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A. Optimetrics Analysis

Optimetrics Analysis

— Optimetrics Analysis can be used to perform design 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

— Following analyses can be add under Optimetrics

Parametric Analysis:

* Allows users to setup variation in single or multiple input variables over the 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:

* |dentifies which of the defined input variables have more influence in variation of Output
parameters compared to the rest

Statistical:

* Allows users to input statistical distribution of input variables and provides statistical
distribution of Output quantities

Tuning

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

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

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



WSS B. 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 which enables users to
define the parametric sweep for all available parameters

e —~

Sweep Definitions ] Table ] General] Ealculations] Dptions] : —
Vil ’m Vanable| : Descr ptian
Sunc # | Y ariable | Description Add.. | Jap Linear Step fram Omm ta 1mn)
" Single value
* Linear step
" Linear courl t sl
" Decade count
" Octave count
(" Esponential count
Start: |0 & - 4
Stop: ,1— m < >
Step: |D1— m ,Tl Cancel |
Operation Deszcription
Add/Edit Sweep window: Enables
user to Define Start and end point,
Sampling method and sample size
of parametric sweep
Ok | Cancel

© 2013 ANSYS, Inc. May 21, 2013 4 Release 14.5



WWSESH ...Parametric Analysis

Sweep Definitions tab (Contd...)
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 will remove the assigned synchronization and revert to nested behavior

Setup Sweep Analysis Setup Sweep Analysis

Sweep Definitions l Table | General | Calculations | Options | Setup Sweep Analysis Swesp Definitions ]Table | General | Caleulations | Optians |

Sync # | Y ariable | Desq Sweep Definitions  Table ] General | Sync # | W ariable | Deescription
; - 1 gap Lirear Step from Ornn bo T, step=0.5mm
2 L!HEE" step from fimm to T step=0-5rm ’ | CIPTTS | 93P | 1 ampturns | Linear Step from 1004 to 2004, step=004,
ampturnz | Linear Step from 1004 to 2004, step=504 FRNETTTS o P P - FIEP
2 |1504 O o _ere Setup Sweep Analysis
Sweep Definitions: 3 ae O Sweep Definitions: =
4 1008 0. 5mm . . o Sweep Definiions  Table | General
Without Synchronization 5 154 05mm With Synchronization T T o]
6 2004 0.5 1 m;:':' bl - gap
mm
71008 Trom
a 1504 Trm 2 |1504 0.5rnm
9 2004 Tmim 32008 Tram

Table tab

— Lists all assigned design variations in a tabular form as shown in above image

— Number of design variations that will be solved by Maxwell can be checked from
table tab

© 2013 ANSYS, Inc. May 21, 2013 5 Release 14.5



WWSESH ...Parametric Analysis

General Tab
Sim. Setup:

* Enables users to select the required simulation setup for which parameteric sweep needs to
be assigned

e 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

setup Sweep Analysis

Sweep Definitions] Table General lCaIcuIations] Dptionsl
Sim. Setup | Include | Starting Point:
Setupl |7 Diezign Variable| Dvelridel Value | Llnitsl
Setup2 - armpurms [vw 180 A
gap [v 05 i

Options tab
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

Setup Sweep Analysis

Sweep Definitions | Table | General | Calculations  Options

[v Save Fields And Mesh

Iv Copy geometricaly equivalent meshes
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WWSESH ...Parametric Analysis

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

Sweep Definitions] Table ] General  Calculations ] Dptions]
[ Edfm ] EEEE Clicking Setup Calculation button will
Setupl : Lastddaptive Matris1.L[Coil_Current, Caoil_Current)
open Add/Edit Calculation window
Add/Edit Calculation
S Trace | Calculation Range ]
Report ’—Ll
Type: Magnetostatic Caleulation Expression : |Matrix1 LCplCoefiCurrent, Current1) Ejgcgt?on...
Solution: Setupl : LastAdaptive =
Category: Quantity: | j Funiction:
IPEFEIEEET | L :I' Variables Matrixl . CplCoef{Currentl, Currenkl) m
Cutput Yariables abs
acos
acosh
ang_deg
ang_rad
asin
asinh
atan
Expression Converge atanh
cos
Setup Calculations...| SESh hd
e
Qukpuk Yariables. .. | Add Calculation Done

Add/Edit Calculations window:

* Enables users to select any of the output quantities

e 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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WWSESH ...Parametric Analysis

Running Parameteric Analysis

— Right clicking on added Parametric Setup from project Manager tree under

Optimetrics and selecting “Analyze” o s
- Wy Field Ove curec
+-[22 Defiritiors Rename o
> Delete Delete

Propetties...

