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Abstract

The utilisation and prominence of composite materfeave been increasing significantly over
the past decade in technologically demanding ingustectors, such as aerospace and
automotive. It has been accompanied by growing siéedresearch and development on these
materials and their applications to push the bouieta of achievable material and component
properties. A similar trend has been observed i ¢bnstruction industry with regard to the
overwhelming demand for housing on the African ioent. These factors as well as the current
national and global industry trends highlighted tiveed for a clear strategy to guide the CSIR'’s
research and development role in support of thestoss of the South African economy. This
paper positions the development of a CSIR straitedglye national strategic context, taking into
consideration the national drivers and the challesgfaced by the local industry. CSIR’s
strategic approach and future focus are explaingdiast the background of the organisation’s
track record in composite material development apglication, analysis of its current strengths
and alignment with its strategic intent. The drit@vards utilisation of natural fibres in
composites, the role of nanocomposites and oppitigarfor composite-metal hybrid materials
are discussed. Some examples of recent reseagstedliwith this strategy are also given.
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INTRODUCTION

Technologically demanding industries, such as #rerautical and automotive sectors,
have over the past decade been increasing theamtkfor lighter, stronger and smarter
materials and structures. The requirements of nessaft such as the Airbus A400M and
the Boeing 787 Dreamliner, as well as technologathlances requested by automotive
companies, such as Daimler-Chrysler, BMW and Volgen, have been strong drivers
in these sectors. Due to a growing demand for Ingusncluding alternatives that could
be more affordable without compromising safety, ¢bastruction industry has also been
calling for advances in materials of constructi®imultaneously, the imperative to utilise
environmentally friendly materials and manufactgrimprocesses has grown in
prominence. New military applications in the field§ post-conflict reconstruction,
ballistic or blast protection and others have hisew materials challenges.

This combination of market needs has stimulatedareti and development efforts in the
fields of advanced metals and composites, togetiterdesign improvements to optimise
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manufacturing technologies with resultant cost oéidn and shorter delivery times. The
unique characteristics of materials such as titaralloys and advanced composites have
led to intensive research on matching propertiesh vapplication requirements.
Manufacturing processes, such as near-net shdpimging of high integrity thin-walled
structures and high performance machining, haveived serious attention.

While the CSIR has a proud track record of achiex@msin the application of composite
materials and structures culminating towards the @nthe previous century, activity in
the field has declined dramatically during thetfinglf of this decade. However, more
recently the national priority given by strategisach as the Advanced Manufacturing
Technology Strategy (AMTS), to the aerospace ardnaotive industry sectors, coupled
with the need for research and development in stgbdocal industry growth expressed
by various players in the South African compositedustry, have placed composites
squarely on the CSIR’s agenda. Consequently, tepast eighteen months, a task team
has developed a CSIR Composites R&D Strategy tausfoand coordinate the
organisation’s activities in this field.

THE CSIR TRACK RECORD

The CSIR’s track record in composites includes mgdanumber of products and
technology demonstrators, including the developmeintseveral aircraft and major
aircraft components. Two examples are presentec¢hwHhiustrate the type of work
undertaken.

The first example is the OVID aircraft, an all-canb fibre composite technology
demonstrator, as shown in Figure 1. This was aopndp powered tandem two-seat
trainer that was developed by Atlas Aircraft and @SIR. The combined team was led
by Atlas, who also determined the aerodynamic laty-dhe rest of the design and
development was undertaken at the CSIR premises.

Figure 1: The OVID Aircraft in Flight
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The main aim of the project was to develop thenetigy to design and build this type
of aircraft using the expertise available in SoAfnica. Composites were an attractive
choice due to their low tooling cost, low parts woand speed of prototype work when
compared to similar aluminium aircratft.

The cross section through the wing, as shown inurgi@, gives a good idea of the
structural philosophy of the aircraft. The skine all Nomex stabilised, which eliminates
the requirements for integral stiffeners, thus o#og the complexity and manufacturing
costs while improving the damage tolerance.

