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Finite Element Analysis of Pilgering Process of Multi-Metallic Layer
Composite Fuel Cladding
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ABSTRACT

In severe accident conditions of light water reactors, the loss of coolant may cause problems in integrity of zirconium
fuel cladding. Under the condition of the loss of coolant, the zirconium fuel cladding can be exposed to high temperature
steam and reacted with them by producing of hydrogen, which is caused by the failure in oxidation resistance
of zirconium cladding materials during the loss of coolant accident scenarios. In order to avoid these problems,
we develop a multi-metallic layered composite (MMLC) fuel cladding which compromises between the neutronic
advantages of zirconium-based alloys and the accident-tolerance of non-zirconium-based metallic materials. Cold
pilgering process is a common tube manufacturing process, which is complex material forming operation in highly
non-steady state, where the materials undergo a long series of deformation resulting in both diameter and thickness
reduction. During the cold pilgering process, MMLC claddings need to reduce the outside diameter and wall thickness.
However, multi-layers of the tube are expected to occur different deformation processes because each layer has
different mechanical properties. To improve the utilization of the pilgering process, 3-dimensional computational
analyses have been made using a finite element modeling technique. We also analyze the dimensional change, strain
and stress distribution at MMLC tube by considering the behavior of rolls such as stroke rate and feed rate.

Key Words : Pilgering process (ZAH 37%), Multi-metallic Layer Conposite fiel cladding (5245535 SIS 3153,
Accident tolerant fuel (A2l A&4d SMAF), Finite element analysis (3 84 3l14d)

7|5MH O.D = outside diameter of tube
ILD. = inner diameter of tube
S.R. = stroke rate W.T. = wall thickness of tube
FR. = feed rate o = engineering stress
ey = utilization of productivity of pilgering process e = engineering strain
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Table 1 Material properties of MMLC components

A= FeCrSi Cr Ti Zrly-4

kA

(gler) 7.76 7.19 451 6.56
g4 A

(GPa) 179 250 105 99.3
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Table 4 Dimension change of MMLC tube and the
error after the pilgering process simulation

(unit: mm)
Average Target Error
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