
Rokkasho Fusion Institute (BA Site)

Linear IFMIF Prototype Accelerator (LIPAc)

HEBT

RFQ

Injector

MEBT Extension Line
MEBT

Beam 
dump

D-plate

KASUGAI Atsushi
Rokkasho Fusion Institute, National Institutes for Quantum Science and Technology (QST)

TTC 2022, TESLA Technology Collaboration, Jan 25 – 27  2022 (online)



2

A.Kasugai, K. Kondo, K. Masuda, M. Komata, T. Ebisawa, K. Kumagai, 
K. Hasegawa

G. Phillips, H. Dzitko

P. Cara, M. Sugimoto, D. Gex, B. Renard 

E. Kako, H. Nakai, K. Umemori, H. Sakai

N. Bazin, S. Chel

Contributors

26/01/2022 TTC 2022, Tesla Technology Collaboration, Jan 25 – 27,  2022 online



326/01/2022 TTC 2022, Tesla Technology Collaboration, Jan 25 – 27,  2022 online

Scope of Application in SRF Linac and cryoplant
SRF Linac and HWR Cavity
Cryoplant

Licensing of SRF Cavity in Japan
Licensing Strategy
HWR Application

Summary and Future Schedule

Outline
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He Compressor Unit +
Oil Removal System

Cold Box, Dewar, 
Room Temperature Valve Panel

LN2 tankMain Cryogenic Transfer Line, 
Safety lines, GHe lines

SRF LinacValve box

Cold box(103W, 52 l/h) & 
He Dewar (2000 l)

Cryoplant & SRF System 

26/01/2022 TTC 2022, Tesla Technology Collaboration, Jan 25 – 27,  2022 online

He GAS Buffer Tank: 50m3x2
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Cavity
Solenoid

Power coupler

Cavity pumping line

Cavity string, Cold mass

SRF Linac and Cavity 

D+ beam
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SRF linac
accelerate a 125 mA D+ beam in 
CW operations from 5 to 9 MeV

ü LIPAC SRF Linac: full-scale and operational cryomodule 
ü Transport and accelerate D+ beam from 5 MeV up to 9 MeV 
ü 6 m long, 3 m high and 2.0 m wide, 12.5 tons
ü 8 superconducting HWRs working at 175 MHz and at 4.45 K
ü 8 Power Couplers
ü 8 Solenoid Packages as focusing elements
ü Reference for the realization of the IFMIF
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High Pressure Gas Safety law

High Pressure Gas Safety enforcement law

General High Pressure 
Gas Safety Rule

Refrigerator system 
Safety Rule 

Special facility

High Pressure Gas Safety Association （KHK）
Standard, Inspection, Pre-review, etc.

Ministry of Economy, Trade and Industry: standard

General refrigerator Cryostat Special facility

(Refrigerator Specified Criteria )(General Specified Criteria ) (Special facility Specified Criteria )

High Pressure Gas Safety Regulation in Japan

26/01/2022 TTC 2022, Tesla Technology Collaboration, Jan 25 – 27,  2022 online
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General High Pressure Gas Safety
Regulation

Refrigeration Safety Regulation

Safety Management 
Structure

- Safety management structure is 
required.
- Appointment of responsible persons 
for every  watching shift 

- Appointment of a responsible person for 
safety management
- No safety management structure is 
required

Monitoring - 24 hour monitoring is required. - 24 hour monitoring is not required.

Facility Inspection - Every year
- Self inspection with disasembling

- Every three years

Licencing Application - Whole factory, institute
- Government (KHK)

- Each machine
- Local Government

Configuration - Opened & separate system & loop - Closed system & loop with cryosystem

Facility - Other SRF facility - LIPAc, JT-60SA, LHD, Riken

General & Refrigeration Regulation in Japan

26/01/2022 TTC 2022, Tesla Technology Collaboration, Jan 25 – 27,  2022 online
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Licensing Strategy

Basically, Refrigeration Safety Regulation was applied in IFMIF/EVEDA

Ø The structure of the HWR is complicated. 
Ø Some parts in the design and production of HWR cannot conform 

to the Specified Criteria of the Refrigeration Safety Rules. 
Ø Basic consensus that the design and production shall conform to 

ASME Sec. VIII Div.1 (2010) from the viewpoint of international 
cooperation in IFMIF/EVEDA project.

