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THE MANUFACTURE OF MACHINE TOOLS IN BRAZIL 

Secretariat of the I nited Nations Economic Commission for Latin America 

iNTRODLCTiON 

The importance of expanding production oí capital 
goods at the present stage of I.aim America's economic 

development, when the capacity to import is seve.ely 

limited and a high rate of investment must be maintained, 
is generally recogni/ed. The machine-tool industry has a 

key role to play in this expansion, since there is no branch 
of manufacture either oï machinery and equipment or of 
durable consumer goods in which a high proportion ot 
machines for metalworking is not used. Unis, the 
contribution to the economic development of Brazil 

made by the industry discussed MI this report is of more 

vital significance than could be deduced from the number 
of enterprises or the labour employed in the sector 

There is a close connexion between a country's degree 
of industrial development and the technical and economic 
structure of the machine-tool industry. In this respect. 
Bra/il is at a transitional stage. 

The structure of the Brazilian machine-tool industry 
toda;, is consonant with the country's requirements up 

to the present time, predominant among which have been 
machinery and equipment for maintenance and lines of 

manufacture which do not call for great precision or long 
production series. But as a result of Brazil's recent 

industrial development, there are signs of increasing 

demand for the more complex and heavier machinery 

used in more highly specialized branches of manufacture'. 
To meet such requirements, the machine-tool industry 

will be obliged to supply the market with dill'eient 
products and in order to manulacture these it will have- 

to introduce radical changes both in its technical and 
economic structure and in its methods of work It would 

therefore seem that the industry has reached a decisive 
phase in ih. evolution, and needs overhauling ami 

modernization so that it can continue to expand in the 
forthcoming decade. 

However, in view oï operating conditions in the 
industry. it is unlikely that these changes will come about 

of their own accord in response to the stimulus of market 

demand. The small- and medium-scale entrepreneurs of 

whom the industry is chiefly comprised have not sufficient 
knowledge of the market as a whole, or, more important 
still, can they foresee the direction in which this market 
will develop and the new types and models of machinery 

that will be required by the metal-transforming industry 
during the next few years. To present a qualitative and 
quantitative appraisal of the market up to 1971, that is, 

to define the framework into which the Brazilian machine- 
tool industry will have to fit during the next stage of its 

development, is the primary purpose of this report. 

Detailed knowledge of the probable future market is 
an essential pierequisne. but not the only one for the 
introduction of structural changes in the industry, [he 
hitter's possibilities of spontaneous development are 

restricted by this s,n..ll si/e and the dilhculties which an 
incipient industry is nkelv to encounter in absorbing the 
know-how available in the more advanced connu ics. 

C learly, ¡ben. deliberate steps must he taken to create 
institutional conditions which will hung about the 

ncces.ary transition towards a more balanced industrial 
structure and greater technical eilicieney I hese con- 
ditions should he conducive, in the first pla<v. to the 
development of new industrial undertakings in ihe sector 

and the consolidation ot those already m existence, 
through agreements on royalties m respect to technical 
assistance and the manufacture of new models Secondly, 

they should he such as to encourage the creation, possi biy 
through a speciali/ed institution. (,f national technical 
assistance facilities cruelly designed lo help small- and 

medium-scale establishments m (hen elloristo moderni/e, 
expand and impiove technical plant and nianutacliuiiig 
activities. 

Another purpose ol this study is to indicate current 
conditions in the industry and i he duection in winch 
changes should lake place, is well as to suggest basic 
lines o\~ approach to the establishment ol a national 

institution to provide technical assistance loi the m.ichine- 
lool industry. 

ihus. tl.c study covers two aspeéis ol the background 

material on which development piogramnnng lor Ihe 
Bra/ihan machine-tool industry musi he based a quan- 

titative and qualitative evaluation ol the inaiket in the 
next decade, and an analysis o\ operational conditions 
in the industry as it exists m Brazil, with an indication of 
the changes required. 

Ml I HODS  1)1   Klsl  VKl  II   AM)  SI V1V1VKV  Ol    MMN 

COM I  I SlUSS 

Ihe term machine tools, in its widest sense, is applied 

to a group of machines used for cutting, forming, grinding 
and polishing metals, wood and other materials, and 
usually classified in two major categories: chip producing 
(lathes, milling machines, drills, boring machines etc.) 

and non-chip producing (presses, forge hammers, 
bending, cutting and forming machines etc ). Those in 

the second category are also frequently referred to by 

the general name of forming machines. The definition of 
machine tools, however, varies from one country to 
another, so that in practice there is no standard inter- 

pretation of the term indicating which machines it should 

7! 
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be lakcn to cover.1 For this study, machines used for 
metalworking. whether in cutting or forming operations, 
are regarded as machine tools. 

(iiven the objectives and scope of the study, intensive 
field work was required in order to collect the basic data 
needed lor knowledge and analysis of demand for 

machine took ,mcl domestic production. I he study was 
prepared in close co-operation with the e\ecutive board 
of Ihe Heavy Metal Transforming Industry (Ol IMAI'f I. 
the Machine Industry Syndicate of the State of Sào 
I'.iulo (SIM! SIM and the Brazilian Association for the 

Development of I'asic Industries (ABDIB) which pro- 
vided the facil'ties. and with two engineers from 

(.1 IMAPI   and SI NI I Sl\ 
This stuily is the lirst o\ its kind in Brazil on machine 

tools, a sector in which there are main complex prob- 
lems. It must therefore be icgarded as provisional in 
some respects and subject to reservation. Certain 

situations, such as those relating to future demand for 
machine took or tu the average weight of the domestically 

produced or imported machines which wili form the 
country's inventory in the future, can be evaluated only 
on the basis of assumptions which, while established on 

logical grounds and supported by the experience of other 
countries, are nut guarantees. In this connexion, the field 

of machine tools is particularly complex, and does not 
seem to he governed by laws or criteria that can be 

universally applied or extended I rom one area to another 
\ primary concern of this paper is the study of the 

machine-tool industry's actual construction of machines; 
complementary industries, such as accessories and spare 
parls, are noi included. Similarly, owing to lack of time 

and resources lor research, no attempt has been made to 

deal with production of the corresponding look These 
aspects are closely linked to the machine-tool secioi and 

undoubtedly should be tackled in future studies 

Met liitif-lunl 11 (finnim ni s 

In order io establish niachine-iool requirements for 

the next ten years, considerai ion was given to the needs 
deriving from the country's industri.il development and 
to machines for replacement purposes. The basis for 

estimating the former was Brazil's total slock of machine 

tools in I960, which had to be determined by a survey 
The inventory was taken m the metal-transforming 
industries.- the loading Consumers of the machines, in 
the State of Sào Paulo, where almost 70 per cent of these 

industries' labour force is employed. By extrapolation. 
this result was extended to the rest of the country, and 
the machine tools used for maintenance work in other 

sectors (tor example, the textile, food processing, 
chemicals and rubber industries) weie added, for which 
an estimate was prepared on the basis of the experience 
recorded in othei countries 

1 Initie l ¡niteil Sutes, (or example. I he leint leíales only to metal- 
cuitmg machines, while in I lance both culling and forming mach- 
ines, foi working bolli melai and wood, are comprised under the 
heading of nun him -outil. 

-Manufacture of metal products: machine industry, excluding 
the manufacture of electrical apparatus: manufacture of electrical 
and communications material: and transport material industry. 

It was determined lhat the national inventory of 
machine tools in !%0 was 205.654 units This inventory 
displays two interesting characteristics. In the first place, 

ihe high proportion of simple universal machines would 

seem to indicate a typical industrial structure in which 
activities with low volumes of output predominate, in the 

second place, it is a fairly new collection o\ machines in 
which those under ten years old represent 55 per cent of 
the total : only 24 per cent are ove twenty years old. 

I rom study of each of the various branches comprised 
hv the melal-transforming industries, an estimate of 
individual machine-tool requirements up lo 1471 was 

calculated on the basis both of growth trends in the past 

and of projects for developing new activities in the sector 
and demand prospects in respect to the linai goods, 

ih us. with the inclusion of an estimate of machines for 
maintenance, it was computed that by 1971 the country's 

inventory of machine took would total 369.146 units, 
i.e.. it would exceed the I960 ligure by 80 per cent. This 

would imply an average annual growth rate of 5 5 per 
cent, which compares reasonably well with the growth 
prospects established for the gross domestic product 
(5.7 per cent a year) and for the metal-transforming 
industries (10.2 per cent). 

In estimating the number of machines for replacement 
purposes.' a conservative assumption was adopted, to 
the effect lhal a third of the machines which were over 

twenty years old in l%(), i.e. 8 per cent of the I960 
inventory, would he replaced in 1971. 

