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Load Concentration Factor Analysis of Fuel Assembly Guide Thimble

Sang-Youn Jeon *, Young-Shin Lee *

ABSTRACT

The top and bottom nozzles of PWR fuel assembly are connected by guide thimbles and an instrumentation tube that
are connected with spacer grids. The fuel rods are inserted into the each cell of spacer grids. The loads acting on the
fuel assembly are transmitted to the guide thimbles through the flow plate of top nozzle. The axial loads applied to the
fuel assembly are not equally distributed among the guide thimble due to the geometry of the top nozzle flow plate and
spacer grid. In this study, the load concentration factors for the 17x17 fuel assembly were calculated. The analytical
model for the calculation of the load concentration factor of top nozzle flow plate was developed using ANSYS 5.6.
The finite element analyses were performed using the model composed of top nozzle, guide thimble, and spacer grid.
And, the analysis results were compared with the test results.
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Fig. 1 Fuel assembly and its components
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Fig. 2 Deflection of Top Nozzle Adapter Plate
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Table 1 Main dimension of components

Components Dim. Material
T Width (in.) 8.404 Stainl
op - : tainless
Nozzle Height (in.) 3.475 Steel

Thickness (in.) 0.755
. Outer Dia. (in.) 0.482
Guide —  Zr4
Thimble Inner Dia. (in.) 0.450 T-
Thickness (in.) 0.016
Width (in.) 8.426 Inconel-
Height (in.) 1.522 718

Top Grid

Table 2 Material properties

Top Nozzle (Stainless Steel)

Young’s Modulus (at 70°F, psi) 28.92 X 10°
Posion Ratio 0.26
Guide Thimble (Zr-4)

Young’s Modulus (at 70°F, psi) 143X 10°
Posion Ratio 0.36
Top Grid (Inconel-718)

Young’s Modulus (at 70°F, psi) 29.02 X 10°
Posion Ratio 0.29
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GUIDE THIMBLE PEAKING FACTOR CALCULATION

(a) Top nozzle - guide thimble model

GUIDE THIMBLE PEAKING FACTOR

AN

" (b-1) Top nozzle - guide thimble - top grid

model

GUIDE THIMBLE PEAKING

AN

(b-2) Top nozzle - guide thimble - top grid model

[enlarged figure of (b-1)]
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GUIDE THIMPLE

(¢) Guide thimble location in top nozzle flow plate

Fig. 3 Analysis model of top nozzle, guide thimble,

spacer grid
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Load Concentration Factor =

Guide Thimble Strain (%)
Average Guide Thimble Strain (%)

4714, AverageGuideThimble Strain (%) = %
Guide Thimble Strain (%) =—<— x 100
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GUIDE THIMBLE PEAKING FAGTOR CALCULATION

Guide Thimble Model

(a) Top Nozzle ~
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GUIDE THIMBLE ING OR

(b) Top Nozzle-Guide Thimble-Top Grid Model

Fig. 4 Deformed shape of top nozzle, guide thimble,
spacer grid
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(b) Top Nozzle-Guide Thimble-Top Grid Model

Fig. 5 Sﬁess Intensity Contour of top nozzle, guide
thimble, spacer grid (unit : psi)
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Table 3 Load concentration factor for top nozzle-guide
thimble model and top nozzle-guide thimble-
spacer grid model

R Guide Thimble Location

Gn) {12 T 13 [ 1a s [ 1617 ] 18] 19

Top nozzle-guide thimble model

- F).23L.22 ‘ 0,l9l0.15 [ 1.4;F.33L1.48 | 1.46

Top nozzle-guide thimble-spacer grid model

0.1 0.81 1.08 | 0.80 | 0.84 | 1.10 1.08 1.10 | 1.09
02 065|117 ) 064 | 067 | 119 | 118 | 119 | 113
03 [ 049 | 125 | 049 | 058 | 1.26 | 127 | 1.25 | 116
0.4 0.33 130 { 034 | 049 | 1.32 1.33 1.32 1.22
0.5 0.19 132 | 020 | 040 | 1.38 1.36 | 1.38 1.30
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Fig. 6 Load concentration factor as a function of grid
thickness
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Fig. 7 Load concentration factor as a function of load
(Test Results)
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Fig. 8 Load concentration factor as a function of load
(Analysis Results)

Fig. 9 Grid flexibility test setup

TOP_SPACER GRID RIGITY CALCULATION

(a) Analysis Model
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TOP SPACER GRID RIGITY CALCULATION

(b) Deformed Shape

Fig. 10 Analysis model and deformed shape of
equivalent plate model for spacer grid
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