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Abstract

Title of the Project: Jawaharlal Nehbru Aluminium Research

Development and Design Centre, DP/IND/88/015

The objective of the activity of the consultants: to.provide
advisnry services/expert consultancy on selected R/D
activities of the Centre in the field of aluminium
semi-products, finished/end products and application

after the second project phase.

Duration: 2 months 14 days (commencing 19.02.1994.)

The main conclusions:

- to diminish the surplus of basic materials in India, 1t
would be helpful to organize the information, advisory and
marketing activities of the Centre in order to help to
explore new application areas, to update technology level
of downstream sectors, to implement development and
training programmes for small and medium scale industries;

- to improve the quality of products which usually makes
difficult their sale at home and abroad, 1t would be
helpful to organize the quality management activity of the

Centre.

The main recommendation:

accordingly, to the Government of India and to the
management of JNARDDC, to establish the “"Department of Semis
and Finished Products” with limited staff and facilities at

the very beginning.
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Explanatory notes

The value of Indian rupees in US dollars

on 18 Feb., 1994 1 USD = 31.365 INR

In the tables: ... means nil or negligible

- means data is not available

Tons are metric tons

JNARDDC is Jawaharlal Nehru Aluminium Research,

Development and Design Center

i1 lakh = 10® . 1 crore = 100 lakh = 107

NDT = non-destructive testing
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Executive summary

Findings

- Production and consumption of aluminium &a&re pot well-

balanced -
Until recently, the aluminium industry 1In India could e
characterized by metal shortage, therefore it was not so
important to promote the extension of aluminium applicat.ion
and to increase the consumption. In the last few years
however, as a result of capacity enlargement 1in metal
production, an excess aluminium quantity came to the market
making 1t necessary to achieve a balance 1in production and
consumption. 0Obviously, there are two possible ways to
achieve this aim, namely to increase the domestic
utilization or to find foreign markets for exports. The
Indian basic materials are not competitive on the world
market, exports are feasible only i1n the form of semis and
finished goods.
- Great differences in the technical level af

downstream sectors -
There is a wide difference in the technical level of applied
technologies in the downstream industry. As a matter of
fact, there are examples of state-of the-art technologies
associated with up-to-date machines and engineering
background, but a lot of outdated technologies and old
fazilities are also applied that cannot be used for
producing semis with high value added. [In this sector, which
1s dominated by medium and large capacities, development
work should be directed to updating facilities and adapting
advanced technologies. These activities, as a matter of
course, reguire 1nformation management making wuse of a
professicnal

organization that 15 equipped with all

e

]
N

R533ry technical and personnel requirements, In the
srocessing sector, contrary to manufacturing side, small-
s3vale factories with rather poor technical level are 1in
majority. ssccordingly, the quality ot finished products 1=

A1l below the international <tandards.




- Involvement of many 1nstitutions i1n the WD work for the
aluminium industry -

In India, lots of institutions are engaged in R&D work for
aluminium 1ndustry. In general, they are well equipped and
able to perform activities in several areas of fundamental
and applied research. However, none of them 1s totally
dedicated to tackling all the problems of the industry. At
the same time, these institutions were usually organized to
deal with particular professional areas and none of them is
engaged in the aluminium industry as a whole, dealing with
its specific R&D and promotional activities in complex form.
O0f course, due to rationality and reasonability, such an
institution cannot and must not deal with every field of
aluminium R&D but, on the basis of an effective information
management, 1its promotional activity should be extended to
all sectors of the aluminium iIndustry. That kind of
promotional activity seems to be missing NOw in the
downstream sectors.

Conclusions

- Means and methods to 1ncrease the domestic consumpticn
should be found -

Considering that the domestic consumption of aluminium
finished products is influenced basically by the smalli
capacities, it seems very .important to support their guality
improvement, product and technology development in organized
form with appropriate 1nstitutional bachgroeund.

According to analysis of present status and predicted
tendencies in the production and utilization, the domestic
aluminium consumption can be consi1derably increased 1r
building., transportation and packaging sectors by Lmproving
attractivity of ordinary products and iNntroducing new
challenging ones.

Cornsidering end users’ aspect firstly and then worhking bach
towards manufacturing aide, the majnr elemonts 10 increase

of domestic consumptilion and exports are a9 followas:




- exploration of new application areas and retention

of position of aluminium among competitive materials in
the traditional application sectors;

- influence on designers for restructuring their way of
thinking towards "aluminium—like" products that can
utilize the desirable properties of this metal in every
aspect;

- updating the technology level of the processing sector,
particularly in small-scale industries, by means of
package documentations for development, technology manuals
and booklets, training courses for implementing quality-
oriented production;

- improvement of manufacturing technologies through well-
defined R&D activities for producing convertional semis
with better quality and higher value added as well as
for making up new types required by new application areas.

A1l in all, the viable long-term solution is the production

of semis with high value added and of good quality that meet

the requirements of markets all over the world and are
competitive with other materials in respect of both the
price and the service functions to be satisfied.

- The efficiency of the information flow should be improved

between the interested parties -

In general, the required manufacturing and processing
methods are known and occasionally are even applied 1in
defence and other sophisticated i1ndustries but their wide-
scale use is naot common at present. Considering that in the
processing sector small-scale capacities are 1in major i1ty and
their importance 1is likely to 1increase in the rnational
economy as result of promotion policies of the state,
adaptation of up-to-date technologLes and quality
improvement should be kept 1N conformity with their
technical level and financial bacrground taking 1ntd account
tne principle of step by step graduial progress.

The first 1mportant atep to be takem 1n this regard 1o bulld

up contacts with them 10 order tu rreate a dgatabane




containing all relevant .nformation about their activities,
products, markets, etc. Then, on the basis of available
data, particular and integrated requirements for quality and
technical improvement are tou be evaluated and an effective
producer-consumer interaction can be organized by means cf
collection, processing and distribution of required data.
R&D activities of big companies and firms are usually
carried out in their own specialized units and external
instituticns are contacted only when required. Owing to
fact that they are more or less confined to production, the
weak point in their development system 1is information
management. A praofessional institution providing all data
and information reguired by their R&D, marketing and quality
management activities would be very helpful for them.

A professional unit with sufficient institutional background
is needed which is abtle to organize an effective information
exchange within the downstream 1industry, to collect a&nd
provide all necessary data for interested parties and to
support small-scale industries mostly In order to improve
their performance through advisory work, training programs,
guallty management and product development.

In this sense, that professional unit 15 to move along the
boundary zone of manufacturing, processing, development and
marketing activities as well as to create vital

relationships between them through information feedback.

The institution that 1s able fo form this unit should be the
JNARDDC where the techrizal sackground of information
management 15 prauviically available and only limited number
5f erperts and some 1hstraments are requlred to establish a
sperlalized Jepartment which 15 able to provide all services
nestiomed earlier for proumobiig Yhe fevelopment cf the whol -

3

downstream 1rdustr, anag, A S A o aatennien a3

. '

gluminium asllcabtion 1m0 Lo .




Introduction

The immediate objective of the project is to assist the
Government of India in setting up a functioning Aluminium
Research, Development and Design Centre.
The present mission of

Andras EVA, Ph.D., Mech.Engr. and

Sandor FULOP, M.Sc., Mech.Engr., Economist
as consultants in aluminium semiproducts and in application
of aluminium 1is connected with the final stage of the
project. Their "Job Description” 1is 1in Annex 1, together
with a facsimile of the Project Management dated 10 Feb.,

1994., to update job descriptions prepared 26 May, 1992.

The activity of consultants commenced on 19 Feb., 1994.,
lasted 2.5 months, finished on 3 May, 1994. Their duty
station was at JNARDDC in Nagpur with travel within the
country. The list of senior counterpart staff is in Annex 2,
the list of experts met 1is put in Annex 3. Details of

company visits can be found in Annex 4.

At present, there is no department within JNARDDC dealing
with aluminium semis and finished products. Dues to limited
resources at the present time, only some sort of activities
in these fields are to be 1imagined; therefore a report of
relevant analyses and recommendations is needed on essential
follow—up actions and activities to be introduced for the
promotion of economical use of aluminium 1n the country.
Consequently, according to the Revised Project Document of
Avgust, 1993 (accepted by the Iv. Tripartite Review
Meeting), the original objectives were revised in respect to
overall downstream R&D work , since the build-up of full-

scale activity was postponed for the future.




As

Recommendations

shown by analysis of present status and trends of

downstream and processing sectors in the Indian aluminium

industry, the main aobjective is to promote extended

utilization and application of aluminium in both the

traditional and non-traditional consuming branches by means

of

improving qualities and introducing new products and

technologies. Accordingly, it is necessary

1.)

to establish the "Department of Semis and Finished

Products” within JNARDDC, consisting ef Technical

Advisecry and Quality Management Teams, in order to

perform the following functions:

- to create and regularly update a database that
contains relevant data and information on domestic
firms, companies and enterprises engaged 1in the
production of aluminium semis and finished products
(at a reasonable level of capacity of 100 tons per
annum at least) in cooperation with the "Information
Center” of JNARDDC;

- to analyze and evaluate trends and tendencies in the
domestic and international spheres regarding new
products, technologies, quality requirements and
improvements in manufacturing and processing sectors,
in order to prepare annual surveys for governmental
bodies, institutions and organizations for supporting
their management activities and decision making as
well as to elaborate selected studies, on the
basis of commissions, for firms, companies, etc.
for their daily routine ;

to support and promote the extension of aluminium

application in India by means of advisory and

consulting activities and, as a part of it, to help




development work, technolagy adaptation and

marketing activities of interested firms as well as

to have prototype of new products made up and to perform
field trial of new technologies designed by firms or

developed by its own initiative, wusing facilities of

external partners ;

3.) to organize group training in sectorial and sub-
sectorial breakdown for experts of interested firms ;
to catalyze imagination and inventiveness of
industrial experts for improving qualities of usual
products and creating new ones for non-traditional
usages by means of i1nviting them for short-term joint
work in JNARDDC as well as to carry out market analysis
regularly and to collect consumers’™ reflections and
expectations for aluminium end products as well as to
survey new requirements resulting from new and revised
old standards at both international and national levels,
in order to feed them back to producers and finally to

take part in the relevant standardizing activity 3

4.) to organize quality management activity within JNARDDC
with appropriate instruments and appliances (detailed
in Annex 95) for spot checking of quality requirements
and expected properties by means of applying NDT
technique mostly. The interested team 1is able:

- to check ngd supervise actual manufacturing and
processing operations from viewpoint o f gquality
assurance as well as to give standards for quality
management programs to be implemented in the plants;

- to suppcrt advisory and training activities with
relation to quality improvement;

- to support firms and companies in the procurement of

certification to the relevant IS0 9000 standard.

Details concerning the organization of the Department are

given in Annex 10,




CHAPTER I
PRODUCTION AND CONSUMPTION OF ALUMINIUM IN INDIA

The availability of primary aluminium 1s one but not the
only essential prerequisite for the development of
downstream industries in the country.

The production of Indian upstream industry and the aluminium
consumption in India together with that of Asia and the

world are shown by Table 1.

Table 1

Production and consumption of aluminium

"000 tons
1987 1990 1991 1992 1993x%

Production

World 16 493 18 028 18 665 - -

Asia 949 1 180 1 288 1 368 -

India 267.5 433.2 503.9 513 482
Consumption

World 17 055 17 B840 17 194 - -

Asia 3 037 4 148 4 252 4 154 -

India 326 433% 420 410 400

(Source: World Metal Statistic, London, monthly)

¥ preliminary data esteemed for India

The break even point for the production and consumption in
India was somewhere in 1990. As of 1990, consumption was
higher than production, therefore, in addition to semis and
finished products, India had to import basic material. In

1993, primary metal import virtually ceased (see Table 2).




The primary producers were in comfortable position before,

because of surplus demand, and they were not forced to
follow any marketing activity. Really, it was only
merchandizing what they carried out, namely they distributed

what was allowed with prescribed prices till 1989.

Table 2

Imports of unwrought aluminium in South and East Asia

"000 tons
1990 1991 1992 1993%
India 12.7 .7 9.1 2.3
Thailand 132.6 - - -
China 71.8 43.7 229.6 -
Singapore 46.7 55.1 86.1 -
World total 8 252 8 297 8 926 -

(Source: World Metal Statistics, London, monthly)

X preliminary

For the time being, there 1is some surplus of primary
aluminium in India. It seems important to decrease the extra
metal quantum by finding outlet or diminishing production.
Restriction of production would result in losses and
difficulties, therefore the suitable solution of this
problem is to find absorbing market for the excess metal iIn
order to keep capacity utilization on the highest possible
level.

As a matter of fact, there are two fields where sale
increase of primary metal can be realized, namely foreign
market and domestic market.

However, 1t 1is true, 1in general, that creation of stocks
does not pay out on the long run. The trend of prices shows
steady decrease, the average price of primary aluminium was
on an acceptable level of 1650 UsDston in 1990, and saince

then 1t decreased with some fluctuation to around




1150 USDston. It is remarkable that the six major primary
aluminium producers of the world agreed recently to diminish
their production in order to keep prices on a realistic
level. This action resulted in some sudden increase in metal
price and now it seems still too early to predict the level
of equilibrium. Figures of global stocks are given 1in
Table 3, the export price indices are shown by Table 4.
Unfortunately, the stocking in India cannot be figured for

the large number of medium and small scale capacities.

Table 3

Aluminium stocks

‘000 tons
1990 1991 1992
Jan-Sept
World total 1527 1754 1680
Asia total 18 32 20
(Source: World Metal Statistics, London, monthly)
Table 4
Aluminium basic material price indices
1980 = 100

1990 1991 1992 1993/1. I1. II1l1. 1v., Vv. VvI. VII. VIII.

(Source : Monthly Bulletin of Statistics, UN. Nov.,1993.)

According to data and figures, we cannot expect a boom on

the world market with respect to aluminium materials. And

again, no abrupt changes of imports are to be seen for South

Azia either, as indicated by Table 5.




Table S
Values of basic aluminium materials imported by selected

South Asian countries

in million USD

1989 1990 1991
Thailand 232 238 255
Singapore 81 82 fe8
Hongkong 111 77 87
Malaysia 95 98 83

(Source: Internat.Trade Statistics, UN. 1993.)
Table &6
Values of aluminium semi-products imported by selected

South Asian countries

in million USD

1989 1990 1991
Thailand 54 72 94
Singapore 167 178 216
Hongkong 272 204 262
Malaysia 57 83 91

(Source: Internat.Trade Statistics, UN. 1993.)

In case of imported semis of the selected South Asian
countries (ref. Table 6), values show ar increasing tendency
while that of the world total 1s practically wunchanged,
remaining at the level of about 14.000 million USD per
annum.

This is the first reason for it looks more feasible to deul
with exports of semis, than that of primary metals. On the

other hand, during the whole process of manufacture from




electrolysis to output of finished products, prices become
higher and higher as a function of implemented operations.
Moreover, price ranges are moving on a wide scale. The price
of a plain mass-produced item may be doubled as compared to
aluminium ingot's price. In addition, actual production
costs play not so deterministic role in prices of finished
products, than in case of unwrought metals and extra profits
can be realized by extraordinary qualities, noveltigs and
attractive appearances. As a rule, the higher the MvVA
(manufacturing value added) , the more the profit to be
gained.

As regards means and methods of export activity, there is
significant difference between basic materials and semis or
even finisned products. The producers need, in general, more
support from the side of information processing and
management in terms of existing rules, laws, duties, prices,
freight, etc.

The largest possible area where the sale of basic materials
can be increased in the form of semis, too, is the domestic
market.

As usual, the basic material producers having manufacturing
capacity apply the so-called “pull"” strategy in their
marketing activity in order to increase selling by
concentrating on the end-user, striving to win over a
relatively wide strata of customers by convincing them of
the advantages of application of aluminium finished products
and creating fresh demands by “pulling” direct buyers of
semis and producers of finished items. This marketing system
needs co-ordination a..ong material producers in order to
avoid parallel activities and to unite their forces.

Another strategy that can be applied in the marketing is the
"push"” method. In this case producers are concentrating
exclusively orn their direct and potential buyers, counting
on their loyalty and "pushing"” them and their products

towards the market and the end-users.




Application of both methods gives the best result 1f done
correctly and activities of partakers are coordinated 1in
order to keep the costs of PR and propaganda ta a minimum

level.
The breakdown of semis’  consumption as per forms 1s shown in
Table 7, while the sectorial breakdown of consumption 1is

given by Table B.

Table 7

Consumption of semi-finished products

(per cent)

Rolled products Extrusions Wire Forgings
India 35 15 S0 .e-
western Europe 54.7 33 11.7 0.6

(Source: National Directory of Aluminium Industries

AAl, Bangalore, 1989)

The tendencies of expected long-term developments in the
production of semis can be derived from Table 7. However,
there should be some misunderstanding in the interpretation
of end-user breakdown of consumption in India, as it |is
usual in different regions and among people of different
professions. Therefore, it is advisable to put once every
product into one file and stick to that to get a clear

picture and use the same terminology.




Table 8

Pattern of consumption by end uses

(per cent)

India Western Europe World

Building & construction s - 8 20 15
Transport 13 - 17 25 25
Packaging 7 - 8 15 10
Electrical 40 - 48 15 20
Mechanical engineering 8 - 10 10 10
Consumer goods 17 - 18 10 15
Miscellaneous rem. rem. rea.

(Source: Magyar Aluminium, 1991. No.7-8 - for World and
Europe. As for India, different sources indicate

different figures.)

As regards production and consumption forecasts for finished
goods, the main tendancies can be predicted from Table 8.
Concern:ng further developments the decisions are likely to
follow the basic streams and directions for realizing good
results. Therefore, it seems advisable to pay attention to
the <changes worldwide and to stimulate developments,
production and consumption always 1in accordance with the
main stream by means of collecting and distributing proper
data and information as well as of giving adequate answers
to all questions emerged.

of course, the structural changes in the pattern of
consumption come true very slowly only by themselves as
shown by Table 9. Its stimulation can possibly be done by
ccrrect PR and propaganda activity providing technical
consul tancy, advices and support. The proposals about this

activity can pe found in Chapter [V.




Table 9

Changes in the pattern of consumption during the last
10 years in some European countries

(per cent:

Switzerl. Austria Sweden UK Germany France
Building +1.1 -2.0 -2.1 +5.4 -3.4 +1.0
Transport -0.5 +3.1 +3.3 -7.5 +1.8 +2,2
Packaging -4.0 +1.0 +7.8 +0.7 -1.9 -2.0
Electrical +1.1 -2.0 -4.8 -2.6 -2.0 -3.1
Machinery -0.2 +0.8 +4.7 +2.0 -0.2 -0.7
Consum.durab. -0.3 -1.4 -1.5 -3.0 -0.9 -1.5

(Source: Magyar Aluminium, 1991. No.7-8.)




CHAPTER 11.
PRESENT STATUS AND POSSIBLE DEVELOPMENTS OF DOWNSTREAM
INDUSTRY

On the basis of factory visits, discussions with managers,
experts and technical people engaged in the production and
R&D activities (see Annex 4) as well as of available
information, the present status and the required or possible
developments of applied basic technologies in the
manufacturing and processing sectors can be summarized as

follows:

A. Manufacturing technologies

Melting and refining

Fuel-fired reverberatory furnaces are most commonly used for
melting and holding operations. In several cases heat losses
and energy consumption are high because of weak heat
insulations. Waste heat recovery systems, computer-based
process control and mechanization 1in material handling are
rarely applied in order to improve energy efficiency.

