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A. Magnetic Transient Solver

Magnetic Transient Solver:
— The Magnetic Transient Solver computes time varying magnetic fields

— This is a time domain solver and solves for instantaneous magnetic fields at each
time step

— The source of the Time varying magnetic field can be:
* Arbitrary time-varying voltage or current sources
* Moving Sources
* Moving permanent magnets

— Field Quantities can also be strongly coupled with circuit equations to allow
arbitrarily defined external circuits

— Magnetic Transient solver does not use Adaptive mesh refinement and thus
mesh operations or a Linked Mesh is required to be defined to obtain a
sufficient mesh. Mesh Operations are discussed in Lecture 6

Magnetic Transient Equations
— Following equations are solved with Transient solver

inVxH+88|t3—O oA
VeB -0 VxVWxA=J, s~O0 5 —oVV +VxH, +0oV xVxA
—Vo(gV—j Ve(ocVDP)=0 Maxwell 2D

Maxwell 3D
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a. Defining a Magnetic Transient Problem

Defining Magnetic Transient Solver

— Specify the Maxwell Magnetic Transient Solver by selecting the menu item
Maxwell 2D/3D - Solution Type

— In the Solution Type window, select Magnetic> Transient and press OK

Solution Type: Project2? - Maxwell2DDe...

Solution Type: Project22 - Maxwell3DD...

Geometry kode: | Cartezsian, =71 j
b agnehic:

" Magretostatic

b agnetic:
£ Eddy Curerit ™ M agnetostatic
* Transient " Eddy Current
Electric: * Tranzient
" Electrostatic Electric:

" DC Conduction
=

(" Electrostatic
(" AL Conduction

" Electric Transient (" DC Conduction

(] 4 | Cancel | (] | Cancel |
Maxwell 3D Maxwell 2D

© 2013 ANSYS, Inc. May 21, 2013 4 Release 14.5



b. Material Definition

Transient Material Properties

— In Transient simulation, the following parameters may be defined for a material:
Relative Permeability :
* Relative Permeability plays a large role in determining the magnetic field solution.

* Relative Permeability, p, can be Simple or nonlinear and/or Anisotropic
Bulk Conductivity:

* Used in determining the current distribution in current carrying conductors and induced eddy
currents from resulting magnetic field.

* Can be Simple or Anisotropic

A View / Edit Material

b4 aterial Mame b aterial Coordin
Magnetic Coercivity: M125_027 | Cartesian
* Defines permanent magnetization of magnetic materials Propetties of the Material
* Requires magnitude and direction specification. Name | Towe [ vake | unit
. ) - ) . ] ) _Flelalwe Permeab.. | Monlinzar B-H Curve...
* Direction specified is with respect to Orientation CS of | [Buk Conductiviy  Simple O siemensim
bodies to which material is assigned || Magnetic Coercivity Vector
L T s t agnitude Vector... 0 A_per_me...
core 0SS ype _-XEDmpunent UnitYec. |1
* (Can be Electrical Steel, Power Ferrite, or None |- ¥ Component  UnitVec.. 0
. PR i - £ Component UnitYec... 0
* Allows you to define Core Loss coefficients as discussed | Core Loss Type Elaotioal Sloal w3
with Eddy Current Solver | xn Simple  43.5818534070156
(o : - ke Simple 0.5395734E67 366 ..
Composition : e S TG
* Can be Solid or Lamination | e Simple 0
. ! — . A . . bd 32z Denzity Simple FER0 ko/m™3
Setting Composition to Lamination creates an anisotropic [ Conpostin Said

magnetization effect.
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c. Boundary Conditions

Assigning Boundary Conditions in 3D
— Boundary conditions define behavior of the magnetic field at the interfaces or
the edges of the problem region

— A boundary can be assigned to a face (or Edge in 2D) from menu item Maxwell
3D 2 Boundaries = Assign and select the required boundary assignment

