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Company overview

r\ The development team is formed by PhD mechanical
T™T=A @A 0= engineers specialized in numerical modeling and simulation.
Our mission is to provide industry with solutions and

innovative technologies for advanced multi-disciplinary
analysis, with a special emphasis on materials related issues.

%{ We deliver our expertise in development of numerical methods
ParisTech in structural computations for advanced non-linear problems.
ONERA

Our developments help mechanical engineers in simulation of
material behavior and optimization of the final product design

nnuvn\wlerics (durability prediction and fatigue analysis).
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Material modeling workflow

Classical FEA and design
optimization workflow

Visualization and results treatment ( Powerful lifetime assessment
models (Z-post)

( Nonlinear material modeling (Z-mat, Zsopt) N
Model Setup - constitutive model implementation Q %
e material parameters calibration 5 ~

Q 3

. . : mNmo
Finite Element ( Customized FE algorithms (Z-mat, Z-cracks) m s
simulation « global consistent tangent operator 2 g

* acceleration methods o =—

e remeshing c 3

o _ * crack propagation o O
Lifetime post-processing S O
» ©
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Results analysis and optimization
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Z-set is a comprehensive suite of integrated analysis
programs for general purpose structural analysis with a
special emphasis on advanced material representation

& STRUCTURE
ANALYSIS SUITE
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» Advanced material modeling library for major FE codes
» Material parameters identification GUI

£

» Generic optimization

 Damage and durability analysis post-processing
» Specific data visualization

 Crack initiation and propagation

» Add-on for large commercial codes
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Many material models
: W ﬂ * Elasticity, hyperelasticity
o _ o T * Plasticity, viscoplasticity
— N K 4 « Cyclic plasticity
'Z'E\,_:g;,uh o » Damage |
 Creep, relaxation
* Anisotropy (elastic, plastic, damage)
Models for industrial applications « Crystal plasticity
« Aeronautics * Visco-elasticity
e Car manufacturers * Nonlinear behavior of multi-phase
« Automotive equipment suppliers materials (composite, polycrystals)
« Energy * Aging
« Metals manufacturers * Porous plasticity
« Polymer, Rubber, Glass industry * Shape memory effect
.  Polymer finite strain models
?.-set """ :
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Z-mat — modular design

Strain partition : e =¢l 4+ (6" + Y€
Extention to finite strains : F = FI/F?
* refined modeling of a wide range of strain rates associated with different deformation mechanisms

« each potential can have its own flow law (plastic or viscoplastic) and hardening objects
* interaction between potentials

Z =set |k,
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Z-set for Abaqus: material behavior, durability analysis, fracture mechanics

Z-mat input file
***pehavior gen_evp
**elasticity isotropic
young 200000.
poisson 0.3
**potential gen_evp ep
*criterion mises
*Tlow plasticity
*isotropic nonlinear

RO 100.000
Q 100.000
b 10.000
*kinematic nonlinear
C 30000.0
D 150.000
***return

 C++ code

» Object factory mechanism

SCC, May 19-21 2015 Berlin



Z-mat - advanced material library

L

/
)

» Easy plug-in to Abaqus
» Designed to be used with other User Subroutines
» Compatible with Abaqus Implicit and Explicit solvers

» Supports most types of Abaqus elements: volumic, shells,
membranes etc.

i

» Safe multithreading for local integration

£ &

* Robust integration algorithms (implicit, explicit and mixed)
 Consitent Tangent Operator

_ _ _ « Comes with Z-sim and Z-opt software for fast material
Z-mat is a material mOde“ng prototyping and parameters fitting

and development platform
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M4828 Austenitic steel TENNEC
|
/ temperature fields resulting from a thermal shock
cycle comprising:
; measured nodal témpéramr'eg’ acceleration — full throttle - deceleration
f. - set |,
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stress

Experimental database

“TENNECO o

/

Material properties

» Time dependent plasticity

* Plastic strain

= * Stress relaxation due to viscous effects
(very pronounced at high temperature)

Temperatures: 20°C, 250°C, 550°C, 650°C and 750°C.

