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Fig. 1. Structure and size of beam screen model.
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Table 1.  Material properties of oxygen-free copper and 316LN stainless steel at 80 K.
PIAHERE HE kg ® KR /GPa IR SHFH/Wom LK PG R R/10°0 K
Sk HIE /kg-m 7 i H /GPa TH MR/ W-m PP R AL/
316LNANEEIN 7900 209 8.12 10.4
Jo4ER 8933 137 0.338 540 8
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Fig. 2. The calculation result of the maximum temperature

of beam screen with five kinds of the grids.
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Fig. 3. Different paths and variations with distance along paths in beam screen. (a) Schematic of paths 1, 2, 3 and 4; (b) variations

of the inner screen with distance along path 1 in beam screen; (c¢) variations of the outer screen with distance along path 3 in beam

screen.
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Fig. 4. Simulation results of thermal-structure coupling with Lorentz force: (a) Overall deformation distribution; (b) cloud map of
deformation distributions in X direction; (c) cloud map of deformation distributions in Y direction; (d) cloud map of deformation
distributions in Z direction.
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Fig. 5. Variations with distance along paths in beam screen: (a) Variations of the inner screen along path 1 in beam screen; (b) vari-

ations of the edge of outer screen along path 2 in beam screen; (c) variations of the outer screen along path 3 in beam screen.
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Fig. 6. Maximum temperature of beam screen model under

different copper plating thickness.
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Fig. 7. Maximum deformation of beam screen outside screen
under different copper coating thickness.
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Fig. 8. (a) Beam screen model with added support ribs; (b) distributions of support fins when the number of exhaust holes between

adjacent support fins is one; (c¢) temperature distribution diagram of the beam screen model when the number of exhaust holes

between adjacent support fins is one.
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Fig. 9. Maximum temperature of beam screen under differ-

ent supporting ribs distribution.
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Fig. 10. Deformation distributions along path 4 at the edge
of inner screen of six beam screens with different number of

support ribs.
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Abstract

High-energy colliders play an indispensable role in particle physics and high-energy physics. Beam screen is
one of the key parts in the high-energy collider. It is used to transfer the heat generated by the beam in the
pipeline to a cooling system, and absorb the residual gas to the cold bore through the pumping holes on the wall
of the beam screen to ensure the vacuum stability at the same time. However, in the process of transferring
thermal load, the deformation caused by temperature change will affect the structural stability of the beam
screen. How to reduce the deformation as much as possible while ensuring the good heat transfer performance of
the beam screen is one of the key issues in optimizing the structural design of the beam screen. In this paper,
the heat transfer performance and mechanical property of the beam screen model are simulated and optimized
based on the ANSYS simulation results to ensure the normal and stable operation of the beam in the super
proton-proton collider. For the inner surface of the outer screen of the beam screen, the method of reducing the
thickness of the copper coating is used to reduce the Lorentz force generated during operation. The calculation
results from the relevant theoretical models show that when the thickness of the copper coating varies from 0 to
100 pm, the copper coating with a thickness of 75 pm can reduce the maximum deformation of the outer screen
of the beam screen by 70.9%, while the maximum temperature of the beam screen can be increased by 1.1%.
For the inner screen of the beam screen, a design scheme in which supporting ribs are arranged at intervals is
used to reinforce the structure and improve the overall structural stability of the beam screen. The calculation
results show that the maximum deformation of the inner screen of the beam screen can be reduced by 86.8%
and the maximum temperature of the beam screen is reduced by 7.69%, compared with the case without
supporting fins, when the interval between two adjacent supporting fins is 1 pumping hole. The research results
provide important theoretical reference for the design of beam screen, which is the key component of the

vacuum system of the new-generation high energy particle accelerator.
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