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Detection of Cavitation Behavior using Accelerometer and Microphone outside of Piping at Orifice
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Abstract Cavitation induced vibration and the consequent erosion of pipes are one aspect of
the potential damaging factors in the piping system. In order to prevent such trouble, it is needed
to develop a detection method of cavitation. Especially, in a plant system such as nuclear power
plants, it is preferable to detect them by measuring outside of pipes during platnt operation. In this
paper, the detection methods of cavitation using an accelerrametor and a microphone were
experimentaly examined and compared each other. As a result: (O )Output of the accelerometer
varied with the cavitation number, and its output voltage increased with development of cavitation.
When cavitation occured, a pulse shaped singnal, which might be a shockwave by collapse of
cavitation bubbles, was clearly detected. () Output distribution of the accelerometer in the flow
direction became large where cavitation bubles collapsed, and output voltage of the accelerometer
downstream of the orifice was larger than that of the accelerometer upstream of the orifice. (O) The
measurement results with the microphone were similar to those of the accelerometer qualitatively,
pulse-shape signals were detected, and defference of output voltages between microphones upstream
and downstream of the orifice were measured. In the simultaneous measurements by the
accelerometer and the microphone, both sensors detected the shockwave considered to be generated
at the same time with a time delay of the microphone. The sound velocity evaluated from the time
delay agreed well with the sound velocity in the air. Using the characteristics of the measurement
results, cavitation detection using a microphone without contacting pipes could be performed like an
accelerometer mounted on the pipe surface, and cavitation could be detected from the distribution of
output voltages in the flow derection even in pipings of a plant without data base to compare.

Keywords cavitation, accelerometer, microphone, output distribution, frequency analysis,
shockwave,orifice

0 (@)oooooooooooo poooooooo



116

1. 00O

gooooooobbobobbbbbooogood
obOooooooooboooo, booobooooo
obOoooOoooOooboboooooooboooono. o
gbdoboooooooboboboa, ooooogo
goooooboo, obboooood. gooooo
gooooobbbog, bbooooooooo
0000oooo®e, gooooooooooooo
ooooo®oo, oooobooooooooo,
obOoooooooooocbooboooooooonoa
gbdobooooooobobobobobo. oogo
U, ggooooobobbboboooooooon
oo, oooooobobbbbobooooooooo
. goooobbobboooooooobo, oooo
O00®W, 000000000000 00 (AE)OD
0o®epgpooooooYo0ooooooon
gogoooob. obobooo, boogaooaoo
gogoooboobbbobooooooobo, ooooo
gooooboobobboboobooooooooooon
gobooobo. 0o, 000b0bo0ooboooon
obooobOoobOoobOOooboooooOoooog,
obooooo0oooooocbooboooooooonoad
goooooboboooo. oo, goooo, oo
gbooboooooboobobobobooooogn
gboooobooboooboobooboobooboo.
gooooooob, obobbobobobbooogoood
obobooboooobobooooobAEDOOOO
obOooooooooboooo, ooobooooo
gbooboooooooboba, obooooogo
gooooooobbboobooooooooooon
gooooboobobbobobooooooooooon
000000000000000000000ee,
obooooo, obobooooooooobooooo
ooOoooo0oo, ooooooooooobooooo
gogooooobbboboooooooooooon
goooooboooo. oo, bboooooooo
obooobooAEDOO0ODOODODOODOOn
goooobobbbooooooobo, ooooo
obOoooOoo, Oooooooooooobooooo
ocoooooo, skHzOOOODOOOD (BO
HPFOOO)OODOOOOOoOoOoOoooooooo
g, goooooobobbobobooooooooo
000000000000 oooo®w, ooooo,
goooobbbooooooooobobobooog,

gbooboboooooobooboobo, booooo
gooooboobbobooooooooobobo, oo
gogooooobobobbbbboboooooooon
gboooooooooboobooooooo. oog,
gboooooooooooooooooa.

