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CONSTRUCT AND MANIPULATE MATERIAL MODELS
WITH GADGEO

INTRODUCTION TO GAD OBIJECTS

GEoDiIcT ANALYTIC DATA

Structure models in GeoDict can be described in two fundamentally different ways.

On first glance, GeoDict uses a voxel grid to describe any 3D structure, and the voxel
grid is used by its modules to compute the properties. When you import a 3D image
into GeoDict, or when you create a structure with any of the Geo modules, a voxel
grid is produced that represents the structure. While this description is very general,
it lacks any further knowledge about how the material is composed of geometrical
objects. Is this a fiber? What is the direction of it, the orientation of an object? The
voxel grid cannot tell the answer to these questions.

However, when a structure model is virtually created with one of the GeoDict modules,
at the time of creation all the geometrical information is known. To allow the user to
make use of these information later on, it is not discarded, but stored additionally to
the voxel grid whenever available.

These geometric objects like spheres, ellipsoids, and fibers in GeoDict are called GAD-
objects, where GAD stands for GeoDict analytic data.

In the project and status section, on the left of the GeoDict GUI, a green dot indicates
that this data is available for the current 3D structure.

» @ C:/UserGuide/GadGeo
» @ Structure (400x400x400, 1 pm)
» @ GAD Objects (432)
g Statistics
» Constituent Materials (2)
Open Result Files (--)

Volume Files (--)

The properties of GAD Objects, like their diameter or position, can be written to an
ASCII-file, which has the file ending .gad. A .gad file, which is easy to read and to
modify, contains all the information of a given geometry.

A .gad-file, written by GeoDict or an external tool, can be imported into GeoDict.
During the import process, the analytic information is transformed into a voxel
geometry (voxelized), where certain discretization parameters, like the voxel length,
are required.
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Construct and manipulate material models with GadGeo

THE GAD FILE FORMAT

A .gad file is an ASCII file which can be opened with a text editor such as NotePad++,
or WordPad. Since GeoDict 2023, the syntax is that of a python dictionary. In previous
GeoDict versions, a different file syntax was used, and the old syntax can still be read
and written by GeoDict 2023.

The general structure of a .gad file looks as follows:

# Example .gad File

{

"Header" : {
"Release" : 2023,
"Revision" : 58894,
"BuildDate" : "23 Sep 2022V,
"CreationDate" : "26 Sep 2022V,
"CreationTime" : "14:20:50",
"Creator" : "becker",
"Platform" : "64 bit Windows"

b

"NumberOfObjects" : 8,

"Description" : "GAD Grain Shapes",

"Domain" : {

[...]

by

"ConstituentMaterials" : {

[...]

b

"MaterialDatabase" : {

[...]

b

"Objectl" : {
"MaterialIDModel" : "Constant",
"MaterialID" 1,
"Type" : "Sphere",
"Position" : [4e-05,6.5e-05,4e-05]7,
"Diameter" : 2e-05,
"Axisl" : [0,1,0],
"Axigs2" : [1,0,0]

y

[...]

Every gad-file written by GeoDict starts with a Header section containing details
about the creator, the file, and the GeoDict version.
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Introduction to GAD Objects — The GAD file format

The keyword (or short key) NumberOfObjects specifies the number of objects in
the file. The data describing each Object is given in a separate sections Object1l,
Object2, ... later in the file.

The given Description is shown in the title of the main screen of the GeoDict GUI
when the file is loaded.

In the Domain section, the size of the domain of the voxel geometry is specified,
which allows GeoDict to directly load a .gad file and create a voxel geometry. The
information is used as default, but can be changed during the import process when
importing the gad-file with ImportGeo-Vol. The content of the Domain section is
described in more detail with the Edit Domain command on page 48.

The ConstituentMaterials link the material ID with a material. The background
material is defined in the Domain section, all other materials are defined in this
section. All materials have a Name, a Type and an Information section. The name
is a reference to materials of the GeoDict Material Database. The type is referring to
a material state (solid, fluid, ..). The information could be either empty or a useful
description of the material. Besides this, all properties defined in the GeoDict Material
Database for this material are stored in this section:

In the MaterialDatabase section, the complete material database entries of all
materials present in the structure are stored. The entries describing the materials are
in the same format as the entries of GeoDict material database. This format is
described in more detail in the Material Database handbook of this User Guide.

