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ITER Magnet Cold Test facility (MCTB) 

Christine Hoa on behalf of the MCTB team 

Disclaimer: The views and opinions expressed herein do not necessarily reflect those of the ITER Organization
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Introduction

• ITER magnets and Assembly status 

Coils Current 

(kA)

Max Field 

(T)

Acceptance tests at the supplier

6 Poloidal Field

(Nb-Ti)

[31-55]

PF1: 48 

[3-6.8]

PF1: 5.3

80 K thermal cycling

with ground insulation test

(PF1 not yet tested)

18 Correction

(Nb-Ti)

10 [2.3-4.1] 80 K thermal cycling

with ground insulation test on SCC1

18+1Toroidal 

Field

Nb3Sn

68 11.8 80 K thermal cycling

With ground insulation test

(except 3 coils)

6+1 Central 

Solenoid 

modules

40 13 Current tests 40 kA at 4 K
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Last TFC on the way to IO, Dec. 23
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China: 29 out of 31 

Coil Terminal Boxes delivered

USA: 4 Central Solenoid 

modules are stacked on the 

assembly platform

China: 14 out of the 18 coils 

manufactured. 12 are on site 

EU/ Russia/China: 

PF5 and PF6 in temporary position in the pit 

PF1 to PF4 in storage

EU/Japan: 

19 TF coils 

delivered
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Introduction

• The new baseline schedule approved by the ITER council includes the test of 

superconducting magnets at 4 K and with current 

o To test as many as possible TF coils, without impacting the Assembly schedule 

o To test The TF spare coil TFC19

o To test PF1

PF1: D=9 m, 160 tons TF: HxL=17 x 10 m, 300 tons  



5/235th SMTF Supermagnet Test Facility workshop, 31st March-4thApril 2025

• Use the ITER relevant systems of ITER

o TF, PF1 coils 

o Coil Terminal Box: CTB TF18-1 with its instrumentation 

o Cryogenic system:  Cold Box 3, Warm compression station 3

• Procure dedicated equipment 

o Cryostat for TF and  PF1 and a vacuum pumping system 

o Power supply and Fast discharge units  

o In cryostat Feedthrough CTB /Coil with joints 

Introduction

3D layout in Building 55, gantry crane 
3D layout in Building 55, cubicles, DC link

3D layout in Building 55, cryolines, CTB, cryostat
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Test objectives 

• Verification of the Magnet performance 

o Ground insulation (30 kV) with Global Paschen tests 

o Joint resistance 

o Mechanical deformations under electromagnetic forces/cool down/warm up 

o Temperature margin with respect to Tcs  (PF1 Nb-Ti, TF Nb3Sn) 

• Operation of an integrated system  (vacuum, cryo, magnets, power supply, instrumentation and controls) 

o Cool down/warm up 

o Hydraulic tests at 4 K, in steady state

o Current test and temperature distribution 

o Fast discharges and transient heat loads  

o Protection functions in particular Quench Detection  (Magnet protection and Safety requirements)

• Training of the teams for operation 
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Power Supply and Fast Discharge Units

• Current: 5 kA to 70 kA

• Normal/discharge ramp : ±10 A/s

• Max ramp in discharge : – 40 A/s

• 3 Dump resistance configurations

DC link during Factory Acceptance Test Power Converter (CV)

HV/LV Transformers
Fast Discharge Unit

Fast Discharge Resistor

Current 

Commutation 

Units

Power 

Converter 

Fast Freewheeling Switch
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Cryostat

• Dimensions: 21.5 m x 10.5 m x 6 m

• Thickness  30 mm/40 mm (sup/inf)

• Weight: 300 tons 

• Passive thermal shield : 50 layers of MLI 

• 1 fixed support and  4 sliding supports, cooled at 4 K (3 kW)

• Heat loads at 4 K on the TF coil

o 1000 W radiation 

o 100 W conduction through the 5 supports 

o 2 primary pumps and 4 diffusion pumps 

March 2025

manufacturing at the supplier 

ASIPP/SENPEC (Chine) 

Spherical bearing on 

3 the sliding supports
Global model Cryostat/TF Coil

during evacuation (vacuum pressure)

Maximum vertical deformation of the 

cryostat lower shell 22 mm
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Cryogenic system

• 25 kW @ 4.5 K refrigeration Cold Box 

• 150 m cryogenic lines 

• IVB Interconnexion Valve Box

• Direct supply of Supercritical helium ( no cold circulator)

