COULOMB Sample — Power Lines

In this sample you will construct and analyze a power pole supporting wires carrying 3
phases of current at 60 Hz. The goal isto familiarize you with avariety of construction
methods and program features.

Step 1 — The pole and cross beams

1) Reset the view limits:

The pole will be approximately 10 m high. For easy - '

viewing from multiple angles and for plotting over B “Z Axis j “’" j | A
the surrounding area it is worth giving the model user
generous view limits. Begin by ensuring the model km

units are set as meters:
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and set all limitsto +/- 15 then Click “Ok”:

Owi dixw Ill—_h- L
Limin

o o il
i [ j1s
. ik l:.'. =
z | 15 n
Chatam ] Peolaeon Shager

Wy Z Corn Simpm

1N ol ot L]

L ey Fotginm S

2) Drawing the pole e || T

| g
Ll i Poad BUY T

Select the 2D mode using o T

either the toolbar: 0% |ﬂ:i||m||: ==

]

| 2D Geometry Mode |

LT L
LR

orusingthemenu: | .0 ..
— i Cendrats Tyoes #
[T -
= Faverm Becioraune Colr

Pk moH
P Bt

Lt [ ]

Bingeial ¥ L]



x|
Tt Plisy | Fitsreres, oy |
Ll UL WOALD
i Faam |
In the Plane Section Dialog Box select a plane perpendicular to Al i
the y-axis, at ay depth of zero. Then click “Ok”. @roc i e
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Wewill be creating a pole that is 10 m tall and tapered from a e ] o=

diameter of 40 cm at the base to adiameter of 15 cm at the top. Select the Polyline
drawing tool: 1 [ T = =

?‘_JJ L

and enter the coordinates:
0 0{Enter}

0.20 0 { Enter}

0.15 10 { Enter}

010 { Enter}

0 O{Enter}

Note: Any kind of space between the numbers will parse them for Coulomb. For clarity
in reading the numbers many people prefer to include commas like this:

0, 0 {Enter}

0.20, 0 {Enter}

0.15, 10 {Enter}

0, 10 {Enter}

0, 0 {Enter}

Now you are finished with the Poly Linetool press{Enter} again, or press{ Esc}, or
right-click. Any of these will terminate the command.

Now exit the 2D mode by toggling the switch. It isagood habit to check the geometry
summary that appears when you do so. The
number of point, lines, and surfaces can help 010
you spot if amistake is made: I':":'

4 points, 4 segments, 1 sufaces, 0 volumes, O groups

ICummand:

Set the sweep type to “Circular” and Select the Sweep
Surfacetool. Click on the pole cross section to ¢! ’r_%l S22 2 2 & |[circular -

select it, then Right-click to end selection. Y ou will
be prompted for coordinates for the rotation axis. The way this has been drawn the z-axis
isthe center. So, give 0 0 0 { Enter} asthefirst point, then 0 0 1 { Enter} asthe second



point. Any two points along the axis are sufficient, just keep in mind that the direction of
the sweep is determined by the “ Right-hand Rule” with the axis pointing in the direction
of thefirst point to the second point. In situations where there is existing geometry on the
central axisyou can also simply click on two axial points.

After providing the axis you will be prompted for the angle of rotation. We will draw the
entire pole, so enter 360 as the angle. Once you end the command you can again check
the number of lines, surfaces, and volumes in the message areato make sureiit is correct.

Note: zoomin close on the bottom surface (e.g. using Alt-
LeftMouse to zoom and Shift-LeftMouse to pan). Sncethis ;\

surface was created by sweeping about the center point o

(which is a part of the surface) you see some gray \;/)
“isocurves’ radiating outwards from the center. Because

the center isa part of the surface, as you approach the center where a single point wraps
around 360 degrees. Thiscan lead to a dense set of elementsin thisregion and can make
calculations difficult near this point. While Coulomb will

deal with a variety of singularities such asthis one, they do ” & [ 5 ”E\‘,% & |
make the analysis more difficult and susceptible to errors.

S0 the safe approach to modeling isto take an extra minute to redefine the top and
bottom surfaces. To do so, choose the Undefine Surface tool and select the bottom
surface. Thistool does not delete any points or segments, it simply undefines the
existence of surfaces bounded by some segments. After this surface is undefined, display
itin 2D selecting the +z plane at a depth of zero. (It will probably be necessary to use
the Ctrl-clicking method of selecting a surface hidden behind

another surface.) Thisrecognizes the displayed circle as a closed JJ = ’%g | =
region. When you return the 3D the surface will be defined from the 2D region.

