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About Workshop

e Eddy Current

— This exercise describes how to set up a Maxwell 3D Eddy Current project to
evaluate eddy current in an object and resulting ohmic losses.

— In Appendix, steps are show to transfer the resulting losses to ANSYS Mechanical
for thermal analysis

*  Problem Definition

— A sinusoidal 500 Hz current will be passed through a spiral coil which will induce
eddy currents in an iron disk causing it to heat up.
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Problem Setup

* Create Design

— Select the menu item Project - Insert Maxwell 3D Design, or click on the &

icon

 Set Solution Type
— Select the menu item Maxwell 3D = Solution Type
— Solution Type Window:
1. Choose Magnetic > Eddy Current
2. Click the OK button

 Set Model Units
— Select the menu item Modeler = Units
— In Set Modeler Units window,
1. Select units: cm (centimeters)
2. Press the OK button

© 2013 ANSYS, Inc. May 21, 2013 3
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NWSYSHE Create Coil

 Draw Spiral

— Select the menu item Draw - User Defined Primitive = SysLib =

SegmentedHelix = PolygonHelix

— In User Defined Primitive Operation window,

1. PolygonRadius: 1.5 cm

2. StartHelixRadius: 15 cm

3. RadiusChange: 3.1 cm

4. Pitch: 0 cm

5.Turns: 8

6. Press OK
— Change the name of object to Coil
— Change the color to Yellow
— Change the material to Copper

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

© 2013 ANSYS, Inc. May 21, 2013

Parameters |Info ]

Name

Value

[ Unit |EvaluatedValue|

Description

Command
Coordinate System
DLL Name

DLL Location
DLL Version
PolygonSegments
PolygonR adius
StartHelixR adius
RadiusChange
Pitch

Tums
SegmentsPerTumn
RightHanded

CreatelserDefinedPart
Global
SeamentedHeliz/Polyg...
syslib

1.0

4

15

15

h|

0

8

36

1

cm

cm

cm

cm

1.5cm
15cm
3lcm

Ocm

36

Number of cross-sectio...
Outer radius of cross-se...
Start radius from polygo...
Radius change per tumn
Helix pitch

Number of turhs

Number of segments p...

Helix direction, non-zer...
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Create Coil (Contd..)

. Draw Box

— Select the menu item Draw = Box

1. Using the coordinate entry fields, enter the box position

— X:14,Y:0, Z: -2, Press the Enterkey x [__Jv [

||z: [-2 ||absalute
2. Using the coordinate entry fields, enter the opposite corner

— dX: 2,dY: 2, dZ: -2, Press the Enter key & [ Jan [T = Relative
* Draw another Box

— Select the menu item Draw = Box
1. Using the coordinate entry fields, enter the box position

— X:40.5,Y:0, Z: -2, Press the Enter key & [EE v [ =
2. Using the coordinate entry fields, enter the opposite corner

— dX: -2, dY: -2, dZ: -2, Press the Enter key & [ Jar  [Z

|.ﬁ.bsuluteﬂ

| dz: [-2 ||Re|ati~.-'e -

i
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Create Coil (Contd..)

 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
© 2013 ANSYS, Inc. May 21, 2013 6 Release 14.5



Create Coil (Contd..)

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

— X:0,Y:0,Z: 0, Pressthe Enterkey x [ v [z [0 absolute v
2. Using the coordinate entry fields, enter the second point

— dX:0,dY:0,dZ: 1, Press the Enter key w [0 Jav
3. Total Number: 2

4. Press OK

0 dz: 1 |Relative -

 Unite Objects

— Select the menu item Edit = Select = Objects
— Select the menu item Edit = Select All

— Select the menu item Modeler = Boolean = Unite

© 2013 ANSYS, Inc. May 21, 2013
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Create Disk

* To Create Disk

— Select the menu item Draw - Regular Polyhedron

1. Using the coordinate entry fields, enter the center of the base

— X:0,Y:0,Z:1.5, Press the Enter key = [ Jv [0 ]z [L5  ]|absou= ~|

2. Using the coordinate entry fields, enter the radius and height
— dX: 41, dY: 0, dZ:1, Press the Enter key

EW: Edz: Relative
3. 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

© 2013 ANSYS, Inc. May 21, 2013
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Excitations
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— In Section window,

1. Section Plane: YZ

2. Press the OK button
— Change the name of the resulting object to Coil_Terminal

y tree

— Select the sheet Coil_Terminal from the histor

— Select the menu item Modeler = Boolean = Separate Bodies

— Delete all the resulting sheets apart from Coil_Terminal
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Assign Excitations (Contd..)

