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In this class we will discuss the new capability to map fiber orientations and material properties from Simulation 
Moldflow software to structural finite element analysis (FEA). We will also cover how to use Simulation Composite 
Analysis software to simulate nonlinear material behavior of the fiber-filled material. 

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

 Understand how to use Simulation Composite Analysis Software 

 Understand how to use Simulation Composite Design Software 

 Understand how to design with composite materials 

 Understand the value of progressive failure analysis of composite materials 

 

About the Speaker 

Brady Adams grew up in Colorado and attended the University of Wyoming where he received his BS in 

Mechanical Engineering. After graduating Brady started his career as a Composites Engineer at Firehole 

Composites in Laramie, WY where he worked on Firehole’s software products Helius:MCT (Autodesk 

Simulation Composite Analysis) and CompositePro (Autodesk Simulation Composite Design). In 2013 

Autodesk acquired Firehole Composites and Brady came on as a Principal Research Engineer where he 

continues to research and implement new methods of composites analysis. In his free time Brady enjoys 

taking advantage of the many outdoors opportunities Wyoming has to offer. 
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Introduction 
We hear it all the time – the use of composite materials in industry is growing and for good 

reason. Composite materials offer tremendous weight savings over metals without any sacrifice 

in the strength of the part. These innovative materials can also offer benefits in corrosion 

resistance, impact resistance, and fatigue life. However, adopting composite materials for 

replacement of metals can be very challenging for multiple reasons 

 Cost 

 Manufacturing 

 Engineering Design and Analysis 

At Autodesk we offer a line of software products aimed specifically at design and analysis of 

composite materials. It is our goal to make the leap into composites engineering less 

challenging while continuing to improve the existing analysis methods to meet the ever growing 

demands to squeak out every ounce of performance in a composite material. Currently 

Autodesk provides the following software for composites engineers: 

 Autodesk Simulation Moldflow – This product can be used to simulate the injection 

molding process of fiber filled plastics. 

 Autodesk Simulation Composite Design – A desktop tool allowing for design and 

analysis of composite materials and idealized composite structures. 

 Autodesk Simulation Composite Analysis – A plug-in to finite element analysis (FEA) 

for performing progressive failure analysis of composite structures. This product can also 

take results from Simulation Moldflow to correctly model the fiber orientations of a fiber 

filled plastic part. 

 Autodesk Nastran – A feature rich finite element analysis (FEA) product which includes 

structural analysis capabilities for composite materials. 

In this class focus is set on the Simulation Composite Design and Simulation Composite 

Analysis products and how they can bring value today to your composites engineering 

challenges. 

Overview of Composite Materials 
A composite material is a material system comprised of two or more materials with clearly 

different material properties. For most engineers when they think of a composite they probably 

visualize a dark grey carbon fiber part, but there are many other composite materials: 

 Wood 

 Polymer matrix composites (PMC) 

o Carbon fiber reinforced polymer (CFRP) 

o Glass fiber reinforced polymer (GFRP) 

o Kevlar fiber reinforced polymer (KFRP) 

 Ceramic matrix composites (CMC) 
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 Metal matrix composites (MMC) 

The above list is not comprehensive, material scientists are constantly designing new innovative 

composite material systems to solve a multitude of engineering problems. 

Further, the above list of composite material types makes no mention of the architecture 

(microstructure) of the material. The following is a list of common composite microstructures: 

 Continuous fiber composites – fiber length is much much greater than the fiber diameter 

o Unidirectional – fibers run in a single direction with no undulation in the fibers 

o Woven – fibers are grouped into tows (a tow diameter can be > 1 mm), and 2 or 

more tows are interwoven in different directions 

 Fiber filled plastics – Injection molded plastics with short fibers. The orientation of the 

fibers is dependent on the molding process. 

