Week 1: Introduction

How to solve the EM field equation using numerical simulation
(practical aspects).

1. Can we numerically solve the full system of Maxwell equations directly?

N

What is problem formulation? Why the well known Maxwell equation is
not enough?

What we need to add to Maxwell equation for solving?

Our current software tool is QuickField. Why?

How to jump from Maxwell equations to the first practical problem?
What is space discretization, and why it is important?

N o U AW

Let’s solve our first problem
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What math will we use

Basic concepts of vector calculus
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Maxwell Equations (S| convention)

Differential Equations
operates with local quantities: infinite small surface
and volume

The electric flux leaving a volume The divergence of D-field is equal to the electric charge
is equal to the electric charge inside jL D-ds=gq density, i.e. the charge is a source of electric field

Integral Equations

Operates with finite volumes, surfaces, contours

Gauss's Law

S divD = p
The magnetic flux through The divergence of magnetic B-field is equal to zero,
Gauss’s Law a closed surface is always zero f B-ds =0 i.e. magnetic field has no sources (= is solenoidal)
for magnetism (no magnetic monopoles) 3 divB = 0
The EMF induced in a closed contour is equal to the The curl of electric field E is equal to the negative rate of
; negative of the time rate change of the magnetic field B
Faraday’s Law d
finducti of change of the E-dl = —— JB.dS OB
of induction magnetic flux it encloses dt rotE = ——
L S Jt
The magnetic field circulation around a closed loop is The curl of magnetic field H is equal to the current

equal to the electric current (plus the rate of change of  density (including the density of displacement current,

electric field) d which is proportional to the rate of change of electric
jf)H-dl=I+— jn-ds field D) oD
J dt J rotH=J + E
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't is not a full story. What should be added?

1. Several material models describing the macroscopic field inside the material.
Any material law is always an approximation

The simplest More complicate Even more advanced
(isotropic) (anisotropic) (nonlinear)

Dielectric Model
(Permittivity)

Conductivity Model | = oF = |9x Oyy Oyz|E J=o(rT,E) E
(Ohm’s Law) Ozx Ozy Ogzz

Hxx Hxy HUxz .
Magnetic Model B = uH B = |Hyx Hyy Hyz|H B =pu(r,T,H, history) - H
(permittivity) Uzx Hzy Hzz
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It is still not a full story. What more should be added?

2. For numerical solution field equation are often written
with respect to potential, not field vectors

You already know a lot about potentials.

Examples are:

1. Scalar potential of electric field the potential U(x, y, z) is such scalar quantity that E = —gradU
Question: Why we are sure that such potential really exists?

2. Scalar potential of magnetic field: the potential U,, (x, y, z) is such scalar quantity that H = —gradUy
Again: please think when the U,, exists and when it does not exists

3. Vector magnetic potential: the potential A(x, y, z) is such vector quantity that B =rotA
Question: Does the vector potential A always exists?

Why the potential is numerically better than field vectors E, D, H, B ?
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Simplified set of Maxwell equations

Solving the full set of Maxwell equations is almost impossible
(and always impractical)

Simplified set of Maxwell equations (examples):

1. Electrostatics:

a) Nothing is changed in time;
b) No magnetic field exists (B=0, H=0)

2. Magnetostatics:

a) Nothing is changed in time;
b) No electric field exists (E=0; D=0)

3. AC Magnetics:

a) Every field quantity changed in time sinusoidal with the same frequency: H = H,cos (ot + ¢,)
b) No displacement current: Jp,=dD / dt =0
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What’s more?
Geometry + Mesh + Boundary Conditions = Result

Every numerical problem is solved:
* In the given geometry (bounded or unbounded) — the geometry is always a simplification

* In discrete space (by the mesh)
« With given boundary conditions

Sheath

Steel tape (screen)

Core insulation

1. Geometry
= Cores: A, B, C

Ground core

Common
Insulation
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What’s more?

