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Abstract

Instrumented capsules are one of the irradiation facilities in the HANARO (Hi-Flux
Advanced Neutron Application Reactor) core. The structural integrity of this structures
under seismic loads and during irradiation in the reactor are issues of major concern to
enhance the capsule safety. Based on the structural integrity results carried out using
the finite element program, ANSYS, major components of the capsule top guide
spring and the bottom guide pin are optimized through material tests.
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Table 1. Combinations of dimension for designed instrumented

capsule

Test Tube Dimension (D./¢, mm) Internal
Case M ass
No. Upper Middle Middle Spring Capsule of Test
(A) (B) ©) ) (E) T ube
1 34/ 165 34/ 165 60.0/ 2.0 60/ 2.0 60/2.0 72 Kg
2 34/ 165 34/ 165 60.5/2.8 42.7/2.8 60/2.0 72 Kg
3 34/28 48.6/2.8 486/2.8 42.7/2.8 60/2.0 72 Kg
T able 2. Displacement of seismic response with dimension
of designed instrumented capsule
limit Case 1 | Case 2 Case 3
(mm)
Displ. of IR2 45 358 344 397
Test Tube CT 45 3.95 4.34 450
(mm) IR1 45 3.53 3.50 3.89
Max. Displ. IR2 0.50 0.499 0.481 0.556
of Flow CT 0.60 0.532 0.586 0.596
Tube (mm) IR1 0.65 0.480 0.476 0.556
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Figure 1. Side view of in-chimney bracket
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Figure 2. The shape of wire Figure 3. Test specimens and zig
spring assembly

Table 3. Result data of spring compression test

Length 170 mm 180 mm
Parameter Experiment Experiment
Load (kgf) 37 45 31 37 425
Displacement (mm) 5 6 5 6 7
Spring constant (N/mm)| 7.25 735 6.08 6.04 5.95
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Figure 4. P-d curve under compressive |load
[=180 mm (& =5mm, 6mm, 7mm)
Table 4. Material properties

M aterial properties Zircaloy-4 SUS304
Young's module(E) 94.3GPa 193GPa
Mass density (p ) 6500kg/ m® 7913kg/ m®
Poisson's ratio(v ) 0.35 0.27
Ultimate strength(o .) 415M Pa 515M Pa
Yield strength(o ,) 240M Pa 205M Pa
Allowable stress(0.60 ,) 144M Pa 123M Pa
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(a) Uniaxial tensile load (b) Transverse bending load

Figure 5. FE mesh, load and boundary conditions

WAOINBORN £E555755ED

| v beriters «n o

Figure 6. Stress distribution under tensile
load
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(a) Guide pin with ring (b) Guide pin without ring
Figure 7. Stress distribution under bending load
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Figure 8. P-& curve under tensile load Figure 9. P-d curve under bending load
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