2. DO0DOOooooon

000000000000001000. 0000
00, 0000, 000, 00000000000
0000000000. 00000000 1.28m 0
0000000, 3.2MPa000O0O0O0O0OOO0.
0000000000000000000O000O0,
10000000000 (150000)000000.
000000000000 000O00OOOoooO,
000000000000O0O00000O00.
00, 0000000000000000000
000000. 0000000000000000
000000000000O00. 00000000
000000000000000000000. O
000000000000. 0000000000
00000000000000000000000
000000000000, 0000000000
00000000, 00000000000000
0 @06g/m). 00OOOOO00DO250000.00
00000000000000000000000
000000 4m/sO00.

o L=
T TR

EE

01 gogooo

gboogobz2000. 000000 49.5mm0O, O
gogooooobobobbbbboboooooooon
ooOoo0OooD(@us34D 200000. ODODOO
oobooobooobOoobboooboooboooDno
ooboooboooo, boobooo0 24.75mmO 0
goooobooboboboboooooo. gooooo
o0ooooooom/sO00. 000000 5.5mm
oog.



o2 000

D0000000000000000000000
00000000006 00000000.
a=2@1;a) "
pV
000, R, 00000000000 [MPa], ROD
0000000000 [MPa], p00000000
000 [ke/mP], VOOOOOOOOOO00O00 [m/s]
oo,
0D300000000000000000000
D00000000000000. 0000000
D00D0000000000000000000
(TEACO, 703FB, 0.3Hz045kHz) 0000, OO
D0000000000000000000000
D00000. 0000000000000000
00000000000, 000000 (@O000)
D0000. 00000000000000000
000000000000 (000000MI-1233,
20 Hz 020 kH200000. 000000000
DO000000000000000000000,
DO000000000D00000. 00, 0000
D0000D0000000000, 0000000
0D (QO0000, PS-70)00000000000.
000000000, 000000000, 000
D000D00000000000@O000000
000D, DADISP) 00000000.

T T 4NH—2 =

o3 gbooboo

117

3. ggbobbobboooooooboo

31 ODObOboooooouoobboo
goon

oooooooooooooooDog (ob2s)
oooooooOooooooooD (oO1ls, 1.4,
0900000000DOO0O00 (cO07)ODOOODO
oobooooooo(@oooobo)bobooo
U4000. 000000O00O00oO020000000
gboooboob, ocoboooooooOo100mm
obo. oboboobooobobooboootbotd2s
obooooboooboobo, bobobbbo 080
l4000000000000DO0O00DOO0ODODOOD0
. oboobooboooboobogosg, O
bobobcocO0o07O000D0O0OOOOOOCOOOO
oo, oooooOoobOoobooobo. obo
coouo7robonoooOoOooOOoOoDbDOODOn
ggooooboboobbobbboboooooooon
gooooboobboboooo, 0ooooooo
gooooobobbobbbbobooooooooon
gooooooooobooooO. oob, ooobo
gooooooooooboo, ooboobooobo
ggooooobobobbobobooboouooooaoaonn
go.



118

THE100mm  FES0mm AU 7 ¢ AHN

A}

) EHEWV)

0=18

) V)

) EIE V) ) V)

) EE V)

2.8

0.4
0.2
0.0

-0.2
-0.4

0.00

T T T T T
010 012 014 0.16 0.18

IRFfi (s)
0=1.8

T T T T
0.02 004 006 0.08

0.4
0.2

0.0 —fimito L T

-0.2 ]

A o b

T T
0.04 006 008 010 012

IREfH (s)
0=14

0.14 0.16

T T
0.04 006 008 010 012

kEfi ()

0.14 0.16

=

T T
0.10 0.12

[ (s)

0=0.7

0.04 0.14 0.16 0.18

0.4
0.2
0.0

0.2

-0.4

0.00

T T
0.02 004 006 008 010 012

i fH] (s)

0.14 0.16 0.18

04 ODO0OOOODOOODOCOOOODOOOODOOO (VO15.0015.4m/s)

32 ODOooooooobboobood

ggodooooobobobobbobobboooodaad
gogooooobob, obobbbobobooooooooo
gooogilcommiooooooooood omm
ooobOo, OooooobooboOoog (1k.00
154m/s) 00, OO00OO0OODOODOOODOOOO
obOoooO0oooOooboboooooooOooo. 0o
gbobooboobaobobodoaosood.
gbooooooiwoommOoboooooooonog
obb0cocb240000000000. 0D00O0OO
gooooboobobbbooooooooboobo, oooo

goboooboooboobbooobooobooDbo
ob0d. dbdoc0200000000000O00O0OO
gooooo, ebO180140000000000.
cUleOOOoOOoDOOoDOODODOODOOOOO
U,ocl0140000000000000. 0000
gobooob, gobooo, cgoedononogn
gbob.ocdgoeb0obOoboobooboOoOoboOonOO
good, boooooo.
ooboooooesommOOO0OoOoOoOoOobDOODO
oboooooooobi1ocommOOO0OODOO0oOOOO
gobooooobo, cb24000000000, oO
1800 gooooob, oboboobOobgd RMS



goobooobo. 0obg, obodbbo 01400
gbooboooboo. boobbboboe0bO0On
gooo, coe0obonoooonO.