Boundary Conditions &
Field Sources

Each field problem is solved
with boundary conditions (BC).

1. BC reflects the influence of the
world outside our model

2. Sometimes BC serve as a field
source (e.g. given potential)

3. BC may reflect the symmetry
condition when our model is /2 or
/4 of the real geometry

3. Boundary

conditions

BE &% =3
= Cable_es.pbrm - electrostatics pr
a Geometry: Cable.med
EE Data: Cable.des
2-E5 Block Labels

..... @ Inner insulator
..... i Mull conducter
..... @ Cuter insulator
..... 7 Steel braiding

..... = Equipoctential
..... < Potentiall
----- -
..... < Potential2
..... £ Potential3
B Vertex Labels
..... " Chargel

B Links:
Oc: Mo links

£ >

OpticalCable.pbm Cable_es,pbm
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The purpose of computing is insight, Typing is no substitute for

not numbers thinking
Richard Hamming, 71962 Richard Hamming, 1987

4. Calculation
Result What we use to understand the

calculated field:

1. Field pictures: color plot, vector plot, field
lines

Local field values

Integral field quantities: flux, energy, force
XY-plot over various cross-section

ViAW

. Animated pictures
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Resume: what you need to solve a field problem numerically?

Block Label Properties - Steel X
e Magnetic Potential & = A,
blem Type: | Blectrostatics e %
i 0 {Wh/m})
Electrostatics — | |
Trangiert Electric i
DC Conduction Edit B-H Curve ... . "
AC Conduction _ Tangential Field: H, =5 [AH =]
i 7 (bl
AC Magnetics Coercive Force of Magnat Coordinates
Transient Magnetics e :
Steady-State Heat Transfer Megiude:[o | (Am) @® Caresian
Transient Heat Transfer Direction: D (ded) O Polar Zera Mormal Fluw B, =10
St Anahysi
= Sy Conductivity for transient analysis anly)
Even Perodic: A=A
a A Leneie —— = { e — ———
1. Choose 2. Draw your : g
formulation geometry 3. Defineyour | 4. Set boundary
materials conditions

]

AR

i

5. Build the mesh 6. Enjoy your results

WEEK 1. INTRODUCTION




Examples:

1. Determining the best place for optical cable in
overhead power transmission line

The communication fiber-optical cable if often mounted along with high voltage overhead power line.

The cable itself is self-supported and fully dielectric, i.e. it contains no metal parts.
An optical cable should be properly located relative to phase conductors. What is a proper location?

According the Russian electrical code (1Y3) this is a place where the average potential U reaches its minimal value,
U <=12 kV (25 kV with using special polyethylene). Also the electric filed E should be checked.
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Model of Overhead Line: the cross-section

The overhead
Artifical outer boundary power line // G

6 1O

T

A\

Phase conductors
of the left circuit:

A B C Tower




Model of Overhead Line: the geometry model
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Model of Overhead Line: boundary conditi
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Model of Overhead Line: boundary condition

i




Model of Overhead
Line:
the solution

Good place for an
optical cable
(the potential U<6 kV)
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plot of electric field E(y)
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Model of Overhead L
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Model of Overhead Line: Conclusion

By numerical simulation we have found a good
place for the self-supported dielectric optical
cable on the tower:

P
Good place for

an optical cable

[

Optimal coordinates are: x=0; y=22 m
The potential is this point is: U=2.7kV
The electric field stress there is:  E=6.0 kV/m
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Wh at N eXt? & Q u ,ck F’ e ’ d A new approach to field modelling

Next week we will focus on Electrostatic analysis — the simplest case of EM fields.

We will learn how to:

Create a QuickField problem,

Draw the geometry

Set up boundary conditions
Manage the mesh density

Obtain the problem solution, and
Understand and analyze the results

o vt WS

Be prepared: download and install your QuickField Student Edition
from: http://www.quickfield.com/free soft.htm
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http://www.quickfield.com/free_soft.htm

