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Abstract

We present a simple projected quasi-Newton approach for dealing with
frictional contact constraints in multibody dynamic simulations. A sin-
gle matrix-vector product is required per iteration, rendering the method
attractive in the context of parallel computations. Our approach often
performs comparably with the commonly used Gauss-Seidel scheme, while
having a much lower communication cost in parallel. The implementation
is available at http://code.google.com/p/solfec.

Method
Let

C (R) = 0 (1)

state the frictional contact problem (based on [1]), and let C (R) be well defined
only within the friction cone (R are contact reactions). Since C (R) is not
smooth, to compute ∇C we generalize the approach from [2], where only the
self-dual case (friction coefficient equal to 1) was considered. Our idea is to
employ the following projected Newton step

Rk+1 = projK
[
Rk −A−1C (R)

]
(2)

so that, as required, the iterates remain within the friction cone and where
A ' ∇C is an easy to invert approximation of ∇C. Since in many practical
situations ∇C is singular, we cannot hope for directly employing ∇C. The rela-
tive velocity U is first updated in step (a) of Algorithm 1. This is the only step
requiring parallel communication: each processor stores a subset of constrains
and a portion of the W operator. We then compute the right hand side C and
the diagonal 3 × 3 blocks ∇Cαα. Since A is a rather poor approximation of
∇C, in step (c) we employ a θ-damping involving the previous increment, where
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Algorithm 1 The projected quasi-Newton method.
PQN(R, θ, γ, n, ω):

1. 4R0 = 0, k = 0.

2. Do

(a) Uk = WRk + B.

(b) Compute Ck and Ak = diag3×3

[
∇Ck

αα

]
using smoothing ω.

(c) 4Rk+1 = (1− θ)4Rk − θ
(
Ak
)−1

Ck.

(d) Rk+1 = projK
[
Rk +4Rk+1

]
.

(e) k = k + 1.

while g
(
Rk
)
≥ γ and k < n.

θ ∈ (0, 1]. We note, that smoothing is only employed in step (b). Projection
projK [·] and the merit function g (R) do not employ smoothing, where

g (R) =
ν∑

α=1

〈
W−1

ααCα (R) ,Cα (R)
〉
/

ν∑
α=1

〈
W−1

ααBα,Bα

〉
, (3)

B is the relative local velocity of an unconstrained motion, and C (R) has the
dimension of velocity.
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