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Abstract
The importance of composite materials in industrial applications in growing mainly due to a
very advantageous strength/weight ratio and to the capability of modelling complex
geometric shapes. Thus, the handling of composite materials within CAD systems requires a
different approach with respect to classic metallic materials. As a matter of fact, only
advanced and expensive CAD systems provide dedicated modules for composite materials
modelling, drawing and manufacturing. This paper presents the development of an add-on
toolbox for general purpose CAD systems, designed to help a CAD designer to operate with
composite materials. The toolbox provides an integrated environment whose main
capabilities are: laminate properties dynamic link with digital model, automatic computation of
laminate orthotropic properties, automated generation of materials bill for suppliers, assisted
2D drawing. The add-on has been developed keeping into account the European
standardization related to composite drawing. Results obtained confirm the usefulness of this
simple add-on, even if the integration with more functions would increase the capabilities.
This paper presents some preliminary results; in the following, this tools will be improved to
handle variable thickness composites and complex shapes.

1 Introduction
1.1

State of the art

Composites are materials made by two (or more)
components. The examples of application of such a
concept lie in the old times: prehistoric man understood
reinforcing mud brick with straw to increase the strength
of buildings. Also the concrete can be considered another
example of composite material: it is in fact set up by iron
bars, plunged in a mix of cement, sand and coarse gravel.
The iron bars support the tensile load, while the other
constituents sustain the compression.
But the modern polymer composite materials [1] are
made by a resin and a synthetic fibre. The typical resins
used are epoxy for high qualities laminates or polyester,
which is less expensive. The carbon, the glass, the Kevlar
and the boron fibres are the most promising ones.
The first industrial applications of such materials started in
the 60s: carbon fibre and epoxy were used in high
performance aircraft [2]. The wide spreading of
composites in civil aircraft started in the 80s, and
continued up to now. A large part of components of the
new large aircrafts (like Airbus A380, and Boeing 787) is
made of composite materials [3]. Also an advanced
engineering branch like car racing exploits the capabilities
of composites materials from several years: the Formula
1 car bodies are made in composite materials (often

carbon fibre); High performance motorbikes frame is
made in composite materials too.
In recent years the composite materials have been
applied also to everyday use objects: sport equipment like
tennis player, fairings for scooter, watchcases, bikes’
frames, prosthesis (also used in sports competitions),
biomechanics.
Moreover, composites materials are widely used also in
the nautical field: the hull of best sailing ships is made in
carbon composite materials, while a large part of modern
yacht is made of glass fibre. The carbon is also used in
marine for critical applications like the ships’ mast which is
a slender part subject to heavy loads.
The main advantages of composite materials lie in: high
strength to weight ratio, complex form modelling
(depending on the mould), best exploitation of material
characteristics with reference to the loads direction.
The most important critical issues about composites are
represented by costs, need for expensive tools
(autoclave), delamination and debonding risk [6], damage
tolerance and brittle behaviour.
A large literature [4] and journals deals with composites:
damage tolerance design, breaking laws and breaking
criteria definition, fatigue, fluids/composite material
interaction, polymerization without need for autoclave, end
life dismissing and recycle seem to be the most critical
issues treated by authors.
The industrial application of composites is already
controlled by regulations, which prescribes nomenclature
and representation on drawings. The United States
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Department of Defence delivered a series of standard for
composites nomenclature and structural characteristics:
the MIL regulations and the DoD Composites Handbooks
[5,6,7,8] can be considered some of the most
fundamentals references. At European level many Norms
regulate the design, the representation on drawings
[9,10,11,12,13,14], the minimum performances and the
technology of composites.
In recent years a large part of software has been
developed to support the composite materials design
cycle due to the increased interest in composite materials.
These software packages have been at first developed for
high technology end-user like the aerospace field; a
personalization of CAD is expensive but possible, so that
these applications can be applied also in other fields, like
the automotive. These software are often real Computer
Aided Engineering (CAE) software since they can
effectively tackle all of the lifecycle problems: Computer
Aided Design (CAD) modelling, Finite Element Method
(FEM) structural analysis, simulation of resin flow and
temperature during lamination. Some of the most wellknown software packages are Vistagy’s FiberSim [15],
Dassault’s CATIA - Composite Design 3 (CPD) [16] and
CATIA-Composite Design for Manufacturing (CPM) [17].
Also FEM software implements elements useful to model
the composite: software packages like Partan/Nastran
(MSC Corporation) [18], Abaqus [19], and Ansys [20]
present shell elements which are defined through stacks
of laminate plies. The laminate element definition starts
from the filling of a table in which each ply is defined by
thickness, elastic characteristics and orientation. A
surface representing the midplane of the CAD 3D model
have to be imported in the FEM system; usually a simple
geometric modeling environment is also embedded in the
FEM. But these environments aren’t so much userfriendly, so that the surface modeling is often performed
inside the CAD system, and the surface model is
imported in FEM with an interchange format like Iges
(*.igs) or Parasolid (*.x_t). The traditional failure criteria
(like Von Mises or Tresca) are not suitable for
composites: Tsai-Hill or Tsai-Wu criteria [1] best fit the
composite behaviour. The above discussion shows how
composite materials need a different modeling, design
criteria and analysis methodology compared to metallic
ones.

