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Need for automatic model generation

v
v

STEAM Integrated Generator of Magnets for Accelerators

Many different magnet types

Implementation of custom equations
requires model updates

Manual model creation prone to errors

Magnet designs for new magnets
under continuous modifications

FCC - Coso FCC - Block coil FCC — Common coil

Other models: 11 Tesla, D1, ... and many more!
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Introduction
Physics

Architecture
User input
Conclusion

FCC - Block coil FCC — Common coil

a bk~ w0 D PE

Other models: 11 Tesla, D1, ... and many more!
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STEAM-SIGMA - Physics Overview

COMSOL models generated with STEAM-SIGMA implement strongly coupled magnetoquasistatic, thermal and network equations.
Models provide an interface for co-simulation in a current- and voltage-driven modes.

Magnetic Vector Potential Thermal Balance Equation
VX(IJ._]'VXK): Text-l-O'atK-FVXl\_/[) O-CpatT + V.C_I =
A A A A A 4 A
E(i?) Cp(T'BI") k(T,B,--) QOhn1

—‘ Helium i— Heaters

ISCC 1 [IFCC

Eddy

CLIQ
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STEAM-SIGMA - Physics: Inter-Filament Coupling Currents

How to discretize a superconducting cable?

RRE GGG HDDHDDDODD®®
bmmmmmmmmmamgmmmm@

Rutherford cables: cross-section

- View ofthe flat side, with
one end etched to show the
Nb-Ti filaments

CERNcourier.com

If the eddy-currents paths are known a priori, the
equivalent magnetization effect can be directly related to
the change of magnetic flux density

Faraday-Lenz + Ampere-Maxwell

CERN
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Wilson / Verweij equivalent magnetization
* Formulation
HoMy Mipce = — Teq0:B

« Equivalent Tau formulation

2
o = Holy <li>
1 pegr \ 21
* Constitutive law

B= HoMr (ﬁ+ MIFCC)

*  Ampere-Maxwell Law

Currents’ paths
o don’t have to be
ot resolved anymore!

oA > 7 x M pcc

We found an issue in this formulation.
Suitable for external field without imposed current
See next slides. 5



STEAM-SIGMA - Physics: Inter-Strand Coupling Currents

Given a Rutherford * The three contributions are formulated as

cable, Mgy is

decompqsed in three .uO.uTM)Jfover = — TXover <atBJ_>AVg_W
contributions

1 1 Il
Mxover Madj_w Madj_n ﬂoﬂrMi-dj_w = — Tadjy, (atBJ_>Avg_w

.uO.ungdj_n = — Tadjn * <atB">Avg_n

+ The symbol (X), indicates the average of X along y

* The equivalent tau are in first approximation function
only of the cable parameters, and they are given as

1
TxOver = sto _sz(NS - l)ltp

_____ P e . . 1 w 1
A generic turn cross-section, Tadj,w = %R_E ( - F) I
. with its local reference system vo 1 h
X (n,w) = (x,y)(a) Tadin = S R W'



STEAM-SIGMA - Physics: Eddy Currents

* The iron yoke is laminated * The Coill feature is stable
* Only the structural copper wedges are considered * The figure shows the eddy currents patters during
a CLIQ discharge in an MB magnet

* Wedges do not form a closed loop. o
A constraint is necessary, to prevent a net current. L5

Teddy = Owedge % &SQ y&é

Iwedge = lext + Ieddy= 0

0.5

o]

lext =0

leady = j Jeddy dQ = 0 - yd %% ~ :1

COMSOL in-built Coil feature 15



STEAM-SIGMA - Physics: Electromagnetic Losses

Inter-filament and inter-strand coupling losses are Losses in wedges are calculated
associated to the magnetic energy density function using the Joule’ Law

17 oW =Ma.B [W/md] _l OW = pjéaay

— 2
atW == Teq(atB)

CLIQ discharge

©) | SYERN
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STEAM-SIGMA - Physics: Heat Balance Equation

* The transition across the critical surface is

smoothened with the use of a Sigmoid function o5 =

* pcy IS averaged over the turn domain

* I calculate with the peak of B and the average of T

I
(P = pcu{T)e, (B)y) - 05 <—t>

yoe*c + y,e’o*

Icrit(Bt' (T)t)
4 Current s
s sharing .
[Qm] - .

| Kl . .