However, the radial isocurves will not be there because rather than being a swept line
the surface is recognized as a plane with a circular boundary. Thisisa much more
robust surface definition type to work with. Do the same thing with the top surface. Now
choose the volume define tool and select any surface for the pole volume. Sincethereis
only one possible volume you won't be presented with volume options, simply a prompt to
Right-Click to confirm that you want to define the highlighted surfaces as a volume. You
might notice that the original surface you swept to create the pole does not highlight. It
doesn’t form part of the volume boundary, so it is not part of the volume definition.

Save the model so far as “pole’.

3) Thetop of the pole and the cross-pieces.

The top of the pole presents some challenges and decisions. We need to avoid
singularities such as “ Overlapping Surfaces’ (surfaces which touch without sharing
common boundaries), tangent surfaces, intersection volumes/surfaces (vertical surfaces
on the cross-piece intersecting the tapered pole volume). For the purposes of this model
we will reconcile these problems by assuming that nailing the cross-piece onto the pole
will dlightly flatten it.



To begin we draw a cross-section of the very top surface, shared by the pole and the
cross-pieces. Again, select the 2D plane at a depth of +z=10. We will draw the top of an
8 long 2x4 board. Change the unitsto inches. Now select the geometry tool Rectangle.
Enter the coordinates 4* 12, 1 and —x, -y. (Note the ability to do math such as the inch to
feet conversion and to reference the previous x, y coordinates
when entering data.)

We now want to put the edge of this board aimost at the edge
of the pole. Since the pole has aradius of 15 cm, change the
unitsto cm. Now, making sure that “ Copy Off” is set, choose the displacement tool *#,
select the rectangle, then end selection. When prompted for a reference point choose the
lower right corner.
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For its destination give x, 14.5. This keeps the same x coordinate and moves the
geometry such that this point isat 14.5 in the y direction. Thiswill enable you to get an
effective 0.5 cm indent into the pole.

i H
To get amirror image on the opposite side select “Copy On”, then the mirror tool #t. For
the mirror line select the middle as the points0 0 and 1 0. (Or, click on the two pink dots

inside the circle, which also defines the line along which y=0.) Y our geometry should
now look like this:

o

For easy reference, save the model as * pole with cross pieces’.
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Choose the menu Geometry>Healing>I nter sectingSegments. When prompted select
“a’ to indicate you ssimply want to heal all intersections:

ISﬂgmﬂnts intersect, break at intersection [y/nfa) ? > a

In afew seconds your geometry should look like this:
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Note the circle and rectangles now share common end points for connecting segments.

Return to 3D mode. We have just modified geometry on a 2D plane which is connected
to 3D structures (surfaces/volumes) that don’t display completely on that plane.
Coulomb haslogic built in that will attempt to retain and update the definitions of such
geometry, but it is possible that some information will be lost. It isagood ideato check
the model. Y ou can again check the number of surfaces displayed in the message area,
but we are now getting enough surfaces that you may not be sure how many to expect.

Another good method isto inspect visually with solid viewing. In the present

case with the Mar 12" build of Coulomb 6.1 we can see that the vertical sides j.J

of the cylinder have become undefined. @_IH.: =
It

However, you may also notice that the
original vertical surface that was swept
by 360 degreesis still there. Since this
surface is no longer required you may
want to undefined it and delete the
radius lines at the top and bottom as well
asthe line along the z-axis so the model
isabit smpler to look at.

If the cylinder surface has been undefined you won't want to redefine it with the sweep
command... that would recreate the overlap problem. It is possible to use one of the
Break Segment commands to create end points that will make it easy to draw new lines
that can create vertical surfaces.

g B e I

Found Corner EBreak By Percefikage

Declone Break By Mumber
EBreak By Length

Thisiswork that we would rather avoid, so instead open up the model as you had saved it
on the 2D plane (“ pole with cross pieces.dbs’). Instead of healing the intersection in 2D
simply return to 3D mode. Because of the intersecting geometry problem, the 2
rectangles are not automatically defined as surfaces. So use the Define Surface tool to
create them one at atime. (Choose the 4 bounding segments for one rectangle then right-
click twice, then do the same for the other. Do not use thistool for complex surfaces.)

Once the rectangle surfaces are defined, use the 3D Healing to
fix the problem. Choose



Geometry>Healing>Heal AllOverlappingSurfaces. Thisworks for planar overlap such
aswe have at the top of the pole. Answer yesto the prompt to automatically heal. Again
the surfaces at the top will be broken to fix the intersection/overlapping problem, but now
the cylinder wall doesn’t get undefined.

