Sonderforschungsbereich 393

Parallele Numerische Simulation für Physik und Kontinuumsmechanik

Arnd Meyer Roman Unger

Subspace-cg-techniques for clinch-problems

Preprint SFB393/05-11

Preprintreihe des Chemnitzer SFB 393

ISSN 1619-7178 (Print) ISSN 1619-7186 (Internet)

SFB393/05-11 August 2005

Contents

1 Introduction 1

2 Mathematical Formulation 2

3 The projector 3 3.1 Implementational details . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

4 Numerical examples 4 4.1 A simple clinchproblem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 4.2 Clinchproblem with non optimal clinch distribution . . . . . . . . . . . . . 10

5 Outlook 14

Author’s addresses:

Arnd Meyer TU Chemnitz Fakultät für Mathematik D-09107 Chemnitz Germany

email: arnd.meyermathematik.tu-chemnitz.de

http://www.tu-chemnitz.de/~amey

Roman Unger TU Chemnitz Fakultät für Mathematik D-09107 Chemnitz Germany

email: roman.ungermathematik.tu-chemnitz.de

http://www.tu-chemnitz.de/~uro

1 Introduction

Subspace-cg-techniques with projection methods are useful for an easy extension of an arbitrary finite element code with error estimation and adaptive strategies (see [2] and [1]) to an algorithm for solving contact problems with additional restrictions such as contact problems, see [3] for details.

In this paper we use the method to apply restrictions in the interior of the domain of an elastic body, not on the boundary.

The so called ”clinch connection” is a method to connect two pieces of flat metals like sheet steels.

The connection is done by pressing the clinches in the sheet steels, like in figure 1.

Figure 1: The clinching of sheet steels

Interesting parameters are strain and stress inside the two materials under different distributions of clinches.

In figure 2 you can see a trivial constellation, the sheet on the left hand side is fixed on his left boundary, the sheet on the right hand side is under vertical load on his right boundary. One can show that the clinchpoint in the middle can not contribute so much to the robustness of the clinch-connection, because the stress is zero in the mid of the sheets (neutral line).

Complicated constructions need the computation of strains and stresses. An optimization of the clinch distribution requires the computation of a series of such problems.

Figure 2: Trivial, not optimal connection

2 Mathematical Formulation

We consider an elasticity problem for 2 (overlapping) elastic bodies Ω_1 and Ω_2 in 2D and search for the displacement fields u^1(x), u^2(x) fulfilling the Lamé-equation with Laméconstants λ, μ and stresstensor σ

−μΔu − (λ + μ)grad div u = f u(x) = g_D on Γ_D (1) σ(u) · ⃗n = g_N on Γ_N

for 2 domains Ω_1 und Ω_2.

We define the overlapping zone Ω^∗

Ω^∗ := Ω_1 ∩ Ω_2

and the so called clinch zone Ω^∗_C ⊂ Ω^∗ We distinguish between the displacementfield u^1(x) in the subdomain Ω_1 and u^2(x) in the subdomain Ω_2.

The connection of the domains Ω_1 and Ω_2 in the clinchzone leads to the restriction

u^1(x) = u^2(x) ∀x ∈ Ω^∗_C (2)

In practice the clinch zone Ω^∗_C consists of nonconnected circular subdomains, the so called clinches.

In the discretised problem this restriction means, that the displacement of nodes with the same coordinates inside a clinchpoint have to be equal.

In the finite element realization the two domains meshed separately, all nodes in the clinchzone exist two times with equal coordinates.

The variational formulation of (1) and finite element discretization without respecting the restriction (2) leads to a system of linear equations

Ku = b (3)

which is decoupled. [ K_{11} 0 0 K_{22} ] [ u^1 u^2 ] = [ b^1 b^2 ]

One of the two matrices K_{11}, K_{22} could be singular, if there are no dirichlet type boundary conditions.

The restriction (2) is equivalent to the fact that the solution u of system (3) belongs to a subspace U ⊂ R^N .

To fulfill this restriction the system is to solve within this matching subspace U ⊂ R^N . This can be done by defining a projection on this subspace

P : R^N −→ U with P u = u

in an analogous manner to [1].

Then our restriction of problem (3) is equivalent to the equation

P^T KP u = P^T b .

with u ∈ U.

The definition of this projector P will be done in the next section.

3 The projector

The definition and implementation of a proper projector for the clinch problem is easy, if both meshes fulfill the condition, that in the overlapping zone all nodes, edges and elements are situated congruent on top of each other, because in this case the definition of edgeand node pairs is possible.

With the restriction of refining each edge together with its partner edge a nodal pairing is guaranteed.

For a node pair (x^r, x^s) an identical displacement for both nodes of the pair is given, if we define a partial projector

P^{(r,s)} = 1 2 0^1_2 0 0^1_2 0^1_2 1 2 0^1_2 0 0^1_2 0^1_2 (4)

mapping the displacements u^r,u^s of the nodes x^r and x^s to the following displacement 1 2 0^1_2 0 0^1_2 0^1_2 1 2 0^1_2 0 0^1_2 0^1_2 u^r_1 u^r_2 u^s_1 u^s_2 = 1 2 (u^r_1 + u^s_1) 1 2 (u^r_2 + u^s_2) 1 2 (u^r_1 + u^s_1) 1 2 (u^r_2 + u^s_2) (5)

which is an identical displacement for both nodes.

