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ABSTRACT

The vibration and stress analysis program of comprehensive vibration assessment program(CVAP)
is to theoretically verify the structural integrity of reactor vessel internals(RVI) and to provide the
basis for selecting the locations monitored in measurement and inspection programs. This paper cov-
ers the applicability of the vibration and stress analysis method of APR1400 RVI CVAP. The analy-
sis method was developed to use 3-dimensional detail hydraulic and structural models with ANSYS
and CFX. To assess the method, the hydraulic loads and structural reponses of OPR1000 were pre-
dicted and compared with the measured data in the OPR1000 RVI CVAP. The results predicted with

this method were close to the measured values considerably. Therefore, the analysis method was de-

veloped properly.
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Fig. 1 Method of the hydraulic and structural analy-
sis for APR1400 RVI CVAP

Transactions of the KSNVE, 23(4) : 308~314, 2013 | 309



Kyu Hyung Kim et al; Validation of Vibration and Stress Analysis Method for APR1400 Reactor Vessel ...

ol
-
—

CI nozzled] A ¥WHAsl= ¢}

Faldon Aue 4
=
T

St
o
N
=

%0,
N

J
N, Ol ofy

=
Yy
ooy 2
rlo
ol ofy
fo tlo 2
=2
fw; ?}j =
2 g mt Hn Lo
2 e N oz M2

ol ﬂ}-{ﬂ
i3
i)
ot
o
__>|“I_',‘
lo
o2
iV
o
ol
N
o
=

ol
o
4
BN
o
-3
X
e
o
i
(o3
>,
[T

Skt

TEEY AFEAS B Al Fdee 17
T AN QARPRTEES ANSYS Mechanical
o] 32 FF 249 SOLIDI8SE 3a+y mdls A
dste] gt dARWRTRES dREYZA)
of A 7] vl #Hd%Ss ASME B & PV
Section Mo 7128 H oz Axa)® ui7%E
T R ARFEE AN FEZ RO Fo] o]
+ Block Lanczos®S ARSST) FZREH2 I
AsaAn e FE2EAS A3t F714 4
skl disl xslelA, EtERA skl i
¥ E 215 A (spectrum  analysis)S FH 30
714 F25He] 32 SRSS(square root of the
sum of the squares) o2 AXbsla, FReH =+
2 BHeHoR FU)AH FgHY F 2 EqfE A

[e)
FagHel v gow goldnt

1% o

3. ML HS

of ATFNA FHL AR
=4

OPR1000 RVI CVAP

3.1 oA

1) 58y 2d " Sz

OPR1000 YA= B AA2UF-FZ2E gk
TN BdE 18 FEEES Altse &3
A Bdy Bt pEEEs Ate] 9 3
A md= Ageth 534 222 FLUID30
840 AMEA ARE ARESte] UGS, Aol 42
2= FZA(CEA shroud assembly), 9AFZ2} =4
A A8 D (core support barrel, CSB) Alo]e] 4%

310 | Transactions of the KSNVE, 23(4) : 308~314, 2013

(downcomer), =4 % IEAAFZE(lower sup-
port structure, LSS)S 59 Ygo s AASIGLE =
A1 (fuel assembly)= RVI CVAP7} ddA5%
A o]H 3127]5 A8 (hot functional test)z ol 4=
Ysime fEaH wdoA A dRe

at7lol= Alzkt W
Abell A Al9Etal, B oR UGS A
plate) o}#lH o] 3}
of =53t
Table 1 2 2= F714 % =734 FHstss
ARYa7) 9 WAAe] 543 e7he] Fakd
RCP Wgatgolth. 7714 a5 7kl RCP
WiEslgo] 9Ate] dadas, ReHor BE ¢
TieFol Table2] FurH dga AHSAL,
=4 FEsks At AFRFHsE BE 9
T =29 AAZACR AT

