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Abstract

It is planned toinstall five third-harmonic(1.5 GHz) RF ) ) ) )

Cavities in May/June 1999 as apgrade tothe Advanced The thickest plateeadily available in UNS10100 class 2
Light Source (ALS) atLawrence BerkeleyNational ©OFE copper [4] wasletermined to be.5 inch (114 mm)
Laboratory (LBNL) [1]. This paper presentsmechanical Stock. Thisinfluenced the design since weould not
design features, our experiencesusing electronicdesign  Include anendcapwithin this constraint; thisdrove the
models to expeditethe manufacturing processnd the N€ed for two end caps that are joined to the center body by
fabrication processes employed peoducethese cavities EBW during the manufacturingequenceLine of sight

for the ALS. We discuss some of the “lessdemned’ reduirements for EBW resulted ishortening thebeam
from the PEP-Il RF Cavityesignand fabrication, and POrts and providing spool pieces to be joiredigr the end
outline the improvementiscorporated inthe new design. capsare EBW tothe cavity body (Figure 1). While

2.1 Design Reality

We also report observations from our current effort. custom forged blanks would haeeabled us talesign an
integral end cap, the longlead-time forforging was a
1 INTRODUCTION prime factor in our decision to use the plate material.

A minimal risk design and build cycle, to becomplished ,
in approximately 12 months, wedesiredfor the ALS Beam Extenson
cavity upgrade. Upon investigation it wdsterminedhat

the primary engineering, desigand fabrication issues -
involved in producing a third-harmonic cavity for ALS Y
werevery similar to thoseresolved duringhe Lawrence EndCap 4!
Livermore National Laboratory (LLNL) production of the '
PEP-II cavity [2]. It wasdecided to build upon this o
existing body of knowledgeand incorporate lessons ~ Plmbing
learned during PEP-II in order to achieve this goal [3].

— PlatedWater Chands

Inteard Port Body

2 MECHANICAL DESIGN Center Body Secion —

The design of the harmonic cavities employs mar,

technologies developed for the PEP-II RF cavities,

however, to mitigate design, schedwegd fabrication risk Figure 1: An exploded view (flanges omitted) of the ALS
we sought to minimize the number gfiece parts, third-harmonic cavity showing integralequatorial port
processesand 5-axis machining operations_ Thi'ESIQﬂ bodies, end caps, beam tube extensions, and pIumblng
focused on making the c_avity body a spherical shafber 2.2 Design Model as a Manufacturing Tool

than the more conventional toroidal cavity shape. This
allowed the port bodies to be lathened asntegralparts The LBNL designteam used Solid Designer (HP) CAD
of the cavitybody rathetthan beingfabricated separately software to model the cavity, while LLNL's
and electron beamwelded (EBW) to the cavity. We manufacturing operatiomsed Pro-Engineer (Parametrix)
wanted toincorporate arend cap into the maincavity CAM software to generateutting pathdatafor the NC
body to eliminate one piece-part and an EBW operation. machinery. By using IGES file format weere able to
Additionally, to augment our use of conventiopaper transfer information between tistes, however, while we
drawings, we desired to use the three- dimensional could measure featuresid make tool programs weould
electronic design model as a fabricationl to definetool not change any features in the model onrtfaufacturing
path geometry. system. Thisproved abit cumbersome sincewhen
= - B TS US Department Bf severalsmall design changesvere needed, we had to
*This work was supporte e epartment Bher i i : TR
“This work wass ppW_7405¥ENG-48 (LLIF\)IL) DEA co%)-/ replicate the entire translation, transfand verification

