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1. Introduction

The recommendations in this report were submitted and discussed in the Product
Technologies Breakaway Group at the Broad Stakeholders Workshop (BSW) held
on 16 August 2002. The names of the members of the Product Technologies
Breakaway Group are given in Appendix 1. The preliminary work for the BSW and
the workshop held on 3 October 2002 was done by a Product Technologies Core
Team whose names are shown in Appendix 2. Subsequent to the feedback from
the Reviewers Panel and the Advisory Panel, the recommended Strategic
Initiatives were refined and further developed at a National Advanced Product
Technologies Workshop held on 3 October 2002 at the CSIR Conference Centre.
Appendix 3 gives the names and affiliations of the participants in this workshop.
Finally, a workshop of the Product Technologies Core Team was held on 25
October 2002 to consolidate the input for this Phase 2 report.

2. Definition and Scope

Technologies, methodologies and systems used to develop new products from
idea to manufacturability, as well as the redesign and re-engineering of existing
products.

In the development of the strategy, the following were considered:

Global state of the art and foresight.

Current South African situation.

South African gaps/weaknesses.
Recommended strategic initiatives:

- Short term (1 — 3 years)

- Medium term (3 — 10 years)

- Long term (10 years and longer)

Strategic impact on selected industry sectors.



The diagram below illustrates the part of the product life-cycle that will be
addressed.

e Disposal

The new product development technologies deal with the first four activity areas
up to Industrialisation and Tooling, while product redesign and re-engineering
refers to products that are already in use.



3. Global State of the Art and Foresight

A summary of the global state of the art and foresight is presented in Appendix 4.

4. Current South African Situation

A summary of the current South African situation, which was presented in the
Phase 1 report, is attached as Appendix 5.

5. South African Gaps/Weaknesses

Since the recommended strategic initiatives proposed in this report relate to the
current gaps and weaknesses identified in the South African product technology
service provider community and the manufacturing industry, these are presented
here.

5.1. Integrated Product/Process Development

The concurrent product development approach is still not generally practised and
there are relatively few opportunities to develop products from idea to
manufacturability. The limited collaboration of private enterprise in the national
product development network restricts the opportunities for technology transfer.
There is a shortage of adequately educated and trained people.

5.2. Product Design, Definition and Data Interchang e

The existing local industrial design competence is not used effectively to
differentiate South African products. Very few high-quality designs with integrated
cultural inspirations to distinguish them as South African products are found. Very
few systems for analysing trade-offs involving processes, equipment, life-cycles,
and capital investments are found locally. Although the SABS Design Institute is
playing an essential role in promoting design, not enough is being done to promote
design excellence.



5.3. Product/Process Modelling and Simulation

There is limited use of engineering analysis, simulation and modelling software in
local industry. The high implementation and maintenance costs of modelling and
simulation technologies restrict widespread application. There is a lack of
integration of modelling and simulation solutions into the total enterprise. A
change in student choices away from engineering is being observed at tertiary
education institutions.

5.4. Materials/Product Processing

There is limited access to and use of expert database software for materials and
process selection. There is no focused R&D effort on metal forming and forging in
the country and no national R&D facility specialising in metal casting technologies.

5.5. Product Realisation and Life-Cycle Management

Limited R&D on bridge tooling technologies has been undertaken and they are
undertaken by only two or three units. Only a few local toolmaking enterprises
operate at world-class levels. Very limited integration of manufacturing with non-
manufacturing functions and a weak information systems infrastructure for
integration are found in industry. There is no well-integrated life-cycle engineering
approach in product and process development in South Africa.



6. Recommended Strategic Initiatives

As a general approach, new initiatives should acknowledge existing successful
R&D programmes, which are aligned with the national Integrated Manufacturing
Strategy and the R&D Strategy, and build on these. Most of these programmes
are the result of government initiatives and investment, already involving players in
R&D institutions, research groups at tertiary education institutions and even
private enterprises or NGOs. It therefore makes good sense to add new R&D
programmes in areas where gaps in the South African competence have been
identified. With a view to sustainable impact, strategic initiatives should seek short
to medium-term successes, but should also invest significantly in long-term
programmes that will position South Africa for relevance in the global
manufacturing industry in 10 to 15 years’ time.

6.1. INITIATIVE 1

The activities of the existing national product development network should be
aligned better with industry needs and be extended to include medium to long-
term research.

6.1.1. Implementation Plan
Short to Medium-Term R&D

The current national product development service provider network (see Appendix
2) is well established and can form a strong core for implementing this
recommendation. Actions to be taken are:

A national Advisory Committee, with strong representation from industry,
should be established to advise on the focus of activities in the network.

The investment in R&D competence and facilities in the network should be well
coordinated to promote national synergy.

The global linkages of the network should be expanded.

