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Abstract

Three dimensional frictional contact is formulated as linear complementarity problem (LCP) by using the parametric

variational principle and quadratic programming method. Two aggregate-function-based algorithms, called respec-

tively as self-adjusting interior point algorithm and aggregate function smoothing algorithm, are proposed for the solu-

tion of the LCP derived from the contact problems. A nonlinear finite element code is developed for numerical analysis

of 3D multi-body contact problems. Four numerical examples are computed to demonstrate the applicability and com-

putational efficiency of the methods proposed.
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1. Introduction

Contact problems with friction are very important in engineering practice. They are also among the most

difficult ones in mechanical problems. The main difficulties lie in several aspects, such as the unknown con-

tact surface and the unknown boundary conditions on the contact surfaces during loading. The contact and

friction laws are non-smooth and multi-valued relations. Frictional contact problems have been extensively

studied in the literatures, which are focused on different aspects of contact problems, such as constitutive
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friction modeling, variational formulations and the finite element method. The corresponding literatures

are referred to the review papers [1–3], book [4] and the references therein for detailed descriptions.

It is well known that the contact problems can be formulated as complementarity problem formulations

[5–11] or nonlinear equation formulations [1,12]. Although many standard methods such as pivotal method

(e.g. Lemke�s method) [5–8], homotopy method [9,10], interior point method [1], B-differential equation
method [1] and smoothing Newton method [12–14] have been developed for solving of LCPs, it is still

of significance to develop new algorithms for efficient solution to the 3D contact problems.

In [16], some aggregate function-based algorithms for complementarity problems are developed, among

them are self-adjusting interior point algorithm and aggregate function smoothing algorithm, which have

been used to solve some mechanics problems [14]. The self-adjusting IPM is developed based on replacing

the central equation of the standard IPM by the optimality condition of a new proximity measure function.

In paper [17], this method is developed to solve linear programming problems. The basic idea of aggregate

function smoothing algorithm is to smooth the equivalent non-differentiable equations of complementarity
problems using aggregate function. Then a Newton-type method is used to solve the derived smoothing

equations.

In this paper, based on the parametric variational principle [5,6,15], 3D discretized frictional contact

problems are formulated as LCPs. Two algorithms, i.e. the self-adjusting interior point algorithm and

aggregate-function smoothing algorithm are respectively applied to solve LCP derived from 3D contact

problems. Numerical examples are presented and the comparison of efficiency is made between the two

algorithms.

2. Governing equations

Consider two candidate contact bodies (see Fig. 1), under the assumption of small deformation, using

component notation and the summation convention for indices i, j, k and l, the governing equations and

constraints for the 3D frictional contact problems can be concluded as follows:

Equilibrium equations:

drij;j þ dbi ¼ 0; in X; i; j ¼ 1; . . . ; 3; ð1Þ
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Fig. 1. Two contact bodies.
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