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Eddy Current Solver

Eddy Current Solver

- Eddy current solver computes steady-state, sinusoidal (AC) magnetic fields at a given frequency
- The frequency domain solution assumes frequency to be same throughout the domain

— 3D Eddy Current Solver solves for partial displacement currents

- The AC source can be peak value of sinusoidal AC currents and voltages, time-varying AC external magnetic
fields represented by external boundary conditions as well as an external circuit

— Eddy Current solver utilizes the adaptive mesh refinement technique

Eddy Current Equations
- Following equations are solved with Eddy Current solver

1 _ _
1 VX <‘Ll ﬁ ’ (VXAZ(ny))> = (O'+](U€)(—]CUAZ(X,y) _ VCD)
— — 0Mr
VXl— (VXH)|=] - H
(0 T we ( )> jw oy
V x

Iiolﬁr : (\7 X Z(p(r, z))) = (o +jwe)(—jwﬁ<p(’r, Z) — VCID)

Maxwell 3D Maxwell 2D
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Selecting the Eddy Current Solver

 Selecting the Eddy Current Solver
- By default, any newly created design will be set as a Magnetostatic problem

- Specify Eddy Current Solver by selecting the menu item Maxwell 2D/3D - Solution Type
- In Solution type window, select Magnetic = Eddy Current and press OK

Solution Type: Project? - Maxwell3DDesignl Solution Type: Project? - MaxwellZDDesignl

. Geomety Mode: | Cartesian, 7 -
M agnetic: Y J

(" Magnetostatic
kM agnetic:
{« Eddy Current _
" Magnetostatic

~ .
Transient {* Eddy Curment

Electric: ™ Tranzient

" Electrostatic Electric:

(" DC Conduction " Elechrostatic

N " AC Conduchion
{ " Electic Tranzient " DC Conduction

aFk. Cancel | k. Cancel |
Maxwell 3D Maxwell 2D
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Material Definitions

* Eddy Current Material Properties
- Relative Permittivity:

* Relative Permittivity mostly affects calculation of dielectric losses when dielectric loss tangent is set. Simple or
Anisotropic

- Relative Permeability :

* Relative Permeability can be Simple or Anisotropic. Nonlinear permeability is supported by obtaining a
linearized permeability from non-linear B-H curve. Solution is still assumed to be sinusoidal

- Bulk Conductivity: r E4] View / Edit Material
* Used in determining the current distribution and eddy currents in
.o .o .o . M t i IN M t i Il: d. t
conductor materials. Simple or Anisotropic |v:$'j'm == o s

- Dielectric Loss Tangent:

Froperties of the M aterial

* Defines the ratio of imaginary and real permittivities. Simple or

A . . M ame Type Walue [ itz
n|SOtroplc Relative Permittivity Simple 1
- Magnetic Loss Tangent: Felative Permeability Simple 1
* Defines the ratio of imaginary and real permeabilities. Simple or Ef‘";‘ E:,”T‘“'”f’ : ?mp:e E siEmens/m
. . ielectric Loss Tangen imnple
AﬂlSOthplC kagnetic Lozs Tangent | Simple 1
Core Logs Model MHone w3
tazs Density Simple 0 kgdm™3
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Material Definitions

* Eddy Current Material Properties
- Core Loss Type
* Core Loss Type can be either Electrical Steel or Power ferrite
* Core Loss Coefficients will change according to selected Core Loss type

: Core Logs Tepe Electrical Steellw;"m“E | Core Lozs Tepe Power Ferrite pa/m™3

|- Kh Simple |0 |- cm Simple [

|- ke Simple |0 |- = Simple 0

|- ke Simple 0 |-y Simple 0

|Mass Density Simple 8055 ka/m”3 | Mass Density Simple 8055 kagdm™3
Do = Knf (B2) + Ko(fB)? + Ko(FBy) ™ Pv = Conf *Biy

- Core Loss Coefficient Calculations
* Maxwell provides tools to evaluate core loss coefficients based on core loss data provided by users

* Users can select tab at the bottom of View/Edit Material window and select the option “Calculate Properties
for”

Calculate Properties far: v |Ealu:ulate Froperties for: -

Calculate Properties for;

RefCore Lozz at One Frequency... fcel | =1 Core Loss versus Frequency. ..