1.2

Motivation

This paper describes the development and the
implementation of a module which can be added to a
general purpose CAD; the add-in module allow the
design, the modelling and the manufacture of composites.
Currently, the largest part of general purpose 3D CAD is
thought for design with metallic materials, presenting an
isotropic structural behaviour. But the composite materials
present characteristics mainly dependent on the
orientation of fibres and load. The CAD system which
allow the design with composites materials presents high
costs of purchasing; moreover, this kind of software
packages needs high specialized and skilled personnel. A
large company can sustain the resulting cost, but not a
small/medium industry (SMI). The following of the paper
will describe the features of an add-in to be added to a
standard 3D CAD; this tool is useful to manage the
composite materials in a general purpose 3D CAD. The
add-in developed is simple and implements only the most
fundamental operations needed for composite handling:
the work described in this paper is a preliminary study
aiming to evaluate the criticality of the implementation of
June 15th – 17th, 2011, Venice, Italy
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this kind of toolbox. The advantage of such an approach
is that medium/small industries can operate both with
metallic, both with composite materials (even if for simple
applications) with the same general purpose CAD system.
The paper is structured as follows: the second paragraph
deepen the composite materials peculiarity. The third
describes the International Standard related to such
materials. The fourth enlists the main requirements of the
module, deduced by interviews with draftsman operating
in SMI. The following paragraph five describes the CAD
module implementation and features. The paragraph six
presents a case study, while the conclusions section ends
the paper.

2 Composite Materials
It follows a brief description of the composite materials
features, applications and technologies.

2.1

Features

The resins used for composites are often bi-components
(made by an activating catalyser and a base material); the
polymerization of the resin happens (also at room
temperature) after the mixing of the two components.
The composite fibres are available in form of wire,
unidirectional fibre (UD), weave fabric (bidirectional), prepreg fabric: Plain, Crow’s foot, Twill, Basket, satin are
some of the most spread weave. The UD is a fibre in
which a series of parallel carbon (or glass) filaments are
aligned in a main direction: a thick wire is sewn in
perpendicular direction to avoid the gap of the filaments,
but it doesn’t provide contribution to the composite
strength. The bidirectional fabric is a tissue in which the
filaments are woven in two perpendicular dimensions.
Finally, the name pre-preg is given to a fabric in which the
tissue is permeated within the resin; the polymerization is
stopped keeping the fabric in a refrigerator. The pre-preg
fabric is a high value material, which need to be cured in
autoclave to magnify the characteristics; temperatures up
to 120-130 °C and pressures up to 5-6 bar can be
reached during the curing cycle. The composite materials
capabilities are fully exploited when the fibres are directed
in the direction of the main stress; the metallic material
presents isotropic behaviour, so that in certain cases (e.g.
monoaxial load) the material is not fully working. These
issues justify the best strength to weight ratio of the
composite materials about metallic ones. Another
important concerns is the fatigue behaviour: a crack in a
metal under a cyclic load grows, while in a composite
material (with an appropriate stacking and components
geometric design) the propagation can be slow. The
drawbacks of composites are mainly represented by
fragility: a composite material presents a brittle stressstrain curve, while a metallic ductile material deforms
before the break, absorbing energy. This implies that a
small impact on a composite panel can damage the resin,
and a defect can propagate. Delamination, debonding,
and inter laminas voids are critical issues: the
delamination represents the disjunction of plies. The
debonding is the laceration of the composite in the
extremity zone (critical in civil engineering; e.g. composite
reinforcing of pillars); the voids are volumes of the
laminated occupied by air which have not been expelled
during the curing of the composite. The components to be
cured by autoclave are always introduced in a bag in
which the vacuum is obtained. The combined effect of
vacuum and pressure assures the removal of air within
the laminate, and a good compactness.
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Proceedings of the IMProVe 2011

