PARAMETRIC ANALYSIS

Parametric analysis is a design-optimization feature that allows you to use variables, rather than static
values for specifying design parameters. You define parametric variables by type and by a series of
values. You define all parametric variables in the same fashion as the non-parametric variables.
Parametric analysis reduces the tedious, repetitive tasks associated with fine-tuning design
parameters. For each parametric analysis, you can assign up to 16 variables.
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2D Parametric Analysis

PARAMETRIC ANALYSIS

Parametric analysis is a design-optimization feature that allows you to use variables, rather
than static values for specifying design parameters. You define parametric variables by type
and by a series of values. You define all parametric variables in the same fashion as the
non-parametric variables. Parametric analysis reduces the tedious, repetitive tasks
associated with fine-tuning design parameters. For each parametric analysis, you can assign
up to 16 variables.

Parametric Variable Types

There are four types of parametric variables:

Geometry Use a geometry variable when you want to optimize the size or position of
different parts of the device.

Boundary Use a boundary conditions variable to see the effect of different boundary

Conditions conditions, including potential on a boundary and normal derivative of

potential crossing a boundary.

Media Use media to optimize materials properties, including permeability and
different nonlinear curves, in regions of the model.

Sources Use sources to see the effects of different sources on the model.

The Parametric Window Bar

The parametric window contains five menus with commands that help create and analyze
parametric design.

File menu

The Parametric File menu contains all of the Print and Save commands found in the main
File menu. It does not contain the Open, Merge, Delete and Reset commands.

Parametrics menu

The Parametric menu contains the parametric variable sub-menus and commands as well as
several commands editing for the parametric setup.

ﬂ A=W Parametrics

Analyziz Yiew Utlities Help

Geometmy r
Boundary Conditiohs r
Media

Surface Charge 3
Wolume Charge k

Parameter Editar ...
Parameter ' alidate

Open Parametric Table ...
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Parametric variable functions

Geometry

Boundary Conditions

Media

Sources

Parameter Editor
Parameter Validate

Open Parametric Table

Contains the geometry modification commands
- Displace, Rotate, Scale and Pull commands.
These commands allow you to simulate
geometric variations on a basic geometry.

Contains the same commands as the main
Boundary Conditions menu (Potential, dA/dn,
Display and Delete).

Select Media to create a material parametric
variable. You can define this variable using the
same Material Table that exists in the main
Physics menu.

Contains the commands found in the main
Physics menu.

Allows you to setup and edit parametric tables
Steps through the parametric variables

Opens the current parametric table for editing.

The Parametric Definition Dialog iS  Parameters Defined Area Loop Window

divided into three parts:

+ The parameter defined section Jesblenaved ey Disbcsmer) =1 ] 1

+ The Loop Window
« The Table Window

: Parametiic: Definition Dialog %]

Parameters Defined - Farametic Definition : 3 parameters,
¢ E-Loop 1 : 3 parameters. 10 steps

[ Selected Parameter Cablemove? (Geometry : Di
- cablemave 3 (Geomety : Dig

Parameter Type : Geomelry : Displacement ' Paramati Pasiroassing. 0 st

Parameter Name : cablemaved

Loop:1 Steps: 10

Madiy | | Create | | Delete T | Loop |l 5]

| Displacement |

Steps | Loop Steps | X Disp. | ¥ Disp. |
1 (1) ] o

@ 003302539 AT
E] 006605078 005752562
4 009307617 -0.09629293
] 01321016 01150572
0] 01651269 01439216
il 01981523 01725853
) QAT 02013502
® 02642031 02307145
(1o 02372205 -0.2588783

WD m

=

Table Window

The Parameters Defined Area
Modify Opens the Modify dialog to allow you to modify existing data.

Create Opens the Create dialog to allow you to create a new

parameter.

Delete Opens the Modify dialog allowing you to delete existing

parameters.

Table Opens the Table window to display the step variables.

Loop Opens the Loop window to display the Parametric Definition,
Loop Structure, and Parametric Post Processing functions.
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Performing a Parametric Analysis

There are two methods of setting up a parametric analysis:
« One method utilizes the Parametric Editor command and the Parametric Definition
dialog box.