By this method demand for machine tools from 1961 
onwards was established al 179,947 units, and after 
subtraction of the machines incorporated ini > the 

inventory in that year the conclusion was reached that 
requirements for 1962 71 would be 158.826 machine 
look. 

The <'.\7'.v'/H,if machine-loo/ industry 

Concurrently with the inventory of existing machines, 
a survey of the domestic machine-tool industry was 
carried out This activity, which slarted in Brazil during 

the Second World War in response to Ihe need to supply 
those internal requirements which were seriously affected 
by import difficulties, has made striking progress in the 

past twenty years and especially since 1956. At present, 
il constitutes an industrial complex of I 14 establish- 
ments employing about 5,(KK) persons and producing an 
annual output of more than 13.(XX) ions. 

Of those establishments, 88.8 per cent are in the State 
of Sào Paulo, which clearly indicates that this activity 

has been linked very closely to the expansion of the 
melal-liansforming industries. 

Not all the enterprises are engaged exclusively in 
manufacturing machine tools; it is common to find them 

undertaking other lines of metal-transforming produc- 
tion. According to the survey, the proportion of the 
establishments which manufacture items other than 

machine look ranges from 46.5 to 100 per cent, according 
to the kind of machine. In terms of trade activity, the 

' The term replacement here relates to the final scrapping of a 
machine because it is no longer tit to perform any operation, so 
thai the figures indicated represent net substitution requirements. 
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machine-tool industry's share in the annual invoicing of 
62.5 percent of the enterprises is not less than 75 percent 

A point worth mentioning related to the breakdown of 
this group ol establishments bv size. Three fourths of the 
enterprises manufacturing machine tools employ fewer 

than 50 persons, only 7.K per cent employ between ItX) 
and 500, and only one employs more than I,(MX)  Such  i 
structure is patently not the most appropriate lor coping 
with    larger    manufacturing    tonnages   and    with   thc 

demands m  respect to quality and the range of types 
which the consumer industries will make the nevi lew 

years.   Consequently   the   evolution   of this   structure 
towards a breakdown bv size which is better adap.ed lo 
future demand conditions will   be one of the essential 

elements ,n the development of the industry  if ,t is to 
secure a larger share in satisfy nig consumption ,n Brazil 

The manulacturing enterprises have an inventory o, 
*.5¿7 machine tools at their disposal. In this connexion 

« is of interest to point out that theeighl establishments 
which employ more than KM) persons. 8.9 ptr cent of the 
total, own nearly 30 per cent  of these machines   This 

group    possesses   complete,    efficient    and    up-to-date 

production equipment, and at the same time the technical 
knowledge required for the proper use ol the machines 
and its projects and manulacturing lines keep pace with 

domestic market requirements  and with  the  constant 
technological advances m Ihe sector. In marked contrast 
with  the situation of this group is that  of the  small 

enterprises whose manufacturing equipment is too light 

and too incomplete to be satisfactory, while at the same 
time indirect technical services are neglected. 

Market requirements, however, differ sharply m 
relation to quality, types and prices according to whether 

the machines are for use in the technically more advanced 

industries or in the small- and medium-scale establish- 
ments whose level of technological development is lower 
and whose capital resources are very limited As the 
national inventory of machine tools grows and with it 

the demand made in relation to quality, variety and low 
costs, production technology will be forced to develop 

and some of the small- and medium-scale manufacturers 
will also have to take part in this process. 

In relation to volumes of manufacturing output   the 

data and information afford clear evidence of the colossal 

.oí Taí by ,he mani,fi,clur<^ «>f machine tools since 
I «ft.  In  fact,   in  only   six  years  the  number  of tons 
produced annually increased by 260 per cent, reaching in 

the course of that period cumulative figures exceeding 
«UXJOtons, the equivalent of more than 62.0«) machines 

In 1961 the industry managed to produce 15.517 units 
with a we.ght of 13,250 tons. This substantial increase in 

domestic production finds justification in the powerful 
upswing of demand registered between 1956 and 1961 as 

a result of the establishment of the motor vehicle industry 
and the expansion of the various branches of the metal- 
transforming sector. 

Today, the industry offers the market hiy-two types 
of machine tools in about 150 leading models, which 

represents a fairly satisfactory situation. Nevertheless 

production is not altogether commensurate with the' 
numerical size of the national inventory and its range of 

types and models; and some machine-, are poor qualm 

S orwi'i'n'avM T• °'" dc"'»P•"«  ^  »h,ch  the 
^t:rwi'l have to devote attention:.he task ofimnrovinc 

models „id types ,„ order to maintain some demce ol 
balance between evolution of, IK-„n en. on and d       M 
supplies ol basic tvpes "^ 

fn.ml955onuards.a,,;,du.ildecreasc,n,-,cav„,,e 

^rrsr1;::;;;-;;;;;;^-:;;;;- 
average ol   I .MX) kg   f, miM  bc „,._, /   ;   ' 

Ih-s decline m unii weigh, does no, moan tha, ,hc »e.g 

o     he traditionallv heavier,vpes of machines has   c 
<Wd. but   is attributable lo the lac,  that  in the 

ÍhileC.MhnCW S haU' bCCn Pl" 0l" ",-"11"— while at the same „me construction ol l.gh, machines has 
been intensified to mee, the demand clenvmg „,, ,   h" 

manufacture ol light articles, as well as Iron, ,he "me 
gence ol small establishments.   ,he perlcc.mB of Z e 

"Chines and the incorporati.»,, ol new npos'whicl    ,•• 

m^mg Irom ,|,e lines ol inanulaclure will lx- hound ,o 

In this connexion, those machines winch show develop- 

ment ,,, respect ,o models and an „urease in weigh, ha!e 
secured a larger share percentage in the supply of the 

market, especially as to la.hes. saus, milhng'machi, s 
and presses. 

Price levels, broadly speaking, fluctuate around an 

average ol $2 per kilogramme, which may be considered 
a.istactory. I urthermore. since ,he expo,, of ceriam 

lypes of lathes and presses has been taking place for 

several years and .merest „, purchasing Brazilian machine- 

tools ex.s.s „, some of the Latin American countries ,» 
would seem that then prices are acceptable. 

Prospects fur thc domestic industry,  IW>2 7/ 

The interval between 1955 and l%| was characterized 
by an   exceptional increase in  domestic  consumption, 
attributable  to   the causes  ,u,l   .„dicatetl.   which  was 
reflected in thc installation in Brazil of   158,719 tons of 
machine tools,  equivalent to some 101.7«) units   ihe 

Bra/ilian inventory being almost doubled dunng'thai 
period. The domestic industry was not dissociated from 
this trend, and developed during the- years „, question 

at a cumulative annual rate of about  14 7 per cent (in 
terms of weight), expanding from 5,0X5.6 tons m 19551„ 

13,249.9 tons in  1961. This mean, that  on an average 

approximately 40 percent of consumption in the period 
referred   to  was  satisfied   by   means   of  domestically 
produced machines, the proportion varying between a 
maximum ol 54 per cent and a minimum of 25 per ceni 
in consequence of marked changes in imports 

However, as already pointed out. this industry's 
contnoution to the inventory consisted of simple light- 
weight ma.hmes, and both in its structure and in its 

technical potential it displayed certain deficiencies which 
assume decided importance in relation to the analysis 
of future possibilities. If no attention is paid to these 
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technical shortcomings, which must necessarily be 
remedied if the industry is to develop, a mere study of its 
evolution in the light of statistical data would be divorced 
from reality. 

On the assumption that the machine-tool industry: 
(a) will develop structurally in such a way that by the end 
of the period under study from 15 to 20 per cent of Us 
establishments will be employing between KM) and 5(H) 
persons; </>) will increase and supplement its existing 
stock of machines; (<•) will improve upon some of the 
machines currently manufacturai: (</) will start produc- 
tion of t'oity-oic new models of machines lor chip 
producing operations; and (r) will raise the unit weight 
by about 3(K) kg in relation to l%l. the conclusion may 
be reached that in 1966 71 it will be able to supply about 
65 percent of the domestic market, in terms of weight. 
and will be in a position toexport a substantial proportion 
of its output. In such circumstances, a volume ot produc- 
tion amounting to about 20.0(H) tons. i.e. 5(1 per cent 
more than i i l%l, might be expected in 1471 : this would 
cover approximately 70 per ceni of consumption, leaving 
ar exportable surplus of about 10 per cent. 

To attain these goals, as regards the increase in the 
volume of production and improved quality and the 
incorporation of new machine types, machinery that can 
meet the technical demands in\oived will have to be 
availahle. Success will therefore also depend in put upon 
the incentives and facilities with which government 
agencies are able to provide this sector. A rough estimate 
of the investment which such a programme would entail. 
solely in relation to the machines that would have u> be 
imported, gives a ligure close to St>6 million which might 
be subject to modilicalion according to the quality of the 
machine tools to be constructed. 

