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CT detection method for position information of core particles in dispersed fuel pellets

ZHANG Xiaogang, YU Dongbao,SHEN Junhua,JI Jing
(China North Nuclear Fuel Co., Ltd., Baotou 014035, China)

Abstract : In dispersed fuel pellets, core particles are randomly dispersed and distributed in non-metallic materials. The
method of characterizing the position information of core particles is usually used to evaluate and evaluate the quality of
product processes. which is of great significance. This paper adopted the three-dimensional CT image method and used VG
software to fit the outer contour of the core block to obtain the three-dimensional coordinates of the core block. The core
particles were treated as inclusions, and on the basis of obtaining the center coordinates of each core particle, the distance
between adjacent core particles was automatically calculated. Then, microfocal CT was used to detect and process dispersed
fuel pellets, and statistical heat map was used to visually characterize the distribution uniformity of core particles in the fuel
pellets. Finally, the automatic measurement of the spacing between adjacent core particles was tested using actual fuel
pellets, proving the feasibility of this method for measuring the spacing between core particles. This lays a technical
foundation for further characterization of core particle distribution.

Key words: core particle; CT detection; 3D segmentation; automatic measurement of spacing; uniformity of

distribution

o ik R S L AR D 5 DU AR R AR G Y AR 4
T, R — b [ B A% BE 5 22 AR B A R A
PEAYHERL , HAORE TR 2 o Ay 2 B A R B 7 e o
AR AZ O UKL 2 A8 B 4 P 88 B e FE AR A oT R

5 B #1.2023-05-12

EE B 5K /NNI(1987 —) , 55, R 4 T AR U, 3 B2 A =R A R R I
b AR O T8 450 G I 45 7 ThT 4 BF 9T

BIS1EE .5k /I, zhangupc06(@163.com

(0% I ARSI <R R N U2 oY S DTN G TN
W BT 46 A L 0 A 2 A R R A UKL
VB Ay T 5RO B e /N BTG HE A 1Y 22 A e v 2
BT EASY, EE SR IR R DA A
HAHR 5 13 UE K% SO R BE 1 & e 7 A 1 IR
TE Y 5E A, T O 4R Y S5 A B R OBE CAccident
tolerant fuel, ATE) & [ N &M SRR 50 Pk & & 1Y
TR, S5 A AR S & e sT iR
61

2024 FF 465 E 14
FeE Lol



YN
BREURR SR R S BB AL B S B CT R 75 5%

N%

F AL LR BE U8 MR 3 A = 0 & AR I A HE D TR
JE DA KOS P ) 5 0 R T . ATTE JROREES B i A
FE07 1) FZ AL A AR SRR R
BRI R AR AR SRR Y T — R 4 P B ik
BAPRRLBE T 45 A B ATE 8B B, HO 6 B A2
450 ~550 pwm [ TRISO ¥k kB 7E SiC Kk
SRRELY TR ) | I B B 1 AT UR Y 7 N TN
WREEHERAR 20 mm, B E AN 30 mm 1Y 50 F
FEAR L 32 3 T 2058 ), A0 UKL 7R BE 1A B4 R Hh 1Y 43
A BEHL H AR ST . AR A7 B A% 8 UKL e 2
Ja& HE AR L b Y 23 A 4 51 VR B0 T IR A S0 B 1 1
R H A mEE I,

X PR CT 2 —Fh 4y BERE ) vl ik B oK 2
A CT R 75 v AT LA AR B0 00 4k o b 358
SAESERAROL  BAT A TUART 4055 53 B B ) i B
KBz M T TR B TR 0 RS BE A 43 A
I A3 1] P EOREIR 4 1 1) 43 A 359 50 Tk R AE
R vEAr, B ZE A6 DAUBOAE CT 430 4 B0d oy S il
ZEE MR B A S B T R T — M
TOURE = 2t 7 [ 43 A3 35 50 P 52 e R AE 7 ok s S AR
555 A T R B AR T FE B AT rhoO M 22 P R AR R
B e A N1 (TR RS K G T o= Ay IR Y £ 2
AU BhE WO T B M EDEM Bk s Sr T R T%
R BERCTFAC R T LRI B AR 8 1+ i
R AT S X ST IR R MR T ORDIR
YA iy o3 A $ 59 1 o A TE RAE 1 BV J5 T8 94 A7
1 — 5 Jal IRV

