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I. FAIN TOPICS OF TH™ STMDY

~In liareh, 1937, Duedlo S,A, opemed its rayom mamufacturinz plant
on the outskirts of the citv of Buenos Aires, Tt was the Arsertine
branch of the Du Pont de Nemours and Co. group of the "nited States,
This was the first time rayon hac been produced in Arventina, sixteen
vears after Du Pomt opened its first rayon factory in the United States,
in Buffalo, New York. | .

Four decadss later - - in 1975 - - Ducilo's rayon plant comnlsted
its productive life cycle, at a time when rayon was fast losing Fround
to other synthetic fibers, ' o

Juring the forty years between the plamt's omening and closing,
it built wp a rich industrial and teehnological history which not only
had an effect on the nlant's own long range economic verformance hut
also on that of its suppliers of raw materials, oarts and machinery,
of its clients, and on the overall engineering capacity of the firm as
a whole, which is evidenced by the company's diversification towards
other oroducts such as freon and cellophane, and b~ the completion of
various modernisation programs over a veriod of vears, 2/

v In 1919 there were three alternative rayon-oroducing
orocesses, none of which belonged to Du Pont de Nemours, Of the
three, Du Pont chose the viscose process, which was protected in the
United States by two patents owned by the American Viscose Corporation,
In order to start mamfacturing, Du Pont acquired French technolosy
from . Comptoir de Textiles Ax-'t.:l.f:'Lc:I.gals (CTA), Somewhat later, it dlso
acquired a license from a Belgian branch of CTA, This is not the
Tirst or last cass of a large multinational firm having begun opera-
ting under licenss until it could develop its own technolozy several
years. later, : .

2/ In recent years, the engineering team of Du Pont .
Argentina has transferred techmology to other Latin American countries,
It has designed, set up, amd started faetories in Chile, Bragil and
Bolivia and has lent consulting aid on nylon to a Mexican-US joint
venturs in liexico,. In theee areas, the Du Pont team has been able
to capitalize on its @xperience accumulated from handline the ravon

plant under study here,



Sucilo began operating in 1937 with a lator vroductivity of
0,82 kg of rayon per man-hour and by ths time the rlant closed it
was producing four times as mach, which implies an acewmlative
growth of close to 3,67 per year, Not only did labor productivity
shor a marked increase but other indicators also varied signifi- )
cantly over a period of time, Among these are the improvement in
quality of the manufactured product, the increasing use or domestic
raw materials and equipment, etc., The description of what hapoened
and its explanation in theoretical terms are comple x and shiould be
looked at step by step, while bearing in mind a wide ranse of
variables and circumstances, some of which correspond specifically
to Ducilo Argentina and her corporate headcuarters Du Pont de
Nemours; others correspond to the rayon (and other synthetic fibers)
market and the greater or lesser dogree of oligopolistic compsti-
tion prevalent on the market; and finally, other variables are
inherent to the macroeconcmic growth of the country, which, through-
out the period of forty years under consideration, had to ego throuch
a series of "national plans" which of course affected the behavior
5f labor and enterprise, as well as the relationship between the

company and the govermment,

In other words, the historial evolution of the industrial
plant under study here, is considered to be a result of the inter-
action of variables relating to the firm and the product in ques-
tion, of characteristics belonging to the morphology of the rayon
and other fibers market, and of general macroeconomic circumstances
which affected the various economic agents involved in this area of

industrial mirufscturing,

iside from the clarification in the previous parazraph
referring o the different levels of causality to be distinguished
in this study, we would like to point out at this point in our pre-
sentation of objeetives that our study is centered around the .
subject of teghnological charige, its sourees or origins, its vace
ahd nature, and its effect on the long range performance of the
plant under study. Ve shall use some of the analytical categories -
of received theory, such as "ms jor" and "minor" technological
changes, "disembodies" or "embodies" technological changes in
investment, ete., Also, we shall make use of some analytical ca-
tepories not often examined in the current debate (e,z, technolo-
gical changes related to "output mix", to qualitv of the manufac-
tured product, etc,) Throughout this study we have frequently
made use 0f, and shall quote recurrently, the results presented
by S, Hollander in his classic study of 1966, 3/, perhaps one of the
most detailed research projects on the macroeconomies of technolo-
gical change that has been presented to date,



As in the case of Hollander - - who studied feour reayon manu-
facturing plants in the United States, all owned by Du Pont - - this
researoh oroject -1s about a3 subject matter that would seem almost
obvious to an industrial mg:.neet, but is certainly not to an econo-
mist, #e are raferring to the faet that technological change - - -
that is, the modification of a orodict and/or the mamfacturing pro-
cess -~ -~ is a frequent, constant phenomenon in the ewolution of any
glven industrial establishment., Preduct and process technoloq of
a certdin manufacturing plant is far from being "set” and beyond all
modi®ication. On the contrary, it changes frequently and for many
reasons which we shall look at in detail here, and which are more
than just to reduee production costs, the subject matter of most
of the work done in this field, 4/ v

This is the reasen why it is not surprieing that the aecu-
mulated sum of technologzical shanges have normally made up "the"
most -important explanation for the long range performanee of any
given industrial plant, These are relsated to the launching of new
varieties of the finished product, the replacement and use of new
(and less expensive) raw materials, changes in the basiec process
used, a more adequate strategy for maintenance of capital goods,
inmrwmnts 'in quality, and so forth,

Having stated the subject m.tter of this stndy, we sha.l.l
go on with: what s contained in the different sections.

Practiaa.llv all of Hollander!s analysis is oonocentra-
ted on the stndv of unit produetion cost trends over the years,
naying mich less attention to various forms of technological
change not expraaaed through costs, 1In this sense, a broader
approach can be found in a recent study of P, Mamrell:" »mming

Rosario, Argentind, phblished by BID /CEPAL Solence and Technology
Research Program, in December, No,.k.,




Chapter IT gives & brief teshnical desoription of the ravon
manufacturing process amployed by Dueilo, This is presented in
order to give the reader an oversll view of the nlant under study,
As we shall ses, it is made up of a Chemistry Section, 2 Spinning
Section, and finally, & Textils Seotor,

Chapter III is an asalysis of the evolution of labor prod-
uctivity over the years, %o can clearly dstinguish two stages or
neriods in the historial development of this fimm,.

The first of these periods covers the two decades between
1937 and 1958/59, During thess years when Ducilo was the absolute
leader on the Argentine reyon market and it did not feel pressure
from competition to improve its operstive efficiency, a steady in-
crease in the physical wolume of production was recorded,

From the 1950's on, substantial changes began to take
place in Ducilo Argentina eoncerning techmelogy, management-adminis-
tration, ete., which ended up bringing about a "new' operative
atmosphere where the role played by Argentine technical and pro-
fessional personnel as well as the interest and motivation provided
by the firm to domestic technological efforts grew considerably,
All this coincides with morphological changes on the rayon market
and with greater competition on the part of Sniafa and Reysol,

Chapter III also discusses. the structural "split" mentioned
above, evidenced by the indicators of physical productivity., It
examines the several sources of origins of the increase seen in
labor productivity, mentioning, among others, the following fac-
tors: a) increase in spinning speed b) changes in machinery
and in the number of spinnerettes e¢) modifications and changes
in the productien process d) reduction in the number and kind of
varieties of reyon produced as well as the forms of presentations
sent to the market e) increases in average denier, ete,

Tne technological changes carried out over the vears are listed
in this chapter and an attempt is made to evaluate their relative
influence on variations in productivity and costs, what amount of
domestic technological efforts were required by each of them, what
the external technological contribution was to the firm in each
case (coming from corporate headmarters, for instance, or from
equipment suppliers), etc,



Chapter IV looks at the different forms of technolomcal
change not necessarily expressed by way of production costs or
by variations in labor productivity, Fallins into this category
are those technological changes related to the launching of new
varieties and types of rayon, as well as those designed to improve
the quality of tho di.ttereut mamufactured products,

le havo previous]y stated that the technologiecal effort
by Ducilo Rayon has not only had an influence on the long ranee
performance of this firm but has also generated’important exter—
nalities for suppliers of raw materials, varts, and equinment, as
well as for clients, users of rayon and other textiles,. These
types of indirect effects of a certain firm's technological change.
are also examined in Chapter 1V,

Chapter V attempts to move away frem the specific example
being studisd here in order to draw up a simple behavioral model
that would deseribe the most outstanding characteristics of the
general case involved, In this paper, we are talking about a fim
- = a branch of multinational enterprise - - that is the leader on
the Argentine market of a certain intermediate good,

The technological change and modernization of this firm
seems to have been motivated by two types of stimuli, The first
of them, endogenous to the firm, is evidenced through a certain
flow of "minor" technological changes introduced over the years
by the firi's engineering team itself, and through systematiec
technological efforts designed to improve plant operating standards,
7he need to lessen the amount of wastage, to improve the quality of
the finished preduct, to maximize working time and operating speed
of the equipment, to replace expensive raw materials with other
less expeneive ones but of different chamical and mechanical speci-
fications, etc, can be mentioned as some of the primary stimuli that
led to carrying out permanent technological efforts.

The second group of stimuli is exogenous to the firm, and
implies adopting programs of modernization and technoloecical
change in answer to events of an external nature, Two types of
these events stand out in the history of this firm, The first
refers to situations imposed upon it by the legal, institutional,
or economic framework within which it had to function after na-
tional, political and economic changes, The second group of



external events influencing the technological behavior of this firm
-comas {rom lte relationship with its home office -~ - Du Pont de
Nemours., The pase of amortisation and depreciation on machinery
that the home office in the United States determined the time, the
eige, stc,, of the rate of modermisation at the Argentine branch,
which generally depended on the purchase of second-hand equivment
handed dowm by corporate headquarters, Even though ithiz last situa-
tien - - modernising based on second-hand equipment acquired from
foreign firms - - needs to be examined in more detail since it typi-
fies an often recurring sibtuation on the Argentine industrial scenme,
it is interesting to point out that in this case the equipment handed
down by Du Pont in the U.S, was practically new - - cns of the cake
washing and mrifying tunnels had never been used - - enabling the
Argentine plant to take advantage of the bemefits derived from the
early and misplanned closing of the plant at 0ld Hickory, Tennessee.

Lastly, Chapter VI gives a brief summary of the results
arrived at in this research, and discusses their importance in re-
lation to the theory of technological change in developing countries.



II. DUCILO RAYON -TECHNOLOGY

Kayon is a synthetic fiber ma-e by taking cellulose and
making a series of transformations in it which do not involve
any extensive chemical modifications in the molecular chains of
the raw material but orly make a simple rearransement of them
enabling a spinnable fiber to be férmed, .

A

The process consiste of three gtages, The fipst stace
is chemical and results in the elaboration of a spinnable viscose
substange, The second stage ie the actual elaboration of the varn,
While the third stage is textile and is related to the different
forms af presenting the finished vrodust em $he mariet,

- Let us begin with the chemical stage in the mammPacturing
process, This begins with a mercerizing step - - see Diacram 1 - -
which oomeists in the placement of long-fiber cellulose shests 5/ in
a caustic soda beth, The eheets are later pressed to regain a cdr-
tain consistency and some watery soluntion is ‘eliminated at this fime,
Fifty idlograms of dry pulp vield 150 kilograms of moist pulp,
after this stev, the sheets which are now referred to as alkali
cellulese are shredded before going on to the "Aging Bin" where
they are kept between six and thirty hours in order to achieve a -
more definite rearrangement of the length:of the moleecular chain,
This step is important saince it has a deeided effect ~ - through .
time, tLempsrature, use of different cstalysts, etc, - = on tne
varameters of viscosity of the chemical subsigance to be spun, and
therpfore, on the quelity of the finished preduect, ‘

The next step, called xanthegenation, is desigmed to
arrive at cellulose xanthate, a substance that can be disversed
in an alkaline seolution., Xanthegemation takes about ‘an hour and
a half and, like the previous step, is very imoortant in deter-
rining several parameters of the viscose to be spun, The load of
xancthogen then roee on to the dispersion ster in equipmant called
dissolving tanks where it is churnmed until it reaches a sticky
viscous homogeneous consistency like honey, Three :

5/ Other cellulose raw materials - - cotton lintems, “or
example, can also be used after making the necessar— changes in
the orocess, See comments on this tonic in Chaoter IV,

<3



loads from the dissolving tanks then 2o to the mi
rixed for four or five hours. " xer m“ they are

At this noint we theoretically have a soinnable material,
llevertheless, three more overations are carrisd out vefores the
viscose is put through a spinning machins, First, the molecular
arrangement must be completed which calls for more maturing time,
Secondly, the solution must be filtered to take out possible Lmou
rities; and thirdly, air bubbles mst be removed since they would
cause flaws and filament breakage, When these steps are completed,
the viscose solution leaves the chemisal section and enters the

spinning section, (see diagram 1),

The spinning seetion is made up of a group of spinning
machines, each of which has a certain number of nossles, or
spinnerettes, located in a trough containineg an acid bath of
sulphuric acid, sodium sulphate, sine sulphate, glueose and
water, The viscose solution is alialine and as it passes through
the acid bath, it begins to coagulate and regenerste its cellulosic
bass, The thickness of the layer thet is formed - - measured in
microns - - is of great importance to dyeing properties and other
quality factore of the finished product, The yarn - - now being
formed - - flows along the trough and then passes through a funnel
into a centrifugal pot where a rayon cake is formed, FEach cake has
an outside diameter of 35 ecm, After a certain number of hours, the
spinning process is interrupted: the cakes are removed with tones and
placed on adjoining tables where sases are first released (carbo

sulphide and sulphuric acid), :

At this point in the process, the cakes are wrapped in a
orotective material (rubber or cellophane) and loaded in carts
that take them to the purification and washing steps, This job
requires &, a second gas discharge b, an acid wash e, a desul-
phurization treatment d, bleaching and finishing, All of these
steps are carried out before the cakes are centrifuged previous to
drying, After drying, we enter into the third stage of the process,
that is the textile area, (Diagraml),

Coning is conventiomal, For many years, a great variety
of packages and treatment of the finished product were made up
(qull, bright, flametint reyom, ete), but over the yaau-sS this
stage was simplified and many final steps (twisting, etc) were
left to the clients, &/ After the textile stage, the products
are inspected and then passed on to be shipped,



{
Altogether, the process desdribed took 18 days to complete
in its first year of operation, When the plant closed down, it
took only 13 days, Each and every one of the phases in the vrocess
had been modified and simplified, as will be seen in the following
chapters, As the duration of the production cycle diminished,

man-hours also declined by nearly one half of those used in ea.rlier
productive cycles.

RS ——p——

6/ See analysis of this topic, its effects on productivity,
erployment level, etc., in Chapter IV.
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III.  LONMG T:=RM ZCONOMIC PERFORNANCE

Introduction

3y I‘arch 1937, the plant under study ha-s been set un. It
vwias a near replica of ~lant No, 2 at Spruance, started uo by Tu

font in Aichmond, Virginia, in 1935 and kept in oreration until
tae late 1950's,

It should be voimted out that Spruance II as well as the
arazntine olant began using the so-called "cake-to-cone process”
fror the beginning, the processz Du Pont had been using in its 0ld
Hickory Plant since 1932, Z/ This plant underwent a large-scale
modernization between 1935 and 1936 when this technological change
was incorporated, which also signified a substantial reduction in
manual labor with respect to the original process used at 0Old

Hickory in 1929, 8/

The "cake-to-cone" process enables a) eliminating the
wash before preparing the skein and b) vrevaring the skein before
purification and drying, both steps found in the "u Pont technologv
in its original 1928/29 design, Both steps were very intensive in
the use of manual labor and disappeared after improvements in the
nrocess were made in 1932, At the same time, the cake-to-cone
process allowed for gang doffing of the cakes instead of each one
being done at a different time and with an independent shutdown from
the spinnerette, iven though this latter change in the process took
some time to be perfected, it contributed not only to an additional
saving on mamual labor (see next footnote),but also enabled reducing
the average amount of waste and, so, lgwered the cost of production.
These process changes were labor-saving and were used in Arcentina
from the plant's beginning,

8/ In 1932, the unit cost of direct mamual labour at
0ld Hickory was 16,20 cents per pound of rayon, In 1937, this had
dropped to 8,60 cents, S, Hollander estimates that more than 50%
of the reduction of direct labor costs is due to the intreduction
of the cake~to-cone process and the reorganization that it voroduced
in removing the cakes from the spimerettes, or doffing, It is
important to note that Spruance II as well as Ducilo Areentina
began operating with the new process; that is rariations and

- 1] =



Given the technological similarity between the Arszentine
factory and Spruance IT 9/ and given also the fact that
Jueilo Rayon was Du Pont's first operation in Argentina, it
is not surprising that the start-up of the Argentine fa.ctor"
was under the supervision and control of technical personnel
from headquarters and that thev foliowed the model of the
Spruance II process step by step, One of the first Ducilo
Technical Reports reads as follows:

"Having found the write-up of Plant No, 2 at
Spruance to be of great value to us, the ormanization
of Ducilo submits the following write-up hoping that
it may be of value in subsequent start-ups,” 10/

The start-up period reveals no esvecially significant
facts, other than the usual phenomena occurring in this type
of activity, that minor technologiecal changas had to be made
on the equipment as it was being installed, Generally speaking,
such changes consisted in incorporating technological improve-
ments recently adopted by 0Old Hickory, and not necessarily adop-
ted during the construction of the equirment at Spruance IT and
Ducilo, even though these already had ineorporated technologv that
was on the whole better than the original process used at 0ld
Hickory,

At this time, the plant had 52 spinning machines.

During its 4O year life cycle the plant under study
followed a p:th that could be described, disregarding annual

to say, ‘that they never used the 0ld Hickory techmology of
.1929, Civen the different relative prices of capital and
mamual labor underlying both investment deciszions - - Spruance
I and Ducilo Argentina - - it is interesting to note that this
new labor-saving process was used in both plants,

Spruance II began opersating in 1935, Originally,
it had 60 machines with 100 spinnerettes each and produced
150 denier on the average, It was certainly a more modern
plant though smaller than Old Hickory, which began operating
with 128 machines and 100 spinnerettes each. See S,
Hollander, Op, Cit., pp. 91; 54, respectively.

10/ "Sta.rt-uv af Ducilo S,A., Rayon marufacturer,"”
‘*imeographed, not published Buenos Aires, 1937, p.l.



