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Nonlinear Response Structural Optimization of a Nuclear Fuel Rod
Spacer Grid Spring Using the Equivalent Load.
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Abstract

The spacer grid set is a part of a nuclear fuel assembly. The set has a spring and the spring supports the
fuel rods safely. Although material nonlinearity is involved in the deformation of the spring, nonlinearity has
not been considered in design of the spring. Recently a nonlinear response structural optimization method has
been developed using equivalent loads. It is called nonlinear response optimization equivalent loads (NROEL).
In NROEL, the external loads are transformed to the equivalent loads (EL) for linear static analysis and linear
response optimization is carried out based on the EL in a cyclic manner until the convergence criteria are
satisfied. EL is the load set which generates the same response field of linear analysis as that of nonlinear
analysis. Shape optimization of the spring is carmied out based on EL. The objective function i1s defined by
minimizing the maximum stress in the spring while mass is limited and the support force of the spring is
larger than a certain value. The results are venified by nonlinear response analysis. ABAQUS is used for
nonlinear response analysis and GENESIS is emploved for linear response optimization.
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Fig. 1 Schematic view of a spacer grid set

g zbA stomm Aojkeo 4t
Fdhs 715 7hdol @k @ J)AlF
A &Y

He 72EY A9 AgAuozt FREY
on E3] A5 H
Fo] EAE HlAdgedL
o FREY NS 7ok Ao] B Hoi9)
shA Tk v A g9 E B3 FREY AH4A
< AFEA HE mrtelw, A
5HH, g HgrHe B 9
o o9& F Aelwe] vk welA, Asn|is
77 2= i H35E Ay eETRs
9474 WS o]l g8] gAdith olE 8] 2005
d wbr)gw) w9 AFA A Sl
NROELE o435l - 4AE AFFEO
32 HREE URAMZ|= S7tetEe Aot
T oA olBd oF wlAdPra"e HY W
AE A (Hek gk
Ky(bzy)zy =1 (1
714 Ky HAdgA|A® e 2488 S e
o, AAES b 9 BlAdgEFAYHE 2 o=
o]Fo) 7 Fgeolnt sHER N2 HlAgs| oz
BE doiFl 3k A& 9usich 2 (1)9] HjAHE
A8 sty AdAHAuE & HET £ Y
o} wEkd, StelES 4 % ol 4EY
=y

2o ez o T
L
s
it
=
&)
)

o

fog = Ky (bzy (2)
2, = ¥9¥3S A7 e TrrekeS oue
K; ¥ AAHAIE
iy 9 FoeNE AET ¢ 9k 2 (2)elA 4t
29 Frtets £, & et 4 )3 22 A
Hel S ey, APddAYaE 2 & D&
o}

KL (b)ZL = fezq (3)
714 dojd AFazAfEly 2 2 HOHEF

695



‘ Kn(bzy)zy =f ‘ Nonlinear analysis
| =
‘ fgzq =K;zy ‘ Transformation to equivalent loads

|

| K =t
|

‘ 21~ Zqtlowalbe = 0

Fig. 2 Generation of equivalent loads for displacement
constraints

‘ Linear analysis

Displacement constraints in
linear response optimization
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Table 1 Optimization history (stress)

cycle 0 1 2 3 4 5 6
stress  [483.14 |479.74 |478.93 (477.40 |478.72 (476.80 |474.22
cycle 7 8 9 10 11 12 13
stress  (472.99 |472.78 |473.15 (471.39 |471.27 (470.74 |470.41
cycle 14 15 16 17 18

stress  [471.05 |471.40 |468.85 |468.96 (468.91
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