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Evaluation of acoustic microphone for sensing
in-vessel noise

Hirokazu Karasawa(*1), Tutomu Shioyama(*2),
Masafumi Komai(*1)

Abstract

Acoustic sensing technique is regarded as one of means of to detect the unusual
conditions defection in-a reactor vessel of FBR. This study aims at investigating
data which are useful to develop the microphone which can be used continuously
under sodium in a reactor vessel, and have good sensitivity and high temperature
resistance.

The acoustic characteristics of the existing high temperature microphone was
investigated. And the shape and fixation of element and the inner structure of the
microphone were confirmed by means of X-ray photographing.

The arrangement, materials and environment resistance of the existing microphone
were conjectured and subjects of the future development were picked up based on the

above investigation’s results.
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HA4 v 60 dB
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+15 V DC {(1%#)
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Calibration Chart for
Hydrophone Type 8103

Physical (mm):

@ L d
=1 o«
S ]
Briel & Kjmer  Serial No. ...\ 13533 oF E & ,f 33_ +20
o v+ - g; - @ -
o, =
Roietange Sensitivity at .3-50 Hz* at 23 °C 4 EE
including 6m Integral cable ¥ . i' 15,8503 _.I_“‘.2
Cable Capacitance 95pF/m typical 25 10,5
Open Circuit Senaitivity: h ;0—‘ il +10
Yoltage Sensitivily: D '
SANMN L B re 1 WPt or 1'.?,9. HVIPa poress .
. - Operating Teamperature Range:
Charge Sensitivity: \05 \O 2 pC/Pa |3sht:\rt tgrm -:0“0 to +120°gca
Continuous -40°C to +80°C
Capacitance (including 6m cable) ... Q0. oF 0
Change of Sensitivity with Temperature:
Leakage Resistance: 24000, M2 at .25 °C Charge 0 to 0.03 dB/°C perature
Voltage 0 to -0,03 dB/°C
Frequency Response:
individual Free Field Frequency Response Curve at- Change of Sensilivily with Static Presaure:
tached 0 to -3 x 107 dB/Pa
(0 to -0,03 ag/atm)
Temperature Transienl Sensitivity: <50 Pa/°C ~10
pate A2:.12...0%... Signature L’H {ANSI §.2.11-1969); measured with 84K Charge
Preamplifier Type 2626, LLF 3 Hz
Summarized Specifications . 27
Allowable Total Radiation Dose: 5 x 10 Rad
Usable Frequency Range: 0,1 Hz to 180 kHz +2d8 . e
) -10dB Accelaration Sensitivity: <130 dB re 1 pgPa/ms™
Linear Frequency Range:
+0,5dB Maximum Operating Static Prassure: =20
0.1 Hz to 20 kHz 15d8 4 x 10° Pa (40 atm)
0'1. Hz to 100 kHz :';3-55 c?BB Cable: Double shielded low noise
Horizontal Directivity 100 kHz: (XY—plane} Weight including §m cable: 1709
typical £2dB == For further information see instruction manual
Vertical Directivity 100 kHz: (XZ-plans) -— emm=—m ~30
typical =4 dB " D Traceable to NBS2
BC 009413 = 1 Pascal = 1N/m° = 10gbar
Jate: Potentiometer: Zergleveh D A B C Lin
e L} | L | N ) L L) L B L) Y
}
H A
H 3
~<zory — t LY
: Y
t .
» H H 1
i H HE Y
I W H AW
H H LY
H LY
i s
JO 500 1 kHz 2 S 10 20 50 100
n. Freq. Hz  Writing Speed: mm/sec. Paper Speed: mm/sec.

X3.1-5 BK Type8103Kh<w A4 Ok 44
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Scund Pressure [Pa]

12KHz

20

< DATA:lAamp_SP2:BK_12Kk_sin > < DATA:|Aamp_SP2:1A_12k sin> C=57.22 [Pa/V]

T T T T 0.3 T T T T

Volutage [V]

0.5 1.5 2 25 1 2
Time [sec} %104 Time [sec]
BK JKth= 1 & AR DR BEEH OB

F3.1-6  12KHzR RO H hik

25
%10
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24KHz

< DATA:lAamp_SP2:BK_24k_sin > < DATA:lAamp_SP2:1A_24k_sin> C= 3,446 [Pa/V]
2 T T T T 0.5 T T T T
0.4} 1
1.5F E
03f -
T 1 02t :
£
. 0.1} ]
@ 05 k =
g 8 ol ]
L :
g i = 04F ]
=]
9]
05F i 0.2F ]
0.3 R
A i
-0.4 3
- 1 1 1, L 0.5 Il L ] 1
1'50 0.5 15 2 © 25 o] 05 1 1.5 2 25
Time [sec) x40 Time [sec] x10%
$ Trmns ¥
BK K74 2 AR DK SER ORI