BN A% 0 UKL 437 A5 L 10 R AE 7] BT, SC S ok
TR CT 43R4 BB IT I b A% 0 BORL 23 A 1 = 4
FUR A R BK0E ORI 2% R VG B iy e 2 o3
B A =0 A R S R A RO A bR R AR AR R
JE S Excel 84l # 4%, FIH C+ + 44 Excel
BRI B BURL Y 23 A 2 5 M 0K (1)
L A TG URE DX RS B A7 00 6 R0 A o AR
P i B AZ E OB TE SRR T i 2 B 45 B

1 FHiEigk

1.1 EAXFEE

A CT RS W R HHER CT 44 )7 =,
HCT R FHHETE X 55 4o DA I J&] 43 A 1) 22 455 7 B
D5 1) LA S 07 220 37 AR T A o S A R T 8 4
7 B A R i XA BRI SR TR,
30 Jok P15 i A B R A T A B P AN R A A Bk

2024 £ 46 %5 £ 18
7o 15 4

B S5 05 B DL = 4 R % 20 3 O L AT L 58 3 4R
B AS T A 1 = 2 Bl L T AR SR R & el 1
TR CHERR CTT AR I 7 =X EL A AG 0 45 SR T 00 L 3% A
VRO ASA5T IR A DU T A, R 32 RS I AR A R SO
AR B 45 1% 22 P 5

K FH BRI % 454 300 KV ffE CT 2%, Hi
FEIIER 300 kV T4 Whale 4343 R 51 5 3h 70
FELER T 25 L BLAW 45 1 L R i e b B 28 4 Bl 4 5 4
LE T R GE UL R, R B R I 0 AT R
CT ZZEHR G, R JIMA 25 [0 43 9 J1 3k
MRGEFEMRIE TR, LR )E, RS
I i 23 W] 43 HE I3 A5k 2 pm,

X208 Wek T4 FelE
et
!
——————————— n X
1]
i "
'Y S

@ el {4 2 e e
= % |

KEM2DIEE

3D K

B 1 4 CT TIERB RS

1.2 ok Es i E S BTN 7 E

KA CT RGN IR U RLE B b 4T = 4E i
B0 0 13 1 B Bl B A R AR B RdE . R
VG B AT B AT IR 2 O Bos . R
VG Bzl S Y ny S 13 A5 by B AE A I
B ro DUBIAERENZ ) = Bl DLRh SR 50 3
JUE T A 52 s R AR AR T ST B AR BR R (s y 02D o

B R 20 6.0 g » cm *, SIC SRR
299 2.0 g cm *, HHERGEYAR B R E Y
Py VA B B R B — R AP O R B ORI S 2k
PRl R B A, 4 E N DU R s AR /N . G E) CT &S
U R A R ) DX Ay AU X S KR (RN 1Y Sy
AR WORL DI, 8 BORURE 5 3F JBORE DX A R B (E 23 5t
JEL s SR IBUHR URE X 48, 58 UBURE 7331 . o B BRGE X
Rl at VG BT Y Je F 43 B a5 P ] A A Bk
TERURL R k0 A R R AR (E B, JF 2t Excel £l



YN
BREURR SR R S BB AL B S B CT R 75 5%

N%

giitgak, R C+ + AP A Excel 4 £ 4.
S I BRI WORL 4 73 A5 X5 57 4 L WORL 8] 5 1 JG 0k X
SRS B9 A7 00 B AR,

DX Sl A0] A3 T R B AN 2 TR R AR
AT p Blq J2, BT X p X g AKX A4 KERY
AR N (2 s 3y s 2 ) s HeH e =1,2, 24,1 X
pXq. LLZH O ARSRERG  AARH BRSO d B —
FRO BRI A bR 3k

(=2, + (& —y,,) F+(x—=2,) =d’

@)
DA 38— A DX e 113K P BT A 5% 18 RO 80k
EH
c,=C
( (xlm_Ij)2+(y/)171_yj)2+(2(1”1_Zj)z
<d j:1927'“’N) (2)

X:C, N m 5 KGR BT A 35 19 BROE
KK hom SN ) DEGN hm TX
SR 1 BT A RSB

i FARARL T BN 4 WA X ST
B AR OXp X g A C, fHL SR C, B {E
M7 2. Ja U G B HAR d (ERY RN B4
B d AH T BOEEATT 22 AT AL XSG T BR B AR
d SZAEARTT BRI BTG URE BR (B R 7 228 1 G
F MR J7 22 BT 73 M BRAE UKL A9 20 A1 42 23