Disable setup

Examine Results [ n |

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

I Post Analysis Display
M Post Analysis Display @@@
| - [ParametiicS etup1 | Q/
ParametricSetupl b y
Result Profile |
Result | Profile
l ] 4] €)1 » | Ml| Mazwell 3D version 16.0.0 started
View: {+ Table | Show complete output name Valialion]AmpTums[ SIugHelghtI Start | Stop | Elapsedl Analysis b & Export...
" Plat 1 1008 Tmm 13:52... 13:52... 00:00:... LocalMac
“ariation | AmpTurns ‘ SlugHeight | MagForceSiug: Forcel "~ m i ;;3: :llmm E:g E:g EEEE toca: mat |:|
1 00 T 0001 B0 755311 36762, . = = 1";’" i b L°°‘5IM5‘
2 1B T 0. 0006E523234470203,.. 700 = i e R bR i
. 5 1504 1.2mm 13:54... 1354 00:00... Local Mac
3 2004 Tmm 0.00633613072390755...
= B 2008 1.2mm 1354 1354 00:00:... Local Mac
4 1004 1.2mm 0.00333438871173457 gem 1
% . 7 1008 1.4mm 13:54:... 1355 00:00:.. LocalMac
5 1504 1.2mm 0.00759210856353685....
c Ry 13 001 370334462605 E g 1504 1.4mm 13:55... 13:55... 00:00:... LocalMac
? et 1'4”“" 0.0050883524518311;“ 2500 3 2004 1dmm 1385 1356.. OG00.. LocalMac
- : e 10 1006 16mm 1356, 1356.. 00:00.. LocalMac
8 1504 1.4mm 0.0114098354660587n. £4m_ &
9 2004 1.4mm 0.0202841652729638r... g‘ < pS
a8
10 1004 (1Gmm | DOOES2B3ABAS2ETSZ.| 8500 3 Finished at 12-27-2012 14:00:04 (Total Time : 00:07:27)
£
2.
=2.00
1 Close
Cloze 1.00 1 T T T T
100.00 120.00 140.00 160.00 180.00 200.00
AmpTurns [4]

- . Profile window reports time taken for
Results can be seen in Tabular or plot view . . -
solving each design variation
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C. Optimization

Setting Variables for Optimization

— Before Optimization setup can be done, it required to define variables which will

participate in optimization process

— Variables for Optimization can be assigned from Maxwell 3D/2D = Design

Properties

Parameters for which Include is checked
will be varied to achieve optimization Goal

Optimization Analysis

Local Wariables ]

Properties: WS510_BasicParametricAnalysis - Maxwell3DDesign1

" Walue (% Ophirnization " Turing " Sensitivity " Statistics
MHame | Includel Mominal ¥ alus Min | Lt | I ax | Urit |
SugHeight [w [ 1mm 05 i i
.&mpTums [w 1004, a0 A B

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

© 2013 ANSYS, Inc. May 21, 2013

Goals | Variables | General | Options |
Oiptimizer: |QuaslNethn j
Max. Mo of lterations; |1000
Cost Function:
Solution | Caleulation | Ennditimn| Goal wieight
Setup Calculations...| |
Acceptable Cost: |0 Moize: |0.0007 ™ Show Advanced Option
Release 14.5



...Optimization Analysis

Goals tab

* Optimizers: Sets Optimization algorithm used for analysis

Sequential Nonlinear Programming:

* Creates a response surface using a Taylor Series approximation from simulation results

* Response surface is used in the optimization loop to determine the gradients and calculate
the next step direction and distance

* Numerical noise is assumed to be not significant

Sequential Mixed Integer NonLinear Programming:

* Equivalent to Sequential Nonlinear Programming algorithm except that Optimization
variable can take only integer values

* Can be used where discrete values of optimization are required (eg. Coil turns)

Quasi Newton:

* Works on the basis of finding a minimum or maximum of a cost function which relates
variables in the model to overall simulation goals

* (Can be used effectively when numerical noise is less and start values of the optimization
variables are in the vicinity of 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, which makes use of simplices: triangles in 2D space
or tetrahedra in 3D space

* (Can be used effectively when numerical noise is significant

* Takes more iterations to achieve assigned goal

© 2013 ANSYS, Inc. May 21, 2013 10 Release 14.5



...Optimization Analysis

) O pti m ize rs ( Co n td. . .) Advanced Genetic Algorithm Optimizer Options

Stopping Criteria
. . ¥ Maximum number of generations: 1000
Genetic Algorithm: " Ghrsed i o=

I™ slow convergence

* Does not use cost function to determine where to further
explore the design space.

Current Generation Mext Generation
The individuals at start Mumber of Individuals: 30

¥ Roulette selection

* Instead uses a type of random selection and apply itin a r = i I
structured manner =

* Run more number of iterations and may be slow S

* Advanced Genetic Algorithm settings can be assigned by | e e i
selecting Setup button that appears adjacent to Optimizer | ... R
Selection Norber vildss [

Pareto Front

Mumber of Survivors: 10

The very best individuals

MATLAB [ o | ome
* Enables users to pass a script to perform MATLAB optimization

 MATLAB must be installed on local system

* MATLAB installation location must be specified under Tools = General Options under

Miscellaneous tab

This screen allows you to modify the script that is passed to MATLAE to perform the optimization. By modifying this scripk
vou can extend and cuskomize the optimization to wour needs using the full power of MATLAE. For instance, by modifying
the optimization script wou can:

1. Change the optimization algarithm {e.g. call Fminsearch instead of Frincon)

Scripk Section: | Optimization algorithm ﬂ

Qptimization algorithm
%a invoke optim] Cptions
[, Fral, exitFlag, Full script termplate nc, startingpoint, [1, [1, [1, [1, $AMS_MINAL, $ANS_MARYAL, nlcon, option

Note: For detailed information about each Optimizer, please refer Maxwell Help
© 2013 ANSYS, Inc. May 21, 2013 11 Release 14.5



...Optimization Analysis

Goals tab (Contd...)
* 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
— Goal with highest weight is given more importance
— For Maximize or Minimize conditions, only single cost function is allowed
— If “=",“<=" or “>=" conditions are used, target value can be set in Goal field

Optimizer: |Sequential Monlinear Programming j

Max Ma. of lterations: |10

Cosgt Function:

Solution | Calzulation Calc. Context | Eondition| Goal | Weight |
Setupl : Lastddaptive costl Forzel = [ 11

Setupl ; Lastbdaptive Max_Magk €= A [0.7]

Minimize

Maximize
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...Optimization Analysis

Varlables tab

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

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

* Min Step and Max Step (Quasi Newton and Pattern Search): Sets the min. and max. value
by which variables will be changed

* Min Focus and Max Focus (SNLP, SMINLP and Genetic Algorithm): Defines the range in
which optimization point possibly lie EE T

Goals Wariables ] General] Dptions]

Wariahle | Override |Starting...| nitz | Include | in | nitz | hdam | niitz | tin Step | Uitz | tax Step | Units
AmpTurns [w 100 A [w 180 A 150 A 1 A 10 A
SlugHeight | [» |1 mm [« |05 mm 1.5 mm 0.01 0.1 i

General tab

* General tab allows users to specify results of Parametric

Analysis as an input to Optimization or run a parametric Bedk Vo] e Bl

. 0 . 9 Paramnetrics dnalpsis: 1 A -
analysis as a part of Optimization ’ |Nm ~
o q ParametricS etupl
* Selecting “Update design parameters’ value after - :

optimization” will assign Optimized variable values to the
nominal design,

Options tab Setup Optimization
* Inputs on Options tab are same as Parametric Analysis Goaks | Variables | General Options

v Update design parameters' value after optimization

[ 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

o . . o ” + JF Analysiz
Optimetrics and selecting “Analyze " & ot
ol (I ptimizationSetup
+ Results Copy ChrlC
% Field Dwverlaps
+- [ Defintions
Renames Fz
2 Delete Delete
Properties., ..

Disable Setup

Analyze |

Examine Results e

— Right click on Added Optimization setup from Project Manager tree and select
“View Analysis Results” T Ex

Ml Post hnalysis Display E@@ [OptimizatiorSetupT = W
‘Dpt\mlzatanSetum ﬂ J =T I
Resul ] I I 14 4)2 M Marwell 3D version 16.0.0 started
Yiew: & Table Varialion[ movel Start | Stop [ElapsedIAnaIysis Machine Export...
" Plat 1 0.5mm 18:50:... 18:50... 00:00....
Evaluatinn| move Cost Expott,.. 2 0.76... 18:50:... 18:50... 00:00.... :
1 0.5mm 0.00013573 3 0.15.. 18:50:... 18:50... 00:00...
2 0.769219031342509mm | 00038506 4 0.04... 18:50... 1850... 00:00...
3 0.151829554643086mm | 0.0063442 1.008-001 5 5 0.44... 1850... 1850... 00:00...
l 0.0469679860835597... | 0.013121 1.00E-002 ] 6 044, 1850, 1850 00:00:..
5 0.443534567637057 mm | 6.7392e-008 % 7 0.44.. 1851... 1851... 00:00..
5 D.448467102722957mmn | 5.31172-008 1.008-003 5 8 045.. 1851 1851... 00:0..
7 0.443452454458292mm | 2.8644=-007 1GDE-DD¢!—; 9 0.44..18:51:... 1851... 00:00...
g 0.4518702816278mm | 1.0912e-008 - E 10 0.44.. 1851.... 1851... 00:00...
&1.00E-005
9 0.44349227305150 mm | 1.6742e-008 a 3
10 04495740591 4486mm | 4.706e-009 1.00E-006 é
E Finished at 03-23-2013 18:51:00 (T otal Time : 00:00:04)
1.00E-007 Solved
1.00E-008 4
E Close
e [ RAAAE RARNY A S AT AT MERAT RARACT g
Evaluation

- i Profile window reports time taken for
Results can be seen in Tabular or plot view . . -
solving each design variation
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WSS D. Sensitivity
Setting Variables for Sensitivity

— Before Sensitivity setup can be done, it required to define variables for

Properties: Ex_%_4 BasicParametrics - Maxwel12DDesign

" Statistics

sensitivity analysis
— Variables can be assigned from Maxwell 3D/2D - Design Properties

