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Overview

* Introduction to the Eddy Current Solver

- This workshop introduces the Eddy Current solver based on a simple example with a disk above a coil. This
solver calculates the magnetic fields at a specified sinusoidal frequency. Both linear and nonlinear (for saturation
effects) magnetic materials can be used. Also, eddy, skin and proximity effects are considered.

* 3D Geometry: Iron Disk above a Spiral Coil

- A sinusoidal 500 Hz current will be assigned to an eight turn spiral coil underneath of a cast iron disk. The coil
induces eddy currents and losses in plate.
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Model Setup

* Insert Design

- Select the menu item Project = Insert Maxwell 3D Design, or click on the icon in drop down list Maxwell on
panel Desktop

Eﬂ &% Update Solution Type: W52_3 - Maxwell3DDesignl
: 8k Remove
Maxwell Simpl
afwe implorer gﬂ Sollin |
t agrietic:
§8 Maxwell 3D ~
b agrnetoztatic
W[ Maxwell 2D
ifa Maxwell Circuit {+ Eddy Current
* Set Solution Type R RMprt (" Transient
- Select the menu item Maxwell 3D - Solution Type Electric:
- Choose Magnetic = Eddy Current ™ Electostatic
- Click the OK button (" DC Conduction
* Set Model Units u
- Select the menu item Modeler =2 Units ™ Electric Transient
- In Set Modeler Units window,
* Select units: cm (centimeters) oK Carcel
* Press the OK button
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Create Coill.5

Properties: W52_3 - Maxwell3DDesignl - Modeler @
o DraW Spiral Command |
- Select the menu item Draw = User Defined Primitive 2> Name Value [ Unt [Evaa.|  Descooton |
. . Command CreateUserDefined Part
SegmentedHelix - PolygonHelix | Coorinats Sy |Gibal
. - eg e . - ] MName SegmentedHeloe/PolygonHeli...
- In User Defined Primitive Operation window, i S e
- Version 1.0
o POIVgOﬂRadIUS: 1-5 Cm _Poh-gonSegme... 4 4 Number of cross-section poal...
o o | PolygonRadius 1.5 cm 1.5cm  Outer radius of cross-secto...
i Sta rt H e I lXRa d l u S . 1 5 Cm || StatHelxRadius | 15 cm 15cm Start radius from polygon ce...
. N RadiusChange 3.1 cm 3lcm Radius change pertum
i RadIUSChange: 3-1 Cm :F"rtch ] mm Omm Helix pitch
Tums H] H] MNumber of tums
o PitCh : 0 cm N SegmentsPerT... 36 36 Number of segments pertur...
: RightHanded 1 1 Helix direction, non-zero for ...
* Turns: 8
[~ Show Hidden

* Press OK

- Change the name of object to Coil o | o=

- Change the color to Yellow \
- Change the material to Copper

Note: Above operation creates a planar spiral when pitch is set to 0.
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Create Coil

* Draw Box
- Select the menu item Draw - Box
* Using the coordinate entry fields, enter the box position
X: 14, Y: 0, Z: -2, Press the Enter key [14 o | |2 | absolut ~|
* Using the coordinate entry fields, enter the opposite corner
dX: 2, dY: 2, dZ: -2, Press the Enter key | | | |Fle|ati1.rel

* Draw another Box
- Select the menu item Draw = Box
» Using the coordinate entry fields, enter the box position

X: 40.5, Y: 0, Z: -2, Press the Enter key 105 | lo | = |Jabsoiut ~|

* Using the coordinate entry fields, enter the opposite corner

dX: -2, dY: -2, dZ: -2, Press the Enter key [ | [ | |2 |Rrelative ~

)
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Create Coil

* Connect Surfaces

Select the menu item Edit = Select = Faces

Select the faces of the box as shown in image below

Select the menu item Modeler = Surface = Create Object from Face
Select the resulting sheet objects from the history tree

Select the menu item Modeler = Surface = Connect

Note: The boxes created in last step and object created in this step will represent end connection of the coil
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Create Coil

* Duplicate Boxes
Select Box1 and Box2 from the history tree
Select the menu item Edit = Duplicate = Along Line
* Using the coordinate entry fields, enter the first point of duplicate vector