Calculate Properties for:
cel

Core Loss werzus Frequency...

For Electrical Steel For Power Ferrites
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Material Definitions

* Eddy Current Material Properties

— Core Loss at One Frequency:

* The option Calculate Properties for “Core Loss at One Frequency” enables to input B-P Curve for a defined
frequency. This option is available only for Electrical Steel

* Using specified B-P Curve, K, and K, coefficients are obtained by minimizing quadratic form

mi mi

err(K,,K,) = Z[PW_ — (KyBZ; + Kzf_%’”’)]2 =min Where i represents each point of defined B-P Curve

* Eddy Current coefficient, K_ is evaluated as B Cure = |5 )
d 2 Swap -1 Data Import D ataset, . Export Dataset...
K = T[ZO'— Coordinates
¢ 6 B [Tesla) | P - 300 .
;D 0
* Where o is the conductivity and d is the thickness of one o = 200
lamination sheet O R S
. .o o . 5|06 01958
* Hysteresis Loss coefficient (K,) and Excessive Loss B 0% .
[0 ] [P AR SRR R A R S A R
Coefficient (K,) are evaluated from K, K, and K_ o oae =
Kl - K f 02 K 2 p—r : : ;Z:s::l::suit::it :;:Dg . ka/m™3 wim”™3 wikg
K hn= L Ke = —is P Frequency: |80 [z v Kh[435@19 [0.00583857
f 0 f U. Thickmess:  |0.27 [om ] Ke |0.539578 |7.637632-005

’Tl Cancel | Conductivity: W S/m Ke: |E| |EI
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Material Definitions

* Eddy Current Material Properties
- Core Loss versus Frequency:

» Selecting the option Calculate Properties for “Core Loss versus Frequency” enables to input B-P Curve for
multiple frequency values

* For Electrical Steel Kh, Kc and Ke are obtained by minimizing quadratic form

m MNi
5515 112 : Where, m is number of curves added and n: is
err(Kn, Ko Kp) = ) [Paty = (KnfiBRiy + Kef By + Kof*BL)]* = min ‘ i

mij ° . .
£t £ J number of points defined in it curve
=1 j=
. . . . . . Core Loss versus Frequency = @
* For Power Ferrites Cm, x and y are obtained by minimizing e T BeEes
guadratic form ey | s ] :
z it D atazet... 150,00 ]
| |100Hz Edit Dataset... ]
m My ES Edit Dataset... ]
2 || 400 Edit Dataset.. 2. 100.00
err(c,x,y) = E E [log(PvU) — (c + xlog(f;) + ylog(BmU))] = min ]
i=1j=1 1
Edt o'mo._a' ""odo odo o0 odo 1do 1do  1ho  1do 130
B (Tesla)
c = 10 (C ) |D |H2 ﬂ (" Selected Frequency Al Frequencies W Original Curve |V Reagression Curve
- g m Add | Update |
Delete | Clear Al | wfm~3 wim®3
Core Loss Unit: |w/m*3 - Kh: |D.023296? |D.023296?
Mass Density: | 7650 kgim~3 K [0.000317943  [0.000317949
lTl Cancel | Ke: |El |D
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Boundary Conditions

* Boundary Types
- All BCs present in Magnetostatic are also valid for Eddy Current Solver
- In addition, two further boundaries can be defined

- Impedance Boundary (2D & 3D):
* Allows to simulate eddy effects without explicitly solving and meshing for the

skin depth surf \ Densit
* Equivalent calculations are done on surface elements of the conductor without urtace Loss Uensity on
any computation for internal conductor region Impedance Boundary

« Recommended to be used when skin depth is two orders of magnitude smaller
than conductor thickness

- Radiation Boundary (3D):
* To simulate fields radiating infinitely far into space

* Only used for antenna simulations with Displacement Current calculation on

the Region Poynting Vectors on

* The system absorbs the field at the radiation boundary, essentially ballooning Radiation Boundary
the boundary infinitely far away from the source
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Excitations

Current Excitation

o EXCitationS Mame: |Eunent1
- Eddy Current solver allows four types of excitations: Pasmeter
valie [0 |4 -l
- Current Phase: [0 s~
» Defines total peak current (Amp-turns) and phase Tme @ Sdd € Stanced
* Can be assigned to the conductor faces lying on simulation domain boundaries or s it

conductor sections with a closed conduction path.
e Conductor can be defined as Solid or Stranded

