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Optimal Design of a Nuclear Fuel Rod Support Structure
Based on Contact Stress Analysis
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Abstract

An optimal design method is adopted for a spacer grid in nuclear power plant. It is made of punched sheet
metal process, functioning as springs and dimples supporting fuel rods. For stress analysis of the assembled
fuel rod support, a typical cell out of the repeated pattern in the assembly is modeled using 4-node shell
elements. A commercial code, ABAQUS, is used for detailed analysis of contacting phenomena with friction.
For the optimization, design varibles are taken from geometric parameters representing the shape of the bent
leaf spring part and mating contact region with fuel rod. Objective function is considered in relation to
mechanical functions and durability. Maximum von Mises stress is considered in relation to constrained
contact stress.
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1% 1 Shape of unit supporting grid
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1% 3 Shape of supporting grid
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2% 4 Modeling of supporting grid

of Bdel dg ¢ % AEANEHE 29
s ol ehg A

(a) von-Mises stress contour
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(b) contact pressure contour
¥ 5 Analysis of supporting grid
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1% 6 Shape of spring

a7 Shape of contact part

EZYEE uHozn HdAE Y AAES
7t 6 N, AszAo] 463 A0lth, ARZA F 108
Ae 7V3AARTZE Qs BHARNNY 545
gl A AFxPol 351 Me AFEHzt
AE Agxoln UmA 4 e 23Y il

-734 -



g 718183 Agzdoltt, A7AM AEFHEH
he AR2AZSE 140MPa = A AT
HALAE #937) 3% 3% F9 AnE
vudRd ag g & ok o7M AL 84
T 43R FHL2as4R) 1175 7012, BA Y A
T 1891 Meoltt, HHstd AAE A¥RY
A3l 57) Ao AZYY HER ZA NN 4G
3 2 39 $¥o] Aoy HF3 F:
€Y B3I/ 433 n2A HoZde RE ¢
F At 47 A9 HOEHEYE vad B
ol AA AdE 756.5MPa 1K, AA Fo
T 5642MPa £ 254%7F FAIET =¥ AF
89 AT AA Al 202.6Mpa I8 RO
A Fole 140.0MPa £ 30.9%7F F23 &
A AFAA A3 29 9o Y AT}

EaN

(b) Deformation after optimization
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(c) von-Mises stress contour before optimization
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(d) von-Mises stress contour after optimization

(e) Contact pressure before optimization

(f) Contact pressure after optimization
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and contact stress minimization problem
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