0.5

89 9 9.1 9.2 10 20
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Thermal Balance Equation

Q

Losses are calculated using
the Joule’ Law

0W = pjlaay

PN
AR

& /2,

x10°

2
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STEAM-SIGMA - Physics: Nonlinear Materials

Materials C library
(versioning, storage)

C compiler:
Visual C++ Build Tools

OO

™ Dynamic Link Library
(immutability)

‘,ﬁ
é\"-' ;

D v COMSOL external function \
o3

00

a1 ° TIK] B [T] CphboTi
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STEAM-SIGMA - Architecture

Functional layers
1. INPUT: The user defines the magnet’s model, in terms of
domains (geometry, materials, cables).
2. FORMULATION: the magnet object is built in Java
as a generic array of domains.
3. IMPLEMENTATION: The magnet built in COMSOL.

Definitions

Magnet = Composition of Domains

Domain = Composition of Elements sharing the same material
and physics laws

Element = Geometrical object with unique label

) | SHERN

1. INPUT
(( Database Database Enumeration
=2 Material Cable Type
e
2. FORMULATION
Domains [] Geometry Domain i Element j G-Object k
e label * label *  HyperArea
*  Material *  G-Object OR
( *  Elements [] + Coil
‘__E,) *  Enum Type
E—

o

Field extraction based on
strands coordinates (input
for third-party software)

Geometry

Material

Physics

3. IMPLEMENTATION

Custom
| implementation |

Mesh n’ play, for both monolithic
and cooperative simulations



STEAM-SIGMA — Geometry Module

Two logic sub-groups:
1. fundamental geometrical objects

2. coil-dedicated objects, specific for magnets

!
|

HyperLine

Interface

* translate
rotate
mirror - X
mirror - Y

Ar

II

Elliptic Arc

Line

Circumference

Coil

Winding Cable
Block

Halfturn

Strand



STEAM-SIGMA - Geometry Module

Handling + Geometry is automatically handled via the FEM workflow. no Of Turns

+ Geometrical objects are defined in Java, then implemented via the API
User ® ®

Entities * The elementary entity is a turn cross-section

* Turns implemented as polygons

CERN
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STEAM-SIGMA — Verification

