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MAXWELL' vz

3D/2D Electromagnetic Field Simulation

Maxwell® is a comprehensive electromagnetic field simulation software package for engineers tasked with designing and analyzing 3D/2D

structures, such as motors, actuators, transformers and other electric and electromechanical devices common to automotive, military/

aerospace and industrial systems. Based on the Finite Element Method (FEM), Maxwell can solve static, frequency-domain and time-varying
electromagnetic and electric fields. In addition, the software can be dynamically linked with Simplorer® to create a powerful, system-level
electromagnetic-based design flow. This flow enables users to combine complex circuits with accurate component models to design high-

performance electromechanical and power electronic systems. Additionally, Maxwell’s 3D solvers have dynamic links to ePhysics™

engineers to perform complex 3D multi-physics studies by linking Maxwell to ePhysics’ thermal and structural solvers.

KEY BENEFITS

Electromagnetic field simulation

Maxwell includes 3D/2D Transient, AC Electromagnetic, Magneto-
static, Electrostatic and Electrotransient solvers that accurately solve
for force, torque, capacitance, inductance, resistance, and imped-
ance, as well as generate state-space models.

Automatic adaptive meshing
Maxwell uses the Ansoft-pioneered automatic adaptive meshing

technigues. This robust meshing algorithm automatically creates and
refines the finite element mesh as the solution converges, streamlin-
ing the solution process and making the software very easy to use.

Dynamic link - ePhysics

The Maxwell 3D solvers can be dynamically linked with ePhysics’
thermal and stress analysis and are the ideal solution for every elec-
tromechanical device requiring cross-disciplinary design analysis.

Dynamic link - Simplorer

Dynamic links with Simplorer multi-domain system simulation allow
accurate high-fidelity component models to be combined with cir-
cuits and system architecture to create a powerful, electromagnetic-
based design flow.

Import
CAD files can be imported in Maxwell streamlining the design pro-

cess.

Multi-processing and distributed analysis

Maxwell can leverage available computing power with multi-pro-
cessing and distributed analysis options for fast turnaround of your
largest designs.

Optimization

Optimetrics™ provides parametric, optimization, sensitivity, and
statistical analysis capabilities to Maxwell. Optimetrics automates the
design-optimization process by quickly identifying optimal values for
design parameters that satisfy user-specified constraints.

Customized pre-processors

RMxprt (electric machine design) and PExprt™ (magnetic component
design) are used to design devices based on a traditional analytical
approach. They also can be directly linked to Maxwell and provide
fully automated design creation and analytical analysis. Users can
perform preliminary studies of design concepts prior to performing
rigorous electromagnetic analysis with Maxwell.

APPLICATIONS

Electromechanical
e Motors and generators
e Linear or rotational actuators
* Relays
e MEMS
* Magnetic recording heads
Electromagnetic
e Coils
e Permanent magnets
e Sensors
Power electronic
e Transformers
e Converters
e Bus bars
¢ IGBTs and similar devices
EM behavior
¢ Insulation studies
¢ Electrostatic discharge
e Electromagnetic shielding
e EMI/EMC
¢ Semiconductor
[ ]

Biomedical

. This allows
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KEY FEATURES

Low-frequency electromagnetic field simulation and analysis using
FEM for 3D/2D structures
e Transient - nonlinear analysis with:
Motion—rotation, translational, non-cylindrical rotation
External circuit coupling
Permanent magnet demagnetization analysis
Core loss computation
Lamination modeling for 3D
e AC Electromagnetic—Analysis of devices influenced by skin/
proximity effects, eddy/displacement currents
¢ Magnetostatic—Nonlinear analysis with automated equivalent
circuit model generation
e Electric Field—Transient, Electrostatic/Current flow analysis with
automated equivalent circuit model generation

Display of data/visualization of results
e Field visualization and animations (shaded, contour and vector
plots)
Mesh visualization (full, partial)
Current, induced voltage, flux linkage
Power loss, stored energy
Core loss, eddy, excess, hysteresis loss (including the minor loop
effects)
Impedance, inductance, capacitance
¢ Force, torque
e Custom reports of user-defined solution data

CAD Files
IGES, STEP, DXF, SAT, ProE

!
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ePhsics“

Performance and integration
e Distributed Analysis* for parallel computing of parameterized
models
* 64-bit operating system support
e Links to Simplorer®”, ePhysics™, HFSS™, RMxprt™", PExprt™”

Integrated 3D modeler featuring ACIS v16 and MFC technology
e Standard primitives and multi-sweep functions
e Boolean operations: union, subtraction, intersection
e Direct import of SAT and DXF files
e AnsoftLinks™* for import of STEP, IGES and Pro/E files

Automatic, adaptive mesh technology
e Fault-tolerant meshing algorithms
¢ Mesh-generation feedback
¢ GUI performs validation and integrity checks
¢ Software identifies artifacts within the imported geometry
¢ Mesh-based model resolution

Versatile material manager and material types
e User, group and system libraries
¢ Linear, nonlinear anisotropic materials
e Material assignment by coordinate type: cartesian, cylindrical or
spherical

Integrated Optimetrics™*
e Geometry and material parameterization
e Optimization, sensitivity and statistical analysis

*Option available at additional charge.

Current density in a busbar system as calculated by Maxwell 3D.

Maxwell, Simplorer, ePhysics, Optimetrics, PExprt, AnsoftLinks, and HFSS are trademarks of Ansoft Corporation.

All other trademarks are the property of their respective owners.
© 2008 Ansoft Corporation 0308
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OpPTIMETRICS

Parametric Analysis and Optimization

[ )
. J
OVERVIEW

Optimetrics™ is an optional software module that adds parametric
capabilities, optimization algorithms, sensitivity and statistical analyses to
Ansoft's best-in-class electromagnetic-field simulation products—HFSS™,
Maxwell® 3D and Q3D Extractor®. Optimetrics automates the design-
optimization process for high-performance electronics, such as microwave/
RF devices, printed circuit boards, on-chip passives, IC packages and
electromechanical components, by quickly identifying optimal values for
design parameters that satisfy user-specified constraints and goals.

This example is a connector designed with HFSS
and Optimetrics. The control panel displays design
variables (i.e., cost functions, parameters), launches
design perturbations and converges to the optimal
performance criterion.

Optimetrics™ enables users to study the effects of geometry and materials
on a design by creating parameters for the dimensions and material
constants of the model to be analyzed. Optimetrics then varies these
parameters and adjusts the geometry and materials to achieve the
desired, user specified, performance goal.

Leveraging previously computed parametric simulation results within
its optimizer, Optimetrics enables engineers to understand device

FEATURED CAPABILITIES

characteristics over a large design space and quickly identify the best
performing design that is least sensitive to manufacturing tolerances.

Optimetrics, when used in conjunction with HFSS™, Maxwell® 3D and
Q3D Extractor®, delivers an innovative and robust design platform from
which users gain a greater understanding of the design space and the
ability to make insightful design choices.

e Parametric Analysis
e User-specified range and number of steps for parameters
e Automatic analysis of parameter permutations
e Distributed Analysis (cost option)

0 Automated parser management across multiple hardware
platforms and reassembly of data for parametric tables and
studies

e Sensitivity Analysis
 Design variations to determine sensitivities
0 Manufacturing tolerances
0 Material properties

e (ptimization
e User-selectable cost functions and goal objective
0 Quasi-Newton method
0 Sequential Nonlinear Programming (SNLP)
0 Integer-only Sequential Nonlinear Programming
o Automatic analysis of parameter variants until optimum goal obtained
e Tuning
e User-controllable slide bar for real-time tuning display and results
e Statistical Analysis
* Design performance distribution versus parameter values

-

Gurrent sensor optimization
results using Maxwell 3D \

\
[ )

and Optimetrics
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SIMi plorer ..o

Multi-domain simulation software

Overview

SIMPLORER® is the premier software program for the design and Multi-domain system design is challenging and complex. It
analysis of complex, multi-domain systems commonly found in consists of many interdisciplinary and nonlinear components from
automotive, aerospace/defense and industrial systems. multiple domains: electrical, mechanical, thermal and control. The

close interaction across domains renders single-domain system
simulation tools ineffective.

i s SIMPLORER is the only system engineering tool to offer multiple
: L standard modeling techniques (VHDL-AMS, circuits, block
- P = diagrams, state machines, C/C++) that can be used concurrently.
B :_: It also utilizes the concept of “natures,” allowing components of
C different engineering domains to interact.
3T
SIMPLORER is the ideal tool for system designs such as:
e Power Systems e Hybrid-electric Propulsion
e FElectric Motors and Drives e QOther Multi-domain
SIMPLORER v7 offers VHDL-AMS wizard technology, e Powertrains Systems
making it easy to leverage the IEEE multi-domain
modeling standard.
Modeling Techniques
SIMPLORER allows components to be described as behavioral or transformations and model analogies often employed by single-
physical models using one or any combination of SIMPLORER'’s domain simulation tools.

modeling techniques. This eliminates error-prone mathematical

VHDL-AMS BLOCK DIAGRAMS

IEEE-endorsed modeling language (standard Enables the description of signal-flow-based
1076.1) created to provide a general- BLOCK linear, nonlinear, continuous, time-discrete
purpose, easily exchangeable and open VHDL-AMS DIAGRAMS and hybrid systems, making it ideal for
language for multi-domain analog dynamic system simulation and closed-
mixed-signal designs. loop-control applications.

sSImizplorer

CIRCUITS STATE MACHINES

Numerically stable and fast circuit CIRCUITS MIS\(.I:.‘l\I.:-:ES Highly efficient modeling technique for
simulator with support for multi-level event-driven systems, such as logical
semiconductor modeling that is optimized control found in embedded control systems,
to the needs of demanding power-electronic space vector controls or PWM for power-

and high-switching-frequency circuit design. glectronic circuits.

Ansoft Corporation » 225 West Station Square Drive  Pittsburgh, PA 15219-1119 USA A
TEL: 412.261.3200 « FAX: 412.471.9427 « EMAIL: info@ansoft.com » WEB: www.ansoft.com ANSOFT



Models

SIMPLORER Model Libraries
SIMPLORER offers optional application-specific model libraries to
enhance productivity and reduce design time:

e Alternative Power e Mechanical
e Automotive e Power
e Hydraulic e SMPS
e Machine e Sensor

SIMPLORER v7 now includes a transient simulation coupling link.
Users can simultaneously solve a transient FEA project with a
transient system simulation.

Statistical Analysis and Optimization

FEA-Based Models

For models requiring the highest level of fidelity, SIMPLORER
provides a direct link to Ansoft’s industry-leading electromagnetic
field simulation and design programs: Maxwell®, RMxprt™, and
PExprt™. Users can easily create equivalent circuit models from the
finite-element analysis (FEA) results and import them directly to
SIMPLORER.

Alternatively, users can employ the Transient Simulation coupling
link to couple transient FEA directly to SIMPLORER. This powerful
feature provides the ultimate in accuracy and flexibility and is ideal
for detailed analysis of electromechanical components operating
within a system.

Manufacturers’ Models

SIMPLORER users can access up-to-date manufacturer-specific
components online at www.model.simplorer.com. MOSFET, IGBT,
ultra capacitors and other components are available to customers
as a free download.

