of agricultural equipment calls for various means of manufacture,
from the production of certain base pieces to assembling and finishing the completed
equipment, It therefore involves making base parts in steel, machining them using
various machir2 tools, mechanical welding workshops and boiler and plate workshops,
constructing frames and bodies to protect the mechanical units when in operation, and

finally finishing the equipment (assembly, paintwork).

ks part of a study dealing with capital equipment in general, UNIDO has identified
the various manufacturing processes and the level of technical complexity necessary
for the manufacture of approximately 400 capital goosds, of which about 60 are
agricultural equipment, using the technology existing in developed countries.g/
A detailed list of these items of equipment is given in the appendices to this
document. Attention will be drawn to the importance of the role of the traditional
industrial infrastructure (heavy industry, foundry), the complexity of the necessary
machining operations such as pneumatic tyres or the need for recourse to foreign com-

ponents,

2/ First global study on the capital goods inuustry: strategies for development
ID/WG 342/3
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The existence of mastery of these manufacturing means is often either unattain-
able or undesirable due to the cost and the small scale of pctential markets. For
example, smelting and heavy forging with heavy, expensive equipment (fuel ¢il stove,
drop-forging presses, etc.) are inflexible techniques which are only of value when
you have large series which permit the amortization of the wooden foundry template.
or foundry dies. The hand forge with a benrding moula is very rigid in use and needs

large stoves because the bellows forge is not sufficient.

Thus the foundry and heavy forging should generally be avoided for the preparation
of base mechamical parts Instead techniques of cutting and welding to make chassis,

frames and blanks for mechanical parts should be selected.

A second important aspect consists of reducing machining which requires costly
equipment and a long apprenticeship for the work force. To allow for this, special

techniques have been developed for the production of "as welded" ball races. still
directly usable for bearings and bushings, the simplification of the production

of axle sleeves, bearings, etc.

4.2 Choice of techniques as an instrument for training of users

The choice of the level of complexity of productior. lines which must form the
first phase in the motorization of agriculture is not a merely technical choice:
It should permit the peasants to become acquainted with the use of agricultural
machinery and must raise the bzsic lcvel of their technical knowledge. From this
viewpoint, animal-draught cultivation, whenever practical, e.g., where there is no

sleeping sickness, constitutes a very interesting educational phase.

At the first level of complexity, should it be possible to easily observe the
kinematic chain involved in the automation, e.g., the transmission of movement from
the engine to the wheels, etc. Tractors with an enclosed chassis are particularly
unenlightening: nothing is seen of what is contained in the main body; only the
shafts of the control levers are visible (even the hydraulic jacks are incorporated
in the housing of the tractor. Therefore simplified tractors should be designed
preferably on the basis of a chassis plate carrying the mechanical parts on the
outside and connected by visible belts, chains and shafts to permit immediate

identification of the level at which a malfunction occurs. 1In the same vein,
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transmission by friction discs and belts which do not need a hermetic oil sump

will be more easy to study than chain transmission with gears.

Eliminating electrical and hydraulic circuits (e.g., lifting) and replacing
them with mechanical systems (e.g.a lifting winch and manual starting) would alsoc
aid understanding of machines. It is easy to change a cable or a broken winch,
whereas work on hvdraulic circuits is difficult. Fully hydraulic machinery of the
TINKABI type could also be offered. The ideal would be to arrive at equipment which

is so simple that it can be maintained and built by the peasant cowmunity.

A modular, non-integrated design is preferable for the first stage of mechani-
zation. Each sub-unit is separate and could be made visible on the chassis by a
separate block; in the event of break-down each module could be rapidly inter-

changed to red.ce the time during which it is out of service.

4,3 Self-sufficiency for the user

A breakdown occurs when a part is worn out or broken. In either case it must

be changed or a similar one must be made locally.

Therefore as far as possible the use of parts whose after sales service is not
assured locally must be avoided. If this is not possible, more reliable types should
be used to reduce the risk of damage or the risk must be transferred to wezker parts

which are easier to find or make.

Automobile firms are among those which have the best after sales service in
developing countries, Therefore sub-units (progonal recovered parts, which are

much less expensive) from private cars could be used.

Another suggestion would be to voluntary limit the batch of tools required to
maincain the machinery. For example, at the design stage beits can be kept to one
or two sizes (e.g. 12 mm or 14 mm diameter). A console attached by 6 8 mm screws
will hold just as well with 4 12 mm screws, It is advantageous to limit the set
of taps, spanners, dies, drills and stocks of bolts required by the artisan
repairer, e.g., hexagonal socket heads or split head screws should be eliminated

because Allen keys and other screwdrivers in good condition are very rare in rural
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workshops. A larze tool box couid be attached to the chassis of equipment and be
delivered equipped with the necessary tools, including a grease pump and can.

If possible, flat belts, sold by the meter in any good ironmongery, stould be used,
rather than trapezoidal belts. All these prcposals are designed to aliow the peasant

or local artisan to take care of all running maintenaace.

The dispute between advocates of petrol engines and those of robust but complex
diesel engines is not over. The diesel solution has the advantage ~f being cheaper

to operate.

Naturally the machines will be designed to be adaptable to local conditions.
bearing in mind the variety of work to be berformed, its specificity, the local
climate, the state of the tracks, etc. It is therefore necessary to studv zare-
fully the work to be undertaken and then to run on-site tests and carry out
successive modifications on the proposed equipment; perfecting prototypes is una-

voidable, lengthy and difficult.

4,4 Concrete examples

To illustrate the preceding analysis, a brief description follcws of the
tests conducted by CINAM on the Ivory Coast and in France cn simp:ified tractors
for mountain agriculrure. It is obvious that this limited erperience mist not be
generalized too widely. However, it offers scme background to the prececing

discussion.

a. The Pangolin tractor (Ivory Coast)

The Pangolin tractor is a caterpillar, 1.4 m wide, 2 m long, weighing 1,200 kg.
1t is intended for plantation work, principally for the transport of coffee
or cocoa from the field to the village. It can tow a load of 800 to 10C0 kg. Its
design after seven or eight intermediary prototypes is such that no locally turned
or milled part is used. It can be built in a level 4 workshop. The engine,
gearbox and whezels are imported. All the rest is manufactured locally and represents

approximately half the value of the machine.

