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Introduciion

In the aclivilies of the Cupilal Goods Project in Mexico, as mentioned in
F. Fajnzylber 1/, the focus has gradually been displaced from general

{ssues lo concrele subjects. and based on accumulated experience it has
deen possible to iove on o lhe promolion of significant projecis with an

imporiant bearing on the development of lhis industry in Mexico.

Howgver. even the firsi geneval step. the preparation of lhe
framework for a developmen! slrategy 2/ in which macroeconomic problems
were conditioned with the vdle to be pluyed by the Mechanical Indusiry,
yequived a previous knowledge on the productive silualion of this industry.
An enguiry of the 90 leading companics that are acfimz in capital goods

production was carried o' in lhat preliminary slage.

Gradually the hnowledge of ihe productive capacily of this
industry was built up in a more refined form and this enabled the
publication of a yeneral swmmary as well as olher monographs on the

more imporiant branches 3/.

F. Fajngvlber "Capilal Goods Progyam in Mexico". October 1979

&

NAFINSA/UNIDO Joint Project "México. Una Eslrvalegia para
Desarrollar la Industiia de Bienes de Capilal''. Mcxico 1977,
(An Stralegy for the development of lhe Capilal Gouls Industry.

3/ Joinl NAFINSA/UNIDO Capilel Goods Project in Mexico. Seclorial

Monograpiis on the Capital Goods Tndi<try:

1. "La Oferla Nacioaal de Licnes de Capilul" (The Nnlional Supply of
Capilal Goods). Mexier 1078,

2. "La Produccion dce Conipiirosores en dléxico’ (Production of compressor:
i Mexico) Moxico 1979,

A "La Fudicion o0 Viexico (The Fouadvy. lidustey in Mexico)Mexico 197¢

1. "La Lidustvia 15 clocnice Profesionel on Mivieo'(The Professional
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It was then possible lo compare the previously mentioned
studies on '}hd“Ca[)ilal Goods Supply (published and unpublishc'(l). wilh lhe
corrvesponding studies on ils demand 1/. From [his comparison a clear
contrast emerges belween Mexico's 1 eds and presenl possibililies. and
thercfore a clear and quantifiable background on which new projects

could be established and negoticted.

The mechkanical indusiries have some peculiarilics that make
them quile different from other ihdusl*rial aclivilies, for cxamj;le the
corvespondence belween lhe need for a cerlain product and a project
lo gerve this need is by no means as clear and direct as in,say, lhe
process indusiries. Capacity can be increased siepwise by introduction
of addilibn’al' machinery. Subdcomivaciing and mulliproducts play an
§mporiant role. Therefore, in order lo formulale new projects il is of
the utmost importance to be well acquainted with the possibililies of
the preexisling industry, nol ohly dz:e lo the requiremenls of comple-
menlalion and inpuls -dbotli relaled lo subconiracling- bul also due lo
the possibilily tha! a reinvestiment mav be morc advisable lhen a new
project. It may also well be that success in a new and important
project requires launching a group of relaled projecls, i.e. a program
to mobiﬁze a crilical mass thal could rcally oblain a coherent advance

in industrial dervelopment,

1/ The paper on demand by A. Bozzolo and R. Truffello, swmmarizes
most of hesedemand studies. '
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Some imporlant aspecls of the produclive capacily have been

slyessed in this paper. Mexican as well as inteynaliona! examples have

. been wused in order lo he able lo convey a wider view,

Qualilative aspecls, such as the determining machinery and
cfadpn;eut have been considered (largest sized, more powevful equipment),
along with lhe rclafed concept of productive fronliers. The shift in these
fromlicrs has an imporlant dearing on lhe lechnolugical and produclive
developinent of ilae engineering indusivies, It is remarkable that some
deve loping counlrics have been able (o sustain a rapid advance in this
regard and ave placing themsclves very close to achieveinents -that corres-

ponded until recenily to developed comniries.

Productive frontievs and determining machinery, are sepavalble
from high-volume, high-series production, at least in principle. Large
size eqt)lpment is niore closely related to produclion based on specific
ovders, ad-hoc design and stmilar concepls, in 'r-onlrast lo high-volume
production which is morc calalog and slock orienled. This large site
Jobbing or ad-hoc production is more labour inlensive (qnalified labour,

howencr) and also lechmology inlensive,

As a malier of fuct il seems lo be precisely the focus of
techmological growih in dereloped counivies, and it seems very sigiificent
tha! some devcloping comlvies huve been able lo keep up a fast pace in

this ficld,
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1) Requivemenis and objeclives in Siudying Productive Capacity .

When shudying the Mechanical Indusiries, and especially the
production uf Capital Goods, ils inrhorlance implies thal lhe analysis of

{ts productive capacity serves a variely of purposes.

One of these obje(?l.ives is lo-obtain a gencral economic
viéw of the sector (Capital Goods) and of its position within the
mechanical industries, and to follow its effecis on the overall industrial
activily, balance of paymenté and invesiment. This is a lypical macro
economic approach, which in developing countries still reveals a clear
patlem'clmmcteriu.d by a high proportion of merchandise imporls in
capital goods (near 40% is frequent), a low or negligible proporlional
| of cxporﬁ, a'nd'-as a consequence,a vital share of the inlerual demand
must be oblained in foreign couniries. In other words, imports are
.much more imporiant than production. This is a well ¢stablished patler;
actual proporiions vary according to the ‘ndustrial malurity achieved

in each case.

An effect of this siluation is clearly discernible when the
developing cconomics are confronted with the problem of increasing
thelr growth rate., For this it is necessary to siep up investment, i.e.
requivements for machinery and equipment. Then, as a resull of lack
of productive capacily or reaclive slowness, a motable increase in imports

lakes place 1,/ an increase in financial commilments, and the portion of

G - s e > =~

1/ Brusilian imports of capilal goods from 1965 to 1978 srew 2.6% limes
more liwn the gross tnlcinal products, which cxpanded al 8.4% per
year iu that period. When the Mexican ecomnomy recovered [rom a pirenic
recession in 1978, and an cconomic bovnr stayied 1o vifold 1ircached a
stmilc)r clasticily of 3 for capilal goods imporls.




demand which was previously salisficd by local production diminshcs

sigmificanily., To some Ihis looks likc a devialion from "normal" po

ssibililies.

However, ihis frequent combinalion of results reveals
someihing else about the local production of .capital goods. Notwith-
slanding a noticeuble margin of unuscd capacity, producti on lags
behind demand when subslantial increuses in invesiment take place.
This points not only to lack of dynamism, bul also to llie inabilily to
supply specific production goods demanded be it in terms of dimensions

capacity, delivery time or price.

Symmelvically, if the addilional vesoruces in foreign ex _
change required for growil are no. available, or if their limit is close,

growlh uy{ll be paralysed.

Therefore, lo dentify these deficiencies, questions as to
why some specific and dmportant equipment cannot be supplied locally,
or why ité demand was not foreseen in due time, provide more definate
tnforamiion. Precisely, the analysis that these queslions provoke should
supply useful indications lhat lead to an wndersianding of lhe~degree of

developmeni of lhe wmechanical industry in clevéloping countries.

These commentaries also point to the care that should be

cxerciged when dealing wilh the uswal aggregale figures thal are employed



in global or macroecononmiic studics. These figure tend to hide several
different.aspects of capilal goods, ihat may react fast or slowly or thai

may be limiled, for physical rcasons, to. very . small increments.

In any case, the macroeconomic reasoning is also vilal for
orienting analysis. It does tllustrale the role of this induslry in economic
devclopment. It is easy lo loose sight of this imporlant aspect in delailed
studies. In olher words, the relationship beliween Me capilal goods industry
and the national economy and the possibility of consulling some valid
indicators on the -seclors performance, is one of the resulls of the macyo-

economic study,

An overall view and a kiowledge of the linkage with the
general economy are tmportant, since lhe capilalgoods indusiry is one of
t_hc most diverse and exiended indusirial aclivities. The were fact that
it should supply investment goods lo all the cconomic activilies confers |
to it a special characler and responsabilily. Since the local lndusb:v
evidences its inabilily to fulfill this objective, the proporiion of tmports
' in the supply of capital goods (or of investmen!) becoincs an imporiant
economic. indicator, which, even disvegarding local price distortions, 18
very revealing. Even among the most advanced developing countrvies, the
proporlion of tniports in inveslmenl goods (from, say, non-eléctrical

machinery and cquipment,) easily reaches G0%..
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In non-electrical machinery and o3 'pment it is usuglly more.
difficult to attain a 'higher share of local conlent, since the nucleus of
_ specific machinery for every investment where technology plays a vital
ydle, is classified there. In metallic products, that usually enjoy some
natural protection, or in electric equipment. (for other reasons) the share
of imports tends to be lower. |

Simple indicalors. such as those just mentioned are required

Jor macroscomomic purposes. ag are other velated indicators for sectovial
growth and its relative position to demand, product and investments.