Boundary Types
— Following Boundary types are available for Transient Solvers
Maxwell 3D: Maxwell 2D:
* Default: Natural or Neumann * Vector Potential
e Zero Tangential H-Field * Balloon
* Insulating * Symmetry
* Symmetry * Master/Slave

* Master/Slave
— The behavior of each boundary remains the same as discussed with
Magnetostatic Solver
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d. Motion Setup

Motion Setup

— Time varying magnetic fields solved by the Transient solver can also result from
moving excitations or permanent magnets

— Maxwell allows users to define motion types as translation, rotation, or non-
cylindrical rotation

Requirements for Motion Setup

— All moving objects should be physically separated from stationary objects

— Moving object should be enclosed by a so-called Band object which separates
moving parts and stationary part of the geometry

* In 3D, it is recommended to use a segmented object (Regular Polyhedra) as a
Band

— Motion Should not result in intersection or overlap between moving and
stationary objects

Band

2

Translational Motion Rotational Motion
© 2013 ANSYS, Inc. May 21, 2013

Release 14.5



...Motion Setup

Assign Band

— Select the object enclosing all moving parts and select the menu item Maxwell

3D/2D - Model = Motion Setup = Assign Band

— Selected object will be set as a Band and all objects enclosed by it will be

assigned as Moving

Motion Assignment

Type Tab

* Motion Type: Defines motion — Translational or Rotational

* Rotational Axis for Rotational motion or Moving Vector for
translational vector sets direction of motion

Data Tab
 Initial Position: Sets initial position of motion at t=0
e Motion Limit: Sets rotational or translational limits of motion

Mechanical Tab

* Velocity: Specifies translational or rotational velocity. If
mechanical Transient is unchecked, constant velocity is assigned

* Consider Mechanical Transient: Maxwell computed forces along
with mechanical forces calculated by input parameters are used to
determine object motion

© 2013 ANSYS, Inc. May 21, 2013 8

Tupe ]Data ] Mechanical]

Mation Type: " Translation

{* Rotation [ MNon-Cylindrical

Ratation Az | Global:2

[

¢ Positive © Megative

Type Data ]Mechanical]

Initial Position: |U | deg

¥ Rotate Limit:

Megative: |D | deg

Puositive: |380 | deg

Type ] Data Mechanical]

¥ Cansider Mechanical Transient

Sl

| Tpm

Moment of Inertia: |0 kg m”2

Damping: |0

Initial Angular Yelocity: |D

Calculate

N-m-zec/rad

Load Torque: |D

| Mewtonbeter ﬂ
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NWSYCSH e. Excitations

Excitation

— Excitation assignments in the Transient solver are different from the Static
Solvers

— The transient solver requires specific information about the coil (such as the
number of turns, parallel paths, and resistance) and the type of Excitation
(Voltage, Current, or External)

— In general, Excitations thus require a definition of a Coil Terminal assignment,
which is then assigned to Winding definition.

Note: a Permanent Magnet also qualifies as an excitation, and allows for a transient
solver solution (e.g. with motion).
Coil Terminal (“Coil” in 2D)

— Coil terminals are defined to designate the cross
sectional faces of the 3D conductors.

— Terminal assignment can be internally located 2D sheet

for closed loop or the boundary faces of the
Conduction path

— The Coil Terminal defines the direction of current and e Coll e
number of conductors in a conduction path FoEs

— Coil Terminal can be added by selecting the 2D sheet e
object and selecting from the menu item Maxwell 3D Swap Disction

- Excitations = Assign = Coil Termmal

© 2013 ANSYS, Inc. May 21, 2013 Release 14.5



AMUSEH ...Excitations
Winding

Winding definitions determine how the coils are connected and the type of
source (Voltage, Current, External Circuit)
Winding can be added from the menu item Maxwell 3D = Excitations = Add
Winding
A winding can be Solid or Stranded
e Stranded winding does not compute Eddy Current in conduction path