Current Density Excitation

* Eddy effects are not computed for stranded conductors Nare: CarerDersiy
Parameters
- Current Density X Comoren: | ame
. . . omponent: IU— ™™,
* Current density and phase throughout a conductor, defined using X,Y and Z - o
ompanent: ID— A2
components of selected CS Coadnate Systom: [Giond 3 e
* In 3D should be accompanied with Current Density Terminal definition P ° s
- Para"el Current (ZD Only) Parallel Current Excitation
* Used to define total AC current in a parallel conduction path consisting of at least —
two conductors o
* For Solid conductors, current split includes also eddy effects ok E po =]
. . . Phase: |D |deg j
* For Stranded conductors, current split is based on relative areas of selected oo s

co n d u cto rs Ref. Direction: (% positve (" Negative
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Excitations

* Winding
- Winding definitions determine how the coils are connected
together and the type of source (Voltage, Current, External Circuit)

- Winding can be added from menu item Maxwell 2D/3D >

r Windin [eE3m] |
Excitations = Add Winding - gl st |
- A winding can be Solid or Stranded: Stranded winding does not | —
compute Eddy Current in conduction path e -
. . . . . o Farameters
- All the coils belonging to one winding are in-series connected - e ] © Sobd © Semic
- Maxwell allows users to define three types of windings m [ n B
Resistance: |2 ||:|hn'| j
* Current Type Inductance: ||} |nH j
- Defines specified current through the conduction path Votaae.
oltage: |E-E- |‘-.-r j
Phase: |I]I ||:|eg j
* VOItage Type Mumber of parallel branches: 1
- Defines Specified voltage across the coil terminals —
- Voltage definition along with Resistance and Inductance definition
is used to evaluate current flowing through the winding ok | Cancel |
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Excitations

e External
- External winding enables to assign excitations from either the Maxwell Circuit Editor, —
. . . inding
or Simplorer (see Maxwell 2D/3D = Design Settings) e —
- Select menu Maxwell 2D/3D -2 Excitations - External Circuit = Edit External Nome:  [Pinang A
Circuit, click on Edit Circuit to launch the Maxwell Circuit Editor Parameters
. . . . . . . o & emal »|  Solid ™ Strande
- Name of the winding representing Conduction path in circuit schematic should be i :E’d ' = | = zd i
- - Intial Currert |0 A -
same as Name defined in Maxwell
'Lm henyeooea
e oy b Export Netlist Winding Information | Awvailable Inductors ] Source Type ] Parameter Values |
C\D LabellD=IVolmeters — Below is a list of the extemally connected windings you have setup in your
e oy Winding Name | Has Inductor in Cincuit | Inductor Name |
i Winding_A Fa LWinding_A
:0

Import Netlist from Maxwell 3D/2D - External Circuit

i cuit Edi
Maxwell Circuit Editor - Edit External Circuit

* Add Coil Terminals to Winding

- To completely define the excitations, Coil terminals are added to the Winding
definition

- Right Click on Windings in Project Manager window and select Assign Coil Terminals
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Excitations

 Setting Eddy Effects (Calculating Eddy Currents)
- Eddy Effects can be set from Project Manager RMB on Excitations - Set Eddy Effects
- Induced eddy (2D/3D) and displacement (only 3D) current calculations can be enabled or disabled for an object

I

Set Eddy Effect Set Eddy Effect

Uze checkboxes ta turn ondaff eddy effect or

deformation curment seftings: Uze checkboxes to turm ondoff eddy effect settings:

Maxwe" 3D Object | Eddy Effect | Displacement Current Maxwe" ZD
Coil v 2 Object | Eddy Effect
Core B [ Cail v
Feqion [ [ Care F
Set Core Loss @

* Setting Core Loss (only 3D)

- Core Loss calculations can be set from Project Manager RMB on
Excitations 9 Set Core LOSS Use checkboxes to tum on/off core loss settings. Please note the

setting will only take effect if the object has a comesponding core loss

General |

- If Core Loss is enabled for an object, Eddy effects should be disabled for cintion nhe metenal [ory
that object since the Core loss calculation already includes Eddy losses Object | Core Loss Setfing | Defined in Material |
- Core Loss properties must be defined for the material as discussed earlier —El l'; l':
:Hegiun [ [
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Parameters

e Parameters

- All the parameters available in Magnetostatic Solver are also available in Eddy Current Solver