X:0,Y:0,Z:0, Press the Enter key |_ |_ |_ |Abznllj||
* Using the coordinate entry fields, enter the second point

dX: 0, dY: 0, dZ: 1, Press the Enter key
Total Number: 2
Press OK

| Felative «

* Unite Objects
- Select the menu item Edit = Select = Objects
- Select the menu item Edit = Select All
- Select the menu item Modeler = Boolean = Unite
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Create Disk

* To Create Disk
Select the menu item Draw - Regular Polyhedron
» Using the coordinate entry fields, enter the center of the base

X:0,Y:0,Z:1.5, Press the Enter key 0 |Absnlutl|
» Using the coordinate entry fields, enter the radius and height
dX: 41, dY: 0, dZ:1, Press the Enter key 11 |Fle|ati1.rell

Number of Segments: 36
Change the name of the Object to Disk and color to Orange
Change the material of the object to cast_iron

©2020 ANSYS, Inc. Unauthorized use, distribution, or duplication is prohibited. \nsys



itations

EXc

* Create Coil Terminal

- Select the object Coil from the history tree

- Select the menu item Modeler = Surface = Section

w,

- In Section windo

e Section Plane: YZ

* Press the OK button
- Change the name of the resulting object to Coil_Terminal

- Select the sheet Coil Terminal from the histor

y tree

- Select the menu item Modeler = Boolean = Separate Bodies

- Delete all the resulting sheets apart from Coil_Terminal

\nsys
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l

General ] Defaults

Current Excitation

\nsys
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* Value: 135 A

* Type: Solid
* Press OK

tati

e Name: | Coil

Exc
- Select the menu item Maxwell 3D = Excitations = Assign = Current

- Select the object Coil_Terminal from the history tree
- In Current Excitation window,

* Assign Excitation

Note: The current value assigned for static solvers is in Amp-Turns. Users should multiply the current value by

number of turns in winding and specify resulting value in Current Excitation window.




Skin Depth

* Compute the Skin Depth

- Skin depth is a measure of how current density concentrates at the surface of a conductor carrying an
alternating current. It is a function of permeability, conductivity and frequency

- Skin depth 6 in meters is defined as follows:

*  is the angular frequency, which is equal to 2xrf. (f is the frequency - in this case is 500Hz)
* o is conductor’s conductivity; for cast iron it is 1.5e6 S/m
* uris conductor’s relative permeability; for cast iron it is 60
* 10 is permeability of free space, which is equal to 4*n*1e-7 H/m
- For the cast iron plate the skin depth result is approximately 0.24 cm
- After three skin depths, the induced current will become almost negligible
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Skin Depth

* Create Surface layers to Assist with the Skin Depth Meshing
- Select the menu item Edit = Select = Faces

Select the face on the disk that is closest to the coil

Select the menu item Modeler = Surface = Create Object from Face

Select the resulting sheet objects from the history tree

Select the menu item Edit = Arrange = Move

» Using the coordinate entry fields, enter the reference point of move vector
X:0,Y:0,Z:0, Press the Enter key [0 | [0 | |Abmhj”cm€5iéﬂl

* Using the coordinate entry fields, enter the target point
dX: 0, dY: 0, dZ: 0.125, Press the Enter key

| 0.125 |Relati‘-l||l:ar‘tezie -

Note: we need to resolve a skin depth of 0.24 mm. Assigning mesh operations to resolve such a small skin depth
region can lead to large mesh size. To resolve the skin depth effectively without need of too many elements, we
create surfaces at a depth of 0.125 mm. This ensures that there are at least two elements in skin region
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Skin Depth

* Duplicate Sheet

- Select the moved sheet Disk_ObjectFromFacel

- Select the menu item Edit = Duplicate = Along Line
Using the coordinate entry fields, enter the first point

X:0,Y:0,Z: 0, Press the Enter key [0 | [0 | |Abm|, - ||CaHEEiE - I
* Using the coordinate entry fields, enter the second point

dX: 0, dY: 0, dZ:0.125, Press the Enter key
« Total Number: 2 |_ |_ | 0.125 |Relati\l||(:ar‘tesizl

Press OK
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Create Region

* Create Simulation Region
- Select the menu item Draw = Regular Polyhedron
» Using the coordinate entry fields, enter the center of the base
X: 0, Y: 0, Z:-50, Press the Enter key lo lo | | 50 | 4bsolut ~|
» Using the coordinate entry fields, enter the radius

dX: 150, dY: 0, dZ: 100, Press the Enter key | |_ | |Re|atiuel
- Number of Segments: 36

