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Preface

Since its start in April, 1975, the 1DB-ECLA Program of Research
In Science anq Technology has been interested to begin research on’ tech- :
nological chénge in the Latiﬁ American ﬁteel industry. This interest
"has now taken shape in two specific lines of reseérch, {on which work

‘has proceeded throughout 1976). T st

.ji"“'THe firgt line of.research is,gqncerned with 'Learning and Techni-’
cal Change in LatinvAmefican Steel Firms'. -1t fs plasned as a series
"Ofrrelated mi cro-economi ¢ case-sfudies, each of which will be focused
‘on one particular Latin American steel plant. The first of thfs deries
of studies was comménced at the end of i975 and involved fhe plant‘of

r -

Acindar,S.A. in Rosariq;-Argentina.
N f-ﬁimilar.séudieg are being organised:in sfeeiplaﬁts inuPeru,'Hexi-
cg;'Coiqmbéa and_also Brasil. | ’
mln.b;oga ;grm§-£hé ogjectiveg in't$é§é miéro-ebonomic.studiésl
can bé.des;riéed as fo}lows: a) fo explore tﬁe aanal rate and dif-
ferent kinds ofAtechnical cﬁangcs thathhave'been introdﬁced in each
Elaﬁt ;ver é-;ubgfaétiél ﬁeriod of fime; b) to éxamine.thé effact
tﬁat thcsé.d}ffeFent varieties of technical change'in the plant have
héd.on‘maﬁufaﬁtufing p}oductivity; c) fo explore the extent to which
'fechnical.change has derived from technical efforts internal to the
firm as'against from licences, technicai assistance contracts, etc.;
ana d) to explore the details of the technologicai learning process

followed by each firm. In summary the principa)l goal of this first

line of research is to generate both new detailed information and




~

new descriptive hypotheses concarning the micro~economic technologicél

behavior of the Latin American

. . 1

steel sector.

B TR VRN SR
v« - The -second line of research is concerned with the relationship
which exists between the technology in use in leading Latin American

steel firms and the technology which représents the uniVersaIly,reCOQ-

nised best practice "frontier'.

.. ‘Research on this theme has begun with a study which the IDB-ECLA

Program has commissioned from the Instituto Chileno de Acero (ICHA), -

directed at answering two basic questions: a) what changes have taken

ﬁ place in the last two decades in the 'state of the art' in steelmaking

at the world level, and to what extent have these changes been adopted

in La;ih America; b) how has the procéss of technology absorption by

:.the-integrated steelworks of Argentina, Brasil, Mexico, Peru, Colombia

and Venezuela been proceeding up until now, and how is it likély to
proceed between now and 1985, a date for which mény f=;6§-have alreaéy
gof %sf;ly deféileazinQesfmer aﬁd-lechnolbgy acqui;iéio;.ﬁians.
.. :|q‘other worQs the rgsgarcﬁ ¢0mmi$sioned from_ltHA yé; aimed at
providing a first broad view of the situation in Latfn-American steel-
making with respect to the universal technological fronpier; It shoﬁjd
s?rvé as a‘usefu!lbasié‘both for future Comparative sﬁudigs;and_aispw

for the development of Technology Policy proposals at'thg national and

intra-regiocnal level.




o

The present monograph presents the resuits of the initial
study carried out im.connection with the first of the two lines
~of research just mentioned - i.e. on Learning and Technical Change

in Latin American Steel Firms.

The monograph deals with the technological experience of
the steélplant of Acindar S.A. in Rosario, Argentina. It examines
the record of the changes introduced in the plant from 1943, the

start-up year of the plant, to 1976.

Chapter | explains the relationship between the Rosario plant
and Acindar as a whole. Chapter Il introduces the reader to the
technology of the Rosario piéﬁt and then provides 5 detéiled analy-
.sis concerriing the nature and fgte of thé.teéhnical changes.intro"
ducad ip“thegp}ant,.as well as #beking tO'explain:how'the observed
pattern of technical change deyeiopedﬂ “Chaptsf (1l then takes up
the‘tﬁeme_of 'learning' and its éonnection wifﬁ the generation of

technical changes in the plant,

4  What eﬁérges clearly frém the monégréph is the fundamental
heterogeneity of technical chénge when it is viewed at the micro-
economic level. Unit cost reddbtion turns out to be only one, and
“often not the most important, objective fgr the technical changes
‘made in the Rosario plant. ther major objectives have included
ﬁﬁcreasing production‘;apacipf; changing the product-mix, changing

the product quality, reacting to changes in raw material inputs etc.




¢;

The monograph then seeks to show that this hetéfqggneous pattern
of technical change,ﬁand the equally heteroggneous Iéarning efforts
. 1. . " '_ . ] . -

that generate it, redujfe the development of a‘new'abproach‘td.the,

study of technical change.

i OREN




Acknowledgements.

It is a plquure to exp}ess my warm thanks to the Difecforg and
Engiﬁeers of Acinda} S.A. for their_co-speration in making.fhis study X
possible. In particular | would like to'thénk lng.'Ricardo Pujals and
Ing. Juan Pedro Thibaud for encouraging fhe study; and Iﬁg: Osvaldo Al-
sina,‘Director of Production in the Rosario plant for his support and

‘hospitality during my-thrée visits to the plant.

I also warmly thank Sr. Oscar Ahorini and Ing. Luis Fernandez for
"the many hours they spent with me in explaining the workings of the
~Rosario plant, and | wish to express my appréciation to Sr. Masoni, lIng.
‘-Ramirei, and Ing. Moreira for their help in similar ways, as well as to.

‘many other members of the Rosario plant's staff who helped me;

The encouragement of Jorge Katz and Ricardo Cibotti of the IDB/ECLA
Program, has been essential throughout the work, and | am greatly indebted

to them for this and for many useful discussions.

I would also like to record my thanks to Charles Cooper, of the.
Science Policy Research Unit, University pf Sussex, England, who is super-
'Vising me as a Doctoral candidate at the University Ef Sussex, for his
support for my work iﬁ Acindar which is destined to form part of my ﬁoc-.

toral thesis submission,

Finally | would like to thank Delia Torelld and Jimena Sena de
Licciardi of the IDB/ECLA Program their extremely valiant support in bring-

ing my manuscripts to the light of day.

Buenos Aires, December 1976. . Philip Maxwell







LEARNING AND TECHNICAL CHANGE IN THE STEELPLANT OF ACINDAR S! A.
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- By modern technological standards the Roson:io plant of tlhe Argenﬁne‘steelmcking enter—
. prise Acindar is obsolete. The plant is 3-3. years ola,. it uses é)ut.—of-ddfg Siemeng M‘?”i" furnaces fo
‘tsteelmcking, a 26 year old primary mill for billet-rolling, and o semi-automated fihishing mill of ?
equci.!!y antique origins for the rolling of roundr bc:rs and profilas. Added to this, the plant suffers
an economic handicap owing to its smalll scale of operations, and has been starved of ihvestmént

funds. throughout most of its existence owir;g: to the priorify occorded l?y Acindar's directors to their
two mo_‘re‘modern steelmaking plants located 50km away from Rosario in.Villc Constituciﬁn. |

LAt first sight the fact that the Rosario ‘F;Iont is obsolete, lu.nde_rscole d and Invlestment-

stqrved vould not appear to rfecﬁmmend it c:s' a. candidaté for an indepth study; congf:rned Qifh

technical change. Indeed one might well expect the study of such a plant-to produce only a por-

. trait-of technical stagnation. But a closer look at the experience of Rosario plant revecls that a
very great deal of technical change has in fact taken ploce !héré, and that several features of this
rich experience of technical change offer worthwhile opportunities for investigation.

In the first place, the very success of this 'obsolete’ plant in finding on economically’

viable path of technical adaptation over more than three decades raises questions as to the useful -
ness of the existing concepts of obsolete technology. It suggests that there might be mahy more
possibilities for technically improving ond adapting 'old ~vintage' technologies than economists

writing cbout technical change have tended to recognize. (1)

______,‘_'____,__...._..__._____.__......_._.__.....__

(|) One economist who has recognized the possibilities is Sumuel Hollander who sfates thot "Lonsi
deration of investments at various plants suggests that relatively small investment expendntuues
incorporating modifications to existing plants are capable of generating large improveménts in
efficiency. Such improvements are sometimes sufficient to permit an older plont to produce ot



In the second place, the fact that the technical chonge* introduced in the Rosc:no plcm

icve been for the most pari' adaptations, adwsfments and minor exrennons or tha ex |shng n:,»’:cmc,— .

fons of;e.. \*he 0ppo.?unny for a ccse-«tudy of increraenial technologtcai change in the plan:

f:hich wbu !d cim to answer queshons such as: What dlfferent kinds of mcremer.ial tachnical

shanges have been introduced?’, ‘What has been the effect of incremental teshniccl chunges

n pfoductiﬂrity?' s there evidence of a saturation effect whereby the possibilities for incie=

nental innovations run-out unless thare are periodic mejor incorporations of new technology?’ cni

ither such questions which hove been raised in the literature on incremental innovation, (1)

s

In the third picce |t is norcble that the te‘..hmcol cl*anges mfroduced in the Rosario plang

iave been to a great exfent conce ’wed cmd executed bv the piam‘ s own mrsonnai. in o_i-..e.r worda 5

L

e planf has benefited from o considémb e degree of enﬂogenow tech ‘ology cruuhon, c:)d i nos

of more|y rehed on exogenous sources of fechnologmal m»provement such as machinery supplions,.

{

uiside engmeermg consu!tcnts, ete. Soaq study of ﬂ*e record of "echmcal chcmge in the Rovar:o :
lant offers the oppsrfuniry to explore 'now these eno’OQenous technolon creation activities arose

h the first place {(whether through learn ing-by-doing, for example, or through orher means) and
unit costsvhich are not substantially higher ... than those at a newly consiructed plant em-
bedying the latest techrology.” S, Hollander The Sources of Increased Efficiency. A siudy of
the Du Pont Rayon Plants , M.L,T. Universify Press, Cambridge, 1966,

J‘) Nathan Rosenberg has argued forcefully that "the prevaienf concep‘uanmhc"\ of fechnologicai
change ond innovation in economics has tended io confine analysis of innevation jo charac-~
teristics likely to be true only of mo|or innovations. Much of technological chonge, howaver,
which produces important economic benefits, consisis of the cumulation of minor |mpro.u,mpnh,"

" N.Rosenbearg An Assessment of Approaches to the Siudy of Factors affecting Econemic Payoiis_

- from Tecnnoloqlcal Innovation, Vol.-|, Aralytical Report cnd Summary, Naiional Scionce |
Foundchon, Wcshmgton D.C., March I97.>.




olso to explore How they have developed since. (1)

These three lines of ir-westigoﬁon i.e. the questioning of the concept of obsoleteness,
the possibility to contribute to the literature on incremental technical ;:hcnge, ond the chance
to explore the origins and _gréw}h of eﬁdégenous technical change in « sreel_plainr in an industriatly
dep—endeni; country, were the ressons unaerlying ou-r. project to embark on an in-depth study of |

| technical change in Acindc-:r's Rosario plant, a project which was lucky enough to count on the
generous co-operation of Acindar's directors.

The information on which this Monograph is based derives méiﬁly from three visits by the
author to Rosario in Decembur 1975, April 1976 and September 1976, dﬁring which 10 compilete.
days were spent in the plant. In these visits the activities undertaken were i) to become familior
with the main productive activities and fechnologies in ,use.iri the plont; 1) to interview several

._ ser;ior‘ §faFF pfoﬁt on the subject of the types of technical changes introduced-ond the circumstances '1
surrounding these changas; and iii) to study thc_a so-called 'Plant Reports’ which .hcd been pre-

pared annuallly bw} the management in the Rosario plant. (These reports contain o good decl of

intéresﬁng tech'noiogicol and economic information on the performance of the plant during the

year in question).

S by e} B R g e S Sy S s ik Pl g o _ 0 it T T At A%y o by i

(1) Kenne th Arrow, in 1962, advanced the hypothesis that *technical change in general can be
oscribed to experience, that it is the very activity of production which gives rise to problems
for which favourable responses are selected over time®. See K. Arrow The Economic Implication
of Learning-by-doing, Review of Economic Sjudies, June 1962, However both Arrow's prper
ang the large literature which followed it then concentrated attention on proxy measures of
learning related to such factors as cumuloted output, cumulated elopsed time, ete. in this paper
we are concerned to explore empirically what specific kinds of problems have orisen os o result
of production activities in the Rosario plant, and whot particular responses, involving technical |
change, have been developed by the plant's personnel to cope with these problems. It should
therefore be possible to identify the mechanisms  which generated the learning pattern in Rosario
plant, and not just the results measured in terms of improved performance.
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Besides, moking use of information derived ﬁ'om these three plant visits it has also been
pm;sibie fg consuly the complete set of Acindar’s Annual Reports and Accounts from 1943 to 1974,
in addi%ic;n, f-he monogreph druws on material gathered in raped interviews with two of Azindars
Diroctoss in the compuny's headquarters in Buenos Aires, as well os on material contained in o

recently published paper by the Depui-y‘ Direc:or of the Rosario Plant.




CHAPTER |

THE ROSARIO PLANT WITHIN ACINDAR

The enferprize Acindar S.A. was foundsd on 24th. December 1942, s first plont was
constiucted in the city of Rosurio and begon production in 1943, Thiz plang stiil ~uists ond continue
produciion in the present doy, end i is precisely the technologieal evolution of this plant which
we cre interexied in exploriag in the present study,

However, the faci thot-Acindar oscn enterprize operates with other plants -~ and not

onty with the plont in Rosario - chliges us to consider the evolution of the Rosario plant within

the fromewovk of the eveiution of the em'erprise'coﬂside'red as a whole,
?, Az a fint s‘é‘ep“?cmz‘ds‘-uﬁdem?cnding the effect on the Rosario-plent-of Acindar's other
l - indusirial activities it I useful jo examine the complere-set of the Annual Reporis and Accounts
 produced by Acindor since 1943. The information set out in these reports pammits one to establish -
the chmﬁobgy - not enly of the infriation bpi' also pf sore of the ouistanding evenss in the suc-
ceeding evolution - of all the new plongs, projecis and affiliated eniger;':;é:‘sés WEEGB Acindar
startad up or participaied in from 5?‘43 onwards, A resume of this chronologice! information
cbrained from the Annval Reporis. is contained in the chart overieaf.
I shows that the Rosorio piant avolved as one out of a set of ulibge%her nine
industriol venjures engoged in by Acindor. .
Cf these nine ventures, four can be corsiderad to belong to the clusic definition of
siee! indistry aeriviries {Le. steel -moking ond steel rolling) end five con be corsidered a3 diversi-|

ficarions.
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- The four sfeei-indusrry ventures are: i) the Rosario plant itself, which started production

© ot

~in |943 i) the Acevedo p!ant in Vallc Conshrumén whlch started vp in 1951; |ii) the Marcfhon '

_ plani' in Vallu Conshfuclon, which started up in 1962-63 und w) the Plont Integration Proleci,

: whlch was fu‘st Iaunched in the |9505 and is now fmally going chec:d W|th the conStruchon of aa

7‘ lnregrcfed D:rect Reduction ond Elecmc Sree!mckmg pkm{' in VI“C‘I Constihjc :6n to come on

b B N

R S

sh'ecm in |°76

The flVe c}:versafncahoh vantures are :) Acmfer (w}'nch made cast cornporieni's sr‘«:ﬂ‘ Hae

" -

auto -mdusfry, u) Musupo (whadH wa set up to explore the fron-ore deposns of the Suerrct Gmnde)

1

m) f-\rmetol (whlch produced stamped p;eces and parts for fhe automotive mdusrry) sv) Acmpfost
(whlch produces PVC and Polyethylene Tubes ond Ptpes), and v) lndcpe (whuch made sulacon-
~ steel ond,spe‘cual steel paneis) | |

I is probcbly safe in @ Flrs.t capproxnmahon to _g_g_l_eii- the eFFecfs of the 5 dwers;ﬂcc:fmn
ven-r-urés on rhe Roscno plcnt - except for thetr combmed effect in citenng fhe overcl! voiume oF

mves#ment Funds avmloble ro the 4sfee|mak|ng ventures ('I )
Howevar, it is certainly not_possible to neglect the effects on the Rosario plant of
Acindar's other stee!mak'_g ventures,

[ B . Lo _'

The Acevedo p!cmt, in porhcu]cr, hos had a dom:nahng mfluence on prachcoﬂy the

entire deve|0pment of the Rosano planr. lndeed from as ecrly as 1951 when the Acevedo plunt fsrst |

come on stréam, the two plants (| e, the Rosar:o and Acevedo plcmts) begcn to be Tun in fcndem
(1) This 'first approximation’ is based on the shor’r penod of time during which three of rhe five
- diversification ventures lasted, and on the lack of 'fit’ of their production with that of the
Resarie plant. In the case of rhe two longer lasting ventures Acinfer and Acinplast, these
have probably had some impact on decisions concerning the Rosario plant but their influence
does not compare in importance to the influence of Acindar's steelmaking ventures.

=

e el
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the product mix and |eve|s of outpur in the Rosano plcmf and on the mvestmenfs progrc:mmed for

the plant have reflected Acmdcr’s ossessment of the ’ comparohve advanfcges of produchon cnd
mvestrnenr in Rosaruo vs. in Vnila Consh'ruc.on, cmd 1h|s c:rrangement (us we shall see in Chcprer
I ) hcs |ed to rhe Roscrlo p!an’r evolvmg os @ producer oF blllets for 'fhe Acevedo plcmf lt hos

‘ clao |ed to.a shurmg c>u’|L oF rhe productron of commermal roHed producfs berween rhe rwo plunfs

; !
:

.‘-_' . -

-wﬁh the Rosarlo plant havmg to speclczhse in produc’r rypes and dumens icas mvolvmg small

. D P P N
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produci-ion runs. . _ _ ) _ o

e The mfluenee oF rhe Morc:thOn plcmr en fheoutput 'i‘e;(els; ondproduct-mtx :o\f rihe{Rosc:rlo
| p|onr |s.ofimore recent errgln (snnee the Mc:rurheﬁ mvestmerut enly begcmqrm !?60»—6[) o‘n?d’ :n o _
| genero! this mfluence seems to rrave been. much lessis.frong tharr the mfluerwce of rhe Aeervedc:' pler-ﬂ'.
- - probably because there ’has been 1§s§ oppertumry er need for complleme‘.nrerl:r); in rhe tyee of

¢ ?

produc.s produced by Marcrhon ond 'rhe Rosarso plan'rs (i.e. fhere has been less opporfumty or

need for one plant to produce mputs for the other plan'r or to reduce outpuf in gwen hnes in

< . . . . - .- . IO S

favour of ’rhe ourpur of the other plcn?) However this sltuahon mqy be changmg Exchcnges of

rntermeduore producfs befween the olcmts cppear to be mcrecsmg durmg 'rhe 19705 c:nd fhe Moro'rhon
plant oppeurs to have been a sngmflcant mfluence in shmuic'rlng the produchon oF fme cnd specncl
. .

steels in the Rosario plant sincd about I97| (For more de'rcu!s on thls see Chapfer I )

PR T B - i EAT

As For the successive Plcnt lntegmhcm Prolecrs these oppecr to hcve mfluenced fhe

Rozario plonr mainly in terms of absorbing scarse investment funds of which fraction might hc\i,e been

-




used fo modemrra the Rosono plon‘f. For instance in 196§ there wds a project to mstc:“ confinyous-

casting. fac:lmes in the ROSC!I'IO plont whlch was tonsadered very worfhwh:le, but it did not go

. ahoad becume the funds were besng held in reserve pendmg fhe uppro\ral of Plcnl- lntegrohon

‘Ptioiecho.l!l.(l) . : : _ . ‘ : ) ‘!

T-he above e::ampies'of rh__!e:effeé-t's_-& the Acevedo planf‘, | _t.hé Marathon plc.nf and }he |

Plant lnfe'grcfion Projects on the .e.volluﬂo'n of pi‘oc@uctéén ‘and Invesﬁneﬁ'}' in the Rosario plant s':ug-

~ gest that these effects are sufﬁciently gtmng that they must in&itqbly .Fqnﬂ an infe_gru! part of thg

present sﬂ'.v'dy._ ) | | | |
Furthennore"-fhe -iﬁfernc_e of Ac indar's other steelmaking v;nfures on the Rosario plqni’

-is not confined simply to af.{;'eci;-s on production and on inveshﬁeni- in Roscrio ~ thus in Ch'a'pt:ertll

we ;:!iscuss some of the ways in which the existence of tHese other plants has offected the orgcm.izo-v

tion o;ud. the sfafi’ing of the Rosario pianr, In addition, there have been many occasions when t'he-z‘

Rosario plant has benefifed from skills, information, ideas, machinery and services drawn free or

at low cost from the other steelmaking ventures - i.e. when the Rosario plant has obtained extemnal
benefits from Acindar's other steelmoking ventures; and there have also been oceasions when the
Rosario plant provided external benefits to thece other steelmaking ventures.

Tha combined influence of'all these interactions has evidently greatly influenced the

pattern, and the economics of technical change in the Rosario plant ond mecns that we shall need to
examine all these interactions explicitly if we are to fully explain the record of the Rosario plant

in introducing technical change,

(1) tncidentally, the effect of the new Direct Reduction and Elecfrlc Steelmaking Plant due to coma
on siream in Villo Constitucién in 1978 may be dramatic for the Rosario plant because it will lead
to a situation in which Acindor os an enterprise will for the first time be able to count on adequat
supplies of its own crude steel to feed iis rolling mills. This could well lead to the shut—down
of the steelmaking section in Rosario. '
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At the some time, the exisionce of all these interociive effecis raises a question con-

cemning the opplicability of the resulis -of tha present study, The qﬁesﬁon iss Does the fact that
the Rosario plant has evolved in 'strong interaction' with the other steelmak ing ventures of
 Acindar make the experience of the Rosario plant a *special case'?
a | Obviously, if the experience of the Rosario plant really constitutes a 'special case’
_i’hen the patterns of technical change discovered there might have only limited réfe\;nce to other
plants based on old-vintoge technology. But if, as we suspect,‘ the endogenous generatidn of
technical chaﬁge in Rosario. can-not 'simply be explained on the basis of the peculiar sfcfus of the
| Rosario plant within Acindar ,-fben the experience of the Rosario plant in technology generation

may offer a paradigm of wide potential application.
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CHAPTER I THE NATURE AND RATE OF TECHINICAL CHANGE IN THE ROSARIQ PLANT

An econemlst i‘ry;ng to u.nderstand the nefure of techmcclzlichunge in rhe Rosario plunt :
soon .reohses that there is @ ternF:c gap between the way ih which techmcal change is con- '
ceived and experienced by the plant $ managers, eng.;meers and personne! and the way |n whlch |

technical change is presented in tradmonc] econom ;a i-esdbooks : “

Thls is mevntcb]e - because the tradlt:onql economic analysis of technical chaﬂge has

tended to focus clmost excluswe[y on fhe effects of chcnges of technlque in reducing the Umt

costs of ‘homogeneous products produced by ’black -box processes and this kind of anulysus
tends to exclude such mafrers as produci- heferogeneny, changes in producf mix and the in~
veshgoi’uon ef just whut goes on. msude the ‘black-boxes (). Yet in the Rosano plant we are
Fuced by a mulh—producf plant wh:ch has dfvemfled its pmduct-m ix severa] times, in whuch ) '
there have been slgmftcanr chonges in product quahty, and in Which technical change has
been achieved very Iurge[y by mokmg modtﬁcchon to the &xlisting msmlled black-boxes .

Thus, while not re|echng the importance and usefulness of cnalyzmg the behawou of unit

costs in the Rosario plont, there is no doubt that our analysis must go considerably beyond that
if we are to fulfill our objestive of analysing the overall phenomenon of technical change in’ .

in the plant, rather than merely a fraction of it.

1) The idea that the Economist's terrain does not extend to such matters has been expressed by
no lesser an authority than Robert Solow, who once said that "The economist really need not
know at all what it feels like to be msnde a steel plant... he quantifies technological change
by making measurements of cutput per man-hour, of output per unit of this or input per unit

. of that". See Solow, R.M. (1965} Education cmd Economic productivity. In Harris 5., and .
" Levensohn A, (Eds.) Educohon arid Public Policy, McCutcheon, Derkeley, Cchformc.
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To éross this gap which separaies i-he hﬁdiﬁomléppr‘ooch of economic anclysis from the
lreal'l'-i“y of technicel change as it is experié-.qced'at the plant level, the loéicul,‘star?é@:point for
our enquiry will be to understand in considemble‘:deiuil the.te'chnolc;gy and activities of li’hé
Rosarlo plant itself. In other words to see iust‘v;ﬁéf the p'.;f.:nt cl:;onsisi-s" of, what pgodu;?s .it.mak_es,
what processes it uses and how the plaﬁ‘r is 'c:‘ganléed and operated, He;nce fhe first sécfion of
this present Chapter is entirely deﬁétégl to e;éplq ining edch‘» c‘>f fhese facers of the Rosario plan?
which together make up what We_miglf_-:f'calil the ‘fechnologié:al si"rucﬁ.lre; of the plant.

It is then possible, iﬁ the ségdnd 'pd_rt 6!’}119 :éhapfer, to h*dce out some of the main ways
in which the plant, its processes and its products have e_@__!ved over ti’:e_ whole p«alréod' from :I943
" 1o 1976, From this we are then able to drow some impomnf' conclusions not only about thel dif-
forent k-s__;n_d;s of technical’ chchge; which were ir}f,réduc;ed in fhé p!aﬁt , but also iabout the
chang :r;g rate of introduction of ?echnicol cf;rahges at different periods in the iife of the plén{’.

Finally, in the third part of the Chapter we try to expialn why the poffem of technical

change in the Rosario plant has followed the observed porh. In particular we demons}ra?e how |
-many of the technical chonges"uppeor to hove been cleorly prwoked by specific exogenous events
aﬁd demands which impihged on the Rosario plant, whi!sf'other ?ecllmicdl changes appear fd} -gove
arisen essentially in response to persisteni and idantifioble endégenous pressures. B

The unavo |dcbie impression ove gains from rhe evndenea pres sented in this chopfer is thay
| the phencmenon of technical chonge i in the planf Is more In?ereshng ‘when it is not. m‘nf’ ned within -
the I'mdmonal economist's box and thaf the i‘echmlogist cun righﬂy say fo the ecomm:st "there
are more i'hmgs, in heaven cmd earth thcn aré dreamed of in your phnlosophy" Or, to put
matters in a somewhat more cheerful way for fhe_acom |s?,‘our account suggests that there are
“several ‘dimensions' of technical change .in the Ros'aﬁo' plant - which, just iike the unit cost-re-

ducing dimension, seem to require economic analysis!




-13~
SECTION |

‘The Rosarioc Plant, its Technology and Oraanization

The plant is located on one of thz principal avenues leading into thg ci=-
ty of Rosario In the Province of Santa Fe, Arqentina., it is some miles inland
from the river Paran3, yet the plant enjoys jJood communications both by pavad road-
wayandbyitsownraillinkintothéﬁitrarai!wayandthustothenatianalrailwaygrfd.

tn contrast to tha giant integrated steelwofks, Somisa, whichis lécated further
downgheriverParanéiﬁtheportofSanNicolisandwhichmakes[tssteelfromtha pig=
ironreguitingfrémthasmﬁ]tingofifonorelnblastfurnaces,thaRosarIOplantisba~
sed on the use of scrap as its principal raw material.

The scrap that the Ro:_;ar!b plant requires i-s mostly Eought by Acindar from out-;
side suppliers and gets del ivergd to the plant by truck and by rail. However, thesa ex-
terndlsuppliesaresupplementedbysignifiéanfqhantttiesof?!nternal'sarapwhich_
isganeratedfnsidetheRosarioplantItselfasearasultofitssteelmakingandstéef

rollingropeﬁations.

Tha activity of the Rosarioplant is i)totransformthescrapintostee!ingots,
i{)tothenrclltheseihgotsintointermediatcaroductsknawnastﬁllats ,and tli} to
goon toroll a fractionof thebillets intoend products such as steel reinforcing
bars,profiles,forgingbars;atc, (1) The fact that the plant incorporates both”
steelmaking and steel=rolling facil itles makes i,t_wh‘-;st _is‘-c_al led a 'semi-Integrated’
steel plant, in gontrast to 'non-integrated? plants which typically haveonly roi-
ting factlitiag instaliess and {n centract to' integrated’ iron-ore based plants such

(1) ingots are products made by pouring tiquid steel into moulds made of foundry-
iron, and letting the steel cool down and solidify. Ingots usually are of
square or rectangular cross~section and have a ‘tapered’® shape leading from
a widar base-section to a narrowertop-section. DBillets are uniform steel
bars of square cross-section ranging from 50 x 50 mm to 125 x 125 mm. The
other products are described later on. '
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as Somisa which must irgorporate an ore-reduction stage, i.e. blast furnaces or direct reduction
facilities {1), prior to their steelmaking units. ...

S R R S R
The productive sequence carried out in the plant

o T Lot . ' v : . .
We shall now briefly describe the sequence of processing steps carried out in the Rosario

plont: i 7 oo i e . '.-'-'f:'\'.“-,!.‘-. R :‘_.__;:-t\_:'.;i‘l'{"n'
.. To begin withthe deliveries of iron and steel scrap get deposited in an immense scrap

park, together with the stocks of internal scrap. Here, o 'series of operations such as cutting o -
-size; densifying and clossification of thé :scrc:p are perfbnned so as fo prepcre.boxes of graded

scrap for use in the plant s steelmok:ng Operchons

‘e ..-.:'if oo T ..

Next the scrop is !oaded into the plont 5 Open Hec:rth (Ssemens Marhn) Furnc:ces where

It s converted by melhng and ref:nmg into bofches of liquid sreel Then when each bctch of

[P

hqund steel. is ready, it is poured outinto ingot moulds thus forming the intermediote: products

known as ingots. With its present technology the Rosario plant produces approximately 140,000

Poooa

tOns-oF iher;e ingots ber- year. « .+ Yo lh Do L

“In the next stage of transformation these mgots are shcped on the plan 5 No. I Rolhng :

oA

mill into long stee! bars of mquare or rectongu!cr cross—sechorm known as b:llets‘ The pionr
currenrly Tolls neorly 100% of fhe mgots it produces into bullefs and it also roIIs smcll ‘quanti-
hes of other maoi-s ccqusred From Acmdcr s Marathon plont plus a proportion of already formed

" :

blooms and bnilets which need rerollmg( )Hence the onnucl ronnoge of bnllets rolled is currently

(1) Blast. furnaces transform. fron ore into liquid pig~iron which is then transferred to sfee!mokmg
units which usually consist cither of oxygen converters or 0pen-hec:rrh furnaces, Direct
reduction units reduce iron-ore to solid pellets of nearly pure iron which are then usucl!y
trensferred for steelmeking to electric-are furnaces. :

(2) Bjotms are large billets, defined as being of square cross-secfron wn'h sides larger thon




-grinding, represent the fost process stage to be corried out in the Rosario plant.
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somewhat larger than the tonnage of ingots produced the figure for billet production being
asound 160,000 tons per annum.

Mozt of theze bi‘!!ets produced by the Rosario plant*s No. | Rolling mill are then sen?
on to Acindar's Acevedo plant for further processing. !n other words.'rhe main job of the Rozario
plant today is a3 a producer and supplier o_i.' billess o the Agevedo plant. However, currently
some 20% of the billets are retéined in the Rosario plent so as to be further pmcéssed on the
plant's No. 2 Rolling mill. Here in this second mill, the billets are rolled into one of three

basic groups of products: which are, i) round sieel reinforcing bars for the consiruction in-

duss'ry; or ii) profiles {(which are bars whose cross-sections are. L-shoped, U-~shaped, T-shoped,
erc.) for construetiona! and industrial use, or iii) high quality forging bars for the auio-paits
industry. Cutrently, this No. 2 ro!!ing mil} produces about 30,000 tons of reinforcing bars, pro-
files and forgirg bare annuaily. In fact this is well below its production capasity which is in
axcess of;-jZG,C@O fons per annum. - ' . ' o e
.. Nea;'ﬁy a}i the profiles producad on the number 2 mili, and é fraction of the reiﬁ%fcing
bars have then 1o be 'straightened out’ on special siraightening machines befcre they can be
dispotched from the plant.  In cddition, an apprecicble proportion of the round reinforcing bars
have to be 'tor_sioned’ in special machines designed to give the bars an oxial twist. Finai!y,_ in
the case of the forging hars, thete require surface grinding and intensive final quaiity control

. . :
before they are ready far dispateh. These various operstions Le. stroightening, torsioning and
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Schematic,Flow Diagram Showing the Principol loputs and Outputs of Each of the Main Sections
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NB. From now on we shall refer to the No. | Rolling mill as the 'Billet ~mifl', and to the No, 2
Rolling mill as the 'Bar and Profile mill'. ' '
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This descripticn we have give;ﬂ of the successive main process shages in the Rosario plant
is iiustrared in the flow dingrom. The purpose of the diagram is simply to communicate vESuci.ly =
the basic sequence of process stages. (Cf course, each of the process stoges represented by o
'box' in the flow diagram is in itseff a whole technology e.g. the technology of preparing scrap,
the technology of preducing liquid ‘5teeﬁ in the Siemens Martin furnoces, the technology of pre- I

: |

poring the ingot moulds and casting the ingots, the technology of billet rolling, etc. all of whiqj

we shail shortly describe).

i will now be useful to say a few words about the production capacity of the Rosario
plant. in the first piaéé_ one ¢an see from the EE;)w diagram that there does not exist any single
figure for the production capaciiy of the plent. What exists, instead, is ¢ set of figures repre-
senting the ccpcru; iy of ea#h si‘age of éroducfion, expressad in toms of the particuler output pro+
duced by that siege, The annual production capacity figures most frequeniiy referred to are i)
the figure for ingor outpui copocity, i) the figure for Biilat outpur copacity and ii} the Figure-
for the output of Bars and Profiies which couid be oitained given an adequate supply of Biilets -
and assuming in ai! three coses that the units are worked on a 3.dcy shi%, 7 days a week. On
this bcsir; the present capacity of ?ﬁe Rosario plant can be mughly described os {60,000 tons
per year of lngots, 180,000 tons per year of Billets, and 120,000 tons per ysar of Bars and Pro-

files. {This places the Rosorio piant cleariy in the bracket of 'mini* steel plants L.e. those

producing 80,000 to 406,000 tons of steei Ingots and/or rolled products per year. 1o see the
plant in perspective, it is ‘mini’ compared Yo Acindar's Acevedo plont {700,000 t.p.y. copacity |
in roiled productsj or to the Argeﬂ'»‘:fsﬁe Stnte Steelpiont, Somise, lover 2 miilion t.p.y. capacity
in ingots}. However, 'min{ sieeinicnis in the Lotin Americon steel industry ara extremaly sig-

nificant. Indsed, coeording o 1974 data, over 24% of Lotin American steelmaking cepacit
F 4 P ¢ 1 Y
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is located in 29 integraied and se['hi-Infegrqted 'mini’ plants (1). Furthermore, recent years have

- - witnassed a great upsurge of interest and investment in 'mini plants' all around the world (2). _

.

The Rosario plant is, therefore, not c rare curiosity so for as scale is concerned but is one of a

- farge number of functioning small~scale steelplants in the region.

MO

1
»

4

To sum up so far, we have seen that the Rosorio plant is o multi-stoge steelmaking and

" steel -rolling plant, It transforms scrap into steel ingots, ingots into billets, ond o fraction of

these billets into reinforcing bars, profiles and forging bars. “The scale of its production identifies
the plont os a so colled 'mini' sfeelprlcht' in contrast both to the high tonnage rolling mill plants
such os'Acindar's Acevedo plant «nd to the large scale integrated steelworks

3 r °

such os Somisa. .

" ———— T ———— . £ _———— . T T T Gy W = =

plants had.an installed steelmaking copacity above 80,000 t.p.a. cnd accounted for 93% of the
region's steelmaking capacity, whilst the other 49 planis had_instelled ccwcifies below 80,000

E ‘L.p.a. ond decounted only for 7% of the region's steelmaking capacity. With regard to the

leading 4' plants, 12 of these refer to integrated plants which had installed copacities ranging:

- from 400,000 t.p.a. to 2,500,000 t.p.a. ond cccounted for 7% of the region's steelmaking
capacity. The other 29 plants including ll integrated end 18 semi-integrated plehts ~ had ca-
~ pacities ranging from 80,000 7 400,000 t.p.c. - i.e. they come into the category of 'mini'
" plonts - and accounted for 26% of the region's steelmcking copacity.
Source: Estructura Técenica y Productive de lo Industria SidertGrgica de América Latinag, pu-

- blished by TCAFA as a supplement to the September 1976 issue of the journal 'Siderorgia Latino-

americana’,

(2) Luigi Donieli, the ltalian constructor of 'mini' plants and continuous~casting lines made the
following point in o recent article about mini-plonts. "In the world of steel an onnual pro-

duction of 250,000 tons, considered quite substantial 50 years ago, is dwarfed by today's con-
cept of the 15 million t.p.a. unit... However, hisrorK and economic davelopment does not always

follow the seript like a movie, but quite often just happens. ln the world of steel one such

unscripted-happening s the emergence of small steel -works units not ot oll conforming to the
prevailing concept of o minimum size of millions of tons - which not only seem to fulfill o very

~important funetion under specific circumstances, but also frequently oppear to be for more
economically suecessful than their big 'plonned  brother'. See L. Danieli, Observations on

Mini-mills, UNIDO 3rd Interregional Symposium on the Iron-end Steel Industry. Bresilie 1973,

i_UN_iDO Publication ID/WG 144/85, 25 June 1973, . 3
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o Our next step will now be to look at the basic process technology employed
in the Rosarioplant to see how it compares with ''best practice' technology and also how

it compares with the process technology employed in other Latin American steelplants.

o ———— Pyl AP pat' St S i i ) Ve g

As could be expected for aplant installed in 1943, some of the basic technologies
+_ employed in the plant are today trailinga longway behind international best-practice‘

- “technology for the particular scale of output at which the plant operates.

This applies in the firstplace td trhe steelmaking process employed in the Rosario
| plant, which is bésed on three Siemens Martin (Open-~hearth) furnaces whose basicldes'ign
dates back to 1943. Although these furnaces have been impressively "upgraded' by means
of design improvements and better operating practice, they still cannot produc.e steel
so cheaply as modern electric-arc furnaces of the kind installed in Acindar's Marathon
plant. In fact at 1977 prices, the cost-differential.per tonof liquid étee] wa-s‘ about

10 to 15% in favour of the Marathon electric arc furnaces, (assuming a similar scrap

- -charge to both kinds of furnaces).
", " iThis'long lag behind best-practice technology also applies in the next two s'tage‘sv i
of the Rosarioplant's operations, which involve the trénsformétion of the liquid steel

- intosolidsteel ingots (i.ngot casting) and then intobillets (via the roll ing of ingots

"',""irj the billetmil1). This classic two-stage process of producing billets from liguid

. steel has now been very largely overtaken by the so-called ''cont inuéus casting" process‘ ,
-whereby billets (or blooms or slabs) are formea'directly by pouring liquid steel into the
S top.of awater cooled mouid and-by withdrawing the solified bitlet fromthe botto-m of the
mould. The advantaggs of continuous casting are a) thét it grea;tly improves metalt fc
yvieldand b) ti.1at Iow:er‘ capitai ;nd-operating COStS'aI"e invo‘lrved, at iéés.t in t‘l*-w.e

tonnage range produced by miniplants and possibly also at higher tonnages asrwel 1.

Again a comparisonwithAcindar's Marathon plant, which operates with continuous-
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casting facilities, is revealing. The transformation costs for converting liquid
steel into one ton of continuously cast billets in the Marathon plant are 20% lower
than the transformation costs of rolling ingots into one ton of bitlets in the Rosario

plant. There is, however, one important cost advantage scored by the Rosario plant

.over the Marathon plant. | can make use of a 'dirtier' and therefore cheaper supply of

scrap the quantity of which would not permif the fébrica#fon of billets by continuous
casting. This facfor brings down the cost of Rosari&‘biliéts very éppreciably, but;
even 50, the final cost of Rdsario billéts, fn 1977 ends Up‘SOme 13% above the costs of
equfvalent bitlets produced in the Mara£hon'plant.

These figufeé ctearly show that the Rosario plant is a high-cost plant in terms

of biltet production starting from a raw material base of scrap. lIndeed, we can say

" more -for the processes which the plant employs for making billets from scrap are not

just iess efficient thén electric arc—Fﬁrnacgs and continuous casting over the parti-
cular scale range at whiéh tﬁe Rosario plant operates,‘énd at the partiéular factor
prices prevailing in Afgentina-—rthey are actually 'inferior' processes (in the eco-
nomiéts sense of tﬁe word) over the whole range of factor prices obtaining In Latin
America, and for virtually all scales of production (the possible exception beihg'thé

use of ingot-casting followed by primary rolling (1) at large scales Of‘pfoduction

e.g. one million tons or more per year. In other words, we are saying that the basic
 processes employed in the Rosario plant for making steel billets from scuap would not

now be selected by any rational Latin American entrepreneur putting up a new mini-

plant (2).. In this sense the processes are clearly outmoded
(1) The term ‘primary rolling' refers to the rolling of ingots into billets, blooms,
or slabs. Blooms are'simply large billets, defined as being of square ¢ross sectionwith
sides larger than 125 x 125 mm. Slabs are bars of rectangular cross-section . At large
- scalesof production it isusual for the primarymill to roll blooms or slabs or both.
The blooms are then rolled on another mill to produce billets, or in the case of slabs
these are then rolled intoplates or other flat products. However, the Rosario plant,
like many other small-scale plantsrolls billets directly from ingots.
(2) The tast newly built scrap-based open hearth furnace that we know of was a 45 tonunit
lnstalledbyTamet|nArgent1na|n!968toreplacethreesma!lerStemensMarttnfurnaces
that the plant had been operating with,
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A reflection of this is; that out of the 29 'mlini-plcnts‘ in Latén America in 1974 only 9' .
were 'emp!o-ying Opén—l'-lecrth.sfeel furnaces, compared to 22 with electric -arc furnaces. As for
thé empfoymeﬁr of con?inuoﬁ-s casting, ;&e do not have df:curafe fféUreﬁ on the extent to Which
exisfiﬁg miﬁi-plénts have adopted fhis re"lotiv‘ely new technique - however the trend towards
C:Idopﬁ-ng continuous casting can be cléc'r!y detected from estimates which sho_w that whilst the
Aprolc‘iu.ci'ion .capcscity of continuous casting installations in all Latin America in 1974 was only
3 million tons, the copocity estimated for such i-ns’:-allcrions by 1980 is 26 million tons { | )

The conclusion is, therefore, that both the Siemens Martin fumaces of the Rosario plant and

its‘ Ingot -casting plus billet mill combination must be regarded as outmoded. The remaining proce
in the Rosario plcnt'whi‘ch we must now consider is the Bar and Profile mill. |
The Bar and.Proﬁle' mill instqlléd in the Rosario plant comes into the category of small~
tonno_ge.low ve.c;ciry Edlling mills for non.-flc:r products with a basically 'open’ layout of iis va-
rious stcnd§ (i.e. rolling units). In these respects it contrasts with rine high tonnage, high
vjelbrciry-roliing. mills with ﬁ cénfiﬁuous layout of rh«_a_kindA installed in Aéindcr's Acevedo piani'-
For producing wiré%d, bﬁrs onci steelsrri;:._ (In open loyouts, the bar or the other produ.c‘." is
only being rolled in one stond at a time, whilst in continuous layouts the stands cre all sst in. ||n:
rcmd the product is sent down the line and gets rolled by several stands simultaneously. The hmh
speed continuous mills unquesrionﬁbly produce the products at much lower cost if the produc, jon |
runs are long enough, However, for small markets, varied product mixes and consequent short
production rﬁns,_the ldw'\;e!ocity 'open playout' or se_mi-—cénfrinuous mills are the economically
vioble choice. Furthermore, wiﬂxin this general category of low velocity open Icyouf‘Or semi~ .

“continuous mills for producing a range of non-flat producis the presenr 8ar and Profile instal~

-—-._....--n-———-_.— . ¢t s e o o e e e e e

__._.-_m__._._.__._.______-_--——-.—____'..,..,._._-_.
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lation of the Rosario plont is cc"mcrui wely fmi auicmated and sophisticatad (1} ond cannot be
- regarded os outmodead (2) even o--gh most of iis producf;’on ccpacity is at present unutilized by
| Acmdcr due to the comparat ively lower costs roducmg rmos} o‘f the producy rcnge on the

' cOn?inu.ous rolling mills in the Acevedo r_:!ahr. : :

In summary, than, the Rosorio plant is ooerating with outmoded process technology in its

| steelmaking and billet producing operaiions but with sucstentially up-tp-date process technology
| {For the scale of production invblved)_in if‘s Sar and Profile mill. |
It is however, u_sefuri to recall that just because a process or technique is cuimoded frem
the viewpoin‘r-or' a new plant bu*,'e:; this cees not imply that the technique w:ll be mn.ednctely

replaced or scrapncd by those plants in which the 'sec;hnique'is already ‘installcd. On f..e con-

trary, such plents FoHow cound econcn:ic roticnal ity by retaining the outmoded process for as
lono as s vcrub'e costs do not exceed the teial cotis (i.e. varioble and capital costs) which

would cpplyr if the plant switchad to some alternative nawer technique (3).

(i) Thic is pcr:!v due to a major modernization carried out recently. The mill's layoutr was revised
in 1971 and ot the some time ifs cperations were extensively mechanized and autometed thus
greatly cpestling the mill vp. A.ao in 1973, the mill was equipped with two new and sophisti=-
cated ﬁno! rotlin g cnds €0 ot to be cbie to picduce smull producnoﬁ runs of precisely dlmen-—
sioncd forging bars for the cu.orzobs., .:':du“"

(2) Once agoin we ars using the woid cutimoded to apply to progesses that no Latin American
enhepremur vould now adont if tamno from scratch. A recent article by Jorge Dioz framont
entitled 'Preserite - Fuiuro de la leminacién Letinoomericand' publlshed in Siderlrgio Latino~
emericana No, 157, Arril 1976, suggatis s;ro*xjiy that roliing facilities similar to the Ear
and Profite il of Yo Rasario rlant, arz by no mears sulmoded yet. See especialiy page 32 of
the article. . -

(3) As.W.E, . Salser has expiained in the context of decision maoking within the framework of an
individual plant - tha repla cement of a machine or a p"ocess%i-coe within a plant) will only
appear an interesting inveitment possibility if the present value of the expected future opera-
ting ccsis of tha whole »lant with #he machins retained is greater than the present value of
the expecied fuiure operating cocis of the whola plant if the machine were replaced: plusithe
preseni value of the expected capiial ond mstaﬂa“ion costs of the new machine. W.E.G.Salter,
Produstivity and Teonnice! Change, Cambridge University, Press, 1960, Chapters Mo V!,
ezpecialiy 1,84, _ _ ‘

‘Theie are; however, two complications which enter info the applica¥ion of this #e¢placement.
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What is more , it is clear that a plant which is rational ly retaining outmoded techniques in

operation will also have a direct economic interesr in improving these techniques (e.g. to bring

the techniques are outmoded In other words there is every reason o beheve that plant manage:-

——u__..-._..——-——_--——-—v——

ments will aﬂempr to improve the. performonice of cll the %echnolbgy which they have installed
cnd m‘e unhzmg und this of course mcludes the ou’rmoded techndlogy. In general one can sdy

-+ that so long as an outmoded technology is not sufFrcuently outmoded. to be profu.ably rnpiqced"(!

e e i 20 0P Pk s S A e o e o o e e e, i e b’ e e s . . P e

. criterion in the case of the Rosario plant. The first derives from the fact that the appropriate
decision-making context for replacement decisions in the Rosario piant is the effect on both
the Rosaric and the Acevedo plonts, since thece two plonts are closely interlinked. For
instance a temporary suspension of steel production in Resario in ordsr to effect a swirch to
electric arc steelmaking wauld almost certainly result in a fall in production in the Acevedo
plant thus raising the unit copital costs per ton of the products it produces). This cemplication
can however easily be taken core of simply by considering the Roserio-plant oc a stage of the ™
overall 'double -plant' formed together with the Aceveds niant, and by than qpplymg the

Solter replacement criterion to the ‘double -plant’.

