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CHAPTER 1I:

—_——

INTRODUCTION.

This dissertation is addressed to the discussion of the problem of the
development of a local design capacity (n the capital goods i{ndustry in a
less developed country (henceforth LDC) in the light of the possibility of
using liuhs'ms from the more advanced countries (henceforth ACs) and to
the relationship of such development to State policies, focussing on the

Brazilian case.

It is often suggested that scientific work has the nature of puzzle-
research
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One of the basic assumptions that guided the work of the Group Wwas

that in order to reduce the amount of trial-and-error that inev(tably goes

with policy-making we should try to understand the motivations of the eco-

nomic agents whose actions we would have liked to influence.

One of the first groups we decided to study were the producers of

capital goods. There were several reasons for this choice. Firstly, there ‘

 was the role played by the capital goods industry in the processes of
eapital sccumulation and of technical diffusion in the ecomomy; 88 1t 15

 Jargely in capital goods that technical progress becomes embodied =

is diffused throughout the other branches of industry through thelr

; g:t mﬁ and equipment. Moreover, the capital goods industry
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TABLE I-1:- BRAZIL - INDUSTRIES PRODUCING CAPITAL GOODS -
VALUE OF PRODUCTION AND VALUE-ADDED OF MANUFACTURING INDUSTRY rl

- IN PERCENTAGE — 1949, 1970.

SHARE OF
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TABLE I-2:- BRAZIL - INDUSTRIES PRODUCING CAPITAL GOODS - VALUE OF

PRODUCTION -~ IN PERCENTAGE - 19;1’3.
T e T e R e, [ e SN

~ Non-Blectric Metors (boilers, steam qenerators, ete.)
Transmission Equipment
lcal Machines and Equipment for Hydraulic

heating, freezing, etc.




INDUSTRIAL GROWTH IN BRAZIL - 1966/9973 - PARTICIPATION OoF
THE INDUSTRIAL GROUPS IN THE RATE OF GROWTH

———__._______________._—_——————-—-——'—-'——‘—-'__—'_-__—.

TABLE I-3:-—

Partie. in the Growth Rate -

1o66/1969  1970/1973

Bﬂg 27.8

18.5 15.6
28.8 17.5

43.9 39.1

100.0 100.0
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Moreover, in an economy where the scarcity of foreign exchange has tradi-
i/

tionally been one of the main obstacles to economic growth,'_ imports of
capital goods had inereased at a rate of 31.2% p.a. in the period 1967/1972,

accounting for 42.2% of total imports in that last year (see Table I-4).

In terms of exports, the industries producing capital goods accounted for

a emall, but increasing, share of total Brazilian exports - circa 2.6% in |

1967 to 5.2% in 1972. In this period, 1967/1972, they were responsible |
. 9 .
~ for about 18% of the Brazilian exports of manufactured products (see Table

1-5). Furthermore, Fainzylber (1971), in his extensive study on Brazilian

s of manufactured products had suggested that in mechanical machinery,
e tools and equipment for processing agricultural products,
ibarative sdvantages which could be exploited for exports.

ing indicated that such agree-




TABLE I-5:-

BRAZIL - 1967/1972 - EXPORTS FROM THE MECHANICAL, ELECTRICAL,
AND TRANSPORT EQUIPMENT INDUSTRIESY - AS PERERCENTAGE OF
TOTAL BRAZILIAN EXPORTS AND OF MANUFACTURED EXPORTS

Average Participation




Thirdly, and related to the former, it is an industry in Brazil where
there is a strong participation of local entrepreneurs which have been active
in the sector for a considerable time — the experience of local production,
dates back to the end of the last century, mainly in terms of repair shops
for agriculture and transport equipment&/as well as supply of military
equipment, especially for the Navy. In fact, in the late 1940's the domestic
industry, at the time composed mainly of local enterprises, supplied already L
éi'ar 60% of the market for capital goods in Brazil (Leff, 1968). In 1972 I;

-4 the ten largest Brazilian enterprises had an average experience of circa 38

and a wider sample, covering 84 enterprises, the main producers of

ds, indicated that 60 of those had been founded before 1950 (Erber




g custom-built

A similar pcture emerges from a study of the firms producin

capital goods (Tecnometal, 1971) covering practically all the main producers

of such goods, where local enterprises controlled circa 44.5% of the capital

and were responsible for circa 52% of the sales, in 1970 (see Table I-6).

Among the most dynamic branchea of the Brazilian industry the mechanical

jndustry had one of the highest participations of Brazilian private enter-

prises (see Table I-7),

e ier fiom previous studies (°CG, 1068; Left, 1068; Tecnometal, 1571)
© Gompste with imports and with the foreign subsidisries the Brasilian
rolied heavily on licensing but I expected that they would also

oping an independent design capacity. During the




TABLE I-6:- CAPITAL GOODS INDUSTRY IN BRAZIL - PARTICIPATION OF FOREIGN
AND NATIONAL ENTERPRISES

# -~ ENTERPRISES INCLUDED IN THE 500 LARGEST CORPORATIONS IN BRAZIL - 1968 -

AVERAGE NET ASSETS; PERCENTAGE OF NET ASSETS AND NUMBER OF ENTERPRISES

_National Foreign
Number  Av. NA Number  Av. NA

5
RS

32.1

10
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We hegen the study by discussing the problems of the domestic (i.e.
nationally and foreign-owned) capital goods industry with members of the
staff of the BNDE, of the IPEA and of some State enterprises and by analy-
sing the studies previously made about the sector: Leff (1968), the plan-
ning documents such as MPCG (1967 and 1968) and, especislly, Tecnometal
(1971), which dealt with custom-built equipment, and the preliminary results

of a study conducted for the IPEA by the same firm (Tecnometal) and by the

. concern Italconsult on the metal-mechanic industriaes, which
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and we decided on a series of interviews, which, although necessarily restric-

ted in number, would compensate this restriction by the depth of the answers.

Moreover, the capital goods industry in Brazil is fairly concentr ated.
In the Tecnometal studs‘ (1971) less than a third of the enterprises controlled
petween 65% and 75% of all the industries, whichewer indicators were used - _-

eapital, labour force, built-up area, electric power consumption, oOr value

of production. Table I-8 shows the participation of the four largest firms

e value of production and employment for the four-digit classification
B et s tho be jranted with grest caution, A8 (RS o
o

S miaraites _-mnamtatinﬁ at that level of disaggregation.




Classification

CONCENTRATION IN THE BRAZILIAN CRPITAL-GOODS INDUSTRY - SHARE
OF THE FOUR LARGEST ENTERPRISES IN THE VALUE OF PRODUCTION AND

EMPLOYMENT - IN PERCENTAGE -~ 1968
e N T R e

1 -
Industry (Products) Fp

-—mee

Boilérs for stear jgeneration
Equipment for electrical transmission

Non-electrical machines and equipment
for hydraulic installations etc.

Machine tools and other industrial
machines and equipment

Tools, parts and accessories for
industrial machines

duction and assembly of machines
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1t enquired, for instance, about which lines of production used such agree-
ments, the difficulty of obtaining licenses and, especially about the main
features of such agreements (e.g. continuity of flow of technology, export
restrictions, etc.) and about the reactions of the entrepreneurs to those

features.

