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ODUCTION

The [nterregional Symposium on the Development of Metalworking Indus-
tries in Developing Countrics was held in Moscow from 7 September to 6 October
1966, under the sponsorship of the United Nations and the Government of the
Union of Soviet Gocialist epublics. Tho Symposium programme was set up
jointly by the Centre for Industrial Development of the Department of Eoonomic
and Social Affairs of the United Nations, and the State Committee for 3oience
and Tachnoloqy, the Ministry of Machine Tool Industry, and the Experimental
Seientific Research Institute for Maohine Tools (ENIMS), of the Union of
Joviet Jocialist Republics., Participants from 25 developing oountries
attended,

The purpose of the Symposium was to provide, through the presentation of
papers and through discussions, a oomprehensive review and analysis of impor-
tant economic and technioal problems ooncerning the establishment and develop-
ment of the metalworking sector in the developing oountries, and to assure a
basis for future constructive aotion,

The substantive itoms on the agenda were:

(a) A survey of modern development and trends in machinery produotion
and metalworking praotices, and the state of metalworking indus-
tries in developing countries;

(v) Treads ond problems in the desigm of industrial machinery and

equipment, and in the design of other engineering products in
the metalworking sector;

() Eoonomic problems of th: devel-pment of the metalworking

industries.
The pengraphical distribution of the participants was as followss
Africa - 6 (5 countries);
Asia = 12 (8 ocountries);
Burope = T (5 oountries);
Latin America = 13 (7 countries).

In addition t»> the abuve, the Jympouium was attended by 26 experts, most
of them from industrially developed ocountries (10), inocluding one expert from
the Economic Commission for Asia and the Far Nast, and two from the Eoonomioc
Commission for Latin America, as well as by 24 observers from ten ocountries
and an observer from the Internationai Labour Organisation. The attendance
of the experts at the Symposiua was arranged by the Symposium management.

Forty-one papers from internrtional experts of established reputation
in their respective fields were rressnted. All were followed by intensive
discussions on the relevance anc appliocation of the subject matter to the
oiroumstances and needs of deve.oping countries in general, and to the
speoifio oonditions in the participants’ oountries,

The oomplete lists »f vartioipants, experts, members of the Symposium
manasement, observers, authors and papers are given in Annex I and Annex II.

To supplement and illustrate the disoussions of the Symposium, and to
aoquaint the participants with a variety of praotical aspects of the opera-
tions of the metalworking industries, an extensive plant tour was also arranged
through the kind offices of the Government of the Union of Soviet
Sooialist Republics. Tours included visits of exhibitions and of plants in
liosoow, as well as a trip to Leningrad, Kiev, and Erevan, in eaoh of whioh
several plants were visited.




The Symposium was openad by Mr. NoKe 3riorioev, Director »f th. Joatre
for Industrinl Devel pment Hf the 'nited Natioas. Mr. Griyoriev conveyed
rreetings from the Secretary-Genernl Hf the United Nations to the partici-
pants, thanked the Government >f the Union »f Soviet Soyciclict Repuhlics
for ita hospitality and its effortc in makin~ the 3ymposium possible, and
outlined the f>rmat nnd the purpsses Hf the meeting,

He then proposed that Prafessor A.'. Prolopovich, Deputy Minister »f
Machine Tool Industry Sf the Union of Soviet Socialist Republics, serve as
Chairman of the Symposium, Nr. Prokopovich iras unanimously elected.

In his address, the Chairman thonked the participants for their con-
fidence in him and irelcomed them t-> the Union of 3Soviet Socinlist Republiecs.
He observed th-oi the exomple >f the ~rowth >f metalworkin~ industries in the
Union of Soviet Socinlist Qepublics could Le beneficial to o numler of develop-
ing countr.es in their efforts ¢ build up their own metalusrking indugtries,

Next, the participants were welcomed "y Mr. Konstantin V. Ananichav,
Director of the Department >f Internatinal Orsanizations of the State Com=
mittee for Science and Technslosy of the Union of Soviet 3ocialist Republics
Council of Ministers, and by Mr. 0.A. Mikhnilov, Chief 3pecinlist of the
State Committee for Science ~nd Technslozy >f th: Union of Joviet 3ocintlist
Republics. A messace >f welcome from Mr. I.H, Abdel-Rahman, Commissioner
for Industrial Development of the United ilations, ias also read.

Messrs. A. Ashburn (United States »f ‘America), S.M. Patil (India), and
R, Matthews (Economic Commission for Latin Americas, United Nations experts,
served as disoussion lenders for items A, B, and C respectively, of the Agenda.

The participants elected the following committee to draft a report of
the Symposium: A. Adesboye (Nigeria), P,A, Bustos-Soffia (Chile),
M.Y. %1 Hakim (Sudan), R.K. Gejji (India), J.G. Leal de Abreu (Brasil),
F. Prades-Sanchez (Spain), K. Shimo (Japan), and M. Trifunovié (Yugoslavia).

The Draftins Committee eleccted Mr. R.K. Gejji ns its Chairman,

Mr. I.D. Radovié, the United Nations Rapporteur, was.also attached ¢
the DraftinT Committee. Messrs. A. Ashburn, J. Kacazmorek, M. Kronenber:s,
R, Matthews, O.A. Mikhailov, A.A. Padozin and 3.M. Patil, United Nations
experts, served tho Committee as advisers.

The Drafting Committee presented its report to the Plenary Neeting of
the Symposium on 5 October. With minor modifications, the report vas approved
and adopted.

In adopting the report, the participants wish to express their sratitude
to the United Nations and to the Government of the Union of Soviet Socinlist
Republios for organizing the Symposium. They also wish to place on reocord
their deep appreciation for the assistance and direction provided by the
United Nations experts and the United Nations and Soviet Symposium Management
staff.,




CHAPTER I, JSIGNIFICANCE OF METALWORKING FOR TILT HATIONA ‘C-"JON'OMYL/

1. Under present conditions, not even the mos¢t developed country can pro-
duce the required number, and maintain the necessary technical level, of all
machines and other apparatus required for the output of the country. It is
therefore necessary to purchase a considerable portiosn of such equipment from
other countries.

Ze Organizing the production of industrial equipment in a given country
should perhaps be limited initially to those types of machines, instruments
and mechanisms that are necessary for the development 5f the leadinc branches
>f its economy, and that are chiefly related t> its natural resources.
Hovwever, there have been numerous instances in which a country, sometimes a
developing country, has orzanized the manufacture of certain products from
imported raw materials and competed successfully in the market.,

3. It is difficult to give a generalized answer as to what priorities are
to be assigned to single branches of tho oconomy in the process of the indus-
trial arowth of developing countries. Tvery case has to be analysed and in-
vestigated separately and on its own merits. Several methods of approach are
possible, From the point of view of the entire national economy of o country,
the main criteria for the choice are based on resources 0 be allorcnted tn
investment, on foreign-exchange oarninzs and expenditures, and on manpover
resources. The capital intensity (capital/output ratio) of the metaluorking
industries as a whole is near the average Hf all types of manufacturing,
beins lower than that of metal-producing or chemical industries and higher
than that of most light industries. The foreism-exchange offect depends
largely on the proportion of domestic raw materials used. If indi~enous
production of raw materials is substantial, the metalworking industry ranks
high in foreign-exchange earnings or savings. Also, the metalworkinz

1/ The metalworking industries produce gyods for the various sectors of the
engineering industry th-t are clasoified as follows Ly the Internmational
Standard Industrial Classification (ISIC):

Manufacture of NMachinery, except Tlectrical Machinery (15IC 36)
Manufacture of Clectrical Machinery (ISIC 37)

Manufacture of Metal Products, except Machinery and Transport

Squipment (simple me%al products or simple metal manufactures) (ISIC 37)
Manufacture of Transport Equipment (ISIC 33)

Manufacture of Professional, Scientific Measuring and Conteolling
Instruments (ISIC 391).

The corresponding classes of the Standard International Trade Classifica=
tion (SITC) are:

Machinery, other than Dlectric (SITC 71)

Electrical Machinery, Apparatus and App!inrnces (sITC 72)
Manufacture of Metal, N.E.S. (SITC 69§

Transport Zquipment (SITC 73)

Professional, Scientific and Controlling Instruments, Photosraphic
and Optical Goods, datches and Clocks (SITC 86).




industries are ]nb)urbintcnsivq;/. in 1255 industrialized countries, this is
»onerally eonsidered nn ndvantose, but osne vhich is somevhat chrunterbalanced
by the hish domnhnds sn the skills ~nd aduertim of the labour force.

..ole of the machine=t251 indust

4. within the metalworkin~ industry, the mechino=t, 0l industry ploays a key
role in the expansion of world industrial produstion, since nearly all other
products ~re mcnufrctured by machine to31s or Ly machinery that has been pro-
duced ::ith such tools. This is true f>r o smill pen as well ~s a2 ~iawnt acro-
plane, for type:riters and vashins machines, for toys and veapons, for medical
instruments and supplies, for asgricultural nachinery and nutomobiles. iintions
with hishly developed metaliarkin~ industries aenjoy the hi~hest standords of
living. Therefore, the industrial developrment >f o country dopends tH a con-
siderable desree sn the number, co-ve, Tuality ~nd type >f m-chine tHols hich
it pomsesses.

5. The machine-buildine industry is fulfillines tw)> bagic ~eneral functins:

(a) First, the manufacture >f means 5. production, i.2. of emuipment
and instruments for mnkin~» various trpes »f produvcts;

() Second, production of consumer cuipnent, such ~3 radi>z and other
means of communication, refrirerat-rs, and ~ther hmach>ld
appliances.

6, One method >f assessing the simmificanco of r~chine t>ols for the genoral
economy of a given country is to analyse estinmates ~f expenditures for metal-
cutting operations in that country. In 1927, about 1.5 million machine t»yols
of all types werse in operation in German machine shops. Of these, approxi-
maiuly one million could be classified as metrl-cuttinse machines. Assumin<
one eight-hour shift per day and 300 workin< days per ye~r, there -:ore

2,400 million workine hours per year spent -n n~chine t>ols. Usins a cost of
3US 2 per hour (in 1927), it uas estimated that 3US 4,700 million was spent
yearly in Germany for metal-removins operatioms., In 1365, oxpenditures for
metal-cutting -perations in the United States were estimated in » similar way
at $US 34,000 million for the country's metalworkiny industries - roughly

5 per cent »f the nation’s ~ryss national product.

S aplr i 4

T. Metalworkine industries account for almost 30 per cent of the world's
industrial priduction, measured in temms of value added. Amonz the major
branches >f industry, metalvorkin~ has shoim the rreatest inorease in produc-
tion since 1938. The inorease has been more simificant in the developinst
countries than in industrialized areas., Hevertheless, the share of the devel-
oping countries in the total production of metal products was only 3.9 per
cent in 195", and was the lowest amonz 211 major branches of industry.

"« The relative importance of thc metalworkinz industries may bo assessed
in terms >f their percentage share in the total manufacturing sutput, their
contribution to employment, and the value added in the process of manufacture.
For example, the percentive production of mochinery and industrial equipment
of the total industrial output is high in industrialized countries such as
Csechoslovakia (34 per centg, Eagt Germany (GDR) (33 per cent), Japan (32 per
cent), France (33 per cent), West Germany (FRG) (39 per ocent), Union of

2/ Compared with the averase >f the manufacturins industries in terms, for
exampla, of the capital/labour and output/labour ratios, or the share Hf
labour costs in the value of >utput, there are, of coursa, considerable
differences amoig sub-sections >f the metalirkin - industries,




Soviet Sozialist Reprublinsg (70 per sent), United Kingdom (10 per sent ),
United States of Amarise (34 per sent), ~nd low in the less industriali
~suntries such as Turma (7 per sent), Paxistan (3 p2r cent), and the
Philippine: (. per ~ent),

e For the purposes of this report, the deve.opin< countries coon be nlas-
gified in three distinct -roups, according to the derec of devel-pment of
their metalwsrkin~ industries. These categories are:l

Group It Countries vhise eagineerins production is already devulnped
and diversified.
Group IIs Countries whise enzineerins production is in ~n initinl

ste.

Group III: Countries without engineerins production, or with such
production restricted t> repairs and simple met:l
manufacture.

10. The typical structure of the engineerinz industry in industrinlized
countries, vith percentages estimated for individual branches, is as follown:

Simple metal products 65
lachinery except olectrical 330
Tlectrical machinery 24
Transportation equipment 335
Instruments, watches and clocks o

Total 10055

11. In less industrialized countries where engineering industries have been
developed (Group 1), the share >f simple metal products is substantially
hisher (20 to 30 per cent can be considered typical), but tends to decrease
as engineerinz production increases. Iu Groups II and III, avail-ble statis-
tics show that the share of simple metal manufacture is still hicher (typic=
ally, 35 to 40 per cent for Group II, and over 50 per cent for Group IIIS).

12. In developed countries, the production of noa-electrical is menerally
higher than that of clectrical maohinery (typically by 30 t> 40 per oent).
In Group I of the developing countries, the production of electrical is
tiice that of non-electrioal machinery. The percentage of the t»>tal pro-
duction of machinery (electrical and non-electrical), vhich is very low or
even non-existent in Group III, increases with the stage of development, and
igs more than 50 per oent in a typical industrialized country.

13, Industrial machinery and equipment are produced ohiefly under the sec—~
tors "machinery except electrical” and "electrical machinery". These, of
course, produce for other sectors of the economy as well, mainly for agri-
ou) ture, commerce, and households. The share of industrial machinery is
generally higher in more developed countries.

14. As far as the metalworking industries are concerned, the categories can
be considered as sucoessive stages of industrial development, each having
its special problems which require special measures for the development of
engineering industries in general, and for the manufaoture of industrial
equipment and machinery in particular.

15, Four countries - India, Argentina, Brazil and lexico - belong to Group I.
Tach already has an important manufacturing industry, the total number of
persons engaged in industry being well over one million for each country. In
these four, also, manufaoture of industrial machinery and equipment is already
diversified. Steel production, already appreciable in these countries, is




expected to increase further at a very rapid pace, so that, except in the case
>f Armentina, the increasing domestic consumption should be essentially satis-
fied in the foreseeable future. Thus the most important base of domestic sup-
ply of raw materials for the metalworking industries, among others, will be
created.

16. This ~roup of countries differs markedly from Group II in regard to
meaninzful economio indicators, such as value added and/or number of persons
envaged (both in total manufacturing and in metalworking industrien), steel
production and consumption etc.

17. Group II includes Chile, Colombia, Indonesia, Iran, Pakistan, the
Philippines, Turkey, Venezuela, and the United Arab Republic. These coun-
tries have manufacturing industries engaging between 200 and 500 thousand
persons, and a smaller amount of engineering production. Their manufacture
of machinery and equipment is restricted to relatively simple products.
Steel production is either non-existent or at the beginning stage in these
countries. However, their steel consumption of about 400 to 800 thousand
tons per year indicates that domestic steel production is economically just-
ified, especially if an anticipated inorease in consumption is taken into
account. This fact is indeed reflected in the economic planning of several
countries in the group. However, it is expected that not more than 70 to
75 per cent of consumption will be satisfied by domestic production during
the next ten to fifteen years.

18, Groups II and III are not very clearly distinguishable. The latter is
less homogeneocus, comprising countries already having appreciable manufac-
turing activity, together with countries in which there is hardly any manu-
facturing. Some countries in this group are characterised by a complete
absence of engineering production. In others, engineering production is
restricted to simple metal manufacturing and repair work. Hachinery produo-
tion is lacking or negligible, steel consumption low, the prospects of a sub-
stantial development of domestic steel production are rather remote.

19. Zxisting practice shows that the maintenance of automcbiles, refrigera-
tors, radios, and other equipment by companies of those count:ries which sup-
ply these items may be acceptable during the first stage of development.
Industrial progress of a country requires the creation of its own repair
facilities and services. This makes possible faster and more economical
services both to industry and to the population.

1(




CHAPTER II. REVIEW OF METALWC:KING INDUSTRILS IN DEVELOPING COUNTRITD

~

Africa

20. The value of the current output of mechanical industries in Algeria
can be estimated at 1,000 million francs (new francs) per rear. The work
force emploved in this sector is about 15,000 persons. Basic industries
are virtually non-exietent: there are no cteel plants, no foundries, only
several foreing shops engased in simple production operations. However,
gsome lar-er plants do exist, includins one manufacturin» electrical cables
and three making pumps; there is one boiler shop and several shops for
agricultural eruipment. Industrial concerns built in the past were enfased
chiefly in comparatively simple finishins operations such as asserbly of
cars, trucks and motors. Some small plants making metallic buildine
components, metal furniture and similar products were also built, The
existins mechanical shops were, of necessity, multipurpose in nature.

21. The mechanical industriee which were inherited did not eatisfy the
needs of the countr-., The situation became worse with the departure of
many proprietors of industrial enterprires, and of a large number of
gkilled workers and specialists, when Alreria achieved independence. It
thus became essential to provide for maximum utilization of existing
facilities, and to train technical cadres, skilled workers and specialicts,
The first of these roals has been achieved almost completely, but the
second is still far from beinc realized, although great prorsress has been
nade.

22. Plans for the development of mechanical industries in Algeria are well
advanced or are already being executed, An increasing amount of evuipment
is beinz made in Alperian plants. Work has started on a one-nillion-ton
steel plant which should be in operation by 19€9. Plans also include the
development of the machine-tool industry, as well as plants for the pro-
duction of ammonia, phosphates and aluminium, of automotive euipment parts,
and plants for mineral prcessing, amon< others,

23, The machine-tool jindustry is almost non-existent in Cuinea, except
that some plants have machine ghope where parte are manufactured mainly for
emergency repairs and maintenance, Such shops exist at the Fria Alumina
Plant and at the Mack Truck factory in Conakrv. Guinea imports most of the
eqmuipment, tools and parts which it needs, This raises manr serious
problems for the country, the most important of which is the need for
foreign currency. A substantial portion of the natisnal resources is used
for such imports. Nevertheless, many motor vehicle: are abandoned because
of the shortage of spare parts. The establishment of a national metalwork=-
ing industry is thus imperat’ ve,

24, The prospects for the development of metalworking industries in

Guinea are very good., Ouinea’s deposits of iron ore and high-zrade hauxite
are among the richest in the world, At present, the countrv's exports con-
sist of about 560,000 tons of iron ore, 90,000 tons of bauxite, and

430,000 tons of alumina per year. Even without considering other existinm
metal ores, one can see that Cuinea possesses the raw materials for
establishing heavy industries.




29, Closelv linked to these mineral resources is the hvdroelectric
capability of Guinea, Preliminarv studies show a potential power supply of
no less than “ million me~awatts. The Konkoure hvdroelectric dam, if con-
structed, would produce more than one million merawatts., This power could
be utilized for the reduction of alumina into alumininm metal, and also for
the construction of steel plants. Since steel and aluminium are the most
important metals in a modern economy, their availubility is a factor that
could bring rapid economic development to the country. In the future,
Guinea ghould therefore he able to produce hoth heavy-duty evuipment and
precision machines, With this goal in view, the transportation problem is
being solved by the building of new railwavs and the modernization of roads.

20, In order to establish its metalworking industry, however, Guinea would
also have to solve two main prohlems: obtaining the necessary capital and
the needed qualified personnel. With close economic co-operation among the
West African states, and with help from friendly countries in obtaining
capital eruipment, technical know-how etc., Guinea should succeed in
building up a metalworkings industry,

¢/. Nigeria, with a population of about 56 millior and with an area of
roughly 556,000 sruare miles, is rich in mineral deposits. It has poten~
tialities that could make large-scale industrialization poesible, At the
moment, however, in relation to the size of the country, very few metal-
working industries exist to support this industrialization process,

23, Metalworking has already progressed somewhat beyond the stage of mere
maintenance and repair of existing plants.. There are railways, electricity-
generating plants, road and buildines construction facilities, as well as
provisions for maintenance of vehirlana manarally and of machinery in other
industriee such as the textile, cement and oil industries. The stage of
actual manufacture of simple components and products for local use has been
reached, For example, domestic utensils of iron, steel and aluminium of

a value erujvalent to 3US 12 million were manufactured during 1965/1966.

For the expandines building and civil-engineering industry, a rolling mill
produced bars and rods, valued at about 3US 3.4 million in 1965, from local
scrap steel, while metal window frames (3US 1.5 million) and corrugated
roofing sheets(8US & million) are manufactured at other plants, Fabrication
of metal drums and tanke (2US 6.5 million), and assembly of vehicles,

sawing machines and bicvcles emplov a larse number of men.

29, Lost of these inductries are rrivate enterprises, but without doubt
they are aided by the incentives which the Government sives to pioneer
industries, such ar the Industrial Development (Import Duties Relief) Act,
and increared tariffe on competins imported roods. Industrialisation has
been mainly orn an import-subetitution bhasis,

30,  However, the Government has announced its desire to embark on an iron
and steel proiect very soon, This, as wvell as the Kain'i Tam Hydroelectric
Project which is in prorress, and the presence of 0il, natural gas and
escential minerals within the country, will give impetue to the development
of metalvorkin~ industries, lead to the expansion of other industries, and
result in the greater vwelfare of the country's 56 million people,

31. In the Republic of Sudan, industry has developed very steadily since

the country ga?nea inaopenaence, thus reducing the need for imports. The
Approved Enterprises Act (1956) encourages the establishment of industries
by means of generous concessions to qualified applicants, "Approved
industries" are automatically entitled to relief from business profit taxes,
and further concessions may be obtained according to the merits of a project.
With the help of the United Nations and developed countries, an industrial
research institute, a productivity centre and vocational training centres

1?




were established in the country to help in the improvement and planning of
industries. Also, an industrial bank wus established with domestic and
foreign capital, to help with investimentis. Many small industries were
formed, among them food processing and canning, textile, cement, sugar,
plastic, and rubber plants. Extractive industries have not been developed
to any great extent, but surveys of mineral resources are now under way, and
sorap-iron and steel-smelting mills are under construction.

12, Foreign~trade statistics for 1963 and 1964 show that the annual
increase in imports of machinery and metals has been remarkable.

Table 1
e in im s of machi d metals 6
1263 1204
Inported Machinery ﬁ\mits; 325 745
" " value £ 443,000 £1,030,000
Perrous metals for fabrication 29,840 tons 180,000 tons
Non-ferrous metals 1,600 tons 1,900 tons

33. The metalworking industry is now passing from the stage of
maintenance of the inventory of industrial and transport equipment to
production of simple metal products. The maintenance workshops make
simple replacement parts for pumps, engines and machinery. Also, oen-
tralized maintenance and overhaul workshops for looomotives and vehicles
have been established ty the Government.

34. In addition to maintenance shops, the following metal-forming
industries are now in operation:

(a) Six aluminium-houseware factories;

(b) Four factories for steel furniture, windows, and construc-
tion material;

(c) Two factories producing nails, hinges, pins and clips;

(4) Four factories manufacturing and assembling air and water
coolers, air-conditioning units and refrigerators;

(e) One factory producing welding electrodes;
(f) Manufacture of carpentry tools and other metal products.

With the further development of extractive industries, metalworking
industries are also expected to advance.

Asia and the Far East

15. The percentage share, in 1962, of the metalworking industries in the
total manufacturing output within the ECAFE countries showed wide variations:
16.4 per cent in Australia, 22.5 per cent in New Zealand, 7.1 per cent in
China (Taiwan), and 14.4 per oent in India. The percentage share in the
total number of persons employed in manufacturing shows similar variations:
24,9 per cent in Japan, 25.2 per cent in New Zealand, 12,4 per cent in

China (Taiwan), 16.7 per cent in India, and 24.4 per cent in Australia.

In value added, the percentage share of the metalworking industries was:
Philippines, 8.8 per cent, Korea, 8.1 per cent, New Zealand, 22,5 per cent,
and Australia, 20,3 per cent,

13




., The RCAFT recilon containg 'ore than 1ilt thae population of the world

in l1onr than ono=cixth of the earti's land area anl has experienced a
trenendour rate of populition increase,  “onsetuently, the nced for increan-
in~ the productivity of latour 1 vell ar amprovin- the economy of the
countrier s 1n ustrialization 1: of utmoct 1aportance, The proper growth
of metalworking industrier 1¢ »An. ~f the ey factorr 1n achievang this ond.
In this resion, labour 1f abundant, bhit capital rcarce; hence the develop-
ment of labour-intencive metaluorrin~ i1ndurtriec 1s eminently deruirable,

v7. ‘mpluyment trends in the metaluorkins; industries in most countries of
the re~ion frem 17% to 1)¢3, particularly in the nachinery and trancport
groupe, indicatc a rapid growth in the more advanced countrie: (Japan and
.fturtmlia), and o rteady srowth in the other countrier, The index of eum
ployment, bared on 100 in 1757, in the machinery industry in Japan roce
fron le” in 1)% to 1%7,% for 193, In trancport equipment, the index rose
from “Ged to 156, and in metal products the increace vas from 7240 to 206
for the same period, In Paxintan, the rachinery branch index rose from

1 2,3 to 171.1 In iustralia, the index for metal industries Smachiner'y etc, )
increased from 9(¢3 in 15°C to 171 in 122, 1In China (Taiwan), the
machinery group increased from ). to 10°, and the trancport group, from
8545 to 105,53 in the Philippiner, the machinery index rose from 67 in

33, The metal goods produced in the countries of this region are intended
primarily to meet domestic demand, with the exception of Japan, India and
Australia, There are, however, consumer goode and machinery items such as
geving machines, bicycles, cimple agricultural implemente and castings, and
metal furniture which can be produced competitively within the ECAFT
countries for international markets, It has been possible to manufacture
some of these goode at competitive coszte because of the relatively low
wagee in CCAFT areas, coupled with the application of modern technology

anG the use of efficient machinery. Inproved methods of organization and
know=how can further reduce production costs,

33, Continued expancion of output can only te achieved with considerable
investment both in the improvenent of existins facilities and the establish-
ment of new industries, or the imnediate future, technological proces:cs
must be imported from adbroad, later, as has already been the case in Japan,
more and more lucal decigns and production techniques will be developed.