A. Ceruti et al.

The lamination of large parts (e.g. ship hulls) can be
performed also at room temperature, but structural
components and high technology applications require
composite to be cured in autoclave to obtain the best
strength to weight ratio.
Also the impregnation can be performed manually laying
the resin with a brush, or in automated mode with robotic
arm systems. The last technique to describe is the
“filament winding”: it is a technology in which a pre-preg
wire is rolled over an axialsymmetric mould rotating
around the longitudinal axis. The composite materials can
be used as a lamina, or within sandwich structures: in this
latter case, the upper and lower side of a honeycomb (in
plastics or aluminum) or foam core, are covered by two
thin layer made in composite materials. This technique
allows high stiffness with a low weight: the composite
layers stand far away from the neutral axis so that the
inertia of the section is high and the bending is well
supported.

2.2

Applications

Composite materials applications cover a wide range of
industrial applications. In aeronautics the composite are
used in advanced vehicle to reduce weights and increase
the manoeuvrability; composite are used in large aircraft
manufacturing to reduce weights and increase the range
or lower the fuel consumptions. Also ultralight aircraft take
advantage of composites: the low weight of such a
material allows larger dimensions within the maximum
take-off weight (450 Kg) prescribed by rules. Moreover,
the production of lots of composite components allows a
full amortization of the moulds. The space applications of
composite materials are wide: satellite components,
rockets structure and nozzles (built by filament winding).
The marine field takes advantage of composite in yacht
production and in high performance sailboat. The hull of
modern yacht are produced by glass fibres with a foam
honeycomb, polyester resins and manual lamination: the
large dimensions of hulls prevent the use of the
autoclave. Furthermore, considerations related to costs
avoid the use of carbon fibre. High performance sailboats
sometimes present the hull in carbon fibre: the igroscopic
behaviour of the carbon must be prevent by shielding the
laminas with protective paintings. Also the mast of a
sailboat can be manufactured in carbon to increase
stiffness, reduce weight and increase resistance: the
critical issue is represented by the brittle behaviour of the
carbon. The mast can in fact break if the design loads are
overtaken: this can be critical since the navigations of the
ship can be stopped.
Composites are used in automotive for high class and
racing cars. In these applications, the high motor power
vs. weight ratio allows very good performances in
accelerations. Kevlar based composites are used for
helmets, jackets, shields: this materials is in fact
particularly effective in crash and impacts. Kevlar can
absorb a large amount of energy before the breaking, and
its weight is well lower than steel. Fairings for scooter and
motorbike are sometimes made in glass fibre since the
modelling of complex shape is simple, and the strength
ranks above the plastic materials. Sports equipment like
windsurf table are often manufactured using a core in
foam, and a skin in glass fibre. Good quality feet
prosthesis are made in carbon; the performances of such
equipment are very high so that also athletics can be
performed. Also the renewable energies profit by the
composites materials: wind turbine blades (both with
vertical, both with horizontal axis) are made in glass fibre
June 15th – 17th, 2011, Venice, Italy
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to reduce weight and to obtain their shape, which is
defined by the interpolation of a series of biconvex airfoils.

