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Simulation timing.
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* weak anisotropic (Thomson) material
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Variable System and complicated solids
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Define point observer

Define snapshot

Simulation with Multi-threading

Batch Simulation through Simulation Manager

Tutorial cases
* 1. Point Dipole Source in Homogenous Rock Background, General Isotropic material
* 2. Point Moment Tensor Source in Layered Background with Soft boundary on Top
* 3. Point Moment Tensor Source in Layered Background, Poro-elastic material
* 4. Import 3D Solids from a SAT file



GUI Layout

* For the general GUI information, please refer to
Wavenology EM Package manual (“Help”). The elastic wave
solver will share most GUI system of Wavenology EM
Package.
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There are two IMMENU items to define a project as a Cylindrical Elastic
Wave project, a Cartesian Elastic Wave project, or a Cartesian EM project.
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* We also support Cylindrical and Cartesian Grid Generator
to generate, view and export mesh data.

 We do not have Menu for Cylindrical and Cartesian Grid
Generator; we have Toolbar buttons only
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General toolbar layout

: : Redo & Undo
NEEy® File operation

=l Solid and face selection A Port in EM solver
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(note: we do not provide pan toolbar button for view, please o

use keyboard ->’, ‘<-’ etc. to pan the view) Lumped circuit in EM solver
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Simulation control
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Curve, solid creation and project setting

¢  Project setting

=  \ariable creation and edit

Hr B & b Curve creation

BOoLo@® @ o 4ot 3D solid creation

& Insert 3D solid from SAT file

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



Generate cylindrical grid and export the data file

Generate Cartesian grid and export the data file

D@ em

®

®

D Display the cylindrical mesh
@ Display the Cartesian mesh

Cylindrical and Cartesian mesh generation and display
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Project Setting

n Wavenology GUI, we define a problem as “a
Project”

~or grid generation purpose, a project includes
— Units

— Materials

— 3D Solids

— Mesh settings

* Cylindrical mesh control for cylindrical grid
e Cartesian mesh control for Cartesian grid
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“Design”

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

Project Design E|

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

Length centimeter
Tirne millisecond  «
Frequency kilohertz L

(%) IO with Frequency  (kHz)

(3 Tj0 with Wavelength inwater  (cm)

The default frequency unit is Kilohertz,
for elastic wave problem.




Project Background Material

User needs to set up the
background medium of the
problem.

The default background for EM
problem is a homogeneous
medium: Air. For borehole acoustic,
the background is water.

User can change it to other medium

by using the material combobox \

Project Design

5

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

Homogeneous Background Material Air

[use Layered Medium

Laver Stack Orientation

b

3

(Mote; The boktom position and layer thicknesses are along the stack orientation,

Dauble click to begin each cell edit.)

Cancel

agenenus Backgraund Material

Jse Lavered Medium
=t Stack Orientation

2 The bottom position and laver thic
Ible click to beqin each cell edit.)

Air !

Background | Boundary | Frequency and Pulse | Mesh | Tim

PEC

mi

m2

m3

rockl

rock?

rock3

+..MNew Material

... Impart From Lib

e stack
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Project Boundary Conditions

User needs to set up the boundary
conditions for the problem.

Currently we support absorbing B.C.

only (Open at input position), soft &
hard B.C. for the Cartesian elastic
wave solver.

For Periodic, Symmetry, Anti
Symmetry B.C., they are not
supported even they are listed.

-~

Project Design

| Lnit I Background | Boundary | Freguency and Pulse | Mesh | Time |

¥ Boundary {m)
Xmin Open at input position + Posiion  -500

¥rmiax Open at input position +* Positon 500

¥ Boundary {m)
¥min Open at input position * Position  -500

¥rmanx Open at input position * Position 500

Z Boundary {m)

Zmin Position  -500
ImaxX  Pperiodic at input position Position 500
Hard at input position
Soft at input position
Symmetry
Anti Symmetry
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Project Working Frequency and
Excitation Pulse Types

User needs to set up the
maximum working frequency
(fmax) of the problem.

The sampling density of mesh is
determined by fmax.

Current mesh generator does not
use fmin, so just input a value
such as fmin=0.01*fmax.

The setting for fmin & fmax is the
“Frequency and Pulse” page of
the Project Setting dialog.

For the excitation pulse types,
please refer to the Wavenology
EM Package manual.

Project Design @

I it

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

(%) Frequency Range [kHz]

Min. Freq. (Frin) 0,01

Max, Freq. (Fmax) 10

) Project: Pulse

5

Plat Pulse

Cancel
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Mesh Setting

In this version, Wavenology GUI supports two types of mesh, Cylindrical
mesh and Cartesian mesh.

These two meshes are independent, each having its own setting. But they
share the same meshing ideas:

1. All need to limit the space size in 3 dimensions.

2. For each dimension, there is an independent sampling density.

3. They use the same fmax in the Project Setting.

Before a mesh generation, user needs to set up the corresponding mesh
control, but for a particular type of mesh only.

For example, to generate a Cartesian mesh, user only needs to set up
Cartesian mesh control; he does not need to set up mesh Cylindrical control.



Cartesian Mesh Setting

= @ Wavenology

For the setting of the Cartesian mesh, please refer Introduction

+ @ G Crverview

to the "“Mesh” section in the manual of WWavenology @ et s

E M paC kag e Background
Boundary
Frequency and Pulse

Tirne
+ @ Geometries
+ @ Materials
+ @ Excikations
+ @ Lumped Elements
+ @ Figld Monitors
+- @ 1-0 Results

+ @ Examples
+ @ Miscellaneous



Cartesian Mesh Setting

In this version, for Cartesian elastic wave problem, we support

uniform mesh only.

Project Design

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

i) Automatic Advance
i i i vnichroni
Points Per Wavelength (PPW) Synchronize PPWs 7] Additional
PPW-X [13.74| PPw-y |13.74| PPW-Z |13.74 control paints

Load H

min/max ratio |0.001 max adjacent ratio | 1.3 Edit

i“lear
LW = |

i@ Manual

Mu Synchronize numbers
Additional ctrl
My 200 My | 200 [}
™) User defined ' uniform mesh |
Load Edit C Es"i Setting i

Minimurm angle of solid surface angle (Deqg) 3

=

The sampling density in X, Y and Z directions.

Cell ratios: please refer to the Mesh section of the
Wavenology EM package manual.

User needs to input how many uniform cells will be
created along X, Y and Z direction, respectively.

How to create the triangular mesh for the solid
surface for meshing purpose.
The comment is in the next page.
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* There are 3 timing
parameters user need to set
up for a simulation

1)

2)

3)

Total simulation time windows

User can specify a time window or using a

automatic time window by energy decay
level.

Stepping Delta T

User can specify a At or use automatic At.
User input At should be less than
automatic At. Otherwise, the solver will

prevent the simulation.

Receiver and snapshot recording
intervals

User should setup how many time steps to

record the data once for receiver and
snapshot.

s

Ik Backaround | Boundary | Frequency and Pulse || Mesh

Time

Project Simulation Timing Setup

Timne Window [ns]

) User defined

Delka Time [ns)

() User defined

Receiver Recordings

Mo, of Recordings
pet Period of Frax

Recording Interval
(Unit: # time steps)

{?} Automatic

Energy decay [dB] -40

Energy variation [dE] |-30

{?} Aukomnakic

anapshot Recordings

Mo, of Recordings
pet Period of Frax

Recording Interval
(Unit: # time steps)

Cancel




Mesh generation

After the mesh control has been set up correctly, user
can generate grid by clicking following toolbar buttons.