(2) fresia da g a3
Fig. 2= 120 Hz 3l530A Abe i x=
4719 7 wZ:ol fdEE WEstEol A

=
rO
_&1_1,
o,
oft

Table 1 Properties of reactor coolant
296 T

Temperature

Pressure 15.5 MPa

mass flow rate 3,833 kg/s per RCP

Density 736 kg/m3
Viscosity 9.028E-5Pa-s
Speed of sound 995 m/s

Table 2 RCP pulsations

Frequency(Hz) Pressure(kPa)
20 1.172
40 0.345
120 1.379
240 7.3717
360 7.722
480 3.447
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Fig. 2 Deterministic pressure contour at 120 Hz
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Fig. 3 Velocity contour on outside surface of CSB

Table 3 Deterministic pressure on UGS support plate

Frequency(Hz) N Pressure(kPa) i
20 0.155 0.300
40 0.207 0.214
120 0.362 0.352
240 1.271 0.210
360 0.0438 2.602
480 0.571 1.389
SRSS 1.463 3.001

M : Measured in OPR1000
P : Predicted in this paper(by APR1400 RVI CVAP
analysis method)
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Fig. 4 Random pressure on UGS support plate

Table 4 Properties of material of reactor vessel in-

ternals
Modulus of elasticity 176 GPa
Poisson’s ratio 0.31
Density 7,750 kg/m3
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Table 5 Predicted natural frequencies of CSB and
CEA shroud assembly(Hz)

CSB CEA shroud assembly
Mode
C M P C M P

Ist 8.06 7.5 884 | 104 | 10~22 | 17.8
2nd 16.6 9.25 | 143 26.3
3rd 22.3 104 | N/A 29.8

N/A N/A
4th 26.9 149 | 219 30.2
5th 35.6 159 | 222 37.2

M : Measured in OPR1000

C : Calculated in OPR1000

P : Predicted in this paper(by APR1400 RVI CVAP
analysis method)

(a) CSB

Fig. 5 Deformation contour of random hydraulic loads

(b) CEA shroud assembly

Table 6 Structural responses of CEA shroud assem-

bly and CSB (unit : micro strain)
Deterministic Random Sum
M P M B M P

SG1 | 8.69 1.95 2.54 6.52 11.2 8.47

SG2 | 3.49 5.0 2.52 13.8 6.00 18.8

SG3 | 6.08 2.57 2.24 4.48 8.32 7.05

SG4 | 0.37 1.46 1.76 8.75 2.13 10.2

SG5 | N/A 2.39 N/A 7.82 2.31 10.2

AR el A =Rt Fig 5+ BEE $d8
Fol dist 2719 FxE9 ‘ﬂf’é—% HoFE 8o
2 CSBE F& &1 kI ARoA wjo] 3=
o= Yeltal, CEA ﬁa} = RAekA= E719)
7Fol= H(guide ring)e] BskaL, ofo mel FH
2 Az s g4 BojF )



= APR1400 RVI CVAP
e ARt 54

A549
o

=2
—

[N

Kyu Hyung Kim et al; Validation of Vibration and Stress Analysis Method for APR1400 Reactor Vessel
o} w3k A
SRENOE IR
& oA e Al =,
4,

2] APR1400 RVI CVAP %5 2 &2 32
va O

o4 3349l AR Ay %

om=E

ZEaRe F5] sl 48 LR
3] -

Selection
Vibration
Transactions of the Korean Society for Noise and

CSB for OPR1000
FE(SGL, 2, 3)9 CSB
P S
o
for Reactor Vessel

AHA %
ARZWA ol E(SG4, 5)ell AXE W EA ]

