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Maxwell Postprocessing

* Maxwell Postprocessing
- ANSYS Maxwell has very powerful and flexible data management and plotting capabilities.

- The following postprocessing options are discussed in detail in this Module

* Field Overlays
2D and 3D Report plot
2. 0800 e+006
Fields Calculator . . B3676+006
. . 7143 +806
Output Variables . 5918e+006
Design Summary

J[A_per_m2]

4694 e+006
. 3469e+006
. 2245e+086
. 1820e+006
. 7959e+005
. S5714%e+885
. 3469e+085
L 1224%e+085
. §9580e+005
. 6735e+085
 4498e+005
. 2245e+085
. BBBAe+000

T N N

(=}

B PN WFE D

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



Solution Data

 Solution Data
- Solution Data contains all the information related to executed solution process

- The Solution Data window can also be opened while the solution process is running to check solution
convergence

- Can be accessed from menu item Maxwell 2D/3D = Results = Solution Data

7 | Solutions: example_magnetostatic - relay_nominal EI
Simulatior; | Setupl j .
o — Profile Tab:
Design Yariation: |alpha='Ddeg' Coil_Current="5004" P="0" J J

* Contains log of tasks performed by Maxwell
during solution process and time taken for

Profile ]knnvergence | Force | Torque | Matrix | Mesh Statistics |

Task | Feal Time | CPU Time | b emary | Infarmnation eac h tas k
Solver DRS14 00:00:00 00:00:00 42 M 5263 matrix,  0OKB dizk
Selver DRS14 00000 000000 414 M B263 matris, KB disk * It reports peak physical memory used for
Solver DRS14 00:00:00 00:00:00 420 M 5263 matrix, OKE dizk
Sokver DRS14 000000 00:00:00 418 M B263 matrix, QKB dizk eac h ta S k
Saokver DRS14 000000 00:00:00 414 M B263 matrix, QKB dizk P Listed taSkS can be different based on type of
Sokver DRS14 000000 00:00:00 412 M B263 matrix, QKB dizk . . .
Solver DRS14 00.00:00 000000 415M 5263 matriy, _OKE disk solution bemg carried out
Solver DRS14 00:00:02 00:00:10 419 1 FEA19 matrix, OKE disk .

[ J
param 00:00:06 00:00:09 291 M BEENT tetrahedra TaSks that can use HPC Ilcenses also Show
the number of processors being used.

Solution Process Elapzed time ; 00:01:53 , Mawwel ComEngine Memory ; 7
Tatal 00:01:26 00:03:20 Tine: 014312015 13:23:41, Status: Marmal Completion
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Solution Data

* Convergence Tab: 100.00
- Reports Adaptive Convergence information ]
- Available only with Static Solvers 1
10.00
- Can be viewed as a Table or Plot £ ]
Profie  Convergence | Force | Torque | Matric | Mesh Statistics | L% i
o
Mumber of Passes Pazs | # Tetrahedral Tatal Energy [J]| Energy Eror [%] | Delta Enefgy [%] g b
Completed 9 1 B9 0007337 32,544 B, g 100

Madmum 10 2 9006 0.0070874 9.9403 30947 B
Mirimum 2 3 11714 0.0063485 7.4092 1.9594 ]
Energy Emor/Delta Energy (%) 4 15233 0 008706 53986 11221 7]
Target [1.7) 5 13807 0.0068127 3.491 0.84167 1
Current  [0.37, 0.24766) E 25756 0.0067654 2.3529 065444 1

View: & Table £ Plot g e WDDEFEE 42T miAaizsis 010 LN L L B L L I L B L

8 430 0.0067137 1.3988 0.3136 1 3 3 4 5 g 7 g g
Export... 9 5BEO9 0.006657 087 024766 Pass

— Force, Torque and Matrix Tab: — Mesh Statistics Tab:
* Reports computed parameters values * Reports mesh information and statistics
Profile | Convergence Force |-|—C"":|L'E | Matrix | Mesh Statistics | ' Profile l Cunvergenc:e] Force l Turquel Matrix  Mesh Statistics l
Parameter: |fn::_arrn j Farce Unit: |newh:un ﬂ Total rumber of elements: 56603
Mum Tet...|Min edge Ien...|Ma:-: edge Ien...|HMS edge Ien...| i tet val... |Max tet vo...| Mean tet v,
Fass: | J amature  |4B8Z..  0.093326.. 202271 0. 738653 1.99397e-0... 0.350564... 0.0200936...
coil GO14.. 039737 556725 177265 0.0025395... 3.9174.. 0233649
core 2206.  0275647.. 397286 1 46459 0.0003330... 265256.. 00735492
| Fid) | Fiy) | Fiz) | Mag(F) | region 37894 0105655 207723 3.84229 1.84568e0.. 400.327.. AEI77E..
Total 000070726 017241 6781 67837 yoke §813.. 0120925  3.78255 11414 0000216, 234904, 00626543
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Fields Overlays

* Field Plots

Field overlays are representations of basic or derived field quantities on surfaces or volumes. All the basic field
guantities (B, H, J, E etc.) and in-built derived quantities (such as Ohmic Losses, Core Loss, Force Density etc.) can
be directly used for plotting

A field plot can be a contour plot or a vector plot
Additional quantities can be derived using Fields Calculator and can be used for plotting
A field Plot can be created by selecting an object, then Maxwell 2D/3D = Fields and required quantity

Create Field Plot Create Field Plot

I Specify Mame |MEIQ_B2 Fields Calculatar .. [ Specify Mame |Mag_B2 Fields Calculator ...
I~ Specify Folder |B J Category: | Standard I Specify Folder |B J Category: | Standard
Design: Mawwel30Design Quantity In ol Dezign: Mamwel300esignl Qluantity I ol
Cantext — Comtest —
o ) ' tag_H Lv_A ) } bag_H L4
Context iz tied to model window. Edit context H “ectar LYV B Context iz tied to model window. Edit contest H Yectar L E
by updating the model window's context MagBE  WIWL by updating the madel window's context L
: B_‘ectar core B_Wector core
Salution: |Setup1 : Transient J Mag | Reaif (4 Solution: |Setu|:-‘| . Tranzient J Mag_J Reqi ('}
J_Wectar Al0k J_Wector AllOk
] Energy Energy
Field Type: |Fields J coE nergy Field Type: |Fields J coEnergy
appE_nerg_l,l appEnergy
Intrinzic ' ariables Ohrnic_Loss Intringic Y ariables Dhmic_Loss
}otal_Loss Total_Loss
: emperature . Temperature
Tirne |EI.I381 5s J Wolume_Force_Density Time |D-|381 bs J Wolume_Force_Density
Suface_Force_Density Surface_Faorce_Density
Save dz Default Save Az Default
[ Plot on surface only V¥ Plat on surface anly

[ Streamline i
Daone | Cancel Dans | Cancel | [~ Steamline
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Plot Attributes

