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Sammanfattning 
 
Volvo Aero Corporation (VAC) ska i januari 2005 inleda ett omfattande 
EU-projekt angående jetmotorstrukturer i kompositmaterial. Med anledning 
av detta så har ett antal examensarbeten i ämnet genomförts som en 
förstudie till EU-projektet. 
 
Som examensarbete inom maskinteknik, mekanisk konstruktion, vid Luleå 
tekniska universitet, så har en studie över hur strukturer gjorda av komposita 
material kan modelleras samt definieras. Det huvudsakliga målet med 
arbetet är att hitta en effektiv arbetsmetod för konstruktion med komposita 
material. En arbetsmetod har tagits fram, utvärderats samt blivit testad. 
Detta i samarbete med Henrik Karlssons examensarbete ”Utvärdering av 
FE-program för mekanisk analys av komposita material”. Metoden 
presenteras i denna rapport tillsammans med beskrivningar av de olika 
ingående metodstegen. 
 
Olika sätt att modellera kompositens inre struktur har undersökts. Vidare så 
har olika CAD verktyg som kan underlätta modellering av komposita 
strukturer undersöks. 
 
Standarder för hur komposita strukturer kan definieras på tekniska ritningar 
har studerats. Då företag inom komposit branschen ofta använder sig av sk. 
”Best practise” så används standarderna till att samla upp dessa. 
 
För att kunna visualisera de olika stegen i arbetsmetoden så har en ring-stag-
ring konfiguration modellerats och använts. 
 
Under arbetets gång så har olika konstruktionstips samlats upp. Dessa är 
presenterade i detta examensarbete. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
      

  



Abstract 
 

In January 2005 Volvo Aero Corporation (VAC) is about to enter an 
extensive EU-project regarding jet engine structures made of composite 
material. In conjunction with this project a number of students have been 
involved in a pre-study. 
 
As a masters thesis in mechanical design at Luleå university of technology a 
study of how to design, model and define composite components has been 
conducted. The overall aim is to find an effective way to work with 
components made out of composite material. A working method has been 
developed, evaluated and tested. The working method is a result of 
cooperation with Henrik Karlsson whose thesis is called “Evaluation of FE-
software for mechanical analysis of composites”. The method is presented 
in this thesis together with explanations of the different stages in the 
following chapters. 
 
Different methods of modeling the internal structure of the composite have 
been tested. Furthermore studies of how different CAD tools can speed up 
and make the modelling of the internal material structure less time 
consuming has been performed. 
 
Standards of how to define parts made out of composite material on 
engineering drawings is also presented. Standards are used to embody 
generally accepted 'best practice' in composite design within several 
industries. 
  
To be able to visualize the different stages in the working method, a model 
of a ring-strut-ring configuration have been used.  
 
During the work different design guidelines have been collected and are 
presented in this thesis. 
 
 

 

 

 

 

 

 

 

 

 

 

  



 
Nomenclature 
 

AECMA The European Association of Aerospace Industries 
 
CAD  Computer Aided Design 
 
CAM  Computer Aided Manufacturing 
 
FAA  Federal Aviation Administration 
 
FEA  Finite Element Analyze 
 
PLM  Patran Laminate Modeler 
 
VAC  Volvo Aero Corporation 
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1 Introduction 
Composite materials are composed of a mixture of two constituents, giving 
them mechanical and thermal properties which can be significantly better 
than those of homogeneous metals, polymers and ceramics. 
 
The design of composite structure is complicated by the fact that every 
different material properties used must be defined. Engineering drawings 
must describe the ply orientation, its position within the stack, and its 
boundaries. This is straightforward for a simple, constant thickness 
laminate. For complex parts with tapered thicknesses and ply build-ups 
around joints and cutouts, this can become extremely complex. The need to 
maintain relative balance and symmetry throughout the structure increases 
the difficulty.  

 
Composites cannot be designed without concurrence. Design details depend 
on tooling and processing as does assembly and inspection. Parts and 
processes are so interdependent it could be disastrous to attempt sequential 
design and manufacturing phasing.  
  