Run: FT 3 T1 MaterialFit.runTest 34b All in steam-sigma_test o — |~
[a]
@ 121 = = [EO -] (@ Tests passed: 349 of 2 <—6h36m 365953 ms E
B
i @‘(“,’;h“’tpa“‘ﬂge’ "C:\Program Files\Java\jdkl.8.0 181\bin\java.exe" ... +
> CT_All 45769 ms - =]
i = - i D R R R e R L E T Ty =
B| 5 @ cobleTes 1yme TEST: Now running test CFUN_CvSteel 4o
> (@ HalftunTest ims| TEST: preparation 55
> (2 PhysicsEngineTest 5| TEST: results export o B
> (2 FT_0_T0_Geometry 2m 165 183 ms i
> ) FT_1_T0_FlectroMagnetic ims7ssiems) TEST: analysis -
> ) FT_2_T0_Thermal 4m18s521ms| TEST: Now running test CFUN Cvcel0 E R R ] 5
= > ) FT_3_T0_ElectroMagnetic_thetaTp 4m 395584 ms : . -
3 @ FT_4.T0_Thermal_thetaTp sm23seerms| 1DSL: Ppreparation
» > ) FT_0_T0_Geometry 2msesas9ms) TEST: results export
> ) FT_1_T0_ElectroMagnetic AmiBs352ms|  mpgm. analysis
3 ) FT_2_T0_Thermal 5m 355 900 ms .
> @Ff TUHECUOMEQHE’UCthETETp 6m13s 871 ms TEST: Now Iunﬂlng test CE'UNichaptDn R R S SRS R R R R R R RS SRR R R R R R E Rt EEE R RS
> @ FT_4_TO_Thermal_thetaTp S5m2ls246ms| TEST: preparation
> @ FT_0_T1_Geometry 4m 485 B60ms .
> @ FT_1_T1_ElectroMagnetic 2m2s565ms TEST: results export
> @ FT_2_T1 Thermal sm3ss70zms| TEST: analysis
> @ FT_2_T1_MaterialFit §m52s754ms|  PEST: Now running test CFUN rhoCucCUDI T R e Y S T L b
> @ FT_4_T1 _CircuitCoupling 1h58m13s569ms . -
> @ FT_0_T1_Geometry Tm 405542 ms TEST: preparation
> (@ FT_1_T1 _ElectreMagnetic im59siims) TEST: results export
> @ FT_2_T1_Thermal 30m54s 970 ms :
T TEST: analysis
> (D FT_3 Tl MaterialFit 11m58s 337 ms Y )
5 @ FT.4.TL CircuitCoupling Jhsmossmps TEST: Now running test CEUN rhoCuNIST B R e e L T T T = e
> @FT2 4m1ss910ms| PEST: preparation
w > @FT2 8m5Es 894ms A
H > @ ArcTest oms| TEST: results export
= > @ AreaTest oms| TEST: analysis
= > (@ CircleTest 10m: TEST: Now running test CEUN CvNb3SnNIST kAR E AR AR A A Ak A A AR AR A AR R R A AR A A AR AR A A A A A AR AR AR AR
= > (@ TronVokeParserTest 954 ms ] -
> @ LineTest ome| TEST: preparation
= > @ PointTest oms TEST: results export
E > @ PolygonTest oms ) 1vsi
= > @ IronBHCurveParserTest joms| TEST: analysis
* > &) TutSigmaServerTest oms) TEST: Now running test CFUN guenchState R R R A R R A A A R AR R AR AR E IR A I LRI T L LR AL
b 2:Run 3% 5:Debug = 6:TODO A Build B Terminal © Sonarlint €) Event Log
IC1' Push successful: Pushed 1 cammit to origin/master (yesterday 22:40) 51:26 CRLF+ UTF8: Gitmestert m & 2
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Construction of a High-Field Dipole Magnet
- Geometry, Materials, Physics

____________ n

Coil Insulation (Polymide, Glass Fiber
f)
. Ampére's Law Linear

Thermal Balance (Passive)

€3 Vi
L 200 4 i L A5 4

Weak constraint (l,,, = 0)
Thermal Balance (Eddy Currents) O,

- Wedges ( Copper, Steel, f(T))
. Ampere's Law Linear Q ﬁ
: a Q QAA

Coil (Nb;zSn, Copper, f(T,B) )
Ampere's Law Equivalent Magnetization
Persistent Magnetization
Thermal Balance (Dynamic Losses)
Quench transition




Construction of a High-FieId Dipole Magnet —

e
X
\\\\

N\
\\
i\

\

Ampere's Law Linear
Thermal Balance (Eddy Currents)

V
",/‘\\\ : fi‘ 4,/‘\\» ’

Iron Yoke (Laminated Iron, f(B,T) )
Ampére's Law Non Linear

Thermal Balance (Hysteresis) r

Collars (Laminated Steel f(T) )
Ampeére's Law Linear
Thermal Balance (Passive)

|
|



Validation of a High-Field Dipole Magnet

simNr=45, Top=1.9, lop0=10000, tCLIQdelay=1, Ccliq=0.0808, Vclig0=-200, withQH=1, tEEdelay=10 Time=0 s

Surface: Magnetic flux density norm (T)
T T T T T

&
=
:
3

10

A\

P I N I
0.02 0.04

t[s]

Measurement
STEAM-Comsol

1 L . . |

0.06

0.08 -

0.1 0.2
Time after protection triggering [s]



