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Key Simulation Analysis for
Composite Materials
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Complex
shapes TAILORABILITY
High MANUFACTURING
= performances COMPLEXITY
Low weight

CHEMICAL
) PRODUCTS...

RAW
MATERIALS
PRICES

4 Low cost tools
— 3 s
” for mid-series
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Fiber
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Contact molding:
Dry fibers Lay up + resin manual application

b

2
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RTM (Resin Transfer Molding)
Dry fibers Lay up + resin injection in a mold

Infusion
Dry fibers Lay up + plastic vacuum
+ Resin infusion

Automated lay up:
- Tape Laying
- Fiber placement

Curing
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Body have to be more & more lighter.
= New Material infroduction

Composite material
infroduction for Body
panel mass market.

Plastic BIW Composite BiW

+
Steel BiW

Aluminium
BiW

+
Steel / Alu BiW

Ll

Now!
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Key Simulation Domains for Composites

Fracture &
Failure

Easy to use
Pre/Post

Optimization Design Analysis

Manufacturability
and Draping
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Key Simulation Domains for Composites

Fracture & _
Failure \
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Composites Fracture & Failure

eI It 2

» SU It (Ply Failure)
> Maximum stress/strain
> Tsai-Hill
> Tasi-Wu
> Azzi-Tsai-Hill
> Hashin
> Puck

» S22t B2l (Delamination)
> Virtual Crack Closure Technique
> Cohesive Element
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Fiber failure

i

Matrix failure

Delamination

PAY
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Composites Fracture / Failure
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Composites Fracture / Failure

Virtual Crack Closure Technique (VCCT)
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Composites Fracture / Failure
7 9] I} Z& 0 - Buckling

» HE 4 HEHO A9 25 SEOIA D2d At
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Buckling mode 4
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4-" Plate Buckling Loads (psi)~
[(45. —45. 90, 0)s]se [90¢)]s+
Mode 1~ 25121+ 18249.
Mode 2~ 25910+ 18859~
Mode 3~ 27368~ 21146+
Mode 4~ 340530 245360
Layup: “shell_layup”
Total thickness: 0.089600. Mode 53¢ 40365+ 25522»
Plot of plies 1 to 16, of 16.
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Composites Fracture / Failure

7 9 Itz Z& 0) - eXtended Finite Element Method (XFEM)
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Key Simulation Domains for Composites
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Composites Crush

LY Z 24 o 4/(Crashworthiness)
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Key Simulation Domains for Composites

Easy to use

/ Pre/Post
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Easy to use Pre/Post

» Abaqus/CAE

> Composite Layup

> Composite Modeler for Abaqus/CAE
> Wound Composite Modeler

> CZone for Abaqus

» SDEXPERIENCE Platform

> Composite Design
> Composite Manufacturing Preparation

> Composites Braiding

2
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Abaqus/CAE
6.14

@) 3DEXPERIENCE Platform

Login to 3DEXPERIENCE Platform

H

3D i
/l N
¢ VR

3DEXPERIENCE
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Easy to use Pre/Post
Abaqus/CAE : Composite Layup

Layup
orientation

# Ply orientation

2
2S simuLIA

Orient=

Layup: “ribs_and_spars_layup"”
Plot of plies 1 to 8, of 8.
* denotes the ply uses distribution or orientation.

Il Edit Composite Layup

Mame: Compositelayup-2

Elerent type: Conventional Shell Description: I

Layup Orientation

Defintion: |Coordinate system

j Create...l
Mokt selected yet Select...l Create...l

Mormal direction: O Axis 1 Axis 2 % Ais 3

j Creake. .. |

Additional rokation: % Mone ¢ Angle: |0 " Distribution: I

Section inkegration: {* During analysis & Eefore analysis

Thickness integration rule:  Simpson ¢ Gauss
Flies I Offset I shell Parameters I Display I

[~ Make calculated seckions symmetric

By | B B ey

—I Ply Name Region Material | Thickness C5YS | RDAE_'athEn Int;;:'attsiun
1 g_ _— Ply-1 - (Picked) Material-1 0.5 <Lavup= 0 3

