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CRITERIA AND BACKGROUND INFORMATION FOR PROGRAMMING THE
MACHINE-TOOL INDUSTRY

Secretariat of the United Nations Economic Commission for Latin America

Industrially developing nations which are starung the
expansion of their traditional industries must evaluate
the extent to which capital goods and. within this vast
branch., machine tools, should be manufactured n the
country.

This problem has not been posed with o view to attain-
ing total national autonomy as regirds the elaboration of
capitul goods, but rather to determine, gquantify and
qualify the type of domestic effort 1o be realized i front
ol global demand. a relationship which should  be
considered under o certain discipline.

One method of tackling the subject might consist of
finding out whether there exists @ useful  historical
correlation between national namufacture o machine
tools and the size of the machime inventory used by the
mechamical dustries.

This should be 1olfowed by broad consideration ol the
predominant characteristies o the prodacts, showing
whic' are the means avakable to this mdustry for obtaine-
ing spectlic techmcal and ecconomie resalts,

Both methods comprise aspects ol diverse natures, not
always casy 1o separate amnd pender, sy more detailed
analysis wonld require In practice. different solutions
may be apphed to the same problem.

Because nuchime tools consttute the most signihaant
imvestment withu the mechameal mdustries (Irom 30 to
63 per cent o total dined myvestment). they have now
become the most pepnlic work mstrument, s werg
manual 1cols i ocarher tumes. Tt seems thevetore con-
venient o take imto acconnt ther claboration m expand-
ing arcas. paving attention also to the strategic role they
have  been acquirmg within todiy's - technical and
economic evolution.

Thus, lirst i these notes, an analysis s made of some
dynamie Lictors deternuming the importance of national
manutacture of machime tools and ol the magnitude of
the mventories eperating on the mechanical industries,
this indirecthy shows an aspect of domestic particiption
on apparent consumption. The successive sections deai
with the mdustey 1in charge ol the construction ol these
machines. sumnung up ats peculiar techrical problems
equivalent to the various stages of development. The last
section s aboat the wsually admitted  dependency
between the machine-tool manulacturer and the rest of
the mechamcal industry, that dependency increasing in
qualily, volume and technigue as progress is made on
the construction ol more complex units.

It should be pointed out that the conclusions ol this
essay must be interpreted as global, because though a

127

greal number ol the vanables in the construction of
machme tools have heen taken mto account, there are
still many more. However, once the results of the follow -
ing prelminary estimuates are deemed satisfactory they
can serve s a basis Tor carrving out the detnled stindy o
one or more speetiic Tactors For proaducts ol given design,

THE DOMISTIC MACTUNE-TOOT INDESTRY

Classifieation of machine tools

Because of the great anmber of divergent mterpreta-
tions with regard to the types of machines ncluded as
such. machine tools are here defined as metalworking
machines i cold and m hotand the metal-cutting as
well as metal-tormimg machies, leaving aside these Tor
working wood. plasties and - nen-metathe: manernals.,
Within the category of mwetdwaorkog machmes, those
mdicated m table T have been sehected becamse, thongh
not representing the totat means avarhible to the mechani-
cal mdustiy tor the manubactine of ais prodncts, they
CONstLute a stEnlicint najonn

In pracuce, Tor the user as well s for the constructor,
the denommation ol ithes, nathng and drilfimg machines,
ele . is too generic, as cich category has numierous
variables widely ditfermg mouthine, contrels, produce-
tnvity. size and other Tactors, fnorder o estabhsh an
order of magnitude concerning the mimiber of varibles
appheable o each machme, two onter hane been
adopted

() Assume Tor cach type of machime. lathes for ex-
ample. certam varibles sutheently dulerentiated b
indinvidhnabize the operational s much as the structnra!
and constructinge  charrnacterishics,

(M Relate cach of those varsibles to Tone basic con-
diveas o ntihizauon micro-mechames, ight and current
mechanies and medium, senn-heavy, aad siper-heavy
mechames, which Jdo not exist necessandy i all the
vartables.

On the basis of these enterna, 1t has been possible to
gquantify, for cach machme. the most important types
and models which together constitnte the large tamily of
machme tools in the constrnetors’ vast world supply
Table 1 shows the results obtimed : LOYT mam sarimts,
776 ol which (75 per cent) correspond to the category of
metal cutting machines, and 261 (25 per cent) L metal-
forming machines.

The information in table 1 cannot be fice liom subjec-
tive interpretations and, also. from ncomplete data
regarding some of the varables, in which case figures
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Table |
NUMBER OF TYPES AND MODELS O MACHINLE
TOOLS IN THE WORLD MARKET

Nuniher of Lpes
amd mondels

Denomination of the o hene s

Metal-cunting machines

N 106
Mitling miehines oo 6}
Drilling machines oo ... 46
Shupers and PRI e 2
Ihreading machines ..o e 27
T R RE R R 19
Gear-cutting machines ... .. R R 94
Boring Machines . ..oooovaneere 84
Grinding maehines ..o (&1
Tool-grinding machines e 43
Broaching nachines ..o Lt ]
Lapping and homng machines .. oo n
Special machines con posed by v ork units . 46
Other machines of ditlicuh classitication .. 22

176

Metalworking machmes

Mechanical presses .o e 18
Hydrauhic presses oo . $4
Porging machines ..o 23
Metal-forming maciines in cold e 24
Machines Tor sheet ..o 85

261

Total machine 1ools 1,087

should be taken rather by default. But even with all the
limitations, the data appear acceptable for the purpose.

Another mportant Tactor which might have been
added m combmation with the above ligures, to obtam
a greater number of varables, s quathty, However, i
this stage of e anabysiso it has been deemed advisable
1o omit 1t as mcluston would not alter substanually the
determunation of an mdictor that points out the pereent-

age ol national manulactire of the variables in Tront of

their statistical unmiverse, i & funcuion ol the numerical
vatue of the machine-tools mventory.

Participation of national manufacture in relation (o
installed inventary of machine tools

Within the order of ideas mentioned, an endeavour will
be made to determine ational constructors’ possible
reactional behaviour, measured i, the variety ol types
and models as a function ol the numerival vatue of the
inventory.  Conceprually, two different aspects exist
simultancoush within an mventory: the serial lactor
(purchasimg power. high population, hoth. e, and the
variety and complexity of the mechanical and electro-
mechamcal products manutactured. o the measare that
these factors are considered to be growing, the one as
welt as the other will urge for the utilizauon ol more
improved technotogical - productive means which n
practice will he transhated Lo G Progressive mereinse n
the variety of tpes and models of machimes i use. This
evolutionary process tahes place under dilferent com-
binations of the clements tirkhen mto account, with direet
impact upon national mdustry. This imphies admitting
a priori that 1o equal numenricl values of inventories,
different actions may correspend on the part of the

constructors. Nevertheless it does pol seem arbitrary o
assume  that national manulacture ol machme 1ools
participates within - mmmum and - nmimm limits,
suseeptible of definition for the various sigations,

To this end. 1t s heen possible to reconstriet the
pumber of types and models ol nachines claborated
some vountries, thus estrblishing percentual rebtionships
with the presiousty lived Jatistical universe Interestm
such an anilysis 1y now circumseribed b knowing the
behaviour ol supply for countries with mventories of less
than 500,000 units.

Almost all the available information derives from
studies being systematically carried out i the region by
the Economig Commission Tor Latin America (ECLA)
on the mechanical industrices in general and especiatly
on machine tools. Figure | shows summary ol the data,
as well as an interpretation ol its trend adjusted to
Gomperts’ curve (cune 1). 1t may be observed that in
Latin America, when inventories are of iess than 10,000
units. NO cons ruction activities of machine tools have
occurred. a fact which is apparent. But when inventories
comprise from 10.000 10 20000, the first local initiatives
are already starung, naturally potarized on the manu-
Tacture ol simple machines ol still deticient guality.

To atain the claboration of Torty o sixty variables of
low-cost and low unit-werght machmes does not aho-
gether Constiute i very aagnificant step towards mastering
this difficult techmgue, and 1t achievement s generatly
possible without the support ol an mportant techno-
fogical nirastructure on the rest of the mdustry. This
Jirst stage of supph of clementary nuchimes, practically
abandoned  mocountnes with o hieh mdustrithzaton
index, s mogreat part the Fesult of the strong mandence ol
small industry and the numy artesans & ho have prohifera-
ted in this area due to rather pecalir condions, Atany
rate, iUis perhaps consenent e deeepl. s charactenstic
sign of underdeveloped conntries, the fact of an opera-
tional co-existence within the same mventorn. ol machines
with a limited techmeal capaaty and few  years use,
together with others of medium and clevited category, the
first ones in high proportions.

Starting from @ given sitatien of supply. Tor example
Torty 1o sixty vartbles. or mventories of %0.000 to 100.000
units, this hecomes progressively complex as the merease
in the variety of typesand modeds imphies almost system-
atically higher standards of quahity withinan international
pattern. Inorder 1o reach those guahtative demands.,
technically well-structured factones and efticient auxiliary
industries are reguired.