40. Most of the metalworking industries in Asia are of recent origin. In
the case of Japan and India, a great portion of the investment has been
channeled to capital-intensive metalworking industries. In Pakistan, the
Philippines and China (Taiwan), investments have been concentrated in light
metalworking inductries, However, present and future development plans of
the latter countries include investment in heavy metalworking industries.

41, CTxcept for Australia, India and Japan, statistical data on the

structure of the metalworkins industries and on the demand for and supply

of metalwork.ng equipment and products in the region are inadequate, ECAFE
is currently engaged in a programme to promote the collection of this inform-
ation, which is indispensable for planning purposes and forecasting. In
the past, forecasts were usually based for the most part on available

import figures only.

42, The products manufactured in selected countries in Asia and the Far
East may serve to illustrate the various levels of development of metalwork-

ing in this region, In M industrialisation, including the
establishment of metalworking industries, began only about fifteen years
ago. Due to diffioculties with financing, availability of skilled labour,
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raw materials, etc., progress has been comparatively slow and cautious, Steps
that have been taken to provide a sound basis for and to accelerate future
growth include increased attention to the training of skilled labour, mineral
surveys, plans for a steel plant, and studies of industrial uses of gas as

a substitute for coal, in which the country is deficient.

13, The typical pattern of development of metalworking enterprises in
Afghanistan has been, as in other developing countries, from repair shops to
the progressive manufacture of parts and simple products, Today, metal
furniture, simple farm equipment, automotive parts etc. are made locally.
Currently, 6,000 bicycles per year are being produced, and the assembiy of
tractors is under way.

44, Australia is producing a wide range of equipment for food packagiag,
suzar mills and fibre processing. Prime movers such as diesel engines have
been Fuilt on a small scale, as well as locomotives, motor vehicles, and
bicycles, all of these totalling some 300,000 units yearly. Approximately
70 firms are engaged in pump manufacture, about 700 manufacture agricultural
machinery, and 40 produce construction equipment. In addition, scientific
instruments, clocks, etc. are being made.

45. No machinery is being produced in Burma at present, but machine=tool
manufacturing and the assembly of sewing machines are planned. The production
of sheet-metal items and umbrellas is well established. llodern equipment for
repairing rolling stock ir available, and recently the assembly of bicycles
and small trucke was initiated.

Ah. Hong Kong, though lacking in natural resources, possesses 1,644 met-lworking
estabﬂaﬁienzs. Small machines as well as diesel engines of up to 80 horsepower
are being produced, and lathes, shapers and other machine tools are made by
several plants. About 1,000 firms are engaged in the manufacture of various
other metal products, including umbrella ribs, fasteners, nails, screws, lan-
terne and metal furniture. Maintenance shops for aircraft and automobiles

are in operation, and recently the manufacture of transistorized clocks was
besun,

47. Investment in the industrial sector of India rose from 3US 6450 million
during the First Five-Year Plan (1951—1955) to 3Us 5,000 million during the
Third Five-Year Plan (1961-1965). Of the total industrial investment (equity
and long-term loans), that in 66 major undertakings of the Central Covernment
alone stood at about 3US 4,300 million at the end of 1964/1965, If current
tarrets are to be reached, the Fourth Five-Year Plan (1966-1970) will require
an additional outlay of 3US 31,600 million, consisting of government investment
in the public sector of $US 18,140 million and from the private sector,

$Us 1,030 million.

43. Targets for the further advance of the machine=-tool industry have not
been achieved due to an economic recession. The machine-=tool industry is
faced with declining production, a high idle capacity of 25 to 30 per cent,
and heavy inventories of finished stocks caused bty a steep decline in demand
by the metalworking industries, This is due to difficulties with the import
of raw materials, and in obtaining financing. The metalworking industries
may fall short of the production target of 8US 63 million for 1965/1966 by
some 3US 5 million.

49. Over=all economic conditions are expected to improve substantially during
the next year or so with the inflow of credit from foreign countries and the
improvement of agricultural output. The machine=tool industry should then

be able to improve its performance also.
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5C. Two studies forecasting the demand for machine tools over the period of
the Fourth Five-Year Plan (1966-1970) were undertaken with the support of the
Government, and resulted in the report of the Working Group on Machine Tools
- Sroup VI, and the study completed by the National Council of Applied
Economic Research (NCAER), New Delhi. The Working Group report estimates a
demand of 3US 1,17f million for the period 1966=1970, and a rate of demand of
3JS 346,50 million per annum in 197,

51. Nevertheless, machine tools costing on the order of 3US 90 million per
annum, about 25 per cent of the total requirement, will 8till have to be met
through imports in 1970/1971, the last year of the Fourth Plan.

52+ In spite of the laudable achievement of the Indian machine tool industry
in developing indigenous production, the value of imports has increased con-
siderably, from 3US 17.53 million in 1956 to $US 70 million in 1965, In
arder to develop the zrowth needed to bridge the gap hetween domestic supply
and demand, 1t will be necessary to increase exports of machine tools, for
which an excesesive productive capacity presently exists, Exposure of India's
products to the world market, it is felt, would not only benefit foreign
exchange, but would also bring a host of other indirect advantages, such as
the raising of standards of desiin, quality and efficiency.

33. A steel plant is being established in Western Java in m%‘; here
somec 50 manutacturing units produce components for machinery us n the

sugar, textile, food processing, and mining industries, Production of
aluminium ware is able to meet the domestic demand., Nails, bolts, and screws
are alco made for domestic uee,  Each year about 15,000 cewing machines and
200,000 umbrellas are produced, and 15,000 bicycles, 2,000 trucks, 300 jeeps
and 100 passenger cars are assembled, Motor-vehicle bodies are made hy ten
companies, Local production of instruments for medical and dental use
averages about 60,000 pieces annually.

53« The metalworking industries in m may be divided into five seotorst

(a) Iron, steel, and non-ferrous metal products; structural steel;
forgings; aluminium, copper and lead extrusions (pipes and
various profiles); cold-rolled aluminium; laminated and welded
gsteel pipes and welded aluminium pipes; a variety of other
steel and alloy products;

(b) Food-processing and chemical-processing equipment; farm
machinery; machine tools such as lathes (six type-sises),
drilling machines (five typo-luol), eccentric presses
(from one to 100 tons), hydraulic presses, mechanical saws,
and woodworking machinery;

(¢) Small tools necessary for drilling and milling machines and
lathes; various tools; high-precision dies for metalworking,
plastics and rubber industries; wire products, cans;

(d) Electric motors, transformers and a variety of reasuring
instruments; comsunications equipment; electronic equipment;
a broad range of electric cables; home appliances; and

(e) Production and assembly of automotive equipment (automobdiles,

trucks and buses); automotive equipment parts; shipbuilding
(up to 5,000 tonls.

55. In ._!‘q, according to the estimates hy the Metalworking Industry
Council commissioned by the Ministry of International Trade and Industry, the
demand of metal-cutting machines over the period from 1966 to 1970 will de
$US 1,100 million, Imports during the corresponding period will amount to
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BUS 208,3 million, i.es 1y per cent of the total demand. Export is expected
to be the same, or a little higher than, import, so that domestic production
is envisaged to mark 8UL 1,111 rmillion, Thus, the average percentace of the
total import demand durin;; these five years will be around 20 per cent,

which incidentally equalc the value of cxports for the same period.

36. No plant exists in Pakistan for the production of heavy machinery, but
plans to establish factories for steam turbines and machine tools are under
consi”’eration. In wWest Pakistan, production of locomotive frames, road=-
building machinery, and boilers is also contemplated, Over 32 establishments
are engaged in the production of textile machinery and 54 in making agricul-
tural machinee. Sewing machines are manuafactured at a rate of 33,000 per
annum, Other products include diesel engines, pumps, COmMpPressors, nuts, nails,
bolts, hurrican lanterns, hardware, etc. dbout 300,000 bicycles and 060,000
sewing machines are needed yearly. Surgical instruments are manufactured in
great variety, with two thirds of them exported. Tne country is almost
totally dependent on imports of the machinery required for establishing lisht-
metalworking industries, but this situation should be alleviated soon with

the construction of modern plants for machine-tool production.

57. Over 400 metalworking establishments exist in the gg;;;ggﬁggg, employing
some 17,000 persons. The products of these firms include steel wire, wire
products, bolts, nuts, screws, pipes, castings, welding electrodes, metal
drums for food-canning industries, safes, vaults etc. Holling stock is
imported, as are motor vehicles, while bicycles are assembled from imported
partce

Latin fnerica

53, In 1964, the mechanical industries as a group, including manufacturers
of metal products, machinery and equipment, as well as electrical and trans-
port products, represented almost 17,0 per cent of the total manufacturing
industry in Latin America., With an aggregate value of $US 4,000 million, the
contribution of the mechanical industries to the gross national product GNP)
is slightly more than four per cent, In temms of employment, the mechanical
industries maintain a labour force of nearly a million persons, oOr 15.6 per
cent of the total employed in the industrial sector of the area.

59, The different levels of development of the Latin American countries,

and the particular conditions existing in each, account for the great
differences shown bty the figures in Table 2. These figures are self-
explanatory, but consideration must bve given to the fact that, in many cases,
particularly for medium and smaller countries, they represent services and
mechanical maintenance rather than production proper. The scarcity and un-
reliability of available data is explained in part by the relatively short
history of industrial activity in the region and the low degree of specialig-—
ation existing in many mechanical plants.
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(Percentages)

Participation of
the mechanical

mg,ggt;z Commait;on of the mecm;cg; ;nmt;;es g/

In the In the Electrical

gross manufac- Machinery, machinery

domestic turing Metal other than and equip~ Transport

Ricduct  industzy products selectrioal mept _  equipment
Armtina 8.5 2643 25,1 2443 12,8 3708
Colombia 1.7 9.4 38.1 9.3 25.8 26.8
Chile 2.4 1205 3703 1903 1903 2401
Ecuador 009 5.8 ) 3705 12.5 1205 3705
Mexico 3.4 13,8 28,6 9.0 32,5 29.8
Peru 1,2 607 ,4000 10,0 16.6 33,3
Uruguay 3.7 17.4 20,2 20,2 27.7 31.9
Yencsucla 1.2 %1 2%¢3 34 14.9 5643
Othern 006 306 il.1 1206 8.4 47.9

lakin Apsrica 4.0 ALs0 231 8.1 292 alad
8/ Source: International Standard Industrial Claseification

60, On the whole, the mechanical industry of Latin America has reached con-
siderable size and importanoe. This is due chiefly to the larger Latin
American countries - Argentina, Brazil and Mexico - which together account
for 90 per of the mechanical industries of the region, In these countries,
import substitution of durable consumer goods has attained high levels, and
great progress has been made in the production of capital goods, In other
countries, however, the limitation of national markets and other factors
which will be mentioned below have been serious obstacles to the expansion
of this aotivity, which in many cases does not reflect the possibilities
offered Ly the national markets,

61. Latin Amerioa oonstitutes a market for machine tools that is estimated
for 1970 at $US 250 million per year, compared with a production level of
about $US 50 million. The lack of great quantitiee and types of machines
offers sufficiently attractive possibilities for the future to justify a
detailed analysis.

62, The structure which the % machine-tool and tool-manufacturing
industry should try to develop e next ten years in response to predicted
demand is currently under study. Munds for this study were provided bty the
Banco Industrial de la Repdblica Argentina, the Chamber of Machine Tool
Manufacturers and the National Development Council (CONADE),
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63, The investment required for perfecting the machine tonls now beiny manu-
factured in Argentina, based on criteria of the Arientine Machine Toecl
Institute, is nearly $US 14,35 million. This amount would be used principally
for the congtruction of prototypes of new machine-tonl mndels, and tr the
acquisition of both imported and locally-made machine-tonls, tn complemant the
inventory now available to manufacturers.

64. It is estimated that the inventory of machine toole 1in 1377 will total
about 280,700 units, a figure 74 per cent higher than the demand in 19¢1,
This corresponds to an average annual growth of the number of machine tools
of 4.5 per cent against 5 per cent for the gross national product and | per
cent for the metalworking industries. Correspondingly, the number of main-
tenance machine tools in 1975 should reach 46,700 units. As for replacenent
needs, it has Leen estimated that only 20 per cent, i.c. 15,000 of the
machines existing in 1963 (machines over ten years 0old) would be replaced by
1975, Hence, the demand for machine tools for 1965-137% would amount to
107,000 units for production, 18,100 for maintenance and 19,600 as replace-
mente, giving a total of 141,300 units.

65, Machine tools in the hands of manufacturers amount to 2,000 units, moet
of them relatively new, with more than 70 per cent less than ten years old.
They include an adequate proportion of boring, gear-cutting and grinding
machines, owned chiefly ty the larger machine-tool manufacturers. The
smallcr companies possess an incomplete range of machines and therefore sub-
contract specialized machining jobs, with the consequent disadvantage of
lack of control over qualitye.

66. Detween 1954 and 1963, the Argentinean machine-tool industry supplied
almost 85 per cent of the number of machine-tool units needed locally. In
waight of machinery, the national share fell to 59 per cent, and in cost, to
45 per cent, These latter figures indicate the difficulty of keeping up with
technological developments; they also indicate the necessity of perfecting
the machine tools now being supplied by the local industries.

67. During and after World War II, the industrialization of was con-
siderably stimulated bty an increasing need for import substitution. The
evolution of the mechanical industries led to the comstruction of plants for
durable consumer goods. Capital goods were imported; their production in
large quantities began omly during the next stage of development., Today's
national output of capital goods is equivalent in value to imports, i.e.

50 per cent of the consumption is met Ly domestic production and tne remain-
ing 50 per cent by imports.

68. 1In 1957, the creation of an automotive industry constituted a great incen-
tive for the development of mechanical plantis. The following statistical data
evaluate the production for 1965:

Iable 2
Bredustion in Bragild in 1200

Steel production 3 million tons (ingots)
Consumption of heavy steel plate 185,000 toms
Consumption of iron and steel foundry 70,000 tons
Consumption of forged steel 53,000 tons

Value of mechanical production

$US 1,500, equivalent to 1.3 million tons
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69, During the first six months of 1jo6, 110,000 cars and trucks were
manufactured. These and the other data clearly demonstrate the degree of
maturity attained by Brazil's mechanical industry. One 18 led to conclude
that the existing limitations on the development of production are mainly of
an economic and financial nature,

7C. The first stage of development of !%g& industries was character-
iged by the establishing of petroleum, vehic e-assembly and construction

industries; and the second, by the decline of Venezuela's external purchas-
ing power, when imports dropped abruptly. In terms of national currency,
however, the increasing cost of imports observable from 1960 onward persisted,
largely as a result of the devaluation of the bolivar,

71. In 1962, imports of the products of metalworking industries amounted to
309,000 tons, with a value of 1,731.4 million bolivars and an average price
of $US 1.5 per kilogram. In determining the priority of new industrial
development activities, the National Plan had specified that the poliay to be
pursued primarily be one of import muhatitution and that "in thie comnexion

the sectors producing intermediate and capital goods hold out the best
prospects", .

72. The year 1362 was chosen as the base year for the analysis of substitu-
tion possibilities, A preliminary selection of products to be imcluded in
the programme was made, taking into consideration not only those cases in
which import substituion would be possible almost at oncc, but also those
in which it would be desirable because of the technicsl processes and
lnow-how that would be brought into the country througs the menufacture of
the articles concerned. To facilitate the selection, imports in 1962 were
reclassified into the following ten groups:

(a) Containers and tinware;

(b) Hot-forged and metal products;

(¢) Wire products;

(4) Small products primarily stemped;

(e) 3mall products and parts primarily machined;

(f) Boiler shop products and metal structures;

(g) Sheet-metal work, with or without metal spinming;

(h) Light machinery and machine parts;

(1) Medium-weight and heavy machinery and mechine parts; asd
(j) Otuer products.

73. The preliminary selection of products from these claseificatioas was
tShen made as follows:

(a) Comparatively simple metal-transforming products that can
be manufactured Yty relatively labour-intemsive prooedures|

(b) Products for which manufacturing processes are used that
are not yet familiar in Venesuela or that require perfecting,

to the extent that such techniques cam be introduwoed through
nediue~ and small-soale enterprises;

(o) Products that are more diffioult %o sspufacture, but are
essential for the integration of other aotivities, i.0. s
inputs in more ocomplex astal-trensforuing processes.




74. In terms of the International Standard Industrial Classification (ISIC),
the import levels in 1962 and possible substitution levels appear as follows:

Table 4
Yene Possible Substitution lLevels
ig 1§§2 !:SIQS
Inorts Possible Substitution

Value in Percentage Value in
long elivars rveight  Tong bolivars

Netal products 139,660 338,001 29.4 41,104 140,289

Machinery except

electrical 19,017 596,039 24,7 19,544 140,833
Electrical equipment 27,572 275,794 21.4 5,912 52,308
Tramsport equipment 59,702 417,155 18.4 10,900 63,381
Total 309,014 1,731,209 25.1 77,540 398,101

75. As seen in the table, the extent of possible suhstitution coneidered
desiredble amounts to 77,540 tons, and their value to 398,1 million bolivars
giving & unit value of about $US 1.30 per kilogram. This potential output
would correspond to about 25,1 per cemt in weight and to 23 per cent, or
about $US 100 million, in terms of the value of metal products,

76. The development of the m-ﬂdmm industries would not have
been possible without consid e efforts made in the areas of training,
research and development., Today, there are four engineering schools and
numerous seocondary technical schools in the country. Various institutes
oconcerned with research and development problems in metalworking employ
approximately 1,000 professionsls.

77. The Bulgariam machine~tool industry was able to achieve its growth
partly with technical assistance from abroad, particularly from the Union
of Seviet Sooialist Repudlios. The year 1947 can be considered as the one
in which the machine-tool industry in Mulgaria began. The growth of this
industty has beem particularly impressive in the last decade. Today, there
are twemty factories that mamufacture metalworking sachines. These employ
over 20,000 workers, the largest having approximately 3,000, The produ tiom
of luhiuﬂ, while still centred on comparstively simpls types, is being
oxpanded gradually to include specialised and automated machinery, which is
ourrently being imported. Flans for future growth aim for an inorease in
production output of 200 per cemt Wy the year 1970,

78. Esch machine=tool plant has its own design office, concerned mainly
with actual production prodlems, In-plamt training courses, in which about
2,000 workers perticipate every year, also exist in all of these plamts.

79. AS present, Mulgaria prodwces more tham 120 type-sises of machine tools,
with a total output of over 1),000 wnits, Plams for 1970 call for am imcrease
to 200 type~sises and an m-‘ of 37,000 wmits, Curremtly, 135 per cemt of
the machine t00ls samufactured are exported, An increase in exports has been
ul:q-.tu Wy imoressed imports of mashine tools, partioularly cf the com-

P rpes.

21



“U. The production of machine tools in Yuzcslavi~ began with the manufacture
of simple universal machines of local design. Through the development of the
domestic market and the formation of technical cadres, it has been posrible
gradually to produce more complex and more productive machines, At present,
approximately 300,000 workers are employed in the mechanical industries of the
country. The yearly output of a total of 400 such industries is 3US 1,400 to
1,500 million. Mechanical industries contribute approximately 20 per cent of
the total gross national product, and 28 per cent of the ‘otal industrial out-
put of the country, The average number of workers per enterprise is 700 to
800, and the annual output per worke: is more than $US 5,000 (up from less than
$US 2,500 ten years agog?

A1. Exports of products of the Lechanical industries in 1965 reached

$US 300 million, which represents about 20 per cent of the total output. Imports
of metalworking products in the same year reached $US 420 million., According to
an input-output analysis made in Yugoslavia, the optimal efficiency will be
reached in the mechanical industries if the share of exports in the total out-
put of these industries increases o 30 per cent, The main obstacle which
exists is the international tariff structure, which does not favour developing
countries,

82. The average price per kilogram for domestically produced mechanical pro-
ducts is 8US C.80, and for imported mechanical products 3US 1,50, To acceler—
ate the transfer of necessarv design and production know-how, it has been the
policy of Yugoslav industiry to make consideratle use of foreign licenses. To
date, more than 130 foreign licenses in .the field of mechanical engineering
have been acquired, with contract terms devised so as to assure the best
interests of the Yugoslav economy. Parallel with this, maximal efforts are
being made to develop local design and production capabilities. Yugoslavia
today manufactures machine tools of the most advanced designs.

93, The experience of Yugoslavia indicates that those of its industrial pro-
ducts are most competitive on the intermational market which require production
in medium~sized or small quantities or in individual units, rather than those
made Yy mass-production methods, This, however, does not preclude large-scale
production, especially that of simple products or widely-used assembly parts.

84. Machine tocls are manufactured in about 20 Yugoslav plants, approximately
fifteen of which are making machine tools excluesively. The annual output of
machine tools amounts to 15,000 tons, with a value of $US 25 million. Most of
the machines made are universal machines., The total output of machine tools
consists of a value of about 75 per ceat of metal-cutting tools. Approximately
64000 workers are employed in the machine-tool industry.

85. Current annual Yugoslav exports of machine tools to about 40 countries,
among others the Federal Republic of Jemany, Sweden, the Union of Soviet
Socialist Republics, Canada, Switzerland, Poland, and Great Britain, amount %o
$US S million. It is estimated that the Yugoslav machine-tool industry oould
ourrently support exports of up to $US 10 million.

86. In order to overcome trade difficulties with Western developed oountries,
which are the largest buyers of Yugoslav machine tools, joint ventures have
been undertaken with Swiss and British firms., The parts of several types of
machine tools are made in Yugoslavia, and the machines are then assembled in
Switzerland and Great Britain. Similar arrangements are now being negotiated
with United States firms. Developing countries are also buyers of Yugoslav
machine tools. Purchases are made possible for the most part hy giving
favourable medium-term oredits.

87. Plans for 1970 call for an increase in the output of machine tools to
$US 50 million and 28,000 tons, Employment in the industiry should increase Yy
15 per cent, and exports to 30 per oent of the total produced, This growth
will be based both on the use of foreign lioenses and on the development of
domestic designs.
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CHAPTER ITI, D"MAND AND SUPPLY OF .7 ALVORKING PRODUCTS

83, The world supply of the products of the metalworkins industries has in-
creased rapidly in the period since World War II, Production is concentrated,
as is to be expected, in the industrialized countries. The share of the devel-
oping oountries in 1958 in the total production of metal products was 3, per
cent by value. The typical production-consumption pattern among the incus-
trialized nations in 1953 was to import from 10 tn 50 par cant of domeatic
consumption; in those developins countries which have diversified en~ineerins
production, imports range from 50 per cent to 75 per cent af noeds; and
oountries with metalworking industries in an initial stage tend to import

from 80 per cent to 90 per cent of their requirements.

89, It is diffioult to specify what metalworking produots should be manu-
factured first in developins countries. The technological conditions, the
availability of materials, and the structure of demand are different for
each oountry. The only statement whioh can be made with certainty iz that
no oountry, particularly no developing oountry, should attempt to make all
types of metalworking products. From the economic standpoint, it is most
advantageous to produce those products which have the greatest value added.
This, however, is not always feasible technologioally because such Joods are
often complex and require a larger base of oapital and skill than is avail-
able in a developing oountry.

n world machine~tool productjon

90, During tho last decade, Purope and the United States have continued to
consolidate their position as the world's leading machine-tool producing
areas. In 1965, the total value of machine-tool production was estimated
at $US 5,200 million, an inorease of 8 per cent over the 1964 total of

$US 4,700 million, and double that of 1955. As in previous years, three
oountries acoounted for over 50 per cent of world machine-tool production
in 1965: United States, 28 per cent; Union of Soviet Socialist Republics,
15 per cent; and Federal Republic of Oermany, 15 per cent.

91. The share of all the developing countries in world machine tool produo-
tion in terms of United States dollar value remains only about 4 per cent,
and the share of individual developing oountries is still very small (for
exsmple, India 1.1 per oent, Brazil 0.6 per cent). In contrast to the rela-
tive stability of other oountries, Japan's production has srown rapidly from
0.55 per cent of world production in 1955 to 5.7 per cent in 1965. During
this period, Japan has moved in rank from the fourteanth to the fifth largest
machine—~tool producer.