Table 1: Product and labor productivity growth - Ducilo 1937-7%

Physical volume < fotal hours W‘”‘ Physical volume: Total hours .

Years of production " worked ‘ N 76 . Yaars of production . worked g/ tmar

(a) (») (a/tp) o) () (ad/(®)
1937 €98 910 #31 08% 0 82¢ 3937 5 %09 838 7 08 521 ? 1%
1438 1 054 £40 751 226 1350 1958 % S4% 163 2 %36 157 2 929
1929 2 418 %23 1 w50 720 1 667 19%% 3 740 86O 1 875 840 1 9%,
1940 2 259 10w 1 118 988 2 0268 1350 3 08) 761 1 692 202 19
1941 2 968 N 1 %32 338 1°93? : 1951 3 697 W96 1 709 637 2 1€
1942 ERPLRT ! 1 553 9in L, : 1962 3 089 2€0 1 098 %70 7 14
1943 3 W9 w3 3 es5 857 1 637 1963 2 115 884 922 8e2 2 292
1944 3.709° 895 9% 182 193¢ 19¢u 3 299 169 1167 tuu 2 e3¢
1945 %,037 W12 1 808 Gus- 212 1965 3 288 553 1 €63 03) 3 653
1946 ¥ 309 N1B 2 096 s 2 053 " 1968 3 248 213 913 253 3 553
1547 N 200 919 ? 08s ucs 2 033 1507 2-.¢66 132 829 ng6" 5 uES
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Source: Prepared by the autfiors on The Bdsis of figures provided by Ducilo S.A.

Graph 1: Physical Product and Labor Productivity Growth, 1937-75
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ad justments, as an upside down U with a peak in 1957 - - when 5.4
rnillion kilosrams of rayon were produced - - and lowest voints at
its beginning and end, 1937 and 1974, when outpuh was 698,000 and
633,000 kilograms respective],v.

The series corresponding to the total anmual mumber of
hours worked followed a similar pattern, and it shows that the
descent which began in the late 1950s was even more abrupt than
that corresponding to the physical volume of production referred
to in the previous paragraph. In other words, even when the
plant's physical product fell off considerably in the last two
decades, the total consumption of manual labor fell at an even
faster vace so that the physical nroduct per man hour ended up
doubling the historic averare of the 1940-1960 period and being
almost four times greater than that reached in 1937 when the
plant begzan operating,

The situation referred to in the previous paragraphs
is described quantitatively in Table 1 and Graph 1, The infor-
mation appearing in the table and graph reveals several signifi-
cant facts which we shall look at now,

First of all, it seems clear that there was a definite
"structural split" in the growth of this plant aro'nd the vears
1958-1960., 11/ Even though there were short-term ups and
dovms which we sh21l look at later, there was a marked tendency
between 1937 and 1958 toward an increase in the physical volume
of production, while in the period from 1958 to 1975 there was a
significant decrease,

Secondly, the idea of a "structural split" around the
1940s finds support also in the data correspending to product
per man-hour, that is, by the physical labor productivity indi-
cator, After practically two decades of the firm makine little
or no progress in the area of labor productivity, the period
1960-1975 showed a rapid rate of growth in factory efficiency.

11/ ‘The average value of the physical volume of
rroduction was close to 3,9 million kilograms yearly bsatween
1937 and 1958 and reached only 2,6 million during the 1960-1975

period,



As we shall see later 12/, this "structural split" shown by
the phvsical ‘indicators of product and labor productivity has a -clear
counterpart in other levels of the administrative and technological
life of the firm which corroborates the strong degree of inter-rela-
tionship usually expected in the different overative areas of a firm,
We shall see later that at the time of the split, there were seml
managerial shanges' and a marked generational replacement bega.n as o
well as an extensive program for plant sodernization which oecurred
around 1962, The sum of these factors left a strong impact on the
total performance of the firm, as can be clearly seen in the :lnfor-
mation included :Ln Gmph 1. ‘ o :

Let_us nau ta.ke a more detailed ook at the most outsttmdinﬁ
characteris‘b:.ca of. bot.h stmctaral perioda.

The ﬁ.rsf. period from 1937 to 1958, revea.ls several po:mts o
of interest, ‘In’ 1998,, t.he pmrsica.l vo lume of production had more . -
than doubled that of 1940, that is, when the plant's start-up cycle,
begun in 1937, was cuns:\.dered completely finished., The events over .
the 20 years covered by this structural period can ‘be eprninad by
several variables, some of which are the following: 1) increases
in the capital/labor ratio 2) technological changes concerning the
production process diself, the output mix, the input mix3) economies
of scale, ete, lLet us Jook at some of the most inportm "bia'bori.cal
events" of this pe;dod. , , .

In 19hl, 1? ‘more spinning uachinaa were incorporatad, br:mg- . o
ing the number of ma.chlnes in the plant to a total of &, FEaeh-one
had 104 spimmerettes, meaning that at this t;’um, the pamt had.
£,656 spinnerettes altogether,

High spee ggwg gfrom L956 on)

From 1946" to the end ar ‘the 19503, a substantial increase’
in spinning speed was registered, which settled around 145 meters

12/ See Chapter IV,



a minute, compared to 83 meters a minute in 1941 and even ".I.cu
in previocus years,

Several different types of teohnological modifications
oould have caused the rise in spinning speed in produeing rayon,
Thie depends mainly on a) the size of the bobbin, b) the sveed
of the spinning pot ¢) the friction exerted by the ccasulating
bath,

Perhaps the most important of the technological changes
leading to an inorease in spinning speed in this industry was
the so-called "tube spinning', This is related to item c) above
- = the friction of the coagulating bath -- and can be done with-
~out changing the size of the bobbin, This technolosiasl change

was introduced in Old Hickory in 1950, produscing a 40% increass
in spinning speed in that plant, The coagulating bath accompa-~
nies the yarn throughout its passage through the trough in order
to regulate the contact between them, That is, the yarn and
coagulating bath circulate on the inside of the tube in this pro-
cess instead of the yarn going through the trough,

It is important to note that Duello Argentina did not
use tube spinning around 1948-1949, this being an important
part of the explanation for the increase seen in the spinning
speed in the period we are talking about, In other words, this
technological change was implemented in Ducilo practically at
the same time as in 0ld Hickory.l2Technical persomnel at the
Arzentine plant point out that they were entirely resmonsible
for the development of the 89 cm tube, The tube used at Old
Hickdory was 72 cm and proved unsatisfactory for use in Arecentina
due to the denier and raw material used, The patents protecting
the tube spinning process were obtained in the United States by
Du Pont about that time (1950).

Besides tube spinning, the increase in spinning speed
is positively related to the dlameterof the bobbin and the
soinning pot, as well as the speed of the motors, Vinor

13/ 01d Hickory was spinning at a speed of 86 m/min

in 1949 going up to 121 m/min in the 1949-1953 period, when
tube spinning was introduced., See S, Hollander, op. cit.,

pp. 54, 6h.
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uechnological adjustments, especially in the latter direction,
should also be kept in mind in order to explain the increase
- 4n apdnning speed after 1946/47.

Jevertheless, a greater spinning speed has an implieit
.cost, since it has a negmtive effect uron the quality of the
.. .finished product, 14/ that being why "ucilo decided to re-
.duce it in 1960, and even more toward the end of the last de-
£ade and the beaannang of this one, that is in its last rears
oL pperetion, when quality was one of the main preoccupetions
‘Of t'he flma . w

Insalubrious<wbrking conditions (1947)

NDecree 25569 in 1947 modified the standards of salu-
brious working conditions established in the statutory decree
of lareh, 1930, Ducilo was obliged to incrsase thelr number
of perscnnel, especlally in the area of spinning and cake
washine and purifying,

... In these sections of the production process, the new
standards required laborers to work 6 hours out of each & hour
snift, forcing Tucilo to add another full shift, As can be
.. seen in Graph 1, the series indicating work oroductivity shows
that this had a great effect on the firm, esnecially from 1948
to 1949, 16/ Notice that the level of labor productivity
per working hour for the year 1945 was not reached again until
the early 1960s, when a vast modernisation ororram was imple-

mented,

1/ The Technical Report "Comparison of verformances
between spinning productions in open trough and tube machines"
reads.as follows: (limeograph Miay, 1963) "As production
levels and sale forecasts do not indicate that (there will be
mach demand) on a short-term basis, the nossibility of trans-
forming tube machines to open trough, due to better mality
obtained in spinnine at low speed, is being reconsidered."
Zetter quality indicators are a) 509 reduction in mnjor de-

feots b) dye improvements ¢) greater tenacity, etc. ,

.. 15/ This effect - - reduction of spinnine sveed - -
is asaociated with a greater degree of competition vrevalent
on the market during the 1960s and to the necessitv of reachinz
higher quality standards, This is examined later in “hanter
VI of this paper.
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Textile simplification from 1950 on

In the early 1940s, Ducilo mamufactured the followine kinds
of end products: a) skeins b) cones ¢) spools d)bobbins e)
chains f) cakes, stc,

This varietv of products was, of course, beyoni the sve-
cific function of mamufacturing rayon, and implied a complex range
of activities of a textile nature (skeining, finishing, twisting,
‘spooling, reeling, sizing) that were highly intensive in the use
of direet mamual labor and labor for maintenance of the equipment
jinvolved in these activities (cone winders, spoolers, reelers,
etc.)., Besides this, it also implied a negative effect from the
scale diseconomies of short runs and frequent shutdewns and
chanzes in the nroduction program,

Around the mid-1940s, "chain" mamufacture disappeared
znd that of "bobbins"' was reduced considerably, The 1950s
showed a drastic fall in the manufacture of "skeins", while
"spools" completely disappeared in the 1960s, Table 2 below
clearly shows the great change occurring over the years in the
kinds of finished vroducts,

Table 2: Sales Structure - - Jucilo - - 1941-1967

Skeins Cones  Spools Bobbins Chains “akes Total

19,1 274k 46,20 14,18 9.87  0.06 2,23 10049
1967 - 91,20 - - - 8,80 100 7

—

Just as other technological changes mentioned previously,
textile simplification had direect consequence on Dacilo's per-
formance and also zenerated external effects, With respect to
the former, the following should be pointed out: a) savings on
direct manual labor (which was even greater doring the second
technological "period" seen here) b) an income from the sale of
tvisting machines, spoolers, reelers, siting machines, etc, on
the second-hand market,

16/ It is interesting to note that the concept of factery
salubrity standards was much stronger in Arzentine legislation
in 1947 than in the U,S5, at that time, so the original technology
did not anticipate better systems of purification, plant wenti-
lation, ete,
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With respect to the externalities of the textile simplifi-
cation program, it should be noted that because of it, quite a large
group of textile workshops anpsared during these yurs to t.ake up
the tasks gradually abandened by Dncilo. . ,

During the 1937-1958 period there was a gredual incresse -
in the average denier made by the plant, The denier in the 19k0s '
was 123, the mean for the following decade was: slightly above 130 .

‘Diverse minor technologieal changes were miblc fu'
increasing tip spinning denier given the existing equipmenmt. The
following were the most importamt: 1) Changes and adjustments
in the dosage pump and in the spinning heads 2) chemical adjust-
ment in the coggulating bath in order to assure a proper reactionm,
3) cmgqa in the spinning pots, &) modifications in the motors.,

Only the factory modernisation plan of the 1962-63 began
to pay attention to technologmical changes related to numbers 3 aad
4 of the list above, During the Pirst "structural period" from
1937 to 1958, the gradual inocrease in the sverage denier is due
to routine technological modifications related to dosage pnqs,
the cosgulating bath and other similar minor changes, :

in short’., the first of the two structural perieds men-
tioned ‘here seem to be characterised by a) nlant expansiom through
incorporating equirment (12 spimning machines in additiom to thuse.
originally stalled in 1937); b) a substantial increasd in the use
of manual labor per kilogram of rayon produced, indused by the
1947 salubrious working conditions legislstion; c) technological
changes related $o 1. outpyt mix, ii. the operating speed of
the equinw-nt, snd 111, the general operative efficienty of the
plant, hile the. first group of these technolorical changes '
refm%d to the textile simplification offectod from 1940 onm,
the second group was basically aspociated with the introduet on
of spinning tubes and the third to general aspects of the nlant's
operation, e.g, the gradual improvement of the quality of the
finished produet, the reduetion in the quantity of wastes, setc.
In ‘the: next chapter we shall make a quantitatie evaluetion of
the relative importance ot each of these variables.
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Let us now look at the second of the structural ‘periods,"
that is, the period between 196C and 1975,

In contrast to the first structural "vperiod" examined
previously, this period was characterized by a gradual decline
in the physical volume of production and by a faster reduction
of the number of working hours employed, This was due to a gra-
dual increase in physical productivity ver man-hour worked,
Towards the end of the period, the physical volume of vroduction
barely reached 20% of the highest value achieved by the series in
1957 and 1958, At the same tims, the product per mam-hour doubled,

As in the orevious case, this one should be studied in
tems of accumlation of capital, scale effects, technological
changes in the production process, in the output mix, ete, ‘e
shall bagin by summarizing some of the more relevant "historical
events" of the period,

Increases in cone sise (1961)

In the early 1960s, the "Lessona No, 50" coners used
by Dueilo in its textile section produced two sizes of packages:
1.5 kg for 60 and 75 denier and 1,650 kg, for 100 denier and
above,

These sizes, even though there were of an accentable
vreight, did not reflect the best that could be reached by the
installed equipment, .'ith slight modifications introduced in
‘basically the same machines, 0ld Hickorv was manufacturing cones
of up to 3,60 kg in the late 1950s, 17/ This, of course,
meant great savings on manual labor,

Studies showed that with minor modifications in the
- equipment, vackages of up to 2,50 kg could be produced, which, on

17/ Information obtained from the "Technical Tevort of
Plant No, 14, 1961: "larger size cones in Lessona !'o, 5 coners,"
- mimeographed, unpublished, Buenos Aires, 1961, n, 2,
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the other hand, was apparently the maximum Ducilo!'s clients
could ha.ndle with their warping ma.chinas.

P

v ‘.')ucilo was, dj.reetly atfacted by the increase - in cone size
as were its elients, By producing.a greater weight oer. anit; the
number 6f cones handled was reduced. and there was a savings. on
mamual labor. The inorease in cone size was also related to the
mechanical quality of the finished product (via the spinning speed,
which determined the rate or proportion of majer and minor defects)
and Lo the quality of dyeing. At the same time, the incraa” in
cone -sise brought on some difficulties ard the need to make some
miper ‘changes in packing and distribution,  There being positive
a.nd negative affects, it became nedessary to determine the mhxi-
mam .eone- sl ze compatible with minta.ining the stamdards ot mna-
nicdl-and dyeing quality. -

With respect to extermalities on Ducilo's clients, it
.should be pointed. out -that the programe of cone sise increase
was .studied "in house' in the industrial plants of several of
tnaﬁwd a hO% incraass in raming mwhine outmt was rworded

_and purification of c'a‘l'c_es“ o

+The. ‘closedown of ‘the reyon plant at Old Hickory 19/
it to te it ooexm-,ive techn
mp%%.:am TR ,M

b oees Lot
.‘wr:u.-:.""

: 1_8/ In the change from 11/10 to 11,/11 cenes, tho dm
'loa.ds taken from the warping machine rose from 7 to 10, without
notmg significant changes in quality and without. having to
introdu&e g’mt modiﬁeat.iona in the equipment of Ducila's .
cliants, op. eit,, larger size cones ..,, Puenos Aires, 1961.
PP, 12,13 - See more on. this tooic in Thater IV, e

7197 "Note that the D1d Hickory plant. was modernized, ex-
tensively over the 19508, assuming it won 14 keep on mamifacturing
during the 1960s (or at least a good part of it., This forecast
wag:actually incorrect; ~since 01ld Hickory stopped oroduction in
1960, luch of the egquipment introduced in the 1960s was never
completely amortized and had depreciated verv little, Some of
these machines were purchased by Ducilo Argentina and incor-
porated in its plant during factory modermiszation in 1962, Some

-



The tecnical modernization program involved the purchase
of approximately 7,000 spinning pots of 2 1/2 pounds (instead of
1 pound pots used up to that time), two washing tunnels with
three tracks each, evacuation chambers, colapsing machines,
bleaching tanks, rust resistant pipes, etc,

lLikewise, the closedown of 0ld Hickory gave Dueilo the
opportunity of acquiring second-hand equipment that was practi-
cally new (see footnote 19) such as dielectric dryers, steeving
and shredding equipment, ete.,, but Ducilo decided not to incor-
porate them, -hile the first decision shows the intention to
reduce costs and save on manual labor ( and also imorove quality),
the second shows the intention to contimue overating basically
with a batch process,

The 1962-1963 modernization program cost about a million
dollars - = the reinvestment value of the plant at that time
oscillated around 7 million dollars ~ - and had a vpronounced
labor-saving effect while also affecting several other perfor-
mance indicators at the plant under study, ~'ith resvect to the
transfer prices of these assets within the Du Pont group as a
whole,it is interesting to note that this operation was one of
the tirst cases where the American appraisal was applied 20/,

of the equipment introduced by 0ld Hickory in this decade

were a) 1,8 pound spinning pots instead of the nearly 1 pound
pots used in production in 1952-1953, b) in 1956-1958, dielec-
tric dryers, steeping and shredding equipment, etc, were in-
stalled replacing the batch process used until then in different
steps of the process,

The 014 Hickory plant was closed before expected, This
happened when Du Pnt had the opportunity to transfer vart cf
their working personnel to the polyester factory just ovening
up, There seems to be agreement on the fact that 0ld Hickory
did not completely recuperate their investment in modernisation
effected in the late 1950s,

.'_ZQ/ Several aspects of this modernization program are
vworth our attention and will be examined later,
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Detergents (1963

WYhen ‘the rayon cakes are removed from tho spirming oot
: (ﬁofﬁ.ng) they contain a large amount of air, sulphuric acid,
‘carbon sulph:tde and other gases which must be eliminated in
order to allow f'or an easier and less expensive purification,
the latter because a proper evacuation greatly reduces the
cycles of purification, The cakes then are put throush an
evacuation process in a water and detergent solution for
approximetely 15 minutes. The process is done in a vaciuum

and , . ., "the detergent in the ewcuation tank causes the emul-
_.sification of the gases which are eliminated in bubbles," 21/

, fihether this sta.ge of the process is sudcessful or not
depends on-a) the minimization of the bubble sise, beeause if
-they are larger than a certain sise, the cake can be damgad,
making the inside part of the yarn break away; b) producing
1little foam S0 as to aveid dangerous levels of toxic gases in
the evacuation area,

0ld Hickory,as well as the Argentine plant in its
first half of productive life, used the detergent "Dianol 11",
made specially by the Quaker Chem:l.cal Products Corporation,
-ihen 01d Hickory was closed, the Quaker Co, discontimed the
{ mafu facture of "Dianol 11", and Dueilo began & series of expe~
Mments to find a substitute of Argentine origin, if possible,
“In the course of this program approximately a dosen deterzents
wers evaluzted in order to minimize costs and at the same time
determine the best concentration of the substitute selected.
-This exper.tmental detergents program proved succenml, as. we
shall see later.

