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Set up a BHA Project

A WCT EM & EL GUI is a general GUI for multiple solvers,
Including the Cartesian EM, the Cartesian EL, the Cylindrical E
(BHA), etc.

1) For a new user, the default GUI after installation is for the
Cartesian EM solver, as following

Hiz Wavenology EM (x64) - new project EI@

File Edit View Simulation Postprocess Tools Help

DEBre (OO EOIFe ¢ c|aaload®idTo 7| 8|EEEERIEEE =

i |4 gh|ve|lth b bl Ooond | 0o o@@pg @iy | | gl | B | &
AN AR IR AN IS0 ¥ 1A [ @b | P e > |[E b | 2

Project To select the background, please set the background as selectable abject in the Viess menu

..... % 1BIS Objects
..... =% Particles

+-1l1l Excitation Pulses
+-B8 Materials
..... Chip Images Background £ &ir , Unit: (mm)

..... " Curves hounding box: {-500,-500,-500) , (500,500,500
----- [ Faces size: (1000 %1000 % 1000y , center: (0,0,0)

----- i Solids X {er,se)=(1,0) , (ur,sm)=(1,0)
4 1 (3




2)If the GUI has been used for some kind of projects, the default
project type will be the same as previous project when user
open the GUI in the next time

U for example, if user closes the GUI with a BHA project, the default
project type will be recorded as a BHA project automatically.



In order to switch from the EM solver to the BHA solver, there are 3 ways

Method 1) Load an existing WCT BHA project.
U for example, load a BHA project from the BHA demo package

Method 2)I f a BHA project is editing,

File Edit View Simulation Postprocess T

[CFaas on &
: | A o] ver [t B B
fﬁtﬁﬁl lmoEop ¥ | of
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Method 3) Switch to a new BHA project from menu
A

There are two Menu items to define a project as“a Cylindrical Elastic Wave project,
a Cartesian Elastic Wave project, or a Cartesiah EM project.

Hiz Wavenology Cylindrical BHA (x54) - open_h
File | Edit View Simulation Postprocess

= Open Project cti-o [
Close Project | . .
_ : _ Cartesian Elastic
Recent Projects r I Cartesian EM N Wave project
. ] project R4 N
[=] Save Project Ctrl-5 : ________ : :___;,.___: S,
[5) Save Project As H HEHERY HID
£ lect Probl i i/ A #l A
8 Zip Project with Result 'ISE e sl I!f p:
4
. Zip Project without Result Problem tﬂ:‘s’lr : il :
. OEm »7 1 1 @Exic 1
Mew Projects Set < : : 24 :
Open Projects Set . G 'd teg | /’ 1
~ Create a new project pordnates | 40 i
MNew Physi . . . ¢ () Cartesian & 1 @) Cylindrical |1
e YRS - Change an existing project typgt KA I
Change Physics : < ——1L>) !
=T IEES TApRET T T T T T T T - ’ Hela” | [ 1 dk Cancel
Reset Template c’ / 1 1
| N -
Export Geometries k \\,{ _______ HE H
Eff”: FS:E'EU_P Cylindrical
rint Preview .
et Elastic Wave
Print to File project (BHA)
Exit Ctrl-X
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GUI Layout

A For the general GUI information, please refer to the embedded manual
Ay 21 @gSyz2ft23eé D!L o0al St LXEOLD ¢KS
system of Wavenology EM Package.

HEz Wavenology EM (164) - new project

File Edit View Simulation Postprocess Tools
DeBe |0 E);LED I Hr RiG-@a 800857 |0 [e]6l618Ele]e]d i) =
(0 o ||t DG B[00 1 o Poa@@po@Manyy | |
A | h 83 ¥ | R et @ | | ¥ | &b | | &[] &

Pr_oject
—@% Design - O N P .
..... [ unit i i
----- 0 Background : n H e I p 0 : me n u Py P
N Hel
Q’) Help: Wavenology EM Intreduction E@ brmrmmimimrmm s s

G 600 & A
Contents P S
S Wavenology EM Introduction
(bookmarks) = | |*[|| ¥}

&
i--[2] Introduction “'
- GUI Overview ave Computation Technologies, Inc. (WCT) is pleased to provide

(5 Menu Wavenology™ EM software package for fast and accurate solutions of full 3D

m

Toolbar electromagnetic problems. Wavenology EM is an easy-to-use, reliable and
Tree powerful software tool with a friendly graphic user interface (GUI) for the
] Hotkeys &Navigs)| | applications in the design/optimization of antennas, microwave and RF circuits,
148 Project Design signal integrity, optical systems, metamaterial, nanophotonics, biomedical
Varicbles imaging, remote sensing and so on. The main features of Wavenology EM are
-4 Geometries as follows:
+@ Materials
114 Excitatons Geometry Features:
-89 Lumped Elements » Joint Field/Circuit co-simulation, including nonlinear and linear circuit

: g :;ﬂ?;ﬁ:ﬂaﬁnn components and SPICE circuits. Wave n O I Ogy E M PaC kag e m an u al

5@ Resut Bronsing « 3D solid modeling including cuboid, sphere and ellipsoid, cylinder with
i circular and elliptical cross section, cone, circular and elliptical ring, and

+-@ 1D Results
+0 Examples torus.
1@ Miscellaneous = Inputfoutput of CAD geometry files.
< n b « 2D face modeling including rectangle, circle, and ellipse. v

Done 16




All project
contents can be
viewed through
the project tree

the Project Tree

Project
= b 181
g8 Design

[+ & Sources

-+ Observers

..... X\ Lumped Ports
..... g Wave Ports
-4 Circuits

7 IS Objects

----- < Particles

-4l Excitation Pulses
@B Materials

..... Chip Images
™ Curves

..... O Faces

H-g Solids

50 Voxels

- Snapshots

..... Far Fields

-1l Temp

- |_| Imported Result

P | e 3

-1l Results

Project
setup

The result nodes will be
——> added after simulation
result is available
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Toolbars

File Edit View Simulation Postprocess Tools Help

DB e O E REITTe ¢+ |RQAULGTBEHITD T |@| [e]e]a ) =
; ||t b G d|H Ocnald f0oo@@p aManRDR | | |\ ©

M | kB T ¥ FERmE S| B@E@ B ® e OF B e [0 kT

: : 9o Redo & Undo
‘DB e = | File operation

@3 5 & Solid, face, edge & point selection P | Port in EM solver

*
+

@ a|joa B¢ 9727  View operation EREEILEE R

Lumped circuit in EM solver

EIEEIE Extended view control 0 0 <R

eb | > e | |

Simulation controls for
different solvers
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Curve, Face & Solid creation

g | v |t DG b || Dol a0 se@p 9 MaANTR &l

¢»| Project setting

v=  Variable creation and editing

e B & b Curve creation oo o Face creation
goese®a v@ant  Simple 3D solid creation

| | Create 3D solid by sweep, loft, shear, split etc.

=% Insert (1) 3D object from STEP, SAT, IGES, or STL file
(2) 2D object from Gerber file

< 3D solid BOOLEAN operation, including
UNION, SUBTRACTION & INTERSECTION



OBH®E @ Cylindrical and Cartesian mesh generation and display

®  Generate cylindrical grid and export the data file

®  Generate Cartesian grid and export the data file

D Display the cylindrical mesh

@ Display the Cartesian mesh



A typical BHA
project looks like
the figure.

Project Setup

R range

BN

Angle range

By

Z range

structures

<— Background

K Aring source

21



Project Setting

ALY 2| @gSy2ft23é& D!LE 6S RSTAY!
A A project includes

I Units

I Materials

I 3D Solids

I Excitation pulse & frequency range

I Mesh settings
A Automatic mesh by sampling density: PPW (point<)er
A Manual uniform mesh
A User input grid
A Advanced mesh: each axis can be one of 3 mesh types as above



N LT e R
Projeck
(= 551 w4 _|aver

i Unit 1
(- @-Badagmund—'
@ Boundary

@ Freq 2 Pulse
@ Mesh
@ Tirne:
& Saurces
@ Dbservers
w1 omned Povks

Treenode Unit

By double click the treenode

AnUNI t o

AnDesi gno

Project Unit

Project Design

Unit |Ead¢gruund | Boundary | Frequency and Pulse |I'~"Iesh | Time |

Length centimeter -
Time millisecond -
¢V I Frequency kilohertz -

|
" [

@ IO with Frequency {kHz)

() 1f0 with Wavelength in water  {cm)

toolbar button
Designo

Action option when lengthffreq. unit change
@) Scale whole system

(71 Keep the system value unchange

Apply Cancel

cl i ck t

tUoit pagetofer t h e

Project Setting dialog

The default frequency unit is Kilohertz,
for a BHA application.
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Project Background Material

The project requires a background
material.

The default background for an EM
problem is air. For borehole
acoustic, the background is water.

The background can be changed to
other material by using the
material combobox

Project Design

E5)

nit Background | Boundary I Frequency and Pulse I Mesh |'I'|me |

Homogeneous Backaround Material

Slow -

[]Use Layered Medium

Layer Stack Orientation i

(Mote: The bottom position and layer thicknesses are along
the stack orientation. Double dick to beqin each cell edit.)

Bottom Position or

e T Material Action

%

\ ] Background | Boundary |Frequency and Pulse |I'~"Iesh | Time |

ogeneous Background Material Slow -

Water
Wery Slow
Fast
Steel

Jse Layered Medium
zr Stack Crientation

..Mew Material
te: The bottom position and layer thick Irﬁ;urtafm:‘:?ub
stack orientation. Double didk to begin Bz :

24



Project Boundary Conditions (B.C.)

The boundary conditions should be set up

cortectyforthe projec. bomtoer T x

.. LInit Background Boundary Frequency and Pulse Mesh  Time
General boundary conditions can be

absorbing B.C. (Open at input position), soft,
hard and periodic B.C. etc Rmin | Open atinputpositon | positon [0 |
Rmax |Dpen at input position vl Position |D.238125 |

R Boundary {m)

If R,»=0, the B.C. at R, must be OPEN,

.o Phi Boundary (degree[-360:720], PHImax-PHImin<=360)
means that it is transparent for wave

propagation_ PHImIn |Symmetry vl Position ||] |
PHImax | IS una |v Position |‘30 |
¢ 1 i T H H Perindic at input position
Il n ¢ dir ec t"| oinWCTipreferi t ¢ | . o opot position
the range as [-1801, 180i]. The range can be Soft at input pesition

.. . . ’ g tr . .
[0, 360 7] also, but has limitations. The detail zmin ﬁw— Position 0. 1105 |
B. C. types périndic,éhard, sofe, | u d ¢ | Zmax |Openatinputposition v | Positon [4.7515 |

symmetry, anti-symmetry. For a 360i range
in &€, the boundary coni¢
periodic.

Help QK Apply Cancel

For more details, please refer to the section
fDealing source type with boundary
conditionso
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Project Frequency Range and
Excitation Pulse for Source(s)

Project Design . I&

| nit | Background | Boundary | Frequency and Pulse | Mesh | Time |

There are 2 choices in defining the

excitation pulse for the source(s): © Frequency Range [+] | Poteue |
Min. Freg. (fmin) 0.02
: . Max. f_enegy [kHz]
1) Using BHW pulse by defining . Max. Fred. () |20 T
& f Onl [#] add Basic Modulation 20
max y _ Project Pulse
. . . . BHW Modulation
2) Using one of WCT intrinsic pulse
types, for example, Ricker wave. ! 1001
User need to define the 5.968367651

parameters of this pulse, the
corresponding f;, & f.., Will be
calculated by the input
parameters

|Jse Basic Modulation

t

Ok Apply Cancel
L.
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The bandwidth (f,,, & f,4,) Of the excitation signal is required for following

purposes:

1) The spectrum of the simulation result will be limited to this range

2) The discretized cell size in the simulation is determined by f,,, if the
automatic mesher is requested.

In general, f_., is used for defining the lower bound of spectrum data only.

One consideration is, for a fixed f .., a smaller f_,, will make the bandwidth
larger, the corresponding time window of the excitation will become shorter, which
can reduce the simulation time. However, f_..=0 will introduce DC component, it
IS not good to generate spectrum data. So, define f,,=1%*f__, will be good for
most cases.

max



For the excitation pulse, the default pulse type is the modulated
BHW pulse. But user can switch to other waveforms.

In current version, WCT support following
intrinsic pulse types: Frequency Range [GHz]

: . — Flot Pulze
1) BHW (Blackman-Harris Window) 0.001
2) Gaussiani order0,1 & 2 1 Max. f_enegy [GHz]
3) Rleer Add Basic Modulation 1
4) Delta @) Project Pulze
5) Rectangle i finite period(s) or infinite period ™™ -
6) Sin - finite period(s) or infinite period Order Gaussian 0.5005

I r
. ) Char. Freq. (fc,[GHz]) Egzt:‘.aangle

User can also load an waveform with arbitrary Sine

{ Mote: fc = fmax/3.351 User defined

shape from an ASCII file. _ _
IJse Basic Modulation

For more details, please refer to the

Wavenology manual in GUI.

(Note: the excitation pulse defined here is the default pulse for all sources in the project.
But a source can use individual pulse instead of the project pulse. More detail can be
referr ed Ibdovidsaeegditatiompulfie for each sourceo )



Cylindrical Mesh Setting

There are 3 basic mesh options:

1) Automatic i the mesh density is
based on <

2) Manual i uniform mesh

3) User defined 7 the mesh grid is
defined by user

For these 3 options, if they are
employed, all 3 axes will use the same

type of o pt mixedqgptiossa n o

If user want to use different mesh option

i n di fferent axi s
control should be used.

Project Design

=

| LInit | Background | Boundary I Frequency and Pulse | Mesh |T|me |

@ Automabc
Points Per Wavelength (PPW) Synchronize PPWs

PPWR 20 PPW-Phi |20 | PPW-Z |20
atR 0.1

min/max ratio ¥ 0.05 y|005 |z|0.05 |[F]Syn. tox

max adjacentrato x 1.3 y |13 z |13 [¥]5yn. to x

(7 User defined

a
L
]
(]
m
I

Options

[] additional
control points

Load |'|

=
L=

edr

Min, cell jo. in each segmt,

(71 Manual
Mumber of cells Synchronize numbers [] coarsgmesh far away gem |
Mr |23 Mphi |80 Nz |94 i@ Autol FEW |10

o 2
[ i :L.J,a,.js-.;an?ed Min. face mesh angle
3 Axes have different mesh type Edit 5 [Deg.)
1@dvanc me.s;h
—

29



Putomatico Me s h Sett i

From version 2.0.8, the default mesh
option is fAAutomatic

This option will generate a non-uniform
mesh.

This mesh control is based on

1) The critical point of geometry ¢ in
general, it is the bounding box of solids

2) the wavelength (a) ¢it is determined by
projectf, ., & the materialproperty

3) PPW ¢the number of cellper< A
typical value is 20 for BHA applications

4) The ratio between the minimum cell
size and the maximum cell size

5) The adjacent cell size ratio in the non-
uniform grid

6) The minimum cell number for a mesh
segment (1 f the 1 nput

ng
0 .
r: .
Project Design Iﬂ
LInit | Background | Boundary I Frequency and Pulse | Mesh | Time
i@ Automatic Options
i ] ! i i
Pointz Per Wavelength (PPW)  [¥] Synchronize PPWs ] Additional
PPWR 20 PPW-Phi | 20 PPW-Z |20 control points
ath 0.1 Lu::ad |"'|
min fmax ratio ¥ 005 | y|0.05 |[z|0.05 |[F]sSyn. tox Edit
max adjacentrato x 1.3 y |13 z |13 Syn. to x Clear
(71 Manual
Mumber of cells Synchronize numbers [] coarse mesh far away gem |
Mr |23 Mphi |80 Nz |94 i@ Auto FEW |10
(7 User defined
- USer aeiine Min, cell Mo, in each segmt,
Load Edit Clear 5
™) Advanced Min. face mesh angle
3 Axes have different mesh type Edit g (Deg.)

=N

I's a single number,

I nput. however, user can inpu
has a different minimum cell number for a mesh segment)

t

3

for examp
numb e #ys ,



The impact of Min/Max Ratio

this ratio = min-cell-size / max-cell-size.

In general, for a BHA application, the
maximum cell size can be determined by:
alPPW. So, with this ratio, the smallest cell will
be: a/PPW*Ratio. This means that, user can
use this ratio to define the possible smallest
cell in the simulation. The fine details in the
solid will be skipped if the size of the detail is
smaller than the smallest cell size.

The smallest cell is very critical in the
simulation.
1) Good part: smaller cell means that the
details of solid can be captured correctly
2) Bad part: smaller cell means more
simulation load
1) more cells
2) asmaller eet
Therefore, a reasonable ratio will be very
important for fine structure to obtain a balance
between the simulation accuracy and the
simulation time.

According to our experience, 0.05 can satisfy
most situations.

(71 Manual
Mumber of cells

MNro| 23

(71 User defined

(™) Advanced

[ Project Design @1
| LInit | Background | Boundary I Frequency and Pulse | Mesh |T|me |
i@ Automatic Options

Pointz Per Wavelength (PPW)  [¥] Synchronize PPWs ] Additional

PPW-R 20 PPW-Phi | 20 PPW-Z |20 control points
atg 0.1 Load H

min/max ratio ¥ 0.05 y|005 |z|0.05 |[F]Syn. tox Edit

max adjacentrato x 1.3 y 1.3 z (1.3 Syn. to ¥ Clear

Synchronize numbers

Mphi |80 Mz |94

(]
(1]
1]

3 Axes have different mesh type Edit

[] coarse mesh far away gem

i@ Auto PPW/ |10

Min, cell Mo, in each segmt,

2

Min. face mesh angle

3 (Deg.)

Apply Cancel
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The impact of Adjacent Cell Ratio

For any 2 adjacent cells in the project,
this ratio = max_size( these 2 cells) / min_size
(these 2 cells)

WCT BHA solver employs the FDTD method.
In principle, a uniform cell size will provide a
2"d order accuracy. If the cell size become non-
uniform, it will introduce differential error and
degrade the accuracy. In order to keep a good
balance between the accuracy and the non-
uniform cell, the adjacent cell ratio should be in
a range.

According to our experience, the default value
1.3 can produce an accurate enough result for
most situations. If user want to obtain a higher
accuracy, he need to lower this ratio, or use an
uniform mesh.

1) Manual
Mumber of cells
Nr |23 Mphi (50

(71 User defined

a
L
]

Synchronize numbers

Nz |34 @ Auto =

Min, cell Mo, in each segmt,

(]
(1]
1]

( Project Design @1
| LInit | Background | Boundary I Frequency and Pulse | Mesh |T|me |
i@ Automatic Options
Pointz Per Wavelength (PPW)  [¥] Synchronize PPWs ] Additional
PPW-R 20 PPW-Phi | 20 PPW-Z |20 control points
ath 0.1 Lu::n—adl:l
min/max ratio ¥ 0.05 y|005 |z|0.05 |[F]Syn. tox Edit
max adjacentrato x 1.3 y 1.3 z (1.3 [¥]5yn. to x Clear

[] coarse mesh far away gem

10

= 2
(™) Advanced Min. face mesh angle
3 Axes have different mesh type Edit 5 (Deg.)
- r,

32



Speci al | nput to define PPW

It requires special attention to the PPW in ¢.

In the cylindrical coordinates system, the circle | Freisct Desian e
IenEthI;NPII\IA?haI?ge bydtge I;adl:lus R’ Whl(llh will | Lnit | Background | Boundary I Freguency and Pulse | Mesh |T|me |
make . changed by R. For example, at

. , . . i@ Automatic Options
Rmax, Lcir=2" Rmax; if we define PPW=20 at Paints Per Wavelength (PPW)  [] Synchronize PPWs [ Additional
Rma x . At 0. 5Rmax , d ue PPW-R 20 PRy -Phi | 2 W-Z |20 control points
PPW = 40. So, user need to definea R to | SR 01 load |
ca l cu l ate PPW I n € as min/max ratio X 00Ty o0s |z |0.05 |[#]syn. tox Edit

) ) ) . ) max adjacentratio x 13y |13 |z |13 | [¥]Syn. tox Clear
In most cylindrical applications, the wave will - v
) Manua

become a Cylindrical wave when it is close to MNumber of cells synchronize numbers [ Coarse mesh far away gem
Rmax. Or, in a borehole structure, the wave
outside the borehole will be very weak. So, it is
unnecessary to use high PPW near Rmax.

Mro |23 Mphi |80 Mz |94 i@ Auto FPW (10

(7 User defined
-/ DSer detng Min, cell Mo, in each segmt,

2

Loa ait Llear

In defaU|t, the PPW8 =20 at R=0.1 mis gOOd () Advanced Min. face mesh angle
for typical borehole applications. However, for 3 Axes have different mesh type Edit 5 (Deg.)

a ring monopole source with circular

structures, due to the

O, we can use 1 cell e — =
i nformation is avhBdalngabl e in the section 0

source type with boundary conditionso .

(Note: for some cases, PPW, =20 i s over s acapgdrogidk.enoagh =15
accuracy, for det &iplacienfSarmmdtiingi Decnkse dk f n

n



Foll owi ng i s

The figure is the top view of 2 steel pipes
placed in a borehole (the blue color rings).
As can be seen, the inner pipe is thin. In
order to get an accurate simulation result, in
principle, there will be at least 2 cells in R
direction in this thin steel pipe.

Another requirement is, in order to get an
accurate simulation result, the mesh grid
should be exactly on the interface between 2
different materials.

However, due to the dimension of borehole
and the steel pipes can be arbitrary values
by real situations, a uniform grid is very hard
to satisfy this purpose; or user need to use
very fine mesh to get it - this will cause huge
simulation memory & time.

an example of #nAAut ome
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The AAutomati co mesh cont 2!

mesh for thin structures

1)
2)
3)
4)

5)

The mesh grid is exactly on the interface
between 2 materials

Very fine mesh in fine structure

Coarse mesh in big geometries

The smooth variation in cell size will keep the
differential error small

In general, the cell size close to absorbing
boundary has a large cell size, which will
make the absorbing boundary have a better
performance

Right figure is the mesh grid generated by the

AfRAuUt omati cO mesh cthetr ol

minimum cell number for asegmento 4&.s
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This option will generate a
uniform mesh.

fManualo Me s h

Sett

ng (Uniform

.
Project Design

=

| LInit | Background | Boundary I Frequency and Pulse | Mesh | Time
i@ Automatic Options
Points Per Wavelength (PPW) Synchronize PPWs ] Additional
PPW-R 20 PPW-Phi | 20 PPW-Z |20 control points
ath 0.1 Lu_acll:l
min/max ratio ¥ 0.05 y|005 |z|0.05 |[F]Syn. tox Edit
max adjacentrato » 1.3 y (1.3 z |L3 [¥]5yn. to x Clear

(71 Manual

Mumber of cells Synchronize numbers

[] coarse mesh far away gem i

@ Auto ) PPW |10

Nro |23 Nphi |50 Nz |94
(71 User defined
Load Edit Clear
i7) Advanced
3 Axes have different mesh type Edit

Min, cell Mo, in each segmt,

2

Min. face mesh angle
5 {Deg.}

Apply

Cancel
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AJser definedo

The grids in this option come from
user defined data array.