We enquired also sbout the lines of productisn which were based on

designs developed by the local enterprises, as well as about the use of pos-

p.__’;;li:t__emte!.-vas sources of technology, such as the research institutes and

les and about related matters such as the role played by

| standards and patents.

by e -
_

PR




demand in those industries is predominantly for custom-built or series-
produced products. (see also Table IV-5 in Chapter IV). Because of the
diversification of production that characterises the sector (see Chapter II)
dustries, as

we often found an enterprise producing for several of the in

reflected in Table I-9,

ll-“
m as a basis the universe studied by Tecnometal, for

From those industries we then chose the enterprises to be interviewed, .
i

which we had sub-

:I.n!omt:lm:. Using this information and in consultation with the

;""W m nnd Tecnometal we selected local enterprises so as to have
and different

east two enterprises of different size
eless, the sample is biased
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TABLE I-9:- DISTRIBUTION OF THE ENTERPRISES INTERVIEWED BY PURCHASING
INDUSTRY; TYPE OF PRODUCT AND ROLE OF THE STATE

No. of Enterp, Type of Prod. Role of S.
Ipdustry Nat, For. T ¢c8g g . B F ;
& Alcphol 2 1 3 x x
¢ : 1 5 x x
2 x
3 x x
4 x =
6 x x
g:. =
3 x x
T




DISTRIBUTION OF INDUSTRIAL ESTABLISHMENTS IN THE MECHANICAL
INDUSTRY AND ELECTRICAL AND COMMUNICRTIONS EQUIPMENT INDUSTRY
IN BRAZIL ACCORDING TO NUMBER OF EMPLOYEES - 1970

e e et e e e e ————— e ———

Industrial Establishments - in Percentage

Electrical & Communics. uipn
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Because of the purpose of the study, the majority of those enterprises

(27) were Brazilian-owned and it is on their behaviour that the following
1/

analysis concentrates.

Yhe interviews, conducted in the period from October to December 1972,
were normally made with members of the Board of Divectors of the enter-

prises and their technical staff, that is, people at the decision-making

level. They often lasted a day long, being accompanied by visits to the

plants.
nae




a credit line in FINEP for financing local techmnological development by
Brazilian firms (which is analysed in detail in Chapter V) originated by
one of the cases found during the research.
1/
For this dissertation, I have re-analysed all the reports of the
interviews, drawing from them previously non-used material and comp ementing

them with additional information I was able to get about the firms

et




in -prﬂctica does not exist, but it 1s also troublesome in terms of policy-
making, as it provides scarce indications for policy-makers about priori-
ties and resources necessary if they want to achieve technical progress in
specific industries. a gelection which is critically necessary in the case

of the LDCs, given their scarcity of resources.

Chapter II analyses first the different requirements which the design

of capital goods have to satisfy, indicating the main trends in such require-

based on an extensive reading of engineering literature and dis-
with engineers. It then analyses the different stages of the

i6 and the reeources needed for each stage, comparing licen-

nt of designs by the firm (which I will gul, for

empt, elbeit limited, to open the




ews, jnterpreting them

Chapter IV analyses the results of the intervi

in the light of the arguments developed in the second Chapter.

1 the main ecopomic policies affecting the

rprises and

Chapter ¥ discusses in detal

gy of the Brazilian capital goods ente

choice of design strate
the nid-'fifties

the policy-making for the industry, covering the period from

he main features of the present structure of the industry were estab—

until approximately 1976; that i1g, including also the i{mportant

4ntroduced after the interviews, some of
an capital /

4

: m-;-g@;@gtinﬂ1!t1“5~1°cll:design in the Brazili
des using secondary SOurces, ﬁf

fhisthaptqr_d:awi.allbh
i
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As a conclusion to this Introduction, it is worthwhile to comment on
the limitations of the following discussion that I perceive intrinsic to
J

the approach and the data used.

First, there ace limitations related to the data used about the Brazilian

capital goods enterprises. The sample used is, as already mentioned, ?

relatively small, and it does not include small enterprises. Moreover,

because of the somewhat ad hoc manner in which it was selected, an opera-

necessity, it is biased in favour of enterprises which tend to con=

custom-built equipment, Nonetheless, more recent studies on

‘such as machine tools (e.g. Bastos, 1976) corroborate




Turning to more general questions of approach, first, the following
discussion concentrates on capitalist countries, that is, countries where
there is a decentralised private ownership of the means of production and

where enterprises take their decisions hased on their assessment of the

conditions of the market.

This relative independence of decisions remains true even if the State

plays the important role it does in the Brazilian capital goods industry,

igh in such case the concent of '"market determination” is only partially

cant, in the sensge that some of the main determinants of the decisions




Second, the discussion is relevant especially to those LDCs which have

achieved a stage of development which allows for & local production of
capital goods, although, as pointed out before, in the discussion of the
experience of the Prazilian capital goods industry, this probably fends to

occur earlier than the literature on economic development normally suggests.

Also the relevance will be greater for those situations where there is =

leveloped State apparatus and especially vhere there are important
_ Ses. Nevertheless, I hope that a similar analytical scheme

for the study of other industries too.
=3

1=
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CHAPTER TX:

ITS OWN DESIGN AND USING ANOTHER ENTER-

THE CHOICE BETWEEN DEVELOPING

PRISE'S DESIGN BY THE CAPITAL GOODS PRODUCERS

I1.1: Introduction

In this @hapter the focus is at the enterprise jevel, analysing the

ain elements which bear on the choice of design strategy by & capitsl

rtant point to mske from the outset is that the capital goods
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In the following Section, we examine the main trends in user's
needs", showing the different requirements capital goods design has to meet,
the differences between capital goods as regards such requirements and the

implications of those differences for the choice of strategy.

In the next two Sections we analyse first, the design activities per-

formed by the enterprise in the two strategies (Section 3), and then the

different resources such activities require from the firm and its envirom-

ment, - (Section 4).

In our research on the methods used by capital goods enterprises to
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I1.2: Trends in Hesign Requirements - Differences Between Products.

In this Section we analyse first, the main trends in design require-
ments of capital goods in capitalist economies, and, in the last part lis-
cuss the differences between capital goods as regards the different weights

of such requirements in their design.

(i) Quantity and specification of the final product:

A machine will be required by its purchaser to produce & given range
of quantity of products with given characteristics. This will inform the

)ecifications of the machine itself.

v :
_ . o




TABLE YI-1: MINIMUW SIZE PLANTS IOR PETROCHEMICAL PRODUCTS - 1960 -
1970/72/75 ('0G0s TONS/YEAR).

1960 1970/72/75 Coefficient




Concomitant with this increase in size, there has been an increasing

emphasis on accuracy of operations reflecting stricter specifications for

the final products.

The trend towards an increase in capacity and accuracy of performance

is not limited to heavy machinmery - in lighter equipment, such as machine
tools and handling equipment it is also observed. For instance, in machine
tools there has been a great increase over time in the requirements for more
power and higher speeds. Figures II-1 and II-2 illustrate tho historical
1tion of permissible cutting speeds and accuracy from 1800 to 1970.

'ts, of the important machine tool exhibition held in Paris in

EMO) indicate that the trend towards bigger, faster and more power-




igure II-1: Improvement of Tool Materials and Permissible Cutting Speeds

Cast non-ferrous Sintered curbide
(steel-cutling type)

Highspeed sieel Cermetl
Ceramic

Carbon ool stee] AF eaperimental
lestmated)

" rmmmaatble
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TABLE II-2: RELATIONSHIP BETWEEM INDUSTRIAL GROUPS AND DISTRIBUTION OF

WORK ACCORN N TO BATCE QUANTITY.

i-5 6-20 21~ 10i- 801- 501~
100 200 500 1000
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The most important development in the capital goods industry for the
combination of kizh performance standards, automation and versatility has
been throusk the use of electronic controls, especially numerical control
(NC) . Such development has broken the link observed in the past between

automation and large-scale production.y

The application of NC to machine tools is especially important as
those are the "machines which produce machines'. As a trade journal has
put it, "NC has been to batch manufacture what the transfer line was to

|
|
mass production" (The Engineer, 30/10/75, p. 25). In the recent machine _}

tools exhibition (I EMO) the "clearest trend" observed was the increase in

_1/ M controls cover nowadays a wide range, from "plug-board' systems,
which have a relatively limited memory capacity and where information is
Wy fed manually, to "direct numerical control" systems, where the
o are dimt:l.y li:nkod to a computer, with almost infinite memory
ut.re Cq.llei gmr:lenll:r, numerical control (NC).

