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Abstract

This paper concerns with the finite element analysis of reactor internals with structural faults.
For Investigating the influence of hold-down spring faults on dynamic characteristics of CSB
(core support barrel), reactor internals of Ulchin-1 nuclear power plant are modeled using finite
element method and simulated with artificial defects on the hold-down springs. To prove the
validity of the finite element models, the calculated natural frequencies of CSB in normal state
are compared with those from the measurement results, which shows good agreement. According
to results of finite element analysis, CSB beam mode natural frequency decreases by 4.5% in the
case of 10% partial relaxation of hold-down springs, and decreases by 18.49% in the case of 20%.

The range of shell mode natural frequency change is within 5.3%.

stol Yt F25 ufel o] doy k4l B2

LM E T zbgka Sk opd e}l Bl vlof A4S F) g

oh, whebs fxpz e F2E AdAdg dusta A}

7hek ARy AxE fErEEe dodge A D& ulodo] WA sl7] flElA e YUAE WET RS

1%\_ AlE & 1*19] Atz ofE 8] el 4 F o] Hge Z7lol BT 4 Qli= 7HAjEEe] 4
E24 2A CSB(core support barrel), upper Aol ),

gu1de structure, core shroud assembly, lower sup- HAZ WEF2E5 F Asto vl 2o Ho

port structure 50 2 FAET), mg xR FHo + CSBe} Y=tz odudigr)e 7gE 29l hold

upeba] = TS(thermal shield) 7} Z3tel7] s ghey, down sz eolc} MV elo} e gte] whAlsl

olefgl X2 WFF2EL FAIS Folel o} 7tk wlgksbA st Aol ui¥pzE Y AEE

£ a3 aging) dAF AR HEE F9s 4. F 2aAEs W afAgFreelch ael

= 28 mske] Wrhge o7t FEF A E (flow AAZ HFFxde AFE5Y Hals A4tz

induced vibration}of] o8] WEF=E T4 FE A Ao {5 9 A4 55 shobd + o, ¥

7kel Al o] AstEvlE s, aHAEFo| ofrk A7 AR WETRE Ak e Fu

o4l 7 RuiAH o7 olfsiE ALEA Wil

I o e R el A AR 2 ot g wpgd AFE Aol 4



.
kh

Lo

X

1271
o 3 41
CSBet & %

&0l

tiet, CSB wpe=t

CSBe} d#kz ohy

Apel el

L.

25 TS

-]

e

5k meislr] Y FAL AR

Q

3T-oll A

487
3 &
h-N o3

©;
w

Az
A2 AEgcte b4 stel CSBeh TS Fri &

o] 7] w o, CSBej

CSBs}
CSBoll =xx

bk wbeba] A A e ol 4 ]

©

-

o

fol =2
7}

©

=]

°E
=y

o2 AY

2

AE ko FAA ®AV24EH
o Az
47

A]

ﬂo

a3

12tz
21 =] 2 (hold-down A=

-
put

[e]

2 e

=4

i CSB3}
zé =]

gy

13l CSB<

o)
5

bod e,
4o

RERL

7 A5 A9 vehd gemz 3

ju

ey

< 2ot

2
=

s}
=]
ol %
ot

=

3]

=z
el

& Bhof]

ik

&4 CSB/
Al

Az T

]

B
pul

Sl
=]

ki ek,

)

E

=4

vl St. Lucie 135 7|9
al

vl

gh4] ol =i
of 2.4,

g}

7ol

OF

ol

ot

I+

AR L

2.

2l3ked 15070 ¢
ul shell &z 7}

shel e},

b8

Sl o
g
M

17¢

AFA

A
CSB¢] beam

VHERLEE B 512 B

Q
=

sl A 41e) A
E;{é-

SHELL63°] 18927, 2.4 FLUID80®] 2994
=]

Aol
master

Z)
f1

<]

<

Feh vl
SEEEY

2173 3.5 me

o] 8.3m,

-
AL

L

L5

3| CSB

1=

=

ct.

gl o

u

H
L

o]

e

2}
ol 4]

;oT

R

58

LAk

ey
o

L

R

Table 101 4

AR D}'.
ols} 3ol

=

sR2r2 Fig.2ol4 »

H2ooodod

]

U

ZE
3

ks

4 &
ulel o] 1z shell 3 = ofc},

& 3dle] Table 19
Fr=7t

oleh. 3,

=z
3
T

CSB

AHelstdet, 2eiv

8=

Mo
hat

\

L

il

e}

5

{l_

w2} 4]

A2 CSBet TS, z2]i CSBe} TS Afolg

5 g ol ek,

&
&



1272

Zo%:i * H_}-X‘l /(’1‘ °

7 el §

Table 1 CSB natural frequencies in normal state

Mode Beam Shell Calculated natural Measured natural
mode mode frequency (Hz) frequency (Hz)

