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Set up a BHA Project

* WCTEM & EL GUl is a general GUI for multiple solvers,
including the Cartesian EM, the Cartesian EL, the Cylindrical EL
(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|O®E REEIIVe ¢ c|laalhoa @070 7@ (o [FEEERsF =

: |||t b H 0o 00o@®@e 9 ailtls | | ML

M| |8l Y FEE L (@ B@ o B @] [ ¥ (&[> e | DR &k : ?

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

i--@% Design
[0 unit

..... % 1BIS Objects
..... “ Particles
+-1l1l Excitation Pulses

+@ Materials
..... Chip Images Background 7 &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

» 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.
» for example, load a BHA project from the BHA demo package

Method 2) If a BHA project is editing, “New” a project will create a new BHA project

File Edit View Simulation Postprocess T

[Ckans ow @
: | A o] ver [t B B
f“tﬁﬂl wlmod g ¥ | O R

14



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

* Forthe general GUI information, please refer to the embedded manual
in Wavenology GUI (“Help”). The elastic wave solver will share most GUI
system of Wavenology EM Package.

-

HEz Wavenology EM (164) - new project

File Edit View Simulation Postprocess Tools

E?ﬁl-i'-"‘|@|'§[§§|3"“;' Help Fl|;]w o B g Q‘f"ﬂ,_f|

1 i 5 (S Sl B8 =3 1 e
: | |@%|1i’ar|{:lj—;g_ﬂ_—,é.| |[ Ab PQ@@QQ% Pi-:ﬁnzcanz | |

| i 3 k¥ E SR | et @ | B | | | » [(B)&@ &
Project

= fa{@ Design - P |

T ’ Help menu

| “Help button é

Q’) Help: Wavenology EM Intreduction E@ '''''''''''''''''''''''''''''''''
e 40 &5 A

Contents -

S A Wavenology EM Introduction

=L Y wavenoios)
i--[2] Introduction \ 4

@ GUI Overview “ ave Computation Technologies, Inc. (WCT) is pleased to provide
Wavenology™ EM software package for fast and accurate solutions of full 3D
electromagnetic problems. Wavenology EM is an easy-to-use, reliable and
powerful software tool with a friendly graphic user interface (GUI) for the
applications in the design/optimization of antennas, microwave and RF circuits,
signal integrity, optical systems, metamaterial, nanophotonics, biomedical

i imaging, remote sensing and so on. The main features of Wavenology EM are
1§ Geometries as follows:

+@ Materials

- Excitations Geometry Features:
+ ® Lumped Eleme.ms « Joint Field/Circuit co-simulation, including nonlinear and linear circuit
EX @ Mesh Generation

£ G Mesh G components and SPICE circuits. W I E M P k |
- @ Simuiation ) « 3D solid modeling including cuboid, sphere and ellipsoid, cylinder with aveno Ogy aC age man u a

-4 Result Browsing

m

Hotkeys & Navigz
+ @ Project Design
Variables

@ 1D Resuts circular and elliptical cross section, cone, circular and elliptical ring, and
+0 Examples torus.
¥ @ Miscellaneous = Inputfoutput of CAD geometry files.
< n b « 2D face modeling including rectangle, circle, and ellipse. v

Done
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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

17



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
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Project Setting

* In Wavenology GUI, we define a simulation case as “a project”
* Aprojectincludes

— Units

— Materials

— 3D Solids

— Excitation pulse & frequency range

— Mesh settings
* Automatic mesh by sampling density: PPW (point per A)
e Manual uniform mesh
e Userinput grid

* Advanced mesh: each axis can be one of 3 mesh types as above



Project Unit

N LT e R
Projeck
(= 551 w4 _|aver
i Unit 1
(- @-Badagmund—'
@ Boundary
@ Freq 2 Pulse ;
@ Mesh
@ Tirne:
& Saurces
@ Dbservers
w1 omned Povks

toolbar button
“Design”

Treenode Unit

By double click the treenode
“Unit” or click toolbar button
“Design” to enter the Unit page of
Project Setting dialog

Project Design

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

Length centimeter -
Time millizecond -
Frequency kilohertz -

@ IO with Frequency {kHz)

() 1f0 with Wavelength in water  {cm)

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

(71 Keep the system value unchange

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'|n1e |

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 |Frequenc5- and Pulse |I'~"Iesh | Time |

ogeneous Background Material

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 v| position [0 |
DU ANt Symmetry] || Position |0 |

In ¢ direction, if it covers 360°, WCT prefer , Bnundanagrrigﬁi ;E [Tf;; position

the range as [-180°, 180°]. The range can be Soft atinput position

[0, 360 °] also, but has limitations. The detail Zmin E&”m— Positon|0. 1105 |

B.C. types in ¢ include periodic, hard, soft, Zmax | Open at input position v | Positon [4.7515 |

symmetry, anti-symmetry. For a 360° range
in ¢, the boundary condition in ¢ must be
periodic.

Help QK Apply Cancel

For more details, please refer to the section
“‘Dealing source type with boundary
conditions”
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Project Frequency Range and
Excitation Pulse for Source(s)

There are 2 choices in defining the
excitation pulse for the source(s):

1) Using BHW pulse by defining f_;,
& frax ONlY

2) Using one of WCT intrinsic pulse
types, for example, Ricker wave.
User need to define the
parameters of this pulse, the
corresponding f;, & f.., Will be
calculated by the input
parameters

Project Design .

@ Freguency Range [kHz]
Min. Freg. (fmin) 0.02

Max, Freg. (fmax) 20
Add Basic Modulation

_ Project Pulse

JJJJJJ

|Jse Basic Modulation

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

Flot Pulse

Max. f_eneqgy [kHz]

20

Modulation

10,01

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) Gaussian—order0,1 & 2 1 Max. f_enegy [GHz]
3) Rleer Add Basic Modulation 1
4) Delta @) Project Pulze
5) Rectangle — 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

shape from an ASCII file.

{ Mote: fc = fmax/3.351 User defined

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
referred to section “Individual excitation pulse for each source”)
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Cylindrical Mesh Setting

There are 3 basic mesh options:

1) Automatic — the mesh density is
based on A

2) Manual — uniform mesh

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

For these 3 options, if they are
employed, all 3 axes will use the same
type of option, can’t use mixed options.

If user want to use different mesh option
in different axis, the “Advanced” mesh
control should be used.

Project Design

=

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

Mumber of cells

Nr |23 Mphi (50

@ Automabc Options
Pointz Per Wavelength (PPW)  [¥] Synchronize PPWs ] Additional
PPW-R 20 PPW-Phi | 20 PPW-Z |20 control points
ath 0.1 LD_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 Syn. to ¥ Clear
(71 Manual

Synchronize numbers

Nz |94

[] coarsgmesh far away gem

@ Auto] ) PPW |10

(7 User defined

a
L
]

(]
(1]
1]

Min, cell jo. in each segmt,

2

™) Advanced
3 Axes have different mesh type

Min. face mesh angle

3 (Deg.)

Apply Cancel
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“‘“Automatic” Mesh Setting

From version 2.0.8, the default mesh
option is “Automatic’.

This option will generate a non-uniform
mesh.

This mesh control is based on

1)

2)

3)

4)

5)

6)

The critical point of geometry —in
general, it is the bounding box of solids

the wavelength (A) —it is determined by
project f_. & the material property

max

PPW —the number of cells per A. A
typical value is 20 for BHA applications

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

The adjacent cell size ratio in the non-
uniform grid

The minimum cell number for a mesh

segment (if the input is a single number, for example, “2”, means that all 3 axis use the same

-

"
Project Design Iﬂ
LInit | Background | Boundary I Frequency and Pulse | Mesh | Time
i@ Automatic Options
i ] ! i i
Points Per Wavelength (PPW) Synchronize PPWs ] Additional
PPWR 20 PPW-Phi | 20 PPW-Z |20 control points
ath 0.1 Luad |"'|
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 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 N {Deg.)

N

input. however, user can input 3 numbers, for example, “2;3;4”, to let each axis
has a different minimum cell number for a mesh segment)
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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:
NMPPW. 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 At
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

3 Axes have different mesh type

[ 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]

m
=]

[] 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,
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Special Input to define PPW in ¢

It requires special attention to the PPW in ¢.

In the cylindrical coordinates system, the circle
length will change by the radius R, which will
make PPW, changed by R. For example, at
Rmax, Lcir=21TRmax; if we define PPW=20 at
Rmax. At 0.5Rmax, due to L'cir=0.5Lcir, the
PPW = 40. So, user need to definea R to
calculate PPW in ¢ as the reference.

In most cylindrical applications, the wave will
become a cylindrical wave when it is close to
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.

In default, the PPW, =20 at R=0.1 m is good
for typical borehole applications. However, for
a ring monopole source with circular
structures, due to the ¢ component of wave is
0, we can use 1 cell in ¢ axis. More
information is available in the section “Dealing
source type with boundary conditions”.

Mumber of cells Synchronize numbers

Nr |23 Mphi |50 Mz |24 (@ Auto

(7 User defined

m
o

-\_"=-\.

I
[

™) Advanced
3 Axes have different mesh type

m
7l

[ Project Design ﬁﬂ'
| LInit | Background | Boundary I Frequency and Pulse | Mesh |T|me |
@ Automatic Options
Pointz Per Wavelength (PPW)  [¥] Synchronize PPWs ] Additional
PRW-R 20 PEWYPhi | 21 W-Z | 20 control points
atp 0.1 Load |'|
min/max ratio ooy oo |z |0.05 | [F]Syn. tox Edit
max adjacentrato x 1.3 y 1.3 z (1.3 Syn. to ¥ Clear
(71 Manual

[] coarse mesh far away gem

Min, cell Mo, in each segmt,

2
Min.

FPW (10

face mesh angle

3 (Deg.)

Cancel

(Note: for some cases, PPW,, =20 is oversampled, A$=15° can provide enough
accuracy, for detail information, check “Space Sampling Density in ¢*)
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Following is an example of “Automatic” mesh

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.
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The “Automatic” mesh control can make a good
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
“Automatic” mesh control. Here, we set “the
minimum cell number for a segment” as 4.
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“Manual” Mesh Setting (Uniform Grid)

il Ty
Project Design g
| 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 adjacentrato » 1.3 y |13 z |13 Syn. to x Clear
This option will generate a ©) Manual
un iform meSh . Mumber of cells Synchronize numbers [] coarse mesh far away gem i
Mr |23 Nphi | &0 Mz |94 (@ Auto PRW |10
(7 User defined ' ;
- HSeraeiine Min, cell Mo, in each segmt,
Load Edit Clear
2
() Advanced Min. face mesh angle
3 Axes have different mesh type Edit g {Deg.)
- ‘




“User defined” Mesh Setting

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.

-

Project Design

=

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

| 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_
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@) MKSU ) Project Unit | MKsU->Project Unit |
¥ ¥ Z
4 4 4
1 1 1
Editor for 2 2 2
3 3 3
the user
. . 4 4 4
defined grid s s s
[+ [+ [+
ri ri ri
B B B
9 9 9
10 10 10

For ¢ grid, the unit is degree (°).



With this option, different axi
can use different mesh type.

“Advanced” Mesh Option

il Ty
Project Design g
| 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 “Automatic” mesh in R axis, uniform grid in
¢ & Z axes. As shown in the following figure

3 - .
Advanced Mesh Setting for each Axis . ﬁ

R Axis Phi Axis 7 Axds
@ Auto PPV 0 ) Auto PPW 10 atR 10 ) Auto PRW 0
min/max ratio 0.001 min,/max ratio 0.001 min maz ratio 0.001
max adjacent ratio 1.3 max adjacent ratio | 1.3 max adjacent ratio | 1.3
"] Additional Ctr Points | Edi Additional Cirl Points | Edit Additional Cirl Points | Edit
© Uniform - Cell No. @ Uniform  CellNo. 20 @ Uniform  CellNo. 300
(2) User Defined Edit (7 User Defined Edit (7 User Defined Edit
| |
-




Simulation Timing Setup

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.

Stepping At

User can specify a At or use
automatic At. The user defined At
should be less than automatic At.
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
on the tree-node “Material” to create new materials.

¥ Circuits
11l Excitation Pulses

=8 H Add Material

B PEC  Import Materials from Library
B mil il
B me
B m3
B rockl
B rockz
B rocks
T Curves

The menu appears by right click mouse button on the
treenode Material, the Material Editor will be shown
by choosing “Add Material” menu.

Edit Material

General | Electromagnetic || Elastodynamic

Marne

\Waker

Color change

[] add to material library

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 I Electromagneﬁc| Elastodynamic |
Mame Colar
water I
Mass density
1000 kh/m" 2 .
BHA project use
P-Velocty Qp (0, Inf) .
1500 ds | o these properties only
S-velocity Qs (0, Inf)
a b i inf
i-_ | Eadences _i Note: WCT BHA does not support anisotropic
: Arisotropic Materia 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, don’t define any parameters in this part.
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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

To modify a material’s property, user
n_eed_s to select th_e material (th_e
highlighted material tree-node item), I
then double click this item. The »

Material Editor will be open.

