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ABSTRACT

The instrumented capsule 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
HANARO reactor is an issue of major concern. 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 main body and the displacement
between flow tubes were calculated using commercial finite element program ANSYS to
evaluate the structural interference with the neighboring flow tubes under the reactor
operating condition. The calculated displacement at the region of the flow tube is found to be
lower than the values of allowable design criteria.

1. INTRODUCTION

Instrumented capsule is one of the irradiation facilities in the HANARO (Hi-Flux
Advanced Neutron Application Reactor) core. Seven vertical holes are available for
capsules in the HANARO core for use in material and fuel testing. The external surface of the
capsule is in contact directly with the cooling water fed by forced convection flow. This
structure is subject to FIV due to the flow of the primary coolant and then the structural
integrity of the capsule during irradiation in the reactor and the most appropriate supporting
mode of the capsule to the reactor structure are issues of major concern. However, due to
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 is measured by four accelerometers attached to the protection tube of the
capsule [1]. The position and direction of the accelerometers were determined from the
vibration mode analysis data. Measured accelerations were converted to the displacement by
using I-DEAS program [2]. Based on these data, the displacement at the top part of the
capsule main body and the displacement between flow tubes were calculated using
commercial finite element program ANSYS [3] to evaluate the structural interference with the
neighboring flow tubes under the reactor operating condition.
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2. DESCRIPTION OF STRUCTURES

The instrumented capsule (IC) consists of a main body and a protection tube made of S A-
240 Type 304 stainless steel. The main body part with the test specimen to be placed in the
in-core region of HANARO is the cylindrical shell with 2mm in thickness, 60mm in external
diameter and 870mm in length. The protection tube part connected with the capsule main
body is 34mm in diameter, 1.65mm in thickness and about 6m in length. The role of springs
installed at the connecting parts between the top position of the capsule main body and the
protection tube is to guide the capsule during loading of the capsule in the test hole and to
support the capsule during irradiation testing. The spring constant optimized by seismic
analysis is 15 N/mm [4-6].

The capsule supporting systems (CSSs) consist of H-beams, the channel bracket, the base
plate and clamp arms etc., and these are located at the first platform (EL. 78.73m) in
HANARO. One edge in clamp arms of the cantilevers type is bolted to the base plate and the
finger of the free edge grasps the upper protection tube of the capsule. The clamp arms are
connected with the control unit systems of the second platform (EL. 85.58m) and are operated
manually at the control unit system. The length of the clamp arm is 900mm for IR1 hole,
780mm for CT hole and 650mm for IR2 hole, respectively. In order to improve the FIV-
resistance, additional capsule supporting system (ACSS) was considered in the HANARO
chimney during the reactor operation. These structures consist of chimney, clamp arms and
stopper, and are located at the level of EL.77.15m in the HANARO in-core. These structures
have been also used for the vibration test of the mock-up capsule [7] and the type-B of driver
fuel assembly [8].

The test holes of the CT, IR1 and IR2 are made of Zircaloy-4 and are the same hexagonal
type as the flow tube for the drive fuel. The maximum and minimum diagonal distances of
hexagonal test holes are 74.4mm and 80.4mm, respectively, and the length is 910mm[4].

3. FINITE ELEMENT MODEL ANALYSIS

3.1 Modeling and analysis method
For the structural integrity evaluation, two different models were considered. The

acceleration response obtained by four accelerometers attached to the protection tube of the
capsule in each model is transformed to displacement component [9]. Table 1 shows the
maximum and minimum displacement components transformed in each direction. As shown

Table 1. Minimum and Maximum Displacement Transformed from
Acceleration Signals (unit: mm)

Accelerometer
Position and

Direction

IX

1Y

2X

2Y

Model I (CT)

Min.

-5.271

-7.439

-3.828

-4.651

Max.

6.082

6.050

4.168

5.245

Model I (IR2)

Min.

-6.194

-7.050

-4.283

-4.534

Max.

7.157

7.822

4.168

4.834

Model H (CT)

Min.

-3.447

-2.755

-1.054

-1.550

Max.

2.484

3.132

1.196

1.652

in Fig. 1 and 2, the origin of coordinate systems applied in FE model is the rod tip in the
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bottom of the capsule main body, and X and Y axis are the longitudinal and perpendicular
direction of the clamp arm, respectively. The Z-axis is the longitudinal direction of the

Capsule Supporting System

(2X. 2Y) » £

(IX. 1Y) —

Accelerometer

Top Guide Spring

Rod Tip

Capsule Protection Tube

Chimney Bracket

Chimney

Accelerometer

Capsule Mainbody

Test Hole

Figure 1. Schematic Model I in CT&IR2 Hole Figure 2. Schematic Model II in CT Hole

capsule protection tube. In the Table 2, the position (IX, 1Y) of the accelerometers in the
Model I is located at 2.76 m from the rod tip of the bottom of the capsule, and the position
(2X, 2Y) is located at 4.16m as shown in Fig. 1. In case of the Model II using additional
chimney brackets, the position of IX and 2X is 2.31 and 3.21m as shown in Fig. 2,
respectively.

Acceleration signals show the oscillation of the plus and minus because those are measured
by accelerometers during constant periods. Since the size of the displacements is one of the
main interesting issues, the absolute values of displacement components transformed are
obtained and used as the displacement input in the finite element analysis using commercial
finite element program ANSYS. Fig. 3 shows the number of nodes of the test hole and
protection tube considered in the model.

