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Abstract

In this paper, a deformation measurement technology of the nuclear fuel rod is proposed. The deformation measurement
system include high definition CCD or CMOS image sensor, lens, semiconductor laser line beam marker, and optical &
mechanical accessories. The basic idea of the deformation measurement is to illuminate the outer surface of the fuel rod
with collimated laser line beam at an angle of 45 degrees or higher. The relative motion of the fuel rod in the horizontal
direction causes the illuminated laser line beam to move vertically along the surface of the fuel rod. The resulting change
of laser line beam position in the surface of the fuel rod is imaged as the parabolic beam in the high definition CCD or
CMOS image sensor. From the parabolic beam pattern, the ellipse model is extracted. And the slope of the long and the
short axis of the ellipse model is found. The crossing point between the saddle point of the parabolic beam and the long
& short axis of the ellipse model is taken as the feature of the deformed fuel rod. The vertical offset between feature
points before and after fuel rod deformation is calculated. From the experimental results, 50 im inspection resolution is
acquired using the proposed method, which is three times enhanced than the conventional criterion (150 m) of the guide
for the inspection of the nuclear fuel rod.
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measurement of the fuel rod.
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Table 1. Displacement resolution of the fuel rod due to
the incident angle of the laser line beam.

o|x H )

A %L: ; s | e | o |os

K?; }Ej 0Z2mm | 0lmm | Olmm | 0.05mm

#it pixel 582 468 6.38 718

EF #8x 064 0.76 0.84 159
AR Bt o]5e i RFUXE TR
W BEES T g mdyel ofd FAlY #
& dolA ¥ Ao &3 Hejo] wel wEo] A
gk &4 A3 ojxlg Mg 9% £HA W w
gt 329 HaRd FAH JA= A5t &4
LAE HAaslet] 93 v FEAE o] 43t B
9 BEES e 226 o]E By RdSe FAA
5 Badte] golA ¥l MAE P 19 6&
dolA drtztol 60°U W AEF9 AF Wd wE
dlol A 4Hel pixel ¥3E 24 Ty zold}, 1A
r £ d8%9 A% H9(m) & Uiz y =&
dolA 4o HAAAE vepiTh

£ 125H W9 fdEo] 7pwdt golA §iatzhe A4
o] = FEFE & ¢ & Utk (1) A% 2
204 78 A Fase #AE wEoR ¥ o)A
e X gArge] AF WYzt IAF EEH)

2

AA7F NEHE B o B
A Aol Ae] A deE

(95)

apizel _ o — @
30.3689pizel /mm 30.3689
olth. (1)Ad st
_ Ay (o}
Az = tanf  30.3689 ¥ tanf (rrum) ®)

G A& wrgo® oA el Atz 971 80° d
42.38m Z71e] AE W9 7 HEHE £ Uk

#olA W At o) wE AF JAG EF ¥
45 B 45° ¥ AP 02m FEe HAE A

£ QAT 80° ¥ wie 50 olEke] A MAE
2% 5 UgE ¢ & Yok odd HE AHY
CCD & CMOS <dArA 9] Al z7) 7 W) mb4
ol 04~07m 2719 2~3 WiE H2y HolAW o
o #4g Jex 4 doh

N ot

o2 M1
Ho 4@ i O mhe g

V.2 E

2 =R ddase] My IPEEE M
& e THE Adaanh 44 Fue] AgEe
WwEae Aol A 1% CCD & CMOS 9
F ARE ol gt B AREH olF AFdhe IA
Aol #&e FAoR TS 9 A9 #5&
JEoR 450 oo AR HolA He d5% ®d
of ZAbshH AREel £9 B WA S XA
T A W HeR 339 A sH| dehde
44 FA9 #HolA ¥ A 4AE FETH 7
=7b 349 HARE A s 3= FEAAM
S A&t A A 24 & ddag

WY A
stel @A 4

g3 2% Ao KPPAINE ArRY 83,
dent 52 1Al WSS A AL AR 4
dEd 24 H$dt BEA dAelA thol
2 gelze 544 1

/‘lj
Suz A4 g D4
.EL
Q

AN
S
-
S
5

d
[
o:

O:

ENE R R
2ROl AE WEE B8 A AR¥ WSl
= =

IREEE



96

(1]

(21
(3]

(4]
(5]

[6]

YA E 0/8F

a2
AW, e F AR ) A4S AL o
#4 Wil #9 977, KABRUCR-219/2004, 3

T YA AT, 2005,

x=437), ‘24 AA5Y £F HgE A 71e
KAERI/AR-204/83, &=+ 9A-8 a4, 1983.
JSejvar, “Normal Operating Radiation Levels In
Pressurized Water Reactor Plants”, Nuclear
Technology, vol. 36, pp. 48-55, Nov. 1977.
() KHNP, “Fuel Inspection
Specification 9-159 ~-N227", 2007.
“Comparison of Radiation Susceptibility for
Microcircuits  of  Different  Technologies”,
MIL-HDBK-978-B

John V. Draper, Reid L. Kress, and Barry L.
Burks, “Remote Maintenance Design Guide for

System

HHEEY

(7]

(8]

[9]

| HE AA oy Fog|

Fthan L. Blansett, “Radiation Hardened
Optoelectronic  Components for Space -Based
Applications”, SAND2003-4288, 2003215

K. Gilll and V. Arbet-Engels, “Radiation
Damage Studies of Optoelectronic Components
for the CMS Tracker Optical Links®, Presented
at RADECS 97 conference, Cannes, Sept. 1997.

J. W. Cho, Y. S. Choi, and J. C. Shin, “A Color
Correction of Camera Lens Degraded by High
Dose-Rate Gamma Irradiation”, 3534383
NOIE EAB& T =8

[10] ]. W. Cho, Y. S. Choi, and J. C. Shin, “A High

Dose-rate Gamma Irradiation of the High
Brightness Power LED”, 8= =% A7} Adug
3 20009 At =24

Compact Processing Units”, ORNL
/TM-2000/124, 2000.
X X} £ 7h ;
Z N 2HAIY) z @ F(RFID
982y AEUgta AxFst 1991 AR n Ax-g et
&AL AL
1984 A EoErn ARF sk 1994 AERTn QA-F 3
A A} A A}
1987d ~ =4z E A7 ¢ 1995 ~ S AE AT+
AREgF 7 s T ARE L7 ML
<FHAE T B4, AEHE> <F@AAEF: B, AIZA>

(96)