This pressure vessel was created using unidirectional continuous fiber composites using a 

filament winding manufacturing procedure: 

 

This Bauer hockey stick uses woven continuous fiber composites: 

 

The above material systems (excluding injection molded composites) are typically assembled 

into a lamina, which is a flat and thin sheet of material. From there laminas are stacked at 

various orientations to assemble a laminate: 
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In the above illustration 8 laminas (also called a ply when it is part of a laminate) are assembled 

to create a laminate. The orientations of each ply are chosen by the engineer to achieve the 

desired properties for their particular design. 

Finally, one or more laminates can be combined to build a composite structure. The structure 

could potentially have ply drops, ply ramp ups, build up, etc. All of these include adding or 

subtracting material in areas where support is either needed or not required. As is typical with 

composite structures, weight savings and material costs dictate the positions where additional 

material can be saved. 
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Image courtesy of Ainhoa Sanchez Photography 
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Challenges of Composite Simulation 
Engineering composite structures can have many challenging aspects, many of which are 

relating to design and analysis. 

Isotropic vs. Anisotropic 

One of the most fundamental differences between composites and metals is that metals are 

typically isotropic – meaning they’re response to applied loads is not dependent on the direction 

of the applied load. Composites, on the other hand, are very rarely isotropic. Note that the 

constituents themselves may be isotropic, but when the composite material system is 

constructed with two or more constituents the result is hardly ever isotropic. Rather the 

composite material system is sometimes transversely isotropic, more often orthotropic, and 

sometimes fully anisotropic. 

What do all of these “-tropic” terms mean? Well, in a nutshell, a composite material’s behavior 

under loading is highly dependent on the direction the loading is applied. For instance, in a 

unidirectional carbon fiber composite if a tensile load is applied in the fiber direction the 

composite has a very high resistance to deformation (high stiffness or modulus), but if that same 

load is applied perpendicular to the fibers the composite has a much lower resistance to 

deformation (low stiffness or modulus). This is why laminates contain plies of the composite at 

various orientations – to increase the stiffness and strength of the structure in multiple 

directions. 

The following illustration shows an isotropic material alongside a unidirectional composite at the 

microscopic level. Note the axes on the composite material – these represent the principal 

coordinate system of the composite. In a non-isotropic material this is an important concept 

because it specifies how the material properties should be defined. For example – 1 axis is 

aligned with the fibers and the modulus of this particular composite in the fiber direction is 20.7 

Msi, therefore the elastic constant E11 = 20.7 Msi. 

The isotropic material in the below illustration requires only two elastic constants to fully define 

the elastic behavior of the material. The composite material is transversely isotropic and 

therefore requires five independent elastic constants. An orthotropic material requires nine 

independent constants, and an anisotropic material requires twenty-one. 
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Complex Interactions between Constituents 

The significantly diverse material properties of the constituents cause the constituents to 

interact, in turn creating stress and strain variations at the constituent level. In metals the 

material is homogeneous, resulting in a constant stress/strain state. 

For example the modulus of a typical carbon fiber might be about 250 GPa and the polymer 

resin modulus might be around 5 GPa. In this case the fiber is 50 times stiffer than the resin! 

Now imagine the fiber and matrix are perfectly bonded (a good assumption for pristine 

materials) and we apply a tensile load in the fiber direction, this means the fiber and resin must 

deform in unison along the length of the fibers. In other words the strain of the fiber and the 

resin will be equal. Let’s say the applied load causes a strain of 0.1%. Using Hooke’s Law we 

can calculate the stress in the fiber and the resin: 

                               

                           

A uniform tensile load causes a stress variation of 50x across the constituents. Now, if you 

account for the complex geometry of the microstructures, different Poisson ratios and shear 

moduli of the fiber and resin it is easy to see how this situation can get really complicated really 

fast for arbitrary three dimensional stress/strain states. 

Fortunately, composites damage criteria account for these interactions for the most part, but the 

engineer should be aware of these intricate situations that can occur at the microstructure level. 

