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About Workshop

e  Parametric study using a coil and Iron slug

— This workshop describes the steps required to setup a parametric analysis
offered through Optimetrics.

— A simple magnetostatic problem will be used to demonstrate the setup. The coil
current and the dimensional length of an iron slug will be varied and the impact
of changes in above parameters on the force exerted on the slug will be
observed.
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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 Magnetostatic
2. Click the OK button

© 2013 ANSYS, Inc.
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Solution Type: Project1¥ - Maxwell3DD...

I agretic:
{* Magnetostatic
" Eddy Current
" Transient
Electric:
[ Electrostatic
" DT Conduction
=

" Electric Transient

(] | Cancel
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NWSYSH Create Coil

 Create Regular Polyhedron

— Select the menu item Draw - Regular Polyhedron

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

2. Using the coordinate entry fields, enter the radius

— dX: 1.25, dY: 0, dZ:0.8, Press the Enter key
3. Number of Segments: 36

— Change the name of the Object to Coil

— Change the material of the object to Copper
— Change the color if desired

© 2013 ANSYS, Inc. May 21, 2013
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Create Coil (Contd...)

 Create Second Polyhedron

— Select the menu item Draw - Regular Polyhedron
1. Using the coordinate entry fields, enter the center of the base
— X:0,Y:0, Z: 0, Press the Enter key
2. Using the coordinate entry fields, enter the radius
— dX: 1, dY: 0, dZ: 0.8, Press the Enter key
3. Number of Segments: 36

— Change the name of the Object to Hole
e  Subtract Objects

— Press Ctrl and select the objects Coil and Hole from the history tree

— Select the menu item, Modeler = Boolean = Subtract
1. Blank Parts: Coil

2. Tool Parts: Hole
3. Click the OK button
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Create Slug

*  Create Iron Slug
— Select the menu item Draw - Box
1. Using the coordinate entry fields, enter the box position
— X:-0.5,Y:-0.5,Z: 0, Press the Enter key

2. Using the coordinate entry fields, enter the opposite corner
— dX:1,dY: 1, dZ: 1, Press the Enter key
— Change the name of the resulting object to Slug
— Change material of the object to Iron

Note: The material properties for iron has a linear permeability. This means that no
non-linear BH curve is being used in this example.

e Create Simulation Region
— Select the menu item Draw - Region

— In Region window,
1. Padding all directions similarly: M Checked ’ 4
2. Percentage Offset:
— Value: 200
3. Press OK
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Add Parameter SlugHeight

 Add parameter for Slug Height
— Expand the history tree for the object Slug and double click on CreateBox

Command -5 Solids
— In Properties window, +| 48 copper
-4 wacuum

1. For ZSize specify value as SlugHeight, press Tab to accept
2. In Add Variable window,

- Unit Type: Length

— Unit: mm Command |
T Va I ue: 1 Mame | Yalue | LIt | Evaluated Value|
Carnrnatid CreateBox

. P reSS OK | |Coordinate Syz...|Global
| Posiion 05,050 mm  -05mm . 0.5m..
|5z 1 mm Trm
|5z 1 mm Trm
T I T

Note: By defining a variable name (SlugHeight) it becomes a design variable. The

design variables are accessible by selecting menu item Maxwell 3D = Design
Properties.

If variable name is appended by symbol $, it will be defined as project variable
and can be accessed across the designs
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WSS Create Coil Terminal

 Create Coil terminal
— Select the object Coil from the history tree
— Select the menu item Modeler = Surface = Section
1. Section Plane: YZ
2. Press OK
— Change the name of the resulting sheet to Terminal

 Separate Sheets
— Select the sheet Terminal from the history tree
— Select the menu item Modeler = Boolean = Separate Bodies

e Delete Extra Sheet
— Select the sheet Terminal_Separatel from the history tree
— Select the menu item Edit - Delete

© 2013 ANSYS, Inc. May 21, 2013 8 Release 14.5



Assign Excitation

* Assign Excitation

— Select the sheet Terminal from the history tree

— Select the menu item Maxwell 3D = Excitations = Assign = Current

— In Current Excitation window,
1. Name: Currentl
2. Value: AmpTurns
3. Type: Stranded
4. Press OK
— In Add Variable window,
1. Unit Type: Current
2. Unit: A
3. Value: 100
4. Press OK

© 2013 ANSYS, Inc. May 21, 2013

Current Excitation
General | Defaults |
Marne: |Eurrent1
Farameters
Walle: |ﬁ1‘-.m|:uTurns J
Type: ™~ Solid * Shanded
Swap Direction
Usge Defaults
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WSS Analyze

e Assign Force Calculation
— Select the object Slug from the history tree
— Select the menu item Maxwell 3D = Parameters = Assign = Force
— In Torque window,
1. Name: Forcel
2. Type: Virtual
3. Press OK