For thefina step: switch the unitsto inches, reset the
sweep setting from” Circular” to “Linear”, and choose
the Sweep Surfacetool. Select al 5 top surfaces then
right-click. For the reference point choose 0 0 0 and
for the destination choose 0 0 4. Thisrelative
referencing says to sweep by 4 inchesin the z
direction.

Notice that avery thin volume is created as part of the board. Thisis -
aresult of the skinny surface where the bottom of the board pushes =T~ o
half acm into the pole. Thisisnecessary at the bottom, but not at LT
thetop. The model can be left asis, but you must remember thento -~
always select these tiny volumes when selecting the board. Also, the ~T
small surface will force a higher density of elements on this part of the board for no
necessary reason. So for model simplicity and to make the

analysis a bit better, we will redefine this. Delete the small arc }M

on each board. Thiswill aso undefine the top of the board

since the arc was part of the surface boundary.

To redefine these surfaces we will again use the 2D plane. _

However, we will use the “ Reference Geometry” option. =
When prompted, make sure you are on surface selection and RPN, R S

choose the top of the pole:

\

Return to 3D and look at the moddl in solid mode. 1t now looks fine, but we need to do
some final work on the volumes that have become undefined.

In fact, sweeping the top surface of the pole means that the top of the pole is now its own
volume. For simplicity undefine that volume
so that the whole pole can be defined as a "
single volume.
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Choose the Define Volume tool and select a surface on one of the boards. Thistime
there are multiple possibilities for which set of closed surfaces you may wish to use.
Therefore, COULOMB will offer you a choice and give you the option of switching your
chosen surface by Ctrl-clicking. Whichever surface is highlighted as green is the one that
will be selected when you Left-click. Make sure the vertical rectangular surface shown
to the left is the one highlighted before you Left-click. Keep looking at the model and
responding to the prompts until the board is defined as a volume, then do the same for the
pole and other board. If you are uncertain what surface options are being presented at
any step, use Ctrl-Left-click to toggle the options and it should become more obvious.
Save the model.

Note: Most people will find it easiest to follow the prompts when using solid viewing so
that only relevant geometry is being shown.

Step 2: The Insulators

Choose File>New to begin anew model. Change the units to cm and select working on
the 2D +x=0 plane. Select the Rectangle drawing tool. Enter the points0, 0 and 0.5, 3.5
to define one rectangle, then 0, 12.5 and 0.5, 15 to define a second rectangle.

Select the Free Form Curve tool and enter the points (0.5, 13), (4, 11), (3, 8), (5, 5) and
(0.5, 3).

Select the Poly Linetool and draw aline connecting the dotsto finish
enclosing the insulator cross-section.

There is one remaining problem indicated by the ends of the curve being \
blue rather than pink — the segments which the curve is intended to attach to

need to be broken in 2 at the intersection point. This could be done with the

healing tool, but another method is to select the menu M odify>Break 4
Segment>Break By Point.

Select avertica segment, then click on the connecting blue dot. Do this J
for both segments and the ends of the curves will be pink, indicating that ®l
the segments and curve share common end points.

Return to 3D mode and save the moddl as “insulator.dbs’.

Perform a circular sweep of the 3 surfaces. Select point that will make the z axis the axis
of rotation and sweep through 360 degrees.

In solid viewing you model might look rather coarsely defined. Thisis not
a geometry problem, it is the surface shading mesh. The amount of
computation involved in calculating and displaying the surfaces will
impact the response speed of the program for selection, rotation etc. The
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default viewing is rather coarse looking in some models. Thereal visual test iswhat the
model l1ooks like under the finer shading modes available under the menu View>Shading.
Salecting thefirst three of these will require some computation to generate a new mesh.
The “ System Alternate” option uses built in OpenGL routines to display the model. Itis
thus very quick to switch in and out of this viewing mode and it will generally produce a
very nice looking model for presentation purposes. However, the user interfaceis
normally very sluggish in this mode.

As with the pole model, you may wish to undefined and redefine any surfaces containing
a central point with a 360 degree singularity.
Save the model.

Step 3: The connector on top of the insulator.

Enter 2D mode using the planar geometry option, choosing the top of the T
connector. l
i

Draw arectangle from 2, 1 to —x, -y. Returnto 3D mode.

Set the sweep type to “Linear” and select the Segment Sweep tool. Sweep the 4
segments bounding the new rectangle upwards in the +z direction by 1 cm.

