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Abstract: The dipole magnet vacuum pipeline was critical equipment for the booster ring of
HIAF. In order to attenuate the eddy current effect, reduce the gap of magnet, and decrease the diffi-
culty of vacuum pipeline machining, the 3D-printed titanium alloy-lined ring wrapped in stainless steel
with a thickness of 0.3 mm was created for fabricating a thin-wall chamber. The structural optimiza-
tion of the titanium alloy-lined ring was carried out through simulation, and thin-wall chambers were
fabricated for deformation testing and high-temperature baking testing. Evaluation of the outgassing
performance of 3D-printed titanium alloy was completed. Ultimate vacuum tests were conducted be-
fore and after coating thin-wall chamber with Ti-Zr-V films, and a study of the effect of eddy current
on vacuum performance was carried out. The results show that the stresses of stainless steel and tita-
nium alloy are below the strength limit when the thickness of the titanium alloy-lined ring is as 4 mm.,
the width is as 11 mm and the spacing is as 15 mm. The deformation of the ring, with an arch height
of 0.5 mm, is measured to be 0.78 mm, and the structure remained stable after 35 rounds of high-
temperature baking at 250 “C. The outgassing performance of TC4 titanium alloy and the ultimate vac-
uum performance of the thin-wall chamber meet the design criteria.

Key words: high intensity heavy-ion accelerator facility (HIAF); titanium alloy-lined thin-wall

chamber; 3D-printing; structure optimization; vacuum performance
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Fig.1 Schematic of titanium alloy-lined thin-wall chamber
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Tab.1 The parameters for SLM forming of TC4

348 e VALY I€SE)
WotYIR/W 300
FRHEE/(mm + s 1) 1100
G/ mm 0.12
B R/ mm 0.06

&2 TC4 0 316L MHFEE IR TR TH T
Tab.2 The main parameters of TC4 and 316L

2 TC4 316L
PrHLiE 2/ MPa 943 642
Jib IR 3% B / MPa 860 278
W5 R/ % 18 58
T T8 WS 40 %/ V6 54 75
FEA R /GPa 105 200

bEL /A 0.33 0.31
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Fig.2 Schematic of titanium alloy-lined ring
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Fig.3 Stress and deformation of chamber under

different thicknesses and widths
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Fig.4 Stress and deformation of chamber under

different thicknesses and spacing
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Fig.5 Schematic of titanium alloy-lined plates

and strips
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Fig.6 Deformation of titanium alloy-lined
thin-wall chamber
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Fig.7 Deformation and stress results of the chamber

under thermal-structural coupled
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Fig.8 Thin-wall chamber with different plate structures
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Fig.9 Test results of TC4 outgassing rate with

temperature variation
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Ultimate vacuum results of the thin-wall chamber

56,96 °C I W RE I (A5 IR JS LS B AR Ak, 2
SRR T A TRE AR ) B R R, Y
BN 56 CHE C M 12k 2.35 X107 Pa, ik
JEHR 96 CHHE S FFE 5.16 X 10 ° Pa, J& /1284
oM . B RS bRiE AT AR o, T ER BUA
HHE X kA 4 P Al T R AR AT VR A, LU/
FE A7 B3 T S 4L H R IE 7R R UK /% 2B
TR T BE J AR 1 AT R TRLAE T
1078

—=— 25 CREE
—e— 25 CHJIE
—a— 56 ‘CREEE
—v— 56 ‘CHEE
—— 96 CREME
9 TH
A B C D E
BEETHMLE A

12 AEEBETHEEFENS®

Fig.12 Pressure distribution of thin-wall chamber at

HZEE V/Pa

different temperatures
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