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Employee, 657

Contract employee, 246

Post -graduates, 

479

Post -Doctors, 32

Factories(1+1), 534

ü ASIPPχInstitute of Plasma Physics, Chinese Academy of Sciences, founded in Sept . 1978 in Hefei,
Anhui Province .

ü Mission of ASIPP : The research of fusion energy based on the tokamak approach .

ü ASIPP organization : 14 Divisions, 3 Research Centers, >20 high -tech Companies .

ü Human resource: >1500
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Science island

New Energy Research Center CRAFT 

General information of ASIPP
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Applied Superconductor Engineering Technology Laboratory

Å Director: JinggangQIN

Å Staff: 65

Å Student: >70

Website: http://aset.ipp.ac.cn/

Department 3: ASET

I. Superconducting CICC and coil technology for Fusion

II. Small-scale superconducting magnet technology

III. Cryogenic testing technology



Cold test facilities at ASIPP
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SC materials Test Facility SC Conductor Test Facility

üComprehensive research facility for Fusion technology

SC Magnet Test Facility
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SC material test facilities

ÅFor superconducting strands and tapes

Å As the referenced lab of CNDA designated by IO, the superconducting strand test lab of ASIPP 

undertook the task of ITER strands verification since 2009.  
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Parameters Value

Background SC 

magnet

Å 19T@70mm, 

15T@150mm

Sample temperature Å 4.2-80K

Controlling accuracy Å 30 mk@10 K

Applied stress-strain

Å Axial (-1%~1%)

Å Contact & bend

Å Twist

Sample Current Å 2000A

Micro-mechanism 

test(inter-filament)
Å Temperature: 4.2-300 K 

B.C SC magnet development

Ic vs. B, T, Srtain,é

R(Inter-filaments, filament-substrate), I distribution
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SC material test facilities

ÅFor structural material

Å Built for study of mechanical properties of structural materials and their components, the aim is to 

assess their safe operation life under fusion critical operation conditions.

100kN dynamic 
loading system

2500kN static loading 
system

¸ Static loading on standard/non-standard specimens

¸ Cyclic loading on standard/non-standard specimens

¸ Suitable for metal, insulation etc. and their components

¸ Characteristics under tensile, compression, bending

shear and fatigue condition can be tested

Parameters Value

Load range 2500kN;100kN

Accuracy level of force Ò°0.5%

Loading frequency Max 50 Hz

Temperature range 4.2-1273K

Temperatureaccuracy Ò1 K
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SC material test facilities

ÅFor insulation material

Å For the research of fusion superconducting magnet materials and components , and develop key 

technologies such as insulation evaluation and insulation failure mechanisms under extreme service 

conditions.
Å Dielectric strength, dielectric loss, and partial discharge 

characteristics testing

Å Paschen discharge test at room temperature/low temperature, 

nitrogen/helium medium

Å Characterization of  Materials by Infrared Spectroscopy

Parameters Value

Hipot testing Voltage 0-100kV

Paschen testingPressure 0.01-104 Pa

Sample temperature 4.2-300K

High voltage shielding room 

partial discharge
<1pC
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SC conductors test facilities
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Cryogenics and 
distribution system

Main machine system

Power supply system

Å To study the electro-magnetic behaviors (Tcs, Ic, AC loss, MQE) of superconducting conductors and

composite structures under mult-field coupling condition

Å To evaluate the safely and reliability of superconducting conductors in future fusion reactor operation

condition

Samples Item Condition

Conductor &

Joint

Tcs@ cycles
Max. DC fieldχ 15T

Testspace: 100Ó160Ó550mm

Homogeneity:Ó95%@Testspace

Max. currentχ100kA

Temperatureχ4.5-20 K

Max. AC fieldχ0.4 T

Max. AC frequency: 10Hz

Ic @ cycles

AC Loss @ cycles

MQE @ cycles

EM & TH Cycle

Insert Coil

Tcs@ cycles
Max. DC fieldχ 15T

Max. currentχ100kA

Temperatureχ4.5-20 K

Ic @ cycles

AC loss @ cycles



SC conductors test facilities
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ÉComplete the engineering design of the main machine system