HiggqsoliasvzseoseLg;eédnd_half of 1960)

The research and develonment program in high solid
viscose began in 1962 and consisted of experimental projects in
a pllot plant, giving results that were used on the industrial
scale in the second half of the decade, 22/ S

21/  Technical Renort of Plant No, 7, 1963, "Evalua-
tion of detergente for ceke evacuation,"” mimeosraphed, unpub-
1ished, 1963,
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The spinning of high so0lid viscose (27 cellulose anA
5.5% caustic soda, instead of 7,1% and é7 resvectively “or the
normal process, enabled a large savings in raw materials /caus-
tic soda and sulphuric acid), and alsc economized on labor in
the spinnings and textile sections, and reduced consumption of
enerdy, steam, and other minor chemicals,

Three different sitvations spurred Ducilo to beein
looking for 2 nev process that would pemmit soinnine a viscose
containing more solids, On the one hand, customs fees on the
import of highlv cellulosic-wood vulp rose extremely in the early
19608, so it was better to work with pulp of a lower cellulosic
content, On the other hand, competition from nylon was zrowing
— a fiber of approximately 4,5 grams/denier corpared to only
1,5-1,7 grams/denier for rayon -~ - which creatly increased the
output of looms in the textile stage following the elahoration
of the yarn. 23/ Finally, the advisability of introducing

22/ The first Plant Technical Renort in this area
dates October, 1963, while the second corresmonds to Septerber,
1966, In the latter, it says: ‘“the tests made at Pilot Plant
ees indicated that a test on a larger scale shonld be done to
evaluate the final quality of the marketable product," and adds:
"Given the relatively small capacity of the pilot nlant - -
30 kg/day of yarn - - the following variables cannot be evalua-
ted accurately: 1) spimning performance; 2) textile reeling:
3) mechanical quality, etec. ,., 80 that once the adjustments
in the process and the machines have been determined, the other
-evaluations should be done in large scale tests.” Technical
feport No. 3, 1965, "Evaluation of high solid viscose," mimeo-
graph, unpublished, Puenos Aires, 1966, p, 5,

23/ Also, throughout the 1960s, Ducilo made a tenta-
tive exploration in working with Polynosic varn, vhich cives
nearly 3,5 g/denier, so ite textile output is considerably
sreater than that of normal rayon, This experiment never did

progress, since the idea of producing polynosic yam was aban-
doned, : ' ‘
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innovations i.. tne process to reduce factor- nersonnel, since
the medium-term closing of the plant had already been -ecided
on in the eerly 1960s, also acted as an incentive, 2./

In summary, the second of the two structural "stares
under study shows 2 marked increase in the amount of capital
ner man, related to the factory modernization oprorram of 1962-
1963, as well as to the textile simplification which intensi-
fied absolute and relative savings on labor., The pace of tech-
nolorical change throushout this period was ravid, ?Part of the
same was "incorporated" to investment in placement, while the
technological improvements implemented throuch chanees in the
production process, in the materials emnloved, etec., also proved
gsignificant,

Generally speaking, it can be said that the rapid
pace of technolorical progress in this period was what enabled
the firm to notably improve its level of labor nroductivity
even in spite of scale diseconomies emerging from the steady
fall of the physical volume of production,

This concludes this historical-descriptive chapter,
.+@ have noted the existence of a distinet "stmictural split”
in the growth of the industrial volant under study. In the
following chapters we shall see the most ontstanding charac-
teristics o each one of the firm's development "stages" in
more detail and in quantitative terms,

24/ Practically since the closing of Old Hiekory,
the Dueilo directors were convinced that eventually the Argen-
tine plant would have to follow suit, even tho'gh they intend-
ed to prolons the factory's useful lifetime for some wvears in
order to reach closedown with the least number of workers nos-
sible, That included not replacing retired versonnel, incor-
porating labor-saving technical changes, stec,
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IV,  SOURCES OF ZCONCMIC GROTH

The purpose of this chapter is to exanine in more Aetaf)
-ueilols long-term-perfeormance, sketehed ‘ont in D*Vibis pages,
‘@ 3hall attempt to eveluatea) which hawe been the math Hetere
inogs of the mpowth rsden-in ‘whystval roduktion woliime’ Pab top’
2roduativityy: ebe.; throuchout the historical -rowbh'of thls -
1 +£lams b)) what -gif ‘erences can be sesn in this sensk bekwoen
»-Hae JLoup subsecttong vih'ch composs the plant, that 15, shemeal,
.«S0inndng, cake mashimg and purification, and Mnally, textile: -
c) what has been the "teohnological component? undéerlying eaeh::
one of. the.growth. determiners identified & -« s,b, what' teshable-
gical modificepions had to: be introduced 'in drier 4o incréass -
solpnine speed, a- variable actine as ome of the. sourees' i of ¢
arovith.observed; in -the: volnme of: vroduction‘and 1n the level of -

roductivity - - and how this- pet: of technolprieal mbdifi sations

ward-born and-were  put into-practice in each varticuler 'dase, 25/

o Pincipal‘soowth determiners
Baw el ey b T e — , o ‘

L e SN Aow hredept a simple-analytical emminstion of
the. sBlurges "‘:Qfg,}e,gﬁnq:;ic, growth covering. the- entire historv of .. .
yon, Ta

Jueite Hay Table 3 stiows a different performnce indicators
for the years 1941 and 1967, which we have chosen to carrv. out
the comparative statistics study exvlained in the following pares,
ihese vears nave been chosen bectuse the phvsical volume of Pro-
duction is relativelv the same in both - - 2,9 mill¢on kilosrams,
apprqqqgmtg].,g,ﬂ;._-- #hich enables us to elimipate in nart the imror-
tance of the &gale effects.which are gonsiderable in rayon mamufac-

e A

P NRRLE s i R Srn e
¥ f e e, Coe e,

PO

gy

Eﬁl .. Contimminz with the -exasiple of increase in ebdmmine sneed,

this can be achieved throush different tyves of techmsloriend mo-
4ifications which differ in their content of technolorical and
creative effort as well as in their form and area of implementa-
tion, One of the possible "technolosical paths® mirht be throush
Tube Spinning, for example, This wonld primarily affeect the spin-
ning section, Inecrease in spinning sveed could also be achieved
thr&ugh technological changes of a chemical nature, vhich woul”?
be another "technological path" leading to the same resulis,
while the first part is predominantlr {but not exclusivelyv,
nechanical, the second is more chemical, ~f course, this does

not imply that the paths are not connected.



Between 1941 and 1967 the progu;to% porAman-hm;rlv{mt from

3 50 kilograms, &n increase o « As we shall see,
%ﬁ?mli::ton of what happened is complex because 1) an output
mix was spun that was different frem the original one (ses 0ol-
ums 12=1} of Table) composed only of ‘cones’ and 'oakes' instead
of also including 'chaine!, 1bobbins!, 'skeins’, ete, as was done
at firstt 2) a denier was spun which was much hisher on the ave-
rege than that in 1941 (eolumn 5 of Table): 3) the number of
machines and spinnersttes in the spinning section declined
areatly (columns 7-8 of Table): &) machines operated at a
greater spesd than originally (column 6 of Table); 5) each and
every one of the sections in the plant suffered technolorical
changes of differing magnitude saving on labor (eolums 9, 15,
17 of 'I‘sbh)z as well as on raw materdals (eolumm 20 of Table)

¢

and capital (eolumn 10).

/e shall examine each of these subjects separately.
As we can see, both the factory and the finished product, chansed
considerably between the two years under study, makine it neces-
sary to "normalize’ the different effects in order to reach a
realistic estimate of the increase in productivity and provide
an adequate explsnation for'it,

fication

Output mix and textile six

As can be seen in Table 4 below, from a statistical
and quantitative point of view, the program of textile simpli-
Meation was the most important of the labor saving determinants
By eliminating the tasks of skeining, finishing, twisting, reel-.
ing, spoeling, sizing, stc., it was possible to reduce the total
mumber of direct working hours required in 1967 by 477,6 thorsand,

the equivalent of approximately 39%
hours utilized in 1943, 1y 39% of the total mumber of direct

=28
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Y JNOI

JABOR _SAVINGS RELATED TO WIEXPIL: SDPLIFIOATION"
‘ | Total man-hours of direat oreration
‘Proqess Ares o 29 1967 __ "ifferenge

1 - Chemiocal Section 115108  13L,4L5 19,3
- Spinning and coagu=
- und ‘uﬁ.ﬂ- ‘

3 oi:'iﬁ:’ , 152,193 56,106 - 96,027
« Textile Area 'ain-

b e:fmd (*) 269,080 293,91 24,830

§ = Taxtile Area ' AM.6L9 - .- - 477,649

Eliminated (") N o .
'”otll hours of dimt
operation | 1,239,973 663,998 - 76,075

(*) Coning area, (°*°) Dyeine, skeinine, finishing, twisting,
eoning, reeling, sising, ete,

e

—— - —gp

Source: The auihoro. ,

, In other words, nractically half of the increase noted in
product per mane=hour - - which was 80% between 1941 and 1967 - -

ores its origin to the fact that the ontmut-mix at the end of the
veriod differs suniﬂunny frcm the orlnriml ontput mix,

Taken in the strict sense of the word, the program of
 textile simplification did not mean teshnolorical chanees in
“ueilo Rayon but meant only the elimination of a series of tex-
tile tasks which, by paseing them on to buyers (who absorbed the

dyeing, finishing, ete) and to independent workshoos (who worked
- for Dmilo, received the yam and returned it after carrying out
the tasks) enabled the fiym under study to sreatly raduce its
 mmber of direct employees, 26/

. ,
26/ It is interestine to note that orizinally Tuecilo

Jeeided o take sharge of a wide panse of textile tasks not in-
cluded in t.he manufacture of rayon itself, There were orobably
two factors responsible for this, On the one hand, the lirited

- textile exverience in Appentina in 1930 vhen ™uecilo heman mamu-
facturing, and on the other hand the low real salarv (in relative

w30 -



~ Due to the aforementioned, and once the effect of the change
in output mix was neutralised, we see that the effective increase
in labor productivity which needs to be 'explained' is approximately
40%,

lachinery and Factor Substitution in Spinning

while in 1941, 57 svinning machines with 104 spinnerettes
each were in operation, making a total of 5,931 spinnerettes al-
together in the spinning section; in 1967, only 45 with 102 spin-
nerettes each were in operation malking a total of 4,288 spinneret-
tes, In tum, in 1941, the spinning section consumed 226 thousand
hours of direct labor, which wa: reduced to 179.4 thousand hours of
direct labor in 1967,

In other words, while the number of spinnerettes in use de-
clined approximately 27% in 1967, the amount of direct labor de-
clined 46,570 hours or 208, This means that the capital/labor
ratio decreased approximately 7% in the spinning section,

In this case, we are faced with two different factors
which should be differentiated. On the one hand, there is a de-
crease in the amount of capital and work being used in the spimning
section. On the other hand, this obviously is not the only thing
that occurs; simultanecusly with the above, there is a distinct
substitution of capital for labor, a phenomenon which is related
to the change from l-pound pots to 2 1/2 ones imported from Old
Hickory in 1962-63, Because of their larger sisze, much less dof-
fing (cake removal) labor was required, which explains the signi-
ficant savings cn labor shown in the statistics, ‘

ilith respect to the first of the effects -~ - the decline
in the intensity of capital per man-hour in spinning - - it is
clear that had the amount remained the same as in the base year,
labor productivity would have been approximately 7% higher than
what it actually was, . This means that the total increase in
labor productivity which needs to be !'explained!

terms, \/ith the growth of industrialization, the development of
the textile industry, and the rising cost of labor, textile sim-
»lification and changes in output mix become more and more justi-
ﬁedo ’
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is now 46>L7° approximately, see Table 5, n. 36 once "e
'normalize! the factors the rlant onerate? with a2t “oth
tires,

in relation to the two effeec s mentinned - = the
substitution of canital for labor in soinnine - - notice
{eol 9 in the table) that labor savings is 20°" in a sec-
tion that, on the average, uses close to 257 of direct la-
bour employed by the entire ~lant, In other words, the
"substitution efiect" of earital for labor in swin~in~
lexplains! about 55 of the increase in nrodustivity ner
ran-hour seen between 1941 and 1967 in th-e nlant as a
vhole, (See Table 5, p. 36).

iraph 2 describes the accurmilated effect of fac-
tor substitution and “de-curmlation” of ca-~ital in the
spinning section, ~hile the decrease in the carital 'la-
bor ratio supposes a movement from noint i to voint ©
alonz a riven production curve, the chanre in oots and the
technolozical change that followe: caused the nassine fro-—
B to £, which should be seen as the iniroduction of a new
'production function! in spinning,

Zraph 2
canital "de-cumlation”" and factor substitution in srinnin-

Q/L

QL 1967 foccocacaeme C

Q/L 1941 f-=m==mmm- b2

e o o -

K/L
K/L 1967 K/L 1941
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uonceming the nature of this technological change,
the evidence in Table 3 (¢ol. 8, -9, and 10) suggests that as
a Wiole it was relatively capital-aaving .27/ even-in spite
of the fact “that it dmatica.lly reduced, thp amount of labeour -
employed in ‘spirning in absolute values, and 28/ notably re-
duced the mumber of workers s neaded Lo operate the vlant. This
shows thet any given teghnological change oan disnlace labour
from the production precess {and even drastieally, as in this <
case) a.nd still have a c&pital-sa«ving biu in: rela '1ve terms,

SDmﬁ D‘md‘w s

Tab].e 3 ahows that amf.har of the impontant. tactors :
. a.ccmxﬁting ‘for the incréase in produstivity between 1941 and
1967 1% the iricrease in spinning speed, which varied 16,3% -
betweé# ‘these two years (col, 6).. This indicates that about
358 <% 16 nemenhage points of 46 for the actual incresse . .
in. labor productivity calling for an explanation, - - comes -
from the fact that the machines were operating at a greater
average speed :‘.n 1967 than in l%l ( See. Table 5) ?2/

" The nrograma desimpd o ra.isc spiming sooud were
especially important throughout the: first of the techhologi~
cal "periods” identiﬁ.ed earljier and right a.fter the war until

27/ - -Phe- units used hers are physical, so in order
to draw a more definitive conclusion concerning the final
nature of -technologieal charnge .’m the 1nn1.ng section, e,
vwould have to Jmow the-price of ner pdts as well as ths re-
”sale value of tho old ano—pmmd paba. o .

28/ ¥ .E.a. ‘Salter examines several examples of teeh—
nological change often associated with a relative labor-saving
bias pointing out that they often also save on capital in ..

-2bsolute terms, See Productivity and Technical “har}gg,
uambridge University Press, 1955, p. 3§

e 2 iadS ‘%%ﬁ%%%’*’%ﬁﬂiﬁ%w@ et 13

~.© by this varie.ble = = 145 m/min-~, - Spinning spsed was of

~reater relative importance as an explanation for growth

. during the first "veriod" mentioned here, tmt loses some
of its importance in this exercise in which ooint.s coms—-
‘vonding to both "periods" are being comared



the 1950s, 1In 1946/47, for example spinning speed was more than
145 m/min, practically double that of the earlv 1940s and 50%
hisher than in 1967, year used as a basis for comparison.

The main explanation for the behavior of Ducilo in this
area - - that is, a high and rising spinning speed during the
first two decades of productive life and a gradual slowdown to
mich slower speed during the second technological "veriod" - -
should be looked for in market phenomena and in their relation-
" ship to the quality of the finished product. :’hile we sse that
Ducilo was operating in a 'buyerts market! immediately follow-
ing the war, whem the installsd capacity was usually in full
use and when there was no difficulty in marketing the finished
vroduct, almost regardless of its quality and/or price, we see
a different picture in the 1960s. In these years, competition
was tougher due to the opening of plants which were not in ope-
ration at the end of the war, on the one hand, and on the other,
because of the growing pemnetration of other synthetic fibers
vwhich supplanted rayon in several end uses covered by it in the
19505, This gradual shift to a 'sellerts market' and the conco-
mitant loss of rayon as a textile fiber made Ducilo concentrate
its efforts on quality aspects, a variable in which it had tra-
ditionally been leader on the market,

Of the several paths followed by Ducilo to improve yarmn
quality throughout the 1960s, one that was especiallv important
was the reduction of spinning speed 30/ which explains the
behavior pattern of the firm as far as sveed is concerned,

Aside from the behavior of Ducilo concerning svinning
speed through the two different growth "stages ", it would be
wise to ask now that the different technological changes put
into practice by the fimm over the years to first increase,
and later reduce, the operative pace of its sninning equivment,

30/ 1In the 19708, an attempt was made to nroduce polynosic
yam, the latest in quality on the rayon market. Foreiem tech-
nical assistance was sought (CTA, France), tut the orogram
was never put into practice, In polynosic spinning, spinning
sneﬁtis reduced substantially in exchange for a great increase in
qualivy,

-3h -



The most relevant technological modification to be men-
tioned in relation to spimning speed is nndoubt.edjy the so-called
"tube spinning’ Whmh ﬁll bﬂ emaﬁ.ned in more detail later in

-thig, chapter, . .-

L Hawing talked about thn inemae in spinning speed and the
rela that it plays 2s-a.partial "eiplanation® for the increase in
labor productivity from 19h1 to 1967 s Ve aha.ll now look at other
explanatory factors, . .- :

Faetor Substitution in ‘/ashing and Purification of Cakes

Unlike what happcned :Ln the sniming section, in the area
of cake washing and purification there was a significant increase
in the capita.]./labour ratio, This was due to the installation of
two washing tunnels with three tracks each in 1962, plus other co-

teral equirment, bought second-hand from 01d Hickory after its
dismantling in-the early 1960s., In this case, we are in the pre-
sence of a set of technological changes put into practice as part
of the modernization investment in the early 19&0s, .They are -
clearly labor-saving which explains the 637 fall in the mmber of
divect 1)?orlcmg hours employed by the section. (See col. 17 of
"Table 3 .

