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Short Description

Hints for Obtaining a Converged Contact Solution in Abaqus...



Description


Hints for obtaining a converged contact solution in Abaqus/Standard Question My Abaqus/Standard contact analysis is having convergence difficulties. What should I check?



(The following applies to all versions.) Request detailed output of the contact state: Abaqus/CAE: Step Module: Output  Diagnostic Print ...  Contact Keyword: *PRINT, CONTACT=YES Contact state information will be written in the message (.msg) file. You should also write the necessary contact output variables to the data (.dat) and the output database (.odb) files frequently enough so that you can diagnose the problem. Consider the following items: Check that the contact surfaces are properly defined, and correct any errors. The surfaces can be viewed in Abaqus/Viewer. If the surface has been created in the input file by automatically using the free surface of an element set, check whether the TRIM parameter should have been used. Check the contact direction defined for each surface. The normals to a surface can be viewed in Abaqus/Viewer. If the normal directions are wrong, frequently you will get large overclosures that may lead to convergence difficulties. Frictional contact problems are generally more difficult to solve than frictionless contact problems. Try solving the problem without friction to see if the difficulty is due to friction or if it is due to something else. If the difficulty is indeed due to friction, consider the following: 1.



Reexamine the choice of the friction coefficient—larger coefficients of friction are generally more difficult to use.



2.



Examine the allowable elastic slip (low values can cause convergence problems, although too high a value can give physically incorrect solutions).



3.



Refine the mesh so that more points come into contact at the same time.



4.



Use immediate onset of friction if only a few points are coming into in contact at the same time and slipping occurs. In Versions 6.1 and higher this is the default behavior. In earlier versions you can use



*CONTACT CONTROLS, FRICTION ONSET=IMMEDIATE Rough friction with intermittent contact generally gives convergence problems. If appropriate for the analysis, do not allow the contacting surfaces to separate after contact is established: 1.



2.



Abaqus/CAE: Interaction Module: Interaction  Property  Create  Contact  Mechanical  Normal Behavior  deselect Allow separation after contact Keyword: *SURFACE BEHAVIOR, NO SEPARATION



o



Three-dimensional finite-sliding contact with highly curved faceted master surfaces generates a highly nonsymmetric tangent stiffness matrix. Use the unsymmetric solver even if the coefficient of friction is less than 0.2.



o



If you have sharp corners on the contact surfaces, the comments in 5 apply. In addition, try the following:



1.



2.



Smooth the surface. Nodes on the slave surface can be caught in folds in the master surface, causing convergence difficulties when the surrounding elements deform to take this into account. The elements making up the slave surface should be small enough to be able to resolve the geometry. A rough guideline is to use 10 elements around a 90° corner; you must use your judgment to decide if this is adequate or too fine.



2.



If the physical problem has a sharp concave fold, use two separate surface definitions.



3.



Sharp convex folds cannot be modeled with a reasonable finite element mesh. Smooth the fold with a radius larger than the element size on the slave surfaces. A rough guideline is to use 10 elements around a 90 degree corner; obviously, you must use your judgment to decide if this is adequate or too fine.



Contact chattering, which is indicated by the contact state for a group of slave nodes cyclically changing from open to closed until the maximum number of severe discontinuity iterations is reached. Abaqus/Standard can automatically compute an overclosure tolerance and a separation pressure tolerance to prevent chattering: 1.



Abaqus/CAE: Interaction Module: Interaction  Contact Controls  Create...  Automatic overclosure tolerances



2. o



Keyword: *CONTACT CONTROLS, AUTOMATIC TOLERANCES



If you get an error message in the message (.msg) file that HCRIT should be increased, check that it makes sense to do so; if it does make sense, increase the value for the relevant contact pair. The current value of HCRIT is printed to the data (.dat) file.



For more information see: 'Contact pressure-overclosure relationships'



o 1.



Section 36.1.2 of the Abaqus 6.12 Analysis User's Guide



2.



Section 37.1.2 of the Abaqus 6.13 Analysis User's Guide 'Frictional behavior'



o 1.



