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Introduction. A fully automated version of the quench code.  

1. What types of superconducting magnets?  

-Multi-coil pool-cooled or adiabatic magnets of solenoid and/or pancake type.  Not CICC. 

-“Standard”/typical closely-packed windings (NMR, MRI, etc.). The effect of helium on the 

thermal diffusion is limited or negligible. 

-Co-axial coils (no need yet to automate a more general version of the code).  

-No race-tracks yet (can be included on request).  

2. Wire wound, cable wound can be considered, too. 

3. Majority of electric circuits.  

5. Both active (incl. heaters) and passive quench protection. The quench-back options are not 

automated yet (no requests so far). 

4. Both HTS and LTS. The version for LTS is completed and being used. The full (LTS and/or 

HTS) version development is coming close to completion. 

 

The idea: To make a sophisticated quench code a “do-it-yourself” tool for magnet 

designers (who are not really magnet analysts and, positively, not programmers at 

all). A smart “black box”. 

The purpose: A superconducting magnet design and/or design optimizing from the 

standpoint of quench protection. 
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Requirements and wishes from users 

1. Not to deal with programming. No special software (Fortran) is to be installed. A 

very simple manual or no manual at all. 

2. To have easily understandable input in the form of tables (few input files). The 

user is assumed to deal with the input files only. 

3. The tables are supposed to be naturally and conveniently organized and quickly 

modified when required. 

4. Availability of an appendable data base of conductors (a separate file). 

5. To have a developed data base of material properties integrated with the code as a 

“black box”. 

6. Automatic calculation of the magnetic field maps and the inductance matrix by the 

code (based upon a magnet configuration). - No effort by the code user is required.  

7. Output presented as a set of digital files (with explaining comments and 

directions) for post-processing, utilizing Excel, Origin, etc. 

8. Some protection against inadequate input is desirable.  
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Features Included: Electric Circuit 
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Features Included: Thermal Problem – No Simplifications!. 

1. The discrete structure of the windings is not 

homogenized (not an anisotropic continuum 

based model):  

- each coil (of a multi-coil magnet) is a set of 

nested thermally coupled helicoids (or pancakes);   

- turn-to-turn (axial) and layer-to-layer (radial) 

thermal diffusion through the insulation. 

 

2. Inter-coil thermal coupling is allowed.  

 

3. The 3D case can be easily transformed to the 2D 

case through manipulations with the mesh. 

 

4. Heat transfer to LHe on the coil external surface 

can be included (typically, no need). 

 

5. Time-variable magnetic field and strain 

distributions (Nb3Sn) are included “as is”. Very 

detailed maps of magnetic field components within 

each coil are prepared. 

 

6. AC losses and index heating in the wire. The up-

to-date approach. 

 

7. Etc. 
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The features included. Thermal problem. 
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Solved using a finite-

difference method 



Requirements and wishes from users 

1. Not to deal with programming. No special software (Fortran) is to be installed. A 

very simple manual or no manual at all. 

2. To have easily understandable input in the form of tables (few input files). The 

user is assumed to deal with the input files only. 

3. The tables are supposed to be naturally and conveniently organized and quickly 

modified when required. 

4. Availability of a separate appendable data base of conductors (a separate file). 

5. To have a developed data base of material properties integrated with the code as a 

“black box”. 

6. Automatic calculation of the magnetic field maps and the inductance matrix by the 

code. - No effort by the code user is required.  

7. Output presented as a set of digital files (with explaining comments and 

directions) for post-processing, utilizing Excel, Origin, etc. 

8. Some protection against inadequate input is desirable.  
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The input files 

Describing a magnet system configuration and the magnet quench  protection system: 

Geometry.dat    

Inter_coil_thermal_contacts.dat 

Quench_protection_circuit.dat        

Triggers.dat 

 

A quench initiation details and output control: 

Solver_and_output_control.dat               

Quench_initiation.dat 

 

The data base of conductors available: 

Wire_parameters.dat                  

Wire_critical_current.dat 

 

The key, subscription control 

Key.dat 
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Input. Conductor data base 
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Input. Conductor data base 
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Input. Conductor data base 
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Input. Conductor data base. Critical current (LTS) 
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Input. Conductor data base. Critical current 

In the case when an HTS conductor is used, the Ic-dependence is 

supposed to include that on the magnetic field angle.  
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Input. A magnet configuration 
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Input. A magnet configuration 
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Input. A magnet configuration 
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Input. A magnet configuration. Inter-coil thermal links, if any. 
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Input. Quench protection circuit 

There is one more file triggers.dat to specify heaters, if any, their 

dimensions, locations, delay times, etc. 
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Input. Quench initiation 
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Input. Output control 
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Input and further…  

After the code reads the input files,  

 

- it will start analysis of the magnet configuration and the windings’ structure so 

as to establish properly the transverse thermal links in the turn-to-turn, layer-to-

layer and coil-to-coil directions to simulate the heat diffusion within and 

between the coils. 

 

- Also, the computational mesh will be created and the magnetic field maps and 

 

- the inductance matrix will be calculated and written to output files, 

 

- and several other output files will be opened to write the solution to them. 
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Let us start… After the exe-file icon is double-clicked : 
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Running… 
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Output 

After the computation is completed, the code provides info about the output files 

 

Main characteristics of quench: 

 

Out_coil_Tmax.dat          Hot-spot temperature evolution in the coils 

Out_coil_current.dat        Coil currents evolution 

Out_currsh.dat                Evolution of currents through the shunt resistances/diodes 

Out_coil_Bmax.dat          Evolution of maximum field in the coils 

Out_coil_Resist.dat          Evolution of each coil Ohmic resistance, if any 

Out_coil_Volt_induct.dat  Evolution of inductive voltage across each coil  

Out_coil_Volt_resist.dat   Evolution of resistive voltage across each coil 

Out_coil_Volt_term.dat     Evolution of terminal voltage across each coil 

 

Temperature distribution in the coils at 8 specified instants of time: 

 

out_temp_1.dat, out_temp_2.dat, out_temp_3.dat, out_temp_4.dat, out_temp_5.dat, 

out_temp_6.dat, out_temp_7.dat, out_temp_8.dat 
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The output files 26 



The output files 27 



The output files 28 



The output visualization 
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Further development and computational time 

1. New features can be added on request, such as 

- Quench back 

- Non-coaxial coils 

- Non-solenoidal windings 

- Multi-PS circuits 

 

2. Materials data base is to be extended (more types of insulation) 

 

3. Even more general electric circuit. 

 

4. ……. 

 

 

Philosophy: A family of the code versions with different features may turn out to be 

preferable to a single extremely general version including all thinkable features. 

 

 

Computational time: ~4 hours for a big magnet consisting of 10-20 coils/sections if an 

up-to-date workstation is employed. Seems to be long… But! On a multi-core 

processor PC ~10-20 runs in parallel are possible.  

 

 



Summary 

A fully automated version of the quench 

code has been created and verified. 

 

It is used presently for a quench analysis 

at the NHMFL and not only.  

 

Feedback is very welcome... right now 

 

THANK YOU. 