* Modifying Plot Attributes
- Often changing the plot display attributes leads to better results viewing and analyze

- After creation of the plot, double clicking on the legend (Colorkey) will open a dialogue box allowing to modify
plot attributes

* Color Map Tab: Sets predefined color schemes used for plot

» Scale Tab: Sets range and Number of Colors of plot

* Marker /Arrow Tab: Sets Size and style of arrows in vector plot

* Plots Tab: Sets display style of contour plots and density of arrows for vector plot

[Ex_7_4_Core_Loss] Maxwell3DDesignl -- B [Ex_7_4_Core_Loss] Maxwell3DDesignl -- B [Ex_7_4_Core_Loss] Maxwell3DDesignl -- B
Colorma  Seals ‘ arkcer/Amow | Flots | "Color map] Scale | Marker/Amow § Plots | Color mapl Scale ] Marker/Amgw  Plots |
B[tes1al
1, 6689e+@08 Save as default Flot | Mag_B1 - Save as default
. 1. SE4Ee+EEE Marker options
1, 45B3e+000 Num. Division 15 Save as default Type  |Sphere OnSurface |
1. 3561e+B08 T Soalar plot
1. 2518e+8EE * Auto Min: | 2.1618E-004 Size — '7
1. 1476e+028 - lsoalType | Frings ~| T~ Dutline
1. B433e+E08 Llschus Lo 0000000 o0
) I¥ Map transp Ji
9, 3985e-0E1 £ Speciy Values Amow options
g, 3+80e-aa1 Type Cylinder
7. 3@54e-BE1 I 8 Unis [tesia - roaddgid |
_ Size
6. 26z8e-001 Flat quality Mormal -
5. 2282e-A681 & linear Cling " "
Y, 177 7e-@51 L Vsl i
Magnitude fitein g ———1 | | | i S

3. 1351e-0B01 Auto Scale Options I Spacing

L : . ; Min: |.;_gg?3;5.::] —
2. 0925e-A61 [ Limit Max/Min precision to |4 | digts

e Min. |74.4503 Max, [148.922
1. 8588e-001 Max: [2.15128=+000
?'agage_aaq TR [N NN NN
TyPe: |Sciertfic v | Width: |12 Threshold: —— F
Precision 1|4 : =2
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Fields Animation

* Field Animation

- Field animation are useful to analyze changes in the field quantity with respect to time or any input parameters
- Can be created by selecting an existing field plot and then RMB - Animate
Note: Field animation for transient solutions must have Save Fields defined

Setup Animation

Swept varable:

Select values:

MName: |Animation

Swept Variable l Design Poirt |

=)

Description: |

o]

Cancel |

Animation can be setup by selecting swept
variable values for which field is animated

Animation: Animationl = B [
IIIIIIII“‘!\‘IIIIIIIIIIIIIIIIIIIIIIIIIIIIII -
- :
| «af = | »|
Speed
Frame: 10, Time = 0.085z
Expart...
Close
Label:
e i ................................. — o
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Animation window enables
to Stop, Play or Rewind the
animation

Animation Speed can be
controlled

Export button exports the
animation in AVI or GIF
format
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Report Plots

* Report Plots

Report plots are used to analyze output quantities along a curve or vs any defined parameter such as Time
Can be created from menu item Maxwell 2D/3D - Results = <Report Type > = <Plot Type>

* Report Types

Solver Specific Reports

* Plots for solver specific quantities such as core loss, assigned parameters or expression cache etc.
Field Reports

 Plots any field quantities (such as Mag_B, Mag_H etc.) and calculator expressions

Quick Reports

* Single click report generation for preset quantities such as assigned parameters, Losses, motion

« X axis of plot will be Adaptive passes for Static solver while for transient solver it will be time

--F] Winding o
A Current[windingd,) ,

CurrentlindingB]

Current[/indingC)

Quick Report

Design
Loss

Misc, Solution
_-

QK Cancel

FlusLink agefafindings)

FlusLink agefafindingB) ‘
FlusLink agelindingC)
[nducedyoltageindings)
[nducedvaltagelsfindingl)

[nducedyaltagelsfindingC)

P EE L L L,
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Report Plots

* Plots Types

Curve Info InducedVoltage_Stacked Maxwell3DDesign1 4
InducedVoltage_Rectangular Maxwell3DDesign1 4 —— InducedVoltage(WindingA)
Curve Info Setup1 : Transient

1250

—7.50
—— InducedVoltage(WindingA) C
Setup : Transient r

o Rectangular

— InducedVoltage(WindingC)
Setup : Transient

Rectangular Plot: " Stacked Plot:

— InducedVoltage(WindingB)

Plots multiple traces =™ .
e ; Plots multiple
overlaid in single Plot

area T — tracc.es stacked
T = | vertically

625 —

i
=
=4
2
]

1 [ 250
1250 I I | | T T ! | | ] [ -1250
o 2000 2000 5000 3000 100.00 0.00 20.00 000 60.00 80.00 100.00
Time [ms] ime [ms]
Data Table 1 Maxwell Forcel.Force_mag
Time ms] InducedVoltage(WindingA) [kV]  InducedVoltage(WindingB) [V]  InducedVoltage(WindingC) [kV]
Setup1 - Transient Setup1 - Transient Setup1 - Transient “

0.000000 0.000000 0.000000 0.000000
0.500000 0.273280 -0.181787 -0.091493
1.000000 0510956 -0.430676 -0.080280

I S - Data Tabl 3D Rectangular Plot:
6 2500000 o77E242 1316770 0538529 ata 1a e:

| smom frees s fpees . Plots 3D surface of

9 4000000 0128252 1829530 1701280 Plots tra ces ln

10 4.500000 0284545 -1.308380 2002920 o u t u t a a i n St two
1" 5000000 -0770218 -1.867790 2 438010 p g
12 5.500000 -1.305140 -1.403410 2708550 ta bu Ia r form

13 £.000000 -1.861570 -1.017990 2879560 H

14 6.500000 -2 409060 -0.521412 2930470 lnputs

15 7.000000 -2.915880 0.069688 2846290

16 7.500000 3351170 0732603 2618560

17 8.000000 -3.685540 1.439560 2245980

18 8.500000 -3.893620 2 158960 1.7346880

19 9.000000 -3.954920 2.856870 1.098060

20 9500000 -3.855100 3.498590 0356517 AmpTurns

21 10.000000 3 58RATN ansnain 1 asnaan

ugHeight
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Report Plots

* Creating Rectangular Plot
- Can be created from menu item Maxwell 2D/3D = Results = <Report Type> = Rectangular Plot
- Context
* Design: Choose from available designs within a project
» Solution: choose from available setups or solution types
* Geometry: if plotting Fields data, select an available Line or Point from the list
- Trace Tab
* Primary Sweep: controls the independent variable
« X: controls any functional operator on the independent variable (set to Primary Sweep)

