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IFMIF/EVEDA Cryomodule: Overview
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 Eight superconducting cavities and solenoids
cooled with liquid helium

 Design pressure: 0.15 MPa (1.5 bar)

 Operating pressure: 0.125 MPa

 Operating temperature: 4.45 K

 Cryomodule designed by CEA (except
superconducting solenoids under the
responsibility of CIEMAT)

 Individual components manufactured and
qualified in Europe

 Assembled and installed in Japan at QST
Rokkasho Fusion Institute
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Organization
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 The IFMIF/EVEDA Project is part of the ITER Broader Approach:

 F4E / QST = Implementing Agencies

 The Implementing Agencies are responsible for managing the European
and Japanese contributions

 QST: Quantum and Radiological Science and Technology

 F4E: Fusion for Energy

 Actors involved in the licensing of the IFMIF/EVEDA cryomodule:
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Licensing Strategy
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 Cryogenic fluid inside the IFMIF cryomodule the components must comply with High Pressure Gas Safety Law (HPGSL)

 All licensed components are subject to the approval of Aomori Prefecture before installation of the cryomodule in
Rokkasho (application form submitted by QST)

 Strategy negotiated with the Japanese authorities: design, fabrication and tests of all the cryomodule components
according to ASME BPVC (Boiler and Pressure Vessel Code) or B31.3

 Due to the use of non referenced ASME materials (Nb, NbTi) and complex geometry of the cavity, prior evaluation by the
High Pressure Gas Safety Institute of Japan (KHK) was requested

 
Cavity in niobium 

Pick-up 

HPR ports 

Helium tank in titanium 

Beam pipe 
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Licensing of the Cavity
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 The licensing procedure for the superconducting cavity started in December 2013 with the Japanese Authorities

 7 meetings with KHK were necessary prior to the official submission in June 2015 to agree on requirements for the
items non-compliant with the Specified Criteria of the Refrigeration Safety Rules:

List taken from: “Pressure Vessel Code for IFMIF”, 
A. Kasugai, presentation at TTC meeting, 2016 
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Licensing of the Cavity
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 Because of the non referenced materials, mechanical tests were required on Nb-Nb, Nb-NbTi, NbTi-Ti, Ti-Ti weld
samples

 QST performed tensile strength tests and Charpy impact tests at warm and cold temperatures to validate the use of
niobium, niobium titanium alloy and titanium for the superconducting cavity

Slide taken from: “Pressure Vessel Code for IFMIF”, 
A. Kasugai, presentation at TTC meeting, 2016 
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Licensing of the Cavity
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 Several additional meetings with KHK were needed between the official submission in June 2015 and the formal
approval of the Application Form on March 18th 2016
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Impact of the licensing on the design
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 The RF design of the cavity was validated in 2012 with the qualification of the prototype

More details in “Cavity development for the linear IFMIF prototype accelerator”, N. Bazin, presentation at the 16th International Conference on RF
Superconductivity (SRF2013)

 The mechanical design of the niobium cavity, the niobium-titanium flanges and the titanium helium tank was
redesigned according to ASME BPVC Section VIII and additional requirements from KHK:

 FEM (Finite Element Method) Analysis taking into account many load cases, including the force induced by the frequency tuning
system at cold.

 Stress analysis reviewed by a Lloyd’s register third part inspector.

Example of FEM analysis included in the 
Application Form
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Impact of the licensing on the manufacturing
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 The call for tenders for the manufacturing of the superconducting cavities was launched even if discussions with KHK were
on-going and requirements not all fixed:

 Because the manufacturing drawings with the location and types of the weld were needed for the Application Form as well as the
control plan

 To stick on the schedule of the project

 Contract signed end of 2014 with the cavity manufactured that procured in the following months some documentation:

 Final cavity manufacturing drawings (with welding location and symbol with welding details)

 Quality control plan with visual and dimensional test report and pressure test procedure

 Welding book with WPS (Welding Procedure Specification) and PQR (Procedure Qualification Record)

