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The Estimation Method of the Impact Position Using the
Envelope of Impact Signal
of ¢l &, o MR, 2HHY HAZ
(Wee-Hyuk Lee, Jae-Kook Lee, Kyoung-Hang Woo, and Won-Ho Choi)
Abstract : The LPMS (Loose Part Monitoring Systems) are used widely for detecting the impact position in the nuclear

reactor. There are some major methods to detect impact position in LPMS such as the triangular method, the rectangular
method, the circular intersection method and so on. The time difference of these methods are calculated using SO-mode and
A0-mode waves of each sensor. In this paper, we propose a method to detect impact position using the enveloped waves of
acquired signals. The result of this paper show that the position detecting accuracy and reducing the processing time are
proposed method is improved than traditional methods.
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&) volehe olg3lel AF % Fus wste A5
o2 RALeY ofEgel Bk
9% 4,5 62 o] 27 AYe] o3 4 Az 2 9

A
A7 7heAle EAske d45A e s dE vEd

Aol

)

t
O{)lt I'UEI i M{U

F3317) st 9= 2A A
. YRkdo g 24 9x ¥ ¢nF
W, X99x 24, WEY Sol
Hrlshe WpHo 2= Yuxpga A2t

M,
_EB
P fo
=Y
RuAT

L of
N
> 2

in}

4o
N 2
My o=

oL 30 dN o
N oo fo o
=

o
30
T

0
m.
0%
N

B
5]
AA 74 7PEL 12 94X 245 220 A 287
Ho g FEEW 23 93] EA /A= 2719 A, 374
o] AlA, a7je] AAME AHSe W oR FREnk
o 1XIH fIX[EH
- wiE 2e 12 FERE 3o AXrE 4R 3+
AL T FAEY e B9
- =YA|ZEA} (arrival time difference) : AT = %
L : sensor distance, C : sound velocity, AT": time difference

MO - XS5t - AAEESS =2X M 12 &, W 7 & 20086, 7

m Leak M=z [k
b 9
AT=T2-T1
T2 o
Leak [ [z 13

— L

AT =T2-T1 =L = constant

a8 7. 1349 A EA.
Fig. 7. Position estimation of 1-dimension.

SOURCE
Xa,Ya

N

SENSOR2 T\‘"‘* DR cos 9""\/“ | sewsonn

r D \ "
R-ri-constant

% 8. 2219 A X A(2 sensor).

Fig. 8. Position estimation of 2-dimension(2 sensors).

Sensor-3
[p] x3v3)

Sensor-2
(X2.Y2)

Sensor-1 reference

XLYD

18 9. 22} ) X SEA(3 sensor).
Fig. 9. 2-D location compensation with(3 sensors).

- Source Location
X, = %(L—AT- )
o 2XM Q|X|EX(2 sensor)
-4t V= — R, Z= Esint
-2 =~ (D~ Roos ', B*sin®8 =4 — (D~ Koost

2 _ z 1 P-ALV?
R =ri D4 2DRes8, R= g
o 2X12 2X|EH(3 sensor)

- /_‘.tl'[/: Tl—R, Atsz ?'Q—R

1 E-agy*

- gl O~ A8V° -
T2 AV Poos(8;-48)

=2 Ay V+ Dicos (-8,)°

R



Journal of Control, Automation and Systems Engineering Vol. 12, No. 7, July 2006 653

HYPERBOLAZ2-4

FALSE SOURCE

‘ SENSOR4
£ O

TRUE SOURCE "
HYPERBOLA 1-2 ; HYPERBOLA/1-2

HWERBOM
)

&
SENSOR2 SENSOR3 SENSOR1 SENSOR3

FALSE SOURCE

TRUE SOURCE

HYPERBOLA 1+

8 10. 234 92 E A (4 sensor).
Fig. 10. Position estimation of 2-dimension(4 sensors).

R1-r2=C1
1Q,

|
0
!
1
t
!
1
V
'
1
'
i
]
]
1
!
I
1
1
I
I
1
I
I

2 C:i/

R2-r3=C2

2 1L AR

Fig. 11. Triangulation method.

2% 12, AR,

Fig. 12. Circle intersection method.