Section 36.1.5 of the Abaqus 6.12 Analysis User's Guide



2.



Section 37.1.5 of the Abaqus 6.13 Analysis User's Guide 'Contact interaction analysis: overview'



o 1.



Section 35.1.1 of the Abaqus 6.12 Analysis User's Guide



2.



Section 36.1.1 of the Abaqus 6.13 Analysis User's Guide 'Common difficulties associated with contact modeling in Abaqus/Standard'



o 1.



Section 38.1.2 of the Abaqus 6.12 Analysis User's Guide



2.



Section 39.1.2 of the Abaqus 6.13 Analysis User's Guide 'Defining contact pairs in Abaqus/Standard'



o 1.



Section 35.3.1 of the Abaqus 6.12 Analysis User's Guide



2.



Section 36.3.1 of the Abaqus 6.13 Analysis User's Guide



o



Modeling contact with tetrahedral elements in Abaqus/Standard



o



Using augmented Lagrangian contact in Abaqus/Standard



o



Causes of contact chatter Cause of spurious overconstraint and zero pivot warnings for Abaqus/Standard contact



o problems



Modeling contact with second order tetrahedral elements in Abaqus/Standard Question What is the best way to model contact surfaces using second-order tetrahedral elements in Abaqus/Standard?



(The following applies to releases 6.4-1 and higher.) Please consider the following guidelines when modeling contact with second-order tetrahedral elements: 1.



In Releases 6.7 and higher, if the finite-sliding, surface-to-surface contact formulation with default settings is used, contact surfaces on C3D10 elements generally provide better accuracy than contact surfaces on C3D10M elements - without degraded contact robustness. Note that the penalty constraint enforcement method with node-centered constraint positioning is the default behavior.



2.



In Releases 6.9 and higher, C3D10 is preferable when the small-sliding, surface-to-surface contact formulation is being used.



3.



If the Release 6.7 (or higher) finite-sliding, surface-to-surface default formulation is not used, having C3D10 elements underlay the slave surface can degrade convergence and cause contact stress noise. o



It can be difficult to obtain converged solutions when C3D10 elements are used for the slave surfaces if "hard" contact constraints are strictly enforced. In these cases contact constraints associated with nodes on corners of C3D10 elements are likely to chatter as a result of uneven force distributions for these elements. If the analysis does converge, the contact pressures are likely to be noisy even though the underlying element stresses are probably quite accurate.



o



Convergence with slave surfaces based on C3D10 elements is improved if a “softened” pressure-overclosure behavior is specified (note however that slave surfaces based on C3D10M elements are preferred when the Release 6.7 (or higher) finite-sliding, surface-tosurface default formulation is not used): 



*SURFACE BEHAVIOR, PENALTY







*SURFACE BEHAVIOR, AUGMENTED LAGRANGE







*SURFACE BEHAVIOR, PRESSURE-OVERCLOSURE = [EXPONENTIAL | LINEAR | TABULAR]



For these cases, Abaqus uses supplementary constraints to improve the distribution of contact forces and reduce contact pressure noise. While the supplementary constraints remove one source of convergence degradation (uneven contact force distribution) they cause another potential source of convergence degradation in that the total number of constraints exceeds the number of slave nodes. 4.



Note that if the finite sliding surface-to-surface default formulation is used with C3D10 elements, but the formulation parameters (such as penalty stiffness) are changed, the effect on convergence will be problem-dependent. For example, in some cases raising the penalty stiffness may harm the convergence behavior.



5.



C3D10 elements can more accurately represent surface curvature than C3D10M elements. o



6.



In many cases this factor is predominant in the choice of element type underlying the master surface.



For a “matched mesh” across a contact interface, having different element types underlying the master and slave surfaces will cause noise in the contact stress solution - the exception being the case of flat surfaces using the surface-to-surface formulation.



o



For example, if a matched mesh is used and other factors imply that C3D10M elements should underlay the slave surface, then choosing C3D10M elements (rather than C3D10) for the master surface will provide a better contact stress solution.



