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Contents

& Contents

&  This document discusses some basic concepts and terminology used throughout
the Ansoft Maxwell application. It provides an overview of the following topics:

0. Fundamentals
4 Ansoft Maxwell Desktop
# Opening a Design
&  Setting Model Type

1. Parametric Model Creation
1.1 Boundary Conditions
1.2 Excitations

5. Examples
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Ansoft Maxwell Fundamentals

&  What is Maxwell?

&  Maxwell is a high-performance interactive software package that uses finite
element analysis (FEA) to solve three-dimensional (3D) electric, magnetostatic,
eddy current, and transient problems.

& Use it to compute:

&

A

A

A

Static electric fields, forces, torques, and capacitances caused by voltage
distributions and charges.

Static magnetic fields, forces, torques, and inductances caused by DC
currents, static external magnetic fields, and permanent magnets.
Time-varying magnetic fields, forces, torques, and impedances caused by
AC currents and oscillating external magnetic fields.

Transient magnetic fields caused by electrical sources and permanent
magnets

Ansoft Maxwell 3D Field Simulator v11 User’s Guide
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Installing the Ansoft Maxwell Software

&  System Requirements

& Microsoft Windows XP(32/64), Windows 2000, or Windows 2003 Server. For up-
to-date information, refer to the Maxwell Release Notes.

Pentium -based computer
128MB RAM minimum

8MB Video Card minimum
Mouse or other pointing device
CD-ROM drive

2 2 B B B

NOTE: You should make backup copies of all Maxwell projects created with
a previous version of the software before opening them in Maxwell v11

& Installing the Ansoft Maxwell Software
& For up-to-date information, refer to the Maxwell Installation Guide

&  Starting Ansoft Maxwell

1. Click the Microsoft Start button, select Programs, and select the Ansoft, Maxwell
11 program group. Click Maxwell 11.

2. Or Double click on the Maxwell 11 icon on the Windows Desktop

A

Maxwell 11

ANSOFT
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Converting Older Files

& Converting Older Maxwell file to Maxwell v11

&  Because of changes to the Maxwell files with the development of Maxwell v11,
opening a Maxwell document from an earlier release may take more time than
you are used to experiencing. However, once the file has been opened and
saved, subsequent opening time will return to normal

4 Ansoft Maxwell v11 provides a way for you to automatically convert your Maxwell
projects from an earlier version to the Maxwell v11 format.

#  To access Maxwell projects in an earlier version.
& From Maxwell v11,
1. Select the menu item File > Open
2. Open dialog
1. Files of Type: Ansoft Legacy EM Projects (.cls)
2. Browse to the existing project and select the .cls file
3. Click the Open button

Open RX]

Lok in: | (3 pes_dual pi ~| &« ®B ek B

File: name: |pcs_dua|.n:ls
Files of type: |f-‘-nsu:|ﬂ Legacy EM Projects (*.cls) j Cancel
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Getting Help

&  Getting Help
& If you have any questions while you are using Ansoft Maxwell you can find
answers in several ways:
4 Ansoft Maxwell Online Help provides assistance while you are working.

4 To get help about a specific, active dialog box, click the Help button
in the dialog box or press the F1 key.

# Select the menu item Help > Conlents to access the online help
system.

# Tooltips are available to provide information about tools on the
toolbars or dialog boxes. When you hold the pointer over a tool for a
brief time, a tooltip appears to display the name of the tool.

4 As you move the pointer over a tool or click a menu item, the Status
Bar at the bottom of the Ansoft Maxwell window provides a brief
description of the function of the tool or menu item.

4 The Ansoft Maxwell Getting Started guide provides detailed
information about using Maxwell to create and solve 3D EM projects.

# Ansoft Technical Support

# To contact Ansoft technical support staff in your geographical area,
please log on to the Ansoft corporate website, and
select Contact.

4 Your Ansoft sales engineer may also be contacted in order to
obtain this information.

&  Visiting the Ansoft Web Site

& If your computer is connected to the Internet, you can visit the Ansoft Web site to
learn more about the Ansoft company and products.

4 From the Ansoft Desktop

4 Select the menu item Help > Ansoft Corporate Website to access
the Online Technical Support (OTS) system.

s From your Internet browser
s Visit

A
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Getting Help

& For Technical Support

&  The following link will direct you to the Ansoft Support Page. The Ansoft Support
Pages provide additional documentation, training, and application notes.

& Web Site:
4 Technical Support:
& 9-4 EST:
& Pittsburgh, PA
& (412) 261-3200 x0 - Ask for Technical Support

& Burlington, MA
4 (781) 229-8900 x0 - Ask for Technical Support

&  9-4 PST:
4 San Jose, CA
& (408) 261-9095 x0 - Ask for Technical Support

& Portland, OR
& (503) 906-7944 or (503) 906-7947

& El Segundo, CA
& (310) 426-2287 - Ask for Technical Support

Ansoft Maxwell 3D Field Simulator v11 User’s Guide 7
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WebUpdate

& WebUpdate

#  This new feature allows you to update any existing Ansoft software from the
WebUpdate window. This feature automatically scans your system to find any
Ansoft software, and then allows you to download any updates if they are
available.

=l We bUpdate

The following applications can be updated uzing Webllpdate, To
check if an update is available for an application, select it from the
lizt and then click the "Mext' button,

Application | Yersian | Last Update |
Anzoft 20 Extractor 7.0 7.0 1-12-2005
Anzoftlinks 3 3 1-14-2005
HF55 10 1000 3-7-2005
Q30 Extractor 7 £00  1-12-2005
Slwave 3 3 3-31-2005
TPA 4

Cancel

ANSOFT
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Ansoft Terms

& Ansoft Terms
& The Ansoft Maxwell window has several optional panels:

& A Project Manager which contains a design tree which lists the structure of
the project.

4 A Message Manager that allows you to view any errors or warnings that
occur before you begin a simulation.

4 A Property Window that displays and allows you to change model
parameters or attributes.
& A Progress Window that displays solution progress.

& A 3D Modeler Window which contains the model and model tree for the
active design. For more information about the3D Modeler Window, see
chapter 1.
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Ansoft Terms

s Project Manager

Project Manager Window

Project Manager
Project EI" hreaker™
Elﬁ MaowellModel 1™ <« Design
----- 7 Model A
9 Boundaries
[+ #8@ Excitations \ Design Setup
-ﬁ Farameters
----- EF Mesh Operations
- J Analysis A
Design Automation 1@ Optimetrics
*Parametric
‘Optimization || |  § ™ E Results _
-Sensitivity EEI"!_E Field Ovedays < Design Results
Statistical o
#-|23 Definitions
Froject
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Ansoft Terms

&  Property Window

Property Window
ropertes x
MName “alue | nit |

Mame Boxl

Faterial WECUUIT ‘I\

aolve Inside [ ™
Property Orientation Glaobal Il
table < Model FA///"

Display Wireframe v /

Colar Edit |

Transparent 0.4 |

Attribute | Command |

Property tabs

Property
buttons
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Ansoft Terms

&  Ansoft 3D Modeler

3D Modeler Window

O w3
=17 Model
5 &P Boxl Graphics /
& CreateBox area
=2, Coordinate Systems
B clobal
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+ &% Planes
202 PoInts
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Y
v Select Gbjects o]
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3D Modeler :
design tree -
Edit L2
Assign Boundary L
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Assign Mesh Operation *
Plot: Fields L
Plot Mesh
Copy To Clipboard
Edge
Vertex 9

Coordinate System (CS)

/

Plane
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|

Face
Model

Ansoft Maxwell 3D Field Simulator v11 User’s Guide


http://mohandesyar.com/

WAV MOHANDESYAR. COM

Ansoft Terms

& 3D Modeler Design Tree

=5 Model
+ 4P My _RiNg < Material
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+ - Mot Assigned
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Design Windows

&  Design Windows

& In the Ansoft Maxwell Desktop, each project can have multiple designs and each
design is displayed in a separate window.

& You can have multiple projects and design windows open at the same time.
Also, you can have multiple views of the same design visible at the same time.

4  To arrange the windows, you can drag them by the title bar, and resize them by
dragging a corner or border. Also, you can select one of the following menu
options: Window >Cascade, Window >Tile Vertically, or Window > Tile
Horizontally.

#  To organize your Ansoft Maxwell window, you can iconize open designs. Click
the Iconize ** symbol in the upper right corner of the document border. An icon
appears in the lower part of the Ansoft Maxwell window. If the icon is not visible,
it may be behind another open document. Resize any open documents as
necessary. Select the menu item Window > Arrange Icons to arrange them at
the bottom of the Ansoft Maxwell window.

& Select the menu item Window > Close Allto close all open design. You are
prompted to Save unsaved designs.

&Y Maxwell - rot_act - MaxwellModel1 - 30 Modeler - SOLVED ==
File Edit View Project Draw 3D Modeler Maxwel Tools Window Help
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Toolbars

& Toolbars

M

The toolbar buttons are shortcuts for frequently used commands. Most of the
available toolbars are displayed in this illustration of the Ansoft Maxwell initial

screen, but your Ansoft Maxwell window probably will not be arranged this way.
You can customize your toolbar display in a way that is convenient for you.

4 Some toolbars are always displayed; other toolbars display automatically when
you select a document of the related type. For example, when you select a 2D
report from the project tree, the 2D report toolbar displays.

&Y Maxwell - rot_act - MaxwellModel1 - 3D Modeler - SOLVED =Jokd
Flle Edit \Few Project Draw 3D Modeler Maxwell Tools Window Help
Drs;l B B Y] ::%lu%-.,o. Gtk iEsa[05580000 0
e~ 2 )@:uoacﬁ ﬁEﬂﬁ]&O@ __.ob{—_]w ]—d_j
@@ ®Ob]ect ] \J. T:I-*-:E*—(_‘ ﬁ% e
almx " rot_act - MaxwellModel1 - 3D Modeler: 1 M=
= rot_act” ] =15 Objects
=88 MaovelModell (Magnetostatic)” [l =48 copper
&P Model ‘ =& Cylin
¥ Boundaries L | P g E
+ 13 Excitations all & E
= e Parameters | i §
EF Mash Operations [ +- 4P steel
- : =]

& To display or hide individual toolbars:
&  Right-click the Ansoft Maxwell window frame.

& Alist of all the toolbars is displayed. The toolbars with a check mark
beside them are visible; the toolbars without a check mark are hidden.
Click the toolbar name to turn its display on or off

4  To make changes to the toolbars, select the menu item 7ools > Customize. See

Customize and Arrange Toolbars on the
next page.

Toolbars<

Project Manager
Message Manager
Properties
Progress

Standard

Mancwell

Maxwell Optimetrics

Mancwell FieldsReporter

3D Modeler View Interaction
3D Modeler Visibility Interaction
Help

3D Modeler Draw

3D Modeler Boolean

3D Modeler Arrange

3D Modeler Duplicate

3D Modeler Material

Project

3D Modeler Selection Mode

3D Modeler Snap Mode

3D Modeler Grid

3D Modeler Coordinate System
3D Modeler Blending

RERRRRHRERRRRRRERR  KEREE

Customize...

Ansoft
Maxwell
panels

A
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Toolbars

&  Customize and Arrange Toolbars
&  To customize toolbars:

4 Select the menu item 7ools > Customize, or right-click the Ansoft Maxwell
window frame and click Customize at the bottom of the toolbar list.

4 |n the Customize dialog, you can do the following:
4 View a Description of the toolbar commands

1.
2.

Select an item from the Component pull-down list
Select an item from the Category list

3. Using the mouse click on the Buttons to display the
Description
4. Click the Close button when you are finished

s Toggle the visibility of toolbars

1. From the Toolbar list, toggle the check boxes to control the
visibility of the toolbars

2. Click the Close button when you are finished

e oy

Customize...

Buttons

| =&

Companent;

| Deszktop
Categony:

File

Edit
i
Toal:
Wfind o
Help

D escription:

Hint: Select group and categorny. Click a button to see its descrption, or drag it to a toolbar.

Toolbars:

[w]5Standard .
[w#] A el
[w] M awwell Optirmetrics |

[w] M awwell FieldzRepart
[w] 30 Madeler Wiew |nke Reset
Reszet All

Toolbar name:
Mew. .. |

Select Al |

[w] 30 Madeler izibility |
[wHelp ]

Cloze
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Overview

& Ansoft Maxwell Desktop

&  The Ansoft Maxwell Desktop provides an intuitive, easy-to-use interface for
developing passive RF device models. Creating designs, involves the following:

1. Parametric Model Generation - creating the geometry, boundaries and
excitations

2. Analysis Setup - defining solution setup and frequency sweeps
3. Results - creating 2D reports and field plots
4. Solve Loop - the solution process is fully automated

#  To understand how these processes co-exist, examine the illustration shown
below.

1. Parametric Model
Geometry/Materials

4.1 Mesh

. Operations
2. Analysis

Solution Setup
Frequency Sweep

Fields

Mesh

v Refinement

3. Results
2R Converged

4. Solve Loop

YES
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Opening a Design

&  Opening a Maxwell project
&  This section describes how to open a new or existing project.

&  Opening a New project
4 To open a new project:
1. In an Ansoft Maxwell window, select the menu item File > New.
2. Select the menu Project > Insert Maxwell Design.

Open
. . . . ok in: |2 Projects - ¢ -
s Opening an Existing Maxwell project . = ST
. - - g ()example_DC_cond mxwiresults
s To open an existing project: WyRoomt  Smamae cecroszicmokeaits

I)example_magnetostatic. mxwiresults
—hexample_motion_bldc_3d.mxwiresults

1. In an Ansoft Maxwell window, TG e notin b

Desidtop IJJRotational_actuator_trans_motion.mxwiresults

select the menu File > Open. irester

) ¥ example_nC_cond.myxw!

i // example_eddy.maowl
Use the Open dialog to select | ., s §Em§lﬁ;iigmgéc.m..
example_magnetostatic,mxwl

the project. oy Qs o i
. . g, example_transient. mxwl
2. Click Open to open the project M“_;“‘ Dot sz
€« & ' 2
MYPT;%S:* S I | [ o |
Files of type: [Maxwel Froject Files (") =l Cancel

4  Opening an Existing Project from Explorer
# You can open a project directly from the Microsoft Windows Explorer.
# To open a project from Windows Explorer, do one of the following:
4 Double-click on the name of the project in Windows Explorer.

4 Right-click the name of the project in Windows Explorer and select
Open from the shortcut menu.

Ansoft Maxwell 3D Field Simulator v11 User's Guide 18
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Set Solution Type

&  Set Solution Type

&  This section describes how to set the Solution Type. The Solution Type defines
the type of results, how the excitations are defined, and the convergence. The
following Solution Types are available:

1. Magneto static - calculates the
2. Eddy Current - calculates
3. Transient - calculates the
4. Electric - calculates the
&  Convergence
1. Magneto static -
2. Eddy Current -
3. Transient -
4. Electric -

&  To set the solution type:
1. Select the menu item Maxwell > Solution Type
2. Solution Type Window:
1. Choose one of the following:
1. Magnetostatic

=

Solution Type: breaker - MaxwellMod...

2. Eddy Current {* hagnetostatic
3. Transient (" Eddy Current
4. Electric © Transient
2. Click the OK button  Elechic
r
=

Ok | Cancel

Ansoft Maxwell 3D Field Simulator v11 User’s Guide
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Parametric Model Creation

& Parametric Model Creation

&  The Ansoft Maxwell 3D Modeler is designed for ease of use and flexibility. The
power of the 3D Modeler is in its unique ability to create fully parametric designs
without editing complex macros/model history.

& The purpose of this chapter is to provide an overview of the 3D Modeling
capabilities. By understanding the basic concepts outlined here you will be able
to quickly take advantage of the full feature set offered by the 3D Parametric
Modeler.

&  Overview of the 3D Modeler User Interface

4 The following picture shows the 3D Modeler window.

# 3D Modeler Design Tree - The 3D Modeler Design Tree is an essential part
of the user interface. From here you may access the structural elements in
addition to any object dependencies and attributes.

» Context Menus - Context menus are a flexible way of accessing frequently
used menu commands for the current context. The contents of these
menus change dynamically and are available throughout the interface by
clicking the right mouse button.

& Graphics Area - The graphics area is used to interact with the structural
elements.

r: .-_‘

-7 Model
- €2 Boxl Graphics
& CreateBox area
=2, Coordinate Systems
& cClobal
& RelativeCs1
+ & Planes
23 Poins
+ @B Lists

3D Modeler
design tree Measure

Field: 1 e
Context menu — [ motwen .-'\\--
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Parametric Model Creation

& Overview of the 3D Modeler User Interface (Continued)

& When using the 3D Modeler interface you will also interact with two additional
interfaces:

& Property Window - The Property Window is used to view or modify the
attributes and dimensions of structural objects

Properties ]

Mame “Yalue | Linit |
1l IMame Boxl

katerial WACLLIT] 'J\

Solve Inside v |
Property Orientation Global 4/’,//’ Il b;(':tzigy
table < o v l

Display Wireframe v /

Color Edit |
L Transparent 0.4 |

Affribute | LOmmand | «<—— Property tabs

& Status Bar/Coordinate Entry - The Status Bar on the Ansoft Maxwell
Desktop Window displays the Coordinate Entry fields that can be used to
define points or offsets during the creation of structural objects

£ 0+ | |D |E: -,35
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Parametric Model Creation

&  Grid Plane

& To simplify the creation of structural primitives, a grid or drawing plane is used.
The drawing plane does not in any way limit the user to two dimensional
coordinates but instead is used as a guide to simplify the creation of structural
primitives. The drawing plane is represented by the active grid plane (The grid
does not have to be visible). To demonstrate how drawing planes are used,
review the following section: Creating and Viewing Simple Structures.

&  Active Cursor

& The active cursor refers to the cursor that is available during object creation. The

cursor allows you to graphically change the current position. The position is
displayed on the status bar of the Ansoft Maxwell Desktop Window.

[ [0o1 v [0 z. [ ||

& When objects are not being constructed, the cursor remains passive and is set
for dynamic selection. See the Overview of Selecting Objects for more details.

Ansoft Maxwell 3D Field Simulator v11 User’s Guide
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Parametric Model Creation

&  Creating and Viewing a Simple Structure
&  Creating 3D structural objects is accomplished by performing the following steps:
1. Set the grid plane
2. Create the base shape of the object
3. Set the Height

# Create a Box

&  We will investigate creating a box to demonstrate these steps. These steps
assume that project and a Maxwell design have already been created.
Three points are required to create the box. The first two form the base
rectangle and the third sets the height.

4 Point 1: Defines the start point of the base rectangle
4 Point 2: Defines the size of the base rectangle
4 Point 3: Defines the height of the Box

Point 1

7

<«—Grid Plane

-~
Base Rectangle Point 2

Ansoft Maxwell 3D Field Simulator v11 User's Guide 1-23
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Parametric Model Creation

s Create a Box (Continued) [xv ~|
1. Select the menu item 3D Modeler > Grid Plane > XY
2. Use the mouse to create the base shape

1. Set the start point by positioning the active cursor and click the left
mouse button. :

/

/
4

2. Position the active cursor and click the left mouse button to set the
second point that forms the base rectangle

3. Set the Height by positioning the active cursor and clicking left mouse
button. :

Ansoft Maxwell 3D Field Simulator v11 User’s Guide
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Parametric Model Creation

s  Specifying Points
s Grid

4 From the example, we saw that the simplest way to set a point is by
clicking its position on the grid plane. To set the precision of the grid plane,
select the menu item View > Grid Settings. From here you may specify the
Grid Type, Style, Visibility, and Precision. By pressing the Save As Default
button, you can set the default behavior for future Maxwell Designs.

Grid Sparl\cing
bg
Grid type: (@ Caresian (" Paolar
Grid style: (" Dot @ Line
[v Auto adjust density to: Ell pixels
Cartesian Polar
[v Grid Visible Sawve As Default ‘
QK. | Cancel ‘

& Coordinate Entry

4 Another way to specify a coordinate is to use the Coordinate Entry fields
which are located on the status bar of the Ansoft Maxwell Desktop. The
position may be specified in Cartesian, Cylindrical, or Spherical
coordinates. Once the first point is set, the Coordinate Entry will default to
Relative coordinates. In Relative mode the coordinates are no longer
absolute (measured from the origin of the working coordinate system), but
relative to the last point entered.

& Equations

4 The Coordinate Entry fields allow equations to be entered for
position values. Examples: 2*5, 2+6+8, 2*cos(10*(pi/180)).

# Variables are not allowed in the Coordinate Entry Field
# Note: Trig functions are in radians

dx:  [0.0000]dv: [0.0000]dz: [0.0000 ||Relativ « ||Cartesia = |Imm A\

Relative mode

Ansoft Maxwell 3D Field Simulator v11 User's Guide 1-25
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Parametric Model Creation

&  Specifying Points (Continued)
»  Object Properties

4 By default the Properties dialog will appear after you have finished
sketching an object. The position and size of objects can be modified from
the dialog. This method allows you to create objects by clicking the
estimated values using the mouse and then correcting the values in the
final dialog.

& The Property dialog accepts equations, variables, and units. See the
Overview of Entering Parameters for more detail.

& Every object has two types of properties

1. Command - Defines the structural primitive

2. Attributes - Defines the material, display, and solve properties

Commands Properties: Project22 - HFSSModel1 - 3D Modeler
Command | Attribute |
Mame Yalue | Lnit | Diescription
Command CreateBox
___|Coordinate System Global
Fosition -1,-22.0 mm
*oize 13 mm
| |VSize 2.4 mm
_|ZSize 0.6 mm
| Show Hidden
(0]:4 | Cancel |
Attributes Properties: Project22 - HFSSModel1 - 3D Modeler
Adtribute
Mame Walue | Unit | Diescription |Read—0nly|
| |Name Box1 ™
| |Material WECULIT | [
__|Solve Inside [v ™
|__|Crientation Global ™
| [Model [v r
| |Display Wireframe I |—
| |Caler Edit M
|__|Transparent 0 ™
[ Show Hidden

oK | Cancel |
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& Qverview of Draw

&  Primitives

4 In solid modeling, the basic element or object is often called a primitive.
Examples of primitives are boxes, cylinders, rectangles, circles, etc. There
are two types of primitives: 3D primitives or solids, and 2D primitives or
surfaces. By placing a collection of primitives in the correct location and of
the correct size we can create a represent complex structural objects.

# To create complex objects, primitives can be used as “tools” to cut holes,
carve away, or join. The operations that are performed with these “tools”
are often referred to as Boolean operations.

& 2D primitives can be swept to create arbitrarily shaped solid primitives

& 2D Draw Objects
4 The following 2D Draw objects are available:

4 Rectangle, Circle, Line, Point, Spline, Ellipse, Regular Polygon (v10
circle)

# 3D Draw Obijects
& The following 3D Draw objects are available:

4 Box, Cylinder, Sphere, Torus, Helix, Bond Wire, Cone, Regular
Polyhedron (v10 cylinder)

& True Surfaces
& Circles, Cylinders, Spheres, etc are represented as true surfaces. In
versions prior to release 11, these primitives would be represented as
faceted objects. If you wish to use the faceted primitives (Cylinders or
Circles), select the Regular Polyhedron or Regular Polygon.

& To control the mesh generation of true surfaces objects, see the section on
Mesh Control.
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&  Overview of Draw (Continued) Snap Mode

Snap To:
® |V Grd

4 Snap Mode

4 As an aid for graphical selection, the
modeler provides Snap options. The
default is to snaps are shown here. The
shape of the active cursor will dynamically B [Quadant
change as the cursor is moved over the € | AvcCenter
snap positions.

u [v “erex
A [v Edge Centar
L ]

[v Face Center

Ok | Cancel

& Moving

4 By default all active cursor movement is in three dimensions. The modeler
can also be set to allow the active cursor to only move in a plane or out of
plane. These are set from the menu item 3D Modeler > Movement Mode.

4 |n addition, the movement can be limited to a specific direction (X, y, or z)
by holding down the x, y, or z key. This prevents movement in the other
directions.

& Pressing the CTRL+Enter key sets a local reference point. This can be
useful for creating geometry graphically that is based on an existing
objects. This is outlined on the next page:
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& Moving (Continued)

Step 1: Start Point Step 2: Hold X key and select vertex point

Step 3: CTRL+Enter Keys set a local reference Step 4: Hold Z key and set height
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& Qverview of Draw
& Import

4 In 3D modeler you can import a drawing file from outside.

Choose option 3D Modeler -> Import . Here is the list of import files that we
support. For some of these import option you will need an add-on translator

feature in your license file.

30 Modeler File (*s5m3) |
Ansoft 20 Geometry Files (*sm2) -

Autoi5AD Files (* e dw)

GDEI Files *gds — — e R

30 Modeler File (* sm3) y L« | ! - Bl
SaT File (*.sat) File name: mesh_issuss.sm3 - Open I
STEF File l:"“.StEp,'*.Stp:l Files oftype [3D Modeler File (* 5m3) -] Cancel
IGES File (*.igES,‘*.igS) [v Heal Imported Ohjects ® Auto " Manual

SLD File (*sld)
GEOQ File (*.gen)
STLFile st x

4  Healing
# Automated healing for imported solid models
& Post-translation user controlled healing
s 3D Model Analysis - 3D Modeler/Analyze
Face, Object, Area analysis based on user inputs
List of problems (faces, edges, vertices)
Auto Zoom In into region where problem exists
Remove Face
Remove Edge
Remove Sliver
Remove Vertices

Y
Y
&
&
&
&
&

Analysis Options

Anclyte

[+ Small Edges. Length Loss Than |lI on i
[+ Seall Faca: Area Lest Than |1e 006 mm"2
[+ StverFacas

~ Biner Face Width Loss Than
= ow«gmmgsw i I—lm

" Star Edge Width .01 mm

~For Selected Objects

Boomey Aralysis | Conlact Anskys: |
Shatur:

C Dadfsces  Baddger © BadVaticer
Deuaplon:

kesnal pusr or cuedges o

Edge lengthmin =  D.0016mm  (in object pasGp_1_3)
max= 11168mm  (inobyec pasGp_1_3)

Face aren min « 0,000 mm"2 (i object paSGp_1_3)
max= 01824mm"2 (in object paSGp_1_%)

Cox ] | o
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&  Selecting Previously Defined Shapes

& You may select an object by moving the mouse over the object in the graphics
area and clicking on it. The default mode is Dynamic selection which will display
the object to be selected with a unique outline color. Please note that after
selecting (Clicking on the object) the object it will be displayed solid pink while all
other objects are drawn transparent.

s Types of Selection

# The default is to select objects. Sometimes is necessary to select faces,
edges, or vertices. To change the selection mode, select the menu item
Edit > Select and choose the appropriate selection mode. The shortcut
keys o (Object selection) and f (face selection) are useful for quickly
switching between the most common selection modes

& Multiple Select or Toggle Selection

4 Multiple objects can be selected graphically by holding down the CTRL key
while selecting. In addition, with the CTRL key pressed, the selection of an
object can be toggled between selected or unselected.

#  Blocked Objects

& If the object you wish to select is located behind another object, select the
object that is blocking the desired object and press the b key or right-click
and select Next Behind from the context menu. You may repeat this as
many times as needed to select the correct object.

&  Select All Visible

4 You can select all visible objects by pressing the CTRL+a key or by
selecting the menu item Ediit > Select All Visible.

4  Select by Name
& To select objects by Name you can use anyone of the following:
s Select the menu item Ediit > Select > By Name
& Select the menu item Maxwell > List
&  Select the Model tab
4 Select objects from the list
& Use the Model Tree. See the next page
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A
A

&

Selecting Previously Defined Shapes (Continued)
Model Tree

After an object has been created, it is automatically added to the Model
Tree. All objects can be found in the Model Tree. If you open the Model
folder you will find the objects sorted by Object or by Material. You can
toggle between the views by toggling the menu item 3D Modeler > Group
Object by Material.

=7 Model -7 Model:

+ €7 Boxl -4 W ACLILIM
+-le, Coordinate Systems +-5* Boxl
+ 4= Flanes +-le, Coordinate Systems

200 Points +-& Flanes
+- P Lists @ POINts

+ @B Lists
Sorted by Object Sorted by Material

A

As stated previously, every object has two types of properties:
Attributes

You may select an object by clicking on the corresponding
item in the Model Tree.

When the object is selected the attributes will be displayed in
the Property Window. Double-clicking on the object will open
a properties dialog. Use the Property Window or properties
dialog to modify the attributes.

Commands

From the Model Tree, the Command Properties can be
selected by expanding the object folder to display the
command list. Using the mouse, select the corresponding

A

A

&

A

A

Attributes command from the tree. The properties will be displayed in
Commands the Property Window. Double-clicking on the command will
-1 Model ¢ open a properties dialog. Use the Property Window or

+-4F Planes
222 Points
+- @B Lists

- @ Boxdl l
@ CreateBox
+-|2, Coordinate Systems

properties dialog to modify the command.

When the command is selected, the object will be outlined
with bold lines in the 3D Model Window. Since an object can
be a combination of several primitives, the command list may
contain several objects. Anyone of these commands can be

A

selected to visualize or modify the object.
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&  Selecting Previously Defined Shapes (Continued)
&  Model Tree

4 Geometry in the 3D modeler is also grouped according to their model
definition. Objects, Sheets, Lines, and Points are all separated so that they
can be easily identified in the model tree

£ Obijects
— -4 vacuum
+-¢37 Boxl
3 sheets
-3 Unassigned
+- Rectanglel
™ Lines
=" Palylinel
+- ™ CreatePolyline
L2, Coordinate Systems
= Planes
223 Points
:
{5 Lists

+

+

+

& |f a boundary condition or an excitation is defined on a sheet object, then
those 2D objects will be further separated according to their assignment.

-|- Sheets
+- Master_plane
+- Slave_plane
+-3 Term1
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&  Object Attributes

&  An objects attributes set the following user defined properties:

A

&

A

A

A

A

A

&

Name - User defined name. Default names start with the primitive type
followed by an increasing number: Box1, Box2, etc.