- rl, 12 AERRRIQAO| A A 2, AlA] 3 Ale]e] §)x] HIE
- D1,D2: AlA 1ol4 A 2, AlA] 3 Atele] $1&] WE
- R: AE 2ol AA 1 Ato]9] 913 ¥
-1, 62, 631 AFHAIA A 2, AL, AN 3 Ae]
o 7t
24 ?IXIEH(4 sensor)
2.2 |FEIPIY
AXH7} 7Y e 2 & 4z H(triangulation method)3) 9 2}
W (circle intersection method) 7} Yuka o 2 ALg-HT)
o AFZHH(triangulation method)
Y ER
== T/.; - Athz, To— g = T/s, - ﬁtg;s

- rl, 12, r3: distance between sensors

- V. group velocity

- éﬁfmw ﬂiz,z : time delay between sensors
o WX Circle intersection method)
- 270¢] AlA

oI 52 Moo ZatM sss o|&sh
=2 Azl FH da2|E
1. HMekst etig|&

4518 olg3ted uet JHL
Ze Aersigon A 74

Aol AEE A4 AT Fol B A2E Al

o] Fupgeddo] 1SKHzo e F3k EAE 7= A
RIEtS AR |(low-passfilter) o] B¢ AEFIEE 20
KHzZ 3}e] 33} 7|2 9EQTh #54 Ase e
Zpreamp)Z  o]E3te] AT WNE FH3A, AHY)
(low-pass-filter) 2 53l 45| Z8H -5 AATCHE].
gy AArE HS5e 24 s AlREE AAse
e B2 o#gol vk o] EAHE sfdskr] Hsl A
258 HA59 FA05] 2 (envelope) HE A= g
olgsted KHoh AR AXLE Boldted vh el
(envelope)o]&t Q1ole] A& HUHES dAstd 74
Azolck AEAR HollA B 1Y 149 22 JsE £
ZEe}t oy o2 Ko mE Fie QRS 7 As
(carrier signal: AEAT)9] HFOE o]FoW AoE B F

Aceelerometer
.. Seosor

hecelerometer’,
. Bansor

Acedecomiter
. Semsor

a3 13.

Fig. 13. The estimation algorithm of the impact position with

envelope signal.

EERVE R NEE REESE
Fig. 14. Brief envelope signal.



654

Utk whebr g o] M-S o] wkEAge] AA 2 A
3t o715 ARSStelol St B =EolAE EEAdo
Aol @ 7HE e VELE FANS B A
e 2Asnk
2. 35 MexE| ¥ E2HM wE

Iy 159 37 16904 EHx AMe] SAMs] et
s Fote 7 Al AFFE A JEeR
o Hud ¢ gleow 7 AMEE Egshs A5 A
2 AZHAE 7 Stk

r—+ Time Delay

N
MWMW_%}WMW_ Jk

a9 15 FANE S5 F E2p4 M g 5 A7
Fig. 15. The difference time and transform of impact signal.

E 1 Signal 1

Envelope Signal 2

Envelope Signal 3 -/ K

Ervelope Signal 4

\_

9 16, ZF AMEE mdshe $A4E9 Zebd H3 9 A
T A

Fig. 16. The difference time and transform of each accelerometer
signal.

a9 17. 23459 2k AA)E 7R,
Fig. 17. Impact signal detection of each accelerometer.

MOl - Xsst - AIAESS =2X M 123, M7 &

S 2006. 7

28 179] Fulz A%} 5499 Fo2 A}
N&E A6 AT %] AL A%} A

J

£, % EE AL REEe Qe AR At
oA emw 7t AL FA%E PAse e
389, 7198 A28 g3 AAS A 29
e ol gl FAvel A4S Fopd & Ak &

A 19 7 2ol M 15 04 29 ATAE
B A 24 @ A 19 44 4ske] ADAE B9
2| #A3k0] AAShe 2L AR,

jzo}mmglzimzrlr

o 18 187 Zo] B
A& A2 E‘: DAQ(Data Aquisition)
HE, LABV1eWi 31*45]01 A=

e 942 U 24 wHe v 2 97 9
2z sy x5l dxzo] B A AL AR
AVt olele B ok, Axze) FA Fol
7b Brlei Mt dA dAEE A v fARE
RARFOR ARG LT AN NG T
At} APE SAHA,

n

MEel S8 % BUEY

o

—— Lab-view

® >

i DAQ HE B ii ERa
\\_ﬂ__’/

19 18, 52 A 4u) A
Fig. 18. Structure of the test set.

