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We established a general theory of Dirac structures on the semi-direct product of Lie
groups together with its associated Lagrange-Dirac systems. We clarified, from a
variational standpoint, the relation between the Hamilton-Pontryagin principle with
advected parameters and the Lagrange-Dirac system. Moreover, we successfully
characterized the motion of perfect fluids and rigid bodies with non-holonomic
constraints in the general framework of Euler-Poincare reduction. We proposed a
reduction procedure called “Lie-Dirac reduction” for the Dirac structure induced by
G-invariant non-holonomic constraints and with the associated implicit Lagrangian
systems and we illustrated our theory by examples of Revilin-Ericksen fluids, which
are second order non-Newtonian fluids, and compressible ideal fluids.

In connection with multi-body mechanics such as space mission for deep space
exploration, we developed a method of low-energy orbit design, exploiting the
structure of the invariant manifold called “tube”. In particular, we made a model
for the orbit design from Earth to the Moon by a four-body problem of the Earth-Sun-
Moon-Spacecraft system because of perturbation of the gravity of Sun or that of the

Moon. We derived the time dependent invariant manifold of the four-body system



by computing the Lagrange Coherent Structure (LCS), which is also a recent popular

topic in fluid mechanics, where we applied the method to our orbit design.