DESIGN

MATERIAL MANUFACTURING

 
 
Figure 1: Composite design concurrence 
 

Volvo Aero Corporation develops and manufactures load carrying structures 
for both civil and military jet engines. To enhance Volvo Aeros 
competitiveness for large fan structures the company wants to investigate 
the possibilities to design these structures of carbon fiber reinforced plastic 
and at the same time integrate the fan outlet guide vanes into the fan 
structure. If successful this design approach has the potential to reduce the 
weight by approximately 40% and furthermore reduce the part count in the 
engine. 
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1.1 Objective 
Since Volvo Aero has limited experience from the material modeling of 
composite structures the aim with this thesis is to find an effective way of 
modeling and drafting of composite structures. The drafting of composite 
structures is complicated by the fact that every ply must be defined. Since 
composites can be made up of several hundred plies this can be very time 
consuming. The overall goal with this thesis is to recommend a working 
method for the modeling and drafting of composite structures.To be able to 
visualise the modeling and drafting, a segment of a ring-strut-ring 
configuration is used.  
 
The thesis is divided into three main areas of investigation described below. 
Also a set of design advices is presented.  
 
Recommendation of working method for composite design 
A working method is presented, tested and evaluated.  
 
Modeling of composite structures 
A typical composite part is made of tens or hundreds of individual plies of 
various materials, each having a unique shape, orientation and location. 
Each individual ply is likely to have more information than an entire sheet 
metal part. Therefore a study of how CAD and composite modeling tools 
can assist the engineer in the design process is presented. 
 
Drafting of composite structures 
Reflecting the complex structure/nature of a composites model compared 
with a homogeneous component, a large amount of manufacturing data is 
required to fully define a composite component. Drafting standards for this 
is discussed.  
 
Design advice of composite structures 
Good structural design is a compromise between design requirements and 
constraints. Moreover, design factors must be considered, combined with 
experience and common sense, which can result in a design that demonstrate 
the potential of fiber-reinforced composite materials. To assist the designer 
in focusing on the principles of good design with composites and to promote 
design concepts based on the philosophy of “thinking composites”, a set of 
design guidelines have been collected during this thesis work and is 
presented in this report. See appendix 1, 2 and 3. 
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2 Working method for composite design 
The development process for any component consists of design, analysis 
and manufacturing phases, which are sometimes undertaken by separate 
groups within large organizations such as VAC. However, for composites, 
these functions are closely linked and must be undertaken simultaneously if 
the component is to be manufactured economically. Thus, the principles of 
concurrent engineering must be followed particularly closely for composites 
development. The method below is the result of a joint effort and is a 
proposal for how to work with modeling and FEA of composite material.   
The different stages presented in the picture below, see figure 2, will be 
presented in the chapters that follows. 
 
The stages presented in this report are 1, 4 and 6 A-C. The other stages 2, 3 
and 5 are presented in a thesis called “Evaluation of FE-software for 
mechanical analysis of composite materials” written by Henrik Karlsson[1].  
 
The stages 7-10 are left out in this thesis referring to the thesis’s by Nilsson. 
S [2] and Johansson.T [3]. 
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Geometrical design drawings
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4. Design internal
material structure
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Draping simulation etc.

6B. Generate
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manufacturing processes: Curing times, 
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Figure 2: Schematic picture of  the working method 
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3 Modeling of composite structures 
This chapter covers the stages 1 and 4, presented earlier in figure 2.  

3.1 Modeling of geometry 
A surface model created in a CAD program is often used as a start, when 
working with composite modeling. On this surface model the designer has 
the ability to model and simulate different forms of material. The major 
difference when working with composite materials compared to isotropic 
materials, is the fact that the composites inner structure must be defined.  