. The second eamplication derives from the fact that replacement of one process bv another -
e.g. Siemens Martin steelmaking by Electric arc steelmaking - may involve nct only reductions
in operating costs, but also changes of product-quality as well.  Indeed in the example.
cited, this effect is most important, since the more precise control over power input in
Electric arc furnaces enchbles them to moke higher quality steels than can Oper learth
furnaces. Hence the considerations which should rationally affect replacement decisions must
often go beyond the obviously essential comparison of opercting costs and capital costs, to.-
also enter into the realm of product quality changes, their effecis on produchon prices and
demand, etc.

(1) This is from W.E.G, Salter op. cit. see footnore page 54: "The term obsolete will be re-
served for plants which are sufficiently outmoded to be profitcbly reploced. Plants embodying
fechmques which are not up to current best practice but not yet obsolete, are temed

"out-moded”.
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}en‘ it is not obsolete;, ond‘ it is perfectly rational to attempt to improve such technology so as to
wcrease the EC;DnOrhIC contnbuhon which it renders to the p!cnt in which it is installed. Further-
ore, if a 'fechmque is |ust obout to bec0me obsolete, or has cch;tclly become so, then it is by
o means inconceivoble thdt a technical chqnge may give the technoiogy a renewed lease of
conomic que perhops even a prolonged one. | )
Ail fhese considerations are specially relevant when cons:dermg the Rosario plcmt, be-

:aqSe the plant's fechnq|09y as it is _toddy_ is in large port the result of successive "upgradings” of
he originally ins;falle_d-ond‘ now cleorly outmoded technology of the period 1943 to 1950. Indeed
mér cc-mﬁ describe the plant's technological history with some accuracy os o continuous (L;Jnd 50
ar s.ui::cessful) effort to incorporate changes fost enoUgH to prevent its outmoded technology from
)ecoming obsoie‘te."

- This point can be Wéll illusirutecj with reference to the Steélmaking units of the plant and
Jlsé to fhe Billet mill. In the case of the S‘igmens Martin furnaces, these have been modified oﬁ
ieveral occosions so as to give them "the max impmﬁefﬁciency possible within the limits of an
>Bso|e¥é and compliaated basic écheme“._ (1) As a result the annual production capacity per
Siemens Mc!ii'in furnace has been raised from approximately 20.000 tons per annum ir; the early
|940slto over 50,000 tons per annum today with the inferesting cohsequelnce'thqt the Rosario
plant's Sielinens Martin furnaces are today clearly lsupe.rior in terms of annual output capacity to

ail the comparable furnaces in other Argentine steelplants  (see Table overleaf).

B M T P APy e €26 S N e S — i A S g S — -

() Intewlew with Ing. Ricardo Pu |a|s the designer of the Rosario Siemens Martin furnaces,
. today Acmdur s Director of Planning and Development.
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' Number of S-M fumaces  Totol annual - Total annual
Enterprise and their capacity in steelmaking capacity per fon
‘ tons per heat (batch) copacity, tons of static furnace
of steel capacity

Ohler S.A, 3 furnaces of 2| tons each ‘ 50,000 704 tons
Acindar - :
Rosario 3 furnaces of 30 tons each 150,000 l. 667 tons
Santa Rosa | furnace of 30 tons ' - 60,000 857 tons

: | fumace of 40 tons

Contébrica 4 furnaces of 25 tons 85000 850 tons
Tamet ] furnace of 20 t.

| furnace of 35 t. . 100,000 l. 000 tons
| furmace of 45 ¢.

— v — — v . St — o — e  h e ke b Y G S ey S A NS S b Mol i T SV el ey M AN A e W o i
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A very similar story applies to the Rosario plant's billet mitl. lThis was originally instal led
in 1950 with o production copacity of 50,000 tons per year, however this capacity has been
raised by successive technical change; so that the Billet mill's capacity today is over 160,000
fom‘per yeor. This has been achieved “without any profound variations, simply . by impro-ving

equipment, channel design, rehecting fumaces, etc.” and it is also claimed that the Rosario

plant's billet mill is today "more productive than some of the more modern primary rolling
mills in Argentina which have twice the horsepower of the Rosario Billet i'nill and involved five

to ten times as much investment®. { | )

o P S D T T b e Sk Sk g e o . e o T T M A -

(1) Interview with Sr. Oscar Amorini, Deputy Director of the Rosario plont.
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These remoarks on the performance of the Sféelmcking' units add Billet mill of the Rosario
p!dnt a) show that although the i'echno!ogiesemployed in both cases are outmoded, they never-
theless have been greatly improved or 'upgraded’ by comparison with their performance when

first installed and b) suggest that the resulting performance of these technologies contrasts

favourably with comparable technologies in other Argentine steelplants.

. We can also recall our earlier observation that the ‘B“c's'rbc.md ,Prdf?le.‘.mill, too, husbeen
extensively 'upgraded' and modemized . in the period 1971 to 1973; .
Hence it is clear that technical improvements to existing instaflations have been extremely
important ot ail the central siuges of the Rosario plant's fechnoloéy. |
We can now sum up the key .minfs.wi;?ch Ec‘/e emerged from our diseussion of the. ireéfh--
n0!ogy empioyed in the Rosario plant. Th y are as rc;'!ows - o | S
) The Rosario is a semi- mtegrofcd mini’ " steeiplant which use;s oufmoded process ’rechnoiogles
for mckmg scrap into liquid steel and ltqu:d steel into b:liers In contrast it uses reason-
cbly up—fo-dcte techno!oqy, in its Bar dnd ProF;!e m||| |
2) 7 Howa_yer, the use of outmoded technologies does not constitute an industrial ‘oddity’. On
fheI -confrcry, Qe saw H.mt altogether 9 out of 29 Latin A-m'erican'min.i-pldr'v.fs s-till use Open
| Héarfh si’eelmaking (f‘our in Argenﬁno) ‘ond it can also be deduced Fro.m. the Figures \-Ne
o . o

presenfed on the diffusion of con. inuous cosi mg fhar mcmy Lcn‘m Amerlccn mrm-plcnts must

shll be employrng ingot cosi‘mg and pr:mﬂry roi!mg

3) Economuc rcmonohfy suggesfs ’rhaf plqn'r managements will try to m'rroduce 're:chmcqi changes

_to 1mprove fhe performcﬁcc o‘F all *h air mrtclled h.chnology, mc!udmg fhetr oufrnoded
technology unless this is 1rrecov«>rabiy obsolete (I e. proF:Mble to replcce)

4) The br:ef’ evidence presented concermng fechmcc chonges in i"\e Rosrno plcnf suggests
that the plent has indeed undertaken extensive ?echmcol chqnges designed to 'WQ’QVthhe
S ST S L e L T "-‘f‘-‘ . ¥
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. capabil ity of its existing units. As a result its Siemons:Martin units are the most productive  f
: _‘of thats kind in Argem'ina, its Billet mill is considered to now be o highly,\producﬁve unit
| in relation to the investment made in it, and its Bar and Profile mill has been extensively
modernized in recent }eamund is today reosonably up-to-date aﬁd sophisticated within the
- COncaét of low-tonnage discomtinuous rolling mills. Thus, technicol change appears fo have

played an ;oufntunding role in modemizing the bosic technologies of the Rosario plant.

i

. — — — e vy e W e —— —

So for, we have restricted our attention to describing the brood features of the Rosario. .
plant's technology-and to  examining how-the main process technologies currently in use in .
‘the-plant compore both with "best practice” technology and with Vtﬁé«processjechnc}!ogieﬁ used

in other Latin American steelplants,

The tiep we now take is to examine and discuss the plant's product and process technology

-~ in more defail:

Wae begin by giving o more refined description of the products made in the Rosario plont,
in which we dr&w attention to i) the marked heterogeneity of the intermediate and final produc?s-
~ of the plant, and ii} the status of the plcuﬂ's product mix as a key variable in the plans 5f the
pllcmt's management - and we then discuss some of the implications which this product heterogeneity
and product mix variability have for the analysis of feghnica! change in the plant. |

Next, we turm fo examine the p]&nf‘s process technology. We first describe in detail
the working of each  successive proc ess stﬁga in the plant. Then we ute this information to
discuss some characteristics of the plant's technology which tend to both generate o 'fisld' of

technological challenges for the plant's engineers, and also to limit the progress they con eventualh

achieve.
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__The key point-is that analysing the plant's product and process. technology in detail is
sssential for understanding the 'micro-environment' in which much of the technical change in-

. ;. P ”~ .- . A P A ORI I T
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the plcr_:;t,tokes ploee. -
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‘We have alreooy notecl thcf the Roscno p'ar.. producef a range of dafferent prOducts

L

Thus, we have’ menhoned ngofs (whrch are m’.cmed iute produc’rs) bil.ets (whlch are in thelr

majority end*producis from ‘The v:ew-pomr of the olunr, and 'in thear minority are mrermedno're '

products) cnd three different clooses of end-—roned produds (u e, round rernforcmg bars

wrofiles ond for ing bcrs). Qur aim now is 1o explore nach of fhesa various clcsses o% roduc'rs in
o P

more defail. We shall begm with the products produved on the Bar cnd Profile M:l-.

o " In the case oF round re m{'orcmq bors, it s unpor.cmt to note thot the mill produces
m kind: (1), :Thus, one- porr of the produciion consisis of plain round bars, yvhi;::h are rher‘l' "
ogiéll‘ly"twis?ed, another pc:m- consists c;F rouna -Bar;x;.v‘ifh‘ hﬂfb:longirhdiﬁ‘cil rldgeswhwh raﬁe up o
spiral pattern w?l-néﬁ the boré are axially rwfstéd,' ond ihé-rsn{qiniﬁéjﬁcrr of the ‘proauc-i jon cranﬁisirs:
of ribbed ro».ind .bcrs‘w‘r.rich, in cdd'i_ﬁ'o_n' ’ro_Iong‘iti'.ndin-ol‘:r:idg(;s,r also have a ;:nﬂérn"b.fu"tr‘c-lnsversc-!l
or diog.c.'na‘l ribs c.:Iesi'gnec.} to g.r-ip'c.:cricre'r.'et, whi‘ch @mérgé fr;rn the r;;rl'mdri.col -sﬁrft;.ce of the bar.
(NB. see figures MIOW).- Son;e oF-fhése ribbed round bé:rs are later tw asredv:hsle oi-[r::érs ore Ide-
sngned for use \~;|fhouf twisiing. For ease of rr‘ference we can refer to fhpsé leferenf kinds of

bars as 'plain’ bars (whlch are- 'i‘WISted) r:dgea bars (whlch are twnsted) and r:bbed' bcrs

—-_-—————-n-—--_—-o-————_—-.-———————_...——_———

v

(3) A usefu1 survey of the rechnoiogy of remfo.cmg bﬂi’a can be found in B 5 Krlshncmcchor

" Acera para Homigén armado; Situonibn actuct de su tecnologia Revista Lc:hnoamencanc: de
Sidertrgia No. 174, Qct. 1974, (LAFA, Santiago). Coniohn

SR
o
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{which may or may not be twisted, depending on the particular rib design involved).
In the case of profiles, the two types most frequently -produced on the Bar and Profile
" mill are '‘Angles’ and 'L-shapes’ . However, the mill con also roll 'T-shapes' , 'Double Ts'

and 'U-shapes’.

v

T-Profile

! Ridged

ﬂ@iﬂ} WH— Ribbed - : i

L-Profile

=

Three types of round steel bars for reinFoi'ced concrete . Examples of Profile cross-sectiof

With regard to forging bars, the Bar and Profile mill produces both plain round

forg ing bars, and small quantity of forging billets.

All these various products just mentioned are produced by the Bar and Profile mill-

in a range of different sizes in accordance with customers' needs. Thus, in the case of rein—

forcing bars, (of all three types) there are six standard diameter sizes produced on the mill.
These are @ 12 mm, @ 14mm, @ 16mm, ¢ 20 mm, ¥ 2 mm, and @ 40 mm. For angles
there are no less that 22 different standard sizes ranging from 15,9 mm x 15.9 mm x 3 mm to

76,2 mm x 76.2 mm x 9.5 mm. In the case of forging bars there are 11 different standard N
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iameter sizes ranging from 4 15.8 mm to B 47.6 mm. {8 is the symbo! for the diameter of cross

action of a round bor).

“in addition to this variotion in cross—section sizes, each of ihese products is also produced

n a wide ronge of different standard lengths.

A furiher exctremely 1mpor'rcm1' type of variation in ail these end products preduced by the
ior and Profile mill i thct f'nfay may be rnanu;aciured in steel of different grades (i.e. different
;'Hemic";ol. compositions), The grade of a steel product is deferﬁ ined at the steelmaking stcge of
sperations by conirolling the ievel of elemenis such us caibon, manganese, sulphur, phosphorus,
ste, in the molten metal - L."I"Id the resulting chemical compezition of the steel, i.e. its grade, is then
;fcbiliied w"ne_n the molten sicel cools dox:m injo ingots, and %his grada is mainiained when the
iﬁgots are rolled into billets, and then when the Lillets are rolled into round bars, mrofiles, ete.
@'he‘\imp&a_ri‘unce of the covrect choice of cicel g‘rade for a pro&pct is that differert grades of steel

‘jr':xhibi'r different mechanical and physical nroperties 11} .

1) For example, in the case of round reinforcing bars, the tension that o bav can support (i.e.
ts 'limit of fluzncy') is positively related to the paroentege carbon content in the steel. On
the other hand the solucb:h?y of reinfcreing bars is inversely related io their carbon content,
A further most imporiunt consideration is the percentage by weight in the steel of impurities, such
- as sulphr or phosphorus. Too much sulphur, for instance, con result in the fonmation of non-
metallic 'inclusicns' wlhich cause interna! urd superficial cracks to fom in the product during
rolling, Hence the grade of steel is of dm isive imporiance in determmmg the performance
level of producis mede of i,

t the present fime, mest of the profiles aad many of the ridged reinforcing bars prodused by the
Bar and Profile miil are roiied i a grade of steel which involve: a carbon content close to
L 0,17 %. Mosi of the plain reinforcing bars, hewever, are rolied in a grads which involves o
carbon confent of about 0,11 % and a less restrictive limir on the sulphur content and ofher
;mpurlt...a. The mill also oceas tonaHy rolls small quantities of reinforcing bars made of some-
what higker grades of carbon, and in the case of forging bars, the mill rolls these in three
groups of different grades - i.e. up to 0.15 % “arhon, above 0,15 % Carbon and Alloy grades.
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~ The Rozsario plaat today-concenirates maialy in-producing *Mild Steel’ grodes which

typicaily contain 0.10 - 0.24% Carbon. However, the plant hos in the post preduced significent

quantities of higher—carbon grodes of steet, eag#. 0,25 - 0‘,8@;% tho}\ and there have olso been ;

short preduction runs of various different ‘Alloy steels fwhich ore sieals contatning alfoys such

as Molvbdenum, Tungsten, Yenodivm, Chromium, mke! and Mcnw,,ar'esa, etc. i proporkions

obove seme specified mirimum). The point here is that the output of the Bor ond Profiie mill cannot

simply ba cpecified in toaws of product type, produet sive {erom=1ection) a# praduct length.

The ou’*;m? must also he specified in temms of the grades of steel in whish the products are mieduced.
A tinal set of charecteristies which are needed fo complete the specification of the ouiput

of the Bar ond Pmfile mill moy ks ealled the prduat “quolity parometess™, The quality porameters

safer to mettars w-:;h s i} ehe difmfvaamm mﬁemwm of the prodyct, i} the surloes quality of the
produat, iii} ibe degres of freadom Fom htomel defents, v the sinaighiness of the moduct,

v} the degese of variaiion peimitted in the grade of the produst, eta.

For each produet produced by the Bar and Profiie mill there exints o 23 of *Produe Norms']

4

which mark the veper and fowsr boundorise of voriation thot ore pemitied. All produsts which

fall within these bounderies ore regorded o3 'fivst cuality’ ond ore closed and soid o3 the seme
product, Produets whose spagifications foil siightly oviside th norns are 'detained’ 30 that
a deeizion con be mode 05 W whether thay ore taleshis a3 the some prdust or not, and products

which dewori substongially from the snoms are ‘rejected’ . In some coses rejection invoives the demg

tion of o produat to an infarior specification, in other cuses the rejectad predust gets recycled cs

serap,
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T 7

Thus, tosum vp, we have seen that the output of the Bar and Profile mill is heterogeneous

n four different ways, First of all i—he miil produces seveml different classes of product (deﬁned by

S . i

eir bosu: shopﬁ ond funcho*ﬂ lheae mciude p;mn, ndoed and nbbed remforung bars, cngles,

A .
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.-shOpa 57 l“shupes doub.e !s cnd U_-.;hcp S50 round Forgng bur;. cnd forgmg b:llefs. Second the

il produces euch d:rferent closs of producr inG .ange of orrferenf dlmens:on«- {defined by cross -
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PR LR R . PO fl -

: ' - E . i e P A La A R T
i H . . i

ieuhn wnth ess enhol' a smgie da‘as of oui"u* - i.e. ingots in the case of the steelmaking opera-
9 ye gots in g ope
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jons and b:l!eis in 'rhe case o biilei- miil. 1hU we o‘o nof hcwe to deal wifh mu!iiple classes of

B

utput (i e. dnf erent product .ypes) as in the Bar and Pron\e mnH ('I) however ihe o'rher three

o
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(1) Actually this statement needs some qualification. In the firsy ploce i’he produciion of the Billet
mill includes not only billets, but c%so, on occodins, blooms and slabs as well. But since these
three types of product differ only in tneir cross —sectional dimensions, we shall in this paper

- refer to all three simply as 'billets' and treat them os o single class of output. Sedondly, there
have been years in which a minority of the output of the Bille; mill hos consisted of finished
products - besically Jarge diometer round bors ond heovy profiles. However, this 'minority’

- outpyt of finished products hos never exceeded 20% of Billet mill production, and in recen:.
years has boen either zero or @ very low percertage of output. Mence o o fizst approximaiion

" it is reasonable to consider the billet mill as pioducing a single class of output. This class is
however heterogeneous with regard to its dimensioss, grades and quality. Finally, with regard

 tothe steelmckmg section, the Resario plant somatimes record n small level or production of
"other castings" distinet Fro*s ingots. However, these do not appear to have ever cccounted

for more than 5% of the output of the steeimaking section, o we ~can rea'onc:bly cons:der the

output of the section a3 consisiing entirely of ingots.  * R d
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kinds of. pmduct.heﬁrogeneiw t.:me present. Thus, a-given production-series of ingots.may differ
from the next series in terms of i} the Qrude of stee.l of which the ingots are to be made, ii) the
physical dimensions of the ingots (e.g. cmss*sechcn of the I;ast;z, angle of toper, and height of the
ingots) and iii) the quality chomcferisﬁ_cs of the ingots (i.e. dimemiénal tolerances, surface quallit;
- and degree of freedom from extemal scratches and folds, and from ihtemal‘metolfurgical defe.c’ts).(!;
Similar remarks apply to the plolnt's output of Bi!lets.. Thus, i) the grade of steel of.the
billets produced on the Bil.let mill depends on the grade of s'teel of the ingoﬁ being rolled {which
are mainly ingots of mild-steel grades produéed in the R§sori6 plant, plus a proportion of ingots
of high carbon odd alloy steef grades produced in Acindar’s Marathon plcmt:), n) the cross—section .
of the bulle?s depends on ?he sefhngs of the rollmg cylmders on rhe mill (the most commonly pro-
duced billets have cross-sechons of 63x 63 mm, 76 x 76 mm or 100 x-100 mm), iii) the length of
fhe billets, can be varied by confrollmg the action of the cut-to- length shear {currently blilets ar
- preduced in lengths ranging from 2.29 to 3.40 metres), .and w) the quality paramaters qF the |
billets vary occof'ding to the quality of the ingoi-s_fedr mto fhelro-l f-ing mill and according to the

precition of the rolling process carried out there.

————— .'.-----.u--.——-——---—--—p——u--u-an-—wnn-—-—-—

(1) The tharacteristics of the ingots to be produced are programmed in relation to the further |
proceéeing that these ingots will undergo later on so as to produce-final products of the re~
quired specification. When the specification of the finol product is going to be exacting, then
this requires a correspondingly high quality of produetion in the preceeding process stages,
One consequence of this is that a fraction of the ingots produced in the Rosario plant need to
pass throudh an additional stage, known as 'conditioning' where defects ore detected and whers
possible removed, whereas the majority of ingots - destined to be rolled into products with less

. exacting specifications - do not have to pass through the conditioning sector.




- 34 -

In summory the c;bcwe deseription reveals ItEe‘: marked lﬁf_e_:;gggggi_ry of the outputs produced ’
n each of the three main ‘pro;e;:sing stages of the Rosc;rio plant. ".':hi; heterogeneity -hcs_ very important
:onséquences' for our presént study - because it means thqf measures of growth, efficiency, and
echnical éhonge in the plant cannot simply be referred to iﬁmprove'ment.; in techniqug_- related to the

—_— e e i an a

~grformance, etc. to piant stages which each produce a’mix' of

- A péint of -(;icrificoi'i;)h T orde_r‘ here - the Stee!mqk_ipg furnaces can produce only
na p.orﬁcu'lcsr grode; of sh;el in each furnace ba;fct*m, and each of the rolling mills only produces
ne ;;th.i;:lull‘—or ;hc;ﬁe and cr.css-seci-ion_ o_f rolled product at any given moment - however if a period
f proauctio_n in the Rozario plant is coqlrysed, such as a mo‘n.ﬁ) ;°T,° who!e year, then }he output of
iny of the thice main pldn’r stoges will b;e féuﬁd th consist of various different produsts clossified

-

5y préduot class, - dimensions, §feei-glr;:;<;e and quality chorccréris.t‘ic;s. Thé pércentoge.distribgtion
of fhe ionncges oé’ the._ varioug produst col'r;gories amongst the‘-bveroli tohncgg of product prdduced
3i;,fes ;her 'MM' prodr::ced by the stage fof the period under analysis.

A m“osf vitcx.l fecwrekbf the product-mix produced bly. the Rosdrio plant is - pbyiously enough
- that it- can wi.thin limits be .voried. in&éed the plant's rponggemént explicitly uses its capobility
o vary the produc.t-mix to cope with such factors as i) chonges- in demo'nd conditions, ii) changes
n the behavious of Acindar's competitors, iii) shifts in the c0mpo;oiive advantages of ﬁroducing )
mr_ﬂcu!c.r'produc;* in the Rozario VC.“T:’;U; the Viilc: Constitucién |o§uﬂon, v} fechnologi_ccl improve -
nenis ;n-dd,e in the R‘cr-.c:.rio plant, etc. TP;;';, the 197¢ product mix of the‘ Rosa‘ri‘o plant is merely the
:urren-t‘ produci‘*mix being prc;d"_!ced by the plncﬁ. T’his' produc'r-'mfx' is in no se;’ase immutable. !'1
aet, \'.'e'";l;o!l see later -on thot the prodﬁf:t-‘rnix has .ch.anged velry substantially over time in all the

‘hree main stages of the plant.
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This then poses the question of how to tackle the analytical problems raised by the fact
that we are dealing with a plant which producés varying product mixes composed of heterogeneous
outputs.

The approach which suggests it;elf is, first, thot we wil! need to attempt to trace s
precisely as possible the way that product mix has in fact varied over the lifetime of the plant;
second that we shall need to-enquire into the role played by technical changes in producing the
observed changes in product mix; and third that we shall need to take aceount of the consequences
which changes in product-mix may have in affecting the performance of the plant in such matters
as unit costs, and production capacity (1),

| 'So far as the first element of this opproach is éoncerned, i.e. the tracing of the way pro-
duct mix has varied, our findings about product heterogeneity suggest that it will be convenient
to consider the producf mix of each stage in the Rosario plant as being divided iato a) the 'basic*
: pnoduct-mlx ' W‘hich refers to the percent distribution of the various classes of output defined in
terms of their basic shape and function, b) the *dimensional’ product mix, which refers for each !
class of product to the pert‘;ent distribution of the various different sizes in which this product is ,li

produced, and c) the steel-grade product mix which refers for each closs of product to the percent

——— - o T A A S Ty A A - - Y . A A - - — - -

(1) Differences in product mix can have very substantial effects on the tonnage of product that can
be produced in any given production shift. For exemple, if we take the output of the Bor and
Profile mill, it can produce 30 tons per hour of product when rolling round reinforcing bars
of diemeter 25 mm, but only 16 tons per hour when rolling round reinforcing bars of diometer
12 mm. Also to take another ekample, when this Rolling mill is producing Forging bars, it
works slower $o as to rofl the praduct to more exacting toleronces. As o result, the tonnoge
per hour produced is much less than for reinforcing bars. 1n the case of a forging bar of
25,4 mm diameter the mil rolls only 8.9 tons per hour. Thase examples show that the annual
production capacity of the Bar and Profile mill, measured in tons of product can vary very
substantially as the product-mix produced by the mill varies.
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tribution of the various steel grades in which the p;'oduci- is ;:roduced. We could alse define a
ual‘i:ty' mix for edc.'n class of product ,-":but for ;:ul-\allzyfi-cé‘l' redions it is preferable to separate
\c‘:ﬁgéi-ih product quality Frém’chunges; in ‘product m?x-'.

By dividing up the concept of product mix in this way, and separating out chcnges."ir‘ﬁ' pro- | |
ct quolify from cﬁcnges iﬁ p;'oduéf mix,“ we r;ow 4hcve so;ﬁel‘s‘ifﬁp]e”t':qt:e‘ngries ;.vlﬁch we can make
e of whenwe co?ne,- ir.llthe next sis*c'ribn of the chapter,- to--o.nolAyse'- tlll'\e 'chang.;es in-'prod.u.cf mix that
ve ..tci«;n plclxlcéui'r'; the Rosario p!'cm;r”c;n;i the extent to whichl :feéﬁnicéi ;:hc‘r{géﬁ'.have beén hres;— l

Qﬁs‘Ib'!e for them.

- -

. ;-['he--ne#; s.té-p in‘our déécripfi;:;ln ‘c>‘F_'the-R<l:sc.:rio'plcn.t'!s technology is to é#orﬁine m more
a‘fai!"'rhe faré:glgss; "fe‘tl:hncﬂo’gy use.d..ir_x.fhe plont, 0 08 1o see i:.1 whcr- -Q{ays teéhnicdll change in the
anf.r‘noy be s;o id .fo‘”be .tedhniccfl-y ’aefemine.d' or ofher;visel influenced By the noture o? the [-:rroéess

chipez;y"iﬁs'r.clljéd there. | | |

| .So we ﬁow ;egploin the main 6per&tions involved in eciéh suc.céssive p'rocer.';s. stage from "rcw ‘

i'er:iql‘ to finished préducf. This inevitably involves a certain amount of techno logical detail - -
J; we P-\op'e the reader will be;:r ‘wi‘th .this:. since the e:.pl.cmc:.ﬁon' o{"‘ltl'w'e _prbc;ess”‘fechno Iog)}‘v-f |||
ot only help to clarify the sense fin‘which the opportunities for technical change in the plant @re
éférrﬁined' , :bu_f will also gi;é- rhclejreqder the essentiol techn;nc;ll iﬁforrn_c‘:ﬁonlneededl to Iundérsfand
e r;xﬁﬁ)r di?f;arént kinds of.tééhniical changes to which wel -5.ha'l| refer ir}:the second section éf this

JERIRL VA

o _ T , .. | : e
apfer. | | : Lo e : T :1‘;“‘2’:‘_!"?

-We have endeavoured to keep the technical jargon down to the minimum, Our description

lows the order of the principal plant siages noted earlier, i.e..scrap.park, steelmdkihg; ingot-
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casting, billet mill, bar-and-profile mill and finishing Opem?ibns and we include at the end ¢ brief

resumé of the quality controls which are utilized in each plant stage.

THE SCRAP PARK

To sfdl’{f W|;h} consider the Scrap park. This is a paved area of approximately 240 x 26
metres where scrap is loaded :ﬁnd uﬁllblé:_ded from wago'ﬁ; and trucks by cranes fitted with r{’icgnef'i;'
pick up dévices. The park has m'o zones. .The first one is where the stoc‘i<s of classif.ied sércp ﬁre
kept and is also the.recepﬁon ared fo; deliveries of pre-clossified scrap, In confrdsr, the secona
zone is fo:" scrap that must Fir’ﬁ be processed or clossified prior to being used. Deliver'ies-ofmi;c-ed
- or 'assorted’ :;crap are received in this second zone, '.The assorted bundles ond varieties of scrap-
. are the classified into various sfcndcrd-cofegories according to origin, density, size, che_mic;oll
-_¢omposition, cleanness, efc. m Scrdp which is oversized is seporated from the rest and then cut
" down to size eit her on a gun!lohne mcchme or by meﬁ‘opnrchng oxy-acetylene cut'rers Serap
, whic:h is to light for efficient chonging to the furnaces is compressed into small dense packets ‘b‘yAc
speciclized power-press. Then, once the scrap has Eeen processed, classified ond added to §.toci<,
the final job in the sc-rcp-pclrk is fo pre pare boxes of thé different kinds of scrap (2) which will
" then be direcﬂy ready for use in the steelmaking operations. | | |

W e e i T T I S — S o T W o A

(1) The Pan American Stondards Commission (COPANT) recognizes 38 dlshnct varieties of scrap,
vorymg from heavy steel scrap to iron—- foundry shavings. :

(2) The Erogrhons of the different kinds of scrop which are used as raw mcier:al for moking eoch

batch of steel depend partly on the cost and qualiiy of the scrap available on the market and

- from the phnt's own operations, and partly on the intended chemical composition of the batch
of steel which it is desired to produce. Serap which contains significant quantities of impurity
elements such as Copper, Phosphorus or Tin will prejudice the quality of the steel produced - ang
so too will scrap which is 'dirty’ in the sense of having accumulated various kinds of organic and
inorganic residues. It is, therefore, necessary to control carefully the composition of scrap load,
For one commonly produced grade of steel in the Rosario plant the load at present used in the
furnaces is 32% steel scrap, 11% compressed light metal sheet, 8% briquetted steel shavings,
8% packets of tin-free cans, 6% packets of used cans, and 34% of 'hot metal' made by meliing

© a mixture of steel scrap and compressed packets or cans in foundry furnaces.
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o  STEELMAKING

The objective of the steelmaking stage in the Rosario plant is to convert the scrap into
batches of horﬁogeneous liquid steel of exactly the required ichemical compssition. The composition
of meﬁed serap involves mainly the element lron, but the serap also contains a host of orher che -
mical elements such oz Cc:-bon,'."ho;phorus, Silicon, Manganese, Copper, Tin, Chromium, ete.
The steel moking process must therefore change the chemice! ¢ “3position of the I:qmd metaf,.
adjusting dowirards the proportion of some elements, and upwards the pro_pomon of others, 0 as
to achisve the co‘rrect propertiors of C.orbon, Silicon, Manga;\e:e ond other elenients for the
parﬂculdr ‘grade’ of sieel which it is de:-'h;ed to produce.

The sicelmaling units of the Rosario plant consists of tiir=e: Siemans Mastin (Open-hnarth)
f.Jrnareu The Fu‘rr of these furnaces dafrrs nth back 1o 1hn beginning of the plant in 17 43._ The
second and third of’. hese Furncce., were started up in {949 and [963 The scrap prepared in the scrcp par
Ipc:rk-‘is f‘éd into tlﬁe%e furnoces in iwé d:si'inci- steps. The first step is called *charging'. Travellmg
cranes are uzed o pick up ard load the & boxes of p'epared scrap tnrough special vents directly onto
the 'hearth' (i.e. floor) of 1he furnace. Some &0 separate boxes welghmg a toial of about 23 tons
have to be charged, and this oporation takes nearly two hours' to complete. ABGUt two-thirds of the |
scrap is 'charged’ in this way, togé'rher with boxes of limestone. When 'charging' is complete,

‘combustion is started. The furnace flames then sweep over the sol id scrap and begin to molt it.

. A TS i e v W W o S — T T S e A

An important aspect of the operations of the scrap-pork which deserves comment at this point = is
“that @ very significant proportion of the scrap .coming into the park is internal scrap derived
from the Rosario plant's own operations, Most of this internal serap is dense sieel scrap derived
from rejected ingois, billeis or bars, and frem the 'ends' of ingots, billets and bars produced in
the process of eropping or cutting-io-length. There is also a unit installed in the scrap. park to
recover stee! from the slag produced in the plant's steelmaking operations. The 'recyciing'
theme is thus ¢f great importonce in ihe econoinics of the Rosarie Plant.
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‘A? this point the second loading step is taken, which invc»l;fes the pouring into the fumace of 12 to
13 tons of "hot metal' on §0pA of the solid scrap charée. This 'hot memi'rc-:ensi-itu%es the remaining
_ona ~thitd of the screp cherge to the fumnaces. ft is m_ude in en auxiliery erocess by melting scrap
fOQtherlwf?h coke ih bne of plant's t?&?ee so-¢alled 'shaft furnaces' (two of which were insfclled
in 1948 and the third in 1960). Once prepare&,, the hot metal from the Ehaf'r-'Furnaees is then stored
in. aspecial lcd.le until the momenf comes for it to be poured into the Siemens Martin furmnace
| on top of the solld scroe thus complehng the me’tclhr charge which has to be made into sfeel
| “The next step for the mel?mg of the scrap charge to be COmpleied as @ resuli' of the mi'ense
hacf nc:nfomed msude the Siemens Martin Furnace That fckes about an hour and a half and Ieads
|mmed |cte|y on to the * refmmg srege whereby hugh temperofure chemical reactions tckmg place ‘l
in the me:oihc bath brmg about the chem ical transtition fo steel of the required composition. :
" (These refinement reactions can be crudely descnbed as: 1) the 'burmrg ouf of Carbon by coﬁe
bmohon with the oxygen in the Furnace atmosphera cnd with the oxygen gas which is blown into |
the Furncce. 2) the reduction of the Ievels of phosphorus ond sulphur vic the absorption oF these -
elements into the molten slag which floats on fop of the mefci and 3) the cdiu.»tment of the final
bcth of steel to excci'ly the required u.omposmcn by means of various additions which usually mclude
‘ un?hracate-(fo 0d|usi- upwards fhe_ carbon level) and _Ferrosthcon and ferromanganese alloys to top up
the silicon ond manganese content to the required |everls). The- refinemeﬁf rea.c?fons take typically
30-40 minures to complefe ie fhe case of mild steel grades and Vonce tha compes ition of the sdmple's
proves schsfacrory then the siee!makueg erocess in the furnace is complete. Each Siemens Marhn
-furncce mckes c:pprox unc:fely 32 tons of liquid sfeel per ’heat {ice. bctch) and the whele cyc.le |
from the charglng of the scrap to tha fappmg (| €. pourmg out) of the liquid steel m:lkes obou# g

five hours to complete.




INGOT. CASTING

{wo of 12 mouids and one of i4 moulds) are brought on three sepum?el ra’-| wages: into the so-

ralled *carting bay' next to the Siemens Martin fumooes. Then, os soon o3 5 the lsqu id steel from

the Siemens Martm fumace has been *tapped’ into a specml Iadle p known as the ’i'eammg ladte!

the c:astmg of the ingots begins. A comp!efa *heat' of steal fakes aboui- 35 mimces to pour out fm

the base of the feern-mg ladie mio fhe‘rfhree sets of Aingohmulds'where it makes aitoge_i*he_r 38 ingote

{each weighing oppw.:hmtely 880 kg), Theie *sets' of ingot moulds are so aesigrifed that the quuia

steel only has to be poured down one cantral channel in each se? in order to f'll all the moulds of

the set. This is becuuse the 'busa' on which rhe mgot-moulds rest conmsﬂ of o series of infer-
cornecting channels surrounded by m&uctory brick - and as soon as the cenﬂul chunml begi ins to

Lbe filled then each of the mgot moulds :hnultuneomly stclm fo f’ll from the bottém with liguid

steel. ‘ | | |

Ones the steel hos baen poured there thehgfollm o Quiﬂng perfod thch. vcn;ies be?weenl
} 20 minutes for low corbon steels “to 4 hours For high cgben steels dunng which the ingots cool down.
L ' hen comes the 'de -mouldiag process The lngm'-moulds arb simply ltfted up by a crane, !eoving
Tthe free-sfundmg'.mgots behind. (T haae In_gots are sh!l glov_v‘{ng red-hot and one can feel the heat
| from severui metres My}.- -Thé moulds arelfhe'hrdumpeld 'inta.'i:' v}atef‘fank For. -ivaai\ing, cooling '

down, and painting with molasses (1) As for the free stundmg lngots - when they have cooled
(1) The idea of this is 1o imptove the wrfaee quahfy of the 1ngots which will be fomeci in the ‘
nextt easting batch,” What happens is that the new load of molten steel in the mould reacts with the
_ dry molasses paint forming o layer of expalled goses between the ingot mould and the steel
and drivicg any slag upwards and towards the centre of the mould, The result is to achieve u

smoother and more uniform surface of the mgofs producad than vmuld be pomble usmg unpbmked
ingo? moulds,
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* down sufficiently they are removed either for stock or for quality inspection and ‘conditioning'.
This leaves behind the sets of mould=bases which are thensoturned to a special preporation area,
- where they are repalred and reassembled prior to having a set prepared of newly ingot-moulds

- placed on them in recdmess for }hé cqmng of a new ladle of steel.
THE BILLEY MILL

The succeeding section of the plant is, of course, the Billet mill, where the ingots are
rolled into billets (plus blooms ond slobs ). The basic equipment of this section of the plant isos
follows: | i) first comes o ‘reheating furnace' fired by nctrurclrgcs, .fhrou.gh wﬁich the ingots frcvel '
o_n.a conveyor belt and get heated up to a temperature of 1200™ centigrade prior tb being rolled.

i1) then comes the rolling mill itself which is a "three high' mill (see .fig. 2_below) iﬁ which
_the heoted ingots get pcssed back and forth several times behveen the rotating cylinders of .ihe‘ mil,
thus | progresswe ly ccquurmg the desnred cross-sectional shcpe ond size of the bullefs. m) fhen
'rt;nce the long bitlets emerge from the rolllnglmlll they get cut by a 'motor-driven hot saw' into
“manogeable lengths , «nd ) finally comes a *cooling bed' on which the biIIeis
_cool dovn and whioh incorporates facilities for selecting, classifying and st_apc:i’cﬁng billets from
~ each other os required,
| - The heart of the process is, of course, contained in the action of the rolling mill itse lf.
. The basic principle involved in rolling is that solid metal which is to some degree plastio will suf-
for a deformation when it.is passed in between two cylinders or rollers rotating in contrary
sense {see fig. 1). The friction which exists bei’weer;\ the surface of the cylinder and the surface of .
the material beiné rc;lled causes the mqtefial fo be-grippe'a or 'bitten' by the cylinders and thus

For#ed to pass in between them thereby being squeezed, widened, and above all lengthened in.

-
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Fig. 1 | Fig. 2

The basic technique involved Schematic diagram of the action
in rolling (1) of a '3 - High' mill (1)

EoEmon  f ]
-I-% T

%mlla S ' —i L__duL__

‘Fig. 3 ' o Fig. 4
Example of the progressive reduction Diagram of two rolling cylinders, showing
_in cross section achieved in rolling ' the distinct channels for successive 'passes’ (2)

billets from ingots, in this case in

19 'passes’ (2}

(1) Source: Roberto A, Villonveve Las Tecnologias de Produccién de Laminados , in report

'Posibilidades de instalacién de plantas sidertrgicas en paises de menor grc:do de desarro~
llo relativo de América Latina' published by ILAFA, 1970,

) Source of description and diagrams Roberto A, Villanueva op.cit.
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the pmce;s. The rolling mill which produces Billets in the Rosario ;.;»Ioni- is called a 'Thr@e higt
mitl because it hos fhreé rolling cylinders in line and thus pehn its succeirive ;passes' (of the pi‘Qdi
being roiled) to take place alternatively between the foﬁ }\Lo cylinders add then the bottom
_iw‘o cylinders (see fig. 2). In p;ﬁcfice- the moking -ofc; b:llef may require from 9t%0 [5 pcrssesr
through these rolliﬂg'tﬁyiindem depending on the cross-sectional si‘ze of fHe billet being producéd
and this results in a progressive reduction in cross-sectional area of the sort shown in fig, 3, whi
is accomplished by making the passes in the various successive *channels' (1) of the rolling cy-

linders os the cross-sectional size gets progressively reduced (s2e fig. 4).

THE DAR AND PROFILE MILL — o '\

The next stage in the Rosario plcnf'is .the Bar ond Profile mill, w!';ere billets are trans-

‘ormed into remforc:né bars, profrles and forging bars. The First step involves the heohng of the

billets in o blllet rehechng furnace. From this furnace the hot billets are then fed to the fist

set of rolling units which consist of a “double fhree-hlgh“ rollmg mill (cee fig, 5) in which the
. first five 'posces' of the bar are mode. From there, the bar is then sent on to the so-called

m?errnedlote rolling units oF which there are three, The bar either makes a single pass fhrough

eoch mi'ermedlcte mill in tumn (see fig. /1), or when heavy profiles, or forging bars are being

produced, then the firsr mill is used os o frio, and the third mill is not used (see fig. &/11).

b e e T T - S S T —— g S U —— " T

(1) The odequate design of the shaps of the channels is skilled work. The cylinders themselves |
are made of found steel, and ordered from speciolist producers, who make the cylinders in
accordance to cusiomer's design. To change from one billet size to another invelves a chang
of cylinders on the rolling mill, and involves a certain amount of down-time during which no
rolling can take place. The maintenance and regrinding of the rolling cylinders is carried
out in a1 specialist unit inside the plcmf
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" Finally the bars may be sent (depending on the final product) to 'poss through one or both
of the so-called finishing mill units. These are called the 'Prefinishing’ énd 'Finishfng’ mill |
;Jniis; and are also shown in Fig. & " o | T

| It con be seen hlow ~ in contrast to the B_i:|‘|ef mill fn which fhe.pl;oduet pésses back ond
fdrfh several times in the scme mill unit - fha‘produc':ts produced by the Bar cnd- Profile mill have
been formed Ey up to seven separaté mf“ units {or 'staf;d’s' os thef are called in the jargon). Once
| lhelproducts,_ i.e reil;l;ft:;l"cing;’ bars, L'-sl'n‘{;_;é&s, forgin;] bars, etc. emerge from their fihc:_‘ loass'
(v}Fich' is often bl;lf not in all c;c.s,es l'hrEngB the finalrmiil fstand'), then they are cut to |ength by a
i)ot;saw, and trcnsborfed on rollers onto & special cooling bed where they can tﬁeﬁ Be separated
ond 'c!cs-siffed as required.n B S . B ) _ | | _ ‘

I S

" FINISHING OPERATIONS |

: The‘ final processing carried out in the Rosario plant is not o discrete processing stage
so much os o set of distinct fini"shing operations, | S-éme of the bars tcké up a curvature on cooling,
ond 'c;ll the profiles do - therefore, th.ese particular products must first be straightened out before th
can be sold - an claperction which is carried out on special 'straightening’ hcchineg. Next, a
| fraction of the-reinforcing bars hove to be *torsioned', i.e. given an axicl ‘tv‘vist on a bc:r-‘twisi;ing ‘
machine, before being sent for dispatch. Then, in the case of forging bars, when these have
emerged from the Bar and Profile mill,. they have to be sent to a specia- 'conditioning sectér'
- where they are subjected to intensive quality conrrof (-see. s;ecf jon below). |

l't- is also worth mentionigg that all the various classes of products, once their processing
is 'cbmplete, get tied up into bundles, labelled, and then sent to ba weighed in the balance prior .

sending on to the section responsible for despotch.
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Finally we will mention an aspect of the plani's operation which. is common to oll: ¢

>f the prOcess stages discussed so rcn i.e. quqlﬂy con?rcls. These controls operate in each stage
>f th° pioni' becau:.; deFecI:is in the mfatrned iate f:roduct of any stage w:fl cutomchcclly prejudice
roduction in the next suc;ca;eding sirc:ge. | Hen.ce we find in the pln_nt fhat there are inspectors
who check the qualtfy of tha scmp:e* of the raw mcxrer:al dallv\,red |n the scrap= park; fho‘r the
) feelmckmg aechon hcs its ovn |c:b0rai'ory for onalysmg :he sample of steél in the Siemans Martin
urﬁoces; that there is a Coni‘ral Luborctory for cssis?ing fhe Steelmokmg sect ion c’n@ for carrying
out destructive and non{-deslruc-t ve tests on tI’e plcmf < produc?s, that +here are lnapect;:rs in the
Blllet rm|| .cnd m'the Bcr and P.roflie; rmln w‘\o check t.hm the production is meehng the norms as
reéo-.-ds dimensions:cfnd s&l.lrfm';e quality e?c..;. thet tne'e is ¢ 'conditioning’ sector in the plont_ o
wi':e.re;s.crn; o’r'lthe ;fngc;i's ;::’nd bille‘ts cre' se;wt .to have ?'i'xeir defects detected and remo»;ed- ond |
fhc:f ihnre is a further conditioning’ secior in ’rhe p:anf especmlly fc;r forging bars where these bars
come c;‘ eoch intermed iate stage oF their produ-*hor {e.g. os blooms, as billets and as bars) for the
detection and rr—:movcl.of defects by grinding dnd for the checking of their dimensional tolerances.
All these various quality controls r_ﬁ_‘ust be considered as an inregra'i part of ;ihé p'rOcess technology

of the Rosario plant, -

Chtye Lo oL D%

Technological challenges aird limiis set by the piant's process 'rechrioligy

., .This, cdmplet_es 'Ol.'l'l'. initial outline oFAthe process té;hnology of tﬂe mcir;t stages of produc- -
tion in the Rosﬁrio plant. Inévitdblf the acc&unt hos Eeen schematic, and n"tany importcnt. os'pects
of the.piant's c;iyerctions have, in the interests of brevity, been left out,  However, enouglh hes been
said about ﬂ;ae processipé technology to now comment on several key characteristics of the production
process in the Rosario plant which tend to generate and define’a 'field' of technical challenges

for the plont's engincers end work force. T P T 1 I O AR Rl
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In the first place we have seen that the process techno|09y of the Rosarlo plant is multi-

stage. This astomatically generctes the chollenges of o) overcomm@oﬂlenecks when the p!ant gr

and b) strlvmg to make use of the surplus capacity whlch wrill pruchcclly clwcys exlst in one or

more of the plant stoges. (1) We would, fherefore, expect ot Iecst some of the technical changes
in fhe Rosaruo plont to arise in response to the borr!enecL - srplus capuclty theme GriSIng from rhel
plant's mu'h-ﬂdéé nature, - _ o

Sgc-:ond[y it can be seen from an account that each of the various stages of operation of
the plcnt-invo!ves sequences of operations with specific cycle-times. In particular the long cycle
time from the charging of- the Siemens Martin fun-na¢es to thé 'tapping’ of the liquid steel stc_nds.

out os one of the detemining cycles in the operation of the plant. It can therefore be predicted -

that the speeding up-of the *cycle time' for steelmaking will have been a major challenge in the co
~ of the plant's development - and one would also expect attention to have been paid to speeding up
of the cycle times needed for rolling both billets and the distinct end~products produced in the

Bar o;1d Profile mill.

