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Hydroforming, Spinning

Proof of principle is done
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Progress in superconducting joints is
beneficial for the seamless option
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NbZr — cavity quenched at 42 mT, a
sufficiently high enough magnetic
field for a superconducting joint
configuration

Make possible produce the cavities consisting of a rotationally symmetric cells part
(by applying “seamless” fabrication technologies ) and asymmetric end groups

DEVELOPMENT OF A SUPERCONDUCTING CONNECTION FOR NIOBIUM CAVITIES. P. Kneisel, G. Ciovati, J. Sekutowicz, A. Matheisen,
X. Singer and W. Singer. PAC 07 June, 25-29, 2007, USA (WEPMSO062 )

For more see P. Kneisel etc. Poster TUP56
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Spinning (V.
Palmieri, INFN)

First spun 9-
cell cavity

New spinning machine.
The two spinning
turrets (revolver heads)
work one against each
other.
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DESY: Z145: 9-cell as 3x3 cell cavity
hydroformed. Poster TUP52
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Work was supported by CARE
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Fabrication steps of 9 cell cavity by hydroforming as
option 3x3
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The 9-cell hydroformed cavity was
completed at E. ZANON

Fabrication included following steps:

 Fabrication of the long and short end groups connected with three cell units
» Machining, preparation and welding of three units together in a 9 cell cavity
(two iris welds done from outside)

» Machining, preparation and weld on of the stiffening rings

The cavity in in preparation for the RF test at DESY
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Seamless technique by hydroforming

Principle of tube diameter reduction in the iris area = .
(necking) Necking equipment
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Principle of hydroforming : |
Hydroforming machine
HYDROFORMA
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Some key ideas that have been decisive for
hydroforming success

——

Principle of diameter reductionin ~ Synchronization mechanism for
the tube end and in the tube middle the final step of hydroforming
‘ |

Nonsymmetrical mould
for hydroforming
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Second hydroformed 9-cell cavity
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Insid-e surface after CBP

Three cell units for second cavity are in work on CBP at DESY.
FNAL would like to work with that cavity after it completing

Barrel polishing, 800° C annealing, EP (KEK recipe) seams to be a
most appropriate treatment for seamless cavities
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Single cell NbCu cavities produced
earlier at DESY by hydroforming
from KEK sandwiched tube.

Four double cell NbCu clad cavities
produced at DESY from KEK tubes

(no cracks on the inside surface)
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DESY-KEK

Fabrlcatlon of NbCu clad cavities

One NbCu sandwiched cavity was
tested NSC-3.

Hot roll bonded tube fabrication at
Nippon Steel Co., hydroforming at DESY,
Preparation and RF tests at KEK

® o NSC-3 Cavity (Nb/Cu Clad )
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NSC-3: Barrel polishing, CP(10 mp),
Annealing 750°C x 3h, EP(70 um) K.Saito



Up to now only sandwiched tube. Cu layer on both sides
prevent creating of cracks in Nb; removing of inside Cu
layer after forming chemically (costly)

DESY proposal: Using special Cu with hlgh recrystalllzatlon

Microstructure of Cu0.15%Zr
(left) and Nb (right) after
annealing at 800° C for 2

M | [ -hours. V @
Stress —strain behavior | ” ) The Cuo. 15%Zf
and thermal conductivity -~ shows a high
of Cu0,15%Zr after elongation after
annealing at 800" C for - annealing at 800° C,
2 hours compared with T small and rather
Cu and Nb. [ Cuz015,500C 2051 = Cwzi0.15,8000 7052 |
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aging at ca. 400° C/one hour. Zr leaved the  for replacing of pure
solid solution and creates precipitates Cu in NbCu clad
Cu:Zr finely distributed in Cu matrix tubes
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Cu only outside: Cu0.15%Zr special Cu with
high recrystallization temperature

s Single cell cavities produced from Nb/
NbCu0.15%2Zr tube, produced at Cu0.15%Zr clad tube
Company NU-TECH Precision P. Kneisel is willing to do the preparation

Metals (Canada) and RF test after cavity completing
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Nb/Cu Clad Seamless Cavity
(Necking Machine & Hydro-forming Machine)

Roller
Collet Chuck

ILC activities provided a new push for seamless
option. KEK (K. Ueno, K. Saito)
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Necking Machine for 9-cells cavity
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KEK hydroforming machine. Upgrade from 3
cell to 9-cell hydroforming is in work
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Hydroformed multi cell Cu cavities of ICHIRO shape
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Chris Compton
Looking to Industry for the answers
Don’t get technical, “build my widget”
» US mdustry with 125 year of experience

» Formed similar products, Bellows
» Dies inexpensive, easy to fabricate and modify

Guiderods  Niobium cavity

Sliding clam-shell
dies

Hydraulic pressure tap

Cavity after hydro-forming
Prototype copper 2.45 GHz (reduce initial costs)
- annealed (700°C, 1 hr > 50% elongation (Nb ~ 55%)
- starting wall thickness: 0.125”

% Advancing Knowledge. POSter WE POl
: TIRREEE YRR [ransforming Lives.
) NSCL
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Hydro-forming Samples

One step ~3000 psi, with axial force
 Thinning observed at
equator (0.1257 —0.08”)
» Little thinning at Iris, showing
material to swag/groove to smaller
diameter
« Some “orange peeling”

observed at equator

I EREANENERA [ransforming Lives.

@ é ISIIINNES VNNl Advancing Knowledge.

NSCL
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R. Crooks
Black Laboratories — ATlI Wah Chang - Florida State University

Plan:

« Homogeneous, fine-grained,
tube for hydroforming

Progress to date:
» Bulk processed, RRR Nb billet

I::> { « Fine-grained, equiaxed

» 94% Recrystallized
Scheduled (Spring '08):

* 150 mm diameter RRR tube

101

Inverse Pole Figure,
SPD + Recrystallized

BLACK LABORATORIES
DOE SBIR DE-FG02-04ER83909 Lit
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Alternative ideas: Cavity fabrication from smgle
crystal tubes v

Proposal of E. Palmieri: Single
, crystal cavity fabrication from back
: _f it extruded single crystal tubes by
] spinning or hydroforming

Seamless tube
fabrication by back
eSS~ extrusion.

ittt “Ausstofler
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Proposal of R. Graham (Wah Chang): Single crystal cavity fabrlcatlon
from single crystal tubes produced by EB floated zone method

Tubular melt stock

| " anode * EBFZ on tubular melt stock
1 *May be able to produce a single crystal tube
: J *Thin wall contains molten zone
’% A i w Surface tension may be able to support
I T
\

W filament . " &
(cathodey™ molten metal column
M « Benefits of zone refining
*Tube could be hydroformed or spun to cavity shape

W. Singer. Seamles% Cavities. 13th International Workshop on RF Superconductivity, October 15-19, 2007, Beijing, China




Welded single crystal tube ‘ />

In the appropriate EB welding the single crystals grow together "

EB welding’seam
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Left grysial: Right crystal I/- _\I
\
EB welding
connection
X-Ray reflexes are the same in both welded together crystals and in the welding seam YY
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|

Single crystal tube fabrication:

* Rolling of the single crystal with intermediate
annealing,

» EB welding with matching of the orientation, welding WN'\

 Cavity fabrication by e.g. hydroforming L\\JW
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Conclusions

1. Proof of principle is done. Eacc of 40 MV/m Is
achieved. 9-cell cavities are produced

3. More effort should be put into industrialization of
seamless technique.

3. Seamless activities have newcomes with new
iIdeas e.g. hydroforming or spinning of the single
crystal cavities
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