SIMPLORER includes many advanced analysis capabilities such as
parametric sweeps and optimization routines to provide insight into
design variations and “trade-offs.”

e Parameter Sweep/Table e SIMPLEX

e Monte Carlo e Frequency Sweep
e 3D Graphic e Worst Case

e Genetic Algorithm e Sensitivity

Successive Approximation

Integration

=
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SIMPLORER v7 includes many new Statistical design
and optimization routines.

Scripting

This powerful feature opens APIs in the SIMPLORER environment,
allowing SIMPLORER to be embedded into existing design flows.
The scripting capability is language independent so users can work
with popular scripting languages, such as Visual Basic®, Java® or
Tel/Tk and interact easily with other tools supporting the Microsoft
Com interface, such as MS Office and LabView®

Co-Simulation

SIMPLORER allows the integration of proprietary G/C++ programs,
MATLAB®/Simulink®, Mathcad® and other specialized programs,
allowing SIMPLORER to utilize customized code and existing
design control. The direct integration of models in their native
environment avoids model translation, saves design time and
allows communication and model exchange across departments
and between suppliers and OEMs.

Please consult your local sales representative for pricing and information on this and other Ansoft products.
SIMPLORER, PExprt and RMxprt are trademarks of Ansoft Corporation. All other trademarks are the property of their respective owners.

PL37-0407 © 2004 Ansoft Corporation
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Design Software for Electric Machines

RMxprt™ is a versatile software program that speeds the design and optimization process of rotating electric machines. With RMxprt, users
can calculate machine performance, make initial sizing decisions, and perform hundreds of “what if” analyses in a matter of seconds. As
the entry point for the Ansoft motor and drive design methodology, RMxprt automatically produces both system-level models and geometric
data, allowing the preliminary design to be refined and integrated with power electronic and control circuitry.

KEY BENEFITS
Fast design

RMxprt offers numerous machine-specific, template-based interfaces

for induction, synchronous, and electronically and brush-commutat-
ed machines that allow users to easily enter design parameters and
to evaluate design tradeoffs early in the design process.

Performance metrics

Critical performance data, such as torque versus speed, power
loss, flux in the air gap, power factor and efficiency can be quickly
calculated.

Robust calculation methods

RMxprt uses classical analytical motor theory and equivalent mag-
netic circuit methods to compute performance metrics for a specific
machine design and accounts for nonlinear magnetic characteristics
and 3D effects, such as skew and end-turn.

Model pre-processor

RMxprt is a key part of Ansoft's motor design methodology. In addi-
tion to providing classical motor performance calculations, RMxprt
can automatically create 3D and 2D geometry and assign material
properties and other necessary problem definition data necessary
to perform rigorous finite element analysis on the design using
Maxwell®.

Wire library
RMxprt includes a comprehensive database of ANSI and IEC wires.

High-fidelity system models

RMxprt creates high-fidelity, state-space system models incorporat-
ing machines’ physical dimensions, winding characteristics and non-
linear material properties. Engineers can use the resulting behavioral
model to explore electronic control topologies, loads, and interac-
tions with drive-system components in Simplorer®.

Convenient design sheet output

Design sheets list all the relevant input parameters and calculated
parameters and graphically display waveforms including current,
voltage, torque and back EMF as well as a detailed winding layout.
RMxprt also can output Excel-format design sheets based on the
user-defined template.

Design optimization
RMxprt can perform hundreds of “what if” analyses in a matter of

minutes, making it a valuable tool for designers needing to make
initial sizing and material decisions quickly.

Powerful scripting

RMxprt can be integrated with third party development programs
through scripting languages such as VB script, Tcl/TK, JavaScript®,
Perl, Excel and MATLAB®. This allows users to customize the design

flow and leverage internally developed programs and historical data.

DESIGN TEMPLATES
Machine types

¢ Induction machines
o Single-phase motors
o Three-phase motors
e Synchronous machines
o Line-start PM motors
o Salient-pole motors and generators
o Non-salient pole motors and generators
e Brush commutated machines
o DC motors and generators
o Permanent magnet DC motors
o Universal motors
e Electronically commutated machines
0 Brushless DC motors
o Adjustable-speed PM motors and generators
o Switched reluctance motors
o Claw-pole generators
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KEY FEATURES

¢ Machine-specific template editor

Output waveforms

o Rotor o Current
o Stator o Cogging torque
o Running strategies o Flux in the air gap

o Drive circuits ¢ Graphical winding editor
¢ Auto-design feature ¢ Cross section Editor
o Slot size e Customizable design sheet
o Coil turns and wire diameter e Cost evaluation
o Starting capacitance ¢ Integrated parametrics and optimization
o Winding arrangement ¢ State-space model export to Simplorer®
¢ Performance curves ¢ Automated project setup for Maxwell® 2D
o Torque ¢ Automated geometry and material setup for Maxwell 3D
o Power
o Efficiency
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RMxprt™ creates 3D and 2D geometry, assigns materials and sets up
boundary conditions for Maxwell. Additionally, any parameter changed in
RMxprt is automatically updated in the finite element project.

DESIGN FLOW

RMxprt is the ideal starting point for a comprehensive electric machine design flow. RMxprt with Maxwell and Simplorer provides an efficient
and accurate methodology to design and optimize an electric machine and related electric drive and control system.

State Space Model

Geometry, winding characteristics
and nonlinear material properties

e Geometry ¢ Skew | ‘ ‘
e Materials ¢ Stacking MAaXWELL®
e Winding e End Effect -
Info Physics-based Parameters

SIMPLORER®

RMxprt, Simplorer and Maxwell are trademarks of Ansoft Corporation.
All other trademarks are the property of their respective owners.
© 2008 Ansoft Corporation 0308
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A\ Overview

®
Maxwell ...

s Maxwell 2D is a high-performance interactive software
package that uses finite element analysis (FEA) to solve
electric field and magnetic field problems.

Presentation
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A_\.. Overview 1

®
Maxwell ...

s Maxwell 2D solves the electromagnetic field problems for a given
model with appropriate materials, boundaries and source conditions
applying Maxwell's equations over a finite region of space.

& There are two geometry modes available in Maxwell 2D:
& Cartesian (XY) model
& Axisymmetric (RZ) model

& There are six solvers available in Maxwell 2D:

& Electrostatic A

s AC Conduction > Electric Fields
s DC Conduction >

s Magnetostatic R

s Eddy Current > Magnetic Fields
& Transient Magnetic >

Ansoft Maxwell Field Simulator v12 - Training Seminar | P1-2 |
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A Overview 1

ANSOFT

Different Methods of Electromagnetic Analysis

Electromagnetic
Analysis

Analytical Numerical
Techniques Techniques

Closed
Form

Integral Differential
Equations Equations

Boundary Finite Finite
Elements Difference Elements

Scalar Vector Components of
Potentials Potentials H-Field

2D Electrostatic 2D Magnetostatic 3D Magnetostatic
3D Thermal 2D Eddy 3D Eddy

3D Electrostatic 2D Transient 3D Transient

Ansoft Maxwell Field Simulator v12 - Training Seminar | P1-3 |



.\\ Overview

Differential Form of Maxwell’'s Equations

OB
Faraday's Law of Induction VxE=-—
Ot
Gauss's Law for Magnetism Ve B =0
oD
Ampere's Law VxH=J+—
Ot

Gauss's Law for Electricity VeD=p

Ansoft Maxwell Field Simulator v12 - Training Seminar
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FEM and adaptive meshing

In order to obtain the set of algebraic
equations to be solved, the geometry
of the problem s discretized
automatically into small elements
(e.g., triangles in 2D).

All the model solids are meshed
automatically by the mesher.

The assembly of all triangles is
referred to as the finite element
mesh of the model or simply the
mesh.

Approximate aspect ratio limit in 2D:
X =10,000Y

Start
Field Solution

Generate
Initial Mesh
Compute
Fields

Perform
Error Analysis

Has
Stopping
Criteria been
met?

Stop
Field Solution

Presentation
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A Overview 1
ANSOFT

FEM Approximation Functions

& The desired field in each element is approximated with a 2nd order
guadratic polynomial

A (x,y) =a, +a;x+ ayy +azx?> + a,xy + ag y?

& Field quantities are calculated for 6 points (3 corners and 3
midpoints) in 2D

& Field quantities inside of the triangle are calculated using a 2"
order quadratic interpolation scheme

1
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.\!\\

.\!\\

FEM Variational Principle

Poisson’s equation:  V*4=—zJ

1 ¢ VAeVA
is replaced with energy functional: F(A) = —j[ * Y Ae JJJV
U

This functional is minimized with respect to value of A at each
node in every triangle

Ansoft Maxwell Field Simulator v12 - Training Seminar
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Agﬁe Overview

ANSOFT

FEM Matrix Equation

& Now, over all the triangles, the result is a large, sparse matrix equation

[s]4]=1/]

& This can be solved using standard matrix solution techniques such as:
& Sparse Gaussian Elimination (direct solver)

& |Incomplete Choleski Conjugate Gradient Method (ICCG iterative
solver)

Presentation

1
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A Overview

ANSOFT

FEM Error Evaluation

& Put the approximate solution back into Poisson’s equation
VAP + uJ =R

& Since A is a quadratic function, R is a constant in each triangle.
& The local error in each triangle is proportional to R.

Presentation

1
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A Overview

ANSOFT

FEM Percent Error Energy

& Summation of local error in each triangle divided by total energy

» . |R(local),
Percent Error Energy = Z ‘ ( )’
= Total Energy

x100%

& Local errors can exceed Percent Error Energy

Presentation

1
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Overview 1

Transient Solver
Fully Coupled Dynamic Physics Solution

Current Source Electric Scalar

: Potential ,
Densny} (Velomty
0A

VXOVxA=J —o——-0oVV+VxH_ +ovxVxA4

Ay

Magnetic Vector Potential Permanent Magnet

Time-varying Electric and Magnetic Fields

Ansoft Maxwell Field Simulator v12 - Training Seminar | P1-11 |
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.\!\\

.\!\\
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Transient Solver - Magnetic Field Diffusion

Magnetic fields “diffuse” into materials at different rates depending
on:

s Material properties of the component

s Physical size of the component

For a cylindrical conductor, diffusion time is:
2
(sec)

uoa
where :u = perm,o = conductivity,a = radius in meters

’Z' o
2.4048°

Induced eddy currents always occur in conducting objects due to
time-varying fields; however, they may not always be significant

Presentation

1
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GUI - Desktop

& The complex functionality built into the Maxwell solvers is accessed through
the main user interface (called the desktop).

& Problem can be setup in a fairly arbitrary order.

& A new “validation check” has been added to insure that all required steps are
completed.

2

Ansoft Maxwell Field Simulator v12 - Training Seminar | P1-13 |
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ACIS solid modeling kernel

& The underlying solid modeling technology used by Ansoft products is
provided by ACIS geometric modeler. ACIS version 16 is presently
used.

