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FOREWORD

On 8 October 1976, an agreement initistirg the Joint
UNIDO/Hungary Programme for Co-tperation in the Aluminicm
Industry was signed by the Pres.dent of the Hungarian Chamber
of Coammerce and the Executive Director of the United Nations
Industrial Development Organization JUNIDO/. The aim of the
Joint Programme is to assist developing countries to establish
ap aluminium industry. Tbhe present booklet on the economic
uses of aluminium was prepared under this programme.

Aluminium has experienced a spectacular growth in recent
years. Lt has become competitive with other metals, and the
areas of its application have been constantly expanding, since
the use of aluminium solves many techaical probleas in
important fields such &s transport, construction, packaging
and electrical engineering. Hungary, using its own resources
of bauxite, has developed a fully integrated aluminium industry
and bas attained 3 remarkable level of aluminium c¢onsumption.

Alurinium can be regarded as & valuable replacement
naterial, especially in countries, whether developing or
developed, that are poor in heavy nro-ferrcus metals, such as
Eungary, India and Iraq.

Hungary's experience in replacing structural wmaterials
with aluminium and its knowledge of potential sources of
technologies ami the availability of kpow—-how may be of interest
to countries or companies that are planning to replace
materials with aluminium and to aevelop their aluainium sector.
The Hungarian experiencc in introducing an efficlen system of
aluminium promotion in connexion with the netionalization of
the aluminium industry may also be of interest to other
countries.

This booklet describes the main reasons for using
aluminiuam and examples of methods of use. It summarizes
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Hungarian experience in developing the industry. It is
written te help those who face similar tasks aad objectives.

The Secrete.iit - f UNIDO
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INTRODUCTION

The utilization of aluwminium on an industrial scale in
a diversity of fields had been a long process dating back to
the 1930s, There was a significant rise in sluminium
production - particularly cn the North American continent
and Germany - during the Secomd World War to meet the
increasing demand of the war industries, especially in
alrcraft manufacture. Because of the scarcity of otber
strategic materials then, aowever, the scope of aluminium
utilizatior encroached on other areas as well, electrical
engineering and transport vehicle manufacture being the two
wost prominent end=-a1sing sectors, with chemical engineering
and food procescsing following suit on a more modest scale.

In the post-war reconstruction perioid when large
stocks of aluminium became availabie far civilian use, a
deries of new outlets were soon found including
prefabricated utility houses, shipbuilding, as well as
equipment for the electrical engineer'.ng and food processing
industries. As from the secomd half of the 1950s, the major
aluminium concerns of the world made substantial efforts to
devise new strategies of boosting aluminium consumption, so
as to find new markets for their rising productinn. This
w . the time when - on the basis of previocus experiences -
the outlines of such aluminiur usages began to take shape,
which in the long run have proved to be feasible from both
8 technical amd economic point of view. The market position
of aluminium at that time was greatly strengthened by the
fact that marked shifts in the pricing of other structural
materials had taken place in favour ol aluminium, a trend
perpetuating throughout the coming ye.rs.

In dealing with the unprecedented growth of aluminium
consumption since then, next to reviewing general world




trends, also a special case study on a particular country

- Hungary - is presented hereunder. In Hungary certain
geophysical and economic factors /abundance of bauxite
resources, lack of heavy non-ferrou.. metals aud timber, a
narrow selectisn of steel products/ have already at a
relatively early time necessitated th: setting-up of an
integrated alucinium indastry. Even b2fcre larpe-scale
alumipium oper: ticas could commence, as [rou the early 1950s
several wminor cluwiniuw fabricating cepacities were
installed at di:ferent points, and various ichemes were
launcned tn tr:.ia enginerring speciaiigts and skilled
woTrkers in .ii1!’erent brsaaches of non~ferrous wetallurgr. In
the post-war yesars, controls were impuged with 3 vicw to
restricting oi= use of structural materials in chort suopply
and substituting, thes. b, aluminium wherever . .usible. At
che same tiws, the various scientific amd techunical
development zgencies sperz2ting unler the auspioes of the
cluminlium indusiry were ~alled .pop to updat> carlier
aesigns of s.uminiue itews ard structures andi to explore new
aluminium outlets,

As a resalt, most non-ferrsus metal oporators have
entered the aluminiuz favricating field, The availability of
aluminium metal coupled with the experience of those using
it, perwitted a diversification programme t- be put into
effect, 1u e wake of which large series of aluminiua
products meeting the w@ost stringent international standards
could be put on the market /e.g. liquid-gas bottles, heat-

exchangers for power plents amd oil pipelines/. In the face
0t such developruts, in subsequent years t:@ country’s
domestic j«1r ¢ opi'a elnminium consuwption ruse at 8 dramatic
rate, far ahead of cenecul trends in other fields. At present,
about 30 per cent of alil aluminium finishe? itens produced in
Hungary are exported ard only 3-S5 per ceat of finished
product consumption is imported.



Thus Hungary, by dint of its highly integrated
aluminium indust.,y and backed by balf-a-century’s
experience in production anmd consumption, is a case in
roint to demonstrate how ani umder what circumstances may
aluminium consumption expard in a developing country in duwe
course becoming a fairly well industrialized one.

This case study - believed tc be applicable in wmany
cases to other countries as well - is concerned with the
interaction of various economic factors influencing growth
of aluminium consumption; it is also aimed tos describe
experiences arrived at in the operating fields and consumer
sectors; concrete examples as to aspects of design,
prototype manufacture and serial production, both in Hungary
and elsewhere, are cited to illustrate how optimum solutions
may be sought for by taking utmost advantage cf internal
resources and, by adopting know-how ebtained from abroad. In
conclusion, issues of organizetion, training and scientific
policy, 8ll essential in promoting aluminium consumption,
are dealt with. Under each chapter examples are cited without
the claim of these being a panacea in solving all
outstanding problems. Nor are such examples to be treated as
fixed patterns to be strictly adhered to. Hungary's aluaminium
industry came into being between the two world wars and it
had not been before the Seconl World War that it could
gradually develop into what it is today. Obviously, its very
existence had been influenced by a combiration of specific
political, economic, cultural and technological circumstances.

However, it is believed, certain useful inferences may
be drewn from this exercise. And this is the reason, why this
study had been compieted., Whether and to what extent its
rontents may hold good far some other areas and countries of
the world, bas of course in eack case to be carefully
examined.



1. GERERAL CONSIDERATIONS

1.1 Scope of structural materials involved in this
analysis and reasons way selected

Efforts in boosting aluminium consumption were at
first concentrated on develoring new technologies

and imtroducing products permitting to replace
traditional structuvel materials by a substitute of
same superior properties /e.g. substitution of copper
by aluminium in electric eonductora, aluminium foil
axl collapsible tubes for packaging to replace tin,
aluminium household holloware, etc./ In view of shifts
in t{he pricing of non-ferrous metals within the last
40 years, no wonder that the promotion of sluminium
usage has come into the focus of attention. Of course,
the concrete scope and prospects have always depended
on local conditions prevailing on site, that is, how
far a given country had access to certain raw and/or
structural materials, and to what extent the industrial
policy and general econocaic setup in such an area had
favoured such ivrends. In more recent times, a second
significant factor giving furtber icpetus to aluminiua
usage has entered into the picture: considerationg of
higher cost-effectiveness both at the ,roducer’s and
consumer’s end. Developeent work conducted with this
exd in view, it should be understood, will clways
binge a great deal on the extent of industrialization
and the goneral standards of economic development of

& given country [;j.

By referring to atructural materials in this survey,
not only such 9f ferrous and non-ferrous metals are
ssant, but in a broader sense also plastics, wood and
cemont as well. By using a multitude of data as to
past and present-day aluaminium consumption throughout
the world, a complex techno-econoaic index system has
been devised to point towerds future perspectives of
aluminium consuaptior in areas of different levels of



economic deva2liopmeni. 1o wmeituod, L presenv imvestigatiso
is claimed to be fundamentally lifferent from that of
other authors. While in earlier reports correlatiocns had
been plotted for each specific usage of a material with
the GDP of & given country, in this study ar attempt was
made to synthetize such ccrrelations and to present
consumption trends in a more coaplex manner.

Early in the annals of the alusinium industry have
specialists realized that alum/nium is an etffective and
econdmical subgtitute for coppar in the conduction of
electricity. Soon thereafter, tin had disappeared in mcat
fields of packaging to give wiay to fresh advances by the
aluminium industry. Next in line came chemical engineering
and once more the electrical engineering industry, where
lead zouid be replaced by aluminium /tanks and containers,
cable-sheathing/, In the transport veLicle industry
aluminium, thanks to its li:ht weight, has soon become &
competitor of cast iron. By reducing the self-weight of
transpart vehicles, considerable power economies could be
arrived at, an important comnsideration in view of the
pres~nt world energy situation. In the wake of fresh
developments in the building trade, traditicnal designs
featuring wood, reinforced concrete or steel had to be
partly or fully shelved to give way to aluminium /e.g.
window anmd door frames, claddings, load-bearing building
structures,, whereby not only assembly time and maintainance
costs could be reduced, but also complete huilding
elements could be irangported over long distances with
easc t0o be assembled within the shortest possible time on
site /e.g. cold-storage rooms/. Thanks to its good
weatherproof properties, ealuminium has also become a
bighly effective substitute in a variety of other fields,
/e g+ building, transport vehicle amd food packaging/ its
corrosion~-resistance comparing favourably with that of
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tinplate or zinc-cerated steel, With shortages cf some
heavy non-ferrous mctuls /e.g. tin ana zinc/ t5 continue,
thiz tread is expected Yo perpeltuute. Plastics Yoo were
lrcluded in this survey, sc as tc assess their »potantial
impact on aluminium consumption in the long term.

Wor.d production ami cunsueption of the structural
materials under survey within the lagt decades;
production ard consumption trende outlinsd until 2000

Taanks to sffective promotion efforts, wnrld
aluminium consumption has grown at an exceedingly
steep rate within the last 40 years, being well
ahead of that of traditional structural materisls
throughout this time /Tables 1 and 2/. Its growth
was especially marked over the 1960-70 period.
Although after the price expleosioca this tre-1 has
slightly declined, in comparison to other structural
@aterials aluminium keeps on accounting for the
highest ever consumption growth rates.

This unprecedented atveady growth is based on a

high standard of systematic research and development
work throughout the world, relying, in turm, on
effective cooperation between producers and
consumers, irrespectively of the economic system or
extent of industrialization in a given country.

With the aid of a set of calculations an attempt
has been made to forecast future aluminium
consumption trends based on numercus data released
in earlier studies. In doing this, in the first
place the consumption of principal structural
materials in a number of selected countries of
varied levels of economic development had benn
related to their GDP.



Table 1. :
World Consumption of Structural Ka’erials
million metric tcns
1635 1950 1960 1965 1970 1975 1976 1977 /estimate/
Aluminium 0;3 1;5 4;5 6.5 10;2 11.3 13,1 15;0
Copper 1.8 3.2 5.0 6.1 76 7;5 8.5 9.0
lead 1.4 1.8 2.7 3.1 4;0 3;9 4;3 4;9
Tin 0;2 n.a. n.a. 0.2 0;22 0;25 0;25 0;25
Zinc 1;4 2;1 3.2 4;1 5;2 5;0 5;8 5;8
Steel 124;0 187.0 343,0 458,0 5688.0 646.3 661.8 677;0
Plastics 0;22 1;5 6;8? 14;69 30.36 57;0 45;0 n;a.
wooa® 210.0  337.3 374.3 40M.2  423.7 n.a. n.a.
Cement 66;2 1}3;0 314;2 430;5 578.0 702;0 72?;0 n.a.

n Timber, million cu.metres




Table 2
World Consumption Growth Indices or

Drincipal Structural Materials

1977/1935 | 1970/1960 | 1977/1960 | 1977/1976
Aluminium 50.0 | 2.2 3.3 1.47
Copper 5,0 1.5 1.8 . 1,18
Lead 3.5 1.5 1.8 ; 1,22
Tin 1.2 1.0 1.3 1 1435
Zinc 4,1 1.6 1.8 . 1,11
Steel 5.¢ 1.7 2.1 1 1.1s
Plastics 195.5/%/ sy 6.3 1.u2/3
Wood - 1,2 1.357%/ 1.0572/
Cement 1.0/ 1.9 2.5/¢/ 1,28/

Index /1/  1976/1935
Index /2/ 1976/19260
Index /3/ 1976/1970
Index /4/ 1975/1960
Incex /5/  1375/1970

1,21.1 Selection of countries considered in this survey

From the point of view of this survey, in the
first place suck countries have been considered,
whose per capita GDPs had been compared earlier
in a special study conducted by the Hungarian
Institute cf Economic Planning i2.

In the present survey the GDP per carita ratio is
used throughout as an index indicatiiy; economic
development, notabiliy

- to perwit comparisons in terms of time to be made,
taking 1970 prices as a basis,
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~ for the sake of comparability converted intsc U.S,

dollars and thereupon corrected. Such corrections
were necessary, inasmuch as nct the officisal rates
of exchange were used in the calculatioons, but
moditi-d ©ones, wherein o correlation of 43
different .ndizes 3f econnmic factors measured by
patursl units werc taken into account. This
corre.atior, ac the time, was made by the Ingtitute

r N

referred tu above L;}.

In internatiopnal practice, as an iodex of economic
development, the GNP per capita formula, too, is
used. H¢wever, certain difficulties may arise from
its use when it comes to ccaparing industrializ~i
/market econuvmy,’ countries with developing ones [il.

In the calculations data from 23 industrial
countries, 8 centrally planned economies and 7
developing countries /Argentina, Chile, Mexico,
Brazil, Peru, Egypt :md India/ have been considered.
Their scope is large enought to permit general
conclusions to be reached for the benefit of other
countries as weil.

Aluminium consumption

In the present survey aluminium consumption 1is

classified according tc the so-called CIDA

nomenclature adopted by the OECD countries in 1973, ,
A breakup of its principal headings is given below:

- Domestic primary aluwminium consumption

- Domestic Secoadary aluminium consumption,
and

-~ Domestic consuuption of imported semi-
~manufactures.



Consumption under the above headings, of course,
does not include exports of semi-manufactures. In
more detailed statistical returns semi-manufacture
exparts are listed in a separate line, permitting
to read off domestic aluminium cansumption
forthwith. Such detailed statistics, however, are
not always available and the comprehersive figures
released usually include exports of semi-
manufactures as well. Tn view of this, there had
been no alternative but to accept these figures at
their face value for inclusion in our tables and
diagraws. Such vagueness of some data, however, bad
nc significant pearing on the trend calculations,
In dealing with a multitude of data there 1is
always a high prcbability that small margins of
errors become ev:ntually outbalanced.

In Fig.l 1976 per capilta aluminjumw consumption 1is
plotted against GDP per capita. The numbered points
along the median of the diagram refer to the
relative position of each country under survey.

1976 may be regarded as a more or less stable year
from an aluminium consumption point of view. No
longer emerge by then new aluminjum outlets calling
for large tonnages. As will be observed, growth
rates at that time are more or less in line with the
trends of general economic growth.

Over the 1937-68 period the situation had been
entirely different. In Fig.2 tbe medians of four
charactericstic years are displayed in a single
diagram, sc as to permit a comparison of growta
trends ia the long term. The rise of the wedians
clearly demonstrates that at a given level of
econouic development, per capita consumption iu the
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long run continued to grow. E.8. at 500 dollar

per capita GDP, per capita aluminium consumption
rose from 0.5 kilogramme in 1966 to one kilogramme
in 1968. In 1968 the median becomes stabilized
suggesting that further growth may no longer be
anticipated, unless the relative pricing of
aluminium were to drop considerably or a number of
new volume-intensive aluminium outle*s could be
found.

Growth of aluminium consumption in some selected
countries is diagrammatically illustrated in Fig.3.
Hexe the lines referring to individual countries
connect points plotted for esch of the four specific
years of periods under survey. The deflections in
the linhes reveal a marked tendency by each country
to approach the 1968-76 median. This trend is
conspicuous even in case of guch countries /e.g.
Hungary/ which are stili far away frca it. A full
convergence in the median, of course, may not be
anticipated, because cf the annual fluctuations of
data. But the amplitude of fluctuations has in the
past visibly narrowed down arocund the median and
this trend is expected to persist also in future.

The straight median in Fig.3 permits a series of
correlations to be read off as to international
growth trends of industrial countries sirnce 1968.
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Table 3

GDP per capita in relation to aluminium consumption

GDP Aluminium consuamplion
it kllogramme 1lograame
¢ per capita per capita per § 1,000 GDP
300 0.50 1.66
500 1.00 2.00
1,000 246 246
2’000 6075 3'38
4,000 17.5 4.38

It will be observed frcm the above that aluminium

- consumption +tends to rise at a much faster rate

than GDP.

The ratio of the two trends 1s expressed by what
is termed the "elasticity coefficient". It is an
index pointing to what percentage of growth ia per
capita consumption /or any sther variable far that
matter/ may be related to one per cent growth of
GDP. In our case the mean elasticlty coefficient
is 1.4%%.

Hence, if future trends of GDP are known, tremnds

cf per capita aluminium consumption too may be
forecast. In tie following, an elasticity
coefficient of 1.4% may be used with falr accuracy
in case of aluminium, insofar as international
trends apply %o a given country. For countries

gited below the median the use of a higher, and

for such sited sbove the median the use of a lower
elasticity coefficient is advisable. Assuming
normal economic growth, in both cases their relative



positions will, anyway, tend to converge towards
the median /Fig.3/.

1.21.3 Steel consumption

In cortrast wich aluminium, it is a characteristic
feature 3f steel that international mainstream
consumption trends expressed by the wedian bave not
changed in industrial countries since 13937

/Fig.u/é/. /With no data available for 1976, this is
true up to 19ob./ Steel coosumption, it appears,
tends to kKeep on to its traditioaal consumption
pattern with an elssticity coefficient 9f 1.°%,
despite the fact that in tne meantime new and
competitive materials have made heavy inroads on the
steel market /aluminium, plastics/. Obvious reasons
far this stable figure are not only the liarge steel
voluzes involved courled with little scope for
substitution, but alss tecnnical advances in this
field [51. At this point, a brief reference nas to be
made to Einplate, a serious competitor of aluminium in
the food processing industry /canning of fish and
beer/. /See 4.23/.

l.21.4 Copper consumption

Data for refined corpper consumption are available
only for the years 1900 amd 1976.

Hungary with its 2.1 kilogramme per capita consumption
is one of the world’s most modest copper consumers,
This 1s obviously due to the country's very high
aluminium consumption in relation to its economic
development. Countries of similar economic development,
by contrast, tave accounted for about 5 kilos ccpper

renzar tion cer oo ita.
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From 1968 to 1978, the median of copper comsumption
has been rotating arsund the g 620 per capita mark.
Where it has been over this level /i.e. in all
developed countries amd such of medium development/,
per capita copper consumption has dropped to 1.5
kilogramme, corresponding to that of steel.

In 1976 aluminium consumption per one kilogramme of
copper was l.4-1.8 kilogramme in developed countries,
6.2 kilogrammes in Haagary amd 15 kilogrammes in
Norway.

While the pricing of aluminium is a detrimental
factor in its competition with steel, the situation
with regard to copper is the reverse: here, for many
end-uses, copper could be replaced by aluminium
after prices of the latter had dropped in relation to
that of copper considerably. A further encroachment
of aluminium on copper seems today largely limited
by technological factors only /e.g. flexibility of
electrical coil wire, see 4.1/.

Timber coasumption

dalf of the world’s wood consumption may be accounted
for as fuel, with the other half being used for
industrial ends. One-third of the latter is timber, a
product we are concerned with in this part of our
analysis. Data of fair accuracy were available only
for Europe covering the 1950-70 period.

There had been tim:s when the more developed countries
used to consume more timber than the less developed
ones. Nowadays, however, per capite timber consumption
in developed coun'ries may, generally, no longer grow
even with GDP per capita constantly rising.
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The shortening of the medians and the slteepness of
their gredients in Fig.4c clearly indicate that

timber consumption by the less developed countries
tends to approximate that of the more developed

ones. /In plotting the medians, c~untries of the
Norch with their vast wood resources have not been
taken into account./ In the more develcped

countries timber consumption tends to be stagnating
cr decreasing, in contrast with developing ones,

where it is generally growing. This phencmenon may

be due to more recent developments in tbe international
division of labour, whereby the utilization of timoer,
in earlier days almost exclusively deterczined by the
geographical site of resocurces, has to a large extent
become more balanced in tne world.

Cement consumption

Here numerius data were available for 1937, very
few for 1968, and none for 1976, necessitating
several estimates to be made in respect of 1967. In
view of this, the medians may be less accurate than
the others.

With time, the medians tend t2 attain higber and
highe = levels revealing more ani mare pronounced
gradients /Fig.4/a/. Accordingly, per capits cemernt
consumption related to GDP has a strong tendency to
rise, with its elasticity coefficient tending to
drop, e.g. at a 8 100 per capita level from C.8% in
1937 to 0. in 19ot.

rlastics consumpticn

Special features:

- The median for each year is sited Ligher than the
one vreceding it;
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Scme 0of the medians ure curved.

Of course, no data were available for 1937 when the
plastics industry had still been in its infancy.
Also, no 1976 data were available in respect af
developing countries.

The medians plotted from available data in
Fiz.4c/point, at a constant GDP per capita level, to a
rising trend of per capita plastics consunptior,
implying that here we are faced with a vigorous
material open for a great variety of end-uses.
/Plastics present a typically reverse picture of that
of timpber/. The increase of plastics consumption,
though in some specific fields simultaneous with and
a corrollary of thet of aluminium /e.g. cable
manufacture, heat-insulated sandwich panels,
packacing, etc./, may at times also adversely affect
aluminiur marketing interests /e.g. in the building
trade, the transport vehicle industry and the
manufacture of some consumer goods/. It is indeed
olten hard to say, whetner che two industries are
cscoveratins partners or competitors. However, with
the mediarn of aluminium rising less steeply than of
plastics. it seems that in industrial countries
plasti - tend more and more expand their markets to
the detriment of zluzinium,.

Proiuction and consumption forecasts for s:iuminium and
other structural materials until the year 2000

All authors prognosticating future aluminiua trends
agree that the dramatic rise of aluminium world
consumption over the 1990-70 period correspinding to
an annual growth rate of 8-10% is to drop in the
comins years to about one-half,
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Moreover, it seems highly probable that in the years
atead the share of developing countries ir aluminium
operations and consuamption will grow considerably [E].
Over the 1975-85 period, the aluminium production of
industrial countries is expected ts grow from 9.1 million
tons to 19 million tons. During the same time, aluziniuc
sm=lter capacities of the developing countries are

to become five-fold, expanding from 800,000 tons to &4
million tons. The reality of the latter forecast seems

to be confirmed by the following table:

Table 4

Aluminium smelter capacities in developing countries
1960-2000

1,000 tons

Year 1960 1970 1975 1977 1978 1985 2000
Source of .
information| [5] {5] (4] [e6] [el ‘4] Estioate

Capacity |88.6 538.2 842 1,104 1,318 4,000 12,000~
15,005

It will be observed from the above that by 1985 the

share of developing countries in world swmelter capacities
may reach 17% of total installed world smelter capacities.
Under these circumstances, the target suggested at the
1975 UNIDO General Conference in Lima, that at the turr
of the century developing countries should account for
25 per cent of total world industrial production,

appears t0 be a thoroughly fair percentage that can be
reached by developing countries as far as the share in
world aluminium smelter capacities is concerned.
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At the turn of the century aluminium world demsnd is
estimated to be in the order of 54 million tons [é].
This earlier forecast was confirmed in 1978 by the
persuasive calculations of Dowding, as summed up in the
table hereunder [5}:

Table 5

World consumption of principal structural metals over
10-year periods [5]

million tons

Ketal 1971-1980 1981-1990 1991-2000
Copper 8245 136 206
Aluminium 133.0 218 358
Lead 48,0 50 61
Zinc 58.0 79 102
Bteel 6300.0 10,200 13,800

Por aluminium, Dowding forecasts a 5% annual growth rate,
This has been compared to amd reconciled with ocur own
findings, whereupon the following two tables may now be
presented:




Table 6
Forecasts of sluminium world congumpti on™

/Bstima te/
million tons

p— ]
Group of
countries 1578 1985 1990 2000
Developing
countries 1.2 3.0 4,8 10.0
Centrally’glanned
economies 4,% 6.0 77 12,0
Developed market
economies 14,5 19.0 23.5 3660
World 20,0 28.0 36,0 58,0

Including secondary aluminium

mx Bulgaria, Czechoslovakia, German Democratic Rep., Hungary,
Poland, Romania, USSR and tke People’s Rep. of China

Table 7

Forecasgts a8s to annual growrh rates of aluminium

consumption /based on Table 6/

/Estimate/
per cent

Group of 1978-1985  1986-1990  1991-2000
Developing
countries 14,0 10.0 8.6
Centrally =
planned economies 4,9 5.1 4,8
Developed market
capacities 3.9 4,5 3.9
World 5.0 5.1 5.1

# Bulgaria, Czechoslovakia, German Democratic Rep., Hungary,
Poland, Romania, USSR and the People’s Rep. of China
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Dowding's analysis also includes forecasts as %o
annual growth of GDP by group of countries [5]. On
relating these to the annual growth of aluminium
consumption, it appears that while in developed
countries the annual growth of aluminium consumption
ig 1l.2=1.3-times that of GDP, the coefficient of
elasticity for developing countries is

1.9 for 1978=85,
1.5 far 1985~90 and
lo4=1le6 far 1990-2000.

Hence, until the year 2000, world aluminium consumption
is expected to keep on growing faster than GDP., At the
turn of the century growth rate in developing countriss
may reach the same level as that of developed countries
in 1960-70.

Findings in the present study are also substantiated by
Alvenpohl®’s analysis claiming that in aeveloped
countries an annual growth rate of *% and in gome
developing countries /e.g. Brazil, Iran/ such of 10-20%
may in the long term be anticipated [}é].

The aluminium consumption of developing countries in
terms of volume has grown from 119,000 tons in 1960 to
479,000 tons in 1972, by 1972 reaching even the
605,000-~ton mark [}i]. Per capita aluminium consumption
by geographic location was as fellows:

Africa O.14 kilogramme per capita
Asia 0.25 kilogramme per capita
South America 1l.l1 kilogramme per capita
Average 0«33 kilogramme per capita.
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Growth of aluminium consumption in a given country or
gecgraphic area is not solely deterwmined by etandards

ol general economic¢c development. A great deal depends
also un the availability of aluminium and on the
organizational pattern of how aluminium usage 1is promoted
on site. In 1976 world smelter aluminium consumption
amounted to 13.9 million tons. Of this the USA and

Canada accounted for 35%, Western Burope for 25%, the
Soviet Union for 12% and Japan for 11%. The remaining
17% was produced by other countries [}5\. The share of
developing countries within this latter figure wes 7-8%,
with the rest to be accounted for by other developed
countries /Australia, South Africa/ and other centrally
planned economies. If developing countries may sustain
the growth trends of the present decade, by the second
half of 1980 an annual aluminium consuaption of 3 million
tons could be arrived at by them.

Aluminium consumption is always affected by compé;ition
from other materials from the point of view of
technological aml economic feasibility. Several
correlations in this respect are to be found in Fig.5 f@
The prognostications therein are insofar (i1 more interzst
than further general predictions, as th-y raise severil
issues relevant to the substitution of aluwinium and
other structural materials with cpe anothe..
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Growth of sluminium industry within the last 25

vears and some future trends /after Woodward/

a/ The growth rate is similar to that of the
earlier 25 years;

b/ The growth rate is sustained amd more aluminium
is used to replace costlier structural materials
or such as are in short supply /e.g. copper,
zinc, plastics/;

¢/ The gruwth rate is influenced by the insufficiency
of smelter capacitics and rising energy prices;
such developments have a marked effect on the
aluminium market situation in the building,

transport vehicle ami electrical engineering
sectors;



d/ .be trend oif the curve implies that wmore
aluminium 1is used to reclace other structural
materials, but such surplus demand has to be metl
with by the available capacitiez. The new
smelter capacities expected to go on rtream in
the mid-eizhties to meet such extra demand are
calculated to embody new technologies based on
other raw materials than bauxite.

Fig.H looks like a useful imstruwent in going ahead
with further speculations about future consumption
trends, permitting an analysis of more deptu in
asses¢in~ ma or likely end-uses to ve involved in
difterent varts -f the world. But this exercise,
howsver intriguing amd useful it may appear at

1irst sisabt, uas also some plefalls. In the absence
¢¥ a crest many necessary data and the presence of
many variaoles amd unforeseen circumstances, at this
Junccure only rough outlines may in this respect be
siven. As a starting point, in Tab.e 8 a breaK@p of
aluminiuwm consumption by end-use 1s glven in
respect of diferent countries and areas for several
years of the 1970s. These figures have to be handled
with utmost care in maxing comparisons amnd
prognostications. As will be observed, the end-use
data reveal ccasiderable standard deviations even
within the same group of countries. E.G. in
industrialized Sweden aluminium usage by the buillding
trade accounts for 25-27%, whereas in France and
Norway the correspording figures are 8.5% and 5%,
respectively. In Sweden packaging accounts for 4-=5%
only, contrasting with 13-20 for 5Switzerland and

22% for the UsiA Evidently, the economic feasibility

of using any tzterial for a specific end may vary




Tacle 8

Breakup of aluminium usage in a few selected countries

and areas

ag

USA Developed countries Hungary Brazil India

End-use 1976 of Europe, 1973 1976 1974 1974

r 14/ avir%%% /15/ /16/ [17/ /18/

000 1,000 1000 1,000

tan ® tén % ban % ton % bén %
Transport
vehicles 1,163 22 1,154 28 15 8 41 19 15 12
Mechanical
engineering 375 7 330 8 6 3 7 > - -
Electrical
engineering 555 10 454 11 41 22 56 26 65 52
Building 1,331 25 700 lo 18 10 39 18 7 6
Packaging 1,166 22 454 11 10 6 15 ? 5 4
Househcld and
other fabricated
items 408 7 330 8 13 7 45 20 25 20
Miscellaneous,
including export
of semi-
manufactures 402 7 700 15 81 44 14 7 8 6
Total 5,400 100 4,123 100 184 100 217 100 125 100




significantly from country to country by a
combination af circuamstances /tradition, fashion,
technological standards of certain industries,
experience, etc/.

To show how the patiern of aluminium consumption may
change in the course of time, let us cite once again
Hungary's example. A breakup 3f 1366-1978 end-uses
there in terms of volumes is demonstrated in Table &.
The same breakup in percentages is to be found in
Table 9,

What are now the prospects of aluminium world
congumption in the medium and long term? In the
following, an attempt in made to outline principal
trends.

In industrizl]l countries, where power economy has become

a crucial issue, a further pswing of aluminium may

be anticipated in transport vehicle manufaciure,

electrical engineering, the manufacture of heat-
exchangers, containers anmd components for the mechani-
cal engineering industry, as well as in camping and
sports items. This will be accompamied with a

downward tremd in the growth rate of aluminium usage

in building and packaging.

In developing countries, at first electrical

engineering is to make great headway in aluminium
usage, with packaging for specific ends following
suit. /e.g. far new fisheries, dairies and food-

canning facilities/. Household appliances, %oo, will
be a fest expanding ocutlet. At some later time also
other end-uses will enter into the picture depending
on the economic pattern, geographic sgsituation and
other circumstances prevalling in each country.




Table 9

Breakup of aluminium consumption in Hungary by emd-uses ln percentages [}é].
Annual mean growth rate 1966-76: 7.9%

1,000 tons
End-~uses 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976
A. Transport
vehicles 11.8 1ll.4 12.7 12.8 12,5 :11.8 13.0 14.1 15.4 15.8 15.3%
B. Mechanical '
engineering 2.9 2.7 3.8 4,2 4,0 S.7 4,0 5.9 6.7 4,8 5.8
C. Electrical '
engineering 24,2 2649 30,2 28.8 30,6 33,2 33,7 31.6 36.4 38,0 40,9
D. Building 2.9 3.1 3.6 €.2 8.7 10.9 13.2 17.2 19.4 20.3 18.4
E. Chemical
engineering,
food processing,
8Sricu1ture 70,’) 8.6 9.9 11.2 11,0 3.8 3.6 6.2 6.9 7.1 700
F. Packaging 7.7 7l 7.9 9.8 9.4 10,1
G. Household and ' : : :
office appliances| 8.4 8,9 8,8 Q4 16,4 5,9 3,7 5,8 6,2 6.2 6,1
H. Powder 302 301 500 502 505 505 6.9 uoo 4.0 4.0 5.5
I. Steel industry
J. Other fabricated
items /excluding
A -1/ 10.8 9.1 8.8 12.0 16,1 15,7
K. Miscellaneous 4.6 4,4 8.6 8.5 12.6 7.6 7.5 8.0 12.6 14,6 14.4
L. Exports of semi-
manufactures, ' ‘
foils and powder 5.6 4,7 3.8 2.8 5.5 12.1 18,1 22.1 28.9 46,8 46,8
Total 70.9 73.8 86.4 89,1 106.8 117.1 12C.5 131.6 158.,3% 183,2 184.0




Table 10

Breakup of aluminium consumption iy Hungary by end-uses in percentages [}%].