®  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

®  Generate Cartesian mesh and export the data file

cart_mesh.txt cell material index, ascii format
material_info.txt material name and index , ascii format
cart_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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Mesh displaying

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

D Show the cylindrical mesh

& Show the Cartesian mesh

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 a Cartesian mesh.



880000 7| &0 & |(6[EEE

W of [E
|§EE ﬁ : : [¥] show Gri

The grid can . .
be hidden by Mesh displaying controls
uncheck
EDSth rid
i
By click top
view mode

The default displaying mode is lowest Z
(X-Y plane) cells with grid line shown.

ele]@ ) &=

S EEEXDOR O @
¥ -|d @'ED:E&H}D s

User can check whether the
cell-material is correct or not
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The canvas return back the
angle view mode.

Note: the displaying color for each cell is
determined by the material in that cell. The
material color is defined as one of the material
property in the Material Editing Dialog 0




Exported Mesh Data File Format

material_info.txt material name and index , ascii format

% id name eps r e _cond mu_r m_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 tIe material \ 2"d column is the material other columns are electric-
index in this case, not matter name profile of the material. We
this material has been used will add more parameters to
for any solid or background support elastic wave solver

in the future.

We will provide matlab codes to demonstrate how to load these files
and display the mesh in matlab.



cyl_mesh.txt & cart_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) or
X(Cartesian mesh:cart_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 & cart_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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Material definition

User can assign different materials to different solids. To create a new material is
through the menu attached on the tree-node “Material”

¥ Circuits .
ihil Excitation Pulses Edit Material E'
=B :
H Add Material eneral | Electromagnetic | Elastodynamic
B PEC  Import Materials from Library
B mi T Marme
§ 2; Waker
B rockl
B o
7 Curves ]
The menu appears by right click mouse button [ add to material brary

on the treenode Material, the material Edit
Dialog will be popuped by choosing “Add
Material” menu.
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There are three kinds of properties for a
material:
1. General definition: name and
displaying color

2.

3.

iproperiestora

Parameters for electromagnetic

profile: relative’ permittivity and

electric conductivity, etc.
Parameterg for elastic wave: mass
density and velocities, etc.

-

Edit Material w

General | Electromagnetic | Elastodynamic

Mame

water

Type

MNormal -

Relative permittivity
1

Electric conductivity
a

Electric loss tangent
o]

Color

| Editdispersion |

Relative permeability
1

Magnetic conductivity
a

Magnetic loss tangent
o]

[

=i

»
Edit Material

General | Electromagnetic I Elastodynamic|

MName

water

Color change

m\

[ Add to material library

—

gene
para

|General IEIectromagneﬁcl Elastodynamic | ok l [ Cancel ] [ Apply ]
Mame Color
Mass density
1000 khm~z
P-Velocity Qp {0, Inf)
1500 ol inf
S-velodty Qs (0, Inf)
0 nlfs inf
ral isetropic visco-elastic
Anisotropic Material Property
eter param eter
PoroElastic Material Property
o) (o] (] 2



Advanced Parameters for Cartesian elastic wave simulation

1) General Anisotropic Property Cij

p
Edit Material

=

| zeneral | Electromagnetic | Elastodynamic

MName Color

rock

Mass density

1000 kagfm~3

P-Velodty Qp (@, Inf}

1500 m/s inf

5-Velocity Qs (0, Inf)

o _check here inf

Advanced

(@) Anisotropic Material

(7 PoroElastic Material Property
o] [ ] [oom ]

= il

-

Anisotropic Material Parameters for Elastic Wave

@ General Anisotropic (Unit: GPa)
Ci.j A B C D F
(BxE Matrix) 1 10 3.5 2.5 -5 0.1 0.3
2 3.5 3 1.5 0.2 0.1 -0.15
¥ from to
3 2.5 0.5 5] 1 0.4 0.24
4 -5 0.2 1 5 0.35
5 0.1 0.1 0.4 0.35 4
& 0.3 -0.15 0.24 0.525 -1
| |
a4 | m
(71 Thomson
Epsion 0.1 Delta |-0.2 Gamma 0.3
L
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Advanced Parameters for elastic wave

2) Weak Anisotropic (Thomson) Property

r B
Edit Material e
r -
) Anisctropic Material Parameters for Elastic Wave u
| General | Electromagnetic | Elastodynamic
() General Anisotropic (Unit: GPa)
Mame Color -
Ci.J A B C D E F
rock
(6x6 Matrix) 1 10 3.5 2.5 -5 0.1 0.3
Mass density
2 3.3 8 1.5 0.2 0. 1 0,15
1000 kgfm*3 :
Copy from t
SR 3 |25 |05 6 1 0.4 |0.24
P-Velocity Qp (@, Inf) 4 |G 0.2 1 5 0.35  0.525
1500 m/s inf
5 0.1 . 1 0.4 0.35 & 1
5-Velodty 0s (0, Inf) ! 6 |03 0.15 [0.24  |0.525 |- 3
o check here inf L I
Advanced
— (@ Thomson
@ Anisotropic Material
Epsion 0.1 Delta -0.2 Gamma 0.3
(7 PoroElastic Material Property
| |
% — L — —
o] [emt] (o]
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Advanced Parameters for elastic wave

3) Poro-Elastic Property

~

Edit Material 24
| General | Electromagnetic | Elastodynamic z
I — o
Poro-Elastic Parameters ﬁ
Mame Colar
rock Bulk kKb (M/m~2) | SR Bulk Ks (M/m~2) 2e+010
Mass density
1000 kg/m~3 Bulk Kf (W/m~2) 5.25e+003  Shear Modulus (N/m~2)  6.4e+009
P-Velocity Qp (0, Inf) Rho s (ko/m~3) 4080 Rho f (ka/m~3) 1200
1500 m/s inf {
Porosity 0.4 Tortuasity 2
S-Velodity Qs (0, Inf)
* check here inf Viscosity (kafm/s) 0 Permeability (md) 1.05
Advanced
Lambda c 7.14477e+009 Effective Rho (kg/m~3) |2922
—feri e=taterial Property
i vp fast (mys) |2510.56 vp slow {m/fs) |1209.596
@) PoroElastic Material >
¥5 (mfs) |[1543.03
ENESIER e | o ] (o
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Material Modification

—-B8 Materials
B Air
BE PEC
B ml
B me

.
B rockl
B rocks
B rocks

To modify a material’s property, user needs
to select the material first (as the
highlighted material tree-node item), then
double click this item. The material Edit
Dialog will be poped up.



Wavenology GUI supports following basic geometries:

For how to create and edit these solids please refer to the “Geometries”
section in the manual of Wavenology EM package.

Wavenology EM package also support complicated solid by sweeping
or lofting faces. More details will be covered in the next manual.

