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Abstract Since 1995, the niobiunsuperconducting crab cavities
have beerdevelopedwith collaborationbetween MHI and
Since 1995, Mnufacturing techniques of superconductingEk][2]. In this R&D, MHI has taken manufacturinart
Nb cavity have beedeveloped orR&D of Crab Cavity of superconducting Nizavity. We fabricated three 1/3
for KEK-B at MHI. Especially the Roll Formingrocess scale model cavitieandtwo simplified co-axial couplers
is applicable toaccuracyseamless Nb pipe for Co-axialto establish the fabricationand surface treatment
Coupler. With theparameters optimized ishort sample, techniques fornon-axially symmetric Nb cavity and

we produced 850mm-long pipes.

1 INTRODUCTION

KEK B-factory (KEKB), ahigh luminosity 8 x 3.5 GeV
asymmetric electron-positron collider, whiclstarted
operation last year, adopted a finite angle crossaingme
of 2 x 11 mrad at the interaction point. T¢rabcrossing
scheme shown Fig.1 was proposed to eliminate the
luminosity reduction due to geometricaleffect and the
possibility of beam-beaminstability by synchrotron-
betatron coupling resonances. Electrorand positron
bunches to the interactiopoint are tilted by time-
dependent transver&éck in RF crabcavitiesand head-on
collide. Afterthe collision these bunchese kicked back
to the original position iranothercrab cavities. Thecrab

accuracycoupler, two full scale model cavities tprove

the performance over the design value of Esp = 21 MV/m.

2 FABRICATION AND SURFACE
TREATMENT OF NB CRAB CAVITY

The fabrication and surface treatmemcedure othe crab
cavities issummarized inFig.2. For half cell, Niobium
material, sheets of 5 mm in thickness WRRR = 190,
was supplied from Tokyo Denkai. Half celigereformed
by a hydro-formingmethod. All formed half cells were
buff-polished inside to removéhe scars on itand the
equator and iriparts of cellsveretrimmed mechanically.
After these half cells were immersed into hydrochladicl
in order toremoveiron particlesand surface of grooves
were chemical polished to remove other mater@dsiples

cavity has non-axially symmetric squashed cell shape[1] ¢ half cells were assembled by Electron beawelding
get the TM110 likemode for time-dependent transverse(EBW) at the equatorfrom the outside. EBW seamgere

kick and complex co-axial coupler extractingnwanted
higher and lower modes.
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Figure 1: Crab crossing scheme for KEKB
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mechanically groundind visually inspected by specially
designedgrinding andinspecting tool. Then the cells and
beam pipeswere assembledinto cavities on thesame
processandthe cavitieswere buffing the inside ofbeam
pipe. After Pre-tuning, innesurface ofthe cavitieswere

barrel polishednore than about 2@0n andthen electro
polished about 10pm by horizontal rotationaklectro
polishing systemdeveloped andused for TRISTAN

superconducting cavity.[3After rinsing by ultra pure

water, the cavitiesvereinstalled in atitanium box and
annealed in a vacuum at a pressure ofRa at 700C° for
1.5 hours. Finally innesurface ofthe cavitieswerehigh

pressure rinsed by 8 MPaltra purewater forabout 45
min.
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polishing system. Finally outer surface of the coupler was
[Fabrication processes of Crab Cavity high pressureinsed by 8 MPaultra purewater for about
45 min.

1. Nb sheets (RRR=180)

2. Hydro-forming of half cells
Load=2000ton

3. Buffing the inside surface of half cell
4. Machining of grooves of half cells

5. Water dipping and HCI dipping of half [Fabrication processes of Simplfied Co-Axial coupler
cell

6. Chemical Polishing surface of grooves 1. Nb rods (RRR=180)

7. EB welding of the equator of cells 2. Boring by wire-EDM

8. Grinding the penetration bead 3. Machining to original pipe (12mm)

9. EB welding of the both side beam pipe 4. Flow-forming

10. Buffing the inside surface of beam 5. Vacuum heat treatment

pipe 6. Flow-forming the accuracy seamless
11. Pre-turning pipe (2.85 mm)

12. EB welding of ribs 7. Buffing the outside surface of pipe

13. Barrel polishing (20Qum) 8. Chemical Polishing surface of grooves
14. Electro polishing (10@um) 9. EB welding of the both frange

15. High pressure water rinsing 10. Electro polishing (10@um)

(80kg/cn) 11. High pressure water rinsing (80kg/crh
16. Vacuum heat treatment (700C for 90 for 45 min)

min) 12. Assembling the Simplified co-axical
17.High pressure water rinsing (80kg/crh coupler and the Crab cavity(class 10 clean
for 45 min) room)