Å integration design of main machine system

Å design & analysis of winding, pre-tightening and suspension structure

DC magnet

SC transformer

Sample

AC magnet

Thermal shield

Dewar



SC conductors test facilities
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üSystem DescriptionÅ Cable-in-conduit ConductorsïDesignand Manufacture
HFC MFC LFC

Strand type HighJc Nb3Sn High Jc Nb3Sn ITER Nb3Sn

Strand diam. 0.82 mm (Cr-plated)

Cu: Non-Cu 1.0

Cable Pattern
3scĬ4Ĭ5Ĭ

6

(1sc+2cu)Ĭ4Ĭ4Ĭ

5
(1sc+2cu)Ĭ4Ĭ5Ĭ6

Number of SC strands 360 80 120

Number of Cu strands 0 160 240

Void Fraction (%) ~ 30% ~ 30% ~ 30%

Cond. Dimension
30.6 x 13.9 

mm
24.6 x 14.8 mm 33.5 x 15.2 mm

Jacket thickness 1.8 mm 2.5 mm 2.6 mm

Operated current 8.5 kA 8.5 kA 14.5 kA

Max. field 15.7 T 12.8 T 10.6 T

ÅA total of 1.7 km SC conductors (24) need to

be produced according to the magnet design.

ÅUsing high-performance Nb3Sn materials

provided by WST, the development and test

of Nb3Sn CICC conductor sample has been

completed.

ÅAt present, all the conductors have been

manufactured at 2024.



SC conductors test facilities
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üSystem DescriptionÅ DC magnetManufacture - Winding

MF coil windingÅA total of 24 coils need to be winded according

to the magnet design including 8 layer winding

coils and 16 pancake winding coils.

ÅThe two independent winding lines are built to

develop the winding technology at the ASIPP.

ÅAt present, all the coil winding have been

completed at the end of the last year.



SC conductors test facilities
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Temperatur

e

Intensify T̖450 ɹ̆ǶTÒ¤25 ɹ̆T̘450 ɹ̆

ǶTÒ¤20 ɹ

Platform ǶTÒ¤5 ɹ

Cleanliness

Oxygen 

level
<10 ppm

Water level <10 ppm

CH level <1 ppm

ÅTechnical requirement of heat treatment

ÅProgress

ü Commissioning of the heating system started at April

2023 and finished at the middle of the 2024.

ü A total of 8 times heat treatments are required.

ü At present, 5 times heat treatment have been completed,

the remains will be completed by the end of this May.

Å DC magnet Manufacture ïCoil Heat treatment



SC conductors test facilities
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Å DC magnet Manufacture ïVPI

ÅProgress
ü Commissioning of the VPI system started at the beginning of

2024 and finished at the end of the 2024.

ü A total of 8 VPI for layer winding coil and 16 VPI for pancake coil

are required.

ü At present, 4 VPI has been finished, the remains will be

completed by the end of this August .



SC conductors test facilities
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ÅA 100 kA superconducting transformer system has

been developed, achieving stable output of 100 kA

current

Å100 kA Superconducting Transformer
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üThis facility will be available in the end of 2025 and used for CFETR TF magnet and BEST

magnets test.

Key 

Param

-eter

ÅCryostat dimensionχL~25mιW~15.5mιH~10m

ÅOperation temperatureχ4.5 K

ÅCurrent lead operation currentχ100 kA

ÅSHe pressureχ3-6 Bar

ÅSHe massflowχ ~700 g/s

Major international test facility for large SC magnet

Test magnet ITER TFMC KSTAR TF JT60-SA TF CFETR TF

Magnet size/ m 3.8Ö2.7 4.2Ö3 8.5Ö4.5 21.3Ó12.1

Magnet weight / t 40 7.4 14.2 584

Iop/kA 80 35.2 25.7 100

19

Magnet test facility (1): for CFETR TFα2024 β



Å Main systemŸ Cryostat ( Test dewar)

ÅMaterials: SS 304 (magnetic conductivityω1.2) 

ÅDesign structureχBase supportιdown case and upper case

ÅDesign Dimensionχ~25mÖ15.5mÖ10mιThickness 45mm

ÅDesign weightχ~862 tons ε380 tons+ 482 tonsζεcranes on site: 2Ö450 tonsζ

ÅOperation vacuumχ<10-2Pa&RTιω1Ö10-3Pa&LT  

ÅWorking loadχGravityιAtmospheric pressureιInduced EM force and Accident  load 

( Inner pressure~0.2MPa )