Along cunve b.a position that might be called of high
national etfort is clearly discernible exactly between
points A and B. Should this position be retated to the
Latin American panorama. it would broadly represent
the transition from under development to satusfactory
development ol the mechanical industries. COMPrising
under the concept of development the serial aspect as
well as the diversilication ol mechanicat products. It
pow scems dvisable to admit that especially between
points A and B dilferent ways maty exist in connexion with
the position of supply and that the previous and sub-
sequent situations to these points would present further
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stabihity . Such waxs would explain, as already sind, that
not alwiass cqual technological potentials correspond to
equal magnitudes of mventories. with abyvious repercus-
stons upon supply - and abso. that the observable diifer-
ences would dertve from those existing between a deve-
foped country aneanother m the process ol development.
Thus s clearly confirmed by comparimg Argentina’s and
Brasl's positien (less than 200,000 units instatled y with

100 ——

(Natural scale)
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dyianmism i front of a given mventory. The comple-
mentation and refimement of data 1o be obtinned m
the near Tutare will contivm whether the iimuts estabhished
m gure Fthrough curves Hand 2are reat and apphicable
1o a great number of cases tor canntries 1 the provess of
devetopment. Attention then will be diawn 1o the dis-
tortrons resuttrag when the structe of machimee toolbs
mttronal manutactine o bulky due to exportation of some

T I ‘; T
- . ' l> . ‘ . "—‘_’_’ 1
ob ~— S il
’——j ‘ ' /*fl/ - ot ;- R S s f + —+
s | N s .
R AR S it . | o ‘ { l
. .t —— ’ . .
e + \a . R ' )
‘DL —t 1B ' f |
Lob ; 2 ; , i i i
P—f t j - b - b + ,_L,.M- + B, T e S
1 + $ i + 0 % =
20}— ofs . . D T A
& c c, , i , I ; -
0 {“ A | l \1\d j | 1 ; i i { | . l
0 100 200 300 400 500 600 700 800 900 1000
Machine- tools inventory thousands of units
Reference : Curve 1
a - France (1960) - 537 varieties 0.81325 %
b — Italy (1958) — 435 varieties ‘
¢ — Argentina (1963) — 144 varieties y:= 874 001638
: - g;:ez" (:ggg) =124 varieties Where: y= nercentage of donc\’esticallz
- - ieti roduced types and models
(Columbia (195 ‘) 10 varieties produced typ

machine - tool inventory 1
35,000

| o

Figure |

RELATIONSHIP BETWEEN THE INVENTORY OF THE MELAL-TRANSTORMING INDI STRILS
AND THE PERCENTAGE OF DOMESTICALLY PRODUCED TYPLS AND MODELS

that of Italy and France when they had a similar nur-ber
of machines which served such important sectors as
aeronautic construction, that of ships of more than
10,000 tons, and the manufacture ol other diversified and
complex canital goods not being developed in the two
Latink American oovatries. The machime-tool supply
accompanied this process. with a consequent Further
diversification ol types and models than those claborated
by Argentina and Brazl,

This and other examples would be better represented
by curve 2 Lad out empirically toallustrate those cases in
which the behaviour of supply muirtains its maximum

ol its products, o fact which was not taken into account
in this prelmimny cutline.

Starting from situations of more than SO0.000 installed
units, 101 casy 1o understand that though the technical
problems the vonstructors niust Jace contimue 1o grow,
the magnitude of the nurket and the mrastructure that
should ~c:'usl i the rest of the mdustiy constitnte factors
aillicientty attractnve that supply adjusts asell o the
|'cqun'cmém\ of mternal consumplion i an gncreasing
and varyimg nunner

Despite the Tact that the preceding notes do notintend
to lead towards the Formulation of exact decisions on the




130

problem under analysis, they are explanatory enough in
regard to the philosophy to be Tollowed by those countries
whose deselopment depends upon significant apparent
consumption ot machme tools, There could not be
mmportant and prolonged expansion ol the mechanical
mdustry  withont o gradually mereasing contribution
from local imdestries constructing machine tools, The
Iraming ot an even partal attitude of participation i the
domestic nanutacture of the capital goods in guestion is
of vital tmportance not onty for improving the balance of
pavment of this ateni, but also Tor familiarization with
every  charactenistic: problem in the claboration ol
machines, Munulacturers must be responsible and olfer
uscrs the possibility of direct contact.

When dealing with machine-tool manulacture. dilferent
stages of supply deselopment will be considered in uan
indirect manner, that is, showmg which qualitative and
varying production potentials may be attributed to g
specific number ol enterprises typitied by diverse struc-
tures. [rom the Lumblest 1o the well-equipped. generally
knowing that such imtiatives get consolidated in the
mcasure that the inventory improves in its numerical and
technological aspects,

CHARACTERISLIC PROBLIMS Ol MACUINE-TOOL
MANTTACIURY

Introduction to the subject

To facilitate rescarch into some general laws, it seems
advisable to apply a restricuive criterion to the universe
of types and models of machines, selecting those with
more homogencous and similar tabrication problems,
The machines used m micro-mechanics, heavy and super-
heavy mechanios are thus excluded. mcorporating mstead
the ones used o current, medium and
mechanics. which e more popular,

The unie weight of the machimes s himited to approxi-
nuitely ten tons; the aghly speciahized tpes. such as the
g boring machimes, machmed umits and others, dare not
taken into account. The same happens with the machines
using numencal contol progrimmers, et Despite these
restriictions, the rest comprise the majority ol existing
varables i the world market and cover 1o agreat extent
the fubncation interests of conntries with relatively small
demand, concentrated on the most current types of
michme tools,

The final objective of this outhne is the analysis of
global machme-tool manulacturing, trying to frame the
technical. pracucal and economic tields of action ot the
construction enterprises. AU the same tme, 1t is intended
to mndicate how e economy of saale™ coneept. so
closely connected tothe apphcative elfects of the machines
once they have been mstalled e the workshops, has
dilferent meanimg when referred 1o the cliihoration of
those machines,

Unlike other sectors ol the mechanical industries where
the same product may be claborated for 2 long time,
machine-tool numufucture. with the exception ol some
simple types, is comtantly evelving in details as well as
in general composition, because ol the need for more
productivity at the same prce, weight or power. This

semi-heavy
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situation s reflected in the fabrication series ol identical
products, reducing them in o sensible manner. Because
composition ol machine-tool inventories s related to
the gquahity, the varety. and the series of prodacts. when
development ol the mechanical industry  starts,  the
demand tor machines corresponds 1o elementary types
for mamtenance and tabricanon of simple articles. As in
this stage of devetopment demand is scarcely diversitied
1 ypes and models, Tavourable conditions are present for
construction - series, above a hundred. tor example,
which represents o high scale in machine-tool manulacture
on the oider of one ton weight. However, while the
number ol machine tools mtegrating an  inventory
imcreiases and new products are launched into the market,
a substantial change tukes place in the requirements of
users who first try 10 obtain the tyvpe of machine best
suited from the standpoint ol operation  technology
(more variety ) and then, according to the serial size, the
most productive machine,

tis dillicult to reconcile the interests ol a very diversi-
fied demand with those of machine-tool construction in
important series. Here 1t must be recalled that, during a
period shortly betore the Second World War, ditTerent
production scales of mechamcal manufactures  were
generaby attnned through 1he installaton of larger or
smaller numbers of equal machimes, The technology
trend prevalimg at present. f from climinating the
muliipheity of tvpes and maodels of machines, tries to
find the most adeqguate solution to the problems. As an
extreme. 0 mught be sard that tor some articles masimum
productivi s only achieved by means of speaial and
complex machmes clirborated to order. In orher words,
the mavimam prodaction scake tor the users would
correspond fo the nimmum scale for the constructors.
Fhis imdicates o certam relauoaship of myverse propor-
tonahity between the iser’s series and that of the machine-
tool numul wtorer.

In order 1o condense the peculiar operative condi-
tions upon which the sector must rely, the producers’
nann problems have heen typilied through five sizes of
muchine-tool construction enterprises, issigning to them
betorehand  the equipment together with  direct and
mdirect Libour corresponding 1o predetermined manu-
Facturg stenctires to produce a0 wide variety ol types
and models ol machmes. The possibility and convenience
ol elaboratng piven types related 1o cach size of enter-
prise 15 then examined, considering the greatest possible
number ol variables moorder to synthesize the most
characteristic echnical and cconomic problems ol the
seetor,

Fhe tirst two sizes of enterprise represent embryonic
techmcal situations of an artisan type which are specially
usefnl i countries with low industrialization indices. The
st two sizes denote more advanced  structures of
speaialized factories already able to produce complex
machines tor more demanding and developed markets.
The other type of enterprise coastitutes i sort of transition
frem artisan productis n 1o production ol great industrial
signilicance.

