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METHODOLOGICAL AND OPERATIONAL ASPECTS OF MACHINE-TOOL.
STUDIES IN DEVELOPING COUNTRIES

Secretariat of the United Nations Economic Commission Jor Latin America

BACKGROUND DATA

One of the worst difficulties usually encountered in the
preparation of industrial development programmes in
developing countries is the lack of reliuble basic data on
demand and costs in manulacturing  activities. The
seriousness of the problem depends. of course, upon the
industrial sector and whether the work is to be done on
the basis of & macro-economic estimate or on the level
of branches ol industry or specific products.

In relation to certain types of industry, either beciuse
of the characteristics of the production process or
because of the nature and homogeneity ol the goods
manufactured or the use to which they are put, the
basic data in question are more readily accessible or are
relatively easy to determine; it is cven possible, in many
cases, for coeflicients or ratios established in the more
highly industrialized countries to be adopted without
much adjustment. This would apply. for instance. to
activities characterized by a continuous production
flow resulting in homogencous final products, such as
the cement. chemical, and petroleum refining industries.

On the other hand. in those sectors of industry which
display great flexibility in respect to the machinery they
use and the products manufactured, satisfactory basic
dawa and production coefficients are in very short supply
and difficult to establish. Outstanding cases in point
arc the metal-transforming industries. With u lew exeep-
uons, the machines used in this branch of activity, i.e.,
machine tools, are not designed for the specific purpose
of manufacturing a given product. but are intended to
perform a particular operation (turning, milling. drilling,
etc.) which, moreover, can be carried out by different
machines. Thus. the capacity of a plant and the technical
coeflicient for the manufacture of any one product are
highly relative concepts that are very difticult to quanuly.

The factors conditioning production capacity, for
example. will include. imter alia. the product manufac-
tured and the machinery used. and the latter, in turn, is

not determined by the product to ke obtained because of

the possibilitics of 1nterchanging machines for a lurge
number of operations. One thing which may cause
marked variations in technical prod:ction ratios in such
ndustries is the siandard of quality Tor the final product.
Furthermore. the “universality™* of the machines enables
enterprises 1o run several widely differing lines of pro-
duction simultaneously, which cnormously complicates
the establishment of technical coefficients and may make
them useless in practice unless their precise significance

and the possible linats to their applicabiliy are clearly
specified.

In developmg countries where the degree of specializg-
flon s overy low, and 1t freguently happens that the great
nEortty of enterprises manatactine o very wide and
varned range of products. this severely restncis the e of
coetlicients established tor more highls indostralized
regions, irrespective of the imitations detivimg from the
differences i capital-labowr ratios, an standads of
quality. mexternal cconomies and so forth. This st
factor ulvo has o noteworthy influence on techmeat
production coeflicients smee. m the comties under
discussion, the sitwation usially axisbigg i the more
developed regions is reversed and mtermdustinal relation-
ships are slight owing 1o 1he lack of manulaciuring
activities specralizing in services for third pacties, with
the result that enterprises show o marked degree of
vertical integration, undertiuhing the muvulactnre of
parts and accessories that in the developed conntries are
normally purchased Irom the subsidiary nshistry,

Little of the literature wvailable on this subject bears
on the metal-transformuing industries, and the varous
studies that have been carried out were not exactly
planned with a view to estabishing production ranos or
coeflicients for application m other counties o under
conditions diltercat from those in relation to wlach they
were determined. The methodologies have vared widely
and so have the ways m which data have been presenied
but, gencrally. the feature common to all these studies is
the rigadity of thar lindings. 1n the sense tht they cannm
be adjusted or amended so as o adapt them (o diflerent
conditions m respeet Lo volwmes of production, tectinigil
processes, lengths ol series. degrees of sntepration,
standards of quahty. composition and chinactenstics of
lines of mannlacture.

In carrying out a8 studies on the metal-tanstormng
industries, FCLA was hampered by the Tack of mforma-
ton ol this type and consequently each survey had to he
preceded by intensive held work 1o 6l some of the gap.
Data thus collected. i relation to the speaihe snation
uader analysis, might also be open 1o i gond Heany
criticisms of the same sort as those levelled abose, with
respect to therr vahidity under other conditions But siace
they were established an developing  countries  and
correspond to the average condimons, they pertiaps need
less adjustment and can be more freely adopted for direct
appitcation 1n other countries at simular stages of develop-
ment, as experience has shown in several instanees.
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The purpose of this report is to expound the methodo-
logy Tollowed in 1he studies carried out by ECLA in the
Latin vmencan countries, as well as some aspects of its
application. and i tew of the conclusions to be drawn
from a prelminary review of the various data assembled.
The sole am s that of offermig other desetoping regions
a share ri the exyperience acquired in fatin America, and
thus helpmg o Facihtate the execution of ay studies that
may be undertiahen with respect 1o the metal-transforming
industries.

The information presented here relates particutarty 1o
the determination of demand for machine tools.

RIMARKS on 1 DELLRMINATION O

MACHING TO0LS

DEMAND  TOR

Tt will be as welf 1o state clearly what is understood in
the present study by the terms of metal-transforming
industries and machine tools. Both are frequently used
in the literature of the subject. and what they are meant
to cover apparently ditfers in different places.

In ECLA studies. metal-transforming o1 metalworking
industries inchnde all those activities which in the United
Nations Internattonal Sundard tndustrial Clissitication
of All f:conomie Activities (ISEC) are comprised in the
following  major groups: 35 Munufacture of  Metal
Products. except Machinery and Transport bguipment:
36 Manulacture of Machinery, except t-lectrical Machi-
nery: 37 Mannfucture of Electrical Machinery, Ap-
paratus. Apphances and Supplies: and 38 Manuliacture of
Transport Eguipment. The term machine ook s apphed
only 10 machinery used for metalworking  purposes
(whether cutting or forming) and therefore excludes
machines for working wood or other materials,

In the case of machme tools, as ia that of other capital
goods, demand is conditioned by o many factors of such
different kinds that to analyse them ~a distinctly complex
task. Fo the usual considerations bearing on demand for
capital goods, such s, inter alia. their durability and its
relation to deprecation, degrees of mechamization and
the effects of production processes for which greater or
lesser volumes of manpower are required. the existence
of idle installed capaciy or 1he possihility of making
more intensive use of capacity through a system ol twe
or three shifts, which enibfes production te be expanded
withont affecting demand tor machmery. and the rate of
repliacement of capitul goods whose usetul hfe his come
tan end, onaccount of either wear and tear or economie
obsolescence. three others st be added which stem
from machme-tool characteristies than cannet e over-
looked m a study ot demand.

