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ABSTRACT

In pressurized water reactor systems, pressure boundary components are mechanical systems that

exhibit significant differences in pressure between the inside and outside of their boundaries. Any

cracks and faults in pressure boundary components should be diagnosed in advance, and pressure
boundary integrity should be continuously monitored. Against this backdrop, many diagnostic techni-

ques based on various physical phenomena have been developed. However, most of these technical

developments have been conducted in testbed, rather than in a commercial environment, and there-

fore, they require feasibility checks for more practical conditions. In this study, the vibratory charac-
teristics of different types of faults in secondary piping are analyzed to estimate the field applic-

ability of the vibration-based prognosis technology currently under development. The analysis results

show that this technology is advantageous in diagnosing every type of fault in a commercial reactor

environment.
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Table 1 Operational conditions and environments of
testbed/research/commercial secondary systems

r:e{lifc')r Com Com. eactor
Testbed : (severe
8L | mersiion condition)
ARO)
Dia. & (inch) 8 24 36 30
Thick. D 025 | 0375 | 05 0.5
(inch)
h/D 0.031 0.0156 | 0.0138 0.016
Material Carbon steel
Temp. (°C) Room 135 40| 136 | 210~232
temp.
Press. (kPa) Atmospheric 380 | 2200 ~ 2800
pressure
Flow rate
(m/s) 0.5~0.85 1.7 2.5 3.5
Mass flow
(ke/s) 16 ~27 500 1,600
Insulator None Installed
Simply
Supporter supported - Full clamped
welt). 53], vjat 7] SHelA AR} PR
o[x} wj e HIAEH = Hlg| 7 EYE = A
o, 27 v A4 vl&(h/D)e] ARt oletdS &
Atk R, HAEMES dyme A2, W7l
TPRA sk Wil A Re e, agke] 4
BRolol, HE R4, 73 AolE S T AL B
S ook vpeto R, wiwk waeh A0 A o
YE A e Aow Selwg.
3. WiE Mool Fary
3.1 o =5 dete e 4
A AL T s 7Nk v 3 45 g
AZE 7]e®e wj g Ashell) RE9] 2 EAS
Zo. AP gk e A BEY AGAES
B4 et ged,

1 72 E n(nz—l)

fslwll:E? p(l—yz) \/m (1)

A7IM, RE} e A2 w33 BB} T
W, E, o, 183 vi= ZH2F w3 A ] e A,
5=, Z12]al o} H](Poisson’s ratio)©] L

9] A< (order) o]t}
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¥ Table 19] w3t AlYS vfgo = ANSYSOE 5
& A-f AEl(free-free condition) =52 F 3
l(modal analysis)E &3} t}.
o714, Fe] FEN(radius of curvature) EH|X
EWe] 23 AA| A4E vt r A7 div] 4E
B3 0.6775 Al 744 Aol diste]l B EdsH
223191t} Table 29t Fig. 1S HAEH| =/AF-2/4
d2 FFAE9 FslA Arfolt). Table 2004 &<
S QdRel, A7E 2 AYE S35 A R 1

T 3 7

FAETE HAEME Ha) mlg- A 2 A

Table 2 Modal analysis results of elbow

Res. reactor
Testbed (HANARO) Com. reactor

1st mode 480 80 47
2nd mode 514 97 60
3rd mode 1055 208 128
4th mode 1274 221 133

Ist mode 2nd mode

3rd mode dth mode

Fig.1 Mode shape results of elbow

%% % 9Ed, 3 WA A RS A)F0R HaE

induced vibration; FIV)ol| 2] A = 717 7} 5
ol e ke RS S dukq e g
i - el ok eIl AA R
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& (pressure pulsation), 12|31 383 Z(acoustic res-
onance) Al 72 B/ F d=d, o] FoA HF
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2 Ydoyl= e WEA Yo ARHow,
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3.2 0|27 &g XE 54
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o g3l ZE Al gt JFS W=

A} T 9K(flexural wave)2] FEAbMEo|t), BAbA
S ARASRERE 4 F e AP AYE 34
o 7 dsE wue] fEE 2 EwrE A
FI4 g A Frkete Aol ARt - 9k
4 10 kHz ofstell A H3sk SA4S Hol=t|, o

28 o]fi= AFAE qoelA T FY
o AoIAWA T st Fao] e 47e] E(chin
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Fig. 2 Dispersion curves of the lowest order flexural
wave of testbed/research/commercial secondary

piping
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SAZRA HAS = 702 HzE AL, 7|k e 124 A

3GPa, & ¥ 4 2= s S0 et ust
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ZA0 ALEAS W 46,5 Hz= 0.5Hz 2443 21 Hlolth Tejal o3k J5 o wiE Ay
o7 gelger) wak AE 94 olxt A% 35 FAHS YAl frE(chocked flow or critical flow)©]
v zhe] Ao Sl 2800 kPauto] it o g SAS 7HAH, W 3Kphase transition)2t o] s
(two-phase flow) 54 Rtsly] wdd +4 &%
Sk, FAE, FATY 22 oY vE BAES A

2, tigel ke BReIAe A 54 -

AFol2 BT, 23 olefd 4 WAl o
A% 9 29 54 944 3L, B9 2HIA
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-4 J@ r Y
o &

Modulus of Elasticity [GPa]
(=23
o

58 B3 o] WA ek,
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o WA Fig 49 o] 3719 T2EE £ WojE=
e . ol A e S L A (4ys) B,
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-
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‘ . ‘ . ‘ .
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Fig. 3 Change of modulus of elasticity of carbon steel )
depending on temperature f_{ )
1 Microphone

Table 3 FEM analysis results for natural frequency of

S

; Air-Borne
first shell mode of commercial curved pipe Stag. Press, Sound
. . Ist shell mode _Tf Leakage AE Sensor
Analysis condition ey (145) . -\. 7\ 9 or Accelerometer
\\ _
Room temp. and atmospheric press. 47.0 » Structure-Bomne Sound
High temperature (232 °C) 46.5 [ )
High pressure (2800 kPa) 70.2
High temperature and pressure 0.1 Fig.4 Leakage phenomenon and acoustic emission

(232 °C and 2800 kPa) ' energy transfer
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