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CAD Assembly @

76 components
32 identical




Actual Situation

—

3D solid modeling

Kinematic and dynamic motion analysis

Capture time dependent displacements, reaction forces
Export entire assembly to single step. iges file

Loss of parametric advantages and feature based design
Artificial boundary conditions
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Actual Situation

Domain decomposition - mathematical substructuring
Parallel solution
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CAD Assembly - Exploded View
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CAD Based Decomposition

—

Design oriented decomposition: materials, physical properties
Stable mathematical models, geometrical regularity of subdomains
Contact regions generated by CAD, hight level of accuracy

Mesh linked to the appropriate, independent geometry

Diverse element types and variational principles

Update of modified components, reuse of existing data

Parallel mesh generation
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Domain Decomposition

—

Model problem : Find u € V such that Vv € V

fQ E(x)e(u) : e(v) = fﬂfv—i- fagfv
E(x) elasticity tensor, £(u) = +(Vu + VuT)

Suppose () is divided into K subdomains :

QZUﬁzlﬁk, QN =0, k#1
S = UE_, 00\ 00

W € Vi - finite-dimensional space defined on §

Hypothesis : If u is known on S, the global problem
could be reduced o K local, independent problems

Recall : Geometrical continuity on skeleton
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Substructuring Algorithms :: Schur Complement

—

u;, Ug, Us - infernal nodes, interface

Kl 0 K13 uy
0 Ko  Kas up | =
KL KL K us

By substructuring, Schur complement matrix:
S Uus — F
S=Ks— > K5 K ! K
F=f— > K5 K ' f;
Local solution :
u; — Kl_l(fl — Kig u3)

Expensive for large scale problems or multiple subdomains
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J3
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Dirichlet-Neumann Method

- Quarteroni et al.
T Al e e e e

Consider an inifial guess 12 on the interface S :

EU?J’_I = f1 in Ql

u™ = g, ondN\S
n+1 __ n
u, = u;, onsS

,C LL;HFI = f2 in Qg

ug“ = go ond\S
8u§+1 = — au{H_l onS
8”2 N anl

Correct the solution ug until conversionce, relaxation parameter 6 :
1
u = (1-0)ul+ 0wt

e
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Primal Method :: Neumann-Neumann

Glowinski, Le Tallec

Initial solution u2 on S :

Lu™ = fi inQ
”H = gk ond\S
[CH'I = ul onS
L wnJrl = 0 in Qk
=0 ond\S
Ot = [0 uﬁ'l} onS
T A G A A
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Dual Method :: Dirichlet-Dirichlet

Initiale solution ul on S : Initial flux A% on S :

L LL;;+] - ﬁc in Qk L LLEJF] = fk in Qk
utt = ge ondN\S Wt = g ono\S
ut = u' onS 0nu{;+l = A onS

L z,;,'ﬁ] = 0 in$ L w;ﬂ = 0 inQ
St = 0 ondN\S PRtt = 0 ondQ\S

Ot ‘;cl I [()rlu;\}.l) 1} onsS lrcl+l = [uﬂl] onsS

W = ul g (Y gt AL = X (Bt — Bt
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FETI° and Mortar Method®

°Farhat,Roux ®Bernardi,Maday Patera

Find u which minimizes :  J(v) = a(v,v) — (f,v) — (A, v)r

K 1 0 B}‘ uy f1
0 K, —BI u | =| f
B, —By 0 A 0

B; - connectivity boolean maitrix, A - Lagrange multiplier

The Mortar operator :
¢ :Tr(u|Q_) 1<k<K
k

Matching condition on each non-mortar (weak sense) :
Vi e W, f (Tr( u|Q+) ®(u))pdy=0
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Numerical Solution 2D
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elastic.swf
Media File (application/x-shockwave-flash)


CAD Driven Contact Surfaces
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Conforming Mesh JiiL
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Conforming Mesh
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Nonconforming Discretization

Border integral : | etk ele dr
Fast non-conforming interface projections, M.Gander

A mortar segment-to-segment frictional contact method for large
deformations, T.Laursen et.al.
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Geometric Discontinuity

—

Freefem++ 3D version

fespace Vhl (D1,P13d); fespace Vh2(D2,P13d);
fespace Vhs (D1,P13d);
Vhl ul,vl; Vh2 u2,v2; Vhs Lam;

problem pbl (ul,vl) = pbDefine(l) + int2d(D1l,1) (Lamxvl);
problem pb2(u2,v2) = pbDefine(2) + int2d(D2,1) (-Lamxv2);

Barycentric coordinates : —e < \; < 1+ ¢

FreeFem++

FreeFem3D
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Solution Extension

S

Extension Ijc : Vi — V

- linear
- virtual midpoint

- best neighbors

Augmented Skeleton -
- set of elements that share border vertices
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Numerical Test :: Holder

—

We study the influence of geometric discontinuity for curved contact
boundaries. Gaps and intersections are of characteristic size h.

We verify the jump of the mono-domain solution
across the boundary:

e = [ﬁy (umk — Mlﬁku‘Ql)Zd’y 2

—

—o— Tube
—&— Holder

2
&

Erreur Relative
Relative Error

Linear extension
O Constant extension

lterations
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Numerical Test :: Chassis

et e e e A

Problem of linear elasticity is solved.

Displacements imposed on partition

of boundary for each subdomain.
' Linear solution extension.

Node 2.4GHz, 1Gb. CPU 32sec/iter.

D,:51814, D5:108790, D3:23192 elements. .

—0— Dmcmet—Neumann
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Numerical Test :: Chassis

S

Problem of linear elasticity is solved.

Displacements imposed on partition

of boundary for each subdomain.
' Linear solution extension.

Node 2.4GHz, 1Gb. CPU 32sec/iter.

D,:51814, D5:108790, D3:23192 elements. .

—&— Coarse mesh
o Medium
A Fine

> Mixed

Error
e
15}

10* 10
Iterations:

A 2009, Kirill Gostaf



Conclusions and Perspectives

—

CAD based automatic substructuring, contact surfaces

Component dependent FE model /element types, variational principals
Mesh linked to geometry

Diverse types of solution extension

Error convergence independent of mesh refinement

Parallelism and modularity

Numerical tests for large number of subdomains

Contact treatment: sliding. collision
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