As regards degascsing of melts, hydrogen is removed mostly by
plunging of chlorine compounds in tablet form. Fluxes
containing sodium or potassium chlorides are frequently used
tc remove oxide inclusions. There are some foundries where
gas mixtures comprising chlorine and nitrogen or argon are
applied for improving melt purification. It is remarkable,
however, that in India the application of chlorine gas has
been restricted for 1ts bhazardous feature. Some of
sophisticated manufacturing facilities like HINDALCO s
strip-casting machine are equipped with continuous in-line
degassing system.

Ceramic filters for removing inclusions and dross from melts
are showing increasing usage as a result of intensive
domestic development activities for filter fabrication.

Preparations of melt and alloying process require master




alloys, additives and nucleants. The most common types of
them like titanium and boron containing materials are now
produced in India but further R&D activities are inevitably
to be done for improving fabrication technology and
enlarging assortment. As regards technology, most of master
alloys are fabricated by direct melting route, however, this
method is not feasible in the case of some kinds of alloys
like Al-Ti or Al-Zr wherein the alloying element 1is
introduced by reducing the oxide compound of the material 1in
molten aluminium using cryolite flux. In this field, R&D
activities tend towards the improvement of both direct
melting and reduction methods in order to increase purities
and decrease production cost. In respect of assortment, R&D
work tends to introduce new types of technology and product-
oriented master alloys 1like Al-Be master alloy for Mg
containing cast alloys in order to reduce magnesium loss of

melts and to avoid non—-metallic inclusions.

Casting of billets, slabs _and Properzi wire-rods

Foundries of primary aluminium producers cast extrusion
billets and rolling slabs as well as ingots by utilizing the
liquid metal from their smelter and recycling in-house
scrap. Some of the foundries without smelter base, like
Orissa Aluminium Extrusion Ltd., use primery ingots and
their own recycled scrap as input material for billet
casting, the majority of them, however, apply purchased
scrap as well, while secondary foundries use almost
exclusively scrap as input material. In the case of scrap
remelting it 1is of utmost 1mportance to perform melt
cleaning with effective technology, namely to organize
quality management.

In general, billets and slabs are produced by conventional
DC casting process. [t seems likely, that small and medium
size foundries will use this method even in the future, the

big foundries, however, have introduced or made effort to




introduce hot-top and air-cushion alternatives 1n order to
improve homogeneity and microstructural features of cast
products. Sizec of biliets and slabs are smaller than the
usual international average affecting therefore adversely
the productivity and effectiveness. As an example of that is
the billet diameter, namely the maximum size of extrusion
billets produced commercially in India is 400 mm as against
over 600 mm in developed countries.

Wire-rods are manufactured by continuous casting and rolling
process on Properzi equipment. The technology level is good
and comparable to that of advanced countries in respect of
EC grade non-alloyed metal!. However, witnh respect to the
production of AIMgS1i alloy conductor grade wire rods, the
picture is not so bright because some cast-rolling machines
are not equipped with in-line quenching unit providing
instant and uniform supersaturated solid solution structure
cf wire-rods so that quality improvement requires further
efforts in development.

Facilities and technologies in most of foundries need to be
updated in order to create opportunity for the production of
higher size billets and slabs which will result in the
improved productivity, better quality and higher size of
manufactured products. Introduction of update casting
technologies is also much to be desired for 1imoroving
surface finish and metallurgical properties. In accordance
with demands, further 1nvestigations are still required for
cetermining the possibility of effective production of alloy
wire-rods from the Ixxx and Sx % series using the

conventional Properzi technology.

Homogenization

- Considering that most of foundries apply DC casting method
for the production of billets and slabs, homogenization 1is
v of utmost importance for eliminating 1nhomogenities or at

least decreasing their quantity and extension 1n the cast




products because they could cause seriocus difficulties
during the subsequent manufacturing operations and, as a
result, deteriorate the Quality of end—-products.
Accordingly, homogenization is a well-established and
regularly applied heat treating process in the foundries.
Most of treating furnaces are rather outdated 1n respect of
both their energy efficiency and control, therefore further
developments should concentrate, first of all, on their
modernization. Introduction of new alloys and modification
of cast product sizes would require some additional R&D work
in the future, 1in order to determine the most suitable
process parameters and to achieve uniform temperature field

inside the furnaces.

Rolling
The existing facilities and applied technologies limit the

size of products. The maximum sizes to be achieved are as

follows:
Hot rolled plates -~ width 1.620 mm
length 8.500 mm
thickness 25 mm
Hot rolled coils - width 1.500 mm
thickness 4 mm
weight 3 tons
Cold rolied sheets and Strips - width 1.000 mm

thickness 0.15 mm

coil weight 4 tons
Productivity 1s about &0-72 7 in the mills of primary
producers and only 50 % in the plants of secondary producers
as against 70-BO 7 of the mills in well-developed countries.
Consumption of water, air and electricity are much higher
than those of advanced technology. Rolled products are
produced almost exclusively from DC cast slabs and after
that by hot and cold rolling. So far, only HINDALCO and
Light Metal Industries (LMI-Calcutta) have introduced the
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continuous strip-casting technolagy by installing thin strip
casters. However, LMI cannot utilize the advantage of energy
conservation as a whole, because of remelting required for
producing liquid metal for casting. The same 1is the matter
at Pennar Aluminium (Dahali) where two up-to-date Pechiney
strip casters are being installed with remelting facilities.
At present, the most serious problem of Indian reolling mills
that most of them are not able to produce sheets and/or
strips of hard alloys with high alloy content. Hard alloys
mean, in this context, heat-treatable high strength
materials 1like alloys of 2xxx and 7xxx series that are
inevitable for enlarging aluminium application.

Except some capacities, like INDAL s, foil rolling mills are
rather ocutdated, therefore in most cases both foil quality
and productivity are far from the advanced level.

As regards R&D activities to be done for rolling production,
the basic task seems to be the modernization of existing
facilities with automatic gauge and flatness control and, in
addition, setting-up up-to-date rolling mill(s) with
adequate control and stretcher in order to produce wider and
thinner sheets/strips of even hard alloys.

Modernization and investment on new facilities could also
create further needs for technology development and adoption
work. Some R&D activities to be performed in connection with
rolled products with high value added are as follows:
production of superplastic sheets, can-stock materials,
brazeable/solderable sheets, introduction of rol l-bond
technologies, reduction of foil thickness and porosity. In
regard of superplastic sheets it is noteworthy, that
attention worldwide has been directed to two possible
implementations. One of them is connected with developing
alloy compositions that are not so far from commercial types
and can recrystallize to give a very fine grain size, 0On of
proposed composition 1s Al-6Cu-0.5Ir named Supral 100 which
is found to be superplastic 1n the temperature range of 420-

480 ~=C. The production route for the alloy is basically




similar to that used for manufacturing conventional
aluminium alloy sheet, although some changes are necessary
in order to achieve adeguate supersaturation of Zr. Higher
casting temperatures are used and DC casting process 1S
modified so that the rate of solidification is 1increased.
Cast slabs are sometimes clad with pure aluminium during the
hot-rolling stage for subsequent corrosion protection while
the cold-rolling stage 1is not greatly different from
standard practice. The other possibility 1s to achieve
superplastic behaviour in existing commercial alloys. High
strength aluminium alloys of the 7xxx series have been
thermo-mechanically processed and, as a result of that, very
fine grain size (e.g. 10 um) could be achieved in rolled
products. As regards can-stock materials, distinction must
be made in respect of those used for the body or for the
l1id, because of their different r.quirements. Extreme
formability with minimum anisotropy and good mechanical
strength is required of body sheet as wall thicknesses have
been reduced to as little as 0.30 mm. Alloys best capable of
meeting these reguirements are those based on the non-heat
treatable 3xxx and Sxxx series. As a result of intensive
development work, the 3004 type alloy containing 1.2 “Mn and
1 Mg has been ectablished as the best for this purpose. In
order to meet the requirements for lids, the alloy coded
5282, containing 4.5 %ZMg and 0.4 %Mn, has been 1introduced.
Thaerefore., R&D work to be performed should not be directed
tc alloy develcpment but to technology adaptation. As
regards the production of brazeables/solderable or roll-
bonded sheets, the manufacturing technologies are more or
less well-known, thus the problem to be solved is again the
adaptation considering facilities and conditions available.
In respect of reduction of foil thickness and porosity, the
ma)or problem 15 the levels of elements forming
intermetallic compounds and inclusions because they make
foils susceptible to pinboling and tearing during fo1l

rolling. fherefore, R&D activities have been directed to




minimizing their quantity by developing more etffective

methods for purifying and filtering alloy melts.

Extrusion

Apart from production capacities for defence industry even
the big aluminium manufacturers possess only medium size
extrusion facilities. Their maximum available parameters and
those of OFAJ (Ordnance Factory — Nagpur) engaged in defence

production are as follows:

Max.pressing force Billet dia. Stretcher pulling force
(tons) (mm) (tons)
BALCO 3.500 350 250
INDAL 3.000 315 100
HINDALCO 2.240 300 S
OFAJ 3.000 600 700

The commercial facilities are able to produce only small to
medium sized extrusions from low and medium strength alloys.
The yield is around 65-70 7%, whereas that being achieved 1in
up-to-date extrusion plants is around 70-75 %Z. Most of the
larger extrusion presses are outdated. Accordingly, they do
not possess proper handling and control systems as well as
on-line heat treating equipment. Stretching facilities are
of low capacity, therefore stretching after solution
treatment is not feasible except for extruded profiles with
small cross section.

As regards R&D Activities to be performed in the future, 1n
coincidence with those mentioned above for rolling, the
emphasis should be put on modernization of existing
facilities and setting-up new machines with high capacity
that are capable of carrying out both direct and 1indirect
extrusion operations. Considering the differences 1in the

technical levels of working facilities program packages ftor




their modernization should be elaborated in terms of the
following operations and units:

- cutting to length and preheating of billets

— manufacture of dies for complex and thin-walled profiles

- hardfacing of dies for increasing their service life

- handling system for dies, billets and extrusions

- on—-line heat treatment.

In addition to improvement at facility side, further R&D
work is to be done with relation to technology. On the basis
of available lab-scale facilities for hydrostatic extrusion,
technology developments are required for the transition to
industrial applicaticen. Furthermore, technology also needs
to be developed for producing thin walled prcfiles from high

strength alloys.

Forqing

Although aluminium alloy forgings are used extensively,
forging is made mostly by small and medium size shops with
limited technology and equipment. Most of the forgirg shops,
except those interested in defence, do not possess high
capacity hydraulic presses required inevitably for high
strength alloys and forged parts having thin sections. The
largest hydraulic press used for forging aluminium alloys is
of 3.000 ton capacity and is not adequa‘e to meet
requirements of heavy forgings over 500 kg.

Among forging methods ring forging represents a very
peculiar technology especially that cf producing large
dimension rings up to 4 m in diameter and its application 1is
equipment dependent first of all. Concerning forged pieces
with large dimensions made from bheat treatable alloys
another problem may arise due to non-uniform cooling rate
during quenching. The associated i1nternal stresses can
develop distortions and otter unfavourable effects,
therefore an additional treatment ahould be made to

eliminate or at least to decrease these stresses. Stress
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relieving treatment of large parts can be done by small
degree «cold deformation after solution treatment and
quenching, but 1t requires also a high capacity hydraulic
press. As regards precision fargings or near net shape
forgings, the crucial point can be found in the die design.
By means of applying adequate split dies and isothermal
forgings the quality of products can be improved
essentially. Another way of producing forged parts with
enhanced properties is the thermo-mechanical treatment. With
relation to this method further work needs to be carried out
for industrial realization.

As it seems, R&D activities in this field are strongly
facility dependent. In fact, it is of utmost importance to
set-up one hydraulic press of 6.000-8.000 ton capacity at
least. It could make possible to elaborate technologies for

large forgings with extraordinary requirements.
g ging Y

Drawing

A certalin part of drawn bars and tubes are produced by some
of the big manufacturers using their own extrusions as input
material but basically this operation 1s performed by the
small and medium scale capacities which buy the extruded
preforms from the extruders for drawing and finishing. The
applied technology is well-known and requires no essential
improvement . In this field the R&D activities should
concentrate to the workpiece-die 1interaction with special
attention to the problem of friction and wear 1i1n order to
ensure better surface finish of drawn products and longer
service life of drawing dies.

Wires of several gauges especially for electrical industry
are made by the traditional multi-step cold drawing process.
The input material 1s generall, Properz:i wire rod because EC
grade aluminium and AIMgSi alloy wires are used mainly for
overhead transmission lines and conductors. With respect to

technical level of wire drawing fecilities 1t does rot seem




feasible to realize essential improvement in quality and
productivity without modernization or replacement of
existing machines."

In this area, the main stream cof R&D activities experienced
woridwide bhas been directed to additional technological
operations and compositional modifications like thermo-
mechanical treatment and microalloying in order to increase
thermal stability, creep and stress relaxation resistance of
conductor wires without any deterioration or either with
slight improvement in tensile properties and conductivity.
The applied methods and compositions developed so far are
more or less well known, at the present stage the task is to
investigate the possibilities and constraints of their

applications in India.

B. Processing techngloqies

Joining methods

Although almost all kinds of joining methods like welding,
soldering, brazing, adhesive bonding, riveting, etc. are
well kmown in the Indian aluminium processing sector, their
applications are rather limited in the everyday practice.
The advanced methods like automated TIG and MIG welding, EB
welding, spot welding, ultrasonic welding/brazing, vacuum
soldering/brazing, etc. are used only in defence and
aerospace industry or are available in R&D laboratories.
Industry-wide application of the up—-to-date Joining
technologies is hurdled by, in addition to the lack of
adzquate facilities, the poor suppiy of good quality welding
wires and rods, suitable fluxes for brazing and soldering as
werll as of high strength rivet wires with good cold heading
properties. Another retarding factor 15 the lack of skilled
weliders. The rapidly growing demand for welded structures,
OraZzed ailuminium car radiators, adhesively bonded honevcomb
»hructures and laminates together with the requirements for

proper filler metals and auxiliary materials show the
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importance of R&D activities to be done at this field in the
near future already. It should alsa be underlined that
training of welders 1is of utmost importance, and its
institutional support and prcfessional background are to be

organized and established as soon as possible.

Heat treatments and thermo—-mechanical treatments

Heat treatment of extruded products made from medium
strength AIMgSi alloys is usually done in extrusion plants.
Solution treatment. Supersaturated solid solution structure
is achieved continuously by press quenching using mainly air
or rarely water as cooling agent. However, introduction of
hard alloys and more complex profiles requires updating of
facilities and technologies in order to provide precise
control of quenching rates.

As regards rolled products, the old rolling mills are unable
to perform on-line heat treatment. As for wire-rods, some
Properzi machines producing conductor grade alloy wire-rod
are supplied with on-line guenching facility, some of them
however, as mentioned earlier, can make wire-rod with hot
worked state only which requires additional operations and
expensive facilities in the cable factories to achieve the
specific properties. It is also noteworthy that the bulk
treatment of coils make it very difficult to attain uniform
properties.

In the case of commercial products, thermo-mechanical
treatments, that combine plastic deformation and heat
treatments in order to utilize their synergic effect, are
not applied at all for the imprcvement of properties.
Possible areas of developmnent are 1n connegction with
egulipmnent update, manufacture of superplastic sheets,
production of hard alloy semis with s3ophisticated properties
and quality improvement of some products like electric

conductors mentioned earlier.




Die-casting

A lot of small and medium scale die-casting shaops can be
found 1in India. As a result of their limited capacities and
rather old facilities, they are not capable to produce large
castings of good quality which are increasingly required by
different sectors of defence and engineering industry. In
general, the applied casting technologies belong to the
traditional methods namely sand casting and gravity die-
casting. However, some firms have introduced already more
advanced technologies like pressure die-casting and, 1in
addition, there 1s example of application of casting method
that represents the state-of-the art solution at this field
like squeeze casting demanded by the production of engine
castings for cars and other vehicles. Considering that some
up-to-date casting methods have been investigated recently
in different institutions and their lab-scale applications
are in progress, future R& work should concentrate on the
industrial introductions associated with well-defined parts

like car wheels, engine blocks, etc.

Sheet metal forming

Technologies like bending, shearing, punching, deep-drawing,
spinning, flow turning, etc. are commonly used in the metal
forming practice. Small capacities are equipped mostly with
simple, outdated machines that are manually operated as
usual, therefore their technical background makes them
unable to produce products of good quality and high
standard. At the same time, lots of medium scale factories
and some large capacities that are involived especially 1in
defence and aerospace 11ndustry can process sheets and
plates with the most sophisticated methods like CNC spinning
and flow turning, or either hydroforming.

The production of large thin walled parts like vessels,
barrels, paraboloid mirror-, cylinders, etc. requires first

of all high capacity presses with s3pecial toolimng and RED




activities in order to improve technologies like rubter daie
forming or superplastic forming. However, the latter must be
associated with the development of superplastic sheets

having very fine grain size and uniform microstructure.

Surface finish

Although advanced methods and technologies are well known
for producing plain and coloured anodic oxide layers, powder
and chemical conversion coatings as well as paints of good
quality on the surface of different semis and finished
items, their applications are more or less restricted to
simple and not too expensive processes. The further R&D
work in this field should therefore concentrate on the
application oriented surface finishing methods, considering
that finishing operations are performed basically in small
and medium scale factories where opportunities are rather
limited 1in respect of automatization and 1introduction of

sophisticated process control.

On the basis of all mentioned above it may be concluded that
the Indian aluminium manufacturing sector, in spite of
difficulties resul ting basically from its outdated
facilities, is able to meet the actual demand of domestic
processing sectc- and some of its products fill even the
requirements of foreign markets. Although there are examples
of up-to-date machines and equipment, most of them are
rather old that require modernizat:ron 1n order to i1ncrease
productivity and introduce new producte with higher value-
added. Therefore, R&D works should be focused first of all
on the possible solutions of machinery upgrading in the
future. On the other hand, i1t seems also 1mportanmt to
investigate the possibilities of i1ntroduction of advanced
technologies using the new facilities for 1ncreasing the
competitiveness of semis and promoting wide-scale

application nf aluminium. Some of required know-hows have




a.ready beern elabcrated or adopted, some2 relating work is
now in progress and in some areas further R&D activities are
needed.

In regard of processing sector, the gap between the leveis
of rnowledge and application is much higher than that of
semis’ manufacture. Owing to 1ts very diversified nature,
the numerous technologies applied and the prevailing feature
of small scale capacities with low level of mechanization,
process control and quality management, Lt iIs very difficult
to give wuniform solution for the developments to be
realized. In this case the first step to be done 1s to
organize an advisory group that i able to elaborate
proposals far enlarging product-mix and technology pachkages
for possible improvement for each operation that conform to

1ocal circumstances and novel reguirements.
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aspects of metalworking, alloy development, composite
materiale, powder metal lurqgy and corrosion processes.
Special attention is devoted recently to the problem of
rapid solidification, a:loy—-based composites and high
strength alloys with lowered density.