Validation of a High-Field Dipole Magnet

imNr=45, Top=1.9, lop0=10000, tCLIQdelay=1, Cclig=0.0808, Vcliqd=-200, withQH=1, tEEdelay=10 Time=0 o 50FT i ' ' 1
e R oF Surfaecz?, Magnce‘t(i]c flux densitcylgorm (M " b S STEAM
m E T T T T T T T T T T T T T | - ]
Z. 1
2 1
025} : = B
a ]
9 = ]
8 -150 3
0.15F 3 I 1 L L
SorT : . T : . , . . . , S—
01} J 7 — ]
= o ]
0.05| 1 5 o ]
- 50 B
g ]
or 1M, :;%D -100} ]
0.05 E -150 B
1 1 I I
4 S0FT T T T .|
01f 1 ]
) o
3 > 0 ]
0.15 g <+ ]
z S50 -
2 2 ]
02l 1 T -100F ]
N EN —— Measurement 1
0.25} 1 -150 - STEAM-Comsol -
1 L " " 1 n " L Il n n L Il n
0 0.1 0.2 0.3
03k E
m Time after protection triggering [s]
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Model Construction with SWAN - demo

Generate D1 Magnet with STEAM-SIGMA

e 11X hole ‘Triangle sotch
He 1 longitudinal passage NB-TI SC cablle
- GFRP wedge

Alizament bases

Leading flat Stack tube

Fixing lron
Yoke T

Brass
shoe ss

= shell

Hole for fiel!
adjustment

Four-way split SS collar

Import Java gateway and STEAM API (SING,
UT?LS)

In [1]: from py4j.java_gateway import launch_gateway, java_import, JavaGateway, JavaObje

# Launch a Gateway in a new Java process, this returns port
port = launch_gateway(classpath="../steam/*")

# JavaGateway instance is connected to a Gateway instance on the Java side
gateway = JavaGateway(gateway_parameters=GatewayParameters(port=port))

CERN
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STEAM-SIGMA — Documentation

EDMS nr. 2021390

SIGMA documentation v1.1

STEAM team

Abstract

SIGMA is 2 tool used for automatically generating simulation models of acceleratos magnets and is part of the
STEAM framework. The main purpose of this tool i 1o geberte complex transicat simalation models in an auto-
matic and consictent way, to enstre consisiency between different tools and minimize the chance of input error. AL
the present time. SIGMA s used for generating COMSOL-based transieat nuodels of accelesator magnets. Seveeal
developments are underway, such s linking SIGMA directly o ROXIE and to STEAM Co-sim. Future develapments
include using SIGMA for other simulation 10915 besides COMSOL. SIGMA and the associsted documentation were
developed collabaratively by the STEAM team, with special mentions for Lorenzo Boriot, Marco Priol, and Michal
Masiejewski the oeiginal developers of SIGMA, nd Edvand Stubberud, who prepared the frst draft of the SIGMA.
documentarion.

Geneva, Switzerland
February 6, 2019

Minor updates

) | SHERN

[ Generated Documentation

=|EB| I

(Untit X +

C @ Plik | filey//C:/COMSOL/javadoc/index.html T & O

-

All Classes

Packages

comsal

comsol.api

comsal.coil

comsol.constants
comsol.definitions
comsal.definitions.utils
comsol.geometry =

PREV NEXT FRAMES NO FRAMES
Package Description
comsol

All Classes .

AirDomain

AirFarFieldDomain

Arc

Area

BoundaryConditions

BoundaryConditionsDomain

Cable

Cable. CriticalSurfaceFitEnum

Cable.ResitivityCopperFitEnun

Cable_TO

Circumference

cLQ

Cail

CoilDomain

CaillMPH -
4 »

comsol.api

comsol.coil
comsol.constants
comsol.definitions
comsol.definitions.utils
comsol.geometry
comsol.global
comsol.materials
comsol.physics
comsol.postprocessing

config

input

-
PACKAGE CLASS TREE DEPRECATED INDEX HELP

Documentation of the public APl (demo)

20




New features

Enhanced Automation of Model Generation - Barakat-Ullah Bokharaie
Inter-Filament Coupling Currents Modelling — Carmelo Barbagallo

CERN
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Enhanced Automation of Model Generation

Author: Barakat-Ullah Bokharaie
Supervisors: Matthias Mentink

STEAM workshop, 13t June 2019

CERN
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Revision of STEAM’s SIGMA Tool

. Purpose of revision:
. Reduction of computation times
Increased usability

Automatic definition of Quench Heaters

Automatic creation of correct study settings
Automatic creation of mesh

Reduction of computation times:
. General:

. 1 Complexity - 1 Variables = 1 Time
. Global description rather than individual
. Results:

Reduction by a factor of up to 15

CERN
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6/12/2019

Before restructuring: After restructurin,

e tlseTma

“ ® Migne_Tongh e

- S.nmn.