[ ] Y: select the value to be plotted @ Report: Ex_5_4_ECE_Linear_Movement - Maxwell3DDesignl - Mew Report - Mew Trace(s) @
. Eania Trace | Families ] Families Display]
* Category: Select the variable category sotors [sompts e =] | —
* Quantity: Select the variable to plot P e % o e m}
. . . . . : orcel.Force_ma Rangu_a
* Function: To perform arithmetic operations on variable before plot - EEET Ao |
Category: Quantity: =7 Function:
gilr;‘:ﬂltesariables Forcel.Force_x abs -
Coupling Coeff = 'I:DI'EE i.:zorce_y :Egzh
Spdite Report ::nom orcel.Force_z :Eng:g il
v Real time MagFix ¥ 1l ¥
Qutput Variables... | Options... | Mew Report | | | Close
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Report Plots

Families Tab

K Report: Ex_5.4_ECE Linear_ Movement - MaxwelBDDesignl - New Report - New Trace(s) 5
- Enables users to plot Sgparate Traces for each variable value conet S s [ == e
from defined parametric sweep - N e vt
Output Variables =l e | ca]
- Opens Output variable definition window
New Report
- Creates a New XY Plot ”;:‘:;j:“4 —— ]
Add Trace e e N T [ e | [o=]
- Adds defined trace to selected XY Plot

Apply Trace
- Modifies existing trace to the selected one

100.00 o

©2020 ANSYS, Inc. Unauthorized use, distribution, or duplication is prohibited.
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Report Analysis

Marker P Add Marker
Trace Charactenstics k[ Add Delta Marker
Add Note... Export Marker Table...
¢ Markers LTS ' Export Delta Marker Table...
- Markers help to analyze the plot data at various data points e "7 Add Masimurn
Accumulate Add Minimum
- Can be used to get the value of outputs at any input point, identify i o e
change in output over a range or get the slope of the curve between Modify Report. LR S
. Add Y Marker
tWO pOlntS Update Report Bring Y Marker into view

- Can be added by RMB on Report Plot area and selecting Marker e Next Peak

Mext Minimum

Import...
Previous Peak
Copy Image Previous Minumum
* Trace Characteristics Export Legend... e
- Trace Characteristics enable users to calculate signal characteristics on the plotted traces
- Resulting value is displayed next to the trace
Add Trace Characteristics
Category: |Maﬂ1
Favorite| Functions Category EUWE Irlf'] rms
Marker * [T Imin Math imdi
— = Current{WindingA
Trace Characteristics 3 Recent % :: :::S: ::: Setup 1 ZTFE.I'IEl-:iEI'It 9} 1-3411}‘
ey S v B |— curentwinangs) o e
Add Limit Line 8 All.. . N [ Setup1 : Transient '
View C Clear All =i — Current{\WindingC 11335
|Reb.|rns total RMS of the selected quantity. SEtUD1 : TrE.rIEiErlt ’
Ll=ro ! ME Unit Description
_‘Range Full
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Fields Calculator

Fields Calculator enables the user to build and postprocess customized expression directly from the basic field
quantities

It has the capabilities of performing vector algebra and calculus operations which can be used to build further
complex quantities

In addition Fields Calculator can also operate with geometry quantities for three basic purposes:
- plot field quantities (or derived quantities) onto geometric entities

- perform integration (line, surface, volume) of quantities over specified geometric entities

- export field results in a user specified box or at a user specified set of locations (points)

A Fields Calculator can be launched from the menu item Maxwell 3D/2D - Fields = Calculator

Maxwell Help provides information on the operations for the entire calculator interface (press F1 and look in the
Contents section Post Processing = Using the Fields Calculator)

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



Fields Calculator GUI

# | Fields Calculator @
Mamed Expressiong Context: Mawwel 300 ezign
/ M arne | - Salution: |Setup1 . Tranzient j <\
tag_H MaglSmooth(<t = ) ) -
N d Mog B MagSmocthict 4 Field Type: |F|elds J
ame < Mag MaglGmanth<. Clear &l | || Time | 0.0805: ~|
Expressions H_"ector Smooth{<H: Hy I > Solution COntext
4 m 3
N
add .| |
Library: Load From.. | Save To.. | Change Variable Yalues... /
Stack & stack registers
Psh | Pop | AP | RDn | Ewch | Cea | Undo | Stack commands
Iput General Scalar ector Cutput
Quantity ¥ | + | Vec? ¥ | Scal? ¥ | Walug |
Geometry. .. | | 144 | datl... | Ewal |
Constant ¥ | | Pow | tag | Write. . |
MHumber... | ! | i | Dot | Export... |
Function... | MHeg | Trig * | Crogs |
Geamn Settings...| Abs | did?  F | Divg | >_ Calculator
Read... | Srmoath | I | Curl |
Complex ¥ | Min * | Tangent | BUttons
Diomain | M an * | Maormal |
k¥ | UnitYes ¥ |
Ln | ®Fom ¥ |
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Fields Calculator GUI

 Calculator GUI
- The Calculator GUI contains a stack holding the quantity of interest in stack registers

- A number of operations are intended to allow users to manipulate the contents of the stack or change the order
of quantities being held in stack registers

e Stack Commands

Push | Fop | RILIp | RIDN | Exch | Clear Undo

- Push: Duplicates the content of the top stack register
- Pop: Deletes the last entry from the stack (deletes the top of the stack)

- RIDn: (Roll down) is a “circular” move making the contents of the stacks slide down one line with the bottom of
the stack advancing to the top

- RIUp: (Roll up) like RIDNn on the other way around
- Exch: (Exchange) exchanges the contents of the two top stack registers
- Clear: Clears the entire contents of all stack registers

- Undo: undo the most recent operation. It could be nested up to the level where a basic quantity is obtained

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



Fields Calculator GUI

e Calculator Buttons

Input:
* Contains calculator buttons allowing the user to enter data in the stack

» Sub-categories contain solution fields (B, H, J, etc.), geometry (point, line, surface, volume, coordinate system),
scalar, vector or complex constants (depending on application)

General:
» Contains general calculator operations applicable to “general” data (scalar, vector or complex)

* The Operations being performed should be mathematically valid for inputs added in the stack

_ Scalar' | npt General Scalar Wector Okt
) Quantity ¥ | + | Yec? ¥ | Scal? ¥ | Yalue |
 Scalar contains operations that can be performed on | | | Matl.. | Eval |
scalars such as Gradient, Integration etc. Constant ¥ | | Pow | Mag | wite |
- Vector: MNurnber... | ¢ | o | Dot | Expart... |
. . Function... | Meg | Trig ¥ | Crozs |
* Contains operations that can be performed on vectors Geom Setings. | s | aw % | bvg |
only such as cross/dot product, divergence, curl etc. Read.. | Smooth | T | Cul |
_ Output: Complex ¥ | Min * | T angent |
. . . . Domai M * M I
* Contains operations resulting in data export, data oman_| axv I ! wmma " I
. neYec ¥
evaluation, etc. | [wfem & |
Log
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Integrate in 2D RZ

* Integrate Command in 2D RZ

- Maxwell 3D and 2D XY offer single integration option which integrates the selected quantity over a volume or a
surface

* Integration in 2D XY will give results values per unit length in Z direction and needs to be multiplied by length
of the model to get total values

- Integration in 2D RZ offers two Options
* Integral XY: Performs in plane integration of the quantity over the provided surface.