. n dcvcloped counlries, simple ecomomic indicators ave lo
be n?arded differently from the same indicators in developing couniries.
In the ﬁmnc; r."as'e. the existence 'of a mature and well stadilised
structure of prodéction can be assumed and theiefore, indicalors evidence
its variations, relative lags between countries and similar problems. but
'cmunslty to some extent is guaranteed by the preexisting dase.

A different thing happcns in developing countries. - Bu}
. figures and giructure tend lo differ from .the needs af growth. ﬁc
discrepancies that arise while increasing development growth should
not be surprising. Continuity is far from assured in the devclopmm
of the economy and of the capital goods industry. To avoid its sworst
ejfccga’. new projects should span the gaps.




Lven when confronted with simple names such as electric

molors or machine lools, their wmeaning and content in developing

countries is usually very different from the cquivalen! concepls in

developed countries.

It seems therefore, lhat il is necessary lo examine and use

finer indicators that males it possible to tell which products canbe manfactivred
or not,what periods of time may be requived or which complementary

projects should be carried out, and how they will conlribule to lhe

induslry's maturity. The names bf products or indusirial branches

may be deceiving not only in the sense just mentioned, bul also because

a mere assembly may be implied rather than inlcgraled production. This
assembly ih itstym can be an initial transitional stage -sometime

unduly long- in which imports and assembly coexisls in or Ihrough the

same company.
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Q) General Characlerizalion of the Produclive Siinalion.

@ The producing scclovs (selection, characieristics, imporiance).

The producing sectors to be studied will be presenled herecwilh,
along with the main arguments for their relevance. Two main groups will
be differentiated: base industries and lhe machinery, equipment and

componen! indusiries.

It should be mentioned that the problem of classification in
thf: industry is far from being trivial. Usual classificalions reﬂéct a
mixiure of compromises between theorelical crileria and real econonic
differentiation. Foundry, for example, is one of the basic melallurgical
tcélmiqucs and it has ils own place among mechanical industries, but in
somé cases ‘oundry may rvcfer lo ' caplive activity relaled to the finished
production of capilal goods .lz'ke pumps or agricullural machinery. A
aimilaf thing may happen in fabrication or plateworh; besides, from a
fabricating industry such diverse producls can be oblained as slructures

for electricily transinission lowers or pressure vessels for oil refineries.

If tfze purpose consisls of having homogencous prodicts from the
po!nf of view of ils ntilizalion. another classification should be employed.
All of s points to the complexily of the subject, which fay from-being
in a salisfactory way. The solulion of is problem requives methods of

analysis that would be very useful for a bellcy kowledge of this industyy,




The sir:ple sepas ravis.. i vo gvoubs i.ct kas becn

oitempted llustrates i ile base industrizs, sume common .ilits
(foundry. forge), componenis or equipmen: und tecii.lques which are
‘usually shared by all the riechanical tndusiries, The second refers !

mainly to finished products, bs they of speciaiisel use or not,

Base indusiries.

Fabdrication (platework)

This is one of e Mm/y or bDasi: sectors, i: the se;-.
tkal “ does group and use soine of the ‘mdamen! :’ tcch.:{nu 28, SuCk €3
meﬁl cuttivg defoyiration anc welding. Besides, :iis demcn’ arises i
tie early stagn of developmec:ut linked !0 tanks, »cssels in genarel,
d’inplc. cmm for the chemical rnd ceinc:t i:lustrvies, iining ard
metallic structures. iis profvcis tend to ba  brlay and of low unit

price, which gives lhent a cortain Cop ved of raiuvel prote:tion,

n £t§ différz:t deovalcr:izate {i mey reack the procduci....
of dnm Mors. distillciion towers, reacto:s, speciclizad femaces {
_ Jor Rydrocarbon processing, heat exchangers and a wide assortment .of
Jressure vsssels for the chemical indusiry. M its maximun; devsi’opmz'r?‘f
stage it may produce heavy eguipment for nmclcar power planis. I th-cc
cacit. the techniques are movc sophisticatcd anl such pls.:!s are ¢ulte

diffevent from the iritial ores.



Foundry

As already (;-:ewzliua:«zfl. this industry corresponds o one of the
basic metallureical techniques, The produclion of small parls in lavge
series (wilth some degree of anlomalion) should be differenliuted fromn
the production of heavy parls o} ovder or jobbiuy foundrics. MUigh
series production is usually related lo the aulomolive indusiry, und in this
relalionship lends (o be rather specialied.  Medium series can be
atlained in the pioduction componenls for veailroad equipment, mining

equipment, valves, punps and rolls jor sleel volling.

Heavy parvis in small series ave striclly related to finporiant

capilal goods.

Fovgingy

Forging represents another basic melallurgical technigue, 1t
yefers to lhe deformation of hol melal with plastic properlies. Again
a clear dividing line should be established belween high series of small
parts (slamping) liiked with the awlomolive indusliy, fasieners and
stmilar paris, and open-dic forging of heavy paris in large, spectalized
hydranlic presses employing fmgots of the best metallurgical quality.
Thesc ingols and the forging teclniques have been considerably refined
o salisfy modcra requivements in the production of turbines, shipbuilding,

nuclear power cqiipment, and similay heavy parils of high qualily.



Machine_lools

This is again an industrial seclor that also represenls one of
" the basic techniques of the mechanical indusiry. Machine tools are the

specific machines of the mechanical indusliries.

iThe initial division in this case is between melal culling and
'mctal forming machine tools. Then, within each type, generval lypes of
machiné lools are diffeventialed, such as lathes, drills, milling machines,
gear hobbing machines, elc. Another complementary differentiation should
be established according to their aulomalic produciion capabililics, type
of control (automalic lathes, numerical comirol maéhines. lransfer

machines, elc.) or especialised design.

Machine 1ools should not only be considercd from the poini of
view of production, but also from the poinl of view of use and
mflabllity. This aspect is frequently analysed through inachine tool
tnventories and specially through delailed exam ination of what may bc
called the "delermining" machine tools, i.e. thosc thal fix the limfits
of produclive capacily in the differen! branches of the mechanical
. Industries.

The volume and production slruciuve of machine lools in a
developiy counlry as well as lhe availubilily of "determining'' machiic
tools are some of the besl indicators of (he malurily of the capilal

goods industry.
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| At least ax impovtant part of L:e rost cdvanced especialised
ergineering knowledge relaled to cupital gooas proluction, an be found
assoclated with the design and production of mzschine tools.

Machinery and Components Indusirics.

Whilst in machine tools an impcyiani percentage is bought by
the mac_hanicql industry itself, ihe machizrery and componenis industry
vefers o jinisiied equipment en. vital cor:ponents which constitute ihe
lamostmcnl of all the economic activities (except the mechanical industries).
Sé;mctimes a ceriain machinz has a sirgle and well defirea final use
(wearing machines - textile i:dustry), in other cases there can de a
toide dbersi‘y of final and intermc 'iate dastizoniion-, for axample an
electric motor can be fmcorporated i: arother machine (mackine tool,

pump, etc.) and then sold to the user for asser:bly or replacement.

. Aaricultural machinery

This case deals with saries production, Therefore, the volume
of production is an importmt indicato;, and itc relation to the anblc'
land in the country. However, qualitative charncteristics 'oj production
should also de examined as well as the degvee of local content (integration,
If production is well integrated it will have a positive effect on the local
production of diesel engines and lransmisions.
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Oilﬁcld drilling equipment.

Characleristics such as derrick's height, depth lo drill and
" local inlegration define in general terms whal can be produced. I is
also necessary 1o analyse accesories and auxiliary equipment (special

valves, wmund pumps, drillbils, kellys, elc.).

Ore crnshiig_and milling equipment.

This type of equipment is used by mining, cemenl, aggregaie,
chemical and other industries. The range is wide and varies from
light easy to make equipment, to very heavy, wilh parts that weight
60 lons or more. In this case therefore, the specific characleristics

of the equipment and the degree of local integration should be siudied.

Barth-moving machineyy.

The largest equipmienis are nol only used in consfruction and
large pudlic works, bul also in mining (open pit), foreslry emd some
-é&:amﬁ:z aclivilies, as well as in malerials handling in scveral
tnduslrics. As fu the case of ore crushing equipment, the cquipment

type and size should be eslublished.

Melallingical Equipicnl.

In the cuse of furnaces, scveral types can be diffcrentialed,
Howcvey, some of lhe more common Iypes, used both in sleel making

and non- ferrons industries, « c quite similar,
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Rolling equipment has lo be studied aparl, and il enlails a

more complex nmunber of Iypes and componenls.,

In this productive branch agains sizes and types of cquipmend

should be clearly eslablislicd in ovder to be able lo fix wheve the

productive limils avre.

