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Abstract plunger for operation at 150 kW dissipation in the cavity
was calculated to beé.1 kW at full insertion into the
A 10 cm diameter by 5 cntravel plunger tuner wascavity and 2.5 kW at the nominal insertiorpoint.
developedor the PEP-II RFcoppercavity system. The Average surface powelissipation on the flat part of the
single cell cavity including the tuner is designedofserate plunger at full insertion is 28 W/chwith a peak of 36
up to 150 kW ofdissipated RFpower. Springfinger W/cn? at the radius.
contacts to protect the bellows from RF power are
speciallyplaced8.5 cmawayfrom the inside wall of the
cavity to avoid fundamentaland higher order mode
resonances. The spring fingeaee made ofdispersion-
strengthened copper to accommodatdatively high
heating. The design, alignment, testiagd performance
of the tuner is described.

INTRODUCTION

The PEP-IIB-Factoryuses 26coppercavities which are  [{SERE

designed to dissipate 150 kW of RF power at 476 MHz to [l ,

produce a gap voltage of 1 M&&ch[1]. Beamcurrents of 3 b :

up to 3 A are anticipated causing excitation of higbrder - i

mode resonances. Figure 1: Tuner Assembly showing Plunger and
A movable frequencytuner wasdevelopedfor these ~ Mounting Flarge with Sring Fingers.

cavities (Fig. 2) in form of a 9.2 crdiameter copper

plunger which isused to compensate fotemperature The gap between the tuner plungedthe tuner port

related frequencychanges and beam caused reactivewas originally planned to be 1 mm tostay below

detuning. The total tuningange ismostly determined by multipactor threshold but wascreased to 4 mmvhen it

the detuning of+ 340 kHz required to park pairs of was found that alignmentand arcing in the gapvere a

cavities, when theyare not energized. To cover thes@roblem. Surface currents irthe gapdid not change

requirements aotal tunerrange of 1 MHzwas specified significantly for thedifferentgap widths ascalculated by

which can berealized by atuner movement from 2 cmMAFIA [4] simulations.

outside the cavity wall to 3 cm penetration into taity The placement of the fingers determined by two
(see Fig. 6). conflicting requirements:
The tuner uses bellows as a vacuumarrier to 1) The fingers should be placed far away from the high

translate the tuner movement into the vacuum envelop figld area of the cavity to reduce fundamental mode currents
spring fingersare used tgrevent fundamentaind higher and power dissipation. ~ With only rapidly decaying
order mode RF currents from reaching the bellows. evanescent waveguide modes launchetb the gap
Tests of the tuner assembly were performed in caviti@ween the tuner plunger and the tuner port of the cavity,
operating at power levels below the design level of 1gacement of the spring fingers in the gap about 10 cm
kW becauseresentlyplannedcavity operating levels foraway from the cavity wall would make thelissipated

the PEP-II rings are lower. power manageable.
2) The fingers should be placed in the tuner gap close
TUNER DESIGN to the cavity wall toavoid 1/4 or 3/4 wavelength

resonances in the gap at thmdamentakavity resonance

The plunger design was optimized usingsuafacemesh and higher order nodes which can be excited by the

model of the cavity and tuner created inthe mechanical ; P ;

. X multibunch beam. The lowest two longitudinedvit
stress analysis code ANSYS [2]. This model was the bagigye <5750 MHz and at1300 MHz are gof particulér
for calculating the RF power dissipation using a Bounda%'ncernsince theyarelikely to be excited bythe multi-
Integral Method Codeleveloped atChalk River Labs in bunch beam even though they aeenped to a Q of 70 or
Canadd3]. Oncethe power dissipation wasestablished - : - ) ;
the ANSYScodecould then predict temperatureise and 500 respectively by theigher-order-moddoading of the

stressand allow optimization of the plunger shape an vity. An optimum position for the fingers was
coolin P plung P etermined to be 8.5 cm back from the cavity wall, placing
9- the 1/4 wavelength resonance of the gap between these two

_The_ corner ofthe tuner _plunger penetrating into thI'*arigher order modes. THE4 wavelength resonance in the
cavity is radiused to 1/2 inch to minimize current

. ; o ; tuner gap was simulated with MAFIA to move witlmer
concentration (Fig. 2). Theower dissipated ithe tuner position between 780 MHz and 1100 MHz.
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Figure 2. Tuner Cross-Section with Stepping Motor Drive.