* Integral RZ: Performs integration considering 360 degree of the geometry around Z axis. Thus integration is
done over the volume of RZ geometry

Current through the coil can be calculated by performing XY integration
] of Current Density over the coil surface

Scl: 100.0000007 68651

" ‘ Scl: Integrate[Surface[Caoil], Feal[S calarPhil<0.Jph,0:]]]

Ohmic loss over coil volume can be obtained by performing RZ integration

L
h g
\$' i of Ohmic Loss over the coil surface

Current Carrying coil Scl: 3.82072133800433
in XZ Plane Scl: Relntegratelyolume(Cail], Ohmic-Loss]

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



Fields Calculator Guidelines

* Guidelines in Using Fields Calculator

- Fields Calculator is a powerful tool to postprocess solution data in required form. The following points should be
kept in mind while using Fields Calculator

Fields Calculator quantities do not include factors as Symmetry Multiplier or model depth. Users have to
manually add scaling factors to account for full model when symmetry is used. All 2D XY integration results are
in “per-meter”.

Some operations in Calculator require content of the stack to be in order
Integration require geometry term to be at the top and quantity to be integrated below it
Cross Product require second term at the top of stack while first term below it

Fields Calculator Operations are always performed with respect to Global CS and do not consider any active CS
assigned

Fields Calculator values are always computed in SI [mks] units irrespective of the design units

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



Output Variables

Output variables are useful in the cases where parametric or optimization studies are required and additional
calculations using output Quantities are needed.

Can be created from the menu item Maxwell 3D/2D - Results = Output Variables

e QOutput variables Section: {\ Outout Varisbles =
- Name and Expression for the Output variable to be created. B s vorible for scleced contont
- Pressing Add button adds defined variable to the list g — Seressn
- Expression can be typed in or built using Quantity section 2 |rerget =

* Context:

Name:  |Costl Add

- Enables users to define Report Type, Solution and Parameters
- All quantities related to these selection are displayed in Quantity

Expression: |(Target - MagSlugFarce) 2

seCtion Context Quantities
o o epor - - Category: |Force j
e Quantities: Repdlt  IMagnetostatic = | it Functon:
. . Solution: |SE1J.||31 : LastAdaptive j . -
- Helps users to build expressions - - ol 2
arameter: |Force hl acosh
- Can be selected along with a mathematical function oyt
- Insert Into Expression adds selected quantity to Expression field iy |
Insert Into Expression ‘
Function
abs - Insert into Expression Done

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



Desigh Summary

* Design Summary

Design Summary allows users to summarize all Design information in a single document through a single click
Design Summary contains all postprocessed data such as Mesh plots, Field Overlays and Result plots
Resulting document can be saved in easily sharable HTML or PDF format

Design Summary can be created by selecting the menu item Maxwell 2D/3D - Results = Create Document >
Design Summary

. Ex_9_3_BasicMagnetostatic - Maxwell2DDesignl - Design Surnmary.html EI@
Document

e
Maxwell2DDesign1

Table of Contents A

Design Summary
Model

Results

Field Overlays

Design Summary A

Design Details

Description
Project Ex 9 3 BasicMagnetostatic
Design Maxwel2DDesignl
Solution Type Magnetostatic
Geometry Mode about Z
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Optimetrics
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Optimetrics Analysis

* Optimetrics Analysis is used to perform studies where input variable variations affect the output

* Input parameters can be any geometrical or excitation parameter while output parameter can be any
postprocessing quantity. The following analyses can be added under Optimetrics

- Parametric Analysis:

» Allows to set variation in single or multiple variables over specified range and assign output quantities
Optimization:

* Allows users to define a goal of the analysis

» Goal can be to minimize/maximize/seek targeted value of the output quantity

* Input variables are varied in order to achieve the specified goal

Sensitivity:
* Identifies which of the defined input variables have more influence in variation of Output
Statistical:

» Allows to input statistical distribution of input variables and provides statistical distribution of Output
quantities

Tuning

e Can be used to fine tune the results of a parametric analysis

* Allows users to change input parameters interactively while monitoring design performance

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



Parametric Analysis

* Parametric Analysis
- A Parametric Analysis can be added from menu item Maxwell 2D/3D = Optimetrics Analysis - Add Parametric

* Sweep Definitions tab
- Add: Clicking on Add button will open the Add/Edit Sweep window, enabling users to define the parametric
sweep for all available parameters

Setup Sweep Analysis (3l Add/Edit Sweep @
Sweep Definitions | Table ] General ] Calculations | Options |
S Cal C : Wariable Description
- — araole ol Lurren il = "
Sync ﬂl Vanablel Description Add... | Coil ... |Linear Step from 1004 to 20
roc
+ Linear step
Add »e

INEar COLn

" Decade cournt

" Octave count

(" Exponential count

Start: {100 W -l
Operation Description Stop: |2|:ID |,£\ j 4 Il 3
Step: |25 |,e3\ j 0K | Cancel |

Add/Edit Sweep: enables to define start and

e | end point, sampling method and sample size
ok | GConca of parametric sweep

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




Parametric Analysis

* Sweep Definitions tab
- Sync and UnSync:
* By Default all assigned Sweep Definitions are nested
* Sync button enables synchronizing the assigned sweep definitions
* Number of Sample points in sweep definitions should be same for Synchronization
* UnSync button removes the assigned synchronization and revert to nested behavior

Setup Sweep Analysis B Setup Sweep Analysis
. ST N | Syween Definit Table |G ! . :
Sweep Defintions |Ta|:u|e ] General ] Calculations | Options | =..- = Sweep Definitions |Ta|:ule ] General ] Calculations | Options |
z ﬂ| Fariab | D * | Gap | amp_tums =
Ll arlaole : = 1 Omm 1004 Sync # "v‘arial:ule| Desc Setup Sweep Analysis
Gap Linear Step from Oram ta Trm, step=05mm -
- 2 | Omm 1504 1 IGap Linear Step from Ormm to Tmm, step=0.5mm - i
amnp_tu... Linear Step from 1004 to 2008, step=504, 2 om 200A : Sweep Definions  Table | Gen
m 1 amp_tu.. | Linear Step from 1004 to 2004, step=h05
4 |05mm 100A -
o ege o e e Gap | amp_tums
Sweep Definitions: Without 5 05mm 1504 Sweep Definitions: P re—— Y
. . & |0.5mm | 200A . . .
Synchronization o With Synchronization 2 05mm 1504
i 3 Imm  200A
g |1mm 1504
* Table tab