Per cent

End~-uses 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 197€
A. Transport

vehicles 16.8 15.7 1l4.7 14.2 11.7 11.8 10.8 10.7 9.7 8.6 8.%
B. Mechanical

engineering 4.0 3-7 4,4 407 307 4.8 3.5 4.5 4,2 2.6 3.2'
C. Electrical '

engineering 3443 3645 35.0 32,4 28.6 28,3 28,0 24.0 2%,9 20,7 22,2
D, Building 4,0 4,1 4,1 7.0 8.1 9.3 10.9 13.1 12.3 1l1l.1 10.0
BE. Chemical

engineering,

food processing,

agriculture 10,4 1l1l.6 1l1l.5 12.5 10.89 3,7 2,0 9,4 3.5 3.9 3,83
F. Packagling 6.5 6l 6.0 6.2 5.1 5.5
G. Household and .

office appliances{ 11,8 12,0 10,1 10,6 15,5 5.0 3.1 4.4 2.9 3ot 3.3
H. Powder 4,4 4,1 5.8 5.9 5.2 4,6 6.7 3.0 2.5 2.2 1.9
I. Steel industry
J. Other fabricated

items /excluding

/"’I/ 902 705 607 706 808 805
K. Miscellanec 6.5 6.0 9.9 9.6 11.8 6.5 6.2 6.1 7.9 8.0 7.9
L. Export of semi-

manufactures, ' '

foil and powder 7.8 6.3 4,5 2.1 5.1 10.3 15.1 16.8 18.3 25,6 25.4

Total 100.0 100,0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
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-storage rooas, irrigation systems, submarine
desalinating facilities amd building structures, all
featuring aluminium. In the transport vehicle and
mechanical engineering field, operations will be at
first ccnfined to assembly work followed at some later
time by the manufacture of special componerts and
products /e.g. high-stamiard castings/. It is desirable
that upon installing new fabricating capacities
effective arrangements be made forthwith as to the
collecting and recycling of scrap arisings, which are
usually in the order of 21-26% of aluminium input.

More details of aluminium usage /possibilities of
replacing other materials by it, fresh outlets, etc./,
as well as of sources of know-how and its application
in actual practice /technologies amd products/, are
discussed at full length under chapters 5 and 6,
respectively.

1.3 The pricing of structural materials; forecasts as to
future pricing tremls

The world market prices of the principal structural
materials and their pricing in relation to aluminium
over the 1935-=1977 period are summed up in Tables 11
and 12, respectively.

An analysis of the pricing trends in Table 11 will
clearly demonstrate that as from the end of the Second
world War a marked shift in favour of aluminium has
taken place to the detriment of copper and steel. The
1373 rise of o0il prices did not gignificantly affect
the relative pricing of metals. /Fluctuations in

aluninium and copper prices were largely due to market
speculation/.




Tabls 11
Mean wzrld prices 2f sone selected structural materials

/Based on annual average quotations in current prices/

U.s. 2/t

vaterial 1935 1950 1955 1960 1965 1970 1975 1976 1979

Aluminiun’ Y/ 482 370 500 577 545 614 860 965  1.108
Copper” 2/ 172 472 500 712 780  1.393  1.205 1.381  1.293
Lead 69 300 332 265 260 304 4i2 446 617
Zine 68 210 273 287 320 296 w5 711 589
Tin 1.090 n.a. nea.  n.a. 3.428 7.673  6.870 7.58% 10.798
Steel billets 34y 65 Ne.a. Nedos nea. ko. 93 173 168 154
Plastics /Pv¢//>/ | n.a. n.a. n.a. 350 31 359 a2 566 619
Cerent NeB o 6 Ned. 7 8 10 20 N.a. 25

/1/ Mean price, ex smelter
/2/ Cathode copper

/3/ Mean price in Federal Republic of Germany

_vg—
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Forecasts published in the world press unanimcusly
agree that the 1970 level of relative pricing of
structural materials will persist in the long term,
thougo in absclute terms they predict rising prices
throughout the coming years [}é&. Such price hikes are
considered to be necessary to ensure the economical
operation of new capacities coming on stream, although
their actual magnitude is suggested to be less thaB
that of oil [§}. Prognosticstions forecast an annual
rise of 3-5% in sluminium prices, by 1930 reaching a
60-63 USA .ent/lb. official Canadian price |20|. These
predictions seem to be based on the fact that witkL
costs of capital investment steadily rising, by 1977-
1978 a price of 55 U.S. cent/1lb. or U.S. § 1.22 per
kilogramme my be the lowest limit, at which the
operation of an aluminium smelter may still be cost-
effective. The installation of a new smelter calls
for capital investment of U.S. § 2,000-2,500 per ton
[15}. A steeper average price rise is improbable,
because by then new smelters in developing ccuntries
would be operative using inexpensive power, and a higher
upward tremd in aluminium prices would seriously endanger
the competibility of aluminium usage. Under these
circumstances it is believed that the major snare of
growth in consumption will be accounted for by some end-
using sectors, where unequivocal, direct and significant
benefits may be derived from aluminium usage [151.
Cases in point are electrical engineering, transport
vehicle manufacture and certain areas of packaging.

Before concluding this part of our arilysis, a
comparison of average uantual pricing trends of some raw
materials, sources of power and labour costs involved
in aluminium amd steel production are tabulated beiow

[21] .




Table 12.

Relative pricing of some structural materials by volume

/Aluminium mean price taken as 100/

Material 1935 1950 1955 1960 1965 1970 1975 1976 1977
Aluminium 100 100 100 100 100 100 100 100 100
Copper 35 127 100 123 143 227 140 142 117
Lead 14 81 66 45 48 50 48 46 56
Zinc 14 57 55 50 59 48 86 73 53
Tin 226 - - - 629 598 799 782 975
Steel billat 7 17 - - - 15 20 17 14
Plastics - - - 61 64 57 76 58 54
Cement - 2 - l.2 1.5 1.6 2.3 - 242

-9{-
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Estimated annusal mean growth of some raw materials

and other pricing factors in EKurope

/After CRU/ [2%

Per cent
Raw material 1976-1981 1981-1986 1986~1991
Bauxite + 0055 + 0065 + 1.0
Iron ore + 1.1 + 1.3 + 2.0
Power
Electric power + 1,6 + 242 + lob
Cokse + 446 e 2,0 + l.4
Natural gas + 3.0 + 2.0 + 3,5
Labour costs + 4.1 + 4.3 + 4,0

In view of the trends outlined above,
strong probability that in tbe years ahead the pricing
¢f aluainium will be competitive with tnat of asteel.
While over the 1976-1991 period e.g. the price of

steel castirgs is belleved to grow at an annusl rate of
8-8.5%, the corresponding rise of aluxiniom prices ls
estimated to be in the order of 5% cnly. The rise of
relative pricing will first of all affect the transport
vehicle industry, but its effects are to be felt also
in the building trade amd packaging field as w11,

there is a
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2. SUITABILITY OF ALUMINIUM FROM A TECHNOLOGICAL aND
FINANCIAL POINT OF VIEW FOR NEW APPLICATIONS AND TO
REFLACE OTHER STRUCTURAL MATERIALS

Any effort of replacing a structural material by an
other is aimed to take utmost advantage of the latter’s
most useful properties. In assessing such prospective
benefits in respect of a given ccuntry or area - next
tc the availability of raw material amd power on site -
the following circumstances have to be taken into
account:

- Economic structure and the distribution pattern of
capital. /Prevalen e of many independent small and
medium-sized enterprises; industry amd agriculture
controlled by large cocncerns ofr public
corporations/;

- The volume of experience of local manpower;

- The pattern of the domestic market, and how far the
latter may be influenced by intervention nn the part
of government agencies.

Applying these corsiderations to aluminiuam, a
combination of favourable and detrimental factors
emerge, which may be dealt with in detail as beiow.

2.1 Favourable factors

2.11 The raw material situation

90% of the 1orld’s alumina output is won
from bauxite by the traditional Bayer
process or its modificationg. Calculated at
a 5% annual average growth rate of
consumption, the world’s total bauxite ore
reserves are sufficient for 150 years of
alumina production ;;1. Next to commercial
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grade bauxite ores, there are also supplementary
resources of poor grade bauxites and other
gsubstances of low AIZO3 content, such as clay, ash,
etc. Throughout the world succesaful efforts are
undertaken to , ocess alumina from these
economically on an indugstrial scale. Considering
this vast potential, raw material to feed aluaminium
smelters seems to last for an almost unlimited
length of time. With the exception of Australia, at
present practically all high-grade bauxite

reserves of the world are now located in the
tropicsl areas of developing countries.

Another indispensable prerequisite of runniag an
aluminium industry economically is inerpensive
electric power. In industrial countries - where
until 1970 the bulk of the world'’s aluminium
smelbters was located - a further large-scale
expansion of power-intensive aluminium smelter
facilities appears hardly to be feasible, The
operation of new smelters in such areas could only
be based on an additional supply of nuclear power.
A case in point is the United Kingdom, where the
aluminjum smelters erected in the 70's are conmnected
to a grid, where 60% of all electric power
transmitted is being germerated by nuclear energy.
By contrast, thsre is still a vast unharnessed
hydro-electric power potential in the developing
countries as tabulated below {é].




Untapped share

Continent of hydro-power | Megawatt
per cent

Africa 98 429,000

South America 93 269,000

Asia /excludinog
the Soviet Union/ 93 637,000

In addition to hydro-power, the oil producing
countries, too, represent a vast power potential
with their significant volumes of nstural gas
still burned away on site without veing put to
any practical use.

The operation of a 100,000 t.p.a. slumirium
sme lter calls for a steady power supply of 180
megawaits.

Another important material in operating an
aluminium smelter is petrol coke, likely to be in
short supply by the emd of the century {1!.

Thus, from a raw materisl point of view,
possibilities of expanding aluminium smelter
operations appear to be practically unlimited.

With regard to fabricated products, the situation
is somewhat different. In developing finished
produc t manufacturing facilities, a fira aluaminium
ingot market, however desirable in itself, may not
golve all problems. An equally essential
consideration 18 to have sufficient and effective
gemi-fabricating capacities installed, capable of
taking care of the full impact of demard
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The installation of semi-mapufacturing facilities
for producing a fair selection of basic semi-
fabricated items for use by the finished product
manufacturers may be feasible from a technological
and economic point of view even if operations are
kept at a more modest scale. Metal won in the
smel ter may be processed to semi-manufactures in
the molten state forthwith by continuous cast
equipment directly sited al the suelter, producing
16-2C,000 tors of sluminium strip or rod wire
coils anually. The manufacture of extruded shapes,
profiles and tub-s, by contrast, is done -
premises elsewhere, using cast aluminium billets
dispatched from the smelter. The inscallation of
such smaller semi-manufacturing capacities, while
designsd to produce a multiplicity of iteas
/except wide strips/, does not call far substantizl
capital investwment and may also be expanded
subsequently, if Jjustified by demand.

2ell melvoiivaiv zioUle 727 1ave i,

Until the emd ¢f the 1970°s some 7O0~75% of totsl
aluminium productiorn by developed countries could
be accounted for by six wmaior aluminium concerns:
aICAN, AILCOA, Reynolds, Kaiser, Alusuisse and
Pechiney. The market{ price of aluminium until then
too had at sll times been gov rned by the joint
business policy of the six majors. With a vizw to
expanding aluminium consumption and penetrating
into fresh areas of aluminium usage, they tended to
keep aluminium prices at as stable a levels as
possible. Thigs is how the sou-called "official"
market price of aluminium has come into being,




baged on the 99.6% purity ingot quotation of iican,
d/d all seaports except those ol the USA, Canada,
the U.K., and as from 1974 also those of South
America. The official aluminium price has remained
practically unchanged over longer periods /some-—
times for up to 2=3 years/. From 13965 to 1973 it
has risen by 10% only, corresponding to an annusl
average of 1l.3% [ﬁ}. In principle, 90% of all
aluminium marke t transactions are based on this
official quotation. However, in view of growing
integration in the aluminium industry, a
considerable part of such ailumirium is dispstched
to the own subsidiaries amd affiliated companies
of the majors with special confidential discounts
granted to protect them against market
fluctuations. When there is a recession, such
confidential discounts are frequently granted to
independent producers as well. Next tc the official
marke t price, the London Metal Exchange used to
quote in an unofficial capacity also so-called
"free market prices", at whicn, however, only
marginal volumes of business were transacted. When
demand amd supply were balsnced, there was no
significant difference between the two prices. As
from October 1978, the London Metal Exchange has
been quoting an official aluminium price as well.
At She moment it is still early to say how this
may affect the geperal trend of pricing.

This stable system of pricing has undoubtedly
contributed toc the annual 9-11% growth of
aluminium consumption throughout the 1960's. It
has vigorously intensified aluminium usage im
various fields, e.g. in the building trade, in
packaging and in the manufacture of transport



baulags squipmat. Howsvsr, cortalin drawbacks of ths
artificially stable aluminium prices becams manifest
upon the 1973 oil price rise when profits derived
from aluminium operations began to decline sharply.
By then, too, smelter capacities of the six major
concerns have dropped to A44% of world market
capacity, after new and partly government-backed
aluainium prejects have gone on stream in developing
countries [3]. To make up for such losses, the
majors thereupon descided to raise aluminium prices.
The rise bas been 62% over the 1973-76 period [4].
Aluminium operations have thereby becowus more
economical, with no significant changes in the
pricing of aluminium in relation to most other
structural materials. /The 1977=78 recard low of
copper price was just a pasaing episode/. Although
following the critical time when oil prices rose
considerably, some of the structural -«terials did
display marked price fluctuations, aluminium bas
revealed a aore conservative tremd of rising prices.
FPig.6 is a comparison of sluainium conductor anmd
extrusion prices with those of r-lled steel
products on the French aarket [SJ.
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2.13 Competitiveness in price with regard to other
mpterials; comparative calculatians

Recent widespread aluminium usage may only be
partly attributed to shifts in the pricing of
structural materials and the relatively stable
pricing pattern of aluminium as outlined under
sub--chaptera 1.3 and 2.12, respiotively. .ne real |
orux of the matter are certain unique physico-
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impact ocn aluminium usage in a variety of emd-using
gectors. Cases in point are several fields of
aviation amd space research, where lightness coupled
with relatively high mechanical strength and good
corrosion-registance are distinctive features
rendering the metal highly competitive.

Prom a standpoint of technslogical and economic
feasibility, aluninium usages may be classed into two
major categories, viz.:

~ where in view of shifts in pricing the eccnomic
feasibility of aluminium tsage may be readily
demonstrated. Umer this heading some first of all
direct substitutions of heavy non-ferrous metais
by aluminium. Expertly designed, mapnufactured and
assemblsad aluminium structures may not only be
squivalent to but also more useful than those of
traditional desigr; their price, too, is
considerably lower. Typical examples are aluminium
conductors replacing copper ones, aluminium
collapsible tubes amd foils used instead of tin
ones, Or screw bottle closures /pilfer-proof caps/
to substitute cork. According to an inquiry made
in the Federal Republic of Germany in 1970, the 1
average cost price of cork bottle closures was |
0.045-0,10 DM per piece, in contradistinction i
with 0.02 DM per piece for aluminiuam screw bottle .
closures. The position in similar in substituting
zinc rainwater hardware by aluminium or the use of

aluminium coclers instead of heat-exchangers masde
from stainless steel or tin-coated copper.




The aacomd catagory embraces aluminium usages,
where costs compared to traiditional designs may

be higher, but the technical features of aluminium
may be put to better advantage. If properly used in
itself or in combination with other materials over
a long:'r space of time, such aluminium

spplications may eventually become a paying
proposition, despite higher purchase costs involved
at the ocutset. Cases in point are various

aluminium constructions used by the building trade,
window and door frames or aluminium components used
by otbher industr‘es %o enhance operational
efficiency /e.g. pistons, machine accessories for
textile mills, heat exchangers etc./ involving no
or only slight maintainance costs.

In using sluminium, the following positive features
are of gpecial interest:

Bconomies in power

Environmental protection

Bxtra benefits from scrap recycling

Savings in labour both on the production amd
consuaption side /e.g. smaller maintainance costs/

More comfort for the population /facilitation of
household work, light camping and sports iteams,
etc./.

In feasibility studies it is not enough to examine
whetber or not aluminium is an equivalent alternative
to the material to be replaced; it is very important

that from its usage the consumer should bensfit, Por
this end

The relative pricing of raw materials involved in
the production process has to be carefully
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exapined, along with the amount, value and
nasfulness of scrap arisings. In comparing €.g.
alumirium and tinplate bottle closure manufacture,
next to relating aluminium price with that of
tinplate, allowance has to be made for 30% scrap,
arisirg upon cutting the eluminium discs to shape.
¥hile the resultant recoverable aluminium scrap
represents 9% of the value of the aluminium sheet
used, tbe corresponding figure for tinplate is omly
0.6% '6|.

The design of the aluminium structure has to be
such as to perazit optimal utilization of the
metal’s inherent favourable properties. The simple
application of aluminium in designs originally
prepared for other materials is uneconomical and
from the ocutset doomed to failure. 4 good example
of how aluminium may be used econoamically are the
latest metro carriages designed by Alusulisse,
featuring large aluminium extrusions for framings.
Such carriages are 30% cheaper than those of
conventional design with steel framing \7\.

A detailed analysis has to be made of all opera-
tions involved in manufacture and assembly, with
special regard to savings in time amd labour.
Several examples of this may be cited in the
building trade amd metalworking industry. Costs of
erecting conventional premises for agriculture
apd livestock farming are 17% smaller than those
of light aluminium panel construction, but labour
and time in putting up the latter are 30% less,
the two figures more or less outbalancing each
other. Moreover, sluminium light ccunstructions
jend themselves well far serial m-nufacture and




the siting of msjor agricultural facilities in more
remc ¢ areas, such as ccld-storage ronme; complex

poultry farms etc. in developing countries,

In addition to the foregoing, special attention has
to be devoted to the changing pattern of power
resources amd the sustained trend of rising power
costs. Throughout the world great strives are made
to save power, in the wake of which there is now a
universal demamd for reducing the weight of trans-
port vehicles anmd transpmt haulage equipment. The
relative pricing of structural materials used in
the manufacture of such products /with special
regard to steel versus aluminium/ is a cruciel
factor in determining the viability of aluminium
usage. On computing economic feasibility, the
surplus interest invelved in employing asluminium
structures of higher costs, too, has to be allowed
for. As to how fast such increased capital
expenditure may be recycled to the investc~ will at
all times primarily depend on the magnitude of
power prices anmd operational costs affected by it.

Thanks to the good corrcsion-resisting properties
of aluminium, considerable savings may be arrived
at in maintainance costs. In case of a steel
structure over a period of 30 years some 30-70% of
its cost price, plus 0.6-1,0 manhour per square
metre amd year has to be spent cn maintainance.
Relating this to the higher purchase costs of an
aluminium structure, ard once again calculating a
bighe r amount of interest, it appears that e.g.
the use of aluminium wire fencing may after 6-8

years become more economical than that made from
gteel (é\.
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protacti on point of view,

galuminium presents great advantages. While the
destruction of plastic scrap is a tough problem
and the handling of steel scrap in view of its
weight and volume cumbersome, the collection of
alumirium scrap amd its recycling into production
is a relatively simple and inexpensive procedure.
Moreover, by remelting aluminium scrap,
considerable power economies msy be arrived at 9)
/sec also geb-chapter 2.15/. In the USA & recent
drive of collecting amd rewe lting hithei'to
throwaway aluminium beer cans bas resulted in a
rising turnover of aluminium-canned drinks /see
gub-chapter 4.24/.

As emphasized in the foregoing, keen competition is
going on between aluminium and other structural
materials in conqusring new fields. Who is to win in
this strife, always depends on the technological and
economic merits of each solution. In making
realistic evaluations, however, no louger does it
suffice to approach each issue from a micro-
economic angle as viewed by the producer ar
consumer, but ths overall effect of such
developments on the macro—economy of the country or
area concerned, too, bas to be taken into account.
/E.G. power savings, aspects of environmental 1
protection, balance of payment, etc./ A more
detailed analysis of aluminium emi-uses in this
context is to be foumd in Chapter [-_4}

2.14 Pgvourable technical features

It always depends on the nature of end-use whether
low spocific weight, good electrical comductivity,
susceptibility to plastic deformation, thermal
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conduc tivity or corrosion resistance are the
principal properties sought for in selecting
alumipium as a structural material. Of course, it
would be an ideal state of atffairs, if all these
superior properties could be readily wmade use of for
every application., This, however, is not the case,
there being marked interactions between some of
these properties, necesgsitating to focus on such
properties as are most desirable in meeting some
specific end. E.g. the corrosion-resistance and
susceptibility bto plastic deformation c¢f high-
strength alloys are inferior to those of medium-
strength onpe s,

An important consideration in choosing aluminium to
replace another structural material is its corro-
sion-resistance. which 1s especially marked is an
industrial environment peliuted by SO.. Tablel4 is
a compariscn of .t inroads sulfur dzoxide nay
make tn steel, zZirc amd aluminium surfaces with
time ‘10‘ 11 . The rrte of corrosion observed in
atuminium, ccppei- amd zipnc exposed over a long
period to different types of corrasive environment,
has been tne suv'ect 3f a special study. Scme of
its findings are summed up in Fig 7. demonstrating
that over a period of 10 and 20 yesars the rate 3sf
corrosion has deen smallest with aluminium Ll2;.

Table 15 displays the prices of various structural
materials related to their mechanical strength {13:.
Related to tensile sgcrength, pricinms far expanded
concrete, high-tensiie steel, cast iron amd some
plastics is lower than that 2f aluminium. With

the otber materials listed, however, aluminium

compares favourably, a fact to be ascribed to its
1ow spe~ilic welrnt,



Table 14

Corrosion after 'O amd 20 years in different climates and
atmogpheric conditions [}é]

millime tre/annum

Climate or atmospheric Aluminium, 99.2% Copper, 99.9% Zinc, 98.9%

conditions 10 years 20 years 10 years 20 years 10 years 20 years

Phoenix, Arizona, -5 -5 -4 4
desert climate 1.10 66410 1.3.10

1.3.10°% 2.5.107% 1.8.107%

State College, Pasadena

sontinencal climate 2,5.107° 7.5.10™° 5.8.10~% 4#.3.107% 1.1.103 1.1-10"3
La ngla, California, -4 : -4 -3 : -3 : -3 ~3

maritime climate 7.1.,10 6.3.10 l1.3.10 1.3=10 1.7.10 1.7.10
New_York, ‘

tndustrial ameSpher3.9-1o‘“ 7.4.107% 1.2.1073 1.4.1073 4.8.10~3 5.6.1073

-*75-



Table 15.

Prices related to mechanical strength (3@]

Tensile Modulus of L Specific . : ‘
Material atrength elasticity Fatigie weight Ef}ﬁi/ Prices in £ related to MNm
/MN/me/ /MN/mz/ /MN/m2/ /Mp/mB/ Tensile Modulus of Fatigue
) gtrength elagticity _E
Cast iron 400 35,000 105.0 720 135 2.46 0.0% o4
Cu-Zn alloys 400 374300 140,0 Ee30 515 10.75 0,12 30,7
Carbon steel 250 77,000 193,0 7 .85 140 4,4 0.01 5e7
Alloyed '
steel 800 77,000 . 4385.0 7.83 212 2ol 0.02 3.4
Titanium : '
alloys 960 45,000 310.0 4,51 6,500 30.5 0.65 94,5 ,
Aluniniun ' ‘ N
ailoys 300 26,000 90,0 2,70 800 742 0,086 24,0 )
|
Mg alloys 190 17,500 95,0 1.70 2,500 22,0 0,24 44,7
Oak 14 4,500 6.0 0.67 895 43,0 0.1>3 100,0
Polyprotylene 30 0 745 0.90 325 9.7 0 39,0
Nylen 66 80 0 24,0 1,36 925 15,7 0 63,0
PVC 50 0 12.0 1.40 240 6.7 o) 27.0
Expanded ‘ ‘
concrete 38 10,000 23%.0 2..50 23 1.5 0.01 2.l
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How the favourable technical features of aluminium
have affected the consumption pattern of some end-

using sectors, 1s discoussed at length in Chapter 4.
The same chapter also reveals more detsils as to how
aluminium may be used effectively to replace other
structural materials.

Remelting of sgcrap

In develcped countries remelted aluminium scranp
accounts for some 25% of total aluminium consuamption.
Collected, sorted amd cleaned aluminium scrap is
reme lted by various metallurgical processes, in the
course of whichk it disposes of its non-metallic
impurities. While earlier some 10-15% 3f the scrap
was irretrievably lost in the remelting process,
this figure bas now dropped to a few per cent upo:n
the emergence of new remelting technoiques. Also,
thanks to fresh advances in such metallurgical
processes, traces of oxidic amd non--metallic
impurities remaining in secondary me tal won from
scrap could be recently reduced by 1-2 orders of
magnitude. Power involved in the remelting process
too has declired sharply from an earlier 2-3,000
kilowatt-hours to 800 kilowatt-~hours per ton {9].
Secondary ingots remelted from carefully handled
scrap, with an addition of a proper percentage of
alloys, are in every respect equivalent to casting
ingots won in the a.uminium sme iuers.
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Tuvme, hour

Fig.7 - Changes of sulfur dioxide adsorption on metal
surfaces with time at 90% relative humidity.
S0,
Sydberger and Vannerberg/ }}iﬁ

content of atmosphere: 0.l ppm /After

4 breakup of screp recovered in Hungarj 1s given

below:
New industrial scrap 40%
0l1d scrap, discarded
bv the populstion 40%
Turnings 20%
Total 100%

About two-thirds of collected acrap is remelted (o
casting-ingots. One-third is added to slab and billet
charees at the mills or used as a deoxidant in steel
metallurgye.

A fairly eiaborate arganization is required to
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collect and sort scrap arisings in an effective
manner before having them remelted to secondary
ingots. Mixed scrap is difficult and costly Yo
refine by metallurgical methods. It seems
therefore expedient that upon the installation of
any aluminium fabricating facility the effective
collection, sorting, storage, handling and
remelting of scrap be taken care of, together
witk srrangements for the marketing of the
resultant secondary mstal.

2.2 Difficulties

2.2]1 Large amount of power ami@ capital involved in
primary aluminiuc production

The two basic considerstions in installing an
aluminium smelter are abundance of cheap power
and the availability of large capital, the latter
far exceeCing that required for setting up other
ray material production facilities. Bauxite and
alumina operatiocns on site or in the region are
not an absolute prerequisite, alumina lending
itself well for transpart over larger distances.

Until the 1960s, generally, only developed
countries amd centrally planaed economies could
afford to erect aluminium smelters. This is the
reagson wny the bulk of such facilities are
located in Europe., North America amd the Soviet
Union, where large amounts of hydroelectric of
thermal power are availasble. In earlier days, the
proxir 'ty of the consumer warkets, too, bad been
a consideration of scme portent.

The siting of new smelter projects is nowadays
alnost exclusively governed by the high power
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demand of smelting operations. The power resvurces of
developed countries have no longer free capacities to
supply abundant amcunts of cheap energy. Hence, in
siting a new smelter, only such areas may come into
consideration, where a sufficiently lurge potential
of cheap power, too, exists. The tapping of new power
resources, however, invariably calls for further
capital investment in implementing such projects. It
should be remembered ir this connection that

electric energy is at present the largest and most
sigiificant cost factor in the elactrolytic
extraction of aluminium.

The magnitude of power involved in aluminium
production is demonstrated in Table l6., where a
comparison of power consumed at each successive step
of production from the raw material up to the semi-
-fabricating stage is presented in respect of steel,
copper and aluminium {i;&.

From this tabulavion the huge erergy demand of
aluminium production stands out most strikingly.
The difference will remain even after allowance has
been made both for the lower specific weight of
aluminium ard the fact that by adc .ng suitable
alloys a composition may be brought about, whose
mechanice? properties approzximate those of mild
steel. In calculating thias, the power demand of
aluminium will be nc longer eight times, but only
2+7=3% times that of steel, By the same reasoning,
power involved in tts manufacture of copper and
aluminium conductors will be prectically identic
after allowance bhas vezn made for the difference in
gspecific weights.




Table l6.

Breakup and total of energy consumption involved
in steel, copper and aluminium production [}5}

GJ per ton
Steel rounds Rolled Aluminium
30 mm. dia. copper wire sheet -
Mining, quarrying ? 51.9 4,2
Coking 20.1 - -
Concentration 5.9 - -
Flotation - 745 -
Alumina - -
manufacture 41.9
Smelting 0.3 14,2 228.6
Steel
wanufacture 6.6 - -
Electrolyitic _ 12.6 _
refining
Rolling S.4 18.4 28.1
Total GJ/ton 37.7 125.5 298.7
Total GJ/cu.m. 293%,1 1,13%0.0 795,6

Surplus costs of energy incurred in manufacturing an
aluminium product, however, may under circumstances ve
recovered 1n the courss 0f subsequent usage. In this
context reference is made to Heading 4.41, where

power economies t0 be derived from uring transport
vehicles witn aluminium components are discussed.

Not only are aluminium operations compared to the
me tallurgy of other metals /especially steel and
copper/ significantly more power-. .tensive, but the
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implementation of fully integrrted aluminium projects
will also call for a large amount of capital
expenditure. This 1is exemplified by a model
caleulation summarized in Table 17, wherein capital
required for the installatior of a 100,000 t.p.a.
imaginary aluminium complex is set gut in detail. In
this connection it is emphasized that

- The production pattern in the last stage of
verticality /finisbed products/ uas veen randcaly
chosen;

- Estimated capital costs ncwhere include
jnfrastructure and social welfare facilities;

- Though the aluminium smelcer itself is calculated
to operate at a firm power of 200 MW, the investment
cost estimate does not include the installatiocn of
a power plant;

- Capital investment at each successive stage sb¢
integration may in actual practice greatly vary
with the magnitude of capacities invo.ved and the
actual technologies used, therefore throughout the
model fair medium figures have been taken into
account;

- Capacities at each successive stages suggest
realistic figures from an economic feasibility
point nf view; they sare, moreover, coordinated to
meet demand at the next stage of verticality;

- To facilitate matters, exports of raw material
amd semi-manufactureg have not been calculated.

According to Table 17 the total investment costs of
this imeginary 100,000 t.p.a. integrated aluminium
complex may be in the arder of 670 million U.S.
dollars. /At 1977 U.S. dollar prices/.




Teble 17.
Modsl of Inveetmeot coete invplved jo s fully intesrsted JOU,000 t,p.a,
gluminium nroject

/At 1977 U,S, doller nrices/

Iovestment

coets par Producte or  Breakup and tctal

Stage Eabracing Capacition of invaetment coeds
3% agd ennul 10000 toms  silllen U.3. S
itage 1, Bauxzite operatioans 45-06% 7 600 4C.0
Raw materiel Alumins maoufscture 500 200 100.0 !
Alumicium emelting
/excluding power worke/ 2000 100 230.9
Reaw material )
etage, tntal 340.0
Stege 11, Cootiguoue etrip casting 2180 5% 120.0
iemi-menufscturee Coatinuoue wire rod castiog 250 20 5.0 -
Extrusion 2700 20 54.0
Poll manufacture and
fioleh 4000 b} 20.0
Caeting /by machine/ 4440 1.8 33.0
Cseticg /eand end gravity
die, ¢ited on an . 4000 2.5 10.0
{adustrial ecale/
Sorap remelting 200 20 4.0
Seni-sanufacturing
total 46,0
Stege 111, Anoditation of tectiong 670 3 2.0
Semi-sanufeacturing Diec cutting 20 10 0.2
finien®® Tube weldting 230 3 0.7
Corrugatioc of eheet 60 10 0.6
Prepainting of eheet 790 10 1.C
Semi-manufscturing 10.5
fiuieh, total ¢
gtage IV, Unineulatsed conductor
Piniehed products /drawing and etrending/ 470 1¢ 4,7
/Manufact ured Intulated conductor and
iteme 10 the cable 1220 10 12.2
next column/ Collapsible tubes and
seroecl botilee 2560 ) 12,8
Building etructuree 500 19 7.3
Heat-ez2changors 1000 5 5.0
Holloware snd thiock-
-walled packaging 800 5 4,0
1tems
Bquipaent fnr foil
packagiog 300 3 0.9
Componentes of macheniocal
snginsering 800 7 5.6
Sundry etructurel
components 300 5 1.5
Other metalworking items 500 20 10,0 .
Houtehold producte 600 10 6.0
Pieished product 70.2

stags, total

a Inveatsent costs of & lses complex gravity dis cseting founary are adout § 2,000-2,500
ea Only equipment, without premices. To avoid overlapping, tonlaget are fot sumsarised.




Toe firsi stage of intsgratico includes rew

material operations /the mining or quarrying of
bauxite, alumina manufacture amd sluminium
smelting/, accounting for 50% of ths above sunm.

The second stage df integration refers to sewi-
-fabrication., Its share in term of total invest-
ment costs is 38%. Two items under this heading,
the continuous casting of strip and that of rod
wire, represent 50% of the investment costs
calculated under semi-manufacturing. The
operation of continuous casting, however, is
geographically located at the smelter. Allowance
made far this, the share of investment costs

for raw material operations in the first stage
will thereby rise to [ J% and theat of the
remaining semi-manufacturing faciiities
/extrusion, foil manufacture, casting and scrap
regelting/ drop toc 18%.

The third stapge encompasses certain operations
of finish upplied to semi-manufactures, whereby
the workpiece reaches an intermediate state of
finish between semi-fabrication and the finished
product /e.g. the surface treatment of cut
sections used in prefabricated motor vehicle
bodies/. For technological and financial reasons,
it is desirable to have such equipment directly
sited at the mill. The share of investment for
this stage is 2%.