@ set |
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Material model identification GUI
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 templates management
e simulations and variables control
* choice of optimisation strategy

2 set i

instrumentation panel
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Abaqus — Z-mat coupled FE analysis .-

..,.,_'. :,{2[' i (.
S

-2 [Viewport: 1]

(3 Eile Viewpot Wiew Besull Plot Animale Rgpot Qpfions Tools Pluging Help A?
gk € SR E A M ] ot @ DD 0D O Bin I B [Viwassason drtavts 2] @ +|
Resus | | g = 76025 odb =] WA b s ED

& Output Databases (1)
Spectums (7) -
VPt
XvData
Paths

LIFEE e

Al
§ Free Booy Cuts

W@ B G % Appiications Raccourcis  Systeme

2t130408388716026 0 AbaqusiStansiard 5 9-EF1  wed Dec 01 15 MBS0 CET 2010

13 Step Tne = 6000
ar. 5., Mises
U Deformation Scale Factar: +3602e40.

gy r -] %] orag e mause in a viewport 10 detins & box for zoomng the view
STL Export plug-in 1s not available in Abagus /Viever
[] |The darabase - fhowe fwalsval /TENMECO/NOUVERS, OOLLEGTEURTHPUT_PILES_MTZ_ARTICLE /enat odb is from o previous relenss of Absqus
= h new. updated "/tnp/tnatl 308063987, 16026, odb* was created and opened
D ol
@ (@ terminal [ O Abaqusviewer 6.10-2 (viewport 1]

P et |t Von Mises stress isocontour plots (engine shutdown)

=S5
]

Z-set for Abaqus: material behavior, durability analysis, fracture mechanics SCC, May 19-21 2015 Berlin



Classical FEA and design
optimization workflow

( Nonlinear material modeling

) sconstitutive model implementation
Pre-processing smaterial parameters calibration

( Customized FE algorithms

. . sglobal consistent tangent operator
Fm"‘fe EIEI"}TEHY Oﬁexible boundary con%itiong
simulation sacceleration methods

sremeshing

scrack propagation
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Lifetime post-processing

Visualization and results ( Powerful Iifetimz |
Snstsiant assessment models

Results analysis and
optimization
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Z-post — data processing

« Abaqus mesh / results import & export S e g DI
» Post-processing data analysis with many algorithmic models

N e | DATA READER
» Advanced durability and life estimation (cycle extraction,

counting and damage)

« Efficient multithreading and MPI parallelized

DATA WRITER

Z-set for Abaqus: material behavior, durability analysis, fracture mechanics SCC, May 19-21 2015 Berlin
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Z-post — data processing

Z-post input file

****post_processing
***data_source odb
**open results.odb
***]ocal_post_processing
**file 1nteg
**output _number 1-10
**elset nickel
**process trace sig
***global_post_processing
**process average_in_element sigii
***Jocal_post_processing
**process function msigll
sigll+(1./3.)(ave_sigii - sigil);
***global_post_processing

**process node_extrapolation
*list_var msigllt DATA WRITER
***data_output odb

e *file pp_results.odb
-set| ] Fededede return

Z-set for Abaqus: material behavior, durability analysis, fracture mechanics SCC, May 19-21 2015 Berlin



Z-post fatigue models

» Models for both LCF and HCF regimes 5 A {ﬂn
Uu
(i.e., the entire S-N curve) 1
=] = ® 1%-|_.¢—ID-J o
« Multiaxial capabilities . ot i A
0.8 #'C E=107t X
» Modeling of the mean stress influence (Haigh G0 e=10-" *
00 =101
. . . 0,4 Onom modal  —
diagram, loading factor influence on S-N curve)
* Possible coupling with creep damage to account for 0.2
frequency effects e
10 100 1000 10000 100000 1e+06 1e+07

* Possible nonlinear accumulation of damage for the life cycles

correct representation of experimentally observed effects.