) O] evelo ountr n machine=tool trade

92. In view of the small share of developing countries in world machine-tool
trade, only imports of machine tools into doveloping countries can be discussed,
as their exports are negligible (1ess than 0.03 per oent of the total world
exports). Their share of world imports is also oomparatively small, however,
The industrialised countries absorbed between four fifths and three quarters
of world exports during the period from 1955 to 1962. The average annual
rate of inorease of imports by the Latin Amerioan and Asian countries was
higher than that of the industrialized oountries during this period (Asia,
19 per cent; Latin Amerioa, 16 per ocent; industrialized areas, 15 per cent),
but their share of world imports did not increase perceptibly., In 1962, the
percentage of world imports of machine tools reached 9.5 in latin America
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and 6.4 in Asia. The average annual increase of machine-tool imports into
Africa was only € per cent over the period, but Africa's share of total world
machine-tool importe was only 2.4 per cent in 1962,

93 Annual machine-tool importe into developing countries were not stable
from 1955 to 1962, Also, the accumulation of imported machine tools in the
developing countries wae smaller than the accumulation in industrial
countries (in Latin America one seventh, in Asia one ninth, and in Africa
one twenty-seventh).

veloping ¢ tri n world co tion of machine tools

94. The low rate of production and import of machine tools in the devel-
oping countries has led to a very low rata of consumption of machine toole
as oompared to that in developed countries. This gap has widened during
the last five years. While world machine-tool production has increased at
an average rate of 12 per cent per annum, the developing countries have not
only reduced their imports which form the main share of their consumption,
but have even decreased their own production in some years,

95. Imports into Asia and Latin America were lower during 1960~1964 than
during the 1955-1959 period. The annual increase of imports into Latin
America was only 3 per cent during 1960-1¢62, compared with 26 per cent
during 1955-1959. For Aeia, these figures were 8 per cent and 28 per cent,
respectively, and for Africa, 13} per cent and 6 per cent. Africa has shown
& relative increase, but its share of the total imports of machine tools
into developing oountriee is only about 12 per oent. The total consumption
of machine tools in the developing countries, though increasing, is only
about ten per cent of world oonsumption. Such a high concentration of
supply in the industrialised countries leads to a high volume of inter-
national trade, and to the total dependence of a large number of developing
countriee on imports for their machine-tool requirements.

96. It is not neceesary or even desirable that any country plan for 100 per
cent self-suffioiency in its machine-tool requirements. However, an effort
to bdridge the gap between domestic supply and demand of productive equip-
ment is partioularly important for reeolving the foreign-exchange problems
of the great majority of developing oountries.

97. Thie does not imply that the development of machine-~tool industriee in
the less industrialized countries will necessarily lead to a decline in
their -mports of machine tools from the more advanced nations. Indeed,
statistico bear out that the industrialised nations are also the largeet
importers of machine tools for their own markets, Howsver, the level of
imports oompared to the total requirements should be consideradbly lowered.

Nachine-tool requiremsnts in developing countries

98, The proceee of industrialization oannot be accelerated unless the
stock of efficient machine tools at the dispoeal of developing countries
is inoreased. Approximately one machine tool is required for every two
persone engaged in the metalworking industries,

99. The determination of the number of machine tools required bty a devel-
oping country during a given period is a very oomplioated problem which
involves the analysie of the whole programme of industrialisation of that
country. Regardless of the procedure and method used, a oensus of the
metalworking industry and an inventory of the machine tools available in
the oountry should be undertaken. The following ohapter describes in more
detail the subject of machinery oensuses.
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CHAPTER IV, MACHINERY CENSUSES

100. The findings of a machinery census provide valuable information which
can help to determine the machine-tool requirements of a given country. A
study of the consumption of quantities and types of various machine tools
used in the different manufacturing industries of developed and developing
countries should also be undertaken in order to provide a basis for an
estimate of machine-tool requirements for the industrial development of a
country.

101. Starting with a simple count of particular types of productive
equipment, machinery censuses can be broken down into classifications bty
age group, industry, geographic area and size of plant, Given a sufficient
amount of detnil, much reports can provide the figures needed for effective
planning and control by a great number of groups involved in industrial
development.

102. In their most direct application, inventories allow plant managers
participating in a census to

(a) OCauge the performance of their plants by direct comparison
with finished inventory totale and with plants cf similar
operation on the basis of

(1) Measured ratios of new to old equipment;
(i1) Distribution among various types of machinery;
(1ii) Ratios between workers and machines;

(v) Determine the standing of their plants compared to those
producing similar equipment in other countriee, with whom they
compete for international marketis.

103, Inventoriee on the micro level can be utilized by firme that manufacture
machine toole, or products such as cutting tools which are used in conjunction
with machine tools. Detailed claesifications enadle firms to odtain informa-
tion on the nature and location of markete for their goods, and to provide
sales argumente to ultra—-conservative buyers.

of P} 4

104, Relatively recent inventories have been taken in ten countries, and
practices of procedure have been adopted which a country about to undertake
a census for the first time can benefit from studying. The existing censuses
have concentrated on the metalworking industries. The view has been that
inventories of equipment used for making 2a product are of greater usefulness
than inventories of equipment used for maintenance in other industries or in
service shops. The tendency since the original Aperican Machinigt study in
1925 has been to use age breakdowns based on five- and ien-year intervals as
standards of machine life.

105. In geveral countries a census is taken on a regular basis. In Canade,
Great Britain and the United States of America, the data are collected and
analysed by a private pudblishing company. In France, India, Italy and Japan,
this is done by a government agency. The remaining three countries which
fcllow this practice (Argentina, Brasil and Chile) have a census made through
co-operation between an agency of the United Mations and agencies of their
own governments. The experience gained from these studies suggeets that
censuses made by government agencies yield a better reeponse to plant ques-
tionnaires, whereas those done privately are faster and less expensive,
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Organization for machinom igvegtog

106, Any country planning to conduct a census of metalworking equipment must
start with a current list of plants using such equipment,

107. The next step is to select the types of equipment and the industries
which are to be included, and to decide in what detail the ntormation will
be reported. This may involve obtaining suggestions from government agencies,
marketing consultants, and from users and builders of machine tools.

108, The specification of geographical areas within a country whose trading
habits are dntermined by local conditions can also be added to give informa-
tion about the location of industrial activity,

109. The exact methods of collection and tatulation of data should Ve fully
worked out, and the form and spacing of the questionnaire should then be
designed to suit the procedures to be used. Data collection can be made by
mail or direct contact; however, the cost of interviewing, both in temms of
money and man-hours required, may be prohibitive., A balance will have to be
arrived at between the amount of detail which ie acccptable and the desired
eage of data collection,

110, It is usually desirable to extend the sample results to obtain national
figures approximating 100 per cent returns from industries. This is done by
assuming that there is a reasonably consistent ratio between number of
workers and type of machines throughout all the plants in a particular metal-
working industry,

thodological and of machine-tog¢

111, The studies carried out by the Economic Commission for Latin America in
the Latin American countries Serve as an example which is particularly sele-
vant to the determination of the demand for machine tools. They include
applications as well as conclusions drawn from a review of the various data
assembled,

112. In general, demand is conditioned by so many different factors that
analysing them is a highly complex task. Ior machine-tool studies, three
special considerations related to the demand for capital goods must be
included, for they stem from machine-tool chareacteristics which are highly
relevant to the demand in this field, The first is interchangeability of
many machine tools for the fulfilment of one and the same functicn, The
second is the dependence of demand on the quality and precision of the pro-
ducts to be manufactured, which means that machine performance must be evalu-
ated. The third concerns the frequency with which technical innovations are
introduced, and the emergence of new machining and metal-forming processes.

113, The developing countries need to adopt a methodology which is slightly
different from that normally used in the more highly industrialized areas in
their study of demand for machine tools,

114, Information for an analysis of demand has to be obtained by means of a
survey of the consumer sectors. Some aspects have to be considered with
special attention, particularly those related to the size of the sample and
its representativeness, Here, the averuge site of the plants covered by the
survey and of those constituting the univerge have to be taken into account,
since the number of machine tools per person employed varies with the sige
of the plant, i.e. it is high for small plants and low in the case of larger
ones. Plant size is not only an important factor in establishing the total
number of machine tools in the inventory, but is also significant for the
composition of the inventory. In bigger plants, the types and characteristics
of the machines installed are much more varied than in those of more modest
size, where the predominant items are usually lathes, shapers, drilling and
sawing machines, and a few machine tools for simple forming operuations,
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11%, An important decision that must be made before a survey is besun is
whether its scope is to be nation-wide or limited to certain major centres,
In developing countries, a high proportion of the metalworking industries is
;enerally concentrated in two or three such centres,

11/, The extension of the sample finding to the universe, in order to estimate
the total number of machine tools installed, is an important step in preparing
the inventory., The extent to which a sample is representative of the universe
cannct he reasured in over—all terms, but must be evaluated according to the
comperition of the universe by plant sizes. If the composition of the sample
differs freatly from that of the universe, extrapolation must be based on size
caterories, & direct proportion between the machine lools installed and the
man-power enrloyed in the sample and in the universe is possible only when

the average plant size is the same in the former as in the latter,

117, In developing countries, an important preliminary step is to find out
what proporiion of total employment is represented by personnel working in
establislmrents thit do not need to use machine tools, Information on the
exiptence cf such situations and on their significance, especially in the
lower size caterories, was gathered in the course of the surveys,

11%. To ensure thut the survey can be completed successfully and speedily, it
18 importunt to reduce the inquiries to a minimum and to prepare the simrlest
roesible Guestionnaire, which will be easy to answer in the environment under
study. In develorins countries, using direct interviews has obvious advan-
tages over sending the questionnaires by post, although the latter procedure
is leas burdensome. The following 2re the main arguments in favour of the
former r:ethod:

(a) The certainty ot cbtaining replies ig greater, especially in
the e~sne of umiall und medium-~sized establis*:nents;

(v) There is a greater likelihood that the information requested
will be piven correctly;

(c) The homogeneity of the replies is safepuarded inasmuch es
errors derived from wrong classification of the machines or
from difficulties with temminology or concepts is minimized;
and

(d) The inventories can be irsrected and evaluated at first hand.

119, The many and varied problems raised by the projection of demand derived
from A lar~s nambher >f fnactors nffect the demand for machine tools.

Fany of these factors are relatively easy to identify in theory, but their
incidence and implications are very difficult to evaluate accurately in
quantitative terms, Tentative solutions for this problem must be sought, so
that over-all effects can be analysed properly, making use of information on
the situation under study as well as information on other countries.

120. The influence of the determinants of demand is reflected mainly in the
total number of machine tools and the compcsition of the inventory. This
influence can be interpreted and evaluated by means of certain indicators
such as productivity (measured in termms of value added per worker), value
added per machine, and the number of machines per person. ror the purpose
of the studies under consideration, it was thought sufficient to subject
thegse magnitudes to a series of adjustments in order to make them, by means
of successive approximations, consistent with one another, in respect to the
total projection and the additions to the base-year inventory.
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121, .ssumpticns ag to the percentage composition of the new machine-taool
inventory were deduced from the following points of reference:

(a) The structure of the inventory in the base-year;
(b) Chanres in the apparent consunpition of machine tools;

(c) Specific manufacturing projects and development programmes,
particularly in certain branches of the netalworking
industries; and

(d) Preakdowns of inventories in other countries at ditf'ferent
stuges of their economic development.

1722, The difficulties or estimating demand for machine tools in qualitative
terms, ond specifvine the required rmodels, types and characleristics so as to
define this important aspect of future demand, are considerable, It was
therefore decided that -n over-all qualitative evaluation should be baged on
the averuge weight of the machines and their average price per kilogram,

123, Thus, machine-tool requirements were established in terms of the numhan
of uniie and the types ot machines, with the indication of quality expressed
in weight and average price.
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CHabTh V.,  SOME SPECIAL CONDITIONS RELATED TO ESTABLISHMENT AND PROMOTION
OF ME

121, Detailed and comprehensive investigations of prevailing conditions are
necessary in order to give substantial and immedia‘e help to developing
countries in the establishment of engineering industries, These investiga-
tions must cover both the technical and the economic problems, Abstract
generulizations of the experience of industrialized countries and excessive
simplifications in the description ot local problems of technological devel-
opment should be avoided. Instead, extensive information on the experience
of at least some of the developing countries has to be gathered.

125, It must also be kept in mind that metalworking industries in many
developing countries, for instance in thome nf amatorial Afrieca, are only
in formative stages, lere, organizational problems seem greater than tech-
nical ones, and assistance is more often needed in solving the former than
the lattern

126, If use is made of available information on the promotion of manufac-
ture of industrial machinery and equipment in less-industrialized countries,
together with experience gained in industrialized countries, it is found
that appropriate soientific and technological knowledge and an increased
scale of operations must be considered as imvortant nressing needs. Inform-
ation on capital output and capital labour ratios indicates that the burden
of investment costs is less crucial than, e.g. in ohemicals or metal-
producing industries. A smooth and organic growth, requiring only small
investiment resources at the beginning of the development period, is possible.
The labour foroe of the industry, from the skilled or even semi-skilled
worker to the engineer or scientist, oontributes most to the factor of know-
ledge. Technological (or industrial development) institutes, a widely
discussed national means for providing external scientific and technological
information, and patents or licensing, utilized to provide such information
from abroad, also need to be promoted.

127, These activities should go hand in hand with a study of equipment and
processes in foundries and forges which are often under-utilized and could
serve a great number of machine-building companies., Also, in some cases

the possibilities should be investigated of using techniques which do not
require highly-skilled manpower, and numerically-controlled machine tools.

128, An important part of the manufacture of industrial equipment, of compli-
cated machinery in particular, in developing countries is carried on through
extensive co-operation with some industrialized countries, ranging from
contracts to provision of blueprints, know-how and training of personnel, to
the establishing of subsidiary companies. Technological knowledge thus
obtained from abriad is very useful, and often constitutes the only possi-
bility open to a developing country. However, exoessive dependence on
foreign sources of technological information may also have adverse effects
at a higher level of development, e.g. in slowing down the process of
adaptation of product design and production methods to local conditions, or
in lessening the possibilities of competing in foreign markets.

129. The experience accumulated by the Union of Soviet Socialist Republios
in a number of metalworking technical-assistanoe projects (machine-tool
plants, mechanical factories, foundries etc.) leads to the following
conclusions:
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(a) lachine-building projects in a given developing country
cannot be considered separately, but only as a part of
general plans for industrialization;

(vb) A modest universal mechanical workshop is indispensable for
beginning the industrialization of a developing country.
The purposes this serves are:

(1) Repair of industrial equipment;
(ii) Production of parts and simple mact.ines

to satisfy the needs of other industries;
Eiii) Transportation and farming operations; and
iv) Training of skilled workers;

(¢) 1Initially, only a limited number of general-purpose machines
should be made. These have broad applications as well ase
possibilities for export;

(d) Supporting industrial facilities, foundries in particular,
must also be provided ftor;

(e) Ieasibility and working plans for metalworking plants in
developing countries must be based on sound technical and
economic premises and take into account all relevant
considerations. Local professional capabilities should
be used as much as possible in the formulation and
development of various projects, in order to develop
local cadres and accelerate project implementation;

(f) A1l metalworking projecte must provide for production
technologies, necessary instrumentation, and the train-
ing of specialists and workers. These problems should
be solved with the co-operation of the countries giving
technical assistance;

(g) Conditions should be created for the training of
designers and technologists who could be engaged in
the beginning in designing simple tools and fixtures
and, when they become more experienced, could start
designing their own machine tools.

130, During ;n%;g;g First Five-Year Plan (1951-1955), indigenous production

of machine tools was very low and confined to the manufacture of low~-priced
tools intended mainly for repair workshops and training institutions. Require-
ments of the engineering industries, about IUS 42 million, were met mainly
through imports,

131, The machine-tool industry showed a oapacity for accelerated growth in
the Second and Third Five-Year Plans (1956-1965). Indigenous production
rose from about JUS 2.27 million to 3US 55.59 million, an almost 25-fold
inorease over ten years. The percentage of local production in total
requirements increased for the same period from 11.44 per cent to 38.54
per cent, and oapital investment in the industry, which stood barely at
5US 2 million in 1956, advanced to 8US 77 million in 1565.

132, The over-all effect of this rapid growth has been that the oountry has
become nearly self-sufficient in the production of general-purpose machine
tools, and has begun to manufacture more sophisticated types of machine
tools of higher productivity suitable for use in mass production of automo-
biles, scooters, electrio motors etc., In the transition toward quantity
production and production of more sophistioated machines, oonsiderable
capital, skilled labour, and engineering design know-how will be required.
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133, The reasons for the rapid growth to date include:

(a) Rapid expansion of the capital base of investment in
industry, rising from 3US 650 million in the I'irst Plan
to fUS 5,000 million in the Third Plan, due to

(1) Very heavy government support of the industrial
sector, and the success of public undertakings,
e.g. the significant contribution of Hindustan
liachine Tools Ltd., which has accounted for
roughly 47 per cent of indigenous production of
machine tools since 1956, and

(ii) Increased investment in the private sector;

(b) The policy of the machine-lool industry to enter into agree-
ments for designs by and technical collaboration with well-
known foreign firms, thus substantially

éi) Aiding diversification of the product range, and
ii) Aiding the development of India's own design and
manufacturing skills;

(c) The high priority and consideration whioh the machine-tool
industry holds in the Covernment's planning, industrial
lioensing, allocation of scarce foreign exchange, issue of
import lioences eto., through

(1) Direoct liaison with ministerial-level agencies
concerned with the development of the machine-
tool industry, and

(ii) Co-operation with the Indian Standards Institution
and Development Council for Machine Tool Industry
in setting up standards and formulating broad
policiess

(4) Creation of a protected market for indigenous production,
resulting from the ban on imports of oertain types of
machine tools whioh are produced in sufficient nuambers
internally, thus

(1) Enabling the industry to establish itself
firmly while easing the drain of foreign
reserves, and

(i1) Generating a spirit of internal competition
which has served to raise design and production
standards and to oheck the rise in prices of
machine tools,
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CHAPTER V1, TRADE POLICTES: TMPORT RTSTRICTICRG, TARIFRS, EXPOIIS

131, Investments in machinery and equipment in metalworling sectors
generally average more than half of total investments in fixed assets,
The foreign exchange required to satisfy the substantial import re-uire-
monts of these sectors can be raised through drawing on foreign-exchange
earnings or reserves of the countries concerned, or through grants and
loans obtained from .broad.

Import restrictions

135, Expanded import-substitution programmes for metalworking products,
especially of the more simple types, are within the capability of many
developing countries, Such programmes have already been undertaken in
some areas either by banning imports of goods which can be produced inter-
nally, or by applying high tariffs on imports. This generally has enabled
nascent indigenous industries to establish themselves. Too often, however,
import substitution has had an adverse effect for the user, namely, reduc-
tion in quality, or the inability to obtain precisely that machinery which
makes his own production most economical. Dlon-selcctive protection also
does not assure that new industries will develop with the infrastructure
that will form a sound basis for future industrial expansion,

136, The specific steps taken to protect the development of local indus-
tries by restricting imports vary from country to country. Some, line
Brazil and India, have a register of machinery and equipment which cannot
be imported and must be purchased locally. In other countries, no such
lists exist, and every import application is judged on its individual
merits.

Exports

137, It must be pointed out that the importance of machinery exports can-
not be evaluated only by the foreign-exchange earnings. Ixporting always
raises the industry's effectiveness regarding costs as well as its technical
capabilities, besides indicating to equipment users within the exrorting
country that the quality of machinery being produced internally has reached
the level of international acceptance. Export has to be viewed, in toto, as
a major incentive for the development of productiom of industrial machinery
and equipment. The importance of exports is not measured only by its size,
but also by its impact on the whole course of industrial development.

133, Trade, whether at the national or international level, raises the
question of acceptance standards. An attempt to solve this problem for
machine tools was made some 40 years ago with the application of
Schlesinger Acceptance Tests. The principles behind these tests are still
valid, but the concept must be updated to take into account a variety of
new technological and economic developments. At this time, the International
Organization for Standardization would seem to be the appropriate body to
undertake such a task. It should be kept in mind that the strict and
injudicious. application of international acceptance standards could
seriously handicap or even cause the elimination of many small and medium-
siged plants in developing countries whose levels of technology are rela-
tively low, and would thereby slow down the development of local industries.

139. A possible solution would be to adopt homogenous acceptance standards
for an entire region, and to organize centres for inspection of machinery
and equipment, as has been suggested by ECAFE,
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oxperience of selected cocuntries

110. The Government of Cambodia has encouraged indusirial production in

the private sector by granting exemptions from customs duties on imports

and materials necessary for meialworking and other manufacturing industries.
Under the current Five-Year Plan, a Hational Develovpueni fwid Crgunaization
hes been created to extend financial assistance to small manufacturing
industries,

141, Restrictions on imports and the complementary measures for the pro-
tection of domestic industries have furthered the growth of industrialization

in Ceylon.
14z, In Malaysia, a Malayan Industrial Development 'inance Organization

was established, and tax relief is awarded to pioneer industries. Anti-
dumping legislation has also been enacted.

143. An acute shortage of foreign exchange appears to be the main reason
for the Ipndian Covernment's restrictive policy on imports of machine tools.
In addition, an incentive is given to the domestic machine-tool industry
by the Government through its banning of imports of certain types of
machine tools which are being produced in sufficient numbers in India.
These factors explain the creation of a protected market for machine tools.
In many respects, this is not a healthy situation for the industry; it
must nevertheless be admitted that it has given oonsiderable stimulus to
the Indian machine-tool industry, and has helped to generate a spirit of
internal competition that has served to raise design and production standards
and to curdb price increases of machine tools.

144, India is one of the very few developing couniries trying to export
their machine tools. Most of its trade is with Castern Furopean countries,
since the value of India's imports from and exports to these countries is
approximately equal. In the case of the United States of America and
Western Europe, the balance of trade is heavily weighted against India,

and the promotion of sales is far more difficult. The experience of India,
on balance, disproves the opinion that there is no scope for exports of
metalworking equipment and other products from developing to industrially
advanced countries.

145. To encourage industrial development in Thailapd, an Industrial Promotion
Investment Act was published. This Act grants examption from business taxes
on machinery under certain conditions, irrespective whether the tax-exempt
person is a trader, producer or importer. A tax holiday for a period of

five years is granted, starting at the time when the individual or company
first sells its products or gains an income.

33




¢ VII, INVES POLICIES - FINANCING

A

C at ¢t ational level

146. T> assure optimal utilization of scarce capital resources, expenditures
for plants and equipment should be carefully analyse’. This is true equally
foxr government and for private expenditures. As the metalvorking sectors are
the main suppliers of durable capital goods in an industrializing economy,
emphasis must be placed on the problems of capital accumulation, on growth
and on replacement in those sectors.

147, For a decision on priority of investment within the sector and within
specific projects, it must be possible to rank the available alternatives

by some measure of effectiveness or by a merit rating showing the contribu-
tion of each alternative to over-all investment goals. With such a measur-
ing device, that alternative would usually be selected which, over a given
period of time and per unit of capital invested, produces the greatest
marginal increase in the chosen measure of effectiveness. A someuvhat simpler
criterion would be to eliminate all those alternatives that produce less than
a threshold or cut-off value in the measure of effectiveness. This might be
& minimum on investment of X per cent, or a minimum inorease® in productivity
of Y per cent,

143.The recognized technique which makes such cost-benefit calculations
possible is the discounted-cash-flow (DCF) or present-worth procedure.
However, this method, while giving the over-all yield of a specific invest-
ment when interest, project life, capital investment and operating expense,
are specified, does not show the effect that an investment will have upon

the internal structure of the economy. Thus, the DCF approach reveals whether
it is more profitable in money terms to invest in a tractor or passenger-
vehicle plant, but does not indicate how many additional bushels of grain can
be produced if this plant exists, or how many more lathes need to be imported.
This kind of answer is vital to the growth of an economy. Therefore, input-
output analysis may be used effectively instead.

143. This technique traces the effect of an investment in one sector upon
the other sectors in the economy and the effect on imports and on the final
bill of demand available t> consumers. For example, in the United States of
America, isolating the metalworking sector shows that nearly one third of
the total combined output of this sector involves transactions within it,
%.g. among machine-tnol builders purchasing from component producers and
manufacturing for automobile makers. If the desired final demand for a
product, for example, electrical machinery, is specified, input-output
analysis can reveal the capital investments needed in the other panufacturing
sectors, such as transportation, basic metals, agriculture, services, imports
etc., tc make that sutput possidble.

150, Preparation of input-—output tables over a number of years oan alsc
reveal technclogical changes in partioular sectors and their effect at the
macro level. The main obstacle to input-output analyses in most developing
countries is the lack of necessary statistical data. This diffioulty can be
partially overcome, however, by taking information available for other coun-
tries with similar conditions of development, and adapting them to local
requirements.
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Foreism investment and its significance for the metalworkine industiry

171. The capital required as an initial investment in industrial =27uipment
may represent Aa gubstantial commitment for a developinz country in terms >f
a pericataze of tho t2t2] reserves availahla. This fact, counled with
po>litisal considerations, raises questions about the stable srowth of the
developing country. Possitle 1ncal or international instabilities present
risks for both the seller and the purchaser »f ciuipment. In this respect,
the metalworkine industries may be in a slishtly better pnrsition than s-me
sther industries t» encourage foreisn investment, since the available in-
formation on ~apital »utput and the capital/labaur ratios indicates that
the burcen »f investment coists is less in the manufacture of industrial
machinery than in the crse »f shemical or metal-producinz industries. A
possible alternative, alsy, is a smooth and orsanic erowth, rejuiring only
small investment resources at the bezinning of the development,

15¢. Sufficient technical xnow-how has sften been lacking in the developing
countries even when capital has been available. As a resu.t, collaboration
with foreimm companies in the use of desisms and manufacturing technitues
under licence has been widely practiced in the metalworking industries t» the
point »f almost complete dependence. It is well recormized that it is often
cheaper and easier to import technolozical knowledse than t> develop it in
the country. On the other hand, there are current indications that plants
being set up mainly to surmount tariff or foreism-exchanze barricrs (these
plants being subsidiaries ¢r licensees of a foreim enterprise) have no plans
for exporting goods. Thus, the policy of the foreisn invesior toward export
needs to be clearly understood bafore contracts are concluded, especially when
several foreisn companies are interested in setting up subsidiary plants.

