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From notebooks to automatized model generation

8 % mm

Difficult in Jupyter Notebook to do:
* Modular and re-usable code

* \Version control

* Debugging

Steam-notebooks:

* Magnet-specific scripts

e Hard-coded data

arl_2.m

j  * Redundant code




The ROXIE parser

ROXIE
.iron file

Roxie_Data:
iron:
key_points:
hyper_lines:
hyper_areas:
aryoke:
material: BHiron2
lines: [lnyoke 1, lnyoke 2b, lnyo
arbarl:
arbarlIl:
arbarlIIl:
arhl:
arh2:
arh3:
arcollar_r:
arcollar_1:
. arhcl:
.IrOn parser arhc2:
hyper_holes:
1:

* Iron yoke 2:
3:

areas: [arhl, aryoke]

e Steel collars

* Keys




The Pydantic library and data validation Sﬁm

. First usage with
example ROXIE data

!

Converting ROXIE
parser to use
Pydantic objects

!

Standardized i/o

e Data validation

 Python type annotations

e Serialization to YAML
format

* JSON Schema compatible

&) | SYERN Many thanks to Mariusz Wozniak )



Generalized geometry builder for multi-pole magnets

SIGMA
ROXIE
e
data P

GMSH API

* Concise and maintainable code

* Scalable and re-usable code

* Automatized generation of models
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The making of the modelData magnet library

LEDET SIGMA
Sources Coil geometry Coil geometry Source file name
Sources Icon yoke geometry Source file name
Sources BH-curves Source file name
Sources Wedges geometry Wedges geometry Source file name
Sources Self-mutual inductance Source file name
Sources Magnetic field Source file name
General magnet_name
General circuit_name
General model_version
General model_case
General model_state
General T0O Top (Operation temperature of cable)
General |_magnet maglength (Magnetic length of magnet)
Winding GroupToCoilSection
Winding multipole alphasDEG
Winding multipole rotation_block
Winding multipole rotation_block
Winding multipole mirror_block
Winding multipole mirror¥_block
Winding solenoid . -
Winding solenoid D 0 I (W n'l'
Winding solenoid INCITC Ul
Winding solenoid
Winding solenoid 4= I,\ ~ n~F
Winding CCT LI |C ”dDL
Winding CCT !
Winding CCT
Winding CCT
Winding Electrical order elPairs_GroupTogether
Winding Electrical order elPairs_RevElOrder
Winding Heat exchange max_distance
Conductor type
Conductor type to group
Conductor hins_inGroup geometry winsulNarrow (Thickness of insulation along height of cable)
Conductor wlins_inGroup geometry winsulWide (Thickness of insulation along width of cable)
Conductor df_inGroup geometry dFilament (Diameter of filament in strand)
Conductor ds_inGroup geometry dstrand (Diameter of strand in cable)
Conducter Lp_f inGroup geometry ITp (Filament twist pitch)
Conductor wBare_inGroup geometry wBare (Width of bare cable)
Conductor hBare_inGroup geometry
Conductor geometry hinBare (Smaller height of cable)
Conducter geometry hOutBare (Larger height of cable)

T e
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BBQ

Model
Data

null

Categorizing input
parameters

Grouping and
generalizing

Unified magnet _
database across o
tools

null, : null, : null,

null
null
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The STEAM-SDK pipeline for FiQuS

modelData

BuilderFiQuS

» BuilderModel [=--1
|

FiIQuS inputs
(.yaml, .geom)

STEAN

ParserFiQuS

[
| |
¥ [

[

ParserROXIE] - - =-=-======—--

AnalysisSTEAM

:Fi§uS

|

M DAKOTA

Explore and predi

confidence.

* DriverFiQuS
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The integration of Dakota in STEAM-SDK

Jinja2 -+

Dakota
input (.in)

AnalysisSTEAM
input (.yaml)

» DriverDakota

AnalysisSTEAM

> Analysi;STEAM >F I su S
!

» DriverAnalysis —>

DriverFiQuS Outputs

|

New inputs

<€

W DAKOT

Explore and predi

confider

1CEL
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Dakota multi-objective optimization m

FiQuS vs ROXIE (magnetic flux density)
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The making of the FiQuS logo F|§u S SYEAN

Inkscape

Weeping leaf

Triangular mesh

Golden ratio rule

* Dark green: 25523b
Light green: 6f917c¢
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FiQuS multi-pole code structure

ROXIE files (e.g., .iron)

h 4 1 IiLTI

STEAM ROXIE parser

y YiM
ROXIE data

L

Geometry generator

Internal data (e.g., .aux)

Geometry files (e.g., .brep)

Mesh generator Template .pro Solution runner

Internal data (e.g., .reg)

L 2

File .pro

v

Processed outputs (e.g., .pos) Processed outputs (e.g., .map2d)
Mesh files (e.g., .msh) Solution folder

Mesh folder

Geometry folder
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FiQuS multi-pole magnets

Iron yoke

Steel collars

Keys

Coil

Wedges

Insulation

e 2D multi-region
geometries

 Aimed to EM-TH
coupled transients
for quench
simulations
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“Multiple” multi-pole magnets

v
e
?
c
o
£
£
Q
o

(0] | 000 E0U D T (01 001 01 0

g W
E. "3

N "= e o
s D n = O
c 5 =
£ O 2

Al 4

o &

W W %ﬁﬂ§§§ _ m
S s P
: M\\\\\\W\&x\\gﬁﬂ%w////« B

)

C
\




Magnetostatic simulations

i

!
QU

\\\\\\\\\\\\\llllmjll/[j[////// (

Magnetic Field [T] Magnetic Field [T]
0.00827 4.33 8.64 0.00033 2.58 5.16
[ . [ .




Thermal transient solution

T [K] - step 244 in [0,244]
32 163 194




Thermal thin shell approximation (TSA)

Short-side cable insulation
Long-side cable insulation
X Fish bone
Y Pole separator
Cu spacer insulation
Quench heater
Quench heater films
Z Ground insulation

Blocks Layer

Conductor

Pole

/

Cable insulation
Heater film
Quench heater
Heater film
Ground insulation

\

2,

\Boundary condition ¥
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TSA verification with 4-conductor model

Quench
heater

Cable kapton
insulation

O svexn
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TSA verification - 4-conductor model

Relative error:
0.3%

250

200

1501

Temperature [K]
o
o

50+

SC 1 Ref
SC 2 Ref
SC 3 Ref
SC 4 Ref
SC1TSA
SC 2 TSA
SC 3 TSA

0.4

0.5
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TSA verification - multi-pole Sﬁm
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Multi-physics EM-TH simulations

"

m
) L
rho [Ohm m] @ 4.2 K - step 0in [0,10]
1.36e-10

B rho [Ohm m] - step 10 in [0,10]
rho [Ohm m] @ 4.2 K - step 0in [0,10] 1.34e-10 2.350-10

163e-10 S

Many thanks to Erik Schnaubelt




FiQuS muiti-pele Solenoid Sfm

T[K]-step 2in[0,39]
42 42 42 42 42 42 42 42 42 42 42
I

MLEC

b [T]
9.94e-21  0.0558 0.112 0.167 0.223 0.279 0.39 0.502
- ———
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Conclusions m

* 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, ...)
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STERN () FiQuS

Many thanks to all former and current STEAM
members!

special thanks to Mariusz Wozniak for his guidance and support

cern.ch/steam steam-team@cern.ch cern.ch/fiqus
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