FUEL TANK FUEL TANK

254% 63,5% 8%
CHORD CHORD CHORD

Figure 2: Wing Cross Section
The next example is a RP35 type fuel drop tankiferwing and centreline stations of the

Mirage F1 aircraft. These tanks contain approxihgate200 litres of fuel and are
required for long range operations. [1]

To investigate the feasibility of local manufactuttee CSIR constructed three prototype
drop tanks from carbon fibre. The first tank wasebyifor structural tests and contained

no fuel or electrical systems. The following twaka were fully equipped with fuel and
electrical systems. Figure 3 shows the first psqiet

Figure 3: Drop TankPrototype

The original RP35 drop tanks were manufacturedlumanium, and it was decided to
carry out a feasibility study to determine whetlibe new drop tanks should be
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manufactured from composite materials or aluminiuBomposite materials were
selected for this application for the following seas.

* Relatively low tooling requirements and cost fomgex shapes.

» Good corrosion behaviour with moisture and fuel.

» Lower likelihood of suffering catastrophic strucufailure due to a hostile strike.

» Good retention of strength with time after an intpac

» There was greater scope to tailor the structuralacs of the new drop tank
design to the original so that flutter clearancekwsould not need to be repeated.

Prepreg materials showed greater promise than estup systems due to their
repeatability, both from a material property andnofacturing point of view. Plain
weave fabrics and unidirectional tapes of T300 types were selected.

CURRENT CSIR EXPERTISE AND FACILITIES

An internal audit of the composites related cajpizdsl and equipment that contribute to
research in this field in the CSIR revealed exgstom newly-developed expertise in the
following areas:

Computational Structural Design, Analysis and Modding

A strong competence in computer-aided design efieiement based analysis, simulation
and modelling of components and structures ex@tdhie prediction of the mechanical
behaviour and expected service life of components systems. Current work on the
mechanics of reinforcements is focused on bucklirgsile and shear deformation of
woven and nonwoven fabrics. Both force-balancefaniid element approaches are used.

Mechanical Testing of Materials and Components

Laboratories for testing a range of mechanical grogs of materials and parts are
available, manned by a few individuals with wid@eence.

Polymer Matrix Materials

A competence area with polymers as their main ggtinas existed in the CSIR for many
years and strong capabilities both in materialsetitgpment and materials application
have been maintained.

Natural Fibre Based Composites

On natural and synthetic fibre reinforced compasitee CSIR is currently involved
development of thermoplastic composites for bugdindustry applications, as well as
for automotive and aerospace applications. Cupsesjects involve use of flax, sisal and
hemp fibre reinforcement in polypropylene and ptilyeene matrices. Future work will
be aimed at utilizing kenaf in addition to the abawentioned fibres and biodegradable
matrices to make biocomposites. Different surfaeatiments to improve strengths and
impact resistance of the materials will also belerqal for load bearing applications.
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Smart Structure Design and Analysis

Based on extensive experience in the field of sensderials and sensing systems, the
Sensor Science and Technology group is well-eqdippextend their work to composite
based smart materials and structures. Embeddisgrafors and actuators in resin-based
composites offers interesting possibilities in tl@gard.

Nanofibre-based thermoplastic polymer composites

Work towards harnessing the advantages of botimibyglastic polymers and nanofibres
in the form of nanofibre-reinforced thermoplastmymer composites, has been done. A
unique aspect of this research is the approachgheged for developing single material
composites (both matrix and reinforcement are efslime polymer). This project makes
use of the fact that certain polymers are availableoth the crystalline and amorphous
forms. Hence, when processing the polymer (crystalhanofibres + amorphous matrix)
into a composite, the crystalline nanofibres (hrighreelting point than the amorphous
matrix) stay intact and one is able to obtain glsimaterial nanocomposite.

Pre-form Development

The application of pre-forms and pre-pregs in theset composites is being explored.
Both natural and synthetic fibres are utilizedtfoe development of two-dimensional and
three-dimensional performs for T-beams, |-beamsadher structural parts as needed.