Cryolines supplied by Inox India

Cold Box 3, manufactured by Air Liquide

IVB supplied by Inox India
General flow diagram of the MCTB and the cryogenic system
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Feeder: electrical and helium distribution

• ICF In-Cryostat Feeder 

o Electrical connection between terminal joints of the coil/ ICF with ITER joint design 

o Ground insulation 

o Mechanical support for helium piping and instrumentation cables

o Integration in the cryostat (short distance, a few meters) 

• CTB Coil Terminal Box 

o Electrical connection between ICF/CTB with ITER joint design 

o 2 HTS Current Leads cooled at 50 K 

o Ground Insulation 

o Helium distribution and cryogenic valves   

o Thermal shields actively cooled at 4 K  (instead of 80 K) 

o Commun vacuum with the cryostat

Jumper/CTB joint assembly on-going
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Instrumentation

4 displacement sensors

Sensors Types (Number) Function Localisation

Temperature Cernox, PT100

(56+23)

monitoring feeder, TF structure 

TF, cryostat

Pressure Absolute Pressure(17) monitoring feeder

Venturi mass flows Differential pressure (9) monitoring feeder

Voltages Voltage taps (33) interlocks WP TF

Vacuum Pirani, Penning

(2*4)

monitoring, 

interlocks

Feeder and cryostat

Mechanical 

deformations

Displacement (4), 

strain gauges (22)

monitoring Structure TF

Cameras Web camera (20) 

Under vacuum and 4 K

monitoring

HV test and  

Paschen

Feeder and cryostat

TOTAL 189

23 temperature 

sensors

Additional Cernox

and PT100

22 Strain gauges and 

4 displacement sensors

20 Paschen cameras
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Control System

o Centralized control 

system and 

coordination 

(magnet, power 

supply, cryogenic 

system and vacuum )

❑ Conventional 

control  and 

Central interlock 

control

❑ Interface for the 

operators (HMI)

❑ Time 

synchronization 

of the system
Central Investment protection 

function

Required 3IL

FAST_DISCHARGE 3IL-4

ACCELERATED DISCHARGE 3IL-2*

SLOW_DISCHARGE 3IL-2*

MANUAL_FAST_DISCHARGE 3IL-4

CRYOGENIC_ISOLATION 3IL-2

CRYOSTAT_VACUUM_ISOLATION 3IL-2

INHIBIT_NEXT_POWER_CYCLE 3IL-2*

o Investment 

Protection 

functions based on 

CIS (Central 

Interlock System)  

o Similar to expected  

ITER interlock 

functions  with 

implementation:

❑  3IL-4 integrity 

level with 

diversity 

❑ 3IL-3 high 

integrity level   

❑ 3IL-2 Low 

integrity level 

o Data acquisition and archiving based 

on CODAC (Control, Data Access and 

Communication) and EPICS software
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Quench protection 

MCTB will be fully relevant to ITER quench protection

• Primary quench protection Delta Voltage signals

o Symmetrical Double pancakes compensation with 

Cowound tape (CWT), full redundancy

o Symmetrical Double pancakes compensation with 

voltage taps (RVT) full redundancy

o Full circuit voltage

• Secondary quench protection – Thermal hydraulic signals

o Temperature signals for coil outlet temperature and 

HTS current leads, no redundancy 

o Mass flows for coil, no redundancy 

Primary quench detection logic 

TF coil Feeder HTS CL

QD 

measurement

Scheme A: 

CWT 

compensate

d voltage

Scheme B: 

Voltage across 

a DP

CWT 

compensated 

voltage

Voltage 

across 

HTS/LTS/Cu

Protected 

component

1 DP + 2 DP joints CTB + ICF 

bus bars + 3 

joints

HTS part

LTS part

CU part

QD Balancing Double 

compensation

DP1-DP7,

DP2-DP6, 

DP3-DP5,

DP3-DP4

Bridge 

balancing

DP1-DP7,

DP2-DP6, 

DP3-DP5,

DP3-DP4

No balancing.

Direct 

comparison 

to a threshold

No balancing.

Direct 

comparison 

to a threshold

Sampling 

freq.