. .nt;.l.n.'ly apcc:la:l—purpo-e a-ch:l.lina,
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Figure II-3: Manufacturing Costs, Obtainable with Numerically
Controlled Multi-Station Manufacturing and Other
Systems, Plotted Against Productic~ Requirements
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the use of NC, with an {ncrease in its complexity, with 2 shift from

point-to<point controls to contouring controls, which ere becoming the

s'norm" (The Engineer, 15/5/75) .

A similer development, in the direction of incressed automation, higher

technical performance and greater flexibility through electronic controls

-:l.!.‘j-‘-@h‘s_.c'cwl in the materisls handling industry, nctably the developments in

industrial robots for loading and unlooding and in conveyors for trans=

ion (Bell, 1972; The Engineer, 27/11/75).

pment, such as machine tools,
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i Figure II-4: Example of Modular Approach in Machine-Tool Design
=~ The Deckel KI' System

Fixed table and High-speed
supplementary table : roughing spindle
ol

Rough milling spindle EIE_;— _
3

Finish milling spindle ¢

High-speed

Adjustable work and
copyholder table

‘Copyholder table




Such economies cf scale in capital goods are related to the increase

in the size of the capital goods enterprises (solving thus, problems of
Y/

indivisibllity of machinery and msnpowed; to learning factors and to 2

family of geometric relationships which relate the material and labour

2/
required for building the equipment to its capacity.

Several authors (Perrin, 1976; Hufbsuer, 1966; Haldi and Whitcomb,
1967) have stressed the importance of such geometrical relationships for
scale economies in capital goods, especially in the chemical industries,
where containers are the main form of equipment. The latter authors,

ining a sample of 662 plants, found evidence of economies of scale in

circa 90% of the cases. Fraas and Ozisik (1965) found that, for heat

r virtually ell types of materials and equipment, the unit '




Economies in eczplLtal costs present = powerful incentive to the cus-
tomers of capital goocds to commission bhigger and more powerful units. But

it should be noted that higher performance requirements often tand to push

up the congtruction costs of cuﬁital goods, counteracting, to some extent,

the effects of economies of scale.

For instance, more complex msterials, often needed for special func-
tionel requirements, are frequently very expensive, especially 1if they
have to be submitted to sccurate gquality controls (as an example, the

f a plate fin and round tube radistor for a nuclear power plant 1s
times 2s much per squere foot as the value for aluminium fins on

bes- Fraas snd Ozisik, 1965).
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2,000 MW power station project of I.. 350 m. would cost the Roard hatween
L. 59 m.,and L. 84 n., not including the cost of replacing the missing

electricity from older and less efficient plants, which would cost from
L. 30 m. for fossil fuel to L, 110 m. for a nuclear plant., Similar

estimates of the consequences of delays in equipment delivery are presented

By The Engineer (15/5/75), especially for chemical plants.

It is important to note that although capital goods sales often

include clauses of performance guarantee and delivery date, with fines

hed in csse of non-compliasnce by the capital goods suppliers, those




Therefcre, for the user of the machines, the increase in automation
will result in higher productivity of the remaining work-force at the shop-
floor, whinhh, as shown by Bright (1266) and Braverman (1974) , will onhs

in Pu.rt'.., be offset by higher maintenance costs,

For the owner of the machines, sutomation has also the concomitant

result of reducing the control ezerted by workers upon the labour process,

2 result of importent political consequences, which it 1s not possible to

discuss here in detail,




unions as a method of increzsing productivity. Apparently, three spindles

to one machine i= easier to swallow than three machines to one oparator"
i/
(p. 29). In this sense, the producers in the more advanced countries are

at a disadvantage compared with their competitors in the less developed
2/
areas, where, by and large, the work-force is much less organised.

(vi) Differences between industries and products:

The emphasis given to the different requirements above discussed
varies considerably according fto industries and the sucecess of a specific
design depends heavily on the capacity of the capital goods producefgjo
establish a compromise appropriate to its customers charscteristics.

s shown by the BIPE (1972) study, where the demand is concentrated
priges with coneiderable finaneial resources available and

r genmeration, aircraft, auto-
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reduced and the main concern will tend to be with the technical characteristics
of the product - especially its performance and reliability - and with the
capacity of the manufacturer to design and produce it with the required

characteristiecs and in due time.

Products of this type of industries, particularly those which con-
stitute the core of their productive processes, are normally custom-built
i.e. especially designed and manufactured for a specific customer, normally

as individual units (one-off) or in small batches. Belng non-standard

ods, there is a close identification of the product with the producer

» technology is highly firm-specific).

minimize risks of performance and delivery, assess=

ast performance of similar pro-

b =ss




2/
MECHANICAL MACHINERY IN THE ADVANCED COUNTRIES - ACCORDING

TO THE CHARACTERISTICS OF THE DEMAND -~ IN PERCENTAGE OF
VALUE OF SALES - 1966,

Lype of Demand/Branches Trance

1
Branches of "Intensive Demand" =4 24,5

Products for Electric Powsr Generation 4.5
9.6




theless, they play a crucial role in the process of technological develop-
ment of the industry, as often the most radical innovations are introduced
first in those products and later on are diffused to other branches of the
industry (e.g. NC machine tools which were °ﬁ5indi3 d.wd.oped for Yhe air-
craft tﬁdu&+r5\,

Where the demand for capital goods is characterised by a diversifi-
cation of users, from different industrial sectors and especially where
such users tend to be medium and small enterprises, there will be more
emphasis on cost constraints and versatility in design, allowing for

1/

le use of capital goods (BIPE, 1072), Although trademarks are

ant (e.g. in agricultural machinery) and experience plays an
'13” role in reducing costs via learning, the barriers to entry to
ers with their own designs tend to be smaller than in the group
ebove, especially if the products present a relatively
. art 'mr';l_ 35
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reduced, especially when the purchasers of capital goods have traditional

1inks with capital goods suppliers from abroad or which operate with

i1icenses. In such cases, SR may be eoven totally precluded by the unwilling-

ness of purchesers to take the higher risks (performance, reiiability,
1/
delivery) implicit in the use of an untried (or less tried) design. As

the risk assessment is to a considerable extent subjective, the customers

of capital goods usually have considerable room for exerting their even-

tual prejudices and vested interests in the continuation of the use of

imported technology (see Chapter V on State Enterprises in Brazil).

