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Abstract: The China Spallation Neutron Source phase II (CNSS-II) is upgraded with superconducting cavity
technology, which uses 648 MHz 6-cell superconducting cavity module in the energy range of 165-300 MeV. Three
6-cell superconducting cavities are integrated in each module. The superconducting cavity works in pulse mode. To
ensure that the frequency of the superconducting cavity meets the operation requirements at 2 K, each superconducting
cavity needs a set of low-temperature tuner to precisely adjust and control its frequency. According to the structure and
operation characteristics of the 648 MHz 6-cell superconducting cavity, a low-temperature tuner is designed. The
frequency offset of the superconducting cavity is compensated by a fast-slow combination mechanism. The basic
performance of the tuner and the dynamic Lorentz detuning of the superconducting cavity in pulse mode are analyzed.
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Table 1 Superconducting cavity operating parameters
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648 668 pulse 25 14
K /(Hz'm>MV™?) Sensiti‘j;;j(“l_répa,l) field flatness RIO)Q beam current/mA
1.5 0.15 > 90% 310 40
operation . maximum allowable working cavity axial tuning
temperture/K operation pressure/Pa pressure/MPa stiffness/(N-mm ") sensitivity/(kHz-mm™")
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Table 2 Tuner system requirement parameters
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Table 3 Mechanical properties of 648 MHz superconducting cavity

parts material axial flexibility/(mm-kN™") axial rigidity/(kN-mm™")
cavity Nb 0.4494 2.225(K,)
front washer disk Nb55Ti 0.0339 29.52(Kw1)
end washer disk Nb55Ti 0.01914 52.24(Kyw2)
helium tank Ti 0.008996 111.16(Kn)
tuner bellow Ti 32.327 0.031(Kp)
tuner 316L 0.00796 125.61(Ky)
interface rings Ti 0.00196 509.68(Ki)
piezo actuator HP 0.0125 80(K,)
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Table 4 Force and displacement status of each component, when the mechanical tuner produces a displacement of 1 um

parts force/N displacement/pm
piezo actuator/interface rings —2.03 —0.017
tuner bellow/end dishes —-0.03 —0.980
helium tank/Front dishes —2.00 —0.086
cavity 2.00 0.898
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Table 5 Force and displacement status of each component, when the piezoelectric ceramics produces a displacement of 1 um

parts force/N displacement/pm
tuner/interface rings -2.02 —-0.020
tuner bellow/end dishes —-0.03 —0.980
helium tank/front dishes -1.99 —0.085
cavity 1.99 0.895
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