Einancing

153, Automated machinery is usually acquired by developing countries either
through a co-operative joint venture with an international corporation, or
through a government loan or suarantee. In the first case, the developing
sconomy may induce the corporation to build and operate an automated plant

by providing trade, tax, or other concessions., Thus the equipment is not
purchased directly, but by concession, i.e. through partnership or other
form of payment in lieu of immediate cash. In the second approach, a ~wovern-
ment may be induced to provide the purchaser with a 17an, or the seller with
a guarantee, usually throush banking channels.

154.While lower acquisition cost may make the purchase »f second-hand in-
dustrial equipment more attractive where a shortage of capital exists, it is
more difficult to obtain oredit for such purchases than for new equipment.
Financing is usually tied to the more ceneral problem of shortage >f foreism
exchange and the need for credit. If this problem exists, most imports are
financed by inter-zovernmental long-term credit arranzements >r throush
privete foreiem investment. T> reduce the strain on the exportins manufac-
turer, it is also customary to make supplementary bankin> arrangements which
enable the manufacturer t» receive cash for the bulk of the value of the
export order at the time of shipment. The problems of financing are greatly
reduced when governmental arrangements exist to provide the developing country
with foreign exchange, as is the case in the United States Agency for Inter-
national Development {USAID) programme for excess property.

ging;;ogcg og gg}gc}eg ooggt;ics

155. Continued expansion of output has been achieved with considerable in-
vestment both in the establishment of new industries and in improvement of
existing facilities. The trends of investment vary from country to country.
In the case of Japan and India, the major portion of the investment has been
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channeled to capital-intensive metalworking industries. In Pakistan, the
Philippines and China (T&iwan[. investments have been concentrated on light
metalworking industries. However, the present and future development plans
of these countries include considerable investment in heavy metalworking
industrier am wall,

156. One factor which has contributed Rreatly to the ~rowth of the Indian
machine-tool industry is the assistance which it has rceceived from the
Government. In the economic planning of the country, the machine-tool indus-
try had a high priority, particularly durins the Second and Third Five-Year
Plans. However, no special tax concessions are ziven to the Indian machine-
tool industry,.

157. The contemplated goals of the development of the Brazilian machine-tool
industry include an increased volume of production and improvemente in quality.
Attaining these goals will require incentives and facilities from the
Government, as well as a considerable investment in imported machines. To
enable the machine-tool industry to solve the financial problems associated
with its development, the following would have to be made available: long-
tern financing for the purchase of heavy machinery, all of which must be im-
ported; medium- and short-term financing for the purchase of lighter machines,
most of which would also be of foreisn orizin; and financing for studies and
oonstruction of prototypes of new machine tools to be made loocally,

158, With collaboration between international oredit organizations and domes-
tio and foreign resources, a fund for the acquisition of industrial machinery
has already been established. The fumd ocovers up to 60 per cent of the amount
needed for a period of two to five years, On the other hand, the Inter-
American Development Bank has issued a ruling on the financing of interregional
exports of capital goods designed to make Latin American exporters competitive
with suppliers from other areas.

159. Investment requirements for the expansion of metalworking activities in
v are estimated, at 1960 prices, at $US 143 million, which is more
than half the fisure for the entire manufacturing industry of the ocountry,
This proportion is explained by the influenoce of the markedly capital-inten-
eive basic and petroleum industries on the over-all figure,

160. Plans for the financing of investments drawn up by the Venezuelan
Development Corporation are in accord with the requirements of the present
import-substitution programme, particularly with the method of renting fixed
assets. The latter may well become one of the most effective instruments for
promoting industrialisation, especially by forming small- and medium-scale in-
dustries., It is advisable, however, to study a oredit system that would meet
working-capital requirements and would provide for the metalworking industries
an amount equal to or exceeding that of the value of the fixed assets.



CHAPTER VIII, THE ROLE OF REGIONAL CO-OPERATION

161, In machine building in general (except in mass production), some of the
specialized equipment, such as machine tools producing large and heavy parts,
is never utilized to full capacity when operated for one particular factory
only. In order to make more effective use of such equipment, which is often
very expensive and complicated, different factories may co-operate through a
system of sub~contracting. This can be developed as a very useful and general
method to ensure effective utilization of plant facilities and gkills within
the industry. Many of the parts, components, raw materials or accessories
utilized in machine building are identical, similar, or produced by identical
processes, while the amount required by a gingle factory is below the limit
which permits operation of the plant facilities by advanced and highly pro-
ductive methods.

162. It may therefore be advisable in such cases, principally for oastings and
forgings, to concentrate production in a few well-equipped plants which serve
a large number of factories as suppliers of industrial equipment and machinery.
Such specialized machine-building plants must be designed to handle an adequate
volume of produotion. They should utilize modern technology and organization,
rather than being designed as small-scale shops which would obstruct technical
and economic progress.

163, Research on the experience of developed oountries in the field of main-
tenance of machine tocls carried out by the Experimental Scientific Research
Institute for Machine Tools (ENIMS), Moscow, since 1959 shows that establish-
ing centralized rebuilding shops in a country has significant advantages over
maintaining individual repair shops in a plant., In a specialised rebuilding
plant, complete machine overhaul requires only 40 per cent of the labour tine
necessary for the manufacture of a comparable new machine. In addition, pro-
duction costs are about 20 per cent lower than in individual rebuilding shops.
In developing countries where industry tends to be concentrated in selected
areas, oonditions are favourable for establishing such centralised plants.
This would not only reduce oosts, but would also allow the use of more modern
methods, and require a smaller number of highly-skilled personnel. Negative
agpects are the fear of damage to equipment used on the basis of regional
co-cperation, and the elimination of the pride of perscnal ownership of the
artisan who refuses to let others use his tools.

164. Even with optimal application of the methods indicated above, it is
improbable that engineering industries of developing countries could attain
a satisfactory scale of cperaticns without active participation in the inter-
national division of labour, i.e. without exports. A start towards this goal
could be made by regional division of labour, consisting of the manufacture
of different parts, units and aggregates for general machinery, among neigh=-
bouring developing oountries. The sise o the engineering industries of
developing countries belonging to Group is comparable, at least in regard
to the number of employees, to that of the smaller industrialised countries.
However, while exports of the former are insignificant, the latter export
about 50 per cent of their engineering producticn and import as much or more,
which results in econocmies made possidble by the resultant narrower specislise~
tion of the domestic producticn. For countries belonging tc Group II1 4/,

3/ See Chapter I, paragraph 9.
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pooling of resources and planning on a sub-regional or regional soale oan be
oonsidered as a pre requisite even in the initial stages of the manufaoture
of industrial equipment.

mnggco of seleoted countries
Agia and the Far East

165. Several oountries within this region have made arrangements for an
exohange of study teams in metalworking industries. It would be partioularly
valuatle if arrangemente for regional oo-operation could also be made for the
purpose of training labour in less daveloped countries by means of exohange
with newly-established metalworking faotories in better—developed oountries.
This would provide the workers with well-rounded experience in some of the
practioal problems encountered in the eetablishment and opesration of new
factories.

latin Amerjca

166. A study by the Economic Commission for Latin America on "The Metalworking
Industries in Latin Amerioa™ reviews the equipment required for the projeoted
expansion, from 1961 to 1970, of the petroleum, electrio, steel, cement and
paper and pulp industries. This etudy showed that the share of equipment that
oould be made by domestio industry is about 80 per oent of the total, at
prices competing fairly well with imported equipment.

167. Aocording to another ECLA study on the "Manufacture of Machine Tools in
Developing Countries: The Case of Brasil”, machine tool oonsumption for the
period 1967-1971 includes 65 per cent domestio produotion, against 38 per
oent for the period 1955-1961. The industries in question are representative
of the heavy industries as a whole. Machinery and equipment for light indus-
tries are obviously easier to produce. If the Brazilian figures are accepted
&8 an indication of the share of feasible domestic production, and if inoreas-
ing co-operation between developing oountries is assumed, it seems reasonadle
to admit the poseibility of a share of domestically-produced industrial
machinery and equipment of about 60 to 70 per oent for 1975. However, such
foreoasts may have to be relaxed in view of the industry's performance during
1963/1964. These years eaw a marked reduction in apparent consumption of
machine tools, mainly because of drastic outs in imports from the 1962 level
of 16,118 tons to 3,995 tons in 1964, and a decrease in the rate of expansion
of domestic produotion in 1962 and 1963, with the production level in 1964
of 15,778 tons somewhat lower than that in 1962,

168. Venesyela's long-range projeots for exports and integration in a regional
plan for the manufacture of the more oomplex produots of the metal-transforming
industry depend on the sucoessful implementation of the present import-
subetitution programme, and on the development of the required technical
infrastructurc and ekilled manpower over the next several years. Only after
thie stage of industrialization has been reached is it fruitful to oonsider

the implementation of a programme for the manufacture of heavy machinery and
equipment as envisaged for the Ouiayana area, and to begin complementary
aotivities such as the production of motor-vehicle parts.

169. The idea of regional co-operation should be extended to include other
oommon facility centres, oomprising tool rooms, equipment for heat treatment,
electro-plating, inspection and testing of materials, in relatively densely
industrialized areas. Regional co-operation oould also include the followings
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(a) Production of castings and forginge;
(b) Manufacture of general industrial equipment;

(¢) Establishment of oompanies which oould provide design and
engineering services for a number of industrial enterprises.

Such facilities would be of great value in strengthening the industrial base
of a ocountry, and in improving the quality of the produots.

170. Co-operation of developing oountries seems to be an easier way to promote
exports of machinery than to export to industrialised areas. In regard to
oompetition with industrialised oountries, the high labour intensity of
machine building is an advantage for devuloping countries in importing machin-
ery. The potential demand in developing countries, taken as a whole or by
regions, is important enough to permit a sharp inorease in the production of
industrial machinery in these countries.
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CHAPTER IX. QUALITY OF PRODUCT

171. There is an ever-increasing demand for higher precision in the fabrica-
tion of parts, surface finish, stability and reliability of operation of
technological equipment. The characteristics of technological quality, which
will be referred to below simply as quality, are dimensional accuracy, surfaoce
finish and physical properties of the upper layer, Needlese to say, no motal-
working industry can long succeed and prosper without constantly striving for
improvement of theme characteristics.

Dimensional Accumcx

172. Accuracy must be built directly into a machine. Surfaces must be flat
and perpendicular or parallel to each other; slides must move along straight
lines and spindles rotate about defined axes. Among the many factors affect-
ing the accuracy of modern machinery, one of the most important stems from
the fact that the quality of the sajority of oomponent parts depends on cut-
ting processes.

173. As movements of components are often amplified several iimes during the
process of arriving at the finished product, small dimensional errors in ths
machining of individual parts tend to cause greater inacouracies in the final
produot. Even in equipment not requiring substantial movement in its opera~
tion, individual errore in components tend to be additive rather than to
cancel each other. For machine tools, inaccurate semi-finished products can
almost doubls the normal material losses in chips in the ocutting process.
The observance of technioally-justified machining tolerances may reduce
material losses by 20 per cent to 50 per cent,

174. In spite of the development of increasingly more precise machining tools
and measuring techniques, accuracy is often an elusive characteristio. This
is not only a matter of having well-trained mechanics operating well-
saintained equipment. Every skilled machine tool operator is well aware of
the fact that his machine may perform differently in the morning and in the
afternoon, rendering it neocessary to reset his tools, adjust €ibs, and care-
fully watch the accuracy of his workpieces. This is due to thermal expansion,
which affects the accuracy and surface finish of the workpieoces, and therefore
cannot be disregarded. This applies to plants where high accuracy is required,
and also to plants located in climates where there is oonsiderable temperature
variatioa during a working day. A machine tool left standing idle overnight
warss up and attains thermal equilibrium only after one to two hours. Auto-
matio sise control minimises the smount of sorep oaused by thermal effects;
nevertheless, it is very important to know how a machine tool reacts to
changes in temperature.

175. Vidbration, with its adverse effect on tool life and acouracy, is also
often due to thermal effects. Metal-to-metal oontact may ocour in the bdear-
ings when the machine is 000l and the oil supply insufficient, but vidbration
caused by such contact sudsides when an adequate quantity of oil reaches the
bearing, although the spindle ®ay rise due to thermal expansion of the housing.
Front and rear walls of machine tools Bay expand at different rates, causing
distortion of tool beds and other elements,

176. Checks of dimensional accuracy have been improved considerably with the
development of the laser principle; light waves are used to measure table dis-
placements, and these are converted into linear dimensions by a computer.




Surface finish

177. Surface finish also plays an increasingly important role in modern pro-
duction methods of the metalworking industries. The demand for better methods
of producing and measuring surface finish is increasing. Some of the diffi-
culties involved in making quantitative comparisons of surface finishes on an
internaticnal basis are due tc a lack of etandardized definitions. Surface
designations in micro-inches or mioro-millimeters may mean different amounte
of deviation in different countries., Sometimee the difference between the
greatest depth and the greatest peak (roughnese valley) ie ueed as a measure,
and sometimes the average of a number cf measuremente,

179, One method in current use for produoing high-quality surface finishee is
that of super-finishing by means of oscillating grinding etones. It has been
found essential to complete all cperaticns on the same machine, including
drilling and boring, leaving only the grinding as the final cperaticn,

Upper=layer quality

179+ Ne lees important from the point of view of quality are the geometric and
physical propertiee cf the upper layer. This tubjeot has received compars-
tively little attention. A epeoial method is neceseary for the selection of
optimal machining conditicns. The requirements for the upper-layer properties
ought in the future tc be epsoified by the designer, together with the re-
quirements for the surface finish,

organisation of quality control

180. Traditionally, the basic means of quality control is a dimensional check
of all parts made while work is in progress. Before a piece of equipment
leaves the final assembly bays, it undergoes a thcrough visual inspection and
checking of dimensions against specifioations. In addition to this static
test, a functional test in which the machine completes a standard test piece
that covers the principal machine mcvements must be performed to the satis-
faction of the ohief quality inspeoter. Since this inspector is solely re-
sponsible for ensuring the continued funotional quality of ocompleted machine
tools, he ehould nct be responsidle tc any produotion cfficial.

{f products to world market and qu y improvement

181. Exposure cf the producte of a country tc the world market brings many
indirect gains for industrial development. Tc be competitive, a product
muet de of high quality, and must be the result of efficient sanufacture

and eupericr design. If the machine-tocl industries of develcping countries
want tc keep pace with more advanced countries, they must remain progressive,
aggressive, and oost- and quality-conscicus, Efforts tc export machine tools
to industrialized oountries will stimulate the develcpment cf these eseontial
requiremente,
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CHAPTER X, DEVELOPMENTS TRENDS IN METALWORKING

182. Initially, the developing countries must be concerned primarily with
the basic types of machine tools and production techniques, Howaver, they
should also keep abreast of advances being made in connexion with more
highly-developed equipment and processes, and use these whenever practical,
In many instances, the mcet modern machine tools and metalworking methods
will enable such countries to make effective use of scarce raw materials and,
even more important, of the limited number of ekilled engineers and teohni-
cians,

183. While taking into account the rapidly ohanging nature of the metal-
working industries, this chapter seeks to review the main technological devel-
opments and production trends; to present some general oonclusione as to
the implications of these trends specifically for the design and production
of machine tools; and to discuss the direotions in which some developing
oountries want their industries to grow. )

184. The distinguising feature of the present stage of technical progress

is a rapid introduction of scientific discoveries into industrial production.
Whereas hundreds of years elapsed formerly between scientific discoveries
and their widee-scale industrial application, these periods have now been
reduced to a few years., For example, the principle of generating focused
beams of light (lasers) was discovered slightly more than ten years ago. At
present, laser methods have already found industrial application in communi-
oations, medioine, and processing of materials.

185, The rats of economic development of any country, and especially of the
developing countries, at present depends primarily on the speed with which
the new scientific discoveries are transformed into workable methods, tech-
nological processes and equipment, and on the extent to which they are em-
ployed in the oountry.

Zechnelegical trends and developments

136. The application of numsr-ical control to machine tools, and the provision
of improved facilities for setting and changing tools, are two of the most
important developments that have oocurred in connexion with metal-cutting
equipment during the past ten to fifteen years. At the same time, other sig-
nificant, although less spectacular advances which have taken place in the
whole field of metalworking, should be investigated by any country embarking
on a programme of industrial expansion. These developments may oonveniently
be olassific1 into several broad groups, ooncerned with:

(a) Raw materials;

(b) Casting processes;

(o) Machining methods; and
(d) Welding.

These innovations, although quite recent and a result of sophisticated
research, are standard practice in industrially advanced oountries today,
and can be applied in developing countries.

Katerials

187. The variety of metals used is oontinuously expanding, with stironger,
more heat-resistant and ohemioally stable materials and their alloys.
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1R8, More intensive use is made of high-strength ceramics and other hard
materials. Plastics substitute for metals as facing and finishing materials,
especially in household ¢quipment.

189. Certain current innovations in the production of steel are directed
towards reducing the cost of the metal by facilitating continuous casting
and other processes. A technique known as spray steelmaking has been
developed, in which hot metal coming directly from the blast furnace is
refined continuously, to provide a base material for the production of a
wide range of steels, including alloy steels. The technique has been applied
on a pilot scale to produce a variety of steels, and a production unit is
now being constructed.

190. Another development has been continuous vacuum degassing, which is now
used commercially for the production of high-quality alloy steels. liolten
metal is drawn into a vacuum chamber oontaining the steel, and the degassed
steel is then delivered into a ladle or ingot mould. Both of these processes
have great potential for the future, since they oan supply metal to
continuous-casting plants, The metal can be out into billets and extruded

by a process making use of glass as a lubrioant, Lengths of steel in a
modified H section, which are subsequently rolled to produce structural
girdsrs, are being made by continuous oasting.

191. The control of rolling mills is being carried out by oomputers, and
fully-automated installations for press forging have also bwen inetalled.

Casting procesees

192. In the field of oonventional casting, increasing use is being made of
expanded foam plastics for the production of castings required in small quant-
ities. In oonnexion with conventional foundry work, glass-fibre patterns
are now in use, the applioations of whioh are liksly to extend far into the
future, particularly for the production of large castings.

193. For die casting, a material for the production of solubls cores has
been introduced and is being used, for example, for the manufacture of water-
oooling passages in cylinder heads. This oore material can be dissolved
readily aftsr ths oasting has oooled, so that the production of complex in~
ternal forms is greatly facilitated.

194. Dis casting under vacuum oonditions is being applied inoreasingly to
the produwtion of various oomponents, particularly those requiring high
density, good eurface finieh and thin walls. A new dis-casting process holds
considerable promise for the future production of oastings whioh are non-
porous and have a high surface finish. During the casting cycle, a counter-
pressure is applied to the metal entering the die, to prevent the trapping
of gas and to ensure that the casting has the required high density.

Nachining methods

195, Since the beginning of this oentury, progrese in machine-tool dssign and
production methods has been stimulated at intervals by ths application of
research findings to workshop practioes. The need to increase productivity
has been one of the main incentivee for this progrees. As a result, the
definition of machine toole has been broadsned and now includes machinery
for alternative production methods such as electrioal machining, hot machin-
ing, explosive forming, magnetio forming and plasma forming. For some of
thess methods, further developmente will be needed before the results of
ressarch can be applied to the improvement of produwotion equipment for a

rapidly growing economy.

196. A special advantage of recently designed machines is that operatives
and snginesrs oan be iraining in a relatively ehort time to producs highly




complex i1tems on them., For example, 1t takes several years to train highly-
skilled pattern makers for mechanical diee and moulds. The necessary per-
sonnel can be trained 1n a matter of months to make the same items by the
new methods,

197. The most important recent development in metal cutting has been in the
field of numerical control, Applications of this field are expected to
broaden rapidly, and to have a great influence on the trends in design and
production methods of machine tools. With the use of numerical control,
time studies in shops will gradually become superfluous, since tapes will
control handling time as well as cutting time.

198, One of the deciding factors in favour of machining by numerical control
was the elimination of fixtures that had to be built for the manufacture of
a new product, Further, more freedom in the design of machine parts was
gained, as changing some dimensions only requires ohanging a tape instead of
rebuilding a fixture.

199. Studies show that the numerical machine tool has a considerable time
advantage over the tracer-controlled type, provided the lot sise does not
approach mass-production quantities, for use of the numerical-control
sachine is particularly efficient for small lot sisee, Such machines are
intended for job shops and other plants in which the production of a few
pieces of a part of complicated contour is the predominant motivity. They
are also used for drilling and boring holes at predetermined distances. The
method of numerical control used in such cases is the point-to=-point one,
which is much simpler than the contouring system.

200. In the United States, the development of numerically-controlled tools
shows a tre.d towards utilization of simultaneous multiple movements. Thie
method permite simultaneous machining in various directions for the production
of complex contours, thus freeing the dssignsr from oertain limitations caused
by production problems. Hs will be able to use special oontours which lead
to optimum performance of vehicls and other machine parts such as helicopter
rotor blades, impellers, and others.

201. In Burope, greater intsrest is being shown in the application of numeri-
oal oontrol to copying and multi-tool lathss rather than to lathes with oon-
trol systems of the continuous-path type. Numerioal control has been applied
in an interesting manner to one type of lathe, which incorporates a conven-
tional profiling slide and an independent tape-controlled tool slide with

a four-station turret. Very intrioats oomponents can be rough-machined under
taps control, and then finished to fine limits under template oontrol.
Another oompany has developed a complex family of prograsme- and tape-
controlled lathes of unit construction. These can be provided with various
drive arrangements, one or more profiling slides, and an independent drum-
type turret,

202, Some oompanies have found it necessary to build numerically-controlled
machine tools which are heavier than corresponding manually-controlled units.
The guideways were widened rad antifriotion bearing and rollers incorporated.
These changes are necessary to counter the so-called "stick-slip" sffect of
slowly moving tables, carriages and saddles before they oome to an accurate
stop at a predetermined position. Motors must be dimensioned to avoid over-
beating, and the lubrication systems must be well designed. Lead screws
sust have a good fit, end ocarriages msus: be adble to travel to within frac-
tions of a thousandth of an inch. The design of the machines requires not
only good mechine-tool practices, but good theoretical knowledge of dsflec-
tions, thermal expansion and vidration of machine toole and of their ele-
msents as well. Research into ths structure and distribution of masses to
sininise or eliminate these disturbances is playing an inoreasing rols in
the design of all machine tools,




203, .he trend in recent designe of numerically controlled machine tools has
been in the direction of the so—called "machining centre"., Thie consists of
multi-purpose machine tools permitting milling, drilling, boring, tapping etc.,
in one or a small number of set-ups. The workpieces may have several sur-
faces, Considerable savings are realized, particularly in handling and sei-up
time,

204, On the basis of published sources and the analysis of the operation of
numerically-controlled machine tools, the following average figures describing
their operation can be outlined:

(a) Froductivity increase: 2-0 fold;

(b) ieturn of investment:
(1) Up to 2 years in 207 of cases;
(i1) Up to 3 years in 671 of cases;
(iii) Up to 5 years in 3f of oases;

Technical and economical efficiency of the use of
numerically-controlled machine tools is attained
(according to published data from American experience)
as the effect of:

(1) Labour cost decrease by 70%;
(11) ‘Tool cost decrease by 67%;

(iii) Froductiviiy increase by S17;

(iv) Improvement of product quality by 42%;

(v) Improvement of utilization of means of production
by 26%; and

(vi) Decrease of other expenditures by 31%

205. The need for and technological justification of simplified programme-
control systems can be determined by studying production times. The pro-
duction time for the machining of one workpiece is oomposed of ihe following
elements: preparation time, main machining time, auxiliary time, time for
technical and organizational servicing of the working area, and lost time,

206, Only 20 to 25 per cent of the production volume in the developed indus-
trial countries consists of large lots or mass production. The remaining
three quarters of metalworking production consist of individual items, and
small to medium lots. This fact underlines the necessity of sutomating the
machine tools used in individual, small- and medium-sized production, as well
as of creating machine tools adapted to such production oonditions., In the
oase of universal-type machine tools, 20 to 40 per cent of the total pro-
duction time is employed for the machining process 1itself, while 50 to 70
per cent is auxiliary time. If the suxiliary operations are automated and
performed simultaneously with the machining work, productivity can be con-
sideradbly increased. Examining the time fractions employed for the dif-
ferent elements of auxiliary time, we obtain the following dsuta:

Speration Per cent of auxiliacy time
Control of the machine 30=T0

Clamping and unclamping 10-45
of workpiece

Tool change 10=-15
Measuring 6=-25

These data provide some information on the problems to be solved and on the
technological as well as economical need to automate sauxiliary time elements.
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207. The most rapid development in recent Years, in addition to the trend
towards numerical control of machine tools, has been in electrical machining.
At present, the metal-removel capacity in electrical machining procedures is
still very small in comparison with conventional machining; yet the advances
already made are indicative of the trend. Among the new methods are electron-
beam machining, used for producing tiny holes; lasers for cutting and welding
sheet metal; electro-chemical honing of holes; and electro-contact machining
for turning, with a metal disk replacing the lathe tool. letal-removal rates
are low (?71000) compared with mechanical methods.