The first is the mierchingeatibty: of many machine
tools for the fullilment of one and the sine function,
although this does not necessarily imph any change
the extent o which operations are mechanized: the
second is the dependence of demand on specitications as
to the quality and precision of 1the products to be manu-
factured. which means that machine performance must
be cvalnated: and the third consists of the extreme
frequency with which technical innovations are intro-
duced in machine tools and the emergence of new

L)

machining and metal-forming processes hased on such
as electroerosion, supersonies, electron heams, explosives
and magnetic impubses. Strictty ., theretore, demand should
be studied m the light of a separate analvsis tor cach of
the many activities in which it has (s origm. Obvious
reguisies fer such research are. on the one hand. highty
complete and detnted strosucat imtormation and, on the
other, a sertes of hasic dara on opcratomal conditions
at the tevel of cach actvity, which are not easy 1o obtain
or (o reconstitute in deseloping countries

Another point to be stressed s that masmuch as the
significance and incidence of the varous determinants of
demand for machine tools are not the same i developing
countries as in those at more advanced stages ol in-
dustriatization, the methodology applicd must be adjusted
to the needs of these two cases. For example, replacement
on gecount of wear and tear or obsolescence wilt carry
less weight o developing than in developed countries
beciuse. as a rule inventories in the former are relatively
new and rapidly expanding. Conversely, the characteristic
ol interchangeabitity will be of more importance in small
nutionaf inventories where machine tools carry out very
siilar operations and the products manulacwred are of
d4Primary nure,

Another factor whose incidence is relatively heavier in
developmg countries is the qualicinve aspect of demand.
It often happens that in such countries the metal-
transforming industries show high growth rates attributs
able not only 1o the manufacture of larger quantities of
therr products but also, and perhaps i greater measure,
to the establishment of new lines of manufacture that are
beconmiing imperatively  necessary in view of import
substitution reguirements.

Consequently, changes are almost constantly intro-
duced in the siructure of production and in manufactur-
g techimques and this allects the characieristics of the
machines in demand. This consideration is important
alsoin connexion with the evaluation of installed capacity
and the more mtensive wtitization of existing machine
tools. bt may well happen that the machine-hours which
for some reason may be available in inventories in deve-
lopig countries cannot really be turned to account for
the purposes of expanding production. if the increases in
the volume of output are largely 10 derive from the
manufacture of new products catling for more advanced
lechnigues.

From these brief remarks it can be seen that the deve-
loping countries need to adopt a methodology slightly
different from that habitually applied in the more highly
industrialized areas in the study of demand for machire
tools. The modilications introduced will be conceptual
rather than procedural, und in this sense certain stages
of the process of analysis will have to be approached or
covered by means of an ad hoc interpretation of the facts.
Comparison with present or past situations in the
mdustrialized countries may be uselul in many cases,
provided that the phenomenon under analysis can be
adequately imerpreted.

But this is not always possible, becaus: the avaiiable
data are <o unsatisfactory both in quantity, homogeneity
and explicitness. It would seem that in the field of machine
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tools no Laws or eriteria operate that can be umiversally
applied or extended from one region o another without
prict analysts ol the situation or phenomena involved.
and m practice this means dealing with factors that vary
widely in character and are olten dilficult 1o guantity

Despite these complications, such studies e in one
sense easter [ocarry out in the deseloping than in ihe
highly industriahized countries, as the ficld of operations
ts more imited 1 its extent and less complex as regards
range ol products and technological alternatives. What
15 more, their very amms are less ambitious with respect 1o
the degree ol detail of their findings: their purpose is
rather tourrive atan over-all and approxiniie issessment
ol the volume of demand 1o be expected i the future,
and thus provide the generid groundwork Tor evaluating
the possibilities of starting domestic manufacture of
certarn machime tools. usually the simplest. and those
that make the least iechnical demands, or for demarcating
the areas of production in which the country’s machine-
tool mdustry shoukl develop.

These were the objectives of the relevant studies carried
out by ECLA in the Lutin American countries and in
order to attain them research was conducted at the level
of three mujor groups which strikingly dilfer from one
another in both the nature of the factors determining
demand and the characteristics of the machinery re-
quired. and which comprise machine tools for production,
for maintenance operations and for replacement purposes.

By delinition, machine 1ools for production are all
those installed in the metal-iransforming industry. even
though some of them may be used for makine tools and
for maintenance and repair work. Thus, demand for
such machines is closely linked 10 the evolution of the
metal-transforming industry during the period ander
study.

All machine tools used in activities other than those
comprised in the metal-transforming sector are classilied
in the maintenance group. although in some instances
they may be fullilling functions that can be deseribed s
definitely productive. Demand for these muchines is
somewhat diflicult to analyse, inasmuch as it is contingent
not only upon the possible expansion ol the sectors using
them but also on other and perhups more important
factors which can hardly be expressed in quantitative
terms,

Muaintenance, in the sense ascribed to it here. if
undertaken by workshops proper. is an auxiliary and not
indispensable service in manufacturing. mining and other
activities, so that the decision Tor or against its inclusion
is influenced by a number of considerations peculiar
to each individual enterprise, such as, inter alia, the size
of the plant, its location with respect to  metul-
transforming centres where this service could be provided,
and the degree of urgency with which maintenance
requirements must be met (as determined by the nature
of the production process). whose evaluation must be
based on careful rescarch. The incidence of this group of
machines on aggregate demand may be considerable in
countrics where the metal-transforming industries are of
little significance.

The term replacement is used with reference to cases

MRLY

where a machine ol s tinadlv climnated Trom 1the
inventory on the gronnds ol its untitness (o Ay ot any
operation, and requircinents  thus represent the net
amount of machmery that should be eplicad ¢ onse-
quently. this group does not inchide maachines tha oyt
1o be replaced o specthic sector o activahy on aceounit
of techmical absolescence, Toss of precsion o other
sinvlar caruses, i thes are sull nsabibe tor otlier and perhaps
less demanding operations and contimue 1o torm part of
the plant installed.