To enable the industry to solve the financial problems 
which the foregoing programme implies, the following 
would have to he available: 

((/) long-term linancing for the purchase oí heavy 
machines, all of which would be imported; 

ih) Medium-and short-term linancing for the purchase 
of lighter machines, most ot which would also be of 
foreign origin; 

(c) financing lor studies and construction of proto- 
types of new machine tools. 

Clisen the many complex problems involved in the 
future development ol this industry, structurally and 
technically, problems whose solution will have to be 
sought by piogranimed and co-ordinated effort, it is ol 
fundamental importance that there should be an agency 
in Hra/il which would guide and direct the development 
of the industry, at the same time rendering the necessary 
technical assistance, so as to channel it properly into 
suitable lines oí manufacture and enable it to play its 
role in Brazil's industrialization process as efficiently as 
possible. 

PRODI ITION ot MACHINL r<x)Ls 

The manufacture of machine tools in general began in 
Brazil during the Second World War. At that time, the 
difficulties of importing constituted a powerful incentive 

to the recrudescence of various undertakings in this 
sector and the emergence of new enterprises, whereby 
the most urgent requirements could be met, particularly 
in respect to machines for maintenance purposes. 

The war once over, however, with the lifting of import 
restrictions, and in the face of certain instability of 
demand for domestically produced machine tools, some 
industries which a state of emergency and a series of 
noteworthy efforts had called into being no longer found 
sufficient inducement to continue in the same branch of 
manufacture, and changed over to other activities. On 
the other hand, the metal transforming industries were 
progressively consolidated and strengthened until by 
1950 an embryo market had been created which held out 
prospects oí significant development. It was thus that 
machine tools, which until then had been associated 
mainly with maintenance operations, began to assume 
importance in the manufacturing process Interest in 
local production of machine tools was thus reawakened, 
so that by 1955 domestic output had exceeded 5,000 tons. 

The subsequent establishment of the executive Ciroup 
of the Motor Vehicle Industry (Ciri A), with the ensuing 
application of its plans and its dynamic effects on other 
sectors, should be regarded as the true prelude to the 
consolidation of a large, up-to-date and diversified 
machine-tool market such as is in Brazil today in the 
seven years preceding 1%I. the domestic market absorbed 
from 90,CXX) io 100,000 machines. 

This new incentive gave rise to new undertakings in 
addition to those which since the Second World War 
had successfully withstood critical periods and continued 
to supply the domestic market. At present, the machine- 
tool industry comprises about 114 establishments, 
employs nearly 5,(XX) persons and produces an annual 
output which has exceeded I 3,(KX) tons, with an approxi- 
mate value of $26 million. 

fill   I'ROIM (   HON si KVIY 

Owing to the lack of adequate statistical data on the 
manufacture of machine tools, a survey had to be 
carried out among the manufacturers operating in Brazil, 
the number of enterprises totalling, as far as could be 
ascertained, 114 establishments. This survey was carried 
out by visits to the factories, and specially prepared 
questionnaires were used whereby general data could be 
obtained on the industrial establishments and on the 
machines in use, as well as on the quantities of each type 
manufactured since 1955 (in terms of units and of weight), 
the main characteristics of the machines manufactured, 
and the entrepreneurs' plans for the future. 

Out of the 114 establishments, 104 were classified, 
including five which in 1961 were perfecting prototypes of 
machine tools to be put on the market in 1962. The 
establishments analysed are those in which production of 
machine tools is either the sole activity or supplementary 
to other lines of manufacture; excluded are a few of an 
artisan nature which only occasionally produce a short 
scries of machines, usually of a simple type, for con- 
sumers making no great demands for quality and 
precision. Among those covered by the survey are nine 
whose activity in this branch of industry represents less 

•H 
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than 5 per cent of the value of total sales, and which 
were excluded from some comparisons. 

Thus, the considerations formulated below relate to 
ninety manufacturers, in regard to geographical distri- 
bution and number of machines in use; to ninety-nine 
where manufacturing data are concerned; and to 104 in 
respect to the types of machines currently produced. 

The domestic machine-tool industry 

General characteristics 

Location. The data clearly show that the choice of sites 
for the industrial establishments manufacturing machine- 
tools was closely associated with the expansion of the 
metal-trar.sforming industries. The State of Säo Paulo is 
where 88.8 per cent of these establishments are situated 
while the same state absorbs 72 per cent of the domestic- 
labour force in the metal-transforming sectors (see table 

Table I 

GEOGRAPHICAL DISTRIBUTION oh ESTABLISHMENTS 

MANUFACTURING MAC HINK TOOLS, 1961 

Persons employai 

Numbrr Pereentave 
S">" »/ total 

Säo Paulo      4,527 94.7 
Rio Grande do Sul..        176 1.7 
Santa Catarina          40 0.8 
Guanabara          37 0.8 

Total     4,780 lOO.o 

Industrial establishments 

\umber      Pertentuge 
oj total 

80 
6 
2 
2 

90 

88.8 
6.f. 
2.3 
2.3 

lOO.o 

Within the State of Sâo Paulo, the greatest concen- 
tration of machine-tool manufacturers is observable in 
the state capital itself and in the municipalities of Santo 
André, Sâo Bernardo do Campo and Sào Gaetano do Sul 
(ABC), where the proportion is 8.17 per cent, with 67 
establishments. In the interior of the state, the factories 
are mainly along the lundiai-Sào Carlos line, and it is in 
this area that the highest production capacity per 
establishment is registered. These enterprises number 
thirteen and employ 2,437 persons in all, i.e. 51 percent 
of the total for the country. Communications between 
this area and the leading consumer centres are good, and 
transport of the heavy tonnages produced present's no 
difficulties. 

The plants in the capital and in the ABC area employ 
2,090 persons, 43.7 per cent of the total for Brazil, m 
sixty-seven establishments which are a good deal smaller 
than those in the interior. From the point of view of 
expansion, the location of some of these implies serious 

drawbacks in space both for increasingcurrent production 
lines and for manufacturing heavier machinery, since 
adjacent lots are not available and, even if they were, 
anti-economic investment would be entailed. Decentral- 
ization of these establishments in the direction of the 
outskirts of Greater Säo Paulo should therefore be 
contemplated for more efficient organization and layout. 

 .    .        75 

This does not apply to the firms in the interior of the 
state, which, from the point of view of the space for 
future expansion, are in a more privileged position. 

In the south of Brazil, the manufacturers of machine 
tools in R,o Grande do Su, and Sama ^^ ^ ^ 

far supplied most of the requirements of tin- local market 
which, together with that of Sào Paulo, rank, as the 
oldest in the country 

The participation of the south of Brazil which at 
present is modest, since the area accounts tor onlv K 9 per 
cent ot the total establishments and 4.5 per cent of the 
total personnel, will mcrasc in the course of the nev 
lew years through the operation of various favourable 
factors which are beginning to make then- influence fell 
These include the quality of the labour, whose ctlicencv 
and low turnover play an important pan the develop- 
ment of local industries; the ease with which technical 
and commercial contacts »iih the State »if Sim Paulo can 
be maintained; and the improvement of communications 
between the south and the other consume, ecu res To 
judge from the new projects under way and the proto- 
types already tried out. a dynamic spirit prevails 
especially in the Porto Alegre area. As in other countries 
that have had to tackle the same problems 111 the past the 
decentralization of this branch of the metal-transforming 
industry is generally a factor making for progress and 
encouragement. 

The factories in areas other than those mentioned 
concentrate on specialized lines of production or supply 
the local market. 

To sum up. the principal areas m Brazil in which this 
sector is significant are three: the first is along the 
Jundiai-Sào Carlos line in the State of Sào Paulo the 
second is the state capital and the ABC area; and the 
third is that part ot the l'orto Alegre disine! which falls 
within a radius of 2(M) km from the capital. 

Structure. Not all the establishments manufacturing 
machine tools devote their entire ciïorts to this activity, 
and other products of (he metal-transforming industries' 
appear in theii manufacturing programmes in varying 
proportions. One reason lor this is that most of the 
enterprises first became interested in I he production of 
machine tools when they had already developed a certain 
tradition in other metal-transforming sectors which they 
did not wish to abandon; and another is thai in some- 
cases the consumers of these machines have themselves 
begun taking steps to produce them, as is not surprising 
in view of the rapidity with which the machine-tool sector 
has increased in recent years. I his last category includes 
live enterprises covered by the survey which in 1961 were 
engaged in perfecting machine-tool prototypes to be 
put on the market in 1962. 