Whereas, research work in national laboratories and
institutes is basically technology oriented, these
institutions are more or less well equipped and many of them
have adequate farilities to take R&D process upto pilot
plant stage. Alloy development, manufacturing and processing
technoleogies like casting, forging, flow turning, adhesive
bonding, powder metal lurgy, manufacture of composites,
impert substitution, sur face finishing and corrosion
protection are of the main areas where they have already
realized significant progress.

R&D activities of companies and plants are basically product
ard process oriented with special emphasis on quality
control, economy through improvement in existing techniques,
energy saving measures, scrap recycling, waste utilization,
pollution control, import substitution and identification of
new application areas.

On the basis of available data and information as of 199!,
we have surveyed the aluminium R&D work with respect to
their subject matter. The identified activities with short
reference to their subjects are given 1In Annex & in an
areawise breakdown. Notwithstanding the brief identification
of research work, it may be seen that there 1is a good
coverage on nearly all aspects including basic and applied
or industrial research. What seems wvery important 1s the
sultable co-ordination of these activities at institutional
level with the aim to avoid perallel work. It 1s of similar
importance to establish vital 1links between research and
production/consumption through bhoth feedforward and feedback
ways of information management in order to support the
production of procducts with high wvalue-added and, as a

result, to promote the enlargement of aluminium application.




D. Product mix proposals

The production of finished goods fits only partly into the
verticum of aluminium industry, but the company visits at
the four largest producers proved their general interest in

the processing industry.

The big aluminium companies of the world process only a
smaller part of their semis to finished products, most is
sold to the processing firms. It 1is their aim, however, to
expand their activities also for producing finished goods
either 1n a direct or an indirect way. Among the many
reasons of this, the followings are the most important :

- the technology of finished goods production is highly
aluminium oriented, which means that manufacturing of
good quality final products requires the knowledge
accumulated in the aluminium i1ndustry 3

- production of finished goods needs cooperation, two
ways of information flow with the manufacturers of raw
materials and semis ;

- aluminium has a good market in its finisked form, the
price margin of sales between semis and finished goods
i1s higher than the expenses arising from turning the
semis into fully finished goods ;

- finished products of great quantities sometimes can be
produced by using the tecinology similar to that of the
semis

- considerable benefit may be attained if the scrap
originating at processing 1is rapidly returned to the

cycle.

The proposals seem to be feasibile because they are not on
the market and their use 13 not widespread, but need to be
further 1nvestigated are summarized briefly i1n the following

pages. Some of them fit only to the usual activity of large




firms, because they need quite large investments, but some

are good for small or medium size of enterprises.

Mass Products

This group of products consist of the usual household
utensils, which are produced 1in great varieties in the

small, medium and large scale industries of India, too.

Some other ideas :

- office, camping and garden furnitures

- home equipments, sport goods in general

- street equipments (garbage can, barrier, fence, street
marh)

- garden equipments {green house frames, irrigation

systems, cordon poles in horticulture).

Electrical industry

The electrical industry uses aluminium for structures which
conduct and/or do not conduct current. The electrical
conductors represent the greatest among industries consuming

aluminium in India.

In case of current conducting structures the application of
aluminium is justified by the
- low production cost compared to copper,

- reliability and simple malintenance.

[t is the permanent task of the aluminium Iindustry to
increase the conductivity of the materials used 1in cable,
power transmission line, busbar manufacturing. There are
some possibilities ftor the processing 1ndustry in India to
produce beside the exihhimg products such as:
interna. installation ianes {building wiring)
alectrical malhine wiNciLnNgs

teleophone cabiles.




The most important aluminium structures not conducting
current worth for further investigations in India are:

- jamp columns, column’s arms

- busbar channels

- cable chanrnels

- aluminium covered switchgears and safety equipments
- measuring and distribution boxes

- transformer houses

- poles of power transmission lines.

Building industry

Advantages and proposals were detailed in a lecture
delivered at the seminar of "Aluminium in Buillding and
Architecture” held in New Delhi, March 12, 1994. (See its
Ahstract in Annex 4)
Just to list a possible product mix:
- roofings
sandwich pamels
- self supportilmg arches
- renovation materials of old buildings
- rain gutters
- chimney inserts, air ducts
- garbage dropping channels
- garages, garage doors
- combined foils for humidity prevention
- load carrying structural elements (columns, bars)

- factory prefabricated doors, windows

rairlings, interior stairs

- container type mobile buildings
skeletons for masonry, mounting worhk

greenhouse frames

- fences
shutters for windows and doors

fasteners (screws, naills, etc.)

false floors.




Pachaging industry

About 75% of the aluminium package materials are utilized by
the food processing, thus the demands for this branch are of
determining character in the consumption as well as 1in
forming the development purposes. The use of cans, boxes,
lids, bottle closures, collapsible tubes, packaging of
foils, hard foil trays, cups are well known and introduced

for some extent in India.

Another large group of aluminium products used in packaging
are mainly for non-consuming usage. Those are large boxes,
cases, commercial small containers, drums, pallets, applied
as reusable packaging materials, the use of which could be
largely increased in India. The product possibilities are:

- cases, as

collecting

= transporting (collapsible and non collapsible)
= cooling cases

- pallets (instead of wood solutions)

- small containers (also used for shop supply)

- drums

= for chemical agents

for food industry

beer barrels.

Transportation

The abcve listed products serve transportation purposes as
well as packaging. Beside silos, tanks, transport
containers, gas cylinders this field of application of
aluminium means the production of passenger and freight
cars, car vans, buses, ships, vehicle accessories.

‘rn spite of the bhigh specific cost of aluminium there 15 a

tendency to increase the aluminium consumption in the .




vehicle production. The reason of this effort 1s to reduce
the weight, to fulfill the reguirements of
- planning of energy saving constructions
regulations of environmental protections (even 1f they
do not exist yet on this field)

personal safety’'s expectations.

products worth for further investigation are
castings in general to replace iron and steel
heat exchangers in cooling systems

gasoline tanks

compressed air tanks.

As far as they belong to the transportation sector
- the traffic tables, their poles

traffic light poles

road railings
- noise shadows along the roads

are promising applications 1n the future in India, too.

Machinery and equipment

The possibilities of increasing the application of aiuminium

on this field in India can be collected in two main groups

exchangers, as

in air conditioners and refrigerators

cooling components of the air condensation system
of thermal power plants

collectors utilizing solar energy

components

sand castings up to 1000 pieces

gravity die castings up to 10000 pieces

different pressure die castings for larger series,




E. Factors determining the decision on using aluminium

In the previous para, those application possibilities were
listed which are not or not widely utilized in India. What

comes into utilization among them depends on many factors.

In the course of manufacture, producer has to choose among

structural materials that can be applied for the same

purpose. Choice is influenced by both technical and economic

considerations. Application of aluminium requires the

following aspects to be considered :

- advantageous properties of aluminium in respect of the
final utilization

- user’'s habits, application techniques

- price of aluminium compared to that of other structural
materials

- additional economic advantages in application arising
from the properties of aluminium

- availability of different materials.

The price of aluminium affects user’'s decision in connection
with the price sequence of structural materials which can
replace each other. Comparison of prices as per weight and
volume does not supply adequate information. The figures do
not indicate all the economic advantages of aluminium such
as e.g. painting 1is not required as in case of steel, higher

life span compared to that of wood and plastic.

Takirg the present conmodity prices into account, an
aluminium structure will probably cost more compared to
steel structure in many cases. In some cases, however, the
price difference between the lpoad-carrying aluminium
structure and the steel structure should be compensated by
the more advantageous properties of aluminium compared to

steel. In some other cases, simple and cheap workability,




low maintenance requlirement, elimination of surface
treatment, high life—-time, high scrap price, low transport
costs owing to reduced weight, etc. can compensate the price
differences. To forecast user s decision it 1s imperative to

take additional seccndary economic advantages into account.

Considering the primary costs only, aluminium structures are
in most cases more expensive than steel or wood structures
used for the <came purpose but they are cheaper than
structures of plastic and non-ferrous wmetals excluding
aluminium. Where these metals can be replaced by aluminium,
there the application of aluminium would increase
considerably. Otherwise, the possibilities for replacement

are now nearly fully exhausted worldwide.

Comparison between the purchase prices of products made of
different materials for the same purpose does not make basis
for decision concerning purchase and application. Beside the
prices, most of users consider the advantageous properties
of aluminium especially 1f pieces of proper convincing

information are available.

It is not worthy to enforce aluminium application in those
fields where the end user does not benefit economically from
its application. If we rOOW the user’'s requirement
concerning the base material of the product, we can affect
his purchase even 1n case i1if the purchase price of the
relevant product 1is temporarily higher than that of the

othar product.

In addition to technical and economic considerations, the
propaganda nlays important role by influencing the behavior
vf users. In people different tinds of subjective feelings
may arlise In respect with the application of materials and
solutlons. As a matter of fact, these feelings, behaviors,

lites and dislikes can hardly be taken 1nto account.




The calculating method was introduced as an example in the

seminar’'s lecture (see Annex 4).

It is obvious that in such a large country as India having
thousands of manufacturers of fTinished goods should be some
organization dealing with the prognosis of the behavior of
final consumers of aluminium goods, before introducing any
new product to the market, to avoid voluntariness and
financial losses emerging of voluntariness. The small and
medium size of enterprises can "bleed to death” on a wrang
decision starting with a new product would not prove to be

feasible.

For the management of a firm that intends to enlarge the
activity, the preparation of & feasibility study belongs to
the daily routine starting with market research and fol lowed
by the usual steps. Nevertheless, it 1s necessary to
minimize risks and, in general, to avoid voluntariness and

wise advices to be followed. This task cannot be
undertaken by anyone, as a gratis. The question 1is, whether
medium size enterprises are prepared to do that ? According
to the experience, they are not. ihey need help, or at least

advice, 1f not more.

The next question is related to marketing.
In the trading activities of the companies of aluminium
industry, beside the traditional commercial operations

carried out so0 far (such as accepting orders, contracting,

n

fulfilling, transporting, invoicing, etc.), other rather
important activities should be carried out ensuring the
permarent development of the enterprises. These are :
martet research based on constant and yearly summarized
Goservations and interpretation of the actual and

potential needs and characteristics of the market, 1in

order to satisfy the demand for specific aluminium
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goods, thus achieving cointinuity af work, protfits and
balanced expansion for the given company. This factor
is no less important than the financiel, technical and
production factors, so this factor 1s needed to imdrove
even at the 4 big aluminiun producers. The public
companies so far more or less neglected the real market
research and the marketing,

- marketing, which is a management concept, or it should
be at least. The marketing is based on the findings of
market research and consists of a mix of methods for
influencing the market into a direction desired by the
concept of the company. The marketing activity starts
where the market research ends and the concept of the

company 1s formed by the management.

Real marketing activity doesn 't exist in the sphere of
aluminium downstream and processing industry. Most companies
are or will be privately owned, 1t is their risk to carry on
their activity, one snould say . But, the risks of
inexperience are usually responsible for the excess
capacities, for the unsatisfactory assortment ang
consequently of i1mports, the lack of exports, and so oOn.
Finally it is for the sake of the country as well as the
individual firms tc improve their marketing activity, to
decrease the risks as much as they can. Some firms have
permanent contacts w«~ith some of theiwr buyers, e.g. sheet
metal producers with holloware producers and extruders witn
window-frame manufacturers. In this type of connection the
manufacturers of semis depend largely on their counterpart 5

marketing activity.

Some firms  again bhave offices oubt of thei s1te  with
salesmen, who are 1nterested obvisusly 1n the day-br-day
operative work, but less ia the future and developmnent Of

the firm they are working Tor.




Visiting companies and organizations 1t became clear that
the past few years since the material shortage ceased and
some surplus occurred, were not enough even for some of the
larger companies neither, nor the medium size firms to
realize the importance of marketing. Training and help is

needed on this field from an able organization.

It is true, there are firms having very good experience to
carry on market research, they are really good in interview
techniques, but not specialized in and not acquainted with

the aluminium industry.




CHAPTER (11
POSSIBILITIES FOR JNARDDC IN THE DOWNSTREAM ACTIVITIES

In accordance with available intormation and data as well as
our own experiences cn aluminium downstream activities, the
following conclusions can be drawn with respect to JNARDDC s
possibilities in this area:

- 1in India, lots of institutions are engaged in R&D work on
aluminjium covering practically the whole area of basic and
applied researches. Cansequently, it 1is no use to
establish an additional division or research department

with facilities that would be able to perform only
parallel activities. For a new R&D division therefore it
1s essential to identify first of all activities and areas
where its 1leading role can be achieved and useful and
profitable work demanded by external industrial partners
can be done. However, 1t 1s remarkable, that required
facilities for technology improvement are very expensive
in general ;

- the manufacturing sector 1is to be characterized by a
medium level 1in respect of both the product qualities and
applied technologies owing to the rather outdsted
facilities. In general, the companies with high and medium
size capacities are striving toc modernice their facilities
and to upgrade their technolocgical level by means of the
introduction of new, advarniced manufacturing methods, but
usually they are short of adequate information on
technical opportunities, requirements, Fnow-hows, marhket
demands, etc. For them it 15 of utmost importance to find
partner who 1s possessed of suitable background for
information processing Including databases, databanks,

access to different data sources 3n India and abroad, etc.

and by this way 1s able to supply them with all data and
information required for thetir decision-mawrings and
developments. As regar:is  thear actual R&D work, the

companies can manaye  them using their own background or




initiate the most appropriate institution available to do
that effectively ;

- in the processing sector, owing to its very diversified
nature and the dominant role of small-scale factories,
the quality level of production varies in a very wide
range resulting in end-products with very good and rather
bad gualities alike. Most of factories are not engaged in
R&D work, they try only to m2et the market requirements
within their rather limited possibilities. They cannot
initiate R&D activities but adapt themselves more or less
to the main stream of developments in respect of up-to-
date technologies and new products. For them it is very
important to find suitable partner, let it be the JINARDDC
either, which supports their effort to find marketable
products, market requirements, technology opportunities,
knaow-hows, etc. through processing and feedback of
available information as well as to improve the actual
production with adequate advisory activity, quality

checking and manpower training.

On the basis of all mentioned above the most viable role of
JNRADDC 1in the alumirnium downstream sectors could be
described for a short-term period as an advisory institution
which supports R&D activities, quality improvement and
marketing work basically by acting as information centre
which collects, processes and distributes the relevant data
arnd 1Information. In addition, it provides institutional
background for trainings, quality management and
certification processes.
The company visits strengthened the conviction in the
followings:
- creating and updating a relevant database on domestic
firms, products, capacities 15 a must;

- the small and medium Gire enterprises need consultancy 1n

proper naterial selection,




processing technologies,
= marketing;

— the processing industry, in general, needs advice in
= the development of new products (prototypes, field

trials of the designs),

technology improvement,
= training of their employees;

— the whole downstream sector is in need of an expert group
which is able
= to perform tests and quality checking on the spot,

= to support procurement of quality certifications to

the relevant IS0 9000 standard.

On the basis of its own information managing work, JNARDDC
should be engaged 1in supporting and promoting aluminium
usage in different branches and application sectors 1in a
short time. In the framework of advisory activity the
Institute must be able to analyze and evaluate trends and
tendencies in domestic and international spheres in terms of
new products, advanced technologies, gquality requirements,
market demands, etc., that are of utmost importance for
manufacturing and processing firms for their decision making
processes. With respect to aluminium finished products,
JNARDDC is likely to conduct consulting and training work as
well. A3 a part of its long-term activity, the Institute
shall be ready to present developments, to make up prototype
of new products and to perform field trial of new
technologies. All in all, the Institute should be an
effective informaticn source for all interested parties 1in
the downstream sectors and, in addition, perform as a link
ar chamnei beiweon sectors or tranches 1n order to catalyre

dJoevelopmnents, quality 1mprovesent and appearance of new

croducts o Lo Lasls af mutual Interest.




As a matter of fact, JNARDDC cannot undertake this activity
free of charge in case when costs arise, but even than to
avoid or at least to diminish the expenditures this task
should be sponsored as a non-profit oriented activity.

"Since the industry as a whole would be the gainer, a thrust
for expansion of activities in this regard (including funds)
must be worked out Jjointly between the industries and the
concerned institutions” (citation of the Report of the
Technology Advisory Group on Non-Ferrous Metals, Ministry of

Industry, Oct.1992)

Thus, how possibilities will become realized depends on
several facts. In the following chapter the minimum program
is outlined what is inevitably necessary for the sake of all

parties involved.




CHAPTER 1V

SELECTED ACTIVITIES FOR JNARDDC

A. Information services for the whole of aluminium industry

There is an existing program for establishing an information
centre at JNARDDC, what gives the framework, regarding the
personnel, hardware and software for the information
services of the downstream and processing industries as well
as of the upstream, for what the program was originally
built up. Accordingly, besides the earlier proposed fields,
the scope of information processing should still cover

- semis such as rolled, extruded, drawn and forged

products as well as castings
- finished products used in thz building industry, in

transport, electrical industry, engineering, etc.

In case of processing industry, the most important is to
create an information database of firms. In the course of
its implementation, a Ouestionnaire can be used as for
opening the databank on firms. Ffrom the semiproducers,
somewhat more detailed information seems necessary to feed
back in order to implement the consul tancy services

discussed in the following para.

Information database should always be kept at up-to-date
level. The economic and technical data for semiproducts can
be accumulated very similarly as it was proposed for the
upstream industry. For the processing sectors those data
listed in the proposal such as

martet (India and world)
- output (India and worid)

capacity (India and worlid)




have no sense, naturally. But prices, production, standards,
patents, transportation costs, suppliers of facilities and

know—how are worthwhile to collect.

For the library the list of propased periodicals may be
enlarged with the followings :

- World Metal Statistics (London, monthly)

- Monthly Bulletin of Statistics (UN, New York)

- Metals and Materials (London)

Some manuals from UNIDO, UNCTAD :

- Manual for the preparation of industrial feasibility
study

- Manual of Export Promotion Techniques

- Industrial Joint Venture agreements

Since the proposal is thoroughly detailed in the study of
"Program for Establishing an Information Centre at JNARDDC"
(ALUTERV-FKI, Budapest), here only emphasis can be put on

the importance of it.

B. Consultancy services for end users, training

The end users of aluminium materials in the form of semis

are the firms of the processing industry. The technical

advices (help in proper selection of material, in the
technology) are aimed mostly towards them. The final
consumers of the metal are the public, 1n the form of

finished products (used in buildings, tramsport, packaging,
tousehold, etc), therefore, the marketing activity should be
aimed towards them. (The "Puli” or "Fush” strategy of

marteting was mentioned earlier).

Ay organization dealing with technical advices cannot be

divided from those giving economical or marketing advices.




The customers need both at the same time on the same place,
and the tasks and responsibilities of the advisers,
consultants cannot be cstrictly (not even slightly) separated

as technical or economic matters.

The importance of marketing factor is evident. A development
process can last several years, the risk is relatively high.
Not only the firms, but the authorities of the economic
management of the country participate increasingly in
bearing the risk, in order to form an advantageous base
material structure and product assortment. The development
of aluminium industry is the part of a long term economics
developing strategy. It is evident, too, that any
organization capable to lessen the risks of authorities
could be sponsored at least partly by them, and partly by

the firms interested in develocpment.

