DEVELOPMENT OF A MOVABLE PLUNGER TUNER FOR THEHIGH-POWER RF CAVITY FOR THE PEP-II B FACTORY*H. D. Schwarz, K. Fant, J. G. Judkins, M. Neubauer, SLAC, Stanford, CA 94309;R. A. Rimmer, LBNL, Berkeley, CA 94720AbstractA 10 cm diameter by 5 cm travel plunger tuner wasdeveloped for the PEP-II RF copper cavity system. Thesingle cell cavity including the tuner is designed to operateup to 150 kW of dissipated RF power. Spring fingercontacts to protect the bellows from RF power arespecially placed 8.5 cm away from the inside wall of thecavity to avoid fundamental and higher order moderesonances. The spring fingers are made of dispersion-strengthened copper to accommodate relatively highheating. The design, alignment, testing and performanceof the tuner is described.INTRODUCTIONThe PEP-II B-Factory uses 26 copper cavities whichare designed to dissipate 150 kW of RF power at 476 MHzto produce a gap voltage of 1 MV each [1]. Beam currentsof up to 3 A are anticipated causing excitation of higherorder mode resonances.A movable frequency tuner was developed for thesecavities (Fig. 2) in form of a 9.2 cm diameter copperplunger which is used to compensate for temperaturerelated frequency changes and beam caused reactivedetuning. The total tuning range is mostly determined bythe detuning of – 340 kHz required to park pairs ofcavities, when they are not energized. To cover theserequirements a total tuner range of 1 MHz was specifiedwhich can be realized by a tuner movement from 2 cmoutside the cavity wall to 3 cm penetration into the cavity(see Fig. 6).The tuner uses bellows as a vacuum barrier to translatethe tuner movement into the vacuum envelop and springfingers are used to prevent fundamental and higher ordermode RF currents from reaching the bellows.Tests of the tuner assembly were performed in cavitiesoperating at power levels below the design level of 150kW because presently planned cavity operating levels forthe PEP-II rings are lower.TUNER DESIGNThe plunger design was optimized using a surfacemesh model of the cavity and tuner created in themechanical stress analysis code ANSYS [2]. This modelwas the basis for calculating the RF power dissipationusing a Boundary-Integral Method Code developed at ChalkRiver Labs in Canada [3]. Once the power dissipation wasestablished the ANSYS code could then predict temperaturerise and stress and allow optimization of the plunger shapeand cooling.

*Work supported by Department of Energy contractsDE-AC03-76F00515 (SLAC)DE-AC03-76F00098 (LBNL)The corner of the tuner plunger penetrating into thecavity is radiused to 1/2 inch to minimize currentconcentration (Fig. 2). The power dissipated in the tunerplunger for operation at 150 kW dissipation in the cavitywas calculated to be 5.1 kW at full insertion into thecavity and 2.5 kW at the nominal insertion point. Averagesurface power dissipation on the flat part of the plunger atfull insertion is 28 W/cm2 with a peak of 36 W/cm2 at theradius.Figure 1: Tuner Assembly showing Plunger andMounting Flange with Spring Fingers.The gap between the tuner plunger and the tuner portwas originally planned to be 1 mm to stay belowmultipactor threshold but was increased to 4 mm when itwas found that alignment and arcing in the gap were aproblem. Surface currents in the gap did not changesignificantly for the different gap widths as calculated byMAFIA [4] simulations.The placement of the fingers is determined by twoconflicting requirements:1) The fingers should be placed far away from the highfield area of the cavity to reduce fundamental mode currentsand power dissipation. With only rapidly decayingevanescent waveguide modes launched into the gap betweenthe tuner plunger and the tuner port of the cavity,placement of the spring fingers in the gap about 10 cmaway from the cavity wall would make the dissipatedpower manageable.2) The fingers should be placed in the tuner gap closeto the cavity wall to avoid 1/4 or 3/4 wavelengthresonances in the gap at the fundamental cavity resonanceand higher order modes which can be excited by themultibunch beam. The lowest two longitudinal cavitymodes at 750 MHz and at 1300 MHz are of particularconcern since they are likely to be excited by the multi-bunch beam even though they are damped to a Q of 70 or500 respectively by the higher-order-mode loading of thecavity. An optimum position for the fingers wasdetermined to be 8.5 cm back from the cavity wall, placing

Lead Screw

Tuner Port

Stepping Motor

Tuner Plunger

Location of Spring Fingers

Bellows

Linear Bearings

Figure 2. Tuner Cross-Section with Stepping Motor Drive.the 1/4 wavelength resonance of the gap between these twohigher order modes. The 1/4 wavelength resonance in thetuner gap was simulated with MAFIA to move with tunerposition between 780 MHz and 1100 MHz.