Local Varishles 1
i & Sengitivity

Parameters for which Include is checked | “™ L
WI“ be used In SenSItIVIty analySIS Narme |In:|ude‘ Min \ Uit \ Ma \ Unit | Intial Disp \ Unit |
| SlugHeight 2 05 mm 15 mm 01 mm
AmpT urms [w 80 A 150 A 10 A
[ | Shug_Mowe [w mm 1 mm 0.z mim

Sensitivity Analysis .
— Sensitivity analysis can be added from menu item Maxwell 2D/3D >

Optimetrics Analysis = Add Sensitivity

Calculations l\u"ariables] General] Dptions]

Max. Mo of lterations/Sensitivity Variable: |10
| Master Output |

Calculation
-

| Salution |

Setupl : Lasthdaptive SlugForce. Force_z

Approximate Error in Master Output: —|0.0007
1] | Cancel
Release 14.5

15

Setup Calculations. ..
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..Sensitivity

Calculations tab

* Max. No. of Iterations/Sensitivity Variables: Sets maximum number of iterations
conducted for each variable value

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

Varlables tab
Starting Value: Values from which Sensitivity analysis will start. Start value 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 Setup Sensitivity Analysis
Calculations  Varables l General] Dptions]
ariable | Override |Starting Value| Uitz | Include | Min | Unitg | M an | Uitz | Initial Disp. | Uit |
AmpTums [v 150 ) [w 100 A, 200 b 10 B
SlugHeight [+ |05 i [« O mm |1 mm 01 i
Slug_Move  [w  0.05 mm [v 0 mm 0.1 mm o 0.01 mm
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
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...Sensitivity

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” —
Il Post Analysis Display
M Post Analysis Displa '
e = E@EJ [Sensi!ivilySetup‘I L] w
|SensitivitySetup1 j W
Result Plofilel
Reszult | Profil
| ot | i) <[ » | b1 Mawell 2D version 16.0.0 started
Wigw: & Table [ Show complete output narme Variation [ AmpTumsl SlugHeight| SIug_Movel Start [ Stop ( Elapsed} A Export...
" Plat 1 1504, 0.5mm 0.05mm 20:10:... 20:11:.. 00:00...
Iput Dutput s, Welim | 154D | Znd D | Export.. 2 1604 0.5mm 0.05mm 2011 200171 00:00:... l:
AmpTuns | SlugForce.Force_z No... | 0.001849053newton 2.47e-005 2.44e-007 3 1404 0.5mm 0.05mm  120:11:... [20:11:... |00:00:...
SlugHeight SlugForce Force_z No... |0.001795365newton -0.254 | -3.85e+004 4 1484 0.5mm 0.05mm 2011, 20:11.... 00:00....
Slug_Move SlugForce Force_z: No... | 0.00183134newton | 1.23 -1.57e+006 5 1524, 0.5mm 0.05mm 20171, 20171 00:00:...
| 6 1464 0.5mm 0.05mm 2011 20011 00:00:...
Wiewr: {7 Table 7 1544, 0.5mm 0.05mm 20:11:.. 20011, 00:00...
& Plot % |AmpTum: j N |Selup1 : Lastadaptive : SIugFDrce.FUrce_.j 8 1444 0.5mm 0.05mm 20115 2000 00:00....
350 AmpT urns 9 1564 0.5mm 0.05mm 20:11:.. 200170, 00:00:...
= ] 10 1424 0.5mm 0.05mm 2011 2007 00:00:...
< 3004 v
=z < >
E
‘g 2507 Finished at 03-23-2013 20:16:32 (Total Time : 00:05:36)
5 Sensitivity analysis successfully completed.
=
5200
o
ck 2 Close
£ 150
3
g
L 1.00]
=
w

_ Profile window reports time taken for
0505506 120,00 140,00 160.00 180,00 200.00 SOIVing eaCh dESign Variation

AmpTums [A]

Results can be seen in Tabular or plot view
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E. 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

Edit Distribution

Properties: Ex 9 _4_BasicParametrics - Mawell2DDesignd

Localariables ] Dristribation T ype: ’W‘
7 Value " Optimization " Tuning " Sensitivity + Statistics .
Cutoff Prabakilty; |0
Mame Include Digtribution Digtribution Criteria li
SlugHeight | [v |Gaussian Std. Dev. = 0.5mm, Mean = Tmm, Cutoff Prob. = 0 || bz 100 A :lv
:AmpTums [vw  drifgm Talerance = 10%, Mean = 1004, Cutoff Prob. = 0 | Std. Dew: lmi m
Slhug_Move [ Gaussian Tolerance = 10%, Mean = Omm, Cutoff Prob. =0 |
Uniform
Lognormal
User Defined
oKk | Cancel

Statistical Analysis

— Sensitivity analysis can be added from menu item Maxwell 2D/3D 2>
Optimetrics Analysis = Add Statistical
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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

Setup Statistical Analysis

Calculations l\u"aliables] General] Dptions]

Maximum lterations: |50

| Salution |

Calculation

Setup Ealculations...| |

» Allows users to define, Starting values, Min and Max limits of variables
* |n addition users can define distribution criteria using Standard deviation or tolerance value

Setup Statistical Analysis

Calculations  Variables l General] Dptions]