5l

ur

B2 A IR o T R R
TCARA DI ST I 5 B A = 2 PRI 4R
AP AT T S 2 I S 1) 3R T e i A A
KL I 0 HC B 3 T B RS . SCE X =4k CT K&
HEATEIOT RIS 20 0 2 B B AT

bR vES T RN T 45 28] froR BE B, BRE A X (3)
TN o
R,=R—G/z +y" +r) i=1,2,+,N
(3)
HH R, BF SEROFERMNS T A T IEE .
it B RS AR BB AT T — A BRI S
T A A e A RE B L X A Fb g /N 1 BB B (AR 270N
8 09 448D #4743 Hr B AT,

2 HEHER

2.1 #ZEEALALE N &S

T B UE S 6T R B RS B P A R
Ji) 000 S 7 A ROPE L X SCEE ATE SR BORE LS B R
FH 300 kV il fE CT RGEMATHER CT A FH 4, 1K
FERSF20 10,89 pm . HH = 4F CT EG KAt
oA BN 3 Ca) s (b)) F7R . H T 590k 18] 1 Y
T 5 6 2 ) PN B AT 2 e AT S ol FH B9 L ik S
BT LA 3(b) Py 5 R R O AT 0 L &
WA 3o fin, waIHTHHETE 3 BEr#Zi
TR 19 J5T o A B A, I 0T AH S8 3R A [ 5 147 1153, 45
BnFE 1R,

2.2 BRSNS

KA CT & G5 ok U RE S B b 47 1 15 46
W, R A FDK 553 5 Jm AR A 0 = d G & 4 B
TN o RS T A R R B AR A A TR B LR
HN ER 43 A 24 S PR DL

12 = R AL, R 3 AN IE ST 5 = 4
EIGAR DT, B AT 3RAS E 2210 oy 2 I Y1 R &
B 5 R . WY R EAT LA A% Uk
KN JEFA —, B AAEAEA Y 5Pk, (B 3 A
75 1) f 53 R A3 SR e L B 38 HE A A 8 A1 1k

K P NL-SIFCM 5 3% = 4 B & b 19 #%
N FIURLEAT o B AR AT A A, b R o R
o R BEAE 0 % s UKL S 71 OB Ry
255)  JF il vE YL IR A = dE A R (ULIEL 6) . H
& 6 nl & B A% OB AE = 4k 25 (8] A9 64 43 A 1
B ABARXEAS LA A B A M A O fE L.

XF &L 6 1) = 2 o BB HE AT X 43 [ A
THE A% DSk 9 RO R R R L S = 4
1REYE R 1 800 42 X1 800 f& % X1 400 K%, &
ET XA/ 10 AE X 10 KE X 10 K%K, 5
A OIS B SR TE T XN GE 3 K A 255 (R
it PG A 0 W A4 08 R R 11 60 AR R R s

63
2024 £ F46%5 F1H

T 45 4 iU



YN
BREUARL S B S B R B S B 80 CT M7y 3%

(a) ZHCTEIR () TR 75 () PRI B BRL
3 ATF SRR RS B i HE R CT 45140 A 45
1 AR U 2 4R 18 R 48 SR B4 18] BE U B 45 R

BR ik g 5 Jot o A bR A T ERAA S B BRI S0 A AR BRI/ pixel RO B/ pm
#1 (476, 193, 210) #4 (465, 170, 299) 92.58 1008.2
#2 (565, 110, 259) #4 (465, 170, 299) 123.29 1.342.6
#3 (595, 248, 269) #5 (606, 210, 184) 93.75 1021.0
#4 (465, 170, 299) #1 (476, 193, 210) 92.58 1008.2
#5 (606, 210, 184) #3 (595, 248, 269) 93.75 1021.0

