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1 Overview
11 Introduction

This manual explains the steps of electromagnetic field analysis using
ADVENTURE_Magnetic_on_Windows.

1.2 About ADVENTURE_Magnetic_on_Windows

ADVENTURE_Magnetic_on_Windows ("AdvMagOnWin") is a software for performing electromagnetic
field analysis on Windows using ADVENTURE_Magnetic developed in the ADVENTURE project.
AdvMagOnWin provides functions to import CAD files, generate mesh, set material properties, set boundary
conditions, decompose domain, set analysis conditions, execute solvers, and create visualization files using
GUI based on the user interface agent software "ADVENTURE_iAgent".

Among the analysis functions supported by ADVENTURE_Magnetic Ver. 1.7.0, AdvMagOnWin provides
non-linear magnetostatic field analysis and time-harmonic eddy current analysis.

1.3 Structure of this Manual
This manual has the following structure.

Chapter 1 Overview
In this chapter, the overview of AdvMagOnWin is explained.

Chapter 2 Non-linear Magnetostatic Analysis
In this chapter, the steps of non-linear magnetostatic analysis of AdvMagOnWin is explained by
using the attached sample data.

Chapter 3 Time-harmonic Eddy Current Analysis
The procedure of the time-harmonic eddy current analysis by AdvMagOnWin is explained using the
attached sample data.

Chapter 4 Useful functions
In this chapter, utilities provided by AdvMagOnWin. are described.

1.4 Multithreading of Solver

AdvMagOnWin is equipped with OpenMP multi-thread solver.

At startup, AdvMagOnWin automatically sets the number of logical processors recognized by Windows
as the number of threads used by the solver. The number of logical processors can be checked on the
"Performance” tab of "Task Manager"” (Fig. 1.4-1).

If you want to specify an arbitrary number of threads, edit advmagonwin.bat as follows and start
AdvMagOnWin.

Before change:
set OMP_NUM_THREADS =% NUMBER_OF PROCESSORS%

After change (example when the number of threads is 4):
set OMP_NUM_THREADS = 4
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Fig. 1.4-1 Task Manager
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2 Non-linear Magnetostatic Analysis
In this section, we describe the steps of non-linear magnetostatic analysis using sample data attached to
AdvMagOnWin.

2.1 Model

The model used in this chapter is a suction magnet that has a space where iron cores with different top and
bottom shapes face each other. Fig. 2.1-1 shows the cross section of this model. The unit used in Fig. 2.1-1 is
[mm]. The analysis area is the area obtained by rotating Fig. 2.1-1 around the z axis by 10 degrees. Suppose
that the forced current density of the coil part flows in the direction perpendicular to the cross section in Fig.
2.1-1 at 3x107[A/m?]. Magnetic reluctivity of air and coil v is 1/(4m)x107[m/H]. The material of annular
magnet is SS41P, and in this area it shall have non-linearity as shown in Fig. 2.1-2. A list of property values
is shown in Table 2.1-1. The boundary condition imposes A x n = 0 (where A is the magnetic vector
potential [Wb / m], n is the unit normal vector of the boundary surface) on all surfaces.

110

40 50
2 - -
annular magnet#}
=)
a | il
oL | .
> 020000 40000 60000 80000 100000
' IH| [A/m]
Fig. 2.1-1 Cross-sectional View of Fig. 2.1-2 B-H Curve
Axisymmetric Model
Table 2.1-1 List of Material Properties
Material Magnetic Reluctivity B-H Characteristic
Coil 795774.7 -
Magnetic Material 757.1 -
air 795774.7 Apply Fig. 2.1-2°s
characteristic curve
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2.2 Divide Coil Domain

Since most of the models used in magnetic field analysis consist of multiple materials, AdvMagOnWin
uses ADVENTURE_TriPatch's surface patch merging program mrpach to combine multiple surface patches
internally. However, if the shape of the bonded surface between the materials is mismatched, the join may
fail. In such a case, it may be successful to divide the material into two and then create an IGES file to match
the shape of the join plane.

In the model used this time, the merging surfaces of the materials do not match in the right part of the coil (x
=85 mm in Fig. 2.2-1). Therefore, you will divide the coil as shown in Fig. 2.2-1, and make the merging
surfaces coincide.

110
40 50

£53 SERIRREREIE '8 B BRIk
)

annular magnetZ
b

4 40

] 10| 129

35

Y

Fig. 2.2-1 Decomposition of Coil Domain
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2.3 Starting the Program
Double click "advmagonwin_en.bat" in AdvMagOnWin installation folder and start AdvMagOnWin. When
you start up, a window shown in Fig. 2.3-1 will appear.

= ADVENTURE_Magnetic_on_Windows .
Click"Start" hutton to start
ADYEMTURE_Magnetic_on_Windo
s

Start

Fig. 2.3-1 Start Window

Note that if you run advmagonwin_en.bat on Windows 8 / 8.1 / 10, it may show the screen shown in Fig.
2.3-2. This is a screen to check if there is any danger to the application you tried to start up, and it will be
shown when you run for the first time. Clicking the "More info" in Fig. 2.3-2 will change to the screen
shown in Fig. 2.3-3. You can activate AdvMagOnWin by clicking "Run anyway" in Fig. 2.3-3.

Windows protected your PC

Windows Defender SmartScreen prevented an unrecognized app from
starting. Running this app might put your PC at risk.
More info

Fig. 2.3-2 The Screen Shown When Executing the Batch File
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Windows protected your PC

Windows Defender Si een prevented an unrecognized app from
starting. Running this ght put your PC at risk.

App: advmagonwin.bat
Publisher: Unknown publisher

Fig. 2.3-3 The Screen Shown after Clicking ""More info"

Click the "Start" button to show windows in Fig. 2.3-4.

-

file Mesh Analysis Help

| Show Analysis Detaits

A) Menu Window
B) Message Window

W st
B ReasicESte
Setnoge densiy
Make surtace patch
Make mesn
ateria Property Setings

Set boundary conditon

Make Adventurs input e

C) Operation Flow Window

Fig. 2.3-4 Initial Windows of AdvMagOnWin

A) Menu Window
This is a window to call all operations related to analysis. At the bottom of the window, the current
analysis type is shown.
B) Message Window
Advice from the agent (concrete operation method and information on the current operation) is shown.
C) Operation Flow Window
Current operation plan is shown. If you click the button next to each item, a summary of the operation
with that item will be shown in the message window.

8
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2.4 Creating Analysis Case
In order to perform a new analysis, you will create an "analysis case”. To create analysis case, select
"File™ -> "Create New Analysis Case" in the menu window.

First of all, you are asked "Save current Analysis?" (Fig. 2.4-1). If you are currently opening the analysis
case, select "Yes", but here you select "No" because you just started the program.

Save current Analysis? *
? Save current Analysis?
Yes No Cancel

Fig. 2.4-1 Confirmation of Saving Analysis Case

Next, the window in Fig. 2.4-2 appears. Please click "Next".

=¥ Start Analysis Planning — O >

. Start

|:| About Analysis Type

In following windows, you enter analysis type, usage of cluster and
element type. Then | will make analysis plan for you.

Start by clicking "Mext” button.
|:| About Analysis Subtype

|:| About Element Type

End

‘ Cancel H < Back ” Next >

Fig. 2.4-2 Creating Analysis Case
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Next, the window in Fig. 2.4-3 appears. After confirming that "Electromagnetic Field Analysis" is
selected as the type of analysis case click "Next".

Y Analysis Type — O it

|E| Start

. About Analysis Type

Select Analysis Type.

(@ Electromagnetic Field Analysis

|:| About Analysis Subtype

|:| About Element Type

End

Cancel < Back Next =

Fig. 2.4-3 Analysis Type

Next, the window in Fig. 2.4-4 appears. After confirming that "Non-linear Magnetostatic" is selected as a
more detailed genre of the analysis case, please click "Next".

=Y Analysis Type(Subtype) - Electromagnetic Field Analysis — | *

|§| Start

|:| About Analysis Type

Select Ahalvsis Subtype for:
Electromagnetic Field Analysis

(@ Mon-linear Magnetostatic

. About Analysis Subtype
7 Time-harmonic Eddy Current

|:| About Element Type

End

| Cancel ” < Back ” Hext =

Fig. 2.4-4 Analysis Type (Subtype)

10
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Next, the window in Fig. 2.4-5 appears. Select "IGES" as the geometry model, "Linear Tetrahedron (Edge
Element)" as the analysis model, and click "Next".

=1 Element Type - O x
5] Start
Select Model Type.
|:| About Analysis Type
I:' About Analysis Subtype Geometry model Analysis model
i IGES ® Linear Tetrahedron (Edge Element)
. About Element Type ) {Mesh) ) Read mesh file
i) Patch ) Tetrahedrc
2l ) ADV_Cad
‘ Cancel ” < Back ” Next >

Fig. 2.4-5 Element Type

An analysis case is created by these operations, and a list of necessary operations is shown in the operation

flow. The subsequent operations are performed according to the operation flow and the message window.
Next, we will generate a mesh.

11
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25 [Preprocess 1] Mesh Generation
2.5.1  Selection of CAD Models

First, specify CAD model files as the analysis shape. If you select "Mesh™ -> "Select IGES Files" in the
menu window, a window like the one in Fig. 2.5-1 appears.

% |GES List — | x
Set IGES files.

add

!

remaove

up

down

]

| OK H Cancel |
Fig. 2.5-1 IGES List Window

When clicking the "add" button in Fig. 2.5-1, the file reading dialog (Fig. 2.5-2) is shown. Select
"coil01.igs" in the "<AdvMagOnWin installation folder>\ sample_data \ shaft" folder and click "Open".

&% Open X

O—
O—

o
=1

Look In: | shaft v | |@||TT

[T test_shaft12.files
|j| air.igs

[ coilo1.igs

[ coiloz.igs

|j| mag.igs

File Name; |cni|[l1.igs

Files of Type: |[IGES file(*.igs)

Open Cancel

Fig. 2.5-2 File Selection Dialog

12



If coil01.igs file is selected, it is added to the IGES list (Fig. 2.5-3).

ADVENTURE SYSTEM

‘&% |GES List — O X
SetIGES files.
agOnWin-0.2blsample_data\shaft\coil01.igs add

remaove
up
down
4] I I
OK Cancel

Fig. 2.5-3 IGES List after Selecting coil01.igs

Please add "“coil02.igs", "mag.igs", "air.igs" in the similar process. The unit used in these files is [m]. If you

add it all, it will look like Fig. 2.5-4. Click "OK" to load the IGES files.