This situation is clearly reflected in table 2. which 
presents a breaktl >wn of establishments by their extra- 
and intra-sectoral activities and by types of machines. It 
reveals how high a proportion of the establishments 
classified as m;' .ufacturing machine tools maintain other 
lines of production: from 46.5 to 100 per cent, according 
to the type of machine concerned. In the table, references 
to lines of manufacture within the sector relate to 
different categories of machines, not  to the machine 
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Table 2 

ORGANIZATION OF PR(MICTION oh MACHINE TOOLS, 1961 

Hr,,ikilimn ti) c\tibltshm, n/\ hf m •lie.' :"t 

• n! mm hint* 

Stiiiibrr 
ol 

CKIîW/ï/I- 

Vriitlit, tn>ti 

Tom t'nii\ 

Lathes  24 
Milling machines  14 
Drilling machines  17 
Shapers and planers  IS 
Thxeadinn machines  3 
Cutting machines (saws). . 12 
Grinding machines  4 
Tool-grinding machines.. 4 
Presses  22 
Pneumatic hammers  I 
Machines l'or sheet  I? 

5.265.0 
2K9.X 
744.9 

1.369.4 
35.0 

342.4 
57.1 
69.3 

3,X90.o 
24.X 

1,071.2 

4.63« 
27X 

5,311 
937 

53 
1,296 

79 

101 
2.139 

7 
667 

( Vie Wni' 
. / »tann- 

ili, 

16 
7 
5 

II 

7 
2 
I 

15 
I 
6 

ut nittnu- 

ih, 

lore titilli 

lit, 
\, i Vir 

4 
4 
7 
3 
2 

2 
I 
2 

(hic „r 

lim-t „I 
iitttnttttu turc 

16 
9 

13 
10 

3 
8 
3 
3 

12 
I 
7 

H'or/tv 
in, hide 

foundry 

specified; in other words, if four ol" the establishments 
manut'acliiring shapers and planets are said to maintain 
two lines ol" production, this must he taken to mean that 
they produce another type of machine tool alongside 
shapers and planers, rather than that they make two 
models of the latter. It may also he seen from the table 
that seventy-two of the ninety-two firms manufacture a 
single type of machine tool, while the remaining twenty- 
seven maintain two or more lines <i\' production within 

this sector. 
Of the ninety-nine industrial establishments con- 

sidered, 62.5 per cent accounted for no loss than 75 per 
cent of this activity's trade transactions; the remaining 
37.5 per cent contributed smaller proportions (see tabic 

3). 
Table .i 

BREAKDOWN OF   INDI SIRI M. ISI AHIISIIMHNTS BY 

PFRí ENTAC.F: OI ACTIVITY DIVOIID IO MACHINF TOOLS, 

Ml ASTRI I) IN  II RMS Ol   ANNl'AL 

SALES II RNOVIR,  1961 

Industrial i Utlhl ,* I, Miimil'tictwe mI niMbiiw nmh 

S umher /Yri iiihtur 
{Pt'rtcntn\u'\l 

-   •• 
_   ...     . .-      - ..          .   - 

62 
u 
* 
6 
9 

62.5 
14.2 

8.1 
6.1 
9.1 

75-100 
50-74 
25-49 

5-24 
under 5 

  _. — 
99 100.0 

The distribution of these establishments by size 
constitutes another interesting feature of the activity 
under eonsidet..;ion. The figures given in table 4 relate 
to the number of persons employed in the manufacture of 
machine tools and therefore exclude personnel employed 
in the manufacture of other products within the same 

enterprise. 

Table 4 

BREAKDOWN OF  ESTABLISHMENTS MANI TAC TIRINO 

MACHINF  FOOLS, BY SI/.F,"  1961 

W..T \ umher >>f 
,» eililfc- Pert fntiiçr 
Inhmrtrl* empio y eii 

More than 1,000 1 1.1 1,290 27.0 
500 999 _ 

••— 

250-499 1 1.1 402 8.4 
I (Ml 249 6 6.7 954 20.0 

50 99 14 15.6 976 20.4 
25 49 18 20.0 5X0 12.1 
10 24 30 33.3 459 9.6 

Fewer than 9 20 22.2 119 2.5 
Total 90 100.0 4.7KO 100.0 

" f xdudinB nine enterprises whose pnuluuion of imuhini- tools represents le.~ 
(han < per eent ol then .IIIIHI.II sales turnover Dal.i .is ol Jl Divenirvi I'Jhl. 

A comparison between Brazil and other countries in 
respect to the breakdown of establishments by size reveals 
the trend of this sector's evolution as a consequence of 
the increase in the tonnage produced, especially where 
the smaller establishments are concerned (figure 1, 

table 5). 
Experience shows th.it a high level of productive 

efficiency in this sector is beginning to be obtained in 
factories employing 1(X) persons or more, where the 
products manufactured have a certain degree of com- 
plexity and a high standard of quality. This would seem 
to be the case in I ranee, the United Kingdom and the 
United States, where between 20 and 30 pei cent of the 
factories fall within the 100-500 size range. These 
percentages apparently remain stable, in association with 
outputs of about 40.000 to 50,000 tons and more. 

The structure of the machine-tool industry in Brazil, 
where only 7.8 per cent of ihe establishments under con- 
sideration fall within the size range indicated, will have 
to develop along new lines if output tonnages are to be 
higher than at present and the demands of the consumer 
industries with respect to quality and diversity of types 
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Table 5 

BRA/lt   AND SHRIFT? COUNTRIES: PERCENTAGE DISlRIBl TION OF ESTABLISHMENTS MANUFACTURING MVCHINF TCMHS 

Size of c\tah- 
lishments {numhvr 

employai I 

0 49 
50 99 

100 249 
250-499 
500-999 

1.000-2,499 
2,500 or more 

Total 

Hra-i t 'iiti',1 Slate', t nitt'J A'mv./. >m 

\l/mhtr nl 
•\Iithli\hmcHl\ 

68 
14 
6 
I 

90 

75.5 
15.6 
6.7 
I.I 

I.I 

100.0 

Sumber ¡>l 
t'Hah/i hnwnis 

60 
30 
16 
8 
6 

120 

Per centaur 

50.0 
25.0 
13.4 
6.6 
5*.0 

100.0 

\umher nf 
•slabhshwenci 

431 
95 

106 
53 
34 
20 

5 

744 

57.9 
12.S 
14.2 

7.1 
4.6 
2.7 
0.7 

100.0 

0 49 
50 49 

100 299 
300 499 
500 749 

750 or nunc 

S umher c/ 
i".tilb!t\litneiil\ 

KU 
3S 
ss 
13 

3 
II 

224 

46.4 
17.0 
24.6 

5H 
1.3 
4.9 

100.0 
I or Bru lini'ings iil'iht l%l survey: loi  I run«'. 1949:   \tit<i,m any llan-l 

Januan  !')<<>. lorihe L nil«! Siale: ( ,.,iw,i .»/  \/,IMU/,I, ri,r.-» ÍW?; tin ihc L iiilutJ kmgiliuii. 1147: A. (i.n..nBei. ,yv , » 
I./I/. Nmcmhrr l'>4<> 

are to be met. According to the projections formulated 
in the present study. Brazil should produce a yearly 
output of about 20,000 tons by 1970 71, and should 
therefore aim at remodelling the si/e structure of the 
industry so that it more closely approaches that found 

in the more highly industt iali/cd countries. At this stage, 
it might be considered that satisfactory progress had been 

made if by the time the above-mentioned level of pro- 
duction had been reached, about 15 to 20 percent of the 
establishments employed more than the minimum of 100 

persons, wiih an average of 200 persons per establish- 
ment. 

General data for the sector. To give an over all idea of 
the sector's production   potential,  some  of the   most 

characteristic data relating to the industrial establish- 
ments concerned are : 

Number of persons employed4 

Installed capacity  

Vaine of production. 1961 .. .. 

Annual per capita production 

Per («/»//«capacity available  . 
Number of persons employed per 

establishment  

Installed capacity per establishment 

Value of production per establish- 
ment        294.(XX)      dollars 

4,7X0 
12.571 h.p. 

26.5 S million 
5.544 dollars 

2.6.3 h.p. 

53.1 
139.7 h.p. 

• Including operatives and technical and administrative personnel. 

90. 

90 

Brazil 
1961 

Franc« 
1949 

United Kingdom 
1947 

United States 
1947 

70. 

» 60. __ 

1 S°' —, 

1 to. 
1 
*  ». 

