Week 2: QuickField Fundamentals

How to start QuickField and solve a simple problem of electrostatics.

1. Create the problem. Choosing the formulation

2. Draw the geometry by vertices, segments and arcs. Make the problem closed,
when needed

3. Assign names to geometry shapes: all blocks, some edges, some vertices

4. Set up the material property, boundary conditions, field sources

5. Achieving optimal accuracy: control the mesh density (manually or
automatically)

6. Analyzing the solution: field picture, local values, integral values, XY-plots, tables

7. Remember the field theory: how to calculate the capacitance
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Getting started: the QuickField windows

Main menu

Main toolbar

Model window

Field picture window

Problem tree

Problem
toolbar

Property grid

@ CuickField - Postprocessing PlaneCapacitor.pbm

File Edit “iew Problem Contour

oA 4Gl & ! ©

= T R
PlaneCapacitor.plbim - electrostat ~
& Geometry: Planecapacitor.mc
=-EH Data: Planecapacitor.des
-5 Block Labels

dh

o[ Edge Labels

L. cond-

L cond+
[ Vertex Labels
-.[FE3 Library Data: <nones

B Links:
a2 No links v
£ >
Propel P s b paom
=l General
Problem Type Electrostatics
Muodel Class Plane-parallel
Zlength (L), mm 2p
Precisicn MNermal
Geometry Planecapacitor.mod
Data Planecapacitor.des
Library Data
=l Coordinates
Length Unit Millimeters
Coordinates Cartesian

Far Help, press F1

Tools

Window  Hell

Straight line [0%) =

b £ = 27203 mm
A 8= <1071 deg
- # Voltage U = 0.31816V
= |A Strength E = 398,52 V/m
|2 Strength E, = 398.52 V/m
- T* Field Gradient

- LA Displacement D = 1.4114e-8 /]

|2 Displacement D, = 1.4114e-

12 Displacement D= -7.8632e

i

Flanecapacitor.mod | Postprocessing PlaneCapacitor.pbm:1

Straight line (%) =

Sene

s

Voltage
U]

1.0
08
0.6
04
nz
oo
0.2
-0.4
0.6
-0.8

4%.6 mm, 10.2 mm
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toolbar
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panel
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Getting started: Create a new problem

Think twice: Choose the proper problem formulation
(a subset of Maxwell equations)

1. Create the new problem and name it 2. Select the problem formulation

&) CuickField
© File Edit View Tools Window Help
Al % s iB &R

= [tems Selected w X

problem. You can also change the names far the files where the
model and material data are stored.

ﬁ Select the type of analysis and other parameters for the new

Problem Type: |Blectrostatics e

Transient Electric

DC Conduction

AL Conduction
Magnetostatics

AC Magnetics

Transient Magnetics
Steady-State Heat Transfer
Transient Heat Transfer
Stress Analysis
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Click, or
File/New Problem




he Problem

Type the name and location of the new problem. Or, search for the
folder by clicking Browse.

Problem NAME=——— | Tenfemne
esl

Create in folder:

D4 Simon* 2071 5-Autumn®,

Lse Sample Problem

Browse...

Create new problem as a copy of existing one

Sample problem file name:

Make a copy?

< Back Mext > Cancel Help
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Problem Properties

Select the type of analysis and other parameters for the new
problem. You can also change the names for the files where the

model and material data are stored.

Formulation: Electrostatic field
\ Length Units
Geometry class: Plane-parallel 2D Problem Type: | Hlectrostatics ¥ | [Meters v
\ Model Class Coordinate System
problem

Flaneparallel w Cartesian w
. rd A: . Precision
Length in the 3" dimension (out of plane) e | 7, o .
Links to referred files: Files
Geometry:  |bs1.mod
GeomEtry Data: es1.des
Library Data:
Data
BaCkground data Location: |D:\Simon*2015-Autumn
< Back Finish Cancel Help

WEEK 2 AND 3. QUICKFIELD FUNDAMENTALS & ELCTROSTATICS 6



Choosing the Model Class

How the 2D geometry extends in 3D world

3. Choose the Model Class: Plane-parallel or Axisymmetric

Y1 Plane-parallel:

Mode! Class 1. Most of physical values are per 1 meter of axial

Plane-parallel w 77T Iength (in Z-direction)

X 2. You may define the axial length of the model.
If you do that, QuickField calculates all integral
quantities with respect to given Z-length

Axisymmetric:

1. With axisymmetric problems the rotation axis

is always horizontal coordinate axis OZ

You only draw the cross-section of axisymmetric
geometry above the rotation axis OZ
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Getting started: Understand model classes

You draw:

1. Circle
2. Semicircle
3. Rectangle

You get:




Working with the Model editor

Switch the operation mode:
Select shapes (left side), or
Insert new vertices and edges

@ File Edit View Problem Tools Window Help

I IR

[ ctorpbm TR G Wtraignt tine [07) - W& = o
R E &3 =3 LS i e d
= PlaneCapacitor.pbm - electrostat »

----- & Geometry: Planecapacitor.me

=-EH Data: Planecapacitor.des
£1-[5 Block Labels

- air

- diel

Mesh controls:
build mesh

remove mesh
affects on selected blocks
or on the whole model

Scale control:

Mesh spacing control: 5 e + zoom in

° . ' - zoom in
! - cond+ .
L..[g Vertex Labels zoom to fit

Assign manual spacing

: .. Library Data: <nonex»
to some vertices of

aﬁ Links:
{.a® Mo linke v

Segment or Arc:
Choose 0 for segments
or none-zero arc angle

your choise

Cable_es.pbm FlaneCapacitor.pbm

Assing text label to

Spacing
Spacing Value, mm

= ta g Foin

Label cond+

Manual
0.05

all blocks, il =
d Y, mm 5
_an = Ending Point 4
edges and vertices X, mm 25 Selected shapes
i ¥, -5 Filts R ; 3
with bount_:lgry Lengt::m 2 +v| displayed in red color

condition S = | < > 4

P w | Planecapacitor.mod 1 I

For Help, press F1

-4.00 mm, 7.60 mm
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Working with the Model editor

To add any geometry shape first switch to Insert mode:
use toolbar button or INS key

Primitive How to add
Vertex Left mouse button (LMB): double click
Line LMB: Click — Drag — Release
Arc Choose or enter the central angle, then

LMB: Click — Drag — Release
Polygon Detected automatically
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Working with the Model editor

Snap to the background grid

Grid Settings I} iy
_I_ [+*] Show Grid ] Snap to Grid
| Spacing -
Add Vertices,.. - Horizontal: | 0.05 m)
| Vertical: , Cancel
 Grid Setl:ingsD srical 005 )
1 —~— [ ] Anisotropic  [+] Scale with Zoom
Back to Select Mode
- . . . . Origin
Horizontal: | 0 il
Vertical: 0 il
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Using the Shape Inserting Tool

¢ QuickField - es1.mod

Insert Shape

File | Edit l View Problem Tools Window Help
: |j & Undo Delete Selection Alt+Backspace: Ctrl+Z Shape:
Redao Ctrl+Y¥ Outlin S h a pe
Rectangle
i o Cut Ctrl+X: Shift=Delete Elinse
=5 | B3] copy Ctrl=C: Ctrl=Insert
1% Paste Ctrl+V: Shift=Insert
B Delete Selection Delete d
Duplicate Selection...
Move Selection... d
Copy Visible Picture
&- .
Select All Ctri+A Size
Unselect All Ctri+D d= |0 S|Z| ng
Add Vertices...
Insert Mode Insert
Position
Build Mesh k
' Positioning
Properties Alt=Enter alpha = | 0
Import from SolidWorks...
Insert Close
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Draw the plane capacitor

Our first problem to solve is the plane capacitor.
We want to know its capacitance

Y1 Formulation: Electrostatic field
Geometry class: Plane-parallel 2D problem
<
X Parameter Notation Value
2 €o Distance between plates d 5mm
§ Height h 10 mm
« d > Axial length Z, 20 mm
Dielectric permittivity £ 4
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Draw the plane capacitor

1. Open the model editor 2. Draw the rectangle (capacitor), and
the circle (artificial outer boundary)

&) QuickField

: File Edit WView Problem Tools Window Help

- .
@ Edit Geometry

PlaneCapac Open model file for editing

-3 Block Labels
ﬁ Edge Lakels

- Library Data: <none>
B[S Links:

@ myProblem.plbm “__4_}] PIaneCapacitor....J
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Making the problem boundead

1. Add the artificial outer boundary 2. Replace the discarded part of the universe
with the boundary condition
Material properties: Boundary conditions:

dielectric
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Draw the plane capacitor (cont.)