S Vot e P e el dall /Y Al A T S T S W e 8 A U e s A

(1) A good example of this is offorded by the situation of the Rosario plant todoy (1976). Thus, ot
the present time, the plant is producing ot approximately 90% of its ingot capacity, 90% of its
billet capacity, buf at only 25% of its Bor ond Profile capacity. This is a clear example of

~ one stage of production being 'out-of-balance' with the others ~ and the example is by no . :
mears o 'freak’ situation since both surplus-capacity and bottleneck situations heve arisen
repaatedly throughout the life of the plant with varying degrees of severity in all the dlfferent
stages of the plant,

" The interest of this 'out-of-Lalance' theme for the present study is that when surplus copoc:ty
exists in a particular plant stage, or when production is being limited by o bottleneck, this -
can act as a powerful incentive for the execution of technical changes designed to explo;t -
the surplus resources or to remove the bottleneck which is holding back production. The questh
‘we shall need to explore, therefore, is the role ployed by this kind of incentive in causing
technological change in the Rosano plant.
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Thirdly it can be teen from our account that there is an interse movement of raw materials,
mmediate products and end products involved in the production process in the Rozario plant. Trucks,
! Lo . : )

:ranes, and wogons transpert the materials and preduets from stage to stage, whila conveyor belts,

sranes and rolling cylinders, move or propel the intermediate products within each staga. In fact

omé 500,000 tons of materials and intermediates and end producis have to ba moved around in the

slant each year, The é??iéien? mechanization of all this movement and the coréi’ul lo;,_'rout of plant
o s fo minimize both the cost and time involved in -i*, are therefore permaneni technological
zhallenges in the Rosario plant. | |
Fourthly it is cleér that the pnlad;.mﬁo-n proceass in the Rosério -pl-cn} involves heating up
‘he produc'r‘ as much as four l.'imes (i.e. in the shaft furnoces {scrop to hot me'fc{) , in the Siemens
_ o : S . -
Vlt_:lr’.;jn furnaces (scrop plus hot metal to liquid steel), in the Ingot rehecﬂng‘ furnace (ingot o

sillet stage), and in the Billes reheating fumace (billet 1o bar and profile stage). Hence impreving

the efficiency of energy use in the heating processes presents a third persistent area of technological

challengeé in the plant. -

F.ifthly the rl;:ulti;stcge 'ﬁéture'of thé Emcess in the Rosério p!o'n'}-crccen'ruci-es the problem
of the metallic 'losses' which result in each process stage, These, of courze, have the effect of .
reauéing the .tonnage; of output obta inable per ion of metallic input cmd. increasing .':.he unit cost- |
of the output. It -is ?héréfqre a constoﬁt' prt;zo'ccupcﬁon in the plont to reduce these losser involved
in eccl'; -p.ro'cess stage, By i) mi.nim.?.sing..the l‘.irrecupercb.!.e‘ _ |§sses (a.g. tl';osé vhich meott fsom
surface oxidation of the metal at high temperatures), ii) 'reducing the ;-aercen.'roge of reject producis
ond wc'.sfe‘ mcteric_l resul'.‘.‘ing fromcropping 'produqi'-e‘nds , cutting—to -lc;.ngfh, gri_ndi(\g_, ete., and

i1i) improving the efficiency of *recuperation’ (i.e. recycling) of those losses that can be recuperated.

These obiecﬂves can be summarized s the attempt to increase the yields ot each process stage.

-

)
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Sixthly, it is clear that much of the process'i;.ng machinery in the Rosario plant is subject
‘to_'extens ive thermal and mechanical sttesses in the course of nommal oﬁemﬁons. For excmple‘fl'\e_t
~ repeated -cycle;f. of high ond low témperctures in the f_urﬁace#, 'the wear and tear caused by the. ...
. Ioc&ing of solid scrap, the heavy force; exeried on ¢ylinders and bearings durh.wg rolling operation:
etc. all give rise to the nééd for reguldi'. maintenarice and periodic extensive répairs fo keép the
plant's main units funct.i'oﬁ:in‘g. In dddiiion regﬁ‘iuf maintehance and repairs service ore re,;quired fo
él[ the pfant’s ancihcﬂ'f equibtnenf ;U'cH as cranes, motors, reduction gears, electromechanical

devices, pumps, process instruments, etc. to prevent breakdowns. in these from immobilizing the .

plant’s brincipcl productive units. It can -be seen that the fh_eme of rﬁoiﬁtenance aad repair
mo} género're a substantial set of technological challenges c:socicfed with such matters as i) re=
ducing the incidence of lbreokdowns,. ii) prolonging the useful life of the picnt's principal .unifS,l_ '
ili} Ibwering mcin?encnc:.e ond service costs (1), Indeed theée-challenges tend naturally o lead to-
- all sorts of minor t;echn..ical changes being made to process.machinery, usually toking advantage of
periods when the méchinery is in any case down for regular repairs. |
Seventhly, our acco_n—m'r demonstrates the importance of prodt;ct-cg'ugli'ry throughout the

whole sequence of process stages in the Rosario plant. One would, therefore, expect that the effe

to achieve better product quality would be applied in all plant stages, e.g. by chunzing ta nore
careful operating practice, by the devising of new quality controls etc. - and that this effori to
improve product quality would represent yet o further area of regular technological chalienge in th

Rozario plont.

(1) "During the life time of industrial equipment in industrialized countries, total cost of mainten:
will account to 50-200 per cent of the initial cost of equipment. In developing zountries the
cost of equipment will probably be higher". Quoted from Guideliness for Confracting from.
"Industrial Projects in Developing Countries, UNIDO Manual, p. 27. -
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To sum up we have now mentioned seven c;ccs of technological challenge which arise
:rociricc”y automcticu”y as 'q rasuh‘_pf the process Atechno?ogy employed in the Rosario.plon‘.‘, e,
) the soluhon of boi?!ancc <3 cnd m'\ b'*nmng m%o use o{' spare \.Gpccwy, ') the speeding of process
;ycla times, ili ) the mhoauc? ion of i imp; oved mechcm?ot!on and layout to speed the movement of
r.‘dfericl?o@ products within the plani; i) the improving of fv‘ne efficiency of energy use in the
listinct fLJrncces of the plant; v) ihe ob-:_aining of greaier metailic yields of egch process 5‘{“cgc,'

'i) the m%roduchon of imp *ovad maintenance procedures, and vii) the effort 2o improve product

-

|ual 11"/

The point is thot we would expact to discover that technical changes had been made

D

n the Rosario plcm’.' in these saven arcas sivply by virtue of the kind of process technology irstalled

v

’nére. ln this re sp@ct our expzctarions For Rosug-io s’reeipicnt o.re no different o vrhat they would
e for o* he steelplants. ‘Th:r;- iz, we would \..\Ef*ci thes2 seven areas of technological cFaHenge to
f[so_be relevani to- other steelplanis oo, In this sense cl! that we have drown attention to are seven
articular areas of "general technological chqllengg“ for steei-plcn%; and there is ro difficulty in
i’e..dmg our i7st to many other areas basides the seven we have mentioasd.

There s, however another side to the ';ec...no.owroi ckailnﬁge coin which we s’nosi
oV explam. lno pou*? is that whusr‘m\. Rozari ;0 plent's pto;es* iechro ogy may be said to
ge ergi‘e’ a series of chc!!onges to the pic;ni-‘s engineers, this same prozess tesenolegy olso coa-
ofns, (like any other process taéhnology)-sﬁmé inherent teehnological .iimi‘:-oﬂons and drawbacks
thich impose limits on the improvemeni-s in psrfon'r.chce i'ha'.“ fhe plant's é_ngineers and workforce
ire |il ely to be able to uquvcze out o.. ihe equipment, no matier how ialen?nd ihev mny be.

For e..omple %ne use of tho Sloﬁnna Morhn ’Eeaiknoking has severa} inherent limitations

- in pc:rﬁéula_r t’.‘.e glove c-:\fc!e ﬁme for mak: mg a bc{-c.h 0'5 ieel (due to 'the ieng’ch of tirne needed to

haroc the "umore) the relative lack of precise controi over power input (compoled to elestric arc

|
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| ;fl‘erces), and the high manning levels re;quired compared to other sféelmcking methods, B

Secondly, the use of ingot casting s inherently more wasteful of steel than iz con-
tinuou.s cast ing.-

Thirdly, the billet mili ﬁlso hos some inherent limitations. |t has é @ther small entrdnce
channe! - which puts a moximum limit on the size c;f tho Ingot-base sections which can enter it,
of 280 mm, This in _furn has the effect of Himiting the tybes of steel that ;:c_n bs produced to the so
cc:-llled “killed® sfeels'.whlic‘h '}.olroducé relatively brittle pro'ducﬁ.; In addition the small power uvoil;
| oblg in fhe ik mill motor = i.g. 1260 HP - limitd fhé ro“ing-spt.aed aﬂ‘cinable, ete,

| Fiincrliy, so far as rﬁe Bcn; and -Profile mill is concafned,‘ ifs very conception (i.e. 1gyout
of the mill stands, power'ovoilabfe,. tec.) marks it out éledfly as o slow-speed rolling unit in ;:on- i

trast to the high powered 'continuous' rolling mills of the sort installed in Acindar’s Acevedo plcmf.|

“The conclusion is thot while there clearly exist many kinds of opportunities for up= :

grading the performance of the plont's units beyond their initial design performance, there also

eéxists inherent features built into the processes employed whichsetlimiis to the degree of improve

. menf in performance that con eventually be achieved without fundementally transforming the

technological basis of the units concerned.

| The fact thas the record of the Rosario plant in upgrading the performance of existing
units is rather impressive means that we will have a good opportunity, - in explorfng the record
of the technical chanées made - to investigate the conditions in which technological opportunities
wergiitc:ken o-dvontdge of and the circumstances which po:armittéd technical change in the plant to

_prosper in spite of the design-limits.

Thé organization of the Rosario Plant
We now switch from exploring the Rosario plant's product and process technology to

providing a brief description of the plont's organization. This description throws light on i) the
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elationship between the Rosario plant and the overcall organization of Acindar, artd ii) on the parti-
wlar functions of the Rosario plant’s various operating divisions. [t enables us to reach some useful
;onclusions about the different sources of "technical change effort” which the Rosario pjant can
lraw on . S0 wa now bégin our review of how the pio‘nt is organized.

Almost one thousand people are involved in operct.ir;g the Rosario plant, mcde up of op-
;roximatelf seven hundrad production workers; two hundred empléyeos, plus their foremer;, supar-
+isors and managers, organized into 11 speciul-iied divisions and sections.

' - overleaf . :

These 11 divisions and sactions are shown in the 'orgqnigrcmywhi'c:h c:lsoshoys how the
!oéorio plant fits into ti;e overall orgonizational structure of Acindar. As can be seen -fhe 'ff? is
:iu ite complex ond we shall now explain it b'riefly. The first point is that Acindar's overall
:'étivifies are .|argély controlled yby four senior manogement groups formed into Directorates {see
oi;rgonigrcxm). Tlhe Rosario plant, like Acindcr’s .otﬁer two steel plants, falls under the responsibiii’r;}
bf: the Industrial Directorate, which controls oll Aciﬁdcr_'s ‘production-linked’ activities. This
industria! Directorate, -which.is based in Acindar's .Hecd—OFfi'ce in Buenos Aires, covers the areas
of Producﬁon,'éngineering ond Industrial Relations, and it opercifes via the Chie%s of the three
p_Idnfs who are located in their respactive plants, and via the Heads of the distinct Departments

who are located in the Acevedo plant in Villo Constitucién.
|

.rc_te ond Administrative Directo@re are responsible f@r all the vital *non-production-linked' -
services such os sales, purchases, accounting, cash-flow control, legal services, data processing,
etc. These services are centl;c:lly organized from Buenos Aires for the whole company. The key
péinf is that these 'non-production’ activities are not perfbrme_d by personne! pased at the plants

iand this explains why the Rosario plant organization, plus its links to Villa Co'nsmpcién,

Acindar's other three Diractorates - i.e. the Commercial Directorate, Financicl Directo-
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incorporates on.!y thoze specialized activities needed for the plant to operate with success as a
production unit. - -

Nexr wa can ?urn ou‘ attention to ?he Rosario plani organirotion itself, and its links to
YVilla Corstitucibn. As we can see on the organigram, three of the Roscno plant drwmons (i.e.
the prerlntendency of Stw!mck ing ard Ingof castthg, the Superlmenc’ency of Rolling m“ls, and
the Movement and Scrp Dwusaon) ruport unequwd&c!ly to the Chief of tha Rotario plont. The
othar d:vmono or sections of the Rbsdho pldnt hav o dual s?rubwi‘e of responsibility. On a dcy to
dcy bazis they mus cooperote vith the Chief of the Plant, but their actual superiors are Iocofed
in Vi.l la Constitucibn in the respective 'Departments’ which are responsible for fwo or more of Acindd
: pign?s. This dual structure of responsibility applies to the Industrial Engineering Division of the -
Rosario plant, the Control Division (i.e.. Inspacﬁon'undQuulify Contml) the Energy and Main-
. tenance Division, the Personnel Division, the Produc,. ion Control and Progmmmmg Sechon and
the Supplles, Trﬂfﬁc cnd Despcfch sactions. S

The precé'dmg outline of fhe Rosario plant's organization demonstrates clearly that the - :
plont is'-—,rg':.‘lnised as a womponent of the wider Acindar structure - a situation which clearly both
srimulofes‘ certain kinds of iechﬁiccl cEdngus in the R_os;rio plant {v.g. ?iwse that cdapt to the need;i
"of the oréanizcﬁon viewed a3 g whole) and stunts  other kinds of technical changes (e.g. those
technical c,hoﬁges which might be adopted if the goal was to optimize fh-? performance of the Rosario
plc.nt'.cs‘c: single unit). |

However, the Stimuiating ﬁnd stunting effects that can be expected are likely to be
rather complicated since possibly harmful effects such as-conﬂic'ts between plants over investment 3
- alflosations, demoralization in one plant compared to andther, or 'b;cin drain' from one plant to

another may woll form part of the picture alongside more harmonious effects such as lowered over-

head costs, Or improved central services to all |ani‘s achieved b Sombining resources, or
’
o - .
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useful éomplementariiy, of production progmms; or'héa.itiﬁ;r‘-riVGIr-;( beﬁveen plarnt.s"in irﬁpr;)ving |
ptl'od.ucﬁon performance (1), |

o :These remarks sﬁgge;f that it v;riil be in;léénﬁnt ;o try to trace the historical-effects -
:Jn teéhniccl chungé |n the Rosorio'pla-n-t - of tHe evolving relationship between the Rosario plant
:ndthe .r_est. of Acindar and that we .can egpecr {0 .Find that qui.te a wide voriefy of stimu!qfing
_ﬁn_d stuﬁ}it;g effécfs have been- at work,

| "Some further useful ramarks can be r-nclde about techn_ical change in the Rosario plast by

:nci)';s“i;.\:g the ?unctioﬁs of each of the Rosario plant's divisions and secﬁgng.: Inspe;:rion_ of. the
loﬁc'rio' plar;t :;eporis--énﬁbled us to draw up tht-; following summary:

" Symmary of 'rho functions of the Rnsurm plant’s various Divisions
and Sections

D:vu |or~/ section = - Punction
Supﬂrmiendency of Sfeeimckmg and - Operation of shaft furnaces, Siemens Martin furnaces,
Ingot Casting o .. . and ingot custing equipmens
. Supsrintendency of Rolling Mitls - , O.per_cﬂon uf Ingot reheat furnace, billet mill ond

ancillory equipment, and operatina of Billet reheat
furnace, Nar and Profile mill, and stroightening and
torsioning machinery, plus responsibility for the
ingct ond billet conditioning scctor,

L Movement and Scrap Division : Ruception, classificatien, processing and prepara-
tion of incoming scrap, and collection, clo;s..lco- '
hon and processing of internal plant scrop,

--.'-m--——-—--———q.-__ . T SN g A e i i -]

I) This topic roises many questions concerning the economics, maragem=nt end technological
. development of 'multi-plant' operations. Obviously in this study we cannot pretend to do
more than mention some features of Acindar's exparience.

: ST




Division/section

4. Energy and Mointenance Division

3. Industrial Engineering Division

6. Inspection and Control Division

7. Personnel Division

8. Programming and Production Control
9. Despatch and Traffic Sections

10. Supplies section

The principal conclusicn of which emerges from analysing this list is thot the Rosario
plant does not have ony sirgle 'technisal division' which is the main source of the innovations intro-

duced in the plant, On the contrary, the list shows that the technical change effort in the plant is
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Function

Maintenance-and repair of all plont equipment, ex
cution of modifications to equipment, operation
and maintenance of the plant's power supply,
engineering studies for proposed plant modification

Detemination of quantitative performance standar
in ofl plont processing and operative stages. Ra -
paration of monthly stondard costs per ton for each
product produced. Revision of performance standar
when process or operative technology is changed.
Studies to detemmine in advance the performance
standards that would apply to proposed changes in
process or operative technology. Determination of
real cosis ond their comparison with standard costs,

Quality checks on a) the raw materials coming int
the plant, b) the intermedicte products brought
in by the plant, ¢) the intermediate products
produced by the plont cmd d) the end-producfs

pmduaed by the plant.

Inspection of on-gomg production to draw ottentio

to deviaiions from product norms, Periodic revision
of noms, lnvestigotions of defects in products to
determine couses and recommend appropriate
changes in operative technology. Development

of new methods of analysis as required.

Industrial Relotions, plaht security, social ser-
vices, etc,

Plonning and recording of production.
Stock confrol and product despatch,

Purchase of supplies.




- 54 -

read out as beiween, at least, the Energy and Maintenance Division {e.g. execution of modifi-

o

: oL S !
tions fo equipment _cndﬂ sorme enginzering stud ies), the Industrial Engineering Division {e.g. o ‘
:lvision:OF:ﬁerfo.nntlihte.-5mndcrds'dnd-smdiers "r.cju_'de:fénninc in advance the perfomonce standards
at v.rou:lal-'c‘jpz;:;lzylto :';;roposed chcngéa iq grocess or'operaiive technology), and the Inspection and
>ntrol D’i—vis'i'on"(eagq investiget ion of prcﬂpcﬁ"défecis, trials op‘ proposed new raw matericls and
retmediate’ products, _ei"c.};. | l.

" Furthermore we know both from the Rosario plant reports ond from interviews with plont

Si‘sdn_lﬂ'el 'fh‘c?}hgr? is a su!_aét_on}ibl ‘.-ec‘iﬁliéc! chc;-;:qe effort located in the Steelmaking and Rolling
visions as v}'él‘i‘ (1} = i.e." which islgeneroiécj b‘y‘thé divisions écfuclly operoting the plant's
i’ machmery *and that thero s  also an nmportol';f input to technicol c.hcnge coming from the
irec?or_ﬁc_':nd"? pu.y Direstor of the plcnt.

~ Hence it is clear that in the Rosorio plant itself,rthe technical change effort is
s:v."iééfl'lﬁ_/ _in"_’i'he‘ hanas"é'i" ot iéas? Five‘(rzfr the divisions which have day to day operating duties as

eir mcm re'pon:‘ oility, plus the two mosf senior plchi‘ personnel, In other words the technical,
{cngé""éfrort"é"‘isi's mong’side i’he p!cnﬁ- 5 regu.cr producinn activities ond is carried out by the

me perzonnel,
sr=e )

Of course, the links which exist between these personnel and the various departments
Villa Const :"umén and the [inks which exist betvreen the Rosano plcmf and senior mcncgemenf

oups in Buenos Alires such s fhe‘Engmeermg Directorate or the Systems Group of the Ad_minis-

ative Directorata, mean that tho Rosario ‘plant con receive impetus and help in carrying out

chnical changes from tachnical persmnei 0u131de the' :mmedaafe orbit of H"lﬁ plcnr Navertheless,

} The plarnt reporfs rovea} meny exh’.nple of technical 'chnnge:; beingexecu'ted by' these two operating
i - divicions, interviaw murnrm! ct'o reveals that many projects have invoived co-operation .

. 'batween thoze two operaring divisions and the Energy and Maintenance Division, which used

‘to be called the Plant Engineering Division - with the claim being made that the "initial push”
for technical changes usucally comes frem the two operating divisions rather than vice versa. ..

s bl
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o iar 03 the purely intemal technical c‘hange effort is coﬁcemed, this is c!eorly 'sbread ~out'
‘amongst the various operating divisions of the plant cmd is fundamentally an foutgrowth’ from

- 1egular manufacturing activities (1),

PN R LT

* Symamagy of the findingé cdrlgerning the technology and organization of the Rosatlo blant

We are: now in c; 'po.s?an fo conslder.-fﬁe résljlfs of this exploration into what -
we called the "tachnological structure® of thé Rogdriﬁ plont ~to see what !i'ght.it'hqs'fhro\\'n on
the cor_l?é)(? in which the plant's managers, engineer"s cnrd péﬁéﬁnei éperafe,' and in which tech-
nical changes are ii‘rfroduﬁed.

The basic points which have emergéd are os follows: .

1. The Rosario plont is @ multisstage plant which comes into the. category of ‘mini'-plants in
i'errn;ts of jt: production capacity, |
- 2, The process techné?ogies which the plant operates to 'com-.ferf lscr%:p into steel.and thén to billets
SRR ore‘bds“i'éqli'y'o'u%moded_buf—fhey, havé_be:-_a:{{ éﬁtensiyely upgraded compared their initial desig'n.
| per.omonce‘ and are not obeoiete. The plant's Bor and Proflle mill, foo hos been extensively
moderaized f.nn'd is reasonably up-to-date,

3; The plant is a mﬁl_’ri-product plant, which means that‘we will need to pay close attention to

changes in product-mix both in the intermediate and the final product stages.

4. The nature of the pracess technology employed in the plant generates several obvious
) © areas' of technological challenge for the plant's engineers and personnel - and ct the some
time imposes some inherent limits on the improvements in performance {compaored to initisl

performance) that-can be achieved,
(1) We shall tackle the problem of deacrsbmg rh:s outgrowth' and its davelnpmen% in Chapter HI1,
when we address the subject of 'Learning’
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 The organization of the Rosario plant does not-incorporate any speciqlist technical unit, but
technical change activities exist alongside the nom;ul production activities in at least five
of its divisions.

. It therefore seems clear that the context of fhe plant's e-ngineers,' management and perspnnel,
which iz also the world into which technical changes are introduced, in large part c.omistsof--
'micro-environmenis’ formed by the particular process-machinery and divisional duties'which
fall under the resp;onsibi!it'y of the parfic;ﬂcr plant managers concerned,

. This sugge ts thot rhe phenomenon described in +he economuc Infercrure by the crude term “Iecrnmg-
by~-daing” is extremely important in the Rosario plant, ond that a high proportion of the tech-
nical change carried‘ out in the plont correSponas to what is known in the literature as

: “-!o-co!izedﬁ (1) n f.he sense that it results from na'rowl) focused efforts to improve the per‘onncnce
of the parhcuicr process aquipment and procedures already mstaHed in the plant, and gc'\erc‘es
rela’r:\ely little ® "opi Hover" of new knowledge which would be of general appllcablhty to .

. improving fe,chniques in orher steelplants.

VR e S el e ol B s S g o R S U kit e ol P il Y e i e Sl e

(1) The concept of "localized” technical change was given theoretical shape by A.B, Atkinson

and LE, Stiglitz in their article A newr view of fech'uological change , Economic Joumal Vol '
LXXIX, September 1969, |

-
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SECTION | | L

Evidence Concerning the Nature and Rate of Technical Change

In the Rosario Plant

Our concern in this second section of the chapier is to explore the evidence concerning

the historical record of technical change in the Rosario plant in the period 1943 to 1976 -~ wiith the

- aim of identifying both the nature of the technical changes introducad, and wherever possible oo
their rate of infroduction acress time.

~ To begin with, we present a broad view of the evolution of the plant from 1943 io 190

obtained by summarising all the distinct types of changes'to establish the overall contest of changas

in the plant of which the technical changes form o part.
* Then we turn briefly to the problem of definitions and methods of dnaiysis, 0 o5 jo

define what- we mean by technical change and- to explain both the approach we have adopied

in our atiemp! to invaestigote .Iis nature and rate in the Rosario plant, and the differert kicdso

£ ..
L

evidence we have collected, bated on this cpprodch.
Following this we then devote considerable space pretenting and analysing all thess
djfferent kinds of evidence which we have collected. This includes evidence concerning i) ths

growth in the volume of output produced by the plant; i} the objectives of technical change in

the plant; iii} chunges in output-mix; iv) the growth of productive copacity; v} changes in predust

quality; vi) observotions on changes in unit costs »  vii) orgdnichioncl changes, and viii) .
"incremental'' technical changes. ‘ |

‘ At is thén possible; in the final part of this section, to summarise the find~
ings on thé natr;:ré and rat-é of -te<':hnér.:al' c.:he-J.r‘\.g; i-n tﬁé Résérié |.31ia.|-r;_t',. from 1943 t6 1976 |

which have emerged from this evidence.
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The evolution of the plans from 1943 to 1975

To geu a p:cw,c of i overall-esent cnd nature of the evolution of the Rosario plcmt
we ‘sholll begin by comparing the pilont a8 it was- in 1943 w.ii'.h the plan? as it is today. As one
might suépose, e difiorences which ciuergs from this comper isoa cre quite ..z"rmmg

First of all the plant ?oda.y. procuces ¢ very much grouter volume of output thon did the
plant in its carly s‘,::mu Thiz con easily b'.: seen if we compare e average oufput of the plant
in the yeor:1943~47 wizh the ouizut in the years 198%-75, What we find is thot Ingot output has
-isén from 17,000 tora ps,-r veoi to 130,CC0 tons per yeer, Bitlet output has t_'isan from zero to
140, OuG foiis per year, und rhe output of end producis (e, bors, profiles, etc.) has increased
:rom 30,08{) o 50,0C0 fciss per year. Hanee tho first unmisickaable foct about thoe plant’s evoluﬂon

sotween 1945 and 1978 1= 5k 1t

,
. '-
1
]

ved d prosess of very considerable quantitative growth

0 the vclume of tteel product: produced;

Secord, the plant teday has more wopital equipment erafd”ed Instead of having only
ne S:.,.-rem Marriz cree Imcz'r:ing furncce, as in 1943, todoy's plcnr has three Siemens Martin

urnoces, \x’h fo in 1943 thore were no shafi funsces for making hot metal, today three such

haft fernoces are im’ra'kd. A {uethar motor eddition fo the caplial equipment is the entire

-~

- ot . . B - [ - = . ) .
illet mill, which was Wetelled in 1937, We con alto mention the entire ingot casting system

rmich involves new equipment wﬂlcn replac d e original lnstailotions, and further examples

.ould ko muiﬁphs—:d.

.
Third, virtuelly cvery imperiant itein of aguipmen: which does remain from the early
nstallotions, or vwhich d 55 back even a fevs years from today, has been modified 50 as to improve.

5 perfomanca. A gocd exempio s the flist Siemens Menin fumioce in tho Roscno plcmt
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This 6riginal|}-r had o capacity of 25 tons ber hecﬁf (batch). ls int‘erior. was kmodified in 1949
increasing its capacity to 32 tons, it was also odépkéd for receiving poﬁ of its load as hot metal;
| Furfhenﬁbre, its burner; have been modified, the refining reactions fo makfa stee| are now K
) speeded Ey the injection of o#yge;‘ into the furﬂdbe-both', fﬁ;mvea reFrczc:‘fories are used, and
innumerable other modificaii_ons have been m.ocli"e §ver the yEdrs ih order to improve its éopcc‘if?,l
¥ycle *irﬂé and productive efhciency. When one éitamines the equipment used in the S;:rop park,
Ingot casting section, Biflel mill, 01; Bar and Profile fnilf, the same pattern of modification add.
improvement of the equiprﬁent_qver the years is immediotely cppc;rent. | o
#Durrh, the product-mix produced by the plant is tdday more sophisticated thon the ‘.
* product-mix of the early years. The ;)riginol'product of the plant was plain mild steel rein- |
. forr;:'mg 'Ecl:'rs, plus o small quantity of square section mild steel bars. Today the plant produces

three different basic varieties of reinforcing bars, plus a-range of profiles and a ronge of forging

bars. At the intermediate products stage, the plant now produces billets as well as ingots - and

“the ingots it produces weigh cpﬁrox imately 900 kg compcrerd with 150 kg and ore produced in a -

wider range o.f—sfégf-grcdes 'rbo_n hefore.
Fifth, product quality has improved dromaticolly since 1943 due to modificotions in

manufacturing metheds and the iﬁtensificotEOn 65 qucliiy inspection and control procedures.

| Sixfh,'?be operating technology has evolved - i.e. the actual jobs performed by
workers and supervisél"s have changedi;\ many resp;ects, both to match changes in equfpmenf
and changes in produét-mix, and also to conform to superior ﬁrucfice developed through ex~
- perience. |
Seventh, thg alant's organization hO.;’: gone .thr0ugh..severcl changes, becbming more
: sophisticated than before, ¢iving rize for example to newr divisions such.'c:s Indust}ial Engineering

and Quality Control and incerporating a higher proportion of Engineers and Technical Stoff in its:

ranks.
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Eighth, the quality bnd mix of raw material inputs to the plont is i'n some respects
different. The scrc;p available on the mcr‘;e? today is of lower average density and dualify thaﬁ
the f\eavy .steel scrcx;; that was available in the 40s; the plant no lo r-\ger uses charcoal os it had
to do when starting up Ifor adjusting the corbon Ieve'! in the steel; -Pig iron is no longer econo-
fnicolly c.:vlc.ilcble on ths market forllsuppie;'nenring scmp,lch;_ gas is now used in preference to
fuel-oil in the rehect {‘;UFD-C:I'{:GS. |

| Ninth, the unit costs of the lplanf’s_ products measured in 'real' terms has failen subs-
tonti&lly between 1943 and 1976 = in o_ihgr_ vrords the globol productivity of the resources uszd in
ménufacfuring steel products in the Rosario plent has increased.

This_ review,shoﬁm that the evo_!dric;n of the Rosario plant between 1943 and 976 has
had multiple ‘ospet.:tls. Thete include quantitative growth in volume of output and in quantity
of capital ins’rciled; growth |n the complexity of' the produet-mix produced and in the sophistica-
tion of the orgcnh:c:.ﬁon which runs the plant; adaptation to changes in input-mix; improvements
in prod'uc'r quolity; ond extensive rr_lodificv;‘:tions.both to process equipment and o operating
‘prqdice wbic}i'have resulted ~ together with scale effects ~ in greatly improving the 'performance’ |
o.f-fhe eapital, materiols and labour resources employed in the plant. Beiween all these aspects
of the picn’._-'s evolution thare of course exist inter—relaﬁonships, causalities, spin-off effects,
etc., many of which will become clearer when we tuin to exomine each aspect of the plant's
evolution in more detail. |
. At this src\ge, hoviever, our aim is only to have "poinie?d out how the panorama of
evolution in the Rozorio plclm% embraces multiple different kinds of changes - it therefore offers o
Iricher field for investigation than the single domain of unii;-cost reducing changes, in which.eco—’

T '
nomists have tended to specialize their efforts.
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Def‘iniﬁ_ons.and methods

We have just.seen that the overall.pattern of .eyolutjon in the Rosario plant has been

COm.plex and-'mui?i,-dim'ensiOncl'_; The probie_m._w.hich is.now_relevant. is, = how can wei begin to

mveshgate tnn part-played by techmcal change in generaa ing this complex patiern?  This

 tackle both. fheﬁe qﬁes.tions.

' Du Porif Rayon plants, Hollahder defimes tho realm of tochnicdl changes in-plant to include

(])Somuei Hollander, The Source of Inesreased E‘f1c1ency. A Si-udy of Du Pont Rayon Plan?s M. L.

. .‘problem mvolvés both quesflons of definition (of whaf is meant by fechmcci change ) and

qug_sﬁom of mefhod (i;e; of the possible w_ciy_s_.;of; exploring the pbga_r;,ome_r}_pr})g_ TlHer!eforg,A vie now

THe starting. problem is to rianfy how the phanomenon of 1echn:cal Change' inséris

itself in, cmd; 'rcjzlcztes‘ to, the _comple‘:-{ sef. of changes which we have seen constitute the 'avolution’

of.the plant. -This clarification is absolutely necessary because not all of the changos in the Rosario

piaﬁtlwhich vie mentioned cbove are eithar technical changes or ¢lto thé result of technicaol
c..'hcngés.. We therefore need a criter'ior.'u for distinguishing technical changes from 'other’
changes. We also need a method for distinguishing between irnproveménfs in performance caused
by. technicol changes and :Improveménts in performance due to 'other’causes.

.- The criterion _w.'a shall use for ai;riﬁguishiné technical chunges from ‘other’ ghdnges

Fé!lows the onc devised by SemuelHollander for his celebrated study of technical change in the

?mathods uted for the first time by the plent, or medifications of Enefhcds, regardless
of the source of the underlying technology and regardless of whather from ths point
of view of the entire industry, the wholn nation or the whole world the methods are

imitative or not", (?)

e o o O ol A S WA T . A M A AT T W T T Wk A

Umversﬁy Press, Ccmbrldge 1965,
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The great value of this definition of Hellander®s is its. mcluswenem Thu it inciudes
changes in a plani's organization struciure,; and shifis fo new pr_ocedures in_ tabour ope‘rcfihg.
praciice os 'fechnical changes’. ¥ olso inclu'des changes in the quc!if_y of the raw.. .‘mcﬂericl A

inpuis 1o the plant as *technical chonges'. tu, of course, any changes in the process rech-

[

rology emp!omd in i-he plcmi', c:ncsngea in the def:gn or spec ccﬂ*mn of prouu\,fs, ond cmy

inclirded as ’fechnica![chcmges’ in this definition,

.. [

di\.'e'rsmcci':or;n into new produci' fines are also
On the other Eond, any change WE'ICh‘in‘\:’Q‘.‘!-eS repfotihc‘; me'rhods_; processle‘s, ;desig'hs-,
ete., which cre olready es?cblished in the plant isl,..o'f course, 99_3_ regd'rnded“cs c te'clhn-icd‘."chonge..
For instance, the installing of o duglicate facility io-double produchon coéacﬁy is not c‘fﬂch-
nical ‘chcngu. Nor is an increase from two s'nnt to threa sfu‘t produrhow o fechmrci changa, § )
Wa ccn'from rowr on refe.; '.‘or c!l changes of this secopd sort -.which cchi.ev’e expan:ions‘ in output
or in plany ccpc:cil’.‘y Vic.ex%‘ending., duplicq?iﬁg or répec%.ihg:pmcedure; aolready inwse -

"scale multiplying® changes.
Henee'we now have, follewing Hollander, a criterion for distinguishing "technical”
changes from “scale -multiplying” changes, which we can use in our study of the evolution of » =

B
. o

the Rosario plant, - ' o o S e

]
A further distinetion which it will be vital to keep in mind iz thot which exists between
the qchm! chisical {or operationol) changes introduced in the Rosario plant - and the affncts

of thete changes, asmeasured by shifts inawhole series of “parameters' which describe plant
ou%puf and/cr performance.

(I) Strictly spzaking expanding the scope of pretontiy ufed procadures does us.mlly invo !*.né £Omaone
inthe plun. in dow'ug some*hmg he has not doas before - and therefore, connot be regorded iy
as exact 'repetition' of whot already exists. Furthermere an expansion of tapacity via duyhco—
tion of faciliiies may sometimas stimulote an organizoiional chcmgo designed to cope With me

" expansion ~ hovrever, there is a fundamenial discinction between "doing more of tha some® {du-
plication) ond doing some\hmg differont {technical change) whicn the defm:hon is doaugned {0
captue, . : : o
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T'Hi:s ﬁc;.inf déséwes further ex-plcncs?ion; We noted in our review of the evolution of
the Rosario -p{o!nr fhdf fhe plant's his?orf inc‘udes»ﬁorioué kiﬁds of changes in 'oul'put’ (ie.
changes in pfoducrﬁmx, chcnges in produci' quchty, and changes in fhe volume of ou?pui‘ produced)
~ and also various klnds of changes in ihe perFOnnance of the ccplfcl mc?enalé cnc‘ ldEoUi‘ I*eEources
employed in the piClnf} (where by! perfoﬂ'ﬁchcp we W||| undersfond both produchwfy measures of
the oufpui-wper-umt-of-mpuf variety ond capacity measures of the fhroughpui-per—hour variety).
ln.oﬂ'ier words we con soy thot we noted evidence of changes in the Rosario plant in five classes of
*parcmeters’ constructed to reflect 'rhé shifts in pfcnf output ond performance. These ore:
1) output volume parameters
| 2) output-mix parameters
3) output —quality parometers
4) uAnii' cost parometers |
)ihroughpuf rate parameters
The distinction which we are concemed to mcke is slmpIy that the changes whwh c;m be obse-r'vec'l in
rhese five types of parameters rhroughout the 1ife of the Rosario plant are not themselves efther
'technical changes’ or 'scale multiplying' chongeg. Rather théy are the gg_s%, or cdnéequences of
these latter types of chcnge.v;. £ urthermore n;any Individudl .chcnges {whether technical chonges or
sca-le multiplying chonges) affect two or more of the above closses QF parameters simulfcneo_us!y.
Thus, even i-F one has identified a porri;:ulor pcx.rometer movement as having been coused by a
particular technical change - this does not mean that other parameters too may not have been'of-;
fected by this some technical change, l“lence.':wP it is essential to maintain a clear distinction between
a) the changes themselves; and b) their consequences_ in terms of their effects on one or more of‘ the

output or parformance parameters.
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This distinction between the chqngés themselves and ?[jeir solnséquences suggests

immed iotely that ?‘here are ‘?wo basic "lines of approach’ ovoildbie--fOr éxploring the nuiure and
rate of techaicel changes i.n the Rogaric p!&nf, or for that maiter in ony‘ other plani.

| ‘.Thc. first line of approach is ':-o-.E-denfiFy ard consi't;u;:i_- a scrﬁﬁ!e of actual lindiyidual
7ecl';nico| chczﬁgex‘a ini-;oduced_ in the plant ord than to anulyse ‘Afhese so o5 fo c;btcin dcﬁa about
such matters as the .*-y'ps.‘,' of techaicai cE*.c-mgesv.in}_ro}vcd, ﬂ:-eir PUIpOSeS, consequeﬁces, 6|figlins,'
the size of investment and the i‘fi’e séﬂn ’.nvoi\.'ed- in in‘froduéing‘ the changes, eic. Ciassifica?EOn .
of the ’nai'.l;zre‘_of' H;e i'e('lmi.cai ‘ci-mngc:. in ths sc:ﬁpie son then be performed in ‘ac:c.ordcnce wlifh.

vthichaver categories are used in the analysis. This apprcach, clearly is concerned vith the

direet -analysis of the 'units’ of technical change ie. the octual technical changes themselbves,

The tecond line of appreach is to identify the movement over time of one or more of

the oufput or p-:;\rFOanqe parameter; in whizh cne i imeresied - and then to esrir;nci'é, the

..con?ribu.tiorxs made 10 this pcromc’}-err movement by %e-;hn_icai 'chcnge's' as against by scole- ‘ |
multiplying 'chdnger_,. This second line of aitack can work ei:'he;.r- by a) subtracting frem the over -
all parcmeter movament the ﬁcn"r of the racvement vrhizh one-hca determined was contributed

by seale-muliiplication, leaving the rez-’r-cs o ".ét;idUGi'_WhE(:h on.e_c:i'i-ribui'es to technical cHange,
of.by: bj seekir.'agrfo estabiis! ’.'hé-ccmpfe%e sample oi;' individué! %echnical ;;Iicnges whici;l co—n-;
tributed to the movemén‘r of the porameter-during the pericd in quésﬁon, and thén esimating
“and odd:ing up 1-};9 ceparaie contributiors to parameter mox@mer‘& made by each individual changs |
in the -complete sample.- (fi'l‘wis \atrer method é\fidenﬂy requil'e.sj an intimate kn'owiedge 6F th'e
technicol changes carried ot in the périod in-quusi-ion and of fhc;a‘ir consequences cn the para- "

meter in question),  Whichever method is used the virfue of this second line of aftack is

that iy promises to provide date cbout the cumulaiive extent and rate of parameter mevement

caused by technical changs in given time periods.



Summary of the evidence collactad oo-
3 y -

tn our éxplblr.'at_ion o‘f the nature .am_j rate of’ technical ch.ange_in the Ro-
sario pfant we :h_aver__trie-d to combinz elements from bo-thr fhe above menticnad
'Hnes,of' approach'. | |
Along the first ]inérof app.ro-arch wa h:ave_ bezn able
i} toidentify 3 sampte of 30 important technical changes from the Acindar annual
reports, ‘ - S - . -
‘ _ii) to identify further important technical changes, in addition to the above
30, by means of the taped interviews'carrie:} out with plant nersonnel -énd
in many cases to explora ths circumstances lzading to thﬂ technical changus -i
(both the original 30 plus thz 'further' onas).
fii) to ide ntify stil] othar tachnical chanjos which are mﬁntloned in tha mora
recent ROSC}TEO plant rcoorts (1983- .;9 and after), in par;lcular many 'minor’
techmcal changc.s.
iv) 't':o |dent|fy some of the important ,'organizat-ional' changes introducad into
th§ plant. | |
Ha then méko usz of this overal] sample of technical chana‘,s plus accompanying
data a.;, the basis for varinous kinds of analysis whlch thmw light on such mat-
ters as the objectives of technical changes, the increme:ntal or rroh*incrementa‘; |
" nature of the chanjes, tha circ-umstan'cas.'_su'rrounding their introduction, the di;'
visions within ;he cbmpany rasponsiblé for the changes, etc..
Thé greater part of our effort, however, has been concerned with the sécbﬁd

"1ina of approach', i.c. the exploration of the movamant of various of the plant's

outpuAtxa_nd performanc; béraméta;rs, followad by the invest iga?‘;ion of the extent to
wh‘iﬂch tzchnical changeswerc the causa of these movemants . Along this | ing , wa have.
tra;:éd th(;: movement of barameters relating to-tha output and performznca of
1) :the Steelmaking Cunits of the plant (i..e.r The Siemens Martin fur'-‘

naces), 2) the Sillet mill, and 3) the far and Profile mill- ;



-68 -

-

-ecct;sa-.dqftx on these was more abundant than wés data about the ouﬁauf and pcriermance
f the pldn't‘s other units (i;e. the scrap park, or the various  finishing operations).
| The porl?if._'u{ur "parometers' whose changes over time we have attempted to trace’
1 tha three plant unitz meni:ioned above are: |
) gr;:r.'-.'i*h..ir; tha volume of physical ouiput
i} eharges in the output-mix
i1} chonges in productive copaciiy
1) changes in produet quality
) changes in unis c;.o:;fm.

We then aftempt in each cose to iden.?ify the .contribution made by technical
hc_mges, as oppazed to école mul.'i'ip}_y‘ing changes, in accounting for the observed pdr'cmefe.r'
ovemert. To kelp in this we moke wee bol?h of the data on ;ndiv idual technical changers which
@ c'oliected. {soe Gbove.), and.‘\é:iso. data which we collected about the seale multiplying changes
wroducad into the ﬁ":rae: picnt uni:;.% in question.