‘@R |GES List — O X
SetIGES files.
agOnWin-0.2blsample_data\shaft\coil01.igs add
agOnWin-0.2blsample_data\shaft\coil02.igs
agOnWin-0.2blsample_data\shaftimag.igs remove
agOnWin-0.2blsample_data\shaft\air.igs

up
down

1] Il [»

OK Cancel

Fig. 2.5-4 IGES List after Selecting All Files
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2.5.2  Settings for Node Density
Next, specify the node density. Select "Mesh" -> "Set Node Density" (Fig. 2.5-5).

‘@R Settings for Node Density — O X

Setnode density.
Base distance

| 1.0|

Type |Range |In1ensit‘y of Density read file

on Point
on Line

on Cylinder

| i

remaoye

| DK H Cancel |

Fig. 2.5-5 Node Density Setting Dialog

There are three types of node density designation: point designation, line segment designation, and cylinder
designation. It is also possible to read an ADVENTURE standard node density setting file. The unit used in a
file is [m].

In this example, load the node density setting file from sample data. Please click "read file". When the file
reading dialog (Fig. 2.5-6) appears, select "shaft.ptn” in the "<AdvMagOnWin installation folder>
\sample_data\shaft" folder and click "Open".

@® Open X

Look In: [ shaft - E

[ test_shaft12.files
[} shaft.ptn

File Name: |shaﬂ.ptn |

Files of Type: |ptn File(*.ptn) |v|

Open Cancel

Fig. 2.5-6 Selection of Node Density Setting File
14
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As a result of loading the contents of the file, the basic node distance is changed to 0.01 [m], and a local
node density setting of the cylinder type is added (Fig. 2.5-7). Click "OK" to complete the setting.

O
X

@® Settings for Node Density -

Set node density.
Base distance

Type Range Intensity of Density read file
Cylinder 0.11,0.1,0.07,0.0... |3.0

on Point
on Line

on Cylinder

i

remove

0K Cancel

Fig. 2.5-7 Settings for Node Density Dialog (After File Selection)

25.3 Create Surface Patch
Next, make a surface patch from the CAD shape. When you select "Mesh" -> "Make Patch", the patch
creation window (Fig. 2.5-8) appears. Click "OK" to make patch

=% Make patch x

Start make surface patches and
merge.

0K Cancel

Fig. 2.5-8 Make Patch Dialog

2.5.4  Mesh Generation

Next, we will generate a mesh. If you select "Mesh" -> "Make Mesh", the mesh generation window (Fig.
2.5-9) appears. If you keep checking "correct surface patch" in the window, the surface patch is
automatically corrected before generating mesh. Click "OK" to start mesh generation.

15



" Mesh Generation e

Start mesh generation.

correct surface patch

DK Cancel

Fig. 2.5-9 Mesh Generation Dialog

16
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When the mesh generation is completed, the total number of elements and nodes is shown (Fig. 2.5-10).

After confirming the number of elements and nodes, please click "OK".

Mesh Information

l.f.
'\D Total # of elements is 13306 and total # of nodes is 20405.

0K

X

Fig. 2.5-10 Total Number of Elements and Nodes in Generated Mesh File

Next, we set the property value and set the boundary conditions.

17



2.6 [Preprocess 2] Setting Analysis Conditions

2.6.1  Setting Material Property Values
Set material property values from "Analysis"

Analysis” (Fig. 2.6-1).

ADVENTURE SYSTEM

-> "Set Material Property” -> "Electromagnetic Field

=} Property Data Settings

Set material property data. When clicking a cell, a dialog is displayed to setthe physical propery value of the carresponding
alurme.

X

Froperty [D Magnetic Reluctivity

Material Property Type

Applied Yolume

0

TA5TTAT

Others 0-3

Angular Frequency
Angular frequency [radrs] of alternating current in coil

Add Material Properties

Remove Material Properties

OK Cancel

Fig. 2.6-1 Property Data Settings Dialog (Initial)

In the initial screen, material property is automatically set for Property ID = 0, Magnetic Reluctivity =
795774.7, Material Property Type = Other, Applied Volume = 0-3. Edit material properties as shown in

Table 2.6-1.
Table 2.6-1 Material Property Settings and Volume Correspondence
Property ID | Magnetic Reluctivity Material Property Type Applied Volumes
0 795774.7 Coil 0-1 (coil0l.igs, coil02.igs)
1 757.1 Magnetic Material 2 (mag.igs)
2 795774.7 Others 3 (air.igs)

18
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First, change the Property ID 0 to the material property value of the coil.
When you click the line of the Property ID 0, material property change dialog (Fig. 2.6-2) is shown.

=¥ Material Property Change X
Material Property Ty...  Material Property VValue Settings
o Coil Magnetic Reluctivity | TUSTTAT
o ic Material
Coil
) Permanent Magnet
RF
@ Others
Magnetic Material
Permanent Magnet
RF
Conductor
‘olume to he Applied|0-3 |
Configurable Volume:0-3
[* Applicable volurnes can be ified in both range ification and enurmeration. Combined use is also possible (eo: 1,
2-4)
OK Cancel

Fig. 2.6-2 Material Property Change Dialog (Initial)

Follow the steps below to make changes.

1) "Material Property Type"
Change "Material Property Type" on the left side from "Others" to "Coil".
The "coil" setting field becomes effective.

2) "Coil" -> "Definition Type"
Change from "RF" to "MD",

3) "Coil" -> "Definition File"
Select "coil.dat™ in "<AdvMagOnWin installation folder>¥> \sample_data¥\shaft" folder as
"Definition File".

4)  "Volume to be Applied"
Change "Volume to be Applied" on the lower side to 0 - 1.

19
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When setting changes are completed, please click "OK". The material property list is shown again (Fig.

2.6-3)

X

2% Property Data Settings
Set material property data. When clicking a cell, a dialog is displayed to set the physical property value of the corresponding

alume.
Froperty IO | hagnetic Reluctivity hiaterial Property Type ‘ Applied Yolume
i |7aa7raz 0-1

|Cail

Add Material Properties Remove Material Properties

Angular Frequency
Angular frequency [radis] of alternating current in coil

OK Cancel

Fig. 2.6-3 Material Property List (After Coil Settings)

Next, set the material property value of magnetic material.
When you click "Add Material Properties”, the material property setting dialog will be shown.

Please select "Magnetic Material" as "Material Property Type". Next, input "757.1" to "Magnetic
Reluctivity" and select "bh_curve" in "<AdvMagOnWin installation folder>¥>\ sample_data¥\shaft" as

"Definition File" of "Magnetic Material".

Finally, enter 2" as "Volume to be Applied".
When all settings are completed, it becomes as shown in Fig. 2.6-4. Click "OK" to return to the material

property list.

20
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=7 Addition of Material Properties X

Material Property Ty...  Material Property Value Settings
2 Coil ic Reluctivity IA
® ic Material

Coil
) Permanent Magnet

) Others

Magnetic Material
Definition File L\hnme\m\ynsh\\wnrkspace\AdeagOnWln\sample_data\shaﬁ\hh_cuNEH

Import the file after completing material property settings.

Permanent Magnet

Conductor

‘olume to be Applied 2 \

Configurable Yolume:2-3

[* Applicable volumes can be specified in both range specification and enumeration. Combined use is also possible {(eg: 1,

2-4)
0K Cancel
Fig. 2.6-4 Addition of Material Properties Dialog (After Setting of Magnetic Material)

Finally, you will do the settings of the air. As in the case of the magnetic material, click on "Add
Properties" and open the material property setting dialog.
Please select "Others" as "Material Property Type". Please enter "795774.7" as "Magnetic Reluctivity" and
"3" as "Volume to be Applied".
After all settings are made, it will be as shown in Fig. 2.6-5. Click "OK" to return to the property data
settings dialog (Fig. 2.6-6).
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= Addition of Material Properties x
Material Property Ty... - Material Property Value Settings
) Coil Magnetic Relucthity | 7E5774.7|
o ic Material
Coil
_ Permanent Magnet
Definition Type RF | ‘
3 Conductor
@) Others Definition File IZI
Magnetic Material
Definition File IZI
Permanent Magnet
Definition Type RF -]
Definition File 1 IZI
Definition File 2 IZI
Conductor
Conductivity
'olume to be Applied|3 \
Configurable Volume:3
[* Applicable volumes can be in hoth range ion and enumeration. Combined use is also possible feg: 1,
2-43
OK Cancel

Fig. 2.6-5 Addition of Material Properties Dialog (After Setting of Air Area)

@ Property Data Settings b
Set material property data. Wwhen clicking a cell, a dialog is displayed to set the physical property value ofthe corresponding
olume.

Property ID Magnetic Reluctivity Material Property Type Applied Yolume

1] THETT47 Cail 0-1

1 TavA Wagnetic Material 2

2 THETT4T Others 3

Add Material Properties Remove Material Properties

Angular Frequency
Angular frequency [rad/s] of alternating current in coil

0K Cancel

Fig. 2.6-6 Property Data Settings (After Setting is Complete)

Please check whether there is any problem in setting and click "OK".
2.6.2  Setting Boundary Condition

Next, set the boundary condition. First, if you select "Analysis" -> "Set Boundary Condition", the dialog in
Fig. 2.6-7 appears.
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&% Set Boundary Condition X

You set boundary conditions.

Atthis time, faces should be identified by classifying surface triangles
into groups. Ifthis is your first time or if you failed in extracting a face
properly, you select "Extract faces and set boundary conditions." and se
aface edraction resolution by an angle

Ifyou will not modify previous face extraction, you select "Modify
boundary conditions without changing faces.”

® Extract faces and set boundary conditions.
Enter resolution for face extraction as a # of divisions in 180 degrees.

_L_—% | =s0.0

€] ) Modify boundary conditions without changing faces.

OK Cancel

Fig. 2.6-7 Set Boundary Condition Dialog

In this case, in order to reconstruct CAD surface information lost by mesh generation, surface triangle
(patch) is grouped according to its normal direction, and a surface (patch group) is extracted. Pasting
boundary conditions is done in patch group units.

It is necessary to specify the two-sided included angle corresponding to the grouping resolution. The
smaller the angle (the larger the value of (a) in Fig. 2.6-7), the more detailed the classification of the surface
can be done. In the model of this time, there is no problem as it remains as standard, so please press "OK" as
it is. The group division is performed automatically, and the window for setting the boundary condition is
activated (Fig. 2.6-8).