This detinition, Tinked as s 1o the end of the nsetnl
life of the machime, imphes that the decision 1o replace
machine tool s dictated v widels varvimg cotena, and
cun only be adopted ac the Tevel of cach odividnal v
morelation to the work 1ts dome  f hos, machnie tool
requirements under 1's head can be estmnnated solely on
the busis of speaite o d Inghly decnled research Siee m
developmg conutries ¢+ machme-tool inventones e
been only recently setnp b manntacturmg requnements
are not very exigent. ahe madence of the replacement
group on aggregare denimd s ol numor anporntanee.
Accordingly. for the stndies undertaken 1t was thonght
best 1o make a very rongh overtll assessment of replace-
ment needs, based on g general sievey of the sitwahion
and on terpretatton o the evidence collected elsew here,

Clearty. then, data o the size and composition of the
mventory ol machime tools currentls mouse e the
mdustrial sector, and on the cliaracrenstios of the s
comprising i, are essential for au analysis of demand,
imasmuch as they represent hack ground materal for the
deternunation of the machmes needed not only 1o keep
pace with the expansion o produaction e the metal-
transforming industries. but tor the purposes of -
tenance  operations moother mdostrial sectors and
replacement of machme tools that Taave reached the end
ol their usetfnl hife

Information of this tvpe s not as o rale directly vl
ible i developing conntries, and Jeis 1o be procured by
meians ol intensive Held work. b sncl conntres, the
selection of simpler and more dinect alicnatve pro-
cedures which nught vield cqually asetul nonation or
might at least provide gwdehues tor danand studies s
generally ruled ont by statistical deficienaies T or cvanple,
the national imventory might be appaovmunely quantitied
on the basis of the records of the madduncers nnported
over o reasonable nimber of vears, rom wlndh sone
knowledge of the age distetbntion of the madnmes mipht
also be obtamed. Bat this s vintially impesable e a
developing country for want of stanstical data onnnponts,
cren at the haghest Tevel of agpreration, and on domestic
production. " iy, Sepavate records of miports o
machine tools are seldom heptand. where they e, they
include spure parts, aceessories atid ool s, besrdes
which, the detinition of machme tools apphed s no
abways the same as that adopted i the stndies under
discussion.

As cegards Tuture demand trends, an analvas of the
evolution of  muachine-tool consumpiion ne the past,
supposing this can be reconstituted, is not of much value
for projection purposes i deselopig countries lor the
reasons indicated above. But 1t should be carned out
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because it is useful from other standpoints, as will be seen
later.

Hence it appears that the most feasible method of
determining future machine-tool  requirements is  to
ascertain the number of units installed in the main
consumer sectors and to estimiate  the expansion of
production that s likely to take place in cach ol these
sectors during the period under study.

DEVTERMINATION O (Ui MACHINE-T1OOL. INVENTORY AND
PROJECTION OF DEMAND

Determination of the inventory

It has already been pointed ont that data on the number
and characteristics of machine tools installed in a given
country are not as i rule directly available in developing
regions and therefore have to be obtained by means of a
survey of the consumier sectors. For this  purpose.
sampling procedures are adopted, according 1o the size
of the sector concerned. in order to save time and
resources. Here the tirst problem uarises: deciding on the
right size of sample,

Although this is a matter of mathematical statistics,
some observations may uscfully be proffered on the
requisites with which the sample should comply. and on
its representativeness. in the hirst place, the extent to
which the sample is representative of the universe cannot
be measured in terms of its percentige share in the
number ol workers cmployed or in the value ol output,
since the direct proportional relation of muchine tools
to these magnitudes cannot be established until certain
considerations relating to the average size of the plants
covered by the survey and of those constituting the
universe have been taken into account, The studies
carricd out have shown that the ratios represented by the
number of machine tools per employed person and per
unit of value of production vary with the size of the plants
(measured 1n terms of the manpower employed), but that
in this respect the behaviour pattern of the former is more
clearly detined; the ratio is high for small plants and low
in those of Targer size. Accordingly, it is casier to use the
coeficient of machine ols per emploved person than
the ratio between machine tools and the vatue of pro-
duction, and the resulting estimate is more likely to be
reliable. Clearly, thercfore, o sample that is strongly
infhuenced by the bigger plants, which may account for a
percentage of the manpower employed in the universe,
precindes the possibility of ascertaining the total number
of machine tools installed by extrapolation based directly
on the proportion of the personnel employed in the
universe which the sample represents because, in the
vase of workers not covered by the survey, most of
whom would probably be employed in smaller plants, the
number of machime took per worker would exceed the
ratio indicated by the sample. Fxtrapolation by this
method would resuttinunder-estimation of the inventory.
Conversely, o sample including too many small plants
would lead to over-estimition of the existing number of
muchine tools.

If plant size s anmportant factor in establishing the
total number of machine tools in the inventory, it is of no

less significance in relation to the latter's composition. In
the bigger plants, the types and characteristics of the
machine tools installed are much more varied than in
those of more modest size. where the predominant items
in the inventory are usually lathes. shapers. drilling and
sawing machimes. and o few machine tools tor the
stmpler sorts of forming operations,

Consequently, o sample with a high proportion of
large establishments  will  be  conducive 1o under-
estimation of the machine-tool inventory as o whole and
over-estimation in respect to certain types of machine
tools that are used only in the bigger plants; the position
will be reversed i the incidence of small enterprises on
the sample is heavy. In this sense. the large plants may be
said to exert a marked influence as regards the variety,
and the small ones in rekation to the number of the
michine tools inventoried.

Hence, the extent to which a sample is representative
of the universe cannot be measured in over-all terms, but
must be evaluated in relation to the composition of the
universe by plant sizes, and it the compusition ol the
sample dilffers greatly from that of the universe, ertra-
polation must be based on size categorics. A direet
proportional relationship between the machine tools
installed and the manpower employed in the sample
and in the universe is possible only when the average
plant size is the same i the Former as in the latter.

The distinction drawn between machine tools for
production and machine tools Tor maintenance operations
indicates that two inventories must be made: one in the
metal-transforming industry and another in the other
pertinent activities, including the extractive industries,
construction,  manufacturing  (excluding metal trans-
forming), provision of public utilities. government
dependencies, and so forth. The Foregoing comments on
the quality of the same apply particularly to the first
inventory, production machinery, which is really the
mure important,

Owing to the nuture and characteristics of maintenance
services, the conditions that the sample should Tulfil in
this case and the way in which it should be dealt with in
order to obtain information on the universe have not
beer. established in such concrete terms. The ECLA
studies carried out in the field in question, which is far
more extensive than that of the metal-transforming
industries, and in which machine tools do not represent
productive resources, have been mainly exploratory. and
designed to seek out some data on the stock of machine
tools in sectors other than the metal-transforming
industry.

In the relevant studies undertaken in Latin America,
the size ol the sample could not be mathematically
established for want of appropriate statistical information
on the universe concerned. and other methods had to
be adopted as circumstances decreed. The number of
plants 10 be visited was tentatively established. according
to the size of the industry under survey. with a view to
vovering all the activities involved and the range of plant
sizes in each.