o0, oooooocooboocooboo, oood
obooooooooobobooooooooo, 0o
gogoobobobbbooooodo, gooooo
gooooooobobbbobooooooooooon
gooooboobbbboooooooooooon
gbobogoooo.

gobooo, boooboooboooboooooog
obOoooOooooooooooo, oobooooo
gogooooobobbboooooooooooon
gooooooobobbbobooooooooooon
obobooobooboboboono.

0.040

S 0.035 —o— F 1) T4 R EiR90mm

2 0.030 1 —&— FYTARTHRI00 mm ||

R 0.025 ’ \

a|i 0.020 I \

R 0015 ’ i/'\ S

A

fz,( 0.010 I \ /

® 0.005 4 i N\

= N
0.000 ; ‘ ‘

0 0.5 1 1.5 2 2.5 3
FrET—LavH
Us ooooooooooooooooooooo

33 bouuguogoobooo

ggodoooobooobobobobboooogad
goooob, bbobboooooooob, ooo
gooooboobbbboboooooooooooo
obOoooo0oooooocboobooooooonoag
Oo. 00, 00b00bobobooocbooboobooo
gogoobobobobboooda, boooooooo
goooobooobbboobooooooooooon
gooooob, oobbbboooooooooo
gooooobbobooooooo. ooo, oooo
obOooooo0ooobooocboooboooooonoag
RMS)UOOOOD, ODOOOOODODOODOOOCOO
gboooboooobodobaog.

goooopoooooooooDDoD (o O2s,
14, 0.7)0OOOOODOOOODDODOOOOO6BOO
U.oc02800000, DOOORMSOOODODO

119

o4rimvO0O000O0OD0O. OO, ODO0D0O0OO0O0OO0OO
goooboobRrRMSOOOOOOOOOOOODO
goooooboob, obbobbboooooooo
. 0bdoc 01400000, OOOOOOOO
55mvilc 02800000, DOO0OOO0O010000
ygod. oo, oooobobobobooboooooanon
ooorRMSOOOOOOOOO, ODOOOODOO?2
goooobobo. oobobbbboooooooon
gooooboobbbboooooooo, oogoo
gboooooboooooobooobogo. cbo700OO
oo, ooooboooo74oamvoon, o140
oooo, woobooooooo. oo, booo
oboboooooowoooob, obooooo
goooooobobobbbbboboooooooon
goboboboboob. obobo, obooooo
gobooobooobooobboooboooboobo
goooooooooooon.

1 i il
Z o0s |
2 0.6 | ré
hd ) N
HO04 = [J] e
0.2 | 1
g 0
-300 -150 0 150 300
F) 74 ZH O S D FEEE(mm)
@ o=28
6 i | Tidl
2 /
\g 4 4 r\<_
o N F""’*—’m
H 2 o
3 1~
R
3 0
-300 -150 0 150 300
F) 74 ZAH A S D EEEE(mm)
b o=14
S 80 A Tl
£
% 60 | l‘\(_ R
H:I 40 | D .
g 20 | T
H o —*
-300 -150 0 150 300
F1) 74 ZH AL D FEEE(mm)
© o=07

U6 0bO0ooOoooooooboobobo



120

000000cOO0700000DOOGOOTO
gbooo.oosmmiobDooboDooboooboogn
gobooobooo,0obobooobobooobooon
gooboomgOOOO0, 00000000000
oooo0ooo.000b0O00000 (C1100BD-H)
gobo,0bbooobbooobbooobooann
gogooooobobbboooooooooooon
ogooo, goooboobo. boboboosooan
gboooooboooboobooboobooobooog.
obobooooebocbo7OOD0OOO0OODOODOO
oRrRMSOOOOOOODOOOOOOOO,00000
gooooboobbbbobooooooooooon
gboooood.

