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BETA Solutions

Structural Analysis

Macro-scale Micro-scale

Manufacturing
Simulation

PRE PROCESSOR

Export mesh for
Moldex3D & Moldflow

Homogenization
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Homogenization Tool: Mean Field Homogenization « Homogenization

Methods
. |

Homogenization Material Model
Export for Solvers -
)
/, Methods Material Models Solvers M aterla]' M Odels
P + Multistep + Elastic + Epilysis
+” Mori-Tanaka ~ Thermo-elastic v Nastran
_V' \/Voigt ~ Visco-elastic VAbaqus

MatriX & |nC|USi0n +” Reuss + Elasto-plastic & failure R NENE

pro perties + Method of Cells RTINS SW Pl + L S-DYNA

& failure +”Radioss ® Materlal OUtPUt

«” Elasto-plastic-damage

& failure «”Pam-Crash for mu ].tip].e
«” Elasto-visco-plastic «”PERMAS
& failure solvers

V7 OptiStruct
«” Thermal conductivity




Homogenization Tool: Representative Volume Element (RVE) Mesh Generation

I+ Microstructure:
B Short fiber
‘ EP”-YSI§ Long fiber

RVE Mesh Generation FE Homogenization Sphe.re Partlcle_s
(Random Sequential Multiple Inclusions

Adsorptlo Cohesive Interface

Matrix & Inclusion
properties

« FE Homogenization
with Epilysis




Molding Analysis Supported Decks: « 1/0 Moldex3d and

Moldflow files

*msh *.mfe

» Special molding

ATTRIBUTE environment
| PART_FACE i

*udm

NAS NASTRAN

5% Ls-DYNA :ASLT[;BT;:E — « Solver Entities:

i’;z;:;: > PART INSERT FACE Point att_ributes.

4. RADIOSS MOLD_INSERT_FACE Face & Pipe attributes
| EE GAS_TLOW.FACE Wizard for pipes

E ;ﬁ“;ﬁm creation

» Interoperability
between decks
Map Orientations &
Homogenization
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Setup & Export model
MOLDEX3D
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Linear
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Material Model
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Homogenization Tool

Deck Tools
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Post-processing
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Workflow for multi-scale analysis of Composite components
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Case Study: Geometry — FE Model

Beam model:
Solid mesh

) 40392 HEXAs
Thickness = Imm
Subjected into:
3 Point Bending Test

« Aluminium Material;
E = 68.9 GPa
Rho = 2.7 kg/m3

N

7

d,=217.5mm Bending Jigs:

3D Rigid Body

N
\

d,=465mm

N
N

d;=717.5mm




Case Study: Calculate Linear Elastic Composite Material

[ Homogenization

File  Calculate

Analysis [ Linear Elasticity > ]

Method [Multi step Homogenization = ]

Matrix Properties

————
ElasticThermal | Plastic | Conductivity

B Edit Inclusion (%]

Name ICarbon_Shor‘t_Fiber ]

e | 10500. |NL | 0395] [ | Rainforcement Froperties
[ B l = ElasticThermal | Plastic | Conductivity |
Ao 125 7| m [ El | 250000. |NL | 025 6 | 0.
[ ] [ ] Set Isotropic
Wechanical | Thermal | RHO | 1.75 | CTE| S| |

( | [ ] C Inclusions Shape

[ |2e13( ]1/! [Short Fiber =
Inclusions list / il [ la?[ la3[ ]
:Name | Enabled Vf Inclusions Orientation
:Carbon_Short_Fiber 4 0.3
® fixed phi | 0. |theta | g0, |
E] g ][ Sdt ][ _ tensor all [ ]312 [ ]al3[ ]
\ a2 | |az3 | ]

Plane stress

Inclusions info

E1l = 250000, N1 = 0.25, RHO = 1.75e+00, CTE = 0.00e+00 C
SY = 250, K= 2000, n=0.4 2l
201

2

kit =
G D) \‘

[ oK l I[ Results i I[MakaMateriali [R\.’EOptiunsl [Cancal]‘

« Target Modulus
E.jumin = 68.9 GPa
Rho_1ymin = 2.7 kg/m3
« Constituents

Resin Epoxy:

E hatix = 10.5 GPa
Rho, .iix = 1.25 kg/m?3
Short Carbon Fibers:

