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3,500
partners

190,000 Longterm

a Scientific : h & Educat i
nterori m ﬁ%esearc ucation
company 12400 enterprise customergesearc ¢ Tochrolony driven
o P t éZ industries in 140 countries  ASales & Services AMajority shareholder control
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D?S CATiIA
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CATIAS =3 the world's engineering and
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SHAPE THE WORLD WE LIVE IN

Products for Composites FE.
» 3D Experience Platforn
> V2015x
G » CATIACPD
» Abaqus/CAE,

el _. Abagus Abaqus/Standard &
Abaqgus/Explicit

’S@ht » Composite Modeler Fol
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e { . QT ooy Joue
.
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s
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| WRAnEZAtons. hom OF My Test]ng "\
Oy Chinr. (0 simadl ‘«%_. “x
! 3 o 8

e Abaqus (CMA)
» iSight, ATOM
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Conventional & Advanced Composites Analyses

fe-safe:
Composites

Composites
Fracture /
Failure
Composites - Composites

Crush Design Analys;j

s

’ Wound

S . l Easyto use Comp. Modele
Optimization Pre/Post 4

Addon Vertical

Manufacturabilit Applications
: Honeycomb/
andd raping k Skinstringer
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What is the 3SDEXPERIENCE Platform?

L1.8

F  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.

I The SDEXPERIENCE Platform provides

]
]

]

# The 3DEXPERIENCE Platform
is available on-premise and on-the-cloud (public or
private)

a platform for global collaboration

the ability to capture business processes
across an organization

O -
% ;

e
‘.
b
+5
"
-

-

a single PLM platform for IP management

Database

a Database Server

Vi Daraliase Conagecticn
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Authoring

L1.9

- You create or modify (author) objects with apps
F  All apps can be accessed using the 3DEXPERIENCE Platform compass.

2 2

20 Layout for 2D Layout
3D Design Insight

EQ@

3D Compose 3D Geometry
insight

T

30 Printing 3D Printing
Preparation

™,
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3 Anatation L s L_swuiny
G Fluid Model Fluid Scenario Linear Dyn
@ \ Create Scenario Scenario

E— ® g :

[

Aoem L s
Material Structural Model Structural
r{] Definition Create Scenario
T G o= P
pii P [

Mgl
[T

Model Assembly Phusics Method Phuysics Results

30 Templates
Capture

AnCodes ¢ omidExcitihgotimefor Canposites

C o mmu nii Or. Byson Pipes Director, Composites Design and
Manufacturing HUB, Purdue University
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A ConventiorfaE AAnalyse$Vorkflow: 3DX

Geometry
Layup/Zone/Grig
model in 3DX
(CATIA)

Elements

Define layup
Material orientations
Material properties
Loads/BC
Postprocesply based

Too T Too To o I

Solve in 3DX & Pq Mesh the part in
Process 3DX (CATIA)

Setup Composite
Analysis Model i
3DX

2 P Nie
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Anisotropic Elasticity

Il Edit Material

Mame: IMateriaI— 1

All anisotropic models have the general form SRS

— Material Behaviors

where

aeneral Mechanical Thermal other
D = D(6, f;)is a symmetric matrix with a maximum dimension of 6 x 6, | [ Elastic

Twpe: IIsoteric I:

I us . i
g =tem peratu re, — EI‘II;II-I‘IBBI’II‘Ig Conskants =

Lamina

Moduli | Orehotropic e m

[: = predefined field variables, and I g | Brisemronis
. ] I ne Coupled Traction

£l = g4 (@) is the strain due to thermal expansion. Data

J Young's Poisson's |

Modulus Ratio

2 2
7S siMmuLIA DS SESTEEs




Solid element

» Fullthreedimensional

S_Document_2012

o
face 1 face

8 - node element
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2
3

U =

(1= )1 = W1 = PJus + £(1+g)(1 = WY1~ rJus

£+~ g + (1 )1+ R r)ug

ol =00l — ool — oo~

(1= )1 = R+ rJus + S(1+ g)(1 = )1 +r)ug

s la s g R+ + %(1 )1+ h)(1+ )us

Bl = — [ Nl(g.h.r)adV,
Vee Sy,
ONT
Nl (g, h,r) = ,
i (g, D) 2o

7

Interpolation functior

Integration
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Shell element

» Conventionshell elements discretize a reference surface by defining the element's planar dim
surface normal, and its initial curvature.