Brazilian case, it is worth noting that in the Post-Secnnd
)d, there was 2 marked shift in the industrial structure, from
11y non-durables) consumer goods tq_inteiu@diary products,
-Etherﬂiﬁrﬁ”tﬂn ng to

=5




TABLE 11-4: NISTRIBUTION OF OUTPUT AND GROSS VALUE-ADDED IN MANUPACTURINC

INDUSTRY - 1949, 196, 1970 -~ IN PEHCETI’I‘AG‘EJ IN BRRZIL.
OUTPUT VALUE-ADDED
1848 1859 1270 1949 1859 1970
68" ‘7-8 ) 89.5 58.8 41.4 85.2
18.8 12,5 9,4 19.8 12.0 9.5
“3 8.4 3'3 4.3 3.8 3.3
31.8 24.1 12.7 20.5 16.4 13.1
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evaluation. Asimow (1962) has suggested a widely accepted presentation

of the design nrocess, combining the two dimensions: he further sub-
divides the three main stapes of desisn into 25 stages and each stage is an
iterative loop into which is fed the outcome of the last stage together
with new information or an appronriate mode of analysis., Within each loop

there is a stage of aynthesis followed by a stage of evaluation. Figure

11-5 reproduces his scheme.

Despite the complexity of the design process due to feed-back and re-

valuation, the discussion is based on the simple three-stages categori-




Figure II-5: The States of Nesign

Phase L Feasibility st Phase 1l 'Frel:mmary design Prase [l Detailed design

Step |

o Lo .

(" Aratylical
formul stion
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I£, by confronting the resources available (the inputs to the black
boxX) with the above-mentioned requirements and restricting factors, the

manufacturer decides that prima facie the equipment is feasible for his

company, he may end up with a set of several feasible desipn concepts,

from which he will have to choose one, in the next &tage.

(B)_Ptoliuinggz Design:
This is, technically, the most important stage in the design pProcess.
It involves not only the choice of the design cmncept to be tmplemented

but also the specification of the structure of the equipgmek (the arrange-

ts parts) and the definition of the materials, sub-assemblies and

be used in its manufacture. In fact, as suggested by Edel Je.




1nbour and capital, bhut also in terma of dellvery time and lead time over

aompotitorna,

The preliminary design stage 18 almo eritical because, following the
choice of the deaign concept, 1t 1is at this stage that the major components
of the equipment will be defined, Accurate 1n1¢ut- and three-dimensionnl
models of the equipment will be produced in order to specify the structure
of the equipment and each of the main components will be tentatively mpenl-
fied as regardas their functional requirements and their physical and chemical
ohnrhntortnthn,i/ Standard and smaller hardware items, which are assumed to

be available and able to be fitted into the proposed design, are normally
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(c) Detailed Design:

Here the main consideration is to provide information for production as

each part is drawn in detail in order to be manufactured. Imphasis wiil then
1/

be placed upon dimensions and tolerances (Edel Jr., 1867; Lent, 1951).
The greater the availability of standard parts in the economy (& result of
the division of labour and size of markets) and the less the restrictions

placed by the proliminary design on the use of such parts, the easier will
be the work at this stage. In the advanced countries, where extensive and
detailed standards have been codified and are widely used throughout

' (BS in the U.K., ASA in the U.S., DIN in Germany) the detailed

d easier by reference to those standerds. The desigmer

also, the other subsequent stages of production, such as
‘Moreover, he ‘mmst bear in mind that the component

ced in the mllﬂiﬁm
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The three stages of the design process above discussed, require dif-

ferent skills and information, At the feamibility stage the decl.sions taken

must be informed by the product requirements vis-a-vis an overall pilcture of
the enterprise, of its produét mix, of its resources and those of its com-

petitors. The upper levels of management are normally involved in this

decigion.

Although the same elements must still he considered at the preliminary

design stage, the emphasis there is on the definition of the characteristics
of the product., Compared with the detailled design stago, the former

uires skills of snalysis and conceptuslisation far superior to the
el

5 well as a hroad range of information of scientific and technical

ng the availabllity of materials, components, etc.; in con-

88

stricted concentration of detailed desien on more
T o - =g B s
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(e) Staqes of Desipgn and the Two Strategiles

The main difference between the two strategies as regards the performance of
design activities lies at the preliminary design stage, which the firm which follows
a licensing strategy, delepates to its licensor. In both strategies the firm must
go through the feasibility stage, although in the licensing strategy the analysis

tends to concentrate more on the economie and financial naspects as it is assumed

that the licensor can s2olve the main technical problems involved, Although licen-

this stage
1/
is often »per ormed by the licensee, especially in international transfers, because

sing may include the realisation of the detailed design by the 1licensor,

of the need to adapt the specifications to loecal conditions of production (raw

naterials, components, standards, etc.)

‘The division of lahour between licensor and licensee combined to the dlifference

in aki&ls used for the stages of design each party performs - preliminary design

sequences, First, the licensor retains the technical control of the

second, if the licensee wishes to use licensing as & hasis for

elop its own preliminary design capacity independently from

; analogous to reverse engineering (see
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3.2) Design and RED:

in terms of the categories of R&D more often used in the literaturo
on innovation, according to the international definitions, as long as the
design is for a new product, the feasibility and preliminary design stagesn
should be included in “dsvelopnentJa{ and detailed design excluded, i
although it is worth noting that mccording to the OECD's Frascattl Manual, !
"possibly the greatest source of error in measuring RE&D lies in the dif-
ficulty of locating the cut-off point between experimental development and
other technologicel sctivities" (Freeman, 1974, p. 322). This is especially
!:Ipm&tmt in the case of the capital goods industry, where design and

t are often part-time activities, due to their incremental nature,




[29TmWed Sepnroul /g ‘s3meuodwo) j jusmdinby o

THALIANZIXE TVIOL d0 ZDHVLNIDIEd NI

/ L's8 T eawh

H.vw n.a
L'gL b3
g 6L . g'L1

s ——

LSV 6 ¥E
1°8¢ 8°ge
€'V 6°S¢ ._...._
S

e N.Nw.lll.l...w.
8789 c'ez
L°ZL g'cz
6'I8 67T

sy
€L 0°1Z
9°ST £°3T
1°g8 LT

IuowdoreAeq

Yoxuosey pOTIAAY




_S'S -

Therefore, to label the capital goods industries as research-
intensive, ns is often done, au pair with industries such as chemicals
and drugs, is probably misleading, as repards the type of activity and
"Development-

resources necessary for their technological development.

and-design" intensive would probably be more accurate.

In this respect, the emphasis of the economic literature on innova-
tion on R8D has probsbly beem unfortunate, especially since 1t has tended
to treat R&D as "black box", 28 an undifferentiated set of activitiesn.
Even where differentiantion has been introduced, the emphasis has normally
been 1aid on researah., Although this may be appropriate to the industries

re often served as 2 "paradigm" for the literature (mainly

and electronics), i1t is not appropriaste for the machinery (elec-

.ctrical) industries, as well as probably for many othex

-;.--I :iﬁffzf

T S ST
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case of the electrical industry 1s, to use Bernal's comment, "an ideal

example of a purely sclentific industry depending on skill and ingenuity

in using & limited set of principles for the molution of an ever-increasing

range of practical applications" (Bernal, 1965, n. 16, my emphasis),

A similar point is made by Vickere (1966), that most branches of
ng "move in regions where only one or at most two aspects of
ilgn are on the fringes of knowledge'" (p. 48), and he adds the

nt consideration that too often in the capital goods industry,

activities are just concerned with the correction of poorly




Table II-7 presents data on the "R&D intensiveness" of the electrical

and non-electrical machinery industries, in terms of the ratic of R&D

expenditures to value added, for ten OECD countries in the period 1967/1971,

covering three Internatinnal Statistical Vears (1947, 1969, and 1971). The

Table shows also the ranking of those two industries in terms of research-
intensiveness among 15 industrial groups, their participation in total
manufacturing R&D expenditures and the extent to which R&D expenditures are

‘company-2i{nanced,

quipment and components) 1s considerably more R&D intensive

‘ical machinery, as well as mccounting for a greater share
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I1.4) Resources used for Design

This Bection examines first the resources used for design activities:
the manpower and eguipment used and the sources of information from out-
side the firm (points 4.1 and 4.2). In - Part 4.3 we examine the

diiferences between the two strategies as regards the use of such resources.