Detailed damage analysis of composites will typically require knowledge of these interactions. 
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Many Different and Complex Damage Mechanisms 

Under static loading homogeneous isotropic materials, e.g. metals, typically have one 

dominating failure mode that the engineer is concerned with (neglecting fatigue, creep, etc.). For 

instance, plasticity, even though the material will rupture after enough plastic deformation has 

occurred, the engineer is designing to avoid plasticity and is therefore only concerned with that 

single mode of failure. 

Composites on the other hand can exhibit failure in a multitude of ways: 

 Resin cracking – When enough load is applied in a direction (typically perpendicular to 

any fibers) where the resin transfers most of the load a crack can develop in a plane 

normal to the applied load. 

 Fiber breakage – Occurs when enough tensile load is applied in the direction of the 

fibers in order to exceed the tensile strength of the fiber, causing the fibers to rupture. 

 Fiber pullout – Another damage mode from tensile loading. Fibers and resin debond. 

 Fiber buckling – A compressive load in the direction of the fibers causes the fibers to 

buckle. 

 Fiber kinking – Another damage mode from compressive loading, typically from a slightly 

off-axis compressive load. The fibers shear and form a kink band. 

 Delamination – Occurs when two adjacent plies in a laminate debond. 

Most failure modes are captured by experimentally measuring the material strength in tension 

and compression in the various loading directions. These strengths are standard inputs to most 

composites damage criteria. 

The below photo on the left is a micrograph of a 90/0/90 unidirectional composite laminate with 

resin cracking in the 0 degree (middle) ply. The photo on the right highlights a delamination 

failure between two plies.  

 

 

Composites Engineering Challenges – Conclusion 

This was only intended to be a brief introduction to the various challenges an engineer might 

encounter while using composite materials. Most of these subjects are deep and vast, but 
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fortunately we at Autodesk try to keep composites design and analysis as simple as possible 

with our software solutions. 

If you are interested in learning more about the mechanics of composite materials I recommend 

the following texts: 

Mechanics of Composite Materials by Robert M. Jones 

Mechanics of Fibrous Composites by Carl T. Herakovich 

Autodesk Simulation Composite Design 
Autodesk Simulation Composite Design is a desktop application used to aid in the design and 

analysis of idealized composite structures. An idealized structure or geometry is a simple 

geometry, such as a flat plate, that may not perfectly represent the geometry of your design, but 

it is a good approximation for the purposes of preliminary design and analysis. 

Simulation Composite Design comes with very good and comprehensive online user 

documentation. To view this documentation select the “Help  Online Help” menu item or go to 

the following URL for the documentation of the 2015 release. 

 

http://help.autodesk.com/view/ACMPDS/2015/ENU/ 

This handout won’t aim to duplicate any of the great resources in that manual. It is a great place 

to get started and learn how to navigate Composite Design. From here I would like to give a 

breakdown of the different modules in Simulation Composite Design, the type of information that 

can be extracted from them and some examples of real world applications. My hope this will 

help you see where this tool can fit into and improve your composites engineering today. 

Laminate Menu 

The Laminate menu is for performing basic analysis if laminates – at this point they are not 

associated with any geometry or structure. You can think of it as analyzing a flat plate with 

infinite width and infinite length. It is difficult to pinpoint real world applications for this module 

since we aren’t at the structure level yet, but it has plenty of preliminary laminate design uses. 

The available tools under the Laminate menu are: 

 Laminate Properties – This tool will allow you to calculate the homogenized elastic 

constants of your chosen laminate, along with all of the intermediate matrices from 

Classical Laminate Theory (CLT). Quite honestly, from a design and analysis 

perspective this tool might not be of much value. It is more of a precursor step to most of 

the other calculations. Since CLT is a fundamental calculation method for composites 

this tool can be useful for verifying the calculations in your own personal tools and 

spreadsheets. 

http://help.autodesk.com/view/ACMPDS/2015/ENU/
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 Stress-Strain and Strength Analysis – This tool will allow us to apply loads to our 

laminate and evaluate the response. This tool is great if you have pinpointed a highly 

stressed region in your composite structure and you would like to determine how the 

laminate will react to that stress state. The First Ply Failure tab will predict the critical ply 

and the factor of safety on said ply. The Progressive Failure tab will load the laminate 

and degrade the stiffness of plies as they fail. This is useful if your design load case can 

sustain some amount of damage. 