The values assumed as well as the conclusions are
always indicative of inter:uediate situations. The basic




data related to the first three sizes ol enterprise have been
obtained from studies of the machine-tool industries of
Argentina and Brazil. Information for the other enter-
prise derives from some Western Luropean firms,

The method took account. simultancously, of a vast
ensembie ol products and lactories of diverse technical
operative charuacteristics and represents an approach the
ulttmate obgective of which is to Fnvour the formation
i oselection ol basic ideas with regard 10 the new
imtatives  frequently  emerging  from  this  sector in
countries with mechanical industries in the process of
development.

Variables
Machine, type. model, uccessory

The term “machine™ designates a lathe. a milling
machine or an cccentric press. The type determines one
ol the probable variables in the construction of a machine
in milling machines. for example. there are the universal,
horizontal, vertical. simplex, duplex. for splines and
copymg types. Inits turn. the model indicates mainly the
size of each ty pe ind is directly related to work capacity.,
installed power and other characteristics.

The type and model are vsually accompanied by a
series of accessories diversified in form. complexity and
weight o as 1o offer greater utilization capacity. Pro-
duction machine cquipment i studied and  adapred
especially Tor specilic apphaations such as feeders of
picces. When the producers design. nanulactine and
supply equipment. they are compelled to molve them-
selves with the production problems of the user in g mich
more intense way than the constructor of umiversal
machines. At any rate. the inclusion of stndard and
special accessories 1o the normal e of production
implies supplementary series of Tabricition which overlap
the basic problems, thus augmenting the variable factors
that alfect the producers.

Complexity index

One of the obstacles met in this study is that of clissi-
fying and comparing ¢ven anproximately the ditticulties
of construction of the great number of machines. types
and models in existence. To assert. Tor instance, that
the eluboration of o parallel Lithe i~ casier than that of a
turret Lathe of the same power, is not alwine true.

In order that the machines mayv be comparable by
fabrication. it is necessursy o introduce an index number
e called “complexity index™ which represents the most
significant and characteristic quantity of the machining
difticulties.

This Je index may be defined as the sum of various
categorices of simple or compound machine clements, as:

le  a, 4-ay--ay i ay - g
where}

a, Indicator number of the quantity of gears, internal
and external splined profiles, pulleys and flywheels;
a, Indicator number of transmission shafts, racks,
movement screws and motors. The transmission
shafts are related to the bearings and consequently

(R
to the preeision borers for the bearings and bushes
seat;

ay Indicator number of the quantity of conplings.
clutches, brakes, internal and exteenal fevers, all sorts
of cams, and other programmers of i kinematie e,
This group ol elements is indicative of the degree ot
mechanical antomatsm attined by the power and
control o programming  transmisstons

ag Number of pline surfaces and slides tlar support
those parts which being ciher i movement or
blockaded re indispensable to detennine 4 work
eyele:

as Number of final and intermediate apparatis, lilters
pumps and tanks belonging to the crreuits of lubrica-
tion, refrigeration. pneantatic, hvdrauhic and mived ;!

ae- Number of pistons and rotors.!

[Uis obvious that on countimg the different parts and
picces from ay to ac abstraction has been made of the
varying degrees o machinmg difticulty among  the
clements: but it s also true that the simplification
facilitates equationing the problem without altermg its
nature,

Figure 2 presents the estimated £ indices for some
machines: the great fe variation oceurring on the same
type o muchine s observable. On the asis of the
estimated fe indices Tor dilleremt machine
madels (withont aeeessories or ainaliiry cquipments). it
is possible to subdivide the viation dield of fe mio five
groups Uey des ey egand feay which would be equiva-
lent 1o

rostlts of

foy Kinemaetically very siple nachies

fo: Kmematieddly semi-complicated machines:

¢y Kmematically conmplicated machies:

oy Machmes with complicated kinenutie, hydraulie,
pucunatic and lubrcation corrcuits;

fe< The same inachines as fo, but with programming of
the work cycle throngh perforated, magnetic band
and other advanced methods not dealt with here.

—

In numerical terms, the four groups could be Trac-
tionated as:
fey, from 1010 50
ley from SO o0 100
Iey from 100 to 200
Iey from 200 (o 400
Weight of machines
The weight of machimes v another sariable factor
which constitutes an important characteristic {or the
manufucturers. As aleeady demonstrated by practce, at
equial complexity the machming of Lirge picces with a
high degree of accuracy s in same ways more diflicndt
than the smuller preces. Actually . the heavier machines
present speciic problems of deformation, alignment,
perpendiculanity and others, provmg arduons tor the
producer despite the imphat adnission that when
augmentng its size the machine rool loses in precision as
compared with the simaller ones,

Fhor acand g 0.5 of cach cdement s canstdered when they are
boughi from third parties, and 2 for those machined by the same
producer.
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OI course it is evident that Tor cach size of enterprise
considered turther on, the same productive capacity s
regards the average weight of machines cannot be
assumed. as the heavier ones need o determined mana-
gerial infrastructure on equipment. technical experts and
transport wiich can only be found i factories of certam
dimensions, suggests  then o attribute the
maximum  weight of the machines they are able to
produce to the dilferent manulactaring structures. This
limitation is particularly valid and applicable to the small
enterprises.

Practice

Quality of machines

The quality factor 1y also a signiticant variable that
should not be ignored when analysing this sector. The
veriication of (he squality ol a machime accordimg o
Schiesinger and Salmon standards constitutes the most
accepted method. 1t s only by means of such standards
that it will e known atterwards whether the machine wis
manulactured within or outside the specitications, This
checking is. however, not suflicient for the purpose of
these notes. s no account iy taken of the degrees of
difficulty the copstructor confronts when producing at
ditferent quality levels,

1t is convenient in the fiest plice to separate the guality
of machines into tour possible and real chasses:

Q, Quality of those wnachines in which the results of the
tests are always inferior o the recommendations of
maximu n crror m the standards:

Quality of those machines satistuctorily passing only

one part ol the standiardas tests or which, oviig to

inadequate materials or deticient design as a whoie or

in detail, work with their mitial precision for only a

short time:

Q, Quality of nrachines always accord with the stan-
durds and in condition to maintain the mitial pre-
cision for a long ume. requiring only normal man-
tenance:

o

[ ¥]

Q, Quality of high precision machines such as the jig
boring machines. not included in this cutline.

A criterion might be established right away to deter-
mine the existing relationship between the linal quality
of the product and the technical attention to which its
components wonld be subject. taking as an example the
number ol contrals perivimed on cach machined part.

1 as a well-known fact that i arder to achieve ()
quality the use of calibres with a range from 120 10 1,50
mlimetre is cnough: alsa that the accuracy on the
cluboriation of couplings or pliune surfaces is generally
left 1o the operator, Category (s denmunds further
knowledge on the part of the construcior with regard to
metrology. the greater number of measurmg istruments
and a minimum of quality controls including even the
phise of claboration of picces. So as 10 attain category
¢, manulactarers must muke signiticant efforts, as
general the control of all machinivg operations is carried
oul in the section of specilized metrology. Nuaturally
these three cases ditler in the instrument utilized. person-
nel technical level and the indivect hours employed on the
quality controls,

Taking now as a point of reference the number ol
controls  the manufucturer usually  performs on the
components and considering tentatively that the opera-
tions may range between 4 10 6 tor cach part. the resultis:
for (0, onecontrol per piece: for Q5 Irom two to three
controls per piece: for (3 from lour o six controls per
picce.

These data may also be transcribed thus:

Q)02 ¢

one piece ol four operations 12 4 controls
one piece ol six operations 13 6 controls

The number ol controls rellects in good measure the
final result envisaged once the pieces are assembled, as
well s that stricter control corresponds 1o more rigorous
design specilications which must be verihied.

From another point of view, a certain correlation may
be admitted between @ qualities of the machines and 15O
work tolerances with regard to the more responsible parts
and picces torming the prodiet. Accordimg 1o information
gathered from vanous producers, that correlation could
be approvimately: @, quality corresponding to- grades
10and 11 of 1SO tolerances: Q. quadity corresponding
to grade 8 of 1SO wolerances: @y quality corresponding
1o grade 7 of 150 tolerances.

To pass from precision degree 7 to degree 8. the tield ol
tolerance of the first piece must be multiplied by 1.56,
and Trom degree 7 1o degrees 10 and 11 by muluplying
by 4.0 and 6.2 respectively. Supposing now a certain
ientitication among  the tolerance degrees and  the
manulacturing difficulties for obtaining the picces under
consideration, which in practice is partly conlirmed, it
inight be said that other Tactors being equal, quality @
is 4.0 or 6.2 times easier to obtain tan quality @, and
2.6 or 4.0 times casier to obtain than Q5. H the tolerance
criterion is combined with that ol the control of pieces
with similar values, and adopting intermediate situations,
itvill be possible 1o formulate comparisons, which though
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abstract, lead 1o the meamng of starting the manuficture
ol products of different guality,

On the basis of the above it may broadly be admitted
that: ¢, 18 three times casier o machine than Q5
@ is five umes casier to machine than Q4 Qs is 1.7 times
casier to machioe than Oy,

This preliminary equation of the problem has been
made with the sole purpose ol llemnating how diflicuh
itis i practice to advance on the yualititive ficld from
an fertor quality towirds another of international ley el
Also. that it s not possible to pass Trom a qualiiative
sitwation o ¢liboration to a supertor one without
changing the struciure of the manufacturing equipment
or extending the corresponding technical services.