The growth of aluminium consumption and exploration of new
application fields are mainly the interest of producers. 7o
replace traditional structural materials {copper, tin,
steel, wood) by aluminium iIn various application fields and
to maintain achievem=2ints 13 ust sz technical as marketing
t boevery aluminiuwn indusley operates some
wical advisor, {and research) organization, for which
thore i3 a slronyg need in (ndia, too. It is evident again,

taat ool of the 4 largest prodacers should not run theilr own

advinory organtsation Jonl o il eate sarallel activities.
o AoTEr 133§ Prizres i c Foverid HEFEs s e Ching-edonanLc
._n__v,,;,.:t’_..,\_J ‘;';gal,x,'..‘f_iu-‘. Fin v 3itaeer Vi

bt e v o eand escmomical appiication of aluminium

s cad New applilaatl O

Sromoalies techmical  advanes i aluminiun processing by
Supply Ly LOfaoitancy, ducumentation wid traimning
maintain  relations  with  1nternational and domestic

gl cat o




- promote cooperation among aluminium semis manufacturers
and processing plants, collecting the present and
future demands

- observe iInternational progress

- promote the adoption of them and the indigenous
development of new finished goods on the basis of
accumulated knowledge to pramote designing,
constructing and testing of prototypes

- promote standardization.

This list is the actual job description of the advisory

organization, as a whole.

Briefly about the standardization and the training.
Standards have to assure the customers’ safety, uniformity
of products, replaceability, environmental protection, etc.
It is essential that manufacturing and processing industries
as well as users can evaluate the products from the same
aspect. In the process of standardization the experts of the
technical staff have to take paert 1in order to solve detalls

of gquestions and to assure the interest of the parties.

Existing international standards and outher foreign standards
may promote the standardizing activity, but if they are
automaticalily accepted, they often impede progress 1n the
beginning phase of development. [t is inevitably necessary
tc revise and adapt them as own standards, taking the own
achievements and capabilities into account. Creating of such
standards, scomewhat different from foreign ones can help to
Leep the undesirable competition away from the domestic
market.

Te form standards 13 not the task of the producers, but of

the authorities. The tecihnical advisory organization should

however, take the initilative steps.




The training does not always mean personal connections of
those who are involved. In such a large country only
regional seminars, lectures can be organized as non-formal
training. It should be carefully studied which organization
has the best capability to do that. The advisory
organization can take part in that but it looks like more
useful from the point of view of fast result if they edit
booklets on the proper use, proper technologies, applicable

in the production of finished goods.

The proposed booklets :
- On the proper use of aluminium
= in general, giving the properties, workability in
comparison with other materials, what semis can be
obtainad in India and where
= in building industry
= in agricultural machinery, appliances
= in transport and storage
= in packaging
= in machine industry
= in mass production
with ample examples of foreign and domestic experiences of
each field
- on the proper technologies, applicavle in producing
finished aluminium goods, as
= machining (turning, milling, drilling)
= cold forming (cutting, bending, deep drawing)
= surface treatment (polishing, painting, anodizing)
= joining (welding, soldering, riveting, adhesive
bonding, screw bolting)
- popular booklet about "do it yourself” methods.
The booklets can serve the basic training of the worhkers,
foremen and technicians, getting them used to aluminium as a

structural material (and to serve sales promotion indirectly

-

or semi’s producers). The distribution of booklets meeds




careful consideration. A part of it can be spread through
the marketing networks of the semi—-producers ( BALCO,
HINDALCO, NALCO, INDAL), some others are to be distributed
according to the data bank of the informat:ion centre and
they can also be sold in bookshops, sent to libraries,
associations, authorities, technical schools, colleges,
seminars, etc.

It is possible that experienced authors cannot be found
locally in one, or another subject. Digests and translations
can be made or getting foreigners to give the text, until

gaining adequate domestic examples.

Organization of Technical Advisory Team

The technical advisory team should consist at the very

beginning as a minimum of

- one mechanical engineer, familiar with electrical
engineering packaging, transport and storage, mass
production as well as with technologies used in
finished goods production, and with basic economics,
one architect, with ample experience in the field cf
pre-fabricated buildings, civil work , in the field of
the building in aluminium windows, doors, portals,
partitions, false ceilings, etc., with the ability of
designing all these and evern of furnitures, with the
nowledge of basic economics
one metallurgist, familiar thoroughly with material
properties, manufacturing technologies of semis, the
availability of them according to quality, size, price
and other terms of delivery in order to help the end

users ai-d processors to select the proper material that

fits pest for their purpose, who 1s able to organize

the material testing of semisa, within JNARDDC  or

elsewhere




- one eccnomist to carry on a continuous market research
using secondary sources as so called "desk research”,
to evaluate the Jdifferent applicatieon possibilities
comparec with solutions of other materials, to direct
team woOrk in preparing wvalue analysis, to prepare
feasibility studies according to needs, to manage the
edition of booklets,

and the whole staff should be responsible to provide inputs

to the databank of the information centre from their field.

It is no use and does not make sense to build up a large
Organization before gaining enough experience on the volume
of work that should be done. It is evident that to find
experienced and able staff is a random. The personnel should
train themselves on the Jjcb autodidactically. The selection

will come automatically.

One can not expect to carry on training by people still not
trained. In the first pericd, therefore the department
should be responsible only for the organization of trainings
as to find the right lecturers for given subjJects, to assure
the place, the technical G©tacrground for the success of

training.

It is not advised tc get ready with workshops and machinery,

pecple te produce protctypes of aluminium goods. New

products can be designed by e-.pgerienced designers of the

given field with the SO Ly, or evenn with the

supervision of the staftf of Tazohnical Advisory Team (17 Lthe

order 15 given by then), ancd the srototype could be produced
.

at the best firm able toc praoduce thot (or the firm, who 13

intorested in the produaction of tre 1tem after trial).

Lasl but notl least, as in tw Ccase of any bind of organized

activities, the advisory team regqulras a manager as well.,




The manager 1s not necessarily the best expert, but the best
organizer who 1s able to create good circumstances for work,
able toc negotiate and to represent the best 3sake of the
centre and his (or her) team.

As a rule, this kind of team needs a “"laissez fair"” type of

leadership.

C. Participation in the R&D activities of the downstream

industry

Even a very simple advice means some participation in the
develaopment of products or technology of the advised firm.
The consultancy supplied usually can not be measured by
money, the costs of consultancy can be negligible but the
results realized at the aluminium processing partner can be

large enocugh.

wWwhen the consultarcy 1is connected with passing over some
documentation, that costs money because the preparastion or
procurement of any documentaticon needed time and spending,
norecver  to bear any responsibility and risk for any
ducumentation worth of money, handing over information
coilected have wvalues; any training assured directly or

indirectly was connected to expenses, too.

Designing, constructing and testing of prototypes are not
chesp activities at all, the i1nterested parties should pay

for it 0 a contractual basis.

The actbhvy adviosor, organizations all over the world are
partiy spoasarzd by the authoritiss and the basic and

semi - fl1niabhod naterial producers,




- they are earning some on selling i1nformation, pre-
processed documentations, not directly for profit, but
just to cover the expenses needed to obtain those,

- contracting assiy-.ments of work bounding larger
capacities, needing larger inputs, such are the
designing, constructing, testing prototypes, or running

training courses.

From the point of view of IJNARDDC it is worth organizing and

running a Technical Advisory Team, if

- sponsars can be found,

- it can be proven (by enquiries and some kind of market
research, or preliminary agreements) that some
assignments can be obtaired, and

- the activity of advisers will contribute to the better
utilization of existing capacities(instruments and

manpower) of other departments of the Centre.

Respongds to these guestions make it clear how the Technical
Advisory Team can participate i1n the R&D activities of the
aiuminium processing industry. The feedback of their
information collected trom their customers of the processing
to the downstream can help the RLD plans and imaginations of
the lasts.

As for commencing and 1ntroducing the activities of the
team, It 15 advised to draft an information bulletin with
the list of obtainable services Iin terms of what are

- free of charge to whom, what, how, etc.)

what, how, etc.)

_

- charged

- avairlable on contractual basis.

This leaflet should be wpread
through the marketing branches of basic material and semi-
producers (e.g. can H2 put 1n addition to 1nvoices malled)
Ly direct mail, the mairling i1t can be preparaed on the

hasis of




trade directories

yellow pages of phonebooks of the main cities,

- through professicnal associations, chambers, etc.

It is also advised to pay visits at the most important
partners in order to

- 1ntroduce themselves,

- assure the support and backing of the partners,

- acquire commissions.

Actually, the commissioned participation of the team in the
R&D work of the downstream industry should be stated and
properly detailed in the contracts.

As a next step, the Technical Advisory Team shouid prepare
the su-called “Small Plant Documentation Packages” 1in order
to draw attention of perspective entrepreneurs. The proposed

areas can be found i1in Annex 9.

D. Quality management services

In respect of both the extension of aluminium application
and production of products with higher value added, the
guality 1is of utmost importance. Its key position is
underlined by the fact as well that recently international
standards have already been specifying the quaiity assurance
and markets tend more and more to absorb products of
producers that have already procured the certification to
the relevant 1S5S0 standard. Accordingly, most of plants with
medium or large capacity have already introduced quality
management system or are in progress to do that on the basis
of their own testing laboratories and facilities. In their
case, aintroduction and adaptation of some new checking
methods conforming with technology development may be the
tazk with specific respect to the application of NDT methods
for AN—process controls. In the case of small-scale
ingustries, the tashk 15 more complex. At first, they should

b supplied with all necessary 1nformation about quality




control possibilities 1n conformity with their technotogies,
products and requirements. After, they should be supported
in the elaboration of Juality management prougram and thern in
the introduction af quality management system considering
that checking and controls covering the whole manufacture
from testing input materials to certifying end products
should be performed by simple, guick and reliable methods
that do not require expensive instruments and highly
qualified staftf. In general, these checking methods apply

NDT technique mostly.

Considering the importance of quality improvement in the
Indian aluminium industry as well as 1its role 1in the
extension of aluminium application, it seems essential to
form a small team consisting initially of two or three
persons within the JNARDDC's Department of Semls and
Finished Products in order to supply guality management
services for the whole industry especially smail and medium
scale capacities. Within the team a techniciaen shouid
operate the instruments and do the necessary malntenance
work, the other one(s) should expertise the actual testings
and quality improving activities. (ccordingl,, e=xpert{s)
should be mechanical engineer and/or metallurgist with
mater.al! testing experience and appropriate knowledges 10
quality assurance.

A basic requirement for the selection of l1nastruments sid
appliances is the portability because they should be usaed
mainly at the spot of production. Another main aspect 1o
tneir principle of operation , namely, 1t seens preforatilo of
the, apply NDT technigue for checkiing the actual oporat.on

and reguiretents. Manufao turers of  semi o fanashed  prodactos

Are poB3csutad, 1N general, of <11 the aecessary  Lesting
tavilities regquired by the Jetworminat con 0t Startacd
croperties because they, cannot sell thoeir products withoat

guality certification. 3n thoe contrary, procesSing Tarng

espetiasly wmall ones wsuall, v oot Biaeey fao il tie s o
7




checking compositional, mechanical or physical properties
because they accept the quality certification cof semis and
they want to check their operations and suitability of
products instead. In this regard, they are interested 1in
doing tests that give information on occurrence of internal
defects, temper states, surface imper fections and surface
finish features. Accordingly, 1t seems no reasonable to set
up testing facilities for measuring standard properties in
short term but to settle down to quality controls using
simple instruments and appliances based mostly on NDT
technique.

Considering the main manufacturing and processing
technologies, temper states, the ditrferent mechanisms by
which defects can be produced as well as sur-face
requirements, the following spot checking and testings are
needed to perform on the spot:

- hardness testing

— conductivity measurement

- ultrasonic flaw detection

-~ thickness measurement of oxide layers and coatings

- surface roughness testing

- surface gloss and reflexivity testing

- checking of oxide layer sealing.

List of instruments and appliances required by these tests
and measurements is given in Annex 5. By using these methods
a lot of information can be collected cZoncerning quality
management. For example, hardness 15 4 s3tandard property ang
its value is generally reguired for the progduct
cortification, at the same time, it Can b2 used with certaln
iimitations to assess other mechanical oropesrties like
tensile strangth. Considering that tots of portable
Listruments for hardness testing are to be found 10 the
practice from the ver y simple tardrness nliers to the
microprocessor conterolles nstrument with digital disgolay,

it 15 adwisable to wuse thirs method dh a3 rapid means 01

materials assessnent. That 1 the casae i particular with




quality control procedures or when qualitative evaluations
are reguired for processes and parameter selections.
Similarly, conductivity measurements can be used as fast
means of assessment for qualitative evaluations on the basis
of precetermined relationships between conductivity and
other structure-sensitive property.
As regards ultrasonic testing, in addition to radiography,
it i1s one of the most i1important NDT methods applied to
1dentify defects 1in products. These defects may faorm at
various stages of production and are harmful in respecv of
both the success of subsequent operations and quality of
final products. For that reason, it is necessary to follow
critical technologies and to check the defect-free nature of
products. As a matter of fact, it is importart to understand
the origin and nature of defects in order to devise suitable
inspection techniques as well as to mod1fy process
parameters for eliminating the causes. On the other hand,
surveying manufacturing and processing operations, it is to
be seen that there are many different mechanisms by which
defects can be produced during the manufacture of semis and
finished orcducts:
- defects oroduced by shrinkage in castings and welds
- defects caused by non-uniform or excessive deformation
during piastic deformations
defects produced by thermal stresses and transformsations
inclusions
- gaseous defects, e.g. blow holes
These defects can be detected by ultrasonic technique, which
has the advantage over radiography that 1t applies harmless
30und waves iInstead of X-rays or gamma-rays with very strict
safety measures. [t 13 true, howewser, that application of
raidilograpnhy 15 inaevitably, for detecting peculiar Jdefects
OGoevasinnNaiiy, but 1m case of necessity 16 15 more reasonabile

to apply radiography 1n Cooperalion wihth extesrnal partnoer 1n
% y PN

the flrst period taan to wet up faciiztaes for them,




-

As regards 1nvestigation of microstructural features of
oroducts, 1t cannot be implemented on the spot, samples are
to taken destructing the actual 1i1tem then, after suitable
preparation, grain structures, phase structures, textures,
etc. can be determined using appropriate optical microscope.
This technique 1s now avallable in the Institute, therefore
it can be used faor this purpose.

For the assessment of surface quality with special reference
to uniformity, roughness, brightness, oxide layers or
coatings, there are several portable instruments that supply
data and values for the specified properties and features.
Anodization processes can checked by measuring the
thickness, colour, reflexivity, sealing and homogeneity of
ozide layers with purpose-oriented instruments. As regards
painted or lacquered surface, coating thickness, uniformity
and colour are to be investigated easily with simple
portable appliances. In case of as-manufactured surfaces,
roughness anda presence of cracks, pores and other
inhomogenities can be checked by NDT technigques, while
testures, anilsotropies and other defects are to be tested by
applying macro-etching and dye penetrate techniques.

On the basis of all menticned earlier it can be seen, that
the guality management group supplied with some portable
inatruments and using the existing facilities of JNARDDC is
ablie to support the efforts of plants and factories for
thelr qQuality developments as well az to help advisory and
training activities of the Centre. Of course, after a couple
of Y 2ArS, the activit, can be extended by applying
additional testing ard gualifying methods like radiography,
acoustic ernlssivn, mechanical testings 1including tensile,
conpression, fatigue, fracture mechaniZal and creep tests,
corrosion Lestings, «=to., but i that case a new testing
dJusartrent supplied with all required facilities should be
ocstablizhed in conformity with the need of [ndian aluminium

dJuwnastream 1n3ustry firast of oll.




Using the facilities and instruments already avairlable 1n
JNARDDC and with the addition of equipments listed 1in
Annex S5, 1t should be possible to carry out the following

activities related to testing and quality control.

Manufacturing methods and related products

Melting, holding
Checking of external thermal conditions of furnaces
using thermovision in order to determine sources of

heat losses.

Billet/slab casting

'dentification of defects (flaws, cracks, etc.) in the
cast products using ultrasonic technique.

Checking of grain structure by macroetching.
Investigation of microstructure by metallography using
optical microscope.

Checking of compositional homogeneity along different

directions using Sigmatest and EFPMA instruments.

Wire-rod cast rolling

Testing of macro- and microstructural features of rod
stock and wire rod by metallography using optical
microscope and etching techniques.

Checking of electrical conductivity of rods using

Thompson bridge and portable resistivity meters.

Homogenization

Contro! of heat emission of furnaces using thermovision
for determining sources ot hoat losses.

Checking of macro- and microstructural features of
workpleces betfore angd after treatment by metallograpby

uBn1ng optical microzcope andg clohing technigques.

Checking of —ungnuitional usrtfarmity by EPFA,




Rolling/ertrusion

Checking of as-worked and tempered states using
hardness and conductivity measurements.

Testing of surface quality with roughness tester,
macroetching and ultrasonic instrument.

Checking of occurrence of internal defects by
ultrasonic technique.

Testing of microstructures and textures by

metallography.

Forging

Checking of as-worked state and anisotropy with
hardness tester and macroetching.

Identification of internal and external defects using
ultrasonic technique and dye penetrate method.
Development of flow lines by etching.

Testing of microstructure by metallography.
Drawing
Checking of specific electric resistance of conductor

wires using Thompson bridge and portable meters.

Processing methods and reiated products

Joining (welding, soldering, brazing)

Checking of occurrence of defects such as crachks, hot
tears, porosity anc sliag entrapment using ulitrasound
technique and dye penetrate method.

Corntrol of macrostructure of heat affected zone by
macroetching with sperlial attention to the possible
cocurronce of coarse grain recrystallazation.

Testing of annealing process in the heat aftected rone

by hardness measurements.




Heat treatment
Control of tempered states with hardness and
conductivity tests with special attention to solution

treatment and ageing stages.

Die casting

Checking of internal and external defects such as
shrinkage cracks and porosity with ultrasound
technique.

Testing of macro- and microstructural features by
metallography using optical microscope and etching
techniques.

Control of surface quality using roughness tester.

Sur face finish

Control of thickness of oxide layers and coatings using
the specified devices.

Checking of sealing features of oxide layers by sealing
tester.

Checking of aesthetic appearance, uniformity and
homogeneity of surfaces with or without treatments by
testing reflectivity and colour properties.

Checking of surface roughness with the sgecified

instrument.

Training

The aim of quality management training 15 to make the whole
process of quality assurance rncwn for participants 1n
details, focusing basically un 1ts technical 1mplementation
wlth special attention to testing and checr1ing methods that
connect quality as a ranking category with relevant figures,
values and levels specified 1o advance. daccordingly, i ¥a)
general, the training programmes should consist of two main
parts. The first one 1s to be devoted to the overall

problems of quality management - th special emphasis o the

oryganization of quality, AG LU AR Sy tem InCiuding




standards, specifications and certification to the relevant
[0 900C standard. The second part should be more specific
as to dealing with the technical implementation of quality
assurance and concentrating on the practical difficulties of
quality control over the whole manufacturing and fabricating
processes from checking of input material to the
certification of end product. In fact, testing methods and
control procedures should be introduced in terms of applied
technologies and specific products. With relation to these
methods, however, the emphasis is to be put on the

information content of them first of all.