* The other method utilizes the Parametrics menu commands and program prompts in
the message area to guide you through the process.

Parametric analysis using the Parametric Editor

To set up a parametric analysis using the Parametric Editor command:

1) Create a basic model. Normally, this is the base design where you want to see the
effect of different variables. As an example, we will vary the gap between the plates
of a capacitor. The top plate is assigned 1 Volt and the bottom is grounded.

v 1.00 mm
- i

{ ‘t 0.05 mm

1 Loop Initialization

2) From the Utilities menu, select

Parameters Defined

Parametric On/Off. This changes the & 5
menu bar to the parametric menu Selected Paramster
bal". Unknawn

Unknawn

3) Select Loop Initialization from the
Parametric menu to open the Loop

Unknawn

Initialization dialog box. e | [{EiaiE] | Ueeie | [UpdateTatle | | |
4) Click the Create button on the Loop Initialization dialog box to open the Loop Editor
dialog.
Parameter Type |Geomeny:D\splacement j Loop ! j
Parameter Name IﬁtrﬂkE Steps |21
Creating Parameter Table B
Linear Steps =2

Risference Fointls. 4] 05 o m Pick
Target Pointjx.y) 05 |u.c|5 i

Apply Create Cancel

Paint
3 05 [mm]
S | 00 [mm]

=)
3

%2 0.5 [mm]
Y2 0 [mm]

) G

5) In this box, first select the Parameter Type; in this case a Geometry Displacement.
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6) Every parameter must have a name (if you require more than one parametric
variable, each name must have a unique first letter) in this case use “Stroke”.

7) Specify a Loop number (the program can support up to 4 nested Loops). In this case,
there will only be one loop, so leave the default setting to 1.

8) Enter the number of steps (the number of different values assigned to the variable
under examination) as 21.

9) Make sure that the geometry selection type is set to regions. Then, using the mouse,
select the top plate of the capacitor as the region that is to be displaced. (The Apply
Create button will then become active but the parametric definition is not yet
complete.)

10)You can have parameters vary linearly (equally spaced intervals) or non-linearly, or
by a Function, or from a File. In this case, use the default Linear Steps.

11)The Reference (start) and Target (end) points for the displacement can be entered
directly into the dialog, or can be selected using the mouse. To use the mouse,
press the “Pick” button and select the points shown above.

12)Click the Apply Create button. The Loop Editor will close.

13)The Loop Initialization dialog : Loop Inilalzation
- - Parameters Defined
WI” be updated with the Stk [Geomety - Displacement) | Display
information on the Stroke Selected Paete
parameter and appear as Parameter Tppe : Geometry : Displacement
ShOWn - Parameter Name : Stroke
) Loop:1 Steps: 21

Moclity Erealel Delete | Update Table | v | 5]

[Open Parameter Value Table]  [Open Loap Yiew]

14)Before continuing, click the two arrow buttons to open the Loop View and Parameter
Value Table.

15)From the Analysis menu, select Force>Region and select the bottom plate of the
capacitor when prompted. Right click to end the selection.

16)From the Analysis menu, select Charge and then select the top plate when
prompted. Right Click to end the selection.

17)The Loop View section of the dialog box will show the post processing you have
defined. It should appear as shown below:

Parameters Defined

[stroke (Gieometry - Displacement) x| Display

i~ Selected

Paramete! Type : Geometry : Displacement

- Charge

Parameter Name : Shioke

Loop: 1 Steps: 21

Modity | Creste | Delste | Update Table :l il
[ Dispt [ j
Steps | Loop Steps | X Disp. | Y Disp.

[
05 0.0025
0.005
[k} 0.0075

0% o0 I |

e —
IEERES
=
&
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G Selecting Parameters or Post Processing items in the Loop View
causes the corresponding geometry to become high lighted in the
main program window.

18) At this point the parametric and post processing can be modified if desired. The final
definition of the parametric does not occur until you press the “Update Table” button.