At this selective stage, every effort was made to work
at the lowest possible levels of aggregation with respect
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o activities, 1o ensure homogenenty ol products, pro-
duction systems, ete. 1 other words, the survey was not
conducted at the levet of the ISIC breakdown, which i~
carried only as fur as the three-digit group, but at vhat of
a Tour-digit subdivision established ad foc or by adapung
extant national ckissifications to this system,

In the course of the survey. the inital list was gradually
amended and sapplemented unul in evers size caegory
in each actvity o measure of constancy was observable
in the number of machime tools per worker and i the
composition ol the machine-tool mventory, it proved
possible to tultil this condinon with a sample comprising
no more than 10 per cent of the estabhshments constitut-
ing the universe. An important decision that must be
taken bhelore o survey relates 1o whether it s 10 be
nationwide or conlined 10 major centres. Generally

speaking, m developing countries a high proporton of

the metal-transforming wctivines is coneentraded in two
or three such centres,

The next stage in the preparition o the inventory is
the extension ol the sample findings to the universe in
order 10 estimate the total number of machine wols
mstalled. Although the sampling procedure itself can be
carriecd out in considerable detail, the same does not
apply to the extension of the sample, since data on the
labour force employed are not usually available at such
a low level of aggregation. Industrial censuses do not as
a rule go into so much detail, and the extension can be
elfected only at the level of the ISIC major groups 35,
36, 37 and 38. For this purpose it was decided to group
activilies by size categorics and make the appropriate
extrapolation for cuch ol these in respect 1o both the
number of muachine tools and the composition of the
inventory.

In developing countries, however, an important
preliminary step is 1o find out what proportion of total
employment is represented by personnel in establish-
ments that do not need 1o use machine tools, such as
workshops undertaking dilferent types of simple machine
repairs, or the installation of electrical littings and the
maintenance ol electrical and electronic appliances and
aceessories, or electroplating and nickelplating, and so
on. Evidence ol the existence ol this situation and of the
significance attaching to it, especially in the smaller size
categories, was gathered in the course of the surveys,

With regard to the age ol the machines, the criteria
governing the validity of the sample in relation o the
number of machine tools installed and the composition
ol the inventory are no fonger adequate and other
Tactors must be taken into account. But, as previously
remarked. in developing countries the inventories have
been more or less recently built up, and replacement s
not a major component of demand. so there is no need
tor such accuracy. The information on age requested in
the survey is winted mainly as a general guide and. in
addition, tor the purpose of checking certain aspects of
the calculation, particularly with respect to the size of
the mventory. From this point of view, it is decidedly
usclul to compare the age distribution of the sample
with the composition by age groups that can be worked
out fror- the estimated total for the machine-tool

s

inventory and &t on imports o appaient consumption
of machme tools in previous vears. From such g com-
parson, valuable conclusions can be drawin as 1o the
estinitte formulated and the quabity of the data used.

Phe procedure followed Tor dererimmne the iventon
of michme tock nsed momamienanee Cpions u‘l
sembles, i broad vuthine, the method desenibed above,
although the coverage of the sample s extensive rather
than intensives and ats extiapobition o the universe s
effected at higher tevels of aggregation. by more dieet
and consegnentls Tess exact methods, b the case of this
imventory, the held of action can be cicimsenbed and
the survey contined 1o plints whose size eaveeeds
specific minmun which can be tined e the helie ol a
predimimary review of the situaton.

In the Argentma study, Tor example, 1t was established
that munntenianee services, as detined here, were found
mainly inenterprises  emploving more than thirty
persons. which meant that the lickh o operation could be
restricted 1o approxinuehy 4 per cent of the enisting
plants. As rege ds extrapolation of the results of the
studies carried out, it was thonght adsisable, moview of
the wide dispersion of the simple., to deal with the sample
data in the agegate. omiung the stage of mventorying
the machine tools ineach of the actvities concered by the
survey s moreover, this procedure nay well be adequate
for the wims and scope of such studies. 1was aseerinned
that when the inventory m the metal-transtorming in-
dustries exceeds 200000 machine tools, the size of the
maintenanee group ranges from 15 10 25 per cent of tis
total.

With respect 10 the composition of the mamtenance
inventory and the age of the machines. the same observa-
tions hold true s were Yormulated i relation 10 the
metal-transforming industries. Very hitde diversitication
is usually found, lathes. drilling nachines, shapers,
shears, Tolding machines and others with sinple charac-
teristics being by fiur the commonest nems, wiile the
average age i this group s much hgher than in the
mventory of machine tools for producnon.

The purpose of the Toregoimg description is o mdicine
the most salient aspects of the task of imventorying
machine tools, In practice, according 1o the circumstances
and to the avalability of hasic statistios. operational
problems may arise which entail some modihication of the
procedure, thus making the rescarch cither caser or
more complicited.

Projection of demand

The problems raised by the progection of demand are
also many and vanced, and derive rom the niny tactors
that alfect demand Tor machine 1ools. Although in
theory many of these factors are relatively easy toudennfy,
their incidence and impliciions are dilicult 10 assess
quantitative terms and. in pracnee, theretore, thar
accurate eviluation s atteaded by serions dithicudnes.
For the problems thas created. tentative solutions mnst
be sought whereby over-all effects can be analysed mthe
light of personal experience, information on the sitwition
under study and interpretation ol what has happesed in
other countries.
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In these circumstances, obviously, various devices.
methods or criteria may be applicable for the purposes of
projectuing demand. The object o this paper ic not to
exanmune bl the methods of determunng Yutire machine-
ool reguirements, but 1o give an acconnt ol the method
followed in the t CEA stndies. this providmg o rongh
estimate ol the prospecine vohome of demand and .
general idea o the direction oF ats probable trends

In fine with the classihication established above,
demind was anaiysed sepanatets for cach of the three
gronps ol machine tools: those Tor production, those for
maintenance. and those tor replacement.

For production machinery, the procedure comprised
three stages. the first consisted of determimnng the value
ol production and the solume o employment an the
metal-transtorming indnstries at the end of the period
covered by the projection: in the second. the aggiegate
number ol machine tools kely to be i use was estimated
and in the thid, the composition ol this mentory by
types o machime was estabhshed. Thus, the dilference
between the mventories compnted Tor the base and tor
the dinal year of the projection gave the number of
machine tools that wonld be needed.

The influence of the determimants of demand enumer:-
ted in carher paragraphs will be reflected mamly 1 the
total number of machine tools and the composition of
the inventory. tu the first connexion. their effect can be
interpreted and evaltuated through the behasiour pattern
ol certain indicators such as productiaty (measured in
terms of value added per worker), value added per
machine and the number of machines per person. For
the purposes ol the studies under consideration. it wis
thought suflicient 10 subject  these magnitudes 1o
series of adjustments i order 10 make them, by means
ol successive approximations, more or fess consistent
with one another i respect 1o both the 1otal projechion
and the additions 10 the base-vear ventory . A further
comideration that was also tiken nto accomt for
cheching purposes was the mamicnance of the total
amount ol mvestment entaided 11 the eapansion ol the
mventory at i fevel which would represent i reasonable
proportion ol the mereased  product that should e
generated inthe projection period.