- Parameters can be added through menu item Maxwell 3D/2D - Parameters = Assign

— Force:

e Calculates force acting on selected objects
e Can be Virtual or Lorentz
e Lorentz can not be used for magnetic materials

— Torque:

Force Setup

Force l Post Processing

MName: |FEII'CE1

Type
* Virtual
(" Lorentz

e Calculates torque on selected objects
e Can be Virtual or Lorentz
* The torque acting axis and direction must be set

Torque

=

Name: |Torquel

Type
* irtual
" Lorentz

Az

| Global: Z

* Positive

(o]

-]

" Megative

Cancel |
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Parameters

o E& Parameters
* Matrix: RN i fviatriv | . o
@ Mesh ENJme
- Calculates Inductance and Resistance matrix o oo EEs Delete
. . . oy . RHmEtnG Join In Series...
- Once assigned by using the Include checkboxes, Matrix allows additional connections, ;: EEEU':VEF] i I Barallc.
both “in Series” and “in Parallel” for further post-processing -2 Defiitons View Solution..
B 7 Join in Series x B Join in Parallel *
Matrix
Setup ] Matrix Name: | ReduceMatrix 1 Matrix Name: | ReduceMatrix2
Mame: |I".-1atrix1 Group Mame: | JoinSeries1 Group Mame: | JoinParallel1
Source Include Description Sources: | Name | nclude | A SourcEs Mame |Indude | ~ El% If'frametn.ars

PhaseA_1 v |coia_t [Phases _3 v __|Phase_3 B = F Matrct _
| |PhaseA_2 [+ JCails_2 PhaseA_l [vw PhaseA_1 - EI[] REdLIETEMEIﬁ'IXl
| [PhaseA_3 v |CoilA_3 v | |Phasea 2 = __=-_---[|:'-! JDIHSEFH?M
—{Phases_i v lcoip 1 —— P : PhaseB_1 v EL[:;:] Reducfal""‘latrlxl
" |PhaseB_2 v |coiB 2 PhaseB_2 B PhaseB_2 v I} JoinParalel1
- PhaseB_3 [w JCoil_B_3 PhaszeB_3 [ lﬂ o
| |PhaseC_1 [v |Coil C_1 PhaseC_1 [ | |PhaseC_1 B Final
| [Phasec_2 v |coic2 Bhasel 2 — Phasel 2 - configu ration

PhaseC_3 Coil_C_3
T 2 e oK | Cancel | oK | Cancel |

Join in Series
example

Join in Parallel
example
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Analysis Setup

 Solution Setup
- A Solution Setup can be added from Project Manager RMB on Analysis - Add Solution Setup
- Options on the General and Convergence tab are the same as for Magnetostatic solver

- SOIVer Tab Solve Setup
« Adaptive Frequency: sets the frequency at which the mesh is constructed and S| Comem | B Coci 5| P o
adapted, and at which solution is obtained Adrptive Frequency: |60 T
* Enable Iterative Solve (only for 3D designs): Enables ICCG solvers (Direct is the ™ Enable herative Solve
d efa u It) Relative Residual: |1—
* Use higher order shape functions (only for 3D designs): enables higher order B Lom e

option to gain better accuracy

* Import Mesh: initial mesh is imported from another solution — that solution
must have the exact same geometry as the current one Solve Setup =

"General | Convergence ] Expression Cache | Solver Frequency Sweep | Defaults |

™ Import mesh ‘

- Frequency Sweep Tab

Sweep Setup

* Sweep Setup (Type, Start, Stop, Step): Enables to define frequency sweep e T u
range and values e s R | e
i i i 1 Stop: 1000 [Hz +] | |760H: 2
* Save Fields: Saves the fields for defined swept frequencies | s
* Add to List >>: activate frequency sweep 9 Sove P (Al Frecueis) | Dkl Sl |
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Solution Process

* Eddy Current Solution Process Initiallsetup

- Like the Magnetostatic Solver, the solution process in the Eddy : : )
Current solver is automated as shown in diagram Adaptive Solution

- A Solution process can be launched from Project Manager window
RMB on Setup1 2 Analyze Solution Convergence ?
Yes l 1 No

Refine Mesh  —

Converged or
Number of Passes

!