5ince the washing section employed 107 of direct labor
utilized by the plant as a whole, it is easy to conclude that the
technological modernization plan of 1962 enabled a savings of
6-7% on the total number of direct labor hours employed by Ducile
layon, or similarly, enabled the mcmse in Droduet.ivity per man-
hour in a similar proporbion.

femembering that the mmase in prodnctivity needing to
be 'explained! is 46%, this set of technolosical chanzes in the
washing area became responaible for a.ppro:d.mtely U;%

Increases in Denier ._

Table 3 (col‘. '5) shows that the average denier rose about -
14% between 1941 and 1967, Spinning a heavier denier does not.
involve a greater use of direct labor; rather, the same amount.
of labor produces more kilograms ol rayon, If production had

-35-



done in 1967 with the denier of 1941, the same amount of labor would
have produced fewer kilogrms of rayon., Therefore, the increase in
kilograms obtained by manufacturing a heavier item should be commuted
as an increase in labor productivity, about 14% as we said before,

In relation to the total to be 'explaimed' - - L6 vercentarce noints
- - the increase in denier accounts for close to 30%, (See Table 5)

Table 5 below summariges the different "explanatory! factors
for the observed increasgs in labor productivity.
Table 5

Variables which "explain" the increase seen
in labor productivity

% Relative
imvortance
1. Increase in output per man-hour
1941-1967 79.0
Less:
2, Textile simplification - 40,0
Plus:
3. Adjustment for canital/labor
ratio 7.0
Subtotal to be
explained 46,0
4, Spinning speed - 16,3 35;h
5. Increases in denier 14,0 30;0
é. Substitution of capital for
labor in washing and purifi- : -
cation ' : 6,5 14,2
7. Substitution of capital for - :
labor in spinning 5.0 11,0
8, '"Unexplained" residual L2 3.4
X * .
46,0 100 2

Source: Prepared by authors o
ron . n basis of data orovided by the
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The estimates in Table 5 lead us to conclude that three
large groups of causal factors, of different origins and of
different main characteristics, seem to have acted as the most
important determinants of the observed inerease in labor oroduc-
tivity., - _ _ ,

" The 'first of them - - and quantitatively the most im-
portant - - is associgted with 'major' and 'minor' technolosical
chariges carried out_bv the plant's enginserines team itself, Tt
appears throuzh 1) the increases achieved in sninninc sveed and
2) the inicrease in average danier, On the whole, these are
technological changes that are "disembodied” and imvlemented
‘on"tHe basis of capital goocs already installed, slightly mo-
diffedl, 35% of the change seen in productivity was achieved

by the first of the variables and 307 by the second, which

sihows that 2/3 of what happened in the area of labor productivi-
ty between 1941 and 1967 corresponds to this group of causal
factors, ” D '

- The:segond group of cawsal factors affectine labor oro-
ductivity is, in actual facts, alimn to events of a technolo-
gical . nature and has to do with the ¢hange in the output mix
marketed by Ducilo, This change is related to what we call
"Textile: Rationalimation progrem,” which was nothing but a
vast -labor-sawing overation ocarried out thro:gh the gradual
abandonmient of ‘a ‘series of textile operations not specific to
the ‘actual: produotion of rayon, This second srour of factors
depends more on external varisbles particularly macroeconomic
ones than on cireumstances inherert to the firm itself, 1In
analyzing this topic, we have been led to observe that other
firms similar-in siwe to Ducile frequently seem to have be-
qun operating on the looal scene with a larzer labor crew than
what was actaslly required by the technology ard the capital
goods origimally installed, At the same time, it seems that -
in many cases, firms opted for self-supplying themselves with
a wide range of goods and servises which the industrial -struc~
ture of the country was met: in eondition to supply at a rea-

- sonable. cost and guality, Tem.or fifteen years later, due to
the growth of the econcmy as & whels and to the growing rela-
tive cost of labor, \ks drigimal preduction process became
inefficient., This forced many plewts to save on direet labor
by decentralizing opemtions of a hish unit labor content.

The case under study seems %o have been one in which both
factors - - growth of the textile industry and growing rela-
tive costs of laber — Nstified the gredual shandomment after
the war of many textile eperations which were originally



carried out by ‘ueilo.

Finally, the third group of fattors acting upon labor
productivity is again of a technological nature but, unlike the
first group of factors examined above, this one contains a grea-
ter portion of technological changes external to the firm, and
it is mainly related to the factor modernisation program carried
out in 1962-63, e are mostly talking about a group cf technolo-
glcal changes "embodied" in the espital poods imported second-
hand from the United States, in the early 1960s. As such they
are technological changes of a foreign origin and design and need
an extensive modernisation investment program in order to be put
into operation.

In relative terms, this group of technological changes
was decidedly more labor-saving than those mentioned before,

‘le have thus far examined what happened in the ares of
labor productivity, The fignres vresented in Table 5 suggest
that approximately 2/3 of the increass obtained between 1941 and
1967 originates in 'major' and 'minor! technological changes
effected by technical personnel at the plant (chemical and me-
chanical experimental groups), Such technological changes were
generally "disembodied" and were implemented on the basis of
availabls equipment, Simltaneously, we see that approximately
1/L of the increase in direet labor productivity is derived
from 'major' and 'minor' technological ichanges "embodied" in
the plant's modernization investment of 1962-63, In this
case, we are speaking about technological changes coming from
abroad, and with a stronger labor-saving bias than those men-
tioned in the previous paragraph (especially in cake washing
and purification).

Later on in this chapter, we shall describe in more
detail the technological changes mentioned throughout the
preceding pages. But before doing that, let us look briefly
at what happened in relation to efficiency in the use of
physical inputs, particularly pulp and caustic soda, which as
indicated in the last colums of Table 3, also suffered signi-
ficant variations in their "input-outpat coefficients",

Ef’ficiengz in the use of physical inmuts

Table 3 suggests at least two important facts related
to efficiency in the use of physical inputs. On the one hand,
the variation seen in the 'technical coefficients' (physiecal
consumption of pulp, caustic seda, ete. per kilogram of rayon)
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poses; the poss:.bility that important modifications har been intro-
duced‘ in the production process, On the osther hand in this vart
of tnb process, unlike ghose oceurring in the spinning, washing,
and textile ‘sections, we observe that the absolute and relative

- labor; requirements ineréase marginally, sugeesting the possibili-
ty thst the technological changes introduced in the chemical area
were telatively intensive in the use of labor {saving on svecific
inputs, particularly. cauatic soda),

. The information presented in Table 6 and Graph 3 below
enabhs us to look at both asoects in more detail,

Table 6

Prices q; cellnlosic pulp and caustic soda in
~ different sub-periods in the history of Dueilo
Argentina (at 1937 pesos)

i

?

‘ 1937-19% 1950-1960  1961-197%
Cellulosic Pulp ~ 39,3 71.6 19,2
causu;;‘sm S 185 25.3 11.0

Source: Calcu]ated as.a simple averare of manth]y fie~
ures d‘flated wibh a Ducilo raym price 1ndex.

"’wo statmnta of interest can be made referring to the
infomAtion.

I‘_rst. the series corresponding to the average prj;ce of
pulp stows three "stages" when the market underwent serious
supply -difficulties, The first of these periocds corresvonis to
the wap years, while the other two occur in the early 1950s and
in 1956-57. In these last two cases, the firm responded to the
orice increase in pulp through the use of substitutes,  In
1951/52\ cotton linterns were used extensively as a basie raw
materisl, vwhile toward the late 1950s the plant beean using pulp
of a lesser cellulosic content, which not only was cheaver, but
also halk to pay lower ocustoms fees when imported (voth pulos
were imported from Sweden) _;;/
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"As we shall see m.u-, both prognu comming the sub-~
stitetion of rew materlals required a zreat ameunt of loecal teeh-
nolowal ‘effort sinco the production progess had o be modified
and optimiséd to operate under new chamical and mechanical con~
ditions, This technological effort was provided by plant tech-
nical persennel working in the departaents of Mechanical and Che-
mical E:.peﬂnubs.

 Ponally, and also in rohti.on ‘o the use and wnit oost
of flulp the taéchnical coefficients in Table 3 suggest that the' '
mbst.iwtion 6% high cellulose pulp for one of minferior qual- -
ity ssuded an increase of about 1A% in the input-output coeffi-
clent ‘£ this raw miterial, Since the difference in price be-
tween ‘d61luicsi¢ pulps was around 20% . /s such sabstitution -
amounted to6 a sipniricant ‘reduction in oo e

Seeondly, the seriss correspanding to the pries of

caustie 'sods 4180 reveals a mirked rise in price of this raw .
material begfihing In 1950, Only in the second half of the - .
19508 did Ducilo decide to carry out an applied research
program designed svecifically to save on caustic soda: this
progran wis cailed "High solid viscose spinning” and its de-
velopment ocoincided with the opening up of a pilot vlaat . 32/
in order to fleilita.te the research, as well as the closing
of o Last TeNn-r rut,orymcamtompqtdo o
Nemours in th¥ ﬁnﬁ‘:&d The htt.or gave a groater dogrn

.Ons.of. the technical reports from the Heshanical
and Chesical Experimental Department reads as follows: "Nue
to customs regalations in force, imported wood pulp is sadiect
to ; whose amount devends en their alpha-cellwldiés edatent
‘oo means that using pulp with an alpha-cellnlose content
less than 90% economiszes considerably.” At this time an exten-
sive research pregram was carried cut in this field whose re-
sults were published in "Evaluation of wood pulp with an aipha-
cellulose contont of less than 90%," Plant Technioal Report
No. 1, darch, 1967. And also "Pulp for the viscose process".
Tochniml B.M !io. l, ery, 1968. _

M il ﬂu Wmtl ‘made on the basis of infor- -
mation tamd 4n ‘the tdm:lul nwbl nﬁomd 1n tho mvimo
footnote (see footnote 31),



0. freedor to the Arcentine technical team, leavineg it onen to
its own limitations and votential, The creater analytical and
experinental infrastructure available upon ovening the vilot
plant strengthened the technical team in their decision to Ade-
velop their own package of technolorical know-how, since tech-
nical assistance from corporate headquarters was no longer avail-
able, -

As in the nase of cellulosic raw materials, the rising
orice of caustic sods seen in the 1950s (and its nhysical short-
are toward the end of the decade gave rise to the search for
technological solutions on the part of the chemical and mechan-
ical engineering departments, Also, as in the previous case,
it became necessary to design, put into prectice, and fimally
optimize a new productive process notably different from that
originally installed,

The next section, last in this chapter, takes a brief |
look at the Argentine technolorical component introduced by
Tucilo over the years,

Pace and nature of Argentine technological endeavars

‘Ye have seen in the preceding section that the techno-
lorical changes comins “rom the research and develovment efforts
carried out by the plant's 'echanical and Chemical Research
Jepartment 34/ mrde a sreat impact on direct labor pro-
ductivity as well as on efficiency in the use of the most ime
vortant rev materials,

This section will examine some of the features of .
Pucilo's technelogical behavior, beginning first with a study
of the level of exvenaes for tectmelogy and the sonrces of de-
manA for new technolorical lmow-hor coming from within the factory,

. 33/ ith respect to the use of the pilot nlant in the
high solid spimming research progran, two very detailed mﬁ.s
served as the besis for this analysis, They are 1) 'irite-

‘lo, 1. on high solid viscose opinning, Plant Technical Report
No, 12, October,1963, and 2) Eveluwation of High Solid Viseose
Plant Technical Report No, 3, September, 1966 ’



and theg foinz on with a detailed mlysis of some gpecific
technological prograns,. their magnitnde, and their effects
on.the comvany's tnchnicul and economic pet-fomance.

Graph 4 below reflacte the eyolution of expenses in
wages and salaries in Lsshanies).and Shemisal exveriments over
the yesve, The seriss in hlmmt pesos,

"m.” Te AR I A

S e

_ The names of these devartments were changed in the
early 19608, when "Vechaniéal and Chemical xperiments" became
1Plant Techniesl Assistance”,
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The graph reveals several interestings facts., “irst it s
clear that during the lifetime o’ this plant - - almost forr de-
cades - - the yearly expenses in ''echanical and Chemiecal experi-
~ents gradually lost importance, until they oractically disapreared
tovard the end of the 19é0s,

Secondly, the decline in mechanical and chemi-al research
- - which seems obvious if we compare the first and last decade
of factory oneration - - is not really cheracteristic of the 7227
Lo 1957 period, when, in spite of annual fluctuations, a minim

2.1 [thousands of 1937 pesos}, and which averased around L,0
{tnosands of 1937 resos), The sudden drop berins onlv after
1745 and, apart from the short lavse corresvonding to the modsrri-
zation program of 1962-63, vlant technology exnensas oracticall:r
disappeared during the course of the 19&0s,

Thirdly, it is important to note what the different
"sources" of demand for "in house" technological efforts were over
the vears, Using the figures in Graph 4 thev can be sumred unr as
follows:

1, Start-up stage

2, Zxpansion of installed cavaeity, !incorporating
and adjusting 12 more machines in the splnninz section).

3. High speed spinning and transformation of oren
trouth to tube spinning', (M eechanical aspects of the production
.echnology,

L, & 5, <Changes in chemical aspects o7 the vrocess,
a, Replacement of mulp by cotton linterns.

b. Replacement of high cOntent cellulosiec pulre
for another of lesser quality.

¢. Decrease in the 'input-output coefficient!
of caustic soda,

6. Substitution of capital for work, Installation an-
start-up of new cake washing and ourification tunnels and 2 1/2
nound pots, vturchased second-hand after the closines of 0ld 'Hckory,



In other words, the graph shows that matters such as a).
tae. start-up of the vlant and the initial optimization of the
. process, b, the expansion of ifstalled cavacity, ¢) the changes
in the nroceas (whether these sgcur by chinges in the rew mate-
rial used, by alterations in the machinery or other such circun-
stances)., d_) the modifications of available cavital goods, e)
the substitution of capital for labor, etc, are all situations
that call for a certain amount ‘of ad ho¢ technological ictiow =hom
vhich must be-produced strictlv according to need and which,
therefore, reguires experimentation, trial and error, and re-

search and developypent done e &t the plant itself.

Fourthly, apart from the aforementioned, the granh also
discloses another fact related to the nature of the mechaniecal
and chemical experimentation program of this firm, ‘e are re-
ferrinc to the clear trouble-shooting nature of the technologi-
cal efforts carried out, As can be seen the firm tended to
respond to urgent requirements in the orocess or production
line, by increasing its "in house" technological efforts, but
they were not equally interested in maintaininc a steady level
af teehnolozical efforts over the years. rs. -ather, they reduced
them as time went by by. We feel that the explanation for this be-
navior can be found in the faet that Tucilo rightly expected
..rayon to be a »roduct with a limited lifetime being faced ith
the rapld uvpsir: ge of nylon and other synthetic “ibers.

The rayon olant seems to have been somewhat of a train-
ins around for the evtensive technieal and professional team
formed by the firm over the vears, Ths growine loss of inte-
rest in rayon led to the transfer of technical nersomnel, once
trained, to other factories in the Duecilo zroup, particula.rl;.!
those of nylon and eellorhane paver,

The charnges in the nrocess, substitution of raw ma-

terials, instellation of new machinery and their tune-up, etc,

rrally brourht about the need to partially reconstitute the
,ec*x.uce.l tean of the rayon nlant, which was done on the basis
of 2 special task force made up of orofessionals and technicians
from other operative units, 'hen the vrotlem was solved that
ther were called to work on, they returned to their former vosi-
tions, which explains the oscillating nature of the technolosi-
cal expenses described in the graph.
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cefore goinz on to an analysis of snme smeecifie technolori-
c2l nrofgrams, let us examine one more ooint, Lookineg at s2xm-ons=s
in research and development over the years, we have a tynisal 2svmo-
totic curve, characteristic o7 situations where 2 saturation ~f‘est
can be detected with regard to the flow teehnology vasisallr irtendw-

=zd to improve and optimize a factory which is essentially =i-en,
Jue to the restrictions imposed by the available ca-ital nqu1ﬁvn"*
- - vhich would only admit & finite mumber of adiustrments « - 2nd,

e

this case, due also to the arowings lack 27 interest ir ravor zc
topic for study and experimentation ! | odven the im-inent rlosirc »f
“he nlant, which was originallv decided uoon at the end nf the 16=7

it is ]ovical to exvect a flow of accumulated exoenses for vﬁso"*ch a'H

develo-ment similar to that deseribes in Gravh 3,

in

Gragh 5

Accurumlated ixpenses for .esearch and Develovment

(in 1937 pesos)

* S s 4
.,‘",_...,.....o-ﬂ""

o~ e : 3K
e } e B8 B
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It is interesting to note that the loeistic function involved
in Traph 5 shows a certain historical discontinuity areund the pe-
riod 1958-1960, when there is an inflection and a short uv-roing
trend covering the five-year period from 1958 to 1942,

7t is also worth noting that this discontinuity has a
clear countepart in the history of this firm, It coinecides with
a very rrofound change in its managerial staff, an< 'rith the hirine
of new technical management which favoured the erowth of domestic
engineering capeeity. This fact, which appears even more clsarlr in
other Ducilo factorles, has only marginal immortance in the ravon
clant ~"hich was already entering into its final stapses of overation,

Having finished the aggregate analysis of the flow of tech-
nical expenses, we shall now examine some specific technolorical

programs.

. Tube Spinning

. In 1941 Duecilo was working at full capacitv with all the
equipment installed in 1937, wh®ch meant operating with open
troush at 200 Godet revolutions per minute at the svinnine mid-
point of the machine, Q_E/ That gave 96,5 meters of rayon
per mimite, an output considered normal by Du Pont. ~

Given the existence of unsatisfied demand, Ducilo was
faced with two alternatives: 1) to expand capacity by instal- -
ling new spinning machines and/or 2) to increase spinning sneed in
order to obtain sreater production volume from the installed
equipment. It decided.to follew both avenues, .