76SF00098 (LBNL). +http:/kevlar.lin.gov/3hrf/3hrf.ntm S€Juence before manufacturing ~ could —access  the
#Email: franks1@lInl.gov modifications. Additionally, the complexity odefining

water channel geometry in the manner we degerded to
overwhelm the filetransfer mechanismand we had to
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produce the channel geometry in a Pro-Engineer model wader this condition,therefore wechose to have a flat-

generate the desired tool path programs. bottomed channel with the small corner radii.
To eliminate 5-axis milling the sidewalls of th®dy
3 FABRICATION channelswere designed to be perpendicularth® beam

axis ratherthan normal to the outesurface.This reduced
programming and machining costs as well as minimizing
the technical riskdue to aless complex setup and
body: afterfinishing the RFsurface tuning, and joining  Program- ShallompounterboreSNere cut at _thechannel
the final end cap, the cavity body became the RF cavity. inlet and outlgt points _t(_) Iocate. the water fitting stubs that
The center body, including the fouround equatorial We'e platedinto position during the water channel

ports, wasmachinedfrom a solid copper billet. The COVering. _ _ _
elimination of many jointsand additional components ~ 1he RF surfacewas machined, leaving .080 inch (2

outweighs the complexityntroduced tothe process by ™M) to be removed during the final machining stage, and
making the ports integral to the cavity body. The entiie port bores were finished to within .01 inch (.25 mm).
caps, tvyopercawty, are machinedrom plgte.stock and 3.2 End Caps

remain identical parts for most of the fabrication process

As the componentprogressedthrough the fabrication
sequencethe nomenclature evolved, the centbody
section was joined to onend cap andbecamethe cavity

Two end caps, onedesignated “body endap” the other

3.1 Center Body Section “tuning end cap”, were required.All end caps were
o ) , machined with .080 inch (2 mm) to bemoved at a later
The center body fabrication began with 4.5-inch (114 m”ﬂ)oint in the fabrication process. A 39-inch (1-m) long

thick by 11 inches (279 mmyquareOFE Copper plates .,oling channel was cut inteachend cap. At this
weighing approximately 155 pounds (70 kg) each. Initigloine 4 surfaces ofhe tuningend cap werefinished,
work included rough boring a 3-inch (76.2 mndjameter  oycept the nose radius, to enable a fine adjustment

hole through the blank and squaring the rough sawn sidg$,q cavity's frequency during the tuning sequence.
Additionally, 1-1/2 inch (38 mm)diameter holes were

drilled at the four port positionsspaced 90 about the
periphery of the body.

Accurate positioning and indexing of the blank
throughout the entire fabrication process wdesemed
necessary; therefore, exitarewas taken from the outset
to establish consistencgetweenblanks. With this in
mind the central bore was machined to a diameter.@30
inches (101.6 mm) with dolerance of+/-.0005 inch
(.013 mm.)Onefacewas alsomachined perpendicular to
the bore at this time.

A horizontal CNC milling machine was usedrtamove
the bulk of theexcessmaterial. Its CNCrotary table
enabled accurate positioning of the body prior to making a
+/-.0005 inch (.013 mm)bore in each port. These
“identically” sized bores served as alignment points for the
creation of datum features during the next operation.

Each cavity body was indexedfour times to turn the
port body and asegment of the spherical outeadius.
Since closeolerancesvere maintained duringhe initial Figure 2: View of the cavity body configuration at time of
steps wewereable to hold indicatorunout to +/-.0015 4 ar and port blend radii finishing.
inch (.04 mm) foreach ofthe fourindexedpositions. We .
also counterbalanced the lathe fixturendnimize spindle The 3.3 Cavity Body
vibrations due to the asymmetry of the fixture. The body end cap was joined to the body center section by

A horizontal CNC milling machine with a CNftary EBW. We employed a structurakeld from the outside,
table wasemployed to cut the serpentineater channel then placed asealingweld from the inside to overlap the
into the copper body. The continuous channel is about %ot of the external structuralveld [5]. This process
inches (1.47 m) longThese channelareabout 3/8inch  assured that trapped volumes guosity were minimized
wide x 3/8 inch deep (10 mm x 10 mm) with a 3/32 incland also eliminatedweld joint gaps, providing a fully
(2.4 mm)radius inthe corners. A fullyradiusedchannel  cleanable cavity.
would require a“ball” mill cutter that haszero Cutting The inner contour of the Cavitpody was thenturned
speed at itgenterpoint. Thecopperresists cuttingreely  through the remaining opening tosarfacefinish of 24

pinch (.6 um) Ra or better (Figure 2). Thigliminated
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surface irregularities left by the welding process andas we join the cavities together with riggpool pieces.
enabled us tolocate theattachedbeam nose at a There is a bellowbetweenthe last cavity (in a string of
nominal position. Machining of thélend radii between five) and the mating vacuum chamber. The flanges,
the RF surfacandthe port bores, as well as final sizingstandard stainless steekircular knife-edgeseals, with

of the bores, was completed.