Size of enterprises

With a view to unalysing the sector inits most general
aspect. it seems advisable to consider different sizes of
manufacturing enterprises from the artisan to a factory
with adequate  technical  vesources available for  the
production of various types and models of machines.

Five typical sizes of enterprises ( 7¢) have been selec.ed.
The tirst two ey and 7e,) with 20 and 50 persons occu-
pred. @re characterized by the high percentage of direct
or productive hours in relation 1o indirect or unproduc-
tive ones. Ther dispose of precarious production means
and may therefore manufacture simple articles of low
qualty and low price per hilogramme. Fhese enterprises
are Justified espectally in those consumption areas where
the demand Tor machie tools s sull ata primary stage
and mantenance and manutacture of metalhic devices of
clementary composition are predominant. Size Teq with
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a hundred persons, has greder techaical capadity thao the
previous and may elaborate Oy muchines ot low 7o ndes
In this dimension, the proportion of mdiredt personnel
may exen reach 2N per cent ot all the personnel, fvommy
the quality of the product as well as the crganmizational
stractire. This sizes Fo o represents, however, a staee of
tramsition i the evolution of the enterprises. rather than
a well-detined pomnt of tchnocconomie equihhinn i
in through sizes ey and oo with 230 and SO0 personis
that more complete mumulactnrmg stractines are feasible
from o techmeal and organzatonal pomt of view | he
percentage of mdirect Libouy mereases as relerred to /e,
thus enabling the projection, study, testiny and consting-
ton of complen products of high responsitihn ),
duahty.

For sizes ahove Feo not dealt with i these notes, il
must be thought that the merease - the nimmber of
personsand machines would be related tomore nuportant
and diversificd production volumes rather than o the
weight, yuality and compleatty Lictors alveady mdicated
Certain observations and resuits regardmye £o. may then
be valid Tor these enterprises

The subdivision  of direct and  idireat personned
derves from data collected e Argentma. Brazal and
Western Burope from enterprises that concentrate thed
activity on machime-tool elabotaton and work exchisnely
by means of therr owan desigos and resedrch as shown
tuble 2 and tignre 3

The Tack of o classitication that allows tor the evact
diffeventiation between divect and idirect persounel
might lead 1o vartons mterpretations. Fhis is the veason
why m table 3 the actnviues Tiere considered as indirect
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Table 2
DIRECH AND INDIRECT PERSONNEL IN 11IE FIVE SEZES OF ENTERPRISES

Direor personnel

Wk

I8 ithout
muachines s ey
Total I'er
Te poersonnel Number cent Number
Tey 20 17 XS 2
Te> 50 1 64 Y
Teu 100 82 52 20
Tey 250 9K M 57
Te< MY ed) 32 1S

Indirect

Total persomel
P r - l'-‘; Per
cent Numher cent Number cent
10 19 98 1 b
I8 4 K2 9 I8
20 72 72 bt 28
23 155 62 98 RH
hA] 278 58 228 45

have been classilicd. pointing out the existence or iabsence
in each size of enterprise. The other activities hinve been
taken as direct or productive and are sa accounted in
order to know the real tme of chiboranon by pieces,
assemblics and machimes

Tuble 3
DIESCRIPIION OF INDIRTC T ACTIVIEIES

Pononian it ! e ey Tea  Tee

&

Workshop Georkers and foremein
Assistant maching vperator
Preparation of work on machimes
Manual internal transports . \ 3
Mechanized miernal transporls.
Mamienanee
Tools
Constrochion of gugs ...
Fool wiarchouse
General warchouse
Metrology section ...
Bating and pavking o
Pelners o ! v £
Person i charge of ausdiany
STV IS
Foreman
tabour loreman .
$or/shop (employees)
b agmeers
Technical othice Tor piccework
estimate
Technical oifice Tor jigs design .
Otlice Tor production planning | b 4 X
Otlice Tor distribution of
production cards ...
Co-ordination of purchases
Tests, faboratory and rescarch
Office temploveesy
Technal
Accomting
Cosls ..
Administration ..o ]
Sales L e !
Purchiises ..o e !
Fxports .
Management ...
General serviees
Cleanming ... ... ... ... e "
Coniergerie
Outside services
Outside transport
Guard:

”
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@ Qperations by the same worker who perlorms productive functions,
P Work exceited by direct operators

¢ Uses The same assemblv personnel.

d Elaborated by the emplinees of the central technical office.

s Collaboration ot thand puanies pan time

f

Achivines pessonally executc £ v the owner,

In this way the protound structural differences of the
diverse Te sizes stand out, and cansequently the diverse
human technical poutentials they have aviilable ta aperate.
Thus. afier establishing criteria 1o detine the @ qualities,
Ie complexity indices and Te sizes of enterprise, and also
taking mto account the machines and equipment men-
tianzd clsewhere, 11 is possible to delimit the most ade-
quate tield o acnon tor cach industry. using logic
compatibility and pracucal experience as co-ordimating
clements among the multiple varablos considered.

Table 4 summarizes the most probuble situations
which may actually happen.

Data regsiered in table 4 may be trunseribed in the
following way, bringing out the limit values of fe m-
formatian at Q.

— e,

Ioovaducs rar

I [N o U
T to 125 o 62

Tes 10 20 to 100 10 %0
Try 1 250 10178 1128
Tey 100 300 50 250
Tee 10 400

Another observation derives trem the work field of
the enterprises: that it is nccessary to dilferentiate
between the passibility and the convenience of claborat-
ing certain products. This sitwation is moditied according
to the size of the enterprise: reluting 1t to the quality
factor it might be said thuat:

Te, may manufucture products
Te; may manutacture products
Tey may manufacture products
Tey is only interested m products
Teqis only interested m praducts

¢ O

000 Os

0 0:0;
005

- -0

within the previoushy determined fe complexity indices.
1t is understood that Te, and Tes are manutacturing

the products of the smaller enterprises though it does

nat seem advisable as their pretised structure wauld

render this uneconomical given their high operational

cost. On the contrary, the field of action detined for the

first three Te correspands to the maximum technalogical

limits they may achieve as functions of Q and fe.

Produc tion series

Among the factors analysed. production series are
perhaps the most variable, as in practice they are in-
fluenced by innumerable causes. Attention has already
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been drawn 1o the fact that the order of magnitude of the
series 1s mamtained low even Tor Te enterprises. The
disersilication ol types and models wgether with the
number of ditferent picces comprising the machines
constitute elements so characteristic of the construction
ol capital goods and of this sector in particular. that they
present the serral Tuctor from receiving the same ap-
proach as. Tor example. the durable consumer goods.

In order 1o furnish some arguments on the subject
which may  be applicable 10 several producers. the
Tactors mdicating the clisueny with which this sector
should operate are:

(a) During the past fifty years, statistics have svalem-
atically shown that i diverse countries the machine-1ool
demand has almost always been variable in weight and in
quantity ;

(h) Lach time, the producer tends to study the most
adequate machine for the user’s different “economies of
scile™:
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in different models which is obviously reflected upon the
annual series of fabricition. It may abso be added that as
a rule this sector tends 1o fractionine its 1otal production
many tmes i the course of the year, which mrturially
reduces the order of magmitude of the Fepelitive series,
Asa muntter of taet, the manutacturer alwass tries to
defend himsell aginnst the 1oo fow series, on the basis of -

() Launchimg the tabrication ot small pIeCes once or
twice a year, The storage of such preces does not involve
a significant mmobilizaton of capital,

(h) Studving the products moorder that the snrall
mechanical pieces are common o various npes and
models of machines (mternal unitication):

() Maximum sundardization of picces bought rom
third parties (less variety of 1ools for therr applications),
including electrical material;

() Unifying as much as possible diametrical measures,
screws, splined profiles, threads, tolerances and pieces of
all types:

Table 4
WORK FIELD OF THE FNTERPRISES

CAveruge conditionn

Iy 1o
Sére 6| (2] O ) O k :
Te 10-50 10-50 - 50100 SO 62
Te; 10-50 10-50 10 50 SO-100 S0 1o
Tes - 10-50 10-50 SO 100
Tey - .
Tt’i - -

!1) ’l“
[ [ Q. [ (]} [¢5] th
100-125
106 200
50100 100 200 100 175 1002125 00 250
SO 100 100 200 100 200 2 uxe o0 250
: 100 200 MY

(¢) As a consequence, the manufacture of complemen-
tary and special equipment., sometimes more complicated
than the machines themselves, assumes an increasing im-
portance since the constractor will have to take care of
them i some way, even il he does not integrite them in
his production;

() Infront of a fluctaating demand. the manufactarer
shows his interest on the elaboration of different models
of the sime type of machine, thus ensuring a4 more
regular sale:

() For the same reason, the producer’s preference miry
be inclined towards the tabrication ol more than one e
of machine:

(1) The claboraion of one 1ype of machine invarious
maodels gives the user the impression that the manu-
factarer has o more thorough hrowledge of his field
ol specialization and that therefore he is not IMpProvising:

() When manulacture is divided into several models
1L constitates 2 much stronger centne towards the
mroduction of structural or marginal moditications and
mnovations on the products than il the case were of
claboraung a unigue noodel, since then it is not NCCCNIry
tomtersene on the whole production;

U0 Lastly, i may be said that the construction of one
ype of machine m more than one model is alwavs @
Sign of prestige for its manufacturer.