‘Show Analysis Details

w BC MPC Tools Help

Fig. 2.6-8 Boundary Condition Setting Window (Initial State)

At this time, the operation flow automatically changes from the list of the whole analysis steps so far to the
operation steps of the boundary condition (Fig. 2.6-8 red arrow). In addition, guide messages corresponding
to the operation steps are also shown in the message window, so please proceed with the operation while
referring to here as well.
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On the boundary condition setting window, operate the view of the model as follows.

Rotation:

Hold down the wheel button (middle button) and move the mouse to rotate the model.
Translation:

Hold the left mouse button and move the mouse to move the model in parallel.

Zoom:

Hold down the right button and move the mouse upward to zoom out or move it down to zoom in.
Node selection:

Click the target node with the mouse to select the node. Yellow square is shown at the chosen node
(although it is hard to see).

Surface selection:

Right-click with the node selected, you can select the surface to which the node belongs. If you
continue right clicking, another surface (which that node belongs to also) is selected.

After selecting the node / surface for which you want to add the boundary condition, select "BC" -> "BC
(Magnetic)" -> "Add Magnetic Vector Potential" in the boundary condition setting window. The magnetic
vector potential boundary condition setting dialog appears (Fig. 2.6-9).

BoundaryCendition >

MagneticVectorPotential

Value

[ | Normal

OK cancel

Fig. 2.6-9 Boundary Condition Setting Dialog
Please check "Normal" and click "OK".

In this model, since the normal direction component of the magnetic vector potential is set to 0 on the entire
surface, do the same setting for all the surfaces.
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After adding the boundary conditions, you can check them by selecting "View" -> "Boundary Condition" -

> "Cnd Format" in the boundary condition setting window (Fig. 2.6-10).

ConfirmBC

.® cravity 0.0 0.0 0.0
boundary §
mwplnFacebroue 0 1 0.
mwplnFacebroue 11 0.
mwplnFacebroup 2 1 0.
mwplnFacebroue 3 1 0.
nwplnFacebroup 4 1 0.

cooo o

Fig. 2.6-10 Boundary Condition Confirmation Dialog

After confirming that it is set as shown in Fig. 2.6-10, select "File" -> "Quit" in the boundary condition
setting window. When the end confirmation dialog (Fig. 2.6-11) is shown, pressing "OK" automatically
saves the set boundary conditions and the boundary condition setting window disappears.

Really Quit?

? | Really Quit?

OK

Cancel

X

Fig. 2.6-11 Quit Confirmation Dialog

2.6.3  Solver input file creation

Next, select "Analysis" -> "Convert to Input File" and click "OK" in the input file creation dialog (Fig.
2.6-12) to create a solver input file with mesh, boundary conditions, material properties.

=Y Create Input File

Make an input file for salver.

pod

OK

Cancel

Fig. 2.6-12 Input File Creation Dialog
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2.7 Analysis Execution
2.7.1 Domain Decomposition

ADVENTURE_Magnetic reads domain decomposition data based on HDDM as an input. If you select
"Analysis" -> "Domain Decomposition”, the domain decomposition dialog (Fig. 2.7-1) is shown.

‘@ Domain Decomposition X

Fun domain decomposition.

You can input domain decompose option. Select what parameter you want to set
and input value.

(' Input # of subdomains/part
@ Input # of elements/subdomain

sy # of elements

(B} # of parent machines

(C # of subdomains in a parent machine
([0 # of elements in a subdaomain

13306 (A)

=200 )]

1B x ()

Start Cancel

Fig. 2.7-1 Domain Decomposition Dialog

Here, based on the number of elements of the mesh, you can specify the size of one subdomain (the
smallest unit of the domain handled by one CPU) by one of the following two methods.

Number of elements contained in one subdomain (Click "Input # of elements/subdomain™)
Number of subdomains in one part (Click "Input # of subdomains/part")

Since numbers have already been entered so that it moves without problems in the initial settings, please
click "Start™ as it is this time.

26



ADVENTURE SYSTEM

2.7.2
2.7.3  Solver Execution

Calculation by solver is started. When you select "Analysis™ -> "Run Solver", the solver execution dialog
(Fig. 2.7-2) is shown. In the solver execution dialog, you can change various analysis condition options
provided in the solver. There are four options: "I/O", "Non-linear Magnetostatic Analysis", "Subdomain
Solver", and "HDDM Solver".

R Solver Execution X

Execute solver.
Flease change the options as necessary.

Subdomain Sohver r Time-harmonic Eddy Current Anahysis |
110 | HDDMSoler | Nonlinear Magnetostatic Analysis |

[ ] Maximum Memory Usage (MB)

‘ Start || Cancel |

Fig. 2.7-2 Solver Execution Dialog (1/0 Option)

1/0 Option (Fig. 2.7-2)
Maximum Memory Usage (MB)

The upper limit of the memory used by each process is n [MByte]. If it exceeds this limit,
execution stops at that point.
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HDDM Solver Options (Fig. 2.7-3)

% Solver Execution >
Execute solver.
Please change the options as necessary.
Subdomain Sohrer r Time-harmonic Eddy Current Analysis |
110 HDDM Solver | Mon-linear Magnetostatic Analysis |
[ ] Preconditioner [ ] Tolerance for Convergence
L)
[] Tolerance for Divergence [ ] Maximum Number
‘ Start ‘ ‘ Cancel |

Fig. 2.7-3 Solver Execution Dialog (HDDM Solver)

Preconditioner
Specify preconditioner to be used for HDDM
(No preconditioner)
Diagonal Scaling

Tolerance for Convergence
Specify the tolerance for convergence of HDDM. This is the relative error of the norm to the
residual vector of the residual vector in the HDDM iteration, and it is judged that the HDDM
iteration has converged when the relative error becomes smaller than this value.

Tolerance for Divergence
Specify the tolerance for divergence of HDDM. When the relative error becomes larger than this
value, it is judged that the HDDM iteration has diverged and the program is terminated.

Maximum Number
Specify the upper limit of the number of HDDM iterations. If this value is exceeded, the program
will terminate even before convergence is reached.
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Non-linear Magnetostatic Field Analysis Options (Fig. 2.7-4)

%R Solver Execution X

Execute solver.
Please change the options as necessary.

Subdomain Sohrer r Time-harmonic Eddy Current Analysis |
110 | HDDMSoler | Monlinear Magnetostatic Analysis |

[ ] Formulation Method [ | Non-linear Iterative Method

[ ] Maximum Number of terations [] Tolerance for Convergence

[ ] Tolerance for Divergence [ ] Characteristic Curve

O Interpolation Method for [] weight for Picard teration p
Characteristic Curve

‘ Start H Cancel |

Fig. 2.7-4 Solver Execution Dialog (Non-linear Magnetostatic Analysis)

Formulation Method
Specify the type of formulation to be used.
A Method
A Method with the Lagrange multiplier (subdomain solver is forcibly changed to LU
decomposition with pivoting)

Non-linear Iterative Method
Specifies the type of solution to use as a non-linear iterative method for the magnetic resistivity.
(Not Consider Non-linearity)
Newton Method
Picard Method

Maximum Number of Iterations
Specify the upper limit of the number of iterations of non-linear iteration. If this value is exceeded,
the program will terminate even before convergence is reached.

Tolerance for Convergence
Specify the tolerance for convergence of non-linear iterations. When the error becomes smaller
than this value, it is judged that the non-linear iteration has converged.
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Tolerance for Divergence
Specify the tolerance for divergence of non-linear iterations. When the error becomes larger than
this value, it is judged that the non-linear iteration has diverged and the program is terminated.

Characteristic Curve
Select the characteristic curve to be used with the Newton method. Picard's successive
approximation method is used for convergence judgment.
v-B Curve
v-B? Curve

Interpolation Method for Characteristic Curve
Select interpolation method for characteristic curve with Newton method. Picard's successive
approximation method is used for convergence judgment.
The First-order Interpolation
The Third-order Interpolation

Weight for Picard Iterations u
Specify the weight of x of Picard's successive approximation method.

Subdomain Solver Options (Fig. 2.7-5)

% Solver Execution >
Execute salver.
Please change the aptions as necessary.
Subdomain Solver r Time-harmonic Eddy Current Analysis |
10 | HDDMSolker | Monlinear Magnetostatic Analysis |
[ ] Preconditioner [ ] Accelerative Parameter for IC
(]
[ ] Tolerance for Convergence [ ] Tolerance for Divergence
‘ Start ‘ ‘ Cancel |

Fig. 2.7-5 Solver Execution Dialog (Subdomain Solver)
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Preconditioner
Specify preconditioner to be used for linear solver. The following character strings can be
specified as s.
(No preconditioner)
Shifted Incomplete Cholesky Factorization (IC)
Accelerative Parameter for IC
Specify the accelerative parameter for shifted incomplete Cholesky factorization.

Tolerance for Convergence
Specify the tolerance for convergence of linear solver. When the error becomes smaller than this
value, it is judged that the linear solver has converged.

Tolerance for Divergence
Specify the tolerance for divergence of linear solver. When the error becomes larger than this
value, it is judged that the linear solver has diverged and the program is terminated.

Execution of the solver

There is no problem with the default settings, so click on "Start" without changing anything in the solver
execution dialog. The solver calculation starts.

The log of solver execution is output to <Documents>\advMagOnWin\ExecSolverForWin.log. Because the
line feed code is in UNIX format (LF), please use a software that supports UNIX format line breaks such as
WordPad, not Notepad.

How to set the number of threads used by the solver
Please refer to Section 1.4.
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2.8 Result Visualizing
To show the result, use external visualization software such as AVS or ParaView. Therefore, we will export
the analysis results to a file for visualization. This time, we will explain the steps to visualize in ParaView.

2.8.1  Start Visualizing

If you select "Analysis" -> "Export Analysis Result", the export dialog of analysis result (Fig. 2.8-1) is
shown. Select "Magnetic Flux Density" and "Electromagnetic Force" as the material quantities to output,
"VTK format (such as ParaView)" as the output format, and specify the output folder (Fig. 2.8-1).

=% Export Analysis Result x

Select physical quantities and output formats for exporting, and specify the output
destination folder. Multiple physical quantities and output formats can be selected.

Qutput Physical Quantity Qutput Format
[ ] magnetic Flux Density [] ucD Format (AVS)
[ ] Electromagnetic Force [ ] uCcD Format (MicroAVS)

[ ] VTK Format (such as ParaView)

Output Folder

0K Cancel

Fig. 2.8-1 Analysis Result Export Dialog

When you click "OK", two files "res.vtu" (magnetic flux density) and "res_NF.vtu" (electromagnetic force)
are output to the selected folder.