In the fourth stage of integration finisued
products are msnufactured. The installation of
capacities to this end accounts for 10% of the
integrated project’s total suggected investment
costs. The siting of guch faclilities has always
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tc be geoverned by practical considerations. The

manufacture of finished products may begin first
in a small way and be expanded subsequently, if

called for by demand.,

A prerequisite of setting up an aluminium finished
product industry in the availability of sufficient
raw material, supplied either by domestic producers
or from outside sources. If local circumstances do
not permit the installation of domestic raw material
manufacturing facilities /lack of power or
sufficient capital, poor domestic market demand,
there are always various ways of obtaining semi-
manufactures or ingots under long-term agreements
of international division of latour. Should a 100,000
t.p.a. aluminjium finished product industry such as
deaonstrated in our model entirely be based on raw
material imports, tne investment costs involved in
the project - including also operations specified
under Stage III - may te estimated at 80 million
U.S. dollars. /see Table 17. Stage III, IV./ If,
however, semi-manufscturing facilities too are
instelled for making extrusions, foils or castings
- which may always be fed by imported ingots -,
investment costs shown for Stage IV may rise by
another 100 willion U.S. dollars. As a rule, the
latter mmy be at first smaller units to ve expanded
later, if necessary.

Higher standards of engineering techniques

The chemical, physical and mechanical properties of
sluminium differ in many ways from those of other
metals. In view of this, the handling and

processing of aluminium calls for technologies which
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may often be regarded as a departure'rrOl conventional
methods of metallurgy. Even the transport and storage
¢f aluminium require particular care. In case of
defective packaging, rough handling en route or poor
storage, the vapour repeatedly precipitating and
evaporating on its surface may leave behind ugly
stains or give rise to corrosion. The surface of
aluminiuva may alsc be damaged by metal turnings, iron
scale, amd coke or sand particles. The occurrence of
this may be avoided by keeping the aluminium in well
aired and tidy storerooms and workshops. In default
of this, there may be trouble in the successive
rrocessing of aluainium,.

Almost aseptic cleanliness is also called for inm
shops where Yechnological operations are to take
place. In processing aluminium, it would be entirely
wrong to use, without further ado, any eguipment,
machinery ar die, on which other materials have been
previously handled. If this is inevitable, before
feeding aluminium in% such equipment all components,
dies and even the premises themselves have to be
carefully cleaned.

The machining of aluminium in some ways resembles to
thot of timber rather than steel. Such similarity is
snhanced by the use of high-speed cutting machines,
in which operation, however, tools suitable for
aluminium bhave to be used. In processing aluminiua,
though it is & mallsable metal lending itself well
to plastic deformation, dies of special design and
quality are required. sAluminium is highly sensitive
to the surface asmoothness of the die. The deep-
drawing of soft aluminium e.g. calls for dies of a
harder surface than those used for less deformable
and more robust steel. Also, in processing aluminium
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certain technological instrucvtions to du wiili 556
inherent properties of the metal have to be strictly
adhered to /e.g. a more marked rounding off of edges,
the conicity of the deep-drawing stub, etc./. For the
same reason, the economical fabrication of aluminium
calls for technologies entirely different from those
of stael. A point in case is the manufacture of
collapsible tubes ami thin-walled hecllow cylindrical
itemes, where either the so-called injection pressure
die extrusion technique or impact extrusion is used,
the latter ensuring highly accurate size combined
with suitable strength.

The welding amd surface treatment of aluminium, too,
is funjamentally different from those of other
metals. Notably, upon exposure to air, a firm oxide
film is fast depositing on the aluminium surface.
Because of this, traditional welding and surface
treatwment /painting/ methods applied to steel are of
no avail in case of aluminiuwm, In view of the high
thermal conductivity of aluminium and the oxide film
formed on its surface, conventional welding
technologies had to be replaced by the highly
effective method of shielded-arc welding. Under
circumstances, various modifications of electric
gspot-welding and seam-welding toc may be used with
advantage, though these latter call for higher power
ratings and automatic coentrol. The cold-welding of
aluminium requirces a strong specific pressure to
break the oxide film. /See the clamping of electrical
fittings on assembly, as referred to under Heading
4,12,/ Atc present, reliable brazing or solderinz of
aluminium still calls for very elaborate techniques;
modifications of convention.1 socft soldering methods
have pruduced rather unstable joints susceptibls tc
corrvsion. The use of adhes.’es in joining aluminium
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parts poses serious problems when done on an
industrial scale, because of severe technological
standards and a demand for a high degree of
cleanliness in the workshops. In view of this and
similar difficulties, a novel technique of joining
components of aluminium structures is gaining ground,
where the extruded sections to be assembled are
slipped into one another to becom firmly interlocked.
While the extrusions to be joined in this wanner have
to be nignly accurate to size, the operation itsgelf
may be performed by unskilled labour of some
experience.

An effective way of improving the surface properties
of aluminium is the strengthening of its oxide film
by weans of anodic oxidation. The resultant anodized
oxide fila will be eitber corrosion-resistant or foru
a porous surface Onto which a priming may be applied
forthwith. Unless this is done, aluminium surfaces
are unsuitable to be painted or provided with a firm
layer of plastics-coating. Therefore, regardless of
whether corrosion resistance or preparing the surface
for priming is aimed at, the use of an effective

me thod of surface treatment is essential. As for
adding a paint costing, the appliances are generally
the same as the ones used with other metals.

Notwithstending techniques as outlined above, the
selection of semi-manufactures best suited for a given
purpuse is of utmost importance. The poasibility of
gome compromise in this respect way, however, not be
excluded. E.g. a great deal may depend whether or not
the plant is furnished with facilities to annecal or
age~harden workpleces within a small temperature

range in the course of the production process,
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Ths forsgoing will havs =
that mext to the important task of selectlng suita’.le

material and optimuam technology, specialists engarsed

in siting and organizing such a plant will have to '
acquire a thorough familiarity with facts and

features eseential in running an up-to-date aluminium

industry as well /see sub-chapter 6.2/.
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Resistance to new solutions

Most sluminium end-use is such that it has te compete
with other working materials. Moreover, whenever a
naw aluminium gsutlet emerges, it has to prove in a
clearcut manmer its technological and economic
feasibility in relation te traditioral usages. This
is by no means easy, the conservative attitude of

the marke ¢t being often governed by

- habit

- 0ld-stamding experience in mass-manufacture

- conventional assembly, maintainance and repair
me chods

- many years of deep-rooted operatiopnal practice
and

- standing regulations by the authorities /health,
operational safety/.

To convince the consumer that a prototype is useful
to hiam, is only a first step. A lot of extra
paivstaking work is still ahead. A prototype or
contract product is always costlier and as a rule
not as perfect as a mass-manufactured one, calling
at an early time for technical asaistance in
agsembly and maintainance. There is aigo an
ingrained wariness by the consumer of accepting




something new, a feeling of reluctance hard to
overcome. And finally, regulations by 8he authorities
have 5o be altered or new ocnes to be enforced. This
process, as outlined, is long, wearisooe and costly.

In the following chapter some concrete examples are
cited of how such initial difficulties may be
surmounted with fair prospects of success.
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3., TECHNICAL ADVICE AND RESEARCH TC BNOST ALUMINIUM
CONSUMPTICN

2,1 A chain of technical advising agencies throughout
the world

Tbe processing ¢f z2luminium and possibilities of
expanding its efrective usage to various fields
had called early .or a certain reshaping of
traditional technical thinking. This was the case
in the late 1920’s, when the big sluminium
producers of the world, at the time still engaged
in smelting only, began to take up research in
seci-fabricating and fabricating technigues,
reporting back findings to their customers, soc as
t9 boost aluminium consumption for a multiplicity
of ends.

The fact that aluaminium in the meantime has become
the fastest growing metal commodity of the century,
may be partly ascribed to this early pioneering in
research amd development. From the very outset, an
integral part of this work had been technical
information, advice amd assistance to the custoamer.
This trend was sutained even when the smelting
firms themselves entered the semi~-fabricating and
fabricating field. With growing integration, the
advisory activities of the large aluminium
producers became more differentiated.

In some cases - especially when a major aluminium
concern had been the sgole producer in a countri

or area - 3peciel information and advising
agencies were set up umler its auspices. They were
to a certain extent independent bodies, from an
organiz-tional point of view not tied to the
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research and technical development divisions of the
aluminium companies. Their principal task was b0
promote commercially the findings of the latter. For
this end, they were called upon to keep im ccocntact
with designers, manufacturers axd consumers, and to
take the initiative in various ventures aiming to
boost alumipnium usage.

Even if in the same area or country several lsrge
aluminium companies operate. the setting up of such an
advising agency in participation with the smelters,
seni-manufacturing mills and representatives from the
principal end-using sectors aprears to be indispensable.

In both cases the ultimate end is identical, viz.

- to boost the econmomical usage of aluminium in as
wide a field as possible;

- to explore and promote new aluminium outlets;

- to help producers and consumers with technical
advice, documentation and the orgunization of
training schemes for technical management and
skilled staff, anmd

- to provide local authorities and international
organizations with relevant statistical information
on aluminium end-use amd other developments.

The fundamental difference between the two types of
advising agencies is the business policy they pursue.
The first type is egtablished with a view to
promoting the interests of the sponsoring concern or
company. If the sponsor is a public corporation,
whether operating only as a smelter or as a more
integrated complex, it will be usually called upon to
promote aluminium development programmes launched by
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central government agencies by coordinating the
sponsor’s interests with thouse of ths prospective
consumers. In doing this, the advising agency is
counting on the fruitful cooperation of the
fabricators amd consuaers. Its activities are largely
governed by achievemerts cf research and develepment
arrived at b7 the sponsor, which the advisory body
will bave to proaote thereupon in an effective manner.
Such and sismilar organizations are to be found in
countries, where essentially ocnly one major
integrated aluminium concer» is operating.

The names amd addresses of some are given below:

- In France: Centre Technique de l'Aluminium
/Technical Centre of Aluminium/, 87 Boulevard de
Grenelle, PF-75015 Paris. /Attached to the Pechiney
concern/.

- In Switzerland: Information Service of ths Central
technical Division of ALUSUISSE, Feldeggstrasse 4,
CH-8C34 Zurich;

- In Italy: Instituto Sperimentale dei Metalli
leggeri /Bxperimental Institute for Light Metals/
Via G. Fauser 4, I-28100 Novara, Italy. /Attached
to the ALUMETAL concern/;

- In Austria: Vereinigte Metallwerke Ranshofen-
~Berndorf /United Metal Works Ranshofen-Berndorf/,
A 5282 Ranshofen-Braunsu, Austris;

-~ In the German Democratic Republic: leichtmetall
Technischer Beratungsdienst /Technical Advisory
Service for Light Metals/, sttached to VEB
Metallindustrie, Eisleben, GUR. /It alsc deals
with the allocation of light metal quotes in the
German Democretic Republic/;
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- As for Hungary, see the following pages.

Acong the second type of advising agencies the
Aluminium Zentrale /Aluminium Centve/ of Federai
Germany, Ecnigsallee 30, D-4000 Diisseldorf, is the
most renown. A corporate body financed by its member
enterprises, it is also editing books and a journal.
Of its 50 members 18 are primary aluminium producers,
12 semi-manufacturing mills and 20 aluminium
foundries apd other fabricators. Registered in
Federal Germany, it is a non-profit organization
established with a view to promoting aluminium usage
and effective manufacturing techniques. Technical
advice as well as the use of its documentation service
ami training schemes are free of charge. It centrally
coordinates aluminium propaganda and represents the
aluminium industry as an exhibitor at falrs and other
shows, besides providing statistical information
asked for by various organizations. It runs training
workshops and showrooms of its own, but has no
research amd development divisions.

Similar organizations are to be found also in other
parts of the world, amongst others, in |

- Norway: Skanaluminium, Rosenkrantzgate 21, Vika,
Oslo 1, Norway; |

- USA: The Aluminium Association Inc., 818 |
Connecticut Avenue, N.W. Washington, D.C. 20006

- Japan: Japan Light Metal Association, Kihonoashi
2-Chome, Chou=Ku Tokyo 103, amd

- Australia: The Aluminium Developument Council of
Australis Limited, 56 Pitt Street, Sydney, N.S.W.
2000.



In Hungary, to emphasize the significance of the
aluginium industry to the country’s nagional economy, &
special advisory organization was established
combining the advantages 3f both systems. Long-tera
aluminium activities of the Hungarian aluminium
industry are governed by a central development
programme approved by the couatry's goveranment, setting
and coordinating medium amd liong-range t.rgets
covering every stage of aluminium integration /see sub-
chapter 6.3/. Its provisions affect all industrial
activities by the Hungarian Aluminium Corporation
/bauxite and alumina operations, aluminium smelting,
semi-manufacture am the manufacture of scwme finished
items/, as well by other aluminium fabrice.ors of the
country. All these enterprises are state-owned,
operating uxer the auspices of different government
departments. Ine Hungarian Aluminiuam Corporation,
furthermore, runs a separate research and designing
instituse as well, acting also as the general
contractor of major sluminium development projects,
besides provid:ing a scientific tackground for
development alss in the finished product field.

In the wake 2f the world-wide aluminium boom of the
1960s, and more particularly after the conclusion of
a long-term aluwina/aluminium agreement witz the
Soviet Union, large stocks of aluminium oecame
availavle in Hungary, opening up great perspectives
for expanding the cuwitry’s aluminium fabricating
capacities. In order to create fresh markets, it
seemed then expedient to set up a special agency Fo
desl with the premotion of aluminium usage. Tals is
how the Development Cecutre for Aluminium Applications
of the Hunga.rian Alucinium Corporstion has come inte
being unler the auspices of the latter, out operating
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as a separate organization. Its activities uave been
defined by the government agencies sponsoring i¢ as
follows:

- Technical advice, information and propaganda to
facilitate cooperation between semi-manufacturing
@ills and finished product manufacturers by
coordinating current amd prospesctive aluminium
demand. Also, in coordinating certain particular
aspects of finished product manufacture, vested
rights of decision making on behalf of the National
Technical Development Board;

- Monitoring of new sdvances arrived at in technology
and research both in Hungary and other countries;
the promotion of schemes, technical and financial,
for updating and expanding the production programmes
of semi~manufacturing mills and finished item
producers;

- In coacert with end-using sectors, the boosting and
testing of prototype desigas and their
implementation if appearing fessible from a
technological aml economic point of view;

- Active participation in such prototype work, if
desired by the prospective manufacturer;

- Evaluation of experiences relating to aluminium
usage, with special regzard to technological and
economic feasibility;

- Domestic and world market research, collection,
compilation and evaluation of atatistical data
relevant to aluminium production and consuamption;
publication of such information;
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- Editing of leaflets, brochures and other
publications /e.g. Magyar Aluminium, a =onthly
aluninium engineering jourmal/;

- Organization of lectures, training courses and
demonstretion of various techniques in the Centre’s
own workshop for the bensfit of engineers,
technicians and skilled workeras, anmd

- Organization of exhibitions and shows in Hungary
and elsewhere,

In its activities the Centre used to rely on moral and
financiai support from the National Technical
Development Board, the experience of the research and
designing institute of the Hungarian iluminiua
Corporation, aas well as on suggestions and
recommsndations forthcoming from different workiug
conmmittees dealing with particular problems, and last
but not least on its cooperation with ths major
fabricators.

The Centre used to have a staff of 50, of whom 20
were engineers aml technicians amd 10 skilled workman,
the latter employed at the Centre'’s training
workshop. Its budget was jointly financed by the
Hungarian Aluminium Corporation amd the Natiownal
Technical Developmwent Board, contributing in a
proportion of 60% and 40%, respectively. The major
part of avallable funds was devoted to practotype
work, to gsubsidizing some of the extra costs incurred
by the introduction of new products, and to

technical propaganmda /exhibitions, publications,
training courses, etc./. Thauks to this arrangemsnt
risks involved in innovations could be shared amnng
the aluminium industry, tbe finished product
mangufacturr concernsd and the government agencies
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responsible for ruoning industry. Annual action
programmes goverLing the Centre’'s activities were
from year to year jointly approved by the president
of the Natiunal Technical Development Board, the
geperal manager of the Hunrarian Aluainium
Corporation ami the Minister of Metallurgy and the
Engineering Industries; under whose auspices the
major finished product manufacturers were operating.

In 1976 the Centre weas merged into the Engineering
and Developrent Institute of the Hungarian Aluminium
Corporation /JALUTERV-FKI/.

TIa addition to the various advising agencies and
centres discussed above, there are also several

other international organizations of the same
function as well, but most of them have been set up
in pursuit of certain business interests. The most
prominent of these is CIDA /International Centre of
Aluminium Development/, 1ts membership being composed
cf the eight largest aluminium concerns of Europe. By
mutual consent, CIDA deals with various aluminium
development and standardization issues /e.g. the
dimengions of aluminium joints, new method- of
corrosion abatement, etc./. Its findings are in the
first place accessible to its wmembers only.

Some of the developing countries have already
earlier realized the necessity of setting up some
gsort of an aluminium development promotion agency
and many wmore may follow suit shortly. How this is
dopne and under what organizational framework, will
always depend on local conditions prevailing on site.
However, regardleass of whether one, two or aore
producers are operating in a count>y or ares, it
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seers desirable that such an organization be set up in
concert with all interested parties /raw material
prodv .ers, Semi-fabricating mills, finished product
mar .facturers anmd consumsrs/ as an independent body.
New solutions nowadays are no longer coanfined to some
narrow field of engineering, & fact necessitating the
cooperation and goodwill of specialists from other
walks of life as well. /E.g. light constructions are
a complex matter, where next tc aluminium specialists,
a great deal “epends on the experience of the
designing a.,chitect, the building contractor and even
the customer; in aluwminium packaging for the food
industry, the aluminium industry has to seek
cooperation with the food processing industr;, the
retail trade and the consumers as well/. In addition
to cbvious technological advantages, such active
cooperation with all interested parties wmay greatly
facilitate the medium amd long-range planning of
production and consumption of & country. /See also
sub-chapter 6.3/.

The necesaity of setting up research and development
bodies to boost new technical advances

In the foregoing it has been shown how advisory
facilities may boost aluminium usage, Such efforts,
however, may never oe really effective, unless aided
by a firm backgroumd of organized research on one
hand, awd designing expertise on the other hand. The
proliferation of aluminium end-uses and the
multiplicity nf technologies involved in the
manufacture of items weeting such demand, call for a
carefully conceived development policy covering the
entire field of integration from the raw material up
to the finished product stage. With the major
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aluminium concerns of the world, this arduous, costly
ani often hazardous task is undertaken by a network of
research, development amd designing institutes. A
typical example is ALCOA, spending about 1.5-2% of its
turnover /at 1976 prices some 60 million U.S. dollars/
for this end. It runs amd continuelly updates ALCOA
Laboratories, the world’s largest light metal rasearch
complex. But large amounts are spent on research by
the world’s other major aluminium producers as well,
with even the saluminium industries of smaller
countries following suit. A case in poirt is Hungary,
where a research, technical development and designing
institute is operating under the auspices of the
Hurgarian Aluminium Corporation, financed by funds
apounting bto 4-4.5% of the Corporation’s total
turnover. Other aluminium producers of the country,
too, devote about one per cent of their fiuished
product turnover to research amd technical development.

Even in countries just entering the adluminium
fabricating field, technical development work is
indispensable. Its scope in research and technical
designing has to be such that it may be capable of
adapting aluminium applications practised with success
elsewhere; furthermore, it has toc deal with the
exploring am testing of completely new cutlets likely
to be of local market appeal.

Here too the brunt of work amd costs bao to be born
by the aluminium industry. Initiaslly, such techanical

development i3 to include
®

- the elaboration or adaption of alloys best suited
for certain ends under local conditions;
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- the introduction of an up-to-date scrap remelting
technology essential in supplying a suitable
selection of ingots to the light metal foundries;

- the introduction of optimum joining techniques
/welding training courses, spplication of cold
joining techniques/;

- the adaptation amd if necessary modification of
surface treatwent methods in line with conditions
prevailing on site;

- the study and practical application of plastic
deformation technologies, including die-making;

- the use of machine tools for various ends and the
local manufacture of their tools, and

- the design and manufacture of prototypes of diverse
aluminium items ard structures, as well as
technical advice to pro-vective - stowmers before
peginning serial manufacture.

It is desirable that local researchers anmi

engineering speclalists gy this stage seek the
asgistance of qualified experts and academic lecturers
from various disciplines, so as to lay down the
foundations of a souma scientific backgruuxd for
further technical development work ahead. /See also
sub-chapter 6.2/

Product development effectivity

Testing the effectivity oi product innovation
/research, designing, adaptation, licesnses and
technial advice/ is a hard and complex task. One /but
not the only/ indication uf its effectiveness isg the
rate at which the congumption of seni-manufactures
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and the profits of mills grow. But several other
factors too exist from which sulcable conclusions in
this connection may be reached., Some of thsm are
enumerated below:

- The gaining ground of certain typicai aluminium
apnlications enhancing the profitability and
gstreamlining the operations of the end-user. /E.g.
the replacing of copper by aluminium in the
manufacture of electric conductors, reducing the
installation costs of power transaissior systeums;

the use of alumianium heat-exchangers: aluminium foil
packaging, facilitating the marketing of processed
food/.

- The use 0f aluminium components with gsignificant
benefits to the consumer. /E.g. the lightness of
aluminium permitting considerable power economies
in running transport vehicles; aluminium accessories
doing fast alternating movement to and fro in
textile mills amd printing presses etc., improving
technological standards and cnst~effectiveness/.

- Savings in maintainance costs, especially marked in
light constructions used by the building trade.

A method has recently been devised toc evaluate the
intensity of innovatory activities in the aluminium
field by relating, over psriods of 5-10 years, the
average annual share of new products to the annual
mean growth rate of aluminium consumption. A
tabulation to this effect was presented by EKumar at
ths 1978 Symposium of Aluminium Transformation
Technology and Applications in Argentina [{].
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Table 18

Tbe share of new products in some selected countries

related to total aluminium consumption over longer
periods {}]

Annusl growth rate per cent

Country Period Total growth of Share of new
consumption products

United States [1963~66 12,4 6,9
Norway 1358-64 12,0 6,1
United
Kingdom 1958-65 6,1 2,3
Federal Repub-
lic of Germany|1958-65 9,5 4,0
Italy 1958-65 9,8 5,8
Japax 1958~65 | 14,4 6,5
Argentins 1965-74 15,5 243
Hungary 1965-7C 9,8 6,3

Figures for the U.K. and Argentina clearly point to the
neceusity of effective technical development wor-, in
the absence of which growth of consumption in the
successive periods may tend to decline sharply. And
indeed, over the 1966-76 period, the average annual
growth rate of aluminium consumpticn in the U.,K. has
dropped to 1.9% [é].

However, the evaluation of product effectivity is
further complicatea by the fact that the utility curve
of some aluminium applications is bighly differentiated.
Therefore each product ought to be dealt with separately
according itas merits. Moreover, the developument,




testing and final introduction of an aluaminium
application on an industrial scale may frequently
take up 2 longer time than the actual cycle of its
utility /e.g. the extruded aluminium sheatbing of
underground cables/.

Hungary’s 6.5% share ot new aluminium applications
against an annual average 9.2% growth rate of
domestic consumption over a six-year period compares.
favourably with the other figures listed in Table 18,
Bvidently, credit for this is due %o the effective
work of technical development agencles referred to in
sub-chapterny 3.1 and 3.,2. The sustained overall growth
of Hungary’s alumirium consumption on one hand, and
the gradual decline or total discontinuance of
certain aluminium usages or the otber hand, are
always governed by the exigencies of the country’s
changing industrial pattern.

A few instarces where owing to this some aluminium
applications in Hungary have by now reached their
final phase are enumerated beluw:

-~ Water transport vehicles /small dirghies and
medium-sized passenger river craft/;

- Aluminium alloy overhead telephone conductors
/witbh phone cables geining ground/;

- Aluminium doors, windows anmd roofing of railway
trurks /becaunge cf the reorganisation of domestic
rc.ling stock manufacture/;

The ctcld-extruded aluminium shell of thermos
bottles /replaced by plastics/;

- Aluminium soda water bottle heads /slao replaced
by plastics/.
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By contrast, some typical aluminium innovations
introduced over the same period include

- aluminium~sheathed underground power transamission
cables with s0lid aluminium conductors

- aeroscl bottles
- liquid gas bottles
- pressure cookers

- new types of composite aluminium foil for packaging
ends and household foil

- new gseries of winiow frames and roofing, am

- radiators.

The advieing sgencies dealt with im sub-chapter 3.1,
besides watching domestic and world market trends,
have alsc to be aware of what may be anticipated over
the long term in the way of industrial developmen: at
home and abroad. This is 8 kXey question in exploring
promising outlets effectiveiy aml going ahead with
prototype work successfully. Hence, whenewer
induetrial trends change, the adviaing agencies have
to react seismographically and induce, in turn, the
producer to change or shelve technical developament
concepts ro longer realistic. It also follows froa tho
foregoing that not all efforts of booating new
sluminium applications are bound to bs equally success-
ful, In fact, zoe® msy bring about gratifying

results, o%ners may be too much ahead of tiee ar? a
great many may even end in a ccmplete failure.

In Hungariau practice soze concrete achievemernts may
be exemplified belnw:



- The development amd financing of light construction
prototypes 4-5 years ahead of their spplication on an
industrial scale, together with a full evaiuation of
experiences in this cornnection. Thanks to this, first-

hand information could be obtained on the
technological and economic feasibility on one hand, and
the limitations on the other hand, of stationary /and
in scame cases mobile/ aluminium supporting
structuree. Some applications that have appeared
promising and technologically feasible at the
procotype stage, did not come up to expectations in
actual practice /e.g. supporting structures in
electric power transamission {}}. Experiences have
also demonstrated that on developing aluaminium
structures of larger size, special attention has to
be devoted to certain considerations which, however
winor they wmay appear at the designing and prototype
stage, may influence the pehavicur of the structure
in actual practice. /E.g. stress caused by atrong:ar
thermel expansion, the siting of weldine seams ac
points less exposed to mechanical locads, etc./;

- The boosting of household foil manufacture and
usage, by market research ami helping the producer
gselect aml nstall manufacturing equipment for this
purpose;

- The launching of the manufacture of aluminium
fastepers /nails, screws, bolts etc./;

- Cocperaiine in developing and financing the
prototype of a 27-cu. metre aluminium superstructu-
re of a large motor lorry; technical advice in
eliminating certain shortcomings in the initial
phases of serial manufacture;
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- Toe introducticn 0f gluminium framings for
agricultural and gardening foil tents.,

On the other hand, some innovation efforts proved to
be ineffective. /E.g. thue prototype of an aluminium-
~framed wini power plant, some types of aluminium
furniture, irrigation systems from extruded aluminium
tubes, stc.’/.

Roughly, s2ms 30-40% of the funds devoted by the
advising centre t2 innovations could te put te
immediate use; som 20-25% were spent on paving the
way for som future sluminium applications within the
next 5-10 years, sxd 40% on schemes which eventually
turned out to be unfoaszibie for various reasouns. The
relatively large share of negsiive experiences,
hewevor, had at least ons sdvantage in common: it did
point to certain areas whare aluminium can definitely
not be used to renlace other structural materials.

The above examples will have amply iliustrated %that
the work of adviaing agencies may significently
contribute to product development effectivity. Tue
advising agenciee, moreover, are a useful instrument
in sharing with all interested parties hazards
involved in every aew aluminium application venture.
The form armd extent of sharing such risks, (f course,
will always vary with the economic eyster aud
industrial pattern of each country, as well as with
conditions prevailing in the ~reassnce or absence of
local raw material manufacturing facilities..
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4o PRINCIPAL OUTLETS JOF ECONOMICAL ALUMINTUM JSAGE

The great strides alusinium is making throughout the
world and the efforts of its prnmoters to keep its
position intsct are taking place in an atmosphere of
keen competition with other structursl msterials. Th
outcome of this strife, with all ef its technological
and sconomic implicetions, may seriocusly affect the
relative positisa of alusinium, either acceicrating rr
sloving down the momentum of its usage in different
end-using fields. There are, however, certain areas
whore its positien sesms te be fire and uncontested, not
likely to change in the long term because of the world’s
rav material situatien.

A case in point is the electrical engineering industry,
where aluminium condueters for the transmissionm of
heavy amd medium veltage energy nave ir actual

practice irreversibly displaced copper,

A gimilar process is now taking place in the
mapufacture and uvse of heat exchangers.

In transport vehicle manufacture, however, aluminium
trends are somewhat paradoxical. Here, despite its
favouravle technological amd economic aspects,
aluminium is faced with heavy competition from steel
and mors recently from plastics.

In other end-using sectors, competition is even more
marked, with most items lending themselves equally
well to manufacture from aluminium and other materials,
An interesting comparison in this respect is made by
Altenpohl, whose utility curves plotted for different
alvminium kitchenware used in some developed countries



of Burope are deacnstrated ia Fig.8 [ﬂ It will be
observed that traditional sluminium kitchenware could
keep its posi..on more or lessz firmly throughout the
period under survey. 3y contrast; atainless steel
kitchenware combineu with aluminium, after some headway
for about c-3 years, has soon diasappeared from the
market for rsasons of price and lack nf response. Costs
of developing it could have hardly been recycled into
productior within such short space of time. Following
this, plastics-coatod and enamelled alusiniua
kitchenware, too, appeared on the market. After a %hrese
yoars®' trial period, this innovation haa become
popula> amd thsre was a great upsurge in its sales.

How long this tremd is toc continue will a great deal
depend on future markest demand anmd fashion. /R.g. stain-
leas stcel kitchenware with ornamental enamel

coating/. Anyway, in spite of heavy expenditurs
involved in developing it, this item seems to prcmise
fast fipsncial returac.

The following is a detailed anslysis of a few typical
sluniniue end-uses., They have been expressly selected
for the purpose of this study &o demonstrate how
necessary it is te pursue technical development woerk
with utmost vigour amd to be at all timea om the
lookout far finding new viable markmt outlets and for
keeping the integrity of old cnes. Several cases too
will be presented, where, apparently, ths merits of an
idea or achems were from the very outset! not asssssed
with sufficient circumspection or where later on,
competition by other atructural materials has made
such inrcads on certain aluminium usages that the
manufacture of such items had to be temporarily
suspended or completely abandoned.
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1965 1972 Yea-s

Fige8 - Cycles of alurinium kitchenware demand in some

developed countriss 2f =zurope

1. Traditional kitchenware

2. Aluminium/stainiess steel kitchenware

3. Enamelled and/or plastic-coated alumiriux
kitchenware

Wwhile the present chapter is t: deal im the first place
with technological aspects, chapter © will contain
useful information on sources of know-how, together

industrial firms, from where further relevapt information
or asslistance may be forthcoming.

4,1 Electrical engineer’ng

4,11 General observaticng

Irn 1976 worid sluminium consumption for
electrical enzineering ends had been in the
order of 2 millien tons, accouating for 15% of
total world sluminium coasumption [?]. The
magnitude nf tonnages used by the electrical
enginearing industry, however, grcatly varies
with countries and regions as examplified 1in

Table 19 beicw.

? /
F ‘ / -
I with the names anmd adadresses of institutions and
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Table 19

Aluminium consumption by the electrical vngineering
industries of some selected countries or regions
/1973~1577 averages/

Country or region nilogggﬁigmggioﬁapita

United States 3.7

Average of West-Ewropean .

developed countriee 0,7 - 1.8
/weihted average 1.4/

Hungary 345

South African Union 1,0

Brazil 1.2

Indie 0.15

The cutlook for further expansion is bright both in
industrially developed and developing couuntries.

According to infgrmetion furnished by the British
Post Office Administration, 25% of its telephoune
cable netwerk ig made from aluminium. Within 10 years
it appears, alumin.um telephone cables will
completely displace copper ones [é]. According to
apother forecast, electrical engineering in the U3: -
despite 1ts presgent high per capita consumptiocn - is
tu be fastesgt growing aluminium outlet in that
country [5\. 3y the turn of the century, electrical
engineering is expected ts account fur 20% of total
world aluvmiuium consumption [EW‘

In the overell sluminium consumption figure of
Hungary there 1s 8 heavy concerntration of sluminium

usage in the electric enginesring field. Historically,




this may be attributed tc ths country’s chronic
deartn of amd continued drive for saviugs ir heavy
pon-ferrous metals throughout the pre- and post-war
period, coupled with the changing pattern of copper
pricing /see also caption 1.3/. In the waks of this,
the use of aluminium began to gain groumd rapidly in
the mauufacture of overhead power transmissiocn cables,
medium srd lew volitage conductors, as well as motor
ard transformer w.ndings. In 1951 a document
entitled "The Use of Aluminium and Aluminium Allcys
in Electrical Engineering" was published apnd
enforced as a Hungarisn Standard Specification.
Dealing with the technologicallv and economically
feasible application of alurinium for a muitiplicity
of electrical endz, it concretely classifies eacu
posgibility as "desiratle", "practicable" or"not
practicable". Prompted by fresh advances in
techwmology, tris first stanuard specification has
been subsequently revised ard newiy published,

Hungarian electrical conductar manufachure is now
strongly aluzinjum-oriented, the share of gluminium
conductors mnufactured bdeing 76% against 24% of
copper. In most centrally planned econcmies aluminium
accounts for 50-60% of total conductor msnufacture,
whereas irn the Federal Republic ¢f Germany 70% of
all corductors are 34711l made from copper and only
20% frem aluminiusia Hungarian alnainium corductor
and cable manufacturers nave in tos meantime
acquired great axperience in turning out preducts of
rigkt techrnological stamiarde.

