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Product Line-Up

3D Printing)
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Software Line-Up
- Product Design & Manufacturing Collection (PDMC)
- Autodesk Moldflow
- Autodesk CFD
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Matrix Composite

Fiber/Filament
Reinforcement

= U3 (Reinforced)2t 2 A (Matrix) 2 M

* High strength
+ High stiffness

+ Good shear properties

* High strength
* High stiffness
* Low density
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* Good shear properties

* Low density

* Low density



ST (Composites)

A2 HEY
= A= M2 (Continuous fiber)

= UD / Woven / Roving

= Prepreg

= =35 &7 (Discontinuous fiber)
= Short / Long fiber

Unidirectional (UD) Clath Roving
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0°/90° (Woven) £30° Helical
Filament Wound
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25t A X (Composites)

Concrete
(cement/stone/steel)

Short / Long fiber
Reinforced plastics (Polymers)
[Glass / PP / Carbon]

Continuous fiber reinforced
Plastics (Polymers)
[Glass / Carbon / PA /PP / EP]

Sandwich / Laminates
(polymer / glass / carbon)
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A 2F3} (Lightweight)

Lightweighting Material Material Replaced | Mass Reduction (%)

Magnesium Steel, Cast Iron 60 -75
. v Steel , Aluminum, )
@n Fiber Composites i 50 — 60
Aluminum Matrix Composites Steel, Cast Iron 40 - 60
Camparison of carbon fiber vs. steel manufacturing costs
Aluminum Steel, Cast Iron 40 - 60
1000
Titanium Alloy Steel 40 - 55
Glass Fiber Composites Steel 25-35 @
g
Advanced High Strength Steel LA T 15-25 %
Steel 3
i
High Strength Steel Mild Steel 10-15 E

) carbon fiber
Ipresent® §163k)

autobody type




Autodesk Simulation Portfolio

Structural Structural Flow & Thermal Molding Composite
Mechanics Architecture Analysis Processes Materials
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PROFESSIONAL
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Additive MFG
Optimization
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Analysis

Laminate
Analysis

. Equivalent Laminate Props -

Simple Structural

Analysis

Material Library Plate Analysis

= W Oua = o " Autodesk Nastran
Thckness/Ange Tempistes. LT3 1 FTEDT. £ In-CAD
- Fiees B (s
= Mances o
3501 Epary o e Abaqus MsC
5250-4 RTM o |sznoe . .
s croy I T Sandwich Analysis Simulia ANSYS
Suoey o
Lemiprive s sanaco P
e 2emean r. | . )
o pemrean Fabric Builder

Laminate Response
Factor of Safety

Lamina from
Micromechanics
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Beam/Tube Analysis

Input Fiber/Matrix, Lamina
and/or Laminate data

Composite Factor Criteria

WovenFabric
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Utilities

- Export Lamina / Laminate
to FEA

(Helius

AUTODESK
HELIUS PFA

Reduce material e T

characterization
tests

Shorten the learning
curve for composite
design and analysis

damage
simulations

Random Chopped
Fiber Fabric

with physics-based T Iieis ¢ 22 i

development cycle

Stitched Fabric
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(Nastran) INVENTOR NASTRAN
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% '6='IF A xH |;|H '63: (a) Long fiber (b) Short Fiber

= FRP MZ2| 7|AX &4
- d7 73 (GF/ CF)
= M3 40| (Long / Short)
« d3 & (20 - 50 wt%)
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Carbon fiber Carbon fiber

= = Previous prediction

—— Experimental obvervation

Flow fiber orientation component, A,,
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Orientation Tensor Component A,
Orientation Tensor Component A,
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(Midplane and Dual Domain) (3D Model)

Fiber orientation calculation (Midplane and Dual Domain) by Fiber orientation calculation (3D) by

Moldflow Rotational Diffusion model

Folgar-Tucker model with auto-calculated Ci
HFolgar-Tucker model with specified Ci

RSC or ARD-RSC model (determined by length)
RSC model with specified Ci

ARD-RSC model for long fibers

Moldflow model with auto-calculated Ci and Dz values

Moldflow model with auto-calculated Ci and Dz values
IMoldflow model with auto-calculated Dz and specified Ci

Moldflow model with specified Ci and Dz values i
RSC or ARD-RSC model (determined by length)
{RSC model with specified Ci

ARD-RSC model for long fibers

Moldflow Rotational Diffusion model
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Fiber Breakage
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Fiber — Fiber Interaction

Fiber — Wall Interaction
Fiber — Matrix Interaction
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Fiber Breakage Model

= Autodesk Moldflow= 72| FX Gt
o}& (Fiber — Matrix Interaction)= 7|22
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F:

; = Hydrodynamic Compression Force

F_,it = Critical Buckling Force

{ = Drag Factor

nm = Viscosity

l; = FiberLength

E, = Fiber Elastic Modulus

d, = Fiber Diameter

D = Deformation Rate Tensor

A = Fiber Orientation Tensor
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Fiber Breakage Model : Results I’

= Number Average &
Weight Average Fiber Length

= Fiber Length Probability Distribution

= Linear Elastic Composite Properties
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ULTRASIM Engine Mount : BASF

= Calculated glass fiber orientation based
optimum processing conditions
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The stress concentration
point and the product

intensify weak point which

causes the crack
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Traditional Simulation Workflow

CAD Structural Simulation ManUfacturing Siml“ation

Isotropic
Elastic
Linear

I

Safety Factor

Fill Pattern Weld Lines

Fiber Orientation Warpage
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As-Manufactured Simulation Workflow

Weld Line Strength Fiber Orientation Warpage

Process Simulation r = '-vl!-")
Y o Material ‘IQ'(, i
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V1 MoLDFLOW (T BT TIPS S

L)' AUTODESK'
.V HELIUS PFA

CAD

Structural Simulation

)| AUTODESK i
1. NASTRAN IN-CAD f- -

IWSH ABAQUS | :

Anisotropic
Plasticity

As-Molded Strength
PFA



ArE - = AA S A
Helius PFA Preview

= Dissimilar model support
= Geometry

= Mesh
= Position

pedal_assembly.inp

= Mapping

Solid to Solid

Shell to Shell
Mapping suitability
Assemblies

Scale {100 mm) 38 Scale (100 mem) 35




Fiber Orientation Effect

= Non-linear Data
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ArE — = EA of A
Process Effect

= Weld Line Strength

Run 1
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dB = By(cr(Tey — Tg) + cpPrp)dt




AtE -2 A S
Engine Mount - Testing at 125°C

Breakdown value
> 1 means a break

Comparison:
Calculation vs. Test

Ultramid® . 7 :
A3WG10CR | W First ek

The failure location & loading can
be predicted very accurately
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Structural Flow & Thermal Molding iC ite Additive MFG
Mechanics Analysis Processes M S Optimization
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