User can define an arbitrary grid
array for each axis, not matter it is
uniform or non-uniform.

The grid can be loaded from data
file, or input by dialog. All data are
editable after input.

Mesh Sett

ng

-

Project Design

=

| LInit | Background | Boundary I Frequency and Pulse | Mesh | Time
i@ Automatic Options
i ) .
Points Per Wavelength (PPW) Synchronize PPWs ] Additional
FPW-R 20 PPW-Phi | 20 PPW-Z |20 control paints
ath 0.1 Luad |"'|
min fmax ratio ¥ 005 vy |0.05 |z|0.05 Syn. to x Edit
max adjacentrato x 1.3 y |13 z |13 Syn. to x Clear
(71 Manual
Mumber of cells Synchronize numbers [] coarse mesh far away gem i
Mr |23 Mphi |80 Nz |94 i@ Auto FEW |10
(7 User defined
- USer aeiine Min, cell Mo, in each segmt,
Load Edit Clear
2
™) Advanced Min. face mesh angle
3 Axes have different mesh type Edit g {Deg.)
E_

(Note: the 15t & the last grid position must match the project boundary position.)
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o

@) MKSU ) Project Unit | MKsU->Project Unit |
X Y Fi
4 4 4
1 1 1
Editor for 2 2 2
3 3 3
the user
) ) 4 4 4
defined grid Z Z .
[ [ [
F F F
B B B
9 9 9
10 10 10
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With this option, different axi
can use different mesh type.

Mdvancedd Me s h

Opti on

-

Project Design

=

| LInit | Background | Boundary I Frequency and Pulse | Mesh | Time |
i@ Automatic Options
Points Per Wavelength (PPW) Synchronize PPWs ] Additional
PPW-R 20 PPW-Phi | 20 PPW-Z |20 control points
ath 0.1 Luad |"'|
min/max ratio ¥ 005 | y|0.05 |[z|0.05 |[F]sSyn. tox Edit
max adjacentratio x» 1.3 y |13 z |13 Syn. to x Clear
(71 Manual
Mumber of cells Synchronize numbers [] coarse mesh far away gem i
Mr |23 Nphi | &0 Mz |94 (@ Auto PRW |10
(7 User defined ' ;
- USer aetine Min, cell Mo, in each segmt,
Load Edit Clear
2
S (©) Advanced Min, face mesh angle
3 Axes have different mesh type Edit g {Deg.)
—-—
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For example, it is AAutomatico mesh i
€ & Z axes As shown in the foll owing
3 - .
Advanced Mesh Setting for each Axis . ﬁ
R Axis Phi Axis Z Bxis
@ Auto PRV 10 () Auto == 10 atR |10 () Auto PP 0
min fmax ratio 0.001 mirfmax ratio 0.001 min/max ratio 0.001
max adjgcent ratio 1.3 max adjacentratio | 1.3 max adjacent ratio | 1.3
[] Additional Ctrl Points | Edit Additional Ctrl Points | Edit Additional Ctrl Points | Edit
(2 Uniform  Cell No. @ Uniform  Cell Mo, 20 i@ Uniform  Cell Mo, | 300
(7 User Defined Edit i) Uger Defined Edit i) Uger Defined Edit

-

Cancel

n

f

R
i
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Simulation Timing Setup

A There are 3 timing parameters for a
simulation

1)

2)

3)

The total simulation time window

User can specify a fixed time window
or using a automatic time window by
energy decay level.

{ GSLIA Y3 k

''A4SNJ Oy &aLISOATe
I dzi2YFGAO ki ¢
daK2dzZ R 0S f

Otherwise, the solver will prevent
the simulation.

Receiver and snapshot recording
intervals

The sampling intervals can be
modified to any reasonable values.

-

s

X

Ik Background | Boundary | Frequency and Pulse | Mesh | Time
Timne Window [ns]
) User defined (%) Aukomatic
Energy decay [dB] -40 W
Energy wariation [dE] |[-30 W

Delka Time [ns)

() User defined

Receiver Recordings

Mo, of Recordings
pet Period of Frax

Recording Interval
(Unit: # time steps)

{?} Aukomnakic

anapshot Recordings

Mo, of Recordings
pet Period of Frax

Recording Interval
(Unit: # time steps)

Cancel




Materials in the Project



Material definition

In general, different solid uses different material. There is a menu attached
onthetreeenode AMaterial o to create new ma

# Circis Edit Material ]
11l Excitation Pulses =
=B F add Material General | Electromagnetic || Elastodynamic
Y
g PEC  Import Materials From Library N
ml ™
B mz Wi aker
BE m3
B rockl
o
B rocks
S Curves _

[] add to material library

The menu appears by right click mouse button on the
treenode Material, the Material Editor will be shown
by ¢ hoAd&iMatgriald@ menu.

Help | Ik | | Cancel
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There are three kinds of properties for a material:

1. General definition: name and displaying color

-

Edit Matenal

General | Electromagnetic | Elastodynamic

[ Add to material library

o] [ ] (o |
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2. Parameters for electromagnetic profile: relative
permittivity and electric conductivity, etc. They are not used
in a BHA project, so, user can skip this page.

-

Edit Matenal

General | Electromagnetic | Elastodynamic

Mame Caolar
Type
Mormal - [ Edit dispersion ]
Relative permittivity Relative permeability
1 1
Electric conductivity Magnetic conductivity
0 0
Electric loss tangent Magnetic loss tangent
0 0

o] [ ] [ ]




3. Parameters for elastic wave: mass density, velocities (Vp & Vs) and
Q factors.

Edit Material

|General IEIectromagneﬁc| Elastodynamic |

Mame Colar

water ]

Mass density

1000 kh/m" 2 .

BHA project use

P-Velocty Qp (0, Inf) .

1500 ds | o these properties only

S-Velodity Qs (0, Inf)

a b i inf
i-_ | Eadences _i Note: WCT BHA does not support anisotropic
: Anisatropic Mateil ot I material & Poro-elastic material in current version.
! 1
1 PoroElastic Material Property 1 .
!_ : I They are supported by WCT Cartesian EL Only.

. [ oc | [ concel | [ aemy | So, donét define any par a
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Material Property Modification

—-B8 Materials
B Air
B PEC
B ml
B mz

&
B rockl
B rocks
B rocks

‘ Edit Material
Marme

To modify a materi al 0s
needs to select the material (the

highlighted material tree-node item), —
then double click this item. The »

Material Editor will be open.
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Special Materials
A HARD material

I The particle velocity in the material should be

always 0

I Inthe WCT BHA solver, if the mass density of a
material >= 1& kg/ms3, the solver will treat it as the

hard material

Auser can importt from the material library as following

§ — 7 G | | Electromagnetic | Elastodynamic
Impaort from Material Library &J | Enere I g | |
Materials in Library Mame Colar
Mame Type Hard _
Air Mormal Mass density
Hydrogen Mormal 14010 kg/m~3
Water M I
PEC PEC
P-Velod 0, In
PMC PMC il Qe g
| (Had  [Noma 1500 mfs inf
Soft Mormal
Silicon Mormal S-Velocity Qs (0, Inf)
] m/s inf
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A SOFT material

I The stress in the material should be always 0

I Inthe WCT BHA solver, if the mass density of a
material <= 18%kg/m3, the solver will treat it as
the soft material

Auser can importt from the material library as following

r N
Import from Material Library I& | General | Electromagnetic | Elastodynamic |

Materials in Library Name Color
Mame Type & Soft
Air Marmal | Mass density
Hydrogen Marmal 5 =010 .
Water Marmal g ka/m*3
PEC PEC

P-Velod 0, In

PMC PMC ty QD (0, Inf)
Hard Marmal 1500 mys inf

s e
Silicon Mormal S-Velodty Qs (0, Inf)
SNz Marmal 0 m/s inf
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3D Modeling



3D Solid Definition

Wavenology GUI supports following basic geometries:
Sphere/Ellipsoid

= @ Wavenology
Inkroduckion

Box (Brick) +- @ GUI Overview
Ring (Circular/Elliptical)
Torus 00 &L8® G 2 4ot
Cone
B

Polygon _ . . . Ring {Circular/Ellitical
Cylinder Archimedean Basic solid creation toolbar buttons Torus
Spiral Cane
Toroidal F‘l:uhlf-lgnndCylinder |

: archimedean Spira
Spl.ral Toroidal Spiral ’
Spline _ spline Eondwire
Bondwire JEDEC-3 Bondwire
JEDEC-3 Bondwire Face
CAD solid Import/Export ;'th BD';"-’d

For creating and editing these solids please refer to the 31 ody Bk

fGeometriesod section i Wavenblegy @Uhb e;f,j TEREPT m e

+ @ Geometry Operarion:
+| @ Geometry Operation

Wavenology GUI also supports complicated solid by sweeping or @@ materias

+ @ Excitations

|Oft|ng faCeS | | + @ Lumped Elements
+- @ Field Monitars
+ @ 1-D Results
sweep along path + @ Examples

sweep along axis + @ Miscellaneous

loft face

thicken face

shear

split solid 51

enti et i ant S et et i et



Most Popular 3D Solids in BHA
Applications

A Cylinder (or partial Cylinder)

A full cylinderCoonen &hietided Cyeralére d by i

FCO n ec‘) [ Cone/Pyramid/Prism Creation é h
Name  cone 1 Material [pEC | [ Mesh |
| ) - 1 = -] - .
T < Transparency
@C?U%@ﬁ@%ﬁrﬁ E 0 100
y
] | ®: | Create Cone/Pyramid/Prism H
uuuuuu
Bottom Center 0,00 Bottom Radiug 100
The top radius ropradus | D
should be the same Heiht 0

Help oK | | Cancel

| | a.s th e botto m I'ad | u S Pyramid,/Prism(R.top=Rbottom) Edge number at the bottom face |1




fElliptical Cylindero

>

"] 1]

@® 6 o ot

dﬁ%f.-:ate Ellptical Cylinder

A full cylinder need to
cover the 360x NJ VY :

-

Elliptical Cylinder Editor

Mame | STI=oE] Material | Air v] [ Mesh
Transparency
0 i] 100
Duter Radius V] Circular
Height 400
Fu 200
Ry |l[][l | ArcRange (degree)] ( -180 , 180 )
Coordinates
Inner Radius  [¥] Circular
Orign 0, 0,0
ru 100
UAxis 1,0,0
™ |1|]I] | vaxs 0,1,0
o ] [ soy | [ concl
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A Partial Cyl i ndeHlliptca @ylilderocr eat ed

rElliptical Cylindero

-

.
Elliptical Cylinder Editor = 23 |

3 |E|“§j ﬁ o ﬁ:ﬂ:ﬂ f“i ri Mame cylinder_2 Material | Air v] [ Mesh ]
N . - : ookt | Transparency
-7 reate Ellptical Cylinder h . 0 100

U

Cuter Radius Circular

Height 400
. . Ru 200
A partial cylinder
cover 180x NJ Y[ & = ArcRange (degrde) (0, 180 )
Coordinates
Inner Radius  [¥] Circular
Origin 0, 0,0
ru 100
' UAxis 1,0,0
rv | 100 VAxis 0,10
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Another way to build a Partial Cylinder

Building Partial Cylinder from Line or Face

This procedure will use 2D & 3D curve creation, and cover planar

closed curves as a face.
o<l - =

(

Then sweep this face along an axis with specified angle, or

thicken the face directly.

ﬁﬁﬁﬁﬁﬁﬁ

(Note: In the BHA solver, only the 3D solid will be used in mesh
generation. The curves & the faces are not used in meshing. They are the

tools to model 3D solid only.)
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Following is an example to build a cylinder with60x I N 2y &

Define a closed e | 4 b |
3D polyline & J-s %k |

- . " @ Time
3D Palyline Editor 5 ) . & Sources
----- - :é} Observers
Local Coordinates System N\ Lumped Ports
orign ©,0,0 i ‘»."'-.fa*.re.Pnrts
» F--&¥ Circuits
IE| .
----- + IBIS Objects
Uaxis 1,0,0 Vaxis ©,1,0 Qf}l:' . !
----- = Particles
-1l Excitation Pulses
Vertices B Materials
----- Chip Images
(U, v, W) = | " Curves
1 10; 0; 0 = e Cirve001
e r— A m I 3 pcs
. Qe S | | I ¥ Solids
3 40; 0; 20
4 10; 0; 20 £ Voxels
]
7
8 Select this closed
— ‘polylinetoe
11 Curves as Fac
12 - I
0 — = — 3 b @ e w o=

HlHEA 80 saE
(ecinennc) | B

-




After the face is built, select this face The tool bar 1 tem ASweep
L Miesh will be enabled

----- y\ Lumped Ports
----- £ Wave Ports
-5 Circuits
'#% 1BIS Objects

+ Particles
-4/l Excitation Pulses
=B Materials
----- Chip Images

ER" Faces
. Face001
wuiifiSalids

£ Voxels

@[ Snapshots

----- \ FarFields
40l Temp

41l Imported Result

s Bl = ow o

Define rotation axis & angle

-

,‘
Rotation ﬁ

Pointin Rotation Axis 0,0, 0 Rotation Axis (x,y,z) 0,0, 1

Rotation Angle (degree) 60

Advance

[T keep Original Mame Postfix  |r0l

x ] [omw

B Mesh
n Time
% Spurces
- Observers
- Lumped Ports
5 Wave Ports
& Circuits
5% TBIS Objects
%% Particles
1l Excitation Pulses
BE Materials
- f&F Chip Images
—ad™ Curves

The new solid "S‘,‘
——

L
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Tilted Layered Background Setup

In order to simulate following situation

. Z6
borehole -~

Layered
background
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We candefinet he axis (Z6) of borehole as th
coordinates system, the case is equal to: a vertical well in a tilted layered
background
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|l n WCT GUI |, the tilted
Sel ected Solido

R & ?| H ‘- ﬂ tﬂxﬂl| @

i
ARl F P :
i | 4 '] Split Selected Solid i i

steps

1. Define a cylinder as the background

| ayer ed

C

an
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Select the cylinder an i ck ASpli
13 Ik
Ll et . . | C5 —— :
a» | Split Selected Solid Ff i
Define the split plane, as following
, Split Setting ﬁ

Split Plane

Paint in plane 0, 0, 5 Plane Mormal  0,-1,1

o

The cylinder will be split into 2 parts as following
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Split this part again by following plane

Split Setting
Split Plane

Pointinplane 0,0,6

Plane Mormal | 0,-1, 1
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Assign different material for each object, we can get
the tilted layered background as following
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operations.

Solid with Parts

Wavenology GUI supports a solid with multiple parts without external BOOLEAN

For example, we would like to create a solid with a box stacking with a half sphere.

1. Create a box first

Box Creation

Marne

Transparency

J

Box Parameters

Lawer Carner  |-100, -100, -100

Upper Carner (100, 100, 100

Material |PEC b
i] 1a0

LS Srigin [0, 0, 0
U axis 1,0,0

Y Axis 0,1,0

box parameters

7 Curves

g Body0o1
51 Yoxels

box listed in tree
the box has name
ABodyO001¢a

Box shown
in the 3D
canvas
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3D body editor

3

100

2 . Doubl e click treenode X
editor dialog | Material |PEC v||  mesh
Transparency
u] u}
v
. - +-n A0 Le®
3. Check the AAd T buttop — =
iskory
= | (AddiBox::Shapel
4. Press fisphereg button

to add a sphere on the original box. Here, we
make the sphere radius 100 with the center
at (0,0,100)

Ellipsoid Editor

Radius Sphere
Ru |100 |
Ry | |
o | |

LZS Coordinates

Qrigin

U Axis

W Axis

0, 0, 100

1,00

0,1, 0

[

(]9

]

[ Cancel

]
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Following is the final structure

3D body editor , X
Marme |Eh:n:|3.fElEll | Makerial |F‘EC V| Mesh
Transparency
0 ] 100
+-n o sea® X
= Histary
(Add)Box::Shapel
(Add)Elipsoid;: Shapez
v (2] [= Y

Similarly, user can SUBTRACT or INTERSECTION other shape

on an

e X I

st 3D solid

ng

by

Asu=— fl1act O
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Boolean Operations on 3D Solids

Sometimes, there is clash among several solids. For example, the two solids in following case have
space conflict as shown in the red dashed-wire-frame.

Before mesh generation, user needs to determine which solid occupy the clashed region.
Otherwise, the mesh could be wrong.

Il n this example, we decide to | et the gray box 0B
Boolean operation to implement it.

Note: there must be at least two solids selected to
make a Boolean operation. We define the first
sel ect edBlankd ,i dt lmes d¢it her sol i
nroolso . There are two options
operation: whether delete the Tools after operation. , - -~
The options are set by toolbar button:

The default setting (un
| f this button is check

[ I

\ , »

checked)BPs rfidelete
ed, means /ﬁ/’(eep t he
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We show two methods to implement a Boolean operation. One is using treenodes to select
the target solids, another is using canvas pickup to select the target solids.

Both methods use the Boolean operation subtraction: Body0OO1= Body001 - Body002

In these two methods, we will keep two solids. Therefore, make sure button
Is checked before the operation.

Method 1: operation through treenodes

D Faces

Solids

gl Bodyaol

&l Body0oz
A= YWrovals

Expand treenode
ASol i dso
solids

t

o

n Mesh
n Time
:ﬂ}:v Sources
:é:v Ohservers
W Lumped Parts
£ Wave Ports
& Circuits
1ll Excitation Pulses
BE Materials

& Body0z
5 Yoxels
= Snapshats
@ Face Snapshot
Cﬁl Body Snapshot
| Far Fields
14l Temp
101l Imported Result

show

Select treenode
ABodyO®Bbhk as

-
/
[
\
N -
=@ Solids
‘-’ Biody0o1
‘-’ Body0oz
select @B
5 G5 e

Now, the Boolean

operation toolbar buttons

become enabled

=

(@1

Press fisubtract
The Boolean operation

is done.
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Method 2: operation through canvas pickup

/ \
@;‘i Q Make sure the display canvas enter the i
-

nMesh —_—

i 0 e =g Solids

6 Observers ‘.. Eil:llj':.-'l:ll:ll

2 et o
& Circuits A= Waale
101l Excitation Pulses
B8 Materials

S Curves

DFaces
=g Solids

&

& Body0z

£ Yoxels ~ .
) e e Press keyboard ACtrl o an
B oy Snopshet ABodyOdwb as
:::Ir:;ngrtedResult Me a. n Wh i | e ) y O U C a. n f i n d

also selected.
) — =

Move mouse arrow i Bo B =t
and then left click mouse to select Now, the Boolean Press fAsubtr
it as Blank. operation toolbar buttons The Boolean operation
Meanwhile, you can find the become enabled will be done.

ABodyO0O010

treenode s el

ected.

69
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The operation result is shown in following figure

Note: if the operation result is not as user expects, normally it
means the operation set tUndog
function to recover the system prior to the Boolean operation

S

wrong.

A ¥e

User can

Redo & Undo

70
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Mirror, Translation, Rotation, Scale
& Array Copy - e

+ @ GUT Orverview

+ @ Project Design

= @ Geometries
SpherefElipsoid

. Biox
Waveqology GUI suppo_rts following transform Rina (Crearfelica)
operations on all 3D solids: Cone
. Palygon Cylinder
M| rror Archirmedean Spiral
Translation Loradl sl
Rotation JEDEC-3 Bandwire
S Face
Cale Loft Body
Al‘l’ay COpy Sweep Body

3D Body Edit
CAD ImporkfExport
Yoxel Inpuk

The det ai l oper at i Geomary e ase—«t ,l o t
Operationsd secti on i nWateholgy®hinual ofee
g

ranslate
Mirrar

F.otation
Srale

+ @ Geametry Operation Maming Syskem
+ @ Makerials
+ @ Excitations
+ @ Lurmped Elements
+ @ Field Monitors
+ @ 1-D Results

+ @ Examples
+ @ Miscelaneous



Import CAD models from Data File

A WavenologyGUI can import 3D models
generated from other CAD software by
following formats

ASTEP
ASAT I R =w
ASTL

AIGES
AOpenCascadBREP

Lt | '“*’] Impc_ltﬂ[l model from file LI




Export Geometries into Data File

A WavenologyGUI can export the geometries in
the project to file for data exchange purpose,
Including following formats

ASTEP (Fe] et Vi oot S

i ion Postprocess Tools Help
[=> Open Project Ctrl-0 E (e} :\.5:: | i o E | & Q | G/ &
j W@ gcoce® g 9 aaint

Close Project
ASAI Recent Projects ’EE*|@|$|/10|®'| | &4
Bl Save Project culs  Bokground, please set the background as selectable
A S I L K Save Project As
ip Project with Result
8 zr: Zip Project without Result
I G ES New Projects Set
Open Projects Set
AOpenCascadBREP e
Change Physics




Special Treatment for Importing SAT
Models for Elastic Wave Project

For an elastic wave project, there is a special treatment to let user can import 3D
models from SAT file with material name and profiles.

1. TheProductlddo part of the SAT ElastcWavemust be the string
2. There must be two accompany files to define the material usage information and material profile.

For example, the SAT file is A.sat, there are 5 models in the file.

2.1 User must define a material usage file as name A. SatMat. The file is an ASCII text format. Each

line lists the material name for a model. For example:

water

steel s1

é
2.2 User must define a material profile file as name A. MatDef. The file is a ASCII text format. Each
line Iists the profile for a material. The name,

water, 1000,1500, 0

steel s1, 7890, 5790, 3235
The first column is the material name; 2nd is the mass density (kg/m3); 3rd is the P speed and 4t is
the S speed (m/s).



Organize Solids into
different Components

In some cases, there are lots of solids in a project, it will be difficult to distinguish a solid
from a single object list.

WCT provide a component system to organize solids.

As foll owing procedure, components fiRock?o
Sub-component can be created under a component also.

""" = Lurves #1201l Excitation Pulses
i g

..... F : ; = A
[ Faces -8 Materials Please input component name &J
----- & E - - TF Chip Images
vV reate Box
v - i, 7 Curves
4[5 S Create Sphe,e | @ Faces water|
----- Fz Create Torus S-d Solids
-l T Create Cone | fb rock K Cancel
all 1
il In Create Ring -~ Voxels
-4l R : +-[F Snapshots *

Create Cormponent

After a component is created, user can
U create solids in this component
U move solids between components

75



Following is an example, there are more than180 solids in the project, part of them are
imported from other CAD software, part of them are built by WCT GUI. So, we put the
imported solids into 2 components by the material types, and all WCT solids are placed
under the root.

: 5 O
----- [ Faces '-:-"'éb
o Selids T & Imported_1 1
. a1
oo Teflon T g impnrtej_j ;h
L@ Importedtsr 7 mported_ H
m@sted g Imported_4 E
_____ & etend1 & Imported_5 }I:
& etend2 g Imported_6 a
o Voxels i g Imported_7 h
----- g Imported_8&
p o
----- & Imported 9 H
P "I
..... g Imported_10 3 |
P
----- & Imported_11 :
P
& Tramarkad 17




With the component system, user can

U Showr/hide all solids in a component with one
action

U change the property of all solids in a component
with one action

AMaterial

ATransparency

AMesh setting

U transform all solids in a component with one
action

AArray copy

ATranslate

AMirror

ARotate

AScale

Eemy ||_E55$| [ SO [P | L |

Project
= Mew Waven
E% Dresign

w10l Excitatio
=B Material
----- Chip Im
wead™ Curves

Show
Hide

Create Box
Create Sphere
Create Torus
Create Cone

Create Ring

Change Mame

Modify Mesh

Change Material
Change Transparency

Delete

Array Copy
Translate
Mirror
Rotate

Scale

Create Component

Move to Component
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A Special Setting to allow Geometr
larger than the Computation Domai

In principle, all geometries in a project should be
inside the computation domain to satisfy the

boundary conditions. _
Computation

As the default setting, before a simulation, WCT domain size

GUI will check to make sure that all geometries W
are in the domain.