3D Solid Definition

= @ Wavenology

Sphere/Ellipsoid Introduction

Box (Brick) + @ GUI Overview

Ring (Circular/Elliptical) +- @ Project Design

Torus BCLe@F 94l ! SR Geometries

Cone Sphere/Ellipsoid
=] Box

Polygon _ . . . Ring {Circular Ellitical

Cylinder Archimedean Basic solid creation toolbar buttons Torus

Spiral Cone

Toroidal F‘u:ulygu:un C';.flinder

Spiral oo

Spline ) spline Bondwire

Bondwire JEDEC-3 Bandwire

JEDEC-3 Bondwire Face

Loft Body
Sweep Body
3D Body Edit
CAD ImportExport
woxel Input
+ @ Geomekry Operarion:
+ @ Geomekty Operation
+ @ Materials
+ @ Excitations
+/ @ Lumped Elements
+/- @ Field Monitors
+ @ 1-D Results

+ @ Examples
+/ @ Miscellaneous

CAD solid Import/Export

b &b [

2D & 3D curve creation, and cover

planar closed curves as a face or lofting face

Create solid by sweeping
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Variable System

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.

User can define and modify a variable by toolbar button ¥

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

Variables E|
Mame Conkent
® 100 Mame v Definition | 100 + sin:)
W 100 + sinf)
(o ] (oot
Reserved Variable Mames
Build-In Functions
% >
31




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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Solid with Components

Wavenology GUI supports a solid with multiple components without
external BOOLEAN operations.

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

Box Creation @
1 . Crea‘te a Marme Material |PEC W
bOX fl I'St Transparency
0 a 100
Box Parameters
Lawer Carner  |-100, -100, -100 LZS Origin (0, 0, 0
7 Curves
Upper Carner (100, 100, 100 U Axis 1,0,0
H Y Ais 0,1,0
=1 Yoxels
: (o ] [cm ]
box listed in tree

the box has name box parameters box Shovggl
“Body001”



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

3. Check the “Add” button -+~

= |

4. Press “sphere” button ©

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

3D body editor

3

(AddiBox::Shapel

Marme | ody 001 | Maketial ‘F‘EC V| Mesh
Transparency

1] 0 100
+-n 80 LE®

= Hiskary

Radius Sphere
Ru |100 |
Ry | |
R | |

LZS Coordinates

Crigin |0, 0, 100

U Axis

1,0,0

W Axis

0,1,0

| ox

]

[ Cancel

]
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Following is the final shape structure and the displayed figure

3D body editor

X
k [
Marme |Eh:n:|3.fElEll | Makerial |F‘EC V| Mesh

Transparency
1] 0 100

y

+-n o sea® X

= Histary

R I R

Similarly, user can SUBTRACT or INTERSECTION other shape
on an existing 3D solid by “subtract” and “intersect” functions

- N
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Boolean Operations on 3D Solids

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

Before mesh generation, user needs to decide 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 st
The default setting (unchecked) is “delete the tools”. *~ .~

If this button is checked, means “keep the tools”
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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 Boolean operation: Body0OO1l= Body001-Body002

&~ ~
/ \

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

-

Method 1: operation through treenodes

=& Solids
[T pesh = B Eody001
. Eu:ci:: ‘.. Eiljlj':.-'l:ll:l;?_"
%" Observers A= Veveale
W Lumped Parts " "
i e b Press keyboard “Ctrl” and
D Faces 1ll Excitation Pulses

select “Body002” as Tool

i e B Materials
Solids

gl Bodyaol
& Body00z
A Wovals & BodyOnz
5 Yoxels
= Snapshats
@ Face Snapshot
Cﬁl Body Snapshot
\| Far Fields
14l Temp
101l Imported Result

B 5 o (e

Now, the Boolean
operation toolbar buttons
become enabled

Expand treenode
“Solids” to show all
solids

=

Press “subtract” button.

The Boolean operation
Select treenode is done.

“‘Body001” as Blank 37



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 is done.

“Body001” treenode also selected.
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The operation result is shown in following figure

Z

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 Redo & Undo

39



Mirror, Translation, Rotation, Scale
& Array Copy  -ewrm

+ @ GUT Orverview

+ @ Praoject Design

= @ Geometries
SpherefElipsoid

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

30 Body Edit
CAD ImporkfExport

. . “ Yoxel Inpuk
The detail operation please refer to the “Geometry —— - ¢ e

Array Copy

Operations” section in the manual of Wavenology Translate
EM package. Fetation
Scale
+ @ Geametry Operation Maming Syskem
+- @ Materials

+ @ Excitations
+ @ Lurmped Elements
+ @ Field Monitors
+ @ 1-D Results
+ @ Examples
+ @ Miscellaneous
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Excitation Source

EM Simulation

For the excitation source in EM
simulations, please refer to the

“EXcitations” section in the ot
i
Wavenology EM Package manual I sackground
@ Boundary
[ Freqapulse
@ Mesh
@ Tirne
= @ Wavenology & ——
Irkroduction o oby rEate Sogrce
+ - GUI Overview W Lun  Load Source Pulse from File
+ - Project Design g Wwa  Convert all observers to electrical dipole source
+- @ Geometries 4% Ciruits il
'_+_%_ hiat_.eﬂe.ll_s ______ -1l Excitation Pulses
e Excitations : —-BE Materials
: Sources I B wWaker
I Lurnped Parts : B Steel
: Wave Ports I T Curves
—--@-bumpedﬁen‘rem-s——' D Fares
+- @ Field Manitars g Solids
- 1-0 Results £ Voxels
+- @ Examples —-[f sSnapshats
+- @ Miscellaneous Face Snapshot
{[ Body Snapshot
Far Fields
-1l Temp

1l Irmported Resul:



Excitation Source

Elastic Wave Simulation

=gy Design
3 urie
@ Backaround
@ Boundary:
@ Freq & Pulse
@ Mesh
@ Tirne:

& ——

o Oy reatedource _I
i Ly Load Source Pulse From File
Em Wa  Convert all observers to electrical dipole source

H- 4% Circuits
+-g/gl Excitation Pulses
—-BE Materials
BE Watker
BE cheel
T Curves
D Faces
g solids
=1 Woxels
—-[B1 Snapshaots
Fare Snapshat
{[ Body Snapshot
Far Fields
-1l Temp
11l Imported Result

There are 4 types of excitation sources for
elastic wave simulations: ring source (for
Cylindrical Solver only), point dipole
source, point monopole source and
Moment Tensor (for Cartesian Solver Only)

-

Edit Existing Source |

Marme Sourcel Type Maonaopole b
Location Llhipiiz

oD
bor 2] 300-500, 400-500, 50-500 Dipole ‘

Ring Source
Moment Tensor

’ Array Setting ]

Excitation Pulse

@) Use project pulse Flot pulse Pulse type Ricker

~) Use individual pulse Eit e Delay [ms] 0

Amplitude 1 (Pafs)
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For a point monoploe source, user need
to define the position of the source.

Create Mew Source

Mame |Sourcel
Lacation
Gz (%00

Excitation Pulse
(%) Use project pulse

) Use individual pulse

Plat pulse

Type | Monopole

Array Setking

Pulse tvpe | |
Delay [ms] |D |
Amplitude |1 |

For a point diploe source, user need to define
the position and the polarization of the source.

Create New Source

Mame |Su:uuru:el |
Gy (%00 |

Excitation Pulse

(%) Use project pulse

Plat pulse

) Use individual pulse

A X

Type

| [:|i|:||:||E=

Polarization |1J 0,0 |

Array Setting

Pulse type | |
Delay [ms]  |o |
Ampltude |1 |

*x ] [ o ]
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-

Edit Existing Source

(S5

Mame Sourcel Type Moment Tensor -
Location 300-500, 400-500, 50-500 | (Strike Dip Rake) 0,0, 0
by T T e e e e e
x3vales | 1,0,0;0,1,0;0,0, 1
e e e e e e ——
Format: 11 c12 c13; 21 22 c23; 31 32 ¢33 Array Setting
LR Ee S I B N N p—

|
| @ Use project pulse

Flot pulse

Pulse type Ricker

Delay [ms] a

" “ Use individual pulse Edit pulze
| Amplitude 1 {Pa/s)
\ o

Focal Mechanism: Strike, Dip & Rake.