Pumps.,

It maqy be thought that s refers o simple producls,an to

some cxlenl this is frue. MHowevcer, the simple cenlvifugal pumnps that.

are produced in the initial stages of development, for urban or
agricullurai series of production lend lo be light products iniipii series

of production. Mullislage pumps for deep weels are usually close lo tha!
slage. Modern Ligh pressure and high power mullistage pumps for boiler
Jeed and oil pipelines, as well as axial and mixed-flow pumps for modern
electﬂclily generalion and slorvage, all of them in powers above 5008W, are
much move inleresting producls and are found less frequently the produclion

of developing counlries.

Production of specialized pumps, such as slurry punmips, gear

pumps for viscous liqids, puwnps for hydraunlic circuils, are also of

fulerest.
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Compressors.

Reciprocating, vane and Rootes types and even screw type
are velatively simple achievements (except for some components such
| as the screws themselves) and thely production is extented in low
capacities in terms of aiy volumes and relatively large series

(provided there is no excess of compstition),

The next step, with more important Mpucam».aﬁ a betller
and more mctica'l solution for the oil, petvochkemical and many ofher
indusiries are the turbocompressors, whickh are from the technical and
: mu_vc point of view akin to turbines. These are usually missing or
only incipient in developing countries. Attention should be divected
precisely to turbocompressors.

Gegrs and reducers.

Gears are componenis of viriually every machine, and ave
the dasic components of mechanical tyansmissions. Theilr production
reguives exacting precision, specialized machining and caveful
melallurgy b&. for the blanksand their heat treatment, The gear
' mw and grinding machines are expensive as the measuring
machines. The diameter of the gears is a major point, as well as
Shely precision and complexity (other than spur oy helical gears.). |




In the casc of reducers, those applied to lurbines for their

speed and leigh power of main inlerest, If many of lhe specialised

high power reducers uscd in the sleel industry, sugar industry, eand
shipbuilding are imporled, this should be considered as a clear sign
of weakness of local production, cven though most of the calulog

reducers below say 200 KW are locully produced.
Valves.

Thix is a wide field. According lo the needs of electricity
generation, chemical and oil industries, it secms that those valves
wilh dicincters above 16" and high pressures are of additional énicrest.
Specially very heavy lnige-diameley valves for ofl and gas ducts. Also,
due lo thei increased coimplexily aulomatically oseraled valves are of

inilerest.

Diesel encines,

Diesel engincs for transport vehicles and gencral machinery
uswally have a market that permits high scervies produclion. If these
engines are classificd by power rwiges, the first group will full mostly
in the up to 200 Il yange. Engines from 200 to 1 000 IIP are used as
prime morvers for heavy machinery, medinm sized boals and cleclricily
genervalion. Engine above 1 OOOIIPm-c nscd for locomolives wnd the
shipbuildiiry indusli:y, The problens of production, scries and

componenl s differ in cach  rse,

—



Turhines.

v

Usmdly the ittial question is whellierlliere is any produclion
at all.  Their requirements in tevm: of cast and fory «d purls are a
taxing demand for suppliers. Mls engineeving vepresenls one of lhe
most advanced and interesting. ¥ In case production has staried, their
sfze and main characicyvistics should be known. Here hydranlic. gus

and steain turbines are included.
Bearings .

Bearings generally pose stvingenl requireincnls in lerms
of steel qualily and ils pruduction implies specialized machinery. Il

{s importunt to identify their dimensions and -types.

Eleciric molors and generalors.

Three main groups may be eslablished bascd on theiy power
and main characleristics. Fractional horseporer (below 1 HP) and
tnlcgral Loywpower (ubove or cqnal to 1 IIP) may be the iniliai division,
Within inlegral horsepower mcolors, al leas! two main groups should be
considercd. Thosc according 10 uswal norwis and specificalions up
to aprox. 200 P and those above 200 P which usually ure nol
comprehensively corered by norms of standards, and nswally buill for

a specific customer's order,

O o4 .’



According to their chavacteristics, at least induction motors,
* symchronoug and direct current motors should be difjerentiated. Synchvomous

motors are usually of high power, and therefore; a small number of
. them have a higher share of the value of production. Generalors can
be classified with motors, but form a class by themsslves since high

powey is’a main consideration.

. Power (or apparent powey) and opevating voltage are the
main characteristics to consider.

&oﬁgdoml electyonics.

This industyy should be mmmamum
of view, production and use.

Production can be studied through such importent products
as power vectifiers, instruments, LSI civcuits, data processing

ogquipment and electyonic components. .

Afplicd professional electromics are fairly spread all over
M‘ mechanical industry, in motor and Mﬂ‘l‘ conivois, servomechanisms
comanding and aulomalic mechanisms, 3ensovs, measuving and positioning
devices, eic. | In this : sense electromics plays a vole in the
mechanical indusiry nMc'h resembles the role of the latter in the
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ecomomy. Il exients to all ils producis, modernizing and refining them,

_and contributes lo its new cfficiency and reliabilily.

The importance of professional eleclronics is then beyond
any doubt. Howcver fis sludy isn't simple and ‘il brings ils own
problemns of classification as to wheiher it refers lo captive aclivities

or .disparate indusiries.

The presence of this activily in velalion with the cupilal goods
industry is an important sign of maturily, cven if its volwine or
invesimenis are not {oo significant.

Railyoad equipment,

The production of locomolives is of prime inporiance. In the
next place, production of freight and passenger cars as well as cars
for underground transpor! should be considered.

Shipdrilding indusiry.

The effects of this indusiry on the development of capilal
goods is significant, bolh due to the amowunl of subconlvacting and
to the weigh! and size of componenls, togelher will (he persomael
qualificalion and availability of large-sized machinery. I is therefore
wecessary lo know lhe roquived  capacily of ships and their main

characlerislics.
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Alrplanc. Jurlrcslrl'.

Undoubtedly is one of the most modern branches of capital’

'goods, and .in addition to the engineering which it vequives it puls to

puls lo test the quality of malcrials and componenls all of wiiicl: enable lhe

developmcent of .a more mature supplier industyy., Furthermore some. of ils

engines are complemeniary io previous seclors.

S TR
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. +The sectorial structure

Once that the more important production branches hnve been
MW. it is of interest to comsider its structural relationship.

The relation between the productive branches in the interme-
diats demand is easier to establish through ordered input-output ma-
Mcn. Their relation to investments and final demand has not been

svaluated in such clear ways.

If the mechanical and corresponding metallurgical industries
are ordsyed, into a Mngular input-output matrix a distinctive pattérn
and hierachy emerges. This ordering requires that those products
(branches) of an advanced economy that sell less intermediate goods
be foilow«d by those that sell increasing amounts of intermediate gooda
* @Sse table 1),

 This vesult illustrates a structural difference between such pro-
ducts as ships, locomotives, office machines, earth moving machinery
and specialized machinery for various industries, all of them mainly
destined 1o final demand, from othey branches that sell to the previous
ones and to intermediate demand in lavge proportion such as engines,
Mbﬁes, electyonic cbm‘poneuts, electric motors, mechanical componenis.
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~Goods, such as those described, which arve mainly assigned
to final demand, corvespond to a single or few final demand sectors,

- Ships and. locomotives belong to transport activities. Spectalized in-~

dustrial machinery have a similarly close correspondence, printing
ma‘chine's - printing industry, spinning and weaving machines - textile
industry, crushing equipment - mining, cement, chemical tndustry,
etc. However there ave some complications to this simple descrip-
tion. For example, many industries may have theiy oun transport
equipment, Also, aggregation in the productive branch may have effects

.-om the corvespondence,

Machine tools, even if destined to almost all ecomomic seclors
(for repair and maintenance) their more important destiny is the mecha-

" mical industry itself.

Other products such as pumps or compressors have been classt -

fied as of extended use in the whole economy, but this can be shown

to be an approximation due to aggregation. When diﬁcrent' types and
sizes of pumps and compressors are considered the situation is com-
sidevably allered.

All these argumenis point to the need to consider a ceriain
hievachy and overall view that considers ils unity in studying the
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the mechanical tndu#tvies. These industries ave clearly not independent
from each other, even if the basic enginccring and techinological common
factors are disregarded. Subcontracting is a basic fact of everyday .
life. However, this does not mean that something that could be called

~ a subcontracting stage could have some realistic base.

The production of finished capital goods for final demand requives
a whole series of related industries to supply them with basic inputs,
squipment and even, to some extent, markets. Its development, in
order to avoid painful mistakes and ligs, should in many ocasions be
‘underiaken as a whole, with the extension and diversity that the national

economiy allows.

An almost total escape, however artificial, from the above
mentioned integral approach is by means of assembly, By importing all
the parts and components and leaving only the final assembly to local
aclivily, most of the development and subconlvacting problems can be
ignoved for a while. At least from the point of view of the company
that s introducing the assembled equipment in the market, Assembly
aliows it to clude all the structural relationship., However, from the
nalional point of view, or that of the supplicr of some input, a different
msoniu;,'r emerges, This share of the market should be integrated with

similay wiarkels to altain reasonable economies of scale.