The rewarkable advance o7 aluminium copsumption in
the conductcr fleld was al3o pracipltatec by the
sarly specializaticn ol Hungarisn engincering and



working personnel in aluminium instsllatinn
techniques and the appli~nction of aluminium in
electrical equipm nt and gear. In view of tkis,
Hungarian engineering firms engaged im such
operations today prefer using sluminium to copper.

Conductorsiare made either from ccpper or aluminium;
for some particular ends copper, amd for others
aluminium is given preference. However, with
aluminium encroaching o2 more and more novel
electrical fields, the ocutlook of aluminium usage in
this sector seem3 Lo be promising.

To determine whether for a given end aluminium or
copper should be used, will depend on three factors:
the production costs of aluminium conductors, the
economics of their usagz anmd their reliability.

Related toc copper, there is fiom year to year, and
over the long term even more so0o, a marked downward
trend in tke piicing of sluminium conductors.

In actucl usage, their low specific weight and high
specific conductivity/small energy loeses/, coupled
with tteir corrosion-resistance /savings in
maintainance cogts/ present extra advantages.

Reliabil .¢y is ensured by their high mechanical
strenrth and their susceptibility bto plastic
deformatisn, casting, welding and soldering. Under
the same laad, the rate at which their transient
temperacure tends to rise is 1ldeatical with that of
copper.

Thanks to these properties, the endurance of an
aluminium conductor, too, is equivalent to that
made from copper.
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In slectrical enginesering 2luzinium is used either
as a conductor /unalleyed or alloyed/ or &s a rolled,
extruded or cast structural m terial.

In future evaluations the VPP7 formula may be used
with advantage to compare itz economic feasibility,
wherein £ repcesents its specific resistivity, p
its price psr volume unit and 7 its density [5}.
Calculated at 1974 prices amd using 1l for aluminjium
as & basis, the coerresponding indices for cepper,
magnesium amd soaium will be 2, l.l4 and 0.55
respectively. /In the long term these seem to be
the most proaising conductars/. It will be

ebserved that from an aconomic feasibility point of
view magnesium and sodiym are the two nearest
approaches to saluminium. However, in large quantities
both are hard t> com by, and compared to aluminium,
at prese¢nt awkward te bandle and difficult to
process. Therefore it is believed that the signifi-
cance of aluminium as a conductor ‘< likely to grow
in the btwo decedes abead.

Cverhead lines and serial cables

In Hungary the use of overhead conductors in
transmitting and distributing power ie of fairly old
standing. Many years ahead of similar developments
elsewhere, Hunga,> waa one of the pioneers in
instslling complete aluminium power tranamisgsion and
velecommunication gr.ds. Experiences over the past
bave amply demonatrated that from an operati:aal
point of view aluminium is equivalent amd fro~ an
econoaic point of view even superior tu the copper
and cadmius-bronze conductors previocusly used. Hence,
practically throughout the world, power griua have



gens over completely %o using alumimium even in
nighest voltages /e.g. Hungary's 750 kV power
tranamission line/,

4,12.1 High-voltage overhead lines

The cost-effectivensss 0f cables used im high-
voltage power systems is compared in Table 20.

Table 20
Cemparison of resistance and pricing of electrical

gonductars
/hluminium = 100/

Per 1 Kllogramme | Cadmium E ALMgSY Aluminium coaduoter

of condustor bronse stsel reinfereed
/ACSR/ /116/

Resiscance 228 100 108.7

1976 weorld

markst price 150 100 70

From the cemparison ia Tabhle 20 it will »e
obeerved that im terms of the sams weight umit
the conductivity of ar alumirium-based
eonductor is more than twice that of a eopper-
based one amd its pricing compared to cepper
/allowing for moms fluoctuatioa in the world
marke t price ef the latter/ is abeut 1.5-2
times lower than that of copper.

Seme applies also to low-voltage networks,
vhere cwing to the frequent branching off of
distributicn mains and the proximity of
towers helding thea the tensile astrength ef




- 99 -

aluminium is mst fully atilised.

Overhbead power transmission grids and ne¥works axe
usually made frem cablss as sprcified ir Table 21

belovw.
Table 21
Properties of conductors predominant used in
evarhegd lineg
Permiasible
‘:‘.’:ﬁﬁ:w Sireageh temperature /C7
Material
/ uzll/ /i/am”/ [(mermall 1 case of
? J | short-circuit
Aluminium
/hard/ 0.0282 170-200 70 130
Alumiziur
alle
/% A 1/10.0325 295 80 155
ACER
Bteel 002“0 19530 - -
Aluminjus [0.0282 163-197 - -

High-veltage everhsad lines Lave to resist safely zll
thermal and mechamical leads, 25 well as the
corroaive effects af cutdser ussge. Moreover, they
have te bs so designed a3z te allow for some excoss
lsad that may arise ir the course of their
ingtallation.

Because of thair sealler mechanical strength,
unslleyed alumimiua cenductors are as a rule used in

low veltage networks, where msschamical loads are
susller. For medium ané high voltage netwerks, im

ths first place steel-cored alumimium cables
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/ACSR/, api %o a “erser exten! aiuvainium alloy
cables are used [’}j. For soms spocific ends steei-
cored aluminium alloy cables, too, aro available.

The addition of a szinc coating to protect the steel
core against corrosion is usual, but lately, as an
alternstive, & so-called aludoweld coacing too has
ccas into nse [_8].

Aluminium anl steel-cored aluminium conductors
/ACSR/ a1e both suitabls to be used either as phase
or grounding conductors. In slectrical networks it
is of paramcunt igpartance to determine the
msximum pocwer rating of & comductor csrrectly.

Its magnitnde will depend, mext to emvironmental
and climatic factors, en the compesition, denign
and the strending paramsters of the conductor. In
selecting a apecification, particular attention
has to be deveted tc aspects of operationsl safety
throughout the projected lifse of the cable. During
this time, no aajer demage may oscur to it, and
under no circumstances may its mschanical strength
fall below 5% of its original values.

The performance anmd reliebility of cables are
permansnt ~ checked, and even now in many parts of
the world effarts are unler way tc develop new and
more effective types of alumiriuam overhead
conductors,
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Table 22

Maximum power ratings of hign-voltage overhead

conductors made in Hungary

Maximur power rating

Material iCross-gection fNormally ' In case of
/mn”/ : sopart-circuit
. /A/ /kA/
300 ' 680 | 27
Aluminium | 643 1,120 5€
Aluminium alloy |
/E AlkgSi/ : 95 , 350 5
240 P 828 24
; 300 . 785 2¢
Aluminium 11g/12¢C : 430 1z
conductor steel 250/4C 71C 26
reinforeed /ACSR/. 500/65 1,120 6L

4,12.2

The above values are va.id for the worst environwmental
- .. . 0A .

cond’ Lions /sclar radiation, + 30 “C ambient

temperature, one m/3ec wind velocity/.

Aerial cables

Aluminium aerial cables are used as phase and neutral
conductors in low voltage distribution systeus,
gervice mains, outdior amd provisional inatallatiors

/Fig 9/.

They bave won fast acceptance because of the
increased ease, with which faults cccurring in low
voltage distribution systems caused by conveational

nutdoor service main’® may be elim.u.ted /about 80%/.
Toeir sallient teature; arec



- gimple dispositicn aml easy installation
- aesthetic considerations, and
- fewer faults.

Mg
o)\

Fig.9 ~ Disposition of aerial cables

1. Solid or stranded cenductor
2. Plastics insulation

3. Stranded suspension rope

4, Suspension shackles

Aerial cables are made from 99.5% aluaminium in
crogs-gsections of 6-300 square gillinetres, with a
tensils atrength of 70-110 N/mm“,

Maximuz power rating e.g. of a 240 nm2 cross-section
cable: under normal operaticn at a 25 %C ambient
temperature 410 A; in case of shorts teaperature may
not rise beyomd 150 °C.

The dielectric strength of the plastics insulation
is 40 KV/ca. The stranded =susrengjon rupe i3 amade
froa aluminium or an aluminium alloy /E AlMgSi/.
Securely attacied to the service mains, it will wmeet
all technical amd electrical requirements acting as
the carrier of the insulated pnase conductor on one
band, amd as a nautral on the other hand.
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4,12.4
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The installction of aerial cables has to be done in
strict conformity with standing standard
specifications. Qu.ck am up-to-date technologies of
assembly are greatly facilitated by prefabricated
fittings.

Aluminium fittings

In electrical power trangeisgsgion they are used as
cnnductor—~, suspending- ar! vrotecting fittings.

Conductor fittings are designmed to link two or

sore conductars of a transaission line; susperding
fittings are used to held overhead cables, aerial
conductors smd (nsulators in position or %te coacnect
them with ons anotbwr; amd protecting fittings are
ingtalled to enhance ths operatiocaal safety of the
transmissiun line.

To fas-en conductor ends, pressure clamping is the
usual technology. Fittings employ=d to this end
are reliable, economical and easy to nandle.

These fittings embody latest advances in installation
technolegy. In Hungary they are used from O.4 kV
low-voltage networks up to tbe largest 750 kV high-
voltage transmission system EIO—J\ [13} [ltq .

Aluaninium load-bearing structures of power

transaission lines

Throughout the world there is a growiag shortage of
skilled labour accompanied by a universal pressure
for updating conductor installation techniques.
Prompted by this demand, several aluminium structures
have been recently developed by which maintainance
costs of power transuission lines may bs saved. In
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Hungary, too, several sucl alyainium structures have
beer designed ari tested, &.g. prototypes of low and
medium voltuge tower heads and towers.

Although erscted ten years ago in an industrial area
where chemicals are liberally used, annual checkups

of an aluminium transmission lire tower prototype have
go far 1revealed nc trace of change or any damage

This and similar prototypes have aroused great
international interest [}5}.

4,12,5 Overhead telecommunication ne tworks

For several decades past, aerial cables used in
Hungary as carrier frequeacy bagic circults of trunk
calls over more or less lcng distances have been
composed from age-hardened E AlMgSi aluminiua alloy
wires., Statistical returns for the past 3C years
have demonstrated that faults occurring in the
course of their usage had been only ore half or two-
thirds of tbe omes recorded in respect of earlier
hronze conductors (ii\. This was largely due, besides
the inherent properties of aluainium, %o the
effective fastening and jointing techniques spplied.

4,13 High-power underground cables

The use of aluminium conductors in cable manufacture
is dating back to the 1930s. However, i%. waa not
before the pogt—war years that differeat technologies
for the sheathing of underground cables by aluainium
were devised amd introduced %n an industrial scale. A
major breakthrough in unmderground cable design
occurred recently with the emerzence of the solid
aluminium conductor in low voltage 80lid dielectric

cablea. The pioneer of this innovation had been
AICANR, being the first to re¢lease in detail the
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technical features of its SOLIDAL type low voltage solid
aluninium copductor cables 16 . Since then, ths
Hungarian industry, too, is mmnufscturing such cables,

The production costs of so0lid dielectric 0.6/1 kV cables
may only compete with those of impregnated paper
insulated cableas mede from three stranded aluminiuam
Phase conductors with an sluminium sheathing actirg as
neutral, if all four conductors are mde from aluminium.
The standard specifications of some couniries /e.g. VDE
0271/3.,69 of the Federal Republic of Germany/

explicitly forbid thw usme of aluminium as a peutral
conductor placed _oncentrically around the three other
conductora, insisting on copper to be used for this end.,
Despite ivs technelogical merits, such a design

seriocusly jeopardizes ths cost-effectiveness of such a
cable. Howsver, with suitable protection against cerrosion,
in soms countriee® the use of a concentrically placed
fourth aluminium conductor is permissible. Cases in point
are the WAVBCONAL-type cables of the U.K. or the
TRINBUTRAL cables developsd in Hungary amd reproduced in
Figs 10 am 11 [17] 28] [19].

In Hungary TRINEUTBAL cables have 80 far been laid
over a aistance of 50 kilometres giving full
satisgfaction.



Fig.1l0 - Section of TRINEUTRAL cable

1 - Roud so0lid aluminium conductor

2 - PVC ipsgulation

3 = Neutral: three round aluminium wires and an
aluminium tape

4 - Black PVC shezathirg

The 95-150-240 mm2 gection aluminium conductors
extruied from 99.5% aluminium have a tensile strength
of 60-70 N/mm°. Thry are sufficiently soft and pliaole
to permit eaey handling upon installation. Their use
bas confirmed that ano longer need high voltage
underground cables be composed of stranded conductors
but up to a 240 rnma section sclid conductors may be
applied with advantage.

On joining cables terminals, by flattening snd
punching the solid conductor ends with the aid of a
apscial tool, suitable cable shoes may be formed.
Cold pressure technologies in fastening stranded
conductors have now been effectively adapted to
8o0lid conductors as well, Moreover, traditional

me thods of weldirng may, according to experience,
safely be applied t9 s0lid conductors in making firm
ar! reliable iaints.



2
Fig.1ll - Section of 0.6/1 kV 3x70 - 3x240/24C mm~ cable

1 - Solid aluminium conductor of arched five-
-angled section

2 - PVC insulation

% - Neutral: three aluminium wires of archad
triangular section and an sluminium tape

4 - Black PVC sheathing

In view of these gratifying results, Hungary has been
using for the last ten years solid conductors also in
manufacturing &-35 kV high-voltage underground cables
as shown in Fig.12 '19]. The leying of such cabls
poses no problem and 1ts ingulation too is facilitated
by the fact that a smooth-surfaced semi~conductor
plastics layer may be amore easily added to a solid
conductor than to a stranded one. Under a new
Hungarian technology, even this gemi-conductor layer
may be dispensed with, provided the surface of the
golid conductor is absolutely smooth and flevyless.



Fig.l2 - Section of ROUNDAL high-vcitage cable
& - Blue PJ/C sheathing
2 - Plagtis insulation with graphite-cosated outer

surface
1 - Rourd sclid aluminium conductor
7 = Aluminium guard wire
8 - PVC fillirg
5 = Double layer steel strip
2 - Semi-~cnductar paper tape
4 - Double layer aluminium strip

If this conditicn cannot bDe complied with, & layer for
smun thing the conductor surface -~ like the one used
with stranded conductore - has Lo be added. In thisg
case, however, stringent requirements as tu thae
surface gmoothness of the solid corductor nu longer
apply, ard the latier may be used forthwith as
received [rom the extrusion mill.

A3 mentioned befrure, sowme Iintornational shaniard

1 o2

npeCcificationuyg 40 not permit the use of cincentric
neutral and guard conductors made from aluminium,. By
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contrast, in Fungary evaen the metal ps:xt of the
insulatien screenirg is made froz an alucinium band
[;?}. Barlier, it uzed tc be wound rouwx ihe comductor,
but the nsw /10 kY 22hle now features &n aluminium
band scresning fived longitudimaily onto the comductor,

Favoursble aryperiences have deamonstrated that low and
high voitags sulid dAlelecitric cables cumposed of
aluginium phase conductorse, screenings and psutral or
Ziard conducteore may be manufactured aml used with
advantage peruitting fair econcmies in material and
labour cnets r1§}. Trair applicatior may he espzcilally
welcoze 1in caiﬁtriee where the saviing up of a cakls
industry is envisaged or urisr way.

Telephone ard telscommunicetion cehlea

Owing te copper shurtsgs, during the sscond world war
Hungary used *o manrufacture symizetrical carrier
frequency long-distance anxi local telephone cables
from siuminium with paper insulstion and lead
sbzathing {_-}E‘ﬂ o In tiw post-war pericd when ccpper
prices began to rise steeply, there was a similar
trepd elsewiere ag wall, but such schaams dic znot gain
ground to a larger sxternt except in Ausgtralia {E] Eﬁ].

However, the emmrgence of fully-fillsd cables has
fundamentally changed 5tw situatior. These cables
are vsually wranufactured %ith cvsilular polyethylsne
insuletion, the gaps between the wires being filled
with a weier~repellent pstroleum jelly to protect the
cable againast corrosion. Their sheathing consists of a
polyethylene~-coated aiuminium band and pulyettylene

18 . Some firms nave developad a speciai AlMgFe
elley as a condaustor, approximating the mechanical
propertise of copper conductors permitting highesr



productivity in manvfacture and easier techniques of
joining upon installation Ii%l. Aluminivme anmd
aluminium alloy fully-filled cables have especially in
the 7.K. won wids acceptance [:l% Eé} .

Service muains and installations

Service mains are used to feed the interior electrical
installations of buildings, bouseholds, industrial
undertakings and agricultural consumers.

Witk fresh advances in manufacture and installation
techniques, aluminium for a good many ends in this
field hzs become an equivalent conductor to copper.
For general installation purposes aluminium is
nowadays universally accepted. Copner i3 only used
where increased operational satety is a special
consideration /e.g. warning signals, interiocr wiring
of equipment, etc./ 2§].

Items discussed under this heading comprise

- Insulated conductors [éﬂ
- Busbar channe.s [2% [24
- Joints and fittings |2 [25]

4,15,1 Insulated conductors

The conductivity of aluminium depends on a g -~at
many factors. csechnical features in this
connection are so varied amd permiti{ing so many
combinations that im many countries -

including Hungary - coanductors for installation
ends have been standardized. They are usually
made from 99.5% aluminium, either in solic

foru or by atranding several wires.



To enhance their flexibility, the 99.5% aluminium is
sometimes slightly alloyed with other metels,
especially iron [éé}. Some of these are known as
Tripls E and Super T conductor ms terial /see also
sub-chapter 5.1/.

Their ratings are embodied in the relevant standard
gspecifications, depending also on where they are to
be installed /under plaster, extramurally armour-
-clad etc./.

In many countries predominantly or exclusively
insulated conductors composed of several aluminiua
wires may be used for purpcses of lighting or the
operation of equipment im households, industrial
undertakings, schools aml other institutions.

In Hungary aluminium conductor installation
techniques may look back to 30 years of experience.
The technologies developed and practised since

then have greatly contributed to the viability of
aluminium for such end-use in its competition with
coppers

In the laying of Jjoints, connections and fittings,
some peculiarities of alumipium have to be allowed
for, in order to avoid the fracture of wires as well
as the strong creep causing excess temperatures and
possible shorts with extra danger of fire.

Where s{iff safety regulations are imposed or over
a short distance many jocints amd connections are to
be made /e.g. in hospitals, distribution boxes,
etc./ it is preferable to use copper conductora, 80
as to avoid creep.
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Conductor bar cuannels

Conventional building methods are no longer adequate
to keep pace with the pressure of latest technological
advances. Thus, the emeigence of light constructions
gave also rise to various new designs of corductor
bar chanrels. These, as well as the perforated
asgsembly plates and the plastic-coated tubular
uprising eluminium conductor bar syastems themselves,
now greatly facilitate the work of installsation,
improving ita productivity anmd permitting labour
savings.

In selecting a suitable material for conductaor bar
channels, aluminium is now considereld preferable tc
plastics, in arder to present the possible fires
from apreading.

Joints and flttinga

Aluminium conductors are susceptible to creep and
gensitive to incisions., It is therefore of
particular importance that effective technologies
of f stening, joining, stretcbing amd connecting
conductors be applied and fittings of suitable
design be selected in carrying out such work [?q

[25] .

In Hungary, earlier, the conventional way of
connscting cunductors bad been the simple twisting
together of wire ends. This method, however, did
not prove to be sufficiertly reliable, hence the
uge of special fittings for this end hss become
compulsory. An example of this is shown in Fig.l3.



Fig.13 - Plastics-capped self-cutting, twisting and
anipnsulated fitting far connecting conductor ends

a - Sectional view
b - The joints
¢ - The position of joints in the connection box

Next to the one illustrated in Fig.13, there are also
other effective technologies of joining, e.g. by
soldering, welding or pressure clamping.

In recent times a large variaty of joints and

fittings have been devised to ensure the reliable and
cost-effective operation of service conductors.
Handled by sufficiently trained and skilled personnel,

they may greatly enhance the efficiency and opsrational
safety of such installations.

4,16 Transformers and capacitors

4,16.1 Transformers

Hunzary has 40 years of experience in the
manufacture aml operation of tranaformers with
gluminiuw windings. Used in the firat place in
distribution transformers, they are usually
designed with ratings of up to 2.5 MVA and
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voltages ranging from 3.6 to 36 kV. Some cf thez are
0il, and others dry transforoers. iAluwainium-wound
transformers are also available for very small
/several Vi/ and higher /25-=63 MVA/ ratings as well.
In recent designs of high-power transformers several
structural parts too are mede from aluminium, so as to
reduce additional transformation losses. Such
aluminium coaponents include clamps, containers, lids
and electromagnetic screening surfaces.

The economics of aluminium ussge in transformer
windings is governed by the pricing of aluminium
winding related to that of copper. If the copper
windings of a transfermer are replaced by aluminium
windings of the same size, at a temperature of 75 %
the ratio of their windings may bas expressed as

Q
_ Y cu
Pal - Pcu [9) al 0.79 Pcu

where Pal aml Pcu are the ratings of transformers
with aluminium amd copper windings, snd f)cu and © al

their corresponding resistivity. If the price of a
copper—wound transformer of Peu rating is péu, and

for the sake of comparison its rating is reduced to
that of the aluminium-wound one, its price will
become péu + and since prices change with the 3/4th

power of ratings, we thus obtain

3/4
Peu = Pey (\/é zuI) = 0.84 P,

From a point of view of production costs, aluminium
usage will be more economical, if the reduced
production ceats brought about by the reduction of




raticg in & copper-wound transformer Pey = 0.84 Peu

are higher than those of a transformer with
aluminium windings of the same rating.

A transforaer is economical, when both its
production amd cperating costs may be kept at a
mainimum, When a transformer is designed in this
manner, its aluminium wildings are even less

utilized than would be the case if the same therwmic
load were to be striven for as applied to the copper—-
wound transformer. While with copper windings the
most economical current densities are in the

2.5 = 3.5 A/ln2 range, with aluminium Eha
corresponding figures are 1.5 - 2 A/sn“.

In Fig.l4 the ratic for total production and
operating coasts between alusinium-wound and coppar-
wound 25 MVA amd 4 MVA transformers Sallscu is

plotted against the relative aluminium/copper
pricing Kallxcu bassd on 1974 metal prices in

Hungary. It will be observed that in case of the
high-ocutput transformer the use of aluminium
windings, and in case of the smaller output one or
where the sluminium/copper ratio falls to or

below C.85, the use of copper-windings is more
cost~-effective [31 [28].

Metal and power prices may vary with each country,
but it may be accepted as 2 general rule that

below a 2.5 MVA rating alurinium-windings are more
economical than copper-windings. The recognition of
this is the more important, bacause 90% of the
world’s *-uusiormer productior may be accounted

for by ratings smaller than this. As for ratings
beyond 25 MVA, for reasons of size, the use of
aluminium windings is not practicable.
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Fig.l4 - Relative total production and oparating costs of
aluminium-wound and copper-wound transformers
plotted against aluminium/copper pricing

Special mention has to be mmde c¢f dry transformsrs.
Here the windings takes up moat of tne transforcer
space, therefore the application of aluminium
windings is throughout economical and preduction
co3ts too are lower.

In view of tne loads and sized involved, the best
aluminium winding material i3 half-hard wire with a
conductance of 35 %% , 8 tensile strength of

110 N/mma, an elon‘ation at rupture of 12% axd a
Brinell hardness ° 200 N/mm°.

lately, up to 4 MVA ratipgs, aluminium foil windings
t00 are used both in dry and oil-insulated
transforme rs [Zeﬂ [3@ Their advantages may be gsummed
up as follows:

- Better heat dissipation in the windings

- Increased resistanca to shart currents

- Improved valtage distribution Caused by impulss
voltages
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- Windings leading themselves well te
automsation,

The gauge of 99.5% purity aluminiue foil used in
0i1- and plastics-insulated transforzers is
ranging from 0,01 to Q.4 millimetres; above thia
gauge aluainium strips are used, Hungary 1is
manufacturing at present up-to-date plastics-
-insulgted aluminium fcil dry transformers

under a special AEG licence.

4.,16.2 Capacitors

The rising growth rate of electrical power
consumption calls also in the wattiess power
field for the setting up of more capacitor
sub-stations. Up-to-date liquid-dielectric
high voltage and dry low voltage capacitors
are made almost exclusively with sluminium
foild windings. The minimum 99.9% purity
aluminium foll necessary for this end is of
0.,005-0,120 mm gauge amd 60-400 mm width. The
foil surface has to be clean, even and oillsss.,
Fluctuations of more than 10% in foil gauge
and unsuitable heat-treatment detrimentally
affect capacity amd production costs.

4,17 Road vehicle accessoriss

In designing road vehicles, there is nowadays a
markad trend towards weight reduction amd energy
savings, In view of this, at various research
institutes uf the world efforts are under way to
test the substitution of traditional copper
conductors amd coils in motorcars by aluminium cnes.
dccording to latest prognostications there is a
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fair chance for aluminjum to replace iam the long run
copper usage in this field, procvided suitable methods
may be devigsed for connecting and fixing aluminium
conductors in a reliasble and economical manner
involving the least possible voltage drop.

At present, the developwent of & flesxible creep-
resistant sluminium alloy and efficient low-voltage
/12 V/ contacts are under way. The application of
these on a commercial scales is enticipated in the near
future,

The use of aluminium in this field is deteruined by
its fsllowing properties: low specific gravity,
corrosion-resistance, attractiveness amd good
reflectance, Accordiagly, aluminium under this heading
is predominantly used as lamp casings and mirrors.

Low specific gravity i8 an important consideration at
points where economiesa are striven for not so much by
the lightness of lamp fittings but by the gear
helding them. This is easpecially the case at sites
where numercus lamps are inastalled in closed groups,
as e.g. in aports stadiums where often 60-80
spotlights are to be held by each pole.

Corrosion-resistance is an importent prerequisite in
all lighting gear used outdoora, whetr it is a
reflector of sparts groumds, a factory yard or an
ordinary street lamp. Outdoor lighting gear has teo
last at lsast ten years or more. The surface of
aluminium amirroras has to be provided with anodic
oxidation. Although such a surface tends to reduce
somewhat its reflectance, the increased hardness
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and resistancs tc wear thus arrived at may permit the
cleaning of such gear at regular intervals,

Attractive aprearance of lighting gear is especisll
desirable if used indoors. For this end the aluminium
surface has to be provided with bright polish or
dye-anodization.

Reflectance is a fundamental requirement in case ¢f
reflectors;, street lamps amd indoor illuminatior,

To enhance reflectance, 99.99% high-pyrity aluminium
is used with 0.5 - 1% magnesium added. The brilliance
cf the aluminium surface may be arrived at by
chemical, electrolytic or mechanical polishing or a
combination of these.

Hungary is an exporter of lighting gear to a great
many countries, The mass-manufacture of such items
calls for automation. A recent technology uses steam
pressure in applying aluminium onto plestics
surfaces. However, the heat resistance of such
mirrors is still limited. In using light scurces
where elevated temperatures are involved /mercury,
halogen and scdium lamps/ the use of aluminium
mirrors is more feasible froam a technological and
economic point of view,

Electric motors

The windings of electric motors is usually made from
copper. The reason for this is the higher specific
resistivity of aluminium.

aluminjum windings for this end are ag yet not too
widespread and are more or less limited to small
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motors But even in small motors they are not gaining
ground, for most of the latter are of the commutator
type, where aluminium may not be readily used because
of the oxide film forwed on ita surface.

By contrast, in case of rotor coils of synchrenous
motors, aluminium with its one-third of specific
graviy sonsiderably reduces centrifugal force., In turn,
the coil grips too are expused to smaller load and may
be reduced in size, leaving wore space for mounting

the colils. Thanks %0 this arrangessnt, aluminium in
such cases may be used with advantage.

Some engineering firuws specialiszing in transformer
winding material have also taken up the manufacture
of insulated aluminium wires for rotor coils as well.
Such wire is round or flat, furnished with enamel or
glass-fibre etc. insulation,

At present, in each country the relative pricing of
aluminium and copper will deteruine which of the two
alternatives is more economicsl. Many motor
manufacturers have gone over to using aluainium rotor
ccilings, deriving considerable technological and
financial benefits from applying specifications of
wire and insulation beat suited for their particular
technologies.

Up-to-date installation equipuent

The electrical engineering industry is using large
quantities of aluminium {n switch equipment as a
conductor or structural material.
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4,20,1 Aluminium conductars

For the transmission of heavier power aluminium

cinductor bars are now widely used. In designing
and instslling them three parameters have to be

vtaken into account: btheir specific gravity,

electrical conductivity amd mechanical strength.

From a specific gravity point of view, alucinium is
obviocusly superior to any other conductor material.
As far as conductivity is concerned, in thsory it
would be best o use aluminium of as high purity as
pussible. However, in applying an aluminium
conductor, certain requirements as to mechanical
strength have to be complied with. Therefore, in
actual practice, such aluminium alloys have to be
given preference /AlMgSiO.5/ which may relatively
pest meet both of these requirements. In the
installation of conductor bars, the greatest
avtention nhas to be devoted to the expert handling
of contact surfaces in joining, connecting and
fastening them.

Releasable joints may best be made by screwing the
conductor ends tocether. In case of extra thin
conductors, the looping of conductor-ends too is
possible. The contact resistance of screwed

Joints will always depend on how they were made
[}é]. Contacts may nsver be really effective,
unless from the conductor terminals to be fitted
together, the oxide film formed on the aluminium
surface - which is a poor coaductor -, had been
removed or the conductor ends had been costed with
a metal of good contact properties. Good contacts
may be arrived at by cleaning the terminal
gurfaces under a layer of vaseline by aprlying zinc
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particlzs suspended in vaseline /Desox paste/, D0y
electroplating the contact surfaces /e.g. by silver,
ccpper or tin/ or by metal-spraving them dy a metal
of superior conductivity to that of aluminium /2 eBe
copper, silver, etc./ [?i}. The EXCONAL type of bars
jevelopsd by ASEA of Sweden combil.e the useful
featvces of aluminium and copper by a copper foil
being pressed onto the aluminium coaoductor /see alsc
sub-chapter 5.1/. Of the volume of EXCONAL bars 85%
consists af sluminium and 15% of the copper—ccating.
Such conductor bars may be joined as if they were
pure copper sones.

Permanent joints are made either by welding or
pressure {}%}. Welded joints are better conductors
than releasable ones, being not susceptible to
transient resistance rise. Their welding, however,
is unwieldy, calling for care in select.ng a
suitable method amd technology [?5\[}%].

Permanent joints by pressure are made e.g. 1n case
of gstranded cables, or by cold~extrusion in case
of connecting foil conductors [33 [Bc,ﬂ Ezﬂ « The
joining of cable wire ends is dones either by cold-
extrusion or pressure clamping /see alsc sub-
chapter 4.13/.

Metal-clad bars

To increase operatiopal safety at the consumers’
exd several armour-clad digtribution systems have
been developed.

Such gystems are spread out throughcut the works
ared, permitting individual service lines to be
iinked on gwiftly. Owing to certain difficulties
in installation techniques, often preference is



give to using copper for this purpose. However, VRN
of Hungary has developed an effective technology of
conrecting such branch lines te aluminium conductor
bars either permasnently or with the aid of suitable
plugs /see also sub-chapter 5.1/.

Metal-clad bars are used in power works and
distribution systems to connect generators amd
transfarmers [}%}. Each phage of the bars 1is
separately metal-clad, this arrangement practically
excluding the possipility of tusbar short-circuits.

4,20,3 Metal-clad equipment

Calculations have demonstrated that structural steel
in equipment bandling heavier than 1,000 A power
tends to give rise to congiderable secondary currents
and losses, which at around 3,000 A no longer

permit the use of suck designs. Hence, in

installing equipment far heavy curents steel 1is

not a sufficiently safe structural materisl ama has
to be replaced by ar aluminium alloy [ﬁé}.

Aluminium as a8 structural material is alsc caining
ground 1s outdcor swltchgear, where corrosion and
maintainance costs may thereby be reduced to a
reasgsonable minimum [}é}

Into such metal-clad eluminium switchgear only
electrical equipment destined for indoor use may be
mounted. The erection of sub-~stations housing then
does not involve considerable building capacities
[}é]. This 1s an important point especlally in case
of exports, where sufficient bullding capacities
are usually hard tn obtain.
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Hungarian 1adustry oas 2 Iar Iuaralsned 3uch
awitchgear for some 5C gas
exported abroad {}li.
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The use of gluminiuz in outiocr transformer sud-
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staticns too present similar advantages [};j.

Ar interesting example ¢f zluainitm usage is sulfur-

conduct3dr bers .o

hexaflucride gas protected high~viltage metasi-clad
switchgear, where bote ¢
c

ol
¢

equipnent are mounted in az sluwminium ailov o0dv.

Qutdoor aswitch equipment

Suo-staticns within the 35-75C &7 range are as a
rule ¢f outdoor desigr. Same applies alss to most ¢f
the puspars used nowadays, madie from

alloy in the form of a straniedi conductaor or cibe.

Ir Industrial couccries ‘trere 5 & carked trend of
bulldipg cutdo9r suob-staslon: Wit azetal=-clac
switchgear insulated Dy suifur-nexafluoride gas,
permitting considerablie space econsules. Under =
licence from RBBC of Swiizeriand, %tYneir manufacrere
was taken up by the Ganz mlectrical Works of
Hungzary, buillding 12C kV ard 400 kV transformer
gtatic.s of this Gype.

