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About Workshop

* Post Processing in Maxwell 2D

— This workshop will discuss how to use the Maxwell 2D Post Processor. Field
plots and calculator operations will demonstrated on an Eddy Current project.
The following tasks will be performed:

* Plot the mesh

* Plot of MagB

* Plot of B_vector

* Plot of MagH along a line

* Create a table of MagH along a line

e Calculate average MagB in an object

e Verify DivB=0

e (Calculate loss in the conductor

e (Calculate net and total current flowing in the conductor
* Export field results to a file.
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Problem Setup

* Create Design

— Select the menu item Project = Insert Maxwell 2D Design, or click on the fi
icon

— Change the name of the Design to Post_exercise

 Set Solution Type
— Select the menu item Maxwell 2D = Solution Type

N SOIutlon Type W|ndOW: Geometry Mode: | Cylindrical aboutZ
1. Geometry Mode: Cylindrical about Z oanete
2. Choose Magnetic > Eddy Current " Magrelostati
{* Eddy Current
3. C“Ck the OK bUttOI’] " Transiert
Electric:
" Electrastatic:
" AC Conduction
" DC Conduction
ITI Cancel

© 2013 ANSYS, Inc. May 21, 2013 3 Release 14.5



Create Model

. Create Core

— Select the menu item Draw - Rectangle

1. Using the coordinate entry fields, enter the center of the base
— X:0,Y:0, Z:-10, Press the Enter key

2. Using the coordinate entry fields, enter the radius
— dX: 5, dY: 0, dZ: 20, Press the Enter key

— Change the name of the sheet to Core and material to iron

e Create Coil

— Select the menu item Draw - Rectangle

1. Using the coordinate entry fields, enter the center of the base
— X:8,Y:0,Z: 0, Press the Enter key

2. Using the coordinate entry fields, enter the radius
— dX: 2,dY: 0, dZ: 2, Press the Enter key

— Change the name of the sheet to Coil and material to copper

N

&

> ¥ .
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Create Model (Contd...)

 Create a line for plotting of the fields
— Select the menu item Draw - Line
1. Using the coordinate entry fields, enter the first vertex
— X:0,Y:0, Z: 0, Press the Enter key
2. Using the coordinate entry fields, enter the second vertex
— X:0,Y:0, Z: 20, Press the Enter key
3. Press Enter to exit line creation

 Create Simulation Region
— Select the menu item Draw - Region
— In Region window,
1. Padding all directions similarly: M Checked

2. Padding Type: Percentage Offset
— Value: 100
3. Press OK
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Assign Excitation

* Assign Excitation
— Select the sheet Coil from the history tree
— Select the menu item Maxwell 2D = Excitations = Assign = Current

— In Current Excitation window,

1. Value: 100 A
Mame: ,W
2. Phase: 0 Parameters
3. Type: Solid v i —
4. Press OK :h I{:SH — G
 Set Eddy Calculations ot orectons & postie © teaaive

— Select the menu item Maxwell 2D = Excitations = Set Eddy Effect

— In Set Eddy Effect window,

1 . CO re Usze checkboxes to turn ondoff eddy effect zettings:
— Eddy Effects: [J Unchecked Dbject | Eddy Effect |
Core
2. Press OK e ;

Note: Eddy Effects can be calculated only with solid excitations. For Stranded coils
eddy effects are not considered.
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Assign Parameters and Boundary

e Setup Impedance Calculations
— Select the menu item Maxwell 2D - Parameters = Assign - Matrix

- In Matrix window, CrE—

1. Currentl: Setup |
— Include: M Checked ez
Source | Include | Return Path
2. Press OK | |Currentt [w  |infinite

 Assign Boundary
— Select the sheet Region from history tree
— Select the menu item Edit = Select - All Object Edges
— Select the menu item Maxwell 2D = Boundaries = Assign = Balloon
— In Balloon Boundary window,
* Press OK
Note: On symmetry axis, “Balloon Boundary” assignment is automatically skipped,