Material - User defined material property. The default property is vacuum.

This can F)e changed by using the material toolbar o Bfocam 5
Solve Inside - By default Maxwell only solves for fields inside vacuum

dielectrics. To force Maxwell to solve inside conductors, checlfsspeer ]
solve inside. Select..,

Orientation

Model Object - Controls if the object is included in the solve

Display Wireframe - Forces the object to always be displayed as wireframe
Color - Set object color

Transparency - Set the transparency of an object. 0-Solid, 1- Wireframe

4 Note: Visibility is not an object property.

|0l x|

Mame | Yalue | Unit |
Mame Boxl
katerial WECLILI |
Solve Inside v
Cirientation Global
Madel v
Display Wireframe [
Calor Edit |
Transparent I |
Adtribute |
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& Materials

& By clicking on the property button for the material name, the material definition
window will appear. You can select from the existing database or define a
custom project material.

Select Definition
Materials ] Material Filters
Search Parameters
Search by Name Search Criteria | Libraries [v Show definitions in Project
“ (o by MName (" by Fropery [sws] Materials
i Mame Lacation Arigin Relative Relative Bulk. Diglect |
d Parmittivity Parmeability Conductivity Loss Tan
| |copper Project Materials 1 0.935531 58000000Siemens/m 0
| |copper SysLibrary Materials 1 0.9953391 58000000Siemens/m 0
| |coming_glass SysLibrary Materials 575 1 0 0
| |cvanate_aster SysLibrary Materials 38 1 ] 0 3
| |diamend Syslibrary Materials 165 1 0 0
| |diamend_hi_pras SysLibrary Materials 5.7 1 0 0
| |dizmend_pl_cwd SysLibrary Materials 35 1 1] 0
| |Dupont Type 100 HM Film (tm) SysLibrary Materials 35 1 0 0.0026
| |Dwraid {tm) SyslLibrary Materials 2.2 1 0 0.0009
| |epoxy_Kevlar_xy SysLibrary Materials 3B 1 0 0
| |fernte SyslLibrary Materials 12 1000 0.01Siemens/m 0
| |FR4_epoxy SysLibrary Materials 44 1 0 0.0z
| |gallium_srsenide SysLibrary Materials 129 1 0 0
| |GE GETEK MLZOD/RGZ0D (trm) SysLibrary Materials 39 1 0 ooz [l
< »
Wiew/Edit Materials Add katerial Clone katerial(s) Remowve kMaterial(s) ‘ Export to Librany: I
OK | Cancel Help ‘
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& Materials (Continued)
&  User Defined Project Material

& To define a custom material click the Add Material button from the material
definition window. The following dialog will appear. Enter the material
definitions and click the OK button.

&) View / Edit Material
b aterial M ame bl aterial Coordinate System Type:
|Material1 | Cartezian -
Propertiez of the katerial Wig /B dit b aterial fiar
M arne Tupe | WYalue | it f* Active Design
Relative Permeability  Simpls 1  This Prod
= t
Bulk. Conductivity Simple 0 FiEmensdm 15 RdUE
bagnetic Coercivity | Yector " &l Products
- Magnitude Yector Mag 0O B&_per_meter
Core Lozs Tepe Hone wim™3 - -
— - - = Y alidate katerial
b azs Dengity Simple 0 kogdm™3
Composzition Solid
|Ealu:ulate Properties for: j
| ] | Cancel |
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& Changing the View

&  You can change the view at any time (even during shape generation) by using the
following commands:

&  Toolbar
4 Rotate Model Center - The structure will be rotated around the Model

4 Pan - The structure will be translated in the graphical area

4 Dynamic Zoom - Moving the mouse upwards will increase the zoom factor
while moving the mouse downwards will decrease the zoom factor

s Zoom In/Out - In this mode a rubber band rectangle will be defined by dragging
the mouse. After releasing the mouse button the zoom factor will be applied.

o D @ e
Pan — . 3 «— Zoom In/Out

Rotate Dynamic Zoom

&  Context Menu
# Right click in the graphics area and select the menu item View and choose

Srememoticenter Atz | frOm the options outlined in the Toolbar section. The context menu also offers

& pan sfoes | the following:
@, Zoom Alt+shift+Drag
Bl zoom 1 & Fit All - This will zoom the defined structure to a point where it fits in the
& zoom ut drawing area
o o e s Fit Selection - This fits only the selected objects into the drawing area.
B tide selection 4 §pin - Drag the mouse and release the mouse button to start the object
& show selection spinning. The speed of the dragging prior to releasing the mouse

Spin controls the speed of the spin.

4 Animate - Create or display the animation of parametric geometry

Set Solution Context...

Shortcuts
4 Since changing the view is a frequently used operation, some useful shortcut
keys exist. Press the appropriate keys and drag the mouse with the left button
pressed:
4  ALT + Drag - Rotate
4 |n addition, there are 9 pre-defined view angles that can be
selected by holding the ALT key and double clicking on the
locations shown on the next page.
& Shift + Drag - Pan
& ALT + Shift + Drag - Dynamic Zoom __.'\\:_

2

Ansoft Maxwell 3D Field Simulator v11 User's Guide 1-37


http://mohandesyar.com/

WAV MOHANDESYAR. COM

Parametric Model Creation

&  Shortcuts - Predefined Views

&  These 9 pre-defined views can be seen by holding the ALT key and double
clicking the left mouse button on the locations shown below.

Top

® ® ® Predefined View Angles

Left Right

X ) X

Bottom
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& Changing the View (Continued)

2

&

A

&

&

A

Visibility
4 The visibility of objects, Boundaries, Excitations, and Field Reports can be
controlled from the menu item View > Visibility

Hide Selection

& The visibility of selected objects can be set hidden by selecting the
object(s) and choosing the menu View > Hide Selection > All Views.

Rendering

4 To change the rendering select the menu item View > Render > Wireframe
or View > Render > Smooth Shaded

Coordinate System
4 To control the view of the coordinate system, select the menu item:
& Visibility:

# Toggle the menu item View > Coordinate System > Hide
(Show)

& Size:

&  Toggle the menu item View > Coordinate System > Small
(Large)

Background Color

# To set the background color, select the menu item View > Modify Attributes
> Background Color

Addition View Seetings

4 Additional attributes of the view such as the projection, orientation, and
lighting can be set from the menu item View > Modify Attributes
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& Enhancements and New Features

4 Selection
4 Select Connected Vertices
4  Select Connected Faces
4 Select Connected Edges
# Select Edge Chain
4 Select Face Chain
& Select Uncovered Loops

& Healing
& Purge History - makes an object appear as an
imported entity so that healing can be
performed on it
# Remove Faces

N Remove Edges 30 Modeler
. Import...
# Remove Vertices EEt

& Align Faces

v Group Objects By Material

B assian Material..,

Edit
- Movement Made 4
¥ Undo RemoveBadvertices  Ctrl+2 =
(™ Redo RemoveBadFaces  Chrlby Grid Plang 4
Snap Mode...
Mew Object Tyvpe 4
B paste Chrl+v
Coordinate System 4
Copy To Clipboard List J
Surface 4
Boolzan 4
Select All visible Chri+a
elect Al Uritts...
Objects
Desalect Al cubshiten || [ Faces Messure 4
Arrange 4 Edoges
Duplicate 4 Vertices .
Delete Last Operation
et Behind B Purge History

All Object Faces

Madel Analysis

® By Mame. ..
Show Analysis Dialog 4
{0 select Connected Vertices
ﬂ Select Connected Edges
D) select Conrected Fages i@ Remove Faces
@ Select Edge Chain @ Remove Edges
i Select Face Chain a Remave Yertices
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& Enhancements and New Features

& Visibility

Hide selected objects in Active View
Hide selected objects in All Views
Show selected objects in Active View
Show selected objects in All Views

S

S

S

£

4 3D User Interface Options
&  When there is a selection

& Selection is always visible E g g E E

& Set transparency of selected objects

& Set transparency of non-selected objects
# Default Rotation About

& Screen Center
& Current Axis
& Model Center

r

s 3D Modeler Options D Ul Options
& Visualize history of objects btz

Ed

[~ Stereomode  [Affects only the newly
created windowsz)
[ Drag Optirmization

[ Show &nsoft logo in prints

o (b airurn nurnber of
Default Color Key height: |16 walues displayed]

When there iz a selection

v Selection abways visible

Iv Set ransparency of selected objects ,T
Iv Set ranzparency of non-selected objects W

Default Botation About

" Scieen Center ¢ Cument 2wz * Model Center

Ok | Cahcel
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&  Applying Structural Transformations

&  So far we have investigated hot to model simple shapes and how to change the
view of the model. To create more complicated models or reduce the number of
objects that need to be created manually we can apply various transformations.

4 The following examples assume that you have already selected the object(s) that
you wish to apply a transformation.

4 You can select the transformation options from the menu item Ediit >

& Arrange >

# Move - Translates the structure along a vector

Rotate - Rotates the shape around a coordinate axis by an angle
Mirror - Mirrors the shape around a specified plane
Offset - Performs a uniform scale in x, y, and z.
& Duplicate >

4 Along Lines - Create multiple copies of an object along a vector

4 Around Axis - Create multiple copies of an object rotated by a fixed
angle around the x, y, or z axis

& Mirror - Mirrors the shape around a specified plane and creates a
duplicate

s Scale- Allows non-uniform scaling in the x, y, or z direction

4 The faces of an object can also be moved to alter the shape of an existing object.
To move the faces of an object select the menu item 3D Modeler > Surfaces >
Move Faces and select Along Normal or Along Vector.

2

2

2

A
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& Combine Objects by Using Boolean Operations

#  Most complex structures can be reduced to combinations of simple primitives.
Even the solid primitives can be reduced to simple 2D primitives that are swept
along a vector or around an axis(Box is a square that is swept along a vector to
give it thickness). The solid modeler supports the following Boolean operations:

4 Unite - combine multiple primitives
4 Unite disjoint objects
# Separate Bodies to separate
& Subtract - remove part of a primitive from another
& Split - break primitives into multiple parts
& Intersect- keep only the parts of primitives that overlap

4  Sweep - turn a 2D primitive into a solid by sweeping: Along a Vector,
Around an Axis, Along a Path

4 Connect - connect 2D primitives. Use Cover Surfaces to turn the
connected object into a solid

# Section - generate 2D cross-sections of a 3D object
#  Most Boolean operations require a base primitive in which the Boolean operation
is performed. Only the base object will be preserved.
#  The Boolean functions provide the option to Clone objects.
& 8plit Crossing Objects - When a group of objects
are selected, a Boolean split is performed on
ANY objects that overlap

Imnpott. ..

Expott...
v Group Objects By Material

& fssion Material, .,

Movement Mode }

Gtid Plane 3

Snap Mode...

Mew Object Type v | 0L Unite

Coordinate System v | [D Gubtract...

List v | @ Intersect
Surface v | aplit....

o Split Crossing Objects, .,
Units. .. Separate Bodies
Measure 3

Purge Histaory

Model Analysis 3
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& Local Coordinate Systems

&  The ability to create local coordinate systems adds a great deal of flexibility to the
creations of structural objects. In previous sections we have only discussed
objects that are aligned to the global coordinate system. The local coordinate
system simplifies the definition of objects that do not align with the global
coordinate system. In addition, the object history is defined relative to a
coordinate system. If the coordinate system is moved, the geometry will
automatically move with it. The definition of coordinate systems are maintained
in the Model Tree.

»  Working Coordinate System

4 The working coordinate system is the currently selected CS. This can be a
local or global CS

-8 Model
4  Global CS =17 Box1

. . & CreateBox
# The default fixed coordinate system H CregteraceCs

=, Coordinate Systems

s Relative CS + g E;it;?:'m
& User defined local coordinate system. #, RelativeCs1
&  Offset & Pla.nes
e PN
& Rotated + 9 Lists
4 Both
4 Face CS

& User defined local coordinate system. It is tied to the location of the object
face it was created on. If the size of the base object changes, all objects
created relative to the face CS will be updated automatically.

# Continued on Next Page

A
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& Local Coordinate Systems (Continued)
s  Face CS (Continued)

& To create a face CS, select the menu item 3D Modeler > Coordinate
System > Face

1. Graphically select Face (Highlighted in model)
2. Select Origin for Face CS
3. Set X-Axis

Step 1: Select Face

Step 3: Set X-Axis New Working CS
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& Local Coordinate Systems (Continued)
& Example of Face CS 7

Cone is created with Face CS

Change the size of the box and
the Cone is automatically
moved with the Face CS

ANSOFT
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&  Parametric Geometry

The parametric modeler capability allows us to define variables in replace of a
fixed position or size. Once this has been defined the variable can be changed

A

&

by the user or by Optimetrics. Optimetrics can then be used to perform

automatic Optimization, Parametric Sweeps, Statistical, or Sensitivity Analysis.

Defining Parameters

L

L

Choose the value to change

2

2

variables.

2

Select the command to parameterized

Enter a variable in replace of the fixed value
Define the variable using any combination of math functions or design

The model will automatically be updated

(@ Local Wariable

~

o]

Define wanakle walue with units: "1 rmm

Cancel

|0l x|
Mame | Walue | Lnit |
Cormmand CreateBox
Coordinate system  Global ol O] x]
Position -1.-16.0 N al | Unit |
XSize 26 - Sl —— 2= L
‘YSize 28 Cum;”_a'" G:E:E: o
Size : u:u:|.r. in.. | Gloha
Fosition -1.-16.0 FAFm
Xoize Py X
aize 2.8 mm
Z5ize 1 i
Command Add Variable to HFSSModel1
MNarme |my_x
Walue |2 B*cos(l0%pi/1800)+$global_war_1
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& Parametric Geometry (Continued)
&  Variables

4 There are two types of variables that can be defined in the Maxwell
Desktop

4 Design Properties - Local to model. To access the local variables
select the menu item Maxwell > Design Properties

s Project Variables - Global to all models in project. Start with $. To
access the global or project variables, select the menu item Project
> Project Variables

& Units

4 When defining variables they must contain units. The default units
for variables is meters.

4 Equations

# The variables can contain complex equations. See the Online Help
for a complete list of math functions

# Equation based Curves and Surfaces

& Any curve/surface that can be described
by an equation in three dimensions
can be drawn.

Eguation Based Curve g' Equation Based Surface E|
- = J HLu _vl= | j J
e | =

Yu, _vl= | j J
T =
Sttt [ =] 2Lui= | =l J
End_t: I—L| Start_u: - End _u -
) Start _w: I—LI End _w I—L|
Faints: ,ﬁ
oK | Cancel | Cancel

4 Animation

#  Right-Click in the 3D Model Window & Choose Animate to preview
the parameterization

& Note: depending on the quality of your graphics card you have the
option of exporting ether AVI or GIF animation files.
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& Boundary Conditions

&  This chapter describes the basics for applying boundary conditions. Boundary
conditions enable you to control the characteristics of planes, faces, or interfaces
between objects. Boundary conditions are important to understand and are
fundamental to solution of Maxwell’'s equations.

&  Why they are Important

&  The field equations that are solved by Ansoft Maxwell 3D are derived from the
differential form of Maxwell’s Equations. For these expressions to be valid, it is
assumed that the field vectors are single-valued, bounded, and have continuous
distribution along with their derivatives. Along boundaries or sources, the fields
are discontinuous and the derivatives have no meaning. Therefore boundary
conditions define the field behavior across discontinuous boundaries.

& As a user of Ansoft Maxwell 3D you should be aware of the field assumptions
made by boundary conditions. Since boundary conditions force a field behavior
we want to be aware of the assumptions so we can determine if they are
appropriate for the simulation. Improper use of boundary conditions may lead to
inconsistent results.

&  When used properly, boundary conditions can be successfully utilized to reduce
the model complexity. In fact, Ansoft Maxwell 3D automatically uses boundary
conditions to reduce the complexity of the model. Ansoft Maxwell 3D can be
thought of as a virtual prototyping world. Unlike the real world which is bounded
by infinite space, the virtual prototyping world needs to be made finite. In order to
achieve this finite space, Ansoft Maxwell 3D applies a background or outer
boundary condition which is applied to the region surrounding the geometric
model.

&  The model complexity usually is directly tied to the solution time and computer
resources so it is a competitive advantage to utilize them whenever possible.

A
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Boundary Conditions

& Common Boundary Conditions

&  There are three types of boundary conditions. The first two are largely the users
responsibility to define them or ensure that they are defined correctly. The
material boundary conditions are transparent to the user.

1. Excitations
4  Wave Ports (External)
& Lumped Ports (Internal)
2. Surface Approximations
& Symmetry Planes
Perfect Electric or Magnetic Surfaces
Radiation Surfaces
4 Background or Outer Surface
3. Material Properties
4 Boundary between two dielectrics
& Finite Conductivity of a conductor

2

2
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Boundary Conditions

& How the Background Affects a Structure

&  The background is the region that surrounds the geometric model and fills any
space that is not occupied by an object. Any object surface that touches the
background is automatically defined to be a Perfect E boundary and given the
boundary name outer. You can think of your structure as being encased with a
thin, perfect conductor.

& If it is necessary, you can change a surface that is exposed to the background to
have properties that are different from outer.

# To model losses in a surface, you can redefine the surface to be either a
Finite Conductivity or Impedance boundary. A Finite Conductivity
boundary can be a lossy metal, with loss as a function of frequency and
defined using conductivity and relative permeability parameters. An
Impedance boundary has real or complex values that by default remain
constant over frequency.

4 To model a surface to allow waves to radiate infinitely far into space,
redefine the surface to be radiation boundary.

&  The background can affect how you make material assignments. For example, if
you are modeling a simple air-filled rectangular waveguide, you can create a
single object in the shape of the waveguide and define it to have the
characteristics of air. The surface of the waveguide is automatically assumed to
be a perfect conductor and given the boundary condition outer, or you can
change it to a lossy conductor.

A
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& Boundary Condition Precedence

&  The order in which boundaries are assigned is important in Maxwell 3D. Latter
assigned boundaries take precedence over former assigned boundaries.

4 For example, if one face of an object is assigned to a Natural boundary, and a
boundary in the same plane as this surface is assigned a Tangential H-Field
boundary, then the Tangential H-Field will override the Natural in the area of the
overlap. If this operation were performed in the reverse order, then the Tangential
H-Field boundary would cover the Natural boundary.

#  Once boundaries have been assigned, they can be re-prioritized by selecting
Maxwell > Boundaries > Re-prioritize. The order of the boundaries can be
changed by clicking on a boundary and dragging it further up or down in the list.
NOTE: Excitations will always take the highest precedence.
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&  Technical Definition of Boundary Conditions

&  Excitation - An excitation is a type of boundary condition that permits energy to
flow into and out of a structure. See the section on Excitations.

&  Perfect E - Perfect E is a perfect electrical conductor, also referred to as a perfect
conductor. This type of boundary forces the electric field (E-Field) perpendicular
to the surface. There are also two automatic Perfect E assignments:

&  Any object surface that touches the background is automatically defined to
be a Perfect E boundary and given the boundary condition name outer.

& Any object that is assigned the material pec (Perfect Electric Conductor) is
automatically assigned the boundary condition Perfect E to its surface and
given the boundary condition name smetal.

& Perfect H - Perfect H is a perfect magnetic conductor. Forces E-Field tangential
to the surface.

& Natural - for a Perfect H boundary that overlaps with a perfect E boundary,
this reverts the selected area to its original material, erasing the Perfect E
boundary condition. It does not affect any material assignments. It can be
used, for example, to model a cut-out in a ground plane for a coax feed.

4 Finite Conductivity -A Finite Conductivity boundary enables you to define the
surface of an object as a lossy (imperfect) conductor. It is an imperfect E
boundary condition, and is analogous to the lossy metal material definition. To
model a lossy surface, you provide loss in Siemens/meter and permeability
parameters. Loss is calculated as a function of frequency. It is only valid for
good conductors. Forces the tangential E-Field equal to Z,(n x H,,,). The
surface impedance (Z,) is equal to, (1+j)/(5c), where:

& & is the skin depth, (2/(oon))?° of the conductor being modeled
o is the frequency of the excitation wave.

o is the conductivity of the conductor

u is the permeability of the conductor

=

L

L

A
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&  Technical Definition of Boundary Conditions (Continued)

&  Impedance - a resistive surface that calculates the field behavior and losses
using analytical formulas. Forces the tangential E-Field equal to Z(n x H,,,,)-
The surface impedance is equal to R + jX,, where:

4 Rs is the resistance in ohms/square
4 Xs is the reactance in ohms/square

&  Layered Impedance - Multiple thin layers in a structure can be modeled as an
impedance surface. See the Online Help for additional information on how to use
the Layered Impedance boundary.

4  Lumped RLC - a parallel combination of lumped resistor, inductor, and/or
capacitor surface. The simulation is similar to the Impedance boundary, but the
software calculate the ohms/square using the user supplied R, L, C values.

&  Infinite Ground Plane - Generally, the ground plane is treated as an infinite,
Perfect E, Finite Conductivity, or Impedance boundary condition. If radiation
boundaries are used in a structure, the ground plane acts as a shield for far-field
energy, preventing waves from propagating past the ground plane. to simulate
the effect of an infinite ground plane, check the Infinite ground plane box when
defining a Perfect E, Finite Conductivity, or Impedance boundary condition.
NOTE: Enabling the Infinite Ground Plane approximation ONLY affects post-
processed far-field radiation patterns. It will not change the current flowing on the
ground plane.

4 Radiation - Radiation boundaries, also referred to as absorbing boundaries,
enable you to model a surface as electrically open: waves can then radiate out of
the structure and toward the radiation boundary. The system absorbs the wave at
the radiation boundary, essentially ballooning the boundary infinitely far away
from the structure and into space. Radiation boundaries may also be placed
relatively close to a structure and can be arbitrarily shaped. This condition
eliminates the need for a spherical boundary. For structures that include radiation
boundaries, calculated S-parameters include the effects of radiation loss. When
a radiation boundary is included in a structure, far-field calculations are
performed as part of the simulation.

A
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&  Technical Definition of Boundary Conditions (Continued)

&  Symmetry - represent perfect E or perfect H planes of symmetry. Symmetry
boundaries enable you to model only part of a structure, which reduces the size
or complexity of your design, thereby shortening the solution time. Symmetry
boundaries, as opposed to a simple Perfect E or H plane, should be used when
the plane cuts across a port. In this instance, the port has a different amount of
power, voltage, and current associated with it, and thus a different impedance. To
make a port with a symmetry plane look like a full-sized port, you must use the
Impedance Multiplier in the boundary wizard.

& For a single Symmetry H boundary, the Impedance Multiplier is 0.5.
& For a single Symmetry E boundary, the Impedance Multiplier is 2.
4 Other considerations for a Symmetry boundary condition:

4 A plane of symmetry must be exposed to the background.

4 A plane of symmetry must not cut through an object drawn in the 3D
Modeler window.

# A plane of symmetry must be defined on a planar surface.
4 Only three orthogonal symmetry planes can be defined in a problem

#  Master/ Slave - Master and slave boundaries enable you to model planes of
periodicity where the E-field on one surface matches the E-field on another to
within a phase difference. They force the E-field at each point on the slave
boundary match the E-field to within a phase difference at each corresponding
point on the master boundary. They are useful for simulating devices such as
infinite arrays. Some considerations for Master/Slave boundaries:

# They can only be assigned to planar surfaces.

&  The geometry of the surface on one boundary must match the geometry
on the surface of the other boundary.

A

Ansoft Maxwell 3D Field Simulator v11 User’s Guide 1.1-55


http://mohandesyar.com/

WAV MOHANDESYAR. COM

1.1

Boundary Conditions

& Boundary Conditions

&  This chapter describes the basics for applying boundary conditions. Boundary
conditions enable you to control the characteristics of planes, faces, or interfaces
between objects. Boundary conditions are important to understand and are
fundamental to solution of Maxwell’'s equations.

&  Why they are Important

&  The field equations that are solved by Ansoft Maxwell 3D are derived from the
differential form of Maxwell’s Equations. For these expressions to be valid, it is
assumed that the field vectors are single-valued, bounded, and have continuous
distribution along with their derivatives. Along boundaries or sources, the fields
are discontinuous and the derivatives have no meaning. Therefore boundary
conditions define the field behavior across discontinuous boundaries.

& As a user of Ansoft Maxwell 3D you should be aware of the field assumptions
made by boundary conditions. Since boundary conditions force a field behavior
we want to be aware of the assumptions so we can determine if they are
appropriate for the simulation. Improper use of boundary conditions may lead to
inconsistent results.

&  When used properly, boundary conditions can be successfully utilized to reduce
the model complexity. In fact, Ansoft Maxwell 3D automatically uses boundary
conditions to reduce the complexity of the model. Ansoft Maxwell 3D can be
thought of as a virtual prototyping world. Unlike the real world which is bounded
by infinite space, the virtual prototyping world needs to be made finite. In order to
achieve this finite space, Ansoft Maxwell 3D applies a background or outer
boundary condition which is applied to the region surrounding the geometric
model.

&  The model complexity usually is directly tied to the solution time and computer
resources so it is a competitive advantage to utilize them whenever possible.

A
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& Common Boundary Conditions

&  There are three types of boundary conditions. The first two are largely the users
responsibility to define them or ensure that they are defined correctly. The
material boundary conditions are transparent to the user.

1. Excitations
4  Wave Ports (External)
& Lumped Ports (Internal)
2. Surface Approximations
& Symmetry Planes
Perfect Electric or Magnetic Surfaces
Radiation Surfaces
4 Background or Outer Surface
3. Material Properties
4 Boundary between two dielectrics
& Finite Conductivity of a conductor

2

2
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Boundary Conditions

& How the Background Affects a Structure

&  The background is the region that surrounds the geometric model and fills any
space that is not occupied by an object. Any object surface that touches the
background is automatically defined to be a Perfect E boundary and given the
boundary name outer. You can think of your structure as being encased with a
thin, perfect conductor.

& If it is necessary, you can change a surface that is exposed to the background to
have properties that are different from outer.

# To model losses in a surface, you can redefine the surface to be either a
Finite Conductivity or Impedance boundary. A Finite Conductivity
boundary can be a lossy metal, with loss as a function of frequency and
defined using conductivity and relative permeability parameters. An
Impedance boundary has real or complex values that by default remain
constant over frequency.

4 To model a surface to allow waves to radiate infinitely far into space,
redefine the surface to be radiation boundary.

&  The background can affect how you make material assignments. For example, if
you are modeling a simple air-filled rectangular waveguide, you can create a
single object in the shape of the waveguide and define it to have the
characteristics of air. The surface of the waveguide is automatically assumed to
be a perfect conductor and given the boundary condition outer, or you can
change it to a lossy conductor.

A
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& Boundary Condition Precedence

&  The order in which boundaries are assigned is important in Maxwell 3D. Latter
assigned boundaries take precedence over former assigned boundaries.

4 For example, if one face of an object is assigned to a Natural boundary, and a
boundary in the same plane as this surface is assigned a Tangential H-Field
boundary, then the Tangential H-Field will override the Natural in the area of the
overlap. If this operation were performed in the reverse order, then the Tangential
H-Field boundary would cover the Natural boundary.

#  Once boundaries have been assigned, they can be re-prioritized by selecting
Maxwell > Boundaries > Re-prioritize. The order of the boundaries can be
changed by clicking on a boundary and dragging it further up or down in the list.
NOTE: Excitations will always take the highest precedence.
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Boundary Conditions

&  Technical Definition of Boundary Conditions

&  Excitation - An excitation is a type of boundary condition that permits energy to
flow into and out of a structure. See the section on Excitations.

&  Perfect E - Perfect E is a perfect electrical conductor, also referred to as a perfect
conductor. This type of boundary forces the electric field (E-Field) perpendicular
to the surface. There are also two automatic Perfect E assignments:

&  Any object surface that touches the background is automatically defined to
be a Perfect E boundary and given the boundary condition name outer.

& Any object that is assigned the material pec (Perfect Electric Conductor) is
automatically assigned the boundary condition Perfect E to its surface and
given the boundary condition name smetal.

& Perfect H - Perfect H is a perfect magnetic conductor. Forces E-Field tangential
to the surface.

& Natural - for a Perfect H boundary that overlaps with a perfect E boundary,
this reverts the selected area to its original material, erasing the Perfect E
boundary condition. It does not affect any material assignments. It can be
used, for example, to model a cut-out in a ground plane for a coax feed.

4 Finite Conductivity -A Finite Conductivity boundary enables you to define the
surface of an object as a lossy (imperfect) conductor. It is an imperfect E
boundary condition, and is analogous to the lossy metal material definition. To
model a lossy surface, you provide loss in Siemens/meter and permeability
parameters. Loss is calculated as a function of frequency. It is only valid for
good conductors. Forces the tangential E-Field equal to Z,(n x H,,,). The
surface impedance (Z,) is equal to, (1+j)/(5c), where:

& & is the skin depth, (2/(oon))?° of the conductor being modeled
o is the frequency of the excitation wave.

o is the conductivity of the conductor

u is the permeability of the conductor

=

L

L
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&  Technical Definition of Boundary Conditions (Continued)

&  Impedance - a resistive surface that calculates the field behavior and losses
using analytical formulas. Forces the tangential E-Field equal to Z(n x H,,,,)-
The surface impedance is equal to R + jX,, where:

4 Rs is the resistance in ohms/square
4 Xs is the reactance in ohms/square

&  Layered Impedance - Multiple thin layers in a structure can be modeled as an
impedance surface. See the Online Help for additional information on how to use
the Layered Impedance boundary.

4  Lumped RLC - a parallel combination of lumped resistor, inductor, and/or
capacitor surface. The simulation is similar to the Impedance boundary, but the
software calculate the ohms/square using the user supplied R, L, C values.