If the format is UCD (AVS), avs_B.inp and avs_NF.inp will be output, and if UCD (MicroAVS),
mavs_B.inp and mavs_NF.inp will be output.

If these files exist in the selected folder, the dialog for overwrite confirmation (Fig. 2.8-2) will be shown.
Click “Cancel” to return to the original dialog, and specify the output folder again.

Confirm Overwrite *

A Following file(s) already exist in selected folder.
- res.vtu
-res_NF.vtu
Overwrite?

| OK || Cancel|

Fig. 2.8-2 Confirm Overwrite Dialog

2.8.2  Terminating AdvMagOnWin
The operation of AdvMagOnWin is over at this point.
By saving the analysis case in "File" -> "Save Analysis Case", you can re-analyze later.
Exit AdvMagOnWin with "File" -> "Exit".
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From this point on, it will be the explanation of ParaView operation.

2.8.3 Launching ParaView and Reading Files
After starting ParaView, open the file selection dialog (Fig. 2.8-3) from "File" -> "Open". First, to visualize
the magnetic flux density, select "res.vtu" in the output folder and click "OK".

B Cpen File: (open multiple files with <ctrl> key) 7 x
Laak in: C I, e O Q
Examples | Filename h Type Size Date Modified

My Documei bin Folder 2017/01/26 17:36:35
Deskiop dist Folder 2017/01/26 17:36:35
Favorites jre Folder 2017/01/26 17:36:40
c¥ lib Folder 2017/01/26 17:36:35
- EH . sample_data Folder 2017/01/26 17:36:40
LLLALY, ETTTEE YT -
< > res.vtu viu File 8146 KB 2017/01/27 1004826
T res_NEviu viu File 8249 KB 2017/01/27 10:48:26
Documents
AdvMagOnWin
Flle name:  |resitu | I oK
< » | Files of type: [Supported Files (xinp *.cgns *.cml *.csv *xt *0 ~ Cancal

Fig. 2.8-3 Selecting "'res.vtu"

You can see that "res.vtu" is selected on the left side of the ParaView main window (Fig. 2.8-4).

M ParaView 5.2.0 64-bit - ] X
File Edit View Sources Filters Tools Catalyst Macros Help

PP B owa ?2 @ad KAabbMBE mp o=

s ¢t e E E TRE RSP
90 PRPOT2O®n 02 »e
Pipeline Browser 8 X O Layout #1 x +
B buitin LT 7 0 RenderViewl [M0/B]0[8]x
.
- o
Properties Infa rration
Properties & X
= Apply @ Resat % Delete | 7
[Search .. (uss Esc to clear text) |53

= s o | ] 8581

[¥ICell/Point Array Status
£ MagneticFluxDensity

o DBEI
= v o | 31850

[ Axes Grid Edic

[l Pantar Avac \icihkilihe

Fig. 2.8-4 Main Window after Selecting "'res.vtu"

In this state, the file has not been read yet. Click "Apply" in the "Properties” column on the left side to
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show the shape of the analysis model (Fig. 2.8-5).

8 oittin L.

Properties Information

Properties & X

 Apply @ Resst # Delete | 7

JlEs3
= e s 3 6 O

[“ICell/Point Array Status
2% MagneticFluxDensity

= otr s | 3 5 0118

Representation  Syrface

[Search .. (use Esc to clear text)

Coloring.

@ Srlid Cnlne
<

M ParaView 5.2.0 64-bit - ] hes
File Edit View Sources Filters Tools Catalyst Macros Help
ed B we 2 @aM KAPDBME mp o=
B @ 58 O (| @SamCokr - © [Burface - R e
BDDOT2D O L8R Y EFE
Pipeline Browser & x Olavout #1 X +

RenderViewl @ B 0O |F|x

LEEIETT

28.4

Fig. 2.8-5 Model Shape Display

ParaView 3D screen operation method

ParaView operates the 3D screen as follows.

Rotation:

Hold down the left mouse button and move the mouse to rotate the model.

Translation
Hold the mouse wheel butto
Zoom:

movement::
n (middle button) and move the mouse to move the model in parallel.

Turn the mouse wheel upward to zoom in, and turn down to zoom out.
Alternatively, move the mouse upward while holding down the right button of the mouse to zoom
out, move to the bottom to zoom in.
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2.85 Mesh Display
If you change "Representation” in the "Properties” box or "Surface" in the toolbar at the top of the screen to
"Surface with Edges”, the mesh will be shown (Fig. 2.8-6).

M ParaView 5.2.0 64-bit - [} X

File Edit View Sources Filters Tools Catalyst Macros Help

e BR wae 2 Fu Kab> DB el Jo s

[ W 50 ¢ 't ‘@ ©soldCoor - v [urfece withEdges | [BE) BE] i3 28 B2 By X8 AL 12 Q@ - 2)»
YL EECEEEEIEEX S
Pireline Browser & x Olayout #1 % +
B ouitin B o0 MK RN RHEBE A2 Renderview! |0/8(0)#& [x

Properties Information

Proferties & x
Anply @ Reset # Delete | 2
[5earsh  (use Escito clear text) €3

= om0

I
LT

: 7
4@5591.4
[FICeli/Point Array Status ;’é}ggggzg
%% MagneticFluxDensity 5!‘571554
Laaravi
oo
S AV
smos

Representation | Surface iith Edges

Coloring

B 2l Nnlr -
<

Fig. 2.8-6 Mesh Display

2.8.6  Display of Magnetic Flux Density
If you change "Coloring" in the "Properties” box or "Solid Color" in the toolbar to "MagneticFluxDensity",
the magnetic flux density is shown (Fig. 2.8-7).

Ml ParaView 5.2.0 64-bit - O x

File Edit View Sources Filters Tools Catalyst Macros Help

AL R AR AT TR T I - 1 R — -

B 8 ) ¢ 't f@| o MogretioFluDensity ~|[Magnitud ~ | [Surface With Eges ~| [3d] B 3 20 1% 8% df A 12 @, - 2
bR &=L @ O o B o

8% Olaout#l X+
HE o NERIRNMEBE A 2R RenderViewl [/[8/0/[8[x

Properties Information
Progerties &8 x

Apply D Reset % Delete || 7

[Search  (use Eso ta clear text] B3

[= P | 8 0

[ZCell/Point Array Status
32 MagneticFluxDensity

[= Do o | 310 @

Representation |Surface With Edges

Coloring

& MamaticFlinNancite v | | hamnitids

< >

Fig. 2.8-7 Display of Magnetic Flux Density
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To see a specific part, cross section view is effective. To show cross section, select "Slice” (red frame part

in Fig. 2.8-7) to enter section setting mode (Fig. 2.8-8).

I ParaView 5.2.0 64-bit

File Edit View Sources Filters Tools (atalyst Macros Help

|
@ B msviu

‘
- Emm

Properties Information

Promerties 8 x
& Apply ) Reset # Dekete | ?

[zearch .. (use Esc 1o clear text) |5

= s 1| 358 [

Slice Tyre |Plane

Plane P; rs
Shaw Plane
Origin [0.0549905840.0095506450.056558060¢
Mo rmal[1 o o |
Note: Use ‘P ta pick ‘Origin’ on mesh
or ‘Ctri+P” to snap to the closest mesh
point

X Normal Camera Narmal

P BE va 2 @@ KA> BB D  Jo=

B & ¢ T r® - - |Representation < [E E PRS- (i S Qs 55 3 (0‘90 79‘0')
I 0 ) £ = & 6p ¥ D 08 [ O
Fipeline Browser 8 X Olayout ¥ x +
B wuitin: HE ol HEE ERREBERAA2R

RenderViewl @

Fig. 2.8-8 After Selecting "*Slice™

In this example, we will extract the section near the bottom surface in the Y direction. Set the extraction
direction selection button on the lower left to "Y Normal" and move the section (red frame) to the vicinity of

the lowest surface in the Y direction (Fig. 2.8-9).

Ml ParaView 5.2.0 64-bit

@ B reswtu

-

Properties Information

Properties & x
2 Reset ® Delete || 7
[Eearch  (use Eso ta clear text) |25
SR
Slice Type |[Plane -

Plane P
Show Plane
Origin [0.054999994[0.0001 73074 0.05999999¢
Narmal[0 Jh Jlo
Note: Use ‘P’ to pick ‘Origin’ on mesh
or Ctri+P’ to snap to the closest mesh
point

X Normal Camera harmal

- O X
File Edit View Sources Filters Tools Catalyst Macros Help
PEBE e ? FRD KA b BB mE oo
2 s hv \ ~| ! [Representation S A S i S TR 5 4 ?an 9'? §-4
TR TOELD G wEF
Pipeline Browser & X  Olayout #1 X +
ﬁ' it » LG = P R R RenderViewl @/80[8]/x

Fig. 2.8-9 Setting Cross Section
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When "Apply" is selected, the magnetic flux density of the extracted cross section is shown (Fig. 2.8-10).

HI ParaView 5.2.0 64-bit

File Edit View Sources Filters Tools

ped BF »a ?
R
VPR E

Pipeline Browser

t ‘@ ° Magne

E2

=

;
B buitin

|
@ B reaatu

- O X
Catalyst Macros Help
FED KA M e oo
ticFluxDensity | Magnitud ~ | | Surface B RS S SO GO 5 (i 4 ‘:‘90 » |1 N »
2@ 08w osE
5 x Olsyout# x  +
& o @ B EE

RenderViewl @B 0 & |x

[earch .. {use Esc to clear text)

= o o1 9] 5@

Slice Type Plane
Plane P

Show Plane

Origin [0.054598508][0.0001 730754[0.0505098
Mormal[o I [[o

Note: Use ‘P’ to pick "Origin’ on mesh or
‘Ctrl+P’ to snap to the closest mesh poil

X Mormal

< >

Properties  Information
Properties A X
" pply DEesst | ®Delts || 2

[

Camera Normal -

~

Fi

g. 2.8-10 After Cross Section Extraction

Next, vector the magnetic flux on the section. Clicking on "Glyph" (red frame part in Fig. 2.8-10) results in
the view shown in Fig. 2.8-11. If you click "Apply" here, a vector of magnetic flux will be shown with

arrows (Fig. 2.8-12).