The 8.5 cm finger location waadoptedwith the (Fig. 3). The GlidCop fingerareelectron beanwelded
fingers fixed to the tuner port flanggFig. 4.). The (Fig. 4) into the tuner flange which ised tomount the
fundamental modevall currents inthis finger position tuner onto the tuner port of the cavity.
were calculated t@6.5 A/lcmpeakandthe related power Dissipation of thecalculated RF power of 2 W/ém
dissipation is 2 W/ckfor the tuner at a nominal positionwould causethe tip of the fingers toexperience a
of 10 mm insertion and 150 kW power loss in the cavitgemperature rise of 4C. Additional heating comdsom

the electrical resistance at the contacint which is not
|l well known. To facilitate a good contaathderultra-high
T vacuum condition it wadecided tosilver plate thefinger

095 > c s tips (0.0004 inch Ag)and plate the polished sliding
R .06
.696

[ S—
036 ﬁrf surface onthe tuner plunger with rhodium (0.0002 inch
L Rh). In order to assure goodalignment and uniform
? contact pressure of 113 grams per finger it wesessary
to use a linear bearing at the shaft of the tuner.
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Figure 3. Spring finger Dimensions in Inches.

This relatively high power dissipation led to the design
spring fingersmade ofdispersion-strengthened copper g
GlidCop® [5] after tests with berylliumcopper alloy
fingershadfailed. The advantage othe GlidCop is its
high thermal conductivity similar to that ofopper
compared to beryllium-copper alloys with 25% the
conductivity of copper. The stress relaxattemperature
for GlidCop is 350°C compared to 158C for commercial

Figure 4. Spring Fingers as welded intoMounting

beryllium copper alloy spring fingers. TUNER TEST RESULTS
The spring fingers were tested for mechanical life in a test
SPRING FINGER DESIGN fixture which in a vacuum o#ix107 Torr moves a flat

; - : - le of the fingers with the nominal contpotssure
GlidCop spring fingers were designed using dgrede AL- samp ;
25 (0.46% A$O3). Since no fingers of this materiakre over a rhodium-plategplate.  The test ran 080,000

. . ) . cycles with a stroke of 4 mm simulating thaner
available commercially the fingemere fabricated by a ,ovementassociateavith a beam fill one an houover
photo-etching procesand then bent to the righshape
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the period of 10 years. At the end of the test most of tlbempared tothe calculatedplunger loss of 2,5 kW at
silver plating on the finger contaateawastransferred to nominal positionand 150 kW wall dissipation. This
the rhodium-plated surface, a result of normal coni@etr  increase inloss is partially attributed to théigher
(Fig. 5). Some small pieces of silverere actually resistivity of the rhodium plating on the skirt of the
broken off at later tests seen glbowing spots in the copperplunger. The tuningurve forthe tuner showing
cavity. Overall the test shows that the fingers sliding oits range of 1.2 MHz is shown in figure 6.
the hardrhodium surface carwithstand the rigors of 24
cycles a day for a 10 year total life of the tuners.
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Figure 5. Electron microscope picture of spriimger ) . Fi
contact area showing wear af@®,000cycles on silver gure 6. Cavity frequency versus tuner insertion.
plating and silver chips.
CONCLUSION

The spring fingerswere also tested aspart of a o
prototype tuner in the RF environment of the prototype A tuner plunger waslevelopedwhich incorporates a
cavity and were operated a0 kW cavity wallpower, ruggedfinger contact design capable of operating in the
20% above the highegowerneededor the low energy Ultra high vacuumend high power environment of the
ring. The source frequency was swept and a tuner feedb&dkP-Il RF cavities. Many years of operatioith tuner
loop kept the cavity in tune forcing the tuner to followmovements several times a day are predicted by the tests.
the swept frequency. This test assemblyoperated
successfully for 17,000 cycles over a stroke of 9 mm. ACKNOWLEDGMENTS
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Tuners have since been installadd operated in 12 REFERENCES
production cavities. Eacbavity is processed in dest
stand [6] up to the operating level of the higiergy ring
(85 kW wall dissipation)and several cavities havbeen
processednigher to the lowenergyring level (103 kW 2]

[1] "Development of a High-Power RF Cavity for tR&P-
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seen. Another observable phenomenon is the bright gléw CGlidCop is adispersion-strengthened coppedloy

made by SCM Metal Products, Inc., Resedfctangle
Park, North Carolina, USA.

"High-power Testing of RF Cavities for theEP-II B-
Factory", R. A. Rimmer et al, these proceedings.

of some silver chip removed from the spring fingers being
heated up by the RF power. Meleterious effect othis [6]
glow wasevernoticed. Themeasuredoower dissipation
in the tuner plunger is 1.85 kW at nominal positamd a
cavity power of 85 kW. This indicates a 30% higloss
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