Sulfur-nexafiuoride gas insulaued metal-cliad
eiecirical gear /circult ureaxers, measuring
gwitchea atc./ are also used eftectivaly in

tradiltional vusbar sub-gtations.
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Chemical encineering and food processing

BEarly in the history of aiuminium had the cremical
engineering and food industries antered the field as
major buyers of equipment where this material 1is
aprliied for structural purposes or where they are using
it for different packaging anmd storage ends. The
progress of aluminium in these sectors may be largely
attripubted tc its corrosion resistance, igs anti-toxic
properties, its workability, small specific gravicy

and las*%t but not least to tie fact tha!l ir most cases
it lends itself well to replacing tin. The wmomentum of
this growth, however, has recently slowed down somewhat
owing ¢ certzin new developments in wodern btechneiogy.
Tne emergence of stalnless steel snd plastics, with
gubsequent price reductions of 1tems wmade from then,
nas withln the last ten years made certain inrcads on
the atumiriur market. To keer rpace witl. such
comneLiiion, Seriocus efforts were undertaren to find
new sluminium cutlets, ¢ upilcte 0ld snes anmd G&o
develiop; hew Gtechnologies permitting large volumes c¥
such items to "e menufactured with utmost cost-
effectiviness. Accordingly, the selection of aluminiuc
items in this field is rapidly changing, with utility
cycles tending to pbecome shor-er and shorter. Tne ris«s
cf 1rtroducing suchk innovations are great; this
necegsitates a very tmrougb appraisal of the market
gltustion in each case, with special regard to
clrcumstances prevailing on site,

L.21 The uge of asluminium in chemical engineering

Tne great hcadway recently made oy the innrg: e
ard organlic chemical engineering indust-ie:
calls for more gsophisticated deuipns o0 atora; s

vanks ard Lrans;ort containera. 'rnomal




instances tinned copper, tinplate ar lead-coated steel
ugad earllier as a structursl material, could nc longer
meet new and increasingly stringent requirements. In
view of this, sluminium with its good corrosion-
resisting properties and lighiness has in due course
gained ground for such vsage /e.g. oxigen, nitric acid,
acetic acid manufacture/. At first, the high price of
stainless steal has favourably affected such trends.
Meanwhile, stainless steel prices have fallen and
operating experiences in aluminium usage have beccme
more widespread. At present, these two underlying
factors determine a great deal where and how aluminium
nay be used with advantage in chemical engineering.

The present study is not destined to deal with
prototype or customi ied work. ¥hat is aimed at is to
point to some specific areas where large quantities
of aluminium are used by the chemical engineering
industry as a structural material in making silos,
tanks, sransport containers and auxiliary equipment.
Fach of these groups 1s toc be digcussed according to
its merits and in relation to other gstructural

materi .ls as potential competitors. Concrete examples
will be given as to the manufacture and use of

- storage silos

- tanxs, transport containers,

- alr engineerin: equipment and tubing and
- cladding of insulaced tubes.

Storage s8ilos have grown in importance since plastics
manufacturing amd processing capacities are

throughout the world expanding. They are especially
in demand in PVC amd polypropylene factories. Their
gizes range from 150 cu. metres to 500 cu. metres.
There are also smaller units of 50-150-cu. metre agize,




uged for intermediate storage at different stages of
the manufacliuring process,

Stationary and mobile containers are predominantly used
in tbhe manufacture of light chemicals, pharmaceuticals
armd paints. The mcbille variety is also used in the
transport of concentrated nitric acid, acetic acid and
some products of the o0il industry /e.g. petrol, liquid
gas/. The manufacture of liquid gas traasport
containers calls for great experience. In Hungsry far
more than 20 years 0.5 - 25-litre sluminium liquid gas
bottles and cylinders have been used witkt adventacge,
wade by wall-reducing deep~drawing. In case of the
25=1itre cylinders, a weight saving of 3 kilcgramames
per pilece could be arrived at, compared to their steel
cecunterpart. Moreover, sluminium ones need not he
re-painted every three years /see also sub-cbeapter 5.2/.

Air~coclers in chemical engineering usually consist
of ribbed aluminium tubes or eluminium ribbing
eabracing a steel, acid-proof steel or copper tube
core. Such tubes with pleated transversal ribbing are
as a rule made at the semi-manufacturing mills,
featuring a special technoclogy. /For know-how see
gub-chapter £.2/. The largest customers of aluminium
ribbed tubes are 0il refineries am chemicsal
engineering works, where such coolers form part of
complete heat-exchanging systeams.

As for air conduits of th: chemical engineering
industry, the use of flexible aluminiumr tubes made by
ccntinuous edge-rolling of aluminium strips is
steadily gaining ground. In square-section shee: tube
design the zinc-coated steel variety is still
wideapread, but sluminium tubes - with special ragard




headway for use inside works premises or employsd a
flue stacks.

In cheamical enginecring most insulated tubes have %o
be provided with an extra crotective coating. For
this sand, usually aluminium strips are used, being
corrosion-resistant amd easy tc 2andle. Zinc~-coated
steel strips have by now almost completely been
rerlaced by aluminium ones.

Aluminium usage by breweries and dairies

Brewing of beer amd processing of milk are age-cld
pursuits of wankind. ¥or several centuries past, for
this purpose equipment manufactured exclusively fro=
tinned copper, wood apd later tinplate nad been used.
The use of 3aluminium in this field may be dated bpack
to the 1920’3, Bxperiencas over several decades have
amply demoastrated that deasigrs of aluminium
manufacturing and storage equipaent in breweries and
dairies are not only more econcmical in use, but

also present numercus technological advantages in
view of certaina properties of aluminium. Though these
advantages have been referred to in sub-chapter 2.14,
let us briefly recapltulate them, as far as this part
of the present study is concermned:

~ Aluminium ia the p,ocessing and storage of beer and
dairy products is never attacked by any subatance
i¢ geta into contact with, except for sour milk,
which has a alightly aggressive effect;

- In contrast with equipment and transport containers
/e.g. milk cana/ made from tinned copper or
tinplate, aluminium onss require no maintainance
whatever;




- With aluminium lending itself well to plastic
defcrmation anmd welding,it 1s 1ldeslly fit for the
cost-effective mzss-production of containers and
other items /beer casks, milk cans etc./.

In using saluminium in breweries and dairies, the
following considerations too have v:c be taken into
account:

- As a raw wmaterial only copper-free smel ter
aluminium /with s maximum copper content of 0.1%
according to DIN, and C.2-0.3% according to some
U.S. standards/ may be used either in unalloyed
form or alloyed with maxiomum 3% of magnesium or a
combination of maximum 1% magnesium, 1.2% silicon
and 1% manganese;

- Preference is to be given to ope-piece deep-drawn
designs. Accessories = as far as possible made
from the same materiasl as the deep-drawn body -
my only be joined by shielded-arc welding;

- Special attention bhas to be devoted to the
cleanliness and fresh air supply of workshops
and storeroomsg; after finishing pressure tests,
the equipoent bes to be dried, 80 as to avoid
the detrimental effects of condense vapour. Also,
in the layout of equipment it should be
remembered that an aluminium ory calls for
increased space;

-~ Inner surfaces getting into direct contact with
beer sr milk have to be smoothed out by a
suitable technology /e.g. mechanical polishing/;

- Crganic coating may only be added onto primings
approved by the health-authorities. E.g. the
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inner resin-coating 0I Ceer casks may uuly oe
applied to an electroformed anodic oxidation-tased
priming such as developed by the Refrigerator
Works of Hungary ié%l. /See also sub-=-chapter 5.3%/.
- All equipment aml transport containers bhave to be
kept scrupulously clean. According to experience
in Hungary, deiry equipment may best be
sterilized with the aid of a water glass inhibited
solution of forwmol; scale forming on the inner
surface of beer tanks may best Le reamoved by
using silicon earth soaked in a dextrin soiution,
to whicn 10% nit: .¢ acid bad bteen added
previously. The latter has to be fluskhed out by hot
water 24 hours after it had been applied 5o the
surface [éik. Socda and as inhibitors certain
solutions containing sodium metasilicate or
trimetallic sodium ortnephosphate, toco, mmy be
ugsed with advantage. As to how an aluminium
equipment containing steel components may best be
cleaned, Du Pont's Nc. 2,948,392 U.S. patent is
giving a detailed answer lﬁu}.

However, despite its many useful properties in this
field, aluminium had been faced in the last few
decades with serious anmd nct unsuccessful
competition by stainless steel. The position of
aluminium became precarious when the relative
pricing or stainless steel decreased and when fast
but aggressively reacting detergents carce into use
{%51. The present situation anmd future ocutlook for
tbé-next ten years in this context may be summed up
as follows:

= In both industries aluminium is to keep its
position in case of mass-produced transport
vessels and containers /veer casks, new types
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cans/, large statlonary or wobile containers, as
well as storage tank2 where good thermal
conductivity is a special requirement;

- Stainless steel is to win gene=—al acceptance Ic
more sophisticated equipwent where Ireguent
cleaning is necessary /e.g.thickeners, wmilk
separators, etc./.

4.,22,1 Aluminium usage Dy breweries

Today the major part of equipment used ty modern
breweries is wmade frow aluainiuam, com;lelely
disrlacing eariier wood axd tinned cojper usage. Feor
stcruie, ferz-ntation amd transcort, large unalloyed
alominiue tanks of >-10 cilliimetre thickness are
ecrloyed. The coolirz of tte large underground
fermenting and storage caves too 1s preferatly done
ny aluminium heat exchangers amd piping. Aluminiuc
apparatus zay also pe used with advantage tfor tne
saturation 2f beer with carbon dioxide. Bciling
vessels nave in several instances too been znade fram
alumirium, replacin., tinned copper. Recent shifts in
the relative pricing of aluminium and stainless steel,
as well as the greater ease of cleaning equipument
made {rom the latter, have caused a setback in
aluminium usage. However, for the next ten years

or so, the position of aluminium as & structural
material of small beer casks /25-100 litres/ seeas
to ve firm amd uncontegted. In weight, an aluminium
cask 1s only one-third or one-fourth that of a
wnden cask. As a further advantage, it needs no
maintalnance. Aluminium beer casks are usu.’ly made
from an ¢.e-hardened AlMgSil alloy by joining %wo
deep—~drawn halves of their body into one by means




0® shielded~arc welding. For reascns of prciection
and nygiene, the inner surface of tce cask 1s

either plated with a 99.8% pure aluminium iayer, or
after being given a proper priming, coated witi a
gyntbetic-resin film burned ocatc the inner casz wall.
The second albernative enkhances the cnemical
resistance ¢f the inside na- tze cask against
aggressive agents, permitting its use also Iir other
purposes as well. In Hungary, atl preseant 102,2C0C
such beer caskXs are manufactured annually /see sub-
czagter 5.3/. Recently, after 2 British design, 3C
and 50-litre so-called "Keg'-:Zyie beer casks have
come intc use, wkict are easier tc manufacture 5551

Fig.15,

As for aluminium beer caus,
with under sub-chzoter 4.27%4

2
) )
M
<
r — | —-—
ST %JQHTWTTT"JF T
: W U ; )

Wy Y0 g @ ~ Xg

(301 381 66 X 28
(501" 380 " s5c Tean 28

Lc.l5 - "Keg'"-type veer cask with three c.rcular seans
and welded tap-hole

4..22.2 Alumirium usage by the dair-.. indusgtrv

In dulries operating on an L.iustrial scal- ore
Situation a3 to cyulpment . ! ariarat.ues
/:ontainers, coslers, pasto. iserg, eto./
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cool_ s and heaters a combination of two metals is
gaining ground, their outer hull being made from
eiuminium and their inner body in direct contact
with milk or milk products from stainless steel, 82
as tc permlt easier cleaning. In coolers and heaters
the use of integral tubes in aluminium sheets /e.g.
so~caliled "roll bond" sheets/ is widespread. Essy t:
manufacture, in actual practice they are of high
therpal efficiency.

In collecting ad distributing milk, aluminium
ransport wilk caens have completely displaced
earlier designs made froc tinned steel. Witk tirpning
every 3-4 years no longer necessary, deep-drawn
aluminium cans manufactured in large series with
bigh productivity nave wor universal acceptance. *or
reasong of mechanical strength and economies .rn
material, in their manufacture the use f Aanl am
age-bardened AlkgSi alloys are steadily gaining
ground. A new wall-reducing deep-drawing technology
ig highly effective in mernufacturing large series
of 100,000 cans annually /see sub-chapter £.2,/.

In up~to-date technolcgy the chain of operstions
from collecting milk up to its storage has recently
undergone great changes. Milk has to be kept cool
even in smaller quantities at the farmer’s end
until called for by larger transport vehicles
fitted with coolers, Hence both the storage tanks
and transpart containers have to be caongtruecre:;
with doubles walls. Their anther hul! anl tre Leat
exchansers /pipe colls snl othars/ a.a waus 10T
cwuminium. As for their inrer ovody .o direct
cantartowinr mitk, the sae U stoinlogg <o
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For packaging milk and a@milk products see sub-
chapters 4,25 and 4.24,

4,23 Aiuminium cans, boxes, lids, bottle closures and

collapsible tubes; subsgtitution of tinplate

Tinplate used toc be a traditional material of

packagings in making cans, lids, bottle closures and
sundry other items for the foad industry. In up-to-date
practice, however, aluminium is more and more
dispiacing tinplate for such amd similar ends. One
reason far this is to be found in the world market
price of tin,

Forld tinplate production, though growing at an annual
average rate of 9-10 per cent, is insufficient to meet
actual world demand. In 19760 world tin oroductisn
/excluding the Soviet Union, China and other centrally
planned economies/ taotzlled 178,000 tons, devoted to
the following end-uses:

Tinplate 40%
Scldering 25%
Bearings 10%
Chemical engineering 8%
Surface coatings 5%
Other ends 12%

As will be cobserved tinplate manufacture ranks first
in tin consumption.

Perhsps nowhere is competition between zaluminium and
other materials so keen as in the packaging field,
espacially in relation to tinplate. A reason for this
13 to be found in the production casts of modern
packaging items, which are often higier than tnose




of the substances they hold /e.g. cosmetics, soame
foodstuffs/. The selection of an economically and
technologically feasible means of packaging may
therefore considerauly reduce averall production
COSCtS.

Some 75% of aluminium packaging is used by the food
industry. Demand by this sector is therefore of
paramcunt importance in dealing with development
trends.

At present, competition is keenest in the packaging

of canned food amd beverages. A typical example of
what benefits may be derived from selecting a

suitable packaging material, is the aluminium/plastics

comoination can developed by Keynolds Metals of US4
under the trade name of "FLEX-CAN" for preserving
meat and fruit; it weighs 6 kilogrammes per batch
of 1,000, whereas the same number of tinplate cans
. /See

of comparsble size weigh 50 kilogrammes 46
also sub-chapter 5.2/.

Analyses conducted on an international scale have
revealed a marked relationship between GDP and
modern zluminium packaging. In countries with GDP
higher than 1,000 U.S. dollars per caplta, the use
of beer and soft drink cans as well as of aerosol
bottles - predominantly made froo aluminium - is
rising at a dramatic rate. However, the
realization that such 2 correlation does exist, is
in itself not enough to swing the pendulum of
coupetition in this or that direction. To make a
realistic assessment, circumstances prevailing on
Site, tog must be taken into account, notably,

whe ther or not guitable can-charging machines,

equlpment Ior making tear-off closures and other




sizilar machinery are availanle or obtairaole U9

(o7

eveloar a modern {o2d i1ndustry.

The advantages of aluminium in this connection may

pe summed up as Isllows:

- Flexivcility, high degree of workability. /Zts
mechanical strength in the unalloyed state,

however, 1s smaller than that of tinplate; it
would se uneconomical tc use; even in a C.3C=-C,.35-
mililzetre gauge it may not ensure sufricient
mechanical strength; therefore a suitable alloy
has to be employed under ail circumstances/.

- Jigher corrosion~resistance. /The annual amount
2L aluminium icns dissolving into food owing to
corrosion is under 6 - “C-milligramme per
k. logramme of fond/.

- fhether 9r not furnishbed with a resin-ccated
1nner surface, no toxic metal ions are being
released. /This finally solves the ftin-lead igsue
r'requently encounterd with in i1sing tinplate
cans; in packing meat or processed meat the inner
surface of the can never darkens; foodstuffs
containing aminf-acids of sulfur cantent /e.g.
fish, peas, cauliflower, etc./ do nct enter into

su.fide reaction with the can upon heating;

- Saall specific gravity,permitting great
economies 1n weight as exemnlified by the
Jollowing comparisan of a 242 ml box:

~ Made from tinplate 77 g
~ sade from aluminium 27 g
- dade from aluminium foil 15 gz




- Up-to-date prsoduction lines, permittine great
productivity /800 - 1,000 pieces per minute/.

The annual amcunt of metal cans manufactured
throughout the world is in tce grder of 200-21C,30C
million pieces. Their zarufacture equires sowme
5,500 milliou sg. = .res 3f thin meta. sheet per
annum; of this aocout 10% 1is alumipium, with an

annual growth rate ol Z-3% &7,

In develouged ¢2 re °I 4luLliniuZ cans
related to tstal can manufacture in 197- wss as

fallowg:

UsA 15.0%
Frauce 10..%
Italy o, 4%
Federal repupnlic c¢i Zermany G, %%
Norway S O0%
United Kingdow 7O

From 1865 50 1971 the awmount 2f aluminium used in

the UGBA in box manufacture has grown four-fold
against l.3=times that of tinplate. Over the sanme

period, the relative share of aluminium has risen
rom 1.9% tc 5.9% {58}.
An analyvsig of can production figures ir tae USA as
revealsd in Tavles <3 amd ¢4 is yielding interesting
results. Over e 13650-7/2 period, althcugh the
total turnover of fruit and fruit Juice cans has
ac 5,800-6,000 million pileces remained practically
constant and the numoer of vegetable and vegetable
Juice cans toos has ceen stagnating, the number of
aluminium cans manufactured has risen
subgtantially. While the total number of beer cans
has risen Irow 17,200 million in 1968 to 21,800 in
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share af aluminium cans has grown from
24.6% to 3%2,9%.

Tinplate and aluwminiux usage in the USA can

manufacture comnared 4§}

/1965 = 100/

Tinplate Aluminium Alumlgguﬁigelated

1,000 Per 1,000 Per ber cent  Index

tons cent ton cent

4,407 100 85 100 149 100

5,591 126 113 133 2.5 127

4,671 106 158 187 4.4 175

4,997 112 189 222 3,7 196

5,149 116 246 290 4,5 233

5,407% 122 295% 348 5.0% 275
1971 | 5,715% 129 345% 405 5.9 212

# z2stimatbe

Table 22.
Year
1965
1966
1967
1968
1969
i 1970

As for soft drinks, while the total turnover has
grown from 10G,700 million pieces in 196c to 15,400
million pieces in 1972, the share of zluminium

has grown “rom 4.8% Gto 11l.7% {}él.

Aluminium cans are usually made rrcm cold-rolled
anodized and then svnthetic resin-coated or
plagtics~laminated strip or sheet made therefroum,
The synthellc resin film consideranly improves the
corrosion-resistance of the aluminium ~urface. For

this end, an epoxide-, phenol- or vinil-based
gynthetic resin is used, which at 250-350 %
temperature will dry quickly /within 30-40 seconds/.




Table 24
Can turnover in the USA [Eél
/Estimate/
1968 196G 19270 1971 1972
1,000 million pileces

Tinplate
Fruits and fruit Jjuices 5,9 6,4 5,¢ 5,3 5,8
Vegetables amd vegetable
Jjuices 10,2 8,7 10,0 2,6 g,1
Beer 13,8 14,5 15,5 ls,0 la,4
Soft drinks 10,2 11,6 12,°¢ 12,1 15,6
Miscellaneous 22,7 22,6 23,5 23,1 23,6
Tinplate, total 62,8 64,8 67,1 65,5 06,5
Aluminium
Beer 514 “12 17'17 599 7!“
Soft drinks 0,5 0,7 1,0 1,3 1,8
Alumirium, total 3,9 4,9 5,7 752 9,2
Grand tntal 6,7 69,7 72,8 73,1 72,7

In developed countries, 70% of aluminium boxes are
used for the bottling of beer, fruit juices and
other soft drinks.

For packaging ends in the food industry, as a rule,
the following aluminium alloys .re used:

Food canning Allg, 5 /1.5. Standard Specification
* No. 5052/

Drink canning AlMg,Mn, /U.S. Standard Specification
No. 3004/

Easy-opening AlMgMn /U.5. Standard Specification
closures No. £782 and 5082/
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Alumiriuz €318 and oCXes

In proiucing aluminius cans, the two principal
cpersiions involved are the wmanufacture of their
20dv and tnat of their lid.

- . r‘,.,'
sluririun cane amd ocxes nade Ov ¢3li extrusisn :TL)
-
ccld exirusiorn has been tne flrst manulacsturing

orzoesSs oy wnich thin elumirium boxes CI taller
nuilz tnarn their diameter coull ve produced T-ow
sne L@ n :

ce. For bthis end, Z-b4-m:.limetre ¢
icn on belms: given & SSroLg ..JLa
e

, wnereuvcn tne 8oft alumin:ig

3]

rce tLrougn tae ga; betwr.l &

ute. Of1ps TC ne
el=mi-lioe e/ and
h

0
siacws’ls /0 3=-C.25-nillimetr is technsliogr s

Lat economical in view of the relabtively ialge
ats; af material invcecived. The heilgit of

0
xes, tos, is limited.

ee-arawn cans amd osxes of small height 45
The <idewal.s; o9f cans anc boxes produced by tnic
ternnslogy ere usuallz snorter tnan thelr tobto:n

rad.:., bu. ray never se taller snan <. . -riues the

cat sr. Tuey are @anu. :oLared oy A0-4 du=Lua
“Ie LI L 5€8 .
=L TP 3 oused I ! 5. A
A - A_P".b{‘.‘ . [ 1 . - i J
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plastic deformation. Althougn upon veing coli-Icrzed
the material consideratbly herdens, even in 1itc rnard
state it remaing sufficiently pliatie. In the frocess
usually a C.22 = 0.30-millicetre half-hard anoddized
and lacquered strip is used. The resultant car is
cylindrical, square, oval or elliptic., If the cans
are nmanufactured in a plant distaat from where they
are to be filled, a conical shape may be preferable,
peruitting savings in space anmd transport costs. In
case of a 6° conicity, such savings in space aay
amount to 70%.

The sidewalls of the cans are sometimes reinforced

by ribs to render them aore massive. The 0,25 - 0,30-
millimetre alloyed strips are given a continucus
lacquer coil-coating.

Such cans are usually available in 100 to 35C =l

sizes with inside surfaces lacquered and outside

ones lacquered or priated, for packing oeat, fish
vegetables or preserves,

Recent demand for such deep-~drawn cans has been such
that the Ministry of Fisheries in the Soviet Union
decided to set up a 12,000 t.p.a. aluminium strip
lacquer-coating facility at Dmitrove in cocoination
with a factory, where round and oval deep—drawn low
figh cans and tear-off lids are manufactured. The
State Sea Fishery XZnterprise of the Geraman
Democratic Republic too is operating a simiiar plant
at Stralsund. [_52—] ‘LL&'Z\ .

Small capacity aluminium cans /100-200 ml/ are
widely usec 1n Norway, Switzerland and Yran-e ¢-r

vacking fish, paste and milk,
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®¥orld consicpticn of tnin sluminium 3trip used in
making food cans is estimated to be in tne order of
220~250,000 tons per annum, replacing sowme 400,000
tens of tinplate.

Despite the great difference in specific weight
between tinplaste ard aluminium, owing to the posr
vield of deep—~drawing technology caused by large
scrap arisings, only one kilogramme aluminium may
replace 2 Kilogrammes of tinplate ES}] Ea « A large
part of the cans is manufactured by the canneries
themselves, but big volumes are alss purchased from
gpecialized aluminium box producers /e.g. CEBAL of
France, BOXAL of Switzerland. See elso sub-chapter
52/

Automatic deep-drawing production lines operate
with nigh efficiency. The basic operaticn of
deep-drawing ir case of alumipium is simpler than
tre zrocessing of tinplate /cutting, foraing the
hull, soldering, flanging, capping etc./. Thanks t:
this, several high-duty presses may be installed
for this emd %o operate simultaneously with great
econories in space. An up=-to-~date 200-pilece per
minute production line is fed by aluminium sheets
cut to measure as dlagrammatically represented in

Fig. 16,

The aluminium sheets are first placed on feeder /1l/.
To facilitate deep~drawing amd to prevent the

sheets frem ripping, sheet surfaces have to be
oiled. The PNr—-370 type automatic press /2/ punches
the sheets, the resultant discs being thereupon
deep~drawn to boxes of suitable sizes, with all
unnece ssary wmaterial remcved from their edges and
blown away as scrap. The boxes are then passed




/

Ythrough anctzer ‘eeder /Z/
whence they are uoved 0n 5y & sledge 5 o &

;
?

%3 a receprtacle /=
cgauverUor
band /5/, dispatching tzem Yo a icadiang maczine 7

piling them on callets irn regular bg.ches, Juliected

gcrap 1s crushed amd dispatcbed 0 be remellei, !

*.Z. 16 = Automatic production line marnufacturing deep-
drawn cans 8md boxes /Kargss-Hazaer systex/

Cang anmd boxesg with dlameters smaller than 30
millimetres nave to be deep—drawn by special
presses operating with 2-10 heads simultanecusly
and turaing out cans and boxes at a rate of
200-1,000 pieces per minute.

As fur wall-reducipg deep—drawing /ironing/, by
this technology first of all cans of carbonic
acld-containing drinks are made in heights of
1.5 = 3-times their diameters.

The original thickness of the A1M32 5 or AlMgMn
plain unlacquered gtrip used for this end is

0.3C - 0.5C millimetre. In the first operation from




tbe sirip discs are cutbt, frem which samsll cups are
drawn; in the course of the seconmd operation the cup
is deep~drawn to & cylindrical null in a conventional
manner; next comes the operation of wall-reducing
deep~drawing, in the course of whick the wall of the
hull is drawn through 3-% rings, the btottom is
sligbtly raised and the lower and uprer parts of the
material become reinfcrced. In doing this, the
diazeter 3f the hull is slightly reduced /2-3%/ and
its neight stretches to more than threefold /e.g.
from 40 millimetres to 12C wmillimetres/. The
production line is operating at a minimum rate of
200 pieces per minute, though up-to-~date hiizh-duty
ones are XKnown to turan out as many as 600=650

pleces per minute.

The sizes of cans produced by mcdern wall-redvcing
vechnslogy are very favourable. The bottom of a 12
0z. beer can is 0.34% wmil'icmetre amd its hull

- except far its 0.%30-millimetre lower and upper
part - 0.,125-millimetre thick, weighing 9 grams

per piece. Its wall, however, is strong enough to
cope with the inside pressure of carbonic acid, its
resistance being 70 N/mmg. The weight of a
comparable cold-extruded box is 23%-32 graas.

The wall-reduced cans are thereupon degreased,
their outer hull enamel-primed and passed through
rubber rolls for printing. Tne inside of the can is
epoxide resin-coated and both the inside

amd outside lacqueriny burpned into the hull in a
single operation. Finally, the hull is flanged, 8¢
as to peramit 1ts 114 to be firmly secured after
packing. Thls technolozy is designed to take utmost
advantage of the mechanical properties of aluminium
in making cans of any size and height holding




carbonic acid drinks in a coapletely sterilized
manner [55].

Aluminium strips used in the process need not be
coil-coated, but demands as to tectnclogzizal
standards are very stringent. This technnlogy is
gaining groum especially in develcped countries,
where the use of wall-reduced deer-drawn cans is
growing at an annual average rate 3{ 15-20%. A case
in point 1s their usage in the USA as tabulated

belaow [?éj:

[ .
I Zanstaption

l mi Ty - -3 5
i Wiall2D TLaoces Growth -
- L. - rowth rases
! i Yaterial ‘ ; g
Lna dse { av 8 i Ter cent
? 1972 19745
e
Carbonic acid | i
drizks ' Tinplate | 1.,362 | 15,482 - 2.4
2 ’ ? !
Aluminivm . 1,731 ; 2,217 + 16,5
Beer Tinplate : 12,729 14,017 - 6.5
Aluminium 8,90° 11,¢cl - 23,2
] ]
Total Gl en’ L3773 . + .

A breakup 2f drinke-packa:ing in the J.Z. is
estimated a3 pelow:

Aluminium cans 2
Tinplate cans 30%
Glass bottles 40%

According to information by the Coors Coampany of
USA,in 1968 investment costs of a 50 million-piece
per annum facllity amounted to two aillion dollars.
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easy-opening lids /see sub-chapter 4.23.2/. In the
USA at present 770,000 tons of aluminium are used
for manufacturing drink cans, accounting for 12% of
the country’s total aluminium consumption. The fast
rate at which aluminium drink cans gain ground may
largely be attributed to the economical manner, in
which scrap arisings amd the material cf used cans
mey be reclaimed. This is done by up-to-date
continuous czst wide strip mills such as the one
sited e.g. at the Coors Company itself., This largust
brewery of the USA 1s making under an AICOA licence
4 million cans amd closures per annum, using about
100,000 tons of aluminium. The Caster II type
continuous cast wide strip mill installed at the
brewery and operated by a technology developed by
ALUSUISSE, is reprocessing abvout one-half /some
50,000 tons/ of the aluminium used by the brewery
apnually in the manufacture of cans. /See also sub-
chapter 2.15/.

In 1977 International §lloys Ltd. of the U.K. too
has launched an experimental campaign for the
collection of used aluminium cans from 5,000
households. Its evaluation is now under way,

Can lids

Their design is similar or more up-to-date than that
of tinplate, in that they are easy to open or to be
torn off, The latter variety le available in two
designs, aepending on what the can is to hold, The
lids of drink cans /beer, soft drinks/ are designed
tc be partially torn off, wherea3s meat, fish and
vegetavie can tops may be fully opened and removed,
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Iz the middle of partially openable can tops there
is a slightly depressed cuneiform notch thinned ¢to
0.,09-millimetre gauge, fitted with & small riveted
ear. On raiasing the ear the thinned notch cracks
and on pulling its ring the can top opens.

In earlier designs of fully openable can lids there
is a 1.5 - 2=-turn spiral depressioan from the top
centre towards the edge of the 1id, working on the
same principle, with a tear-off ear riveted in the
middle. This design has the following drawbacks:

- The pressure die necessary for making the 1id 1is
complicated amd costly;

~ The tear—off surface is too long;
~ There is danger of hurting one’s hands, and

- The spiral design of the thinning impairs the
rigidity of the 1lid.

In newer designs the 1lid is ow.y thinned along t.e
circumference of its rim. The can is not opened by
a riveted ear but by a cutter, aciing as a two-
armed lever sSimply remving the 1id. Tear-off lids
are mde from an A1M84°5MQ alloy /ASTM 5182 H19/;
they are of 0.3 to O.35-millimetre toickness and
are epoxide resin- scated on one side; they have a
tensile strength of 300-370 N/mn® and a yieli point
ranging from 270 to 330 N/mmz.

Glass jar tops

In packing preserved food, certzi. tcchnological
pronvlems arise when glass jars "ave to be gsealed

with tinplate lids. Notably, upocn the heat
treatment of some foodgstuffy, the released sulfurp




Tg pvercome this difliculty, alurinlum 1i3s =may b=

T

used with advantage. Tney are made iz two tvies

krnown uncer tne trade rames of OunIA and FANC, cul
sroz (.15 - (.2%-gillimetre slusinlum SUrip,

lacquered on on: side and crirged on tne otne T,

In Eurcpe thne largest zznulacturer 0f TMNTA 1ids S
Taomss Eunter of the U.E. Ths thres princ.pel Crands

availanle are

- "Praserve®, Iar food neat-treated un:er =
tezperature of 160 7T,

- "P.LCL;.I.L =M

”n J SN

- "Retorting", fzor focu neat=treatsd AL 1T T

., 0
tem:2ravires than 120 C.

Ir Europe, the eluminium e¢lloy sheels Iroo owoico the
lids are made, are usualliy lecyuered with 2

sor supplied by KATCLIFF of the U.M., poioted
zulti-colouring press furnisned oy MAILA

~% tpe Feneral Republic of Germany and ournsl LD DY
an ITG furnace alsc made in the lkederal Repuv ..o 2
Gerushy; the lacquered and printed shezt i3 cut by
an FMI /Italy/ circuiar shear to 3irips, froo wnlch
- wirh 5he aid of an FMI press -~ the 1iis &are
sebsequently formed aml [langed. rina_ly. & a0 Llin

compoun’ s apriled amt ustoved Cvoan oo CoAL

b

Crnac s supplied by DAZEL S

tne redera S T
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hour capacity. /See also sub-chapter S5.2/.

PANO 1lids are all-r-.pose ones, manufactured by
PANO-Verschluss GmnH. of the rederal Republic 9af
Germany. Lids made therefrom are secured by 3, ©
and 9-head wachines with performances ranging fraa
8C7 to 12,000 pleces per hour.

Battle closures -

Traditional tinplate crown closures af soft drirk
andi beer bottles could so far not be replaced by
aluminium ones in an economical manner. By contrast,
several other specicl aluminium bottle closures have
been developed and introduced on a large scale.