0.2

o
o

EREFE(mg/h)
o

S ©

S =

o

20 40 60 80 100 120 140 160 180 200
ZF1) 74X AL SO EEEE(mm)

Ov7v O0O0OO0OO0O (vO15.3m/s, o 00.7)

o

4, Jodoboboobbooooodoon

gooooooobbboogo, boooood

gogoooobbbooooooooooob, OO
obOoooo0oooooocboobooooooonoag
obO0. oboboooooooooooobooooo
goo. oo, ogoobobobboogooooo
gooo, oooooobobbbobooooooooo
0ooooooooo®ooooooo, 0000
gooooboobbbboboooooooooooon
obO. 000, ooboobobooobooboobooo
U, 000000000000 000o0b00o00ad
uboooaod.

41 UO0O0OO0OO0OOO0Ooooon

gbooooooboboooobogobg 75mm,
oobooboooooooooosommOOOnO, O
ggoooboobbbboooooooooooon
gooooobobobooo, booooooooo
O0.000poOooo0oooopoooooooono @
oooooooooob, DADISP)ODOOOO. OO

00000000028, 1.4, 07000000000
0000 (@O0000000O00oo0g, 00000
0000000000000)0000000000
00000000000000000000000
00080 (OO0 .

0000000000000000080) 0o 028
000000000, 000000 (000)0000
00.004VOOODOOOO. 0O0,000000 (2kHz
04kH7OOOOOOOOOOOO, 000000
000000000000000. 0000000
000000000000000. 0000000
0oO0o0O0, 00000000000, 0000
0DoO00, 00000000000, 000000
00000000000000000000. OO
0000000000000 000 40HzO OO
4kHzOODOODOOOOODODOOOO0OOO. 000
08@OOO00DO0O0ODDONONONOND (000000
00)000000000000000000000
00000, 0000000000 0000000
00000000000000000000000
0.00000000008(C)0c01.400000
000000, 000000 (@O00)00000
001 VOODOOOO, ¢0280000000200
00000000O0. 00, 0000000000
0000000000000000O0, 00000
0000000000000000000. 000
0000000O00000000O0, 0000000
00000000000000000000000
00000000. 000000 1.3kHzO0O0O0OO
0, 5.3kHzO 2.8kHzO0OOOODOOOOOO, 108
kHzOOODOOOOODOOOOOOOOOO. OO
000000008 0Oc007000000000
000000 (@O0)000000.06 VOOO, O
0000000 02800000000100000
0000, 0280001400000, 0000
00000000O0. 000000 25kHzO0O0O00
00, 0000000O000O000O00O0O0O0O0,
108kHzOOODOOOOOOOOO. 0014 OO
0000000000000, 00 1.3kHzOOOO
000000. 000000000000, 103kHz
000, 406kHz00D0000O000O0000O00
00000000000000000000000
0. 00000000, 000000000000
000000000000, 0000000000
0000000000 00000O0O000oooO.



121

gogoooooooo, oooooobooooog,
gooooobobbbooooooooooobob, O
gbobooooboboboobooo.

)
— T
> L.5E-
€ 0,004 2 SE-08
a 2
& 0.002 ( 1.0E-08
N 2 5.0B-09
' -0.002 N
N K4
o -0.004 X 0.0E+00
i 0 0.02 0.04 0.06 Ll\ 0 2 4 6 8 1012 14 16 18 20
¥ (o) < JEPE (kHz)
() R A EHEH
= g
— 0.005 g 1.5B-08
% 2
2 0.0025 i
S 1.0E-08
e 0 §
\ ~
- .
T 0.0025 > >-0E-09
[l
a 0005 T 00Er00 R
s 0 0.02 0.04 006 0 2 4 6 8 1012 14 16 18 20
oy
5] (9) ) JE (kHz)
b 0=28
R
T
%’40E08
Ll 8 3.0E-08
T TR
G S 2.0E-08
bl o |
? 1.0E-08
T 0.0E+00
}S 0 0.02 0.04 006 02 46 81012 14 16 18 20
or
BEM (s) h JEW % (kHz)
© o=14
s 2
2 008 S 40E07
_H —
D 004 s 30E07 [
R 5
% 0 ‘§ 2.0E-07
, jua
© -0.04 i ~ 1.0E-07
N K4
o-0.08 X 0.0E+00 -
i 0 0.02 0.04 0.06 LI\ 0 2 4 6 8 10 12 14 16 18 20
¥ wE (o) < JERE (KHz)