A small-scale nanufacturing system with three or four rural craftsmen and a
central workshop novw being built at Guiberoua, near Gagnoa, is being studied within
the framework of the large ivory Coast rural mechanization project. One of the aims

of this proje:t is to ensure that a manufacturing system can be self-financed and
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to resolve probiems of day-to—day maintenance of the agricultural equipment of the
region, as a result of the more lucrative marufacturing activities which coamplete

its plan of action.

It is too early to draw conclusions from this case because the central work-
shop has not yet been completed. The Pangolin project started in 1982 but this delay
is due to the lack of fixad imstitutional protection: three different miunistries
have followed the development of the machine over the course of the years. The
problems encountered are the lack of confidence in endogenous solutions and the
financial impossibility of piloting the project by groups of the peasants concerned.
Those interested have no money, and the managers of state resources are mot directly

involved in the promotion of this equipment.

b. he Ye.i tractor (France)

During an enquiry conducted by CINAM during the spring of 1981 in the
mountainous regions of France, the gaps in the equipment ranges covered by industrial
companies (German, Austrian and Swiss) rapidly became apparent. These companies
offerad complex equipment which was very expensive and not suitable for multi-purpose

application.

This enquiry resulted in an assembly of a group of people including mountain
peasants, university researchers, and local artisans, all of whom were extremely
interested in the idea of a more simple item of equipment which would be less ex-
pensive but would still meet the reeds of the wide range of activities involved
(e.g. artisan work, agriculture, independent censtruction of buildings, transporting
of firewood). Financing was provided by a state research agency. In less than 18
months, afte. three generations of prototypes, the Yeti mountain tractor is practi-

cally ready, and production of the pilot series has commenced.

The Yeti is a caterpillar, 1.6 m wide and 2 m long, weighing 1,200 kg, with
0.5 m wide rubber clamp bands, gound clearance or 24 m gpace and an overall height
of 1.7 m. The ground pressure of 100 g/2 cm (one third of a humar pace) aliiows it
to travel over packed snow. The Yeti is capable of moving up slopes with an angle

of up to 60 percent, in all directions and continuously.

The kinematic chain of the Yeti is similar to that of the Pangolin: a friction

roller is sandwiched between three sets of wheels placed around it. The roller is thus
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self-centred. It turns in a direction opposite tc that of the chain-pulleys, which
are thus all drive parts. At the rear, two sets of wheels keep the semi-crawlers
in contact by a friction effect against the chain-pulleys. The engine-gear box
unit activates the two friction rollurs - right and left - which can be braked
individually to steer the caterpil’ar (this blocks the right crawler on the left,

so that the di{ferential makes the unlocked track turn at twice the speed).

The power package may be a 18 ho or 27 hp unit similar to the one used in
pasaenger cars. But it is better to adapt a 17 to 26 hp diesel engine to the
gearbox of 27 hp unit. Spare parts for the gearbox can be found everywhere for
these. The rollers are marufactured on the spot. The cab of the Yeti is reversible.
In the reversed position, the power take-off hitch becomes frontal to start up a
2 m cutting unit, a windrower, a manure-fork (150 kg power), a small lumber con-

veying winch, a snow plough attachment, a minibull plate, etc.

In its normal position the Yeti tows an 800 kg trailer, a 400 kg '"landes-type"
trailer, 1 m wide, a 10-inch plough sand all-tined implements and a ski-track tracer
(1 trace). The three-point raising and the power take-off hitch are of the standard

category 1.

The turn-key price of the (1982) Yeti diesel version is FF 42,000 ($US 6000).

This is half the price of a small imported mountain tractor.

A network in Chartreuse massif in the Northern Alps is the most advanced. Two
craftsmen who already have a level 4 workshop have specialized: one in the manu-
facture of the crawler the other in the production of the chassis. At present,
there is a definite tendency for peasant clients to manufacture the rest of the
units and fit out and paint their own tractors. Some artisans wish to install
completed Yetis for clients who would like to acquire turn--key machines. No
commercial agent is foreseen. CINAM supplies a kit including an assembled engine-
box, wheels and some accessories such as bronze bushes and master brake cylinders.
The client pays a roralty which allows repayment of the ANVAR loans and covers
further expenses. This entitles him to the plans and the loan of a batch of
assembly jigs. Training sessions are organized for clients wishing to build thelr
own Yetis. A smaller tractor, the Mouflon, is teing studied by CEEMAT for a
mechanization project in the mountains of 1'Ile de la Reunion. Local self-building

is planned.
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The Yetl project seems to confirm that proposals for the chosen modified
technology and the possibilities of the level 4 workshop making use of technical
short-cuts are well-founded. The project would appear to be completely transfer-

able to the Third World.

5. A propesal for action

A stock of manufacturing plans for agricultural equipment which can be manu-
factured in rural parts of Africa should be accumulated. Our objective in this
document is to link the problems of design directly to the characteristics of
local manufacturing structures and the equipment used, in particular those of a
type of level 4 manufacturing workshop, described above. Often, for small and
medium-sized manufacturing enterprises, the first problem posed is simply
"knowing what to do", that is, choosing eguipment suitable for the priority re-

quirements of the rural world.
Further to this objective, files could be maintained of manufacturing
drawings, with sufficient details, of useful rural equipment not by industrial

manufactures in order to avoid competition already produced.

These drawings would be workshops/manufacturing systems which either exist

already in the country or which could be set up in areas where they do not exist,

The main features of thz programme for action are:

(1) A preliminary enquiry

An enquiry would be conducted in a country, sub-region and/or homogenous
ecological zone (forest zone) in order to identify various gaps in specific
equipment not catered for, or poorly catered for, by the industrialised
countries, which could be manufactured locally to meet several priority

requirements of the rural populations

(2) A study of the identified equipment with prototypes and tests

(3) An elaboration of complete manufacturing files (detailed drawings)

after the final modifications
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(5) Distribution of files, with or without collection of royalties

Tt s anticipated that this programme of action will remove the obstacle
of "not knowing what to do and how to do it" and enable States without the manpower )
or the capital to develop new equipment and thereby enter a development phase
permitting them to produce their cwn agricultural or rural tools and equipment.
The ideal would be to have teams of local engineers working together on the

prototype. They could later continue to diversify the research.
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Technical Annex

The nature and complexity of technical operations

for the manufacturing of capital gocds,

in particular agricultural machinery

UNIDC has been developing since 1979 a method for analysing
technological complexity in the manufacturing of capital gocds. Within
a global sample of about LOO products, more than 60 agricultural machines
have been identified and analysed. One immediate interest of this work
is to characterize the manufacturing process for each of these equipment
on the basis of 88 parameters, each of them having € possible levels of

complexity.

