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Abstract

Through focused investment by the CSIR, the Soufhic#n Innovation Fund, the
Automotive Industry Development Centre and the Dipant of Science and Technology
over the past eight years, the national Light MgetBlevelopment Network has been
established and grown into a well aligned collabeea research and development
programme. The research and development focus &éas primarily on Aluminium and
Titanium technologies as applied in the automo#imd aerospace industry sectors, with the
latter growing in prominence over the past threaryeSince 2009 the Titanium related
research and development activities have been bdata in a Titanium Centre of
Competence.

This paper provides an overview of the currenustaf the programme, the R&D focus areas,
the collaborating entities and the industry invohemt. It also highlights some of the

significant achievements of the network and notahiguts produced. The Titanium Centre
of Competence as a vehicle for strengthening im@disesearch and innovation capabilities in
specific fields of technology is discussed and somni@l experiences are shared.

Introduction

South Africa has a significant and vibrant light tede industry, centred primarily on
aluminium. The country produces some 880,000 tdngrimary aluminium per annum in
two smelters located in Richardsbay, with a furtBerelter expected to be developed by
Alcan over the coming years (initial capacity 35@ka.). Some 180,000 tons or 20% of
primary material are converted for local use in ttven of rolled products, extrusions, and
castings. The main industry sectors are trangparticularly automotive wheels and other
components), packaging, and building and constrngtn that order.

The industry faces a number of significant chalengt present. Rapidly rising electricity
costs in South Africa are impacting negatively ba international competitiveness of both
the primary and downstream industries. Downstreadustry sectors are comparatively
small in global terms, which makes it difficult a@hieve the volumes and economies of scale
that are required to compete effectively and tdifjussubstantial investments into new
production equipment and technologies. Exportnbe@ sectors such as the automotive
components industry are exposed to currency vityatikstiff competition from large
manufacturing locations, particularly in Asia, atite geographical remoteness of South
Africa relative to the major end user markets.
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The presence of a strong local technology capgbdivital to support domestic light metals
manufacturers and to expand the competitiveneseadahdustry.

The CSIR has had a long standing relationship with industry as a technology partner,
focusing mainly on the development of improved @riynaluminium production processes, as
well as downstream manufacturing process developmemiowever, these activities

historically occurred on an ad hoc basis withditsitrategic foresight or coordination with
other technology providers. It is within this cexit that the Light Metals Development
Network (LMDN) as well as other technology suppoitiatives have been developed.

Strategic Framework

Figure 1 below illustrates a map of the nationedtsfyic interventions in South Africa aimed
at the metals industry, in the form of a concepR&D value chain.
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Figurel. Strategicinterventionsin South Africa, mapped on a conceptual metals R& D
value chain.

The LMDN forms part of a broader Advanced Metalgidtive (AMI) and is currently
focused on conducting applied research in thediefdaluminium and titanium. As the name
suggests, the LMDN operates in a network mode,luiwg seven universities as well as other
science councils. The Advanced Manufacturing Tetdgy Strategy (AMTS) is focused on
the development of advanced manufacturing techimedognd also incorporates a Light
Materials Flagship programme. Finally, the Natidfaundry Technology Network (NFTN)
was established in 2008 with a view to supporting toundry industry with day-to-day
consulting and technology support.



Funding support for the AMI and the AMTS is sourgetinarily from the National Research
Foundation (NRF) and the Department of ScienceTawhnology (DST), which are focused
on supporting directed and applied research asasaikchnology development. Universities
also receive some incentive funding from the Depart of Education (DOE), based on
research outputs, such as peer-reviewed publictibme Innovation Fund supports product
and process innovations that lead to commercigzatf technology. Seed funding for the
NFTN over a period of three years has been souftwed the Department of Trade and
Industry (the dti), in line with this department'sandate to develop supply side support
measures for local industry. To ensure relevamtkrasponsiveness to industry needs, the
NFTN is managed by a steering committee that iredulnumber of representatives from the
foundry industry. Technology transfer and indusdgvelopment projects could qualify for
funding from the Special Programme for Innovatiodndustry (SPII) and the Programme for
Innovation in Industry (PIl) supported by the dti.