A programme for establishing and maintaining knowledge repositories on
product and process technologies should be launched as a matter of urgency,
to capture the know-how of current experts in order to enable the future
optimisation of products and processes.



The NPDC, in collaboration with selected universities and technikons, should
engage in short-term product technology support.

The NPDC, in collaboration with the universities and technikons in the network,
should engage in medium-term R&D. The following is proposed:

R&D should be undertaken on technologies and systems to enable full virtual
prototyping, including real-time fully collaborative design and development by
teams of experts spread across the country and across the globe.

Long-Term R&D

The universities in the network should engage in medium to long-term research on
product technologies. The following is proposed:

There should be research on the application of artificial intelligence technologies in
order to package expert product engineering and materials knowledge and
methodologies and make it available to less-experienced designers and
engineers. This could also align with the DST Technology Mission on ICT.

6.1.2. Expected Impact of the Initiative
Automotive and Transport

In the short to medium term, product technology support opportunities to this
industry will be found mostly in assisting the lower-tier component suppliers to
optimise their production processes, e.g. through developing:

- casting technologies for light metal components

- forming and forging technologies for light metals.

Improved understanding and practice of Integrated Product Process
Development (IPPD) will be essential to ensure the competitiveness of
component suppliers and to position the local industry for more product design
opportunities in the medium to long term.

Direct R&D interaction and collaboration with international OEM design teams
should be established to ensure more local product design and development in
the long term.



Cultural/Craft

Product technologies will impact on this sector as part of the integrated product
development support provided by a national Craft Industry Development
Agency.

Support to this industry in the design of distinctively South African products,
based on cultural inspirations, appropriate materials selection and production
process optimisation, will improve the industry’s competitiveness through
enhanced quality, productivity and market share.

The application of advanced product technologies could support the
development of a vibrant South African heritage industry by developing digital
and physical replicas of original heritage artefacts.

Metals and Minerals

Advanced product technologies will be core in supporting the activities of a
national metals development initiative aimed at downstream beneficiation of
raw materials into products to ensure greater local value addition.
Implementation of high-quality rapid product (near-net-shape) manufacturing
technologies, such as metal injection moulding, spray forming, powder
metallurgy, thin-walled casting, semi-solid metal forging, die-casting and
squeeze casting, will be essential for a competitive South African metal
products industry.

Optimised product and process designs will ensure more energy-efficient and
environmentally friendly metallurgical processes.

Utilisation of advanced product technologies to develop specialised equipment
is crucial for sustaining the global competitiveness of industries such as the
South African mining industry.

Clothing and Textiles

The implementation of appropriate advanced product technologies should fulfil
the product and production process improvement needs of a national initiative
to support the sustained competitiveness of the South African textile and
clothing industry.

Development of expert systems to capture existing expert knowledge and
make it accessible to less-experienced engineers will support the growth of this
sector.



The expertise in the national product development network could be used to
support skills development for this industry sector.

Chemicals and Biotechnology

The development and implementation of customised Rapid Product/Process
Realisation technologies will accelerate the local development of new chemical
and biotechnology products.

Application of computational technologies could improve the competitiveness
of the industry, for example: computational fluid dynamics (CFD) for optimising
production plant performance; application of molecular modelling technologies
to support the development of new chemical and biotechnology products.

6.1.3. Risks if Initiative is not Implemented

The automotive industry will remain dependent on the product designs and
production processes prescribed by the international OEMs, without any
prospect of contributing uniquely South African designs and indigenous
knowledge to this industry.

Development of the South African cultural industry into a vibrant and globally
competitive player will be seriously constrained.

The feasibility of establishing a growing downstream metal products industry
will be drastically reduced.

Sustainable growth of the clothing and textiles industry will not be achievable.
The South African chemical industry will remain fragmented and continue on
the road of declining competitiveness.

6.2. INITIATIVE 2

A coordinated national programme to improve South African design competence
and capacity should be launched. This should include the following:

National promotion of design through the establishment of an independent
empowered institution, such as a Design Council.

Implementation of design as a generic subject in schools, impacting on various
disciplines, with computer-aided design (CAD) as an enabling design
technology.



Establishment of a nationally coordinated design education curriculum at
tertiary level throughout South Africa. This curriculum should align with
modern new product development approaches, such as Rapid
Product/Process Realisation (RPPR) and Integrated Product/Process
Development (IPPD), and should highlight the need to operate in Integrated
Project Teams (IPT).

6.2.1. Implementation Plan

The recommendations of the NACI Workshop on Industrial Design held on 12
August 2002 (see Appendix 6) should serve as input to the establishment of a
Design Council. A representative steering committee should be tasked with
establishing the Design Council.

Design should be included as a subject in the Manufacturing, Engineering and
Technology NQF Organising Field of the new schools curriculum. Computer-
aided design (CAD) as an enabling technology and materials selection for
design should form part of this subject and experts from the South African
design community should be involved in developing the curriculum for this
subject.