a0
. “;[HF—\/_\-I)_(])\/\
I/ﬁ(\ N _(\ /\_/)_
O r O, f
r\/O—CI)—C) ) ”)—l)— ﬂ
Gc‘kl J\ ’J\ SG2 270°
9eecee:
A B
T—\ [ [’—\’SGT ‘I}—‘| 1 ANSYS ¥ CFXZ 0|43
QQ— D0~ shashe PEe FUsRE F9E PS4
ujqf%pT_bf Z37] $)8) oldel =#o] 4&¥ OPRI000 RVI
T T Ty g Won FYsE W TRERS AN,
o A PR, o) A7 £ e
Pl Lo T e o S0 44 % ) oS30 7
SHAl dAIsHAl = A, ‘IT/‘]' AiE A 5 3
©] APR1400 RVI CVAP & % Fxd4S 9
i Wl ARa) FHERSE s
:J@. IHD [Jﬂ % APR1400 RVI CVAP ZAS& Faahd, o
| scsim | i sc4 AolA SYF Al I Aol b
i | | & A chel T}
A | Ay o a .
% | %) ER
i : (I) US. NRC, Regulatory Guide 120, 2007,
! ‘ ! Comprehensive  Vibration = Assessment Program  for
! ! ! Reactor Internals during Preoperational and Initial
| | | Startup Testing.
:ﬂ m ! m H (2) Combustion  Engineering,  Inc., 1984, A
| Comprehensive Vibration Assessment Program for the
Fig. 7 Locations of measurement and prediction of Prototype System 80 Reactor Internals(Palo Verde
Nuclear Generating Station Unit 1), CEN-202(V)-P.
- (3) KEPCO, 1995, A Comprehensive Vibration
Assessment Program for Yonggwang Nuclear Generating
Station Unit 4, 10487-ME-TE-240-03.
(4) Ko, D. Y, Kim, K. H. and Kim, S. H., 2011
Criteria of Measurement Locations for
Advanced Power Reactor 1400 Reactor Vessel Internals
Assessment Program,

Table 6= OPR1000 RVI CVAP SA X g 130
Analysis
313

A4 2 CSBolA 54
Comprehensive
Vibration Engineering, Vol. 21, No. 8, pp. 708~713
(5) Kim, K. H,, Ko, D. Y. and Kim, S. H., 2011

[e)
CEA #ehg=

<ol 7
7! .
Internals of Advanced Power Reactor 1400 by Pulsation

AR o] AFelA e A 4
23} x =d!

g
9]
%
HojFErh CEA FE=
9I= Fig. 67 7004 B0 4= 9l
CEA FAZ9= HEgA] & CSB %
NA T2 OPR1000°] 74 gtel Abgh A3
L, Bt FERSHE o] Aol s
E $AdA H4HO R o Vibration and - Stress
F3sl BEE Wl slvka
Transactions of the KSNVE, 23(4) : 308~314, 2013

Eoﬂ_,__’
~H/H%ko] =A7tHc 7
o} 21 Aol 4

259



Kyu Hyung Kim et al; Validation of Vibration and Stress Analysis Method for APR1400 Reactor Vessel ...

of Reactor Coolant Pump, Transactions of the Korean
Society for Noise and Vibration Engineering, Vol. 21,
No. 12, pp. 1098~1103.

(6) Kim, K. H, Ko, D. Y. and Kim, T. S., 2011,
Hydraulic and Structural Analysis for APR1400 Reactor
Vessel Internals Against Hydraulic Load Induced by
Turbulence, International Journal of Safety, Vol. 10, No.
2, pp. 1~5.

(7) Lim, S. G, Kim, T. J. and Kim, H. G., 2012,
CFD Simulation of Acoustic-induced Vibration in Main
Steam Line of APR1400, Transactions of the Korean
Nuclear Society Spring Meeting, pp. 17~18.

(8) ASME B&PV Section III Division 1 Appendix N,
2010.

Kyu Hyung Kim received Master
in mechanical engineering from
Chungbuk National University in
1998. He is a researcher at Korea
Hydro & Nuclear Power Company
- Central Research Institute
(KHNP-CRI). His research inter-

ests include vibration and stress analysis for nuclear

reactor vessel and steam generator internals, environ-

314 | Transactions of the KSNVE, 23(4) : 308~314, 2013

mental assisted fatigue, and piping design.

Do Young Ko got the MS and PhD
degrees in Electrical and Computer
Engineering from University of
Seoul, Korea in 2003 and 2007,
respectively. He has studied as a
senior researcher in Korea Hydro
& Nuclear Company -
Central Research Institute(KHNP-CRI). His main re-

search interests are verification and validation of re-

Power

actor design(reactor internals modularization, compre-
hensive vibration assessment program), wireless tech-
nology, and digital instrumentation and control for
nuclear power plants.

Sung Hwan Kim is BOP design
group leader at Korea Hydro &
Nuclear Power Company - Central
Research Institute(KHNP-CRI). His
research interests are CVAP for
RV and SG internals. He has par-
ticipated in the field of design

development of Advanced Power Reactor.