A general scheme of a training programme can be considered

as follows:

Quality as ranking category for products

Notions, specifications, standards

Process of gquality assurance
Regquirements, expectations

- Quality assessment in different stages of production

Testing,/checking methods to be applied for the control of

composition

= mechanical properties

H

physical properties

technolcgical features

metallographical properties

Examples of application

The theaoretival guestiorns of Qquality management doc not
requlre auxiliary materials and fscilities but standards arc
spocifications far the ¢Lscusslons. As regards presentation
nf material testing methods and cnecking possibilities, the
emphasly should be put, as i1t was mentioned earlier, on the
guulity related intformas 1on content nf them ard the
application of NDT techihiques, theretfore they should  be
1ntroduced by U 1iig Sunple, wel l -understandabie

domonstr at 1on tablizs, Mocodsls andg process simulations, 1Y




addition to the working facilities, instruments and
appiiances to be found in the Imnstitute after setting up the

relevent Department.

Most of instruments and devices required for the proposed
checking and testing procedures as well as for the training
programmes are portable and they all can be put into a small
van for bringing them on the spot, it necessary. Reasonably,
these programmes should be implemented in the Institute,
however, any other place can also be taken into account in
accordance with requirements.

Prior to organizing training programmes, with respect to
effective demonstrations and presentations, characteristic
samples and test pieces should be collected from
manufacturing and processing firms. Preparation of some
samples may also be required i1n order to simulate occurrence

of defects, damages and disorders properly.
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ANNEX 1 26 May 1992
UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
JOB DESCRIPTION
DP/IND/88/015/11-53 DP/IND/88/015/11-54
J13207

o

*hx

Post Title: Consultant in aluminium semi-products
Consultant in aluminium application

P -

Duration: 2.5 months )
-
Date required: as soon as possible - oS i
Duty Station: Nagpur (India), with travel within the country
Purpose of The immediate objective of the project is to assist the
project: Covernment of India in setting up a functioning Aluminium

Research, Development and Design Centre consisting of:

a) Alumina Production Research Department

b) Aluminium Electrolysis Department

c) Analytical Research Department

d) General Services, Instrumentation and Control
Department (incl. workshop and maintemance)

e) General Administration and Finance Department

The Centre will develop the capability of carrying out the
following main functions on behalf of and in cooperation with the
bauxite processing/alumina production and alurinium smelter
industries in the country:

a) Assimilation and adaptation of available technologies

b) Providing recommendations and ad hoc or applied and
analytical research to local industries in process
improvement, transfer of technology, etc.

c) Setting up and operating a data bank

d) Providing training of Indian engineers.

Duties: At present, according tc the approved project document for
the establishment ¢ the Centre, there is no department dealing .
with aluminium - uis and finished/end-products and their

application. Howevei, it was recommended that in the future the
Government shall complement the Centre with an appropriate unit
for studying the production of aluminium semies and finished
products, process development, products promotion/diversifica-




TPR and PAC meetings and it was agreed that some of the above

areas could be selected and introduced in the frame of the
. follow-up project stage. Due to limited resources at present,

full-scale activities in this field are not applicable, therefore

a report of the relevant analyses and recommendations on
. sustaining follow-up actions is needed.

The consultant will be required to provide advisory
services/expert consultancy on selected R/D activities of the
Centre in the field of aluminium semi-products and application
after the current proje.c phase (The consultant 11-53 is supposed
to work in tandem with consultant 11-54 in aluminium
application).

His main duties will be to:

1.) Review the final report of the UNIDO Subcontractor Aluterv-
FKI "For setting-up an Aluminium Research Development and
Design Centre in India®, prepared in August 1983.

2.) Review the revised Centre design, prepared in 1990 and
analyse the Centre’s capabilities at the stage of
completion of the current project from the point of view of
possible utilization of the existing facilities,
infrastructure, personnel, etc. in case of expansion of the
activities in the field of aluminium semi-products
technologies and application.

3.) Contact the main aluminium producers and consumers in India
and identify their development problems and needs.

4.) Deliver lectures, provide consultancy and technical
information on the latest development and achievements in
the field of aluminium semis production (bars, sections,
shapes, sheets, strips, tubes, etec.)

/ 5.) Prepare a report with recommendations on "selected
activities of the Centre in the field of aluminium semi-
products and application after present project stage" and
discuss it with the counterpart/project management.

The consultant 1is expected to prepare and submit a
technical mission report with attached report as per para 5
above, upon completion of his mission. The report should be
prepared in line with the UNIDO standard requirements.

Qualifications:

University degree (preferably PhD) in mechanical/
metallurgical engineering; with extensive practical experience in
aluminium semi-products production, design and application.

Language: English.




The Indium sluminium industry looks back to a history of 44
years. The first aluminium smelter (in Alumpars, Kerala) was
put into operatfon in 1943. At present there are five alumina
plants i: operation and six aluminium smelters vwith an overall
capacity of about 587,000 and 580,000 tommes per year,
respectively. These facilities belong to five aluminium
companies, namely Bharat Aluminium Company Ltd. (Balco),
Hindustan Aluminium Corporation Ltd. (HIRDALCO), the Indian
Aluminiur Company Ltd. (IKDAL), the Madras Aluminiums Company
Ltd. (MALCO) and the National Aluminium Company Ltd. (HALCO).

With the commissioning of FRALCO the share of the public sector
in alumirium smelting is more than half of the total installled
-capacity of India. This indicates the decisive influence of
the public sector on the future of the industry. The sustained
growth apd development of the aluminium industry in India,
apart fx:om requiring the adoption of suitable 1long term
pollicies in relation to production management, output, pricing,
and fiecal levies, is also in need for techmology and market

developmeat, which will gradually be handled by the proposed
Centre.

During the past yeers, TIndia became_’ one of the leading
countries in the world hzving substantial bauxite resources,
after the discovery of large deposits in the Easterm Coast in
the nearly 1970ies. The total dauxite reserves of India are

estimateé to be of the order of 2,650 million tonmes, which
places India on the fifth place in the world list.

With the vast reserves of bauxite and coal in India, the
aluminiur industry has ambitious plans for a faster growth rate

keeping in view the future demand in the foundry and export
potentials.

The existing alumina/aluminium plants in India are based almost
entirely on technology imported from various sources. Both in
the areas of production of z2lumina and aluminium, 2 number of
technological improvements have taken place in advanced
aluminiur producing countries. Import of improved technology
is not always possible, also its introduction 1is not feasible
in the existing plants. Import of technology necessitates
proper assessments to determine its suftability under Indian
conditions, the available raw materials, product demands, state
of engineering developments, etc. Though research and
development work is being carried out by the major aluminium
producers in the country, these are majinly directed towards
solving their day to day process problems in the plamts. No
work is dome for the development of process know-how and basic
engineering. The technologies followed in the existing plants
are from various countries/suppliers - KAISER, ALUTERV-FKI,
VAMI, ALCAN, MONTECATINI and ALUMINIUM PECHINEY. Apart from the
strategic. 1importance of having an i{ndigenous Research,
Development and Design Centre for Aluminium, the Centre is
expected to save substantial hard currency payments to the
foreign partners.
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For meeting the estimated demand Pt aluminivm by the turn of
the century, substsntial additional capacities for alumini and
aluminium will have to be set up in the 1990ies. Additional
demand for aluminium by the turn of the century, which is in
excess of the currently available capacity would be of the
order of 440,000 tomnes per annum which at the current selling
price of aluminfum emounts to Bs. 1180 crores. Considering
the payment for kmow-hovw, basic engineering and royalties for
this additional follow-up stage this would mesan an expenditure

of at least asnother Rs. 1.2 billion equivalent to US$ 95
million.

It is to be pointed out that the cost for Establishment of the
Aluminiur Centre in Ragpur (both Indian Government and UNDP
contribution) is of the order of US$ 12.5 million. The
financing of operations and further developuent of the Centre
is envisaged by the Government to be secured through a
collecticn of Rs. 100 per tonne of aluminium for aluminium
research and development, added to the price of aluwinium
(established now by the State in India). The funds so

generated would serve as financial basis for operation and
further extension of the Centre.

When <he new aluminium capacity will be established the Centre
will be fully functioning and if it contributes to savings of

only ten per cent of the expected expenditure for project
engineering and royalties, apart from rendering other wuseful
services, its establishment would be fully justified.

It is to be noted that 211 the leading aluminium producing -
countries have their own R and D centres. Close interactions
among these Centres‘ Research and educational institutions and
industry has enabled numerous technological advances -~ this
example is needed to be followed in India.

In the light of the above, a co—ordinated effort fn R and D
will be essential for the development of knov-how and basic
engineering to self-relisnce in alumine and aluminium
technology needed for the establishment of future plants
without peed to go for foreign consultancy. Future development
of aluminium industry in the ccuntry based on indigenous
expertise demands the immediate establishment of a
self-reliance full-fledged and independent research,

development and design centre for aluminium at the national
level. =

The development objective of the project is to aim at
self-reliance in alumina and aluminium production technology
and to achieve faster growth of the Indian aluminiun I1ndustry
to meet the domestic demand for aluminium products. This goal
will be achieved by setting up of an Aluninium Research,
Development and Design Centre at the national level vhich will
be in a position to carry out research and development in the
field of bauxite processing, alumina and aluminium production
leading to improvement in the existing plants and creating newv
producticn facilities. Thus, the output of the project will be
physical facilities of an Aluminium Research Development and
Design Centre, adequately equipped with sgpeclalized research
and testing equipment and trained professional staff to render
research and development technology im the existing plante and
for sctting up of nev alupivna/aluminium production facilicies
based on i{nd{genous rav materials and natural resources.




In addition, the Centre wvill handle related projects such as :
decaling with the ase of by-products, dcs%;n improvements for !
saving of energy and materials, development of new products and
alloys. Another particular problem that the Centre is expected
to address is emanating from the 1lack of adequate and -
uninterrupted pover supplies which has led to poor utilization
of capacities in the recent past. Investigations into energy
saving ~echnologies of alumina and aluminium production will be
one of the important tasks that the Centre will have to tackle.

It is expected that once the Centre is established it will meet
the fast growing technological service needs of the zluminium

industry in India. The Centre will consist of the following
departments:

- Aluminina production research department with four laboratories
and one pilot plant;

- Aluminjum  electrolysis research department with four
laboratories;

- Analyticel research department with three laboratories;

General services, instrumentations and control department with
four sections;

- General. administration and finance department with three units.

The civil counstruction works for the Centre started in Nagpur in
1990 and will bte finished by 1992-1993. The centre is planned to
fully operate/function by 1994-199S.

The assignment of the nationsal staff and procurement of equipment
started in 1989-1990. The first R/D vorks are expected to start in

1991-1992, Training of the staff will be carried out in India end
abroad. .

For a more detailed information reference could be made to the
Project Document and the Detailed Centre Design.
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Facsimile Cover Sheet

Ta: DR.T.KALMAN

Company: ALUTERV-FKI
Phone: 00-36-1-161-1837
Fax: 00-36-1-181-2867

From: RAMACHANDRAN/ZAMBO

Company: JNARDDC
Phone: 00-91-712-386894
Fax: 00-91-712-386862

Date: FEBRUARY 10, 1994
Pages Including this 3
cover page:

DEAR DR. KALMAN.

KINUDLY FORWARD THE FOLLOWING INFOMATION TO DR A. EVA AND /

OR MR S. FULOP:
THANKS AND REGARDS

WE WERE INFORMED THAT YOUR ARRIVAL IN NAGPUR IS EXPECTED
AROUND FEBRUARY 25, 1994. PLEASE FIND BELOW COPY OF OUR
PREPARATORY ACTION IN CONNECTION WITH YOUR PROGRAMME,
WHICH MAY BE USEFUL FOR YOUR PREPARATION.

PREPARATION FOR THE VISIT OF EXPERTS IN
ALUMINIUM SEMI-PRODUCTS AND APPLICATIONS

The following preparatory work is proposed:

. Review of production and consumption of semi-fabrication

and products from aluminium and its alloys is to be prepared

during the mission, therafore

o List of main producers of sluminium somis and consumers
is being collected / updated.

. Stalistical dats on production and structusc of
consumption are bcing collected

.01
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. Names of companies to be contacted / travel programme
for the team is being finalised

. Role of Aluminium Association of India is being considered

and their co-operation is being requested.

. Questionnaire for collection uf information from thc

companies is to be prepared . Internatianal experts are
requeted to prepare the same.

Also considered the following points, while preparing for your
visit:

1.

One of the main problems of development / extension of
production capacty for the primary aluminium and semi-
products of aluminium and its alloys in India is the limited
indigenous market requirements; therefore the activities
which may be introduced in the Centre are to be

concentrated on the promotion of economical ucc of
aluminium in the Country.

Export of primary aluminium seems to be incomp 2titive but
the export of more value added products 10 the neighbouring
countries is to be considered
Quality and assortment of the products and special
indigenous conditions are also be considered carefully
Possible role of the Centre to be defined.

Selected activities to be introduced :
intformation services / review and anialysis of the production
and consumption in the world and India
Cconsultancy seivivus / inarket analysis, quolity
improvement, Introduction of new products
R&D activities In selected fields
Participation in the implementation of selected development
projects
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3. EXCERPY FROM .J0OR DFSCRIPTION FORWARDED TO UNIDO BY
THE PROJECT:

According to the Project Duvuincut fur estublishment of
Jawaharlal Nehru Aluminium Research Development and Design
Centre the Government should consider to complement the Centrc
with a dcpartment dealing with the production of aluminium semis
and finished products, process development and product
promotion. Sustainability and and follow up actions after project
phase have also rcccived attention in the II TPR and a rcport on
sustaining activities and maintaining tcchnological currency is (o
be brought before the next TPR. Recommendations on complction
ol thu uutivitics uf the Centre with the field of Acmis and finislical
products should also be the part of the report for 111 TPR.
Addition of a department dealing with aluminium semis and
finished products was discussed on the Il PAC and after careful
consideration it was agreed, that at the present stage it is not
possible to find fresh resources requircd for the introduction of
full scale activitics in this ficld. However, on the basis of the
present needs of primary producers it is felt, that some ereas
could be selected and introduced in the frame of 8 follow up
projcct. This expert will work in tandem with another in
aluminium application (11-54) to :

1. Review the final icpuit of UNIDO subconractor AUTBRV-
FKI " For Setting -up an Aluminium Research,

Development and Design Ceiitre in India®, prepared in
August 1983,

2. Analyse the capability of the Centre at the stage of
completion of ¢ he present project from the point of view
of possible utilisation of the existing facilitics,
infrastructure etc. in case of expansion of the activitics

3. Contact the main aluminium producers and consumcrs in
India (o fix the present needs

4, Prepare a report with recommendations on "Selected
ectivities in the ficld of aluminjum semi-products and
applications in JINARDDC after project phase”

WE : LOOKING FORWARD TO SEE YOU IN NAGPUR

‘\
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ANNEX

)

Senior counterpart staff:

Dr. T.R. Ramachandran, Director
N.G. Sharma, Deputy Director

Dr. J.Zambo, Chief Technical Advisor

Travels in the country:
07.03. Korba (Bilaspur)
09.07. New Delhi
14.03. Renukoot (Varanasi)
16.03. Bhubaneswar

18.03. Angul

19.03. Balasore

20.03. Calcutta




ANNEX 3

LIST OF PECPLE MET

Dr. L.Mcller - UNDF, New Delhi

Dr. E.A.Yanko - VAMI, Russia (UNIDO consultant, Nagpur)
S.K.Mehrotra - Director, BALC3, Korba

P.N.Sharma - General Manager, BALCO, Korba

Dr. P.K.Maitra - Dy.Gen.Manager, BALCO, Korba

A.K.Roy - Smelter Manager, BALCO, Korba

P.Banerjee - Dy.Manager, BALCO, Calcutta

V.K.Vasudeva - Regional Manager, BALCO, Calcutta
S.K.Roy - General Manager, Asian Group, New Delhi
V.K.Chhabria - Sr.Manager, Asian Group, New Delh:
B.K.Agrawal - Vice President (Fab.Prod.}, HINDALCO, Renrnutoot
P.5ingh - Vice Fresident, HINDALCG, Calcutta

R.N.Gupta - General Manager, HINDALCO, Calcutta
S.Baberwal - Sales Engineer, HINDALCO, Bangalore
S.K.Tamotia - Chairman, NALCO, Bhubaneswar
R.K.Maheshwari - Dy.General Manager, NALCO, Angul
M.M.Seth - Chief Manager, NALCO, Bhubaneswar

S.Acharya - Executive Director, NALCO, Bhubaneshwar

G.S5.Panda - General Manager (Smelter), NALCO, Angul

C.B.Agrawal - Chief Manager, NALCQ, Bhubaneshwar

B.S.Tani - Chief Manager. NALCC, Bhubaneshwar

R.P.Panda - Manager, IPIC(i, Bhubaneswar

S.M. Sundaram - Managing Director, Orissza Extr.Ltd. Balasore
A.Ser - General Manager, Orissa Extr.iLtd., Bala-ore

TNM Balagopalan - Chief Technical Officier, INDAL, Calcutta
G.C.Birnani: -~ Vice-Fresident, Orient Ind.Ltd., Calcutta
P.Jain - Manager, Mohamir Alumiriium, Caicutta

V.Misra - Presicent, Pernnar Aluminium Co.l.td.. Datals
S.Mohinta - Gen. Manager. Fennar Aluminium Co.Ltd., Dahalis

M.Todi - Mg.Director, Nlfa Aluminaum Pyt lltd., Calcutta




C.S.Madan - £CA Products Pvt.Ltd., Madras

C.S.Pradipak - Mg.llirector. Krish-Viman Lt3., Secunderabad

S.Sanghvi - Corp.0ff., ORBIT, Fune

S.C.Chokhani - Mg.Director, Sudarshan Al.Ind.Ltd., Bombay




ANNEX 4

Details of company visits

(Synopsis)

Bharat Aluminium Company Ltd.

Korba /7 Calcutta
Counterparts: S.K.Mehrotra - Director (Commercial)
P.N.Sharma - General Manager

dr .P.K.Maitra - Dy.Gen.Manager (Quality Control)

A.K.Roy - Smel ter Manager
RP.Banerjee - Dy.Manager (Marketing)
V.K.Vasudeva - Regional Manager

and their staff mnembers

Products

Rolled products - hct rclled coils and plates, cold rolled
coils, strips and sheets, patterned
sheets, corrugated sheets, circles,
foils

Extruded products - sclid and holliow profiles (about 13500
standard typ2s), seamless rolled and
drawn tubes

Conduutors - EC and alloy grade wire-rod, AAC/ACSR/AANC

conductors
Billets - size: 100-4C3 mm in Ciameter

max. &.000 nwm in length

Casting alloy ingots

Ixperierces of discu3sions and plant visit can be summarized
as follows:

Melting, holding and melt treasting operations are carried
out by using conventional methods and furnaces as well as
traditional degassing/suiaanting asditives, grain refinimg
nucieants and master alloys. Billots and <2labos are produced

by DC castimg techrniqgue, applicstion of hot-top method 15 O

b erpocted Hy tha end of this year. I bme zase of hars?