Ï20. — ^^ 

0 "h n m "v-n Tw. 
5«S5i||    5*35S*g    '«MSB       '«asili 

1    1    l    l     i   i                iiiiii                  1    1    i    i    i                      iiiiii '•lili                       lililí                          1      1      1      1      !                                 lililí 
°s82§|       °S8Sg|        °S8§¡           °S8s§â 

Sizt (number of persons employed p^ tstablithment) 

Figure I 
PERCENTAGE BREAKDOWN OF ESTABLISHMENTS MANUFACTURING MACHINE TOOLS IN BRAZIL AND SELECTED COUNTRIES 

AT A MORE ADVANCED STAGE OF INDUSTRIAL DEVELOPMENT 
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Prices per kilogramme vary a good deal in the case of 
domestically manufactured machines, partly because of 
the different types produced and partly because of the 
divergent sales methods adopted (through distributors, 
directly to the consumer, for cash down or on deferred 
payment terms). Moreover, the continual fluctuations in 
internal prices and the time lag before exchange rates are 
brought up to date cause sharp variations in the cruzeiro/ 
dollar relationship. Thus, in order to estimate the value 
of domestic production, an average price of $2 per kg 
was adopted. 

In view of the heterogeneous sizes of the industrial 
establishments in this sector, a few remarks must be 
made on the average values per establishment, since 
there is one group of enterprises whose size, organization, 
efficiency and technical level put a considerable distance 
between it and the over-all averages in question. The 
eight establishments which employ more than 100 persons 
together account for 55.4 per cent of total employment 
and 63.6 per cent of installed capacity, which means that 
the per capita capacity available is about 3 h.p., whereas 
in the other eighty-two establishments it is only 2.1 h.p. 
The capacity available per direct operative is even higher 
in the former group, because of the lower direct/indirect 
labour ratio. On the assumption that direct operatives 
constitute about 55 per cent of the personnel employed, 
available capacity amounts to about 5.5 h.p. per operative, 
almost twice as much as in the smaller establishments. 
This advantage is reflected, inter alia, in a satisfactory 
level of production capacity, in contrast with the situation 
in the other group. 

Machine-tool manufacturers' inventories 

Table 5 presents an inventory of the equipment used in 
domestic manufacture of machine tools by the ninety 
producers whose share in the sector's activity constitutes 
more than 5 per cent of their annual sales turnover. 

In addition, there are sixty-one forming machines 
installed in these establishments in the aggregate, bringing 
the total up to 2,527. The firms employing more than 100 
persons possess twenty-eight units of this type. 

As the size distribution of the enterprises in question is 
so irregular and the proportion of firms employing fewer 
than fifty persons is high, it is difficult to make an over-all 
analysis of this inventory in such a way as to give a 
faithful interpretation of the machine-tool industry's real 
situation. The equipment to be found in about 9 per cent 
of the establishments, representing approximately 29 per 
cent of the total number of machines, is comparable to 
that of manufacturers in more highly industrialized 
countries; most of the remaining firms, in contrast, have 
only unsatisfactory and makeshift production facilities 
at their disposal. The eight establishments employing 
more than 100 persons belong to the first group. 

In the case of this group, production equipment is 
complete, efficient and up-to-date, as can easily be seen 
from the high figures relating to the use of boring 
machines, milling machines of various types, threading 
machines, broaching machines, grinding machines, gear- 
cutting machines and special machine tools. There is no 
lack of technical knowledge of the kind required for 

correct utilization of the machines, and it is thus possible 
to overcome those machining difficulties which charac- 
terize the manufacture of machine tools once the 
Schlesinger or Salmon standards are the goal. 

In addition to the satisfactory equipment situation, 
ligs fixtures, special tools, and metrological and control 
instruments are used, both in the intermediate stages of 
machining and during the final process of assembly, in 
accordance with the standards referred to above. Con- 
sequently, the designs of the machines are more complex, 
and those manufactured by the group under discussion 
differ from the rest in that they are more complete, offer 
better working facilities, have higher power, bigger 
transmission fields and superior productivity in relation 
to others of the same type. 

It may also be noted that in these enterprises which 
employ 2.646 persons in all, the proportion of indirect 
personnel ranges from 30 to 52 per cent, i.e., it is within 
the limits that should be considered essential for success 
in this difficult specialty The manufacture of machine 
tools of more advanced and complex design calls for 
more project engineering and research and, consequently, 
for a greater number of indirect personnel working on 
the planning of production, quality controls and the 
making of tools and jigs (table 6). 

Lastly, stress must be laid on the marked creative 
vitality displayed by this group of firms whose projects 
keep pace with the lequirements of the domestic market 
and the constant technological advances in the sector. 
Studies aimed at perfecting machine parts, to which the 
patents registered and experiments with new models bear 
witness, are commonplace today, and have indeed been 
so since 1950. 

In contrast, the position of the smaller enterprises 
leaves a good deal to be desired as regards their manu- 
fai luring equipment which is lightweight and incomplete, 
indirect technical services are neglected. This is sufficient 
indication of the category and quality of the machine 
tools manufactured. 

Hitherto, however, market requirements in respect to 
quality, types and prices of machine tools have also 
assumed two very different forms, according to whether 
the prospective consumers are industries at a more 
advanced stage of technical development or establish- 
ments, usually on a small or medium scale, whose 
technological level is lower and whose supply of capital 
is limited. 

To meet the needs of the former, the more advanced 
group of domestic manufacturers is in a position to 
deliver high-quality goods conforming to the specifi- 
cations required, within their current lines of manufac- 
ture; the latter, on the other hand, preferring as they do 
machines of low cost (less than $2 per kg as a rule) and 
hence also low in weight power and precision are 
supplied, in the main, by the small manufacturéis. Thus, 
some justification for such producers' limited manufac- 
turing resources is to be found in the nature of market 
demand, at least io the present. 

But as the Brazilian machine-tool inventory approaches 
300,000 units, in order to attain low production costs 
together with an improvement in the quality of the final 
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product it will be essential for the technology of produc- 
tion to develop as well and, consequently, for most of 
the small establishments manufacturing machine tools 
to progress along the same lines. 

The technical and manufacturing potential achieved by 
the leading group in this sector, and by the manufac- 
turers of lathes and presses in particular, reaches inter- 
national standards comparable with those registered in 
the more highly industrialized countries for manufac- 
turers capable of supplying substantial machine-tool 
inventories. 

The considerable size of the Brazilian inventory, 
together with its annual natural growth rate of about 
5.5 per cent, suggests the need for at least s^.me of the 
small-scale enterprises to increase their dimensions, with 
all the structural changes which this implies. 

What has been said of the small enterprises and the 
equipment they use should be regarded rather as a 
warning  for  the  near  future  than  as  criticism.  The 
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design of the planer and the work bench. Significant de- 
formation may thus take place in the course of 
machining. 

Other machine tools and equipment which, to judge 
1mm the survey, are not usually found among the 
machining plant of the smaller establishments are- gear- 
cutting machines of the hollows and Maag Types and 
with gear generators; gear-grinding machines; nulling 
machines lor slot axles; grinding machines for grooved 
shapes; broaching machines for internal grooved shapes; 
special machines for long thread cutting'; heavy drilling 
machines; grinding machines for long bed rails- 
dynamic balancers, group of units lor tempering bed 
rails and benches; measuring instruments lor testing 
Schlesinger and Salmon standards. 

These machines and equipment usuallv are essential 
requisites for the production oï good quality machine 
tools, especially those in the chip producimi category 
The latter, which also include luushmg machines. Wer 

Table 6 

INVENTORIES OF MACHINE-KHîI. MANU \< H RERS, l%| 

Type of mm hit 

All alablitiiHicnty 

\iimbcr Pcrn'ittage 

I w<//'/f\/;m* tri\ twplun/n: 
nu/rt' ihtiH I'M pervitin 

Lathes  
Milling machines  
Drilling machines  
Boring machines  
Shapers and planers  
Threading machines  
Broaching machines  
Gear-cutting machines  
Cutting machines (saws)  
Grinding machines  
Tool-grinding machines  

Total 

893 
225 
459 
63 

377 
18 

5 
55 

158 
136 

77 

2,466 

36.2 
9.1 

18.6 
2.6 

15.3 
0.8 
0.2 
2.2 
6.4 
5.5 
3.1 

100.0 

IS'hmhfr 

245 
88 
88 
33 
86 

8 
4 

38 
36 
64 
32 

722 

IVrirntiWï ,>l l„uil 

27.4 
39.1 
19.2 
52.4 
228 
44.4 
80.0 
69.1 
22.8 
47.1 
41.6 

29.3 

comments which follow are valid for most of the small 
establishments, and afford some justification for such an 
attitude. 

Boring machines, for example, with which heavy 
asymmetrical parts can be machined at different levels, 
are replaced by devices which do not permit attainment 
of the close tolerances acceptable for internal diameters 
and distances between axles. Again, the very limited use 
of cylindrical grinding machines for internal and external 
diameters suggests that series couplings arc unlikely to 
achieve ISO 6 and 7 quality, obviously to the detriment 
of both surface finish and the precision of the couplings 
themselves. 