2.3

Lamination theory

Two are the most fundamental theories regarding
composite materials: the micro theory, and the macro one.
The microtheory of lamination studies the properties of a
single lamina made by resin and fibre. The final properties
are calculated by the so called “volume laws”: the
composite structural characteristics are dependent by the
percentage in volume of resin and fibre.

El = EfVf + EmVm = EfVf + Em (1 - Vf)

(1)

Where:
Vm: volume fraction of the matrix;
Vf: volume fraction of the fiber;
Ef: Young modulus of the fiber;
Em: Young modulus of the matrix;
The macrotheory [1] of lamination studies the final
characteristic of a stack of plies. The properties of prepreg fabric (both UD, both bidirectional) are usually
provided by the fabric manufacturer.
The final resistance of the laminate depends on the plies
number, orientation, thickness, and structural properties
(which are defined by the designer).
The laminate flexibility matrix [C]laminated can be obtained
by adding the contributes of the single lamina, weighted
by its thickness, as formula (2) presents.
-1

[C]lamin ate = h[ A]

where

pl
ynumber

Aij =

å

Eikjek = Aji (2)

k=1

and ek is the thickness of the k-lamina.
A comprehensive detailed description of the laminate
theory and of the symbols used in equations (1,2) can be
found for instance in the seminal book of D. Gay [1].

2.4

Guidelines for Design with Composites

The design with composites is a complex and
multidisciplinary activity which require: a theoretical
background, a software support, a manufacturing
technologies knowledge and practical experience. The
good design rules depend also on the component
features, but some general norms can be found.
In case of blending it is advantageous to put the most
resistant fiber in the outer side of the thickness, since the
core do not contribute to the composite strength: the most
the fiber is far from the neutral axis, the most high is the
load it sustains.
The 0° degrees ply orientation can support longitudinal
loadings, while the 90° can sustain the transverse loading.
The ±45º direction is advantageous with shear loading. In
case of UD fibers, the in-plane shear can be minimized
facing plies with of +45° and -45°, alternating directions:
by this way one direction is always in traction.
The interlaminar shear can be reduced designing the
composite with a symmetric stacking about the midplane
of the composite.

3 Standards related to composites
A large quantity of standards relates the composites
materials. The most pertaining with the drawing and
representation on drawing can be found on the Composite
Handbook of the US Department of Defense and the
related MIL norms; the European Norm EN4408 [5-10],
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(or the equivalent UNI 4408) is the reference for Europe
(and Italy) about the composite drawing and
representation. No specific norm have been found by
authors about the representation of composites within 3D
CAD systems.

3.1

Nomenclature and laminate coding

The MIL norms and the DoD Composite Handbook 17 [58] presents a coding for composite materials stacking. In
the following, some examples are described.

3.1.1

A CAD Toolbox for Composite Materials Modelling and Drawing

The lay up diagram should include:
- the area which the lamination refers (more than a
lamination sequence can be used in case of complex
components)
- the components making up the part: as instance fabric,
core materials, adhedives.
- the directions of the components (with respect to the
reference systems)
- the ply thickness
- the symbols for the direction of fabric, fibre material.
The following Table 1 presents some of the symbols
which rules prescribes

Total layup
Description
Fabric, warp side

It applies to sequential laminates. The code lists the plies
with the lamination direction; at the end of the code a
figure T is added to the brackets.
The code [±30/-60/452/0]T represent a lamination stack in
which 6 plies are staked, with the orientations: +30; -30; 60; 45; 45; 0.

3.1.2

3.1.3

Hybrid Laminate layup

It applies to laminates made by different materials. The
coding [0C/±45B/60G]S indicates a laminate made by the
following plies: [0,+45,-45,60,60,-45,+45,0]. C stands for
Carbon; B stands for Boron, G stands for Glass fiber.