- Change the name of the object to Region
- Change Display Wireframe: ¥ Checked
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Set Eddy Effect

» Set Eddy Calculation for Disc

- Select the menu item Maxwell 3D = Excitations = Set Eddy Effects
- In Set Eddy Effects window,

* Coil

* Eddy Effects: [0 Unchecked Set Eddy Effect

* Disk

- |lse checkboxes to turn anfoff eddy effect or

* Eddy Effects: ¥l Checked deformation current settings:

* Displacement Current: [J Unchecked

« Press OK CObject | Eddy Effect | Displacement Current
Coil | |
Disk v B
Region B B

Note: Set Eddy Effects option enables users to turn on/off induced eddy current calculation in conducting objects.
When a coil terminal is defined as Stranded in current definition, eddy effects are not calculated for the coil. But if
coil terminal is defined as solid, users will have to turn off eddy effects manually if induced eddy current calculation
in coil is not required
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Analyze

* Create an analysis setup:
Select the menu item Maxwell 3D 2 Analysis Setup = Add Solution Setup

- General Tab 5 |
X ] Paste Ctri+V
* Percent Error: 2 8l optimets
-] Resuits Add Solution Setup..
- Convergence Tab MRy Field O —
. +]- Definiti
* Refinement per pass: 20% L] Definitons
- Solver Tab
« Adaptive Frequency: 500 Hz E— _ I
General Convergence] Expression Cache] Solver| Frequency Sweep | Defaults |
- Press OK Name: |5‘31'-|I:'1 |v Enabled
Adaptive Setup
. Masdmurm Mumber of Passes: 0
 Start the solution process: :2
Percent Emor:
- In the Project Manager window RMB on Setupl = Analyze
Solve Setup @
" General ] Convergence ] Expression Cache  Solver | Frequency Sweep | Defaults |
Adaptive Frequency: |5DD |Hz j
Monlinear Residual: 0.0001

©2020 ANSYS, Inc. Unauthorized use, distribution, or duplication is prohibited. \nsys



Plot Mesh

* Plot Mesh on Disk
- Select the object Disk from the history tree
- Select the menu item Maxwell 3D = Fields - Plot Mesh
- In Create Mesh Plot window,
* Press Done

Top View Bottom View: Notice the effect of the automatic
adaptive meshing
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Calculate Total Ohmic Loss

e Calculate Ohmic Losses in Disk
- Select the menu item Maxwell 3D = Fields = Calculator
- In Fields Calculator window,

* Select Input > Quantity > Ohmicloss Sel - Ohmic-Loss

 Select Input > Geometry

 Select Volume Yal : Yolume|Disk)

 Select Disk from the list

* Press OK

« Select Scalar > Integrate Scl: [ntegrateMolume[Dizk ], Ohmic-Logssg]

* Select Output > Eval

- The evaluated value of losses in the Disk should be around 270.48 W
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Plot Current Density Vectors

* Plot Current Density Vectors
- Select the object Disk from the history tree
- Select the menu item Maxwell 3D = Fields = Fields = J = Vector_J
- In Create Field Plot window, —
* Plot on surface only: ¥ Checked R
* Press Done S

5. 3556E+8@5
4. 8210E+005
4. 2864E+005
| | 3. 7518E+005
3. 2172E+085
2. 6826E+005
2. 1480E+005

1. 6134E+B05
1.8788E+005
. 5. 4420E+0aY4
9. 6O14E+002

Note: Default plot may not look as shown in image. Users can modify attributes of plot to make it look better.
Double click on the legend to modify plot attributes.
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Plot Ohmic Loss Distribution

* Plot Ohmic Losses on Disk
- Select the object Disk from the history tree
- Select the menu item Maxwell 3D = Fields = Fields = Other = Ohmic_Loss
- In Create Field Plot window,

* Plot on surface only: ¥l Checked o o-Loss[W/mn
* Press Done 5. 30020005
4, 9459e+EA5
4. 5935e+805

4. 24 Ze+EE5
3, 3365e+8E5
3. 5335e+885

3, 1802e+8E85
2, 32658e+8E5
. 2. 4735e+885
2, 1281e+8E85

1. 7EGSe+EE5

1. 4135e+885
1. B681e+885
7 A6 Ve+BaY
3. 5343e+804
9, B425e+BEE
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Saving the Project

* This completes the workshop

e Save the file with the name Workshop_2_3 in the working folder
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End of Pre