Stop Field Solution

\ 4

— Calculate Parameters

\ 4

Frequency Sweep?

| Yes
No

Done

v

\nsys
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Electrostatic Solver

* Electrostatic Solver
- The Electrostatic solver solves for the static electric fields resulting from stationary charge distribution or applied
potentials
- Electric Field (E) and Electric Flux Density (D) are calculated from the scalar potential (@)

- All fields inside conductors are assumed to be perfect and equipotential in an electrostatic equilibrium (no
current flow), therefore Joule losses are zero everywhere

- The Electrostatic solver utilizes the automatic adaptive mesh refinement technique

 Electrostatic Equations
- Following equations are solved with Electrostatic solver

V. (ere(,V(l)(x, y))
V. (ere(,VCD(r, z))

—p Cartesian XY
V. (&&VP) = —p,

—p Cylindrical
about Z

Maxwell 3D Maxwell 2D

©2020 ANSYS, Inc. Unauthorized use, distribution, or duplication is prohibited. \nsys




Selecting the Electrostatic Solver

 Selecting the Electrostatic Solver
- By default, any newly created design will be set as a Magnetostatic problem
- Specify the Electrostatic solver by selecting the menu item Maxwell 2D/3D - Solution Type
- In Solution type window, select Electric = Electrostatic and press OK

Solution Type: Project? - Maxwell3DDesignl Solution Type: Project? - Maxwell2DDesignl
b agrietic: Geometry Mode: | Cartesian, #Y j
(" Magnetostatic
M bic:
" Eddy Current =llEE
" Magnetostatic
" Transient
" Eddy Current
Electic:
" Tranzient
{* Electiostatic _
Electric:

(" DC Conduckion {* Electioztatic

N " AC Conduction
" Electic Tranzient " DI Conduction

(] Cancel | ] Cancel |
Maxwell 3D Maxwell 2D
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Material Definition

 Electrostatic Material Properties
- In aN Electrostatic simulation, the following parameters may be defined for a material:
- Relative Permittivity
* Relative permittivity er determines the electric field solution and can be Simple, Nonlinear or Anisotropic

ELd view / Edit Material
Coordinates
M aterial Mame M atenial Coordinate e | D e g | ~ Swapx-r Data Impart D ataset... Export Dataset...
|vau:uum |Eartesian 1o 0 . .
TiO2 nonlinear
2 | 1500000 0.002347535 013 -
Properties of the Material "5 | 2000000 0.004575278 ]
Name Tuoe Value Units + | 5000000 0.007727303 0.10
Relative Permittivity | Simple 1 > |7000000 0010678228 o ]
— : : & 3000000 0.013606959 Yooz
N Bullk: Conductivity Simple 1] giemensz/m (12000000 0017740044 E‘I .
3 |14200000 0020464038 gﬂ-“ E
s 2 17000000 0.023461633 ]
Eﬁ} View / Edit Material ~10 | 20000000 0.026176674 o _:
11| 50000000 0.044203706 0.00
Material Mame Material Coordinate 400000000 007073553 w 0.00E5000  200E+009  400E+008  6.00E+009
|TiEIE_n|:|nlinear | Cartesian E (V_per_meter)
| | | | . 5
Froperties of the Matenal Append Rows... | | Intercepls |D |D
M ame | Type | Walue
|N|:unlinear j D-E Curve... Urits ¥ _per_meter v | Cpermz v
i Simple i |
Bulk. Conductivity .-’-‘-.nisl,:lntrn:- " zl ok, Cancel |
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Material Definition

* Electrostatic Material Properties (continued)
- Bulk Conductivity
* Defines whether an object is a conductor (treated as a perfect conductor) or an insulator.

