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Buckling and Vibration Characteristics of the Capsule for Nuclear Fuel
Irradiation Test
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ABSTRACT

The vibration and buckling characteristics of the capsule for fuel irradiation test are studied. The natural

frequencies of the capsule in air and under water are obtained by modal testing and finite element(FE) analysis

using ANSYS program, and accelerations with flow are measured to estimate the compatibility with the

operation requirement of the HANAROQO reactor. The experimental fundamental frequency of the capsule in the x
and z direction is 85Hz and 875Hz in air, and 75Hz and 7.75Hz under water, respectively. The maximum
amplitude of accelerations under the normal operating condition is measured as 11.0m/s’ that is within the allowable
vibrational limit(1899m/s®) of the reactor structure. Also, the maximum displacement at 100% flow is calculated as
0.13mm which is not interference with other nearby structures. FE analysis results show that the natural

frequencies are found to be similar to those of the modal testing when three supporting parts are considered
as simply supported conditions. From the buckling analysis, when the loading tool is applied, the critical buckling

load of the capsule is 233N.
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Fig. 1 Schematic view of the fuel capsule
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Table 1 Boundary conditions for three supporting parts of the

fuel capsule
B.C. . Lower Upper
Case Rod Tip Stopper Stopper
Casel S-S* 8-S Fixed
Case2 S-S Fixed S-S
Case3 S-S Fixed Fixed
Cased S-S S-S S-S

* §-S: Simple Support (Ux=Uy=Uz=0)

Fig. 1904 5.Qutel ol e AHo nls o]
7 1 8-S 2] o] &4 &5 A JARE
8} (critical buckling load)2 €9 T8%F EA4F sy
ojct, dutE o2 7)F(column)] AAu|(A)e Aol(L)%
AANAHn vz ZAAgC.

A=L/r )

q714 HAuA, r=./I/AL @@ ZAEN}
wuhA)Y Aol A0)E ot AV Be
BE@e] Aee 274701, FH BS 1d B
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A7) gty R M Fuig Ae FAA B

we rlr
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Table 2 Boundary and force conditions for the buckling
analysis of the fuel capsule

Rod Tip, |Lower .
Case Upper StopperStopper Unit Force (N)
Buckl S-8* Free [Top of the tool
Buck2 S-8 Free [Top of the protection tube
Buck3 S-S Free [Bottom Stopper

* §-S: Simple Support (Ux=Uy=Uz=0)

Table 3 Material properties of the fuel capsule

Material . Stainless .
Propertics Zircaloy-4 Steel Aluminum
Elastic Modulus(GPa)] 94.5 197 70
Density(kg/m?) 6530 7850 2700
Poisson's Ratio 0.3 03 0.3
: ANSYS

Upper Stopper
*3)

> Mass Elements

Lowsr Stopper L
s}

4
Rod Tip ($-8) HL—X

Fig. 2 FE model and boundary conditions of the fuel capsule
for modal analysis
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5.1. A5E4
() AH3E
Table 42 EZGAFT FFasrdy e Fito] o
& dds P& FNF IHAEFE YA, Fig.
32 x3Eo) W@ Fu4FESA(frequency response
function: FRF) 2 $Atz(phase angle)2 YERHRACH Al
P47 ddg JAEY x, 24F 7|2FAFF(fundamental
frequency)= 2z} 8.5Hz9} 8.75Hzol X, z¥3ke] A FF 7}
xake] HlE 2 E 5A4S R4q. #H4dE ¢ 0
A$o AAzA gt AY AR F YXsE 2
& Cased 24 ORS ZALF) A3t dds &9 =
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Table 4 Natural frequencies of the fuel capsule with boundary

conditions in air

ase Natural frequency (Hz)
Mode Test | Casel | Case2 | Case3 | Cased
1 8.5 14.90 9.13 1491 8.66
<-dir 2 24.0 33.80 35.30 42.30 28.90
13 70.0 85.48 | 84.43 1t1.1 | 7331
4 90.0 111.4 114.1 116.0 | 95.33
1 8.75 14.90 9.13 14.91 8.75
2-dir 2 245 33.80 35.30 42.30 28.96
13 75.0 85.48 84.54 111.1 73.38
4 96.0 111.4 114.3 116.0 | 95.51

Fig. 4E Case4® A& 42717 x e #4 REY
4 el e, ygde] REx fuol 4F9F o
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Fig. 8 Max. displacement of the fuel capsule with flow
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Fig. 9 Auto power spectrum density function of the fuel
capsule at 100% flow in the x direction
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Table 5 Buckling loads of the fuel capsule

with tool without tool
Mode
Buckl Buck?2 Buck3
1 233 1856 4142
2 2384 17134 38508
i i
| |
I
Lx Lx E x Lx
(a) Buckl (b) Buck3

Fig. 10 Buckling mode shapes of the fuel capsule
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