3.2 Modeling of composite material structure 
The analyst often uses an idealized composite model for quick assessments 
of different configurations. The designer on the other hand needs to be able 
to work with a more detailed model. The designer must work on the final 
shape with the true fiber orientations in order to achieve an accurate 
analysis, not the idealized part that is typically analyzed. Fibers in the 
resulting laminates deviate significantly from the specified ply orientations, 
causing unknown variations in properties. The final design will also contain 
many details and modifications, including additional plies that were not 
considered in the original analysis. All of these issues can have a 
considerable effect on the performance of the final part. Dramatic changes 
in fiber orientations, and therefore laminate properties, can occur even on 
simple parts. A general description of the process is given below, see figure 
3. [4] 
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Figure 3: General description of the material modeling process 
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3.3 The geometry of surfaces 
Composite materials are typically made from sheets of materials whose 
thickness is very much smaller than their width. Therefore, an elementary 
understanding of surface geometry is essential in order to use these 
materials effectively.  
For the purposes of engineering analyses, surfaces are generally divided into 
flat plates or curved shells. Compared with plate structures, shells generally 
exhibit superior strength and stiffness as a consequence of their curvature. 
Shells have traditionally been difficult to manufacture from conventional 
materials like aluminum, but are now readily built from plies of reinforcing 
fabrics which conform or drape relatively easily to surfaces of complex 
curvature. The potential for optimizing surface geometry leads to weight 
savings beyond those promised by the increase in mechanical performance 
alone.  
 
The drapability of reinforcing materials results directly from their ability to 
shear, allowing the material to cling to surfaces without folding or tearing. It 
is important to understand the cause of material shear as this both changes 
the form of the material, and hence its mechanical properties, but also varies 
the alignment of the fibers with respect to the loads in the surface. The latter 
factor is especially vital in unidirectionally-reinforced materials where the 
strength and stiffness along the fibers may be more than ten times greater 
than in the transverse direction.  

3.3.1 Effect of Gaussian Curvature  
The amount of shear distortion in a sheet of material is dependent on the 
degree of curvature of the surface and the size of the sheet. The curvature of 
the surface is conveniently measured by a scalar quantity called the 
“Gaussian curvature” which is the product of the curvature of the surface in 
two orthogonal principal directions. For example, the dome has positive 
Gaussian curvature because the sense of the curvature in two directions at 
90 degrees is the same.  
Gaussian curvature can be visualized easily by drawing geodesic lines on 
surfaces. (Geodesic lines are those that are straight in the plane of the 
surface, such as the meridian of a sphere.) A pair of lines which are parallel 
at some point will tend to converge, remain parallel or diverge on surfaces 
of positive, zero and negative curvature respectively.  
In contrast, the cylinder has zero Gaussian curvature as there is no curvature 
along its length axis. All “developable” surfaces (i.e., those that can be 
rolled up from a flat sheet without the material shearing in its plane) 
necessarily have zero Gaussian Curvature over their entire area. Finally, a 
saddle which has curvature in two different directions has a negative 
Gaussian curvature, see figure 4. 
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Figure 4: Different Gaussian curvatures, positive, zero and negative curvature 
 

3.4 Software for composite modelling 
Composite models are much more complicated than conventional ones. For 
example, a racing car monocoque is typically composed of several thousand 
plies. It is nearly impossible to examine and track the use of these plies 
without specialized composites tools. 
 
Software tools make it possible to simulate draping of complex surfaces. By 
simulation draping possible manufacturing problems, such as wrinkles and 
distortion of the weave, can be discovered at an early stage.  
 
A typical composite part is made of tens or hundreds of individual plies of 
various materials, each having a unique shape, orientation and location. 
Each individual ply is likely to have more information than an entire sheet 
metal part. This complexity is compounded by the fact that in most cases the 
final design of a part is never analyzed in its manufacturing state. This 
greatly increases both the perceived and real risk of using composite 
materials.  
 
There are numerous amounts of composite design softwares on the market 
today. Therefore focus has been made on softwares used at VAC today, plus 
one external design software.   
 