Buckling analysis (G+P)

Shell + outer reinforcing rib

Safety factor χ7.9

Stress and displacement distributionαG+Pβ Buckling analysis (G+P)

Max. stress~187MPa ω allowable stress (linearization) Max. displacement~23.2mm(center of upper case) 

Magnet test facility (1): for CFETR TF
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Å Main systemŸ Cryostat ( Test dewar)

Å Complete the manufacture work of dewar shellε21.6mÓ15.6mÓ10.9mε862 tζ
Å Complete the manufacture and load test work of magnet support(Load:100 t &Displacement compensation 60mm)

Å Complete the pipe manufacturing and assembly commissioning work of vacuum system(3Ö4400m3/h roots pump and

9Ö3600L/s molecular) pumps )

Magnet test facility (1): for CFETR TF
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Max. stress~166MPaωallowable stress (linearization)

Max. displacement~12mm

Å Main systemŸ Cryostat ( Thermal shield)

ÅMaterials: SS304 (magnetic conductivityω1.2) 

ÅDesign structureχsandwich plate-style & frame

ÅDesign DimensionχL~23.6mιW~14.8mιH~6.5m

ÅDesign weightχupper part~20 tons down part~24.6tons

ÅCooling mediumχ60K GHe@0.5MPa

ÅWorking loadχGravityιThermal loadιInduced EM force

TS surface temperature distribution: ȹT<4K

Temperature and flow distribution(Fluid) Install frame

G10 shim

TS sub -plate

6m

1
.5

m

Thermal loss of TS : ~1114 W @A=1243m2   

30 layers MIL, qtest=0.8964 W/m2

(test by Shanghai Cryo Technology Servce Center)

For ITER σ 538 W @ AITER= ~ 600m2

Magnet test facility (1): for CFETR TF
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Å Main systemŸ Cryostat ( Magnet support)

ÅMaterials: SS304 (magnetic conductivityω1.2) 

ÅDesign structureχSuspended structure(supended frame, main support                                  

support pillar )

ÅDesign DimensionχL~3.3 mιW~1.0 mιH~6.5 m

ÅLoad capacityχ55-105 tons

ÅWorking loadχGravityιThermal loadιInduced EM force ιEarthquake 

Support Stress distributionαGβ Magnet Displacement distributionαG+Tβ Support Buckling analysis ( G )

Safety factor σ2.97 (without  max capacity support)Max von mises stress~94.7MPaωallowable stress Max. displacement ~37mm (long axis)ι 27mm (short axisζ

Magnet test facility (1): for CFETR TF
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Å Main systemŸ Cryostat ( Magnet support)

V Force cooling structure is added to the magnet support ( Q(300K-

80K)=99.6 W , Q(80K-4.5K) =3.2W (ū1mÖ2.7mι Thickness 26mm) ).

V Load test of suspender samples are finished at RT&LT.

80K

4.5K

300K

Magnet Displacement distributionαG+Tβ Displacement compensation structure Load test at RT&LT Max.tension~42 tons ( 84MPa )

CFETR TF ITER TF

Magnet size  /m 21.3¦12.1 17.3¦9.1

Magnet weight  /t 584 298.5

Qty of support 8 5

Support dimension /mū1Ĭ2.7, t~0.026 ū0.7¦ 2.7, t~0.026

Conductive loss /W 8¦99.6 *5¦61<400

*The thermal loss need to be calculated and analyzed based 

on the structure and strength requirements.

Magnet test facility (1): for CFETR TF
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V Vacuum system

ÅVacuum pipe: ~DN1000Ö9000mm

ÅVacuum pumpχ3Ö4400m3/h roots pump and

9Ö3600L/s molecular pumps

ÅEM shield: 30 mm thickness (DT 4)

V HTS current lead & feeder through

ÅComplete the 100kA HTS CL design

ÅComplete the 60kA HTS CL manufacturing

8144mm

4

9

0

5

m

m

4

1

7

7

m

m

Ǝ2800mm

Ǝ1440mm

ü Auxiliary systemŸ Vacuum system and HTS current lead & feeder through

Magnet test facility (1): for CFETR TF
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Use of  CWT for Primary QD Balanced bridge  CWW&CWT screw pitch&noise rejection ratio

