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Finite Element Capabilities for 

Conventional and Advanced 

Analyses of Composite Materials  

Nov 04, 2015 
Composites Simulation Workshop  

CDMHub, Purdue University 
 
 

Deepak Goyal, PhD 
Sr. Technical Specialist, DS SIMULIA 
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a Scientific 
company 
Serving Science, 

Technology and Art         

for a sustainable society 

12,400 
passionate people 
Å106 nationalities 

ÅOne global R&D/53labs  

ÅA unique software platform 

190,000 
enterprise customers 
Å12 industries in 140 countries 
Å>10 million on premise users 
Å>100 million online users 

3,500 
partners 
ÅResearch & Education  

ÅSoftware & Technology 

ÅSales & Services 

Long-term 
driven 
ÅMajority shareholder control  

ÅRevenue: $ 2.6 Bn* 

Å% Sales in R&D = ~30% 

* Non-IFRS 

Dassault Systèmes 

http://www.3ds.com/partners 
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D
a
ss

a
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lt 

S
ys

tè
m
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s 

B
ra

n
d
s 
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Abaqus 

Tosca 

fe-safe 

Isight 

3D Experience Platform 

V2015x 

CATIA CPD 

Abaqus/CAE, 
Abaqus/Standard & 
Abaqus/Explicit 

Composite Modeler For 
Abaqus (CMA) 

iSight, ATOM 

Products for Composites FEA 

D
a
ss

a
u
lt 

S
ys

tè
m

e
s 

B
ra

n
d
s 
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Conventional & Advanced Composites Analyses 

6 

Composites 

Fracture /  

Failure 
Composites 

Design Analysis 

Easy to use 

Pre/Post 
 

Manufacturability 

and draping 

 

Optimization 
 

 

Composites 

Crush 
 

 
CMA 

 

 
Isight 

 

 

CZone 

 
Add-on Vertical  

Applications 

 

VCCT  
Plug-in

Wound  
Comp. Modeler

Honeycomb/ 
Skin-stringer 

fe-safe:  

Composites 
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 Collaborative FEA 
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L1.8 

What is the 3DEXPERIENCE Platform? 

3DEXPERIENCE Platform is a new interface and a 

new way to: 

Store and secure data 

Search for data 

Explore data 

Author data 

SIMULIA applications, among other 

applications. 

 

The 3DEXPERIENCE Platform provides  

a platform for global collaboration 

the ability to capture business processes 

across an organization 

a single PLM platform for IP management 

 

The 3DEXPERIENCE Platform  

is available on-premise and on-the-cloud (public or 

private) 
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L1.9 

Authoring 

You create or modify (author) objects with apps  

All apps can be accessed using the 3DEXPERIENCE Platform compass.  

ñCodes coming togetherðExciting time for Composites 

Communityò ï Dr. Byron Pipes Director, Composites Design and 

Manufacturing HUB, Purdue University 
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 Conventional FEA Analyses 
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Geometry 
Layup/Zone/Grid 

model in 3DX 
(CATIA) 

Mesh the part in 
3DX (CATIA) 

Setup Composite 
Analysis Model in 

3DX  

Solve in 3DX & Post 
Process 

A Conventional FEA Analyses Workflow: 3DX 

Å Elements 

Å Define layup 

Å Material orientations 

Å Material properties 

Å Loads/BC 

Å Post-process-ply based 
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Anisotropic Elasticity  
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Solid element 
Full three-dimensional 

 

Interpolation function 

Integration 
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Shell element 
Conventional shell elements discretize a reference surface by defining the element's planar dimensions, its 

surface normal, and its initial curvature.  

Continuum shell elements, on the other hand, resemble three-dimensional solid elements in that they 

discretize an entire three-dimensional body.  

 

 

In laminated shells, transverse shear effects 

can be significant, even if the length-to-

thickness ratio is large. S3R, S4R, S8R, 

SC6R, and SC8R properly accounts for this. 

 

Sandwich 

Composites 

w/ Skins 
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Material Thickness 

Defining a Composite Layup (1/2) 

Note: All plies have the same material 

properties. 
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Defining a Composite Layup (2/2) 

Import/Export to Excel 
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Full Vehicle Nonlinear Analysis 

Full vehicle nonlinear analysis using Abaqus 
Boeing CH-47 Chinook Helicopter 

Large scale nonlinear analysis 
Detailed full vehicle models for fuselage and wings 

10-20 Million dof 
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Failure Criteria in Laminates 
1. The ply failure can occur due to following failure modes: Fiber tension and fiber compression failure    

modes, Matrix tension and matrix compression failure modes 

2.    Ply failure modes can occur sequentially and initial failure envelopes can be generated 

Stress-based failure theories 

Maximum stress failure criterion 

 

 

Tsai-Hill failure criterion 

 

11 22 12max , , 1.0FI
X Y S

s s så õ
= <æ ö

ç ÷
.

2 2 2
11 11 22 22 12
2 2 2 2

1.0FI
X X Y S

s s s s s
= - + + <.
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Failure Criteria in Laminates 

Stress-based failure theories (cont.) 

Tsai-Wu failure theory 

 

Azzi-Tsai-Hill failure theory 

 

Strain-based failure theory 

Maximum strain failure theory 

 

2 2 2
1 11 2 22 11 11 22 22 66 12 12 11 222 1.0FI F F F F F Fs s s s s s s= + + + + + <.