Diagram No. 1(A) indicates the nature ¢! these paramecters which
either belong to the central unit of production, or to the basic industrial
facilities (e.g. foundry) or are components purchased from external
suppliers. The foliowing pages (B) provide the definitions of the levels

of complexity for each of these parameters.

Lastly, part C of this annex provides the "Technological manufacturing
prorile” for ~arh agricultural machinery belonging to the sample, a so-called
"elassical’ profile since the process(es) descrived are those currently
us:nt in industrialized countries. One may notice that some choices are
of 'noin the technological complexity level (symbol 2/3 for exampl:), while

symtol (3) means that both levels are required.
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Diagram No. 1

Assemblies and Sub-Assemblies of the Techno-economic Factors

ir the Structure of the Production of Capital GOOdS

Bitecunica

INFRASTRUCTURE ———————

9 Stress relief, amealing, norsalizing,
atc.

10 Heat treatwmmt

1t MNetallic coatings, acouring, atc.

12 Tool sssafecture and zaintanance

1} Die-making for cold stemp:rg

14 Netsl soulds, dles, eil aoulds

}
W

i e el

— 15 desmfacture of jigs, templates,
ad the like
51 Semi-flnished products 16 Light hoiiersaking services,
plating to 1/ (G.5 incn)
I Casting of irom (comemntiomal) 17 Eediuws boilermaking services,
2 Casting of stesl (comvemtianal) plating to 1™ (1 inch)
} Casting of msem-{errous sstals 18 Seavy boilerwmking services,
(comvemtionai) - plating to 1 i/4® {31.7 mm)
4 Castizg asd forgiang of strute~ 19 Sesmfactzre of gumrs cr gear-cutting
gic suterial alowse
5 Castizcg: presesre, cemtrifegal 20 Special machining, high-precision
ad the like vl starxisrd
§ Casting, others: micrefumom, Z1 Special spchining, sedivm = semi-
sheli aod chill assiding, etc. hoavy
7 Hasmar forging 22 3Special sschining, heavy
8  Stamping 2) Cold stamping

———— - - e ———— e e e et st a2

A

CENTRAL UNIT_ OF PRODUCTION:

a Product axl Prodmction eait A2 Meaca of production
1 Catting of sll types
T Industrial sise Polding, bending, rolling, ate.” a3
Tt Jaristy of typem 3 Cold deformatiom ol wire and
1tripe

& 7ariety of sedels 4 Riveting, threeading, upeetting

3 Sert {cold)
: e S C coOMPONENTS

{cold) 3
i C Zomponents
4 Jireet hours T Welding of 11l types i
P 3 Temmiag: norisoatal, i iypes .
; . 1 Machanical: stavle, of me >r
3 fnow-how 7 Turaing: with tws or 20re fow parta T
. . chracks 2 Mechanical: :caposite, zedius
~atoratories 10 twming: vertical sd platean comploxaty wd nxnﬂ'
1 T™arating: w:cflul, globoid, } Mechanicsl: - site, high
dressing, etc. c lannt or weirght
¥ laseably 12 Planes: “wriscstal, vertical, 4 nz.uxc’ @
bench-type, cutting ! S Paousatic
i} Broachiong 6 Por vacuum circuits
4 Wlling 7 3lectrical: far coatrol sir-
15 Drills asd socrew—cwitiag cuits
sachinas (chip-remowsl) 8 Blectrical: for jower circuitls
16 Bromohiog mezhines (sll tydes) 9 Electrmic
17 Cear-outting sschines ‘ 10 Zeasuring: linear, engular ind
18 Crinders (sll types) f " plane * '
19 Juperfinishiog sachines and 11 Labricaticn
ather operatiag by abrasion 12 Coaling, with water or liquid
20 Electric-erveion ssckines, circuiasion
laser apparatus sgd other "] 13 Refrigeration :ndustry
nigh-tectmology equipment i (ormluding ~oepressors}
21 User-built eachinery 14 Steem wd sasss, corTONive
22 Asseably sschinery and non-corrosive
2} Hachine-tools, combined: 15 [netrusents for tis msecsurs-
cutting/non—cutting sent of tesperaturs, flow-rate,
4  NMackime—tools: ether ahip— sreseure, humid’‘y, eleotri:a.
reseval valnes, and the like
75 Machines for wes in semwlac-- 16 Iptical
turiag electrieo mstors 17 Branch-sepecific cosponents
26 Machines for mse with plastics, ..tunam !
rabler wd similar saterials 18 Oranch-speci’lc cowponents,
21 3oouring, cleamsiag, ¢sgreasins non-estallic
squipment and the like
8 laiating squipeest
) Parmaces vl iryiag spparstus
¥ Qquality control

L —1

EINAL PRODUCT

|
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3A, . TIOWNICAL DEFINITIC OF THY SIX LEYELS OF COMPLEX(TY EOR Tik 9 FACTO

II
ITI

v

Vi

11

ITI

Iv

Vi

OF T!5 uLOCK "PROBUCTS AND PRODUCTION Giliir

Product weicht and manufacture

~ Light to medium industry

— Medium-sizad industry

— Hedium-sized heavy industry
~ Beavy industry

— Ultra-heavy industry

- Highest precision industry for micromechanics, fine opiometiry,
microelectro-uechanics, etc.

-Hours of Ymou-how

- Up to 1 hour of KH/1,000 dollars of CG
— From 1.1 to 2 hours of KB/1,000 dollars of CG
From 2.1 to 4 hours of KH/1,000 dollars of CG
- From 4.1 to 7 hours of K¥H/1,000 dollars of CG
From 7.1 to 10 hours of KH/1,000 dollars of CG
Over 10 hours of KH/1,0CO dollars of CG

{

|

Laboratozz

~ Metrology, weighis, electrics, materials resistance, simple stalic
and dynamic testing (e.g. fatigue testing) ol parts, chemical
analysis of materials, and the like

-~ Dynamic testing of mechanical, fluid-dynanmic, thermodynsmuic,
electrical «nd other forms of performance for machirery, equipmont
and their components of up to intermediazte size and complexity;
fallure and deformation testing of finished products wader stalic
and dynanic load

-~ As under IT, tut for catalogue-listed machinery and equipient of
intermediatc weight and/or complexity .

