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Structural Analysis for the HANARO Irradiation Capsule through Vibration Test
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Abstract
Instrumented capsules are one of the irradiation facilities in the HANARO core. The
capsule is a cylindrical shape, and it has the outside diameter of 60 mm and length
of 877 mm. This structure is subject to flow-induced vibration (FIV) due to the flow
of the primary coolant and then the structural integrity of the capsule during
irradiation in the reactor is issue of major concern. However, the complexity of
coolant flow in the forced convection area of the reactor, it is very difficult to obtain
directly the flow—-induced loads acting on the capsule structure. For this purpose the
acceleration was measured by four accelerometers attached to the protection tube of
the capsule. Based on the measured data , the displacement at the top part of the
capsule mainbody and the displacement between flow tubes were calculated using
commercial finite element program ANSYS to evaluate the structural interference to
the neighboring flow tubes under the reactor operating condition. The calculated
displacement at the region of the flow tube are lower than the values in allowable

design criteria.
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Table 1 Material Properties of Type 304 Stainless Steel and Zircaloy—4

Material Type 304 Stainless Steel Zircaloy-4
Modulus of Elasticity (GPa) 193 94.3
Mass Density (kg/m”) 7913 6500
Poisson’s Ratio 0.27 0.35
Ultimate Strength (MPa) 515 415
Yield Strength (MPa) 205 240
Allowable Stress (MPa)’ 123 144

* Allowable stress (ASME Code Sec.Ill, NF-3322.1) : Fi = 0.60S,

Table 2 Minimum and Maximum Displacement Transformed from Acceleration Signals

(unit : mm)
Accelerometer Position Model I (CT) Model 1 (IR2) Model I (CT)
and Direction Min. Max. Min. Max. Min. Max.
1X -5.271 6.082 -6.194 7.157 -3.447 2.484
1Y =7.439 6.050 =7.050 7.822 -2.755 3.132
2X -3.828 4.168 -4.283 4.168 -1.054 1.196
2Y -4.651 5.245 -4.534 4.834 -1.550 1.652
Table 3 Displacement Results of Model I in CT Hole
(unit : mm)
Accelerometer Between Capsule | Between Test Hole .
cc. : o) Analysis Maximum
Position and and Test hole and Flow Tube
Direction Input Node No.| Disp. |Node No.| Disp. | Node No.| Disp.
1X 6.08 #4 2.05 #39 0.31 #9 6.08
1Y 7.44 #4 2.46 #103,#104 0.37 #9 7.44
2X 4.17 #4 1.34 #39 0.20 #18 554
2Y 5.25 #4 1.54 #103,#104 0.23 #18 6.59
Allowable Disp. - 7.2 - 0.6 - N/A




Table 4 Displacement Results of Model 1 in IR2 Hole

(unit : mm)

Accelerometer Analysis Between Capsule | Between Test Hole Masimum
Position and and Test hole and Flow Tube

Direction Input Node No.| Disp. |Node No.| Disp. |Node No.| Disp.
1X 7.16 #4 2.41 #39 0.36 #9 7.16
1Y 7.82 #4 2.60 |#103, #104| 0.39 #9 7.82
2X 4.28 #4 1.37 #39 0.21 #18 5.70
2Y 4.83 #4 147  |#103, #104| 0.22 #18 6.20
Allowable Disp. - 72 - 0.5 - N/A

Table 5 Displacement Results of Model II in CT Hole

(unit : mm)

Bet C 1 Bet Test Hole
Acce.lgrometer Analysis etween Capsule etween Maximurm
Position and and Test hole and Flow Tube
Direction Input Node No.| Disp. |[Node No.| Disp. |Node No.| Disp.
1X 3.45 #4 1.77 #45 0.27 #14 3.52
1Y 3.13 #4 161 #109, #110 0.24 #14 3.22
2X 1.20 #4 1.76 #45 0.12 #16 1.87
2Y 1.65 #4 1.03 #109, #110 0.16 #16 2.56
Allowable Disp. - 72 - 0.6 - N/A
: Capsule Protection Tube
Capsule Supporting System /
(X, 2¥) = Chimney Bracket
Accelerometer L Chimney
Top Guide Spring (X, 2Y) = Accelerometer
(1X, 1Y) = i
Rod Tip (IX, 1Y) - Capsule Mainbody
z ” TestHole
Fig. 1 Schematic Model I in CT & Fig. 2 Schematic Model II in CT

IR2 Hole Hole
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