3.4.1 Unigraphics 
Unigraphics is the CAD program used at Volvo Aero today. This program 
offers very little support when modeling composite material. Simple formed 
parts can be unrolled or unfolded easily using the automated capabilities 
provided by the Unigraphics NX Flat Pattern function [5]. A great 
disadvantage is that the program doesn’t support the use of Layup-files 
which are necessary when generating FEA code. These files contain 
information about the laminate material and its orientation. Another one is 
the fact that the only material form supported is woven fabric. 
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3.4.2 MSC.Patran Laminate Modeler - PLM 
The MSC.Laminate Modeler is a specialized tool for the creation and 
visualization of a ply-based laminated composite model. An analysis model 
consisting of appropriate laminate materials and element properties can be 
generated automatically for a number of different analysis codes. Following 
analysis, specific composite results can be calculated to verify the 
performance of the model.   

3.4.3 FiberSim 
FiberSIM is a software tool integrated into popular CAD systems such as 
Unigraphics NX2 used at VAC today. The program helps the designer to 
create and change accurate designs and drawings. All the work is done 
within the familiar CAD user interface, using standard and custom menus. 
The product evaluates native CAD geometry and display results within the 
CAD system without translation or approximation. Since FiberSim doesn’t 
support the generation of FE code, PLM is still required to render this 
possible. Layup-files can be exported from FiberSim and imported to PLM 
[6]. 
 

4 Generation of product and production 
definition 
Composites differ from drafting of metal structures by the fact that not only 
technical drawings describing the geometry are required but also drawings 
that describes the orientation of the composite material. This chapter 
describes the activities taking place in stages 6A-C, presented in figure 2. 

4.1 Generate 3D-solid model 
There are composite design tools, for example FiberSim, that automatically 
generate laminate surfaces to create solid models for electronic mock-up, 
starting point for CAM tools and matched molds etc. The program keeps 
track of number of plies in thickness directions and uses the top and bottom 
plies to create surfaces. Without this program function the creation of a solid 
model will be very time consuming.  

4.2 Drafting of the geometry 
The drafting of the geometry is the same for metal as for composite 
structures. The general rules of representation of geometry can be used 
without any concern regarding the composite material. 
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4.3 Drafting of material orientation 
“The FAA requires that all drawings submitted for type design approval 
contain sufficient information or references to material specifications or 
other such data that clearly identify the materials and processes that are 
necessary to ensure production of like articles” FAA Advisory Circular 21-
26 
 
Reflecting the complex structure/nature of a composites model compared 
with a homogeneous component, a large amount of manufacturing data is 
required to construct a composite component. 
 
Drawings or design packages must describe the ply orientation, its position 
within the stack, and its boundaries.  
 
Companies tend to use their own standards built on best practices. 
Standards, particularly those prepared under the auspices of national or 
international agencies, e.g. BSI, CEN ISO, are produced with the input from 
a number of bodies and individuals representing each aspect of the 
particular industry of concern. As such they convey authority given that 
they contain what is considered to be best practice at the time of their 
publication. 

4.3.1 Drafting standards 
Standards are used to embody generally accepted 'best practice' in 
composite design within several industries. 
 
The European association of aerospace industries, AECMA, has developed 
a set of standards for composites. These standards the general rules for the 
representation of parts made of composite materials, in technical drawings.  
A list of the AECMA standards can be found in appendix 4. Since VAC at 
present time has no system for composite standards, the use of international 
standards, such as AECMA is necessary.  

4.4 Example of composite drawings 
There are different ways to define the internal structure of a composite 
component. Depending of the complexity, different approaches can be used. 
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4.4.1 Laminate orientation code  
For simple geometries, for example, a composite plate with constant 
thickness the drafting is very straight forward. Here there is possible to use a 
standard laminate orientation code. An adequate code must be able to 
specify as concisely as possible (1) the orientation of each lamina relative a 
reference axis, (2) the number of laminae at each orientation, and (3) the 
exact geometric sequence of laminae [7], see figure 5. 
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Figure 5: Examples of standard laminate codes 
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4.4.2 Composite design drawing 
When dealing with parts that have variations in their thickness the drawing 
must be able to describe where plies are started and dropped. The example 
below, see figure 6, shows a drawing of a composite part with a build up of 
plies in the centre. The part is defined by the general rules found in AECMA 
EN 4408-1 to 4408-6.    
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Figure 6: Example of composite design drawing 
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4.4.3 Ply books 
It is important to integrate the design, analysis and manufacture of 
laminated composites. In particular, it is important that the model analyzed 
is equivalent to the manufactured part. Therefore, a ply book containing 
design and manufacturing data can be very useful. A ply book is a kind of 
pedagogical drawing for composite parts. It contains information for lay up 
sequence and orientation of plies. Due to the sometimes extensive number 
of plies, the ply book usually is presented in HTML format. Each ply is 
listed by number and is linked to a corresponding lay-up image.  

