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Overview

e Accurate Fields
e Total and reduced Potentials
e Integral Fields
 EXisting procedures & Developments

o Material Models
e Anisotropic magnetic properties
e Models for superconductor hysteresis and loss
 EXisting procedures & Developments

e Developments
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Accurate Fields

Total and Reduced Potentials

I_ITOTAL I_Icoil-l_Hiron

e Gives the best results for a given mesh

e Providing it is used intelligently
o Simple rules

Inside Caoll - REDUCED
Coil fields dominate - REDUCED
lron & Coil fields cancel - TOTAL

However, the cost o« volume of reduced potential
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Multiple Connectivity and cuts

e Cuts required to make scalar potentials single
valued are calculated completely automatically
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Accurate fields in the working Volume

e Fields direct from the FE solution
e Model should use high order elements (locally)
e Post processing: Switch to coil fields by integration
(otherwise interpolated using the FE mesh)
e Check the error in the solution (errB)

e Fields by Integration

i, = V([][M Y ()

e Available in OPERA-2d and OPERA-3d
e Impressive improvement in accuracy (not too close to the iron)

e But it's expensive (do as many points as possible at one time)
Low order numerical integration for speed « even worse answers close to iron
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Developments

e Fields by Surface Integration
Use Green’s theorem to evaluate the field at any point
Inside a volume given the fields on its surface eg.

1) ~ 1 n
=oV| — |-N+=V¢-nds
& gqﬁ = V¢

e Advantages:
o Speed — compare number of surface and volume ‘elements’
(and accuracy because we can afford better integration methods)
 Flexibility — Could be done in a selected volume

PACO5 — Knoxville Magnet Workshop Vector F|e|ds -:-;’ ‘

software for electromagnetic design




Slide 7

Should there be :

e Direct access to Field integrals

F - j V(([TM 9 (3Gav)+ [ % R/|R?[av]ez

e \Would it be good enough to only integrate wrt Z
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Fitting to Fields or Potentials

14.0 UNITS

Length m

Flux density T

Field strength & m-
Potential Wb e
Conductivity S m-
Source density: & m=

Y [m]

12.0

Power WY

Force TN
10.0 Energy o

IMass kg

8.0

PROBLEM DATA
dip2 st
Quadratic elements
¥ symmetry
Wector potential
Magnetic fields
Static solution
Scale factor = 1.0
3099 elements
6318 nodes
4 regions

6.0

4.0

U,

2.0

l
4.0 6.0 8.0 . : 14.0 16.0 18.0
X [m]

D.B_

[25/Apr2003 17:39:13 Page & |

V- OPERA-2d

Fre and PostProcessor 8.902
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Fitting to Fields or Potentials .....

e [or best accuracy should you fit to the calculated
potentials or fields

e Comparison of the RMS errors in the first 5 non-zero
harmonics for a dipole magnet

% RMS Error in harmonics
Element size | Fittingto A, | Fitting to B,
FE Interpolate 0.5 0.017 0.077
FE Interpolate 0.25 0.004 0.016
FE Integral 0.25 N/A 0.001
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Modelling Superconducting windings

Multi-turn coil with filamentary conductor

e Calculate maximum magnetisation as a function of
B (for the given J), and use this to specify the
magnetic characteristics of the material.

e Approximation, not accurate near transition (up-down)
o Assuming field change has caused saturation

e |sotropic property M(|B|)

e Easier to solve with + magnetisation
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GSI/BNL/Martin Wilson

e Requirement to model both hysteresis and rate
dependent eddy currents in cable wound coil
e Anisotropic Magnetisation
 Different transverse and parallel rate dependence
o Isotropic hysteresis components

e Terms depend on
B dB/dt B, Bt dB/dt and dB,/dt

e Not possible to define magnetic characteristics
with this this vector dependence
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Development

e User defined permeability tensor function has
been added to OPERA-2d

e But its not very easy to use

e |s this useful to other people?
e Should we put In the effort to make it easy
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Making it easy - User Dialogs

™ Undulator, coil.opc® - Modeller |Z||E| E|
File Edit WYiew Create Picking Operations Properties Maodel Command files Windows Help

‘FEd B2E& i LB Rivd @0k Hiocodos\NIFH

BEARE R J w4 E NHEAODTIZE H B viz-2 @Ok Dide

* UIndulator Coil

Pole width |
Fole gap |'I 0o |
‘Yoke Thickness 4.0 |

F epetition

Period Mumber of penods

Coil Crozs Section

Coil Thickness Coil height

V- VECTOR FIELDS

Component O O 0O O 0 188 Global coordinake syskem
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Another example

19/Map/ 2005 17:40:24

-
* LISER DEFINED - Quadrupole Bedstead Winding

Conductor Crozs section dimensions

“width | Height [2.0

Conductor pozition

5 [bottam left) [10.0 | v [bottom left] | 0.0

E +rid "+ inding dimensions

Inzide radius of first arc |'I .0

Length of straight between arcs |1 .0

Inzide radius of second arc |'I .0

Straight zection Half lenath |3I:I.I:I

Supply current [&rmpz] |1 .0 |

[ ok | [ it |
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Constructed using the Command file editor

#¥: Command File Editor - [Sc-Undulator.comi *|
[3) File Edt Commands Windows Help

2H8:Q% &

VARLEELE UFLLIUN=LUNSIAN] NAMNA=FT VALUL=%

=3

VADIAELE OPTION=CONSTANT NAME=ftheta VALUE=45 Szl
VARIAELE OPTION=CONSTANT NAME=§Number VALUE=10 Carnmands Descrption A
YOLUME Set the volume properties
fDIALOG START 'Undulator Coil' WS Set or unzet the working coordinate system
#ASE #w 'Pole width' WINDOW Enable or disable parts of the display
PSR #y 'Pole gap’ JABORTCOMI Abort execution of a command file
*AER #t 'Yoke Thickness' [ $A5K Request a canstant value from user
L STM?‘T TREI?Etitionl NAME Name of constant user variable ta be set
ziii i:ﬁ:]t::r F'I;fu?;:r of periods’ jillil Pm.mpt m.essag.e . .
T HISTORY If history is reqqlred ?naGLIll.e.aEnml:lnEnH[
$CROUPECY #TART 'Coil Cross Section’ EDIT IFa Combobox is editable
S5F fa 'Coil Thickness' JA5KPARAMETER Fequest an expression from user 3
SASK #b 'Coil height' $A551GN Ligsign format bypes to the data figlds
$GROUPED STOP $BACKSPACE Backspace afile
tDialog &TOP {BREAKERROR Break out of the curment block [loop ete)
§co Change cument working directory 3
{ Place coils in slots in Pole face - adjust gap parameter ?mncr iZloc bl | ; =
L |
Inzs, Cal 15
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Make the optimiser easy to use

% Optimisation specification

File defining optirmization parameters

Optirization method [DESCENT or SIMPLE=] DESCEMNT

O L Laik

* Optimisation variables

#a ] | Min 1.0 | Max|2.0 |
Hb 1.0 | Min 1.0 | Maw 2.0 |
#e 1.0 | Min 1.0 | Maw 2.0 |
#d 1.0 | Min 1.0 | Maw 2.0 |
He 1.0 | Min 1.0 | Maw|2.0 |
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