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Find v € H(Q) such that :

{/Vu-w=/sv+/ gv Vo e HLp(Q)
Q Q NN

Ujga, = U0




Operator Framework ¢y C
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Diffusion equation : Continuous weak formulation
Find v € H(Q) such that :

{/Vu'Vv:/sv—i—/ gu VUEH&D(Q)
Q Q 00N

Ujgp = U0

Discrete weak formulation
Find v € H'(C) such that :

%Vu Vo = %sv—i— gﬁ gv  Yv e H} p(C)
€ c aCy ’

U|aCD = U
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Find v € H'(C) such that :

{%Vu Vv = ?sv + !ﬁ gv Ywv e Ho p(C)
OCn

U|E)CD - UO




H'(Q) — HYC)=(C—R)
H&,D(Q) — H&,D(C) = (C\dCp — R)

Find v € H'(C) such that :

{%Vu Vv = ?sv + !ﬁ gv Ywv e Ho p(C)
OCn

U|aCD - UO




/ — % positive, linear

d=>er>o VieC

Find v € H'(C) such that :

{%Vu Vv = ?sv + !ﬁ gv Ywv e Ho p(C)
OCn

U|aCD - UO




/ — % positive, linear

d=>er>o VieC

/Qde = %f = S Vif(x)

ieC

Find v € H'(C) such that :

{#Wu Vo = ?sv + 5£ gv  Yv € Hg p(C)
Cn

U|aCD - UO




— positive, linear
o0 ac

d:'ifl‘ >0 Viedl

) f=2 Tifi

ie€C

Find v € H'(C) such that :

{%Wu Vo = ?sv + 55 gv  Yv € Hg p(C)
Cn

U|aCD - UO




vV — WV linear

ViVif =Y Ai;if

jec

Find v € H'(C) such that :

{%Vu Vv = ?sv + !ﬁ gv Ywv e Ho p(C)
OCn

U|aCD - UO




Constraints on point cloud generation ... & C i
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... in the interior ...
@ "Harmonious" point clouds =- Lower consistency error
@ Case well-covered in the litterature

- [Lohner, R., & Onate, E. (1998)]

- [Fattal, R. (2011)]
- [De Goes, F. & Desbrun, M. (2012)]

@ very efficient solutions exist
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Constraints on point cloud generation . .. )

CentraleSupélec

... in the interior ...
@ "Harmonious" point clouds =- Lower consistency error

@ Case well-covered in the litterature
- [Léhner, R., & Onate, E. (1998)]
- [Fattal, R. (2011)]
- [De Goes, F. & Desbrun, M. (2012)]

@ very efficient solutions exist

... and on the boundary

@ Added constraint on nodal positions : x € 952
@ Seldom covered in the litterature
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Constraints on point cloud generation . .. )

CentraleSupélec

... in the interior ...
@ "Harmonious" point clouds =- Lower consistency error

@ Case well-covered in the litterature
- [Léhner, R., & Onate, E. (1998)]
- [Fattal, R. (2011)]
- [De Goes, F. & Desbrun, M. (2012)]

@ very efficient solutions exist

... and on the boundary

@ Added constraint on nodal positions : x € 952
@ Seldom covered in the litterature

Completely bypass the generation of a boundary fitted cloud and design
an embedded meshless method ?
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Embedding a point cloud in the geometry °) Ghl

7

P %w;w
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Embedding a point cloud in the geometry °) Ghl

a0 . //'
\. u
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Embedding a point cloud in the geometry & C
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o °
°
ac \ u
°

xp = (1 — ap)Xi + apX, € ON
ap € [07 1]
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Embedding a point cloud in the geometry & C i
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[ ]
o
[ ]
\ u
[ ]

xp = (1 — ap)Xi + apX, € ON
ap € [07 1]
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Embedding a point cloud in the geometry °) G a

ﬁcf =Y Tufy

beoC
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Embedding a point cloud in the geometry & C i
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[ ]
o
[ ]
\ u
[ ]

ViVif =Y Aijf;

jel
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Embedding a point cloud in the geometry & C i
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00

1
VVIF =3 AL+ Y AL

jeé b=(%,0)€0C
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Embedding a point cloud in the geometry & C
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HY(C)={u:C—R| Vb= (i,0) € dC,up = u; + Viu - (xp — x;)}
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Embedding a point cloud in the geometry & C
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H&D(C) ={u:C—R|Vb=(i,0) € IC\OCp,up = u; + Viu - (xp — x;) }
Vb = (i,0) € ICp, up =0
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@ Volume integration V; @ Surface integration T,




Separation of interior and boundary roles & C i
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Interior nodes C Boundary nodes dC
@ Volume integration V; @ Surface integration T,
@ Holds DOFs @ Enforce BCs
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Separation of interior and boundary roles & C i
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Interior nodes C Boundary nodes dC

@ Volume integration V; @ Surface integration T,

@ Holds DOFs @ Enforce BCs

@ Multiple boundary neighbors @ Single interior neighbor
< Cells in a mesh < Faces of a cell
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Find v : C — R such that :