LisT oF GAD OBIJECTS

The heart and most important part of the .gad file is the list of GAD objects.

The definition of a GAD object in a file is given in the Object®%1 section, where the
symbol %1 stands for the index of the object. This means that the keys and values
of the first object are given in the Objectl section, the keys and values of the second
object are given in the Object2 section, and so on. The NumberOfObjects given
above has to correspond to the number of sections defined here.

Each GAD object has some common keys:

B The MaterialIDModel defines of how many different materials an object consists.
Typically, it is just one ID and the value is Constant. Since GeoDict 2022, some
non-constant patterns are also possible (see the description of the Change
Material ID Model command on page 43 for details).

B The value after the key MaterialID specifies the material that the object is made
of.

B The string after the key Type defines the type of the object, for example Sphere.
The possible object types and the object-specific parameters are described in more
detail with the Create / Add GAD Objects command on page 29.

B For all objects, the key Position defines the center of the objects. For objects with
symmetric shapes this is also the center of mass. For objects with irregular shapes
(Planar Polyhedron and Convex Polyhedron) the center is the center of the star-
shaped object or the surrounding object, which may slightly differ from the center
of mass.

Other parameters depend on the object type and are given as key-value pairs where
the value can be a floating number, an integer number, a Boolean value (true or
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Construct and manipulate material models with GadGeo

false), a vector, or a string. Each key-value pair has to be put in a separate line,
where the order of the lines is not important (the key-value pairs of an object can
be interchanged). The possible object types and the object-specific parameters are
described in more detail with the Create / Add GAD Objects command on page 29.

B If the key Diameter is used to specify a parameter of a gad-object, it is always
possible to use instead the key Radius and half the value of the diameter. This is
a convention respected by all gad-objects.
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Using GadGeo

USING GADGEO

The heading GadGeo appears in the module section (to the left of the GeoDict GUI)
when selecting Model - GadGeo in the menu bar to begin working with GadGeo.

GadGeo
Create / Add GAD Dbjects
Options m Edit
Help @ Record
P Run

Create / Add GAD Objects
Edit GAD Objects

Edit Domain

Create GAD Index Image
Create GOF Orientation Image
Add & Import

Export as GAD Objects
Algorithms

GAD GeoApps

GadGeo can be used to Create/Add GAD Objects. Use this command to create new
structures as a practical way for building structures consisting of few objects with
deterministic properties. New forms of particles can be generated as combined

objects.

Furthermore, this command can be used to add objects to existing structures, e.g.,

to add deterministic objects to stochastic (random) structures.

The dropdown menu options Edit GAD Objects, Add & Import, Algorithms and
GAD GeoApps contain further submenus.

Under Edit GAD Objects, it is possible to edit, scale, rotate or delete objects. It is
possible to edit material, size, and position of objects.

GadGeo

Edit GAD Objects
Edit GAD Objects
Options

LXEdit... Shift GAD Objects

Rotate GAD Objects

Help

P Run

Resolve Overlap / Mark Contacts

Change Material ID Model
Delete Selected GAD Objects
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Construct and manipulate material models with GadGeo

Under Add & Import, you may add GAD objects from a .gad file. The Import GAD
Objects from File command was previously available through ImportGeo-Base.

GadGeo
Algorithms A
Remove Object Overlap
. Add Periodic Copies N
Options LrEdit..  [Expose Periodic Objects

Coarsen Curved Fibers
Cut Fibers to Domain
Match SVF Distribution
Ungroup List-Objects
Combine GAD Objects
Re-Voxelize GAD Objects

Help @ Record

P Run

In addition, Algorithms are available to Remove Object Overlap, to Add Periodic
Copies, to Expose Periodic Objects, to Coarsen Curved Fibers, to Cut Fibers to
Domain, to Match SVF Distribution, to Ungroup List-Objects, to Combine GAD
Objects and to Re-Voxelize GAD Objects depending on the selection from the pull-
down menu.

Additionally, under GAD GeoApps, example scripts show how GadGeo commands
can be used to create complex 3D structures.

All GadGeo commands are also available through the context menu of the project
status panel by right-clicking on the GAD Objects line.

