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Abstract

In the beamline composed of superconducting electromagnets used in the Hadron Experimental Facility and the
COMET experiment at J-PARC, regions where helium leakage could occur are isolated by beam windows as a precaution
against serious accidents involving helium leakage into the beamline. Beam windows are made of thin, low-density
materials to minimize beam loss, while also being required to withstand the pressure increase caused by the vaporization
of leaked liquid helium. KEK has been developing a manufacturing method for spherical beam windows using additive
manufacturing in collaboration with Metal Technology Co., Ltd. As a result, large-diameter, thin, and high-pressure-
resistant beam windows made of Ti-6Al-4V using additive manufacturing have been installed in the beamline of the
COMET experimental facility. Following this, development began on beam windows made of aluminum alloy
(AISi10Mg) for use in cryogenic environments. The overall report on the development of aluminum alloy beam windows
using additive manufacturing will be presented by Mr. Kurihara from Metal Technology Co. Ltd. In this presentation, we
report the results of pressure resistance and buckling performance analyses of aluminum alloy beam windows fabricated
via additive manufacturing, conducted using ANSY'S.
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(a) Overall beam window (b) State of buckling

Figure 1: Buckling behavior of the Ti-6A-4V beam
window.

22 AR ANSYS (LD AT
FHIREEFRE - ANSYS &1, AT OB IR 72
ERBICES T BHOMBLBIRE NI 5V 7 CTh
5[2], & BIOEJEfENTIZIE, AIRZEFR 1L ANSYS %
WM 28D 72, T 44 % Table 1 (ZfRHTET LD
TEAR%E Fig. 2 1T~ 7, BT ARBLOSHEZ, ¢ 250,
tE2)=0.5 mm &£72%, Witk €7 /L% Fig. 3 1ZR7, fi#
Bréethid, #EHE AlSi10Mg, FEATRFIZ LB L7 D [E &
fild Fig. 4 (O~9 3 ATz EEL., E/1T Fig. 5 (TR
FEIUTIE 0.15 MPa ZPm il —4RIZIE ) &2 A S,

Figure 2: Shape of the analytical model.
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Table 1: Analysis Conditions Using Ansys
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(a) Beam window cross-section

(b) Thickness of the beam window

Figure 3: Beam window thickness.

Figure 4: Fixed points of the beam window.
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Uniform pressure is applied to the
entire convex side

‘ 015 iPa

Figure 5: Pressure conditions.
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Figure 6: Results of total deformation analysis.
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Figure 7: Analysis results of von-Mises stress.
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Figure 8: Analysis results of first principal stress.
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Figure 9: Analysis results of the third principal stress.
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Figure 10: Analysis results of eigenvalue buckling.
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