Aluminium screw caps are used for the closure of
liquor amd apéritif oottles. To keep the bottle
contents before their first opening intact, they

are fitted with a control ring, breaking when the
battle ig first used. Depending on their height,
they are manufactured by means of single or several-
stage deep-drawing from lacquered and printed strip.
The best-known tyves are known as PILFERPROCF,
TOPSIDE amd REALPAC-28 closures, the latter sultable
alsoc for bottling pressuriced drinks.

Such bottle-closures are mde from 0.15 - 0.25-
millimetre thin 99.5% aluninium strip, lending
itself excellently to deep—drawing. Theilr inside 1is
epoxide resin- amd adhesive sealing lacquer-coated,
aml theilr gutside lacquar-ccated amd pripted. They
cost about half or one--tnird of conventional cork
bottle closures.

The go-called ALCA closures are of a simpier sear-

off design, fitted with an ear. As a rule, they are
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glass bottles and are made from O.18-miliimetre
plain aluwminium narrow strip. In recent times. they
have also gained ground as the closure of 0.5 -1-
litre plastic bottles and in ¥rance as that of wine

bottles EEB}.

Collapsible tubes

Much of the aluminium used in packaging is in the
form of throwaway collapsible tubes. They are
hygienic, inzxpensive, considerably lighter than
other traditional packaging, affording effective
protection against the detrimental chemical and
physical influences of the enviroment,

Manufactured by cold extrusion from >.5-millimetre
aluminium siugs cut from 99.5-99.7% continuous

cast strip, collapsible tubes are avzilable in sizes
0f 50, 100 amd 200 grams; they are Ceil-millimetre
thin, airtight, seamless; heat-resisting, unbreakable,
flexible anmd 1if desired, sterilizable. Their

orifice is closed in case of foodstuffs and open in
case 0I cosuwebtlcs and housenold cleansing agents.
Should their conteats be used for the decoration of
{s0d /wayuvnnaise, sandwich paste, whipped cream/,
their orifice may alsc be forced to be star-shaped
Their cutside may be printed with multi-cclour
designs, texts or publicity slogans; their inner
surface 1s coated with btw. layers of curned-in
epoxide-~based synthetic resin filw of 6 micron

gauge =°

i@

G
Oy

Their uscval dimensicns are

50 mo by 150 mz to hold 80 grams, and

40 mz by 180 mm to hold 150 grauwms.




In roo0d processing they wmay be used for the

packaging of a multiolicity of itewms such as tomato
paste, paprika- and tomato-based condiments,

mustard, garlic psste, mayonnalise, meat paste,
anchovy paste, concentrated milk, cheese, crearm;
cocoa, gravy, liver paste, Jjam, marmelade, ice- creanm
and Julce. Food industry accounts for some 10% c¢f
total ccllapsible tube usage [?ﬂ o« &s for Hungary, in
the long term this figure may be expected to rise to
20%.

In order to reduce transpori costs, designs of
developing cenical ccllapsiole tubes are under way.
Thelr telescopiclity may result in some 30-40%
savings in transport space.

There is a dramatic growth of aluminium collapsiole
tube usage througnous the worll poth in food
processing and in the manulacture of cosmetics ar

Gerwany the

P

household cunemnicals. Z.g. in Fedar
total number of collapsivble tuues
1976 amounted to 1,230 milliion pie
1,100 willion were aluminium ones; in the U.3. in
1970 1,120 nillion collapsible tubdbes were
manufactured for pharmaceutic and cosmetic ends, of

a
zznufactured in
C

es, 0of which

+

which 67% were aluminium 2:e 5.

Aluminium/plastics combinations 9f collagsible tubes.

In view of the fact that the double or more inside
resin-coating of conventional aluminium collapsible
tubes does not completely scal off{ porcsity and in
case of food does not afford full protection arainst
the corrosive efflects of agrressive agents, a new
type of collapsibl. tube has oeen develoyped,

featuriny, tesides aluminium also plastics for




enhanced protection [?é]. It consists ¢f three
superimposed layers, viz.

- 8 0,050 - 0,100-millimetre thin inside polyethylene
one to lncrease corrosion-resistance, to keep the
quality of food longer intact amd to rendexr the
collapsible tube suitabe for welding;

- a 0.020 = 0,050-millimetre aluminium middle-layer
to pernit perfect gas—- and vapour-tightness and
protection from light, and

- a 0,050 - 0.1C0-millimetre polyethylene outer
coating to afford protection against enviromental
influences and to permit welding an® priting.

This foll combination ig dispatched in coils to the
machine, where it is formed to tubes and high-
frecuency welded hulls; to the top part of the hull a
plastics inset of suitable design is welded, on
which a cap may be screwed on. After filling, the
crifice sf the collensible tube is tightly sealed by
welding.

Texts and designg are multi-colour printed cvn the
white plgment-saturated outer plastics foll layer and
thereupon provided with a btransparent varnish film.
The capacity of such a production line is 600 - 1000
oleces per minute.

Tr1s prccess is reletively simple, involving fewer
operations than the mcaufacture of collapsible tubes
from conventinnal slugs.

The properties of collapsible tubes made from

different materia.s and their combinations are sunmmed
up in Table 26.
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The patentee of cocbined aluminium/plastics
collarsible tubes is the AMSRICAN CAN COMPANTY,
Greenwich, Connecticut, USA. For Zurcpe the licence
has been purchased by the TUBMATIC CCMPANY of
Switzerland /sec¢ also sub=-chapter 5.2/.

Table 26

Properties of collapsible tubes compared

Material
Property
Combined | Aluminiur | Plastics
Light protection + + -
Gag- anl vapour-tightness + + -
< Resistance against
” tocoth-paste + + -
tooth-paste nf
F~content + 0 -
mustard, tomate paste + + -
Permanent deformation obn
emptying + + -
Vulnerability of eampty
tube ) - +
Poseibility of comnical
forming + + -
Possibility of circular
pric.ing - + +

legend TFavourable +
indifferent: O
unfavouraple: =
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Packeazing Ioil

Aluziniuz f£fcil as & packaging itec nas achieved
a substantial growth, in practice comrletely

displacing tinfoil.,

Its average annual growth rate of proiucticn is
10 - 12%, but that of high-finish arn2 lacinsted
aluminium foilis as well &g of alumiriuc

foil/plastics corbinations is even arnea

0

figure. At present, tne fsood industry accounts

~

for 60-70% of total world consumption.

In crder to improve its properties, alun.niuc
fsil is often cowmuined with otber materials
/paper, velluwr paper, plastics etc./ ad
provided with coatings of different preotective
films /colcoured or colourless heat-proof
lacgquers, hot-melt films/ botk plain and
printed. by a comblination of these mzterials a
great variety of specifications may be brought
about for a multiplicity of eids, vith the food
industry ranking tirst as a consumer. Such foils
and foil combinz ions are listed in Table 27
with indications of end-use in the {oo0d
industry.

Hard-foll trays

Foil trays for commercial caterin: are used to
hold prepared food, fruitg, vegetables as

well as bakery amd confectionery products.
They are formed from plain or slightly pleated
nard 0.0% - 0.08-millimetre strip,

unlacquered or lacquered only ¢~ one side.
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Aluomipium fail usage

[
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by che food industry |39!

Description of foil

Zd-use

Plain fail

Sweets i1ndustry, househ2ld
foil, preparei-food trays .

Foil, patterrned, with
ccloured or transrarent
lacquer—-coating

Sweets industry: chocolate,
dessert, bonbons; .
wrapping of wine bottle tops

"
}4

Foil with coloured or
transparent hot-melt
lacquer cocating

Dairy industry: cheese
wrapring

Hard foil, with hot-amelt
lacquer coating, orinted

Jan

Canning induscry: lids of
and marmelade jars

Saft foil, with hot-melt
lacquer ccating, vrinted

Dalry indu
dairy

stry: milx and
TTaduct cup closures

Aluminium foil/vellum
ra;er ¢oaicliunation, wetbt-

laminated, printed

Tsvacca industry: cigarette
wrarplng; coifee ard spice
0a8gs

Aluminium foil/wellum
paver combination,
wax-laminated

Dairy iadustry: butter,
cobttage cheese wrapring;
vegetavble 21l industry:
margarine wWrapping

Aluninium foil/paper
comrination, wet-
laalnated, #lth hot-melt

Sweets 1niastrys fill

waliers, blscults

ed

ccatinz, printed

Aiuninium foil/paper/poly- Sour=rowder nags, 3easonin:
etnviene 112 comdbinatlon, Dbays

dr7 amd wet-laminated,

pricted

Airimlnium £01il/single or Cannin, 1nduscry: rrai
Jouole plastics filn juices

comrination, dry-laminated,
- (Q

Py A
Ol il LG
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Though sealed with Ilanging or ciuerwlse, s tray is
not airtignt.

The gr:atest attraction of che ha.d foil tray -
besid:s preserving both food quality and aroms - is
the pussibility that the prepared meal may be warmed
or oaked right in it and then be readily eatez from
tta tray itself. Thanks to its easy and hygienic
bandiing, it bas wecn universal acceptance in
competing with plastics. In the USA e.g. in 1370
prepared food was dispased of in 4,500 willion such
foil trays E?@X. The storage amd sale of such food
in aluminium foil trays for commercial catering,
however, calls far & well-organized chain of ccld-
storage facilities from the prnducer’'s end to the
gsupermarket. The emergence of the aluminium foil
tray has displeced much of traditional tinplate can
usage.

+e24%.3 Low, thin-wailed, sterilizable cups and small
containers with hot-melt inside plastics-cocating

They are manufactured by a single deep—drawing
operasion of maximum 30 - 35-millimetre depth from
0,05 = Jel=millimetre 99.3-98,7% aluminium or AlMn
alloy strip, thereupon inside~coated with a 0,05=-
millimetre polyethylene or volypropylene tilm.
Avallable in cylindrical, sjuare, oval or elliptic
giapz, theilr description amd principal end-uses are
guteed 1p in Table 23 [}5{,

—— e
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Table 28

Sterilizable -ups and small containers from combined foil

Shape | Capacity | Wall-thickness To hold
ce mm
Cup 60-110 0.05=0,.07 Ice-cream, cottage
cheese
Box 30-130 0.10-0.15 Processed meat and

fish, fruit cream,
jam, marmelade,
honey, cheese

Plate 150-1, 300 0.07-0.09 Pagta, fruit-cake,
buns, frozen food

In Europe this typs of foil is beat known under thse
trade aames of ALUSEAL amd STERATCON,

The polyethylene-laminated 0.07 -~ 0,18-millimetre
aluminjum foil cups and swmall containers are eemi-rigid
and in the ewmpty state susceptible to damage. They

are manufactured by one of the two machines described
below:

- The Aluseal 151 equipment, developed by HAMAC-
HANSELILA of the Federal Republic of Germany; here
the operations of forming and filling the body, as
well as of making and sealing the 1id are done by &
single self-contained machine unit%t /see gub-chapter
5.2/; the sealing of the container is completed at
240-260 “cC temperature aml 6-8 atm, pressure in two
geconds. The output of the machine 1is

- 80-120 pleces 3f 20-50 ml containers per minute
or

- 50-80 pieces of 50-130 ml containers per minute.




Toere is no extra traps; o 2of cornvainer bod.es ava
11ds to site., Nith *tle zanulscturing process being
egrated in the s5ane precises, excosure o

t
damage is reduced te a zmipnlouc. The annual oatput of

calculated in 100 cz” uniis, is 29
o)

- -
1c0 tons of

mic

Where conditions prevailing on s:%te dc uct

-

e

H

b

the forrming and filling of the containers 1o tre
same premises, aun equipment developed o5y STZERAILCT
@may be uased with advantage. Here she zontainer
oodies and licds are aispatcaed oz

pas
rging machine, where tue

¢0 the cha ’ ntailner " zde
are autamatically lifted epd crnargez, Uie da ed’
anl securely sezlied.

Recently, several other ol combtinetions Go2 have
been devised fcr the packaging of preserved food
/see "Flex-can" packaglug under sub-chapter 4,23 and
the sterilizable alumirium/plesatics collapsible

tube combinations under sub-chapter 4.23%.5/.

Plastics trays with hot-melt aluminium 1lids are
used in fgoo0d canneries for the packaging of jam and
marmelade. By the vacuum-forming of PVC ur
polystyrene Btrip, small containers of 50, 100 ar.li
200 ml capacities are made, filled and secured

with a printed hot-melt lacquer-ccsted siuminium
Zid.

FORMPACK 19 the trede name given to another
wellknown packazing systew, feat.ring a 9%._ 4 harc
aluminiua foil of 0.05 - 0,05-nmiliim=tre gauge.
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2
The foll i3 coated cutside with a 1 g/m~ lacquer
—_~- - * LR — | [ S, - - ”~ O
film resisiiag vemperatures up to 180 "C od

inside with a 5-8 g/m2 hot-melt lacquer film.

BEXCHANGERS

4,31

General considerations

The spheres of aluminium applications so far dealt
with may more or less look back upon experiences
of geveral decades. By contrast, the aluminium
outlet to be discussed hereunder 1is relatively new.
In thermo-engineering and refrigeration, aluaminiua
usage oegan about 10 years ago, when the first
designs of ribbed tubes for such ends appeared on
the market. Alum’‘nium usage in this field was
facilitated by te fact that in air-cocled heat
exchangers such ribbed aluminium tubes may be used
with special advantage. Their genera! arrangement,
notably, is such that within the tubes themselves
steam, water or a cooling liquid - that is an
agent of favourable heat transfer propertiz:s - is
circulating, while in a vertical direction tc

the c¢ubes usually air is flowing. Now, air - like
any other gases - 13 notorious of having pnror

heat transfer properties, and thic is what
nacessitates the addition of ribs on the air

side.

In selecting a suitable material as ribbing, its
thermal conductivity A , jts specific welght T
and i%s relative pricing /a/ have to be taken
into account.

Essential features of metals which in this
respect may come into considaration are coampared

in Table 220




It will be ooserved that aluminiuz nas cthe lowest
speclilc welgnt amd e Dest coelficient oI therzmel
conductivity; nowever, 1ts price related to steel is
high.
'
Table 29

Essential features 2f m:tals used irp ueat excnangers

Srecitfice Thermal kelative

Me tal welght I conductivicy pricing
‘ g/ce | kcal/m.h ’ /alucinium=1/

99,5% aluminium
sheet . 2e7 182 1.0
Aluminium alloy
sheet 247 142 1.3
Copper sheet | 8.3 320 3.0
Steel sheet 7.8 50 0.5
Alloyed steel
sheet 8.0 ! 12 0.5

From an economic point of view, aluminiua is
obviously the best material to be used as the riboing
of heat- exchangers. It will be seen from Table 30,
that copper ribbing, though a good thermal conductor,
is by dint of its heavier weight 60% inferior to
alumircium in thermal conductivity. The corresponding
figure for steel is 85% in favour of aluminium.

It should be noted that the above comparisons refer
to the ribbinz only, without taking the complete
beat exchanger /including tubes, chambers, etc./
into consideration.
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Table 30

Specific beat transfer of ribbing made from
different metal sheets

q Q/qal
kcal/h.kg
99,5% aluminium sueet 3,400 -
Aluminium alloy sheet 3,000 0,88
Copper sheet 1,250 04367
Steel sheeb 500 0.147
Steel alloy sheet 250 0.074

4,32 Small-ribbed industrial and household heat exchangers

Aluminium, in view of its properties, is not only
sui -able to replace other non-ferrous me tals in thisg
fizld, but is also superior to them. It lends itself
excellently to plastic deformation and is thus an
ideal material in making heat exchangers.

In heat-exchangers where the heating medium is
zirculating laminarily, all along the flat heating
surfaces boundary spaces develop, strongly influencing
the heat transfer that is taking place between the
flat surfaces anmd the gases surrounding them. The
thicker this boundary space, the less effective will
heat transfer be. The thickness of this boundary

space increases with the distence from the entering
edges of the sheets, gradually impairing thereby the
Local heat transfer coefficient.

In cage of conventional cast iron or steel plate
central heating; radiators, air i3 flowing upwards
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along the long flat surfaces of the radiators; hence
the heat transfer coefficient of the radiator suriface
tends to debteriorate with the growing height of the
radiator.

This gradual impairment of the heat transfer
coefficient along the long flat radiator surface may
be offset by slitting a series of small narrow strips
at the radiator sheets and slightly raising them from
the plane vf the radiator body. In doing this, a
small-ribbed radiator is arrived at, featuring a far
superior heat transfer coefficient to that of
conventional radiators. Though the small ribbing
tends to increase the resistance of the structure on
the air side, under identic conditions of
ventilation the small-ribbed design will trensfer more
heat than its conventiocnal counterpart.

The so-called RADAL type of radiators manufactured in
Hungary is based on this principle.

In power engineering the heat exchangers and cooling
components of the wellknown Heller-Forgd air
condensation system too are hinging on the same concept.
Its special design permits the siting of power works

in ‘arid areas - even in deserts -, the condense water
necessary for the operation of the steam turbines

being circulated in a closed system and air-cooled

with the aid of aluminium cooling elements.

Such small-ribbed coocling elements, however, may not
only be used in power works with advantage. They may
also be employed in a variety of other fields, e.g.
in operating o0il and natural gas pipelines ry using

0il, gas or water coolers at compressor statiuus
sited in arid areas. They may also be used for air-
cooling by other industries as well, e.g. by
chemical engineering.




4.3% Motor engine coolers

In the road vehicle industry there Is an jatensification
? alumipium usage in making pistons, engirme tloci
castings and other components. The use of aluminium in
water and il cooling, however, is a relatfively recent
development, although the idea is not new. Towards bthe
end 0f tbhe second world war anc in the early post-war

vears, light metal heat exchangers amd aluminium ot

-

.

coolers were useld by the alrcraft indutry. In groun
transporc, however, such innovations coculd nci catcn an,
owing to heavy competition 0y the more Jdurscle c¢arv

73

8T

13

cgolsrs,

In the heat axchangers of transport velicles aluminium
appeared for toe first time as the lam2lliae 37 walter
coolers employed in Diesel motor trains aml Iilesel

engines.,

Used as a cooler 1n transport venlcle engines, aluminiun
13 the second best heat conductor after copper.

(]

VE Be§

i
-

Recent develgpments in mouvorcar c¢oo.ler design
a double aim, On one hand, an attempt 13 wmade

(51
Q

increase the amount of heat taken care of per gooler
volume unit,; this ig desirable 1in view of recent btrends
favouring massive power oubtpubt in wotorcar engines. Cz
the other hand, great efforts are wmsde to reduce tne
overc .l weignt of motorcars - be it evea Dy oniy a few
grammes in case 0of a given ccaponernt -, g0 as o

avoid the increase and, if posgible, to permit che
reduction of fuel consumption, despite trends of
glepping-up engine performance. Thisg, obvisusly, calig
for a weight reduction 2f the water ceoler. With this

-
}

and in view, tne development of new and more ecancmical

engine coolers is under waye.
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~o4 Miscellanegus fields

Sc far such aluminium applicat.cns have been discussed
in this survey, where technological and eccnomic benefics
derived from their usage as a substlituce Isr traditignal
materials is at first sight self-evident. The folliowing
is to deatl with a few selected aluminium appiications,
where such financial benefits are only indirect amd at

~.ma facie less conspicuous. Such secondary advantages,
~owever, inciude a wide range of significanf 1ssues from
fuel eccnomies in runniagz transgartc vehlicles ta easy
transport amd assezoly of preravricated buildiag
components or labsur savings 1n agriculture. The
chapters to follow do naot claim te be a full enumeration
but cnly an exemplification of what vast potential still
exists in this cciuneciion.

i

4,41 Up-to-date castings for rnte engineering indugtries

In 1974-77 an annual average 2f 20-25% ¢f worid
aluminium consuimption was Jdevoted to tne
manufacture of castings. CL the 2.5 million tons of
castinge produced annually zoume 60-70% were used as
compdnends of traansport vehilcles, especlally such
of motorcar engines. According to an estimate, 1n
the 1970%s some 3C million passenger cars and
motorbycicles are turned out aianually in the world,
using about 1.2 million tons of aluminium castings.
Prognostications claim that 1n the years ahead the
pattern of structural mafterials to be used 1in
passenger car manulacture 1s (23 undergo
considerable chaneges [éll. There 1s a sustalned
trend tor further eneréy 5avings; ane way of
accomplishing this g-al in the auto:stive

industrlies is to reduce the welght of camaroents,




In view of this, in the medlum term,a further advance
in aluminium castinss usage may te anticipated. These
aluminium castings are to replace first of all iron
and steel, and to a lesser degree copper amd zinc ones
/fittings, decorations etc./. A torecast as ta such
changesver is summed up in Table 31,

Tavle 21

The changing patbtern oI structural materials used in

jyassenger car manufacture Lﬁﬁ

liaterial kilon % kiloa. % | xilia %
Steel 2nd iron castings | 1,210 77 830 o7 6l4 56
Aluminiuw alleys 45 3 107 8.6 330 325
Plastics 55 4 95 7.5 127 11.5
Copper allcys 15 1 11 0,9 7 046
Zinc alloys 13 1 5 0.4 3.6 0.3

Aluminium castings employed now z2md expected to be
used in future as well as tneir technical features and
manufacturing methods, werz the subject of an enquiry
dealt with at the Interratlonal "Aluminium+Automobile
Conference organized by the Aluminium Zentrale of
Tederal Germany oa March 22-23%, 1976 {éi}.

A rapid upswing in the usage of aluminium castings
geews alss to pe Justiiled by the frllowing
clrcumstances:

- Alumlrium castings cf great accuracy to size, easy
tn excrange amd requiring no additional machining

after casting may be produc=d by various up-to-date




tecunslogies in large series with relatively szall
lazour involveld, Ihe zcost effective mecuanized
technologles are tlgh pressure, low pressure and
counter~pressure die casting as well as die farging.
3ut conventional sand or gravity die castins
techniques too may ve 2asily mectznized by
ingtalling relatively simpls egquigmert. A rouzh idea
of carital expenditure invslved io setting up liznt
metal foundries is given in Tacle 17 under
sub-chapter 2.21, Costs of investment in
establishing l1ight me tal foundries are consideraoly
lower than those 2f zodern steel fsundries. as a
rale of the thumb it may be accepted that ur =o
pieces samd casting, frocm 1,000 to 10,000 pieces
gravity die casting, and for larger series diflerent
pressure dle casting vecnnolosies 3are the a
economical, In extreme cases /e.g. when stringent
demands of gas-proofness aave ©g ve coamplied with o
special technigues of nachining or suriace

treatment are called for/ mecnznized pressure die
casting may be maore econ?2mical even 1s case 2°f
smaller scries. A breakup of rthe urincipal casting
technalogies practised 1n different parts of tne
world is to be fsourd in Table 52, whereas soue
technical teatures 9f castings wmade by these methods
are shown 1in Tabdle .
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Table 32
Breakup of principal casting technologies
employed in 1970-74

Per cent

Sand Manual gravity Mechanized

casting die casting casting
UsA /average/ 14 22 o4
Developed West-European
countries /average/ 20 40 40
Moderately industrialized
countries /estimated
average/ 35 45 20
Developing countries _
/estimated average/ 45 50 S

Aluminium casting has the distinct advantage that any
change-over from one technology to another is a
relatively simple procedure. In Hungary e.g. the
110-kilogramme Diesel engine blocks were originally
sand-cast; when thkis had no lnnger been sufficiently
economical, mechanized gravity die casting was
introduced in its stead {%5}. At present, 10,000
high=-standard motor blocks are cast annually in this
manner, with comparatively swmall crpital expenditure
being involved in the process of change-over,
without necessitatiing the purchase of costly high-
pressure casting machinery. The castings may be
protected against wear with the aid of a special
surface treatment /extrs hard anodisation/
permittings castings of light weight to be used,
where components are normally exposed to friction
ard wear. A ca3e in point are dAifferent parts and
accessories of equipmer ¢ used by textile wills and
other industries to r. se ontput /e.g. textile




Dit’erent caeticy met olde comnarad 64
Toleraaoce of Yroductivl- Sconomi - .
Mizisum wall-thick- ty per wor- Dle cal atal- ‘%é'::;' Mecraot- e lenn
Tachaolngy wall-thicknees ceee wer sciurance muxz of oof cal ::oot:nolo h‘ll:y
- per cent Plece/houre plecee '02:21.- workpliece sirecgin
.and caeticg 3.0 o 2 160-300% ‘1“.‘233 1 c c b
lruvity e - 10, 000~ over .
casting 2.0 5 30 20,000 1,000 0.4a% B B A
rreafsure J1e . N 10, 000~ -
ceeilcg 0.8 - 2 T75-150 50:000 10,000 0.50 'y A I

s Io caets of ®oodss mould; by ueiag a zetal /alum.ci wdle
saduracce iaprovee by ons order of za:rz:%.le

The letterliog s, 2 sod C refere to relative gradiag; “a"
Seet, " " the lesst easiefactory.
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spindles, mobile frames of printing machines,
casings and pistons of pneumatic control valves,
etc./.

- Apart from the easy mechanization uf the casting
process, ivs susceptibility to producing large
series and pecssibilities of fuel economies due to
the reduced self-weight of motorcars - roughly ore
litre petrol per kilogramme weight saved when
driving 100,000 kilometres -, the relative pricing
of aluminium amd cast iron, too, is an important
point to be considered upon designing a transport
vebhicle or similar equipment. A reference to
Table 12 under sub-chapter 1.3 will demonstirate
that in future a furtbher shift in favour of
aluwinium pricing may be anticlipated. Although in
manufacturing one ton af a steel product 38 GJ aof
energy are involved against a comparable figure of
300 GJ for aluminium, in case of Diesel motor
lorries surplus energy :0s8ts embodied in aluminium
components will be repaid within two years in fora
¢f fuel savings. As from that time, subgequent
power economies will accrue &8 net savings [éflm

By the same reasoning, similar advantages may be
derived from aluminium usage in other industriass as
well. "n planning medium-term production targets, thsa
poseibility of gsetting up aluminium foundries at small
cost for the manufacture of cestings in relatively
gmall series has many promising implications; ihis is
especially s0 in case of developing countries. This
aid the favourable pricing trends referred to, are
the principal reasons why in a good pany areas iight
metal castings have become & viable competitor of
copper, bronze and zinc castin:s used earlier.

Therefore, on launching new industrialization
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projects, considerations as outlined above may help
developing countries in tke responsible task of
decision making.

4,42 Transport vehicles

4,42,1 Window frames and fittings

In road-, rail- anmd water-traasport - except
where the complete vehicle body is uwade from
aluminium - the foremost alumiairam category
used are castings /see sub-chapter 4,41/,

Hcwever, aluminium usage for otker ends inm
rolling stock amd road transport vehicle
manufacture, toc, is making great headway in
view of the special properties of the light
metal. S0z of such aluminium usage is by now
completely replacing that 2f other non-ferrous
ae tals.

A case in point are window frames in railway
carriages. Criginally, they used to be made

from wood and later oz from bronze. The f rst
aluminium window frame design in rolling stock
manufactur: appeared some 50 years ago. Since
then, for ioasons of weight amd economies in
other non-ferrous metals, such window frawes
made from anodized aluminium extrusions have
completely digplaced other structural masterials.

As a next gstep, aluminium was introduced as
coertain fittings of railway carriages, most cf
them castings. The principal aim of this was tu
uge a less labour~intengive material both in
manufacture amd maintainance., The bronze, brassg
or zinc-alloy lugiage wacks, door knobs and
handles used earlier had to be electraplated




by nickel or chromium for reasons of enhanced
vrotection, By contrast, the surfaces of their
aluminivm counterparts are just polished or in most
cases anodi:ed, so as tc protect them against
corrosion and to prevent them from getting
discoloured.

In this context recent competition by plastics has
been heavy. Plastics, however, of*t _ failed tc come
up to expectations, because of the heavy loads
involved in rail transport.

A novelty finding now widerning application is the

use of aluminium allcy motorcar fenders. Their higk
strength coupled with easy automation of their
surface treatment, have greatly contdbuted to cheir
success. In the USA made from an AlZnMgCu /70l6-To/
alloy, they were firgt used by Chevrolet in the "Vega"
and "Capmaros'" models, with Ford following suit in 1977
applying aluminium alloy fenders in the design »f

its "Pinto" spnd "Mercury Bobcat" wmodels. In Europe
Volvs hag been the pioneer, using now exclusively
aluminium for car fenders. Compered to steel, the
advantages of aluminium alloy fenders may be summed
up as follows: [éé]

- In case of collision its shock absorption is more
favourable; by using an aluminium alloy fender the
stringent requlrewents set by U.S. standards are
easier to comply with;

- hanuf._ture and curface treatment lend themselves
ettt to automation, involving fewer operations -
nenc o, an aluzlnium alloy ferder is cheaper thai

curu..az-plated gteel o

!t chramium /o o cxkel/ in coitn, the

sled s tenver G o cna Loobely digpensed with,



4.,42.2 Bodywork and superstructure

With cold and spot welding as well as adhesion
techniques getting more widespread, aluminium
components of bodywork find growing acceptance in
public transport and coammerial vehicle manufaczture.

In some cases aluaminium does not only replace other
non~ferrous metals, but steel a3 well. Al mi~ium in
this event is used to prevent damage normally caused
by the corrosion of steel. An additional advantage
is the light weignt of certain labour-saving mobile
structures in mndern rolliing stock design, such as
room dividers, large sliding doors, tipping or
sliding roofs amd openable external panelling as
well as winduw frawes, covers and gratings of
freight cars.

An 1nteresting development is the exchange of
steel/wood combined bodywork of motor lorries for
aluminium superstructures. By such aluminium usage
considerable savings could be arriggd at in
mainteinance amd repair costs [?5]\?5][?5}. When
the aluminium bodywork consists of extruded
aluminium sections tc be pushed into one another
and secured with a catch, thanks to the resultant
labour savings its pricing cnay approximate that of
the steel/wood combination, with tne extra btenefit
of easing skilled manpower shortage [?5].

The potential of aluminium usage in transport
vehicle manufacture is certainly fair and
promising. This is also true in resvect of
motorcar manufacture, where certalnliy amore
aluminium is expected to be used in the years
anead thun heretofore, Tatle 54 1s a projection
by a U.5. producer of hsw auch aluaminium i3 likely
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to pe used in the medium term in twe manufacture of
a wellknown motorcar make [}51.

Table 34.

Forecast of aluminium usage in the manufacture of
‘a wellknown type 0f motorcar in the USA [Z%]

Yoar Cas;éngs Rolled ;:%;:xtruded Ti;al
1965 24 8 32
1970 26 9 35
1875 27 11 38
1977 29 15 44
1980 41=45 27-45 68-30
1985 57-79 34-102 91-181

4.42.3 High~duty companents

Die-forging is an ilwmportant technological process in
the plastic deformation of sluminium, ensuring added
mechanical strength and loager serviceability. Thanks
to thls, the resultant product becomes suitab e for
high-duty performance amd the coping with heavy

locads frequently encountered with in using transport
vehiclies.,

The technology is also aignificant in that it
peralts the manufacture of sturdy passenger car
wheels from one plece, to be used over most
difficult terrain with utmost safety.

It is a special case in vehicle manufacture when all
load-bearing parts of the vehicle, that is, its
cnassis, body-framing and the cladding of its
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superstructure, are made from an aluminium allecy. In
this event - apart from weight amd fuel econcazies -
considerable sa i.ngs may also be arrived at in
manufacturine ind maintainance costus. ®ith the aid of
the relatively simple technology c¢f extrusion,
consoles and supports aof such sizes and sections may
be produced which - in contrast with rolled or folded
welded steel psartse - may permit wall-thicknesses at
different peoints to be so distribubted as to ensure
optimum mechanicel strergth.

In addition &6 carrying loads, such partz znd
components are also dezigned to perform varisus
additicnal functions [@S}. Owing tu tbis, and in view
of the large variety sf sectioral amd loangitudinal
dimensions involved, the use of such profiles may
also save a great deal of labour costs E?é].

The lower specific weight of aluminium results in a
lower self-weight of the vehicle, implyiryg, in turn,
¢onsideravle fuel or power economies. Moreaover, in
the absence of corresion, the walls of aluminiua
meroers remain intact throughout the time the
vehicle i serviceable, with no dismounting, surface
treatment and re-assembly being necessary froam time
te tiwme.

The weighi reduction may cawse minor wesar in rolling
abock running-gear amd underframe. In case of
collision, the =zhock absgorption of alumin’im iz more
favourable than that of steel,

A negative factor in aluminium usage at the ouctset
13 the relatively nigher pricing ¢f aluminium.
dowever, this 1g gffset in the long run by fuel ar
power econcmies derived frow tte lower specific
welght of zluminium and the labour-saving desizn of

aluniniuvm 3ecticns @éxﬁﬁ Wﬂ;?ﬂ ?ﬂ.

L
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No doubt, the aggregate amount of specific energy
embodied in an aluminium finished product is higher
than that of other structural materials. This in
ivself, however, taken out of its context, is highly
deceptive; for wiile a tramsport vehicle is
serviceable, usualiy nine times as much energy may
be saved than %the surnlus energy involved in the
manufacture or aluminium parts amd components. In
case of aluminium undergrourd railway carriages the
situstion is even better: 1,5-2 years suffice to
meke up fer the aforesaid difference [?@ .

