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ABSTRACT

The advanced materials and the technology innovation in manufacturing processes are undoubtedly the basic
research to improve the performance of automotive components as well as aerospace applications.

EU vehicle production and forecasts show a positive tendency in the next years with particular attention to the
car weight reduction, high-performance and low consumption. The global market competition forces toward
an improvement in quality and efficiency.

Most of the previous European projects and the main FP6 projects actually in progress (e.g. NADIA) are
making concrete improvement in materials and processes using a scientific approach combined with CAE
tools.

The design evolution of the automotive components is taking to the extremely complex shape with high-
performance demand and narrow margin of errors. A Design Chain approach, based on simulation tools for
metal casting processes and mechanical behavior, can provides some positive solutions if the complete
virtual loop takes into account all manufacturing phases (e.g. casting, heat treatment, machining etc.) as
material mechanical properties depend on.

The traditional manufacturing processes have to be optimized using the well known light materials, while the
technology innovation can improve the application of advanced materials. The CAE tools should follow the
same evolution in order to support the design and the optimization during the virtual prototyping phase.
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INTRODUCTION

In the recent years, the evolution of automotive
production has been characterized by string
competition in materials. The use of light alloys is
constantly in growth due to the actual maturity
level and the new sustainable developments of
these materials. For many reasons, the coupling
of aluminium and vehicle has been a success in
the transport industry: the weight of the alloy, its
higher strength, corrosion resistance, formability,
weldability and easy-fitting to different design
solutions. The positive impacts due to the use of
light alloys, are well known and can withstand the
modern demands for cost effectiveness: reduction
of noxious (CO,) emissions, reduction of energetic
consumption and fuel, safety and recyclability.

The history of light alloy applications shows the
first examples in the 30’s with “Bugatti Type 59”
(1924) where the aluminum was applied for the
majority of movement components. Other
examples are the Alfa Romeo 6C 2300 MM —
1937, and the Lancia Aprilia — 1936 with same
node frames and suspension arms. The legendary
Fiat 600 (1955) was the first mass produced car
with  some aluminium engine parts and
suspensions. The experience of Pininfarina has

generated the aluminium reticular space frame of
“Ethos” (1992) and “Argento Vivo” (Aluminium
Automotive Design Award” in ‘55).

The large modern application of light alloy can be
pretty well summarise by Ferrari 360 Modena and
Ferrrai 612 Scaglietti (2004) adopting a space
frame and the external structure completely in
aluminum with extruded, casted treated and
formed parts (28% of weight reduction respect the
previous version).

A growth of the use of aluminum in cars in Europe
is certain, but forecasts on the quantities and
forms are complex and difficult to assess
accurately. Different studies predict different
scenarios. The total European average use of
aluminum in cars could grow from 100 kg per car
today, to 150 kg per car in the year 2010 and the
total consumption should reach 2 millions tons per
year for all Western Europe (source EAA).

The advantages of light alloy applications are well
known and motivate the forecast use of these
materials. The properties of the alloys can refine
the vehicle performance in terms of improvement
in acceleration/braking and reduction in noises
and vibrations, as well as corrosion resistance for
uncoated chassis parts.



The active and passive safety depend respectively
on high performance/vehicle control and ductility
to increase the energy absorption in case of crash
The design can assume an "High-tech" aspect
and new style for large multifunctional castings to
reduce the number of the parts and thereby the
assembly costs. Light weight can reduce fuel
consumption (a weight reduction of 100 kg means
a saving of 0,6 liters of fuel every 100 km) and
colability/formability permits the standardization of
processes and the modular construction method.
The mentioned cost reduction are in conjunction
with environmental preservation in terms of
reduction in COs-emissions and high recyclability
to save natural resources and energy.

Each vehicle include different Al parts obtained by
different process. Structural elements, panels and
body parts are produced by presswork. Other
component with constant section cross can be
obtained by extrusion (structural parts, seat parts,
safety system and suspension parts). The foundry
products are in general more complex and they
constitute the engine of the car (cylinder head,
engine block, pistons, gear boxes, wheels,
suspension arms, space frame nodes, etc.).

We will focus the attention to the foundry
processes, their innovation and the adopted
materials.

TRADITIONAL AND INNOVATIVE
MANUFACTURING PROCESSES

The well known traditional foundry processes, like
gravity sand casting or gravity die casting are
usually adopted in case of very complex
components that require the use of cores to
generate complicate shape and cavities in one
cast (e.g. water jacket of the cylinder head). The
flexibility of the sand mould can be capitalized for
large casting and low production number, in case
of mass produced components the permanent
mould is justified and competitive. Gravity castings
have gained a poor reputation for reliability and
quality in consequence of difficult gating system
design. At the present time, the efficient simulation
tools can support the optimization phase of the
gating design and feeding system.

