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Pre-STEAM-SDK Era

STEAM-SDK Contributions

FiQuS Contributions

Conclusions
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Timeline

My first 
day at 
CERN

STEAM

1.9.21
today

SDK first 
commit

24.1.22

FiQuS first 
commit

3.3.22

Italy 
awarded 

best 
STEAM 

beer

3.3.23

Poland 
awarded 

best 
STEAM 
coffee

16.11.23

The 
Netherlands 

awarded 
best STEAM 
non-a. beer

21.2.24

steam-notebooks
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From notebooks to automatized model generation

Steam-notebooks:

• Magnet-specific scripts

• Hard-coded data

• Redundant code

Difficult in Jupyter Notebook to do:

• Modular and re-usable code

• Version control

• Debugging

Old STEAM-
SIGMA
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The ROXIE parser

ROXIE 
.iron file

.iron parser

• Iron yoke

• Steel collars

• Keys
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The Pydantic library and data validation

First usage with 
ROXIE data

• Data validation

• Python type annotations

• Serialization to YAML 
format

• JSON Schema compatible

Converting ROXIE 
parser to use 

Pydantic objects

Standardized i/o

Pydantic class example

Many thanks to Mariusz Wozniak
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Generalized geometry builder for multi-pole magnets

MQXA MQY

MBXF MBH

ROXIE 
raw 
data

ROXIE 
parser

SIGMA

• Concise and maintainable code

• Scalable and re-usable code

• Automatized generation of models

GMSH API
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The making of the modelData magnet library

• Categorizing input 
parameters

• Grouping and 
generalizing

Relic of 
the past

Model 
Data

Unified magnet 
database across 

tools

Many thanks to Mariusz Wozniak and Emmanuele Ravaioli
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The STEAM-SDK pipeline for FiQuS

BuilderModel

BuilderFiQuS

ParserFiQuS

FiQuS inputs 
(.yaml, .geom)

DriverFiQuSAnalysisSTEAM

modelData

ParserROXIE
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The integration of Dakota in STEAM-SDK

DriverDakota

DriverAnalysis

AnalysisSTEAM

Many thanks to Mariusz Wozniak

AnalysisSTEAM

Dakota 
input (.in)

DriverFiQuS Outputs

New inputs

AnalysisSTEAM
input (.yaml)

Jinja2
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Dakota multi-objective optimization

FiQuS vs ROXIE (magnetic flux density)
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The making of the FiQuS logo

• Inkscape

• Weeping leaf

• Triangular mesh

• Golden ratio rule

• Dark green: 25523b
Light green: 6f917c
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FiQuS multi-pole code structure 
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FiQuS multi-pole magnets

• 2D multi-region 
geometries

• Aimed to EM-TH 
coupled transients 
for quench 
simulations

MQXA

Iron yoke

Steel collars

Wedges

Keys

Coil

Insulation
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“Multiple” multi-pole magnets

block-coils asymmetric 
coils

HTS-LTS coils

Mono 
cable 

magnets

common-coils

Cos-theta coils



16

Magnetostatic simulations

MQXA MQY
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Thermal transient solution

MBH
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Thermal thin shell approximation (TSA)

X
Y

Z

X

Y

Z
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TSA verification with 4-conductor model
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TSA verification - 4-conductor model

Relative error:
0.3 %
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TSA verification - multi-pole

~40 times 
faster 
than 

meshed 
insulation 

model

MQXA

Overall relative 
error:
3 %

Relative error 
of hot-spot T:

1 %

Many thanks to Erik Schnaubelt
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Multi-physics EM-TH simulations

Many thanks to Erik Schnaubelt

MQXA

KEKI3RD2

KEKO3RD2
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FiQuS multi-pole Solenoid

MLEC
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Conclusions

• Development support for the STEAM-SDK from the ground up

• Development support for FiQuS from the ground up

• Development of the complete CAE pipeline for multi-pole magnets

• Development support for the TSA model

• Plus, few honourable mentions (testing with unittest, reduced magnetic vector 

potential, symmetric models, …)



cern.ch/steam

Many thanks to all former and current STEAM 

members!

special thanks to Mariusz Wozniak for his guidance and support

cern.ch/fiqussteam-team@cern.ch

https://cern.ch/steam
http://cern.ch/fiqus