1 kHz

Filter freq. 10 Hz

Voltage 

Range

±10 V ±30 V ±10 V ±10 V

Resolution 1.2 µV 3.6 µV 1.2 µV 1.2 µV

Expected 

accuracy

~mV

MCTB Quench detection voltage
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From construction to integrated commissioning 

• Following the ITER Commissioning process for gate reviews and documentation to start operation 
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Test Program

• Integrated commissioning of the test facility at 68 kA

o Superconducting jumper in the Cold Terminal Box (CTB)

o Test duration: 1.5 months 

• Reduce test sequence at 34 kA 

o To test as many as possible TF coils before assembly

o Operation with Max voltage <  Paschen voltage (180 V)

o Test duration: 4 months

U shape superconducting jumper  

in Nb-Ti

PF1

9 m

TF

17 m

• Full test sequence at nominal current  

o Spare coil TF (68 kA)  and PF1 (48 kA)

o Operation with maximum voltage at 4.1 kV for TF coil

o Test duration: 7.5 months

1.2m

Global Paschen tests of the coil at room temperature 

before and after the thermal cycle

Global Paschen test of the joints

Global Paschen tests of the test facility at room 

temperature before and after the thermal cycle
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Test Program 

Ground insulation tests

• 34 kA test plan: Joint insulation 

preparation reduced 

• 68 kA test plan: Paschen tight 

test facility 

Current tests

• 34 kA , Vmax< Paschen voltage 180 V

• 68 kA, ITER Vmax 4.1 kV

MCTB integrated commissioning 

with the Jumper test

Cool down in 16 days 
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MCTB integrated Commissining

with the jumper

HV Test Voltage 

Test configurations

DC 

Hi pot

(kV)

AC (kV 

rms)

Global 

Paschen

90 K, 

Ghe 16 

bar 

DC 

Hi-Pot 

4.75 K, 

4.6 bar 

SHe

Rmin 

[GOhm]

Jumper/ CTB 30 - 15 15
0.5

• Integrated test with the Cryogenic system, the Coil Terminal Box, the

Power supply, parts of the instrumentation and control, a

superconducting jumper, a temporary vacuum system

• Verification of the grounding insulation of the Jumper/CTB joints

o DC Hi Pot test at room temperature/ at 4 K

o Global Paschen tests

❑ With dry air, at room temperature : P=10, 100, 1000 Pa

❑ With Argon, at 90 K: 3, 30, 300 Pa → to demonstrate

the technical feasibility

o Paschen detection instrumentation

❑ Cold cathode gauges

❑ Paschen cameras under vacuum and cryogenic condition

at 90 K

• Current tests at 68 kA with the superconducting jumper

o Functional tests of the Power Supply and Fast Discharge units

o No inductance of the jumper

U shape 

superconducting jumper

Jumper/CTB joint assembly
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Coil reduced tests at 34 kA

• Integrated test with the cryogenic system, the Coil Terminal Box, the

Power supply, all instrumentation and control, the cryostat and

the vacuum system

• Verification of the grounding insulation of the Jumper/CTB

joints

o DC Hi Pot test at room temperature/ at 4 K

o Global Paschen test with dry air, at room temperature : P=10,

100, 1000 Pa

• 300 ton TF coil cool down in 16 days

o -0.7 K/h from 300 K-80 K and -1.35 K/h 80 K -4 K

o Temperature difference helium (𝑻𝒐𝒖𝒕−𝑻𝒊𝒏) <50 K
o Thermal structural assessment with the ITER magnet structural 

design criteria (metallic and insulation materials)    

• Current tests at 34 kA

o Steady state 4.75 K, 4.6 bar 

o Fast discharge in 60 s  with Vmax< Paschen voltage 180 V

o Test facility is not Paschen tight, gain of time for the insulation

of the joints

o Straight leg bending is negligible, no TF conductor degradation

HV Test Voltage 

DC 

Hi pot

(kV)

AC (kV 

rms)

Global 

Paschen

RT

DC 

Hi-Pot 

4.75 K, 

4.6 bar 

SHe

Rmin

[GOh

m]

Conductor+Radial

Plate (RP) vs Ground 
19 8 8 8 0.5

RP vs RP 3.4 - - - 0.5

Conductor vs RP 2.2 - - - 0.5

(𝑇𝑜𝑢𝑡−𝑇𝑖𝑛) <50 K for TF Casing 
and TF Winding Pack 

Temperature and stress intensity:
TF Casing ad TF Winding Pack
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Coil full current tests at 68 kA