A regular
project



In the WCT simulation engine, the geometry out of domain will be cut off
automatically.

Except the OPEN boundary conditions, the simulation result will be
always correct with the cut operation.

Geometry in the
simulation

™

ﬁet(h)?etry » Computation
W domain size

project
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From v2.2.2, WCT GUI adds an option to allow the geometry larger
than the computation domain, as following

Postprocess  Tools  Help

Start Simulation al

Prepare MPI Simulaticn File
Solve Green's Function

Select Schver
Simulation Options

Reference pulse

Multiple Threads

v Allow Geometry Outside the Domain

i - - - -
v AULL LUaU Da i TR TG T ST g LIUTy

v Observer spectrum

The default setting of this option is OFF (unchecked), which means
that all geometries must be in the computation domain. This is the
same behavior as the old version.

If this option is set as ON (checked), which means that the
geometries can be larger than the computation domain.

With this option, the parametric sweeping will be more easy to use. We
will show it in the section of the Parametric Sweeping.
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If this option is ON, for the project with OPEN boundary, user need to
make sure whether the fAcut off geomet

different simulation results.

For example, for following project,

Simulation
model after
cutting
OFEN —— OPEN
;C))rrcl)?(l,rc]:fu domain - domain
model
——  OPEN

OPEN

The model in the simulation will have a different simulation
result compared to the original model for most situations.
Except the case that the wave canot
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On the contrary, for following project,

Simulation
model after
cutting
OFEN —— OPEN
Original : :
oroject domain - domain
model

OPEN OPEN

The model in the simulation will have a correct simulation
result compared to the original model.

So, if this option is ON, WCT GUI does not know whether the simulation
result is correct or not, it is user responsibility to make sure whether the
simulation is acceptable or not. Therefore, user need to know the
project very clear before enable this option.
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Variable System & Usage



Variable System

Wavenology GUI embeds a variable system.

Most project parameters can be defined through variable.

U Project boundary position
U Solid dimension parameters
U Source position

U Receiver position

Through toolbar
button 0

w Ep

Variable Editor

Variables
Name Content Mote: Variable is capital insensitive.
Fmin 1 Mame () z
rmax N 8 0
Veax I O 8 et
Value |30
Add | [ Dekete

Reserved Variable Mames

pi; e; t;

Build-In Functions

ind(); cosd(); tand();

anh(); asinh(); acosh(); atanh();

Variable usage

3D solid: Borehole
3D solid: ring
FDTD parametric scheme
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All 3D geometries in Wavenology GUI can be defined by variables.
For example, user can define a sphere with radi
can change as the value of fixo changes.

Il n foll owing examplxe, awel@heldde rnvea o arbil &b Ine A
e g u a 100 # sin(xjo

Variables ==

Name Content Mote: Variable is capital insensitive. Variable usage
y 100 +sin(x) Name () X
"w" iz directly used by -
Input 100
Variable: "y"
Value | 100
add | | Delete Modify
.
Reserved Variable Mames
pi; e; I -

Build-In Functions

sin(); cos(; tan(); sind(); cosd(); tand(); -
asin(); acos(); atan();
sinh(); cosh(); tanh(); asinh(); acosh(); atanh();

log2(); log100; Ing;
exp(); abs(); sqrt);

4 1L F
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i

can define a sphere with radius as

we

Then,

3D body editor

Ellipsoid| Editor,

LZS Coordinates

Sphere

Radius

Crigin |U, 0,0

Fu |1+';.-',|'2

1,0,0

U Axis

Ry [L+y/2

1]

1

1

i

1]

Y Axis

R |1+w'2

(8]4

Help

(8]4

Apphy

Help

Body0oll / PEC

bounding box: (-50.7468,-50.7466,-50.7468),(50.7466,50.7465,50.7468)

size: (101434 < 101.494 < 101.434) , center: {0,0,0)

FEC
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Load Variables From Data File

User can load variables through data file

Vanables
Mame Content Mote: Variable is capital insensitive. Variable usage
100 45in{x) Mame ( )
Help
Input
Value
Add | | Delete | | Modfy |
! Load
Reserved Variable Mames
pi; e; t;
Build-In Functions
tan(); sind(); cosd(); tand();
=(); atan();
shi); tanh(); asinh(); acosh(); atanh();
00; In(); 7@(
i sgrid;
4 111} ¥
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Variable File Format

A ASCII format

A Each line is the definition for one variable, format as
i dvariable_namé [variable definitios

A Example of file

ARao=n1l. 330
i b gos(fia) O var.txt
A c a+bd

Note:

U if the name of a variable in the file conflict with an existing variable

in the project, the loaded variable will replace the existing one, a

warning information will be shown in the log

UThe name of a variable canodot i1 ncl udc¢
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Sources & Excitation



Source & Excitation Pulse

There are 6 types of excitation
sources for BHA simulations:
U Ring source

Project : . . .

S .- | — v Point dipole source
B e e e e I Point monopole source

----- & Lurr Create Constant Amplitude Line Current Source

""" i wa"' Convert all Observers to Point Sources u Curve type source
D,f?/ ;E;Ir; Export Finite Size Source as Monopole Array u Face type source

----- “x Part Load Sources from File ¥

i U Volume type source
a-EE Mat Load Source Pulse from File

----- Chi Load Source Pulse from File - Advanced Mode

wead LN

_____ @ Face Delete All Sources

Edit Existing Source

=4

v]

Marme S _rect Type [Far.e Source
] Monopale
Face Type Rectangle v] Amplitude Dipale
Distributiong Ring Source
Shape Info (-10, -10)-(20, 20) Distr, Info|  Line Source
Face Source

i Volume Source
[ Mesh Cirl, Normalfzation i

LS
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Point Monopole Source

A point monopole source will excite spherically at
source position.

The parameter is the position of the source :

<t x 2% It will be shown as a small

point the project canvas

Create Mew Source

z
Mame |Sourcel | Type r'-'1-:-ru:-|:u:-Ie *
Lacation
{r, phi, 2 |D‘ 0,0 | J W

L ]
Array Setking ‘

Excitation Pulse /\
(#) Use project pulse Plat pulse Pulse type | | u \
) Use individual pulse Delay [ms] |D |
X
Amplitude | 1 |




Point Dipole Source

A point dipole source will excite with specified
polarization at the source position.

The parameters include:
posi xi>on: <r, &

1) t he

2) the polarization: <r,| ,z>

Create New Source

Mame |Su:uuru:el |

Lacation

ir, phi, 2) |D’ 0.0 |
Excitation Pulse

(%) Use project pulse Flot pulse

) Use individual pulse Edit pulse

Type | Dipiole

Polarization |1J o, 0

Pulse type | |
Delay [ms] |E| |
Amplitude |1 |

[ K ] [ Cancel ]

It

will be shown as a point with

vector in the project canvas

2D r-¢ plane

| vector r vector

Position:
(r =245 &

Note: the polarization of a point dipole is <r, | , z>, and the corresponding polarization in the Cartesian
coordinates system need to couple to the source position. For example, a point dipole source at position

<r=1,| =451, z=0>,

a) With a polarization as <r=1,| =0, z=0>, the corresponding polarization in X-Y-Z system is <1, 1, 0>
b) With a polarization as <r=1,| =-1, z=0>, the corresponding polarization in X-Y-Z system is <1, 0, 0>
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A ring source will excite on a circle with a specified

distribution.

The basic parameters include:

1) the ringds zZposition

2) thering radius
3) The order of distribution

Ring Source (1)

[ Edit Existing Source @ﬁ
Mame Sourcel Type |Rjng Source - |
oy ool ey 0
Radius |5 Phio | O Order 0 | Mormalization
Rotation Axis Direction 0 Rotation Angle 0 Array Setting

@ Use project pulse Flot pulse Pulse type

Lse individual pulse Edit pulze Delay [s]

Amplitude

BHW

]

1|

— —

(Pas)

| Cancel |

It will be shown as a circle in the
projectcanvas (inR-¢ pl ane)

If we define the order of a ring source as n, the ring
source will have a magnitude distribution in a circle
as: cos(n*| +o)- |

So,

1) n=0: the magnitude distribution will be a
constant in the circle, this is a ring monopole
source. In this case, | ,will be ignored;

2) n=1: the magnitude distribution will be cos( &
€,) in the circle, this is a ring dipole source.

3) n=2: the magnitude distribution will be cos( 2+
€,) in the circle, this is a ring quadrupole source.
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Aring source can rotate in a R-¢
following controls

Ring Source (2)

pl ane with

1) the direction of the ring rotation axis
2) the rotation angle

(Unit: degree)

[ Edit Existing Source @ﬁ
Mame Sourcel Type [Rjng Source - ]
oy o0 ey OO
Radius 5 Phio 0O Order ] Mormalization
Rotation Axis Direction | 30 Angle 45 —M\
(@) Use project pulse Pulse type BHW
i) Use individual pulse Edit pulse Delay [s] ]

Amplitude 1 (Pajs)

These control will apply following
rotation on the ring

U the rotationis in a R-
Z position

U the rotation axis is defined by
the angle from +R axis

€ plane

rotation axis
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Ring Source (3)

The amplitude normalization of the ring source
U An option is added to the ring source from WCT version v2.2.6, as
shown in the figure.

Edit Existing Source @
Mame Sourcel Type [Rjng Source - ]
Location Direction
{r, phi, ) 0,0, 15 (theta,phi) O °
Radius 5 Phio 0O Order ] Mormalization

Rotation Axis Direction 30 Rotation Angle 45 Array Setting |
(@ Use project pulse Plot pulse Pulse type BHW

() Use individual pulse Edit pulse Delay [s] ]
Amplitude 1 {Pa/s)

If it is enabled, the amplitude of the ring source will be normalized by a
factor which is proportional to the length of the ring.

Before v2.2.6, this flag is always enabled.
After v2.2.6, this flag is set as the default setting.
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Basic Comment for Curve, Face &
Volume types of Source

A These 3 types of source require following settings
I Shape type and parametecd.e. they are finite size

I User need to definen amplitude distributionn the shape
A The default distribution type is th€onstantdistribution with the value 1

I The excitation amplitude will be themplitude distribution
multiple with the source amplitude

I These sources will be converted to array of point monopole

sources, user can definedascretizationgranularity

A If user does not define it, the GUI will use a AUTO method, which depends
the cell size of system grid

i ¢ KS NBormlal&atidd 2LJAA2Y F2N 0KS
A It means, whether the amplitude of source will be normalized by a factor,
which is proportional to the size of the shape

A¢CKS RSTlrdA G Ol fdzS Aa ab2ié 96



Curve Type Sources

The source term of the curve type source has following definition

f(ry) -Ug(r-r))

Here, r, f L, Lis the curve with a finite size; U, is the U function in 2D for
the cross-section of curve at position |, f(r)) is the source amplitude
distribution in the curve.

In current WCT BHA solver, it supports following types of curve source
U line source
U arc source



LIne Source

Edit Existing Source
Mame Em Type [Une Source
Curve Type [Une v] Amplitude [Gauss
Distribution
Shape Info (0.1, 0, 0.3)-40, 0.1, 0.3) Distr. Info exp( +°2f(2%=~2))
[ Mesh Ctrl. Edit /| Mormalization Edit
(@ Use project pulse Plot pulse Pulse type BHW
[ Cibser\.rers
(7 Use individual pulse Edit pulse Delay [=] o 1 - d_ Lumped Ports
----- g Wave Ports
. -4 Circuits
Amplitude L % IBIS Objects
----- % Particles
-4l Excitation Pulses
HEIP ’ 0K ] ’ CEIHCEI ] B8 Materials

..... Chip Images

The line parameters can

be edited as following

ot Curves

g Solids
-5 Voxels

3D Line Segment Editor @
Coordinates
Origin | A UAxis 1,0,0 VaAxis 0,1,0
StartPoint 0.1,0,0.3 EndPoint 0, 0.1, 0.3
o] conc

The line source
shown in GUI
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The default setting of discretization is AUTO

Shape Info

(0.1, 0, 0.3)0, 0.

[ Mesh cirl,

User can define a customized discretization granularity for this

sour ce.
10 point monopole sources in the engine.

For the line source, it supports following amplitude distributions

u

"
"
"
"

Shape Info

Mesh Cirl.

(0.1, 0,0.3)-0, 0.

10

Constant

Linear

Triangle

Gauss
Cosine

Her e,

n10o0

me ans

t hat

Type [Line Source

d

Amplitude [Gaugg

)

Distribution Comst

Distr. Info Linear
Triangle

... Gauss
Mormalizatic 2=
Cosine

t

hi

For more details for the definition of these amplitude distributions, please check
section - The amplitude distribution for the curve, face, volume types source
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Arc Source

Edit Existing Source E

Mame 58 Type [Llne Source - ]

Curve Type [Arc - ] B miplitude [Ccnst - ]
istribution

Shape Info |R=EI.EIE?8813;AHI;|:-35 -75|  Distr. Info |1

Mesh Ctrl, Edit [4] Mormalization Edit

e

@ Use project pulse Plat pulse
(71 Use individual pulse Edit pulse

Pulse type |EiHW

Delay [s] a

Amplitude 1

Lo | [ cna ]

The arc parameters can

Arc Editor E

be edited as following

Coordinates
Origin Usxis 1,0,0 VAxs 0,1,0
Ru  0.0278813 Rv 0.0278813 | [7] Cirde
Arc Range (degree) ( -35 - |75 )

Help

o ]

The arc source
shown in GUI
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The default setting of discretization is AUTO

Shape Info

(0.1, 0, 0.3)0, 0.

[ Mesh cirl,

User can define a customized discretization granularity for this

sour ce.
10 point monopole sources in the engine.

For the arc source, it supports following amplitude distributions

u

"
"
"
"

Shape Info

Mesh Cirl.

(0.1, 0,0.3)-0, 0.

10

Constant

Linear

Triangle

Gauss
Cosine

Her e,

n10o0

me ans

t hat

Type [Line Source

d

Amplitude [Gaugg

)

Distribution Comst

Distr. Info Linear
Triangle

... Gauss
Mormalizatic 2=
Cosine

t

hi

For more details for the definition of these amplitude distributions, please check
section - The amplitude distribution for the curve, face, volume types source
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The difference between the Arc source and the Ring source

Arc source

U the Local coordinates system of the

arc can be defined by user
U therefore, user can change the
arc to arbitrary location and
direction

U the angle range is arbitrary
(il For example, [-35A 754

U the arc source must be in the

computational domain

U the normalization is based on the

real length of the arc

U the amplitude distribution includes
U constant

linear

triangle

gauss

i
i
i
U cosine

Ring source

U the axis of ring is fixed: the Z axis
U user can only change the Z
position of the ring.
(i the angle range is fixed: [0, 3604
U the ring source can be out of the
computational domain in the d range
U the normalization is based on the
length of the full ring
U the amplitude distribution is fixed to
the cosine function only



Following is a simulation comparison between 2 sources settings

A Ring dipole source with domain d=[-180A 1804 setting

With the same radius, with normalization
enabled, the ring source has the same
simulation result as the arc source

Edit Existing Source @
Mame Source ] Type lR.ing Source *I
Location Direction
(r, ohi, 2) 0,0, 0.44947525 (theta,phi) 0,0
Radius 0.0273513 Phio 0O Order 1 Mormalization
Rotation Axis Direction 0 Rotation Angle ] Array Setting

Edit Existing Source @
Mame 58 Type ILinE Source b I
Curve Type Arc - Amplitude Ic.:.gjne - I

Distribution
Shape Info R=0.0273813;4nq:0 - 360 Distr. Info cos(ZPT*M=t/L - phid)

[ mesh Ctrl,

Mormalization

(]

Ca
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A Ring dipole source with domain d=[0, 90A setting

With the same radius, with normalization enabled,
the simulation result of the arc source is 4 times (
larger than that from the ring source ”
U because the length of the full ring is 4 times of the
length of the arc (the arc must be in the domain)

Mt
\f

Edit Existing Source @ = Domaln
Name  EE pe | [Rngsowee v size in d
Location Direction
{r, phi, 2) 0,0, 0.44947525 (theta, phi) 0,0 {/ :

. . L \
Radius 0.0273513 Phio 0O Order 1 Mormalization ]
Rotation Axis Direction 0 Rotation Angle ] Array Setting

Edit Existing Source @

Marne 53 Type [Line Source - ] h
Curve Type Arc - ] Amplitude [Cgsjne - ]
Distribution
Shape Info R=0.0278813;4ng:0 - 90 Distr. Info cos(2ZPT*N*tL - phid)
[ Mesh ctrl. Edit Mormalization
s
1

i~
i
Cf\ II
S
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One more consideration for the setting of the arc source

U the amplitude distribution of the arc source is based on the length of
curve to the starting point of curve. For a circle, the length is proportional
to tdhe e

U the cosine amplitude distribution of the ring source is based on the d
value

If the arc source uses the cosine amplitude distribution, in order to make
these 2 cosine functai-odns match Y requ
U Therefore, the angle range of the arc source should be defined as

starting from 0
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Face Type Sources

The source term of the face type source has following definition

f(rs)'ljl(r'rs)

Here, r, f S, Sis the face with a finite size, U, is the U function in 1D for
the thickness of the face at position s, f(r.) is the source distribution in
the face.

In current WCT BHA solver, it supports following types of face source
U rectangle source

U circle (or ellipse ) source

U circular cylinder source
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Rectangle Source

-

Edit Existing Source | ) |
Mame S_rect Type [Far.e Source '] LCS
Face Type Rectangle +| pmplitude | Gaussinu - ) 1a
] istribution | ] V axis origin
Shape Info (-0.1,-0.1)-0.2, 0.2) Distr. Info exp( +"2/(2%"2))

Mesh Ctrl, 11, 25 (M Mormalization Edit

(@) Use project pulse Plot pulse Pulse type BHW

(7 Use individual pulse Edit pulse Delay [s] a

Amplitude 1

The parameters can be edited as following

U axis

The rectangle
source shown in

Rectangle Face Editor S
Coordinates

Wl 10,05 UAxis 0,1,0 Hakis 0,0, 1
Corner 1 (ud, w0} -0.1,-0.1 Cormer 2 (ul,v1) 0.2,0.2
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The default setting of discretization is AUTO

Shape Info (0.1, 0, 0.3)-0, 0.

[ Mesh cirl,

User can define a customized discretization granularity for this
sour ce. Her e, n1l1, 250 means that,
to 11x25 point monopole sources in the engine.

[¥|Mesh Ctrl. 11, 25

For the rectangle source, it supports following amplitude distributions

U Constant
U LinearinU
U LinearinV Type [Face Source v
u Triangle Amplitude [Gauss in u v]
0T : Ie in U Distribution Const _
l_'_l r!ang . Distr. Info Linear in u
U Triangle in V Unear inv
. .. Triangle
U Gauss NurmahzamTriangle iy
] i Triangle in v
U GaussinU e
U GaussinV Pulse type u
) ) ALISS in v
U CosineinU Delay [5] Ens?ne inu
U CosineinV —

For more details for the definition of these amplitude distributions, please check
section - The amplitude distribution for the curve, face, volume types source o8



Circle (Ellipse) Source

Edit Existing Source

MName 5 rect

Face Type | |Elipse

~)

Shape Info R=10

[ mesh Ctrl,

(@) Use project pulse

(71 Use individual pulse

Type [Far.e Source

Amplitude Causs

Distribution
Distr. Info expl +42/(2%="2))

/| Mormalization Edit

Plot pulse Pulse type

Delay [s]

EQIt puise

Amplitude

BHW

]

1

|

| o)

The parameters can be ¢

2dited as following

Elliptical Face Editor
Coordinates
Origin | 10} 0, 200 U AxisI 010 ws |oo1
————
Ru 10 R 10 Circle
Arc Range (degree) ( |-120 - | 180

V axis

|
F

LCS
origin

U axis

The circle
source shown in
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The default setting of discretization is AUTO

Shape Info (0.1, 0, 0.3)-0, 0.

[ Mesh cirl,

User can define a customized discretization granularity for this

source. Her e, n1l1, 250 means that,
to 11x25 point monopole sources in the engine. nu
0O The cell
[¥|Mesh Ccrl. 11, 25 7'/ \\ not used
nv '( )‘ The cell
For the discretization definition of this A A B ysed
shape, it is as this figure

For the circle source, it supports following amplitude distributions

U Constant
u Triangle Type [Face Source v]
Distribution

Const
Distr. Info Trianile

Mormalization Edit

For more details for the definition of these amplitude distributions, please check
section - The amplitude distribution for the curve, face, volume types source
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Circular Cylinder Face Source

Edit Existing Source [ == |
Mame S oyl Type [Far_e Source *]
Face Type | |Eliptical cylinder v | | Ampitude | const -|

Distribution
Shape Info R=0.15;Ang: 15 - 75;H=1 Distr. Info 1

Mesh Ctrl. 11, 25

m
=)

/| Mormalization

(@) Use project pulse

Plot pulse

EQIt puise

(7 Use individual pulse

Pulse type BHW
Delay [5] 0

Amplitude 1

C o ] [cme ]

The parameters can be ¢

2dited as following

Elliptical Cylinder Face Editor

Coordinates
origin TS Udxis 1,0,0 Vaxis 0,1,0
Ru 0.15 R 0. 15 Circle
Height 1 Arc Range {degree) { 15 - 75 )

Cancel

Height

LCS <
origin

The rectangle
source shown in
GUI
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The default setting of discretization is AUTO

Shape Info (0.1, 0, 0.3)-0, 0.

[ Mesh cirl,

User can define a customized discretization granularity for this
sour ce. Her e, n1l1, 250 means that,
to 11x25 point monopole sources in the engine.

Here, V discretization = along the arc length

| Mesh Ctrl. 11, 25 T I I
es U discretization = along Z

For the circular cylinder source, it supports following amplitude distributions

U Constant
U LinearinU
U LinearinV Type [Face Source v
u Triangle Amplitude [Gauss in u v]
0T : Ie in U Distribution Const _
l_'_l r!ang . Distr. Info Linear in u
U Triangle in V Unear inv
. .. Triangle
U Gauss NurmahzamTriangle iy
] i Triangle in v
U GaussinU e
U GaussinV Pulse type u
) ) ALISS in v
U CosineinU Delay [5] Ens?ne inu
U CosineinV —

For more details for the definition of these amplitude distributions, please check
section - The amplitude distribution for the curve, face, volume types source s



Volume Type Sources

The source term of the volume type source has following definition

f(ry)

Here, r, f V, V is the volume with a finite size, f(r,) is the source
distribution in the volume. Here, there is not U function.