] Add ko material library
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Special Materials
e HARD material

— The particle velocity in the material should be
always 0

— In the WCT BHA solver, if the mass density of a
material >= 1e% kg/m3, the solver will treat it as the
hard material

e user can import it from the material library as following

r r— 3 G | | Electr tic | Elastodynamic
Impaort from Material Library lﬁ | Enere I SeTemagn r_| |
Materials in Library Mame Colar
Mame Type Hard _
Air Mormal | Mass density
Hydrogen Mormal 14010 kg/m~3
Water Mormal
PEC PEC
P-Velod 0, In
PMC PMC il Qe g
| JHad . [Noma | 1500 mfs inf
Soft Mormal
Silicon Mormal S-Velocity Qs (0, Inf)
] m/s inf
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e SOFT material

— The stress in the material should be always 0

— In the WCT BHA solver, if the mass density of a
material <= 1e19 kg/m3, the solver will treat it as
the soft material

* user can import it from the material library as following

r N
Import from Material Library @ | 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
Box (Brick)
Ring (Circular/Elliptical)
Torus 0 H @@ g 9 g ot I8
Cone
Polygon . . .
Cylinder Archimedean Basic solid creation toolbar buttons
Spiral
Toroidal
Spiral
Spline
Bondwire
JEDEC-3 Bondwire
CAD solid Import/Export

For creating and editing these solids please refer to the

“Geometries” section in the embedded manual of Wavenology GUI.

Wavenology GUI also supports complicated solid by sweeping or
lofting faces. | |

> sweep along path
> sweep along axis
> loft face

» thicken face

» shear

» split solid

= @ Wavenology
Inkroduckion
+- @ GUI Overview

Biox

Ring (CircularEllitical
Torus

Cone

Palygon Cylinder
archimedean Spiral
Toroidal Spiral
spline Eondwire
JEDEC-3 Bondwire

Face

Loft Body

Sweep Body

3D Body Edit

CAD ImportExport

yoxel Input

+ @ GGeametry Operarion:
+ @ Geametry Operation
+- @ Materials
+ @ Excitations
+- @ Lumped Elements
+- @ Field Monitars
+ @ 1-D Results

+ @ Examples
+ @ Miscellaneous
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Most Popular 3D Solids in BHA
Applications

* Cylinder (or partial Cylinder)

A full cylinder can be created by “Cone” or “Elliptical Cylinder”

“CO n e” [ Cone/Pyramid/Prism Creation é h
Name  cone 1 Material [pEC | [ mesh |
I : - I - = .
ransparenc Y
@C?&%@ﬁﬁﬁ;ﬁﬁﬁ E 0 100
: N
] | ®: 1| Create Cone/Pyramid/Prism H
[Tuse Lcs
Bottom Center 0,0,0 Bottomn Radius 100
The top radius ropradus |
should be the same e A

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




“Elliptical Cylinder”

>

"] 1]

@® 6 o ot

dﬁ%f.-:ate Ellptical Cylinder

A full cylinder need to
cover the 360° range

-

Elliptical Cylinder Editor

Mame Material | Air v] [ Mesh
Transparency
0 i] 100
Duter Radius V] Circular
Height 400
Fu 200
Ry |g[m | ArcRange (degree)] ( -180 , 180 )
Coordinates
Inner Radius  [¥] Circular
Origin  0,0,0
ru 100
U axis 1,0,0
r |1|]|] | Vaxs 0,1,0
[ o ] [ sy | [ conc
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A Partial Cylinder can be created by “Elliptical Cylinder”

“Elliptical Cylinder”

> @R 8 9 oI

—_

=7 reate Ellptical C}f“ﬂd:;l}l

A partial cylinder
cover 180° range

-

Elliptical Cylinder Editor

Mame cylinder_2

Transparency
]

U

Cuter Radius Circular

Ru 200
Ry | 200

Inner Radius Circular

ru 100

rv | 100

Material | Air - ] [ Mesh

Height 400

ArcRange (degrg¢e) ( O , 120 )

Coordinates

Origin 0, 0,0
Uaxis 1,0,0

Vaxis 0,10

Cancel
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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 with 60° arc only

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

- . " @ Time
3D Palyline Editor lﬂ_&] ..... & 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 Qj{? . !
----- = Particles
@-1lal Excitation Pulses
Vertices B Materials
----- Chip Images
(u, v, W) I I Sad” Curves
1 10; 0; 0 = AN (001
" r— A s
. Qe | Solids
3 40; 0; 20
4 10; 0; 20 £ Voxels
5 000 | i
]
7
8 Select this closed
9 . ‘
— ‘ polyline to enable “Cover
11 —— Curves as Face” button
12 - I

B I
HlHEA 80 saE

|
[ ~].. I . "
Cancel p==tver Curve as Face } IE

ad

4| 1]

-




After the face is built, select this face The toolbar item “Sweep along axis”
will be enabled

- Sources

Observers

----- A Lumped Ports
----- &5 Wave Ports
- Circuits

s Bl = ow o

“% Particles
-4/l Excitation Pulses
=B Materials

----- Chip Images

ER" Faces
. Face001
wuiifiSalids

£ Voxels
@[ Snapshots
----- 1 FarFields

40l Temp
41l Imported Result

Define rotation axis & angle

i B’
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
\93' Sources
\é' 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

borehole -~

Layered
background
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We can define the axis (Z’) of borehole as the Z axis of the cylindrical
coordinates system, the case is equal to: a vertical well in a tilted layered
background

59



In WCT GUI, the tilted layered can be built by operation “Split
Selected Solid”

R & ?| H ‘- ﬂ tﬂxﬂl| @

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

steps

1. Define a cylinder as the background
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2. Select the cylinder and click “Split Selected Solid”

Define the split plane, as following

Split Setting
Split Plane

Paint in plane

Ok,

Plane Mormal  0,-1,1

Cancel

The cylinder will be split into 2 parts as following

]

%1 i |

| | T Y

| Split Selected Solid

s i
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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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Solid with Parts

Wavenology GUI supports a solid with multiple parts without external BOOLEAN

operations.

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
“Body001”

Box shown
in the 3D
canvas
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3D body editor

. B
| Material ‘ PEC hd | Mesh

2. Double click treenode “Body001” to enter solid
editor dialog

Mame | iy 00

Transparency
0 0 100
|:|_ |E|—ﬂ G <& & s

3. Check the “Add” button

| = Hiskary
= (AddiBox::Shapel

4. Press “sphere” button o

to add a sphere on the original box. Here, we

Ellipsoid Editor

make the sphere radius 100 with the center
at (0,0,100) Radius  [+]sphere LCS Coordinates
Ru |100 | Origin |0, 0, 100 |
Ry | | Udsds |1,0,0 |
R | | Vs (0,10 |
o] (o=
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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 existing 3D solid by “subtract” and “intersect” functions — 1



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.

In this example, we decide to let the gray box “Body002” occupy the clashed region. We use
Boolean operation to implement it.

Note: there must be at least two solids selected to

make a Boolean operation. We define the first

selected solid as “Blank” the other solids as

“Tools”. There are two options for a Boolean

operation: whether delete the Tools after operation. -~~~
The options are set by toolbar button: e 1 ) |
The default setting (unchecked) is “delete the tools”. <.~ =
If this button is checked, means “keep the tools” s
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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 b [ )
is checked before the operation. \\_ ,
Method 1: operation through treenodes _
=& Solids
[T pesh = B Eody001
" Eu:c';“: 5 B Eody 002
A= Mevale

D Faces

Solids

gl Bodyaol

&l Body0oz
A= YWrovals

Expand treenode
“Solids” to show all
solids

: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

Select treenode
“‘Body001” as Blank

Press keyboard “Ctrl” and
select “Body002” as Tool

el

Now, the Boolean
operation toolbar buttons
become enabled

=

Press “subtract” button.
The Boolean operation
is done.
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Method 2: operation through canvas pickup

=

’ - = . 1 ” 1 ” .
x| 9 ¥ @ Make sure the display canvas enter the “select body” mode by “Check” this button.
\ . v - .
- z

[C Mesh _
D =@ Solids
3. Observers B E o001
2 et o

& Circuits A= Waale

1ll Excitation Pulses
BE Materials

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

Press keyboard “Ctrl” and use mouse to select
“Body002” as Tool.

Meanwhile, you can find the “Body002” treenode
also selected.

Move mouse arrow on “Body001” B &5 [ =

and then left click mouse to select Now, the Boolean Press “subtract” button.
it as Blank. operation toolbar buttons The Boolean operation
Meanwhile, you can find the become enabled will be done.

“Body001” treenode also selected.
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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 setting is wrong. User can use “Undo”
function to recover the system prior to the Boolean operation

A ¥e

Redo & Undo
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Mirror, Translation, Rotation, Scale

Wavenology GUI supports following transform
operations on all 3D solids:

Mirror

Translation

Rotation
Scale

Array Copy

The detail operation please refer to the “Geometry
Operations” section in the manual of Wavenology GUI.

& Array Copy

= @ YWavenology
Introduction
+ @ GUT Orverview
+ @ Praoject Design
= @ Geometries

SpherefElipsoid

Biox

Ring {Circular[Ellikicaly
Tarus

Zane

Palygon Cylinder
Archimedean Spiral
Toroidal Spiral

Spline Bondwire
JEDEC-3 Bondwire

Face

Loft Body

Sweep Body

30 Body Edit

CAD ImporkfExport

Yoxel Inpuk

> = @ Geomekry Dperarions

Array Copy
Translate
Mirrar
R.akation
Scale

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

+ @ Examples
+ @ Miscelaneous
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Import CAD models from Data File

 Wavenology GUI can import 3D models
generated from other CAD software by

following formats
« STEP

« SAT § If |4 ', = |
. S o | it |1

STL ﬁ | "-*'] Import 30 model from file LI
* |GES

* OpenCascade BREP



Export Geometries into Data File

 Wavenology GUI can export the geometries in
the project to file for data exchange purpose,
including following formats

STEP

SAT

STL

IGES

OpenCascade BREP

Edit View Coordinates Simulation Postprocess Tools Help
[=> Open Project Ctrl-0 E (e} :\.5:: | i o E | & Q | G/ &
Close Project H a | (RPN - YR = ﬂ.}ﬁ o

Recent Projects ’E;{(|@| & 7 O|G§'I |ﬁﬁ|f
B Save Project Ctls  Bekground, please setthe background as selectable o

K Save Project As

'z Zip Project with Result
zr: Zip Project without Result

New Projects Set
Open Projects Set

New Physics
Change Physics

Save as Template

v
To 3D Model File (without background)

Print Setup To 3D Medel File (with background)
Print Preview To STL Files (ASCI Fermat)
Print -

T T e

Exit Ctrl-X




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.

=

The “Productld” part of the SAT file must be the string “ElasticWave”.
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

2.2 User must define a material profile file as name A. MatDef. The file is a ASCII text format. Each
line lists the profile for a material. The name, velocities are separated by ‘,’. For example,

water, 1000,1500, O

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 following procedure, components “Rock” & “Water” are created under Solids treenode.
Sub-component can be created under a component also.

E Lurves gl Excitation Pulses ||
..... F 5 i i h
dces -8 Materials Please input component name X
..... " 8 S oy - ChipImages
vV Create Box
£ Wi ad” CUrves
[ 5 Create Sphere | [ Faces water
----- = Create Torus —-& Solids
40 T et T . L rock oK. Cancel
ihl In Create Ring -~ Voxels
-4l R : +-[F Snapshots *

Create Cormponent

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

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

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

* Material

* Transparency

» Mesh setting

» transform all solids in a component with one
action

 Array copy

* Translate

* Mirror

* Rotate

* Scale

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 Geometry
larger than the Computation Domain

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 “cut off geometry” operation will generate
different simulation results.

For example, for following project,

Simulation
model after
cutting
OFPEN — 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 can’t reach the boundary.
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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.
» Project boundary position

» Solid dimension parameters
» Source position
» Receiver position

Variable Editor

Variables

MName

Through toolbar | m~

rmax

bUtton “Va I"” height

w Ep

Content

1
8
3

Mote: Variable is capital insensitive.

Mame (z) z
Input 30

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 radius as variable “x”. The sphere’s shape
can change as the value of “x” changes.

In following example, we define variable “x” as value 100 and variable “y
equal to “100 + sin(x)”

Gy "

Variables
Mame Content
X 100
y 100 +sin{x)

4

1L

Mote: Variable is capital insensitive,
Mame  (x) ks
Input 100

Value | 100

add | | Delete

Reserved Variable Mames

pi; e; I

Build-In Functions

sin(); cos(; tan(); sind(); cosd(); tand();

asin(); acos(); atan();
Ny

sinh(); cosh(); tanh(); asinh(); acosh(); atanh();

log2(); log10(); In(;
exp(); abs(); sart();

Modify

=3

Variable usage

"" iz directly used by -

Variable: "y"
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Then, we can define a sphere with radius as “1+y/2”

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
MName Cantent
100
100 -+sin ()
4 1]

Mote: Variable is capital insensitive.

Mame [ )
Input

Value

Add | | Delete |

| Modify

)

Reserved Variable Mames

pi; e; t;

Build-In Functions

00; In();

Variable usage

=

-
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Variable File Format

e ASCIl format

 Each line is the definition for one variable, format as
— “variable_name”="“variable_definition”

* Example of file

“ 7 “1 33”
b”_“Cos(a) var.ixt
“C”_“a+ b”

Note:

> 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

» The name of a variable can’t include any SPACE.
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Sources & Excitation



Source & Excitation Pulse

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

Project

B...@.w!_!_c__s. ______________ | > Point dipole source
-9~ Ob reate source

----- i Lur‘sr!- - C_reaTEan?carﬁﬁrnpmud_eﬁe_l:u;ant_hzrc? -1 > POInt m0n0p0|e source

""" fE wa\" Convert all Observers to Point Sources > Curve type source
Ea"',ffl ;E;Ir; Export Finite Size Source as Monopaole Array > Face type source

""" Part Load Sources from File > Volume type source
-0l Excil

w-B Mat Load Source Pulse from File

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

e LR

_____ B 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 Ctrl, Nu:urmallzaﬁcun

L=

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 : .
<r, ¢°, 25, It will be shown as a smalll

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 |




A point dipole source will excite with specified

Point Dipole Source

polarization at the source position.