CAD in the schools programme, driven by a public/private partnership, should
be rolled out across the country as fast as possible and extended to technical
colleges that do not at present offer CAD training.

A representative national advisory committee should be established to
coordinate the design education presented at tertiary education institutions.

6.2.2. Expected Impact of the Initiative

The quality and marketability of locally manufactured products could improve
with increased earnings for industry.
Job creation will be stimulated.

6.2.3. Risks if Initiative is not Implemented

South Africa will continually lose foreign currency earnings because of inferior
products.

South Africa will continue to lose its best designers to international product
manufacturers.

The growth of the South African manufacturing sector will be undermined.



6.3. INITIATIVE 3

The proposed Craft Industry Development Agency should be supported with
appropriate product and process technologies.

6.3.1. Implementation Plans

Development of a database for crafters. This will involve defining the various
craft categories and the related product technology requirements for each craft
category. The database will serve to address the following aspects of craft
development:

- Advanced design capabilities

- Design research

- Combining culture and commercial value

- Integrated product development

- Augmented technology

Development of an incentive scheme that will link industries with craft
communities, with the aim of exposing crafters to technology and business
opportunities within a development environment.

Establishment of Regional Centres for the Promotion of Craft Technology
(linked through the National Craft Centre of Excellence), which will serve to
expose crafters to technology and provide training through mentorship
programmes.

Development and implementation of a strategy for building up capital
equipment within the Regional Centres for the Promotion of Craft Technology.

6.3.2. Expected Impact of the Initiative

The quality and quantity of delivery will be elevated, assisting in the
development of a responsive craft-producing network.

Opportunities for crafters to enter the value and supply chains will be
enhanced, and in so doing opportunities for wealth creation will be created.
Opportunities and markets for new tool and machine manufacture will be
created.



6.3.3. Risks if Initiative is not Implemented

A populous sector, with high potential for rural development and which requires
the aid of efficient and effective technologies is at stake in terms of market
realisation and wealth creation.

The support and R&D network defined as an imperative by the cultural sector
will not succeed without a coordinated product technology development
initiative.

6.4. INITIATIVE 4

The National Tooling Network initiative should receive national support to improve
the global competitiveness of the South African Toolmaking industry through:

Skills development: mould and die making/toolmaking training
Establishment of a collaborative industry delivery network.

6.4.1. Implementation Plans
The development of a Learnership in toolmaking:

The MERSETA will be involved in the funding and development of the
learnerships.

The National Skills Fund will be approached to investigate a funding model,
which will facilitate national access to this training. This includes access to
learners based on RPL and will also involve an incentive scheme that will
encourage industry to adopt learners.

The development and establishment of a Toolmaking Network, managed through
a Clearing House, which will allow toolmakers to partner for effective, efficient and
competitive service delivery.

The implementation of this objective will incorporate:
The study and adaptation of various models of clearing housesthe identification

and execution of benchmark projects and the subsequent implementation of
performance improvement measures.



The creation of credibility in the market (with the initial focus on the automotive
industry).

The development of a web-based Toolroom Database. This will allow easy
access to the capabilities of the South African tooling industry as a marketing
instrument and will aid the partnering of South African tooling companies across
the country. The database will also serve to market the profession of toolmaking
to learners.

6.4.2. Expected Impact of the Initiative

A coordinated HR development effort for the profession of toolmaking is core to
the manufacturing sector in South Africa. Besides resulting in a better supply of
skilled human resources, it will lead to regulation in the industry with regard to
quality and performance through association with professional qualification levels.
This HR development strategy will also provide opportunities to previously
marginalised communities for entering this profession.

A significant amount of tooling for South Africa is manufactured overseas. The
impact of reversing this outflow of currency will be huge, and will be transformed
into job creation. This will form the basis for entering the export market, with
further potential for industry growth.

The spin-off advantages to the automotive and allied industries will be significant,
leading to lower production costs and faster delivery times. These will lead to a
more competitive manufacturing industry.

6.4.3. Risks if Initiative is not Implemented

The major risk is continued outflow of capital that will slow economic growth.

Foreign industries will establish themselves in South Africa to exploit this market.
Although this would be positive in terms of job creation and knowledge transfer, it
would lead to capital outflow to holding companies, as well as the closure of local
non-competitive tooling companies.

As a world leader in the production of related raw materials, it is crucial that South
Africa develop the art of adding value to these raw materials. This initiative will
provide that opportunity.



6.5. INITIATIVE 5

The National Metals Development initiative to promote the downstream value
addition to Al, Mg, Ti, Pt, carbon steel and stainless steel should be supported with
product technologies. These should include the following:

A modern R&D Casting Technology Facility with expertise in state-of-the-art
casting technologies should be established as a national industry support
initiative.

Metal forming and forging R&D expertise, including state-of-the-art modelling
and simulation competence, should be developed.