» Continuum shell elements, on the other hand, resewlibdetisieral solid elements in that they
discretize an entire thdmeensional body.

/’_\

Displacement and rotation

| degrees of freedom

geometry is specified atthe reference surface; Thickness is defined by section property,

Finite Element Model Element

Structural Body

being modeled Sandwich
In laminateghellstransverse shear effects s ot Composites
can be significant, even if the length ¥ Displacement w/ Skins

degrees of freedom only

thickness ratio is large. S3R, S4R, S8R,
SC6R, and SC8R properly acdoutitgs, Sontin ]

full 3-D geometry is specified; Element thickness is defined by nodal geometry,

2 7 e ok
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Defining a Composite Layup (1/2)

Plies I Dffset I Shell Parameters I Display I

I rMake calculated sections symmetric % ==, | % ﬁ | % % | = -:) | 0) NOte:A” p|ieS have the same material

ThicknessJ csys | Rotation |I“te9’a“°“| properties.

I Ply Name | Region 'I Material

Angle Points
1 & Ply-1 (Picked) 0.5 <Layup> 3
|G T (Pickech 03 e T I
3 v Fly-3 (Picked) 3 « [Materiml1
Edit Makerial. .. Alt-+E hlae: [Materia
] 0
Copy Plies Before  Alt+E Diescription: I
Copy Plies &fter Alb4-a Material Behaviors
Inserk Rows Before CEH4-B
== Select Material =] Insert Rows After  CEl4+-A
— For Plies | — Material #< Delete Plies CH+D General  Mechanical  Thermal  Okher | 'JVI
Ply-1 Paktern Plies. .. AlE+P
Ply-2 Inwverkt Plies. .. Alk+1
Ply-3 FPRead From File...  Alt+R Tyt [Larina - EUDDPHﬂnﬂl
By wirite Ta File...  Alk+w

Murnbisr aF Fiald «ariablas: I 0 3—.-
Maduli tirme scals (For viscoslasticiby ) m

I Mo comprassion

|

El | E2 | Mulz | G1Z | G13 | G223 I

OK | Cancel | 1 SO000 SO000 0,35 10000 10000 |00

2
RPN QISTET
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Defining a Composidésrup (2/2)

| Normal drection: C Axis1 C As2 @ Ads3

" Layup Orientation
Defintion: [Part global - 8 Layup
oriantation
Part coordinate system <Layup>

=) Ply orientation

Section integration: & During analysis ( Before analysis
Thickness integration nle: (& Smpson C Gauss

™ Make cakculatad sactions symmetric

Ply Name | Regilon Material

_;j v\ Py (Picked) Material-1
2lv  Py2 (Picked) Material-1
3 v  Phy3 (Pickad) Material-1

Import/Export to Excel

2
2S simuLIAa

== Ply Ortentation =

- Orientation

~ For Plies
Ply-3

Normal drection:  Axist C Axis2 & Axs3

definition
mo.m:rt},x,

& ."'u‘i'"‘"' — Select or createa ||
e R datum coordinate

Arrle I system

o | _Concel |

D7S DASSAULT I.F?NE th
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Full Vehicle Nonlinear Analysis

» Full vehicle nonlinear analysis using Abaqus
> Boeing CGHA7 Chinook Helicopter

» | arge scale nonlinear analysis

> Detailed full vehicle models for fuselage and wingg
» 1020 Million dof
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Failure Criteria In Laminates

1. Theply failure can occur due to following failurd-rhetiession and fiber compression f
modesMatrix tension and matrix compression failure modes