Friction caused by the coamulating bath on the varn being
formed in t'e tro:gh was one of the prineipal technoloeical limi-
tations hinaering the increase in spinning speed at this time,
The idea of replacing open trough spinning with a system where
the coagulating bath circulated along with the yarn on the ine-.
sids o7 a glass tube, allowing more speed without altering the

Sinee there is a difference in speed between the
beginrine and the end of a cone, We use the conventional term,
"midway point!. ‘ ‘
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time period in which bath and yarn were in contact, 24/ see-s
to have originated around 194L-L% in Tu Pont, U,S,° 37/ e
domestic development of the idea - - and all the mechanical znd
chemical experimentation involved - - was done at Tucilo in YSLE=46,

.nat does this mean?

The open trough machines had to be modified bv insta???nc*

a lead zig-zag, new guides, and fimally, e¢lass tubes of annr?xlmaue-
1y 1/2 em in diameter so that the varn anc the bath eould airsulate
through it, The investment requires for this modi fication in the
eouiﬁéent was around 102 of the valve of a new machine, and enz:hled
inereasine oroduction to about 300 Godet revolutions per mincte
‘wthich would signify about 145 meters of ravon in theﬂsame amovn?
of time), In other words, output was inecreased bv 507 comvar-d to
oven trough svinnine,

‘“he lenzth of the glass tube determines the lensth ol the
course and therefore the duration of contact between the fiiament
and the bath, This length of time an” therefore, the lensth QP the
wibe should be adjust-d according to the denier beine soun, tne rav
~atepials used to make the viscose, etc, That is whv the ﬁe?elqo—
ments made in the U, §, callin~ for a tube of 72 ¢cm, nrover inzre-
cuate for local competitions and the 'echanical and Chemical exreri-
mentation team tho zht it more appropriate to use a tubs of 79 en,

The transfer to tube spinninz entailed six months of ork
“or approximately ha)lf of the lechanical and “hemical Zxverim nta-
tion team, which at this time consisted of 30 veonrle, Tirst ther
worked experimentally with two or three spinnerettes of & =iven
soinning rachine, testing a) the type of trough {course), b} tive
o coagulating bath, and ¢) the type of viscose, After choosine
the optimum ecombination on a pllot scale, they had to make “he
datailed "blue-prints" for modifying the troighs and also had to
draw un standard instructions for orevaring the viscose ani coacu-
lating bath in the 'proper! optimum conditions,

3¢/ GUeveral yarn propertiss - - esceciallr its dyeins
capacity - - devend crueially on the length of time of contact
‘and tnerefore, on the length of the tube) between the varm and
t.e bath. |

27/ S, Hollander says that tr 194% Du Pont had already
~atented the tube spinning method in the U,S,, altho'gh he does
nov speak o the origin, development costs, etc,, of this new
technology,
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Having completed the experimental stage, sojmningon e .
-seii<commercial scale was bemin, putting the production )
physical and chemical tests with customers. The Mechanical aag
“xperirentation Department had to work in close collaboration
with sales Technical oerviee, who was directly responaible to
the clients. ‘ ) : ‘ ,

O 1 ie imbortant to note thats the tube spimd.ng is’ né-"f'f*‘j.

‘@atively correlated with quality, and so Dusilc decided to -
arvat)ly reduce its spimning speed in the 19608 and o back. te

. working on the basis of open troagh,’ This undoubtedly called
for a .new Adduatmt. m op'mm of the pmds. " ‘

4 secand téchnological program vmich called for &
great experimental effort on the part of Ducile's engineering
team was the so-called High Solid Spinning,

2, igh Solid Spip

The. mnamh progranm in high solid viscose apfm:lng
dates from the early 19608, the two main techmical studies on
the subject dating 1962/63 and 1965/66.

. The min. obj-et,iw of this mﬁmtal resesrch pro-
gram was to. reducp costs by decreasing the input-outout coeffi-
.. ¢ients of caustic soda, a raw maberial which by the end of the
19508 had not only beoome more expensive but also was difﬁ.cult

t,q get. .

Cian oA "‘eohnioally spoaking, the aim of tha R & D nrognm

consisted in reducing allalinity and increasing the cellulosic
‘content of the viscose, without altering the mechanical and
chemical quality of the rayon produced, Besides lowering costs
by saving on caustic soda, the technique of high solid spinning
has several other adv:nta.ges. Among them are 1) reducing the
capital services used in production, especially the waporiser
and crystalliser, this also implied lower energy oonmption, )
2) reducing labor requirements in the textile area, due to the
decrease in the number of "doffings" (cake rmmﬂ required
for & given output, 3) reducing the input-output coefficient
of sulphuric acid due to a lesser alkalinity content in the

viscose,

How t.hon, a technological change of the kind examined
here - - like those associated with changes in the type of pulp
employed in the elaboration of the viscose - - presupposes a
complete change in the process, aspecially in the chemical sec-
tion. The pressing reution, the time for impregnation, the
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time for aging, the proportion of carban sulphide to make oellulose
xantinte (sss dingram of reyon m'msa. P 10) ete, mat 211 be
“mo

As in the case of the expsrimentation related to the use
of new kinds of pulp, the only wav of generating technolomical
imow=-how needed for the program ¢f hiszh solid spinning was through
trial sxd error on a plant sesle, esarching for an !optimmm!
canbination close to (or better than) Du Pomt quality standards,
Given the relatively smell ocapacity of the pilot plant - - 30 kilo-
grams/day of yarmn - - once the adjustments in the process were de-
termined in the chemical section, tests Mad to be run on a lureer
scale (using the factory itsel? for experiments), in order to be
able to evaluate the psrformance of spinning, textile reeling, and
other factors vhich require larger samoles,

1t is important to voint out that the high solid spinnine
rrogram used certain information comine from the technical files of
0ld Hickory 38/, but that orogram should be considered as a eanuine
result of Ducilo's engineering team, since little or no technical nar-
ticipation from the corporate headquarters was received,

'Tube sminning' and 'high solid spinning' were two of the
important experimental research programs earried out by the pro-
fessionals and teehniclans at Ducilo, Both had an imoortant effect
on the firm's performance, Nevertheless, it is immortant to observe
that the group of lechanical and Chemical Fxperiments /later called
group of Plant Technical Assistance) completed more than a hundred
research and development projects between 1959 and the closing of
the factory, period for which we have been able to obtain the verti-~
nent statistical material,

38/ This can be deduced from the bibliography consulted
oy the liechanical and Chemical Experiments persomnel which is
mentioned explicitly in the technical reports already referred to,



¥. QUALIYY, NBY PROSSCTS un wmmmm A

mmamm,wemulukatmmmmm

often laft out in contemporary aspects of $echnologidca) changs,
This cmission is net becsuse they are consjdered unimpertant
topics, tut because of the serious theoretiwal and quamtitative

alyt: al difficulties which have 4 be fased to stmdy them in
. ‘We ave referring specifiesally to 1. Quality, and its
over the ycars, 2, the intwedictien of 'ne#' products,
and 3. the flow of externalities Which the teehnoloeiésl changes
of ‘4 certain firm have on third parties, and which are mot con-
rectly expressed in the normal market reiations which exist be-
Mdiffemtmractum and/or between thess snd the con-
suners.

The Wlenul m 8 Bucilo m was strongly
nh;od to eash of these topiem, - As far as quality is oconcerned,
we shall see’that this varisble played an importapnt part - -
especially during the last two decadss of its operetive lifetine
- - in the oconfrontation with Ducilo!'s two most immediate compe-
titors, Sniafa and Reysol, One of ths Plamt Technical Reports
states: “Nevertheless, since the end of 1967, the dyeing par-
femofWMRwlhmkiwm--Mzelm
to thé dywing lévels of Dusilo's praduct ... The market situation
has beeri changed to the point that.Dwcilo may try te improve ita
standard of dycing in order to campota in quality. 39/

‘Ve see tmt the 'quality’ nriable -~ - and the technele-
zical "efforts comnected with its improvement - - became a central -
theéme of firm strategy, even if it does not necessarily relate
to the cost-price relationship, which is the main area of con~
cern to studem.s of technological projects,

Smmt tho same ogeurs with the introduction of new
oroducts, & subject very unsatisfactorily treated by theory to
date. I. M, De-Little in his QJQritique of Welfare Ecomcs
writes: - "The introduction of new products is somewhat more
serious¥ In fact, this subject can hardly be analysed. 40/

e ot it

39, "“hain str.i.nine" Plant Technical Report No, 1
“ay, 1969, p. 2,
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Just as in auality, the introduction of new projects - - and
tie technological effort to develop them - - should be cansidered as
a ~ruci »] aspect of firm strategy, espeeially on 2 market of oligovo-
listic characteristics where price cempetition is mot the main (or
only) variable determining the relative particivation of firms in
total supply.

Finally, externalities, Yere we shall consider two tyves of
spillovers from -ucilo Rayon's technological efforts, Thev are a,
technical assistance to suppliers, mamifactufers of equinment, »narts,
ete, and b, technical assistance to clients, ‘ie feel that technolo-
crical efforts carried out by the 'echanical and Chemical “xverirents
department of Dueilo layon have given rise to important externalities
in btoth areas,

The fact that we attempt to discuss these topies in the fol-
lowing pages does not mean that the available information permits us
to make more than a few preliminary statements. e are aware of the
fact that more detaileZ research work is necessary, but the tories
mentioned seem important enough to warrant at least an introductory
treatment.

Quality

The quality of rayon is measured on the basis of £ dfferent
variables, which are 1, tenaecity; 2, Tlongation: 3, denier: 4,
nechanical quality (yams, and 5, dyeins proverties, The firm's
strategy on quality is based on three basie considerations a’ the
theoretical standard, in this case set by the Tecnnieal Standards
of u Pont, b) market needs, and ¢’ the guality of competing prod-
“uets,

The ab~ve sugrests that the firm's strategy on quality is
essentially a dynamic one, Obviously it is not the same to operate
on a competitive market with technieally sophisticated firms, or to
rmonorolize the entire demand being even vrotected from imports by
hich customs duties, The consequences for quality stratesy are
also not the same when we compare oroducing for a market which is=

L0/ T1.1,D, Little: Critigue of Welfare Sconomics, Nxford
University Fress, 1960, b, 39.
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not “very mmaadomtb fartmrhtwhich isable to diseermn

- ‘differences in quslity. 'Alsa, the previous paragraph reveals the
complexity of the topis by showing'us five different wariables
-affecting the Pingl qualtty ef veyon, sach of whioh deperids in
tummanrlebyofchmicalmdm!nniul faetm R

Jue to the first of our pmima peém.q that 13, the
‘easen‘bially dyramic charestesr of the atrategy on quality - it
is not surprising that the techmologieal efforte designed to im-
orove. quality, although present thsoughout the history of Tucilo
fayon, becows more importawt Soward the late 1950s when competi-
tion became siiffer and, at the same time, changes in the proeess
becann more importamt threugh elfwminating high spesd spimriing, and
the introduction of the high s0lid spinning nrocees, : ’

g As far as the seoond point mentioned v --quality
bemaempmwcmunummmw ve different
variables - -“it 'Is not Wt}ﬁt the fim only arrived
at an explicit theory on what detersmines the gquality of their
in its third deecsde of epmtion, formally expressi

t.hq dirferant relative weight of eash of the variables on a

globalqmlityindcx, at the begimming of the 1960s A1/

41/ Only toward the early 1960s - - after more than 20
years of operation - - we read in ome of the Plant Technical
Reports: "The accumlated experience in applyins the present
method of calculation - - the Veichted Quali'ty Index - - al'ows
us to meke the following observations: There is no rela-
tionship between the quality indices of the various characteris-
tics (tenacity, elongatiomn, denier, creel, and dye), That is,
small fluctuations in temagity or im denjer affect the index used
up to now (the umweighted) more than larger fluctuations in
dyeing or cresling,” If ws see thet nearly €0% of the complaints
received from clients come from dyeing problems and another 207
from defects in mechanical or.eresl quality, it is obviously un-
satisfactory te operste with a men-weighted index as a working
procedure., b, "Relative. weight 4s not givem to the differert
characteristics which affeet the final quality." Supvosing
that the probabllity of sliemts' oomplaints is related to the
historical mean indices of complaints - -~ see previous vara-
graph - -, it is reasonable to say that an umwel quality -
index'is a less efficiemt indisstor than the weighted method of -
caleculation désigred aniput in prectice in the early 19603
This diséussion cin be seen in *Rayon Quality Index,”" Plant
Technical Report No, 19, December, 1961,
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Aside from the aforementioned points - - that is, that the
theme of quality became much more important in the late 19<0s, rhen
the market became more competitive, and that only in the 19é0s did
tne engineering team draw up a formal model of quality determinants
- = the in"omation available reveals other interestineg facts,
Among them are the following: a. Xven in spite of the fact that
the statistics are fragmentary, a secular tendency toward improv-
ing quality can be observed over the years, Since the variable "dve-
ing" carries the higher weight in an aggregate index of aquality, it
is interesting to note that the percentage of production wit> rore
than 6 colors - - the variable used by Nucilo to evaluate “veine
cuality - - was 16,2 in 1963 42 and fell to 8 at the end nf the
decade 43/, the theoretical optimum being 5, Tikewise, the in-
di-~es of temacity and elongationm show 2 tendency toward improve-
ment, esnecially during the 1960s. L4/

b, Traditionally on the local market, the quality of "ueilo
w25 always considered to be above the average quality of its near-
est competitors, Sniafa and Reysol, A mid-1960s report provides
the following indices: 45/ 46/

Defects per Dyed “elghted index
kilogran %7 greater theo~stical
than 6 T optimum = 100
Juecilo 1.8 70 88‘0 5
Sniafa 1,5 25, 72,0
2eysol 2.4 12,4 81,0

42/  ™inither Rayon", September, 1944, p, 29,

43/  "Chained Rayom", Plant Technieal Report, No, 1, lay,
1969, p. 3. |

. "Evaluation of viscbse with a greater celluloss/alka-
linity ratio, Plant Technical Report, January, 1969, v. 7.

45/ ™nither Rayon!, Op, Cit. p, 29

48/  Ducilo's prices also were systematically higher than
those of competitors, ‘e must add, however, that thanks to its
better quality, this firm sold its products more easily than
Reysol or Sniafa,



c. The flow of technological knowledge produced by the devart-
ment of Mechanical and Chemical “xperiments for the purvose of improv-
ing the different variables associated with product quality was extreme-
1y significant over the years, From the set of Pl nt Technical Renorts
that we able to examine throughout our research, 42 of them are direct-
ly connected with the quality variable, Obhers affect quality in an
indirect way, that is to say, that even when the immediate objective or
motive for carrying out the applied research and develonment prorsram
wag not to improve the quality of the product,

In summayy, a) the quality of Jucilo rayon made systematic
improvements over the years, b) these were greater in the late 1950s,
vwhen competition became stronger and when the engineering team at .
Ducilo gained a better understanding of the basic theory underlying
quality c¢) a stmate ality necessa implies a concomitant
strategy of experimental research work and develonment of new te
logical know-how, Lven when theory to date is devoted mainly to exa-
mining the cost-price relationship and the incidence of incremental
technological change on such relationship here the quality variable .
also pla;ys a central role in any company behavior, and that this fim
undoubtedly had a stretegy to that effect, which in tum implied a
strategy as far as domsstic tecimolnsloal creation is oconcerned,

© Let us look‘nut at the introduction of new produocts.

3. Introduction of new products

The introduction of new products - - in this case new varie-
ties of basically the same product - - shares some of the behavioral
features associated with the topic of quality improvement,

A8.in the case of quality, the introduction of new products is one

of the vagys with which the company builds its competitive st.ra.te;g
in an imperfect market where various other considerations, aside
from the price, are involved in the consumer!s decision to buy,
Also, like changes in quality, the introduction of new products re-
quires the "production" of techmological know~how to develop them,
as well as an explicit firm strategy in this sense,

It is important to note that Ducilo!s behavior in the area
of new product introductions differs from that of its competitors,
i/hile these concentrate their activity on a few items of widespread
demand - - 9 varieties in the case of Sniafa and only 7 varieties
offered by Reysol A48/ — Ducilo produced 32 varieties covering a
wide range of deniers and presentations (bright, dull, flametint)
not offered by Sniafa and Reysol,
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This had at least three immediate consequences. First, Nucilo
vas negatively affected by having to meke shorter turns, which involve
more machine stopping, more labor coats in doffing, ete. Secondly,
this strategy also implies that Duello enjoyed monopolistic conditions
in several ‘'supermarkets!, 49/ Lastly, Ducilo's strategy of great-
ly diversifying the nmumber of varieties offered constituted a permanent
source of demand for "in house'"technological efforts, The Department
of Mechanical and Chemical Experiments was the operative unit in charge
of this task over the years, Between 1959 and 1974 - - period through-
out which we have been able to examine the Plant Technical Reports
produced by that department ~ - a total of 14 out of 117 are concemed
with new products,

Asuour last'point in this chapter we shall discuss the topic
of externalities derived from this plant's technological efforts,

L, Ixternalities derived fmm the technolozical know-how generated
by Ducilo

0f the various types of external effects which derive from
tae flow of technology produced at Dueilo, at least two deserve
analysis, They are a. technical aseistance to suppliers, manufac-
turers of parts and equipment, ete. and by technical assistance to
customers, 'e have been able to detect significant effects in both
direction, originated both in efforts to create new technology by
the Jepartment of llechanical and Chemical T“xperiments and of the

Sales' Department with support from the research and development
group,

47/ ‘hat a 'new' product is, is certainly a complex question.
Sven when rayon can be a e¢loth for upholstery as well as one for
making undergarments, the degree of substitution between both is
extremely low, Presumably this implies that the name 'new! can
be validly used when it refers to a product which meets a need
that cannot be met by items already on the market,

5_8/ See Table III 'Rayon deniers offered on the loeal mar-
ket!, "hither Rayon, 1964, p.26,

49/  .This partially explains why this firm opted, to a
300d degree, for the strategy 'live and let live' when Reysol
and Spiafa arrived on the market,
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.Jery ﬁm has-a more or lsss ezp]_‘lcit strateg for. mintaininz
its capital goods, lainténance involves repairing deteriorated equip-
ment and repln&thg those pleces that mist be raplaced due to mt.ml
wear or Ureakage., 50/ ‘ ,

Now then, any maintenance stntegy -~ - and especially in
those casee where the equipment to be maintained was originally
imported = - posed:a series of intum@tim concerning the sources
of supply of necessary parts and pleses to accomplish it. In this
specific case either the parts and pieces cauld also have been h—
vorted or they ceuld eventually have been marmufactured locally, “hat

were the determining faotors Tor one option gaining preferemce over
the other?