Tha rest of this suction i3 now devoted to presenting Oi";d onél;fsi;wg the evidence we
Sve collected using both the lines of approach mentioned “c:bove. |

- We first of all present data coneerning }he'grow}h in physicé| output of the plont
hieh is useful because it demonstictes the "growth context™ in which ?echﬁiccl chongeg have
scurred. |

N-en-t wa*cdrry out an _cmiy\;is of the -obiecﬁvés of tachnical change in the Rosot;i‘o
ic_:n:-, bosad 05 tha xcm;ﬂe of 30 impoﬁcnt}echnical chonges mentioned in thé Acindar annual
poris.  The main rezuly is to demonstrate that technical change in the plont has had multiplre

itferent cbiectives going far bayond simply unii cost reduction,

e HE
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We then turn to anclyze the c!;onges over tl‘ime in the output-mix produced by the
r.'i'eéirr‘laki'hg units, billet mill and bar and profile mill - and demonstrate the important rote of
fecﬁﬁical chcn{;;es in causing these changed in oufput'-mix.- |

THere then follows o detailed bnalysis of t_he growth in production capacity of the
Eteefﬁjcking units,- billet mill'and bar and profile mill, and a demonsttation of the key ro]e“
bicyed bs.r technical changes in p'roclucing this growth. |

| Wé next turn fo cmc;llyse the c};anges introduced in product quality in the plant,
cmd-identify the technical changes which were responsible,

There .then follows a set of observations on changes in unit costs of production and -
the relationship of unit costs to technical ehanges in the p}cnt.

| - Follow ing this we provide an anclysis of the evidence conceming 'organisational’
chqnges rin the plant. ” |

To cc;nclu_de with we anﬁlyse a sizeable sample of the incremental technical
‘changes introduced in the plant, |

This completes ?he‘-presen.fciion and cncl);'si-s of the evidenc;e we collected, Then

in the lost part of this section of the chapter we summarize the major results which emerge from

this evidence concerning the nature and rate of technical change in the Rosario plent,




- 70 -

,- he Growth of ouﬂ::uf in the Rosario plant 1943-1974

To see how the level of production has changed during the life of the plant, we con- A
vlted data available in the Rosario ‘Plant Reports',

(As a result, we were able to compile three complete production séfies, covering every
year from 1943 to I973--74,*show ing the total tonnage of output produced in 1 ) the Ingot _cclsting
ection, 2) the Billet rﬁili, and 3) the Bar and Profile mill. |

All three of these pfoducrion series are displayed in the graph on the next poge as well os
being set out numericd'f_l'y in the adjoining .tcb[e. | |

To help draw conclusions from these series we shall divide the overal| period from 1943

to 1973-74 into three distinct long *Periods’ of growth plus some shorter *start-up’ phoses. The long

period.s ares | 194410 19 507. I i‘?5!-—52 t0 i?é;-éZ, and 11l 1962-63 to 1973-74, The sf.c:rf-up
'phases’ are o) the yéor 1943, the start -up yedr of thé ingot casting section and the Bar Profile
mill. b) the years 1950 and 1951 which correspond to the two start up years of the Billet mill, and
c) %_he yeor.195i for the ingét casting section, since in this ’yecr‘ the second Siemens Martin steel-
‘mak‘ing fumoce- cﬁd the shaft furnaces were Ee ing sfcr;ed up, thus greatly increasing the output
dopacity of liquid steel to be made into ingots. ]

Wg will now comment on the growth in produof'ion with the aid of this scheme of periods’
ond start up phases. |

We stort off in 1943, the plant's start up yeor. The *Bor and Profile’ mill (then exc l.usive"’
ly a Bar mill) begon productifm using very crude methods which irgvolvéd rolling reheated rails or
else roliring s;emif*melted packets of assorted scrap. . It managed to produce 3,000 tons c;f reinforcing
b;zrs during'fﬁe year. The stealmaking section started up i'r; Siemens Martin furnace in' DecémEer

s L T e e v e o e e

end_.managed to_produce 111 tons of ingots in the few days that remained of the year,

* See note on next page concerning the annual accounting-periods used by Acindar,
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Annual Growth in the Output of Each of the Three Main

Sections of the Rosario Plant 1943 to 1973-74
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* Acindar conducts its accounts in yearly periods, starting from lst
January 1943. However in 1951 the accounting exercise was closed
on 30 June thus resulting in an anomalous 'yvear' of only six months.
From then onwards all the acccunts have been opened on lst July
and then closed on 30 June of the following year — and these years
are therefore referred to as 1951-52, 1952-53, ete.
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PRODUCTION SERIES FOR TIIE THREE MAIN PIANT SRACTIONS

STEELMAKING SECTICN . BILIIT MILL ‘ BAR AND PROFILE MILL

YEAR . EXERCISE Tons Tong Tons
1943 © 1° c 111 - o 3.106
1944 20 17.185° - . 11.080
1945 30 18.358 - 10.051
1946 4° 18.139 .- 15,443
1947 . 5° 16,866 ' - ' 24.009
1948 6 16.549 - 34,998,
- 1949 7° 16.594 - " 50,302
1950 - 8 17.822 - . 13.691 56.473
lggﬁnéiiﬁé)go 14.494 13.932 | ©26.059
1951/52 10° 40.334 L 53.156 44,207
1952/53 ©  11° 22.716 . 34,631 .. . 29.088
1953/54 129 36,441 39,367 - 23,439
1954/55  13° © 53.075 59.094 51.520
1955/56 14° 55.050 4 .. 63.272 © 53,347
1956/57 15° . 18,115 . 56.467 - 38,982
1957/58 150 . 55.009 " 70.542 . 51,167
1958/59 17° ' 55,111 163,917 ' 58,482
1959/60 - 18° " 37,103 53.977 . 42,790
© 1960/61 19° 57,798  65.989 . 47.888
1961,/62 200 54,651 60.557 51,331
©1962/63 21° 63.660 67.427 ' .~ 15.104
1963/64 22° 80,057 . 84.629 25.915
1964/65.  23° 93235 83.381 49.694
1965/66  24° 97.401 106.770 - 36.636
' 1966,/67 25° . 97.510 . 96.127 . 39.228
1967/68 26° 91.116 | 95.559 49,181
1968/69 = 27° 118.394 . 116.253 . 52.666
1969/70 28° - -127.510 N 134.303. . 70.503
1970/71 20° . 13,510 148.701 80.960
1971/72 300 . . 140,692 141,699 N 94,271
1972/73 31° 140,135 153.432 36,193

1973/74 32° 130.19%6 160.676 o - 27.936
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Then we come to the first long period, i.e. Pericd | which includes the years 1944 to
v 1950, The production of steel ingots (based on the steel from the one Siemens Martin fumnace) remai

:

remc,.*i:albly constant 6t arcund 17,000 tons per annum throughout the whole period whilst the pro-

: ducfion of the Zar and Profile mill in cor1fr§st rises rapidlyl, almost without a breck, from {1,000
tons {0 almost 54,000 tons a year. This rapid increase seeins to have been due to both “ieqr.r-ﬁng'-
by-doing” and jo the replacement to the initial rud imen}ofy rolling practice based on imorovised
row muterial b_‘,f more satisfactory operating practice based on ro“ing proper billets bougit from
cuiside suppliers. In fact one can consider the evolution of the Bar and Profile mill during this
first lorg period as a prolonged start-up phase which led by fhe end of the period to the more or
fess complore use of the initial design cc:pccit.y of the mill. In contrast, the start up of the Siemzrs

. i
Martin lurmoce appears to have token not even one year to complete.

- The year 11950 which is the end year of Periodr | also marks the first of two start up years
of the néwh} ins?oﬂed Billet rr‘xi-il. The 'year' 6orresponding to 1951 is the second of these two sfc:rt'
up yaais and is also a start up phase for the second Siemens Martin furnoce, shaft fumaces, and
other major techiological changes in the steelmaking and ingot casting sections. 2nce this start -
up phaze is complate ons notes that in the first year of Period 1, i.e. the year 195152 the Billet
mill is alrcady producing 53,156 tons per year (which corresponds to its estimof‘ed initial design
copacity of 50,000 tons) while the production of Ingots has reached 44, 334 tons representing c.;,n‘
increase of some 120 % over the production obtained previously with only one Siemens Martin

~furnace opoicting.

We now come to analyse the growth of production during Period ,“ , Le. the 11 yeas

fivin 195182 1o 1961-62. The basic feature of the Poriod, as can be seen from the graph, is that

the preduction levels of all three of the plant sections show a fairly similor pattern.  First con -
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ider the autput of ingots. The average ievellof ingbts production for tjhe period is 46,'000 tons.
Jne notes a large annual fluctuation in output and a slow rise thro;.:ghoi.li‘ the period in the maximum
evels of production ochfeved. Néxt, in the Billet mill, one notes that the level of production was
onﬂstenfly a few thousand tons higher than !'halL of' the qfeelmckmg «echon, uvemgmg 56,000
ons per annem, and the level demonstrcteé almost identical annual fluctuations to those of the
teelmoking section, As for the Bar and .Profile mill, it too sho.ws a very similar patiern, though
t is notable that its average level of production during the period, which was 45,000 tons per anrum,
'as considgmb!y lower than the moximum output obtained during the first period. |

.Wecomefinally,toPeriod||I. Thegrowthpatternhereappeérs,onthegraph,t;
iverge dramafical ly from the growth patternof Period I|. Firstly, one observes that the
roduction leve1§ of both the Ingot casting section and the Billetmill rise rapid]y and almost
:mlti'nuously and are practicaliy inunison throughout the ent.i re period (andrhave an average
rowfh r.ate that appears to be cons iderablly Higher than lin Period 1). Secondly, one can observe
1e very distinct behaviour of oﬁtput of the Bar and Profiltemill. Far 'fromr r'ising in conjunction
ith the oﬁtput.of the other two sect.ion's, the' output of thismill first fa] 1s drastically at the
aginning of‘Period 111, it rthén recovers slowly to its former maximum lev"el', then recovers

lowly to its former level for another three years only to then fall drastically again at

1e end of the Period.

At this poinf it is useful to ask -~ what conclusions can bé drawn from this description of

e growth in output in't.he three p_ro'duct ive sections of the Rosasio plc:nt?
| Several conclusuons seem possible. In the first plu;:e is it useful to see what is common to
d whaf is different in the three periods. The table on the next puge collates - for all three pro-
ctive sections - the information comérning the initial, occumn_.llafed, average and peok ouvi-

ts in each period as well as the increases in peak outputs achieved during each period. It

n be seen from the Table that the peak annval output levels and the average annua! ou'.-pu-;;
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Qutput Comparisons for Three Perlods in-the Evolution of

- The Rosario Plant

x PERIOD |1 PERIOD 111
Period PERICD 1 19571-52 to’ 1962-63 to
: erio 1944 to 1950 1961-62 1973-74
Production figure Plant Sectt {7 years) (11 years) (12 years)
Steelmaking section 17,185 40,334 63,660
Initial production Bitlet miil - - 53,156 67,427
{tons) Bar and Profile mill 11,080 L4, 207 15,104
Accumulated produc- Steelmaking section 121,513 505,403 1,312,292 {est)
tion during period Billet mill - 620,969 1,363,905 (est)
(tons) Bar and Profile mill 202,356 492,241 . 578,287
: . Steelmaking section 17,359 Ls 9k 109,415 (est)
A"er-a%f Ps”)’d““"’“ Billet mill - 56,452 113,658 {est)
- ton Bar and Profile mill 28,908 44,749 48,190
. Steelmaking section .}8,139 57,798 140,135
P""ak(‘t’_""d‘)’“".’" ‘ Billet mill - 70,542 160,676
ens Bar and Profile mil] 56,473 58,482 94,271
Tncrease in peak . .
product ion achie- SiTrer iy et 4 386 o
. . . ] ]
ved d‘f:;:g)””"d Bar and Profile mill (45,393)% 2,009 35,789
Average anual % in- _
.crease in peak pro- Steelmaking section 1% L.3% 10.9%
ductionzduringeach Billet mill - 3.2% 12.2%
period as a % of Bar and Profile mill (68%) 4 0.3% 5.1%
benchmark tonnage

Notes to the Table

* The first 6 months of 1951 have been excluded from the analysis.

1. This is given by taking the difference between peak production in the period and benchmark
figure formed by either (i) the output in the first year of the period, or {ii} the peak
production figure for the previous period, whichever of these latter two is the higher

figure.

The % figures refer to simple interest increases, not compound interest.

3. The benchmark figure referred to here is the same as in note 1 above,

4, These figures will be disregarded since the benchmark figure certainly represents a point
early in the start-up of the Bar and Profile Mill, and this is artificially low.
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levels increase in each succeeding period in oll three productive sections of the plant. In other

words there is an O\ferc[l__ig;n_(j@gy"ig growing output levels fhrqﬁsghout the life of the plent in

ol w5, e e i am T = S e p—

1] hfeﬁ_groducti;.fe sections 3 However, wi?ﬁin thiz overall grO\.‘.-'i'h tendeﬁcy one. no‘tices that
the rates oF'oui'puf growth differ shorpiy.os béiween tHe three producfi#e sechons Thtl—:-sé-dif'f'erenc':es
in growth rates are best ilius?rqi'ed_ by ‘the figurés m :-hé TGSIé which re%éll h-a fhe 6vemge annual
‘grov..rthlin thé 'pédk' ;;ron;i'EOn levels in each period. These figures iﬁdicate. thég:&iﬂh achiesved
in the maximum output l:avel:; which ecch section becc'_.*mel éopab‘.e of produ;:frng; i‘F we leave OQ’: of
account the start-up phaé.es‘ (and we sft:!l here count the whole of Period | for the Bar and Profile
mill as a start-up phcse), then the table shows that Y%he ou;pt:l‘r growth rates in t-l'.le piant w"ere:

lngt.;li'-cv'.asi'iné‘sﬁeéi'ion'1: % per arrum in Périéd 1 ’

4,3 % per anrum in Period 1!
0.2 % zer arnum in Pericd I}

Billet mill =, - 3.2 % par cnnum in Peried I
. " 10.2 % per annur in Period il

Bar and Profile mill 0.3 % oar cnnu-rn in Period il - e gm e
e 5.1 % per annum in Period(ill i - S e

The differg_n_ces between cach section emerge clearly in these figures. ‘Furthemore, one
notes how the wbole of Period HI represenis a period of far more rapid gro?«rﬁ in output that Period I,

What further conclusions can we draw from this foregoing examination o.f the growth in
oﬁtput levels? »:We have already scen 'rh_dir a) there has been on overall growth process throughout
the 'li.fe of the plant, and that b} thia growth has been uneven as beiwe:e'n periods of time and as
between sections of the picm%. An imporiant further conclusion related to these first fwo is that
there seem to be no__?ndica%fon in the growth pattern of output in the Ro@rio plant that any kind of
"equi'lib.rium point”, “optimum ouiput {ev;al" or “optim.gm degreé. of balance between the sections”
having ever been reachad, Cn the contrary, the grow% procass itself seems permanently to generate

P
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new imbalances as it proceeds, and no plant or output configuration is ever the *fina!' one (1).
The impI'Icotion is that therelcre always opportunities for changes to be made in the configuration
which will optimise inherent potentials in the plant which are at any given moment subufili-zéd,.(2)
a point wh'ich is ob\'r'ibusl'y relevant to out study of technical change in t.he Rosqrig plant, since it

‘bears on tuch motters as the 'potential field' of _techﬁiccl changes that was available to the ploht's

- engineers at distinct momenté in the plant’s evolution and on the question of the possible "saturotion®

of tha opportunities for incremental technical chdrtgle whigh has been raised as a hypothesis by

Hollander and other authors (3).

{1) This importont point was suggested to us by the reading of Edith Penrose's outstanding book
This Theory of the Growth of the Fim Basil Blockwell, Oxford, 1959. Penrose identifies "forces
inherent in the nature of firms which at the some time create fhe possibilities for, provide the
inducements to, and limit the amount of the expdnsion they con undertake or even plan to
undertoke in any given period of time? She then goes on to show that "this limit is by its
nature temporary, that in the very process of expansion the limit recedes, ond that after the
completion of an optimum plon for expansion a new 'disequilibrium' hos been creoted in which
a firm has new inducements to expand further even if all external conditions (including the

" conditions of demand and supply) have remained unchanged.”® In our view many of Penrose's
points apply to the growth of plants as well as to the growth of firms.

(2) Aceording to Penrose, op.cit. , there will alrays be® pool of unused productive services, re-
sources and special knowledge within a firm which will act as an incentive for the firm o ex-
pand in order to use the productive services avai lable from its existing collection of resources

. more profitably than they are being used.” ‘The pemanent.existence of this *pool® of unused
potentiol is guaranteed cccording to Penrose because of a) the indivisibilities of resources
(i.e. the imbalance problem once again), b) "the fact that the some resources can be used
differently under different circumstances™, and ¢) "because in the ordinary processes of oper-
ation and expansion new productive services are continually being crected”.

(3) In Hollonder's view " it should be recognized that there is probably o limit to the potenrlcl
efiectiveness of alterations to existing facilities. Ultimately the opportunities may be exhausted
without some intervening major outlay®. In support of this view he cites the results of his study

-which showed that "in the plants under investigation, the most striking stream of minor technical
changes were introduced during the first 10 to |5 years after the construction of a new type
plant", 3. Hollander, op.cit. p.203.

\
l
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It con be seen that all these conclusic;ns we_have drawn so far relate to the fact that the
process of 'ourpuf“ évojufEOn in the Rosario plant is a growth process. ~ one which proceeds at
different rates in different time periods and with o changing balonce between plant secf{ons, and
whic.h has no evident equilibrium or op?irhtim point fowards which ir tends.

The importance of these conclusions, for this study, resides in the fact that any such
growth prcce.%s is bound'to"n-cvé' had .po'werful effects in siimulating ond requiring technical changes
in the-lplcn‘.‘. dr, to put it another way, we woqld expeﬁ:f a plent (or section of a plant) which
does not have, for whatever reason, a growth-of -output objective, to exhibit a very diffelrent pai-
tern of technical chonge f.o o plant {or section} which does have such-an objective. At first sight,
this _péin’t seems so obvious as {0 seem scarceiy worth meni‘ior‘;uing - yet it does seem o hc;;ve been
systematically ignored by .economic rexis which have ’renlded to régord-fechn‘iccl change exclusivaly
as proé;ess in reducing unit ccﬁs%s at given levels of outpus, Hv ignoring the imporiant aspect of

. technical change whose obigc?-ive is precisely to generate increas inngrufputs from basiéally inen
techno ilbgy.

Wl;nen ona considers i’hd% the inqrecss:-:.‘in output which have occurred ln the three sections of
the Rogcrio plant have amounted to batween 140% and 6003  over the lifetime of the 91'01“#,- as
compared fo the original oﬁtpu’: capacity of thece sections, then it becomes clear thot the phe~
nomaza of outfw'r growrhlis a ceni'Aroi‘ ospéct in the overall evolution of the plant which requires
to be taken into aclcount. When it is further feciised, os we shall demonstrate later in this
chapter, thot most of this growth of output cannot be explained by Scale Multiplying -l:hcnges,.
but was a result of Technical changes, then ir becemes clear that the génemfing of more output
from <sz isting mochinery is an exceedingly imporfant manog_ern_enf. objective which deserves detailed

Y2oain e

fstudynalong with the more fomiliar objective of reducirg the uait costs of output. )

DoV vep . :
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This concludes, for the present, our exposition and analysis of the growth in output levels

in the Rosario plant. Inevitably the analysis has left questions unanswered but it has been useful in

itlustrating the overall growth conlext in which the plant has evolved,
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"he obiectives underlying the introduction of technical changes in the Rosario plant

In the text of the previous fopic we drew atfention to the fact thet the evolution o# the |
Wsario plant involved a marked process of growth, but we were not able to draw significent con-
slusions about the different kinds of technical changes invoivéd in the plant's evolution (Oi'hEi!‘
‘han the cbvious cenclusion that techinical changes which confribut:;z fo growth in output must have

seen very important). We know, however, that technical changes in the plant have pursued other

sbiectives es well. Therefore, in this present section, we propose to explore what different kinds of !

objectives have inspired the introduction of t.echn-icoi changes in the Rosario piant. | ' o]
To throw ‘i‘ight on this question we have usad some useful data contoined in the set of l

Acindar Annual Reports. Thesa reports, which _c;re designed for disfribution te sharcholders and

possible investors, are bosilc'clly financial documenis, but they con;qin a certain amount of tech-

I"Iil::fl.‘ll informci'iop about the company's g;lcxnts, agd ihe néw investments and changes made in them,

In the cose of the Rosario plant, the set of Annuﬁl Reports contain brief data on dltogzther 30

f;!ifferen% technical changes which were introduced in the plant, plus the rerisons for their intro-

duction. The criteria for mentioning these 30 changes (plus various additions of duplicate c_cpccit‘,f

in the plant which we shall not analyse here) appear to have invelved picking out these changes

of greatest economic significance to fhe plant in each cnnucl‘ accounting perfod. rThe use we have

made of this data is o unaly:e these 20 ’f.r.port'an'r'l technical changes according to the reasons

given for their introduction. ‘The results of this onzalysis are shown in the table overleaf,
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Reasons given for introducing . Number of the technicalichanges carried out
ceueonleginicalchonges for_these_reasons outiof 30.technicel changes __.
1. To increase production capacity ' 16 - : ,

2, To improve product quality 8 (analysis of single’ reasons)

~ 3. To reduce unit-cosis 7 ‘ ' ‘
4, To introduce new products 5
5. To react to falloff in input quality 2
l. and 3, : 3 (onalysis of multiple reasons, . i
l.and 2. and 3. 2 when more than one was cited}, |
2. and 3, ] - |
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The valuo of this table is principally illustrative rather than quontitotive - because the
selection criteria which created this suméle of 30 tecﬁﬁfcal c;hanges were not desfgneﬂ with |
quantitative analysis in mind, Nevertheless; the table is useful ' and some comments are in order.

The most striking point to emerge is the high f_ra_qpency of ! production capacity increase’
amongst the obiecﬁve_s for introducing technical changes, ll'n fact , as we shall see later, the offort
to increase the capacity of the existing installations has been the dominating theme of- technical
change both in the steelmaking operations of the Rosario plant and in.the Billet mirlll throughout much
of the life of the planf; it has also been aon ir;\pomnr, though not so dominant theme in the evolu-
tion of the Bar and Profile mill. The frequency of technical change directed at raising production
capacity is consistent with our observations in the previous section about the notable growth in
output experienced by the plant.

The second most frequently ci.fed purpose for technical change - os per the above table -

was fo improve product quality.

Third in the table comes the objective of reducing unit costs of production. However, this

should rot be taken to signify that the reduction of unit costs is of only minor importance in the
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oscri§ plcnﬂi'. Far f}om:i‘?l. in '.thr-,; firﬁf piuqé,yj_rtud'“ydli thé cdpa;:iry i'ﬁgr;ausing.feéﬁhica:l chonges‘
oted in the l:‘obls vrill have béen simu.l?un;aouzl)}- intended to reduce unit-costs (via the reduced unit
werhead costs obtainable by shréc:c:iing. fixed cé:s_ts over a large valume of pfoduc_tion). In tﬁe

econd ;Slc':c-a' this sample of imporiant technical changes cited in the Acinaar Annual Reports isu

10t necessarily representative, so far as'the aralysis of their objectives are concerned, of the

sersistent si’recrr; céf riinor’ fechniéal_'char;nges which are documented in considerable detail in

ome of theRosario 'Plani Reporis'  and which c-upp-e.ar to be connected wi-th high frequency to the’
ibiec’riv_e of‘ redﬁcfng unit costs. ‘(These ’rt;tinor' technical changes are examined later on in this
ecHoh ) Finally, ‘it 'is:worfh mentioning that 'Sen'ior '-‘"‘erso'nnei in the Rosario plant explain tha-t ]

hey are under con"icn? co hnum ressure” from Acindar's top management to "drive costs down
b4 ) g

Fhus, oiJf em'phqsis on tho existence of o?her 0b|ec*:i~.fes-for i'echnical change in the Rosario plant
is r}t->‘t intended to do;vnplc‘/ the importance of the cost\*reducing objective but mrher.ro put it in
‘perspec}ive. . | |

The fou:;ih most Freqdently. meni'ioned objective for the execution of the 'cechn'ical changes

merhoned in 1 the Annual Repom, was diversification into new product lines.

: Finolly, in the Table comes the objeetive of reacting to deteriorations in input quality (1)

(I) It is important herz to emphasize the word “react®. The point is that plant maragement will
often deliberatcly scek to alter the'quality or mix of some of the raw matérial inputs in order to-
reduce unit ecsis, impiove product quelity or increose production capacity. However, this
situation did not opply in the cases referred to in the table. Here the Rosario plant was faced ™
by a declining availability of scrap of the quality ond mix required. In such cases, plant

. - management does not harz the choice between continuing to ute the previous input mix and

.« ality or changing to a new one. Ihey only have a choice betvicen assepting a declmmg

. mix and qt:alny or domg somclhmg about r’r through fechmccl chonge. o b

1

sl b
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Thviously, therefore, one con see that Empc?;@mﬂh#echni@hdﬁﬁges in-the Rozario
plant have been directed at several distinet objectives.

Furtharmore, the second part of the table demenstrotes the important poirt tha? some of ;
the "i-échnigaﬂ changes have been specifically aimed at more than one objective simuitanaously.
In foct this puri of tha table certainly undesstates the extent to which the 30 technieal changes
have octually affected various output and performance parameters simultaneousiy - for while
there is often one main objective which constitutes the basic motivation for introducing a tech-
nical change, the actucl casrying out of the change wili very often cause other output or
perfomance paromelers to shift, be ‘ides the principal parameter which it was initially intended
to change, {e.g. @ ccpdéiw increcsing change very often produces a unit-cost reduction, o
produc? quality impeoviﬁg change may increose unit cosls, changes in proéucﬁ: mix may cites
outpet sapacivy, ete.} To the extent that the various dl&p"en impacis of the tome technical

zhange can be foresedn , shay wiil 053 course affect the ax-onte  judgement on the specificaticn an

o~

L

potential pro%?cbili?é of the preposed techaicn) cha G0

e e e S it A e e e v B s 7 7. e . A D et A

1)
L

{1} A good example, of a rezent muitipurpose technical chonge carried ous in the plant was the
expansion and sefoim of the Bar and Profile mili carried out in two stages in 1971 and 1973,
The cbiectives for the proposed cl*ange , as established at the planning stage were: a} to
increase the production of the mi!i by 50,000 tone @ vear (Main objactive, c,apcu ry increase);
b) to effect the iramformation of the mill with an interruption of p'roduchm iosting no longer:
than 15 dam (reduction of the cost of the techrisc! chonge); ¢} To incorporute the rolling of
semi-alloy forging steel: for the automebile indusiry {production diverification); d} to
desigr fhe rev mill toking int neeount a future exparsion comsisting in the installation of a
continuous finishing mill for the production of zemi-ailoy round bar of dimensicn H6mmto
A 10 mm, {provision for future produe’ divesificaiion); e} to meke use o{?' ecuipment availabld
in the compuny such as large eleciric morois, gear bomes, F!fsmee!s, mill stands, work«’ub!esﬁ
elc. 50 os to make poszible the implemeniaiion of the projeet in the shoriest peasible Yime {ra-
duction of unceriainty stemming from 3ime-log in profec) implementationl; f} to lower the
consumpticn cf combustibles per ton produced (it cont rﬁdasﬁm)- g} 1o reduse the percentag
of lusses (unit sost reductionl; b to reduce the wark force funit cost reduetionl; i) fo oremp
to toke into account the pansible fuiure raiiéﬁg of rupid ond epecial sieals instend of the forged
tieels isrowr%:’wz for future produst divessifizetiond; 1F fo diminish the dowivime of the miff |

reguired by ahanges from cne d;men@sor to another in the preduetion programsiie (m;nq;ity in=

creasa); ‘ﬂr 0 augment the crs-teciional dimensions of the inpuis jo the mill fcaprcivy in-
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[n summarf, we havé seen to far how i) mportant techmcol chonges in the Rosario plcznt
hcve been directed at several different main ob;échves, u) that some of these techmccl chonges
" have been directed at more than one obieche simqlraneousiy, iii) that many of these changes will
‘in-Fcct -hove had a wider immediate -impact thoﬁ on merely t_hé particular porameter wi'\ich the changa .

"was most intended to affect { 1).

Some important implications both for this present study and for other steelplant studies

arise from these findings.

The key in'-splric;::'rion is that we.sholl'hc-ye to médify the attractive {and of’rer‘\‘usefu!) idea
' that technical change in plants can be measured 'unidimensionally' by examining the progress of
unit costs. As-c-a ééroﬁcry to this, we will have to be ss:epticol_cbout the concept that the
Ptechnical efFi’c:ierV\cy"r of a produetive unit can be deseribed by reference to its iﬁput requirements.

.‘---l--_-—-_-—-—-—-—‘.-----H---L-—n-&md‘l

j crease); {Source: OscarR. Amorini 'Remodelacién det tren de laminacidn de perfiles pequeiios

y livianos' in Laminacién, Tecnologia, Equipos, Productos’ published by ILAFA, Santiago de
Chlle 1976, The comments in brackets are ours)

(1) Furfhermore of secondary, delayed, impacts of technical chdnges are taken into account then
~ practically no technical shange can be evaluated only in terms of its immediate effect on just

. one performance parameter. This position has been interestingly expressed by William S, Pierce,
The Ripple Effects of Technological Innovation: The Case of lron Ore Pelletizing, Omege,

Vol. 2, No, 1, 1974, who points out that "When a single innovation is adopted within an
existing system of production it sets up pressures and opens opportunities for successive Pripples”

- of change in other parts of the system . Such pressures may be manifest in successive bottlenecks
at different stages of production as management strives to realize the full potential of an inno-
vation. Alternatively, the adoption of an innovation at one stage of the process may impose
more severe Tequirements for quality and uniformity on earlier stages. As a third, and more
favourable possibility, the initial innovation may create or unbBck o variety of possibilities for
profitable change at other points in the production process or,equally important, obviate the
necessity for costly or difficult adjustments thot would otherwise be necessary”.
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per unit of ovtput compared to some theoreticolly comstructed "officient production function” (1)
~ The reason we cannot be satisfied with this umdunemioml approach is that the empnrioal evi-
dence about technical changes in the Rosario plant shows plainly how technical changes have
lbeen directed to many qther objectives besides unit cost reduction = and this imecfiafely suggash
that, for the Rosario plant, it was more "efficient” to apply its "rechnicql change effort™ to
changing several parameters of plant output and performance rother than just ciming to reduce the‘
unit costs of its existing producis. _ |
This whole argument can ‘be pushed further. Suppose that we profile the distribution of th
technical change effort in o plant in terms of the percentage of the investment funds dedicated to i
ecch one of the various objectives of technical change which we have come across, e.g. X% |
dedicoted to unit cost reduction, Y% to product quality improvement, Z% to changing the
product mix, etc., then there is every reason to believe that different plants will have different
XYZ profiles, depending on their particulor circumstances, as well as on the influence o;'n the
choi-ée of "tschnical chonge strategy’ exorted by the plont's management, Each plant's XYZ

(1) The concept of the "technical efficiency® of a productive unit was put forward by Farrell in
1957, and is described in S, Eilan, B, Gold and J, Soesan, Applied Productivity Analysis for
lndustg: , Pergamon Prasa 1976, p.12, as follows: “Suppose a production ¢ystem produces a
single output from two inputs; the Iocus of all pomts of the most efficient way or producing

gwen output from comb’mahons of the two inputs is called the "efficient production func-
tion™ and is shown as line EBE' in Fig. 1.3. All points on this curve are said to be equollyief- g
ficient, while point A is wid to be less efficient, since it requires more inputs than, say,.
point B for the production of the same output.  The rotio OB/OA may then be regarded as a
quantitative meosure of the efficiency of o system operating at point A.®

Input | i E
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ﬁmfille may also bd éxpected to evolve over time as previous technical changes are digesied and

A

as new pressures and opporiunities for technical chonge arise. Hsnce it is easy to see that even

‘two planis which start off identical ore likely to grow apari - as different external circumsiances
ond different internal pressures and prefeiences wili gs

)
o=

crate different "XYZ profiles” of technicol

change in each glant (1}, Each 'round' of technical change is i'hen_.likely to differentiate the

planisstill further from each other and it is perfect!y g5 ible to imagine that after snveml
‘rounds’ of  rechnicol changz ine first plont might be ne yably closer to the "efficient production

funcﬁon" i-hcm the second '(v-.fhere this proo’ucﬂon function refers o inpui requirements per unit
of the -criginal output}, while the second plan'r has conceni'mted on diversifying irs product Il....

and may be a far greater economic suzcess than the firet plant.

- This argurment shows thot we will need to corsider corpfuny the question of how to measure
. . _

the imchnlcoi c}‘cm ge ef‘ort i stee] plants, and how to devise valid methods of comparison’

be.weﬁn f‘xc "tochn .,cl chenge effori' in one steelplant and thot in another given the realiry that
the obieci'ives of iec‘nnico% changz may be muliinie and thot each particular sieel plant is likely

to have been pursuing a diztinci.combinuiion of these o objectives.

(I) In prur’nc.,, as Kotz has no n.ed cut, it is most um,‘ml) that“two plants ever even start out
“identical: 3 iflereny 'ocol condshom in torms of sita, raw materials, markets, labout skills,
product perios micnce oriteria; efe. al: wIGYS leq-'lro some cdoptations of ‘construction, pro"e $5
and prodict design, even if he i4ention is fo mhcke one plant an exaet copy of unothar, Thus

'identical’ plants are airéady ditfereniiaied before their start-up. See J. Katz Creacidn de Tec
nologfa en el Secior Manufaciuraro Argensine , Grupo BID/CEPAL, Monogrofm de Trabajo
No. 1 ::EE’AL/BA/1OO 10 de aayo de 197¢, pages 6 to &. -

[y
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In this case study, the ontribution we 'mq;‘muké in this direction is bosicaliy to report
as accurately as possiBle_on fh-e multi-dimeﬁsiom! nature of the techrical chqng'eAprocess in the
Rozario plant, In the .;-)rocess., we hépe to discover which measures of technical chkange oppe;.lr- t
be useful in.describing‘ thes process in Rosario ; and these measures should, in tum, ba suggettive
of the mecsu;-e's that could be useful in other steelplants where similarly diverse objectives for

.technical change pre vail.
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-~ The next topic to be explored is how the ourpuf—mi;: produced by the Rosario plant has
evolved in.-the'period l‘;?43 o 197;6. We touched on thiis topic earlier when we pointed out that
one of the-most significant aspecis of the overall evolution of the ‘#Jlanf has been the growth in~
‘thle 'sophistication’ of the product mix wl*;ich it produces. For example whereasrfhe p!c:ni-"stcrt'ed
oui;"in-1‘943-producing-p\oin mi\;! s+e_e_‘ reinforcing bars, plus small quantities of square section
bars. ---fhe-e-n& products pr&dn;lced by the plant foday include three different basic varietes of
reinfor-‘c:ing--bars.,.pl.us-q range ofj*profilés and a tange of forging bars, Also, whereas the plont
ih...!943'prod§ced'on‘ly common grades of steei, the steelmaking units of the plont today are
co_que.oF_- produc‘ing a wide range of steel grades including hig'n-ccrbbn oﬁd-evén alloy steel
gmdeg;-- Fiﬁo-l'ly,.so far as billets are concerned, whereas the plant in 1943 did not produce
these at all, todoy the plant’s bitlet mill is equ‘ippedlto-roll' billets {and blooms and slobs) in
.many d;fferenr dimensi'on-c: ksizes and -in -a wide range of steel grades. |

These exramples arc; sufficient to -givef; broad idea < the importance of tEe changes in
O-U'rpur-ﬁ;rix in the eVo!u’rioﬁof the Rosarie plani. Qur purpose now will be to explore this phe -
némenon of changes in.the output-mix of the plant in more-depth, tosee what connections we
can trace: between.these ouiput- mix. changes and technical.changes. |

The evidence which we are able to draw on about chonges in output-mix relates, first,
tothe vorious en:d-prOdl_Jc’rs-of the bér and. f:fbfile' mill; second, to the products of the billet
mill {essentially billets); ‘and third, to the end-products of the steelmaking operations of the
plant. (ingots). . So for as the end-producis of the bar and profile mill are concerned, we have
tpt-useful. information about changes in-the 'basic’ product mix of the mill (i.e. about changes
involv'iﬁglthe produciion of new closses of products on he mill and-about shifts in the propor=

tions. by weight of the various classes of products produced).

-
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in the cose of ingof._output, we have information on changes in the proportion of common
;feel grades to special steel grades produced, ami some infon;rncfi_on about changes in thedime-n.— ‘
sions of ingols produced, |

In the case of billet optput, we have some limited iﬁ%or mation mainly about d‘imens'ionql
charges. |

Finaliy‘, to help in the interpretation of the relation between these output-mix changes
and technical changes, we are able to draw on our information 'concemihg technical chOngegl |
intraduc: ed into the steelmaking o’pératior&s, biltet ﬁill, and bar and profile mill.

We hm\j ﬁ%séh"t and discuss all this evidenda:
 Changes in the outpUt Hix of the Bbr und Profile mill:

To start with we shall examine the changes in the product-mix that have oceured in the

Bar end Profile mill. In particulor we shall be concerned with the changes in the 'basic’
pioduct-mix - that is, with changes in the percentage by weight of each of the different classes
of producf.defined only in terms of their vasic shape and function. By contrast, we shall not
here be exploring the changes in the steel- grade product-mix ond in the dimensional product mix
for each different class of product produced on the mill- Thus the remarks that follow relate only
to changes in the mill's basic product mix. It.rurns out that the changes in the Bar and Profile
mill's basic product mix constitute an extremely interesting story of product diversification.

small quantities of square bars, The first significant diversification come in {948, when a FurtEeuj
five 'stands’ were added to the mill so that it could produce wire rod in addition to reinforcing
bars, (This wire rod was then processed in the plant on newly installed wire-drawing machinery
or nail-making rachinery into either wire or nails). Also prior to 1950 small quantities of \r_'c.u_l_n_g!_- :

feundry bars_were added to the product mix. Then, in 1951, when production started up in Acindar's

b man
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new plant in Villa Constitucién, the production of many of the dimensions of reinforcing bars
ond .w‘ire rod was shifted from the Rosario plant to the new plant, leaving the Rosario plant pro-

duéing'only' relctively fow tonnages of the product that remained. This situation helped motivate

— . —— —
e —— v —

production of wire-rod, meonwhlle, hed been wnrhden from the product mix). By fhe late
sixties, fh.erefore‘, thé product mix produced by fhe Bar and Profile mill involved plain, ridged
ond ribbed reinforcing bars, profiles (rﬁoinly angles and L-shapes, and foundry and industrial
round bars). This product mix was maintained until approximately 1972-73, In that year —which
for reasons we shail examine later, involved a drastic drop in the output'level of the mili- _.7 the
product mix was substantially cl;ere‘ed A new diversification wes carried out, into the producrion
mdus'rrlol bars was dropped. Fmoily, it is worth mentioning that o further, fui-ure- dwersrflcchon
is planned for the mill which would adapt the mill to incorporate the production of semi-alloy
round _bar%; of diameters & 6mm to & 10 mm into its product mix.

+ This evidently represents c‘.n extensive and continued history of produci divérsification
throughout the life of the mill. %ndeea it can be deduced '.:me our ﬁbove description that no less
than 14 different classes of p}oducrs have been prc;duced on the Bar and Profile mill since 1943 ()

and that the average rate of launch of ciasses of new producis by the mill has been approximately

(1) We caleulate th:s figure of 14 preducis on the basis that the mill has produced at least 4
kinds of profiles (angles, L-shapes, T- -shapes, d-s}wcpes) and ot Iecst 3 kinds of rlbbed bars (A 60,
Cnss—cross, A 60 modified).
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remember thot the mill has produced various différeht- dimensions and grades).
Thus ,diversification is evidently a central-feature in the evolution of the Bar and Profile .

mill and raises many issues of interest for our study. We shall now briefly deal with two. The

t
1

first issue that p;cjrti‘cuiorly inteliests us here is —- what has been the role and extent of féchnica!_
.chonge's in bringing c‘ioo.u? these successiive product diversifications?

The second i-SSllJE'B is ~what cm:a i“‘ie factors that have led to thi_s pattern qF product dTVersifi‘-
cation? We shall now comment briéflly' o.n both issues. _

So far as the first issue i$ cohcerned i.e. cldl‘f#ying the contribution of tech nical c;hcnge
to the successive product diversificaf:ions, we ¢an note that the launching of each new closs of
product produced by the mill has neéesﬁcrily invoived certain kinds of technical changes. These -
'inciude, at @ minimum, (i) the design‘ and faBricction of new rolling cylinders with new chonnel-.
designs corresponding to the new clags of product to be produced; and (ii) the development of 7
-specrfnc new 'standard- Operahng technology for producing the product, which involves such mo{"J
ters as determining the size cmd type of billet inputs, the temperature and timing of the pas:age
through the reheat furnaces, and the particular rolling sequence involved. It also requires mqkind
whai’eve‘r minor mechanical and equipment additions méy .be required for twisting, managing and
guiding the new product in -its passage through the mill s'fandé.,

Second, if we go beyond these technical changes, which must be carried out when any

new product is pr;oduced by the mill,‘ we can note that some of the new products have also ‘require
. substantial prior additions or modifications to the mill's basic equipmeﬁf, i.e, they have required

substantial investment. This was particulorly the case for wire~rod, which required an exira block
of five mill-stands to be installed,ard for the producfion of forgimg bars, which required the

building of two variable speed pre-finishing cnd‘finishing stands with special bearings and other
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feotures designed fo moke for great precision in the rolling operation, Again, considerable addi-
tions to the mill's basicl.equipmem will be required if the pvo‘pose'd future diversification into the
production of small diemeter semi-alloy round bars is carried ou’r;.

The conclusion is that whilst all the product divers ificcﬁoﬁs hdve reqﬁired invés.i'men{r in
’%echnic;al chr_tl'nge, some of H\@ diversifications have required only minor additions to the bosic; mill
eqﬁtpment, vehereas oi-'nersrhlcve needed substantial investment in additional of new équipmem". it
highly vorioble throughout the life of the Bar and Profile mill, even more variable then the rate of
c;i.iver_siﬁco’riorf isself. . o f

_ ,The- second issue we toke up here concerns the reasons leadingr to 'th.e o'osérved cattern of

diversification, There seein 10 haive been at {east hwo major factors invelved, the first being

—— e A e e — S m— s i S N i —— — A —

The influence of changes in the structure of demand can be most clearly ;een with re'gcrd
{_-6 reinforcing bars.. Originaily s'l;me raill only produced plain reinforcing bars, bu%.or\cg ridged
reinforcing bars had been introduced into the Argertine market, the demand for plain reinforeing
bars begon to decline --since ridged réiﬁforcing bars r'e_éwgc_eci the quantity of steel required to
supply the required reinforcement properties, and iherefore lowered the cost to the constructor.
Later on,rthe came becama true of certo{h kinds of ribbed‘rein’fdrcing bors in particuler applizations.
Hence, threatened with a decline in the dem-c':nd for its ‘ciassical' product - e piain reinforcing
bars, the Bar and Profile mill of the Rosario plont was able to maintain (and increase} iis preduction

it e e s imr s —

levels by diversifying into the production of the substitute products , i.e. ridged and ribbed reinfor-

Cing bars. This process can be seen clearly in the chart opposite which shows the quentitative

chéngés in the mill's product mix between the 13th Exercise (1954+55) and the 22th Exercise {1969-70).

o
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in pcrticulqr the chcrt.c!ec:rly shows ({a) the sharp fall over time in the percentage of pluiﬁ
reinforcing bars produced (88% to 20%); b) the notable rise in the percentage of ridged
reinforcing bars produced (0% to 50%); c) the temporary substantial level of producticn

which ribbed reinforciﬁg bars achieved in the two years 196768 and 1968-49 (about 20%),

CHANGES IN THE PRODUCT-MIX OF THE BAR AND PROFILE MILL 1954-55 TO 1969-70

(The Figures refer to the percentage by weight of each producr*c}c:ss
produced in the year in question)

A L A G . o P S S v e Wy i et e Sl N L M A o e St T e S M P S e S g o S P i T ———— T . o0 -

Exercise 54-55 S ‘ 69-70
Product = - : 13 14 15 & 17 18 19 20 21 22 23 24 2‘3 26 27 28

L e iy St T ) S S ik Sk T i Ak e Y e g S e ) S - —— - - - - — -

|
Smooth round bars o _ : : 1
for rEInFor@ed % 88 76 66 79 -73-65 67 68 35 38 40 43 3 28 19 20
QQnSrGI’G = R T o I R _ :
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bed bars for rein
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These movements in the product mix for reinforcing bars basically reflect the growing sophisti-
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cation of the demand for reinforcing bars - to which the mill's progn;c;m had to regpond. (The
' churf reveals other informarion oo -particularly about the rse in the importance of pro-
files in the product-tix which we shall conimenr- on below.) |

‘The other major factor which has clearly bad a vary great inﬂ_uené.e on the pattern
- and timing of product diversification in the bar ond profile mill is the coming lcm stream
of rolling capacity in the Acevédo plant. The Acevedo plant's first Morgan mill started up
with'a capacity of over QO0.00d tons per annum in 1951, A major extension of this capacity
to 365,000 tons per annum was added in 1961-62. Then a secend Morgan mill; specfclly
“for wire roo‘,.'\'.ms added in 1972-73. All three of these massive ’incre-menfs‘ in Acindar
rol[in‘g capacity rebounded on the Rosario bar and profile mill, by making it profritabie to
transfer to the Acevedo plant the rq!Hng of certain products that had previously been rolled in
.Roscric—n. The -ihqmedicfe résuh‘ in.eClCh case was to leave the Bar‘cnd Profile mill with- much
of its capacity idle -as the reader can see by rgFerrEnéi back to the gro.ph showing the
growth in the volume of output produced on the Bar and Profile mill. |

On two of the three occésions when this happened, the Rosario pl-qﬁt respended by

diversifying the produc;‘ion of the Bor ond Prefile mill, When the Acevedo plant started up
in 1957 the response of the Roscrio< plant wés to divérsify the Bar Ghd:ProFile mitl into
profile production; then, after the 1961-62 capacity increment in the Acgvedo plant, there -
appears to have beén ﬁo diversifying response made {mainly, we think, for the lack of
billets with which to feed the Bar and Profile mill}, oﬁd finclly in 1972 -73 the response was
. to diversify into the production of forging bars.
The key point which can be deduzed from this éxper_ience is that the technical changes

made o permit product diversification or the Bar and Profile mill have been important in
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the structure of demand and of changes in technology. (This latter involving competition due

to the coming on sfreom of the Acevedo plant's continuous rolling mills which were cepable

— e — e A e — e Ak - aave

. f. . N N )
as on important factic for ensuting that the unit, when threatened by ¢hanging markeis and

rival technology, could broaden its product-mix to avoid becoming obsolete (1)

—— — ot m— —— i . v — — A b in

To examine changes in the output min of the steelmaking section of the plant we will
fix our attention on the output oF. ingots. The main .choriges involved over time are (o} |
.chaﬁges in the dimensions of ingots produced, and (b} changes in the steel grades of ingpfs

pl"oduced. | |
| So far as changes in ingot dimensions are concerned, there was a major change rFrom' '
producing 150 kg. ingots (pre 1950) to Eroducing 1 000 kg. ingots (post 1950). The pract?c.;e
f&:day is to produce ingots of cbprox imctély 900 kg. A further change of some importance
which took place in 196869 was to simplify the dimensional mix by removing 9 x 9 inch
and 10 x 10 inch ingots from the productioﬁ program, leaving only 11 x 11 inch ingots
in the program

The question we can nowask is ~to what extent were technical changes involved in

Wi e e A A G D .

(1) A hint of this kind of possibility was given by Salter when he noted that "The devices
of imperfect competition -product differentiation, advertising and the emphasis on quality
rather than price- may be regarded as attempts to make the fixed capital equipment of
the firm mobile, an attempt to produce in a market where the competition is less intense®
-see Salter, op. cit., p. 93. In the case of the Roserio plant it is not nthe "devices of
imperfect competition” but technical changes to the®fixed” equipment which pemitted
the equipment to produce ne¥ products in more faovourable competitive conditions.
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ringing cx.boui: these above mentioned chc:'nges in the simensionol product‘mix? '
| The answer is that technical changes were involved to a great éxtenf. For example the

hange ow.zer from 150 kg. 1o 1,000 kg ingéi';; in 1950 involved shift.ing from an ingot casting
ystem based on 'communicating channels’ fo'c system Vc->F pourirfag the quuid_ steel directly into
ne mouths of much larger ingot moulds, (i.é. a technicol-chunge). For the slightly less
ecvy.ingots'produced today, there has been o further change to a new system o{;' communi -
ating channels (1961-62).

.On the other hond the dropping of the produc.ﬁon of 9 x 9 inch and 10 x 10 inch ingots,
annot be .COnsidered as ¢ technical change. | |

The reason is that the criterion for seeing whether a change in cu-tpuf——mix- involves
schnical change or not is that the change must require the bringing into use of some new
:ef-hod,,mochine or tecﬁnique not previously used in the plant. Once this new method, machine «
r technique is established ond its operation has beéomg _r'ou'rinized' ~then any changes in

——— — o —

r less often__are not considered as having been caused by technical choﬁge. Evidently,
1en, the retiring-from-use of a method (such as in this case the usé of 9 x 9’und 10x 10
ches ingot moulds} does not constitute o technical change.’

