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Abstract The test facility for negative ion source is mainly used to test the performance of negative ion
source in the neutral beam injection system for future magnetic confinement fusion device. The performance
characteristics and test methods of the negative ion beam source were analyzed. Based on engineering and physical
design requirements, this study has completed the structural design of the vacuum vessel for the negative ion source
test facility of a high-power negative ion source based neutral beam injection system (NNBI) with a box-shaped
shell as the structure mode for the first time in China, and the important components were integrated. The static
mechanical characteristics of the vacuum vessel were numerically analyzed by using the software ANSYS
Workbench, the distributions of stress and deformation were obtained, and the stress was evaluated by the method of
stress linearization classification. Also, the structure of the back head with the largest deformation in the beam line
vessel was optimized by using the response surface method. The final results showed that the structural strength and
deformation of the vacuum vessel met the requirements of engineering design, and the deformation amplitude of the
optimized head decreased significantly. This study lays a foundation for the integrated design, optimization and
construction of the negative ion source test facility, which has engineering application value.

Keywords NNBI, Vacuum vessel, Structural design and optimization, Finite element analysis
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Fig.2 Structure diagram of negative ion source test facility
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Tab. 1 Main parameters of vacuum vessel
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Fig.3 Structure diagram of beam source vessel
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Tab. 2 External interfaces information of beam source vessel

ROk HAK mm K/
BTRKEED DN200 2
PO DN200. DN250 6
R ERez AN DN100 1
PR g B DN350 3
Heok$z0 DN63 1
NAL DN630 1
bushing 4% [ DN1600 1
WBEHEN DN2000 1
i 1 R25x1500, R50x200, CF100 15

ower line interfaces installing supports for CFC ==

installing supports for
cryopump ~gZ

cryogenic
interface

Bl TS E N RE A S T, 55 R TR 5 T
P AE S HE (5 LA = N REIR ) A ES A, By 1k &
A B . AR % SRR R AT A DL, BAIG
T ) A B A X 4 A SRR AR, B
25 28 PN R A KR B AT B £ 46 12 DRI R 3y R 0
(1R) SZ A TP JAE , 5 R IO 152 % 1) 2 26 ik JRE AT TRC 5 5 Sk
HoA i E 3 fr .

LR B 7S P B X AN 1T 3 A 6 K 4
O RESRD . SWED . 0%, HA
PRRSHNZR 3 iR o

waterpipe interfaces
for calorimeter

auxiliary exhaust
interfaces

installing support
for calorimeter

K4 LR ELEHE

Fig. 4 Structure diagram of beam line vessel
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Tab. 3 External interfaces information of beam line vessel
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