Equipment and Facilities

Some of the equipment and facilities available fesearch and development on
composite materials are:

* Material and component test equipment

* Computing hardware and software

e Compounding, injection moulding and compression laiag machines
* A Laser Vibrometer

* Facilities for producing and characterising nonwofibre materials
» Fibre preparation and characterisation facilities

* Weaving and knitting facilities for pre-form devphloent

e Prototype compression moulding

» Fibre reinforced composite characterisation equigme

* Polymer matrix characterisation equipment

* Bicomponent filament extruder

* A fire, smoke, toxicity testing laboratory

» Extensive facilities for research on nanocomposites

Apart from the above, a wide range of scientifialgtical equipment is available in the
organisation.
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RECENT RESEARCH

Laminate damage initiation and growth

All structural components contain discontinuitibattlocally affect the stress state. These
discontinuities are typically associated with fastes, global design features and defects.
In the case of intentional discontinuities, for ewde bolt threads or structural cut-outs,
there are well defined and relatively gentle rad@he field of structural mechanics has
well defined relationships for the analysis of #teess concentrations caused by these
radii in order to ensure structural integrity. Detfe for example cracks, can however
have very sharp radii, and using conventional i@tahips for the analysis of the stress
near a crack tip can significantly underestimate ritagnitude. The requirement for the
analysis of defects has led to the field of fraetumechanics which combines the
mechanics of the body with its mechanical propsrtie

The fracture of composite materials is charactdriby both intralaminar damage
(through the thickness of the laminate, includiigef damage) and interlaminar damage
(delamination). Of these two, delamination is thestrcommon form of damage due to
the lack of fibres to arrest the crack growth. Riah of composite life in service would
therefore require both tests to characterise thetdre toughness of the material and
analytical techniques to predict the delaminatioowgh.

The research was initiated by carrying out testgharacterise two materials, namely
Hexcel 8552/AS4 and Hexcel 6376/HTA carbon-fibraferced epoxy. These materials
were tested for their tensile and compressive ptigse and then for fracture toughness
under mode I, Il and mixed mode |/ Il conditiof8. - [5]

With the materials fully characterised, the invgstion into suitable methods for
determining the delamination growth was carried. dlte first step in propagation
analysis is the determination of the stress intgnat the crack tip. An extensive
investigation was carried out into various techegjufor performing the fracture
mechanics calculations. The most promising meth@$ whe virtual crack closure
technique for strain energy density at the crapkusing the finite element method. A
typical model is shown in Figure 4.
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Figure 4: Fracture Model of a Laminate

Work is ongoing to predict the initiation of damadyee to impact, and also the modelling
of the subsequent delamination growth using nevaecéments made to the Abaqus
finite element software. Supporting tests are tadreied out on impact and blunt notch
specimens.

Fibre Metal Laminates

Structural materials inherently have their stromints (e.g. strength and stiffness) and
weak points (e.g. corrosion and impact resistan€y)e way to overcome these
limitations is to combine different materials inway that the strong points of the
constituents are combined, but the weak pointsnairgmised. An example of this

approach is the combination of fibres and resits antraditional composite material.

The two dominant high-end structural materialshatihoment are light metal alloys and
resin-based composite materials. An area of onego@search is on how these two
materials can be hybridised into an even more adhdimaterial. The objective is to
achieve high strength and stiffness to weight satiath good resistance to fatigue,
corrosion and impact damage.

There is increasing pressure in the aviation inguist increase levels of safety while
reducing the manufacturing costs. One enablingnigdgy that is being applied to the
new generation of airliners is that of fiore melaminates (FML) [6], [7]. In these
materials layers of thin metal sheets alternaten \iitbre-epoxy layers. This kind of
material is starting to see application on emergirgraft of the large manufacturers,
Boeing and Airbus.

The conceptual basis for FMLs originated at Fok#tering the 1950’s. The company
could not afford expensive production machineryh@ wake of the Second World War,
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and resorted to bonded laminated structures instéadsing monolithic machining
methods. It was found that this type of structuael lan increased resistance to fatigue,
and the fatigue that did occur was mainly limitedre outside layer.

FML research was taken further during the 1980’sheyDelft University of Technology.
The development concentrated on the use of thmialum sheets combined with fibre —
epoxy layers. A typical lay-up is shown in FigureThe fatigue performance of an FML
is critically dependant on the optimum ratio of mlnium to fibre. This is due to the
means by which the laminate resists fatigue, narma\fibre-crack bridging mechanism.
The stress intensity at the crack tip is reducedrbgk closure stresses in the fibres. Fibre
failure during crack opening is avoided by the shstaesses in the adhesive layer
creating a controlled delamination.

