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Deformation detection system of fuel assembly based on underwater binocular vision
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Abstract;: The deformation state of fuel assembly is an important monitoring index during core
operation. The deformation detection system of spent fuel assembly based on underwater
binocular vision can not only obtain three-dimensional (3D) sizes of key parameters of spent fuel
assembly, but also measure the overall outline of the assembly. Based on high temperature and
high radiation characteristics of underwater large-scale target, an underwater binocular detection
system based on 16 sets of camera units was developed. And the detailed design of its modules
was given. By means of Harris feature point and regional grayscale cross correlation method,
the fast stereo matching of binocular camera module with radiation noise was realized. According
to the experiment results of simulated pool and nuclear power field, the local measurement
accuracy of the system is better than 0. 2 mm, and the global parameters satisfy the measure-
ment accuracy of 0.5 mm. It can provide a powerful tool for the measurement of local deforma-
tion and bending parameters of underwater spent fuel assembly with high temperature and high
radiation.
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Fig. 1 Working diagram of deformation detection system of

spent fuel assembly
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Fig. 2 Physical map of electrical module
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Fig. 3 Interface of measuring software
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Fig. 4 Physical map of lower tube seat
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module
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Fig. 6 System coordinate model
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Fig. 7 Working flow chart of deformation detection system
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Fig. 8 Physical map of deformation detection system of

fuel assembly
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Fig. 9 Experiment site photo of pool simulated assembly
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Table 1 Grid width measurement data of simulated fuel assembly
S A FK/mm
Grid 1 Grid 2 Grid 3 Grid 4 Grid 5 Grid 6 Grid 7 Grid 8

0° 201. 57 201. 49 201. 48
90° 201.52 201. 44 201. 34

I 180° 201.70 201. 65 201. 52
270° 201. 67 201. 81 201. 74
0° 201.63 201. 80 201. 46
% 2 % 90° 201.52 201. 48 201. 27
180° 201.70 201. 54 201.51
270° 201. 55 201. 82 201. 69
0° 201. 56 201. 35 201.48
90° 201. 56 201. 55 201. 33
%3

180° 201.71 201.70 201. 46
270° 201.68 201.75 201. 87

Yi{E 201.61  201.62  201.51

P22 0.08 0.16 0.18

201. 65 201.78 201.70 201. 48 201.71
201. 67 201. 83 201. 84 201. 57 201.71
201.78 201.92 201. 50 201. 33 201. 74
201.72 201. 64 201. 85 201. 42 201.70
201. 65 201. 81 201. 86 201. 46 201.77
201. 67 201. 77 201. 85 201.51 201.72
201.79 201. 83 201. 56 201. 33 201. 85
201.72 201.71 201. 81 201. 49 201.79
201. 67 201.78 201.77 201. 46 201.79
201. 60 201. 85 201. 90 201.51 201.76
201. 84 201. 98 201.43 201. 36 201. 65
201.72 201.62 201. 81 201. 42 201.70

201.71 201.79 201. 74 201. 45 201. 74
0.07 0.10 0.16




B 45 6T /KR XCH AL MR LR TR R R 52 « 251 -

XoF A% H 3l 1) 2 RO A T A 3 o 8 B 37 i
5, JATE W — B HEAF (3 753 £0. 5 mm) , T b AR
WCFLTESS 1 AURSE 8 41 XL H A H il 37 Py 14 350 R ]
WA 1L s oF B T I K B L A
R R GE 0 42 Ry K BE A8 br  FE AP AR HEAT Y
N ARAC ALY PO B R S A O R R AN AT AR
% .8 3 753.47 mm, K HERSEE R 3k 0. 01 mm,

11 REFEY
Physical map of standard rod

Fig. 11
AR SO AR ERF BEAT 20 Y A A 4R 45 OR
Wk 2 PR S s M el A R 2R 28
AR HEZ L 0. 19 mm<C0. 50 mm, i £ RGE &
R BE A BT A
R2 EFNEHE

Table 2 Measurement data of standard rod

W RE WEM/mm  WEKE WEE/mm
1 3 753.27 11 3 753.65
2 3 753.57 12 3 753.39
3 3 753.58 13 3 753.20
4 3 753.40 14 3 753.11
5 3 753.30 15 3 753.43
6 3 753.33 16 3 753.12
7 3 753.32 17 3 753.51
8 3753.21 18 3 753.65
9 3 753.13 19 3 753.67
10 3753.42 20 3 753.17
4 Z5ig

R 2 1 1) A8 T 36 F HE IS8 A7 AR B R R
FEL, TR AR LR B AT BOE e R ) % 4 is
T HAEEZE L, A SO B H 7 A58 I 1A
128 FH A% Ll Z KR AL R 1 A T I b, IR Al
R FR G 25 4R, B 38 2o A% L R 4 0
05 S B e o BT W L R R ok . 5
b Al 422 ok =X B4 R R AR AR T T 8 A A LS I
B BT DUR R D A LR 45 A8 B0 o R
SN TR R 5 2) VA I R A B R BRL L A B
R v DU B[] 76 K R T4 5 3) I & s50% ]
FERE SRR T 0T [ o, S B AR 2R R B LRIk
AT B fa7 5 0 2 5 4) Jm & = K A F 0. 2 mm,

T R AR A A B KT R 2 B R AR B
5K

S 3K

[1] LI Ying, YIN Xuyu. The application of sipping de-
tection technology in fuel inspection [J]. Nuclear E-
lectronics &. Detection Technology, 2012, 32(05) .
523-5217.

