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Dynamic Behavior of Reactor Internals
under Safe Shutdown Earthquake
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Abstract

The safety related components in the nuclear power plant should be-designed to withstand the seis-
mic load. Among these components the integrity of reactor internals under earthquake load is import-
ant in stand points of safety and economics, because these are classified to Seismic Class 1
components, So far the modelling methods of reactor internals have been investigated by many
authors. In this paper, the dynamic behaviour of reactor internals of Yong Gwang 1&2 nuclear power
plants under SSE(Safe Shutdown Earthquake) load is analyzed by using of the simplied Global Beam
Model. For this, as a first step, the characteristic analysis of reactor internal components are
performed by using of the finite element code ANSYS. And the Global Beam Model for reactor
internals which includes beam elements, nonlinear impact springs which have gaps in upper and lower
positions, and hydrodynamical couplings which simulate the fluid-filled cylinders of reactor vessel and
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core barrel structures is established. And for the exciting external force the response spectrum which
is applied to reactor support is converted to the time history input. With this excitation and the model
the dynamic behaviour of reactor internals is obtained. As the results, the structural integrity of reac-
tor internal components under seismic excitation is verified and the input for the detailed fuel as-
sembly series model could be obtained. And the simplicity and effectiveness of Global Beam Model and
the economics of the explicit Runge-Kutta-Gills algorithm in impact problem of high frequency

interface components are confirmed.

1. INTRODUCTION

The reactor internals in a pressurized water
reactor(PWR) system consists of the complex
components such as reactor vessel, core bar-
rel, core barrel flange and fuel assemblies, etc.
These components are designed to withstand
the accident loads such as loss-of-coolant acci-
dent and earthquake. Because of the clearance
between various components, i.e the cléarance
between the reactor vessel and the core barrel
and among the fuel assemblies, the impact
could occur as a result of their relative motion
during accidents, Thus the knowledge of the
dynamic behaviour under accident loads is im-
portant for the design of the reactor internals
components,

The modelling method for the dynamic be-
haviour analysis of reactor internals in PWR
with impact occuring between various compon-
ents have been studied : A.N.Nahanvandi and
G.J.Bohm introduced the simplified single ver-
tical beam model considering the components
to be a continuous network and striking again-
st massless spring[1]. And they developed the
model to two vertical beam model subjected to
a forced vibration at the upper ends and strik-
ing against each other at the lower end. But
they did not consider the hydroelastic effect in
the model[2]. The study on coupled fluid-
structure dynamics of a thin cantilevered shell
which simulate the fluid filled cylinders of re-

actor vessel and core barrel was conducted by
B.E.Schineider and J. A, Stevens, They compar-
ed the finite difference coupled techniqué'in
KWU and a finite element-added mass tech-
nique in Combustion Engineering, and they
showed that both of two techniques were show-
n to given good agreement[3]. But in those
both cases they did not simulate the different-
ly moving fluids of two cylinders separated by
fluid filled gap. In domestic case, in the past
the analysis technique of reactor internals be-
haviour under excitation force was not estab-
lished owing to the lack of design information
and analysis technique. But recently the lum-
ped mass model which connsists of the beam
elements, the gap elements in many positions
and hydrodynamicic effect has been used sincge
Yong Gwang 3&4 nuclear power plants[4].
The objectctive of this study is to present a
Global Beam Model(GBM) shwon in Fig.1, im-
pact computational technique, and the analysis
results for the Yong Gwang 1&2 900Mwe re-
actor internals consisting of reactor vessel,
core barrel, vessel support and fuel assemblies,
Principally the reactor internals system has a
complex vibration system capable of carrying
out pendular and torsional motions of the pres-
sure vessel and core barrel, bending motions of
the core plates etc. It was shown by aid of the
vibration measurement test that GBM plane
model of double pendulum is sufficiently exact
for the computation of dynamic behaviour of
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Fig. 1 Reactor Internals Model(Global Beam Model)

reactor internals[5]. In GBM modelling, the
reactor internal components such as upper
guide structure, upper core support structure,
lower core support structure etc. are repres-
ented as a beam element. And fuel assemblies
are also represented as a single beam element
without considering the gap between fuel as-
semblies. And the gaps between reactor vessel
and core barrel structures in upper and lower
positions are represented as the impact spring.
Taking into account the hydrodynamic effect
of the mobil fluid-filled cylinders simulating
the reactor vesel and core barrel structures
the hydrodynamic coupling is connected be-
tween two vertical pendulum beams, After fin-
ishing the modelling in computational precedur-
e with the external forcing function the ex-
plicit modified Runge-Kutta-Gills method is
used to integrate the equation of motion in or-
der to reduce the computing time to 1/10 of
the other standard algorithms.