The end objestive of maintenance 1s to try to maximise the
rumber of houre the plant 1s in operatiocn, From this voint of view,
sach unplanned stop (o¥ a stop somewhat longer than planned) means
additional costs which the fimm mist try to minimise, In this res-
pect the Imek of & repmm part is mch more serious than its
actual pride. "

Having mud the above, and remembering the nhtiva com-
plexity of the import mechanism ~ - Ducilo persomnel estimated that
the time netessary to- ordor, rmiu and pick up a part from cus-
toms amounted to around & months - - and it is not surprising that
Ducilo!s-stratesy on maSnténance involved a replacement of
imported parts with locally designed and p ed equivalents (or
nearly equivalant),” Having started fully re]ying on imported parts
in the 1940s, all spare parts were made in Argentina by the latter
ha.lf of the 19608

Spare px!u can be mamfactured domestically in a workshop
omed by the firm itself or contracted aut to third parties,
Generally speslkisig, the second of thess options was the one fol-
1owedbyDuc‘ilo,mtoutin!om own workshop only in cases
of emergency or to manufacture thou spare parts of very. upondic
or non-reenrront demand, ,_

50/ Under this poi:xb,wemldnhadwcimtimbm
export maintenance and preventive maintenance, The latter implies
the existence of a relatively more sophisticated engineering team
than the former, inasmich as it involves detailed programming, The
plant under study had an efficient preventive maintsmance program
from its initia.l years, :



Even though some of its spare parts supvliers were large
- firms such as Pirelli, Schkolnik, Rigolleau, etc, it is also
possible to find a large mumber of smaller ones, formed in many
cases by ex-operators of the Dueilo plant who put up small work-
shops with Ducilo as their only (or main) client, Dudulec, Moro-
nese, Newbound, and others belong to this group.

The decision to buy Argentina and the choice of sup-
plier generally called for close collaboration between the Pur-
chasing Department and that of Ixperimental Mechanics, which
was in charce of supplying to the small firm the original Du
“ont "blue print" and of closely supervising the operation ‘then
it involved changes in the original design, which happened fair-
1y often, »

Changes in the original designs were caused by having
to replace rew materials, by the advisability of changing the
design, etc. Some examples in this respect are the spinning
machine stabiligers which were originally made of stainless
steel and were locally made of epoxi-coated iron, the adapters
and yarn holders which were originally made in lead and were
here changed to plastic, rotating bath tracks which were chanaed
from glass to alcimac, ete,

Aside from the replacement of raw materials in svare
rarts mamufactyring, it is also important to mention their fre-
quent redesigning in order to increase resistance (useful life-
timej, or to improve performance. Press filters, doffing
zears, EB 19 motors, etc, are examples of this kind of situa-
tion, ' o
Besides the externalities involved in the transfer of
technological know-~how from Ducilo to these firms, we have
also been able to detect some special situations vhere Ducilo
orovided financing for'new equipment, taking out an insurance
ocond or some other type of guarantee to cover the down-payment.

In summary, the maintenance strategy carried out by
Tucilo, produced important external effects on quite a nurmber
2" industrial workshops which arose for the nearly sole our-
- vose of meeting Jucilo's demand for replacement narts vhich
substituted those previously imvorted,

- b, ﬁéchq;ca1~Assisbance to clients

. Vle have detected at least two types of externalities
- on clients emerging from Ducilo's technolozical efforts, and
2 third effect, although not necessarilr has to be considared
an externality it all the same does warrant mention.

58 =



; The first important effect has to do with observed in-
creases in productivity achisved by Ducilo's clients as a result
of technological efforts carried out by this fimm, which induced
subsequent modifications in the clients routine in operation,

In one of the 1961 Teclnical Reports the importance of the change
from X6 and 1,55 kg coneg to 2.5 kg cones is evaluated in the
following way: "The increase in cone weight is an advantage to
our factory internally as well as to our clients, In the factory,
machine performance rises and more yarn weight is obtained ner
unit, ‘along with less handling. Our clients obtain a rise in out-
put from the machines that prepare the yarmm before weaving, such - -
as for example, & rise of 40% in warping, * -

: It should be mentioned that the increase in orices intro-
duced By Ducilo when 1,5 and 1,65 kg cones were replaced by the
larger 2,5 kg cones did not absorb the productivity improvement
obtained by the fim's clients, there being here an importan
externmality for them, '

A secormt effect, which we shall call indirect since it
is not associated with technologleal changes introduced by Du-
cilo, has to do with those aituations where the Sales Department
- with support from personnel of the Department of liechanical and
Chemical Lxperiments, had the chance of giving free technical aid
to cllents so they could improve their own operating routine,

We come -across situations of this sort when examining the
tasks carried out by the Sales Department, In visits to their
clients' industrial plants, Ducilot!s salss persomnel could identify
operatiornis where the equipment was not being used in the most
efficiertt way, o

In several cases. and with the help of the engineering
team of Ducilo Rayon, it was feasible to provose adjustments
and modifications in the technology of the client firm, this
being a clear cut externality for the latter,

Finally, a last effect, which does not necessapily fall
into the category of an externality since the difference in prices
between Ducilo and its competitors could be considered to vartly
pay for it, lies in the flow of technical information from the
firm to its clients through the Sales Department, Such demartment
distributed without charge, a monthly bulletin containing tech-
nical information conceiming each of its marketed products, and normally

51/ Plant Terhnical Revort No, 14, August, 1961l. "lareer
size cones in coners lessona No, 50", v, 2,
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including technical suggestione on how to treat the product in the
client's plant, 352/

As in the previocus case, we have here an example of an
indirect effect emerging from Duciloe's technical efforts. It
involves certain minor forms of technical assistance to clients
which did not call for monetary returns on their part,

Although briefly this chapter has examined, three topies
often left aside in studies on technolocieal change. The material
prresented here shows that, beyond the cost-vrice relationship nor-
mally explored in the literature, technological change is strongly
related to a) changes in quality and b) to the introduction of new
products, At the same time, we have seen that the technologiecal
efforts of a certain firm produces "forward" extermalities in its
client firms and "backward" externmalities in its equipment and
spare parts suppliers.,

The next chapter - - sixth in this study - - presents a
simple model of firm behavior designed to further explore the
main features of the case under study,

% For example, Bulletin R-5 of September, 1966, dis-
cusses yon 125-5 flat filament yam", and after giving the
basic data on the product, contains a section called "Conditions
for processing it" where it explains how the product should be
treated in order to achieve the greatest possible output in the
textile stage,



VI. A 7@@13;1&0031;03- CCMPANY BEHAVICR

'i‘he analysis and Misths presmm in the provioua cm.p-
ters will permit us in the following pages to econstret & simple
model .of company behavior that will bs used to throw soms lisht upon
the interrelationship between micro and macro-economics, as well as
between sconomit and techwlogl.aal aspects in the evolution of the
conmpany under study,

The objeetive of this chapter is to examime the growth
pvattern of Ducilo Hayon over the ysars in order to understand some
of the more outstanding degisions taken comscemming modevnizmation,
productivity, pemamnee and departure from the market, etc,

Fimt. ofall, we mn sumarise the most significant con-
ditioning factors in. this o&n, pe&nbing ot three levels of amaly-

sis: a) the firm,- , and the relationship with corvo- - =
rate headquarbm b) t; ¢) the macro-scomemic eonditioninz
factors,

“In mrv aituat:lon ghere is a set of strictly microeconomic
factors that eocndition and determine the objectives and restriotions
a fim operates under, : Several fastors inheremt to the particular
case of Ducila, to rayom as.p textile fiber, and to the relationship

the firm with iis headquarters mmst be kept in mind in order to
uxderstaad what ogcurred, Among them are the following:

A, 1, The product

: 1, From the dm"pom of view, rayon experienced two
clearly different situations during Dueilots lifetime, ile a ,
strong surplus demand fory#yon was seen in the 1940s and immedia-
tely following the war, af®r the 1950s, the product was in evident
decadenece and began to djisppear. It was gradually revlaced in its
main vses,by nylon and ofiiieas thctic fibers, particularly in later
vears when these were abjp'%a incorporsate certain physical properties
(#iber breathing, softnessfil the teuch, etc,) which had been the
principal advantages of R as a textile fiber, :

2, From the texb

e growth in substitut !
ices of capital, labor dnd
became a growinzly ‘inetﬁi

- produstion point of view, and given
cts technology and the relitive

imain raw materials (cellulose), rayon
ﬁ product for at least two reasons:
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a) it only produced 1,5 to 1,7 g/deaier compared to 4,5 g/denier
for nylon, which imnlies a mich lower output ver unit of input
from the looms in the stage following yarn elaboration, b) rayon
is a product which uses yather intwmsively both labor and scarce
raw matarials, whioh had risen in price considerably over the !
vears, making rayon an inereasingly non-compstitive product com-
parod to synthetic fivers (e.8. nylom or polyester). -.

Such situations aoquired creater sisnificance from the
19508 on, Rayen has now besn relegsted to minor markats (1in1ne
for example) and is rohnvely expensive,

a. 2. W

1, Du Pont closed its last rayon-producing plant toward
the end of the 1960s, Before this date, in 1957 approximately,
the firm mistakenly deoided to moderpnise the Old Hickory plant
extensively, only to diseover a few years later that it was
wiser to close that plamt and transfer its worlkmen and techni-
cians to another mamifasturing line to produce polyester, which
they were then able to market some years before expected.

Due to these cirscumstances, Ducilo was unexpectedly faced
with the supply of seeond-hand machinery at throwaway value, even
though it was prectically new equipumt technically and mechanicallv

soeaking

2, The technioa) staff invelved in the start—up of the
rayon plant in Argentinma did not oome from the higher ranks of
the company in the U.S, It had little interest in developing
Argentine engineering competence, Omly several years later, in
the 19508, togsther with an overall reorganisation involving the
general management as well as diverse technical-administrative
departments of the different plants, did a change in hierarchy
occur, The new general administrator sent by Du Pont to take
charge of the local opersiion was frem the higher ranks within
the organizational structure of the company and the subject of
domestic techmological efforts was completely revised.

3.  From the end of the 19508 on and cdfneiding with
the closing of 01d Hickery, Du Pont suggested to the Argentine
branch that they close the rayon plast, With th3 exception of

Canada, this was the only branch mamafacturilig rdyon and head-
quarters was very reluctast to admit an extensioq of the useful
lifetime of the Argantim plant,

A, 3. The Argentine
1, Ducilo Rayon was the first of the plants to be
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opensd by Du Pont in Argentina and as such enjoyed certain

. advamtages in terms of bcing an emuem treining center, ut
had €o aceept ths cast of a growin

of professionals and teehniciaus,. “In the 19503 the nylon plant
was already tie madn souree of attiaction for professional per-

 somnel, who generally worked first with rayon and then were ’

transferred to other technical areas of the fim,

2, Prom the mid-1950s on, the team of technicians - -
especially those belonging te nylom and only to a lesser degree
to rayon - - repidly grew up on the basis of locally-trained
prafessionals soming from the Chemical Engineering School in
the province of Sants Fe, a renowned educational center in
chemistry.

3, Tne elomg of 0ld Higkory in 1940 created a real
consciemticusness and s sense of technical responsidility in
Ducilo!s engineering team, 'hiohmthonthtthqhsd
thelr own teechmologieal solutions to the successive problems
arising from the need to change rew matorials, redesign and
improve the production process, madernise old equipment, ete,
in the uyu: ‘prmuoa Iine,

* In eummary, uhun we ulnindd the sphere of factors
which we hawe generically grouped under the title of ‘the fim,
the product, and the rclationship of the firm with corporate
headtairters' we find: a) a' declining produet; b) a home
offiece which by closing a production lins recently modernised
in the U,5, was in condition to provide pyactically new ma-
chinery to 1ts Ar ne branth at screp velue; c) simmlta-
necusly, the mgeﬁll group originally in charge of the
Argentine branch did not come from the hizhest renks in head-
quarbers, and only in the 19508 - - when it was clear the ra-
yon plant had to be shut down fairly soon - - a naw technical
‘management of great strength and prestige within the Du Pont
group, took hold of the running of the local subsidlary;

d) the former point is associmted to the fact that the fim
- showed an increasing interest in filling its desision-making
positions with a new greup o7 young local professionsls, very

“keen in dm‘mpi.ng a rether strong bechnological base,

B. The rayon market

1. Toward the niddls of the 1950s, the reyon market
became & sellets! wariest instead of a buysr's one, This was

obviously eomneoted with a change in the caupct.:lt.:lw stmon-
: phere prevainng in it,
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2. During the first 10 to 15 years of operation, Daecilo
#ayon enjoyed a monopolistic situation. In the course of the
19508, and after the incorporation of several other fimms (Sniafa,
leysol, Rodhia), the market situation changed evolving toward a
case that we could depict as an oligopolistic leadsership sur-
rounded by various competitive offers,

3, Save excevtional situations, we did not find a market
where price competition was the rule, Competitive forces ex-
pressed themselves in terms of quality, variety of items offered,
etc. Ducilo acted as a leader in practically all the most impor-
tant dimensions of the market. :

L., ‘‘hile Ducilo offered a wide range of deniers and lus-
ters (bright, dull, flamstint, etc), Sniafa and Reysol only
worked a reduced number of items (denier 100, 120, 150 and 200)
where most of the market!s demand was concentrated,

C. Macroeconamic conditioning factors

Finally, let us refer to some macroeconomic factors
that have significantly affected the behavior of the economic
agents on the rayon market, The following fall into this cate-
ory.. :

1, "ffhe‘ ranid rise in labor costs as well as in the price
of the main raw naterial (cellulose);

2. The.accelerated pace of technological change in
other textile fibers, rayon substitutes, The physical, che-
mical and mechanical properties of mylon, first, and later, of
polyester and other synthetics were greatly improved, making it
feasible to use them in fislds traditionally left to rayon. At
the same time, their relative price feel steeply,

-3, 1947 legislation on insalubrity affected labor
costs in the spinning section considerably, in Ducilo as well
as Reysol (firm joining the market in that year), by eblieing
them to add another complete shift, working four é hour shifts
(but paying for 8 hours; that is, full time), plus one supple-
mentary shift of substitute personnel.

4e The post-1957 atmosphere greatly favoured and subsi-
dized factory modemiszation as well as the incorporation of
foreign capital goods, '

Zach and every one of the factors mentioned briefly in
the above paragfaphs - - the strietly microeconomic ones as



well as those referring to the rayon industry or the national
macroeconomy - - played a specific role in Ducilofs ewolution,
Along with other daily eircumstancea, they infilnenced the se-
quence of company decisions we are interestad in illuminating
out here, In the next section, we shall attempt to examine what
happensed, using the mnmnta provided by the ecomemic theory
of umha

 The first 12 years of productive life in Ducilo Rayon
are not analytically complex, During these years Ducilo en~
Jjoyed a complete monopoly situation on this product on the
Argentine market., At the same time, a strong excedent demand
for it prevailed, due to the shertage during and after the war.

" A high protective tariff - - more than 200% - - allowed
the ffmm to set nrices mich higher than the intermational ones,
which assured high absolute profits (and also relative, with res-
pect)to what a- simihr plant would have earmmed in Furope or the
U.S

‘Unit produdtion costs fell radoidly following the start-

up per;\.od of a plant conformed by 52 spinning machines originally
brought from a‘bmd (See Graph 6, the section up to 1939), The

basic objective of these years was simple: To produce more rayom,
Price and quality were two considerations that were taken into
account it they were not a cause for preoccupation. Du Pont
standards guavantesd the litter while monopoly, the high. pro-
tective tariff, and surplns demand reduced importanee to the
former. .

'The 1ogiea.]. response to this was to increase installed
capacity and opefating speed of the available equiment - -
which was achieved in 1941 and 1947 respectively through the
purchase of 12 more spinning machines and through the chance
from 200 to 300 Godet revolutions ver minute (96,5 to 145 meters
of rayon per mimite) made nouible by adopting the tube spinning

pgical changs involved

cinal emzimu'im enduvor of th: pnriod

The ﬂrs’c two mportant "worries" in Ducilo Rayom's -
history occurred well imto the 1940s., The first was the apvear-
ance of Reysol in 1947 as a seller of raymm, (only in 1950 did



it finish its start-up peried), Ths second source of difficulties
was the new salubrity legislation, passed in 1947,

Wihile the second factor also affected Reysol and there-
fore did not a&lter the relative positions of either firm in terms
of costs and prodictivity, Reysol's entrance to the market is an
important change that should be examined more thoroughly.