& Users can create directly models using primitives and operations on
primitives.

s |n addition, users can import models saved in a variety of formats (sm2
.gds .sm3 .sat .step .iges .dxf .dwg .sld .geo .stl .prt .asm)

& When users import models into Ansoft products, translators are
invoked that convert the models to an ACIS native format (sat format).

s Exports directly .sat, .dxf, .sm3, .sm2, .step, .iges

Ansoft Maxwell Field Simulator v12 - Training Seminar | P1-14 |
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A\ Overview 1

Supported platforms

s Windows XP Pro

& Windows XP Pro x64 Edition

s Windows Server 2003

s Windows Server 2003 x64 Edition
s Red Hat Enterprise Linux 3, 4

& SUSE Linux Enterprise Server 9.3
& Solaris 8 -10

Ansoft Maxwell Field Simulator v12 - Training Seminar | P1-15 |
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& Starting Maxwell

&  Click the Microsoft Start button, select Programs, and select the Ansoft >
Maxwell 12 > Maxwell 12

s Or Double click on the Maxwell 12 icon on the Windows Desktop Mapewel| 172

& Adding a Design

s When you first start Maxwell a new project will be automatically added to the
Project Tree.

s To insert a Maxwell Design to the project, select the menu item Project > Insert
Maxwell 2D Design

- Project2”
- @ Maowell Designl (Magnetostatic)
&7 Model
EF Boundaries

] T
B2 Excitations A
ﬁ Farameters /
EF Mesh Operations Toolbar:

P Analysis Insert Maxwell 2D Design
2 Optimetrics
Results Insert Maxwell 3D Design

[ Field Overlays
+- (2 Definitions

Project |

Insert RMxprt Design

Ansoft Maxwell Field Simulator v12 - Training Seminar | P1-16 |
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Maxwell Desktop

Menu
bar

—

Project

Manager ——
with project

tree

Property ___»
Window

Message
Manager

—

Status
bar

~.

Toolbars

A

2D Modeler
Window

History
Tree

Progress

« Window

Coordinate Entry Fields —

Enter the box position.

% [35000]v: [100.0(0z:  [0.0000 [lsbsol v [[cartesia w [[mi_]

Ansoft Maxwell Field Simulator v12 - Training Seminar
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& Maxwell Desktop - Project Manager
s Multiple Designs per Project
s Multiple Projects per Desktop

s Integrated Optimetrics Setup (requires license for analysis)

Project Manager Window —— Froiect Manager

Project

Design Automation

=Bl MaxwellDesignl (Magnetostatic)

& Model
¥ Boundaries

+ 85 Excitations

+- g Parameters
BH hMesh Operations

+-JF Anabysis

> Optirmetrics

*Parametric
*Optimization
*Sensitivity
*Statistical

+ Fesults
+ g Field Overlays
+-_1 Definitions
+ Ex_owerdew example
+ get_star

/—'[m Ex_10_1_optimetrics_core_inductance®

&

<«

Froject

Design

—— Design Setup

}4—— Design Results

Ansoft Maxwell Field Simulator v12 - Training Seminar
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& Maxwell Desktop - 2D Modeler

/ 2D Modeler Window

= sheets
- -4 vacuum
: =3 Palygon1

[A Coordinate Systems
(-4 Planes
-8 Lists

...... { CreateRegularPolygon
wnH] Coverlines

2D Modeler
design tree
(history)

Graphics
area

Context menu
(right mouse click
on 2D modeler
window)

—

-/

Select Objects

Select Edges

Select Yertices
Select Mulk

Model

Mext Behind
k| Al Chisct Edges
k| All Face Edges

m |2 = m O

Measure

Wiew

Edit

& ossign Material. ..
Assign Boundary
Assign Excitation

Assign Parameters

Assign Mash Operation

Fields

Plak: Mesh

Copy Image

S

Edge

Vertex
Origin
J XY

Coordinate
System
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& Geometry Mode
s To set the geometry mode:
1. Select the menu item Maxwell 2D > Solution Type
2. Solution Type Window:
«s Choose Geometry Mode: Cartesian XY

GFeometiy Mode: IEaltesian,W j

i agnetic:

{*' taghetastatic

" Eddyp Current

&  Maxwell - Geometry Modes

s A Cartesian (XY) model represents a cross-section of a
device that extends in the z-direction. Visualize the
geometric model as extending perpendicular to the plane
being modeled.

s An Axisymmetric (RZ) model represents a cross-section of a
device that is revolved 360° around an axis of symmetry (the
z-axis). Visualize the geometric model as being revolved
around the z-axis.

£ Transient
Electric:

" Electroztatic
" AC Conduction
" D Conduction

Geometric Model

A7 N
Cartesian (XY Plane) Axisymmetric (RZ Plane)
AZ

3 1.
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M agnetic:

& Set Solution Type & Magnetostac

o Limen
s To set the solution type: select the menu item Maxwell 2D > Solution Type e Eurent

 Transient
Elecitric:
" Electostatic

= AL Conduction

& Magnetic Solution Types . D Conductn

& Magnetostatic .
Computes the static magnetic field that exists in a structure given a distribution of DC currents and permanent
magnets. The magnetic field may be computed in structures with both nonlinear and linear materials. An inductance
matrix, force, torque, and flux linkage may also be computed from the energy stored in the magnetic field.

&  Eddy Current
Computes the oscillating magnetic field that exists in a structure given a distribution of AC currents. Also computes

current densities, taking into account all eddy current effects (including skin effects). An impedance matrix, force,
torque, core loss, and current flow may also be computed from the computed field solution.

&  Transient
Computes transient (Time Domain) magnetic fields caused by permanent magnets, conductors, and windings
supplied by voltage and/or current sources with arbitrary variation as functions of time, position and speed. It can
also be coupled with external circuits. Rotational or translational motion effects can be included in the simulation.
Uses a time-stepping solver. Considers source induced and motion inducted eddy effects.

& Electric Solution Types

&  Electrostatic
Computes the static electric field that exists in a structure given a distribution of DC voltages and static charges. A
capacitance matrix, force, torque, and flux linkage may also be computed from the electric field.

& AC Conduction
Computes the AC voltages and current density distribution in a material having both conductive and dielectric
properties given a distribution of AC voltages. An admittance matrix and current flow may also be computed from
the calculated fields.

& DC Conduction

Computes the DC currents that flow in a lossy dielectric given a distribution of DC voltages. A conductance matrix
and current flow may also be computed from the computed electric field solution.
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&  Set Model Units |
s To set the units: Set Model Units X

1. Select the menu item Sl s -
Modeler > Units
2. Set Model Units:

1. Select Units: mm ok | Cancel ‘

2. Click the OK button

[ Rescale to new units

& Set Default Material
& To set the default material:

1. Using the Modeler
Materials toolbar, choose
Select

2. Select Definition Window:

1. Type steel_1008 in
the Search by Name
field

2. Click the OK button

WACULIM - |Mudel v|

EICLIIT
ru_rmetal
COopper
Select..

Ansoft Maxwell Field Simulator v12 - Training Seminar | P1-22 |



Presentation

A MAXWELL® Overview 1
ANSOFT
& Modeler - Draw a Rectangle Y
¥
Point 2
Point 1
©
Ctr1-Click to change reference position.
Point 1 S0 ORGPt it et s
hs
Point 2
D
[+: -0.4 2 [-0.4 ||lz: [ ||.ﬁ.|:|s-:||ute j |Cartesian j I ,;:;l |
> Coordinate Entry Fields
| 0.7 [ 0.7 dz: [0 |Relative j |Cartesian j i ,;,jl
ctr1-Click to change reference position,
Hold 'X!,'¥!, or 'Z! key to constrain relative movement.
e 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
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& Modeler - Importing .dxf and .dwg CAD files

s Check “Import as 2D sheet bodies”so objects come in as sheets and not solids

s To change the number of segments on an imported curve:
# Change to face select mode: Edit > Select > Faces and click on face
# Modeler > Surface > Uncover Faces
& Change to object select mode: Edit > Select > Objects and click on open polyline
# Modeler > Purge History
& Modeler > Generate History
& Expand the history tree for that polyline and change number of segments as desired
& Select the polyline and: Modeler > Surface > Cover Lines

& Ansoft Maxwell - Project3 - Mazwell2DDesign2 - 30 Modeler - [Project3 - Maxwell2DDesign2 - Modeler]
| File Edit ¥iew Project Draw Modeler Maxwel 2D Tools Window Help

DS 2R gl xage(Elive irgar|o e B

DXF,/DWG Import

D'WGE/DF Layer Selection  Options | Languagel

s [EE 18 [ooum — F[oe Tl fup s IB|E5 S5
import Unis S ~ tifo«]E]e]c iz Ml i s (MK IMS3S0|@C
™ Wricn averapping abjects [Project Manager - x| =B Sheets
v auto-detect closed objects |Properties « x| E--gﬂlNzolt 3 s:lgned
¥ Selt-stitch objects Mame Walue I Lnit I Evaluated Walue I /[?-"?:%&?:tf:;::gnrs
™ Defeature geamety at distance ID— Segment Type 3 Point Arc et  CreateArc
™ Fiound coordinates to nearest nth decimal place I‘i_ Point1 03375.0.0 i 0.3375mry : - Coverlines
Puaint2 009375 .0 mm . 0.9375mm . Omm ! @ UncoverFaces
[ 'white clozed palylines with non-zero line width as filed polygons Paint3 10,9375 0.0 s -0.9375mm . Omm . Orm E Coverlines
I W Impart az 20 sheet bodies I Number of Segments | 6 ] [ I’;I---%ﬂ;:a:lhonba;e Systems
Impart method :  © Seript s Acie g Eilsat:es
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& Modeler - Object Properties
In History Tree:

Commands
Attributes
(dimensions Commands
and history) & IDI:r]ECtSl Ei'
- & Box1,
© CreateBDx
-1z, Coordinate Systems
+- Planes
-8 Lists
Attributes
(properties

of the object)
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& Modeler - Attributes
a0l =]
MName “alue | Unit |
Mame Bioxl
kA aterial WECLIUM |
Solve Inside [vw
Orientation Glokbal
todel [v
Displey Wirefrake [
Calor Edit |
Transparent 1] |
\\
Solve Inside - if unchecked
meshes but no solution inside
(like the old exclude feature in
material manager)
Model - if unchecked, the object is
totally ignored outside of modeler with
no mesh and no solution
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& Modeler - Views Visualize B
A Wew} Modlfj/Aﬂrlbutes > — M axirnurn Deviation
» » . . F Fore
s Orientation - Predefined/Custom View Angles ~ ::?elativeDeviaticun
s Lighting - Control angle, intensity, and color of light " Absolute Deviation
s Projection - Control camera and perspective f0.002000 =]
Y BackngUnd CO/OI'— COI’]tI’O| CO|OI’ Of 3D MOde|eI’ — M aximum Mormal Deviation
background | 15.000000 x| deg
s View > Visualization Settings - displayed resolution of curves Save s Default | Restors Defauts |
Apply | Cloze |
s View > Active View Visibility - Controls the display of: 3D
Modeler Objects, Color Keys, Boundaries, Excitations, Field e
PIOtS Grid type: {* Cartesian " Polar
Grid style: " Dot * Line
s View > Options - Stereo Mode, Drag Optimization, Color Key 5 Auto aciust densito: [P0 pikels
Defaults, Default Rotation . N
artesian olar
o [
s  View > Render > Wire Frame or Smooth Shaded (Default) [
—
s View > Coordinate System > Hide or Small (Large) |
v Grid Vizsible Save Az Default
s View > Grid Setting - Controls the grid display oK ]| ceed |
it | «— Toolbar: Toggle Grid Visibility
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8 Changing the View

&  Toolbar
Rotate Arounf - In/out
Current Axis oom ‘n/u Fit Selected _ _
gr? ™ !:,. I:il @{ é\' Predefined View Angles
Pan—» ! '&h L @\ Top
T 4 \ Fit Al
Rotate Around )
Rotate Around gcreen Center ~ PYynamic Zoom
Model Center
> Rotate Model Cl@“uter Alt+Drag z
&M Pan shift+Drag
& Zoom Alt+5hift+Drag
&  Context Menu :
@, Zoom In Left . Right
2, Zoom Out
@, Fit Al Ctrl+D ® ® ®
Bottom
Spin
Animate...
&  Shortcuts snmate

#  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:

&  ALT + Drag - Rotate

& |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
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Maxwell V12 Keyboard Shortcuts

General Shortcuts

BB P B OB OB OB OB P OEOE OB OB OB OB

F1: Help

Shift + F1: Context help

CTRL + F4: Close program
CTRL + C: Copy

CTRL + N: New project

CTRL + O: Open...