Efper = 250 GPa

Rhog, = 1.75 kg/m3

aspect ratio = 12

ve=30%

« Composite’'s Properties
Ejcomp = 56.6 GPa
Rho.yp,, = 1.4 kg/m?3



Case Study: Calculate Linear Elastic Composite Material Target Modulus

[ Effective Property E3)
Mechanical | Thermal | Plastic | E 1 1 = 68 9 GPa
250.000 (@ Carbon_Short_Fibe] 120,000 — @ Carbon_Short_Fiber] 40,000 —|@ Carbon_Short_Fiber| alumin

/ SR f Rho

ERED 100,000 | ]
] b / 30,000

/ 80,000 4

J : o / - Constituents
] / . . / Resin Epoxy:
/ o E 10,000 —E // Ematrix = 10 - 5 GPa
50,000—5 // zn,nnn—: /_,,«/ iuuu—i B ,/ Rhomatrix = 1.25 kg/m3

Fiber Volume Fraction % Fiber Volume Fraction % Fiber Volume Fraction % Short Carbon Fibers.

Homogenization results

Transversly isotropic homngenized properties for W=0.3: E1 = 56636,2 E2 = 19322.2 N1 = 0.363468 N2 = 0.536172 Gxy = 6285.08 Gyz = 6729.76 Ef]_ber = 25 0 G Pa

Homogenized stiffness tensor

70298.1243934926 18793.6915906201 18793 ,6915906201 0. 2.3295670299E-12 0. R I I O . = 1 75 k / I I I3
18793 8915908201 32142 6335119425 19564 .4582496189 0. -4.718359961E-14 0. flber "
18793 .8915908201 19564, 4582496189 32142 6335119425 0. 6.7829590343E-15

a.
a. a. 0. 6289.08763116178 0. 2.6983279323E-14 3 —
2.3295670299E-12 -4.71835090961E-14 6,7529590343E-15 0. B729.75802431755 a. aSpeC ra 10 -
a. a. 0. 2.69B3279323E-14 0. 6729.75802431755
vy = 30%
f —_— (o)

= 2.7 kg/m?3

alumin

-

« Composite’'s Properties
Ejcomp = 56.6 GPa
Rho.yp,, = 1.4 kg/m?3




Case Study: Calculate Linear Elastic Composite Material

B MATERIAL [MATERIAL] (]
MName | Carbon_Epoxy_Homogenized_Composit »3|
FROZEN_ID FROZEN_DELETE DEFINED
[ no -] NO - ¥es -]
MID Elasticity Plasticity (Rate Indep.) Plasticity (Rate Dep.) RTOL |=
B ELASTIC - PLASTIC -l CREEP -]
*DENSITY DEP_DENS DENS N
[ves <) [ wo - pEEN.
FEXPANSION
*ELASTIC MODULI DEP_ELAST  ELASTIC_TYPE
YES -] - N0 - ENG CONST -
El E2 EH vlz2 vli3 v23 Gl2

Cancel

ColorEdit

« Target Modulus
Ealumin = 689 GPa
Rho,j min = 2.7 kg/m3

« Constituents
Resin Epoxy:
E =10.5 GPa

matrix ~

Rho, .iix = 1.25 kg/m?3

Short Carbon Fibers:
Efper = 250 GPa
Rhogp, = 1.75 kg/m3
aspect ratio = 12
vi=30%

« Composite’'s Properties
Ejcomp = 56.6 GPa
Rho,opp = 1.4 kg/m?3



Setup & Export model
MOLDEX3D

Deck Tools

Map Material
Orieriations

Setup & Run
Structural Elastic Analysis
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Case Study: Setup Moldex3D Analysis and Mapping
) MOLDEX3D Output Parameters %] O Setup POlIlt Attl'lbuteS

File format Options

Assign Point Attribute: Melt Entrance Melt Entrance

/

Fast Cool
Output Options
Output « Export Mesh for
Pre Output Script — Moldex3D

Pre func name :]
Pre func args :]
rostoupursert | Run molding Analysis

Post func name :] G.et the- mate-ria]-
rostfuncargs | ||| orientations file (*.02d)

Pre-Output Model Check

* || « Map Orientations

Do not output if error ocecurs




Case Study: Setup Moldex3D Analysis and Mapping

B Map Results |

Name:lMap70r\entat\onsjromiMoldexI ]status: s O Setup POint Attributes

Options | validation | Align Mesh | User Script | Units | Stamping |

Melt Entrance

Format File Name

MOLDEX3D + | IMDXProject20180327/Report/RUN01/ABAQUS_Part_Ori_MDXProject2019032701.inp
Isotropy threshold Isotropic PSHELL Isotropic PSOLID

50.