4.5 CAM 
Since a composite part can be made up of hundreds of different plies which 
all have their own unique shape a lot of work is done cutting out these 
different shaped plies, see figure 7. To make this process more effective and 
less time consuming, compared to cutting them out by hand, NC controlled 
cutting machines are often used. Many specialized composite CAD tools 
have a function that automatically generates so called 2D flat patterns. The 
2D flat pattern shape can be generated in different formats. The formats 
generated are IGES or DXF. The DXF format is typically used to drive 
nesting and cutting machines [8].  
 

 
Figure 7: Example of flat pattern shape 
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5 Recommended working method for composite 
design 
The working method presented in this chapter have tested and evaluated in 
cooperation with the thesis “Evaluation of FE-software for mechanical 
analysis of composite materials” by Henrik Karlsson. The geometry used for 
the test is an aero shaped segment of a ring-strut-ring configuration with two 
outlet guide vanes, see figure 8. The composite design software used in this 
working method is an evaluation licence of MSC.Patran Laminate Modeler 
provided from MSC.Software.  

 
Figure 8: Aeroshaped segment 
 

5.1 Working method 
A schematic picture of the working method described below is presented in 
figure 2. 
 
A surface model is created in Unigraphics. This model is then exported to 
the FEA program. The first step in the mechanical analysis is to achieve the 
wanted stiffness and identify zones. The global stiffness is first calculated 
with an isotropic material to give a picture of the needed local material 
thickness. The use of an isotropic material saves time compared to time-
consuming material layup definition. The model is divided into different 
zones depending on geometric location and local loadings. For example the 
joint between the struts and the rings are one zone and a flat area is another 
zone. The identification of “loading-zones” can be examined by adding an 
isotropic material, run a calculation with different load cases and then plot 
the stresses and displacements in X, Y and Z directions. This gives an 
understanding for how to orient the fiber to achieve the highest grade of 
material usage. The zone divisions are also dependent on where plies are 
supposed to be dropped or started. The CAD/Geometry and zone 
identification is an iterative process. 
 
The use of zones makes it possible to adjust local material lay-up or 
thickness in an easy way. 
When the model is zone divided the zones can be meshed and grouped in 
Patran. Material and layup for areas where layered materials are to be used 
are defined with PLM and areas with 3D-weaves and preforms are defined 
in Patran. 
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 It is of impotents to have in mind in which directions materials is intended 
to be defined on surfaces. For example on inner and outer ring material 
should be defined outwards since you don’t want material defined in the 
bypass channel, see figure 9. Modeling of the composites internal structure 
is preformed in PLM. Material draping simulations makes it possible to 
detect manufacturing problems, such as wrinkling and weave distortion, 
leading to variations in the thickness at an early stage, see figure 10. When 
completed modeling the material, element property sets are generated for 
analysis in Patran.   
 

 
Figure 9: Directions in which material should be defined on inner and outer ring 
 

 

 
Figure 10: Left: Distortions in weave, high lighted in picture, leading to wrinkles  

 Right: Variations in thickness, shown in [mm], due to wrinkles in weave                                                           
 

 

 13 



When analyses are completed and stiffness criteria etc. are fulfilled. A 3D-
solid model used for the manufacturing of RTM tool, quality assurance etc. 
has to be generated. There are composite design softwares on the market 
today that can track the variation of element thickness in the FE-model and 
from that generate a solid model, one program that handles this is FiberSim. 
The function was not found in Unigraphics or PLM, programs used in the 
evaluation of the working method.  
 