Collectively, these initiatives comprise a metal&Rvalue chain which provides for the
support of basic research, through technology dgeveént and transfer (innovation), to day-
to-day industry support. Efforts are on-going dentify larger strategic technology thrusts
within this value chain, and to establish significamulti-year research and development
programmes accordingly. This framework provideguide for the coordination of the
activities of network participants. The coordioatifurther serves to align the discretionary
investments of network players, thereby leveragiagearch funding and promoting the
development of meaningful and sustainable competenc

Research Focus Areas
The fundamental objectives of the initiatives ddsst above can be summarised as follows:

« To enhance industry competitiveness and increass lnanufacture of beneficiated
light metal products;

* To increase local technology capacity and capéaslitn the field of light metals,
including the development and transfer of novel progrietary technologies;

* To develop effective knowledge networks; and

* Human capacity development.

A summary of the research and development foclesdoe the various initiatives is provided
in Table 1. It will be seen that substantial dfisrdirected at the development of proprietary
process technologies for downstream manufacturaluwhinium and titanium components.
These are targeted towards the automotive industrthe case of aluminium and the
aerospace and biomedical industries in the cas&anfum.

The development of new materials requires a long-téiew since the acceptance of a new
material in the marketplace is typically a lenggihpcess. For this reason the LMDN only
focuses on very selective materials developmenmtities, such as those directed at titanium
powder metallurgy, which is believed to be a sigaifit future growth area.
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Finally, the NFTN activities are focused on shapsfl training programmes, foundry
performance benchmarking and improvement, and tiedysis and reduction of energy
consumption in foundries.

Tablel. Summary of research and development focus ar eas acr oss the metals value

chain
Initiative | Materials Development Process Technology Product Development Competitiveness
Improvement
¢ Titanium powders - . N .
LMDN . - « Ti Powder Injection Moulding
high energy milling
 Binders for Ti ¢ CSIR Aluminium Rheocasting ¢« Rheocast automotive : To‘?"r.‘g Qe5|gn and .
optimisation for Al die
powder metallurgy Process components (demo) .
casting
* Heat Treatment of Al alloys | ¢ Ti biomedical ' Nove_l to'ollng for .
plastics industry using
icti i i components by high performance
. Frlctlgn Stir Welding of Al additive fabrication gh pe
and Ti aluminium alloys
¢ Laser cladding of Al
» Additive fabrication of Ti
components
AMTS « Tiinvestment casting * Direct pattern / shell
manufacture by rapid
« Counter gravity casting of Al prototyping
and Mg techniques
« Ti high performance
machining
NETN « Foundry training
programme
* Benchmarking of firms
* Energy usage in
foundries

Some Achievements

Light Metals Development Network (LMDN)

A novel rheocasting process for aluminium alloys haen developed over a number of years,
culminating in the establishment of an industrae, robotized production cell centred
around a 630 ton high pressure die casting macdthigure 2). The rheocasting process
essentially involves the controlled electromagnsticing and cooling of an aluminium melt
to a temperature between the solidus and liquittuss producing a semi-solid billet. The
billet is inserted into a high pressure die castmachine by means of a robot and processed
into the desired shape. The process has been dbgwaduce superior integrity (i.e. reduced
porosity) and improved mechanical properties coeghdo conventional high pressure die
casting. Also, some wrought alloys have been ssfoly processed in this way. An
automotive demonstration part has been successkHtlesigned to suit rheocasting, and a
short production run has been demonstrated. Ttienédogy is protected by means of a
number of patents, and is now entering the comralzation phase [1].



Significant work has also been done to understamtagptimise the heat treatment of rheo-
processed aluminium components [2]. Some of tluskvis discussed in other papers at the
present conference, and will thus not be elaboratedere. Similarly, titanium powder
metallurgy work is in the initial stages of devaiognt and is discussed in a separate paper.

Dosing CSIR Handling Trial HPDC Machine
furnace Rheocasting Robot Automotive (630 tons)
System Parts

Figure 2. CSIR rheocasting prototype production cell.

Exciting recent developments in the field of additfabrication of components by means of
laser sintering of titanium powder has resulteth capability to rapidly design and produce
customized titanium biomedical implants. [3,4] FgB shows two typical examples, i.e. a
titanium plate to repair a skull defect, and anlampto repair a fractured elbow.