The parameters include:
1) the position: <r, ¢°, z>

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

3

Type | Dipiole

b

Polarization |1J o, 0

3
|
|

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
i Position:
: (r=1 , 4):450) X
L e e e e e = 2 >

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, ¢ =45°, 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)
2)

3) The order of distribution

the ring’s z position in axis Z
the ring radius

Ring Source (1)

Help

—

[ 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 BHW

Lse individual pulse Edit pulse Delay [s] i}
Amplitude 1 [Pa/s)

| Cancel |

It will be shown as a circle in the
project canvas (in R-¢ plane)

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* ¢ + ¢,).

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¢ +
d,) in the circle, this is a ring quadrupole source.
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Ring Source (2)

A ring source can rotate in a R-¢ plane with These control will apply following
following controls rotation on the ring
1) the direction of the ring rotation axis > the rotation is in a R-¢ plane at

Z position
> the rotation axis is defined by
the angle from +R axis

2) the rotation angle
(Unit: degree)

Edit Existing Source @
Mame Sourcel Type [Rjng Source - ]
Location Direction
b, P01 (theta,ph) OO
Radius 5 Phio 0O Order ] Mormalization

Rotation Axis Direction | 30 ion Angle 45 —M\
(@ Use project pulse Plot pulse Pulse type BHW

i) Use individual pulse Edit pulse Delay [s] ]

rotation axis

Amplitude 1 (Pajs) R / O
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Ring Source (3)

The amplitude normalization of the ring source

» 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, 2) 0,0, 15 (theta,phi) 1 °
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 (Pajs)

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.



Basic Comment for Curve, Face &
Volume types of Source

* These 3 types of source require following settings
— Shape type and parameters —i.e. they are finite size

— User need to define an amplitude distribution in the shape
* The default distribution type is the Constant distribution with the value 1

— The excitation amplitude will be the amplitude distribution
multiple with the source amplitude

— These sources will be converted to array of point monopole
sources, user can define a discretization granularity
* If user does not define it, the GUI will use a AUTO method, which depends on
the cell size of system grid
— There is “Normalization” option for the source

* It means, whether the amplitude of source will be normalized by a factor,
which is proportional to the size of the shape

* The default value is “Not” 96



Curve Type Sources

The source term of the curve type source has following definition

f(r) -O4(r-r))

Here, r, € L, Lis the curve with a finite size; 3 is the d 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
> line source
» arc source



Line Source

Mame m Type [Llne Source - ]
Curve Type [LIHE - ] Amp-li;:ll.lde [Gauss - ]
Distribution

Shape Info |[D.1,u,n.3:|-[u,n.1,n.3:|| Distr. Info |Exp[-r*"2f[2‘s"2]|]| |

[ Mesh Ctrl. T Edit /| Mormalization | Edit |

(@ Use project pulse Plot pulse Pulse type |BH'|."'.|' | E o

[-5" Observers

(7 Use individual pulse | Edit pulse | Delay [=] o 1 - ; I‘;:mp;d rtorts
e -l - ave Ports

i _— -4 Circuits
Amplitude T % IBIS Objects

Help -1l Excitation Pulses
’ 1 ] ’ Cancel ] B Materials

..... Chip Images

e Curves
. . R [ Faces
The line parameters can| be edited as following o8 s
ﬁ
Coordinates
Origin UAxis 1,0,0 VaAxis 0,1,0 The line source
StartPoint 0.1,0,0.3 EndPeint 0, 0.1,0.3 shown in GUI
[ Hep [ ox ]
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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. Here, “10” means that, this source will be converted to
10 point monopole sources in the engine.

Shape Info (0.1, 0, 0,30, 0.

Mesh Ctrl. 10|

For the line source, it supports following amplitude distributions

» Constant

> Llnear Type [Line Source v]
» Triangle Ampitude [S:::f 2]
> GaUSS Distr. Info ’Ea: :

> COSIne [] Mormalizatic Gauss

Cosine

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

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
source. Here, “10” means that, this source will be converted to
10 point monopole sources in the engine.

Shape Info (0.1, 0, 0,30, 0.

Mesh Ctrl. 10|

For the arc source, it supports following amplitude distributions

» Constant

> Llnear Type [Line Source v]
» Triangle Ampitude [S:::f 2]
> GaUSS Distr. Info ’Ea: :

> COSIne [] Mormalizatic Gauss

Cosine

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

» the Local coordinates system of the
arc can be defined by user
» therefore, user can change the
arc to arbitrary location and
direction
»the angle range is arbitrary
»For example, [-35°, 75°]
» the arc source must be in the
computational domain
» the normalization is based on the
real length of the arc
» the amplitude distribution includes
» constant
> linear
> triangle
» gauss
» cosine

Ring source

»the axis of ring is fixed: the Z axis
»user can only change the Z
position of the ring.

»the angle range is fixed: [0, 360°]

» the ring source can be out of the

computational domain in the 6 range

» the normalization is based on the

length of the full ring

» 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 6=[-180°, 180°] 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 8=[0, 90°] 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 el
» because the length of the full ring is 4 times of the

length of the arc (the arc must be in the domain)

e @ﬁ 4 Domain
S = - (Ring Source 2 sizein ©
k:’f;:i""z} 0, 0, 0.447525 ?&:iﬁf’;hi} 0,0 A
Radius 0.0278313  phip 0 Order 1 [¥] Mormalization N
Rotation Axis Direction 0 Rotation Angle 0

e @ﬂ
Name 58 Type |Line Source - }

Curve Type [ Arc -| Sgﬂiﬁﬁn | Cosine -|
Shape Info R=0.0273313;4ng:0 - 20 Distr. Info cos{ZPT*N*t/L - phil)
[ Mesh ctrl., ﬂ Mormalization
4T | A
(é) 104




One more consideration for the setting of the arc source

» 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 the AO

» the cosine amplitude distribution of the ring source is based on the 0
value

If the arc source uses the cosine amplitude distribution, in order to make
these 2 cosine functions match — requires A6 = 6

» 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) ' 5I(r'rs)

Here, r, € S, S is the face with a finite size, §, is the d 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
» rectangle source

» circle (or ellipse ) source

» circular cylinder source
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Rectangle Source

52 |

-

Edit Existing Source

Mame S_rect Type [Face Source '] LCS
Face Type Rectangle v| pmplitude  |Gaussinu - Tell

] istribution [ ] Ol'lgln
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

Rectangle Face Editor S
Coordinates

U axis

The rectangle
source shown in

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
source. Here, “11, 25” means that, this source will be converted
to 11x25 point monopole sources in the engine.

[¥|Mesh ctrl. 11, 25

For the rectangle source, it supports following amplitude distributions

» Constant
» Linearin U
> Linear in V Type |Face Source -|
> Triangle in U Distributon ot

_ g _ Distr. Info Linear in u
> Trlangle nvVv Lir_nearlin'-.e
> Gauss N'era"ﬁﬁig:zggé o
» GaussinU gg-agg'e in v
» GaussinV Pulse type u

aUss in v

> Cosinein U Cosine in u
> Cosine in V Pyl Cosinein v

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. Here, “11, 25” means that, this source will be converted

to 11x25 point monopole sources in the engine.

[¥|Mesh ctrl. 11, 25

nv
For the discretization definition of this

shape, it is as this figure

nu

I(7./ N \)I D
A'\ 7z . D

For the circle source, it supports following amplitude distributions

» Constant
» Triangle
» Gauss

Type [Face Source v]

nﬁul'l'll:llltleE [Gauss v]
Distribution

Const
Distr. Info Trianile

Mormalization Edit

The cell
not used

The cell
used

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

[ 22
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 V| Mormalization Edit

(@) Use project pulse

Plot pulse

EQIt puise

(7 Use individual pulse

Pulse type BHW
Delay [5] 0

Amplitude 1

C o ] [cme ]

y

The parameters can be ¢

2dited as following

Elliptical Cylinder Face Editor

Coordinates
Origin IO UaAxis 1,0,0 VAxis 0,1,0
Ru 0.15 Ry 0.15 Circle
Height 1 Arc Range {degree) { 15 - 75 )

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
source. Here, “11, 25” means that, this source will be converted
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

» Constant
» Linearin U
> Linear in V Type |Face Source -|
> Triangle in U Distributon ot

_ g _ Distr. Info Linear in u
> Trlangle nvVv Linear in v
> Gauss Nurmalizaﬁxg:zzglz o
» GaussinU gg-agg'e in v
» GaussinV Pulse type u

aUss in v

> Cosinein U Cosine in u
> Cosine in V Pyl Cosinein v

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



Volume Type Sources

The source term of the volume type source has following definition

f(ry)

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

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



Edit Existing Source

Box Source

(=]

Mame Sbox Type ['u'olume Source - ]
Volume Type [Box - ] Amplitude [Gauss - ]
Distribution
Shape Info  |(-0.06, -0.02, -0.05)-{0.01,| Distr. Info  |exp( +~2/(2%:~2))
[ Mesh Ctrl. Edit Mormalization Edit
(@ Use project pulse | Plot pulse Pulse type BHW
() Use individual pulse Edit pulse Delay [g] 0
Amplitude 1
Co ] e

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. Here, “10, 10, 10” means that, this source will be
converted to 10x10x10 point monopole sources in the engine.

[¥]Mesh Ctrl. | 10, 10, 10|

For the box source, it supports following amplitude distributions

» Constant

» Gauss Type ['u'ulume Source v]
Amplitude Const =
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

| £2 |
Mame Sellp Type ['u'nlume Source *]
Vaolume Type | | Ellipsoid - ] implitude [Gauss - ]
istribution
Shape Info Ru,v,w=0.11,0.15,0.10 Distr. Info 1

[ Mesh Ctrl, 17, 20, 15

[ Mormalization

m
=)

(@) 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
source. Here, “17, 20, 15” means that, this source will be
converted to 17x20x15 point monopole sources in the engine.

[#]Mesh Cirl, 17, 20, 15

For the discretization definition of this

shape, it is as this figure

nv

nu 0O The cell
7./ \\ not used
'( )‘ The cell
A'\ ,/ O used

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

» Constant
» Gauss

Type ['u'ulume Source v]

Amplitude Const -
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, volume types source

Basically, there are following amplitude distributions

» Constant —always is 1

» Linear —the definition is: K*t+C

» Triangle -- max value is 1, at the edge of shape, the value is O

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

» Cosine --the definition is: cos(2m*n*t/L+6,)

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



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

The Triangle Distribution - Not editable

» 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.)
» 2D type — The shape has 2 dimensions, the face shape can be
expressed as face(u, v). So, itinclude 3 sub-types

» Triangle in U only

» Triangle in V only

» Triangle

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

> here,
» both U & V will be converted to the range [-1, 1],
> then the distance to the new shape center is: r=sqrt(Au? + A v?)
» the distribution value will be
» Triangle Distribution, if r € [0, 1]

> 0,ifr>1
Rectangle in (u,v) Square in (u’,v’) For the circle part
Triangle
# # Distribution
o A 4 \
Ellipse in (uv) ¢ Circlein (u.v) circle /
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The Gauss Distribution - Not editable
» it include following sub-types

» Gauss Distribution

» Gauss Distribution in U only

» Gauss Distribution in V only

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

» 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

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

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

a b
» 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

> it include following sub-types
» Cosine Distribution - for 1D shape only
» Cosine Distributionin U only - for 2D & 3D shape
» Cosine Distributionin Vonly - for 2D & 3D shape
» Cosine Distribution in W only - for 3D shape only

» The Cosine Distribution, for any U, V, W axis, has following definition
» cos(2mn*t/L+6,)

» 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.

» 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 - 6

For a rectangle

Cosine Distribution in U

Start point 6, u
O

" -
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A Tool to Check the Discretization of Curve,
Face & Volume Source

L Time O Time For each curve, face or

- B crome Source A Sources| volume source, a text
ot o & ; .

G- Obs Create Constant Amplitude Line Current Source D . fhinllii f||e W|” be Created for

..... A A mpedPorts— the source, the file

----- g Vay Export Finite Size Source as Monopole Array |ﬁ|: Wave Ports .

w fm B name is the same as
e Load Sources from File

= the source name. Here,
| Load Source Pulse froem File . .

gigg ﬁ:: Load Source Pulse from File - Advanced Mode Ehe flle n?me IS

""" Chi Delete All Sources Se”tht ) )

- Cur, m The file format is the

same as that in section
“Create Sources by
Data File”

Then user can load the
exported data file by “Load
Sources from file” to check the
monopole array.
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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
Original rectangle source discretization=12x12

----- - :ﬂf':v S rect_10
----- - :$: Sorect 1
----- d5_rect_2
----- @ 5_rect_3
----- - :Sﬁ S rect_4d
----- - :éi Srect_ 5
----- S#5_rect_B
----- @ 5_rect_7
----- - :Sﬁ S rect_8
----- - :éi S rect_ 9
..... @ 5_rect_10
..... @ 5_rect_11
..... # 5_rect_12
..... @ 5_rect_13
..... # 5_rect_14
..... @ §_rect_15
..... & S_rect_16
..... @ 5_rect_17

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

data file. . / \
Total 12x12=144 sources, 12 rows and 12 ;

columns, respectively. z

For this demo, the distribution is “Gauss in U’ :
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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 pulse defined in the section “Project Frequency
Range and Excitation Pulse for Source(s)’

Choose the “Use individual pulse”
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— .
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Dealing Source Type and
Boundary Conditions in ¢

For a ring source, it has a magnitude distribution on a circle as cos(n¢).

1) n=0, itis 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
¢ is useless in the simulation, user can set the total cell numberin ¢ as 1.



2) n=1,itisaring dipole, the magnitude distribution in the circle is cos(¢).