19)To verify that the top plate will be displaced during the parametric run, select
Parameter Validate from the Parametrics menu. This should cause the top plate to
become high lighted and then move vertically up to the maximum displacement and
back again to the start position.

20)Once the parametric has been validated, press the “Update Table” button on the
Loop Initialization dialog box. This will update and open the Final Parametric Table
which should appear as shown below:

Final Parametric Table

Stroke [1] *

Displacement

Steps | Loop Steps | X Disp. | Y Disp.
0

)

2 ) 05 0.0025
3 ) 05 0.005
4 ) s 0.0075
5 5) 05 0.0

5 ) s 0mes
7 ) 05 0015
] ) 05 0.0175
El 3) 05 0oz
10 o 05 0.0225
1 i1 s 0025
12 12 05 0.0275
13 hE] s 003
14 [14) 05 0.0325
15 (15) 05 0.035
16 (18] 05 0.0375
17 17 05 004
18 k] s 00425
19 ] 05 0.045
20 20) 05 0.0475
21 [21) 05 0.0s

Reset M H

21)This table can be edited if desired. If it is correct, press the OK button to close it.

Now the parametric setup is complete. From the Utilities menu, select Parametric On/Off.
This closes the parametric window and returns to the main menu bar.

To run the parametric analysis:

1) From the Utilities menu, select Run Parametric. A save dialog box will open to allow
you to specify the name of a Record File that will record each parametric step.
Enter any name you wish (such as “rec.rec”) and press the Save button.

Record File [2]x]
Save j: I {3 UpdateFaia =l ED
9] Fields51 FreeSpacehetricN arow. dbs|
Fiepame:  [recrec Save |
Sava as bype: [Record Fiel") = Cancel
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2) A second save dialog box will open to allow you to specify a database that will
contain a table of the post processing results. You can specify a new name (in this
case “Results”) if you do not wish to overwrite your base model.

Select Parametiic Result Database File HE
Savein | UpdatePars =l =

Fields<51 FreeSpaceMetrich anow.dbs

File nane:— [Fesults Save |
Saveas pe: [Datahase [*DBS] =l Eamed)

3) Once you click the Save button, the parametric run will start. During the run, the
current step number will be displayed.

Parametiic Step Run Parametrics
Currert Parametric Step 2
Parametrics analysiz iz completed.
Total Parametric: Steps e

4) When the parametric run is completed, you will be informed by the dialog box.

After the solution is complete, you can find the results for each parametric step in the same
directory as the original model. The results filename (8 characters in length) starts with P
followed by the step number, e.g. POOO00001.dbs for the first step.

Viewing the Parametric Results

The results of the parametric run can be viewed in table or graph format by performing the
following steps.

1) Select Parametric Results from the Utilities menu. This will open the Final Parametric
table.

Stroke [1)
Displacement

Steps I Loop Steps | X Disp. | Y Disp. | Fx I Fy | Fm

1 1 0a 1] 68523928012 1.791554e-008 1.791554e-0
2 (2] 0a 0.0025 4818378012 1.625813e-008 1.62581 30
3 (3 (18] 0.005 -3.452984=-012 1.4821 23008 1.482123=0
4 4 (18] 0.0075 -3E01498=-0712 1.35672e-008 1.35672-00
g 1] (18] 0.m 5452853072 1.246E29e-008 1.246629=-0
5 [13]] (18] 0025 -A0E2404:-072 1149463008 1.1454632=-0
7 (7 (18] 0ms -4 9569 072 1.063246-008 1.063246=-0
g (L] (18] 00175 -1.155658:-012 9964336007 99643360
9 (] (18] nnz2 A.011705e-012 9.176E2e-007 91766300
10 (1 (18] 0.0225 3352192012 8.5587 01 007 25587010
i (1] 0& 0025 -4 464375012 8.0013058e-007 8.001305-0
12 [12] 0& 0.0275 -2 078663012 7. 496857007 74968570
13 (13 0& IRIK] -2, 7E043e-012 7.038862e-007 7.038862e-0
14 (14) 0& 0.0325 -1.861287e-012 E.621701e-007 B.E21701e-0
15 (18] [IRs] 0035 -3.288894=-013 E.240733e-007 £.240739e-0
16 [16) [IRs] 0.0375 32727 2e-2 5.891811e-007 58918110
17 [17] [IRs] 004 -2.850579-012 5.571537e-007 55715370
18 (18] [IRs] 0.0425 -2.318002e-012 5. 276813007 52768130
LE] (19) [IRs] 0.045 -2.047045e-012 5.004872e-007 5.004872e-0
20 [20) [IRs] 0.0475 -3.183861e-012 4, 753569007 4 7535690
21 [21] [IRs] 0.05 3842517014 4.520784e-007 4 5207840
1] | 3|