" ln terms of the reasons moﬂvct.ing the .’rechr.iccl- changes mentidn_e;d above it appears
iot the change from 150 to 1,000 kg. ingots wes carried out 50 as to increase the end-
roduct rolling capacity of the p!_c:rﬁ. (since the rolling of fina!l products from billets made
om 1,000 kg. ingots involves less down time and- losses *h;:m rolling from 150 kg. ingots)
whereas the second change, from 1,000 kg. to 900 kg. ingots, arose as a bye-product of
multaneous changes dosigned fo improve in.got duali’r}c Henze in these two cases t'he changes

1 dimensional output mix appear to have been merely steps towards ~or bye-products of -

e fulfillment of othar objectives.:
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Next, so far as changes in the grades of steel produced are cencerned, the following

-

- graph indicates how the production of 'special' ste¢l grades has evolved over the years by com

parison with common steel grades. (These ‘speciol® steel grades refer mostly to carbon steels
with gr'a-d'.es from SAE 1017 to 1080 and also include a small fraction of afloy steels).
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" The graph shows that the production of special steels did not start until 1954-55, then |

remained on ¢ small scale for five years or 50, then rose rapidly to approximately half of total
steel production in the yeors 1961-62 thr'ough to 1968-69, and finally fell back to a low propod]

tion of total steel ovtpﬁt from 1969-70 onwards.

Once again, our question is, to whot extent do these changes in output mix reflect
the influence of technical changes? The broad answer seems fairly clear. The main technical
chonges which were required to permit the output mix to include a higher proportion of specia

.s'teels;, took place’ @[_IX_ in the period of marked- evolution of the output-mix, specifically

between [958 and 1962. The major changes were (i) the changeover from acid to busic refractd

-
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lining in the Siemens Martin furndces (|958;59); (i7) the infroduction of outomaﬁc process con-
trols for regulating the .furndceg {1950-61); (ii1) the bringing into use of improved laboratory
techniques (1960-61); and (iv) major improvements in the ingot-casting section (1960-61) -par-
\‘_i;ulérly in the switch from tonp.oured to boftonvpdured ingots. which permitted the production
of ingots of better surface and internal quclify, which was required pcrficu[o'rly for the speciol
steel grades,

All of these chcnges.required substantial investment, hut once mcd;-, the _oufpu'r of .
special steels could be_éxpﬂnded without having to intraduce further major technical changes.
lrndered, after 1962, the only technical changes related to the s're.el grade output mix a.p‘pea.r
to have been minor changes in oPefative,méfhods and technigues of cHemicaT analysis, os ré-—
quire& from time to time in the production of small runs of diFferént alloy steels, e.g. Chrorno-—
Nickel-Molybdenum s'réels 'oﬁer 1964, and Nfobium steels in the period 1969-70.

'If we enquire into the reasons motivating the changes in the steel grade output mix which
we ‘hcxve béen discussing, if appears thot the 'proximate cause' of the.incrense in the output of
“special steels ';n the sixties was the need of the /—\.cev;ado plant to receive much large quantities
of steel billets from the Rosario plant than before, with a high proportion of these having to be
of special st‘eel grades because they were destined for rolling into such products as high-resistance
jwire. (The 'shift' made by Acifsdcr towards producing more products in special steel grades was
L in furn cttrib;d'red-by plant staff to the start-up of Somisa's steelmaking units in l96|,' ,‘\Nh:ich it was
‘believed would flood the market with mild steel products). In any everﬁ what matters for our
} pUrposes here is that the Rosario plant's steelmaking units were faced by a dema nd for speaial -
!s'reels --ond were able to meet this demand by carrying out fechmcoi changes to permn- Ithe Sie~

product mix, including special steels cs -well as mild steels. Like in the Bar and Pro"file mill, it
S _ N




praducing a highar proportion of special stecl .gradas of billets, also led to technical
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is clear that technical change permitied H"\e stealmaking units to "hrzak out” beyond pra-
axisting prodwetion lines, into naw ones.
The changes Qe have noted in the billet nrodvet~-mix consist 3# (i} chances in the
stazl grade product‘—mix (i1)changes in the‘dimensic‘)na‘l }Sroduct mix. We shall

consider each in turn.

The mix of differant stzel gradas of billets nroduced on tha Billet Mill has largely

~ followed the mix of steel yrades of the ingots nroducad in the steal-making. section, -

since thase ingots hava always baen the principql fnp‘..lf to the Billat Mfll. Then, addaed
to this mix of steel grades based oﬁ ralling the ingots from the Rosario Stealraking section,
the Billat Miil has ofien rolled small quontities of ingots or blooms of diffzrent ste=| grodes
rom Acindai's Marathon plant, or from ogrsi.de svppl iers. |

Hence, the principal 'tachnical change' involved for tha Billet Mill in introducing.
each change in the steal arade of tha inpwts bei_ﬁg rolled also requires some  hat differant ’

oparating conditions in the Billet Mill. Furthermore,, the shift in the carly sixties to

cliongés 'n the Dilist Mill's equipment aim;ed at éhp;roving product quality,

Thus shifts to producing naw. stezl grades of billet in the Rosario plant required
nor.cmly changes of {nputs, but. hoIsq some specific changes <.3f operative technique n
each case, ~and in addition scine molre qeneral improvements to the Billet Mill's basic
equipment had to be made so as to ensure a sufficient q.uality of product. 5o, once again,

we ohserve the crucial role of technical change in pemmitting product diversification,
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We now turn io examine changes in the dimensicna! product-mix of the biliets produeed

n the Billet Mill, Here, thera have been important changes. The basic trend over time hos

Ve

6) to increase the cverage cross-section of the billets preduced.

w

b} to reduce the originally large number of different cross-szctional measures of biliets
nroduced, so as to concentrote mast of biller production in a number of signdaid

'

meaqsures.

‘The advantage of this trend of chenge in dimensional preduet=mix is that wider cross-

ection billets require fewer passas threugh the mill and can therefore be rolled in lass tine,
ilst fower bitlet measures impiies tess downtime for changing the relling cylindars. Hence,

fiz changes in ine dimensioral outmut-mix over Yime in the Billet Mill have had the basic efrect
b= . F)

W ig‘ci asing the cqpoc,'v ~f the Billet ML,

The conneciion ketween these changes in dimensional proouc?-m ix and technical chang
s fwo fold: Ficstly, there had 1o be concurrent technical chonges in both the Morgzn Mill of

he Acevedo Plant and the Bor and Profi o Mill of the Rezaris plant, which peanitted thase rol-

[43]

ing mills to gecept larger proporyion of Billers of large cross-zection, Secon .Cuy, modifica=-

ions were needed in the Biilet Ml lizelf so as to strengthen the equipmen'r 50 05 1o wi'fhs!cnd
he rougher trectment mvo‘ved in roilmg greater m.r-nbers of ingots of larger cros s~cections.
The po_int about these technical 'changes is that whilst their immediate purpose is to

>ermit a chéngé in the dirﬁeﬁsiona] mixof billets broduced, they alsoresult in increasing the

woduciive cosucity of the bitlet mill - and there is yn. a furiher effect in that tie vie of wider

wrogs-32¢tion bittaiz in the final rolling mills alio incracees the preduciion cupocity of these

etter miliz. Thus changes in the dimersional mix of bille’s produced con re':uiv be viewed a3

technique for increosing billar praduction copacivy énd end=product produntion capacity.

-
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We finally toke a brief look at the reasons leading ifq'?hesé bbov'_eﬂnen%ioned changes
in the output mix of the _biHé? mill. Wi-fhoui' doubt t:he changing requirements of the Acevedo
plant stand out as the single most important factor, The chart overleaf shows how in i?6i~~62
the Billet Mill abruptly had to shift the majority of its billet output to the Acevedo plant insteﬁd .
of sending it on the Bar and Profile mill of the Rosorio -plont, as it had done before. This is |
because the Acevedo plcnf ever since 196162 was short of billets for its rolling operohons,

' Therefore ‘the Roscmo plant was required to do its best to make up the deficit. This natutally
led to a gredt Ihcenhve to increase ifs output of billets. Henca it was the requnremenrs of the |
Acevedo plant, both for more billets, and for billets of special steel grades, that mdinly moti-
‘ya?éd the technical changes in the billet mill in the early sixties. Then, when the need of the
Acevedo plant for special steel billets from the Rosario plont declined, the basic requirement

for 'more billets' {of common steel grades) remained. Thus it can be aéid_ that .the Biller mill

has hcd an ince-nrive to increase its ouféur of billets eéch year since 1961-62, -

The other source of technical chcnge in the Billet rmll has been the chongmg requnremenh
of the Bar and Profile mlll. ln particular we can mention thct the !972 73 diversification of fhe
I.clHer into the pr.'oduciibn of forging-bars generated the need for c:‘supply of Torging-billeis from |
the billet mill. This in turn led to the development of o spegiol “double -rolling" practice to
convefr the ingots (from 'r‘he Marathon plcn-f) first to blooms and then‘ to bilfets on the Bitlet mill.
This can be considered as o product diversification made necessary cf the intermediate preducts
stage by d diversification ot the final produch"- sfage.

The conclusions we can derive from the above evidence ~which applies both to ihe'S?e‘e"S—
making section and Billet mill, is that technical changes which ofter the output-mix of interme-

~diote products in the Rosario plant hove been directed at two objectives. Firstly they have been |
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. quolity level which ,cc-m%d serve as the inputs tor the diversified final cutpuls. Second they have
. ' - . : o /
een directed to increcsing produchive capdclry, both that of the units themselves {e.g. Siemens
Marrin furraces, Billet mill), and that of the productive capacity of the end product rofling mill

3o which the billes go as nputs. - 0 oo o0

éurz"zéi
The evidence p;'éseni;ed on the chc':.r;gé‘s .in .ihe 'oufp-ﬁf.'mlix.éf the Bar and Pfé)filé mirll,

Biilas mm nnd .c-;fc‘re;f;ﬁolcing secf&fbn of the Rosario _plcnt‘shows that

U} ?roqltﬁ:} di\fersilf.i;ci:ion has beeh Vefy' frequent in the h?sﬁ:ry of the Bar and Profile mill, o5

a methed of l’eabbﬁa.!ng to both demand dﬁcjhges,cnd.compeﬂfive ?echnology. Some !4_clas§es
- of new praducts have been produced on this m?li fhroughoﬁf the last thirty three years -- ond

§he ability to di\lrersify into these new product lines Eas depended in every case on technical

ch‘:'m‘ge.' While Hie.mt'z jority of the new classes of products have not required major investmeﬁk

in new plant facilities, all the diversifications have required some investment plus the develoﬁ-

ment of a new éfandcrd_ operating technology. In some cases, major _inve%tmenfs in new equip-

ment have been required.

(2) Changes in the output mix at the intermediate products stage have also been very significant,
Theze changes cocsist in changes in the dimensional mix of the intermediate products produced,
and changes in the sicel grade mix. Asiociated with this latter set of changes are quality.

improversenis, The changes in the dimensional mix, particularly of the billets produced, have

hod the effect (and were ‘intended) to increase hillet moking capacity, vhich became urgent in
the 19605 o make up for the:shortage of inpus to the rolling mills of the Acevede plant. The.

“changes in stee! grade product mix, both of ingots and billets, ¢3 rrespond to-providing—changed
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lant or by the Bar and Profile mill of the Roscric; plont. Technicoi. changes were required in

e Steelmakiag section and Bitlet mill for making these dimensional and steel-grade changes

sssible - and in the case of the changes nzeded for produeing more special steels in the steel-
aking units substontial investmenis weré required.

) We :jo.fed thcvt both changes in market demand and the three mejor increments in produ.ction
:pc:e.ity- fn the Acevedo p.»!ahr.h-cd bee.n t.zf decisive importchcé in leading the Rosario plant to

lter its product-mix (both at the end product and intermediate product stages) in the way. observed.
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-

Data on the growth in production capacity of the Rotario Plant _ - /

So far, we have investigated the grow'rh of the output Ievel of the three pnncupol plcnr
sections and also the changes that have occurred in ¥he output mix oF t}m’e three sections.

Here, our intention is to explore the c[ﬁohse_& i'héf have taken place in the production’
capacity of thece sactions. | | B

To ’;‘an \1!?‘1 we male scme brief remarks on the s subject of prﬁdUcHon capacity and how
it 15 definad. | |

Then ve turn fo an exploration of the growth in production capacity of the three plant

seciions based on evi&ence collected from the Rosario plant reporte, other company documents |
and En':-en'iews. The growth in the production capacity of each of the three sections is dealt wir!{
in_?ufn, and ths aitempr is made fo dis-‘riﬁgui:h'rhe r..ize of the con'.*ri_bution'of technicel change tq
‘this grovih in capacity and 1o identify where poﬁsib[e the dis'ri‘nct kinds of technical changes tha
: hé\.f@ contributed.

Finally, once ’.’Z*.i:s‘_‘e\ridence has been preséri-‘reci and discussed, we comment on the firidi
cn;ﬁ relate them to some §ther contributions in the sconomic |iisrature concerning copacﬁy-mcre
irg ie{:m‘ucai changes.

Remaiis en ereduction ccrpccnr" ind it definition

"The key ceneept involvad in production copaciy ﬁgure., is that they refer to estimoes
of '.*h:—! quantity of ”pecui’r-d output (mcasured in suitable units) which can be produced by a
ooe(;.f.od mcu:irsui vni {e.g. @ machire, @ section of a plant, a whole plcni-, etc.}) in a

specitied time period, and under spacified working conditions.

Th’a particular assurmptions made about working c0ndmons are crucial to know if one

wishas to malie uie of capacity estimates either {or preauchve purposes (to forecast what the uni
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il oétually produce under the expacied quking conditions), - or for interpretive purposes (i.e.
comﬁaré successive capacity figures across time o.; 1o compare actual production figures with
e cctpaciiry estimates 1o see what 'r%‘:e‘c'c:uses of i-he' differences were.) Quite commonly, one
imes across 'theoretical’ rcspc&cﬁ'l\r mecsures where tome frankly unrechai ic assumpiion has been
:de‘obou-.? woiking conditions ~ c+eh as for imi-aﬁcé, that mach_ines.l wili bg opercting without

1y steps for mointenance or rerains, or where actual bot flenec‘(, in co-nplempnmry insml!ahons

e ignored. However, it it ;rfectly possible to develop, on the basis of pest experienee with the
xrformance of a production unit, and on the basis of the standard operating prectice developed
r running the unit, reasoncbly accurate estimetes of what Gold has called the "praciically

stainable capacity af present ® rather than "some thooretical mastimum under temporary con-

[

tions or in the future®. (1) indeed, cs Gold aiso points out, mos plant managements have had

) It is useful to cl,oin in full the passage of Go;d’ from which *ms extract was faken. "In theory,
the precnse ‘measurement of prodfw.,nve capacity can be made extremely difficult if such efforts
seek to evmompass all kinds of !llugiﬁaugb but uncommon circumstances. The development of
moncgeriolly useful estimates of practical capacity, however, involve less formidabld difficulties
than is commonly supposed. This is specially true under the following conditions: L if the
measurement is 1o,used on individual nlante rother than on the economy at large or on major
segment of it; 2. if the measurement is focused on practically sustainable capacity at presenf
rather than on some theoretical maximum under temporary conditions or in the future; 3. if
the estimate is made on the assumption that product design and quality, operating processes,
and the general choracter of inpuis remain unchonged; that the customary number of zhifis
dnd the ‘normally decepiable length of work day and work week are retained; and that appro~
priate standard alloviances are made for breokdowns, repaiis and meintenance; 4. if it is
assumed that sufficient lobout, materials and othar inputs are available 1o service the full
utilization.of rreseM' capital focilities; ond 5. if it is assumed that product and factor price
adjustmen’s are such as to press for the efficient viilizotion of all serviceable resources. Such
limitotions are readily apnlicable 1o a wide range of productive activiries. And if complied
with, they pemit the estimation of practically susteinable produciive capacity with but moderate
margins of uncertainty”. .,.7Of course, capacity emu’nate would have fo be modified io allow
for any deviations from '.“ne condirions listed Goove . See Bela Gold 'Productivety Measure~

- ment Problems and Methods', Chaprer 3 of S, £iton, Bela Gold and J, Soesan, Applied
PmdUCnl"ij Analysis for Indusiry, Pergamon Prass, Oxford 1976, pp 43, 49.
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- "“approximately 25 tons of ingots per heat (bateh) but wos enlarged in 1949 to equal the second

"2 fiace then  being instatled, with a capacity to produce approximately 35 tons of ingots per h

K8 other two, . i.e. again opproximately 35 tons of ingots per heat. The dimensions and design

"’f’wm.insfolled and started up in 1963,
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to develop s-uch estinétes because they are neaded for such matters as production planning, ond:;
the estimation of preduction and cost standards, In this sense the Rosario plant is no excepinn,‘-,-’
and its Industric! Engineering Department has an impressive amount of data on the current pro- .
ductive capacity of the plant's units. |

We are, however, interested in f'he historica! growth of capacity in the, Bezario plant,
and the data on this, particularly going back befare 1970, is extremely partial and scattered abe
We ho;/e however manage-, w'ith the aid of various of the Rosario plant reports, and various
other documents and evidence ‘Froﬁw taped interviews to reconstruct some of the features of the
glrowth of capacity which has taken place in the Siemens Mortin furnaces, the Billet mill, ond
the Bar and Profile mill, and to extract from this reconstruction some interesting conclusions abo
technical chonge. The way we have caleslated * production capacity' for each of the three
seci'i.om- 7 = ond the limitations of the datosare .explc:ined-in the couise of the prasen:;c:.‘ion which

followe:

1. Growth in t‘hé_producﬁon capacity of the Siemens Mortin fernaces

The Rosario plont today has three Siemens Mortin furnaces. The first was instolled and
|

“sparted up in 1943, the second was instulled in 1949 an3 begun prodoction in 1950, and the third:

These three furnaces are essentially identical. The first was originally designed to prog

The third furnace, when installed in 1963 was aesighed with the same load carrying capacity as

“¥he furnaces, the refractories used in them, und practically oll the essenticl details os well as ¢

form of operating the furnaces con be considered as the some.

4
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" The fact that the three Siemens Martin uni?s.-ccn be considered the same and that they
ave had the same technical changes incorporated with the pasSagQ of time simplifies the problem
re have to deal with, since we can work with the average capacity per furnace throughout the whole
seriod from 1943 to the present day rather than having to track the capacity of each furnace -
erpc'rcre‘l;r.
- We how'expéain a) some of the featura of the data, and b) the method we have used to

race the growth m the capacity of ?hese_; Siemers Martin units. |

The first point is that the dato avi:ilable to us does not— contain estimates for the changes
n 60pcéity of the Siéméns Mariin Furnncés frprﬁ year to year in‘which all the relevant factors
vfaicﬁh’ we zould ideally like to be hald constant, such as input quality and preduct mix, are-
:.ctuc-.liy held Cdﬁsfon?from year fo yeor. | |

Instead what we have got. is data about the aciual realized production of the furnaces in
ons from year to ).zea.r together with the number of days for which tha furnaces were actually
sperating, plus figures for the days not \.No'rked at all, and figﬁres for the number.of ‘heats' of steel
Jr:_)tfﬁcéd per vear,

This data enables us to caleulate for the Siemens Martin furnaces whot we shall c§||
their "actually realized capacity” under the particular working conditions which prevailed during
the year i'r‘\'c-question. We shall now expiain precisely what we mean by ‘actually realized capacity’,
-hd then'wé shall srplain scas of the. preblems involved in moki‘ng use of the concept.

To begin with, i is irnporiﬁn? to distinguish between i) the total nurﬁber of hours worked in

ﬁy particular plani or section called the sectional heurs, and ii)-the number of hours during which

the éecﬁon’s'equipmen? is actually operating, vihich we shall call operating ho.urs. In any
izeable period such as a year the sectional hours will always exceed ﬂ;e operating hours because

of the time when the machires are ‘down' either for planned maintenance and repairs or because
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of unforeseeable breakdowns which are not considered part cnd parcel of regular operating prac-
tice. Based on this distinction we con now &efine iwé actual reclized "copacity' figures: phese
are Cop , the actual realized production in tons of producI:i* pef operating hour, and Cy_ .

the actual realized production in tons of product pér soctional hour.

The first obvious limitation of epplying thate definitions to historical ’broducﬁon data so
os o get estimates of-his?oricai capacity is that they will only be ‘good indicators of the then-
sustainable proéucrive capacity of the units concerned {for the particvlor input mix used and

' product‘rr'r‘ix producea) if it is ossﬁmed a) that sufficient laber, materials and other inputs were
available fo service the full uiilization of the units during all the operating days of the year in
question, and if b) the -number of days in the year during which the units were down was
not 'excglgerored by any unusuollylprolonged breckdowns nor shorpiy&iminished comparéd to
standard practice, for some speciol reason. in other words the discdvcnfoge. of using this method for

" estimating capecity is that the estimate may be v.;cy off-beam if special circumstances caused the
years production figures to be specially high or-low compared to sustainable standard practice. |

The second problem which arises is that if the i_r-\pur mix and product mix chc-nge oppreciably‘
from year to vear then the time series of op and C .. witl not only reflect any chﬁnges made =

in the performance of the uniis themselves or in the stondard operating practice. for the units, but .

will also refllec% chonges due to the changed i.npu:- mix or proauct mix, thus making ;:xﬁy chﬁnge

in capacity more complex to inferpref.

Forfunately, in the cose of the steelmalking units of the Rosario plant there is good reason
to believe that of leé;i' in the vears follovring 198} ~62 every effort was made by plont mcnagem.erﬁ

‘to fully utilize the uniiz and keep them serviced with all the inputs they required (1) so that the

figures for COp can be taken os occurate capacity estimates. As for the problem of 'unusual’

™
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(1) The Annust Reports for the period make constrnt mantion of the striving to increase the output of
these furnoces.
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rears so far as maintenance is oncerned- whatwe can do i's to report on the number of days
ctually spant on this so as to see if any particular yeor emerges as an 'odd man out'. Hence the
itst limitotion mentioned above in connection with using 'averoge reolized capocity' estimates

o as nof- seem to pose big problems in our caze.

The second limitation - i.e. the possibility that variations from year to year in the input
1ix and output mix of the units will make a time series of 'average realized capocities' difficolt
> interpret - does po.se a problem in the case of the Siemens Martin furnaces. However, as we
aall see, the availability of soma deta about %hr,; tvpe of variations experionced in input mix and
utput mix does enable the problem of interpretation to be mitigated.

. Let us now turn to the dato: the bosic data from which the realized overage capacity

igures ore derived is simply.

L the weight in tons of totel ingor production in the year in question. (we will represent this

as 'QL )

Z. f[m nnmlﬂar of Siemens Martin furnace

s aperating during this yeor. (we will represent this
as'n' )

3. the number of operating days in the year i.e. 365 days less the average numuer of doys

" when each furnace was not operating through holidays or sirikes ('H') less the time when
ecch furnace is down for general repair ('R days ). We will therefore represent the
avercge number of oparaiing days per furnace as 365 - H ~ R,

4. the number of 'sectiona!’ days per year (365 ~ H)

Given that dota is avtilable on G, n, 365 H-R, and H for several different years,

1is encbles us tmmedia?e!y to caleslote € op ,‘ ;he nverage reclized capacity per fornace operating

ourand C._ . , the overage realized capacity per fornoce sectional hour, by making use of the

| Q | ' G
- d =
rmulae -Cop = (365 - HR) x 24 ond Cy n (365 M) x 24

The plant reports also ‘contain information on the total number of heats of steel mals
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in each year. This means that X, ﬂ*a ave rcsge numbar of heats produced per furnace operating day
can be coiculéi'ed, and thus the average weigh? of ingois preduced per dgy, W, can also be
deduced, Evidenﬂ\/ Con = : X____}E , 50 the doic on X and W will enobée us fo .anclyse
. ! 24 , .

the extent to which ecch has cl;nfribui-ed to the observed increases in C op”

The dotc we have cempiied on all theee Qarfabies is di :.p'cyed in the table on the next pcge-

The Table shows that bcmwn 1944 and 1972-73, the reclized output’ capc\.uy per furnoce
per sectional heur, ie. Cse; ; Tote by oﬂp.o,\unq*nlw 166% From 2. 20 tons to 5,86 jons of ingots par

sectional hour.

This wes cauted both by o 130% increase in the realized cveraq“ output capacity pe;

. . ! . 5 57 .
furnace cperating bour (which rese frem 2,75 fo 6.32 tons per operaiing hour) coupled to o

14% inzrecre in the 'ovoijobili-’ry‘ of the Siemens Martin F:-rnoces,(‘;vhich rose from 7% to 93%
measurad in terms the raiio of o cprrationdai fo sectional hours).

The Table also thows that the greatly inr;reaéed average capacity perr furnace operating
hour has been GL["IE\’@G mainly by specding up the cycle Ofroperoﬁo,n of tHe Siemens Martin fur~
naces in varicus ways, ci'.“-hou )'n thers has alzo bsen a contribution {at lecst in the yeors from
1964-65 o 1972 73) achieved b; increesing the average veight of ingots that can be produced
per heat (i.e. by pucking more tons of serap into the fusjr;naces_).

As for the increasad availebility of the Siemens Martin furnaces this has been due mainly to

the greater rapidity ond with which repairs and mainterncnce of the fumaces have been underiaken
\.D . r

compared {0 earlier years.
‘Howaver, before concluding that all these imporiany increases in capacity have been

caused by improvements made io the process machinery or operating procedures (which is the

natural conclusion), we must first be sure thot the increases are not partly due to such matters a3 a
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hanged product mixl or improved inputs. The px;c:blem,of chénginé F.:rc'za'uci‘ mix we can dismiss
airly quicki:y. The only change in produc.“- mix which can.cFFect“rhe #cpalcii‘y of the Siemens
fartin furnaces is when speciol sieels are produced instead of common steels. To:: mc;lke a zheuf
f a special steel usually involves more care and slightly more time at the refining stoge of thé
z,;ccﬂons. Thus the cycle time may be slighf!y longer - for instance by as much c1§ half an hour.
the case of producing I-OO%'spécicI ;s’réels instead of 100% common steels, the capacity per
:perufiﬁg hour would, other things equal, fall by c:_pprox‘imd'rely 10 % . Given the pattern
f evolution of the steel -grade output mix of ingots which we mentioned in the previous secHon,r
ay ’116mdl§zction’ of .our cvupc:city figures to an all-comménusfeel base would. mainly have the
fiect of increasing the capacity figures we have quofec! in the Table by between 5 and IO';% in
¢ case of the years I%G--é‘i to 1968-69, This normolizuffon woula not alter the basic pattern
s have -qbser\'ed in the 'rdB!e, .olrh_ough it might well help to“clorify the real relation between
mace capacities in twe sucqessive' years when the figures in the tabie. show that they are cfos-e
‘gether, | | |
’ TEe problem of the changing quality of the raw material inputs is scm_ewh‘af different.
he c'n.ieF_ point is that the average density of the scrop Irocsd to the steelmoking operations of the
osario plant hos shown a secular decrea;e beMeen 1944 and 1972-73, ondrthe quantity of various
} purities in the s:crcp has shown o se-cuior Vihcrecse. Bo'f‘-h tendencies tend to reduce the quantity of
ngots that can be made from | ton of scrap - c»rjacli thus if we were to normalize our results as shown

‘ .
n the Table for the yeor to year variations {mostly declines} in serap density and quality, this would

ave the effect of increasing the copacity figures of the more recent years with respect to the

arlier years. By leaving the figures un-normalized (for lack of the data with which to normalize
hem) we are in fact undersiaiing the impact of the improvements that have been made in the

-




PRODDCTIO’\I CAPACITY DATA FOR THE ROSARIO PLANT'S SIEMENS -MARTIN STEELMAKING FURNACES 1944 TO 1972-73

r
1
‘
'

Yenr/Paziod No. of {.reaces. Quantity of Ingots " Total of hoate No. of days oparated No. ¢f daya of nea~ Avezrage No. of -deyn ‘ Hoiatenanen Averzge No. of heata

Ave.rnga' cycle

Average wvelght of Fealized, average Feelired average
operating ‘l produced duting tha  per year on aversge by each - E:Oduc«-ic'i due to of downtime per furuada downtize produced per furnace  tize peg heat inpora produced capacity per capacity per secclopal
i year furnace T 1icays and strikes for general vepaiva per heat cperating day - per heat operating hozr
o { Q 365~ H=R 3 . R T ’ X X ] Con ere
. tose - . davs days dava . hours hours Tont tonadlurnace hour ccFiznal hour
N - . . N . - 3 )

1624 o 1549 1. 18,000 - B0 st 270 cot . 20 esc 70 est(? 2,0 enc 3.0 8.0 ege 22 &8 2.75 2.20

L : ' .
15351 z . 56,000 - R 317(5) . - N - . - - - - 3.68 -
155465 2 v %nis 3661 : 27.4 b 20,6 L . ER 2! 6.43 25,46 3.95 262
154556 3 yo 97.08% - hsle 5.7 S 175 0.54 3.60 6.67 27.69. 4.15 3.84
194247 .3 ! 7,581 3,488 2,3 Lo 7 ' ' 26.7 : 0.54 3.50 6.86 27.95 4.08 3.78
154758 - T T T 1Y \ 3,119 . a5, 3 ’ 2.1 ) 3.29 7.29 23,84 4.00 3.7
156960 . 3 {1t 3.£82 295.4 o 62.6 Toras 4.38 5.48 30,50 5.57 4,59
1549472 3 A 127,510 2,940 34,2 v . Wa.e ‘ 0.75 [RE: 5.74 32.36 5.64 £.97 -
ra3n-% L3 ; - - - L - : C - - - - - -
1572-72 3 . 140,652 4,0 come “ae 0 2B 22 est - T 0.1% - . 5.4% eer 33,5 ene 6.261) 5.85
197273 3 140,138 ' - 208 Glear GRS 24 ent - - Ca - 6.2 ) 5.6

}

Xeres: ALl fipures are r.it‘xu taken fros op deduced from fata ia the 1958-6% Plant Report unless otherwise indicated, a4 pn:r the notes below,

1) Sswrcer 1872073 Plaat chort . o . . .

{2) §ouree: Imzerpal dacusent! provided to the author by the chief of theRosario Plant's Steelnm uk!n.g Dept, Refers to estinate made in Octeder 1971,
(&)
(4} mesed on dividing Q by 2& x the figure for G takes frem mouzes (1),

{5} Ea

(&) Tte figure of 317 daye ia ;quoted in in fhe 21980 «61 plaot report.

[85) sase-‘ o3 Ligure of 235 day.n pay vepadr quoted Ia icterview with Ing,.Pujsls tha denigray of :lm phnt, pnd assming 1 rnpnir oVRLY 300 baato,

the qu;‘ty produted La A97%-72 by she estimated average weight of dngete ?redu-.ad pe: teat caleulated from sourcs {(i).

sed on subcrsctizg f'.'on the timbers of working doays {taken froz source (1) tha bumber af operativa :‘.nya caleulatod as per notq (4},

2} Ta eq derf7izg fzom u:ervma wich Ing, Pulale.
I

(ens. signifies spticsed figure)

1
i
1
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:Siemens.-!‘v‘.cfﬁn Furnccéé-.uxxd their operative technology. 'Alsd, as .in the coses of chc:n.ges in
product -mixx, our not being oble jo nomalise our-dcs'rc fof year to year fluctuotions in input quality
- means that we cannot put much reliance on the exact relation between capacities in su;:cessive
years when the ﬂgures are close i-o'géther. 7‘ S o
| In spite of these iim ifcﬁons, the Toble does neveriheless proviae valuable data about the
| deve!op"nent of the producnon chpac:.fy of the furncces, and permits us to draw some interes sting con:
clusions about the coni—ribu’rion made by .i'echnicol chonge to causing this growth in ccpac.ity.
Firsr.o{" all we. can ma‘!r.e use of ;“he Tabie to estimate the relative contributions made i"o_'
incrensing steelmuking capocity by Technical Changes versus Scale-Multiplying changes. We can
do this by mcking some simple assumpiions. These ares
1) Thay The new Siemens Martin furnace installed in |949‘r:.cme_. into operation wiﬂ'_! Cop = 3.68
(tha 'dvlercge figure for Cop in I966-61) - This assumption is certainly overéenerous to the
" T’éfﬁciency of fhg newly insialled fumace but ensures thot we will not overestimate the con-
. itril:rbﬁon made by technical change in improving it.
2 Thé:t the further n;ew Siemers Martin furnace installed in 1963 came into operction with Cop= 3.8
(irﬂré'r:boloi"ihg between the valves o!;- C_.. in1960-51 and 1964-65).

op

3) Thet after its installaiion and stari up, ali the improvements in Cop in each furnace con be

asoribed to Technical change, but thot the initial increment to the whole section's capacity
-r—rn——méde by éc-ch new fuﬁuoce is ascribed to.ASccle-rmuli-iplyingréhang.e.

-Usirﬁg these éssu-mp?ions, the celeulation goes as follows: The overcll improvement in the
capacity per operating hour of the whole section be'TWeen 1944 ond 197273 was from 2.75 tons
operating hour to 33 6,32 = |8.96 ton./operc!hng hour, i.e. the improvements was (6.2 tons/opcrcm

: !
hour.. This improvement is tomposed of a) Lhe 'r'ollowmg mcrements due to technical chonges -
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57 'tons/opem'ring hour on Fumnace one, - 2.6_4 tdns/operc_tiqg hour on Fblrnac_e{:two‘, 9'?‘};.2'52“ .
ahs/oper'ating hour oﬁ Furnace three, ~ making 8.73 tony/operating hour improven"ne‘nt m total due to
achnical change; qnd b) of the Folldwing i‘ncrements due to the installation of néw furnaces i.e. -
1,68 tons/operating hour due to Fumace two, plus 3,80 tOns/.oéaeroting hout due to Furné;ie three,.’
aak?ng 7. 48_tons/operoring hour « in total due to scale ~multiplying change. |

‘We therefore conclude that out of the 16,21 tons/operating hour increase in the capocity

of the whole steelmokfng section which took ploce between 1944 and 1972-73, 8.72 tong/operating

our of the increase was due to Technical change and 7.48 tong/operating hour of the increose wos

jue to Scale multiplying chunge.

This shows that Technical changes have played the outs-tanding port in e.xpcn.ding the out-
_pbt capacity per operating hour of the steelmaking section - accounting for 54% of the errcrH
in;:re:.ose in capacity §ompored to 46% due to Scale-multiplying c;.hange. Furthermore if we were to
considér capacity per sectional rhlodr_. the balance would swing even further in favour of Téchnicql
ch{jnges because of the éffect of improved mciqfe'ncnce tachniques in increcsingr furncce cvailcbili:}y.-

A second use can be mad_é of the Table. This involves fr}-fing to correlote what the Table :
shows about the quantitotive growth in‘ the production capacity of the steelmaking section with whéf
has been learned about fhe.octual technical chonges introduced, as revealed from doia in the Ar;nucl
Reports, Plant Reports and intefviews.

Inspection of this latter data shows that the following typeﬁ of téchnicol changes have all -
contributed significantly to i_n-cr-ecsing the output capocity of the Siemens Martin Furnoce.e.ﬂ
1. Chonges _designed to increuse the useable physical volume of the Siem_ené Martin furncées {e.gq.

: _reform of the No, 1 furnace in [949). .

‘2, Changes designed to increase the rate of charging of the scrap onto the hearth of the furnaces
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(e.g. building of shaft Afumcces in 1949, so s to chcrge one -thir& gf fhe load to thé furnaces
ir; the form of ’hot .mefiol'- Hlm-p’ro\re-:monts in 1he mechanizotion of the -S;Jlld scrap shnrén.wg pro -
cess;, various dc‘.‘es, ;r%sfénllc;lorja-of spec:ai scrué p'essas,. in !960—6! cnd 1970-71 to densify the‘
Fight s<.:rmp ¢ as o iﬁf:-;'ec':sgnthe loadable-’ron_ncge and Iocding rate). | | |

3 Chonggs designed to sr:‘néd‘ the melt-down ‘of the scrop in th-e fufﬁaces. (é.g. inrroducﬁon'of hot

" 'me%c:l' |§49- relmmg of the furnaces wﬁh basic refmdories, in 1959-60, pemlttlng the ins-
tallation of hlgh power bUi"n"ia in |96| -62). | i |

4, Changes deslgned to mcreose the rote of the refininé ‘reactiébm;» in the fumaces. (e.g. the inf '
troduction of oxygen miectlerAa into the bcﬁ—n in 1967-68), .

5. Changes desugned to ;ncrecsm the- OVO!'Gbl ity' of the furﬁcces by reducmg the 'down time'
'coused by rouhnr maintenance crcl repairs. f{e.g. the use of improved refractory bricks |
(vottiou‘s dufe,s);” the 'ini'roduc'.-ion of preven‘rive maintenonce techniques in 1964-65 ond their
inréns_ificaﬁo'n in the early I‘??O's);

The first point to make is that technical changc;*s in Clogges. 2, !‘37cmd .4 above are a!l
desli.gpet-:l_ to reduce the cycl-e ?imé per heo'.-‘ of the steel prodﬁced - and inspeci'-iOn of the table
.sh;ows .thc:'r the reductions achieved in this cycle time cccox;lﬁt f;r the bulk of the overal! capacity

improvement céhiéved. ) | |
The secondrpoin'c e §on make con’lcerns the .very 51:15-5%cn’ria.| impact on capacity of two
individual technical 'chcngesz the first of thase wa:; the in;rrodu;:tion loF shaft furnaces in 19;{9. “i
- We fﬁix;eody know (Frorn the ewdence of the growth in the 1e§e| .of output) that the changes mod.e '
in |949 fundomentally the intioduction of the shaft furnaces - caused o very big increase in furnace

capacity to take ploce in 1950 - probably as much as | ton per sectional hour. Also the table shov

that another very importani increase took ploce in capacity in 1967-68, amounting to approximate

1o«
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J 85 tops per ect{cmq! hour ~ whm\w was cppcrenﬂy mmhiy the resuh of the introducﬂon ‘oF t‘)xygen
miechon. By Gclculmtmg ihe |mpact of thase techmcal chongas on the whoie section it con be
hown that about 40% oF th otal mcreqsé :nl &opdc;fy due to techmcol. chonge noted durmg
he entire period can be oscnbed to |u;f Thes;e two nmporh::nf ’rechmcol changes. The ofher 60%
eems to have becn du.e to fhe curnu!c;fuve efFe;ct of all the o’rher fechmcc:l changes,. -such cs”
ncrecxsed furnc;e volume higher péwér bu-rners“, scmp densafymg, greater fumcce ovm!cxbnltfy,
ste.  Even if we allow for the considerable limitations of our data,.ond in particular fc.)r the
mffé;rbing effeéfs of ln&ﬁoa;ing Eeen able to -prc;p;e’l;ly -mi(e.e int-o éccc;_unf fhé vcriaﬁéns in gcmp
nput qgoiit)', the fart remains that a verjr signifiécmt prOporti;oh of the increased capacity due to
echni_call chﬁﬁge WS é?odu_ced By oﬁl%- t'wo- impoﬁo‘nt fechn.icol, chc.nges. Equclif, howézver, tho.;-:
avidéhce_ support; fhe: rotion that the cumulative effect oflali_.th.a other .%echnicol ;;hc.:ﬁges hés been.
f grecter.impﬂcr fhﬁn that of the two :.nosr influential c-honges.' |

This completes our analysis of changes in the prOduci‘iV-'e capacity of ﬂ;e Rosario ;-al'f.;m;r’s
:ie;nens Murtin units. .l?s main resuhs have b;en to demonstrate the major role plcyed by technical
hange in brmgmg cbouf-ihe Q;ea? snc%ease_ in ﬂ%e pionf 5 steelvnckmg cclpcc:lty which occurrnd between
efween - |944 and 1972-73. We es’nmoted thot 54% of the increase in capacity per operoﬂng hour
as been produced_ by technical changes as opposed to scale multiplying changes. We qlso re-
iewelad: tﬁe ‘diffe;e'nt kiﬁds of technical ;:hc:r;ages which. contributed te tHis'increcse, noting 'rhle
orhculalr mportan;:e oF changes dc.sagned to reduce the eycle time per fumoce heot. ch:llly

‘@ noted that on!y two techmccl changes seemed to cccount for obout 40% of fhe totc! increase of

upacn‘y dve to fecnmcul change.




2, Growth in the production capacity of the Billet mill
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The Rillet mill of the Rosario plant was installed and started up in 1949, Today the mill stil
operates with same motor as originully, cnd the changes made to it are claimed to have consisted of

L progress;on of small :mprovements rother 'rhcn any very subsronhul modernization. Yet, as we

shaH now see, the increases cchneved in ite production capacity hcve been remarkable.

Once again,

series of actual realized production figurcs as the basic for culeuloting ccpocify. Tho time seriés.

: cvcr!ob!e to us is "actual realized production per sectional hour' on an c:nnuc? basis from 195960

to 1968—69 bcsed on a table in the [96B-69 Rosario plant report. To ﬂus we hcwe added F;gures
for |97E-—72 1972~73 and 1973 74 based on the produchcm F|gures for those years cnd assuming ’hcf

the same number of sectional hcn T§ Were worked in these yeors as in 1968 —69. Finolly, we were

m_fhe obsence of historical capacity estimates, we shall make use of a time

also able to add a figure based on dota in the 1954-55 annual report. The resulting series is shown in

the Table be lovi.

Year

1954-55
1959 -60
1960-61

1961-62
1962 -63

196364

This teble clearly shows o) the substanticl overall growth in ecapacity echieved, (130%

growth in capacity between 1954-55 and 1973-74); b) the almost zero growth of capacity in the.

Billet Mill

‘Actual reclized preduction / sactional hour

Tons/sectional hour

8.3
Q1
9.2
8.8
8.9
1.9

Year

196465
1965-66

1966-67
1967-68
1968-69
196%-70
1970-71
1971-72

1972-73

1973-74

Tons/sectional hour

It
12.7
12.6
13.8
15.9

16.5
13.0
19.0
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perind 1954—55 to 1962-63, compored to the ovemgé of 70% ;:_nnuol compound growth _ir‘\_ccp;:'cit-);.
acluuved from 1962-63, onwards; and c) that pcrhculcrly large incrosses in wpactty were noted
in the years 1963-64, and I968-69 a

-We shall now muke use of SOmer information ubout the rc.c:hni;:cl chonges introduced in
’rhe Blllei’ rmli to help interpret fhls table.

F:rsﬂ;r, Poscno plant p,r«cnnn! ex,.aimn that the increases in the capacity of the Bl”ﬂf
milf have arisen :;.sseni‘io!ly to mat :h the progre.%swg incredases in capuclfy_uchleved in the
5tee!mcki:ng sécﬁon. |

In liﬁé with this, W’é can note that when fhe.steeimoking section greatly expanded ity
ccpcéify in 1963-64 by cdding a new Siemens Martin furnace, and ﬁhen in 1‘968-69 steelmoking
'ccpac:ty was cgom greatly expcndud (through oxygen m;ec.hc»n) fhe capccrty of- fhe Bll}e. mill
was simultaneously expanded to match - thus generating the two excepﬁ_oncl years of increase |
which we noted ecrlier, -' | |

Ngxf we con iarqvide some .informoﬂonr concerning the sources of the increases of the
increases of the Billet mill's ccpoléify.

One major source of the increase in the rmH' capacity has undoubtedly been 'rhe ciwg_n_&_

in the mill‘w product-m;x . These changes hava two ospects. The F:rst is that the produchon

of billets of greater ;roésﬁection increases the tonnage per hour of billets that con bé ro”ed..fThis_
is Eecause the lorger cross—section billets need fewer 'passes’ through the mill cylinders in order
to be reduced to the cr;rrect‘size, hencz the cyéle time for rolling each billet is reduced. The.- .
secornd ospéc:f relates to the red\;zc'rion in-the diversity of the product mi);. The fewer the diffe-é;'ent:
rr;ecsures of product fhci have to be produced »n the mill, {and the longer the produchon runs :are

for each product}, then the fewer times will the mili hove to be stopped for cnc:rginq the f”inm'}
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c-y} inders and -résetﬁng the contiols on the mochinery., Hence o less diverse product mix {and longer
p@duc?ion runs too) have the effect of increasing the ratio of Yaetual rotling” hours to sectional
hours, which is a major factor making for an ingcrense inl?he mill's production rapacity. Since -

os we noted earlier ~ thern has been a frend in the billat rﬁi!l' towards rolling a greatar proportion
of billets of larger dimensions, end to rolling ¢ less diverse preduct mix, these trerds must certainly
- have substantiolly increased the mill's production r*;er::cify.

A sacond importent source of ‘r-he increcse fn the mi!l"s cepaeity has been the moditicotions

made in all the monipulating and handling devizes of the mill.  These modifications have been

aimed at speeding up the hondling of the product in beiween succassive passes - thus reducing i'.he
deration of the intervals vhen the produet is not octually baing ro.lled‘- This of course reduces
the cycle-time, and increcses the quantity of billets that can be ralled per hour.

A third important sourcé of capacity increases hos been the boosting of the ‘ava'I'Iobii'ity’ :

“of tha mili by reducing the down-time neccssary for maintenonce and renoirs. This hos been achieve

by several methods which include i) the redesign of the successive product passes so as to mini-
mise the strain invalved in the rolling operation: i) increasing the robustness of certain of the mill
elements and hondling devices; and iii) by the introduction of preventive mointenance techniques.

" A fourth significant source of capocity increcse has buen the reduction in the 'losses’

cause by reducing the wasie generated in the sewing and cropping of billets, ond by reducing
the proportion of biliats r.eiected as being o-‘F inferior quality, -

Finally, we can mention thot much of the increase in the mill's capacity achieved by these
above methods could not have resulted in greater production without th'ere also having beer

increoses made in the capocity of the mitl's rehenting furnace. i.c. ©s the copacity of the rolling J

: ;
mill itself wos increased, it became necessary fo increcsa the capacity of the rehaat furncce to |

matich so s to prevent + it from becoming o bottleneck,’

-
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The most noteworthy feoture of oll these capacity-increasing changes is that they can
all be considered os changes of the fincremental™ type, not involving large investments in
relation to the invesiment in the whole mill.  Yet token together they have resulted in a most

impressive increase in the mill's capacity.

3. Growth in the production capacity of the Bar and Profile mill

We céme, now to examine the growﬂx in the production capacity of the Bar and Profile
mill.u Dcﬂc.a‘ on this i-s more limited than thot @'Eich wrs cvailcb]e for the Steelmaking units and the
;Bﬂle‘i m%ll - -?:nd tirln.e ;eries compcroble- ‘to those exhibited for these other producﬁw}e. sections can-
| not be presented. Fur!‘hermo;'e, it is not poss ible to take the realized annual production figures
".oF the Rar and Préﬂie mill and *:henlsimprly div_idé these figures by a hypothetical number of
operortiingr honlJr.s,. or ser;ﬁo.nal-'-hours, !;o obtainrc;::pcci.ty estimates, because we know that there
have been very -wide fluctuations in the number of shifts worked in the Bor and Profile mi il over
the %éom.' (This is in marked contrast to the situation of pen;-\::nent 3-shifr or 4-shift operotion
' Qorked in the Steeimaking secfién‘ and Bitlat mill).
| However, cll is by no means lost! We hove been able to calculote figures for the copécity
of the mill For four years. These ore 195455, 196061, 1969-70 and 1570-71. These figures which
are sHOWn in the toble below, refer to the copacity of the mill in tons per rolling-hour. That is,

. the calculation of capacity counts only the time when the mill is actually in oparation, All the

down-time due to repairs, chcnées of cylinders, ond stops during production is excluded from the

calculation. .
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Capocity of the Bar and Profile Mill

Yeor ‘ : Production Capacity
~ tong/rolling hour
1954-55 | e ()
1960-51 _ 0 @
1969-70 . 1.2 Q) .
1970-71 | 172 (4

The 'si-éhry told Ey these FigUFP;!“\ bosxco”y a very simp!é one, and ft is borne OL;f by'fhe;
_ infc_:rmafion we have on the tecnnical changes inh-oduced; Whet the Figures shéw is a near zero
.oF capacity increase in the fifteen years between {954-55 ond 1969~ 70 followed by « dromchc
inqrec se in capac:fy achieved in just one yecr, ie. |970-71.