If one of them is not 0, the Focal Mechanism
will be enabled. Otherwise, the Focal
Mechanism will be disabled.

3X3 moment tensor

44

Each source can have individual excitation
pulse by setting “Excitation Pulse”.
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Observer
EM Project

User can define observer to record the
simulation data.

For the definition of observer in EL, please
refer to the “Receivers” section in the
manual of Wavenology EM package.

=|- it Design
3 urit
@ Background
@ Boundary
@ Frenq & Pulse
@ Mesh
@ Tirne

& Sources

=]
Create Observer
Lo

& Wave Ports
4% Circuits
¥4/l Excitation Pulses
=-BE Materials

EE \Water
B crkanl

= @ Wavenology

Inkraduckion

+ @ GUT Crverview

+ @ Praject Design

+ @ Geometries

+ @ Makerials

+ @ Excitations

+ @ Lumped Elements

-4 Field-Meniterse = = = =

LB Recsivers
=] Regular Snapshots
Irregular Snapshots

Far Fields

+ @ 1-D Results

+ @ Examples
+ @ Miscellaneous
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Observer

Elastic Wave Project

User can use the same method as EM

project to define and modify observer.

Observer Editor

ke Oby 01 Single Chserver
i i i i Obv_02
But in the elastic wave project, the 2 om0
. . - - Mame Obv_01
. i Obw_04 —
recording data are velocity: vx, vy, vz 2 o
. I Obv_06 Ohserver Position
and stress: txx, tyy, tzz, txy, txz, tzz 2 onr
C' Obv_08 ¥ 600-500 ki F00-500 Z  100-500
=gy Design O Obv_09
3 urit O Obv_10
@ Background g EE:—E Captured Components
% 2':""”';:;?' & Oby_13 [#] vx ] vy #]vz
req s PUlse £ Obv_14
IE Mesh 'C' Oby_15 V] oo ¥ tyy ] tzz
" |SE| Tirne 7] by 7] ez @ tyz
oUrces
=] S
Create Ohserver
éﬁ Lun: ’ Create I [ Array Creation ] [ Delete ] Modify
Wave Parks
-4 Circuits
¥4/l Excitation Pulses
=B Materials :
B v ]
B cranl

To create observers array by “Array Creation” function, please refer to the “Receivers”
section in the manual of Wavenology EM package.
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Snapshot

EL Project

User can define snapshot to record the - @ Wavenology
. . Introduction
simulation data on a face or a 3D volume. .- GUI Overview
For the definition of snapshot in EL, ; gz;°;;'jtﬁ:j‘g”
please refer to the “Snapshot” section in ; gg';;fggfns
the manual of Wavenology EM package. : gLquped Elemerits
= Field Manitars
r-@-ﬁcceinrs ——————

1
: Regular Snapshots 1
I 1
- Irregular Snapshots i

o DOhbservers =1 FarFichs = ————-
+- @ 1-0 Results
A Lumped Ports ! |
E Wave Ports - beamﬁl s
+-4F Circuits +- @ Miscellansous

+-glgl Excitation Pulses
— B8 Materials
B Water
BE cSheel
T Curves
D Faces
g Solids
£ Woxels
=[5

& Sources

Face Snapshot
(@] Body Snapshot
Far Figlds
+ 10l Temp
il Irmported Resul



Simulation with Multi-threading

User can use multiple threads to speedup the simulation

Simulation | Postprocess  Tools  Help

Start Simulation

Define the thread number

Prepare MPI Simulation File

Solve Green's Function

Select Solver The threads number &

Simulation Options

2

Reference pulse

Multiple Threads ‘
Define Farfield Ok Cancel

Observer spectrum

<

<,

Automatic max timestep

Note: in the WCT Cartesin Elastic Wave solver,
the real used threads number will be:

min(use_input,computer CPU_thread number)
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Batch Simulation through
Simulation Manager

User can simulate multiple projects sequentially through
WCT simulation manager

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

In WCT GUI, use this button to start Or, in Windows menu, expand here
a simulation manager to start a simulation manager
pordinatgs  Simulation Postproo
iz an .G T o Wavenology
@%%Emualtmn Manager b | WE'J ;I;install
L 2T 265 o=k 4 | =

H&z Wavenology EM
3 WCT Simulation Manager

License
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load saved list file or batch-link file

L Waféalogy EM Simulation Manager t : a -. s 1 p— . ‘ S - Elﬂlgﬂ

add a project in list

save current list into a file,
which can be used later

File’ Help
L IRR RIS A A RS YR R K]
Project Nawme Solver  Thread M... Int. Rest. State Info

Log
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)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

(—T— —_ project file

Simulation Task Editor S .|l

2]

X3 Please choose a project file

@I\.}I'l || =« Elastodynamics » OpenHole » "|*"’?|| search UpenHole Pl
Organize = Mew folder == - Eil @I
%% Dropbox * Mame Date “
& Google Drive |Z] Rpldl WaterSolidM22P305110Qpl00Qs10_RS1F11k_QC.wnt 12/9/¢
=] Recent Places | \Z| Rplélp5_WaterSolidM25P40523_DP100F3k_HC wnt 12/9/
| | |Z| RplZ4_MudSolidM23P38520_DP100F5k_FCawnt 27204
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- n
Simulation Task Editor [

Task

File D:\sim_caseYWn_BenchmarkTesting_Pool\Elastodynamics\Opentale R E]

Property
Solver Type  Auto - Intermediate Result  Disable -
Simulation Thread Mo, 2| [ Result Comparison ]

define thread number

The project status is listed
here to shown whether it

Click here to run the is finished or not
&l Wavenology EM Simulation Manager prOJeCt In the IISt -] E

File Help
g@|+xfax|f>-m&|||m EXIK:
Project Name E'-'”-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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If user have many projects need to simulate and they are in different
folders, user can define a link file to include the project.

Then load this link file into WCT simulation manager

f Help
ER|+ K KD K[ F > ® s WD EYiIK]
\'/P ject Mame Solver  Thread M. Int Rest.
€T3 Please chosgse a job-list file — — - - ﬁ
w| . "N\ Testing_Fool » Elastodynamics » - Search Elastodynamics
) Testing_Pool » Elastodynami +4 ||| Search Elastodynami o
Organize = Mewfolder == = [ .@.
%# Dropbox v Mame Date modified | =
& Google Drive . _ o
. J Auziliary 3/17/2016 1:47 PM F
= Recent Places i _ ~
. 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
j Documents ) - -
] J SteelPipe 3/17/20161:49 PM F
J’? Music . ,
] || ElxXClusterConfig_mpich2 b 12/1/201511:49 AM T
=/ Pictures B = i
_ || test EL.txt 12/9/2014 12:19AM T
=l Subversion TEST FI T¥T rar 1A 17+t 12021 £ A 1147 T




WCT Simulation Link file format

Test EL.txt

Include Homogeneoushest Homogeneous.txt
Include OpenHole\test OpenHole.txt
Include SteelPipe\test_SteelPipe.txt
Include SonicLoggingPipe\test S
HHHHHHHHH comment line