In current WCT BHA solver, it supports following types of volume source
U box source
U sphere (or ellipsoid) source



Edit Existing Source

Box Source
4

Mame Sbox Type ['u'nlume Source - ]
Volume Typ [Bn:—c - ] Amplitude [Gauss - ]
Distribution

Shape Info  |(-0.06, -0.02, -0.05)<(0.01,| Distr.Info  |exp( +"2/(2%:"2))

[ Mesh cCtrl., Mormalization Edit

(@ Use project pulse | Plot pulse

(7 Use individual pulse Edit pulse

Pulse type BHW

Delay [5] 0
Amplitude 1
’ Ok ] ’ Cancel ]

The parameters can b

edited as following

Box Edition
Mame
Lower Caorner
Upper Corner
LCS Qrigiri
Box X Axis

Box ¥ Axis

box

0.06, -0.02, -0.03

0.01, 0.03, 0.04

0,0,1

1,0,0

The box source
shown in GUI
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The default setting of discretization is AUTO

Shape Info (0.1, 0, 0.3)-0, 0.

[ Mesh cirl,

User can define a customized discretization granularity for this
source. Her e, nio, 10, 100 means t ha
converted to 10x10x10 point monopole sources in the engine.

[¥]Mesh Ctrl. | 10, 10, 10|

For the box source, it supports following amplitude distributions

U Constant

u Gauss Type ['u'ulume Source v]
Amplitude Canst -
Distribution
Distr. Info Gauss [

Mormalization Edit

For more details for the definition of these amplitude distributions, please check
section - The amplitude distribution for the curve, face, volume types source
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Sphere (Ellipsoid)

Edit Existing Source

L &2 |
Mame Sellp Type ['u'nlume Source *]
Vaolume Type | | Ellipsoid - ] B miplitude [Gauss - ]
istribution
Shape Info R, v, w=0,11,0,15,0.10 Distr. Info 1
Mesh Ctrl, 17, 20, 15 [ Mormalization Ed

(@) Use project pulse

Plot pulse

(7 Use individual pulse Edit pulze

Pulse type BHW
Delay [5] 0

Amplitude 1

Cancel

y

The parameters can be

edited as following

Ellipsoid Editor
Radius || Sphere Coordinates
Ru |TEE1 Origin~ 0.1,0, 2.2
Rv 0.15 Uaxis 1,0,0
Rw 0.10 Vaxis 0,1,0

[l

-

Source

™~

The sphere
source shown in
GUI
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The default setting of discretization is AUTO

Shape Info (0.1, 0, 0.3)-0, 0.

[ Mesh cirl,

User can define a customized discretization granularity for this
sour ce. Her e, ni7, 20, 150 means t ha
converted to 17x20x15 point monopole sources in the engine.

nu The cell
/ N D d
[|Meshctrl. 17, 20, 15 vi X not use
nv '( )‘ The cell
For the discretization definition of this AN A B ysed
shape, it is as this figure

For the sphere (ellipsoid) source, it supports following amplitude distributions

U Constant

u Gauss Type ['u'ulume Source v]
Amplitude Canst -
Distribution
Distr. Info Gauss [

Mormalization Edit

For more details for the definition of these amplitude distributions, please check
section - The amplitude distribution for the curve, face, volume types source
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The amplitude distribution for the
curve face, volumetypes source

Basically, there are following amplitude distributions

U Constanti alwaysis 1

U Linear T the definition is: K*t+C

U Triangle -- max value is 1, at the edge of shape, the value is 0

U Gauss -- maxvalue is 1 at the center; at the edge of shape, the
value is that of at 3 times of RMS

U Cosine --the definition is: cos(2” *n*t/L+d,)

Due to the shape has different dimensions, there are different sub-
types of above functions



The Constant Distribution - Not editable
u for all types of shape, the value is always 1.

The Triangle Distribution - Not editable

U 1D type - for a finite range [a, b], will be normalized to the range of [-
1, 1]. For the new range, it has the max value=1 at 0, and the value=0
at-1 & +1. As shown in the following

a b =)

For all kind of lines: straight line, or curve, we use the length of
curve, range as [0, L] to process as above.

l.e. for a 1D shape, we define the U axis is the length of curve-
segment (related to the curve starting point).
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The Triangle Distribution (cont.)
U 2D type T The shape has 2 dimensions, the face shape can be
expressed as face(u, v). So, itinclude 3 sub-types

U Triangle in U only

U Triangle in V only

U Triangle

u for Triangle in U or V only, it is supported by Rectangle and Circular
cylinder because these 2 shapes are rectangular in 2D U, V plane. The
distribution is shown in following figures

Triangle in U only Triangle in V only

distribution

distribution

x 10°

amplitude
U1 O = N w N

c

N
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U for the Triangle Distribution in 2D shapes, it is supported by Rectangle,
circle (ellipse) and Circular cylinder

U here,
U both U & V will be converted to the range [-1, 1],
U then the distance to the new shape center is: r=sqrt( &84 & Vv
U the distribution value will be
U Triangle Distribution, if r ¢ [0, 1]

u o,ifr>1
Rectangle in (u,v) Squarein (u 00, )v  For the circle part
Triangle
# # Distribution
o A 4 \
Ellipse in (uyv) ¢ Circlein (u 6o, )v circle /
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The Gauss Distribution - Not editable
U it include following sub-types

U Gauss Distribution

0 Gauss Distribution in U only

U Gauss Distribution in V only

U similar to the Triangle distribution, the shape transformation method is
the same, only the distribution method is changed to the Gauss function.

U The Gauss Distribution has following shape

1 = 3 times of the RMS (or
variance) of the Gauss function
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The Linear Distribution - editable

U it include following sub-types
U Linear Distribution - for 1D shape only
0 Linear Distribution in U only - for 2D & 3D shape
U Linear Distribution in V only - for 2D & 3D shape
U Linear Distribution in W only - for 3D shape only

U The Linear Distribution, for any U, V, W axis, has following shape

a b
U User need to define the tangent and the DC
- | |
Linear Formula Setting v v @
Expressign: *rH 1

{Mote: 't'is the distance to the starting point of curve)
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The Cosine Distribution - editable

U it include following sub-types
U Cosine Distribution - for 1D shape only
U Cosine Distributionin U only - for 2D & 3D shape
U Cosine Distributionin Vonly - for 2D & 3D shape
U Cosine Distributionin Wonly - for 3D shape only

U The Cosine Distribution, for any U, V, W axis, has following definition
U cos(2” *n*t/L+d,)
U which means that, for a 1D range [0, L], it has n periods for the cosine function.

/\

Cosine Formula Setting @

The number of periods in the curve (M) 0.5} Initial phase (unit: degree) 0O

Formula: Cos(2PT*MN*tL + phase0). 't' is the distance to the starting point of curve, ‘L' is the length of the curve.

U User need to define the period number n\(it is a floating number, for example,
0.25, 0.5, 1, 2, etc.) and the initial phase - d,

For a rectangle

Cosine Distribution in U

Start point d, u
dy

o -
. 124
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A Tool to Check the Discretization of Curve,
Face & Volume Source

L Time O Time For each curve, face or
o Bl Ceate Source B A Sources| volume source, a text
iy os:b Create Constant Amplitude Line Current Source D hfi file will be created for

""" 4 4 wmpedpors  the source, the file

----- g7 Vas Export Finite Size Source as Monopole Array - Wave Ports )

¥ P _ B name is the same as
= tj zc'”“es:lm:"e . the source name. Here,
E'Eg ﬁ;‘ Load Source Pulse from File - Advanced Mode the file na\‘me IS

..... Chi Delete All Sources FSellthtO .

o Curs m The file format is the

same as that in section
Create Sources by

Data Filed
Then user can load the
exported data file by nAlLoad
Sources from fileodo to check the

monopole array.

125



Following is the example of a rectangle source

Original rectangle source

Loaded discretized source with AUTO mesh

..... @ 5_rect_10
..... @ §_rect_11
..... S# 5 rect_12
..... @ §_rect_13

..... & 5 rect_15

..... & S_rect_17

..... & 5_rect_18
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Loaded source with user defined
discretization=12x12

Original rectangle source

----- ” :ﬂf':v S rect_10
----- - :$: Sorect 1
..... d5_rect_2
----- @ 5_rect_3
----- ” :Sﬁ S rect_4d
..... ; }‘?3 S rect 5
----- S#5_rect_B
..... . ;@3 S rect 7
----- ” :Sﬁ S rect_8
----- - :éi S rect_ 9
..... @ 5_rect_10
..... @ 5 rect_11
..... & S_rect_12
..... @ 5_rect_13
..... # 5_rect_14
..... @ §_rect_15
..... “# 5_rect_16
..... @ 5_rect_17

For this setting, user can check amplitude
distribution by the 5™ column of the export

data file. )
Total 12x12=144 sources, 12 rows and 12 ;
columns, respectively. :

For this demo, t he di st

x10°

N Gau
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Individual Excitation Pulse

In the default setting, all sources in a project will use the same pulse
type defined in the project setting, but with individual magnitude &
delay.

However, each source could use individual excitation pulse instead of
the common project pul Brejecdreefjluemcgd i n t he
Range and Excitation Pulse for Source(s)o

Choose the fAUse individual pul seo
option, then edit the pulse

Create New Source

Mame: |5°Ur581 | Type F!.iru;l Source
Lacation Direction
{r, phi, 2) 0,0,0 | {theta, phi) 0, 45 |
Array Setting
— LA PE, T T e e e e e e e e e e s s e I
{*) Use project pulse Plat pulse Pulse bype | | |
]
() Use individual pulse Delay [ms] ||:| | !
Amplitude |1 | |
e e e e e o e e o e o = [RE— .

128



Dealing Source Type and
. 2dzy RIF NB / 2YVRAGAZ
For a ring source, it has a magnitude distribution on a circle as cos(nl ).
1) n=0, it is a ring monopole, having a const magnitude in the circle.

For this type of source, if the solids in the project is circular uniform, i.e., all solids are
ring with Z axis as the center axis, as following

There is not any circular field in wave propagation. So, the space sampling density in
€ Iis useless in the simulation, user can set



2) n=l,itisaring dipole, the magnitude distrnibution in

For this type of source, if the solids in the project has some kinds of symmetry
distribution along X or Y plane, as following

Symmetry along X & Y planes

Due to the magnitude distribution of source is cos(€), it is symmetry at Oi & 1801, anti-
symmetry at 901.

So, user can define a smaller € range instead of 360i to reduce the project size
a) a quarter of € space to represent the whole project:

U €range=[01, 90T]

u  Symmetry B.C. type at €,,;,; Anti-Symmetry B.C. type at € ...
b) Half & space to represent the whole project:

U € range=[0T, 180T]

u  Symmetry B.C. type at €,,;; Symmetry B.C. type at € .-
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Symmetry along X plane

Il n this situation, user can define half §& sp
U &€ r amy &91]
u SymmetryB. C. t yp®madryB. C. type at ¢
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3) n=2,itisaring quadrupole, the magnitude distr) buti on

For this type of source, if the solids in the project has some kinds of symmetry
distribution along X or Y plane, as following

Symmetry along X & Y planes

Due to the magnitude distribution of source is cos(2¢), it is symmetry at Oi , 90 & 180i.

So, user can define a smaller € range instead of 360i to reduce the project size
a) a quarter of € space to represent the whole project:

U €range=[01, 90T]

U  Symmetry B.C. type at €,,;; Symmetry B.C. type at € .-
b) Half & space to represent the whole project:

U € range=[0T, 180T]

U  Symmetry B.C. type at €,,;; Symmetry B.C. type at € .-
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Symmetry along X plane

Il n this situation, user can define half §& sp
U &€ r amy &91]
u SymmetryB. C. t yp®madryB. C. type at ¢
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Moreover, if the structure of the project is pure circular, or is symmetry by every 451 planes,

for a ring quadrupole source, user can use a 1/8% circle range instead of the full circle
in the simulation.

U € r amy e

U  Symmetry B.C. type at €,,,,; Anti-Symmetry B.C. type at €.
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Space Sampling Density in

For a cylindrical project as following

i f the source is a ring dipole sidcanrce, accor
provide accurate enough result. Therefore, for this kind of structure, we
suggest empl oy AAdvancedo mesh option

U R & Zdirection use Automatic mesh
U ¢ direction uses unifiorm mesh to make &£al
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Create Sources by Data File

In some cases, user need to define array of sources, for example, 1000

point monopole sources at specified positions (those positions are not
suitable for wusing AArray Creationo)
sources manually in GUI.

GUI provides a function to load these sources from a data file, as following

i--ﬁj{% Dresign

..... 0 unit

----- 21 Background

----- @ Boundary

----- @ Freq & Pulse

..... IE Mesh

.....  Time
..... & w
_____ & Ohce Create Source
----- A Lumg Create Constant Amplitude Line Current Source
""" t Wave Convert all Observers to Point Sources
+|- o |
A TBIS ¢ Load Sources from File
""" i Par Load S Pulse from Fil
34l Excit oad Source Pulse from File
B Mate Load Socurce Pulse from File - Advanced Mode
..... Chip

Delete All Sources

e U -
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The data file is a text file in ASCII format, each line defines a source.

The format of each line can be one of following:
1) type R | Z magnitude pr pl pz
2) type R | Z magnitude pr pl pz fisrcna me o

Type: 071 point monopole; 1T point dipole; 21 ring source

R, ¢, Z: the position of the source
it is the project unit in length.

Magnitude: the magnitude

pr, p € pz: the polarization of the dipole source. For monopole source and

ring source, they are not wused, can
For the format (2), there is a strin
of the source. But it may conflict with existing source in the project, GUI

will append A _10 or so to solve the

User can also add comment in the end of each line. The comment start
from id// o. For exampl e,
type x y z amplitude px py pz //this is the comment
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Both format (1) & (2) support variable or expression as input, for example,

0 r_src*1.05*cosd(10)/cosd(5) -5 0.14 1 00O

This line define a source, the x (or r) position is an expression using a
variable in the project and an intrinsic function of the GUI.
(Note: for the variable and the expression, SPACE is not allowed)

Following are examples of the data file

(1) All lines use format (1)

O 10 0 20 05 O O
11

0
1 20 4530 1 0
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After loading, 2 sources are created as following

----- L Background

----- n Boundary
----- n Freq & Pulse

-

[=-- &> Sources
----- ~& Sourcel 0
----- ~& Sourcel 1

et
----- -2 Observers

----- a Lumped Ports
----- & Wave Ports
-4 Circuits

-1l Excitation Pulses
@B Materials

----- Chip Images
ead” Curves

----- l] Faces

----- & Solids

-5 Voxels

[ Snapshots

----- . Far Fields
-1l Temp

/4

;

¥

-
Edit Existing Source

Excditation Pulse
(@) Use project pulse

(7 Use individual pulse

Name
Location
[ B

Type Monopole v]

Array Setting

Flot pulse

Edit pulse

Pulse type | BHW/
Delay [ms] i

Amplitude 0.5 (Pa/s)

L

-
Edit Existing Source

=53)

Excitation Pulse

(@ Use project pulse

() Use individual pulse

Name
Location
F,phi,zy 30

Type Dipole vl

Polarization ~ 0.7071067312, 0.7071

Array Setting

Flot pulse

Edit pulse

Pulse type  |BHW

Delay [ms] 0
Amplitude 1 (Nfm~™3)
’ oK l [ Cancel ]

—
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0 0 ns
Il at(r=1, phi=45A z=1); ampl i

123011100 define a point dipole source

at(r=2, phi=30A z=1); amplitude=1; polarization=(1,0,0); auto name
2050a+t1 1 0 0 Asrc2o /'l define a ring
t z=Aa+10; radius=0.5, mpl i tjud

\ /

Here,thed4d"s our ce uses an expression and the variabl e

position. I n order to make it work, the project
before loading. Otherwise, the load operation will fail. Meanwhile, the expression
cano6t include SPACE.
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Field Monitoring



Observer

User can define observer to record the simulation
data. The recording data are

1) velocity: vr, vphi, vz

2) stress: trr, tphiphi, tzz, trphi, trz, tphiz

Create Observer

..... 2% 18] Delete All Observers

741l Excitation Pulses
B8 Materials
----- Chip Images

-

=+

Observer Editor

----- = W Load Observers from File »
w-#F Ci

Single Observer ]

Marne |Observer1

Chserver Position

R |0 | Phi 0 | = 0
Captured Components
wr wphi vz
krr tphiphi tzz
trphi trz tphiz
[ Creake ] [ Array Creation ] Delete Madify

Help
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H s

[+--&- Sources
HE-

-2 Observers

[--% Sources

4N

& 0
o3 Obe

N
=2 Observers

After receiver is created, it can be modify by double
clicking the selected observer, or use the popup menu

m

Double click
the selected
item

T Obw_(1)
- -
Modify
Delete
i Obw_ (3]
3 Obw_(6)
o Obw (7]

i Y
Observer Editor I- u
3 Obv_(1) Single Observer |
O
i3 Obv_(3)
i3 Obv_(4) MName  Cbv_(2)
T3 Obv_(5)
% Obv_(5) Observer Position
3 Obv_(7)
% Obv_(8) R 0.0239125 Phi 0 Z 3852
Captured Components
[#] wr [Z] vphi vz
] trr [¥] tphiphi ] tzz
[#] trphi ¥tz [¥] tphiz
l Create ] [ Array Creation ] [ Delete I Modify
Load
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Generate an Observer Array

WCT GUI provides a convenient way to generate observer array.

In the observer editor, complete the content for the 15t item in

the array. The press AArray Creationo but
Single Chserver
It will be the base name of the
Mame Obv_(2) .
observers in the array
Observer Position
_ It will be the start position of
R 0,0239125 Phi 0 £ 3652 the array
Captured Components
[ (21 veh vz The receivers in the array will record
@ur ] tphipki Wtz these fields
[] trphi [V trz [] tphiz
’ Create ’ Array Creation ] Delete ] Modify

¥
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The array can be
1D, 2D or 3D.

Distance between 2
items in the array

How many items in
this dimension

Array Setting @
(") Displacement: (x, v, ) (@) Displacement: {r, phi, )
Direction 1 Displacemept 1, 0,0 Mumber of DbjEtlts 10 1D array
[ 0,1,0 1
O 0,0,1 1
Array Setting @
() Displacement: (x, v, 2) (@) Displacement: {r, phi, 2)
Direction 1 Displacement 1, 0,0 Mumber of Objects 10 3D array
Direction? Displacement 0, 1,0 Mumber of Objects 11
Direction3 Displacement 0,0, 1 Mumber of Objects 12|

Pr e®©Ko ibutt on, t

h e

observer

arr a
yl4

W i
5



Cylindrical or Planar Array

There is an option for the unit of displacement values

Array Setting

Displacement: (x, v, Z)

@) Displacement: {r, phi, z)

irection 1 Displacement 1,0, 0

It means that not matter the
project is in the Cylindrical
coordinates system or in the
Cartesian coordinates
system, the displacement
value is (X, Y, 2)

The default choice is the same as the project coordinates system

It means that not matter the
project is in the Cylindrical
coordinates system or in the
Cartesian coordinates
system, the displacement
value is (r, d, z)
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Example (1) 2D cylindrical observer array in a BHA project

(1) Define the start point of the array
(3) With default option

Mame Observerl
Dbserver Position Array Setting
R 10 Fhi 0 7 0 (7 Displacement: (x, ¥, 2) (@) Displacement: (r, phi, )
Captured Components Direction 1 Displacement 0, 9,0 Mumber of Objects 11
wr vphi vz
Direction? Displacement 0,0, 1 Mumber of Objects 3
trr tphiphi tzz
trphi trz tphiz | o, 0,1 1

(2) Click this button (4) Define the displacement and

S D observer number in each direction

L
Togggleant®

\ This is the
;x/ J cylindrical 2D array
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Example (2) 2D planar observer array in a BHA project

(1) Define the start point of the

array by (r, d, z) value
(3) Set as (X, v, z) displacement

Mame Obw
Chserver Position i Array Setting
R 10 Phi -45 Z 0 ) )
(@) Displacement: (x, v, Z) () Displacement: (r, phi, )
Captured Compaonents
Direction 1 Displacement 0, cosd{45)*2, 0 Mumber of Objects 11
T wphi VI
trr tphiphi tzz Direction? Displacement 0,0, 5 Mumber of Objects | 10
trphi trz tphiz
[ 0,0, 1 1
[ Create ’ Array Creation ] Delete dify

(2) Click this button , (4) Define the displacement and
observer number in each direction

This is the planar 2D array
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Create Observers by Data File

In some cases, user need to define array of observers, for example, 1000
observers at specified positions (those positions are not suitable for using
AArray Creationo). |l n this situation,
manually in GUI.

GUI provides a function to load these observers from a data file, as following

----- ' Load Obzervers from File

..... IR Delete All Observers

-

+-4l Excitation Pulses
1B Materials
..... Chip Images
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The data file is a text file in ASCII format, each line defines a observer.

The format of each line can be one of following:

(@) r phi z vrvphi vz trr tphiphi tzz trphi trz tphiz
(b) r phi z vr vphi vz trr tphiphi tzz trphi trz tphizii n a me 0

For the format (a), the observer in the file has not name, they will use the
name generated by the GUI

For the format (b), the observer name is defined in the file. But it may conflict
with existing source Iin the project
problem

User can also add comment in the end of each line. The comment start from
n// o. For exampl e,

I rphiz vrvphivz trr tphiphi tzz trphi trz tphiz // this is the comment
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A The value and the meaning forvphivztrr
tphiphitzztrphi trz tphiz
I Each inputcanbe Oorl

A0 ¢ do notrecord this field component
A1 -record this field component

I Example for a observer in a BHA project
Al 301 111 000 000

T Do not record any

Position=(r=1, Tau component

phi=304 z=1)

Record (vr, vphi, vz)

Note: if all components are not listed as recorded, the 15t field
component will be set as recorded component

151



cont.

Al RRAUAZ2YITfé&T SloOK ,f Awlsbe a lolr NI
considered as a pure commelirte and it will be skipped.
A Any empty line will be skipped automatically
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Cont.