Assumptions s 1o the percentage composition of this
new  machine-tool imventory were deduced  from the
following  ponts of relerence: the  strancture ol the
mventory i the base year; changes i the conposition or
apparent consumption of machime tools: speaitic mana-
facturing projecis and development programmes, parti-
culardy in certin branches of the metal-transtoriong
industry 0 and  breakdowns of inventories in other
countries at ditferent stages ol economie development.

In view of the dillicalies of estimating demand in
qualitative terms, and specitying the models, tvpes and
characteristios of the machine 10ols that would be re-
quired, so as 1o detine this other vportant aspect of
future demand. it was decided that in the FCLA studies
an over-afl evatuanion from the qualitaive standpoini
should be based on the inverage weight of the machines
and then average price per hilogramme.

Thus, machine-tool requirements in the production

gronp were estabhshed snemis ol nambers ol nmis and
npes ol machme. with the indicarion of qualiny pronyled
by weight and average price

As regards machime wols for nmienanee, neithe
focal stanstcal data nov 1elerence narerial heanmg on
Fhe SHBATION 1 orhier comntes were avatkable onoaoscale
thint would pernit the establishment of the most suttable
critenon fordetermmmng requirements 1n o few mstances,
howeser. iwas possiblo teaseeriam that the nantendanee
sentors s eqavalent tooa redatively sl Propoirnon
of the producnion miventors when 1the lanie caeeeds
20,000 unus. Moreover, the compositions ol the tormer is
more stable, and the tactors primanly mlaencng the
demand generated e the mamtenance sector difler from
those discussed 1 the contest of production acthivities,
and are usually Tess dvnamie.,

Accordingly. 1t was deaded 10 assume as a first
approvmation thar during the period covered by the
projection the imventory of machine tools for maintenance
would contmue to bear the same proportuonai relation to
that of machine tools for production as in the base year
and that s composttion would  vemin constant.
Obviously. the validity of this assumption will hive 1o be
more carefully tested in the Tutore in the light of such
data as may be collected on the subject.

Mention has already been made of the fow incidence
ol replacement on total demand in developing countries,
attributable 1o the Fairly recent formation of the inven-
tories. In this connexion, however. some distinctions
must be drawn in relation to the ways in which the
imventories huve bheen built up. The shortage of capital
which is all oo well-known a feature of such cconomies
often means that, in decisious 1o purchase machinery,
price carries more weighe than yuality, with the result
that umits are imported whose uselul life will necessarily
be very short.

This noteworthy tact. evidence of which has been found
on vanious occasions, acquires still greater signilicance in
countries possessing o domestic machine-tool industry
which. while not very highly descloped s regards the
vaniety and guality of its products, is sizable in guantity-
tive terms, Upon the extent 1o which such o process has
tiken place will depend the potentral maidence of replace-
ment atany given moment: i1 may attain appreciabie
Proportions even i the case of relatively new inventories.

Fhus, given the definition of replucement adopied herel
notoeven aorongh over-all estimate ol machine-too,
requirements for this purpose can be formulated unless
data on age distribution are supplemented by an evalua-
ton of the guality: of the imentory and ol the way in
which it has been Tormed. Numbers are not enough in
themselves: qualitative data must also be collected, 10
which end extremely uselul information can be obtained
from lirst-hand inspection of inventories from machine-
tool distribntors and 'rom other sources.

Machine-tool inventories i Latin America, especially
m Argenting and Brazil, showed no signs, at the date
when the surveys were carried out, that repliacement
requirements were likeiy to be of much significance in
the ten-yuar period selected for the study of demand. They
conteined, however, a farge proportion of domestically
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manabactored machimes ahose stndard ol gahine swas
not veny highs espeaadhy e the under tenaveans age
group. which suggests that m these conntries the imadengee
ol rephkicement o demand may be heavier i the tutine
The estimates tormulated mthe case studhies were highlh
tentatine over-alb compatanons i respect 1o both the
total number of machine teols and the compostien off
the mventory by iy pes

eowas assumed thar neather machoes added 1o the
basevear stoch nor hose that were Tess than ien vears
old w the vear wonld be oreplaced duarmg the
projection penod orom other words that the machimes
aver e veiars ofd o the base sear woald constitnie the
group i which replacement regnirements would e
mainly concentrated A further postulare was thar 20
per cent of such machme tools would be replaced i the
tenvear period under considersimon which would be
tantamoant to assnniung that the average age ol the
machmes m this secnion of the imentory was abowu 28
vears. Inothe cise studies. replrcement represented
between X and 9 per cent oi the total number of machine
1ools mstalled i the base year,

hase

IDATA RIQUIRID AND METHODS OF OB AINMEN

I the preparation of machine-tool siudres on the lines
described above. the supply of data available plays an
tmportant role. The degree of detail i which the con-
clusions deriving from the analysis can be presented. the
evaluation ol speaific swwations and  the alternatine
methods of dealing with them that can be adopted. the
accuracy of the lindings, 1 short, the methodological
process isell are largely contingent upon the guantity,
quahty and fevel of aggregation of the datir 1o hand.
Furthermore. the tme and resourees expendable also
exert a marked nfluence on the findings of the rescarch
and the method pussaed. pactcularly 1010s the first time
that such studies have been undertihen e the comin
concertted. This was precisely the postion in respect 1o
the studies carried out by 1FCHA in Fate America.

Much of the mformation m guestion, as has already
been pointed out. 15 not directh avatlable i the deve-
lopig countries, and a considerable amount of time and
resources has 10 be spent on assembhing it The ickd s
exteusne. and action has to be taken m various directions,
so that special attennon must be devoted 1o this stage of
the work,

It s purticalarly  important, in this connexion,
Lo establish beforchand what level of aggregation will
be adequate Tor the purposes of the study, or will be
feasible moview of local conditions, and to plan the
collection of data on that basis: the more detailed the
breakdown by activities and types of machines required
tor the linal results, the lower the level of aggregation of
the requisite data will have 1o he, 1t should be borne in
mind that generally linde headway can be made in this
direction in developing countries, since in the first place
the subdivision of activities is hmited by the low degree
of specialization, and the classilication ol enterprises at
very low levels ol aggregation is virtually impossible,
while. in the second place. not many subdivisions by
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npes and models of machimeny can be estiblished owing
to the Lack o diversiication of the mventones, espeanatiy
asoregards highiv specabized nadhime touds o thiose
whose charactensnes e soned 1o long nanba tanng
NCTICS.