 This classification is determined by the insulator/conductor material threshold setting defined under
Maxwell 3D/2D - Design Settings = Material Thresholds

e Can be Simple or Anisotropic

-

: : : 3D Design Settings @
&ﬂ‘u"lewf Edit Material . ,
Materal Threshalds | Set Material Overmide |
k4 aterial Mame k4 aterial Coordinate
|"-"'3'3|-"-"'|'| Cartesian Perffect Conductar: |1 0000000000 Siemensz./m

] ] Insulator/Conductar: |'I Siemens./m
Froperties of the katenal

Mote: The perfect conductar threshold is not used for the

M ame Type alue itz curent solution type.
Relatree Permittivity Simple 1
Bulk Conductivity Simple 1 ZIEMENE/ M

ok Cancel
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Boundary Conditions (BC)

 Assigning Boundary Conditions in 3D

Boundary Conditions define behavior of electric field at the interfaces or the edges of the problem region
A BC can be assigned to a face from menu item Maxwell 3D = Boundaries = Assign

* Boundary Types (3D)

Default (No Boundary Assigned): When no boundary is specified for a surface following two treatments are
assigned based on the surface position

* Natural: on interfaces between objects. D-Field Normal component at the interface changes by the amount of
surface charge density on the boundary

 Neumann: For exterior boundaries of solution domain. E Field is tangential to the boundary and flux cannot
cross it

Insulating Boundary
Insulating:

* E Field can be discontinuous across the insulating boundary

M ame: [nzulating

* Can be used to model thin layer of insulation by specifying
Permittivity for the layer

Parameters

Relative Permittiity: |1

Thickness: |EI | M
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Boundary Conditions (BC)

* Boundary Types (2D & 3D):
- Master/Slave
* Enables to model only one period of a periodic structure, reducing design size.
* Magnetic fields at Master and Slave boundaries match each other
- Symmetry Boundary
* Enables to model only part of a structure, reducing design size and solution time.
* Applied to external boundaries of domain.

* Boundary Types(2D)

Ball Bound
- Balloon (two types): alloen Boundary

* Voltage: voltage is zero at infinity

* Charge: the charge at infinity matches the charge in Mame: Ealloond
solution region, forcing net charge to be zero

Balloon Type: (" Yoltage {* Charge

©2020 ANSYS, Inc. Unauthorized use, distribution, or duplication is prohibited. \nsys



Excitations

Voltage Excitation

* Assigning Excitations Neme =
- Excitations can be assigned from RMB on Excitations = Assign P\” . —
* Voltage:

= Assigns DC voltage on selected entity
= Can be assignhed to an Object or a Face (Edge in 2D) of an Object

Charge Excitation

* Charge: Name: [Crarge]

= Assigns total Charge on selected entity Potametrs

= Can be assigned to an Object or a Face (Edge in 2D) of an Object o L -
* Floating: Floating Bxctation

= Used to model conductors of unknown potential
= Can be assigned to an Object or a Face (Edge in 2D) of an Object —

* Charge Density: vae: [0 c
= Assigns Charge Density on Selected object
= |n 2D, charge density can be surface charge density (assigned to objects) or

MHarne: Floating?

Volume Charge Density Excitation

line charge density (assigned to edges) Name: FeameChargeDenst
= |In 3D, only volume charge density can be assigned Pasametes |
Walue: ] Crm=3
Coordinate Systen: | J
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Parameters

* Parameters
- Three parameters can be assigned for magnetostatic solver: Force, Torque, Capacitance Matrix
- Parameters can be added through Maxwell 3D/2D - Parameters - Assign

— Force: — — Torque: Torque =]
* Calculates force acting on = * Calculates torque on e
selected objects e selected objects @ Vi
* Can be Virtual or Lorentz - * Can be Virtual or Lorentz —
* Lorentz can not be used for ot * The torque acting axis and mmm_z B
magnetic materials direction must be set @ Pose  C Negaie
[ ook | Cancel |
— Matrix: Matric
* Calculates Capacitance matrix Sewp |
* Matrix results can be seen under Results 2> Name: [tz
Solution Data — =3
_‘-ﬁ:urtage'l v
_‘-fu::ftageE v
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Analysis Setup

 Solution Setup

- A Solution Setup can be added from the menu Maxwell 3D/2D = Analysis Setup = Add Solution Setup
- Options on General and Convergence tab are the same as for Magnetostatic solver
- Solver Tab

* Enable Iterative Solve (only for 3D designs): Enables ICCG solvers (Direct is the default).

