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Abstract: The neutron tube is a key component with a wide range of use. However, the
reliability level of domestic neutron tube is still far from that of foreign countries, and it
is difficult to meet the need of various industries. In this paper, the main failure mode of

neutron tube was analyzed. The fuzzy comprehensive evaluation and analytic hierarchy
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process were used to evaluate the neutron tube failure in multiple stages, and the risk of

neutron tube failure was evaluated. The results show that the overall risk of neutron

tube failure is medium, and the top three components of failure risk are target, D-T

storage and acceleration pole. The focus on the failure modes, such as target helium

release, target membrane oxidation, partial damage of the D-T storage, porcelain tube

break, unstable accelerating and focusing of the acceleration pole, should be paid during

design and use.

Key words: neutron tube; fuzzy comprehensive evaluation; analytic hierarchy process;

failure risk
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Fig. 1 Schemtic of structure for neutron tube
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Fig. 2 Failure mode of neutron tube
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Table 2 Indicator value of average consistency
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Table 3 Secondary evaluation indicator and fuzzy comment of neutron tube failure
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Table 4 Secondary evaluation indicator judgement matrix and relative weight of neutron tube failure
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Table 5 Membership degree matrix of primary evaluation indicator comment for neutron tube body failure
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Table 6 Primary evaluation indicator judgement matrix and relative weight of neutron tube body failure
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Table 7 Membership degree matrix of primary evaluation indicator comment for neutron tube ion source failure
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Table 8 Primary evaluation indicator judgement matrix and relative weight of neutron tube ion source failure
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Table 9 Membership degree matrix of primary evaluation indicator comment of neutron tube D-T storage failure
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Table 10 Primary evaluation indicator judgement matrix and relative weight of neutron tube D-T storage failure
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Membership degree matrix of primary evaluation indicator comment

of neutron tube acceleration pole failure
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Table 12 Primary evaluation indicator judgement
matrix and relative weight of neutron

tube acceleration pole failure

BE O mTE. M
T s b " ~

mESE RERRE  HE
[EREE 2 e 1 1/3 0.25
BT RN E 3 1 0.75

AR AR T o R R — A 8 A 1 S
e 85 R I SRR WA R L 2 B (8D L (D) i AT —S)

RO 255 45 VF 5 45 B0 A% 4 B — % DA 46 A
WM SRIE M. HE6 R 4 M _90r i
Fr AR XA L 3 K (8) L (9) HEAT R 25
TEH A5 BIROR 25 B PP I . b 45 i S A i
B 1) — SBOR 25 5 PP AR BT WAL 25 R 2=
51.037, X HE & 3 0T 60 Jim 382 A e e 1y XU 46
LR
3.5 MEEEMSEITEH

HR A & 25 4 o v 7 B0 s — KT
e br a5 VT 1 0 SRR R MR8 T & 13, R
JEWR G TR AS B0 1 op 745 B R — SOT 0 46 A
P14 4 DRI o R R %o A R 87 T 3 14,

13 HTFERME-RIENERITENREEER

Table 13 Membership degree matrix of primary evaluation indicator comment of neutron tube target failure
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Table 14 Primary evaluation indicator judgement matrix and relative weight of neutron tube target failure
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Table 15 Membership degree matrix of primary evaluation indicator comment

of neutron tube secondary electron suppression structure failure
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of neutron tube secondary electron suppression structure failure
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