This can also be achieved by selecting the edges of region which are not on
symmetry axis.
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Apply Mesh Operations

 Apply Mesh Operations for Core
— Select the sheet Core from the history tree

— Select the menu item Maxwell 2D = Mesh Operations = Assign = Inside
Selection = Length Based

— In Element Length Based Refinement window,
1. Name: Lengthl
2. Restrict Length Of Elements: [ Unchecked
3. Restrict the Number of Elements: ¥l Checked
4. Maximum Number of Elements: 500
5. Press OK

 Apply Mesh Operations for Coil
— Similarly assign mesh operation to Coil with following parameters
1. Name: Length2
2. Restrict Length Of Elements: [ Unchecked
3. Restrict the Number of Elements: M Checked
4. Maximum Number of Elements: 500
5. Press OK
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WSS Analyze

e Create an analysis setup:
— Select the menu item Maxwell 2D - Analysis Setup = Add Solution Setup

General Conwergence lE:-:pression Eachel Solver] Frequency Sweep]

— Solution Setup Window:

Standard

1' convergence tab Fefinement Per Pazs: |5 4
o Refinement Per PaSS: 5 % Minirurn Murmber of Passes: |2
2. Solver tab Minirum Converged Passes: |1

General] Eonvergencel Expression Cache Solver ] Frequency Sweepl

— Adaptive Frequency: 100 kHz
3_ CI'Ck the OK button Adaptive Frequency: |'IEIEI |kH2 j

Narlinear Fesidual |0.0001

*  Run Solution
— Select the menu item Maxwell 2D = Analyze All
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Solution Data

e View the Solution Data:
— Select the menu item Maxwell 2D = Results = Solution Data

il TO VieW the PrOfiIe: Profle  Convergence ] Force ] Matrix ] Mesh Statisticsl
a i Mumber of Pazses Pazz | Tnangles | Tatal Energy [J] | Energy Emor (%] | Delta Energy [%2] | Lozs W)
1. Click the Profile Tab. Completed 7 1 15339 0OODI2E72  11.965 N2, 28217
Maximum 10 2 1669 0000126308 44492 0.20325 38217
— To view the Conve rgence: LG & 31784 000012702 2633 0.037861 3.8219
Erergy Enor/Delta Eneray [Z] 4 1342  0O0ODI2P05  1.7999 0.018471 28218
1. Click the Conve rgence Ta b Target [1.1) 5 193 Q00012705 1.2708 00075289 38211
Current  [0.81587. 0.0053312] 6 203 000012708 1.0209 0.014372 38209
View © Table " Plot 7 2138 000MZF0E  0.81587 0.0069312 38209
Expart...

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

— To View Mesh information
1. Click Mesh Statistics Tab

Profile | Convergence | Force | Matix — Mesh Statistics l

Total number of mezh elements: 1916

Hum Element...| Min edge length | tax edge length | FtS edge length | Minelem area | Max elem area
Cail 502 0.000125 0.00025 0000136354 7.8125e-009 1.5625e-008
Core 535 7.8125e-005 0.00125 000066033 305176008 390625007
Region |879 5 85938e-005 0.0z 00021351 1.96457e-008  7.5e-005
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Solution Data (Contd...)

* View Matrix Results
- TO VleW Impedance Va|ueS F'rl:ufile] Ennvergence] Force  Matix lMesh Statistics

1. Click Matrix tab Parameter: | M =l Toee [ReiZ). ImiZ] =
Pass: Resist Urits: h -
2. Set Type to Re(Z), Im(Z) ] ) Pesktance Uit el
Freq: |100000H= -l
| Currentl |

Currentl  0.0007E633, 0.031936

Note: the imaginary term of the matrix includes both the inductive and capacitive
reactance are reported in Ohms.