4 Magnet To WA Restucture mgh (roct

- Boundery System1 (373
sifafieldaman.Cob (oetarieldOaman. Co)
View 1

¥

C e O 00 iyl
hoC0.91 W1_EXT (b 0.0

bopsyépipupse

O it (CO,itSurt)
90,90,

) P1.10_B1_HT]_svglinel¥ (€05
. CO71.W0B1_HTT_svglineh (CC, oyt it
031 et [0 PL W ineSrt)

oty g5 (CLPLIVLELHTS avgsirt
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siFuFildDomain Col feifefieidDemsin, Cal
View?

Revision of STEAM’s SIGMA Tool
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Increased usability

Automatic definition of Quench Heaters

Geometry
Materials
Thermal properties

| i

Heater-to-Bath-insulation

Coil-insulation

) Heater-to-Coil-insulation
Steel-strip

Low-field Quench Heaters = -0
High-field Quench Heaters = .—.

MQXF magnet model for High-Lumi LHC

CERN
@ ‘ m 6/12/2019 Revision of STEAM’s SIGMA Tool 24




Increased usabillity

Automatic creation of correct study settings and mesh

lodel Builde v % Settings Properties

- IEemm.

=t ilS-oRA- s Pabaniich
- . “e y\-mmmr« (root) = Compute 4 @ Magnet To.mph (roct) = Compuie
° ® cubit Dot =  Globl Defntions
. B, g ome Qoeacuttann) Ltk |ty E © MagnetComp (MogretComp) Label: Time Dependent &
QHComp (QHComp) — QHComp (QHComp)
o D iy ~ Study Settings PR Svipdn ~ Study Settings
. e S—— e . )
[ ] 4 ™, Solver Configurations AR e 1A, Step 2 Time Dependent
2 Sohution (Default Study) bl 2 4 P Soher Configurations Times: s il
Bc s 4 [ Solution (Defoutt Stucy)
s Tolerance: | Physics controlied .
<= Dependent Variables 1

. 4 [75 Statonwy Sober 1 " Physicsinteface “*‘:"" D';”““"“”" = Results While Solving
. Time dependant study i R e st

Solution Store 1 (ol2) Domain ODEs and DAEs 1| Physics setbngs - Modify model configuration for study step
R ; ODE: O Physics settings - [E] Solution Store1 (s0l1) " Physics interface Solve for Discretization
ependent Varable: 2 - % Compile Equstions: Time Dependent

Transterin Sali | Phpicssettngs - tagnetic Fields ~ S seti -

. Relevant physics REETEL e — = i —
o R T —_— 4 1 Time-Dependent Sover1 Hest Transerin Soice [ Phyacs seitiogs <
S Advnced Mesh Selection L Domain ODEs and DAEs ¥ | Physics seftings -
H 8 o fobsl ODE: and DAE: | Physics et -

2 Eﬁ?wml Adaptation and Error Estimates ksl O0Ks o DA hysics setings
i olver setings Bt Sy s Tt st & | s S

Vi A L AVAVAV
VA %mvagg;%m AN/

I . CROAY
* Mesh settings: SO0

oval) [> <)
-X‘% ! v" " ’ ' v A) \/ RS

« Mapped .ng; ""X‘fv'v (ol ée"

M A

° TrlangU|ar ; é‘"f&ﬂﬂyv;#ffé?vk‘f“‘

>

S8
N>
K0

Ky

iV
AN
N

7AY
&5
év
2%

\/
20

-

LKA, i I K]
AVavy
£ VA

£ o 5 %‘Sﬁ-”‘ﬂi&'«v‘
A AVAVAVAVAT
QAKKL KA R0 WATA <
v e N s
TAVaV, oy AT ' R AAVAY.
\ AR 5