6.5.1. Implementation Plans

General areas that require attention and development, with a clear product focus,
are:

Physical metallurgy expertise (teaching and R&D).

Alloy design capability (new alloys or improving existing alloys).

Component design (to capitalise on material characteristics).

Process design capability (casting, forging, forming, heat treatment, etc.).
Advanced joining technology.

Coating technology (corrosion, wear resistance, etc.).

Using existing steel-fabrication skills to train new artisans (welding, boiler-
making, etc.) and to develop the local fabrication and retail industry.

In the area of metals development, technological advances should focus on
creating a competitive advantage for the product manufacturing industries. This is
particularly the case for alloy development, which needs to concentrate on ease of
product processing and in-service durability.

The establishment of a modern R&D casting technology facility would be based on
an overseas concept, such as the facility established at Birmingham University
(UK).

The main emphasis of such a facility must be the introduction of new
foundry/casting technology, technology transfer to industry, the implementation of



quality control and quality control systems, and training and HR development for
the South African foundry industry.

The facility must have close links to industry but should not be subject to industry
control, which would result in a production, rather than an R&D, environment.

The running of the R&D facility needs to be based on a sustainable business
model and would include activities involving other Africa countries and closer ties
with countries such as Egypt, which is in the process of establishing a foundry
industry.

Initial focus areas should be:

High-quality, complex products and castings.

Human resource development, using “greying” expertise to train new
foundrymen and pattern makers.

High-pressure die-casting technology using state-of-the-art technologies, e.g.
SSM, shot control, vacuum-assist, auto-ladling

Investment casting applied to thin-walled, hollow components and turbine
blading for industrial and aerospace applications

Expansion of solidification modelling expertise.

The metal forming and forging initiative should have as a core focus the
application of modelling and process simulation technologies, supported by
complementary experimental work.

Existing modelling and simulation competence in R&D groups, such as those
at Pentech and CERECAM, and in private enterprises, such as FEAS (Pty) Ltd,
could serve as the core of a much more intensive and focused national R&D
programme.

Similarly, experimental projects, such as the Port Elizabeth Technikon’s project
on laser stimulation of sheet steel forming, should be incorporated into a
national experimental R&D programme.

Consideration should also be given to including powder metallurgy and metal
injection moulding as metal forming technologies.



One of the key success factors for the implementation of this initiative is an in-
depth understanding of materials selection and access to state-of-the-art expert
databases as enabling ICT technology.

6.5.2. Expected Impact of the Initiative

The South African economy is still heavily reliant on the export of commodities
without significant value addition. The proposed strategy is aimed at ensuring
value addition through the application of technical know-how and expertise.
Broadly speaking, this strategy should ensure that the South African economy is
transformed from an exporter of raw materials into an exporter of value-added
products in which the competitive advantage is gained through technological input.
South Africa has to be transformed to a knowledge economy, which will be
reflected in the value of exported products.

Critical industry needs have been identified both in the catalytic converter industry
and in the manufacture of steel pressings for automotive rims. The
competitiveness of the growing South African autocatalytic converter industry
could be significantly improved by the application of product technologies, such as
the optimisation of materials selection for the housings.

The significant growth and investment in the automotive sector was brought about
to a large extent by the MIDP programme. The growth of the automotive sector to
5.4% GDP is clearly a significant success, which must be replicated in the areas of
metals and minerals beneficiation, and in the aerospace industry. There is
significant, if not unlimited, scope for job creation and economic growth based on
value addition to aluminium, stainless steel, platinum group metals and carbon
steels. The figures that indicate the creation of five new jobs for each ton of metal
beneficiated and processed in South Africa can only be realised through
investment in the development of local technological capability. This forms the
basis for investments in the South African metals industry.

6.5.3. Risks if Initiative is not Implemented

Automotive and Aerospace Industries:

There could be loss of industry capability that has been established in South
Africa. The example of Denel and the aerospace industry was mentioned.



The aerospace industry also has significant spin-offs for turbomachinery
applications in the power generation industry. Investment in this area would
lead to South Africa becoming an exporter of blading in this niche market.
Turbine blades and guide vanes are high-value-added items.

The South African automotive industry is already a significant contributor to
GDP (5.4% of GDP) and is a fast-growing industry sector in South Africa. The
use of light metals in particular will increase in importance and needs to be
supported by a light metals initiative, including work in the casting and
processing of aluminium and magnesium alloys.

The cost of not investing in this area is likely to impact on further investment by
OEMs and the establishment of component suppliers and exporters.

Minerals and Mining Industry:

As a significant South African industry sector, it is essential that the minerals
and mining industry should retain its competitive advantage.

The development of new steels and steel processing routes should result in, for
example, improved drilling steels. The automation of mining, which will require
significant design and development of high-tech equipment and machinery,
represents a unique opportunity for the development of a South African-based
metals manufacturing industry.