Define the 4 segments bounding the top as a surface. (This was not
defined because we only swept the segments, not the surface. The = =
alternative was to sweep the surface but then get rid of the hole |
running through the volume.)

Enter a 2D plane using 3 point selection. Create acirclein the [ @
center of the rectangle (if you use the 3 points shown thisshould be "By 2
2, 0.5) of radius 0.4 cm.

Use the menu M odify>Break Segment>Break By Number to ! Fad 1
break the circleinto 4 pieces. (Thisis so the cable that will be b
generated could be used for an induction calculation.)

Return to 3D and do the same thing with the corresponding rectangle on the opposite
Side.

Define the rectangular box as avolume. Save the model.

Step 4: Merge and Finish Making the Model

Select the menu File>Merge and pick the * pole with cross piece.dbs” model. Inthe
merged model the insulator will be at the bottom of the pole. Switch to (?



box selection so you can easily select this. Use the Displace tool to moveit from (0, O, 0)
to (115, 17, 1009). Switch to solid viewing and adjust the view to the top, which should
now look as shown to the right.

Save the model as “power lines’.

Switch to “Copy On” mode. Usethe Mirror tool to create a copy of the A
insulator on the opposite board (across y=0).

For easier maniinuplation through zooming and rotation it would be convenientto = !
move the “Look At Point” to thisarea. Select the tool shown and click on any i -
point in thisarea. That point will become the new center of rotation. '

To create the cable joining the two insulators, use Crtl-left-mouse to orient the model

such that you can readily select on of the circles and sweep it from one of its points to the
corresponding point on the opposite insulator.

=]

Mirror/copy this whole insulator/cable group across x=0, then displace/copy it by 40 cm
in the —x direction. The top of the model should now look like this:

Save the model.

Sweep the circles on the opposite side of the insulator connectorsto create the rest of the
high voltage wires. Sweep to the planes y=+/- 5 m.



The final geometry editing is to deal with the intersection of the insulator support with
the boards. These intersections are demonstrated in the picture
(circled inred). The portion inside shows up nicely because of using
the transparency tool (blue) to make the board semi-transparent.

The problem isthat the cylindrical surface needs to be divided where
it meets the top of the board, and the top of the board needs to contain a hole where this
surface passes through. Thisis accomplished with the intersection tool found on the
menu at Geometry>| nter section>I nter section of Surfaces. With thistool you can
match the posts with the top surfaces. Y ou will have 6 of these intersections to do.

Redefining surfaces will undefined the enclosed volumes. After all surface intersecting is
done, use the volume define tool to redefine the posts and boards.

Save the model.

Step 5: Defining Groups

For easy selection of each high voltage line and connecting e —
conductive material, click the Define Group tool (next to 5
Define Volume). Using volume selection pick all parts of a
high voltage line, Right-click to end selection, then Right-click
to define the group. Do the same for the other two high voltage
lines.

Step 6: Assign Physical Properties

Voltages:

Set the selection type to “Group” and use the menu Physics>Boundary
Conditions>Voltage to assign one high voltage line as 100,000 V at 0 degrees, then the
other two as also 100,000 V, but at phase angles of 120 and 240 degrees. If your



command line prompt doesn’t mention the phase, exit the command (“Esc”) and go to
Physics>Physics Global Setup to select Phasor as the “Operation Mode”.

The posts attaching the insulator to the boards will be made of ametal,
hence they will be at a constant voltage. However, that voltageis
unknown. Therefore, these should be assigned a “floating” boundary
condition. Go to Physics>BoundaryConditions>Floating and using
“Volume” as the selection type choose each of these one at atime and
make them floating. Each of these may be at a different voltage, so they
should be numbered 1,2,3,4,5,6 when prompted for the conductor number.
The order of the numbering isn’t important. The numbering is a means of
associating conductors so that they float to the same potential. However,
the numbering must be sequential without missing integers. For example, the solver will
object if you assign 1,2,3,5,6,7 since there is anumber 5 but no number 4 in the model.

Notice that whenever the mouse goes down the
Physics menu to BoundaryConditions the
floating conductor surfaces appear blue and the
voltage surfaces appear violet. Thisisafeature
of the Physics menu — as you scroll down it you
will see the model change color to indicate the
properties associated with each item. The
exception isthe Material Table entry. Material
colors don't display until you open up the
material table.