&  Infinite Ground Plane - Generally, the ground plane is treated as an infinite,
Perfect E, Finite Conductivity, or Impedance boundary condition. If radiation
boundaries are used in a structure, the ground plane acts as a shield for far-field
energy, preventing waves from propagating past the ground plane. to simulate
the effect of an infinite ground plane, check the Infinite ground plane box when
defining a Perfect E, Finite Conductivity, or Impedance boundary condition.
NOTE: Enabling the Infinite Ground Plane approximation ONLY affects post-
processed far-field radiation patterns. It will not change the current flowing on the
ground plane.

4 Radiation - Radiation boundaries, also referred to as absorbing boundaries,
enable you to model a surface as electrically open: waves can then radiate out of
the structure and toward the radiation boundary. The system absorbs the wave at
the radiation boundary, essentially ballooning the boundary infinitely far away
from the structure and into space. Radiation boundaries may also be placed
relatively close to a structure and can be arbitrarily shaped. This condition
eliminates the need for a spherical boundary. For structures that include radiation
boundaries, calculated S-parameters include the effects of radiation loss. When
a radiation boundary is included in a structure, far-field calculations are
performed as part of the simulation.

A
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&  Technical Definition of Boundary Conditions (Continued)

&  Symmetry - represent perfect E or perfect H planes of symmetry. Symmetry
boundaries enable you to model only part of a structure, which reduces the size
or complexity of your design, thereby shortening the solution time. Symmetry
boundaries, as opposed to a simple Perfect E or H plane, should be used when
the plane cuts across a port. In this instance, the port has a different amount of
power, voltage, and current associated with it, and thus a different impedance. To
make a port with a symmetry plane look like a full-sized port, you must use the
Impedance Multiplier in the boundary wizard.

& For a single Symmetry H boundary, the Impedance Multiplier is 0.5.
& For a single Symmetry E boundary, the Impedance Multiplier is 2.
4 Other considerations for a Symmetry boundary condition:

4 A plane of symmetry must be exposed to the background.

4 A plane of symmetry must not cut through an object drawn in the 3D
Modeler window.

# A plane of symmetry must be defined on a planar surface.
4 Only three orthogonal symmetry planes can be defined in a problem

#  Master/ Slave - Master and slave boundaries enable you to model planes of
periodicity where the E-field on one surface matches the E-field on another to
within a phase difference. They force the E-field at each point on the slave
boundary match the E-field to within a phase difference at each corresponding
point on the master boundary. They are useful for simulating devices such as
infinite arrays. Some considerations for Master/Slave boundaries:

# They can only be assigned to planar surfaces.

&  The geometry of the surface on one boundary must match the geometry
on the surface of the other boundary.

A
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& Chapter 5.0 - Magnetostatic Examples

Y

2 2 B B

5.1 - Magnetic Force

5.2 - Nonlinear Inductor

5.3 - Switched Reluctance Motor (Stranded Conductors)
5.4 - Equivalent Circuit Extraction (ECE) Linear Movement
5.5 - Anisotropic Materials

s  Chapter 6.0 - Eddy Current Examples

Y

6.1 - Asymmetrical Conductor with a Hole

&  Chapter 7.0 - Transient Examples

Y

7.1 - Switched Reluctance Motor (Stranded Conductors)
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Chapter 5.0

& Chapter 5.0 - Magnetostatic Examples

&  5.1-Magnetic Force
5.2 - Nonlinear Inductor
5.3 - Switched Reluctance Motor (Stranded Conductors)
5.4 - Equivalent Circuit Extraction (ECE) Linear Movement
5.5 - Anisotropic Materials
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Example (Magnetostatic) - Magnetic Force

&  Magnetic Force

& This example is intended to show you how to create and analyze a
magnetostatic problem with a permanent magnet to determine the force
exerted on a steel bar using the Magnetostatic solver in the Ansoft Maxwell
3D Design Environment.

ANSOFT
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Example (Magnetostatic) - Magnetic Force

& Ansoft Maxwell Design Environment

&  The following features of the Ansoft Maxwell Design Environment are used to
create the models covered in this topic

4 3D Solid Modeling
& Primitives: Box
& Surface Operations: Section
# Boolean Operations: Subtract, Unite, Separate Bodies
& Boundaries/Excitations
#  Current: Stranded
& Analysis
& Magnetostatic
4 Results
4 Force
& Field Overlays:
& Vector B

A
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&  Getting Started

s  Launching Maxwell

1. To access Maxwell, click the Microsoft Start button, select Programs, and select
Ansoft and then Maxwell 11.

&  Setting Tool Options
&  To set the tool options:

# Note: In order to follow the steps outlined in this example, verify that the
following tool options are set :

1. Select the menu item Tools > Options > Maxwell Options
2. Maxwell Options Window:
1. Click the General Options tab

4 Use Wizards for data entry when creating new boundaries:
Checked

& Duplicate boundaries with geometry: M Checked
2. Click the OK button
3. Select the menu item Tools > Options > 3D Modeler Options.
4. 3D Modeler Options Window:
1. Click the Operation tab
& Automatically cover closed polylines: ¥ Checked
2. Click the Drawing tab
& Edit property of new primitives: M Checked
3. Click the OK button
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Y

Ry

Opening a New Project
#  To open a new project:

4 Inan Ansoft Maxwell window, click the [0 On the Standard toolbar, or
select the menu item File > New.

& From the Project menu, select Insert Maxwell Design.

- Project2”

= @ Maowel Design1 (Magnetostatic)
&7 Model
¥ Boundaries
B3 Excitations
ﬁ Parameters
BEF Mesh Operations
S Analysis
Optimetrics
= Resutts
[l Field Overays

123 Definitions

Project

Set Solution Type
&  To set the solution type:
# Select the menu item Maxwell > Solution Type
& Solution Type Window:
# Choose Magnetostatic
& Click the OK button

Solution Type: Project? - MaxwellDes...

(+ Magretostatic
(" Eddy Current
" Transient

" Electic

-
-

Q. | Cahcel ‘
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&  Creating the 3D Model

&  Set Model Units
4 To set the units:
1. Select the menu item 3D Modeler > Units
2. Set Model Units: Set Model Units ﬁ
1. Select Units: mm
2. Click the OK button

Selectunits: [l -

[ Rescale to new units

&  Set Default Material o | Concel |
& To set the default material:
1. Using the 3D Modeler Materials toolbar, choose Select
2. Select Definition Window:

. . |vacuum - | |Mode| -
1. Type steel_1008 in the Search by Name field -
2. Click the OK button —{Select. . N
S|
Select Definition
Materials | Materal Fiters |
i~ Search Parameters -
Search by Name Search Criteria - . Llibraries ¥ Show Project definiions | Show all libraries
H % by Name " by Property | [[sys] Materials
Search I i __J
Relative Bulk [
f by e i)
- o j ik ‘ iy ‘ Pemeability l Conductivity
sapphire SysLibrary Materials 1 ] ]
Sheldahl ComClad HF ¢m}) SysLibrary Materials 1 ] 1]
silicon SysLibrary Materials i ] ]
silicon_dioxide SysLibrary Materials 1 D [}
silicon_nitrate SysLibrary Materials i ] ]
silver SysLibrary Materials 0.95958 61000000siemens./m 1]
SmCo24 SysLibrary Materials 1.06313817927575 111111 1siemens/m -7560
SmCo238 SysLibrary Materials 1.03338855516414 111111 1siemens/m -3200
solder SysLibrary Materials i 7000000siemens/m |
steel 1008 Syslibrary Materials BH Curve... 2000000siemens/m DA_pe
steel_1010 SysLibrary Materials BH Curve... 2000000siemens./m D el
(i 1l | [
View/Edit Matenals ... Add Matenal ... Clone Matenal(s) Remove Matenal(s) l Export to Library. .. 1
ok | Cacel | Hep | &&%‘\
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s  Create Core
&  To create a box:
1. Select the menu item Draw > Box
2. Using the coordinate entry fields, enter the box position
& X:0.0,Y:0.0, Z: -5.0, Press the Enter key
3. Using the coordinate entry fields, enter the opposite corner of the box:
& dX:10.0, dY: -30.0, dZ: 10.0, Press the Enter key
& Tofit the view:
1. Select the menu item View > Fit All > Active View.
4 Duplicate Box:
1. Select the menu item Edlit > Duplicate Along Line
2. Using the coordinate entry fields, enter the first point
& X:0.0,Y:0.0, Z: 0.0, Press the Enter key
3. Using the coordinate entry fields, enter the second point
& dX:30.0, dY: 0.0, dZ: 10.0, Press the Enter key
4. Duplicate Along Line Window
1. Total Number: 2
2. Click the OK button
&  To create the core:
1. Select the menu item Draw > Box
2. Using the coordinate entry fields, enter the box position
& X:0.0,Y:-30.0, Z: -5.0, Press the Enter key
3. Using the coordinate entry fields, enter the opposite corner of the box:
4 dX:50.0,dY:-10.0, dZ: 10.0, Press the Enter key
&  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Core
3. Click the OK button
& To fit the view:
1. Select the menu item View > Fit All > Active View.
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s  Group the Core
4 To select the objects
1. Select the menu item Edit > Select All
2. Select the menu item, 3D Modeler > Boolean > Unite
& To fit the view:
1. Select the menu item View > Fit All > Active View.

s  Duplicate the Core
&  To select the objects
1. Select the menu item, Edit > Duplicate Mirror
2. Using the coordinate entry fields, enter the first point
& X:0.0,Y:0.0, Z: 0.0, Press the Enter key
3. Using the coordinate entry fields, enter the normal point
& dX:0.0,dY: 1.0, dZ: 0.0, Press the Enter key
& Tofit the view:
1. Select the menu item View > Fit All > Active View.

&  Group the Core
4  To select the objects
1. Select the menu item Edljit > Select All
2. Select the menu item, 3D Modeler > Boolean > Unite
&  To fit the view:
1. Select the menu item View > Fit All > Active View.

5.1
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Example (Magnetostatic) - Magnetic Force

8  Create Bar
4 To create the bar:
1. Select the menu item Draw > Box
2. Using the coordinate entry fields, enter the box position
& X:51.0,Y:-40.0, Z: -5.0, Press the Enter key
3. Using the coordinate entry fields, enter the opposite corner of the box:
& dX:10.0, dY: 80.0, dZ: 10.0, Press the Enter key
&  To parameterize the object:
1. Select the Command tab from the Properties window
2. For Position, type: 50mm+mx, -40,0, -5,0, Click the Tab key to accept
4 Add Variable mx: 1mm, Click the OK button
&  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Bar
3. Click the OK button

& Tofit the view:
1. Select the menu item View > Fit All > Active View.

& ]
&

!

s  Set Default Material
1. Using the 3D Modeler Materials toolbar, choose Select
2. Select Definition Window:
1. Type copper in the Search by Name field
2. Click the OK button

A
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8  Create Coll
4  To create the coil:
1. Select the menu item Draw > Box
2. Using the coordinate entry fields, enter the box position
& X:45.0,Y:30.0, Z: 10.0, Press the Enter key
3. Using the coordinate entry fields, enter the opposite corner of the box:
& dX:-20.0, dY: -60.0, dZ: -20.0, Press the Enter key
&  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: coil
3. Click the OK button
#  To select the object for subtract
1. Select the menu item Edlit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Coil, Core
2. Click the OK button
4 To complete the coil:
1. Select the menu item 3D Modeler > Boolean > Subtract
2. Subtract Window
1. Blank Parts: Caoil
2. Tool Parts: Core
3. Clone tool objects before subtracting: ¥ Checked
4. Click the OK button
& Tofit the view:
1. Select the menu item View > Fit All > Active View.

s  Insulate Coil
#  To assign a boundary
1. Select the menu item Maxwell > Boundaries > Assign > Insulating
2. Insulating Boundary
1. Name: Insulating1
2. Click the OK button

),ﬁ'\ \
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Example (Magnetostatic) - Magnetic Force

s  Create Excitation
4 Section Object
1. Select the menu item Edlit > Surface > Section
1. Section Plane: XY
2. Click the OK button
&  Separate Bodies
1. Select the menu item Edlit > Boolean > Separate Bodies
& Assign Excitation
1. Select the menu item Maxwell > Excitations > Assign > Current
2. Current Excitation : General
1. Name: Current1
2. Value: ¢l
3. Type: Stranded
4. Current Direction: positive Z direction. (Use Swap Direction button)
3. Click the OK button
4. Add Variable Window
1. Value: 100A
2. Click the OK button

s  Calculate Force
&  To select the object
s Select the menu item Ediit > Select > By Name
& Select Object Dialog,
4 Select the objects named: Bar
4 Click the OK button
4  Calculate Force
& Select the menu item Maxwell > Parameters > Assign > Force
#  Click the OK button
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8  Set Default Material
1. Using the 3D Modeler Materials toolbar, choose Select
2. Select Definition Window:
1. Type NdFe35 in the Search by Name field
2. Click the OK button

8  Create Magnet
&  To create the magnet:
1. Select the menu item Draw > Box
2. Using the coordinate entry fields, enter the box position
4 X:0.0,Y:-10.0, Z: -5.0, Press the Enter key
3. Using the coordinate entry fields, enter the opposite corner of the box:
& dX:10.0, dY: 20.0, dZ: 10.0, Press the Enter key
&  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Magnet
3. Click the OK button
4 To select the object for subtract s
1. Select the menu item Ediit > Select > ByName\,;/ELZ:,\, T~
2. Select Object Dialog, [ *«1 :
1. Select the objects named: Magnet, Core - \
2. Click the OK button
&  To complete the magnet:
1. Select the menu item 3D Modeler > Boolean > Subtract
2. Subtract Window
1. Blank Parts: Core
2. Tool Parts: Magnet
3. Clone tool objects before subtracting: ¥ Checked
4. Click the OK button
& Tofit the view:
1. Select the menu item View > Fit All > Active View.

-
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8  Orient Magnet

4 Note: By default all of the magentic material in the material libaray are oriented in
the x-direction. Using a local coordinate system (CS) we can correct the orientation
of the geometry to align with the material definition.

&  To create rotated CS:
1. Select the menu item Edit > Select > Faces
2. Using the mouse, graphically select the top face of the Magnet
3. Select the menu item 3D Modeler > Coordinate System > Create > Face CS
4. Using the coordinate entry fields, enter the origin
4 X:10.0,Y:10.0, Z: 5.0, Press the Enter key
5. Using the coordinate entry fields, enter the axis:
& dX: 0.0, dY: -20.0, dZ: 0.0, Press the Enter key
#  Change Properties
1. Select the menu item Maxwell > List
2. Design List Window
1. From the list, select row: Magnet
2. Click the Properties button
3. Properties Window
1. Orientation: FaceCS1
2. Click the OK button
4. Click the Done button

Properties: Project3 - MaxwellDesign1 - 3D Modeler

Attribute

Mame Value I Unit | Evaluated Value Description ‘ Read-only |

Name Magnet I~
| Matenal NdFe35 [ r
| Solve Insids [v -
| Orentation FaceC51 E
[ Model 2 r
| Display Wirsframe I E
B Color Edit J -
: Transparent 0 J E

[~ Show Hidden

N

N

AR

oK | Cancel ‘ Jﬂﬁ‘k\
ANSOFT

Ansoft Maxwell 3D Field Simulator v11 User's Guide 5.1-76


http://mohandesyar.com/

WAV MOHANDESYAR. COM

5.1
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& Set Default Material
&  To set the default material:
1. Using the 3D Modeler Materials toolbar, choose vacuum

s  Define a Region
&  To define a Region:
1. Select the menu item Draw > Region
1. Padding Date: One
2. Padding Percentage: 50
3. Click the OK button

A
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Example (Magnetostatic) - Magnetic Force

& Analysis Setup

s  Creating an Analysis Setup
&  To create an analysis setup:
1. Select the menu item Maxwell > Analysis Setup > Add Solution Setup
2. Solution Setup Window:
1. Click the OK button

s  Save Project
4 To save the project:
1. In an Ansoft Maxwell window, select the menu item File > Save As.
2. From the Save As window, type the Filename: maxwell_ms_magforce
3. Click the Save button

s Analyze

s  Model Validation
&  To validate the model:
1. Select the menu item Maxwell > Validation Check
2. Click the Close button

4 Note: To view any errors or warning messages, use the Message
Manager.

s  Analyze
&  To start the solution process:
1. Select the menu item Maxwell > Analyze All

Stranded_Conductors - MaswelDesign - Setupl: Adaptive Pazz 4 on Local Machine - RMMIMG
| |z|

| Factar (Ezt. memany = TMB, digk = ThE]

l«lolx
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8  Solution Data
4  To view the Solution Data:
1. Select the menu item Maxwell > Results > Solution Data
&  To view the Profile:
1. Click the Profile Tab.
# To view the Convergence:
1. Click the Convergence Tab

4 Note: The default view is for convergence is Table. Select
the Plot radio button to view a graphical representations of
the convergence data.

&  To view the Solutions:
1. Click the Solutions Tab
2. Click the Close button

1 Solutions: maxwell_ms_force - MaxwellDesign1 E]@
D e=ign Y ariation: ||:1 =100 J v
Simulation: |Setup1 ﬂ |Fnrce1 ﬂ

Solution lCu:unvergence ] Profile ] Mesh Statistics ]

Force  Units: | newton - Export Solution... |
il | Fly) | Fl2l | MaglF) |

Total  |-0.042053 000065346 00025783 0.042143

Close
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&  Optimetrics Setup - Parametric Sweep

&  During the design of a device, it is common practice to develop design trends
based on swept parameters. Ansoft Maxwell 3D with Optimetrics Parametric
Sweep can automatically create these design curves.

s  Add a Parametric Sweep
1. Select the menu item Maxwell > Optimetrics Analysis > Add Paramelric
2. Setup Sweep Analysis Window:
1. Click the Sweep Definitions tab:
1. Click the Add button
2. Add/Edit Sweep Dialog
1. Select Variable: c1
2. Select Linear Count

3. Start: 0A
4. Stop: 500A
5. Step: 100

6. Click the Add button
7. Click the OK button
2. Click the Options tab:
1. Save Fields and Mesh: ¥ Checked
3. Click the OK button

s  Analyze Parametric Sweep
&  To start the solution process:
1. Expand the Project Tree to display the items listed under Optimetrics
2. Right-click the mouse on ParametricSetup1 and choose Analyze

8  Optimetrics Results
4  To view the Optimetrics Results:
1. Select the menu item Maxwell> Optimetrics Analysis > Optimetrics Results
2. Select the Profile Tab to view the solution progress for each setup.
3. Click the Close button when you are finished viewing the results
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8  Create Plot of Force at each Current
& To create a report:
1. Select the menu item Maxwell > Results > Create Report
2. Create Report Window:
1. Report Type: Magnetostatic
2. Display Type: Rectangular Plot
3. Click the OK button
3. Traces Window:
1. Solution: Setup1: Force
Click the Sweeps tab
1. Select Sweep Design and Project variable values
2. Make sure that ¢1 is selected as the primary sweep
3. Click the Y tab
1. Category: Force
2. Quantity: Force_x
3. Function: <none>
4. Click the Add Trace button
4. Click the Done button

N

0.00

] \
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5.2

Example (Magnetostatic) - Nonlinear Inductor

&  The implementation and application of Nonlinear Inductor when
using the Magnetostatic Solver
&  The nonlinear inductance is calculated by Maxwell.
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Example (Magnetostatic) - Nonlinear Inductor

& Ansoft Maxwell Design Environment

&  The following features of the Ansoft Maxwell Design Environment are used to
create the models covered in this topic

4 3D Solid Modeling
4 Primitives: Rectangular Box
& Surface Operations: Draw Rectangle
# Boolean Operations: Subtract
& Boundaries/Excitations
s Current: Stranded
& Analysis
& Magnetostatic
& Results
4 Inductance Matrix
& Field Overlays:
4  Flux Density Mapping

),ﬁ'\ \
J’st‘k\
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Example (Magnetostatic) - Nonlinear Inductor

&  Getting Started

s Launching Maxwell

1. To access Maxwell, click the Microsoft Start button, select Programs, and select
Ansoft and then Maxwell 11.

s  Setting Tool Options
&  To set the tool options:

# Note: In order to follow the steps outlined in this example, verify that the
following tool options are set :

1. Select the menu item Tools > Options > Maxwell Options
2. Maxwell Options Window:
1. Click the General Options tab

4 Use Wizards for data entry when creating new boundaries:
Checked

& Duplicate boundaries with geometry: M Checked
2. Click the OK button
3. Select the menu item Tools > Options > 3D Modeler Options.
4. 3D Modeler Options Window:
1. Click the Operation tab
& Automatically cover closed polylines: ¥ Checked
2. Click the Drawing tab
& Edit property of new primitives: M Checked
3. Click the OK button
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8  Opening a New Project
4 To open a new project:
1. In an Maxwell window, click the [ On the Standard toolbar, or select
the menu item File > New.
2. Select the menu item Project > Insert Maxwell Design, or click on the §#
icon

= Monlinearinductance ~
=l MaxwellDesign1
£57 Model
[F Boundaries
+- g Excitations
+ ﬁ Parameters
EF Mesh Operations
+-J Analysis
Optimetrics

Lo

Project

s  Set Solution Type

4 Select the menu item: Maxwell > Solution Type > Magnetostatic, or right
mouse click on MaxwellDesign1 and select Solution Type ...

& Creating the 3D Model of a Nonlinear Inductor

& The example that will be used to demonstrate how to model the Nonlinear
Inductor. By using 2 independent windings, we can observe the self
inductance and mutual inductance. The inductance varies regard to the
saturation level of the operation.

8  Set Model Units
& Select the menu item 3D Modeler > Units > Select Units.: mm (millimeters)
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&  Create the Core:
&  Boxis used to create the core:

& Draw > Box

1. Using the coordinate entry field, enter the corner of the box
& X:0,Y:0,Z:0, Press the Enter key

2. Using the coordinate entry field, enter the size of the box
& dX: 10, dY: 10, dZ: 10, Press the Enter key
& OK
& The name of box is box1

& Draw > Box

1. Using the coordinate entry field, enter the corner of the box
& X:0,Y:1,2Z:1, Press the Enter key

2. Using the coordinate entry field, enter the size of the box
4 dX: 10, dY: 3, dZ: 8, Press the Enter key
& OK
# The name of box is box2

& Draw > Box

1. Using the coordinate entry field, enter the corner of the box
& X:0,Y:6,Z:1, Press the Enter key

2. Using the coordinate entry field, enter the size of the box
& dX: 10, dY: 3, dZ: 8, Press the Enter key
a4 OK
# The name of box is box3

& Hold Ctrl key and Select: Box1, Box2, Box3

& 3D Modeler>Boolean>Sublract..

& OK

4 The object name is Box1 since Box1 was selected first.

4 Click on the just created object in the drawing window and in the panel on
the left change its name from Box7to Core.

4 Change the Material from vacuum to Steel_1010.
# Change the Color from Gray to Blue

A
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& Create the Coils and Terminals:
4 Box is used to create the coil:

&  Draw > Box

1. Using the coordinate entry field, enter the corner of the box
& X:-2,Y:2,Z: 2, Press the Enter key

2. Using the coordinate entry field, enter the size of the box
& dX: 14, dY: 6, dZ: 1, Press the Enter key
& OK
4 The name of box is box4

&  Draw > Box

1. Using the coordinate entry field, enter the corner of the box
& X:-1,Y:3,Z: 2, Press the Enter key

2. Using the coordinate entry field, enter the size of the box
& dX:12,dY: 4, dZ: 1, Press the Enter key
& OK
4 The name of box is box5

& Hold Ctrl key and Select: Box4, Box5

& 3D Modeler>BooleantW>Subtract

& OK

# The object name is Box4 since Box4 was selected first.

# Click on the just created object in the drawing window and in the panel on
the left change its name from Box4 to CoilBottom.

4 Change the Material from vacuum to Copper.

&  Change the Color from Gray to Yellow.

4 Change the Transparent 0 to 0.1

s  Draw > Rectangle

# Change the Draw plane from XY to XZ

1. Using the coordinate entry field, enter the corner of the rectangle
& X:11,Y:5, Z: 2, Press the Enter key

2. Using the coordinate entry field, enter the size of the rectangle
& dX:1,dY:0,dZ: 1, Press the Enter key
4 OK
& The name of rectangle is Rectangle

& Click on the just created object in the drawing window and in the
panel on the left change its name from Rectangle to
TerminalBottom..

A
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&  Create the Coils and Terminals:
& Select : CoilBotton, TerminalBottom
s Edit>Duplicate>Along Line
1. Using the coordinate entry field, enter the first point of duplicate vector.
& X:0,Y:0,Z:0, Press the Enter key
2. Using the coordinate entry field, enter the second point of duplicate vector.
& dX:0,dY:0,dZ: 5, Press the Enter key
s OK
& Click on the just created object in the drawing window and in the
panel on the left change its name from TerminalBottom 1to
TerminalTop.
4 Click on the just created object in the drawing window and in the
panel on the left change its name from CoJ/Bottom _1to CoilTop.
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&  Create the problem Region
#  One of the main differences between Maxwell V10 and V11 is that a Background Region is not
automatically created when a project is started. A separate object needs to be specifically
created.

& Create a rectangular region that has the same shape as the Nonlinear Inductor by selecting the
menu item Draw > Region

Region [X]
Padding Data:  * One i~ six
Padding Percentage:

200

[T save as default

QK | Cancel |

Padding Percentage: 200
Ok
Ok
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&  Assign Current Source to the Terminals
&  Select TerminalBottom.
& Select the menu item Maxwell > Excitations > Assign > Current
1. Change the Name to CurrentBottom
2. Change the value to 100 Amps
3. Change the type to Stranded
4

Current Excitation EJ
General | Defaults I
MName: |C|.|rrentBoﬂom
- Parameters
Value: |‘H]'|] Iﬂ ;I
Type: " Solid
% Stranded
Swap Direction |
Use Defaults |
oK Cancel
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&  Assign Current Source to the Terminals
& Select TerminalTop.
& Select the menu item Maxwell > Excitations > Assign > Current
1. Change the Name to CurrentTop
2. Change the value to 100 Amps
3. Change the type to Stranded
4

Ok
Current Excitation @
General | Defaults |
Mame: ICurrentTop
— Parameters

Value: |‘I{HJ IA ;I
Type: " Solid

% Stranded

Swap Direction |
Use Defaults |
0K Cancel
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&  Add Inductance Matrix Calculation
4 On the Project Window, Right Click Parameters.
& Assign > Matrix..
1. Check CurrentTop and CurrentBottom

]
Setup I Post Processing I
Mame: ||"-"|E|tl'i?"-1
Source | Include | Conduction Path

Curmrent Bottam |7 CoilBottom

Curmrent Top F Coil Top
¢ | >

QK Cancel Help
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&  Create an Analysis Setup
#  Select the menu item Maxwell > Analysis Setup > Add Solution Setup
&  Select General and change the Percent Error from 1 to 2
&  Select Convergence and change the Refinement Per Pass from 30 to 20

.ve Setup w

General | Convergence | Solver | Defauits |
Name: |5estup1
~ Adaptive Setup
Maximum Number of Passes: 10
Percent Error 2

.\re Setup E]

General Convergence | Solver | Defauils |

~ Standard
Refinement Per Pass: |20 %

Minimum Mumber of Passes: |2

Minimum Converged Fasses: I'I

5.2
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&  Save the Project
#  Select the menu item File > Save As
#  From the Save As window, type in Nonlinearinductance.
#  Click on the Save button

&  Check the Validity of the Model

4 Select the menu item Maxwell > Validation Check, or click on the ﬂ icon

_ ¥ 30 Model
J Jian ¥ Boundaries and E xcitations
o Parameters
Y alidation Check completed. o Mesh Operations
o Analyzsis Setup
| o Optimetrics
Abart Clogze

#  The problem won’t solve unless each object has a check mark.

&  Analyze
& Select the menu item Maxwell > Analyze, or click on the ‘ icon

Monlinearinductance - Jian - Setupl: Adaptive Pasz 3 on Lu:u:aIIM-bchine - RUMMIMG

—m

Factor [Est. memory = 1MEB, dizk = 1MB]

[EY[=1ES

5.2
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&  Solution Data

&  To view the Solution Data, select the menu item Maxwell > Results > Solution

Data

Here you can view the Profile and the Convergence. Note: The default view is for
convergence is Table. Select the Plot radio button to view a graphical
representations of the convergence data.

B Solutions: Nenlinear|nductance - Jian

D esign Yanatian: I

Simulation: ISetup1 ;I |¢

Solution Cenvergence | Profie |

~ Mumber of Pazses 26 Jul 2006 Ansort Corporation 11:07:28 ﬁlﬁ;{l
Completed 10 Zorqy Emar
Mawimurm 10
FimirnLinn 2 EmEm
— Energy Emor/Delka Energy [%) \ssmaan \
Target [2. 2]
Current  [1.5475, 0.17839) P
Vigw: T Table " Plat %
= IF'ass ;I 'E T
e
T IEnerg_l,l Errar [%] ;I @ N
4 x\\\xhhﬁﬁh
-1
a 4 - k- 1

Fass

Close |
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&  Observe the Inductance Matrix
&  Maxwell > Results> Solution Data...

B Solutions: Nonlinearlnductance - Jian

Dezign Yariation: | J IJ

Sirnulation: ISetupﬂ LI IMatri:-:1 ;I

Inductance Units; ImH vl [ Inductive coupling coeff  Export Solution... I
Tupe: ||r-,,j,_mtar-,,:E "l [ Post Processed Export Circuit... I

CurrentBottorn | CurrentTop

CurrentBottom

CurrentTop
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8  Plot Flux Density on Core Cross section
To plot the flux density on the core cross section, a new coordinate system is needed.
&  Here are the steps to create:
& 3D Modeler>Coordinate System>Create>Relative CS>Offset
Using the coordinate entry field, enter the position of the new coordinates:
s X:0,Y:0, Z: 5, Press the Enter key
4 The name of new Coordinate is RelativeCS1
& Select the plot plane: Planes>RelativeCS1:XY
#  Right mouse click: Field Overlays > Fields > B> Mag_B.
#  From the plot, we can see the flux density on core is around 1.86 Telsla. It is close to the
saturation point of Steel_1010.
&  If we drive the inductor with much lower current, the operating point will be in the linear area. Then
the inductance will be much higher than the inductance with operating point close to saturation
point.