* Assign Excitation
— Select the object Coil_Terminal from the history tree
— Select the menu item Maxwell 3D = Excitations = Assign = Current

— |In Current Excitation window,

1 . N ame: I_COiI Current Excitation E|
2. Value: 125 A S
3 . Type : SOIid Parameters
Value: [125 & ]
4. Press OK
Type: * Salid ™ Shranded
Swap Direction
Use Defaults
Cancel

Note: The current value assigned for static solvers is in Ampere-Turns. Users should
multiply the current value by number of turns in winding and specify resulting
value in Current Excitation window.
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Resolve Skin Depth

e  Compute Skin Depth

Skin depth is a measure of how current density concentrates at the surface of a
conductor carrying Alternating Current.

It is a function of the Permeability, Conductivity and frequency

Skin Depth in meters is defined as follows:

2

T -
WO , 1,

Where:

® is the angular frequency, which is equal to 2xf. (f is the source frequency
which in this case is 500Hz).

o is the conductor’s conductivity; for Cast Iron its 1.5e6 S/m
L, is the conductor’s relative permeability; for Cast Iron its 60
L, is the permeability of free space, which is equal to 4tx107 A/m.

For our model the skin depth is approximately 0.24 cm.

After three skin depths, the induced current will become almost negligible.
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Resolve Skin Depth (Contd..)

 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
1. Using the coordinate entry fields, enter the reference point of move vector

— X:0,Y:0,Z: 0, Pressthe Enterkey x [ v [ _Jz [0 |labsohte v|

2. Using the coordinate entry fields, enter the target point

— dX:0,dY: 0,dZ: 0.125, Press the Enter key w: [ Jan [T oz [0:025_[relative =]

Note: As we saw on last slide that we need to resolve a skin depth of 0.24. 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
are creating surfaces at a depth of 0.125. This will ensure that there are at least
two elements in skin region
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Resolve Skin Depth (Contd..)

* Duplicate Sheet

— Select the moved sheet Disk_ObjectFromFacel
— Select the menu item Edit = Duplicate = Along Line
1. Using the coordinate entry fields, enter the first point
— X:0,Y:0,2: 0, Press the Enterkey % [@___Jv [z [ ]labsolte v]
2. Using the coordinate entry fields, enter the second point

— dX: 0,dY: 0, dZ:0.125, Press the Enter key u: [
3. Total Number: 2

4. Press OK

|ldv:  [@ |dz:  [0.125%  ||Relative

© 2013 ANSYS, Inc. May 21, 2013 13
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WSS Draw Region

Create Simulation Region

— Select the menu item Draw - Regular Polyhedron

1. Using the coordinate entry fields, enter the center of the base

— X:0,Y:0,Z:-50, Pressthe Enterkey = [ v [z [ ]labsolte ~|
2. Using the coordinate entry fields, enter the radius

— dX: 150, dY: 0, dZ: 100, Press the Enter key

u:I‘r': Ddz: |Relativeﬂ
3. Number of Segments: 36

— Change the name of the object to Region
— Change Display Wireframe: M Checked

© 2013 ANSYS, Inc. May 21, 2013 14
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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,

Set Eddy Effect

1. Coil
~ Eddy Effects: [ Unchecked deplscement ot satgs.
2. Disk Object | Eddy Effect | Displacement Current
— Eddy Effects: M Checked Coil @ [
. ] Disk v =
— Displacement Current: [J Unchecked Region ~ -
3. Press OK

Note: Set Eddy Effects option enables users to turn off induced eddy current
calculation in required 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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WSS Analyze

e Create an analysis setup:
— Select the menu item Maxwell 3D = Analysis Setup = Add Solution Setup
— Solution Setup Window:
1. General Tab
— Percentage Error: 2
2. Convergence Tab
— Refinement Per Pass: 15 %
3. Solver Tab
— Adaptive Frequency: 500 Hz
4. Click the OK button

 To start the solution process:
— Select the menu item Maxwell 3D = Analyze All

Note: Adaptive Frequency in Solution Setup window indicates the frequency of
alternating magnetic field and hence frequency of applied excitation. Users can
do frequency sweep for calculation at multiple frequency points
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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,
1. Press Done