1 1 1 8.38 8.2

2 1 1 8.39

3 1 2 18.00 20.5

3 1 | 2 18.67

5 1 3 19.77 -

6 1 3 21.42 -

7 1 4 33.12 —

8 2 3 35.88 -
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7] O -

rref Ay

off 7]l sk

Fig. 1

Fundamental beam mode shape of CSB O
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Fig. 2 Fundamental shell mode shape of CSB 7,

|
o}, 5, 6Hx L AFRE
al, 7#H-& beam 13z} shell 4z}, 8H-& beam 23}t
shell 33 w.solch, o) AxE ohg Aol 7l%et
=AM 18719 w9 FAHASE
, CSB 1z shell ».= 5 5
vlza ¥ed CSB beam =z o 352 -E4
w4 A Aoz vhehd e,
okzbe) apelE HMe|x glrh, o
Az Ay Frgel Y FRLL w2

Aoz A7s7]E shy, Az

NE 24, Aol
223 %, oy Ak

bA 3 FHol A o] o] 7] wi-ol
& beam 1z} shell 3

=
%4

2FAEF 20.

— =

fabna wae) e
= 3

E5el ol

A hsEel $Ad 187) Sz w934

Wy g

A5e

DS O 1< S O 8



ZIA A Adtel gl

ko] FAAATE AR ghE S Fall 4 A
HE FAxE B NERYH FHss A2 W
Byzge) AEol od 4ywar ohiel @ Wg
wol WEQY u oeisbd Gsd@d 2ol
g QBT WEsta 97 wliol o5 AzE
B EFzE AEEAE AFH o shetst
71e} fo)3lx] otoh, zelut A4 g4l 2
& 4%l 0.5~2Hz shejol vehbel, 3728
o] AFol 23 AEL 2.0~25Hz thodo A e}
dobe A0 Aokstel FahiEAe B 44 A
By, & A2 WEE £85HE Y4l 9
@ FHAeo] Adsete Addtel FAAAET
stelasleal, A% AFE Alolo] phase W co

100 Ulchin 1
~—— Global
' +—»— Shell
107§ © . Beami
i Beam2
N
<
S
o
n
o
<
Frequency, Hz
Fig. 3 Phase separated power spectral density of
neutron signals of Ulchin-1 NPP
100 i Ulchin-1
; — L1
——12
-1 L
10 i3
—14
102
N
L
% 10
o
& 194
< 10
108
10€

0 10 20 30 40
Frequency, Hz

Fig. 4 Power spectral density of Neutron signals of
Ulchin-1 NPP

YAz WEFEY

o frabe a4

herences & ¥-¥ A%
2 AT %’51

= T
o] 5 AZLENE FAA Falgiduby o4l
=3

2 A Arp Aug phasert el A

ol pe]E®o os CSBbeam 2= A, CSB
shell == 4%, aejx Ao (global) Aol A3l

O

4 £ AlAbsteict, Fig. 32 2 A3
2 dojEx 7o 8 2Hz ¥Zo|4 CSB beam
zr7h, 20.5Hz #Zo4 CSB shell 7} Fx=

o 4 glvk, oi7]M beaml 7}
beam 2= A& A zke]l uldke] CSB beam 2 =&
Hze} 6 Hz F<tollAl e
2 oale ol g Adtal e A 12 % 23 bending
19.9 Hzel @7tz &f2ls
WiFzge AgAEo] ofvfel Wtz A

4-9] 1192 rpm(=19.87 Hz) A Fojx}, @
Fig. 4+ phase %] ~s|E2 Aalo] 285 =
AAAE5e ~xaelg HojFm r Fig.3,

4o #3+% wlmste £ ul, phase Hajube 7
RrSo Fwle fo|aA s w3l 2 7o ne]
2ol 7ok Ao{l I R = 2=

Az gt 719 CSBsjel
ol Age v

r"\i
lo
Ho
2
2
il

S

W7o} 2tz vhebpel, o]l 4ty wele

CSBe} Ay zx AA =79

oleh, ¥ qlell i CSB 4He) S1Fwato zel
445 Ay "o ny AAzAL A

%) % 2 0]

18- % H 3l A Alsledch, Table
2= F AAHF 22006%). 40(10%), 67H(15%),
oelxz 870(20%) ¢ HAe gk v AHAEAE
A A1 H S whell AlAbxl CSBel ngzlE4 w3}
F 5ol Ao, Aot vl e mE ], 242
Al 1z} beam Z.rtoejny, T 3 44 A 1z
shell m. o]}, Table 3& 4z mr7zo] HILE
Meaz Aeld Aolrh, Table 32288 10%
7AAZ7) ¢h3k4] CSB A|1% beam =zl of 8k
4.5%9) ak Rolw, 20% sk3hlol= 18.4%7}
b 45}, CSBshell m=of thsloix= o w3}t
H°] 5.3% clWelct, o]F H#AzFH xR