Léts examine, for example, the case of heavy foundry and
fJorpgng . DBoth actlivities supply immporiunt componuents for nost of the

heavy capital goods. But, boll requive a vather exiensive marhet to
become economical. That is, the markel for eleclricity generating
equipmeit should he integraled wiil that of steel mills,sugar plants,
eic, This is tlypical case,which has becn illustraled for héavy compon-

enis,

In the cese of invesiment goods, such as machine tools oy
tntermediate goods like eleciric motors, a similar situation develops .
Espectally regarding small series prodi:clion, most of the market should

be integrated to reuch reasonable econaniies of scale,

‘Converscly, if heavy castings or forgings ave not availadle,
the degrce of locul integroiion that cai: be oblained is small, that és
production comes close lo assembly. IHowcver, this lind of assembly
{f duly oriented mey lead lo fulure integration inchuding the local availa-

bility of caslings aud forgings .

Orienlulion is Linporiant, because dislorlions are frequent.,
Low. fnvestnici's associtled wifh cssemnbdly along with a high tariff tend
to originate an cycessive wmnnber of assembly plants which sometimes

call theaselves producers., This lee!s lo difficulties $n standardizing
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céuipmmt nventories, reducedv lumens for spar parts productios.
diversified suppliers, and the next steps leading to higher local
integration become politically more complicated.

Thesé kind of dilemmas - initial assembly leading to highey
integration or mot vs initial production requiving inputs from comple -
msntary plants - are typical in the development of the capital goods
industry. The main considerations seems to be to keep in mind the
$mportant objectives, this will make it possible to follow different policies
provided llat the attainment of the main goals is not jeopardized.

All the types of production that have Leen mentioned kave si-
milar implications, the growth of the capital goods industry does mot
only depend on the demand for investment that oviginates in the rest

-of theecon. my, it also depends 1. a large extent .n the specific de.i-

.mi taken on how to develop the mechanical industry itself. The pos-
8idility of thes e decisions and the various aliernatives available as

to tralectories to be followed,  illustrate that the stvuciural rela-
tionships in developing countries ave much move flexible than in

malure economies.

The decision vegarding what may or may not be produced in
a dcwm country, cannot be only based on the simple empirical
observation that other countries have or have not been able to produce
the aame. equipment. Production functions are subject to dynamical




shifls in (his ficld, In a certain calcgory of developing counlyvics
such. ae Brusil, Mexico, Korea, India, thesc shifis can be clearly
observed, Il is nécessary to carvy oul aud updaie continously a
deluiled cxaﬁzinalion of possibililecs and oljcctives, and then lo trans-
fog'Jtrlliese ‘sludics into concrete projects, € this way the dynamism
in‘ the brorluclive Jrouliers n'zay be cextended lo other cxononies as
well, |

b) The Produclive Froniicr and its Displacements

gectoifal Irontiers

In general, productive capidly is closely asscciated with
certain machincry or equipimen! w!.en due to this fact could be called

determina..!,

Reference can be made to atleas! livo types of productive
capacity in (his industry, and this, is again a diffcrential characteris-

lic of catn'!al goods, one of its mulliple clharacleristics, (

The first type of productive capacily lo be distinguished is
the uswal concept » thel refers to production ivatumc, whiéh may be
represenied by a cerlain lonnage oy nunber of products per year,
an dealing with repetitive m-';-;elzec-/io;z of a single (ype of product

this brings no Jurther problews . Bul chen --as is usnally the case -




It must deal with an assortment of products, be they similar
or not, then the determination of productive capacity has a new
complication. Production is associated -vith the proportion of each
of the products in the assortment, since each product has different
requivements in terms of production time and also has a different

weight. If products are dissimilar, the use of different machines
may be reguired.

Amnex 1 {llustrates a typical case of an assoviment of simi-
lar products in a large diameter pipe plant dased on the UOE proces s
This. type of production has much in common with fabrication and it
{llustrates the problem of production capacity for these cases.

It can therefore be appreciated that even the traditional con-
c spt of capacity in terms of volume requives some additional conditions
in the mechanical industry. Capacily is rather a comoination of ca-
pacity, according to the proportion of different or similar products
in the total.

| These qualifications represent ons of the diffevential charac-
teristics of this industry that s, the fact that it is posible to produce
a multiplicity of producis, similar or not, in the same plant. The

detailed calculation on what will be the pricise production of each product
how to the different machines, is part of the detailed pro-
gramming and project preparation in this industry.
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Atlention now should he addressed lo anolhcr aspect of ca-
pacily which is of particular intcrest, nolso much for serics produc-
tion bul for produclion of capital goods on order. Il refers to the larges
sizes, weighis, maximum power or similar exircine characlerislics.
‘This concepl! of capacily corrcspouds lolial may be called "'limiling

products' and is linkcd to the delerminan! machinery wentioned above.

So:nc exaniples may illustrate this point, the casc of thic
electric overhead travelling crancs which usually plava critical role
in this regaz.'d may serve this purpose, If co.iplete steamm geuera~
tors arc lo be fabricated, usvally the heaviest part is ihe gteam
dome with a weight 1:at easily goes Leyond 100 tons. If the crune
lifing caparity is only 100 tons, it is easily undcisiood that it
will be diji.cull or unfcasible to fabricalc thai pavi. In case the lifiug
capacity is adequate  then we must look to ihe capacity of the
plate forning machines (bewling rolls, special presses, elc.) to
cvaluctc if the Mick walled dome (thickiicsses in cxcess of 7 ticles)

can be jobricated by these machines,

In the case of a turline housing, bo!lh for joint amd internal
surfaccs, whewe diaphvagms will he placed or the blades will spin,

the machine tool lo consider is e plano-milling machine to judgc

the physizel dimcensions that can be machined,
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That amownts lo say thal the geomelry of the parls wd
).
their measuremenis should be in accordance wilh the delerminant machine:
The restrictions to production arc of geometrical nature (neaswres,

form, thicknesses, relaled weights, relative position of surfaces fo

 be machined), and then in a Yess imporianl way, ollicy considera-

tions appear such as productivity, precision, cquipment, age, elc.

Each important producer, Iries lo convey in ils catalogs
a clear idea about the main cheravieristics of (he determinanl ma-
chincs, precisely in ovder that potential clienls can make thaiy oun

assesment as to what limiting producls can be produced.

In order to carry out a comparative study on limiting pro-
ducis and determinant machines, it may be nscful to cousider a
table as thc one to be described (see lable 2). The colnmns of his
lable include all the mdin production branches and the lines cover
the determinant machines, although in some cascs, the purpose
is rather to keep track of high-scrics produclion loo. The purpose
of such a table is to enable a quick quantilalive estimate on the
relative position of a counlry in {l:e capilal goods scclors, lo poinl
to lags in ceviain types of equipinent, and with some alditional ex-

perience, il may conivibutc lo sienal to what can or cannol be made,

rhe machinery lo be included in such a talle will be des-

criled and somme yelevant exainples will be provided, Il should be

reminded that due lo the fact of captive foundvies, forgcs, or
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cap.ive fabyrication and similar cascs, some defcvininant cquip-

menl thal appcai's as specific for a certain braich may well

be foinni in olhers, !
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Table 2
( Hlustralive )

For cxample: Fabiicalion Foundry Forging Agricullural Machinery,clc,

Determinant Laquipment

Melal cu.ting machinc tools a/

Metal forming machine tools @/

Melting and vefining furiaces

- Cupolas (tons/l)

- Induclion (tons,’charge)

- Arc (ltons/charge)

- VAD and vacuum degassiug systemns

(max. capacily n liquid melal and max, weight of
cast part)

Heat treatincnl finnaces

- Annealing (mcasures, capacity, lemperate)
- Heating (same)
- llcat trerz.’ﬁzent (same)

Welding

- Welding machines
(cybe cuyrent)

- Manipulators

Overhead travelling cranes

- Maxitmum lifling capacily
(cach and combined caftacity

n/ To b¢ deseribed in the following puges,




Mejal cutting machine tools

ames

- Large oengine lathe
_ (hurning diam. x lenght belween centers)

= Vertical lathe (vertical boring machine)
(urning diam. x working height)

- Automatic lathes
- NC lathes

- flavigoniel boving machkines

- Table type (spindle diam, table sige)
- Flortype (same)

v hines

= Portal and other types
(measures)

2K _Mechining conters

Qrinding machines

- Cylinder grinding
@iam x lenght)

- Plane swiace gr.
(sizes) '

= Radial dvills
@iam bit x dism orm)
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Gear making machines

= Gear hebbing (spuy and helical geays)
(pilcl: diam, x thicrncss and module)

- Gear grivding (similay)

- Measuring machines

Transfer nnchines

Metal orming machine tools

Plate bciding rolls

(max, thickness cold x widih)

Brake presses
(lengith, force)
Forging presses

- Mechanical forging pressecs
(force sirokes per min)

- Hydraulic forging presses (cpen die forging)
(type, mecsures, force, strokecs per min)

- Forging hammers
(similar)

Mechanical presses (forging excluded)

(ivpe, force, measures, strokes per min.,

Hydvanlic presses (fovging excluded)

(similar)
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With the purpose of illustrating the contrasi and relation
between large-sized products and annual volume. implicit in table 2,
the case of electric furnaces may sevve as an example. If the objective
is lo caé;t very heavy paris or heavy ingols for farging, the maximum
available weight of liqguid melal is the sum of the corresponding
capacities of all the available furnaces. But here a duality arises,
since each furnace according to ils size may lurn oul a ceriain
yearly output then the capacily lo cast heavy parts is linked to a
sizable annnal volume of production. This volume may not be
absor ed by the demand for large parts,. in this case, the production
of heavy parts musi be continned with medium-sized or even small

parts in order to ubsorbe the productive capacily of the furnaces.