@ 0=07

08 Uboboooooobooboboobobooo
(Oooooogsmm, OOOOOOOODODOOO 50mm)



122

42 0O0O0OOOODOOOOO

gooooooobbobobbbbbooogood
obO0, oboooooooooooooboooog
ooOooooooO, ooooooooobooooo
ggoobobobbboooooooooooo. O
g,0oobooboobobooooobooboboobog,
20 3psO000000O0O®, gooOo, 0000
gooooobbbog, bbooooooooo
ooooobooooboooboo. boo, boobooo
obooooo0oooooocboooboooooOoooonoad
uooo, oooooboobobobbobooooooooo

0.1

S
R
H
015001 00z 003 004 005 006 007 008
HH (s
(@ ~A7a7xr 00 (Fansiel)
0.15
S
-H
~
=
01y 001 002 003 004 005 006 007 008
Wi (s)
b) =27 u754/) QkHzHPF)
0.08
S
_H
IS
H
-0.08
0 001 002 003 004 005 006 007 008
IR ()
(0 v 774 HJ) 8kHzHPF)
0.08
S
B o
.R
H
-0.08
0 001 002 003 004 005 006 007 008
RiH (s
(d <~ 7 o742 HJ) (10 kHz HPF)
2
e
_H
=
B
-2

0 001 002 003 004 005 006 007 008

FREH] ()
(&) Mt A —H T

09 Doooooobooooooouoobboooboo

cdo7,0oooOoOooOboOoOoOoOoOoOboOoOOn 100mm,
gooooooooooboooooooDbo 100mm,
00o000000oo00n 100mm

goooooobo. oo, ooobobooboooooon
0000, 000000000000 O0000eQ
g, oobobooooobbodPFODDOO, OO
goboooboooboobboooboooboobo
gooooooooooboboo, ocboobooobo
gbdobdooboooooobobo, obooooaoo
ggoooooboobbobbboboooooooon
gboodHPFOODODOODOOD. OO0ODOODOO
gooboboooooboilcommbbOO, oOO
goooooooobooooobwommodd
(oo)ooooooooooboo1ommbooon.
gbooooobooboecbOo7OO0O. OO0OOODO9
ggo. ooooooobobooooo, oooooo
oo, gooooooboboobbbooooooon
gooooboobbbboooooooob. ooo
gobooobooobooobboooboooboobno
ooooOoooO0O0oz2kHzOHPFOOOOOODOO,
ggooooooobooo, bbboooooaaoao
oooooooooooooogn. 8kHzO 10kHz
UgHPFOOOOODO, ODOOOOODOOOOO0O, O
gooooboobbbooooo, ooooooo
goboooboooboobboooboooboobo
OO00. 0s0oooooOoskHzOoOOOOoOODOO
oobooobooobo, oeoobooooo
OO0 wkHzOOOOODOOooooOo. ooooog
gooboobooboo, booboobooobo,
goooooobobobbbbboboooooooon
U, obooocboooboobobooobooboobo
00000 8kHzO HPFO OO .
ggooooooboboooooodoad, ogd
ggooooboboobbobbboboooooooon
gbobobo. boboboboboboboooo
gooooboobbboooooooooboDb. oo
U, 00oooocooobocooobofi10ommOn
500mm (100mm O)0 1000mmO 0000000000
ggosoooou, ooooooobooooooo
ggoooooboobbobbboboooooooon
gooooobooobb, bbbbboooooooon
goobooo. b1wboboooboo. obogo
oooooooooogosxd3m/s(OO)DO0ODO.
Oooo0oo0oo0O0oO0oooD2000 3435m/s000, O
gboooboosoooooooobooo. booo
gooooooooooooooooooooo,
gooooboobboboo, bbboboooooooo
goooobooobbobo, bbbboooooooo



goooooobobobbobooooooooooon
0.

a5 | | e mae
a0l | M e

25 /

-
E
4 2.0
=1 /

1.0 ’/r

05—

0 ! |
0 500 1000

Bl —~A 7 07 3 EEE (mm)
010 O0O0O0OO0O0OO0O0OO0O0O00O00000000

43 ODO0OOOOOOoOoOooboboobood
oo

gooooooobbbboooooog, ggd
gooobooobo,0bo0obooboRrRMSOOOO
. ooobooobooocbooobooobooo, 0o
oooooesommbOOO0OO0OOOO7smmOnO, OO
ooboobooooooooosommboOoonOooOg
oob. 0o0gosuss340noo, oooooog
ooooooomkon/sOOO0. JO0O0DoOoood
gobobboooobobboooobobboogRMSO
ocooooooo1no, 8s8kHzHPFOO DO ODO
012000.