Magnet parameters: Jumper test Reduced test Full test

Nominal current 68.00 kA 34.00 kA 68.00 kA

Ultimate current 69.00 kA 35.00 kA 69.00 kA

Maximum allowed current 68.00 kA 34.00 kA 68.00 kA

Nominal test ramp rate +/-10 A/s +/-10 A/s +/-10 A/s

Accelerate ramp down rate -40 A/s -40 A/s -40 A/s

Nominal stored energy - 203 MJ 807 MJ

Inductance - 351 mH 351 mH

Nominal peak field on coil - 3.14 T 6.1 T

• Full current steps with fast discharge up to 68 kA 

o Structural assessment was checked under self-field 

6.1 T (10.8 T for ITER) and no coil wedging effect. 

❑ Structural integrity of the TF casing

❑ TF winding pack deformation : a reinforcing 

structure is being designed to mitigate the 

bending of the straight leg

o Check of magnet operation 

❑ in steady state 4.75 K, 4.6 bar 

❑ under fast discharge with the ITER maximum 

voltage (4.1 kV, 5 s )

❑ under fast discharge with the ITER discharge 

time constant (2 kV, 10 s) 

o Temperature sharing Tcs (about 11 K)  

❑ Heating one double pancake (test protocol 

under analysis) 

TF Reinforcement structure 

under design to limit the deformation

compression 

~-0.07 % 

Tension 

~+0.09 % 

MCTB: mechanical strain 

map : compression of the 

inner straight leg
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Tentative timeline 

• Final design review July/Nov 2024

• Construction follow up and installation on site  Aug.2024 Sept.2025

• System commissioning May 2025 –Sept.  2025

• Integrated Commissioninig tests

• with a superconducting jumper July 2025- Aug. 2025

• With Cryostat and vacuum system   Nov. 2025

2024
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IC 1

with Jumper 1
◆ORR

Integrated Comm. Procedures

Design Analysis - FDR Consolidated ◆ FDR Consolidated

TF Coil Test Procedures

1st TF Coil Prep / Testing
TF Coil Lifting  Procedures

IC

Phase 2

◆Jumper delivery to IO

◆ TRRSystem 

commissioninig

Cryolines / IVB/ auxillary lines manufacturing/installation

Cryostat Manufacturing Installation

Power Supply Manufacturing /Shipment Install SAT

◆ TRR

Feeder + jumper preparation

Control command  manufacturing/ installation

Instrumentation manufacturing/ installation

Vacuum system manufacturing
System 

commissioning 

• First TF coil to be prepared/tested  Dec. 2025- May 2026

• 4 TF coils to be tested before assembly in the pit  2026- 2027

• Spare coil TFC19 2028

• PF1  2028-2029

The MCTB Projet was launched in June 2023 with a challenging schedule to have a magnet test facility in 2.5  year ready for operation 
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Summary

• ITER context highly impacts the design choices of the components and the test strategy

o Availability of the ITER systems

o Integration on ITER site (Bat. 55) and constraints on transport

o Schedule of the magnet assembly 

• Opportunity to test coils

o To test in operation integrated systems → magnet pre-commissioning

o To capitalize experience for the preparation of ITER integrated commissioning

o To decrease risks on the ITER integrated commissioning

o To train teams on the operation of magnets



24/235th SMTF Supermagnet Test Facility workshop, 31st March-4thApril 2025

Thank you!

MCTB  contributors

Thierry Schild, Alexandre Louzguiti, Junjun Li, Pierre Bauer, Qui Lilong, Marie Cursan, David Grillot, Mohit 

Jadon, Egor Marushin, Thibaut Sanchez, Sebastien Huygen, Riccardo Pedica, Francesco Milani, Adrien 

Deydier, Julien Bovero, Yasu Miyoshi, Yuri Ilin, Kamalaksha Nayak Aishwarya, Karim Elhamdani, Ana 

Veleiro, Damien Furfaro, Jacek Kosek, Francesca Cau, José Lorenzo, Valerio Tomarchio, Mercedes Parody 
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25

MCTB vs tokamak conditions : peak field

Max field area (6.28 

T peak)

MCTB

→ Peak field in MCTB is roughly half than in tokamak

Tokamak

Max field area

(11.78 T peak)

Field calculation by P. Bauer, IO ITER IDM 8ESYKRPeak field impacted by CS/plasma current during plasma scenario
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