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Seismic Analysis of Absorber Rod in KMRR Reactivity Control Mechanism

0o 2A7 x $ ¥ nx Del® ¥xx P A six
Yeong-Garp Cho Bong Yoo Tae-Ryong Kim Kyu-Suk Ahn
ABSTRACT

This study is a seismic analysis of absorber rod in KMRR Reactivity Control

Mechanism.

The model being studied is two coaxial tubes (control absorber rod and

flow tube) immersed in the water and partially coupled (overlap) by water gap. The
hydrodynamic mass effects by the water in each surrounding conditions are considered

in the model. The natural frequencies,

out-of-phase modes of two coaxial tubes.

stresses and displacements of the system due
to Safe Shutdown Earthquake are computed
The results show that maximum stresses are

in the csses of in-phase modes and

well below the allowable limit and maximum displacements at the ends of both tubes in
out-of-phase modes are so much that the tubes contact each other in the overlap zone.

1. Introduction

This study is motivated by the need of
seismic qualification of KMRR (Korea
Multipurpose Research Reactor)Reactivity
Control Mechanism consisting of Control
Absorber(CA) unit and Shutoff (SO) unit.
Both CA unit and S0 unit have the
identical absorber rod (actually it is
tube) which is inserted (or dropped by
gravity) and withdrawn as necessary to
control the reactivity of reactor.

There are lots of factors to affect
the drop time of absorber rod such as ;
drag forces of surrounded upward flow,
mechanical frictions on the sliding
surfaces, contact between absorber rod
and flow tube due to flow induced
vibration and safe shutdown earthquake
{SSE) induced vibration, etc.

In the case of SSE, the SO unit should
keep the structural and functional
integrity while CA unit require only the
structural integrity. One of the
fuctional requirements for SO unit
during earthquake is the drop time of
absorber rod ({within 1.5 seconds for
600mn stroke)[1l}.

The objective of the this study is (1)
to estimate hydrodynamic mass effects on
flexural vibration frequency and mode
shape, (2) to check the structural
integrity whether the maximum stresses
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are below the allowable limits and (3)
to check the displacements whether these
values cause the contact between
absorber rod and flow tube under SSE
condition.

The computer program STARDYNE[S] is
used in obtaining frequencies, mode
shapes, stresses and displacements.

2. Aséumptions Made In Modelling

The simplifed model being studied is
shown in Fig.l. The absorber rod is
hydrodynamically coupled at the lower
end with cylindrical flow tube and
surrounding hexagonal flow tubes. The

detail demensions and the mnmaterial
specification are as followings;

Rl = 30.0 mm

R2 = 31.25 mm

R3 = 33.5 mm

R4 = 38.0 mm

R5 = 43.37 mm : Equivalent radius

of surrounding hexagonal tube

L1 = 950 mm

L2 = 170 mm

L3 = 740 mm

Material Specification
Flow Tube ¢ Zircalloy 4(node 1-10)
.Absorber Rod : Hafnium {node 11-19)
Zircalloy 4(node 19-22)



For the modelling of this systenm,
followings are assumed.

(1) Both tubes (absorber rod and flow
tube) are sufficiently 1long in
comparision with those diameters to
consider the hydrodynamic effect to be
in 2-dimension; the effect in axial
direction can be ignored.

(2) The interesting aspect is only the
flexural wmode vibration{Circumferential
mode will not be considered).

{3) Flow induced vibration is not
considered.

(4) The absorber rod is surrounded by
infinite stagnant water except the
overlap zone with flow tubes.

{8) Surrounding hexagonal flow tubes
are assumed to be a rigid cylindrical
tube with a equivalent radius.

(6) The fluid is inviscid. Therefore
the modal damping ratio is considered to
be negligible.
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a. Schematic Diagram b. FEA Model
Fig.1 Schematic Diagram and Finite

Element Analysis Model of Absor-
ber Rod/Flow Tube

3. Analysis of Natural Frequency

The absorber rod upper end can be
agsumed to be clamped at chimney wall in
the view point of flexural mode
vibration. The flow tube lower end is
clamped to grid plate. Actually all of
these structure are immersed in water
flowing upward, but the water is assumed
to be stagnant to estimate the seismic
induced vibration only.

The zones and gaps as described in
Fig.1 is defined to identify the
hydrodynamically added mass effects due
to surrounding conditions.

With the given dimensions and
assumptions, the added mass per unit
length in each zone can be calculated

from reference [2].