Betore embarkimy on this sepe of the collecnon ol
data s setal oo prepare o b ot whan will Be requined
and adapr the mvestieanon e the s and olyectines
of the research A mestahe trequenthy nae s 1o sk e
cacessively detanted itotaation. onthe supposition tha
the stndy wall theretw e thoat ot dimes
witl e mere acentate: Whine this man be tae of speaty

LacHhitaed o

dspects o the s o ot peneially so tor the wank
I whode sice s s Been shown oo pliases
number of
postulated which entad a neher feael ol aepreratnonm

assimptions and bivporheses have o

To tacthtate the banmg of the mtornnon needed. the
o ems with be simuaed ap boeth st soame nndin i
ton. where appropriate, of then mpornance and then
repercusstons i the vanons stages ot the work  Fhe dana
moqguestion can be gmronped e thee magor cateoties,
accordimg to wherher they e reygned B the arentony
mg of the machine 1ools mstadicd. tor the derenmmanon
of apparenteonsunmpiion on Lo the projection ol demnand

For vovemionyvie the aiachre tools msealthcd

wo survess have 1o be nurde o detenmae the me
ventories of nuachie tools for prodoction e the wetal
transfornmmg idustries. and of diachine tools ised o
nEInienanee opeations i other achivaties Hhe mforni-
ton required s mnch the simne m both Gises and 1o sase
time and space the account given hiere will be aekated
primanhy o the tormer

I order to prepare the saniple amd select the enterprises
to he covered by the sivey . the ~ize ob the s erse nimst
liest be ascertamed mcoms of the mnmber ot estabhish
ments and the personnel conplioned o cach ety and
ol the geogvaphicd distnbimion ot the plants Hus e
formetton genetadly con be obtamed Bom ndustal
sl Howeser 0 nay e Iw
sufticiently detinted as vepards the subdivsion of acinvbies
and the breakdown ot estabhishiments by plam -ze wineh,
s has been showns s an mgportant facton

In such vircmstances, reconyse must be tahen 1o the
sictual sonree of the dataand thie oneatd consus o sample
survey figures mast be sougeht out so that the nmnerse can
be reconstrncted o the desired tevet o cepnepation In
addinon, this procedure will provide o hst ol enterprises,
with the tocation of cach, treans winch the cample can b
sehected.

Two pomts ac worth notig heres one beanmy on the
size of the plants covered by the simves and the athes on
the datedness of the hgures, wlinch sy pove e, where
cxpedient, toadpustments of twockinds Tnsonw imstances,
statistical data may rekate onby to estabhshments above a
given size (detined i oterms ol enplovinent feseba This
miry, accordimg 1o the size chiosen mvolve estra work for
the purpose ol incorpotating the snadler plants e the
simple, or making an adpstment at the e of exdtension
to the universe, or nuny entl notinng othier than the
adaptanon of the whote rescirch to the Inmbitions
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imposed by the bisic statisties. Simularly, il the statistical
data do not apply o the year ol the survey, information
on the universe will have to he brought up 10 date or the
enlerprises with have 1o be asked 1o supply the relevan
figures 1n respect to the nearest vear for which statistics
are avanlable, with duc regard. of course. to the length of
time that has chipsed and the stgniticance of whitever
changes mav have trken phace.

It must onee aginn be stressed thant the extension of the
sample can only be effecred at the ool of aggregation for
which dita on the universe are 1o hand. ff no census data
are avatkable for the vear of the survey or for one close to
it e will not be possible 1o cirry the breahdown heyond
the three-digit ISIC group.

To ensure that the survey can be successlully and
speedily completed. it is important to cut the inquiries to

Table |
BR‘ AKDUOWN At MACHING s 8y 1YPE

Groap A Metal-cutting machines

Lathes Broaching machines
Bencth Threading machines
Engine Chip-prodiction vpe
Copying Corming 1vpe
Platcaa
Ventical Gear-cutling machines
Turret tmanaal and semi-

antonutic) Gear cullers

Other semi-aatomatic ti.c.,
malti-tool laihes)

Autanmatic (single multi-spindle)

Other tspinning, oval-chuck
and other specials)

Grinders, shavers, ete.
Chamfoering

Sawing machines
ttack-sans

Milling machines Bandsaws
Universal Circular
Vertical Grinding machines
Others Universal evlindrical
Pantographs Surface grinding
Drilling machines Centreless
Bench Orhers dinternal. contoar
Pillar grinders, thread grinders,
Radial elc.)

Multi-spindic

Tool-grinding machines
Boring muchines

tniversal

Universal by co-ordinates Special
Jig Honing and lapping machines
Prodaction Honing
Planers, shapers and slofting Lapping
machines
Shapers Special malti-station machines
Plancrs

Machining units, 1ransfer
Milling and Maning i hines, el

Others (stonters, el )

Group B: Meral-formang machine

Presses Muchines tor sheet
Hyvdrauhe Shears, hand drive
tovemin Shears, power drive
trcton Colding, hand drive
hers

Lolding, power drive
anctading press brakes)
Bending rolls, band drive

Forging presses
Upneitans thol and coldy

Hthers Bending rolis, power drine
Forgimg hamimers Others
Mechanial

Swam o1 au
free forging
dwe forging

———e i —
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a mivimum and to prepare the simplest possible question-
naire. which will be casy to answer in the environment
under study. In the ECLA case studies it was thought
suficient to confine the general question to the following
iems: () name and location of the enterprise: (h)
number of actual working davs in the vear and average
number of hotrs worked per day < (1 number of persons
cmployed {(operatives and emploveesy: (dy annual sales:
(e) main activity of the enterprise. and 1ts incidence on
salest (f) secondary activities: (g) estimated pereentage
of production capacity utilized. Good results huve been
obtained with the breakdown of machine tools by types
indicated in table 1. In the case of cach of these tvpes of
machine. the number installed and their ages are ascer-
tained. But for the sake of simplicity. since mformation
on the age ol the imentories is maanly for guidance, all
that is requested in this connexion is an estimate of
average age for cach of the two major categories of
machine tools (cutting machines and forming machines),
with a breakdown by the Tollowing age groups: under
10 years old. 10 to 20 years old and over 20 years old, If
such figures were requested for each individual machine
tool it would muke the questionnaires lengthy and the
replies and their subsequent tabulation unduly compli-
cated. while little would be gained towards the purpose
for which the information was intended,

The survey itself can be conducted cither by mail or by
direct interviewing: the relevant decision will have to be
taken in individual cases in the light of such considera-
tions as the volume ol the sample, the resources available
and so forth. It need only be pointed aut here that in
developing countries direct interviewing has obvious
advantages over sending the guestionnaires by posi,
although the latter procedure is less burdensome. The
following are the muin arguments in favour of the
former method: the certainty of obtaining replies is
greater. espectally  where small- and  medium-sized
establishments are concerned: there is 4 better chance
that information will be given correctly: the homogeneity
of the repliesis suleguarded as errors deriving from wrong
classification ol the machines, or from terminological or
conceptual causes will be minimized: and. lastly, the
inventories can be inspected and evaluated at tirst haud.