A For the position (r, phi, z), user can define

them by variable or an expression with

variables

I But each value must use a string without SPACE

| Example

Ax ang+30 z 1 0 0000000

il SNBX WEQ A& GKS GFENRFIO6ES G2
i G ydboné A& GKS SELINBaairzy
i Wi Q Aa OGKS GFNRARFotS G2 OFf

Note: the definitangon aunsde si zvoa.r ilanb | cer dfie
work, the project should define these variables before loading.
Otherwise, the load operation will fail.
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A Example of the content of a file to define the
observers for a BHA project

Line #1 define a observer
obv_demo.txt at(r=1, phi=30A z=1); record (vr,
vphi, vz); auto name

1 301111000000

1 451000100000

2 301000100000 f«——

050 3000001000 Line #3 define a observer at(r=2,

phi=30A z=1); record trr; auto name

Simplest version

Line #4 define a observer at(r=0.5,
phi=0A z=3); record tzz; auto name



obv_demo2.txt A complicated version

130111100000 0 / defineaobserferat (r=1, phtg30A z=1);

Il record (vr,

0 O OAfZFd)b v 10
/] record trr; name=Aobv1o

1 45 1 0 0 0 1

2301000100000 /I define a observer at (r=2, phi=30A z=1);
/] recbrd trr; auto name
050 a+1 O 0 O O 0 1 \O 0 ARobwW20z Ffa

/] record tzz; hame=Asrc2o

1d 1

Uhe comment in the file

Here, the 4™ observer uses an expression and the

variable nao to define the Z positi
it work, the project should have defined the variable
Nnao before | oading. Ot her wi se, the

fail.
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Fol

make it more readable.

obv demo3.txt
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Snapshot

. . [ Edit Face Snapshot : |
In this version, there are only regular 2D face
snapshot is available for WCT BHA project. Neme |R-Fane SR
User can define R planes, Phi planes and Z
Flane Location {m, degree(-360:720), m)
planes to record
velocity: vr, vphi, vz and stress: trr, tphiphi, tzz, Low Corner (r, phi, ) 20, 0, 5
trphl’ trZ, tphIZ High Corner {r, phi, z) 20,90, 25
Recording Components
[&] wr [] vphi [#] vz
..... D Faces - -
- Solids e [ tphiphi [tzz
5 Voxels [ trphi [ trz [ tphiz
=B Snapshots '
_____ V Misc.
Create Face Snapshot
’:ﬂ B i Hace it For imaging purpose ’ Sampling Density ]
----- . Far Fields I
-4l Temp
o ) (o]

(Note: we suggest that do not record mixed field type in the same snapshot,
i .e., donodét record V field & Tau field in the

record V field in one snapshot, record Tau file in another snapshot.)
157
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After defining a
snapshot, use can
highlight the treenode
item to display the
snapshotdos
the project.

+-#- Sources
+-- 2 Observers

| Lumped Ports
&5 Wave Ports

+-4F Circuits
#- gl Excitation Pulses
=-B8 Materials

BB water
7 Curves
D Faces
e Solids
£ Voxels

=-[4 Snapshots

= Face Snapshot

R-Plane
Fhi-Plane
2-Plane .
a @odenapshot I
Far Fields
-1l Temp

14l Inported Result
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The Sampling Density of a Snapshot

The default sampling positions of a snapshot is the simulation grid point.

User can choose a denser or coarser sampling density by the requirement,

as following
Snapshot Mesh Options @
Sampling Density Baet i ity Based on System Grid
[] trphi Otz [ tphiz @ Density Leve vel l:]

(1/64)x
Misc. Example (1/32)x
) : . 1/16)x

For imaging purpose [ Sampling Density ] - (1/2)x : 1 sampling paint per 2 system grids. A coarse mesh SaME Elf"ﬂ}i m C

-2x  :2s=ampling points per system grid. A denze mesh -samp (1/4)x mar

L Hzix
Sampling Density Based on Wave Length ity Bz 2x
Coc ] (o] >

) (Unit: PPW) ) Bx

K, Cancel
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Following are the examples of the sampling density

System grid Default sampling density: 1x

e

B the sampling

Sampling density: (1/2)x Sampling density: 2x point in the
snapshot
area

O O
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Project Validation & Preprocessing



Validation
button Preproces

sing button

Before a simulation, GUI will verify whether a project is set up correctly
for the simulation, including

U boundary conditions

U solid position and clash test

U source, observer & snapshot position

The validation information will be shown in the log
U whether the project pass the validation
u if fail, the reasons

User can also make a preprocessing before the simulation to

u verify the project

U synchronize the mesh grid and obtain cells number in simulation
U calculate the k O



Grid Displaying

Before a simulation, user can use the grid displaying to check the
mesh quality of this project. As following,

Switch to different
View angle

Press fnShow/ Hi
Grido button

B|® | E »

-~ how Grid
el A |

21

ﬁll@@@@lj|

ML A5 3

Here, we can
see that the Z
grid does not

capture the
hole of solids

163

If the grid is not shown

after using AShow
grid button, let GUI

make apmdecessi ngo
to generate grid. Then

show grid.




Note: to show a grid correct]| y,r onwcee ssstor coregf loyr es
showing a grid. This is because the grid in GUI is not always synchronized with the
change in solid.

DO0O0OQ |@6 8|56

r\i lﬂ? CADZ : |
| Show Grid
7 | |
T el

Pre-processing

The pre-processing will verify whether the case setup, solids and other parameters are
correct or not. It also reports the cell s numkt

Log
Preprocessing...
Domains: 1x 1% 1, Cells: 12 x 14 x 182, Delta time: 2.84731e-007 sec, Mesher version: 2, CPU Time: 0.64 sec

Validating the design
...... Cylindrical EL simulation.....
*=*= \Warning: dash testing for solid is skipped by project setting, Can't sure whether the mesh in engine is correct ar not.
Itis suggested to double chedk solids before simulation.
Body positions, face positions, layer positons, observer positons, user defined control points, source combination are verified.

Preprocessing...
Domains: 1x 1x 1, Cells: 20 x 20 x 260, Delta time: 2.42195e-007 sec, Mesher version: 2, CPL Time: 0,655 sec
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Mesh checking

Before a simulation, user can also use mesh viewer to check the
mesh quality of this project. As following,

B@ a8 i[@showerd  [RPhi - |0 S - A

II| III / | II\'-—IT-.
[ e
{ I|' III ,'I I |'I ,'I I ,'I Ilr_lf
! | I |
O I I N O A A
IIIIIIII'II|II|III||I|

I

[ RN

I I| IIIII.'.-JT
+

Use fiSelect Bodyo
FaceoO to quit mesh

NE@ak o &

I = |
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We strongly suggest user to check the quality of mesh for a
complicated project.

For example, following sonic logging device, there are more than
100 parts and there are many slots in the solids. It is better to check
whether the slot is captured correctly in the mesh.

A cross-section of
mesh data

_/

-
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Simulation & Tools



Simulation

User can use fStAHE gsgnuiglignstarg yser i} ]
to start the simulation can nhPauseo or nStopo
simulation

If the user has a
WCT BHA HPC
solver, this button
can be used to
generated the data
files for WCT BHA
HPC solver

The simulation information and progress will be shown in the log and the status bar.

Log
Body paositions, face positions, layer positons, observer positons, user defined control points, source combination are verified.

Simulation has been started at 04/25/19 20:00:35 by Wavenology EM 2.0.8 (x64)
Preprocessing...
(Total cell number in engine: 24x32x%35) Domains: 1% 1x 1, Cells: 24 x 32 x 95, Delta ime: 5.34265e-008 sec, Mesher version: 2, CPUTime: 0.67 sec, CPUTime: 0.67 sec, Multi-thread (ver. 3) with 4 threads are used.

Time Stepping. ..

L& 2988/131023  [4s/3m9s (Elap./Rem.]]
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Multi-threading Control

WCT GUI employs multi-threading to speed up the simulation, the default thread number will be
determined by GUI. In general, this number can provide the best parallel efficiency, but user can

change this thread number to other values.

Simulation | Postprocess  Tools  Help

Start Simulation

Prepare MPI Simulation File

Solve Green's Function

Select Solver

Simulation Options

P L
ETETENTO F'_II L=

Multiple Threads

Lrerine Farmield
v | Observer spectrum

v Automatic max timestep

Define the thread number

The Threads Number X

System Info.
CPU: Intel(R) Core(TM) Ultra 7 258V
CPUMo.: 1 CoreMo.: 8 Thread Mo.: 8

QK Cancel

Note: WCT GUI will automatically detect the physical core number of CPU(s) and
determine the optimized thread number based on the physical core number.
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From WCT GUI v2.2.2, the WCT Cylindrical Elastic Wave solver will split the whole domain into
pseudo sub-domains with fine granularity. So, even the domain with 1 single € plane can be

simulated by multiple threads.

WCT GUI employs a dynamic load balancing method to re-allocate the load for each thread in the
simulation. Therefore, the simulation can get a stable and high CPU usage.

Note: to obtain the best parallel efficiency, the number of threads depends on the hardware.
According to our experience, for a single CPU system, with 2 memory channels, 4 threads is enough;

with 4 memory channels, 6 threads is enough.
User can use 1 or 2 more threads than above number to reduce the simulation time a little bit, but the

parallel efficiency will become lower.

Following is our test based on different systems for a case with 400x200x2000 cells.
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System with 2 memory channels

CPU Thread No. and Simulatiofiime (minutes)

channels type 1 2 3 4 5 6 7 8
19-10900 2 ddr4-3000 1122 669 534 504 496 471
(10 cores)
19-10900 2 ddr4-3200 1076 608 500 473 468 464
(10 cores)

System with 4 memory channels

CPU Thread No. and Simulatiofiime (minutes)

channels type 1 2 3 4 5 6 7 8
17-5960x 4 ddr4-2400 1613 828 594 460 393 365 349 353
(8 cores)
17-5960x 4 ddr4-2666 1598 830 589 454 384 345 329 337
(8 cores)

As can be seen, for a system with 4 memory channels, the speedup factor can be up to 5; but with 2
memory channels, the speedup factor will be around 2.5. Therefore, if there are enough cores in
CPU, the system with 4 memory channels can obtain double speedup compared to the system with
2 memory channels.
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Batch Simulation through the
Simulation Manager

User can simulate multiple projects sequentially through WCT simulation manager

First, a or several WCT Cylindrical Elastic Projects need to be built and stored.

Or, in Windows menu, expand here to start

In WCT GUI, use this button to start the
the simulation manager

simulation manager

pordinatgs  Simulation Postproo
: [:.‘g .G T o ‘-."'.fa*.ren.nlngj,r
@%| Stalt Simualtion Manager b | IEE‘I ;l;'”ﬂﬂ”

L L | a7 a8 = 0 | =
H&z Wavenology EM
3 WCT Simulation Manager

License
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—— load a saved project list or batch-link file

ey

Wavenology EM Simulation Manager r : . -. & : - . ‘-- . p— E@uw

Fil

/ Help

BB+ XKD K[F 0 s Wb o= §| P

add a projectin list

save current list into a file, which
can be used in the next time

'ﬁ)ojé* Mame Solver  Thread N...

Int. Rest. State Info

UL

Leg

173



Add a single Project into List

)X DO K[ # D @i M| b &= | §| 7

ject N?hs

Solver  Thread M., Int. Res

-

=
Simulation Task Editor [

Task
File

Property
Solver Type  Auto - Intermediate Result  Disable -
Simulation Thread Mo, 1 [ Result Comparison ]

select project file

Simulation Task Editor S |1

2]

X3 Please choose a project file

@L}'| .« Elastodynamics » OpenHole » "|*"’?|| search UpenHole Pl
Organize = Mew folder == - E;l @
%% Dropbox * Mame Date “
& Google Drive |Z] Rpldl WaterSolidM22P305110Qpl00Qs10_RS1F11k_QC.wnt 12/9/¢
=] Recent Places | \Z| Rplélp5_WaterSolidM25P40523_DP100F3k_HC wnt 12/9/
| | |Z| RplZ4_MudSolidM23P38520_DP100F5k_FCawnt 27204
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For a BHA project for
simulation purpose,

set solver otype

and user and define the
thread number in the
simulation.

For a BHA project for
generating HPC project
files purpose, set solver

typeasfi MFFli | e O .

-

Simulation Task Editor

S

Task

PruErty
S ut. o

n_A
Solver Type  Auto

Simulation Thread Mo, 2|

File D:'sim_case\Wn_BenchmarkiTesting_Pool'\ElastodynamicsyOpenHole \Rp E]

Intermediate Result  Disable -

[ Result Comparison ]

Cancel

Simulation Task Editor
Task

Property

File Dv\sim_case\ela‘parametric_sweep'22%oh_12, wnt

]

Solver Type  MPI-File

Intermediate Result  Disable -

Simulation Thread Mo, 1

[ Result Comparisan ]

Cancel
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After all projects are loaded in the list, user can start simulations

Click here to run the

project in the list

The project status is listed here to
shown whether it is finished or not

el Wavenology EM Simulation Manager - I.E
File Help
g@|+ﬁfDK|f»-%«|&mm E Rk
Project Name LI -I':'bl Solver  Thread M. Int Rest. State
1 Dsirn_case\Wn_Benchmark!\ Testing_Pocl\Elastodynamics\OpenH...  Auto 2 Disable Wait
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Load projects through a Link File

If user have multiple projects to simulate and they are in different folders, user can use a
link file to include these projects.

Then load this link file into the WCT simulation manager

f Help
|+}(‘,{'D}(|f s IR IK:

\'/P ject Mame Solver  Thread M. Int Rest.
— oy — — -
£l Please chogse a job-list file ﬁ
- w| . A\ Testing_Pool » Elastodynamics » - |+ Search Elastodynamics B2 |
\o) g ¥ + )
Organize « Mewkfolder =~ 0l @
%# Dropbox v Mame Date modified Ti=
& Google Drive . _ o
. J Auziliary 3/17/2016 1:47 PM F
= Recent Places : _ ~
. Homogeneous 3/17/20161:48 PM F
o , OpenHole 3/17,/2016 1:49 PM Fl=
o3l Libraries i . N _ ~ 1
3 . SonicloggingPipe 3/17/2016 1:49 PM F
@ Documents . _ ~
] J SteelPipe 3/17/20161:49 PM F
J’J Music . ,
] || ElxXClusterConfig_mpich2 b 12/1/201511:49 AM T
[ Pictures - - =
_ || test EL.txt 12/9/2014 1219 AWM T
=l Subversion TEST FI T¥T rar 1A 17+t 12021 £ A 1147 T
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WCT Simulation Link file format

Test EL.txt

.Include Homogeneous\fest Homogeneous.txt
.include OpenHole\test_OpenHole.txt

.nclude SteelPipe\test_SteelPipe.txt

.include SonicLoggingPipe\test _SonicLoggingPipe.txt
HHTHHHHHTT

comment line
start from '#'

test Homogeneous.txt

"Rpl1z1_WaterSolidM22P30S11_RSOF3k_FC.wnt" SIMTYPE=auto SIMTHREAD=1 INTRESULT=0
STATUS=wait
"Rpl1z1_WaterSolidM22P30S11_RSOF3k_HC.wnt" SIMTYPE=auto SIMTHREAD=1 INTRESULT=0
STATUS=wait
"Rp1Z1_WaterSolidM22P30S11_RSOF3k_QC.wnt" SIMTYPE=auto SIMTHREAD=1 INTRESULT=0
STATUS=wait
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Parametric Sweeping

As mentioned in the section Variable System, the geometry or system
parameter can be defined by variables. Therefore,

U user can sweep the variable in a range to design the geometries
dimensions to obtain a desired performance.

U or, user can sweep source and receiver array in different positions of a
system to investigate the response.

Following is an example to sweep 2 variables.




and 1 nne

& B
Variables - ﬁ
Mame Content Mote: Variable is capital insensitive. Variable usags
: x
rmin 1 MName ( )
rmax 3 "z"is directly used by -
) Input
height 8 3D solid: Borehole
value 3D solid: ring
FOTD parametric schems
Add | | Delete | | Modify
Reserved Variable Names
pi; e; t; -
Build-In Functions
sin(); cos(); tan(); asin(); acos(); atan(); -
sinh(); cosh(); tanh(); asinh(); acosh(); atanh();
exp(); abs(); sart(;
« [
- —
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a &ditdarametric Analyséss (1 2

:= | Simulation | Postprocess Tools  Help

L

I

¥

<<

Start Simulation
Prepare MPI Simulation File
5olve Green's Function

Select Solver
Simulation Options
Reference pulse

Multiple Threads

Allow Geometry Cutside the Dornain
Auto Load Balancing in Simulation

Observer spectrum

CA

Edit Parametric Analysis

SEICLL P ararmIet e neeaite

Show Parameters

LJI-

NJ Y &
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Add/remove the variable
from sweeping

N\

define the sweeping
range for a variable

P
Edit Parameter Sweeping \
List of parameter sets [E [E\ Edit a variable parameter
Mame |2 chooze 2 -
Enable  Mame From To Times
Yes z 20 a0 5 Fram 20 To &0 Times 3
Yes height 2 17 2
I Add | Dekte | | Modify |

\] Edit a sequential excitation

- Delete Modify

[] Indude the default setting as a parameter set

Generate a1
Projects Apply

‘ QK ‘ ‘ Cancel ‘

Options:

Enable this parameter set

A Enable or Disable the parameter when parametric analysis.
Include the default setting as a parameter set

A Add the default parameter set to the last parameter set.
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If there are sweeping parameters defined in a project, the simulation

will be automatically switched to the sweeping mode

;i gef’I;D | F° | G|

object in the Vie Run Simulation =

Each defined value in the sweeping range will be applied to
the project and a corresponding simulation will be run.

The final results will be shown with suffix: psxx. The

corresponding variable value for each psxx can be referred by

Simulation | Postprocess  Tools  Help

=10l Observers
=-4/il Transient
=gl wr
gl &ll

gl Observer_(01):

Pause Simulation -

. - Table of Parameter Values
Prepare MPI Simulation File

=

Solve Green's Function Postfix Parameter set
Select Solver psl z = 20, height = 2
Simulation Options ps? 7 = 20, height = 17
Reference pulse ps3 7 = 30, height = 2
Multiple Threads ps4 7 = 30, height = 17
Allow Geometry Outside the Domain ps5 7 =40, height = 2

v | Auto Load Balancing in Simulation

v Observer spectrum

Edit Parametric Analysis

select Parametnc Results Reflesh

Show Parameters
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Example of sweeping along a long well to
Investigate the response at different locations

Here, a long well is defined.

U A source and array of receiver will be
swept along the well to check the
response at different location of the well.
U We know that the wave do not
propagate for a long distance. So, define
the computation domain enclosing the

source and the receiver will be enough. ~ RECEV

array

er

For this case, we need to allow geometry

well

Computation
domain size

—(N

oyirce

larger than the computation domain

Multiple Threads

v Allow Geometry Outside the Domain

O OOt e T ST e

v Observer spectrum

F.
i

Y] #\
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Meanwhile, the source and receiver positions

depend

on

t domm botcar i abl e

-
Edit Existing Source

A

Mame Source 1 Type
Location Direction
@, phi, 2) 0, 0, 0,003 +dom_bot (theta, phi)
Radius 0.099 Phin
-
Observer Editor i . ‘: ﬁ
3 Obv_(01) Single Chserver |
Th Obv_{02)
Th Obv_(03)
5 Obv_{04) Name  Obv_{01)
Tk Obv_(05)
I3 Obv_(08) Observer Paosition
i3 Obv_(07) I
5 Obv_{08) R 0,099 Fhi 7 0.J123+dom_k
Th Obv_(09)
h Obv_(10)
':-:' Obw (11} [ BN R — F
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We define the sweeping on variable as following and start the simulation.

-

Edit Parameter Sweeping

List of parameter sets @ @
Enable  Mame From To Times
Yes dom_bot 0 0.6 2

[] Indude the default setting as a parameter set

Edit a variable parameter

MName |dom_bot choose dom_bot -

From 0O To 0.6 Times 2

Add | Delete | | Modify |

Edit a sequential exctation

Delete Modify

Enable this parameter set (use 'Modify' button make change)

Generate
Projects

‘ Help ‘ Apply ‘ 0K ‘ ‘ Cancel ‘

T =)

With this method, user can design different sweeping schemes for
different purposes with a single geometry layout. It can significantly
reduce the work for setup the project.
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Generate Batch Projects from
Parametric Sweeping

The parametric sweeping in GUI does not support snapshot to avoid huge storage space.
However, for some cases, the snapshot in the parametric sweeping is required.

Following functionality can generate batch projects with specified parameters. If the project
has snapshot, the snapshot definition will be kept in the batch projects.

Edit Parameter Sweeping

List of parameter sets [I] @
Enable  Mame From To Times
Yes dom_bot 0 0.6 2

[] Indude the default setting as a parameter set

Edit a wvariable parameter

Mame choose

From To

Enable {fE parameter Set [use T

Generate

‘ e Projects

“ﬁ (Genera

Hify' button make change)

ol ‘ QK ‘ | Cancel |

the projects for each case in the sweep l
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Mame

Mame - -
| pipes_full_batch_sim.bd
. pipes_full_bha_sweep_cases 2| pipes_full_psl.wnt
7| pipes_fullwnt =] pipes_full_ps2.wnt
| pipes_full_sweep_para_info.tet
The patch projects are stored in the sub- The files in the sub-folder

f ol g@reject name bha sweep caseo

The piged fell datch simixtd6 1 s a bat cl
file, which is supported by the WCT simulation
manager .

T h eipds full sweep para info.txtd6 has t he
for the parameters for each sweep.
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Project Memo

A From version v2.2.4, built in Dec., 2022, user
can add memo for the project as following

) l | |
-4 Circuits _
----- % 18IS Objects Frejecteme =
----- Particles e8] [ o (T |
+-4l Excitation Pulses }

1B Materials

01/01/23 22:16:07




Project Log Editing

A From version v2.2.4, built in Dec., 2022, user

can edit project log to add or modify the
Information for each simulation

In the log region, right click
mouse to popup following menu

3t 3726.192871, Vs: 1366.270752,

y 5.061572-007 sec, Mesher version: 1, CPLU Time: 2,353 sec

due to Q factor existg———
¢ 1863.096313, Vs: 0.000000 for caloulating dt purpose.
fpe 3726, 192871, Vs: 1366, 270752 for calculating dt purpose.,

Append memo to the Log

due o Q Edit Log

Clear Leg



Result Displaying

After simulation finish, the result will be stored and viewed as transient
waveform or spectrum distribution. It includes

1) The excitation pulse: transient pulse & spectrum

2) The field on observer: transient signal & normalized

spectrum

3) The field on snapshot: transient signal

E|| il Results

245l Excitation
-1l Transient
: Spectrum

=1l Observers

i1l Transient

-2l Spectrum (Mormalized)

=1/l Excitation
Ell il Transient
e
-1l Spectrum
..| il Magnitude
--| il Phase
.-| il Real Part
&1l Imag. Part

Excitation transient signal

— SOUrcE 1

-0.0000

0.0005

0.0015
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All registered components at observer are listed.

