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Vibration Characteristic Analysis of a Duel—cooled Fuel Rod

according to the Cross—sectional Dimensions
and the Span Length
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Vibration characteristics of an duel—cooling cylindrical fuel rod, which was proposed as a
candidate design of fuel's cross section for the ultra—high burnup nuclear fuel, according to the
cross—sectional dimensions and the number of supports or the span length were analytically
studied. Finite element(FE) modeling for the annular cross sectional fuel was based on the
methodology, that have been proven by the test verification, for the conventional PWR nuclear fuel
rod. A commercial FEA code, ABAQUS, was used for the FE modeling and analysis, A planar
beam element (B21) that uses a linear interpolation was used for the fuel rod and a linear spring
element for the spring and dimple of the SG. Natural frequencies and mode shape were calculated
according to the preliminary design candidates for the fuel's cross sectional dimension and the
number of span. From the analysis results, the design scheme of the annular fuel compatible to
the present PWR nuclear reactor core was discussed in terms of the number of supports and

fuel's cross section.
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Table 1 Cross—sectional dimensions of annular fuel

model”
Design |OR-OD| OR-ID | IR-OD | IR-ID | THK
Dy 159 | 147 [ 112 10 0.6
Dz 159 | 147 9.2 8 0.6
D" | 159 | 147 | 102 9 06
Dy 149 | 137 | 102 9 0.6
Ds 169 | 157 | 102 9 0.6

* Note : Following cross—sectional configuration of
the dual cooling fuel explains abbreviations
in the table above

UO:2 pellet

Inner cladding

Quter cladd'ing-

Table2 Cladding cross sectional area(d), area
moment of inertiald), effective radius(r"),
equivalent density(p), natural frequuency
factor(1: inner rod, 2:outer rod)

| AAr 4 L I=htE | o
Design| (1 55y | (x1.8-8) | 0™ | (kg/my | BV 0 205
Dy 4.882 1127 | 7.268 | 21180 | 10.694
Dy 4505 | 0996 | 6.997 | 29244 | 8735
D" | 4.694 1.054 | 7.121 | 25354 | 9.562
Dy 4505 | 0.8995 | 6.783 | 21078 | 9.947
Ds 4.882 1.231 | 7.468 129517 | 9.330
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Fig. 2 Natural frequency variation according to the
cross sectional dimension(D;~Ds;) of the
annular cylindrical fuel(EA); Solid means
coventional PWR fuel rod
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Table 3 Number of span and supports, span length
for the span design models

Design Number of | Number of [Short span| Long span
span support | length(m) | length(m)
SP8 8 9 0.458 0.544
SP7 7 8 0.522 0.620
SP6 6 7 0.606 0.720
SPH 5 6 0.723 0.860

Viewport: 1 ODB: Cfabaqushverki5P5-D3.odb Viewport:2  ODB: CabaqushvorkiSPs-D3.0db

Vieviport: 5 ODB: Cifabagushwork!3P5-03.0db Viewport: 5 ODB: Clabaqushwerk/SP5-D3.0dk
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Fig. 3 Natural frequency according to the number
of span and supports
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Fig.4 Vibration mode shape according to the number of supports;(a) 6 supports, (b) 7 supports
(conventional PWR fuel rod), (c) 8 supports and (d) 9 supports
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