Symmetry and Periodicity Setup

Click on the menu item Physics>Symmetry and Periodicity Setup. Thiswill open up the
following dialog box:



ﬂ symmetry and Periodicity Setup T i

— Symmetry
% Summetric Boundany = Mone
#=0 Flane =0 Plare Z=0Flane

Symmetric Boundary Candition M on-Syrnmetric j INDn-Symmetric j I.-'-‘-.nti-Symmetriu: j

— Penodicity
¥ Linear Periodic " Angular Periodic " Mone
Alorg # Along Along £

Linear Periodic INDn-F'eriu:udic j IF'eriDdic j INDn-F'erindic j

Total Sections in Full Model I'l— |5 IU

Period Length |n— m |10 m |0 0

Canizel |

In areal model of thistype you would likely make the pole come out of alarge
rectangular volume assigned a material to represent the ground. For the present purposes
we will consider the ground to act as avery good conductor. Because of thisthe model is
considered to be antisymmetric in the z direction. (A perfect planar conductor problem is
equivalent to having the exact same problem mirrored across the conductor, but with the
signs of all sourcesreversed.)

Using linear periodicity has enabled us to model arow of identical poles with the
connecting wires by drawing a single central pole and wires. With linear periodicity in
COULOMB you draw a single central unit and apply the propertiesto it. Y ou then
specify how many total sections you wish to have. An equal number of images are
placed on each side of the central unit at the spacing given by the “Period Length”.
Hence, the total number of sections must always be an odd number.

Using symmetry and periodicity (or angular periodicity) the solution time is determined
by the central unit that is drawn, not the number of images. This means that basic solver
time can be reduced dramatically. In the present case, to draw the negative pole under
the “ground” plus 4 images of the central part would make the model 10 times larger.
The result would be that the normal BEM matrix to be solved would be 10x10=100 times
larger. So, we are solving the equivalent problem approximately 100 times faster by
using symmetry and periodicity with the normal BEM method.

Although the symmetric and periodic images don’t affect the time taken to solve a model,
they do affect the time taken to perform computations such aforce, torque, field plots, etc
where contributions must be added from the entire model — the part drawn and its images.



Thisiswhy only 5 sections were chosen in the dialog box above. For thismodel that
should be sufficient to give the same answer around the center as having a much larger
number, but a much larger number make plotting the results much more time consuming.

Linear periodicity puts an identical solution on the drawn model and all itsimages.
Hence fringing effect at the ends of the model won’t be quite correct. The extent
problem this creates will depend on the model. In acaselike this, assuming our interest
isin the behavior around a“typical” pole, linear periodicity works very well.

At the ends of the wires and at the bottom of the pole there exist surfaces which are really
internal. They must be drawn so that
volumes can be assigned, but they do not

really exist. Because of this, they shouldn’t o

be assigned elements. To let COULOMB — T

know not to assign elements to these T I
surfaces you should use the Boundary T h

Conditions for Symmetry and Linear Ty
Periodicity (seethe submenu e
Physics>Boundary Conditions). To savea ht
lot or rotating, panning and zooming to

display these surfacesin away that is convenient for selection by surface, set the
selection typeto “Box”. Since these surfaces are at the ends of long cylindrical surfaces
you can easily draw selection boxes which include these surfaces without enclosing any
others.

After setting the symmetry and periodicity Boundary
Conditions you should zoom in on one of these surfaces and ‘
note that these conditions are indicated by yellow coloring.

Materials

Choose Physics>Materials Table to open up the  Materiale g 21 x|
material table. Thistable providesalist of up to R T H—
32 materialswhich can be assigned to volumesin =~ ry
the model. For demonstration you can select any { DisplapMadiy | CreateMew | Delete |
dielectric materials you wish to assign to the

wood and insulators. If you want to work with o BREETE 2
specific wood or ceramic materials for these you e
can use Display/Modify to rename and change to . e

properties of a couple of entries, or use Create New to
make two new ones (there istypically about 10 empty
gpacesin thetable). In either case you will do the L
material naming an properties editing in the “Material . I—G i l_‘“ S

Editor” dialog box that pops up. i = 4

= Wonlinean
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Bpply | Reset |

User can Define 32 matenials in Material List.

Curently in uge 19 . You can add 13 materialz.