)\
Vi
N
\
VAY
\VAVAVAY
\VAVAV,Y
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P

LRI

T 4:;;; YA

K SORIH
AR
5 VAV A
v 4 s 27 4%'#'@%&*‘3‘

* ¥, PO

Meshed MQXF magnet model # o ; XN CRISSNERS

Q g RS AR 5 : VAV
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Inter-Filament Coupling Currents Modelling

Author: Carmelo Barbagallo
Supervisors: Matthias Mentink and Arjan Verweij

STEAM workshop, 13t June 2019

CERN
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Introduction

 Inter-filament coupling currents (IFCCs) in the strands of a superconducting cable are modelled by using an
additional magnetization term MIFCC (in Am-1):

Rutherford cable (real |mage)

dB
Strand magnetization MIFCC = —VTIFcC 3T T

* Migcc is due to small closed current-carrying loops;
* The magnetizing current J, =V X Mipcc is divergence-free.

S dA
Magnetoquasistatic (MQS) PDE V x (v|7 X A) + JE

=Js + V X Mipcc
* Finite Element Method is used to solve the following MQS equation for individual strands:

-

0A
7 x (V7 x A) +V x (wIFCCV X ) Js

« Aim of the study: how does homogenization affect IFCCs behavior on superconducting cables and magnets.

CERN
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Stack of four Rutherford cables — Homogeneous vs

Homogenised model

Time=0.1 s Surface: mf.normB-aveopleft(mf.norm) (T) Arrow Surface:

,,,,, i

Migcc = —kneVTirce

at

0.009

0.008 |-

0.007

0.006 |-

0.005.

0.004

0.003

0.002

0.001

-0.001

Multi-strand model

Time=0.1s Surface: mf.normB-aveopleft(mf.norms) (T) Arrow Surface: o
______ T T T e [
~~~~~~ N R R N A e — — ——~ T T,
~~~~~~ R R G -
S vVVVYVwVY - e 12
o ° ° . . NN
S, NOROCEREN
Fszs/s/ AN 20)
o o A A & A
1A A NAA NN
e vyVVYyeyw \\\\\\'
(L A
Froii S8 IR B °
I {14
8 G S A AL g b
Hlli POV Hlll .
ey Ly
KA | 4 X PR
MRV LR X X 1
R i/ SIS
VA S &5 & & /477 W3
NS - AR A R AN
[ AR Vo]
RO\ o o LA
PO 0 6 o 0 /A Tl -10
o A S A S R -

b ~————7 R R AR A~ — —— —
[ ——— = 2N R R o~ — — — | 15
b i o O I R U\ NN e v-002
0.008 0.01 0.012 0.014 0.016 0.018 0.02 m
—
— 0B
Migcc = —VTircc T

« Stack of four Rutherford cables submitted to an external varying magnetic field;

* Dgyang=0.9 mm, tgcc = 10 ms;

« Homogenisation density factor ky; = [Dstl

Multi-strand model

Field variation
0.00 0.02 0.04 0.06 0.08 0.10
0.000
-0.001

-0.002

-0.003

ABI[T]

-0.004

-0.005

-0.006 -
Time [s]

——Homogenised model (tau=9.6 ms) ———Multi-strand model (tau=5.7 ms)

= 0.55 to compensate discretization error in the homogenised model,

* Multi-strand model: same field amplitude but lower time constant than the homogenised model.

CERN
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Future studies for IFCCs modelling on superconducting magnets

Modified Homogenisation Formulation

- 2T1RCC OB  equivalent dMIFCC . dH
Mipce = — = S = (- Mipee — (1) —
IFCC Lo ot dt ZTIFCC IFCC ( )dt
R - e -
because B = y, (H + M) Decay term Driving term
dMipcc _ o 05 Y I o5 H
dt ht 27 IFCC ht dt

Field variation

0.00 0.02 004 0.06 0.08

+ Equations were implemented in COMSOL by using Dode
(Domain ODEs and DAEs) module;

+ Same field amplitude and time constant for homogenised
and multi-strand model.