/ start from '#'
test Homogeneous.txt

icLoggingPipe.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
"Rpl1z1_WaterSolidM22P30S11_RSOF3k_QC.wnt" SIMTYPE=auto SIMTHREAD=1 INTRESULT=0
STATUS=wait

Note: WCT simulation manager can also load "test Homogeneous.txt"
directly without goes through "Test EL.txt"
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Tutorial Case |
Point Dipole Source in Homogenous
Rock Background

General isotropic material

This case is in the demo package:
elastic\homogeneous_dipole src\casel.wnt




In WCT GUI, "New" a Project change Physics to Cartesian
Elastic Wave Solver

w - - r
%__wavenm H» Wavenology EM (x64) - new project

File ] Edit View Coordinates Simulation -
= Open Project Ctrl-0 t Select Problem g

Close Project . Problem type
Mew Projects Set : @)= @) Elastic

Open Projects Set

A |

Coordinates
& save Project Ctrl-5 @ Cartesian () Cylindrical
W) Save Project As

Cree ] [Cox ) (o]

'Z Zip Project with Result

[TES——————— zr. Zip Project without Result
File | Edit View Coordinates Simulation Mew Physics

= Open Project Ctrl-0 t Chanoe Phvsics
Close Project Save as

Mew Projects Set ; llcase all
Open Projects Set .
proje

[ Save Project Ctrl-5

. Save Project As

B Zip Project with Result
E"‘Z Zip Project without Result

| The WCT GUI title will
S:HZT:LTQC; Change tO th'S

Save as Template F e |
st et ‘ Hiz Wavenology Cartesian Elastic Solver (x64) - case_a

IFile Edit View Coordinates Simulation Postprocess
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File Edit View Coordinates 5i

Lh=zB W

A | G
Project

& casea click here,

H{am ~__— ordouble click one of these
D a1 to enter project setting dialogue
----- a Freq & Pulse
----- n Mesh

[ b
L Time Project Design u

Unit |Bad<gruund | Boundary I Freguency and Pulse I Mesh I Time |

Length millimeter -
Time nanosecond -
Freguency gigahertz -

@ IfOwithFrequency (GHz)

1 1/0 with Wavelength in water  {mm)

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

) Keep the system value unchange




Here, we change length unit to "Meter"

-

Project Design

=)

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

Length
Time

Frequency

0 IO with Wavels

millimeter
centimeter
micrometer
nanometer
picometer

i@ IjO with Frequer femtometer

attometer
kilometer
miliinch
inch

foot

mile

Action option when lengthffreq. anit change
@ Scale whale system

(71 Keep the system value unchange

| [ 2oy ] [ conce
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In background page, we define a new

material as background

~

Project Design

=)

Lnit Background | Boundary I Frequency and Pulse I Mesh | Time |

Homogeneous Badkground Material

Air
Use L 4 Medi PEC
[C] Use Layered Medium ...Mew Material
Layer Stack Crientation almport from b

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

Bottom Position or . -
Layer Thickness S N

o) [ ] [

|
=

Edit Material

General | Electromagnetic | Elastodynamic

Mame

rock

[] Add to material library

JESIIES
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Because it is a elastic simulation, we skip EM parameter, enter
"Elastodynamic" page, enter following content. Then "OK"

Edit Material e

| zeneral | Electromagnetic | Elastodynamic

Mame Color

Material
Mass density

2500 kg/m~3

P-Velogity Qp (0, Inf)
N 3000 m/s inf

S-Velodty Qs (0, Inf)
1900 m/s inf

[] advanced

Anisotropic Material Property

PoroElastic Material Property

If
[

| Cancel | | Apply |




The background will be the new material "rock"

F

Project Design

===

Unit | Badkground | Boundary | Freguency and Pulzse | Mezh I'I'lme |

Homogeneous Background Material rock -

[T use Layered Medium
Layer Stack Orientation z

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

Bottom Position or

Layer Thickness Material LELET

ok | | Aoy | | Cancel
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Set Project size as following, all direction use
OPEN boundary conditions

”
Project Design

==

| Unit | Background | Boundary

Frequency and Pulse I Mesh | Time |

¥ Boundary {mm)
¥min Open at input position

¥man Open at input position

¥ Boundary {mm)
Ymin Open at input position
fman Open at input position
Z Boundary {mm)
Zmin Open at input position

Zmax Open at input position

L]

Position  -300
Position 500
Position  -450
Position 45
Position  -300
Position 500

Ok

][ F—y ][ Cancel
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-

Project Design

| unit | Backgreund | Boundary | Frequency and Pulse |Mesh | Time |

@) Frequency Range [GHz]
Plot Pulse

Min. Freg. (fmin) 11.44124346
Max. f_enegy [GHz]

1.14412e-006

Max. Freq. (fmax) 1144124346

) Project Pulse

Pulse Tvpe |BHW - | [T Modulation

Order l:l Freq. (frm) | 577.7830475
Char. Freq. (fc,[GHz]) Center Phase [deq] D

{ Mote: fo=fmax/3.351 ) { Mote: Fro={frin+frnax)iz 3

Project pulse, we
change to Ricker wave

-

Project Design

() Frequency Range [GHz]

Min. Freq. (Fmind 11.44124845
Max. Freq. (fmax) 1144, 124546

@ Project Pulse

Pulse Type

BHW
Order Gaussian
Delta
Char. Freg. (fc,[GHz]) Rectangle

Sine
{ Mote: fc = fmax/3, 351User defined

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

Flot Pulse

Max., f_enegy [GHz]

1.14412e-006

[IMadulation

Freq. (fm) | 577. 7830475
Center Phase [deg] EI

{ Moke: Frn=(Frin+fmax)f2 )
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Finally, define project pulse as this

-

Project Design

=

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

i) Frequency Range [GHz]

| Plot Pulse |
Min. Freq. (fmin) 11.44124346
Max. f_enegy [GHz]
Mazx, Freq. (fmax) 1144, 124346
1. 1441 2e-005
(@ Project Pulse
Pulse Type Ricker - Modulation

Freq. (fr) | 577. 7830475

Peak Freq) (fc,[GHz]) 10 [enker Phase [deqg] |0

TruncatioryMultiple 5.2831853 Make: Frin=(Frin+friax)f2

( Mote: tc=1f(pi*fc), fmax=2.76375fc )
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’
Project Design

=)

| Unit I Background I Boundary IFrequency and Pulsel Mesh |'I'|me |
) Automatic Advance
Points Per Wavelength (PPW) Synchronize PPWs 7] Additional
PPW-X |2.39 | pPwy [233 | pPwZ |2.39 control points
Load |"|
L]
min/max ratio |0.001 max adijgcent ratio | 1.3 Edit
@ Manual Clear
Mumber of cells Synchronize numbers
Additional ctrl
Mx 8 My |[& Mz |8 U h k th .
) User defined
Load Edit Clear \
r - -
Minimum angle of solid surface angle (Deg) 3 Project Design \
|
| Unit I Background\l Boundary | Frequency and Pulse | Mesh |'I'|me |
Cancel
HE'ID oK ] [ Apply ] [ I:::I Autormatic Advance
—— Points Per Wavelength (PPW) synchronize PPWs 7] Additional
PPW-X [2.39 | APW-Y |2.38 | PPW-Z |2.38 contral points
Load ||
min/max ratio |0.00 max adjacent ratio | 1.3 Edit
Input cell o s =
Mumber of cells [T synchronize numbers
numbers in each 0] il
My 200 Ny 190 Nz 200
aXIS () User defined
Load Edit Clear
Minimum angle of solid surface anale (Deg) 3

o | [y | [ conce




In the Time page, all use default input

-

Project Design

=)

|L.Ir|it |E|au::kgruund | Boundary | Frequency and Pulse | Mesh | Time

Time Window [ns]

i7) User defined

End Time |1.359955e+007

Delta Time [ns]

