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Composite materials are an advanced family of materials that have been in 

development for decades and continue to gain usage in the aerospace, 

marine, automotive, and sporting goods industries. While composites enjoy 

benefits such as high strength-to-weight and stiffness-to-weight ratios, they 

are considerably more complicated than most metals and plastics. This 

class provides an introduction to composite materials and is intended for 

users with a little background or no background on composites. Attendees 

learn what a composite material is and the advantages/disadvantages of 

composites, as well as an overview of design, analysis, and manufacturing 

methods for composites. Finally, Autodesk® products with composites 

functionality are briefly discussed. 

Class summary 



At the end of this class, you will be able to: 

 Understand what a composite is 

 List the benefits of composites 

 Identify the challenges of designing and analyzing composite structures 

 Identify Autodesk products that have composites functionality 

Key learning objectives 
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 A composite material is most generally defined as a material 

that is made from two or more different materials 

 According to this definition, the following are examples of 

composite materials: 
 Steel (iron + carbon) 

 Carpet (backing fabric, yarn, glue, …) 

 Duct tape (cloth + tape …) 

Definition 



 Our definition is more specific: 

 A composite material is an engineered material that contains two 

or more clearly distinguishable constituents with significantly 

different properties  

 

 The focus of this presentation will be on fiber-

reinforced matrix composite materials 

 

Definition 



 Consist of: 
 Fiber 

 Carbon, glass, Kevlar, ceramic 

 Provides strength and stiffness 

 Matrix 

 Thermoset, thermoplastic, metal, 

ceramic 

 Provides support for the fibers 

(inhibits buckling of the fibers) 

 Microstructure 

 Unidirectional, woven, chopped 

 

Fiber-Reinforced Composite Materials 



 The fiber and matrix material are the building blocks of 

an individual lamina (ply) 

 

Building a Composite Structure - Lamina 



 A laminate is a sequence of laminas that are stacked 

at various orientations 

Building a Composite Structure - Laminate 



 Finally, a combination of laminates is 

used to build a composite structure 

Building a Composite Structure – The Structure 



Review 



 There are many methods for fabrication 

 Choice depends on cost, application, material 

form 

 Common methods 

 Hand lay-up 

 Filament winding 

 Tape placement 

 Injection Molding 

 Spray-up 

 Forming 

Manufacturing Methods 



 Fiber layers are manually 

placed onto mold 

 Resin is applied by spraying, 

pouring, or rolling 

 Often vacuum bagged during 

cure 

 Labor intensive 

 Inconsistent fiber volume 

fraction 

Hand Lay-Up (Wet Lay-Up) 



 Fibers are wound around 

spinning mandrel 

 Fibers pre-impregnated 

with resin or pass through 

resin bath prior to winding 

 Automated process with 

good orientation control 

 Commonly used for 

pressure vessels 

 

Filament Winding 



 Strips of composite “tape” are laid onto a mold by a computer 

controlled machine 

 High output rates 

 Precision applications 

 Used heavily in aerospace 

Tape Placement 



 Chopped fibers and resin 

are injected into a closed 

mold 

 High volume 

 Mainly used for smaller 

components 

 

Injection Molding 



 Chopped fibers and wet resin are applied to a mold using a spray 

gun 

 Faster and cheaper than hand lay-up 

 Wide variation in mechanical properties 

 

Spray-Up 



 Continuous fiber, fiber weave or 

fabric is placed into a mold with 

resin, then mold is closed and 

held under pressure until cured 
 RTM – Resin is injected into the mold under 

pressure 

 VARTM – Resin is drawn into mold with 

vacuum 

 Can create Class A finish 

 Low cycle times 

 Lower cost materials 

Forming/Molding 



 There are many defects that 

can be introduced during 

fabrication 

 Voids 

 Ply-misalignement 

 Fiber waviness 

 Thickness variations 

 Inconsistent FVF 

 Incorrect cure (wrong 

temperature/pressure/duration) 

Quality of Manufacture 



 Curing of a composite 

involves mechanical and 

chemical processes 

 Mechanical: Apply pressure 

to remove trapped air/voids 

and to compact the individual 

plies 

 Chemical: Apply temperature 

to initiate polymer 

crosslinking reaction 

Cure Cycle 



 Autoclave 
 Part is vacuum bagged and placed 

into an autoclave 

 Pressure and temperature inside 

autoclave is regulated by cure cycle 

 High pressure => Low void content 

 Out-Of-Autoclave (OOA) 
 Vacuum is applied to part (via 

bagging, closed mold) and 

heat/pressure are applied by means 

other than autoclave (oven, for 

example) 

 Example: RTM 

 

Cure Cycle – Autoclave vs OOA 



Why Composites? 
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Where are composites used? 