3.2

EU and UNI Standards

The application of composites in the aerospace industry is
regulated by a series of standards, which belong to the
UNI EN 4408. This standard is divided in six parts. The
first one [5] 4408-001 treats general composite
nomenclature and shows the structure of the lay-up
diagram to be added to the 2D drawings. The second [6]
part of the norm, 4408-002 describes the representation
of the composites stacks and lists the symbol to be used
in the lay-up diagram. The third part [7] describes
components with alveolar core materials and its
representation in drawings. The fourth [8] regulates the
representation of components made by filament winding:
it refers mainly to axial-symmetric components which are
laminated through a rotating mandrel. The part 5 [9]
describes seams coding, while the sixth [10] refers to
perform materials: representation of braids and of 2,5
multilayer parts complete this ultimate portion of the
standard.

3.2.1

Fabric, weft side
Balanced Fibre (it apply to
bidirectional fabric or when the
direction is not important)
Fine web (which is not woven
tissue, sometimes called “mat”)

Symmetric layup

It applies to symmetric stack about the midplane. The
coding [45/0/60]S represents an orientation: 45; 0; 60; 60;
0; 45. The underlining of an orientation indicates that the
ply lies in the midplane:
S means orientations 45;
0; 60; 0; 45.

Layup diagram

The 4408-001 norm states that for composite components
“no thickness indication must be given on the drawings”;
the total laminate thickness can be in fact computed by
adding the thickness layer by layer.
Following the rules, also a local reference system should
be added to the 2D drawing; by this way it is in fact
possible to reference the direction of the fibre warp of
each layer with respect to the geometry of the part.
The lamination stacking is described by a lay up diagram
which must be included in the drawing.
June 15th – 17th, 2011, Venice, Italy

Symbol

Table 1 – Some of the symbols for the Layup Diagram
(symbols taken from EN 4480-002).

The layup diagram is made by the following columns:
- Note
- Layer identification (a series of numbers ending with the
figure 1 or 6)
- direction (the direction of layers between -90 and 90)
- thickness
- Area Thickness (it is a series of columns named A1, A2,
A3. If one of the Symbols (a part of which is represented
in Table 1) is present in the column Ai, the ply belongs to
the area Ai.

4 Requirements for a composite CAD
module
4.1

End users’ voice

The software design work started from a series of
interviews made in small medium industries dealing with
composite materials parts (often with manual lamination
or with small autoclaves).
The lifecycle of a component in composite material within
a large and advanced company is typically deployed using
a multidisciplinary CAE system: the model is shared by all
of the company personnel in an approach based on
Product Data Management (PDM) capabilities. The data
regarding the components are shared by the CAD
operator, the FEM analyst, the manufacturing division and
the workshop engineer, the buying office. All the modify to
the components are shared so that the model is always
up to date. This approach is not affordable by SMI which
can’t sustain the high costs of such an effective and
integrated methodology.
The SMI approach is often based on the modeling of a
component in 3D, which is sometimes sent to a consulting
group which performs an analysis with FEM software. No
considerations on the composites material are enclosed
within the digital model, which can be a solid or surface
model. A second report (which is checked and updated
depending on the FEM analysis results) contains the ply
number, orientation, and material features: it is the so
called “ply book” The ply book is provided with a series of
2D drawing in which the geometric development of each
630
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ply is drawn. The ply book compiling is a time expensive
manual operation in which the 3D model and the
lamination FEM results are used to obtain the single ply
geometry, usually saved in dwg or dxf format. In the
following, a drawing with all of the plies is produced and
sent to an automatic cutting machine. In the following, the
stacking starts and the components are cured in an
autoclave or at room temperature.
The difference between the large company and a SMI lie
in the managing of the information. In the first case the
data are always shared and up to date, but in the second
the information is treated by people in a sequential way,
so that errors could happen. Moreover, the digital model
and the data about the materials lie in two (or even more)
different documents. The final drawing for the workshop
operators is produced writing in the scroll the data
needed: type of fabric, plies, directions of stacking. Two
or more drawing can relate to the same components: the
first one contains the overall dimensions of the
component (as it would be in metal), and a second one
provides the drawings of the stack and of the directions: if
the stacking is modified, the digital 3D model and the bill
for the buying office can’t be updated; the same in the
opposite case.
Another need expressed by a designer acquainted with
metallic material is a rough estimate of the laminate
characteristics: this can allow a better guess of the
thickness, type and number of plies of the stack. A CAD
operator, in fact, models a metallic components with a
likely thickness, which will be verified by following FEM
analysis. The guess is difficult with laminated materials;
the more the lamination (fiber type, orientation, stack) is
correct, the less are the modify to make to the model (and
the following costs).
The final remark by SMI workshop operators lies in the
composite ply shape. A composite component can be
shaped in a complex form: a large part of components
can be assimilated to tridimensional surfaces, with a
series of curvatures and rounds. But the ply are obtained
by cutting a roller of fabric. The bi-dimensional patch
should so recover the 3D surface of the mould: a useful
tools would be so a flattening algorithms. This could be
employed to obtain the form of the fabric patch once
provided the 3D model of the components.