Ml ParaView 5.2.0 64-bit
Eile Edit View Sources Filters Tools Catalyst Macros Help

pd B »wa ? &) KAP B
i "} ¢ it '@ -
E90OD2®

Pipeline Browser

o

Tme o
S i <G S 55 i C A A

Representation

D %® @
OLayout #1 X
Ll 30 @ | i

®

O

8 x +

T
B builtin

@ B resutu
,

@ © Siicet

« B

R N SN RenderViewl @E|0 &%

Properties Information

Properties

D posst

[search ... (use Esc to clear text)

& X

% Delete | 7

|33
= P o 9115 8 [~

Glyph Source

Glyph Type |Amow

Active Attributes

Scalars

© Mone M
Wectors © MagneticFluxDensity -
Orientation
Orignt

Qenling

Fig. 2.8-11 After Selecting "'Glyph"
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I ParaView 52.0 64-bit - m] X
File Edit View Sources Filters Tools Catalyst Macros Help
pE B Owa ?2 FuaM KAa> D MB mp o
i 'ﬁ bl o f.é o MagneticFluxDensity v [Magnitud ~ | - |Surface -] B R 9 gﬁ @ lﬁ_:» ;‘;A ﬂ ﬂ; %O » o IF o
= @ == o~ OB ;
PP REOE2 @ | L e & e OF
Pireline Browser B X Olayout #1 X +
B buitin HE o HEH KIPLRE R AR RenderView! [0/8/[0)[& [x
.
@ B resvtu
\
@ @ slicet
.
« B N

Properties Information

Properties g X
* Apply D Reset # Delete || 7
[Search _(use Esc to olear text) |5E

= Pt e | 3] 850§

Glyph Source

Glyph Type | Arrow

Active Attributes

Soalars o Nors

Yectors @ MagneticFluxDensity

Orientation

[1 Crient
<

Fig. 2.8-12 Display of Magnetic Flux Vectors

2.8.7 Display of Electromagnetic Force

I will also visualize electromagnetic force.

Open "res_NF.vtu" to show the electromagnetic force vector in the similar process as the magnetic flux
density (but change it from "Solid Color" -> "Nodalforce"), as shown in Fig. 2.8-13.

Ml ParaView 5.2.0 64-bit - O X
File Edit View Sources Filters Tools Catalyst Macros Help
P B o ? @R KA B[Tel Jo o=
B & & 2 5t fe| o s - |Magnitud ~  Surface M A i SR GRS B i < o M A H - £
LBl = fel°]
VOPRBDTOEE=L®@ 0 L8 ® X
Pireline Browser & x OLlavout #1 x +
B buitin & % |30 @ | T LY - NN RenderViewl [m|E[0[&]x
|
@ B res NFvtu
|
@ © Slicet
|
= @

Properties Information

Properties a8 x
¥ Apply D Reset | % Dekte || ?
|SEarch (use Esc to clear text) |¢_g,‘;

[ = prsras o | 3] 59

Glyph Source

Glyph Type Arrow

Active Attributes

Scalars < MNone

Wectors < Nodafforce 3
Orientation < g
prientat " T9.189e-12
< >

Fig. 2.8-13 Display of Vectors of Electromagnetic Force
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3 Time-harmonic Eddy Current Analysis
This chapter explains the procedure of time-harmonic eddy current analysis using the sample data supplied
with AdvMagOnWin.

3.1 About the model used

The unit system used in this chapter is SI. It is not necessary to declare a unit system when using
AdvMagOnWin. The model used in this chapter is a cake model, which is an accuracy verification model for
eddy current analysis using an infinite-length solenoid coil. Fig. 3.1-1 shows this model. The analysis area is
the area cut out 20° around the z-axis from Fig. 3.1-1. The radius of the conductor part is 0.1 [m].

The magnetic resistivity v is 1 / (4m x 10 ~7) [m / H] in the whole analysis area, the conductivity ¢ of the
conductor is 7.7 x 108 [S / m], and the angular frequency w is 2 x 60 [rad / s] = 376.9911. The magnitudes
of the real and imaginary parts of the forced current density J flowing in the coil are 50 and 0 [A / m?],
respectively. A list of material property values is shown in Table 3.1-1.

Considering the symmetry of the problem, a fan-shaped area with a central angle of 20° and a height of
0.1 m is taken as the model to be analyzed (see Fig. 3.1-2). As boundary conditions, A x n = 0 and an
electric scalar potential ¢ = 0 [V] are imposed on the faces of 8 = 0° (green) and 6 = 20° (red) as shown in
Fig. 3.1-3. A is a magnetic vector potential [Wb / m], n is a unit normal vector of the boundary surface.

solenoidal coil

conductor

Fig. 3.1-1 Infinite length solenoid coil

Table 3.1-1 Material property list

Property Part Magnetic Conductivity (S/m) Volume applied
ID resistivity
(m/H)
0 Conductor 795774.7 7.7¢6 0 (conductor.igs)
1 Inside air 795774.7 Not applicable 1 (air01.igs)
2 Coil 795774.7 Not applicable 2 (coil.igs)
3 Outer air 795774.7 Not applicable 3(air02.igs)
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conductor =
0.10m] 0.05[m]

Fig. 3.1-2 Cake Model

Fig. 3.1-3 Boundary Conditions

Table 3.1-2 List of Material Properties

Material Magnetic Reluctivity B-H Characteristic
Coil 795774.7 -
Magnetic Material 757.1 -
Air 795774.7 Apply Fig. 2.1-2°s
characteristic curve
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3.2 Starting the Software
Please refer to section 2.3.

3.3 Creating Analysis Case

This is very similar to the case in Section 2.4, but in "Analysis Type (Subtype)-Electromagnetic Field
Analysis", select "Time-harmonic Eddy Current" and click "Next" (Refer to Fig. 3.3-1).

%% Analysis TypelSubtype) - Electromagnetic Field Analysis - O ped
s Start
Select Analysis Subtvpe for:
Electromadgnetic Field Analysis
|:| Ahout Analysis Type
) _) Non-linear Magnetostatic
. Ahout Analysis Subtype
®) Time-harmonic Eddy Current
|:| About Element Type
End
| Cancel ” < Back ” HNext =

Fig. 3.3-1 Analysis Type (Subtype)

Next, the window in Fig. 3.3-2 appears. Select "IGES" as the geometry model. You can only select "Linear
Tetrahedron (Edge Element)"” in the analysis model, so just click "Next".

=1 Element Type - O x
5] Start
Select Model Type.
|:| About Analysis Type
I:' About Analysis Subtype Geometry model Analysis model
i IGES ® Linear Tetrahedron (Edge Element)
. About Element Type ) {(Mesh)
i) Patch
2l ) ADV_Cad
‘ Cancel ” < Back ” Next >

Fig. 3.3-2 Element Type

These operations create an analysis case and display a list of required operations in the procedure guide
window. Follow the procedure shown in the procedure guide window and the message window for the
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subsequent operations.
Next, we will generate a mesh.
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3.4 [Preprocess 1] Mesh Generation
3.4.1  Selection of CAD Models

The method of specifying a CAD model file as the analysis shape is as described in section 2.5.1. The files
to be selected specifically are in the <AdvMagOnWin installation folder>\sample_data\cake\igs folder.

As shown in Fig. 3.4-1, select conductor.igs, air01.igs, coil.igs, and air02.igs in this order, and click OK to
import the IGES files into the analysis case. Table 3.4-1 shows the contents of each IGES file and the area it
occupies.

@ IGES List — O et
SetIGES files
m-0.3bisample _data'cakeigs'conducton.igs aild
D3bsample_data'cakeigs aind .05
-0 3hisample_data'cakeligs'coiligs TR

m-D3bisample_data'cakeligsarl2igs

up
dhiwini
1 | k|

OK Cancel

Fig. 3.4-1 IGES List Window

Table 3.4-1 Information on each IGES files

Volume IGES file name Area name Range of area

ID/Property ID

0 conductor.igs Conductor area 0<r<0.1

1 air0l.igs Inside air area 01<r<0.15
2 coil.igs Coil area 0.15<r<0.17
3 air02.igs Outer air area 0.17<r<0.25
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3.4.2  Settings for Node Density
Next, specify the node density. Select "Mesh" -> "Set Node Density" (Fig. 3.4-2).

‘@R Settings for Node Density - O X

Setnode density.
Base distance

| 1.0|

Type |Range |Intensiw of Density read file

on Point
on Line

on Cylinder

| i

remaoye

| 0K H Cancel |

Fig. 3.4-2 Node Density Setting Dialog

In this analysis example, the node density setting file prepared as example data is read. Click on "read file".
When the file open dialog (Fig. 3.4-3) is displayed, select “cake.ptn” in the "<AdvMagOnWin installation
folder>\ sample_data\cake\igs" folder and click "Open".

¥ Open X ‘

Look e | igs lv| (@& EEZIEZ

[ cake.ptn

File Mamme: cake.pin

Filos of Type: [ptn Fled" ptn) [ ]

| Open I Cancel

Fig. 3.4-3 Node Density Setting File Selection

As a result of reading the contents of the file, the basic node spacing is changed to 0.02 m, and two local
node density settings of Cylinder type are added (Fig. 3.4-4). Click OK to complete the configuration.
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¥ Settings for Node Density — O * ‘
Setnode dansity
Bace distance
0.02
Type .F'an ge Intensity of Density | read Mile
Colinder 0.130.1 00700 3.0
Cylinder [0.19,017,015,0.... 2.0 on Point
o Limi
on Cylinder
TR
OK Cancel

Fig. 3.4-4 Node Density Setting Dialog after File Selection

3.4.3 Create Surface Patch

Next, create surface patches from CAD shapes. If you select "Mesh" -> "Make Patch"”, the make patch
dialog (Fig. 3.4-5) will be displayed. Click "OK" to create a patch.

=% Make patch x

Start make surface patches and
merge.

0K Cancel

Fig. 3.4-5 Make Patch Dialog

344 Mesh Generation

Next, we will generate a mesh. If you select "Mesh" -> "Make Mesh", the mesh generation dialog (Fig.
3.4-6) appears. If you leave the "correct surface patch" checkbox in the dialog as it is, the surface patch is
automatically corrected before mesh creation. Click "OK" to begin meshing.

E® Mesh Generation X

Start mesh generation.

correct surface patch

DK Cancel

Fig. 3.4-6 Mesh Generation Dialog
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When mesh generation is complete, the total number of elements and the total number of nodes will be
displayed (Fig. 3.4-7). After confirming the number of elements and that of nodes, please click "OK".