B

BLT]

. 5690 e +860
CFoEZe+E00
G353 e+8080
5155 +8680
a1 7 e+880
2849 +8E0
1651 e+860
CB51Ze+E060
3443681
CA761e-6881
CEAY9e-801
339726881
B715e-6881
L SA3Ye-801
. 3352e-801
16V e-881
C1932e-884

R R . R R R N )

1
[N
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Example (Magnetostatic) - Nonlinear Inductor

&  Create a new project
Right Click on Project MaxwellDesign1> Copy

#  Click on Nonlinearinductance>Paste.
& A new project named MaxwellDesign2 is created.
s Click Excitations: CurrentBottom, Change Current from 100 Ato 1 A.
& Click Excitations: CurrentTop, Change Current from 100 Ato 1 A.
& Right Click on Parameters>Assign>Matrix...
& Check CurrentTop and CurrentBottom
gt o [X
Setup I Post Processing I
Name: ||"-"|Eltl'i?"-1
Source | Include | Conduction Path
Cumrent Bottom |7 Coil Bottom
Curmrent Top F Coil Top
£ | >
QK Cancel Help
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5.2

Example (Magnetostatic) - Nonlinear Inductor

&  Run the new project and Observe the Inductance Matrix
Click on Analysis>Setup1

Right Click on Setup1.: Analyze.

The simulation run and stop.

Maxwell > Results> Solution Data...

We can see the inductance is much higher than the previous simulation.

2 B B B

B Solutions: Monlinearlnduct - Jian1

Drezign Y aniation: I J |¢
Sirmulation: ISetup'I ;I IMatri:-:'I LI

Inductance Units: ImH vI [ Inductive coupling coeff Export Salution... |
Tope: Ilnductance vI ™ Post Processed E=port Circuit... |

CurrentBattorn | CurrentTop

CurrentBaottom

CurrentT op
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5.2

Example (Magnetostatic) - Nonlinear Inductor

8  Plot Flux Density on Core Cross section
&  Select the plot plane: Planes>RelativeCS1:XY
#  Right mouse click: Field Overlays > Fields > B> Mag_B.

&  From the plot, we can see the flux density on core is around 0.086 Telsla. It is working on the
linear area of Steel_1010.
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5.2

Example (Magnetostatic) - Nonlinear Inductor

&  The implementation and application of Nonlinear Inductor when
using the Magnetostatic Solver
&  The nonlinear inductance is calculated by Maxwell.
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5.2

Example (Magnetostatic) - Nonlinear Inductor

& Ansoft Maxwell Design Environment

&  The following features of the Ansoft Maxwell Design Environment are used to
create the models covered in this topic

4 3D Solid Modeling
4 Primitives: Rectangular Box
& Surface Operations: Draw Rectangle
# Boolean Operations: Subtract
& Boundaries/Excitations
s Current: Stranded
& Analysis
& Magnetostatic
& Results
4 Inductance Matrix
& Field Overlays:
4  Flux Density Mapping

),ﬁ'\ \
J’st‘k\
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5.2

Example (Magnetostatic) - Nonlinear Inductor

&  Getting Started

s Launching Maxwell

1. To access Maxwell, click the Microsoft Start button, select Programs, and select
Ansoft and then Maxwell 11.

s  Setting Tool Options
&  To set the tool options:

# Note: In order to follow the steps outlined in this example, verify that the
following tool options are set :

1. Select the menu item Tools > Options > Maxwell Options
2. Maxwell Options Window:
1. Click the General Options tab

4 Use Wizards for data entry when creating new boundaries:
Checked

& Duplicate boundaries with geometry: M Checked
2. Click the OK button
3. Select the menu item Tools > Options > 3D Modeler Options.
4. 3D Modeler Options Window:
1. Click the Operation tab
& Automatically cover closed polylines: ¥ Checked
2. Click the Drawing tab
& Edit property of new primitives: M Checked
3. Click the OK button
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5.2

Example (Magnetostatic) - Nonlinear Inductor

8  Opening a New Project
4 To open a new project:
1. In an Maxwell window, click the [ On the Standard toolbar, or select
the menu item File > New.
2. Select the menu item Project > Insert Maxwell Design, or click on the §#
icon

= Monlinearinductance ~
=l MaxwellDesign1
£57 Model
[F Boundaries
+- g Excitations
+ ﬁ Parameters
EF Mesh Operations
+-J Analysis
Optimetrics

Lo

Project

s  Set Solution Type

4 Select the menu item: Maxwell > Solution Type > Magnetostatic, or right
mouse click on MaxwellDesign1 and select Solution Type ...

& Creating the 3D Model of a Nonlinear Inductor

& The example that will be used to demonstrate how to model the Nonlinear
Inductor. By using 2 independent windings, we can observe the self
inductance and mutual inductance. The inductance varies regard to the
saturation level of the operation.

8  Set Model Units
& Select the menu item 3D Modeler > Units > Select Units.: mm (millimeters)
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Example (Magnetostatic) - Nonlinear Inductor

&  Create the Core:
&  Boxis used to create the core:

& Draw > Box

1. Using the coordinate entry field, enter the corner of the box
& X:0,Y:0,Z:0, Press the Enter key

2. Using the coordinate entry field, enter the size of the box
& dX: 10, dY: 10, dZ: 10, Press the Enter key
& OK
& The name of box is box1

& Draw > Box

1. Using the coordinate entry field, enter the corner of the box
& X:0,Y:1,2Z:1, Press the Enter key

2. Using the coordinate entry field, enter the size of the box
4 dX: 10, dY: 3, dZ: 8, Press the Enter key
& OK
# The name of box is box2

& Draw > Box

1. Using the coordinate entry field, enter the corner of the box
& X:0,Y:6,Z:1, Press the Enter key

2. Using the coordinate entry field, enter the size of the box
& dX: 10, dY: 3, dZ: 8, Press the Enter key
a4 OK
# The name of box is box3

& Hold Ctrl key and Select: Box1, Box2, Box3

& 3D Modeler>Boolean>Sublract..

& OK

4 The object name is Box1 since Box1 was selected first.

4 Click on the just created object in the drawing window and in the panel on
the left change its name from Box7to Core.

4 Change the Material from vacuum to Steel_1010.
# Change the Color from Gray to Blue

A
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Example (Magnetostatic) - Nonlinear Inductor

& Create the Coils and Terminals:
4 Box is used to create the coil:

&  Draw > Box

1. Using the coordinate entry field, enter the corner of the box
& X:-2,Y:2,Z: 2, Press the Enter key

2. Using the coordinate entry field, enter the size of the box
& dX: 14, dY: 6, dZ: 1, Press the Enter key
& OK
4 The name of box is box4

&  Draw > Box

1. Using the coordinate entry field, enter the corner of the box
& X:-1,Y:3,Z: 2, Press the Enter key

2. Using the coordinate entry field, enter the size of the box
& dX:12,dY: 4, dZ: 1, Press the Enter key
& OK
4 The name of box is box5

& Hold Ctrl key and Select: Box4, Box5

& 3D Modeler>BooleantW>Subtract

& OK

# The object name is Box4 since Box4 was selected first.

# Click on the just created object in the drawing window and in the panel on
the left change its name from Box4 to CoilBottom.

4 Change the Material from vacuum to Copper.

&  Change the Color from Gray to Yellow.

4 Change the Transparent 0 to 0.1

s  Draw > Rectangle

# Change the Draw plane from XY to XZ

1. Using the coordinate entry field, enter the corner of the rectangle
& X:11,Y:5, Z: 2, Press the Enter key

2. Using the coordinate entry field, enter the size of the rectangle
& dX:1,dY:0,dZ: 1, Press the Enter key
4 OK
& The name of rectangle is Rectangle

& Click on the just created object in the drawing window and in the
panel on the left change its name from Rectangle to
TerminalBottom..

A
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5.2

Example (Magnetostatic) - Nonlinear Inductor

&  Create the Coils and Terminals:
& Select : CoilBotton, TerminalBottom
s Edit>Duplicate>Along Line
1. Using the coordinate entry field, enter the first point of duplicate vector.
& X:0,Y:0,Z:0, Press the Enter key
2. Using the coordinate entry field, enter the second point of duplicate vector.
& dX:0,dY:0,dZ: 5, Press the Enter key
s OK
& Click on the just created object in the drawing window and in the
panel on the left change its name from TerminalBottom 1to
TerminalTop.
4 Click on the just created object in the drawing window and in the
panel on the left change its name from CoJ/Bottom _1to CoilTop.
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5.2

Example (Magnetostatic) - Nonlinear Inductor

&  Create the problem Region
#  One of the main differences between Maxwell V10 and V11 is that a Background Region is not
automatically created when a project is started. A separate object needs to be specifically
created.

& Create a rectangular region that has the same shape as the Nonlinear Inductor by selecting the
menu item Draw > Region

Region [X]
Padding Data:  * One i~ six
Padding Percentage:

200

[T save as default

QK | Cancel |

Padding Percentage: 200
Ok
Ok

ANSOFT
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5.2

Example (Magnetostatic) - Nonlinear Inductor

&  Assign Current Source to the Terminals
&  Select TerminalBottom.
& Select the menu item Maxwell > Excitations > Assign > Current
1. Change the Name to CurrentBottom
2. Change the value to 100 Amps
3. Change the type to Stranded
4

Current Excitation EJ
General | Defaults I
MName: |C|.|rrentBoﬂom
- Parameters
Value: |‘H]'|] Iﬂ ;I
Type: " Solid
% Stranded
Swap Direction |
Use Defaults |
oK Cancel

ANSOFT
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5.2

Example (Magnetostatic) - Nonlinear Inductor

&  Assign Current Source to the Terminals
& Select TerminalTop.
& Select the menu item Maxwell > Excitations > Assign > Current
1. Change the Name to CurrentTop
2. Change the value to 100 Amps
3. Change the type to Stranded
4

Ok
Current Excitation @
General | Defaults |
Mame: ICurrentTop
— Parameters

Value: |‘I{HJ IA ;I
Type: " Solid

% Stranded

Swap Direction |
Use Defaults |
0K Cancel

ANSOFT
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5.2

Example (Magnetostatic) - Nonlinear Inductor

&  Add Inductance Matrix Calculation
4 On the Project Window, Right Click Parameters.
& Assign > Matrix..
1. Check CurrentTop and CurrentBottom

]
Setup I Post Processing I
Mame: ||"-"|E|tl'i?"-1
Source | Include | Conduction Path

Curmrent Bottam |7 CoilBottom

Curmrent Top F Coil Top
¢ | >

QK Cancel Help
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Example (Magnetostatic) - Nonlinear Inductor

&  Create an Analysis Setup
#  Select the menu item Maxwell > Analysis Setup > Add Solution Setup
&  Select General and change the Percent Error from 1 to 2
&  Select Convergence and change the Refinement Per Pass from 30 to 20

.ve Setup w

General | Convergence | Solver | Defauits |
Name: |5estup1
~ Adaptive Setup
Maximum Number of Passes: 10
Percent Error 2

.\re Setup E]

General Convergence | Solver | Defauils |

~ Standard
Refinement Per Pass: |20 %

Minimum Mumber of Passes: |2

Minimum Converged Fasses: I'I

5.2
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Example (Magnetostatic) - Nonlinear Inductor

&  Save the Project
#  Select the menu item File > Save As
#  From the Save As window, type in Nonlinearinductance.
#  Click on the Save button

&  Check the Validity of the Model

4 Select the menu item Maxwell > Validation Check, or click on the ﬂ icon

_ ¥ 30 Model
J Jian ¥ Boundaries and E xcitations
o Parameters
Y alidation Check completed. o Mesh Operations
o Analyzsis Setup
| o Optimetrics
Abart Clogze

#  The problem won’t solve unless each object has a check mark.

&  Analyze
& Select the menu item Maxwell > Analyze, or click on the ‘ icon

Monlinearinductance - Jian - Setupl: Adaptive Pasz 3 on Lu:u:aIIM-bchine - RUMMIMG

—m

Factor [Est. memory = 1MEB, dizk = 1MB]

[EY[=1ES

5.2
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5.2

Example (Magnetostatic) - Nonlinear Inductor

&  Solution Data

&  To view the Solution Data, select the menu item Maxwell > Results > Solution

Data

Here you can view the Profile and the Convergence. Note: The default view is for
convergence is Table. Select the Plot radio button to view a graphical
representations of the convergence data.

B Solutions: Nenlinear|nductance - Jian

D esign Yanatian: I

Simulation: ISetup1 ;I |¢

Solution Cenvergence | Profie |

~ Mumber of Pazses 26 Jul 2006 Ansort Corporation 11:07:28 ﬁlﬁ;{l
Completed 10 Zorqy Emar
Mawimurm 10
FimirnLinn 2 EmEm
— Energy Emor/Delka Energy [%) \ssmaan \
Target [2. 2]
Current  [1.5475, 0.17839) P
Vigw: T Table " Plat %
= IF'ass ;I 'E T
e
T IEnerg_l,l Errar [%] ;I @ N
4 x\\\xhhﬁﬁh
-1
a 4 - k- 1

Fass

Close |
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5.2

Example (Magnetostatic) - Nonlinear Inductor

&  Observe the Inductance Matrix
&  Maxwell > Results> Solution Data...

B Solutions: Nonlinearlnductance - Jian

Dezign Yariation: | J IJ

Sirnulation: ISetupﬂ LI IMatri:-:1 ;I

Inductance Units; ImH vl [ Inductive coupling coeff  Export Solution... I
Tupe: ||r-,,j,_mtar-,,:E "l [ Post Processed Export Circuit... I

CurrentBottorn | CurrentTop

CurrentBottom

CurrentTop
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Example (Magnetostatic) - Nonlinear Inductor

8  Plot Flux Density on Core Cross section
To plot the flux density on the core cross section, a new coordinate system is needed.
&  Here are the steps to create:
& 3D Modeler>Coordinate System>Create>Relative CS>Offset
Using the coordinate entry field, enter the position of the new coordinates:
s X:0,Y:0, Z: 5, Press the Enter key
4 The name of new Coordinate is RelativeCS1
& Select the plot plane: Planes>RelativeCS1:XY
#  Right mouse click: Field Overlays > Fields > B> Mag_B.
#  From the plot, we can see the flux density on core is around 1.86 Telsla. It is close to the
saturation point of Steel_1010.
&  If we drive the inductor with much lower current, the operating point will be in the linear area. Then
the inductance will be much higher than the inductance with operating point close to saturation
point.

B
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Example (Magnetostatic) - Nonlinear Inductor

&  Create a new project
Right Click on Project MaxwellDesign1> Copy

#  Click on Nonlinearinductance>Paste.
& A new project named MaxwellDesign2 is created.
s Click Excitations: CurrentBottom, Change Current from 100 Ato 1 A.
& Click Excitations: CurrentTop, Change Current from 100 Ato 1 A.
& Right Click on Parameters>Assign>Matrix...
& Check CurrentTop and CurrentBottom
gt o [X
Setup I Post Processing I
Name: ||"-"|Eltl'i?"-1
Source | Include | Conduction Path
Cumrent Bottom |7 Coil Bottom
Curmrent Top F Coil Top
£ | >
QK Cancel Help
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5.2

Example (Magnetostatic) - Nonlinear Inductor

&  Run the new project and Observe the Inductance Matrix
Click on Analysis>Setup1

Right Click on Setup1.: Analyze.

The simulation run and stop.

Maxwell > Results> Solution Data...

We can see the inductance is much higher than the previous simulation.

2 B B B

B Solutions: Monlinearlnduct - Jian1

Drezign Y aniation: I J |¢
Sirmulation: ISetup'I ;I IMatri:-:'I LI

Inductance Units: ImH vI [ Inductive coupling coeff Export Salution... |
Tope: Ilnductance vI ™ Post Processed E=port Circuit... |

CurrentBattorn | CurrentTop

CurrentBaottom

CurrentT op
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5.2

Example (Magnetostatic) - Nonlinear Inductor

8  Plot Flux Density on Core Cross section
&  Select the plot plane: Planes>RelativeCS1:XY
#  Right mouse click: Field Overlays > Fields > B> Mag_B.

&  From the plot, we can see the flux density on core is around 0.086 Telsla. It is working on the
linear area of Steel_1010.
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5.3

Example (Magnetostatic) - Switched Reluctance Motor

&  Switched Reluctance Motor

& This example is intended to show you how to create and analyze a
magnetostatic problem with stranded conductors on a Switched Reluctance
Motor geometry using Magnetostatic solver in the Ansoft Maxwell 3D Design
Environment.

& Within the Maxwell 3D Design Environment, solid coils can be modeled as
Stranded Conductors. There are many advantages to using Stranded
Conductors when modeling coils that have multiple turns. The first obvious
advantage is that a coil with multiple wires, say 2500, can be modeled as a
single object as opposed to modeling each wire which would be
impracticable. Defining a Stranded Conductor means that the current
density will be uniform throughout the cross section of the conductor.

&  The example that will be used to demonstrate how Stranded Conductors are
implemented in a switched Reluctance Motor. This switched reluctance
motor will have four phases and two coils per phase..

s  Eddy Current Solver: There is no fundamental difference between how
stranded conductors are treated in the Eddy Current solver as compared to
the Magnetostatic Solver. When using the Eddy Current Solver and
specifying Stranded for the terminal excitation the Eddy Effect is
automatically turned off.

&  Transient Solver: See Example 7.1 for setup instructions for this design.
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5.3

Example (Magnetostatic) - Switched Reluctance Motor

&  Theory - Magnetostatic Solver
#  When using the Magnetostatic Solver, with a Stranded Current Source, the solver
assumes the following conditions:
1. The current density is uniformly distributed over the cross section of the
terminal

2. The direction of the current is indicated by the arrow as seen on the
terminal. Change the direction of the current by clicking on Swap Direction
in the Current Excitation window to reverse the flow.

3. The solver does not know how many turns are represented by the coil, thus
the value of current that is being applied represents the total ampere-turns.
For this example, the value 3570 could represent any of the following:

1. 25 amps at 150 turns
2. 5 amps at 750 turns
3. 15 amps at 250 turns

or any such combination that produces a value of 3750 ampere-turns. The
ration of amp to turns does not impact the magnetics, although it does
impact the inductance. Please refer to the overview for details of the
inductance calculation.
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5.3

Example (Magnetostatic) - Switched Reluctance Motor

& Theory - Magnetostatic Solver (Continued)

&  The ampere-turn value used to define the current source is used to calculate the
current density which is the initial condition used by the solver according to the

equation:
— | ~
Where: | is the total current in ampere-turns

§ is the area of the terminal in m2
n is the unit normal direction
J is the Current Density vector in A/m?

4 The path of the current is determined by the conduction path. Select the menu
item Maxwell > Excitations > Conduction Paths to view the conduction path, and
verify that the conduction path is correct. In this example, if any of the coils
touched the stator, then this would constitute a separate conduction path since
the material properties of the stator has a conductivity value 2e6 siemens/meter;
to solve this problem an insulation boundary will need to be applied to the coils or
stator; please refer to the overview section for details on insulation boundaries.

& Although the Magnetostatic solver uses the current density vector J as the initial
condition, it does not solve for J directly as part of the output solution matrix. The
quantity that the Magnetostatic solver directly calculates is the magnetic field
intensity H. From H, the current density J in any conductor is derived by:

3=Vxﬁ
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5.3

Example (Magnetostatic) - Switched Reluctance Motor

& Ansoft Maxwell Design Environment

&  The following features of the Ansoft Maxwell Design Environment are used to
create the models covered in this topic

4 3D Solid Modeling

& User Defined Primitives (UDP): Switched Reluctance Motor
Primitives: Regular Polyhedron
Surface Operations: Section
Boolean Operations: Separate Bodies
& Boundaries/Excitations

# Current: Stranded
& Analysis

& Magnetostatic
& Results

4 Field Calculator
& Field Overlays:

4 Magnitude B

3

S

S

),ﬁ'\ \
J’st‘k\

ANSOFT

Ansoft Maxwell 3D Field Simulator v11 User's Guide 5.3-123


http://mohandesyar.com/

WAV MOHANDESYAR. COM

5.3

Example (Magnetostatic) - Switched Reluctance Motor

&  Getting Started

s  Launching Maxwell

1. To access Maxwell, click the Microsoft Start button, select Programs, and select
Ansoft and then Maxwell 11.

&  Setting Tool Options

&  To set the tool options:

# Note: In order to follow the steps outlined in this example, verify that the
following tool options are set :

1. Select the menu item Tools > Options > Maxwell Options
2. Maxwell Options Window:
1. Click the General Options tab

4 Use Wizards for data entry when creating new boundaries:
Checked

& Duplicate boundaries with geometry: M Checked
2. Click the OK button
3. Select the menu item Tools > Options > 3D Modeler Options.
4. 3D Modeler Options Window:
1. Click the Operation tab
& Automatically cover closed polylines: ¥ Checked
2. Click the Drawing tab
& Edit property of new primitives: M Checked
3. Click the OK button
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Example (Magnetostatic) - Switched Reluctance Motor

s Opening a New Project
s To open a new project:

4 Inan Ansoft Maxwell window, click the [0 On the Standard toolbar, or
select the menu item File > New.

& From the Project menu, select Insert Maxwell Design.

- Project2”

= @ Maowel Design1 (Magnetostatic)
&7 Model
¥ Boundaries
B3 Excitations
ﬁ Parameters
BEF Mesh Operations
S Analysis
Optimetrics
= Resutts
[l Field Overays

123 Definitions

Project

s  Set Solution Type
&  To set the solution type:
# Select the menu item Maxwell > Solution Type
& Solution Type Window:
# Choose Magnetostatic
& Click the OK button

Solution Type: Project? - MaxwellDes...

(+ Magretostatic
(" Eddy Current
" Transient

" Electic

-
-

Q. | Cahcel ‘

),ﬁ'\?'\
W\
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Example (Magnetostatic) - Switched Reluctance Motor

&  Creating the 3D Model

&  Set Model Units
4 To set the units:
1. Select the menu item 3D Modeler > Units
2. Set Model Units: Set Model Units ﬁ
1. Select Units: mm
2. Click the OK button

Selectunits: [l -

[ Rescale to new units

&  Set Default Material o | Concel |
& To set the default material:
1. Using the 3D Modeler Materials toolbar, choose Select
2. Select Definition Window:

. . . |vacuum - | |Mode| A
1. Type iron in the Search by Name field
WACLILIM
2. Click the OK button —|Select...
Select Definition
Materizls | Material Fiters
~Search Parameters -
Search by Name Search Critenia - | Librares ¥ Show Project definitions | Show all libraries
Iir * by Name " by Property | [[sys] Matenals
Search | 1 _._J
Relative Bulk [ ]
J ) - |
e e J ko) ‘ Crgin ‘ Pemeability l Conductivity
| indium SysLibrary Materals T E440000siemens/m o
iron Syslibrary Materials 4000 10300000siemens/m o
lzola Gigaver 210 ¢m) SysLibrany Materials 1 o 0
lzola Gigaver 410 fm) SysLibrany Materials 1 0 T
Krempel Alkaflex KCL ) SysLibrary Materials 1 i} 0
Krempel Alkaflex PCL ftm) SysLibrary Materials 1 il i}
lead SysLibrany Materials 0.999983 5000000siemens/m 0
magnesium SysLibrary Materials ) 22500000siemens/m o
marble SysLibrany Materals 1 0 0
mica SysLibrany Materials 1 0 o
modified_spoxy SysLibrany Materials 1 0 0 fi!
(i 11l | [ }I
View/Edit Matenals ... Add Material ... Clone Matenzlis) Remove Materialis) ‘ Export to Library. .. 1
ok | Cancel | Hep | ;&%‘\
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&  Create Rotor
& To create the rotor:

1. Select the menu item Draw > User Defined Primitive > Syslib > Rmxprt >
SRMCore

2. From the Create User Defined Primitive dialog

1. For the value of DiaGap, type: 70, Click the Tab key to accept
For the value of DiaYoke, type: 30, Click the Tab key to accept
For the value of Length, type: 65, Click the Tab key to accept
For the value of Poles, type: 6, Click the Tab key to accept
For the value of ThkYoke, type: 9, Click the Tab key to accept
For the value of Embrace, type: 0.5, Click the Tab key to accept
For the value of EndExt, type: 0, Click the Tab key to accept
For the value of InfoCore, type: 0, Click the Tab key to accept

9. Click the OK button

&  To set the name:

1. Select the Attribute tab from the Properties window.

2. For the Value of Name type: Rotor

3. Click the OK button
& Tofit the view:

1. Select the menu item View > Fit All > Active View.

© N o o AW N
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&  Create Stator and Coils:
#  To create the Stator and Coils

1. Select the menu item Draw > User Defined Primitive > Syslib > Rmxprt >
SRMCore

2. From the Create User Defined Primitive dialog
For the value of DiaGap, type: 75, Click the Tab key to accept
For the value of DiaYoke, type: 120, Click the Tab key to accept
For the value of Length, type: 65, Click the Tab key to accept
For the value of Poles, type: 8, Click the Tab key to accept
For the value of ThkYoke, type: 9, Click the Tab key to accept
For the value of Embrace, type: 0.5, Click the Tab key to accept
For the value of EndExt, type: 1, Click the Tab key to accept
For the value of InfoCore, type: 1, Click the Tab key to accept
9. Click the OK button

&  To set the name:

1. Select the Attribute tab from the Properties window.

2. For the Value of Name type: Stator

3. Click the OK button
& Tofit the view:

1. Select the menu item View > Fit All > Active View.

® N o g k& w0 Db~

s  Ungroup the Stator and Coils
&  To separate bodies
1. Select the menu item Ediit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Stator
2. Click the OK button
3. Select the menu item, 3D Modeler > Boolean > Separate Bodies

8  Process the Coils:
&  Select Coils
1. Select the menu item Ediit > Select > By Name
2. Select Object Dialog,

1. Select the objects named: Stator_2, Stator_3, Stator_4, Stator_5,
Stator_6, Stator 7, Stator_8

2. Click the OK button
& Delete Coils o\
1. Select the menu item Edit > Delete .\\
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8  Create Terminals
&  Section Coils
1. Select the menu item Ediit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Stator_1
2. Click the OK button
4  Section Object
1. Select the menu item Edit > Surface > Section
1. Section Plane: XY
2. Click the OK button
&  Separate Bodies
1. Select the menu item Edlit > Boolean > Separate Bodiles
& Delete
1. Select the menu item Ediit > Delete
#  Section Coils
1. Select the menu item Ediit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Section1
2. Click the OK button
& Assign Excitation
1. Select the menu item Maxwell > Excitations > Assign > Current
2. Current Excitation : General
1. Name: Current1
2. Value: 3750 A
3. Type: Stranded
3. Click the OK button

s  Verify Duplicate Boundary Option is Set
#  Section To set the tool options:
1. Select the menu item Tools > Options > Maxwell Options
2. Maxwell Options Window:
1. Click the General Options tab
& Duplicate boundaries with geometry: M Checked
2. Click the OK button
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8  Change Properties
4 Change Properties
1. Select the menu item Maxwell > List
2. Design List Window
1. From the list, select row: Stator_1
2. Click the Properties button
3. Properties Window
1. Name: Coil
2. Material: copper
3. Click the OK button
4. From the list, select row: Section1
5. Click the Properties button
6. Properties Window
1. Name: Terminal
2. Click the OK button
7. Click the Done button

&  Duplicate Coil and Terminal
4 To select objects
1. Select the menu item Ediit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Coil, Terminal
2. Click the OK button
4  To duplicate the objects:
1. Select the menu item, Ediit > Duplicate > Around Axis
2. Duplicate Around Axis Window = B marwel_ms_scon” =)

. = R {MmcveliDesign (Magretostatic}”
1. Axis: Z &7 Madel
¥ Boundaries

2. Angle: 45deg 18 Excistons

#Z Cumert1

. B3 Cument2
3. Total Number: 8 =il

4. Click the OK button =
3. Click the OK button /' G Cornté

B Cument?

G Cumertd
. . . . / ﬁ Parameters
Project Tree: Eight Excitations #F Mesh Operations
&P Analysis
Optimetics v

Project
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Stator _
Coil_D2

Coil_C2

Coil_B2

Coil_A1
Coil_B1
Coil_A2
Coil_C1

Coil D1
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8  Set Default Material
& To set the default material:
1. Using the 3D Modeler Materials toolbar, choose vacuum

s  Create Region
&  To create the region:
1. Select the menu item Draw > Regular Polyhedron
2. Using the coordinate entry fields, enter the center position
4 X:0.0,Y:0.0, Z:-100.0, Press the Enter key
3. Using the coordinate entry fields, enter the radius:
4 dX:150.0 dY: 0.0, dZ: 0.0, Press the Enter key
4. Using the coordinate entry fields, enter the height:
& dX:0.0,dY: 0.0, dZ: 200.0, Press the Enter key
& Segment Number Window
&  Number of Segments: 12
#  Click the OK button
&  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Region
3. Display Wireframe: M Checked
4. Click the OK button
& To turn off the visibility:
1. Select the menu item View > Hide Selection > Active View
& Tofit the view:
1. Select the menu item View > Fit All > Active View.
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A

Analysis Setup

s  Creating an Analysis Setup

&  To create an analysis setup:

1.

Select the menu item Maxwell > Analysis Setup > Add Solution Setup
2.

Solution Setup Window:
1. Click the General tab:

&  Percent Error: 10

Click the Convergence tab:
A

2.

Refinement Per Pass: 10 %
3. Click the OK button

8  Save Project

&  To save the project:

1.