Map corientation probabilities

« Export Mesh for
Moldex3D
Enable Type Interpolation Method Use Closest Extrapolate Moldex3d o2d file name O ex

v Material Orientation RBF 4

Z:fuser_dirs/e.palaickastritis/PROJECTS

[l

Mapping Options

* Run molding Analysis
C—C : Get the material

connectivity search

B et 2 orientations file (*.02d)

| Re-orient target mesh to match source mesh crientation [

Laminate Mapping Options ]
Ignore areas with mismatched orientation

+ Homogenization with orientation tensor I Homogenization options ]

« Map Orientations




Case Study: Setup Moldex3D Analysis and Mapping

« Setup Point Attributes
Melt Entrance

« Export Mesh for
Moldex3D

* Run molding Analysis
Get the material
orientations file (*.02d)

« Map Orientations




Case Study: Solve Linear Elastic Model

Disp=15mm

Solve with Abaqus:
Linear Elastic Material,
Non Linear Geometry

Isolate element with
Max Strain:

Use this Strain Tensor
for calculation of the
Elasto-plastic material
model



Case Study: Solve Linear Elastic Model

Solve with Abaqus:
Linear Elastic Material,
Non Linear Geometry

Isolate element with
Max Strain:

Use this Strain Tensor
for calculation of the
Elasto-plastic material
model



Maximum
Elastic Strain

Non-Linear
Homogenized
Material Model

Setup & Run
Structural Plastic Analysis

B

lomogenization Tool
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File  Calculate

Analysis [ Elasto-plasticity

Method lMu\ti step Homogenization

Matrix Properties

ElasticThermal | Plastic | Damage | Failure | Viscous | Conductivity |
Bl | 10500. N1 | 0.395]c | |
[ Jnz | | Set Isotropic
RHO | 1.25 | oTE | |vm | ]
Loading

Mechanica || Thermal |

Loading type [ Genera 13D zll
Ell | 0.0167874929 |E22 | 0.0046173073 |E33 | 0.0146624545 |
2E12 | 8.10032806344285E-5 | 2E13 | 0.0065503604 | 2623 | 0.0038473822 |

Inclusiens list

Name | Enabled Vf

Carbon_iso L4 0.3

E] Add

Edit [

Delete ]

| total 1 |

Plane stress

Inclusions info

0K I| Results \I

lMake Materlall

| RVE Options

Cancel

Case Study: Calculate the Elasto-Plastic Composite Material

Homogenization Tool
Elasto-plasticity
Strain Tensor for
Loading

Homogenized Material's
behaviour:
Elasto-plastic stress-
strain curve

Create the material
entity:

Abaqus material with
*PLASTIC



Case Study: Calculate the Elasto-Plastic Composite Material

. « Homogenization Tool
Elasto-plasticity

Analysis | Elasto-plasticity

Method @ Mechanical | Thermal | Plastic | Strain Tensor for
Choose curve type

Elastic-Thermal \ﬂ lVonMises = ][Stramll 5 H Add curve HExport curve Loading

Matrix Properties

E1l s
- —
X v (=]
RHO El 0. 0. = ] L L )
— | o I — « Homogenized Material’s
30000134 4,257318 ] =
e b behaviour:
Mechanical Therma 5 |0.000336 10.643295 g E .
0.000403 12.771654 200
Loading type | General ; 0.00047 14900613 e ElaStO'plaStlc StIESS‘
9 0000537 17,029272 100 .
e 11 [oon0er1|  zngtess ] strain curve

13 0.000806 25.543907 ! T
14 0.000873 27.672566 0 0.005 0.01 0.015 0.02
Strain

Loading Time

2E12 8.1 12 0.000739 23415248 0

Gl

e S | — e Create the materi al

‘Name nabled Homogenized stiffness tensor .
- commmeee e — .
Carbon_ise L4 54105,8948564917 23337,1329013565 21464, 5164159488 -150, 91508852875 1478,39522464204 1345,29970761151 el Itlt y .

