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Experience in Simulation for over 50 years

2014

2015
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MSC Strategy
Simulating the Complete Product Engineering Process

Parts

Materials

Systems

Assembly

Fabrication
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DynamicsDurability

Contact Composites 

MSC
Nastran
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Marc

GUI

Multiphysics Performance

CFRP
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Apex Approach:
• Geometry edits done                       

in moments
� Surface Direct Modeling and 

Meshing, vertex/edge drag,                     
mid-surfacing, surface extend, 
surface split

� Solid Direct Modeling and 
Meshing, push/pull, geometry 
repair

• Meshing 
� 1D, 2D, and 3D,                                  

Feature Base Meshing

CAE Specific Direct Modeling and Meshing
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The Growing Importance of Materials

Input / Characterization UtilizationMaterials 
Management

Test DataTest Data

SimulationSimulation

Fit/ExcelFit/Excel

Material CenterMaterial Center ExportExport

SolversSolvers

3rd Party DB’s3rd Party DB’s

ReportsReports.dll
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Multiscale Composite Modeling Platform

> A unique solution to simulate multiple types of mat erials
Short Fiber Reinforced Plastics Long Fiber Thermoplastics

Woven & Braided Composites

Hybrid Composites

Carbon Nanotubes

Mucell

Unidirectional fiber

sandwich panel

DFC
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Motivation for Multi-Scale Modeling
Reinforced Plastics: Fiber Orientation

Fully aligned flow

Flow lines

Weld lines
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Motivation for Multi-Scale Modeling
Reinforced Plastics: Fiber Orientation
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> The mechanical performance of the part depends on 
• the orientation of the fibers relative to the loadi ng type and direction.

• the non-linear, strain rate dependent thermo-mechan ical behavior of the resin

> Fiber orientation in the part is governed by the manufacturing  process.

> Accurate prediction requires a solution allowing to  capture the effect of 
the fiber orientation on the performance of the res in. 

Motivation for Multi-Scale Modeling
Reinforced Plastics: DIGIMAT

Multiscale material modellingDIGIMAT



13
MSC Software Confidential MSC Software Confidential 13

Multi-Scale Modeling Technology
> Prediction of Non-Linear Anisotropic Macroscopic behavior from 

constituents properties and microstructure

� Semi-Analytical method
� Mean-Field homogenization
• Eshelby based
• Mori-Tanaka
• Double inclusion
• Fast model preparation/solution

� RVE Direct Analysis method
� Full-Field homogenization
• Build the accurate RVE geometry
• Compute it by FEM directly
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Digimat Material Model

Digimat to FEA
(local anisotropic)

Fiber orientation Structural FEM

Multi-Scale Modeling Technology
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Δ� ? 	Δ� ? FEA calls 
Digimat

Element Id
Integration Point ID

Δ�

Digimat computes
Material Stiffness matrix

+
Δ�

Fiber orientation
Element ID, Integration point ID

1 2 3

4

5 6

7

Micro/Macro theory
Mean-Field 

Homogenization

This loop is repeated for every element and 
increment of the analysis

Multi-Scale Modeling Technology
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e-Xstream Confidential 

> Best in market public database directly filled by the m ost important 
material suppliers in the plastic industry

Multi-Scale Modeling Technology
Material eXchange Platform
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From Material Microstructure to End Product  
Performance

Speed-up the development 
of new material systems

Virtual Characterization of 
material coupons

Engineering of Composite Parts & 
Systems



18

Customer Applications 
& Success Stories
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RENAULT - Front End Carrier

Impact of method for material models on mass of final design

Material

- PP LGF

Designing for

- NVH

ISOTROPIC DIGIMAT

2 methods

Homogeneous isotropic

E = 5450MPa

nu = 0.3

PP-Matrix : E= 1500 Mpa / nu = 0.3

Fibres : E = 72000 Mpa / nu = 0.22
Volume Fraction = 19.46 % (40 % 
Weight Fraction)
Aspect ratio : 100 (Long Fibers)
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RENAULT – Front End Carrier

Design results

for equivalent simulated performances

ISOTROPIC method DIGIMAT method

Mass : 2,798 kg Mass : 2,409 kg
- 0,398 kg

- 14 %

Eigenfrequencies
(Hz)

Mode id
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RENAULT – Front End Carrier
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FORD: Air duct - stiffness
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FORD: Air duct - stiffness
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Performance: Airbag Housing Strength in Deployment 
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> Fiber orientation estimator powered by Moldex3D

> Limited user input requiring no injection simulation  expertise

Digimat-RP/Moldex3D: Fiber Estimation
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> E-Xstream engineering develops & commercializes
DIGIMAT
• a complete material modeling solution for fast and accu rate FEA on 

composite and reinforced plastic made parts

� For most types of microstructures : short fibers, lo ng fibers, continuous
fiber (UD, Woven, braided…), discontinuous fiber compos ites, mucell…

� For all types of performances (stiffness, NVH, cras h, fatigue..)

� With all the major FE solvers of the market : Nastran,  Marc, Abaqus, 
Ansys, Pamcrash, Radioss…

� Taking into account the local stiffness behavior related to the local fiber
orientation tensor of the material by mapping fiber OT field from a donor
mesh (most of time, the injection simulation mesh) on to the structural 
mesh

Conclusions & Discussions
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