Smart materials should be used in the mining environment for the development
of, e.g., smart rock bolts.

Underground machinery and equipment without toxic diesel emissions should
be developed through the use of fuel cell technology.

Composites should be introduced into the mining environment and wire ropes
should be developed for deep-mine single-shaft hoisting operations.

Additional incentives, possibly modelled on the success of the MIDP
programme, should be provided for primary metal producers in order to
establish metals value chains.

The beneficiation of by-products and waste products should be supported to
remove and eliminate environmental risks such as those posed by waste acid
streams. For example, neutralised and crystallised nitric acid can serve as
feedstock for the fertiliser industry.



Craft Industry:

There should be greater support for the craft industry and for the development
of enabling technologies.

Import substitution of, e.g., platinum alloy for jewellery applications and glass
beads imported from the Czech Republic, is important.

The development of the craft industry will have a significant positive impact on
employment, particularly in rural areas.

6.6. INITIATIVE 6

An R&D programme on integrating Life-Cycle Engineering (LCE) into local product
development processes should be established.

6.6.1. Implementation Plan

As this concept is very new and little understood, an education and public
awareness campaign must be undertaken on the concept and the global reasons
why this initiative needs public support. After the recent World Summit on
Sustainable Development, there is an ideal opportunity to enhance public
awareness of recycling, end-of-product industries, and OEM product
responsibilities from cradle to grave. The awareness needs to cover the energy
costs of products not just during manufacture and disposal, but also the costs of
consumer use. In South Africa, particularly the cost of the water in used in a
process also needs to be assessed. Industry will not follow this trend unless there
are strong incentives, either from the consumers or from legislators, both
nationally and internationally. The following is recommended:

The creation of an Industry Federation "Authority" to take responsibility for
awareness campaigns as a key strategic driver.

An awareness of the benefits of recyclability and the social responsibility of
recycling consumer products should also developed through the medium of the
school curriculum and extra-curricular school activities. This has been
successfully achieved in the USA and Canada. The process should be carried
through to tertiary education as well.

The Cleaner Production Centre and Waste Minimisation Clubs also include
definite ways of using students to evaluate the life-cycles of processes or



products, whereby valuable knowledge and experience could be gained by
future professionals.

Labour resources should be noted, as manpower training at all levels is key to
the success of this concept.

Legislation and standards should be generated following global trends and
benchmarks to measure total energy input costs, disposal costs and recyclability
costs. These should include the creation of a South African (CE) “mark of life-
cycle” engineering standard without which the product would not be able to be sold
in the Republic. The implications of this are:

Introduction of the concept of the manufacturers having responsibility for the
whole life-cycle of the product.

Support of product longevity. This goes against all the consumer market-made
trends, so market input would be needed to counter this, for example by
introducing a fashion for longevity (currently the fashion in some consumer
goods is “retro” styling).

Appreciation of the quality of product (life of product versus initial cost).
Assessment of product operating costs.

Compulsory manufacturer statements on the disposability of products.

Support of "end-of-life" industries.

In pursuing LCE standards for products in South Africa, the dti’s ongoing process
of determining the suitability of a national eco-label system for the country should
be kept in mind. Life-cycle analysis (and engineering) will play an integral part in
determining whether a product will meet the requirements of the label.

Man-machine interface standards should be improved to promote safety,
equipment ergonomics and social responsibility to machine operators (currently,
the mining industry in particular seems prepared to pay out disability claims, but it
should also be simultaneously improving man-machine interfaces to promote
safety and better environmental impact).

Introduction of a structured programme for industry to fund R&D into recycling and
end-of-life technologies. Similarly to Design for Manufacture and Assembly
(DFEMA), Design for Recycling (DFR) should become an integral product
development approach.



6.6.2. Expected Impact of the Initiative

Generally, consumer awareness will lead to job creation through the creation of
new markets for end-of-life industries. The perceived impact on industry sectors is
as follows:

Metals and Mining Industry:

Because the metals and mining industry is geographically unique to the southern
African region, the initiatives must be started here and guided locally, rather than
internationally. As the largest employment sector, it is also probably the single
largest contributor to environmental waste, health problems and energy
consumption. The initiative could have a major impact on metal ore processes,
waste effluent management, energy input costs, post-mining rehabilitation of the
environment, improvements to the man-machine interface, labour health and
consumer concerns.

Chemicals and Biotechnology Sector:

This sector needs to be the implementer for life-cycle technology initiatives in the
metals and mining sector, with the focus on the use and promotion of recyclable
materials. This should lead to the creation of end-of-life industries to transform
end-of-life products into new products both chemically and biologically. It would
have major impacts on the availability of R&D funds, on job resources and on the
creation of new markets and opportunities for the chemical industry, as well as for
the metals and mining industry.

