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Introduction

oA g EletH| A|&(mechanical test) 7||.9.
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® upper & lower core plate simulator
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® LVDT, load cell, strain gage &
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|. Introduction
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Lateral bending test Lateral vibration test
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|. Introduction

oMY Lol
< Material-induced nonlinearity (X)
® Plastic deformation

% Geometry-induced nonlinearity(X)
® | arge strain (Green-Lagrange strain)
Ej :%(ui,j +Uj; +uk,iuk,j)
% Friction-induced nonlinearity
® I[nteraction btw the fuel rods & grids
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|. Introduction
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Il. Kinematics & Eg. of motion

O Euler Bl(beam) tHad 8l HHad E(linear system)

Axial deformation due to the lateral deformation

ov
y,U U=—-V—
‘ l yax
X, U Axial strain
h[
. o
X OX>

Cross section view

| Potential energy in the linear beam
b
2
| eh/2 1 L (%0 h/2
[ n 7r—joj_h/zaaxxgxxbdydx—O.SI_[OE(?J dx, where | _I_h/zby dy
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Il. Kinematics & Eg. of motion

O Fuel assembly simplification
e

vl

-
“\_— Guide Thimble
Top Nozzle plt i) Cuide Thimbl
R sHAS0 sac =28 54 £]
/" Spacer Grid
<« ~ FuelRod ‘
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Slenderness ratio: ~70
Bottom Nozzle
\
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Il. Kinematics & Eg. of motion

o Current FA model for core analysis

< OPR/APR fuel(HIPER16, PLUS7)
® Linear system

® Massless beam

® _Lumped point mass
® Torsional springs

< WEC fuel(HIPER17, ACE7)
® Linear system

® Lumped spring-mass

® Or Euler beam with torsion springs
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Il. Kinematics & Eg. of motion

oHAR J|GITE S U AHS

Spacer grid o

FA cross section Y
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Fuel rod
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Il. Kinematics & Eg. of motion

O Global & local deformations
< Assumption to represent a local deformation

- v
_

L; = i(U —— global deformation at the neutral line
_ parameter to link deformations
(even function)

Individual deformation at each rod
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Il. Kinematics & Eg. of motion

O Total strain energy including all the rods
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Il. Kinematics & Eg. of motion

© Nonlinearity involved 2" area moment
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Il. Kinematics & Eg. of motion

O Variational formulation & nonlinear Eg. of motion

2 2
1 ¢l 0%v ! 1¢ (ov

Sz —x,)=0 _.l

o’v 1 _0ol(v)( 6% 2 o%1(v) 8% o'v
A 25 % (aJ *E e g S e =Rk

— Nonlinear stiffness

Additional nonlinear terms
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Il. Kinematics & Eg. of motion

O Nonlinear 2"d area moment
< Requirements
® Maximum when the deformation is zero.
® Positive over all deformation
® Symmetric and differentiable at the zero displacement

< Physical contribution

g ¢ X0 A =8 AlZHOI A

djm

TN
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Il. Kinematics & Eg. of motion

O Estimation of the parameter(x)

< Analytic solution example

I (U)

0!K+UO!6—K=e_bUZ/2/\/N ’
ov

l Taylor series expansion

o1 1 [ b
N & (2r+lr| 2
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lll. Solution & verification

O Linearization & the solution
< Galerkin formulation excluding damping

v(x.t) Zw. , ¥, €Hg
"""" alwaw
_[msV/iZV/jdXﬂﬁj EE(? {Z - qJ] +EI(u) axl’g' Z 8x21 q; dz—jyx,pdz i=1--N
j=1 j=1 j=1
(M Rei}+ {1 (@)f = {n} .
. : : i /Tangent stiffness
*+ lterative solution
® Calculation of tangent stiffness (aal ~ [ R RIS
® Incremental solution
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lll. Solution & verification

O Feasibility test
< Lateral bending simulation
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lll. Solution & verification

o Verification problem 1: Lateral Bending

SIS

- <«—  Upper core plate simulator
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lll. Solution & verification

O Verification problem 2: Lateral Vibration
< Natural freq. changes depending on the amplitude

1.2}
= 1 ol : 4 o ® 4
% g " . o d
S > 08}
g £
: % 0] B test _
E .. A NLM1 with 10% damping
o = 0
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lll. Solution & verification

o Comparisons

T T T

Second area moment . Z(U)h:
: : ov oKL
Axial deformation —7— —7—
OX OX
I 2 | 5
strain energy 0.5E IOICU,XX dx  0.5E IOI(U)U,XX dx
Mech. behavior Linear elastic Nonlinear elastic
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V. Concluding remarks

O FA nonlinear model development
~ Hlof mE Az HMdHE ZA
o iu| S 2&H/X| X| A X} opEO| U E S7t ST =Y
v'Variable 2"d area moment introduction
o 2FWHA F & Sl Galerkin ZAS] ==

oH|MEM BAHSE TIL

SAMEZa Hl
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V. Concluding remarks

o033 A%
» HMY FE|F =Y Elehd FI1 HE
> HMUEE BALE Slst F71 2 HE
< Plastic rule 8 &
@ MUY ZIS|A R E(DYTRAC) Bt HE HE
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