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 0° & 180°, anti-
symmetry at 90°.

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

> ¢ range=[0°, 90 9]

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

> ¢ range=[0° 180 9]

» Symmetry B.C. type at ¢,,,,,; Symmetry B.C. type at ¢,
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Symmetry along X plane

In this situation, user can define half ¢ space to represent the whole project:
> ¢ range=[0°, 180 9]
» Symmetry B.C. type at ¢,,,,; Symmetry B.C. type at ¢,
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3) n=2,itisaring quadrupole, the magnitude distribution in the circle is cos(2¢).

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 0° , 90° & 180°.

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

> ¢ range=[0° 90 9]

» Symmetry B.C. type at ¢,,,,,, Symmetry B.C. type at ¢,
b) Half ¢ space to represent the whole project:

> ¢ range=[0°, 180 9]

» Symmetry B.C. type at ¢,,,,,, Symmetry B.C. type at ¢,
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Symmetry along X plane

In this situation, user can define half ¢ space to represent the whole project:
> ¢ range=[0°, 180 9]
» Symmetry B.C. type at ¢,,,,; Symmetry B.C. type at ¢,
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Moreover, if the structure of the project is pure circular, or is symmetry by every 45° planes,

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

> ¢ range=[0°, 459

» 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

if the source is a ring dipole source, according to our experience, A$=15° can
provide accurate enough result. Therefore, for this kind of structure, we
suggest employ “Advanced” mesh option

» R & Z direction use Automatic mesh

> ¢ direction uses uniform mesh to make A¢=15°
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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 using “Array Creation”). In this situation, it is hard to define these
sources manually in GUI.

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

i--ﬁj{% Dresign
..... 3 unit
----- 21 Background
----- @ Boundary
----- a Freq & Pulse
..... B Mesh
.....  Time
..... & w
_____ & Obse Create Source
----- A Lumg Create Constant Amplitude Line Current Source
""" t Wave Convert all Observers to Point Sources
+|- STy
A TBIS ¢ Load Sources from File
..... Parh _
ol Excit Load Source Pulse from File
+@ Mats Load Source Pulse from File - Advanced Mode
E:I:r Delete AI'LSDurces
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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 p¢ pz
2) type R ¢ Z magnitude pr p¢ pz “src name”

Type: 0 — point monopole; 1 — point dipole; 2 — ring source

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

Magnitude: the magnitude

pr, pd, pz: the polarization of the dipole source. For monopole source and
ring source, they are not used, can be set as “0 0 0”

For the format (2), there is a string enclosed by a pair of *”, it is the name
of the source. But it may conflict with existing source in the project, GUI
will append “ 1”7 or so to solve the problem

User can also add comment in the end of each line. The comment start
from “/I”. For example,
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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(2) Mix format (1) & (2) — Went in the file

0130111000 /I define apoint monopole source
=1, phi=30°, z=1); amplitude=1.1; auto name

01451100 0 “src1” ///define a point monopole source

Il at(r=1, phi=45°, z=1); amplitude=1; name="src1”
123011100 define a point dipole source

at(r=2, phi=30°, z=1); amplitude=1; polarization=(1,0,0); auto name
2050at+tl1 100 0 “src2” /] d&fine a ring source

/[ at 2=@a+1”; radius=0.5, amplitude=1; name="src2”

Here, the 4" source uses an expression and the variable “a” to define the Z
position. In order to make it work, the project should have defined the variable “a”
before loading. Otherwise, the load operation will fail. Meanwhile, the expression
can’t include SPACE.
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Field Monitoring



Observer

User can define observer to record the simulation
data. The recording data are
1) velocity: VI, Vphi, VZ Observer Editor

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

Create Observer

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

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

741l Excitation Pulses
B8 Materials

=+

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

..... Chip Images

-

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 “Array Creation” button.

Single Chserver

Marme Obv_(2)

Cbserver Position

R 0,0239125 Fhi 0 £  3.652
Captured Components

wr wphi VI

trr tphiphi tzz

trphi trz tphiz
’ Create ’ Array Creation ] Delete ] Modify

¥

It will be the base name of the
observers in the array

It will be the start position of
the array

The receivers in the array will record
these fields

144



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
0 0,1,0
O 0,0, 1

=

Mumber of Dbjmlts 10

1

Cancel

Array Setting

() Displacement: (x, ¥, )

Direction 1
Direction2

Direction3

Displacement

Displacement

Displacement

(@) Displacement: {r, phi, )

1, 0,0

0,10

0,01

Mumber of Objects 10

Mumber of Objects 11

Mumber of Objects 12|

Cancel

Press “OK” button, the observer array will be generated.

1D array

3D array
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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, 9, 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, 6, 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
“Array Creation”). In this situation, it is hard to define these observers

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 vrvphi vz trr tphiphi tzz trphi trz tphiz “name”

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 in the project, GUI will append “ 1" or so to solve the
problem

User can also add comment in the end of each line. The comment start from
“II”. For example,

— 1 phi z vr vphi vz trr tphiphi tzz trphi trz tphiz // this is the comment
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* The value and the meaning for vr vphi vz trr

tphiphi tzz trphi trz tphiz
— Each inputcan beOor 1

* 0—-do not record this field component
e 1-record this field component

— Example for a observer in a BHA project

1 301

111 000 00O

T

Position=(r=1,
phi=30°, z=1)

Do not record any
Tau component

Record (vr, vphi, vz)

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

Additionally, each line start from “//” or, ™, or ‘# will be
considered as a pure comment line and it will be skipped.

Any empty line will be skipped automatically
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Cont.

* For the position (r, phi, z), user can define
them by variable or an expression with
variables

— But each value must use a string without SPACE

— Example
* xang+t30 z1 00000000

— Here, ‘X’ is the variable to calculate the x (or r) value
— “ang+30” is the expression to calculate the y (or phi)
— ‘2’ is the variable to calculate the z value

Note: the definition uses variable “x”, “ang” and “z”. In order to make it
work, the project should define these variables before loading.
Otherwise, the load operation will fail.
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* 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=30°, 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=30°, z=1); record trr; auto name

Simplest version

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



obv_demo2.txt A complicated version

130111100000 0 /ldefineaobseryerat (r=1, phig30°, z=1);
Il record (vr, yphi, vz); auto n

14510001000 O O“bv1” /I definefa observer at (r=1,\phi=45°, z=1);
/Il record trr; name="ob\1”

2301000100000 /[ define a observer at (r=2, phi=30°, z=1);
/] recbrd trr; auto name

050 a+1 0000010 0 O “obv2” /I define a observer at (r=2, phi=30°, z ="a+17);
- /] record tzz; na/me="“src2”

Uhe comment in the file

Here, the 4™ observer uses an expression and the
variable “a” to define the Z position. In order to make
it work, the project should have defined the variable
“a” before loading. Otherwise, the load operation will
fall.
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Following format is still work, it add ‘;’ as the separator to

make it more readable.

obv_demoa3.txt

eNoNoNo

H

H

H

H

0; “obv1”

, 0; “obv2”
, 0; “obv3”
, 0; “obv4”

156



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 '
_____ P 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., don’t record V field & Tau field in the same snapshot. For example,
record V field in one snapshot, record Tau file in another snapshot.)
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After defining a
snapshot, use can
highlight the treenode
item to display the
snapshot’s shape in
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
@] Body Snapshot
Fat 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

» boundary conditions

» solid position and clash test

» source, observer & snapshot position

The validation information will be shown in the log
» whether the project pass the validation
> If fail, the reasons

User can also make a preprocessing before the simulation to

» verify the project

» synchronize the mesh grid and obtain cells number in simulation
» calculate the At



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 “Show/Hide

Grid” button ooo0o0o0o0O 'j!

ML A5 3

000OCC|8|6 6 &(E

e |
o 2 | how Gndt|F}
T

21

Here, we can
see that the Z
grid does not

capture the
hole of solids
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If the grid is not shown
after using “Show/Hide”
grid button, let GUI
make a “Pre-processing”
to generate grid. Then
show grid.




Note: to show a grid correctly, we strongly suggest to make a “Pre-process” before
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 cells number, At etc. information, as following

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,

Use “Select Body” or “Select
Face” to quit mesh viewer.

NE@ak o &

L

& @&

Eigs:

|
[
[ .
|I (i |II ,'I / |']l
! |I II I|I ! |I |' II |I |I
frirr i I|I ||' |

: [¥] show Grid

RPhi = (0

B @

¥

4
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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

After a simulation start, user
can “Pause” or “Stop” this
simulation

User can use “Start” button
to start the 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

Lretine Farmield

<,

Observer spectrum

<

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 Simulation Time (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 Simulation Time (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
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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

174



For a BHA project for
simulation purpose,
set solver type as “Auto”
and user and define the
thread number in the
simulation.

For a BHA project for
generating HPC project
files purpose, set solver
type as “MPI-File”.

-

Simulation Task Editor

S

Task

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

PruErty

Solver Type  Auto

Simulation Thread Ma,

2

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,

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

» 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.




In this project, “Borehole™ and inner object “ring” both use

variables “z” and “height”.

F B
Variables - ﬁ
Mame Content Mote: Variable iz capital insensitive. Varizble usage
: x
rmin 1 Name ()
rmax 3 "z"is directly used by -
) Input
height g 3D solid: Borehole
Value 30 solid: ring
FOTD parametric scheme
Add | | Delete | | Modify |
Reserved Variable Names
pi; e; t; -
Build-In Functions
sin(); cos(); tan(); asin(); acos(); atan(); -
sinh(); cosh(); tanh(); asinh(); acosh(); atanh();
log2(); log100); In);
exp(); abs(); sart(;
« [ 3
L .
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Use “Edit Parametric Analysis” to define which parameters will be swept.

:= | 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
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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
Add | Dekte | | Modify |

\] Edit a sequential excitation

Delete Modify

[] Indude the default setting as a parameter set

Projects

Apply ‘ Ok ‘ ‘ Cancel ‘

Options:

'] Enable this parameter set

- Enable or Disable the parameter when parametric analysis.
"I Include the default setting as a parameter set
- 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.
» A source and array of receiver will be

swept along the well to check the —

response at different location of the well.
» 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 the variable “dom_bot”

-
Edit Existing Source

Mame Source 1 Type
Location Direction
@, phi, 2) 0, 0, 0,003 +dom_bot (theta, phi)
Radius 0.099 Phin
” i ——
I '
Observer Editor i . 4
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

-_ | N
Edit a wvariable parameter
Mame choose -
From Ta Times
1. Moot adify
Edit a sequential excitation
Enable ffiS parameter set (use Modity' button make change)
Generate o
‘ Help S Ppply ‘ K. ‘ | Cancel |

“ﬁ (Genera

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

folder “project_name_bha sweep case”

The file “pipes_full batch sim.txt” is a batch simulation
file, which is supported by the WCT simulation
manager .

The “pipes_full sweep para_info.txt” has the values
for the parameters for each sweep.
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* From version v2.2.4, built in Dec., 2022, user
can add memo for the project as following

..... % IBIS Objects
..... * Particles

1B Materials

Project Memo

+-4l Excitation Pulses

Project Memo

e8]

01/01/23 22:16:07
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Project Log Editing

* 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

191



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

» control the displaying property

of the trace

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

» Export traces to data file

Observer vr transient

Waveform Setting
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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
Print to Postscript Obr
e Oby

O

Customized Fourier Transform Ohn
| T O
M —o



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 example, as mention in the section “the difference between the
arc source and the ring source”

» For the domain with 6=[0, 90°], 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-009

by _(1)
2 56009 = Cby_{1){loaded)
2.0e-009
1.5e-009
B Result for Arc source
1.0e-009
5.0e-010 ||
o) :
£ 0.0e4000 B Result for Ring source
~ -5.0e-010 ”
-1.0e-009
-1,5e-009
I == Ubv {1lloaded) | | ||
20e-008 Waveform Setting
-2.5e-009
Coad COrves
-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: “Customized Fourier Transform on Transient Data” to satisfy
above purposes.

WCT Customized Fourier Transform (FT) supports
— Customized time window in the FT
— Customized frequency range for the FT result
— Customized normalization in FT
« without normalization
» 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

=

wrimis)

Ge-010

4=-010

2e-010

-5e-026

-2e-010

~4e-010

-5e-010

-53e-010

Observer vr transient

— Oy fﬂl |_|

-

Waveform Setting

Load Curves
Export Data
Export All Data

Interpol. cross sec.
Loom All

Print
Print to File
Print to Postscript

Customized Fourier Transform

AN

-0.000

0,002

Time (=)

0.004

0,005

4

I

0|

Click this “Customized Fourier Transform” menu item.
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3. Inthe “Fourier Transform Control” dialog, setup the control as you want

P '
Fourner Transform Control ﬁ

Transient Signals

m

-0.000 0.002 0.004 0.00&
Time

‘| i [+ B

1|

FT Time Range
0 (=) 0.00699955

U
U

Start Time 0O End Time 0.00&899955

RESUIL T ey, molge LTt 112,

Frrin 200 Fmax 10810

Mormalization

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

Magnitude in dB []Phase in radian

Coowr ] [

Sig. Name | NULL Factor 1 | Option |

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 | NULL 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 all setup are OK, “Apply” to show FT result.
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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
NSO rE Nt ellaal}~6000000|F
¢ [ Hide Field vector ~[Log =] 100 < |Time (s)|0.00108608 =l = O
Project a— —Yelocit
n Mesh g - —oiress
n Time -164
b & Sources
%" Observers
.. Lumped Ports
. - Wave Ports s o
L Results H-5 Circuits
=1 |I o 95 BIS Objects
#-4hl Excitation 7y Particles -1es
: i-1ll Excitation Pulses
‘l ll Observers Il i-BE Materials
&8 Snapshots 9 ipImages e
: . ™ Curves
=B Transient @ Faces
[ Selected Snapshe -8 solids ey
=) Voxels
[ All Snapshots B Snapshots 1
“ ..[] Far Fields 3 _z21
L fs1l] FaceSnapshotl » 2 ahil Temp L
[& Frequency 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.