[ Ply-2 (Picked) Material-1 0.3 <Lavup> 0 3
3| v Ply-3 (Picked) Material-1 0.3 Dratunn csys-1.3 0 3
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Easy to use Pre/Post
Abaqus/CAE : Visualization

2 Abagus/CAE 6.14-3 [Viewport: 1]

= File Model viewport WView |Result Plot Animate Report  Cotions  Too

D 5 [=] B g @ ifom[p  Step/Frame.. = Section Paints

| : t& Al Active Steps/Frames Selection method: © Categorie!
5 Section Points...
- = Plies N
Field Output...
MName Filter

| History Output...
Model | Results Options...

session Data [-] & G % Q9 g Al
el A20
£ Output Databases (1) s
Model Database (1) T-l
Spectrums .
B spe @ v

BB XYPlots 7]
EB XYData Q

| 4= Section Paints n ’

Selection method: @ Categories () Plies

Categories —
- ~
Active locations: @) Bottom @ Top @ Top and bottom(-i@} Envelope A\
NS

Criteria: | Max abselute value E|
Position: | Integration point E|

Note: When the active location is set to envelope, you can control how elen
are colored using the Other tab of the Contour Options dialog.

Y, paths

= = == .

=1 Display Groups (1) TR sult lecation: = pattommost

B Free Body Cuts @ Middle/Single secticn point
-E Streams
B Movies T
‘B Images (©) Topmost and bottommost

S, 811
Envelope (max)
(Avg: 75%)
+2,853e+02
+2.500e+02
- +2,148e+02
+1.795e+02
+1.442e+02
+1.089e+02
+7.362e+01
+3.833e+01
+3.048e+00

=

975 SiSiemes | The 3DEXPERIENCE" Company




S_Document_2015

3DS.COM/SIMULIA © Dassault Systémes | Confidential Information | 11/5/2015 | ref.: 3D

25

Easy to use Pre/Post

Add-on : Composite Modeler for Abaqus/CAE

[Z] Ele Model Viewport View Part Shape Featwre Tools Plgins Hep K?

Basic | Geometry | Material | Boundaries | Drape Order
Name: | p2
Type: |Biaxial ~

Laminate material:

NewMaterial 1

Ply regon: 200 elements
Start point: selected

Coordnate System: selected
Reference angle: 0.0

[Cox ] [Caone ) [Preview ] ((oesr ] [cancel )

2
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CATIA Compaosite Design

Patran Laminate Modeler

DeeE®midb e CHENLE B[R] ¥  BO@S:
Model | Resuts | CM Modude: [Part vi| Model: (Mode-1 v Part: [bb2 v
DOW i 03
= Bo Model- | 22, .
=L bbzl 1“2 /L— 2
+ a Materials 4]‘ m
b o
& =
Export Flat Pattemn...

[E Fle Model Viewport \View Eal ,] |
LesE® 4 ¢ «H

[ Model | Resuits | €M

(o3 _‘_ l_:l I
- /“m\

B € & & < \

[Z] Fle Model Viewport View Pa
Dy ES ¢«
Model | Results | CM

Bde
= e Model-1

=L [

Save Layup
Save Layup As...

= v Close Layup
% e
GITIE XY

into Abaqus

Importing the . Layup file

Exporting the . Layup file
from Abaqus
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Easy to use Pre/Post

Filament Wound Pressure Vessels

Composite Braiding
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Key Simulation Domains for Composites

Optimization
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Optimization
» O S ol EH Al 2 &3t ERSE A0CI101
S A0 AZIA A

>HlE Hdl 45 &y

» HEJ St +X== FEAE Sol¢ I &ste = UA=Ih

> Non-parametric Optimization (Tosca)

> Process Automation & Design Optimization (Isight)
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Optimization
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Optimization

Tosca

2,
2S simuLIA

Task  Design Response  Objective Function  Constraint  Geometric Restriction  Stop Condition

:@ Ep g F=3 o %% | Assembly defaults B@v All E“

Module: |: Optimization EI Model: |: Model-1 El Task: |: EI

EEEl =

b Abaqus Topology Optimization

& B
e 2
g2
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Optimization
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-20% of total mass
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Key Simulation Domains for Composites

Fracture &
Failure

Easy to use
Pre/Post

Optimization Design Analysis

Manufacturability
and Draping
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