208. Research and development of new metal-forming processes have been en-
couraged because of difficulties in machining new, harder and tougher mater-
ials in conventional ways, and because of the need of reducing waste in the
form of swarf or scrap, reducing production time, and developing machine tools
with better mechanical propertiss. Work on high-energy rate forming is being
done in many parts of the world, and several H.E.R.i'. machines are now commer—
cially available. The magnetic forming process has passed beyond the experi-
mental stage, and magnetic-forming machines are commercially available for
uss in expanding and shrinking tubular components, forming flat workpieces,
and for assembly opsrations,

209. Explosive forming is now in commercial use for such diverse opsrations
as forming stainless-steel plates for dentures and the production of large
pressings for aircraft and space vshiclss.

210, Othsr alternative production techniques include electro-erosion, electro-
chemical and ultrasonic machining, plasma machining, and hydroforming. A
number of these altsrnative manufacturing methods are still in the research
stage, awaiting devslopment into production equipment for a rapidly expanding
technology.

211, In grinding, the application of controlled force to the feed has besn
introduced, functioning so that ths fsed rats depends upon a preset pressure
rather than on a oonstant rate. It is claimed that this method ensures
repeatability, and that sparking-out can be eliminatéd. Othsr developments
are related to grinding small parts from solids at high produotion rates and
olose tolerances, and to the application of hydrostatio bearings in grinding
spindless. A copying system for gear hobbing has besn developed to permit the
production of orowned, spherical or tapered gears.

212, The following fsatures are common to all of the electiro-methods:

(a) They can be applied partioularly tc hard and brittls
materials;

(b) The shape of the tool oan be reproduced ovsr the entire
surface of the workpiece by using a simple reciprocating
motion of the tool. The simpls kinematics used in such
shaping proossses permit operations which cannot be per-
formed by mechanical machining;

(¢) The workpiece is subjected to almost no loads;

(d) The machining process can sasily be automated, so that
one operator can tend to several machines at one time.

21). Bleotrospark sachining is based on utilisation of short pulsed spark
discharges. The maximum rate of metal removal is 600 cu. mm per minute for
steel, and 100 ou. mm per minuts for sintered carbides (rough machining).

The saxisum surface finish produced on sintered oarbidss is Class 7 (roughnsss
3.2 to 6.3 miorons).
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214. Electro-pulse machining utilizes low- and high-frequency arc discharges,
The maximum rate of metal removal actually obtained on steel was 25,000 cu. mm
per minute, and on sintered carbide, 7C to 120 cu. mm per minute. The maximum
gurface finish of steel articles with this process was Class 5 (roughness 1C
to 20 microns) or Class 6 (6.3 to 10 microns); that of sintered-carbide
articles was Class 6 or 7. The method is mainly used for three co-ordinate
machining of shaped cavities of steel-forging dies, casting moulds, turbine
blades etc.

Helding

215. Electron-beam welding is assuming increasing importance as a production
procees, particularly in the manufacturing of components for aircraft and
aero-engines,

216, Friction-welding machines, which operate on the principle of generating
heat by bringing two surfaces into contact at a high relative speed, are now
being built by a number of manufacturers. Iriction welding permits the
joining together of diseimilar metals, such as aluminium to stainless steel
or copper to aluminium, on a completely automatic cycle.

217. For making joints in very thick steel plates, particularly where large
amounts of filler metal are required, electro-slag welding is widely employed.
Metal can be depoeited more quickly by this process than by any other known
technique; moreover, the electro-slag process is readily adaptable to auto-
matic operatione. It ie now being used for joining plates with thicknesses
exceeding fifteen inches, but is considered unsuitable for materials less
than one-and-a~half inches thick.

213, Experience in the manufacture of machine tools indicates that the eesen-
tial element in creating an economically efficient production programme is a
eound design policy. Attaining thie goal ie made particularly difficult

in the metalworking industries by:

(a) The wide range of operations which particular machine toole are
expected to undertake;

(b) The inability to accumulate repair and maintenance experience
on a particular design due to limited productionj

(¢) The tendency for weaknesees in construction to be obscured
since tools are rarely engaged in similar types of activi-
ties over extended periods.

219. In order to take acoount of these factors, and also to take advantige of
the latest research, it ie important to analyse the production process in
relation to machine featuree which have considerable influence on design. In
sddition, the design trend in machine toole is affected not only by the
inorease in productivity, horsepower and metal removal rates which have accom-
panied recent technologioal developments, but also by the life of new machines
in oomparison with older deeigns. The servioe life often influences management
decisions as to buying or not buying a new machine to replace an older one.
Servioe life ie tied on the one hand to design features such as rigidity, wear
resistance, absence of vidbration, and on the other, to financial considerations.




220, Concerning vibration control in machine tool design, the following
practical rules are recommended:

(a) Design for rigidity;
(b) Develop high damping capacity; and
(¢) Design for ligh weight and high natural frequency.

221, Typically, manufacturers in developed countriecs have tried to simplify
the design task somewhat by specializing in one particular line rather than
producing all machine types, CSuch concentration may be useful as a guide
to developing countries,

222. In relating the design of high-precision engineering equipment to pro-
duction and sales requirements, one must keep in mind the following con-
siderations:

(a) Ease of manufacture;

(b) Reduction of the number of components required to
perform a function to a minimum whenever possible,
e.g., the number of motors, high-speed gearing and
shafts in machine headstocks;

(¢c) Design flexibility, e.g., complicated machines should
be capable of accepting the simplest vernier measuring
systems while being able to accommodate, with a minimum
of alteration, the latest numerical control system.

223. Concentration on efficient pattern design is also important if original
material costs and costs of subsequent machining are to be kept low. Attempts
should be made to produce casting outlines which are easy to clean, fill and
paint, eo that treatment costs will be as small as possible.

224. The requirements for higher mating tolerances between components in the
more complicated horizontal boring and milling machines also call for an in-
creased level of technical innovation and individual workmanship, to deter-
mine the best methods of perfoming difficult machining operations. The

use of refined heat treatment processes, new washing methods, and specially-
ad justed lapping techniques, for example, may be called for at any point
during production.

225. In spite of the demand for great flexibility and ingenuity in production
methode, the following efforts to organize the production process to achieve
savings wherever possible are considered good practice:

(a) A carefully-planned system of unit construction or modular
deeign that not only serves as a means to keep work in pro-
gress and stocks to a minimum, but is a fundamental solu-
tion to the problem of satisfying the demand for machines
of a substantial range of table work-holding capacities and
metal-removing abilities, This rather new technique of
designing a machine as a system of nearly-finished oon-
struction unite also allows gear boxes and other items to
be manufactured during the time when the main bed is in
production, so that the over—all time until machine comple-
tion is reduced;

(b) Production of shafts, driving gears and other parts used
in building units in quantities designed to raise stocks
to specified levels. Paris required to meet speed, feed
and power requirements of construction units are then
recalled for batch assembly with the appropriate purchased
components;

48




(¢) Reducing the treatment of castings, which can amount
to up to five per cent of the total manufacturing costs,
to a set of standard procedures and a limited number of
fin‘shes; and

(d) Xeeping stocks of patterns, castings and sieel require-
ments to a minimum by arranging for a definite number
of increments in the traverse length of machine bleds.

erience of se ted countries

226. The development of machine tools already being manufactured 1n Brazil
can be expected to include numerous improvements, Plans for future devel-
opment include inoreasing the weight of the maohines used, in order to
increase productivity by supplying them with higher-powered drives. In 1961,
the average weight of a Brasilian-made machine tool was less than one ton;
this should be raised to about 1,250 kilograms by 1971. It is advisable to
equip the machine tools built in Brazil with higher spindle sppeds than those
pressntly available. Similar considerations should be given the feed drives
in order to improve the work cycle.

227. Development of semi-automation of all kinds should be promoted, Althouvgh
this complicates the manufacture of machine tools and raises their cost, the
increase in productivity will fully compensate for these drawbacks by reducing
idle time during the operations. Surface hardsning of machine~tool beds is
recommended in order to improve the machining precision and to maintain it

for the longest possible time over the useful life of a machine,

223, Improved accuracy standards will be attained if better materials are
used, partioularly cast-iron types of higher quality and stability. The
design of oast-iron parts should also be improved. Machine-tool accessories
should be more complste than thoss presently available., Few manufacturers
have taken sufficisnt care to provide complete equipment for their machines.
Special attention should be given to the selection of electrical equipment
to ensure greater safsty and protection against overloading.

229, The machine tools should be tested according to standards recognized by
sll machine tool manufacturers., At present, only very few manufaciurers are
using such standards. This is extremely important in view of the exacting
requirements of the market, for it serves as a means of offering consumers a
guarantse of the quality of the machines produced. To keep pace with the
development of the Brazilian metalworking industries during the coming decade,
numerous machine-tool types are planned for future production.

230, The machine-tool industry has in the past purchased designs from
abroad produced machines under licence. It is now necessary that domestic
designs bs developed and machine-tool designers trained for this purposs.

The country will have to import more and hsavier types and more modern designs
of machins tools. The trend is towards single~purpose machine tools, and
production of machine tools with programme control., The domestic machine-
tool industry has to think in terms of producing these designs soon in order
to meet ths demand in the oountry without having to depend upon large~scale

imports.




CHAPTER XI, SOME SPECIAL TECHNOLOGICAL CONSIDERATICNS
FOR EALHERK'ING INDUSTRIES IN INDUSTRIALLY

DEVELOPING COUNTRIES

231. The industrial development of machine building and the use of equipment
under contemporary conditions in the developing countries may be divided into
three tasic stages. The first is the purchase of equipment manufactured in
other, more developed countries which is necessary for the development of the
national economy. The second is the organization of maintenance and repair
facilities for the machinery in the country. The third stage consiste of the
establishment of facilities for the domestic production of equipment necessary
for the development of the country's economy.

Organizaticn of machine-tcol production and selection of types of machine

tools for manufacture

232, The degree of industrial development of a country deteimines the form of
organization of machine-tool production, as well as the volume and range of
output at the projected factories, There is a common tendency to move from
batch production to continuous production processes, ac is clearly seen in
the chemioal industry; it is occurring more and more widely in metallurgy
and in the food-processing industry. ’

233, Achievements of modern science, techniques, and prooessing methods deter-
mine the development of machine-building technology and, though to a smaller
degree, affeot the design and development of the machines themselves., For
example, electro-erosive processing made it possible tc manufacture curved and
shaped aperiures and to create the necessary machines, The use of ultrasonio,
electron and light-beam techniques led to high-preocisicn machining of mater-
ials of practioally any strength, thus oreating conditions for the use of

new designs of machines. ‘

234, If the mechanical engineering industry of a oountry is underdeveloped

or non-existent, it is advisable to establish a small multi-purpose engineering
plant which can produce miscellaneous replacement parts for such branches of
industry as the country poessesses, This plant provides a base for the train-
ing of personnel, and a nucleus for the growth cf a mechanical-cngineering
industry. In the second stage, the factories themselves produce all compon-
ents, excepl for special parts which are imported, To manufacture heavy
parts, modern foundries must be established,

235+ When a programme of machine-tool production for a projected plant in a
developing country is drawn up, the following requirements should be con-
sidered when the types of metalwcrking machines tc be produced are determined;

(a) Complianoce with domestic needs; this should make efficient and
economic production possible; and

(b) Availability of indigenous raw materials, basic and intermediate
products — cast iron and steel, electrical-drive motors, hydrau-
lic elements, etc.

236, The analysis of these and other factors for a indicated that the
introduction of standard machines was economically feasible in the initial

stage of its development, The machine types and basic parameters selected
were:

(a) Universal lathes, maximum turning diameter up to 630 mmj



(b) Drilling (column and bench type) machines, maximum drilling
diameter up to 50 mm;

(¢) Universal, horizontal and vertical milling machines, width
of table up to 320 mm;

(d) Shaping machines, maximum traverse up to 630 mm;
(e) Hacksaw machines, diameter of the cut material up to 400 mm;
(f) Surface-grinding machines, tool and cutter grinders, etc.; and

(g) Plain boring and other machines used mainly for engine over-
hauls.

In deoiding the scale of production of such machine tools, one should consider
collaboration of two or more developing couniries in building a plant,

237. On the basis of analyses of past experience with machine-tool production,
it is possible to draw up a comparison of typical irnventories of machines
installed in a developing and a developed nation (see table 5)

233, In Latin Amerioa, it is evident that metal-forming machines play a more
predominant role in the development of the machine-tool industry than do
netal-cutting tools. In oountries with a developing metalworking industry,
the simplest types of metal-forming machines constitute an attractive market
due to the fact that metal-forming operations are the basis for the production
of a nunber of simple jtems. With these machines it is possible to attain
reasonable quality levels more quickly than with metal=cutting machines, For
the Latin American countries, the number of metal-forming machines represents
from 10 to 20 per cent of the national production. By weight, they reach a
figure of approximately 40 per cent,.

239. The following types of metal-forming machines are reoommended for manu-
facture in the first stages of develomment of a machine-tool industry:

(a) Hand and power drive shears u» to 3 mmj
(b) Hand and power drive bending rolls up to 3 mmj
(¢c) Hand and power drive folding machines up to 2 mmj

(4) Combination machines (bending, punching and shear of bars,
sheets, angles, eto.)s

(s) Executive presses up to 60 tons pressure; and

(f) Hand metal-forming machines of small ospacity, suoh as
hand=-driven sorew presses, punching, riveting and other
similar machines,

240, It should be kept in mind throughout the industrialization process that
the time required for developing special iypes of machine tools can be oon-
siderably reduced by oonoentrating all manufacturing facilities of an indivi-
dual plant on the manufacture of partiocular families of produots, and by
employing a oarefully-planned system of modular design. For example, turret
lathes, automatic lathes seto., can be included with the production of centre
lathes, rather than starting production of totally differenc types of machine
tools.




'l‘ab;; §
Comparison of metal-cutting machine tools
in a aovologigg and a aovcfo& country

Percentages
Type Bulgeris UsA
Lathes 44.0 21.0
Capstan étumt) 2,0 20.0
Engine (universal) 95.5 54.0
Automatic - 24,0
Other 2.5 2,0
Milling machines ' 8.0 10.7
Knee type 96,7 58,2
Planer type 0e3 1.7
Profiling and duplicating 2.5 59
Other 005‘ 3402
Drilling and boring machines 25,0 24.7
Vertical drilling , 955 65.6
Radial drilling " 2.5 9.1
Horisontal bvoring . 1.5 4.7
Jig boring ’ 045 2,)
All other - 18,3
Urinding machines (exceps t00l, cutter,
bench, snag) 4.0 12,4
Internal 22,0 8.4
Surface . 3.0 29.1
Other - - 44.5
lcain., lapping, tool and cutter grinding 1.5 4.1
machines
Honing 60,0 1305
h”w 540 12.;
Tool and cutter erinding 35.0 68,
Shaping, slotting, bdroaching machines 940 2.4
m ' . ’ 30,0 * 21.2
M‘u %0.0 46.6
Slotting 20,0 9.6
Broaching - 22,6
Gear cutting and thread cutting machines 3.0 3.1
Cutting-off machines %540 7.0

Other metal-outting machines 0.3 14.6




Tropicalization

241, Attention must be given to the particular conditions existing in a devel-
oping oountry, such as variations in temperature, humidity and other climatic
faotors which may affect the accuracy of machine tools, their themmal expan-
sion, the effectiveness of hydraulic and lubrication oils, etc., Such condi-
tions, for example in a tropical country, may require adaptations of existing
designs and processes as well as original machine designs and production
methods for these conditions, Alternatively, the working environment may be
modified, e.gs through air conditioning, and suitable machinery and tech-
niques selected,

Material substitution in production

242, Substitute materials suoh as plastics are not used extensively for the
load=bearing members of machine tools, but are being employed increasingly

for non=load=-carrying components, It would be well for countries lacking
mineral resources or facilities for their application to study further sub-
stitution possibilities for materials whioh can be produced locally, Clearly,
advantage should be taken of all research geared in this direction, as for
example, the use of impregnated and laminated plastic inserts as slideway
materials.

Flexibility of

243, The range of sizes of machines has become particularly marked in recent
years, Besides machines, instrumentis and mechanisms of average dimensions
handled predominantly in service shops (passenger oars, refrigerators,
domestio electrio devices), there is a strong tendency towards increases in
dimensions of individual machines in metallurgy and trapsportation (rail-
roads and aviation, freight and passenger) on the one hand, and on the other
hand, a tendency towards miniaturisation, as seen in electronice, oosmunica-
tions and medioal equipment.

244, The position of machine~tool users in has changed recently due to
the recession in the machine~tool market. ® er can now dictate his re-
quirements and select the machinery he wants. This illustrates the fact that
the manufacturer should have suffioient flexibility to change from production
of one type of machine to others which are in greater demand,
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CHAPTER XII, RESEARCH AND DEVELORMANI

245. Research, for an industrially developing country, is sometimes thought
of as an activity bringing little immediate return, involving considerabls
risk, and burdening already tight capital budzets. This is unfortunate,
since it is through the inncvations resultinz from succesaful research that
great economies and improvements can be made, first at the plant level and
subsequently in the entire national eoconomic zrowth. lloreover, the oppor-
tunities for rapid technological progress are mreater today than ever before.

246.For these reasons, countries with developing metalworking industrios
should carefully study current research and developments, and should be pre-
pared to support and implement the most modern dosisns and technitues where
these seem practical, rather than making e:penditures on outmoded machinery.
tuch stross has been placed, and with grod reason, on the adaptation or
development of machinery designs and produotion techniques to the needs of
developing oountries, This, however, does not take the place of the assist-
ance which developing oountries should receive in seleoting the oorrect
machinery and techniques of the oommon types, vhich still satisfy most pro-
duction needs in both developing and industrially advanced countries.

Regearch for the machine-tool industry

247. In the area of machining, research investigations deal with the relations
between feed, depth of out, chip cross-sectional area, and the outtiny speed
as related to tool life. Cutting forces are determined for conventional and
newer materials, considering their hardness, tensile strength eto. as funo-
tions of the feed and depth of out, of the microstructure and a number of
other pertinent faotors. The oombined effeot of cutting speed and outting
force determines the horsepower required for a maohining processy this, in
turn, affects the metal-removal rate and henoe the produotivity of machine
tools. These and similar problems are the subjeot of research in the numerous
fields of machining operations suoh as turning, milling, drilling, grinding,
broaching, planing, reaming, and hening.

248, In machine-tool research, attention must be given to the rigidity of the
individual components of the tools and to the total rigidity of an assembled
machine. Deflections under load and vibrations ocourring under out are
studied, as are the problems of thermal expansion, which appear %o be of
particular significanoe for many developing countries in oonnaxion with
climate. Not only is the acouracy of the product affeoted Ly these dis-
tortions, but also the tool life, and this has a direct effect om produo-
tivity. In addition, research is procecding on the motion of machine=tool
elements, and on the stick-slip problem which is of great significance for
the accurate positioning of numeriocally-controlled machine tools.

Assuracy. of aachine-tool stmigtures

249. The main oontributions of recent research in machine structures have
been to the techniques of achieving acouracy and of measurement. Developments
in the following areas are signifiocant:

(a) As standards of acouracy have inoreased, partioularly on larger
machine tcols, with increased use of numerical-control systems,
it has become more and more difficult to measure the performance
of the completed machine tool with an accuracy comparable to the
resolution of the measuring scales of the machine. This problem




hag Yean caned v the evol pment, —inee 101, f portable oas
lager intorferyotera. Thy o1 Th deree 7 ~sherence f li~ht
emitted by thiz deviee enatles frinesc ty to £ .rmed bLetween tw,
1i-ht beams; with suitable eorrecti g for temporiture and
praessure, loan-ths up t5 7 metres > ba calibr\;tg(’. wunder work-
shop conditions t) an weeurt iy >f one part in 1C - ~n accuracy
hithert, sbtainable snly under standards-room conditions.

(v) Timerizally controlled machines are capable ~f a higher degree of
repeatalility than thise sperated manuelly, If they are t> be
nore accurate, it must 1soy be possible to 2ontrsl them by the
actual nachined dimensions of the workpiece rather than by the
rel~tive poisiti \ns of the t>>1holder and worktable, 18 is the
normal procedure., This repiires some form of in-process measur-
ing of workpiece dimensi-ns immediately behind the 2uttiny tool,
T> this end, pneumatic ~au~in-~ systems, electronic systems employ-
ing lasers, and the more aut-matic adaptive control systems ars
in use or under investisatinon,

(c) The growing use of hydrostatic bearinss for slideways and spindles
is answering the need for a machining accuracy sreater than that
of the machined surfaces in the machine t>0l .itself. This offers
the possibility of oliminating accurate machining of machine-tool
surfaces and instead usinz additional optical devices and servo-
systems, .

Stiffness of machine=t30l structures

250. Research int> minimizing high chatter and vibration has concentrated sn
methods of achieving:

(a) Greater damping;

(v) Increasing static and dynamic stiffness Ly incorporating diffarent
structural materialsj

(e) Eliminatins reso>nanoe effects through: improved desigms.

251, Tu5 areas of researoh seem particularly fruitful. In one of these,
tests o>n models which have been traditionally useful in pointing up weak
spots are giving way t> the use of lumped-parameter computer models which can
simulate in detail the use of different shapes and the sizes of various
structural elements, and also account for the behaviour of Joints. In another
area, integration of the design of the machine tool and foundation by making
the machine bed of concrate i being considered. This would reduce material
and transportation costs, while inoreasing stiffness and damping.

ieindle and foed drives

252. Zeconomic adaptive~oontrol systems are seen as the long-range solution to
the problem of providing optimal outting conditions continuously. Neanwhile,
there is considerable interest in the use of continuously variable speed drives
for machine to0ls. The growing use of silicon-controlled rectifiers for speed
regulation of electric motors, and utilization of hydraulic and direct-ourrent
types, should inorease the range of pouor/.p«d characteristics possible for
machine tools. Lead-sorew feed drives for aumeriocally-controlled tools appear
best suited at present to meet the requirements of high natural frequency,
stiffness, absence of backlash and low friction.

Zxzonomics and utilization of machine tools
253, Aspects of the design of machine tools to which ergonomios, the soience
of man-machine relationships, oan contribute inoludes
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(a) Positioning;

(v) Shape of control levers and knobsj
(¢) Design of control panels and scales;j
(d) Laycut of legend plates; and

(e) Design of symbols.

More research, with greater co>-operation between production workers and
desimmers, needs tu be undertaken,

254, There is a growines body ~f evidence today that, in many instances,
general-purpose machine tnols are not suited for the purposes for which they
are being used. It is estimated that, if machine tyols could be matched
properly to the requirements, the squivalent capital value of the plant neces-
sary for the maohining operation could be considerably reducec. Detailed
gtudies ~re teing conductod to determine sises, shapes and uses of components,
with the aim of achieving a greater degree of standardisation and the intro-
duction ¢f machining of the family-group systeam.

Automatic coptrol

255. The range of antroatic-control devioes is very broad. It includes
sleotronic and pneumatic systems such as the programme-sequence control lathe.
Mumerical=control devices have become virtually synonymous with the notion of
autopatio oontrol. This may be dus in part tc the fact that such devices
offer greater potential than do the programme-sequence units. The former
oontrol workpiece dimensions by use of transduoers, in addition to monitoring
speed, feed and other process data, The major developments of current
research on control seem to be in the following areass:

(a) Multi-axis machines and suitable programing languages and
techniques to facilitate use for prooedures such as
die-sinkings

(b) Photogremmetry as a means of supplying the machine tool with
information about a prototype component;

(¢) Extension of programme-sequenoe control to full numeriocal
control of tools, to systems enabling one nontrol device to
operats a number of machine tools, and %o adaptive or "in-
process™ feedback control systomsj

(4) Combination of numerical control with electro-erosion or
electrochemical machining for difficult-to-machine alloysj

() Use of numeriocally oomtrolled drawing machines and computer-
aided design systems of the "Sketohpad” type.

Basu{acENrARC _RESCAMSS

256. As mentioned earlier, the machining of nev naterials has led to new
manufacturing processes such as high-energy rate forming and electrochemical
sachining. Much research smust still be done before these processes arse in
COEROn usSe.

257. Other problems which have not yet received suffioient attention inolude,

for instance, the effect of climate on hydreulic and lubricating oils. These

offects differ for the various types of machine tools such as lathes, drilling
sachines, milling machines, boring mechines, grinders, and broaching machines.
Purther study in this area is warranted.
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dsasarchin nadatenance

257, Tlosearch noed n>t be limited t5 the development >f new production methods
and equipment, but should inclnde machine-t>ol mrintenance. It is Recessary
to know the reasons vhy n machina tinl loses its officicncy, and the methods
by which its reliability and durability can Le increased. The classical
scionces, such ns mechanics, idealized the conditisna in which machines func-
tioned. Frr-ors and innccuracies caused by component wear, temperature deform-
ation, defective materials ctc. were viewed as aberrations from the perfect
machine and as nccidental phenomona,

259. l:>dern scionoe, particularly cybernetios, takes a different view of
arrorsj thoy are retcarded ns a natural feature of cny real system. Hence
the need arises t-> investigate tho sources and causes of adverse influencos
actin~ on machines, and to study their reactions, Vibrations transmitted by
other eTuipment act on the machines. Thermal energy in the form of tempera-
ture fluctuations disturbs machine parts as well, Chemical enersy causes
oorrosion when the air contains moisture, and electromagnetic energy in the
form of radio waves may affect the olectronic equipment. These and other
processes reduce the quality of performance and require periodic overhauls.

BD1 an ¥ 3 on Q 8 vyl 1} g e o7

260. All possible efforts should be made for the incorporation of technioal
advances in new desims which have market potential. This is particularly
important beoause of the long time interval of three to five years between
development and produotion of the first model of a new type of machinery,

Y RS L W wit 3 QOVE L SLERe .

