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Introduction
= Context

Classical loop for product design optimisation via FEA

* The classical loop consists of four steps

1.
2.
3.
4,

Computer Aided Design (CAD) modelling
Finite Elements (FE) Mesh creation
Simulation semantics definition

Finite Elements Analysis (FEA)

* Study case performed in Electricité de France (EDF)
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Introduction
= Context

Classical loop for product design optimisation via FEA

* The classical loop consists of four steps
1. Computer Aided Design (CAD) modelling
2. Finite Elements (FE) Mesh creation
3. Simulation semantics definition
4. Finite Elements Analysis (FEA)
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Introduction
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Classical loop for product design optimisation via FEA
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introduction New loop for product design optimisation through FEA

= Needs

CAD MESH SEMANTICS FEA

enriched FE meshes

o

PhD idea
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Introduction

= Needs
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Workflow for FEA model preparation
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Semantics

FEA / Geometrical Semantics=
(Material, BCs, shape ...)
associated to groups *

Groups

0D/1D/2D/3D groups

(set of geometric elements) EA semantics enriched

mesh modification

Local mesh modification
S
Parametric geometry

@)
PhD idea
(vector, plane, cylinder, ...)
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Mesh

0D/1D/2D/3D
meshes (nodes, edges...)




Introduction

= Challenges

AED @

b“b
R
eDF

-

Scientific challenge to overcome

Example 1: mesh merging

Stiffeners added onto the Caisson

Caisson

1 node group
8 face groups

&7

*Modify locally the mesh *Preserve the face groups definition

*Produce good quality of mesh *Preserve the node group definition
*Avoid the self-intersection

*Preserve the shape of the model

Modification of semantically enriched FE mesh models 8/50



Introduction

= Challenges

—

Scientific challenge to overcome

Example 1: mesh merging

*Fluid pressure defined on the caisson ﬁ
*Different materials,
*Different boundary conditions (ex. fixation)

They must be preserved during the modification

r
heo @&

Modification of semantically enriched

Fluid pressure propagated on to the stiffener ﬁ

esh models 9/50




Criteria in context of FEA for analysing bibliography

e Criteria in terms of geometry
State of the art

= Criteria

— Local modification

e The modification zone should be as small as possible

— Initial shape of the model

* The initial shape of the model should be preserved as much as possible

— Quality of the mesh elements

e The average aspect ratio of modified mesh elements should be maximised

— Self-intersecting elements

e All self-intersecting elements should be avoided

— Shape of the modification tool

* The shape of the modified part on mesh should match as much as possible the
tool geometry

e Criteria in terms of semantics
— Maintenance of groups

* The shape of the groups and the content should be close to the initial ones

— Maintenance of semantics
* The semantics should be preserved and updated according to different
geometric modification
Q-‘ﬂ
N
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Representative works (1/7) — mesh Boolean operation

e Criteria in terms of geometry
State of the art

— Initial shape of the model &
= Related works

— Quality of the mesh elements ©

* (Criteria in terms of semantics

— Definition of groups (2]
— Definition of semantics (Z)
Initial meshes Resulted mesh

Skinny triangles

. 4
4
q |/

[Biermann et al. 2001] Approximate Boolean Operations on free-form triangle meshes

s
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Representative works (2/7) — mesh intersection

e Criteria in terms of geometry

State of the art — Local modification

— Initial shape of the model
= Related works

QDS

— Quality of the mesh elements

* (Criteria in terms of semantics

— Definition of groups

(0N

— Definition of semantics

cylinder

Skinny triangles

box

[Chouadria et al. 2006] Contact interface re-meshing in context of assembly collision detection

b‘q
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Representative works (3/7) — mesh merging

e Criteria in terms of geometry

State of the art — Local modification ©

" Related works )
— Quality of the mesh elements (3]

* (Criteria in terms of semantics

— Definition of semantics (Z)

external
carotid

internal ==
carotid f= (a)

K
RAR

[Cebral et al. 2001] Merging of intersecting triangulations for finite element modeling
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Representative works (4/7) — mesh cracking

e Criteria in terms of geometry

State of the art — Local modification

— Initial shape of the model
= Related works

— Quality of the mesh elements

® o0

— Shape of the modification tool
* Criteria in terms of semantics
— Definition of groups

— Definition of semantics
Completely changed

Mesh to operate Crack growth

simulation

[Bremberg et al. 2008] Automatic crack-insertion for arbitrary crack growth
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Representative works (5/7) — mesh cutting