3. Change TypetoR,L Profile | Convergence | Force  Matiis | Mesh Statistcs |
Parameter: | Matrix1 | Tepe R.L Ea
Pass: | ~| Resistance Urits: ohm -
Freq | 100000Hz | Inductance Urits: Ho
| Cunent] |

Current  0.0007633, 5.0827E-008

Note: the imaginary term of the matrix includes only the inductance and is reported
in Ohms and Henries
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Create Field Plots

* Plot Mesh
— Select the menu item Edit = Select All
— Select the menu item Maxwell 2D = Fields = Plot Mesh
— |In Create Mesh Plot window,
1. Press Done

e Plot Mag_B
— Select the sheet Core from the history tree
— Select the menu item Maxwell 3D = Fields = Fields 2 B 2 Mag_B
g In Create Field PIOt WindOW, B[t931:.]5211e—992
e
1. Press Done

B.B428e-B@2
B.1483e-B@2

5. B537e-BE2
5.1592e-B82 [:::}
4, GE4Ee-BB2 -

4, 1780e-002

3. 6755802
3. 1889802

2., GO6Ye-B62
2,1918e-802
1. 6973002
1. 2827e-002
7.0815e-803

Note: To hide the previously created filed plots, right click on plot from Project
manager window and uncheck Plot Visibility
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Create Vector Plot

* Plot Vector B

— Select the menu item Edit = Select All
— Select the menu item Maxwell 2D = Fields = Fields = B = B_Vector
— In Create Field Plot window

1. Press Done

— Double click on the legend to change plot properties

— In the window
1. Plots tab

— Plot: B_Vectorl
— Select the tab OnSurface

— Vector Plot

© 2013 ANSYS, Inc.

1. Spacing: Five Spaces
2. Min: 0.5
3. Max: 2

2. Press Apply and Close

May 21, 2013

13

B[tesl1al

g G2lle-Edz
8.8525e-002
7. 5435e-002
7 EEY T e -EEz2
B, 4559 -@Ez2
5.9271e-B@2
5.3883e-0@2
4, 5495e-@Ez
4, 3187e-EEz
3. 7719e-002
3. 25331e-002
2, 694%3e-082
Z2,1555e-082
1. 6167e-002
1.8779e-002
5.3911e-8@3
3. 8987e-006
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Create XY Plot

* Plot Mag_H along a Line

— Select the menu item Maxwell 2D - Results = Create Field Reports >
Rectangular Plot

— In Report window.
1. Geometry: Polylinel
2. X : Default
3. Category: Calculator Expressions

1 .
4- Qua ntlty . Mag_H XY Plot 1 Post_exercise
7.00 _ Curve Info
5. Select New Report i st b
E Freq=100kHz Phase=0deg’
6.00 —
5.00 —
T _
£4.00
S ]
< l
= i
~3.00 —
g i
= -
200
1.00 -
0.00 F—————————— s P PN A | T T T
0.00 250 5.00 750 10,00 12550 15.00 1750 20.00

Distance [mm]
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Create Data Table

 Table of Mag_H along a Line
— Select the menu item Maxwell 2D - Results = Create Field Reports = Data

Table
_ Mag_H [k&_p er_m]_
— In Report window. seetsl s S
- 1 L LEEL ] 0009644
1. Geometry: Polylinel ) 0.020000 0.009645
2. X : Default 3 s el
. . [ 0. 0G0 0.009651
3. Category: Calculator Expressions . 0.100000 0.009653
. . T 0.1 20000 0. 000654
4. Quantity: Mag_H . 0.140000 0.009656
5. Select New Report o 0-160000 0005658
10 0.1 300D 0.0095E9
11 0. 200000 0.009561
12 0. 220000 0.009663
13 0. 24000 0.000664
14 0. 260000 0.009666
16 0. 230000 0.00966T
16 0. 000D 0.009669
17 0320000 0.0096 70
18 0. 340D 0009671
19 0. 350000 0.009673
20 0. 350000 0.009674
2 0. 400000 0.009675
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Calculate Average Mag_B

e (Calculate Average Mag_B in an Object
— Select the menu item Maxwell 2D - Fields = Calculator
1. Select Input > Quantity > B
2. Select General > Complex > Real
3. Select Vector > Mag
4. Select Input > Geometry
— Select Volume > Core > Press OK
5. Select Scalar > Integral > RZ
6. Select Input > Number
— Select Scalar > Value: 1 > Press OK
7. Select Input > Geometry
— Select Volume > Core > Press OK