18. Assembling in the clean room for 13. Assembling for vertical test (class 10
vertical test (class 10 clean room) clean room)

19. Vertical test 14. Vertical test

Figure 2: The fabricatioand surfacetreatmentprocedure
of the crab cavity Figure 3: The fabricatioand surfacetreatmentprocedure
of the simplified co-axial coupler

3 FABRICATION AND SURFACE 4 HYDRO-FORMING
TREATMENT OF NB SIMPLIFIED .
CO-AXIAL COUPLER 4.1 Hydro-forming method

The fabrication and surface treatmendcedure othe Co- The crabcavity has the non-axially symmetric cell. We
axial coupler issummarized inFig.3. For beam pipe, took the Hydro-forming method forforming thesehalf
Niobium material, rods of 154 mm in diameter with RRRells in consideration ofthe merits of hydro-forming

= 180, wassupplied from Tokyo Denkai. Theds were method. The merits are as follows.

bored to pipes by wire-EDM, and the pipeere machined <« The female die shape can be simple.

to original pipes 12 mm in thickness. Then the pipese The fabrication error of forming cell can be reduced.
were elongatedndreduced inwall thickness 2.85mm by + The forming can be done at largerpercentage
flow-forming, which is one of the roll formingnethod. reduction of cross-sectional area.

These pipes were buff-polished outside to removesthes

on it andthe both end of the pipeswere trimmed Hydro-forming set up is shown in Fig.4.

mechanically. After these pipes were dipped into

hydrochloric acid in order toremove iron particles and

surface of grooves were chemical polished to remove other

materials, pipes and flanges were assembled into

simplified co-axial couplers by Electron beamelding

(EBW) from the outside. EBW seanwgere mechanically

ground and visually inspected. Then the coupler was

electro polished about 100um by vertical electro
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Figure 4: The hydro-forming set up

4.2 Development of flow-forming Hydro-
forming.process

At first, we did the 1/3scaleforming test with aluminum
sheetand optimized parameter ofblank size, hydraulic
pressure and stroke. Then wenfirmedthat Nb halfcells
of 1/3 scale modeivere formedfine, and the parameters
scaled tofull scalecavity. After full scaleforming test
with aluminum, weformed Nbhalf cells of full scale
cavities and confirmetbrming them fine. Theparameters
are as follows.

e load: 2,000 ton

« hydraulic pressure : 140 kg/ém

5 FLOW-FORMING

5.1 Necessity of accuracy pipe

The Co-axial Couplerequires a narrowmanufacturing
error. Themisalignmentand manufacturingerror of the
Co-axial Couplercauses a part ahe crabbingmode to
couple to the Co-axial Coupler as a TEMdewave. So
in order to reducemanufacturing error, weleveloped
accuracy beam pipe by flow-forming,.

5.2 Flow-forming method

thin accuracy beam pipe (after forming)

Figure 5: The flow-forming method

5.2 Development of flow-forming process

At first, we did the forming test with Nb 100 mm long
sample tosearchfor the importantparameter in flow-
forming. For niobium, thecrystal size of material and
reduction ratewere important at sample tesand we
optimized parameter of crystsize, reductionrate, sliding
speed and rotating speed. P54 mm x" 250 mmrods
were bored tipes bywire-EDM and machined to® 148
mm x' 12 mm original pipesThesepipes were flow-
formedseveralsteps to® 130 mm x' 2.85 mm x" 850
mm accuracy pipes . Manufacturing deviation of one pipe
is shown in Table 1.

Table 1: The result of flow-forming pipe

Dimension Design| toerance | RESUIL
value

Thickness 2.85 -0.10 -0.01
mm +0.10 +0.09

Circularity 130 mm | 0.20 mm | 0.14 mm

Straightness | 850 mm [ 0.40 mm | 0.30 mm

6 CONCLUSION

We could establish the fabricationand the surface
treatment techniques afon-axially symmetricsquashed

The flow-forming method is one of the spinning forming¢ell shapesuperconducting Nb cralzavities and the

By sliding and rotating thé¢hreerolls along the material
which is clamped tothe mandrel atthe tailstock (see
Fig.5.), the material iselongatedand formed &hin pipe.
With  this method, wecan obtain good thickness,
circularity and straightness control of pipe.
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simplified co-axial Nb coupler for KEKB. Especially the
hydro-forming methocdand the flow forming nethod are
applicable to half cell and accuracy beam pipe.
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