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Abstract

In this paper we present the approach for the
development of bulk niobium re-entrant type 350 MHz
SC RF cavity. The work is a part of development of a 10
MeV prototyping phase of the proposed Proton LINAC
(PPL) being pursued by Centre for Advanced Technology,
Indore (India). 350 MHz Cavity has been designed using
SUPERFISH and structural analysis has been done by
ANSYS [1]. It is proposed to adopt the bulk niobium
approach for double wall cavity. Various stages during
development have been investigated that will include
specid infrastructure & systematic stage inspection &
testing.

INTRODUCTION

For the low energy regime of the PPL (4.5 MeV to 100
MeV) it has been decided to pursue both SC & NC
option. For the SC option Spoke and Re-Entrant type
cavity are candidate options [2], [3]. To begin with we
have done initial study for Re-entrant type of design. The
RE cavity inner & outer vessels will be produced by deep
drawing techniques followed by electron beam welding.
The inner vessel will be made from high RRR Nb (>180)
while the outer vessel will be made using low RRR Nb (~
30). The transition metal joints required for the
demountable flanges, which are to be welded to Nb ports
will be a tried using explosion bonded Nb-SS sheets as
well as by Vacuum brazing technique.

CAVITY FABRICATION

Fabrication of cavity involves various stages requiring
close interaction between press shop, machine shop, EB
welding, chemical cleaning and high pressure rinsing
(HPR) station. Various stages for the complete cycle are:
Deep drawing, weld joint, EB welding with intermediate
cleaning, high temperature (HT) vacuum annealing,
coarse tuning, leak check and lastly high pressure rinsing
prior to final assembly in a clean room. Table -1 shows
the main parameters of the single gap RE cavity. Fig-1& 2
shows the SUPERFISH and ANSY S model for the same
respectively. Fig-3 shows the deformation of cavity under
vacuum load with 2 bar helium pressure at operating
temperature of 4.5 K. Fig-4 shows the engineering
drawing of the cavity and fig-5 shows various stages of
fabrication of outer and inner vessel.
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Fig-1 Fig-2
Table-1: Parameters of the 350 MHz re-entrant SC cavity
SNo. Parameters
1 Resonant frequency 350 MHz
2. | B 0.20
3. Material Nb
4, Eo 1 MV/m
5. Qo 5.6x10°
6. Power dissipation ( E;=1MV/m) 544 mW
7. Z sh (effective) (at design p) 2.18x10°MQ/m
8. | Bme/E ma 1.09 mT/(MV/m)
9. Ema/Eo 52
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Considerable R&D efforts will be necessary to finalise
the process and various parameters. Development of

Fig-4

PROCESSING SCHEME

cavity fabrication is planned in two stages. [4],[5],[6]

A. Technological process investigation qualification:

Material

Chemical composition, physical properties
Structural and surface condition
RRR (measurement with dedicated test set up)

Forming

Forming tool material, size calibration

Checks on press form parts for contamination of

surface after forming
Weld Joint qualification

Joint design

EB weld parameter finalization using coupons.

Transition joint

Joint mechanical strength
Ultrasonic inspection for flaw detection
L eak testing after thermal cycling

Sedling

Metal wire seals & leak investigation with effect of
thermal cycling
Chemical Cleaning,
process qualification.

HP rinsing,

HT anneding
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Figs

A flow chart showing various stages of activities

involved:
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Forming & machining of

cavity parts

Press tools jigs /
fixtures

inspection, cleaning

Surface checks & geometry
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Weldment
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EB welding of
cavity halves,
stiffeners & ports

Geometrical inspection

special chemical

cleaning, leak testing &

quick RF test

Transition joints
Nb-SS (Explosion
bond)

<>

Special flanges &
seals

Optical endoscopic
inspection of cavity
internals

HT vacuum annealing

| Helium leak test at RT |

RF antenna & Low power RF test Cryostat &
characterization &> at4.2KinlLHe [e—> thermometry
instruments bath & He leak for cavity
test

Assembly of He Helium Vessel
vessel, ports & |€— halves
flanaes EB weld
Chemical cleaning
Special & Leak Test
mechanical fixture
for plastic RF antenna &

deformation | €—>| Coarse tuning |&> | characterization

tuning of cavity instruments

DI water 80
bar HPR unit <>

Tuner drive
controller

High pressure
ultra pure water
rinsing

Special jig and
jet for cavity
internals

He leak test [—>

—

Assembly of
couplers & valves in

\J/ 100 class clean area
Tuner assembly
& tuning . RF test
instruments

sensitivity check

B. Cavity fabrication & stage inspection & testing
Two halves forming, trimming & pullouts for ports
e Geometrical inspection
e Surface checking
e Weldfitment
e Chemical cleaning
EB welding of inner vessel
Leak test & initial RF test
Outer vessel welding and leak test
Coarse tuning with plastic defarmation
HT annealing and leak tests
Chemical cleaning
HPRinsing & leak tests
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PROPOSED PLAN FOR  FABRICATION AND TESTING FACILITY  FOR DEVELOPMENT OF SCRF CAVITIES

ALL DIMENSIONS ARE IN METRES.

e Cleanroom assembly
e Full power RF Test at 4.2K
SPECIAL INFRASTRUCTURE
Cavity fabrication requires variety of special

infrastructure. We have estimated initial specifications for
the major facilities as below:

EB Welding machine: Electron Gun Beam Power -15
kW, Operating Voltage 20-60 kV, Beam Current - 0-250
mA. High temperature vacuum Annealing Furnace: Hot
zone size = @ 1000 mm x 1250 mm (H), Operating
temperature = 400 - 1300 °C with controls, Cooling /
heating cycles, Vacuum level at 1200 °C = 1 x 10  Torr.
HPR station: Ultra pure DI water at 80-100 bars pressure
& 5-10 Ipm with suitable fixture / jets for cavity internal
cleaning. Chemical cleaning Degreasing with Ultra Sonic
agitation, (with BCPfacility) and clean room class 1000 &
100 of desired dimensions, cryostats for testing & cavities
for 4.5K integrity. [7] Figure 6 shows the layout for the
prototype fabrication and test facility.

CONCLUSION

The preliminary investigation and studies have paved
the way to initiate the development of prototype
fabrication of RE cavity and all related infrastructure.
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