Maxwell allows users to define three types of windings
Current Winding

Defines Specified current through the conduction
path
Current can be constant or a function of time

Voltage Winding

Defines Specified voltage across the coil terminals
Voltage definition along with Resistance and
inductance definition is used to evaluate current
through the winding

Voltage can be constant or function of time

© 2013 ANSYS, Inc. May 21, 2013 10

g |
Mame: Wwinding1
Parameters
Type: m " Solid ™ Stranded
Current [107sin[ 2650 time) | |

General ] Defaults]

M arne: |F'hase.s‘-\
Parameters
Type: |VOItage j (™ Sclid * Shanded
Initial Current |D |.-’-‘« j
Resistance: | 0.007159351 |chin |
Inductance:  |3.73393e-005 H |
Yoltage: | 326,599 * sin(2°pi5 0 ime+ | j
Mumber of parallel branches: &
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NWHEH ...Excitations

Winding (Contd..)

External

* External winding type enables users to assign excitations
directly from either the Maxwell Circuit Editor, or General | Defauts |
Simplorer (see Maxwell 2D/3D —> Design Settings) Name: winding A

* From the Menu, select Maxwell = Excitations = Paramsters
External Circuit = Edit External Circuit, click T [Ewemal =] ¢ Sold & Shanded
on Edit Circuit. . . to launch the Maxwell Circuit Editor. il Curent [0 | [~

* Name of the winding representing Conduction path in
circuit solver should be same as Name defined in Maxwell

OF - i Export Netlist Winding Ifomation | &vaiable Inductors | Source Type | Parsmeter ek | Circ ¢ | ¥

¥
Below iz a ligt of the externally connected windings you have setup in pour model,
V LabellD=IVolmetert
‘winding MNanne | Hasz Inductor in Circuit | Inductar Mame |
WwWinding_a 2 Liwfinding_A

1o

10v
LabellD=V4

Import Netlist from Maxwell 3D/2D >

Maxwell Ciruit Editor External Circuit = Edit External Circuit

Add Coil Terminals to Winding

— In order to completely define the excitations, the Coil terminals are added to the
Winding definition

— Right Click on Project Manager window and select Assign Coil Terminals
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NWHEH ...Excitations

Setting Eddy Effects

— Eddy Effects can be set from the menu item Maxwell 3D/2D - Excitations 2>
Set Eddy Effects

— Induced eddy current calculations can be enabled or disabled for an object

Setting Core Loss

— Core Loss calculations can be assigned from the menu item Maxwell 3D/2D >
Excitations = Set Core Loss

— If Core Loss is enabled for an object, Eddy effects should be disabled for it as
Core loss includes Eddy losses

— Core Loss properties must be defined in material definition as discussed with
Eddy Current Solver in Lecture3

— Advanced tab enables to consider impact of Core loss on Solved magnetic fields

© 2013 ANSYS, Inc.

Set Core Loss
General lAdvanced]
Usze checkboxes to tun on/off core loss settings. Pleasze note the
zetting will only take effect if the object has a coresponding core lozs
definition in the material library.
Object | Core Loss Setting | Drefined in b aterial |
LW _& [~ [
Lv_B [~ [
Lv_C [ [
care [v ¥

May 21, 2013

12

Set Eddy Effect

Uze checkboxes to tum on/off eddy effect settings:

Object | Eddy Effect |
L A v
Lv_B v

Set Core Loss

General Advanced l

v Conzider core loss effect on field
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NWSCHE f. Parameters

Parameters
— Force and Torque parameters can be assigned in Transient Solver

— A parameter can be added by selecting the required object and selecting menu
item Maxwell 3D/2D = Parameters = Assign

Force: Torque:
* Calculates force acting on assigned object * Calculates torque on assigned object
* Only Virtual forces can be assigned * Only Virtual Torgue can be assigned
Force Setup g| Torgue g|
Force lF'ost Processing] Ve |Torque‘|
Type
Mame: |F0rce'| ~
-
Type
= Lz
c Gilnhal: Z ~|
& Positive O Megative