(a) 251 (b) x751 T (OyBh
5 IR 3 AN I 4k CT 4K (2

2024 £ £ 46%F F1H
Tc 15 46



S/ANRD, F
SREUAREE SR P RSB A BE S8 CT W IT3E

N%

P 5 IR 22 508 (1 000 {4 2) #H Lk B AT 45 5]
AR,

6 e g A A% 0 TR = 4l 23 A B R

(¢) xFEFAEY

KRR B /ME R, BOKRME R K
FE R i » ACTTAS) BT SR B 5 L DX AT [R i s R i |
FINCR g s R e | » IRV B 82 1 X 38 A o ¥ 2 387 8 — 48 5
it o = 2B 08 B — A A R % B Y 6 R RGB
FOAE K R, I R, € XN {6, Bl RGB A
(0, 0, 255)3R 0 MEA LBl RGB 2} (0, 255, 0);
R... HEL(, B RGB K (255, 0, 0), o [a] {4 4H i
WIS Sk = B €0 1 B B8 o R S R R A DX AR AR R
M AR g 75 5 0 BB, Bl RGB 9 (0,0,0), M1 375
7 Jir R B R IEL 2% B R RAE T RORE T AR A i T A%
SO BUREL 1Y) 43 A B 50 Pk

(b) zHEHREY R
I/ s W)

- ' R
0:.- “&:""

D8 e
‘3

(@) ymEAET A

K7 AU UL o3 A 35 50 P R

MNP 7 AT 3 0 X 3k oA A% 88 TR 23 A s 7 )
DX I8 €0 % 0 A1 AR L 5 0 DX A 8 R 2
A s B (14 DX 3, 21 €2 5 T 0 A e 2 4
2.3 HFRWIE

RN CT RGN A% ORE S B A% 8
KA B AR A VA 1 32 BBCAR R R B ) R e AL
BERRUE CT 20 M4 2R 5 2% A0 B 00 6 AR A o 45 2R it
FrHB . 1 ST ORE R B i B E 0 B R AT AR IR
T 56 U B ST BEAT DD o SR 0 DR A 2 0 A 7 R
H R IS 3 AR 40 2 0% T L PR A DR L S
PEARF 5 URL A R[] B 00 A 25K 10 MOk 9 47 BT A5R
B L L e AR SR AN 8 BT

M T AR A B AR Ayl 00 K Al HL A T
BWVE AR SR B & A T E LR

PR 8 ARG T A A TR < AR o
U R G MR i B 3t 0 2 5 B A AR AR PN BE v
B A 4 AR S P BV FE 2 mm JEFEN . B AR L
F14 5 T T M AT DL ORAIE B8 5 <6 A R A o R i A Y
65

2024 £ £ 46 %5 £ 15
FeE Lol



SKNRL &
SREUAREE R PGS BR AL BE R CT N IT5E

N

oA 5 2 AR 25005 T AR S L AR AT B
2% T4 G M L MR 28 AT DL SE 1 4 4 R A IR R
[ B . M L4 B U 10 SR B R, 7 4 mm
PR T 36 7 4 M RE S 1 3 B SR A 7 O
WFERR . R R 250 ML 28 00 B 0 L A
SO R 8 T SO L 9 EL S R B A
S G5 NP 9 BT

Che’a'®

L9 T A U UKL TR A o 45
A U8 1.2 mm 2247 /N L BT AR 4 oh
L HEF i Ak 0 T 0 ORE 7 1R JE 3% 2 ) ] ) SOk HE A7
NP JSAR AT A 3 R A XA K DR 25 2 4b
PR S0 X /N L B AR PR AT . S/

P I8 g BEAT A 2 A B, PR AT 3 1 1 X B
K AR IBUBURLEE B BRIAMZ B O B R e R AT
I, B B S RCR I 10 Bz . A [A) KL A9
B CT MHE S5 R A S AR 2R R 2 P,

H1 2 2 68 FEAN [R) 7 ik ) AUAE ) ek 45 2R L ] DL 25
R RGN 0.021 mm, 3 A I 755K, 79 F 5 vk
Tk 3 25 S 0] LU I JE 48 i e CT 7 ik AU R

A WA e ARG 55 07 3k
3 HiE

SCEEIE S AR CT AR X 7 BORR R & B v g
A8 UL 07 B2 S5 AT ARSI 23 o = A a4y
o LR X GE T DX A A% S R A A AR
LU A AR VSR AR R ORE (Y 2 A S S .
RS 0 AT R A e A R R A4 R R T 1 A
a EAT DU 0 7 A5 B BR A5 44 1 R Al B, SR T X
JoC R 5 30 T3 F 4 2R I 45 80 AR 400 K [0] L 45
ST AL AE AR ST A v A R 7 A 4 R A
FORER G 3 AT S SR . SCE T 5 BATE I, BT
T RAZ S IURE A A 2 i S AR R b 07 B A5 B i T
PRI 75 3 1) TR A0 T B 5 S