The plant lay-out of course will reflect a compromise
&twceh the different objectives. However, one way to reduce the
conflict is through the use of the modern systems of VAD (vacuwn
are degassing) and AOD (argon oxygen decarburizing) that allows the
transfer of he refining ofsteel from the avc furnaces to the holding
furnaces, thereby increasing the capacity of the system bul, which is

movre efficient than the case of adding other arc fumaces. The following

Sgures illusirule (his silualion.
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Electric ave fimaces

Nominal capacily tons . : 15 35
Capacily range:
min. 12 28

max. 20 42

Produclivily (rcferved lo the maximum
capaci!y, lons/hour)

carbon steels | | 4.6 3.7
alloy sleels ' 4.0 8.2
Productivily (mow, refining of the
steel lakes place in the VAD
furnace, lons/hour) o 6.7 13.0

The capacily in tomnage per year, with lhe assistance of the
VAD furmdce, in this case, increases by 50%, bul the maximum availibilily

of liquid sleel increases by avound 100%.

'The maximum capacily in casting large forging ingots and ils
velilion lo the available forging presses is a cleay indicalor nol only
aboul the sitwa tion in forging planis, bul also-due lo lhe presence of vilal
forged parls in all heavy equifnnenl - it leads to a clear assesment on
the waturily of the capilal goods indusiyy in a countyy and also reveals

the advance of s melallurgy.
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In 1977, the largest fovying inpuls aveila le in the world

werel/
Country Company Max. ingot
: weight, tons
Japan Nippon Steel 500
- Kobe Steel 500

United States Bethlehem 330

| | United States Steel 330
Cermany (F.R.)  Reinstahl (Thyssew 300
Italy Terni 240
United Kingdom

Germany (F.R.)
Fyance

British Steel Corp. (River Dow 230 - 240

Ki¥ckner

Creusot - Loire

230

170

The largest ingots of 500 tons correspond to 13 000 tons pre

and those ayound 250 tons to 10 000 tons presses.

It should be pinted out that Brasil has set to itself the

farget reaching 200 tons forgings and it glveady has a 7 500 tons press,

swhile South Kovea, where a new forging plant is being installed is
alveady considering the installation of a 10 000 tons press.

i7" Acording lo W. Bailey.
' Ingots'’ Iron making ond stcel making N,

modificalions.

"Refining and Casting of Large Forging

2. 1977. with small




These figures indicale how fast can middle sized dinamic
gconomies aproach some of the imporlan! achievemenis of the developed
comtries, If should also be reminded lhal the present slage of
tecknology for casling and forging such heavy inpols is a relgtively |
recenl, development that originated in the 1960 s.

The case of hydvaiilic forging presses illusirales again the
conflict between size and volume. Graph 1 presenlis lhe relationship

" between ingol weight and press capacily. However, the layger the press,

the larger its production capucily. This again requives adding all the
seclorial markel and if possible some inlemational markels in order to
insure a reasomable wtilisation of the available capacily,
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All the previous argumenlds poinl lo the facl thal informaltion
on the main charucleristics of cquipmenl such as arc furnaces and
fovging presses leads to the maximum weighls of paris thal can be cas!
or fovged. Of course, due consideralion must be paid lo olher complc-

mentary equipmenl!s such as cranes, ¢lc.

That is, the deleyminunt equipments will fix the ma fHmnum
capacily of caslings and forgings thal can be obluincd. By deducing all
the tmcurred losses during the mannfacturing precess, the final weight of
the maxtmzbn finished paris can be calculated (losses propér;‘, uppey and
lower disards from ingotls, scales, feeders and risers, chéming
losses). A corvespondence can be eslablislzcd beliccen lhe: finished weight
of a part -accovding to the design and ulilized technology- a;nd the capacily
of the cqnipmeﬁt in which thal parl is incorporaled. This is illustrated’
by table 3, where for a cevriain well known design, the quaniily of lignuid
sleel available is corveluted wilh the poier of the slcam lurbines lhat
can.be made wilh main componenls obluined from that liguid steel, This
ﬁ an example of the velalionship belween delerminant equipment and
Ymiling products. |




TABLE 3

FORGED AND CAST PARTS FOR POWER EQUIPMENT THAT CAN BE
PRODUCED ACCORDING TO STEEL MELTING CAPACITY

(Poweyr of equipmeni in MW)

Meliing cspacity, tons 80 100 120 170

WU of finished pavis apros. ,
“tons

30-40 35-50  45-60  56-85

Forgings

Rolor, low presswre & 160 200 250 450
Rolor’ for mwnm 190 300 400 600
Rotor, high pressuvre 800 6230 e -
Rotor, hydvaulic turbine 100 200 300 520
Castings -

Steam turbine housing 300 3% 450 620
Rumer for hydvaulic turbine 140 170 200 270

v weigh! refers lo special and muck move delicale producls
such as steam turbine rolovs. In this cases the relationship
between ingot weight and finished part weight con be as high as
3:1, Ihmon common products the corvesponding vatlo 15

I Conventional steam turbine.
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Regarding furnaccs for stress-rclicving of fabricaled parts,
used mainly for :.prcssurc i)ééscls, their dimensions delermine Ihé-.size
of prcskurc vessel lhal can be handled, For very long vessels, siress
relieving can lake place by placing each timec one half of the vessel.

#n the furmace. For example a‘furnace of 4.5 x 5 x 15 meters oatmoi

deal wilh vessels longer than 30 ncters.

Bending roll is a mclal forming machine dcsigned io
form plate into cyiindrical or conical sufaces and lhevefore its use is ...

| normal in the manufaciure of pressure vessels, heat exc}hngérs, .\ball‘ |

mills, sieam domes, cement kilns, etc. Large and powerful rolls

can handlc plule of aroimd 10 Mélzcs thick, For very thick plate

rolls are usually complemented or replaced by speciai prcsse#.

If the largest bending voll available can only handle 3
tnches thick plaié for a reasonable width of say 3 melers, thzz'e_\-mﬁ'- |
of pressure vessels or thich components that can be made m’u” be o
seucrély resivicled, The thickness to be volled can be increased by

. heating the plale but this is not an advisable pcrmanent solution

The maturily of the capital goods industry will therefore
dmply morc powerful $cnding rolls. For modern equipment of the
above mentioned lypes, ending rolls will be requived wilh a capactly

no lcss thar about 8 inches.
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There are several lypes of specialized hydranlic presses

that musl be idenlified in each casc und which also correspond to

other limiling producls or components.  Amony them plalc-dbending

presses for very thick plate used in shipbuilding and pressure vessels,

dishing presscs used to fabricate the emispherical or semielliptical

hecads of pressure vessels. In these cases, capacity in tons and
dimensions delermince the range of producis. For a modern petrochemical

and peiroleum rcfinery industry, this presses should usually have capacity

above 2 500 to 3 000 tons i_and adeqifile sis..

For metal-culling machine tools the main yequivements ave
of geometrical nature. The leigth belwecen centers available in the larges!
lathes should correspond to the largest parts to be machined in them
blus perlaps u cerlain margin to provide for Juture growth. 1f sencrator
rotors and low préssurc turbine rotors are to be produced, lcrgr;.th
will be inmedialcly in the vange of 10 to 15m. If shafts for ship-
building are involved length become larger. Diameters are oblained
Jrom the same parts to be machined and together with the length:
provide the bésic characicrisiicas of the lathe,

Table 4 presents some typical diumeten and weights for

generalor rolors and low pressure steam iturbine rotors.




Steam turbines and generators.

diameters and weights

Table 4

Roto

Rotor, low pressure Rotor, generator
MW weight  diam.  diam. weight  diam’ diam.
' fons in. mm, tons in. mm,
3 000 rpm
60 15,1 48 1219 21 %5 889
120 24.4 60 1524 33 37 940
200 29 6l 1549 43 a 1o
800 35.7 64 1626 66 5 1143
660 @ o4 1626 87 % 1168
1300 70 72 1829 125 51 1295
1 800 rpm,
540 79 78 1981 123 64 1626
680 103.3 78 1981 138.5 64 1626
80 1354 90 2286 155 64 1626
1300 150°* 90 2286 206 68 1727
Unbladed rotor
Estimate

Souyce: M.R. Graham. "The fulure suﬁply of Large Rolors” Parsons
' Newcaslle, Nov 1976.