Some parts in the design and production of HWR cannot conform 
to the Specified Criteria of the Refrigeration Safety Rules.

Japanese High Pressure Gas Safety Law basically does not 
approve ASME criteria! 

We request prior evaluation related to the critical items in the 
Specified Criteria of the Refrigeration Safety Rules to KHK.

General HPG
Safety Rules

Open 
loop

All closed loop

Refrigeration 
Safety Rules

Cavities

Prior evaluation
by KHK

26/01/2022 TTC 2022, Tesla Technology Collaboration, Jan 25 – 27,  2022 online
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Pressure vessels as per ASME BPVC 
Sec. VIII Div.1 §U-1

Internal diameter > 6 in. (152 mm)

Piping as per ASME B 31.3
Internal diameter < 6 in. 

– Cryogenic fluid inside the IFMIF cryomodule è Must comply with the Japanese regulation: High Pressure
Gas Safety Law (HPGSL).

– Strategy negotiated some additional manufacturing tests with the Japanese authorities : design, fabrication
and tests of all the cryomodule components according to ASME BPVC or B31.3.

– All licensed components are subject to Aomori Prefecture approval before installation of the cryomodule in
Rokkasho. (especially cavities, such as material, structure, welding and inspection)

Component Licensing procedure Code

Cavities YES – Pressure vessel

ASME BPVC Section 
VIII Div.1

Phase Separator YES – Pressure vessel

Solenoid vessels
(CIEMAT)

YES – Pressure vessel

Current leads
assembly
(CIEMAT)

YES – Pressure piping

ASME B 31.3
Cryo-piping, 

thermal shield
piping

YES – Pressure piping

Vacuum vessel 
/thermal shield NO – ΔP < 0,1 MPa x

ASME and HPGSL in Japan

Pressure 
Vessel

Piping

Cryostat

Japanese regulation

Vessel  > 160 mm in 
inner dia.

Piping  < 160 mm in 
inner dia.

26/01/2022 TTC 2022, Tesla Technology Collaboration, Jan 25 – 27,  2022 online
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Materials:      Nb   ,    NbTi and Ti
Nb and NbTi are not listed in ASME BPVC

also Japanese Standard

Cavities are considered « Pressure Vessel » as per 
ASME BPVC Section VIII Div.1. (LHe in the cavities)

- Necessity to perform several analytical calculations + numerical simulations: stress analysis with finite element method,
calculation of stresses in welded flanges…

- Tests samples for Nb, NbTi and Ti to determine tensile properties and Charpy impact energy at 4.45K. 
- Application form submitted to KHK (High Pressure Gas Safety authority in Japan) for the cavities prior to Prefecture

approval. This application form was officially approved in March 2016 (licensing procedure started in Dec. 2013).

LHe

Cavity Licensing

Complex geometry

26/01/2022 TTC 2022, Tesla Technology Collaboration, Jan 25 – 27,  2022 online



11

Ø Ti tank for storing LHe
Ø Nb cavity installed in LHe
Ø Flange made of NbTi to connect Nb

cavity and Ti Tank

A vessel of integration by welding stored
LHe related to refrigerant equipment with a 
refrigeration capacity of more than 20 tons.

Pre-evaluation of detail application
In addition to pressure, in order to
demonstrate the performance as an 
accelerator, a compression force is
applied to deform the Nb cavity up to 0.3 
mm in the beam axis direction .

Outline for KHK Application

26/01/2022 TTC 2022, Tesla Technology Collaboration, Jan 25 – 27,  2022 online
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Ø Complex structure

Ø Design and manufacture in accordance
with ASME Sec. VIII Div.1 (2010) of
international standard.