3.1 Implementational details

For an effective implementation the full projector is defined as a commutative product of the partial projectors.

After a refinement step an update of the projectors and nodal pairings is needed. Testing all nodes and looking for a partner node within the clinch zone, if a node is in the clinch zone is possible but ineffective, because such an algorithm has quadratical efford in the number of nodes.

To avoid this an edge pairing is helpful, leading to an effective implementation. We identify edges, which lie one above another and have a node inside the clinch zone Ω^∗_C .

The following steps are to do:

1. After each refinement remove all edge pairings for edges which have no nodes in the clinch zone Ω^∗_C .

This step ensures that edges outside the clinch zone after a refinement are not longer linked, see also figure 3

2. Build node pairs for all linked edge pairs. The search for the partner node is only inside the nodes of the partner edge.

Store the information of the partner node at the node, because this information is needed for the projector application.

3. Search in all new created edges, which come up from the refinement for edges with nodes in the clinch zone and link this node pairs too.

Figure 3: Removing of edge pairings after refinement

All this node pairs will be used in the preconditioning step where the projector, defined in (4) is applied.

4 Numerical examples

4.1 A simple clinchproblem

As the first example, a simple clinch connection of 2 sheets with 2 clinches like in figure 4 is considered.

Figure 4: A simple clinchproblem

On the left boundary the displacement is prescribed as zero, on the right boundary as a constant displacement into the x_2-direction.

Both parts are connected with the red marked clinch points, i.e. all nodes in the red marked clinch zone will paired with their partner nodes, and we enforce equal displacements for this node pairs.

In the coarse mesh this restriction is given for only 2 nodes like shown in figure 5. These nodes lie above each other and all other nodes go to their energy minimal position.

Figure 5: Displacement in the coarse mesh

Figure 6: Comparison strain in the coarse mesh (both parts togehter)

In the figures 6 and 7 the comparison strain of both parts together and each part alone is shown.

In figure 8 the linked edges are marked red in further iteration steps this marking will get the shape of the clinchpoints.

After some refinement steps the refinement will go to the clinch zones, which leads to a good approximation of this zone.

In the figures 9 to 12 the same situation is shown after 10 refinement steps.

Figure 7: Comparison strain in the coarse mesh (each part for hisself)

Figure 8: Linked edges in the coarse mesh

Figure 9: Displacement after 10 refinement steps

Figure 10: Strain after 10 refinement steps (both parts togehter)

Figure 11: Strain after 10 refinement steps (each part for hisself)

Figure 12: Linked edges after 10 refinement steps

4.2 Clinchproblem with non optimal clinch distribution

As an second example we consider the clinch problem, shown in figure 13.

Figure 13: A non optimal clinch distribution

Two parts are connected with 3 clinches, the part on the left hand side is fixed on his left boundary, the part on the right hand side has a constant load in x_2-direction on his right boundary.

In figure 14 the displacement field is shown, figures 15 to 18 shows the comparison strain and figure 18 shows the linked edges after 17 refinement steps.

The strain pictures show, that the clinchpoint in the mid do not brings much for the stability of the connection. Without this clinchpoint the strain does not change so much, like shown in figure 17.

Figure 14: Displacement after 17 refinement steps

Figure 15: Comparison strain after 17 refinement steps (both parts together)

Figure 16: Comparison strain after 17 refinement steps with 3 clinches

Figure 17: Comparison strain after 17 refinement steps with 2 clinches

Figure 18: Linked edges after 17 refinement steps

5 Outlook

The handling of the clinch problem with subspace-cg-techniques can be implemented in an easy manner in an existing adaptive finite element code. The computational efford is approximatly the same as solving a usual elasticity problem.

Especially for optimization of the clinch distribution the computation of a series of clinch problems can be done in realistic computing times.

References

[1] A. Meyer. Projected PCGM for handling hanging nodes in adaptive finite element procedures. Preprint SFB393/99-25, TU Chemnitz, September 1999.

[2] A. Meyer. Programmer’s manual for adaptive finite element code spc-pm 2ad. Preprint SFB393/01-18, TU Chemnitz, May 2001.

[3] A. Meyer and R. Unger. Projection methods for contact problems in elasticity. Preprint SFB393/04-04, TU Chemnitz, April 2004.

Other titles in the SFB393 series:

03-01 E. Creusé, G. Kunert, S. Nicaise. A posteriory error estimation for the Stokes problem:

Anisotropic and isotropic discretizations. January 2003.

03-02 S. I. Solov’ëv. Existence of the guided modes of an optical fiber. January 2003. 03-03 S. Beuchler. Wavelet preconditioners for the p-version of the FEM. February 2003. 03-04 S. Beuchler. Fast solvers for degenerated problems. February 2003. 03-05 A. Meyer. Stable calculation of the Jacobians for curved triangles. February 2003. 03-06 S. I. Solov’ëv. Eigenvibrations of a plate with elastically attached load. February 2003. 03-07 H. Harbrecht, R. Schneider. Wavelet based fast solution of boundary integral equations.