Note: If motion setup is assigned, force and torque calculations are assigned by
default for the moving objects and computed at all time steps. User can plot
these values using XY Plots to view parameters values
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g. Design Settings

Design Settings

— Design Settings can be accessed from menu item Maxwell 3D/2D - Design
Settings

Symmetry Multiplier
* When partial Geometry is modeled using Symmetry or

Master/Slave boundary, Symmetry Multiplier is required to  EXEEET"

be specified to consider the impact of full geometry T e T
* All specified Input parameters and reported output

parameters (except field calculator quantities) are scaled

based on assigned Symmetry Multiplier

Symmetry kultiplier: |5

2D Design Settings

MOdEI Depth (ZD XY DESigns) MateriaIThresholc.Is ] Summetry M_ultipliet .
* Where user sets the length of the model perpendicular to XY e | P |
plane
aro Model Depth: |‘I |meter j
* Qutputs are scaled based on length specified
Advanced Product Coupling Tab el L T || Sphacia e

* Enables Maxwell-Simplorer Transient cosimulation

Iv Enable transient-transient link with Simplarer

.

Advanced Product Coupling Tab S — —
1 1 i I aterial Thresholds ] Preserve Trangient Solution ] Set Mfatenal Dven.lde
* Enables Inductance matrix computation for Transient Solver e o ol | s

v Compute Inductance Matriz
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h. Analysis Setup

Solution Setup
— The solution setup defines the parameters used for solving the simulation

— A Solution Setup can be added from the menu item Maxwell 3D/2D - Analysis
Setup = Add Solution Setup

General Tab

° Name: SetS the Name Of the Setup. Users can have mUItlple General lSaveFieIds] .&dvancedl S-:-Iver] Expressioncache] Defaults]

setups in the same design by repeating the procedure Narte: [Seupt W Enabled
* Stop Time: Defines transient simulation time at which T Bt

simulation will stop Stop fine: oo [ =l
* Time step: Discrete steps of time used in transient simulation Time step: 0002 [+ =l

Save Fields Tab

C Sweep Setup (Type, Start, Stop, Step): Defines time Steps at General Save Fields l»’-‘«dvancedl Solver] Expressiontache] Defaults]

which field is saved Sweep Setip _
» Save Fields: Saves the fields for defined time steps Tipe: [Lrearsien  v] [ Addwoli>s || |05
* Add to List >>: Places sweep definition in the Sweep List (the | sa 5 [ =] et | g0
Sweep List is displayed in the right panel). s 001 |5 =] -
* Edit any entries in the Sweep List to adjust solution StepSi= (0006 |5 | AddSinglePoin
frequencies or whether to save fields at specific frequencies Delete Sefcion
in the list. Clear &l
Undo Lagt Change
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...Analysis Setup

Solution Setup
Advanced Tab

Control Program: Used to dynamically adjust parameters and
control the simulation

Demagnetization Option: Allows the permanent
demagnetization to be determined from the Nonlinear B-H curve
or to use demagnetized values From Link - where the linked
solution must the option “Compute Data for Link - Demagnetized
operating points” checked and must have the exact same
geometry

Continue from a previously solved setup: Enables to continue
the solution from a linked Maxwell design setup

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 defined
when selecting From Link or Import Mesh.

Solver Tab

Nonlinear Residual: Defines how precisely the nonlinear solution
must define the B-H nonlinear operating points

Output Error: Calculates percent energy error and provides
measure of convergence of total field solution at each time step.