LClose |




In Coulomb the magnetic permeability Mu isirrelevant, henceit can beleft as1. By
default you are in “Permittivity Only” mode, so any conductivities you enter under Sigma
will have no effect. Y ou can change this mode under Physics>Physics Global Setup,
however, thisis usually not agood idea. Y ou should only use
“Conductivity+Permittivity” when you are operating at a frequency where the real and
imaginary parts of the dielectric constant of a material are comparable. Otherwise you
are adding alot of unknowns and slowing down the computations for no good reason. In
any other case everything can either be assigned a voltage or floating condition, or

Il

Y ou may wish to assign copper
to the wires etc. for display
purposes. Sincethese are
assigned floating and voltage
conditions, the material inside
isirrelevant to the
computations. To get agood
image for presentation you
may also change the coarseness
of the viewing mesh. By
default Coulomb usesacoarse  f,
mesh to display the models. : :
Under the menu View>Shading you will find 3 COULOMB generated display modes
(Coarse, Medium, Fine). When you switch between these modes COULOMB
recal culates a mesh of shaded triangles. The finer the mesh the better the display will
look. However, the mesh requires memory and needs to be recal culated when changes
are made to the geometry. Hence, fine meshing can slow down the responsiveness of
COULOMB for acomplex model. The other shading option —“ System Alternate” —
turns control of the display over to an OpenGL viewing mode available on your system.
Thisisusually avery nice looking display of the model. Furthermore switching between
this display and the previous COULOMB generated viewing mesh does not require re-
computing the mesh, so it isfaster than switching between COULOMB modes.
However, COULOMB gives up alot of control to use this mode with 2 side-effects:

1) any translucency assigned to surfaces doesn’t work

2) thewhole interface tends to become very sluggish in this mode, sometimes taking

several minutes for such task as highlighting a selection in acomplex model

considered a perfect insulator.
Display/Modiy | CrealeNew | Delete ||

AssinMateidl | Inuie Mateial |

Due to these disadvantages, this mode is usually only used for the purpose of getting a
good look at the model or taking a screenshot, but one of the other modes is selected for
working with the model.

Step 7: Setting up and Running the Solver



We will solve this model using the default solver g solver setup
settings, but for your information consider the dialog
box opened up from Solution > Solver Setup

Method of solution Boundary Element i

M atrix Solver Tupe Auto

Method of solution: Asof version 6.1 the only lieralive Aoeuracy [Te-00E
solution method in Coulomb is Boundary Element. Manual/Self-adaptive el

. . . . Self-adaptive &
Matrix Solver Type: Thiswill determinewhether the =~ *% " o [ocs
matrix solution uses adirect or an iterative process. Accuracy / Speed Factor [
The Auto setting chooses whichever is expected to _ .

M aterial Morlinear 0.

solve faster. Convergence Factar

Iterative Accuracy: Can only be set when the Solver ok _| Cancel |

Typeisset to Iterative. Thisisameasure of how well

the solution satisfies the matrix equation. To get a more accurate equation solution you
can decrease this number, but accuracy problems are usually due to not enough or poorly
distributed elements.

Manual/Self-adaptive: With the manual solver you setup elements and then solve the
model. With the self-adaptive solver the elements are setup automatically, the problem is
solved, then the boundary condition on each element is assessed. An overall error
number is computed and compared with the Self-adaptive Accuracy number. If the
error islarger than this number the elements with the largest error are subdivided and the
problem isre-solved. Thisrepeats until the overall error islow enough. This hasthe
benefit of giving the most strategic distribution elements. It has a disadvantage that the
multiple solutions can become time consuming and especially so with complex models
(such asthisone). So, it isworth experimenting with this solver, but as of version 6.1 our
default in 3D is still the Manual solver.

Accuracy/Speed Factor: Coulomb — with Boundary Elements — solves models by
assigning charge which satisfies all boundary conditions to the nodes of the elements. To
make computations from this solution (e.g. electric field values, voltages) the chargeis
distributed over the element and the contribution is integrated. Far from an element the
charge can be considered a point charge, nearer the element various integration methods
are used depending on the element size and the distance. Increasing the accuracy/speed
factor will cause Coulomb to choose a more accurate integration at any given distance. A
factor of 2 means “use the integration that would be used at half this distance”. More
accurate integrations will mean the model takes longer to solve. This number isnormally
increased to values up to 10 in model which are having difficulty converging.

Material Nonlinear Convergence Factor: A measure of how well the D-E relationship
isfollowing anonlinear curve. Inversion 6.1 thisisirrelevant in Coulomb.

Assigning Elements

Click on the menu Solution > Triangular Elements > Automatic All. You will be
prompted for the number of elementsto assign to the model. Request 1 to get the



minimum number of elements that COULOMB can use to solve. This should produce
approximately 12,000-13,000 elements.

Solving
After assigning elements click on the menu Solution > Solve. The solution proceedsin 2

distinct steps. During the first step you see a status indicator for accumulating the matrix.
Th:e IS setting up the problem that needs to be solved.