CTRL + S: Save

CTRL + P: Print...

CTRL + V: Paste

CTRL + X: Cut

CTRL + Y: Redo

CTRL + Z: Undo

CTRL + 0: Cascade windows
CTRL + 1: Tile windows horizontally
CTRL + 2: Tile windows vertically

Modeller Shortcuts

F: Face select mode

O: Object select mode

CTRL + A: Select all visible objects
CTRL + SHIFT + A: Deselect all objects
CTRL + D: Fit view

CTRL + E: Zoom in, screen center
CTRL + F: Zoom out, screen center

B B B B OB OB OB OB

temporarily
SHIFT + Left Mouse Button: Drag
Alt + Left Mouse Button: Rotate model

B o B B

by mouse)

B: Select face/object behind current selection

CTRL + Enter: Shifts the local coordinate system

Alt + SHIFT + Left Mouse Button: Zoom in / out
F3: Switch to point entry mode (i.e. draw objects

- F4: Switch to dialogue entry mode (i.e. draw
object solely by entry in command and attributes

box.)
F6: Render model wire frame
F7: Render model smooth shaded

Alt + double left Click
here to restore view in
an RZ model

e

- Alt + Double Click Left Mouse Button at points on screen: Sets model
projection to standard isometric projections (see diagram below).
- ALT + Right Mouse Button + Double Click Left Mouse Button at points

on screen: give the nine opposite projections.

Predefined View Angles

Q ? Q
Q Q

Right

® /@ ®

Alt + double left Click
here to restore view in
an XY model
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& Magnetic core with coil

& Use 2D RZ Magnetostatic Solver

£
Core (Steel_1008)
/ Coil (120 Conductors, Copper)
o
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&  Setup the geometry mode and solver
s Choose Cyilindrical about Z under Maxwell 2D > Solution Type
s Choose Magnetostatic
s  Click the OK button
& Create Core
s To create the core:
1. Select the menu item Draw > Rectangle
2. Using the coordinate entry fields, enter the center position
s X:0.0,Y:0.0, Z: -3.0, Press the Enter key
| ¥ ] Y- 1] |2: -3 |A|:usu:u|utej |Cartesian j mm |
3. Using the coordinate entry fields, enter the opposite corner of the rectangle
s dX: 2.0, dY: 0.0, dZ: 10.0, Press the Enter key
| 2 [ 0 |dz: 10 |Relative leartesian jW 4
s Continued on Next Page
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&  Create Core (Continued)
#  To Parameterize the Height
1. Select the Command tab from the Properties window
2. ZSize: H
3. Press the Tab key
4. Add Variable Window
1. Value: 10mm
2. Click the OK button
#  To set the name:
1. Select the Attribute tab from the Properties window.
2. For the Value of Name type: Core
&  To set the material:
1. Select the Attribute tab from the Properties window
2. Click on the button in Material value: set to steel 1008
& To set the color:
1. Select the Attribute tab from the Properties window.
2. Click the Edit button
&  To set the transparency:
1. Select the Attribute tab from the Properties window.
2. Click the OK button
a  To finish editing the object properties
1. Click the OK button
& To fit the view:
1. Select the menu item View > Fit All > Active View

Add Variable

MName |H

alue |1 0mm

Define variable value with units: "1 mm"

"

ak | Cancel
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&  Set Default Material
& To set the 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 Coll
&  To create the coil for the current to flow:
1. Select the menu item Draw > Rectangle
2. Using the coordinate entry fields, enter the center position
&  X:2.0,Y:0.0, Z: 0.0, Press the Enter key
[2: z [re: [0 z: 0 I.ﬁ.bsulutej |Cartesian j
3. Using the coordinate entry fields, enter the opposite corner of the re
& dX:2.0,dY:0.0,dZ: 4.0, Press the Enter key
| 2 | ] |dz: 4 IRelative j |Cartesian j
&  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
& Tofit the view:
1. Select the menu item View > Fit All > Active View
Ansoft Maxwell Field Simulator v12 - Training Seminar | P1-33 |



Presentation

A Overview 1

ANSOFT

&  Create Excitation
& Assign Excitation
1. Click on the coil.
2. Select the menu item Maxwell 2D > Excitations > Assign > Current
3. Current Excitation : General
1. Name: Current1
2. Value: 120 A (Note: this is 120 Amp-turns)
3. Ref. Direction: Positive
4. Click the OK button

5. Note that for RZ models, positive current flows into the screen,
however for XY models, positive current flows out of the screen.

Current Excitation x|
Mame: I Currentl
—Parameters
Yalue: I 120 IA j
Ref. Direction: ¥ Positive  { Megative
Lse Defaulks |
]
|
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& Define a Region

Before solving a project a region has to be defined. A region is basically an outermost object that contains all other
objects. The region can be defined by a special object in Draw > Region. This special region object will be resized
automatically if your model changes size.

A ratio in percents has to be entered that specifies how much distance should be left from the model.

A

A

&  To define a Region:
1. Select the menu item Draw > Region

1. Padding Data: One 5
2. Padding Percentage: 200
3. Click the OK button

x|

Padding Daka: % Pad 4l Directions
™ pad Individual Directions .

Padding Percentage:

| 200

[ Save as default:

Note: Since there will be considerable fringing

o | Cancel in this device, a padding percentage of at least
2 times, or 200% is recommended
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& Setup Boundary
#  Assign Boundary

1. Change to edge selection mode by choosing: Edit > Select > Edges
2. Using the mouse, click on the top, right and bottom edges while holding down the CTRL key.
3. Select the menu item Maxwell 2D > Boundary > Assign > Balloon

4. Click the OK button

T

MHame: IBaII00n1|
Carcl_|

Presentation

1
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. . . S I e
&  Solution Setup - Creating an Analysis Setup '
& To create an analysis setup: Add Solution Set
. . . olution Setu
1. Select the menu item Maxwell 2D> Analysis Setup > Add Solution P
Setup
2. Solution Setup Window:
1. Click the General tab:
& Maximum Number of Passes: 10 - —r -
s Percent Error: 1 = @ Maowel Design1 (Magnetostatic)
2. Click the OK button &7 Model
- [ Boundaries
EF Insulating
~ N —|-#%g Excitations =
Solve Setup 2 ';ﬂ ':'-';t"e”ﬂ
drameters
General | Convergence | Solver | Defautts | BF Mesh Operations
Mame: |5€=tup'|| - ﬁFﬂal}rﬁs
g5y | Add Solution Setup...
Adaptive Setup O st %
Maximum Mumber of Passes: |1|]' ;E Re
Fy ] Analyze Al
Percent Emor: |'l f
Project Apply Mesh Qperations
Parameters

| Solve Fields Onby

Solve Matrix: (o Afterlast pass

" Onby after convenging

Display Force/Torgue in Convergence |Nune ﬂ
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&  Save Project
& 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: 2D_simple_example
3. Click the Save button

A& MOdeI Va I |dat|on Validation Check: Project2 - MaxwellDesign1
) o 3D Model
s  To validate the model: o Maweldesini 7 B st
1. Select the menu item Maxwell 3D> Validation Check Walidation Check completed. M Ve Oraions
2. Click the Close button o Oplinetics
& Note: To view any errors or warning messages,
use the Message Manager. oo | e
& Analyze
& To start the solution process:
1. Select the menu item Maxwell 2D> Analyze All @& B o

Validate —T T— Analyze All

marwell_cail - MaswelDezignl - Setupl: Adaptive Pazs 1 on Local Machine - BUMMIMG

|
Solve [Est. memory = TMB, disk = 1kE]
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& View detailed information about the progress

& In the Project Tree click on Analysis > Setup1 with the right mouse button und select Profile

P e e | E| ! Il Solutions: 2D_simple_example - Maxwell2DDesign1 Y ] 4
_I E Simulation: ISetup1 =l
£ Model -
E‘! Dresign Yariation:  [H="10mm" J
¥ Boundaries e i
ﬁ ||-|3|_||ati|-|g‘| Prfile |Convergence| Force I M atrix | Mesh Statisticsl
E]-#%G& Excitations i
Task I Feal Time I CPU Time I Memary Infarmation -
L8 Cument E—
- Parmeters SolverMRS, 2cals 000000 OOOOOD 143K 800 matis, KB disk
... P Mesh Operations SolvingForPass 00:00:01 00:00:00 13.3M 334 triangles
[_]ﬁ Analysis =3
Pass 8
""" ﬁ | T Solver MRS, 2 call:  00:00:00 00:00:00 200K 1042 matriz,  OKB disk
@ Optimetric SalvingFarPass 000000 000300 E0M 514 triangles
4 I QE'IE-‘te Adaptive Passes Converged
Project I Properties... Solution Process Elapsed time : 00:00:04 , Maxwel2D ComE ngine Memary
Total 00:00:03 00:00:01 Time: 06/04/2008 17:17:25, Status: Mormal Completion
Analyze
Rewvert to Initial Mesh | | =
MName I ) 4 v
Apply Mesh Operations
Name 5
Mazx. Number of Passes |1 Il Solutions: 2D_simple_example - MaxwellZDDesign1 =lolx|
Percent Emor 1 Convergence... N | Simdatiors |Setupl =]
§0|Lﬂlﬂﬂ5... Design Variation: |H='T Omm' J |Qy
Mesh Statistics. ..
T Profie  Canvergence |F0rce | I atriz: | Mesh Statisticsl
—Mumber of Pasges—————————— Passl Trianglesl Total Energy [J]I Energy Error [‘Z]l Delta Energy [‘Z]I Output Yar. I u]
Completed & 1 53 E.2047e-005 556.02 MAA A M
Maimur 10 2 50 0.0001 0837 107.96 74.651 Mo M
Minimum 2 3 123 0.00012086  30.108 11.53 N/ N
i~ Energy Erar/Delta Energy (%) 4 168 0.0001 2442 14.104 29484 oA M
Target [1.7] 5 225 0.0001 2642 5.6823 1.6041 oA M
Curent (0.8632. 0.16557) 6 e 0.00012711 27261 054421 M/A N
Visw @ Table € Flot 73 000012736 13208 0.20084 M M
g 514 0.0001 2757 0.8692 016557 2B M
Export... |
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&  Mesh Overlay
& Create a plot of the mesh
1. Select the menu item Edlit > SelectAll
#  To create a mesh plot:

1. Select the menu item Maxwell 2D > Fields > Plot
Mesh

2. Create Mesh Window:
1. Click the Done button

ZANVAN
b
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&  Field Overlays
& To create a field plot:

1. In the object tree, select the plane for plotting:
1. Using the Model Tree, expand Planes
2. Select Global:XZ

2. Select the menu item Maxwell 2D> Fields > Fields > B > Mag_B

3. Create Field Plot Window
1. Solution: Setup1 : LastAdaptive
2. Quantity: Mag_B
3. In Volume: Allobjects
4. Click the Done button

4. When done, turn off the plot using:
View > Active View Visibility > Filed Reporter

x
[ Specity Mame IMBEI_E1 Fields Calculatar ... |
™ Specity Folder IE j Category: IStandard j

Design:  Maswel2DDesignl Cuantity In Walume
Flus_Lines Core
Salution: ISetup1 - Lastddaptive j &_Wectar Rectanglel
tag H Fegion
H Wechor background
Field Type: |[Field: =] Al0bjects
B_Wector
Jphi
Intrinsic Yanables J_Wector
energy
ok nergy
appEnergy
Ohmic_Lozs

BLT]

[T R I - T B e e N e e e

»9581e-BB1
. 8357e-BA1
L 7133e-B01
. S9E9e-BE 1
 4EGEE-BE1
L 34EZe-BE1
V2238e-BB1
1814e-BE1
L 79Ake-BEZ
. SEGGe-BBZ
L G4Z2Ee-BBZ
L 11968e-88 2
, 3952e-BBZ
VB7L4e-BRZ
Y TEe-BBZ
L 2238e-BB2
 BE1AE-BAE

Presentation

1
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&  Field Overlays (cont)
& Create another field plot:

1. In the object tree, select the plane for plotting:
1. Using the Model Tree, expand Planes
2. Select Global:XZ

2. Select the menu item Maxwell 2D> Fields > Fields > B > B_Vector

3. Create Field Plot Window
1. Solution: Setup1 : LastAdaptive
2. Quantity: B_Vector
3. In Volume: Allobjects
4. Click the Done button

4. When done, turn off the plot using:
View > Active View Visibility > Filed Reporter
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&  Field Overlays (cont)
& Create another field plot:

1. In the object tree, select the plane for plotting:
1. Using the Model Tree, expand Planes
2. Select Global:XZ

2. Select the menu item Maxwell 2D> Fields > Fields > A > Flux_Lines

3. Create Field Plot Window
1. Solution: Setup1 : LastAdaptive
2. Quantity: Flux_Lines ALWh/m]
3. In Volume: Allobjects
4. Click the Done button

4. When done, turn off the plot using:
View > Active View Visibility > Filed Reporter

Fi
L

 4E9Z2e-8@7
. 2379e-8a7
 BBGGe-Ba7
. F754%e-8a7
L S4Yle-8a7
L 3126e-8a7
.B815e-8a7
. B58Z2e-8@7
. B198e-8a7
L 3877e-8a7
. 156%e-8a7
L 2512e-8a38
. 938%e-8a45
. B256e-8a35
L 31268e-8a35

I = R T R i e L o T L Y o Y R Ry

This completes the simple example.
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&  Screen Capturing
#  To save the drawing Window or a plot to the clipboard select the menu item: Ediit > Copy Image
& Inany Windows application, select: Edlit > Paste to paste the image
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&  File Structure

&  Everything regarding the project is stored in an ascii file BEEGMIIFIEVEIREERECEH-RRSD @O g% SRS €1 (-] RN EVATE
[ File Edit View Project Draw Modeler Maxwell 30 Toaols  Window Help

ey ile: < i > . - -
» File: pro!ect_name..mxwl _ DEE L BB & X o vo iEd@R|//BIMSSSa @0
» Double click from Windows Explorer will open and : ., ), : o foood ah | 50530 18 [eomwm v ] [Modsl v Bd <
launch Maxwell v12 ima
s  Results and Mesh are stored in a folder named = | |7 solids
. + Ex_10_1_optimetrics_core_inductance™ ~ = gcopper
<project_name>.mxwlresults - [ Ex_overview_sxample® .o &
. . -8 MaxwellDesignl (Magnetostatic)* 3 CreateCylinder
& Lock file: <project_name>.lock.mxwl & Modsl 5@ Subtract
+IF Boundaries i Ok T

# Created when a project is opened
&  Auto Save File: <project_name>.mxwl.auto
# When recovering, software only checks date

& If an error occurred when saving the auto file, the
date will be newer then the original

& Look at file size (provided in recover dialog)
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& Scripts

& Default Script recorded in v12
& Visual Basic Script

A Ansoft Maxwell Beta Release - Ex_5_1_Magnetic_Force - Maxwe
[l File Edit View Project Draw Modeler Maxwell 30 BIEEEN Window Help
Edit Configured Libraries 4

Configure Libraries. ..

Run Seript .

Record Script ...

& Remote Solve (Windows Only)
&  Tools > Options > General Options > Analysis Options

General Options @

Froject Options ]
Default Units

Iiscellaneous Options ]
Analysis Options l wWiehUpdate Options ]

Design Analysis Options Faor Design Twpe

Design Type:

Mecowell 30

[ Promptfor analysis machine when launching analysis

Analysis Machine Options

Diefault Machine & Local i Remote " Distributed

Remaote Analysis Options
Mote: Current User must be selected if any remote machines are Unix-based.

Send analysis requestas: @ CurrentUser  ( Specified User

User Narne: |

Fassword |

DomainMvorkgroup: |

[w Queue all simulations

= ]

Cancel
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Overall Setup Process

ANSOFT
A
@n Type

A

1. Parametric Model
Geometry/Materials

3. Mesh
Operations

2. Analysis Setup
Solution Setup
Frequency Sweep

Fields

: Mesh !
Refinement ‘
4. Results !
2B i Converged .

2. Solve Loop

YES
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A\ Overview =
&  Menu Structure
4 Draw - Primitives
4 Modeler - Settings and Boolean Operations
&  Edit - Copy/Paste, Arrange, Duplicate
&  Maxwell 2D - Boundaries, Excitations, Mesh Operations, Analysis Setup, Results
| Modeler Maxwel 200 Tools  Windc Maxwell 20 Tools  ‘Window  Help
I?raw, Modeler Maxwel 2D Tt T, Edit “iew Project Draw  Modeler Salution Tvpe...
* Line Export.:. List...
“\; Spline walidation Check...
frc > Import From Clipboard &E A e
{{] Equation Based Curve aroup Objects By Material B Edit Hotes...
I Rectangle
|2 Rectang | [ Paste Chel4+y
= Ellipse Movemnent Made Design Settings...
 Circle Snap Mode. .. Translate Material Database ...
% Regular Polygon Mew Object Type Copy Image Boundaries ,
Sweep k Coordinate Syskem Excitations 3
zer Defined Primitive r List Parameters L
A plane Edge Mesh Operations L4
o Point Surface Analysis Setup r
. Boolearn Select 3 Opkirnetrics Analysis L4
Line Segrent L = = - .
Lnits, .. Fields
Resulks L4
Measure Arrange k
- Create 30 Design. ..
Duplicate r
Export Equivalent Circuit r
Design Properties. ..
Madel Analysis Design Datasets. ..
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& Modeler - Model Tree
& Select menu item Modeler > Group by Material

=& Objects - & Objects
+ 4% My_RIng «—— | Material --¢&7 Conductorl
+- 4% My_Teflon (3 CreateCylinder
-- 4% pec @ SectionTo
-I-¢5? Conductorl <————|Object +-0h Unite
3 CreateCylinder B CloneTo
@ SectionTo BH CloneTo
+- 4 Unite B CloneTo
& CloneTo > | Object Command History & Female
gH CloneTo +-¢7 FemaleTeflon
B CloneTo ) +-¢7 MaleTeflon
+ -4 vacuum +-¢&? Ring
-I-3 Sheets --3 Sheets
+-O Wave Port +- Wave Port
-1z, Coordinate Systems -I-le. Coordinate Systems
@, Global @, Global
s RelativeCs1 1k RelativeCs1
1l RelativeCs2 1 RelativeCs2
1 RelativeCs3 ! RelativeCs3
+ &% Planes +-4&% Planes
€2 Lists +- @9 Lists
Grouped by Material Object View

Ansoft Maxwell Field Simulator v12 - Training Seminar | P1-49 |



Presentation

Overview 1

& Modeler - Commands Add Variable to HFSSModel1
& Parametric Technology
. . . . Name:  [rmy. x
4 Dynamic Edits - Change Dimensions
s Add Variables Value |2 g*cos(1¥(pi/180)+$global_var_1
& Project Variables (Global) or Design Variables (Local)
. Animate Geomet Define variable walue with units: "1 mm"
. ry (@ LocalVariahle
# Include Units - Default Unit is meters -
& Supports mixed Units
0K | Cancel ‘
|0 x| | O] x|
Name Value | Unit | MNams Walus | Unit |
Command CreateBox Comma... CreateBox
Coordinate System  Global Coordin... | Global
Fosition -1.-16.10 mim Fosition -1.-16.0 FIFT
xoize 2.h gl Xoize Py
“Eize 28 mm “Size 2.4 i
Zoize 1 Frifm Z5ize 1 mim
Command Coammand
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Overview

& Modeler - Primitives

s 2D Draw Objects
s The following 2D Draw objects are available:
s Line, Spline, Arc, Equation Based Curve,

Rectangle, Ellipse, Circle, Regular Polygon,
Equation Based Surface

s 3D Draw Obijects

s Note that 3D objects can be pasted into the 2D
model window, but they are ignored by the solution
s The following 3D Draw objects are available (in
Maxwell 3D):
s Box, Cylinder, Regular Polyhedron

Cone, Sphere, Torus, Helix, Spiral, Bond Wire

& True Surfaces

s 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, select the
Regular Polyhedron or Regular Polygon.

ARV B B~ o R o =

—

_

—~—

Toolbar: 2D Objects

\\——f::>

Presentation
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& Modeler - Boolean Operations/Transformations
s Modeler > Boolean >
4 Unite - combine multiple primitives
# Unite disjoint objects (Separate Bodies to separate)
& Subtract - remove part of a primitive from another
& Intersect- keep only the parts of primitives that overlap
&  Split - break primitives into multiple parts along a plane (XY, YZ, XZ)
& Split Crossing Objects - splits objects along a plane (XY, YZ, XZ) only where they intersect
& Separate Bodies - separates objects which are united but not physically connected into individual
objects 0L 4 [f 2 || <— Toolbar: Boolean

&  Edit > 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.

g o2 4l [«— Toolbar: Arrange

&  Edit > Duplicate >
& Along Line - Create multiple copies of an object along a vector
& 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

i 52 Hijw [¢— Toolbar: Duplicate

& Edit > Scale - Allows non-uniform scaling in the x, y, or z direction

1
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ANSOFT
& Modeler - Selection -
. Select Object
&  Selection Types
s Object (Default) ® forect ] e -
. Face - o, :
s Edge PML a1 10
o Vertex !
&  Selection Modes PMI _sir 14 [v]
& All Objects |
s All Visible Object (] 4 I Cancel |
# By Name

& Highlight Selection Dynamically - By default, moving the mouse pointer over an object will dynamically
highlight the object for selection. To select the object simply click the left mouse button.