This ties up with cur inférmcfion which shows that the main fechnical changes m‘cd@ to tk
;nil!'s basic equipm'enf'be’.“ween i954~55 and 196970 were concerned v.;ith improving the quality

of the mill's products, rather thon their quantity.
p . g Y

A Ry o s Y T L T ——— ] v} -

Sources of the figures EIuofcd in the table. _

(1) This is an actual realized produciion figure, divided by the total number of rolling *hours
based on information in the |954-55 Flont Report.

(2) Ditto, bcsed on the 1960-61 Plant Report.

(3) This figure is based on information derived from source (4): see below. It is a real copacity
estimate not a realized production per rolling hour estimate like the first two. In order not to |
underestimate the capocity par rolling hour, we have assumed o standard of 15% of down- |
time hours for mounting ond 109 down ime due io halts in the course of production, compareq
to 10% and 5% for theze faciors, rospactively, which is the standord quoted in source (4) for

1970-71.

(4} Caleulated from information on production standards quoted in Oscar R, Amorini, Remodelacij
del Tren de lominacién de perfiles pequeios y livianos, published in 'Laminacién, tecnologio,
equipos, productos.’ The product mix to which the c.upocny figure quoted cbove cppl:es, is t
same as the produc? mix for the year 1969~ /0
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The technical chonge; carried out in 1970—7_1, however, "were-primcriiy aimed at in=-
c.reasing the mill's production' co;czcnty This capacnt):wcs sjr;.r;ding at 70,000 tons per annum
for the product-mix produced in the year 1968-69. The main aim of the changes was to bﬁost
this' capacity to 120,000 tons pe} annum, for‘an essentially idenricél préducr mix, i.e. the aim
was to bring cfoouf a 70% increase in the mill's capacity in one Qo.

One of the remarkable fearfu'rres of this project - whose objectives were completely

achieved - was that the entire project was engineered and exacuted by the Rosario plant's own

staff, (It fherqfore constitutes a splendid exomple of 'endogenous‘ technical chgnge-which we
shall be exploring in moré ;:Ietqil lat.er fn the paper).

a However, here we can simply note that this irﬁporfcl;t increcse in capacity was r-::lchieved,
as o .r'e.sulr of technicql changes which included a) the use of bi-lle'rs of.éreorer cross-section
and length as inputs b) the speeding up of the eycle-time in r.‘h_e‘mill vio i:ﬁproved mechanization,

better layout, and the installation of some new mill stands and motors, and c) the installotion of

2 new reheat furnace of larger copacity, The key point is that technical changes were responsible

for the very big increase in capacity achieved.

“omments on the findings

‘The above findings concerning thfa' role of technical changes in fcisiﬁg the production
:c:pa;ify of the Siemens' Nnrriﬁ units, Billet mili ond Bar and Profile rﬁilrl'_‘. will now be commented
n. |

In the first place, the sheer magnitude of the capocity increcses; achieved via ’rechnicql
thange deserve mention. These amount to 166% on the first Sieméns Martin unit installed, over

130% on the Billet mill, and over 70% on the Bar and Profile mill. These figures show that very
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impressive advances over the initial design capacity have been achieved in the Rosario plant in
all three of these productive sections.

A second interesting feature of these capacity increases is that in most cases they have

been a.chieved by means of technical changes whose principal objective has been to increase oui‘pu:
- and not merely as Byé«éfoducfg of changes intended to reduce costs, imprové quality, or dif -
versify production. indeed, so far as the Steelrhcking units and Billet mill are concerned; the
objective of increasing their capacity l;.as been a persistent and leading objective in the plont
in the entire pex."iod from {962-63 onwards.

A third most interesting feature of these 'ccpocii'y increases is that vfrrua”y_ all of the
iéchr.mit;al‘:.chongés ccnfribu?ing.to them have been of the "incrementol’ type - involving such
matiers o5 fﬁs%ér preduet handling, fdwered down-time due to better maintenance, lowered
wo;tcgé and prodgct re'lec’r.ion rates, higher power inputs, éhonges in product mix, ete., where
the common denom inator has bgen. squeez ing more performonce out of the existing units without
mold‘ifyi»ng their conception or b;nsic opemtilng ’rechnolqu in any fundamental way.. Only o very
| f_éw ch_éngas, such a5 ihe installaticn of shaft furncces for making hor-;neml for feeding to ﬂ;e
Sierﬁéns Martin furnaces, or the piping of oxygen into the metallic bath or the instclla?ion'of.
lexlf;ctjmill stcn&s in the B'ar‘ond Profile mill, can be eonsidered to have produced a modification in
tEe -b;sic operating technology of the units concernad, or in-éngine’zering terminclogy, to have
r;suhed in a ;iénifiéoﬁf chéﬁge in 'design?concépf'. ‘in other words, . not only have the ccpéci%y

increases achieved in the Rosario plant's units been very substantial, but they have been largely

achieved by technical changes of the 'incremental’ i'yfse rather than by changes involving the

incorporation of new dezign-concepis into the plant's basic technology.
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. These three findings - that the capacity increases.c:_chieved in the Rosorio plont |
have Beén larﬁe, that they hove been ochieved as a principal goal in themselwr'eg and not s-impl;
os o bye product of other objectives, and that they hlav‘e resulted very largely 'f-rorn *incremental'
'téchnicc;l change made to the existing equipment and procedures open Up’s-ome extremely interest-
ing perspectives concerning the need for broadening the traditional economic oﬁérooch to technical
‘change - as we: chall now explain.

" To begin with, it is interestin;q to ask - how common is the ‘kind of copc;zitf-increosing
technical chdnge v..'hic'h we have noted in the Rosario plcnt? Is it o rore curiosity, or L-Il this- |
kind of tachnical chongs important in other steelplanis as wéll? While we cannot obviously
lpreténd to czhswe:.'Afhis question empiricall.y here, we can nevertheless men-'ri'on some findings in the
| .iirémiure, which strongly suggest thot this typ;a of incremeni-clr ‘capacity-stretching' technizal
éhonge is both w-idely-prc‘c?iced, and of great economic Imporron‘cé.

For example Ramirez ond Blanco (1) point outr that in Lotin Ameriea *the -necessiry 6f
. increasing the productEOn copccifj; of (the exis'ting';) blast furnoces is continuo!ly being propos;ed”, |
&nd they cite the shortage of investment copiial as a strong economic incentive for doing so. Even
more 1o the point, they nuote figures for the initial and actual production E.cpccities of four dif-
ferent Lotin American blast furnaces, and these shows increases of 73%, 68%, 5i% oﬁd over 100%
lrespecfively, achieved by such techniques os modifying the blust-furnace shell so 65 to increase the
.u'seful volume, increasing tho strength of the air-blast, injecting hydrocarbons into the furnaces,
better preparation of row material and of coke, augmenting refr&:cro_ry life, more sophisficéa‘red'

{1} Gonzalo Ramirez and Rafael Blonco Aumentos en lo productividad del alto horno, Sidérﬁrgic
Latinoamericana, No, 174, Octubre 1974, ILAFA, Sentiago de Chile.
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process control etc. These au.‘l'hors also state that "there still exists a good margin for increasing
the pig-iroﬁ production of the existing blast-furnaces, adopting techniquos which have ﬁor yet
been generalized in the subregion™.

Further evidence on the importarce of 'capacity -stretching' eomes from Rosegger (1)
who in reference to oxygen steelmaking plants has thiz to say: "An odd.itioncl element of expan-
sion was provided by frequsntly remarkable increases in the rated ‘capccit.ies of existing plants,
fhro;Jghl a eumulation of smoliar technological improvements and through 'learning-by-doing'.
Uprctings of ten to fifteen  per .c.en'r over o five year span are not ugwsucl." ' |

V_T!‘.BS_G pussages and much other evidence in steelmaking literature, show that the phenome
non of 'ia‘l';remen?al 'ccpccii'y—s-h.'etching' technical change, vihich h;os playsd such an important
role in the Rcscr!o plunt, is by no medns o rare one !;ut - on the contrary - is extremely wide~
sproad. ln fact we can e);pect examples of ropc:clty strotching technical change to oceur in cll |
steelplants serving growing markets. |

The next peint to be made cont'_*.er-ns the finding that the capacity incroases rr_uéde in the

Rosario plant largely rosult from changes whose main objective was to increase output, rather

thon from changes whose key objectives were, for instance, to reduce unit costs. This is an .

important finding, becouse it suggests a large gap in the existing economic literature. The point

is that tho overwhelming tendency in the economic litercture on technical change is to conduct
the entire analysis in terms of cost minimization strategy. Whether the subject is choice of tach-

niques, economies of scale, learning -by -doing, or the economics of replacement ond scropping

o e 4 B 3 R 8 s e s

(1) Gerhard Rosegger: On 'Optimal’ Technologz orid scale in Industrialization: Steel-moking,
Omega, Vol.3, No. 1, 1975, Pergamon Press, Oxford.
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lec is'ioﬁs; article afte; arﬂcle and Eook after bo-o.lg sets up a theorétical -sysi-erh. whereby unit pro--
fuction costs are the key variable o be minimized ﬁubiect to differing constraints.  Now, oF-
sourse, we are not claiming that cost-minimization is not extremely im‘po.rtcnt' but in the Rosur.io
slant |'r |s plain that oui-pu-}-mc;x im ization wcs,r |n r;mny years of the p]cn::t'_s lii-'e:. o .more dominant
»bjective Quiaing moncgemén’:’s aéc§si0hs on technical change -and it is o very strqné'con'iecture
‘hat this situation hos fci_so applied at many periods and in many situations, in other steelplants too.
f th_is is the case - and ;ﬁe conjecture is em i-ne.nﬂy: testable - then whot is needed is fo‘_r the
sconom ic onalysis of technical change to expand beyond its present lo-sided concern with unit

sost reduction so as to also tcke into account the importance of output-maximisotion from existing

’aéilirig_s_._
One atthor who has deve|oped a more realistic fromework for anclysing. technical change
s Bela Gold, and we shall now men-;"uon'brieﬂy o fenture of Gold's approach which is particularly
elevant to furthering our discussion of the findings about 'copacity stretching' in the Rosario plent,
According to Gold "Managerial decisions in private industry obviously connot be
bosed on the minimization of tota! unit cost in view of the over-riding importance of the
rate of profit on investmen?. A simple model relating such profitebility to physical as well

os financial cspecis of performance may be developed as Followr

: Profif' ‘ —{Producm value ~ Total costl, Output  Copacity . Fixed Investment
Total lnves"rmentL \' Output OQutput f Capacity Fixed Invas'rn'-enf “Total Investment

This suggesis that variations in the rate of profit on total investment are traceable to _
changes in, ond interaciions among: average product prices; total unit costs; copacity utiliza-

tion; the productivity of fixed investment; ond the interncl ollocation of investment beMeen
fixed and working capitol®. (1) :

o —— o T Mo T W S T A ——— -

(V) Bela Gold, Technology, Productivity end Economic Analysis, Omega Vol. |, No, i, 1973
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~

The term in this above equation which particularly concerns us hera is the term

__Capocity which Gold calls the 'productivity of fixed investment'. [t is evident from the
Fired investment ] -
equation that management has a permanent interest in increasing - or at any rate maintaining os

high a3 it can - its installed capacity per unit of fixed investment - clways assuming that the efforts

directed to increasing or mainiaining this ratio are not offset by the interactive effects on the other

ratios in the equation,
.. In fact the ratio i.e. capacity over fixed investment, con be expected to rise sutomoticelly.
in the years following major investments in new capital facilities as dep.reciation charges bring down

the book vaive of the Fixed invesiment whilst leaving the ccpoéify of the facilities unchanged -

~ however what concerns us hera is the situation that arises when increazes of capacity ore ‘being

~ planned.

Whatever value the ratio of capital to (depreciated) fixed investment has recched the fim

will be interested, other things equal, in hoving c small ratio of _A®C  when it expands

o AN
‘capacity. The main hypothesis of interest that can now be put forword is that A C  for ,
incremental 'capacity-streiching' technical changes is usually notably higher than Ao C X

pan| !

for capacity expansions involving invesiments in new focilities or in carrying out non-incrementa!
modi{’icé%ioﬁs to the existing on2s. in other words, in sjmple'lc-.ngunge, ir vsuaily costs far less fo
achieve a unii of increased capocity by siretching the capacity of an existing plont thon by
building brand new extra Lmit: or engaging in extensive tecln’ccl revomps of the exisiing ones.

I this is so - ond it cérfcinly appears to have been H'I\e case for the Rosario plant where most
of the capacity exponsion was achieved on o very limited budget - then the whole subject of the

"learning' which permits incremental capaeity -stretching to occur takes on o new light, For this

'learning' if it did not occur - would have a very high opporiunity cost to the firm in question.
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The suggestion is, fherefore,; that this kind of learning deserves };losehup cncsiysif to
let.e;ﬁiﬁé not only its nature and .the conditions promoting its development , but qlsb - and _crpc-i;}_lly;
- to evaluate its economic contribution 1o the plants in which it occurs. The underlying hyp-o-theéli's:-'
s that the learning which leads to incremental capac ity-sfretclhing technical E:hanges may turn
juf-.to.be-_a very profitable activity indeed.

We can now sum up fhis entire discussfon in a simple way; 1) Our findings about the
growth in capacity in.the Rosario plant show that very sugstcntiul i'ccrecses in capacity have been
achieved by technicol changes of a mostly incremental nature which were specifically aimed at
s;tretch‘t'ng plant capacity. 2} These findings point to the need to extend economic thgory ro. cover
the apparently lorge domain of incremental copacity~stretching technical change and the learning

thdt'gives rise o it.

el




bodies which publich standard indusirial product specifications, however while these are very

~ both tha porticuicr process technalogy vszd by the company and the markets being served by it,
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The next subject into which we enq‘uire concemé‘- changes introduced in produci-gquality
in the Resario plani,

A change in preduct quality involves basically a change in the specification which delimits
the upper and lower bourdaries that cerioin parameters of the product must confarm to. These pa=
remeters, which we earlier called the 'quality parameters’, refer to such matters s the chemical
c0mpositi§n of the sieel composin:g the product, the dimensions of the product, the surface quol ity
of the Pl"OaUCi‘, the degree of freedom f_l;om internal defects of_the product, etc. It is vsual to
specd; of ah 'improved' quality of a steel product when the admitted range of variction in the
chemical composition and/or the dimensicnal tolerance of the product is reduced, or when the -
cccep}cb!e level of surface or internal defects is reduced, _ S |

There extist in the steelmoking field, as in most other industrial fields, standords-making

- Importont as guidelines the usual practice is for steeimaking companies to develop their own internal

product=specificaiions which are subjeci to variations over time, and which moy sometimes differ

in more than minor ways from the standard specifications. The internal product standards reflect

and alzo reflect the company's product ~quality strategy.

" n principle, to improve.producf qualiry irnpliers tctciﬁg two steps. These ofe (i) to improve
the actual process technoiogy empIO)‘ted in making the product, so fh.o'r‘cn acceptably high pr.opor— |
tion of the ocuiput will conform to the stricter quality s%ﬁndords that hove been sef; and (ii) to re-
vise the qualiiycontrol procedures in line with these stricter standards, so os to detect and reject
thore products falling outside the specificotion,

Technical chunges are inevitably involved in the first of these steps ~ i.e. improving the
L - .
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process techonology employed in making the producr; Furthermore technical changes-may
also be involved in the second step - i.e. the revision of the quality control procedures.
This will be the case whenever such revision implies bringing into use new methods of che--
mical or physical analysis, or nev;v'in'spection p'i-c;"c;edbre'é.
| So much f.dr- these ilrlﬂrodt'.r'c':t';r;y rer-hclll'ks about the meqn'ing of changes in product
;:luciity and the stepsr implied by effotls to improVe product quality. We now }urh to exdmine
the experience of the Rosorio plont in the matter: |

The record of the technical changes int;oduced in the iioscrio plant contzins - as we
mentioned earlier - mc'ny technical chcnéés »\;hich hod as their main objective to improve
product quality.
| Interéstinglly ; it turns out, thot many of t.he'most important technical chonges
with this ohiect.ive took place in a single year, (96061 By examinirgthe chénges made
in this one year i;w some detail, some very interesting conclusions: emerge, which shed
Huseful light on the othér quclify-chcng.es introduced later on'-by the plant. Therefore we
‘begin our ana lysis by considering tl:me year 1960-61,

The background to the 'quality’ changes made in this year was thc'r. {a)-the Rosario:
plant was planniing to diversify its production away from its near VIOO% concéntrc_;lfion on
'common! 'steels towards producing a high proportion of 'special’ steel products, and Tb) a
Germqn consultant had been called-in by the Director of the Rcsscrio plant to advise on
the changes that needed to be made. A major factor then influencing the desirable goals
of techhical change in the picnt was that the special steel Earoduc;ts to be produced would |
have to be manufactured to more exacting quality specifications than the sommon steel

produsts, In particular it was desirable that the special steel products should have a much
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lower dé_gree of surface oﬁd internal defects than was dcc:aptable in most  of the common
stéel products.
The_consu!tcnr‘s recommendations, whigh were adopted, led to imporiant changes

both in process technology und quality controf procedures:
These changes were as follows: a |

(i) the replacement of top~poured ingot cgsﬂng by bottom-filled ingot <.:'c:sting, (which led
to o great im;ﬁrovemehf in'both the surface quality and internal quality of the ingots

praduced ).

.(ii)’rhe switeh Frorr; fuel o‘il tolndturol gas in the re-heqtihg furnaces (with led to more uniform
heating of the intermediate produc'ré and 50 fo less internal defects).

(iil,i).the s.etting up of.lo néw plant secfr'iqn- known as the ‘conditioning' séction', vihere the

.'.gco rfing' (i.e. the removing of }Hé Sorface saéi?e“‘f'raa)‘ ingots and billets could be carried out L
| and whefe defects i-n ingots and billets could be de%elcted 'c:n’d re(-:fi{-'ied.

(iv)fhé r'n.ore intensive control oF-tvhe chemical composifir.;h and quality of the incoming scrap.
(v) thelint;oducti‘o'n.of inspectOrs-on.'rl"le shop—fléor.in the #teélmcking, ingot costing, billet
ro“ing and final product rolling stages of production, to check on fidelity of the output -
yvith respect to the internal norms applicable to ench successive proce;ss stoge. |

(vi)the strengthening of the personnel in the plant's lahoratory, and the improvemer!lt in

the écjuipment ard analytical techniques used.
These, and other more minor changes, constituted what Rosario plant personnel re=
member as a veritable "campaign” for improved product quality instituted in this one year. -

- An importart feature of this set of changes is that whilst they were clearly institited
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s0 as to meet the quality requiréments Invélved in producf; diversification {to special
steeld), the resulting process changes and superior quality conrfb_l érocedgres also resulted
in*s‘o.me improvements in quality of the line of common steel products as well.

This is becuuser whilst some of the qucﬂity changes were “pféduét';specifi;;“ (such
os the use of the conditioning sector f:br some grodes ofir i.ngot:s cmd billg’t; ond not others),
other efmanges,‘ such as the modifications in process fe&h‘ﬁology the ihSpecHon of proclﬁc-l
tions on the shop-floor, and the-strer.‘.gthening of the plant's icborctories, contributed to
improving the goclity of oll the .product range prodused by the plant,

Thus, the 1960-61 éxperience suggests that the major technical changes introduced
so as fo -improve the quality of a new class of products also had important “spillover™ ef-
fects !Iecding to the improvement in quality of the existing classes of products too.

"Next

we turn to examine the record of produet-goality changes introduced since

-

196061, Here, three porticulcr‘fearur.es stand out.

First there begun in 1964 a program of cooperation with Acindar's Marathon plant,
This led to the Rosario plant ﬁroducing small production runs of v-arious alloy steels
ond since these required great care in théir elogorotion, Rosario -plant personneli needed
to absorb co‘nsidero.bie new knowledge ‘so as to be able to produce these now steels to
sofficient quolify. Here again we see the effect to product diversifisation leading to the
req‘ui::ement for higher.quolity stondards in the production operation, .o'nd in quality control,
It is not clear, however, 'whether. these chan;_:]es had any significant spi”over‘ ‘effects on
the rest of the Rosario plant’s production, although we would cérfainlf expect that there

have been some.
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Seﬁ:é;d, .fhelre wc; é nln'u}-{'or iﬁ;ésfment- .in‘I‘l‘?bké ‘in a new L €00 |l_fng .b.e;i’ Fdr -fh‘e qu:cmd
Profife mill. T‘his was designed to contribute to a more uniform coé‘l'ir'\g down of the rolled
products and a more dt_alicofe hondiing of them - so ns'mmir_\irﬁize pI:OdUC-f bendiné and
distortion and to moximise product.ur_s iForfnity. T};is«‘:han-ge benefitted th’e qual_ity of éH-fhe
products by the Bar énd Profile mill. - | |

Thifd, there.-qu‘cm imborinnt incor.porc:fion of new ins;;)ecfo;s; néw qudlify control
procedures, and neﬁ-equipr'nenf, made in c0nnecfi§n with th-e .|9-72-73 dive;-;ifiéafIOn of .
the Rosario plant into the production of forging bor;s. These ix:rs, because of ﬂme usé to which
they will be put, have to be virtually 10Q0% free of interr-ml cnd surface defects, and also
rolled to very accurate dimeﬁ;ionol toleranges. In o:'-der to achieve this the Rosario pﬁlént
had to Int'roduce changes in procass and operating technology and also a greatly boosted

quality control effor? by comparison with that requfréd in the production 6f ordinéry bars.

So, here dgcin_. product diversifico‘tion entrained the need ‘for.incfec'sed eFFc;ths aiﬁed at
improv ing -product quality. |

In addition to these th¢ee particular features of the exber.iencé of the ;;lcﬁr since
1960-41, there are also some other items of evidence. worth mentioning, A

" The first concerns the variations in end prdduct i:;ﬁv.;:lity attributable to changes in the

raw material. inputs avoilable to the Rosario plant. |

There are blcsrically two sources of such vcriction.s', which are (.) the -changing quu-—-
lity of the incoming scrap (ii) the changing qﬁélify of the consigrr-ménfs of biflets which
- the Rosario pldnt was occosiénc!ly able to buy in from ou‘fsride suppiie?g fc;r rolling on the

Bar and Profile mill, Changes in raw material inputs generate the need for quolity-corﬁ'rol
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rocedures which identify the differences in input composition and test their effects through

> variations: in the final product.
- l‘s‘-_ oA

The idea is to establish the suitability, or otherwise, of the raw materials for the
roduction of purticﬁlur end-products - and where necesary to guide the changes in
perczfing process technglogy that may be needed so as to cope with the different inpun'i

RN

his " mput quality confrol" actmty hos ben importopt in the Roéono plant 'uhce the early
a

69 due 16 the conhnuous|y deterlordrmg quollty of the Bcrcp available on the market and

ue to the varra}:uhty in its extrg sources of billet supply.

The é'rher item wor'rl'; mentioning'-is that the Rosario plant reports and the interviews
ontain many references to mirIIOr improvements (such as the rédesign of cylinder chonneis}.
ciiustr:nénts of -cqtl'ri-ng o.perd'rions, refinements in operating fechno.|09y etc.) aimed at

proving the quqlity of specific products in Sm(ﬂ‘ ways.
| The conclusions whic_h.erherge from this brief review of quality changes in the Romrio. '
lant are as .foll*ows:A
ajor improvement: leading both to more precise process control and also to thtening g
quaiit); control prqcedpres whigh have. been iﬁfroduced in the Rosario plant.
} . Seme of these improvements 5bcrked by product diversification have undéubted!y been

" spillover" effect resulting in

roduat-specific, but others have had what we called o
provements in the'quality'of all the plant's products.

)} The occasion of product diversification is, however, not the only ,or the necessary,

ondition for effecting improvements in the precision of process control and in quality
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prOc;edurés. Thus one major quality -improving investment (the cool_ing-bed) and many
~minor }jro_duc'r specific quality changes have been introduced, indopendently of product
diversification plans. | | |
4) Input quality control hos clso beeﬁ an irrllporfont theme in the plant, so cg to minimise
the output quality variations which = jenued o result from variations in the quality o‘F

scrap supplies and billet supplies from outside sources.
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Our aim hete is to present some pre!imincry observdfions qbbut the kinds of technical

:hanges which have Ied to unit cost changes in the Rosario plant. The observatior:s nre preliminary

——— . v —

a5t changea-In ?h'e plant whiéh we would have Iiked to be able to moke use of here. Never-
heless, these preliminary observations point to some useful findings,

Our starting point will be to review the various items which together moke up the elements

f’unit-costs' in each particuldr productive section of the Rosario plant. These costs divide up

N

30 the fellowlhg main cdtegoriest

Primo-ry mefcllic-' material: |
Thiz refers to the basic metallic input to the partisular productive section of the plant which
is under corsideration. For example, the input to scrop-park operations is unprocessed scrap;

~ the input to the shaft furnaces is processed scrap; the input to the Siemens Martin furnaces is

processed serap plus hot-metal; the input to the ingot costing section is liquid steel, etc., ete.

. Auxiliary row materials:

These are the other raw mo’rena\s which are directly involved in !he production process —e.g.

coke in the shaft furnaces, limestone in the Siemens Mcnrtm furnaces, and the vorious odditives
used.

chou r:

!nc1udmg both the daily pcud labour and the sa!arued labour and supervisory personnel employed
in the pasticular productive sections being examined. .

!ndireci‘ materials, and sparest

lodirect materiak . include consumable items such as furnoce refractories, ingot moulds, rol-
ling eylinders, oil, grease, etec.

Electrical energy and combustion fuels
NMainterance and repairs: -

Depreciaticn charges:
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8. General plant overheod:
This is the allocation to the productive section concerned of o fraction of the costs of the
plant's top management, and of the cosis of those divisions and auxiliory units of the plant
which provide services jo many different productive sections.

We shQH now cee vhat [ighi‘ con be thrown on these various cost items:

One ‘cspe_-c‘t of the cost .sfrucfure of production in the Rosario plant in récenr years is
contained in some ﬁgures_pub!i:hed in various pi::.nt reports, referring to the standard production
ccsf; of the in?erfnédicie products prodruced by the plant. Chverleaf we reproduce the infomation
concerning‘the standard production costs of 76 x 76mm billets of grade 46B (a standard grode
produced in the plani). The information consists of o breakdown of the production costs per/ton"
 of billets into (a) the raw materials cosi, and (b) the ‘tmnsfdn'ncl'i‘on' cbsf. | ‘
fhe-'rcva materials cost' consists of the cost of the unprocessed scrap needed. to make one |
ton of billets, plus Ti‘le costs of all the auxiliicry raw moterials used up in eoéh succas; e rs}cge y
- up-to and including‘the‘: Billet mill in making one ton of billets, | |

;l"He 'transformation’ cost is the cost per ronl of produci generated by all the labour, 'iﬁ-
direct maieriovls and spares, elec.triccl energy, combustion fﬁe l;s , m_ainte.ncl:nce end repairs,
needed to transform. the raw materials into billets, plus c Ipar’r of the overhead costs involved (I) '

The table shows ihe raw moterials cost and tronsformation cost of billets in undefiated
new Argemine pesos per ?On‘ in seven successive years,
- The key point whi'ch emergss cleorly from the table is,the- great importance of row mate-

rials costs. These accounted by the.end of the period being considered for virtually 50% of

- billet production cost. Other figures available to us, show that within the category rew materials,

(1) As far as we can tell these include an appropriote fraction of the cost of services such as water,
lighting, etc. provided by auxiliary units to all the plant's productive sections, but do not
include ony proportion of the overhead costs incurred by the plant's top management. We are
not sure whether a fraction of the overhend costs of the divisions of industrial Engineering and
Quality Control are included or not.
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the cost of scrop 'predorr-ino’res, --ac;:0unting for over three .quc;rfers of -rnw materials cost.

Another point emerging from the toble is the Fise in the PrOPOTtion <$f tw moteriols costs
within total costs. Thi; reflects (a) the sharo rise in scr~p prices relative t> the genercl price
level irn the period covered by the table, and "Isa (b)_ the effects >f lowered rea! transfarmation
costs per ton, expressed in terms >f physical and lf.;;bour inputs Tequired per unit of sutput.

PRODUCTION COSTS PEF TON OF 76 x 76 mm, BILLETS, GRADE 44B

T S A L e LS e S RER e A GRS S S b RS bk G Sk S e R e o i b i e el M WG e S A A M el e WS G e M o

“Row materials cost 104 119 133 157 195 243 409
] Transformation cost Y76 240 183 - 182 198 297 . 446
.~ Totol cost 280 359 31 339 393 545  B55
% Row motericls cost ¥ w2 6 50 6 18
% Tmnsfonho’.‘iz.)‘n cosk | | 63 '67 58 - 54 50 | 54 52 1

e e | e i LGS e e S WA e e e R AR R b e WL S WL e AEE e ey MR AR Al ek e e N ML g e e S e e P e ]

Units: Argentine pesos ley
So far os tronsfarmation costs are concerned, we do not have a breakdown of these per
ton of billet production, but we have a breskdown which applies to the autput >f the entire

slant. This is shown in the Table bélow:

_ BREA_KDOWN OF TOTAL 'TRANSFOEMATION' COSTS INCURRED BY THE PLANT

— i e R e e T et e e i AN ks A e ey i . e v e b e et e e e LA e . e U e e e W AAn e ——

- July  Jdl Jul August Jul Jul Ma
ST ITEM Y b4 Y 9 Y uly 4
! U 1966_1967 _ 1968_ 1969 1970 _197__ 1972_ |
% % % % % % %
Lebour | 56.9 53.3 49.7 416 40,9 469 457
ndirect matericls & spores 17.4 16.8 4.4 170 V2.0 14.7 15,9
Energy & combustibles 160 171 159 175 146 140 133
Maintenance & repairs 85 104 134 162 202 188 17,6
"General" plant costs o 1.2 2.3 4.5 7.9 7.2 57 6.1
o i o —— e o - e s o . o o o o o = e e e e !

Source: 1968-69 and 1971-72 Rosario Plant Reports.
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.Cleorly, lobour eosts stond oﬁr os the, ;noi'r“r component in transformation costs. Interest
ingly, by the end of the period considered in the tc-}b!_e,-; the second most important item in tra
formation costs wos mointenonce and repoirs. (One can see thet particularly large increcses in
the nercentage of transformation costs devoted to maintenance.ond rencirs were recorded betws

11966 and -1‘976). Third comes indirect materials and spares;.;. In this category the key items are
:fu-rﬁocé.jl'efracrorie-s, “ingot moulds and rolling mill eylinders. FoUr}h'lcorﬁes energy ond combus
tibles, and then "Qenerai"l plant costs, S e

. In the Tight of the cost dato so for presented one wouId expect thot cost-reducing tech:
hical chﬁnges would be the sutcome of the following kinds of efforts:

b Effort-s f‘a increase metallic yield at each process stage, i.e. by reducing losses 5 the minim
.ond recuperating 21l recycioble losses. Such efforts nim to lower the net input requirements

“of primory metallic materiol per unit of sutnut aroduced,

2. Efforts to incrense the productivity of the cuxiliary raw materials ~-i.e. to mcre"tse the sut
put oF nroduct per umt oF auxiliary moterial input,

._q_zf‘?ffor'ré > reduce ’rh'e labour requiremenfs per unif.:)F outpur.“: |

4, Effdjr:f;s ro r';a_duce..'rhé :;Qnsﬁ.mpt?i'on of indirec-t rrioieriols, per unit-.-af‘_-oﬁtput...
5. Efforts td reduce el;.cr.ric_:iry consumption and fuel costs per umtofau’rput
6. ‘Efforts to redu;e 'mantéponce and repairs costs per unit -:>f Jutput.

7. Effor.ts to .red:uce general plonf costs ner unit éf outout.

.Thé-evidencé about taechnical chonges i-n the Roscrio plent confirms the ex;‘:ec'fcti)n th
all these 'lines’ ‘of cos’r%educing technical changes. hove been pﬁrsued in the plqr;af. .Wh":xr we
now propose to do is to try to throw some light on the nature of technical c‘éh’:nges introduced
along these vorious lines vnd the circumstonces leading to their ini‘ro;:!uctioln. |

In connaction with this effort to expl:;re‘fhe nc:tureA of cost reducing technical change

in the Rosario plant it will be useful to make use of the distinction made by Hollander, in his
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sdy of Du Pont rayon plants, bétwéen "direct" and "indirect" technical ch:mges..

"Direct" technical changes are ones which result in o decrease in unit operating costs
ren ot unchanged ieQels of sutput. “indirect" fecHnicaI changes are -Dnes-wh_ich,-olfhough they .
 not result in o decrease in unit costs ot unchonged levels of output, nevertheless permit the
achinery to function at greater outout levels than before ~with the result thot if this higher level
;output is indeed produced then the fixed operating costs can be spread over o lorger volume of
tput than before, thus resulfiﬁg in o dacline in t_Jnit operating costs. (H

It will thereforg b_e—' interesting, in the examination of the nature of cost-reducing tech -
cal changes which now follows, to include in the discussion an effort to throw light on the re -
tive importance of "direct” versus " i-ndirec‘:t"‘ technical chonges in the Rosario plant. We now

rn to the examination of the different kinds of cost*reducing- changes:

The importance of the dlshnchon is that it leferent iotes between those technical changes
which do not depend on increases in outout for their affect on unit costs, ond those technical
changas which have their effect precisely because of the increases in output which they permit.

Figures published by Hollander for five different rayon plants reveal the following division

between "indirect” ond "direct" technical changes in terms of the effect of each eategory of
technical change on unit cost reduction.,

—————————————————— % of unit cost reduction b of unit cost reduction
Plant sttributable to lndlrect tech~ attributable to Direct tech -
. nical chonge nical change _ _ |
Old Hickory _ 28% _ 58%
(1929-51)
Spruance | 48B% | 19%
(1932-50) '
Spruonce 11 - : ' - _ B %
- {(1937-51)
Spruonce 11! | 72% : 23%
{1938 -52) - '
Spruange 1A 68% _ ' 2%
882
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So far as changes in metallic yield are concerned, ihesenppecr fo.-l-m.ve been rmostly
" caused by rechnical changes of the "direct” type. In this cohnééréon the );hr_ee themes of porii - |
cular importance are (i) the r.w,u'olity of the row materidls used: (u) .'rhte Frdcridn of losses incurred -
“in'the processing operations; and (i) the rejection rote of sub -standard products. With regurd

' AN

to the first of these themes i.e. row material nuality, the main technical chonges introduced in

-

These changes were therefore designed to sren;p the failing yieid from the scrop. inpufs'to fiie,
plant, and involved steps such os improv‘ed scrap ~uality control, improved‘scrcp se!eci’io'n, and
- more infensive pre-processing of scrap. (Al the‘se are "direct” technical cbcnges). ‘f\:lext-, with
"regard to reducing processing losses, the plant revorts reveal that mc.m)l/wg‘_mgu technicol chnnées
have ccmtributéd to this obiéctix?e{ pcrticd!al;ly those concerned wi:t-h:rm!ini‘n;r-ising ’rhe lés.ses-due
to the "cropping” of ingots ends ond rolled prodl;ct‘ends," ond mnmmnsmg :'r-he irrecupera!'jler.losséy
due to surface- oxidation of Ehgots ond billets in the rehet.Jf Furr-xches:. Again these were vlirf.uci.ly
all "direct” changes.. As for reducing the rejection rate of products, the t;achnicot éhénrgebs in
this direction have been part and parcel of the :chcnges designed to i.mpro;re product quqriity o
(which we described in the previous section). Again these are mostly direct chonges.

" In effect, we con soy the technicol change introduced in the Rosario plont to influen.ce |
mem:ilié yigald {and hemée -Unii'.CDSfS) have baen (c) mostly _"_direcr" technical changes: (b) hove l
been in part provoked by deteriorations in the scrop inputs to the plant; {c) have in part orisen i

os a result of changes simu!tdnéously d'es'igned to improve pTOdUCf'{:l_l;l-('J“f'y; and finally (d) have |
in their remaining pari been "pure™ cost reducing rechnical chdngés in the sense of not having
been provoked by changes in the aual ity of input materials, o‘r‘ﬁ 60; hcvmgmn jor effects on
other performance or output .pqrometers besides on unit costs.

-
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Turning next to technical changes designed to increase the proauctivity of the ouxilisry
aw materials, the oncs which have come to our attention ore (a) improvements in the quality of
he auxiliory raw motgric!s resulting from stricter requirements being ploced on the suppliers by
he Rosario plant, and (b) technica! changes incorporated in the sh-:J_Fr furnaces designed to increase
he préductivify of the coke used. The latter changes besides increasing coke prﬁductivi?y, also
imultaneously inereased the sutput capacity of the shaft furnaces. Both varieties of technical
hanges mentioned above ore "direct".

In the third place we come to technical chﬁnges which made it possible ro. reduce |obour
équirerﬁents par unit of output, Although there are important excepfions; tﬁe basic situation
zems to be that these ch;mges_hove been "indirect", i.e., the reduction in labour requireménfs_ |
ar unit of output has us;;clly been achieved by having basically the same workforce-produce:
ore fons per hour with their existing or improved equirpment,_ rather than by laying off men ond
roducing the.some or a Hight_er out,pu;:r thon before, This conclusion follow§ from the fact that
Inployment in the plant Eos declined much more slowly in the past ten yécrs than the output hos
wcreased. This basic observation does not of course rule out many ;!irec'r tec.hﬁicai changes of o
inor kind having been made to reduce labour teams slightly, and, as we mentioned there have
sen some important direct technical changes such as switching mcintehquice and repair work in
69 away from plant labour to a system of contracting out. (This resulted in a reduction of the
bour foree by about 100 men w_hq were previously employed in the plent carrying out maintenonce
srk). Hov}ever, the basic obsewation, that the reduction. in labour requirements per unit of out -
't hos been accomplished by indirect technical change, remains. |

Next, coming to technical changes designed to reduce the consumption of indirect mote-
s per unit.of output -~the main type oFuchonges involved have been c‘hﬁnges tending to prolong

2 useful life of refractories, ingot moulds, rofling cylinders, ete. The plant reports contain many
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referances iﬁ mir;or technical changes designed to increase the service life of these items, these
ore diract technical changes except for the proionging of refractory life, which also has importc
effects in increasing production cdpccity.

Then, with regard to téchniccl changes designed.to reduce unit electrical enargy and |
combustion fuels costs -our evidence reveals () direct technical changes to edapt the furnaces
to wo;king'with gas iﬁs;fe‘ad of fuel oil (1961), and then a further rsdap‘rmfic;n back to being able
to use fuel-oil in at least one furnace (1969); r:lnd (b} many minor direct modifications to increns
f_hg efficiency of fuel usage in the furnaces; and {c) some important enlorgements in the capocits
of the furnaces which also increasad the officiency of fuel usoge (indirect technical changes).

N Coming finally to ‘rechnicql changes désigned to reduce maintennﬁce ond repoirs cbsfls,
a very nn;chbi‘e series of changes took place in the ;.Jeriod_. 196970, In the first place, os we
have mentioned, much of the mci-nl-endnce end repair work was switched from  being done hy

- plont staff, to being done by outside contractors, in order to save money. In the second place

a newly organized Division of Maintenance wns created with the mission of estoblishing a ratior

maintenance costs. In prectice it reauired o substontial investment of time and resources to set
up i;his new system, becau-se extensive study of the esuipment, spares, oparating prccficé,efc.

- was required, plus the preparation of many new engineering drowings, maintenance manuals, et

Hjus unit r;iein?enonce costs actually incrensed sharply in 1:?-69 and 1970 before falling somc-ewhcr.

inthe sucjcee&ing twé yeors. The organizational ond procedural changes involved are clearly

direet cost reducing technical changes, however, they n|s§ had the effect of increasing the

'availability' of the plant equlipmenr and thus increasring plont capacity.

This above mccountr' has feft oyt fechnieollchanges concernad with reducing unit de -

preciation and unit plant overhcad costs _because we do not have information on these. Howeve
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-we can note 'en possant’ that all the indirect t.echni_cal chnnges .help‘ to reduce unit overhead:
costs through spreading these éosts ovar o larger volume of sutput,
.. S0 much for our exemination of the evidence concerhing cost reducing technical changes.

We can now ask , what conclusions ~bout cost-reducing technicai change emerge from this

“examination?
It seems possibie io'drc-:\.v fFé F'oHo’wing conclusions:

)] -~THere are many different kinds of technical changes w'hi;:h have contributed to s;mit cost re-
duction in the Rosario plant. T.hese include technical changes which (i) increase metallic
yield, (i) increase the productivity of the auxiliary raw materials, (iii) reduce unit lahour
requirements, (iv) reduce unit consumption of indirect m;nterials, (v) reduce unit elelcfricity

: {Jl.’\d fuel cons,umption,v (vi) reduce unit meintenance snd rgpoirs costs, (vii) reduce unit de -
pré'gicrion costs, (viit) reduce unit plant t:;verhead cosfs.{
'2) It appears that "direct" _teéhnica‘i changas have been involved to o grlecst extent in accounting
for the cost reductions schieved via increasing metallic yield, increasing the productivity of
‘the auxiliary rﬁw materials, reducing unit consumption of indirect materials, ond reducing
unit maintenance and repairs eosts, whereas Yindirect" technical changes have been. most
responsible for the reduction in unit lobour costs. Both "direct" and "indirect" technical
changes hov:e contributed significéntl_y to reducing unit e|egtricity and fuel consumption coasts.
' :3)' Quite apart from the "indirect" technicc! changes which by definir-i.bn Enyolve capacity in-
‘creases in order to mchievé unit cost reductions, it is nlso clgar that many of the "direct""
technical changes which reduce unit costs were not simply cost redﬁcing technical changes.
Thus many direct technice! changes wére simultcneous-ly cqucity “increasing r,md/or suolity-
improving changes as well, and ‘in l}nany such cases the ur;it --cost reduction effect may weil

have been only a 'secondary' objective of the technical changes involved.
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4) In paralle! with this boinf concerning the multiple obiec?fves of many of the technicel chonge:
- which reduced unit costs, it is worth r-ecr:iling thot the technical changes incorporated in the
preventive. maintenance compaign coused unit mcintenonce‘ costs £ incrense sharply (at
least in the first two years) obtaining increased plant availability in return. Thes unit cost
reducfion is not in any sense a 'sacred’ objective of technical .chﬁnge, .but ather an item thot
is sometimes "traded -off" against improvement in osther plont oarameters.

5) A significont fype of cost-reducing technical cl’ymée in the plont is connected to the supply
of primary and aux iliary raw materials to the plont from outside suppliers. In porticulor the
deterioration in the quality -'>F such raw materials is o factor tending to pfovoke cchpensefing
technicol changes in the p_Iqu t'o offset the negative effect an unit cOsts Co.uséd‘ by the reduced
pro«;iuctivity of the raw materials concerned.

6) T'here'is also some evidence that changes in mﬂtérials ‘input prices have provoked technical
changes in the Rosario plant, For instance the _fechnical changes adapting the furnnces first
from fuel-oil to gos end then back agoin seem to hove been responses, in good measure to
'ﬁriceg chcnges.. Also there is s.ome evidéance that the very sharo increcses in scrap prices which
occurred from 1969 onwards had the effect of intensifying the efforts of slant management to
obtain offsetting unit cost reductions both by direct aind indirect technical chnnges made in

the plarnt .
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The next vcriety of changes we shall be exomininé in this section of the report c@ﬁcerns
hanges in the -h.u'ﬁcn orgonization of the Rosario plant.

For the purpose of discussion it will be useful to dist'méuish two tybes of organizotional
schnical chcnge. The first type consists of routine orgommhonol changes. These are very often
ound up wuh fechmcci chcnges ll;\VOIVIng changes to equapment | For ex’cmple if a chunge is made
hich invollves aurcmctiﬁg some of the functions on a rolling mill then this may well require changes
f working methods on the part of the mill's remaining operators and |t may possibly also require
>me reo.rgc:nizoticn in the -functio.ns of the mill's supervisory personnel. This type of change -from
ne. work ~routine to another- is obviously frequent. Indeed such changes do not necesr;orily require
prior c’ncmgt_e in equipmenfk, although most often this provid;as‘ the stimulus.

The second type of orc;;cm-ichionql changes concerns those f;-._hqngés in orgdnizotion whose
urpose - includes contributing to more ‘open-ended’ tasks ond goals than those involved in the first
ype For iﬁgtﬁnce, the s?rehg’fhening of the p|c;nt's Quality Cont?oi Division in 19606l was an
rganizational chaﬁge which we would class as of tiwe 'open-ended' rother than of the 'routine'
ariety.

The important difference Eehveen these two varieties of organizational change is that the
lew organizotion created by on ‘open-ended’organizational change is usually designed not only
o accomplish specific inmediote objectives, but is also e;xpected to gelnerote new idecs, new
asks ond procedures for improving per-forma.nce in its broad area of competence in the Fuh-Jre.

The most important examples of 'open - ended' organizational changes we have come

icross in the Rosario plant concern those changes which, from an organizational viewpoint,
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generated new specialist divisions \;vithin‘the plant, 6; else greatly strengthened existing
ones.

The three examples we have particularly in mind are (1) the sfrengfhéning of the
p!gnt‘s Quality Control Division in 1960-6}; (2} the setting up of the Industrial Engineering
Division, we believe in 1964, and (3) the setting up of the Maintenance Division, in 1969,

As we saw in S.e;:ffon | of this Chapter, these three divisiones notonly c0nfribuj-e
to the regular production activities of the plant by inspecting and controlling the quality
of production, setting up produerion and cost stondards, ond maintaining and repairing

7 plant equipmer:nf ~ they also contribute to technical changes by such activities as inves-
'tigation; qf product defects, trials of product vcr-iations, studies to determiné cost-reduction
possibilities, and machinery modifications made in.‘rhe- course of repair work. Hence the
changes involved in se_t'ring up, or rsrrengthening; each of these divisiones, not only re~
presented techni‘ccll chcnées in themselves, but also gave rise to many new technical changes
‘in their respective areas of competence.