 First Ply Failure Survey – This tool will allow you to predict the strengths of your 

laminate. This is useful if you know approximately what stresses you need your laminate 

to sustain in certain directions and want to design your laminate to meet these 

requirements. It is also useful for comparing strengths between laminate designs. 

 Failure Envelope – This tool evaluates first ply failure of a laminate as a function of 

varying ratio of two chosen stress components and plots them on a 2-D plot. This is 

useful in the same scenarios as First Ply Failure Survey except it combines load stress 

components giving you an idea of the laminate’s strength capabilities as the stress state 

shifts between stress components. A good tool for structures that might experience a 

multitude of load cases (stress states) under use. 

 

Plate  Plate Analysis Module 

The Plate Analysis module allows the user to perform analyses on basic plate geometries. The 

different between plate analysis and laminate analysis (above) is in plate analysis we define 

finite widths and lengths and apply the boundary conditions. This allows us to perform more 

advanced analyses such as bending. The available tools are: 

 Bending – This tool is rather self-explanatory – out of plane loads are applied to the 

plate to determine the deflection and max moments in the plate. This tool could be used 

for designing the laminate for composite boat hull. 

 Stability – This tool predicts the buckling strength of a plate under compression. This 

could be used for design of the walls of a space vehicle during launch. 

 Vibration – Predicts the natural frequencies of the plate. This could be used for 

designing the laminate of the walls of a space vehicle ensure its natural frequencies 

won’t be excited by the immense vibrations induced during launch. 

Sandwich  Sandwich Analysis Module 

The Sandwich Analysis module is similar to the Plate Analysis except the structure is composed 

of a core material (e.g. aluminum honeycomb or balsa wood) sandwiched between two 

facesheet laminates. The available tools are: 

 Beam Bending – This tool simulates a sandwich beam (large length/width ratio) in 

bending. This tool could be used for designing the laminate of ski or snowboard. 
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 Panel Bending – Similar to beam bending, but a panel would have similar length and 

width dimensions. This tool could be used for designing a hutch panel on a boat or an 

airplane. 

 Stability – Predicts the buckling strength of the sandwich structure, includes analysis of 

the honeycomb core buckling strength.  

 

Tube/Beam  Tube/Beam Analysis Module 

The tube/beam module performs analyses on various closed and open cross section tubes and 

beams under various loadings. The tools available are: 

 Bending – This tool has the capability to perform bending analysis in 12 different 

boundary condition/loading scenarios. There are many applications for such a tool such 

as designing a hockey stick or a composite automotive leaf spring. 

 Torsion – This tool applies a moment about the axis parallel with the beam. This tool 

could be used for designing a composite drive shaft or analyzing a golf shaft under the 

torque applied during contact with the golf ball. 

 Vibration – This tool predicts the natural frequency of a beam under various boundary 

conditions. It could be used to design a composite traffic signal beam to avoid 

frequencies excited by wind loads. 

 Column Stability/Cylinder Stability – These tools predict the buckling response of a 

beam under compression. These could be used to approximate the buckling strength of 

a composite automotive pillar. 

 Pressure Vessel – This tool provides stress/strain and failure analysis of thin and thick 

wall pressure vessels. Composite pressure vessels are very popular due to their low 

weight and high strength. This tool is great for designing any vessel that needs to hold 

liquid or gas at high pressures. 

 

 

Utilities 

The utilities menu contains various tools for miscellaneous tasks. Many of the tools such as Vf-

Wf Converter, Filament Winding Layup Calculator, Fabric Thickness, and Roving Converter are 

used to assist with manufacturing calculations. Please refer to the Composite Design 

documentation for more information on these tools. The remaining tools are: 
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 Fabric Builder – This tool simulates a woven composite using unidirectional composite 

properties. It is useful if the fabric composite properties are not known, but you have 

access to a unidirectional composite with similar constituents (fiber and matrix). 