Z -set | s,
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Classical FEA and design
optimization workflow
( Nonlinear material modeling

) sconstitutive model implementation
Pre-processing smaterial parameters calibration

( Customized FE algorithms

i sglobal consistent tangent operator
F—'”"‘fe EIEI"}TEHY Oﬁexible boundary conditions
simulation sacceleration methods

suoinjos 34 pue
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Lifetime post-processing

Visualization and results ( Powerful Iifetimz |
Snstsiant assessment models

Results analysis and
optimization
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CRACK
INSERTION
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THERMOMECHANICAL

SIF
CYCLIC COMPUTATION —3»
WITH CONTACT (G-THETA)
FIELD P ADAPTIVE
TRANSFER REMESHING
ggﬁ%ﬁ"“?gﬁ@w
S
RENAULT

Maximum power thermal field (Tmax)

Z-set for Abaqus: material behavior, durability analysis, fracture mechanics

PROFAGATION

BIFURCATION

CRACK
PROPAGATION

A .

Thermomechanical loading

* Valve seat shrink-fitting
* Node displacements imposed on
boundary (submodeling)
» Temperature cycle :
Room T - Tmax > Room T

SCC, May 19-21 2015 Berlin



<]
1y

AWy

RN

WA,

v
VARART

s
WY

g
=

s

"l
S
OO0

AT e AT
L N
s A

L o1

=
R
ST

SRS

sl
S
£

SRRy
EERREL
PR
A
T
D h.v;:s'.g;.s
PRl
N
AR
S

VAVAY
7\
/i
V=

» Automatic patch creation

» Mesh refinement around crack tip
» Automatic calculation of element size map
 Patch interface elements are kept
 Contact zones are preserved

Z-set for Abaqus: material behavior, durability analysis, fracture mechanics SCC, May 19-21 2015 Berlin



Z-cracks GUI

= ZCracks
Conform 3D crack propagation toolbox

Insertion

General I Import/Export/Hotspots I Cracks SIF‘ Propagation ‘ Advanced I

Geometric parameters

Max advance |0.100000 Front ini length | 0.500000 #0utput -

Fatigue cycles

3
Initial time 0.00000 Cycle DeltaT | 2.00000 #Cycles _

Paris relationship parameters

C 1.00000e-12 | m 3.00000 Cycle DeltaN |1.00000

[] Scale refinement

[[] Transfer state

l Generate .inp “ Edit .inp ” Compute ]
l Medit “ Zmaster ” ParaView ]
l Propag data “ Plot a(N) H Plot V(N) ]
l Plot SIF(N) “ Plot T(N) H Plot pos(N) ]
l Plot V(DK) “ Plot SIF(a) ” Plot T(a) ]
l Kill PROPAG “ Plot Quality ” Edit .plw ]

e "J
 uncracked mesh import/export features

» crack surface description and insertion

* static crack calculation with SIF and energy release
rate outputs

* propagation calculation

* various fatigue propagation laws (Paris law, creep-
fatigue or user defined)

» advanced aspects: elasto-visco-plastic
models, complex multiple coalescing
' cracks, contact..

- e visualization tools

~ e« many default settings

Z-set for Abaqus: material behavior, durability analysis, fracture mechanics SCC, May 19-21 2015 Berlin
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Z -set|

Classical FEA and design
optimization workflow

Pre-processing

Finite Element
simulation

Lifetime post-processing
Visualization and results
treatment

Results analysis and
optimization
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Nonlinear material modeling

sconstitutive model implementation
smaterial parameters calibration

Customized FE algorithms

tﬁlobal consistent tangent operator
sflexible boundary conditions
sacceleration methods

sremeshing

scrack propagation
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Powerful lifetime
assessment models

Thank you for your attention!
You are welcome to visit our stand

Z-set for Abaqus: material behavior, durability analysis, fracture mechanics
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