* Import Mesh: Allows the initial mesh to be imported from another solution — the linked solution must have
the exact same geometry as the current simulation. Setup link must be set

Setup Link
Solve Setup - =

General | Variable Mapping | Additional mesh refinements |
General ] Convergence ] Expression Cache Solver | Defaults | Product: [Mawel ]

Source Project: v Use This Project

[ Enable terative Salve :
Relative Residual: 1e-006 e =

Source Design: |I'\"Iaxwel|3DDesign'I

Led Lo

Source Solution: |Setl.||:-1 . LastAdaptive

[v Simulate source design as needed

[ Import mesh

[V Preserve source design solution

MNote: In extractor mode, source project will be saved upon exdt.
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Solution Process

* Electrostatic Solution Process Initial Setup
- Like the other QS Solvers, the solution process in the ¥
Electrostatic solver is automated as shown in diagram Adaptive Solution <
- A Solution process can be launched from Project Manager |
window RMB on Setup1 - Analyze Field Solution

v

Force/Torque Calculation

\ 4

Solution Convergence ?

Yes l lNO
Refine Mesh —

Converged or Number of
Passes

1

Stop Field Solution

1

Calculate Parameters
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DC Conduction Solver

DC Conduction Solver

- The DC Conduction solver solves for the DC Currents resulting in conductors

The quantity solved is the electric scalar potential (F)

Current density (J) and Electric Field (E) are automatically calculated from the electric scalar potential (F )
All fields outside the conductors are not calculated — permittivity is irrelevant in this calculation

The DC Conduction solver can be coupled with Electrostatic solver to solve for electric field in Insulators

DC Conduction Equations
- Following equations are solved with DC Conduction solver

J(x,y) = 0E(x,y) = —aVd(x,y) Cartesian XY

V:(cVd) =0
J(r,z) = 0E(r,z) = —aV®(r,z) Cylindrical about Z

Maxwell 3D Maxwell 2D
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Selecting DC Conduction solver

 Selecting DC Conduction Solver

- Specify the DC Conduction Solver by selecting the menu item Maxwell 2D/3D - Solution Type
- In Solution Type window, select Electric > DC Conduction and press OK

- Enabling the optlon “Include Insulator Field” W|II couple the DC Conductlon solver with the EIectrostatlc solver

Sﬂlutmn Type: Project? - Maxwel3DDesignl Snlutlun Type: Project? - Maxwell2DDesignl

M agretic: Geometry Mode: | Cartesian, =y j

" Magnetostatic

" Eddy Current Hasrete
" Magnetostatic
£ Transient " Eddy Current
Electric: " Tranzient
" Electrostatic Electric:

¢ DC Conduction " Electrostatic

| Include Insulator Field AL Conduction
" Electric Tranzient {* DL Conduction

] Cancel | ] | Cancel |
Maxwell 3D Maxwell 2D
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DC Conduction Setup

* Material Properties

- Material properties for the DC Conduction solver are the same as for
the Electrostatic solver

- It is worth to highlight that in DC Conduction the conductivity is tied
directly to the Conductivity Threshold, determining what objects are
conductors (current carrying) vs. Insulators (not current carrying)

- Relative permittivity does not affect DC conduction results but is
required if insulator fields are included

* Boundary Conditions

- All the boundary conditions available in the Electrostatic Solver are also
valid for the DC Conduction Solver

- In 2D, a Resistance Boundary can also be defined:

* It models a very thin layer of resistive material on a conductor at
known potential

* Can be assigned only to the boundary edges of solution domain

©2020 ANSYS, Inc. Unauthorized use, distribution, or duplication is prohibited.

I\ view / Edit Material
b aterial M ame M aterial Coordir
|va|::uum Cartesian
Properties af the Maternial
M amne Type Y alue Units
Relative Permittivity | Simple
Bulk, Conductivity Simple siemens/m
Resistance Boundary
Mame: | Resistancel
Parameters
Conductivity: | 0 |fohm.m
Thickness: | 0 |mm j
Voltage: | 0 |1-' j
Coordinate System: | J




Excitations

Voltage Excitation

* Excitations
- Excitations can be assigned from RMB on Excitations - Assign Name: oaget
* Voltage (2D &3D) Paramelers
= Assigns potential at different terminals (Faces in 3D, Edges in 2D) of a conductor o ’ "

Coordinate System: I—_|
= |f assigned to an Object, that object will be considered equipotential and current :
will flow in/out of the object’s boundaries Current Excitation