 Radius of Curvature – This tool predicts the curvature that will occur in a flat, 

unconstrained composite plate when subjected to a different in temperature or moisture. 

This can be used to ensure an unbalanced and/or unsymmetric laminate won’t exceed 

deformation requirements under temperature/moisture loads. 

 Laminate Survey – This tool provides stiffness and strength properties for a range of 

laminates using the three provided ply orientations. This tool can assist with designing a 

laminate or portion of a laminate by selecting the laminate with the most desirable 

properties. 

 Export Material – This tool exports lamina and laminate properties for use in popular 

finite element analysis tools, e.g. Autodesk Nastran and Abaqus. This is very useful for 

verifying your laminate design on the real geometry in FEA. 

 Spring-In – This tool predicts the deformation a curved composite part may undergo 

after it has been removed from a tooling surface and cooled down. This is a good tool for 

ensuring the design will not deform too much during manufacturing. 

Autodesk Simulation Composite Analysis 
Autodesk Simulation Composite Analysis is a plugin to conventional finite element analysis 

(FEA) codes such as Autodesk Nastran, Abaqus, ANSYS, and MSC/Nastran . The plugin aids 

users in performing progressive failure analyses of composite structures by providing material 

properties of composite lamina, providing material characterizations for modeling delamination 

using cohesive elements, and providing unsurpassed convergence technology to aid FEA in 

simulating composite failure after first ply failure (FPF) predictions. 

What does it do? 

Autodesk Simulation Composite Analysis bolts on to conventional FEA codes to aid with 

progressive failure analysis of composite materials. Supported FEA codes currently include 

 Abaqus 

 ANSYS 

 MSC/Nastran 

 Autodesk Nastran 

Autodesk Simulation Composite Analysis comes predefined with many unidirectional and woven 

composite laminae. If a user wishes to characterize their own material systems, they can use 

Material Manager to characterize: 

 Unidirectional lamina 

 Plain woven lamina 

 4 harness satin weaves 

 5 harness satin weaves 
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 8 harness satin weaves 

Composite Analysis comes with comprehensive user documentation and various tutorials for 

learning how to get started with the software. The documentation can be found at the following 

URL: 

http://help.autodesk.com/view/ACMPAN/2015/ENU/ 

Rather than duplicating tutorials or the user’s guide I’m going to run through a list of the major 

features available in Composite Analysis and explain how they might bring value to your 

composites engineering today. 

Progressive Failure Analysis 

Progressive failure analysis (PFA) is the bread and butter of the Simulation Composite Analysis 

software. Most engineering designs are designed to avoid any failure at all within a factor of 

safety. This allows safe use of the product over and over. However, what if an unexpected event 

occurs, causing damage and the composite structure must stay in service until it can be 

repaired. This is a very common concern in passenger carrying vessels such as automobiles, 

airplaces, marine vessels, etc. If an extreme event occurs that damages the vessel it should be 

engineered to sustain the damage long enough for the vessel to return or land safely. 

Progressive failure analysis is the tool for designing under such extreme load cases. After initial 

damage has occurred the stiffness of the structure reduces, but in most cases it can continue to 

sustain an increasing load as damage and cracks propagate through the structure. Eventually, 

the damage reach a critical amount and the structure will no longer be able to sustain the load 

and it will fail catastrophically. Simulation Composite Analysis can simulate these events with 

robust convergence capabilities. Consider the following skin-stringer composite panel with a 

hole introduced. This type of panel may be found on an airplane fuselage. The hole represents 

a damaged region, for example, a foreign object may have pierced the panel. 

 

Simulation Composite Analysis was used to simulate a tensile load on the panel to predict how 

much load it could sustain with the hole. Here is the final deformation at catastrophic failure – 

http://help.autodesk.com/view/ACMPAN/2015/ENU/
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the green elements represent a matrix failure has occurred in one or more plies and red 

elements represent a fiber failure. 

