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/ . |ntr0d uction The activity was performed in the framework of PIP-1l project at Fermilab jointly by University of Pisa and Fermilab engineering
teams. The goal of the activity was to develop a multilevel simulation tool aimed to characterize the vibration behavior of the
prototype SSR1 Cryomodule (CM), in the frequency range of interest for road transportation.

These tools can be used to design the Transportation Tooling (TT) needed to filter loads coming from the ground (roads),
preventing the critical components from damage and leakage. ok H
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® Finite Element Modal model (FEM) ® Semi-flexible MultiBody model (SMB)

Finite element method was used to develop the modal model. External vessel (1), || A multilevel approach was used to develop the multibody model. The inertia properties of
thermal shield (2), strong back (3), cavities (4), support posts (5) and solenoids (6) were || the most rigid parts were imported from CAD as rigid bodies and the flexible parts were
included. The structural components were implemented by meshing the previously || identified and imported as lumped or continuous elements.

cleaned CAD geometries using shell elements. Node merging and fixed joints were
used, to completely avoid contact regions. Total mass: 6200 kg (75% of the total
estimated mass).

Vessel, thermal shield, strong back,
support posts, solenoids imported
from FE software (Craig-Bampton
modal reduction).

11277369 nodes | _ ' Two-phase pipe modelled splitting
. o the pipe in several beam elements
(Timoshenko beam theory).

Cavities imported as rigid bodies,
considering their actual mass and
inertia properties.

Bellows, not represented, modelled
as lumped stiffness (equivalent
stiffness matrix derived from FE).

Natural modes — Some examples
Natural modes Lumped stiffness matrixes

Modeno.  fME (Hz)
1 9.6
2 15.2
3 17.9
4 216
5 23.1

15t mode: thermal 2"d mode: cavities and two-
shield oscillation phase pipe bending )
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transportation tool.
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Forces acting on each component were recorded with a . \ .

particular attention to the forces acting on the bellows. Uy
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