- Hydraulics laloratories: nydrodynamic basin:, nodz2ls of dams,
channels, hydraulic machinery, etc.; convenlional subsonic acro--
dynamic laboratories

- Electrical laboratories for work with high and very high voltisc,
and the like; other advonced testing, as undar IT aud 17, Tor
heavy mochinery end cquipaent, both catalogie-disteldl wad speei 1t
produced

-~ Superconic wind tunnels; advimced cimalator:; testin: of high
technology coronculicn),y merine; sprne, civil-engioerines and

military ciuipnent
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Direct hours ner ton

— Less than 200 dircci hours/ton of product
— Belween 200 and 400

- Between 4CO and 800

- Between 809 and 1,600

~ Between 1,600 and 3,200

- Over 3,200

Number of tyves

~Up to 3

- From 4 to 15

— From 16 to 50
— From 51 to 250
~ From 251 to 500
- More than 500

Variety of models

- Up to 3

—~ From 4 to 7
~ From 8 10 15
- From 16 to 31
~ From 32 tc 63
— More than &4

Manufacturing series

-~ Continuous very high series
~ From 1,000 to 500

- From €00 to 100

- Up to 1-3 per month

~ Repetitive wnit mamuifacture

- Specia) (non-repetitive) unit manufacture

Assembly

- CC of very limited complexity and weight, delivercd to the user
or scller ready for use, a2ll that is required being to read the
parsfacturer's instructions, which usually accompany the product;
includes 211 cases of storable capital goods
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CG requiring a highly mechanized aszembly line Ted by euxiliary
assembly lires for groups and subdsystens; apvlies to sophisticated
products of medium and semi-heavy weight produced in & coniinueous
series, such as trucks, rcad-building machinen, ctc.

CG delivercd partizlly ascembled to the user, with final =2s
and geometric, dynamic and per;ornancc testing conducled at the
customer's plan with the assistance of assembly persormnel prOVId“d

by the CG manufacturer; examplcs arc machinery incorporating larg

and/or complex basic siructures, for whose installation the knodm
how and guidarce are made uV@llable by the menufacturer

Cases where an assembly mason is needed to mount the capital goods,

the labour being provided by the maker (these being svecialists).
g P N £ ST

This complication beccmes more difficult when:

The capital goods require specialists from the constructing firm
as well as other workers for the aszenbly and construction of the

-aporopriate infrastructure and/or additional persommel. This

arises in cases of large-scale operations or installations

The ultimate degrece of difficulty is reached in cases of highly

cotiplex and very special capital goods for which the maker needs

a vhole organization capable of transferring a great deal of
ymow-hou by means of courses, simulated operatiors, practical work
under instructors, etc. (For instence, for aircraft, ships, etc.).

Size of enterprise

t

]

From 50 to 100 persens employed
From 101 to 250

From 251 to 500

From 501 to 1,000

From 1,000 to 3,000

Over 3,000 persons employed
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TECENTCAL DIWITIITION OF THE S5IXN 15YVELS OF COMPLEXITY FOR THY 30 FACTORS

OF Th= RBLOCK "¥=adS OF PROTUCTICH

1« For all the factors of block A2,»cxcept the quality control, the
six lcvels of complexity.are characterized by the following general
definiticns:

I - Machinery, eguipment or installations with universal operating

cycles and fully manual or almost fully manual operation; common,
conventional technology of limited precision

ITI - Yachinery, egquipment or installations of advanced universal
design and/or high precision
ITI - Machinery, equipment or installations with semi-automatic per-
formance cycles

IV - Catalogue-listed machinery, equipment or installations with
antomatic performance cycles and fixed, rigid working programmes

V - Automatic cycles with flexible programming of every type: _ )
numerical control, computerized numerical control and the like;
pachining centers o

VI -~ Special custom-designed machinery or installations (not listed
in the catalogues) for one or more special operations, such as
stationacy trensfer machines and the like

2. For the quality control the definition of the six levels of complexity

are the following:

I - Pressure, static load,; dynamic equilibrium, welding, etc.
I1 -~ Ceometric testing according to standards
III - Dynamic operational testing, with or without standards, not
involving the use of a special test siand
. IV ~ Use of special test stands for series-produced products
V - Use of test stands for non-series-"roduced and/or heavy products

VI - Highly specialized testing (usually performed to order) of
- complex equipument : :
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TECITICAYL, ISVRIITION OF Tilm SII LEVELS OF COMPLEAITY FOR TiE 3 FACTONS
OF TI% BLbCK "SEUY P ITISHYD PROTGCTS!

Yron castings, conventionzl pvrocesses : i

-~ Elementary, primary, craft activity, without standards.
Mainly manual operations. Cupola furnaces

~ To standards. Ordinary grey and white iron. Limited weights.
Mechanical moulding for smaller parts. Value of r always less
than 30 kg/mmZ. Electric furnaces occasionally used

~ Malleable, nodular casi iron alloyed with Mn, Cr, Ni and other
clements. Complex parts. Semi-mechanized casting. Control of
earth and sands. Very thin walls, microporosity, etc.

— Special z2lloys. Rather wmusual cases, Very large paris.
Very strict quali.y control. Automatic installations

Steel .castirg, convention2l vrocesses

. . |
—~ Elementary, no standards. Manual operations : ‘

- To standards. Carbon steels. Up to parts of medium weight
and complexity

— Special steels with Cr, Ni, Mo, Mn and other 2lloying additions.
Semi-mechanized casting. Complex parts, heavy

— Speci2l alloys. Large parts. Automatic installations. High
level of quality control

— Highly complex or large and very large parts for military
- applications, highly specialized. Special alloys

Casting of non-ferrous metals, conventional orocesses

- Ordinary aluminium, bronze and brass castings, no standards.
Mznual operation

- Small and medium-sized parts. To standards. Bronze, brass and
Al, Mg, Zn alloys with low and medium-level mechanical properties.
Semi-mechanized operation. Partial quality control

- Bronze, brass and Al, Mg, Zn and other alloys with high-grace
mechanical properties. Up to heavy parts. Systematic quality
control

- Very heavy parts (for example, large propellers). Special non-
strategic alloys. Automatic installations

__d
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4, Castine @:d formins of siratesic moteria s: all nrocesscs

v — Siall paris for asronautical enzineering, turbines, piston
engines for aeronautics, space travel, satellites. Specieal
mechanical properties. Very sirict quality control. Hilitary,
naval, land end air applications, including rockets