Figure 5: Typical Cross-Ply FML [7]

The first generation FML’s were designated ARALLheBe laminates were based on
2024-T3 aluminium sheets of 0.3 mm thickness coetbinvith aramid fibres and
manufactured by ALCOA and AKZO. The aramid fibreserev arranged in a
unidirectional fashion due to the material beingrased for wing structures. During the
1980’s a full scale Fokker 50 lower wing panel vbadit and flown using the material,
resulting in a 20 percent weight reduction. ARAL&sthns have also given a 30% weight
reduction on the lower wing panel of the Fokker7#&hd a 23% weight reduction on a
C-17 cargo door [8].

ARALL proved to be unsuitable for fuselage struetudue to the poor compression
properties of the aramid fibres. Compressive stesse present in the laminate after
curing during production, and cyclic compressiontloé fibres will occur even if the
minimum stress on the laminate is zero. A secomeigegion laminate was developed in
1987 for use in fuselages and was designated GLARE.

Deutsche Airbus tested an A330/340 fuselage bamegiufactured from the material in

1988/89. GLARE first flew as a bonded repair patoha USAF C5-A in 1985. The first
civil applications were as the bulk cargo floortloé B777 and the bulkhead of a Learjet
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125. The material has subsequently been applietthecupper fuselage of the Airbus
A380. GLARE is now a product of Structural Lamirsatedustries (SLI).

A further application of the FML philosophy is knowas TiGr, which is a titanium
graphite hybrid laminate [9]. A typical layout dii$ type of laminate can be seen in
Figure 6.

Titanium

7 acesheets

aminated PMC core

Figure 6: Titanium-Graphite Hybrid Laminate [10]

The initial research into TiGr was carried out unttee NASA sponsored High Speed
Research Program, which was orientated towardsa@ng technologies for high speed
civilian transport applications. The material wasveloped in order to gain specific
advantages over traditional aerospace materialmap@ced to aluminium structures it
provides

« higher specific strength and stiffness;

« excellent fatigue and fracture properties simitatitose of ARALL or Glare.

Compared to traditional fibrous composite structutelisplays
+ higher bearing strength;
« better impact resistance;
« improved resistance to environmental effects lilgawingress, oxidation and UV
degradation (this would only apply for the titanilegers being on the outside);
« strong indications that there would be an improveimi@ the resistance to
lightning strikes.

A typical combination of materials used is reporitedil1]. The outer titanium layers are
the metastable beta titanium alloy, 15V-3Cr-3Al-88n15-3), 0.127 mm in thickness.
The fibrous composite plies are 0.142 mm in thislsnand contain IM7e graphite fibres
in the thermoplastic matrix, PIXA-M.

The various types of fibore metal laminates devedofedate all incorporate continuous
sheets of fibrous composite materials. This woultkenthis class of material suitable for
embedded sensors and actuators, resulting in stnactures.

R&D CONTRIBUTIONS BY THE CSIR

Based on the CSIR track record and the currentrégpeand research facilities, the
organisation expects that it could contribute i fitllowing fields:
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* Development of novel composite materials, includingnewable and
biodegradable materials and processing methodbdése materials.

» Development of novel applications of composite make and structures, as well
as the processing technology to produce these.

» Testing of composite materials and componentstanational testing standards.

* Engineering design, analysis and modelling of casitpobased components,
assemblies and systems, including the ability tdehaanufacturing processes.

» Up-scaling of laboratory scale units to pilot plastale and the technology
transfer accompanying these.

CSIR’'S STRATEGIC OBJECTIVES

In positioning strategically for sustainable resbaand development in the field of
advanced composites in future, CSIR has set th@fivlg objectives:

» Build on previous investment and existing technglptatforms to progress cost-
effectively as rapidly as possible in the advanoathposites field.

* Accelerate the development of human capacity fompusites research and
development.

» Perform research and develop composite technolagieéproducts that will assist
the South African composites industry to be globalbmpetitive and provide
solutions to local needs.

CSIR’S STRATEGIC R&D FOCUS

The future research and development activities ®fRCwill be broadly grouped under
the following strategic themes:

Natural Fibre-Reinforced Bio-Composites

CSIR has taken the lead, in collaboration with®&T, to establish a national project in
this field.