In an Ansoft Maxwell window, select the menu item Fifle > Save As.
2.

From the Save As window, type the Filename: maxwell_ms_relmotor

3. Click the Save button

& Analyze

Ry

Model Validation

&  To validate the model:
1. Select the menu item Maxwell > Validation Check
2. Click the Close button

A

Note: To view any errors or warning messages, use the Message
Manager.

s  Analyze

4 To start the solution process:

1. Select the menu item Maxwell > Analyze All
ﬂ Stranded Conductors - MaswelDesignl - Setupl: Adaptive Paszs 4 on Local Machine - BUNMIMNG
Al

[m]

|| Factor [Est. memory = TME, disk = TMB]
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s  Solution Data
&  To view the Solution Data:

1. Select the menu item Maxwell > Results > Solution Data

& To view the Profile:
1. Click the Profile Tab.
# To view the Convergence:
1. Click the Convergence Tab

4 Note: The default view is for convergence is Table. Select
the Plot radio button to view a graphical representations of

the convergence data.
2. Click the Close button

—

Drezign % ariation: |

Simnulation; ] Setupl Lj

Soltion Cenvergence | Profile | Mesh Statistics |

_Jl%g

Number DI: PESSES. 1 D DDOE Apsolf Corporadion 12:08:12
Completed 10
basimum 10
i Tl 2 AAOE 000 !
Energy Eror/Delta Energy [%] ] I
Target [10,70] E.20E-000 | I l l
Current  [8.67E7. 0.30417] ] \
View: O Table * Plat T sosmeo
Fd |
" J Pass L] % I
8
i 1T|:|tal Energy [J] L] 2 am—:-.:.:.:_ \
BN+ ] I l l
- -\_\_\_\_\_\_\_\_\-_\_‘—\—\_\_\_\-
EDE-DDD .’ v )
- 7 2 =
Fass

Close
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& Field Overlays

s  Create Field Overlay
&  To create a field plot:
1. Select stator and rotor
1. Select the menu item Edlit > Select > By Name
2. Press and hold the CTRL key and click on stator and rotor
2. Select the menu item Maxwell > Fields > Fields > B > Mag B
3. Create Field Plot Window
Solution: Setup1 : LastAdaptive
Quantity: Mag_B
In Volume: All
Plot on Surface Only: M Checked
Click the Done button

o &~ 0 nhpo=
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&  Calculate Current
& To use the field calculator
1. Select the menu item Maxwell > Fields > Calculator

2. Select Quantity: J
Select Vector: Scal? > Scalar Z

3.
4. Click the button Geometry [Sel: ScalaiZicluly.j2> ]|
5. Geometry Window

1. Select the radio button Surface

2. From the list select: Terminal Sif - SurfacelT erminal)

5. Click the OK button Scl: ScalarZ[<)wdylzz)
6. Click the | (Integrate) button TR
7. Click the Eval button Scl: Integrate(Surface(T erminal), Scalars[<ludwdz:]]

8. Click the Done button to close the calculator

Fields Calculator

Named E zpressions Context: Mazwelllesignl

Name ‘ Expression | Solution: Setupl : Lasthdaptive =
Mag H Smooth(Magl<HaHeH22)) | Field Type: ’—_[
Mag B Smooth(Magl<Bx By.Bz>]]
Mag_J Smooth(Magl<ts.wlz:]) Clear Al

H_“ector <H=Hy Hz:
B_Wector  <BxByBz»

<] I |3

pdd.. | opyinstack |

Change Yariable Yalues..

Library: Load From. | Save To |

Scl: -3750
Sel: Integrate(Surface(T eminall, ScalarZ(<Jxdy.lzx])

Push ] Pop ] Rillp ] RIDn | Euch | Clear ] Undo ]
Inpuit General Scalar “Yechar Olutput
Quantity ¥ ] + ] Yec? ¥ ] Scal? ¥ | Walue ]
Geometry... | 5 | 1/% | Matl... | 'TI

Caonstant ¥ | * Pow Mag | white...
Mumber... ] ! e Diat ] Expart...

Function | Meg | Trig * | Crozs ]

Geam Settings...| sbs | die | Divg |
Read.. I Smaoath A Curl

Complex ¥ Min * T angent
Dromain | Man * | Marmal |
B | Unitvec ¥ I
Ln
Log
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Topic - ECE: Linear movement

& Realization of an equivalent circuit extraction (ECE) of a
problem with linear movement.

s The Electro Mechanical software package provided by Ansoft enables
system simulation as well as component simulation. Often, the results
of an in depth study of a magnetic component are needed in a top
level, system analysis.

s With Maxwell, the results of a parametric analysis can be used to
generated an Equivalent Circuit that will be used into Simplorer. This
Equivalent Circuit is transmitted under the format of a Look up table
containing the sweep variables as well as the output variables.

&  This application note presents the extraction of an equivalent circuit
of a Linear Actuator. We will vary the air gap of the Armature (with the
stators) and the Input current in the Coil. The outputs will be the Force
and the inductance of the Coil. Our component in Simplorer will all 4
Terminals :

& 2 Electrical Terminals with the current and the EMF (the
Inductance of the Coil) as Through and Across quantities.

# 2 Mechanical Terminals with the Force and the air gap as
Through and Across quantities.
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& Ansoft Maxwell Design Environment

&  The following features of the Ansoft Maxwell Design Environment are used to
create the models covered in this topic:

4 3D Solid Modeling
& Primitives: Box, Cylinder, Lines

& Surface Operations: Section, Sweep Along Vector, Sweep along
Path

# Boolean Operations: Separate Bodies, Subtract, Duplicate (Mirror)
s Design Properties
& Parameters: Design Parameters
& Boundaries/Excitations
& Current: Stranded
4 Boundary: Insulating
4 Mesh Operations
# Volume: Length Based
& Executive Parameters
& Force: Virtual Force
& Matrix: Inductance
& Output variables
4  From Executive Parameters
& Analysis
& Magnetostatic
& Optimetrics Analysis
& Parametric Sweep
& Distributive Analysis
& Results
4 Solutions Data
& Equivalent Circuit Extraction
& From Parametric: Linear Movement
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&  Overview of the Study:

&  Getting Started

A

2

2

2

Launching Maxwell
Setting Tool Options
Opening a new project
Set Solution Type

& Creating the 3D Model of a Solenoid

A

A

A

A

A

A

&

&

A

A

A

A

Set Model Units

Create the Armature

Create the Stators

Create the Coll

Create the Band

Create the Coil Terminal
Separate the Grouped Terminals
Create the Problem Region
Assign Current Source to the Terminal
Assign Boundaries Conditions
Assign Executive Parameters
Assign Mesh Operations

& Solve the Nominal Problem

&

A

A

A

A

Create an Analysis Set up

Save the Project

Check the Validity of the Model
Analyze

Solution Data of the Nominal Problem

5.4
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&  Overview of the Study (Continued)

S

Create Parametric Analysis
& Assign Problem Parameters
4 Create Output Variables
4 Create Parametric Analysis Setup

S

Solve the Parametric Sweep
# Solution Data of the Parametric Sweep

4 ECE from the Parametric Analysis

3

Create the circuit in Simplorer

Create the Schematic sheet in Simplorer
Create the graphical Displays in Simplorer
Create a Transient Analysis

Run the Analysis

S

S

S

S
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s Getting Started

&  Launching Maxwell

1. To access Maxwell, click the Microsoft Start button, select Programs, and select
Ansoft and then Maxwell 11.

&  Setting Tool Options
&  To set the tool options:

4 Note: In order to follow the steps outlined in this example, verify that the
following tool options are set :

1. Select the menu item Tools > Options > Maxwell Options
2. Maxwell Options Window:
1. Click the General Options tab

& Use Wizards for data entry when creating new boundaries: ¥
Checked

& Duplicate boundaries with geometry: M Checked
2. Click the OK button
3. Select the menu item 7ools > Options > 3D Modeler Options.
4. 3D Modeler Options Window:
1. Click the Operation tab
& Automatically cover closed polylines: M Checked
2. Click the Drawing tab
& Edit property of new primitives: M Checked
3. Click the OK button
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8 Opening a New Project

s To open a new project:

1. In an Maxwell window, click the [ On the Standard toolbar, or
select the menu item File > New. a

2. Select the menu item Project > Insert Maxwell Design, or cliZx
on the icor

=3 Projects
- MawwelDesignt

—EF Boundaries

. H%G Excitations
& Parameters

----- BF Mesh Operations
..... S Analysiz

{8 Optimetrics

..... = Results

Ei Field Overlays
[#-_1 Defiritions

Project |

& Set Solution Type

s Select the menu item: Maxwell > Solution Type > Magnetostatic, or
right mouse click on MaxwellDesign1 and select Solution Type ...

8 Creating the 3D Model of a solenoid

s The example that will be used to demonstrate how to generate an
equivalent circuit extraction with Maxwell. Then the importation into
SIMPLORER of the circuit will be described

&  Set Model Units
s Select the menu item 3D Modeler > Units > Select Units. in (inches)
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& Create the Armature:

&

&

&

The armature is made of a box with a cylinder hole.
Create the armature . Select the Menu item Draw > Box or click on the
icon.
Using the coordinate entry field, enter the box position
& X:0.469, Y: 0.4305, Z: 0.006, Press the Enter key
Using the coordinate entry field, enter the relative size of the box
& dX:-0.938, dY: -0.861, dZ: 0.112, Press the Enter key

Note: To create the box with the GUI, use the mouse to draw the box.

Command |
Name Valuz I Unit I Evaluated Value Diescription
Command CreateBox
Coordinate System  |Global
Posttion 0.465 0.4305 0.006 in 0.46%n , 0.4305in , 0.006n
X¥Size 4.538 in -0.538n
YSize -0.261 in -0.267in
Z5ize 0.112 in 0.112n

| =

[™ Show Hidden

0K I Cancel I

&

A

A

Note: In the case of a typo, the modification of the coordinates can be
made within the box.

Click on the created object in the panel on the left representing the object
tree. Change its name from Box7to Armature.

Change the Material from vacuum to Steel_1010.
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&  Create the hole Draw > Cylinder or click on the icon. &
1. Using the coordinate entry field, enter the center of base
4 X:0.0,Y:0.0,Z: 0.012, Press the Enter key

2. Using the coordinate entry field, enter the coordinates of a external point of
the cylinder base

& X:0.091,Y:0.0, Z:0.0, Press the Enter key
3. Using the coordinate entry field, enter the height
& X:0.0,Y:0.0,Z: 0.112, Press the Enter key

4 Note: To create the cylinder graphically, use the mouse to draw the

cylinder.
SSSSESESSESSES—————————————————————————————————————
Properties: ECE_Solenoid - MaxwellDesign2 - 3D Modeler ﬂ
Command I
MName | Value | Unit I Evaluated Value | Description
Command CreateCylinder
Coordinate System | Global
Center Position 0.0.0012 in Oin , Oin . 0.012in
Az &
Radius 0.091 in 0.051in
Height 0.112 in 0.11%n
‘| [
[" Show Hidden
ok | Cancel |

# Select the objects Armature and Cylinder7 from the objects tree (maintain
the Ctrl key to select both objects).

A

ANSOFT

Ansoft Maxwell 3D Field Simulator v11 User's Guide 5.4-144


http://mohandesyar.com/

WAV MOHANDESYAR. COM

5.4

Topic - ECE: Linear movement

& Select the menu item 3D Modeler > Boolean > Subftract or click on the

Lo icon.
x
Blank Pats - Tool Partz
Armature Cylinder

[ Clonetool objects befiore subtracting

0k, Canizel

& Make sure to have Armature in the box Blank Parts and Cylinder? in the
box Tool Parts. Use the arrows to exchange the objects if necessary.

4 Change the Material from vacuum to steel_1010.
4 Change the color to purple.

Attribute |
MName Walue | Lt | Evaluated Value

Mame Amature

[ |maternal stezl_1010 [

i Solve Inside - v

I Orientation Global

[ [Model ' 2

: Dizplay Wireframe |_

e ——
Transparent 0 |

4| | il

[T Show Hidden

A
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&  Create the Stators
&  The two stators are created using a polyline.
& Create the polyline Draw > Line or click on the| ™ icon.

1. Using the coordinate entry field, enter the first point of the line
& X:0.5025, Y: 0.0, Z: 0.0, Press the Enter key

2. Using the coordinate entry field, enter the second point of the line
& X:0.5025, Y: 0.168, Z:0.0, Press the Enter key

3. Using the coordinate entry field, enter the next point of the line
& X:0.5025, Y: 0.168, Z:-0.803, Press the Enter key

4. Using the coordinate entry field, enter the next point of the line
4 X:0.5025, Y: 0.324, Z:-0.803, Press the Enter key

5. Using the coordinate entry field, enter the next point of the line
& X:0.5025, Y: 0.324, Z:0.0, Press the Enter key

6. Using the coordinate entry field, enter the next point of the line
& X:0.5025, Y: 0.5, Z:0.0, Press the Enter key

7. Using the coordinate entry field, enter the next point of the line
& X:0.5025, Y: 0.5, Z:-0.98, Press the Enter key

8. Using the coordinate entry field, enter the next point of the line
a4 X:0.5025, Y: -0.5, Z:-0.98, Press the Enter key

9. Using the coordinate entry field, enter the next point of the line
4 X:0.5025, Y: -0.5, Z:0.0, Press the Enter key

10. Using the coordinate entry field, enter the next point of the line
& X:0.5025, Y: -0.324, Z:0.0, Press the Enter key

11. Using the coordinate entry field, enter the next point of the line
& X:0.5025, Y: -0.168, Z:-0.803, Press the Enter key

12. Using the coordinate entry field, enter the next point of the line
4 X:0.5025, Y: -0.168, Z:0.0, Press the Enter key

13. Using the coordinate entry field, enter the last point of the line
4 X:0.5025, Y: 0.0, Z:0.0, Press the Enter key twice.

4 Change the name of the polyline from Polyline1to base and leave the other
default parameters.

4  Note: If you happen to have an incorrect coordinate, you can modify any entry
from the model object tree, Lines > Base > CreatePolyline.

A
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&  Create the Stators (Continued)
4 This base will be swept along a vector.
& Select the object base from the objects tree.
&  Select the menu item Draw > Sweep > Along vector
1. Using the coordinate entry field, enter the first point of the vector
& X:0.5025, Y: 0.0, Z:0.0, Press the Enter key
2. Using the coordinate entry field, enter the last point of the vector
& X:0.091,Y:0.0, Z:0.0, Press the Enter key.

]
Draft angle: ID j I deq j
Drraft type: IM ]‘

] Cancel |

4  Leave the Draft angle to 0 deg and change Draft type to Natural.

5
Adibute |
Mame | Value | Unit | Evaluated Value | Description | Read-only |
MName Stator |_
S
Solve Inside r2 ]
Orientation Global ]
Model ra N
Display Wirsframe [ ]
Calor Edit | ]
Transparert 0 | ]
[~ Show Hidden
ok | Cancel |

#  Change the name of the object to stator. Change the Material from vacuum to
steel_1010 and change the color to dark orange.

n,ﬁ'\:;\
J’st‘k\
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4 The second stator will be duplicated from Stator .
&  Select Stator from the objects tree. o
&  Select the menu item Ediit > Duplicate > Mirror or click on the Micon
1. Using the coordinate entry field, enter the anchor point of mirror plane
& X:0.0,Y:0.0, Z:0.0, Press the Enter key

2. Using the coordinate entry field, enter the target point of vector normal to
the mirror plane

& X:-0.6,Y:0.0, Z:0.0, Press the Enter key

Properties: ECE_Solenoid - MaxwellDesign2 - 3D Modeler ﬂ
Command |
Mame | Value I Unit | Evaluated Value | Description
Command Duplicate Mimar
Coordinate System | Global
Base Position 000 in Oin , Oin , Oin
MNomal Position 46.0.0 in .6in , Gin , Gin
1] i ©
" Show Hidden
ok | Cancal |

4 After the operation, a window appears and recall the coordinates.

4 A new object Stafor_17has been created with the same material property and the
same color as Stator .
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&  Create the Coil:
4 The coil is created using a base surface and sweeping the surface along a path.
v Create the polyline Draw > Line or click on the| ™ jcon.
1. Using the coordinate entry field, enter the first point of the line
4 X:0.5025, Y: 0.168, Z: -0.803, Press the Enter key
2. Using the coordinate entry field, enter the second point of the line
& X:0.5025, Y: 0.264, Z:-0.803, Press the Enter key
3. Using the coordinate entry field, enter the next point of the line
& X:0.5025, Y: 0.264, Z:-0.292, Press the Enter key
4. Using the coordinate entry field, enter the next point of the line
4 X:0.5025, Y: 0.168, Z:-0.292, Press the Enter key
5. Using the coordinate entry field, enter the last point of the line
a  X:0.5025, Y: 0.168, Z:-0.803, Press the Enter key twice

#  Change the name of the polyline from Polyline1to Basecoil and leave the other
default parameters.

4 Note: If you happen to have an incorrect coordinate, you can modify any entry
from the model’s Lines tree, Lines > Basecoil > CreatePolyline.

&  Create the path Draw > Line or click on thel “: icon.
1. Using the coordinate entry field, enter the first point of the line
a  X:0.5025, Y: 0.168, Z: -0.292, Press the Enter key
Using the coordinate entry field, enter the second point of the line
& X:-0.5025, Y: 0.168, Z: -0.292, Press the Enter key
3. Using the coordinate entry field, enter the next point of the line
a4 X:-0.55,Y:0.168, Z: -0.292, Press the Enter key
4. Using the coordinate entry field, enter the next point of the line
& X:-0.55, Y:-0.168, Z: -0.292, Press the Enter key
5. Using the coordinate entry field, enter the next point of the line
& X:-0.5025, Y: -0.168, Z: -0.292, Press the Enter key
6. Using the coordinate entry field, enter the next point of the line
4 X:0.5025, Y: -0.168, Z: -0.292, Press the Enter key
7. Using the coordinate entry field, enter the next point of the line
a4 X:0.55,Y:-0.168, Z: -0.292, Press the Enter key
8. Using the coordinate entry field, enter the next point of the line
& X:0.55,Y:0.168, Z: -0.292, Press the Enter key
9. Using the coordinate entry field, enter thenext point of the line
& X:0.5025, Y: 0.168, Z:-0.292, Press the Enter key

=

A
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10. Using the coordinate entry field, enter the last point of the line
X: 0.5025, Y: 0.168, Z:-0.803, Press the Enter key twice

+  Change the name of the polyline from PolylineT to path and leave the other
default parameters.

- Select the objects Basecoil and path from the objects tree.

+  Select the menu item Draw > Sweep > Along Path. Leave Twist Angle and Draft
Angle to 0. Make sure Draft type is selected to Natural.

Properties: ECE_Solenoid - MaxwellDesign2 - 3D Modeler il
Adibute |
Mame | Value | Unit | Evaluated Value | Description | Read-only |
MName caoil |_
Material copper | |_
Solve Inside r2 ]
Orientation Global ]
Model ra ]
Display Wirsframe [ ]
Color Edit | [
Transparert 0 | [
[~ Show Hidden
ok | Cancel |

# Rename the object to Coi/ and assign Copper as material. Change the color in
blue.
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& Create the Band

& In our study, the Armature will be moved up and down along the Z axis. It is
always a good idea to help the mesh creation by creating an air box object
around a object that will be moved (even if the project will be performed with the
Magnetostatic solver).

s Create the air object Draw > Box or click on the @ icon. Use the values below
for the base coordinates and the size of the box.

Properties: ECE_Solencid - MaxwellDesign2 - 3D Modeler x|
Command |
MName I Walue I Unit | Evaluated Value I Description

Command CreateBox

Coordinate System | Global

Postion .55 0.55,0.003 in 40.55in , -0.55in , 0.003in

KSize 11 in 1.7in

¥Size 1.1 in 1.7in

ZSize D.147 in 0.14%in

4| | H
[ Show Hidden
ok | cancel |

4 Change the name of the object to Band. Also, change the Transparency from 0 to
1; this will keep the Region object displayed as a wire frame. Keep the material
as vacuum.
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&  Create the Coil Terminal
& A coil terminal needs to be created in order to assign the current excitation.
&  Select Coilfrom the objects tree.
&  Select the menu item 3D Modeler > Surface > Section > YZ Plane .

Section X

Section Plane: Xy % 42 { wZ

1] I Cancel |

&  Separate the Grouped Terminals

&  The result of the Surface > Section command, yields two terminals that are
united. Since only one terminal is needed, the other terminal needs to be
deleted, but first they need to be separated.

&  Select the sheet ob_iect:
-3 Sheets

- Sectionl

4 Select the menu item 3D Modeler > Boolean > Separate Bodies

&  There are now 2 separate terminals. Delete the second terminal and rename the
remaining object to Terminal.
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&  Create the Problem Region

4 One of the main differences between Maxwell V10 and V11 is that a Background
Region is not automatically created when a project is started. A separate object
needs to be specifically created.

&  Create the region Draw > Region or select the © jcon

x

Padding Data:  * One i six
Padding Percentage:
|hnu

[~ save as default

Ok Cancel

&  The Padding determines how far will the limits of the region be from the objects.
In this case, select 100 as Padding Percentage to have plenty of room around the
solenoid.
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&  Assign Current Source to the Terminal

&  Select the coil 7erminalby using your mouse or selecting from tree on the left
hand side of the GUI.

&  Select the menu item Maxwell > Excitations > Assign > Current
1. Change the Base Name to Current
2. Change the value to 576 Amps
3. Change the type to Stranded

Current Excitation 5[

General | Defaults I

Mame: ICurrent
— Parameters
Value: |576 -
Type: " Solid
¥ Stranded
Swap Direction |

lUse Defaults |

QK I Cancel

&  Assign Boundaries Conditions
4  We assume that no current goes through the stators.
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&  Assign Boundaries Conditions (Continued)

&  Select the two stators by holding down the CTRL key and using your mouse or
selecting from tree on the left hand side of the GUI.

&  Select the menu item Maxwell > Excitations > Assign > Insulating. Leave the
default name Insulating1 et select OK.

s  Assign Executive Parameters

#  The force applied on the armature as well as the self inductance of the coil are
needed . These outputs will be used during the Equivalent Circuit Extraction
process.

&  Select the Armature from the objects tree or by using the mouse.
&  Select the menu item Maxwell > Parameters > Assign > Force

Foroe NN x|

M arme: IFDICE1

Type
& irtyal

" Lorentz

Reference I Global j
(] I Cancel |

& Select Virtual and leave the default name. Make sure the Reference is set to
Global.

#  Note: with Maxwell 11, The Virtual and the Lorentz force are available. The
virtual force, based on the Virtual Work Principle is more general and more
accurate. The force computation is very mesh dependent, so a fine mesh is
advisable whenever the Force is needed.

4 The inductance computation leads to an Inductance Matrix (size NxN, with N the
number of selected conductors), where the M(i,i) entry corresponds to the self
inductance of the i conductor and the M(i,j) = M(j,i) entries correspond to the
mutual inductance terms. In our case, we only have one conductor, therefore we
will only obtain the self inductance of the Coil (in a 1 by 1 matrix).
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& Assign Executive Parameters (Continued)
&  Select the menu item Maxwell > Parameters > Assign > Matrix
4 Include the term current in the matrix computation (see below).

CECEE x|
Setup I Post Processing I
Name: [MatrixT
Source | Include I Conduction Path
- Current [ coil

&  Assign Mesh Operations

4 As mentioned in the previous section, the Force computation is very mesh
sensitive. Therefore, to save some time computation, we will use a mesh
operation.

4 Select the two stators, the Band object, the Coil, the Armature by holding down
the CTRL key and using your mouse or selecting from tree on the left hand side
of the GUI. Do not select the Region.

&  Select the menu item Maxwell > Mesh Operations > Assign > Inside Selection >
Length Based

),ﬁ'\ \
J’st‘k\
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&  Assign Mesh Operations (Continued)

4 The addition of 25 000 elements will be enough to achieve a reasonable
accuracy. We deselect the Restrict Length of Elements and put 25 000 as the
Maximum number of Elements.

Element Length Based Refinement x|

M ame: |Length1

— Lenath of Elements
Restrict Length of Elements [

b awimurmn Length of Elements:

0.01 fin =

— Mumber of Elements
Resztrict the Mumber of Elements I~

M axirmum Mumber of Elements:

|ESDDD

Cancel |

&  Solve the Nominal Problem

&  Create an Analysis Set up

&  Before performing a parametric sweep on the current and the air gap, the
nominal problem needs to be solved: it is always a good idea to verify that the
problem is correctly set.

4 Note: A solved project is required if output variables that will serve as entries in
the Parametric table have been created in the Calculator.

&  Select the menu item Maxwell > Analysis Setup > Add Solution Setup.

#  Select General and change the Percent Error from 1to .7. Change the number of
passes to 5. Leave the bottom of the window unchanged. This way, the Force
and the Inductance Matrix will be calculated as we expect: the default
configuration make Maxwell solve for the executive parameters after the last
adaptive pass (see next page).
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&  Create an Analysis Set up (Continued)

#  Select Convergence and change the Refinement Per Pass from 30 to 15

5.4

because we do not need to increase the size of the mesh too much after each

pass.
] ]
General ICon\rergence I Sol\rerl Defaultsl General Convergence ISoI\rerI Defaurtsl
MName: r Standard
) Refinemert Per Pass: %
— Adaptive Setup
Mecrmi P b aHE e I;f Minimum MNumber of Passes: |2
TeETi B |-| Mirimum Converged Passes: I'I
I — Dptional
[~ Solve Fields Orly [T Use Dutput Yarisble Convergence
Saolve Matric: & Mter ast pass [Mutput Yanable: I vI
= Only after converging S lution: I - I
Display Force/Torgue in Convergence INDne j i aw Delta FPer Faszs: I‘I 4
Use Default | Use Defaults |
QK I Cancel QK I Cancel Help
&  Save the Project
&  Select the menu item File > Save As
&  From the Save As window, type in Solenoid.
#  Click on the Save button.
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&  Check the Validity of the Model

&  Select the menu item Maxwell > Validation Check, or click on the & icon.

¥alidation Check: stranded_Conductors - MaxwellDesigni x|
? . o 30 Model
ManelDesignl 9" Boundariez and Excitations
¥ Parameters
Yalidation Check completed, ¥ Mesh Operations
¥ Analyzsiz Setup
| o Optimetrics

Sbort |

&  The problem will not solve unless each object has a check mark.

& Analyze

4 Select the menu item Maxwell > Analyze, or click on the & icon.
&  The progress bar shows the different stages of the ongoing computation.

&  Solution Data of the nominal problem

&  To view the Solution Data, select the menu item Maxwell > Results > Solution
Data. You have access from this window to the inductance and to the force
computed as well as other information:

s Select the Solution tab: the inductance is available by choosing Matrix1 in
the pull-down menu. In this case the inductance matrix has only one entry.
[~

Simulation: ISetup1 j IMatri:-ﬂ j

Solution |C0nuergence | Profile | Mesh Statistics I

Solution Tppe Ilnductance j [~ Post Processed
Inductance  Units: ImH vI Export Solution. .. Export Circuit...
Current I

Current | 0.0005471595
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&  Solution Data of the nominal problem (Continued)

# Select the Solution tab: the force values are available by choosing Force1
in the pull down menu. We have access to the X,Y, and Z components of
the Force as well as its magnitude. As expected, the Z component of the
Force is much more larger than the other components.

[~

Simulation:; I Setupl | |Forcel i

Solution ICu:umrergence | Profile | Mesh Statistics |

Static Units: I - I E xport Solution...

et | Fw | F | MagF) |
Taotal  |-0.15913 0.041585 -204.54 204 54

4 Select the Convergence tab: the log of the different adaptive passes is
displayed with the successive sizes of the mesh.

# Select the Profile tab: you can find information about the CPU time, the size
of the generated data.

# Select the Mesh Statistics: all the details about the final mesh are
presented for each of the problem’s region.

4 Note: you can calculate any quantity using the calculator of Maxwell. Select the
Menu item Maxwell > Results > Calculator or click on the '« | icon.

& Create Parametric Analysis
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& Assign Problem Parameters

#  Once the nominal problem has been successfully solved, some parameters need
to be declared to perform a parametric sweep. We are interested in the
inductance and the force computed in respect to the input current and the air gap
between the Armature and the Stator, therefore, we create two parameters: the
air gap and the input current. In Maxwell 11, any input can be set as parameter.

4 Warning: When assigning problem parameters, the solution is invalidated. The
nominal problem has to be copied if the results are needed. Also, the variables
created in the calculator that will be used in the parametric sweep must be
declared before the parameter declaration.

#  We begin with the current source. From the model tree on the left hand side of
the GUI, expand the Excitations title and double click on the Current entry. In the
value case, change from 576 to amp_turns.

TT T T ——T =TT

5 @ Vecweibeiz B
i €5 Model
5-£% Boundaries General | Defauits I
L Insulating1
- #%3 Excitations

-4 Curert Name: [Eurert]

[]--& Parameters

#-EF Mash Operation: - Parameters
-5 Analysis Walue: Iamp_tums I j
[ Optimetrics
----- = Results
- [Ig Field Overays
-2 Defintions Type: " Salid
¥ Stranded
Swap Direction |

Use Defaults |

ok | Cancel |
4 A window pops up asking for the value of amp_turns. Leave it to 576 Amps.
B

Mame |amp_tums
Walue (5764

Define variable value with units: "1 mm'*

% Lozl Varisble

Cancel
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&  To enter the air gap parameter, expand from the objects tree the Armature entry.
Double click on CreateBox object.

a CreateBox

#  Change the Z- position of the corner with the parameter armature_init.

Properties: ECE_Sol_Final - MaxwellDesign3 - 3D Modeler 4|
Command |
Mame | WValue | Linit | Evaluated Value | Description

Command CreateBox

Coordinate System | Global

Position 0.465%n ,0.4305n ,amature_init 0.46%n , 0.4305in , 0.006n

KSize 0.538 in -0.538n

YSize 0.861 in -0.861in

Z5ize 0112 in 0.112in

a ol
[ Show Hidden
ok | cancel |

5.4
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4  Set the value of armature_ini as .006in + gap. Set gap as 0.0in for the time being.