In other words, some organizational changes, which we have called 'open-ended',
have fended to generate a future 'strecm' of techhical cHonges arising out ot their né:rmq}
activities. |

The next poin?'of- interest we wont to investigate is - what led to these 'open-
ended’ organizational changes? .We have olready noted, v_»;hen discussing product q'uclity_.
changes ecrlie% fn the chapter, that the 'catalyst’ leading to the setting up of o s?reﬁgthened
Quality Control division in the 196081 period was the fact -that the Rosarioplant was plan-
ning to diversify its production into the special stecls field and that special steels required

more delicate process control ond more stringent product standards. Also we noted that this-




planned diversification waos itself ascribed to the impending start up of bulk steel produc’rioﬁ
by a compétifor firm, Somisa. In other words the re -organization of the quality control
department of the Rosario ploni; can be seen os a direct response to very specific and pressing
c_ircumsfpnces.

A similar situation of urgency seems to have applied in the case of tﬂe setting up
D-F the Maintenance Division in 1969, Here the problem was that in the years 1967-6%9 the
osario plant had been even r'nore than usually starved of investiment funds d_ué to Acin&crs _
zommitments and prob!ef'ﬁs with its vast integrated plant project. As a result much of the
vorn out equipment ond parts in the Rasario plant could not be replaced or renovated, and
he plant's production storted to be seriously 'interrup%ed by more and m§re ffequent machinery
»reckdowrns. T.he response was to greatly increose maintenance ex;;.endi?u.res to keep the
nachines runnir\'g - and fhis. led to the setting U'p of thé Maintenance Division to put into

10otion a really comprehensive programme of preventive maintenance designed to keep

— e — .

he plant's units functioning and o systematise ond rationalise maintenance procedures so
s to stop'mcin’rénance costs F;om esca !ating.‘
Thus, in this case too, on important organizational change was clearly a response
o immediataly pressing circumstances whose origin lay in changes outside the Rosorio plant.
Sjnce it was the overall financial situation of Acindar which had cause the deterioration of
e machinery in the Rosario plant to reach the crisis poin’c)..
Obviously it would be misleading on the basis of iust.rhese two examples, to reach
1e conclusion that all important orgaﬁizdriondl changes in the Rosario plant have been prodﬁcéd
5 responses to pressing external circumstonces =~ indeed we 1.<n0w of severgl examples of

gnificant organizational changes which have arisen for other reasons, e.g. as part of -
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company - wide reorganization progrcmé put into morch by Acindar as o whole - but the
example of the Rosario plant does suggest that the emergence of at least some specialities
within industrial plants is likely to be in circumstances of 'forced response’ rather than

'forward planning!.
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Qur concarn hef;e is to axplore-in somewhdf more datail tha nature of the ineren ental
technical changés that he-vé baen infrO:{uced“ ip fhc Rosério plant.

We propaso 3 do this by onoiysingfq snmpl-; otF the individual tachnical orojects ner -
formed by variaus f the plant's divisions, and r-e,nor'ried on in the annually comniled Rasa-

' ' g Yo

rio 'Plant Reporis’. Not all of these individual technical projects constitute tachnioal
changes. However this is an advantagz for Sur purnosas, becausz it will nemit us to saz
haw technicdl change activities spring up alongsida the ordinary mctivities of the divisions

© eoncarnad,

1 Mcig}%cnce Activities

' which warz ‘ ‘ '
Vi shall first analyse the proiecfsm by the Enzrgy ond Maintencnce section
. of the Plant Engincering Division in-the 1963 -69 Plant AR:%;ao'rtAnnd also the projects re -
ported >n by the Maintenonce Diwisioﬁ in the 1969 70 Plont Renort (1). W2 use the torm
'éroiect' to denste cach renair f-csk, maintenance tosk or ather task which was individuat-
ized in these nlant renoris os having bean performad, For examole the "initiation >f o
~pragram >f inspection of equipment, starting with the s.taelrrﬂking units, t2 examine thair
_state and determine when to progrom renairs™ counts os dne nrojact. 5o tan does the |
" Ycontinuing of trials of refractory materials t5 detamine the prb:!uc?iéity of imported
versus‘national refractaries”. Further instnﬁées of activities snantad as singlé arojacts
“are'the construction of a new mixing ladle™ nn;ﬂ "a complate renair carried sut on tha

|
LG22 Morgan crana” {2).

(1) The "Enargy and Maintenance' saction »F the Plant Engineuring Division was mode
- into an independent Maintenance Division in 1969,

(2) Evidently this method of anclysing the data suffers from the problem that big orjects
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T‘he two Plont rooorts which we referrad to above make br_ief n;.erl\ti;-an of_olf-r)gother
10 different '.proi;gcts' carried out by the Maintananca section/Division in the years
1968 69 and 1969 79, V
For the purpose cﬂ" analysis we--hn-ve céiv,ided thesc 'projests’ into tha following écteg_ori%

I} Projects which consist of changes made in the methods of carrying sut oF arganizing

maintenance work (e.g. the changs to the contracting out of much maintenence wark in

196349, or the eppointment of an additionat engineer t5 the soeciol chorge f provantive

e b rm— amu [

maintenance activities).” These projects we call "Changes in work srganization”. -
2) Projacts which esnsist of () the raviewing cnd ereating »f basic znainzering inform -
[ | ¢ ! 8 NG :

otion nbout the existing ecquipment and spares, or {b) inventory develonment mnd invent

ory contral for spares, or (c) standadiztion cctivities applied t> cauipmant, sparas,

lubricants, cloctrical daviees, ctc, ~including the daveloomrernt of standard plant manuals

covering purchasos, repairs, maintenanca ond lubrication schedules. This groun of

D |

orojects will be tormed "Review, Inventary ond Standxdizetion Activitics”.

3) Projects which consist of insnections performed on machinery or refractaries in order

to determine their state and t nssess the need for reoairs and/ar modifications. Thesz

4) Projects which consist >f - using  non destructive tests carried sut on equipment

or of trials performed te test the suitability of alternative rafractaory moteriols. These

traight forward
eﬁ' gl b

5) Prajects which involvelrendirs being carried sut 5 eauinment,when no mention is
1 b= pm ¥

and small snes get the same status within the somple but this does not prevent the ano- -
lysis from revealing a good Jeol abaut the nature »f maistenance octivities in the plant
and the way that technical chapges arise from them).
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6) Projecfsr in which modifications were made t5 existing machinery or in which new ma -
chi:ne'ry wos installed, These will be ca!léd "Modifications made to Machinary”.

The braakdswn of our san ple of 1] pro‘ielcfs divided into .fhese 3% cctegorfes is shown
in the'e following Table. 7 |

ANALYSIS OF PROJECTS REPORTED ON BY THE PLANT'S MAINTENANCE

DIVISION, 196869 AND 196970

e S mm e e e R i A dmn R WAL et MAR i e e et R e Bes g e o A S e v S A e e ) e e R e —— =y

' $ NUM-BER OF
TYPE OF PSOJECT CAERIED OUT PROJECTS
Changes in work organization : 7 . 5
Review, inventory and standardization activities i3
inspection of machinery or refractories - 5
Tests on machinery or refractaries - S
Repairs to machinery , o 44
Modifications made 3 machinery
~ Modifications made: &s part >f repair projears 1
Modifications apparently madz os separate '
pryjects : 8y 32
‘Modifications' tnvalving installotion or
constructidn >f new machinery 3

e e S BB i o Ly iy A Al SEE G e e M eGSR e ok e e Aty e e e v i )

. This table is interesting for n number of reasons. First of all it shows that ¢ signifit.:anr
‘ fradtion of the activity of the plant's mairtenance division in 196369 and 1969 -70, was
concerned with modifying machinery rather than merely maintaining and renairing it.r
Secondly, it is clear from the nature of the changes madea in work organisation nnd
.‘:fram the projects in the semple, that ot leost some of {rhe'rr-,odr'nficoﬁons made t> machinery
did,not Eallow from o "qurnihg by Joing” strategy, but, rather, from a systemotic

"oreventive maintenance" strategy which hod already begun to be implementad in 1968 69




- (5! -

and which-wus %h@nwgreafly emphas {zed . throughout ]9_69—70'

The eﬁs&nce' of this preventive maintemmee strategy is that it. invelved a Sf__?‘e_r_\'tg‘l'f_
shiategy designed to _Ieod to. greater mac_:h-ine."y availabi:lify and lower nidfn?'enonée costs,
This strategy c}onsisl.-ed, firs?, of E@T_g_t_i_o’g:ggﬂw‘g_r_ipg_ activities desigﬁed to pr ot the

. disposal of the maintenance division the basic engineering data 'ne.ec’ied for cdrry.ing out
' _mczi_ntehor}ge er3< efficiently. Thas ddfc; incltj.ded ehginéer'ingr-drd‘w'iﬁgs of all the plon’t'.s -
machine: .f-m-achinery corﬁponents' ;lmrd spatss, f;‘a‘U.S infcmﬁfion' qbcyb’t" petmitted i-oférénces,

about materials properties and lubricating reeds, etc., much of which information was

t

missing cr simply not available in systematic form. Hence.the presence of all the "Review,
- tnventory-and Standardizatrion” activities in fhe Table.

Tha second element in the strategy consisted of a programme of preventive inspectichs

of machinery (and refractories) designed to lead to suggestions for planned repoirs and/or

modifications ijh'a'r needad to bz made.

— v T —— — — e S

repairs and modifications were carried out simultaneously.

The central point which emerges from this account is that "preventive maintenance®

_Is not so much a learning-by~doing strategy os a research-type strategy which consists of
the sequence: Basic information gathering—>Inspection—+»Diagnosis—sPlanned Repairs
and Mcdifications.

This whole  strategy has az one of its key elements the aim of béing_oble, to predict

‘the porformance and deterioration of machinery in working conditions - and successful

prediction tends to . require . a research effort to determine whot the relevant working

—_— e —m iy
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possibilities for improving peffoini&ncé'-in-use by means-of modifications. -especially |

when this improvement objective is formally part of the Division's duties, Hence there
seems to be a goo& case for regard.ing tHe stream of small machinery modifications which
Flow from the work of the Maintenance division in the Rosar-idplant ; 9s a stream generated
via a modest fom of in-plant R&D, which is earried out by maintenance personnel and i",
which the object of research-attention is the -gq-inin.g of knowledge about the performance
characteristics of the particular essembly of capital equipment whiﬁh they havé to main-
tain. The value of adopting this view is that it suggests the possibility of arriving at an
'opfirﬁal" assignment of }esourcé's to this "rﬁoiﬁteh’dn‘ce R&D® acfi\iify- given that a vdluable ‘
output can be expected to result from it in the fonﬁ of incremental performance-increasing

modifications. - - -

T e o — —

The second sc:mple of projects which we shall anul-yse are these which were reported-
on by the 'Techmr;a[ Office’ of the Pianf Engineering les:on in 1968~69, plus fhoae
reporfed by fhe Engmeermg Dwuslon in |969 70 and 197 1-72 (I) | |

In |969-70 a large part of i-he work of the Engineering Dwm ion was. absorheql in
generuhng both basic engineering dara and standard ization dah: abouf equnpmem and
spares, because this data was needed by the Mointenance Division in the seﬁang;yP oF.
its Preventive Maintémng:e Srratefgy'. However, quite apart from the;e "technigél as~
sisrqp_c';.e,to maintenance™ qéﬁvitiés, the .plcmt repoﬁs reveal a sdmple‘ of 55 o;her projects.
carried out under _fhe responsibility 6f the ;ﬁant's Engineering Division in the th-ree‘yeors

1968-69, 1969-70 and 1971 ~72; These projects are analysed in the Table opposite.

(l) In 1969 the former Plant Engmeermg Division was split into twa separate Divisions,
| fheanfencnce Division and the"Engmeermg Division.” For simplicity we shall




. ln fact, in qll ?he pr0|eci-s nofed w:rh the excephon of fhe 7 pre -pro [eci's, the res-

~ and (iii) the carrying through of the proiéct itself, including inspection of equipment, -
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. ANALYSIS OF 54 PROJECTS CARRIED OUT BY THE ENGINEERING
‘DIVISION OF THE ROSARIO PLANT IN THE YEARS 1968-69, 196970 and 1971-72

— i —— A — —._-——-_-..._..__.—___—_——---— —— — v —

Mcqor engmeer:ng projects involving - o
extensive modi flCGI‘IDnS to the plonf s ., 2
tain pmcessmg units ¥ L o

Pro;ecfs mvolv:ng the installation of -
~additional aqu;pmem in plcnf g 13
Proiects mvolvmg fmodifications to o
equipment . : - 16
Prolecﬁs mvolvmg ompllﬂcchons of ——
bU||d|ngs S _ Lo -3
Projects in‘vdlyihg relocation of equipment .3
'Pré-—proiecf' studies : a 7 o
- .. TOTAL ey &

M e e e ey S i —

-+ *These two projects were carried out in conjunction with the Plant's
Rolling Division, and consisted of (i) a general reform carried out on
the Billet mill in 1969 = which involved no less than |19 different -
modifications to various parts of the mill's equipment; and (ii) the
major modermzohon carried out to the Bar and Profile m:ll in 1971,

o e e el i - s b e G A e —— e - — aan

We ‘can now make a number of observations about this fcble. Fi'rst, the fuble

— ey i an

pons:brhtylof the Engmger_mg l_)_qytglon m_clud.ed (:) the Pre-pro;eci', (u) Cosf—eshrnqhon,

components and supplies, and the installation.work. The use of outside suppliers to

supervise insrcllcfion was mentio_néd,_' in only one of fhe 37 completed projects.

from now on refer, for all three years, io the Enganeenng Division™, and we shall .

exclude from the following analysis all fhe Maintenance projects for the year 1968~
69 which we analysed earlier.
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The sophistication of this internal. engmeermg ccpab:llty is rﬁosf clearly evident
with regc;rd to the corrymg thirough of the two mc|or engl'neermg p;-olec-:ts whlch are
shown in_the table. - -

- The: “second point worth noting is fhe_gpgro;cimctgly egu&;l frequency of projects
'involving:modificcﬁons o equipmert, and projecis involving the purchase c.nd.Tnsfcsl'-*"
lotion of new eq'u‘I-p'mcnf. |

The. third poirt of interest concerns the activity re:gis'rered as 'pre-*pro.iecfs':--'in
the Toble. Whilst 9 of these 17 pre ;n_roiecfs were Icfer,'..implemen'red,!it 'cppears*hét
the other 8 'were not, Amongsi the 8 rejeclied were ombitious. pro]ects for electric-arc
si-éelmokir‘)g units to be installed in the plant, a project for converter steelmaking
units, a p}d_igcf concernad with the hqndling of 40 {on 'heats' . of steel,. 'ﬁ project for'new
stands for th'e b-illetmil‘l, und_g project fo ___instci.l ,m_céhinery fo.r-r-ncking:sfeel posts, -
-These projects 'ev-Ide.nﬂ) represented efforts to T"G':;e‘ out some fairly radical future op -
tions fqr fh_é plant. |

T|~;e conclusions we can druw from this brief survey, based on the -Téble, are that
a substartial amount of 'endogenous’ engineering is involved in the implementation of
incremental technical chcngesxin. the Rosario plm_\i'. - and thqt't.he'erc;gineering".'capcbilitf('
- within the plant has been strong énough to also permit the Division to contribute to two

maior technical changes in the plant, os well as fo engage in speculative engineering

studies concerning the plant's future,

)

The third scmp!e of projects we shall analyse are thdse which were reported in

the 1968-69 Piant Report by the Indusirial Engineering Division.
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The table overleaf shows the results of this analysis.

The most interesting thing: that <-:an be observed is how the lndustric;l Engineering
Division functions ex_ante in considering the economic effects of proposed technical
changes, as well as ex_post in adjusting production and cost standards to tho;e changes
fhof ht-:we been infroduc-cad.

Another interesting p(:;inr is that out of the 43 technical cHanges introduced or

proposed (all incremental) only 8 involved new machinery or modifications to machinery,

compared to |2' involving output mix changes, 6 involving input mix changes, 13

involving operative changes -:Sf various kinds, and 4 involving output quatity chcnges..
This is interesting because it suggests that much "incremer;folu chonge resides in thesé
variations to output and input mix, output quality and operating ter.;.hnique‘s as well os

oceurring in the more well-known form of machinery modifications and additions.
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. ANALYSIS OF 72 SEPARATF PROJECTS CARRIED OUT BY THE INDUS’!RU\L

ENGINEERING DIVISION  1968-69

-:T.)'pe of -p'rc;icc?

Number of projects

Studics of remuncrotions and incentives.

Budget presentotions and ‘cost accounhng projects.

Studics of methods, inpuf quantities’éic. in particular plant sections - for
which no special mention wos made of any immedialely prior or planned -
. technical change which provoked the studies.

Projects to classify or standarize particular product ranges.

PrO}é(::fs'airﬁE:! at- determining ex-post the change in production standards
effected by the m.roduchon of spacific technical changes.

Type of 1cchmcal chcmge involved . Numbor Of
projects
. 3hifis in the basic or.diménsional product mix, A

Changes in the grade, Ciuoliiy or dimensions of
- intermediale products used as.inputs,

Changes in product quality spec:lficohons
Medificotions to machmery

Opcrcflonol chonges clffccrmg process yield.

' Charges in the number of shms operated or hours
worlked.

Other chanqes in opﬁmrmg methods.

* Projects aimed ot determining ex-ante what the economic effects (mc!udmg

the effects on produciion standards) would be if specific proposed techmcai
~ chonges were adopied.

Numbcr' of

Type of technical change involved prolocts

Product diversifications. ) . _ 2
* Shift in the besic or dimensional product-mix. '

. Changes in the grade, quality or dimensions of
intermedicte product mputs : '

NMeodifications to.mochmery.

3
3
Introduction of new mcchmery . ' ‘ . 3,19
g
- Changes in the number of shifts operated. 1

4

Other changes in operative methods.

TOTAL

ol this type
t‘ 8
11

.

T4

19

72

Notcs to the Tqb!e

. ]4 of thetotol of 86 projects mentioned in the 1968-69 Plant chort have been rcgardcd as

"miscelluncous” and lcft out of the classification.

2, Most of the projects thown in the Teble refer 1o analyses carried out on the cctivities of
particular productive scetions within the Rosario plant, rather than te the plant as a whole.
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- We come, now, to look briefly at the activities of the Quality Control Division,

The proiecfs recorded in the [968-69 Plant Report are analysed in the Table below.

ANALYSIS OF 27 PROJECTS CARR\ED ouT BY THE C}UALITY CONTROL DIVISION

196869
T T "o |
] lnsfrumenf_repctr, calibration and construction. 4
Routine controls on the mechanical porameters of products. - 3

Intensification of contral procedures for certain products. | 1

Development of new or modified methods of analysis. 4

Quality control efforts applied to raw material inputs.

Destructive and non destructive tests to determme quality

of various different products. o 5

Participation in plant experiments designed to improve process

conditions thus raising product quality. 2

Learning in cooperation with outside organisation about how

to process a new kind of steel grade in the Rosono plant. ' 2

Investigation of the origin of product defects, ) 1

Investigation aimed at increasing process ylelds. . 2

TOTAL 27

e S

The key point which emerges concerns the last four items in the table, representiﬁg
7 out of 27 proieéts in all. These projects display a clear "research type" activity taking
place within the Quality Control division.

Conclusion

The basic conclusion which emerges from this very brief survey of individual technical

projects performed by various of the Rosario plant's divisions is that the generation of increment
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-echnica! chqnges within a plant is very far from being a completely assured thing which.
iust "happens™ as output volume increases. On the contrary, the experience of the _Rosa.rio
plan.t suggests that incremer;tcl change needs to be-explicitly organized for. Indeed it ap-
F‘:eors. thc't a conside.rabie fraction of the incremental ghcnges introduced in the Rosario
plant were generc‘tea by "resecrcﬁ‘?type" strategies rather tiwon by pure trial and error

methods.
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Suzmmary of the findings on the nature and rate of technical change in the Rosario plant.

‘Our aim here is simply to review véry briefly" tHe main f'mdinés cbouttrhe .notu;'e'
and rci-é of :i*-e;chniccl change which rhave emerged from all the evidence and analys is presented
previously in this seciion. We present these findings in fhe order in which the analysis was
cariied out. | B |
1 'j-To begin with wé nof-éd..‘.'rhot the panorama of erI'Ut?on of _the Rés'crri't.n."pio;f' émgracéd

- 'r;ulti.pie di%feréf;i"kinds of changes. |
2. W;é ?He’n explored the disz;ij"c;fion between technical ci:\qnges; and 's.cqle multiplying’
| changes, and pointed to ’rhe‘_lnged t;) distinguish bet_weén the actual technical (or scale-
multiplying) changes made, . and their effects En.'infl;Jencing the’_vc;rio;_:s diffe%en’r
" perameters’ reiat'ing to outpu} cmcli perf;)r.m_cnce.‘

3. Né:%t wé". tobked at the Qatfem of grdwth in the v‘otﬁme of outbuf frOm"rhe three orinciple

piaduetive secltions of the Rosa-r.io :Rlc::nlt, and oEserved (q) th;a overall _g_rg_w_fii_—g_ogtgx_t'
m which féléhnic;uilchnge in the‘prlqﬁf h'a-d‘fcken p!acle., (b) the uneven Qrowrh ratés

' e;-:pe.riéncéd by the different sections of the plani both wit-rh. respect to eachother, and
ceross time, and {¢) the lack of any obvious optimum or equilibrium points on the g'r.c:wth
p.c‘fh' L .

4. Aftor this, Qe then tu'rned;_,_‘?:o; examine the g_bie_ctiv_gL of %échnicdl';'éhdﬁge in‘the Rosario
p!aln'r; -gi’th wélﬂ-iséqyere,d wcs‘(c)*'th‘c’r-ccpa'c,ity-.in‘cr_elc“si;ag technical changes hcl::d
occurred with great -f;.equreng‘y,;i_n'oui’"s'o.r_npjl.e-:of 30 important techricdl-€hanges cdrric—dl
“Gut |n the plant, and ('0) A;thot product’ q,ucl,ij'y.chonges',. p‘r'oaug:tcji\versificaﬁb}ws_j wn'it cost
'r’éd‘uci.n.g ‘rechlniccl changes end technical changes 'rc‘>-.offset input de'reil'-Tbrc:,'ri'oﬁs ‘I%‘IOd c;llso
Figured in t‘-he.sqmplel.‘ This clearly showed that ’rhé‘bbie‘cfiv-’és c.»F‘fé-"é-hn'Ic'cl chan’ges in

the plant had been multiple, not just unit cost reduction. Furthermore we saw that the
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picture was s.till further complicafedby the fuét that ma'ny of the individual ‘recbnicol

. changes in the- plant hud had multiple obie;:tives o.nd eon.sequ‘esces -i.e. they were
designed ‘rc; éfFectrﬁ;ldjr';? than just one of the 'parameters’ :.of_plcnf'ou'rput.cnd 'pe'.rformcncg
at a time. ks - -

.5 Tur-hing next ;o cno!ysé rherchonges in the output mix of the Rosario plant, we noted
(o): an impressive .histéry of p;".odu.ct_ diversifications which-were ‘carried out on the 'Bor
and Prof.ilié mill {(involving 'r.he. Iqunéhing of no less than fourteen new classes §F p_rod.u:_:.ts

- during the mill's life), and (b) that there had also be’e-n_.v-ery significant changes introduced

i fﬁe output mix of the intermediate prodﬁ_cts produced by the plant. We saw that
te.chni'cul change was responsible folr all the product d'iversific'oﬁons c;i‘ the Bar and

..Pr.oﬁ'.le mill 'cmd.niso fﬁr pe-rm'iﬂing mc;_st_ of the changes in the steel grade 'prociuct_rr;ix '
-cnc'i.dimens:i'ono'l prod'ﬁct mix of the intermediate prdduci‘s to 't‘oke place. We §|so suv..r.
that tﬁg ngw produg.:‘r _Iqunch'es on the Bar and Profiie mi.ll had on several occasions '

. ployiec:i ! v-ritol role in k;—,\.epir.\g the mill occupied in the face gf fall offs in its effective
dér?fcnci due to cofn[;é'.ﬁf--fqﬁ from the Acevedo plant; and v;fe"'sowl that 'r‘he- changes in. the

! dimensional output mix of billets and ingots had largely been carried out for -the sake of

liﬁtréqs'ing the plant's :préductivé ccpcci'ry-.
6.There then followed a detailed analysis of the grow‘rh of production capacity in H;\e'
' pila?rg'n'f'ﬁ;fhfee mc%n pr;oduciion sections. The mcinlf.indir;gs \n;rhich gmergéd were that
(:a)"rééhni'gol chc.nge.' had been responsible for rother-more than half of the productive
. :::'_tl:dp-.c":.cify increéses achieved in the steelm-oking section and For ‘qll of the productive
.'cafﬁocit.}' increases achieved in the billet mill and the bcx-r_c_lnd profile mill, (b) that
iﬁcrementol change had ‘pla)./ed the leédling role in accounting for the capacity increc;ses

due to technical chénge in the steelmaking section and billet mill {(although.not in the
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bar and profile mill}, ond (c) that most of the technical changes which preduced the
observed capacity.increments had had os their main objective to produce. increases in
capacit y.
A'ﬂer this come an énalysis of the changes in product quelity introduced in the plant.

It was shown that a very important set of tecnical changes c:FFecﬂng product quality

. were "infroduced"in_ 1960-61 a3 a consequence of the planned divérs.ificafion of the

© Rosario plant into producing special steels. Further analysis then confirmed that intended

10,

product diversification was often,though rot always, the catalyst of product quality

- changes.

Next to be analysed were changes in unit costs in the plant. [t was shown that both

*direct’ and 'indirect’ technical changes had contributed to unit cost reductions --the

former having been more important with relgqrd to increasing mgfo[lic‘yieids, increasing
the préductivi'ry of auxiliary raw materials, reduci‘ng unit consumption of indirect.
materials and recfuc’ing unit mainterance and repairs costs, and the latrer having been
more impoﬁon'r with regurd o reducing unit 105c>.ur cosfs. ‘

Then we turned to changas in the human orgonization of the Rosario plant, and pointed J
to'the great importance of the emergehce (and strengtl;lening) of new specialistdivisions
within the plont ~since these new or strengthened divisions then became the sources of
future "‘streo_ms," ‘oF minor techrnological changes. We also showed that in two cases
these major orgonizational changes hod. arisen in cir?:umsfcmces of "forced response”
rather than "fom'érd planning”.

Finally we briefly arclysed the complete 'set’ of technical &c‘rivities reported in a

number of the Rosario *Plant Reports' as having been'per_'r'ormed by (i) the Maintenance

Division of the Plant, (ii) the Engineering Division, (iii) the Industrial Engineering
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Division, and (iv) the Quality (;'.on'rrol Division -~in ofder to see what light such an
un;:lysis w0u!.d throw cn the subject of incremental techpitai chonges in the plant. This
analysis showed clearly the important role hloyed by these Divisions in generating in-
_crementc'l technical changes in the plant, .qrjfaro!so prodLg_ced_ the interesting finding

that much of the lécrhfné leading to the geﬁercrion of'ltechnicd ;:Huﬁges rby the;e divisimns

is rather clearly the product of 'research-type' strategies.
, y e p ype
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t_c:_n_cg_s_whwch came to affect the plant.

- Most notably, fhe'“effecfive demand® taced by the Ro.f;c:rio plant was cbrupt:l-y changed
- on several oceasions by fhe rmpc:ct of changes which iook place in the producﬂon copcc:try o’r‘ the
.’ Acevedo plant. The most wnporiont‘ of these chdnqes accurred in the years 1951 1962 ond 1972
-AH three of these chonges had the efFect ‘of dmsﬂcclly reducmg the uhlizahon of ccpoc:ry OF th
Bar ond Proh!e m:ll oF the Rqsoruo plant -~ and resul?ed, in two out of the ?m‘ee ccses, in-techmnii

‘ chonges bemg made in the Bar and Profile mill to dwersxfy its produchon into new classes of -
produ¢+s. S S o T
S . . - . )
The o}her mc|or effect in the cose of i’he 1962 and 1972 changes, was to generma a shan

Increosed de-mund for blllefs from the Rosarlo plant to service the raw noferlal requurements of ﬁi:l
then onderutitized new rolhng ccpocxfy in the Acevedo plc:nr To meet this shcrply mcreased
demcmd the Rosorro piant had to respond by domg it best to increase mgof and bn”er produc’r:ori
as fast as possible.

Fur?hermore fhe major fechmcol chcmges oorned out in the 1960-6] period to dlvemfy |
produchon into special sreel grades, ond to produce fo more stringent quality standards, were alsd
a response to shqrply changed external cnrcumstonces, in this case the coming onwsfrecm of fhe'

large —scale steel producing uni_f’s-of a competitor firm, Somisa, which threatened Acindar's. hold

on the demand for common steel products then being setviced by the Rosario plant. This can be
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nsidered o5 an @ ompie'of technical change bzing caused by an imminent change in the composi-

on of the cifective demcnd facing the plant.

Another Iinpoi"'rc:n? exomple of technica! change being carried out in response fo stiorply

hanged wxiormnal circumstances was the intensification of preventive maintenunce procedures

arcied out in 789 in resmonse to. the dc-‘.-eriorci-ing situation of the plant's machinary which was

T
self nrovorsd by Acindar's man\ed co,h shorfage for investment in H*e precedifig fwo ycc:s tie.
1 eveni sxternal to the Rosario pleat).

The common e|e~1enr in all theze examples is that an abrupt change in circucctances ex-

sthai fo the Rezario plont generated an urgent need for technicel changes to be performed in the

lorit. The urgency derived from the fact that, in every case, the result of noi  doing anything
ouid have heen to permit or perpetuate o demaging underuhhzchon of rreductive capac”y,

ither in ihe Acevado plant's rolling milis or in the Rosorio plcnf's Bor and Profile mill. in these

red cephict.- Wa shall call these k nds of technical changes! exog_enou_l_y demcrﬂ’ed 0 as to

dicate fnn prasence of strong e:ﬁi-emgi factors senerating urgent demands for technical change on
e }{C:S_'GTEO;;;ED?‘.‘}'.

In fach the historical situction of Iac@ of sufficient blher mputs For the Acevedo plant's
ills, which fiss 3t bocame iraportant in 1982, has persisted ever since then (I), and this has led to

Fract ricaily perma Snent_ excgenous dnmord on the Rosario plant, since 1962, to increcse its billet

f!-p-.;i destinad for the Acevedo plant,

. ~
[ .
| O e w et ek e it ey A R e e Yt

)} The main rezson For the persisting shoiiage of biliets was that Acindar's successive integration

p-rc»?.:ci-s. sinad ai Indtolling blast furneces and grimary rolling facilities in the Ace\,c‘do plant,

¢ conpinuoniy postponed by the Argeniine covernment, ond it was only in 1774 that Acindar
rea D'!.-Dt.: c definite gso-ateud to integrate the Acevado piant this time with Direst Reduction
5 thal ere eipocted to cone on-stizem in 1978,
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“The next category of technical changes which we can distinguish in our effort 1 analyse
the d:fFerent causes of technicol changes in the Fosario plant, is whet we co |.|-?'{_a_x2\r_;§r_}_ags_1y__siir_ﬂq:-“

lated'te chmcal changes. These cre technical changes made in the plart in response to anticipated

or ociuc\! chqnges in the volume ond composition of effective d.,mond or in the uqln‘y, compos:

tion or pricd of the p[ant's raw materin Is inputs. However, unfike in'fhe ’exogenaus!y demandgd'

changes the éxteinal factors which stimulate the Chunges in this second cc’regory are not of the kind

~ that oo.,e immediate thraats to the compﬂny s proﬂhbthty if they nre na’r rnspond‘vi t2. For instance,

-

in ihc case 3f the Rosano plunt 'fhe cumu iﬂﬂ ve detarioration in 5crﬂpquf‘|-ty over the ycﬂrs became
) shmulus to techmcal ch:mg‘,s whuch weremodﬁ fo i -ﬁrovc scrop ﬁuai ity control scrap s\,lechon
proceduris, cnd scrcp densificution-, buf rnese_iechnicol chc;ﬁges could not be regarde,d_cs falling
info the zome catégory'v of urgenc‘y as t_he- ones described earliér. Further axar. F;ies of 'exogenously
si‘irrufdi‘ed"technica g chcngé.weref\sﬁn ulated b.-y damrand ;sfde. fac-tt-brs.' l' For c.:xa.rr ple, the in ponnn%
product duvers¢f:cat1ons in reinforcnn‘g bars carrled out in ”thx. Bar and Profile mill were stir u!oted
by the growing sophistication df n'quef den.and,and the expansion of the output of t'hef Sar and
Profile n i “f’;nrried‘out‘be-tween 1969 and 1971, which i-nvolrv‘ed major téchnicol chrJng.es; '“.-'as.also
stivulated by exp?::ndéd der and ;nd lfur?her excn ples cou Id be éivén. |

; _T"P-nl'c.-;f"‘third c.ofegérylc‘:f te;:!.*micc'l cHér;ges which e can distinguish ray be tem.ed.‘ieﬁdc;-'

genously generatad’ technical changes. The in-portont fecture of these changes is thot they dolu"_n-:»t .

_crice ©3 responsas to deal  with changed external factors -rather they arise from the regular

activitias of plant personnel (and plant divisions). who are concerned with incrensing nlant effi~

ciency, and who are on the lookout for apporiunities to do so. .

Many kinds of tec-'hnical'chonges we nofed in the Rosario ofont fall into this third'c'c:-:-egory.’

cost reduction studies of the lndustrial Engincering Oeportment, the ‘i'mprovements in operating
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.proéeduré made as © r;eéult of gr aater familiarity with equiprent, ete, e’rc..rr-.cy c..H bé-.regarded'cs .
'ehdc-:_genously generated', 'I;he %:ommon denominator is that the technical chanées we have called
'endogenoosly gcn.ero‘fed’ldo. not dépend or re;oond to particular changes in the ex_temcl enviro’nmerjf
of the glanti bﬁt urisle frc!m tho ap#!imfion to equipment énd procedures of improvement criteria -
which may bs thouéhr_of as "internalised” in the heads of olant pérsonne! and‘ also "formalised”
in'some of the regu-'lor .tcsks of the plant's operating divisions. The stimulus for 'endogenéusly; o
-gén'ercjted' ‘technical chcﬁge. may come- from an 3quipmé_nf breqkdo-wn, or in the co;)rse of .d‘r) 7

. int-é‘rnq-l plant st‘udy rc.ar ﬂom an idea of the plo.nt's manager or an engineer, foreman or worl:(gr.: -
Tf;le key poiﬁt however, .is that the source of the stimulus is internal rather than egternol to the
‘[;)'Iq‘nr.

“ .:l\‘l.o“.v that we have defined‘nnd givén -exam;;les of these-.rhrec cqtegqries of technic’:o.f
'cbcm'ge-we..:shcl‘lhr_nuke use ,of- them  in discussing the pérticuiur path of technical change taken in.
‘the R.ors'm":io;pionf.

| The cc;ntrc:! point to be rnc.idc.is ’rh.at a high F'ar‘mpor’ric:»n of tha most sig:nificqﬁt technical
“changes rlpude‘.i‘n the Rosario .plcmt appear to‘ have bee'n 'exoganously -demanded’ i.c. carricd
pﬁt under‘ prassure to meet urgent external requirements and it is als> evident from the record
that- the plant has bean able to react successfully when F'aced with these requirements. in parti :
culor vgc_:_:!uﬁ note that ‘t-he urgent requirements from 1962 onwards for higher billet outpuy fr;am B
the f{d_sqr?p blunt werlz met by o' highly succes.sful- 'récord of capacity 'stretchingrt'echnical —
change in the steelmaking units and billet mill, and that fhe:sqcc_essive. crises' impos.ed on thg
ﬁ;;:(olnajlij‘rc?.File'milﬂ by the changas in thej_‘Acevedo plant have been met by a successful program
of product diyersifi‘cqtion. | | | |

ln add it ion_to rgsponding direc‘tly t> the particulor immc?&icte reqﬁiremenfs Vthﬂ'f gove

rise to them, many of the 'exogenously -demanded' tachnical changes have also gimulated n greater
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infensity of 'endogenously --gc;lnerc_:ted’ technical changes in the plant. Such an cffzct is
clear to trace in the cc.sé‘s: .‘J% tf\e exogenously-demanded technical changes which caused
the ‘s!rengthen_ing of the Q-.':alii_.i-y Conirol division and reorganisation of the Mninfeﬁanée ‘
division, si:;ace these ‘rv'voAsi-.rengrhened divisions quickly began. to generate 'streams' of ) '
minor improvement -type technical cha;\ges in their areas of cpmpeténce.

It fsi-calso Iik.ely tha_? the virtually penncﬁent urgent need of the ff\ce_\{édo plant for
more_EiHe'rs from Rosario must have caused Rosario plant personnzl to 'internalise’ more
intensively than normal the value of beiné on the lookout For. copacity “stretching techni -
cal changes in the plant, |

The infe_res.ti-ng conjeciure ane con raise in eonnaction with the importance >f exo.
genoqsly-démondcd tachnical changes is fhf:t parhaps the overall success of the Rosario
plont in odoptigg i-:-rsellf-so sﬁcccssfully on a iow_ investment budget has bazn partly due
t-:: the very Q__[g_e_er_l_c_z of .the external pressures whiciw qffa;ted the plant? The suggestion
is, in other :w-ards, th-cat being farced "r:m ﬁdcpt by strong extarnal pressure led the sersonnel
of the Rosario plant o‘n many occassions o learn quirc.kly how #5 strech, odapt and‘ adijust

‘their plant 15 changing circumstances, and that this "learning under pressure” was in some
sense eﬁrémely_ "efficien't"_win producing suceessful techn ical changes in the plant, both
direétly'in the sense of giving rise to specific responses to the original external stimuli
involved ,'_ondlr_:‘llso ind'irlectly in terms of intensifying the ovara" endogenouslx.generated.
tec_ﬁnicol change- effort within the plant, 7 P : L

This conjecture -concerning the afficiency of 'learning under pressure’ - has a

plausible ting to it. However the form in which the conjecture umiolly gets attention in

the literature is in connaction with the rather narrowly circumscribed st of nressures con~

nocted with botilenecks, For instance Paul David, in referonce to Nathan Rosenberg's
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idea of ' compulsw\, sa qu‘énces‘" .of tei:hnicc:.l ;HEhgc' statas -rhét:"lnte-rﬁ'éi fééﬁr:ticol rélc .
tions among the slemants of o producfidn process rather thon extemal market :condir_ions
-generats a sucoass ipn-of mare or loss -vaioué 'enéinééring E.hdllcnges' , pr;rsctiéal dif - |
ficulties t.lﬁct sarve to focus invéntive'e:ffart in one dire‘ction.‘or another ot differant mo-
ments of time. Tha nead for resolution of cach of the'corﬁpeliiﬁg 'pr~5b15rﬁs typically is '
sigr';ciiéd by breqkdo.wris,' ec._zuipm;en‘f malfunctions, orn oreAgenéroHy, by the m.af.erialim;‘
zation of physic:cl bottlenecks of higﬁly épecific Kinds" (1) T
We'dq nat quarrel with this view so for o it goes, But evidently ti'\cl"éxpefience of
the Rosario plant with .techniccl change shows that external market canditions can hove
a powerful 2ffest in ‘orienting' the profitable direction of engincering E:hci!enge-. For.
ins;f;mce it is obvious that the undertaking of a seqﬁencc »f fe;:hniéél chénges which o
involves removing o succession >f bottlanecks will scem a more worthwhile act‘ivi"'cy‘ in a_'-‘: o
plant where there is o ne‘edrb exg;cnd baysand its existing outout than Ern.‘;me facing o
~_ static or declining demand. Convarsely, in o case when demand dses decline (as 110§-
. pened for the "effactive ciAemond" of the Bar and Profile mill of the Rosorio pleﬁ_nf 5n many
occasions) then manogement is likely to be sompelled t5 think nbout the possibilities
of m’iopfing the capital equipment concarned $3 as to diversify its ;::‘r;od_uc":fion._ As Edith
Per;roge put :1' "the signific-m.wce of ox isfi:;ng resources may not be noticed by porticular
. firms whan their ma:;tagerﬁent is presccupied with sotisfying the défngnd Fof.éx.isting ors-
duets, but it beecomes v.ery mu;h in avidance when damand falls off", (2)

To sum up ~the basic point which we have made concerns the great importnnce of

A R e e e T e Gam W o e e e e
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'ex’-‘:genoﬁsly'demonded' .fechniccl changes in tha eyoluri;‘an of the Rosorio nlant, We
also eonjectired on thé possible "efficiency” of urgent external reduirements in calling
farth ndequate technologiosl resporses from the plant.
Indeed it is our impression that the particulor externel ciroumstancas >f the Rosorio

nlant's avolution crested ¢ situation in which the tcchnica”y datarmined "domain’ of the

— e — s —

plants. The remarkable dagree of up-ngmding'cchieved in tha Rosario plont mdy thus be

ir;.g-ood measure due t5 the unusual historical circumstonces which have .chacred the pla;nt.
But i f the upgrading possibilities whigh were stumbled cciass in the Rosar?o plant out

oF‘Historiccl necessity were, as seems o be the case, aehieved af v-:r'y low investm.ent

- ¢osts,then this ra ises the auastion 65 to wh?fhcr other steclplants :r,s.r-:: taking full advantage

of the upgrading possibilities which thair history has not foread thom to explore.
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in this Chapter our aim is twofold. " Firstly to review very briefly a
number of approachaes to the subject of 'learning' that appzar in the eco-
nomic literatuve, and szcendiy, to present and discuss evidence concarning

the types ol learning that have taken place in the Rosarieo plant,

Some appree
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The first apsroach we can mention has recaivaed a good dzal of attenticn
in the economic literature and may be_called the Iéarning—by“doing view of
technical chznga. The basic empirical observation underiying this literature -
is that the unit costs of many products have been observed to declina as
production exparience gro&s. Originally the empirical observations referred
only to unit Iéboﬁr costs. qu example in the case of data on World Var ||
airframes it was found that “doubling cumulative airframe output was ac-
coﬁpanied by én average reduction in Jirect labour requiremants of about

23% {1). Lowever, more recent empirical studies have suggested that the
basic relationship bétween accuﬁulated production and cost declines “‘appears -
to apply” to the full range of costs including development, capital distrf-
‘bution and 6Vcrhéad as well as labour costs'' (2). The basic relaticnship

is siﬁply'that ‘costs appear to go dowﬁ on valﬁé'added at about 20 to 30%
every time toctal prcduct‘experience douﬁles fof (an) industry as well as for
individual producers' (32).

- e e A s O A e k-
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{2) The Boston Consulting Group, Perspectives on Experience, published by

sl oy e e - - -

the Eesten Consulting Group, inc., 13979, see Introductidn.

(3} See The ucstan Consulting Group, op. cit., pege 12.
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%he explanation given for these cost declines -which'a;e'usually
represented as 'learning curves®, 'progress functions' or ‘experience'curves‘-
is that *experience of production is bound to lazad to greater efficiency.
Hencé the more * a firm or plént can accumulate experience'of production;
the greater the efficiency improvements that it can‘be.expected té introduce.

Firms énd plants, in other words, learn,ffom experience;'br in the usual
terminology tiney '1éarn-by-dofﬁg'. |

To formulate and represent this 'learhing-hy-doing' phanomenon

economically the approach most often taken in economic literature has been

- to'mulfiply tha stétically,defined production function of the firm by an
\:“expefiencc‘térm“ whare this exparience term is representad by'somc.function
L.qf the quantity -of the firm's past output of the good in Quesfion (1).
these models the firm produces “‘experience' automatically as a bye-product
of its prqduﬁtign of goods, ;nd what‘deterﬁines'the deg;ee of cost-raduction
- obtained is only .the firm's cumulated past output of the.good‘in question
" and the particular functional form 5e!ec£ed for the experience term,
As an alternative to tﬁis formulation, some authors have used elapsad
timez since beginning production as the variable which enters into the
| “experieﬁce*term” (2) and various alternative functional forms of the
experiéﬁce term have béen suggested.
| However an important difficﬁ]ty with models in the learning-by doing
tradition is.that'whilst undoubtedly some fraction of the knowledge relevant

Ll L N e L L

(1) Learning-by-doing is assumed in these models to operate on the productlon
function in a Hicks neutral function.

{2) Sce for instance the suggestions put forward by Robert B. 2avin and
William Fellner for using cumulated time as the indax of experience
-as quoted in P. A, vavid 'Learning by doing and tariff protection’,
Cn. 2, of P,A. David Technical Chanme, lnanovation and Econsnmic Growth,
Camuridge University-Press, 1976, pp. Tib, 117,
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production activities, it is also clear that much of the relevant knowledge

for improving productive efficiency gets génzrated as a result of spacific
Gl :
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knowledge-gaining programs to which resources are assigngd by management.
Thése latter type of programs, which may be.termed "education and research"
pr09réns, cannot be successfully handled within the learning~by~doing
frameﬁorke They Tepfeéent ‘learning-by-" spemding' rather than 'learning-
by-doing' activities and they requiré'a framework in which on2 can

represent the output of specific kinds of learning as being related to

. these specific actions and expenditures taken to produce it.

One interesting model of the 'learning-by~spending' variety has been’

developed by Katz, in which firms devote a proportion of their revenue

adaptations, improvements nnq innovations in plant processes and in the
producté nrnduced (1). A key point on wnich this mode! depends ié'that the
improvements are all assumed to take place within the framework of an |
essentially 'given' technology -i.e. the improvements are 'minor’, which
has the‘important consequence that the 'output' of spending on the inventive
activities nan_be assumed to follow on closely in time and also with minimal

uncertainty once the expenditure has been made- behavioqr which does not

apply in the case of expenditures on 'major' innovations when the risks of
failure are considerable and the gestation time likaly to be long. The

inventive activity in Katz' model may be engaged in at any time from the

beginning of 'normal plant operations' onwards, and entrepreneurs treat
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fheir ‘\eérning expenditures‘ as variable costs. knté is“iﬁeﬁ'ééfe t; denon-
trate under certain S|mpllfy|ng assumpttons what an ;ontimaiizréte‘of. o
learning expanditure for a firm would be, and he is able to extend hns model
to consider optimal learning strateay given the possfbility that learning
' eprndctures may produce external benefits for combétitfﬁé:firmslas well as
internal bencfits to thz firm thch‘generétes‘fhe Iearning. He aiso-demos-
trateé empirically -for‘samplé'bf'firms in three Argentine industries in‘thn
period 1560-68, a hign oorrelation'between the incréasés‘in globalinrodunfgvgnr
achiaved by these firms and the accumulated firm expenditure on 'adaptive:
n and ©' undertaken in the period per person employed. Tne éxpendfture on
; adaptive- R and 0 was calculated as the sum of all the enpénd}tures under-
- taken by rhe R and D departments'of thé firm concerngd (if it had one), |
'plpé the expenditure on related'technicql departments'such“as the Ené néering‘
\ Ueparf@ent Quality'Control Pept, Technical assist;nce to production Depérf-'
ment, etc. | :
- It isrcigar that Katz's médei of 'édaptine R and D'raime& at pro-
ducing minor technical changes in plants after therstart of thzir normal
operatfons does address‘itself to a highly important asnect of induStria!
reality, howevnr it is a!so'pertinént to note tnat thé model excludes, by
virtue of fts assumptions, the cqnsfderation of (a) the learning that
firms may angage in ggfggg thn starr of normal plant operatiqns'(i.e. the
1earnrng done in the pre-investment pha;e; the construcfion phése;.and the “
start-up phasg of new blant investmants;iand {b) the‘learning associated
with major modifications to plant technology. o
In general we can remark that the well known phenomenon of productivity

‘fncreases which arise from investment in new plant and improved capital goods

¢s  not -usually regarded in economic literatura as a field involving any

-~
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"MNearning" contribution by the firm (lj but is usually analysed as a static
""ehoiee of techiqﬁés” proslem whereby theientrepreneur chooses the least-
cost technique available on the (known) isoquant of best-practice technologies
for the desirad output, taking into aﬁcount his factor prices; The objection
to thié tradifionai view is that it sweeps'under the carpet the real-world
problems of (i} learning about the existence of the different best-practice
techniqdes, ~{ii) learning about what their capital and operating costs can
be'expecﬁed to be whan'sst ﬁp in the specific location planned by the firm
and within the specific technological and economic context of the firm's
existing operations,. (iii) the learning involved in plant construction,
(iv) _thé whole learning process involved in training staff to operate the
aw facilities, {v)} the lgarning progess involved in starting up the
new facilities, and then (vi) the learning involved raising output up to
the intended design level.

tven if it can be argued, quite cofrectly, that many firms hire
specialist‘consultants to supervise most of these steps, it is nlain that
the firm concefﬁed must nevertheless still be éngaged iq an extensive
learning process, at the very least one which involves .learning how to
successfully operétg and maintain -its naw investment.