Copy To Clipboard | Graph Plat ... Cloge |
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2) There is a button at the bottom of the table that allows you to copy the data to the
Windows Clipboard for use by other applications.

3) Clicking the Graph Plot button will open the Plot Graph dialog box.

Graph Plot El

Independent Wariable 1 [+ Axis] Independent % ariable 2
IStroke-Displacement['l] j INone j
Dependent Wariable v Axiz) ﬂ
Loop Step Fixing E”
¥
Loop 1
Al jl Area
Z Chrg
Results 1 Curvels) Flot Graph | Close |

4) Using the drop down list, select a dependent variable to plot and click the Plot Graph
button to produce a graph using the Autograph utility. Do this for each variable you
wish to plot.

5) The following graph shows that the charge on the top plate decreases
(approximately) inversely with the gap while the force on the bottom plate decreases
(approximately) according to the inverse square of the gap. This is in close
agreement with simple analytic formulas (discrepancies are due to the fact that the
analytic formulas do not consider fringing effects).

M AutoGraph =] B3
| Eile Edit “iew Graph Data ‘window Help == ==
BEEsRe -
Chrg (T Frma (I7)
1.97e-10 1. 7%e-4&
+
1: Chrg ()
1.58e-1001.43e-8% 1 Bl
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
1.18e-10(1. z: Fm (IT)
F88e-11[7 17e-7 i
3.34e- 11035807 i
0,000, 00 H i i H i | | H
Step Index {300 5.00 9,00 1.30e+1 1.70e+1 2. 10e+1
Press F1 for help o

This completes the example.
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Parametric analysis using the Parametrics menu

To set up a parametric analysis using the Parametrics menu commands:
1) Create a basic model.
2) From the Utilities menu, select Parametric On/Off.
3) Select the parameter that you want to vary from the Parametrics drop down list.

4) Follow the prompts in the program message area.

We will use the displace

geometry variable as an example. Two Cables Example
In this example we have two

cables, with equal voltages, but Q ¢ D ; C
with opposite polarities. We will

observe the interaction of the

Voltage fields as the distance Cable 1 Cable 2
between the two decreases. +250 V 250 V

"D* distance between cables

5) From the Utilities menu, select Parametric On/Off.

6) Select the Parametrics, then Geometry then Displace.

7) Enter “move” for the name for the parameter.

8) Enter 10 for the Number of displacement steps at the prompt.

9) Enter N at the prompt “will the values be imported from a file?”.
10)Enter N at the prompt “Will the values be expressed as a Function?”
11)Enter Y at the prompt “ Will the values be linearly spaced?”

12)Select Cable 1 at the prompt “Select Regions (or segments, or objects)”.

13)Select the center point of the cable as the reference point and press the right mouse
button.

14)Move the outline of the cable from its original placement, to a point where the two
conductors are touching, and press the right mouse button.

15)From the Parametrics menu, select Parametrics validate, and watch Cable 1 move
towards cable 2.

The physical movement of cable 1 to cable 2 is now defined.

10
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To assign the post processing functions to the parametric:

1) Select Analysis from the Analysis menu.

2) The model will solve.

3) Select Field Results from the Analysis menu.

4) Set the Field Analysis Results to:

Voltage

Contours

Medium density

31 Bands

Select the solid option

5) Press Apply Settings.
6) Close the Field Analysis Dialog box.