2-1lil Results
..| il Excitation
..| il Observers
= Snapshots
E[S] Transient
L Selected Snapsho
..... E All Snapshots
L FaceSnapshotl

-2
Add a menitored freq.

1 | 1] =

Please input frequency.!ﬁz)

o ]

e —————

=14l Results

&40l Excitation

..| il Observers

2B Snapshots

EI Transient

. B Selected Snapshots
..... [l All Snapshots
P B FaceSnapshotl
=-[ Frequency

&5 10000

..... [ Selected Snapshots
. All Snapshots
...[8 FaceSnapshotl
[0 5000

-8 15000

(Note: for a loaded project, the menu item “Add a monitored freq.” will be enabled

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

* Snapshot data file position:
— Project\project_res\snapshot\project_snaps.dat
or
— Project\project_res\snapshot\project_snaps.bin
(Note: all snapshots share 1 data file)

* The data file use binary format, mix with char, int and floating 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-
folder “process snapshot_data” of the demo package.




Data file basic structure

»In WCT EL Package, we support free face

snapshot with transient data only. File Header (5 INT32)

»User need to know how many components
recorded for each snapshot Number of face
Snapshot (INT32)

»>The V or Tau data are scaled in the file.

>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.
Number of Body

»Otherwise, scale_factor =
max_real Tau/max_real v, recorded Tau Snapshot (INT32)

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

Must be O

> File header has the version info of the file Body Snapshot 2
» version 1: the file created by the GUI

beforev2.2.7 Additional Data Block
» version 2: the file created by the GUI

fromv2.2.7

( Note: for the version 1, there is not “Additional Data Block”; for the
version 2, “Additional Data Block” exists . If user only want to process

the data before the “Additional Data Block”, he can use the same

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

Additional Data Block < Additional Data
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Binary Snapshot Data File Header

int 4 0
int 4 0
int 4 0
int 4 0
int 4 Version number, must > 1
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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 Snapshot
Data Block
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Structured sampling information for a Free Face Snapshot

int 4 How many points in 15t
dimension
Free face is 2D planar face, r, 6 or
z plane only.
The 2D plane is always use 3D
for-loop to define sampling
position as,
forz
for ©

forr
For z plane, 15t dimensionis r; ©
plane’s 15t dimensionisr; r’s is O.
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int

char

int

Block i

Block j

Face Snapshot Data Block

4

Number of characters for
name

Snapshot name (N is from
above)

Number of sampling points

Sampling data for point 1

Sampling data for point jth
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double
double
double
int

float

float

co 00 O

4*Len

4%*Len

Data structure for a block

Sampling point x position
Sampling point y position
Sampling point z 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 has
200 _ a fixed length of 196 bytes. The
bytes format is as following

double 8 Recording time step for the
snapshot.
— Unit: second

..... 188 Reserved

The total length of the additional data block is 200 bytes.
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Example by the Open-Hole Case

(the demo case & Matlab code are in the sub-folder
“process_snapshot_data” of demo package)

il Ny
Edit Face Snapshot Iﬁ
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
Coc ] [om

> A face snapshot is defined as left
figure.

»This snapshot includes 6
components

»>|f we say the project is “open-
hole\a2.wnt”, then the snapshot
data file is “open-
hole\a2_res\snapshots _res\
a2_snap.dat’
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In order to make a comparison, we define a receiver at (0.1191, 45, 1.8785),
which has a equivalent point in the snapshot shot’s grid 17-rows and 6 column.

The sampling point of snapshot can be read from file as the demo matlab code.

After simulation, we export the Vr on this receiver by data file ‘vr_al.txt’ to be
the reference data file.

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

i n
Project Design Iﬁ
| Unit | Background | Boundary | Frequency and Pulse | Mesh | Time |
Time Window [s]
(@ User defined () Automatic
End Time  0.007 -40
-30
Delta Time [5]
) User defined | 1.7079%-00& @ Automatic
— e - o

-=-—" - T =o

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

ra

17
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Demo matlab code to read data except “Additional Data Block”

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

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(~((ver ==1) || (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 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'); %%% point r position
y = fread( fid, 1, *double'); %%% point theta position
z = fread( fid, 1, *double'); %%% 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;

223




%% % 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.
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Demo matlab code to read data with “Additional Data Block”

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.

®8lo Show the cylindrical mesh
L (B 1}" ? K Use “Select Body” or “Select Face” to quit mesh viewer.

After click one of the “Show mesh” buttons, the main canvas will switch to “Mesh

Displaying” mode. The two coordinate system modes has similar toolbar system, and only
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.

V- 229



[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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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
next N rows
M
next M rows
K
next K rows

next N*M*K rows

How many cells along R(cylindrical mesh:cyl _mesh.txt)
Cell centers along R or X axis

Cells number along Phi or Y axis

Cell centers along Phi or Y axis

Cells number along Z axis

Cell centers along Z axis

Material index for each cell, the index is the same as the
file material _info.txt

The data is created by the “for-loop”
For R
For Phi
ForZ

endZ
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.

Following is a 2D FDTD grid and the components’ position in the grid.

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’s position. In order to provide a consistent result with different meshes,
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.

-12

X 10 vr
12 T T T T T 13 -
|
10+ Fine Mesh 7
8 Coarse mesh
6 | B
|
4t i

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

12

I B Coarse Mesh

10

Vr at observer 1-16

2 r r r r r r
0 1 2 3 4 5 6 239
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Capture the Hole of Solids in Mesh

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 faces’ bounding box (or

This is the mesh capturing using Auto mesh option)

the solid bounding box only

This mesh data can exactly

This mesh data can’t represent Lo
capture solids’ hole.

solids’ hole with accurate position.



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

...--""'--___-""-...

General

[] Show real mesh information in solver

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

Padding Layer Mumber 32

Max Decay Factor 3
Beta 4

Profile Order 2

PML Update Scheme

(@) Classic (71 Modified

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

=

Add Padding Layer

Max Decay Factor 8
Beta 4

Profile Order 2

Suggested Layer Mo, 16

PML layer number in R

Others are the PML
coefficients. Please do not
change these values if user
don’t know the meaning of
these parameters.
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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 — 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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Tips to Increase the Simulation At

The WCT BHA solver employs the FDTD method. Therefore, it requires a max At in the
simulation. Basically, the At is determined by the combination of the cell size and the
wave speed in this cell.

» larger cell size will increase At

» faster the wave speed in a cell will decrease At

' W? F. m—

A typical uniform /

mesh grid. As can
. I“-

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




1)

2)

In a cylindrical system, the cell size is proportional to the R and AR of a cell. So, except
extreme thin pipes (AR will be very tiny), in general, smallest cell is located at R,
especially for R,,,,=0 situation. Therefore, a relative larger R, can increase At.
According to our experience, for a uniform R grid setup, if we set the R,,;,=AR with Hard
boundary at R,,;,, the At will be 1.5 times bigger than R_,;,=0 setup. And the simulation
result has about 1.5% difference only. But due to At increases with 1.5 times, for a fixed
time window, the total simulation time will be 67% of that in R,,,;,=0 setup.

If possible, don’t place solid with high speed material at R, region, because it will
decrease the At. For example, if there is a solid steel pipe cross R=0, the At will be 3
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

What is WCT EM & EL package?

— WCT EM & EL package is a general GUI to simulate multiple physics. It supports following
solvers by the same GUI
Cartesian EM
Cartesian EM Imaging
Particle in cell
Green’s Function for Layer media
SEM solver for Lithography
Cartesian EL
Cartesian EL Imaging
Cylindrical EL for Borehole acoustic (BHA)

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

Where can get WCT EM & EL package?

— Please go to: http://www.wavenology.com/download.html and download the installation
package with the download key provided by Wave Computation Technology.



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

What is in the WCT EM & EL package?

— setup.exe & Data.msi

How to install WCT EM & EL package?

— Unzip the installation package and run “setup.exe”. In most cases, the installation has
not other requirements. If there is error, please refer to the “Installation” section in the
W(CT download page.

What is WCT license?

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

— Alicense is bound to a MAC provide by user and can be used on the computer with that
MAC only.

Does WCT GUI requires license?

— 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.



How to obtain a license?
— Please contact WCT to purchase a license.
— Or register in WCT website to obtain a free license for 30 days evaluation purpose.

Whether there is multiple WCT license types?

— Yes. There are two types of license: fixed node or floating
A fixed node license can be used on the computer with a specified MAC.

A floating license should be installed on the computer with a specified MAC, but other computers can link to
this computer to unlock the engine.

— Basically, one WCT license file can unlock one or multiple engines, not matter it is fixed
node or floating.

What is the WCT license server?

— WCT license server is a service installed in OS after WCT EM & EL package is installed.
— Itis used to manage the license.
— The WCT GUI need to communicate with it to unlock the engine.

Without the WCT license server, the simulation can’t start.



* How to load a license?
— For detail information, please check the WCT licensing Manual
— Asimple procedure is:
Stop the license manager

-~ WCT License Server Manager SR SRR

. Wavenclogy
ﬁ! Uninstall Eils ‘u"ie1|= [gd-“] Halp
V 2'1] Support foflol Stop L
ticemse ' RUN as t:jg gﬂeg r| with Particle enabled
o license server manager administrator » WCT Carte Start
== b s T WCT HPC EM project file generatar

WICT HPC Cylindrical EL (BHA) project file generator

4 Back WICT HPC Cartesian EL project file generator
WCT HPC EM salver
Wl WCT HPC Cylindrical EL (BHA) solver
Search programs and files o) | WCT HPC Cartesian EL solver
I HPC nodes limit : 100

. : . Load the license file
File View Action Help orovided from WCT

Support following solver................ K imil
WCT Cylindrical EL (BHA) + EM Solver, with Partide enabled Make sure similar

WCT Green's function solver information shown -
WCT Cartesian EL solver . WCT License Server Manager
WCT HPC EM project file generator
WCT HPC Cylindrical EL (BHA) project file generator ' File] View Action Help

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 Exit
Fixed node license
ltimate version
Maximum runnable eninge number @ 100
License issue at : 2016-7-1
Expiration at : 2019-7-1

Upgrade : 3 years (go to next page)

Load License File

FET T LT T OO
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\

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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e How to check the status of WCT license server?

1  Back

Search programs and files 2 |

. Wavenclogy -
ﬁl Uninstall .~ WCT License Server Manager
. 20 File View Action Help
: ;;_‘“ e | Run as » — Support following solver................
" license server manager . WCT Cylindrical EL (BHA) + EM Solver, with Partide enable
LT OTA e s o e L £ OO administrator WCT Green's function solver
SmaEs X
WOCT 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

e How to check the status of a license?

. Wavenclogy >

...... WCT lincense server is on.

i& Uninstall

J 20

' ;;"_“ | Run as *
||CEF|5E EEMVEN manager admlnlstrator

LA L O L RO G LU

1  Back

| Search programs and files 2 |

- Make sure the solver type and the time are correct.
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 What is the meaning of following information?

— Sometimes, user can’t start a simulation and get following information in the log.

EEE

......... *** More detail information about the failure: Fail to connect to server.

It means that the GUI can’t unlock the engine to start the simulation, the reasons could be:
» The license is not loaded correctly.

» The requested engine does not match the license.

» The license expires already.

» The requested simulation number excess the register number in the license.
> 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.
» 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.

» For a floating license, the GUI can’t connect to the license server.

» 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, then “Close” it to 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
» formation background
> a water hole as the borehole

> 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
— 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

‘0= B

Mew Project

(4 oo

Praoject

(= Mew Wavenology Project

ol e

(B | L ............................................................... i

....................................................................................................

It is better, then, to save the project with a name under the target folder.
Here, we define the project name as “steel_pipe” under folder “steel_pipe”.
Because in order to generate the mesh data file, the software need a
predefined folder to export them. Without this predefined folder, the data
file will be saved in some system default folder and will be hard to find.

L e e e e e e e e et s s it i it == s =

Wiz Save Project As

» oi“..;

| - vl .« sim_case » ela » BHA » t »
Ol « smcse » i

Organize v New folder

W Favorites Nare

Bl Desktop
& Downloads

. steel_pipe

% Dropbox
& Google Drive

= Recent Places |

4 Libraries
24 Documents
JJ Music
=] Pictures

Date modified

4/29/2019 5:18 PM

=|| Subversion it &

m

Type

File folde

File name: steel_pipe

Save as type: | Wavenology project files (*.wnt)

4 Hide Folders

s |

Cancel ]
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gk Y Hr
|[§]I[§}°E

(= Mew \Wavenology Project

= % Design
u]
n Background
n Boundary
n Frenq & Pulse

Define project unit as “m”,
“s” and “Hz". Other settings
use Default values

..............................................................................................