Ø Designed and manufactured in European 
standards with different test methods and
standards in Japan.

Some parts in the design and production of HWR cannot conform to the Specified Criteria of the 
Refrigeration Safety Rules.

HWR cannot conform to JA regulation

Japanese High Pressure Gas Safety Low 
basically does not approve ASME criteria! 

We request prior evaluation related to the 
12 items in the Specified Criteria of the 
Refrigeration Safety Rules to KHK.

stress analysis by FEM

-269 degC and under tuning
(8,000N compressive force is applied on the welded parts )

26/01/2022 TTC 2022, Tesla Technology Collaboration, Jan 25 – 27,  2022 online
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5.   Pressure Test
6.   Air Tightness Test
19. Design Pressure
20. Materials for Refrigerant Facility
21. Ultrasonic Test for materials
22. Weld Efficiency
23. Strength of vessels and pipes
24. Welding
25. Stress Removal
26. Structure and Process of vessels
27. Mechanical Test for Welded Parts
28. Nondestructive Test for Welded Parts

non-conformity items against Specified Criteria of the Refrigeration Safety Rules 

KHK pre-reviews following items before manufacturing

26/01/2022 TTC 2022, Tesla Technology Collaboration, Jan 25 – 27,  2022 online
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(Base metal of Niobium and Niobium Titanium) ex.
- The lowest value of 0.2% proof stress measured after the heat treatment at 

RT is 59 N/mm2, which satisfies 40 N/mm2 of the guaranteed value.  Also, 
0.2 % proof stress increases at -269degC.

- The lowest value of tensile strength measured at RT after the heat 
treatment is 171N/mm2, which satisfies 95N/mm2 of the guaranteed 
value. Also, tensile strength increases at -269degC.

- The lowest value of elongation measured at -269 degC is 14.5 %.
- From above, it is concluded that Niobium is can be used at LHe

temperature.  

it was confirmed that the fracture surface was 100 % dimple and ductile 
fracture by the fraction observation conducted with SEM on a fractured 
tensile specimen tested at -269degC of the LHe temperature condition. 

Example: Verification of material safety
Refrigeration Safety Rules 
The Half Wave Resonator in the Superconductive Accelerator will use Niobium, Niobium Titanium and ASTM 
specified Titanium. However, Niobium, Niobium Titanium and ASTM specified Titanium are not the materials 
specified in the Specified Criteria. 

We carried out the tensile strength test and the fraction observation test at RT and -269 degC. We 
demonstrated the results of material safety by QST.

Nb cross-section after tensile test at -269degC

26/01/2022 TTC 2022, Tesla Technology Collaboration, Jan 25 – 27,  2022 online
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Summary of verification of material test & calculation
items Evaluation

a. Pressure test Non-destructive inspection based on ASME

b. Material We confirmed by references, performed tensile / Charpy test for weldings.

c. Allowable tensile stress We confirmed that 0.2% proof stress, tensile strength, and elongation satisfy the standard
values in 3 cases: no consideration of thermal stress, consideration of thermal stress, and
consideration of compressive force. We confirmed that the fracture surface is ductile. 

d. Longitudinal elastic modulus We measured the values and reference data, evaluated from past results.

e. Welding efficiency We confirmed that ASME's welding efficiency is a safer evaluation.

f. Strength calculation evaluation of corrosion, 3D finite element method analysis applied to 3 load conditions. 
Confirmed that generated stress is below allowable value for 17 stress evaluation lines. 
Buckling analysis was performed. Implemented and confirmed a margin of 3 or more.

g. Welding welding efficiency considering non-destructive inspection, evaluated from past results.

h. Mechanical test Evaluated with ASME test piece instead of JIS test piece. Evaluated for safety.

i. Non-destructive test ASME non-destructive inspection is adopted. Past performance is also evaluated.