This adds the post processing option for the example

To View the Parametric table and definitions:

1) Select Loop Initialization from RN -
the Parametrics menu. e ity Tty |
Ty P —— —~
2) Press the down arrow and Tot
right arrow buttons. e ]
Loy 1 i .

3) The Dialog opens up to allow you to view the steps and parameters
involved in the parametric analysis.

- Lgszqr Imilializ alicos
Paramates Dainad
{[reece [Geretny - Dicplacermen] =
Gnlectns Paramale
Prasrester Typs ; Geomats - Dirplacsmant
IPsmrester Mo mares
Lowxg: 1 Shang: 10

Modiy | Crase | Daeie | Updata Tabie | | [@]

=1 st Dafwstion : 71 pearsmsteny, 1 koogs. 10 inisl seps
= Loop 11 paramstez, 10 depe
i [Gogowestnp - O eplocsinneri])
=1 Praswrestve Posiprocessing - 1 sshings
Wipnlor contou plof in srcdoss | -1, 2900 UESANG |- | 1, 25900 049073

5 |Lo g | XD " Diis
1 I h TR
2 (K] i F5ET4T4 01473251
2 A 1 IERI2 [INErrrE]
i Hi A1 XA {11 ai
] (=] 0233745 0L 1&3583
E El 4] 1N IRl
¥ M 4l 1561355 0 1&33147
B El 0.17e0025% 01&EnE
a ] QLOFEMEOE DSI0E
in (14} Al TS 01504

4) At this point if required, you could edit the parametric analysis.

11
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5) Close the Dialog box.
6) Select Parametrics On/Off from the Utilities menu.
7) Select Run Parametric from the Utilities menu.

8) The record file dialog box opens

- ol & =l
i L T RRARs HLP =T
a] delaguin ]|

o] ELECTAOMNNNINES 158 oL
(=] F ECTADIMNONNS ot @ ol E
& ELECTROB0M0000H 12 154 S E

=] [LE CTROM000000 Wiprebh 5 o 0

] FLE CTADIMMN0NT Ll @ &l E

el

P pare: 'I.'r-w-nmnr. | G I

Bt in o |11 ecract Fimi” 7| = Casi |

9) Enter movement.rec as the record file and press save.

10) The result database file dialog opens

S 3 ol o5 m
| Zadd gk :] Eletng anabdd-problen] Secui=edl

IR ] e - o] EC e

] b b ] e - probbs oo es

] cmble ol W] ELECTR e UL S E RS MM T

] cablslh dhy W e i

4] E lmcires S Dl b 9] Frarcrulsies

| et arsh e probla bothoorea die o] bilan e

i |
Fibs puwme: |I.'k-ala-lneﬂ'ﬂ-¢r\-e~r'.l:r= | Guarva |
S = e | Dptanes | 05| A Cancel |

11) Enter cablemovement.dbs as the file nhame and press save.

The program runs the

parametric analysis, and

displays the dialog box, when I'T' Patameliics anehieis & complebed
complete. Do yous waprk b save the ekt ¥

i

12) Press Yes and enter a file name for the completed parametric results.

Viewing the Parametric Results

In the Cable sample, we had generated the results for the voltage contour plots at 10
positions of Cable 1 vs. Cable 2. The Parametrics function created 10 databases for us, each
containing the results for that particular step.

1) To view the results for a particular step:

2) Select Parametric Results from the Utilities menu.

12
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3) This opens the Parameter

Table dialog. move (1]
) Displacement
4) In this case the Parameter Steps | Loop Steps | X Disp. | ¥ Disp. |
. 1 ] 0289332 01516528 pOODOODT dbs
Table dlalog shows you the 2 2 02481232 01518842 pOO0ODOZ.cbs
3 E] 02063102 01521155  pOODOOOSdbs
cross reference between 1 4 01644572 01523469 pO000004. dbes
5 ] 01226843 D1E25782  pODDOOOS dbs
each step and the 3 il 008087127 01528036 pOODDODE obs
q b " ., | 7 7 003905828 01530409 pOODOOOT dbs
g E] 0002754707 01532723 pOODOODS. dbs
atabase for It's results. ] 18] 004456769 01535036 pODOOOS.dbs
10 1) 008638068 0153735 pOODOOTO.obs
Copy o Elipboard | (raph Blot.. | C\Usel

5) To view the results at a particular step, select File, Open from the main menu of the
2D program.