Technical drawings describing geometry, internal structure and 
requirements of component are also generated. Documents regarding the 
production of component are also created. This documentation describes 
different manufacturing processes, curing times and geometry of flat 
pattern. 
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6 Conclusion 
The working method appears to work well when tested. The implementation 
of gates between analyse steps could work as checklist to make sure that all 
the demands set, are fulfilled before proceeding to next step. Furthermore 
studies of how the working method could be adapted to fit in to Volvo 
Aeros GDP (Global Development Process) should be done. The GDP is a 
development logic based upon the development logic used within Volvo 
today. 
 
Due to the complex nature of the composite, the work done when modeling 
the internal structure will be quite time consuming. It is therefore of 
importance to use composite design tools that can speed up this process. The 
fact that one composite design/analyse software has been tested, the 
evaluation of other softwares should be conducted. It it’s of importance that 
on an early stage look at future needs and from that choose one or more 
software that fulfils the demands set.  
 
The amount of manufacturing data needed to produce a composite part is 
more extensive than for metals, this by the fact that every ply must be 
defined. The work done defining the inner material structure can be quite 
extensive and time consuming, therefore the use of special composite design 
tools will make it easier to define and keep track of the different plies in the 
composite. Since VAC at present time don’t have a standard system for 
composites, the use of international standards is necessary.   
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Appendix 1: Composite design 
When designing a composite component or structure, there are many 
possibilities for engineering the material itself to create more efficient 
structures. The matrix material, the fibers, and the arrangement of the fibers 
in the material, can be optimized to carry the required structural loads, in a 
way which is not possible for isotopic materials such as metals. 
 
Composite material suppliers have developed a vast range of polymer 
composite resins and fibers. Each component of a polymer composite 
system that a supplier offers has been optimized for some particular 
characteristic, for example, a physical property, an improved resistance to a 
hostile environment or an ability to work with a specific manufacturing 
process. The size of this range of materials means that the initial selection 
process can be more difficult than when working with other engineering 
materials such as metals. However, the range of materials offered by 
suppliers can be reduced rapidly to identify candidate materials by applying 
established elimination and ranking techniques. Indeed, this range of 
candidate materials presented to the design engineer is one of the key 
strengths of working with composites. 
 
Selection of candidate resins and fibers and the nature of the reinforcement 
is, however, only one stage of the material design process. The arrangement 
of the reinforcement in the matrix opens up further routes to optimized 
material performance. In some applications stiffness and strength 
requirements can be met by using random orientation of fibers within the 
matrix. For higher performance components, directional fibers may be used 
and structural laminates may be built up from differently aligned layers of 
reinforcement.  
 
There are cases where standard structured profiles exist and this facilitates 
rapid solutions to fundamental engineering problems. However, it is usual 
that optimization of a complete structure is required in the design process. 
Again, this should be seen as an area of strength for composites as, through 
optimization at the design stage, higher performance and lower maintenance 
structures can be obtained.  
 
Key to the design process is the need to obtain accurate materials data. 
Manufacturers carry some design data but data sets from these sources are 
usually incomplete. The composites design engineer requires these data at 
an early stage of the design process. There are many standard tests for 
obtaining composite material properties. When validated data is not 
available for the material in question standard mechanical tests can be 
carried out. 
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Appendix 2: Composite design guidelines 
Many organisations develop their own guidelines for designing with 
composite materials. The guidelines given are non-exhaustive and taken 
from several sources. 
 
They are intended as a guide and may or may not apply to certain designs.  
 

• Eliminate/minimise potential galvanic corrosion and/or thermal 
expansion problems by selecting compatible materials.  

• The supplier's prepreg material should be closely monitored (i.e., 
acceptance testing) to assure incoming material consistency and 
conformance to design values.  

• Ensure consistant manufacturing process, variations in curing and 
machining can be responsible for a range of part strengths thus 
influencing reliability.  

• Design parts for high stiffness in the fibre direction but ensure 
design incorporates an understanding of stress transverse to the fibre.  

• Composites have a tendency to shrink during or after moulding and 
are prone to cracking at points of internal stress. This should be 
accounted for in geometric designs.  