From the above it is apparent that the machine-tool
producer should elaborate at least one type ol machine

() Unilymgata maximum the modulesand numbers of
teeth of gears;

(1) Concenving the machmes as g composition of
contpact groups and subgroups tor the power transmis-
ston chain s well as for that of the controls, be they
kinematic, hydraubic. pnecomane, of tubncation, cte,
which may be jomed 1o g carrvimg and functionat
structure having in mind ther eventual adapration 1o
machines manutactured m ditlerent models bt withn
the same technical hine;

(g) Abandoning the tradinonal wdea of incorporating
into one-picce structures Al the non-powered transinis-
s1ons, that s, of fow potential, to apply them externally.
This would simphty g sensible imamer the machming
of heavy pieces, ginvmg at the same time more seope for
possible maditications;

(it Reducmg the use ot the nimgne sonree of poser and
mstalling varous metors gnomg among other advantages
simphtliciion derved trom the dimvmution of distance
LEansmissions

(1) Desigmny sinnlar preces 1o pertorm the same
funcuon with dilferent potentials,

The production means gencrally ntihzed on the
construction of machimes are almost always of o gniversal
type. Consequently, in order that the products may be
claborated within a reasonable number of direct man-
hours per 100 kilogrammes (Hs100), the manufacturer
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also is compelled 10 give maximum attention to the
auxihiary production equipment and tools.

The difficulties met when trving 1o establish a criterion
to determine the mimimum cconomie series of Fabrication
which may be equally vahd For the dulerent produet
levels thus are revealed clearly. The estimate methods
adopted for this purpose would only be apphicahble to
homogencous groups of machimes and specitic manu-
facturing sinuavons, Furthermore, in practice, several
combinations  are offered 1o the wnme constructor
(produce. for example varous ivpes or models of
machines, cach one with o different series).

As anadlostration, some data are trianseribed which have
been provided by muchine-tool manutacturers in con-
nexion with the mimmum production series for machines
up to five tons, Tois understood that these values do not
prevail Tor the towl production of the enterprise but
only for one or a few tvpes or maodels of machines.

Y T R T 13 T P R RTINY

Ie N AET I IRNTIN oS
Te 4 Y 12
Tes h 3] s
Tes k) 6 14 IX
Teq A 4 12 0 26
Tes« 4 b 16 24 2

PRODUCHON OF THE ENTIRPRISES
Productive capacity expressed in tons per vear
It is possible o estimate the annual wonnage of finished
products for cach enterprise. Consider on one side. the
total number of direct man-hours (Hs) available during
Hs /100 Logarithmic scal
by

+ S

| ¢

-
i
&

s 5 g8 8 8

one year in cach Te enterprise and. on the other. th
number of direct man-hours necessary 10 nanuluctur
100 Kidogrammes of product (Hs TOO),

Purposely. no speciticauon has been made previonsly
moorder to do it now. The activities considered a
direct owmg o their closer Tinbage to the Hs 100 i
cxamined hercin. These are summed up tor cach enter
prise in table §.

Tuble 3
DESCRIPHON OF DIRECT ACTNVEERS
(M mmmum: S saree; R rezular: N onormahy
Denonynation I, . [ X Iy Te,
Cleaning and prepanimon
of Casl ron picces M S R N N
Markmg ... . .. N N N N N
Opcerators with diredt
machives L N N N N N
Scrapmg L M S N N N
Assembhy 0 N N N N N
Pamiwmg ... L N N N N N
Break mm ... .. ... M R N N
Final comrols according
to stapdards L M S R N N

The annual production night lines P marked as
Function of Hs 100 are mdicated mligure 4. The extension
covered by them s observable as well as the superposition
on the tonnage produced between one enterprise and
another, which m practce s ditheult 1o admn Mean.
while, considermg that it has been verthied  that the
production per occupred person (direct and  imdivedt
personnely and per sear normally fluctuates between

Hs /100

ded [l - |
' Annual production per 150
occupied person
(tons per year) 100

+ .
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Figure 4

ANNTAL PRODUCTION OF ENTERPRISES AS A FU NCTION OF PRODUCTIVITY
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Logarithmic scale
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twoand four tons. ii s possible to delimit the production
ficld of the enterprises. It will then be enough 1o overlup
to the right lines P a fuggoi of right lines p representing
the different production values per person and per vear
that, when Tocated between two and four tons, leads 1o
the elimination of production imterference between one
enterprise and another. The problem thas delined gives
clearidea as a whole, enabling at the same tume a ghmpse
of the panorama presented by those sizes abve Tee
Different observations may be formulated m connexion
with figure 4. In the tirst place. it miy be supposed that
ane goes from @ to b along right Iimes 2 when the ¢ and
¢ mdices increase. The same happens assuming that fe
and () remain constant it bad use is made of machines

NISBIR AND WEHGHT OF MAC HINE TOOLS DERIVID FROM ANNUAL PRODLUC HON

and mstaflitions, or a production s Tractionated in too
many types and models of machimes, or both things at a
tme. Going from b to a. the appreciations are eqnal and
opposite. Attention should also be drawn 1o the fact that
2.200 effective work hours per year have been adminted
for cach direct person. which s egnivalent 1o one work
shift.

Productive capacity expressed in vumber of
machines per year
It a determmed weight anit s attributed to machines,
IUis easy to estimate the number 7¢ may elaborate on the
basis ol already avatlable production data in tons per
year.
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This situation is illustrated in figure 5 where Hs 100
scales and those of productivity per person hive also
been adapted for cach enterprise. The action field of the
enterprises is defined when possibility or comenience
limits are established regarding the weight of machines,
in accordance with the size of industries and taking into
account:

Te,

(a) The means for lifting and for internal transport are
exclusively manual. thus making it difficult to remove
heavy volumes such as cast iron bodies of machines of
more than one ton:

(b) The machines used are more adeguate for light
production:

(¢) Should the constructed machines weigh more than
one ton. their fabrication number per year would be low.
In that case, annual imvoicg would be subdivided into a
few fractions. which s meompauble with the economice-
financial structure of the manutaciuring artisan:

() Tn order o ensure o more regalar mvoremg, Te,
should cliborate farger quanuties of hight products
susceptible of bemyp Linnched o production twelve
times a vea (monthhy freguency ).

() 1t many be noted that Zey has possibilities ol pro-
ducing Q. machines only it thetr unit weight is reduced.

In view of the abhove. the manutacture of products with
a unit weight of more than one ton does not seem
advisable for Te,.

T(’:
Generally speaking. the observations made for the
former enterprise are also vahd for Te,.

(@) However, unlike Tep. this enterprise ts able to
produce (O, machines provided their weight is not igh,
for example up 1o 0.5 0.75 ton.

(M) Tt seems convenient that when this enterprise
elaborates its products i two maodels, the maximum
weight be limited to around 125 tons,

Te,

(@ DLiguie 5 indicates the existence of a wider lield of
manufacturing  possibilities as regards the weight ol
machines. 1t is assumed that Teyis interested in the con-
struction of at least three models of machines and for
that reason the production of machines above 1S tons
18 not desirable.

(M The wehnraal capacity of the enterprise nught
allow for even heavier manufactures but with () guahty.

(¢) For tinancal motives, the kianchings should not
be fewer than siv per sear when v s the vase of
producimg onty one model: for other cases, eight launch-
ings would be recommended.

Tey and T

Within the lngh fe and @ patterns assigned to them,
these enterprises permit the most varied conditions of
operability in respect of weight and number ol machines.
The limitations on the unit weight of products for these
sizes refer to the nminmum weight of the machines

they are interested in constructing. Otherwise, should
this weight be reduced m extreme, productions would
result in less weehnical and commercial sigmficance m
contrast to prelined  structures which are considered
normal within the sector

Repetitive series

By repetitive series of manufacture is understood the
results from the division into fractions of the annual
production of a given type or model of machine as a
consequence ol the number of kiunchings in the course
ol a year.