%Wu Vv—¢3v+5£ gu VUEHOD(C)
ICN

U — U EHOD




Find v : C — R such that :

%Wx Vo = 95 v Vv € H&D(C)
C oCN




Find v : C — R such that :

%WX Vo = 95 v Vv € H&D(C)
C oCNn

o Vx =1y
& Vs first order consistent




Find v : C — R such that :

%WX Vo = 95 v Vv € H&D(C)
C oCNn

o Vx =1y
< V is first order consistent  (easy)




Patch test conditions ¢y CJi
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Exact linear solution ?
Find » : C — R such that :

%WX-WU = ¢ v Vv € H H(C)
c aCy ’

Two necessary conditions :

o Vx =1,
& Vs first order consistent  (easy)

°¢WU:¢ m Yv:C—R
C oC

< Discrete version of Stokes’ formula

< Compatibility between #@ 56 and V.
¢ Jac
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Vi € Co, ZA-M =0
jel
& Closedness of interior "dual cells"




Vi € Co, ZA]’,,' =0
jeé
< Closedness of interior "dual cells"
Identical to the boundary fitted case away from 9C




Compatibility conditions in coordinates & C
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In the interior
Vi € Co, Z Aj7i =0
jeé
& Closedness of interior "dual cells"

Identical to the boundary fitted case away from 9C

On the boundary
Vb = (i, O) € dC, Ai,b =TIy

< Gradient coefficients are vector boundary surface
areas.
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@ Necessary form :

Vif =Vif + 3 Xy (fi — fi — (x5 — %) - Vif)

jec




@ Necessary form :

Vif =Vif + 3" Xij(fi = fi = (x5 — x1) - Vif)

jec

® X\, =0if N@i)noC=o




Correction for compatibility & C i
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Corrected first order consistent gradient

@ Necessary form :

Vif = Vif + D Aii(fi — fi — (x5 —xq) - Vif)

Jjec

On the boundary only
() )\iijOif J\/’(z’)ﬁ&C:Q
@ Solve compatibility equations for A, ;
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Correction for compatibility & C i
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Corrected first order consistent gradient

@ Necessary form :

Vif = Vif + D Aii(fi — fi — (x5 —xq) - Vif)

Jjec

On the boundary only

@ X\,;=0if N{HNoC=o

@ Solve compatibility equations for A; ;
@ Sparse linear system
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Correction for compatibility & C i
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Corrected first order consistent gradient

@ Necessary form :

Vif = Vif + D Aii(fi — fi — (x5 —xq) - Vif)

Jjec

On the boundary only

@ X\,;=0if N{HNoC=o

@ Solve compatibility equations for A; ;
@ Sparse linear system

@ Size of system o #(9C)
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Correction for compatibility & C i
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Corrected first order consistent gradient

@ Necessary form :

Vif = Vif + D Aii(fi — fi — (x5 —xq) - Vif)

Jjec

On the boundary only

@ X\,;=0if N{HNoC=o

@ Solve compatibility equations for A; ;
@ Sparse linear system

@ Size of system o #(9C)

@ lll-conditioned : k x h*
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Analytical test case : cloud construction & C
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Initial cloud ¢/ :
Halton distribition
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Analytical test case : cloud construction & C
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Initial cloud U/ : Trimmed cloud C
Halton distribition
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Convergence in the H' semi-norm & C i
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10°

||Usim_uexa||H1(C)
o lluexall g1 ¢y SPH-like volumes
10° Uniform volumes
1073
Plain curve :
10+ h N
Full Dirichlet
10;0'3 107 107

Dashed curve :
Neumann + Dirichlet
linear fit : 0.97 - 1.19

= First order convergence
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Convergence in the L? norm & C i
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10°

Husim—uexaHLQ(c)

o l[uexall 12(c) SPH-like volumes
/’\
102 Uniform volumes
1073
Plain curve :
10+ h N
Full Dirichlet

10;0'3 107 107

Dashed curve :

linear fit - Neumann + Dirichlet

Dirichlet : 1.72 - 2.23
Neumann : 1.24 - 1.73
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Elasticity simulations : stress concentration ¢ &
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Elasticity simulations : stress concentration ¢ &
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Elasticity simulations : stress concentration © ©
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Stress intensity factor at crack & C i
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Stress intensity factor at crack & C i
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Inner boundaries ¢y C
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Inner boundaries ¢y C

CentraleSupélec get it right®

Fougeron, Pierrot, Aubry Meshless BC - X-DMS June 201" 2017 16/19



@ Proposition of an immersed meshless method
@ Good H! behavior

@ Allows the computation of stress intensity factors




Summary and future work & C
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Summary

@ Proposition of an immersed meshless method
@ Good H' behavior
@ Allows the computation of stress intensity factors

Ongoing and future work

@ Investigate stability and L? behavior
@ Simulate crack propagation
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The End ¢y C i
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Thanks for your attention !

gabriel.fougeron@esi-group.com guillaume.pierrot@esi-group.com

denis.aubry@ecp.fr
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