& Multiple Object Selection - Hold the CTRL key down to graphically select multiple objects

# Next Behind - To select an object located behind another object, select the front object, press the b key to get
the next behind. Note: The mouse pointer must be located such that the next behind object is under the
mouse pointer.

& To Disable: Select the menu item 7ools > Options > Modeler Options
& From the Display Tab, uncheck Highlight selection dynamically

/ Selected

Dynamically Highlighted —
(Only frame of object)
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& Modeler - Moving Around
&  Modeler > Snap Mode to set the snaps

& Tools > Customize... Snap Mode
Snap Mode to view Snap Mode toolbar

Snap To:

| 8] O * |v Gid
T L v “Wertex

A v EdgeCenter
Toolbar: Snap Mode

L [v Face Center

x|
h [v CQuadrant

Toolbars I EEIITIITIEIFIIjSI
L o [ Arc Center

Toolbars:

20 Modeler Boolean ﬂ e,

20 W odeler Arange

20 M odeler Duplicate Feset | OK | Cancel
20 M odeler Matenal

[_] 20 Modeler Selection Mode Eezet Al |

20 Ih-'iu:u:leler Sr'!ap b u:ulu:iel

20 Modeler Coordinate Spztemn
120 Modeler Healing

20 Modeler Yizibility

20 Modeler Yiew Interaction
[ Rikdxprt Wiew Inkeraction
Inzert Design

[t awwell 2D Optimetrics

M awwell 20 FieldzReporter
] b amwell 30 Optimetrics

[ tawwell 30 FieldzRepoarter
[1BM=prt Optimetricz

L4}
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ANSOFT
& Modeler - Coordinate Systems H i;m:;fl
s Can be Parameterized ! CreateBox
& Working Coordinate System B CreateFaceCs
& Currently selected CS. This can be a local or global CS =-l¢, Coordinate Systems
s Global CS + B FaceCS1
s The default fixed coordinate system . Global
s+ Relative CS -, RelativeCs1
s User defined local coordinate system. +-48 Planes
s Offset +-§9 Lists
# Rotated
& Both %, % P 8 @&— Toolbar: Coordinate System

# Face CS (setting available to automatically switch to face coordinate system in the Modeler Options)

Step 1: Select Face

Cone created with Face CS

Change Box Size and Cone is
automatically positioned with
the top face of the box

Step 3: Set X-Axis New Working CS
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Overview

& 2D Measure
& Modeler > Measure >

A

A

A

Ay

Position - Location, Distance, and Area

Edge- Edge Length
Face - Surface Area

Object- Surface Area, Object Volume

Position Points

Y

|

v

Entity heasure information
Yertex_111 Fosition{vertex_1117 = [100, 100, -13] mil
Yerex_112 Fosition{vertex_112) = [100, 100, 13] mil

Distance = 26 mil
* Distance = 0 mil
Y Digtance = 0 mil
Z Distance = 26 mil

Selecttwo points to getthe distance.

Clear

Clear All Close

Presentation

1
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s Options - General S
& 7'00/5 > Optl'ons > Genera/ Optians > PijeCf Opﬂ'ons ﬂnah.'?..is Optio!ﬂs ] WebLIpd.ate Cptions ] Distributed Analysis Machines ]
. ; . . Project Options ] Miscellaneous Options ] Defautt Units ]
& Temp Directory - Location used during solution process -
. . osave
# Make sure it has at least 512MB free disk.
v Do Autosave
. Autosave interval: 10 edis
& Options - Maxwell o
&  Tools > Options > Maxwell Options > Solver
Directories
# Set Number of Processors = 2 for 1 dual-core processor - —r—TT L
or two single-core processors. Requires additional e TR TEE
||Cense Temp Directory: |F:"-ﬁnsoﬂ"-\tem|:u J
& Default Process Priority - set the simulation priority from
Critical Library Directary: [F:\Anscit\Mascwel 11 [
(highest) to Idle (lowest) —
Reset Library Directory |
Additional Options
Maxwell Options [ Bxpand Project Tree on Insert
When creating a new project:
General Options  Solver " Insert a design of type: |£32 J
{* Dontinsert a design
Number of Processars: |1|
Default Process Prionty: |N0rrna| Priority ﬂ
oK | Cancel
[~ Desired RAM Limit (MB} |
[~ Maximum RAM Limit (ME) |
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Overview

&  Options - Modeler Options

&  Tools > Options > Modeler Options > Drawing for Point and Dialog Entry Modes
#  Can enter in new dimensions using either Point (mouse) or Dialog entry mode
& Alternatively use F3 and F4 to switch between Point and Dialog entry modes

A CreateCylinder

Command | Attribute |

TypIC8| “Dla|Og” M arne Y alue ! Lrit ] Evaluated ¥ alue ]
Carmmand CreateCylinder
entry mOde Coordinate System .Global
Wi nd ow Center Position 0.0.0 it | Oirt , Oin , Qi
Buis lz ' '
Fiadius 1] in | Oin
Height 0 in in

&  Tools > Options > Modeler Options > Display tab to enable playback
&  Must close and re-open Maxwell after making change for this setting, to activate
&  Visualization is seen by clicking on primatives in the history tree (under subtract command, for instance)

=3 sheets
[+ -4 copper
-4 steel_1005
=4 vacuum
=3 Rectanglel
I:I CreateRectangle
- E Coverlines
=0 Subtract
EEE’ Circlel

@ Coverlines

Presentation
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&  Converting Older Maxwell Projects (pre-Maxwell v12) to Maxwell v12
s From Maxwell v 11 and older,

1. Select the menu item File > Open -— _
. Loak in: |_}pcs_dual.pj‘t j &= ek B~
2. Open dialog Samods
1. Files of Type: Ansoft Legacy EM Projects (.cls) R
2. Browse to the existing project and select the .cls file
3. Click the Open button
File name: |pcs_dua|.cls
Files of type: | Ansoft Legacy EM Projects (* cls) ~| Cancel

s What is Converted?
s Converts Entire Model: Geometry, Materials, Boundaries,

Sources and Setup
s Solutions, Optimetrics projects and Macros are not converted
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&  Material Setup - Libraries
s 3-Tier library structure

s System (global) level - predefined from Ansoft and ships with new upgrades, users cannot
modify this

s User Library - to be shared among several users at a company (can be encrypted)
s Personal libraries - to be used only by single user (can be encrypted)

s Add a new material: 7ools > Edit Configured Libraries > Materials

s New Interface for Materials Setting shared with RMxprt

Edit Libraries =
Materials I Material Filters |

— Search Parameters

Search by Name Search Criteria Libraries ¥ Show Project definiions [ Show all libraries
= by Mame " by Property perzaonal] mylibrar
I wzer] uzerlibby jmark
ERaap | | Rietative Permitivity =] [eys] Materials

MHame ‘\ Lacatian Crigin HE'E.'“:#? Helatiw_a. EUIk. . Magnetic
Perrmittivity Permeability Conductiity Lozz Tangent
W ECLILIM Project b aterials
TN —__m
COppEr Project b aterials 1 193391 RB0000005 iemensm
] arm_gteel Froject 1 BH Curve... 1] 1] I:l.-'l'-._
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Click “Add Material ...”. The Material is only available in Project

To add a material in the user or personal library: click on “Export Library” and save it in the desire
library.

In the main project window, click on 7oo/s > Configured Libraries. Locate the library to have the
material available for all the projects.

Click on Save as default to automatically load library for any new project.

x
& System Libraries  |[[X]ETSTEH
™ User Libraries = I
" Personal Libraries il

[T Save as default
Axailable Libraries Configured Libraries
a C:\Program Filez\Anzoft M agwel1 1 ey b aterialz
M aterialz
Rkd=prt
a bzl Circuit Elements Ll |
Ela IzerD efinedPrimitives ce =
a Examnples _l
a Rim=prt
1] |
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&  Materials Setup - Editing

Wigw/Edit b aterials . | Add Material ... Clane Material(z] Remove atenial(z] Ewpart to Librany...
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& Material Setup - BH curve

Y Robust BH curve entry - can delete points if you make a mistake
& Can import data from a file
& To export BH curve for use in future, right-mouse-click on curve and select Export to File...

Ansoft Maxwell Field Simulator v12 - Training Seminar | P1-63 |



Presentation

Overview 1

& Material Setup - Permanent Magnets
#  Direction of magnetization determined by Aftribute
material’s object’s Orientation and Magnetic k
Coercivity Unit Vectors. pm— I o |
MHame Cylinder1
4 To modify the Orientation, open the Attribute for | |Materia wacuum |
the object and change the coordinate system. The \‘ Solve Inside
default Orientation for permanent magnets is g Criertation Bicgal |
Global CS. Madel Global
B Dizplay \wWireframe FaceCsl
. . . . . [ Mok Assigred
s  To modify the Magnetic Coercivity Unit Vectors for | Calor —————

a permanent magnet material, enter the Materials
Library and edit the material.

s  The material coordinate system type can be

described in Cartesian, Cylindrical, Spherical

i aterial M ame aterial Coordinate System Type:

&  The magnetic coercivity has unit vectors [NdFe3s | Cartesian |

corresponding to the chosen coordinate system: for

instance X,Y,Z for cartesian. - Froperties of the Material

Mamme Type Walue | Uitz |
. . . . Relative Permeability | Simple 1.0957 785406
&  To rotate a magnet in a parametric simulation and — — : _
Bulk, Conductivity Simple E2R000 siemenz/m

the magnetization direction, you must first rotate _ =
. . tagnetic Coercivity | Wector
the object and second assign the FaceCS, as N r— o i | 5000 s :
shown below in the history tree |- Moo el ~PELTEE
- ¥ Component Unit Wector |1
. - ' Component Unit Wector |0
E"! NdFe30 - Z Companent it Wector |0
E||:| magnet Compozition Salid

-1 CreateRectangle

----- H Coverlines

1:|+Df Rokate <«— 1. Rotate

-l CreateFaceCS +——— 2. Create FaceCS
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& Material Setup - Anisotropic Material Properties
s g4, Iy, and o, are tensors in the X direction.
S &, WL, and o, are tensors in the Y direction.
S &5, Uy, @nd o3 are tensors in the Z direction.
Note: Nonlinear anisotropic permeability not allowed in Maxwell 2D.
g 0 0 g 0 0 oo 0 0
le]l=|0 & 0 [ul=|0 w, O [o]=|0 o, 0
0 0 e 0 0 4] 0 0 o)
Anisotropic Anisotropic Anisotropic Dielectric Loss | Magnetic Loss
Solver Permitivity Permeability Conductivity Tangent Tangent
Electrostatic yes no no no no
DC Conduction no no yes no no
AC Conduction yes no yes no no
Magnetostatic no yes no no no
Eddy Current no yes no no no
Transient no yes no no no
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Electric Field Boundary Conditions (Electrostatic, DC Conduction, AC Conduction)

1

Boundary Type E-Field Behavior Used to model...
Default Field behaves as follows: Ordinary E-field behavior on
Boundary » Natural boundaries — The normal component of D changes by boundaries. Object interfaces
Conditions the amount of surface charge density. No special conditions are | are initially set to natural
(Natural and imposed. boundaries; outer boundaries
Neumann) s Neumann boundaries — E is tangential to the boundary. Flux 2re |nC||t|a.IIy set to Neumann

cannot cross a Neumann boundary. oundaries.
Symmetry Field behaves as follows: Planes of geometric and
s Even Symmetry (Flux Tangential) — E is tangential to the electrical symmetry.
boundary; its normal components are zero.
& 0Odd Symmetry (Flux Normal) — E is normal to the boundary; its
tangential components are zero.
Balloon Field behaves so that voltage can fringe Ground at infinity
Matching The E-field on the slave boundary is forced to match the magnitude | Planes of symmetry in
(Master and and direction (or the negative of the direction) of the E-field on the periodic structures where E is
Slave) master boundary. oblique to the boundary.
Resistance A resistance boundary models a very thin layer of resistive material | Use this boundary condition
(DC conduction (such as that caused by deposits, coatings or oxidation on a when the resistive layer’s
solver only) metallic surface) on a conductor at a known potential. thickness is much smaller

than the other dimensions of
the model.
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& Magnetic Field Boundary Conditions (Magnetostatic, Eddy Current, Transient)

Boundary Type

H-Field Behavior

Used to model...

