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Introduction

= Goal

- Caracterize the non-linear dynamical behavior of the
ASTRID pins bundle with mounting gaps for different
loads (handling, transport, earthquake).

- Ensure the integrity of the first
containment barrier.
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Introduction

- A large number of pins (217) and localized contact zone
(~15000)
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Introduction

- Hypothesis:
- Timoshenko beams
- Small deformations

- Methodology of numerical method validation

i W Full model
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Toy mode!” p— —>
7 (% %
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Semi-analytical L
and Simplified model Final validation
experimental One row of pins

validation :
Experimental

validation
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Clamped beam colliding on a spring

» Numerical method (Cast3M finite element
software)

- Explicit integration scheme (central difference method)
- Modal analysis without contacts

- Resolution of the fundamental equation of the dynamic on
the modal base

PIMDG + PLCDG + PLKDG = DPUF,pp + P Fpyper (0, 1L).

- Modal recombination for each time step on contact points
to estimate contact forces Fg, 0«

- Sub-structuring for the full model
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Clamped beam colliding on a spring

» Semi-analytical method
- Modal basis analysis of two basic problems

%/@ %» Ky, &
—Z

Xf(.X'), (l)f XS(x)rwS

- Resolution of the fundamental equation of the dynamic on
the modal base

G; + 2§wq; + wiq =0
q; () = e~$i®it (A; cos(wyt) + B; sin(wyt))

L Jq uo-®@; | L Jo vo-®; £ o a2
A = Jo @i@;’ Bi = w; [o(@;.D}) wi\/l—ifl? A; ; wg = wi(1-=¢).
ur (%, ) = 2Xpi (x)qri(t) < > ug(x,t) = TX(x)qe (1)

Switching time ?
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Clamped beam colliding on a spring

ceaden

» Semi-analytical method
- Root finding algorithm to find the switching time

t — t _f(tn)(tn_tn—l)
LTI ()~ f(tno1)

(Secant method)

- Creation of the solution
SelulIgitds Root finding algorithm

solution
-m Identification of contact

Ug, Vg, t -
0, Y0, to or take off instant

Clamped-spring
solution

Solution building
between two contacts
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Clamped beam colliding on a spring

m Results : displacements
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Clamped beam colliding on a spring

» Validation - Frequency truncation

R _ Jtrunc reference = semi-analytic method
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Clamped beam colliding on a spring

» Validation - Frequency truncation
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- A high frequency truncation is necessary when R, is high.
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Clamped beam colliding on a spring

» Validation — Time step
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Clamped beam colliding on a spring
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1 (ks 1
m\ m 4dt
ft‘runc

Frequency <

Frequency of the shock <<
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Explicit scheme condition

truncation
. 1 E . .
0,8 dtgxi Y- xplicit scheme
A small time step doesn’t < dt =
involve a greater accuracy Time step A Time shock
Amini — Chend
dx 4 4f trunc
1) < Spatial < Bending wave propagation

discretization
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Dynamical behavior of a tube bundle

ceaden

m Application to the SFR
tube bundle B

Fuel region
\

Finite element
model

== Fuel pins : Timoshenko beams
== Wrapper tube : Shells

One row modeled (~500 contact zones)
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Dynamical behavior of a tube bundle

» Release of an assembly in bending on a rigid stop

WT « Breathing » modes

AN A
A\ |
\ f

f \ f
/ \
/ \ /
/ \ Fi %\ /
H \ \ ’
\ /

0.01 -'.‘. . \ / \
WT contact time / \
-0.015] / L / Displacements WT
// " — Qvalization WT

T T T T T T T
0.0 002 0.03 0.04 0.05 0.06 0.07 0.08 0.09
[ o T Y

0.001, _
Compression waves

0.00051{  go back and forth

N Ab
. (N) O'W)\ ,-,r' W A "M% ﬁ'h' AN
] . Wi
-0.0005 ‘WJ S
) ) -0.001 . . . . . . . T|0p n'ghlglap
I Several phenomena at different time scale ' 001 002 003 004 005 006 007 008 009

Time (s)

== WT contact time (~20ms)

== WT breathing waves (~15ms)

== COmpression waves in the bundle (~3ms)

== Bending waves in the bundle (~5ms)

== LOcal phenomena in a contact zone if there is a gap (<0.5ms)
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Dynamical behavior of a tube bundle
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» Peak force depending on clearance

1200 -

1000

== Linear decrease with

clearance
z
8 &00
== Similar to a Newton’s L‘cE
cradle behavior I
DG_J 400
Donahue 2008
Hutzler 2004
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Conclusion and outlook

» Analytical validation of a contact problem

- Semi-analytical solution
- Numerical method choice
- Creation of a validity domain of the numerical model

m Application to a pin bundle

- Several phenomena highligthed.
- Beneficial impact of clearance size for an homogeneous distribution.

m Outlooks
- Study of heterogeneous distribution of clearances.
- EXxperimental validation
- Influence of the fluid

11/09/2017 CATTEROU - EURODYN2017



Thanks for your attention.

~
i
o
N
S~
(o))
o
S~
i
i




Annex 1 Timoshenko Beam  ceacen

m Rationale of the selection of timohenko beam.
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Annex 2 Contact law

e Contactlaw

== NOn-linear stiffness : Hertz theory
== Shell stiffness : [Millard 1981] ,
[Madureira 2004,2010,2015]

? 30

2, 267

Contact Wire Contact Clad g 204

HT - mmre ke m- Ql.iawd, kgaine s i

~ fil k o 15
k1 h2 Spring cambination

Wire
Clad

Contact HT-Wire
Contact Wire-Clad

Hertzian spring Linear spring g
T Denting (mm)

3
F = ké&2 F=ko

95% des chocs

11/09/2017 Annexes



Annex 3 Sub structuring

e Sub-structuring

Modal analysis Connectivity mode

HT CDHT, q)pinl, ans lPCl’ l'IJCZ, e

x = L®iq; + XYjqy;,
B, = [®,¥]
17 fuel pins
K =B!KB, et M = B!MB,

Modal analysis on K and M

Eigenvalues and Eigenvectors written on B,

Grid and
assembly foot

Modal recombination

Eigenvalues and Eigenvectors written on physical basis
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