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Abstract

A dynamic analysis, finite—element (FE) model was developed to simulate out-reactor fuel string
impact tests with use of the structural analysis computer code ABAQUS. The FE model takes into
account the deflection of fuel elements, and stress and displacement in endplates subject to the
normal refueling impact in CANDU-6 reactor. It was adapted to the conditions of the out-reactor
impact tests performed with CANFLEX 43-element bundles. In overall judgment, the three
dimensional analysis results are well agreed with the test results. With use of the FE model,
dynamic behavior of the fuel bundle string impacted by the moving bundle was investigated and the
overall integrity of the fuel bundles was assessed based on the calculation results of maximum
stress intensities on each part of the fuel bundles. According to these investigation and assessment,
it was found that the fuel bundle would maintain the integrity during the normal refueling service.
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Table 1. Description of FE model for each component

Component é\lgégrtﬂtstype Element description Remark
Endplate S4R g—g%dlze, 3D Shell 422 elements per plate
Fuel sheath PIPE31 é—g%dlze, 3D Pipe 6 elements per rod
Spacer pad T3D2 %—B(o)dl:e, 3D Truss
Table 2. Material properties at 266 C*
Component %%%Tﬁuss Yield strength g'rtgggttﬁ tensile rPa%igsons
Endplate 79,706 MPa 165 MPa 281 MPa 04
Cladding tube 83,882 Mpa 314 MPa 421 MPa 0.4
Spacer 83,882 MPa - - 0.4
®Engineering Manual, DE-13(5.3-1), Zirconium Alloys Mechanical Properties and Corrosion Resistance,

Chalk River Nuclear Laboratories Engineering Manual, 1969



Figure 1. FEM model for CANFLEX fuel bundle and shield plug
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Figure 2. Schematic diagram of fuel string impact to the inlet shield plug
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Figure 5. Energy terms as a function of time
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Figure 6. Axial acceleration histories of bundle #2, #6 and #10
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Figure 7. Time histories of stress at three points along the fuel string
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Figure 8. Stress contour of bundle #1 downstream endplate



250 +

200
<
o
2 :
o 1501 Impacting Bundle (Bundle #1) .
g _
»
$ 100+ .
2
= 1 ]
§ s04 | — Endplate |
> - A Fuel Element

T T T T T T T
0.000 0.005 0.010 0.015 0.020
Time (Second)

Figure 9. Time history of Von—Mises stress on endplate and fuel element of bundle #1
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Figure 10. Stress contour of bundle #2 upstream endplate
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Figure 11. Time history of Von—Mises stress on endplate and fuel element of bundle #2
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