4 At any time you can access at the list of the problem parameters. Select the

menu item Maxwell > Design Properties. The window should look like:

Properties: ECE_Sol_Final - MaxwellDesign3 ﬂ
Local Variables |
* Value "~ Dptimization " Tuning " Sensitivity ' Statistics
MName | Value | LUnit | Evaluated Value | Description | Read-only | Hidden |
gap 0 in Gin |_ |_
amature _init 0.006in + gap 0.006in I_ I_
amp_tums 576 A 576A O O
[¥ Show Hidden
Add... Femove
0K I Cancel
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&  Create Output Variables

&  For a parametric analysis, we are only interested in a limited number of output
parameters. Our goal is to generate an equivalent circuit extraction, therefore we
want to have for each row the inductance and the output force. If needed,
Maxwell enables you to save the solution fields for every design of a parametric
sweep.

& Select the menu item Maxwell > Results > Output Variables. From this window,
we assign output variables.

#  To create the output variable corresponding to the magnitude of the virtual force
(Fm), follow the steps below:

Output Variables o ]
— Dutput ¥ ariables //
L ~ /
5- The Expréssion is setame [ _~  Ewgfsin =
‘ T\ Fm N
\Z Fx
-
I | pdate | [Telete |
Erpressiot 4- Insert the QUantity
1- SeIeC1 li‘Egculation —
Execut V Inzert Quantit}lm |
t Categony: Quantity: Function:
aramegie - ariables orce_y -
p J \éut Etl\p"ariables Eorce:p
[~
Solution; ISetup'I : Forcel j
2- Select the Quantity r

- /
Insert Function | 3_ We do not need Diohe |

[abs = to apply any function to
the Quantity

— Function
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&  Create Output Variables (Continued)

&  Proceed the same way to declare Fx, Fy, Fz the components of the Force applied
to the Armature.

& We also declare the inductance as an output variable. Follow a similar procedure,
but select Matrix1 from the pull-down menu (see below). Lcc stands for the
inductance of the coil.

—oix

— Output Y ariables

M arne: I Erpression |;
T {Fm Force_magnitude
2| F= Force_x
B Fy Force_ v
Z Fz Force_z b
5 -
sdd | Update Delete

— Calculation
Inzert Quantity Into Exprezsion |
Cateqary: Cluantity: Functian:
Design: IManellDesign3 j |Variables . L[Current, Currant] ; -
ahz
Repart - acos
T IMagnetDstatlc j nom acnsh
MagrjetlcFlu:-: _ ang_deg
Solution: |Setup1 - Matrind - Narminaltd agneticFlu ::i?-l_rad
azinh
atan
atanh
S -
— Function
Inzert Function |
Done

Iabs j

& Finally, you should have 5 output variables declared: Fm, Fx, Fy, Fz and Lcc.
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&  Create Parametric Analysis

4 Note: The module Optimetrics must be installed in order to be able to run a
parametric sweep.

& Select the Menu item Maxwell > Optimetrics Analysis > Add Parametric. The
Setup Sweep Analysis pops up. We add the different variables for each
parameter that will be included in the sweep. Select Add (see Below).

F

Sweep Definitions |Tab|e | General | Calculations | Options |

Sunc # I Warable | Deszcription Add...

Edit... |
[

[elete

&  From the Add/Edit Sweep window, select gap in the pull down menu. The air gap
will linearly vary from 0.0in to 0.006in with a 0.001in Step. Enter these values in
the corresponding boxes. Click Add to proceed.

Add/Edit Sweep 5'

. Wanable | Dezcrption |
vaiatle [z ]

gap Linear Step from Qin to 0.006in, step=0.007i

" Single value

" Linear count b o

" Decade count
" Dctave count pdate &

{~ Exponential count

L]

[relete
Start: |0 in b

T T PR

Step: |D.DD'I | i ﬂ 1] 4 I Cancel
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&  Create Parametric Analysis (Continued)

&  Select amp_turns from the Pull down menu. We sweep this variable with 4 single
values: -1 A, 330A, 661A and 992 A. Click on the Single Value box, enter the
actual value and click Add for the 4 different values. Do you forget to press Add

each time. Close the Window.

" Linear count .m

" Decade count

" Dctave count pdate & |

{~ Exponential count

[relete
Yalue: |1 B, b 4'

Add/Edit Sweep 5'
. Variable | Dezcrption
W ariable i = - = 5
gap Linear Step from Qin to 0.006in, step=0.001i
amp_turng Single Yalue at -14
" Linear step

o]

Cancel

4 The Setup Sweep Analysis window has the following definitions:

X
Sweep Definitions |Tab|e | General I Calculations | Options |
Sync ﬂl ‘Yariable I Drescription Add... |
gap Linear Step from 0.007in ko 0.006in, step=0.007in -
amp_turms| Single Yalue at 14 Ll
Single Yalue at 3304 Delete |
Single Value at BE14
Single Yalue at 9924,
Spnc hSpne
COperation Diescription
0K | Cancal i‘&%\\ :
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&  Create Parametric Analysis (Continued)
&  From the ‘Table’ tab, the 24 variations are displayed.

4 Leave ‘General’ tab of Setup Sweep Definition unchanged and select the

‘Calculations’ tab. From this tab, we will define the output variables to include in
the sweep.

Setup Sweep Analysis x|

Sweep Definitions I Table I General Calculations IOptions I

Solution Calculation I
—
Fetup1 : Matrix I Lec I
Setupl : Forcel
Setup1 : Forcel
Setup1 : Forcel
Setup1 : Forcel

Fm
Fx
FY
Fz

| Add | Delste Edit Caloulation .. | | Edit Call Fange.. |
ok | cancel |

& 5 output variables are to be included. Click 5 times to the Add button. On the first
line, from the pull down menu on the left, select Setup: Matrix1, then from the pull
down menu on the right, select Lcc. On the second line select Setup: Forcel ,
then select Fm. Repeat the procedure for the other force variables: Fx, Fy, Fz.

& In the ‘Options’ tab, leave everything unchecked.

&  The parametric sweep is set up .

4 Note: the number of adaptive passes, the target error and all the analysis
parameters of the nominal problem will be used. If you happen to have several
analysis setups, select the setup to use in the ‘General’ tab.
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& Solve the Parametric Sweep

4 Right click on the ParametricSetup from the Design tree and run the analysis.

EH@ Optimetrics | |
H ]

Pl el ._

= Results E_;?p_?

[ Field Ove i, peste
E ‘B Motes Rename
&[0 Definitions | 3 Delete
E]"E‘ Project2” —

Properties...
Distribute Analysis
View Analysis Result...

& Maxwell will start an separated analysis for every row of the table.

& If you have a Distributive Analysis license, you can run the parametric sweep on
up to 10 machines per Distributive Analysis license. Use the Distributive
Analysis button in this case.

4 Note: If you cannot click on the Distributive Analysis button, it means that the list
of machines you want to use is not correctly set. Select the menu item Tool >
Options > General Options. Go to the Distributed Analysis Options tab. Make
sure you have at least two machines in the Machine for Distributed Analysis box.
The local machine (the machine where Maxwell has been running) is not included
by default. Also, for a two processor machine, you can enter the machine’s name
twice.
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5.4

&  Solution Data of the Parametric Sweep

A

Once the analysis is completed, Select the Menu item Maxwell > Optimetrics
Analysis > Optimetrics Results.

=lalx|

Expart... |

Apply |
Hewert |

———
Parametric Setup2 _‘J ’?
Result | Erofile |
Wiew: (¢ Table [~ Fhow complete output name
T Flot

Variationlamp_tumsl gap | Leo Frm Fx Fy Fz

1 A4 0.001in 0.000658658mH | 0.0008401 761 70979451 newton | -5.3586e-007newton -1.26393-008newton | -0.0008401 7Enewton
2 A4 0.002in 0.000620169mH  0.00067E61300256536newton | 5.54323e-009newton 5.86582e-008newton -0.000676E1 3newtan
3 A4 0.005in 0.000541156mH | 0.0003998150391431 F3newton | 1.66797e-007newton -5.89815e-008newton | -0.00033951 Bnewton
4 A4 0.003in 0.00058918mH | 0.000557676017142459newton | 1.04608=-007newton 9.0427e-008newton -0.000585767Enewtan
I3 14 0.006in 0.000522117mH | 0.0003450950107 32653newton | -3.68225e-008newton 7.77925e-008newton -0.000345095newtan
g A4 0.004in 00005631 1mH | 0.00046896507820924 1 newton | -2.17025e-008newton 2.6997e-007newton -0.0004689E5newtan
7 3302 0.007in 0.000673078mH | 96.31 30624561 328newton -0.039167 newtan 0.102453newton -96.31 3newton

g 3304 0.002in 0.000638412mH  78.6715413377899newton 0.036251 newton 0.0720422newton -78.6718newton

| 3304 0.003in 0.000608974mH  £5.42271 3265951 49newton -0.0243297 newton -0.0333881 newton -B5.4227newton

10 3304 0.005in 0.000561265mH | 47. 2316026073399 newton 0.0019892newton -0.0155693newton -47.231 Bnewton

1 3304 0.006in 0.00054188mH | 40.7982016016542newton -0.0062837 Friewton -0.00955008newton -40.7982newton

12 3304 0.004in 0.000583233mH  55.14660468271 28newton -0.0117836newton -0.0194324newton -B5.14B6newton

13 BE14 0.001in 0.000484331mH  194.085373129223newton -0.051 2003newton 0.37708Enewton -194.055newton

14 BE14 0.002in 0.000478667mH 174.250016476561 newton 0.00592921 newton -0.0755442newton -174.28newton

15 BE14 0.003in 0.000473185mH  157.0280035801 75newton 0.02881 78newton -0.0171438newton -157.028newton

18 BE14 0.005in 0.000463222mH  129.430003044521 newton 0.028011 Frewton -0.0013531 Snewton -129.49newton

17 BE14 0.006in 0.000457065mH 117.213022582897 newton 0.0332075newton -0.064 7401 newton -117.213newton

18 BE14 0.004in 0.000467255mH 141.646020754323newton -0.0614526newton -0.04585597 newton -141.64Enewton

19 9924, 0.001in 0.000352784mH | 221.90700537057 4newton -0.0188791 newton -0.0450235newton -221.907newton

20 9924, 0.002in 0.000350923mH  203.742003359548newton 0.02537 24newton -0.026929Enewton -203.742newton

21 9924, 0.003in 0.0003491mH | 187.176003224698newton -0.0522503newton 0.0268922newton -187.176newton

2 9924, 0.005in 0.000345621mH 159.57500234841 Enewton -0.0242103newton -0.012781 Znewton -159.578newton

23 9924, 0.006in 0.000343344mH 147 827013401 77 2newton 0.00931882newton -0.0751623newton -147.827newton

24 9924, 0.00din 0.000347395mH | 172.88800849711Snewton -0.0092323 newtan -0.05341 22newton -172.888newton

Close |

A

Make sure to select the correct optimetrics setup from the pull down menu, then
select the Table radio button to view the results table.
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& ECE from the Parametric Analysis

4 Select the menu item Maxwell > Equivalent Circuit Extraction > From Parametric
Solutions.

4 Maxwell fills the ECE window with some parameters that correspond to the
project:

A

A

A

A

A

Make sure that the Model type is set to Linear Motion.
Leave the scaling factor to 1 (this factor is used for models with symmetry).

Choose the Parametric Setup corresponding to your analysis with the
according solution Setup, Matrix Setup and Force Setup.

Only the Z component of the force will be used.

Amperes-Turns have been entered in the model (we selected Stranded
Conductor): select the corresponding radio button.

General x|

Model Type: ILinear Motion j
Scaling Factor: I 1

Parametric Setup: IF‘arametricSEh.lpE j
Solution Setup: ISEtLIpl j
Matrix Setup: IMatrixl j
Force Setup: IFDrcel j

Component: % Oy 2
Current Varizbles Represent: & Ampere-Turns € Amperes
= Back I Mext = I Cancel

&  Click on Next to continue.
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&  ECE from the Parametric Analysis (Continued)
&  The next window enables you to select or deselect the entries from the

parametric tables.

4 Fm, Fx and Fy computations will not be used in Simplorer. From the pull-down
menu in the I/O column, select Unused. We leave the other parameters to their

default values.

4 Make sure that the data types are correct. gap defines a Position, amp_turns a

current.

Circuit Inputs and Outputs
Mame I 1j0 | Type I Extrapolate ”;
gap Input Paosition Linear
amp_turns Input Current Linear
Flux[Current] Output Flux Mone
Forcel Force Mone
Lcc Other Mone
Fm Other MNone i
Fx Cther Mone
[
[™ Use Bezier Interpolation
Export Table. ..

« Back I Mext = I

Cancel

& Click on Next to continue.
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&  ECE from the Parametric Analysis (Continued)

#  This window defines the Terminals of the conservative nodes in Simplorer. The
conservative nodes will have their Across and Through quantities solved by
Simplorer, ensuring the physical meaning of the simulation.

4 The Flux (and therefore the EMF) is the electrical Across quantity in this case.
The current is the Through quantity.

4 In the Mechanical domain, gap is the Across quantity whereas Force1 is the
Through quantity.

Terminals x|
Coil Terminals
Flune I Current Resistance ITurns | Branches
Flux[Current] |amp_turns a 1 1

Mechanical Terminals

Force |Forcel |  Positon: [aap =l

« Back I Finish I Cancel |

& Maxwell has defined the correct values for the Terminals. Click on Finish.

),ﬁ'\ \
J’st‘k\
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&  ECE from the Parametric Analysis (Continued)
&  Give a File name and save the output file.

File name: IEC E_Solenoid j Save |
Save as type: I.%nsnﬂ Simplorer Circuit {~.smi) j Cancel |

&  Maxwell creates the SML file containing the model of the component to be used
in Simplorer. SML stands for Simplorer Modeling Language, the internal
language of Simplorer. This script file will be imported into Simplorer.

&  To improve visibility of the component in Simplorer, it is advised to capture the
image of the Maxwell 3D design. Select the menu item Edit > Copy To Clipboard.
You can paste this image in any software (like Paint, ...)and save it under a bmp
format.

& Create the circuit in Simplorer

#  Note: The software package Simplorer 7 must be installed in order to be able to
continue.

&  Open Simplorer version 7, create a project then a Schematic.

4 From the ModelAgent bar, Select the AddOns tab, then click on interfaces in the
folder. Right click on ECE Link and select Copy.

ModelAgent a3 x
Basice | Displays | &M | Digal

M anufacturers | Uzers I Projects
Tools Add Onz

automotive -

bit

diodes

hydraulic e
interfaces

iset_alternative_power

ist_machine -

g C Link
il RMxprt
..... g FEX
..... g FEx
g Ful
..... & Sm
e i Mat]

ECE - LINK
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&  Create the Component in Simplorer (Continued)

&  Select the tab Users (or the Project tab is some libraries have been created in the
Project). Select user and select the menu item Edit > Paste. The ECE component
has been copied to your user section. It is now possible to change the name of
the component and to modify the component symbol.

= P £
Basics | Displays | AMS | Diigital Language: |English [United States) =] Medeling Language: |SML20 =]
Taok | Add Ons
T — Uszrs | Projects Genersl | Files I Simulation I Conservative Nodesl MNon-Conservative Nodesl Tolerance I Stress I Parameter Setsl
compatibility4x 7
user Title: / IECE Solenoid
Zj! sym/} ol Editor - [ECE Solenoid]
_ Hle Edit View | Draw | Object Window Help
- Packages : .
- B IGET = ! @ Zesx =) -+ 2 = E M
- & Magnetoresistar . = . = ™, Line -
- Inductor #-=-= 4 H A = m
- Induction Machine ModelAgent £ g
-~ & Synchronous Electrical Excitati Circle *
. @ Resistor Digial | Tools | _
& 24 Ellipse
Al b anufacturer
-k Pressure Source A Text
- i ECE Link USE[S | = rin
- fff |ECE §=L Basics Dizplays -
Edit Symbal... M Interactive Panel
EIE Displays
Copy | o 2D View |#4  Insert Bitmapl
----- o 2D Digital Gra Animation
Help for Eemght | | [ Ll II'IIiEI.N ) -
----- o Murnerical View
Eample 7 || [ o Table view
properties.. | | | || g Bode Plot
= || o Nyauist ECE o LINK
----- e Histooram

4 Right click after having selecting the ECE link component. Choose properties. In
the window, select the General tab and give the component name ECE Solenoid.
Leave the other parameters to their default values and Select OK.

& Right click and select Edit Symbol. From this window, you can draw your own
symbol or import it from a bmp image (Select the menu item Draw > Insert
Bitmap).
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&  Create the Component in Simplorer (Continued)

&  Drag and drop the ECE Solenoid component on the sheet. Open the component
dialogue box. Click on the Load model button.

properties - ECELnkt -ECE Solenodl X

SIMPLORER - ECE Interface | Output / Display | Tolerances | Library |

Name IECEIJnk1 M Show Nams @

I Load model I

— Parameter

Hame | value | used Unit | Default | Unit | Description | |

QK | Cancel | Lpply I Help I
E

&  Browse your disk to recover the output file generated by Maxwell. This file has
the extension SML.

File mame: |EC E_solenoid.sml Cpen |
Files of type: ISimpIDrer Model {~.sml) j Cancel |

4

&  Click on OK. The model is loaded.
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&  Create the Component in Simplorer (Continued)

& In the component dialogue box, select the Output/Display tab. In the Pin column,
4 boxes are checked: Current_N1, Current_N2, Force1 N1, Force1l N2. These
terminals correspond to the electrical and mechanical terminals we defined
during the ECE process in Maxwell. Verify that in the Show column, the Name at
Symbol is chosen to ease the wire connection on the sheet.

SIMPLORER - ECE Interface  Output / Display | Tolerances | Library |
Description | Hame | Pin | Show | e | & |
10 Evira output Lec_OUT Lec_OUT O O O
10 Exira output Fz_OUT Fz_ OUT | | Il
10 Exira output ICumerit ICurrent O O r
10 Eyirs output FLUXCumrent FLUXCumert O O O
10 Edra output EMFCument EMFCumrert O O r
10 Power dissipated PWRLOSS O O 0O
10 Force output [N] F | | Il
10 Displacement 5 O O r
10 Exira input RCument RCurrent [T Mo Display | Il
19 Number of tums in coil Cumert NCurmrent [T Mo Display (| Il
%E Cument_N1 Curment_N1 ¥ Name At Symbol
€ Cument_N2 Cumert_M2 ¥ Mame A Symbol
}f@ Force1_M1 Force1_M1 ¥ MName 2 Symbol
(;'~§ Forcel M2 Force1_MN2 W Mame & Symbol
4| | i
QK I Cancel | Apply | Help |
g

4 As additional input (non conservative node), you can specify the number of turns
in the Coil (in Maxwell, we just gave the overall value of the current) as well as
give an additional resistance corresponding to the coil in the Solenoid.

&  The component is ready to be used in a Simplorer project.
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&  Create the Schematic sheet in Simplorer

5.4

Currert] M1 B Forcet _M
A i T '
e L4

A2

Current_Mz2

Fi_1 F_Initial ‘ MASS

v, T — Forcej N2 |

o

& In this application, the system surrounding the actuator has an

electric part and a mechanical part.
s For the electrical part, the following components have been dragged

on the

Y

/

Properties - E1 - Yoltage Source ﬂ

Parameters |AC-Parameters| DutputJDispIa_l,II Tolerancesl Librar_l,ll

Mame |E1 v Show Name

v +

— Parameter

£ EMF Yalue | [ = Use Fin

Walue, Yariable, E xpression [T AL use
Time -
o Controlled ITrapezmdaI ﬂ

¥ Spice compatible

Amplitude |13.5 m (et IU m
Frequency Im— m Rize Time IF m
I~ Period |1.DDIJDD2 |S <] Fall Time |—1 oh |__,S =
Delay Iu— m Pulze Wwidth |-|— m

Phase In— Iﬁ Periodical m

— Default Outputs
v “alkage [W] ¥ Curent [A] W EMF Walue [V]

ok I Cancel Apply Help
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&  Create the Schematic sheet in Simplorer (Continued)
#  For the electrical part, the following components have been dragged on the
sheet:
& A Force-meter FM1 to measure the actual force coming from the actuator
4 A Force Source F_initial corresponding to the initial force with F=125 N
# A mass MASS that describes the mass of the plunger of the actuator:

x
Parameters | Output / Disp\ayl Tolelancesl Libraryl
MName IMASS ¥ Show Name
Mass 185 |g =l ™ Use Pin

Walue, Yariable, Expression

0.008 - Uze P
¥ Initial Position I I\n —I mi
¥ Initial telocity Ig [mis =] [ UsePin
¥ Displacement [m] ™ Farce [N] [~ Masz [M]
ok | Cancel | Lpply | Help |
2
& A Limit stop LIMIT that represents a parallel damper and spring
combination:
x|
Parameters | Output / Display | Tolerances | Librar |
Mame  [LIMIT ¥ Show Mame:
Spring Rat l— = l— =
fpeoston %6 [ o] tneresten f
B B I Ferce[N] I~ Velocity [més]
oK. Cancel Eppl Help
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&  Create the Schematic sheet in Simplorer (Continued)
&  The mechanical ground and the electrical ground must be included.

&  Create the graphical Displays in Simplorer
4 We want to display the Coil Current, the Actuator Force and the Stoke for this

system.
& Drag a 2D view element (from the Displays tab).
x|
Channels IX-.-’-‘«:-:isI i -AHisI Presentatiunl General Settingsl Libraryl
¥ Baze channel
1- Click to add a quantity in [ea -] &
the displa ~H
splay 2- Select ECHLink1.ICurrent
gl (RSE S W
----- kT ICurrent . I vl
Scale IEI
Offset IEI
Color —
Type of Curve I vl
Line Style I vl
Line 'width I "|
Type af Marker I vl
Size IEI 3:
[T Use as Default Color SEEEHED ! 3

(1] I Cancel | Al | Help

!

&  Select the yellow button to add the the current of the ECE component.
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&  Create the graphical Displays in Simplorer

#  Repeat this operation with 2 new 2D view elements. Add the two following
quantities:

4 The force of the plunger: ECELink1.Fz_OUT
&  The stroke : 39.79 * MASS.S

& Create a Transient Analysis
4 Select the menu item Simulation > Parameters
& Fill the window with these parameters:

M
TR |ac | oC | General| SML Header|

— General
Simulation End Time [<] - Tend
binimum Time Step [£] - Hmin |‘| u
 &xinnurm Time Step [z] - Hmax |2u
[ Use Initial Yalues I— _I

— Clircuit
Integration Formula ITrapezuid j
Local Discretization Eaor [%] - LDF I'l

bt aimumn Mumber of lterations - [teratmas I‘“:|

Fd &innurn Current Emrar [A] - 1Emas IEI.DEI'I
b axinnurm Yoltage Errar [V] - WE max |EI.DEI‘I
[~ Relative Tolerance [3] IEI.'I
v Advanced Step Mode

MHumber of Equal Steps ID
Step Acceleration Damping [%2] IEI.D

v Automatic

Partial Fivoting '—J— LComplete Fivating

k. I Cancel | Lpply | Help
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& Run the Analysis
&  The simulation can be started by selecting the menu item Simulation > Start
& The 2D displays look like:

Coll Curren
ECELink1.ICurrent [A]
80.00
50.00—
0
T T
0 2.00m 5.00m
Actuator Force
-120.00m
-100.00-
-200.00—
-252.00ECELIink1.Fz_OUT [V]
T T
0 2.00m 4.00m5.00m
Stroke
39.79 * MASS.S [m]
10.00m
5.00m—
0
T I
0 2.00m 5.00m
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&  The implementation and application of Nonlinear Anisotropic
Material when using the Magnetostatic, and Transient Solvers

4 Inv11 of Maxwell 3D a new function of Nonlinear Anisotropic Material can be
used with the Magnetostatic, and Transient Solvers for simulating soft
magnetic materials. The obvious advantage is significance because

& Non-linear lamination is extensively used in low frequency
electromagnetic devices for having high induction but with significant
reduction of eddy current loss in the rolling direction.

& Non-linear anisotropy is widely used magnetization, magnetic
recording, power transformers and large size electrical machines.
Oriented materials will have higher magnetic field like magnetic flux
density in special directions as users want but lower magnetic field in
other directions.

&  In this note a magnetostatic model as one step of magnetization will be
introduced including how to set up Non-linear lamination and Non-linear
anisotropic materials. Same set up will be used for Transient model.
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& Ansoft Maxwell Design Environment

&  The following features of the Ansoft Maxwell Design Environment are used to
create the models covered in this topic

4 3D Solid Modeling
& User Defined Primitives (UDP): RMxprt/SlotCore
4 Primitives: Regular Polyhedron Box Cylinder
# Surface Operations: Section Edge Filet
# Boolean Operations: Split Separate Bodies
& Boundaries/Excitations
# Current: Stranded
4 Windings
& Analysis
& Magnetostatic
s (Transient)
& Results
# Field Calculator
# Group objects with Objectlist
# 2d plot with Create Report
& Field Overlays:
& Flux Density Plots
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&  Getting Started

s Launching Maxwell

1. To access Maxwell, click the Microsoft Start button, select Programs, and select
Ansoft and then Maxwell 11.

s  Setting Tool Options
&  To set the tool options:

# Note: In order to follow the steps outlined in this example, verify that the
following tool options are set :

1. Select the menu item Tools > Options > Maxwell Options
2. Maxwell Options Window:
1. Click the General Options tab

4 Use Wizards for data entry when creating new boundaries:
Checked

& Duplicate boundaries with geometry: M Checked
2. Click the OK button
3. Select the menu item Tools > Options > 3D Modeler Options.
4. 3D Modeler Options Window:
1. Click the Operation tab
& Automatically cover closed polylines: ¥ Checked
2. Click the Display tab
& Default transparency = 0.8
3. Click the Drawing tab
& Edit property of new primitives: M Checked
4. Click the OK button
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s Opening a New Project
#  To open a new project:

1. In an Maxwell window, click the [ On the Standard toolbar, or select the
menu item File > New.

2. Select the menu item Project > Insert Maxwell Design, or click on the By
icon

El_@ Frojects®
EI@ b awwelD egignl

----- €77 Model

- IF Boundaries
-5 Excitations
& Parameters

----- EF Mesh Operations
..... S Analysis

{8 Optimetrics

----- = Result:
Ei Field Overlays

F-Z1 Definitions

Project I

s  Set Solution Type

&  Select the menu item: Maxwell > Solution Type > Magnetostatic, or right mouse
click on MaxwellDesign1 and select Solution Type ...

&  Creating the 3D Model of a magnetization model of a four- poles
out-rotor

&  The example that will be used to demonstrate how the anisotropic non-linear
material & non-linear lamination are implemented in a Magnetization model of a
four-poles out-rotor. The intent of this write up is not how to simulate the out-
rotor motors, it is rather to demonstrate how anisotropic materials are
implemented within the Magnetostatic (or Transient) solver. This magnet ring is
an non-linear anisotropic one (nonlinear in R & Z direction with low permeability
in Theta direction) and the field core is a laminated one. (lamination direction is
Global X) Thus we can show how these materials can be set up for create an
four poles out-rotor.

8  Set Model Units
4 Select the menu item 3D Modeler > Units > Select Units.: mm (millimeters)
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&  Create the problem Region

#  One of the main differences between Maxwell V10 and V11 is that a Background Region is
not automatically created when a project is started. A separate object needs to be specifically
created.

4 Create a Box region by selecting the menu item Draw > Box or click onthe 1 icon.
1. Using the coordinate entry field, enter the box position
& X:-50,Y:-50, Z: -50, Press the Enter key
2. Then enter the opposite corner for the base rectangle with the height
4 X:100.0, Y: 100.0, Z: 100.0, Press the Enter key

Properties: Praject] - MaxwellDesienl - 30 Modeler

Command | Attribute I

Mame I Walue | Unit I Evaluated Value

Cammatd CreateBox

Coordinate System Global

Pozition =60 -60 -60 mm =G0mm , -B0mm , -B0..
T [xSize 100 mm  100mm
| [vSize 100 mm  100mm
T |ZSize 100 mm  100mm

#  Click OK to finish it. Change the name from Box1 to Region by editing the Attribute panal on
the left hand side of the interface. Keep the material as vacuum.

Froperties: Project] — MaxwellDezignl - 300 Modelsr

Aittribute
Mame Walue I nit
Mame Region
| Material YacLLm |
e a3
" |Orientation Global
[ [Model 2
] Dizplay Wireframe M
[ |calar Edit |
] Tranzparent ns |
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&  Create the Field Core:
& A User Defined Primitive will be used to create the Field Core

b

£

Draw > User Defined Primitive > Syslib > Rmxprt > SlotCore

Use the values given in the panel below to create the rotor
5 zer Defined Prin x|

Parameters I Tnfo |

MName I Value Units Description |

DialGap 366 mm Core diameter on gap zide, DiaGap<D..
I Diaoke 5 mm Core diameter on yoke zide, Dia‘vork<
[ |Leneth 22 mm Core Length
e 0 deg Skew angle in core length ranes
N 4 Mumber of slots
I SlotType 3 Slot type: 1 to 6
| Hszl 1 mm Slot opening height
[ |Hsm 0 mm Slot closed bridge height
[ [Hst 5 mm Slot wedze height
I |Hs2 55 mm Slot body height
EE 25 mm Slot opening width
ES 115 mm Slot wedge maximum width
S o5 mm Slot bady bottom width, O for parallel ..
I [rs 0 mm Slot body battom fillst
I FilletType o 0: a quarter circle; 10 tangent connecti.
| HalfSlot 1] 0 for gymmetric glot, 1 for half slot

ok | wean |

Click SlotCore1 with right of mouse in History Tree Edit>Arrange >Rotate>Y >90
degree>OK

Click on the just created object in the drawing window and in the panel on the left change its
name from SlotCore1to FieldCore

#  Create material Press of non-linear laminate one for Fie/dCore

£

£

E

Click Materialvacuum to get in the Material Select Definition window, Pick Add Material..
Change name Material1to Press

Pick Type of Relative Permeability and change it from Simpleto Nonlinear, Pick BH curve in
the right of it, then click /mport from file..., select Press.bh for it with OK to finish it.