The realization of this fact, coupled with fresh
advances in modern extrusior techniques, have led
to the recerdtd purchase of 1,000 zluminium
undergrourd motor-carriages by the Paris Metro,
which were %rous chneaspsr than their steel
gounterparts [?%1. Encouragsed by such developments,
the Atlante subway tes now ordered similar
underground carriages frowm Eurcpe [?5}.

4,43 Agriculturel consumers

Because of the usual 1¢ugh handlinz of oubdoor
squipment by agriculture and the difficult leccal
cirzumstances that wsy prevail on site, guality
standaxds of alaminium items used by this sectnr
are in mosi cases high and exgeting. Corrosion
regiscance 1s an lwmpw 5zab cunsgiderabion in view of
toe large amount of chemicala used in axd
difficulties »f malntzinance by sgriculturs,

In agriculturse, aluwinium is feced with heavy
competition fvew two otuer stroctural maserials:
zinc—~coated ateel aid plasiizs. Who 15 to win in

toe face of such eonfliicting intarests, will
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always depend on the relative pricing and technical
features of thesz mmterials,

Tc illustrate the relative advantages of aluminium
usage in the field of agriculture, two concrete
examples will be cited, based partly on experiences
in Hungary and partly on such reported by literature.

Irriga%ion 3ystems

Irrigation systems greatly vary with the site where
they are to be ins:alled. They are different in

case of arable land from such as are used in gardening.
Their design too depends on whether rainers, sprink-
lers or subsoil irrigation is required.

Aluminivm irrigation systems are usualily installed
in -ruble land using pipelines that are

- easy Lo re-gite
- jelf-propelling or
- trailable over longer digtances.

For whatever purpose used, their coaron feature 1is
mobility. Hence, next to corrosion resistance,
their two other prerequisites are lightness and
gsufficient mechanical strength. 1a weight aluminiuw
compares most favourab.y with zinc-coated steel; as
for mecnanical strength, it 1s far superior %o
plastics.

Re-gi1teable systems are degigne” with one main
plpeline and three ar six secondéary pivelines. The
length of each cowmponent pipe is o metres. Their
two enmds are :i..ed with fast lockiang joints,
Re-siteable syztems difrfer frcm the two athers by
their fast-lockirg Jjolnts. They are either of the
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Terrot or Wright-Rain %ype; the former are firmly
fitting mechanical shackles, whereas the latter use
the pressure of irrigation water to tighten the
packing rings. Beth types allow for a z 150
deflection from the pipe axis. Ir Hungary mechanical

locking is more widespread.

The principal dimensions of the main pipes are as
follows:

Inside dismeter 120 millimetres

Iength 6 metres
Gauge 1,2 millimetre
Weight 11.15 kg/piece

As for secondary pipes, the principasl dimensions
are given below:

Ingide diameter 87 millimetres
Iength 6 metres
Gauge 1,2 millimetre
Weight 7.8 kg/plece

Both are welded from an aluminium alloy band. Their
2

test pressure is 160 N/mm™.

The re-siting of self-propelled rain applicators
calls for considerably less physicai labour, the
work being done on rollers by the system’s own
motor. A standardized rain-applicator system 1is
made up from welded aluminium alloy pipes of 130-
millimetre diameter.

A trailable pipeline system is acting as the main
pipeline of the self-propelled rain appiicators.
By its use nard physical labour in re-siting the
maln pipeline may be dispensed with. Here the
welded aluminium pipes are of 159-millimetre
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diameter and 2-millimetre gauge. The number of wheels
is 46 pairs; the sideline piping is resting on 19
rollers.

Re-siteable irrigation systems msy be used for any
kind of outdour cultivation in arable lands, flelds,
large orchards or vegetable gardens, even on unsven oOr
sloping ground. A trailable equipment is only suitable
for operation on flat ground, but far any sort of
cultivation, whereas self-propelled rain applicators
will irrigate only plants not taller than one metre
cultivated on flat ground. /For the irrigation of
orchards they are thus unsuitable./

4,43.2 Gardening

The size of irrigation pipes used by gardening in
greenhouscs and fouil tents are consilerably smaller
than those normelly used in the fields. In earlier
years, stable aluminium irrigation pipes too were
ised for such ends, but by now tLhese bave completely
disappeared giving way to plastics, especially
polyethylene ones.

Same applies also to the sprinklers used outdoors for
the irrigation of vineyards amd smaller orchards.

Subg3oll irrigation is predominanftly used 1in

vege table cultivation. Dug intc the scil such
pipes are destined to water the recots of plants.
Here too, as a rule, plagtirs piping is laid,
aluminium being used 1n such so0ils only where upon
changing from one culture to the other the
desinfection of the so0il has to be done by high-
temperature heating instead of by chewmicals.
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Generslly speaking, aluminlum for irrigation ends may
in this field not compete with plastics. Tt may,
however, be used with advantage as the framework of
foil tents or as poles amd supports in viniculture.

¥oll tents are usually avallable in two sizes; they
are eitner 4.5-metre wide structures dug into the
graund, fitted with a framework c¢f aluminium tuping
made Ifrsm 300 om dia. by l.5 mm gauge pipes, Or are
7<5-netre wide with a framework of 40 mm dia. by 2
mm gauge tubing.

In temperate climates like that of Hungary, such
plastics tents have found wide acceptance for
growing vegetables, scedlings and firstlings, the
costs of erecting them being only 10% that of
conventional greenhouses.

The use of aluminium profiles as vine-grape poles
an. supports, 09, is catching on. One of the
principal reasons for this is that 1n contrast

with tiaober and concrete, they lend themselves well
to mechanized handling. They are 3-metre tall, made
froew 2.5 am by 40 mm by 60 mm fcided aluminium
channel sections to be driven into the ground in
svacings of 8 metres by a hydraulic device mounted
on a tractor. The use of grape harvesters too

calls 2or an elimination of timber anmd concrete far
such ends. In facing competition from other

metals, its corrosion resistance aml easy
mairntainance present great advantages.

4.44 Buildinr apd ccecnstruction

A coroliar: to econgsamir growth is an intensification
oy 1nv stuwents. Nowter- . this g9 much in evidence

4o, ; S ¢ SNSRI S 6L, wuere the
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facilities, agricultural prewmises and 2ffice b
impediately strixes the eye. With livins standards
impraving, the erection of comamunal buildings and
multi-storey apartment blccks too follow suit, creating
a pressure 2f demnd which traditiocnal building
me thods are no longer able 50 cope with. 1kis calls
far a thorough revision of c¢onventional archictectural
thinking througnout the world, with wmore sophisticated
building techniques, preZabrication and light
constructions emerging in its weke. Where building
capacities are ilnadecuate or no ouillding izdustry is
reraving at all, this new concept may afford the
following advantages:

- Facilities for prefabricaticn may be convaniently
sited in areas where a wmore or less advanced stage
of irdustrialization already exists and where th
necessary infrastructure 1is available;

- On setting-up multi~purpose irncdustrial undertakings
/aetal-working, mechanical epgineering, etc./ such
facilities may alsc take care of wanufacthuring
prefabricated building compornents, wheredy part of
the heavy expenditure usually invalved in erecting
separate bullding material plants my e saved;

- In coampariran to conventicnal building methods,
light consvructions tend to recuce built-in valumes
of material to one-fifth or one-tenth, permitting
great economles in transport costs;

- Assembly aad inst-llation work require a smaller
anount of gkilled labgur;

- The completior of pro,;:cts may be speeder up,

planned capacities may g- an gtream earlier.
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RooZing and sidewauls

In light constructlion it is 2f paracount ilmzortance
tha: prefabricated rooing and sidewall compsnents
currently avaeilable in sufficient guantities ready
for assenmbly on site. To this effect, first <f all
varicus rolled sluminium products such as corrugated
shee s, sandwich panels and other combinations of
rolled aluminiuz may be used with advantage. Such
aluminium usege replaces large guantities 2f zinc-
ted steel, This i1s anp liaportant consideration

m

c2
especially 1n regions woere owing to the local
cli

Tate stez2l unmler the zinc-coating soon osegins Lo

In building and construction, the foremost fiell

n

where saluminium mmy ve applied witi advantacge

~ irlustrial premises and storeroous;

- bays of frawmed desigrn, featuring large rocfiag
cans; such prewmises are usually steel-framed, as
a cladding carrugated aluminium sheets, aluminium
sheet-coated sandwich panels ar other comiined
prefabricated components my be usecd;

- agricultural premises where livestock is kept,
usually designed witn a roofing of swaller span.
In view of the large nuwmber of buildings and the
fast changing animal husbandry technolog
involved, building costs have o be keyt on the

wodest side. For this reason, frequently aluwinium-

clad timber framing is employed;

- facilities for the cold-storage of deen-freezing
o0f fruit amd meat; in such premises nowadays

exclusively aluminium sandwich panel: are used;
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-~ for cladding the frames of public edifices and
epartment buildings, aluminium sandwich panel walls
and partitions may be employed; also. in tropical
climates various types of shade-reflecting surfaces
and ventilation shells may be made from aluminium;

- a= interesting field of application - at{ present
still in an experimental stage - are aluminium-clad
sun convectors, with the aid of which som of the
heat epergy required in buildings /e.g. hot water
supply/ may be geperated in this natural way /see
also sub-chapter 4.3/,

In raising sidewalls or putting up a roofing, as a
rule corrugated aluminium sheets are used. They are
made froa oedium-wide /1,000-1,200 mm/ or wide
/1,200~1,600 mm/ strip, corrugated longitudinally so
as to assume sufficient rigidity. Their usual
material 1san AlMn, or Alugl_3 allcv. Being

coi .ugated lengtwise, they are available 1in any
desired length depending on the possibilities of
transpart. Their width is determined by the
technology of their manufacture and the actuai
width nf the strip from which they are rolled. In
the finished state they are as a rule 600-1,200 am
wide. The tuickness of the sheet will alse depend on
where am: for what em s they are to be used, what
loads they are tu cope with amd how deep t'e
corrugations have to be. The usual thickness of
corrugated aluminium sheete varies from Q.45 to 1.2-
millimetre.

Waelgnt per surface unit I3 usually withkin the 1.2

l . .
kg/m~ - S.4 kg/m2 range, with 3 kg/m2 beinz a fair
economical average. In using corrugated sheets on a

commercial scale, various aluminium 1 .stenere and
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other items of aluminium hardware are necessary. Theilr
local manufacture has to be organized simultaneously
with installing sheet corrugating facilities. Such
alurinium hardware includes

- rain gutters

- parapets am

- corner joints or such as to be employed for
connecting window frames or components made from
aluminium or other structural materials; such parts
are profiles, cold-formed by folding or by passing
them through a set of rollers.

By a suitable design uf fasteners, joints and
aluminium bardware a greet deal of labcur and
scaffolding costs may be saved. Moreover, if expertly
designed, they may counterbalance the effects of
slizht expansion and contraction sluminium

structures are exposed to in the preserce of changing
climatic conditions, amd may protect them from
rainwater leaskage, prolonging thereby their age of
soundness.

Witk the same end 1in view, various types oZf
aluminium claduing systems have beern developed,
differing from one another only is slight detail
/e+g. such as designed by Alusuisse, Alfal-Cegedur,
etc./.

A single-layer uninsulated corrugated aluminium
etieet cladding may be fitted with thermal ins.lation
guspended or placed behind it. A thermally well
insulating sidewall or roofing may, furthermore, ve
arrived at by placing an insulation between two
corrugaved aluminium sheet claddings. The inside
cladding cmay alus be made from wood or some other
building material. In such an even%, of course, a



further set of coampcnents have %o be added such as

- distance pieces
- adjustable trusses and
- secondary ricbing.

Major aluminium producers have all developed suitabie
designs of insulated sidewall and roofing syste.s as
well,

One drawback of light constructions is the dsager of
getting over-heated when exposed to warm sunshine. Tn
tropical regions even with traditional techniques it
is difficult %o provide a room temperature required to
house delicate equipment /e.g. computers/ or to
ensure a feeling of comfort to the inmates of such
buildings. To reduce the ill-effects of over-heating,
special aluminium screening séstems have been devised
to be gited as members independent from tke rcofing,
pernitting thereby effective ventilaticn between
screening and roofing. Surplus costs involved in
installing such shading screens are amply repaid by
economies in air-conditioning or the complete
elimination of the lafter.

Another widely accepted prefabricated building
comporent is the sandwich panel, featuring a rigid
olastics foam core firmly fixed between two hardwood,
plastics, steel or aluminivw claddings. The plastics
core is usually polyurethane or isocyan-urate, but
throughout the world research is under way toc develop
a more fireproof type of plastics foam. The ready-made
panels are usually 8,000-12,000-millimetre long and
600~-1,500-nillinetre wide. The aluminium cladding is
made as a rule from a O.6-1-millimetre strip of

medium width passed thiough a get of rollers for
corrugation. Claiding edges ure so shaped as to permit



assembly on site forthwith.

Whi'e the great majcrity of sandwich panels 1s used as
sidewalls, there are also some speclal ones to serve
as part af the roofing. In installing them, great
attention has to be cevoted to effective rainwater
sealing.

The overall thickness of panels used in industrial and
agricultural premises as well as in public buildings
is 35 - 55 millimetres. Such panels contain 5.5
kilogrammes of aluminium and 2 kilogrammes of plastics
per square metre of panel.

In the construction of cold-storage roows thicker
panels have to be used: 80-100 millimetres for fruit
and 200-300 millimetres for the deep-freezing of
other food. Upon assembly they have to be joilned with
the utmost care amd accuracy.

Compared to otner designs, aluminium claddings of
sandwich panels have the distinct advantage that
owing to their corrosion-resistance no extra surface
treatment is necessary on installation, nor is there
any maintalnance work to be don> later. The surplus
expenditure involved in erecting such premises 1is
amply repaid in the form 9f cost savings within 5 - 8
years. Foliowing this, the application of aluminium
in cold-storage room construction is not only
technologically useful, but also financially a

sound proposition.

Recently, a special type of prefabricated roofing

has been put on the market by the Hungarian Aluminium
Corporation under the trade name of ALU-DONGA. It is
of an arched shell design where two corrugated
«luminium sheet layers are connected vy rigid wmetal

r.bs with a suitable insulation placed in and
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between. C“he roofing is available in 12-l14-dmetre long
spans wnich are held in position withous extra
trusses or supgorks. Being fully prefabricated, their
installation is both time-savins and highiy
ecunomical., Over “onger distances, however, they are
difficult to transport cwing to the poor utilization
of shipping space.

Substitution of other materials by aluminium

3y using aluminium in building and construction,
first of all .raditional silicate—dased building
materials may be repiaged. But aluaminium in this
field has alsa a great potential in substituting
zinc- or plastic-coated steel f3r reasons
demonstrated ctelow.

8y using ore ton aluminiuam sheet 2.4 -~ 2.6-ton steel
plate and $.2 - 0.25-ton zinc-ccatlng may ve
replaced. Msreover, the aze of soundness of an
aluminium sheet is several times that 2f a steel-
plated ore without extra maintainance, whereas zinc-

coated steel has tc be surface-treated every 2 - &4
years.

Rain gutters

-

An effective rainwater disposal syscem 13 essential
in amy alumini~u light const-uction design. Tts lack,
poor desizn or damage may ceuse indirect financial

logz amd depreciate the value 32f the bullding.

rd

The traditisnal mterial of rain gutters 1is zinc,
though earlier 1in some cases, alsc copper had

been used. However, the relative pricing 9f zinc
Kept on rising throughout the last decades,
therefore a3 from the 1910’3 zinc-coated steel came

into general use., But trz thin and often not
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~ontinous zinc-coating is not a fully-fledged
substitute Jf zinc-plate, which normally remelns
serviceable for 30--0 years. As a rule, after 2 - 3
years of use, on toe surface 9of zinc-coating specks
¢f rust pecome visible axd after 5 - © years the
rain gutters become defective at several points and
have to be replaced.

Attepts were mace to prolong thelr age by adding a
paint coat successively. However, what with the
extra labour and paint ccsts involved, this did not
prove a paying proposi ion and has never been
practised on a larger scale except for small

houses in private ownership. The prepainting of the
zinrn-coated steel plate by using an effective
priming and vigh quality paint ccating proved to be
more useful; this costly uperation did actually
prclong the serviceability of tke rain gutter Dy
10-15 years, but this in itself wac but a fraction
of how long a genuine zinc-plate may last.
Experiaments were also conducted to use plastics
rain gutters /PVC or shatterpruof polysteryne/.
Such usage, however, fell short of expectatioans,

hecause .S 1its posr cost-effectiveness.

The obvious answer to the problem had appeared to
be aluminium. Notwitnstandin:s some random attempts
made earlier, it was not until 1966 that organized
resezrch in this context could be started in
Hungary. daile in 1970 only 2-3% of the rain
gatters had been made from aluminium, in 1976 this
figure rose to 30%. By now facilities for the
manufacture 2f fasteners, fittings and otner

auxllizry components, toc, are availavle.
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According to experience so IaT, rain gutters fcr
geperal use should Dbe manufactured I

nillimetre aluminium sheet,

Outdoor corrosion trials with 99.5% half-hard
aluminium sheets amd such of other specifications
nave yielded the following experimental results:

- After exposure for six months, a sprinkling <f
small white removable corrosion spots appear:Z oD

the surface of the test pleces;

- Following this, the intensity of corrosicn tended
to slow down; even after several years, corrosion
did not grow substantially, nor have the expcsed
test pieces become defective at any polnty

- The rate at which such white spots develcy, 2as
well as their density, was observed to vary with
the intensity of ambient air pollutionj

- Underneath the impuriiics depositing on the
surface of suspended rain-gutters corrssive
inroads were fovmd to be more frequent;

- On undoing unfastenable joints, the insulation
placed between two different metals to avold
direct contact was at various pamts fowd to Dde
defective: in spite 2f this, either no or anly
a slight degree 2f contact corrcsion could de

gbserved ;

- The rear and the edges of thz claddings are in
direct contact with substances prone to aikaeliae
reaction /mortar, cement concrete/. I1f such
aluminium parts are not praoperly wmsuated,
humidity entering 1lnts the resultant gaps nay

cause cgrrasive changes;




- Apart from the white spots referred to above,
substartial corrosive changes could nowhere be

discerned;

- Labcratory tests have demonstrated that the depth
uf corrosive inrcads does not increase
proportionately with time, that is, the rate and
intensity of corrosion tend to slow down in the
lonz run.

To prevent (orrosive dawnuage to suspended aluminium
rain gutters by impurities amassing in them, they
bave to be given a greater tilt upon mounting than
that of zinc—-coated steel ones. If in raising a new
edifice aluminium building hardware is used, all
parts have tn be aluminium. When in the course of
renovation aluminium building hardware is employed,
as far as possible all other parts too should be
exchanged for aluminium. The use of different

metals side by side is harmful amd should be avgided.

The principal dimensions of aluminium building
hardware are practically 1dentical with those of
zinc or zinc-coated steel ones with the following
reservations:

- 99.,5% half-hard aluminiua sheet of 0.8-millimetre
thickneas has to be used;

- At a maximum distance of 1lO0-metres from points
where suspended structures are firmly fixed /e.g.
pipe-end joints/ water-tight clearances for
expansion have to be provided for.

In view of the properties of alumir‘um, rain gutters
have to be installed with a slope of 3-u4%,

Moreover, rain gutter brackets have to be mounted

at regular distances of 1,000 millimetres with a
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tolerance of ¥ 100 millimetres and placed so shat
tney may ensure the desired slope.

No effective technology has so far been devised to
solder aluminium building components on a commercial
scale. Therefore aluminium members may at present
only be joined by riveting or faolded joints. Rivets
have to be of aluminium or another material
compatible with aluminium.

Aluminium .nd other me tals may not be directly
joined. To avcid the detrimental effects of
corrosion, contact surfaces have to be provided with
effective insulation.

Window frames apnd doors

Another aluminium outlet finding wide acceptance by
the building trade are aluminium window frawes.

latest advances is technolo, permit the manufacture
of window frame components of highest dimensional
accuracy, permitting easy and quick assembly on
site. Apart from the pressure of universal deaand
for more personal comfort, nowadays more and more
industrial plants, scientific and medical
institutions, tuo, call for an effective control

of temperature, humidity, sterility aod dust-
procfness in indoor areas.

Such claims may be fully met by applying modern
aluminium window frames amd doors of practical and
aesthetically appealins; desijgn.

In the following, first of all aluminium wind w
frames are to be dealt with at saome l~~nmth,

Bvidently, thelr desl ;i wi.ll be Jdeternin i




climstic conditions prevailing in the region where
they are %o be used. In  sub-tropical and
mediterranean climates /at mean temperature above

18 oC/ in momst cases single windows will suffice. For
economical considerations, in such regions usually
horizontally sliding or vertically moveable window
frames made from smasller aluminium sections may be
applied wita advantsage.

In order to ensure the high quality of such frames,
the componsnt aluwminium sections have to be anndized.
Tu permit a better utilization of available surface
treatment capacities, the extruded sections are ncw
usually anodized in full-length batches. The earlier
pr.:tice of welding the frame corners has therefore
been almost completely abandoned amd replaced by
&pplying mechanical carner joints.

For this purpose, next to screw fastenings, cast or
extruded section insets, drivemn-in nuts or cold-
formed fasteners bhave come into use.

Depending on size, the weight of a modern single
horizontal wluminium sliding window frame varies
from 4 kilogramm:8 to 7 kilogrammes per square
metre.

In temperate climates the use of insulated double
window panes is justified. Notwithstanding size,
the technology of their wmanufacture is practicslly
the eame as that of the single window frames. In
order to ensure air-tight sealing, special care
has to be devoted to applying effective fittings
/e.g. locks/ and packings /a.g. "brushes'"/. The
welghc of an ingulated dcuble aluminium window

frame ic about 4 - 7 kilogrammes per square metre.



In the warxe 9of rising fuel prices, a new aluminium
window frame design has emerged, featurinz wba: aay
be briefly referred tuv as "thermal bridges'". In suck
window frates, between the Juter ami inner aluainium
section surfaces, usually a plastics layer 1s added
which is a much pcorer thermal conductzer to
aluminium. Thereby the heat loss occurring in the
total structure may become c¢onsiderably smaller and
the danger of vapour conuensation too may be reduced
or completely eliminated. The plastics inset tends
to impair the mechanical strength of the window
frame; therefore the aluminium frame has to be more
robust, its weight usually ranging from 6
kilogrammes to 13 kilogrammes per square metre.

In reginns of higher mean temperature where the
number of suany hours is higher, the discosal of
ind.or surplus heat in summer is more difficult than
making up for hect losses in winter. Hence research
is now under way to develop new types of window
frames, where such 3urplus heat may be readily
reduced without applying a separate screening
systenm.

The first step towards resolving this problem has
been the introduction of light-reflecting window
panes. However, at present a more effective
solution is striven for, featuring a double window
where the two frames are placed 10-30 centimetres
apart anmd *he natural or artificially incited
airflow oetween the two may drive out the major
part of the surplus heat gemerated.

Cost savings in using aluminium window frames
accrue in operational overheads rather than in
capital expediture.



Accordi~-: t¢ an inquiry, in buildings of traditional
design 60-80% of the beat losses occurring in the
winter months is caused by neat transfer through the
building construction itsel:r and 20-40% by such as is
passing through the window frames. By using securely
insulated modern aluminium w*adow frames the latter
may be reduced to one-tenth. In a sizilar manner

- though to a lesser degree - zay summer neat be
reducad effectively by applylng windov frames of
suitable Jdesigne.

All tbis has a telling effect on euergy consuaption,
an area winere savings are elways welcome in the face
of steadily rising power ani fuel prices.

As far as alumlnium docrs are concesrned, different
heat-insulated designs are used in c¢sld-storage
rooos; large mecrnanically cperated aluminium dosrs
are installed as tre entrance to nangars, faciory
bays and scme public bulldings; aluminium dsers and
gates are also to be found 1in agricultural and
animal farming premises, sheds and silos.

Msnufacture of winaow frames ard doors

The continuous supply of aluminium wind.w frames
calls for the availability of aluminium extrucicns
in sufficient volumes and sultable specifiicatione.
Therefore 3t plants where aluminium window frames
are manufactured hydraulic pre. ses for the
extrusion 2f aluminium sections too are often
installed.

Investaent costs of aluminium window frame plants
greatly vary with the extent of wmechanization and
automation applied in techrology and with the rate

of productivity striven for. The installation of an
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emrloying a maxlmum labour force 2f £ may call I3
cacital expeandliture of up to 40 =z=illion U.S. dcliars.,
A plant of the same capacity with a coasiderads
go-e modest scale of mechanizatioa =27 rsughly cost
13 millisn dsllars; in tbis event, asweveT, & 2

fapce oF abou: 80 will have to be smployed.

Viscellanesus usages

Ip addition &3 aluminium gutlets discussed 1o tte
Fad

- aluminium %tube scaffolding for constructisn 9r

rengvation
- curtain walls, exterior building cladding
- banisters, friezes, ladders

- brnilding engineering ingtallatizns, air ducts,
sadiators and coolers /see alss sub-chapter “.3/

In recent times the complex prefabrication and use
of small aluminium~frased building constructions
nave been steadily gaining ground. /In the early
past-war period when a great deal or aircraft
manufacturing capacities had becooe idle. the firsst
of such aluminium constructions had zppeared on the
U.3. and British market; however, 0wing to using an
unsuitable ailey giving rise to corrosion, coupled
with certain chortcomings in design, these first
attempts proved to be a failure/.

At present two sys-ems of small prefabricased
aluminium ouilding constructicns are used on a
commercial scalae:
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- the so=-called mobile hozes, a sort of "dwelling
contsiners", which are trapsoorted oo anod erected
on site as a coampletely rrefaoricated anmd self-
contained ciagle unit;

- the module system, percitiing a large combination
of she fracing, rc:iing, sile panels, room

S o

divicders, wiznicy Irze

on s:te.
In price, alumin .z Constructlons like this fail
shart of comparzcle OUllilngs where traditional

materials are used. 3Suci ziuminium constructions

are viable ncnetheless when applied with foresight

for specific aims where their usage 1S justified.

St-~h usage includes

- tempsorary sremises that have to Dde moved later and
where dismourting an® re-—-erection costs are lowe.
than that of building new ones /e.g. at sites
where a new bniliing development or industrial

proiect is being set up/;

- in areas difficult of access or where manoeuv-

rability is poor;

- where quick construction is aimed at.

In regions of inadequate infrastructure they may
present the followirg extra advantages:

- with transport over longer distances being costly
and difficult, the lightness of building
structures and their components is an important
consideration;

- labour - especially skilled one - is often hard
to come by on site; by contrast, work involved
in the assembly or imstallation of such



)
-
el
At

[}

prefabricated constructions is aminimal.

Aluminium-framed bu’lding constructions my have
maximum two storeys; their premises are designed
with medium or small spans nort exceeding © metres.
They may be used with advantage as

- bungalows or bunkhouses

- offices

- workshops, laboratories, engine rooms

- schools, dispensaries, cunsultation rooms and
motels.

The first mobile homes were developed in the United
States. The aluminium framing is usually dispat:hed
with welded joints to site, ready for installation.
Tts material is a bhigh-strength AlZnMg alloy
lending itself well to welding.

The aluminium-framed system developed by Alusuisse
is similar; bere the welded frames are dispatched
to site to be joined by screws.

The "Trelement™ and "ASB" /Aluminium Struktur Bau/
ayscems developed in Federal Germany feature
gluminium rods cut to measure, bored and fitted
with fastening devices to be secured with screws
cn gite,

The so-called "ALUTZR" system now being developed
by the Hungarian Aluminium Corporation is featuring
maximum prefabrication coupled with a ainimum of
labour. The framing is of a welded design and the
ingide partitions and outer panels toc are
prefabricated; to perait the variability of apace
inside, each panel amd partition is fastened to

the framing by a simple catch.



All the systers outlined abcve have two things in
comrcn: ~n one hand, they take utmost advantage of
the possibilities afforded by the design of the
extrusiuns, and on the otcer hand they apply Jjoints
easy to manipulate in connecting joists, roofing and
sidewalls with cthe framework,

The amount cf aluminium used in these systeds vary
from 10 kilogrammes to *0 kilogrammes per square
me tre of each storey.
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SOURCZS OF ENOW-HON AND TECHNOLOGY

Exploring new aluminium outlets and replacilng traditional
gtructural materizls by aluminium is a complex and
difficult task calling for plenty of foresight and a
great deal of information.

There is an extensive network cf research and decsigning
:ngtitutes as well as technical development agenciles
throughout the world dealing with a large variety of
gcientific and practical aspects of me tallurgy, semi-
manufacture, casting, plastic defaormation, welding and
surface treatment of aluminium. They represent one
source from which useful information may de forthcoming
to those who are already engagea at some particular
stage in aluminium production or who are about to
embark on such a venture. #hile the role of these
institutions is significant in imparting such
information, the various engineering echelons
responsible for ruoning industry way not dispense wit
the experience of specialists operating in actual field
work, that is, where the aluminium products are
manufactured or equipment for their msnufacture may De
obtained. Accordingly, potential sources of technology
and know-how are also inseparable from

- the long~standing experience of the large aluminiuam
producers,

- technical information and assistance available from
the manufacturers of specific products,

- the expertise of equipment manufacturers, and

- the experiences of those operating such equipment
or of custumers buying products made with the aid of
such equipuent.




The large aluminium producers of the world are, as a rule,
prepared to act as consuliants and to impart technical
informetion and know-how, when called upon to do so. In
guch caces, however, they also count on the cooperation
of their business partners in helping them appraise the
aarket situation prevailing on site,

There is no general recipe of how to proceed in such
cases. With issues involved being complex and depending
on a combination of circumstances, the following are just
some random examplss chosen from three most essential
fields of aluminium usage to demonstrate as ts how and
from what gource technology and know-how may be

obtained.

5.1 Electrical engineering

dg to how aluminium may best replace other
structural materials in electrical engineering has
been amply expounded in chapter 4.l1l. In this field
nearly all lacrge aluminium companies of the world
nay furnish technica! advice amd assistance or sell
technology and know-how, especially as far as the
manufactire of up-to-date conductor material is
concerned ,composition of the conductor,
manafacture of rod wire by continuous casting from
molten metal, the drawir~ and heat-treatment of
wires/. Cases in point are the Fungarian Aluminium
Corporation /Pozsonyl ut 56, H-1133 Budapest,
Hungary/ with great experience in the manufacture
6f unalloyed and alloyed wire for overhead lines,
CEGEDUE /Avenue Marceau, F-75361 Paris, PFrance/, a
gubsidi~-7 of the Pechiney concern, which has
developed an advanced technology for the
manufacture of a high-strength alloyed conduckor
of excellent conductiviby,or the Southwire Company
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/Fertilla Street, P.0.B.1000, Carrolton, Georgia
30117, USA/, a manufacturer cf flexible conductor of
reduced creep, especially suited for installation or
winding purposes. A firm wishiag to take up

conductor manufacture is advised to contact one of
the large specialists in this field with a view to
concluding arrangements for the purchase cf its know-
how amd technology. The firm imparting such

technical information should also be ready tc

furnish his partner a list of references, stating the
experiences of its own customers in using such
conductors. Thus a prospective buyer may be
familiarized with the current experiences of firms
installing or using overhead lines, serial cables,
service wmainsg aid telecommunication networks. The
latter may also make useful suggestions as to the
selection of suitable fittinge, an important
consideration in reliable installation work.

Hungarian industry has been a major manufacturer of
aluminium cables, elec. _-cal engineering equipment
and fittings for more tuan 30 yearsa. Next to
meeting the impact of domestic demand, significant
vciumes are also exported. In order to apply
advanced technologies in manufacture, installation
and usage, Hungarian industry has concluded
numerous cooperation agreements with foreign firms
as well. Scme of thewe cooperation arrangements
call for joint ventures in third countries /e.g. a
complete long—-distance power transmission line in
Jordan; power wcrks in cooperation with FIAT in
Turkey, featuring aluminium outdoor switchgear; the

complete lighting system of sports grounds and
stadiums, etc./.




5.2

Know-how and technology as a whole at different stages
of production amd consumption are 1lntimately tied up
with vne another. To permit a better understanding of
how such underlying issues are interwowen in electrical
engineering, a few concrete examples may be found in

Table 35.

Cnemical engineering and food industry

Wiether and how far further advances may be made in
aluminium usage in electrical engineering rests a
great deal with the innovative spirit of industries
concerned in the genmeration, traasmission ami use of
electric power. To thls end, tke aluminium industry as
such, furnishes the raw material only; in dzing so,
however, 1t certainly does ilncur a certain amount of
financial risk in testing new possibilities and if
proamising, developing new techrologies. The situation
with regard to the food imdustry, however, 1is
different. Here it is up to the aluminium industry in
the first place to launch new ideas especially in the
field of food packaging, assuming full responsibility
for the costly and 2ften lengthy trials involved,
together with most of the financial risks of the
latter. At times it is also setting up joint ventures
or even subsidiaries with the participaticn of major
potential consumers for the implementation of
programmes after having tested their feasibility by
trials on a laboratory or pi.ot plant scale. /E.g.
beer casks in partnership with breweries; various
types of cans in partnership with the canneries; new
foil combinations in partnership with the food
processing industry; packaging in partnership with
0il refineries ar pesticide manufacturers. /The

aluminiua industry in most cases is fully fariliar
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Complex gpurces of know-=how exemplified in the fie]ld ¢f electrice] yogineering
Product Techaology Technicsl development, application, tostellation
Sources of Sources of Sources of
Iten wnow-how 1tem xoow-how Itenm ko ow-how
1. 2. ). .. .. 6.