 

 

The load displacement curve for this panel (green line) and the undamaged panel (blue line) are 

shown in the below plot. The damaged panel is able to sustain 66% of the load of the 

undamaged panel, but it should be noted that the crack begins to propagate in the damaged 

panel at 26% of the pristine panel ultimate load. This means that the panel can nearly sustain 

triple the load after the crack begins to propagate at the damaged region!  
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It is also worth noting that this analysis took only 11 minutes to run with 4 CPUs on a standard 

Windows desktop machine, and it did not use any viscous regularization to help with 

convergence. 

Energy Based Damage Evolution 

Typical progressive failure analyses in Simulation Composite Analysis are performed using 

“instantaneous degradation” – this means the stiffness of a damaged element is instantly 

reduced to represent a crack in the element; however, this type of damage model can be very 

mesh sensitive around regions with stress concentrations. The strength of the part will change 

depending on the mesh size. This is usually an accepted downside of failure analysis in FEA 

and the solution is to tune the parameters of degradation to the known solution and then use 

those along with the same mesh size in subsequent designs/analyses. However, what if you 

have a varying mesh size, or want to change mesh sizes? Simulation Composite Analysis offers 

energy based damage evolution. We call it energy based because the software adjusts the 

energy dissipated by a damaged element as a function of the element size. This can achieve a 

much closer grouping of answers across different mesh sizes using the same inputs. Many 

users also find that the inputs correspond well to the measured fracture toughness of the 

material. 

The below plot shows how the energy based damage evolution results (solid lines) compared to 

analyses ran with instantaneous degradation (dashed lines). The green line represents the 

models with the large elements, the red and black lines – medium elements, and the blue lines 
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– small elements. For the instantaneous degradation results the ultimate load varies significantly 

with respect to element size, whereas with energy based damage evolution the resulting 

ultimate loads are very close. 

 

Progressive Delamination 

A very important damage mode in composite structures is delamination – this is when two 

adjacent plies which were initially bonded debond, thus creating a crack. This is a difficult 

problem to solve because the failure occurs at the interface of plies (inter-ply failure), and not 

within the plies themselves (intra-ply failure). In Simulation Composite Analysis this problem is 

solved using cohesive elements and cohesive materials. Cohesive elements are special 

purpose zero thickness elements readily available in Abaqus, ANSYS, and MSC/Nastran. 

Simulation Composite Analysis offers a robust cohesive material model for use in these 

elements to simulate delamination with very good convergence capabilities. This can be used in 

conjunction with the composite materials to obtain a comprehensive failure analysis of the 

composite structure (intra-ply and inter-ply failure predictions). 

The below shows a finite element model of a coupon with a bonded stiffener. When pulled in 

tension the stiffener delaminates from the coupon. The delamination is shown by the red 

elements – these are cohesive elements which have fully delaminated. 
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Load-displacement curves for this model are shown below (red and blue lines – different 

degradation models) alongside the experimental results (black dashed line). 

 
 

Impact/Crash Analysis 

Many load cases engineers need to design for would be considered dynamic loading. These 

types of loads can be simulated using explicit finite element analysis. Simulation Composite 

Analysis also works in the Abaqus/Explicit FEA software. Within this framework you can 

simulate highly dynamic impact and crash events, such as: 
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 Foreign objects striking the composite structure at high velocity – simulating this can 

give the engineer a prediction of the amount of damage that may occur from a common 

impact event such as a bird strike on an airplane wing or a tool drop on a composite 

panel. 

 Crash events – these simulations are very important for passenger carrying vessels 

since the structure needs to be designed to absorb high amounts of energy. 

 Pressure waves from an explosion, such as simulating the response of a boat hull from 

an underwater explosion. 

 

The below image shows the damage prediction from a steel ball striking a skin stringer plate at 

100 ft/s (30.5 m/s). This information can then be taken into a static analysis to determine the 

load carrying capability of the damaged plate. 

 

 