• Avoid sharp changes in section to avoid moulding problems and 
stress concentrations.  

• Sharp corners and edges, which can concentrate stresses, should be 
avoided. The minimum recommended corner radius is 1.5mm.  

• Ensure laminated structures are balance and symmetric wherever 
possible.  

• Keep the change in fibre angle between laminae to a minimum.  
• Consider design of holes and cut-outs carefully. Holes can be 

moulded into components or machined out after moulding. 
Moulding requires complex tooling and distorts continuous fibres. 
Machining severs load bearing fibres. Areas around holes can be 
strengthened by increasing the plies in the local region.  

• Improved reliability can be obtained by avoiding anomalies such as 
wrinkling and porosity in the laminate.  

• Ribs and integral stiffeners help stabilise large flat surfaces, and 
produce overall rigidity without the need to increase laminate 
thickness. Rib thickness should be 60-70% of wall thickness to 
prevent sinking into the laminate.  

• Use titanium alloy fasteners or other materials that are compatible 
with carbon/epoxy to prevent galvanic corrosion.  

• Designs that enhance access for inspection tend to promote 
reliability.  

• Avoid damaging additional plies during patch or repair operations. 
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Appendix 3: Design of Aerospace structures 
The design of aerospace structures is often governed by stiffness criteria. 
There remain, however, a number of important degradation and failure 
mechanisms to be considered. A summary (which does not cover all 
degradation and failure modes) is presented below. Since fatigue and impact 
are two important factors, they are chosen to be presented below. 
 
Fatigue: Many aerospace structures are subject to dynamic loads that vary 
through different cycles of normal operation. As with metal aerospace 
structures, fatigue is therefore an important consideration in the design of 
composite structures for aerospace application. Fatigue damage in aerospace 
composites usually initiates in the form of matrix micro-cracks or fiber-
matrix debonding which then grows in extent under the action of cyclical 
loads. Extensive experience in the aerospace industry and elsewhere has 
shown that in carbon fiber laminates, of the types likely to be used in 
practice, fatigue damage accumulation can be avoided by ensuring that the 
component is not subject to strains above approximately 0.4%. 
Consequently, components subject to cyclical loading will often be designed 
to a strain limit (this is often taken to be 0.4% but different companies may 
have their own, sometimes product specific, requirements). Further factors 
to be considered in designing fatigue resistant/tolerant structures include. 
The use of sufficient layers in each of the 0, 90 and ± 45 degree directions to 
ensure that in plane failures remain matrix dominated. For CFRP laminates 
a minimum of 10% of the total laminate thickness should be used in each of 
the four directions. 
Attention to detail design features where significant through thickness 
stresses may develop and lead to matrix crack initiation. Through thickness 
stresses develop at features such as ply drops and changes in section even 
under the action of in-plane loads only and the design should be such as to 
minimize any stresses developed. 
The use of laminate stacking sequences which enhance impact damage and 
fatigue resistance. Laminates with thick plies or with a concentration of 
plies in a particular direction all stacked together tend to be more prone to 
damage initiation and accumulation. It is good design practice to ensure an 
even distribution through the laminate of plies in different directions rather 
than grouping together plies of a particular direction.  
 
Impact: Aerospace structures may be subject to a range of types of impact 
during normal operation, including birdstrikes, rain, runway debris, sand 
and unintended impact during maintenance (e.g. tool drops). For some parts 
of a structure impact may be the overriding concern, e.g. high-bypass jet 
engine main fan blades. In this case the composite is often protected from 
direct impact by surface layer of steel or titanium. This also serves to protect 
the composite from erosion caused by rain or sand. In cases of severe impact 
damage there is usually fiber breakage in the impact zone and an 
accompanying immediate weakening of the structure. This type of damage 
would normally be readily identified, either at the time of its occurrence or 
in subsequent inspections. Less severe damage affecting the matrix only is 
usually more difficult to identify (damage of this type is commonly referred 
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to as barely visible impact damage or BVID). Even though not readily 
evident this damage can be quite significant internally and lead to a severe 
reduction in matrix dominated properties. In addition damage initiated by 
impact can accumulate in extent and severity through fatigue loading. Most 
structures will be subject to some damage of this type in service hence it 
must be taken into consideration in the design. A major focus in the design 
of aerospace structures is thus on ensuring damage tolerance. This imposes 
two requirements, firstly that there should be redundancy in the structure 
and secondly that the laminate constructions used should be tolerant of 
impact damage. Design of damage tolerant laminates follows similar good 
practice to that mentioned above for fatigue design but may also consider 
factors such as the use of impact resistant flexibilised matrices or the 
introduction of glass or aramid fibers in between carbon fiber layers. 
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Appendix 3: Layer property prediction 
The relationships mentioned below can be used in determining the number 
of layers and quantities of materials necessary in achieving a certain 
thickness. 
 