™) User defined | 189364

Receiver Recordings

Recordings times per
period of max f_energy

Recording Interval
{Unit: # time steps)

@ Automatic

Energy decay [dE] -40 -

Erergy variation [dB] -30 -

@ Automatic

Snapshot Recordings

Recordings times per
period of max f_energy

Recording Interval
{Unit: # time steps)

Ok

Apply ] ’ Cancel

Press OK to finish
project design
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Then the project shown
in 3D canvas will be

{mrm)
-500,-450,-500) , (500,450,560

Background / rock , Unit:

(

bounding box:

, center: (0,0,00
L IVpE]

size: (1000 = 900 x 1000}

={3000,1900), (Qp,Rs)=(inf,inf

=2a00

mass-density
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Define source

[=r case_a »

E% Design

----- [ Background

----- 2 Boundary
----- a Freq & Pulse

-

Create Source

Create Constant Amplitude Line Current Source
Load Scurce Pulse from File

Convert all cbservers to electrical dipole source

s -

"
Create Mew Source ‘ b M

Mame Sourcel Type [Dipole - ]

Location o

o, v, 2) -100, 50, -200 Polarization | 1, 1,1]

’ Array Setting
Excitation Pulse
@) Use project pulse Plot pulse Pulse type | Ricker
() Uge individual pulse Edit pulse Delay [ns] o
Amplitude i (Njm~3)
T ]| (o
A

A source is
added in main
canvas

Press OK
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Define Observer

+- @ Sources

----- : iéé?
..... W Lu Create Observer

----- . Wave Ports

AN e e

e
Observer Editor

Single Chserver

Mame Obwiil

Ohbserver Position

X -400 Y 250 Z 300
Captured Components
WY vy vz
(V] e ] tyy V] tzz
ty iz tyz
’ Create ] ’ Array Creation ] | Delete | | Modify |

Load
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Then create 2nd observer with a distance
of 50 m in X axis

IS

Observer Editor

(S |

¥ Obw0l

Single Observer

NIame Cbvd2

Chserver Position

¥ -4004+50| ¥ 250 Z 300
Captured Companents
WX vy vE
(V] e [¥] tyy V] tzz
by ez tyz
[ Create ] Array Creation ] ’ Delete ] ’ Maodify ]
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Finally, we create 10
observers in a line

EI% Design

----- [C Background

..... £ Boundary
..... n Freq & Pulse

- #: Sources
L@ Spurcel
o--& Observers

..... T

..... T Obw 02
..... 3 Obv 03

..... & Obv_04 /
----- 3 Obv 05 |l
..... T Obw 06
..... i Obw 07
..... 3 Obw_ 08
..... 3 Obv_ 09
..... 3 Oby 10

..... i Lumped Ports ]

m

FA A




Define 4 threads to run simulation
Simulation | Postprocess  Tools Help

'l .
Start Sirmulation The threads number I&J

Prepare MPI Simulation File

4

Solve Green's Function

Select Sohver

Simulation Options

Reference pulse

Multiple Threads

Now, we are ready for this case, "Start" simulation

| B | &b

imulation

Here is the simulation progress report

il Log

Validating the design
Body positons, layer positons, observer positons, source combination are verified.

Simulation has been started at 03/09/17 22:43:34 by Wavenology EM 2.0.2 (x64)
Preprocessing...

Subdomian 0: (1, 200), (1, 190), (1, 55)
Subdomian 1: (1, 200), (1, 190}, (56, 110)
Subdomian 2: {1, 2003, {1, 190), (111, 165)
Subdomian 3: (1, 200), (1, 190), (166, 220)

Domains: 1x 1x 1, Cells: 200 % 190 x 220, Delta time: 0.0007872596 sec, Mesher version: 1, CPU Time: 1.635 sec, CPU Time: 1.635 sec, Multi-thread (ver. 3) with 4 thi
Time Stepping...

m | 50/2935  [18s5/17m% (Elap./Rem.]]




After simulation finish, expand

"Results"->0Observers->vz,
double click "Obv_01"

~4lil Imported Result
54l Results
+| il Excitation
5-4ll Observers
-4l Transient
-l vx
+1-dhl vy
-l vz
4l Al

il

gl Obv 02
gl Obv 03
gl Obv 04
4l Obv 05
4l Obv 06
gl Obv 07
g1l Obv 08
4l Obv_09
gl Obv_10

m

This is the vz on observer "Obv_01"

Observer vz transient

WZ (mts)

2.5e-013

2.0e-013

1.5e-013

1.0e-013

5.0e-014

1.3e-029

-5.0e-014

-1.0e-013

-1.5e-013

-2,0e-013

-2,5e-013

Observer vz transient i
— Ohy 01
200 400 &00 300 1000 1200 1400
Time (mz} Al
L 3
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WCT simulation result compared
with analytical solution

Observer vz transient

WZ (mis)

2.5e-013

2.0e-013

1.5e-013

1.0e-013

5.0e-014

1.3e-029

-5.0e-014

-1.0e-013

-1.5e-013

-2.0e-013

-2.5e-013

Observer vz transient

— by _01

w7 11_analytical

0 200

400

a00 300 1000
Time {mz}

il

1200

1400

m
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Tutorial Case |
Point Moment Tensor Source In
Layered Background with Soft
boundary on Top

General isotropic material

This case is in the demo package:
elastic\ layered\case 2 monopole.wnt




Save tutorial case 1 as "case_2_monopole"

Then create new material "bottom" & "middle" for

layered background

--| il Excitation Pulses

EI@
B A Add Material

P . .
g Import Materials frem Library
; i
- |
|
' N
Edit Material 5
| General I Eectrnmagnetic| Elastodynamic |

Mame Colar

poton —

Mass density

2500 kg/m~3

P-velodty Qp (0, Inf)

3000 m/s inf

SVelodity Qs (0, Inf)

1200 mjs inf

[T advanced

Anisotropic Material Property
PoroElastic Material Property
| () (o] [om) [

F ™
Edit Material 5
| General I Electrnmagneﬁcl Elastodynamic |
MName Color
midde I
Mass density
2300 kg/m™3
P-Velocity Qp (0, Inf)
3500 m/s inf
S-Velocity Qs (0, Inf)
2300 mfs inf
[] advanced
Anisotropic Material Property
PoroElastic Material Property
o) (o] [
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Change background to layered medium

p
Project Design

S

LInit Background | Boundary | Frequency and Pulse | Mesh I'I'lme |

Homogeneous Background Material rock

LUse Layered Medium

Layer Stack Crientation

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

““L?:e“:mm’ Material Action
Top Air
Add |
Bottom (0.0 Air -
set bottom layer as “rock”
material, it's range is
| [ e ok | [ mpy | [ cance below -100 m
B"L;t:e“r‘ m‘h"“ = Material Action
Top Air
Add
Bottom |(-100 rock -
Air
e —
bottom
middle
...Create Mew Material
e | a - Import from Lib

Cancel
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Then define the 2nd layer has a thickness as 350 m,
material is "middle"