-
Project Design

N N

Unit |Bad<ground I Boundary I Frequency and Pulse I Mesh | Time |

Length meter -
Time second -
Freguency hertz -

@ IjO with Frequency (Hz)

) 1JO with Wavelength in water  {m)

Action option when length/freq. unit change
@) Scale whole system

(7 Keep the system value unchange

Cancel

b B . -
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Define the background as a new material “Formation”

| Background | Boundary I Frequency and Pulse I Mesh

wgeneous Background Material Viater -
Water
Jse Layered Medi Steel
=& Laysred Hedm ...Mew Material
or Stack Crientation ...Import from Lib
i w Y
Edit Material : - [

|General | Electromagnetic | Elastodynamic |

MName Color
formation
Mass density
2000 kafm=3
P-Velodity Qp (0, Inf)
4000 m/s inf
S-Velocity Qs (0, Inf)
2000 m/s inf
[] Advanced
Anisotropic Material Property
PoroElastic Material Property

o] [ [

"
Project Design

Unit Backaround | Boundary | Frequency and Pulse I Mesh | Time

Homogeneous Background Material

[ use Layered Medium

ll Layer Stack Qrientation

z

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

i —
| B“L';t;‘:r' _'r’ﬁfc'lt""l‘:;;’ Material Action
|
.
|
||
|
|
|
|

Cancel
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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

Automatic At to

-
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

run 0.006 s
g P

==

| 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 borehole’s
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"'

AV
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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

amplitude 1 (Pafs) 1
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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

Double click the “All”
node under Vr to
show all Vr traces in
the canvas
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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

W Emis)

2.0e-009

1.5e-009

1.0e-009

5.0e-010

0.0e-+000

-5.0e-010

-1.0e-009

-1.5e-009

Observer vr transient

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

»>use the Boolean operations to build a
complicated solid

» use Automatic mesh to capture the detail of
a complicated solid

» use snapshot to check the wave
propagation

Sted
with
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File Edit Wew Coordinates

DAl se @

Mew Project
‘M & B %+ ¥
Praoject

(= Mew Wavenology Project
B

Then save the project with a name under the target folder. Here, we
define the project name as “insulator” under folder “insulator”.

W& Open

—

@Ov' o Elastodynamlcs » msulator
- - O O

Organize ¥

L Google Drive

U
| Recent Places

4 Libraries
[5) Documents
fJV Music
[/ Pictures
=1 Subversion

1% Computer
&, Local Disk (C:)
u Bxtl (D)
ca edll (E)

New folder

Name

m

v I 4, WS:‘JW‘% insulato ol

=~ 0 @

Date modified

No items match your search.

m |

File name:

[Wavenology project files (*.wnt v]

r Open ] [ Cancel ]
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gk Y Hr
|[§]I[§}°E

(= Mew \Wavenology Project

= % Design
u]
n Background
n Boundary
n Frenq & Pulse

Define project unit as “m”,
“s” and “KHz”. Other
settlngs use Default values

..............................................................................................

-
Project Design

B ==

Unit | Badkground | Boundary I Frequency and Pulse I Mesh | Time |

Length meter -
Time second -
Frequency kilohertz -

@ IfOwith 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 “water’

[ 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
Points Per Wavelength (PPW)

PPW-R |20 PPW-Phi | 10 PPW-Z |20
atR 0.1
mirfmax ratio x (0.1 y [0.05 |z |0.05

max adjacent ratio x | 1.3 y |13 z |13

) Manual

Mumber of cells Synchronize numbers

Nr (97 Mphi | 4 Nz |638
() User defined
Load Edit Clear

Synchronize PP

Ws

|:|Sw1. tox
Syﬂ. tox

@ Advanced

3 Axes have different mesh type

Options

Additional
control painks

Load |'|
Edit

Clear

[ coarse mesh far away gem

@ Auto PPW |10

Min. cell Mo, in each segmt.
2

Min. face mesh angle
el {Ceg.)

Apply

]

1) Automatic mesh with PPW=20
in R & Z axis
2) n¢=4 with uniform mesh

-
Advanced Mesh Setting for each Axis

R Axis
@ Auto PPW 0
min/max ratio 0.1

max adjacentratio 1.3

[7] Additional Ctrl Points | Edit

() Uniform  Cell No.

(7 User Defined Edit

Phi Axis Z Aois

Oauto PPW 10 atR [p.1 @auto PPW 20

min/max ratio 0.05

min/max ratio 0.05

max adjacentratio | 1.3 max adjacent ratio 1.3

Additional Ctrl Points Edit [7] additional Ctrl Paints Edit

@ Uniform CellMo. 4 (7) Uniform  Cell No.

() User Defined Edit (7) User Defined Edit

¥7




Automatic At to run 0.006 s

.
Project Design

| Lnit IBadcgrmnd | Boundary | Freguency and Pulse | Mesh

Time

Time Window [s]
i@ User defined ) Automatic

Delta Time [5]

i) User defined | 3.547332-007 i@ Automatic

Receiver Recordings Snapshot Recordings

Recordings times per
period of max f_energy

Recordings times per

Recording Interval 10 Recording Interval
{Unit: # time steps) - {Unit: # time steps)

period of max f_energy

End Time 0.01 Ernergy decay [dE]
Energy wariation [dE]
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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 “Slot” component to place slots

----- 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
| I’F; Create Cormponent
o I B ————
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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




Select “steel pipe”
as the 15t object
(this is the Blank
object in the boolean
operation)

EIL Solids
-4 slot

Bl et pipic

Then press “Subtract
Solids” button

% | EhCT R el | ©

3) Subtract component from steel pipe

Press “Ctrl” key and
select component
“slot” as the 2nd
object (this is the
Tool object in in the
Boolean operation)

o6 Solids
I Y <lot
5 ----- " 8 steel_piple

B

I'EELII_ tract Solids i@

Make sure the button

“Remove Tools in Boolean

Operation” is not pressed

X BoE® 6o

i

| A |@][ Remowve Tool in Boclean Operation h

¥

-
3D body editor

111 ===

Transparency
0

5 slots are
subtracted

Mame

F=-n|gocsad| |

Material |steel - Mesh

87 100

- History

from steel
pipe

- (Subtract)slot_1
(Subtract)slot_2
(Subtract)slot_3
+-  (Subtract)slot_4
e (Subtract)slot_5

(Add)Eliptical Cylinder::Shape 1

Aoy
|

’ Exit ]
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Define a ring dipole source

- L —had
Edit Existing Source I I u
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

\




Define an array of observers to record the field

-

e .
Observer Editor I |_§E |
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

-
Array Setting

-
i

D Direction 1
Diteckionz

Direction3

Displacement 0,0, 0.1

Number of Objects 16|
Mumber of Objects |1

Mumber of Objects |1

i)

[ o ]

f

b

P &5::] E

IR SRR - e

& @&

Project
[= insulator_1

=l & Sources
o & Sourcel
av:é:v Observers
el Ohv (01)

& Lumped Ports
-5 Wave Ports
-5 Circuits

-7 1BIS Objects

. Particles

-1l Excitation Pulses
=B Materials

- TF 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 pipe’s mesh option as “Face bounding box”

-

3D body editor 1 I,
Mame steel_piple Material |steel ’] Mesh
Transparency

0 87 100
FH-nloacsa@®@| = = f|=
= History
----- (Add)Eliptical Cylinder::5hape1
- (Subtract)slot_1
- (Subtract)slot_2
- (Subtract)slot_3
- (Subtract)slot_4
H-  (Subtract)slot_5
Aoely oK =
e Fa o

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 ]

—
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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.

DEeBwse ()t el asa

;J_vﬂ@@@@Ij|

E[Hide Field Vector vILog v]E 2 Time (s)|0.0008627 | E Op IR
Project
[= insulator_1

G-§is Design

[ Sources
I:I\'é:" Ohzervers

----- i Lumped Ports
----- &z Wave Ports

-4 Circuits

-1l Excitation Pulses
B Materials

..... Chip Images
ead” Curves

@ Solids
-5 Voxels
[+ Snapshots
..... . Far Fields
-1l Temp
-~ il Imported Result
=40l Results
..| il Excitation
--| il Observers
= Snapshots
Ellffl Transient
: ..... Bl Selected Snapshots
- All Snapshots
...[8 FaceSnapshotl
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Case3
Import 3D Solids from a SAT file

& @ . Use “New Project” button create a new project

....................................................................................................

It is better, then, to save the project with a name under the target folder. !
Here, we define the project name as “demo1” under folder “demo1”. :
' Because in order to generate the mesh data file, the software need a i

File Edit Miew Coordinates
" Ny
‘0= B

Mew Project

(4 oo

=5

Praoject
(= New Wavenaiogy Froject . predefined folder to export them. Without this predefined folder, the data
. file will be saved in some system default folder and will be hard to find.
Save Project As @@
Savein: | 1) demal v O s Al
3 %
&)
My Recent
Docurnents
Desklop
=

iy Docurnents

-

h i

ty CompLter
";'] File: name: demol A
.

ki Metwark, Save as type: wavenology project fles [ wnt) v 290




..............................................................................................
1
1

[ S T iE
[ Design @“
=

(= Mew \Wavenology Project
EI% Design

L Oms
n Background

n Boundary
b n Frenq & Pulse

Project Design

g

Uniik |Ban:kgr|:|und || Boundary || Frequency and Pulse || Mesh || Tirne: |

Time nanosecond

Frequency kilohertz v

Define project unit as “mm”,
“nS” and “KHz" Other (%) If0 with Frequency  (kHz)
Settings use Default values () TjO with Wavelength in vacuurm — (rm)
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Insert 3D solids from an SAT file. For example, “TRANSPARENT RECEIVER_1.SAT”

Sat File Loaded Bodies Setting

= Entities in the File 3

CAD i = |
C
" fa: E First Entity Mame |Im|:n:-rted_ |
Thport rodel From File
2 L Makerial for loaded Entikies | PEC L |
R i .. :
i Use this Toolbar button : Lirit conversion ¢ File - milimeter, Project - millimeter

[ Juser defined scale

Please choose a Model file

SF (scale Factar) I:I [ Clash Test
Look ir: |l'f) cylindrical_mesh v| €] j‘ e -

(Su) or (S, 5w, 52)

Y ICss1_2222_tmp [Chss1_v2_tmp
£ [S)ss1_3333_1_inj [)ss1_v4_layer_bk_inj Translate {Unit: 3
My Recent  [Dss1_3333_1_res (st _va_layer b _res {Boundboz Center)/(SF) Mew Position
Documents | |[C3)ss1_3333_1_tmp [Chss1_wa_layer_bk_tmp
= IC)ss1_3333_inj (Cssl_va_layer_inj {:} USiI’II;I Position | | | |
|_ @551_3333_res [hssl_v‘}_layer_res
Desktap ICZ)s51_3333_tmp (551 _v4_layer_tmp ) | |
Dss1_ini Bl chiung Chang TRANSPARENT_RECH (%) Using Cffset (dx, dy, dz) o, 0,0
’ Bssl_res
'_) Css1_tmp
My Documents gssi_vi_ln]
ss1_vl_res
- Cancel
_ @ssl_vl_tmp
%J)! Css1_wa_inj
! ICss1_w2_res
ty Carnputer
< | k4
i'! File: name: |EhungEhangTF!ANSPAHENT_HEEEIVEH_TV| Onen T ST T T
ot [T o v [ Define the name, default material and

position for all imported solids
' Select the SAT file |
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Due to the following reasons:

1. Different 3D modeling software has different tolerance. Not-intersect solids could be treated as
intersect in porting among different software packages

2. The solids are actually intersect due to the original 3D modeling software that permits such an
intersection.

Imported_3 intersects with New Solid (The new object)

The intersected wolume will kake the material of
(%) Mew Solid (The new object)

() Imported_3 (The existing object)

() Use the Mew Object for Following clash cases
{7 Use the Existing Object for Following clash cases

{:} Mone

) Mome For Following clash cases

In importing this file, Wavenology finds there is an intersection among some solids and reports a
warning.

User needs to decide how to handle intersections. Here, we let the solid Imported_3 occupy the
intersected region.

Note: WCT provide a special treatment for the cylindrical mesh generation and elastic wave
simulation. If user consider the imported models should not be reported as clashing and these
clashes will not effect the final mesh and simulation. User can choose “None for following clash
cases” to let WCT skip clash test.
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Following is the shape of the imported solids and their names

ot LN YIS

i Faces

9

@ Imported_1
@l Imported_2
gl Imported_3
@l Imported_4
@l Imported_5
@l Imported_6
@l Imported_7
@l Imported_&
@ Imported
50 Woxels

=g Solids

=-IF Sranchakc

<
)
(@]

itation Pulses

erials

ircuits

»:é?:" Sources
- ~:§§ Observers
4 Lumped Ports

[ Wave Ports
B M

[ Snapshats

@ Body Snapshot

[ Face Snapshat
-1 Far Fields

gl Imported Result

E

shape mapping by select a

User can check the name-
solid in the tree.

E

&gl Temp



The current Cylindrical mesh generator only supports Z axis as the rotation axis, but the
imported solids can be X aligned. Therefore, we need to align all solids to Z axis by Rotation.

#: SoUrces

:9\ COhservers

A Lumped Parts

5 Wave Ports
& Circuits
11l Excitation Pulses
BER Materials

7 Curves

u Faces
=g Solids

o imnorte

Hidz

=8 Snapshots Edit
Face 5n2  change Material
(B Body 5ne
ol Far Fields
il Temp Delete

Imported Re
thl tmp Array Copy

Translate

Mirrar

Press “ctrl” key and use mouse
left button to select all solids,
then press mouse right button to
popup Solid Transform Menu.
Press “Rotate” menu.

Rotation E|

Point in Rotation Axis R.okation Axis (x,y,2)
Rotation Angle (degree)

Advance

[ keep Criginal |

Let all solids rotate -90 degree along Y axis.
The input is shown in above dialog.

Note: CCW is positive degree, CW is negative degree.
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Define different materials for different components.

Here, we define metall, metal2 and metal3.