Volume fraction and weight fraction  
The fiber and matrix properties are typically very different. The properties 
of the composite are therefore strongly dependent on the relative proportion 
of fibers and matrix. This is commonly characterized by the use of volume 
or weight fractions. The volume fraction of a particular component (e.g. 
fiber, matrix or filler) is given simply as the fraction of the total composite 
volume made up by that component. Likewise, the weight fraction of a 
particular component is given simply as the fraction of the total composite 
weight made up by that component. 
Volume fraction is commonly used in micro-mechanics type calculations (as 
applied to estimating layer properties) because it is mathematically 
convenient. However, for other types of calculations, e.g. to estimate 
quantities for manufacturing, it may be more convenient to work with 
weight fraction. The volume and weight fractions are related as follows 
 

 
  
where Vi, Wi and � i represent the volume fraction, weight fraction and 
density respectively of the ith constituent. 
The volume (or weight) fraction is determined during manufacture by the 
relative amounts of constituent materials used. It is governed, however, to a 
large extent by the form of the fiber reinforcement used. When purely uni-
directional material is used, a relatively high volume fraction can be 
achieved (typically >55%) since this allows geometric arrangement of the 
fibers so as to maximize packing. The fiber volume fraction is reduced in 
woven fabrics where the geometry inherently makes for resin rich spaces in 
between fiber bundles. The fiber volume fraction is further reduced in 
random mat materials, again because the geometry makes for spaces 
between individual fiber bundles. The method of manufacture also plays a 
role in determining volume fraction - processes that use high pressures to 
ensure laminate consolidation (e.g. autoclave curing of prepreg) allow for 
higher volume fractions while processes relying of hand lamination to 
ensure full wet out will tend to have lower volume fractions. 
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Composite density 
The density of the composite can be estimated from the rule of mixtures 
equation, i.e. 
 

 
 
Note that for a two component (fibers - as indicated by the subscripted f ) 
and matrix (as indicated by the subscript m) the above is simply. 
 

 
 
Layer thickness 
The thickness attributable to a material having mass mi per unit area is given 
by 

 
The thickness of a composite layer made up of fibers with areal mass mf and 
matrix with areal mass mm is therefore given by 
 

 
 
Further useful relationships are 
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Appendix 4: AECMA standards for composite 
drawings 
PREN 4408-1 Aerospace Series Technical Drawings Representation of 
Parts Made of Composite Materials Part 1: General Rules-Edition P 1 
 
PREN 4408-2 Aerospace Series Technical Drawings Representation of 
Parts Made of Composite Materials Part 2: Laminated Parts-Edition P 1 
 
PREN 4408-3 Aerospace Series Technical Drawings Representation of 
Parts Made of Composite Materials Part 3: Parts Including Core Materials-
Edition P 1 
 
PREN 4408-4 Aerospace Series Technical Drawings Representation of 
Parts Made of Composite Materials Part 4: Items Obtained by Winding-
Edition P 1 
 
PREN 4408-5 Aerospace Series Technical Drawings Representation of 
Parts Made of Composite Materials Part 5: Seams-Edition P 1 
 
PREN 4408-6 Aerospace Series Technical Drawings Representation of 
Parts Made of Composite Materials Part 6: Preforms-Edition P 1 
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