Reysol was also the branch of a foreign company (Mate-
razso, Brazil), which used only Furopean technology, basically
coming from Snia Visosay Italy, The plant had 24 svinning ma-
chines, that is about half the original sise of Dueilo in 1937,
and just a little more than one third the sise of Dueilo after
its expansion in 1941, During its first years of operation,
Reysol worked at speeds of nearly 90 meters of rayon per minute
(tube spinning was never used by Reysol in textile rayon), which
shows that the productivity gap between Reysol and Ducilo - -

,which had already made the transfer to tube spimming at this
time and worked at about 145 meters/mimite - - must have been
substantial, Although it is true that this was partially com-
pensated for by the fact that Reysol produced an average denier
higher than that of Ducilo, it is still reasonable to suppose
that there were important differences in the performance of both
vlants at that time,

The 1947 salubrity legislation strongly affected both
firms by forcing them to create an extra shift in the: spinning
section (see Graph 6 Appendix I of this chapter, the part be-
tween 1945 and 1949), At that time, Ducilo's unit direct la-
bor costs suffered a 30 to 4O% increase with respect to 1945,
#8 shown in Graph 6 (Appendix I of abapter) and Table 1, Graph
1 (Chapter III, p, 14), where the phenomenon is shomn in terms
of labor productivity per working hour,

Strictly speaking and even using the full tariff - -
that is to say, adding the avérage production cost plus the
full tariff, Ducilo did not set the maximmm price the market
was able to absorb, This can be deduced from the fact that
there was both a strong excedent demand and a lack of imports,
which can only be explained by the abnormal supply conditions
prevailing during the war, ' '
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Tring the early 1950s, the entrance of Reysol — which
absorb~d between 20 and 307 of domestic demand - - led Duecilo
to diversify the items it offered on the markst, while Reyssl
concentrated its activities on three or feur items of widesvread
demand, This shows how technoloeical change /related to the
introection of new varieties) is directly connected with mar-
ket competition, Throughout the 1950s, however, a new set of
circumstances, autside the realmof Ducilo, led it to modify
several aspects of its technical-economic behavior, Some of
these circumstances were: 1) the appearance of nylon and its
rapid siop as a substitute for rayon; 2) Energy shortages
in 1951/52 made it necessary to reform machinery (burners,
boilers) in ordér to be able to use by-nroducts of agriculttrsl
raw materials 4s sources of energy; 3) the need to use cottem
linterns as a basic raw material, called for a major effort to
modify and optimise the process; 4) Whem Jniafe etered tiw
market as a raven producer, the halance reachisd after Reysolts
entrance was altered again, redicing Ducilo's relative partied~
~ation once more; 5) During the second half of the desads, the
fast-risine price of caustic soda (and its shortame) led amain
to the nseessity of modifying the productive proseas and improv-
ing the technolesy for recuperating that rew material; 6) The
growing labor difficulties on a nationa) level remlted in the
strike of 1959 which parelvsed the plant for several months, “hen
the nlant was reopened, it was significantly reorranized, with
a strong reduction in labor utilisation,

Let us lpak at some of thess factors in detail.

Sniafa !uterad the m rieet in 199 with a phﬂt of 26
spiming machines whose cspacity fluctuated betamen 2,000
2,200 tons annwiily, In other words, this #%n ‘
faetmmrgimmmmntmtofw vhich was ope-
rating at full capacity by this tim

Sn:!.afa. also decided to specialize in a few deniers of
widespread demand - - narticularly 125, 150 and 200, brischt
and dull lusters - - and, since its operating Speed reached
aporovimately 85-90 meters of rayon ver minute, it must also
oe considered as having a lower oroductivity ver man hour than

fueilo,

54/ For the same number of total hours worked, more
people had to be hired in spinning and in the textile section,
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Nevertheless, this last statement calls for an immortant
qualification related to the salubrity legislation of 1947:

Sniafa, thanks to a late entry and to more modern equioment,
managed to avert it, thereby avoiding its negative immact on
labor costs and productivity,

Let us examine this point further, Ducilo, during these
7ears, worked at 145 metcrs of yarn per mimuite (nearly 50% more
than Sniafa or Reysol) but, at the same time, felt the full im-
pact of the 1947 salubrity legislation which forced it to emmloy
304 more labor per unit than that required by the technology used
at Sniafa, It then seems reasonable to assume that a certain
~roductivity differential existed between the plants (Ducilo and
Sniafa), even though it was not as great as suggested by the
differences in spinning speed, Likewise, it is to be exmected that
ieysol, spinning at approximately the same speed az Sniafa but,(like
Ducilo), affected by the salubrity legislation, was the firm which
had the least productivity per man hour of the three,

Jue to these differences in productivity, and to the fact
that it started up much earlier, it is not surprising that Ducilo
acted as the market leader on the Argentine market, This leader-
ship can be seen in quality as well as in prices, 55/

55/ A report of a few years later shows that while Ducilo
reached a weighted quality index (obtained from the weighted ave-
rage of mechanical, physieal, and dyeing charecteristics) of 88,5,
Sniafa only reached 72 and Reysol, 81. (While in defects per
lfilogra.m, Sniafa and Reysol were practically the same as Ducilo,
in dyeing properties, both firms were much lower, this being the
explanation for the weighted index which shows Ducilo in a much
b-tter position than its competitors),
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A simple geometric exarcise can help us to understand the formation
of prices, market distridmtion between the leader and its competi-
tors, -and other charecteristics of analytic interest of an ideal
sitvation of the type dessribed here, These are nresemted in Graph
7. o " » 7

Greph 7

Prioes and market distribution in a
model of oligopolistic leadershiv

o

Let us suppose that the industry is comprised of a leading
fimm - - Dueilo - - and several other minor firms whose individual
behavior is similar to that of an. "undifferemtiated" competitor
vhose pioduction decisioms have no perceivable effect on vrice.

. Let us also suppose that the product is relatively homo-
geneous and that the minor firms accept the price set by the
leading firm and $ry to maximise earnings bty producing at the
point where their respective marginal costs equals that nrice.



Suppose now that the central objective of the leading firm
is to choose a price that maximises its own benefits, taking into
account the supply curve of the minor firms, whioh indicates the
amount they would be willing to sell at each particular vrice set
by the leader,

In graph 7, the curve DD refers to total rayon demand,
The curve SS represents the aggregate supply of the minor firms,
which the leading firm knows about and takes into account; at
the price 0S!' - - which in this case would have been below the
mean cost of Reysol, (whioch Dueilo probably could have set,
thanks to its higher productivity) - - the smaller firms wonld
have been ousted from the market, 56/ For prices higher
than 0S!', the smaller companies could enter the market equaling
the price with their resvective marginal costs, '/hen the price
reaches 0G, the smaller firms cover the entire market, In this
way, the demand curve of the leading firm 1ls set by GBD, which
is arrived at by subtracting, for each priece, that part supplied
by the smaller firms from the total demand,

Given then the demand curve GBD the leading firm de-
rives its marginal earnings curve, GNIM, It maximises bene-
fits producing the amount at which marginal costs equal margi-
nal earnings, which in this case occurs at point R, determining
the quantity OX to be sold by the leading firm at price OP,

At this price the firm will produce PZ = OX while the smaller
firms will produce PZ' =z 0X', which together with the former
satisfy the total demand; that is, PA s OX+OX!,

Returning now to Ducilo and the rayon market in the
1950s, this kind of comparative statistics exercise allows us
to examine several of the situations of interest occurring in
that decade, It is obvious that the monopolistic situation of
the first operative decade could not remain for long, Protective

56/ 0S!' is then an 'entry-preventing orice' whieh has
the peculiarity of keeping smaller firms out of the market
since they are not able to cover the minimum average variable
cost of their respective productions, The conditions in which
the leading firm could find it advisable to set a price below
OB' and eliminate smaller producers from the market have been

discussed by P, Syles Labini in Oligopoly and Technical Progress,
Harvard University Press, 1961,
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tariffs and the oresence of excedent demand induced other fims to
invest in new rayon manufacturing olants. 57/ At the same time,
the aﬁtbarance of nylon as a direct substitute caused a reduction
of tae total demhad Tof rayon,

Let us look at both situations, beginning with the continua-
tion in demand caused by the appearance of nylon, In terms of the
previous graph; the introdiction of a substitute has to be interpre-
ted as 4° aiaphombnﬁ of the demand curve, which would move from DD
to D'D¢- &? shown below in Gr&ph 8, The. overall market falls from
PA to P'A

Graph 8
fo-.  Bayon demand fall upon the appearance of nylon

While in m :ri:‘!ﬁ‘bhl eituation, the leading firm produced

Ox « PZ and the smaller firms, OX' = PF = 2zA, after the £11 in
demand it produeced CY-P'Z' and the smaller tims OY'<P1F! = FIAY,

Reysol was built in 19h7 and began prodxe:l.ng reyon :ln
1949 while Sniafa entered the market in 1950, .

-7 -



Although the relative participation of both kinds of firms
shou1d not necessarily be altered, it is clear that under such cir-
cumstances some or all of the firms would have to operate below

capacity,

This was in fact what happened, except that the demand
fall was assimilated differently in the two segments making up
this market, %hile Ducilo reduced its spinning speed appreciably,
but maintained the majority of its machines in operation, Reysol,
as well as Sniafa, stopped a significant mimber of spimming ma-
chines (approximately 50%, in the case of Sniafa) but continued to
spin at the same speed as before,

Ducilo!s reducing its spinning speed and returning to open
trouzh spinning allowed the fim to improve the quality of its prod-
uct considerably, Obviously, this had its effect on the market,
since it became evident that even at higher prices, Ducilo displaced
competition in different end uses, because of its much better qual-
ity, Reysol's product had serious difficulties during these years
with dyeing, so that the improvement in Ducilo's quality made their
relative position on the market worse, making technolozical moderni-
zation unpostponable for them, This occurred in 1959, when the en-
tire washing section was replaced, which was the area mainly respon-
sible for quality deficiencies,

The technological modernization of Reysol, which involved
an investment of close to half a million dollars, can be seen
geometrically in Graph 7 as a displacement of the supply curve
of the smaller firfms sector,

Given the rest of the elsments in the model, Graph 9 shows
us that both situations - -~ the entry of new small competing fimms
or the introduction of technological changes in the small firms
already in existence - - results in a fall in the relative parti-
cipation of the leading firm as well as in a reduction in market
price for consumers, (or a fall in the relative price of the prod-
uct in an environment where the general price level was on the
rise,)

58/ The entry of Sniafa to the market can also be seen in
geometric terms as a displacement from f1 to 2,
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Gragh 2

‘Bntzy of new cospeting tim and tm!mologioal
' changes in ﬂlll firms '

e ses. that the original situation - - that mrespomﬁnz
t.o supply fl of the small firms and demand GBD as the 'broken
demand' seen by Ducilo —- is characterised by a total owtput '
0D = OM, (produced by the leading firm) N (prodiced by the -
group of smsllsr fimms), ~

The emtry of new smaller firms (Sniafa) and the technolo-
gical change of some of those already in existence (modernisation
program in the washing area of Reysoldisplaced supply to f>

and the new demand function perceived by the leading firm became
OB'D, Given the other conditions in the case, in this new situa-
tion, the group of smmaller firms produced and sold O'N' while
the leading fim had its particination reduced to 0'l', always
keeping in mind the assumed original behavior which is that the
leading firm takes the supply of the smaller firms into acconnt,
and then selsets a orice which allows it to maximise profits
taking the rest of the demand.
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The declisionh might seem strange, since the leadins fimm
surely had the possibility of obtaining creater benefits (in ab-
sclute value) than those derived solely from the fraction of the
market availables after takine into acecount the supply from the
competitive sector, It covld have tried to acaouire a larger
nortion of the market, but in order to do this the leading fimm
vrould have to lower its price below the variable cost of the
smaller firm foreing them to leave the market, This conld have
caused a 'price war', which would have been rather long-lasting
(especially if faced with a branch of a multinational sroup such
as in the case of Reysol or Sniafa) and, riven the rather unat-
tractiveness of the rayon market, it is understandable why ™ueilo
was uninterested in carryingz out such a policy of confrontation
and decided instead to 'live and let live!, So this model
nroves usefuls the leading firm takes into account the supnlyv
of the group of smaller companies and only then asks itself
+hat price it should set in order to maximize its earnings on
the portion of the market which at thils price is not covered
br the smaller fimms,

From the mid-1950s on, the increasing difficulty of
rayon to compete with other textile fibers (nylon wh'ch reached
snectacular rates of expansion in a few vears) is apparent, The
nylon producing plant at Ducile became important in the mid-195Cs
and there was widespread feeling within the company that the
rayon line should be closed within the near future. 59/

Throughout the decade of the 1950s, there was a marked
tendency tovard increasing operative efficiency within the
framework of an essentially riven factory, Textile rationali-
zation - - which freed more than 1/3 of the total direct la-
bor hours - -, the improvement of systems for recuverating raw
matérials, . the adaptation of the process to the use of cotton
linterns and pulp with lesser cellulose content, etc. were
some of the tethnological programs attempted durine these vears
when maxigizing output for an essentially established factorv
vas soucht,

In terms of our geometric model, this situation can be

) _‘§2/-~»It~'is important to note that the closing of a plant
of this nature is a decision that takes two or three years to
imolement, since it must be carried out with a minimum of prob-
lems concerning clients, the transfer of labor to other produc—
:;:nf};:iséletcéowgh: ;ﬁtgrnalt;:portsfor the firm reveal that

in ose ook more two
fully plammen. ok 1 n years and was very care-



-seen.as a gmmpl displacement of the marginal cost eurve of the
_leadj.qg company, given the other conditions,

e Neverthelm, tmrd the end of the deearie, severa.l

’ oﬁutnf.o events came togsther to recrpate an apt environment

“for Jarge fatte ' modernisation. (sne the section betwsen 1962
and 1987 in the curve of direct avonge costs, presented in

’kaﬁ 6 of Appendix I in this chapter), Some of these events
were: a) the premature closing of d Hickory freeing semi-
few machinery that Ducilo could get at a price slightly above
scrap value, b) the 1959 strike imposing a thorouch top-level
reorganisation, The new managerial team set up work, analyti-
cal; .and. engineering standards never seen before in the comwany,
.8). A this time, .Ducilo had access to a large supply of vomg
technicians and professionals capable of carrying out the fasc-
tory modemigation program  and revising the operating stand-

4 srds or several daparuﬂenba in t.he firm,

‘rogctm, these three events made Ducilo decide to
promng the Hfetims of the rayon production line another
" deeude, It was still ¢lear to the general management that
 the ilaat shodld elose it in the near future, but the oresence
" of ‘8 protective market and the scquisition of semi-new machinery
at scrap valne assured a high potential mﬁtabﬂitv which
mdmetqunmﬂmot. , ,

-~ v \

 Teghnological changs in the leading firm .

NO - TRelative narticipe-
) tion of Ducilo befofe
. moderni#ing in -
19663
T H'0' Relative participation
.D'D'. of Ducilo after modomi-
~ wing factory..
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At this time, the marginal costs curve of the leading firm suf-
fered a significant displacement downward, as reflected in the curve Ci,
in graph 10, The global market was marginally widened - - the price elas-
ticity of demand played a crucial role here - - and the relative partici-
nations of the leading and the smaller firms on the market were modified
again, ‘hile the leading firm originally produced ON and the smaller
firmms OM, and together they supplied a market equivalent to OD, after the
technological change in the leading company, the global market gre~ to
01Dt O'N' being the supply of the latter and O'M!' that of the smaller
finns.

It-is:important-tO*observe that frcm 1964 on, and as exnected
from the geometrical analysis of Graph 10, the relative narticipation
of Jucilo rose again unttl it reached hO” of the market, ‘having been 36
to 377 before the. l962-63‘!nctory modernization,

Throughout the last decade .of productive life = 1964=1974 - -
a new element became of crucial importance, we are referring to scale
diseconomies - - and their negative effects on labor nroductivity and
direct nroduction costs - - resulting from the gradual fall of the
ohysical volume of nroduction. Over these years, the physical outout of
the plant fell below what was considerdito be an acceotable onerative
level, given in the dimension of the plant and the 'vroduction function!
1nvolved in the pracess installed,

This led the team of technicians at Ducilo to seek a new tvack-
age! of technological changes -~ - a new t'production function! - - able
to compensate for the adverse impact of a falling production level,
'High solid spinning' was the technological answer to the set of cir-
cumstances described, Note that the déwmward displacement of ClMp - -
in Graph 10 - - could very well have occurred in the RZ section of the
marginal revenue curve leaving unchanged the relative marticination of
the fims in the market. 'High solids' is in fact a situation of
this type, where the new 'production function!' - - entirely originated
in domestic research and development efforts - - sreatly reduced the
direct costs of production aliowing the firm to operate profitablv even
on a scale traditionally considered anti-economic in this industry.

/e conclude here this analytic descriptive section, in which
we have been able to point out certain principal characteristies (hav-
ing to omit others, of course) of the rayon market, of the behavior
of Ducilo on themarket, and the significance of technological change
(that of Ducilo as well as of its competitors) in the genesis of
equilibrium over the years, We have seen how technological change
constituted an answer to the need of increasing the outmut of installed
canacity, to the entry and expansion of competitive firms, to the advi-
sability or inevitability of replacing raw materials, to the need of
offsetting scale diseconomies emerging from a shrinkage of the market,
to the advisability of substituting capital bv labor in the production
orocess, ete,”

The next chapter, last in this study, summariges briefly the
results obtained in this research project.
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APPENDIX

Greaph 6:

Table 7:

Unit labor costs
(diaszram)

Unit labor costs
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VII. HAIN RESULTS OF THIS WESFARC:

Proﬁwl chapters in this naper have examined Jucile fayon's
long-t.em performance and its relationship with the domestic genera-
tion of technology within the plant as well as with the purshase of
‘mores modern capital squivment, acquired second-hand from its own

~ corporate headdquartess ,vhen the latter closed its ravon-nroducine

" plant at 0ld Hickory.

- Alma, ‘we have bnn able to see that technolomical change
affootod not only the production costs of the establishment being
‘studied, but also the quality of thé mamufactursd oroduct, the de-
gree of diversification of the mapketed outnut-mix, the exnansion
rate of installed cavacity, ete, Along with the above, we have
also seen that technological ochange in Dueilo Rayon zenerated sig-
nificant externalities that were benmeficial to equivment and parts
suppliers as well as to the firm's customers,

The purpose of this chapter is to sum up the main results
obtained in this research, and to point out their importance in
soms of the thooret:lonl fields mentioned throughout the study,

sed! nature of technolosical

e

m

d !

Throughout this study, 'technologleal change! has been de-
fined as any modification in the product as well as in the produc-
tion process, introduced by Ducilo over the years, independent of
whether that modification was new or not to the Arzentine rayon
industyy, or to worldwide ravon technolosy, The only necessary
condition for its inclusion was that the modification in the onera-
ting routine be new to Duecilo itself,

~ e have for example, considerad technological change te

increase in spinning speed as well as the successive improvements
in the quality of the manufactured product, the introduction of a new
variety, or the develorment of a more efficient method of recupera-
ting rav materials, Similarly, we have stated that technological
change is what is required for lowering the rate of defects and
wastes per kilo- ram of rayon »roduced as well as for replacing one
rav rnaterial with another, and so forth, /e could make a long list
of technolozical efforts, which, to a greater or lesser de-ree,
- are carried out by every siseable industrial establishment os nart
of its deily routine trying to increase the overating smeed of its

imment, improve the quality of its manufactured product, launch
33 varieties on the market, reduce costs, etc, The consecuecnce of
tais flow of technology is the gradual modification of the operating

routine followed by the fimm in question.



