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BACKGROUND

• Typically comprised on non-uniform beam-like structures that can be modeled as beam with several sections • A typical RCS, in particular control rod assembly, is comprised of 3 main components:

1. A Mobile Part (MP) that contains neutron absorbing material 2. A Lower Sleeve (LS) that is considered a rigid boundary 3. An Upper Sleeve (US) is considered a quasi-rigid boundary (within calculations treated as rigid, but equilibrium is checked)

• Shape and materials can change greatly between designs, analysis tools need to be adaptable • Leads to development of a tool for simplified analysis for design phase consideration • Interaction between components is treated as point forces and each component has linear-elastic material properties • While this can give a "worst-case scenario", it is important to know how the system reacts during the actual earthquake • First step is to look at dynamic effects to verify if they can be neglected (only the maximum deflection to be used) or if they contribute to resonance based motion that might cause failure 

  Systems (RCS) are critical components for any nuclear reactor • These systems control the output of reactor core • Seismic vibrations represent the most challenging situation for RCS design • Fukushima: RCS worked, melt-down caused by Tsunami • This work focuses on RCS used in Sodium-cooled Fast Reactors, such as Super-Phénix and ASTRID project (currently being designed by CEA, Framatome, and others)

  Euler-Bernoulli Implementation for Seismic Events tool • SIKI -Step-by-step Insertion Kinetic Implementation tool • Currently in development with StaBI completed and current work on DEBSE • Uses Python for calculations and Excel for geometry/materials

•

  Similar method to get FRF data • Replace [0] with a forced excitation using stepped-sine • Used as verification check that all modes are included •

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

INVESTIGATION INTO CORRELATION

• Both situations have a 1-to-1 matching of a single mode with other modes being correlated • Free-Clamp : Mode 11 seems to have some axial stretching near 20% along the length of beam 

CONCLUSIONS

• PIRAT is a novel toolbox to analyze RCS designs, but can also be used for any beam that is deformed by guiding sleeves • StaBI uses static deformations and DEBSE uses dynamic deformation to determine: Contact forces and beam deflection • The use of these tools is to perform preliminary evaluations during the design phase of a new nuclear reactor, particularly focused for applications to the ASTRID reactor project • This is thought of as a method to reject and rank possible design configuration for future in depth computational analysis and prototype testing • The use of Python and Excel greatly increase the ease-of-use and allows for simple and rapid changes to geometric and material properties