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Timetable

Computingthe tenue of AMPieceto fatigueloadingthroughFE2 Method :
A Microstructure & RVEmeshing
¢ ThoughPython API of GMSH

New gmshimport oo_met&oolboXgmsh2.py

>

Applying loadsto RVE :

¢ NewLagrangianMultipliers elementgo applylinearconditions
¢ LM elementgo applyrepetitivity loadto the RVE

¢ Validation of theload/ results

Loadsof pstructurecdRVE throughLM

>

>
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VER Meshing

Microstructure & VERmeshing
¢ MStructures defineby an Al matrix and Si particuleglfipsoid) in FSP Statep(ct b)
¢ First modelbasedn imageanalysisfrom UCL (Zhao et al., MSEA019)
¢ Particules sizes and positidefinedthanksto theanalysisof ChantalBouffioux :

(b)
P .. ™ “ '; ; '-wz‘ .5' ‘ .' : .‘i ‘-\“. @
: |t o 2 g - \
R I
e D * ?'.'a: . LS ’..- L 5
<% e S £ .
- e . ‘\. = 1 A W £
r » 3 ? “: “é
F v ,® Tsenei N
= 1000 nm 5
(Do F - ;
0.8 —e— SRHT2 v F
g : 0.2 { —=—FSP Lx
=] 5
506 5015 ___linterpol. | Ratio=_[ 15 | centre | centre |
o =
§0.4 g"ﬂ“ g 01 @, partic 7/ 1 7/ X Y
. . s (m om m) m) ()
O ) j 165.9 135 203 780 1170
0 ; . (Bt J 0 . . 261.1 213 320 1180 460
0 200 400 600 800 0 3 S 0 ( )1200 343.8 281 421 470 830
Equival icle di earest neighbor distance (nm
quivalent particle diameter (nm) g 4305 352 527 1320 1020

586.3 479 718 440 130



7S W RS

L L™

[ Engineering Department - MN2L - Computational Mechanics 4

VER Meshing

Microstructure & VERmeshing
¢ Model andMeshbuilt with GMSH ¢throughit PythonAPI)

¢ All geometricabperationsaredonethroughthe OpenCascadgeometricakngine
(not the GMSHbuiltin geometry. A priori moreeasyto useobjects
¢ 2 meshgenerators

A 2D [ 2.5D (straight extrusion of the 2odel)
¢ 2D - Quadranglenly (whenpossiblat sometimesemainssometriangles) and Triangldgleshes
¢ 2.5D- Hexaand Pentaglsopossible to havéetrg

A 3D
¢ TetraHedroronly
¢ Manage

A symetricalcuts
A Rotation ofcells
A Interactionbetweenrcells

¢ SaveMeshin « msh» file (format 2>4)
¢ Directelyinterfacedn Metafor tests
¢ Selectionglonein gmsh:
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VER Meshing

Microstructure & VERmeshing

A 2D/ 2.5D (extrusion of the 2D Model)

¢ Quadranglenly (evenif the doc tells the inversé,sometimesemainssometriangles) and Triangles
Meshes

¢ Hexahedrorfextrudedquadrangles) anBentahedrofextrudedriangles) ofTetrahedron

p['ver'] = t.Rectangle(X0, YO, Lx, Ly, cl)

p['cells']=[]

p['cells'].append(t.Circle(id, sym, X, Y, R, cl))

p['cells'].append(t. Ellipse(id, sym, X, Y, R1, R2, alpha, cl))

é # maeells90

p[nz] =1#nz! = 0 active | 6extrusion 3D
p['thick'] = 100.0e-3

p['recombine2D'] = True #quad

#p['recombine2D’] =False # Tri

p['recombine3D'] = True # penta ou hexa selon optition recombine2D
#p['recombine3D’] = False #Tetra necessite rec2D = False
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VER Meshing

Microstructure & VERmeshing
A 3D : Tetraedroronly

p['ver] = t.HexaBox(XO0, YO, Z0, Lx, Ly, Lz, cl)

p['cells']=[]

p['cells].append(t.Sphere(id, sym, X, Y, Z, R, cl))

p['cells'].append(t.Ellipsoid(id, sym, X, Y, Z, R1, R2, R3, alphaX, alphay, alphaz, cl))
e # maegells90

p[recombine2D'] = True #quad

#p['recombine2D’] = False # Tri

p[recombine3D'] = True # penta ou hexa selon optition recombine2D

#p['recombine3D’] = False #Tetra necessite rec2D = False



oS Mo

LTAS - Aerospace and Mechanical Engineering Department - MN2L - Computational Mechanics 8