IF‘ress <{Esc> to stop calculation >

Accumulaking matrixg ( 12713 unknowns }l!_l |6.D % done

In the second step the matrix is actually solved using either the direct or the iterative
solver. Thedirect solver isnormally used for small problems, so with a problem where
you wait along time for an answer you will see thisinformation in the right corner of the
status bar during the second step:

|

|+5.00144E-006 |+58,0000 | 4

The first number is the iterative accuracy obtained so far —which is close to the target
value of 1E-6. The second number shows that 58 iterations have been performed so far.

frield Analysis Result o im] 54

Yalues  Options  Underlay

On a 2.4 GHz computer this problem took
approximately 1 hour to solve.
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When the solver finishes Coulomb pop up the IGrid Density Isawm
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file. View Rangs display
o : : s 2 roenta . | T R

Theinitia view of the Field Analysis Results
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options. This can be expanded by clicking the down arrow in the lower right hand
corner.

The other items on the Analysis menu are related to bulk values associated with parts of
the model, rather than pointsin space (force, torque €etc.)

To create plots you must specify end points of the aline, corners of a plane or box, or
select given geometry to plot on. It is often convenient to create geometry without any
physical properties applied purely for the purpose of plotting. Select the segment
drawing tool and enter the following points:

>1.3 0.17 9.75

>X Yy z

>x y 105

This produces two lines approximately

Field Analysis Result - o] x
centered about one of the boards. Next drie T >
. Walues Options  Underlay

setup the plot as shown to the right and
click on New Plot. Wiew Type Dizplay Form

I"v"u:ultage j IEDntDurs j
The Field Analysis Results box will Compoteht Complex
disappear while you define the plot. Select [Magritude =] [Real =]

the 3 dots on the corners of the 2 lines you
just drew as the border of the plotting
plane.

Grid Dienizity Selection
I‘Jer_l,l Fine Denzsity j IEIn Plane j

A Apply Settingsl ;I

COULOMB will now create a“Very Fine Density” grid on
that plane and calculate Voltage at each point on the grid.
Thiswill likely take afew minutes
to complete. When itisdonea yalues | Options  Underlay

solid contour plot will appear using V—WUW
valuesinterpolated between the grid  [Vatesr 27 e ks

pOi nts. You can then put a Intedrate | Contour|
reference scale in place from the menu shown. Use the mouse
to locate the scale at a convenient location. After that, in solid viewing mode your model
should look somewhat like this:

Compar
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Changing the plot type — for example the density of points or switch to an E field
component —will require recomputing. However, if you are switching between line and
solid contours, changing the component plotted, etc. you can just make the change then
press Apply Settings. For example, change the Complex setting to “Imaginary” and
then press Apply Settings. The display should change to this instantly:
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Y ou can choose what physical aspect of the model determines the coloring with the
Underlay menu.

Y ou should experiment with producing plots of various types. Here are some samples:
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Mor e Solution Options

Consider the element distribution seen by requesting “1” element.
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By requesting “1” element you are asking Coulomb to produce the minimum number of
elements it considers to be acceptable based on some geometry rules for aspect ratio of
the sides and matching nodes | &
at edges. Thewires get a
very good number of
elements because they have 4
sides wrapping around the
outside. If you request a
higher number, as seen to the
right, you will get a better
mapping of elements onto the
pole and insulators. The T:,p'
extraelements will have little

impact on the elements on the

wires until you request an extremely large number.

QOBL @B

When looking at elements keep in mind that the triangle element represents a section of
the surface, but is only displayed by the boundaries drawn with straight edges. This will
make it appear that the elementsin the first case form athin cylinder, and a pyramid type
shape in the second case. In both cases the elements follow the curved surface, however,
the more elements there are the shorter the (straight) sides, hence the closer they can be
seen to be following the surface.

More elements will provide a more accurate solution, however, it will also take more
time. With the Boundary Element Method, for large problems (more than a few minutes
to solve) the time taken to get the solution is approximately proportional to the square of
the number of elements on agiven model. The time taken to do post-processing such as
producing contour plots is approximately proportional to the number of elements.