HPFOOODOOOO @ 1)o, DoOoooooo
gboooboooood, obobobobooooogn
gooooobobbboooooo, ooooooo
gboobooooooobobobo, ooooogo
obOoooOoobOoooboboooooooo, oo
obOoooooooooocbooboooooooonoa
. gooooboboboboooood, gogoooo
cooooo(@ooooooooooo)yooodg
gooooob. oobbbbOobooooooooon
gooobO, ooobobbbbobooooooooo
obOoooOoo, Oooooooooooobooooo
ooOo0. ob0o0o, oboboobooobooboobooo
gogoooboboboooooo. gooooobooo, O
gogoooboobobbbbooooooooooob. oo
o, ooooogooobo, boboboooo, oo
gbobooooooboboboobooooobo.

123

8kHzHPFO O OO OO (0 12)0, HPFO O OO
goooooobboo, bbboooooooo
gooooboo. oob, bbooRrRMSODOOOO
gooobooooobooob, 1obobobooboobo.
gooooo, ooboooooobooboobo
ggooooobobobbbobooboouooooaonn
U, bogoooooboobobbbooooooonn
goooooobbobbbbbobooooooooon
gooo.

0.025 0.1
S f\ﬁ —— F75mm 1 0~09§
g 002 —B— F90mm | 0-08 =
H —a— R (F100mm)| | 0-07 IH
i 0.015 0.06@
L LA |3
AR 0.04 4
o 03 3
Q 0.005 0.02%
v l % 10018
0 ‘ ‘ : ‘ :

0 0.5 1 1.5 2 2.5 3
FrET—av#
011 dooobouoooooobuoobuoobooooo
000O00ooooo HPFOOOO)

3.5

s 3 A —— TR 75mm
;;)E/ /\ —a— FiR90mm
£ 25
4 [\
g2
H
N 15 -4t
R \\ N\
&
o 1
L\
\[; 0.5 M\
0 ‘
0 0.5 1 15 2 2.5 3

FrETF—av#

012 000000000000000000000
RMS (8kHz HPFO O)

o, ubbuoooouobbbuodood

gbooooobooboobooobooboooboob,
goboooboooboobboooboooboobo
goooooooooobobobo, boobooobo
ggooooobobobbbobooboouooooaonn
u, ogoooooobobobooooo, goooo
gooobooooboobobooobooobooobo
RMSODODOOOOOOODOOO. ODO0O00oogo



124

goooooobobobbobooooooooooon
oo. oooo, ooobobobboooooooo
goboboooboboobogo.

5.1 Douogooobbo

co7robooooOoooOoooboOoboboOooOn
(HPFOODOOO 8kHzHPFO O)OOOOODODOO
gobooBgoobD. boooboooboooo
ooooo, oooboooboooobooood o0
mm, 00000000O0O0O0O0OO0OO 100mm, OO
oboooobooboooooboi1ecommbog. OO
goobooooooboobooooobog, goooo
50kHzODOODOOODOODOOODOOODODOOODOOOOO
goobo. oob, oobobobboooooooo
ubO, oobooobooocbooboobooo. o
o, 0o0o0obooobooocbooobg, oboooo
gogooooob, oobobbobbobooooooooo
gogoooboobbboboooooooooooob. O
oooo0, ooooobbbbobooooooooboo
goooob, ooobbbbobooooooooo
obOoooo0ooooOooocbOooboooooooonoa
ooooooo.

gbgbdoboobooboboooooobood
oooo, oooooobobbobobooooooooo
gooooobboboooooooobooboboboo, 10
kHzODOOOOOOOO. OoOoooobogooo
ubO, DobOo0oooOoooooooooobooooo
OO0. 8kHz HPFODOODO, O 1WBkHzOOOOOO
gogoooboooboo, obobbbobobooooooooo
gogooobooooo. oo, oogooooo
OO000O0o0o001BkHzOOOOOODOOOOOO
gboobooooooobobobob, oooogo
obOoooo0oooooocboobooooooonag
oo0Ooo. 090000 dHPFOODOOODOOODOO
OO00000001808kHzHPFO OO ODOODOO
gogooooobooboo, bboooooooooo
000000 BkHzODODODOODOOOOODO.
goooooobooo, boboooog, gd
U, 000000000000 000o000ooo0o
obO0, obooooooooooooobooooo
gbodood, bobobobobobooooogn
oooobooooooooboooo. oog, 8
kHzHPFO O OO OOOODOOOOOOo9OOOO
oooobooooooobD, o0 1BkHzOOOOO

gogooo, ooooobooobobbooooooon
gboooooog.