Machine-tool fabrication, as with other capital goods,
is characterized by discontinuity which derives Trom the
number of times the series s repeated during the year.
The most frequent quantity of kiunchings s in practice
exactly one, two, three. four, six, eight and twelve,
figures deserving some additional comments.

Generally speaking, Tunchimgs of one, two and three
times a vear are not seeeptable for the production as a
whole because the circubating capital would in such cases
attain excessinely high values i comparison with the
economic structure of the enterprise. aftering costs i a
senstble mamner

1 or Teg and oo the most usaal freguencies are tour,
six and erght. white crghtand twehe seem more suitable
for Te,. Tes and Teo Due o senes of varable factors,
among them demand which may ditfer according to the
type and model claborated by g single constructor,
dilferent launching  frequencies niry coexist within a
given factory. flence 1t becomes pracucally impossible
to tahe mto acconnt aft the probable combmanens than
may oeeur.

Nevertheless. starting trom already known data
in figure 6 permits caleulation of the magmtude of the
COnstructon series s i function of the number ol
Liunchings and the gquantity of models,

This s of course valid for esumating the average of a
manutacturing sitwitton as well as Tor facthtating some
of the combmations which may derive trom the sub-
division of totil annual production for cach Te.

INvistsNT asp costs
Investment on maclines for the five enterprises

Muachine tools represent the greatest part of fixed 1otal
investment.  The number of diueet operators working
with machimes has already been determned for cach size
of enterprise: as usuak, they have been assigned a machine
per person. I this relationshipoas taken as starting-pomt.
It casy toocompile anomventory tor cach enterprise
which although by pothencal min be suthciently rep-
resentitne regirding  the form of operaton o the
sector. yen af not reterred 1o the construchion ol given
tvpes or model of machimes, 1t must be acknowledged
that these conditions are nearer the rdeal equipment tor
the munutacture of metat-catuing machines than tor that
of meral-forming machies, since the first ones cust i a
larger variet, of types and models.

The selection of the production equipment 15 also
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nrade, taking into account the fuctors, quality, complexity
and weight of the machines. m agreement with the posi-
uons adopted i this outhine, Generally. the smaller
firms use nurchmes of ow price and less techmeal
resources. Tey utilizes machines oF medium value together
with others of inferior quahity, while tor Tey and Feo the

category of the machines integratiag the wventories s of

high level in terms oF quality, operative resources and

[RL

Ie and @ and with equal equipment andd investment, it is
possible to achieve dilferent Hs 100 values only through
the more or less ratonal utthzaton ot the auvihiary
production equupment whech moats turn depends upon the
technical, magimatine and creatine capaaity the
indirect personnet m charge ol this task.

Hoalso may be sad that f @ smalker percentage of
indiredts s adimtied tor Teg and Lo numencally more

ol

Logarithmic scale
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SIZF OF THE REPETUUIVE SERIES ACCORDING [0 ANNEFAL PRODE ¢ LHION VOL ML,
MANTPTACTERING FREOQVFENCY AND MACHINE-TOOL WLHIGHES

prices. Here an almost always vahid obseryation concern-
g the sectog under analysis should be pointed out: As
the importance of the series s variible ot least between
the imits considered. the machines do not differ: much
from the universal types, Hence. automatic and semi-
automatic: machines are not included in the minu-
tacturers” anventory. This s casily understhod  when
waount s taken of the great variety of pieces and the
wiree number of dilferent operations regrared by the
Pibncation of a machine in respect to the repetitive series.
Standing out once more is the importiance that must be
trihuted to the quality of tools ant o a wider use of
tesand special equipment Tor obtaining low Hs (00

- vaiues This is equivalent 1o asserting that at parity of

e

mmportint inventories than the ¢ selected can be con-
cened. Such would be the case. among others, of enter-
prises working exclusinvely o partially through heences of
Toreign firms, since then the indhirect personnel devoted
torescarch studies, product and cquipiment progects
might be repluced by productive persormel once these
services would be i the chirge of the mdustry providimg
the licenee. Thus the number of direct howrs available
i one year could be iereinsed between S and S per cemt
over the vitlues adopted. As these cases Tall out of the
scope of the present outhine, they have not heen con-
stdered Turther. However, it would not be difticult to
adjust the respective corrections within the context of
these notes.
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The variety of the machines usually utilized in those
manufactures may be appreciated in table 6. together
with the distribution for the dilferent entecprises. Here it
is naturatly undesstood  that the displacement ol 7e,
towirds Tec imphies an improvement of ats guality with
repercissions over the price.

In order 1o tacilitite the interpretation of the table,
some comments ire added in connexion with each type of
enterprise,

Machines for Te, emerprise

The hist of the machines required by this enterprise is
extremely simple and offers Tew variants. As in this size
there are no specialized sections, machines are used for
direct as wel as Tor indirect services. There are no
machines to carry out spectal services: this isa workshop
where Labour is exclusively artisanal and where it is
normal that the same worker executes different functions.
passing from one to the other with relative facility.

Machines for Tes emterprise

This size is also characterized by the employment of a
reduced number of indirect personnel. Tts mventory of
machinery s of some importance and atlows it to con-
struct machines with 7o and O featres wihieh Fayvourably
meet the denids of the mdustrial mventories of such
countrices which are just starting 1o develop mechanical
industries A~ 0 rules the techmical and commercnl
guarantees which this type ob enterprise may provide are
not 1 sulfivient demand 1o snbsenbe tabrication agree-
ments through hicences from toragn tirms. For them
i1y MOore Comnion 1o suheontracth some project services.
The eqmpment el as well as methods of utilization sull
reifect clementary wechcal levels,

Machines for Teyenterprine

The evoluton of enterprises from ey 1o Tey and Tee
is accompanied by increising technicatand organizational
capacitios, strting from the artisanad system: For Te
and progressing o complete strnctnre. already possible
for 7Te, and consohdated tor feo Teg otffering duverse
mterpretations of nuchimes, cqrpment and orgamzation,
This mcans that 1o,
prise of 7o topethough somew bt lrger s anenterprise
which s g to devetop s general stractore taking s

Ny represent as much of s enter-

a pomnt of retarence the vrganmization and the techno-
productine resnlis that may be achieved mnosuperior sizes.
In the present casethe selection s made withaview to the
latter hivpothesis which imphes that beginning by Tey it
is interesting and teasible to work with lwences from
spectalized tirms,

Muchines Jor Tey enterprise

When o machine-tool enterprise reaches Tey size, the
structure of sadmost all its sections is well delineated and
the firm is i a position o elaborate products of a
certain complexity and of its own design. Such an
enterprise may therefore contribute in some measure
to the technotogical evolution of the sector,

Machines for Te< enterprise

In this size of enterprise, the preferential selection of
cquipment for the manutacture of metal-cuting muchines
is more evident. Homay also be observed that i Tee
enterprises indirect machines can attnn almost 9 per
cent of the total, which allows ternal construction of
complex auxitiory production equipment. Uader these
conditions. rational emplovment of mstalled machmery,
together with cfficient adninistration and organization
of the dilferent sections, make possible productions with
low Hs 100 values although 7o and ¢ might be high,

Other ivestineits

This denomination ¢covers mamly the following items:

(@) Indivect and complementary production equip-
ment;:

(hy Internal mechanized means of transport;

{¢) Trucks and sehicles:

() Furniture and ofhice machmes.

(¢) Egquipment for faboratories:

(f) Industrial installations :

(gy Terramn:

(/n Buildings.

Betore evatuating the probable amount of investment,
the position of every enterprise with regard to these
points should e defined. This is summarized in table 7.

