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Motivation

Iterative linear solvers are crucial for solving large scale contact problems + Multigrid methods are known to be efficient solving strategies

Contact problems

Saddlepoint formulation
Problem formulation based on mortar FE methods

Basic idea

> Reconstruct fine level solution from information of

» [nitial boundary value problem of nonlinear elastodynamics coarse representations of fine level problem
» KKT conditions for contact and Coulomb friction (optional) _ o
» Direct Lagrange multiplier method Algebraic Multigrid [3]
» Build multigrid hierarchy with an aggregation
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diagonally-dominant matrix

Basic multigrid algorithm with 3
multigrid levels
(V-cycle)

Due to different coordinate systems for structural equations and contact constraints
matrix A is not diagonally-dominant at slave DOF rows!

Contact Algebraic Multigrid Method

Constrained permutation strategy

Let ANs be the set of slave DOF ids and Ny, the corresponding set

Perumtation strategy

Aggregation strategy
» fix mathematically non diagonally-

dominant matrix rows by applying a

of slave node ids with

» Use contact information: Build segregated aggregates
which do not overlap between the distinct solid bodies

column permutation strategy

» Constrained permutation strategy:
permute only columns which belong to
same mesh node/aggregate

» Use contact information: only
permute columns that correspond to
(possibly) problematic contact slave
DOFs

a surjective mapping between the slave DOF ids and the
corresponding slave node ids.
Find a permutation p : Ns — Ns, i — p(i) such that it is

f: Ns — Nig

In aggregation routine
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s.t. f(p(i)) — f(p(j)) =0 Vi jeNs. Parallelization

— keep distinct solids separated on all multigrid levels
— enables reuse of aggregates
» Full multigrid: no special handling of interface nodes

— consistent coarsening rate throughout whole domain
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Visualization of segregated
aggregates which do not
overlap two distinct solids

» permute fine level matrix only A; ; denotes the entry of matrix A in the i row and j* column.
Standard multigrid transfer | | | wiey ey o3
operators preserve diagonal » N0 Mix-up of node information through

dominance of coarse level matrices column _pgrmutat|ons
» prerequisite for segregated aggregates

» Uncoupled aggregates: aggregates cannot overlap processor
boundaries (simplifies implementation drastically)

» Automatic rebalancing: optimal choice of number of processors
on coarse levels minimizes communication overhead
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Test example

Two solid bodies contact Expected behaviour: number of linear iterations independent of geometric configuration

» Rotate problem configuration around
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Multigrid without contact specific extensions Contact Algebraic Multigrid Method

Two tori impact example

Solver parameters
lterative solver: GMRES » number of non diagonally-
Preconditioner: AMG (4 level) dominant rows corresponds
Coarse solver: direct (UMFPACK) to number of active contact
Transfer operators: PA-AMG nodes
Level smoother: 2 SGS (0.7) » number of linear iterations

Min. aggregate size: 27 nodes d_epends on number of non
diagonally-dominant rows
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3 number of column permutations

1 number of non-diagonally dominant rows

Problem configuration

» #DOFs: 1050624, #Procs: 64, # timesteps: 50

» condensed contact formulation
(Petrov Galerkin) [2]
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