The cost of production of design is given mainly by the payment for
such resources and in Part 4.l we discuss the relationship of this cost

of production to the cost of licensing.

in the capital goods industry - in its role ns determining
ﬁPﬂilfiﬁn:Q£J¥hm-nﬂyitai.gopﬂs-enturprines vis-a-vis

 the possibilities of entering markets and in its role




ngbjective knowledge”, tn Hhe.Pa?perian sense (i.e. knowledre which is

independent of the persons which have produced 1t - Porner, 143%),

In terms of the design process, this has teken the form of studying in
detall the decisions taken at each design step and dovising methods through
which such decislons are recorded, becoming, possibly, repreducible inde-

pendently of the original designer (Asimov, 1082: FEder, 19066a; Cregory,

rieval systems, especially through computers. Presently, the

1y those activities which are of a more

» (Parton, 1966; Bell,




prelimlinary desizn; but the efforts of design theorists seem to mirrorv,
possibly unwittingly, with some fifty years of lag and using more moderm
techniques, the procesa of hraaking down activities, simpliFYﬂng them, and
then introcducing automatien, started in the 1800'a hy Taylor at the

shop-£floor level,

In fact, even in the more advanced countries, where presumably the

chinery and eauipment for R&D is more widelyvgoread, labour costs

approximately half of the total R&D costs. This participation

mochantal engineering than in electrical engineering, which
) complex eauipment, both for research and for development

wever, 1t 1s worth stressing agaln the heterogeneity




BREAKDOWN OF TOTAL R&D COSTS FOR THE FOUR MAIN 0.E.C.D.

TABLE 1I-9:
OOUNTRIES - IN PERCENTAGE 1971. </

'
2/ .
A - ELECTRICAL MACHINERY |

Countries Labour Cost Other  Land & . Instruments &

- of all R&D  Current Buildings Equipment
| stats Costa = - :
3/

m_ ' “aﬂ 51.8. L) - »- L)




TABLE II-10: UK -~ R&D EXPENDITURES. AS PERCENTAGE OF TOTAL EXPENDITURES
BY INDUSTRY, BY T\V¢E OF COSTS - . 1968.

L LL A ~ Current tures
- Wages & Salaries Materials §  Total Capital
: 1 ;I S H . lguwt Ayl X e . .




TABLE II-11: MAX
————————
N O.E.C.D. COUNTRIES ~ RATIOS BETWEEN SUPPORTING

STAFF AND SCIENT INEERS
ISTS AND ENG
JapaN Y - jom1 T

o-i* Azl




7
MAIN OECD COUNTRIES -. - SCIENTISTS AND ENGINEERS
EMPLOYRD IN R&D (FULL-TIME EQUIVALENT) - NUMBER
AND PERCENTAGE OF TOTAL MANUFACTURING - 1971.
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of automation in the U.3., notes that

"plants that build their own automatic machinery have a greater
requirement for the peculiar talents needed for machinery
development, and they are the mailn source of complaints about
the shortage of adequately skilled people. Not only is tech-
nical training needed, but some kind of skill in visualisation,
imagination and mechanical creativity. The last was by no
means obtainable simply by hiring more engineers, according to
several experienced managers." (p. 215) 1/

Moreover, because of the interface role played by design activities, of
matching specific smustomera' requirements to the specific manufacturing

facilities of the firm, the design experience is also firm-specific - in
i

7, 4t takes time, even for an experienced designer to get 'geared"

« Therefore, after it has set up 2 design department of some might,

o

l-afford to disband 1t at times when the demand is slack, on

that it is easy to sssemble nn equally productive team




ﬂu-hpuﬁk, as we gald above, the experlence of deayn is, to some extent,

firm-speclific, a capltal goods enterprise can use the experience gained by
its designers in other enterprises; not only hecause the skllls involved in
designing different products are similar but also because there is a sub-
stantial amount of deasipn of capital goods performed in enterprises which

do not specialise in their production.

Table II-13 ghows this for the U,8, in terms of R&D expenditures.
dnterdependence bhetween electrical and non-alectrical machinery
8 strong; but it 18 worth noting that the other user sectors
2 one-fourth of the total RED funds used for electrical
the case of non-electrical machinery ({mcluding

18 shown in Table I11-14, where we can see




R&D FUNDS FOR ELECTRICAL AND NON-ELECTRICAL MECHINERY BY

TABLE I1I-13:
INDUSTRY, - US -~ 1978 - IN PERCENTAGE.

Industry , R&D For R&D for
Machinery Electrical
Equipment &
, Communications
- s e (%) (%)
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Although vpart of such benefits to the new employer are ﬁrobabfj
reflected in higher salaries for experienced designers, there is also an
element of externality, of a benefit not naid for, for the recipient firm,
as well as a relative loss of the enterprise the designer leaves, in terms
of the traiming invested for thelatter. Although theoretically con-
céiwnbie,'np compensation schemes exist in practice for this situation,
except from the general circulation of manpower, through which an enter-

ngﬂQE*ﬁibh-losea degigners also receives designers from other enterprises

ch develop their own desipns also benefit from informal and

es of information hetween their design staff and technical




GROSS PAY OF ENGINEERS - BRAZIL, UK, FRANCE, GERMANY -
~ 22 PER ANNUM,
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4.2) Information from Outside the Firm
__-.—_‘-____.___-—___—-__

(a) Bl_lgplz:lng industries

Metals and metal-products are the traditional materials used in the

capital goods industry for the fabrication of the machines and their com-

ponents, to the extent that the industry is normally referred to as =

"metal-working industry", In recent times this association has weakened. |
Besides the important use of electronic components for the cnntrol and
automation of capital goods already mentioned, the other main develop-
ments seem to be in the large-scale use of plastics for components, the

le use of advanced composite materials (especially carbon-fibre

8 and their near relations) and in the use of specialised new metals,

ut:l-mr-mtly introduced in the capital goods industry
Gl &Y LS _ y
eir supplying industries.

on keeping a close contact with
. - \: ;:T : 14
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higher reliability and durability, as the present trend seems to be.

Smaller tolerances imply that the search for material and components
with the necessary specific characteristics must be increased. This means,
at the same time, widening the field of possible suppliers, in the sense of
using new materials and components which may have the desired characteristics,

and narrowing it by excluding those suppliers which cannot produce materials

and components of the desired quality. |

(b) gineering firms

eed for a capacity of obtaining and processing a greater amount
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have argued that this advantage goes further - as the engineering firms are
more aware of the possibilities offered by the capital goods producers in
their advanced countries, they tend to specify equipment that can be more
easily supplied by these producers than by their competitors from the less
developed countries, wven when those would be able to supply it and the

plant 18 being set up in their own country.

