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NX Laminate Composites Overview

NX CAE product for finite element analysis of laminate structures 
featuring:

� Intuitive ply and laminate definition 
tools 

� Efficient validation of composites 
design
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design

� Powerful laminate optimization 
engine

� Easy-to-use hand layup 
manufacturing process simulation 
using:

� Ply-based modeling

� Draping and flat pattern creation



NX Laminate Composites Benefits

� Reduce laminate model creation time

� Multiple approaches 

� Improve finite element modeling accuracy

� Accounting for distorted fiber orientations

� Enhance manufacturability

� Reduce laminate model creation time

� Multiple approaches 

� Improve finite element modeling accuracy

� Accounting for distorted fiber orientations

� Enhance manufacturability
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� Enhance manufacturability

� Assessing and controlling fiber shear

� Quickly assess viability

� Advanced post-processing tools

� Enhance manufacturability

� Assessing and controlling fiber shear

� Quickly assess viability

� Advanced post-processing tools



NX Laminate Composites Core Capabilities

� Laminate Modeling

� Composite Materials

� Laminate Validation

� Optimization

� Laminate Modeling

� Composite Materials

� Laminate Validation

� Optimization
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� Optimization

� Laminate Failure

� NX FE Solver Interfaces

� Laminates Post Reporting

� Optimization

� Laminate Failure

� NX FE Solver Interfaces

� Laminates Post Reporting



Laminate Modeling: Zone Based 
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� Traditional and simplest simulation technique
� Excellent for preliminary design cycle and simple geometry
� Laminate definition applied to finite element collectors

� Traditional and simplest simulation technique
� Excellent for preliminary design cycle and simple geometry
� Laminate definition applied to finite element collectors



Laminate Modeling: Ply Based

Ply-based modeling
� Plies are laid on CAE polygon faces or shell elements
� Allows for efficient laminate creation in many cases
� Software automatically computes the physical 

properties based on the ply definitions

Ply-based modeling
� Plies are laid on CAE polygon faces or shell elements
� Allows for efficient laminate creation in many cases
� Software automatically computes the physical 

properties based on the ply definitions
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Laminate Modeling: Draping

Draping algorithm options

� Unidirectional
� Fibers do not stretch and remain parallel 
� Fibers can slide relative to each other

� Woven
� Fishnet algorithm orients warp & weft fibers 

Draping algorithm options

� Unidirectional
� Fibers do not stretch and remain parallel 
� Fibers can slide relative to each other

� Woven
� Fishnet algorithm orients warp & weft fibers 
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� Fishnet algorithm orients warp & weft fibers 
� Fibers do not stretch, but can rotate (shear) 

relative to each other
� Lock angle is the maximum allowed shear 

between warp & weft fibers

� None
� Projection of the ply directions using the material 

orientation as the 0 degree reference

� Fishnet algorithm orients warp & weft fibers 
� Fibers do not stretch, but can rotate (shear) 

relative to each other
� Lock angle is the maximum allowed shear 

between warp & weft fibers

� None
� Projection of the ply directions using the material 

orientation as the 0 degree reference

For stability, the draping algorithm uses the 2D mesh 
associated to the selected surfaces

For stability, the draping algorithm uses the 2D mesh 
associated to the selected surfaces



Laminate Modeling: Draping

Primary Alignment
� The angle specified in the Layup Modeler 

is relative to the primary alignment 
direction

� This allows fast and efficient orientation of 
several plies at once 

Primary Alignment
� The angle specified in the Layup Modeler 

is relative to the primary alignment 
direction

� This allows fast and efficient orientation of 
several plies at once 
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Laminate Modeling: Draping

Draped fiber orientations visualization
� Color coded to show shear between warp 

& weft fibers 

Draped fiber orientations visualization
� Color coded to show shear between warp 

& weft fibers 
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Laminate Modeling: Draping

Flat Patterns Creation Flat Patterns Creation 
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Can be exported 
to NX part files

Can be exported 
to NX part files



Laminate Modeling: Draping

•Seed curves for primary fiber alignment
•User-selectable drape mesh size
•Seed curves for primary fiber alignment
•User-selectable drape mesh size
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Composite Materials 
Micromechanics-based Ply Materials

Ply Material Creation
� Create ply material from fiber and 

matrix materials information

Ply Material Creation
� Create ply material from fiber and 

matrix materials information

Types
� Unidirectional Fiber
Types
� Unidirectional Fiber
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� Unidirectional Fiber
� Rule of Mixtures, Hyer & al, Daniel & al

� Woven fiber
� Berthelot 

� Particulate Fiber
� Mital & al

� Randomly Oriented Short Fiber
� Berthelot 

� Unidirectional Fiber
� Rule of Mixtures, Hyer & al, Daniel & al

� Woven fiber
� Berthelot 

� Particulate Fiber
� Mital & al

� Randomly Oriented Short Fiber
� Berthelot 



Laminate Validation

Laminate Validation Output
� Stiffness matrices ABDS
� Equivalent engineering constants

Laminate Validation Output
� Stiffness matrices ABDS
� Equivalent engineering constants
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Laminate Validation

Strength Analysis
� Compute failure indices 

and margins of safety
� Compute ply strains and 

stresses

Strength Analysis
� Compute failure indices 

and margins of safety
� Compute ply strains and 

stresses
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Laminate Failure

Supported Classical Failure 

Theories:

� Maximum Stress

� Maximum Strain

Supported Classical Failure 

Theories:

� Maximum Stress

� Maximum Strain
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� Tsai-Wu

� Hill 

� Hoffman

�LaRC0* (planned)

� Tsai-Wu

� Hill 

� Hoffman

�LaRC0* (planned)



Composite Optimization

Laminate Optimization Tool
� Goal is to optimize the fundamental behavior of 

the laminate
� Optimizes a single laminate physical property 

(equivalent to coupon testing and optimization)

Laminate Optimization Tool
� Goal is to optimize the fundamental behavior of 

the laminate
� Optimizes a single laminate physical property 

(equivalent to coupon testing and optimization)

Built around a Genetic optimizer, it can handleBuilt around a Genetic optimizer, it can handle
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Built around a Genetic optimizer, it can handle
� Continuous variables such as an orientation 

angle
� Discrete variables such as the existence of a 

ply or selection of a material from a list

Built around a Genetic optimizer, it can handle
� Continuous variables such as an orientation 

angle
� Discrete variables such as the existence of a 

ply or selection of a material from a list

The optimization provides 5 laminate definitions that 
come the closest to fulfilling the objectives
� You can select one of the five to replace the 

original laminate

The optimization provides 5 laminate definitions that 
come the closest to fulfilling the objectives
� You can select one of the five to replace the 

original laminate



Composite Optimization

NASTRAN Design Optimization Solution
� Graphically create ply thickness and orientation 

design variables in NXLC Laminate Modeler
� Perform optimization at the simulation level

NASTRAN Design Optimization Solution
� Graphically create ply thickness and orientation 

design variables in NXLC Laminate Modeler
� Perform optimization at the simulation level
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NX FE Solver Interfaces

Laminate Element Type Support for Each Solver
� NASTRAN

� PCOMP – MEM/BEND/SMEAR/SMCORE
� PSHELL

� ANSYS
� 2D

� SHELL181, SHELL99, SHELL91, SOLSH190
� 3D

� SOLID186, SOLID191, SOLSH190

Laminate Element Type Support for Each Solver
� NASTRAN

� PCOMP – MEM/BEND/SMEAR/SMCORE
� PSHELL

� ANSYS
� 2D

� SHELL181, SHELL99, SHELL91, SOLSH190
� 3D

� SOLID186, SOLID191, SOLSH190
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� SOLID186, SOLID191, SOLSH190
� Support zero-thickness layers for ANSYS SOLID186

� ABAQUS
� 2D

� S8R, S8R5, S4, S4R, STRI65, S3, S3R
� 3D

� SC6R, SC8R
� LS-DYNA

� 2D
� *ELEMENT_SHELL

� 3D
� *ELEMENT_TSHELL

� SOLID186, SOLID191, SOLSH190
� Support zero-thickness layers for ANSYS SOLID186

� ABAQUS
� 2D

� S8R, S8R5, S4, S4R, STRI65, S3, S3R
� 3D

� SC6R, SC8R
� LS-DYNA

� 2D
� *ELEMENT_SHELL

� 3D
� *ELEMENT_TSHELL



Laminate Modeling: 3D Extrusion

Inflate layup to 3D laminate ANSYS mesh
� Normal extrusion from 2D meshed faces
� Each ply becomes a layer of solids
� Ply drops modeled as wedge, brick or 

pyramid elements

Inflate layup to 3D laminate ANSYS mesh
� Normal extrusion from 2D meshed faces
� Each ply becomes a layer of solids
� Ply drops modeled as wedge, brick or 

pyramid elements
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Laminate Modeling: FiberSIM Interface

Import layups and fiber orientations from FiberSIM xml fileImport layups and fiber orientations from FiberSIM xml file
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Graphical Display of Laminate Results
� Ply Strains 
� Ply Stresses
� Ply Failure Indices
� Shell stress resultants

Graphical Display of Laminate Results
� Ply Strains 
� Ply Stresses
� Ply Failure Indices
� Shell stress resultants

Laminates Post-Processing
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Laminates Reporting

Laminates Meta-Solution
� Envelopes ply and load case results

� Margins of safety
� Failure indices
� Ply stresses  
� Ply strains 

Laminates Meta-Solution
� Envelopes ply and load case results

� Margins of safety
� Failure indices
� Ply stresses  
� Ply strains 
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NX Laminate Composites Key Capabilities
Laminates Spreadsheet Reporting

Select components of 
stress or strain

Select components of 
stress or strain

Select components of shell 
stress resultants

Select components of shell 
stress resultants

Compute failure indices, Compute failure indices, 
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Output LocationOutput Location

Filter component 
and threshold

Filter component 
and threshold

Compute failure indices, 
margins, or both

Compute failure indices, 
margins, or both

Sorting OptionsSorting Options



NX Laminate Composites Key Capabilities
Laminates Spreadsheet Reporting
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Top summary showing 
filtered and sorted 

results for all results 
files and cases

For each results file and load case

Solver shell 
stress 

resultants

Results 
derived 

from solver 
shell stress 
resultants

Solver 
stresses 

and derived 
results



API: NX7.5

NX Open support for:

� Layup Modeler

� Draping Data Dialog

� Laminate Modeler

NX Open support for:

� Layup Modeler

� Draping Data Dialog

� Laminate Modeler
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� Laminate Modeler� Laminate Modeler



Thank you for your attention!
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