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Fig. 1 Diagram of fuel rods
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Fig. 2 Statistics of fuel rod defect types
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Fig. 3 Statistics of surface defect types
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Fig. 4 Comparison pictures of metal splashes

attached before and after clamp welding
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Table 1 Influence of baffle aperture on surface scratches
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Table 2 Influence of the use number of top welding

on surface scratches
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Table 3 Influence of the structure of the

top bearing on straightness
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Fig. 5 Physical photograph of the baffle plate
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Table 4 Statistics of maximum static friction force of

fuel rods when the top welding uses 1 000 times

ik 75 e KB ) /N
1 13. 80 13.90 13. 80 13.90
2 13. 60 13.90 14. 00 13. 80
3 13.90 13. 80 14.00 13.90
4 13.70 13.90 13. 80 13. 80
5 13.90 14.00 13.90 13.90
6 13.90 13.90 13.70 13.90
7 14.00 13. 80 14. 20 13. 80
8 13. 80 13.90 13.90 13. 80
9 13.90 14. 10 13. 80 13.90
10 14.00 13.90 14.10 13. 80
11 13. 80 13.90 13. 80 14. 00
12 13. 80 13.70 13.90 13.90
13 13.90 13.90 13. 80 14.00
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Table 5 Reliability of maximum static friction force of

different welding top usage times
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Table 6 Maximum static friction force when the top welding uses 3 000 times
N R HPE 01 /N
FFe
1 2 3 | 5 6 7 8 9 10
140 13.5 13.0 13.3 13.1 13.1 13.2 13.0 13.1 13.2 13.3
2H 13.3 13.1 13.4 13.2 13.0 13.1 13.2 13.1 13.0 13.3
34 13.0 13.2 13.5 13.3 13.2 13.1 13.0 13.2 13.1 13.2
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Fig. 6 Design and physical image of the top bearing structure
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Table 7 Material selection of the top

g/

ups) PR AR oA il . AR 45ig
[W/(m+K)] (76 /kg)
oM RE AF. BE O TRICEEEE (HBY AN W b W w5 L {ELRE B AIG L S AR _
3] 386. 4 2y 50 P
. ARG R RHE  35~45 PERE BT
) SRR AF, R AERAEEE (HB) 2k S UV W AT B B R S AR L
HA 108.9 24 28 AR
K. ARG R G R 80~110 TERg g2
3.3.2 HHARBISIEEF Fie B ACHEAT N . B T3 5 & il

AR R TSk 0952 0 40 B o 41
TRASEAR 0 991y (L2 l P
P 03k K BE R AR A 104 T BRAUR .
F ISR FREEURFE £ 300~ 400 C i 3
5 5 0 B J 2 A A BR R

P TUSk il R 5 ol AN S5 4 SRS Bz 45 T
Sk—2. AR AR RO T ey Tk 20 A7 0 4
TSk et RS MU A 00 I 3% 8 W T A9 T Sk (T
6O FF A i ER

R8 BAMEMIKE

Table 8 Dust-proof top processing inspection
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Fig. 7 Visual effect image of the top assembly
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Table 9 Experimental statistics of attached

metal spatter before and after the top improvement
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Fig. 8 Yield statistics after the top improvement
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Fig. 9 Defect types after the top improvement
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Research and Practice of Improving the Yield of Electron Beam Welding of Fuel Rods
FU Hao, WANG Qingping
(CNNC Jianzhong Nuclear Fuel Co., Ltd., Yibin 644000, China)

Abstract: This paper focuses on the abnormal fluctuation of yield during the electron beam welding
process of fuel rods. Considering that the main defects leading to the rejection of fuel rods are surface
scratches and out-of-tolerance straightness, through analysis and research, it is clarified that the di-
rect causes of the abnormal yield of fuel rods are the excessively large aperture of the welding tooling
baffle, the excessive use of the welding top, and the design of the top bearing. By taking measures
such as reducing the aperture of the baffle, determining the reasonable number of uses for the welding
top, and designing the top bearing, defects can be controlled in a timely manner, the yield can be im-
proved, the manufacturing cost can be further reduced, and a foundation can be laid for the subse-
quent exploration of fuel rod manufacturing processes.

Key words: fuel rod; the electron beam welding; surface defects; top; yield rate





