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Magnet Parameters 

Wire type Nb3Sn 

Coil constant 40.2 A/T 

Operating current (7T) 281.4 A 

Inductance 0.55 H 

Stored Energy 20 kJ 

Homogeneity 0.35%  

5 Gauss line (axial) 145 cm 

5 Gauss line (Radial) 115 cm 

System Schematic Diagram 

7 TESLA CRYOGEN-FREE FAST RAMPING MAGNET 
 

Jeremy A. Good, Renny Hall, Marc Savey Bennett  
 
Cryogenic Ltd has developed a new range of fast-sweeping cryogen-free superconducting magnets using high-performance 
Nb3Sn coils. These magnets provide an ideal platform for XMCD and other polarity switching applications. Here we present data 
for the standard 7 Tesla solenoid version. A continuous sweep rate of 100 sweeps/hour has been achieved between +/-7 Tesla. At 
+/-4T the same coil can be ramped continuously at full speed without pause giving up to 670 sweeps/hour. The compact design 
uses 2x Gifford-McMahon cryocoolers, each providing 1.5W cooling power at 4.2K. Alternative designs are available including 
split-pair magnets with 4-way access and UHV bore. 

External Dimensions 

Mass: 70kg 

• Non-stop operation: 
 

• Fast cooldown: 
 

• Fast ramping: 
 
 

• Fast recovery:  
 

• Fast warm up:     
 

• Power saving mode: 
 

• In-built thermal buffer: 

Continuous sweeping between +/-7 Tesla 
 
Fully operational within 5 hours of switch on 
 
Ramp rates up to 1.5 T/s. Proven performance of  
100 sweeps per hour at +/-7T 

 
In the event of quench, fully operational again within 15 minutes 
 
Overnight warm-up with in-built heaters   
 
Remains operational with one coldhead switched off 
 
Limits peak temperatures during ramping 

Key Features 

The fast-ramping magnet range is based on Cryogenic Ltd’s highly successful  range of 
mini-CFM’s (cryogen-free magnets). A two-stage cryocooler is used with the 1st stage 
typically operating at 40K and the 2nd stage capable of reaching 3K. This completely 
removes the need for liquid nitrogen and liquid helium and means that the magnet can 
operate continuously, only requiring mains power.  
 

The magnet is energised via resistive current leads between room temperature and the 
1st stage and high-temperature superconductor current leads between the 1st stage and 
the magnet. Radiation load onto the magnet is limited using a high-purity aluminium 
radiation-shield linked to the 1st stage of the cryocooler.  
 

The magnet itself is a specially designed coil with low stored energy (low inductance) 
and uses high performance Nb3Sn superconducting wire more commonly found in 
magnets operating at >14T. This is used to produce a 7T magnet capable of operating 
at elevated temperatures (>10K).  
 

A special power supply unit is provided delivering 300A & 40V and internal thermometry 
is monitored continuously using a scanner unit linked to a LabView software suite.   
 

The magnet is cooled by low-vibration solid-state links to the cryocooler. In addition a 
‘thermal ballast’ Is used to limit peak-temperatures during ramping. This consists of a 
volume of high-pressure helium linked to the magnet. The helium condenses from an 
external cylinder via a series of internal heat exchangers. No user intervention is 
required and the buffer can run indefinitely.      

Alternative Geometry - 
also available 