(1) Zone 1 :

In this zone, absorber rod is assumed
to be immersed in a finite fluid medium,
therefore the added mass Ma is

Ma = Mp + Mv
= 7 WTR3? + 7 mWR4? {1}

where Mp is the physical water mass
contained inside the absorber rod and Mv
is the virtual water mass due to
surrounding water. The 7 is water
density.

{2) Zone 2 :

When two tubes are coupled by fluid
gap, the added virtual mass depends on
the phase of modes between two tubes[3].

A. In-phase Modes

The added mass for the in-phase modes
is that the physical masses in flow tube
and in gap 2 plus the virtual mass in
gap 1, therefore

Ma = Mp + Mv
where
Mp = TmRl124+ 7 (R32 - R22) (3)
Because the surrounding wall was
assumed to be rigid, the virtual mass in

gap 1 is as following ;

Mv = C7 mR4:? (4)



where the constant C is given by

C = [1+(R4/R5)2 J/{1-(R4/R5) 2 ] (5)
in the case that the coupled length is
gufficiently long.

becomes

When the coupled length

finite, however, the constant C should
be adjusted by a correction factor
al2]. Then the .equation (4) can be

substituted by the following;

Mv = C7 TR42 (6)

The correction factor a is calculated
by interpolation according to the ratio
of the coupled length to diameter shown

in Table 1.

B. Out-of-phase Modes

In the out-of-phase modes, it can be
assumed that each tube vibrate as if the
other one is rigid [3], therefore added
mass is calculated for absorber rod and
flow tube respectively.

the
flow tube plus

The added mass for flow tube is
physical mass inside
virtual mass in gap 2 ;

Ma = Mp + Mv

7 RR12 + aC7T MR22

(7)
where
C = [1+(R2/R3)2 }/{1-(R2/R3) 2 ] (8)

The added mass for absorber rod is
the virtual mass in gap 1 and gap 2;

Ma = Mvl + Mv2

sl Cl 7 WAR42 4+ a2 C2 7 WR22 (9)

where
Cl = {1+(R4/R5)2 ]J/{1-(R4/R5) 2 ] (10)
C2 = [1+(R2/R3)2 }/[1-(R2/R3) 2 ] (11)

al : correction factor of gap 1
a2 : correction factor of gap 2
(3) Zone 3 :
The added mass is the physical mass

inside flow tube plus the virtual mass
in gap 3 and the correction factor o
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can be ignored ( @=1) because the gap is
sufficiently long in comparision with
the diameter ; therefore

Ma = Mp + Mv

T mTRl12 + C7 mMR22 (12)

where
C = [1+(R2/R5)2 }J/{1-(R2/R5)2 ] (13}
From the equation (1), (2), (7), (%)
and (12), the numerical results of added

mass per unit length in each zone is
summarized in Table 2 and Table 3.

Table 1. Correction Factor «
———————— e — e ————— -
| L/2R | o i
pm——————— e e 1
| 1.2 | 0.62 |
| 2.5 i 0.78 |
|- 5.0 i 0.90 i
| 9.0 | 0.96 |
| oo | 1.00 |
[N B S J

L : Coupled Length, R : Outer radius of
vibrating cylinder

Table 2. Added Mass for In-phase Modes
r—————— —_———_
| | Zone | Coeff. | Ma |
{ | | o« | (kg/ml |
p—————— F———p———t———
| | Zone 1| N/A | 8.062 |
| Absorber Rod p———+4—=——tp———-
| and | Zone 2| 0.748 | 29.10€ |
| Flow Tube f———t———t——
| | Zone 3| 1.0 | 12.521}
. S S R EUU |

Table 3. Added Mass for Out-of-phase

Modes
re————T—— T ——— 1
| . | Zone | Coeff. | Ma [kg/m] |
| | | o |
| Absorber | Zone 1| N/A | 8.062 |

| Rod Fp———t———t——

| | Zone 2 10.748 | 61.17 |
| | | te) | i
p————t———t——————

| | Zone 2| 0.80 | 38.186 |
| Flow | I (a) |

| Tube b———t———t—— 4
{ | Zone 3} 1.0 | 12.52} |
IS SN SO I J



4. Response Spectrum Analysis

The ground response spectra for the
SSE of KMRR site is 0.2g in horizontal
and 0.13g in vertical direction. The
floor response spectra at the clamped
positions of absorber rod and flow tube
is shown in Fig.2 and Fig.3. For the
geismic input of in-phase mode vibration
of absorber rod and flow tube, the
spectra in Fig.2 which envelope those in
Fig.3 are used. For the seismic input
of out-of-phase mode vibration, the
spectra in Fig.2 and Fig.3 are used for
absorber rod and flow tube respectively.