© 2013 ANSYS, Inc. May 21, 2013 16

Solve Setup

Generall Save Fields  Advanced lSoIverl Expression Eache] Defaults]

Control Program

[ Use Contral Program
Arguments:
r

Demagnetization Optioh

(% Monlinear B-H curve |

" |Jze dynamic magnetization data

Import O ption

[ Continue from a previously solved setup |

[ Import mesh |

Compute D'ata For Link

[ Dynamic demagnetization distribution

Solve Setup

General] Save Fields] Advanced  Solver ] Expression Eachel Defaults]

MHonlinear Residual:

0.005

[ Output emor
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NWSSH i. Solution Process

Transient Solution Process

— A Solution process can be launched form the menu item Maxwell 3D/2D 2>

Analyze All

© 2013 ANSYS, Inc. May 21, 2013

Make Initial Mesh

Initial Setup

A

Conduction Solution

\ 4
Nonlinear Convergence (Changing
permeability)

-

v

Field Solution (Concurrent with
External Circuit Solution

\ 4

Force/Torque Calculation

l

Adjust for Motion

\ 4

Next Time Step

17
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WSS B. Electric Transient Solver

Electric Transient Solver:

Electric Transient Solver computes time varying electric fields

The source of the Time varying electric field can be a time-varying potential,
charge distribution or applied currents

Electric Transient solver is available only with Maxwell 3D

Electric Transient solver uses adaptive time stepping approach where time step
size is varied based on the solution convergence

Following equations are solved with Transient solver

Electric Transient solver does not use Adaptive mesh refinement and thus mesh
operations are required to be defined to obtain a better mesh

* Mesh Operations are discussed in Lecture 6

Electric Transient Equations

Following equations are solved with Transient solver

v( %Ctbj V e (oV D) =0
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a. Defining an Electric Transient Problem

Defining Electric Transient Solver

— Specify the Electric Transient Solver by selecting the menu item Maxwell 3D 2>
Solution Type

— In Solution type window, select Electric > Electric Transient and press OK

Solution Type: Project22 - Macowell3DD...

b agnetic:
{" Magnetostatic
" Eddy Current
" Tranzient
Electric:
{ " Electrastatic

" DC Conduction
-

* Electic Transient

k. Cancel
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b. Electric Transient Setup

Material Properties

— Material properties required for Electric Transient solver are same as
Electrostatic Solver A View / Edit Material

Material Name Material Coordin

lvacuum ] Cartesian

Properties of the Material

Name | Type l Value | Units

BO u N d a ry Types 1= Relative Permittivity  Simple 1

Bulk Conductivity Simple 0 siemens/m

— Following Boundary types which were discussed with Electrostatic solver are
also available for Electric Transient Solvers
* Default: Natural or Neumann
* Insulating
* Symmetry
e Master/Slave

Excitations

— All the excitations that can be assigned with Electrostatic and DC conduction
solver can also be assigned with Electric Transient Solver

* Voltage  Volume Charge Density
* Charge * Current
* Floating * Sink

— All the above excitations can be specified as a function of time
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c. Analysis Setup

Solution Setup

— A Solution Setup can be added from the menu item Maxwell 3D - Analysis
Setup = Add Solution Setup

General Tab

* Name: sets the Name of the setup. Users can have multiple i
Solve Setup

setups in the same design by repeating the procedure
 Stop Time: Defines the time interval for which the solution is R e s ) [
calculated MName:  |3etupl ¥ Enabled
 Initial Time Step: Defines time step size used by solver at the Time Steps
start of the solution Slep e 10 s =
¢ Maximum Time Step: Defines maximum size of the time step nifal Time Step: — |1C7 S
used by solver Mawimum Time Step: |5 s v
» Save Fields: Enables to save fields at each time step e
Solver Tab
« Temporal Tolerance: Defines tolerance in time sizes General - Salver | Expression Cashe | Defauls|
* Initial Condition: Can be a preset Value or the solution of a Temporal Talerance: |0.005
Static Field. Setup Link tab can be used to link a static field Inital Condition
* Import Mesh: Allows the initial mesh to be imported from © Vake |0 v =l
another solution — the linked solution must have the exact £ Static Finld |
same geometry as the current simulation.
[ Impart mesh ‘
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