Similarly, the problem of machining small and large 
flats is generally tackled with unsuitable machine tools. 
Limited use is made of milling machines for which 
shapers are usually substituted with poor results in 
production time, precision and quality of surface finish. 
For machining larger parts, the table planers used, 
besides offering few facilities, are so light that the weight 
of the part being machined is disproportionate to the 

a wider range of types and designs than forming machines; 
their manufacture calls for a more varied inventory of 
machine tools. Furthermore, the acceleration of cutting 
speeds of both rotary and alternating machine tools is 
compelling manufacturers to use increasingly dillicult 
and complex manufacturing techniques applicable only 
if special and costly equipment is available. 

In the manufacture of machine tools, more perhaps 
than in other sectors of the metal-transforming industry, 
the relationship between minimum size of establishment 
and quality and complexity of product takes precedence 
over the relationship between size of establishment and 
series produced. 

This, taken in conjunction with the domestic manufac- 
ture projections in this study, makes it plain how neces- 
sary it is that by the end of the period under study the 
proportion of machine-tool enterprises employing, on an 
average, some 200 persons each should be about 15 to 
20 per cent, either as a resuli of the expansion and 
modernization of the industries already established or by 
virtue of the installation of new enterprises. 
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Types of machine tools manufactured in Brazil 

In compiling the list of machine tools manufactured in 
Brazil, the output taken into account was that of 104 
firms, i.e. including the five which in 1961 were engaged 
in perfecting prototypes o\' machines to he put on the 
market in l%2. The dimensions represent each machine's 
maximum working capacity : 

Machines for chip producili)!. 

(a)      Bench lathes (diameter, up to 250 mm: distance 
hetween centres, 600 mm): 

(h)      Single-pulley  lathes (distance hetween centres, 
up to 4.000 mm); 

(< ) Engine lathes (diameter, up to 600 mm ; distance 
between centres. 2.(KX) mm); 

(d) Medium weight engine lathes (distance hetween 
centres. 2.000 to 4.000 mm): 

(c) Heavy engine lathes (up to 15 tons: distance 
between centres. 4.000 »o 7.5(H) mm): 

(/)       Extra   heavy   engine   lathes (up   to   61    tons; 
distance between centres.  10.000 mm. There are possi- 
bilities of manufacturing these lathes with higher tonnages 
and longer distances between centres): 

(U)       Bench turret lathes; 
{h) Hand led. single-pulley, hexagon turret lathes 

(spindle bore diameter, up to 2 in.: weight. I ton): 
(/') Hand fed. single-pulley, frontal turret lathes 

(spindle bore diameter, up to 2 in.): 
(/) Light hand fed hexagon turret lathes (up to 1.5 

tons): 
(A) Medium weight hand led hexagon turret lathes 

(up to 3.2 tons: lathe swing. 500 mm. and length 940 
mm); 

(/)       Heavy hand fed hexagon turret lathes (up to 11 
tons; lathe swing. S00 mm, and length up to 1.7X0 mm): 

(in)     frontal or  plateau  lathes (lathe swing.   2,500 
mm; 5 h.p.. and weight up to 6 tons); 

{ni Special semi-automatic lathes for small parts 
(up to 2 in); 

(o) Automatic lathes with radical slides (spindle bore 
diameter, up to I in.: weight up to I ton); 

(/>)      Semi-automatic lathes for second operations: 
(</)       Universal  bench drilling machines (up  to 0.3 

tons); 
(/•) Light universal milling machines (up to 0.8 tons 

and 1.5 tip): 
(.v) Universal milling machines with Morse cones 

No. 4 and 5 (up to 5 h.p.. and weight between 1.5 and 
3 tons); 

it)       Milling machines with automatic  work  cycle 
(table), simplex and duplex types (up to 3 h.p. and weight 
1.5 tons); 

(u)      Hand fed bench drilling machines; 
(r)      Bench drilling machines with automatic feed; 
(M)     Hand fed pedestal drilling machines (diameter 

capacity up to 1.5 in); 
(v) Pedestal drilling machines with automatic feed 

(maximum diameter 1.5 in); 
(i) Multispindle bench and pedestal drilling mach- 

ine» (up to 2 h.p.); 

{:) Radical drilling machines with arm length up to 
1.250 mm (maximum diameter. 25 mm for steel): 

Uia) Shapers with stroke length from 300 to 1.200 
mm. including a hydraulic model: 

(hh) Table planers (up to 5 h.p.: table 1.000 3,400 
mm. or over: weight 7.5 tons. Hydraulic models are also 
manufactured in a smalkr si/e): 

(cr) Semi-automatic and automatic threading mach- 
ines for internal threads (diameter, up to 0.5 in.) 

Uhi)   Threading machines with Hat dies (up to 1.5 in.); 
(cc) Threading machines with cylindrical die (vvoic- 

ing pressure up to 20 tons); 
(//') Hydraulic broaching machines, simple hori- 

zontal type (up to 20 tons): 
(e/tfi    Alternating saws for metal cutting; 
(/)/i) Partially hydraulic alternating saws for metal 

cutting (up to 12  •   12 in): 
(/'/') Completely hydraulic circular saws with auto- 

matic feed (diameter, up to 130 mm): 
(/'/)     Band saws, horizontal and vertical types; 
(kk) Hand and semi-automatic universal grinding 

machines, with mechanical and hydraulic controls 
(distance between centres, up to 1.5(H) mm); 

(//) (¡rinding machines for flats (table. 135 600 
mm: up to 3.5 h.p.. also with electromagnetic table): 

(mm) Universal tool-grinding machines: 
(nn) Special grinding machines for tungsten carbide 

tools; 
(oo) Special machine tools for long series composed 

of machining units up to 5 h.p. One stage or revolving 
table type: 

(pp)    Axle centerers. 

Machines for forming 

(a) Hydraulic presses (up to 1,600 tons); 
(h) Eccentric presses, inclinable (up to 100 tons): 
(<•) Eccentric presses, fixed, with intermediate gears 

(up to 160 tons); 
(d) Friction presses (up to 400 tons); 
(e) Pneumatic forging machines (up to 500 kg); 
(/') Forging machines (up to 150 kg): 
(H) Drop forging machines (up to 250 kg); 
(h) Shears (length, up to 3,000 mm; thickness. 0.5 in.); 
(/') Bending presses (length, up to 3.600 mm; thickness, 

5 mm: pressure, up to 75 tons); 
(¡) Machines for cutting shapes, universal type. 

The list of variants oi the types of machine tools is 
particularly long in respect to lathes, drilling machines 
and saws and forming machines in general. It should 
be taken for granted, for example, that, as regards 
presses, a wide range of capacities is manufactured: from 
2.5 tons to a maximum of 100 tons, and the same applies 
to the other machines. In the categories of chip producing 
and forming machines, respectively, lathes and presses 
are the most highly developed and the most advanced 
from the technical standpoint in respect to types, models, 
weight and power per unit, quality and productivity. 
The progress achieved in the manufacturing of these 
machines during the past decade was so remarkable that 
for several years exports have been  registered; this 
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applies particularly to lathes, which have found a market 

not only in Latin America and the Middle East, but also 

in European countries with long-standing traditions in 
manufacturing machine tools. 

Milling machines are important items whose share in 
the composition of machine-tool inventories is usually 
about X io 10 per cent. Although a great variety of types 

and models of machines of this kind exists, "domestic 
manufacture is confined to M\ models. It should be 

stressed here not only that the manufacturers are lagging 
behind in this sector, but that the national inventory too 
is deficient, milling machines being little used in Brazil. 

Next in importance to milling machines come grinding 

machines of which only a few models are manufactured, 
whereas a wide and varied range is available on the world 

market. A comparison between the Brazilian inventory 
and that of other countries reveals an anomalous situation 
which suggests the urgency of the need to embark upon 

local manufacture of several basic models. Boring 
machines and gear-cutting machines are not manufac- 
tured in Brazil, and have to be imported. 

Generally speaking, the list of the types of machine- 
tools currently manufactured in Brazil is somewhat 

incomplete in relation to the significance already attained 
by the national inventory in respect to numbers and 

variety of types. Nevertheless, considering that the 
sector is in some instances very young and inexperienced 

and that the annual volume of output is a little over 
10,000 tons, the manufacture of fifty-two types of 
machine tools in about 150 leading models represents a 
fairly satisfactory situation. 

Given the country's stage of development and the 
growth projections for the next lew years formulated in 

relation to the various sectors of the metal-transforming 
industry, the Brazilian inventory will exceed 300,000 
units in 1971. Clearly, then, the sector wil. need to 

increase the number of models progressively year by year 

so that some balance is maintained between the evolution 
of the inventory and the domestic supply of basic types. 

Otherwise, if Brazil's own technological resources would 
not suffice lo feed the inventory of machine tools, a 
difficult situation might arise because of the amount of 

foreign exchange that would be needed to import the 

requisite machines and the expansion of the metal- 
transforming industries would be slowed up. 