An evolution of the sand casting coming from the
lost foam model to avoid the use of complex
cores. The polystyrene foam pattern (machined
from an EPS block) left in the sand is filled by the
molten metal, precisely duplicating all of the
features of the pattern. Risers and gates are also
likewise attached. Next, the foam cluster is coated
with ceramic, either by dipping, spraying or
pouring. The coating forms a barrier so that
molten metal does not penetrate or cause sand

erosion during pouring. Coating also helps to
protect the structural integrity of the casting. After
the coating dries, the cluster is placed into a flask
and backed up with un-bonded sand. Mold
compaction is then performed, using a vibration
table to ensure uniform and proper compaction.
Lost foam casting (LFC - M.C. Flemmings) is
differentiated from full mold by the use of un-
bonded sand, as opposed to bonded sand that is
used in the full mold process

The first improvement for the permanent mould
casting was the application of the low pressure
during the filling and the solidification phases (e.g.
low pressure die casting wheels). Both methods
have provided a solution to the elimination of
surface turbulence. The vertical injection adopts a
pressure range 0.2-0.6 bar applying a gas
pressure to the surface of the melt in the furnace
and forcing the melt to go up along the riser tube.
The pressure can grow to 1 bar during the
solidification in order to compensate the shrinkage
and the contraction of the melt. The low pressures
have in general deliver castings to consistently
high quality.

The high pressure die casting (HPDC) process is
really appreciated in automotive field in order to
produce large, thin and finite shape components.
The performance of the high pressure machine
and the sophisticate control of the process can
guarantee the repeatability of the cycle in very
short time. The die and the devices engrave on
the manufacturing cost that can be justified only
for mass production. In HPDC the cost and also
the performance of the casting can be considered
at low level in comparison to other processes.

The research can pursue improvements devoted
to the material performance or the process
technology. With the application of the vacuum
system it is possible to reduce the air entrapment
risks and a local squeeze can “feed” the
solidification shrinkage. These improvements in
process cannot modify the final mechanical
characteristic of the alloys even if in defects
absence. New materials can be adopted today:
innovative alloys (e.g. Magsimal-59 or Silafont-37)
or different process and material like the semi-
solid casting process (e.g. Thixo-casting or Rheo-
casting) or squeeze casting (forging-type
process). The high cost of investment for new
ductile die casting alloys is amortized by the big lot
sizes usual in Automotive industry. Their ability to
deform plastically rather than crack under stress
(ductility) is needed for structural parts (yield
stress up to 200 MPa and elongation up to 18%
are possible depending on thickness — 2 mm,
process parameters and defects), as well as the
fatigue strength (100 MPa) is requested for
components under dynamic loads.
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Fig. 1 — Processes and their costs and performance

The advantages of semi-solid processes (SSM)
[1], suitable for the production of high quality near-
net-shape components, are well known since
many years as alternative solution of forging and
the high pressure die casting. The SSM alloys find
the proper industrial application in automotive field
where a synergetic combination of high production
rates, light weight and safety requirements is more
and more strongly needed. The mechanical
properties of rheocast component (e.g. A356 alloy
at T6 status) can reach maximum value of 250
MPa for YS, 310 Mpa of UTS and 15% of
Elongation. The apparent viscosity of semi-solid
materials can be varied over a wide range
depending on processing conditions that can be
optimized by means of numerical simulation. The
metal structure (fluid plus solidified globules) and
its rheological properties are retained after a
solidification and partial remelting or share rate
action during the solidification. The
non_Newtonian behavior is potentially a positive
aspect of this technology able to avoid turbulence
and reduce solidification shrinkages. The actual
application of Rheocasting process can restrain
the high raw material cost, permit to recycle the
scraps in-house and application of different basic
alloys (previous negative aspects of Thixocasting
process).

The feasibility of the die casting process in case of
discontinuously reinforced aluminium alloys has
been evaluated. The industrial application of
Aluminium Matrix Composites has been limited,
up to now, by high costs, associated to expensive
manufacturing and machining processes. Recent
experiments [2] demonstrate that a usual Al alloy
(AISi9Cu3 — EN 46000), reinforced by 10% vol of
Silicon Carbide particles can be employed in a
standard HPDC machine to produce a simple
product geometry. The quality of the diecast,
detected by X-ray non-destructive testing, and the
microstructural investigations seems to be
promising. The reinforcement generate some
improvements of the YS and the UTS
(respectively 350 N/mm? and 450 N/mm?in case
of alloy 6061/15% SiC — T6), as well as high wear
resistance and limited thermal expansion
coefficient, that are required by pistons, liners,
driveshaft, connecting rods, wheels, chassis parts
and brake disks.