- Lists all assigned design variations in a tabular form as shown in above image
- Number of variations that will be solved by Maxwell can be checked from table tab
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Parametric Analysis

 General Tab
- Sim. Setup:

* Enables to select the required simulation setup for which parametric sweep needs to be assigned
 Solver settings used in selected Simulation setup will be used to solve all design variations

- Starting Point

 Sets the start value of the design variables for running parametric sweep

-

e Options tab

Setup Sweep Analysis

Sweep Defintions ] Table General | Calculations | Options |

Sim. Setup

=3

Setup
Setupd

v
-

Setup Sweep Analysis
Starting Point: . o
Sweep Defintions ] Table ] General ] Calculations Cptions
Design Yariable | Owverride
Gap L W Save Fields And Mesh
amp_turns |_ a7 v Copy geometrically equivalent meshes

- Save Fields And Mesh:

 Saves fields and mesh data for all the solved design variations

* Design variations can be postprocessed using all postprocessing options discussed earlier
- Copy geometrically equivalent meshes

* Avoids remeshing if changes in input variables does not affect the geometry
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Parametric Analysis

e Calculation tab

- Enables users to define Output parameters of Parametric Analysis to get required output without need to save
fields at all design variations

- Resulting value of output parameters must be a real scalar

Setup Sweep Analysis @
.o . o .
[ Svems sttt Gt st [ ] Clicking Setup Calculation button will open
| Solution | Calculation Calc. Cortext | Ad d Ed H c I I H H d
et Loshdopie it Calculation window
Setup1 : LastAdaptive Fx Forcel
Setup : LastAdaptive Fy Force 22 Add/Edit Calculation (=23
Setup1 : LastAdaptive Fz Forcel Context t— -
Setup : LastAdaptive|Lec Matrix 1 Calculation Range ]
Repart Magnetostatic A
Type: jueg | Calculation Expression : |Force1.Force_mag Ejlchi?on...
Solution: |Seb.||31 : LastAdaptive ﬂ
Category: Quantity: - Function:
Parameter: |N0ne ﬂ Variables
Qutput Variables Forcel.Force x abs
F LF = acos
Coupling Coeff orcel.Force_y acosh
L Forcel.Force_z ang_deg
Lnom ang_rad
MagFlux asin
MagFluxMom asinh
Design atan
Expression Cache atanh
Expression Converge s -
[eeoee] | ‘
Cutput Variables. .. Add Calculation Done
oK | Cancel

» Add/Edit Calculations window:
= Enables users to select any of the output quantities
= Clicking on Output Variables button will open Output variables window
= Add Calculation button will add selected quantity to Setup Sweep Analysis window
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Parametric Analysis

+- JF Analysis
L] L] o . .
* Running Parametric Analysis - {@ Optimetics
BRY ParameticS e
ight clicki dded i f i d Aele | |
- Right clicking on added Parametric Setup from project Manager tree under : Copy Cirl+C
. . . “ ” + Wigg Field D
Optimetrics and selecting “Analyze 4 (21 Definiions
Renarme F2
L]
* Examine Results X Delete Delete
. . . Properties. .,
- Right click on Added parameter setup from Project Manager tree and select bisable setp
[(AVH H ” E)
View Analysis Results T sraves
View Analvsis Result, .
5| Post Analysis Display EI@
| ParametricSetup 1 ~| Q/ Options... 57 Post Analysis Display ==
Result l Profile ] lParametn'cSemm LI Q/ Options..
Wiew: & Table [ Show complete output name Resutt Profile ]
" Plat 4] «f2 » | p1| Maxwell 3D version 2015.0.0
Variati0n| Gap |amp tums Frn: Forcel Fu Forcel Fy = E it | Varialionl Gap[ amp_tums| Start [ Stop [ EIapsed‘ Analysis Machine 4 Export...
- = — 1 Oin  -14 12:22.... |12:22.... | 00:00....
1 Cin 14 0.001062newton | -8.468e-009newton -7.97 2 250.00 T 3 & s Tiess Tt
2 Oin 3004 10Tdnewton | 0.0001012newton -0.005 = ] 5 e P Lo =l [SoverPoofe.
3 Qin BE14 209.3newton 0.0003922newton | -0.0071 200,00 h 4 Oin 9924 1222 12:22... 00:00-..
4 (in 9924 240.5newtan -0.0008593newton |-0.003 = ] 5 0.0.. 14 12:22.... [12:22.... | 00:00...
5 0.007in -14 0.0008306newton -5.185e-008newton B.369 ] % ] 3 0.0... 3004 12:22.... |12:22... |00:00....
5 0.007in| 3004 81.02newton -0.01076newton | 0.002E 513}-{“} ] 7 0.0.. 6614 12:22... 12:22... 00:00....
7 0.00in| 6614 187 3newton | 0.004483newton 00024 | | g ] 3 Ohegiten 1222 122 |G-
8 0.001n 9326 2206newton | 0.0042%newton | 0.0055 g1m.m E 2 0. 114 122 (122, IO
9 0.002in 14 0.0006691 newton 2.527e-008newton | 4.062¢ L; ] L 00.. 308 1222... [1222... | 0000 o
= [ ] < [T »
] 1 3 50.00 -] Finished at 02-02-2015 12:22:13 (Total Time : 00:00:01]
o0 L-——"prr—r-"+—pr—r—7"—"rr+—r—"+71Tr" =
Close 0.00 250,00 500.00 750,00 1000.00
amp_turns [A]

Profile window reports time taken for
solving each design variation

Results can be seen in Tabular or plot view
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Optimization Analysis

* Setting Variables for Optimization

- Before Optimization setup can be done, it is required to define the variables which will participate in the
optimization process

- Variables for Optimization can be assigned from Maxwell 3D/2D - Design Properties
e Optimization Analysis

- Optimization Analysis can be added from menu item Maxwell 2D/3D = Optimetrics Analysis = Add

p Setup Optimization @
Goals | Variables ] General ] Options |
Ciptimizer: |Sequentia| Monlinear Programming(Gradient) ﬂ
Mac. Mo. of terations: |10
Properties: Ex 9 8_BasicOptimetrics - Puck_Attractor Cost Function:
I Saliico I Calaulati [P o - T |
. T T | | | | |
Local Variables | Setup1 : LastAdaptive costl Force1 Minimize
" Walue {* Optimization " Tuning (™~ Sensitivity (" Statistics
MName | Include | Mominal Value | Min | Lnit | Maox | Lnit |
move [+  [D5mm 0 mm 1 mm

Parameters for which Include is checked vary to
achieve optimization Goal Setp Caloions. [EstGoamacn |

[~ Show Advanced Option

HPC and Analysis Options... |

oK | Cancel
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Optimization Analysis