This allowed to take a leap forward on the licensing with KHK
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Impact of the licensing on the manufacturing
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Weld ID
Weld 

description
Materials

Weld 

penetration

Weld 

process

Joint 

category
Weld type

Joint 

efficiency 

ASME

Joint 

efficiency

HPGSA

Joint 

efficiency

Used

PQR

RT

PQR

PT, VT

PQR

Tensile

PQR

Bending

Production 

Sample

RT

Production 

Sample

PT, VT

Production 

Sample

Tensile

Production 

Sample

Bending

Product

PT

EB1 
Longitudinal 

body
Nb – Nb Full – 3 mm EB A 1 0,85 1 0,85

EB3 EB4
Longitudinal 

cone
Nb – Nb Full – 3 mm EB A 1 0,85 1 0,85

EB5 EB6
Cone to central 

part
Nb – Nb Full – 3 mm EB B 1 0,7 0,7 0,7

EB7 Cone to torus Nb – Nb Full – 3mm EB B 1 0,7 0,7 0,7

EB8 Body to torus Nb – Nb Full – 3mm EB B 1 0,7 0,7 0,7

EB9 EB10
Body and cone 

to torus
Nb – Nb Full – 3mm EB B 1 0,7 0,7 0,7

EB12
Body to 

coupler flange
Nb – Nb Full – 3mm EB B 1 0,7 0,7 0,7

EB13
Longitudinal 

coupler flange
Nb – Nb Full – 3mm EB A 1 0,85 1 0,85

EB23
Body to pick-

up
Nb – Nb Full – 3 mm EB D 1 0,7 0,7 0,65

EB25 

EB26 

Body to beam 

port
Nb – Nb Full – 3 mm EB D 1 0,7 0,7 0,65

EB14 

EB15
HPR to torus Nb – Nb Full – 3 mm EB B 1 0,6 0,7 0,6

EB16 

EB17
HPR to torus Nb – Nb Full – 3 mm EB B 1 0,6 0,7 0,6

EB25b 

EB26b
Beam port Nb – Nb Full – 5 mm EB B 1 0,7 0,7 0,7

EB18 

EB19 

EB20 

EB21

HPR to flange Nb – NbTi Full - 6 mm EB C 7 1 0,7 0,6

EB22
Coupler to 

flange
Nb – NbTi Full - 6 mm EB C 7 0,85 0,95 0,85

EB24
Pick-up to 

flange
Nb – NbTi Full - 6 mm EB C 7 0,7 0,7 0,7

EB27 

EB28

Beam port to 

flange
Nb – NbTi Full - 6 mm EB C 7 0,6 0,7 0,6

L1 L2
Longitudinal 

body
Ti – Ti Full – 3 mm TIG A 2 0,65 0,9 0,65

C1 C2 Flat head Ti – Ti Full – 3 mm TIG C 2 0,7 0,7 0,7

L3 L4 L5
Longitudinal 

port
Ti – Ti Full – 3 mm TIG A 1 0,65 0,65 0,65

C3 C6 Body to port Ti – Ti Full – 3 mm TIG D 7 1 0,7 0,7

C4 C5 Body to port Ti – Ti Full – 3 mm TIG D 7 1 0,7 0,7

C7 He in and out Ti – Ti Full – 3 mm TIG D 7 1 0,7 0,7

 C8 He in and out Ti – Ti Full – 3 mm TIG D 7 1 0,7 0,7

C9 C10 

C11 C12
HPR to flange Ti – NbTi 2 mm TIG C 7 0,6 0,7 0,6

C15 C16 

C17 C18
Port to flange Ti – NbTi 2 mm TIG C 7 0,6 0,7 0,6

Inspection requirement to eliminate Product PT from KHK
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 required
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Not required
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Not required

Mandatory

 required

Mandatory

 required

 Thanks to the documentation provided by the manufacturer, it was possible to discuss with KHK on the tests to perform on
each weld of the niobium cavity and helium tank. The list was agreed end of 2015.

RT: radiographic control using X-rays

PT: dye penetrant test (using on 
welds of the helium tank)
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Impact of the licensing on the manufacturing
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 Qualification of the welds according to ASME (with a Lloyd’s register third part inspector).