2. Plyfailure modes can occur sequentially and initial failure envelgpasresedbe

» Stressbasedfailure theories
> Maximunstress failure criterion

_ as;, S, | § O

> TsaiHill failureriterion
2

2 2
—cu 1 % 2d _y¥q
X* x> Y g

Ie

2 2. R o
2S simuLIA DS SUSTEMES | e cancharge e v
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Failure Criteria In Laminates

» Stressbasedfailuretheories (cont.)
> TsaiWu failurtheory
le =FiS1y F55, Fy § Fi°s F g%152F 4, 155 8.0
> AzziTsaiHill failure theory

511 511 %] 5222 i 16

o x2 X o,
> Strambasedfallure theory /ﬁ’ e .
> Maximum strain failure theory ¥
ael & 0 Tsai-Hil
|- =maxg—t —2 |14 1.0 |
Q e Ye S e = T=akrWu

2 2, O
2S simuLIA DS SUSTEMES | e cancharge e v
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Composite Modeler for Abaqus: CMA

» Abaqus offers advanced fiber simulation capabilities and
modeling tools via the Composites Modeler for

Abaqus/CAE (CMA) add-on product.
» Draping simulations
» Generate Shell Properties
» Solid Element Support

» Extrudéo create solids from a
layup based shells

» Fillthe existing solids with ply
basedoroperties

2
2S simuLiAa

W P totwt vwgaest  Yew Pt Swwm  Pealige  Towk  Mages el &Y
SN I SR N1 TS O YO £ v WA O oo R, 00 W
" |

W Model) (Mot | .| ey ] -

L & - o -

: GUI interface: Composites Modeler for Abaqus/CAE
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Step 1. Prepare a clean and patrtiti
CAD model.

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

Step 3. Generate constant number
layers of elements.

Step 4. Import CATIA/HYPERMES
mesh to ABAQUS.

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

Step 6. Assemble the meshes toge
ABAQUS.

Zhang et . Warkflow for Adalgzing @Qpmposite GasCwhimp o n e n
SIMULIZommunii@onferenc@rovidenc®l, Map022, 2014

2 7 ek
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Draping & Effect of Seed Point, Achieve a RG
Manufacturable Composite Design with

‘Y

3D /\ it

& .5

SDEXPERIENCE
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Draping & Seed Point

» Draping the process of applying a flat sheet material to a mould surface.
>The materi al must A s h aevelopable surfatesand s s
this needs to be simulated to determmramafcturdidberorientations.
> Flat and draped patterns are output to aid manufacture
> Local fiber orientations are transferred into the analysis model for realistic simule

Document_2012

Seed PoinfThe
point of first
application point for
a composite ply ;
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Courtesy of Google images
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Seed Point and Draping

A Blue: < 50% Maximum Strain

S_Document_2012

o Yelow: 50 00 Maximum Strair
A Red: > 100% Maximum Strain

Seed point

Seed point 1

3DS.COM/SIMUEIDassault Systemes | Confidential Infoririafiar2p1fref.: 3D:
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Seed Point Effect on Ply Material Properties

U, Magnitude
+3.158e+01
+2.895e+01
+2.632e+01
+2.369e+01
+2.105e+01
+1.842e+01
+1.579e+01
+1.316e+01
+1.053e+01
—t +7.895e+00
+ +5.263e+00
+2.632e+00
+0.000e+00

U, Magnitude
+2.641e+01
+2.421e+01
+2.201e+01
+1.981e+01
+1.761e+01
+1.541e+01
+1.321e+01
+1.100e+01
+8.803e+00
+6.603e+00
+4.402e+00
+2.201e4+00
+0.000e+00

Max winglet

deflection: 31.5 units

P,
2S simuLiAa

Max winglet

deflection:26.4 units

Seed point 1

D7S DASSAULT

SYUSTEMES

Seed point 2

16 %
differencan
max

deflection
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Seed Point Effect on Ply Fallure

TSAIW

PLY.2 {middle)
(Avg: 75%)
+2.273e+00
+2.084e+00
+1.895e+00
+1.706e+00
+1.517e4+00
+1.327e+00
+1.138e+00
+9.489e-01
+7.597e-01
+5.705e-01
+3.813e-01
+1.921e-01
+2.884e-03