Observer vr transient B
Observer vr transient 0
. —Obv_(1)
=11l Observers 200011
=4l Transient 1501t
l II T 1.0e-011
a-ahl vphi
' |I VI g 5.0e-012 —
_,| II trr 5 1.6e-027 3
"l il tphiphi -5.0e-012
' II tZZ -1.0e-011
--| il trphi
"| II trz -1.5e-011
--| || tphiz -0.0000 0.0005 T‘me(g‘.omo 0.0015
=1l Spectrum (Mormalized) q m - -,
-1l Magnitude
=gl vr
Al Al Observer vr spectrum =]
gl Obv_(1) Observer vr spectrum =
-l Obv_(2) 208 —% (Note: for the observer
- ': SE"‘—? - spectrum, it is normalized
P by the spectrum of the
il Obv_i6) g == excitation. So, for a single
4l Obv_() Al source simulation, not
~ihl Obv_{8) : matter what type of
excitation pulse is used, the
spectrum result for receiver
s will be the same.)
Frequency (Hz) >
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Manage 2D Displaying

Observer vr transient

wrmis)

4

2.0e-009

1.5e-009

1.0e-009

5.0e-010

0.0e+000

-5.0e-010

-1.0e-00%

-1.5e-00%

Observer vr transient

ooV _ 11
— Obv_(12)
—_— Chy_(13)
— Cbv_(14)
— by _(15)
s Oy {16}
— Obv_(17)

Obvz_(01)
— Obv2_(02)
— ObvZ_(03)
— Obv2_(04)
= Obv2_(05)
— by 2_(06)
— Obv2_(07)

i
10}
= Obv2_(11)
— ObvZ_(12)

Obvz_(13)
— Obv2_(14)
— by 2_(15)
—— Obv2_(16)
— Oby2_(17)

—_— b2 _(

-0.000

0.001 0,002

0.003
Time (8}

0.004

0.005 0.00

I

| b

m

1

In the 2D canvas, user

can popup a menu to

U control the displaying property

of the trace

U Load curves from external data
file to compare with existing trace

U Export traces to data file

Observer vr transient

Waveform Setting ﬂ:
o]

Load Curves Ohy
Export Data SE:
Export All Data by
O

O

Interpol. cross sec. by
Ol

Zoom All Oby
b

Print (a7
. _ b
Print to File Obn
. . by
Print to Postscript by
O

Customized Fourier Transform Ohn
| T O
M —o
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Control the Displaying Property of Traces

Drawing Setting

(3]

-

Display Property
Legend | Color |Line Style| Width | Scale | Show *
1 bserver1_(01) | - 1 1 Yes dB Format
2 |Observeri (02) e 1 1 Yes |E
3 |Observeri (03} | - 1 1 |Yes
4 |Cbserveri (0f 0 1 1 |Yes B
5 |Observeri (05) BN e 1 1 |Yes
6 |Obeerveri(oed | 1 1 |Yes Curves Skip Intv.
7 |Observer1_(07) 1 1 Yes
8 |Chserver1_{03) 1 1 |Yes
o |Observer1_(09) 1 1 Yes Curves Layout
10 |(Observeri_(10) 1 1 |fes
11 |Observer1i_(11) 1 1 Yes Civerlap
12 |Cbserverl_(12) 1 1 Yes CM
13 |Observeri_(13) 1 1 |fes
14 |(Observeri_(14) 1 1 |Yes
15 |Observer1_{15) 1 1 Yes
16 |Observeri_(1a) 1 1 |fes
17 _|hheervsri M7 1 1 Wra i
‘| | i
Trace name  Trace color Hide or Show

Default displaying
layout is
overlapping, but it
can be changed to
cascade style
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Example of displaying Traces in Cascade Style

Observer vr transient

W imis)

L

25

10

Observer vr transient

OOV _ T 11]

= Obv_(1d]

e OV =1
S —gd=

— i 1)
— I'"Ih'\..'_{1 '-'-}

Fm | T ok 1
Uiy L 10)

by _[17]

S 2-{a4}

— v [02)

e by 2 (03

=l = = a0
O (0=

=— b7 (05

A~

by 2 {0}

Db (057

S = = =TV W -1

T 20

—Fy T (0]

o
ﬂll'\_

P L T I Y
S Z (1L

"'ul\_

— Obyd_[1d]

—.\,.n__n._nil\,_._'

Oy 13
e

— iy (1)
. [Ty :‘_{‘I ';::l

P
Qw2 {157

— il (1]

of
o
ﬂi‘f

-0,000 0,001 0,002 0,003
Time (s}

0.004

0.005 0.0

L)

»

m

1
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User can export the simulation result from one project, and load it in the
2D canvas of another project to compare the difference

— -
= Chserver 1_(33) ‘ ‘ ‘
w— Observerl {390

Waveform Setting

Load Curves

Export Data

expaort All L'ata
Interpol. cross sec.
Zoom All

Print
Print to File
Print to Postscript

Customized Fourier Transform

Load multiple celumn data

Load multiple column data with 1st column as X position
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For exampl e, as methediffevancebatwednlhe s e ct
arc source and the ring sourceo

i For the domain with d=[0, 904, with the same radius, with
normalization enabled, the simulation result of the arc source is 4
times larger than that from the ring source

The origin 2 curves

Observer vr transient

3.0e-00% — oo ()
2.5e-009 = Oby_(1){loaded)
2,0e-009
1.5e-009
B Result for Arc source
1.0e-009
5.0e-010 I
o) .
£ 0.0e4000 B Result for Ring source
 .5.0e-010 ”
-1.0e-00%
-1.5e-009
Il == by {1j{loaded] | | ||
20e-008 Waveform Setting
-2,5e-009
Coad Curves
-3.0e-009
Export Data
-0.000 0.002
- s ChANGE CUrve
Interpol. cross sec, dlsplaylng property

Zoom All 197



P

Wl Emis)

Drawing Setting

Display Property

=

Legend Color |Line Stvle|1l'-l’idth | Scale |Shuw |
i [Cbv (1) . 1 1 Yes dB Format
2 |Cbhv_(Z 1 1 |Mo
2 Shiaw Al
3 |Obv_(3) 1 1 Mo
4 |Cbv_(4) 1 1 Mo Hide Al
5 [Cbv_(5) 1 1 Mo
& |Obv_(&) 1 1 Mo Curves Skip Intv.
7 o000 L
B |Obv_(8) 1 1
g |Obv_(1){loaded) 1 '1‘35 Curves Layout
10 |Obv_(2)(oaded) 1 —th
11 |Cbv (3)(loaded) 1 1 Mo
Observer vr transient
3.0e-009
= — Obv_(1)
2.5e-009 =+ = Chy_(1)(loaded)
2.0e-009
1, 5e-009
1.0e-009
5.0e-010
0.0e+000
-5.0e-010
-1,0e-009
-1, 5e-009
-2.0e-009 |
Zoom In
-2,5e-009 \
-3.0e-009 vi
-0.000 0.002~— 0.004 0.006

Time (s}

Change the loaded

data with these settings

T mis)

-2.75e-009

-2.80e-009

-2.85e-009

-2.90e-009

-2.95e-009

-3.00e-009

-3.05e-009

-3.10e-009

-3.15e-009

0.00260

We can see these 2 curves
are exactly match
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Customized Fourier Transform on Transient Data

As mentioned in previous pages, the spectrum of observer shown in WCT GUI is normalized
to a source already. But in some cases, user want to:

1) getthe direct spectrum of the signal

2) the spectrum of partial transient signal

3) switch the normalization to other source: multiple sources situation

WCT GUI provides a tool: ACustomized Fourier
above purposes.

WCT Customized Fourier Transform (FT) supports
i Customized time window in the FT
i Customized frequency range for the FT result
i Customized normalization in FT
A without normalization
A can be the spectrum of any source pulse in that WCT simulation



Steps

1. Open one transient WCT simulation result.

&-10gl Excitation Pulses lLid LI
w-EB Materials Observer vr transient @
----- Chip Images Observer vr transient i
E E““‘ES — Obyv_(1)
..... aces —
&g Solids 6e-010
=) Voxels
- Snapshots e-010
----- . Far Fields
w4l Temp 28-010
—qlal Imported Result
=-1lal Results i )
-1l Excitation T ‘E‘ “e-028 E
=10l Observers -
=10l Transient -2e-010
=l v
o] fll A=-010
~aljl obv_) =
~thl Obv_(2) 6e-010
-l Obv_(3) '—
-4l Obv_(4) se010
e
gl Obv_{5) B 0,000 0.002 0.004 0.008 P
40l Obv_(6) Time (s} i
-~ Obwv_(7) 4 ] | »
el Qb (81 . -
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2.

In the 2D canvas, right click mouse to popup the menu as following.

Observer vr transient @
Observer vr transient i
— Oy fﬂl | |
Se-010 Waveform Setting
Load Curves
4e-010 Export Data
Export All Data
2e-010
Interpol. cross sec.
)
E -5e-026 Zoom All
=
2e-010 Print
Print to File
4010 Print to Postscript
Customized Fourier Transform
-Ge-010 7i\
-3e-010
-0.000 0.002 0.004 0,006 R
Time (=) =
'l 1 3 o
Click this ACustomized Four

er

Transf o
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3.l n the

AFouri er

P '
Fourner Transform Control ﬁ

Transient Signals

m

-0.000 0.002 0.004 0.00&
Time

‘| i [+ B

1|

FT Time Range

0 {s) 0.00699955

U
U

Start Time 0O End Time 0.00&899955

RESUIL T ey, molge LTt 112,

Frrin 200 Fmax 10810

Mormalization

Sig. Mame | MLILL Factor 1

Output

Magnitude [ |Phaze [ |Realpart [ ]|Imag. part

Magnitude in dB []Phase in radian

[_tevly |

[ Cancel

Transform Control o di

al

o0g,

A down sampled transient trace for view purpose
only (this is not the real transient data in FT, down

sampled to speedup displaying only)

The time range will be used in FT.

Default is the real simulation time window in the

simulation, but user can change it.

The exported spectrum range for the FT result.

Default is the f_;, & f., IN the project.

The minimum value of f;, is 0; The maximum
value of f ., is 200 times of .., in the project.

cont.
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-
Fourner Transform Control

Transient Signals

| »

m

U

Start Time 0O

Result Freq. Range (Unit: Hz)

0,000 0.002 0.004 0,006 R
Time -

4| 1] | » &

FT Time Range

i (=) 0.00699955

End Time 0.00699355

U

Magnitude in dB

Frrin 200 Fmax 10810

Mormalization

Sig. Name | MULL Factor 1
Qutput

Magnitude [ |Phaze [ |Realpart [ ]|Imag. part

[]Phase in radian

|

Amly]

[ Cancel

Normalization factor setup.
Please check the next page for detail setup.

What kind of FT results will be shown.

After al | are OK,
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Set up the normalization trace in the FT

Source Selection

==

Sources list

1

7

Help | |

Ok

| Cancel

The normalization method:
A. if there is not any excitation trace are selected, the FT result will not be

normalized:

FT result = FT(Transient data)

The list of all excitations in the simulation.

If one trace is selected (check the trace),
the spectrum of this trace will be working as
the normalization trace in the FT.

A. if there is one excitation trace selected, the FT result will be:
FT result = FT(Transient data) / FT(factor * excitation)
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Following is the FT result without normalization.

Magnitude (dB)

4

-240

-250

-260

-270

-280

-290

-300

-310

-320

-330

-340

-350

abs]
— Obv_{1)
2000 4000 5000 3000 10000
Freq.(Hz)

L

»

m
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Display the Field Recorded In
Snapshot

Double click any snapshot treenode in the result system, the 3D canvas
will be switched to the snapshot displaying mode

Wavenology Cylindrical BHA (x64) - b_11_nufm__ n=h|

File View Tools Help
DsBrs Riel aal-0080000FC|F
¢ [ Hide Field vector ~[Log =] 100 < |Time (s)|0.00108608 =l = O
Project a— —Yelocit
@ Mesh g - —oiress
IE Time -164
b & Sources
%" Observers
.. Lumped Ports
) - Wave Ports s o
L Results H-5 Circuits
=1 |I o 95 BIS Objects
-4l Excitation -y Particles o
: i-1ll Excitation Pulses
‘l ll Observers Il B8 Materials
&8 Snapshots 9 ipImages P
: . ™ Curves
=B Transient @ Faces
i[fll Selected Snapshi o-g Solids L] —z1a
=) Voxels
[ All Snapshots B Snapshots 1
I' ..l FarFields 5 -z21
P fs1l] FaceSnapshotl » o tlal Temp -
[& Frequen cy g1l Imported Result
(=N _|| Results z2es
-1l Excitation .
--| 1l Observers
=-[8 Snapshots
" Transient e
| [ Selected Snap
[ All Snapshots
Y Focesnarenot o
- Frequency —
4 1 | +



Following is the toolbar in snapshot displaying mode

[Hide Field Vector v [Log v] 100 2 Time (s)| 0.00108608
[Show v &1r vector -]
Show V Field Vectar
Show Tr Field Vechar
Show WV & Tr Vector '
Hide Field Vector
R Manually
near .
Whether g | | switch
need to shown
display fields ~ Whether the| frame
in the vector displayed
form datais in dB
mode
The frame
index

The corresponding
time for the shown

frame

(Note: for a snapshot with a single component, the linear
data range is (data,,,, data,,,,); for a snapshot with multiple
components, the linear data range is ([vector| i, [vector| )

B H o B XO
‘ Return to
regular 3D
canvas
Whether
, need to
Automadtic| |
displaying sh?(\]/lv the 3D
shapshot EOIkS as q
frames ackgroun
Export all
shapshot
frames as
a MPEG
movie
Options, see
the next
page
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Snapshot displaying property

Snapshot Display Setting

S5

General

Show Title on Window

Qutput

Default Moive Name

Freq. Snapshot Display

Frame Interval (degree)

Face Snapshot Displaying Quality

b_11 nufm_1

10

Qusty Leve
|| Dispalying Color Clamp
Enable Linear Range Min |-5.6781e-010 Max |5.58926e-010
This Snapshot Value Range -8.6781e-010 6.58926e-010
Enable Logarithms Range Min | -243.507 Max |[-133.507
This Snapshat Value Bange (dR) =242.507 =133.507

e > |

Mormal -

Very Fine
Fine

High

Low

Dispalying Color Clamp
Enable Linear Range Min  -6.6781e-010 Max 6.58926e-010
This Snapshot Value Range -5.6781e-010 6.589262-010
Enable Logarithms Range  Min  -243.507 Max -183.507
This Snapshot Value Range (dB) -243,507 -183.507

User can define a data range to
change image displaying color
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Movie property in exporting frames to Movie

il Y
Snapshot Movie Dialog u

Movie File Mame

Alinsulator/b 11 nufm 1 snapshotl.mpeg Browse

Recording Speed (Frames/Second)
22 7]

Horizontal Image Resalution
default

Diplay Choice
Project Frame Axes
Frame Range

StartFrame 0O End Frame 920

Ok H Cancel H Help

—
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As the default setting, the transient data for a snapshot will be generated after simulation automatically.

User can generate the snapshot in frequency domain by following operations.

=14l Results
&40l Excitation

&gl Results --l il Observers
w4l Excitation =B Snapshots
"l II Observers EI Transient
Elﬁ Snapshots . ----- B Selected Snapshots
EIEI Transient Please input ﬁeqm E;‘ !z) @ ----- [l All Snapshots
L Selected Snapsho = """ B FaceSnapshotl
..... B All Snapshots 18 El--- Frequency
s FaceSnapshotl Elﬁ 10000

Iﬁ’l w . [ Selected Snapshots
Add a monitored freq, » » L OANS hot
Cancel napshots

| L[ FaceSnapshotl

G [0 5000
[ 15000
( Note: for a | oaded project, the menu item iA

after the transient snapshot is loaded and shown)
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Export the snapshot to external data file

In the snapshot displaying canvas,
right click mouse to popup this menu

Export Spectrum Data from Displayed Snapshots For freq domain SnapShOt data

Export Transient Data from Displayed Snapshots

. For transient snapshot data
Export Current Frame from Displayed Snapshots

For the exported data format, please refer to the manual of WCT snapshot data file.
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Process Snapshot Data

The original snapshot data saved by GUI in the
following place

A Snapshot data file position:
I Projectproject_redsnapshotproject_snaps.dat
or
I Projectproject_ressnapshotproject_snaps.bin
(Note: all snapshots share 1 data file)

A The data file use binary format, mix withar, int andfloating numbers

To process the snapshot result comes for the WCT BHA HPC solver,
please refer the manual for the WCT BHA snapshot data. It is in the sub-
f ol d@recess #napshot data0 of t he demo package.




Data file basic structure

U In WCT EL Package, we support free face

snapshot with transient data only. File Header (3NT32)

U User need to know how many components
recorded for each snapshot Numberof face

Snapshot (INT32)

U The V or Tau data are scaled in the file.

U If real_V > real_Tau, scale_factor = Face Snapshot 1
max_real v/max_real Tau. Then all
recorded V is real V, recorded Tau is Face Snapshot 2

real_Tau* scale_factor.
Numberof Body

U Otherwise, scale_factor =
max_real Tau/max_real v, recorded Tau Snapshot (INTBZ)

is real Tau, recorded V is BodvSnapshot 1
real_v*scale_factor y P ﬁlrL]J?_ule be

<— Mustbe O

(i File header has the version info of the file BodySnapshot 2
U version 1: the file created by the GUI

beforev2.2.7 AdditionalData Block
U version 2: the file created by the GUI

fromv2.2.7

( Note: for the vleddsiitoinonla | f{ditesrae HIlso
ver si AddRt i anal exidtsilfauseBonlywait to process

the data Bdtiot eohhE,h&cnuse tlielsame k 0

method to process version 1 & 2 data. ) 213



an example is

version 1 version 2

2 (INT32) 2 (INT32) <« Number of Face Snapshot
Face Snapshot 1 Face Snapshot 1
Face Snapshot 2 Face Snapshot 2

0 (INT32) 0 (INT32) < Number of Body Snapshot

AdditionalData Block < Additional Data
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int
int
int
int
int

4

~ A B b

Binary Snapshot Data File Header

o O O O

Version numberyY dza (il
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Data structure for a Face Snapshot Data

int 4 Block header

1 ¢ free face

2 ¢ solid face
Structured Sampling information
data

Face Snapshotl
Data Block
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Structured sampling information for a Free Face Snapshot

int

4

How manypoints in Ft

dimension

Free face is 2D planar face, or

z plane only.

The 2D plane is always use 3D

for-loop to define sampling

position as,

for z
for

forr

For z plane, stdimension is r,

LIt | ysSlihénsion is INXBA.
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int
char

int
Blocki

Block |

Face Snapshot Data Block

4

Z

< X Z b

Number of characterfor
name

Snapshot name (N is from
above)

Number of samplingoints
Samplingdata for mint 15t

Samplingdata for pint jth
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double
double
double
int
float

X

float

Data structure for a block

8

8

8

4
4*Len

4*Len

Sampling point position
Sampling point yposition
Sampling point position

Trace length for all components
Trace for component 1

Trace for component k
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The additional data block

int 4 Version number.

Value=1 : version 1
Total For version 1, following data ha:
200 _ a fixed length of 196 bytes. The
bytes format is as following

double 8 Recording timestep for the
snapshot.
— Unit: second

XD 188 Reserved

—

The total length of the additional data block is 200 bytes.
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Example by the OpeHole Case

(the demo case & Matlab code are in the sub-folder

fprocess_snapshot datad o f
Edit Face Snapshot Iﬁ
VS - c=Snapshot 1] Normal
Plane Location (m, degree(-360:720), m)
Lower Carner (r, phi, 2) 0,001, 45, 0.12
Higher Corner (r, phi, z) 0,22, 45, 4.7
Display Components
wr wphi vz
trr [ tphiphi [ tzz
trphi trz [ tphiz
Lo ] (o

demo package)

U A face snapshot is defined as left
figure.

U This snapshot includes 6
components

ul f we say the- pr o]
hole\a 2. wnt 60, then th
data fil-e i s Aopen
hole\a2_res\snapshots _res\
a2 _snap.dat o
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In order to make a comparison, we define a receiver at (0.1191, 45, 1.8785),
GKAOK KlFa | Sljdza gl £ Sy i Liows/and 6kolumil K

The sampling point of snapshot can be read from file as the deattabcode.

-

After simulation, we exportth&r2 y G KA a NBOSAGSNI o8&
the reference data file.

In general, WCT GUI samples 2 points per period for snapshot; however, reg:
receiver samples 20 points per period. In order to make two sampling can be
comparable, we set two sampling density as the same,

.
Project Design Iﬁ
| Unit | Background | Boundary | Frequency and Pulse | Mesh | Time |
Time Window [s] V4
(@ User defined () Automatic {
\
End Time  0.007 -40 N
-30
Delta Time [5]
) User defined | 1.7079%-00& @ Automatic
oy W
- - T~
Refeiver Recordings Snapshot Recordings ~ \
4
\Recordings times per 15 Recordings times per 15 /
pegiod of max f_energy period of max f_energy -
~ -
-~
Recording INtEMal™ wdee L _Recording lntervet = 1
{Unit; # time steps) = (Unit: # time steps) =
L

'l“f
~—
N

LK 2 U

£ S W

nﬂﬁi-ﬂ-ﬂ
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Demo matlabc o d e

0 r e a dAdditartaldate Blocke p t

clear all;

%%%%%%

nComp= 6; %%%% firstly, you need to determine how many
possible field components will be in the data file

%%%% here, we assume this is only one snapshot in the f
this snapshot has 6 components

% open file
fid =fopen( 'a2_snap.dat'rb'); % target file
if(fid ==-1) return; end;

%%% read header

n0 =fread( fid, 1, *int32");
nl =fread( fid, 1, *int32");
n2 =fread( fid, 1, *int32");
n3 =fread( fid, 1, *int32");
ver=fread( fid, 1, *int32");

%%% make sure it is the new version
if( ~(ber==1) || (ver==2)))

fclosq fid );

return;
end;

%%% face snhapshot part
%%% the number of face snapshot in the data file
nFS=fread( fid, 1, *int32");

%%%% following code assume there is only one snapshot in the

%%%% if there are more, you need to use your data structure to
store information

if nNFS > 0,
%%% there is face snapshot

fork=1:nFS, %%% read face snapshot one by one
nType = fread( fid, 1, *int32"); %%% face type (free face or solid
face)
nlD = fread( fid, 1, *int32'); %%% 1st dimension length
nNameLen = fread( fid, 1, *int32'); %%% snapshot length
sFsName = fread( fid, double(nNameLen), *char'); %%%
shapshot name
nPoint = fread( fid, 1, *int32'); %%% total point number, so the
array will be (n1D) * (nPoint/n1D)

%%%% all point will include a structured information
forj=1: nPoint
%%% r, theta, z position
x = fread( fid, 1, *double");
y = fread( fid, 1, *double");
z = fread( fid, 1, *double");

%% % point r position
%%% point theta position
%%% point z position

pos(j, :) =[xy z];

len = fread( fid, 1, *int32"); %%% trace length for this receiver

len =len/ 4; %%% this length is the size of 'char’, need to
convert to 'float’

foriComp =1 : nComp, %%% for all possible components
v = fread( fid, double(len), *float");
fss(j, iComp, ) = v;

end;
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%% % volume snapshot part
nBS = fread( fid, 1, *int32");

%%%% for EL solver, we use face snapshot only, then we skip following
data file
fclose( fid );

%%%% display
%% % for this 2D array, the inner point number is 'n1D
n2D = nPoint/ n1D;

xPos = pos(;, 1); xPos =reshape( xPos, n1D, n2D);
yPos = pos(;, 2); yPos =reshape(yPos, n1D, n2D);
zPos = pos(;, 3); zPos =reshape( zPos, n1D, n2D );

%%%% we get a obv. at (r=6, z=17)
idr = 6;

idz = 16;

id = idz * n1D + idr;

vr = squeeze(fss(id, 1, :));
max_vr = max( abs(vr) );

%%% reference data

aa = load( 'vr_al.txt");

vr_ref =aa( 2:end, 2);
max_vr_ref = max( abs(vr_ref) );
scale = max_vr_ref / max_vr;

%%%0%% %% %% %% % %% %% %% %%

figure;

plot( vr, 'r*-");

hold on;

plot( vr_ref/scale, 'bo-");
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As can be seen, the scaled back data is exactly

tly from GUI.

irec

It d

Vr at (0.1191, 45, 1.8785)

iver resu

| rece

igina

match the or

x 10

I I I I I I I
L 8 o
a —
S 2
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[}
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B o
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e
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O
0 <
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B o
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e .v!ﬁr!‘r!sz .'.\AE
A
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‘..‘v hiﬁiaﬂiiiv_e&wm; 5
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Demomatlabcode t o

r e aAdditidnal Daa Blockd h i

clear all;

%%%%%%
nComp = 6; %%%% firstly, you need to
determine how many possible field
components will be in the data file

%%%% here, we assume this is only
one snapshot in the file, this snapshot has 6
components

% open file
fid = fopen('a2_snap.dat', 'rb'); % target file
if(fid==-1)
return;
end;

%%% read header

no = fread( fid, 1, *int32");
nl = fread( fid, 1, *int32");
n2 = fread( fid, 1, *int32");
n3 = fread( fid, 1, *int32");
ver = fread( fid, 1, *int32");

%%% make sure it is the version #2
if( ~( (ver==2)))

fclose( fid );

return;
end;

%%% face snapshot part

%%% the number of face snapshot in the
data file

nFS = fread( fid, 1, *int32");

%%%% following code assume there is only

one snapshot in the file.