» @@ C:/UserGuide/GadGeo
» @ Structure (400x400x400, 1 pm)

* @ GAD Objects (432) Discard All GAD Objects

» D] Statistics Edit GAD Objects...

» Constituent Materials (2) Create / Add GAD Objects...
fE, Open Result Files (--) Edit Domain...

Delete Selected GAD Objects...
Scale GAD Objects...

Shift GAD Objects...

Rotate GAD Objects...

Resolve Overlap / Mark Contacts
Change Material ID Model...

Volume Files (--)

Create GAD Index Image
Create GOF Orientation Image
Algorithms 'S » Remove Object Overlap...

Add Periodic Copies...
Expose Periodic Objects
Coarsen Curved Fibers...

All GadGeo processes are run on the structure in

GAD format currently loaded in memory and no Cut Fibers to Domain...

files are saved during these processes. Select Match SVF Distribution...
File » Save Structure As..., in the menu bar, Ungroup List-Objects
to save the modified structures in GAD format. Combine GAD Objects

Re-Voxelre GAD Objects
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Using GadGeo - Object types, shapes, and profiles

OBJECT TYPES, SHAPES, AND PROFILES AND THEIR REPRESENTATIONS

All available object types, shapes, and profiles and their representation in the .gad
file are explained in the following.

GRAIN SHAPES

Several geometric shapes are available to create objects consisting of grains: spheres,
hollow spheres, ellipsoids, and their generalized form of superquadric particles,
rectangular boxes, triangular prisms, and planar and convex polyhedrons.

SPHERE

A sphere is defined by the position of its center and a diameter, given by the vector
after the key Position and the value after the key Diameter (Radius).

Center [/ (um) |40 65 40

Diameter / (pm) |20

Diameter

"Objectl™ : {
"MaterialIDModel™ : "Constant™,
"MaterialID" -1,
"Type" : "Sphere",
"Position™ : [4e-05,6.5e-05,4=—-051,
"Diameter™ : 2e-05,
"Exisl™ : [0,1,01,
"Axisa™ : [1,0,0]

br

The additional parameters Axis1l and Axis2 in the .gad file describe the orientation
of the object. The third coordinate axis is not given as an additional parameter, but
given as the cross product of Axisl and Axis2, such that the three axes form a right
hand system. The orientation of a sphere obviously does not change the visible 3D
geometry, rather, it is used to model anisotropic material behavior. Those parameters
cannot be modified through the user interface.
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Construct and manipulate material models with GadGeo

HOLLOW SPHERE

A hollow sphere is similar to a sphere, but has an inner diameter defining the void

space inside the sphere, given by the value after the key InnerDiameter (or
InnerRadius).

Diameter Center / (um) 0 15 30
Diarneter / (pm) 20

Inner Diameter / (pm) 15

Inner Diameter

As for spheres, the additional parameters Axis1l and Axis2 in the .gad file describe
the orientation of the object and cannot be modified through the user interface.

"Object2™ : {
"MaterialIDModel" : "Constant",
"MaterialID" 2,
"Type" : "HollowSphere"™,
"Position"™ : [0,1.5%e-05,3=-051,
"Diameter"” : 2e-05,
"InnerDiameter™ : 1.5e-05,
"Exisl" : [0,1,0],
"Axis2" : [1,0,0]

br

ELLIPSOID

An ellipsoid is defined by its Center position, given by the vector after the key
Position, and three diameters, given by the values after the keys Diameterl,
Diameter2, and Diameter3, in the direction of its main axes.

Diameter 2 Center / (pm) 30 10 5
) Direction 1 0 0
Diameter / (pm) an 30 10

Rotation about Direction [/ (®) |0

Perpendicular 0 1
Diameter 3 Diameter 1
"Object3™ : {
"MaterialIDMcdel™ : "Constant™,
"MaterialID" HI
"Type" : "Ellipsoid”,
"pPosition™ : [3e-05,1e-05,5e-06]1,
"Diameterl™ : 3e-05,
"Diameter2™ : 2e-05,
"Diameter3™ : le-05,
"Axisl™ : [1,0,01,
"Axigam - [0,1,0]

br
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Using GadGeo - Object types, shapes, and profiles

Two of these main axes are given in the gad-file by the vectors after the keys Axis1
and Axis2. Axis1 corresponds to the given Direction in the GUI, and Axis2 to the
Perpendicular calculated from the entered rotation angle. Again, the third main axis
is determined through the cross product of Axis1l and Axis2, such that a right hand
coordinate system is formed.