Composite-Metal Hybrid Materials

A project to determine the scope and to confirm thasibility of a research and
development programme in this field, is in progras€SIR. This will deliver a detailed
plan of the CSIR’s future focus in the broader aesle field.

Materials Testing to International Standards

The I1ISO 17025 Quality Management System accregitatif the current Mechanical
Testing Laboratory of the CSIR will be extended itelude testing of composite
materials and components to international standards
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Nanocomposites

The CSIR and DST have invested jointly over the pas years in the establishment of a
National Centre for Nanostructured Materials. Ohthe primary themes of this centre is
research in the field of nanocomposites.

Development and Qualification of Novel Manufacturirg Processes

In collaboration with research groups at univegsi@nd with the local industry, the CSIR
is establishing standards for manufacturing praeesdsat will comply with international
best practice. New or improved processes will besldped, qualified and transferred to
industry.

CONCLUSIONS

There exists a national awareness in South Afrfcthe role that advanced composites
can play in industry sectors such as aerospacemative and construction. Strategic
implementation initiatives like the AMTS have giveimpetus to research and
development in this field, supported by the locaimposites industry. South Africa’s
largest R&D organization, the CSIR, has taken @nctinallenge to lead the national effort
in composites R&D in selected areas and is wellitipo®d to fulfill this role. In
collaboration with research groups at universitiasionally and internationally, other
R&D players and the industry, the CSIR and its almdrators are actively working
towards improving materials, structures and syst@amgrovide novel solutions for the
ever-increasing demands of the end-user industtpise

ACKNOWLEDGEMENT

The authors would like to acknowledge the contidng of their CSIR colleagues who
participated in the working group that developed @SIR strategy, i.e. Abisha Tembo,
Dr Rajesh Anandjiwala, Dr Sean Moolman, Dr Andresv\éries, Jeremy Wallis, Philip

Haupt, John Wesley, Retief Bruwer, Llewellyn van kVyrheuns Knoetze and Steve
Szewczuk.

REFERENCES

1. G Corderley and A Cardoso, “Case Studies in Cumitg Material Design,
Manufacture and Testing”|International Council of the Aeronautical Sciences
ICAS92 Conferencd 992)

2. L Harris, “Delamination and Crack Growth in Capsfie Laminates"CSIR Report
P150001/PO5A/T02BR2005)

3. G Corderley, “Aerospace SRP : Composites GAS88ERIR Report DPSS 2006/144
(2006)

4. G Corderley, “Discussion of Methods for the Arsag of Delamination Damage in
Composite Materials' CSIR Report CSIR/MSM/MMP/IR/2006/00442R06)

5. L Harris, “PG Project HVE610P: Composite DamageCSIR Report
CSIR/MSM/MMP/IR/2007/0112/R007)

Fibre Reinforced Composites Conference 2007 9 — 12 December 2007



W B du Preez

o

8.

9.

Page 12 of 12

A Viot, LB Vogelesang, TJ de Vries, “Towards Apgtion of fibre metal laminates
in large aircraft”, Aircraft Engineering and Aerospace Technolofy No. 6 558
(1999)

R Alderliesten, “Energy Release Rate ApproaciDielamination in a Fatigue Crack
Configuration in Glare” XXl International Congress of Theoretical and Apgli
Mechanics Warsaw, August 15-21, 2004

DA Burianek, SM Spearing, "Fatigue Damage inamitim-Graphite Hybrid
Laminates”,Composites Science and Technol6gy607 (2002)

RR Boyer, RD Briggs, “Titanium Cost Reductiora®gies for Boeing Aircraft”,
Materials Forum29, (2005)

10. DA Burianek, AE Giannakopoulos, SM Spearing,otddling of Facesheet Crack

Growth in Titanium—Graphite Hybrid Laminates, Pditt Engineering Fracture
Mechanics70, 775 (2003)

11. DA Burianek, SM Spearing, “Modeling of Facegsh€eack Growth in Titanium—

Graphite Hybrid Laminates. Part 1l: ExperimentalsRi&s”, Engineering Fracture
Mechanics70, 799 (2003)

Fibre Reinforced Composites Conference 2007 9 — 12 December 2007