This scheme expedites the discrimination on capital
density among the ditferent 7e. On the basis of available
mformation and kg average condivons within those
normally registered meopractice. 1t hies been possible o
estinite total mmvestment by vpes of enterprise, s
idicated m table ¥

In pracuce, within the same size of enterprise varied
sittions coexist especitlly as o terrain, buitdings and
installation values. Morcover. these values differ between
one zone and another within the same country, as well
as in the ditferent countries. FUis estimated. however, that
the values adopted for total investment in table 8 are
sufliciently indicative of the structural dilferences that
separite the several enterprises,

Cost o} direct man-honr

One of the more aceepted methods Tor caleulating
hourly costs consists of rekating all Tined  expenses
registered in one vear with direct or productive man-hours
actually available. Given its simple structure. in the
smialler enterprises 1t is enough to assume for the direct
hour an average value equat for all sectors of the Tuctory.
For Teg and Teq it s preterable to estublish average
values Tor the direct honr for cach group of similar
machines and for the different producton sections, as
in these cases the hourly cost is diverse cither owing to
the stronger or weaker meidence of lubour or to the
degree of intensity of the applied capital,

According to the purpose of this outling, it is enough
to present the inerage cost ol direct hour Tor each
enterprise so as to reduce the number of variables, al-
ready high. In this respect. the following should be kept
in mind:
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Tahle 6
INVENTORY OF MACHINERY REQUIRID BY THE DHFERENT TYPES OF ENTFRPRISES

%
:
£
2

Dcteminiation ey Te: T ey Tre

Production machines

Parallel lathes of various dimensions .. 6 9 R} I8 p |
Screw-cutting othe .. oL ~ 1 2
Vertical fathe ... 0 oo - e —- - i
Turret Iathe ..o o oo e [} 9
Copymp bathe oo oo — — e - |
Uinnersal milhing . ... e 1 i k] h] ]
Vertical millimg ... oo o . - 1 2 k 4
Special malhng ... ... = — ! 2 3
Horontal nullimg ..o oo . v - e e i
Screv-cuttimpmlling oo - — — e ]
Planming . . . e | 2 3 4 4
Planenulling ... ... oiiiiinn, - — — i
Slotting .. ... P — — 1 ] 2
Shaping .. ... 1 3 3 s k)
Horvontal boring .. ... .. o o .. — i 2 3} }
Vertical boting ..o - — e — 2
Pillar and bench drlling. .. ... ... 3 6 8 R 1]
Column drdbing . ................... o e e — 6
Radial drilling .. .. .. e I i 2 4 6
Universal ovhindrical gniding ..., —— 2 2 4 7
Internal ovhndrcal grinang ... - — e 2 3
Plin grinding .. ... . - 1 2 2 4
PlLan grindimg Tor shides and
large stvkiees 0 oo — — e 1 1
Grinding Tor splined profiles ..., — o o - 1
Guar cutting, Tellows tvpe. oo - - ! 2 3
Gearcuttmg, Maag npe ... - — e o ]
Guoanr catting, Plaumer type oL e n  } i 2
Guar catomg, Harber-Colman type . .. — o i o ]
Concal gear cuttimg oo oL - — — e i
Grnding tor gears ..o — — - 1 i
Beveling ges oo — — .- L 2
Broaching ... .. . ... .. ... . ... — - e 1 i
3 Threading, CRI-DAN wpe ..., - s - 1 b1
' Straightenmg Tor shalts ..., . - - e e i
Saws i 3 4 & 1
Machine Torsheets .o oL, 1 ] 2 3 4
Welding. ... ... . o — ] 1] 2 z
Hydraulic press ... ... o0 oL - - — o 2
Honing and lapping ........... e - - e —— 1
L Dynamic balancing  ........... .. ..., - - — e 1
Centre hole grinding ............... . - e e e i
Centring shalts ..o oo o i - - - s 1
Dividing and engraving ............. . — —— e 1 2
Special” .. e e e — 4 17
Others ... — —-— 2 8
Total direct machines. .. ........ e 17 32 52 b 160
‘ Muachines for tool manufacture, maintenance and
construction of jigs and special production
! equipment
t Jighoring .. ... ve e — - 1 2 '
v 3 Precision milling . ................... — - R - 1
Universal milling . .................. — — 1 1 i
r 2 Universal grinding  ............ e e — —— 1 !
s Precision parallel lathe ... ..... Ceeee 1 1 2 3
Tool grinding ............... e 1 2 3 4
V Shaping .................... .= —_ 1 1 1
e Drifling.................... — 1 i 1 2
Welding . .......... ... e ] — -
\ Total indirect machines 2 3 10 I8
Total inventory 19 s 58 108 178
VU nited States dolluey)
Total value of machines” 36000 105000 244,000 663000 1,356,000
Average value of machines’ 1,900 3,000 4.200 6,140 7.750 4-

a Consiructed or adapted in the sanie industry.

& For simple machines, the types and prices prevailing on the Argentine and Brazihan markets have been conudered.

¢ For machines of non-Latn American origin, an overcharge o1 10 per cent oser the Lob. value Tar transport and in-
surance, and another of 20 per cent for internment expenditures and vthers have been considered.
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(a) Accounting of all direct man-hours atready deter-
mined, that is those considered as productive: thisis done
by means of the cards enclosed with the work during ity
execution. The «um ol all direct hours accumulated in
the course of a vear should comcide with the theoretical
hours avathible, which are deduced m accord with the
number of direct persons workmg i an enterprise. 1t s
understood that paissive times ol work preparation s
well as ol the operational ¢yele proper should also be
accotnted for, charging them to the respectine piece or
machine

Secretariat of the United Nations Economic Commission for 1.alin America

Evidently each Te will be charactenized by a diilerent Ch
value that will increase as Tong as Te augments,

Tuble 9 presents relevant data that should be kept
mind when calealating the cost ol direct man-hour on
the basis of average situations occurrmyg e the Fatn
Amcerican countries, with special reference 1o Argentina
and Brazil, Once Ch has been determined, at s casy to
arrive at the fived cost per 100 kilogrammes ol finished
product Co 100, which i other conditions are mamtamed
equal will be different and svanable accordmg to s
productivity in cach size of enterprise. Inagreement

Table 7
SCHEMATIC DISTRIBUTION OF INVESTMENT, EXCLUDING MACHINE TOGLS

Hem ,'l‘| Ie e Ty Fee
n) almosi nil searee medium complele conipleie
th - 1ackles tackles bridge crane and complele
tifting tackles
i) yOS ves
td) negligible searce mediam compleie complele
te) : mediam
iNn almost nil primary searee medivm complele
ig) yes yes ves yus s
1] yes yes Vey ves yes
Table &
ESTIMATE OF TOTAL INVESTMENT BY (YPES OF ENTERPRISE
Chabuoy i thowsand doliurs)
Dewsmination foy Ie: Fey fog Tea

1. Direqt and indirect machines

{see lable 6) e 36.0 105.0 244.0 661.0 1.356.0
2. Orher mvesiment (see lable 7) L 54 no 69,0 IR70 9R4.0
1 Towal nvesimem . 41.4 125.0 la 1.050.1 2.3400
4. Relanonship of tover 3 . 87°, R, R, 63", s8¢,
S, Invesunent per occupied person 207 156 13 4.20 4.68
6. Investment per direct persen L 218 12 41§ 6.78 8.50

(h) Accounting of all cypenses during the sear n
connexion with wages and salaries, social taxes, general
expenses of operation and mdirect material for consump-
tion by the oflice and the workshop, as well as other
expenses  excepl  raw  nunicrials, and banking
expenditures:

() Amortization ol all mvestments, In the following
estinates an annual amortizatnon of 10 per cent over the
total value of myvestment has been considered. In tact,
part ol tire amortization, that of idirect ianulacturing
cquipment relative to o deternimed model. measurement
calibres, cast won models and others, shoukl refer 1o
inferior times, while the other, that of buildings and
installations, allows tor longer periods.

1t derives that the cost of direct man-hour (Ch) will be:
h ¢

a

siles

Ch -

with the average figures adopted, it may be pomted out
that Co 100 values Tuctuate between $45 and  $150.
Owig to the method Tollowed to estimate Co-100, this
represents only part of the cost, the rest being constituted
by

() Ram materials (cast iron, steel bars, sheet, ete.);

(M EFventual machiming subcontracted to third parties;

(¢} Parts and preces bought i the market und used
directly on the assembly hine:

() Propuaganda and sales expenditures

(¢) Bankimg expenditures,

The sales value is obtanaed through the addition of
gross profit to these expenses and 1o those indicated in
table 7.

I Co 100 cost 1s related 10 the sales value of 100 kilo-
grammes of product (Vv 100), it follows that although an
optimum unique value cannot be attributed to this rela-
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Table 9
BACKGROUNSD DATA TOR CALUL LATING DIRECT MAN-HOURS
Cladies i diodharsy
Denommation Ty le: I A e

1. Pcrsons uuupml n llu CNICTPrISG 20 50 {0 250 SO0
2. Directs twith and wihoul machines) 19 41 72 {455 hyL
Yondieeas t Y A 9§ 234
4. Annual heus pey dnul puwn 2,220 2200 2200 2200 2.0
S, Total direct man-hours per v 41.80%) 90, 4%) 1 5K 400 M000 605 (00
6. Annual wages of dicedt lahour 10,500 27,040 55,400 126,000 242 000
7. Annual wages of indiredt fabonr 2400 9.0 28,000 400 38 000 .
B, Tonl wages 6 7) 12 900 16,(00) X400 20000 88T 00
9. Socil Gines and insurance

(pereentage of X) . o) o) [ 0] o)
10, Toral armual expendiiure on pumnml 20,640 S7.60K1 133440 INGOOO 89D 200
11 Annual amoriization

(se¢ table ¥ 10 per centy L 4.140 t2.800 400 105,000 234,000
12, Fixed gencral cxpenses por sear. ... 6,000 20.000 154000 HXLOGD 250,000
13. Consumprion material per vear 5.000 12,000 LK LA 130,000
14, Toral tised expenditure per vear

(RILEEN N 12y 15,780 102,400 2R SO 828 200
ts. Cost oot direct man-hour (14:5) (186 1.14 1.51 (VR 282

tionship, given the general terms under which the problem
is framed, it is true that such a cekitionship keeps within
practical limus of tuether opecatne feasibility of the
order of 30 1o 50 per cent. Fhese aee apphied i figure 7
1o cach Te. together with ahe ahrcady detined data op
total anaual production m tons, Hs 100, fcand O Thus,
starting from Bvourable ond o1 possible factors, the
field of action o the tive coterprises is cedy delimaed.

