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ABSTRACT

Recent developments [1], [2] in numerical contact mectmegpecially in the case of large defor-
mations have shown the high robustness of the covarianbagplpr Following the geometrical inter-
pretation of this approach, contact interaction betweatidsois considered as an interaction between
surfaces and is carried out in a specially defined local sarf@ordinate surface related to the surface.
This coordinate system is defined after the closest poirjegtion (CPP) procedure in which a chosen
"slave” point from one contacting body is projected to theaster” surface of another contacting body.
For numerical algorithms all necessary parameters aredelaen to the surface coordinate system and
are written in a covariant form. It leads to a descriptionahhis independent of the discretization of the
contact surfaces e.g. by FE and can be applied even for higr-6E with exact representation of the
geometry [3].

The geometrical approach for curve-to-curve interactigpears to be more complicated because both
contacting points should be found via the CPP procedurédly a few publications are known mostly
for cases with linear geometry; e.g. a case with curviling@ams is considered in [5] in which all
necessary derivatives have been computed via the symitgdibra program.

Characterizing the geometrical diversity of contact ditues the beam-to-beam contact is not only a
case with curve-to-curve interactions. Such geometritahtions occur when bodies are interacting
along their surface edges and e.g. cable contact etc. Tirisitn of the current contribution is to
develop such a general description containing only thesserg kinematical characteristics from the
geometry of contacting curves as well as their necessanhamézal characteristics such as contact
forces, sliding paths etc. and others.

The covariant approach starts with a definition of a contaattpvia the CPP procedure defined via
arc-length parameters:

(pi(s1) = pa(s2))-m1 = 0 1)

lp1(s1) — pa(s2)|| — min, — { —(py(s1) — pols2)) -T2 = 0

1



The CPP procedures, in due course, result in a pair of Sereeiet frames-;, v;, 3, attached to both
curves, see Fig. 1.

Figure 1: Serret-Frenet local coordinate frames attachdxbth curved lines. Definition of the closest
point projection (CPP) procedure.

A further description is then given in the defined coordinggetem and and follows the stages: a)
study of the solvability conditions (existence, uniquenesf the related CPP procedure; b) contact
kinematics of curve-to-curve contact with consideratibmdependent relative motion of the selected
curve; c) formulation of various constitutive relations faurve-to-curve contact; d) enforcement of
contact conditions (Lagrange multiplier method, penaltimd). All necessary contact terms for the
further iterative solution as well as the necessary lireéion are considered in the local coordinate
systems attached to the curves. It leads to a formulatiortwisi independent of the approximation

of both curves. This description can be then independemipfied for any case with curve-to-curve

kinematics such as contact between curved beams and cabledl as contact between surface edges.

REFERENCES

[1] Konyukhov A., Schweizerhof K. “Contact formulation véavelocity description allowing
efficiency improvements in frictionless contact analysi&mput. Mech., Vol. 33, 165173,
2004.

[2] Konyukhov A., Schweizerhof K. “Covariant descriptioorffrictional contact problems”.
Comput. Mech., Vol. 35, 190-213, 2005.

[3] Konyukhov A., Schweizerhof K. “Incorporation of contdor high order finite elements in
covariant form”.Comput. Meth. Appl. Mech. Engr., (accepted for publication)

[4] Litewka P., Wriggers P. “Frictional contact between 3Bams”.Comput. Mech., Vol. 28,
26-39, 2002.

[5] Litewka P., Wriggers P. “Smooth frictional contact betwn beams in 3D”. IlWTAM Symp.
on Comput. Cont. Mech., U.Nackenhorst, P. Wriggers eds., Springer, 157-176,.2007