261, The structure of a centralised machino-desi™ and research organisation
must, of necessity, be determined by the level of development of mechanical
enginecring in the country in question. The needs of the country in this
sphere of activity must be served at minimum cost, and with efficient use of
scientific and desim personnel. As mechanical en~ineering develops within
the sountry, spocialisation should be intensified, with tho result that the
single nechanical-cngineering research and desism centre may aradually be
split into eeveral specialised, independent research organizations serving the
branches of mechanicsl engineering which have been built up.

262. A major component of this process is the training of native scaentific
and desisn personnel, and the gradual specialisation of such persons ia
particular fields of mechanioal enzineering. Advanced training must de pro-
vided for them, as well as a continuinz flow of technical inforwation,and,
eventually, the introduction of eeparate training for the engineering staff
of the mechanioal-enzineering industry. Close links must accordingly be
established between the country'e research centres and establishments of
higher teohnical education. As production grows, a transition must be made
from a single research centre to a stage at which some portion of the research
staff is transferred to the aoctual plants in order $0 establish the closest
and most direct possible link between science and production, The single
research contre will be maintained %0 ocarry out long-range and highly complex
projects, to inform the industry about the latest advances, and to co-ordinmate
the production developmens of the individual enterprises.

263 The development of ressarch and design services which are geared to the
development of the mechanical-engineering industry may be broken down into
the following stages!

(a) Stage 1, Technical training institute vhose research labor. ories
and specialised staff assist and advise the industry on particular
problems,
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(v) Stame 7. A minele mechanical-engineering research cantre
separate from the training institute. This centre may desim
machinery f.r the mechanical-engineering industry, conduct
research on processes and specific mechanisma at the reqjuest of
factories, render technical assistance in bringinz into use
complex imported ecquipment and technological processes, and
supply the industry with information concerning the latest
advances, The staff of the research centre takes part in the
work of technical training establishmente.

(s) 9tage 3. A single metalworking centre, and separate centres
for the different branches of meohanical enzineering, t. develop
eTuipment for the processing and extractive industriee. At this
gtame there is greater specialisation in types of machinery; the
1aboratories are concerned both with technology and with the
development and study of the necessary equipment, in addition
to rendering aseistance to industry.

(d) Stage 4. Research centres for particular branches of mechaniocal
enzineering, and design and research eervices at the sanufactur-
inz plante. The centres work on long-range problems of indus-
trial procesees, regulating systems, machinery unite and oom-
ponente, assist in eolving the more complex problems facing
plants, and provide the industry with technical and economical
dooumentation and infomation. Practical work on the develop-
ment of machinery and the day-to-day supervision of its produc-
tion are ocarried on by the design servioes of the enterprises
themselves.

264. According to the level of development whioh it has attained, each country
selecta the mont suitabdbls form of orsanisation for its soieatific and design
servioes.

Racantralised reasarch snd. davalomment. atems

265. In applied research, the transfer of results fron laboretory to workshop
is a constant, delicate and complex problem. The transfer takes place either
when the research programme ends or when a ooherent set of results has bdeen
obtained. It is at this stage that research work finds its justifiocation.

266. Three stages of utilising tho rosults of research in industry are appare
ent:1 First, the establichment of the pilot plant, when the transfer of pilot-
plant technology to production, and finally, commercial applications of
research.

267. The pilot plant ehould be located as near as possible to the research
departaent, permitting olose co-operation of ths two divieions. The pilot
plant is an extrapolation of the laboratory, which triee to convert research
procedures into production methods, It is “he task of the produotion en-
gineers, who are responsible to the production department, to prepare the
trensfer from ressarch to the workshop, and to disseminate soientifio ideas
{n the latter. The engineers are chosen from the research etaff and trained
in production technology. They are generally university-educated, and form
an important link in the crganisation. Probdlems encountered in the design
and building of machine tools are gathered from disouseions with customers,
personal observations, and testing of machinery. They are also examined in
relation to manufacturing costs. Problems oconcerning operational convenience
of the machine, the safsty of the operator, and improvements in produotivity
and acourecy are also investigated. The engineer must weigh the relative
significance of various prodbless. He must record pertinent facts and make
seasurements in order to determine the significance of the prodlems, and the
advisadility of initiating new development projects. The engineer of the
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future wi!l hwe t» extend his knowledre constantly., Owins tn the difficulty
of obtaining technical perfection and scientific exactitude, the ensineer must
be capable >f nelestine snlutions which are often compromises between contra-
dictory requirements.

26, Tho preparation of prototypes and their rigorous testing should be
carried out in rooms soparated from the main produstion shops, in order to
avoid conflict over use of equipment and interference with the regular pro-
duction activity,

Rxperisnce of selezted countriss

269, The Government has set up a machine tool research institute,
namoly, the Central ilachine Tool Institute at Bancalore, with assistance pro-
vided by the Csechoslovak Government. This is only the beginninzj many more
machine=tool research institutes could be used. It is oxpected that the
present Institute, whioh was inauzurated in December 1965, will, amonz other
things, do research on machine-tool problems such as outting, tool technolosy,
materials and their treatment, metrology and type testing of machine tools.
It will also develop new desims, improve those already sxisting, and train
designers for the industry,

21). The Indian Government has also established the Central liechanical
Ingineerine Research Institute in Durgapur, which likewise dcals with problems
of the metalworking industries., In addition, a Research Instituts for
Scientific Instrument Technique has been established at Chandigarh (Punjab).

271. A fundamental role could be played in the developament of machine-building
industries if a machine-t70l instituts were established in Argentina, dedi-
cated to the study and research >f teshaiques related to the oonstruction and
functioning of machine tools. GOetting such an instituts started would bring
important benefits to the makers as well as the users of machines. Por the
former, it would be an important aid in meeting technical manufacturing
requirements, For the latter, the tests carried out by the instituts would
constitute a suarantee of produot quality and give prestige to produots
sanufactured for the domestic or export sarkets.

272, Aside from its mainly technioal funotions, the institute should actively
participate in guiding the development of the industry, and advise the appro-
priate asencies resarding credit which should be given to aanufacturers for
the acquisition of machinery and production equipment, as well as for the
study and tuilding of prototypes.



¢ COST CONS TIO.

273, Costs can be classified under three headings: direct cost of labour

and materials, standard overhead charges (e.g. rent, heat, light, maintenance,
sdministration), and the amortisation of oapital equipment. During the first
ten years of service, the productivity of a machine decreases, leading to an
increase in the cost of labour and overheads. The cost of the new machine,
which will become higher in successive years, must be allowed for., Mainten-
ance is a major finanoial ooncern in the metalworking industiries.

(+] 0 \ ]

274. One of the most important production problems for the metalworking plant
manager is to detsrmine what his equipment needs are. The capital value of
the plant required for machining operations can be reduced by 30 per cent if
mechine tools are properly matched to the actuasl requirements, For instance,
there is littls merit in using a machine with a holding capacity of one metire
if the largest piece to be worked on it is only one third of that length,

The 3O per oceat figure takes into account the reduotion in complexity and
sise of machine tools, the reduced workshop area and the reduced cos* of over-
head oharges.

2195. Plant managers in dsveloping countries should also keep in mind ths real
savings in terws of original oost and operating expense made possible by the
use of vecond-hand equipment. The fact that the market for such equipment is
supply- rether than demand-oriented causes prioes to fluctuate widely, and
requires that the purchaser be sufficiently familiar with market conditions
t0 be adle to make purchases at the most attrective prices.

276. Overhead costs play an important role in the oase of automatic machines,

%o rise with changes in machine sffioiemcy. Complioated work for
vhioh jige amd fiztures are required aggrevates these conditions ant gives a
definite advantage to mmerically comtrolled tools. This is particuarly true
of milling, drilling, tapping and boring of pusp bodies, casings, connexions
and siailar oomponents.

i
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7. The produotion cost of machine tools oan be reduced substantially by
sdopting the principles of modular design. It was found in the case of a
three-azis drilling machine that the cost of s modular-design unit was about
half that of s comventionally Built machine of this type. MNodular design
also has the advantage of keeping to & minimum the smount of capital required
for the inventory of parts, patterms, castings etc., which is nommally quite
oonsiderable. For ezsmple, a medium-gised factory recently reported that,
oven with a carefully planned system of unit comstruction, stocks worth about
SUB 840,000 were required for work in progress amounting to $US 280,000. Ths
saving differs, of couree, with the type of modules built into ths machinery,
and ocould be increased wvhea the users become more familiar with ths prinoiples

278. Isprovements in the design or manufacturing methods of machine tools
often result in oocst and price inoreases. Ths question then arises whethsr
the increase is worth the higher performance. It may be neocessary to postpone
a technical improvement in favour of lower oost until design sisplifications
lower the prioces.
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279. 1n order that metalworking industries in developing ocountries can
become more self-sufficient and competitive with those in the industrialized
nations, ancillary industries providing raw materials and components need to
be developed. A higher priority in government planning, and specifio inoen-
tives or tax relief measures to entrepreneurs are vital in this connexion,
and must be provided for if a lowering of costs in metalworking industries
is toc be achieved.

280, Wg. Company standards are used in factory accounting for
controlling and measuring the efficiency of manufacturing operations, Before

production is started, a standard estimate of the total cost of producing an
itém is prepared. This estimate is later compared with the actual cost.

281, Drsak-sveh analyses. Dy separating total costs of a product into fixed
and variable costs at a given level of output, and by assuming linear rela~
tionships in the range of operation, one can develop a graph of total cost
versus output. This plot is useful in determining the profit expected from
an inorease or decrease in production, the effeots of a substitution of pro=-
duotion techniquese, change of lot size, or the introduction of labour-saving
machinery.

282, W. The ooncept of yalus added to the
labour=cost ratio is a use guide for analyses of efficiency of operations.
In the United States, this retio has remained at 2,5 since 1914 in spite of
all economio changes. The competitive position of a oompany can be judged
ogeinst this figure, and the production engineer can assess through it

whether his techniques are effective,

Exmarisnce of Anis and the Far East

233, No detailed figures are presently available for the countries of Asia
and the Far East. However, it may be estimated that wages have increased by
40 per cent in the developing countries since 1955, In the most industrial-
ised oountry (Japan) of the region, the increase amounted to 50 per cent.
Second in importance to labour costs are the costs of transportation, distri-
bution, investments and interest retes. The price structure is also greatly
affected by the cost of imported steel and other materials and oomponents.

284, Although the costs of produotion in the region are relatively higher

than in the major producing countries in the world, particularly whea mess-
production techniques can be used, it has slready been possidle to manufacture
some goods at competitive cost. This is due to the lower wages, and t0 the
application of modern technology. Among the goods most frequently and com=
petitively manufactured in this region are sewing machines, bicyoles, simple
agricultural implements and metal furmiture.
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295, If developing nations are to achieve the degree of industrialisation in
setalworking that is required to provide goods for both internal and extsrnal
consumption, they must provide for a system of standards as soon as possidble.
Experience has shown that production methods become harder to chinge as the
industry becomes more complex. Ineffioient methods cam become ingrained
habits. A careful comprehensive atudy in the beginning phases of industrial
dsvelopment pays off in fewer mistakes in the future.

286. Standards in the metalworking industriss are requisite to three basic
phases of imndustirial production, namely:

(a) To modern methods because they provide interchangeability and economyi

(v) To trade within a country because they enable oonsumers o use a
given part in all areas of the country; and

(e) To international trads because they provide a oommon basis for pur-
chases and salss.

287. Several kinds of standardisation need to be distinguished in metalworking.
These range from standardised olassifications of part names and prestices of
design and production to standardisation in the production of meshine-tool
unite through the oonsept of modular design. The majcr elements disoussed
below must be considered in relation to the needs of developing countries.

disndandisation of part aises

288, The early adoption of standard sises of mstalworking materials allows
the design of many preducts based on a limited muaber of sisee of rounds,
squares, and other standard shapes; a limited number of thicknesses and
widthe of sheet, strip, and plate; and a limited number of finishes., Early
standardisation would save time and money for everyoms involved. An engineer
in Company A need not spend time developing a sorew that will fit a part pro-
vided Yy Company B, if both companiee adhere to a oommon standard for screw
threads. Establishing and using a syetea of national standards ensures that
a bolt will matoh a nut, that an slectrical plug will fit am outlet, and that
a buld will sorew into a socket, no matter who manufecturcd the product or
where and how it is used in the oocuntry. Engineering time can be utilised
sore efficiently to provide bdetter products and product uses, and the sini-
aised duplication of sffort will result in economy for all comcsrned.

289, The use of oontrol systems in machine tools has led to development of
various means of imsiruotion imput., In the case of mumerically-controlled
sschine tools, punch cards have gradually been replaced bty pumohed tape,
standardised in the United States of Americe to one-inch width amd eight
channels. In Standerd RS 244, which ie the United States standard,
the code requirements are spelled out for des nusbers, letters and
symbole to be placed on the tape. RS 227 specifies the tolerances of the
sedium and the holes, RS 267 applies to tape for positioning amd RS 274 to
tape for oomtouring numerically-ocntrolled sechine tools. These standards
are preliminary, however, and are currently the subject of controversy.
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Shaspafication of machine toole

290. Classifications of machine tools have been adopted in some industrialised
countries, These usually come from a cods whioh assigns numbers to olasses,
groups and sub-groups of machins tools. As a first stsp, a national standard
is essential, but the oreation of an intsrnationally-acoepted standard olassi-
fication would be of considerable benefit tu all nations, as would standards
of testing and quality.

Standardisation in production of pachine tools
291, Standardisation of machine-tool production is necessary if the minimum

number of sises of a given model of machine is to serve the entire range of
applioations of that machine. The favouradble results thus obtained are:

(a) Sisilarity of dssign, technology, operation and overhaul;

(b) Possibility for vertioal and horisontal unification of some struc-
tural slements;

(c) Eventual application of the modular primcipls to gensral-purpose
machines; and

(d) Bfficient production and all consequent economical advantages.

292. These results can be achieved in several ways. For example, limits are
being estadlished for a whole range of metalworking machines. The limits
correspond to a basic 9ise paramster or a graded range of necsssary sises,
and the main technological data (e.g. geometrical dimensions of Lhe machined
work and of the mating and fixing surfaces) are being specified.

293. Parameters and sises have to be selected tc suit thc preferred number
ranges of equipment in acoordance with the appropriate standards. When a

now range of machines is to be developed, it is advantageous to begin with a
small number of models within the given range, allowing for a gradual increase
of this mumber together with augmentation of the paramesters. Thus, any defects
can be elisinated and improvements, based on experiments, oarried out on a
omall number of items, .

Eadnlar desisn

294. The modular-design principle belongs in the category of machine-tool
standardisation. It goes deyond the mere standardisation of individual
sachine parts, howsver, because it covers the standardisation of assembled
uwnite whioh oan be used in various types of models. Consequently, optimal
utilisation of plamt equipment is made, yielding the capital savings which are
o0 important for an imdustrially developing country.

295. The firet step in modular design is to establish a system for the machine-
tool prodwction programme. Typical parameters are selected for each class of
sachine tools, such as the maxisum work diameter for lathes and the maximum
hole diamster for drilling machines. With the aid of these paramsters, it is
possidle to develop a series of machines with sises arranged in a geometric
progression vhich, in turm, permits a substantial reduction in the number of
sises of meohine tools.

296. The second step is the classification of machine tools into design groups.
This tere opplies, for inetamce, to the main spindle assemdly of a lathe or to
the copying device of a milling machine. It is useful to limit the mumber of
design groups, which oan be compared to building blooks, to those that are used
very frequently. They are divided into three catsfories, namely, basioc, goneral,
and supplesental deeign groups. .



297. It is possible to build a large variety of machine tools employing omly
comparatively few design groups. It even becomes feasible to build special
sachine tools, and also gradually to automate them in the future by applying
the indioated principles. It will be possible to build transfer lines from
design groups; they can be disassembled when no longer needed and used for

s different transfer line or in a different machine combination. Using the
design—group principle, one can assemble up to sixteen different multiple~
spindle machines by using only four frame sises. Substantial savings oan be
realised through the application of modular design to sulti-spindle automatics.

298. The optimum repeatability of design groups is established by the designer,
who caloculates so-called "oharacteristic numbers™ during his work. Several
suwch characteristic numbers can be computed by means of simple formulae.

299. The third step oomsists of the development of deeign units that represent
a higher degree of standardisation. The diffsrence between design groups and
design unites liee in the field of application. Whils design groups apply to

an individual plant, design units apply to a great number of plants or to an
entire country. The differemce oan be compared to the difference between a
factory standard and a national standard. MNechanisms for the motion of
sachine parts, tool carriers, and loading devices, for example, belong into the
category of design units. Some are special machine tools used for cnly one
type of operation or workpiece, using, however, the principle of modular design.
Machine tools of the future msy be built by assembly of prefabricated standard
parts rather than on the basis of individual design.

300. The fourth and last step is scientifio research into the diverse applica-
tions of deeign units to optimum oonditions. Research on uprighte is typical.
Bere, the scientific investigation should oover the ratios of the length of
sidan, haight, looation of stiffeners, the oentre of gravity, eto. It should
be determined under what oonditions maximum rigidity oan be ohtained at least
cost when incorporating design unite in various types of machine tools such as
lathes, planers, and milling machines. Cost comparisons should be based on a
geometric progreeeion of these dimensions.

1. The results of experience with etandardisation at all levels - company,
industry, national and international - are available to developing countries,
Nuch oan be gained from a thorough study of the standards in effect in the
industrialised nations. These were worked out with great ocare, and the devel-
oping mations can bemefit greatly from adopting them. National standards for
the metalworking industries oan be obtained from developing nations with help
furnished by international organisations such as the United Nations and the
International Organisation for Standardisation.

302. Care should be exercised, however, because each oountiry, and often each
ares within a oountry, has special oonditions, such as voltage requirements
for electric ourrent, which must be taken into consideration. Requirements
for bearings in machines used in a temperate olimate would prove useless if
the perts were to be mamufootured or used in tropical surroundings.
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CHAPTER XV, MAINTENANCE AND REPAIR OF METALWORKING MACHINERY

3JO3. Metalworking machine tools occupy a central place in the entire coaplex
of industrial equipment and machinery, The experience of the developed
countries shows that machine tools can have a long, useful lifetime. In
Jobbing ehops, the average life may be up to 40 Yyears, and in cases of small-
lot production, about 25 years. It is slightly ehorter in the production of
vehicles and other industrial equirment on a large-batch basis, and reduced
to sight years in the case of mass production, Therefore, a wsll-organized
repair and maintenance eystem is eesential for every etage of industrial
development, and is perhape the first constructive etep to be taken in the
early phasee of industrialization,.

304. Research on tecknical equipment has ehown that approxisately 10 per cent
undergoes major overhaule each year, 20 to 25 per oent intermediate overhaule,
and almost 100 per oent some minor overhaul., Before receiving a major repair,
& machine tool has usually passed through two intermediate and eix minor over-
hauls. Each intermediate overhaul takee about two thirds as much labour as a
sajor overhaul, and sach minor overhaul 17 rer oent. The standarde developed
in the Union of Soviet Socialist Republics for maintenance and repair of
sachine tools show that a major overhaul of a lathe takes eleven days, six
sinor ones 16.5 days, and two interwediate overhauls 13 days. The lathe is
thus out of operation for a period of 40 days (24 hours each) between two
major overhaule,

305. The loss of time and resources needed to kesp the stock of machine toole
in good order is substantial, though depending to a great extent on methods
of operation and servioing and on the technology and organigation of main-
tenance, For exampls, in a small- or average-sieed enterprise, the cost of
& major overhaul of a medium-sised universal machine tool is normally 50 to
60 per oent of the cost of a new machine, and in the case of a heavy machine
tool, 25 to 30 per cent., In addition, machine tools are periodioally checked
for accuracy, lubricated, and given preventive treatment. Thus, the cost of
maintaining and servicing a mechine tool of medium site during one maintenance
oycle (i.e. up to and including the major overhaul) is greater than the cost
of a new machine. If maintenance and repair are not well organited, the cost
oan be several times greater.

306, In order to keep equipment in permanent working order with a minimum
expenditure of time and resources, it is neceusary to institute a maintenanoe
system with etriot rules conoerning the basic procedures.

307. In the Union of Soviet Socialist Republics, a unifore planned preventive-
maintenance system has been especially worked out for, and is applied in, all
branches of industry. Now thirty years old and steadily undergoing improvement,
this system has shown its great possibilities and the correctness of the under-
lying organisational principles. The system of preventive maintenance includes
not omly overhauls, but also a set of preventive operations, The operator and
the maintenance etaff (fitters, greasers, belt-drive servioement, electricians)
partioipate in the inter-overhaul servioing, which includes ohecks to ensure
that ths equipment is in good oondition, that it ie properly operated and
lubricated, and that minor troubles are corrected, Cleaning, oil ohanges and
rigidity checks are included in thie process. Surfaces must be protected

from dirt, abresives and chips, partioularly in surroundings where polishing
and similar machines are in operation. The maintenance system also fixzes

the pattsrn of the cycle, i.e. the number of planned overhauls and the order
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in which they are carried out. Indicating a minor overhaul by I, an inter-
mediate by II und a major one by I1II, most machine tools now undergo a cycle
of nine planned overhauls in the order I - I - II -1 -1-1I -1 -1 - III,

308, For the purpose of advance planning of maintenance, the machine tools

are classified in di‘ferent categories according to their degree of complexity.
Each is assigned a complexity coefficient, such as three to eight for vertical
drilling machines, which are the least oomplex, to 20 to 35 for open-side

jig borers, which are the most complex types with respect to maintenance. In
addition, etandard time rates are developed for calculating the labour force
required, Multiplying these rates by the complexity ooefficient results in
figures indicating the hours required for a particular overhaul,

309. The length of the maintenance cycle is oalculated from formulae in which
the type of operation is expressed by another series of coefficients, such as
one for mass production, 1.3 for series produotion, and 1.5 for small-geries
and single-item production. Another set of ooefficients covers the type of
work material machined (1, structural steelj 0,75, aluminium etc.) A

third relates to operating conditions, such as 0,7 for dusty and humid work-
ghops, and a fourth covers the type of machine tool (1, light; 1.7, particu-
larly heavy machine tools etc.) All pertinent ooceffioients are multiplied
by 24,000 to give the maintenance cycle in hours.

310. A minor overhaul includes the reconditioning or replacing of a small
number of parts, adjustments, checks of oil flow, eto. An intermediate over-
haul entails truing up and restoration of acouracy, without removing the
machine from its foundation., During a major overhaul, the machine tool is
ususlly oompletely dismantled and examined according to detailed rules,
which include formulae for permiesible wear, service life of the parts etc.
The correct choice of the technioal processes to be used for repairing is
oomplex, Various suggestions for handling this problem, based on the ex-
perience gained in this regard, are available.

311. The principle underlying this system has been that, by establishing a
maintenance cycle with a permanent pattern, preserving average ratios between
the volumes of work involved in the different types of overhaul, and oomparing
different types of equipment by placing each in a maintenance complexity
category, it is possible to plan maintenance in advance and to calculate the
labour, equipment and time required.

Organization of maintenance and repair

312. Various organizational systems for equipment repair can be adopted:

(a) A deocentralized system, characterised by conoentration of
all repair and maintenanoe operations in workshop repair
units and by specialization of repair teams;

(b) An in-plant system of oentralization of repair work within
enterprises, with spare-parts production, major repaire
and modernization conoentrated in a mechanical repair s.. -
and the remaining work carried out by repair units;

(c) A centrally-directed system of concentrating major repaire
of equipment in workshops or plants speocially set up for
the centralized repair and modernization of equipment on
either a small-scale or large-scale assembly-line basis.

313. At the plant level, the organization of maintenance work must provide
for the execution of all technological processes necessary for maintenanoe
operations, receipt of spare parts from the machine-tool factory, and over-
haul of individual assemblies or machine tools at special maintenance oentres.
The type of organization depends upon the varieties and number of machine
tools at the plant,
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314. In the Union of Soviet Socialist Republice, it was found that the
organization of central repair shops and plants has significant advantages
over the practice of repairing machine tools at the plant where they are
used in production., The labour time used in specialized central-repair
plants for complete machine overhaul is about 40 per cent of that used in
the production of a comparable new machine. The production cost in ths
csniralized repair shops of the Union of Soviet Socialist Republics is 20
to 25 per oent, which is lower than that of existing practice under de-
cantralized systems.

315. Developing oountries may be guided by this example. In situations
where industry is conosntrated in specific geographic areas, oonditioms for
establishing oentral repair shops are especially favourable; not only oan
the oost be reduced, but also more modern methods of repair can be employed,
requiring a smaller number of highly-skilled workers,

of secon ipment

316. Ths repair of ssoond-hand equipment is of particular interest to devsl-
oping oountries. There is no olear-cut difference between maintenance
problems for new and second-hand equipment. Maintenanos of the latter has
both advantages and disadvantages. Up~to=date knowledge of sleotriocal
oircuits, hydraulics, electronios etc, is necsssary for ths maintenance of
modern machins tools, Even in the industrialized oountries, these skills

are often in short supply. They are often required to a lesssr degree in
older machines; howevsr, the older ths machine, ths greatsr ths risk of break-
down. Also, in many casss instruction manuals for maintenancs and repair of
second-hand machinsry are unavailadls,

317. Inoreases in maintenance oost are not proportional to age. Some sxisting
data show that the maintenance oost may rise from ons per oent of the original
oost after one year of use to only two per oent after ten years of use,

318, Spare parts are more easily available for new than for sscond-hand
equipment. However, many manufacturers stock repair parts for sany years,
and this can be of considsradble value to developing countries, Local manu-
facture of spare parts has advantages over importing them from the dsvsloped
oountries, and is often feasible sincs second-hand equipment may be of
simplsr design and made of les: sophisticated material than new machinsry.

