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Fig. 1 Physical images of the upper tube base ( with simulated defects )
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Fig. 2 Physical images of the lower tube base ( with simulated defects )

MR LGEEARLDTF1 024N CTH R EG . E, $#%RCT
AR MEE KL 2 B ERCTRI201E .
HTFEENRAINEERBII200 mm, 7 {RIERR
Pt HEE N LARRIEERR M, [FARIMeVEEENN
REECTR SN L NEREFT=4CTIHMH, FKELTE
FE=#EEMER . HONIRTIERIR AR S HUERLIFT R

x1 BEEZHRGENSEH
Table 1 Three-dimensional imaging detection parameters of
the pipe seat
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Fig. 4 Schematic diagram of the 3D coordinate mapping
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Fig. 3 Three—dimensional CT images of the nuclear fuel assembly nozzle ( with artificial porosity defect )
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Fig. 5 Schematic diagram of the canvas transformation
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Fig. 6 Schematic diagram of the trilinear interpolation algorithm

¥, RIASEIRSEIRER, ZERILTDRIRE S
FRIREZRIER.
RIEXGTERIBRNTZ, AR FBMATLABIX

(e ) MTEIfiiF f1270° () O fra45°

(i) B ImEE f30°~40°-2 (j) FEH % 130°~40°-3

(m) A 17°~45°-2

(n) JEEFBIAM17°~45°-3
F7  EAEREARFRDRB A (HEN A HFRaS IR IX )

Fig. 7 Different DR transillumination angles of the upper tube base (the target transillumination area is in the box )
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Fig. 8 Different DR transillumination angles of the lower tube base ( the target transillumination area is in the box )
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Table 2 Digital imaging detection parameters of the nuclear

fuel assembly nozzle

ig=2 TiH A2
1 EEEL N HERDREIH
2 EHE 450 kV
3 EHLI 0.6 mA
4 FE AR 0.4 mm
5 KL ] 500 ms
6 KAWL 101
7 PRI G5 R 139 um
8 PRI 25 2 pF
9 SR A R 900 mm
10 SRR A PN A 1300 mm
1 ION 1.4413%
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Fig. 9 Comparison of the defects detected by upper tube base and DR
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Fig. 10 Comparison of the defects detected by lower tube base and DR
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X-Ray Digital Imaging Inspection of PWR Fuel Assembly Nozzle

ZHANG Xiao-gang, YU Dong-bao, TANG Hui, ZHU Yong-li, ZHANG Hong-wei
(China North Nuclear Fuel Co., Ltd., Baotou 014035, Inner Mongolia, China)

Abstract:

The three-dimensional structure of PWR nuclear fuel assembly nozzle was obtained through the research of
three-dimensional CT imaging radiographic testing technology of nozzle. The three-dimensional structure
diagram of the tube base obtained by three-dimensional CT imaging was used to carry out the simulation of
the transillumination thickness of two-dimensional DR imaging, and the best DR transillumination angle and
possible detection blind area were determined by combining with the X-ray radiography process. Through
the best transillumination angle obtained by simulation, DR transillumination experiment was carried out to
determine the best transillumination angle parameter, final detection blind area and defect detection ability.
The feasibility of the multi-directional DR detection method was verified. The rapid detection method of tube
socket X-ray digital imaging was established, with detection sensitivity up to ©0.3 mm.
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PWR; fuel assembly nozzle; X-ray inspection; digital imaging; 3D imaging
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