Default Boundary
Conditions (Natural
and Neumann)

Field behaves as follows:

# Natural boundaries — H is continuous across the boundary.

& Neumann boundaries — H is tangential to the boundary
and flux cannot cross it.

Ordinary field behavior. Initially,
object interfaces are natural
boundaries; outer boundaries and
excluded objects are Neumann
boundaries.

Magnetic Vector
Potential

Sets the magnetic vector potential on the boundary.

Note: In the Magnetostatic solver, A is RMS while in the Eddy
Current solver, A is peak.

Magnetically isolated structures.

Symmetry Field behaves as follows: Planes of geometric and magnetic
& Odd Symmetry (Flux Tangential) — H is tangential to the symmetry.
boundary; its normal components are zero.
& Even Symmetry (Flux Normal) — H is normal to the
boundary; its tangential components are zero.
Impedance Includes the effect of induced currents beyond the boundary Conductors with very small skin
(Eddy Current only) surface. depths.
Balloon Field behaves so that magnetic flux can fringe No fringing at infinity

Matching (Master
and Slave)

The H-field on the slave boundary is forced to match the
magnitude and direction (or the negative of the direction) of
the H-field on the master boundary.

Planes of symmetry in periodic
structures where H is oblique to the
boundary.
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& Electric Field Sources (Electrostatic, DC Conduction, AC Conduction)

Source Type of Excitation
Floating Used to model conductors at unknown potentials.
Conductor
Voltage The DC voltage on a surface or object.
Charge The total charge on a surface or object (either a conductor or
dielectric).
Charge Density | The charge density in an object.

Notes:
& |n the Electrostatic solver, any conductor without a source condition will be
assumed to be floating.
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& Magnetic Field Sources (Magnetostatic)

Source

Type of Excitation

Current

The total current in a conductor.

Current Density

The current density in a conductor.

Notes:

& In the Magnetostatic solver, current is RMS ampturns.
# Permanent magnets will also act as a source in the Magnetostatic solver.

& Magnetic Field Sources (Eddy Current)

Source

Type of Excitation

Current

The total current in a conductor.

Parallel Current

The total current in a a group of parallel conductors.

Current Density

The current density in a conductor.

Notes:

& |n the Eddy Current solver, current is peak amp-turns.
# Sources can be solid (with eddy effects) or stranded (without eddy effects).
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s Magnetic Field Sources (Transient) g
Assign Band. ..
Assign Boundary ¥
Source Type Of Excitation | F'.ssign Excibation ELII'TE-'I'It. "
- Assign Parameters r Current Density, ..
Current The total current in a conductor. Assign Mesh Cperation » Cail...
Current Density | The current density in a conductor. Fields » End Connection. ..
. .. External Circuit 4
Coil Current or voltage on a winding add Wind
. Inding. ..
representing 1 or more turns Copy Image - b
Setup ¥ Connection, ..
# Permanent magnets will also act as a source in the Set Eddy Effects. ..
Transient solver. Set Core Loss. ..

&  Current and voltage sources (solid or stranded) can be constant or functions of intrinsic
variables: speed (rpm or deg/sec), position (degrees), or time (seconds)

& Dataset function can be used for piecewise linear functions: Pwl_periodic (ds1, Time)

Current Excitation Xl
Mame: Ids1 Swap XY Data | \mpurtDataset..l Erport D ataset.
General I Defaults I r Coording .
W ¥ "y 06 Jur 2008 Ansoft Corporation 11:46:23 T
dataset
OB 0
2 |0.00025 20 200800
3 |o.000s 0
tarne: IIeft 1 —
- +|0.00075 20
s |oomt 0 N
— Parameters Z
7
Walue: |1 20°sin[ 2*pi*60"me) + Pwl_periodic{ds1, Time] — -
Tie |
0 |
D0E+00
_ pdeRopbove ||| AddRow Bl |
Type: * Salid " Shranded
Append Rows | Delete Rows: I
- . e . D0E-00
Ref. Direction: {* Positive { Megative
el
A
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Magnetic Field Sources (Transient)
. . General |Defaults|
& Maxwell 2D > Excitation > Current
& Value: applies current in amps Mame. X
Y Type: — Parameters
s Solid Wale: |12EI“Sin[2“pi"ED“time]+F' | =]
& for windings having a single
conductor/turn ; oo Sraded
. =3 * Saol trande
s eddy effects are considered *
& Stranded Fef. Direction: {* Posiive { Negative

# for windings having many
conductors/turns

# eddy effects are not considered

# Ref Direction:
& Positive or Negative

E|=i| M arwellZDDezign [Transient,
£ Model

ﬁ’ Boundaries

E& Excitations
: @ left_1

Presentation
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Magnetic Field Sources (Transient) %H_
s Maxwell 2D > Excitation > Add Winding Nome | foindin
&  Current - applies current in amps ~ Parametsrs
& Solid or Stranded Type: A " Solid 5 Shranded
s Input current and number of parallel branches as intiel Curert - ERER I
seen from terminal Resistance: |0 [hm ]
& Voltage - applies voltage (total voltage drop over the Inductance: [0 [rH =]
length of a solid conductor or the entire winding) Volage: [0 m =
+  Solid or Stranded Number of paralll branches:  [1

& Input initial current, winding resistance, extra
series inductance not considered in FEA model,
voltage, and number of parallel branches as seen
from terminal

& External - couples to Maxwell Circuit Editor
& Solid or Stranded

& |nput initial current and number of parallel
branches

& Maxwell 2D > Excitation > Assign > Coil
Pick a conductor on the screen and then specify:
& Name
4 Number of Conductors

&  Polarity: positive, negative, or functional winding
direction

Note: Windings in the XY solver will usually have 2 coils: one
positive and one negative polarity. Both coils will be
added to the appropriate winding by right-mouse clicking
on Coil in the project tree and choosing Add to Winding

Coil Excitation

General | Defaults I

Marne: ICDiI

— Parameters

Presentation

1

x|

MHumnber of Conductars: I'I ]
Palarity: ' Positive

" Negative

" Function: I

Iﬂ b ammell2DDegsign? [Trangsient, about £]°
&P Model

#-EF Boundaries

EJ@ E xcitations

,@ w Rename

Il Windingt | 2% Delete
Propetties, ..
Reassign

Select Assignment

o Add ko Winding. ..

Ansoft Maxwell Field Simulator v12 - Training Seminar

[ P172 |



Presentation

Overview 1

& To Create an External Circuit

1. Select: Maxwell2D > Excitations > External Circuit > Edit External Circuit > Import Circuit

2. After circuit editor opens, add elements to construct the circuit. Note that the name of the
Winding in the circuit (Winding1) must match the name of the Winding in Maxwell (Winding1)

3. Save circuit as *.amcp file and then Maxwell Circuit > Export Netlist > *.sph file.

o b awwmel Circuit Elements E|Ii| b amwell20 Design] _no eddy effects [Tranzient, abaout £)
ElﬂJ Dedicated Elements @' b oded
- L BarC: Commutator Bar - P Boundaries

Drata far Commutator Bar

| & Winding: Winding

Note:
M ] e The dot on the winding
| v symbol is used as the
Switcht Switd positive reference for
the current (positive
current is oriented
from the "dotted"
terminal towards to
"un-dotted" terminal
of the winding as it
> passes through the

L winding).

W swi S sw2

=V
¢
g
a3

LabellD
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. . Set Eddy Effect x|
& Maxwell 2D > Excitation > Set Eddy Effects
s Need to enable the calculation of eddy effects in objects B R8RS (DRI e o ol e S
Object | Eddy Effect |
. . i~ —
& Maxwell 2D > Excitation > Set Core Loss = =
&  For objects with zero conductivity (such as a laminated core), —
you can calculate the core loss . d|
.. . . z& suggested values |
#  Note that the core loss coefficients must be defined in the
material setup x|
— " General |
A\ View / Edit Material x|
t aterial Mame  aterial Coordinate System Type: Use checkbowes ta turn andoff core loss sefttings. Please note the
steel 1008 ICartEsian hd setting will only take effect if the object has a coresponding core loss
definition in the material library.
r— Properties of the katerial —Wiew/E dit kM aterial for
Harme Twpe | Yalue | units || & fotive Design Object | Core Loss Setting | Defined in Material |
L Relative Permeability Monlinear BH Curve... | 0 Thie Deros Care |7 |7
Cuk Cordctily_ Srgle | 200000 s o | |
Magnetic Coercivity | Vectar | | Region I— I—
- Magnitude Vector Mag 0 A_per_meter /’— MI _
Care Lozs Type Electrical Steel wdm 3 e - Coordinate: P Fr— e
- Kh Simple | 201.758273027644 BTesh) | P |-l =
- Ke Simple | 0.72642265602766 ' e o ——
- Ke Simple O L | A 0328
Ko Smpls 0 | 361
Mass Density Simple | 7872 kg3 L 123 i
Composition Solid _5 7 355
5] £.95
1|12 101
[IE Loss at OneF = HE 1.8 T
are Lozs 4 NE Frequency.. _9 14 141 | i o oot ol e T e 158 T
Reset | QK I Cancel | i 15 166 _I
1" -
AddRowabove | Add Row Below | Core Loss Urit: [wrls |
it |?8?2 kg/m3 i3
Append Flows... | Delete Rows | Mass Densly: am o wiib
Frequenzy:  [300 [he =] Kn[om.7se [oo1e3s
Thehress ID.D1 a5 m Ke: ID.?28423 |4.1894Be-005
oK | Cancel | Conductivity,  |2=6 S/m Ke: ID ID
A
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Core Loss Calculation Method

& The core loss for electrical steel is based on:

p=K,B. f+K (B f) +K,(B,f)"

where:

& Kh is the hysteresis coefficient.

& Kc is the classical eddy coefficient.

& Ke is the excess or anomalous eddy current coefficient due to magnetic domains.
& Bmax the maximum amplitude of the flux density.

& fis the frequency.

