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 Give participants information on STEAM architecture, physics, 

modules, use cases, …(day 1)

 Assist the participants to use STEAM (day 2)

Aim

But also:

- Build-up a network of people working on similar issues

- Get feedback from participants for improvements

- See if participants have interesting in-house written software that can 

be connected to STEAM ( mutual interest)

- Increase number of users 

- Get users involved in the validation
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 There were no tools (or a lack of well-documented and validated tools)

 for simulating various transients in the LHC (switch openings, converter 

switch-off, short-to-ground, inter-turn short, …)

 for simulating a CLIQ discharge

 for co-simulating circuit, magnet, PC regulation, quench protection

 Latest designs of Nb3Sn magnets for HL-LHC and FCC have small margins, so 

accurate simulations are required to make cost-efficient magnets

 Many tools were written in last 20 years but also easily abandoned/forgotten as 

soon as the programmer left CERN.

Why did we start STEAM?
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What is STEAM?

Framework to simulate transient effects in the SC circuits and magnets of the LHC, future 

upgrades (HL-LHC), accelerator designs studies (FCC), and other SC magnets/circuits. 

 Application driven!!! 

 Variety of tools (both commercial and in-house), each with its own features and advantages.

 Maintainable and long-term  well-written and documented.

 Attractive possibility to co-simulate two or more tools.

 Validated and cross-checked (up to a certain level).

Transients:

- Quench (training, beam-induced, triggered by QH/CLIQ, quench back)

- Fast Power Abort (converter switch-off and EE activation, voltage waves)

- Shorts (coil-to-ground, coil-to-heater, inter-turn, double short, arcing)

- ELQA tests (FTM, HiPotting, diode tests)

- Quench Detection response to the above
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 STEAM is a framework that, in its present shape, has already proven to be very useful for explaining 

events in the LHC, and for studying upgrades of the LHC and future accelerators, including many fault 

scenario’s.

 However, STEAM is not a final product but will evolve over time, with new tools being added, with new 

physics being implemented, with new validations being done, and with more users and applications. 

 We hope that STEAM users will benefit from the framework, as they can then spend more time on the 

results of the simulations and analysis of & comparison to experimental data.

 The software we develop can be used freely; however, please agree to the user agreement (see: 

https://edms.cern.ch/document/2024516 ). 

 Do not forget all the time/effort we have put in, so, in papers and presentations (partially) based on STEAM 

results, please acknowledge our work and add proper references.

https://edms.cern.ch/document/2024516
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Program

We hope you have two fruitful days!!

It’s a workshop, so, please ask, discuss, suggest, … 
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Participants



Heng Zhang, UKAEA, Technology Department

Sam Tippetts, UKAEA, Central Engineering Department

Field of interest: Quench and arc modelling, damage prediction

Simulation type: thermal-electric with coupled circuit (via STEAM)

Experiment Simulation



CIEMAT – Accelerators group

10

 Interest in the STEAM framework as a tool for designing the 16 T common coil 
dipole magnet for FCC, and the development of a prototype.

 Electromagnetic design, mechanical design and quench protection.

 Example: CLIQ discharge STEAM co-simulation, COMSOL-ANSYS, in collaboration
with the CERN TE-MPE-PE section. 

Alejandro Fernandez Navarro

and Fernando Toral Fernandez, 13th June 2019

(By Marco Prioli et al.)

: Electromagnetic and thermal model

Temperature distribution
Von Mises stress

: Mechanical model
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Abbreviations

CLIQ: Coupling Loss Induced Quench system

EE: Energy Extraction (system)

FCC: Future Circular Collider

FPA: Fast Power Abort

HL-LHC: High Luminosity upgrade of the LHC

MB: Main dipole magnet in the LHC

MIITs: Integral of I2dt during the current discharge 

QH: Quench Heater

PC: Power Converter

RB: Main dipole circuit in the LHC

RQD/F: Main defocusing/focusing quadrupole circuit in the LHC
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Notes:

 We will be 29 + 5 (us) – no-shows

 Check the rooms and available computer + beamer.

 Check comsol licences

 Send last e-mail to participants

 request slide (only received 2)

 tell them to bring windows portable

 info to already install STEAM on their portable

 info on CERN access

 info on meeting room location

 ask what they would be most interested in during hands-on

 Organise coffee breaks for THU

 Do we organise dinner on THU evening?

 How do we organise Friday?

 We could ask Jeroen to show something on Friday if he commits to hook up 

FIELD to STEAM.