Fig. 3— MMC die casting components
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Fig. 2 — Semi-solid castings

DESIGN CHAIN AND OPTIMISATION

The practical simplifying assumptions that are
usually accepted in the product-development
chain are due to lack of knowledge of a
component’s life cycle, from production to
practical use, to neglect the stress and strain
effects caused by the manufacturing process or
heat treatment and to considering mechanical
properties that do not reflect the material’'s actual
characteristics as depending on its microstructure
and defects [3-5].

The adoption of an improved procedure for
integrating simulation into classic design strategy
is often the greatest constraint to the rapid
development of the design which usually requires
interaction among the tool maker, the foundry and
the end customer. High-performance computers
and the updating of simulation software
increasingly tend to reduce calculation times,
therefore reducing their impact on development
times.

By comparison of the several possible solutions,
the one guaranteeing, say, for an equal weight,
the highest safety coefficients and the best
process conditions can be selected. Full
integration calls for reliable competences and




technologies in order to blend the several CAE
disciplines - combustion, hydrodynamics, vibro-
acoustics, kineto-dynamics, machining, the
production process and thermo-mechanical
fatigue - into one procedure only.

A similar scenario is a driving force for the
optimization approach, in particular due to the high
numbers of variables which define the foundry
process definitely make it one of the most difficult
problems to optimise since, generally speaking,
there is no single solution which will satisfy the
stated aims in the best possible way. In order to
select the best solution, it is necessary to evaluate
and compare a large number of potentially
possible solutions.

Despite dividing the problem into sub-problems of
a lesser entity (filling, solidification, thermal
aspects, residual stress, etc.), the goals are
frequently in contrast or interlinked with each other
and must therefore be pursued separately without
attributing individual degrees of incidence a priori.
Once example for all is the optimization, using
MAGMAfrontier, of the feeding system which aims
to obtain a defect-free casting and to minimise the
cast mass in order to increase production yield.

The multi-objective genetic algorithm (MOGA)
forms a family of “schedulers” which is ideal for
tackling similar problems and providing the
prevalent solutions represented by the Pareto set.

have not ignored the possibility to apply the iper-
eutectic aluminium alloy or the casted liners with
subsequent surface treatment. At the present
Tecopress foundry is producing successfully these
engine.

Fig. 5 — 3-cylinder engine block

*  Optimised solution:
— 0% of porosity shrinkage, feeder volume 0.531 (57% of original volume)

BMW recently presented the world’'s first
composite magnesium and aluminum crankcase
for an inline six-cylinder engine with a cast-in
aluminum insert. This makes the BMW Group the
first automobile manufacturer of a water-cooled
combustion engine, using the significantly lower
weight of magnesium and overcoming the
disadvantages of the material at the same time.
Substituting magnesium for aluminum with the
same design reduces the weight of the crankcase
by about 10 kg, reinforcing BMW'’s potential to
reduce the weight of future vehicle generations.
Initially, the highly loaded aluminum insert is
produced separately in a low pressure die casting
process. Here, casting parameters, geometry,
and thermal regulation of the tool are optimized
with MAGMASOFT®. The crankcase casting is
produced using a 4,000t pressure die casting
machine; the corresponding tool has a weight of
nearly 60 t and consists of two parts.

Fig. 4 - MAGMAfrontier feeding optimization of the
suspension part

AUTOMOTIVE APPLICATIONS

A successfully case of co-operation between
foundry, engineering and end customer is the
development and production of the 3-cylinder
engine block of Rotax. The evolution of the Rotax
4-TEC open-deck design has led to the light-weigh
and high performance engine devoted to jet-
scooter. The HPDC process has been optimised
by numerical simulation designing the dual-
runners gating system. The first project takes into
account the grey-iron liners but the simulation

Fig. 6 — Composite magnesium and aluminum crankcase

An application of Magsimal-59 alloy can be
mentioned in relation to the production of the Oil-
Pan that requires high ductility, good corrosion
resistance and excellent fatigue strength. The
process simulation has played again a key role in
the die design phase as well as the co-operation
with the Rheinfelden alloy supplier.