VI — As V with mediun-cized pieces as maximum. Very special mecha-
nical properties

5 Pressure end centrifusal castinz, etc.

I = Zamak, aluminiur and other non-ferrous metals. No standards.
Simple and manuzl ecuipment

II ~ For ferrous and non-ferrous metals, to standards. Smzall and
nediun-sized parts. Semi-zutomatic ecuinasnt. Normal quality
and complexity. Semi-automatic equipment

ITY — For ferrous and non-ferrous metals. To standards. Un to-large
and complex parts. High-level quality conirol. GCood mechanical
properties

v ~ For ferrous and non-ferrous metzls. Special cases with regard

to shape, resistance of materials and size. Sirict quality
control. Highly automated installations -

6. Other cesting processes: microfusion, shell moulding, chill

mouldinz, vacuum casting, etc,

11X - Simple cases for shell moulding and chill mouléding. . To standerds.
- Simple equipment. FPFerrous and non-ferrous metals. Limited level
of mechanical vroverties ’

I1T - Almost 211 processes for ferrous and non-ferrous metals.
Medium-sized parts, Strict quality control. Semi-automatic
installations or equipment. High degree of complexity.

Thin walls

wl - Special cases. Very complex or heavy parts or parts with high
mechanical resistance.' Meximum quality. Automatic equipment.
For ferrous and non-ferrous metals :

7. Hamrer forzing

Light parts. Manual operations. Simple shapes., No standards

I -
IT - To standards. Up to medium-weight parts. Limited guarantees
II1 -~ Semi-heavy and heavy parts. Guarantees and standards
Iv - Special cases, Ultra-heavy parts. Strict qualify control.
High mechanical resistance
v - Incorporated in 4-V
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LD T

DAVTLITIGE OF THE STX IWYELS oW 0 TIT 1 FAUIIO

-

II

I1I

v’

2

I1

IIT .

IV

3.

IT

III

Iv

OF THZ 3LOCK “TTCHRICAL SIRIVICHES PROVIDED 5Y THIRD PARTINSY

Stress relief and znnealinz

— With simple installations and limitied
linited size, Partial guarantecs

1211ty centrol. Paris of

r

— To standards. Guarsniees. Up to semi-heavy pa*ts,
walls. Controlled “tmosphD“ Conventional instaliz

- Up to semi-heavy amnd heavy parts. Sirict quzlity control.
Thick walls. Antomatic installations. Laboratery

Conolcr automatic installa-—-

- Ultra-hcavy parts. Special ceses.
earch and development laboratory

tions. Special processes. Res

Hz2at {reaiment

~ Flementary installatiors. Limited weight and quality conirol.
Normal materials. Mo standards

- To stendards. Hardening, case hardening, teape
lizing. - Moderate complexrity. Conventionzl ins

i
- The foregoing processes for an extended range of stecls.
Larzer paris and heavier weights, up to mediwa. Witriding,
carbo-nitriding and similar processes Seni-zutomatic. equipment.,
Correct quality controls. Guarcnucan. Lzboratory

- Special requirements and a2dvanced technology. Strict qualiiy
control. Complex automatic installations. Heavy parts
Research and development laboratory

Surface netal devnosits, etc. .

- Semi-crafi-~type installations. No quality control

- To standerds. Irregular quality control. Nickel-plating,
chromiun-plating, cadmium-plating, zinc-plating, phosphating,
tin—plating, etc. Samall and standard parts. Hon-auiomatic
installations

- Medium-sized parts. WNormal quality controla. Laboraiory.
Surface depositis by powder metallurgy methods. Hard porous
chromium. Other processes. Seni-cutonatic inctallations

~ Special requireients., Automatic and prosrammable installations,
etc. Large parts. All advanced technological processes.
Strict quality control. Research and development
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II

ITI

Iv

6.

I

11
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v

Yanulactiure ond naintennnce of tools

izple tools. HMNonufaciure of simple tools.
v.

— Faintenance of s
1t Liaited know—-how

Irreguler cquali

- Maintenance of tools of medium complexily. Precision expressed
in 1/100 rm, kKediue size. Eanufacture of cuttirg and sheping
tools 2nd simple dies for extrusion, etc. Irrceul- -~ quality.
Cenventional equibment. Limited guarantees. Some stendaids

— Meintocnance of complex tools including broaches, gezr—cutter.,
milling cutters, etc. for tolerances up to ISO 6 and 7.
Manufaciure of muliiple or compound tools and special.tools of
medium complexity. Guarantees. Standards. Hetrology laboratory.
¥ ot including series production of iools -

- Maintenance of highly conblex and/or special tools for metal axnd
voodcuiting etc. Large size. In small dizensions for tolerances
up to ISO 5 and 6. Simple drills for wells, etc.; maintenance.
Maonufacture only of special tools of medium complexity (excluding
large—scale series production). Stendzrds, guarantees, metrology
laboratory. Sma2ll-sczle R and D -

— A1l complex svecial cases for all applications in mzintemance
and manufacture. Hainterance of tools for well-drilling, inclu-
ding oil wells, and mining. R and D | .

Construction of dies for cold stemoing

— Crafis-type construction with simple equipment. Limited quality.
Small parts )

— Moderately equipped workshops. Parts of standard dimensicns and
medium complexity. Limited durability. Irregular guarantee and
qualivy

— Workshops with good but incomplete eguipment. Up to parts of
medium size. High cooplexiiy in sm2ll parts. Precision. Guarzniee,
Durability. Simple progressive dies. Includes own know-how

— Workshops with complete and high-qualitly ecunipment. Precision,
guarantee, productivitly, durability. High complexity, progressive
ana miltiple dies, etc. MNWicro-stemping. Large parts. Speciczl
cases. Relevant own kaow-how. Laboratory

Construction nf moulds, stamoing dies, chill moulds, etc., for metals

— Low quality. Wide tolerances. Sm2ll workshops with.:tandard
equipment. Simple parts of limited weight. No guarantee

— Medium-size workzhoons with varied standard equipment. Irresuler
guarantees and cvality. Yp to parts of medium size. Semi—complex
shaves (depth, walls, ridges, etc.) '




Iv

7.
IT

I11

IV

IT1

— Hell ecuipned workshops for barts of up to semi-heavy weight,
Considerzivle desrce of own 'mow-howe Normal guerantees, pre-
cision and durability. Systematic quality conirol. Complex
shapes

~ Very well cquipped workshops. Up to large 2nd complex parts.
Special requirements. Relevani know-how. EKigh level of guarantioco,
durzbility and orecision. Solutions for large series. Quality
control and other laboratories B

- Specific solutions for naval, land and air armaments. Civil
aviation, turbines, piston engines. R and D laboratories

Construction of jiss, temnlates, etc.