3. 1-7 24KHz RO H N
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< DATAIAamp_SP2:BK_48%_sin > < DATA:IAamp_SP2:0A_48Kk sin> G = 15.29 [Pa/V|
2 T T T T 0.15 T T v T
151 ]
AR
s -
— 0.06
& ost _
2 =
£ o 5
B =
2-05[ 1
® -0.05F
4L 4
0.1+
15l U J
1 L 1 1 0.15 1
20 0.5 1.5 2 25 0.1 o 0.5 1 1.5 2 25
Time [sec) x 107 Time [sec} %10
- - 3
BK K< A & O DiER SEBEORR

B43. 1-8 48KHzRIRBOH Dl
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172KHz

05

< DATA:lAamp_SP2:BK_72k_sin »

oo |

0.3%

Sound Pressure [Pa]
[=]

o
i
T

0.3}
0.4

0.5

!

|

h

I

|

|

|

U

|

|

I

|

|

Vaolutage [V]

1
0.5

BK KR A 2 AR DR

1 1.8
Time [sec}

E3

25
x10*

0.1

0.08+

Q.06

e

(=]

&
T

o

o

L=
T

[=]
T

-0.02H
0.04
0.06F

-0.08

.1-9  T2KHzFRIRBF DM iR

< DATAJAamp_SP2:A_72k_sin > C = 6.484 [PalV]

0.5

1 1.6
Time [sec]

FEHE OB

25
x 107
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96 KH=

0.3

< DATAIAamp_SP2.BK_86K_sin > < DATA:lAamp_SP2:A_ 86k sin> C = 2.608 [PafV]

0.2

0.1

Sound Pressure [Pa]
=]

0.15

w e S

AUt

Volutage [V]
=)

AT

UHMH“UU'U HM ‘
03 o5 1 15 2 2.5 013 05 1 _ 5 2 2.5
Time {sec) x109 Time {sec) x10™*
BK K< A & AF o DiEl | FERDOEK

3. 1-10 96KHzR IR D iRl
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120KHz

< DATAAamp_SP2:BK_120k_sin > < DATA:lAamp_SP2:1A_120k sin> C=1.422 [Pav]
T T T T T T

0.5 0.15
04}

o}
E.0,05- ’I ﬂ n [ M r \ ﬂ
3 ol < 005
£ £
g 005 g .l
? 04 |
wo HTHTTEEE TR ) M {1l

!
0.2, o5 1 S 15 2 e 015 05 1 S 15 2 xwa.s
BK K74 o QAR DiER FEI DR

3. 111 120KHzFIRFF O H iR
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144KHz

Sound Pressure [Pa]

< DATA:IAamp_SP2:BK_144k_sin >

< DATA:lAamp_SP2:1A_14dk sin> C©=1.076 {Pa/V]

B3. 1-12  144KHzSE R O H 1

0.1 0.15 T T T T
6.05 B o1}l H
31 ¢ 0.05} 1
=
008} &
0.05 E 0
2
-0.1 n -0.05 u J L
-0.15 _ O
025 55 ' 15 Z 25 015 05 T 156 2 25
Time [sec) %104 Time [sec) %10
BK KT A 7 Ok DiRH EEEORER
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168KHz

< DATAlAamp_SP2:BK_168k_sin >

< DATA:IAamp_SP2:1A_168k sin > C=0.337 [PaiV]

0.04 T T T Y 0.15
0.03H E
0.1
0.02+ n q b
= 0.05
& 0.0t f 1
P &
g o
0 b o
: £
g 2
3 -0.01 } 1
w M { -0.05
0.02 \‘ b
u 0.1
-0.03 1
'0.04 1 Il 1 1 -0,
0 0.5 1 15 2 25 045
Time [sec] x 10

B KB A 2 QR DER

0.5

[3.1-13  168KHzFEIRIG D H

Time [sec]

CE-L0b i

2.5
%10
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192KHz

0.03

< DATAIAamp_SP2:BK_192k_sin >

0.025

0.01

Sound Pressure [Pa]

0021

-0.03

-0.04

T T T ¥

05 1 1.6 2
Time [sec]

BK KP4 o QR DR

2.5
x10*

Volutage (V]

0.15

0.1

0.05 1

-0.05

0.1

-0.150

< DATAlAamp_SP2:A_192K sin> G = 0.2037 [Parv]

T T T

0.5 1.5
Time [sec)

FERT OB

3. 1-14 192KHzF RO/ iR

2.5
x 10



20
40
30
20
10

-10
-20
-30
-40
-50

SERREEE

H3.1-15

50 100 150
AEE (KHz)

SEDOE i&ﬁﬁ’& (96KHz = 0dB=0.31V/Pa)
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dB

dB

48KHz

—BKIKREw 4 2 07k
3 — EEE
50 100 150 200
Bl % (KHz)
3. 1-16  A8KHz ZFE 2R DA% W O B e84 47
96KHz
—BKAKbhT 4 o2 0OFK
—t
50 100 150 200
BiRE (KH2)

3. 1-17 96KHz F& S2 IR I D BRRLR T O B RBP4
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