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Dry Coulomb friction plays a significant role
inmanymechanical engineering applications.
When multiple bodies interact with each
other, determining the contact forces in rea-
sonable time becomes essential. This chal-
lenge spans various fields, including multi-
body dynamics, robotic manipulation, de-
formable solid mechanics, and the study of
granular materials.

Examples of contacting bodies.

After discretization of the dynamical systems
in space and time, the general model to be
considered is a second-order conic comple-
mentarity problem (SOCCP) in the De Saxcé
form

f(x,λ) = 0

K∗
µ 3 γ̂(x) ⊥ λ ∈ Kµ ,

where the contact and friction forces λ =
(λN , λT1 , λT2)

T have to be in the Coulomb cone

Kµ =
{
λ
∣∣∣√λ2

T1
+ λ2

T2
≤ µλN

}
.

Moreover, K∗
µ is the dual cone to Kµ and f , γ̂

are nonlinear functions defining the dynami-
cal system.

Currently, mainly first-order numerical meth-
ods are available to solve the SOCCP. These
methods use the fact that

K∗
µ 3 γ̂ ⊥ λ ∈ Kµ ⇔ λ = proxKµ

(λ− ργ̂) ,

where proxKµ
denotes the projection on the

set Kµ and ρ is an arbitrary positive param-
eter. This reformulation allows to perform
simple fixed point iterations λk 7→ λk+1 that
can be applied in tandem with a nonlinear
solver for f . Although these methods are
very robust, they suffer from a linear rate of
convergence and are therefore too slow to
find accurate solutions in a reasonable time.

The main objective of this thesis is to solve
the SOCCP using second-order methods to
speed up convergence. Therefore, interior-
point methods will be investigated as pro-
posed in [1], [2]. This includes the choice
of appropriate barrier functions that allow to
formulate the SOCCP as equality-constrained
optimization problem. In numerical experi-
ments the observed rates of convergence and
the obtained speedup with respect to existing
first-order methods and semi-smooth New-
ton methods are analyzed.
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