ÅConfirm the quench detection program for TF magnet

Å Complete CWW (co-wound wire) &CWT(co-wound tape)

coupling analysis and routing optimization

a. 4 CWWεopposite anglesζιnoise rejection ratioϋ99%ψ

b. CWTεscrew pitch0.45-0.6mζιnoise rejection ratioϋ99.99%

ü Auxiliary system Ÿ Quench detection and protection system

Magnet test facility (1): for CFETR TF
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ÅComplete 6kW/4.5K refrigerator engineering design (700g/s @6bars)

Å Component procurement (Helium-screw compressor, 4.5K cold box and so on) is ongoing

Dimension χ13m Ö4.2m Ö4.6mThermodynamic cycle diagram

4.5K cold box

ü Auxiliary system Ÿ Cryogenic system

Magnet test facility (1): for CFETR TF
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ÅRated current : 100 kA

Å Quench protection operation voltage : 10 kV

ÅQuench protection operation time: Ò500 ms

ü Auxiliary system Ÿ Power supply

10kV/100kA vacuum switch 

(break time~200ɛs,Current transfer 

time~290ɛs)

100kA explosive switch

Magnet test facility (1): for CFETR TF
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Dump resistors: 4GJ, 12-100mʍ



ü Test program for CFETR TF magnet

Cooling down

Press./Tem./Mass flow/ Strain

/current/Voltage

Joints Res.

( υ1nɋ)

Max. operating 

current

Tcs test/Ic test

Fast dischar.

DC Test

Excitation waveform

E-Mcycle

Thermal cycle

XX Times

Cycle

Warm-

Cooling

Displacement

Strain

Press./Tem./

Mass flow

Cooling process

Coil resistance

High-voltage

U~2Vop+1

Pressure drop

He Leakage
Fix 

RT test

High-voltage

Paschen-min

U~(2Vop+1)/2

He leakage

Pressure drop

LT test

High-voltage

Paschen-min

( GHe or Ar)

Paschen-min
5% Iop check test

Magnet test facility (1): for CFETR TF
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VComplete Preliminarily  CFETR TF magnet test programιtotal test duration is about 87 dayse



ü Test plan for BEST magnet

Å Coil Qty.χ16+1(Research piece)

Å Dimension of coilsχ~8.6mÓ5.6mÓ3.3m

Å Weightχ~90 tons

Å Max. operating currentχ55 kA

Å Coil χPF1&FP2  ,   PF6&PF5

Å Dimension of coilsχ5.7m&11.6m ε 6.8m&11.3m

Å Weightχ~ 46&51 tons ε70&112 tons

Å Max. operating currentχ45&28 kA  ε 52&34 kA

BEST  TF  magnet test  BEST  PF  magnet test  

Magnet test facility (1): for CFETR TF
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ü CSMC magnet testσthermal hydraulic characteristics, magnet stability, AC loss and performance

degradation

Item Description

Cryostat
Diameter ~6.5 m

Height ~ 9 m 

Operation temperature 4.5K

Current leads operation current > 52 kA

SHe pressure 3-6 Bar

SHe massflow ~ 200 g/s

CSMC main parameter

Å Manget sizeχū4.3mÖ5.1m

Å Mngnet type : Nb3Sn coilÖ2, NbTi coilsÖ3

Å Magnet weightχ140 t

Å Max mangnet fieldχ12 T @47.65 kA

Å Energy storageχ407.6 MJ

Å Fast discharge: 1.5 T/s

Magnet test facility (2): for CFETR CSMC α2023 β
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ü Main and auxiliary systems: Cryostat, Power Supply, Refrigerator

ü The facility has been available in Jun. 2023. 

1kW RefrigeratorCryostat Built-up Power Supply with current breaker

6.5m (ID) X9m (H)

Magnet test facility (2): for CFETR CSMC

Dump resistors: 500MJ, 12-56mʍ



VCFETR CSMC test in 2024
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Å DC High-voltage test : Rχ500 Mɋ@5kV under normal pressure at RT or vacuum at LTε80K@4.5Kζ

Å Paschen test: Ileakυ20 ɛAunder 1Pa 10Pa 100Pa 1000Pa at RT

Å Joint resistance testσυ1nɋε13 joints measured valueζ

Å Operation current test :~48kA

Magnet test facility (2): for CFETR CSMC