Fiducial Point of
i~ Height

Fiducial Point of -
Circumference =

O™ 19.3E 959 2 78 H 73 Ao 91 BAL
Fig. 19. A cubic plane o steel drum and attached sensor position.



Journal of Control, Automation and Systems Engineering Vol.

3l 967le] AR LEIIATH
zt Aol 2003]9] Q1o FAE
TE VMR AAE Bt HEIEO-
sd= AEE xﬂalo}ﬂ HRH=F
AgstAct. AsAE HEE T IS A3 o=
Z] B Z(preamp), J3}7](low-pass-filter), i%}*d w3 3=
2 st 1 4 FRe] FEnE 19 203 2ok

5o ME S FEHES Folv] H8l Y=
2 AMgsigen FHEH AN 23E -8 AASH
s AFTE AMRSEATE A9 HFe AR wWelrt FF
B, Zgol AAR 24 2AEE ¥ HIIRE 0%
sk @R

<Low pass filter>

21 20. 2SI, o377 Bl A B 5=
Fig. 20. The circuit of amplification, extraction envelope wave,

and low pass filter.

Yoak o ak oo
. e

[

ehaded
g

ol
w@ymmmm e
ot R

iy

i

s sh sagpe e T
LI

LR D
ES

719 21. LABViewE o] &8 7+ AAPE SA40 5] X2 ¥
FZUHY 3.
Fig. 21. A window of LABView that monitors the acquired

envelope wave form.

12, No. 7, July 2006 655

AexE RE2RE YEike 4215 E Ni(National Instru-
ment)¢] DAQ(Data Aquisition)¥ =of HZA3}e] AFEHE
Hatg o A AHE A5 displayskr DB(Data Base)T
¢ 98t LABViewES A3k

LABViewE o|-&3l ZFA5e ¥ahil Wi JNEE
% 213 2ok AA 1RE AN AR 2 @uu =24
HE A5E Vehliglen £2hd A% 200000Hz 7]

7 Mm 50000Hz) = =¥ 3k
3. T AIZER} AR 2 52 Qx| £F

967he] 2+ ARRE HSH 27Nz ¥
olgstel 7+ AlMEe] AN B A
ol& ol&dty MEHORRE FAAANAL AYE A
ekt

O 28z MM =4
337 9K 4
%9 Arjwoln

FE 133 2w %67l 2 2] A A9 A% iR
2 87hel Aol g AnkE ek Rolch WEAG Aol

| OEC 2 ns)%my pd o pa e e
. i

{20y
: K

.0y

~ ) . . oo

9 22. SA9A] A4S 98l 4 A= vehd FEdse
7R,
Fig. 22. A plane figure of steel (lrum for position estimation.

LAY ARET L

Table 1. A result of experiments 1.

A WsE 13 162 | @43 | 72

Aarlar AME Jf ZJo) 1229 | 47.5 | -379 |-156.4

Fo|ulsk ABE Jf ZJo) 425 | 544 | 5395 793

(= =1
AT BE N
. : . 22
Aos) Fmpa 499 | 535 | 251 | 4
o|uksk ANE S
=ole® 4 7ie 416 | 37 | 328 | 315
Apole] WA

NEHOERE AFF

09 | 273 | 572 | 987
o229 Ae(em)

NEROERE EoUF

2606 | 229 | 23.1 | 142
229 Az(em)

A% 3443 F200 | 200 | 200 | 200

AR 7B

156 63
x)ehe H4x(E) 139 5 141 1

A ANk FAAX

te 523) 61 44 59 37

2907 AEE(%) 695 | 78 | 705 | 815




656

* 29 HEEH 2
Table2. A result of experiments 2.

A s 93) | (11,3) | (124 | (159
AP A2

i 1136 | 33 | 72 | 1473
7 Aol
FolE ME -

i 632 | 467 | -167 | 9.0
g zo)
g AE A
Hole] wrwA 181 | 126 | 82 | 216
FoIHE ME AN
Stole] GawR 30 | 202 | 171 | 56.1
VIEHCERE 4F

. 837 | 451 | 414 | 75
ko 2 2] 7] (em) .
71EH O RRE Fo)

. 198 | 256 | 47.8 | 45.1
ke 2] Ag)(cm) -
A3 3)43F) 200 | 200 | 200 | 200
A FEAA 147 | 155 | 141 143
dAsh= 3]4(3)