23337.1329013565 33412,7518060577 19797, 7361887552 -56.141059621555 296.035303089402 448,063220754083

21464,5164159488 18797,7361887552 32170, 4565052256 -41,97614102063 356.28584341005 144,531387598966 . .

Add -150.91508852875 -58.141059621555 -41.97614102063 6448, 09150768736 78.7821418267711 88, 6657693294138 Aba uS materlal Wlth
= | 1475.39522464204 296.035303099402 356.28584341005 78 7821418267711 7576.69927139779 73,7722534384993

1345,29870761151 449.063229754083 144,531387598966 B8.6657693294138 73.77225343684993 7704.89213768326

Plane stress PLAS I IC

Inclusions info

oK I . Results \I lMake Materlall [RVE Options Cancel |




File  Calculate

Analysis [ Elasto-plasticity

Method lMu\ti step Homogenization

Matrix Propert’
) MATERIAL [MATERIAL]
Elastic-Ther

FROZEN_ID  FROZEN_DELETE DEFINED

£l WEEN Carbon_Epoxy_Homogenized_Composite_PLASTIC

Case Study: Calculate the Elasto-Plastic Composite Material

Loading Tim *SHEAR FAILURE

—
[

Inclusions list - [«

RHO no - AC W s -

Loading WPLASTIC . HARDENING RATE

P - - =]

Tiechamear| | [ YES -] IsoTRoPIC J_ o =
DATA TABLE PLAST

Loading typ

ELl *POTENTIAL

Carbon_iso

—

ColorEdit

Plane stress

Inclusions info

total 1

oK I  Results I IMake Materlall

| RVE Options

Cancel

Homogenization Tool
Elasto-plasticity
Strain Tensor for
Loading

Homogenized Material's
behaviour:
Elasto-plastic stress-
strain curve

Create the material
entity:

Abaqus material with
*PLASTIC



Case Study: Solve Plastic Model

1111111

175.728

131.872

88.0159

44.16

<0.304141

351.151

307.295

2222222

175.728

131.872

88.0159

44.16

<0.304141

No Value

Solve with Abaqus:
Elasto-plastic Material,
Non Linear Geometry

Aluminium vs CFRP:

MaxStress,;,, = 327 MPa
MaxStress,,,,= 438 MPa
Weight Reduction = 48%

Isolate element with
Max Strain :

Use this strain in the
RVE Model



Case Study: Solve Plastic Model

>0.0379475
0.0341535
0.0303596
0.0265657
0.0227718
0.0189779

0.015184

0.0113901

0.00759614

0.003802

Solve with Abaqus:
Elasto-plastic Material,
Non Linear Geometry

Aluminium vs CFRP:

MaxStress,;,, = 327 MPa
MaxStress,,,,= 438 MPa
Weight Reduction = 48%

Isolate element with
Max Strain :

Use this strain in the
RVE Model



ANSA, Deck Tools

Setup & Export model
MOLDEX3D

Map Material

Orien;tations

Linear
Homogenized
Material Model

Non-Linear
Homogenized
Material Model

Setup & Run
Structural Elastic Analysis

!

Setup & Run

! Structural Plastic Analysis

RVE Model Setup & Run
Generation RVE Model
Homogenization Tool

Post-processing

Maximum
Elastic Strain

Maximum
Total Strain

Fiber-Matrix
Interaction
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Case Study: RVE Model - Analysis

RVE Mesh Generation:
Contacts at the interface
of fiber-matrix

Subject it to the strain
loading

Examine the behavior
of the interface
Debonding

Fiber-pull out



Case Study: RVE Model - Analysis

RVE Mesh Generation:
Contacts at the interface
of fiber-matrix

Subject it to the strain
loading

Examine the behavior
of the interface
Debonding

Fiber-pull out



Bridge Multi-scale Modeling, Manufacturing
Simulation, Structural Analysis

Solutions provided in the
multi-disciplinary
environment of ANSA

Facilitate material
design process

Automation capabilities
with ANSA API.

BETA

SIMULATION SOLUTIONS
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