Bottom View: Notice the effect of the

Top View . : .
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,

1. Select Input > Quantity > OhmicLoss  [Scl: Ohmic-Loss
2. Select Input > Geometry
— Select Volume
— Select Disk from the list
— Press OK Mol - Yalume(Disk]
3. Select Scalar > Integrate
4. Select Output > Eval |Sn:| - Integrately olume(Disk), Okmic-Lozs)
— The evaluated value of losses in the Disk should be around 270.38 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, I[A_per_n2]
5. 16687e+805
1. Plot on surface only: M Checked | R
E. E53533e+805
2. Press Done 6. 1262e+025

5. B181e+EE5
5. 1853e+005
4. 5978e+885
4. B577e+00A5
3. 5776e+8A5
3. B675e+BA5
2, 5573e+8A5

2,847 2e+BR5
1.5371e+885
1. B269e+B@5
5. 1681e+@EY
6. GG24e+B@2

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, .“
1. Plot on surface only: M Checked L

4, 2482 +285
3. 8868e+085
2. Press Done
3. 18822 +285
2. G268e+085
2.4735e+005 | MM FF PG
2. 12e1e+2a5 | MO R A P
1. 7668e+085
1. 4135 +085
1. @681 +285
7. 8677284
3.5343e+0EY4
3. @425 +288

* Save the file
— Select the menu item File = Save As
— Save the file with the name “WS2_BasicEddyCurrentAnalysis.mxwl”
— Select the menu item File = Exit
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APPENDIX:

Maxwell to ANSYS Mechanical Coupling...
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ANSYS Mechanical

e ANSYS Mechanical

— In this section of workshop, we will map the losses calculated by Maxwell to
ANSYS Mechanical Steady State Thermal Solver. Solution in ANSYS Mechanical
will give final temperature distribution of the objects. Mapping data from
Maxwell to ANSYS Mechanical will be done through Workbench interface

. Launch ANSYS Workbench

— Select the Microsoft Start button and Select Programs > ANSYS 14.5 >
Workbench 14.5

* Import Maxwell Project
— In Workbench Project window, select the menu item File = Import
— Set the file type to Maxwell Project File
— Browse to the file WS2_EddyCurrent_LossCalculation.mxwl and Open it
— A Maxwell 3D Design is created as shown below

Maxwell3DDesigni

© 2013 ANSYS, Inc. May 21, 2013 22 Release 14.5



Create ANSYS Mechanical Design

* Create Steady State Thermal Design

Select a Steady State Thermal Analysis System from Analysis Systems list
Drag and drop it on the Solution tab of Maxwell 3D Design

Similarly drag and drop the Geometry tab of Maxwell on the Geometry tab of
Steady State Thermal system. This will create a link between Maxwell Solution
and Setup of ANSYS Mechanical

Right click on Solution tab of Maxwell 3D Design and Select Update to update
the solution cell

Right click on the Geometry tab of Steady State Thermal system and select
Refresh

- 5]

-
1 [’Eﬂ Mazwel 30 W | Steady-State Thermal
2| &P Geametry W T 2 @ Engineering Daka v o4
3 Setup v \H‘“'“IS @ Geomekry v 4
4 | S solution v T~ 4 @@ Model = 4
Maxwell 300esignl a5 @. Setup Y
6 @3 solution Y
7 @ Results T 4

Steady-State Thermal
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Define Material Database

e Define Material Database

— Right click on the tab Engineering Data and select Edit

— In Engineering Data window,

1. Select the icon Engineering Data Sources | 7 | ]
2. Select the tab Thermal Materials from Data Sources
3. Locate Cast Iron material from the list and select Add | « |

— Select Return to Project button

e Launch ANSYS Mechanical

1 Data Source
6 | B Hyperelastic Materials
7 7 m Magnetic B-H Curves
g |@ Thermal Materials
o

B T C D
1 (Iontegl;st eorl’iaTIL'uermal E Ad d 3
16 Q@ Brass | 1w ‘
0@ Bronze r»u’ 7
18 | 0@ Cast Iron & é
19 | 9@ CeramicS u’u Md to BZ En

— Right click on Model tab of Steady State Thermal analysis system and select Edit