AA A9} F79 912 53 45 9 57
7} B2 F4(3)
Z2ZA9H AE(%) 735 | 775 | 705 | 715

oA BeAOE FNEHIN ATz AA 12 7
AA 22 GIke WolR, vlolU2(OgE 71EHNA
Fugon AA 28 AR AN 12 Fale Wl |
Ee 07eme) AGS AR ANFHOLNE QNG
FolBBOR 42 AT AolT ABeID 2 2
o183le] FIFHORRE Aol Fele) Folu
o9 AE 247 Folo] 1 gol Ty Az &
Az

g oo 3
[0

Y o o

28e B8 AEserh
AgolN ¢ # gi%e), 2 ANENE ASHe

=
[=]
>
O
o
>
I>
oz
0B
i
(i
Ao
Pn
=
~
3
=
~
ol
N
o
o
&
-

S} AOREE ARSSRE PR ANE AR ARl &
olstv, o] S oIS HF 34 AN BAVE b5
et

5 ATHAR YAY WAL 37 4Y el Y
A 34

T T AAE A8% & OE 7 9X F 79

o thg A= B olof & Rojrk

(1]

2]

(3]

[4]

(8

Hnes
J. H Kim, S. J. Lee, and P. Seong, “Investigation on
applicability of information theory to prediction of operator
performance in diagnosis tasks at nuclear power plants,”
IEEFE Trans. Nuclear Science, vol. 50, pp. 1238-1252, 2003.
Q. i and J. A. Berard, “Design and evaluation of an
observer for nuclear reactor fault detection,” IEEE Trans.
Nuclear Science, vol. 49, pp. 1304-1308, 2002.
Q. li and J. A. Bernard, “Design and evaluation of an
observer for nuclear reactor fault detection,” IEEE Trans.
Nuclear Science, vol. 4. pp. 2493-2497, 2001.
R. Dorr, F. Kratz, J. Ragot, F. Loisy, and J.-L. Germain,
“Detection, isolation, and identification of sensor faults in
nuclear power plants” [EEE Trans. Control Systems
Technology, vol. 5, pp. 42-60, 1997.
R. Sutton, M. J. Parkins, “Early detection of steam leaks in
nuclear plant,” Control'91. International Conference, vol. 1,
pp. 75-80, 1991.
H.-W. Chang and C. J. Randall, “Finite-difference time-
domain modeling of elastic wave propagation in the
cylindrical coordinate system,” Ultrasonics Symposium, vol.
1, pp. 397-402, 1988.
J. Louis Tylee, “On-line failure detection in nuclear power
plant instrumentation,” IEEE Trans. Automatic Control, vol,
AC-28, pp. 406-415, 1983.
T. L. Song, “Filtering theory,” Jowrnal of Control,
Automation, and System Engineering, vol. 9, pp. 413419
Trans. Nuclear Science, vol. 43, pp. 2096-2114, 1996,
J. S. Kim, C. S. Ham, J. Lyou, and J.-H. Lee, “Korea atomic
energy research institute,” Advanced I&C Team, Dept. of
Dept. of

Science

Electronics, Chungnam National University,
Electrical Eng., Korea Advanced Institute

Technology, pp. 487-492, 1994.



Journal of Control, Automation and Systems Engineering Vol.

ol 9 §

19773 649 24948, 2003 A St
HA7IHAA BAI 2 F R E9). 2005
9 oF ek Ah 20053~ A4
ANF). PARop= AAW, A)lxH

g HE 2 e 5

19700 79 2294, 19933 24k st
o AR 4 1959 & g
A AMAL 2005 F oiEkd HRARER
2005 3~F A E&IE|(F). FAEk=
A7, Alad a1 HE R A9 S

12, No. 7, July 2006 657

-
T

ol W =
1973 119 30948, 1999 &2 8taL
A7 EA| 2 FEE &Y. 2003
Q F s AL 20050 % iekel
HRAIGRE. 2005E~E A ATM(F). B4
oz AW, A~d 3% &

A9, A 5.

QB L)

Y2 d

23

19561 29 9UA). 1978 AAMoiEh
AxFats £ 19809 F wishd
AAL 1990 = e wRAb 1979
W~1980d Al AY FHE). 1985
W-198ed A FEl FAE. 198613~
A At A7 HAEEA| A

oF= Imuge Processing, 174 A &,