 Create an analysis setup:
— Select the menu item Maxwell 3D = Analysis Setup = Add Solution Setup
— Solution Setup Window:
1. General tab
— Maximum Number of Passes: 15
2. Click the OK button

*  Run Nominal Solution
— Select the menu item Maxwell 3D - Analyze All
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WSS Results

* View the Solution Data:
— Select the menu item Maxwell 3D = Results = Solution Data
1. TO View Force Values F'rofile] Convergence  Force lTUrquel Matri:-:] Mesh Statisticsl

Farameter: |Folce1 j Force Unit: | nestan - Export Solution...
— Select the Force tab -
AT | J
| R [ Fw | P [ Madf) |
% P|Ot Mag_B Total -23MESE-00F -22672E-005 0001607  0.0016072

— Expand the history tree for Planes and select the plane Global:YZ

— Select the menu item Maxwell 3D = Fields = Fields 2 B 2 Mag_B

— In Create Field Plot window, Bltestal
1. Press Done - B

2, 4321e-BB01

2, 245B0e-BE1
2, 8580e-001
1.8789e-BE1
1.65839e-001
1. 4965e-B01
1.3097e-0E1
1.1227e-BB1
9, 356Be-BB2
7. 4854e-BB2
5. 6147e-802
3. 744le-BBZ
1.8734%e-BB2
2, 8831e-B85

— The results show about 0.2 Tesla field in the Center of the Slug which is well
within the linear region of the BH curve for most steels
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Parametric Sweep Setup

e Launch Setup Sweep Analysis window,
— Select the menu item Maxwell 3D - Optimetrics Analysis 2 Add Parametric

* Add Parameter Sweep for SlugHeight
— In Setup Sweep Analysis window, select Add

— In Add/Edit Sweep window,

Variable: SlugHeight

Linear Step: M Checked

Start: Imm
Stop: 2mm
Step: 0.2mm
Select Add

Wanable | SlugHeight -

" Single value

* Linear step

kdd/Edit Sweep X

Wariable | Dezcription

SlugHeight  Linear Step from Trmm to 2mm, step=0.2mm

Note: Do not close the Add/Edit Sweep window

© 2013 ANSYS, Inc.
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" Linear count sl s

" Decade count

" Octave count

" Exponential count

Start: |1 |rnm j Q

Stop: |2 |rnm j

Step: |D.2 |rnm j ITI Cancel
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Parametric Sweep Setup (Contd...)

e Add Parameter Sweep for AmpTurns

— In Add/Edit Sweep window, Add/Edit Sivzep
1 ariable rnp T urns - Variable | Deseription
T Change Varlable to AmpTurnS Variabl AmeT SlugHeight | Linear Step from Trmm to 2mm, step=0.2mm
" Single value AmpTums  Linear Step from 1004 to 2004, step=h0a

— Linear Step: M Checked aly .
il . " Decade count

Sta rt. 100 A " Octave caunt
R Sto ; 200 A " Exponential count

p Start: |00 m Q

w Step: 50 A Stop: ,W m
0T SEIeCt Add step |50 A | 0K | Cancel

— Press OK to close Add/Edit Sweep window

e View Added Parametric Variations
— In Setup Sweep Analysis window,

* Change tab to Table to inspect the combination of solutions that have been
created. There should be 18 solutions since we defined 6 variations of
SlugHeight and 3 variations of AmpTurns.

Note: Do not close the Setup Sweep Analysis window
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Parametric Sweep Setup (Contd...)

e Setup Output Parameters: Create Output Variable

— In Setup Sweep Analysis window,

* On Calculations tab, select Setup Calculations
* |n Add/Edit Calculation window, Select Output Variables

* In Output Variables window,
— Parameter: Forcel
— Category: Force
— Quantity: Force_mag
— Select Insert Into Expression
— Name: MagForceSlug
— Select Add
— Select Done

N Qutput Variables E
Qukput Yariables

[~ Walidate output variables for selected context

il IMagForcesiug

Mame

Expression

Mame:

Context

Report
Type:

Solution:

Function

abs

Parameter: |Force1

Expression: [Force_mag

- Insert into Expression

|MagForceSIug Add | Update | Delete
Quantities
Caks 8 F
|Magnetostatic j IR oree j
Quankiky: Funckion:
|Setup1 : LastAdaptive j
Force_x
j Force_y
Force_z