SUPERQUADRIC PARTICLE

The superquadric particle is implicitly defined by the formula:
n

(" By

For exponents n; = n, = 1 it takes the shape of an octahedron, for exponents n, = n, =
2 it takes the shape of an ellipsoid with diameters d,, d,,d;, for higher exponents the
shape approaches a rectangular box.

n»

_l_

ng

=1 1)

X
dq

Z
ds

Y
dy

Blockiness 1 . 4 Center / (um) 80 g0 30
Direction 1 0 0
Diameter / (pm) 40 30
Center
Blockiness 1 0.5
Diameter 1
Blockiness 2 3
Rotation about Direction / (=) |0
Diameter 2

Perpendicular 0 1

The exponent n, describes the shape in the xy-plane (z = 0), the exponent n, describes
the shape in the xz and yz plane.

The three Diameter values correspond to the diameters d;,d,,d; in formula (1),
Blockiness 1 to the exponent n, and Blockiness 2 to the exponent n,.

The Position of the particle is given through its Center / Position, and the
orientation of the object. Axis1 corresponds to the given Direction in the GUI, and
Axis2 to the Perpendicular calculated from the entered rotation angle.

"Object8™ : {
"MaterialIDModel"™ : "Constant"™,
"MaterialID" : 8,
"Typs™ : "Superquadric”,
"Position™ : [Be-05,8e-05,3=e-05],
"Diameterl” : 4e-05,
"Diameter2™ : 3e-05,
"Diameter3™ : 2e-05,
"Axisl™ » [1,0,0]1,
"Axis2"™ » [0,1,0]1,
"BlockinessParameterl"” : 0.5,
"BlockinessParameter2” : 3

br
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Box

The definition of a box is similar to the definition of an ellipsoid.

The Center position is given by the vector after the key Position, and the two main
axes are given by the vectors after the keys Axis1l and Axis2. Axis1 corresponds to
the given Direction in the GUI, and Axis2 to the Perpendicular calculated from the
entered rotation angle. As always in GeoDict, the third main axis is determined
through the cross product of Axisl and Axis2, such that a right hand coordinate
system is formed.

The three Side Lengths of the box in the direction of the main axes are given by the
values after the keys Lengthl, Length2, and Length3.

Length 3 Center / (pm) 70 15 5
Direction 1 0 0
® Side Length / (pm) 30 20 10
Center Rotation about Direction / (°) |0
4, | Perpendicular 0 1 0
g’é‘
4> N
Length 2
"Objectd4™ : {
"MaterialIDModel™ : "Constant”,
"MaterialID" 4,
I"|I|3/,pe'l : TIBOXII!
"Position" : [7e-05,1.5e-05,5e-08],
"Lengthl™ 1 3e—-053,
"Length2" : 2e-05,
"Length3" : le—-05,
"Axisl" : [1,0,0],
"Axisi™ : [0,1,0],
"CornerMode" : "Sharp”,
"CornerRadius" : 0

br

The additional parameters CornerRadius and CornerMode are used in conjunction
for rounded boxes. CornerRadius describes the radius of the corner. CornerMode
Rounded is used for rounded boxes, instead of the CornerMode Sharp that is used
for normal boxes. Those parameters cannot be modified through the user interface.

TRIANGLE

The Triangle object defines a triangular prism, which might be oblique or right-angled.
The base triangle is given through Corner 1 to Corner 3 (Pointl to Point3 in the
.gad file). The coordinates of the corner points are given relative to each other.