- Limited own kicw-how. Design by third parties. Yorkshops with
standard and inconplcte equinment. Moderate complexity. Preci-
sion expressed in 1/100 mm., Partial guerantees

- Highly developed ovm know-how, Design by third parties. Work-
shops with good bu* incomplete egquipment. Air condiiioninsz.
Precision expresced in 1/1,000 mam. for sm2ll parts. Guarantees.
Quality. Highly devcloped nmetrolozy. Up to medium-sizeé paris

- Workshops with complete and esdvenced equipment. Large scale
parts. Specizal and couplete solutions for larze series, Advanced
know-how. Guaraniees. Laboraiory. Very high precision

Lisht boilermakinz services, vlate un to 1/_"

~ Semi-crafts-type workshops. Standard equipmenti. Limited preci-
sion. Decign work by third parties. Low commlexity. Convetionzal
welding

- Hell equipped workshops. Partial guarantees. Standards. Owm
designs and decign work by third parties. Normal precision.
Profiles and structures us to complex level. Mamuzl er seai-
automatic operation. Verious types of welding

~ Werkshops with complete and advanced equipment. Gaarantee,
standarda, quality controls. ©Own designs and design work by
third parties. Compnlex and precision operations. Machines
automated and/or with programming. Stainless steel. Special
welding for various neterials. Complex cascs with strict quality
control including prescure and similar tests

Semi-heavy end mediun boiler-mekinm services, nlate uo to 1"

~ Small workshops with cinple, incomplete equipment. Elementary
quality control. Linited complexity. Design work by third
parties. Conventional welding. Yo standards
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cllchl .nd conplcz struc.ure Deslgn vork by
ics. Standards. Partial guarantccs. Some simple
ion. Afdecuzie cuality end precision

Coniczal, sp
third part:
mechrnizat

— Horlkshovs with complete ecuipment. Technological advenced

operating stations. High degree of complexity. Strict quality
control including welds. Guarantees. Standards. Design vork
by third pariies ’

Heavy boller—raldns services, plate uo to 1 1/ "

— Mediun-sized workshops with incomplete, conventional equipment.

Partial general dqualiiy control, including welding. Adequate
hoisting gear. Manual weldinz and semi-auiomatic welding sets.
Medium complexity. Plate up to 2" and related sectlons. Some

stendards. Design work by third parties

Yell equipped worksheps with some advanced machines. Standards.
Correct quality control, including welding. OGCuarantees, High
degree of complexiiy. Conical, spherical parts, etc. Desizn
vork by third periies 2nd own know-how. Plate up to 4" and
related sections. Adequaie hoisting and materials handling gear.
Machining limited to flanges, drilling and taoping

Very well egquipped vorkshops. High guality. tandards. Guaran-
tees. High degree of complexity. Pressure and other tests.
Conical and soherical parts. VYarious maierizls. Design work Ty
third parties &nd own know-how. Machining limited to flanges,
some flat work, drilling and tapping

Hanuflacture of gear-wheels or gear-cutting alone

— VWorkshops with conventionzl, universal eguipment. Parts up to

nediun size, Quality cless IV, Standerd shapes. Mo guarantees

Medium-sized holk shobse. Quality class ITI. Parts up to medium
size. Cylindrical, conical, straight end helicoidal. Simple
corrcctions

- Well equipped workshops. Quality classes II and I. Great

variety of tooth shapes and corrections. Excluding more complex
shapes, Guarentees. Up to medium size. Strict control. For
large sizes up to 5 m in diameter, Classes IV and IIX

Very well couipped workshop. Advanced metrology. £All the most
complex shapes, corrections and sizes (excluding super-heavy gear
wheels). Special surface treatment and materials of highest
resisvance '
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. III
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Iv

Special nzchining, fine and standa
- Autometic turnin; of siandard complexity, vrecisi
) & Jr o2

Grinding, flaring, milling services etc.

(7“1 l?jn:r

- Screw cuttinz, Deep hole ling,
Internal and extern

Haximum quality ISO

—~ The sonre sarvices as
Well equipped workshops, air conditioning,
Machining centre scrvices

on and size,.

in IT tut with rmaximum quality IS0 4 and 5.
advanced mf»rolorv

Mediwna ~nd scmi-heavy specizl machining

- Complex aulomatic twring, Doep hole drilling., lHoning, grinding,
milling, broaching, jig toring. Large flat surfaces, sliotiing,
etc. Standard cuality. Adequzte metrology. Incompletle guaren—
tees

~ Jig boring services ctc. (a5 IT) 2t 2 level of greater precision
up to clazsses IS0 6 =nd 7. Complex sh apes Materials of good
mechanical resisiance. Adequate metrolosy CGuarantees

- Specizl cases, very complex chapes.

Materials of hignh mechanical

resistences Up 1o precision of class ISO 5., Construciion of
special tools for ire operation of the service. Grinding of
threads, racke, spherical perts, e®ce Cuarzniees. High grade
netrolosy. Alr conditioning

Svecial heavy machining

- Vertical a2nd horizontal tummi

’ LAY
Standard end precision fLarl ¥ macbincs. Large 1
P é
Up to 25 tornes. Cast iron, sieel and boiler-—nmeaking.
quality., Adequate gueraniecs. Appropriate meirology

- Same &5 III but
city of machines (up to 50 tonnes) =nd 1
for sub-asscemblies. Simple test benches.
Good quality. Guarantees. Siandards

- Very well equipped workshop with capacity
Special and complex cases, with test bench.
control.
{ees. Standards

Stainlens steel and other specizl materials,

per—finishing.

12t partis.
Standard

workshoo better eculpp ed in variety end cepa-
precisicn.
Advanced metrolozy.

Single parts

above S0 tonnes.
Strict quality

Guaran-
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Cold stamning

- Crafis-iype workshops. Primitive quality conirol. Smzll and
simple parts. Small series. Converntional machinery

~ Medium and small workshops. Standard and medium--sized parts.
Linited complexity. For non-ferrous metals and normal steels.
Mediwn precision. Adequate quality control

- Well equipped workshops. Good quality. Complex progressive-
stamping. Deep drawing. Conventional or automatic machines.
For non-ferrous netals, normal steels, stzinless and other.
Possibly joining of stamped pieces. Guarantees. Tests

- High precision micro-stampinzg. Very large paris {for example,
lorry chassis). Frecision line stamping. Deep drawing of large
parts. High degree of complexity. Some assembly. Tests,
guarantees. .
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Stamninz, etc.