Pick Solidin Composition Line and Change it to Lamination

Change the Value of -Stacking Factorto 0.95 and keep the Stacking Direction as V(1) (X
direction). Pick Validate Material, the green tick will be appeared. Click OK to exit.

Edit Material x|

Iaterial Mame Matenal Coordinate System Type:
Press ICalleswan i I

WView/Edit Matenial for

— Properties aof the M aterial
Mame Type | Walle I Urits I | % Active Design

Fielative Permeability Monlinear  BH Cuwe..l

| - . " This Product
Bulk Conductivity  Simple 0 siemenz/m
I agnetic Coercivity | Vector Al Products
- Magnitude Yector Mag 0 A_per_meter
Compozition Larnination

— - Walidate b aterial
- Stacking Factor  Simple 0.95
- Stacking Direction W1 \/
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Material is Press and the Orientation is Global.

Properties: GST16 - Max

Attribute |
MName Value | Unit |

Mame FigldCore
Material Press |

| [Salve Inside 2l
Orientation Global

[ [Model cal
Digplay Wireframe |_
Golor Edit |

B Tranzparent 0s |

A

Create the Housing and Magnet Ring of Out-rotor:
Create Housing

£

£

Select OK'in Select Definition window, Then change SlotCore1 as FieldCore, make sure the

Draw > RegularPolyhedron then using the coordinate entry field, enter the center position

E

X:-15.3, Y: 0, Z: 0, Press the Enter key

MHame

&

Then enter the height and the radio

dZ: 24.4 for radius, Press the Enter key
dX: 30.8 for height, Press the Enter key
Number of segments = 36, OK

Change the name from RegularPolyhedron1

to Housing

E

E

b

Command
Coordinate Svstem
Center Pogition
Start Pozition
fixiz

Height

Mumber of Segme..

CreateRegularPolyhedron
Global

-153 0.0

-163 .0 244

bt

308

Kis]

Draw > RegularPolyhedron then using the coordinate entry field, enter the center position

E

X:-14.5,Y:0, Z: 0, Press the Enter key

Mame

Yalue

Then enter the height and the radio

dZ: 22.8 for radius, Press the Enter key
dX: 30.8 for height, Press the Enter key
Number of segments = 72, OK

Change the name from RegularPolyhedron1

to Housing1

E

E

E

Coimand
Coordinate Svetem
Center Position
Start Pozition
fris

Height

create new Housing

Mumber of Seeme..

CreateRegular Polvhedron
Gilobal

-145 0.0

-145 228 0

d

3048

2

Pick Housing and Housing1 in History Tree, Use right mouse Edlit > Boolean > Subltractto

Draw > RegularPolyhedron then using the coordinate entry field, enter the center position

E

X:-15.3, Y: 0, Z: 0, Press the Enter key

Mame

alue

Then enter the height and the radio

dZ: 3.25 for radius, Press the Enter key
dX: -1.7 for height, Press the Enter key
Number of segments = 16, OK

Change the name from RegularPolyhedron1

to Housing2

E

E

E

Command
Coordinate Svstem
Center Position
Start Position
iz

Height

MHumber of Segme...

CreateResular Polvhedron
Global

-183 0.0

-153 0 3325

H

-1.7

16
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& Pick Housing and Housing2 in History Tree, Use right mouse Edit > Boolean > Unit to
create new Housing

&  Draw> RegularPolyhedron then using the coordinate entry field, enter the center position

&  X:0,Y:0,Z: 0, Press the Enter key Name | Walue
#  Then enter the height and the radio Command CreateRegular Polyhedron
s dZ: 2.45 for radius, Press the Enterkey | |Coordinate System Global
s dX: -20 for height, Press the Enter key : Center Pogition 000
s Number of segments = 16, OK | Start Position 00.245
s Change the name from RegularPolyhedron1 ] Axis A
to Housing3 [ Heieht 0
Mumber of Seeme.. |16

#  Pick Housing and Housing3 in History Tree, Use right mouse Edijt > Boolean > Substract to
create final Housing

#  Create material Press7 of non-linear one for Housing

#  Click Housing in History Tree, then pick Materialvacuum in it's Attribute to get in the
Material Sefect Definition window, Search & pick Press

&  Select Clone Materials
&  Pick Laminationin Composition Line and Change it to Solid
4 Click OK to exit. Press1will be appeared in Material Name Listing
& Click OK to exit Select Definition. Make sure Press 1 will be the Material of Housing
and change the color as light blue gz X

Matenal Name Material Coordinate System Type:
IPress1 IEartES|an 'l

Wiew/Edit M aterial for

Properties of the Material

Marne Type WValue Uitz & Active Design
ive Perme _BH Curve...
- . " " This Product
Bulk onductivity Simple a siemensdm
. M agnetic Coercivity | Wectar Al Products
. - Magnitude Yector Mag |0 A_per_meter
. Compaosition Saolid
Walidate: Material |

&  Create Magnet Ring nhamed as Mag
&  Draw> RegularPolyhedron then using the coordinate entry field, enter the center position
4 X:-10,Y:0, Z: 0, Press the Enter key
#  Then enter the height and the radio
& dZ: 22.8 for radius, Press the Enter key |—
& dX: 20 for height, Press the Enter key  |—
& Number of segments = 72, OK —

Mame I Walue

Command CreateRegular Polvhedron
Coordinate Svstem Global
Center Pozition -10.0.0

Start Position -10.,0.228
& Change the name from RegularPolyhedron1 [ i "
to Mag [ |Heient 20 _
MNumber of Segme.. |72 \\
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B

Draw > RegularPolyhedron then using the coordinate entry field, enter the center position
& X:-10,Y:0, Z: 0, Press the Enter key Name | Value
Then enter the height and the radio O ELTTLT T GRS
s dZ: 18.8 for radius, Press the Enter key [ Soordinate System |Global
. Center Position -10.0.0
# dX: 20 for height, Press the Enter key —

B

Start Position -10 0,188
& Number of segments = 72, OK = | axis W
& Change the name from RegularPolyhedron1 : Height o0
to Mag7 MNumber of Segme.. 72
&  Pick Magand Mag1 in History Tree, Use right mouse Ediit > Boolean > Substract to create

final Mag
& Create material Mag_aniso of non-linear anisotropic one for Mag

&  Click Mag in History Tree, then pick Material vacuum in it's Attribute to get in the Material
Select Definition window, Pick Add Material..

#  Change name Material1to mag_aniso, and Material Coord. System Cartesian to Cylindrical
&  Pick Type of Relative Permeability and change it from Simple to Anisotropic

#  Change Type of T(1,1) from Simple to Nonlinear, Click BH curve in the right of it, then click
Import from file..., select Mag.bh for it with OK to finish it.

#  Change Value of T(2,2) from 0 to 20

&  Change Type of T(3,3) from Simple to Nonlinear, Click BH curvein the right of it, then click
Import from file..., select Mag.bh for it with OK to finish it.

#  Click Validate Material to get green Tick Mark. OK to exit. mag_aniso will be appeared in
Material Name Listing

& Click OK to exit Select Definition. Make sure mag_aniso will be the Material of Ma

MateliaIName I aterial Coordinal stem Type:
mag_anisa Cylindrical -
r Properties of the Material View/E dit Material for——
. & Active Design Mame Yalue
} BH Curve. | AR Twpe Felative
: 153 ?nmj:ea. Sfmﬂ] e : Hame RelativeCa0
- e jReference G5 |Global
- Magritude Vector Mag|0 4_per_meter Crigin oon
Composition Solid v | W Pz 010
s Using 3d Modeler > Coordinate System > | Point 001
Create > Relative CS > Rotated - | . |
Select the x axis X:0; Y:1; Z:0 Press Enter Nams Mae
Select the point on xy plane X:0; Y:0; Z:1 | Material mag_aniso |
Press Enter. Then change Coord Name : Solve Inside
From RelativeCS1 to RelativeCS0 | Eri:”:aﬁm
#  Double click Magin Histery Tree, Change the  |— D;:lay Wiretrame |:
Orientation Value from Global to RelativeCSO | [coler Edit |
with OK to exit. [ Transparent 0 |

Note: Because in Cylindrical Coordinate System, Theta direction is fixed as T(2,2), the
Global CS can’t be used for Mag directly. RelativeCS0 must be created for it.
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& Create the coils
4  Create Coil named as coil/1

&  Draw> Boxthen using the coordinate entry field, enter the box position

X:14.2,Y: 6.2, Z: -7.8, Press the Enter key
& Then enter the length, width and height of the box
dX: -28.2; dY: 6.5; dZ: 15.6, Press the Enter key
Box1 will be created.

MHame I Yalue Unit

Command CreateBox

Coardinate System Global

Pozition 142 g2 -18 mih
Holze -282 i
Toize 65 i
Z5ize 156 i

&  Draw>Boxthen using the coordinate entry field, enter the box position

X:11.2,Y: 6.2, Z: -4.8, Press the Enter key
&  Then enter the length, width and height of the box
dX: -22.4; dY: 6.5; dZ: 9.6, Press the Enter key
Box2 will be created.
&  Pick Box7 & Box2, Using right mouse
Edit > Boolean > Substract to create final Box7
4 Change the name of Box7to Colj_7and set
material Cupper for it

MHame I Walue Uit

Command CreateBox

Coaordinate Svstem Glabal

Posgition 1262 -48 M
Haize -224 tim
eize 65 tim
£5ize 1] tim

#  Select Colf_1in History Tree, Using right mouse Ediit > Arrange > Rotate
select X as rotating Axis with 45degree, OK to finish it.
&  View > Active View Visibility to erase the tick marks for all except Coil_1 as below:

30 Modeler |G|:|Ic:r Keys | Motion | Boundaries | Excitations | Parameters |

/ Mame [ visibility

Region
FieldCore
Houzing
Mae

Coill

Change ||@':'J'EE=t ~|in Tool Bar to ||E-:Ige v||

pick 4 edges of the Coil_1 as below:

0

B

B

&

Select the icon 1 of Fillet the selected edges

in Tool Bar and set 2 mm as Fillet Radius
After OK to finished Coil_1, change the color of
it as dark yellow.

B

Fillet Radius: |2 Imm j

Setback distance: Ig In-,m j

oK | Cancel |
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#  Using Alt Key and double click the mouse on the
the coordinate (0,0,0) to rotate the View
as YZ plane (See right)

& Using 3d Modeler > Coordinate System >
Create > Relative CS > Offiset,
input X: 0; Y: 0.2; Z: 0.2 with Enter key
the coordinate CS7 will be created.

& Pick Coil_1 in History Tree, Use right mouse
Ediit > Boolean > Splitand select XY plane
with OK

#  Pick Coil_1 in History Tree, Use right mouse
Edit > Boolean > Splitand select XZplane
with OK. The final Coil1 will be finished.

Select Global coordinate in History Tree

Duplicate Araund &xis

Pick Coil_1 in History Tree, Use right mouse s o o e
Edit > Duplicate > Around Axis Angle: |50 = fdes =l
Select X Axis with Angle 90 & Total Number 4 Tahel bz |_4 =
All 4 coils will be finished =l
& Pick all Coil_1- 4 in History Tree, Use right K Carcel
mouse Ediit > Surface > Section and select YZ —l —I
plane with OK

B

Pick all Section1- 4 in History Tree, Use right mouse Edit > Boolean > Separate Bodies
Pick Section1_1,2_1,3_1,4_1, then Click Delete Key.
Now the whole model will be as below:

B

B

Housing

Mag __
FieldCore

ANSOFT
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8  Assign Current Source to the Terminals
4 Select Coil Terminals Section1 & Section3 by using holding down the CTRL key
and using your mouse or selecting from tree on the left hand side of the GUI
Select the menu item Maxwell > Excitations > Assign > Current
1. Change the Base Name to Current13
2. Change the value to 4000 Amps EEEEREEETET
3. Change the type to Stranded Gen:r:rlo[: Z:‘a:::itlations will be created by using the name below as base name:
4  Select Coil Terminals Section2 &
Section4 ~Parameters
Select the menu item Maxwell > Value: [000 [A =l
Excitations > Assign > Current
1. Change the Name to Current24 Tope: ggfr';dnded
2. Change the value to 4000 Amps Swep Diection_|
3. Change the type to Stranded
4. Pick Swap Direction

Baze Mame: |Ourrent1 3

Current Excitation

General | Defaultz I

A group of excitations will be created by uzing the name below az baze name:

Baze Mame: |Gurrent24

—Parameters

Walue: Janoo A =l

Twpe: " Solid
¥ Stranded

Swap Direction |

& The project tree now shows 4 separate Excitations:
Any one of them can be selected to check the =B GSTI6+

directions of the Excitation Current. =G MaxwelDesigni+
----- £ Model

~[F Boundaries
-G Excitations
E Current13_]1

E Current13 2

LB Current?4 1

ﬁ Parameters
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& Theory of the Nonlinear Anisotropic Material for soft
magnetic materials

s Basic ideas for new nonlinear anisotropic materials:

4 The cross effects of the magnetic field in the different principle directions
are decoupled by introducing an equivalent magnetic field magnitude in
each principle direction based on an anisotropic characterization of the
energy density .

& Only B-H curves in the principal directions of the materials - two curves in
2D or three curves in 3D - need to be measured

# The anisotropic behavior of laminations with either isotropic or anisotropic
steel is also considered.

&  Proposed approach

4 Since applying the same value of H in different principle directions will
cause different level of magnetic saturations, the approach refers all
components of H to each principle direction by referring factor k to
determine the saturation in that direction

HE = Hy 2+ (g Hy )% + (k, H, )2
HY = (K H )% +H 2 4 (KK, H,)2
HeZ :\/(kszx)2 +(kzyHy)2 +(k,quz)2

where k. is introduced to consider lamination effects and Axy is determined
by magnetic energy density win x and y principle directions, Axy = wx /wy,

and similarly to other &'s.

4 The permeability for each principle direction is obtained in terms of the
equivalent magnitude He in that direction. For example, for axis x:

2 - y £
o Frix B 2
[ _ ]
=] BE B-H curve of x axis o
= ¥ ooom =
— BE . E
[N [=1]
=
L

Bx """""""

YWy-H curve of ¥ axis

X
"""""""""""""""""""""""" Wm

Hy H§ Him Magnetic field
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*  Taking the lamination into account, the three components of
permeability, based on the derived permeability (that is, us, ts,
) iniron part, become

fux :(l_k!mﬂ)#a—'—k!m#ﬁc
1, =(1-ky,, )4, +k!mﬂ_;j:
-’D:Z :kpz#ﬁ

where k__is the stacking factor of the lamination, u. is the

permeability of insulation part of the lamination, and

_ Ha
(1 _kfam )J‘u_}’"z + kia’m ey

uE

s  The Modeling Sequence will be as follows:

Decoupling:
H,=.[H+H +H] = find H*, H’,H*
l based on referring factor £;;

Find energy density ¥, iy, Find &, #&, #.
Wz based on m _and V- based on equivalent £,
curves for each direction in each principle direction
Find referring factor Find g g s interms
Kif = Wi/ W of Hs, Mg, Mg and L, if
Li=xwz laminated
Reference:
[1]1 D. Lin, P. Zhou, Z. Badics, W. N. Fu, Q. M. Chen and Z. J. Cendes, “A New Nonlinear
Anisotropic Model for Soft Magnetic Materials” , CSY0084 of COMPUMAG2005 \\
P i\

AR ICOVET
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&  Create an Analysis Setup
&  Select the menu item Maxwell > Analysis Setup > Add Solution Setup
4 Select General and change the Percent Error from 1to 5
4  Select Convergence and change the Refinement Per Pass from 30 to 20

Solve Setup 5'

Gieneral |Ou:umfergence | Salver | Defaults |

Mame: ISetup'I

Adaptive Setup

Maximum Mumber of Passes: |1I:I

Percent Errar: |5

Solve Setup ﬂ

General Convergence ISDI\rerI Defaultsl

— Standard
Refinement Per Pasza: |2EI i
Minimum Mumber of Pazses: |2
Minimum Gonverged Pazses: |'|

Solve Setup

Gieneral | Convergence  Solver | Defaults |

Monlinear Reszidual: ||:|.|:|‘]

Solver Tvpe: {* Direct
= ICCG Linear Residual:  [1e-005

— fidvanced
— Permeability Cption

f* Monlinear B-H curve

 Fram Link I Iheluding magnets

— Magnetization Option

f* Monlinear B-H curve [~ Compute demaenstized operating points
{~ From Link

ANSOFT
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&  Save the Project
&  Select the menu item File > Save As
&  From the Save As window, type in GST16
4 Click on the Save button

&  Check the Validity of the Model

&  Select the menu item Maxwell > Validation Check; or click on the & icon

Walidation Check: G5T1 EI
7 . o 2D Model
ManelDesign o Boundaries and Excitations

o Parameters

Yalidation Check completed. o Mesh Operations
o Analysis Setup

| o Ophimetrics

Aot | Cloze |

&  The problem won’t solve unless each object has a check mark.
s Analyze

&  Select the menu item Maxwell > Analyze, or click on the @ icon
The Analysis will be start as below:

GST1E - MaswelDezign] - Setupl: Adaptive Pazs 1 on Local Machine - RLRNMING
I ]
Factor [Ezt. memory = 41kE | dizk = SkB]

s o |x

A

ANSOFT
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&  Solution Data

& To view the Solution Data, select the menu item Maxwell > Results >
Solution Data

s Here you can view the Profile and the Convergence. Note: The
default view is for convergence is Table. Select the Plot radio button
to view a graphical representations of the convergence data.

2 G5TI6 - MaxwellDesie -|0O] =

Degign Y ariation: I J /

Simulation: I Setupl j

Solution Convereence | Frofile |

- Mumber of Passes 18 4up 7006 o mftComoraion 1722646
Completed B ek
Maximum 10

Iinirnurm 2

— Energy Enor/Delta Energy (2] ———
Taget (5,99 | | e
Current [3.6442, 0.31767]

view: O Table & Plat £ 2
M IF'ass j ) /
Y ITets j """""

nnnnn

Fl 3 &
Pac
VEnlutions: GET16 - MaxwellDegzig = |EI|_)<
D ezign Wariation: I J |¢
Simulation: I Setupl j
Solution  Convergence | Profile |
Mumber of Pagses—————————— 18 fug 2006 sn @itcorporaion 173298 ﬁlﬁ'

Completed 5 e
Maximum 10 AT

P inimurm 2

— Energy Errar/Delta Energy [%]
Target  [5.5] E00E 001
Current  [3.6442, 0.31767]

£
Wiew: " Tatle &+ Plat E 2.00E+001
X E
IF'ass j H
' IEnerg_l,l Errar [%] j P
_——_—‘_——_
0.00 E+000 7 o )
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&  Plot Flux Density on Cross-section YZ of Mag

A

&

A

A

[GSTIE] Maxw

Color map  Scals IMarkerfF\rruwl Plotz |

To plot the flux density on YZ cut-plane of the magnetic, select the Global YZ of
Planes in History Tree by clicking on it, and move the mouse to 3d Modeler
Window then right mouse click and select Fields > B > B_ Vector, in Create Field
Plot Window select B_Vectorin “Quantity” and Mag in “In Volume”, Press Done.

The field plot is a little misleading since it show different colors across the YZ
plane, but the legend displays the exact value for the full color spectrum. To
change the scale, double click on the legend and then select Scale. Select the
radio button Use Limits and set the Min to 0.0001, the Max to 0.8, click on Apply

Then select Marker/Arrow, in Arrow options Change the Type as Umbrella and
move Size Arrow to largest, click on Apply.

Then select Plots, in Vector plot Select Uniform and move the Spacing size to
smallest, set Min. as 0.7 and Max. as 3, click on Apply.

x|

= Auto % lze Limits
*
P if: _|
Calor map | Scale  MarkerArrom I Plotz |
Maxz |03 Ex x|
Save az defaul
~ Marker options Golor map | Scale | Marker/Arrow  Plots I
o Linear Type ISphere LI Plat IEI_‘-.I’ectDH ;l Save as default
1 1 1 1 1 1 1 1 1 1 1
Size \i CnSurface I
Map size ™ Scalar plat
— firrom options lzoValType ITu:une "I [T Dutline
Type ILImI:ureIIa j Lo
¥ Map tranep, j
v Real time rmo Size ]
Map size W Arrow tail [~ [~ Add grid |

Weactor plot

¥ Uriform  Spacing —_—
kin. IU-? Max. |3

¥ Real time mode Apply Cl

¥ Feal time mode Apply | Close |
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& The plot of the flux density on YZ cut plane of the Mag will be as below:

BLT]

. BEEE e -AR1
L SEAle-ER1
BEE] e-EE1
L EBEAZ e-EE1
,BEE 2 e-EEa1
L EEESe-EE1
. BEAY e-ER1
. BEEY e-EE1
,BEES e-EE1
. EEEEe-BEa1
,BEEEe-EEa1
, S Y e-ER1
,BEES e-ER1
L EERSe-EE1
,BEEYe-EE1
L BE9Ye-EE2
. BEEE e -EEaY

PP MWD FF 0 mmm - o

T

Note: Please note that if the Mag is not set up as anisotropic one (i.e. uniform
Nonlinear one) the B field between two magnetic poles will be very large in the
theta directions, which will be not as good as user wanted.

ANSOFT
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&  Plot Flux Density Bmag on Cross-section YZ of Mag, FieldCore &

Housing

&  To plot the Field on more than one objects, the group function is needed. Pick
Mag, FieldCore & Housing in History Tree, then 3D Modeler/List/Create/Object

List, then click OK to create Objectlist1
Properties: GST16 - Ma: e

MHame Yalue
Mame Ohjectli=t
Lizt Twpe Object List
Chjects Mag, FieldCore, Houzing
1] | |

[~ Showe Hidden

ok | Hevt |

& Select the Global YZ of Planes in History Tree and move the mouse to 3d
Modeler Window then right mouse click and select Fields > B > Mag_B, pick
Obijectlist1 in “In Volume” then press Done

Create Field Plot 1'
¥ Speciy Name IMag_B1 Fieldz Calzulator ... |
I_ SFIECIf_'r' Falder IB j I:ateggr_lrl: Standard j

Dezign: MawwelDezignl [luiantity In Yolume
Mag H All
Solutior: ISetup1 : Last&daptive j H_‘ector Region
FieldCore
B_“ector Houzing
Field Type: IFieIds j kag_J Mag
J_Wector Coil_1
energy D:uil_2
Inkringic: W ariables cok nergy Coil_3

appEnergy Coil_4

Ohrmic_Loss Al0bjects

Save Az Default

™| Flaot On Surface Ohly

Daone LCancel |

A
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4 The plot of the mag_B on YZ cut plane of the Mag, FieldCore & Housing will be
as below:

BLT]

g, BBEas-BE1
7. oBEle-001
7 88 1le-001
6. SBEZe-BE1

6. BEEZ2e-AE1
5, SEB3e-0E1
5, BEB4e-0E1
4, SBEYe-081
4, AEESEe-AE1
5. SEEGe-AE1
3. BBEG6e-001
2, 5BB7e-Be1
7. A8 Ge-0E1

1. 588 &e-AE1
1. BBE9z-881
5. BE94e-a8:
1. 588 -AEY

#  User may double click on the legend and change Scale to see the detail field
distributions
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& Plot Flux Density B_radial on an arc of the Mag

4 To see the detail distribution near the inner surface of the Mag, the 2d plot on
a cut-line will be needed.

&  Create a cut-line of arc
& Draw > Arc > 3 Points and select Yes for Question below:
x|

® f zolution existz; do wou want to create a non model object?

ot | edme | weutn |

4 using the coordinate entry field, Enter first endpoint
X:0,Y:19.0, Z: 0, Press the Enter key

& Then enter arc intercept (middle point)
X:0,Y:0,Z: 19, Press the Enter key

# Enter second endpoint

X:0,Y:-19.0, Z: 0, Press the Enter key twice.

Properties: GST16 - MaxwelID

Aittribute I

Evaluated Walue Dezcription

Oriamtation

Model |

Digplay Wireframe O

Calor Edit |

Transparent 0a |

|

| il

[~ Show Hidden

ok | #etn |

# Press OK to create Polyline1.
4  Create B_radial in Calculator

4 Select the Global YZ of Planes in History Tree and move the mouse to

3d Modeler Window then right mouse click and select Maxwell >Fields
> Calculator

Function > Scalar Z > OK
Function > Scalar Y > OK

Trig > ATan2 >Push [ATan2(Z,Y) = ATan(Z/Y)]
Trig > Sin > Exch > Trig > Cos
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Quantity > B > Scal? > Scalar Y > * >Exch
Quantity > B > Scal? > Scalar Z > * > + ,the Br for arc is ready.

— Mamed Expressions

— Contest: MarwellDesignl
MName | - Solution: ISetu;ﬂ . Lastédaptive j
|
MeaHl — SmootMealHbefe 820 oo | 1] Pl Type:  [Ficias =l
tdag B Smooth(Mag(<Bx By Bz:])
tag SmoothiMag(<J=zdedz:]) Clear Al |
H Wector  <HwHyHz»
B_Wector  <BxBwBzr
-
4 3
‘ Add ... ; I Copy b stack | |
NG P~ 4 Change Yariable Yalues...
Library: Load From... | Save To... |
Scl: +[*[CosfatanZ, ). Scalarr[<B=.By Bz:]). *[Sinfatan2(Z, v]). Scalaill< BBy Bz:]))
Mamed Exp |
Marne: IB_radiaI
Ok | Cancel I
Fuzh | Fop | RiUp | RIDn | E=rr | CEE | oo |
Input General Scalar Wectkar COutput
Quantity ¥ | + I Yec? ¥ | Scal? ¥ | Y alue |
Feametry. | I T/ | datl... | Ewal |
Constant ¥ | * I Pow | tag | Write |
Mumnber... | ! I T | Dok | Export |
Function... | Meg I Trig * | Crozs |
Gieom Settings_ | abs | ddr % | Divg |
Read. . | Smoath I J | Curl |
Complex ¥ I Min * | Tangent |
Darnain I tax * | Marmal |
v | Unit Wec ¥ |

M

Done |

Pick Add and type the Name as B_radial, pick OKk to finish it.

A\
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Topic - Anisotropic Material

& In Maxwell V11 all 2d plot will be created with Create Report
& Maxwell > Result >Create Report > OK

(ol x|
% | ¥ [1r-ais] Add BlankTrace |
1 |Distance B_radial 1
Femove Trace |
Remave All Traces |
— Context Sweeps | ¥ ¥
Desigr: IMaxweIIDesign'l j
Categon: Quantity: Function:
Solution: ISetup‘I : Lastédaptive ﬂ Variables Mag_H
P Output Y ariables tag_B
Geometif IF‘onIine1 j |_:.5I|::|_1Iah:|E:-: Mag J
Setupariable energy
coEnergy

appE nergy
Ohmic_Loss

atanh
awg
cos
cosh
dB
deriv
even
1l ] =
Output Variables... |
I Add Trace | Feplace Trace I
S
Apply | Done | Cancel |

& Select Polyline1in Geometry, pick B_radialin Quantity, click Add Trace
press Done, the result curve on cutline will be se below:

o [=[ 4|
]
16 Aug 2005 Ansoft Corporation 18:38:41 1
¥ Plot 1 B radial
Masowvell Designi Satup! : LastAdzptive
078
050 [T~ =)

wlf 5

/
W

-0.75
0.

B _radial
o
o
=}
]

n] 10.00 20,00 30000 40,00 S0.00 &0.00
Distance [mm]
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Chapter 6.0

& Chapter 6.0 - Eddy Current Examples

& 6.1 - Asymmetrical Conductor with a Hole
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Example (Eddy Current) - Asymmetrical Conductor

& The Asymmetrical Conductor with a Hole

&  This example is intended to show you how to create and analyze an
Asymmetrical Conductor with a Hole using the Eddy Current solver in the Ansoft
Maxwell 3D Design Environment.

. b
FtonaT™

Y
i

R

Na—

— Coil (Copper)

«— Stock (Aluminum)

ANSOFT
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Example (Eddy Current) - Asymmetrical Conductor

&  Getting Started

s  Launching Ansoft Maxwell

1. To access Ansoft Maxwell, click the Microsoft Start button, select Programs, and
select the Ansoft > Maxwell 11 program group. Maxwell 11.

&  Setting Tool Options

&  To set the tool options:

# Note: In order to follow the steps outlined in this example, verify that the
following tool options are set :

1. Select the menu item Tools > Options > Maxwell Options
2. Maxwell Options Window:
1. Click the General Options tab

4 Use Wizards for data entry when creating new boundaries:
Checked

& Duplicate boundaries with geometry: M Checked
2. Click the OK button
3. Select the menu item Tools > Options > 3D Modeler Options.
4. 3D Modeler Options Window:
1. Click the Operation tab
& Automatically cover closed polylines: ¥ Checked
2. Click the Drawing tab
& Edit property of new primitives: M Checked
3. Click the OK button
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s Opening a New Project
s To open a new project:

4 Inan Ansoft Maxwell window, click the [0 On the Standard toolbar, or
select the menu item File > New.

& From the Project menu, select Insert Maxwell Design.