319. Ths spare-part problem differs in industrialized and developing
countries, In ths first, spare parts for new equipmsnt are usually available
vithin a day, and within a wsek to a month for older machines. In dsveloping
countries, ordering, transportation, oustoms procedures and foreign-exchange
diffioulties may extend delivery time to three or more months, Henoe, it is
essential to ensure at the time of purchase that a satisfactory source of
supply parts is availadble. Ths useful 1ife of sscond-hand equipment is
variable. It is recognised that rebuilt machinsry in which no improvements
have been introduced, can last as long as new machinery of the same type and
can provide oonsiderable savings in initial cost,




CHAPT=R XVI, DEGREZ OF MECHANIZATION

120, The metal-product industry is basically a labour—intensive industry;
therefore, mechanization and automation are more limited than in certain
other inductries, OCtyuipment with different desrees of mechanization exists,
but in many cases an optimal choice ir not made. Juch a choice should not
necessarily be for the most highly-mechanized equipment, but depends on
various factors, including the waze and interest rates, the size of the
market, and the size of lots produced., Sometimes, automated equipment must
be selected not on the baris of economic factors alone, but for technological
reasons as well, when production by alternative ejuipment is not possible.
The instrumentation industry is a case in point.

Selection of machine tools

321. The question of selectins machine tools for developing countries cannot
be answered in a general way bhecause conditions dirfer in each particular
case. Lxperience has shown, however, that the stricture and srowth of a
machine~tool inventory are closely associated with the level of mechanization
of a country. As the country develops, it makes increasing use of precision
machine tools, automation, specialized tools for particular branches of mech-
anical engineering, and heavy machine tools for large parts. In the Union of
Soviet Socialist Republics, for example, the greatest increase during 1317~
196> was 1n the number of neavy machine-tool types, which sumped from five to
420 types and sizes, and precision tools which increased from four to 170
types and sizes,

322, In the industrially-developed countries, only 20 to 40 per cent of the
total production time per workpiece is used for actual machininge The remain-
ine time is spent in tooling, setting up, taking trial cuts, making measure
ments etc., Such unproductive subsidiary time, especially when related to
manufacture of small- and medium-size batches. is disproportionately expensive
where wages are high, since it means incomplete utilization of the productive
capacity of the machine tool. Consequently, the primary aim in the develop-
ment of tools has been the automating of subsidiary operations while maintaine-
ing or even improving the quality of workpieces.

24, Generally speaking, the following stages of development in the types of
machines used can be observed in industrialized nations:

(a) Universal machines;

(v) Production-type machines;

(¢) Sequence-controlled machines;
(d) Automatic machines;

(e) Transfer lines;

(f) Wumerically=-controlled machines.

324, Universal machines combine precision, versatility, relatively low price
and rather reliable operation, These machines are operated ty hand and are
well suited for a large variety of jobs, Because of their great flexibility
of use, they are obviously well suited for developing countries, However,
they must be operated and maintained by well-qualified workers, and these are
available only in a few developing countries,
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»2>. The production-type maciines are also hand-operated; however, their
automatic workpiece transport and loading can greatly accelerate the flow of
production, An advantage of a production=type machine for the operator is
the comparatively short time required to adapt it for a new series of work-
pieces, so that he is soon able to apply hie initial experience to the manu-
facture of new parte, This type of machine may well be operated by a semi-
ekilled worker; it must be set up by a skilled worker, however., Another
advantage of production-type machines especially valuable for developing
countries is their adaptability, It is unlikely that labour shortages, which
would necessitate the selection of automated machines, will arice in the near
future in industrially-developing countries.

““ts Due to their simple operation, quick adaptability to a new work programme,
and high continuous accuracy, sequence-controlled machines may eventually be
tailored to the needs of developing countries, Since there is a sufficient
supply of non-specialized workers in these countries, there are no obstacles
to single=-machine operation; semi-skilled workers can easily be taught to
operate a sequence~controlled machine tool. Thus, single-machine operation
would ssem to be suitable for batch production in developing countries.

32°s Automatic machines possess a satisfactory degree of flexibility in the
parts which they are capable of producing. The possibility of their operation
by non=skilled workers would favour their use in industrially-developing
oountries, However, the expenditure for a good production-planning department,
which is needed for these machines, is economically justified only if numerous
machines are in use, This type of machine will therefore be suitable only
undsr certain conditions for utilisation in developing countries, Besides,
the economical use of even a single automatic machine could lead to a product
quantity which would, in many cases, be too large for the domestic demand of

a developing country.

32 . A prerequisite for the economic application of transfer lines is the pro-
duction of a larse number of pieces, This, in turn, requires that the products
be standardised, Technical unification and restriction of models contribute
considerably to such standardisation., The practicability of transfer-line
utilisation also depends on the labour situation in the developing country
where such a machine is to be set up., A transfer line not only permits faster
production of parts at lower costs, but also reduces the labour required even
as the total output is increased,

329. Numerically-controlled machines in general do not require specially-
trained operators, but present very demanding tasks for the maintenance and
supervisory personnel., A centrally co-ordinated service facility for all
nuserically-controlled machines would be of great advantage in a developing
country. The excellenmt flexibility of the machine in regard to products, its
profitable use oven in small-batoh production, and the possibility of inte-
grating it into a manually-oriented work flow can be of advantage for an
industrially developing country,

33C. The key to effective automation of an industry or of a process is to
select from a wide range of possidilities the degree of automation that will
provide the greatest returns for the effort expended, This selection process
represents an essential planning step, partioularly in an emerging economy,
Random automation is seldom benefioial, and may be ruinous where oapital is
linited, dus to the resultant unproductive oconsumption of soarce resources.

331. A developing country has the ability to use automated tools at a faster
rate than a developed economy, due to the sise, age, and greater flexibility
of its industrial plant. Although there are major obstacles to automation
of both social and eoonomic origin in developing countries, selective
automation at the correct stage of industrialisation not only oan be
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beneficial, but may be necessary. Automation of the metalworking industries
may be the only route to economical survival for developing countries, and

may even be necessary for successful competition in a technologicilly developed
world market. However, great care and serious economic and social analyses
must take precedence over considerations of prestige production if automation
is to be a real benefit.
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CHAFTER XVIT, REFLACEMENT FOLICIES

332, The maintenance of productive efficiency in a manufacturing organiz-=-
tion is one of management's perernial problems, Machines wear out and
techniques change againet a background of changing product designs ~nd
market requirerments. Careful maintenance and other procedures directed
towards long service life of machines have been considered good practice,
Attempts at cost reduction and problems of taxation have always tended to
make management view the replacement of machines &8 a long-term procedure,
In the past, the prevalent attitude has too often been to consider how long
a machine should be kept in operation in its existing condition, rather than
how long it should be used in order to yield the best financial returns.

333, Developing countries should assess the possible effect of rough=—and-
ready policies on ultimate factory efficiency when considering the replace-
ment of machinery by equipment of a similar technological type., ‘'hen replacs-
senis are being contemplated, it is particularly recommended that the inter-
action of all current machinery and processes be reviewed in order that the
over-all plan of operation and the replacement orders be considered in rela-
tion to actual future requirements. An enterpriss may decide to diversify
its operations, embracing new markets with producte not previously manufac-
tured. It may introduce new technological developments in a field which it
has already exploited, or increase the production of goods that it has
aliwady manufactured., .or all this, a forward demand prediction or marketing
plan is fundamental, Froduction capabilities of current equipment can then
be paired off with expected demand. '

334, Thus, it is advisable to consider whether other types of machinery or
entirely new processes can do the required job more efficiently, The opti=-
mal capital policy is not alwvays apparent. In multi-product situations,

for example, linear programming or simulation models, even if they are simple,
can be used to advantage.

335. In the formulation of rsplacement policy, the effectiveness of a

machine is all too often measured merely by its age. It is not easy to
determine when the efficiency of sachinery has reached its limit. Inacouraciss
beyond the control of the skilled operator can be assessed and, to some extent,
corrected by routine maintenance. Howover, an increased tendency to chatter
and tool wear can only be changed by removing the machine from production and
giving it a complete overhaul.

336. Over-all policy should include a prudent mixture of replacement by new
sachines of improved design, new techniques applied to old machines, and the
renovation of old machines, In all probability, new techniques could be
applied to a large number of older machines without too great an increase in
capital cost. Older machines have to be replaced on a basis consistent with
the available funds.

337. The need for replacement of machinery is affected not only by inocreases
in productivity, but also by the service life of new machines in oomparison
with older designs. Service life is tied to rigidity, wear resistance,
absence of vibration, and also to financial considerations. In American
industry, the formulas of the Machinery and Allied Products Institute (MAFI)
are often used to determine whether acquisition of a new machine would
improve production. A simplified equation for determining replacement is
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d =¢ ( -—1—— + -jnL%—l— )
1.4 n

where d is the adveree minimum, ¢ the acquisition cost, and 1 the interest
rate over the estimated length of the service life n of the machine tool
under consideration. The adverse minimum is the time-adjusted annual average
capital coet of the equipment,

338, Service life is a dominant factor for comparing the economical profita-
bility of two machine tools. If it is assumed that the purchasing and operat-
ing costs of two new machines are the eame (eay, 3US 33,000), and that one

of them has a service life of fifteen yeare and the other, one of nine ears,
the oost to operate them, at an intereet rate of five per cent, would be as
fcllows:

(a) 15 years' servioe life: d, = 33,000 (0.05/1.4 + 29/225)
= $US 5,473;

(b) 9 yoars' esrvios life: d, = 33,000 (0.05/1.4 + 17/81)
L4 3US 8'1180

Hence, with a difference in service )ife of only eix yeare, the annual saving
is the difference of 3US 5,478 and BUS 8,118 = $US 2,64C when the machine with
the better servioce life is purchased. Over a period of nine years (i.e. the
service lif- of the second machine), the total saving would amount to

$US 23,000, The better-quality machine may even cost more initially and sti'l
be more profitable than one with a ehorter service life. At a cost of

3US 40,000 for the longer-lived machine, the nine years' eaving would amount
to 3US 13,250,

339, Some care must be used in applying formulae of this type, for they do
not include factors such as operating expeneee and unreliability which are
likely to arise with age and technological obsolescence. The point comes
when machinery, even though etill operative, is no longer an asset.

340. In the Union of Soviet Socialiet Republics, the service life of metal-
working equipment is determined by economical consideratione, It ie con=-
tinuously oompared with the ocost of replacement by new machinee, whioh may
differ with the progress of technology, and with the productivity of a new
sschine. It may, under certain circumstances, be appropriate to replace an
old maschine by a new one, even if the initial cost is higher.
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341. The successful implementation of a plan for industrial development needs
not only a large amount of oapital for investment, but also a supply of quali-
fied technioal and managerial perconnel, at both the macro and plant levels.
Adequate staffing is esacntial in the metalworking industries if this seotor
is to beoome independent of foreign equipment and designs. Manpower require-
ments are perhaps most oritical in the machine-=tool industry, since produc-
tion of items other than the simplest tools requires a highly skilled labour
force. In the absenoe of such a body of technically qualified people, the
manpower problem is nui 7nly one of allocation but also of training. Of
course, in any branoh of scienoe and technology, the higher the quality of
training of specialists and the greater the number of highly rated persons,
the larger the output of the products required for the welfare and further
progress of human sooiety.

342, Netalworking can be regarded as the most important technological process
since metals are at present, and are likely to be during the ooming deocades,
the main materials used for manufacturing a large variety of machines, For
this reason, considerable attention is being paid to training engineering and
technical specialists for the metalworking industry.

i 3 ocatio

343, Before technical and managerial manpower can be optimally organized and
allocated, a roster of the country's available manpower resources must be
available, Also, the requirements of specialised manpower for some future
economic targets must be fairly acourately determined. A nanpower census
requires that the qualifications and availability of existing and potential
managerial and technical personnel are identified and catalogueds A require-
ments index can be dram up only through oareful advance planning and organise~
tion within the metalworking seotor,.

344, The steps to be taken in developing these inventories, if they are not
available, are:

(a) To analyse the characteristics of positions at various levels
in the sector and to prepare job=descriptions indicating the
physical and educational qualifiocations and experience desired
for each position presently being filledj

(b) To determine the expected number of individuals for each job to
be filled at some target datej

(0) To make a catalogue of the available manpower, a central file
in which, ideally, every person with existing or potential skills
should be listed for assigmment.

Nanpewer allocavion in developed countries

345. Rosters of technical and managerial persomnel are not easily developed

in highly=-industrialized countries where the allocation of skills is carried
out voluntarily. The more usual practice in suoh countries is the maintain-
ing of a manpower inventory by individual oompanies for their own employees.
Gaps in the existing manpower pool in terms of future production programmes

are then easily recognisable, and stepe can be taken to remedy defioiencies

Yy training or recruiting new personnel before needs beoome acute.
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346, Experience in some metalworking plants has shown that competent operators
using similar machines and working in close proximity to each other can be
supervised in groups as large as thirty, and that the number of supervisors
required per worker inoreases as the plant size decreases., Ixecutives who
are responsible for directing several dissimilar funotions can generally
control only between four and seven subordinate managers. The disadvantage

of increasing the number of supervisory levels, while narrowing the span of
control at each operating level, is that communications become more diffioult
and uncertain as messages must pass through more people,

147. Information from United States metalworking plants suggests that, as
products become more oomplex, the ratio of indirect and specialized personnel
to production workers increases. At the same time, the ratio of managerial
and administrative workers compared to operatives decreases as the size of
the plant increases, showing economies of scale as individuals become more
specialized in their work.

343, The general industry profile of metalworking in countries with inter-
mediate-term industrial traditions, such as lsrael, Poland, Turkey and
Yugoslavia, shows a preponderance of small~ and medium-sigze firms. The
present shortage of qualified personnel in these oountries has typically
necessitated an expansion of the span of control at the upper level beyond
that found in the more industrially advanced nations. Thie has meant, as
well, that men who fill other jobs, such as clerks, muet perform a wider
range of duties than would their counterparis, for example, in the United
States nf Amariaa. The manpower distributions shown in Table 6 point out
the relative deficiency of technical talent - even if allowances are made
for the fact that the engineering and design content may be less in the senmi-
industrialised countries than in the United States.

Iable O

! ) o1 panpower aif DUSAON AN develonad AN
usa Durkey 2iflsrsnges

(404 plants (sample of  (Turkey =
with more plants with USA)

than 100 50=750 ot
employees ployees)
Executives, managers
and department heads 3,0% 3,05 0.0%
Foremen, other first-line
supervisors 5.6% 5¢1% =0, 5%
Engineers, staff specialists
toolmioi.;nt ' 6.2% 2,% =3.7%
Clerical workers 3. 7% 605% '2.6%
Manual workers (operators) 81.5% 83.1% =1.6%
Total 100 % 100 % 0.0%
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34')sThe relative shortage of technical manpower in the developing countries,
which have substantially no manufacturing tradition, i1s even more acute than
in the semi-industrialized nations. In most of these countries, technical
education and vocational training are organized hy tne government, and often
persons who are educated at public expense, either abroad or locally, are
obligated to perform public service in return for their training, In such
cases, where the government can exert control over a developing manpower pool,
the major problem is that of the allocation of particular individuals to those
sectors in which they will be most effective. The metalworkin~ industry is
often very low on the priority list for trained manpower, and receives only a
small part of its actual needs. There seems to be a tendency in the metal-
working industries, also, to draw managerial personnel trom i1ndigenous persons
who are oriented towards marketing. Such manazers often face a difficult
period of adjustment as they try to cope with many »f the multiple responsi-
bilities, technical authority included, which thev must assume in addition to
sales promotion,
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350. Recent statistical studies in the metalworking industries showed that
the ratio of the number of persons employed to the number of machine tools

in service is about 2:1, For the following selected countries, this ratio
wast United States of America - 2,1; Union of Soviet 3Socialist Republice -
1.9; United Kingdom -~ 2,8; Federal itepublic of Jerwany - 1.9; France = 2,2;
Italy - 1.6 Japan = 1,8; Brasil - 2,3, and Chile - 1,6,

351. Using such analyees and other methods, it has been estimated that, for
each million of population, initial industrialisation will require about
10,000 to 12,000 persons for the metalworking industries. The typical man~-
power distribution will be managers, 5 per cent; first-line supervisors,

> per cent; and workers, 90 per cent. Labour productivity in this phase,
if the labour input per output is set at about one third, can be expected to
be at least 2.5, :

352. When the industry expands to the point where exports reach five per cent
of all metal products manufactured, the work force should have increased to
25,000 to 30,000 per million of population, Within this number, the percont-
age of managers, engineers and technicians should have risen to eight to nine
per cent. A small clerical staff of one to two per cemt should now be
availables The proportion of non-supervisory personnel possessing high ekills
will have increaned sharply to more than half of the total work force. It
ehould be noted in this connexion that utiliszation of automatic equipment,
.. & modern nail-heading machine, does not increase skilled-labour require-
ments in proportion to the additional productive capacity which such adoption
peraits,

35). Organisational patterns in metal-product plants in Thailand bear out the
pattern of development just described. However, the situation in Colombia is
slightly different in that the greatest ehortage has appeared in the reaks of
technicians and foremen. Entrepreneurs, engineers and managers are drewn
largely from the upper economic levels of the populat.ion and are ocapabdle of
supporting their own educations,

Baxalomment of manacarial and technical Asnpower

354. The main difficulty encountered in the training of managerial and techni-
cal personnel in the industrially advanced countries is that the skills and
points of view acquired are often too sophisticated or too theoretical for
application in a setting which includes obsolete machinery, short supplies of




material, non-diecriminating customers, and unskilled labour, Such circum=-
stances are often frustrating to the newly trained engineer or scisntist and,
alons with the lure of higher salaries, account for the reluctance of some
trained professionals to return to their developing countries when their
gstudies are completed.

1%, As an alternative to sending students abroad for study, countries often

invite technically competent individuals t» give courses or teach in loca.
universities., Taourh drastically reducing expenses as well as ths utiliza~
tion of foreign exchange and the possible loss of students to other countries,
thie method contzins the risk that instructors unfamiliar with local conditions
may provide impractical eolutions,

196, A third method for developing indigenous skills is to encourage f{oreign
metal-product manufacturess to set up plantc which are gpecially designed for
local markets and fitted to the capabilities of the local labour force. Such
plants can provide the required designs, techniques and supsrvisory manpower
for production under licence. roreiam specialists and foreign designs can
then rradually be replaced as indigenous technical and supervisory talent
develops,

17, Correspondence schools for managerial training have been successful in
several countries including Poland, and may be useful in developing additional
know-how sspecislly for workers who may not qualify for other types of train-
ing, but who have ths desire and detsmination for advancement,

353, The training of indigenmous research workers and designers and their
instruotion in incressingly specialissd branches of machine-btuilding is
important for raising the competence of such personnel. This calls for close
links between the research establishments and technical ocolleges of the
country, eepecially at the initial stages of development of local industries.
An analysis of tho experience gained bty various countries shows that the
organisation of research and design establishrients is practical at the follow-
ing levels of industrial development: countries possessing less than 10,000
snachine tools should have a training institute or oollege with laboratory
facilities. If the machine tools are between 10,000 and 50,000 in number,

a machine-building research oentre should be established, while a metalworking
research centre is desirable for 100,000 to 200,000 machine tools. Specialised
metalvorking centres are indicated if the machine tools in the country number
more than 500,000, The lower figures apply to countries with state plamning
practices, while the hizher figures are characteristic of oountriee with more
highly developed private initiative: in the first case, all of the specialists
of the country work at one centre where they service the enterprises of a
given industry. In the sscond case, from 50 to 75 per cent of the specialists
are scattered among individual enterprises. In the latter oase, the research
centre proves necessary only in a well-developed industry where it is used
for handling difficult problems that are beyond the capacity of one ocompany
and call for conmoentration of efforts in several related sciences.

Altarmatives 3o ease the Bsnpover AROCtage

£21)_Neopeer sharing in an industrial pack

359. It is especially important that developing couniries make an effort to
mezinise the use of existing techmical manpower. One way of accomplishing
this is to develop a plan for sharing managers, engineers and other personnel
in staff positions among non-competing industrial plants. Such an arrenge-
ment, which can be considered an industrial park for skilled manpower, oCOR=-
stitutes ths streamlining of all specialised aotivities so that jobe not
requiring the attention of an experienced engineer or manager oan be performed
by a subordinats staff member., This prectioce would be most satisfactory if
plants using the consulting servioe were looated nearty- for example, arranged
in an industrial setats; but this is not essential.
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360, The industrial-park concept for techni-al services should be attractive
to many nascent metalworking enterprises, especiaily thuse doing Job=shop
maintenance work or making relatively simple products where design activities
are small, but require the attention of highly specialized personnel. Exper-
ience in the Union of Soviet Gocialist Republics has indicated the efficiency
of centralized repair shops not only in terms of monetarv savings but also

in gerving as a training ground for accumulating essential experience and
specialiste' skills,

{2)_Use of oppital-intensive equipment

361, Contrary to popular belief, automated processes and equipment can bring
a net zain to emerging nations in both their economic and social develovment,
This #a1n occurs when the packaged intelligence of an automated device quickly
and inexpensively sunplements or provides production and eontrol skills which
would otherwise be s~arce or unavailable.

36z, if a special skill required for production of a given product is in short
sunply while "ordinary” labour is abundant, then this skill hecomas the limjite
ine factor in the total productive potential of the operation. Thus, the use
of an automated device or process which can supply the needed skill in a
package, by virtue of the intelligence designed into it, provides a very
effective means of reducing the total cost per unit of the product, since less
expensive labour can be assigned to the majority of job sesments which require
lesser skills,

363. The aut mated device can provide those skills which enable the machine-
tool industry to initiate and continue its operation while the infrastructure
of qualified manpower is being built up. The numerically-controlled machine
tool is an sxample of such a device. This machine receives instructions on a
step-by-stsp basis from a pre-recorded list; these may be stored in media such
as punched cards, the holes of a paper tape, or the magentic spots of an oxide-
coated film, The important feature is that the programme of instruction for
the machine, once written, need never be written again., Since the control of
the machine lies in the instruction list and the machine itself, it is possibdble
to make identical products reliably and acourately, and to p.oedict the time
required to produce each, The file of procedures for which instructions are
available can be augmented ty the product designers as time goes on, 80 that a
large library of possibilities is available to the operator. The instruction
tapes that provide the intelligence for operating the machine can be prepared
anywhere in the world and dispatched to the operator in compact form,

364, Usually, the majority of job skills is unaffected bty the introduction of
automated equipment; the operator of the specialised station must only be
trained to use it. The operator training time required for automated equipment
is measured in months, not years. One other advantage of modern techniques
such as 7umerical control {N/C) and the use of electronic computers to prepare
instruction tapes is that they give an incentive to the university-trained
engineer to apply some of the more sophisticated skills that he has learned,

365. In the United States of America, for example, a skilled lathe operasor
(who can set speeds, grind tools, set up work, compensate for expansion when
necessary etc.) requires at least four years of training. The treining
period for an N/C lathe operator is shorter by several months, The sachine-
servicing requirements, on the other hand, are consideradbly increased, and call
for a service man who is a skilled specialist. However, oomparatively few
persons can service a large number of machines. N/C aleo requires additional
supporting skills such as programming, and tape or card punching. These,
however, are complex only in the case of contour machining, whils being com~
paratively simple for N/C point-to-point machining.
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i, Tertain disadvantaves may accompany the introduction of automated equip-
ment in an emercins economy. .uch equipment may ar~ravate for some time the
astructural weaknese of an industry which lacks a larre body »f modepatelyr
skilled nersonnel ready to move up to more responsible positions as expansion
sccure. The choice of the most modern equipment may be lern advanta~eous than
A decition in favour of slishtly more dated machinery which may have skill and
Tinance remulirements better suited to the needs of a particular country,

«,", In re~ard to the use of second-hand machinery in a developin~ country, the
question of needed skille is not simple to anewer. As has been pointed out,
skills for the operation of an old machine are often different fror those
required for a machine of new desisn, and they are not neccagarily simpler
ckills, The opposite is often true, On the other hand, the maintenance skills
needed for modern machinery are usually greater than for older equipment. The
statement that the use of second-hand equipment r~enerates obsolete skills has
no more validity than the statement that second=hand equipment should revar be
used in developing countries.

“Xperi e of selected countries

10 . The rapidity with which the expansion of metalworking induetries has
occurred in some Latin Americap countries has caused a las7 in the adoption of
institutional measures, amons them technolorical research and the trainins of
labour forces, which should accompany such an evolution. The trainin~ of
personnel requires time, especially if export products, which must meet
exacting specificationr of muality, are to be manufactured. The existins-
training prosrammes in these countries have been deficient in not ifecludin-
an appraisal of muantities and specialities of the trainees who are re~aired
for the future,

167, The firat step in the development of the machine-tool industry in Brazil
was an investiration of the manpower requirements for 1371 in each of the
twenty ~roups into which the metalworking industry had been divided, 48 70
per cent of the labour force employed in the industry is in the Jtate of Sko
Paulo, an estimate was formulated for this State and then extrapolated for the
rest of the country. The projection of manpower requirements in there
industriec agrees with the zrowth trends determined from statistical data pre=
pared by the State of 5§o Paulo and the Brazilian Institute of Geography and
Statistics. On the basis of these data, 600,000 persons will be employed in
the Brazilian metalworking industries in 1971, The number of machine tools
required was determined for the various types of machines by apnlving the
ratio of the number of persons to the number of machine tools existing in
1960, i.e. 2.) persons per machine.