— Light parts of simple form. o standards

- To stendards. Yormal complexity of parts. Irregular quality.
Simple, conventional equipment )

- Multi-stage forging. Upsetiing. Extrusion, etc. Medium-weight
parts. Semi-zutomatic and automatic equipment for smaller parts.
Quality. Cuarantee. Haterials of moderate recistance

"~ Specizal requirements as tc shap2, alloys and complexity. Large

parts. Strict quality control. Automatic equipment, automated
installations. Other hot-farming technologies

— Incorporated in 4-V
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3C.  EXWINCL ISFTIOTTOY OR T STY O LAYRLS OF COUPLEXTTY FUR THE 18 PACTORS

OF THY RBLOCH "CONTTIITa"

1. iechanical: simple nzcnine comeonents consistinz of one or very

few parts

I -~ Screws, weshers, nuts, pins, rivets, flywhells, pulleys, levers,_
knobts, springs, ctc. Ferrous and non-ferrous. Accordirg to geo-—
metrical standards btut without the corresponding quality

11 — Grezt variety of shapes and sizes, wore complete than I.
keccording to geomsiric and quality stendards. Ferrous and non-
ferrous. Tempered and ground parts

TiI —~ Special cases with regard to shape, materiazls and resistance.
Tenpered. High precision, OGuarzntees. Laboratory. Own know-
how in some cases

vV — Components for acronautics, aircraft engines, satellites, rockets,
etc.. Strict quality contrel. Maximum guera tec. Research labo-
ratory. Special materials, <Creative capacity

2. Mechenical: compound machine components uo to medium complexity

and weizhi

I -- Couplings, de—couplers, vower limiters, gaskets, clutchesg, uni-
versal joints, cams, drums brakgu, levelling devices, supportis,
etc., With and without sitea ndard Limited size, power, variety,
performance aend quality

11 —~ Medium ard small workshops. Accordinz to geometrical and quality
standards. List I expanded as to variety, power, size, etc. up
to normal performence. Add to the list: sma2ll variators, simple
reducers of up to 25 metric horsepower, shock absorbers, etc.

ITY ~ Mediwn sized and larger workshops. High performance, standards,
guurunteev, quality control 1la ooruto;le s, testing stations,
Variety of nmodels and power. Complex variators, reducers, multi-
pliers, safety devices, simple ball-bearings up to 17 mm dia-
meter, etc. "Reference power about 50 metric horzepower

v ~ The same as ITI, but with a greater variety of iypes, models,
performeance, power, capacity and c~mplexity. High quality.
Testing stations. Creative capacity. Ball-bearings up to medium
size and for appropriate applications. R and D

\'f ~ Added to IV: greater variety of series manufactured ball-bearings.
' Srecial ball-bearings. Conponents for aeronautics and the land,
naval and air arms industry. Advanced R and D
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lechanical: compound mnchine comnonent up te heavy, complex and

special

-~ The seme list as 2.IIT in grezter size, vover, performance, ctc.
sy 1 ’ : t
Small series. Add: reducers, gear boxes, engular take—off devi-
ces, ctc. iledium-sized workshops with conventionzal and advinced
machines, Standard quality. Normal metrology. Partial guavan-
tees. Some standards. Power only fo-° reference oi the order of
~75-100 motiric hoursepower

—- Same 1ist as above, with greater guerantees, power, loed, size
and quality. Excluding ball-bearings. Power greater than 100
metric horsepover. Testing stations. Advanced metrology.
Inspection staiions

- Includes high-power equipment. One—off heavy manufacture. Special.

Special ball-bearings. Solutions for land and sea military equip--

ment, Advanced R and B

Hvdraulics

-~ Comporients for low-pressure circuits vp to 70 kg/cm2. Pumps,
motors, distributors, valves, cylinders, filters, tanks, clc.
Simple cquipment. Little variety of types and models. lYormal
quality arnd fuarentees

- Components for moderate pressure aad power. Varietly of tyves,
models, and power, though iimited. Performance tests. Guarantes
High qualiiy ’

— Componentis for high pressure up to 200 kg/cmz. Large cylinders.
Further mechenisns, fluid drive and variators, testing units,
dynanomcters; brakes end servo-brakes, snock zbsorters, accumu-—

"lators, motors, etc. Medium and high power, Hisgh degree of
complexity. OQuality. Guarantees. Testing laboratory., R and D

- Special comnonents. One-off or small series. Normzl military
applicaiions. Piston aireraft engires. Public vorks. High degr
of complexity, large dimensions. Testing stationse. Developed R
and D service

- Very special applications for civil and military aviation, land
and sea armaments, large public works and high-power machinery.
Very considerable level of testing stations and R and D

Pneumatics

~ Simple components, pistons, valves, distiributors. Little variely
as to povier, flow :nd characteristics. Limited guarantens

— Quality, gu-rontees, operating tests. Add: humidifiers, dosing
appliznces, antomatic valves, brakes, cluiches, accumulators,
filters, larg: pistons, engines, ctc.  Greater povier and varicty
than in IT

I
e

ce
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~ Scrvo--mechanigas, sutomatic mechznismse Special cases for micro-
mechonice.  Large--sczle our high-powsr cquipment. Laboratories.,
Rand D

— Very complex and large-scale applications. Components for civil
and militery aviation and lard and sca armeacnts

Por vocuun circuits

-~ Simple pumps, preparatory. Low pover. Accessories for wvacuum
circuits. Vacuumz up <o 103 mn Hg. Quality. Tests. Guarantees

~ Mediun and high capacity pumps. High vacuum of less than 10—3 mr
Hg. Complex accessories. For special industrial applications.
High quality. Guarantce. Tesis. Laboratory

Electzics: control ard monitoring

In this specizlity, more then in others, the same description
covers prouucts with very different degreces of reliabilitly and/or
perfortance. Thercfore, - to make it rossible to subdivide the equip-
ment into I 1o VI, there is no other ovtion to ceontinue by epplying
the gencral criteria already stated., Thzt is to szy that we begin
at level T with very elementoery products like buttons, keys, swiiches,
alarus, ctcs, without sirict or clearly definad siandards, passing
to meieriel for the aercnzutic and syace itravel industries for envi-
ronment t:ai demands hizrh relizbility of operation (for exemple,
tests agzirst ezplosionc) for the armaments industry, etc., all the
latter being divided between V and VI,