Automotive and Transport Industry:

This industry is already starting to follow global trends and initiatives on recyclable
products, which is leading to the enhanced use of recyclable materials in
manufacture and the more energy-efficient use of products. A concomitant
increase in manufacturing costs to fund R&D into this aspect of the business can
be expected.



Clothing and Textile Industry:

This sector should experience a smaller impact than the chemicals and
biotechnology sector as it is largely dependent on the chemicals industry for
technology and processes.

Cultural and Craft Industry:

Since this industry is strongly dependent on the tourism market, the use of
recyclable materials and environmentally friendly processes in producing cultural
and craft products should have a positive impact.

6.6.3. Risks if Initiative is not Implemented:

Loss of international markets for South African products.

Increased entry barriers to European countries and to the USA and Canada where
environmental impact issues influence consumer use of products.



7. Input to Human Resource Development: Artisan Tra  ining

The human resource development strategy must include artisan training and the
development of appropriate artisan skills. It should not be aimed at the technikons
and universities only because the root cause of the skills shortage is often lack of
hands-on people to perform the eventual manufacturing task and the logical
follow-on, which is service and support of the equipment after it has been sold into
the marketplace. If the aftermarket support staff are not available, there can be no
sustainable manufacturing strategy or continued industrialisation in the region.

Example of Sandvik Initiative

From the point of view of Sandvik in South Africa, artisan training and basic
literacy skills are of critical importance in the whole strategy for sustaining
industrialisation in the region. Through a needs analysis they have identified a
critical shortage of skills in the artisans they currently employ. Their
medium-term need as a service provider to the mining industry is for more than
300 service technicians in the next two years who have skills in hydraulics,
electronics, heavy current electricity, basic fitting and machinery repair, and
diesel engine fault-finding.

In their view, the government and the Metal Industries Federation is not going
to be able to provide the necessary training modules, either within the short
time frame required or by making the necessary funds available at short notice,
so the push has to come from industry.

They have identified that the average age of skilled artisans is generally over
50 years, and that there has been a lack of "new blood' coming in through the
traditional apprenticeship training programmes as these effectively ceased to
exist from 1994 onwards.

As Sandvik is one of the major service providers to the mining industry, this
major lack of artisan skills has forced them take the strategic step of creating a
“mining equipment service technician” competence, which encompasses
hydraulics fault-finding and system diagnosis, mechanical repair of equipment,
electronics fault-finding and system diagnosis, and diesel engine fault-finding,
as well as basic fitting.

To implement this initiative they have founded a Technical Training Academy
where they train 20 artisans per week on specific subjects relevant to their
equipment. They are currently providing 25 000 man-hours per year of



technical skills training to their technical staff through this Technical Training
Academy, covering South Africa, Zambia, Tanzania and Zimbabwe.

Currently there is no single artisan trade in South Africa suitable for all their
needs, the nearest being a millwright. They have therefore taken the bold step
of creating their own trade in conjunction with the appropriate artisan training
centres and government departments, and have set up their own apprentice
training programmes, which have been running for two years now. (Thirty
apprentices will join their organisation in 2003, 30 joined in 2002 and 11 in
2001). The apprentice-training programme runs for a minimum of 104 weeks
per apprentice and a maximum of 208 weeks through on-the-job modules.
They have also set up student sponsorship for Sandvik employees who wish to
study further on any subject appropriate to their day-to-day business and for
undergraduates who wish to take higher degrees.

Internationally, they have also recognised that today's scholar is likely to be
familiar with IT and computer technology, but lacks hands-on experience in
basic mechanical, electrical and structural work. Toys today are no longer of
the "constructor type", such as Meccano, and children play with increasingly
sophisticated, purchased IT products rather than building their own
entertainment. This has led to a lack of hands-on skills in Western Europe to
the point where young people lack even the most basic skills with hand tools.
The lack of awareness of the need for such skills, or even of the interest to
pursue these as a leisure pastime, has created a generation that is proficient
with a keyboard, a mouse, a joystick and little else. “When it breaks, call in the
repairman or throw it away!” To combat this, a pilot education system has
been initiated in Sandviken in Sweden, in which an additional three hours per
week of practical tuition has been added to the school curriculum to teach
youngsters about skills such as wood and metal working and, it is hoped, to
foster an interest that may lead to careers in that direction and even the ability
to perform basic home repairs.