The cavity’s in-procesdrequency was determined by
clamping temporary flanges to thports, installing
dummy tuners, and placing the tuning end capasition.
This allowed calculation of the amount to beemoved
from the tuningend cap nose to achieve the desired
frequency. Oncehe frequency iscorrect,andverified, the
end cap is EBW in place using thewelding procedure
detailed earlier. The frequency is once again verified as t
last step in the tuning process.

3.4 RF Cavity

Plating wax wagouredinto the cooling channels and
finished to beflush with the outer contour of the cavity.

The wax surface was made conductive by burnishing silv

powderinto it andthen processing through an activatin

sequence. A jacket of plated copper, approximately .2 in¢
(5 mm) thick, was grown over all of the channels. We

chose to use a brightened copper, which deposiise
rapidly and more uniformly than the pureopper used
previously. By using thebrightened coppeplating we
have eliminated thentermediateturning stagerequired
with the pure copper jacket used on the PEP-II cavities.
As this copper is not weldable with conventional
techniqueghe design calls fojoining six stainlesssteel
waterfitting stubs to the cavity using the plating. Th
protrusion of the stubsender machining of theouter
surfaceimpractical,therefore weneeded tounderstand the
plating process prior to introducing a production cavit
into the process. We built an aluminumandrel tomock
up the outer features of the cavity rigfine the design and
placement of masking, and optimize the plating
parameters. Throughhis effort we identified anarea
betweenthe waterfittings andthe beam portsieeding an
auxiliary anode to assure the plating thickness matches

rest of the cavity, thereby avoiding a potentially thin spa

in the plating at one of the higher heat load areas.

The smaller harmonic cavitfpne-thirdthe PEP-IIsize)
also presented a concern that the wax would fall out of
water channel grooves when the cavity was turned over
wax the opposite side. Weerformedthe waxing process
on the aluminunmandrel and determingtiat, while our
concern was valid, there was not a problem.

Once plating wascompletedthe wax wasmelted and
flushed out of channels. Small holegre drilledthrough
the plating into the waplacedover theEBW joints and
the wax flushed out toreate awater-to-vacuunair guard.
After fittings and jumper tubeswere TIG welded to the
water stubs the passages were hydrostatically tested to
psi (1 MPa).

Flange locating features were cut at the four podies
and the two beam ports. Thieducedthe risk that the
flanges would be out of square to the beam axtnaern
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copper inserts, were then attached by EBW.

The final process clearmndlightly etches the inside of
the cavity using a mild chromiacid bright dip followed
by rinsing inclean DI waterThis process isdesigned to
remove any residue that condenses on the insideframl
the EBW process as well as any contaminates that may
have been inadvertentiptroducedduring the fabrication
process. Historically, this cleaningnd etching process
has improved internal cavity surfaces todiich (0.4um)
Ra or better. The cavity was then blowdry with
nitrogen, blankedoff and backfilled with dry nitrogen at
atmospheric pressure for shipping.

4 CONCLUSIONS

Dur use of design models for manufacturiggnerated
mall discomforts yet thesweere greatly offset by the
avenue oftommunicationopenedbetweenthe design and
manufacturing organizations. Alsoprogrammers and
machinistswere able to manipulate the model on the
CAD screen to seavhat the “otherside” of the part
actually lookedlike, rather than having to try and
visualize it from two-dimensional paper drawings.
Including the ports as integral parts of the cabibgy
proved to requiremore care in fixture design and
machining efforts than initially estimated. \Weould
chose this path again as our PEReKperienceshowed
that themyriad partsandfixtures needed tofabricate and
weld these ports present far greater expensend yields

¥nore technical risk.

We placedthe water channestubs too closelyogether
and too near the beam port bodies for the plating rate to be
the same as theemainder ofthe cavity. A supplemental
anode was used to caube copper to preferentially plate
{ ethe problem areas. We expect that by providing at least

1-inch (25.4-mm) gapbetween features weould
lleviate this problem.
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