{e) Research institutions

Even for research and development, the role played by research insti-

tutions is relatively small in the cmpital goods industry. As shown in

6 for the U.E. and the U.S., the expenditures for R&D contracted

ible in comparison with in-house expenditures and well below
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TABLE II-16 : R&D CONTRACTED ouUT -UK AND US.
- UK = R&D CONTRACTED OUT A8 A PERCENTAGE OF R&D PERFORMED IN-
HOUBE.- 19680

incustgz %
Mechanical Engineering (Total) 2.49
Machine Tools ' 3,85
3 Industrial Engines 1. 9
Other Mechanical Engineering 2,51
'Electrical Machinery 2,38
Total Manufacturing . 5.71

-ns mm&mmm;mmormnmm—
Mnmxmmsuam

Lol I

._ ”m— SR
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As regards the development of new machining processes (chemical

milling, electro-chemical machining, electrical discharge machining, ultra-

soning machining, and laser beam machinery), they represent a departure

from the pattern previously discussed in the sense that they are much more

fegearch-~intensive than the "conventional" processe and they imply radically

new concepts of equipment. However, their use is still quite restricted,

either to very tough, heat-resistant materials, such as used in the aero-

space industry, or to very small and intricate machining patterns required

by the electronics industry, sectors for which they were developed . ‘
!

It is still doubtful vhether their use will spread considerably in the future,

Bome, like the last two mentioned, are

design activities proper, because of the type of informe-
s, especially at the stages of easibility and
slySuslikely (that the eutexpries oculd oF

. institute, as this would require
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institutions would be as able ag enterprises to achieve the necessary com=

promises that make a design not only a technical but also a commercial

success.

This has important technology policy implications as there seemed to
be the hope in several Latin American countries that the 1imitation of

innovative activities by local entrepreneurs could be compensated by the

activities of the research institutes, supported by the State. As far as

the production e2 design goes, this is probably wishful thinking, slthough

the research institutions, at least in Brazil, do play 2 role (which

could be increased) at the end of the productive process - for quelity con-

trol — and could probably play &n even more important role at the other
activities strictly speaking, as they do in the advanced

IV we discuss in more detail the use of the research




1674), although i1t has been observed in the latter too, in concentreted

branches such as diesel engines (Vaitsos, 19733.

-

Such agreements reduce costs for the enterprises participating in them
Vie sharing their experience and, also,(probnbly more 1mportnn1) reduce
uncertainty, giving each participant in the agreement a fair amount of know-

ledge of what its potential competitors are doing.

They also constitute a barrier to entry of newcomers to the markets,

m such agreements, as such exclusion raises their costs and
> uncertainty involved in developing new designs. In this

3> said that there i1s a threshold to being admitted to such

ELIF




_83-

(e) Other sources of information

Besides the sources above-mentioned, the capital goods enterprises
exchange information also with their customers, directly, and use inputs
from the scientific and technological information system, in which, for the
purposes of design, standards bureaux and patent services are especially

important (see Section 3).

L-2) Resources wsed WL kicev\sms ank SR

Whichever strategy the firm follows, it will use some of the resources des-
cribed in the two preceding parts. However, their importance for the

vary according to the strategy. For its own development of designs

1 require more and more qualified manpower than for licensing,

ohdge Moy




1

physical and cultural proximity make this access considerably easier.

For the seme reasons, pursuing a strategy of self-reliance in such an
environment 18 not only eagier but cheaper for the firm - not only will there
be more possibilities of externalities, but also resources will be more

cogt-effective.

Such advantages apply, of course, more intensively to the more complex

products - those requiring higher performance and reliability standards and

those « omposed by a multiplicity of sub-syatems.

iﬁ"iﬁi‘iio Aimportant to note that the process we have been discussing

stimulation: 1f the capital goods producers benefit
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It is poobable therefore that the externsl economies previously men-
tioned are subject to scale effects, lncreasing moc4 than proportimnately

when the general investment in S8R increases.

On the other hand, the same process of reciprocal stimulation applies

to licensing: for example, the use of foreign specifications by capital goods

producers may lead their suppliers to use licensing too (or to be required
to do so) and this, in turn, complicates the work of capital goods pro-

ducers trying to develop designs locally, as the suppliers do not have an

endent capacity to feed into this process.
implies that for self-reliance it is necessary not only to have

 to envisage, in fact, an




4.4) Cost of Production of Design end Cost of Licensing

The conditions of licensing are normally established through a bargaining
process (Vaitsos, 1970, 1974; Sercovitch, 19’?::‘2) denending on the opportunity
costs of the two parties. The cost of production of design of the two par-
tiee are normally nnly one element in auch bargaining and often not the most

important, |

From the point of view of the licensor, its own cost of production of

design will play a different role depending whether the product is custom-

bgi}.{l:_agﬂa'hgndurd In the first case, its cost of production will probably




only under the rather restrictive assumptions that the risks and incomes
involved in the two strategies are the same and that no better alternatives
investments are available. If such assumptions are dropped the importance
of the cost of production of design per se, as a determinant of the bar-

gaining posution of the licensee 1s considerably reduced.

tions actually established for the licensing will probably

1@ opportunity costs of the two parties. In most cases,

‘element of rent paild to the licensor corresponding to the
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11.5) Implications of the Strategles for the Burvival, Growth and Autonomy

of the Enterprise

A= capitalist enterprises are based on the private ownership and con-
trol of the means of production, we begin by analysing the implications for

the licensee of the use of a means of production of eritical importance, the

designs, owned and controlled by another firm, In fact, in the licensing

relationship the licensor retains the legal property of the knowledge trans-
ferred, so that, as Sercovitch (1974) has pointed out, the licensee is a
leasee of such knowledge. Moreover, by retaining the production of the pre-
liminary design, the licensor controls the production of the design, unless
the licensee has an independent design capacity which allows him to use the
designs transferred to understand their rationale. The points described
d in detail in Chapter IV for the RArajlian case-
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for this contrcl, which, nevertheless, reinforces the controls above-
mentioned. Adaptations in capital goods are very common (see Section
2 end Chapter IV) and while the licenses bears their cost the licen-

sor retains thelr property,

') Control of supplie§ -~ Licmnsors often impose purchases of materials and
components from specific suppliers, egpecially if the latter belong to
the same group. Vaitsos (1970; 1974) has shown that in some industries |
(pharmaceuticals, electronics, textiles) such supplies are often over-

I Contrel of markets - Market sharing is inherent to licensing. The

it 1s, as a counterpart to that, normally
" d 'z‘ ey ;'l"r = L4l Fy e Hi B

by the licensor
ik e e g ¥
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able to switch to another licensor and to cmanvince its customers that

the quality of the product will not suffer, Especially in the case of
custom-built equipment, where the technical capacity required for

designing them is high and the suppliers of licenses tend to be few,

the entry of the licensor, especially through a subsidiary, may lead |

the licensee to abandon that market. |

V) Rigk of entry of licensor as a partner. Control of decisions - The

~ control of knowledge by the licensor often "overspills" into other

s

pcisions (product-mix, marketing, etc.) (Sercovitch, 1974). Such
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Two factors seem to determine this result (Hufbauer, 1966). The
firet i the fear of the licensor that if it sets too harsh conditions the
prospective licensee may develop its own designa, Between firma of similar
technical capacity in an industry which uses re-design so widely, the pos-
sibilities of catching~up are strong. That {3} the original possessor
of the design sacrifices part of its potential profits in the markets that
will be occupied by the licensee in exchange for the assurance that the

licensee shall not interfere in the markets it hes already established or

thinks it has strong possibilities of capturing, Therefore, for the

licensor, licensing reprosents not only an additional source of income, but




- qa_ -

A critical element in this strength is the licensee's capacity for

self-reliance,

The limitations above-described, which a licensing strategy may impose
on a firm, do not exist in a strategy of self-reliance, as they spring from L
the ownership and control of design by another firm. Agsinst them, one has
to pose the advantages presented by licens ing, which spring mainly from the

tiéhn&dﬁ%ﬁ@ihjaion of labour in design between licensor and licensee, where

Telies on the experience of the former to produce appropriate
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a8 is the cese of producers in the LDCs competing with foreign sub-

gidiaries or with local licensees.

