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Abstract Fuel rods using in nuclear power plants consist of uranium dioxide pellets enclosed in zirconium alloy
(zircaloy) tubes. It is vitally important for the pellet surface to remain free from pits, cracks and chipping defects
after it is loaded into the tubes to prevent local hot spots during reactor operation. This paper investigates the
feasibility study for detecting surface flaws of pellets contained within nuclear fuel rod through X-ray tomography
simulation. Reconstructed images used by parallel and fan-beam filtered back projection method were presented and
confirmed the accessibility between simulation data and MPS(missing pellet surface) image data.
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A W AE o Fuv @y
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2. X—Ray 242l

XA A AlzRlA A BRdele X-A
FEAA BEd X-Ado] HZE HEE FH3Y
HE7)(detector)ll HEHE A2dloz2N H2E
AME9 UE, s wel X-He| F3go] &
FAE DUE ol&dle Foldth ol Rz, N9
FA XAde A LE get 499 AANE 3
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Fig. 1 Photon mass attenuation coefficients for
uranium and uranium dioxide [8]

T 3 AN FHAFw™ ZA(photon) 7}
E3S FieaA &9 Zold] widst FHa
(photoelectric effect) & HE®E A compton
scattering) 59 ¥-3-& do 58S EAF Ao|
. & 1 #E #Ye] 2K Rayleigh scattering),
Zy A, aEln 3AEFS(photo-electric
absorption)?] A2 & F3Ago g FA o] 3l
ot 4714 ZHAFE X9 QA FAR o R
o Ag AAd wE grolth URIAHY i Z=19]
A Z=929] °ol2& < [8ld ¥= veh} gz F
1AL 2 Fig 19e 257 o|ds%-gw9 YAt
izl tig AT F5BAE BT gtk

3. X-Ray TH5&Y

o3 E & 3le HoHE e Wyoth Uuty
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o3 HAE AA ] U Mg o] &t A
48 F9 34 #EL dAHE B9 + Utk
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T Ho A watsle X-HE& E3) cone-beam TZ
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gt} ol %3ty 2490 Z%(cone-beam) LA
A FEL 3 H2E H4FS 5942 £ Ik



326

oy
eN

7P detioz AMEHI fle Y gnEEe
A}E GEQG Wyolnt. o] Wy FH 7)ghety
& wet BH(flat) AE71E o] &3 AH BA
F2¢ BY(flat) BT FW(curved) P9 HEV)
(detector)& ©)&-8 WY AE72 FEH 4 gk
g F ZdMe A AHEE 99 F 7R
Wl diEl wdtana gk ojfe] BARA A
;Y FAE ¥ FHog #HHY(rebinning) b
T QT

3.1, Y8 oot HAEGY(Parallel Filtered
Back—Projection Method)
XA CTe] 9459 e o8 4 A748 &
Wit e diidez dashe wyes 44 A
TFRAA BAshs 28 Yblurring)®] o= Iy
Fel ARE T3 2HE F5Y & AvHi0. BF
CT9) MFAA #3-& Fig 291 =43ksion o
Yoz Wd maAad A4, ¥z dgHy
(ramp-filtering)? & =24 H(back-projection) 2]
SAE A 53, Y= HEYH 959 A S
o] &% WS WE ARF A5 WYelet ot
H({Fan—Beam Filtered

32, WY T HEY &Y

Back—-Projection Method)

ABREH Y HE7E o] &3 WY CTe Ay
A A FHL Fig 3914 dE=o] 3l o] Ae
el MFHA Z+ SAe WY zZ2AM A4
T4E YZLHE o] 8F A 7HEA A=, 28
I 7HEA] HGF(weighted back-projection) &2

ramp—filter
&)

repeat for
all angles
]

f(xy)

computed tomography [11]

Fig. 2 Parallel beam
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Fig. 3 Fan-beam computed tomography [11]
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Fig. 4 Cross-section of sample showing defect
profile
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Transmitted Photon Energy (KeV)

| H Piss
10° * 10°
Incident Photon Facrgy (KeV)

Fig. 5 Transmitted photon energy vs. incident

photon energy

Real Pellet Image

Fig. 6 Through-wall crack image of a real pellet

9] 200 KeV vz #d 9@ 28 AgS 283}
s W FHE AR £XE Fig. 50 dHsin
At

Hel-9 8 435 2-E(pelletcladding interaction).©.
2 Q& At} MPS(missing pellet surface)= 3l
94852 A8E 4 gle A"nE z¥sirze 39
[12,13]. Fig. 62 £ Ag)A HLd LaSalle 97
&9 MPset HHg FH3 T E(through-wall
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A 4733 AsH(notch defect)> MPS F7F2] A¥
o) FeiE Ao 3FA AR F kA F
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4.2 FBP2L MY CT 5#
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HZHlinear interpolation)?] #F& AH o]Fx
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Fig. 7 Reconstruction images through parallet FBP
and fan-beam FBP with simulated data
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ArEE A 94 dY 94F /S € F
Ak () o ()9 A 94L& Wy FBPE °l%
st} Zkzh 1009k 174 F7HN 93E AT @
Aotk Alg# o] Mdol AME-3 "E]= Ram-Lak
o1 BAFY olf9 RPgL 09 o=
A gt Hh

Fig. 8] (a)& 512 x 512 27]9] MPS GAtolm
byet (d)ye= ¥ FBPE ATAT Ax Jdyow
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©% (@9 A= Ad= vnE Y3 2EaY
B & 3Hhistogram equalization) #3-& A A5}
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AY 104 27, %, 54 2e FANLRA U
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ojFa girk

}Eoﬁ‘.

Fig. 8 Reconstruction images through parallel FBP
and fan-beam FBP with MPS data
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