VER Meshing

Microstructure & VERmeshing

Side Intersection

Edge Intersection

Corner Intersection
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VER Meshing

Microstructure & VERmeshing
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VER Meshing

Microstructure & VERmeshing
¢ Selectionglonein gmsh(importedin Metafor):

Physical id:

Group no : 1 id : bgMaterial filled with : 1409 nodes
2 id : cellsMaterial filled with : 496 nodes

Group no :

Group no :
Group no :
Group no :
Group no :
Group no :
Group no :
Group no :
Group no :

Group no :
Group no :
Group no:
Group no :
Group no :
Group no :
Group no :
Group no :
Group no :
Group no :

11id :
12id:
13id
14id:
15id:
16 id
17id:
18id:

101id:
102id:

111 id

112id :
113id :

114 id

115id :
116id :

117id

118 id :

celll filled with : 215 nodes
celllsymX filled with : 52 nodes

: celllsymyY filled with : 61 nodes

celllsymZ filled with : 69 nodes
celllsymXY filled with : 30 nodes

: celllsymYZ filled with : 18 nodes

celllsymzX filled with : 33 nodes
celllsymXYZ filled with : 18 nodes

bgBnd filled with : 977 nodes
cellsBnd filled with : 461 nodes

: cell1Bnd filled with : 180 nodes
celllsymXBnd filled with : 52 nodes
celllsymYBnd filled with : 61 nodes

: celllsymzBnd filled with : 69 nodes
celllsymXYBnd filled with : 30 nodes
celllsymYZBnd filled with : 18 nodes

: celllsymzXBnd filled with : 33 nodes
celllsymXYZBnd filled with : 18 nodes

Group no:
Group no :
Group no :
Group no :
Group no :
Group no :
Group no:
Group no:
Group no:

203id :
2111id:
212id:
213id:
214 id:
215id:
2161d:
217 id:
218 id:

7S ) LIESE
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bgCellsBnd filled with : 293 nodes
bgCell1Bnd filled with : 131 nodes
bgCelllsymXBnd filled with : 25 nodes
bgCelllsymYBnd filled with : 36 nodes
bgCelllsymZBnd filled with : 44 nodes
bgCelllsymXYBnd filled with : 17 nodes
bgCelllsymYZBnd filled with : 9 nodes
bgCelllsymzZXBnd filled with : 20 nodes
bgCelllsymXYZBnd filled with : 11 nodes
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VER Meshing

Microstructure & VERmeshing

¢ Selectionglonein gmsh
(importedin Metafor):

VER Topology

Group no :
Group no :
Group no :
Group no :
Group no :
Group no :
Group no :
Group no :
Group no :
Group no :
Group no :
Group no :
Group no :
Group no :
Group no :
Group no :
Group no :
Group no :
Group no :
Group no :
Group no :
Group no :
Group no :
Group no :
Group no :
Group no :

1001 id
1002 id
1003 id
1004 id
1005 id
1006 id
1007 id
1008 id

1031 id:
1032 id:
1033 id :
1034 id :
1035id:
1036 id :

: ptX0YO0ZO filled with
: ptX1YO0ZO filled with
: ptX1Y1Z0 filled with
: ptX0Y1Z0 filled with
: ptX0Y0Z1 filled with
: ptX1Y0Z1 filled with
: ptX1Y1Z1 filled with
: ptX0Y1Z1 filled with
1011 id :
1012 id :
1013id :
1014 id :
1015id :
1016id :
1017id :
1018id :
1021id :
1022 id :
1023 id :
1024 id :

lineY0ZO filled with :
lineX1Z0 filled with :
lineY1Z0 filled with :
lineX0Zo filled with :
lineY0Z1 filled with :
linexX1Z1 filled with :
lineY1Z1 filled with :
lineX0Z1 filled with :

lineX0YO filled with :
lineX1YO filled with :
linexX1Y1 filled with :
: 13 nodes

lineX0Y1 filled wit

: 1 nodes
: 1 nodes
: 1 nodes
: 1 nodes
: 1 nodes
: 1 nodes
: 1 nodes
: 1 nodes
12 nodes
13 nodes
12 nodes
13 nodes
12 nodes
13 nodes
12 nodes
13 nodes
13 nodes
13 nodes
13 nodes

sideXO filled with :
sideX1 filled with :
sideYO filled with :
sideY1 filled with :
sideZ0 filled with :
sideZ1 filled with :

182 nodes
182 nodes
185 nodes
185 nodes
187 nodes
187 nodes
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