Bottom Position or - Acti
Layer Thickness Material n Bottom Position or Material Actio
: Layer Thickness atena n
Top Air
Top ir
350 ‘N, vi
Bottom | 25 = midde ngd

PEC Bottom |-250 bottom
rock
bottom
...Create New Material CI'Ck "Add" to add
...Import from Lib I

2nd layer

Set the top layer as material

“bottom"
Bottom Position or - -
e Material Action
Top bottom =
Air
1 350 PEC . . .
: rock After 3 layers are set, it will be as this
Bottom |-100 bottom |
middle
...Create Mew Material
...Jmport from Lib Bulgt:en:#ﬁ:,ﬁnnnr Material Som
Top bottom
1 350 middle Delete
Bottom |-100 rock -
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The 3 layers background

will be as this
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Change boundary size and

top B.C. type

-
Project Design

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

¥ Boundary (m)

¥min Cipen at input position * Positiof  -500

¥max Open at input position w  Positio 500

¥ Boundary (m)

Ymin Cipen at input position * Positioh -500

¥max Open at input position - P'usiﬁu[ 500

7 Boundary {m)

Zmin Cipen at input position = Positioh -500

Zmax Soft at input position - ?usiﬁu[ 500
e &
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change cell numbers to
200 both in X, Y & Z axis

-

Project Design

@ Manual
Mumber of cells

My 200

71 User defined

Load

Synchronize numbers
My | 200 Mz |200
Edit Clear

Minimurm angle of solid surface angle (Deq)

3

| Lnit I Background | Boundary | Frequency and Pulse | Mesh | Time |
7 Automatic Advance
Points Per Wavelength (PPW) Synchronize PPWs [ Additional
PPW-X 123 | PPW-Y |12.3 | PPW-Z |12.3 control paints
Load |"|
min/max ratio | 0.001 max adjacent ratio | 1.3 Edit
Clear

Additional ctrl

Apply




change source to "Moment
Tensor", property as following

”
Edit Existing Source

MName

Location
e, v, 2)

Format:

Source 1)

300-500, 400-500, 500-50

A, ==

Type [Murnmt Tensaor - ]

(Strike,Dip,Rake) 0, 0, 0

33 Values 1,0,0;0,1,0;0,0,1

c11c12 c13; 2122 €23; 313233 ’ Array Setting ]

Excitation Pulse

@) Use project pulse Plot pulse

(71 Use individual pulse | Edit pulse |

Pulse type |Ri|:ker |

Delay [ms] i}

amplitude 1 (Paje)

S
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Make 15 observers along Z, Z positions
are (400:-50:-300)

ra—

-

Observer Editor

I‘_._

el Cby_01 Single Observer
3 Obv_02
3 Obv_03
3 Obv_04 Name  Obv_01
i Cbv_05
5 Obv_06 Observer Position
3 Obv_07
3 Obv_08 X 600-500 Y  700-500 7 500-100
i3 Cbv_03
3 Obv_10
£ Obv_11 Captured Components
% Obv_12
¥ Oby_13 [] wx [F]wy [#] vz
T3 Obv_14
& oo oo Do e

[¥] ey [tz ¥ tyz

’ Create ] [ Array Creation l ’ Delete ] Modify
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Finally, the project is as this, start

lation

Simu
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WCT simulation result compared
with analytical solution

Observer vz transient

WZ (mis)

1.2e-014

1.0e-014

8.0e-015

6.0e-015

4.0e-015

2.0e-015

7.9e-031

-2.0e-015

-4.0e-015

-6.0e-015

-8.0e-015

Observer vz transient

— by _01
Analytical(01){loaded)

N e T S

500

1000 1500 2000
Time (ms}

I

m
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Tutorial Case Il
Point Moment Tensor Source In
Layered Background

,I'Z
Poro-elastic material A Water
y :
I‘Il—.": )
& -
This case is in the demo package:: .
poroelastic\layered\¢ase 6.wnt| / Poro-elastic
material
1DD,EDD)\‘-\‘_‘ -
0,0




We define two
materials

--| il Excitation Pulses

- E

Water parameter

-~

Edit Material
| General | Electremagnetic | Elastodynamic
Mame Colaor
[rater —
Mass density
1000 kgfm~3
P-Velocity Qp (0, Inf)
1500 m/s inf
S-Velocity Qs (0, Inf)
] mjs inf
[T advanced
Anisotropic Material | Property |
PoroElastic Material | Property |
Help | oK | | Cancel | | Apply |
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rock has a poro-elastc parameter as

~

N

Edit Material J
| General | Electromagnetic | Elastodynamic
Mame Colar
rock
Mass density
1000 kg/m~3
P-Velodty Qp (0, Inf)
1500 m/s inf
S-Velocity Qs (0, Inf)
0 m/fs inf
Advanced
i) Anisotropic Material Froperty
i@ PoroElastic Material Property »
o] [ [

Poro-Elastic Parameters

S

Bulk Kb (Mfm~2) | ZRiREve]

Bulk Kf {(M/m~2) 5.25e+009

Rho s (kg/m~3) 4080

Porosity

Viscaosity (kgfm/fs) 0

Bulk Ks (M/m"2)

Shear Modulus (M/m~2) 6.42+003

Rho f (kafm~3)

Tortuosity

Permeahility (md)

2e+010

1200

Lambda c 7. 14477 +009

vp fast (myfs) |2610.56

(mf=) |[1543.03

Effective Rho (kg/m~3) |2922

vp slow {m/s)

1209.96
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Background as

-
Project Design

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

Homogeneous Badkground Material

IUse Layered Medium

Layer Stack Crientation

water

2

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

Bottom Position or -
T T Material Action
Top water
Bottom |0 rock -
Coc ) [ o | (el
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Change boundary size and

top B.C. type

’
Project Design

| Lnit I Background | Boundary | Frequency and Pulse | Mesh | Time |

¥ Boundary {m})

xrmin Open at input position

Kmax Open at input position

¥ Boundary {m])
Yrmin Open at input position
Ymax Open at input position
Z Boundary {m})
Zmin Open at input position

Zmax Open at input position

Posfion  -200
Posgion 800
Posfion  -200

Posfion 400

Posfion  -300

Posgion 500
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cell numbers is (200, 100, 200)
in X, Y & Z axis, respectively

Mumber of cells [ synchronize numbers

Ny 200 Ny 120 Nz 200
i) User defined
Load Edit Clear

Minimum angle of solid surface angle (Deg) 3

p
Project Design '
| LInit I Background | Boundary I Frequency and Pulse | Mesh | Time |
i) Automatic Advance
Points Per Wavelength (PPW) Synchronize PPWWs ] Additional
PPW-X 217 | PPW-Y |2L17 | PPW-Z |21.7 control points
Load |“|
min,max ratio | 0.001 max adjacent ratio | 1.3 Edit
i@ Manual Clear

Additional cirl
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"Moment Tensor" property as

following

-

Edit Existing Source l

3

Location

0, 0, 200
(v, 2) i

3x3 Value 1,0,0;0,1,0;0,0,1

Name l

Type [MumentTensnr - ]

(Strike,Dip,Rake) 0,0, 0

Format: Il c Ll els ST CL sy eal eat €3

Excitation Pulse

Array Setting

@ Use project pulse Flot pulse

(7 Use individual pulse Edit pulse

Pulse type
Delay [ms]

Amplitude

Ricker

]

1

(Fa/s)