* Goals tab
- Optimizers: Sets Optimization algorithm used for analysis
Sequential Nonlinear Programming (SNLP):
* Creates a Response Surface (RS) using a Taylor Series approximation from simulation results
* RS is used to determine the gradients and thus the next step direction and distance
* Numerical noise is assumed to be not significant

Sequential Mixed Integer NonLinear Programming:

* Equivalent to SNLP except that Optimization variable can take only integer values
* Can be used where discrete values of optimization are required (eg. Coil turns)
Quasi Newton:

 finds minima or maxima of a cost function relating model variables to overall simulation goals

e Can be used effectively when numerical noise is less and start values of optimization variables are near
expected values

* Should only be used when 1 or 2 variables are being optimized at a time
Pattern Search:

* Performs a grid-based simplex search, based on triangles in 2D or tetrahedra in 3D
* Can be used effectively when numerical noise is significant

* Takes more iterations to achieve assigned goal
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Optimization Analysis

Advanced Genetic Algorithm Optimizer Options @
Stopping Criteria
[v Maximum number of generations: I_ID
. o [ Blapsed time: T
- Genetic Algorithm: I Sow comvergence
* Does not use cost function to determine where to further explore the | == R
deSign spa Ce. _— v Ro-ulette selection
- - - - Mumber of Individuals: I—B‘D Selection Pressure: ,_10
* Instead uses a random selection and applies it in a structured manner | -........
* Run more number of iterations and may be slow
. . . ° Mating Pool
* Advanced Genetic Algorithm settings can be set by selecting Setup b it [ ot s
H H H 1 Individuals ready to mate, dones possible A set of individuals merged from:
button that appears adjacent to Optimizer Selection o o S
_ IVI AT LAB 3. Survivors from Pareto Front
Children
* Enables users to pass a script to perform MATLAB optimization Number of ndviduals: [ 30
 MATLAB must be installed on local system ParetoFront
Mumber of Survivors: 10
 MATLAB installation location must be specified under The verybest indiduok
Tools = General Options under Miscellaneous tab x| owat |
| MATLAE Optiens (=5
This screen allows you to modify the script that is passed to MATLAE to perform the optimization. By modifying this script, =
ﬁ:gsgﬁgigi :g_cilpv.;ujgzrgi;ﬁ:me optimization to your needs using the full power of MATLAB. For instance, by modifying
1. Change the optimization algorithm (e.g. call fminsearch instead of fmincon) <
Script Section: |O|:utimization algarithm ﬂ
%% invoke optimization -
F,fval,exitﬁag,ouh:ut] = fmincon{wrapperfunc, startingpoint, SANS_A_MATRIX, SANS_B_MATRIX, [, 0, SANS_MIMVAL

Note: For detailed information about each Optimizer, please refer to Maxwell Help

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

\nsys



Optimization Analysis

- Max. No. of Iterations:
 Limits number of iterations to be conducted. Thus avoids solution runaway
- Setup Calculation:

* Opens Add/Edit Calculation window Enables users to define the output quantity for which design needs to be
optimized

 Added Calculations will be listed under Cost Function

- Cost Function

* Sets Goal of Optimization and weight to each goal Setup Optimization

» Goal with highest weight is given more importance Gost. | Vatabes | General | Optons |

Optimizer: MATLAB | Setup... |

Max. Mo. of ferations: |'|I]I

* For Maximize or Minimize conditions, only single cost
function is allowed

Cost Function:

° If "=")"< =" or “>=” con d itio ns are u sed; ta rget va I ue Solution | Calculation Calc. Context | Condition Goal Waekight

can be set in Goal field Setup : LastAdaptive cost1 Force  Winimize |

Minimize

MMaximize
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Optimization Analysis

e Variables tab

- Starting Value: Values from which Optimization will start. If start
value is close to optimization point, Optimization requires less

Setup Optirmnization

‘Goals Variables | General ] Options |

iterations _ _ _ _ _ _ _
Varable | Cvemide | Starting Value | Units | Include | Min | Units | Manc | Units
- Min & Max: Sets the range in which values of design variables Gap v 0 in v 0 n 1 in
will be varied amp_tums | [v 576 A v 222 A 864 A

* General tab
- General tab allows users to specify results of Parametric Analysis

as an input to Optimization or run a parametric analysis as a R Gpimestien
. . . oals ariables  General ions
part of Optimization Gosle | Vored | | Ot -
Parametrics Analysis: MR =~
- Selecting “Update design parameters’ value after optimization” N/A
will assign Optimized variable values to the nominal design, r
i OptionS tab Iv Update design parameters’ value after optimization
- Inputs on Options tab are same as Parametric Analysis
Setup Optimization

Goals ]‘-.-"arial:ules General Options -

| Save Fields And Mesh

[ Copy geometrically equivalent meshes
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Optimization

* Running Optimization

- Right clicking on added Optimization Setup from project Manager tree under Optimetrics

and selecting “Analyze”
* Examine Results

- Right click on Added Optimization setup from Project Manager tree and select “View

Analysis Results”

5| Post Analysis Display

E=8 ECR <~

Cptions...

|Optirnizati0nSetup1 j y
Result | Profie |
Yiew: @+ Table
" Plot
E valuation | move | Cost 1.00E-002
1 0.5mmm 000012195
2 0.7154mm 0.0027777 1 D0E-003
3 0.221%mrm 0.0034785
4 0.1376mm 0.0071101
5 0.4514mmn 1.0167=-008 1.008-004
B 0.447 mm 2.6569e-008 -
7 0.4463mm 3.2472e-008 é' 1.00E-005
kS 0.4463mm 5.44762-008
9 0.447mm | 3.9442=-008 1 00E-008
10 0.4484mm 3.3966=-008
1.00E-007
1.00E-008
Close

P AR

PR R S 2 A T

Evaluation

Results can be seen in Tabular or plot view

- JF Analysiz
- Optirmetrics

+ Results
% Field Overlays
+.-[_7] Definitions

sl O ptirniz ationS etup

Copy Chrl+C

Rename F2

X

Delete Delete

Properties...

Dizable Setup

Analyze

Yiew Analvsis Result, .

5 | Post Analysis Display

[Opt:mizaﬂon Setup1

=l o
Resut Profile |

I4| 44 ¥ )I| Marwell 3D version 2015.0.0

Variation | move| Start | Stop | Elapsed| Analysis Machine
1 0.5mm 14:07:... 14:07... 00:00....
2 0.71... 14:07.... 1407... 00:00....
3 0.22.. 14:07.... 1407... 00:00....
4 013 14:07... 1407... 00:00....
5 0.45.. 14:07.... 1407... 00:00...
6 0.44.. 14:07... 1407... 00:00...
7 0.44.. 14:07... 1407... 00:00...
8 0.44.. 14:07.... 14:07.... 00:00....
9 0.44.. 14:07... 1407... 00:00....
10 0.44.. 14:07... 14:07... 00:00...

Finished at 02-02-2015 14:07:45 [Total Time : 00:00:07)

=8 Eol =<7
Options...