As regirds the correlitions amoog guality, complexity of
the product and sales vidue of the same, 1t is evident as
lustrated 1o ligure 7 that this s an empirical accom-
modition whose objective v o gather into a single
panorama the free pho of the several techno-cconomic
varaibles characterstic of the sector. Furthermore, it may
eisily he seen that e right lines whieh deline the
percentict! rekinonship between Co 100 and Vv, 100 are

£  Logarithmic scale
e8  TT T R
Complexity | 8C. 1 11| [ || ol b N e
iﬁdex Qo Tt ; 4 ! i N ¥ + t * Pt N ' S “\ es I3
E b i i ' ' + toe i o‘\ T AN - '
: -4008 400 . . | .\» I S S ‘ N - - — 400
q Ic m l.m 350 L0 j \n?\;‘.“ . \\ Joo‘ _.350 g
b NURCITNERN I s
i b MASE NN :%2?,{2 &
- 10 - ’2 %gg \6\0 4 \.KX 1\\\ : z‘
. N . . -1 L]
i 170 R ¢ ~~ =10 3
o bt ’\\: \\ N \\\\\ o
Q Q Q Q W\ N o
1 2 I 1 AN
Quality > =
> Pt . [ . t ~.
, o | tm R <
Annual production 40 60 80 100 150 200 300 400 500 700 1000 1500 2000 Tons
Co /100 120 0 807060 50 0,120 100, 807060
i Dollars per 100 kg 908070 60 50 40 120 100 80 7060 1B0%0 120100 80
I A I S i v P AR G v
100, 807060 50 40 WD @ 3
Hs / 100 . -
Man-hours per 100kg 100 80 70 60 50 8070 60 50 40 60 50 40 30
Py n i Y [ WS T S E
2 3 4 2 3 4
Productivity e [
Tons per person 2 3 ¢4 2 } 4 2 ] .4
| per year
Figure 7

TECHNICO-ECONOMIC FEASIBILITY OF ENTERPRISE OPERATIONS
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Enes of equi-mvorcing ™ that s, of equal ecanomic effect
for different techmcal conditions <1 operation.
An observation here s that Jey and ey enterprises

wonld foinl obstacles o productivines ol the order of

four Lo v per personsand this i prachice s con-
firmed by the Nreentime and Brasaitan cases n eturn,
the other sizes ol cnterprse olfer possibilinies i this tield,
which s inagreement with the strucnimes assigned 1o them.,

REDATIONSIIE BEEWEUN MACTIND - UM MANT T AC T RING
ESULRPRISES AND U NGRS TR TR Gl 1N
HISE O TUL SMUCTANIC M INDES TRY
B usually adnnted as a general rale that the pro-
ducer depends toa greater or lesser extent upon auxihiary
indusiries that provide him with services, specialized

But or the products attributed as Teasible by the rest of
the enterprises. the assistance ol other specialized enter-
prises Is Imperatinve,

[t s understood that the comparison mmong dilferent
His 100 will be valid as Tong as the manutacture s inte-
grated e the same nanner. Hemust be ported oot that in
practice the integration varables are not many. as the
producers usually buy the cast ron maternial, machine it,
purchiase v the market the parts and pieces indicated on
Lable 10, and machine the remainming picces.

The group of raw materials and services mentioned in
that table constitutes a pomt of relerence about  that
which has been detined as infrastructure and whiich should
comeyuenty be consid red as o domestic uctnvity, In
seordimee with the qualitative  hypotheses connected
with the size of the constructor. the quality demiands of

Tuble 10

LEIST OF MAIN INTERCONNEXIONS BETWEEN MACHINE-TOOL
* MANVEACTURING AND AUXILIARY INDUSTRIES

e scmnation 1y

Raw materiuls an. vervices

Caostrontqualony) 00 0L medium
Rehef o streses 0 00000 no
Varely ol castbirons .00 00, suiree
Hardness denind of castiron .., searee
Foundry of pon-terrons tqguahiy), oL, medium
Use of commonsieels oo oL searee
Use olspecral steels o0 o oo L, different

Heat ieatmenis VETY Suiree
Commercial paris and preees

Flectric motors .

common
Stmple clements For ¢lecine crircnits L medium
Comples elemenis tor elediric circuiis. ..,
Elements (or hvdraulic circans, ..., .
Flemenis for ppeansnie circanis
Flements for corcinns ol Tnbricanon ..., clementary
Flemenis for circuns of refrigerinion .. .. clementary
Clutches, brakes, 1orsional, couplings, ete., . -
Screws, sarew nuts, washers and

simidlar gems 0L elementary
Use of precision deirings ..o L no
Springs of every 1ype (quahny and variety) . sree
Non-metallic accessories use) ... ... saree
Non-cleciric accessories of michines

ualityy oo medium
Eleciric aceessories such s magnetic

pltesc el oo
Simple non-mellic elemenis tuse) .. ... L. seane

1. Te. Tey Fee

regular good perfect perfect
sometimes sometimes alway s always
searee sometings high high
searce sometimes rigorous rigorous
regular good perfect perfect
searee regular nornal normal
reduced reducxd nornwil nornial
seane insulticient normal noraal
common comnien speciad special
almost regular regnlar good good
: somietimes normal fregquent
sometines corredt good
sometimes vorredl good
clemeniary slmost normal good complete
almost regular normal good good
clementary e sitlicien complete
almost regular normal good goud
no irregular norntl nornil
SRHICC almost regulbar complete complete
sCaree regular compleie complete
clementary almost norniil nornul complete
sonetinies normu | complete
almast regular regular complete complete

parts and picces Tor the nutnualacture of his products,
whase existence has been transformed into an indispens-
able mfrastructure Tor the development of the sector. It
is abvious that the magnitude of such o structure as a
supporting clement Tor machine-tool construction is en-
lurged, complemented and compheated in the measure
that quality. complenity and sometimes even the weight
al the muchimes tncrease: moother words, on direct
account ol the mstallation of tirms of growing size.
Thus. the presence of factories of type Jey and Tes does
not necessarily imply the existence ol an important
auxiliavy industry as they produce quite simple machines.

cistiron material go together with the increase af Te.
Henee. the importance of wniron foundry, as cast iran is
the basic raw material for the manulacture of machines
(from 50 10 80 per centin gross weight with regard ta the
weight of the timished machine). The second group of
paris and pieces presented in table 10 and i1 respective
gualitiin e appreciations in relation to the enterprises,
deserve further comment.

I the tirst place, tis not mdispensable that the avail-
abihity inthe mark:t of all the items s conditioned by
therr being nationally manutuactured. On the contrary, it
is admissible that some ol them - bearings. camplex

£
i
¥
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clements Tor electric and hyvdrauhie circuits. chitches and
others highly specialized. for example  depend  upon
importation. Inthis group, several fess complicated
products may also be meluded which are bonght from
local industiies. Nevertheless, 1t s mteresting that
the exaggerated dependencey of domestic mdusin upon
the meorporation ol certam aceessories for machimes
would affect the clasticits of the producnive process up
to the part that at would he more convenient tor the
producers to take charge of the manufacture o parts of
such elements until inding someone who could eluborate
them. Stmilar situations hane occurred m Argentina and
Brazil where, only recently. lirms capable of designing
and constructing accessories under strict specitications
are starting to emerge from the mechameal industry.
Owing to the hmited equipment avinlable o 7e,. Te,
and Tey atis a normal practice for these enterprises ta
subcontract services lar specialized machining such as

LS

gears. splined shalts and machiming of heavy preces,
Within the flexibihty with which 1t has heen nmitended to
define the most prohable tield of achon of the Jitlerent
e, mmor cases of subcontracting of services other than
ustally considered would bhe contemplated. Inpeneral,
clementay i somple machimes do not need the addition
of lnghiv specralized and techoically advaneed elements,
and that then respective nnn vadues of sale ae ot 1oo
wfluenced v the preces bonght i the marhet However,
v long s the machime becomes complicated i s diverse
aspedis. the producer will certanmiy begim adding 1o,
2TOWILE quantities, complements from other specnirzed
machines. this substanually alieving the relationship
between his work and the value of preces and eqripment
purchased Trom third parties - some very comples
machimes. the correspondingly hngh values of Vv 10 are
achieved through the important contribution by other
pravider industries of parts and pieces.