&  The power ferrite core loss is based on:

p=C, [ B;..

where:
& Cm is constant value determined by experiment.
& fx is the frequency.

Bymax is the maximum amplitude of the flux density
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& Maxwell 2D > Design Settings

ns

ns

ns

A

A

A

Y

The Design Settings window allows you to specify how the simulator will deal with some
aspects of the design. Tabs vary by solver used (the panel below is for the transient
solver)

Set the Symmetry Multiplier (For Transient XY Solutions only).

Design Settings El

Prezeme Tranzient Salution I Advanced Product Coupling | B ackground |
b aterial Threshaolds Syrarnetry kultiplier

Symmetry Multiplier: |1|

] I Cancel |

Set the Material Threshold for treating materials as conductors vs. insulators.
Set Preserve Transient Solution options (For Transient Solutions Only).

Set transient coupling with Simplorer on the Advanced Product Coupling tab (For
Transient Solutions Only)

Set the Model Depth (Maxwell2D XY Transient Designs Only).
Set the default Background material (Maxwell2D Designs Only).

Presentation

1
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& Maxwell 2D > Parameters
s Allows the automatic calculation of parameters following the field solution
s Includes: Force, Torque, Flux linkage, Core loss, and Matrix

|Maxwel| el Tools ‘Window Help

! Solution Tvpe. .. i E\ AP T {[]

| List...
@Ff validation Check... g g E E

0] Analyze al @ @ q
& Edit Notes. ..

De=ign Setkings. ..

Translake Material Database ...

Boundaries L

Excitations L

Parameters Assign Farce...

Mesh Operations Lisk. .. Matkrizx, ..

Analysis Setup
Cptimetrics Analysis
Fields

v v v w

Yisualization. ..
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& Maxwell 2D > Model > Motion Setup > Assign Band

| Maodel | Makion Sekup | Assign Band. .,
Boundaries L Set Symmetry Mulkiplier, ..
Excitations L4 Set Model Depth. .. Misualization. ..

1. Defines the direction and type of motion (translation or rotation)
2. Defines the mechanical parameters such as mass, damping, and load force
3. Defines limits of motion

Type I Data  Mechanical | Post Processingl

Type |Data I Mechanicall Pozt F'mcessingl
v Consider Mechanical Transient
Mokion Type: {* Translation
Initial Welocity: IEI I m_per_sec j
ass: IIJ Ikg j
Maving Wector: Global:Z j Danmping: IU N-seci/m
{* Positive " Megative Load Force: ID Inewton j

K I Carcel | 0k, I Cancel |
i

Type Data |Mechanica|| F'nstF'locessingI

Initial Pasitiors |11 frm =]
Translate Limit
Negative: [0 frm =]
Posiive: |01 frm =]

ak. I Canicel
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ANSOFT

& Magnetostatic and Electric Solution Setup
&  Start the menu of solution setup by: Maxwell > Analysis Setup > Add Solution Setup ...

&  For Magnetostatic solver on Solver tab, suggest setting nonlinear residual = 0.001. On default tab choose Save
Defaults to set this value for all future projects.

Solve Setup g|

General Convergence ‘Snlver] Defaults]

standard
Refinement Fer Pass: E %
tinimum Mumber of Fasses: |2
tinimum Converged Fasses: |1
Optianal
[
| [
| [

Use Defaults

Ok, | Cancel |
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ANSOFT

s Eddy Current Solution Setup

Solve Setup @

Generall Convergence  Solver I Frequency Sweepl Defaultsi

Linear Residual: |iﬁ

Adaptive Frequency: iED in _v_j

|Jze Defaults |
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ANSOFT

&  Transient Solution Setup

X

Solve Setup

General ] Save Fields] Advanced] Sulver] Okt ‘Jariablesi Defaults]

M arne:

Tranzient Setup —

Stop time: 1EI.EI'I 13 _v_j

Time step: 1EI.EIEI2 13 _'_1

IJze Default

] 4 | Cancel
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& Mesh Operations
& To assign Mesh operations to Objects, select the Menu item: Maxwell 2D > Assign Mesh Operations
1. On Selection is applied on the surface of the object
2. Inside Selection is applied through the volume of the object
3. Surface approximation is applied to set faceting guidelines for true surface objects

Mesh Operations Assign on Selection k

analvsis Setup Inside Selection k

Qptimetrics Analvsis
Eiclds
Resylks

Surface Approximation. .

v v v v

Create 30 Design...
Export Equivalent Circuik k

Design Properties...

Design Dakasets, ..

Presentation

1
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ANSOFT
. « . ” on Selection Length Based. ..
1 . Meslh OperathnS lon SeleCUOn ] Inside Seleckion ¥ Skin Depth Based. .. |
applied on the perimeter of the object Surface Approximation..,

&  Element length based refinement: Length Based
& Skin Depth based refinement: Skin Depth Based

v \l/\[/'\l/\l/ \l/\V‘\J/\[/’\l/\V Y A I

i %\&\Wﬁ?
avavavavaT

AR <><>(> K <><>

"\.'/]\M /J\/[ \.M\/I\/l \/J\/T RV Wi kW

On selection — skin
depth based (2 layers)

On selection — length based
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2. Mesh Operations “Inside selection” - applied throughout the volume of the object
&  Element length based refinement: Length Based

2n Selection L l
Inside Seleckion Length Based. .. I

Surface Approximation. ..

Inside selection — length based
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3. Mesh Operations “Surface Approximation”
. on Selection Length Based. ..
&  For true surfaces, perform faceting control on a : : _
. Inside Selection L Skin Depth Based. ..
face-by-face basis
. . Surface Approximation. ..
&  Select Mesh operation > Assign > Surface s
approximation and specify one or more settings:
+ Maximum surface deviation (length) .
Surface Approximation g|
/ D = Maximum Surface Narme:
Deviation
/ Maximum Surface Deviation
(@ Ignare
(" Setmaximum surface dewviation (length):
+  Maximum Surface Normal Deviation | =]
® = Maximum SuI’fE.lCC. Maxirmum Surface Mormal Dewviation
Normal Deviation
(o Use defaults
D= 7"(1 — COS(@ / 2)) ¢ Setmaximum normal deviation (angle):
| =l
+ Maximum Aspect Ratio Mexirmurn Aspect Refio
(o Use defaults
( Setaspect ratio;
AspectRatio =
) ! 2%ri
<7
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& Manual mesh creation
& To create the initial mesh: Click Maxwell > Analysis Setup > Apply Mesh Operations
& To refine the mesh without solving
1. Define mesh operations as previously discussed
2. Click Maxwell > Analysis Setup > Apply Mesh Operations
3. Click Maxwell > Analysis Setup > Revert to Initial Mesh to restart to the initial mesh

30 Madel Editor
Set Material Threshalds ...

Translate Material Database ...

Boundaries
Excitations

Parameters

Mesh Operations i
I 2dd Solution Setup. ..

Analysis Setup

Ll ™ B A .

opkimetrics Analysis
= i Revert b Initial [Mesh

-

Results &pply Mesh Operations

#  To view mesh information: Click Maxwell > Results > Solution Data and click on the tab Mesh Statistics
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Mesh Display

A

Select an object

1.

Select the menu item Maxwell 2D > Fields > Plot Mesh

2.

LA L.

oyl

AT e
= i ETAWLR

R S
T e ...4.-._.-._..-..-.“.:”“ e T
AR AL

k]

T A Tl a8 T)
T TN AT AT )
w.‘.‘..—.“.'.*.‘.F‘hﬂhﬂhqrdhﬂ‘l..ﬂ.ﬂkdhﬂh“hq.mE

Rt ity

i,
i

Create Mesh Plot

|Mesh1

M arne:;

b awelll esign

Deszign Mame:

El

|Setup1 . Laztddaptive

Solution;

Field Type:

Cancel

Dane
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& 2D transient meshing for rotational models
s  “Moving Surface” method used

stationary part

master moving surface

slave moving surface

moving part(s)
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& 2D transient meshing for translational models

s  “Moving Band” method used

& Adaptive meshing not used, so user must manually create the mesh or link to a solved MS or Eddy
design

#  The band area is re-meshed at each time step
& The stationary region and moving part(s) are not re-meshed
& If you link the mesh to a solved MS or Eddy design:
& The entire mesh from the linked design is transferred to the transient design.
& The mesh in objects inside and outside of the band never changes as motion occurs.

& If the starting transient position is the same as the linked MS or Eddy design, then the linked
mesh in the band object is reused.

& |f the starting transient position is the different than the linked MS or Eddy design, then the
linked mesh in the band object is completely deleted. The band is then re-meshed based only
on mesh operations in the transient solver. Any mesh or mesh operation on the band in the
linked MS or Eddy Design is ignored. The key point is that mesh operations are always required
on the band object (use inside selection) for Maxwell 2D transient designs.

& For subsequent positions as the object(s) move in the band, the mesh operations on the band in
the transient design are re-applied at every timestep and a new mesh is created.

Stationary
region

band
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Post Processing

& Two Methods of Post Processing Solutions:
s Viewing Plots
s Manipulating Field Quantities in Calculator

s Five Types of Plots:
1. Contour plots (scalars): equipotential lines, ...
Shade plots (scalars): Bmag, Hmag, Jmag, ...
Arrow plots (vectors): B vector, H vector, ...
Line plots (scalars): magnitude vs. distance along a predefined line
Animation Plots

a & N
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&  Contour plot
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&  Shade plot (tone)
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& Shade plot (fringe with outline)
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& Arrow plot
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&  Line plot

17 Mar 2006 Ansoft Corporation 16:29:56 ¥ ——
Current Quick Report 1 Current
3530_3 rebuilt Setup1 : rb1
0.00
| Y1 ———
Current
1 Setup1 : rb2
0.00 /\\ / =\\ / =\Q\ / =\\ / Y1 ——
Current
1 Setup1 - rb3
_ Y1 k|
= Current
- 0.00 Setup1 - rt1
- i
] Vi —
Current
1 Setup1 . rt2
) L/ \\% \\4/ \4/ \\
0.00
0.00 0.50 1.00 1.50 2.0
Time [ms]

Ansoft Maxwell Field Simulator v12 - Training Seminar | P1-95 |



Presentation

A MAXWELL® Overview |

ANSOFT

& Multiple windows and multiple plots
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	Setup the Motion
	The plunger is the moving object and is surrounded by the band. (Note: moving objects are never allowed to touch the band. The minimum air gap is 0.002 inches when the solenoid is "fully" closed.) Positive motion is defined as upwards or in the positi...
	Select the band object by clicking on it on the screen or in the history tree.
	Choose: Maxwell 2D > Model > Motion Setup > Assign Band
	On the Type tab, the Motion Type will always be Translation for RZ models.
	On the Type tab, the Moving Vector will Global:Z.
	Set Positive as the direction of the moving vector.
	On the Data tab:
	Initial Position: -0.1 in
	Translate Limit Negative: -0.1 in
	Translate Limit Positive: 0 in
	On the Mechanical tab:
	Consider Mechanical Transient:  ( Check
	Velocity: 0 m_per_sec
	Mass: 0.004 kg
	Damping: 1e-005 N-sec/m
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	Click on Maxwell > Analysis Setup > Add Solution Setup
	General Tab
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	Save Fields Tab
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