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Dynamic analysis of a multi-contact problem with clearances, application to the SFR fuel pins bundle.

"Toy model"

Semi-analytical and experimental validation

Simplified model One row of pins

Numerical method (Cast3M finite element software)

Explicit integration scheme (central difference method)

Modal analysis without contacts 

Analytical Numerical Analytical Numerical

A high frequency truncation is necessary when 𝑅 𝑘 is high.

Clamped beam colliding on a spring 

Finite element model

(

  to find the switching time𝑡 𝑛+1 = 𝑡 𝑛 -𝑓 𝑡 𝑛 𝑡 𝑛 -𝑡 𝑛-1 𝑓 𝑡 𝑛 -𝑓 𝑡 𝑛-1

Fuel

  assembly in bending on a rigid stop Several phenomena at different time scale WT contact time (~20ms) WT breathing waves (~15ms) Compression waves in the bundle (~3ms) Bending waves in the bundle (~5ms) Local phenomena in a contact zone if there is a gap (<0.5ms) i 𝑞 𝑖 + Σ𝜓 𝑗 𝑞 𝐿𝑗 , 𝐵 𝑟 = [Φ, Ψ] 𝐾 = 𝐵 𝑟 𝑡 K𝐵 𝑟 𝑒𝑡 𝑀 = 𝐵 𝑟 𝑡 𝑀𝐵 𝑟 Modal analysis on 𝐾 and 𝑀 𝐸𝑖𝑔𝑒𝑛𝑣𝑎𝑙𝑢𝑒𝑠 𝑎𝑛𝑑 𝐸𝑖𝑔𝑒𝑛𝑣𝑒𝑐𝑡𝑜𝑟𝑠 𝑤𝑟𝑖𝑡𝑡𝑒𝑛 𝑜𝑛 𝐵 𝑟 Modal recombination 𝐸𝑖𝑔𝑒𝑛𝑣𝑎𝑙𝑢𝑒𝑠 𝑎𝑛𝑑 𝐸𝑖𝑔𝑒𝑛𝑣𝑒𝑐𝑡𝑜𝑟𝑠 𝑤𝑟𝑖𝑡𝑡𝑒𝑛 𝑜𝑛 𝑝ℎ𝑦𝑠𝑖𝑐𝑎𝑙 𝑏𝑎𝑠𝑖𝑠

  

  

  

  

  

  

  𝑞 𝑖 (𝑡) = 𝑒 -𝜉 𝑖 𝜔 𝑖 𝑡 𝐴 𝑖 cos 𝜔 𝑑 𝑡 + 𝐵 𝑖 sin 𝜔 𝑑 𝑡

	Introduction	Analytical validation		Application		Conclusion
	Semi-analytical method
					ሷ 𝑞 𝑖 + 2𝜉 𝑖 𝜔 𝑖 ሶ 𝑞 𝑖 + 𝜔 𝑖 2 𝑞 = 0
	𝐴 𝑖 =	 Ω u 0 .Φ 𝑖  Ω Φ 𝑖 .Φ 𝑖	; 𝐵 𝑖 =	 Ω 𝑣 0 .Φ 𝑖 𝜔 𝑖  Ω Φ 𝑖 .Φ 𝑖	+	𝜉 𝑖 𝜔 𝑖 1-𝜉 𝑖 2	𝐴 𝑖 ; 𝜔 𝑑 = 𝜔 𝑖 (1 -𝜉 i 2 ).
	𝑢 𝑓 𝑥, 𝑡 = Σ𝑋 𝑓𝑖 𝑥 𝑞 𝑓𝑖 (𝑡)	Switching time ?	𝑢 𝑠 𝑥, 𝑡 = Σ𝑋 𝑠𝑖 𝑥 𝑞 𝑠𝑖 (𝑡)

Resolution of the fundamental equation of the dynamic on the modal base Modal recombination for each time step on contact points to estimate contact forces 𝐹 𝑠ℎ𝑜𝑐𝑘 Sub-structuring for the full model Modal basis analysis of two basic problems Resolution of the fundamental equation of the dynamic on the modal base Clamped beam colliding on a spring 11/09/2017 6 𝑋 𝑓 𝑥 , 𝜔 𝑓 𝑋 𝑠 𝑥 , 𝜔 𝑠