b ' / ‘}‘:_» ¢
5 5

10 /NP 150 ] R Ak R 20 2R

T2 HEAFHNNEMCTUNELERMEHEBINE R mm
=2 CT 4 A i 22 A= CT 4 H i 2%
1 0.535 0.520 0.015 11 0.502 0.520 —0.018
2 0.502 0.517 —0.015 12 0.521 0.500 0.021
3 0.507 0.499 0.008 13 0.497 0.499 —0.002
4 0.515 0.509 0.006 14 0.502 0.509 —0.007
5 0.514 0.526 —0.012 15 0.508 0.496 0.012
6 0.527 0.525 0.002 16 0.512 0.527 —0.015
7 0.508 0.516 —0.008 17 0.509 0.508 0.001
8 0.513 0.503 0.010 18 0.500 0.513 —0.013
9 0.517 0.523 —0.006 19 0.513 0.517 —0.004
10 0.510 0.529 —0.019 20 0.503 0.510 —0.007
[J]. HE A%, 2021,14(3) :419-422.
S Z ik

(1] ki, g, Bebe v i < HE R R 35 5 K e

2024 £ 465 F 14
Te 45 4

[2] kAFEN . Roe8, T RP, %, R E SRS LR K
W oE )], W TR ,2019,21(1) :12-19.



YN
BREURR SR R S BB AL B S B CT R 75 5%

N%

[3]

[4]

[5]

[6]

7]

(8]

iR W /N Rt L ST S SORORE S B Y ) A5 7
HEWR R KR & H AR 2022, 40(4) : 334-
339,350.

BB AT R A T T UO, AR
B &k )], 3 ) TR ,2020,41(2) :36-39.
e K RS T Ib 0 A5 0 A R R A At
WA L] s 7 RE R =2 H R, 2020, 54 (8) : 1441~
1447.

FHERE L R AR ST UL S T SO OB e R
JEKHE R 4 HTWF 5 L], #8h ) LA, 2023, 44 (2) .
136-144.

FRANRI L S B S X BT R CT I R
UL 3 A 2450 M RAE 3k L] e HE AR, 2023, 49
(2):215-219.
CARMIGNATO S.
Tomography [ M ]. Cham: Springer
Publishing,2018.

Industrial X-Ray Computed

International

(9]

[10]

[11]

[12]

[13]

VILLARRAGA-GOMEZ H, HERAZO E L,SMITH
S T. X-ray computed tomography: from medical
imaging to dimensional metrology [ J ]. Precision
Engineering,2019,60:544-569.

HSIEH J, FLOHR T. Computed tomography recent
history and future perspectives[ J]. Journal of Medical
Imaging,2021,8(5):052109.

RO 0 350 Jo) A, A T M R 8 oR BRI B
BoA BIURL A TR FE L) ], BARHE 8k, 2017.37(6) : 80~
84.

Ei5 - e Y 0 E S T L s N B TR R R
23 () o3 AR B A PE PR 05 15 [T ). AR R 2 i (L
Ji),2020,50(3) :1120-1130.

SR, PO TS DR B PR B R A 4 S
RAETT vk L HRE LT ], Wi R 2 4 CH AR B /D
2022,50(1):67-75.

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

(35 50 7D

[9]

(10]

[11]

TR 22T Lamb 3 45 4 4 BE W 09 1k 45 X
HE BRI AR AR 5 1% 4%, 2016 (10) : 123~
126.

BN K. BT Lamb I B ) 2 56 0 00 2 & M
RHREG A LT ], B HLA TR, 2021, 32(1) - 26-31,
53.

XA, 1R K e, 3 A, AFL R TR IR R B R
Lamb I K0 £ AR (87 5% 2k R[], 156 77 % . 2015, 30

[12]

[13]

[14]

(2):131-141.

SR IR B L R AR. UL ) S e R R S AR T L R
2 H,2016,41(1) :67-72.

FERI XAk T5 28 i g, 2. A MR Lamb 34 B 1]
B4 I 5 iR B ST BUIR LT . JC #2018, 40 (11)
64-69.

AT AR AL S5 BT PZT 45 Lamb % 5 1)
kB e AR LT ]R3 - A5 2 1, 2019,
39(2):340-345,445.

67
2024 & 16 % B 11

T 45 4 iU