The Center (corresponds to the Position vector in the .gad file) describes the center
of mass of the prism, the Prism Height (Thickness) the distance between the two
parallel triangles. The Prism Direction (Normal in the .gad file) is the shift direction
between the two parallel triangles. If the Prism Direction is perpendicular to the
plane defined through the three corner points, the prism is right-angled, otherwise it
is oblique.
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Using GadGeo - Object types, shapes, and profiles

) ) Center / (pm) 50 30 70
Direction
Corner 1/ (um) ] 0 0
‘ Corner 2/ (pm) 20 0 1]
Corner 3/ (um) 0 20
Height
9 Prism Height / (um) |4
Prism Direction ] 0
"Object7™ : {
"MaterialIDModel" : "Constant"™,
"MaterialID" : Ty
"Type" : "Triangle",
"Position™ : [S5e-05,3e-05,7=-05],
"Pointl™ : [0,0,0],
"Point2™ : [2e-05,0,01,
"Point3" : [0,2e-05,01,
"Thickness" : de-0g,
"Normal” : [0,0,1]

br

PLANAR POLYHEDRON

A planar polyhedron is defined by a nhumber of points in a plane, forming a closed
convex polyline, and a thickness perpendicular to the plane, given by the value after
the key Thickness.

The plane of the points is defined by the vector after the key Axis1 (Direction). This
vector is perpendicular to the plane. The points in the plane are given as the endpoints
of rays, starting at the point given by the vector after the key Position (Center).

Ray Length Center [ (pm) an 50 85
Direction 1] 0.707107 | |0.707107
/ Thickness [ (prm) 5
¢ J { Ray Lengths / (um) 5, 10, 15, 20
N— Ray Anagles / (®) B0, 90, 100
Thickness Rotation about Direction / () |180

Perpendicular 1 0

"Object5™ : {

"MaterialIDModel™ : "Constant™,
"MaterialID" : 5,

"Type" : "PlanarPolyhedron”,
"Position™ : [9=-05,5e-05,8.5=-05],
"Thickness" : S5e-0g,

"Axisl" : [0,0.707107,0.707107]1,
"Axis2" : [1,0,01,

"Rays" 4,

"RayLengthl" : 5e-0¢,

"RayLength2" : le-05,

"RayLength3" : 1.5e-05,

"RayLength4" 1 2e—-03,

"RavAnglel" : 80,

"RayAngle2" : 90,

"RayAngle3" : 100

br
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The number of rays is given by the value after the key Rays. The first ray points in
the direction specified by the vector after the key Axis2 (which corresponds to the
Perpendicular vector automatically computed in the user interface), and it has the

length given by the value after the key RayLengthl. The other ray lengths are given
accordingly.

The angle between the first ray and the second ray is given by the value after the key
RayAnglel and so on. In the user interface, the number of rays is given implicitly by
the number of entered and comma-separated Ray Lengths.

CONVEX POLYHEDRON

A convex polyhedron is defined by its center, given by the vector after the key
Position (Center), and some points, where the number of points is given by the
value after the key NumberOfPoints.

Center / (pm) 15 30 15

Mumber of Points | &

L)

Pointl / (um) | 4.5 8.7 4.2
Point2 / (um) |-9.4 8.7 -0.86

Point3 / (pm) |-3.2
Enclosing Diameter

P ] A=

The coordinates of the first point, relative to the center, are given by the vector after
the key Point1.

Accordingly, the other relative coordinates are given by the values after the keys
Point2, Point3, and so on. Using the specified points, the convex hull with the
minimal volume is constructed. This hull defines the surface of the convex polyhedron.
At least four points are needed to construct a convex hull.

"Objecté" : {
"MaterialIDModel™ : "Constant”,
"MaterialID" 6,
"Type" : "ConvexPolyhedron™,
"Position” : [1.5e-05,3e-05,1.5e-05],
"NMumberOfPoints™ 6,
"Axisl™ : [1,0,01,
"Axis2"™ : [0,1,01,
"Pointl™ : [-4.5e-06,-8.7e-06,-4.2e-06],
"Point2™ : [-9.4e-06,-8.7e-06,-08.6e-07],
"Point3™ : [-3.2e-06,-6.6e-06,-9.%=-0¢6],
"Point4™ : [Te-06,-9.2e-06,-7.3e-06],
"Points™ : [-7.2e-06,9.5e-06,-9.5%=-0¢c],
"Pointée" : [6.2e-06,9%.4e-06,4.8e-06]

Fr

12 GeoDict 2024 User Guide



Using GadGeo - Object types, shapes, and profiles

As for spheres, the additional parameters Axisl and Axis2 in the .gad file describe the
orientation of the object. Here, also, the visible 3D geometry does not depend on the
orientation, the parameters are solely used to model anisotropic material behavior.
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FIBER SHAPES

The names used for the fiber Type key are composed by the fiber shape, followed by
the profile (or cross-section) and the ending Fiber. The fiber profile is independent of
the fiber shape.