¥

alloys or on specific regquest, soundness of cast products 1is
checked with NDT (ultrasonic) method. In addition to solid
billiets, their hollow form is also produced especially for
tiie manufacture of semis of hard alloys. As regards
commercilal production, hard allcy means, 1n this context,
sorne kinds of AlMg, AlCuMg and AlIMgSiLI types with medium
alloy content. Wire-rods are produced on Properzi cast-
rolling machine without any extraordinary filtering and
checking operations. Hot and cold rolling facilities, as
well as extrusions presses are rather outdated and, in spite
of their time to time wupdating and modernization for
improving capacities, controls and auxiliary equipment, they
are unsultable for manufacturing saphisticated products like
can-stock material or high strength thin walled procfiles of
larger size. MNo surface finish such as anodization or
painting 15 applied, products are sold out in their as-
manufactured state.

In korba plant, rather well-equipped quality testing and R&D
laboratories are available to carry out prescribed tests for
checking actual manufacturing processes and to conduct
development work tbhat is basically technology-oriented and
concentrates on  the manufacture of semis with higher
fequir 2nent. However, occasionally they deal with the
development of new product ac well, as it was presented by
the prototype of an all-aluminium truck body. They are ready
to co-operate with external partners to conduct R&D work as
joulnt effart on tne basis of mutual 1nterests. Procurement
ot the oo titication to the relevant 150 200C standard is 1n
progress.

The  company has four regionai marketing offices which
operated so far mostly as merchandizing organizations and

marketing activitia2s (marxket research, propaganda, public

el At L haaerr not been at too high level as o a result of
gLy e et g nar ket tonditions., Recently., the
b D A e v Nanged, thee narbkobting work, as they have

rreeatlazod alread,, Das to Le stresgthened and enlarged. [t




seems also necessary to create a heal thy infarmatiocn
exchange system in order to feed market-induced requirements
back to the engineering side as well as to feed i1nformation
on technical opportunities forward to consumers. In this
process the information system to be established at JNARDDC

can give very effective support.

Asian_ Group

New Delhi

Counterparts: S.K.Roy - General Manager (Projects)
V.K.Chhabria - 3r.Manager (Projects)

Group companies: Asian Consolidated Industries Ltd.

Rajasthan Breweries Ltd.

Since 1986 they have been involved 1n the production of
cans. So far they have produced 3-part tin cans for Nestle
Co., but as they are possessed of a large capacity brewery,
it 1s a must to start beer-can production.

Their plant is under construction and its expected capacity
15 13.000 tpy of Z2Z-piece cans for beer and softdrinks.
According to their assumpticn, the capacity will be utilized
fully if aluminium cans substitute for bottles used i1n India
for beers and softdrinks as high as 15 and S per cents of
the total, respectively.

Nt o the beginning, in order to 1ntroduce the proguct to the
mairket, the Metal Box {(Ut) will supply cans, but by the

fir

\n

t quar ter of 1995 they will start the domncstic
prodguction with a possible output of L20G-1.800 preces por
minute wsing 1mported can-stock material. They requested
bBotn INDAL arnd HINDALCO as possible Indian manufacturer of
Can-stock strips to produce sanples for testing. However, 1n
respect of Jdonestin supply of reguired material guality, 1t

Leoms more feasible to 1mport hot-rolled volls for tho Can

wlocy production and to perform cold rolling ocperations ob
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them in the first period. The estimated quantity 1s about
2.000 tons per annum for the beginning. Probliems to be
solved are as follows:

~ to organize recycling of used cans

- to obtain necessary certificates

- to find a solution of using the same alloy for the

body and the top as well as to apply it indigenously.

With relation to Indian semis production and its expected
development, it was also mentioned that the “"Climate Systems
India Ltd." - a joint-verture company wiith Ford Motors was
set up in 1992 to manufacture aluminium radiators for Maruti
autamobiles - requires solderable aluminium strips and
sheets but this guality is not available vet in the domestic

market.

Hindalco [ndustries Ltd.

Renukoot / Calcutta
Counterparts : B.K.Agrawal - Vice President {Fab.Prod.)
P.Singh - Vice Pres:ident (5ales)
R.N.Gupta - Gerneral Manager (Exports)
S.Baberwal - Sales Engineer

and staff members

Products
Rolled products - hot rolled plates and coils, cold rolled
COl1is, 5tri1ps and sheets, pattermn=c
sheets, corrugated  shestc (with o andg
without robizi, crecliesy Slug stook

1

Continudusiy cast wide Strig 10 CClab

Futruzions - solild and bwollow profiles
wiee rods - CC, AlIMgS1 and AlFeS: yrades
Aluminl.on 1ngot — high grade, maste: alids, alic

boron free gquaiibies

E«periences of diccuasions and fartory vinit can be

cumnmar Loed as follows:




For the melting, hoclding and melt treating operations the
conventional methods are used aspplying the usual, self and
indigenously made degassing/cleaning additives, rucleants
and alloying materials. In the foundr 4, vertical and
horizontal DC casting machines c¢an be found, thz ma-imum
billet diameter is about 300 mm. Surface quality of billets
made by horizontal casting technique 1s rather unfavoratble.
No NDT technique is applied to check the soundness of cast
slabs and billets. There are four Properzi machines of
emaller size to produce wire-rod for conductors and rod
stock for subsequent extrusion process on the Confcrm
machine. Concerning wire-rod guality, cable factcries
complain time to time for the occurrence of high number of
breakages during wire drawing process. Extrusion presses
are rather outdated, the maximum pressing force to be
achieved is around 2000 tons only and that 1s nct encugh to
produce larga 3size extrusions of hard alioy with conpie=x
geometry . Because of tooling problems and occasional billet
inhomogeniti=s, the surface quality cf €-Lrusions 13
sometimes not so good as reguired. The Conform e-trusion
press 13 used for producing simple profiles with mo zpec:ific
requairement.

The wourking hot and ccld rolling miils together with their
auxiliary equilipmenti requilire modernization i1n order to meet
requirements of up-to-date production 1n respent of both the
process contrcl and uniform product guality. Mow, o riew Davy
4-mnigh cold rolling mill with advanced contraol 15 C2ing zel
un for the oroduction of strips of e tradrdinar, Gaaliby,

c.ample to praoduce care shock material. Witrh selation to

fCu
the 1rprseement of keat treat:ng processes, thore 15 ow o«
grosect Lo tnavest on oa rew solulion treatment farnace. S0
U cto - datae Lor it aous Htrin At NG Macnins made B, Faechiindg
1> alsc avalilable  for the manufachura ot wide  atr s, 1o
corled foran., 252 coils are osubjected to Lubosoguent cold
rolliing operations on the mew Davy, mill. A part of the cold

roiled sheets are used for producing circies and Corrajated




panels. Testing leboratcries and quality controls are
egquipped with facilities that arsz necessary for checking
actual manufacturing processes, therefore pcssibilities of
own R&D activities are rather limited. Procurement of the
plant certification to the relevant TS50 7060 standard 1s In
progress. In the future, 1n accordance with their intention,
they want to deal with the development of manufacturing
processes and technologies that are closely connected with
market-i1nduced requirements. Accordingly, their development
work 1s to concentrate on the extension of alloy range,
namely the manufacture of semis from extra hard alioys of
~xxx and 7xxx series, free .machining alloy and AlMg alloy
with magnesium content over 5 per cent. The modernization of
old cold rolling mill wili be implementad by the Dlavy Inc.
At present, same areas of analytical work, quality checking
and R&D activities seem Lo be promising where they are ready
to co-vperate with the JNARDDC.

The organization of "market development cell” 1S in
progress, 1ts activity starts with ths short-term plan 1in
April. They rnave four cof cone offices that {will) carry out
merchandizing, market ressarch and wustomer service as 1t 15
stated. Although the company has md rapresentative anywhere,
thelr orport activity ¢hows an Ladreadsing tendency. Theair
partniers are the traders, they ottain t=e prices off them,
because they, have acces. to LME prices only, thus they are

1in need of a Jdataoase wunHlalining artua. prices, demands,
A




National Alumimium Company Ltd

Brhubaneswar / Angul
Counterparts : S.K.Tamotia - Chairman-cum—-Managing Director
R.K.Maheshwari - Dy.General Manager (Operation)
M.M.Seth - Chief Manager (R&D)
S.Acharya - Executive Director (Planning)
G.S.Panda - General Manager (Smelter)
C.B.Agrawal - Chief Manager (Proj. & Tech.)
B.S.Pani - Chief Manager (MR & BD)
and staff members
Products - ingots of different type and size from non-—
alloyed and alloyed metal, wire-rod of £EC and
alloy grades
E.periences of discussions and factory visits can be
sumrarized as follows:
At present, NALCO' s downstream activity 1is contfined to
toundry practice. They produce 1ngots from pure and allojyed
metal 1including cast alloys and wire-rod with Properzi
tecnnolog, . Maliting and melt treating agperations are carriad
5.t L, wusing conventional methods and  facilities. The
Properzi Tachine 1s equipped with in—-line gquenching unift,
therefore ALMgS: wire-rcd in solution heat treated and
quenchezd ccnditicn can also be produced. As a part of their
deve dopment activity, hot-top billet casting and
f

homoganizaticn o cast nillets are i1n the setting-up phase

ar ifmtallation of facilities 13 in progress. Concerning

nat wfacturing technology of alloyed 1ngots with high In |

conta.t Lned f5r sacrificial anadss 10 Cor-os10n protect:on
T S hey LHou L. lire to obtain SOme additional

Lo fornatyon o advanced methods and ndvel compositions.

NUAlit, Contrcin and testing laboratocries are equipped with

Al aler tacilities, NowE s, application of Now
et L ogies onwould bo alcompanied Uy e application of

ateanied testing methods based on BB roeonoague. Foro thiaes

Loy vt 1 O Ve to obtali, wpecyrfizations f

o]

r

g1t e et HD T netheds and orocesssa S e applied an testg




of their sensitivity, detectability of defects,
determinableness of macro- and microstructural features,
etc. In the future, on the basis of available molten metal
base, the, want to e-xtend their activaity to dire-casting
sphere as well in order to produce castings with high
quality and complexity especially for automotive industry.
For that reason, in order to support their decision ma+ing
process, they sheould alsoc like to acquire sdditional
informaticn om possible technologies, reguired faclilities,
attainable guality, etc. For the time being, as an integrai
par: of their development pragram, they have been dealing

with *ne idea of application of welded aiuminium vesseis for

railway transpor b of alumina. in fack, it 15 rather
difficult tavs t.. mare  large w=lidad structure  without

di.tu: tions and interi.ay stresses, therefore both product
304 ST RS IS P designs  reguire much  of  experience and
caperthiess that are oot available at NALCO at the moment,
thus they would like JNARDDC to finmg the right person for
them to e-p2rtise the problem. In their opinion, 1t is very
nportant Lo make an adviscry activity commence in the
ngian dowrnstream aluminium 1ndustry and to Evelsp
techinwlogy, packages for updating facilitivs anc Lmproving
100 in plants and factories havirg 1fferent
techinital level.
T respent Wi mer Chrandl 2ing there is e e twore of
Jdistribution. As roegards marret researcn,  they Jepend an
soeclalist agencies. Desk research 1S preparedc Ly Own ataff

&) CusLomers  consuming more  thao L0000 tons  per annwin

there are 1010 Cf thew) are crectly Ly interviews., Fo
put of wne rest, that neans actually 1200 LS00 cuntomers,
b, carcfully create a parel and thoels Quosticonlitg 1h0Q
TtaLe Gt cutorde Vs e Graciers ot reports  are wakally
S R SN R Lo LA VEY L I (VIS S The 1] (TP UG &ity praosduc t
L oA Al naater Gart Sf o omedia dare o used for Proactasat s




Orissa Extrusion Ltd.

Balasore (It iIs an enterprise promoted i1n the joint sector
by INDAL and IPICOL.)
Counterparts: S.M. Sundaram - Managing Director
A.Sen - General Manager

Products: aluminium extrusicns of various forms 10

as-manufactured and anodized states
Experiences of discussions and factory visit can be
summarized as follows:
The plant has its own billet casting unit supplied with
conventional facilities. Remelting, holding, melt treating
arnd DC casting operations are carried out as usual, by using
ordinary cleaning agents, Al-Ti-B grain refiner and alloying
additives. After bhaving homogenized, billets are cut to
length then heated and extruded using a Japan-made 2.000 ton
press with sophisticated process control, linear motor
puller, automated run-out and in-line gquenching. The maximum
diameter of circumscribing circle of ordinary extrusions ang
flat profiies 1s 210 and 260 mm, respectively. There are
sgecial ageing furnaces to complete heat treatments of cut-
to-s1ze profiles. Extruded pieces may Se subliescted o
wodization as  well. An  up-to-csate arnodlzing line is
available by whilich, at present, plain elect-olstic

arnodlzation of different kinds can be carried cul. However,

[}

3 the reguired area with power suppl, 135 avallable, there
i oprortunity to R4 up s0Mme additional tanks for

isgiemncating colour anodization.

v .

e plant has a computer controlled guantometer Yo orecise

1

ata.ysi3 of allo composition. Diev dJdwewsign L0 1ng and
14 s

ranefacturs can be made n the plant » dio s5hop whis o state -

otobthe ar v CADYCAM orocess 13 applied to provide o Jophional
SoZas ALy, L o die catbiong.
T

Poratod capacity n o aboat 10,000 tongs poer annun., In 1970,
Lo o orodasticn wan o oaround  S.0000 tons and T 17%6 a1t 1o
et cent ot

2osettod Lo reach &.000 tans, Lhat s rouaghl s 8

L conesunntion o s trusiots wn Indra. fogots tor remelting




are supplled by INDAL and NALCG with appropriate gualily
certificate, noc secondary metal 1s used for the bdbillet
casting, however they are remel ting thelr own process scrsp
after appropriate preparation.

for the time being, output products are basically abscrbed
by the domestic market especially the building sectar,
export markets take only a limited quantity of about 400
tons per annum. In addition to their own sales and marketing
activities, customers are served through INDAL "s own sales
and service network. As regards products’ quality, e=zcept
some cases concerning surface features and damages ceused by
transportation, there are no complains and reclamations from
customers.

At present, concerning further development, they have not
any particular plan. Documents for the procurement cf 1[50
certification are ready. [n the areas of manpowar training,
Guolity management and in‘ormatian service, after having
become acquainted with available possibilities, they, are

ready to cooperate with JNARDDC.

Garrison Engineering Ltd.

Calzutta
Counterparts: Executlve Manager

Products atuminium bodies, space frames and superstructures

¢

for buscs, lorriews, trucka, firefighter veh1ClEs
F.periences of discussions and fartury vizit are asn falluwsis
The omall-scale factory employ,s 00 worbers all 1 all and

produces bodies and supesstructurss tror different btyoes of

berav, vehicloe especially for buses. The Lslteel chansis et
shgioe 13 supplied ta thos far dnotallang bodies and all
Y N N ittt oot ta < .'nn;')!l"?."' TR SRVRE S L UL Magaor grar ! R
Stractare .. can b nestes tr BR liananilunng, IS R S A SR R TPY SRS A
Lopmes transition elonent Lo andd P teernal e b et
e, ar supper P Iond pun s, Pt e et PN I S U A SR




ro u.ed for sreletons and frames,

whllie Sovaersn, deces and platfoons are rade up from plain and

sequirsd shapes of elements and parts

are formed by crdlnary plastic defcermation processes with

53iTgi@ Taclilties based on manual wark mostly. For mounting

and assembly wark the

y apply mechanical Jjoining processes

lirne riveting or bolting. Manual gas and arc welding methods

are used only iIin comnection with bonding of steel parts.

wWelding apparatus for aluminium is not available. There are

a lot of steel-aluminium contacts in the structures as

resulit of the applicat
the presence of hum

process may develop at

and cecrease in Servicas 1i1fespan.

1on of steel bolts i1n the joints. In

idity an electrochemical corrcsion

these contacts causing serious damage

Thaerefore, 1t seems

reagsonable to modify the construction and to apply unimetal

sCiution with diffusic

apparatus for aluminiu

N Honding tochinlgae like welding for
O Ly O STk Lo expensive  weiding
in oard suome s-illed employee for this
the nancfactura s the surtace
cf (e superstructore arr pairated
input aluminium

. DEr msnthil vy,

~am IRDAL aind BALCCO. Their consumpt:i:cn

Of ©e.lrusicns and Lheot Aas Ser Tantil 1o about F00 alnd S50
-]
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factaory

products sudh as pats,

renge. Iin the foundry,

~1tn crucibles to prepare

rr
T

hick plates using r2rman

ingot wvoaght from BALCO

applied as input material

carried out by putting

fluxes in to the melt and

casting. Mclten metal

cast plates are subjected

old duo mills and a

hardened material

the final gauge, sheets ar

are transpor ted to

machines, c-.centers,

arre availabia to
manufacturing process is
level of prodguction is

Yooosis.alr Jwhelking.

Nararani Metals

Calcutta
Counteroarts: Erocut ives
D sducts: alamiaiam

CoUr T,

DR P e e A

produces
hettles,

there are coke—-fired shaft

is poured

coke—-fired

between passes 1f required.
crccessing
riveting presses

produce

vory

pee g ront oo

some type of holloware

pans, etc. 1n the small size

furnaces

melt for die-casting rectangular

ent molds. A mixture of primary

or HINDALCO and some scrap 1S

for remelting. Melt treatment 1is

chlorine-containing tablets and

by skimming the surface prior to

into molds manually. These

to hot and cold rolling using two

furnace to anneal werk-

Having reached

e cut into circles. These circles

shop where old spinning

and other facilities

rolloware orcducts. The whole

manually operated, the technical

low. Juality control is confined

Director

Mol lorware products s3uch AT Sressure

teles, utenslis 35

(deogridizers)

1 o oellots

Thas meriiud wedle lactor. Lan be characterized by A ‘ulls,
cntegratad SN S U Lewrrang almost all St 5565 ard
Ll hmiio ) m)len that are rearas to producs fimishec prodoct
T o Aaany e tiar aaed . e r dl('v‘:;;;/, e Mmoo manutacturing and
[ SRS ST (TR TS T s ierd for mnlLware production are as
U T SRR BN N e b Lar clatos unsing  Chke Tared




shaft furnace with crucible melting and permanent molds, hot
and cold rolling with intermediate annealing i1f necessary,
circle cutting, spinning, deep-drawing, necking, 1roning,
bending, punching, riveting, machining, pickling and
polishing. [t 1s noteworthy, that welding technology 1s not
applied at all. Most of facilities and machines, except some
excenters and deep-drawing equipment, are rather outdated.
The applied taechnologies are based mostly on manual work.
Notwithstanding the poor technical level, products are of
acceptable quality. The basic checking method is the visual
observaticon, although some simple testing procedures are
available. They are in need of advisory activity and kindly

receive any help for improving surface finish and quality.