For the dynamic behaviour analysis of reac-
tor internals of Yong Gwang 1&2 nuclear pow-

er plants, in the present study, the reactor
internals are modeled for seismic analysis by
using the GBM modelling method, of which
the characteristics are obtained by using of
the finite element code ‘ANSYS’[6].

After the model is established, the modal
analysis is performed to examine whether the
inputs are properly prepared and the calculate
the structural damping values. The displace-
ment time history converted from acceleration
response spectrum of SSE of Yong Gwang
1&2 nuclear plants is applied at reactor vessel
support location,

As the result, the magnitude of the maxi-
mum impact forces between various compone-
nts and the stress of core barrel upper flange
which is delicate part in reactor internals
under external load are obtained and the res-
ults are acceptable in the standpoint of design.
And it is shown that the modified explicit met-
hod is good to the integration of nonlinear im-
pact equation of motion of the high frequency
system oscillation components, Through this
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(b) Finite Element Mesh

Fig. 2 The Arrangement of Lower Radial Support Key(Top View) and Finite Element Mesh

analysis the responsive motions of the upper
core plate and lower core plate as the outputs
are obtained, which can be used as an input
for the analysis of the core model.

2. ANALYTICAL METHOD

2.1 Model Development

The reactor internals model(Global Beam
Model) consists of beam elements, nonlinear
impact springs, rotational spring and hydrod-
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Fig. 3 The Spring Characteristic of Lower Radial Support
Key

ynamic couplings : The nonlinear impact sprin-
gs which simulate the gaps between the radial
restraint and lower radial clevis insert /be-
tween the core barrel upper flange and reactor
vessel have nonlinearties because of the gap.
The finite element code ‘ANSYS’ are used to
obtain the spring characteristics of these com-
ponents. Fig., 2&3 show the arrangement of
lower radial support key, as an example, and
its spring characteristic obtained by using
ANSYS code,

And the rotational spring simulates the tor-
sional phenomenon of core barrel upper part.
Since the rotational spring characteristic of
core barrel upper part is associated with the
stiffness of holddown spring as well as upper
support plate flange, the spring characteristic
is obtained from the combination of springs of
core barrel upper part, upper support plate
flange and holddown spring(refer Fig, 4). For
the calculation of the rotational spring charac-
teristic, the spring characteristic of each com-
ponent of core barrel upper part is obtained by
using of ANSYS code as shown in Fig. 5 and
combined the each characteristic. The rota-
tional spring characteristic of core barrel up-
per part is shown in Fig. 6.
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Fig. 6 The Rotational Spring Characteristics of Upper Sup-
port Part

And the hydrodynamic couplings simulate
the fluid-filled gaps between the core barrel
and reactor vessel according to the position of
cylinder segments. Since the dynamic behav-
iour of structures which consist of two concen-
tric cylinders separated by a fluid-filled gap is
strongly affected by interaction with the fluid,
in this study, the fluid-structure interaction is
modelled by inclusion of an additional mass
matrix, hydromatrix, in the equation of mo-
tion, In the other model cases the hydrodynam-
ic effects in the case of two infinitly long cylin-
ders which move uniformly over their entire
length is stated[4][7]. But in this paper, the
hydromatrix for the case of finite length two
cylinders which are capable of differing motion
their entire is used{8]. If the motions of the
inner and outer cylinders are represented by K,

and K, points distributed over the length, the
corresponding hydromatrix is symmetric(K;
+K,)x(K+K, matrix which is generally fully

occupied, as follows.
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where

S =j cos(ay y)dy
Segl,P

for I=1,---Kp, where P=1,2

Seg I, P : Cylindrical Segments
(P=1 : inner cylinder,
P=2 : outer cylinder)

Kp : Number of points

X

1, : Number of points on inner cylinder

K, : Number of points on outer cylinder

I,K, : Modified Bessel function of 1st
and 2nd Kind

ay :nn/2L

R; :Radius of inner cylinder

R, :Radius of outer cylinder

p :Flud density

Indices(I,]) : Nodes of the fluid coupling

The nodes which represent the mass and pos-
ition of reactor components are linked by beam
element, i.e According to the position of reac-
tor internals components-upper core support
structure, lower core support structure, fuel
assemblies and core barrel etc., the simplified
model comprised of elements with variable
mass distribution, cross section and moment of
inertia etc. The springs between reactor vessel
‘support and reactor vessel simulate the sup-
port condition of nozzles.

The displacement time history which is used
for the excitation motion in this study is con-
verted from the acceleration response spec-
trum at reactor vessel support of Yong Gwang
1&2 nuclear power plants[9] by using of
STARDYNE code[10]. The response spectrum
and displacement time history are shown in
Fig. 7 & 8, respectively.