Export...

Solved
Close

Profile window reports time taken for

solving each design variation
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Sensitivity Analysis

 Setting Variables for Sensitivity

- Before Sensitivity setup can be done, it is required to define the variables which will participate in the sensitivity
analysis

- Variables can be assigned from Maxwell 3D/2D - Design Properties
 Sensitivity Analysis
- Sensitivity analysis can be added from menu item Maxwell 2D/3D - Optimetrics Analysis = Add Sensitivity

Setup Sensitivity Analysis @

Calculations | Variables ] General ] Options |

Mz, No of terations/Sensitivity Varable: |10

Properties: Ex_5_4_ECE_Linear_Movement - Maxwell3DDesignl | Solution | Calculation | Master Output |
Setup1 : LastAdaptive Force1.Force_mag [

Local Varables |

" Value (" Optimization " Tuning {* Sensitivity (" Statistics
Mame | Include | Mominal Value Min | LUnit | Mane | Uit | Inttial Disp. Uit
Gap [ |pn -1 in 1 in 0.2 in
amp_tums [ b 76A 288 A 264 A 7 & A

Parameters for which Include is checked will be

used in Sensitivity analysis g e |
Approxdmate Eror in Master Output: IW

HPC and Analysis Options... |

oK | Cancel
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Sensitivity Analysis

Calculations tab
- Max. No. of Iterations/Sensitivity Variables: Sets maximum number of iterations for each variable value

- Setup Calculation: Opens Add/Edit Calculation window Enables users to define the output quantity for which
sensitivity analysis is done

Variables tab

- Starting Value: values from which analysis starts. It should be in between Min and Max specified

- Min & Max: Sets the range in which values of design variables will be varied

- Initial displacement: Sets the difference between a variable's starting value and the next solved design variation

General tab

- General tab allows users to specify results of Parametric Analysis as an input to Sensitivity analysis or run a
parametric analysis

Options tab
- Inputs on Options tab are same as Parametric Analysis

Setup Sensitivity Analysis

Calculations  Variables | General ] Options |

Wariable | Crvemide | Starting Value | Units | Include | Min | Units | Max | Units | Initial Disp. | Units |
Gap [wv D in v 0 in 1 in 0.2 in
amp_tums [wv 578 A [w 288 A 864 A 57.6 A
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Sensitivity Analysis

* Running Sensitivity

- Right clicking on added Sensitivity Setup from project Manager tree under Optimetrics and selecting “Analyze’

* Examine Results

- Right click on Added Sensitivity setup from Project Manager tree and select “View Analysis Results”

7| Post Analysis Display

| SenstivitySetup 1 | Q/
Resutt ]Pmﬁle |

Yiew: @ Table [ Show complete output name

" Plat

=8 E=R ===
Options...

Input Qutput

ShugHeight | SlugForce Force_z: Mo, |-0.001 46Bnewtaon| -7. 87
Shug_tove SlugForce Force_z: Mo, -0.001462newton 4.65

AmpTums | SlgForce Force_z: Mo -0.001473newton -2 96e-005 -2.96e-007

Func. Value | Tzt D | 2nd D | Expaort...

4.84e
-1.58¢

Close

0.00E+000

-1.00E+000 —

-2.00E+000 —

SlugForce Force_z: None [mMewton]

T | T T T T
75.00 100.00
AmpTurns [4]

Results can be seen in Tabular or plot view

)

(]
o
i

Options...

Export...

g

| Post Analysis Display

I SensitivitySetup 1 L] J

Resut Profile |
|(| 412 ¥ )I‘ Maxwell 2D version 2015.0.0
Wariation | AmpTumsl SIugHeight‘ SIug_Move| Start | Stop [ Elapse »
1 1004 Tmm Omm 15:30:... 15:30.... 00:00..
2 1108 Tmm Omm 15:30:... 15:30.... 00:00.. =
3 904 Tm Omm 15:30.... 15:30... 00:00..
4 984, Tmm Omm 15:30:... 15:30.... 00:00..
5 1024, Tmm Omm 15:30:... 15:31.... 00:00..
5} 964, Tmm Omm 15:31... 15:31... 00:00...
7 1044, Tmm Omm 15:31... 1531 00:00..
8 944, Tmm Omm 15:31:... [15:31.... |00:00:..
9 1064 Tm Omm 15:31... 15:32.. 00:00..
10 924, Tmm Omm 15:32.... 15:32... 00:00..
4 m »
Finished at 02-02-2015 15:37:41 [Total Time : 00:07:41)
Sensitivity analysis successfully completed.

Close

Profile window reports time taken for solving

each design variation
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Statistical Analysis

 Setting Variables for Sensitivity
- Similar to Sensitivity, Statistical Analysis requires definition of variables for analysis
- In Addition, users can set standard deviation for each variable
- Variables can be assigned from Maxwell 3D/2D = Design Properties
* Statistical Analysis
- Sensitivity analysis can be added from menu item Maxwell 2D/3D - Optimetrics Analysis = Add Statistical

Properties: Ex_9_4_BasicParametrics - Maxwell2DDesignl @ T ] 5
. Edit Distribution @
Local Variables |
" Value (" Optimization " Tuning (" Sensitivity {+ Statistics . -
Distribution Type: |Lln|f|:|rm J
MName | Include | Mominal Yalue Digtribution Distribution Criteria Cutaff F'[I:Il:lal:l”t_'.-" ||:|
SlugHeight [w Tmm Unifarm Tolerance = 10%, Mean = Tmm, Cutoff Prob. =0
AmpTums [w 1004 {nform Yolerance = 10%, Mean = 1004, Cutoff Prob. = 0
Slug_Maove [ |0mm Gaussian olerance = 10%, Mean = Omm, Cutoff Prob. = 0 b ean: 100 |-":"- il
ETH 5
Lognormal Tolerance: -4 -
Uzer Defined
4 I 3
[v¥ Show Hidden
Add.. Add Amay... | oK Cancel |
QK | Cancel Apphy
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Statistical Analysis

Calculations tab

- Max. No. of Iterations: Limits Maximum number

of iterations carried out in statistical analysis

- Setup Calculation: Opens Add/Edit Calculation
window Enables users to define the output
guantity for which statistical analysis is done

Variables tab

- Allows users to define, Starting values, Min and
Max limits of variables

- In addition users can define distribution criteria
using Standard deviation or tolerance value

General tab

- General tab allows users to specify results of
Parametric Analysis as an input to Statistical

analysis or run a parametric analysis
Options tab

- Inputs on Options tab are same as Parametric
Analysis

Setup Statistical Analysis @
Calculations | Variables | General | Options |
Madmum herstions: |50
| Solution | Calculation
Setup Calculations. ..
Setup Statistical Analysis @
Caleulations  Variables | General ] (Options |
Varable | Cwvemde | Starting Value | Units | Include | Distribution | Latin Hypercube | Min | nits | Mae | Units |
AmpTums [v 100 A [+ | Uniform [w 50 A 150 A Taleran
SlugHeight v 1 mm [+ | Uniform [w 0.5 mm |15 mm Toleran
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Statistical Analysis