Contury Aluminium cxtrusion

Calcutta

Counterparts: Managirg Director
Products: aluminium ertrusions, drawn wires, secondary
ingots and pellets (deoxidizers) for steel metallurgy
The estrusion planmt is some 200 km far from Calcutta soc that
its visit cannot be arranged for the limited time avallable,
but sSuppusedly 1t is simiiar bt that of Orissa Extrusion
Ltd. 10 respect of machinery and facilities with the oniy
z.ueption that anodizatioadn 15 not available in tnis plant.
In addition to that, the, have a small-scale factor; 1n the

SuSur D whioh 19 i

wjaged 10 wire drawsing, Ingot casting and
Sellot Tanctacture. S it owas aeen on Lhe spot, wire drawlng
1n owoed Ro produce medium auge wirss from Properzi owire-

rod. The faclory buys the wire--od coll and performs wicre

rawlneg with some paslei Joao to the flial diameter of 4 to

Comm o Aand tRele wirees ards 3ol out to uthoer ficms for furtber
. R PR - T - PP N Carr "_j - L t - - TS 1 -
DR E X S AT I P et LTy, PR OT RN A R ) a3 1en O 3y 23 LM el
Tas bt Wit rowt ain, v sttlar, equrpnent . [ngot o canting i
Samens win socthdary o meetal yopat. Gonplie, ratioer e mesataod

facilition are uoed for movala, g Loapn b, Wil v ar Laoh Lhaafen
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as required by buyers that are involved mastly 1n die
casting business. From a certain part of molten metal they
mare up pellets and shots by means of using permanent molids
fuor reguliar shape and rotating table method for irregular

form. Quaiilty checkiﬁg is not applied at all.

Indian Aluminium Company, tLtd

Calcutta

Counterparts: TNM Balagopalan - Chief Technical Officer

INDAL is one of the largest private sector companies in
India. An associate of ALCAN of Canada, INDAL is verticaliy
integrated through every stage of the industry including
Saurite mining, alumina refining, smelting, manufacturing
and processing. Among its products ingots, plates, sheets,
coils, foils, extrusions, pastes and powders of different
gquality can pe found. As a private company, the management
~onsiders manufacturing technologies and quality assurances
as confidential matters, therefore only some discuss1ion
~ould He organized. Its conclusinns are as follows:

IMDAL 18 intereated 1n the utilization of information

CL
P
p

abanta and databases. They consider advisory service &as
an amportant means for supporiting end-users and processing
irduztrics in thelir activities to euplore nmew application

Gr2as and products, however, it {5 not clear if they could

[{8]

HOCN5Or  Advizury work at 11. At present, INLCAL tries t3

acquire informaticon on aluminium gas butties from dirfferent

BOUr Ll s as the, conwider this product very promising in

recpect ol future application In India. With relation to

Lume ow eppllcation ar:as proposed by us, mobile builldings

wibtii mocular unite are regarded most Aaltractive for them and
N -

Lines eonauad Taker oo oget  morda Information Aot LTI

L
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Oraient General Industries Lidg.

Calcutta
Couitterparts: G.D.Binani - Vice-Fresident (Crecutive)

Products: fans and ventilators for homes, offices, etc.

The medium-scale factory 1s engaged in the production of
various fans and ventilators. They conduct basically
assembly work using parts, sub-assemblies and units made by
subcontractors. They are interested in the substitution of
aluminium for cast i1iron or steel iIin certain parts for
achieving weight or size reduction as well as for i1mproving
fans® performance and attractiveness 1f the substitution
proves advantageous from point of view of cost-

effectiveness, too.

At the first sight, some cast iron parts can be replaced by
aluminium pressure die-castings, but the problem requires
more intensive analysis wusing database that cortains 3511
relevant iInformation on dJdie-casting shops avallable 1n

india.

Pennar Aluminium

Dahall, Dist.Nagpur
Counterparts: V.Misra -- President
S5.Mohirnta - General Manager (Operatione

Experiences of discuszions and plant vi1si1t are an folloan:

The Datall plant comsists of two factories. COne of them @ 4
cable faclor, whore stranced conduwdlors of varioos L, o arc
produced from Pronor i wire-road. Thier Dearnil S S ERARLA TR ¢}
technulogiw: apPpiied arte wire GrasiigG, irof Oi0G ant Tirat
treatment. Teolnicad léwve s OF toc.iitlien a0 nariocfalt oo,
Mol of B Wl U el AL Liend ll/ LS donnes, b oot - w0,
IOwWer L U lrig [ the Sood  gualaty Af wer ThE T L
Muarreting oclivitieon, e-port narrets ace ol oo O for then
and o certanr par b ol oatoot o o bioghit by Toreetip faran,




mastl, for Middles Zast region. The maj)or problem to be
Overcome 15 resui ting from the assurance of uniform
preperties for alloy wires in the case 1if the basic wire-rod
has not been subjected tu on-~line quenching during 1its
manufacture, therefore the solution heat treatment and
quenching operaticns are to be carried out subsequently
using appropriate furnace and cogling facility. However, at
this stage cf fabrication, wire-rods or wires are in form of
tightly wounded coils with gquite a large mass and treatments
tave to be done by them. Apart from energy loss resulting
from reheating of coils in order to achieve solid solution
condition , instead of utilizing their warm-workad state in
the cast-rolling process, the most serious problem is that
uniform cooling rate cannot be achieved within coils as a
result of non-uniform temperature field caused by the
variation of heat transfer cCandition inside the bulk,
therefore properties may vary considerably 1in terms of
location. The factory management would kindly cocperate with
SNARDDC 1n order to determine possibilities for achieving
uanitorm or almost wriform guality for alloy wires.

The other factory will be erngaged In the production of
sheets and colls. Facllities including two continuous wide-
strip casting machines made by Pechiney and an “zZhenbach

cold rolling mill are being set up. The 1nput aluminlus

or

ies

ingots will be supplied b, WALLZC. B oups to-date facill

(ad

goiitg tog=ther witl thoe Ltato-Lf-the-art toohnology make @

.

puszibie Lo produce sheet s ol 2trips of the higheat quaslity

Leronel . Ubhiererse, 00 Aooo-sdancs with gqualit, espectaticns,
abuut 40 poer cent of srodaction L5 boeored 1 advance by
foreigr firms. Attes hasirg finashiod the anstallation word,
thiee, showld lite JRARDIDC to help 1n sotting about artivitie:

Ot 1.




Seminar_ o Sluninium 1n Bullding and Architecture

March 12, 1994. New LCelhi, Lodi Road, Scope Convention

Centre

The seminar was organized by the Aluminium Association of
India. Number of participants was about 200. In the
technical session there were four presentations, two of them
had the similar title of "Role of aluminium in Buildings"
and dealt with door and window frames mostly. The last
presentation introduced the redmud as a filter in resins for
utilizing the resulting composition to produce thick tables.
Mr C.S.Madan, Managing Director of ECA Product Ltd., Madras,
put emphasis on the nead of training for fabricators, R&D
facilities and laboratories for testing finished products
for realizing "cert:ifiegd guaiities”, and last the necessity
Gf a permanent display and informatiocon centre.

Mr R.Shuhia, HINDALCG, introduced a system of light
structure DULICINgG, the feasibility of which 1s yet

questionablie. Tne copy of t(he MNo.2 presentation 13 attached.
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ALUMINIUM IN BUILDING AND ARCHITECTURE

S. Fulop, A. Eva and T.R. Ramachandran
Jawaharlal Nehru Aluminium Research Development and Design Centre
Nagpur 440 023

Abstrac

Aliminium and aluminium alloys have an attractive combination of properties - low
density, medium to high strength (and hence favourable strength to weight ratio),
excellent corrosion resistance, good workability, easy fabrication and aesthetic
appearance which favours their use in the building - architectural sector. The alloys
used contain Mn, Mg and Si as the main alloying constituents. The world wide
consumption of aluminium is cxpected to rise from about 25 million tonnes in 1990 to
about 29.8 million tonnes by the tum- of the century with the major fields of
applications confined to construction, transportation and packaging. The annual
consumption in India is about 500,000 tonnes with the electrical sector accounting for a
significant amount of the metal consumed ("40%). The estimated consumption in the
building industry, about 30,000 tonnes, is considerably lower than that in the developed
countries (2-3% of that in USA and 4-5% of that in Japan).

The reasons for the low level of consumption in India are related to inadequate design
techniques and methods, habits and training, lack of proper standardization, financial
constraints and tradition. There appears to be a good correlation between per capita
income and consumption in electrical and building sectors - the lower income countaes

have predominant application in the electrical sector and the higher ones in the building
- architecture sector. '

More extensive use of aluminium in the construction industry requires the need for
revision of conventional architectural thinking particularly related to tolerances,
fabrication of clements (rcady made mobdile blocks, module system of building, and the
decision of the builders to use aluminium taking into account the advantages of
subsiitution and prices and costs during life time compared to other traditional
materials. A list of possible uscs which necds to be considered seriously for the rolled
products includes corrugated sheet roofing, heat insulated panels (read ) made in factory
and mounted on sitc from prefabricated clements), cunain walls, renovating old
buildings using surface trcated materials, rain gutters, chimney inlets, garbage dropper
pipe systems, garage and garage doors. Possible applications of extruded products
include load-bearing structural clements in place of wood (helping to conserve forests),
factory prefabricated doors, windows, railings and interior stairs, small mobile
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bulldings such as stands and kiosks., mobile platforms (skeleton) for mounting and
renovation work and plastic covered creen house frames.

While considering the use of aluminium in the building and architecture scctor, the
Developinent Committee on Aluminizm Utilisation of the Aluminium Development and
Promotion Council (mcetings held in 1991) recommended the need for carly
compilation of a brochure on aluminium in building and architecture, review of the
cxisting standards and introduction of new ones where possible, provision of fiscal
incentives for the use of aluminium aad evolution of standard desiens for the use of the
metal in furniture. It is necessary to review the progress achieved with rerard 1o these
recommendations and put in dedicatzd efforts 1o encourage more wide spread use of
aluminium and aluminium alloys in building and architecture.




THE USE OF ALUMINIUM IN THE BUILDING INDUSTRY

Introduction

The attractive properties of aluminium and its e2lloys, e.g.
medium-high strength, low density (favorable strength/weigth
ratio), excellent corrosion resistance, aesthetic
appearance, good workability, easy fabrication, made it
advantageaous to use them as basic material in the building-

architectural sector.

The widespread application of aluminium In the building
inducstry of the world started in the late 40°s, although the
first roofing 1s dated back to 1897 and 1t 1is still 1in
excellent condition.

At the beginning of this decade, the aluminium consumption
of building industry in India 3z wel!l &35 In some selected

countries shares out of total accoriding to the followings:

Country Percentage share

India b

UsaA 17.1

LK 3T.7

Japan oo

Sweden 26.7

Hurngary e

Austria 16L&
The reason of the low levsel Of L onSamption  an [ress iy
according to experts engaged L weiiding 1ndustry, can be

summar 12003 a5 foullows:

[T 1 [N I [T [ [ '
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1. Products made of rolled semis mostly

1.) Roofing

a/ trapezoid corrugated (waved) sheets made of hard
AlMnl or Al99.5 materials with thickness of Q.6-
0.7-0.8 mm. Beside roofing, they can be used for
cide walls as well, with or without heat
insulation;

b/ sandwich panels made from corrugated sheets with
polyurethane foam between armaments;

c/ self-supporting arches made from profiled sheets
with multilayer structure, prefabricated in sizes
of modules up tc span width of 40 m. Some version
need columns on the sides, some can be used
without them, latest ones allow usually
resettlement;

These products are usually fabricated in lose co-

operation with roiling mills.

)

.} Rerovaticn of old buildings and houses

a7 industrial and agricultural halls - cesigns and
implerentations apply waved sheets generally that
are availasie on the market. Occasiocnally, narrow,
crannel-like roll-formed strips are used, too;

b, commumal buildings, dwellings - design requires
more aesthetic solutions, using surface treated,
anodized or lacquered finish on the formed sheets.

—

7., Tain gutters - made of strips with conmercicl guality

-

. Chamneys 1ivaerts, alr ducts - made of strips witih

LD thicrness, wounded Into spiral fora,

S, Car haje Zropping Syotem - made from roectanguiar or
Sl Iuaar

tases that are preparad from Lheels,

istadtent o watt frttinge.




6.}

7.3

II.

1.)

(%]
)

- made from extrusions a&and

Garages,

doors for garages

corrugated sheets. Design provides easy rescettlement.

Humidity preventing foils - combined with plastics,

tar, bitumen, etc.

Products made of extrusions mostly

Load-carrying structural elements - to substitute tor

wood .

Factory prefabricated doors, windows, railings,

interior stairs - to provide all advantages of

prefabrication.

Mobile buildings - container types, as mentioned

above. In addition, scme other small buildings and

structures with temporary purposes like newspaper

stands, boothsz, etc. are to be investigated.

Steletons for masonry, mounting and renovating wors
- ready for resettliement (3o0me lypes have got wheels

even ;) .

]

Dlastic covered greenhouse frames.

Feoces twe types socem feasible; wire cloth (mesh)
solution aad grids in panel form using frame and
verrtical rads.

Shat e for waindows and doors.

SO Owy DN D, FAveis, natla, lucking elenents and
Ghhwer fantener s,
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The paossibie rgole o9f JMARDDC :m theo SoSmCGLIch ©° Slamil lwet
atplication

3n the basis of its own anformation maraging  wars the

Institute 1s engaged iin supporting &°d promotlng alumismlios
C 2

usage 1n the gifferent Lran 3 sectors, especiaill:, in

building industry. In the framework of advisory activity
JNARDEC can analyze and evaluate trends and tendercies in
gomestic and international spheres in terms of new products,
up-to-date quality market

technologies, ragquirements,

demands, etc. that are of utmost impaortance far
manufacturing and processing firms in order to support their

decision makilng processes. With resgect to aluminium semis

and finished prodects, the Institute will litel, be atie to
conduct consulting and training wore as well 1n the rear
futarea . A3 a part of it, JMNARADRDT Wil e read, LYo preEsent
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ANNEX 5

List of instruments and appliances for the quality

Mmanagement services
Estimated costs
Portable Bringl hardness tester
with digital display 5.000 USD

Webster hardnecss pliers 500 USD

Ultrasonic testing instrument

with a variety of probes 20,000 USD

Sigmascope (conductivity meter)

witl digital display 4.000 USD
Thickness meter for anodic oxide layer %.000 USD
Thickness meter for non-metailic coatings Z.0006 UsDh
Sealing tester 2,000 UsDh
Colourmeter 4.G00  USD
Glossaeter 2.000 USD

g

Optical surface roughness tester .00 USD
S

Estimated total coot 45,500 Jsl




ANNEX &

Tnstitutions engaged in aluminium R&D

Universities

Bengal Engineering College, Howrath

Indian Institute of Science, Bangalore

Indian Institute of Technology, Bombay

Indian Institute of Technology, Kanpur

Indian Institute of Technology, Kharagpur
karnataka Regional Engineering College, Suratkal

Maharaja Sayajirao University of Baroda, Baroda

X<

ialaviya Regional Engineering College, Jaipur

?.5.6. Cullege of Technology, Coimbatore

Punjab Engineering College, Chandigarh

Regional £ngineering College, Durgapur

Regiona! Institute of Technology, Jamshedpur

Bararas Hindu University, Vararasi

Bangalore University, Bangalore

Raszhtriya Vidvalaya College of Engineering, Bangalore
University of Rocrree, Rourree

Regional Engineering College:, Rourkela

Indian Inztitute of Technology, Madras

rarati,a fast:tute of Teon~ology and Science, Warangai

Soeglonal Engineericg College, warainga.




Laboratories and Institutes

Bhabha Atomic Research Centre, Bombay

Central Electrochemical Research Institute, kKaraikudi
Defence Metallurgical Research Laboratory, Hyderabad
National Aeronautical ' aboratory, Bangalore

National Metallurgical _aboratory, Jamshedpur

Naval Chemical and Metallurgical Laboratory, Bombay
Reactor Research Centre, Kalpakkam

Regional Research Laboratory, Bhopal

Regional Research Laboratory, Trivandrum

Vikram Sarabhai Space Centre, Trivandrum/Thiruvanthapuram
Indira Gandhi Centre for Atom.c Research, Kalpakkam
SERC, Madras

17T, New Delhi/Madras

Aeronautical Development Agency/Establishment, Bangalore
National Physical Laboratory, New Delhi

Defernce R&D Organization, Bangalore

Alircraft Design Bureau, Bangalore

Central Glass and Ceramic Research Institute, Ahmedabad
Regional Engineering College, Rourkels

ISRO Satellite Centre, Bangalore

Welding Research Institute, Tiruchirapalli

[Indian Association for Cultivation of Science, Calcutta




Companies, industries

BALCO, Ltd., Korba

Bharat Heavy Electrical Ltd., Tiruchirapalli:
Ennore Foundries Ltd., Madras

Galada Continuous Castings Ltd., Hyderabad
Hindustan Aeronautics Ltd., Bangalore
HINDALCO, Ltd., Renukoot

Honeycomb India Pv:.Ltd., Bangalore

INDAL, Ltd., Calcuttas/Kalamassery

India Pistons Ltd., Madras

Jindal Aluminium Ltd., Bangalore

MALCO, Ltd., Mettur Dam

Patel Aluminium Pvt.Ltd., Bombay

Ordnance Factory, Medak

Grindwell Norton Ltd., Bangalore

Greaves Foseco Ltd., Pune

Metallurgical Engireering Consultants Ltd., Ranchi
NALCO, Ltd., Bhubaneswar

KLAS Engineering Ltd., Bangalore

Research and Development Establishment (Engineers),
ECIE Pvt.Ltd., Bangalore

L&T Ltd., Bombay

IDl. Chemicals Ltd., Banygalore/Hyderabad
Travancore Titanium Products Ltd., Trivandrum

Plasmatherm System Pvi.itd., Ahmedabad
7
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Areas 0f R&D activities for aluminium downstream sectars in

the 199C-%1 pericd

Fundamental research

Structure-property correlation in Alli alloys

Diffusion of Zn along grain boundaries and boundary
migration in polycrystalline Al

Effect of preaging on precipitation in 8090 Al alloy

Lattice imperfections in cold worked FCC AlL1LI alloy

Alloy development

Rare earth additions in Al allocys for conductors,
superplastic sheets, PM parts

Development of Al alloys for armored vehiclies

Manufacture of AA 2217 allony (AlCubMNnir) including
processing technologies (ring rolling, welding)

Development of a high strength AIMgSI alloy for aeronautical
applications

Modification of AlSi casting alloys with 5r and P

Influernce of Cr, V and B on the microstructure and cuctility
of Al=Ti

Correlation between mechanical and wear pruoperties of leaded
Al plain bearing alloys

kear characteristic of leadecd AlSI allovs

Cry sliding wear behaviour of AlLL alloy shest (3090-Th4)

Moit treatment

Cevelopments in Al melting ond processing tecanologiens
degassimg, filtering, grat: ot inin; ., whenlasting, Sooateso
casting, Be addition

Treparation of binary allo s of Al with Ty oand s i

Aucleants




Development of S1iC filters Tor melt tresatment

Ceramic foam filters for Al casting

M 0s> during melt treatments 1n Al &allcy 356 and its

Iy
bt

—+

effect on the mechanica: properiies

.- & - 4o
vasScling-ocas

"

-rolling

Al alloy casting technology - AlLi allicys, composites
Production of Al alloy wire-rods for all Al alloy conductors

Casting and extrusion of high strength alioys for aircrafts

Metalworking

High strength Al alloy extrusions for aerospace applications
High strength Al alloy extrusions for defence
Formability of AlLiI alloys - forming limit of AiLiCu sheets

Technology development for aerospsce grade Al alloy rivet

Optimisation system for cold roliling mills

Development of large diameter 41 alloy extruded bars for

s the superplastic deformation of Al3S1 alloys

Manufacture of AlLiCuMgir alloys

Irn—-process failures of ring rollec/forged parts made from
ALlCuMg aliloy

rieat treatment/thermo=-mmechanical Lr-eatmont

I

Erergy comservation in preheating furnace
Tevelopment of superplasticity an AlLl allovs by ™

treatments

Effect of amnealing tempe-ature o e rulling o tere of
cold rolliec AICu slilioy

Effoct of TM “reatment OF raaidudl 550@h2i5 10 Sl TaMy Gl
forging
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Sielectric behaviour of Ri-po:yester com

r
0

o
haracterization i & pressare clé-cast Al ail w—graphite

re

articie comnpossite

r.