B8 PEC

Impart Materials From Library
T Curves

—

| Add Material ‘

Add Material ‘

Impart Materials From Library

T

Add Material

Import Materials From Library

T

Edit Material

Edit Material Eq
g *_

General |Electr0magnetic || Elastodynamic| General |E|ectr0magnetic || Elastodynamic|

General |E|ectr0magnetic || Elastodynamic|

Color change

=7
23
@ | o
=

[] add ta material library

Cancel

[ o |

oo |

Mame

Color change

[] add ko material library

[ox | [coen | [ |

Mame

metas

Color change

[] add ko material library

[ox | [coen | [ |
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Assign different solids by different materials

For example, assign component “Imported 1" by material metall

double click treenode Modify material to
The result
“Imported_1" metall, then press “OK”

)

10l Excitation Pulses

3D body editor

=B Materials
B air
g :ifa“ Marne |Imporbed_1 Matetial | metall e [ Mesh ]
B metalz Air %
B metalz Transparency PEC
< Curves
[ Faces 0 0 mekalz 100
= @ solids J mekals
+oMew Material
Imported_2
& Imported ...Import From Lib

& Imported_3
& Imported_4
& Imported_s
& Imported_g
& Imported_7
g Imported_g
& Imported_3
= Voxels
=-E Snapshots
Face Snapshot
f@] Body Snapshot
+| Far Fields
ihl Temp

I Tt d P

+-n gocoee®

= Histary
(add)Imparted: :Shapel
*— {Transform)Rotate: :r003

Help | [ ey | [ ok ] [ e
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Set up cylindrical mesh control
)

Project Design

Unit Eackground | Boundary |Frequency and Pulse | Mesh || Time

R Boundary

Rmnin |Open at input position vl Position I:I
Rmsx  |Open atinput posttion % | Position
Phi Boundary

A

Computation domain
boundary and size

Z Boundary
Zmin |Open at input position vl Position
Zmax |Open at input position vl Position  |155

Project Design rz|
ik Background | Boundary | Frequency and Pulse | Mesh | Time %
(" Automatic Advance
Paints Per Wavelangth (PPW) Synchronize PPWs [ Additional

PRYW-R |:| PPU-Phi |:| PRY-Z |:| control points

minymax ratio l:l max adjacent ratio l:l Edit

Clear

(%) Manual
Mumber of cells [ synchronize numbers
Additional ctrl H
b wehi7z | me[m | Unifrom mesh setup
() User defined
Load Edit Clear

Minimum angle of solid surface angle (Deg)
208




After setting up cylindrical mesh control,
User can export or display cylindrical mesh

by

®  Generate cylindrical mesh
and export the data file

@ Begin to show the
cylindrical mesh
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Cased
Generating Cylindrical Mesh and Export
Mesh Data

This case will generate cylindrical mesh for the devices in layered media.
The solids in this case represent a general setup for borehole environment.

Hole wall

shaft

devices
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In this case, we use the imported solids in demol as the shaft (Imported 2) and devices

(others solids).

So, open demol and Save As demo3 under folder “demo3”.

Save Project As

D

ky Fecent
Dacuments

=
[
Dezktop

2

by Documents

o

by Computer

=

by M etwiork,

Save in: | = demo3

Vl u\_.-"l ? o v
ICdema3_ing
|hdemo3_res
Ihdemod_tmp
m demod,wnt
File narne: |dem03.wnt W | [ Save l
Save as fype: | wavenalogy project files [ wht) w | [ Cancel ]

In order to mesh bigger space including layered background media, we need to

increase space size.
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Set up cylindrical mesh control

Project Design L3 E' .
Unit Eackground | Boundary | Frequency and Pulse | Mesh || Time Th e m es h bo u n d bOX IS S h Own aS
R Boundary
Frnin Position |5

Rmax Open at input position w Position

Phi Boundary

L

PHImin
PHImax
Z Boundary
Zrnin Position
Zmax Open at input position s Position |200

Project Design k f'5__<|

Unit Background | Boundary || Freguency and Pulse| Mesh |Time

) Automatic Adwance
Points Per Wavelength (PP D additional
PPwi-R [80 | pPu-Phi [13.04] PPw-z [28.57 | contral points

atR Il
min/max ratio I:I max adjacent ratio |:|

(%) Manual
Murnber of cells [=ynchronize numbers

e
& [&5)8 8 [&[&aa)

(O User defined T /]\ /]\ —_ A e

Minirmurn angle of solid surface angle (Deg)

Note: in order to show this bound box only,
user need to turn-off these displaying options

welss | omphifso | om0 |

Here, we define mesh space:
rmin=5 mm, rmax = 80 mm; 302
zmin=60 mm, zmax=200 mm



Define different materials for different layered background media.

Here, we define rockl, rock2 and rock3.

Edit Material

| General || Electromagnetic | Elastodynarnic |

g

Mame Color

Edit Material

| General || Electromagnetic | Elastodynarnic |

Edit Material

| General | Electromagnetic | Elastodynarnic |

Mass density
3000 kg3

P-Yelocity

2500 mfs

S-Velocity

s

Mame Color

Mass density
5000 kg3

P-Yelocity

4500 mfs

S-Velocity

3000 mis

Marne Colar

Mass density
3000 kgfm*3

P-Yelocity

£000 mis

S-velocity

4000 mfs




Create a metal shell as hole wall, the material is PEC.

k| @ Qll.n 00000

8o s @%—%—Hﬁ—' “Cylinder” toolbar button

5(‘} ro bl L?

Create Ellptical Cyllnder

....................................

Elliptical Cylinder, Editor

Mame |shell Material |PEC
Transparency
0 Q2

100

Duker Radius Circular

Height 140

Ru |50

R |2EIEI | LZ5S Coordinates

Origin |0, 0, 60)

Inner Radius Circular

ru |53 | Uaxs |1,0,0

re [100 | Viods |0, 1,0

[ Ok ] [ Cancel ]

Note: in order to let the inner solids is still visible, it is
suggested to let the Shell with some transparency.

After Shell creation

l
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Create 3 rings to represent 3 layers.

Elliptical Cylinder Editor

Transparency

]

Material | rockl vl[ Mesh

95 100

ket Radios Circular

Ru

Ry |200

Inner Radius Circular

LCS Coordinates

origin- [0, 0, 60) |

Transparency

]

Elliptical Cylinder Editor;

Material | rackz

95 100

Outer Radius W] Circular

Ru

Ry [200

Inner Radius [ Gircular

LZ5 Coordinates

origin |0, 0, 110] |

ry Y fxis |U, 1,0 | P | L00 ¥axis |0,1,0 |
devices shell Shaft
[ (a4 ] [ Cancel ] [ [s]4 ] [ Cancel

Elliptical Cylinder, Editor,

Name (layer3 Material |rock3 V| [ Mesh ]

Transparency

1] 95 100
G- Background layer 3

Outer Radius ] Circular

Height 6

Background Iayer'

Ru

Ry 200 LS Coordinates

Origin |0, 0, 141 |

Inner Radius [ Circular

ru Ugxds |1,0,0 |
rv [100 ¥ asis [0, 1,0 | Background layer 1
[ (a4 ] [ Cancel




Then generate mesh or display it.

_====§_.===_===_===—=—===__
._________________=_=_
_

306



Case5
Setup a simulation project with
imported structures from SAT file

This case will import 85 structures from a SAT file into a water background. Then use a ring dipole
source to excite a BHW 15t order pulse with a 12 ms time window. There are 100 observers along Z
direction to record all velocities and stresses. The simulation is running with multiple threads.

The imported models are in file: 5-Transparent_Receiver T-BONE_HSG_SWI(LG 8Win With

Mass).SAT

There are: 5-Transparent_Receiver_T-BONE_HSG_SWI(LG 8Win With Mass).MatDef
5-Transparent_Receiver_T-BONE_HSG_SWI(LG 8Win With Mass).SATMat

define the material.

Please make sure the material name in MatDef and SATMat must be exactly the same. For
example, for a name “Water 1”7, do not use “Water_1” in one file and use “Water 1” in another. Two
files must use “Water 1”.

307



Before loading the SAT file, please check whether all unit and project setting is

reasonable.

Project Design

A

x]

Lriik | Background | Boundary | Frequency and Pulse | Mesh | Time
Frequency
() 1/0 with Frequency  (kHz)
() IjO with Wavelength in waker ()
Apply

Cancel

Project Design

X

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

Homogeneous Background Material

[Juse Layered Medium

Laver Stack Crientation

(Mote: The bottom position and laver thicknesses are along
the stack orientation. Double click ko begin each cell edit.)

Apphy

Cancel
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Project Design

R 3

Lnit Backgruundl Boundary |Frequenc~; and Pulse | Mesh || Time

R Boundary

Fhi Boundary
PHImin

PHImax
Z Boundary
Zmin

Zrnax

Rrin |O|:uen at input position

Rrmax |O|:|en at input pasition

w | Position | 100

|Open ak input position

|O|:uen at input position

v | Position  |3500]

ok | | ey ][ Cancel |

Project Design k

Unit | Background Bu:uunu:lar',-'l Frequency and Pulse |Mesh Time

(%) Frequency Range [kHz]

() Project Pulse

Modulation

[

Min, Freg. (Frin} 0.04
Plat Pulse
Max. Freq. (Fmax) 4,5519

] |Feadmfpams )

P ]

Cancel

X)

User can use default value,
and adjust them to this
correct values after loading.

User can use default value,
and change them to design
value before simulation.
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Project Design

Unit B{\;rkgruund Boundary | Frequency and Pulsel Mesh |Time

7 Automatic
Points Per Wavelength (PPW)

PPY-R, |:| PPY-Phi |:| PRY-Z |:|
at R
minymax ratio I:I mazx adjacent ratio I:I

(%) Manual
Mumber of cells

Advance

[] additicnal
contral points

o[

[Jsynchronize numbers

WS+ | mphi 72 | oMz|enas |

) User defined

Minimurm angle of solid surface angle (Deqg)

Cancel

3

Project Design

Lnit:

Background | Boundary | Frequency :%dPuIse Mesh |Ti|TIE |

Tire Windaw [ms]

(%) User defined

Delta Time [ms]

() User defined I:I

Receiver Recordings

Mo, of Recordings
per Period of fmax

Recording Interwval
{Unit: # time steps)

{} Aukomatic

{E} Aukomatic

Snapshot Recordings

Mo, of Recordings
per Period of Fmax

Recording Interval
{Unit: # time steps)

]

User can use default value,
and change them to design
value before simulation.

User can use default value,
and change them to design
value before simulation.
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Insert SAT models, find 85 solids in the file

Sat File Loaded Bodies Setting

Entities in the File a5 [

First Entity Mame |Imp-:urteu:|_ |

Material For loaded Entities |5|;.3.3| v |

IInit conwersion ¢ File - centimeter, Project - centimeter

[ ] user defined scale !

SF (scale Fackar) I:I [ ]clash Test

(5} or (5x%,5v,52)

Translate (Unit; )
(Boundbox Center)/{SF) Mew Position

) Using Position | | | |

(%) Using Offset (dx, dy, dz) 0,0,0 |
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Find clash, but we consider it is due to tolerance. So, we use “None
for following clash cases”

Imported_1 intersects with Mew Solid (The new object)

The intersected wolume will take the material of
(%) New Solid { The new object)

() Imported_1 {The existing object)

) Use the Mew Obiject For Following clash cases
(") Use the Existing Object For Following clash cases

{:} Mone

() Mone For Following clash cases

After Insert, we get
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Adjust computation domain size to enclose all solids

Project Design

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

R Boundary
Rrmin |Open ak input position | Position |E|
Rrnax |Open at inpuk position s | Position |6

Phi Boundary

PHImin Position |
PHImax Position |

Z Boundary
Zrin |Open ak input position | Position  |-1
ZIna |Open at inpuk position s | Position |33,'Il

) oo ) (oo

T
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Checking the Material property

After loading the SAT file with materials. User need to check the
material to make sure the loaded material profile is correct.

Edit Material

| General || Electromagnetic | Elastadynarnic |

X

3

Mame Calar

Mass density
119293

| kajm3

P-velocity
|514B.31

| m/s

S-Yelocity
|2845.84

| m/s

Help

| Ik | | Cancel |

Apply

X

Edit Material k
| General || Electromagnetic | Elastadynarnic |
Marme Calar
Mass density
7800 | kg
P-velocity
|553n.22 | mis
S-Yelociky
|3150.35 | mfs
Help | Ik | | Cancel | Apply
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Checking the Material-Solid mapping

User also need to check whether the imported
models has correct material. For this case, it

seems Imported 1 and Imported_3 has wrong 3D body editor, X
material.
Marme |Im|:u:|rteu:|_1 | Makerial |1?-4 Ph 557 V’| Mesh
It is also suggested to change outside bar’s Transparency
transparency to make the case more viewable. 0 79 100

| )

+-n goccea®

= History
ST Curves raddiImported:: Shapel
l] Faces
=@ Solids
=8 Imported_1

g Imported_2
gl Imported 3

Imported_1 / 17-4 Ph 55T ey | [ x| | e

bounding box: (-46.05375,-46.0375,00,(46.0375,46.0375,3216.28

size: (32.075 % 92.075 % 3216.28) , center. (-3.55271e-015,0,16 i)
(er,ser=01,01, fur,smy=(1,0)
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Set up cylindrical mesh control

Firstly, design real computation size.
1) Make sure you are in the “Select Body” mode.

2) Select the outer bar to know the size of bar.
(select the Imported_1 in the tree or use the mouse
directly hit the bar. The bar will be high-lighted in the canvas)

The bounding box of bar is shown at the left corner of the
main canvas.