Mesh Information ot

|_.;.' Total # of elements is 13047 and total # of nodes is 20137,
[ox ]

Fig. 3.4-7 Total Number of Elements and Nodes in Mesh File

iy

Then, set the material property values and the boundary conditions.
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[Preprocess 2] Setting Analysis Conditions
Setting Material Property Values

Material property values are set from "Analysis” -> "Set Material Property” -> "Electromagnetic Field
Analysis” (Fig. 3.5-1).

% Property Data Settings X
Set material property data. When clicking a cell, a dialog is displayed to setthe physical property value ofthe carrespanding
olume.

Praperty 1D Magnetic Reluctivity Material Propery Type Applied Volume

I THATT4AT Others 0-3

| Add Material Properties Remowve Material Properties

Angular Fregquency

Angular frequency [radss] of alternating current in coil | ATE.HY11 |

‘ 0K | | Cancel ‘

Fig. 3.5-1 Material Property List (Initial)

In the initial screen, one material property with property ID = 0, magnetic resistivity = 795774.7, material
property type = other, volumes applied = 0-3 is automatically set. Modify the existing physical property ID
and add a new material property ID so that the settings shown in Table 3.1-1 are made.

First, change the material property value of Property ID = 0 to that of the conductor.
When the Property ID 0 is clicked, the property change dialog (Fig. 3.5-2) is displayed.
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@ Material Property Settings X

Material Property Ty..  Material Property Value Setfings

Coil Magnetic Reluctivity TOR7T4.T
[t} elic Material ;
agnetic eri Coil
Permaneni Magnet o a RF
Conductor
& Others o
Manonetic Material

Permanent Magnet

Conductor
Wolurme to be Applied 0-3

Configurable Volime:D-3

* Applicable volurmes can be specified in both range specification and enumeralion. Combined use is also possible (eg: 1,
2-4)

OK Cancel

Fig. 3.5-2 Material Property Settings Dialog (Before Editing)

Make the change in the following procedure.

1) "Material Property Type"
Change "Material Property Type" on the left side from "Others" to "Conductor".
The "Conductor” setting field is enabled.

2) "Conductivity" value
Change the "Conductivity" value from "0.0" to "7.6e6".

3) "Volume to be Applied"
Change "Volume to be Applied" at the bottom from to "0-3" to "0" (Fig. 3.5-3).

After setting change is complete, click on "OK". The material property list dialog is shown again (Fig.
3.5-4).
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¥ Material Property Settings * |

Material Property Ty..  Material Property Value Seftings

) Coll Magnetic Reluctivity | 7957747
Material

k_f Magnetic con

© Per g Definition Tyvpe RF | |
® Conductor

) Others Definition File

Magnetic Material

Definition File l:l

Permanent Magnet
Definition Type RF | |

Definition File 1
Definition File 2 I:l

Conductor
Conductiity 7 6ok

Molume 1o be Applied 0 |
Configurable Volume:0-3

* Applicable volurmes can be specified in both range speciication and enumeration. Combined use is also possible (eg: 1,

| e

Fig. 3.5-3 Property Settings Dialog (After Completion of Conductor Area Editing)

¥ Property Data Settings *

Set material property data, When clicking a cell, a dialog is displayved fo set the physical property value of the corresponding
valurme.

Property ID Magnetic Reluctivity Material Property Type | Applied Volume
[1] TA57T4.T Conductor o

| Add Material Properties | Remowe Material Properties

376.9911

Lo ][ canca |
Fig. 3.5-4 Material Property Settings Dialog (After Conductor Setting)
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Next, set the material property value of the inside air area.

Click "Add Material Properties” to display the "Addition of Material properties” dialog.
For "Material Property Type", leave "Others" specified by default as it is. Enter "795774.7" for "Magnetic
Reductivity" and enter "1" for "Volume to be Applied".
Fig. 3.5-5 is in the state where editing is finished. Click "OK" to return to the property data setting dialog.

@ Addition of Material properties x

Katerial Property Ty..  Material Property Value Setfings

Coil Magnetic Reluctivity TA57T4.7)
Magnetic Material Coil
Permanent Magnet -
Conductor
= Others

Magnetic Material

Permanent Magnet

Conducton
Foburme 1o be Applied 1|

Configurable Volume:1-3

® Applicable volumes can be specifiad in both range specification and enumeration. Combined use is also possible (eg: 1,
2-4)

OK Cancel

Fig. 3.5-5 Material Property Setting Dialog (When Air Area Editing is Complete)

Next, set the coil area. Click "Add Material Properties" and edit the newly displayed dialog as follows.
1) "Material Property Type"
When changing from "Others" to "Coil", the "Coil" setting field becomes enabled.
2) "Magnetic Reductivity"
Change "0.0" to "795774.7".
3) "Cail" -> "Definition type"
Change from "RF" to "MD",
4) "Coail" -> "Definition File"
Select "coil.dat™ in the "<AdvMagOnWin installation folder>\ sample_data\cake\done" folder
as the "Definition File".
5) "Volume to be Applied"
Set the "Volume to be Applied" to "2" at the bottom of the dialog.

When all settings are complete, it becomes as shown in Fig. 3.5-6. Click "OK" to return to the Property
Data Settings Dialog (Fig. 3.5-7).
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¥ Addition of Material properties = |

Material Property Ty..  Material Property Value Settings

® coil Magnetic Reluctivity | 795774.7]
L:r Magnetic Material  —

) Permanent Magnet | Type |m ] — |
' Conductor

) Others Definition File ||.3n_2|]1 8052 3awnavMagOniin-0. Jblsample_d atau:alcemonelcml.aal| .

Import the file after completing material property settings.
Magnietic Material

Definition File |:|

Permanent Magnet
Definition Type RF |

Definition File 1 l:l

Definition File 2

Conductor
Conductivity

Molume to be Applied 2 |

Configurable Wolume:3
" Applicable volumes can be specified in both range speciication and enumeration. Combined use is also possible (eg: 1,

| i o

Fig. 3.5-6 Material Property Settings Dialog (After Coil Area Editing is Complete)

¥ Property Data Settings *

Set material property data, YWhen clicking a cell, a dialog is displayved fo set the physical property valug of the corresponding
valume.

Property ID Magnetic Reluctivity Material Property Type | Applied Volume
0 7O5774.7 Conducior 0
1 TA57T4T Others |
2 TA57T4.T Coil 2

| Add Material Properties |  Remove Material Properties

376.9911

|on || cancer |

Fig. 3.5-7 Property Data Setting Dialog (After Coil Area Setting is Complete)
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Next is the setting of the outer air area. It is almost identical to the inner air area setting. The only
difference is that "3" is specified as "Volume to be Applied" (Fig. 3.5-8).

@ Addition of Material properties x

Material Property Ty..  Material Property Value Settings

Coil Magnetic Reluctivity 7es7741]
. elic Material
agnetic eri Coil
Permanent Magnet finitic - -
Conductor
& Others finior
Magnetic Material

Permanent Magnet
Timma ! W

Mobumme to be Applied =

Conflgurable Volume:3

® Applicable wolumes can be specifiad in both range specification and enumeration. Combined use is also possibla (eg: 1,
2-4)

Ok Cancel

Fig. 3.5-8 Material Property Settings Dialog (when Editing of the Outer Air Area is Complete)

Finally, set the angular frequency in Fig. 3.5-9. Use the default value of 376.9911 according to the problem
settings. Then click "OK".
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volurme

Angular Frequency

'@ Property Data Settings

Sel material property data, ¥When clicking a cell, a dialog is displayed to set the physical property value of the cormesponding

Angular frequency [rad/s] of alternating current in coil

pod

Propery ID Magnetic Relucthiby Material Property Type Applied Yalume
0 TO5TT4.7 Conductor a
1 [Fas77a7 |cthers 1
2 [Fa57747 [Coi 2
3 [Fos77a 7 [Others ]
Adid Material Properties Remiove Material Properties

ITE 9411

OK Cancel

Fig. 3.5-9 Property Data Setting Dialog (After Settings of All Property IDs are complete)

3.5.2  Setting Boundary Condition

Next, set the boundary condition. First, select "Analysis" -> "Set Boundary Condition”, and the dialog
shown in Fig. 3.5-10 will be displayed.

Y Set boundary condition x

You set boundary conditions.

At this time, faces should be identified by classifying surface
triangles into groups. Ifthis is your firsttime or if you failed in
extracting a face properly, you select "Extract faces and set boundary
conditions.” and set a face extraction resolution by an angle.

If you will not modify previous face extraction, you select "Modify
boundary conditions without changing faces.”

(@ Extract faces and set boundary conditions.

Enter resolution for face extraction as a # of divisions in 180
degrees.

180 ( (2.0 I =90.0

1

(@

"' Modify boundary conditions without changing faces.

QK Cancel

Fig. 3.5-10 Boundary Condition Setting Dialog

Here, surface triangles (patches) are grouped by their normal directions to extract faces (patch groups) in
order to reconstruct CAD topology information lost due to mesh generation. Boundary conditions are added

on a patch group basis.

It is necessary to specify a two-sided included angle that corresponds to the resolution of the grouping. The
smaller the angle (the larger the value in (a) in Fig. 3.5-10), the finer the surface can be classified. For the
current model, there is no problem with the default, so just click "OK". Group division is performed
automatically, and the window for setting boundary conditions (ADVENTUR_BcGUI 2.0) is launched (Fig.

53



ADVENTURE SYSTEM

Fig. 3.5-11 Boundary Condition Setting Window (Immediately After Startup)

At this time, the display of the procedure guide window automatically changes from the whole analysis
procedure to the boundary condition setting procedure (Fig. 3.5-11 red arrow). Suggestions corresponding to
the procedure will also be displayed in the message window, so please proceed according to the suggestions.

Refer to section 2.6.2 for how to operate the 3D model on the boundary condition setting screen.

There are two faces to set the boundary condition as shown in Fig. 3.1-3. For example, after selecting the
face with 6 =0°, select "BC" -> "BC (Magnetic)" -> "Add Magnetic Vector Potential” in the menu of the
boundary condition setting window (Fig. 3.5-12). Notice also that the selected Surface Group ID is displayed
as 1 in the lower status bar in Fig. 3.5-12. The Magnetic vector potential boundary condition setting dialog is
displayed (Fig. 3.5-13).

