5. Fabrication of SRF Niobium Cavity
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B Beam tube fabrication
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Overview on cavity fabrication

Cavity
(9 cell TESLA/TTF design)

A

End group 1 End group 2

Dumbbell

Nb-Blech Nb-Blech
Normalhalelle Normalhalbzelle

Cavity fabrication and preparation sequences
for the TESLA / TTF cavities at DESY

1st ILC workshop at KEK Tsukuba Japan
A.Matheisen
for DESY and the TESLA Collaboration



Grouping of fabrication process

By A. Matheisen

EBW Assembly

1 pieces ' piece

Dumbbell

END group-2
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Half Cells

1300MHz Beam pipe flange

Beam pipe

Half cell
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Fabrication Flow:Ig}k

MATERIALS
(NIOBIUM )

| BEAM TUBE FABRICATION| [ ASSEMBLE CAVITY |

%

No FLANGES Nb SHEETS
#1O2X#T6X1 15 12.5%280%280%3shacls
RRR=80 RRR=180

S\IPPVth by Tokye Denkai, Ltd.

[HALF-CELL FABRICATION |

(D FORMING OF HALF-CELL
(Deep Drawing)
!}Frlllur:lﬂ(ﬂ'oN

Nb sheel (12.5X%#280)
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(® DISASSEMBLE FROM THE TRIM JGS

(D FORMING OF REAL CIRCLE
|
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(D CLEANING OF THE PARTS
CHEMICAL POLISHING(C.P)

(® waLDiNe oF cELL

A).POINT E.B.W
E.B
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B).E.B.W OF THE EQUATOR SECTION
(INSIDE)
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KEK in-house experience with 9-cell cavity (Ichiro 9-cell)
Fabrication of half cell

Pressing Nb plate 56 half-cells were pressed |n a few hours
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After trimming -y After pressing



Niobium Materials

Nb material cutting
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Dies for Deep Drawing
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Deep Drawing

80t 7 L A for 2.5t Nb half cell (1300MHz)

Press
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Deep Drawing




Elongation

_ocal Elongation

Jj Max. 20%
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Improved Trimming Shape

So far, KEK takes CBP 100-200um to make smooth
the equator EBW seam. It Is time consuming process.

KEK  beam

beam

Cornell type

0.25mm 7

Needed CBP ~10 times Maybe CBP only twice!?

Cornell trimming shape is so useful to smooth the EBW seam.
KEK has successfully reconfirmed the trimming shape
with single cell cavities. We will test CBP soon.
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Improved Trimming Shape




Count

Count

Dimensional measurement

Machining error: 50um

Regular cup
height

- 1mm ¢
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sprlng ack: -

ol — _ . . EBW shrinkage
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Rolling of Beam Pipes : ER/\ATDIFE

" NbRE: 4t ~ 6t
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Rounding

After EBW
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Completed Niobium Tubes
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HOM Couplers before EBW

11-13/May/2011
K.Saito



Parts for END Group
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Design of new END base plate

He tank: SUS316L TIG welding

/ High Mn steel
| E"::::--v._
Ti -

Brazing — |~ Nb EBW
— __cf.h__ - =] 1 -
Welding method is an 2L 8
important R&D issue. H ,2 =
¥ ‘L_ ol
Jr/ lf
S B
p= '30 =
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Cure for the thermal stress at the base plate

By H.Yamaoka High Mn steel

Nb/Cu/SUS316L Nb/Ti+SUS316L Nb/Ti+High Mn steel

Stress concentration Thermal expansion coefficient

A B C D _ Jpe e [E-B/K]
@ ="300-77
[MPa] | [MPa] | [MPa] | [MPaq] SUS316L 16.0
Nb/Cu/SUS316L 250 | 500 | 500 cu 170
Nb/TI/SUS316L 100 100 200 4TI High Mn steel 9.8
Nb/Ti/High Mn Steel 100 100 200 80 Ti 8.4

Nb 5.0




END half cells and He Vessel base plate
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EBW of END Group
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Optimum location for stiffener ring against Lorentz detuning
Eacc=38MV/m by H.Yamaoka

MX

TIME=1 X Usum (AVG)
USUM (AVG) ,/’/'>/47M¥‘*\‘\\\ RSYS=0

RSYS=0 DMX =.123E-06

DMX =.139E-06
SMN =.273E-08
SMX =.139E-06

SMN =.241E-08
SMX =.123E-06

R61mm
Minimum def.

USUM (AVG) —— X EZ%—O (AVG)
RSYS=0 =

DMX =.134E-06 DMX :.136E—06
SMN =.143E-08 SMN :.447E—08
SMX =.134E-06 SMX =.136E-06

. B (Unit: m)
To -400E-07 .800E-07 -120E-06
.200E-07 .600E-07 -100E-06 -140E-06
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Electron Beam Welding (=2WV) D
In KUROKI corporation Bean ) <
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1688 ril 2005

Insert
Dumbbell with Pull and extend dumbbells into the iris part of
stiffener-ring to insert : dumbbell.

after EBW. => EBW (dumbbell + ring)



EBW Conditions with NEC Machine
High Voltage Type

KEK Data

200
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Dumbbells and END Cups

346



Example of inspection (Frequency check) @ DESY

K.Saito
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END Groups
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Nb/SUS bonding by HIP
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HIP Bonding
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Beam Tubes and Flanges
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Aluminum Seal SUS Flanges

SUS Flange
(YY)
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EBW Assembly of Cavity

EBW of | EBW of - n-| Sipes with
Beam - and

Four 9-cell ICHIRO high-gradient
LL Cavities were successfully
delivered to KEK ! (4 July 2005)

EBW of
and



Completed Ichiro 9-cell Cavity
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CERN 352MHz Cavity

LEP-II 352MHz Copper half cell before Nb coating
niobium bulk cavity (electropolished)
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Steeper Q-slope in Nb coated cavities

Saclay 1500MHz

$1-08-C1
S$1-10-A2
S1-10-B1
S1-11-A
S1-11-B1

11
10 :1 T LI

<P epe

QO

- 1 Figure 4: Cross sectional FIB images of niobium films on
5 1 oxidised (left) and oxide-free (right) copper substrates
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Eacc (MV/m)

Q-slopeDRAIE. EEOMMEgrainicHdEEFEZ N TILVS,
T, BEBRO|AAENGEINATNSEN, HETIEILZESES,
TESLAD & > BEEBRIE. SO OEMTITIRAFHEL L,

11-13/May/2011 RAYMEBREZERESRESR/— 357
K.Saito 2011




Bonding Technology

Bonding technology T BN Nb/Nb
Nb/other
Argon welding (ITG) 7T, fE ?
[ Rlokay NO
Qo {1t LR TR E NO
[ Rokay YES
EBW HZErh, JBH. YES
IR Aokay NO (except for Ti)
Hot isotatic pressing BE-SERR. B YES
(HIP) YES
L—H— a5 RRU7 T ?
R EEE o
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2410

Nb Coating Method at CERN

L FREON INPUT

_ o i .
[ i | CERN DC magnetron sputtering
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5. Summary

o ZATEBEEEROBEROEERFTEZRLE=,

o BFE—LBELNE. REMIFDLETIESE
BiTDESHERTH S

- ZREFBREHETHS.
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