Criteria in terms of geometry

State of the art — Local modification

®

— Initial shape of the model
= Related works

— Shape of the modification tool ©
Criteria in terms of semantics

— Definition of groups
— Definition of semantics

‘00

rough surface

Mesh to operate

drill tool

[Turini et al. 2006] Simulating Drilling on Tetrahedral Meshes
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State of the art

= Related works
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Representative works (6/7) — mesh cutting

Criteria in terms of geometry

Local modification
Initial shape of the model
Quality of the mesh elements

® 0D

Shape of the modification tool

Criteria in terms of semantics

Definition of groups

(ON()

Definition of semantics Degenerated triangles

Cuttlng tod'l o | Cuttlng facet

[Dakowicz et al. 2005] Interactive TIN modification with a cutting tool

Modification of semantically enriched FE mesh models
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Representative works (7/7) — mesh filleting

e Criteria in terms of geometry

State of the art — Local modification

— Initial shape of the model
= Related works

— Quality of the mesh elements

(O N0 RN ()

— Self-intersecting elements

* (Criteria in terms of semantics

— Definition of groups Disconnected &

intersection

(0N

— Definition of semantics

Concave

Convex
Initial mesh

Skinny triangles

[Kim et al. 2004] Offset triangular mesh using the multiple normal vectors of a vertex
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State of the art — Conclusion

Criteria in terms of geometry

State of the art — Local modification ® 6 6 & & ©
— Initial shape of the model ® b @ & & O
e Conclusion — Quality of the mesh elements © 0 & & © ©
— Self-intersecting elements (=)

— Shape of the modification tool (2] ® © &

* Criteria in terms of semantics

— Definition of groups © 6 6 6 © © ©
— Definition of semantics © 6 6 6 © 6 ©
94 © 9 o © o %
o o o o o o o
o o o o o o o
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Conclusion

— Few works cover all geometric criteria important for FEA context
— None of them takes into account any semantic criteria
— Few works act on tetrahedral meshes

q
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What do we need ?

/IVIerge meshes \ /Remove material from meshes \

N

CAD-less framework

To work on triangle and tetrahedral meshes
enriched by groups supporting semantics

Why these operators ?
-> frequent operations in maintenance context

\ /Round/deform meshes \

6‘-.
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The proposed approach: data structure

What are the kinds of information should be dealt with ?

Semantics

Material, Loading, BCs ...

SEM1 _TYPE <[

Plane, Sphere, CyIindeE
SEM2 <{ CONTEXT { FE simulation :
CAD-less fran. . GROUPS <& Geometry processi.ng
= Data structu|” . OPERATION \ :
/
p— ot
’ - -
~
/GROUPl \( ARRAY tetrahedrons
triangles
GROUP2 < TYPE <— -
. edges ~
GROUP3 /7 \
\ y; nodes ]
N oo ’
g
-
S — e W e —
- .
Tetrahedron ( Triangle o
7 edge
Tetrahedron < Triangle node \
A ) edge )
, MESH X Tetrahedron Tr|‘angle edge 7
~N ° Triangle nodt
~ _ -

[ ] ‘-———_’

and adapted to FEA context

o
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The proposed approach : CAD-less framework

An operator able to manipulate this data structure

Semantics

{ Material, Loading, BCs ...
TYPE Plane, Sphere, CyIindeE

CONTEXT FE simulation :
Geometry processing

CAD-less framework

—

= Operator

Geometry

- edge
Tetrahedron Triangle
) edge )
Tetrahedron Trl‘angle edge p:
N ° Triangle node
~ -~
° ~ -~ —_ e == -

s
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CAD-less framework

= Operator
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The proposed approach : CAD-less framework

An operator able to manipulate this data structure : CAD-less operator

Semantics

Semantics

—

A

) . Material, Loading, BCs....
matiogem1 _tvee Ge‘éﬁ]ﬁiﬁ&here. Cylind\;.e..ma
SSiNGewmy ) contPdificationo. .tran
Cessin
N\ NG A
® 00
m o™ 3< Semantics
Group boundary / \ preservation
L \
Topology
Elementary group | = \
N modification |,
® 00 \
— "/ P \\ 1 1/
Sh:pe ch;racterlstlcs ’ "3 . \: _‘ Semantics
(sharp edges, Deformation | transformation
type of surfaces) rotr] "
|
Transition zone Sy I' LN
: Quality control}
{\Intersectlon _1/ \\ /I M
* cee L /U y,
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CAD-less framework components

 Components in different aspects for achieving different phases
 Components substitutable

CAD-less framework

Semantics

= Components

Semantics
transformation

: !
Quality c-::lntr-::ulJ
\ /

\_ AN Y,

Modification of semantically enriched FE mesh models 23/50

hED @



CAD-less framework : prototyped instances

—__——

- -~ -~ -
(/
2instancel: Merging ‘\‘ N G\stancez: Drilling \

y @R

CAD-less framework

Semantics

= |nstances o
Group 4 %

E .
.