7.



The penalty method (available beginning with Release 6.6) is recommended over strictlyenforced hard contact, regardless of which contact formulation is used. In general, the penalty method increases the robustness and performance with insignificant degradation in accuracy.



8.



If the underlying materials are incompressible or nearly incompressible, such as the case with many hyperelastic or elastic-plastic materials, C3D10 and C3D10M elements may have volumetric locking problems (with C3D10 being somewhat more susceptible). C3D10H and C3D10MH elements can be used to avoid these problems, at some added expense.



9.



For problems with contact stress singularities or highly-localized contact stress concentrations relative to the mesh refinement, C3D10M elements are more likely to "smooth over" a localized effect. For example, C3D10M elements tend to under-predict the maximum contact stress for a highly localized contact stress concentration; whereas, with the same mesh, C3D10 elements may tend to over-predict the maximum contact stress.



10.



If the problem posed has a stress singularity near the edge of the contact region (where a corner of one surface meets a smooth part of another surface) - with a fairly coarse mesh C3D10M elements may predict that the maximum contact stress is a bit high at these locations but the C3D10 elements with the same mesh will tend to show significantly higher peaks. With either element type, the peak value with continue to increase with more and more mesh refinement.



For more information see: 1.



'Defining contact pairs in Abaqus/Standard' o



Section 35.3.1 of the Abaqus 6.12 Analysis User's Guide



o



Section 36.3.1 of the Abaqus 6.13 Analysis User's Guide



2.



'Contact pressure-overclosure relationships' o



Section 36.1.2 of the Abaqus 6.12 Analysis User's Guide



o



Section 37.1.2 of the Abaqus 6.13 Analysis User's Guide



3.



'Adjusting contact controls in Abaqus/Standard' o



Section 35.3.6 of the Abaqus 6.12 Analysis User's Guide



o



Section 36.3.6 of the Abaqus 6.13 Analysis User's Guide



4.



What are the causes and resolutions of contact chattering in Abaqus/Standard?



5.



Contact enhancements in Version 6.7 of Abaqus/Standard



Question



What are the causes and resolutions of contact chattering?



(The following applies to all versions.) When Abaqus has difficulty resolving a contact constraint, the contact status of a particular slave node may sometimes repeatedly change from open to closed between each severe discontinuity iteration; this is known as contact chattering. It can lead to cutbacks in the time increment if the contact state cannot be resolved within a certain number of severe discontinuity iterations. If several cutbacks are required, contact chattering may ultimately lead to loss of convergence. As outlined below, there are many possible causes of contact chattering. Invoking the automatic overclosure tolerances very often alleviates the difficulty. Introduce them as follows: Abaqus/CAE: Interaction Module: Interaction  Contact Controls  Create  Continue  check Automatic overclosure tolerances Keyword: *CONTACT CONTROLS, AUTOMATIC TOLERANCES With the automatic tolerances, Abaqus calculates an alternative set of tolerances that are intended for those problems where the standard controls do not provide cost-effective solutions. These problems often require several iterations at the start of the analysis to establish the correct contact state. The automated tolerances: increase the allowable penetration of a slave node to twice the maximum displacement correction, and allow, during the first two iterations, a tensile contact pressure equal to 10 times the maximum allowable force residual divided by the contact area of a node. If convergence should occur in the first two iterations with these modified tolerances, at least one more additional iteration is made with the separation tolerance set equal to the largest allowable residual. For additional information on the use of automatic contact tolerances, see 'Common difficulties associated with contact modeling in Abaqus/Standard' o



Section 38.1.2 of the Abaqus 6.12 Analysis User's Guide



o



Section 39.1.2 of the Abaqus 6.13 Analysis User's Guide



If the use of the automatic contact controls does not resolve the chattering, some additional causes and suggested resolutions are: A slave node is sliding off the master surface (when using finite sliding): check and extend the master surface if necessary. Only a few nodes are in contact: refine the underlying mesh of the slave surface or use softened contact (exponential, tabular or linear pressure-overclosure relationship) to distribute the contact over more nodes. For more information see 'Contact pressure-overclosure relationships'



o 



Section 36.1.2 of the Abaqus 6.12 Analysis User's Guide







Section 37.1.2 of the Abaqus 6.13 Analysis User's Guide



The size of the region in contact is changing rapidly: make sure that the application of friction is not being delayed to the increment after contact occurs (i.e. make sure that *CONTACT CONTROLS, FRICTION ONSET=DELAYED is not being used). Immediate onset of friction is the default behavior for Versions 6.2 and higher.