For the determination of apparent consumption

As already explained, apparemt cansumption data are
not of fundumental importance for demand projections
and serve mainly as g supplementary guide to the
clucidation of certain dspects of the rescarch relating
particularly to the qualitative evaluation of the machine
tools installed. 10 replacement requirements and to the
possible structure and characteristics of future demand.
Information on imporis.  donrestic production  and
exports during a given number of vears is therefore
needed. Statisties of this hind are seldom directly avail-
able and field work mit be done.

Forimport and export ligures, 1t is often neeessary to
have direct recounse o custons records, and even to
carry investigation to the extreme of going through the
bills o lading in order to obtain the data at the requisite
level of aggregauon, severely handicapping the prepara-

o
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tion of a dong apparent consumption series, It this
information s to be of use for the purposes mentioned,
the data should be collected as tar as possible i terms ot
anits, weight and value; accesseries and ool kits should
he excluded: and the machine tools should be classitied
m accordanee with the breahdown adopted tor the
INVENTORY.,

With regard to domesue production. the survey that
has to be carried out s isually on o scale smal enough
bor all the existing establishments to be cosered. More-
over. this s desirable when the rescarch iy extended 1o
tuture development prospecis, The sime data should be
asked as in the cise of imports and in that of the actual
breakdown of the machine inventory,

Clearly, the analysis of apparent consumption must
relate to.the total number of machine tools consumed,
whether they are Yor production or for maintenance, as
it is very difficult to ascertam the tinal use to which
cither domestic production or imports are to be put. The
aferences to be drawn will concern chiefly the average
weightand the price per kitogramme of the machine tools
that have fed the imventory, the respective percentage
contributi ns of domestic production and imports, and
trends in the composition of consumption by types of
machine. The possibility of deducing more or less tinal
conclusions from these relationships will depend upon
how long a time series can be constructed and on how
evenly consumption is  distributed throughout the
period. In any event, the effort is worth making for the
sake of the guidance such information can provide,

For the projection of demand

A country’s machme-tool requirements are closely
linked to its economic development process in general
and, in particular, to the evolution ol its metal-trans-
forming industries. In this connexion, all available
information must be procured on the growth prospects
ol the gross domestic product, the manufacturing sector
and the metak-transforming industries in the period
under study. 1t is also important to collect data on the
establishment of new metal-transforming activities which
may affect the composition and characteristies of demand
for machine tools as, for instance. the motor vehicle
industry, shipbuilding, manufacture ol machinery, etc.
Information of this type can often be obtained directly
from national development programmes and from
planning agencies. which obviates the need to spend
much time on research, Otherwise, this task oo will
have to be tackled, but a detailed account ol it would be
out of place here.

Of great importance for this stage of the study is the
informauon derived from the preceding phases, ic.,
from the determination of the inventory and of apparent
consumption, Equally usetul are any duata that may be
avarkable on what has happened in other countries,
provided they can be satisfaciorily interpreted.

Various studies carried out in other regions and touch-
ing upon the problem of estimating future machine-tool
requirements have noted other methods of critenia
applied for this purpose. two of which are worth special
mention. One is based on the ratio between the value of

M
the machimes purchased and that ot the products manu-
factured by the menal-transtormms sector. and the orher
on the retanion herween the wmachie-tool msentory and
stech comsumprion. For various reasons, i wais nipossible
toapphy these erterna m the Fatn Amenican case stindies
tor the projection of demand 1tsdt, but they were con-
sidered of imterest as ameswas of ©ooss-chechimg, although
notan very conclusine terms, the order of nagnitude of
the final higures,
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A preliminary review of the data collected o aun
American countries where specitic studies on nuachime
tools or on the metal-transfornung mdustries m general
have already been carned out revealed o measnre of
uniformity in the evolution of certam coctticients. 1 his
suggested the possability of estabhishing a0 set ol these
proportional relativis such that, while makimg no ckium
to take the place of an msentors, 1t nught provide
basis for appraising a given situation rapidly and with
some degree of aceuracy, and even atford background
matertal for machine-tool studhes,

To this end. a start was made on systemantic analysis of
the data wath a view to detining, in an miat phase, the
general behaviour pattern of the coeflicients m question,
the factors that may modify them and the ¢llect of these
on their magnitade. so as (o be able to demarcate the
margin of variation to which they were hkely to e
subtect and determine the conditions - which  they
could be reasonably safely applied. To begin with,
rescarch was concentrated on two Factors, one relating
to the coeflicient of machine tools per worker and the
other to the composition of the inventories by types of
machine.

As regards the former, 1t s i common prachce
studies carried out in the mdustrialized conntnes o
adopt a tixed ratio between the number of machines
mstalled and the number of workers employed, e,
around 50 machines per 100 workers, Since not enongh
data are avanlable for the possibility of applyving this
ligure indiscriminatelv in the developing conntries to be
evaluated. it was conudered worth while to nndertake
preliminary rescarch on the subject. FPhe second factor,
sO far as 1s known, has not been the object of special
analysis.

The metal-transfornung mddostry as detined w the
present study. covering four of the ISHC iagor groups,
s an immense body o actisvities whose prodaction
characteristics ire heterogencous o the extrene. More-
over, its structure ditfers from one country 1o anather
and s lable 1o change as the development process makes
headway. particufarty m the developig conuntnes Thus
it seems hardly hikeh that cocthicients or ratios could
be estabhished tor the metal-transtonmmy sndastiies asa
whole which a1t the same tme woukl be apphaable
throughout the region Accordinghy the anabvas was
begun at the lowest level ot aggrevation consistent with
the uvailable data, 1o . that ot the tour magor groups,
with the 1dea that this would permit of greater teatahty
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in the application of the coefficients, since the over-ali
position would be calculated by weighting the sum of
the results for cach groap.

The first steps in the analysis were directed towards
determiming the behaviour of the cocthicients of machine
tools per workerand of the composition of the inventories
in relation 1o plint size, Btoway demonstrated thit the
magmiude of the former was very ciosehy hinked 1o the
lanter variable and that. an the same ume. the behaviour
pattern was diffierent in cach of the magor groups. i
comparison of the tindings of the coumry studies, the
extent to which this divergence was attributable 1o Fuctors
other than phint size was alvo dssessed.