() (b)

Figure 3. Titanium biomedical implants produced by additive fabrication techniques:
(@) skull plate, (b) elbow implant
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The level of complexity that can be achieved issiitated further in Figure 4, which shows a
highly complex pelvic and hip reconstruction thaswachieved by combining 3-dimensional
computer tomography (CT) scanning, rapid prototgm@nd machining techniques.

Figure 4. Pelvic and hip reconstruction showing a rapid prototype of the diseased pelvic
area, the titanium implant, and an x-ray of the reconstruction

AMTS

One of the main focus areas under the AMTS has theedevelopment of investment casting
technology for titanium components, typically fagraspace applications. Since the CSIR
currently lacks a skull melter, a ceramic crucifde use in a conventional industrial scale
vacuum melting unit has been developed, along waiitillary technology packages such as
melting and pouring techniques and investment sferlleration processes. The technology
package has been successfully demonstrated on@paee component (Figure 5).

Human Resource Development

Through the networks established with universitegl other science councils, some 30
studentships and bursaries, as well as 3 posts«dddedlowships, have been awarded through
the LMDN and AMTS. Of these, some 30% are at gaéelland honours level, 40% at
masters degree level, and 14% at doctoral level.
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Figure5. CSIR investment casting facility and demo titanium aer ospace part

From 2009, the titanium R&D activities will be catislated into a Titanium Centre of
Competence. A Centre of Competence is definedadla@borative technology development
consortium comprising Science Councils, Academatitutions and Industry. It is guided by
national priorities and relies on harnessing treoueces, capabilities and synergies of all
consortium partners, with clear research objectimegursuit of products and services with
commercial or public-good potential in responsenirket opportunity, failure and/or socio-

Titanium Centre of Competence

economic challenges. The conceptual model focémére is shown in Figure 6.
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Figure 6. Conceptual model of Titanium Centre of Competence
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The anticipated research focus areas cover theuitavalue chain from the production of the
primary metal through to near net shape processmyjoining of titanium. The activities
will be underpinned by strong competencies in thedamental metallurgy of titanium,
computational modeling and simulation, and appedprR&D facilities.

The centre will operate in a virtual network moagh the strong involvement of universities
in particular in the areas of more fundamental cdeeé research and human resource
development. The established network is illusttate Figure 7, comprising 9 universities
and 3 national science councils.

It is also envisaged that the centre will be madafeough a coordinating office in the newly
established national Technology Investment AgeAd), rather than be located at one of
the network players. The intention in this regardo avoid undue influence on the Centre
agenda by any one network player.
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Figure7. Titanium Centre of Competence network.

Concluding Remarks

The development of a national agenda and assodii&l initiatives has greatly improved
the focus and the scale of light metals researcBomth Africa. Subsequent establishment
and development of research networks between goet national science councils, and
universities has been found to be a challengingnkss, but rewarding in the sense that
human and financial resources can be leveragedrdswea common goal. Moreover, the
involvement of universities is critical for the ddepment of human resources, which is of
vital importance given South Africa’s relative lagkskills.



The establishment of a Titanium Centre of Compeatea@ further milestone in the focusing
of light metals research in South Africa. Throutie consolidation of titanium related
research and the strengthening of the establis&é&d ietwork, a strong national capability in
the selected value chain technologies can be amthieindependent management of the
Centre will be an important aspect in order to dwgidue influence on the Centre agenda by
any one network participant.

References

1. W B du Preez, O F R A Damm, N G Trollip, M J dpiidvanced Materials for
Application in the Aerospace and Automotive IndiestyScience Real and Relevant:
The 2" CSIR Biennial Conference, CSIR International Convention Centre, Pretoria,
17 & 18 November 2008

2. H Moller, G Govender, and W E Stumpf, The Ndtarad Artificial Aging Response
of Semi-solid Metal Processed Alloy A3580lid State Phenomena Vols. 141-143
(2008) pp 737-742

3. M Truscott, D de Beer, G Vicatos, K Hosking, arBard, G Booysen, R | Campbell,
Using RP to Promote Collaborative Design of CussaaiMedical ImplantsRapid
Prototyping Journal, Vol 13 No 2 (2007)

4. M Truscott, G J Booysen, J Els, J Saunders,de Beer, Reviewing the Progress of
Medical Product Development during the Decade intSoAfrica, 9" Annual
RAPDASA International Conference, Central University of Technology, Free State,
13 — 15 November 2008