Flectrics: for vower circuits

The same general approach is adopted as in point 7. Here 2lsc
the calegories go from I to VI,

Electronics

- Vacuun and gas tubes, simple series, Semi-conductors (resistances
and capacitors). Printed circuits. R and D

- Vacuun ond gas—fjlled iubes. Semi-conductors (resistances, capa-
citors, active parts, etc.). Advanced R 2nd D

- Special meterial. Militery applications. MWMicro-miniaturization.
Very advanced R and D

Linear :nd aneualar measurencnt

— Mechenical appliances that con be incorporated in machines with
precision of 1/10 and 1/20 mm. Circular and lincar division
servicces
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IV — Appliances and instruments for mechenical wmeasuring, precisien
1/50 and 1/100 mm, capadle of being incorporzted in mochines.
Solex and similar epplimmces. Autoratic sauges. Prneumatic
measuring devices. Latoratory

V» — A1) types with visual read-out. Avtomatic positioners. NC aund
CNC. Opiical and optical-electric measurenent devices. Mor--
Poss and similar appliences. R and

11, Lubrication

I - Static elerments for greasing and oiling points. Pressure or
gravity types. Simple sezls, axial and rotary. Grease guns.
Spraycrs. Medium guality. Some standards

II - To stendards., Quality. Great varieiy of components, distributors,
dosing appliances, manual and mechanized punps, gauges, safely,
- .etc, Guarantees
IIT ~ Automatic lubrication circuits, small and medium power. hydro-
static and hydrodymamic versions. Constent temperature. Filters.
Laborzatory and tcsting station. High quality. Guarentees

Vv — For high-vover automatic circuits. Special cases. Progranmed
- N - o
pumps. Applications for aviation, aero-turbdines, gas and stean
turbines, nuclear energ etc. Hi quality. trict controls
b ? 3 H
tests, guareanices. R and D

12. Coolinz by means of circulatinz water or licuids

IT ~ Pumps, low-powver electric pumps for water; distribulion devices,
batchers, filters, levels, valves; radiators, cooling and settling
tanks; simple, manually-operated, average quality; some standards

"and partial guarantees '

III - For water, cooling liquid in metal-cuiting apvplications, and.other
liquids for machinery and equipment cooling systems; semi-automatic
systems with up to average flow capacity; safety features, testing,
guerantees and standards

v —~ As under IIT, but for azutomatic applications; corrosive liguids;
any flow-rate; magnetic cleaning devices; refrigeration plants;
quality, standards, guarantees; R and D

v ~ Special cases with ou without contanination; laboratories;
nuclear-energy, military, acronautical and similar applications;
advanced R 2nd D '

13. For the refrizeration incdustry (excludirz COmOTEeSssors)

IIX -~ Basic components of low power and/or flouw-rate; semi--autom=atic
applications; thermostats, valves, distribution devices, radiators,
etc,; quaiity, guarantees, basic standards




Iv

v

14.

-IT

ITI

Iv

<3

v

164

ITI

Iv

v

Vi

- 52 -

— Autonatic comporents; high complexity, precision, qu. lity;
sophisticated indusirizl applications; guarantecs ond laboraiory;
R and D

~ High power and special cases for civil applications; low and
ultra—-low temperatures; military applications; advanced R and D

For stoom and gases, whether dor not corrosive; any {temperature

~ Simple cases, low temperaturcs and pressures, non-corrosive mediz;
limited guarantceg, no standards

— Average temperatures, pressures and flow—rate5° seml-antomat‘c
applications; non-corrosive media; guarantees and siandards

Autonatic applicaticns; high pressures, temperatures and flow-
rates; corrosive mediz; guarantees, safety features, standards,
laborzatory

Very high pressures and/or temperatures; corrosive media; R and D

Applications in atomic power plants, military applications and
the like; advanced E and D

Temnerature, flow, vressure, hunidityv, electrical retering, etc.

~ Elementary irstrurents for licuids, gases znd electriciiy.
Little variety. Limited precision of reading. To standards.
Guarantees. Tests

~ Increase in veriety and precision -~ situation iniermediate
between elemeniary and advanced. Complex instrumenis. Standerds.
Cuarantees, Tests. Laboraiories

- High precision of readings. Compound and complex recording
instruments. Very large and small power. Specizal cases for
industry. Laboratory. Considerzble R and D

— Application for acronzutics, space travel, satellites, rocketry.
Military industry in general, Advanced R and D

Opntics

—~ Manufacture of simple apparatus, Normal lenses. Combination
with normal mechanical appliances

—- Optics combined with micro—eleciro-ncchanics. Precision reading
apparatus. Coated lenses. Optical asscmblies. Guarantees.
High quality. Laboratories

~ Optical cquipment for invisible radiation (Hertzian, infra-red,
ulira-violet, etc.). Host usual applicatiors. Advanced R and D.
Optics for visible radiation with micro-mechanics. High-preci-
sion and complex optics for cine cemeras, $till cameras, ctc.
Considerable R and D :

— Complex and specialized military'application. Advanced R and D
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Other very snocialized branch--smecific comvonents

These are found at all levels excent level I. The heading
includes only those componenis wiicn, althoush they may entail
the use of disciplines or techniques already mentioned wnder C
(from 1 to 16), are intended exclusively for vparticular brarnches
or families of products., Examples: A hydrzulic copying machine
designed by a firm specializing in hydraulic equipment (C.4) will
be clessified under C.17 because of the specific nature of the
component. Combs and other components for textile machinery,
ploughshares, etc,, are single—element components which arc not
classified under C.1 but under C.17 because they are used exclusi-
vely in a specific capital goods branch. .

Other, non-metallic, branch-srecific comaonents

These are fornd at 211 levels except level T. The list of
materials does not cover the entire specirum, but only those mate-
rials which are of greatest significance for the calculation of Ic;
namely: :

-~ Components of natural and synthetic rubber; {ires;

components of plastic, composiie materials, bzakelite

and the like
~ Conmponents of glass, crystal, plexiglass and the like

—~ Components produced using ceramics, rare earths, graphite,
insulating mica and the like,
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