Wariable | Dverride| Starting\-"alue| Units | Include | Distributi0n| Latin H_\Jpercube| i | Units| b ax | Units|

Digtribution Criteria

AmpTums [« 100 & [v  Gaussian
SlugHeight — N i [v  Gaussian
Slug_Meve [ 0 i [v  Gaussian

General tab

[w 50 & 150 & 5td. Dev. = 104, Mean = 1004, Cuteff Prob. =0
[w 08 mm 15 mm 5Std. Dev. = 0.2mm, Mean = Tmm, Cutoff Prab. =
[w 1 mm |1 mrm | Std. Dev. = 0.26mm, Mean = Ormm, Cutoff Prob. =

* 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
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...Statistical Analysis

Running Statistical Analysis
— Right clicking on added Statistical Setup from project Manager tree under
Optimetrics and selecting “Analyze”
Examine Results

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

: I Post Analysis Display. @@
M Post Analysis Display E@@
IS!alisticalSelup‘I LI J
| StatisticalS etup! | Q/
Result Proﬁlel
Result i
| o | 1] «ff » | 1| Maswell 2D version 16.0.0 statted
Wiew: + Table Varialion]AmpTumslSIugHeight[Slug_Movel Start | Stop |ElapssA Export...
 Plot 1 93.35683.. 0.968153.. 0.5141696.. 18.31... 18:32.. 00:00.
Ted] Bt ShaHeah Soatove A E— 2 121.0984...1.264797.. 04566111 1832, 18:32... 00:00. :
; 95 356937 25479155] 0. 9601 533973511 3| 0.5 16563352914 3 9959654 0.919121... 06181806, 18:32... 18:32... 00:00.
2 121.0954073165194 1, 26479774051 434mm | 0.4566111840116E 4 TR0 42} 0. 380600 1602 10995300 (000
. 5 el 51T A 5 94.07787.. 1105353, 0.3232334.. 18:33... 18:33.. 00:00.
N N . able
3 1122445, 0.911647... 0.5662986.. 18:33... | 18:33... 00.00.
4 91.37567 766867134 0.9001 428 ¢ Plat  Mum. of bing on % awis: |5 Y | SlugForce. Force_z: Mone j 7 108.4528. 11334909 | 05468998, 18:3% . 18:3% | 00:00:
5 $4.077878380086A, |1, 1053531 ] 8 103.8859...1.002751... 0.5979345.. 18:33.. 18:34... 00.00.
5 T12244569757154 036473 1 3 96.10118.. 1132319, 0.9772454.. 18:34... 18:34.. 00:00.
7 106 452861451744/ 1.3343236 10 86.23332.. 1.233162.. 0.4710701.. 18:34... 18:34... 00:00.
8 103.8859415218660,1.0027618. 3
3 96.10118556757014/1.1323197 $15 ] < 5
10 86.23332985849714/1.2371623 § | Finished at 03-25-2013 18:46:22 (Total Time : 00:14:43]
z 1 Solved
< B4p.]
B 4
E 1 Close
z
5 . - .
] Profile window reports time taken for
.
0 1 - L g solving each design variation

-1.ho 050
SlugForce Force_z: None [mNewton]

Results can be seen in Tabular or plot view
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F. 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

Local Y ariables l

™ Walye " Optimization * Tuning ™ Sensitivity ™ Statistics

MHame |Include| Min | Init | SR | it | Step | Init |
PaleEmbrace [w 0B 07 0.0

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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WWSEH ...Tuning

Variations Tune - ws-1
* Variation allow users to dynamically change the design W Resline T Accumole  Variston
variables using a slider e |
* Min, Max and step sizes of slider are set from values defined ROlSEiE
in Design properties [ 07 -
Browse available variations =
* Checking this option will make only already solved variation s o6 -
available in Variations section | |
* This option prohibits solving any new variation using Tuning | —e L
Tune Close
* Tune button will tune the results to selected slider position | e =

* |f solution does not exist for select variation value, Maxwell will compute the results for that

. .
variation
XY Plot2 wsd g XY Plot 2 wsl A
7000 Curvelnfo | 800.00
— co;gmgTorauePsrsme«erJ ]
Setup1 : Performance
700,00 - 700.00 —:
éﬁsn 00— gauu.uu —:
H i H
2 H
s ] gsnn 00 —:
EEDU 00— ;‘g
5 400,00 —i
’gssu o0 ] g
g ] §',300.Uu —:
50000 —| 1
7 20000
45000 ] E o
0% ohe obo o Pn\agr‘?wsbrace oke ofo of2 o okl sl Ex2 || ] B obs obe 070 of2 075
. . .
Untuned Parametric Analysis Results Results after Tuning
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G. High Performance Computing (HPC, DSO)

HPC (High Performance Computing)

~ Requires additional license
— Multiprocessing in our static solvers (MS, Eddy, ES) | o= =
Simulation Optioks
— SDM (Spectral Decomposition Method or Frequency Mo of Prcessors E
SweepS) in eddy Current SOIVer. Mumber of Processors, Distributed: ’1—
] . . ) Default Process Priority: ’W‘
— Full parallelization in Transient solver e L ——
— The Multi-Threading includes: I asium e ik ) e
il HPC Licenzsing Options
* |nitial Tau Mesh Lisense Cee 6 e

W Usze HPC licenses for multiprocessing and distributed frequency

* Non Linear Newton-Raphson Loop R
* Matrix Assembly

e Matrix Solving

* Matrix Postprocessing

— Select the menu item Tools = Options = Maxwell
3D Options

ok | Cancel

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
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... High Performance Computing

DSO (Distributed Solve Option)

Requires additional license.

