SRF 970624-061On the Pressure Compensation for the B-cell Cavityin the MARK II CryostatJ. Kirchgessner & S. BelomestnykhLaboratory of Nuclear Studies, Cornell University, Ithaca, NY 14853AbstractIn this note we explain how the tuner and proposed earlier pressure compensationscheme work together and show how to calculate various forces and displacements andthe area of the pressure compensation bellows using an equivalent schematic.I. How Tuner WorksThe B-cell superconducting cavity is tuned by mechanically stretching the cavity alongthe beam line relative to the cryostat. The drive train consists of a stepping motorfollowed by a 4.38:1 dual leverage mechanism terminating in a dual parallel flex hingearrangement (tuner flexure) with mechanical advantage of 3.9:1. The flexure is patternedafter the proposed LANL PILAC cavity tuner [1]. The total mechanical advantage of thetuner mechanism is 17:1. Such a flexible linkage system is advantageous because there isno bearings with the inherent alignment and backlash problems. The prototype of thetuner [2] has been built and tested during the Beam Test in August 1994 [3].As it was reported in [4], the measured value of the frequency sensitivity topressure (df/dP) is high. It is equal to 250 kHz/Bar for the cavity in the MARK IIcryostat. A possible solution with using internal compensation bellows was proposed in[4]. Later another scheme, with external bellows, was proposed as easier to adjust. Thebellows volume is connected to the He vessel and therefore pressure inside the bellows isthe same as the pressure acting on the cavity. Thus, the compensation force isproportional to the He bath pressure and to the bellows area.In order to decrease the required compensation force and hence the bellows area,it was proposed to apply the force to the same point as the tuner motor to take benefit ofthe total tuner mechanical advantage. Originally the motor screw had been rigidlyconnected to the cryostat wall which would prevent any movement of the tuner exceptthat due to the stepping motor. To allow the compensation force to move the tuner, a coilspring was introduced between the screw and the cryostat. The pictorial of the finalversion of the tuner is shown in Figure 1.II. How to Calculate Forces and DisplacementsTo simplify understanding of how the pressure compensation scheme works it isbeneficial to draw an electrical equivalent circuit of the tuner mechanism. One canestablish an analogy between mechanical quantities and electrical ones: the displacementcorresponds to the voltage, the force corresponds to the current, and the spring constantcorresponds to the conductivity. Then any mechanism with the mechanical advantagedoes the same as a transformer does in electric circuits. This means that while drawingan equivalent scheme one must scale forces and displacements linearly with themechanical advantage, but spring constants must be scaled quadratically. By doing so wecan draw the diagram as shown in Figure 2.

SRF 970624-062Figure 1. Pictorial of the tuner mechanism with various forces, displacements and springconstants.

SRF 970624-063Figure 2. Equivalent electrical scheme of the tuner and pressure compensation.Now it is easy to calculate forces and displacements due to the pressurecompensation scheme using the diagram. We measured the sensitivity of the cavityresonant frequency to the He vessel bath pressure of 250 kHz/Bar. Also, we measuredfrequency sensitivity to the tuner action of 225 kHz/mm. Thus, to compensate 250 kHzof the resonant frequency change we have to squeeze the cavity byDcav = 225/250 = 0.9 mm/Bar .Hence, the force due to the pressure compensation at the cavity end should beFcav = 3800*0.9 = 3420 lbs/Bar ,the tuner displacement then is equal toDtuner = 3420/7600 = 0.45 mm/Bar ,and the total cavity and tuner displacement is equal toDtotal = 0.45+0.9 = 1.35 mm/Bar .A force due to the pressure compensation applied to the coil spring isFspring = 1.35*3000 = 4050 lbs/Bar ,and the total force of pressure compensation bellows isFtotal = 3420+4050 = 7470 lbs/Bar .To calculate the necessary area of the bellows we have to scale the force back using themechanical advantage of the tuner:F�total = 7470/17 = 440 lbs/Bar = 30.3 lbs/psi .

SRF 970624-064Thus, the area of the pressure compensation bellows should be equal to 30.3 squareinches.The system will be tested using these parameters and values.III. References1.D. J. Liska, et al. "Design Features of a Seven-Cell, High-Gradient SuperconductingCavity," Proceedings of the 1992 Linear Accelerator Conference, Ottawa, Canada,August 1992, Vol. 1, pp. 163-165.2.E. Nordberg, et al. "Cryostat for a Beam Test with the CESR-B Cavity," Proceedingsof the 1993 Particle Accelerator Conference, Washington, DC, May 1993, Vol. 2, pp.995-997.3.H. Padamsee, et al. "Beam Test of a Superconducting Cavity for the CESRLuminosity Upgrade," Proceedings of the 1995 Particle Accelerator Conference,Dallas, TX, May 1995, Vol. 3, pp. 1515-1517.4.J. Kirchgessner. "Thoughts on the Very High Value of dF/dP," Report SRF940321-01, Laboratory of Nuclear Studies, Cornell University, Ithaca, NY.