4.2

Review of the current software used in SMI

A not comprehensive list of the most widespread CAD
software for mechanical modelling and product design in
the Italian (or European) SMI includes: Solid Edge [21],
Solid Works [22], Rhinoceros by McNeal [23], Inventor by
Autodesk [24]. Software packages like Pro-E and Catia
should be considered high band product, employed in the
aerospace and automotive industry.
Solid Edge and Solid Works are 3D modeler: they both
can be interfaced with FEM like Ansys Workbench or
Cosmos (Solid Works has also an internal module for
FEM of parts called SimulationXpress), but the standard
release of these CAD do not allow the internal modeling
of composite materials. The most recent Solid Works
releases can be used to design and optimize the laminate
materials with an additional module called Solid Works
Simulation, which is not provided with the Solid Works
Standard package.
Rhinoceros is mainly a surface modeller, even if also solid
parts can be obtained: the implementation of composite it
is not yet included.

A CAD Toolbox for Composite Materials Modelling and Drawing

Inventor is a 3D CAD package owned by Autodesk: also
this CAD up to now is not provided with the composite
materials modelling.
The conclusion is that the largest part of general purpose
CAD do not allow the design of components in composite
materials: additional native tools like SolidWorks
Simulation or external software packages like
LaminateTools or FiberSim should be purchased.
The above concerns show the need for CAD add-ins to
effectively handle composite materials, not only with
respect to the FEM analysis, but also concerning the
materials bill, the 2D drawings, and the managing of the
composite design cycle. This paper will so describe the
requirements and the features to implement in a such
add-in. The add-in module herein described has been
implemented in Solid Works environments, but the
architecture, the modules’ features and the framework
should be considered valid also for the above described
CAD systems like Rhino and Solid Edge software. The
largest part of CAD is in fact provided with Application
Programming Interfaces, so that a similar module can be
implemented also in other CAD systems.

4.3

Requirements for a new software

The requirements of the add-in CAD module derives by
the end user’s desiderata and by the capabilities and
features of the CAD packages spread in SMI.
A summary list of requirements includes:
- laminate structural characteristics estimation
- centralized managing of the laminated components
(providing up to date information in all the sub-modules)
- automatic bill listing (for buying office)
- automatic stacking listing in the 2D drawing (for
workshop operators)
- flattening algorithm (need for the cutting of fabric
patches).

5 The CAD add-in
The CAD add-in has been developed exploiting the
capabilities of the Solid Works Application Programming
Interface (API). The programming of the add-in has been
performed in the language C sharp (C#), within the Visual
Studio Express software. The whole composite interface
is made by 11 files, which implement the interface, the
events of the Property Member Page (PMP), the events
handling, the bitmap handling (bitmap used as icons in the
composite menu) and finally the equation to use for the
laminate characteristics evaluations.
The total dimension of the files necessary for the module
running is 2.5 Mb worth; moreover, Microsoft Net
Framework is also required.
The interface is made by a main menu (see Fig. 1), whose
name is in the upper part of the Solid Works command
window, which is named “Composites”.