Enables 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 . . . T K

Project Options. ‘ Miscellaneous Options } Default Units ‘

M Distributed Analysis Machines

Analysis Options | Remote Analysis Options | WebUpdate Options | Configuration name: | distributed1
Analysis Options For Design Type Machines for Distributed Analysis
Design Type: | Maxwell 3D - Total Machines: 6 Enabled: 6 Disabled: 0

™ Prompt for analysis machine when launching analysis Machine Name [ Enabled |
(Cannot be combined with simulation queuing)
192.168.1.2 v
Analysis Machine Options — —
Default Machine: ¢~ Local " Remote * Distibuted o 1 i6h T v
Use Distributed Machine Configuration: | distributed1 ﬂ |y 192.168.1.4 I;- —l
(V3
19216812 ] 192:168.1.5 v
192168.1.3
192.168.1.4 _192'168'1'6 v
19216815 192.168.1.7 v
19216816
192168.1.7
Distributed Machine Configurations Remote Machine Details:

I Edit Distributed Machine Configurations... | I 1P Address (format: 192,168.1.2): 192 . 168 . 001 . 7
" DNS Name {format: www.server.com):
" UNC Mame (format: \\server):

Add machine to list |

v Queue all simulations

Import Machines from File... l

OK | Cancel |
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APPENDIX-I
Design Exploration
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Using DesignXplorer with Maxwell

Using Design Exploration Analysis using Maxwell

— In order to use DesignXplorer with Maxwell, Maxwell project needs to be
imported inside the Workbench

— Once Maxwell Project is imported, a tab for DesignXplorerSetup will be added
under Optimetrics

— Double clicking on DefaultDesignXplorerSetup will open DesignXplorer Setup

window
General Tab

» Allows users to define input variables to DesignXplorer
» Selecting Include checkbox for any input variable will transfer it to Workbench
Calculation Tab
» Allows users to define Output variables which will be reported through DesignXplorer

Analysis

+ ﬁ Parameters

+ B8 Mesh Operations
+ JF Analysis

- Optimetrics

.ﬁ, DefaultDezsigreplorerS etup

Results

© 2013 ANSYS, Inc.

May 21, 2013

General ITahIe | Caloulations |

Goals 1 Options I

Sim. Setup

| Inchude |

Input Variables:

Setupl

Design Vanahla‘ Inciude | Dvemda‘ Walue | Llrnls|
Slot_Pitch [ [ =8
TPC [~ [~ 132
b [w [ 7004 mm
delta [ ] mm
ay [ [~ 2z mm
b v [~ 5079 mm
hM [ [ 325 mm
IFe [ [ 400 mm
th [ [~ =z mm
il [~ RE] mm
[ - 2 mm
W [ [~ 1 mm
tN [v [ 229w mm
wM v [T 405431076817558 mm
e [ [~ 05 mm
26

DesignXplorer Setup

Eanaral} Table Calculations ] Goals 1 Dpllﬂns]

‘ Narme | Solution

| Calculation

Magnettea Setup? : Lastidapt
Torque Setupl : LastAdapti
TorquePertaghres Setupl : Lasthdapt
Bavg T5 Setupl - Lastdapti

ive Magnetirea

ive Torque

ive TorquePertdaghrea
ive Bavg_T5

Setup Caloulations. .

Release 14.5



Using DesignXplorer with Maxwell

Maxwell Variables in DesignXploer 1 : S S—
— Once Input and Output variables are defined, 25 rowmon
the variables can be accessed from : > el o
. 5 tp i, .
Workbench Project page under Parameter Set | - b o b ] e
. - i 7 h P4 hi4 [mm] 5.0759
— Double clicking on Parameter Set will Report : e input parameter | New name Hew expression
. . [ Cutput Pararneters
all assigned variables BT
11 pd PS Magretarea 0.00041159
12 pd P Targue 573.59
. o o 13 od P7 TorquePerMagarea | 2,1225E+06
Adding DesignXplorerAnalysis " aws swars | Lo

— Select any of the Design Exploration Analysis from Toolbox

— Drag and drop it on the Parameter Set to setup a DesignXplorer analysis

- £
El Mazwel 20

1

2 & Geometry
3 Setup o
4 ¥ soldtion v
5

Ed f)p] Parameters

Mominal

L 'd

[pd Parameter Set

# Goal Driven Optimization

_§| Design of Experiments
ﬂ Response Surface

E TR A |

o
r ‘_/‘.
¥
&) Optimization v o4

Goal Driven Optimization
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2 L’:ﬂ Parameters Correlation o 4