Materials Symposium.

Note: For 3 000 rom, the following relationship com de adjusied lo the dia-

meter of gemerator rotors (in inches).

p=21.02 M0 12 £ 20,99

audﬁw thely weight, at 3 000 rpm
W= 2.06 (Mw)0- 57

and for weight at 1 800 rpm.
w=272mpn”? 2 .

y2 = 1,00

0. 99
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| When the ratio dianmeter: length comes closer to one then
.in the case of rotors and shafts, for example, in the case of rotating
compasénts for hydraulic turbines and large pump components, ball mil}
heads, housings for several lypes of equipment,etc., it is more advisible
to consider vertical boring mills. Iu a large pump and small hydraulic
turbine factory in Japan the vertical lathe is able to machine diameters
of 11.5 m and 4.1m vertically. The largest pump factory in Mexico can
only machine 3 M in diameter. This difference clearly limits the size of
pumps which may be produced. If we add to this limitation the difficulty

in obtéining heavy castings, certain qualities and related problems, it is
then easily understood that advances in terms of diameler should be paralleled

by corresponding advances in other branches of this industry.

The case of the floor type horisontal boving machines
(for weights above 70 toms) and the portal tm‘ plano millings machines
clearly illustrate the degree of ma,turitj; and the sheer sizes that can be
producelin the capital goods industry. These machines are appropiate
for pmmétic‘ ahapcus', and again the limitations are of geometrical nature.
A turbine housing or a large diesel engine compoment must be within the
working dimensions of the machine. The value of these machines rapidly
grows above million dollars, but their presence and use is a pre
condition for the production of heavy capital goods. There are some new
and modern varieties of these machine tools that are able to machine
following complex curves and patterns, apt to develop and aeromautical




tndustry and adequate for the improved designs thal appear in scveral

tndustries.

| NC machining cenlers, and in general NC machine {ools
appear signifioartly in medium sized and small series, the formmer in
move vayicd and complex machmmg Their proportion in the machme
tool inventory reveals much about its modernity, flexibility and productic ily.
However since t(zis paper places its emphasis on limiling products and
determinant machinery, only a passing  refervence is made jo NC

machining centers.

Gear hobbing machines conslitute a spectal case thal also
reach hiygh prices as soon as about 1 m in diameter {s exceeded. Their
nunber is scarce and their diameters small in developing couniries. Thcre
ts somne availability of gear hobbing machines in the range 3 to 5 m i
diameter, but thesc ave usually -obsolescent and second hand machines,

that produce low quality gears, adequale only fo:. low speeds.

If quality 4. large diamelers is io be improved, il is
necessary to have a correspouding gear grinding machine which subs-

tantially increases ihe required inveshinenis,

The gear duncumons and qualily deterinine the type of
speed rcdm,cu, or of large gears for equipment that can be made. Speed
reducers are used i all indusivies and in many lypes of equipment. High

power reducers are abuidan! in the stcel tndustry, sugnr planls, cemenl,
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mining, and malcvials handling, and are also imporianl in the shipbuilding
gclustiy.  The highes! requirements in terms of qualily and }mwer a're
related Lo e reducers for lurbomachinery, Usually above 200 lo 200 KW
Cas i the case of cleclric molors, speed reducers are not so well stand-
erdized aind are nol catlog products, thal is they are manufaclured pn specific
ordirs anid somelimes wilh special designs according to the applications.
This exaniple veveals lhat there is a clear amdimmediate overlap between
heavy eqaipmeni, specialized design and engineering knowledgé. 1t can

be realized, Lo fmportaul it is to combine ihe availability of large-sised

equipmenl will. an inlegral technical capacity.

It is a common ocurvence that even though relatively well
intcg--mfml 1;zac-lzia:é}3’ Jor sugar plants or stcel mills is hmde in some
coudries, all the gears in the speed reducers ( for turbines and high
power) have lo beimporled from abroud. This is again a' clear indication

of the necessity to advance in lhis field.

Probubly high qualily gear making is one of the produclive

branches, were lhe legs in he capital goods tnduslry become inore evident,

For smaller gears, specially those produced in high seriss
sich as e case of wechanical transmissions, the productive problems
have usmilly been solved wmainly in relalion with the awlomolive industry
bt frequenily neglecting othey cquipment warkels hat also reguired

mwedivm oy coen lar;re serves (Jor cmm}ﬂc agricullural lractors). An
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adquate analysis of this situation may preveni similar neglects or could

provide ad loc solutions.

Some specialized and detevminent machine tools will
frequently appear and have to be individual.ly'assesed an their ;mm merits.
For example, special NC deep drilling machines which case the mamufacliie
of heat e.;cchangers of a'l types, specidized milling machines for grooving

rotors for turbogenerators, elc.

Limiting Products

In the previous review of determinant machining it has
bdeen shown tha.t. from its knowledge the liﬁzittug products can be inferred.
Hémvcr. it seen{s conventent 10 review independenily cach sector's
lmiting products in order to verify if the degree of local inlegraiion is
small ( by comirast with what can be effeciively produced), to link precisely
" deteyminant machines and limiting products (which is not always a sharp
relationship) and in order to enable the carvying out of comparative analysis
'bmtun different couniries,

In the case of fabricalicd plalework, some of the deteyminani
machines have alveady beem mentional but of course the divect question
can be raised as lo what is the weight ( or plate 'hickness of the

largest pressure vesscls.
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For example, a sludy on pressure vessel produccrs
in the Unfted Kingdom 1/ , each producing above 200 thousands founds serling

. per year; established the following figures. ( sce table §)

Table §
Unitéed Kingdom, Maximum pressure vessel that can be fabricated
( tons )
Maximum
Vossel 1-25 26-50 51-75 76-100 101-125 126-150
Number of B
Companies 3 8 3 6 4 b |
-Maxtmum
Vessel 151-178 176-200 201-300 More ihan Total
300
. Number of

Companies 1 4 2 3 35

Presently, heavy fabrication shops in developed couniries
necessarily reach wnit weights of the order of 1000 lons. 'This welgit

is linked to the requivements of the nuclear power indusiry,

If a developing counlry has a corresponding maxinin
Hfting capacity of 100 ions, the gap is clearly shown.

- - - -

1/ Ministiv of Technology. "Reporl of the Commitlec of Enquiry on
Pressure Vessels'. 2 Vol, IIAISO, 1969
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The distribution of pressure vessels according to plale
thickness in the Uniled Kingdom ( from the samc source) is presemied
in Table 6. This Table shows thal an-importan! pruporiion of pressure

. vesscls are al least 4 duches thick, and this is a lhickness not frequently

reached in developing couniries,




Table ©

United Kingdom: istribution of Pressure Vessels according

{o Plale Thickness

49,

Plate | . Compenies wuh sales a/
thickness All Companies in above 200 lhousand
tncnes the enguiry
A B A B
"Uptlo 1 66 3¢ 21 23
2 18 19 21 18
3 6 1 2l 14
4 ¢ 18 M 16
8 2 . y s
'y - - - -
4 1 1 J o
Y ] 1 1 8 “
» 1 "2 3 2
" 10 or more 2 3 K4
10 100 100 100
A - % Number of companies
B - % of sales

&/ of pressurc vessels

Where it becomes cleay that an imporiant proportion carrésMs‘

fo thicknesses over 4 inches which ave scarcelv veached in Adeveloped

conntries._
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The distribulions thal have been indicated suggest (hal
heavy production must be concenivated in a small wunber of cnlerprises.
In México, from a sample of 27 enterprises, ihe following resulls were

. obtatned:

Table 7

Mexico, 1975. Sample of Major Platework Eulerprises

Pyoduction range % of Productio % of mumber

Thousands of tons/yr. In lons In value of enlerpriscs
More than 15 71 37 ' 15
From 5 to 15 5 4 4
From 1l to 8 il 45 48

Less than 1 100 100 100

which, in effect, reveal concentration cven wilhin Hinited group of chosem

enlerprises.

The significance of this concenlvaiion for further study
of the tmfrut‘ry is clear; it implics thal for the siudy of limiling producls,
in ﬁmny cases 1t will be sufficient 1o restrict production to a small

mumber of firms.
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It must be laken into account as well , lhua! because the
platcwork industry has ils own waluyal prolection and, as was slated
previously, an early development, its growllh in devcloping countries
- has not been based exclusively on lhc lraditional kinds of platework
equipment, such as pressure vessels, bul hus also included specialized
heav;'v equipient for indusivy. Platework: planis have developed machining,
complementary installations and cveyvthing that might be needed for
productig much more complexs machiues than ihe customary platework
producits; in s:;.clt planis may be found, for cxwmple, preduction of heavy
earih moving equipment, large dicscl cngines, steclmaking equipment

and many olher kinds of specialized maclines.