I anyting hike tinal conclusions are to he reached i
an analysis of this kind. it s necessary to handle aid have
access Lo much data. Those so fur assembled are not
sufficient to provide o basis for specitic findimgs, but they

do give a fanly clear dea of the behaviour patiern of

the coeflicients in question,

For allustraine purposes, fignre f shows how the
coeticient of machine tools per person varies i reklition
to plant size. The curves thus plotted for the four groups
are all hyperbolic, only the magnitudes altering. and the
variations are as indicated m the figure.
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ReLation BEEWHIN NUMBIR OF VCHINE HOOLS PER
HUNDRED PERSONS EMPLOYED AND PEANT St/

In the first place. an mportant determimant of the
changes in the magniude of this coethicient, irrespective
of all other considerations, i~ the fevel of emplovment 1n

the indusiry. Where unemployment is rife. the niuber
of machines per hundred workers is of course farger, but
the shifted curve, instead of renannig parallel o thas
plotted for a normat employment situation, ndwates
rekitively  higher figures for the bigger establishments
than for plants of smidt or medium size. This discrepancy
can be noted between curves A and C i the higure: the
explanation probably lies in the fact that as o general rule
the effect of unemplovment s proportionally ‘more
sigificant m karge than i small establishments. Thas. in
dealing with the coeflicient ander discassion. it » im-
portant to bear the wfluence of this factor in mind and.
1 the case of comparative studies, refate it to normal
cmployment conditions,

Furthermore. the coeflicient of machines per hundred
workers alters from one country to anotheran accordance
with the stages of development reached by the metal-
tramstormmg industries concerned : it is lower where they
are m the minal phases of development und higher
where they are more advanced. Carves A and B figure |
represent the variations in this coeflicient as between
countries at different levels of development or, w other
woras. whose metad-tramstorming industries ditfer in size.
Curve A relates 1o countries with a totul machine-tool
iventory of more than 10000 units, and curve B o
those whose imventory is fess than 30,000 machines. Iy
15 worth notmg that i both cases sumlar curves result,
from which a curve representing the average position can
be safely derived. This suggests that 1t might be possible
o plot a set of conves representing different levels of
development and thereby enormonsly reduce the tield of
variation of the coeflicient, espectally i respect of small-
and  mediam-sized enterprises,  where  the greitest
discrepancies ocear.

From a comparison of curves A and B it can be seen
thatt the etfect of differemt stages of development on the
size of the coetlicient s marked in the case of medium-
and small-scale enterprises. but not in very large or
very small plnts where the coethicients draw tlose to one
another. For all pracucal purposes, the problem reduces
tself to detinmg the positon in respect to plimts employ-
g tfrom 10 10 300 workers, which is precisely the range
within which most metal-transforming establishments in
devetoping countries fall,

The explanatons that can be adduced to account for
the greater influence exerted by the stage of development
n small- and medium-sized enterprises are many and
vanied. Two, however, deserve special mention, I
countries where the metal-transforning industry iy of
Tnted dimensions and i the carly stages of development,
a high proportion of the small- and medime-scale
Cnterprises coneentrite their attention on mainienance
srvices orassembly work. or the manutacture of 4 few
stnple products, all of which activ ines are characterized
by Tow ratios between the machines and the number of
workers, so that the plants i guestton natarally show
very low coethicients of niachine tools per hundred
workers Tn somewhat more adyanced countries, on the
other hand, where the indusiry s on a farger scale, such
enierprises abyo play an importan productive role, cither
as direct supphiers of the market or by providing inter-
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mediate products Tor the larger firms, and this is of course
reflected in o higher coeflicient of machines per hundred
persons.

Sccondly, it s important to note that in the latter
group ol countries the domestic machine-tool industry
iIn begining to play o more outstanding part in the
satisliuction of internal consumer  demand, especially
with respect to simple and not very high-quality machines.
This more plentiful supply of precisely those murchines
which are in most demand m small and medium establish-
ments naturally helps 1o expliain why sach enterprises are
better equipped i the larger countries than in those with
narrower markets. where domestic production is negli-
gible or non-existent.

The asymptotic nature of the curves as manilested s
the very slight variations in the coellicients of machines
per hundred workers in the case ol large enterprises may
account Tor the Tuct that v the mdustrialized countries
it is possible toadopt afixed coelticient, as was pointed out
above, withont incurring the risk ol any significant error,
stnce in the countries in guestion the proportion of big
cstablishments is higher than in developing conntries.
The a priori inference ~ that the coeflicient commonly
used in the industrialized countries is unlikely to be
applicable in countries in process of  development.
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Figure 2

VARIATIONS IN COMPOSITION OF INVENTORIES BY TYPES
OF MACHINES IN RELATION TO PLANT SIZES

m

Nevertheless, the behaviour of these curves i the
industrialized comntrics would need 1o be nnvesugated
a little further i this connevion. Sueh research wonld
shed useful light notonly on this aspect ot the problen,
but also on the behavious pattern of this coeflicient and
s nagnitude at stages of development that the 1ann
American countries hine not vet reached. but towards
which they will be heading i the futue

The composttion of the imventories by ty pes ot nachine
tool whichis the other proportional relationship studied,
iy hhewase largely conditiomat npon plant size. wiile here
too the effect of the stages of deselopment reached by the
different countries s discermible. Fignres 2 and 3 gine
an outhne indication of the trends that it has been possible
to trace so far As i the case ol the coetlicient of neachimes
per hundred workers. i more specitic pronovucement will
be possible only when more data have been anetsed,
Here, the variations depending on plant size tend 1o
follow a0 strmght curve. and the meidence of the stage of
development s revealed by the slope of the curve,
Moreover, constderable ditferences are obsesvable from
one group to another,

The elfect of plant size on the relative muportance of
the various types of michines v the composition ol the
imventories can clearly be seen in these figures, Tor the
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Fieure 3

PROPORTIONS OF INVENTORIUS RIPRESEN TFDD BY UNIVERSAL,
MEDIUM AND HIGH OUTPT T AND SPECIAEL MACHINES IN
RELATION 1O PLANT SU/ES
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sake of simphicity, only those machines that represent
major proportions of the inventories are shown in
figure 2. Particularty sensitive to plant size, and inverseh
proportional toat, are the shares corresponding to engiine
lathes, pliners, dnts and machines tor sheet (shears.
folding machines. bending robls, ey,

The relutive importance of all the other machine tooks
1 the composition of the mventores inereises with the
size of the plunts. This s logical and unremarkable
phenomenon m aiselll but some nterest attaches o the
regulanity of the variations. The same may be noted in

figure 3. where the machine tools are classitied by their
charactersties tuniversal. medium- and high-output. nd
specnal).

Although the findings of the 1esearch on these pro-
portonal relationships are not set concrete enough for
their practical appheabihity 1o be guaranteed., 1t was
thought worth while 0 gine some wdea. i this brief
paper. of the work thatis being done in this tield und the
conclusions reached. so that they may at least afford some
general guidance for any studies that may be carnied out
in other regions.