Fig. 1 The Composites menu

The main menu lets the access to six sub-menus:
June 15th – 17th, 2011, Venice, Italy
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- “Plies and Stack”, which allow to insert laminate
characteristics.
- “Laminate Properties”, which presents the elastic
modulus of the laminate about the X, Y, and Z axis.
- “Excel Table”, which opens an Excel files with laminate
plies characteristics if pressed.
- “Flattening”, which runs a program useful to flatten the
selected surface.
- “Delete Plies”, which delete the laminate properties
associated with the components.
- “Drafting”, which import the laminate properties in the
drafting of the 3D model.
- “Personalizza menu”, which is a setting in the Italian
version of Solid Works to be called for personalizing the
menu.
The following subparagraphs describe more deeply the
sub-menus features.

5.1

example of plies properties choices. A menu appear also
in the main screen: it presents two answer to the question
“New Plies?”, labelled as “Yes” or “No”. A new ply
properties windows appear until the “No” choice is
selected, as Figure 4 shows.

Plies and Stack

This submenu is used to insert the laminate properties
associated to a surface. The data required are: type of
fibre, type of resin, type of impregnation, volume fraction
(ratio between resin and fibre volume), fibre thickness,
lamination stacking (about the X axis). A window in the
left side of the screen appear once the “Plies & Stack”
Menu is pressed (see Fig. 2).

Fig. 4 New Ply Window (left), lamination icon (right)

A graphical image of the stratification is saved in a userdefined directory (in *.jpg format), once the process of
plies definition is finished. This simple icon can be useful
to provide an intuitive idea of the final lamination: the
Figure 4 in the right side presents an example of icon,
which can be used also in reports or to quickly evaluate
the laminate features in an intuitive way. A
correspondence color/material is defined, as the yellow
corresponds to Kevlar, the blue with Glass, the orange
with Boron and the yellow with Kevlar fibres. The
orientation of the fibre can be detected by a series of
vertical, horizontal or slashed small lines. One of the most
critical issues in composites representation within a CAD
environment is the definition of a local reference system to
define fabric orientations. In case of complex shapes this
operation can be difficult since many local reference
systems can be choose.

Fig. 2 Material properties sidebar.

This windows presents a series of Pop-up menu with
multiple choice about Fibre type, Impregnation, and Ply
Orientation.

Fig.5 complex carbon fiber shape (left), geometrical model
(centre) and local reference system (right).

This problem has been solved by introducing a routine
which by clicking a surface defines a local reference
system; this system can be considered as a reference for
lamination stacking. The reference system is saved
together with the geometrical model of the component so
that the definition of the lamination is univocal. Figure 6
shows a twisted lamina of carbon in which a local
reference system has been defined.

5.2
Fig. 3 The Composites menu

The voices in these pop-up menu are listed in a TXT files
which can be edited by user. The Figure 3 shows an
June 15th – 17th, 2011, Venice, Italy

Excel Table

This command saves an Excel files with the composite
properties in a user defined folder, which can be defined
by user. The Excel Table function can be useful for the
buying office or to the workshop activities. Figure 7 shows
an example of Table.
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6 Case Study
In the following a case study is presented to show how the
tools can be used.

6.1
Fig. 6 Example of Excel Table

The file Excel is dynamically linked to the digital model; if
the lamination properties are changed, also the file is
overwritten and modified.

5.3

Flattening

This command export in STL the surface selected and
launch a software developed at Bologna University [25].

Composite Component CAD modelling

The component selected to show the running of the addon is the nose of a small autonomous aircraft of 3.5 m of
wingspan. The nose is made by a glass fibre composite:
three plies of fabric (weight 120 gr/m2 for external plies,
and 200 gr/m2 for the symmetry ply) with orientation
45/0/45 form the nose structure. After the lamination (Fig.
9 left), the nose is plastered and painted in yellow (Fig. 9
right).

Fig. 9 CAD rendering of nose (Fiber; plastered and painted)
Fig. 7 Flattening Software interface

A mass/spring system allow the flattening of the surface
(Fig. 7), and an output draw of the parts can be obtained.