The response spectra anasysis is

calculated in three directions
respectively. Therefore, the combined
results are obtained by SRSS (Square

Root Sum of Squares) of the values in
three directions.
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Fig. 2 Floor Response Spectra at
Absorber Rod Top
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5. Results and Discussion

(1) From the model in Fig.l.b and added
mass in Table 2 & 3, the natural
frequencies and mode shapes of in-phase
modes and out-of-phase modes are
obtained as shown in the Table 4 to 6
and Fig.4 to Fig.6 respectively. It is
found that the fundamental frequency
116.326 Hz for asbsorber rod and 12.539
Hz for flow tube in coupled modes
(out-of-phase modes)} are significantly
lower than that for the wuncoupled
mode(in-phase mode). These results
shows good agreement with the general
phenomena[4].

(2) The maximum stresses shown in Table
7 and Table 8 occured at the flow tube
bottom for both in-phase and
out-of-phase modes are within the
allowable limit of 103.7 MPa.
{(3) Maximum displacement, 2.96am for
in-phase modes occured at the end of
absorber rod, shows no contact with
surrounding hexagonal flow tubes (3.3 mm
gap). But for the out-of-phase modes,
the displacements of both ends are over
the gap size (2.25 mm) which results in
beat each other.

Table 4. Frequency of In-phase MYodes

F————g————— T_—————— 3
| mode | frequency | max.trans. |
| (n) |} {Hz) } node |
et S 4
| 1t 22.587 | 9 i
} 2 | 97.469 | 6 |
| 3 | 173.250 | 18 i
| R, I I J

Table 5. Frequency of Out-of-phase Modes
for Absorber Rod

e T ———— =
| mode | frequency | max.trans. |
| (n) | (Hz) | node {
f—m———t—————t———— 8
i 1 i 16.325 | 11 l
| 2 ] 150.457 | 18 |
| 3 | 425,037 | 20 - {
I SR T J

Table 6. Frequency of Out-of-phase Modes
for Flow Tube

T T =
| mode | frequency | max.trans. |
| (n) | (Hz) { node |
p————t——t 4
{ 1 | 12.539 | 10 |
{ 2 { 94,225 | 6 {
| 3 | 249.469 | 4 |
S S S =i



f
«
:
t
t
§
t
1
t
4
!
!
¢
L

n=1

[ o e e vion o Y SN VP

ns2

-
i, S

-

n=3

Fig.4 In-phase Mode Shapes of "Absorber/

Flow Tube
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Fig.5 Out-of-phase Mode Shapes of
Absorber Rod
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Table 7 Responses for In-phase Modes

r——— T———T 9
] | node | max. value |
f—————— ——t———— 1
| displacement | 9 | 2.96 mm |
p—————— P E

| stress | 1 | 43.17 MPa |
[, Y S J

Modes
r~——T————— T 9
| | Absorber Rod | Flow Tube |
pmm—f——p———t——r————
{ | node | max. | node | max. i
| } | value | | value |

p———t—t———t——t+————A
| displa- 11 | 3.96 | 10 | 4.51 |
| cement | | mm | | om |
-ttt —at————

| stress | 22 |[39.75 | 1 |50.25 |

] ] | MPa | | MPa |
I RO TR SRR S—

6. Conclusions and Recommendations

(1) Hydrodynamic mass effects in
in-phase modes and out-of-phase modes
are significant for the system dynamic
characteristics (frequencies and mnode
shapes). Especially frequerncies in
out-of-phase modes shows much lower than
those in in-phase modes.

(2) The structural integrity of KMRR
absorber rod and flow tube subjected to
SSE is maintained since the maximum
stresses are well below the allowable
limits.

(3) Displacement results by response
spectrum analysis show that contact is
occured between absorber rod and flow
tube in out-of-phase modes, while no
contact in in-phase modes. The beat
caused by the contact may be one of the
main reasons of drop time retardation
during SSE. Thus seismic test of real
system in similar water flow conditions
is recommended Dbecause the drop
retarding factors have considerable
uncertainties such as nonlinear contact
which can not be evaluated by analysis.
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