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Abstract

Estimation for the vibration behavior of a nuclear fuel rod with its supporting
structure called spacer grid has been made by the both of experimental and
analytical methods in order to compare the supporting performance of two kinds
of the spacer grids which have been newly developed. For the analytical method
the fuel rod was modeled as a beam continuously supported by the springs of the
spacer grid, and ABAQUS computer code was utilized. After a modal testing was
performed for the fuel rod supported by five spacer grids, two results has been
compared to justify and compensate the both methods. It has been found that the
spring design of the spacer grid could give significant effect to natural

frequency and vibration amplitude of the fuel rod.
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Fig.2 Fuel Rod Supported by Grid
Springs
YAdage g AAge AAHL &2
o] A wet AFEA] 438 A 5 9l
A7 At UAd4]. old YAE R JF
Fo Wambsganss 9 #5ATE ¥t FE3)
AAAA 222G dAo wet AAsE F
AR E 4o dAdn 458 + U1,
ojg|g oFg AAZFA DAl vrFEE
AdeAd e AAAR} 229 dASe v
+HE ¥ & Ao
2 d7E dA 3 d7AdM AYFA A=A
Az ALAA £ F HI 2dE N2 2
2AA g e AA AR st olgHez FEas
g s, FA AA ANEE A=xsA
VEERNEE Y Fe #F Aolg. 2
25 AY A 4 g8 F AN YY AAFA
ZYPvhg gz dujo] 22X EHAEE 59

q e o



g1, I AAE IS5 F3ex AFEd
BT, AWHQ HNE At 2o AgR
F AAZAz AEE AXF F, FIE AAFA
25 Xl AAE 2o dh8EY IF NYL
T8, AFAEL AAAA 2z HlA
FAH4E st 7o) WsE Foizin B4
Aoz 7|& AFAE0 FHse dAd8®
JEF AF0.2m 7} NAHES 319, adn A
A F 7R 2 AAYF vZeHE 7HE S
Astd FU& 7t EE 71 F HYRYE 53
A, clgd A Mg dzz FYe
F 7 ANEFAE vz EMEY olgrd9 gy
A& AFstn, FA IAELFY HIAHE AF
sz} st

2. gLy

FEesdMe F gy ABAQUS[5]RE=9 3-
D pipe 848§ o|&3ld 3%t 42
I2(80°C) FFHHL 1 XA B U=
e A g5t FHAA RIMAFUE 1859
o frEsdAe A% 29 8% S Fig.3
3 g,

lI:.173 { %
/ I El = 17.24N/m?

El = 17.24 N/ m =10183.7 kg/m

m = 6600 kg/m

Fig.3 Analysis Model for Fuel Rod
in Air
olgs Yol AlgE AAAA 2=y e 4
294 M Fo] 444000 N/m, 28] 3 D #o] 142200
N/m ol M & dhvte] AR AN 4,5
21 2N ez Fg 2XZgoz A
3 Fxoln], DY AAAR 4,5 2 ZolA
o2 7le FAY 22902 A& FRol.

SN AN E Fstd 359 Table 1 ~3 37 2o},

Table 1. FEM Analysis Results
(In-Air, Hz)

ode | 2 3 4 5
Typ

30.3[39.6 [53.1]72.6 |121.3

41.1]48.4 [ 57.6 | 87.0 | 131.9

Table 2. FEM Analysis Results
(Cold Water, Hz)

ode | 1 2 3 4 5
Typ
M 29.0 [ 37.9 1 50.8 | 69.3

D 39.2 [ 46.1 | 54.9 | 83.0

116.2
125.7

Table 3. FEM Analysis Results
(80 °C Water, Hz)

ode | 2 3 4 5
Typ€

M 28,2 [36.9]49.4 ] 67.4 |113.0

D 38.1]44.8|53.4]80.7 |122.2
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Table 4. Natural Frequency obtained
by Test (In-air, Hz)

ode | 2 3 4 5
Type

N 30.4 | 37.5 | 45.4 | 82.3 | 104.6

D 41.4 | 46.1 | 50.7 | 106.7 | 130.4
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Fig.6 Displacement vs. Frequency
(In-air test)
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Table 5. Natural Frequency obtained

by Test (20 °C Water, Hz)

ode | 2 3 4 5
Type

M 28.7 | 37.4 439 77.6 | 98.9

D 41.2 [ 45.0 [ 49.8 102.7[ 130.6
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Fig.7 Displacement vs. Frequency
(Cold water test)

(th) 80 °C % A%

WoFE e F£F AYL Eol o)A (Two
Phase)f#7t HE A& WASEAN 2=d%S
Fsl7] 9% WHog 80 °C o4 FH5A}.
ANge 29 7199 404 4 AEH 5Y
T wylez FYPHAD. ANgIA:E o9
Table 6 ¥ Zth. RLFFoAA9 AdL #HolA
WA A=} F7I7F e 71Y oy AFAE
o} &4o] Br}M5dA

Table 6. Natural Freguency obtained by
Test (80 °C Water, Hz)

ode | 2 3 4 5
Type

M 28.7 | 36.9 | 44.4 [ 76.9 [ 102.2

D 40.1 | 46.6 | 49.6 | 99.7 | 125.1
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Table 7 Natural Frequencies and MAC
for M Type Grid

FEA EMA | Error| MAC

(Hz) (Hz) (%) (%)

1| 30.3 30.4 | -0.44 | 96.4

Envir. [No.

2| 39.6 37.5 | 5.60 [ 80.5

In-Air| 3 | 53.1 45.4 | 16.92 | 96.3
4| 72.6 82.3 | -11.73| 91.4
5] 121.3 | 104.6 | 15.33 | 18.4

11 29.0 28.7 | 0.93 | 97.4

21 37.9 37.4 1.36 | 87.2

Cold
3 50.8 43.9 | 15.72 | 96.6
Water
4 69.3 77.6 | -10.73] 91.5
5| 116.2 98.9 17.5 38.5
1 28.2 28.7 | -1.88] 98.0
2 36.9 36.9 | -0.06 | 91.2
Hot
3 49 .4 44 .4 11,10 | 96.9
Water
4 67.4 76.9 | -10.03] 93.2
51 113.0 | 102.2 | 10.59 | 32.9
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Table 8 Natural Frequencies and MAC
for D Type Grid

Envir. No FEA EMA Error| MAC
|| (Hz) (Hz) (%) (%)
1 41.1 41.4 | -0.54 | 96.1

2| 48.4 46.1 4.93 | 11.8

In-Air| 3 | 57.6 50.7 13.6 } 97.9

4| 87.0 | 106.6 | -18.36| 50.9

51 131.9 | 130.4 | 1.18 | 33.8

1] 39.2 41.2 | -4.90| 96.4

2| 46.1 45.0 0.89 | 15.3

Cold
3 54.9 49.8 10.28 | 97.5
Water
4 83.0 102.7 | -19.14| 61.8
51 125.7 | 130.6 | -3.74 | 28.3
1 38.1 40.1 | -4.96 | 96.0
2 44.8 46.6 | -3.83 | 68.3
Hot
3 53.4 49.6 7.49 94.1
Water
4 80.7 99.7 [-19.05] 2.2
51| 122.2 | 125.1} -2.35( 12.9
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