Moreover, quicker delivery times imply quicker incomes' recet pre,

80 that firms with 2 high time discount rate may for this reason

favour licensing (see also (c)).

Learning ~ Although the licensor has no interest that the licensee

learns how to produce the preliminary design of the licensed pro-

ts, he has all interest that the licensee knows how to make

&iﬁ;ﬂ!d design and masters the manufacturing techniques needed for
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essenkbial For +hig Eype of Learulwﬂ-

‘#) Risk-reduction - Probably the most strong deterrent of a strategy of
self-relience for new products is the technical and economic uncer-
tainty ebout the approprimteness of such oods o users’ needs
(1&hinhn, 1874). If a firm concentrates a subatantial part of its
resources on one (or very few) products, it may approach bankruptcy

) ';'é:'l.lt in case they fail and, even 1f they are successful, the
2/

y #ince gamblers ruin is more probable when events are co-
‘”Niiﬁb; n§'1ﬁ the case in learning curves, as shown by

e 3 =4 -4 iy B AR W P e e N ey sy, i o, i i
1870), who shows that the standard deviation of the
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when the State intervenes (see next Seection).

The timing of expenditures and receipts above-mentioned also imply
that firme with 2 high present-time preference will tend to favour licensing.

A product-mix which combines old (safe) and new (risky) products is

the traditional p tfolio solution to the problem above. Licensing provides

an alternative solution as, by relying on a tried product (or, at least, an
tried producer) the firm reduces the technical and economic uncertainty

involved in new preoducts,

QP?!??Q#, if the firm has some lines of production hased on its own

by using 1icensing for another part of its product range, it can




e e ———

_.qé..

Therefore, if a firm has an SR capacity, by combining it with licensing
itcan increase the benefits and reduce the disadvantages of SR. At the same
time, as we have d\scussed above, an SR capaecity allows the firm to obtain
better conditions from (icensing, reduce its disadvantages and profit more
from it in terms of learning and risk-reduction. In other words, the two
strategies, when combined, interact, so that the effect of a mixed strategy
is different from the summation of the effects of the two strategies

separately.

, firm with a diversified range of products, as tends to be the

» capital poods industry, 2 mixed strategy with a predominance of

A "pure" SR strategy will

and self-control of decisions.
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In licensing, we have argued, the learning process normally does not

lead to SR, unless the #irm investsin SR too, Moreover, 1f the enterprise

does not try to expand its experience of preliminary design (i.e. invests

in SR), @8 it changes its product range to cope with new needs its deven-

dence on licensing will tend to increase and, in some cases, may caver 1its

whole production (see Chapter IV),

Therefore, a mixed strategy as the ome suggested above, requires a con-

nvestment in SR. However, it is possible that, past some threshold

use of the cumulative effects above-mantioned, thia investment
inally decreasing in relation to totsl production.

=

- botween LDCs and ACs, the main difference does

soems to suggest, in the use of
R
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generally scarce, it is alsgo known that in the electrical machinery industry
licensing is widely used too, even by the large producers, as shown in

1/
detail by Surrey and Chesshire (1972, ppn. 24 & 25).

The main differences wi+h the situation found in the LDCs, of which

the Brazilian gituation seems to be typical (=ee Chapter IV), is that in the

untries licensing is coupled to a strong capacity in SR, re-
' 8 continuous investment {(n such capacity (sees Tahle 1I-17), so
3 ars able %o develop their own designs for new and complex
28 to nmaximise the bemefits from a mixed strategy, while

1ity for SR applies mainly to old or simple products,




UE: RELATIONSHIP BETWEEN R&D PERFORMED IN-HOUSE AND LICENSE
PAYMENTS -~ 1968,

Licensing Payments
Paents

60.04

19,23




greater availability of financial resources than licensine (Sections

4 and §),

4)  Tvaluation of different tynes of outeomes and uncertaintias - For new
i6¥s, in 1tconsing the firm gxchanras the »isk of technical and
© fallnee for the risk of havine 1t decisions controlled and
Ping 1t8 erowth limitod. TIn SP the fivm thlkes the nomsibility of

growth and autonomy but also a greater nossibility of failure

minh, 44 %erant onteomes and uncertain-
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in fact, through the State’'s powers of:

1) interfering on the access which enterprises of differen{ sectors
and different ownershipes (e.g. foreign vs. nationally-owned) have
to the means of production, financial resources and customers lo-
cated in the geographical ares over which it has national sovereignty
as well @8 on the prices paid for such resources and commodities
: (eg’b\wmﬂ\\. cudib policias, Foraign nveskwent policy w'npcft
ebel);

in the appropriation and distribution of profits by

s (e.g. through fiseal policy, mononoly laws,
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information (e.g. the SBA in the U.S. and the Rationalieserung

Kurgtorium der Deutsche Wirkschaft in the F.R.G.);

3) The support given by the State to the technological innovation
in the ppetream and downstream services and industries (see
Table 1I-18), through the funding of R&D projects and through
State purchases. In the advanced countries, electronics is the
prime example, but other results of the funding of the other
"high-technology" sectors' R&D (aircraft, space, and nuclesr

‘e also important such as the development of ceramics and

tion of the rights of monopoly of the designs to the

try to appropriate such information

Fa v

B T ———




GOVERNMENT R&D EXPENDITURES IN MANUFACTURING INDUSTRY

TABLE II-18:
IN SELECTED OECD COUNTRIES - IN PERCENTAGE - 1971.

. U8 UK Japan

31.8 1.1 13.3

a.0¥ 3.8

67.0

5/
0.2

.. B4.5

0.5 2.1

; “.4 n. a.

4.3

Rt Gan~] &

'-“{r A

d

"l Mabsal Moantdant




funds account for a substantial share of the industry's R&D expenditures.
Such funds represent an importeant part of the total sllocation of total
Government funds to R&D in manufacturing industry especially in Japan

and in the F.R,G, (see Table 11-18),

State resources for technological development are normally pro-
vided in very generous conditinns and often cover the majority of

the costs of the projects to which they are allocated.

R.G,, for instance, in the "Programme te Support Hey

ogies", Federal Covernment grants cover 83% of the total

sts in the mechanical engineering industry and 48% in the

.fringginﬂuntﬁyi In another programme ('Programme

) directed mainly to smaller enterprises







It is important to note that through policies such as those mentioned

above, the State roduces not only the costa, but also the uncertainty

for the capital goods enterprises,

Protection in the Nationay Market. The profits aceruing to a firm
which develops itg own designs will be greater the longer it can

SERRRN 188 load over 1ts competitors apd the State, in actice,

can affect this lead by its policies related to entry in the market.

licles cover a wide span of inatruments. In the advanced
T8t countries, States have often restricted the emtry of pro-

competitors from abroad through explicit measures such as
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i/
gectors (see Section 2).
Apart from armaments, in some industries (electric power, railways,
telecommunications) the State is often the sole purchaser, (eq: in
France, in the U.K). As a monopsonist it sets not only the size of the

demand but it also bargains with the enterprises the price and con-

ditions of purchase (Machlun and Taber IQ?O).
J
Even where the State is not the sole ﬂurchasnr its purchases have
|

yed an important role providing the enterprises with & minimum i

at with which to cover the costs of design and allow for learning |




Iaother cases, such as for NC machine toolg, the action of the

State in OECD countries extended beyond initial purchases and demon-
stration effects, imcluding also active encourvagement of purchase
by private enterprises through special depreciation rates and low

interest rates loans for purchase (OECD, 1870).