Thus, learning processes of great economic importance go on inside
firms.QQEQ in connection with the making of substantial new investments,

and with the generation of all manner of adaptations and improvements in

(1} Although Kennet Arrow in his seminal learning-by-doing paper, proposed
that cumulative gross investment should be made the measure of experience,
he assumed that technical progress was due only to improvements made by
capital goods suppliers, i. e., that it was due to exparience gained in
machine building. The idea that a learning process by_ths_firm was needed
to accompany acts of investment in improved capital goods was not taken
into account: see K. J. Arrow, The Economic lmplications_of Learning-by-
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doing, heview of Economic Studies, XXiX {June 1952) pp. 155-173.

Pl
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the afficiency of their existing investments., All of this leafning,
evidently, involves the use of the time of the firm's persannél and of the

firm's resources and has an opportunity cost. The question is raised,
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answer this question, exczpt by saying “to learn, you most produce more'!
and the 'learning-by-spending' ‘médel of Katz which is concernad with
spanding on adaétiva R and D doés not attempt any comparison batween
this particular kind of spanding, and sﬁending on the learning involvad
in making major new investments and/or major altzrations to existing
facfiities. Yet, it is clear that if empirical and theorcetical economic
ana]}ﬁis'cpuld throw 1Tghtt on the comparative costs and benefits of these
i différent kinds of learning (and also throw Iighf on the complementarities
which exist batween them) then it would-be renderidé a most valuable
‘Vservicé to industrial projecf analysis and industriai planning.
Two further,. quité different, appréaches to the Icarnfng problem
’lwill now be mengioned, in ciosing tiis brief Iitera;uré review,
‘The first approach stems from the conception, duz to Hirschman,:
tnat all projects arc subject to 'a set of possible and unsuspected threats
to {their) profitability and existence'’ (1). Given that one or more of
these threats:-which may consfst‘ qf matters such as supply-side difficulties,
severe probiems of inadéquate or excass demand, financial undertajnty,

faulty administrative‘arrangements or political interference- are highly

tikely to materialize during the lifetime of the project, then what

L R T T - A a  ws

(1) Albert 0. Hirschman, Uevelopment Projects Cbserved, Grookings Institution,
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&istinguishes one project from anotier is prihcipally.its avility to over-
cone the severe problems wihich it will soonar or later face.

However just as Hirschman iolds that all projects itave a high propensity
to Y'run into trouole', he also holds tihat projects are some;imes unzxpectedly
resourceful in cetting out of trouble. In othar words whilst promoters
tznd to underestimate the magnitude of the potential thraats to tne success
of'theif projects, they also tend to underestimatc the pssiuilities of
takiny remedial actions should a threat bécome r=al.

The relevance of this conception-of tiirschman's to the question of
'learﬁing' is that an industrial plant may be expected to have passaed throuéh
a number of ‘crisis-pariods’ in its existence during which a grzatly
;ccelerated learning pfoéess will have taken slace designed to search out,l
éelect and then hnulement;aremadial patﬁ of action leading away from the
situation of crisis into.vhicn the plant got itsz1f. The Hirschman
'concepfipn theréfore leads one to expect that an important component of tﬁe
”Iearning” noing oﬁ in plants wiil consist of ‘crisis-induced’’ learning.

It suggests that in in;erprating the overall evolution of industrial glants,

one will need to pay specific attention to the “‘crisis-induced’’ learning

as well as to the less frenetic types of learning associated with the more
normal periods in the plant's life.
The second approach which we will briefly mention here is that of

Ecith Peorose. In her classic book, The_Theory of _the Growth of the Firm (1)
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Penrose demostrates that “‘both an automatic increase in knowledge and an
incentive to szarch for new knowledge are, as it were 'vbullt into' the very

nature of firms possessing entreprenzurial resources of even average
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initiative'.
The learning process which Penrose refers to is not simply one .

of learnéng-to reduce costs on already installed processes, but a much more

wide*fanging process of fearnjng progressively more and more about the

"productive possibilities_inherent_in_the resources_of_the firm'. In Penrose's
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existing. collection of bhysical managerial and entrepreneurial resources to

lbe more profitably used. As a result, "learning', in Penrose's view is'the
crucial factor in détermining the éharaéter_of the expansions that a firm
‘undertakes, and the way that a firm'é product—mix alters, as well as

‘befﬁg important- in leading to efficiéncy improvements in existing processes.
:Evidently this is a much broader conception of‘“learning” than the one explored

in the “mainstream'* learning literature to which we referred earlier on.
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This completes.our-brief-literature réview. Now our aim is to bresent
and discuss evidence which throws light on the way ”lé;rning“ ha§ developed
within the Rosario pfant.

What we do is to first analyse a selected number of the most importént
technical changes which have been carfied out in the plant so as to see
what kind of "learning'' was involved in these chahges. This evidence, together
with evidence presented eariier in the report, then enables us to build up a
picture of thé developmeﬁt of learning in the Rosario pl;nt which we then

contrast with the literature approaches to learning reviewed briefly above.
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If can tfuly be said that "learning' got off to a rapid start in the
Rosario plant from the very beginning, in 1543, This was due to the virtual
impossibility of obtaining capital goods from the USA or Europe during war-
time -which meant that Acindar had no qﬁoice but to engage in a ”dO"it"YOU(Se]Pl.
operétion to translate its financial investmen;. inte a working steelplant.

The success of the operation was no maan achie&ement for an enterprise

fresh to the steelmaking field. The fourder of Acindar, Arturo Acevedo,

persuaded General Savio, the "father of the Argentine steel industry" to
part with a set of the plans of some small Siemens-Martin furnaces installed
in.a plant belonging to thé Argentine Armed Forces =~ and Acevedo then gave
tﬁese plans to a younQ enginéer, Ricardo Pujals, who he had recrujted from
‘another small Argentine plant, La Cantdbrica. It was Pujais' job to design
a"scaled%up' Siemens-Martin furnace for thé ﬁosario plant, based on these
plans,.and.to supefvige the construction of the furnace. Making use of his ‘ ,
previous experience of having helped in the construction and operation of j
two Siemens-Martins furnaces in La Cantdbrica, Pujals was able to designra
furnace for thé Rosario plant which was not only scaled-up {(from 15 tons to

25 tons nominal capacity per heat), but which also incorporated significant

design improvements compared to the Siemens Martins furnaces in La Canté-
brica and in other Argentine plants. Then when it came to the construction
of the furnace, Acindar had to display great ingenuity in obtaining the
needed structural materials, and finally ended up having to dismantle raifj
way wagons and bogies to obtain the nceded metal parts.

Still further ingenious improvisation was required in fitting out the
furnace with satisfactory refractory bricks -for the supply of these from

the USA was becoming less and less raliable, In the case of silica bricks,
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Acindar was helped by the start up of natioﬁal manufacture of these, but in

the case of Magnesite bricks, Acindar had to engage in the manufacture of

its owﬁ'by'means of & process inwolving the compression of mixtures of

friéd imported magnesite and glue. -
-Finaliy, when it cém; to the operétion'of the furnace then installed

in the Rosario plant, Acindar again had to improvise. Since coke‘was not

available, charéoai had to-be used in the furnace for bringing_up the

carbon level in the metallic bath to tHe required levels - and it was neces-

sary to develop a "home-grown'' method fér keeping thé charcoal from f]oating

to the top of the metallic batH aﬁd bdrning off. The method developed was

"the crude one of packing the charcoal in together with 1imestone on the

heérﬂxof the furnace and then tamping it down by loading all the solid

scrép on top.

| A sim{tarfy Highﬁdégree,éf improvisation was in§olved in the ins-
tallation and initial operation of the Rosaric plant's bar rolling mill
-which is now something‘of a legend amongst the senior staff at the Rosario
plant today-. However we shaf!,not go into‘details here.

There are a number of cbservations worth making about the '"learning

“involved in Acindar's successful effort to bring the Rosario steelplant”
into existence and to get it functioning successfully under difficult
wartime conditions.

The first observation concerns the remarkable success of the entire
operation considering the virtual elimination of the usual channels of
‘technology-transfer!' from abroad that would have been ;vailable to Acindar
in ﬁorma}.times. 'This suggests that the economic potential of 'Ioéal'
learning.efforts may well be é large?y neglected or élse a totally unknown

and dormant potential in times of comparatively easy access to imports.
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The secénd observation is_ghat Acindar wag able to benefit from the
‘embodied® learning contained in the furnace plans which General Savio gave
to Arturo Acevedo, and, even more important, from tﬁe léarning about furnace
design, coﬁstruction and-Operagion which Ricardo Pujals brought with him by
“ virtue of his four years of prior expérience with La ﬁantébrica. in other
words a signifjcant.élement‘in Acindar's success in putting up the Rosario
-plant was tﬁat_the company organised itself to take advantage of external
learning benefits generated in other-Argentine steelplants.

A third obseryation‘cohcerning this early "learning' in the Rosario
plant is that it spelled out what was to remain as a hallmark of Acindar's
technological approach ever since ~ namely a definite “te;hnological o
optimism'' both =as regards the deyelopment of '"home-grown'' adaptations and
imbrovemgnts_when required and also as regards édvancing into techno]oj?cai

fields completely new to company {1)
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The design of the second furnace and the modification of the first one
benefited from several minor improvements suggested by the practical
experience gained in the construction and operation of the first furnace.

(A clear example of learning-by-doing).
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furnaces. ({(1948-49)

P R T it

(1} Acindar has pioneered, within Argentina, in continuous roliling mills for
bars and wire rod, in forged products for the automobile industry, in
iron-ore exploration, in special steels, in plastic tubes, and in certain
kinds of electrodes. P '
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This important technical change was sparked off by the fact that
senior Acindar personnel had noticed the successful use being made of shaft-
furnaces by a smallscale steelworks in tilinois, U.S;A. (i.e. learning

about the availability of a previously unknown technique).

) This majog technical change invoIved investment in new capital equip-
ment of entirely foreign design which was mostly imported. Furthermore,
both the installation and start-up of the mill was Supervised'ﬁy a north-
améficén'expert seconded from the Republic Steel Company, who worked full-

time with Acindar tﬁroughout the pariod 19&7-51. in practice this expert

worked closely together with Acindar's own enginéers and a sizeable

contribution was made by many of Acindar's personhe? to the detalled
ehgineéring design required by the billet mil}, particularly in so far

~as éivil and mechanical engineering was concerned. There was élso extensive
participation and training of Ro;ario_plant personnel throughout the start-
up period which appears to have lasted over a year. It is therefore clear
tﬁaé Acindar was actively invoived in "learning" throughout the investment
.and start-up phaées of the Rosario plant's billet milli, and that fhe company
was able to 'intérnalise' virtuai]y at} the relevanf specfa1ist knowledge

brought over by the foreign expert. -
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liping. (1358-59)
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As far as we can tell this change was undertaken entirely by plant
personnel. It corresponded to a WGll-known_and widely tested improvement

“already made in countless cther Siemans Martin furnaces all over the world.

'_ It cannot therefore be usefully regarded as a result of 'learning?by-doing'.

6.  The_changes made'from‘tog-goured to_bottom-poured_ingot_casting, the
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Thése changés were made as'a‘resuit of the recommendations made by
German consultant who was invited to ﬁosario by the plant's Director,
following one of the periodic visits made by thfsroirector to Europe. ‘
Experiment; were conducted fn the piant to demonsfrate the superiority of
bottom~poured totop-poured ingot casting before the changeover was made.
All above thanges'involved the learning of new operating practices in the
plant. However the improvements themselves cannot be considered to have
arisen in evolutionary form from the plant’s previous knowledge stock as
§ resq!t of !earhiﬁg-b? doing. Instead they resulted clearly from the
specific iﬁcorporaticn into the plant of both neﬁ capitél equipment and neQ
procedﬁrésrrecoﬁmended by the foreign con5ultaﬁt.

e ey e e e e A N e Y M N e S R M WA M e MR W M LN e W R G W A e BN L A b W v mh T e W

7. Successive modifications made to shaft-furnaces

‘The performance of the plant's shaft furnaces has been improved on

o
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seve;al occasions, .For example, in 1958-59 the furhaces were fitted ait;

with a much more durable refractory lining which_grea;ly increésed their
availability. Shortly after, fhe furnaces melting réteandfheircokeproductivity
~was increased by injecting hot:air, and in 1972-73 a further advance waé made

by injecting gas iﬁfo the furnaces. All these advances required considerab]e

‘experimentation and input of engjneering'by Rosario plant perscnnel.
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8. Oxygen_injection_into_the metallic_bath_of _the_Siemens-Martin

furnaces.

Like the changeerr to basic réfractpry ]ining this change had been
lf(equently proved successful in other Opcn-Hearth furnacés. The impulse
for this changé apparently came from Acindar's central'engineering group
fatﬁér than from within the plant - and the implementation of the change
wag apparently-alsb done with their help. This is therefore a case of
learning and experimentation with a new technique when the Rosario plant
was able to benefit from the skills énd experien;e of Acindar's c;ntra]
.or§anizati§n. |
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9. The Reform of the Billet mill, 1969-70

This oroject is an extremely interesting example of .internally gene-
rated and executed technical change resulting bhasically from the experience
of the staff most closely involved in operating the mill. The project

consisted of some 19 separate medificaticns to the Billet mill, affecting

o,
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virtually aii its component units. For insténce fhe reheat furnace was
redesigned andranlarged, and the ingot chérgfng and discharging zones were
upgrgded and modified. Additions and layout changes were made to many of
the_transporting units-betweenlthé mil]‘s su;cessivelstages.. The mitl's
Iifting table was completely redesigned and its hydraulic syﬁtemlreptaced,
some changesrwere made in the foundations to the mill ftsalf, and many
impro?emeﬁts weré in;roduced in the cooling bed, and the mill was fittgd out
with improved e]ectfica] “and control systems. All these changes were
designed by the seﬁior stéff of the plant's quling Division in cooperation
with the plant's Engineering Division which was rgsponsible for executing
;he changesf |

- This project -.which'ﬁag aﬁgngsfrits.ﬁajor objectives to increaﬁe

thé capacity of the billet mill - is arvirtua1rarchetype of an important
enginéerfng advance achieved by mean; of a large number of incremental
imprqvémqnts. One normally thinks of fncreméntal advances as befng carrfed
out'peécemeal, first on one component of a productive unit, then on another,
and so onr-‘but there is no special reason why incremental changes should
ﬁave to be carr}éd out in this way. !ndéed in terms of reducing the down-
time invofved in making modificafions it makes far more senée to make several
_.&Héngés in diffgrent components of the mill all at the gamé't{me, rather
: than.ﬁav{ng to stop the mill several times in order to make one change at
a time. In_fapt this particuiaf project to reférm the Billet mill was'also
timed to coincide with thé scheduled general repair of the mill - so that
the down-time due to technical change should belreduced to the absolute
minimum. The key_poiht about this whole project is that béth the prior
learning that made .it possible and the‘engineering Qf the project itself

were entirely internally generéted in the'Rosario_plant.

-



19, _The_reform of tha Bar and Prof Te mill, 1372-71
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Like tha aravtous exam:i¢; oﬁly.mo;e sﬁ}Ithis jrojecf fs a ?caséFSook‘
ex;mpIe of what can be achieved by intérnaily genarated Tearnind and znginsaring.
as égplafned afaviously;'the bfbject‘was désigned.with.tﬁréé pﬁf)oses {stagas)
iﬁ mind viz. (i} fo increasz tha canacity of fhé Sar and Prqfile mill wfih
its ﬂxlstlnq )roidct mix Uy a nactor of 73%, from 70 ﬁOO tolIZQ 330 toﬁs aer
annum, (ii)'to aarmit the mlll to dlvorﬁnfy into thz production of forglng hars o
for the automosilz industry, and (iii) to taks into account iﬁ tha design ) |

. possible futurs ﬁiversifiﬁation into tha »sroduction of small diamétcr sami-

atl&y round Dars., Tﬁe design was develaped undar thegieaﬁership.of thz Dirzctor
of the Plant's Rolling Division, with assistance from his Deputy and from tha
pl;ntiﬁ Endiﬁ cfiﬁg Dlv:5|onv TAll thz naw installstions,’modifications anﬁ
'layout changés involved in stage (i) of thé redééigﬁeﬂ mfll ware offzctad by
_thn ﬂosarlo )lant staff in racord time, causnnq onl; a'ls day-nalt in 3rojuct|on.
|t took 3 furth=r JJ days to comulﬂte]y iron-out the tralntnq, miintznance an:d
-macnlné-ad;ustmant vroal*ﬂs assoc¢3tej with thz start-up of tna naw aill, and

this stag “of tnr aroject (l.e{ ne capacnty °xvansuon) is clanm*d ‘y .C|niar

to havz entiraly paid for itself in its first J months of onaration.

" Stage (i) of th2 nrojeet - ji.e2. th2 modificatidné n2cessary to parmit
the mill to diversify into tha production of forging bars - was carriad out
in 1372-73, and‘Sfagc (iii‘ is haing held in raservs pending the avolution

of’market damand,

Mea can now ask what light tﬂls most interasting project throws on the
phanomenon of “*lzarning” in the losario plant? In the first place it is clzar
tnat the axperiancz of th2 projact's dasignars in having oparated the 3ar

and Profile will ovar many vaars was 3 liey factor in making th: sroject nossibla.
Y VY Y 3 2roj ;
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The then birector of tha Plant's Rolling Division had Desn working in the

Division since 134) and his deputy since 1330, Soth had tharzfore accumutatad

immens2 pfactical ex3zriance of the mill's aquipmznt as well as expariegnce dn
designing and helping to imaplzment previous changas to thz mill. Henc: thars
was a highdy imaortant fund of previous ”léarning-by—doinq” on which to draw,
which must cartainly have included an Intimat; knowlzdgz of all thz mill'ts
current gpaerativa problems ~and dusign limitations as wall a clear concaption
of.many enginzaring anﬁ oractical details relevant to nossitle modifications.
On' tha othar hand the projéct cannot itsz2lf La regarded as 2 pure outcomz of
learning-Dy-doing, since it requirad an aﬁtonomous effort of nrojocet dasign
Snd enginzering in which tha previously accumulatzd 'lzarning-by-doing’! had
to be coupled to the orojzct's spacific obrjactives, and in which resulting

gops in knowledge and dzsign had to be fillad~in by a deliberatz koowlzadge

saarch and croation effort.

Furthermorz tha detzrmination of 2 orojact’s oljactives is itself an

~activity which goss Dayond the limitad terrain of Tearning-by-doing. In

the casz of this project, one notes an imorassive deqgraz of anticipatory

tachnological stratedy vias built=in to its ohjectivas. ~ (The projzct forzsaw

threa succassive stagas of davalonmant, the first of axpansion in tha outnut

of thz axisting product~mix, the second of product divarsification, and the

-third of a still further, future, oossible product divarsification). Thus,

we can say that (i) the objectives of tha srojzet wara clearly axonznously

stimulated, howaver (ii) tha foasibility of th: project depanded to an

important extent on the accumulation of “learning-hy-doing' typ2 knowledgs

about th2 mill, and {(iii) tha coupling of thz zxonznously-stinulatzd objzctivas

with the cndogenous accumulation of knowladge about tha mill raguirsd an

autonomous anginzaring projact” to bBu daveloded,

o,
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An indicator of the great succass and originality of the rartores carriag

out on the Bar and Profilz mill is that a renort on tha pFOJbCL was zocastad
for oresentation at thz AFA Confarence on Roljing Tucnnolﬁry, Hzzhinovy and
Products hald in Buznos Airas in Hay 1976 (17.

Observations and Analysi

w

The abovz account of ton important tachnical changas nrovidas 3 gand

dzal of direct avidence about lzarning in the plant. Yo now propose o us2

this evidenca, togathar with somz infzrences 2bout lezarning wihich can b2 dram

from th2 earliar analysis of tachnical changas prasented in

s

ordar to arplore and discuss soma aspacts of thz ''learning’

fesario nlant.

1
(¢

To beain with we can note that many o ljllt?tl”“ly diztinct vairietiz
Ptearning” have contributad to, and Tnf!uenced, tha nath of tzchnical changs
in thz Rosario nlant. for instance cie can identify from o annalysis oF the
fenjimportant tachnical changas lis ahove and from our wrevicus discnssions

about incremantal technical changas in the plant at i=2a3st tha fellowing

W

different kinds of lgarnin

(i) Learining from che outsida world ab-ut the availabiiity of uew tynas of

capital goods and oparative t2cnnicues
(e.g. via vis its aarond, ar Trom cocosultants WﬂVIC“)

Learning about how to construct; to adant; o instal; te siari-un; o

~~
-
h—

v

oparate; and to maintain naw capital goods

2.9. by do-it-yoursz1f matnods, or in cooperation w.fh outsida exsorts,

or with halp from'Acindnr's-Cantral staff)

(1) Oscar R. Amorini, Remodzlacidn dal tren d: laminacidn dz perfiles

y tiviancs, gunllsn*d in maﬁlﬂ}Cion:f“CEOIOQlﬁ qu.po sroducios
Santiago do Chile, Hay 13 g
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(iii) Lsarning about how to marginally .improva the parformanc: of 2xisting

“capital goods installzd in the plant
{2.9. through on-the-jobs T2arning, through maintanance activitiss,
throuzh the afforts of thz industrial onginazring division, through
feadoack from th2 quality contral division)
(iv}  Laarning tarough enginsering vrojacts ond studias

{.9. a2nzrating 2ltarnative amwlificntion and modification nossibilitics,

arining familiarity with altarnative layouts, and with the faaturss

cof additional capital goods that may b2 asedad, exnloring ths ccononics

of vroposed changes, irawing togathzr and synthasizing aravious idans

and susgestions Jasrived from loarning-Gy-dning, ate.)

Tha abovz classification of distinct lzarning activities could clearly

22 axtaendad 3nd also mads mora dutailed, fHowaver it .is sufficiznt to indicate
that thore oxist many forms of lzarning activitizs associzted with diffzront
phases in the onaoing process of finding out about, arojzcting for, constructing,

installing, starting up, oparating, maintaining and then modifying the capital

goods usad in aroduction,

da2nce, orima facie, it szoms improiabla that any singlz lzarning 'function'

will succassfully approximat: the cconomic 2ffacts of such an inhorantly

hatorogenzous sat of activitizs 3s the onas describud above ~ and it scems

mor: promising to adont a morz disagraaatad, cmnirical, 295rn3ch to thz nhanomanon
attomating to dalinzats thz zconomics of thz Aiffornt typas of lzarning and
also to build up a oicturz of the important kinds of intzractions, nwtual

r2inforcemznts and trado-offs which zxist botwazzn tham.

dext, we turn to analyse som> faaturss of tha historical dovelopment

of Tearning offerts in the Rosario plant.

The recora of the tachnical changoes introduczd makes it cloar that

tha locus of attantion for luarning afforts within the plant, and the time
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'variafion of lzarning activitics hasldisplayad in mny rcﬁb:cts a shifting
pattarn, as.attintion and “learning 2fforts” got focus2ad with varying intonsity
first on on2 part of the plant, then on anothar, and so on. in ﬁther words,
instead of lzarning boing Ysmoothed out’ ovar tha whole plant and over fima,
thg charactaristic 2attarn éecms.to h; Bne of succgséiﬁa "sourts' of laarning

dirzcted at highly spacific machinary and/or probloms,

Furtharmra, as weisaw-repeﬁtedly in tha previoﬁg chptar, ths 'lzarn-
ing afforts’™ which t:a3d to tachnical changas are not only concaernzd with at-
tompts to reduca unit costs of oroduction, but ar: vary oftan aimzd prfmarily
at ofher.objectives, such 2s capacity-strgtchinﬁ, nroduct-mix changing,

product quatity attzring, cte.

Th; mafn 1igﬁt We Wre ablz to throw on this comnlax hfstoricél 1z3rn-
'ing pattarn --consisfing of “'spurts’ of dff éraht Efnds of laarning, dirzctad
: ;f diffar;nt olant sacfions, Qith varying iptcnsity ﬁnd with varying objzc-
tives across timz-- was that tha péttern could Ha conSijcrgd.as darivad from
{i) urgent exogenous domands (ii) =xog2nous stimuii.gnd (iii) tive zndogznous

L

pressu}e for changzs. ln'ﬁth:r words the particular laarning-path takon by
thz Rosarip plant, and ths objzctivas of lzarning offorts at different timos,
betr&y tha voery marked influznca of spscific 3xt:inélere§suras and opportu-
nitizs, aé wall as tha influznce of an andoganouslprassufe for imyrovam:znt

baszd on th-é application of what w2 callzd an enginzzring ' imorovement athic'
within tha plant.

-

M2 can now try to clarify this pictura furtior: the way forward is
through recognising that thoss sats of factors which w2 hava postulatad as
‘causing” taochnical chanaz in the Rosario alant (and also causing tha laarn-

ing giving risa to tachnical chanjes) clzarly did not oparata in 3 vacuum,
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but only bzcam: opurative via tha actual- learning zfforts mada by the nlant's
managers, anginzars and parsonnal.

Henee 1t szams clzar that an adequate oxplanation of the path of learn-
ing énd tachnical chang2 taken by tha2 Rosario plaﬁt will n2ed to consider
such juzstions as the “lzarning capacify of:thi plant's parsonnal®, and tha .
théma of thu 3ccumqlation,df relavzht e#pﬁrienca Sy thasa parsonnal. . So wa

shal) now briefly considar thosa two quostions.

Wy first taka uo tha nuzastion §f the cavacity of plant personnel. Thé'
fact that thz fosario plant was gglg'to succassful ly strateh its.productiye )
“capacity, diversify its oroduct mix,stec. whan facad by urgeﬁt cxgq:nOUS'd;~
mands shows that its narsonnal (in particular the tzchnical sersonncl) must
have had the capacity to react successfully when requirad to mait ura st

2xonznous lamainds.  Furthormorsz, in thosa tachnical changas which wsrz axo-

genously~stimulatzd, rathaer than urgently damandad, it is claar that Rosa-

rio plant staff in many cas2s exhidited 3 capacity to angjcipzt: tha 2marincsa
of prassurss or opportuniticzs, and to Jdovelop znginzaring zroonsals and sro-
joets in advane: of th: immadiate nzad for thom.  And wz czn also otz thng

so far as thz technical changas which w2 ascribad to indogonous pressar.
are concernad, thz ability of plant staff to gzmarat: a2 streoam of such
Yimprovamant tyoe'' changzs also assumzes tho axistonc: of somz significant

inbuilt capacity and concuen for olant insrovemznt on tha part of Rosario

slant parsonnel which was prassat 2avaen in tha absanc: of urnant sxturnal

damands or axtarnal stimuli.

Mo oarz saying, in 2ffzet, that the tachnical changas obsarved in tha
Rosario »lant snow that plant nersoninzl displaydﬁ (3) the cavacity to react,
(b) tha canacity to anticinote, zand (¢) =n inbuilt canacity to 2ffoct i

provemznts indepzndintly of particular outsid: stimuli or urnazat dzmands.
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Clearly enough the development of these three capacitles mus £ be
lnte?°related and we can now suggest some of the particular ways in whith

the inter-relatlonshlp has worked For |nstance:

- -A) ExogenOusly-demandéd éﬁéﬁges can give rise to erganizational changes
which in-turn strengthen the resulting "stream'' of endogenously ge-‘
nerated improvements. (This applied to the strengthening of the Quali-

'ty Control vaision in 1960~61, and of the-Maintenance‘Division in 196.9)T

_ B) The accumulétioh of *‘endogenously-generated' learning over time is 1ike-
ly to.reinforce the 'capacity-to-react' if technical changes are sud-
genlyhrequ(red. This is becausg many ideas will already exist as to
‘improvements which may be made to the'eq;ipment; wéys of stretéhiﬁg

(és capacity etc., so that response-time is tikely to be fast, and thg
costs involved in project generation reiétively low compared to what

they would have been if no ”stock” of mpre*or-less worked out improve-

ment ldeas existed. (e;g.EThe_BlJJet Mill reform 1969).

- C) Tﬁe repeated exposure to £h¢ crféés pro&uced by exogenously demanded

_ changes can be expected to lead to a greater ‘anticipatory' capability

, involviﬁg the preparation of projects for fefqrm in advance of,the
immediafe'need for them (1) (e.q. theireform-projéct for the Bar and

Profile mi1l in 1971).

{1) - This is analogous to the competltlve situation described by Schumpeter -

. "But fn capitalist reality, as distlngulshed from its .textbook picture,
(tha),.. kind of competition which counts {is) the competition from the
new commodity, the new technology, the -new. source: of supply, the new
type of organization... it is hardiy necessary ‘to point out that compe-
tition of the kind we now have ip mind acts pot only when it is in being
but also when it is merely an ever-present threat. It disciplines be-
fore it attacks'. Joseph Schumpeter, Capitalism, Socialism and Democracv
New York: Harper, 2nd Ed. 1947, pp. 84-85.




- -189 -
These are evidently only three of the many possible interactions.
In general the experiénce of the Rosario plant suggests that an advance
in any one of the three learning capacities - i.e. reactive, anticipatory

and inbuilt - is likely to lead to positive feedback on the other two.

We now turn briefly the subject of the accumulation of experience

within the plant:

There clearly is an important relationship which exists between
what we called the capacity of the staff to carry out technical changes
and the state of their accumulated experience. Aséxamp]é51of fhis, we
noted the importance in the design and construction of the Rosaric plant

of the previously acquired experience in La Cantdbrica of Ing. Ricardo

Pujals when it came to the design and constructicn of the Rosario plant's
first Siemens-Martin furnace in 1943 and we also ﬁdte& the crucial role
played both in the Biitet mill reform of 1969 and !p the 2ur and Profile mill

reform of 1970-71 by the long accumulated in-plant experience of the Director

of the Rolling Division and his Deputy.

Besides showing the importance of accumulated experience in permitting
certain technical changes, these two examples also jllustrate how the benefits

of acts of learning (éxperience) may often be delayed benefits. This point

is of course well-known. However what is perhaps less well appreciated is
that even the type of learning activity associated with marginal improve-
ments to existing facilities may scmetimes prove to generate some or all

of its benefits only with a considerable tima-lag, (t.g. much of the value

of the 'marginal' learning activities in the Rosario plant's rolling divi-

sion over the years had to 'wait' until the 1969 Billet mill reform and  the
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k1970-7l—Bar and Profile reform bqfdre getting frans]ated int6ﬁéctua] technical
changes. of economic value to thé plant). This suggests that a Iearning?by-
‘spending model, such' as that of Katz; which assumes only é short-time lag .
between expendtture on 'adaptive (mrnor) Rand D‘and the economtc results may
be leavnng out of account significent future benefits whlch can occur, with
Ia substantial time-lag, to the plant.

in parallel with this point about the potgntially delayed efféets of
learning is the obvious but important point fhat an appreciable'amount of
learning which went on in the Rosario plant, was wasted. This éan be 7llus-
trated with a number of examples.
| :In thé first place an abpreciable number of engineering studieg and
projectg hut forward from time to time b? the plant's Senior Management or by
its varigus Divisions weré not taken up. (1).

_Secopdiy; some o? the specific edutatfoﬁalAexperiences acquired by
various of the Rosario plant's engineers and technical staff in‘the pefiod B
5958-!968 - for insténce involving courses on blast Furnaces aéd on oxygen’
steelmaking, did not ever prové to be useable either in fhe Rosérfd plant

or within Acindar as a whole. ({Because the Acindar blast-furnace and

>xygen steelmaking project was finally balked by the Argentine government in 1968).

.

(1} For instance; ambitious projecis to instal continuous casting, electric
 arc furnace stéelmaking,and even steelmaking by conﬁerter were not taken
up. On a more modest scale’, proposals’ for adding extra stands to the bil-
let mill werg not acted on, and many projedts_iqvol#ing the acquisition of

additional capital goods did not receive the go-shead. - . ‘.
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| Thir&ly; fhe-féct that, inevitably, in the course of the years, some of
the Rosario plant's engiﬁeers and techﬁical staff have left the plant -either
to continue their careers in Acindar's other plants, or to work for competi-
tive enterprises or to go abroad- means that a significant fractiop of the
léarntng fhey‘ac;umuiated_jn the plant became no longer available for the

plant to use. (1)

Hence it is clear that there is no simple one to one relationships

between Lhe accumulation of experience in the Rosario plant and the techni-

. cal charges introduced there. The fact is that much of the experience

accumulzted in the Rosario plant was, not all USablg immediately but consti-
tuted what might be called "potentially usable learning' and some of this

was then applied with.a considerable delay, or was never applied. ‘-

_These sihple observations are useful in that they demonstrate some of
the-piéfélls involved in trying to develop any all-encompassing model of how

"lfearning'* activities and expenditures rebound on the economic performance

of plants.

(1) " Another szort of 'waste' of accumulated experience is described by Penrose,
~who notes that.... "Many of the productive services created through an

increase in knowledge that occurs as a result of experience gained in the
operation of the firm as time passes will remain unused if the firm fails .
to expand.... The unused services created in old as well as in newly ac~
quired perscnnel through increases in both 'objective' knowledge and ex-

‘perience do not often exist in the open form of {dle man-hours but rather

in the concealed form of unused abilities'. E.T.Penrose, op.cit, p.54.
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tt will now 5e useful, before proceding, to summarise whét has been
. said so far aboﬁt ]earning in the Rosario plant. The first observation was -
that maﬁy kinds of "leérning” activities had taken place in the Rosario plant
assotiated with different phases in the ongoing‘process'of finding out about,
projecting ‘for constructing,'starfing up, operating, mainﬁﬂn?ngand then |

modifying the plant's capital goods.

Secondly we pointed to the shifting pattern'of learning efforts over

time in terms of their intensity, locus within the plant, and objectives.

Third we recalled that this shifting pattern of lea}niné effﬁrts could
be psafﬁliy explained in terms of (i) reactions to urgent exogenous demands,
(i) respoases to exéernai stimuli, and (iii) the 'éndogenous pressure’ for
plani improvement® which was ‘built-in' to the pféhtfs organization and in

its technical personnel.

Fourth we noted that the Rosario plant's personnel {particularly its
technical personnel) héd exhibited a definite capacity to react to urgent
- exogenous demands, to anticipate énd respond ahcordingly to exogenous stimuli,
and te geﬁerate a significant stream of "endogenous'' improvements,and we were
able to poinf to instances iﬁ the_éxperience of the plant which suggested that
these thrcé kinds of ﬂﬁapacities“ were inter-related in a mutual{f reinfof-

- ¢ing manner. S _ : . ' C

Fifth we pointedrout\that there was unlikely to be any simple relation-
ship between the accumulation of experience in the plant {via learning) and

the resultant flow of technical changes which brought economic benefits to

-
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the plant - because of'ihe‘probiems of the'conéiderable delays withwhich some
of the benefits of Iearhing in the Rosario plant got realised and because of

the incidence of wasted learning.

Conciusions

v —— t— —

The foregoing observations concerning the Rosario plant suggest three

usefui ways to carry forward the analysis of the 'learning'' phenomenon.

To begin wifh;'it would be valuable to jniti;te a series of empfrical
studies concerning the ''rates of return'' obtained by plants from the qualita-
tively different kinds of leraning activities in which they engage. For
instance it would be valuable to know what rates of return are obtained-by
plants from their expenditures (i) on iearning during start-ﬁp, (ii) on
learning assoéiatea with maintenance expenditufes, (iii) on the Ieérning
carried out by industrial engineering departments, etc. Even though such
studies are bound to be beset by many kinds of measurement difficulties, they
would have fhe greét virtue of clarifying tﬁe distinet k{nds of cost: and
benefits associated with the many distinct kind of lzarning acfivities, and
in many cases it may well be possible to give‘a reasonably clear idea of the
a?eragelrates of return involved in such brojects as well as the range of
variance inQoIved. Such studies would be a useful empirical contribution to
the workiﬁg_out of better theeretical models of learning by the Firm: than those

that are currently most widely - put foreword in the economic literature.

tn the second place, it would be valuable to try to distinguish between

“firms {plants) on the basis of the different kind of ""learning paths' that they

o
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_have ersued. We sawrthat in the Rosarié-ﬁlént the learning patﬂ has inf
volved a high incidence of (a) inﬁreheﬁtal capacity-stretching técﬂnicaf
change,-and (b) product diversification. .Howéver, as wepbfnteﬁout in
Chapter 11 different plants often have very different.seés.of ébjectfves
for technical change. In gome plants, cost-reducing technical change
may be the most important, or élse ﬁua]ity changés may have thé first
place and of -cou.rse these prioritiesv are subject t6 cﬁaﬁge over time.

The result of the existence of.difféfent objectives and p;iofitfés f;r
technical change TStHatfirms willtend to trével along differenf learning
paths. There-is'a]so another féctof at work -which is the availability'.
of investment capital. Some plants are clearly more bapital-starved
tﬁan others;'or else cannot underfake ﬁajor investﬁents because éovern-
ment restljictions block the wavy. lnfsn—\:c';h cases, thé ‘}earning associated
with incrementél impfovemeﬁts to-the exfsting facilitfeQ wfll'be alf iﬁ-

‘portant, because majbr new incdrpbrations of outside technology‘arelcom-

p]etely ruled out.

Heﬁée it seems highly appfop;fate to seek to develop an empirical
7 ?lassification of the alternative '"learning paths' which firms (planté)
pursue, in order that optimization theory éan.then be guided by the re-
quirements of these differeﬁt paths rather than being gquided by the un-
realistic assumption that all firms are pursuing the same unique objective

" of unit-cost reduction.

Thirdly and finally, the importance of the way in which firms (plants)
.organizeAthemselQes for learning activities has emerged clearly in this
case study of the Rosario plant. Even if -as Hi rschman points out, and

as the experience of the Rosario plant confirms- much crucial learning
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takes place as a response to crisis, it is still pertinent to enquire how

firms are able to organize themselves to get out of crises, and whether by

better organization such crises could not be either softened in their eco-

nomic effects or else turned to even batter advantace.

‘As for the 'non~§r§sis‘ learning.actiﬁjties; there-is every reason
to believe that the iﬁtcnsity and effectiveness of these is greatly in-
fluenced by the way in which the firm 6rganizes itself. Thus comparative
empirical studies of the way firms "organize f&r learning“ should bé uéeful
in helping to account for variaffons in firm's performance.- If such studies
could be linked to the earlier ones we have suggested,'i.e. concerhiﬁg the
“"rates of return' to learning expenditufes and. concerning the study of al-
térnativé "learning paths', then some valuable findings should result,
which would be of-interest-both éo practical préject-anaiysis and policy-
making, as well as to the imbrovement of the economic theory of ”Iéarning”

which is still in a rather primitive state.
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Lt CHAPTER IV
CTHE RESULTS OF THE CASE~STUDY

tn this final chapter our alm is simply to review the main resuits .

wihich emerge from the case-~study. In brief form, thasa can be axpressed

T

as follows:

1)

The objectivas sought and obtainzd by technical change in thz Rosario

piant have gone far beyond merely reducing tha unit cosis of produc-

tion. “hilst unit cost reduction has cartainly been one of the per-

sistently important objectives, other objectives, in particular in-

creasing production capacity, diversifying the product mix, snd im-

proving product guality, have baen of malor importance too. (1)

Very many tochnical changes in the Rosario plant have had multinle

ohbjectives. Thus, we encduntered many instances of capacity incrazas-

fng changas which-were also designed to raduce unit cost; of 'direct!

uuit'coﬁt rcducingrtachni;al chzngaes which also incraasad~capacity;

of prodﬁct quality changes which 2lso led to reductions in unit costs;

of changes in oroduct mix which l2d to increased capacity, atc., ate.

The history of the Rosario plant displays a very impressiva deqjrec
of adaptation in a basically 'old vintage' plant to prevent it from
beceming cbsolete -~achieved through capacity-stratching, product-di-

versifying and quality improving technical changes, as well as by

(1)

Indeed cne or morz of these have oftan taken pracedence -as objectives
sought by technical change- over the objective of reducing unit costs.
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direct cost-reducing technical changes.

Both tﬁe distribution of effort as between the different objectives
of techniqal changs, and the 'rate' of technical change.measured“by
its impact over time on the principal plant output and performance
parameters, have varied greatly,throughout the life of the plant.
indeed the record shows that the ldcué, intensity and cbjectives.
o%.teﬁhnical changes within the pl§nt have béen continouslyrchanging

over time in response to changing pressures and opportunities.

The nature of these changing pressures and opportunities was explored,

and the following conclusions were reached:

(a) Many.of the most. important technical changes introduced were
responses adopted in'tﬁe.lfght of pfessing external"circumstancgs
such as radical increases orrreductibns in the volume of effective
demand faced by_the plant, changes in the composition of effective
demand, problems withrraﬁ materials supply, problems associated waH
unexpected lack of investmaent funds etc., etc., all of which made
technical changes in the plant extramely pressing so és to avoid thé
imminent and sizeable economic penalties that would have ensued for
Acindar if the technical changes had not been made. (We saw that
these pegafties would have arisen in the form of é‘low degree of
utilization of Acindar's instalied capital, either in the Rosario

plant itself, or in the Accvedo p]ant.) We called these types of

éhanges "exogenously demanded!. .

(b} We also saw how many technical changes (including some of the

major ones} could not be regarded as urgently required responses to

L SV S O S
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radically changed external circumstances, but were nevertheless sti-
mulated by changed exogenous circumstances such as -typically- those
occurring. in the pattern of demand. These we called '"exogenously

stimulated' changes.

- (&) Finally we saw how a large number of the minor technical changes

‘J50uldjnof:bé:ré§érded as having been demanded or even stimulated in

any dirééthway‘bf specific exogenous factors, but resulted instead
from what we called the Hendogenous pressure'' for plant improvements

arising from the regular activities of plant personnel and divisions

. concerned with;‘or'specif?caliy charged with, the mission of increas-

‘ing plan; efficiency. 'These_éhanges We'called'endogénously generated.

WhaieVer the origin of the initial impulse towards technicalréhagge
(i,e,.whethe% exogenous ly-demanded, exbgénouﬁly*stimulated or endo-
ggnousl&-generated).we noted that”virtuaiiy‘éll the incremental tech-
nical .changes, and most of‘the major technicéi changes too were 5oth
qngineered‘and~implemeﬁted largely Sy Rosario piant'persoﬁnél; Onty

two of the dozen or so most important technical changes in the plant

have been. carried out under the leadership of outside consultants.

This in-plant capability to engineer and execute technical changes

appears to have arisen and developed in several different ways:

- -thfough the previously acquired experience of the plant's engineers,

thréﬂéhifﬁe?on—the—job'éxpefience acquired in the plant itself, through

haﬁfﬁ@éié’faébbhd to urgent exogenous demands, through responding to
exogenéus”Stimuli, and {hrough the deliberate réorganizations carried
out which .improved the plant's built-in capability for generating en-

dogenousy - improvement~type changes.

y

I P
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in terms of the peculiar historical factors which might suggest that

the experience of the Rosario plant ig an-unrepreSentative special

case ~~it is worth notiﬁg that the Rosario plant wéé both favoured

and blocked by its relationship with the fést of Acindar. 1t was |
favoured to the extent‘tﬁat the plant:couid‘rely'on a never satigfied
demand for its bilieté after 1961-62-and was also favoured by Acindar's
techno}ogicél 'ethos' of wiilfngness to experiment aﬁd by being ablé

to consult with Acindar's central engineering.group[ But the Rosario’
plant was nevertheless very mucﬁ the 'junior partner’ to the Acevedo
plant, which led to its being relatively cut~off from investment funds,
and forced to make do wfth targely outmodad technology;'iwhilst this
Historical situation has Ieﬁ to the undertaking in the Rosario plaﬁt

of an unusually high degree of Il-inv::ren'uantal capacity-stfetchfng”
technical éhange- we noted that tﬁere is nothing inhefentiy rare about
this Eigg_of technicaI'change, in fgct just the opposite, It is common
i% other steelplants too. As for‘theimény other objectives of techni-
cal change.whicﬁ we noted in the Rosario plant, e.g. unit cost reduc-
tion, product mix diversification, product qua!ity‘chénging, etc.,
these are also common objecfivesrin'othefrsteelp!ants~ so at most

we can say that the 'balance of objectives' of technical change in

" the Rosario plant has perhaps been unusually biased towards capacity-~

stretching technical change.

The study kas demonstrated in many different ways the importance of

incremental technical changes in the avolution of the Rosario‘p]aht.

Incremental technical changes accounted for over half the increase
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in steelmaking capacity due to technical change, and virtually all
the increase in biltet mill capacity. They have also been extremely

|mportant in reduc:ng unit costs, changtng product mix; and |mprov1ng

_rproduct quality. A particularly interesting point noted was that
" many incremental changes did not simply derive from on-the-job learn-

‘ing, but wérngroducedras a result of deliberate 'research-type'

strategies in the areas of preventive maintenance, industrial engi-

neering and quality control, as well as through engineering projects.

The study throws light on the existence of {a) many distinte varieties

-of technical changes and (b) many different forms of learning which

have occurred in the Rosario plant. It therefore casts serious doubt

 6h thé adequacy of the economic analysis of learning and technical

change in terms of unit cost-reduction alone, and it also suggests

_ the inherent difficulties which are likely to beset ail-iearning

models which attempt to approximate the overall;learning behaviour

of a plant or firm in a single formula.

In view of these difficulties we suggested that a promising way to

"advance the economic analysis of the "learning phenomenon' would be

to develop a more solid empirical basis for ;heory. The particular
research lines put fdrward were (i) rate-of-return studiés on-quali*
tatively distinet Einds bf learning, (ii) studies concerning the
"learning-paths' taken by firm's and plants {taking due account of
cénsideratiéns such as investment coqstraints), and (iii) studies

of how firms and plants organize their learning activities.
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