
ROXIE 23 Launch Event

Improved Pre-Processor

CCT Coil Generator

Search-Coil Design

Strongly Curved Magnets

Python Interface

Maxwell Stresses

Conceptual Coil Design

Shape Optimization

Persistent Current Calculation

Quench Simulation

Coil-Head Optimization

End-Spacer Design

Inverse Field Computation

Data-Driven Modeling

Product-Cycle Engineering
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ROXIE Features

Automatic generation of coil and yoke geometries

• Feature-based design

Field computation especially suited for magnet design (BEM-FEM)

• No meshing of the coil, no artificial boundary conditions

• Higher order quadrilateral meshes, parametric mesh generator, morphing

• Modeling of superconductor magnetization

• Permanent magnets

• Quench simulation of long accelerator magnets (2.5 D) 

Mathematical optimization techniques

• Genetic optimization, Pareto optimization, Search algorithms

Simulation of magnetic measurements

CAD/CAM interfaces



BEM-FEM Coupling

FEM

BEM



HL-LHC Model D2



New ROXIE23 Features

➔ Dynamic memory allocation

➔ Zonal harmonics for solenoid design

➔ K-values of search coils 

➔ Maxwell stress tensors

➔ CCT magnets

➔ External HMO files (HyperMesh Interface)

➔ Wigglers and Undulators

➔ Quench simulation update

➔ Python interface (post-processing, multiphysics, traceability)

➔ Material databases 



Adiabatic Quench Simulation



Multiphysics Quench Simulation (2.5 D)
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Quench Simulation

Issue: Empirical parameters: RRR, Ra/Rc, IFCC effective res., heat conductivity, heat capacity.



Multiphysics Quench Simulation (2.5 D)



User Manual for Quench Simulation 



Validation of the Vector-Hysteresis Model



12T Robust End Optimization (winding trials)

Black = Torsion

Green = Geodesic

Red = Normal 

Unconstraint optimization More upright, less k_n Compromise



Maxwell Stress Tensor on Circle and Line Elements



Sn-Value of Search Coil



New Coil Macros

Bedstead Cradl Cranked sattel

Cos Q Flared Flex PCB

CCTRacetrack

soft way

Racetrack

hard way



Pre-Processor and Mesh Generator

• Add point and connect

• Snap to grid

• Auto save

• Undo 

• Delete kp (and dependent

• lines and areas)



Improved Extrusion Modes



CCT Magnets

Pitch variation at the ends
Frenet and Darboux frames, 

ID/OD alignment Higher-order multipoles

Transformations



CCT Coil Types

Frenet frame

soft way
Frenet frame

hard way

Darboux frame
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CCT Magnet Design (Issues)



Field and force computation with different straight section 

discretization Dynamic Memory Allocation

• 30 elements in straight section

• 25 elements in coil heads

• 28 blocks in cos Q

• 304 Conductors

• 1500 elements in CCT coils



Curved Magnets 



Curved Magnets II 



Extracting the Legendre Polynomials



Curved Magnet Study (Rotational Symmetric) 

1 meter
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Bringing together Simulations and Magnetic Measurements



The Avatar and Twin (tracing of manufacturing 
tolerances and errors) 
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The Avatar and Twin (generalized field description)
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Inverse field problem



Data-Driven Systems and Product-Cycle Engineering

Instrumentation & 

Transducers
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Uncertainty 

analysis
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Design &

analysis 

software
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Product-generation engineering 

Asset management, Version control (Gitlab)

Model-based systems engineering

Knowledge management 

PROEJCT AND TEST ENGINEERS



Prerequisites for Model-Based Systems Engineering 

Model-based systems engineering

Ownership

Co-authorship of a paper is not enough

Released and traceable data

Accessibly

Files and software exec is not enough

MBSE with extended interfaces

Virtual machines via Docker

Gitlab repositories

Sustainability

A ppt presentation or paper is not enough

Product cycle engineering

Jupiter notebooks

Collaborative efforts are required to establish MBSE 

Model-based systems engineering

Product generation engineering

Model-based systems engineering

Product generation engineering

Model-based systems engineering



MBSE Database of ROXIE files



ROXIE Python API

• Structured access To Roxie data files

• Modify blocks, flags, plots, etc

• Combine files

• Structured output

• XML output of run information, results and plots

• Associated parser for data access

• Interface to execute Roxie from code

• On local machine

• Via Docker

Example: Differential-geometry-based coil design



Eddy current solver
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Python

• Eddy current computation in yoke and 

endplates (2D and 3D)

• Skin effect in conductors in 2D

• Skin effect in pancake coils in 3D

• Post processing

• Visualization

• Python (2D)

• Vtk (3D)



• Linear algebra

• Vector analysis

• Harmonic fields

• Green’s functions and the method of images

• Complex analysis

• Differential geometry

• Numerical field computation

• Hysteresis modeling

• Coupled (thermo, magnetic, electric) systems

• Mathematical optimization

Field Computation for Accelerator Magnets



• Field harmonics

• Toroidal harmonics

• Pseudo-multipoles

• Coil Magnetometers

• Stretched-Wire Measurements

• Synchrotron Radiation

• Faraday Paradoxes 

• Iron-dominated magnets

• Wigglers and Undulators

• Coil-dominated magnets

• CCT Magnets

• Strongly curved magnets

New Edition, Autumn 2024



Things for/from the Wishlist

• Hypermesh (External mesh generator) 

• Quench computation (validation and user documentation)

• Curved coils & iron & harmonics

• Fast transient analysis with eddy currents

• Iron remanence calculation for very low field magnets (FCC-ee collider and booster) 

• Simple optics to ROXIE, “beam-based magnet optimization”.

• Anisotropic BH (packing factor possibly in pre-defined direction, and grain-oriented 
steel).