Cancel
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Z

Observer Editor

Make 15 observers along Z, Z positions

are (-400:50:300)

&
2 N 5
TP
[ Cx| |B= |B» M
m = 2 m
£ =
— 3 & 2 =
: St % s §
.m_w_m_m_ﬁ_%ﬂ_ﬁu..._m_m_m_n_ﬂ.__ﬂ_m_H
A SN NS
RIS RO
R RS
RO
SRS
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Finally, the project is as this, start

simulation

R

NSRS SNN
%33#@%%
LA
R
N
R
fc&ﬂ

5
ORI
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WCT simulation result compared
with analytical solution

Observer vz transient

WZ (mts)

4

1.0e-014

2.0e-015

6.0e-015

4.0e-015

2.0e-015

7.9e-031

-2.0e-015

-4.0e-015

-0.0e-015

-3.0e-015

Observer vz transient

|

— Oy _10
e 7110 _analytical

m

400

200

aoo 1000

Time (ms}

1200

1400

1600 1500

1

I
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Special Treatment for Importing SAT
Models for Elastic Wave Project

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

1. The “Productld” part of the SAT file must be the string “ElasticWave”.
2. There must be two accompany files to define the material usage information
and material profile.
For example, the SAT file is A.sat, there are 5 models in the file.
2.1 User must define a material usage file as name A. SatMat. The file is an
ASCII text format. Each line lists the material name for a model. For example:
water
steel sl

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, 0

steel s1, 7890, 5790, 3235
The first column is the material name; 2nd is the mass density (kg/m3); 3rd is

the P speed and 4t is the S speed (m/s).



Tutorial Case
Import 3D Solids from a SAT file

(Here, we use Cylindrical Elastic Solver, but for Cartesian Elastic Solver, it is
the same procedure)

TR . Use “New Project” button create a new project

File Edit Miew Coordinates

Asi=N=

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

- (ew Project | Itis better, then, to save the project with a name under the target folder. |
-2 Here, we define the project name as “demo1” under folder “demo1”. :
Praject _ . Because in order to generate the mesh data file, the software need a i
- New Wavenology Project ' 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 @

Save in: |_)demu:|'| V| Q¥ -

) 3
My Recent
Dacurments

Desklop

iy Docurnents

%

ty CompLter

‘;‘] File: name: |demo1 A | [ Save ]
2

ki Metwark, Save as type: | wavenology project fles [ wnt) v | [ Cancel ] 97
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L[| Y | B
s O
el

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

(= Mew \Wavenology Project
= ¢ Design

- n
b n Background

Project Design

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

Time nanosecond

Frequency kilohertz v

Define project unit as
“mm”, “nS” and “KHZ” ]
Other settings use
Default values

(%) If0 with Frequency  (kHz)

() If0 with Wavelength in vacuum  frm)
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Insert 3D solids from an SAT file. For example,
“TRANSPARENT _RECEIVER_1.SAT”

Sat File Loaded Bodies Setting

(1 & @

- F Ertities in the File 9
N
Irmport model From File [ First Entity Marne |Im|:n:-rted_ |

Material for lnaded Entities | PEC w |

Init conversion @ File - milimeter, Project - milimeter

[ Juser defined scale

— SF (scale Factor
Please choose a Model file 2] { ) I:I |:| Clash Teskt

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

Look in: |l'f) cylindrical_mesh v| ¢ ?‘ ® [~
N ICss1_2222_tmp [Chss1_v2_tmp Translate (Unit; )
{ é} [S)ss1_3333_1_ini [)ss1_v4_layer_bk_inj (Boundboyx Center)fi{SF) Mew Position
My Recent | [C)ss1_3333_1_res [Ciss1_va_layer_bk_res ) i
Documents [ T)ss1_3333_1_tmp [Chss1_wa_layer_bk_tmp {:} Using Position | | | |
— IC)ss1_3333_inj (Cssl_va_layer_inj
=
|_ lﬁssl_SSSS_res lﬁssl_\-"}_layer_res . ||:| 0,0 |
Desktap ICZ)s51_3333_tmp (551 _v4_layer_tmp @ Using Offset (dx, dy, dz) —
[D)ss1_inj [E3]ohung Chang TRANSPARENT _RECE
’ Iassl_res
‘-_/' Css1_tmp
yDocmens |25 Cancel
I)ssi_vl_res
_ lﬁssl_vl_tmp
-jl;g Css1_wa_inj
- IC)ss1_v2_res
ty Carnputer
b | bd
.% File: narne: |Ehung Chang TRAMSPAREMT_RECENER_T. V| Open . Define the na e defaU|t
Flw Mebwark, Files of bupe: |Sat File [*.zat] v| [ Cancel ] i 1

- material and position for all

_ - imported solids o



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 valurme will kake the material af

(%) New 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. o



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
5 Moxels

=g Solids

=-IF Sranchakc

i
o
i

itation Pulses

ircuits
erials

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

- Wave Ports
B M

[ Snapshats

@ Body Snapshot

[ Face Snapshat
1y Far Fields

gl Imported Result

E

Following is the shape of the imported solids and their names

User can check the

name-shape

mapping by select a
solid in the tree.

=8

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.

Rotation E|
# Sources Point in Rotation Axis R.okation Axis (x,y,2)
:9\ COhservers
L d Part:
& oo Ratation Angle (degree)
# Circuits
11l Excitation Pulses Advance

BER Materials
7 Curves
u Faces

=g Solids

g

[ keep Criginal |

5 Yoxels Fide

=8 Snapshots Edit
Face 3N Changs Material
(B Body 5ne
ol Far Fields
il Temp Delete
1hil Imported Rey

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.

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.
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Define different materials for different components.

Here, we define metall, metal?2 and metals3.

ER Jteriae

| Add Material ‘

Add Material ‘

B8 PEC
f Curves

Impart Materials From Library

T

Impart Materials From Library

—

Edit Material .

General |E|ectr0magnetic || Elastodynamic|

General | Electromagnetic || Elastodynamic |

Mame

metaZ

Color change Color change

[] add ko material library

=7
23
@ | o
=

[] add ta material library

Cancel

(o]

oo |

[ox | [coen | [ |

B A &dd Material

) . .
BE PE Import Materials From Library
T Curves -
Edit Material h ]
General |E|ectr0magnetic || Elastodynamic|
Mame
[] add ko material library
(= (=] D]

103




Assign different components by different materials

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

double click treenode
“Imported_1"

10l Excitation Pulses
B Materials
B air
B PEC
B metall
B metalz
B metals
7 Curves
D Faces
E--gl solids
&

& Imported_2
& 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
S e P

Modify material to
metall, then press “OK”

3D body editor X

Air

Transparency PEC
a 0 rmetalz 100
rnekal3
J +oMew Material

...Import From Lib

+-n gocoee®

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

Help | [ ey | [ ok ] [ e

Mame |Imporked_1 Material |metall % [ Mesh ]

The result
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Set up cylindrical mesh control
)

Project Design

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

R Boundary

Rmin |Open at input position vl Position I:I . .
amax. [open ot rputposton (¥ ostion Computation domain

PhiBoundary boundary and size

A

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

PPW-RI:| PPW-Phi|:| PRY-Z |:| control points

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

Clear

(%) Manual
Mumber of cells [ synchronize numbers
hr phi 72| me 3| Mesh Setup
() User defined
Load Edit Clear

Minimum angle of solid surface angle (Deg)
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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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