In foundry work, the question once again is of the maxtimum
wetcht of castings. Caslings in advanced countvies offen reach a weight
of .over 200 lons when finished, such would be the case of large presses,.

turbines paris, naval coinponents, etc,

Some of the developing countries that have been mentioned
previously as huving layger mayvkels, arc rapidly moving toward that
capacily in caslings as wcll as in forgings,
chérﬂwlcss, in ofher developing cointrics il is considered remarkablle

to find parts as heavy as 30 or 410 lous.

For products manuctured in grealer quanlily, such as

agricnllural ciuipment, i is moye {uwportanl lo look al volime in relalion
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the possililities of arable lands lhan al the limiting products. Within
such volume it is necessary lo know the limiting models and whether
or not there is an excess of models and planis which would lead to

tnefficient production lerels,

In the case of punps or compressors il is necessary to

differentiate bewteen different kinds, If, for example, only reciprocating
compressors aie .mamrfaclwed (which is the usual casc) t is likely that
the situation can be analyzed wilh cvilevia simnilar to those proposed for
agriculturmal machinery. That is, what s their capacily in termns of

aty volume or power? Bul the next question would be," are turbocompre-
ssors being produced? If the answer is affirmalive, fhis alone implies

@ more au.rnced calegory of manufacturing and engingering.

For pumps, the most tinporianis areas (0 exam$nue are
the high powered and specidlised pumps, nullisiage pumps for pipelines
‘and boiler feed, axial flow and mixed flow, double suction. In many
cases il can be said thal theve ts both maiv:facturing capacity and lesling
4capacily Jor producing pranps over IMWV in some of the models mentioned;
however, the number prodiuced may be very small. It is assumed that
the problem is onc of consumer preference for foreign products (some-
times supplied by the very same enlerpriscs in ils dual 16le as importer
anud produccr), or because there is a small demand. In sucl cases it oflen
is true thal cven when such puinps can be prorlnced, produclion condilions

are somewhal doubiful in levms of the precision and productivily of



equipenl qualily and delivery lmes of necessary malevials and the lack
of engincering experience. That is to say, a:norc delailed siudy of
production capacily in that range wounld be reyuived, whicl could cassly

lead to a new project for prinps or an expansion of exisling planls,

Electric wmolors prcsent a similar case, It is necessary
to differentiale among seveval kinds, induction inolors, synchronous
molors and direct curvent molors, cspecially in high power rvanges, But,
as in the casce of pumps, il is necessary to know how many high pou'circd

motors of each kind have been produced,

In the Uniled States, for example, in recent years, while
polyphase nduction molors over §00 11I* have bees made up 0.3% of lhe
tolal munber of tnduclioir molors (from A1 HP onr or itnlegral horse power
motors), ‘“diey represent 16% of sales tn valve., In México, sales of
such motbﬁ of lucal originin are widcr 8%, but significanl munbers ave
smported boll dirvectly, in terms of high pbwe red molors, and indiveclly
as molors tncluded willin equipmen!. The case for direct current motors
over 200 LIP is similar tn lhat they conslitule 15% of all DC motors
produced, bul 305 of sales. In relulion lo the total nuimber of induclion
type falegral horsepower molors, syuclhronous motors represent only 0.06%,
but their sales veach 5% of the other motors. All of these facts indicales
Jairly clearly hal bolh direct currcal and syuclumzous. molars sell a liigicr

proportion of Niciv produciicn in higher power ranges an do tndection

molors,
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Thal is, in loldl sales of molors over 500 II1' in ihe U.S., il i8
probable thal synchronous molas vepresenl close o 30% in value, direct

currvent molors, less than 105% and lhe remainder, induclion molors,

This is congruent with technical consideralious; at
speeds wnder 1 800 rpm and high powers (over 700 HP), synchronous

motors arve usually prefevred.

The above is a good illustration of llie way in which un
analysis changes when the focus noves from low powered ordinary motors
té high powered molors. As usual, il is a casc of producis which
although belonging lo the saine gemeval fumily of eleciric molors, from
the poinl of view of engineering and manufacturing are very different
#n lerins of technical characlervistics, sizes, and differences in series.
Once again, if allention is focussed on powerful oiors, the number
of producers is more limilcd and the analysis &8 such simpler. Gﬂag
dbeyond 1000 HP in induction molors or tn synchronous motors or direc!
curvent molors, is an indicalion of a more advanced slage in lhe industry.
The mext step, wilh greater complexily in design, vollages, aul more

demanding markels, is the production of molors over 2000 or 3000 HP.

The same palticrn can be nsed for analyzing the limiting
producls in olher iadusirics, a few significant exuimnples have been

presenled in ihis report.
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Displaccmenl of Ihe limiting producls

The advanced counlyies have an intense "tempo’’ in the
“advances of their limiting producls in capital goods, This is lrue in
terms of qualily and: quantity, as well as in occasional development of

complelely new producls.

Some indications have already been given in rvegard to
the growlh of lurbine-gencrator assemblics for the generatioai of electrical
encrgy. The maximum sizes in 1948 were around 60 MWV, gotng to 500 MW
by 1968 and 1 300 MW al the preseni. The lechnical progress involved
in such decclopment was nol just a queslion of the inlroduciion of concepis
leading to greuler thermal cfficiency, nor nucleav energy generalion,
additionally bul of an exlensive array of integraled technological kauow-loty
#n mmaterials and equipment manufucturing, In the planis where such
equipment is manufactuved, many of the essenlial machine lools are quile
new., since previougly they were nol even necessary. The same has

occured  willh testing equipment and inustallalions,

It is evident thal onc of the advaniages that the advanced
countries enjoy is that of mainluining the inilialive and slaying al lhe
forefront of such activilics, since lhis enables them lo obtain more

markels and consolidale the sitwalion of lheir more advanced tndusliries.
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The dynamism of the production fonliers 48 a sign of
progress not only in the machine industiy but in lhe user sectors as
. well, since, in ulilizing equipnienl wilh scale economics and detler

technical charactevistics, they in twm, present increasingly demand spe-

cifications to the machine industry.

If the borderlines of the limiting products and delerniinant
machines are moved ahead in the developing countries as well, it is
a sign of such double progress.

A few indications have been given of the way in sohich,
in some rnses, growih has lahen place in the developing countries and
this was illustinied by the case of forge and foundry which provide a

good example s?ncc all large cquipmeni involves thcse procasses.

If that advance is followed, $t provides a good index for
estimating requirciments in la;'gc-capaciiy machine tools, For example
lhc Jact that China manufactured steanm turbines of up to 12 MW in 19506,
'50 MWV in 1965, 125 in noymal produciion and up {o 300 MW as a new

development in 1973-74 is a busic factor for eslimaling the requiremenls

Jor all lhe related machine .tuols and equipment, once the productive limits

of the counlyy in such machine i{ools arc known,
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Anothcr illustration of the same point is the adrance
in Brazilian naval tnduslyy from cargo boats of up to 18 (housands
TDW with 8 400 BH P diescl molors in 1965, o a wide range of vessels,
sohich in the case of tankers reaches some 150 lliousands tons of gross

regisicr tonmage al the presenl time.

Dynamaism in the displacement of lhnits, in many cases
linked with produciion capacily, s theéw , a vilal indicator of progress
fn the machine industry.

It would scem that the production frontier advances wilth
new and bigger maclhines whose geomelry or capacity make it possible
to make larger or move powerful equipment. Nevertheless, as lhas heen
expiained, beliind this situalion lies a much more complex set of factorg
uph as.lecimologicul advances, market , size, natici.al supply of com-

ponenis, compatibility with olher complemeniary production, elc,

Since 1l 18 often found that small, medium and large
' lt“ud equipment, are manufaclured by a single enterprise, although in
different bays, somelimes the ext.cnsiou of the produciion fronlicr is
a simple matlcr of adequate planning on the part of the enlerprise
tn order to foresce the nced for new bays and all of thesr requivemnen!s,
In other cases il is necessary lo move lo new inslallalions. In advanced

counlrics, many inslallalions have become confusing in their lay-oul
and even obsolete through tryivgy to gyow by acerclion,  This is, al least
one of lhe «dvanlages hal developing comdries hace: the desipn of plants

can he move functional aud wodern jovi: the very beginaing.,
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c) Relalton_cquipinent_sige-production roluine

Almost all of the kinds of production deall with up to now
can be rcpres@zled by the same figure, relating productioi volume

with equipmenl sizes, as can be seen in the foll ning graph,

Graph 2
Sice - Produclion - Rutio
( $llusirative )

Pmirgclinn
Jrequency, tn
nunber of

machines

Equipment sire

( power, capacily, sizes, for example )




According lo the curve, il can be observed thal
thm?e‘ is a grealer freguency ov proporiion of equipment in small
sizes ( or low pdwcr) which usually permit a degree of mass pro-
| duciion, and there is a lower frequency of -large sized equipm.cnt,
(which has iis own local maxinum frequency) requiving smallcr scale
prorlucl‘ion whether it be ad-hoc, made to order, by buyer specifica-

tfons.