(Wltrwut Bracket)
'#45 (With Bracket)

#16-

# 9 "

# 1 4 -

(A) (B) (C)

Figure 3. Node Numbers of Test Hole and Capsule Protection Tube

Three different types of elements such as the beam, the spring damper and the shell are
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used in order to generate the finite element model considering the actual geometry. First, the
3-D elastic beam element (Beam4) with six degrees of freedom at each node is used for
modeling for the rod tip, the capsule main body, the protection tube, the clamp arm and the
chimney bracket. Second, the spring damper element (CombinH) is used for modeling of the
top guide spring. Finally, the hexagonal test hole is modeled by the elastic shell element
(Shell63) with translations and rotations at each node.

3.2 Boundary Conditions
When capsule structures are inserted into the test hole, supporting structures such as the

clamp arm, the top guide spring, the rod tip and the test hole supports the capsules. Thus, as
the boundary conditions considered in the analysis, the bottom of the capsule's main body is
treated as a simple support to the capsule-mounting spider. The flow tube assumed to be fixed
to the grid structure. The clamp arm of the supporting system and the additional supporting
system are also fixed to the capsule, respectively.

4. STRUCTURAL ANALYSIS RESULTS AND DISCUSSIONS

4.1 Structural Analysis for the Case of Model I .
The displacement results for the cases considered in these study, which was indirectly

obtained by applying the displacement force to the position of (X, Y) in CT test hole, are
summarized in the Table 2. The typical displacement shape is shown in Fig. 4.

Table 2. Displacement Results of Model I in CT and IR2 Holes(unit: mm)

Accelerometer
Position and

Direction

IX

1Y

2X

2Y

Analysis
Input

CT

6.08

7.44

4.17

5.25

IR2

7.16

7.82

4.28

4.83

Allowable Displacement

Capsule in the Test
Hole

Node
No.

#4

#4

#4

#4

-

Displacement

CT

2.05

2.46

1.34

1.54

IR2

2.41

2.60

1.37

1.47

7.2

Between Test Hole and
Flow Tube

Node
No.

#39

#103,#104

#39

#103,#104

-

Displacemen
t

CT

0.31

0.37

0.20

0.23

0.6

IR2

0.36

0.39

0.21

0.22

0.5

Maximum

Node
No.

#9

#9

#18

#18

-

Displacement

CT

6.08

7.44

5.54

6.59

IR2

7.16

7.82

5.70

6.20

N/A

The maximum displacement at the top (node no. 4) of the capsule within the test hole is
2.46mm in the Y direction. The maximum displacement between the test hole and the
neighboring flow tube is 0.37mm at the top part(node no. 103 and node no. 104) of test hole
in the Y direction. From above results, the X-direction stiffness of the capsule structure is
found to be larger than the Y direction stiffness, where the X is the axial direction of the
clamp arm installed at the first platform in HANARO. The position of the applied loads
would highly affect on the FIV-resistance and the calculated displacement at the position of
IX, 1Y is larger than that at 2X, 2Y

For the case of Model I, the maximum displacement at the top of the capsule main body
(node no. 4) is 2.6mm at top (node no. 4) of the capsule in the Y direction in the IR2 test hole
of HANARO as shown in Table 2. And this value, similar to CT test hole, is found to be
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lower than the allowable limit of 7.2mm. The maximum displacement of 0.39mm between
flow tubes is lower than the allowable limit of 0.5mm. The capsule and related structures
under FIV condition do not interfere with other nearby structures.

Figure 4. Displacements of Model I in CT&IR2 Hole(lY, #9, 6=7.44mm)

4.2 In Case of Model II using Additional Clamp Arm and Chimney Brackets
The displacement results for the cases of Model II in CT test hole are also summarized in

the Table 3. The typical displacement shape, as the displacement force of 3.45mm is applied

Table 3. Displacement Results of Model II in CT Hole(unit: mm)

Accelero-
meter Position
and Direction

IX

1Y

2X

2Y

Analysis
Input

3.45

3.13

1.20

1.65

Allowable Displacement

Capsule in the Test
Hole

Node
No.

#4

#4

#4

#4

-

Displacemen
t

1.77

1.61

1.76

1.03

7.2

Between Test Hole and
Flow Tube

Node No.

#45

#109, #110

#45

#109, #110

-

Displacemen
t

0.27

0.24

0.12

0.16

0.6

Maximum

Node
No.

#14

#14

#16

#16

-

Displacement

3.52

3.22

1.87

2.56

N/A

to the position of IX, is shown in Fig. 5. As the displacement calculated at IX, 1Y or 2X, 2Y
position is applied to the same position as an external force, the displacements at the
concerned position are found to be different and the displacement obtained by applying the
external force to the position of IX, 1Y is larger than that in case the force is applied to 2X or
2Y And the displacement of X direction at the same position is slightly larger than that of Y
direction. The maximum displacement of the capsule within the test hole is 1.77mm at top
part(node no. 4) of the capsule in the X direction, and the displacement between the test hole
and the nearby flow tube is 0.27mm at the top part(node no. 45) of the test hole in the X
direction. In case of Model I, regardless of CT and IR2 test hole, the displacements in the Y
direction are always greater than those in the X direction. However, in case of Model II, the
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maximum displacement occurs in the X direction.
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Figure 5. Displacements of Model II in CT Hole(lX, #9, 5=3.45mm)

From the structural analysis, the maximum displacement at the top of the capsule can be
decreased up to 40% and the FIV resistance of the capsule can be improved by installing
additional clamp arm and chimney bracket. This additional supporting method seems to be
more favorable with a point of safety and fully satisfy the acceptance criteria under the
HANARO hydraulic conditions.
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