ARF T TR W R B AR AE SRR A A o i
(] Bh P 5HmEA, 2012, 32(05): 523-527.

[2] GUO Hui. Radiant deformation of PWR AFA 17 X
17 fuel assembly and core loading of deformed fuel
assembly [D]. Shanghai: Shanghai Jiao Tong Uni-
versity, 2008; 19-24.

FROME. FEKHE AFALT X L7 ORI 1 8 BRAZTE M HO M
BERD]. L. Bigsgim ke, 2008 19-24.

[3] DENG Zhixin, WANG Lingbin. Testing, analysis
and countermeasure study for nuclear fuel radioactive
distortion of ginshan II [J]. China Nuclear Power,
2013, 6(4): 307-311.

R LM, Z2I0EE A T R A 1 e IR AR T
Wi o3 AT Kot St gE ] R H . 2013, 6(4)
307-311.

[4] KWUN H., MADER E V , KRZYWOSZ K J. Guided
wave inspection of nuclear fuel rods [ C]//San An-
tonio: Soulhwest Research Institute, Proc. 7th Int.
Conf. NDE in Relation to Structural Integrity for
Nuclear and Pressurized Components, 2009: 1-7.

[5] THOME Z D , PEREIRA W C A , MACHADO ]
C, et al. A system for nuclear fuel inspection based
on ultrasonic pulse-echo technique [J]. IEEE Trans-
actions on Nuclear Science, 2011, 58 (5):
2452-2458.

(6] XU Junlong. MA Guanbing. WANG Xianbin. et al.
Nondestructive inspection and repair of fuel assembly
in nuclear reactor [ J]. Nondestructive Testing,
2014, 36(11). 39-41.

VER I BB 5%, £V 55, A% RO HE R 2H 14 i TE
BT AME L], JEHAGI . 2014, 36(11) . 39-41.

[7] LAN Zhibin, SUN Yubao, GUO Xulin, et al. Large
nuclear fuel components envelope dimensions auto-
matic inspection device technology development and
application[J]. Automation & Instrumentation,2010,
149(12) . 76-78.
2R L PN 5L FRE AR L AL R BRSO 1
BRI AR AR ER AT RS ML A
ik SRR, 2010, 149(12) . 76-78.



¢ 252 [ANDEE S = 55 40 55 2 )
[8] GAO Yongming. LI Sheng, LI Lidan. A method for [12] LI Guangle, HUANG Wenyou. LIU Qingsong, et
survey of underwater non-contact deformation of fuel al. Improved zhang’s calibration method and experi-
assemblies [J]. Nuclear Power Engineering. 2010, ments for underwater binocular stereo-vision [ J].
31(4) . 87-90. Acta Optical Sinica, 2014, 34(12): 1215006.
KB AR R AR . R PR K T R Ak AR TR AR BSCH X S5 T ) K TR OB R Y B
Tkl &3 LR, 2010, 31(4): 87-90. HETR R bR E Tk R se s [T, JbE 24k, 2014, 34
[9] XIAN Dengfei, HAN Zhenyu, CHEN Wanliang, et (12): 1215006.
al. Measuring simulated nucleus fuel modules’ dis- [13] WANG Xuguang, WANG Zhiheng, WU Fuchao.
tortions with laser scan and projection method [J]. Harris correlation and feature matching [J]. Patten
Laser & Infrared, 2006, 36(3): 184-186. Recognition and Artificial Intelligence, 2009, 22(4) ;
FeB TGRS MRT B AE . IO R AR 505-513.
AR AR (1], #ok 54040, 2006, 36 FE S, F &M, 24w, Harris A 3¢ 5 5 4E IT i
(3): 184-186. (0] BB 5 N TR 2009, 22(4) : 505-513.
[10] YANG Fan, ZHAO Jianping, ZHANG Xiaodong. [14] BAO Jiyu, WANG Long, DONG Xinmin. Binocular
Design on a position control subsystem applied in the vision navigation algorithm for AAR of flying boom
system of measuring deformation of nuclear fuel as- UAV/[]J]. Journal of Applied Optics, 2017, 38(6):
semblies [J]. Machinery & Electronics, 2011, 9 910-916.
(4): 48-51. BT e HH R, B4 U AL AAR XUH L5
R T SRR, T RO A TR A T Y SMEENIRLI]. WG, 2017,38(6) :910-916.
P g TFREEIL] MRS H T, 2011, 9(4). [15] WU Xiaohong, ZHONG Shiming. Fast template matc-
48-51. hing algorithm based on boundary cross correlation
[11] XIONG Xin, SUN Dongmei, FAN Wen, et al. Cali- and image integration [J]. Journal of Computer Ap-

bration technique of binocular vision measurement
system using light pen [J]. Journal of Applied Op-
tics, 2015, 36(5): 784-790.

BB 2 INAAE L Y S0 A BB U0 A LB T Bt R 458
ERARBEFELI]. B4, 2015, 36(5): 784-790.

plications, 2009, 29 (7). 1914-1917.

Fe/NEE B B R T R G 3 SRR R IFR B 4 1
PREBAR VC Be g8 ik [T 1. TR B AL . 2009, 29 (7).
1914-1917.