%%%% if there are more, you need to use
your data structure to store

%%%% information

if NFS >0,
%%7% there is face snapshot

fork=1:nFS,
one by one
nType = fread( fid, 1, *int32"); %%%
face type (free face or solid face)
nlD = fread( fid, 1, *int32'); %%% 1st
dimension length
nNamelLen = fread( fid, 1, *int32");
%% % shapshot length
sFsName = fread( fid,
double(nNameLen), *char');

%%% read face snapshot

%%%

len = fread( fid, 1, *int32"); %%%
trace length for this receiver

len=len/4; %%% this length is
the size of 'char’, need to convert to 'float'

foriComp = 1: nComp, %%% for all
possible components
v = fread( fid, double(len), *float");
fss(j, iComp, :) = v;
end;
end;
end;

end;

%%% volume snapshot part
nBS = fread( fid, 1, *int32");

snapshot name

nPoint = fread( fid, 1, *int32"); %%%
total point number, so the array will be (n1D]) *
(nPoint/n1D)

[oX

%%%% all point will include a structure
information
forj=1:nPoint
%%% r, theta, z position

%% % additional data block
add_ver = fread( fid, 1, *int32");
ifladd_ver==1)
% the next value is the dt of the snapshot
dt_ss = fread( fid, 1, *double");

% show this value
dt_ss
end;

x = fread( fid, 1, *double"); %%%
point r position

y = fread( fid, 1, *double"); %%%
point theta position

z = fread( fid, 1, *double"); %%%
point z position

pos(j, ;) =[xy zI;

%%%% for EL solver, we use face snapshot
only, then we skip following data file
fclose( fid );
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Appendix



Mesh Data

(1) Display & Check Mesh Data

User can use Wavenology GUI to check the mesh directly by displaying the mesh in the canvas.

EEE Show the cylindrical mesh

W (B3 ¢ @ E Use nASelect Bodyo or nSel ect

== |

L

Af t er cl i cShowomeshoo b utt h ® ni® the mai Meshanvas wi l

Displayingd mode. The two coordinate system modes
the definition of plane-normal is different.

In following pages, we demonstrate how to display the cylindrical mesh.



[Ee @e )0 80000 8 @0 G EIEIE
I-ﬂ-&&ﬁ-@—ﬁ-@ﬁeﬁﬂiﬁ-l woe e & @& o ¥ OB | 26 B
| i Mlshowerid  |R-Phi v |0 =h AR 4
| I

Click top g User can check whether the
view mode cell-material is correct or not
i Z
v
¥
The grid can lt\)llote: the
Y be hidden by blue cross
x uncheck is the view
The d_efault displaying mo_de _is lowest Z , _ e - ::(;trz:lttlec;nmt
(R-Phi plane) cells with grid line shown. - []show Grid , \
a real
object.
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[Ee @e ). 800006 8 @0 & (&& B 8l

G- & SO > i € eo | B@- ¥ oD®m 20 .
| Mshowerid  [Rehi v o S m i [ (&l |: P

I_ ______ \\ o f'\
Click Change the section index.

reset view mode | A different mesh-section is displayed

The canvas return back the ~E@ v :

angle view mode.

Note: the displaying color for each cell is

¥ v determined by the material in that cell. The
material color is defined as one of the material
property in the Material Editor
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== aaj-E 900000 7 @@ @ voran | 8/ || @ G e ei®

s @A DY e B@ EEEWODE 268 |

1 —
| i[Fshowerid  |RPhi v |0 +EE i) 0| 0|2 T
|

Switch to different displaying
plane to check mesh.

‘Hshoweid  |zr  v|13 s @@ | I |§Sh-:-wGrid Phi-z |

sE@[i>>») 0 @l

L

s

——

i ;
L :
i :
1
L

./ -“'h..

Z-R plane displaying example Phi-Z plane displaying example
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(2) Export Mesh Data

The mesh can be exported to external data file also.

®  Generate cylindrical mesh and export the data file:

cyl_mesh.txt cell material index, ascii format
material_info.txt material name and index , ascii format
cyl_mesh_grid.m grid position, matlab m file

Note: the exported files has the same names for all cases. The files from a
new generation will replace the old data files.
It is suggested to use different folders to save different cases.
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Exported Mesh Data File Format

material_info.txt material name and index , ascii format

% id name eps r e _cond
0 Air 1 0 1 O
1 PEC 1 0 1 O
2 ml 2 0 1 O
3 m2 1 0 1 O
4 m3 1 0 1 O
5 rockl 2 0 1 0
6 rock2 4 0 1 O
7  rock3 3 01 O
) ™
1st column is the material 2"d column is the material
index in this case, not matter name

this material has been used
for any solid or background

m_cond

other columns are electric-
profile of the material. We
will add more parameters to
support elastic wave solver
in the future.



cyl_mesh.txt cell material index, ascii format

N How many cells along R(cylindrical mesh:mesh.tx}
next N rows Cell centers along R or X axis

M Cells number along Phi or Y axis

next M rows Cell centers along Phi or Y axis

K Cells number along Z axis

next K rows Cell centers along Z axis

next N*M*K rows Material index for each cell, the index is the same as the
file material_info.txt

¢KS RI Ol Aa foODMElII USR 0é UKS a
For R
For Phi
For Z
X
end Z
end Phi
End R
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cyl_mesh_grid.m grid position, matlab m file

User can directly run these files in matlab. After running, user
can get following variables:

NR or NX: grid number in R or X axis
NPhior NY: grid number in Phi or Y axis
NZ: grid number in Z axis

Rgrid or Xgrid:  grid position in R or X axis
Phigrid or Ygrid: grid position in Phi or Y axis
Zgrid: grid position in Z axis

The content of the file is easy to understand even with Notepad.
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the Possible Result Difference
caused by Mesh Difference

In a typical BHA application, ring source will be excited on the interface of device, for example,
sonic logging device, steel pipe, cement pipe etc.

AT // Sometimes, user will find that, for the same
/ simulation project, if the mesh setting change,
the simulation results may have an almost the
/ same shape, but with a significant change in
magnitude, as following figure.
Ring ///
source —> —

x10™ vr
15 . . .

0.5~

Actually, all simulation results are Aﬁ“ &#
correct, the difference comes from ’ Il
the implementation of the source.

Magnitude

0.5 ‘




The basic implementation of a source in the FDTD method.

Foll owing is a 2D FDTD grid and the compone.]

2D FDTD grid
Shear Shear
> >
Pressure Pressure
V91, e . e N » \ o o
Qriginal Sub-sourc Sub-sourc

force source

As can be seen, in general, a source (force or velocity source) will not be exactly at a
component 6s position. |l n order to provide a
this source will be split into multiple sub-sources with corresponding magnitude.

So, we can know

a) If all sub-sources are in the same type of material, the simulation result will be
consistent not matter how to change the mesh.

b) If sub-sources are in the different type of materials, the magnitude of the response
will change
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Following is the grid for the same physical model, but the left case uses very fine uniform
mesh to capture the interface of solid, the right case use non-uniform mesh.

It can be seen, due to very fine
mesh, the source in this case is 1
cell away from steel.

Therefore, in the source
implementation, all sub-sources
are in the water.

R of the
ring source

It can be seen, in this case, the
source is about 0.1 cell away from
steel.

Therefore, in the source
implementation, some sub-
sources are in the water, others
are in the steel.
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By comparing the simulation result, we can see big difference in magnitude.

x 107 vr
12 T T T T T 13 -
|
10+ Fine Mesh 7
8 Coarse mesh
6 | B
|
4 |- -

Magnitude
o N
!

1

r

Time (ms)

However, if we normalize the waveform to the same level, they are very close.
Vr
16 T T T I T T

14

[ Fine Mesh
B Coarse Mesh

12

10

Vr at observer 1-16

_20 r é é r r r 239

Time (Ms)



Capture the Hole of Solids in Mest

In order to simplify the mesh generation and save the preprocessing time, the default mesh
control for a solid is to capture the bounding box.
However, for a complicated solid, there are hole or slot inside the structure, as following solids

The hole or slot is design for special purpose and will affect the wave propagation
significantly. Therefore, in the mesh, these details must be presented correctly. In order to
obtain this goal, more mesh controls on the solid must be enabled.
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Here, we show how to change the mesh control to affect

the detail presentation in mesh.

Solid Editor

3D body editor

Mame b0O01_z01(11) Material

Transparency
] 0

U

+-nlogooed®|

Tungsten

Mesh

100

=+ History
(Add)Sweep Shape::Shapel
G-*— (Subtract)slot_01
-*~ (Subtract)slot_02
G-*— (Subtract)slot_03
----- t— (Transform)Translate::t001
- (Transform)Translate::t012

Ok

Exit

Object Mesh Control

28]

@ Automatic mesh

(7 User defined contral points
* Body bounding box Face bounding box

Body vertices

Edge bounding box

| Hep || ok

N
|

] [ Cancel

Default setting, GUI will
check whether the solid
IS convex.

For a convex solid, the
grid will capture the solid
bounding box only.

Otherwise, the grid will
capture the bounding box
of each face of the solid.

The grid will
capture which
part of the
solid.
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This is the mesh by capturing
solid f a c leosnding box (or

This is the mesh capturing using Auto mesh option)

the solid bounding box only

Thi s mesh data canot

hban
P

r b
solidsoé6 hole with accuf @

%slg c@trq gan exactly
% u

hes?Phib@soO

hol e.



the PML Setting

WCT BHA solver employs PML at the
absorbing boundary.

In principle, in order to let the PML works well,
the total thickness of PML layer will be at least
half wavelength. We suggest it should be
about 1 wavelength in the BHA solver.

If the project uses the automatic non-uniform
mesh with PPW=20, the default PML layer will
satisfy above requirement already.

However, if user define a very high PPW, or
user define a very fine mesh, the default PML
layer will not satisfy above requirement.

In this situation, it is better to change PML
layer number.

3
|

=

1l

Tools | Help

Walidate Design
Preprocessing

Build Material Library
Load Material Library

Save as Design Template

Load Design Template

Export current project 5 Parameter in 51P file
Export 5 Parameters in 5nP file

Calculate ECC for MIMO

Cylindrical Elastic Wave Sohver Options

Display 30 Volume Result/Data
Special TEM Mode Waveport Solver Options
Start Simualtion Manager
License server

Clear Log
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-
Elastic Wave Sclver Options — g

General

[] Show real mesh information in solver

openze.c. PML layer number in Z gpen rmaxe.c.

Padding Layer Number 32 Add Padding Layer Others are the PML
Max Decay Factor 8 coefficients. Please do not
Max Decay Factor 3 .
s . change these values if user
Beta 4 - dondt know the m
Profile Order 2 Profile Order 2 these parameters.

Suggested Layer Mo, 16

PML Update Scheme PML layer number in R

(@) Classic (71 Modified

MPT Simulation File Setting
[ Export snapshot setup in the parametric sweep

ox
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Special PML Setting for the Background with
Small Q values

The Default PML setting may be bad if the project set up the background
material with a small Q value, for example, Q=20, or Q=5.

Following are the examples of the special PML settings for Q=10, and Q=5.

Background Q=20 Background Q=10 Background Q=5
Open Rmax B.C. Open Rmax B.C. Open Rmax B.C.
Add Padding Layer Add Padding Layer Add Padding Layer
Max Decay Factor 8 MaxDecayFactor 4 Max Decay Factor 3
Beta 12 E 2 Beta 24
Profile Order 2 Profile Order ) Profile Order 2

Suggested Layer Mo, 16 Suggested Layer No. 32 Suggested Layer Mo, 32



Geometry Clash Test

In some cases, all (or most) solids are
imported from other CAD software. In
principle, all solids are designed correctly
and will not need to be modified.

However, due to the error tolerance in
different software is different, for example, a
gap or clash in 1e-7 level will be acceptable
in other software, but it is not acceptable in
WCT. Therefore, WCT will report that there is
geometry clash before simulation and ask
user to fix it i this means tedious boolean
operations.

Actually, this small error will not affect the
simulation result. If user can make sure the
solids in the project are correct, he can skip
the clash test before simulation, as the figure
shows.

(Note: if there is solids imported from external CAD
data file, this option will be automatically enabled)

Simulation | Postprocess Tools Help

Start Simulation
Prepare MPI Simulation File
Solve Green's Function

Select Solver
Simulation Options
Reference pulse
Multiple Threads

¥ Observer spectrum

How to define Multi-Domain
Multi-Dormain by Grid

Multi-Domain by Body
Edit Parametric Analysis

Select Parametric Results

Show Parameters

v Skip clash test before simulation

Cyit after simulation

Voxel/Solid Sequence

Cartesian FOTD PML layer number

Cartesian FDTD Mesher Version

Enable Advanced Farfield Analysis

Cartesian EL Order

Initialize EM field as specified values before simulation

3D SQIF Link

—
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The WCT BHA solver employs the FDTD met hod.
simul ati on. Basically, the et i1 s deter mine
wave speed in this cell.

ual arger cell size wil/ Il ncrease et

ufaster the wave speed Iin a cell wild@l decr e

'W7

A typical uniform /

mesh grid. As can
N

be seen, the cell
size at R=0 is very
small




1)

2)

Il n a cylindrical system, the cell size iIs pro
extreme thin pipes (&R will be very ,iny), 1in
especially for R,,,=0 situation. Therefore, a relative largerR,,c an i ncr ease &t .
According to our experience, for a uniform R grid setup, if we setthe R,,= &R wi t h Har d
boundaryatR.,, t he @&t will be 1=0%etup.iAmi¢he sinulatpprger t har
result has about 1.5% difference only. But du
time window, the total simulation time will be 67% of that in R,,,;,=0 setup.

| f possible, dondot pl ace g,pregion besausehiwilhi gh spee
decrease the e&t. For example, i1 f there is a s
times smaller than a small water hole inserted into this solid steel pipe. In general, due

to the wave in R=0 region is very weak, and the wavelength of the wave is very large

compared to the R of the inserted water hole, the simulation result will be almost the

same. But the total simulation time has 3 times difference.



Q & A for Licensing Problems

A What is WCT EM & EL package?

I WCT EM & EL package is a general GUI to simulate multiple physics. It supports followi
solvers by the same GUI

Cartesian EM

Cartesian EM Imaging

Particle in cell

DNBSYy Q& CdzyQliAz2zy F2NJI[ @SN YSRAL

SEM solver for Lithography

Cartesian EL

Cartesian EL Imaging

Cylindrical EL for Borehole acoustic (BHA)

To To Do To Do o Do I

A OS requirement
I It only pass the tests in Window 7 x64 & Windows 10 x64, and it is x64 version only.

A Where can get WCT EM & EL package?

I Please go tohttp://www.wavenology.com/download.htmand download the installation
package with the download key provided by Wave Computation Technology.



http://www.wavenology.com/download.html

A What is in the WCT EM & EL package?

I setup.exe & Data.msi

A How to install WCT EM & EL package?

i y|)\LJ GKS Ayadlttraazy LI O1F3IS YR
yzu 20KSN) NBljdZANBYSydad LT GKSNB Aa
WCT download page.

NXzy
S NN

A What is WCT license?

I To start a simulation in GUI, the corresponding engine need to be unlocked. WCT GUI
uses a license to unlock the engine.

I Alicense is bound to a MAC provide by user and can be used on the computer with that
MAC only.

A Does WCT GUI requires license?

I Not, WCT GUI does not require license. After installation, the GUI can be used for
modeling purpose, or load the existing WCT project to check existing simulation result.



A How to obtain a license?
i Please contact WCT to purchase a license.
I Orregister in WCT website to obtain a free license for 30 days evaluation purpose.

A Whether there is multiple WCT license types?

I Yes. There are two types of license: fixed node or floating
A Afixed node license can be used on the computer with a specified MAC.

A Afloating license should be installed on the computer with a specified MAC, but other computers can link to
this computer to unlock the engine.

i Basically, one WCT license file can unlock one or multiple engines, not matter it is fixed
node or floating.

A What is the WCT license server?

I WCT license server is a service installed in OS after WCT EM & EL package is installed.
I Itis used to manage the license.

I The WCT GUI need to communicate with it to unlock the engine.
A2AGK2dzi GKS 2/ ¢ fA0SyasS aSNBSNE GKS aavdzZ Fadazy Oly



How to load a license?

I For detail information, please chettke WCT licensing Manual

I A simple procedure is:

. Wavenclogy

ﬁ! Uninstall

;20

, -
» LILETIST

o license server manager

AT DT " i ncnd
- eyt

1  Back

Search prooroms ong files p |
JEQICN programs and JIEs

File View Action Help

Run as
administrator

Support following solver................
WCT Cylindrical EL (BHA) + EM Solver, with Partide enabled
WCT Green's function solver
WICT Cartesian EL solver
WCT HPC EM project file generator
WCT HPC Cylindrical EL (BHA) project file generator
WCT HPC Cartesian EL project file generator
WCT HPC EM solver
WCT HPC Cylindrical EL (BHA) solver
WCT HPC Cartesian EL solver
HPC nodes limit : 100
Fixed node license
Ultimate wersion
Maximum runnable eninge number @ 100
License issue at : 2016-7-1
Expiration at : 2019-7-1
Upgrade : 3 years

Stop the license manager

.~ WCT License Server Manager SR (NN T

File  View—|-Actiond—Halp——

Make sure similar
information shown

&

(go to next page)

Support fojo Stop
WCT Cyligd r| with Partide enabled
WCT Green
Start
» WCT Carte ?
WCT HPC EM project file generataor

WICT HPC Cylindrical EL (BHA) project file generator
WICT HPC Cartesian EL project file generator
WCT HPC EM solver
WICT HPC Cylindrical EL (BHA) solver
WCT HPC Cartesian EL salver
HPC naodes limit ; 100

\

. WCT License Server Manager

Load the license file
provided from WCT

-

File | View Action Help

Load License File

Exit

FET TS T

T OO



\

Restart the license manager check the server status

L i

.~ WCT License Server Manager | . WCT License Server Manager

| File View [Actiﬂn] Help File [View] Action Help
» Bt Ereemee

®© Server Activity

TTient Acthity

List all MAC in this computer

Refresh

‘ Make sure the serve is ON

IS

. WCT License Server Manager

File View Action Help

Server iz on.|

If reach this step, the license is loaded correctly and the license server works well.

User can quit the license server manager.
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A How to check the status of WCT license server?

. Wavenclogy

i& Uninstall

;20

v ;:;:EI-I}E 1 Run as » J—
license server manager | admlnIStratOI'

AT DT " i ncnd
- eyt

1  Back

Search programs and files 2 |

A How to check the status of a license?

. Wavenclogy

i& Uninstall

J 20

' ;;"_“ Run as *
licenze server manager | administrator

LA L O L RO G LU

1  Back

| Search programs and files 2 |

- Make sure the solver type and the time are correct.

-

.~ WCT License Server Manager

File View Action Help

Support following solver................
WCT Cylindrical EL (BHA) + EM Solver, with Partide enable
WCT Green's function solver
WICT Cartesian EL solver
WCT HPC EM project file generator
WCT HPC Cylindrical EL (BHA) project file generataor
WCT HPC Cartesian EL project file generator
WCT HPC EM salver
WCT HPC Cylindrical EL (BHA) solver
WCT HPC Cartesian EL solver
HPC nodes limit : 100
Fixed node license
i Lltimate version
Maximum runnable eninge number @ 100
License issue at : 2016-7-1
Expiration at : 2019-7-1
Upgrade : 3 years

...... WCT lincense server is on.
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A What is the meaning of following information?
i {2YSGAYSAST dzaSNJ OFy Qi &dF NI | aAxydz I GAz2:

......... *** More detail information about the failure: Fail to connect to server.

It means that the GUI candét unlock the engine to

c:

The license is not loaded correctly.

c:

The requested engine does not match the license.

U The license expires already.

c:

The requested simulation number excess the register number in the license.
U For example, if the license support 2 simulations simultaneously, the request for the 3
simulation will be rejected. User must wait until one of existing simulation finish.

The license server is OFF, or does not exist.
U An known problem is, in Windows 10, after OS upgrade, the WCT license server may be
removed by OS. In this situation, user need to un-install WCT and re-install it. But in this
situation, user does not need to reload the license.

c:

O For a floating |Ilicense, the GUI candét connect

U If the GUI is terminated manually, the license server need to wait 15 seconds to make sure whether
the GUI is still alive and just lost connection. So, a new simulation should wait 15 seconds to start a

new simulation.
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Tutorial Cases

To build a BHA project, please make sure the GUI has
been switched to the Cylindrical EL mode (BHA mode)

Wawvenology BHA - tt

#-8 Edic  Wiew Coordinates  Simulaki

= Open Project cel-o  E|E
H i | r w“
Close Project 'Hj' Select Problem
. T =
& save Project tel-5 Problem type
W Save Project fs [ ) EM @) Elastic
C O Mewphisis ||
i O | Coordinates
B Change Phisics - 2
() Cartesian (@) Cylindrical
Export Geometries 4
Print Setup Help 0K Cancel
Prink Preview

b - =

Prink
Prink ko File

Exit Ctrl-i

Or, user can load a existing BHA project from the BHA demo
package, theni C| o # te make a new BHA project.
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Casel
A steel Pipe in Borehole

This case is used to show how to build a basic borehole with a steel pipe inserted
inside, then a ring dipole source is excited and check the wave propagation

The idea to build this case is
U formation background
U a water hole as the borehole

U a steel pine is placed in the borehole Water hole
For the borehole & the steel pipe, there are 2 i
ways to build them \ / v

1) One water cylinder as the borehole, a . 2 Formation
steel cylinder is placed into the borehole
i we need to let borehole Subtract the
steel pipe

2) Because the water borehole is split by the
steel pipe into 2 cylinders, so, there are 3
independent cylinders in the project.

Here, we use method 2 to build the project.
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File Edit Wew Coordinates

DEale @

Mew Project
F W g oo
Praoject

(= Mew Wavenology Project
B

' predefined folder to export them. Without this predefined folder, the data

define

t he

project

name

» file will be saved in some system default folder and will be hard to find.

Wiz Save Project As

Y XY 1.

| - vl .« sim_case » ela » BHA » t »
GU=[) « amse s Sl

Organize v

=|| Subversion

New folder

Name

W Favorites
Bl Desktop
& Downloads

. steel_pipe

% Dropbox
& Google Drive

=l RecentPlaces |

4 Libraries
l‘ Documents
Ji Music
[ Pictures

Date modified Type

4/29/2019 5:18 PM File folde

v 4

m

File name: steel_pipe

Save as type: | Wavenology project files (*.wnt)

4 Hide Folders

Save ] [ Cancel ]

....................................................................................................