1. Draw the capacitor’s cross-section

Parameter Notation Value
Y a Distance between plates d 5mm
Height h 10 mm
Axial length Z, 20 mm
Dielectric permittivity £ 4
<
=x The simplest way is starting with creating 4 vertices
€ £, using the Edit / Add Vertices command:
" s
< d q
N : = |0 [mim] Add

y= |0 [rnrn) Close
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Now set up the physical data

1. Activate 2. Set material property 3. Set Dirichlet or Neumann
label properties for block labels boundary condition
-5 PlaneCapacitor.pbm - electros Block Label Properties - diel X Edge Label Properties - cond+ X
- dpy Geometry: Planecapacitor.
- Data: Planecapacitor.des General General
Blectric Pemittivity Coordinates
W “aoltage: U = U,
5= [0 | @) Relative (®) Cartesian Up =0 | @
By = |.L\J, | () Absolute () Polar o I:} f
[ Anisctropic ™ Surface Charge: D, =o [AD,, = o]
Electric Charge Density s= |0 [Cdmé]
o= [0 HELTEE &
[ ] Floating Conductor {(Equal Voltage)
double 0K || Cancel || Hep | [~ Even Perindic: U, = U
CliCk! ™ Ddd Periadic: Uy = - U
< > oK Cancel Help
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Working with the Field picture

The calculation results may be presented as:

1. Field Lines 2. Vectors 3. Color map

N
=

hhhhhh

)/

&N

A

******




Field postprocessing

4. XY-Plot 5. Table

Strength [v/m)
230 :

;23 L [ram) % [mm) o [ram) M, My UM EMSm)  E,[Wm) E, [v/m]
e %, 0.00000 0.00000 _7.00000 1.00000 -0.00000 2.15068e-4 89.5768 -80.5768  0.0567527
£ : i oo = : , | M, 0700000 000000  -630000 1.00000 -0.00000 2.23998-4 116558 -116.558  -0.134715
160 ot oeone | C Volage j j N "W, 1,40000 0.00000 -5.60000 1.00000 -0.00000 -2.86082e-6 150.659 -150.658  0.00779105
o : T : "",if;g‘h o ! : = MW 210000 -4.06576e-16 ~4.50000 1.00000 -0.00000 3.42190e-5 184201 -184201  0.00230175
I : S : e —a— | ! e “.2.30000 -4.06576e-16  -4.20000 1.00000 -0.00000 2.76852e-5 191776 -191.776  0.0111026
S R NI O T ; Fe—e—I| ; -, - ™, 350000 -4.06576e-16  -3.50000 1.00000 -0.00000 2.01271e-5 196137 -196.137  0.0101272
i BN O B | F o | o W 420000 -4.06576e-16  -2.80000 1.00000 -D.00000 138484e-5 198308 -198.308  0.00771142
- sesesihsmsonsasas s | FidGraon s : oo 490000 -4.06576e-16  -2.10000 1.0000 -0.00000 9.36994e-6 199279 -199.279  0.00197479
60 ]| © Dilocsmen j - MW, 5.60000 -4.06576e-16  -1.40000 1.00000 -0.00000 6.25337e-6 199.680 -199.680  0.00353100
% - T 5 e ' e . 630000 -4.06576e-16  -0.700000 1.00000 -0.00000 4.31451e-6 199.852 -199.853  0.00233199
gg : ' "W, 7.00000 -4.06576e-16 -9.40395e-33 1.00000 -0.00000 3.31278e-6 199.896 -199.896  9.78339e-4
0 M, 770000 -4.06576e-16  0.700000 1.00000 -0.00000 2.90362e-6 199.853 -199.853  1.87734e-d
o M, 240000 -4.06576e-16 1.40000 1.00000 -0.00000 3.04931e-6 199.600 -199.660 -0.000603730
jiﬂ M, 910000 -4.06576e-16 210000 1.00000 -0.00000 3.75649e-6 199273 -199.273  -0.00144128
P . 9,30000 -3.08998¢-16 2.80000 1.00000 -0.00000 5.09622e-6 198316 -198.316  -0.00238518
@ M, 10,5000 -8.13152e-17 3.50000 1.00000 -0.00000 7.06330e-6 196172 -196.172  -0.00316025
s M, 112000  1.46367e-16 420000 1.00000 -0.00000 9.29121e-6 191784 -191.784  -0.00286609
a0 W 11,9000  3.74050e-16 490000 1.00000 -0.00000 8.43755e-6 184424 -184424  0.0218234
o M 12,6000  2.84603e-16 5.60000 1.00000 -0.00000 -1.02829e-4 150703 -150703 0115639
120 M, 133000  1.42302e-16 630000 1.00000 -0.00000 1.7262de-4 116347 -116347  0.0143037
o e 14,0000 0.00000 7.00000 1.00000 -0.00000 1.23501e-4 89.3916 -89.3915  -0.0773936
i