370, A first evaluation of the import-substitution programme in Brazil suggests
that its implementation would require, over a five-year period, the establish=
ment of a labour force of 7,150 workers, some 3,600 of whom would be engineers,
technicians, and skilled operatives., The feasibility of accomplishing such a
great increase in skilled manpower (some 134 per cent) is unquestionably one
of the most basic elements in the success of the plan,

371, In meg, a survey of scientific and technological personnel has been
undertaken opening a Central Register. To assess the requirements in
scientific and technical personnel, detailed studies are undertaken by the
Directorate of Manpower and an institute established for this purpose,
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372. An analysis of the results of an import-substitution programme for a
developing country can provide useful information that is relevant to the
development of a metalworking industry, If &rain is taken as an example,
local installation of a fertilizer plant and of a machine-building industry
capable of producing equipment for the fertiliser plant, resulting in a
supply of grain squalling previous imports, yields very considerable savings
in foreign exchange. Such an analysis, however, may not indicate that build-
ing the fertiliser plant implies that money must be invested four to five
years in advance of the availadility of the grain. The investment for the
sachine-building factory is required some eight to ten years in advance, as
are the skills of the labour force needed to operate the plants and supply
other services, Also, with a zubstantial invesiment of this kind, obviously
a considerable sacrifice of domestio capital, and hence consumption, will
have to be made until the investment pays off in increased production of
€rain. As seen from this example, all of these factore add up to a major
planning problem for a developing economy in which the timing of investments
in the metalworking industries playe a key role.

373. National planning for ®etalworking industries is desirable eince the
necessary industrial infra~structure for development will probably not come
about simply in response to the stimulus of market d o First, the
small- and medium-scale entreprencsurs operating the main industriee in
developing oountries have insufficient knowledge of the market as & whole,
Kore important, they are unable to foresee the direction in whioh this
sarket will develop during the next few years, and the new types and modele
of machinery that will be required by the metalworking industry. Secondly,
the possibilities of spontaneous development of the industry are usually
restricted by the limited size of the plante, the techniocal inadequacy of
almost all of them, and the difficulties which an incipient industry is
likely to encounter in absorbing the know-how of the oorresponding industries
in the more advanced oountries.

374. The relationship of the industries of the metalworking oomplex to each
other and to all other sectors of an industrialised economy must be under-
stood before any national development plan reaches the stage of specific
investment projects. Input-output analysis can make a substantial con-
tribution to this end. For example, as an aid in analysing long-term
planning activities, a dynamic input-output table can help to identify goods
and servioes available in terms of the time during which a partioular change
took place, By working back from the required output in a given year
(inversion of the input-output matrix), one oan determine all the required
capital and labour inputs for all industries neceseary to produce the final
output,

375. Input-output analysis is only one means by which long-term planning
problems can be studied. Other mathematical programming and process—-analyeis
models may also be useful in forecasting and co-ordinating the activities

of metal-working industries within their own sector oomplex and in relation
to the rest of the esconomy. Studies related to the consumption of various
machine tools used in different manufacturing industries of both developed
and developing countries are prerequisites for such sophistioated investi-
gations. Some studies of this type have already been undertaken, notably in
the Latin American countries, and are providing estimates of manpower and
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machinery required in planning industrial development. . need still exists
there, however, for developing specific models, on the basis of the data, for
determining the optimal types and quantities of machine tools and personnel
for the manufacture of specific items in countries of differing industrial
structure and potential demand. Special attention may usefully be devoted to
problems of the engineering industries in work projecte that are already
under way, such as the problems of repair shops, standardization, and second-
hand machinery. There is also a fundamental need to reconsider the devel-
opment of specialized technical and managerial manpower in terms of a long-
tern inveetment programme.

-t i t

376, Certain questions usually arise in nations which are starting to expand
their traditional industries, eepecially the mechanical indusiry, and also

in countries which are already in a more advanced stage of industrial evolu-
tion. One of these questions concerne the need to establish, in terms of a
general evaluation, the extent to which it is desirable that capital goods,
among them machine tools, be manufactured within the country. This problem
concerne not so muh the attainment of total national self-sufficiency in

the requiremsnt of oapital goode, but rather the determination, quantitative-

ly snd qualitatively, of the type of domestic effort needed in the face of
world demand.

377. First, it is necessary to determine how many varisbles of types and
models of machine tools should be manufactured in a country, knowing the
inventory of machine tools already installed in its mechanical industries.
To this end, criteria are needed for establishing what is meant by these
variables. These criteria are than applied to arrive at the number of
variables of machine tools which comstitute world demand, also called the
universe. Next, one must determine for some countries the number of
variables of machines manufactured by each for its own consumtpion. In this
way, it is possible to establish, in a tentative way, the relationship
between domestic machine-tool manufacture measured in variables of types and
models, and the inventory of machine tools utilised by the mechanical
industries. If this relationship is proved by means of a more detailed study,
concrete development plans could then be worked out for the manufacture of
these machines in a given country.

378. Some macro-technological baskground may be useful for the planning stage
prior to the installation or expansion of machine-tool industries. Some of
this background is provided in the following paragraphs.

379. A great number of variables and their definitioms, some of which it is
diffioult to exprese quantitatively, sust be considered, Conmsiruction of

the more popular types and models of machines is advisable, leaving aside

the highly specialised mechines which are not suitable for initial manu-
faoturing processes in developing coumtries. An index representing the
complexity of the machines is then adopted; the seme complexity category

will include machines differing widely from each cther in regard to design and
performance. The weight of the machines and their quality, the latter sub-
divided into separate oategories, are also taken intc acoount as some of the
variables affecting produstion. Figures for the intended sise of the enter-
prises are selected in advance. For example, a plant may be designed to
employ from twenty to 500 peveons. Fastory dimensions are planned to provide
suitable space for the production equipment to be housed within their structure,

380, On the basis of definitions and disoussions of each variadble, the most
sdoquate technically produwstive field of action for each enterprise may be
established; this field of action may be extended and complemented in paseing
from small tc larger enterprises. It is also suggested that consideration be

81




given to productivity per person and per year, measured in tons, deter-
mining the annual production of each enterrrise as well as the number of
direct hours necessarv to manufacture 10C kilograms of product., The latter
quantity is regarded as the characteristic coefficient of production. All
estimates are carried out by making abstractions for a given product; they
show the great differences in quality and complexity of the products which
may be manufactured in plants of different sizes.

381, If other coefficients of an economic type are added to the technical
ones, such as the fixed expenditures of the enterprise for 100 kilograms of
finished product, it is possible to establish a link between tle technical
and economic factors, thus complementing the field of action of each of the
enterprises.

382, The analysis should also take into accouni the relalionship which
usually exists between the machine-tool manufacturing industry and the rest
of the industry that supplies raw materials and parts. This dependence
varies, of course, with the complexity of the products and the size of the
enterprise.

sShert-term planning at the plant Jevel

383. In contrast to the planning of long-term goals, shoft-term planning,
i.e. production management, relates in the main to the framework of
resources which are already defined. <The planning function is then oon-
fined to deeigning and evaluating alternative schemes for achieving pro-
duction goals set by the top management of the plant,

384, The main activities of production management can be grouped under two
categories, namely, production planning and control, and methods engineering.
The production-consumption cycle starts with the customer and ende with him.
The sales department studies consumer reactions and prepares a salee fore-
oast which is submitted to the management. The finance department then
preparee a production budget on this basie, and a decision is made regarding
the quantities to be produced. The engineering depariment prepares drawings
and specifioations whioh, in turn, are used by the manufacturing departments
to ieeus production and delivery orders. Passing through a series of further
steps of production planning, the cycle is oompleted when the product is
e0ld to the customer. During production, management receivee interim and
final reports on the technioal and financial aspects of the manufacturing
processes,

385, Methods engineering, the second category mentioned adove, comprisee
work study, process evaluation, equipment policy, quality control, etandard-
isation, safety, incentives, and plant layout. In some countries, it has
coms to inoclude operational research, a new branch of engineering dealing
with complex problems of the management of large systems of men, machines,
materials, money eto,

386. The secret of use of both of these control techniques for developing
countries is not to oopy dlindly particular practices from high indus-
trialised ocuntries, but to adapt selected techniques which seem partioularly
suited to their circumstances.

387. In the oourse of their industrial development, it is essential that
countries occasionally take stock and examine not only the levels of per-
formance in terms of quantitative targete, but also the structure and oom-
position of their emerging industries. Plans for specific industries should
be revised where necessary, so that a reasonadble oompromise between long- and
short-range development goals ie achieved. Otherwise a nation may achieve
immediate economio goale without duilding up the industrial infrastructure,
the oadree of skilled manpower and the quality of production capability
required for sustaining future growth.
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388, Venezuela's national development plan for 1963-1966 establishes targetis
for the various economic activitiss, with a view to attaining an annual
average growth rats of the gross national product of 7.9 per cent as against
only 3.7 and 2.8 per cent registsred in 19571960 and 1960-1962, respectively.
In this programme, the metalworking industries play an outstanding rols.
Within the manufacturing sector, their projected rats of development -

25.6 per cent per annum in value of the gross product - is the highest.

389, Ths initial objective of an Economic Commission for Latin America
study begun in 1963 was to considsr the practical possidilities of meeting
the targets established for ths metalworking sector under the National Plan
(Plan ds 1a Nacién), in the light of various earlisr studiss and of the
charactsristios of the existing industry. During the first phase of the
study, serious deficiencies in the structure of the metalworking industry
were noted as follows:

(a) Ceneral under-ocapitalisation of firms, with sstablishments
contributing only 4.2 per cent of the fixed napital assets
of the manufacturing industry while employing 14.2 per oent
(22,215) of the personnel engaged in manufacturing. These
statistics imply the presence of

(i) Very low capital density per employse and consequent
low productivity - only 9.7 per oent of manufacturers'’
value added;

(11) a predominance of servicing and msaintenance enterprises
over more strictly productive activities;

A very high proportion (50 per cent) of medium~ and small-
scale establishments among the industry's 1,776 firms, with
an industry average of 12.4 employees per estadblishment;

A large proportion of production oomsisting of tramsport
saterial - more than 55 per cent in terss of both gross
value of production and value sdded. Composed ohisfly

of large-scale vehiole assembly plants and smaller-sised
maintenance workshops, these establishments use omly about
10 per oent of domestically menufactured gcods and provide
only a small addition to the value of the ond products;

A large group of plants manufacturing metal products,

mostly metal structures, wire products and other oomstruction
goods, the installation of whioh was motivated by the fast
that such lines of mamufacture do mot require very highly
skilled labour;

(s) A machine-tool inventory oonsisting of a high proportion of
metal-forming machines and a low proportiom of outting
machine tools, the latter mainly of the simplest general-
purpose iype.

390, In addition to these structural defects, the lack of specific plans for
setalvorking activities was apparent. It was for these reasons that the
sector had not fully responded to the promotiomal incentives provided by the
Government, and that it was oonsidered unlikely to succesd in reaching the
targets set up under the 1963-1966 Plan.

391, In the revised programme, therefore, emphasis is placed on the oorrection
of structural defeots rather than on the actual fulfilment of the Plan's
objeotives. To this end, sm isport-substitution programme has been outlined
for the metalworking seotor, designed to fill the technological gaps in the
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existing industry in terms of basic equipment, production teohniques and
skilled manpower. This should create the sectoral infrastructure which
will enable the metalworking activities to improve their competitive
position both on the domestic and on the world market, and also to undertake
the manufacture of more oomplex products in the future. The effect of the
programme on the oountry's balance of payments, and even oonsiderations
relating to internal manufacturing oosts, are secondary oriteria.

392, Businessmen in Veneguela will be given advisory assistance in the
planning of establishments and of productivity. This applies partioularly
to the introduction of acoounting methode that will keep them informed about
their actual production oosts., Thus the production process can be led
through its various stages, and the management of existing and new plants
facilitated to achieve fuller utilisation of the productive resources that
are available,



393, From the 40 papers presented by the sxperts at the Symposium on Metal~-
working Industries in Developing Countries, most of which are technical and
detailed and useful for future reference; from the general discussions held
whioh were of great interest in regard to various issues; and from the pre-
ceding report, the following general oonclusions can be drawni

(1) In the survey of industiries in general in both developed
and developing countries, it ie evident that the oontri-
butions of the metalworking industries to employment and
value added to production, relative to other industries,
are higher in developed countries (e.g. Britain, 40 per
cent in 1938) than in developing oountriee (e.g. Pakistan,
3 per oent), and that the state of a oountry's metai-
working industyy ie roughly indicative of the state of
that oountry's industrial development.

(2) The growth of machine building is one of the most im-
portant factors in the development of industry, and in
the inorease of national inoome and employment in devel-
oping oountries.

(3) From case etudies of industries in the developing ocoun-
tries, it is found that a certain pattem of indus~
trialisation prevaile nowadays. A country developing
its metalworking industry appears tc go through three
typical stages: a firet etage during which installe~
tion, maintenance and repair of metalworking machines,
and also of other types of machines in other indus-
tries, take placej a second stage in which eome manu-
facturing of metal goods ie carried out mainly for
local oonsumption; and a third stage in which oompli-
ocated machines are produced, not only for local use but
slso for export, and in whioh the development of basio
industries like steel produotion takes place. Yugoslavia
and India are examples of developing countries that have
passed through the firet two and are now in the third

otage,

394. It is also found that the problems of developing oountries vary at
various stages of their metalworking development, It ie therefore not
possible to prescribe one formula for all developing oountries, For in-
stance, in those countriee which are etill in the first etage, the most
pressing problems may be more organisational than technical,

398, Thus, when the conditions necessary for establiehing and promoting
metalworking industries are oonsidered, the background of each country and
the etage of its develomment have to be kept in mind, The experiences of
developed countries are useful, but sust be adapted to local conditions.
Co=operation with developed oouniries enables developing oountriee to by-

pass many trial etages.

396, Machine-building projeots cannot be considered separately, but must be
viewed as part of a genersl plan for industrialisation, The goverrment of
the developing oountry oan initiate plans for setting up such industries,

It can enoourage free enterprise or go into partnership with entrepreneurs,
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nnd/or organite state-owned enterprises, Some means should be employed,
however, to ensure that the industry is developing in the right direction.

397. The trade polioies employed by governments of developing countries to
proteot newly developing industries can be useful, Mowever, such policies
should not lead to complacency and stagnation on the part of industry,

Bs'ore proteotive tariffs are imposed, a detailed study ef the existing situ~
ation is advisable.

398. As a result of the absenoe of universally accepted standard specifica~
tions, diffioculties in the international trade of machine tcels have arisen.
The "Schlesinger Acoeptance Tests" and other tests used during the early
stages of induatrialiration in some countries were designed to overcome such
problems,

399. The metalworking industry is continuously developing as teohnologioal
progress ie made, This is evident in innovations applied to existing machines,
and in mmerical controls whioh reduce setting-up time and save the oost ef
Jigs and fixtures, particularly for small-batch production, It is also evi=
dent in processes like the ocontinuous-casting prooess., The use of electro-
physical and electro=chemical procedures, while these may seem sophisticated
and the necessary machinery expensive, may yet solve uomé partioular produce
tion problems. MNass-produotion techniques may be applied to ocertain products
t0 reduce ooste.

400, It is generally supposed that automation will perhaps eventually make
men superfluous. Also, it must be considered that, in the case of certain
countries, labour shortages may arise in the future if automation is not
applied. However, each case should be examined on its merits to deterwmine
whether mass-production techniques should be introduced. The knowledge of
up=to=date methods, therefore, will enable the developing countries to select
those that are best suited to their needs,

401, Since they are the basis of metalworking industries, machine tools were
dealt with moet extensively during this Symposium, To bring about improve-
ments in machine tools, research should be oarried out in the areas of
rigidity, accuracy and durability, especially under conditions such as heat,
large temperature variations, humidity and dust.

402, A developing country with scarce resources cannot easily undertake all
research alone, The co-operation of developed countries and of intermational
organisations, and also regional oco-operation among developing countries, can
help to solve this problea.

403, Centres whose funotion it is tc collect data and give needed information
will greatly help the development of the industries. These centres can also
assist in the setting up of standards for industries for most of the oommon
items. Standards used by developed countriee cam be adapted; help in this
Bay be obtained from intermational bodies such as the United Nations,
International Organisation for Standards (I30) etc. Howsver, a uniforw
world standard for items such as machine tools will facilitate their use, no
matter in what part of the world they are manufactured, especially in deve-
loping oountries,

404, Eoonowio oonsiderations in the setting up of metalworking industries

are important, In addition to oonsideretions of finanoing, there is & need to
know to what extent the existence of suoh industries will affect a oountry's
economy. Input-output analyses are useful means of working out a balance
among interdependent industries, and are of help in reaching decisions about
the types of industry to be set up, For this and for general planning,
oensuses :!‘ manufacturing plants and the preparation of machinery inventories
are useful,
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405. Several economio techniques are helpful during ths planning stage of
estting up a metalworking industry. The development of a statietical depart-
ment equipped with oomputere makes etatietical data readily available, Break-
even analyses can be employed in eelecting, among alternatives, the machines
or nethods best suited to a given task, and tc the lot sise to be manufac-
tured, With these techniques, it can be determined whether a eophisticated
sachine su h as a numerically-controlled unit should be used, or whsther
sass-production methods are preferable. Economio considerations may favour
the aoquisition and use of second-hand machines in developing countries

where shortage of capital ie a problem, but technologioal and psychclogical
oonsiderations weigh heavily ageinst thie.

406. Looal resources and services have to be taken into account during plan-
ning, and the availability of spare parts and cost of future saintenance con-
sidered. The poseidility of setting up & oentralised repair shop for
sachines, if transportation facilities are suitable, should be investigated.

407, Netalwerking industiries in developing countries require large invest-
ments, For couniries too small to start and maintain such an esnential ine
dustry, regiomal oo-operetion asong several nations ocould eclve this problem.
Pinsnoial and technical assistance and other forms of aid from developed
countries are another possidility.

408, The manpover required and available for the metalworking industiries

that are to be set up in a developing oountry should be considered during

the planning stage, 80 that training can be begun where necessary. A pool

of local sanagerial staff and experts can be formed; these could travel to
areas where they are nesded. Making optimum use of the few experts avail-
able in developing countries is of paremount importanoce. Developing countries
slsc sheuld provide sufficient imoemtive for their own experts so that the
"urein drein® to developed cowntries can be prevented.

409. The treining of skilled men is of the utmost importance in areas where
the available mampower is imsufficieat for an industrial project. Training
of personnel from the memagerial level down to the skilled-worker level can
be carried cut with the assistance of developed oountries. Already, there
are same in-plant treining schemes in operstion for engineers, arranged bty
the United Nations with developed countries. Technical institutes in devel-
oped and developing countries, as well as apprentice training, oan solve
the problem of shortages of techniciens and skilled workers. Training is
another field where regiomal co-operetion may be called intc play.

410, If the developing couniries are to oomtribute high-quality netalworking
sschines 0 the vorld market, moderr. and preotical designs will have to be
adopted by them. Designs frem developed ocountries can be cbtained at the
initial stages of machine duilding through licence agreemente, keeping in
sind that chamges in enviromsent may necessitate modifications. Patent
systems in developing countries will help induce and protect improvements

or innovations resulting frem local research and discoveries,
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The United Nations Symposium on Metalworking Industries in Developing
Countries oalls the attention of the United Nations to the prime signifioance
which the metalworking industry has for the welfare of the developing and
devel oped oountries.

After extended deliberations, the Plenwm of the Symposium sutmits to the
Natio oW for promoting the progress of the

metalworking industries in the developinz countries:

l. Establishment of an h:.enf.&ea.ﬁ.m&n with the assigmment of investigat-
ing and answering technologioal and economio questions related to the probleas
of metalworking, whioh are submitted by developing and developed countries.

2. The United Nations should extend its help to promote and organise

W for the specifio local needs of developing
ocountries. ese Institutes should begin as small pilot organisations and

should gradually be expanded. The most effective locations of such Institutes
should be investigated.

3. The United Nations should inoreass its help in advising the developing
countries regarding planning and organisation of the development of metal-

working industries, and in selecting the types of prodyots to be magufsotured.

4. An international multi-language glassification gystem of all metalworking
machines should be initiated under ths auspices of tho United Nations, in
order tc elininate existing confusion in terminology and misunderstandings in
various oountries. Such a classifiocation should be preceded by an inter~
national of a machine tool., A similar classification should bde
initiated for materials for metalworking industries.

5o  The United Nations should assist in securing the gapifal required for the
industrialisation of developing countries.

6.  Assistance should bs rendered by ths United Nations in establishing
Ratent systems and offices in developing countries.

To  The United Nations should investigate the feasibility of the oreation of
a world patent system for the intemmational utilisation of patents.

3. Investigations by ths United Nations of the possibilities of adapting

ﬁnmmmmg to present requirements are recommended.
e may inolude the up-dating of the Schlesinger and other acoepted tests

where required, taking intc oonsideration developments in many countries.

W of machine tools with United Nations assistance is
likewise recommended for this investigation,

9.  Steps should be taken by the United Nations to prepare technical F
Rookg in several languages, and other W whioch can be used
in the apprentice schools of developing oountries. paration of similar
books for training tcachers is likewiss recommended.

10, The United Nations should expand &m’“ E%ﬂ and *M*gg Hm
in both developing and developed countries for ns operators, tsohnicians
and engineers. Establishment of refresher courses for senior engineers is
likewise recommended.

1l. The investigation of the feasibility of setting up gourts of arbitration
for technioal disputes between oountries is reoommended.



12. The assistance of the United Nations is recommended in securing low
tariffs for the export of metalworking products from developing countries.

13. Investigations should be made by the United Nations on the establishing
of gtandards for metal products manufactured in developing countries.

14. It is recommended to repeat symposia like the present one in different
countries, since the exohange of views and information proved most useful.

The Plenun calls the attention of the developing countries to the follow-
ing recomuendationss:

(a) To establish an agency for improving the collection of local statis-
tioal data. Such data will also be useful in supporting the aims of
the United Nations}

(b) To carry out machinery censuses at intervals;

(o) To familiarise themselves with the latest technical developments,
so that they can take optimum advantage of available resources; and

(d) To consider regional co-operstion in setting up research centres,
and in obtaining advantages from a common market, froa common train-
ing and from the sharing of financing.
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Columbia University, United States of America.
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by E. SADOR, Director, Development Institute for Machine Tool Industry,
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B9, "Production management for developing oountries”, by 8. EILCN, Imperial
College, London, United Kingdom,

B-11, "Mass production methods in the machine-tool industiry in the Union of
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Works, "Krasniy Proletariy”, Uniom of Soviet Socialist Repudlics,

B=12, "An example of machine-tool production metheds™, by C.A. SPARKES,
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B-14. "Basic prodlems ia the efficient selection of metalworking machines
for developing countries™, bty V.8, HBLOV, BNINS, Union of Soviet Socialist
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work in machine=building industries of developing countries”, ty V.8,
VASILIEV, Director of Research, ENINS, Union of Soviet Socialist Repudliocs.

B-18, "Organisation of facilities for repair and maintenance of indusirial
sachinery and equipment®, by N.0, YAKOBSON, ENINS, Union of Soviet Socialist
Repudliocs, .

B=19, "Repair and maintenance of machine tools in developing countries”, by
A.S. PRONIKOV, Rector of Moscow Technological Institute, Union of Soviet
Socialist Repudlics.

B=-21, "Research for the machinestool industry”, by A.E. IE BARR, Nachine
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B=22, "Some problems in the application of research in the machine~tool in-
dustry”, by A. NOTTU, Technical Director, Société Genevoise d'Instruments
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fic Research Centre for Machine Tools (CERMO), France,

tg of development metalworki induptrie

C-1, "Deoision rules for equipment investments in metal products industries
with speoial referenoe to metal-chipping and metal-outting machines", by
G.K. BOON, Consultant, Netherlands.

C-2, "Organisation of a machinery oensus and use of census data with special
reference to industrially developing oountries", by A. ASHBURN, Editor,

Amarican Nachiniaty United States of America.

C=3. "The problems and significance of industrial standardisation in metal-
working industries of developing countries”, by J.E. WILSON, Vioe President
of Manufacturing, S5CM Corporation, United States of America.

C=4. "Criteria and background information for progremming the machine~tool
industry”, by F. VIDOSSICH, Machine Tool Bxpert, United Nations Economio
Commission for Latin America.

C=S, "Ninimum nomenclature of metal-cutting equipment recommended for pro-

duotion in developing countries”, by P.P, SOMLEV, Director, Scientifio Re-

:noh and Dosign Institute for Netalworking Equipment and Machine Tools,
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C=6. "The position of metalworking industries in the struoture of an indus-
trialised economy™, by W.W, LEONTIEP and A.P. CARTER, Harvard University,
United States of America.

0=7« "Report of expert group on second-hand equipment for developing coun-
tries”, Report bty Bxperts Group, prepared for the Centre for Industrial De-
velopaent, United Nations Secretariat,

C=10, "Design of machine-tool plants in develeping oountries”, by G.XN,
SAKRAROV, Ohief Bnginesr, State Institute for Design of Nachine Tool Plants,
Union of lpﬁot Socialist Republics,

C=11. "Methodological and operational aspects of machine-tool studies in de-
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Reyos, United Kingdonm,
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