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Engineering Technology Provider
Enabling Companies 

to develop Superior, Innovative Products

Who is Altair?

Engineering Company
Deep Knowledge 

in Virtual Product Development
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“Our vision is to radically change 

the way organizations design 

products and make decisions.”

– James R. Scapa, Chairman & CEO, Altair
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Iterate

CAD CAE CAE

From “Real” 
to “Virtual”:

massive 
Improvements in

Resource Savings 
&
Time-to-Market

Who is Altair?
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HyperWorks Solver Technology

Multiphysics Analysis and Optimization

Structural 

Analysis

Crash, Safety, 

Impact & Blast

Thermal

Analysis

Fluid 

Dynamics

Systems 

Simulation

Manufacturing 

Simulation
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Basic Equation :
Simplified discrete form (with damping)

Time Integration :
Newmark scheme : General form

Only [M] has to be inverted  [M] is diagonal with 

lumped mass approach. Easy !
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HyperWorks Solver Technology: RADIOSS
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HyperWorks Solver Technology: RADIOSS

Open USER

Interface
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Steel: E = 210 Gpa

= 7.85 e-6 kg/mm³

CSt = ~ 5100 m/s (=mm/ms)

Small example: Stress-Wave propagation in Steel

HyperWorks Solver Technology: RADIOSS
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Small example: Stress-Wave propagation in Steel

HyperWorks Solver Technology: RADIOSS



Copyright © 2012 Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.Copyright © 2012 Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

RADIOSS
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HyperWorks Solver Technology: RADIOSS
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Composite modeling
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Ply Set-Up:

Change the display style:

“By Thickness”
“3D Element 

Representation”

“Composite 

Layers with 

Fiber Direction”

Modelling of Composites
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General stress tensor:

Stress Tensor for Materials with Isotropic behavior (only E and n needed): 

2 independent values needed

Modelling of Composites
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Modelling of Composites

General stress tensor:

Stress Tensor for Materials with 

Orthotropic behavior (9 independent values needed): 
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Modelling of Composites
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Modelling of Composites

 The orthotropy direction follows the co-rotational local reference (default)

 The orthotropy direction is attached to the local isoparametric frame

a F a F

Faa
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Modelling of Composites

Fiber orientation in

loading direction

Fiber orientation 45°

to loading direction.

Fiber orientation 

does not change !

(red curve)

Fiber orientation 45°

to loading direction.

Fiber orientation 

changes wrt. 

loading direction !

(green curve)
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Modelling of Composites
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Linear behavior

Nonlinear behavior

0 = Tsai-Wu

1 = Crasurv

(simple) Delamination

RADIOSS : Composite material for crash

Individual strain rate behavior

Modelling of Composites
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Modelling of Composites
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Modelling of Composites
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Non- linear properties for orthotropic material are determined

through 6 sets of data

- Traction on 0 degrees

- Compression in 0 degrees

- Traction in 90 degrees

- Compression in 90 degrees

- Traction/Compression in

45 degrees

Modelling of Composites

= 5 Tests
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Modelling of Composites

http://www.composites.northwestern.edu/research/characterization/mechchar.htm
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Modelling of Composites

Source: Alfred Puck: Festigkeitsanalyse von Faser-Matrix-Laminaten: Modelle für die Praxis. 

Hanser Verlag 1996. ISBN: 3-446-18194-6
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Modelling of Composites
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(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

Imodel Ishell Isolid

st1 st2 st3 sc1 sc2

pmax F s12 M s12 M s23 M s13

f Sdelam Tmax

Material/Failure validation workshop

• Multidirectional failure criterion (two one fiber direction + matrix)

• 7 failure modes (crush mode for matrix is added)

• Tension/compression is interconnected with shear

• Deals with stresses not with strains

• 8 unknown constants

• We have 6 test: 0 deg (fiber) tension/compression

90 deg (matrix) tension/compression

45 deg (fiber+matrix)  tension/compression

 combined test are necessary

Modelling of Composites
HASHIN
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Source:

Modelling of Composites
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Puck

Modelling of Composites
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• Any material law with any solid elements

• AMS if pressure wave propagation in transverse direction is 

neglected

• Cohesive elements (LAW59) :

• User defined plastic deformation in normal and shear directions

• Rupture criteria

• Definition and time step independent from the element height (which 

can be zero)

Delamination:

Modelling of Composites
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 Possibility to apply several failure criteria for one material law :

 Example :
• Hashin for fiber

• Puck for Matrix

• Ladeveze for delamination

Modelling of Composites
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Modelling of Composites

• Model: Composite fairing

• Objective: Fibre orientation change & 

potential damage during forming

• Loading: Quasi-static forming  

• Material flow & fibre orientation 

changes
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Modelling of Composites (Draping Simulation)

Resultant, local fiber orientation  Mapping to final structural simulation
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Forming Simulations were done for:

UD-Layers (0, 90, 45, minus 45)

Woven Fabric (0 and 45 orientation)

=> Leading to 6 different Drape

tables as addional Inpiut for the

freesize optimisation

Modelling of Composites (Draping Simulation)
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Modelling of Composites
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Equivalent Stress:

Quelle: Wikipedia

Shear Stress Hypothesis 

(Tresca)

Gestalltänderungshypothese (von 

Mises)
Normal Stress Hypothesis 

(Rankine)

Modelling of Composites
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Modelling of Composites
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Modelling of Composites



Copyright © 2012 Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.Copyright © 2012 Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

Modelling of Composites
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Modelling of Composites
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Modelling of Composites

Ply-Xfem Approach

New shell formulation
• Based on standard Batoz shell element fully integrated 

• Stack / ply input

• Additional variables on node/ply.