It must be borne in mind, however, that no country is 

completely independent as regards the manufacture of all 
types of machine tools, not even those with inventories 
of over two million machines, and that the necessity for 

international trade in this field is almost a basic principle. 

The items concerned, however, are as a rule specialized 
machine tools, domestic production of which has no 

attractions from the economic or technical standpoint, 
and are very seldom the simpler basic types manufac- 
tured in longer production series. 

Volume of output 

The survey of Brazilian production of machine tools 
presented here, and covering the period between 1955 
and 1961, is the first in the country. 

si 

The figures for the years 1955. 1956 and I9S7 must be 

regarded as approximate, since in some cases the answers 

lo the questionnaire were incomplete and either the 
number or the weight of the machines had io be est.m tied 

In any event these estimates do not areatlv affect the 
conclusions. 

The findings of the survey with regard io clnp-produc- 
ing machines, forming machines. .md the lotal accumu- 
lated during the period 1955 61 are men m tables 7 s 
and 9, respectively. 

The tables give a clear idea of the tremendous effort 

put forth by the manufacturers of machine tools since 
m only six years the annual tonnage was increased by 

260 per cent, reaching cumulative ligures o{ more than 
60,(MK) tons, and equivalent to more than 62.000 units 

This volume of production undoubtedly did much to 
account tor the fad that the Brazilian inventory almost 
doubled between 1955 and 1961. 

The   data   on   the   percentage   distribuì ion   of   the 
machines   used   for   chip   producing  and   lor   forming 
operations   are   worth   analysing.   During   the   period 
1955 61. the average figures were 79.7 and 20 1 per cent 

respectively.   In   I960.   Brazil's  total  stock  of machine 

tools, including those used for maintenance purposes but 
excluding those not  inventoried showed a very  similar 
distribution, 7X.2 and 21.8 per cent, which suggests thai 

domestic production  kept closely  parallel to the com- 
position of the total stock as regards the two categories. 
It must be pointed out. however, that during the period 

under discussion the proportion of output represented 
by chip-producing machines showed a decided  upward 
trend, rising from 77.3 per cent in 1955 to SI 9 per cent 

in 1961. If similar comparisons are made on the basis of 

the tonnages produced, the position is reversed. ,mú the 
share  of chip-producing  machines  falls  from   f»5.7   m 

1955 to 62.3 percent in 1961. The explanation lies m the 
taci  that during this period a beginning was made on 

manufacture of some new types of machine looK (such 
as grinding machines,  tool-grinding  machines ek). in 
the smaller sizes, while al the same time the manufacture 

of light machine tools such as lalhes and  bench drills. 
shapers and alternating saws was intensified vviih the aim 

of meeting the demand deriving from the manufacture 
of a great many light articles as well as (he requirements 
of small establishments which came min being al  that 

time.   Thus,  the average  unit  weight   of the  machines 
manufactured dropped   from 960 i,. 6S<) k¿>    11,0 lmil 

weight of forming machines was maintained al  about 
I.X00 kg. 

While the changes registered in relation to these Iwo 
major groups of machine look are broadly indicative of 

a gradual adjustment of domestic production lo internal 
market requirements, it is interesting io note the much 

more sinking modifications thai have taken place within 
the groups themselves as this industrial activity has 
gradually developed. 

For example, the proportion of outpul represented by 
the manufacture of lathes, which in 1955 was 54.6 per 
cent in terms of units, had fallen to about 30 per cent by 

1961. The manufacture of drilling machines has increased 
to such an extent, more than eight times over in the 
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Table V 

Tor\l   Ol IPl I  Of  MACHINF TÍKM.S.  1955-61 

( Il IT*  IH MIHI 

; i/i,- 11/ mm hm, \ uiiihir 

lathes  22.704 
Milling machines 1.094 
Dulling machines  15.994 
Shnpvisand planers  3.605 
I Invading machines  224 

C lilting machines (saws)       . . 5.6IX 
(irnulini! m•icliines. ... 23- 
liMil-grmiling machines 2.10 
Special machines     5N 

Intal loi  ».hip-producing 
machines  44.7V) 

Presses  10.107 
\ urging machines 

i pneumatic haminers)  311 
Machines lor sheet  2.5?« 

Intal for forming 
machines  12,695 

(¡rand Intal 62.454 

vin    hi 

36.3 
1.7 

25.6 
VX 
0.4 
9.0 
0.4 
114 
0.1 

25.938.X 
950."' 

2.S35.4 
5.623 0 

90.0 
1,745.0 

P90 

IXO.o 
590 

42.9 
1.6 

•U 
9.3 
0.1 
2.9 
0.3 
0.3 
III 

79 7    37,592.X     62.2 
16.2     I X.I 25.7      30.0 

107.6 
4.1     4,601 0 

0.2 
7.6 

20.3     22.S34.3      37.X 

100.0     60,427.1     100.0 

course of Ihe period, that the share of this line of produc- 
tion has risen to 34 per ceni as against 1.3.7 per cent in 

1955. The reason lies in the heavy demand deriving from 
Ihe production of light manufactured goods for which 

hand drills are generali} used, and also in the fact that 
the use of high output drilling machines such as, lor 

example, the multi-spindle type, is not very common in 

Hra/il. 
As mav logically he inferred from the low percentage 

of milling machines bolli m the Brazilian inventory and 
in domestic production of machine tools, output ol 
shapers and planers expanded considerably, attaining a 

ligure thai should be considered the maximum in per- 
centage terms As the manufacture of new types ol" 
milling machines is consolidated, these will come to 
predominate over shapers and planers, and the position 

will thus be reversed. 
Outputs of saws increased more than tenfold between 

1955 and 1961. which meanl that their share in total 

production rose from 2.5 to X.4 per cent in that period. 
This state of affairs is attributable to the widespread use 
of these machines in maintenance workshops and small 
establishments, and also, as would seem to be the case 
with circular saws, lo the very limited use of higher yield 

machine tools. 
Production of presses was approximately trebled, but 

their share too. like that of tallies, dropped from IS.3 to 

I.V8 per cent 
Despite the substantial increments registered, there is 

remarkably little manufacturing activity in the held of 
grinding machines, tool-grinding machines, threading 

machines and special machine tools, which already 

represent a considerable proportion of the domestic 
inventory, although the percentage is lower than in other 

countries. 
1 he average weight of the machine tools has fluctuated 
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significantly in the course of the period. Worthy of special 
mention is the progress achieved in respect to lathes, the 
average weight of which has risen by about .300 kg in the 

        past six years: this was one of the factors responsible for 
"       Ihe acceptance of Brazilian lathes on external markets 

(tables 10. II and 12). 
Noteworthy, too. is the increase ol almost 900 kg in 

the unit weight of hydraulic presses, although this is noi 

clearly reflected in ihe over-all average for presses. 
because the expansion of capacity to manufacture heavier 

machinery is oll'set by an increase in output ol other 
types, chiefly eccentric presses, in respect of which 
domestic ind'ustry has for many years been supplying 
internal requirements of the models and sizes in most 

general use. 
Since the milling machines manufactured in 1955 were 

simple models, ihor weight had almost doubled six years 
later. But this progress must not be regarded as siitlicienl, 

since the average weight of these machino recommend- 
able at the country's present stage of industrialization 

should be in the neighbourhood of 1.500 to 1.700 kg. The 
introduction of new types will probably permit the 

attainment of this largcl in the next ten years. 
The heavy consumption of bench drills accounts l'or 

a decrease in ihe average weight of the drilling machine 

group, which was 150 kg per machine in 1961. Mere too 
the modest share of domestic production may be noted 
in relation lo ihe heavier types, for example those with 
capacities of up to 2 in., the pedestal type, multi-spindle 

drills and radial drills. 
The figures for shapers. planets and saws fluctuate 

mainly on account of the influence of production of the 
lighter types, demand for which varies greatly. Within 
these categories, machines of higher capacity and weighl 

have been manufactured in Bra/il. 
Despite the progress achieved as regards volumes of 

manufacturing output and the fairly high level reached 
in 1961, the phase under review might he defined as the 
formative stage of Brazil's machine-tool sector, on the 
basis of an over-all evaluation, and in the sense that u 
considerable proportion of the establishments are 

equipped to cope with production in terms of quantity 

rather than of quality. What has been said of the manu- 
facturers' own inventory of machine tools is fairly con- 

clusive in this respect. 
Thus, while certain types of machine tools, such as 

engine lathes, medium weight hexagonal turret lathes and 
presses have already reached a high level of quality and 

productivity, many of Ihe other machines are deficient 
on the technical side. This is because most of the small 
manufacturers, owing to their limited production 

facilities, have to make the simplest models. The only 
advantage of such a situation is the low price of the 
machine tools which in the last analysis proves anti- 

economic in terms of productivity 
One obvious result of the production of a large number 

of simple machine tools is the lack of extraseetoral 
manufacturing enterprise in supplementary equipment 
and accessories which are important factors in the 
development of the machine-tool sector. It must be 

acknowledged, however, that interest in the manufacture 



The Manufacture of Machine Tools in Brazil 

Tabic 10 

TRENO Ot  AVERAGE WEIGHT OF  SH.HTFD CHIP-PRODUCING MACIHNK TOOLS.  1955-61 

\ Ki/i.i.'riiinni, • I 

Typ? ol mi, hin, s                              /us<             ,,,,-, ,,-, 
'     " "                *"»-            1"^             ¡uni)            l„t,t 

lathes (excluding bench lathes)... .    I.WS       1.0X2 1.093       1170       | ->7S       iir»       , m 
Milling machines        5K6          627 54-1         905          SS7          ml        Ï Ö 
Drilling machines                       ->69          -,,„ ¡„         ,".          **]       '•(H)6      '."42 

