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Today’s topics
• Introduction

• What is RAT?
• How does RAT work?
• How is RAT validated?
• How can I get RAT?

• Features
• Winding algorithm
• Longitudinal Grading
• Connectors
• FreeCAD interface
• Modeling CCT Magnets

• CMS Modeling Example
• Building CMS magnet geometry in 10 steps

• CMS Calculations



Introduction
What is RAT and what can it do?



What is                  ?
• Software for 3D magneto-statics 

including non-linear materials
• Extensive coil/yoke modeler 

with numerous templates
• Versatile calculation options
• Never ever mesh the air:

• Biot-Savart with Fast Multipole 
Method (FMM) for coils

• Volume Integral Method (VIM) [1] 
for HB domains (i.e. Iron)

[1] V. Le-Van, G. Meunier, O. Chadebec and J. -M. Guichon, "A Magnetic 
Vector Potential Volume Integral Formulation for Nonlinear Magnetostatic 
Problems," in IEEE Transactions on Magnetics, vol. 52, no. 3, pp. 1-4, March 
2016, Art no. 7002804, doi: 10.1109/TMAG.2015.2490627.LHC Dipole in RAT



Many Built in Coil Templates

Cos-Theta

Cloverleaf
Custom CCT

Regular CCT

Saddle Coil

Solenoid

Bar Magnet

Flared Coil

And More ...



Modeling Custom Coils  in 

• All coil/yoke objects in RAT are 
constructed using:

• A path: a 3D space curve with local 
coordinate system (Frame)

• A Cross Section: a 2D area defined 
by a closed perimeter

• The 2D cross section is meshed:
• Regular mesh for simple shapes
• Distmesher for complicated shapes

• The 2D mesh is extruded along 
the path to create a 3D Mesh



Many Built in Calculations

And More ...



How is                  Validated?
• Numerous regression tests
• Comparing to Analytical 

equations
• Field on Solenoid axis
• Field inside magnetized sphere
• Field of iron sphere in 

background field

• Comparison to Soleno
• Solenoid field everywhere

• Comparison to Pre-Calculated 
fields

• Iron ring transformer

• Compumag TEAM13 problem ->

• All tests are run before updating 
the code on GIT (next slide)



Where can I find                 ?
• Open Source Collection of 

Libraries
• Permissive MIT license model (do 

what you want!)
• Calculation Code freely available 

from GITLAB 
https://gitlab.com/Project-Rat

• Written in object oriented C++
• Output in VTK File formats 

(ParaView)



Graphical User Interface
• Convenient Graphical User Interface (GUI) available for sale

• Supports development of the open source code



Features
Useful features available in RAT







Connectors

• Make hard-way bend free connection between two paths
• Achieved by combining Bezier splines and Frenet-Serret frames
• The control points for the spline are optimized by minimizing the strain energy while 

constraining
• Length of the spline
• Minimum bending radius
• Edge regression at specified width

• The order of the spline determines the complexity









CMS Example
Modeling CMS Magnet System in RAT

Note: CMS coils modeled here are a 
loose representation based on info 
found on internet ...



Other CERN Detector Magnets

CMS ATLAS ALICE



Step 1: Modeling the CMS solenoid

• Use a Circle Path
• Radius 2950 mm

• Use a Rectangle Cross Section
• From 0 to 300 mm in the normal direction
• From -6250 to +6250 in the transverse 

direction

• Element sizes set to 100 mm

=

Cross-Section

Path

Custom Coil



Step 2: Adding Turn Detail

=

• Add the Circle Path to a Cable Path to make 
individual coil windings

• The cross section is now set to the cross 
section of a cable

• The number of turns is now set to 1
• Other layers are made using increasing 

circle radii and alternating reverse base

Circle Path Cable Path Custom Coil



Step 3: End Cap Yoke Plate Cross Section

• Use a Distmesh Cross Section to access the 
built-in mesher

• Use a Difference distance function
• Add a 12 sided Polygon with radius 6910 mm
• Subtract a Circle with radius 1100, 1300 and 

1500 mm for the plates respectively
• Element size 500 mm

Polygon DF

Circle DF

Difference DF Custom Cross-Section



Step 4: Extrude the Mesh along Axis

• Use a Custom HB Mesh
• Add the Distmesh Cross Section that we 

created in the previous step
• Add and an axial path along the z-axis of 

length 600 mm
• Add an HB curve fit with saturation of 2 T

• Other end-plates are extruded in a similar 
way

...

Custom Cross-Sec.

Axial Path

Custom Iron Mesh HB-Curve



Step 5: Mirror the Yoke’s End Cap Plate

=

• Using a Mirror along the z-axis the end-plate is 
duplicated to the other side

• All end-plates can be added to the same mirror object

...

Custom Iron Mesh Mirror Group



Step 6: Section of barrel yoke

• We could subtract two 12 sided polygons and 
use the distmesher again

• More regular mesh can be achieved with Path 
Cross Section, which creates a cross section from 
a path by thickening it

• Other layers made similarly

=

Polygon Path Path Cross-Section



Step 7: Extrude the mesh

• Use a Custom HB Mesh
• Add the Path based Cross Section that 

we created in the previous step
• Add and an axial path along the z-axis of 

length 2536 mm
• Add an HB curve fit with saturation of 2 

T

• Other layers are extruded in a similar 
way

Path Cross-Section

Axial Path

Custom Iron Mesh HB-Curve



Step 8:  array of Barrel yoke section

=

• Using the Array along the z-axis the ring is 
duplicated 5 times

• All layers are included in the same array

...

Custom Iron Mesh Array of Meshes



Step 9: Add the CMS Conductor

• Optionally a conductor can be assigned to the coils
• Base conductor has k, rho, Cp and d
• Superconductor also has Jc and N

• All conductors can be combined using 
• Parallel or Series conductors
• LTS wire and HTS tape are just wrappers around parallel conductor

• This allows for calculation of margins/critical currnet on coil etc.

SC Material LTS Wire Aluminum

Rutherford Cable

Parallel Conductor



Step 10: Combine the Models

=

• Using a Model Group all 
objects can be combined 
into a single model, ready 
for calculations

...

...

...

Solenoid

End Caps

Barrel Yoke

Combined Model



CMS Calculations
Example calculations on the CMS model



Plane Calculation
• Connect the model 

to Plane Calculation

• Plane is defined by
• orientation YZ
• Size 24 by 18 m
• Number of pixels 

800 by 600

• Field at center 4.0 T



Mesh Calculation

• Mesh calculation allows calculating field on and in conductor
• Because we included the material properties we also get loadline fraction 

and more



Particle Tracking
• Uses pre-calculated FMM to 

calculate the field at the target 
positions

• Uses B-field to calculate particle 
trajectory based on 

• rest mass
• electric charge
• particle energy / momentum

• Changing B-field causes E-field, 
this is included in calculations

• Particle interactions are 
currently not taken into account



https://rat-gui.com/download.html
info@rat-gui.com

https://rat-gui.com/tutorials.html



For more information and source 
code:
https://gitlab.com/Project-Rat

https://rat-gui.com/

https://gitlab.com/Project-Rat
https://rat-gui.com/


Back-up slides
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