Why Composites? | Lightweighting 



 The orientation and stacking sequence of plies can be used to tailor 

the response of a laminate 
 Elastic properties 

 Failure modes 

 Nonlinear properties 

 Can be used with other materials 
 Metal plies 

 Honeycomb plies (i.e. cores) 

 

Why Composites? | Property Tailoring 



Why Composites | Manufacturing Advantages 



Why Composites | Complex Geometries 



Why Composites | Corrosion Resistant 
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Composite Engineering Challenges 



Composites are Nonisotropic 



Composites are Heterogeneous 



 Recall what we’ve discussed: 

 Endless combinations of fiber, matrices, and microstructures 

 Composites are nonisotropic and heterogeneous 

 With this in mind, it is easy to understand that there are 

many failure modes for composites 

 For example: 

 Unidirectional materials have different failure modes than woven 

materials 

 Toughened resins are much less brittle than non-toughened 

resins 

Failure Modes 



 The failure mode is further dependent on the layup 
 Quasi-isotropic – [0/45/90/-45]s 

 Hard – [02/45/02/-45/02/90/02]s 

 Soft – [ ±45/0/±45/90/±45/0/±45/90]s 

 … and the structure 
 Open-hole coupon 

 Fuselage 

 Tube 

 … and the environment 
 Elevated temperature 

 Exposure to cryogens 

 … and 
 Fatigue 

 Thermal cycling 

 Impacts 

 … 

 

Failure Modes 



 Failure occurs within the constituents! 

 Fiber pullout (debonding of fiber/matrix) 

 Microcracking in the matrix 

 Fiber fracture in tension 

 Fiber buckling in compression 

 

Lamina Failure Modes - Unidirectional 



 Consequences of failure 

 Fiber pullout (debonding of fiber/matrix) 

 Stiffness loss in fiber direction 

 Microcracking in the matrix 

 Stiffness loss perpendicular to crack plane 

 Fiber fracture in tension 

 Fibers unable to carry load 

 Fiber buckling in compression 

 Major stiffness loss, however, it is still 

possible to transfer some load 

 

Lamina Failure Modes - Unidirectional 



Laminate Failure Modes – Intra-Ply Failure 



 Delamination 
 Plies debond and load transfer 

between adjacent plies is reduced 

 Inter-ply and intra-ply failure 

are both typically present in a 

failed composite structure 

Laminate Failure Modes – Inter-Ply Failure 



Structural Failure - Examples 



Structural Failure – Open-Hole Example 

     



 Computational methods are used to analyze composite 

structures due to their inherent complexities 

 Finite Element Analysis – Simulates the response of structures 

 With composites, we can simulate: 

 Stiffness response 

 Local and global failure 

 Ply failure 

 Delamination 

 Flow of injected composites 

Analysis of Composites 



Orientations 

 Recall that unlike metals and plastics, for example, the 

majority of composite materials are orthotropic 

 Isotropic – directional independence 

 Orthotropic – directional dependence 

 As such, composite materials must be assigned 

orientations that are aligned with the ply orientations in 

finite element simulations 

 



Element Size (Mesh Density) 

 It is well known that the solution is sensitive to the mesh 

density 

 This sensitivity is particularly apparent near stress 

concentrations 

 Does this affect the simulation of failure in a composite 

structure? 

 Yes! Failure will initiate sooner in smaller elements that are near 

stress concentrations 



 We know that mesh size is important. What about 

mesh arrangement? 

Element Arrangement 



Element Arrangement 

 Consider a transverse matrix crack in a 45° ply 







Composite Simulation Areas 







http://www.simulia.com/


ADVANCED COMPOSITE SIMULATION 
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http://www.simulia.com/
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