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1.  Brief Introduction of CHMFL

● The Steady High Magnetic Field Facility (SHMFF)
was founded by the National Development  and 
Reform Commission of China (NDRC) in 2008; 

● The Project is undertaken by the High Magnetic 
Field Laboratory, Chinese Academy of Sciences  
(CHMFL).
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● Layout of Magnet Hall 



Magnets Magnet Field, T Bore, mm Power, MW Current Status

Resistive  
Magnets

WM1 38.5* 32 25.2 Open for users

WM2 25 50 15 Open for users

WM3 19.55 200 20 Open for users

WM4 27.5* 32 10 Open for users

WM5 35* 50 24 Open for users

*
New 

Record

● Water Cooled Magnets at CHMFL 
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B、Water cooling system

Water Treatment
System

HX-2

HX-1

CWST
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Flow ChartMain  Parameters

Water resistivity at magnet entrance ≥15MΩ·cm

Dissolved O2 content  in Magnet loop ≤10ppb

Magnet loop max flow 860m3/h

Max water pressure at magnet entrance 3MPa

Water temperature at magnet entrance 10℃

Max water temperature at the export of magnet 40℃

Max taken heat energy 20MW / 28MW

Refrigeration power of the chillers 8MW 
Chilled water storage power 70MW
Continue run time in 20 MW heat energy case ≤6 hour / day

Chiller Cooling Tower

Storage TankHigh Pressure Pump

Main  Equipment 



C. Helium Cryogenic System

Technical Characteristics

Liquefaction rate ﹥110 L/h@1.3 bar
Refrigeration ﹥ 360 W@4.5 K

Recovery compressor 75 m3/h

Helium gas storage 6100 m3

LHe storage 6600 L

LN2 storage 30 m3

Helium Refrigerator Storage Tanks Gas Bag

LHe Dewar Compressor



A hybrid magnet has been designed, manufactured, assembled 
and tested at CHMFL, it consists of a superconducting outsert 
and a  water-cooled insert.

2.  A Hybrid Manget at CHMFL



● Water Cooled Insert of Hybrid Magnet

Bitter Disks
Six Coils

Inner diameter
38 mm

Outer diameter
710 mm



● Coils A,B,C,D,E,F of insert of hybrid magnet 



● Superconducting Outsert of Hybrid Magnet

CICC  Three Coils

Inner diameter 920 mm

Outer diameter 1297 mm



● Parameters of Superconducting Outsert 



● Large Cold Bore with 920 mm of Outsert 



Superconducting strands

Ground Wrapping

Cabling Inspection Superconducting cable Conductor fabrication

Conductor inspectionCICCMagnet windingInsulation
Joint 

Clamping Heat treatment VPI Coil assembly

Magnet liftingMagnet assemblyHybrid Magnet

● Fabrication Process of Superconducting Outsert  



Wire diameter (mm)                 Ø0.81±0.005

Bare wire diameter (mm) 0.806

Cr plated (µm) 1-2

Cu/non-copper 1.0±0.1

deff（µm） ≤80

Critical current, Ic (A)
（4.2K,12T,0.1µV/cm）

≥540A
(non-Cu Jc≥2100A/mm2)

RRR ≥ 100

n value ≥20

Twist pitch (mm) 15 ± 3

Hysteresis loss (7T-0-7T cycle) 
(kJ/m3) ≤1600

● Superconducting Strands for the Outsert  
Stand parameters

To achieve the central field requirements and keep the overall magnet size 
compact, Nb3Sn strands must have the critical current density Jc above 2100 
A/mm2 at 12 T and 4.2 K. We selected a Ti-doped restacked-rod process 
(RRP) Nb3Sn wire made by Oxford Instruments Supercond. Tech. (OST).



● CICC Design for the Outsert  



● CICC Fabrication for the Outsert   



● Joint Design for the Outsert  

R & D of joints

Schematic design of joints

Joints resistance test system

Joints resistance on Iop



● Winding Process for the Outsert  

Layer Winding Pancake Winding

Ground Wrapping



● Heat Treatment for the Outsert  

Scheme of the furnace



● Cryostat components for the Outsert  

Vacuum pumping units 80 K thermal shield



Main parameters of quench detection：

● O p e ra ting  c urre nt, Io p  (kA)        13.41
● Ind uc ta nc e , L (H)                           1.02975
● Sto re d  e ne rg y, E (MJ)                    92.589
● Dum p  re sista nc e , RD (Ω)            0.272
● Disc ha rg e  tim e  c o nsta nt, τd (s)   3.788
● Vo lta g e  thre sho ld (m V)                 40~50
● De la y tim e , td (s)                              < 0.7
● Switc h  a c tio n  tim e , ts (s)                < 0.1
● Ma x. te rm ina l vo lta g e (kV)           < 4
● Ho t sp o t te m p e ra ture (K)              <150

Four pieces of co-wound wire were 
installed on the four outer corners of the 
CICC, the co-wound can compensate the 
inductive signals, and be used for 
quench signal detection. 

● Quench Detection and Protection for the Outsert   

Layout of quench detection circuit

Scheme of conductor cross-section

Co-wound wire



Joints

HTS current leads

Busline

Hybrid magnet

A pair of 16 kA HTS current leads 
were used to decrease the thermal 
load of cryogenic system.

● HTS Current leads for the Outsert  

Control valve box

HTS current leadsThe diagram of HTS current leads and busline



● Cooling Scheme for the Outsert  

The outsert has 8 layers in total 72 pancakes in coil C. An independent 
hydraulic channel is assigned to each group of six double pancakes. A set of four 
valves at the inlet distributes the total mass flow of 18 g/s, and controls the mass 
flows through each cooling channel.



● Final Assembling of the Outsert  

Subcoil Superconducting coils Lifting assemly

Coils installed in placeHybrid magnet system
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● Commissioning of the Hybrid Magnet

The first successful performance of 
the hybrid magnet produced 40T on Nov. 
13, 2016, since that day, a series of 
scientific experiments have been carried 
out on the hybrid magnet system.



 Layered trigonal PtBi2 single 
crystal

 Extremely large linear 
magnetoresistance (LMR)

 Pronounced SdH oscillations

40T混合磁体实验数据
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● Research on the hybrid magnet



3. Summary and Prospective
____________________________________________________________________

● A 10 T superconducting magnet with 800 mm large bore has 
been successfully developed at CHMFL.

● A 40 T hybrid magnet combined with a superconducting 
outsert and a resistive insert have been operated at CHMFL.

● A series of researches have been carried out on the hybrid 
magnet. 

● The hybrid magnet has the potential to produce more than 
45T central field after a maintenance of the resistive insert in 
the near future.



Thank you 
for your attention
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