 Early 2016, an issue in the weld qualification of the NbTi flange on the niobium cavity led to design and manufacturing
process changes. Additional niobium material was required, which delayed the production for several months.

Design change Manufacturing process change

 Meanwhile, a pre-serie cavity was manufactured (without all the licensing requirements) and fully qualified second half of
2016.
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Licensing of the cavity: summary
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 The licensing of the superconducting cavity was not straightforward!

 The licensing frame was not well defined at the beginning of the project. It led to several design changes, some during the
manufacturing of the components.

 The licensing activity has been an unexpectedly time and resource consuming activity to perform the numerical
simulations, deal with the many questions raised by KHK, prepare and test the samples and complete the application form.
It also induced hold points and delay in the cavity production that were difficult to anticipate.

 Thanks to the collaborative work between CEA, F4E and QST and the strong involvement of the cavity manufacturer, the
Application Form was approved in March 2016.

 Once all the requirements have been well defined and the pre-series cavity fully qualified, no licensing issue occurred
during the production of the eight series cavities. In addition to the tests presented earlier:

 Production Test Coupons (PTC) for each WPS.

 Pressure test witnessed by a Lloyd’s register third part inspector.
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Licensing of other components
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 Because of the materials (stainless steel or aluminum) of the other components of the cryomodule, prior evaluation by the
High Pressure Gas Safety Institute of Japan (KHK) was not needed and the licensing frame was well defined:

 Additional requirements to be compliant with the Refrigeration Ordinance of HGPSL, but easy to overcome because
standard: calculation notes, radiographic examination and dye penetrant test of welds, pressure test witnessed by a third
party inspector, production test coupons …

 U-stamp not required.

 The manufacturing documentation and the test reports are part of the Application Form submitted to the Aomori
Prefecture prior to the installation of the cryomodule.

Component Licensing procedure Code

Phase Separator YES – Pressure vessel
ASME BPVC Section VIII Div.1

Solenoid vessels (CIEMAT) YES – Pressure vessel

Current leads assembly (CIEMAT) YES – Piping

ASME B 31.3Cryo-piping, thermal shield piping YES – Piping

Power coupler (outer conductor only) YES – Piping

Vacuum vessel NO – ΔP < 0,1 MPa x
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Applicable Tests

14

 The list of applicable tests for every component was a compromise between the Japanese Industrial Standard (JIS) used in
HGPSL and the use of the components in the cryomodule:

 Indeed, to avoid liquid contamination of the cavity beam vacuum, it was negotiated not to perform dye penetrant test on the beam
vacuum piping and to follow the non‐destructive tests required in ASME Sec. VIII Div. 1 in addition to radiographic tests.

 For the other components (components of the cryogenic circuits): radiographic tests and dye penetrant tests.

 Welding qualification according to ASME BPVC Section IX or ASME B31.3 (WPS, PQR, PTC…)

 All components were leak tested and pressure tested with test factor higher than the one required by ASME:

 Hydrostatic test: 1.5 (ASME: min. 1.3) time the maximum allowable working pressure (MAWP).

𝑃𝑡𝑒𝑠𝑡= 1.5 × 0.15 = 0.225 𝑀𝑃𝑎

 Pressure test: 1.25 (ASME: min. 1.1) time the MAWP if there is a reason to avoid water contamination.

𝑃𝑡𝑒𝑠𝑡= 1.25 × 0.15 = 0.187 𝑀𝑃𝑎

 Hydrostatic test or pneumatic test witness by a third party inspector.

 Leak test witnessed by an in-shop inspector.
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Lessons Learnt
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 In order to avoid delays and extra costs, it is mandatory to define the licensing frame with the requirements
and the precise list of tests to be performed during all stages of the project.

 For the same reason, qualification procedures and tests must be anticipated in order to purchase the material
in addition to the one needed for the production.

 For the cavities, it is mandatory to involve the manufacturer at the beginning of the discussions with the
Japanese authorities. The hold points to wait for approval of licensing documents must also be known to be
anticipated.

 Because of the back and forth communication between the designers, the manufacturer and the Japanese
Authorities, collaborative work between the European and the Japanese teams is one of the keys of the
success.