AR

Tabrication and fracture toughness of Rheocast 5i
particu.ate reinforced Al alloy composite

51-G~ slurry layer and A12Zn-SiC compos:ite strip on milg
steel substrate

Effect of SiC dispersoid on the cecrrosion behaviour cf

squeeze cast Al alloy-SiC composites

Material/quality testing

Non-destructive testing of Al in explosives and prepelliants
R-curve evaluation of AlLL alloy (S05C) shaets

“ailure analys:is of sircraft comporents

~ear of rapirdiy sol:dified AlMa allc,s under dry 5112303

migh strain cyclic fatigue and fracture bDeraviour of Al
alic, TLEL)

oW SyoLe fatiguie and fradture behaviguar of 1 aiicy o

Trvironmental assisted crace ing Deravisur 3¢ an Al alloy
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Poreoity sealing of Al alioy casting Oy valaw® IS0 0aghalliod

Spray deposition of Al alloys

Cast-farming methods for Al - ~“HeLIasting. Wi iSD30U10g,
compocasting and sGueele Jaiting

Centrifugally cast Al tubular aroducts

Dendritlc arm spacing ang mechanical properties 1n LM4 and

LM2S alloy castings used for automct:ives

Mmetal! forming/cutting

Processing of Al flats on CNC machines

Broaching of Al and its alloys

Fabrication of Al alloy airframe structures by flowforming
process

A1 1mpact extrusion

~rpplicaticons

Al appllcations in the nuclear 1ndustry
New aluminium products 1n defence
Al I pachaging industry
A1 alley, conductors for transmission and distribotion 1ines
A) alicy overhead consuctosr systans
Soin-afs of defence research 1o Al tc other sectors -
Siidgeées, tredways, fuel carriars, structures)
lectors for solar (hermal encrgy CoOnversion
Role of Al Il Draidge design and renhsbliitation - portac.E
3idge Constructiurs from Al estruzions
Al own tallding and architactura
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sectors e.cept NALCC, BALCO, HINDALCT ang INDAL)

1. Name and address
Particulars of location
Parent company (if any)
Managers — rnames, titles, phone., fax
2. List of aluminium products with bssic specificat:on

{and parts, ltems, etc. containing aluminium Sasicalliy)
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Cifficulties (if any) concerning

input materials (quality/properties, size, terms of

delivery)
technologies !‘tnow-how, equipment, etc.)
guality management
development activities (personne!, gpartner,
financrail. training,
Customers’ serv.ce

FR activit,

technical,

etc.)




[
[
[

=ntaticn packages for small-scale industries

&3 1t 13 proposec, the Technical Advisory Team should
prepare some pre—-feasibility studies 1n order to draw the
attentiorn of perspective investors or entrepreneurs.

Appiied technologies, facilities, reguired material input,
renpower and utilities are the basic elements of these
studies in the form of brief description and specifications.

Troposed Aarceas sre as focllows:
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CRGANRIZATION OF

Trne Department
Technical
addition
personnel.
OUTPUT 1: YTechnica
1. Set-up:
The

team

metailurgical

i Advisory

conslizts

THE DEPARTMENT

ANNEX 10

OF SEMIS aAND FINISHED

PRCDUCTS

Team

cf mechanical,

will consist of two teams, namely the
Advisory Team and the Quality Management Teem, in
to the Head of Department and administrative

archirtectural,

arnd economic consultant posts with output

of ocperation as follows:

. Advices on

technolog:ies

1i1.

the
and gu&a
rign o of

sroper selection of materisls,

lity assurance systems toc be used

finizred goads.

filmn

AT Tl 4

/v ideres

-

»

‘< feaanlzllit, studies, Srogosals for rew
Z Jocumantation packages tf=14 the
af Lhall shc medium-scale factories i7
St2 siltespread appaiication of alusciscuanm
f traicing programmes for qualirtied Staf
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iv. FPronoticn of cooperativn amang Sanutacturearns ot
aluminmium seTwis and processiny factories; collezting

inforaation o actual and future derands: Oobserying

)

international trends anc tendenclies Concernlng Semils
and finished productis.

V. Fromotiocn of desigring and constructing pgrocesses of
orotctypes tc be wmade from aluminium by m=2ans of
assuring the best designer and fabricator for that
purpose; testing the prototype and organizing the
start-up of production and the sale of the product.

vi. Promotion of standardization of aluminium praoducts.

-

2. Qualifiegd staff

n

sur highly qualified staff members, as a minlauam, are
f

necessary at the very beginning of the activity.

OQUTPUT 2: Quality Management Team
i. Set-up:
2 Team consists of a mechanical engineer (or 3

metallurgist) and a technician, with outputs of cperation a3

c
1. Supervizion of actuda. producltion proceEsses from point of
gquality improvement in small anag redium-s3csle

1nductries; promotiot of the application of conventicnal

Gesiaty Chede ii‘..; T2 27 il S .

L. Toatriloctioa and adaptaticon of new 12sting sl Al 10
RICA R NP L o for wihls  rAC LGy, Qe e LanmE Tt h g
Zrgd il ala o S tr ol e g amnars o Quasifrod o snac e
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iv. ddvices on the se

@laboration of guallty manageen?! Srogs 3ame et qualily

assurance system Tor sihail and deedioeculale facluries.
v. Fromction of areocurement  of  certification to the
reevant IS0 standarg.

2. Qualifiec staff

One highly qualified staff member experienced in material
testing and guality assurance as well as one technician
skilled in instrumentaticn and measuring technique, as a
minimum, are necessary at the wvery beginning of the

activity.

INPUTS

v

. Buildings, infrastructure, suppli e,

The headguarter of the Department 15 to be put inta the
existing buildings of the JINARDDC where eacillent facilities

and infrastructure can be found.

2. Instruments

-4
J
b}

list of instruments and appllances i3 10 Ao O,

nd

- . -
SCiMma

n

ed total (ust is 47,500 UED ot the very begiinlig of

the activity.

TR Lanamam Gtatff o oat the sers beginninge
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Jn-1os training cf indigencus personnel including

autodi

TIME TABLE
Step Description of activities Duration
Starting month Finishing months
L. Decision {Appravail O -
2. Appointment of Head cof Dopt. G 1
3. Employment cf staff membders 1 43
4., Fielding of staff < S

dactical self-training.

S. Estabisshment of rules andg

procedures ut &
H. Procuremsent 5f Instouanents z 6
7. Training of suaf? 2 continuoas




1., Inadegquate technique 1in design
Ttnas fact 135 stromgly connected with the traditions

iy
sticking to the anplied materials and methods. But,

P

firat of all, the buying power of people 1s the basic

point. The sectorial breakdown of consumption shows some
correiation to the per capita GDP of countries. In the

last 10 years, as a function of per capita GDP, the
consumption shares of building and electrical industries

shows the following rough picture

GDP/PAX, USD 100-400 500-1200 1300-4000 Over
tlectrical (%) 40-60 20-30 10-20 < 15
Building {73 S- 6 5-10 10-15 < 2

28]

.} Lack of proper standarcization
There are some Indian Standards on roofing (IS:1254-

1975), aluminium doors and windows (1€:1948-1961 ,

[3:1939-19613, hinges, hancles, door stoppers, latches.

Theece are fairly old ones,
7

T, Filmanmcia. faciors

The firms, engaged in the production of firmished goods

everywhere in the world, are complaining on high prices

5f imput matarials while, on the contrary, producers of

basic materials and semis are doing the same about low

prices. In what they both agree s to

comp'aln on excise
ard other dutie:s

4.3 Lacy ¢f adzquate facilitie

A regards @«trusion presses. therw are only small to
median size machines 1n the gvoryda, roonting that ol
Sroducd anall Lo o asdiun siFve pozfiles aiz owell from low
Vs Rl Lt oo gt allo,a. Themrefore, Lo general, barge
S R TP ot gbhe Lt Lrafules for ioad A, g
LUt en o ang fraen s tiay o e rmprtod. HEE TR A TR S Y




3t rolled procdacts, an essential limiting factor 1is thas

tne =-1s5ting faciiities cannot produce cold rolled
sheots and 5trips wiih width greater than 1.000 mn,
and thickness 1ess than 0G.15 mm. Further constrains are
resulting from the lack pocr process control and lack of

proper auxiliary eguipment at both technologies.

Fzasibilities of enhanced use of aluminium

The well-known advantagecus properties of aluminium, as
lightness and strength, shouid get special emphasis in the
light of comparison to steel as one the most competitive

tallic materials. According to this, 1t is remarkable that

=
n

specific weight of aluminium is one-third of that of steel.
t-e zame time, strergth of particutar Al alloys reaches
aractically the level of structural mild steels. The variety
¢ shapes and forms is larger, the workability 1s easier
tran *hat of steels. Contrary to ordinary steel, aluminium
16 Currosion resiztant, weather prcof and possesses good
wileltrical and theat conductaivaty &ac well as light
refiection. Further on, aluminium structures reguire little

Taintenan

o
[

& during their l:.fe-time and are fire-proof.
MowvErF . a.umifiies has got some disadvantageous features

- T oo

sumpared te steel. like lower modulad of elasticity, nigher

cefoaLabloit, Gor fartigue, LUeelL and atress relaxation as well
. e o . B . — - — P T | - - t
G A e ma Ay el DpRoa i squlpnent.
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The applicatio, of aluminiug Fégeires < S :
conventionail ardutectural Lalas iy . O STV 4 G G 4
Arcditectara, thar Woiorances e Lo Lt ancasurad rn Lnohes
and left 'y o the Judgment of brlilelayers, varpenlwrs and Lo
the masters, 0 general. Worning witn metal, acduracy nHes
got extraordinary emphasis, dimensions and tcierances are o

s>

be measured in millimeters or 1732 iInches.

In the conventional building process, design of a building
(if required any) consists of a layout and some drawings
concerning facade and critical sections, if necessary.- For
permission processes, the authorities usually do not need
more details. in fact, these are far not enough for
constructing a building made of aluminium, or eilither

designing aluminium building elements.

Woraing with aluminium, the srchitects should get acvcustomed
to more sophisticated building techniques, like
prefabrication and

mstiruction.

0
General advantages of prefabrications are as follows:
fabrication can be located in areas whe: e

industrialization has reached & certain s5tage and thes
infrastructure ox1ut%3

- large series can beg pruduced from items in organized form,
~ith highly srilled manpowsr, using  unilw SIE Cr SOne
operatiocn(s). The resulls wilil s3Hhow LP 10 JGwWSr Dices,
asz comnected to the bigher produchtivitys

- the built-Ino volumes o0f materials iay e e Ui

e e . A e ae . e e - . - . . - . e e Eaa o - - .
CLOMDGAr 150035 Shoaw more than QI save againasl DnoLni e

productiont g
- assembly and installation wors O BN SPON remtalr e tawer

zsriliea latbss (thus 1t s o hienpar g

Liwn periocd of a project snay Se shor oot




[
L~

As regards “light construction” 10 thoos caotes b, we .
understand the solution, whe-e the whole Sailding 1> sade ot
prefabricated elements using entirel, oOr cartly alumidiurm -
units and items. As usual. the base is wmade of conirele. the
load-carrying structure and the skeleton or frame are wade
of steel, while coverings {(rocufings), side walls with Jdoorsz
and windows are made of aluminium. There are two possible
forms of prefabricated light constructions
- the so-called container houses for dwelling, office,
sanitary, etc. purposes, that are prefabricated completely
with installed pipiny, wiring and so on, and delivered in
ready-made status to the site of setting up. Moracver,
they can be used in single or multiple (Joint} form 3
- the module building system, where building process 13
reduced to on—-site mounting of prefabricated framing,
roofing, side panels, partitions with doors and windows
(the sizes are :in fi.ed modulecs;. T this  contest
prefabrication means manufacturing.
Tactors d--termining user s decision
In the course of manufacture, producer has to choose amdng
structural materials that can be appliied for the same
purpose. Choice iz influenced by both technical anc economad
wonsiderations, Npplicatian of aluminium regulr s the
fzliowing aspects to be consideraed:
~ advantageocus propertiec of aluminlum 1n respect of the
final ut:lization
aser s habits, applicatzion technigues
price of aluminium compared to that of other strus tural
materials
»
additional econom:ic ad.aentages in applivation aris1ng
from the properties OF aiumifiiue .

avaliatiiiity of di ferort materialr.
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The price ¢f aluminium affects usar 5 Jdecision 1n connection
wilth the price sequence of stiructural materials wivloil Can
replace each other. Comparison cf prices as oer weight and
«Glume daoes not supply adequate 1aformation. The tigures do
not indicate all the economic advantages cof aluminium 50n
as e.g. painting is not reguired as in csse of stesl, higher
life-span compared to that of wood and plastic.

Taking the present commodity prices into account, an
aluminjum structure will probably cost more compared to
steel structure in many cases. In some cases, however, the
price difference between the load-carrying aluminium
structure and the steel structure should be compensated b
the more advantageous properties of aluminium <compared to

teel. In some other cases, simple and cheap workability,

— n

Cw malntenance requirement, elimination of surface
treatment, high life-time, high scrap price, low transscrt
costs owing to reduced weight. etc. can compensate the prics
dJifferences. To forecast user’ s decision it is imperative to
take additional secondary econcmic advanbtages 1ntc aucaount.

Considering the primary coszt vy aluminium astructo-es are
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in o3t cases More expensivs Lhan steel o woond structures
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33 o the same PuUrssSte Hut they are Chean-sr thoan
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structures of plastic and non-foreous mastals ex~ciuding
airuwrninium. Where these metals can L rENlasdad Dy Aldointium
ther e the application ot Aluminium wilad gl S AT S
cersiderably. Ctherwise, S5 possibilibtroe, for replacemer
A 0. nearly fully eqdhanc ted Lo bddwidge,

Zoopariaon between the oo ohass celaes of pevdac b anade o

+

Cifferent materialsz

Sr the Sam? Corpose does ol Tare DaAs514%

for o decisalons ConLerning  SurThaszer  and  applicatioin. Besiaolo
iz Sricos most of Lsierr g oo t e Aot
progperties of  aluminjurn  ¢sdenlal il T L@ cen (Gt e

Lol ising anformation are avatilable.




=2ndeavors to tare

ail tme eftects iato account. The =ssence of the cailculation
is t=at all! the adiitive and Subirsctise Costs calculated
e-timie, Sulh 8% purciadse price + erection
st costs + mairtenasnue a3 other costs like

scrap Saie like
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ecreasing factor, of the p-oduct nade cf material to be
replaced, should be reduced by the time-varying costs
summarized for the same period of the product made of
aluminium. The difference gained has tc cover the buying and

installation costs of the product made of aluminZum.

If this ccverage i5 higher thar the fi., oOr non—-racurring
cost (gurchase pr:ice or production cist + erection cost +
transpgcort cost - raturns deriving  Tros 3Crap saie) of
procduct wace of alaminiam, the ~equltiryg Lost difference

constitutes  3avings  l.e. profit cwing Lo the use  of

aluFinium. {Costs used tou be discuunted i the beginning of

comeeraing the Ddase material of Thwr prlilluit, w€ Can affsct
N1 Lorchian® @ves it wasme 1f 0 Sra soo0vae price of  the
reie.ant  p-odoct 35 Gina.r AaTil.  t.izters  trhan that of  the
Cr b ardal . Tf ws ian mogoies tee 1t 1o b can afiordg Lt
St . Trons 1o floencing factors, Miae.t . Janoaot be followed
—y C3. 2 'c'in_'\._} A TR
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but the owne: has o pary. let us say the interest after the

icarn on what base the investment was arrangad. Interest 13

sa:d for the investnmeni Jouts af steel roofing, too, but 1t
i3 iess  than  oar the case o©f  aluminium  versilon. when
Corcosion agpears oa steel roofing, 1t 15 advised o do

somrathing against this process, e.g. to paint 1t {shown by
goint No.l in the life-span line). However, painting costs
money. when painting is neglected, steel roofing dilapidates
and needs to be replaced (point No.Z), what costs more mcney
than painting does at the proper time. Anyhow, the cumulated
costs for steel roofing rise higher than those for
aluminium. In addition, steel as structural material is
conpetitive, but there are other solutions made of ethern:it,
cenentasbestos, polyesthe:, too, for industrial andg
agricultural buildings. Ia fact, they aill should be takren

1t account and sihiown by the ficure S0 as to determine th

T

most feasible solution amnng them for a reguired life-span.

fact, the metnhad 1s simple and 1t takes onl.
moet nething, much less than to
mak2 o wrong decisisn. Poios f0 spenging any moitey oo

investment or starting any acticr , Z.g. propagands, 1t 1S
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1se this methol 10 Cas of every proposed 2w
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vhooadditioen Lo techrical o and elunomic considerations, th
wecpaganda plays wmpertant rols Ty, influencing the behavicwr
o w3Ers. 10 necplse ditferant rinds cof aubjective feaclings
My Afiher 1o reBpECtl with Thae anpiication of matéerials and
L tlonn . A% A wmatter s fact, these feelings, behiavioss,
CainSdL and di3likhes Zan hardi. o taren 1ntos account. Another
vealeating Azthod whilh dan At s e adapted for this purpose
1y the werl o boown vaiue aenaly s, The advantage of alouoyr Loan

.
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[ts application requires the hnowledge of preference factors

that can be worked out by the usual way together with the
determination of leveis of fulfillment for preferences of
competing solutions. These levels are to be figured, a3
usual, too. When the value indices are counted, the results

of previous calculations could be used.

It is not difficult to prepare the recommended and cutlined
calculation and value analysis before any effort is made and
money spent on the development and introduction of any new
or modified aluminium product. The gquestion is, therefore,

who will do that 7

For the management of a firm that intends to enlarge the
activity, the preparation of a feasibility study belongs to
the daily routine starting with market research and fol low

by the usual steps. NMevertheless, it 1s necessary tG
minimize risks and, in general, tc aveoid vecluntaries and
"wise” advices to be fol lowed. This task cannot be
undertaken by anyone, as a gratis. The question is, whether

medium size entergrises are prepared to do that 2
Irn the followings some "wise” advices as mentioned above

will be given, like a flash without details but worthwhile

for further i1nvestigations.

Lizst of perspective applications of aluminium in the

building ndustry of India

The present status of aluminium consumption was outlined in
thi: introduction., The comparative low level 1ndicates the
grfficulties put, at the S nE Lime, surmises great

osppor Ltunities,