Requirement from KHK: Create PQR and WPS, implement and record welding test of actual cupon, perform heat treatment, 
limit number of cooling cycles

26/01/2022 TTC 2022, Tesla Technology Collaboration, Jan 25 – 27,  2022 online
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1 Overview of the High Pressure Gas Facility  of IFMIF
2 Description of Content of Applicable Detailed Criteria          

2.1 Pressure Test                      
2.2 Weld efficiency
2.3 Materials used in the refrigerant facility 
2.4 Use range of materials
2.5 Allowable Tensile Stress of Materials 
2.6 Modulus of longitudinal elasticity of materials
2.7 Thickness of each part of the vessel (1)
2.8 Thickness of each part of the vessel (2)
2.9 Welding for nozzle stubs, strengthen materials, and etc. 
2.10 Mechanical Tests for Welded Parts  
2.11 Non-Destructive Tests for Welded Parts 

3 Past Record                                                                                     
4 Drawings                                                                                     
5 Attachment
6 Reference 

Outline of Applicable Detailed Criteria for Refrigerator Regulation
IFMIF/EVEDA Half Wave Resonator for Superconducting Accelerator 
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Completed  in
 18t

h March, 2016

Licensing of SRF Cavity in KHK

26/01/2022 TTC 2022, Tesla Technology Collaboration, Jan 25 – 27,  2022 online
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(1) Basic stress analysis and draft application form in English by CEA. 
(2) Application preparation for Japanese regulation is in charge of QST (submitted calculation from CEA was 

translated into Japanese and attached as reference material).
(3) Response to requirements from KHK as needed (material testing is conducted by QST).
(4) Significantly added required items from KHK for application to refrigeration laws.

(In addition to Nb, NbTi, Ti material special approval, container pipe strength, welding efficiency, weld strength
test, transmission flaw test, etc.)

(5) Cooperation of Japanese manufacturers for buckling calculation.

Since EU side cannot respond to Japanese licensing, QST had to respond instead of EU in long-term negotiation.
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Change of 
Cavity design

First discussion with 
KHK for cavity licensing
（First draft of 
Application form） KHK 

comments 
about FEM & 
buckling

BA Agreement

First negotiation with 
local governmentDesign  change 

from normal to 
super conducting （re-application）

（Translation）

KHK comments

Material sample & 
test in QST

（discussion with KHK in many times）

Approval 
from KHK

Manufacturing cavities

delivery to 
Rokkasho
by Air

> 5 years !

History of licensing of cavities 

26/01/2022 TTC 2022, Tesla Technology Collaboration, Jan 25 – 27,  2022 online
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1. Cavity approval was obtained from KHK in 2016, and the production of eight identical
cavities was completed. They have already delivered in Rokkasho. It took more than 5 years
to get permission.

2. The accelerator cavity permission in  Japanese refrigeration laws was for the first time. 
Cleared complex processes in Japanese regulation.

3. Cryoplant approval was obtained from Aomori Prefecture and installed in Rokkasho site. 
There is no problem with the trial operation. Final approval will be after the loop is complete
with SRF Linac installed.

4. Cryomodule assembly already started at a clean room in Rokkasho Institute constracted by
QST. However, due to delays in the production of solenoid coil vessels and COVID-19, full
assembly will be expected to shift after lifting immigration restrictions.

5. After the cryomodule completion, it will be integrted into the cryoplant loop, and Aomori 
Prefecture will permit for the change of licensing. After that, cooling test will become possible.

Summary

26/01/2022 TTC 2022, Tesla Technology Collaboration, Jan 25 – 27,  2022 online
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1. Cryomodule assembly at Rokkasho in 2022. After that, Carry into
accelerator building.

2. Applying to Aomori Prefecture for a change of licensing to connect the
cryoplant and cryomodule as one refrigeration LHe loop.

3. Aomori Prefecture officials will confirm the cavity, solenoid coil vessel, and
phase separator pressure vessel in documents and on-site.

4. Cryogenic cooling test of the cryomodule will start after change of
licensing.

Future Schedule

26/01/2022 TTC 2022, Tesla Technology Collaboration, Jan 25 – 27,  2022 online