South Africa has a similar problem, but for a different reason. Many children in
South Africa today have never been exposed to building, fixing and repairing
things either because of lack of educational opportunities or because of poverty.
The present South African education system also does not expose children to
these basic hands-on skills. So, like Western Europe, South Africa is also in the
process of educating a generation of hands-on incompetents. There is no reason
why such a pilot scheme could not be started in South Africa to enhance hands-on
skills development, which would in turn create the market demand for sustainable
training centres.
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APPENDIX 4: Global State of the Art and Foresight

On the following diagram, showing the manufacturing technologies and
approaches considered in a recent USA study [1], the focus areas related to the
product technologies that were addressed in this strategy development are boxed.
The global state and foresight results are discussed under these headings.
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1.  The Process: Rapid Product/Process Realization ( RPPR)

Fundamental to the global current thinking and foresight regarding advanced
product development is RPPR [1]. This is an expected outcome resulting from the
integration of customer needs and wants, a systematic Integrated Product/Process
Development (IPPD) methodology, cross-functional Integrated Product Teams
(IPTs), and a Computer-Integrated Environment (CIE). It is accomplished by
including all stakeholders, from concept development through product disposition,
in the design, development, and manufacturing process, in a highly concurrent
manner.

Importance of RPPR:

It provides a fast-to-market strategy and creates a “highly integrated/concurrent
environment” allowing design decisions to be made very early in the product
realisation process. It also provides greatly increased responsiveness to customer
and market demands, as well as tremendous cost savings.



2. Product Design, Definition and Data Interchange
2.1. Design Technologies

New concepts and methodologies are developed to reach the state of full virtual
production. Better computational prototyping and modelling tools supporting initial,
conceptual phases of design are needed. Design processes and tools
incorporating production process alternatives, trade-offs, product life-cycle
analysis, and disposal considerations are essential. Alternative design concepts
that incorporate collaborative design methodologies and technologies should be
developed.

2.2. Future Stretch Goals

The entire enterprise, spanning multiple organisations, can be modelled and
simulated prior to production. Trade-offs are possible at all levels to optimise
product design, plant, equipment and production processes. It will require new
M&S concepts and methodologies.

3. Product and Process Modelling and Simulation

3.1. Computational Analysis

Development is aimed at real-time design optimisation. The Digital Plant concept
(remote collaboration) is being pursued. Nano-scale mechanics is being
introduced in computational algorithms. The goal is total virtual realisation during
product development.

3.2. Virtual Prototyping (VP)

The ultimate goal is to eliminate the need for hardware prototypes in the
development process. An integrating framework or infrastructure is necessary to
support this, allowing different classes of users to “integrate” functions,
applications and data in a dynamic heterogeneous environment.



3.3. Hybrid Prototyping (HP)

HP provides a means to approach the elimination of hardware prototypes and
enhance product and process development. It involves coupling digital models
with physical devices to simulate the complete behaviour of the system.

3.4. Rapid Prototyping

RP is increasingly being used for direct Rapid Manufacturing of metallic, structural
hardware that is fully dense and can be produced in various alloys.

3.5. Future Stretch Goals
The ultimate goal for hybrid prototyping is for a full capability to do virtual

prototyping, while retaining the flexibility to add hardware into the loop for
specialised testing.

4. Material/Product Processing
4.1. Materials Engineering

This is computationally driven materials development in which existing materials
development practices are radically changed by the ability to model and simulate
vast combinations of elemental and process variables in order to discover
engineered materials systems tailored for specific applications.

4.2. Materials Selection

Powerful expert databases for the selection of materials for the design or redesign
of products are available. These databases can be updated by the user with the
latest materials data available to him/her. The databases are also Internet-based
to allow real-time updating and sharing among collaborators.

4.3. Materials Processing

Knowledge-based advisory systems for processes and tools are being developed.
National repositories of science-based process models are needed. Extensive use



of modelling and simulation to optimise production processes and life-cycle
performance will become the norm. Micro-structural-level modelling of material
characteristics is becoming feasible.

5. Product Realisation and Life-cycle Management
5.1. Tooling Technologies

Self-diagnosis and self-repairing (smart) machine tools are pursued. Precise 3-D,
tool-free shaping processes will be introduced. Collaborative delivery networks
supported by information and communication technologies will improve
competitiveness.  Direct Rapid Tooling through Rapid Prototyping (Direct
Manufacturing) is becoming feasible.

5.2. Product Packaging Technologies

Packaging and shipping considerations are integrated into the design process.
Total recycling of packaging material is the goal. A goal is for packaging is to
include integrated product-condition monitoring. Sensitive products will have
intelligent labels with embedded product information for use, condition and
manufacturing history.

6. Integrated Product/Process Development (IPPD)
6.1. Integration Technologies

The focus is on integration of data, models, and applications to enable real-time
tradeoffs in the development process. Pervasive modelling and simulation will
require information systems that integrate across disciplines, vendors, customers,
etc., and are accessible through a National Information Infrastructure.

6.2. Supporting Infrastructure
Full Computer-Integrated Manufacturing (CIM) enables IPPD. Reconfigurable

plant and equipment are essential for flexible manufacturing approaches. Ideally,
the goal is recyclable product, plant, property and equipment.



APPENDIX 5 Current State in South Africa

1.