If, instead of considering /he number of cquipment
wiits, the 'wcigm or value of production were plotied, the local
maxirin of large equipment is seen to be move iuportant in relalive

terins and several examples of this type are given in this report.

It is interesting to observe ilat it 1s necessary to
consider large equipment as very diffevent than small equipment, froni
the point of view of produc'tion. since they are produced in diffcront
plants or bays. Their prices also very considerably, as might be
”expacted.

The production of large cquipment, however, tucolves
smaller scries or batches and Ius provides nore opporlunilies for
flextble pro«hvctfou processes which have a larger skilled labour

conlent,
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As scale cconomies have been growing in the user
indusirics, the machine industyy has had to produce increasingly larger
equipment, that is, the curve shifts loward (e right, at least in the
local maximum, and this movement is accompanied by othey kinds

of lechnical progress.

It scemns that in many developing countries, prodvciion
is begun from the lcf! side of the curve wilhout touching the right
side, a situation that is justified with often ficlitious argumenis re-
garding markel size. In contrast, in advanced counlries, mass pro-
duction iscomplemenl by production of large equipment and scale
ecomies are acliieved with this inlegration and an integral viilization

of engincering capacity.

Still, in some cascs the advaniages for developing
countrics may preciscly be in the right side of the curve, and in

some cases this situation has been adequulely exploiied.

In ollier words, the relalion bewleen market! size and
production possidbilitics canmot always be interpreied in a rigid tway,

since lhese anlccedents show the possililily of various allerialives

that depend on the coumtry and on {is technical know -how in a o
apecific ficld.
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The facl Ihat larger sizes of cqnipmcn_t, in the ﬁghl side
of the curee, are associaled with he delerminant equipinent cxplaing
the diversified produclion of some large unils in planls in developing
coﬁnt;-':'es, éo thal beller ntilizalion of larger equipment can be |

qch ie _verl .

Moreover, for some developing countries market size {8
not -usually a limiling faclor, at lcast if #i is compared wilh the
markel of cenlroeuropean conitlries, There is some difference, of
course in the large proporiion of exporls carried oul by the latler
countrics. |

Although t:e market basis might be smaller, the growth
mte compensatcs for . Crowth rales of from 10 to 15% in elect-
rical cnergy gencration, or in mwchine tools demand, eastly lead
to sigiiificant anwnual increases in volume, The dynamism of import
substitulion can be cdded io e formef consideration and growth
mlces can.be oblained of 30% or morve, during scveral years. Marhet
agrcm:knls can permit a combination of the internal markel with

some exporls of producls of spectal inlervest.
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A, Nole regarding some dislinclive charucteristics of the mechanical

indusiry.

In itself, the prescnlalion made regayding limiting
producls and production fronlicys is an illustralions of one 'of the
differential aspects of ihis industyy. I lias been considered uscful
to ar]él some addilional remarks on the lopic ix order lo plaie
produciive capacily in a broader conlex! and to e.\'plaiu,l briefly,

sone olher coitexts that have been presenled in the text.

Perhaps the first, though elemental, important cha-
mcteristics of the mechanical industyy is the helerogeneous nalure
of each kind of equipment, i.e., thal they arve madc up of parts
and subsets. This leads to the necessiiy of assembling paris and
the possibility of making them tn sepavaie shops, if dcemed conuerivent,

or lo Dbuy them.

In addition, the industry's own specialized machines,
smachinc tools, are generally conceived for making fhe parls (in
some cases, complex sets of machines can manfactire subsc!s)

in conlrust lo the cquipment as a whole.

DBul it is also imporianl fo point out that a generic
Iype of muchine may be produced in very differenl sizes, (modules,
preferred mnbers) and also with desion varialions which may be
belley cduapled for differciviaied functions (differcnl kinds of punips,

clectryical molors, clc.)




The combinalion of different sizes, each wilh a differcnt
produciion Zim-:; lead to Ihe nced fm‘ bays or shops wheire ¢quipment
can be produced separalely in cerluin size vauges, and, on the olher
hand, defines simultancously the limiting producls and delevininant
- machines. It is also lo lhese differential chavaclerislics lhat a certain
kind of machine, over a certain stze, can be considered as a different
maclhine ‘than he smaller version.s of the same machhaé from the pro-
duction point of view although lechnically and in terms of design (hey

may be sémilar.

Since the produclion machines are inlimaicly linked wilhs
the parts of equipment rather than wilh (he whole wnit, similar paris
Jor diffevent wachines can be produced tn lhe same sliop; thus, leve
is a kind of production wnification. On the other hand, pruduction uni-
Jication can also be aclicved although products may diffcrent, through
a conmmon ('zngz‘z;ccﬂng basis, All .of this leads td lhe fact that mulli-

producis are common in the mechanical indusiry,

Parts may be subconlracted as may be machining opsra-

tions carricd out on them (out-of-shod subconlraciing).

Although many innovalions appear 'm these kinds of
wnachines, lis does nol affect the basic fact that their funclion rcfers
to a ceriain geomelyy or type of machining; rather lhan ihe innovalions
tmprove miechine perforinance tn lerms of speed, flexibiliiy, precision

geonetrical complexily and auloialic comlvol,
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Tlere are omer'mac':h.ines, linked lo large produclion-
line operalions, which ave move spccialized in lerms of their funclions,
In realily lhcy ave scls of machines conected one lo the other through
transfer mechanism, wheve the lolal machjnc ig designed for a specific

result. There are also machines for intevmediate specializations.

Almos! all large-sided machines, 'ho;.ocucr, are mGn-
ufactitred wilh conventional-lype mnachine lools, allhough in these cases
they are larger and move precise, The same rmachine tools gencrully
have the production flexibility previously wmenlioned. ~

Large volume production , (produclion lines) naturally
vesulls in lower cosis, permits product stocks lo be maintained and
Meatalogue" fn-'O.rIucIion. lo be carried.out. Large maclines, on the
other hand, bLecause of their manunfactuying cost or lime, or other
special characteristics, must be produced by requesl or on a made-
to-order basts wilh spccz‘ai buyer specificalions; it is nul probable
that they could be found in slock, In developing markels this factor

makes the muliiproduct concep! more altraclive.

Multiproducts in a single shop, however, have high
engineering and cost requireinents for the production of each equipmenl
wnil. This can easily lcad lo deficient engincering cipacily, s well

as lo « stinple lypes of subcoilracling and asscmbly operations.
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The ubove considcrutions expiain lhe asscriion thal
theve is no sirict producl-project reclalion in ihis indusiry as there is
olhers. Il is an error (which is frequently commitled) lo assume thal
becanse a given product s needed, a project can be formulated and
a plant iustalled 1> fill that need. The whole sel of products That
wowuld justify the installation of such a planis must be examined. That
sel &f products may have varying reasons for being associaled with
the kinds of plant in quesiion, In some cascs it may prove more

adeguale 'lo expund an existing plant, which in (his industry és a

feasible and often necessary allemaiive.




ANNEX 1

Capacily_of a UOE pipe_ plant

The mcchanical clharacteristics of UOE piping makes il
the most suftuble type of pipe available for gaslines and oil pipelines.

Its manufacture cousists of a line of presses which first
. form the plate to an U Shape and later an O shape; the pipe is then
welded by submerged aic and later expanded (E) in order lo regover

mechanical churacierislics.

This pipe s ulmost representative of a typical platework
product and lhus. scrves to fllustrale how the calculalion -of capactly can
depend on the product mix and how, i tum, the product assortment can
depend on the prosses or welding equipment in lhe plant,

Two figures or graphs may be used in order o illusirate
tiis: one for the number of pipes produced per hour, and the olher for
l..8 of pipes per hour.

Graph Al presonis production capacily in terins of pipes
per houy and Graph A 2 presenis lhe tons per hour production capactly
of § weidiug lines. The case being deall willh is tlat of pipes having

a lengih of GOft, and diceler up lo 48 inchies,
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Cruth A 1 shows thud the press line is not reshictive,
evch al a capacily of 20 pipes perr hour (20 sivokes per hour of the
presses) and llnii capacily is delermined inore by he numnber of paralicl

welding lines tha! can be used. !

In hwin, he speed of he welding lines -- which has
been very thoroughly studied in order lo reach the optimum level --

is lnked to pipe thickuess,

Gruph A 2 shows that, on passing from pipes per hour
to lons per hour or per year, weight (1which is also linked will: the
pipe diainelcr cid thickness) is quile vaiied, If only one lype of pipiug
{8 mannfactured, production could vary from 800 thousand to:s per year
(or bipes of 48 inches in diameler and 3/4 inch thick) to somewhat
more than 100 thousand tons per year (for thin, small diameier plpcs)'.
Interincdiate capuciiies conld be calculaicd for ey combinaiion of pijes

requived for salisfying demand,
Thus, this is a clear example of how the product

assortnient delermmines capacily in ihe m echanical industry.

Note: Faclor E= 0.765 seen tn the gimphs refers lo the effeclive
proportion of lime the cquipment is used, in relation lo the tolul
wlilizable liane.,
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