— A tab corresponding to Maxwell data is automatically added in the tree to

enable data mapping

© 2013 ANSYS, Inc. May 21, 2013

g] Project
- &) Model (B4)
+ \,@I Geometry
+ o4 Coordinate Systems
+ ‘/@ Connections
% Mesh
- ?El Steady-State Thermal (B5)
¢-T§° Initial Temperature
‘,f\ Analysis Settings
22
-1 &3] Solution (B6)
5 L[ Solution Information

24 Release 14.5



Setup Geometry

 Suppress Unwanted Objects
— Expand the Project tree for Geometry under Model
— Select all bodies apart from Disk, right click on the Bodies a_r_]'hd“select Suppress

&3] Model {(B4)

— This will keep only Disk for analysis and rest will be ignored - = Gy

+-- A8 Cannections Preview
A Mesh

- ?[EI Steady-State Thermal (E Q Hide Body

o
/17 Initial Temperature | @ Hide 4l Other Badies
vy Analysis Settings

o S pe C ify M a te ri a I 7% im?oﬁed L'oid‘(Maxwe Suppress Body

— Select the Disk from the tree and goto Details View window

+| Graphics Properties

— In Details View window,

-| Definition
. Suppressed Mo
1' Materlal Stiffness Behavior Flexible
H o Coordinate System Default Coordinate System
— Assignment: set to Cast Iron il L o
Reference Temperature |By Environment
-1/ Material
MNonlinear Effects Yes

Thermal Strain Effects | Yes
+ Bounding Box
+/ Properties
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WSS Generate Mesh

e Set Mesh Parameters

— Right click on Mesh tab from specification tree and select Insert 2 Method

— In Details View window,
1. Geometry: select the body Disk
2. Method: Sweep
3. Sweep Num Divs: 5

e @Generate Mesh

— Right click on Mesh tab and select Generate Mesh

- Scope

Scoping Method
Geometry

-|| Definition

Suppressed
Method

Elerment Midside MNodes

SrcfTrg Selection
Source
Target
Free Face Mesh Tyvpe
Type

Sweep Mum Divs
Sweep Bias Type
Elerment Option

Geometry Selection
1 Body

Mo

Sweep

Use Global Setting
Autamatic

Program Conkrolled
Program Controlled
Quad)Tri

Mumber of Divisions
5

Mo Bias

Solid

Note: Mesh specifications are important from the data mapping perspective to
achieve good accuracy in mapped losses from Maxwell to ANSYS Mechanical.
Above Settings will ensure mesh refinement close to mesh we have in Maxwell.
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Map Data from Maxwell

* Map Heat Loss Data from Maxwell

— Right click on the Imported Load (Maxwell3DSolution) and select Insert = Heat
Generation

— In Details View window,
1. Geometry: Select the body Disk
— Right click on the tab Imported Heat Generation and select Import Load
— Heat losses calculated in Maxwell be mapped to the mesh in ANSYS Mechanical

— A Summery of mapped heat losses is shown below Imported Heat Generation
tab. Scaling factor shown in this summery should be close to 1 to ensure correct
data mapping. If not, mesh needs to be refined in important regions

Exporting Volume Loss Density With Scaling...
Object Total Loss Scaling Factor
Disk  270.381W |0.970063
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Finalize Setup

 Specify Convective Boundary

— Right click on Steady State Thermal tab from the specification tree and select
Insert = Convection

— |In Details View window,
1. Geometry:
— Change Selection Filter to Faces
— Right click in Graphic window and select Select All
— Press Apply in details view window  =/>°p¢

Scoping Method Geomekry Selection
2. Film Coefficient: 10 W/m2°C Geametry 3 Faces
—|| efinition

ID {Bieta) 106

Twpe Conweckion
Film Coefficient 10, Wim?**C {ramped)
Ambient Temperature |22, #C (ramped)

Suppressed Mo

Fluid Flow (Eeta) Mo

* Create Temperature Plot for Disk

— Right click on Solution tab from specification tree and select Insert = Thermal
- Temperature
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NWSCHE Solution

*  Run the Solution
— Right click on Solution tab from specification tree and select Solve

* View Temperature Plot
— Select the Temperature plot from specification tree under Solution
— Temperature distribution on Disk will be displayed in graphic window

48. 7 Max
435,097
47,494
46,59
46,257
45,684
45,081
44,477
43,874
43.271 Min
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