Insert Inko Expression

Done

Note: You will now return to Add/Edit Calculations window. Do not close this window

© 2013 ANSYS, Inc. May 21, 2013
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Parametric Sweep Setup (Contd...)

e Setup Output Parameters: Add Output Variable
* In Add/Edit Calculation window,

L Parameter- Forcel Add/Edit Calculation
. Context Trace ICaIcuIatinn Range]
— Category: Output Variables Report  [ragnetostac =]
Type: Calculation Expressian | |M~3§IF'2'V'IE5|'-IGI
N N i : M F r I Salution: |Setup1:LastF\dapti\-’e j
Quantity: MagForceSlug o g camtr—
— Select Add Calculation | e
Force
— Select Done to close window Exprossion Cache

Expression Converge

* Setup Options
— In Setup Sweep Analysis window,
e Select Options tab on Setup Sweep Analysis window
— Save Fields and Mesh: M Checked

— Copy geometrically equivalent meshes: ¥ Checked
* Click OK to close

Setup Sweep Analysis

Sweep Definitinns] T able ] General] Calcul:

[v Save Fields And Mesh

[v Copy geometrically equivalent meshes
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Solve the Parametric Setup

 Solve Parametric Setup

+ ﬁ Parameters

— In Project manager window, expand the tree for Optimetrics ﬁ:eﬁ“.ﬂpe'am
+ nalyzis

= Optimetrics

— Right click on the tab Parametric Setup1 and select Analyze et ctp]

[F] Fesults
Note: the solving criteria is taken from the nominal problem, Setup1. Each parametric

solution will re-mesh if the geometry has changed or the energy error criteria is
not met as defined in Setupl.

 View the Results of Parametric Sweep
— In Project manager window, expand the tree for Optimetrics
— Right click on the tab Parametric Setupl and select View Analysis Results

— In Post Analysis Display window,
|ParametricSetup‘I j w

1. View: Select Table to view results in tabular form

Result | Prafie |
View: @ Table [ Show complete output name

" Plot

W ariation | AmpTumns | SlugHeight | MagForceSiug: Forcel

1004 T 0.00160775E311367E2. .
1504 Tmm 00035652 3234470203, .
2004 T 00083381 9072390755 .
1008 1. 2mm 0.00339498871179451...
1504 1. 2mm 0.007552108563536585. .
2008 1. 2mm 0.0134570834462603n. .

© 2013 ANSYS, Inc. May 21, 2013 16 Release 14.5
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Create XY Plot

* Plot Force vs. AmpTurns vs. SlugHeight

— Select the menu item Maxwell 3D - Results = Create Magnetostatic Report
= Rectangular Plot

— In Report window,

1. Parameter: Forcel

. Primary Sweep: SlugHeight

. X : Default

. Quantity: MagForceSlug

2
3
4. Category: Output Variables
5
6

Select the Families tab:

37.50

XY Plot 1 Maxwell3DDesign1

L
5
=
=
|

agForceSlug [mNewton

M
Y
]
2
=
|

0.00

o

Curve Info
—— MagForceSlug
Setup1 : LastAdaptive
AmpTurns="100A"
—— MagForceSlug
Setup1 : LastAdaptive
AmpTurns="150A"
= MagForceSlug
Setup1 : LastAdaptive
Amp Turns="200A"

1.

0 120 140 160 180 2]
SlugHeight fmm]

— Ensure that that AmpTurns is selected as the Sweeps variable.

7. Select New Report

— The Plot should appear as shown in image

— Right click on the plot and select export to export the data in text file

© 2013 ANSYS, Inc.
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Create Data Table

* Create a Table of SlugHeight, Force, and AmpTurns

— Select the menu item Maxwell 3D - Results = Create Magnetostatic Report
- Data Table

— In Report window,
1. Parameter: Forcel
2. Parametric Sweep: SlugHeight
3. X : Default
4. Category: Output Variables
5. Qantity: MagForceSlug
6. Select New Report

Data Table 1
MagForceSlug [mMNewton] MagForceSlug [mNewton] MagForceSlug [mMNewton]
SlugHeight [mm]  Setup1 : LastAdaptive Setup1 : LastAdaptive Setup1 : LastAdaptive
AmpTurns="1004" AmpTurns="1504" AmpTurns="2004"
1 JREEELEY 1.607756 3.555232 6.338191
2 1. 200000 3.3945%89 7.552109 13.497083
3 1. 400000 5086352 11.409835 20.284165
4 1600000 6527595 14.666419 26073633
5 1800000 F.75731 17.425473 30978625
[ 2. 000000 8.792534 19.708633 35037573
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