As can be seen, the X, Y and Z

Range of bar is x=[-46.0375, 46.0375]
y=[-46.0375, 46.0375], z=[0, 3216.28]

Imported_1 /17-4 Ph 55T

This button is

pressed
P —_—

_mnun*u_n 1 [EETETE o)

l\éﬁ][lwc; :

Foecog] &

==l

LT Curves

D Faces

-l Solids
= Jirnported_1 |

gl Imported_2
gl Imported 3

bounding box: (-46.05375,-46.0375,00,46.0375,46.0375,3216.28)
size: (92.075 x 32.075 ¥ 3216.28) , center: (-3.55271e-015,0,16058.14)

(er,ser=01,01, (ur,smy=01,0

So, in cylindrical system, the bounding box of the bar is r=[0, 46.0375], theta=|0,

360], z=[0, 3216.28]
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In this example, we use the uniform mesh
control.

In the project, we want to use absorbing

boundary conditions at Zmin, Zmax and Rmax.

We want to have at least 3 cells of water from
the models to boundary at Z direction, and at
least 15 cells of water from model to the Rmax
boundary.

And we want the Ar= Az=1.5875 mm.

So, after calculation, we will setup following
computation boundary and mesh control.

Project Design

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

g

R Boundary

Rornin |Open at input position s |

Rrmax |Open af input position v|

Phi Boundary
PHImmin

PHImax

Z Boundary

Zmin |Open at input position s |

Zmax |Open at inpuk position vl

85,725

il

-6.35

3221

Cancel

Project Design

it Background || Boundary | Fregquency and Pulse| Mesh |Time

X

() Aukomatic
Poinks Per Wavelength (PPWS

atR

(#) Manual

PPYW-R |:| PPYW-Phi |:| PPYW-Z |:|
mindmax; ratio I:l max adjacent ratio I:l

MNumbet of cells []svnchronize numbers

Nr mphi[72 | e [2033

() User defined

Minimurn angle of solid surface angle (Deg)

Advance

[] additional
conkrol points

o |

Additional ckrl

Cancel
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Set up fmax

_ Project Design 3 rz|
WCT use fmin and fmax to generate
excitation signal. If user want to match Unit | Background | Boundary | Freduency and Puse | esh | Time
their requirement, user need to convert () Frequency Range [KHz]
their f_center or f_character to fmax. Min, Freq. (fmin)  [0.04 |

In order to reduce the time window of
excitation, it is suggested to let
fmin=0.01fmax.

| FPlak Pulse ‘

Max, Freg. (Fmax) |4.5819 |

) Project Pulse

In this case, we define fmax=4.5819

KHz. L] [pawss |
fmin = 0.01fmax =0.04 KHz. I:I I:I
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Define source

Here, we want to use a ring dipole source
at the bottom of bar to excite.

0: ring monopole

Ring axis Reference 1: ring dipole
angle

Edit Existing Source

[= ockl ~ Marne Type |Ring Source w |
=R ﬁﬂant Lucatin{ 001 1 Direction ||:| 0 |
ni 1 |:r I:l|'l| d——i—".—".—.—.—.—.—.—.—.ﬂ—l (thEtEl I:'I-“:l !
Ring  J_iphi8=—=-z=-— e hetaph) - o =

n Background 1
. : . 1 1
I Boundary radius 1| Redus 35 (1 feho o [ § orery 17
n Frenq & Pulse :
n Mesh ’ Array Setking ]

n Time L e m——— mmmlﬁ ——————————————————————————————

SR Sou—

e ¢ Create Source (%) Use praject pulse Plot pulse Pulse type | |
TN Load Source Pulse From File

<15 Obse o
A Lumg Convert all observers to electrical dipole source () Use individual pulse Edit pulse Delay [ms] ||:| |

& Wave Ports 1l
- Amplitude 1 |

Default pulse is 15t BHW already
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Check source position

By select the tree item in the
tree. The source will be
highlighted in the canvas.

@ Mesh
@ Time
[=]- & Sources
L Sourcel
[+~ 2 Observers

Zoom
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Use Array Creation to simplify the work.

Define observers Define the prefix of observers and the start
position of the observer array.

Here, we will place 100  S—r—— k 5

observers 3 cells away
from the outer range of & | snce Observer |
bar. The 100 observers Name  [observerl] |
will along Z direction. y
B Observer Position
R |z
The gray
Captured Components Spheres are
Use this [ [l vphi vz observers
button bt tphiphi tzz
@ Time \\ [#] trphi [#]trz [#] tphiz
[=)- - Sources
- Sourcel \ oo ————
":%E’ . Create |l Array Creation | Delete l ’ Todify l
M\ LLIITII:IE Zreate Observer
& W asa Dewbe Il
w
ammma®| [
Direction 1 Displacement Murnber of Objects
pro ] L]
por ] ]
Adjacent Number of
observers observers 37

dIStanCG in array



Define the simulation time window
& observer recording interval

Project Design

X

|Llnit || Background || Baundarﬂ Frequencyl:@d Pulse |Mesh | Tirme:

Time Window [ms]

(%) User defined ) Aukomatic

Delta Time [ms]

(1 User defined I:I (%) Automatic

Receiver Recordings Snapshot Recordings

Mo, of Recordings “ Mo, of Recordings _
per Period of fmax - per Period of Fmax -
Recording Interval Recording Interval

{Unit: # time steps) {Unit: # time steps)
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Define the many threads will be
used to run simulation parallelly

‘dinates MM Tools  Help

e
&%Vﬂ
F¥

[

fac
fac
fac
fac
fac
fac
fac
fac
fac
{0
{0

Skart Simulation

Select Solver
Simulation Options

rulkiple Threads
Define Farfield
v Cbserver spectrum

How ba define Mulki-Damain 4
rulki-Domain by Grid

v Skip clash test before simulation

£

Please input the cores wilh{he used E|

4

Cancel
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[Simulalion] Postprocess Tools Help

Start Simulation

Prepare MPI Simulation File

Run the simulation ] L

Solve Green's Function

Select Solver
Simulation Options

- I Reference pulse

w ? } : |§ Multiple Threads
T - ¥ Observer spectrum

Fun Simulation

How to define Multi-Domain k
Multi-Dormain by Grid
Multi-Domain by Body

Edit Parametric Analysis

Select Parametric Results

i Il a E Show Parameters
v Skip clash test before simulation

Cyit after simulation

User Can Pause Or Voxel/Solid Sequence 3
Stop Sl mu Iatlon Cartesian FOTD PML layer number
Cartesian FDTD Mesher Yersion 4

Enable Advanced Farfield Analysis
Cartesian EL Order k

Initialize EM field as specified values before simulation

3D SQIF Link I

Note: if the clash test is ignored in loading the SAT file, and the solids have not significant clash
problem (means even if they have, but these are due to tolerance, will not effect final simulation
result, then user can enable “skip clash test before simulation” option to skip project clash
validation. Otherwise, the project will not pass the validation and can not run before user eliminate

all clashes by “Boolean” operation. -



Watch the result

User can watch the result after the
simulation or in the middle of simulation.

TOIE LN LS RSSO
=14l Resulks
+-glgl Excitation
—-lal Ohservers
—-gl4l Transient
gl v
-1l vphi
il vz
il trr ¥ ne G
1l tphiphi
il tzz
1l trphi
il trz
1l tphiz

5--B-E-E-E-E-E

Normally, WCT will automatically refresh result at GUI. So, in the middle of simulation, user can
watch result without waiting utill the end of simulation. But this refresh interval depends on the
simulation speed. If user want to watch the result before the refresh, user can press “Pause
simulation” button to force GUI to refresh result then press “resume simulation” button to continue
simulation.
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For displaying and 10 the 1D observer result, please refer to the “1-D Results” section in

the manual of Wavenology EM package

) Help: Wavenology EM Introduction

B e 600 & A

Contents | Index || Sear-:h|

(bookmarks) v | [*ll] [¥fl]

e

Wavenology
b Inkroduction
@ EUL Cverview
@ Project Design
@ iSeometries
@ Materials
@ Excitations
@ Lumped Elsments
@ Field Monitors
EI@ 1-0 Results

- Excitation Pulse
- Receivers
..... Lumped Ports
..... Port Impedance
- YWave Parks
@ Plak Operations
- @ Examples
- @ Miscellaneous

Introduction

Wavenology EM Introduction

wa"u"& Computation Technologies, Inc. WYCT) is pleased to pravide

Wavenology ™ EM software package for fast and accurate solution of full 30
electromagnetic problems. Wavenology EM is an easy-to-use, reliable and
powerful software tool with a friendly graphic user interface (GUI) far the
applications in the designfoptimization of antennas, microwave and RF circuits,
signal integrity, optical systems, metamaterial, nanophotonics, biomedical
imaging, remote sensing and so on. The main features of Wavenology EM are as
follows:

Geometry Features:

a_lnint Fiald!/Tircnit coocirmulatinn incloding noknlinear and linoar circoit

Contents Mext

Done
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Case 6
Simplify Existing Project to a New
Model

The case 6 is long in Z direction, need a long simulation time.

Sometimes, user want to run part of the structures in case 3 in
a shorter time window. In this example, we will demonstrate to
run 0-500 mm (in Z) part of the full models.



Save last case to another folder, for example, Case4.

Delete all observers.

Then cut off the 500-3300 mm part from bar by editing “Imported_1":

3D body editor L Ed
Marme |Im|:u:|rteu:|_1 | Makerial |1?-4 Ph 557 V| L Mesh ]
Transparency
0 70 100
| v
7D 7D
—\ \
H-lpl 9,0 6 @® = =« =
= N ﬂstury‘\ 7/
e (Aadd)Imporked:: Shapel
(e ] (o] [

Cut off top part by
subtract a BOX from this
solid.

Check “Subtract shape”
button, then press “Box”
button to define subtract
volume.

Box Edition

Mame |Sha|:u32
Lowetr Corner | 100, -100, 500
Upper Cormer |1n|:|, 100, 3400
LCS Crigin 0,0,0
Bios ¥ Auxis 1,00
Bt ¥ Asis |n, 1,0

Cancel

After subtraction
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Delete solids outside the bar.

Praoject
7 Curves
D Faces
=g Solids

& Imported_1

|2

Use “Ctrl” key can
multiple select solids.

Then use “Del” key or
“delete” button

X & @

[Delete Selected Object |

to delete selected
solids

& Imported 37
& Imported 38
& Imported 39
& Imported_40

s

(er.se)=01,00, (ursm)=(1.0)

Imparted_85 / Tungsten
hounding box: (2.29413,-2.71383,265.492),(4.1275,2.71353,271.747)
size: (1.83337 x 542767 < §.25504) |, center; {3.21062,2 6662e-007,267.619)
fer,se)=(1,00 , (ur,sm)=(1,0

Imported_7 ¢ Tungsten
bounding baox (2.29413,-2.71383,278.732),(4.1275,2.71363,286.987)
size: (1.83337 = 542767 » §.25504) , center: {(3.21082,2.6662e-007,262.654)
fer,se3=01,0%, (ur,sm)=(1,0)

Imported_& ¢ Tungsten
hounding box: (2.23413,-2.71383,293.972),(4.1275,2.71383,302.227)
size: (1.83337 = 542767 = 8.25504) , center: (3.21082,2.6862e-007,298.099)
fer,se)=(1,00, (ur,smi=(1,0)

Imported_5 f Tungsten
bounding box: (2.29413,-2.71363,309.212),(41275,2.71383,317.467)
size: (1.83337 = 542767 » §.25504) , center: (3.21082,2.6662e-007,313.334)
fer,se)=(1,00, (ur,smi=(1,0)

Imported_4 7/ Tungsten
bounding box (-2.71383,-4.1275,309.212),(2.71383,-2.29413,317 467)
sizer (342767 % 1.63337 » 8.25504) , center: (2 6862e-007,-3.21082,313.339)
fer,se3=01,0%, (ur,sm)=(1,0)

Imported_3 ¢ Tungsten
hounding bo<: (-41275,-2.71383,309.212),(-2.29413,2.71383,31 7 467)
size: (1.83337 x 542767 » §.25504) , center: (-3.21062,-4.44089e-015,313.339)
(er.se)=01,00 , (ur,sm)=(1,0)

Imparted_2 ¢ Tungsten
hounding box (-2.71383,2.29413,309.212),(2.71363,4.1275,317 467)
gize: (942767 ¥ 183337 £ §.25504) , center; (-6.667 34e-015,3.21082,313.339)

"~
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Final solids

Il Solids

g Imporked 1

g Imported 53
g Imported 54
g Imported 55
g Imported_63
g Imported_64
g Imported 65
g Imported 73
g Imported 74
g Imported 75
g Imported_83
g Imported_54
g Imported_85
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Adjust Z size of computation domain

Project Design [g|

Uit EBackground | Boundary |Frequency and Pulse | Mesh || Time

R Boundary

R.riin Open at input position Position (12,7

Rrnax Cpen at input position s Position
Phi Boundary
7 Boundary

Zmax Qpen at input position s Position

Project Design k fE
Unik Background | Boundary | Frequency and Pulse | Mesh | Time
) Aukomatic Advance
Points Per Wavelength (PP [ additional

PRW-R |:| PRY-Phi |:| PPW-Z |:| control pairts
atR ||

minmas: ratio I:I max adjacent ratio I:I

(%) Marual
Mumber of cells [ synchronize numbers

Additional ctrl

nelde | omphi72 | e 36

() User defined

Minimurn angle of solid surface angle (Deg)
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Define a R plane snapshot

g races

@ Solids

= Woxels
—-[& Snapshats
Face Snapshol

Create Face Snapshat

{[® Body Snapsho
.| Far Figlds

Edit Face Snapshot

X]

Mame |m

| Morral

Plane Location  {mm , degree , mm)

Lower Carner (r, phi, 23 |5EI, 0,0 |
Higher Carner (v, phi, 2) |5|:|J 360, 500 |
Display Components
wr wphi Yz
krr kphiphi kzz
trphi krz kphiz
(o ] [om

Snapshot position
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Define 15 observers

Then define the threads number and run the
simulation.
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End