Also , in its copacity of purchaser of goods and services the State

played an important role through the support given to local

neering firme which will tend to favour local producers and thus
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mutually di’”{?tivﬂ competition in this area (Financial Zimeg,
us]i/:?é B

Sales on an international scale are often necosaary to werrant
production of some capital goods, especially the more complex ones
and those which are produced over a wide renge of models, even if 5

locel markets ere protected., In turn, because of the nature of the

npetition, in terms of the quality of the products, and hecause

me-constraints ~ We have previously stressed the

sign costs. Vhere the capital-
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In short, ome can say that in the advanced countries, the favourable

conditions for SR we prov Lusly saw as the result of the greater develop-

ment of the division of labour apg the social conditions of production

(Section 4), arc,in part, roinforced by the action of the State (e.g. the

provision of technisnl information) but 2lgo, in part, are created by

State action (e.g. the provision of R&D funds).

- Although the soctal conditions of production and the action of

e are closely onmeshed in practice, it is nonetheless important,

ally and empirically, to retain their distinction. In the same

cannot say that the conditions of production result from the action
@'~ which would imply a different mods of production - we also

-ﬁﬁiﬁhiianoikthawﬂﬁutq.13'§1véh Oy the conditions of

t. While the latter is the result of the individual




there i3 a degree of sub-optimality in the SR provided by the market, which
1icensing does not replace either, as in such countries there are normally
no restrictions to licensing. In the next Chapter, discussing the social

(F’ opposed to privat§) implications of the two strategies, we return to this

polnt in more detail.

Finally, to conclude this Chapter, let us consider the relationship

pgﬁgnqg the State policies and the risk-propensity and time-horizon of the E

enterprise.
e "‘ ‘I:',

| instinetive and impondereble "animel spirits”, the attitudes
ards its time prospective and risk propensity are pro-
1gh a learning process based on thelr experience and on

Sueh experience forms, and, at a




It is worth emphasising the self-reinforcing nature of the inter-

gctions between State nolicies and enterprises' expectations. If the State's

have had for some E\me a  "divection" that makes one strategy,

~the same type of policies as before., That is, the self-

~of the strategies, previously observed at the level of
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APPENDIX A: RE-DESIGN AND CoRYING IN THE CAPITAL

ooDS LMDUST
A.1) The Importance of Re-Design

Although in recent years there has been a considerable effort by

y/
design theoriets and educators to develop and teach design mothods
that free the designer from reliance on past practice, re-design is

still the most prevalent spproach in the capital goods industry.

In fact, Eder (14664), who strongly recommends the new methods, ;
- (Eder 1q66b) 1
Mw £ the application of design techniques in several capi-
tal goods industries (machine tool production, tcol making, powered

manual equipment, electronics, heavy electrical engineering, hydraulic

. englneering and chemical engineering), found that, in the majority of
, formal methods of approaching the design problem of eapital
were relatively little used, with overwhelming emphasis being

Fo
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industry (Burstall, 1963; BIPE, 1972) and analyses of design practice

in specific capital goods industries, confirm Dder's £indings that, in

the majority of cases, new designs represent jmprovements of the

preceding designs, with rare radical departures from established practice

This ie the case, for instance, for mechine tools (shigley, 1956}

Ih neer, 30-10-78), presses (The Eugeel, 14 /6f 33), clectric
powel %mtfﬂifna exlm@mw:t (Surfey aud CUesshive, 1974) heat
naers (Fraas amd  Osizik, 1965), gas turbnes (Vickers,

compressots © Ewneering, March Fu) -
\ confirmed by the evidence presented by the specialiged journals,

r and American Machinist, in
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- those structures, re-design may prove inappropriate.

K0~
‘.l:\ -
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delivered will benefit both in terms of more accurate performance (as

relatively more time is spent on optimisation) and in torms of risk

reduction, as well-proved Concepts are used.

Alongside with its advantages, re-design has also some important

jimitationsa. ]

We previously characterised design as a8 process of matching

| 17
ngtructures" (aeeds, resources and technical solution - 8€€ Chaptef -)'

When there is a substantiel departure from the past tporm" in one Of

;'!f Probably the most flagrant examples of guch inappropriateness
ind when the sponsors' requirements are substantially different
American Air

the usual, as was the case in the demsnd from the
. of numerieal control. It is well




innovation shows a considerable bias in favour of "radical" innovations.

- A4 -

1/
times radically different,

Nevertheless, drastic changes have tended to he rare in the 2
industry (NC has probably been tho main breakthrough in a long period) -_/
Moreoever, after such changes have been made, a process of important
improvements through re-design has followed suit, as shown by the case

of numerieal control.

It is worth pointing out that the re~design process 1s not neces-
sarily a slow moving process in technical terms, In fact, the experiemee
of the capital goods industry indicates that it can be quick as well as

effective. This is worth stressing, especially since the literature on

Re-design, as we have treated it here, relates to improvements om
I gns previously produced by the £irm itself (i.e. it is an activity
rtinent to s strategy of self-reliance). Hovrmr, the enterprise
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performs & similar function and using 1t as a "model" is an approach
often recommended in design (see, for instance, Fraas and Ozisik,

1965, p. 139).

Although copying and re-design require similar skills, especially
when adaptations of the product are involved, copying has scme specific
1imitetions especially in the conditions of the less developed countries

‘which are discussed in more detail in the next part.

ying another firm's products is a traditional form of "catching
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Copying, or, as it is sometimes called, "reverse engineering",

jnvolves a complex set of activities.

Briefly, firat the equipment or machine to be copied must be

obtained. In some cases, it is purchased directly by the enterprise

or through agents but sometimes it is supplied by the client which

wants to have "another of the same".

y |
The equipment is them pulled apart, and its parts sualysed and

easured, the messurements ther being translated into detailed design

- specifications for the purpose of manufacturing.

From the temhnical po!.-nt of view, the main problem of the copler

4t is faced with a finished product, without kaowing the
sation, nor the criteria 'hi.nh

infor-




their own specific technicalities (but see pelow), there are important

differences between products ag regards understanding the functioning

of the trensformation system.

In fact, some of those syatems are highly "visible™ - that is the

or, more generally,

case for instance, of most metal-working machines,
operations are of mechanical

of those transformation systems where the

character, However, in those systems where the transformations are

~ essentislly chemical, i.e. where modifications of the atomie ormolecular.

= %mof the material being transformed are involved, theunderstanding

=
" their operation requires a Lknowledge that must be given 2 priozd,

annot be inferred from observation, as it can in tho first case.
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Therefore, the use of more standerdised parts srd materials in the

advanced countries (see Chapter II), makes easier the copying of such

products, even in the less developed countries. However, the lack of
development of the suppliers may he an important ohstacle to COPying,

especially when the productive structures of the countries im which

the copier and original producer operate are widely different, as is

the case Of producers of less developed countries copyivg products

from the advanced countries, This gap may oblige the capital goods

- producer to be more self-sufficient, integrating its production




on the existence of appronriate lergal instruments and the effective-
ness of their use. On the other hand, the uncertainty of technical

feasibility is less in the cage of copying than when developing

‘original designs, provided, of sourse, a good copy ¢an be made.

Bearing in mind the 1imitstions on the renge of copiable goods
ioned above, copying may be a starting point for the development
ts own deasigns by the #irm, But 1f the firm limits its activi-

t ecopying, even assuming that it ean turn out efficient

it is implicitly taking a vear-guard strategy in technlcal