- Current (3D Only)
 Assigns total current through conductor cross section

ENTS |Eurrent'|

Parameters

* Can be assigned to a Face of an Object

Walue: |EI |,£'-. ﬂ
 Sink should be defined along with Current Excitation
- Sink (3D Only)
* Requires to be defined along with Current Excitation
. e " " " . Swap Direction
* Ensures total current flowing "into" and "out of" the model is 0
Sink Excitation
Note: When Insulator Field is included, all excitations discussed in Electrostatic solver
are available with DC conduction solver as well Name: SinkT

Click OF. to assign Sink Excitation to the selected target
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Solution Process

« Analysis Setup Initial Setup

- All the options in the Solve Setup window are the same as l
in the Electrostatic Solver

A

Adaptive Solution
- A Solution process can be launched from Project Manager

window RMB on Setup1 - Analyze '
Field Solution

v

Solution Convergence ?

Yes \ l No

Refine Mesh —

Converged or Number
of Passes

|

Stop Field Solution
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AC Conduction Solver

Ansys



AC Conduction Solver

* AC Conduction Solver

- The AC Conduction Solver simulates conduction currents due to sinusoidal time-varying periodic electric fields in
conductors and dielectrics

- The frequency domain solver assumes all sources to be sinusoidal at the same frequency
- This Solver is available only in Maxwell 2D
- Following equation is solved with AC conduction solver

Solution Type: Project? - Maxwell2DDesignl

Geomety Mode: | Cartezian, # j

V- (0E + jweVd(x,y)) =0
i agnetic:

" Magretostatic
 Selecting the AC Conduction Solver Magnetostat

- Specify the AC Conduction Solver through Maxwell 2D = Solution Type R
- In the Solution type window, select Electric = AC Conduction and press OK Electric:

" Eddy Current

(" Electrostatic
(s AC Conduction

" DC Conduction

] 4 Cancel |
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AC Conduction Setup

Material Properties
- Material properties required for AC Conduction Solver are the same as for Electrostatic Solver.

Boundary Conditions
- 3 types of boundaries - Master/Slave, Symmetry and Balloon - same as for Electrostatic Solver

° EXCitationS Yoltage Excitation
- Voltage:
* Assigns potential at different terminals (edges) of a conductor Name:  Voltage1
* If assigned to an Object, that object will be considered equi-potential and Parameters
current will flow in/out of the object’s boundaries to other conductors. Value: E [v B
* AC voltage is specified using Magnitude and Phase oot System: | ]
* Parameters
. Phase: |III |deg ﬂ
- Matrix:
e Calculates Admittance and Capacitance, Conductance matrix Matrx
» Matrix values can be seen in the Results = Solution Data e |
Name: |I'\"|atrix'|
Source | Signal Line |Gr0und |
Voltage1 [w [
:Vohage.? [ [w
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Analysis Setup

 Solution Setup
A Solution Setup can be added from the menu Maxwell 2D - Analysis Setup - Add Solution Setup
- Options on General and Convergence tab are the same as for Electrostatic Solver

- Solver Tab Solve Setup
* Adaptive Frequency: sets the frequency at which the mesh is constructed General | Convergence | Expression Cache  Solver | Frequency Sweep
and adapted, and at which solution is obtained
* Import Mesh: initial mesh is imported from another solution — that solution Adaptive Frequency: [50 2~
must have the exact same geometry as the current one - i |
mport mes
- Frequency Sweep Tab
* Sweep Setup (Type, Start, Stop, Step): Enables to define frequency sweep
range and values N— E—
General Cu:-nvergence] Expression Cache | Solver Frequency Sweep |Defauhs|
 Save Fields: Saves the fields for defined swept frequencies .
. o Hesp slp Frequen Save Fields
* Add to List >>: activate frequency sweep e [rersm ]| st [T | v
Start: lmim Replace List = _ifg:i g
Stop: 1000 Hz =~ :?EDHZ [
Step Size:lﬁ ’E‘ Add Single Point
Iv Save Fields (All Frequencies) Delete Selection
Clear Al
Undo Last Change
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Summary

What have we learned in this lecture?
* Eddy current solver

Material Properties

Electrostatic solver

DC Conduction Solver

AC Conduction Solver
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Workshop 2.1 — 2D Eddy Current analysis

;
- T— N
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Workshop 2.2 — 2D Electrostatic analysis
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Workshop 2.3 — 3D Eddy Current analysis
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Workshop 2.4 — 3D Electrostatic analysis
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