Fig. 7 — Oil-Pan produced with Magsimal-59

RESEARCH PROJECTS

European perspectives for the future defines the
major priorities for common transport policy as
safety and environmental. The following two
project are an impressive example of these
concepts.

The IDEAL project, completed at December 2005
[6], was aimed at optimising Aluminium cast
components, by means of the integration of
process simulation into design chain. The set up
of integrated software tool and methodology to
support Concurrent Engineering of Aluminium cast
components reduces the development time and
improve the product quality. Such integrated
software predicts mechanical characteristics
arising in castings, due to process conditions,
defects kind and distribution, residual stress, post
casting treatments (conventional and innovative,
such as Liquid Hot Isostatic Pressing). These
predictions helps the structural design stage, also
by means of a specific optimisation tool, integrated
into the “horizontal” software. The whole
methodology has been tested on demonstrators,
constituted by industrially significant Aluminium
castings. The final goal of the project was the
design of light components and, thus, the
decrease of the fuel consumption and the CO,
production. The proposed research, focused on
aluminium cast components, was aimed at
integrating the utilisation of the existing codes for
casting processes simulation and for stress
analysis, with new ones (microstructure and
properties prediction, post-casting treatments,
optimisations). The goal was the “horizontal”
integration of process simulation into design chain
(CAE  methodologies). The  Trans-national
consortium and the participation of major
industries witnessed the strong interest on the
proposal throughout Europe. The consortium
consists of 11 partners belonging to various
European countries  (4):

one software developer, expert on casting
numerical simulation (Magma)

two universities, expert on castings materials
and on integration of models into numerical
simulation  tools  (J6nkodping  University,
Universita di Padova)

one service provider for engineering services,
supplier of numerical simulation tools
(Foundrysoft)

one software developer, expert in optimisation
and software integration (EnginSoft)

one university, expert on aluminium casting
and numerical simulation including residual
stress calculation (Danish Technical University)

one foundry for mass scale production of cast
iron and aluminium components (Teksid)

four vehicle industries, with strong historical
background on aluminium utilisation (Daimler
Crysler AG, Centro Ricerche Fiat, Ford, Audi).

NADIA is an IP-SMEs Project supported by EU
inside the 6™ FP and aimed at improving
competitiveness of 12 EU SMEs engaged in
simultaneous engineering and production of novel
high technology transport components to exploit
the potential of light multifunctional alloys for car
and truck. The co-ordinator of NADIA is
Enginsoft , an Italian High Tech SME, whose
core activities are informatics applied to CAE,
virtual prototyping and new tools for the
optimisation of design & production processes.
NADIA will be fully integrated : Vertically
(covering the entire value-chain), Horizontally
(intrinsic  S&T multi-disciplinary nature), on
Activities (RTD activities interact with each other

and with demonstration, education,
dissemination), on Partnership (highly
complementary Partners), European

(competitiveness of the networked enterprises
strengthened at European level), Financially
(mobilisation of funding schemes by public &
private sectors). Such integration will allow for the
combination of materials, processes and new
NM? (Nano, Micro & Macro) simultaneous
engineering tools to be used for production of
transport (automotive) demonstrators. Proper
training activities will support the correct use of
the alloys, processes and engineering tools
developed initially within and subsequently beyond
the project, increasing the professional skills of the
people. The NADIA critical mass is represented by
12 SMEs of 24 partners: materials producers
(RMC, MBN), equipment supplier (LPM),
engineering & design companies (Enginsoft,
Magma, Foundrysoft, Matfem, Imperia), foundries
(Toolcast, Tenhults), coating supplier (Thermico),
component manufacturer (Abamotor). They are
linked with RTD centers and Universities,



focussed on materials & processing (Trondheim,
Padova, Helsinki and Joenkoeping Universities,
Sintef) and engineering & application (CRF, IPPT,
Tekniker). Big industries are involved where
strictly needed: primary alloy production (Hydro),
car manufacturers (Daimler Chrysler, Ford),
special technology foundry for transport
components (Teksid Aluminum).

CONCLUSION

The history and the panoramic review of light alloy
applications in automotive industry underlines the
key role of their use and motivates the forecast
positive tendency in the next years. Advanced
materials and technology innovations, as well as
the virtual prototype approach, are the driving
forces of the main European research projects
and should be the targets of each automotive
industry and supplier that want preserve the
competitiveness the global market.

With or without innovation, the design chain and
the optimization of standard manufacturing
process (e.g. high pressure die casting) are the
appropriate  CAE approaches to develop new
automotive components with high performance
and positive ratio between quality and production
cost.
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