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Lie Group time integration of a nonlinear geometrically exact Cosserat
rod model
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Guided by the analysis in [1], we present a nonlinear geometrically ex-
act Cosserat rod model, that can be obtained by applying a Lie group
variational principle in time and space for linear, viscoelastic material be-
haviour. The rotational components are represented using unit quater-
nions p ∈ S3 (Euler parameters). By adding constraints, a second order
partial differential algebraic equation with solution in the Lie group R3 × S3

is obtained. Following the method of lines the equation is semidiscretized
in space using a staggered grid (see [2]), yielding a second order differ-
ential algebraic equation of index three with solution in the Lie group
(R3 × S3)n × R3.
A general purpose Lie group generalized-α solver is then applied in order
to solve the index-three DAE either directly or using a stabilized index-
two formulation. As a test scenario we use the ‘flying spaghetti’ bench-
mark problem, in which forces and moments are applied to an unhitched
straight rod, resulting in three-dimensional rotations.
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