7.7¡

.286

.696

.036

R .048

1.023

.095

R .06

Figure 3. Spring finger Dimensions in Inches.The 8.5 cm finger location was adopted with thefingers fixed to the tuner port flange (Fig. 4.). Thefundamental mode wall currents in this finger positionwere calculated to 26.5 A/cm peak and the related powerdissipation is 2 W/cm2 for the tuner at a nominal positionof 10 mm insertion and 150 kW power loss in the cavity.This relatively high power dissipation led to the design ofspring fingers made of dispersion-strengthened copper orGlidCop¤ [5] after tests with beryllium copper alloyfingers had failed. The advantage of the GlidCop is itshigh thermal conductivity similar to that of coppercompared to beryllium-copper alloys with 25% theconductivity of copper. The stress relaxation temperaturefor GlidCop is 350 �C compared to 150 �C for commercialberyllium copper alloy spring fingers.SPRING FINGER DESIGNGlidCop spring fingers were designed using the gradeAL-25 (0.46% Al2O3). Since no fingers of this materialwere available commercially the fingers were fabricated bya photo-etching process and then bent to the right shape(Fig. 3). The GlidCop fingers are electron beam welded(Fig. 4) into the tuner flange which is used to mount thetuner onto the tuner port of the cavity.Dissipation of the calculated RF power of 2 W/cm would cause the tip of the fingers to experience atemperature rise of 40�C. Additional heating comes fromthe electrical resistance at the contact point which is notwell known. To facilitate a good contact under ultra-highvacuum condition it was decided to silver plate the fingertips (0.0004 inch Ag) and plate the polished sliding surfaceon the tuner plunger with rhodium (0.0002 inch Rh). Inorder to assure good alignment and uniform contactpressure of 113 grams per finger it was necessary to use alinear bearing at the shaft of the tuner.Figure 4. Spring Fingers as welded into Mounting Flange.TUNER TEST RESULTSThe spring fingers were tested for mechanical life in atest fixture which in a vacuum of 4x10-7 Torr moves a flatsample of the fingers with the nominal contact pressureover a rhodium-plated plate. The test ran for 90,000 cycleswith a stroke of 4 mm simulating the tuner movementassociated with a beam fill one an hour over the period of

10 years. At the end of the test most of the silver platingon the finger contact area was transferred to the rhodium-plated surface, a result of normal contact wear (Fig. 5).Some small pieces of silver were actually broken off atlater tests seen as glowing spots in the cavity. Overall thetest shows that the fingers sliding on the hard rhodiumsurface can withstand the rigors of 24 cycles a day for a 10year total life of the tuners.Figure 5. Electron microscope picture of spring fingercontact area showing wear after 90,000 cycles on silverplating and silver chips.The spring fingers were also tested as part of aprototype tuner in the RF environment of the prototypecavity and were operated at 120 kW cavity wall power,20% above the highest power needed for the low energyring. The source frequency was swept and a tuner feedbackloop kept the cavity in tune forcing the tuner to follow theswept frequency. This test assembly operated successfullyfor 17,000 cycles over a stroke of 9 mm. Again the testshowed that some small amount of silver had transferredfrom the fingers to the rhodium plated surface of the tuningplunger and some silver chips had separated. Although thetest had to be terminated for reasons not related to the tunerit appears there was considerable life left on the springfinger contacts.Tuners have since been installed and operated in 12production cavities. Each cavity is processed in a teststand [6] up to the operating level of the high energy ring(85 kW wall dissipation) and several cavities have beenprocessed higher to the low energy ring level (103 kW walldissipation). The cavities are first processed in a pulsemode by sweeping the frequency of the source with a fixedtuner position and then reprocessed CW keeping thevacuum in the 10-8 Torr range. A video camera is trainedon the tuner through a window on the opposite wall of thecavity. No arcing was observed but at 1 kW power leveloccasionally some glow from multipactor is seen.Another observable phenomenon is the bright glow ofsome silver chip removed from the spring fingers beingheated up by the RF power. No deleterious effect of thisglow was ever noticed. The measured power dissipation inthe tuner plunger is 1.85 kW at nominal position and acavity power of 85 kW. This indicates a 30% higher losscompared to the calculated plunger loss of 2,5 kW atnominal position and 150 kW wall dissipation. Thisincrease in loss is partially attributed to the higherresistivity of the rhodium plating on the skirt of the copperplunger. The tuning curve for the tuner showing its rangeof 1.2 MHz is shown in figure 6.

Tuner Insertion (mm)

Frequency (MHz)4 7 5 . 5 0 4 7 5 . 7 5 4 7 6 . 0 0 4 7 6 . 2 5 4 7 6 . 5 0 4 7 6 . 7 5 - 3 0 - 2 0 - 1 0

1 0 2 0 3 0

Figure 6. Cavity frequency versus tuner insertion.CONCLUSIONA tuner plunger was developed which incorporates arugged finger contact design capable of operating in theultra high vacuum and high power environment of thePEP-II RF cavities. Many years of operation with tunermovements several times a day are predicted by the tests.ACKNOWLEDGMENTSThe authors wish to thank John Hodgson for runningthe stress simulations, Joe Saba for the initial tunerdesign, Nadine Kurita for the design of the GlidCop fingersand Doug Berger, LLNL for developing the electron-beam

REFERENCES[1]"Development of a High-Power RF Cavity for the PEP-IIB Factory", R. A. Rimmer et al, PAC95 proceedings, pp1729[2]ANSYS F.E. software from Swanson Analysis SystemsInc., P.O. Box 65, Houston, PA 15342.[3]"Cavity RF Mode Analysis Using a Boundary-IntegralMethod", M.S. de Jong, PAC93 proceedings, pp 835.[4]MAFIA design code, available in US from AETAssociates, Inc., 20370 Town Center Lane, Suite 260,Cupertino, CA 95014, tel: (408) 996-1760, fax: (408)996-1962.[5]GlidCop is a dispersion-strengthened copper alloy madeby SCM Metal Products, Inc., Research Triangle Park,North Carolina, USA.[6]"High-power Testing of RF Cavities for the PEP-II B-Factory", R. A. Rimmer et al, these proceedings.