CERN
\\
S

Equivalent Resistivity Formulation
t .
" COMSOL coil feature:

)
I..i; = 0 (coil excitation);
y Strand border electrical conductivity
applied to the conductive border of
X thickness ¢, = —=:
Z 2
1 ATIFCC [;
=—=—-= (inS/m
or pr RZuo ( )

where pr is the resistivity of the border and R the strand radius.

o

5 Surface; méromB-weopleR(mf nomma) (7] arrow Surface

Equivalent Resistivity Formulation

0.08

AB([T]
t g
E 4
[
|

—— Single strand (tau=10 ms)

» Field amplitude and time constant in accordance with
expectations;

« The implementation on cable stacks is under study.
29



Magneto-thermal analysis with CLIQ protection system for FRESCA2 magnet

FRESCA2 Nb;Sn dipole magnet
(developed within a collaboration between CERN and CEA Saclay)

0.09

vertical pad °-0°:
p 0.075

0.07

iron post - e
0.06

0.055

0.05

0.045

0.04

0.035

0.03

100 mm iron yoke 0.025
aperture 002
0.015

0.01

Image: G. Willering

0.005

Homogenised model
(based FRESCA2 model created by L. Bortot)

Time=0.1s Surface: Magnetic flux density norm (T)

Time=0.006 s Surface: IFCCs losses (W/m®)

* Magnetic field: 13 T; )

* Block coil design with 4 double pancake coils: °~
42 turns outer layer, 36 turns inner layer;

« Cable: 40 strands of 1 mm; o

+ Bladder and key concept for loading; s

« Magnetic flux density is in agreement with e
expectations; o

e |FCCs losses are different in the two models. .

0.02

0.015

CERN o.01
\ 0.005
N

Multi-strand model

me=0.1s Surf

Magnetic flux density norm (T)

0.03 004 005 006 007 008 009 01 011 012 m

0.01 s Surface: IFCCs losses (W/m®)




Magneto-thermal analysis with CLIQ: Homogenised model vs Multi-strand model

FRESCA2 magnet I[Img - FRESCA2 magnet IFCCs losses - FRESCA2 magnet
(Magneto-thermal simulation) (Magneto-thermal simulation) (Magneto-thermal simulation)
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* The slope ( Zt“g)| is 35% lower in the multi-strand model. Furthermore, after the initial fluctuation, the discharge in the two

t=0
models is similar. This outcome explains why we have noticed so far a higher ——= ’"“9 than expected in all homogenised models
of magnets;

» Losses due to IFCCs are, as consequence, lower of a factor two in the multi-strand model than in the homogenised one;

* Results are encouraging, however further studies are required to understand the differences noticed between the two
models.
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Conclusion

1.  We can automatically generate COMSOL models

2. We are extending this approach to build LEDET and ANSYS models

3. We are enhancing automatic model generation capabilities

4.  We identified an issue with equivalent magnetization and work on a solution

5.  We used STEAM-SIGMA for LHC, HL-LHC and FCC magnet studies
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STEAM-SIGMA — Code Quality

5 steam-sigma

Owverview  Issues  Measures Code  Activity

Quality Gate

You should define a quality gate on this project
Bugs Vulnerabilities

& sugs & vunersbiites

Code Smells
309 36

Debt & code smelis

Coverage

O 0.0%

Duplications

O 0.9% 11

Duplications
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Duplicated Blocks

Leak Period: since previous version

0@ 2

% New Bugs 8 MNew Vulnerabilities

24®@ 19

New Debt & Mew Code Smells

0.9%

Duplications on

10k Mew Lines

go.0 1NN lootoe 1

Bugs

117 0

Vulnerabilities 97 2

Code smells
Tech.

LoC (code+doc)

8.2k 36
85d 3d
15k 15k

debt

Most frequent issues:

No documentation

Coding conventions violated
Logic errors

Code duplications

Missing and failing tests
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