Farameters Correlation

2 | Design of Experiments (558) v 4
3 ﬂ Response Surface (S54) v o4

4 m Six Sigma Analysis v 4
Six Sigrna Analysis
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APPENDIX-II
Introduction to Multiphysics Coupling
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Multiphysics Coupling

Multiphysics Couplings with Maxwell

— Maxwell Multiphysics couplings enables users to map results of Maxwell
simulation to Thermal or structural solvers under ANSYS portfolio

— In all multiphysics coupling, Maxwell analysis will be source design while target
design can be ANSYS Mechanical (Thermal and Structural), Fluent or Icepak

— Some of the couplings offer two way data transfer where target design will feed
the results back to Maxwell to refine Maxwell results to updated condition

* For Thermal solvers, feedback data will be temperature
* For ANSYS Mechanical Structural, feedback data will be deformation

Creating Mutiphysics Coupling

— In Oder to create a Mutiphysics coupling, Maxwell design should be imported or
created in ANSYS Workbench interface

— To Create a data mapping link, drag and drop the Solution tab of Maxwell
system onto Setup tab of Target system.

2 | & Geometry - 2 ﬁ Geometry
3 g Setup o 3@ Mesh
4 @ solution / 4 @ seup

Maxwel30Designl 5 |5 Solution
5@ Resuls

Fluid Flawe (Fluant)
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Multiphysics Couplings with Maxwell

ANSYS Mechanical ANSYS Mechanical

Thermal Structural
. Ohmic Loss EM Force Densit Ohmic Loss
Magnetostatic = > b LI 2 Ohmic Loss
Solver Temperature Deformation Temperature
Eddy Current Ohmic or Cort;Loss EM Force Density» Ohmic or Core LoSS Ohmic or Core Loss
Solver < _ < >
Temperature Deformation Temperature
T Time Averaged EM Force Density Time Averaged
g Total Loss > at each Saved Field Total Loss
i >
Transient <
Temperature
Electric Force Density
Electrostatic < >
Deformation
DC Ohmic Loss Ohmic Loss Ohmic Loss
. < <
Conduction Temperature Temperature
. Ohmic Loss Time Averaged
AZELE > Ohmic Loss
Transient <
Temperature
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WSS Mutiphysics Coupling
Multiphysics Coupling with ANSYS Mechanical

— Once the link is setup, a tab corresponding to Maxwell Imported Load will be
added in ANSYS Mechanical window

— Right click on ImportedLoad and select the quantity that needs to be imported

* Load can be Surface Heat Generation or Volume heat generation for ANSYS
Mechanical Thermal

e Load can be Surface Force Density or Volume Force Density for ANSYS
Mechanical Structural

— After Load is imported, a load transfer summary is created which listed the total

load imported from Maxwell and can be used to check accuracy of load transfer

BAES] imported Load (Maxwell3DSolution 1 M=) mported Load (Maxwel 3DSolution 1

. =31 Heat Generation ; '//m Sol,
A | (IR Suppress =l A8 Eau @) Suppress

U2, Body Force Density
U, Surface Force Density

2.2238e-9 Max
19768e-0
I Es
L] Lesares
! 12357e-9
] glgsste-10
L passe-n0
L sassze-n0
2.4748¢-10
4.3129e-13 Mi

0.00049021 Max
0.00043575
0.00038128
0.00032681
0.00027234
0.00021788
0.0001634L
0.00010894
5.4475¢e-5

7.38e-9 Min

ume Force Density Without Scaling...
< Total Force From Maxwell 3D Total Force Mapped Ratio
| Blectrode_a |(3:66621E-000N, -8.45385E-006N, |(-2.70187E-007N, -8.70668E-006N, -

A 3725148E-008N) 4.45562E-009N) 0.970502
Exporting Volume Loss Density With Scaling... (2.6574E-008N, 8.27447E-006N,  |(3.09004E-007N, 7.24334E-006N,
Fl:)' 9 | = ty 9 Electrode_B |35 500£-008N) 4.80445E-008N) 114131
Object Total Loss |Scaling Factor ) (1.00054E-008N, 2.32682E-007N, |(-1.5458E-007N, 7.77747E-007N,
. ] 9 Dielectric_A | &1 91 3£ 008N) 3.53349E-008N) 0.300047
Disk 270.381W |0.970063 Diclectric |(-1.55533E-007N, 6.06735E-007N, |(-2.75658E-008N, 1.03714E-006N,

" |2.47429E-008N) 2.08026E-008N) 0.604057

© 2013 ANSYS, Inc. May 21, 2013 31 Release 14.5



WSS Mutiphysics Coupling
Multiphysics Coupling with ANSYS Fluent

— In Fluent, Heat losses from Maxwell can be imported from the menu item File =

EM Mapping
 Mapped losses can be a surface or Volume losses
= Maxwell Mapping Volumetric @
Fluent Cell Zones [E] (=] Transfer Definition
piart-coil Zolution
|5et.|p1 : LastAdaptive v|
Frequency(Hz)

| 2.0000000000000000e+002 |

| ok | [cancel| | Help |

Multiphysics Coupling with ANSYS Icepak

— In Icepak, Heat losses from Maxwell can be imported from the menu item File

9 EM Mapping |Ufich|05595
¥ Stock 0
* Mapped losses can be a surface or Volume losses |§ &

=)