8. Select Scalar > Integral > RZ
. Scl: 0.0332242802204330
9. Select General > / (DIVIdE) Scl: /RZIntegratelMaolume[Core), Mag[Real(<Br,0.Bzx: 1)), BZIntegratelvolume[Care], 1]]
10.Select Output > Eval
— The average value of flux density calculated is around 0.038 Tesla
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Calculate DivB

 Calculate DivB

— In Field Calculator window,
1. Select the button Clear to remove previous expression
2. Select Input > Quantity > B
3. Select General > Complex > Real
4. Select Vector > Divg
5. Select Input > Geometry

— Select Volume > Core > Press OK

Gl 1.6406771 3921 GH3E 009
6. Select Scalar > Integral > RZ Sel RZlnteqratelvolume(Core), Divg(Reall<Br.0.Bz> ]

7. Select Output > Eval
— The divergence of B is approximately zero
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NWSYSH Calculate loss in a conductor

 Calculate losses in Coil
1. Select the button Clear to remove previous expression
2. Select Input > Quantity > OhmicLoss
3. Select Input > Geometry
— Select Volume > Coil > Press OK

4. Select Scalar > Integral > RZ Gl 3 B0 51 7243659
5. Select Output > Eval Scl; Bl ntegrate olume[Coil], Ohmic-Lozsz)

— The ohmic loss in the coil at 100kHz is approximately 3.82 Watts.
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WSS Calculate Current in Conductor

 Calculate Net Current in Coil
1. Select the button Clear to remove previous expression
2. Select Input > Quantity > J
3. Select General > Complex > Real
4. Select Vector > Scal? > ScalarPhi
5. Select Input > Geometry
— Select Surface > Coil > Press OK

6. Select Scalar > Integral >XY Scl: 100.000000379476
Scl: Integrate[Surface[Coil], ScalarPhi(Real(<0.Jpka, 0 ]])
7. Select Output > Eval

— The net current in the coil is equal to the source amp-turns = +/- 100

Note: Since total current needs to be calculated over the 2D section of Coil,
Integration is done with XY integral and not RZ
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Calculate Current in Conductor (Contd...)

 (Calculate Total Current including Eddy Component
1. Select the button Clear to remove previous expression
2. Select Input > Quantity > J
3. Select General > Complex > CmplIxMag
4. Select Vector > Scal? > ScalarPhi
5. Select Input > Geometry
— Select Surface > Coil > Press OK
6. Select Scalar > Integral >XY Sel: 129.9213085972135
5ol Integrate(Surface(Coil], ScalaPhilCmplkt agl<0.)phi 03 ]]]
7. Select Output > Eval

— (Calculated value of current comes out to be around 130 A
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Export Field Results

Export Results to a file

1.

Select the button Clear to remove previous expression

2. Select Input > Quantity > H
3.
4. In Export Solution window,

Select Output > Export

— Output file name: H_Vector

— Calculate grid points: il Checked
— Minimum: (0, 0)

— Maximum: (5, 5)

— Spacing: (1, 1)

Export Solution

Output file name:

|H_Vector

Grid points on which to export

" Input giid paints from file

¥ Include points in

& Calculate grid points

v

z|o

[ =] | Jrm =] | Jrm =]
inimum b iy m Spacing
|mm j |5 |mm j |1 |mm j
frn =] | [ =] | frm =]
mm ¥ |5 mm v |1 mm ¥
ak. | Cancel |

output fil

X

o

=

Note: In order to use the field results in another software program, you can export

the fields on a uniform 2-dimensional grid.

In the dialogue box
— Minimum: The minimum coordinates of the grid, and unit of measure
— Maximum: The maximum coordinates of the grid, and unit of measure
— Spacing: The distance between grid points, and unit of measure
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