Integrated Product/Process Development

There is a good understanding of Concurrent Engineering, including the practical
implications, among the leading product development service providers. World-

class technologies and methodologies are availabl
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An integrated product development process, based on internationally accepted
concurrent engineering principles, is being advocated (see Figure 5.2).

Figure 5.2: The Concurrent Product Development Process



A national collaboration network, as shown in Figure 5.3, has been established
among the leading service providers. In support of the national effort, an Internet-
based portal, productdevelopment.co.za, has been established to provide
information on product development and links to service providers across the

value chain.

Figure 5.3: The South African Product Development Collaboration Network

2. Product Design, Definition and Data Interchange

A national programme has been launched to introduce CAD into secondary
schools. There has been some success with branding South African products
through the incorporation of cultural design inspirations. A national Design Awards
system is being driven by the SABS Design Institute. Some service providers are
using integrated product data management systems for collaborative design.



3. Product and Process Modelling and Simulation

A few expert groups at Tertiary Education Institutions (TEIs), the CSIR and in
private engineering consultancies use leading finite element analysis (FEA)
software packages for engineering analysis. Most of these groups perform work of
world-class standard. However, the software, especially for non-linear analysis, is
very expensive in South Africa. Therefore, there is very limited market penetration
of these leading-edge software products and these are mostly located in service
units, such as the NPDC and R&D units at universities. Process modelling
software for casting simulation, injection moulding, and metal forming and forging
is available in some units of expertise.

4. Materials/Product Processing

There is world-class expertise in primary processing of carbon steel, stainless
steel and aluminium. A leading materials selection expert database, Cambridge
Engineering Selector (CES), is owned jointly by the NPDC and the University of
Potchefstroom and can be accessed through these institutions. A light metals
development initiative is being planned to support the development of a
downstream product industry in South Africa.

5. Product Realisation and Life-Cycle Management

A South African Tooling Industry Support Initiative has been initiated to improve
the competitiveness of South African toolmaking and to provide formal training for
specialist toolmakers. Some toolrooms operate at world-class levels and compete
globally. A chair in Life-Cycle Engineering has been established at the University
of Pretoria.



APPENDIX 6 Outcomes/Recommendations of NACI
Workshop on Industrial Design — 12 August 2002

The following excerpt is taken from the ‘first draft’ 23-page outcomes document
from the Workshop on Industrial Design in South Africa:

1.

Recommendations

1.1. National policy and strategy

A national policy and strategy should be developed and accepted for
implementation that would:

Determine the design landscape, and identify all the issues relevant to design
as a holistic activity; and

Identify the issues requiring special attention at a policy level to create a culture
of design such as:

education to create a new competence, a new mentality in order to create
new kinds of products

support for the institutional environment for maturing ideas into real
products as a common field between education and the economy

promotion to create the interaction stage between investors, free capital,
industry and inventors

public focus on and acceptance of innovation through education and media
encouragement of flexibility and acceptance of change.

Reward implementation by:

creating tax incentives for producing innovation
creating an honour incentive for innovation.

1.2. Promotional body

A body should be set up to foster the value of design in South Africa within the
context of the stated policy. It should be a centre of excellence to all its
stakeholders, but should not neglect thinking deeply about the future of design and
design policies for the country. Some specifics:

It should be government funded, as is the case internationally for countries at a
similar stage of development as South Africa, but



The governance of the body should be by its stakeholders. It should be seen to
be independent of government, the design profession and design service
providers; but it should not provide design services itself (i.e. avoid a conflict of
interest).

The function of industrial design promotion is to assist all role-players to establish
industrial design effectively for the benefit of industry. Hence the general role of a
design institute or council or promotional body would be to:

Promote the advantage of design to industry and the public.

Internationally promote the country via its design.

Coordinate design education.

Advise and inform industry, the public, designers and government.

Manage a detailed database of industry role-players and design-related
information.

Manage the National Awards for Innovation and Design.

1.3. Legal environment

South Africa should ensure that it is in line with all the legal instruments
internationally to ensure that its intellectual property is respected, and that it can
be exploited gainfully by South Africans on the world markets. Hence the various
acts (Patents Act, No. 57 of 1978; Act on Models, No. 195 of 1993; Copyright Act,
No. 98 of 1978; Trademarks Act, No. 194 of 1993; Plant Breeders’ Rights Act, No.
15 of 1976; Companies Act. No. 61 of 1973, etc.) should be reviewed in this
context, as well as all the treaties or other international agreements that South
Africa has acceded to or should be acceding to in this regard.

1.4. Miscellaneous

There are a number of secondary threads running through the recommendations
that should be addressed in some form during this whole process. These include:

Industrial designers have a need for a professional body to represent the
profession.

It should be ensured that design is regarded as a holistic approach and that
technology demands that a holistic approach be followed in order to be
effective and efficient.



South Africa has a unique opportunity to exploit its ethnic diversity through the
design process, especially in the manufactured product domain.