Document_2012

Max Tsawu 2.28

3DS.COM/SIMUEIMassault Systemes | Confidential Inforiiafiar2p1fref.: 3DS

TSAIW

PLY.2 (middle)
(Avg: 75%)
+2.273e+00
+2.084e+00
+1.894e+00
+1.705e+00
+1.516e+4+00
+1.326e+00
+1.137e+00
+9.477e-01
+7.584e-01
+5.690e-01
+3.797e-01
+1.904e-01
+1.039e-03

Max Tsawu. 0.76

Possible Ply
Failure
(Tsaiwu>
1.0)

Seed point 1

Seed point 2

Seed point 1
results in ply

2 7,
. DS SIMULIA DS SESREaEs N
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Seed Point Variation

A 16 plies, [0,90,45]2s

2
2S simuLIAa

A Draping Strain <@y

Variables A Seed Points ~ 31

Number of Plys*: [8-16]

Seed Points: 31

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

CATIA V5, Excel, Abaqus, etc

Constraint: TSAIW < 1.0
Objective: Cost, Weight

7
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1ISightWorkflow
)

Winglet Desian

3 IQ- Iaﬁ-
@ it S -| > » » @ >0
CATIA Composite  Transfer to Manufacturabll Jaliability and Iranster to
Robustnoss Dosign

Maodal Analysis Iy, Cost and
Structural
Qptimization
» e,
o —— &) —— [ ——e R . o=
Draping and Cost Analysis Optimized
Structural Dasians

Analysis

Isight:
A Software Robot

3DS.COM/SIMUEIDassault Systemes ||
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The Result e e T opimizes

Layup [0/90/4545]2s [0/90/90/3€B0]s

No of plies 16 10

-

Deflection (<5) 5.9

| A Eid il

Weight 37

Max strain (< 30) 30.9 26.8
2 (<1.0)

You may have more than one good design

2 7 W icita
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Winglet Desig Manufacturab

e, Reliable and Robust

A Design 3 (10 plies

1.8
1.6 *

é 1.4 . © = * .

c

R .i__.ﬁ_t_" — * — $

EE 08 *S LT W—O

Z X 003 < s 4%

$ 0.6 s “70_ 4 AA;
0.4 rreys AA —“‘ ‘—AAA‘_AA"A_;LA //AAA‘_A'/A;/A »——/?A—-x" |

Al A A‘A ‘A“/IAA/‘A/‘A A/L‘A AAA. 2 ‘A)A‘ ) Sk

W Design 2 (12 plies
# Design 1 (8 plies)

W WV

100

0 50

Design Variations

150

200 250

Base [0/90/4545]2s

[0/90/3680]s

[0/90/90/45/485/s
0/90/90/3¢B0]s

Optimized Design 1
Optimized Design 2
Optimized Design 3

2
2S simuLIAa

o 16 «~ Initial Best

12 6
10 16

/ Reliable, Robus

?Sonssnw_r IF WE 2k the right g
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Simulation of Manufactured Dovetail Model |
New Mes@rutting Tool AT ——

e ———

5 Gas turbinenginedowdensity, high strength anciifyeuespey  [ESSS—— ' i
¢ fatigueresistancéiigh temperaturthick & comple Slicing . ————=——— ===
5 specializeghodelintechniques, Various DS I06I 1 AN ™
// , . .
rf:
FE Analysis
with Abaqus 4
\
™,

s Mesh Cutting B
with a new
JCAE Plug-in
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Ply level mod& stre
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Damage

AProgressive Damage and Failured Prediction of failure
modes for both fiber and matrix materials

S_Document_2012

AHashin Criteria
AUMAT (Abaqus/Standard)
AVUMAT (Abaqus/Explicit)

ADelaminationd Separation of adhesively bonded
sections of laminated composites

AVirtual Crack Closure Technique (VCCT)

ACohesive Elements

ACohesive Contact
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