It is better, then, to save the project with a name under the target folder.
Here, we
' Because in order to generate the mesh data file, the software need a
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gk Y Hr
|[§]I[§}°E

..............................................................................................

nUsePro;ectDeS|gno but tUnitd or e@node to modif

E;- Mew Wavenalogy Project

- n
------ n Ean:kgru:uund

------ n Boundary

) — .
------ [ Freasepuse Project Design % -

Unit |Bad¢ground I Boundary I Frequency and Pulse I Mesh | Time |

Length meter -
Time second -
Freguency hertz -

Define project un @ 1j0with Frequency - (2

ﬁ S O an d ﬁ Hz 0 . Ot h 1 1/0 with Wavelength in water  {m)
use Default values

Action option when length/freq. unit change
@) Scale whole system

(7 Keep the system value unchange
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Defi ne the

background

| Background | Boundary I Frequency and Pulse I Mesh

as a

"
Project Design

new mater

CO)

Unit Backaround | Boundary | Frequency and Pulse I Mesh | Time

Homogeneous Background Material

[ use Layered Medium

ll Layer Stack Qrientation

(Mote: The bottom position and layer thicknesses are along
the stack orientation. Double dick to begin each cell edit.)

z

! Sattom Poskionor | ateral | Acton
|
|
|
||
|
L]
||
|

[ ][ o | [om

wgeneous Background Material Water -
Water
Jze Layered Medium Steel
¥ ...New Material
or Stack Crientation ...Import from Lib
i g Y
Edit Material l - S
| General | Electromagnetic | Elastodynamic |
MName Color
formation
Mass density
2000 ka/m~3
P-Velodity Qp (0, Inf)
4000 myfs inf
5-Velodity Qs (0, Inf)
2000 mfs inf
[] Advanced
Anisotropic Material Property
PoroElastic Material Property
Help [ 0K, l ’ Cancel l Apply
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The boundary position & the boundary conditions are

defined as following.

Project Design -

S

| Linit | Background | Boundary | Frequency and Pulse I Mesh | Time |

R Boundary {m)
Rmin Open at input position * Position 0O

Rmax Open at input position * Position 0.3

Phi Boundary (degree[-360:720], PHImax-PHImin<=360)
PHImin  Symmetry * Positon 0

PHImax Ant Symmetry * Position 20

Z Boundary (m)
Zmin Open at input position * Position 0O

Zmax Open at input position * Positon 3.2

Cancel

Because we will use a ring dipole to simulate a cylindrical pipe,
based on previous explanation, we can use a quarter circle [0, 90]

to represent the full circle.
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Define project pulse as 15t order BHW pulse with

f

max

=21.6 KHz, f

min

=45 Hz

.
Project Design

1 B

=

| Unit | Background | Boundary | Frequency and Pulse | Mesh | Time |

() Frequency Range [Hz]

Min. Freq. (Fmin} 45,40055436 | Plot Pulse |

Max, Freq. (Frax) 21619.3116 Max. f_eneagy [Hz]
Add Basic Modulation 21619.3

i@ Project Pulse

Pulse Type Modulation

Qrder 1 Freq. (fm) | 10832.35608

Char. Freq. (fc,[Hz]) &451.6

{ Mote: fc = fmax/3.351)

[ Use Basic Modulation

Cenker Phase [deq)] |0

{ Moke: Frn={Fmin+Fra:x/2 )

Help

(o ] [ o | (o
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Uniform mesh

Automatick 4 0 2

run 0.006 s

-
Project Design

3 B

===

| Unit I Background I Boundary I Frequency and Pulse | Mesh |'I'|me |

7 Automatic Options
Points Per Wavelength (PPW) Synchronize PPWs Additional
PPW-R |11.56| PPW-Phi[3.53 | PPW-Z |11.55 control points
atR 0.1 Load H
min/max ratio ¥ [0.001 |y 0,001 |z |0.001 | [F]Syn. tox Edit
max adjacentratio x| 1.3 y |13 z (L3 Syn. o x Clear
@ Manual
MNumber of cells [] synchronize numbers [7] coarse mesh far away gem
Mr o 50 Nphi 8 Nz 533 @ Auto PPW |10
) User defined
\ ser deine Min. cell Ma. in each segmt.
Load Edit Clear 5
() Advanced Min. face mesh angle
3 Axes have different mesh type Edit 1 {Deq.)
Coc ) [ s | (o
= =

-

Project Design

i B

==

| Unit | Background I Boundary | Freguency and Pulse IMesh | Time |

Time Window [s]

@) User defined ) Automatic

End Time  0.005 Energy decay [dE] -40
Energy wariation [dB] |-30

Delta Time [s]

(71 User defined | 3.81191e-007 @ Automatic

Receiver Recordings Snapshot Recordings

Recordings times per

Recordings times per
period of max f_energy

period of max f_energy

Recording Interval

Recording Interval a0
(Unit: # time steps)

(Unit: # time steps)

Apply Cancel
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We get the project
space shown as

D

Elliptical Cylinder Editor S

Then we build the
outer part

- -
Mame borehole Material |water VI [ Mesh ]
Transparency
0 o] 100

U

Quter Radius Circular

Height 3.2
Ru 10.8e-2
Rv |200 Coordinates
Origin  0,0,0

Inner Fadius Circular

ru  9e-2 Uaxis 1,0,0

rv | 100 Vaxs 0,10

Help ] [ oK ] [ Apply ] l Cancel

/‘M._.-v"'
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The steel pipe

”
Elliptical Cylinder Editor

Li\.

==

Mame pipe Material [steel v] [ Mesh ]
Transparency
i] [u] 100
Quter Radius Circular
Height 3.2
Ru 9e-2
Rw | 200 Coordinates
Crigin 0,0, 0
Inner Radius Cradar
ru 3e-2 Uawis 1,0,0
ry | 100 Vaxis 0,1,0
[ Help ] [ 0K ] [ Apply ] [ Cancel ]

The water hole inside the

steel pipe
o
Elliptical Cylinder Editor ' -
Mame inner Material [water V] l Mesh
Transparency
[u] [u] 100
Quter Radius Circular
Height 3.2
Ru  3e-2
Rv (200 Coordinates
Crigin - 0,0, 0
Inner Radius Gircular
u 0 UAaxis 1,0,0
v | 100 Vaxis 0,1,0
Help ] [ OK ] [ Apply ] [ Cancel
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The layout of t

Boerehole

he structures

| pipe with
waterhole in the
center

<
Background:
formation
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Define a ring dipole source _
Ring source

’ .
Edit Existing Source M

Mame Type [Rjng Source "]
Location Direction -\W
) 0,0,0.003 ; 0,0
= (theta,ph) \Q. Z
Radus 0.099 Phid 0 Order 1
Array Setting

-

Excitation Pulse

_ Ll
@ Use project pulse Plot pulse Pulse type | BHWY Y

(7 Use individual pulse Edit pulse Delay [s] a

W

amplitude 1 (Pafs)
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Define an array of observers to record the field
r{:Ilbsvs.-rl.u:r Editor - u-‘

Single Observer

—_— [=""1

-~ #- Sources
o :;l;:v Sourcel
Mame | Obw [_]J‘é’ Observers
----- Yol Obv_(01)
Observer Posiion (g b D Obv_(02) P
R 0.099 Phi 0 z o2z e o
----- ce} Obv_(04)

..... 'eq Obv_(05)
Captured Components .::;. Obv_(D6)

r vphi ve e .::. Ob_(07)
trr tphiphi ez toll Obv_(08)

[¥] trphi Mtz Mohz [0 (23 Obv_(09)

— e Yo Obv_(10)
..... rod Obv (11
[ Create ] [ Array Creation ” Delete l l Madify ] _____ C-' Gh::g]i;

..... D Obv_(14)

Load
' e | e ] 0. o Obv_(15)

..... kol Obv_(16)
..... Yol Obv (17

..... i Lumped Ports
..... & Wave Ports
T . - Circuits
Array Setting - a8 I M ? ﬁ

I N, % Particles
-1l Excitation Pulses

[ birectionz Displacement |0, 1,0 Mumber of Ohjects \:l EEI"'@ Materials =
TF e v

o] ==

Direction 1 Displacement 0, 0, 0.13 Mumber of Objects

|:| Cireckions Displacement.
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Then, we can start the simulation & check the result.

=~ W |
B did) 2L

Rpin Simulation

E|| il Results

-4l Excitation
=10l Observers

=10l Transient

EI. e
—gll Al

{ e R ey [ ey O e O sy R oy [y |

gl Qbv_{01)
—4ll Obv_(D2)
—gll Obv_(D3)
—ghl Obv_(D4)
4l Obv_{D5)
4l Obv_(D6)
—all Obv_(07)
—ghl Obv_(08)
4l Obv_(D9)
40l Obv_{10)
4l Obv_(11)
-4l Obv_{12)
-4l Obv_{13)

~ghl Obv_(14)

-1l vphi
-4l vz
-4l trr
J-4al tphiphi
o-all tzz
-4l trphi
-1l trz

Doubl

e

c |

node under Vr to

show all Vr traces in
the canvas

I ck
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=11l Results

--| il Excitation
=-10al Observers

=1l

-1l
-4l
-4l
-1l

D..alll

oy Ty O ey Y ey OO o |

=-1/gl Transient

T

4l Obv_(01)
~4hl Obv_{02)
~4hl Obv_{03)
4l Obv_(04)
40l Obv_{05)
~4ll Obv_{06)
~4hl Obv_{07)
-4l Obv_(08)
40l Obv_(09)
~4hl Obv_{10)
~4hl Obv_{11)
~4il Obv_(12)
4l Obv_(13)
-1l Obv_(14)

vphi

vz

trr
tphiphi
trr

m

All transient Vr shown in one figure

L e e e N

Observer vr transient

Observer vr transient

2.0e-009

1.5e-009

1.0e-009

5.0e-010

W Emis)

0.0e-+000

-5.0e-010

-1.0e-009

-1.5e-009

s— Obyv_{01)
— Obv_(02)
s Obv_(03)
i Obv_(04)
—— Obv_{05)
e Obv_(06)
— Obv_(07)
s Obiv_(08)
e Ol _(09)
— Obw_(10)
— Oby_(11)
— Obv_(12)
s— Obv_(13)
s Obv_(14)

——Obv_(15)
i Obv_(16)
o Obv_(17)

-0.000

0.001

0.002

0.003
Time (s}

0.004

0.005 0.0

UL

| »

m
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Case?2
An insulator

This case is used to show how to build a steel pipe with multiple slot working an
insulator, then place this insulator in the water to check the wave propagation.

This case include

U use the Boolean operations to build a
complicated solid

U use Automatic mesh to capture the detail of
a complicated solid

U use snapshot to check the wave
propagation

Stegql pipe
with|slots




File Edit Wiew Coordinates @ !U AN p . e b i t i
! se nNnNew roj ec (0] u IOI’] create a new

. o

=B85 o

N rolect ' Then save the project with a name under the target folder. Here, we |

1
: = | 5 .
‘M fr B OF ¥ ‘define the project name as nlnsulatoro
FerjEEt ___________________________________________________________________________________________________
(= Mew Wavenology Project
i A r—y r—y
Wy Open OQ-OQQQ- U
. o
@Ov' Lo EE“‘EY"T‘ES_’EUE)"i vl‘,WS:Gm‘* insulator ,Ol
| Organize v New folder =~ [ @
7 j;GoogIeDrive - Name = Datemodlfled T

=l Recent Places
No items match your search.
4 Libraries
rj Documents
J’ Music
[ Pictures
::ﬂ Subversion
% Videos

m

1% Computer B
&, Local Disk (C:)
ca Bxtl (D)
ca exdtll (E) - <« m | »

File name: v [Wavenology project files (*.wnt V]

r Open ] [ Cancel ]
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gy Y

T [
|'|§}° =

(= Mew \Wavenology Project

= % Design
u]
n Background
n Boundary
n Frenq & Pulse

Define project
Aso and AKHzoO.
settings use Default values

r B
Project Design ; E

Unit | Badkground | Boundary I Frequency and Pulse I Mesh | Time |
Length meter -
Time second -
Frequency kilohertz -

@ If0 with Frequency  (kHz)

() IfO with Wavelength in water  (m)

Action option when length/freq. unit change
@ Scale whole system

() Keep the system value unchange

-

..............................................................................................
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Define the background as fiwa

[ Project Design L j i u

Unit | Background | Boundary | Frequency and Pulse | Mezh | Time |

Homogeneous Background Material water -

[TUze Layered Medium
Layer Stack Orientation i -

(Mote: The bottom position and layer thicknesses are along
the stack orientation. Double dick to begin each cell edit.)

Bottom Position or - -
Layer Thickness e L
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The boundary position & the boundary conditions are
defined as following.

r

Project Design ‘_ @1

| Lnit | Background | Boundary | Freguency and Pulse | Mesh | Time |

R Boundary (m)
Rmin Open at input position * Posiion 0

Rmax Open at input position * Position 0.3

Phi Boundary {degree[-360:720], PHImax-PHImin<=350)
PHImin  Symmetry * Position 0
PHImax Symmetry * Position 90
Z Boundary {m)

Zmin Open at input position * Posiion 0

Fmax Open at input position * Posiion 2

Because we will use a ring dipole to simulate a cylindrical pipe,
based on previous explanation, we can use a quarter circle [0, 90]
to represent the full circle.
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Define project pulse as 15t order BHW pulse with
f =18 KHz, f..=8 KHz

Project Design

‘. |

(@ Frequency Range [kHz]
Min. Freq. (fmin) 3

Max. Freq. (fmax) 18

[] add Basic Modulation

() Project Pulse
Pulse Tyvpe BHW
Order i

Char, Freq, (fc,[kHz]) | 1.620482904

{ Mate: Fr = (Frnax-Frin)f2/3.0855 )

Use Basic Modulation

| unit | Backaround | Boundary | Frequency and Pulse |Mesh | Time |

Flot Pulse

Max. f_enegy [kHz]

18

Modulation
Freq. (fm) |13
Center Phase [dea] |0

{ Make: Fr=(Frnin+Frnax)/2 3

i

Pluse

-

e —

1.0

0.5

0.0

Project - Pulse

-0e+000

2e-004

4e-004
Time (5}

Ge-004

m
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Advanced mesh

-
Project Design

- u1

| Unit | Background | Boundary I Frequency and Pulse | Mesh |T|me |

) Automatic

Options
Points Per Wavelength (PPW) Synchronize PPWs Additional
PPW-R |20 PPW-Phi | 10 PPW-Z |20 control points
atR 0.1 Lo_adl:l
mirfmax ratio x (0.1 y [0.05 |z|0.05 |[E]Syn. tox Edit
max adjacent ratio x| 1.3 y |13 z |13 [#] 5yn. to x Clear

) Manual

Mumber of cells Synchronize numbers [ coarse mesh far away gem

Mro[27 Nphi |4 Nz |63 @ Auto PPW |10
() User defined _ i
-/ UEer deine Min. cell Mo. in each segmt.
Load Edit Clear

2

@ Advanced Min, face mesh angle

5

3 Axes have different mesh type

1) Automatic mesh with PPW=20

(Dea.) In R & Z axis
2) ng=4 with uniform mesh
r R
Advanced Mesh Setting for each Axis ﬂ
R Axis Phi Axis Z Axis
@) Auto PPW 0 @) Auto PPV 10 atR [p.1 @) Auto PP 20
min/max ratio 0.1 min/max ratio 0.05 min/max ratio 0.05
max adjacentratio 1.3 max adjacent ratio | 1.3 max adjacent ratio 1.3
[7] additional Ctrl Paints | Ecit Additional Ctrl Points | Edit [ additional Ctrl Points | Edit
() Uniform  Cell No. @) Uniform  CellNo. 4 (7) Uniform  Cell No.
() User Defined Edit () User Defined Edit (7) User Defined Edit

Cancel

) '




Automatick 0 (02 NMHzy ndnnc a

.
Project Design - u

|Ur1it IBadcgrmnd | Boundary | Frequency and Pulse | Mesh | Time

Time Window [s]
i@ User defined ) Automatic

End Time 0.01 Ernergy decay [dE]
Energy wariation [dE]

Delta Time [5]

i) User defined | 3.547332-007 i@ Automatic
Receiver Recordings Snapshot Recordings
Recordings times per 15 Recordings times per
period of max f_energy period of max f_energy

Recording Interval 10 Recording Interval 31
{Unit: # time steps) - {Unit: # time steps) -
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Define an inner water hole & a steel pipe

Elliptical Cylinder Editor

=

P

Elliptical Cylinder Editor

o
Mame inner Material |water v] [ Mesh ] MName steel_pipe Material |steel v] l Mesh ]
Transparency Transparency
a i) 100 a 0 100
Outer Radius Circular Outer Radius Circular
Height 2 Height 2
Ru 0.0254 Ru 0.0875
Rv |200 Coordinates Rv (200 Coordinates
Origin 0, 0,0 i Origin ~ 0,0,0
Inner Radius Ciraular Inner Radius Circular
ru 0O UAxis 1,0,0 ru  0.0254 UAxis 1,0,0
rv |100 Vaxis 0,1,0 v | 100 Vaxis 0,10
Help ] [ 0K ] [ Apply ] [ Cancel Help l [ oK ] [ Apply ] [ Cancel
I L _
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Then, we will define several water slots.
1) Define a ASI oto component

----- D Faces
= r N
= ‘ ir Create Box Please input component name M
‘, Create Sphere ----- [ Faces
£ Voo Create Torus slot E‘ Solids
- Sne Create Cone » » 2] m
..... | Far . i @ steel_piple
Al C te B : :
G-l T o gl inner
| IyF; Create Cormponent
o I B ————

t

0]
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2) Define 5 slots in this component

Slot_1 Parameters

Inner Radius

P “
Elliptical Cylinder Editor =
Y
Name slot_1 Material |water v] [ Mesh ]
Transparency
1] 1] 100
Outer Radius V] Circular
Height 0.01
Ru 0.07
Rv (200 Coordinates

Crign 0,0, 0.45

[¥] circular
ru  0.04 Uaxis 1,00
ry | 100 Vs 0,1,0
Help ] [ OK ] ’ Apply ] ’ Cancel

Slot_1 will clash with steel pipe,
here, we do nothing, just keep the
clash status.

—

-

steel_piple intersects with New Solid (The new object) l [——

The intersected volume will take the material of

7 Mew Solid (The new object)

() steel_piple (The existing object)

() Use the Mew Object for following dash cases
(71 Use the Existing Object for following dash cases
() Mone

(@ MNone for following dash cases

Slot_2, 3, 4 & 5 have the same radius, but the positions and heights are:

Slot_2: z=0.65, h=0.02
Slot_3: 2z=0.85, h=0.03
Slot_4: z=1.05, h=0.04
Slot_5: z=1.25, h=0.05




Sel ect

as the 15t object
(this is the Blank
object in the boolean
operation)

3) Subtract component from steel pipe

select component
Asl ot 0™Mas
object (this is the
Tool object in in the
Boolean operation)

R D Faces
=8 ‘ Solids EI & Solids
. ff) slot (}j) slot
o m ‘, steel_piple
e ‘« mner @ inner

Then press fASubtrac
Solidso button
Bl % | B oel | © 8| »
s | 4 < dtract Solids a2

t

Ast eRrrl e s pfe@t r | o

h e

k e y Makesdre the button

¥

fnRemove Tools in Bool
2 Operationo i s not pre
| X |%.-_n'=-“|%l|l¢®|@@
| Fp | ip |@][REH1DVETDD| in Boclean Operatinnh
(30 body editor l i =)
MName Material |steel - Mesh
Transparency
1] 87 100
U
5 slots are @=nloo o |
- &&=
subtracted —
from Steel g.jgfallgjsclzltt_jflinder::Shapel
pipe i vt
B (Subtract)slot_4
[~ (Subtract)slot_5
o) Cw) e
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Define a ring dipole source

-

Edit Existing Source

2 T

Name Type |Ring Source v
Location Direction
¢ phi,n %002 (theta,phi) OO
Radius 0.085 Phil ] Order 0
’ Array Setting ]
Excitation Pulse

(@) Use project pulse Plot pulse Pulse type |BHW |
(7 Use individual pulse | Edit pulse | Delay [s] ]

Amplitude 1 (Pafs)

Ring source K




Define an array of observers to record the field

-

e .
Observer Editor I | X |
Single Observer
Name QObv
Observer Position
R 0.085 Phi 0 Z 0.3
Captured Components
vr vphi vE
frr tphiphi tzz
trphi trz tphiz
’ Create [ Array Creation l | Delete | | Maodify |
Load
[
N e
- S
Array Setting | " 5
D Direction 1 Displacement 0,0, 0.1 MNumber of Objects 18|

Diteckionz

Direction3

[ o ]

Mumber of Objects |1

Mumber of Objects |1

i)

f

b

o ¥ | W of k| D e

& @&

N
Project

|_} insulator_1
4% Design

av:é:v Observers
..... Yol Ohv (01)

o4 Obv_(16)
& Lumped Ports
- Wave Ports
-5 Circuits

-7 IBIS Objects

- 4% Particles

-4l Excitation Pulses
=-B8 Materials

-} ChipImages

13

=
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Define an snapshot to observe the field propagation

F-g Solids
= Voxels
=-Ed Snapshots

i Bod Create Face Snapshot

----- . Far Fields

-4l Temp
-giil Imported Result

™

-

Edit Face Snapshot

25

Marme aceSnapshotl

Far imaging purpose

Plane Location (m, degree(-360:720), m)

Low Corner {r, phi, 2) 0,0,0

High Cormer (r, phi, z) 0.2,0,2

Display Components
[ [—] wphi vz
Flar [ tohiphi [tz
[ trphi Moz [ tphiz

Ok ] ’ Cancel
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In order to let the mesher can capture the slot in the steel pipe, we need to

-

set the steel pipeobs
3D body editor X
Mame steel_piple Material |steel ’] Mesh
Transparency
0 87 100

H-n|logcsa®|—> i |=

= History

----- (Add)Eliiptical Cylinder::Shape1
(Subtract)slot_1
(Subtract)slot_2
(Subtract)slot_3
(Subtract)slot_4
(Subtract)slot_5

.
m
h=]

Apply

mesh option as

Ll B’
Additional Mesh Points [

() Mot additonal control points

@) Use additonal confrol points
[ Bedy bounding b Face bounding box
[T Edge bounding bo® T o0y TErT=S

[ Help ] [ Ok ] [ Cancel ]

—

nFace
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X grid

ml
“ “H
|

N

oom in




Then, we can start the simulation & check the result.

= =~ |
2 I N1 < BN S

Rpin Simulation

.5 Far Fields
--l il Temp
| il Imported Result
-1l Results
--| il Excitation
--| il Observers
| 2[4 Snapshots
Ellfil Transient
. ..[¥ Selected Snapshots
L FaceSnapshotl
G- B Frequency

Double click the
name of snapshot to
show it in the canvas
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Hide field vector & using log scale, switch frame manually,
following is the 60 frame.