The model has long, flexible parts with small contact pressures: use softened contact. The master surface is not sufficiently smooth and kinks in the master surface get caught between two slave surface nodes: smooth the master surface by refining the underlying mesh or defining the contact directions with



*NORMAL, TYPE=CONTACT SURFACE If possible, use analytical rigid surfaces instead of rigid surfaces defined with elements. If rigid elements must be used, smooth the rigid surface with



*CONTACT PAIR, SMOOTH For more information see: 'Contact formulations in Abaqus/Standard'



o 



Section 37.1.1 of the Abaqus 6.12 Analysis User's Guide







Section 38.1.1 of the Abaqus 6.13 Analysis User's Guide



Make sure analytical rigid surfaces are smooth between segments: use the



*SURFACE, FILLET RADIUS option. It is the user's responsibility to make sure rigid surfaces are sufficiently smooth. For more information see: o



'Analytical rigid surface definition,' Section 2.3.4 of the Abaqus 6.12 or 6.13 Analysis User's Guide



If contact can be established but Abaqus/Standard has difficulty (changing the contact status from closed to open), try viscous damping to control chattering: o



Abaqus/CAE: Interaction Module: Interaction  Contact Controls  Create  Stabilization tab Click Stabilization coefficient  Specify damping parameters



o



Keyword: *CONTACT DAMPING, DEFINITION=DAMPING COEFFICIENT



For more information see: 'Contact pressure-overclosure relationships'



o 



Section 36.1.2 of the Abaqus 6.12 Analysis User's Guide







Section 37.1.2 of the Abaqus 6.13 Analysis User's Guide



If none of the above cases seem to apply, try using automatic stabilization in a static, coupled temperature-displacement, soils or quasi-static step: o



Abaqus/CAE: Step Module: Step Create...  Select step type  Select Use Stabilization with:



o



Keyword: Include the STABILIZE parameter on the *STATIC, *COUPLED TEMPERATURE-DISPLACEMENT, *SOILS or *VISCO options.



Automatic stabilization is normally used to stabilize globally unstable problems but can sometimes help prevent contact chatter problems from occurring. For more information see: o



'General and linear perturbation procedures,' Section 6.1.3 of the Abaqus 6.12 or 6.13 Analysis User's Guide



In some cases, using dashpots on elements on and near the contact region can help stabilize the contact. If you use this technique, apply dashpots to all translation degrees of freedom until experience indicates you can apply the dashpots only in a particular direction or at a limited number of nodes. For extremely difficult situations, and only as a last resort, you can allow some points to violate contact conditions by setting the maximum number of points permitted to violate contact and the maximum value of tensile stress allowed to be transmitted at a contact point: o



Abaqus/CAE: Interaction Module: Interaction  Contact Controls  Create  General tab Keyword: *CONTACT CONTROLS, [MAXCHP | PERRMX]



o



These parameters can be reset in a subsequent step. WARNING: These controls are intended for experienced analysts and should be used with great care. For more information see: 'Contact pressure-overclosure relationships'



o 



Section 36.1.2 of the Abaqus 6.12 Analysis User's Guide







Section 37.1.2 of the Abaqus 6.13 Analysis User's Guide



NOTE: The *CONTACT CONTROLS, APPROACH and *CONTACT CONTROLS, STABILIZE options are not meant to solve contact chatter problems, so they will probably not help in these cases. These options are meant to prevent excessive overclosures due to unconstrained rigid body motion.
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