* Running Statistical Analysis

- RMB on added Statistical Setup from project Manager tree under Optimetrics and select “Analyze”
* Examine Results

- RMB on Added Statistical setup from Project Manager tree and select “View Analysis Results”

5 | Post Analysis Display (== = | Post Analysis Display oo ]
| Statistical Setup 1 ~| Q/ Options... | statisticalSetup1 ~] J Options...
Resut | Profile | Resut Profie |
View: (& Table RIRIE > | M| Maxwell 2D version 2015.0.0
£ Plat Variation | Arinumsl SIugHeight| SIug_Move| Start | Stop l Elapse = Export...
Iteration| .-’-‘«mpTums| ShugHeight | SlugForce.Force_z Mo... - Expart... 1 101.84 1.025mm  Omm 18:04.... 18:04:... 00:00..| _
1 107.84 1.025mm | -0.001 728newton ) 2 98.254, 1.017mm  Omm 18:04:... 18:05.. 00:00.. E
2 98,254, 1.007mm | -0.001555newton 3 96.84 0.936Tmm  Omm 18:05.... 18:05.. 00:00...
3 9E6.84 0936 mm | -0.001 357 newton g 4 99.34 0.9942mm  Omm 18:05... 18:05.. 00:00..
4 9934 0.394Zmm | -0.00141Znewton 20 5 10364 1.01mm  Omm 1805.. 1805... 00:00..
] 10364 1.0Tmm -0.0071E3Bnewiton 5 95.784 0.9796mm  Omm 18:05... 18:06... 00:00..
6 95.784  |0.9796mm | -0.00120Bnewtan f45 ] 7 10434 0.961mm  Omm 18:06:... 18:06... 00:00:.
7 104.34 096 mm | -0.001232newton E ] 8 96.714 1.014mm  Omm 18:06:... 18:06... 00:00..
8 96.714  1.07dmm | -0.001483newton ERRE 3 1024 1.000mm  Omm 18:06:... 18:06... 00:00..
9 1024 1.000mm 000751 Brewton § 10 ] 10 101.54 0.9816mm  Omm 18:06.... 18:07.... 00:00...
10 10154 0.9316mm | -0.001 367 newtan Lé ] g
1 10385 | 1.027mm  -0.001815newton z ] A i r
5 Finished at 02-02-2015 18:16:54 (Total Time : 00:12:22)
] Solved
Close %% 150 1.00 050 0.00 050 tose
SlugForce. Force_z: None [mMewton]

Results can be seen in Tabular or plot view Profile window reports time taken for
solving each design variation
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Tuning

* Setting Variables for Tuning
- Similar to Sensitivity, Tuning requires definition of variables for analysis
- In Addition, users can set min and max limits of variable and step sizes used for Tuning
- Variables can be assigned from Maxwell 3D/2D = Design Properties

Properties: Ex 9_4_BasicParametrics - Maxwell2DDesignl

Local Variables |

" Value { " Optimization {*+ Tuning { " Sensitivity { " Statistics
MName Include MNominal Value Min Uit Man Uit Step
SlugHeight [ 1mm 0.5 mm 15 mm 0.1
AmpTums [ 100A 50 A 150 A 10
Slug_Move [ Omm -1 mm 1 mm 0.2

* Tuning
- Tuning is used to interactively study the impact of input variables on Output
- Changing input variable will dynamically update the solution to new values and populate the results
- Tuning can be added from menu item Maxwell 2D/3D = Optimetrics Analysis = Tune

Note: It is advised that tuning should be carried out after Parametric Analysis to fine tune results
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Tuning

* Variations
- Variation allow users to change the design variables using a slider
- Min, Max and step sizes of slider are set from values defined in Design properties

* Browse available variations
- Makes already solved variation available in Variations section. This option prohibits solving any new variation

using Tuning Ty Tome - =
* Tune W Real time [ Accumulate  Variation: | Available
- Tune button will tune the results to selected slider position N |Tge -
- If solution does not exist for select variation value, Maxwell computes it PoleEmbra
[0 -

— W Browse availsble variations (12) | pominat -

- =R |

== |=: Save | || -

| — : Ressl | Cose | g D

Untuned Parametric Analysis Results Results after Tuning
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High Performance Computing (HPC, DSO)

* HPC (High Performance Computing) 1 HPC and Analysis Optons =)
. - . . Configurations | Options |
- Requires additional license and it works for 3D only ek e [ Hed -
- Multiprocessing in our static solvers (MS, Eddy, ES) Avsisble Corfgurations: Configurtion Detais:
- SDM (Spectral Decomposition Method or Frequency sweeps) e | e |
in eddy current solver. Add..
- Full parallelization in Transient solver with the possibility to turn ]
on TDM (Time Domain decomposition Method) [ Ddee |
- The Multi-Threading includes: |
* Initial Tau Mesh __mpat.._|
* Non Linear Newton-Raphson Loop —
* Matrix Assembly T [ =

Matrix Solving

Matrix Postprocessing
- Select the menu item Tools - Options - HPC and Analysis Options

Note: The cores specified for HPC can be located over several processors but they have to share the same memory.
Maxwell cannot run a single design simulation over a cluster but can distribute multiple designs over any number of
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High Performance Computing (HPC, DSO)

* DSO (Distributed Solve Option)

Requires additional license

Enables to distribute parametric analysis

Highest level of parallel analysis providing best linearity and scaling
Optimetrics product is necessary

Select the menu item Tools = Options = General Options, choose Design Type, and select Distributed radio
button, click on Edit Distributed Machine Configuration

A Analysis Configuration @ 2 Analysis Configuration @
Configuration name: |_:-:5 Configuration name: ‘
Machines |Jub Distribution | Optians | Machines Job Distribution |0Dti0ng |
Machines for Distrbuted Analysis bttt
Total Enabled Tasks: 2 Total Enabled Cores: 14 w|Dptimetrics Variations
Name | Tasks | Cores | Enabled | [#IFrequencies
localhost 2 14 v ‘
Machine Details:
* Local machine
" IP Address format: 192.168.1.2): . .
" DMNS Name format: www server com, ):
" UNC Name format: \\server): Preview Job Disirbution Setup: |9 Ex_3_8_BasicOptimetrics:Puck_Afiractor.Setur ¥ |
Linable to display preview because configuration is invalid:
Impart Machines from File.. Add Machine to List | The number of machines in a distributed configuration cannot be zero.
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Summary

What have we learned in this session?

Post-Processing
Fields Calculator
Parametric Analysis

Optimization Analysis
Sensitivity Analysis
Statistical Analysis
Tuning
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Workshop 4.1 — Postprocessing Examples
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Workshop 4.2 — Parametric analysis
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