Economic analysis of technological change has found it
difficult until fairly recently: a) to incorvorate the idea
that "the" technology of an industrial plant should be considered
as an "evolutionary" factor of production and b) to devise an en-
dogenous theory of technolosical chanve that will throw some new
light upon the economic and technical variables which underlie the
process of "techmological search" followed by any given vartienlar
firm, as well as upon the effects of such technolosical know-how
on the long-term performance of the comnanv which '"roduces" it,

Onlr recently has the profession shom signs of nro-ress’
in the understanding of the microeconomic foundations o technolo-
gical change, leaving behind the conventional "oroduction function”
defined as the static representation of the set of nroduction tech-
nicues exogenously given to thefirm, and the conecept, also statie,
of "frontier of innovative posuiﬁﬁties" (FIP), which indicates
the set_of capital and labor-saving technological changes available
to an enterprise at_a given moment of time, ‘

A first important step in a new direction was that taken
by Arrow in 1962, 60/ From then on, technolosical chance besan
to be seen as an endogenous vhenomenon, like something that comes
out of the firm itaelf and does not miraculously fal' down from
heaven as "manns", Although the Arrowian models, where the firm
collects the benefits from "learning by doing" as a mere by-product
of industrial activity, exhibit an extremelv elementary view of the
microeconemics of technological change, they do show that the optirmm
of production under static conditions under-estimates the ontimum
level of produetion achievable under dynamic conditions, when the
firm learns at the same time as it produces, 61/

Havine accepted the endogenous nature of technolorical
change, a second important step has been to ro beyond the simmle.
setting of the learning by doing case to consider the existence
of an explicit technological strategy on the part of the fimm,

The acceptance of an explicit technolosical strateey of
gradual imprevement of the available technology assumes picturing
technological echange as 'localized!, that is, specific to a parti-
cular technique and not of a general nature that influences each

&/ K. Arrow: "The economic implications of learning by
doing", Review of Economic Studies, June, 1962,




and every ope of the different available techniques, let us take a
closer look at this point,

Somewhat less than a decade ago, A, B, Atkinson and J, E,
Stiglits published their well-iknown study on "localiged technolo-
gical change," These authors said in their original paper: "There
are various differsnees between teohnologsical know-how ani basie
scientific knowledge..., The most important difference is, notwith-
standing, the fact that technologioal Inow-how is spesial to a par-
ticular production precess, (while basie scientific knowledge is
not)., In other words, the improvement of a given technique leaves
the other techniques unchanged." &2/

The importance of this new approach to the technological
phenomenon cannot be denied., We are faced here with a setting
complately different from the necolassical one,

The neeclassical production function is no more than a
curve representing a series of techniques, or vroduction processes,
placed in order according to the relative intensity of cavital and
labor required by each one to mamufacture a given quantity of an
homogeneous product. When only & finite rmumber of production pro-
cesses exist (two, three, for example) the eeconomist resorts to
analysis (linear progremming might be one of the analytical tech-
niques possible), If, on the octher hand, the number of production
processes is increased cousiderably, we can resort to a contimous
curve which can be differentiated at any point, typical of the neo-
classiocal production model,

Now then, while in this last approach technological change
dig._zlaces the entire curve, when technological progress is "loea-
ged", the improvement of any oms of the production processes does
1;;\::; necessarily affeoct the other teshniques making up the production
ction,

In the theoretical debate on the concept of 'endogenous!
and 'localiged' technologlcal change, there are two subiects that
are especially important. On the one hand, and provided that the

61/ A, B, Atkinson and J,E, Stiglitz: "“A new view of
technological change," Economic Journal, September, 1969,

&/ A, B, Atkinson and J,E, Stiglitz: Op, Cit. Mimeograph,
D, 2. G
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flow of minor innovations following the choics of a specific %F-
uction technique only affects that varticular technique, the histo-
rical oircumstances which underlie the choice 'of amy given produc-
tion technique acquires enormous significance, As ©, Navid says
63/ "The historical choice of production techniques governs the
future in this way,” This is true since it will be this narticu-
lar production technique, and not all the others, the one that
inecorporates the benefits of 'adaptive' technological change,

On the other hand, the gradual improvement of anv siven
technology is not costless in the way it is in the conventional
neoclagsical analysis, It has a price, expressed in terms of re-
search and 1evelorment expenses, This brirgs us to a subject that
has attracted ereat interest in recent literature concerning tech-
nological change and which we will discuss under the title of "the
microeconomic nature of the technological search and indiced in-
novation vrocess", We shall now consider both'aspects, besinnine
with the latter, ‘ o

“Some years ago, "h, Kennedy &4/ introduced the con-
cept of the "Innovative nossibilities frontier" as an analytieal
device designed to examine the possible existence of trade-offs
between labor-saving innovative progrems and capital-saving ones, v
By analogy with the typical transformation curve of the production
theory, Kennedy postulated, at that tims, the existence of a
transformation function between techmological changes saving on
capital or on labor costs, and from then on, tried to use that
analytical instrument to discuss a topic that has proven crucial
for the innovation theory as well as for the theory of economic
growth since J, Hicks famous conception of induced irmovation in
his "Theery of iages", 65/ We are referring to the labor-
saving bias which technologsical change must necessarily have if
we are to explain the long-termm constancy in the relative soheres
of canital and labor in income distribution and make the theory
compatible with the observed "stylised" facts, 66/

&3/ P, David: Technical Choice, Innovation and Economic
Growth, Cambridge University Press, 1975, p. &0 AT

64/ Ch, Kennedy: "Induced Bias in Innovation and the Theory
of Jistribution", sconomic Journal, September, 196

65/ J. Hicks: The Theory of ‘'ages, lacmillan, 1932, n papes
124 f£f,, Hicks argues that a relative fall in the cost of carital




Mevertheless, neither the form nor the position of the
IPF "Innovative Fossibllity Frontier" were explicitly studied by
Kennedy, or by successive authors who discussed the topie, which
vers not really trying to construct the analytical structure of a
theory of innovation, but were not explicitly concerned with the
neo-classical theory of income distribution, and the non-neutral
role that technological change should play in the model to make
that theory compatible with the "styligzed" facts of economic
growth, 67/ :

This is how until relatdively recently there has been no
innovation theory with solid micrceconomic foundatioms, In 1973,
W, D, Nordhaus 68/ in an article intended to show that the
IPF is based on extremely restrictive assumptions, introduced
the concept of the "iso~technology" curve, which is that set of
technological innovations which can only be obtained out of a
certain expense in research and develovment activities, In the
framework in which certainty is assumed the iso-technology des-
eribes a word where certain resources are nseded in order to move
from one productive technique to another., When the amount of re-
sources is larger the change of the available technique is also
greater, From this point of view, the neo-classical production
model corresponds to the extreme case in which we assume a gero
isotechnology (that is, the aequisition value of the different
techniques is nil).

will induce a search for labor-saving inventions and irnova-
tions, This is exactly the point where VW,E,G, Salter disasrees
with Hicks saying that if the search is done "within thefold of
existing knowledge", the new labor-saving techniques are only a
form of factor substitution. In this case, technical progress
and substitution, or movements along and changes in the produc-
tion function become rather difficult to isolate from each other,
If, on the other hand, Hicks imnlies that new labor-saving know-
how is to be sought, Salter is in frank disagreement with the
Hicksian view, See W, E, G, Salter: Productivity and Technical
Change, Cambridge, 1960, p. 43, -

66/ We observe on the one hand, an increase in the K/L
ratio, and an elasticity of substitution between capital and
labvor of less than one, In this case, the relative narticipa-
tion of labor in income should have risen. Its stability (or
fall) can only be explained by induced technical change of a
non-neutral nature:; and/or by an autonomous change in the inno-
vation possibility frontier, Since the theory does not discuss
" the determinants of the form and position of the latter, it is not
-+ of much use as a tunl of analysis in this field, See P, David:
Technical “hoice, Innovation and Economic Growth, Cambridge
University Press, 1975, p, 52. '
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Nordhaus's contribution, apart from pointing out the
extreme nature of the assumptions underlying the neoclassical
case, 69/ open up the wgyto the exploration of vossible technolo-
vical search programs by an individual firm, H. Binswanger; in -
a study appearing in The Eeonomic Journal, in 1974, develoved the
theory quite considerably, by adopting as an analytical schems a
case where the firm intends to maximize returns on its research
and development exnenses and not onlv takes inte account the re-
lative prices of factors (as in the original avpreach of ’'licks}
and the relative weight of each one of the factors in total vrod-.
uction costs {as in the case by Kennedy, “eizsacher, and Samuelson),
but also considers the cost of the different research and develon-
ment programs it is able to carry out at a given roint in time
{which depended on previous learning and exverience), the relative
productivity of technological efforts in each one of them (whieh
deverds, in turn, on previous achievements in each of the nossible
lines of improvement of the available technology), and the global
scale of operatisn which regulates the amount of benefits derived
from research, In the analytical scheme of Binswanger, invest-
ment in research'and develooment must proceed uv to the point
where marginal costs of research along the different "search
nraths" equals the marginal benefits of the incorporation of addi-
tional technological improvements, 70 Only at this noint and
not necessarily at the maximum feasible technological level
should expenses in technological change be halted, and priority

61/ See, for example, P, A, Samuelson: "A Theory of Induced
Innovation along Kennedy-ieizsacher lines", Review nf “conomics
and Statistica, November, 1965,

é_s/ e Do Nordhaus: "Soms skeotical Thought on the "‘"xeory
of Indnéed Innovation, "Quarterly Journal of Tconomics, vol, 87,
1973, p. 208,

69/ The most important assumption underlyins the IPF is
that the rate of technical change saving on a certain factor
occurs independently of the level of saving reached oreviously in
relation to that factor., So, as technological nrogress is accu-
mlated, it does not affect the trade-off between canital-saving
and labor—saving technological change, This is an excessively
strong assumption inaeed, See W, D, Nordhaus: Op, Cit., p.215

70/ It is interes’oing to note that when a R and D tudget.
is set senarabelv from the budget of investment in matepilal equivbment,



given to other investment options, as might be the complete renovation
of the industrial pl-ant. 73/ 72/

On the basis of the orevious discussion, and in order to re-
turn to the analysis of the Duéilo case, let us now ask o:»selves
what does our research teach us about a) the rate, nature ete, of
technological change incorporated by this firm over the vears, and
b) the variables which influence upon trenay off of the Aifferent

programs of technological change carried out by “ucilo tnrnunnmxt
its lifetime,

Let us consider the cost of dlfferent alt~rnative research
and develoment programs, It seems clear that in this sense, there
are three crucial detemmining factors to be kept in mind: 1) if
corporate headquarters (or some other source of externalities, e.g.
universities) was carrving out (or had alreadv carriad out)! a pro-
gran to create technological know-how which red:ced or simplified
the amount and type of technolopical efforts that the firm ha’ to
carry out ver se in order to ret a certain result, 2) the existence
or non-existence (and the alternative cost’) of different tvres of
nrofessionals and technicians needed for different nrograms of % and
J, Tor sxample, the existence or not (and the cost) of electrome-
chanical engineers and technicians etec,, ¢) the 2 and D ex~erience
accumilated by the engineering team over the years,

Thess variables undoubtedly affected the technolocical
strategy of Ducilo throughout its lifetime, The main research and
development program in the firm's first decade of operation, relateq
to spinning speed - ~ tube spinning - - was a line of research
which the firm started only shortly after its cornorate neadmarters
did, and certainly took advantage of a great amount of information
coming from the technical files of 0ld Hickory, In the same way,

e cai: see that the high solid spinning orogram, which contained a
rarse re‘ative content of chemical research (compared to the tube

it can very well occur that the firm does not maximize its retums
on the wotal investment, For this to haopen tre oro“it rate in

both investments should have the same marein, and budget restric-
tions could hindeér this equalisation, while a certain bias in the

type of research projects could be introduced.

71/ A similar situation bas been examined bv this author in

Inmortation of- Technq;gfy;_lgggging and_Dependent Tndustrialization,
fondo de Cultura seonomica, l'exico, 1976, ch, 3.

72/ See thc study of A, Canitrot with resvect to the di7emmu
between modernizing and renovating a certain industrial nlant: "A
muide to evaluatinz the importance of macroeconoriec wariablas in
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spinning program which was predominantly mechanical, for examvle),
vas first carried out in the second half of the 19508, and even
more intensely in the first half of the 1960, when t.ha firm had
a siseable number of chemical engineers graduated from the Santa
Fe Chemical Engineering School, which at that time was the best
educational institution for chemists in the country., Finally,
the experience sained in R and D also played an important nart in
dete g the selected research lines, which not necessarilv have
to be related to the same production line, as mechanical knowledge
has a high degree of transferability, as evidenced in the examnles
of transfers of professionals from Rayon echanical and Chemical
ixperiments to the mamufactiring plants of Cellovhane, Nylon and
Freon gas,

In summary then; From the voint of view of the cost
of carrying out the various optional R and D programs that the
fim could potentially tackle at a given moment in time we see that
it depends greatly on the type of potentially available nrogrem and
the qua].i.tative level of the professionals and technicians involved
in them, on the R and D experience accumilated by them over the
years, on the amount of externalities that the orofessional team
can eventually vick up from technolozical know~how previously
achieved by another research entity (corporate headquarters, uni-
versity, etc), on the complexity and degree of novelty of the sub-
ject studied, etc.

Let ue now look at the other side of the picture, that is,
the benefits of different optional research and development pro-
grams, ‘ .

Vie saw in Chapter V of this study that the various research
and develorment projects carried out by the Department of !‘echani-
cal and Chemical Experiments throughout the years could be srouped
in the following way: a) projects designed primarily to increase

physical volume of production. This category includes those tech-
nolorical changes whose principal objective was to increase the

outrut yield of the available installed capacity,

Obviously the research projects in this subegroup have
an irmediate impact on the unit cost of production, bttt the mein
motivation must be looked for in the goal of producing a gr_;_ster
quantity of rayon and, only secondarily, in the intention of re-
ducing unit costs of production.

b) Projects designed to modify the output mix. In this sub-
group we include thosé technological changes related to 1, the
introduction of new varieties of the product, 2, increases in

the analysis of the decision to incornmorate technologies,'" Paper
of lesearch Project No, 12, IDB/CEPAL vprogram,
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quality of the varieties already on the market etc,

c Projects directed primarily toward reducing unit zosts of
production, This sub-grour includes very diverse " and ™ onro-
jects suc as: i, those directed towards substituting protue-~
tive factors (capital for labor, fer example), ii, vroiects
whose objective was to save, similtaneously, several of t-e in-
puts used  capital, labor, energy, etc), iii. orojects desim-
ed to diminish the amount of waste, to increase the recuneration
of raw matorials, etc,

1 ‘rojects designed to replace imported raw materials, sovare
~arts, etc. by quasi-equivalent domestic ones, ™is tyve of %
and J orojects could actually have been included in item ¢ but
since there were many of them and they did not necessarilv re-
duce the cost of production (substitution can meet the need of
{iminishing the uncertainty of supply even when the cost is mar-
ginally greater), we thought they should be grouped in a separate
category,

- Taking imto consideration both the cos's and benefits
related to different altermative research and develorment ~ro-
grams, we can understand why the !'technological search!' carried
out by a fim must change over the years to reflect the alter-
native profitability from different research strategles, Let
us look at several nossible cases: I, uring a veriod in
which competition was clearly lacking as from 1937 to 1949, and
in ~vhich corporate headquarters was carrying out research nro-
grams in high speed spinning, it is lopical to think that the
profitability of R and D programs which a' increase the physi-
cal output of installed capacity and b) take advantace of exter-
nalities from headquarters! technological develonment would
1ave high potential returns and priority.

11, - Then competition became more imprortant - - there was never
real price competition on the Arsentine rayon market -- the
direction of the research and develooment efforts change” and
became more important in a) produet diversification and b

quality improvements of the items already produced,

. hile in the 1950s there was a systematic effort in the
first directior introduction of new deniers, “lametint, bright,
:nd dull rayon, etc) the technolozical progress of the 1960s
was directed much more toward imoroving quality, as a major
variable in their oligopolistic confrontation,

111, Just as the 1940s are typically associated with the sub-
ject of srinning speed, the 1950s with the diversification o® the
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output mix and the 1960s with quality, the nost war years and even
more specifically the 1960s, showed a much greater tendency toward
the relative saving of labor than during the first 10 to 15 years
of operation.

The programs of textile simplification and substitution
of canital for labor in spinning and cake washing and pusification,
are representative of labor-saving technological efforts which
acquired more importance as the years passed,

1v., Also, the lack of raw materials, as well az the scarcity
or relative rise in their price (cellulose and caustic soda) gave
rise to definite technological efforts designed to replace 'expen-
sive items!' by others relatively cheaper (pulp of a lesser cellu-
lose content) or readily available in Argentina (mechanical varts
and chemical detergents which were originally imported and later
locally acquired,

The above examples reveal that this varticular firm had a
technological search strategy and that it changed such strategy
over the years according to circumstances inherent to the fimm
itself or to the competitive atmosphere 1t had to work in on the
Argentine rayon market or, finally, as an answer to macroeconomic
variables representative of the different "national plans" the
country underwent during the four decades covered by the useful
lifetime of this plant.

Our results show the strong vitality of some of the tra-
ditional hypotheses of firm behavior used by economists, which
sugzest that the process of technological search is designed to
save on those factors which become more expensive over the yvears,
or are in short supply. 73/

At the same time, the results presented here show that
competition - - already identified as 8 major factor inducing
technological change by the classic economists - - certainly has
a strong influence on the type of 'teehnological strategy! car-
ried out by a specific ﬁrm.

To the- extent that our results show that "necessity is
the mother of invention", they reaffirm some of the oldest and
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most orthodox ideas used by the profession in the area of tech-
nolozical change,

This characteristic is determmined mainly by the nature
of the technological efforts carried out in the plant under study,
vhich are basically trouble-shooting tasks designed to treat
short and mid-term nroblems more than real lons-term research

nrograms designed to greatly change the nrocess as well as the
product.,
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