- Project2”
= @ Maowel Design1 (Magnetostatic)

&7 Model
¥ Boundaries
B3 Excitations
ﬁ Parameters
BEF Mesh Operations
S Analysis
Optimetrics
= Resutts

[l Field Overays
123 Definitions

Project

s  Set Solution Type
&  To set the solution type:
# Select the menu item Maxwell > Solution Type

F T

& Solution Type Window: Solution Type: Project2 - MaxwellDes...
# Choose Eddy Current

& Click the OK button

" Magnetostatic
{ Eddy Current
™ Transient

" Electric

-
-

] 4 | Cancel | l%b‘\

OFT
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Example (Eddy Current) - Asymmetrical Conductor

A

A

A

Creating the 3D Model

Set Model Units

&  To set the units:

1. Select the menu item 3D Modeler > Units
2. Set Model Units:

1.
2.

Select Units: mm
Click the OK button

Set Model Units

Set Default Material
& To set the default material:
1. Using the 3D Modeler Materials toolbar, choose Select
2. Select Definition Window:
1. Type aluminum in the Search by Name field
2. Click the OK button

Selectunits: [l

[ Rescale to new units

Ok | Cancel ‘
|vacuum - | |Mode| A
YaCLILIM
1 3elect,,

Select Definition
Materials | Matenial Fiters
~ Search Parameters -
Search by Name Search Criteria - . Libraries ™ Show Project definitions [~ Show all libraries
}al % by Name (" by Property | [[sys] Materials
Search . 1 _f_J
Relative Relative Bull # |
/ ot toeston i Pemittivity Pemeability Conduc__|
air SysLibrary Materials 1.0006 1.0000004 D
A2_03_ceramic SysLibrary Materials 538 1 0
AN SysLibrary Materials g8 i) 0
alumina_52pct SysLibrary Materals 52 il 0
alumina_S6pct SysLibrary Materials 54 1 0
aluminum ¢ Sys|ibrary Materials 1 1.000021 38000000siem
aluminum_EC SysLibrary Materials i 1.000021 36000000siem:
aluminum_no2_EC SysLibrary Materials 1 1.000021 33000000siem:
Aron 25FR ¢tm) SysLibrary aterals 343 | 0
Ardon 25N {tm) SysLibrary Materials 328 il 0
Adon AD 250 ¢m) SysLibrary Materials 25 i) ] fiad
View/Edit Materials ... Add Materal ... Clone Matenial{s) Remove Materialis) ‘ Export to Library. .. j
0K | Cacd |  Hep | &&%‘\

ANSOFT

Ansoft Maxwell 3D Field Simulator v11 User’s Guide

6.1-210


http://mohandesyar.com/

WAV MOHANDESYAR. COM

6.1

Example (Eddy Current) - Asymmetrical Conductor

&  Create Stock
& To create the stock:
1. Select the menu item Draw > Box
2. Using the coordinate entry fields, enter the box position
& X:0.0,Y:0.0, Z: 0.0, Press the Enter key
3. Using the coordinate entry fields, enter the opposite corner of the box:
& dX:294.0, dY: 294.0, dZ: 19.0, Press the Enter key Z
& To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: stock
3. Click the OK button
& To fit the view:
1. Select the menu item View > Fit All > Active View.

&  Create Hole in Stock
&  To create the hole:
1. Select the menu item Draw > Box
2. Using the coordinate entry fields, enter the box position
4 X:18.0,Y:18.0, Z: 0.0, Press the Enter key
3. Using the coordinate entry fields, enter the opposite corner of the box:
& dX:126.0, dY: 126.0, dZ: 19.0, Press the Enter key
&  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: hole
3. Click the OK button
4 To select the objects:
1. Select the menu item Ediit > Select All z
&  To complete the stock:
1. Select the menu item 3D Modeler > Boolean > Subtract
2. Subtract Window
& Blank Parts: stock
& Tool Parts: hole
& Click the OK button
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&  Set Default Material
1. Using the 3D Modeler Materials toolbar, choose Select
2. Select Definition Window:
1. Type copper in the Search by Name field
2. Click the OK button

&  Create Coil (Hole)
&  To create coil:
1. Select the menu item Draw > Box
2. Using the coordinate entry fields, enter the box position
& X:119.0, Y: 25.0, Z: 49.0, Press the Enter key
3. Using the coordinate entry fields, enter the opposite corner of the box:
& dX: 150.0, dY: 150.0, dZ: 100.0, Press the Enter key
&  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: coil_hole
3. Click the OK button
4 To create the filets:
1. Select the menu item Edlit > Select > Edges.

2. Using the mouse graphically select the 4 z-directed edges. Hold down the
CTRL key to make multiple selections. 2

3. Select the menu item 3D Modeler > Fillet |
4. Fillet Properties

1. Fillet Radius: 25mm

2. Setback Distance: Omm
.3 Click the OK button

Select 4 Edges

ANSOFT
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s  Create Coil
s  To create coil:
1. Select the menu item Draw > Box
2. Using the coordinate entry fields, enter the box position
& X:94.0,Y:0.0, Z: 49.0, Press the Enter key
3. Using the coordinate entry fields, enter the opposite corner of the box:
s dX:200.0, dY: 200.0, dZ: 100.0, Press the Enter key
&  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: coil
3. Click the OK button
&  To create the filets:
1. Select the menu item Edlit > Select > Edges.

2. Using the mouse graphically select the 4 z-directed edges. Hold down the
CTRL key to make multiple selections.

3. Select the menu item 3D Modeler > Fillet
4. Fillet Properties
1. Fillet Radius: 50mm
2. Setback Distance: Omm
3. Click the OK button
#  To select the object for subtract
1. Select the menu item Ediit > Select > Objects
2. Select the menu item Ediit > Select > By Name
3. Select Object Dialog,
1. Select the objects named: coil, coil_hole
2. Click the OK button
4 To complete the coil:
1. Select the menu item 3D Modeler > Boolean > Subitract ,
2. Subtract Window
& Blank Parts: coil
& Tool Parts: coil_hole
& Click the OK button
4 To fit the view:
1. Select the menu item View > Fit All > Active View.
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8  Create Offset Coordinate System
& To create an offset Coordinate System:

1.

2.

&  Create Excitation
s Object Selection
1.
2.

Select the menu item 3D Modeler > Coordinate System > Create >
Relative CS > Offset

Using the coordinate entry fields, enter the origin
& X:200.0,Y:100.0, Z: 0.0, Press the Enter key

Select the menu item Ediit > Select > By Name
Select Object Dialog,

1. Select the objects named: coil

2. Click the OK button

&  Section Object

1.

Select the menu item Edlit > Surface > Section
1. Section Plane: XZ
2. Click the OK button

#  Separate Bodies

1.

Select the menu item Ediit > Boolean > Separate Bodlies

&  Assign Excitation

1.
2.

Select the menu item Maxwell > Excitations > Assign > Current
Current Excitation : General

1.
2.
3.

Name: Current1
Value: 2742 A
Type: Stranded

3.

4 Note: The current flow should be counter-clockwise when viewing
the coil from above. Use the Swap Direction button to change the
direction. P g Ny

Click the OK button
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&  Set Eddy Effect

&  To set the eddy effect for the stock object
1. Select the menu item Maxwell > Excitations > Set Eddy Effects

2. Set Eddy Effect, Set Eddy Effect
1. CheCk the Settlngs as Shown Use checkboxes to turk on/off eddy effect or displacement curment settings:
2. CIICk the OK bUtton Object ] E ddy Effect ] Digplacerment Current ]
stack [v
_.coil l— I—

Use suggested values J
oK | Cancel |

s  Show Conduction Path
#  Show Conduction Path

1. Select the menu item Maxwell > Excitations > Conduction Paths > Show
Conduction Paths

2. From the Conduction Path Visualization dialog, select the rows to visualize
the conduction path in on the 3D Model.

3. Click the Close button

s  Define a Region
&  To define a Region:
1. Select the menu item Draw > Region
1. Padding Date: One
2. Padding Percentage: 300
3. Click the OK button
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& Analysis Setup

s  Creating an Analysis Setup
&  To create an analysis setup:
1. Select the menu item Maxwell > Analysis Setup > Add Solution Setup
2. Solution Setup Window:
1. Click the General tab:
& Percent Error: 2
2. Click the Convergence tab:
4 Refinement Per Pass: 50 %
3. Click the Solver tab:
# Adaptive Frequency: 200 Hz
4. Click the OK button

8  Save Project
&  To save the project:
1. Inan Ansoft Maxwell window, select the menu item Fifle > Save As.
2. From the Save As window, type the Filename: maxwell_asymcond
3. Click the Save button

& Analyze

s  Model Validation
&  To validate the model:
1. Select the menu item Maxwell > Validation Check
2. Click the Close button
4 Note: To view any errors or warning messages, use the Message

Manager.
s  Analyze
&  To start the solution process:
1. Select the menu item Maxwell > Analyze All \\
y
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&  Create Reports

s  Create z-component of B-Field (real part) vs. Distance plot on a line
&  To create a line:
1. Make sure that the Global Coordinate System is selected:
4 3D Modeler > Coordinate System > Set Working CS
2. Select the menu item Draw > Line

3. When the dialog appears asking to create a non-model object, click the Yes
button.

4. Select the menu item Draw > Line

5. Using the coordinate entry fields, enter the vertex point:
a4 X:0.0,Y:72.0, Z: 34.0, Press the Enter key

6. Using the coordinate entry fields, enter the vertex point:
& X:288.0,Y:72.0, Z: 34.0, Press the Enter key

7. Using the mouse, right-click and select Done

&  To set the name:

1. Select the Attribute tab from the Properties window.

2. For the Value of Name type: FieldLine

3. Click the OK button
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&  To calculate real part of the z-component of B-field (use the fields calculator)
1. Select the menu item Maxwell > Fields > Calculator
Select Quantity: B

N

3. Select Vector: Scal? > Scalar Z CWc: <BuBy Bz
4. Select General: Complex > Real [CSc: ScalaiZ[<Bx By.Bz] |

Click the Smooth button
6. Click the Number Button

1. Type: Scalar

2. Value: 10000

3. Click the OK button
7. Click the * button |S|:I: *[Smooth[ScalarZ[Real[<Bx«. By Bz:]]). 10000)
8. Click the Add button
9. Named Expression

1. Name: Bz_real

2. Click the OK button
10. Click the Done button

o

| Scl: ReallScalarZ[<Bx By Bzl |

s  Create Report
1. Select the menu item Maxwell > Results > Create Report
2. Create Report Window:

1.
2.
3.

Report Type: Fields
Display Type: Rectangular
Click the OK button

3. Traces Window:

1.
2.
3.

4.

Solution: Setup1: LastAdaptive

Domain: FieldLine

Click the Y tab

—_

Category: Calculator Expressions
2. Quantity: Bz_real

3. Function: <none>

4. Click the Add Trace button

Click the Done button

A

Ansoft Maxwell 3D Field Simulator v11 User’s Guide

6.1-218


http://mohandesyar.com/

WAV MOHANDESYAR. COM

6.1

Example (Eddy Current) - Asymmetrical Conductor

50.00

25.00_|

0.00

-75.00 \

-100.00 | ————r— s————r— ————— s——r——r— ————r— ————
0.00 50.00 100.00 150.00 200.00 250.00 300.00
Distance [mm]

Bz_real

&  Field Overlays

s  Create Field Overlay
4  To select an object
&  Select the menu item Edit > Select > By Name
4 Select Object Dialog,
# Select the objects named: stock
& Click the OK button
& To create a field plot:
1. Select the menu item Maxwell > Fields > Fields > J > Mag_J
2. Create Field Plot Window
1. Solution: Setup1 : LastAdaptive
Quantity: Mag_J
In Volume: All
Plot on Surface Only: M Checked
Click the Done button

o &~ v Db
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s  Create Field Overlay
4  To select an object
4 Select the menu item Edit > Select > By Name
# Select Object Dialog,
# Select the objects named: stock
#  Click the OK button
&  To create a field plot:
1. Select the menu item Maxwell > Fields > Fields > J > Vector J
2. Create Field Plot Window
1. Solution: Setup1 : LastAdaptive
2. Quantity: Vector_J
3. InVolume: All
4. Plot on Surface Only: M Checked
5. Click the Done button
&  To modify a Magnitude field plot:
1. Select the menu item Maxwell > Fields > Modlfy Plot Attributes
2. Select Plot Folder Window:

1. Select: J
2. Click the OK button
3. J Window:

1. Click the Plots tab
1. Plot: Vector_J1
2. Vector Plot
3. Set the Spacing slider to the minimum
2. Click the Marker/Arrow tab
1. Arrow Options
2. Map Size: O Unchecked
3. Arrow Tail: O Unchecked
4. Use the slider bar to adjust the
size
2. Click the Close button
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& Chapter 7.0 - Transient Examples
& 7.1-Switched Reluctance Motor (Stranded Conductors)
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Example (Transient) - Switched Reluctance Motor

&  Stranded Conductors

& This example is intended to show you how to create and analyze a transient
problem on a Switched Reluctance Motor geometry using the Transient
solver in the Ansoft Maxwell 3D Design Environment.

& Within the Maxwell 3D Design Environment, solid coils can be modeled as
Stranded Conductors. There are many advantages to using Stranded
Conductors when modeling coils that have multiple turns. The first obvious
advantage is that a coil with multiple wires, say 2500, can be modeled as a
single object as opposed to modeling each wire which would be
impracticable. Defining a Stranded Conductor means that the current
density will be uniform throughout the cross section of the conductor.

4 The example that will be used to demonstrate how Stranded Conductors are
implemented is a switched Reluctance Motor. This switched reluctance
motor will have four phases and two coils per phase, thus we can show how
independent coils can be grouped to create windings.

&  Magnetorstatic: See Example 5.3 for setup instructions for this design.
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&  Theory - Transient Solver
s When creating Windings in the Transient solver, it is assumed that all of the coils
used to make up that winding are connected in series.
4 When creating a Winding and using voltage sources, the Winding Panel asks for
the Initial Current, Resistance, Inductance, and Voltage.
& Initial Current: This is an initial condition used by the solver
# Resistance: This is the DC resistance of the total winding; for the Phase_A
winding, this is the resistance of Coil_A1 and Coil_AZ2 in series.

# Inductance: This is any extra inductance that is not modeled that needs to
be added. For example, and additional line inductance or source
inductance.

& Voltage: This is the source voltage which can be a constant, function, or
piecewise linear curve.

& A sketch of the Phase_A Winding circuit is:

L Line DC Resistance Coil A1l Coil A2
YTV AN LTS WOI *EE e
oH 2 Bohnr Cil_At Coil_az
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&  Theory - Transient Solver (Continued)

& If the Winding was defined as a Current Source instead of a Voltage Source, the
only additional field to modify is the initial current. The circuit would look like this:

Coil A1 Coil A2
T gy U—

ob

1o

&  The DC Resistance and Extra Inductance is not heeded since this is a
current source and its value is guaranteed regardless of any value for the
DC Resistance or Extra Inductance.

&  The third option for the Winding setup is External. This means that there is an
external circuit that is made up of arbitrary components. Please refer to the
Topic paper on External Circuits for the details on how this is implemented.

&  Please note that if the two coils that make up the Phase_A winding were
connected in parallel instead of series, then two separate Windings would need
to be created.

& In regards to the current density, the Transient solver treats stranded conductors
the same as in the Magnetostatic solver; that is, the current density is uniform
across the terminal and the solver calculates the magnetic field intensity H
directly and the current density vector J indirectly.

&  There are two options when defining the type of winding: Solid or Stranded. This
write up is for Stranded Windings only. For a full description of how Solid
windings are implemented, please refer to the Topic paper Solid Conductors.
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& Ansoft Maxwell Design Environment

&  The following features of the Ansoft Maxwell Design Environment are used to
create the models covered in this topic

4 3D Solid Modeling

& User Defined Primitives (UDP): Switched Reluctance Motor
Primitives: Regular Polyhedron
Surface Operations: Section
Boolean Operations: Separate Bodies
& Boundaries/Excitations

# Current: Stranded
& Analysis

& Transient
& Results

4 Field Calculator
& Field Overlays:

4 Magnitude B

3

S

S

),ﬁ'\ \
J’st‘k\
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&  Getting Started

s  Launching Maxwell

1. To access Maxwell, click the Microsoft Start button, select Programs, and select
Ansoft and then Maxwell 11.

&  Setting Tool Options

&  To set the tool options:

# Note: In order to follow the steps outlined in this example, verify that the
following tool options are set :

1. Select the menu item Tools > Options > Maxwell Options
2. Maxwell Options Window:
1. Click the General Options tab

4 Use Wizards for data entry when creating new boundaries:
Checked

& Duplicate boundaries with geometry: M Checked
2. Click the OK button
3. Select the menu item Tools > Options > 3D Modeler Options.
4. 3D Modeler Options Window:
1. Click the Operation tab
& Automatically cover closed polylines: ¥ Checked
2. Click the Drawing tab
& Edit property of new primitives: M Checked
3. Click the OK button
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s Opening a New Project
s To open a new project:

4 Inan Ansoft Maxwell window, click the [0 On the Standard toolbar, or
select the menu item File > New.

& From the Project menu, select Insert Maxwell Design.

- Project2”
= @ Maowel Design1 (Magnetostatic)

&7 Model
¥ Boundaries
B3 Excitations
ﬁ Parameters
BEF Mesh Operations
S Analysis
Optimetrics
= Resutts

[l Field Overays
123 Definitions

Project

s  Set Solution Type
&  To set the solution type:
# Select the menu item Maxwell > Solution Type
& Solution Type Window:
# Choose Transient
& Click the OK button

=

Solution Type: Project? - MaxwellDes...

(" Magnetostatic
(" Eddy Current
(* Tranzient

(" Elechric

r
-

Ok, | Cancel | \

&
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&  Creating the 3D Model

&  Set Model Units
4 To set the units:
1. Select the menu item 3D Modeler > Units
2. Set Model Units: Set Model Units ﬁ
1. Select Units: mm
2. Click the OK button

Selectunits: [l -

[ Rescale to new units

&  Set Default Material o | Concel |
& To set the default material:
1. Using the 3D Modeler Materials toolbar, choose Select
2. Select Definition Window:

. . . |vacuum - | |Mode| A
1. Type iron in the Search by Name field
WACLILIM
2. Click the OK button —|Select...
Select Definition
Materizls | Material Fiters
~Search Parameters -
Search by Name Search Critenia - | Librares ¥ Show Project definitions | Show all libraries
Iir * by Name " by Property | [[sys] Matenals
Search | 1 _._J
Relative Bulk [ ]
J ) - |
e e J ko) ‘ Crgin ‘ Pemeability l Conductivity
| indium SysLibrary Materals T E440000siemens/m o
iron Syslibrary Materials 4000 10300000siemens/m o
lzola Gigaver 210 ¢m) SysLibrany Materials 1 o 0
lzola Gigaver 410 fm) SysLibrany Materials 1 0 T
Krempel Alkaflex KCL ) SysLibrary Materials 1 i} 0
Krempel Alkaflex PCL ftm) SysLibrary Materials 1 il i}
lead SysLibrany Materials 0.999983 5000000siemens/m 0
magnesium SysLibrary Materials ) 22500000siemens/m o
marble SysLibrany Materals 1 0 0
mica SysLibrany Materials 1 0 o
modified_spoxy SysLibrany Materials 1 0 0 fi!
(i 11l | [ }I
View/Edit Matenals ... Add Material ... Clone Matenzlis) Remove Materialis) ‘ Export to Library. .. 1
ok | Cancel | Hep | ;&%‘\
ANSOFT
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&  Create Rotor
& To create the rotor:

1. Select the menu item Draw > User Defined Primitive > Syslib > Rmxprt >
SRMCore

2. From the Create User Defined Primitive dialog

1. For the value of DiaGap, type: 70, Click the Tab key to accept
For the value of DiaYoke, type: 30, Click the Tab key to accept
For the value of Length, type: 65, Click the Tab key to accept
For the value of Poles, type: 6, Click the Tab key to accept
For the value of ThkYoke, type: 9, Click the Tab key to accept
For the value of Embrace, type: 0.5, Click the Tab key to accept
For the value of EndExt, type: 0, Click the Tab key to accept
For the value of InfoCore, type: 0, Click the Tab key to accept

9. Click the OK button

&  To set the name:

1. Select the Attribute tab from the Properties window.

2. For the Value of Name type: Rotor

3. Click the OK button
& Tofit the view:

1. Select the menu item View > Fit All > Active View.

© N o o AW N
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&  Create Stator and Coils:
#  To create the Stator and Coils

1. Select the menu item Draw > User Defined Primitive > Syslib > Rmxprt >
SRMCore

2. From the Create User Defined Primitive dialog
For the value of DiaGap, type: 75, Click the Tab key to accept
For the value of DiaYoke, type: 120, Click the Tab key to accept
For the value of Length, type: 65, Click the Tab key to accept
For the value of Poles, type: 8, Click the Tab key to accept
For the value of ThkYoke, type: 9, Click the Tab key to accept
For the value of Embrace, type: 0.5, Click the Tab key to accept
For the value of EndExt, type: 1, Click the Tab key to accept
For the value of InfoCore, type: 1, Click the Tab key to accept
9. Click the OK button

&  To set the name:

1. Select the Attribute tab from the Properties window.

2. For the Value of Name type: Stator

3. Click the OK button
& Tofit the view:

1. Select the menu item View > Fit All > Active View.

® N o g k& w0 Db~

s  Ungroup the Stator and Coils
&  To separate bodies
1. Select the menu item Ediit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Stator
2. Click the OK button
3. Select the menu item, 3D Modeler > Boolean > Separate Bodies

8  Process the Coils:
&  Select Coils
1. Select the menu item Ediit > Select > By Name
2. Select Object Dialog,

1. Select the objects named: Stator_2, Stator_3, Stator_4, Stator_5,
Stator_6, Stator 7, Stator_8

2. Click the OK button
& Delete Coils o\
1. Select the menu item Edit > Delete .\\
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8  Create Terminals
&  Section Coils
1. Select the menu item Ediit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Stator_1
2. Click the OK button
4  Section Object
1. Select the menu item Edit > Surface > Section
1. Section Plane: XY
2. Click the OK button
&  Separate Bodies
1. Select the menu item Edlit > Boolean > Separate Bodiles
& Delete
1. Select the menu item Ediit > Delete
& Section Coils
1. Select the menu item Ediit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Section1
2. Click the OK button
& Assign Excitation
1. Select the menu item Maxwell > Excitations > Assign > Coil Terminals
2. Coil Terminal Excitation : General
1. Name: CoilTerminal1
2. Number of Conductors: 150
3. Click the OK button

s Verify Duplicate Boundary Option is Set
4  Section To set the tool options:
1. Select the menu item Maxwell > Options > Maxwell Options
2. Maxwell Options Window:
1. Click the General tab
& Duplicate boundaries with geometry: M Checked
2. Click the OK button
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8  Change Properties
4 Change Properties
1. Select the menu item Maxwell > List
2. Design List Window
1. From the list, select row: Stator_1
2. Click the Properties button
3. Properties Window
1. Name: Coil
2. Material: copper
3. Click the OK button
4. From the list, select row: Section1
5. Click the Properties button
6. Properties Window
1. Name: Terminal
2. Click the OK button
7. Click the Done button

&  Duplicate Coil and Terminal
4 To select objects
1. Select the menu item Ediit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Coil, Terminal
2. Click the OK button
4  To duplicate the objects:
1. Select the menu item, Ediit > Duplicate > Around Axis
2. Duplicate Around Axis Window
1. Axis: Z
2. Angle: 45deg
3. Total Number: 8
4. Click the OK button
3. Click the OK button

Project Tree: Eight Excitations / # Mesh Operations

= Froject2™ Ead
= @ MaowellDesign 1 (Transient)™
57 Model
EF Boundaries
- Excitations
#3 CoilTerminal1
#3 CoilTerminal2
3 CoilTerminal3
#3 CoilTerminald
B85 CoilTerminal5
B8 CoilTerminalé
G CoilTerminal 7
- B3 CoilTerminal®
Fe Parameters

£ Analysis
Optimetrics |

Project
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s  Add Windings
To add windings

Select the menu item Maxwell > Excitations > Add Winding

&

1.

2. Winding Window
1. Name: Winding1
2. Type: Voltage
3. Stranded
4. Resistance: 2.5 ohm
5. Voltage: 120V
6. Click the OK button
3. Repeat these steps three more times to add: Winding2, Winding3,

Winding4
&  Assign Terminals to Windings
To select windings
Expand the Project tree to display the Excitations

A

1.

2. Using the mouse, right-click on Winding1 and select Add Terminals
3. Add Terminal Window
1. From the list, select: CoilTerminal1, CoilTerminal5
2. Click the OK button
4. Repeat these steps for: * G4 ViacweliDesignt (Transiert)" ~
Ry Windingz &7 Model
. . ¥ Boundaries
& CoilTerminal2 = G Excitations
s CoilTerminal6 #% CalTemnall
L B CoilTerminal2
4 Winding3 #5 CoilTerminal
. . B CoilTemminald
4 CoilTerminal3 3 CoilTerminal®
4 CoilTerminal7 3 CoilTeminalé
. . B3 CoilTerminal7
4 Winding2 G CoilTemninald
& CoilTerminal4 T —
. . LY Winding2 =
s CoilTerminal8 |LLY Winding3| %€ Delet=
% I-Eg{;:;:i;g‘i Broperties...
BF Mesh Operatig Assign Coil Terminal...
5P Analysis Add Terminals...
Optimetrics [}s :
Project \,
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8  Set Default Material
& To set the default material:
1. Using the 3D Modeler Materials toolbar, choose vacuum

s  Create Region
&  To create the region:
1. Select the menu item Draw > Regular Polyhedron
2. Using the coordinate entry fields, enter the center position
4 X:0.0,Y:0.0, Z:-100.0, Press the Enter key
3. Using the coordinate entry fields, enter the radius:
4 dX:150.0 dY: 0.0, dZ: 0.0, Press the Enter key
4. Using the coordinate entry fields, enter the height:
& dX:0.0,dY: 0.0, dZ: 200.0, Press the Enter key
& Segment Number Window
&  Number of Segments: 12
#  Click the OK button
&  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Region
3. Display Wireframe: M Checked
4. Click the OK button
& To turn off the visibility:
1. Select the menu item View > Hide Selection > Active View
& Tofit the view:
1. Select the menu item View > Fit All > Active View.
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8  Create Mesh
4 Note: The transient solver does not use automatic adaptive meshing.
Select Coils
1. Select the menu item Ediit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Coil, Coil_1, Coil_2, Coil_3, Coil_4,
Coil_5, Coil_6, Coil_7
2. Click the OK button
To create a mesh:

1. Select the menu item Maxwell > Mesh Operations > Assign > On Selection
> Length Based

2. Element Length Based Assignment Window
1. Name: Coils
2. Restrict Length of Elements: OO Unchecked
3. Restrict Number of Elements:M Checked
4. Maximum Number of Elements: 16000 (2000/tets per coil)
5. Click the OK button
Select Rotor and Stator
1. Select the menu item Edlit > Select > By Name
2. Select Object Dialog,
1. Select the objects named: Rotor, Stator
2. Click the OK button
To create a mesh:

1. Select the menu item Maxwell > Mesh Operations > Assign > On Selection
> Length Based

2. Element Length Based Assignment Window
1. Name: Rotor_Stator
2. Restrict Length of Elements: OO Unchecked
Restrict Number of Elements:M Checked
Maximum Number of Elements: 4000 (2000/tets per coil)
Click the OK button

=

2

=

2

o >~

A
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A

Analysis Setup

s  Creating an Analysis Setup

&  To create an analysis setup:

1.

Select the menu item Maxwell > Analysis Setup > Add Solution Setup
2.

Solution Setup Window:
1. Click the General tab:
&  Stop time: 0.05s
& Time step: 0.002s
2. Click the OK button

s  Save Project

A

To save the project:
1.

In an Ansoft Maxwell window, select the menu item Fifle > Save As.
2.

From the Save As window, type the Filename: maxwell_trans_relmotor

3. Click the Save button

& Analyze

Ry

Model Validation

&  To validate the model:

1. Select the menu item Maxwell > Validation Check
2. Click the Close button

A

Note: To view any errors or warning messages, use the Message
Manager.

s  Analyze
4  To start the solution process:

1. Select the menu item Maxwell > Analyze All

ﬂ Stranded Conductors - MaswelDesignl - Setupl: Adaptive Paszs 4 on Local Machine - BUNMIMNG
Al

[m]

|| Factor [Est. memory = TME, disk = TMB]
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&  Create Quick Report

4  To create a report:
Select the menu item Maxwell > Results > Create Quick Report
Quick Report Window:
1. Select: Current
2. Click the OK button
01 Dec 2005 Ansoft Corporation 18:22:16
Current Quick Report 1 —
MaxwellDesigni
50.00 T
i | ———
/' Cowrrant
/ Satup? : WindingZ
40.00 ]
i Y1 —1
Currant
Setupi : Winding3
30.00 |
— - 1 ——]
= Gurr=nt
= Setupi : Winding4
- i
20.00
10.00 |
.00 i " " " " " "
0.00 10.00 20.00 20.00 40.00 50.
Time [ms]
X1=ED.0D
1= 48.01
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8  Calculate Current
4 To use the field calculator
1. Select the menu item Maxwell > Fields > Calculator
2. Select Quantity: J
Select Vector: Scal? > Scalar Z
Click the button Geometry
Geometry Window
1. Select the radio button Surface
2. From the list select: Section1 _
. Sif : Surface(S ection]
3. Click the OK button Scl: ScalaZ[<xdylzy]
6. Click the | (Integrate) button
7. Click the Number Button
1. Type: Scalar
2. Value: 150 (Number of Conductors)
3. Click the OK button
8. Click the / button
Scl: -48.00553242512792
9. Click the Eval button Scil: Alntegrate(Surface(Sectionl], ScalaiZ(<Jwy.lzx)), 150)
10. Click the Done button to close the calculator

[Scl: ScalaZ(<)xly)zz]|

o >~
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