L gE7
2
i
& 4B7
2
20
X
oo 10 20 30 40 50
ES JER (kHz)
(@ HmdEe s H—

S
&
)

i o

(=}

(=)
[\v]

4 6 8 10 12 14 16 18 2
JEEAL kHz)
b) ~Aru7xy (T2 L)

T —2AY MV (VHHz)
=
=
3

2E-8

1E-8

INT =2 [ VERE (VYHz)

0 2 4 6 8 10 12 14 16 18 20
JEEE (kHz)
© ~A7u7x> (8kHzHPF)

013 O0oO0OO0O0O0O0O00 (o 00.7)

52 0U0O0OUOoooon

gsO0ooooooooonD voommbOOOoOOn
o0 1ommOO00OO0OoOCOoOoOoODOOOO (COR
MS/OORMS)O O 1100 120000000000
goommidooooooo7smm, JO0O0O0OO0OOO0OO0O
gooooooosommibocoboooooooono
O@oORrRMS/OORMS) DO M4000. DODOO
ggooooooobooo, bboooooaaoao
O00 (cO0240140000000000000
goobooooRrRMSODODOORMSODODO, ODOOO
o0ooo0Od (cbl4005 0000000000
oo, bobooooboooboboooobo. oo, 8kHz
HPFOOOOOOOOOOOODO, ooboo0O0o
ggooooooob, bobobboooooaaoao
gooooooooooooooooooooo,
gbobobooboooooobooboobo. ooooo
gooooboobbboooooooooboobo, oo



125

gobobboooobobbooobobboodn HPE

00000000000000000000000 Vi =y(x=a)’+y*
00000000o00o0ooooOg, D00000o V(t+1) = (x—b)*+ 3
00000000000000000000 HPFO mﬁw=ﬂ:52?
000000000000 00000000000
00000, HPFFODOOODODOOODODDOOOO0O. K:@yﬁﬁ‘m“)
000000000000 00000000000 ¢ BRGNS, \CBEE LR (s)
0o000000000000o0oOooooooo, mﬁlk%kmnwzﬁﬁﬁéﬁ%@ﬁg)
000000000000O000O0oooooo, ts: S, & Sy LDV ZAFEEERFI D (s)
000000000000 0000D0000000
ooooo. 0000000000000 O0ODOoO0O0oO0.
(0)0DOOODOOODODOODOO, 000000
. 0J00000000ooooo(@oooooo
6 R 00o0o0000O00ooO0ooO, 0DoooOo
5 /&4\ —— 3449074+ (8 kHz HPF) DDDDDDDDD)_
" l%%\ TRy (0)0000000000000, 0000000
R oog.
0 )\Q& (0)0OOOOO0ODDO0ODOO0ODODOOOOO (susoo
’ . “kiﬁ, 0000 3000m/s) 00000000000, O
' \tyfiig(j7 00oooooo.

0 os 1 1s o 2s 0000000000, 0150000000000

FrET—avH

014 0bobooboooobooobogo
FUITA AT iR50mm

[DDD[M]DDD[]DDDD(DDl%mmﬂM]%mmﬂ 1 112.0(u5)
0000000000000 (0075mm/0 090 mm) > 05|
Eoo
E -05 |
53 00000000000000 " o1 s os os
R (ms)
01500000000000000000000, U —
0000000000 0000. 0000, 000 s é, 102.0(us)
ooOo0O00O0OOOO, 000000, 0000 i
000000000, 0000000000000 @ﬂgf
oo0O0O0, 00000000000, 00000 2
000000000000. 0000000000 0 0.1 02 03 0.4
00, 00000003000000000000 B3l (ms)
00, 00000 S:(a,0), S2(b,0), Ss(c,0), O 1 AU TR FF150mm
0000000 (x, y), 000000000000 114.5(us)

EV)

05
0000000000(o0,0), 0000S,000 = m“ﬂﬁhhﬂﬁnh ™

v Tl i
ooootoooobooo, obooooboooo R o5 | U Vuw\"h" u‘r

ooboooobooobobooboooooon. -1

H

0 0.1 0.2 03 04
B (ms)

015 00000000000000000000
(c 00.7, 0015.0m/s)