• Cohesive element between ply to control the sliding between ply

• Meshed with standard Batoz shell element

Standard Kinematic shell Modified Kinematic shell

Additional variable are added on each node/ply

321,  and



Copyright © 2012 Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.Copyright © 2012 Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

Modelling of Composites

Shell Generalized strain 

j

xxjx

j

yyjy

j

xy

j

yyjy

j

yy

j

xxjx

j

xx

zv

zu

zv

zu

,2,2,

,1,1,

,2,2,

,1,1,

















j

zzz

y

j

zz

j

yz

x

j

zz

j

xz

w

w

,3

,,2,2

,,1,1













321,  and

So the Generalized Strain are modified for each ply j as

• Additionnal variable are added on each node/ply 

Taken into account in the interply
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Modelling of Composites
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/ANIM/SHELL/DAMA : Understanding Failure Process

Max damage over layers Damage, layer 1

« Vertical compression » 

is critical

Composite:

Modelling of Composites
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 Solution: Computational modeling, Simulation, 

and Analysis

 Computational Complexity

 Size Effect & Uncertainty

c
Fc

P

Macro

Unit Cell

Problem

Anything missing ? MDS
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Anything missing ? MDS
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MDSAnything missing ?
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MDSAnything missing ?
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Additional Information

MDSAnything missing ?
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Anything missing ?         Limited by your fantasy

Workflow with dynamic libraries

User law Development

Production

libraduser_win64.dll

libraduser_linux64.so

linux64
linux64_impi
linux64_plmpi

win64
win64_impi
win64_msmpi
win64_plmpi

userlib_sdk
INTEL Compiler

linux64

win64

 There are two most used Operating Systems for calculating:

 Windows64

 Linux64

 There are two available Fortran compiler provider:

Intel

GNU (Freeware gcc - gfortran)
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Anything missing ?   

1
ln( : M )

2

i

elong ii
I C

𝑤1(𝐼𝑒𝑙𝑜𝑛𝑔
1 ) + 𝑤2(𝐼𝑒𝑙𝑜𝑛𝑔

2 ) + 𝑤𝑐𝑝(𝐼𝑐𝑝)

12
41 42

1
( : M )cpI C

I I


« Physics invariants »

We can associate a strain energy function for each deformation mode :

Biaxial tension In plane shear

• Continuum approach:

• Hyper elastic model (woven reinforcement)

2
w

S
C






S : 2nd Piola–Kirchhoff stress tensor

𝑤 : Strain energy

[AIM10]

Constitutive model for pre-impregnated thermoplastics composites 

In collaboration with LAMCOS (INSA Lyon)

𝑤 =

[AIM10] Aimène Y., Vidal–Sallé E., Hagège B., Sidoroff F., Boisse P. A hyperelastic approach for
composite reinforcement large deformation analysis. Journal of Composite Materials, 2010, vol. 44,

n°1, 5–26.

T22

T22

T11

T11

C12
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Model: Helicopter floor structure

Objective: Improve survivability of cabin 

crew under crash landing

Loading: Crash landing  Vi= 3-10 m/s

Example 1 - Helicopter Survivability
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Example 1 - Helicopter Survivability
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• Model: Wing Leading Edge

• Objective: Aircraft vulnerability 

• Loading: 4lbs bird strike Vi = 150 m/s

• Rupture of several panels, multiple 

penetration

Example 2: Aero Simulation



Copyright © 2012 Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

Example 2: Aero Simulation



Copyright © 2012 Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

RADIOSS : Customer Composite Application

• Bird strike

Example 2: Aero Simulation
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• Model: Composite Engine cabin

• Objective: Accident reproduction, validation of the accident 

scenario and rupture sequence

• Loading: impact with truck, the truck rolls over and hits the cabin 

composite fairing 

• General collapse of the fairing

Between a  TGV power train   and a truck

130 T40 T

125 km/h

Example 3: Transportation Simulation
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Example 3: Transportation Industries Railway Simulation

• Accident Analysis

Between a  TGV power train   and a truck

130 T40 T

125 km/h
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Example 4: Automotive Simulation

• Model: Composite seat back

• Objective: Weight saving 

• Loading: Luggage blocks               

from frontal crash at 35mph 

• Local ruptures
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Example 4: Automotive Simulation
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Example 5: Automotive Simulation
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• All Airframe Components 
screened for Optimisation – 1,500

• Around 150 Components Light 
Weighted using OptiStruct

• At the Projects Peak over 35 Altair 
Engineers

• Strong Local Focus, 

• Global Centres of Competency

Technology Delivery Model Example:

Boeing 787 Optimization Centre

Wing to 

Body 

Fairing

Cockpit 

Floor 

Cargo 

Loading 

System

Carg

o 

Doors

Current 

Return 

Cradles

Nose 

Wheel Well

Pivot 

Bracket

Vertical Fin 

Base Fibs

Aux 

Slat 

Tracks

Power/Systems 

Equipment Racks

Galley 

Mounts

Passenger 

Seats

Crown Wire 

PanelsPAX Door 

Stops

Stow Bin 

Rails & 

Fittings

Hanger 

Link 

Support

Seat Track 

Stability 

Truss

Fwd Torque 

Box Fin Ribs

PAX 

Service 

Unit 

Rails

Flaperon 

Support 

Rib

HSTE Rib 

Hinges

OWL

Keel Beam 

Extension
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Open for questions…

Thank you for your attention !

• Marian Bulla

• Phone: +49 (0)221-1 577 778-583

• E-Mail:bulla@altair.de