After preparing the input data of the reactor
internals model, the verification procedure on
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Fig. 8 Artificial Seismic Displacement Time History

inputs is performed. And through this pro-
cedure the structural damping could be obtain-
ed : The dynamic characteristic analysis of the
reactor internals model as shown in Fig, 1 is
performed by using of ANSYS code under as-
sumption that the gaps are closed. As the mo-
dal analysis results, the fundamental natural
frequency is 7.1Hz, and the structural «- and g
- damping values which are calculated from
the obtained natural frequencies by using fol-
lowing equations :

2(w;D;— w;Dy)

2 R
Q7 Ty

o=

_ w,a)j ((UJDi - (J)iDj )

2 — 2
Wy — W
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D, D, :Critical damping values of mode i
and j, respectively
w;, w; : Natural frequencies of mode i and j,

respectively.

The calculated «- and g- damping values are
1.863E-4 and 1.601, respectively. The govern-
ing mode shapes of the model are shown in
Fig. 9.

|

2 o

Fig. 9 Mode Shape of Reactor Internais Model

2.2 Analytical Procedure

For dynamic behavior analysis of the estab-
lished reactor internals model under the given
seismic load, the governing differential equa-
tions of motion are integrated numerically by
way of KWUSTOSS computer code which can
be used the dynamic analysis of structures of
nonlinear beam-spring system in particular
[11], and it is performed by the explicit Runge
-Kutta-Gills algorithm in time,

The basis for this algorithm is the differen-
tial equation which is known up to time nAt :

vy = g(t,y)

Then the solution y,, is calculated for time
(n+1)At assuming that :
AYn = ¥Yn+17¥n
=1/6{z,+(2—V2)z,+2z,t2,
, Where

zy=g(nAt, y,)At

zZ
z1=g(nAt+A2t-, vo+2) At

2
z,=g(nAt, %,
yn+(—%+\/1E )zo+(1——-\/%)z1At
z;=g(nAt+At, yn—%zzﬁ-(l-i-%z)zz)m

This algorithm is especially suitable for the
treatment of the impact problems which could
be occured because of the gaps between high
frequency interference components such as re-
actor components, Comparing with the other
standard algorithms-implicit and Stoer-Bul-
irsch algorthms, in the case of implicit algor-
ithm, it is possible to calculate with a large
time step than the explicit algorithm. And for
the Stoer-Bulirsch algorithm, this lead to ac-
curate results while computation time is shor-
tened beacuse the time step size is optimized,
but in case of error, the algorithm will con-
tinue trying to solve without an end. Thus the
computing time by the explicit Runge-Kutta-
Gills method can be achived the reasonable
computing times with modal integration[12].

3. ANALYSIS RESULTS

The maximum force could be obtained at the
position of core barrel upper part(between
node 14 and 16) at 10.18 sec. The calculated
stress in this part is 2.97 N/mm? The maxi-

—101—
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mum displacement could be obtained at the
top level of the model(node 17).

Because of the position of the excited node
(node 18), the reactor internals model behaves
like a pendulum and its dynamic behaviours
under seismic excitatipn are independent on
time. The dynamic behaviour of reactor inter-
nals under seismic excitation is formed by the
contributions of the second and fourth mode.
And the maximum absolute displacement at
lower radial clevis insert position where the
impact could occur is 1.8cm, Comparing this
value with the excited input displacement,
this amount of displacement will not influence
to the structural integrity of the reactor inter-
nal components, And the maximum impact for-
ce could be obtained at the position of the.gap
between core barrel upper flange and reactor
vessel(the impact spring connected between
nodes 15 and 16) at 9.87 sec. and is shwon in
Fig. 10.
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Fig. 10 Impact Forces at Coupling 15— 16

The absolute displacements at upper core
plate and lower core plate are obtained as
shown in Fig. 11, which are to be used as an
input for the analysis of the detailed fuel as-
sembly- series model. Considering the structur-
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Fig. 11 Displacements of Nodes 4 & 10

al integrity of fuel assemblies, the relative val-
ue between upper core plate and lower core
plate is not so large that the movement of plat-
es will not affect on their integrity.

4. CONCLUSION

Based on the modelling method of the reac-
tor internals for accident analysis, the follow-
ings can be concluded :

— The Global Beam Model is simple for mod-
elling but effective to analysis the reacor inter-
nals motion.

—The explicit Runge-Kutta-Gills algorithm
is good for integration of the nonlinear impact
equation of motion of high frequency inter-
ference components,

—The behaviours of reactor internals of
Yong Gwang 1&2 900Mwe nuclear power plan-
ts during seismic event were subjected to the
second and fourth modes in linear mode.

—The maximum impact on the reactor inter-
nals occurred at the core barrel upper flange
position.

—Even if the absolute values of displace-
ments of reactor internals under SSE are lar-

—102—-
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ge, their relative values are small comparing
to the building structure and they move in-
phase, which do not result in serious problems
on the structureal integrity.
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