126

ooboobDoooooooooooogn 97mmOd
oboooog.

gooooooobboboo, bbooogood
obOoooo0oooooocbooboooooonoa
obooooo0oooooocboooboooooOoooonoad
gogoobobobbboodo. booooooooo
goooobboboooooooooooboooog,
gooooboobbbobobooooooooooon
goooobobobbbboboooooooooooo
ooboooobooooon.
gobooooboooooooboo, booooo
gogoooboooboob, obobbbbobooooooooo
gogoooobbbobooooooooooob. oo
gooooobobbbooooooooboobo, oooo
goooobobobbbboboooooooooooo
obO0, oOoooOoooooooooobooooo
oobOooboobobooboooooooooon.

6. 0O

gooooooobbobobbbbbooogood

obOoooo0oooooocboobooooooonoag
obOoooooooooo, ooooobooooo
gboboobobooobooboobooboooobooa,
gbobogoooo.

()boooooooooboooo, booboooo
goboooooooboooobobooobooon
ooooooooboooooo. oo, 0Ooo
ugodooooooooobooobobobobooboo
uboboooooboboboood.

(O)oooopoooooopoooooouooog,
gooooooooobobooboobobbbobboo
oo, booooooboboooobooobooon
ooO. 00, obooobooobooooooon
ggooooooooob, coboooboooboo
gogooooooooboooooooa, o
goooooooooboboobooboobobbbboboo
goooooooobobobooboobobbbobboo
oooog.

(O)ooooooooooooooooooo, 0d
ugodooooooooobooobobobobooboo
ud, dooooooooooooobooobooo
goooooooobobboboooo, bboboo
gooooooooobobooboobobbbobboo

gogoooooooboob. oo, ooooooo

gooooooob, ooooooboboboobobo

gooooooob, oooooobooboobobo

goooooooobooobooobobooboon.

oooooooo, obobooooooooo,
ggooooobobobboboboboouooooaon
gogooooooboboboooog, booooooo
goooooobobobbbbboboooooooon
goboobooboobboobobooboobo.
gobooobooobooobboooboooboobo
gooooooo, boocoooboobooDbo
gbogoooood.

ug

(0) J.0zol, J.H.Kim, J.Healzer, "CAVITAION EX-
PERIENCE WITH CONTROL VALVES IN NU-
CLEAR POWER PLANTS," ASME-FED-Vol.190,
pp-291-297 (1994).

(O0) P.Moussou, S.Cambier, D.Lachene, et al,

"VIBRATION INVESTIGATION OF A FRENCH

PWR POWER PLANT PIPING SYSTEM CAU-

SED BY CAVITATING BUTTERFLY VALVES,"

ASME PVPO Vol.420-2, pp.99-109 (2001).

goooo3000ooooooog (@o1o

gooooooooooboboboboog

gooooooooobooo), 00 140 11

0260,0000 (O).

http://www.kepco.co.jp/gensi/index.html

(20060 60 130 HPOOO)

()yYoooo,"oooooDooooooooooon
ooooooooo,"ooooooooodeo),
610 5890, pp.3099-3104 (1995).

(0)yoooo,"AE000000D000DO000O00O0
oooooooooootT0ooOooo, 0180
060, pp.11-16 (1990).

()yooo, "AEODODOOoOo0oooDooooon
gooooooooouooog,"b11ooogd
gododoodooouoooogd pp.asr-160
(2001).

(0)OO0DO0DODO0OO0, D00D0000ODO0OO0ODOO0OOO
o000, 0o0ooooooo, (2003).

()yoooo, ooog, "0Do00ooooooon
goooooooooobobobobooog
0 0," INSS Journal, Vol. 10, p.116 (2003).

[



(O)yoooo,oooo, oooo, "ooooood
goooooobobooood AEDDODDODOOn0
00000 o0ooboDOooDoooaoan,™ INSS
Journal , Vol. 11, p.129 (2004).

(o000, 0000, 0000,"0000D000DOO
ggooocoooooboouoooouoooooooy,
INSS Journal, Vol. 12, p.160 (2005).

(11) F. Takahashi, Y. Ueno, "Acoustic Monitoring
Techniques  for  Anomalous  Sounds  from
Machinery in Electric Power Plants", Proceedings
of the 14th International Conference on NDE in
the Nuclear and Pressure Vessel Industries, pp
567-572 (1996).

(1200000, OO0 ODODODODODOOO, OO0,
p.204 (1999).

127



