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» Frictionless contact problem
» Deformable two (mutli-) body system

» FE Method with non compatible discretizations
= Leads to application of the “Mortar Method"

What do we focus on in this presentation?

» Only a very small subset of the whole problem
» Inconsistencies of the kinematics due to discretization

» Analyze the advantages of an averaged (steady) normal field
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Continuous Contact Kinematics
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Discrete Contact Kinematics
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Figure: Mortar side normal with jump
on mortar nodes
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Discrete Contact Kinematics
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Averaging method

Yang, Laursen, et al. 1JNME 2005 (62)
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Yang, Laursen, et al. 1JNME 2005 (62)
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Integration Scheme

It's common to integrate on the non-mortar surface
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Figure: Integration on ~c %
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Integration Scheme

It's common to integrate on the non-mortar surface
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Figure: Integration through segmentation (see [Laursen et al.])
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Integration Scheme

It's common to integrate on the non-mortar surface

2)
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Figure: Concentrated integration (see [Wriggers et al.])
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Related Issues

Uniqueness of projection (especially on concave mortar surfaces):
Konyukhov Comput. Mech., 2003, (33)
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Related Issues

Uniqueness of projection (especially on concave mortar surfaces):
Konyukhov Comput. Mech., 2003, (33)
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Solution: Eliminated by averaged normals (recovers C! continuity).
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Related Issues

Oscillation of projection edge

r "
mortar w(2)
NE)
GP
non-mortar w(1)
[ -
. Michael E. Hammer Comparison of steady and non steady normal field GAMM 2011

9/15



Related Issues

Oscillation of projection edge

r A
; newton iteration .
t tl+1
’ /—\ !
mortar w(z) mortar w(2)
(1) 1)
Xep Xep
non-mortar w(%) non-mortar w(%)
L -
. Michael E. Hammer Comparison of steady and non steady normal field GAMM 2011

9/15



Related Issues

Oscillation of projection edge

r A
; newton iteration .
t tl+1
’ /—\ "
mortar w(® mortar w(®
(1) (1)
Xep Xep
non-mortar w(?) non-mortar w(?)
L a

Solution: Averaging doesn't fix this problem. Convergence can be recovered
by holding the projection edge fixed.
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Related Issues

Smoothing of traction
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Figure: Mortar side normal with jump
on mortar nodes leads to non
continuous traction
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Figure: Continuously averaged non
mortar side normal leads to
continuous traction
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Ironing Problem
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Ironing Problem
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Ironing Problem
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Curved Beam
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Conclusion

What are the results?

» The uniqueness of projection is given through averaging.
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Conclusion

What are the results?
» The uniqueness of projection is given through averaging.
» There are no enhancements on oscillation behavior of the active set.
» The effort of linearization and computation time rises through averaging.

In our experiments the influence of averaging is negligible.
To admit: The numerical experiments are based on ‘“concentrated”

integration methods (see Wriggers et al.). The influence through a
segmented integration method should be further investigated.
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