February 2003.

03-08 S. I. Solov’ëv. Preconditioned iterative methods for monotone nonlinear eigenvalue problems. March 2003.

03-09 Th. Apel, N. Düvelmeyer. Transformation of hexahedral finite element meshes into tetrahedral meshes according to quality criteria. May 2003.

03-10 H. Harbrecht, R. Schneider. Biorthogonal wavelet bases for the boundary element method.

April 2003.

03-11 T. Zhanlav. Some choices of moments of refinable function and applications. June 2003. 03-12 S. Beuchler. A Dirichlet-Dirichlet DD-pre-conditioner for p-FEM. June 2003. 03-13 Th. Apel, C. Pester. Clément-type interpolation on spherical domains - interpolation error estimates and application to a posteriori error estimation. July 2003.

03-14 S. Beuchler. Multi-level solver for degenerated problems with applications to p-version of the fem. (Dissertation) July 2003.

03-15 Th. Apel, S. Nicaise. The inf-sup condition for the Bernardi-Fortin-Raugel element on anisotropic meshes. September 2003.

03-16 G. Kunert, Z. Mghazli, S. Nicaise. A posteriori error estimation for a finite volume discretization on anisotropic meshes. September 2003.

03-17 B. Heinrich, K. Pönitz. Nitsche type mortaring for singularly perturbed reaction-diffusion problems. October 2003.

03-18 S. I. Solov’ëv. Vibrations of plates with masses. November 2003.

03-19 S. I. Solov’ëv. Preconditioned iterative methods for a class of nonlinear eigenvalue problems.

November 2003.

03-20 M. Randrianarivony, G. Brunnett, R. Schneider. Tessellation and parametrization of trimmed surfaces. December 2003.

04-01 A. Meyer, F. Rabold, M. Scherzer. Efficient Finite Element Simulation of Crack Propagation. February 2004.

04-02 S. Grosman. The robustness of the hierarchical a posteriori error estimator for reactiondiffusion equation on anisotropic meshes. March 2004.

04-03 A. Bucher, A. Meyer, U.-J. Görke, R. Kreißig. Entwicklung von adaptiven Algorithmen für nichtlineare FEM. April 2004.

04-04 A. Meyer, R. Unger. Projection methods for contact problems in elasticity. April 2004. 04-05 T. Eibner, J. M. Melenk. A local error analysis of the boundary concentrated FEM. May 2004.

04-06 H. Harbrecht, U. Kähler, R. Schneider. Wavelet Galerkin BEM on unstructured meshes.

May 2004.

04-07 M. Randrianarivony, G. Brunnett. Necessary and sufficient conditions for the regularity of a planar Coons map. May 2004.

04-08 P. Benner, E. S. Quintana-Ortí, G. Quintana-Ortí. Solving Linear Matrix Equations via Rational Iterative Schemes. October 2004.

04-09 C. Pester. Hamiltonian eigenvalue symmetry for quadratic operator eigenvalue problems.

October 2004.

04-10 T. Eibner, J. M. Melenk. An adaptive strategy for hp-FEM based on testing for analyticity.

November 2004.

04-11 B. Heinrich, B. Jung. The Fourier-finite-element method with Nitsche-mortaring. November 2004.

04-12 A. Meyer, C. Pester. The Laplace and the linear elasticity problems near polyhedral corners and associated eigenvalue problems. December 2004.

04-13 M. Jung, T. D. Todorov. On the Convergence Factor in Multilevel Methods for Solving 3D Elasticity Problems. December 2004.

05-01 C. Pester. A residual a posteriori error estimator for the eigenvalue problem for the Laplace- Beltrami operator. January 2005.

05-02 J. Badía, P. Benner, R. Mayo, E. Quintana-Ortí, G. Quintana-Ortí, J. Saak. Parallel Order Reduction via Balanced Truncation for Optimal Cooling of Steel Profiles. February 2005.

05-03 C. Pester. CoCoS – Computation of Corner Singularities. April 2005. 05-04 A. Meyer, P. Nestler. Mindlin-Reissner-Platte: Einige Elemente, Fehlerschätzer und Ergebnisse. April 2005.

05-05 P. Benner, J. Saak. Linear-Quadratic Regulator Design for Optimal Cooling of Steel Profiles. April 2005.

05-06 A. Meyer. A New Efficient Preconditioner for Crack Growth Problems. April 2005. 05-07 A. Meyer, P. Steinhorst. Überlegungen zur Parameterwahl im Bramble-Pasciak-CG für gemischte FEM. April 2005.

05-08 T. Eibner, J. M. Melenk. Fast algorithms for setting up the stiffness matrix in hp-FEM: a comparison. June 2005.

05-09 A. Meyer, P. Nestler. Mindlin-Reissner-Platte: Vergleich der Fehlerindikatoren in Bezug auf die Netzsteuerung Teil I. June 2005.

The complete list of current and former preprints is available via

http://www.tu-chemnitz.de/sfb393/preprints.html.