6) Select any one of the listed Databases.

7) When the database opens, the plot for that step is displayed.

A ELECTRO [c] - [C:\Enginia Research'\Programs\databases\Electio\p0000011.dbs] (O] %]
f | Fie Geomety Edt Physics Analysis Trajectoy View Utiiies Help METES
DSER ERDT| 5 wrHA2 (W OO0 ar
HeEDs|[caaaaaEE||Lins|l bkl
oF A % % [ ]| [Seqment =] |[Gopy 0 =]| 15 B i) [m | T |
—
= |
e [
&
Ak
<
Al
.
*
Vi) )
MEDIUM arid density contour map =]
MEDIUM giid density contour map
MEDIUM giid density contour map 21
A

8) This method of displaying the results is used for Contours, Arrows, Loci, and
Streamline Plots. For Graphs along a segment or line, the results are produced a
little differently.

9) If we added an arbitrary segment running through the centers of each of the cables,
we could graph the voltage on that line at the various points of Cable 1’'s movement.

When you select Run Parametrics from the Utilities menu, the Parametric analysis opens the
Autograph utility and sends the data to it.

13
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You can see that there is a graph plotted for each step of the cable’s movement.

- AutoGraph - [AGraph1:1] M=E
[ Ele Edt Yiew Graph Shest indow Help TR
leds2ekg 2w |acda

15004002

—_—
V(Thm0)

10004002

V(Th)

(ram)
]

V(YR )
—_—

V(Th )
Laowsan?

V(Th)

w0 Virasa)

- Virhan
g
Siseon

V(Th )

—_—

5 V(¥aw0)
+mvianl

Laosson?

RERH

20009002

RERH
00N SSLegr 17Ol 170N S0 bbedll 3300l (200l 7100l SENO0l  SSLeol

For Help, press F1 [ ] 4

Single value Results are items that produce one number for each step of the analysis. They
are:

* Force

e Torque

* Flux Linkage

e Induced Voltage

They will depend on the type of program that you have, (electrostatic, magnetostatic, etc.)

The results for a Torque analysis on the cable are displayed below.

move [1]
Displacement
Steps | Loop Steps | X Disp. | Y Disp. Tq I
1 [l -0.2899362 01516528 -1.343889-009
2 2 0.2589723 01519739 -1.86305e-009
3 3 -0.2280035 01522343 -2.59308e-009
4 4 01970446 0.152616 -3.613934e-009
5 (5] 01660807 01523371 B.093241e-009
B [E] 01351163 01532581 -7.312046e-003
7 71 0104153 01535792 -1.079071 e-008
g [EE1] 007318913 01533003 -1.E67633e-008
=) 1] 0.04222626 01542213 -2. 702762003
10 [m 001126139 0.1545424 -4.839935-008
Copy To Clipboard | Graph Plot | Close I

1) To plot a graph of the torque values vs. cable displacement, press Graph Plot. This
brings up the Graph Plot dialog.

Graph Plot Dialog B3

|ndependent Wariable 1 [< bwis] Independent W anable 2
move-Displacement[1] j |None j
Dependent Vanable [¥ Axis) ITq j
Loop Step Fiking
Loop 1
All ;I—I
Rezultz 1 Curvelz] Flat Graph | Closs |

2) Select the Plot Graph button and the plot of the Torque is displayed in the AutoGraph
utility.

14
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Please Note: You may have to format the graph view ranges in order to display the graph
as shown.

;l} AutoGraph - O] x|

File Edit View Graph Sheet ‘Window Help _|ﬁl|ﬂ
DEd =B Rkaevacxal

_—

Dirplacomantwe Ty (¥ A 0)

T T
-1 5a-001 -1 72a-001 -5 37a-002 ¥ +5e-003
Dip m)

For Help, press F1 A

15
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