The fiber shapes are named Short (finite and straight), Curved (finite and curved),
and Infinite (infinite and straight). For the Short and Curved fiber shapes exist
more general types called General Short and General Curved, that allow for
varying profile parameters along the length of the fiber.

In GeoDict, all combinations of the five different fiber shapes and the nine different
fiber profiles are in principle possible, and might appear in a GAD file.

Shapes: Short, GeneralShort, Infinite, Curved, GeneralCurved

Profiles: Circular, Hollow, Elliptical, Rectangular, Angular, Rosetta, Cellulose,
Arbitrary, Strut

For example, CurvedRosettaFiber or GeneralShortRectangularFiber denote a
Type.

In the following, all fiber shapes are explained for the Circular profiles.

SHORT FIBER

A Short fiber is a straight fiber with a finite length. A short fiber is defined by two
points, given by the vectors after the keys Pointl and Point2, which specify the start
and end points of the fiber.

Point2 General | End Type
Diameter
Pointl / (prm) |10 5 5
Point2 / (pm) |50 15 5

/ Diameter | (pm) 5
Pointl Length
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Using GadGeo - Object types, shapes, and profiles

"Objectl™ : {
"Material IDModsl" : "Constant™,
"MaterialID" - 1,
"Type" : "shortCircularFiber™,
"Pointl"™ : [le-05,5e-0¢,5e-06],
"Pointa2" : [5e-05,1.5e-05,5e-0¢6],
"FiberEndTypel™ : "Flat™, # Possible walues: Flat, CuttingPlanes, Rounded
"FiberEndTypel2™ : "Flat", # Possible walues: Flat, CuttingPlane, Rounded
"Diameter"™ : S5e-06

br

The circular fiber profile can be described by a single Diameter.

Fiber End Type

Point2 General End Type
Diameter
End Type Front Flat -
Cut Plane Front |-1 0 0
End Type Back Flat -
Cut Plane Back |1 1] 1]
Point1 Length

In general, the shape of the fiber endings is defined in the GAD format by the value
after the keys FiberEndTypel (End Type Front) for the start point and
FiberEndType2 (End Type Back) for the end point, which can have the following
values:

B Flat: The fiber ending is planar, and the fiber direction is perpendicular to the
according plane. No additional parameters are needed.

M CuttingPlane: The fiber ending is planar, and the according plane is
perpendicular to a normal vector, specified by the vector after the keys
CuttingPlanel (Cut Plane Front) for the start point and CuttingPlane2 (Cut
Plane Back) for the end point.

General | End Type

End Type Front Cutting Plane -
Cut Plane Front |-1 i i
End Type Back | Cutting Plane - "FiberEndTypel" : "CuttingPlane",
Cut Phne Back |1 0 0 "FiberEndType2" : "CuttingPlane",
"CuttingPlanel" : [-1,0,01,
"CuttingPlane2" : [1,0,01,

B Rounded: The fiber ending is rounded. No additional parameters are needed.
These options are available for all non-infinite fiber object types.
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GENERAL SHORT FIBER

The definition of the GeneralShort fiber is similar to the Short fiber one. The fiber
is defined by two points, given by the vectors after the keys Pointl and Point2.

The parameters of the fiber profile can change from the start to the end point. Hence,
they have to be given for both points. For the circular fiber profile, this means that
two diameters must be given, Diameterl (diameter at Pointl) and Diameter2
(diameter at Point2).

Point2 General | End Type
Diameter
Pointl / (pm) |5 5 20
Point2 / (pm) (40 5 20

/ Diameter / (pm) 8 3
Point1 Length

"Object2™ : {
"MaterialIDModel"™ : "Constant",
"MaterialID" 2,
"Type" : "GeneralShortCircularFiber",
"Pointl™ : [5e-06,5e-06,2e-05],
"PointZ™ : [4e-05,5e-06,2e-05],
"FiberEndTypel™ : "Flat",
"FiberEndTypel2" : "Flat",
"Diameterl™ : Be-06,
"DiameterzZ™ : 3e-06

be

The fiber end types are defined as described above for the short fiber type.

INFINITE FIBER

An Infinite fiber is a straight fiber with infinite length. The fiber is defined by one
point, called Center in the user interface or Position in the GAD file, and one
direction, given by the vector after the key Direction.