5.4

Laminate Properties

This command provides as an output the properties of the
laminates, in terms of elasticity in the x axis (Ex), elasticity
in the y axis (Ey), Transverse module (Gxy), Poisson’s
Coefficients (νxy, νyx). These values can help the designer
in the final laminate properties evaluations, since a sort of
comparison with metallic materials can be performed. The
whole of laminate thickness and elastic modulus provide
an idea of the deformation of the structure and of the
strength of the laminate in the x and y directions. These
values doesn’t provide results in terms of resistance, but
can help a metallic design skilled operator to define a
likely lamination.

6.2

Stacking and plies properties definition

The surface of the nose is selected and pressing the
Composites menu, the bar “Composite Materials” appear.
A reference system appears on the surface to define the
ply orientation. The characteristics of each ply are
introduced using the left submenu “Composite Materials”.
Epoxy resin, Glass fiber and 45° orientation are defined;
finally the Yes (“Si” in the Italian version of SW) option of
the menu “New Ply?” is pressed. By this way the
characteristics of the other two plies can be inserted, and
the laminate definition ends when the “No” button is
pressed. As can be seen in blue in Fig. 10, a local
reference system of the selected surface has been
defined by the software.

Fig. 8 Laminate Properties

The theory used to provide these results and the
implemented formula belongs to the macrotheory of
composites and have been briefly described in the
paragraph 2.3. These values can be useful also in FEM
software to define the laminate properties.

5.5

Drafting

This submenu automatically adds the composite stacking
to the 2D drawing of the part as an OLE (Object Linking &
Embedding) object. The data listed are coherent with the
Norms, as expressed in UNI-EN4408.
June 15th – 17th, 2011, Venice, Italy

Fig. 10 Nose Part reference system.

The composites data are stored, and a following query of
the surface provides the information provided. This
happens every time the model is open within the CAD
environment. The resulting laminate graphical icon is
represented in Figure 11, where the three Glass plies can
be detected (with also the orientation).
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within the flattening software; furthermore the user defined
the line of opening necessary to flatten a complex surface.

Fig. 11 The nose lamination Icon

6.3

Fig. 15 Flattening of the nose.

Table for archive

By pressing the option Excel Table, the table in Figure 12
appears. This table can be integrated in Product Data
Management: in a future release of the add-in this table
will list also the squared meters of fabric required, so that
also consideration on quantities should be done.

The nose is obtained laminating a series of patches
representing ¼ of the nose (upper surface, lower surface,
left and right). The four patches of the nose should be
larger than the walls nose as to allow its overlapping.
Figure 15 presents one of the 12 patches which form the
nose, once assembled and joined together.

7 Conclusion
Fig. 12 Table of materials.

6.4

2D drawing

A table of laminate characteristics can be introduced
automatically in the sheet by pressing the Drawing voice
in the Composites Menu.

Fig. 13 2D Drawing.

The following Figure 14 presents a zoom of the drawing
table. The table is coherent (both in columns, both in
dimensions) with the EN 4408, as the Figure shows.

Currently, a series of high band software are available for
composites modeling and design. But, it is opinion of the
authors that general purpose 3D CAD spread in the SMI
do not allow effectively to model components in
composite. The increasing demand of composite in the
industrial applications justifies the development of a CAD
add-in useful to support the designer. This paper
describes the requirements defined by possible end users
for such a module. A simple add-in has been also
developed to verify the critical issues in integration with
general purpose CAD, the capabilities of such a module,
the ease of use. The add-in has been so tested through
the design of a series of components in composite
materials. This research has to be considered as a
preliminary work, since only a few of operations are
implemented. But, even with a small list of functions
implemented, the add-in showed useful to model
composites.
The final conclusion of this work is that an add-in to be
added to general purpose CAD is required to model
composites: this add-on presents reduced capabilities, but
the SMI doesn’t need to change of the CAD software and
the modeling of metals and composites can be performed.
The functions implemented can help the designer, but
more operations should be implemented to bridge the gap
with CAE software packages. The link with a FEM
software, the managing of variable thick surfaces, the
internal implementation of the flattening algorithm are
some of the improvements directions to consider.
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