L e
e

b y

Semantics
preservation

Topology
madification

-
l Lol (Sharpedges,

F . | type of surfaces)

B Geometry

o |

e ; o .
e semantics
<

formation
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CAD-less framework

= |nstances

AED @

6‘4
R
eDF

CAD-less framework instance: mesh merging

1. Intersection

2. Cleaning

3. Triangulation

4. Group reassignment

5. Insertion of nodes

6. Relaxation

[Lou et al. 2010] Merging enriched Finite Element triangle meshes for fast prototyping
of alternate solutions in the context of industrial maintenance CAD Journal
Modification of semantically enriched FE mesh models 25/50



Basic tools and methods for mesh merging

Semantics /_

4 W )

Semantics
preservation

/

snaniaa)
Iq v r

Group boundary

Elementary group 1| Topology

=== 1N | | Modification
LI

Group

CAD-less framework

Shape characteristics

(sharp edges, Deformation "
type of surfaces)

Semantics
transformation

= Basic tools Transition zone

Quality control §
Voo

~2 J y

|| Intersection curves

|
3
2 I e 2 I

1. Intersection 2. Cleaning 3. Triangulation

J v
| Filled
patches

) -

enriched FE mesh models 26/50
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CAD-less framework

Basic tools and methods for mesh merging

Semantics

/_

~

N
—

Group boundary

A

Elementary group

-

-~
/

y <

N

~

N
y

_—_\

Semantics i
|l preservation )

s = = -

l Top-cm:gv
J\-| modification k

E— - - , - ,\ I
Sh;zpechgractenstlcs l’ o= =‘:. =\ Semantics
(sharp edges, I Deformation transformation
type of surfaces) T 1 1

= Basic tools
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Transition zone

Intersection curves

LN

)

Quality co ntrc:lJ

N
14
Al
N
14

6. Relaxation

Modification of semantically enriched FE mesh models
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CAD-Less instances
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Prototyped instances of CAD-less framework

—__——
- ‘\

- -
/instancel: Merging R

i

G\stancez: Drilling \

Group

;v :
E o
l;* |
L

¥ e

e Y

Geometry

s

|

/

instance3: Cracking

Modification of semantically enriched FE mesh models
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CAD-less framework instance: mesh merging

* Industry example

caisson

. .top stiffeners <
CAD-Less instances Calis be merged

= Merging

smantics

bottom stifferners
included in caisson

hED@ 5



CAD-Less instances

= Merging

AED @
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CAD-less framework instance: mesh merging

Industry example — FEA performed on the CAISSON

Modification using CAD models Produced by CAD-less approach

\Von Mises stress state (MPa)
Numerical prototyping methods Oax ON Stiffeners 5. on caisson wall
(local stress)

Using CAD models 137 78
CAD-less approach 127 77

“‘

Images and data of SALOME®, courtesy EDF R&D ED\F
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CAD-Less instances
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Prototyped instances of CAD-less framework

@stancel: Merging

i

\

Semantics

Group

;v :
E o
l;* |
L

¥ e

e Y

Geometry

s

L ]
- - oy

- N
/G\_s;ncez: Drilling S )

(. /

instance3: Cracking

=

=

-
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CAD-Less instances

= Drilling

AED @
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CAD-less framework instance: mesh drilling

Deformed drill interface

[Lou et al. 2010] Direct modification of semantically-enriched
Finite Element Meshes. 1JSM Journal

Deletion Deformation

Modification of semantice nriched FE mesh models




CAD-less framework instance: mesh drilling

-

Semantics (

Semantics
preservation

f_____

<N
Group boundary il

/N
, | _*_ |
l| Topology
I modification

Elementary group

— P —_— _— —_— _— —_—
|' Shape characteristics
(sharp edges,

type of surfaces)

-

Semantics
transformation

Transition zone

Quality control }

A
N

CAD-Less instances

Intersection

\

= Drilling

Deletion Deformation

6‘4
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CAD-less framework instance: mesh drilling

* Other examples HN: hole node
GBN: group boundary node
MBN: model boundary node

. .,-=="HN, GBN™ "~ HN~~"MBN
Drills

CAD-Less instances

= Drilling

Drills

HN, GBN HN, GBN, MBN N

s
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CAD-Less instances

Prototyped instances of CAD-less framework

i

@stancel: Merging

\

Semantics

Group L

’ v -
E -
L:"Ef_. |
s

e

L

Geometry

Drilling \

G\stancez:

Topology
madification

|

/

instance3: Cracking
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CAD-Less instances

= Cracking

CAD-less framework instance: mesh cracking

l‘@ ﬂ EDF

[Lou et al. 2010] Direct modification of semantically-enriched
Finite Element Meshes. 1JSM Journal

é \Sub art
r

Subpagt,} T TS ubpart@rack interface

Not crack growth
simulation

Dupli}zation of
crack interface |

Deformation of
crack interface

5 28

Definition of mterface
and transition zone <L
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CAD-less framework instance: mesh cracking

Semantics ( \ J\( \ _I\( )

.80
(= = == == ") N /| | Semantics
Group boundary ;= _;_ _\\ preservation
Elementary group 1| Topology

L

‘_____

] < rd
iShape characteristics Z — -

(sharp edges,

type of surfaces)

. Semantics
L EEfﬂmit'Ui J I: transformation

J\-| modification 1 J\
|
|
N

Transition zone

Intersection —l/k ‘\ r -V-
see ) VRN y,

Definition of interface Deformation of Duplication of
and transition zone crack interface crack interface

CAD-Less instances

= Cracking

5:&5
ovied FE mesh mode
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CAD-Less instances

= Cracking
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CAD-less framework instance: mesh cracking

Industry example:

I Stiffener to be cracked

Caisson 3D

i

Deformation

(T
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CAD-Less instances
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Prototyped instances of CAD-less framework

\

i

instance3: Cracking 7 Tnstance4: Filleting

@stancel: Merging

Drilling

G\stancez:

Semantics

Group

;v :
E o
l;* |
L

¥ e

e Y

Geometry

s

-

]

=
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CAD-less framework instance: mesh filleting

Inversed internal

— tetrahedra

Volume
deformation

Surface
deformation

Filleting bandwidth
definition

Sharp edges
identification

Filleting
deformation
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CAD-Less instances

= Filleting

&
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CAD-less framework instance: mesh filleting

Semantics

-

Group boundary

Elementary group

‘ | | | | |
' Shape characteristics
(sharp edges,
type of surfaces)

-

Transition zone

Intersection

\ L

Sharp edges
identification
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Topology
modification

\
\
|
|
(rr——
Deformation

\____

Quality control }
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Semantics
preservation

Semantics
transformation

Filleting bandwidth
definition

Filleting
deformation
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CAD-less framework instance: mesh filleting

e Other examples of filleting: Hook
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e
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Conclusion of the contribution

A general framework of CAD-less operator is |4
proposed in order to accelerate the FEA
mesh models preparation.

———

3| e .
. S| e .
P
D < 3|y
sz 2
g

* The framework is modular which gives a
flexibility

* Methods, models and tools have been
proposed and improved

* Four instances of the CAD-less operator are @
defined and prototyped.

Instancel: Merging , Instance2: Drilling
: o ’ @
Conclusion » This work opens new research directions of “

= Conclusions semantically enriched mesh manipulation...

CAD-less framework

instance3: kin instanced: Filleting

J
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Perspectives and future works

 short-term future works

— Treat specific configurations producing bad quality elements

° mean-term future works
— Add new operators (chamfers, extrusion....)

— Treat over-constrained configurations...

— Work on the semantics processing, propagation and updating mechanisms...

* long-term future works from the thesis (open perspective)
— Semantics-driven mesh simplification (Arts & Metiers ParisTech - Cluny)
— Idealisation of semantically-enriched CAD model (EADS)

— Images-driven semantically enriched FE mesh modification (from M.
Panchetti PhD thesis)
Conclusion

= Perspectives

A @: &
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Annexe 1: Semantics enrichment on FE mesh of CAISSON

MESH Grouping

% mesh elements

0D/1D/2D/3D groups
(set of geometric elements)

=>

Imposed displacement

Creating and associating FEA
semantics with groups ﬂ

Physical / Geometrical Semantics
(Material, BCs, shape ...)

L 3 beam idealization + material of beam + geometry of the beam
’ . (group 1D-G-A)
W N o
/ 1y ; Material of Body

(group 3D-G-B)
Dx=0.0001

Dy=0.00005

Dz=0.00005 1D-3D link BCs

(group OD) < % (groups

0D-G-B, 0D-G-C)

Material of Rod
(group 3D-G-C)

Null normal
Material of Rod
(group 3D-G-A)

displacement
(2D-G-A, 2D-G-B, 2D-G-C)
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Annexe 2: Deformation constraints definition for mesh drilling

HN:
hole node

Deformation

Total
HN (GBN) 362
MBN (GBN) |/452

TN (GBN)