Raw material of
sverhesd cocductors
aod cablee

Bubnzariso Aluminiua
Corporation /M:\T/,
Postony!l ut %6,
H-1133 Budeprat,
Hucgery.

H.o-arlan Aluslalume
Coarporation SudAT/

Contiauous

casrtiag Yoeroayi ut St,
of rod wire H-1321%, Budspent,
Hoogary

Usalloyed and
slloyed unineulated

Huoxariao Cable
Yorke /0, Budsfoki
ot oo, B-117

Continuoue Ruogar iz Alumioilum
Corpurstiou ‘MAT/

g bae
srtrizics fuliznvt ut Sb,

wirer ascd cadles Budspest, Huogary with extra B-11133, bBuuajyest,
qungary
"Decezder 4" fire t=ooth
Sorke, H-31501 surface
Miexole, P.O.B. 17.
Ruangery Coatiououe CEGIDLR 66 sznuc
Marceau P-75361
castiag of Parie, Praace
alloyed ryd
iire
Iarnlsted cooduotors Buagsrian Cable Plastice tceu- Auogerian Cable
¢ cables /up t Sorke /uT2Y/, Budafokl lation, icau- Morks /NIW/,
and cadles /up 1o ut 60, B-1117 lation of Budafoui ut 60,
“20 wV/ Budapests, Hungsry ebeathing, B~1117 Budspeed,

Sieverias Kadelwerk
AB, 10 Aliogser,
Lorky, Sweden

Alcan Ltd,, Dufour-
straess 43, Zurich,
Snltlorluu&

scresning with Huogary
continuout

aluminium

etrip

Techoical developmect of sad
tpezificeations as to elranded
conductore, aluminlium bars,
fittinge, lotinte, load-
tearing stru~tures aead
claddinge

Resesrch Inetitute of Zlectrical
loeineeriog /VEIK1/

Irinzl utca 1, P,O.B, 231,
u-x;ie Budepest, Hungary.

Reeearch and _evelopzeat loetitute
of the Huasariso Al.atnium
Induatry /ALLTERY-PKI/, ¥¢.0.3.
BE-13)87 iudloaat, Huc sery.,

a7,

Overcoead conduetor and
a«tle teationg atating

Denign of pnEar “ai~arks
and erub-etations

Ioevallattion ~f _verread
iioes eod serial ~a:zles

Research laeti{t.te of
sngineertny /VYIIKI/
Zrinyl utca 1., P,0.B., 1)),
h-1368 Budapers, Yungcry,

Jlmetrical

Dotlfrtng Zoterprise of Pqner
Statioo® ac4d stworke /I [P/
Sséchény. ravpary ), P.O.B, 23,
B.1%61 Bucapest, “uoxary

Javia, U lsctric Treoesleslon .i:ne
Laterprta ALUIT, PULLRL BT,
T=13CH Bula, et ilungary.

Jou:h Trensdecu*.°n Tlectric Power
Supply Ioterprise / FIAGZL/

F.0.B, 99,

E-7601, Péce, Hucgar,

Cablee asracded
froa slumoweld
wiree

Vereloigte Xetallwer-
ke Ranehoten-Berodort
Uresnisetrazee 2,
4-1010 Vienaos,
Austria
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2. 3.

4,

S.

6.

Ovsrhead cooductors
and cabdle fittloge

Electrio Rquipment
and Apparstus Vorks
/VBKM-BKA/ PUsér
utca 37-39, P.O.B,
20, H=145T7 Budapest,
Buogery.

Allgemeine EBlektrisi-
tits-GCosellachatt
/ABG/, Bebelstrsase
24, D=7 Stuttgert,
P-Jornl Germany

AMP QmbdE fUr lbtfretie

Cable-laying acd inetallation
inetructions

Deaigniog Znterpriese for
Electric Powar Statinas aad
Hetworks /ZRU[ERV/, Suécnényl
rakpart 3, P,0.B, 23, H-1361
Budapest, Hucgary.

Layiang of underground cables

BLd:ﬁ..' Electric Power Aorxs
/2Ld)/, Vdet ut 72-74, P,0.B. 511,
H-1393 Budaepest, duagary

Rlectrical Inetallstina Eotarprine,
/VIV/, 3ip utea 23, P,0.B. 67,
!-1406 Budapest, Huagary,

Alumioium
telecomxzunication
cables

Anachlusstechatk,

Ampere=3trasee 7-11,

D~60T Laaget bei

Praokfurt/M, Pederal

GCermany

Soutbwire Coapeny, Plastice-

Pertilla Streat, shesthiag

P.0.B.1000, Carrolton, oil-filled

GCeorgia 30117, USa iasulated
cablen

Southwire Compeny
P.0.B, 1000,
Fertilla Strees,
Carrolton, GCeorgia
30117, USa

Alumipium dare

Alumiolum catle
chabba ks

Ssékeafehérvar Light
Liatel Torke, Adonyi
ut 64, P.0.B. 1020
B-8001 Sséxesterérvir
Huagary

Balarsagyarmst
dstalworking Eoterprise,
P,0.B. 30,

B-2660 Balastagyaraat,
Buagary

Iuetallation of service
maines, indoor coaductor
bara '

Blectrical Inetallatioa
Roterprise /VIV/ Sip u. 23,
P.C.B. 67.

H-1400 Budapest, iuogzsry.

lataleclad bars
acd switch
equipment

Rlectric Power ¥orks
Dasigning and
Inetsllation
;:torprllo /YEATESZ/,

hérvéri ut 106-112,
H-1509 Budapest,
Huagery

Rlectrio Bqui
Aigmtun or / VB M-
VAV/ K8érderki ut 136,
P.0,B. 59. B-1502
Budapest, Bungary.

o$ and

Iastallation of outdoor
sawitch equipasant

Blectrie Power work: leaignlog
acd Iastallation Knterpriee
/VIRTESL/, Pehérviéri ut 108-112.
P.C.B, 7

H-1509 Budapest, Hungery
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SP6 iosulated
slumipius ewiteh
squiprapt

BBC Aktiengeresllachsfd
Brown-Boveri, Postfach
85, CH-5401 Saden,

S-itlorland.

Gans Rlectirical Aorke,
LivShiés utca 139,
P.0.B., 63, H-1525
Sudapeet, Hungary

Alumiplum-wound
trassforaere

Ceepel Tracefor-cer
Pactory, IXI.GCyartelep,
?.0.B, 72,

B-1751 Budapeet,
Ruogery.

Traoeformstoren Loion
4.G., Eatsesoger
Strssee 150,
Hiraberg,Pedsral
Cerwany.

Teptinghouse Electiricsl
Company, Shargon, Ps.
16146, USa,

Baport acd {aport of
slectrical equipment,
apparet_s, coaductinre and
cabl!es

TRAUZ®ITATRO Zungurien Slectrical
Poreign Trade Company, Miaaich
Perenc utes 1), P,0.B. M7,
H-13194 Budajeet, Huogary.
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Capacitora

Mechanicel Aorkas
LadaraerdS, P.0.8,64.
8-1502 Rudepest, Hunga-y.

lightiog gesr

Tlectrical Equipmeot acd
Apparstis eorka /V3IEKN-
E¥A/, PUusér utca 37-39.
B-147S Budapeet, Huogary.
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with the manufacture nf such items. In buying such
know-how, however, 1t has to acquire also full
teconical information as to how such items have to be
used /e.g. how to fill and steriiize them at the
breweries or canneries, what regulations apply to
charging liquid gas bottles and cylinders, etc./.

Items under this heading have been amply discussed in
sub=-chapters 4.2 and 4.5, From the point of view of
how technology and know-how may be acquired, they may
be classed into three principal groupse.

The first group includes tanks amd containers with all
their complementary equipment used by the breweries
and dairies. ¥ith regard to these, in most cases the
aluminium industry itself is in a position to furnish
full documentation and know-how. However, it is
desirable that the holder of know-how should also be
familiar with techniques of how such tanks are to be
cleaned, as well as with all current experiences by
their users. E.g. as to special cleaning techniques of
dairy equipment the Dairy Research Ingtitute /BakAts
utca 8, H-1093 Budapest, Hungary/ or as to the
storage of raw fruit amd the cleaning of such
contaliners the Research Institute of Canning of the
Paprika Industry /Foldvari utca 4, H-1097 Budagest,
Hungary/ has a great deal of experience. As for high-
pressure liquid gas transport cylinders, technologies
developed by Kaiser Aluminium and Chemical .
Corporation /300 Lakeside Drive, Oakland, Cal. 94643,
USA and Kvaerner-Moss of Norway /see Aluminium _
/Dusseldorf/ 53:12:741-745, 1977/ may be recommended.
Further information on the latter may also be
furnished by Skanaluminium, P.0.B.1857, Vika, Osalo 1,
FNorway.



The second group includes producers of equipment
pmanufactured in large series on behalf cof the chemical
engineering industry or far other enmds. Items of

special interest in this connection are heat exchangers
/see sub-chapter 4.3/ amd liquid gas bottles. Know-how
aps documentation relating *: the manufacture and use of
neat exchangers may be obtained ir Hungary from the
Refrigerator Works /P.O.B. 64, H-5100 Jaszberérny,
Hungary/, whereas information on the use and manufac ture
of ribbed tubes used in beat exhangers /see sub-chapter
z,21/ my be available at the Hungarian Aluminium
Corporation /Pozsonyi ut 56, H-1133 Budapest, Hungary/.

In Burope, virtually the only manufacturer of
aluminium l1iquid gas bottles am. cylinders is the
Aluminium Ware Factory /Erzsébet kiralyné ut 57-61,
H-1142 Budapest, Hungary/. The firm is prepared to
furnish know-how and informetion as to how facilities
for the manufacture of such items may be set up. A
latest novelty on the market are aluminiux seawater
desalinators.

Aluminium roll bonded integral tube sheets have
recently made also penetration intc sclar energy
collecting systems. One firm running a pilot plant
testing this novelty is Arbonia A.G. of Switzerland
/Firedenstrasse 11, CH-Arbon, Switzerland/. Further
information on this experiment is obtainable from
AFEDES of France /Associakion irancaise pour 1'Etnde
et le Development des Applications de 1’Energie
Solaire, 28 rue de la Source, F-75016 Paris, France/.

The third group encompasses .mannfacturers sf thin—
walled packapging ikems and foils. The largest

aluminium consumers in this field are the beer amd
soft drink can produners employing & wmall-—-redncing
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deen—dr ing /ironing/ technology in forming the body
of such cans and using easv—onening tops of special
design or their closure. Their manufacturing
technoulcgy bas been developed by the Aluminium
Cogpany of America /1501 Alcos Building, Pittsburgh,
Pa.15219, USA/ anmd Kaiser Aluminium Internatiunal
Corporation /300 Lakeside Drive, Oakland, Cal.94643,
USA/. The cans are manufactured partly by their own
subsidiaries ar by the Continental Can Company

4 ITandmark Square Stamford Connecticut 06201

USA/ or the Metal Box Company Limited /Queens House,
Forbury Road, Reading, Berkshire, England/ cooperating
with theam. Inquiries as to know=how a» technical
information should be addressed to either of these
firms. Technology and know-how of aluminium can
making /generally up to 200-300 ml capacity/ as well
as of easy-opening lids anml closures may be
purchased from CEBAL of France /47 rue de Monceau,
Paris 8e, France/, a subsidiary of tte Pechiney
concern or from Boxal S.A. of Switzerland /Fribourg,
Switzerland/, a subsidiary of Alusuisse, but many
other firms too are engaged in turning out cans in
large gserieg from i1acquered aluminium strip supplied
by the large aluminium manufacturers of the world.
One of such prominent can manufacturers is e.g. fhe
Blechpackungswerk, Stralsund, in the German
Democratic Republice. Well-reducing deep-drawing
/ironing/ lines aml equipment for making easy-
opening can tops are made by various engineering
firms including Karges-Hammer iaschinen G.m.b.H. of
the Federal Republic of Germany /Frankfurter Strasse
36, D-3300, Federal Republic of Gerwmany/.

The up-to-date clogure of glass jars is ensured oy
the so-called PANO screwless twist-up caps. They are
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marufactured by the Pano Verschluss G.m.b.H. of the
Federal Republic of Germany /Gausstrasse 29, P.0.B,
1526, D~2210 Itzehoe, Federal Republic of Germany/.
As for the so-ralled OMNIA caps, information is
available from Thomas Hunter Ltd., Omnia Works /2011
Rugby, England/. Food packaging in cold-extruded
30llapsible aluminium tubes 18 making great headway
all over the world /see sub-chapter 4.23.5/. In Fungary
5% of collapsible tube usage may be accounted for by
the food processing imdustry. Next to CERAL in France
and BOXAL of Switzerland referred to earlier, in
Hungary know-how and technoleogy of collapsible tnbe
manufacture may be obtained from the Matra Region
MevaL Works /H-333%2 Sirok, Hungary/. Also in Hungary,
cocmplete equipment for the manufacture of collapsible
tubes is manufactured by CHEMIMAS /Noszlopy ut 1,
H-110% Budav.est, Hungary/ cooperating with #ALL's of
the United EKin:dom. Full know-how as to the
processing of food to be packed in collapsible tubes
is obtainable from the Research Institute of Canning
and the Papriixa Industry 9f Hungary /%6ldvéri ut 4,
H-1097 Budapest, Hungary/. Automatic equipment for
filling and sealing collapsibple tubes have been
developed, 2mongst others, by Hamac-Hano,ella G.m.b.H.
of the Federal Republic of Germany /Viersen, Federal
Republic of Gerwmany/.

And finally, special mention has to be made of diverse
aluminium/plastics foil combinations ugsed in foil
packaging. In Europe, ploneer work in this respect

was dore by Alusulsse, putting a sterilizable
aluminium/polypropylene foil conbination on the market
known & Terlacon. In recent times similar packaging
has been developed by the Reynnlds Metals Company
/Richmond, Virginia, USA/ under the trade name of
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Flex-can, and by A3 Akerlund and Rauslng
Forpackningsforetaget Sodra Industriomradet of Sweden
/S=22101 Fack-Lund, Sweden/ featuring
polypropylene/sluminium foil/polypropylene combination
cans experiencing sigﬁificant gains on the market. The
same combination is also used in the manufacture of
collapsible tuves by the American Can Company
/Greenwich, Connecticut 06830, USA/. In Europe
equipment for making such collapsible tube is sold by
PUBMATIC Médgerle and Geiger of Switzerland
/Ackerstrasse 43, CH-8630 Uster, Switzerland/.

5¢3 Miscellaneous fielids

The producers and possibilities of acquiring technology
ancd know-how as cutlired in sub-chapters 5.l and 5.2
are tc a certain extent similar, in that the large
aluminium concerns as a rule may bring influence to
bear on electrical engineering firms, manufacturers

of food packaging items and the food processing plarcts
to sell know-how amdl technology to interested parties.
In contradistinction with this, know-how and
technology relating to general engineering, building
and construcbtion is usually held by smaller firas
which are ready compine the sale of know-how and
technology with that of equipment and machinery. A
case in point is a coopgration agreement concluded by
the Advance Pressure Castings Corporatiocm uf the USA
/53 State Highway, Denville, N.J.07834, USA/ and the
Hungarian Aluminium Corporation, under which not

only know~how ami technology has been furnished to
Hungary, but also advanced equipm2nt warranting the
high international standard of castings.

An almost endless number of similar examples cauld

te cited from other fields of general engineering as
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well, In the following, let us discuss only two of
these, which may be of general interest to the student
of advanced methods of joining amd surface treatwment.

The first one refers tc automatic aluminium welding.
Specialists in this field like Oerlikon A.G.
Schweissindustrie of Switzerland /Birchstrasse 230,
CH-8050 Zurich, Switzerland/, Sciaky S.A. of France
/119 Quai Jules Guesde, F-94400 Vitry/Seine, France/
or oSAB Elektriska Svetsnings AB of Sweden
/Herkulesgatan 72, Fack, S-40270 Goteborg, Sweden/
besides supplying equipment and filler wire, are also
prepared to furnish know-how amd technology.

The second area deserving special mention is
anodisation. Here the position is somewhat different,
in that manufacturers of anodisation equipment are
not always in a positior to furnish know-how and
technology of anodisation along with the equipment.
It is therefore expedient to contact specialists of
shis field 1like e.g. Langbein-Pfannhauger Werke A.G.
of the Federal Republic of Germany /P.C.B. 317,
D-4040 Neuss/Rhein, Federal Republic of Germany/ or
Friedricao 2lasberg G.m.b.H. Spezialfabrik fur
Galvantechnik also of the Federal Republic of
Germany /D 5650 Solingen 13, Federal mepublic of
Germany/, ard to imsist on technology and know-how

to be furnis:zd as well, as far as possible. However,
when especially delicate technolcecgies of anodization
are sought for /e.g. extra-hard anodization or
electrolitically colcured integral anodization/, it is
indispensable that kmnow-how and technology be
obtained simultaneonsly with ordering the equipment.
Such know-how and technology mey be furnished by the
manufacturer himself or by some independent expert

or scienktific institute. The reader is referred to in




this connection to the so-called "electroforming”
anodization process mentioned in sub-chapter 4.22, a
technique used by the Refrigerator Works of Hungary
/P.0.B.64, H-5100 Jaszberény, Hungary/ in providing
the inside of aluminium casks with a suitable surface
before a synthetic resin coating cculd be added.

In building sand construction the situation is even
mure difficult. In light constructions usually each
component is forming an integral part of a comple te
system. Here know-how anml technology may no longer be
confined to some minor detail, but every aspect of
the complete system has to be taken into account, from
the designing stage on up to how the components are
to be joined, assembled, transpcrted to acd installed
on gite., Most of the majar aluminium concerns, such
as AICAN Aluminium S.A. /13 Quai de 1'Ile CH-1211
Geneva 11, Switzerland/, ALUSUISSE /Feldeggstrasse 4,
CH~8034 Zurich, Switzerland/ amd others, have
documentation as to their own light construction
systems. The Research and Development Institute of
the Hungarian Aluminium Corporation /Pozsonyl ut 56,
H-1133 Budapest, Hungary/, too, has developed - in
cooperation with CEGEDUR of France - a light
construction system especially suited for use by
agriculture and animal farming. Its know-how and
designs have bean sold to several other countries
including Algeria, Iraq and Iran. Know-how and
documentation dealing with such complex systeams
including the light constructions as well as full
technological equipment are now obtainable in
Hungary from the B&bolna State Farm /H-2943 Babolna,
Hungary/ or in case of cold-storage rooms from the
Energy Management Institute /Bewm rakpart 33-34,
H-1027 Budapest, Hungary/.
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Before going shead with the manufacture of specific
products or their adaption to local conditions, it is
always advisabie to contact specialists familiar with
the technologies of their manufacture and with
techniques of their installetion and maintainance,
with special regard alsc t7 the joints amd other
auxiliary parts to be used. The institutes and agencies
referred to in sub-chapter 3.1 may usually help
prospective manafacturers find suitable partners;
they may also be of direct assistance and help, if
they are designing aml technical development
speclalists of that particular field thezselves.
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6. MEASURES TO FURTEER PRODUCT DEVELOPMENT EFFECTIVITY

For the aluminium industry of the world the boosting of
aluminium consumption is at all times an objective of
major concern. Not only does the finding of new outlets
geerate fresh demand in terms of volume, but also a
pressure for the semi-manufacturing mills and other
operators to develop advanced technologies, so as to
meet more anc mare sophisticated requiremerts forth-
coming from the consumer sectors in standa~s aad
specificationes-

Aluminium .as to face constant competition from other
materials., To keep its position firm ami to win new
marke ts is a painstaking and difficult process. In
these efforts assistance rendered by the advising
agencies referred to in sub-chapter 3.1 may be
invaluable. Next to the tasks discussed there at
length, these agencies may also

- help elaborate the general outlines of standard
specifications by means of suggestions and active
participation in such work;

- cooperate in compiling and editing textbcoks,
decumentatior and reference tables, and in
organizing lectures or post-graduate courses for
the benefit of engineering staff in the corsumer
sectors amd

~ actively participate, in concert with the local
authorities, in the implementation of projects
calling for economies in power or a znore rational
use of materials in shuot supply /e.g. fuel
economies in transport, the replacement of
materials expedient at gome given point in view of
the country’s balance of payments/.



Apart from exceptional cases, the penetration of aluminium
into new fields usually occurs in the form of replacing
some conventionzl material. In doing this, the innovator is
invariably called upon to break age-old traditions and
prejudices on the part of the consumer /see sub-chapter
2.23/.

In this contest - even if full support is given by the
local authorities - the aluminium industry may not get the
upper hand, unless backed by the nelp of reliable allies.
The reader may be remined at this point of what R. Hartree,
director of Alcan Laboratories Limited, once said claiming
that there in no aluminium usage anywhere ir the world
whose nucleus could not be traced back to twenty years
earlier ii].

This period of twehty years may be substantially reduced
by a concerted effort of all who are likely to derive
technological and financial benefits from the replacement
of other structural materials by aluminium. Such work
calls not only for determination, but alss far various
organizatory measures to be introduced by both industry
and the local authorities /standardization, instructions
and regulations pertaining to assembly amd installation,
reference tables, priorities, etc./.

6.1l Standardization

In case of a finished aluminium itea, standardization
is aimed to ensure the accuracy to gize, easy
exchangeability, operational safety, endurance and
considerations of hygiene amd enviromental

protection of a product. To enfsrce such standard
gpecifications, consensus on all these points has to
be reached by a body made up from representatives

of the principal producers anmd consumers.

Next in lioe come regulations and special
standards governing the assembly and installation



of such products and warranting the properties claimed
by the product standard specifications.

Finally, the fabricators must come to terms with the
smelters and mills as to the composition and
specifications of ingots and semi-manufactures, the
outcome of such negotiations to be thereupon firmly
anchored in a gseparate set of ingot and semi-
fabricated product standards. This is sometimes an
arduous task, the interests of the parties being often
conflicting. The aluminium industry is therefore at
times faced with the necessity of introducing new and
costly technologies before such standard specificatioms
may be passed.

With the aluminium industry being highly integrated,
its representatives should preferably take part in the
deliberations of all there stanmdardization committees
ad voice their opinion where this iy necessary.

Despite the changing pattern of standardization from
country to csuntry, there are three principal types
of these as summed up below:

- Raw material standards; they cover ingots and
seml-manufactures, governipng their composition,
mechanical properties, sizes and more recently
their technological properties /e.g. electrical
conductivity, susceptibility to deep—drawing, e*c/.
They are usually drafted by aluminium experts, buk
before they wmay be parsed, as mentioned above, the
principal consumers have to be consulted.

- Finished product stamdards applicable to a
particular sector; they enumerate the essential
technical features cf the material from which the
finished product is processed and the principal
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pro~arties of the finished product itself; such
standards have to be fully coordinated with those of
the first group; they are usually jointly drafted by
specialists of a given aluminium end-using sector
/e.g. electrical engineering, buildirng and
construction, packaging etc./ and representatives

of the principal consumers; the aluminium industry
has to be consulted in each case;

- The third group includes c2rtain technological
standards /e.g. welding, surface treatment etc./. If
such standards are initiated by the aluminium
industry, principal fabricators %te apply such
technologies have to be consulted.

In developed countries the properties and application
of a very wide range of products is goverred by
standard specifications. These are often supplemented
by a set of detailed technological and installation
instructions or regulations. Evidently, it will be
necessary for each country to revise these and to
adapt them to local conditions prevailing on site, if
necessary.

And finally, a tew words about a system <f
reconmendations introduced in Hungary in the early
1950'3. Though not full-fledged standards, these
documents were aimed to boost aluminium usage on ope
hand, and to restrict the usage of other non-ferrous
metals, on the other. They give a clearcut anawer as
to whether aluminium ugsage for some particular
purpose listed in the document is desirable,
advisable, possible or impossible. Such
recommendationg, of course, have to be revised from
time to keep pace with latest advances in technical
development.



6.2 Hardbooks and tables facilitating design

The training of staff to become p-oficient in the
design, processing and usage of aluminium in different
sectors of industry, is of paramount importance. Such
st=ff includes designers, researchers, process and
works engineers, specialists from other disciplines
such as economists etc., axd what is most important,
skilled workers and craftsmen. Familiarity with
aluminium should not be limited to those directly
engaged in smelter or seml-manufacturing operations.
Although they may be well versed in the fundamentails
of their own field of erudition or experience, they
may at the outset have no working knowledge of the
specific technologles, standards, economic feasibility
and other aspects of aluminium consumption past the
semi-fabricating stage. While other metallurgical
industries may often look back upon technologies of
geveral generations'! stsnding, this is certainly not
the case with aluminium. Anyone entering this field in
an engineering capacity will have to re-assess
traditional concepts of technological thinking., He
will bave to familiarize himself, too, with the
complex pattern of the end-using industries amd their
market demand, along with most of the fundamental
technoiogies involved at that stage. When

sufficiently ccmpetent, such researchers, designing
engineers aml consultants attached to the aluminium
industry will have to take the initiative of drafting
various handoooks, textbooks, pamphlets amd tables,

S0 as to disseminate xnowledze anmd practical
information among fellow-engineers, technicians and
skilled workers engaged in the fabrirating industries.
As a concrete example of how the aluminium industry
itself may be the editor of such literature, the case
of the Aluminium Zentrale of Federal Germ¢ny may be



cited, running a publishing firm of its own under the naze
of Aluminium Verlag. Similar activities, thougt cn a
gomewhat smaller scale, are carried 2n by all major
aluminium world concerns armd most other large aluminiunm
firms in different countries /see alsc sub-chapter 3.1/.

Principal types of literature in this context are as
enumera ted below:

- Handbooks summing up the mechanical and technological
properties of aluminium, pointing out technical
features of semi-maufactures and how they may be used
for a multiplicity of ends /e.g. the large variety of
extruded sections etc./, describing subsequent
me thods of processing, technoclogies and operations
/e .g. casting, welding, surface treatwent, machining
etc./ amd gsetting forth guidelines as to how
aluminium products may best be designed, installed
and used.

- Tapleg to assist the designing engineer in his routine
work, with special regard as to how optimum designs
may be arrived at by taking advantage of the essential
features of aluminium. It should be remembered that
designs of traditional materials may never be
effectively and economically adapted to aluminiuam.

- Documentation and pamphlets dealing with a particular
operation or technique. They are small booklets
eubracing a multiplicity of subjects, e.g. the
plastic deformation, casting, welding, machining or
surface treatment of aluminium. They should be
factual, with plenty of illustrative material,
written in a style easily understandable by
engineers, technicians and gkilled workers.
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- Special publications dealing with a particular field of

aluminium usage, describing where and under what
circumstances may aluminium be used there effectively.
Their language too should be descriptive and
unambiguous, but here also professional jargon may at
times be used if it cannot be avoided.

Textbooks of training courses. They 3hould be an
abstract of lectures read at the training courses,
expounding also some of the points more difficult to
grasp; experiences sf practical tuition in workshops
too may be recapitulated here.

Catalogues and leaflet. describing various items of
products. They may include detailed specifications of
semi-manufactures or descriptive features of a
particular generation of products, etc. Also, there
should be sufficient propagarda maverial available
dealing with auxiliaries used in the processing of
aluminium /e.g. special lubricants, welding fluxes,
surface treatment baths, etc./. It is desirable that
the aluminium imdustry promote the publication and
circulation of such leaflets, even if it is not a

manufacturer of such products.

The publication of an aluminium jourpal may only be
recommended if in the region a sufficiently powerful
aluminium industry s already operating. An aluminium
journal is a useful instrument in fostering contacts
petween smelters, mills, the fabricating industries

and consumers, and in ,romoting cooperation between
designing and research institutes on one hand, and
inaustrial firms on the other. The principal sponsor
of such a journal /also financially/ should always
be the aluminium industry.



Tecturers of training courses- have ts be currently
posted up witk latest developments in the aluminium
field, so that they may consider these in their lectures
and textboocks, as far as possible. Furthermore, it is
desirable that % the mechanical and chemical engineering
faculties of institutions of higher education a.uminium
technology be optionally included in the curri.:ulum of
undergraduates or students just graduating.

In conclusion, a few more wcrlds about staff training
courses. They are organized for the benefi% of
engineering personnel or skilled workers, or to provide
post-graduate siudies for more advanced specialists.
Moral or financial backing of such schemes by government
agencies is highly desirable. At the conlusion of such

~ training courses the successful candidate should be

6.3

given a certificate.

Regulations by the authorities

As referred to earlier, it may take for an aluminium
innovation 20 years to really mature. This i3 esgpecially
true when it comes to the replacement of a traditional
material by aluminium. The initiator of such schemes are
often faced with seriocus difficulties; the first of these
is to find a really effective design; when this is
available, the next atep is to manufactura a prototype,
which has to be tried out in actual practice. If the
prototype does not prove to be sufficiently viable, it
has to be re-designed; then only may the serial
manufacture of an item begin. This is a long and
wearigome process, going on in the face of serigus
competition from other materials, with nc Z:zaux financial
risks involved. The major aluminium concerns of the
world are in most cages ready %o bear the brunt of guch
rigks in tone hope of good filrancial returns and a



further expansion of the aluminium markets. But in
countries where aluminiuwn producers independent from the
majors operate or where the aluminium industry 1s part of
the public sector, very often the state has te subsidize
such ventures to help restructure the country’s production
pattern. be that as it may, at one point or another the
autoorities will bave to step in anyway, whether in the
field of stanlardization /see sub-chapter 6.1/,

vocational training /see sub-chapter 6.2/ or otherwise,

State intervention,.minar or major, however, may only be
effective if it forms part of amd fits into a long-range
ecoromic strategy of a country or area. The aluminium
industry of a country, real or potential, may be a
significanrt factor in shaping the economic destiny of =
country with its numerous implications affecting the raw
ma terial situation, foreign trade and living standards
of & given region. To lay down the groundwerk of an
economically sound and viable aluminium industry, calls
for a great deal of systematic thinking, foresight and
patience, entailing great responsibilities. Such a
cancept, however, may hardly work, unless embracing a
relatively long span of time. Altbough in the meantime
short spells of ups and downs may occur in the market
gituation, fundamental changes in the principles
underlying such a concept would be extremely harmfuil.

I€ condaitions pe~mit 1t, irtegration encompassing as
mary stages of producticn a= pogsible should be the
final goal. To this effect, a long-term schedule has to
be elaborated, coordinating investment and developument
programmes at each subsequent stage of integration
with special regard to market perspectives. In doing
this, possibilities of replacing other materials by
aluminium, too, have to be taken into account. A good



example of this in Hungary, whose fully integrated
aluminium industry bad a remarkable effect on the
country's economic life. Hungary’s aluminium industry is
governed by a long-term central development progranme
launched and approved by the govermnment. In addition to
dealing with the country's bauxite resources and covering
every su:cessive stage of integration /alumina
manufacture, smelting amd semi-fabrication/, it also
sets long-range targets ﬁyr developing the aluminium
end-using industries [é][é]. Special artention ig
devoted in the document to the replacement 3f gsther
structural materials by aluminium wherever this is
technologically and economically feasible. Objectives of
long-term research and more details of technical
developrent are set out in a secomd document forming an
integral part of the central development programme [E]
Ei}. It deals with all pract.cal aspects of how plans
for subsituting other structurzal materials~by aluminium
have to be izmplemented and what facilities are to De
installed to this effect. While setting pricrities, the
authorities give full moral anmd financial support in
promotirg such research, design, prototype work anmd
pllot plant operations. The 1uplementation of the

- objectives embodied in the central development programme
and its addernda are contrclled by a mixed working
Commithee Wherein all concerned parties are represented.
It alsu coordinates the work of research and designing
institutes with that of the industrial enterprises,
prepares from time to time evaluatious of achievements
and failures, as well as subamits varicus

recommende tions to bnigher government authorities. At
first sight, this may look a complicated procedure.
However, tne number of government agencies, scientific
ingtitutes and enterprises of often conflictirg
interests invelved in such schemes is great; also the
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financial obligations and risks to be shared upon
launching new projects may be considerable; therefore,
under the circumstances this organizational pattern
seems to be the optimum sclution.

How much government intervention is necessary to run an
aluminium industry effectively? This is a difficult
question to answer, the situation being differential
from country to country, depending on its economic
system and structure, as well as on the potentialities
of the local aluminium industry. To win new markets for
aluminium, and to use it as a subatitute for other
structural materials, is not a spontaneucus process.
There is often a built-in reluctance or hesitation by
the consumers to accept something new. Most 2f them
expeet such solutions to be tabled to them in a
compietely elaborate form. In the implementaticn of new
projects usually high capital expenditure and a great
deel of human effort are involved. In developed
countries the aluminium industry is run by major
companies who bave vast resources to face such risks
aud to penetrate into new markets, selling their
products to the highest bidder. I necessary, they buy
out smaller producers, establish subsidiaries or enter
into joint ventures with them. In these countries the
role of government agencies aml of the public sector in
aluminiam /if existing at all/ is usually a subordinate
cne - The situation in the centrally planned eccnomies
and developing countries is different. Here the
definition of long-term targets amd the introduction
of organizational measures to implement them, are tasks
fully devolvirz upon the government agencies /aee the
Central Develop-=nt Programme of the Aluminium
Industry ia Hungar;/ L2][3]. Next to being responsible
for the contrel and ccordiration of different branches



of industry, here such governoment agencies also
frequently share financial risks in the projects
launched and set numerous priorities in boosting
technical development efforts andi innovations.
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