54



ADVENTURE SYSTEM

@ ADVENTURE_BcGUI 2.0

Fie View BC MPC Tools Help

BC(Solid)
BC{Thermal)

BC{Magnetic) * Add Magnetic Vector Potential
Gravity Acceleration

Surface Group ID:1

Fig. 3.5-12 Selection of the Menu Item for Boundary Condition Setting
After Selecting the Surface with 0 = 0°

BoundaryCondition X

MagneticVectorPotential

Oormal

Value

OK cancel

Fig. 3.5-13 Boundary Condition (Magnetic Vector Potential) Setting Dialog

Check "Normal" as indicated by a red circle in the figure, keep the value zero and click "OK". Similarly, set

the same conditions for the surface of 6 = 20°. As electric scalar potential ¢ = 0 is a natural boundary
condition, setting is not necessary.
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After setting the boundary conditions, select "View" -> "Boundary Condition" -> "Cnd format" in the
boundary condition setting window to check the set boundary conditions (Fig. 3.5-14).

ConfirmBC X

oY ;
zravity 0.0 0.0 0.0
I\J) boundatry 2
nwplnFacebroue 01 0.0
nvplnFacebrooe 11 0.0

Fig. 3.5-14 Boundary Condition Confirmation Dialog

After confirming that the settings are as shown in Fig. 3.5-14, click the OK button and select the "File"->
"Quit" menu item. When the quit confirmation dialog (Fig. 3.5-15) is displayed, pressing "OK" will
automatically save the set boundary conditions and the boundary condition setting window will disappear.

Really Quit? >

? |  Really Quit?

QK Cancel

Fig. 3.5-15 Quit Confirmation Dialog

3.5.3  Solver input file creation

Then select "Analysis"-> "Convert to input file" and click "OK" in the input file creation dialog (Fig.
3.5-16). A solver input file is created that merges meshes, boundary conditions, and material property
values'.

1 To be precise, only the file that describes the relationship between volume 1D and material property ID is
included in the solver input file. There is no need to worry about that as long as you are using the Windows
version.
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=Y Create Input File *

Make an input file for solver.

0K Cancel

Fig. 3.5-16 Input File Creating Dialog

3.6 Analysis Execution
3.6.1 Domain Decomposition

ADVENTURE_Magnetic reads domain decomposed data based on the HDDM as input. Select "Analysis"-
> "Domain Decomposition”, to display the domain decomposition dialog (Fig. 3.6-1).

#® Domain Decomposition X

Run domain decompasitian.

You can input domain decompose option. Select what parameter you want to set
and input value.

) Input # of subdomains./part
@) Input # of elements’/subdomain

A # of elements

(BY # of parent machines

(C) # of subdomains in a parent machine
(7 # of elements in a subdomain

13047 (&)

=200 )]

1(B)x ey

Start Cancel

Fig. 3.6-1 Domain Decomposition Dialog

Here, based on the number of elements of the mesh, the size of a subdomain (the smallest unit of the
domain handled by one CPU) can be specified by one of the following two methods.

Number of elements contained in a subdomain (Click "Input # of elements/subdomain™)
Number of subdomains in a part (Click "Input # of subdomains/part")
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The recommended values have already been entered automatically so that domain decomposition can be
performed without problems, so just click on "Start".
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3.6.2  Solver Execution
Next is the start of the calculation by the solver. Select "Analysis"-> "Run Solver" and the solver run dialog

(Fig. 3.6-2) will be displayed.

R Solver Execution *

Execute sokver.
Flease change the options as necessary.

Subdomain Sotver | Time-harmonic Eddy Current Analysis |
10 | HDDMSoler | Nonlinear Magnetostatic Analysis |

[] Maximum Memory Usage (MB)

‘ Start || Cancel |

Fig. 3.6-2 Solver Execution Dialog (1/O option)

In the solver execution dialog, you can change various analysis condition options provided by the solver.
The options are divided into four parts: “I/O”, “HDDM Solver”, “Non-linear Magnetostatic Analysis”,
“Subdomain Solver”, and “Time-harmonic Eddy Current Analysis”.

1/0 Option (Fig. 3.6-2)
Please refer to Section 2.7.2.

HDDM Solver Options (Fig. 2.7-3)
Please refer to Section 2.7.2.

Time-harmonic Eddy Current Analysis Option (Fig. 3.6 3)
Refer to Fig. 3.6-3.
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ER Solver Execution *

Execute solver.
Flease change the options as necessary.
Subdomain Sohver r Time-harmonic Eddy Current Analysis |
10 | HDDMSoter | Mon-linear Magnetostatic Analysis |

[ | Formulation Method
(OF &
) A Method

| Start H Cancel |

Fig. 3.6-3 Solver Execution Dialog (Time-harmonic Eddy Current Analysis Option)
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Formulation Method
Specify the type of formulation to be used.
A Method
A-¢pMethod

Subdomain Solver Options (Fig. 2.7-5)
Please refer to Section 2.7.2.

Execution of Solver

There is no problem with the default settings, so click on "Start™ without changing anything in the solver
execution dialog. The solver calculation starts.
The log of solver execution is output to <Documents>\advMagOnWin\ExecSolverForWin.log. Because the
line feed code is in UNIX format (LF), please use a software that supports UNIX format line breaks such as
WordPad, not Notepad?.

2 Notepad on Windows 10 October 2018 Update (1809) now supports LF.
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3.7 Result Visualization

The way to display the results is the same as described in section 2.8. Here we will explain only the
differences from Section 2.8. Also, the description of the visualization method by MicroAVS and
AVS/Express is omitted.

3.7.1  Start of Visualization

If you select "Analysis" -> "Export Analysis Result", the Export Analysis Result Dialog (Fig. 3.7-1) will be
displayed. Of the physical quantities to be output, "Electromagnetic Force" cannot be selected because it is
not used in this analysis type. Select "VTK Format (such as ParaView)" as the output format, and specify the
output folder (Fig. 3.7-1).

=% Export Analysis Result x

Select physical guantities and output farmats for exporing, and specify the output
destination folder. Multiple physical quantities and output formats can be selected.

Output Physical Quantity Output Format
Magn. Flux/Eddy Curr. Density UCD Format {(AvS)
Ol UCD Format (MicroAVs)

YTHK Format {such as ParalWiew)

Output Folder 118052 3avdvidagOnitin-0.3sample_datalcakeicakeFull _vis

OK Cancel

Fig. 3.7-1 Export Analysis Result Dialog

When "OK" is clicked, nine files, i.e., "res.vtu®" (magnetic flux density and eddy current density, VTK),

"avs_Bi.inp" (magnetic flux density (imaginary part), AVS/Express), "avs_Br.inp" (magnetic flux density
(real part), AVS/Express), "mavs_Bi.inp" (magnetic flux density (imaginary part), MicroAVS),
"mavs_Br.inp" (magnetic flux density (real part), MicroAVS), "avs_Jei.inp" (eddy current density
(imaginary part), AVS/Express), "avs_Jer.inp" (eddy current density (real part), AVS/Express),
"mavs_Jei.inp" (eddy current density (imaginary part), MicroAVS), and "mavs_Jer.inp" (eddy current
density (real part), MicroAVS) will be output.

3.7.2  Terminating AdvMagOnWin
Please refer to section 2.8.2.

3.7.3 Launching ParaView and Reading Files

In this section, we used version 5.6.0 of ParaView for Windows (64 bit). After launching ParaView, open
the file selection dialog (Fig. 3.7-2) from "File"-> "Open". To visualize the magnetic flux density, select
"res.vtu" in the output folder specified in section 3.7.1 and click "OK".

3 The vtu extension corresponds to unstructured grid data in VTK format.
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& Windows Network

M Cpen File: (open multiple files with <ctrl> key.) ? X
Lack in: IG'/cygw|nEUhome/mlyosh|/doc/adventurefarchNe/P.deagOnWm—U.Sb_QU1QUSEBa/P.d;I Q O Q0 &3
Examples Filename 4| Type |
My Documents [ avs_Biinp inp File
Desktop | avs_Brinp inp File
Favorites | avs_leiinp inp File
c¥ | avs_lerinp inp File
D:¥ | rraws_Biinp inp File
0:# | rnavs_Brinp inp File
Re¥ | rravs_Jeiing inp File

inp File
vtu File

| mavs_lerinp

File name: Ires wiu

Mavigate |

Filez of type: ISupported Files (plt* *inp * cens *oml * ooy % 1w *txt # G5V *TSLI Cancel |

Fig. 3.7-2 Selecting "'res.vtu"

You can see that "res.vtu" is selected in the left part of ParaView's main window (Fig. 3.7-3).

M ParaView 5.6.0 64-bit

ile Edit View Sources  Filters Tools

ﬁl@@@

Catalyst

Pipeline Browszer
1
[ builtir:

Froperties I Information |

) Reset | % Delete |_|
&

Properties

= Apply |

ISearch fuze Ezc to clear text)

I = Properties {r _l_lll

. Cell/Point Array Status |

e‘ EddyCurrentDensity-Imag
2% EddyCurrentDensity-Real
2% MagneticFluxDensity-Imag
2% MagneticFluxDensity-Real

Fig. 3.7-3 Main Window after Selecting ""res.vtu"
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The file has not been read yet in this state. Click "Apply" in the "Properties"” tab on the left to display the

shape of the analysis model (Fig. 3.7-4).

M ParaView 5.6.0 64-bit

File Edit Miew Sources Filters Tools Catalyst Macres Help

EELL L IR

[ — "

| B 8 & &2 52 it e [@snt =) le[smsce lex Sfig o i i o

5

H makeAnimeRM20_100

E90DRPOEL0BLe ey e

Pipeling Browser B X Olayout#1x | + |
1 buitin o % |30 B |5 | 0 ok R REOE A A
n

Properties | Iformation |
Properties g x

# Apply | 2 Reset | 3 Delete | ?l
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Fig. 3.7-4 Showing the Model Shape

3.7.4  Method of 3D Screen Operation of ParaView

See Section 2.8.4.

