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FEA Study on Hoop Stress of Multilayered SiC Composite Tube for Nuclear Fuel Cladding
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ABSTRACT

Silicon carbide-based ceramics and their composites have been studied for application to fusion and advanced fission energy
systems. For fission reactors, SiCy/SiC composites can be applied to core structural materials. Multilayered SiC composite fuel
cladding, owing to its superior high temperature strength and low hydrogen generation under severe accident conditions, is a candidate
for the replacement of zirconium alloy cladding. The SiC composite cladding has to retain its mechanical properties and original
structure under the inner pressure caused by fission products; as such it can be applied as a cladding in fission reactor. A hoop strength
test using an expandable polyurethane plug was designed in order to evaluate the mechanical properties of the fuel cladding. In this
paper, a hoop strength test of the multilayered SiC composite tube for nuclear fuel cladding was simulated using FEA. The stress
caused by the plug was distributed nonuniformly because of the friction coefficient difference between the inner surface of the tube
and the plug. Hoop stress and shear stress at the tube was evaluated and the relationship between the concentrated stress at the inner
layer of the tube and the fracture behavior of the tube was investigated.
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Fig. 1. Schematic of the triplex SiC composite tube.
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Fig. 2. 3D FEM model of the hoop strength testing model.
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Table 1. Material Properties of Components with Hoop Strength Test Model of Plug
Materials Stainless steel' """ sic® SicySic™”
E =E
Elastic modulus (GPa) 207 460 * 5-E
124 155
Vg =V, v
Possion’s ratio 0.28 0.21 v s
0.20 0.16
Table 2. Material Properties of Polyurethane with Hyperelastic Material Model
Materials Polyuretl1ane16)
) C10 C20 C30 D1 D2 D3
Hyperelastic Yeoh form 3 s %
9.1 4.9 4.8 1.88e 8.19¢ -6.33¢
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S, Mises

(Avg: 75%)
+1.266e+02
+1.162e+02
+1.057e+02
+9.525e+01
+8.480e+01
+7.434e+01
+6.389e+01
+5.344e+01
+4.298e+01
+3.253e+01
+2.208e+01
+1.162e+01
+1.170e400

Fig. 3. Stress distribution in the mono SiC tube for FEM with
the hoop strength testing system by plug.
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Table 3. True Stress Range at the Inner SiC Layer of the Triplex
SiC Composite Tube

lef o o, Von Mises
(MPa) (MPa) (MPa) (MPa)
-16.1~-04 0~1425 -622 (—34.9*) ~262  ~160.6

*The axial stress of the cladding at maximum hoop stress section

S, Mises

(Avg: 75%)
+1.606 e+02
+1.541e+02
+1.401e+02
+1.261e+02

+2.811e401
+1.412e+01
+1.2586-01

Fig. 4. Nonuniform stress distribution in the triplex tube for
FEM with the hoop strength testing system by plug.
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Fig. 5. Stress distribution at the maximum hoop stress section of the triplex tube for FEM with the hoop strength testing system

by plug.
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