To reduce the time taken to solve large  Settings = x|
pI’Ob| emS, in VerSi on 62 and |ater a Fas Application Optiohs  Docurnent Propertiss
Multipole Method (FMM) can be invoked S
. . - Self Adaplive  —Fast Multipole Method————
in the Solver and/or Post-processing. . Geomely v (st
FMM makes some apprOXI matl ons that Iizls\::[mcessir —Nonh;;;.ﬁ.lgorlthmi
I’educe the tl me taken tO make Dizplay Iteration o turn
. . . Mewton-Haphson On: |5
calculations. Theoretically this method

will make the solver time grow as N*In(N)
instead of N, Experience with Coulomb
so far shows that significant time savings
can be accomplished for greater than about
5,000 elements with aresulting error of < [ ]

approximately 2%.
Cancel |
Besides the number of e ements and FMM

vs BEM, you can also experiment with the settings under Solution>Solver Setup. When
solving the matrix equation that produces the charge distribution on the elements you



have a choice of a Direct solver which solves exactly, or an Iterative solver which adjusts
trial solutions until the equation is satisfied within some given accuracy criteria. “Direct”
is superior for results but becomes very slow for large problems. On the “Auto” setting
Coulomb will switch to the iterative solver at approximately 1000 elements. Near the
change this might mean more elements produce aless accurate answer. To get better
accuracy you can change the iterative accuracy to a smaller number to force more
iterations, or if the problem is not too large switch to the Direct solver.

COULOMB also has a Self-Adapt option for producing elements. This method
automatically assigns minimal elements, solves, computes how well the boundary
condition is satisfied on each element, subdivides those with the largest error, then solves
again. Thisrepeats until the average error is smaller than some specified quantity. The
self-adapt procedure isrelatively new and may require some experience to work well on a
given problem. The biggest danger is that the elements will subdivide so much that the
problem size become impractical. However, it will theoretically produce a better answer
by producing an optimized element distribution. For now, “Manual” is the default.

Computations in Coulomb are based on integrating the effect of the charge on each
element. The chargeisdistributed over the elements surface. To perform thisintegration
Coulomb makes a choice of how much to divide the element surface based on how far
away the effect is being computed compared to the element size. In the “ Solver Setup”
you can affect this choice with the “ Accuracy/Speed” factor. For example, avalue of 2
means “perform this computation asif the distance was twice assmall”. Thiswill lead to
more accurate computations, but at the expense of taking moretime. In most casesthisis
alast resort after using the options above, but it is known to be quite helpful in avariety
of problems where elements are very close (thin films, small gaps).

Circuit Parameters

Besides solving for fields, voltages, force, torque, streamlines, etc. COULOMB can aso
compute Capacitance and free space Inductance. Thisis set under Physics>Physics
Global Setup where you select the Solver Type mode as “Fields’, “ Capacitance”, or
“Inductance”. In the latter two modes you assign conductor numbers rather than
voltages. Coulomb will then compute the matrix of partial inductance or capacitance
based on those numbers.

Choose Capacitance mode and the Physics menu now includes “ Surface Conductor”.
Select one group of cables/connectors and assign it as conductor number 1, another
group as conductor number 2, and the third group as conductor number 3. Now when
you solve, instead of computing fields etc. according to your specified voltages, the
voltages on these groups will be varied in order to determine

Cu Ci2 Cu3
Ca Cn Cp
Car Gz Ca3




The results will display in the message area and can be queried from the Analysis menu.
Results can also be saved to afile using the menu File>SaveDataT oFile.

Next choose Inductance mode and undefine the Surface Conductors (these can be used
for inductance from athin material, but here we want inductance of acable). Assign the
3 sets of cables as Volume Conductor number 1, 2 and 3. Note that we didn’t make the
effort to draw the connectors such that we could use them in the inductance calculation.
(They are so small compared to the cables that they will have very little effect, so thisis
not a bad approximation.) Besides assigning the volume conductor numbers, you also
need to assign volume current to each volume. The magnitude and phase you assign are
unimportant. For simplicity assign 1 A at O degrees. The important thing is getting the
direction of current flow. Coulomb can assign current flow to 6-sided volumes (thisis
why the circle swept to create the cable was broken into 4 segments), an entry surface,
and exit surface, and 4 surfaces that guide the flow. When you are prompted to select a
surface, choose the surface where current flows in to the volume.

With inductance the symmetry and periodicity aspects of a problem might change. The
source now is current rather than voltage. In this model the periodicity is the same, but
the ground has no effect on the inductance, so remove the vertical antisymmetry and
remove the symmetry condition at the bottom of the pole.

Reassign 2D elements and you will have 0 assigned. This mode is much faster to solve
because all the dielectric materials have no effect. With the volume current flow you do
need to assign 3D brick elements. These will be assigned to any volume assigned volume
current. Coulomb cannot allow for any magnetic material properties, so the solution will
be a free-space inductance matrix:

Lo1 Lo L2
La1 Lz Las

Lia L L3
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