Shapers and planers    2.042       ..¡45 1.569      I.ft?«       I 77,       , 4'n       . 1?/ 
Cutting machines (sa«s)        173          300 357         m          ,,J         1",         2Î4 

Total for chip-producing 
maChlnCS        **>           7X9 759          77ft          XI6           740          „SO 

S 5 

Table II 

EVOLUTION OF AVERAGE WEIGHT OF SELECTED MACHINE TOOLS FOR .ORMINO OPERA- 
TIONS, 1955-61 

(Ai/niïrarnnit s) 

/ Vff IVf I<if S IVf<J /*>/ 

Total for presses  | 700 

Hydraulic presses  ^,57 
Eccentric presses  1,041 
Shears  2^258 

Total for forming machines  | ,73ft 

Average weight of total machine- 
tool output  1,136 

1.732       1.8X3       1,735       I .HI 3       1,82»       I 

648 
1,715 
1,98ft 

1,725 

,003 

555 
1,938 
2,157 

1,881 

996 

578 
1,851 
1,840 

1,749 

993 
1,770 
2,351 

1,870 

980     1,022 

1,53ft 
1,672 
1,97ft 

1,84ft 

965 

,819 

1,533 
1,656 
1,739 

1,772 

854 

Table 12 

COMPOSITION OF PRODUCTION OF MACHINE TOOLS IN 1955 AND 1%| 
(Pin,ntug, s) 

In tcrm\ ut i.nil\ 

Typ,1 t>t inuthiHf /v^5                             ¡y^i 

Lathe»  546 

Milling machines  15 
Drilling machines  13,7 
Shapers and planers  45 
Threading machines  0.4 
Cutting machines (saws)  2.5 
Grinding machines    
Tool-grinding machines  — 
Special machine tools    

Total for chip-producing 
machines  773 

Presses  I g 3 
Forging machines    
Machines for sheet  4.4 

Total for forming machines  22.7 

Grand total 100.0 

In terms itf wright 

i«ff mi 

29.9 52.7 39.7 
1.8 0.8 2.2 

34.2 3.2 6.0 
6.0 8.1 10.3 
0.3 0.1 0.3 
8.4 0.4 2.6 
0.5 0.1 0.4 
0.7 — 0.5 
0.1 — 0.3 

81.9 65.4 62.3 

13.8 27.3 29.4 
— 0.1 0.2 
4.3 7.2 8.1 

18.1 34.6 37.7 

100.0 100.0 100.0 
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of highly specialized items is warranted only when the 
consumer market reaches a certain minimum level. By 
way of illustration, a list follows of some of the acces- 
sories which may he regarded as basic for (he manufac- 
ture of good quality machine tools with a high produc- 
tivity, which at present are difficult to find on the market : 

Component parts for low-, medium- and high-pressure 
hydraulic circuits; 
F.lcctrohydraulic. pneumohydriuilicaiidelectropneumo- 
hydraulic equipment; 
Component parts lor pneumatic circuits; 
tlectric motors with brakes; 
Continuous speed \arialors, mechanical, electric and 
hydraulic; 
Ì lectromagneiic. pneumatic, hydraulic and mechanical 
clutches, simple and compound, dry or oil bath tv pes; 
Revolving tables with hand dividers: 
Hand   and   automatic   high   precision  dividers   for 
milling machines; 
J lectromagneiic tables,  higher powered than those 
currently manufactured; 
Hydraulic plates for lathes. 

manufactured. This is one of the most important targets 
to be attained by domestic industry. In addition, as has 
already been pointed out, the nature of the problems 
connected with the technological evolution of machine 
tools is such that, generally speaking, they could not be 
tackled competently enough by the smaller firms uniess 
they undertake the task o( carrying out more advanced 
projects studied by third parties, or by an agency with 
the necessary technical qualifications, such as the Brazilian 
machine-tools institute. 

In conclusion, the quality and types of the machine 
tools manufactured must in future keep up more closely 
with the incieasing needs of the Brazilian machine-tool 
inventory (tabic 13). as the more advanced manufac- 
turers have done hitherto, so that definitive consolidation 
oï the sector may be achieved. 

As regards price levels in the domestic machine-tools 
industry and its competitive positions vis-à-vis foreign 
machine tools, it is difficult at present to put forward 
conclusive data reflecting the real situation for each 
machine. In this type of industry, such factors as quality, 
complexity, and manufacturing characteristics and tech- 
niques exert a powerful influence on manufacturing costs 

Table 13 

TOTAL INVENTORY OF MACHINE TOOLS, I960 

/ // 

fvpe "/ rnttt /line 

Manultuture o] 
machinery 

Manufacture t \< lutlinn 
of metal elei tru at 
product*     mat funeri 

Major xroup> 

III 

Mttmitai lure of 
i/ci Irit al títid 

ciniimiinit attorti 
material 

IV Total 

Manufacture 
ol transport 

material 

Lathes  11,298 
Milling machines  884 
Drilling machines  7,834 
Boring machines  83 
Shapers and planers  2,653 
Threading machines  557 
Broaching machines  38 
Gear-cutting machines  a 

Metal-cutting machines (saws) 2,631 
Grinding machines  453 
Tool-grinding machines  276 

Total for chip-producing 
machines  26,707 

Presses  14,140 
forging machines  81 
Machines tor forming, bending 

and cutting sheet  2,348 

Total for forming machines 16,56*» 

(irand total  43,276 

9,860 
2,155 
6.067 

:is 
2,H2 

359 
50 

270 
1,842 
1,079 

542 

24,563 

2.240 
54 

1.455 

3,749 

28.312 

4,263 
572 

3,459 
59 

724 
332 

33 
36 

909 
470 
225 

11,082 

4,242 

1,062 

5,304 

16,386 

15,104 
2.937 
9,401 

597 
2,139 
1,077 

510 
718 

3,046 
2,970 
1,183 

\ umber 

40,525 
6,548 
26,761 

957 
7,620 
2,325 

691 
1,033 
8,428 
4,072 
2,226 

39,682       102,034 

8,191 
382 

1,135 

9,708 

49,390 

28,813 
517 

6,000 

35,330 

137,364 

Pc w n tage 

29.5 
4.8 

19.5 
0.7 
5.6 
1.7 
0.4 
0.8 
6.1 
3.6 
1.6 

74.3 

20.9 
0.4 

4.4 

25.7 

1000 

1 ewev ttun 10 uni^ 

If suitable undertakings arc to be set up to supplement 
and support the manufacture oï machine tools, the prime 
requisite is that domestic manufacturers should interest 
themselves in producing more fully equipped machine 
tools and duly exploiting the resources offered by semi- 
automaiion to improve the productivity of the machines 

and cannot be ignored in such comparisons which as a 
result become immensely difficult and in some cases even 
impossible or. if a strictly comparable counterpart 
cannot be found, virtually devoid of significance. Locally 
manufactured machine tools show a wide range of prices 
according to ti.° greater or lesser incidence of these on 
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their manufacture, and this would make for unrealistic 
or meaningless results if a comparison at the level of the 
broad classification of machine tools were attempted- 
such an undertaking would have to be carried out in 
relation to each individual type of machine and for (his 
insufficient data are available, besides which, it would be 
outside the scope of the present study. 

Despite the price differences observable in domestic 

 .    .. ._ _   S7 

machine tools, quotations fluctuate, broadly sneakinc 
around an average of S2 per kg, which may be considered 
satisfactory. 

Again, since exports of particular machines, such as 
certain types of lathes and presses, have been achieved 
and some Latin American countries are displaying 
interest ,n purchasing Brazilian machine tools, it may be de- 
duced that their price levels fall within an acceplablerange 
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