-170

-180

-190

-200

b | i i i i i i i i i i ; |
1]
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Field postprocessing: Get Numbers

6. Local values /. Integral values

& Local Values ]::ls Integral Calculator 2

053] Coordinates 12 Geometric Quantities

..... I %= -1.26 mm - _| Contour length
..... LA y=14mm || Cross section area
\& r=1.8835mm | [ | LT L] ] Surface area
----- 8= 13190 deg -_] Volume

----- * \oltage U = -0.23175V (=-{_3 Physical Quantities

o lﬂ Strength E = 200 V/m |_:_|l:| Electrical charge
| Strength E_ = -200 V/m :

L. e 0,=-1.6498e-12 C
o L Strength E:. = -0.20360 V/m |:—:|l:| Mechanical force
-1 Field Gradient & f=1458e-10 N
= z Displacement D = 7.0835e-3 C/m® | [AAAASSSSRRRRRRRRURNR U | | | ([ [ [ {1 (11 (1110 ] I — @ /A ©=-0.0035824 ¢

|# Displacement D= -7.0834e-9 Cim?

..... |2 .= 1458e-10N

t-| 2 Displacement D, = -1.0402e-11 C/m?

..... LA f,=-5.1161e-15 N

----- #® Permittivity € = 4

----- | Mechanical torque

----- * Energy Density w = 7.0836e-7 J/m?

..... | Stored energy
J::l.s Integral Calculator

..... ] surface ENErgy
FC Capacitance Wizard

----- _| Potential difference
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Calculation Capacitance

By Charge and Voltage

By Energy and Voltage

q
C ==
U

Where:

C is the capacitance,

g is the total charge of one

conductor,

U is the potential difference
between conductors

2w

C — W

Where:

C is the capacitance,

W is the total energy of electric field,

U is the potential difference
between conductors
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Calculation Capacitance
By Charge and Voltage By Energy and Voltage

S 2 W
C=¢gye— C = 9 C = 5
d AU U
Theory By Charge and Voltage By Energy and Voltage
mm 1000
& 8.8542E-12 F/m Qs 1.6499E-12 C w 8.24E-13 J
€ 4.0000 AU 1 VvV
d 5 mm
h 10 mm
L 20 mm
S 0.0002 m?2
C 1.4167E-12 F C 1.6499E-12 F C |1.6474E-12 F
1.4167 oF 1.6499 | pF 1.6474 | pf
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What Next?

1. Give the charge, measure the voltage (g -> U)

2. Benefit from problem symmetry.
How to modify boundary conditions?

3. How to know the maximal electric field?
Make the model a bit more realistic.

4. What if we have more than two conductors?
Calculation of the capacitance matrix.

5. How to apply an external field?
A trick with coordinate dependent Dirichlet boundary condition.

6. ELECTROSTATIC SUMMARY:
Equation, boundary conditions, calculated field quantities
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Calculation Capacitance

Give the charge, measure voltage

» The conductor’s A
potential is equal

(as with any conductor),
but its value is unknownj

<

< »
X
€ £, We assign the known charge to any vertex, belonging to the
v conductor.
d The conductor itself is describer as a floating conductor.

Its potential is subject to calculation

Assigning the charge we have to use the value per 1m of length,
no regards of the actual model length Z,
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Calculation Capacitance

Employ the symmetry

Y s ) Vertical wall is A
. equipotential:
< L Uvert=0

(zero Dirichlet condition) )

»

Horizontal wall is normal to

. d | \/ p the equipotential lines:
v _,

Removing a part of geometry, n N
we have to take into account the removed part (zero Neumann condltlon)J
by appropriate boundary condition
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Using the Capacitance Wizard

Capacitance Calculation Wizard *
PAGES:

Completing the Capacitance Wizard

1. Welcome

You have successfully calculated capacitance of your conductors.

i L 2. Electrode
Charge Q= |3.2428e-11 i)
Erersy W= (7060309 W) 3. Charge/En
Capacitance
e c- [16486e-12 A 4. Results
From energy: c- [1648312 A
< Back Finish Cancel Help
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Maximal Electric Field

Field E near the sharp edge is theoretically infinite big

! Sharp ! Rounded
R=0.4 mm
& €
X, X,
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<
Q)
X,
E
D
o 0O
f_l-
.
@
1
o)
QO

The mesh density
near the rounded
corner

is vitally important for

LAV,
‘fiféﬁgﬁ
WAVAY

OSCA )
N || svenath i) , |

" volcage
(@ strength
VE—a—

[ €,

11000

10000

e,
e accuracy of E-field

™ Field Gradient

1 | ¢ Displacement
" Permittivity

¥o0a

11 Erergy Density

G000

5000

4000

3000

2000

1000
a
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Electrostatics: Summary

3. Calculated quantities: Capacitance matrix

What is the capacitance when we have more than one conductor?