1274

hold-down A~ =& Ale] H3eo g o}
AEFEA wW3le CSBY 1i beam =
w3tz 1Jelubed, CSBshell = 2§

3l CSB beam mZo uls] =ZA <L

-down A= 2le] 7%A clol
t}olr} A 1i beam %

Loy
Z

FEH E£4 AEE e 53 5

Table 2 The change of CSB natural frequencies according to defecting rate (unit: Hz)

Mode Normal 5% Defected 10% Defected 15% Defected 20% Defected
1 8.38 8.30 8.00 7.47 6.84
2 8.39 8.38 8.37 8.35 8.29
3 18.00 17.90 17.80 17.38 17.04
4 18.67 18.61 18.53 18.51 18.34
5 19.77 19.77 19.72 19.53 19.43
6 21.42 21.35 21.20 21.17 21.10
7 33.12 33.06 32.90 32.87 32.77
8 35.88 35.87 35.81 35.60 34.91

Table 3 The change rate of CSB fundamental beam and shell mode natural frequencies

Defecting rate (%) Mode Frequency (Hz) Change rate of frequency (%)
1 8.30 1.0
2 8.38 0.1
5
3 17.90 0.1
4 18.61 0.3
1 8.00 4.5
2 8.37 0.2
10
3 17.80 1.1
4 18.53 0.7
1 7.47 10.9
2 8.35 0.5
15
3 17.38 3.4
4 18.51 0.9
1 6.84 18.4
2 8.29 1.2
20
3 17.04 5.3
4 18.34 1.7

!

Change rate=

Freq. in normal state — Freq. in abnormal state

Freq. in normal state

X100



AAH Agel A

6.8 £
$AYH 157]9 A2 WEF2EE FREL
sdeln YAz ¢ 87lsh CSBslel AgrEal
7 ol

1
FAG AN F LA
.4 Hz, CSB shell 7. =
I8AE4E 18.7Hzz £4YA 15719 9
4, £A4¢ #4el 8.2Hz, 205

73 CSB

(2) CSBs} fx=tz ¢+ &7]9k CSBel A3y &
738+4] CSB 1 beam =
10% 7% 7ol 4.5%,
745w, CSB
1542 ZFLEE 5.3% oz
A=y

FSFA T Hls) HEF o

2

F e, o o}t

1i} beam 2 nqAlsre] HaEREEH E£4bo
o}

(I) Kryter, R. C. et al., 1978, “US Experience with
In-Service Monitoring of Core Barrel Motion in
PWRs using Ex-Core Neutron Detectors,” Proc.
Int. Conf. Vibration in Nuclear Plants, BNES,

A2 WHTF2E Fdase

1275

London.

(2) Wach, D. and Sunder, R, 1977, “Improved
PWR Neutron Noise Interpretation based on
Detailed Vibration Analysis,” Prog. Nucl
Energy, Vol. 1, pp. 309~322.

(3) Bernald, P. et al,, 1977, “Neutron Noise Mea-
surements on Pressurized Water Reactors,”
Prog. Nucl. Energy, Vol. 1, pp. 333~351.

(4) Scharf, L. L., 1990, Statistical Signal Process-
ing : Detection, Estimation, and Time Series
Analysis, Addison Wesley Inc.

(5) Lubin, B. T. et al., 1988, “Analysis of Internals
Vibration Monitoring and Loose Part Monitor-
ing Systems Data Related to the St. Lucie 1
Thermal Shield Failure,” SMORN V, Progress
in Nuclear Energy, Vol. 21, pp. 117~1126.

(6) ANSYS User’s Manual for Revision 5.0, 1992,
Swanson Analysis System, Inc.

(7) Trenty, A. et al., 1991, “SINBAD, A Data Base
for PWR Internals Vibratory Monitoring,”
SMORN VI., Gatlinburg, Tennessee, USA., pp.

21.01~21.12,

) 7%, A5E, s, HAA, 1995, “FA
AT S o] &g 2R 137 ¥ T2 AFH
A" by xpeleh sl At s =, pp.

306~311,

(9) Kim, T. R,, Jung, S. H,, Joo, Y. S. and Sim, C.
M., 1995, “Korean Experience in Neutron Noise
Monitoring of Nuclear Power Plant,” SMORN
VII, Avignon, France, Vol. 1, pp. 32~39,