64

RenderViewl [m|B[05|



ADVENTURE SYSTEM

3.7.5 Displaying Mesh
If you change "Representation™ in the "Properties™ tab or "Surface” (Fig. 3.7-6) in the toolbar at the top of

the screen to "Surface with Edges”, the mesh will be displayed (Fig. 3.7 6).
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Fig. 3.7-5 Switching to Mesh Display

Pipeline Browser

M ParaView 5.6.0 64-bit
M Yiew Sources Fiters Tools Catalyst Macros Help )

jpglRgd weldm@Kar M| — 1)%%

| B R 82 &2 58 Ot e @som o Kl lersuwate Vith Edes ;]i“ Ketaiitr gz, D

H makeAnimeRM20_100 >

EG -

Renderviewl m[E[0s|x

Propertes | ermation |

Propert & x

#ronly | @ eset | 0ok | 2

= Display (Unstructured n
Representation  [Surface With Edees
»

ot

R,
Fig. 3.7-6 Mesh Displayed

3.7.6 Displaying Magnetic Flux Density
If you change "Coloring" in the "Properties” tab or "Solid Color" in the toolbar to "MagneticFlux Density-

Imag" (Fig. 3.7-7), the imaginary part of the magnetic flux density is displayed (Fig. 3.7-8).
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Fig. 3.7-8 Display of Magnetic Flux Density Imaginary Part

The color map is different from the commonly used one, so let's change it. With the data whose color you

r"\
want to adjust is selected in the tree, click "Edit Color Map" ﬁ (red circle in Fig. 3.7-10).
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To make detailed settings for "Edit Color Map", click the gear icon LI (red circle in Fig. 3.7-10).
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Fig. 3.7-10 Gear Icon

Click the icon ®! to change the color map (Fig. 3.7-11).
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Fig. 3.7-11 The Icon for Changing Color map

Selecting "jet" (red ellipse 1) in the "Choose Preset" dialog (Fig. 3.7-12) will display the most commonly
used color map. After clicking on "Apply" (red ellipse 2) in the lower right group of buttons, close the dialog

with "Close" (red ellipse 3).
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T—Y &5y
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|5 o

™ Use preset range

Presets

Actionz on selected:

Tip: {click> to select, {double—click> to apply a preset.

Fig. 3.7-12 Preset Color Map Selection Dialog

Clicking on the button to the right of "Color Map Editor" closes the "Color Map Editor" and the main
screen looks like Fig. 3.7-13.
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Fig. 3.7-13 Imaginary Part of Magnetic Flux Density after Color Map Change

Next, draw a vector diagram, but before that, change the whole model to wireframe display. Select
“Wireframe” from the pull-down in Fig. 3.7-14.
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Fig. 3.7-14 Selecting Wireframe

When the wire frame display is displayed, click “Glyph” indicated by a red circle in Fig. 3.7-15.
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Select "MagneticFluxDensity-Imag™ again in "Orientation Array" or "Scale Array". For this result, for
example, "Scale Factor" was set to 30,000. Press “Apply” and the vector will be displayed (Fig. 3.7-16).
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Fig. 3.7-16 Vector Diagram (Imaginary Part of Magnetic Flux Density)

Similarly, the real part of the magnetic flux density (Fig. 3.7-17), the imaginary part of the eddy current
density (Fig. 3.7-18), and the real part of the eddy current density (Fig. 3.7-19) are shown. For these, "Blue
to Red Rainbow" was adopted as a color map.
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4  Useful Functions
4.1 Mesh Extraction of Selected Volume

From the mesh consisting of multiple volumes, create a partial mesh consisting of nodes and elements
contained in some selected volumes.

After generating the mesh, select "Mesh" -> "Extract Selected VVolume", the mesh extraction dialog (Fig.
4.1-1) of the selected volume will be shown.

#® Mesh Extraction of Selected Volume pd
Create a partial mesh that extracts only elements belonging to the selected volume.

Select volumes. rOutput File
[] Volume[0] | | ‘

L] Volume[1]| |+++ gpqut output file name ***

[] Volume[2] | |The following 4 files are output by an exfraction processing.
1) mesh file (*.msh)

[] Volume(3] 2) node number conversion table file (*.src_node)

3) element number conversion table file (*.src_elem)
4)volume number conversion table file (*.src_vol)

For each file name, the selected file is followed by an extension.

| OK H Cancel ‘

Fig. 4.1-1 Volume Selection Window
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Select the volume you want to extract and click the button to the right of the input field of "Output File",
the save dialog (Fig. 4.1-2) will be shown. Please specify the save destination directory, enter the prefix of
output files and click "Save". However, saving of the file is not completed yet.

2 Save *
Save In: | AdvMagOnWin-0.2b ‘v‘ E
bin D advmagonwin_en.bat
[ dist [} ingent.conf
[ doc [} log.properties
—jre
= lib
] sample_data
D advmagonwin.bat

File Name: | |

Files of Type: |AII Files |v|

| Save H Cancel ‘

Fig. 4.1-2 File Saving Destination Selection Dialog
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Since you will return to the volume selection screen again, please click "OK" when you confirm that the file
name is entered in the "Output File" column. This completes saving, and the four files "<file name>.msh",
"<file name>.src_node", "<file name>.src_elem", and "<file name>.src_vol" are output. When these files
exist in the selected folder, the dialog for overwrite confirmation (Fig. 4.1-3) will be shown. If you want to

overwrite, click "OK". Otherwise, click "Cancel" and return to export dialog.

Confirm Cherwrite ot

& Output files exist. Overwrite to it?

0K Cancel

Fig. 4.1-3 Confirm Overwrite Dialog

As an extraction example, Fig. 4.1-4 shows the visualization result of the mesh extracted only volume 0
from the mesh created in Chapter 2.

Fig. 4.1-4 Result of Visualization of Extracted Mesh
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4.2 Creation of B-H curve definition file

You can compose the relationship (B-H curve) between the magnitude of magnetic field strength H [A / m]
and the magnitude of magnetic flux density B [T], which is the material property of the magnetic material,
while viewing the plot result and save it as a file. The B-H curve is defined by specifying two or more sizes
of B(|B|)and H (] H|) and defining the segmented curves connecting these points.

4.2.1 Startup
When you select "Analysis” -> "Set Material Property" -> "Create B-H Curve Definition File™ with
AdvMagOnWin activated, the B-H curve definition file creation window (Fig. 4.2-1 is shown).

% Create B-H Curve Definition File *

B-H Curve HI IBI

1.0

0.9

0.8

07

0.6

IBI

0.5

04

0.3

0.2

0.1

1]

0.0+ Add Value Delete Selected Value
00 01 02 03 04 05 06 07 08 09 1.0
IH| Read File Write File

Close

Fig. 4.2-1 B-H Curve Definition File Creating Window

The plot area of the B-H curve is shown on the left side of the screen. On the right side there are a list of
defined values of the B-H curve, four buttons for the definition value manipulation function, and a button for
closing the creation window.

4.2.2  Adding definition values
When you click "Add Value”, the Add Item dialog (Fig. 4.2-2) is shown, so enter the value of the definition
point of the B-H curve (Fig. 4.2-3). Please input the size of H (| H |) and the size of B (| B |) respectively.

=8 Add ltem X =1 Add ltem x
ML o) Wl 19
B og B 2g

Fig. 4.2-2 Add Item (Initial) Fig. 4.2-3 Add Item (After Input)

Click "OK" to return to the original screen, the specified point is shown at the center of the graph on the left
75



ADVENTURE SYSTEM

side, and the coordinate value of the point specified on the right side is shown (Fig. 4.2-4). The scale of the
graph changes depending on the size of the specified value.

=% Create B-H Curve Definition File X
B-H Curve HI | IB|
10| 20[=
2E0
2E0
2E0
2E0
2E0
2E0
2E0
2E0
2E0
m 2E0 "
2E0
2E0
2E0
2E0
2E0
2E0
2E0
2E0 —
2E0 =
2E0 | Add Value Delete Selected Value
1E0 1ED 1ED 1E0 1ED
IHI| | Read File Write File
[ Ciose |

Fig. 4.2-4 After Adding Definition Point

If you add another point, the points added to the graph are also shown, and a line is drawn between the
points that originally existed (Fig. 4.2-5). The table on the right side of the screen is always sorted
automatically with the value of | H |.

% Create B-H Curve Definition File *

B-H Curve HI IBI
1.0 20|~
50 m 2.0 5.0

4.8

48
44
a2
4
38 /’
EX] '

=]

34
a2
3o
28
28
24
22{
20{ o

4]

| Add Value Delete Selected Value
10 11 12 13 14 15 18 1.7 18 18 20

IHI| Read File Write File

|Cl.ose|

Fig. 4.2-5 Show 2 Added Points
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4.2.3  Delete definition value
To delete an unnecessary definition value, select the row of the definition value you want to delete and click
"Delete Selected Value" to delete it (Fig. 4.2-6)

% Create B-H Curve Definition File *

B-H Curve IHI IBI
SEQ 20 50|~

1B
wm
m
o
|

SEO0 Add Value Delete Selected Value
2E0 2E0 2ED 2E0 2ED

H| Read File Write File

|Close|

Fig. 4.2-6 After Deleting The Definition Point (1.0, 2.0)

4.2.4  Reading the definition file

To read the B-H curve definition file of the format used for ADVENTURE_Magnetic, click "Read File"
and select the file in the file selection dialog.

Fig. 4.2-7 shows the state immediately after reading the sample data bh_curve file.

#% Create B-H Curve Definition File e
B-H Curve IHI 1BI
24 0.0 0.0]=
- —™ 5300 07
22 -— 570.0 0.8
- 530.0 0.9
M
20 700.0 1.0
740.0 1.05
18 790.0 141
9 340.0 1.15|=
900.0 1.2
14 970.0 1.25
_ 1050.0 13
T 1170.0 1.35
13200 1.4
10 1520.0 1.45|_|
. 1780.0 15
2090.0 1.55
06 2500.0 1.6
3150.0 1.65
0.4 3800.0 17
4760.0 1.75
= 6100.0 18]~
00 Add Value Delete Selected Value
o 20,000 40,000 G0,000 80,000 100,00C
HI Read File Write File
| Close |

Fig. 4.2-7 After Reading Sample Data "'bh_curve"
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4.2.5  Saving the B-H curve definition file

ADVENTURE SYSTEM

By clicking "Write File", you can save the created B-H curve definition in a file (Fig. 4.2-8)

=N Save

X

Save In: ||j shaft

oo-
MIEEIEEE

[ test_shaft12.files D mtrl.dat

[ airigs [} shaft.ptn

D bh_curve D test_shaft12.iag
[ coil.dat

[ coilo.igs

[ coiloz.igs

D mag.igs

File Name: |

Files of Type: Al Fles

|v|

| Save || Cancel |

Fig. 4.2-8 Save Dialog

When the file with same name exists in the selected folder, the dialog for overwrite confirmation (Fig.
4.2-9) will be shown. If you want to overwrite, click "OK". Otherwise, click "Cancel” and return to original

screen.

Confirm Cverwrite

x

& Output file exists. Overwrite to it?

0K Cancel

Fig. 4.2-9 Confirm Overwrite Dialog

4.2.6  Creation complete
Click "Close" to finish creating the B-H curve definition.
Before closing, please check whether it saved in the file.
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