=] ClearAll |

Solution ID ISetup'\ LastAdaptive j
Fragquency (Hz) [2.00000000000000002+002 K|
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Two Way Coupling

Setting up Two-Way Coupling in Maxwell

— In Two-way coupling Maxwell can read the computed Temperature distribution
from Thermal Solvers (ANSYS Thermal or Fluent) or Deformation data from
Structural Solver

— To enable Temperature feedback, select the menu item Maxwell 3D/2D - Set
Object Temperature

e Select Include Temperature Dependence and Enable Feedback

— To enable Deformation feedback, select the menu item Maxwell 3D/2D - Set
Object Deformation

» Select Enable Stress Feedback and check the objects for which Deformation
needs to be Imported Deformation of Objects

Temperature of Objects
[v Enable Stress Feedback
¥ Include Temperature Dependence [¥ Enable Feedback
_ _ _ J/ Object Hame | Material | Deformation Depende
/ ObjectMa... | Material | Temperature Dependent | Temperature | Lnit | -
Region ¥aCULIM [ Coi Copper I_
Stock alurnirum [v 22 cel Core_1 steel 1003 [v
coil Gopper I Core_2 steel 1002 [w
durnmy ¥aCULIM [
4 >
Select By Mame: | Select
Temperature: | J k. | Cancel
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Two Way Coupling

Exporting Data from ANSYS Mechanical

— Once the Feedback is enabled in Maxwell, Temperature data or Deformation
data can be Exported to Maxwell from ANSYS Mechanical

— To export Temperature data from ANSYS Mechanical, right click on
ImportedLoad tab created corresponding to Maxwell and select “Export
Results”

— Users can also set the Option to Export results automatically after results are
computed by setting the option “Export After Solve” in details view window

Doy _wm
i = =l Definition
E| ..... » ﬂ| b | Type Imported Data
= »+— Imported Heat Generatior Insert ¥ Interpolation Type | Ansoft Results Interpolator
oo * . Suppressed No
S /@ S‘{'"t'o" FEE) ) —. =|| Export Definition
i1 4] Solution Information Suppress Setup setupl
o M Temperature Yes =
: ¥4 Time End Time
A= static Structural (C5) 2} [ settngs
Mapping Control | Program Controlled
Mapping Profile Preserving
Weighting Shape Function
Transfer Type Volumetric

Exporting Data from ANSYS Fluent
— In Fluent, Thermal feedback is a beta feature

— To enable Beta features, goto Tools = Options = Appearance and check the
Beta Options

— Once Beta features are enabled, Fluent will export the temperature data at the
final iteration of its solution
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Two Way Coupling

Computing Maxwell Results with Feedback Data

— After result data is exported from ANSYS Mechanical or Fluent, we can now
perform Maxwell analysis to refine Maxwell results with assigned Temperature
or deformation

— In Maxwell, select the menu item Maxwell 2D/3D = Analyze to compute
Maxwell results with assigned feedback

— The solution progress window will indicate the Analysis being performed with
Feedback data and the same can also be verified from Profile tab of Solution
Data

M Solutions: Ex_5_4_ECE_Linear_Movement - Maxwell3DDesigni

f Ex_12_2 Maxwel_Fluent_Coupling - Maswel3DDesian] - Setup: Solving with ternperature data from AMSYS on Local Sl Setupt =]
Design Variation: [amp_tums="5764" Gap=0' J &
w|| Factor [Est memory = 22820B  disk = TMB) -
% Prafile WConvergencel Force | Torque | Matiix | Mesh Statistics |
Tenperaturelcel Task |HealTime| CPU Time ‘Mem..| It
5. 7345e+0a1 Solver DCSE 0000171 000057 117 G 34807 matris,  OKB disk
. 5. 78150l adapt 00:00:31 000047 356 M _B2275 tetrahedr
5. 728564801
5. 7255e+081 Manimum Delta T = 345028
5. 7225e+001 tawimum Delta Displacement = 8E-006
5. 719564881
5. 716564801
5. 7134e+081 Solution Process Elapsed time : 00:00:48 , Maswel ComEng
5. 718%e+801 :
A Toal 000042 | 00:01:45 Time: 08/Z3/201217:56:58, Status: Now
5. 7BUte+Ba1
5. 7olue.0al Start Time: 0B/23/2012 17:57:48, Host PUNTE
5. 6354e+881
5. B954e+Ba1 Executing from C:\Program Files\nsysEM
. 5. 6924+l Deesired RAM limit not set,
5. 689464801
o EgB3esmaL olve with thermal and displacement feedback I
A
£ b
Expoit...
Temperature plot with scaled Deformation
Close

Note: While computing Maxwell Analysis with Feedback, Maxwell mesh should not
be altered. Once the mesh is changed, Feedback data will be lost and will not be

available in Maxwell
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