Electrostatic induction coefficients

Conductor 2 Conductor 1 Conductor 0 do Boo Bor Boz| |Uo
| ' | ' ' 91| = |B10 P11 Biz| - |U1
q2 b20 P21 B2z U,

Grounding plane
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Electrostatics: Summary

3. Calculated quantities: Capacitance matrix

Two equivalent forms of the capacitance matrix

Electrostatic induction coefficients Self- and mutual partial capacitances

B, . can be negative

C. is always positive
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do Boo Po1 Boz| |Uo 90 Coo Co1 Co2 Uy Up—U; Uy—U;
A1 = |f10 P11 Prz| - |Us qi| = |C10 C11 Ci2| - |Up — U Uy U, — U,
q2 b20 P21 P2z| U qz Cro Cy1 G| WU, —Uy U, —-U; U,

30




[} [}
Choose Problem Conductor Info Close a p a C I ta I I C e I I I at r I X
&
z.pbm [+ < conductor 1 P
Elec2.pbm ] <& conductor 2 Grounded
£ < conductor 3 Help
M & ground Grounded
Energy: P
Step 0 Energy W = 4.7099e-007
Step 1 EnergyW = 4.68972-007
Step 2 EnergyW = 4.6913e-007
Step 3 EnergyW = 8.6330e-007
Step 4 Energy W = 8.6338e-007
Step 5 EnergyW = 9,3096e-007
r -
Energy:
a 1 2 oY
] 4,7699e-007 3.6336e-007 8.6338e-007
1 4,6897e-007 9.3096e-007
2 4,6913e-007 T — E ne rgy
= J
Electrostatic induction coeffidents
0 1 2 )
0 9,539%e-011 -8.2601e-012 -8.2748e-012
i -8.2601e-012 9,3793e-011 71342013 ﬁ .
2 -8.2745e-012 -7, 13422013 9.3826e-011 l] y
IEE i ang muEa par%ai LEDECIEHCEE ~
0 1 2
a0 7.88564-011 8.2601e-012 3.2748e-012 C
1 8.2601e-012 8.452e-011 7.1342e-013 00
2 3.2743e-012 7.1342e-013 3.4338e-011 N U y
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Applying external field by Dirichlet boundary condition

We want to model a dielectric sphere
in an uniform electric field E=5 V/m

U
E=gradU=>EZ=£

Setting U=5z on the all outer
boundary,
we obtain E,= d(5z)/dz =5 V/m

Ecxternal
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Electrostatics: Summary

1. The Poisson Equation

div(e - gradU) = —p Poisson equation
(coordinate independent form)
0 oU 0 U
Ep €x 7 Ox ay €y A 3y i In Cartesian coordinates (x, y)

10 0U 0 aU B - |
r or 57‘ aZ Za,] " P In cylindrical coordinates (r, z)
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Electrostatics:

2. Boundary Conditions

Summary

U= UO(X,y)
ou
D, = E% =o(x,y)

U = const = unknown

Dirichlet Condition: the known potential
(may depend on coordinates)

Neumann condition: the known value of
normal potential gradient

Floating conductor:
A special type of Dirichlet condition
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Electrostatics: Summary

3. Calculated quantities: Locals

& Local Values
i+ Coordinates /_//_/_\
----- * Voltage U = -0.075911 V

= | A Strength E = 199.81 V/m

|2 Strength E, = -198.81 V/m

Strength E = —gradU

|2 Strength E, = -0.092365 V/m

Displacement D = ¢E

=)

-0 Field Gradient

= | A Displacement D = 7.0766e-9 C/m?

----- | Displacement D, = -7.0765e-9 C/m?

Energy D-E
density 2

i |2 Displacemen tD =-3.2713e-12 C/m?*

ermittivity £ =
..... * Energy Density w = 7.0608e-7 I/m?
];l‘s Integral Calculator
FC Capacitance Wizard
- —7///|I\\\
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