2 2 2
11 2211 22 12

2 2 2 2
1.0FI

X X Y S

s ss s s
= - + + <.

11 22 12max , , 1.0FI
X Y Se e e

e e gå õ
= <æ ö

ç ÷
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Linking Design/Manufacturing & 

Simulation Worlds 
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Abaqus offers advanced fiber simulation capabilities and 

modeling tools via the Composites Modeler for 

Abaqus/CAE (CMA) add-on product. 

GUI interface: Composites Modeler for Abaqus/CAE 

Draping simulations 

Generate Shell Properties 

Solid Element Support 

Extrude to create solids from a 

layup based on shells 

Fill the existing solids with ply 

based properties 

Composite Modeler for Abaqus: CMA 
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Composite Turbine Blade FEA model using Solid-Fill method  

Step 1. Prepare a clean and partitioned 
CAD model. 

Step 2. Use CATIA composite Slicing 
method to generate plies and define the 
lamina, this layup file is associated with 
the solid in CATIA. 

Step 3. Generate constant number 
layers of elements. 

Step 4. Import CATIA/HYPERMESH 
mesh to ABAQUS. 

Step 5.  Fill the solid mesh with layup 
properties and information. 

Step 6. Assemble the meshes together in 
ABAQUS. 

 Zhang et. al., ñIntegrated Workflow for Analyzing Composite Gas Turbine Componentsò, 

SIMULIA Community Conference, Providence, RI, May 20-22, 2014 
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Draping & Effect of Seed Point, Achieve a Robust  & 

Manufacturable Composite Design with iSight 
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Draping & Seed Point 
Draping ï the process of applying a flat sheet material to a mould surface.  
The material must ñshearò or ñscissorò to conform to a non-developable surface and 

this needs to be simulated to determine as-manufactured fiber orientations. 

Flat and draped patterns are output to aid manufacture 

Local fiber orientations are transferred into the analysis model for realistic simulation 

 

Courtesy of Google images 

Seed Point: The 

point of first 

application point for 

a composite ply  
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Seed Point and Draping 

Seed point  1 

Seed point 2 

ÅBlue: < 50% Maximum Strain 

ÅYellow: 50-100% Maximum Strain 

ÅRed: > 100% Maximum Strain 

Demo 
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Seed Point Effect on Ply Material Properties 

Seed point  1 

Seed point 2 

Max winglet 

deflection: 31.5 units 

Max winglet 

deflection:26.4 units 

16 % 

difference in 

max 

deflection 
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Possible Ply 

Failure 

(Tsai-wu > 

1.0) 

Seed point  1 

Seed point 2 

Seed point 1 

results in ply 

failure 

Max Tsai-wu: 0.76 Max Tsai-wu: 2.28 

Seed Point Effect on Ply Failure 
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Seed Point Variation  

ÅDraping Strain < 30 deg Constraints 

ÅSeed Points ~ 31 Variables 

Å16 plies, [0,90,45,-45]2s Base Design 

Number of Plys*: [8-16] 

Ply Angles: [0,+45,-45,-90,+90]  

Seed Points: 31 

CATIA V5, Excel, Abaqus, etc 

Constraint: TSAIW < 1.0 

Objective: Cost, Weight 

> 74,613 possibilities 
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iSight Workflow 

Isight:  

 A Software Robot 
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The Result Base Optimized 

Layup [0/90/45/-45]2s [0/90/90/30/-30]s 

No of plies 16 10 

% savings 

Weight 37 

Original Optimized 

Deflection (< 5) 5.9 4.1 

Max strain (< 30) 30.9 26.8 

Tsai Wu  

(< 1.0) 

0.74 0.34 

Units: in, lb, deg 

You may have more than one good design 
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Winglet Design ð Manufacturable, Reliable and Robust 

Design Lay-up No of plies Seed Pt 

Base [0/90/45/-45]2s 16 5 

Optimized Design 1 [0/90/30/-30]s 8 16 

Optimized Design 2 [0/90/90/45/45/-45/]s 12 6 

Optimized Design 3 [0/90/90/30/-30]s 10 16 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

0 50 100 150 200 250

T
s
a

i-w
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Design Variations 

Design 3 (10 plies)

Design 2 (12 plies)

Design 1 (8 plies)

Initial Best 

Reliable, Robust 
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 Machining for Simulations 
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1 

2 

3 

4 

Simulation of As-Manufactured Dovetail Model with 

New Mesh-Cutting Tool 

Ply level model & stress 

for a composite turbine  

Gas turbine engines-Low density, high strength and 

fatigue resistance, high temperature , thick & complex, 

specialized modeling techniques, Various DS Tools 

New Plug-in: Matt Rees, R&D         CATIA: Etienne Ardouin                  Coordination: Mahesh Turaga 

SCC 2014 
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 Damage Modeling 
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ÅProgressive Damage and FailureðPrediction of failure 

modes for both fiber and matrix materials 

ÅHashin Criteria 

ÅUMAT (Abaqus/Standard) 

ÅVUMAT (Abaqus/Explicit) 

ÅDelaminationðSeparation of adhesively bonded 

sections of laminated composites 

ÅVirtual Crack Closure Technique (VCCT) 

ÅCohesive Elements 

ÅCohesive Contact 

Damage 