An infinite fiber cannot be created in a periodic domain.

Center / (pm) |50 50 50

Direction 1 ] ]

Diameter

Diameter / (pm) |5
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Using GadGeo - Object types, shapes, and profiles

"Object3™ : {
"MaterialIDModel" : "Constant", / \
"MaterialID" 3, 1 {
"Typa™ : "InfiniteCircularFiber",
"pPosition™ : [52-05,5=e-05,5=-05],
"Direction" : [1,0,01,
"Diameter™ : Se-06

b

\
\
\
\
\
\
\\

/

The circular fiber profile is again described by a single Diameter.

Naturally, infinite fibers do not have fiber end types.

CURVED FIBER

A CurvedFiber is a non-straight finite fiber, composed of several linear segments.
The linear segments form a polygonal line.

Fiher Shape End Type Points

) Diameter / (pm) |7
Diameter

The circular fiber profile is again described by a single Diameter, and it is possible to
select Rounded Endings in the user interface.

The fiber end types are defined as described above for the short fiber type.

The polygonal center line is described by a Number of Points and the positions of
Pointl, Point2, ... in the table below.

Fiber Shape End Type Paints

Mumber of Points 3 =
X/ (um) Y/ (pm) Z/ (um) =

Point 1 | 50 &0 &0

Point 2 |61 863 64

Point 3 |61 66 70 =

In the GAD file, the NumberOfSegments is given instead, which corresponds to the
given Number of Points -1.
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"Object4™ : {
"MaterialIDModel" : "Constant",
"MaterialID" : 4,
"Type" : "CurvedCircularFiber",
"NumberOfSegments™ : 4,
"FiberEndTypel” : "Flat",
"FiberEndType2"™ : "Flat",
"Diameter" : Te-06,
"Pointl" : [5e-05,6e-05,6e-05],
"Point2" : [6.1e-05,6.3e-05,6.4e-05],
"Point3" : [6.1e-05,6.6e-05,7=e—-05],
"Point4" : [6e—-03,7e—-05,8e-05],
"Points" [5.6e-05,7.1e-053,8.8e-05]

Ye

GENERAL CURVED FIBER

The GeneralCurvedFiber is the most general fiber type supported by GeoDict. The
fiber is composed of several linear segments, and the fiber profile can change over
the length of the fiber.

Fiber Shape End Type Points =~ Diameters

Mumber of Points | 5

L1

Diameter

On the first tab, enter the Number of Points describing the polygonal center line.
The fiber end types are defined as described above for the short fiber type.

Fiber Shape End Type Points | Diameters Fiber Shape End Type Points | Diameters
X/ (pm) Y (um) Z/ (um) - Diameter 1 / (pm) Diameter 2 / (um) -
Point 1 |5 5 80 Seg.1 8 5
Point 2 | B & 70 Seg. 2|5 3
Point 3 |13 10 60 Seg. 33 8
Point 4 |40 12 50 - Seg. 4 |8 5 -

On the third tab, enter the coordinates of each point.

On the fourth tab, define the fiber profile for each segment, where the number of
segments corresponds to the number of points minus one. For the circular fiber
profile, this demands defining two diameters, one diameter at the start of a segment,
and one at the end of a segment. It is not necessary that the diameter at the end of
one segment matches to the diameter at the beginning of the next segment, but if
they do, there will be a smooth transition of diameters along the fiber.

In the GAD file, the number of segments is given by the value after the key
NumberOfSegments. The profile parameters are given in submaps: the parameters
for the first segment are in Segmentl, the parameters for the second are in
Segment2, and so on.
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The linear segments form a polygonal line. The coordinates of the points, which define
the polygonal line, are given by the vectors after the keys Pointl, Point2...,, where
NumberOfSegments+1 points are specified.

"Objects" : |

"MaterialIDModel™ : "Constant™,
"MaterialID" : 5,
"Type" : "GeneralCurvedCircularFiber™,
"NumberOofSegments" 4,
"FiberEndTypel"” : "Flat",
"FiberEndType2™ : "Flat™,
"Segmentl™ : {

"Diameterl™ : Be-08,

"DiameterZ" : 5e—-06
br
"Segmenti"™ : {

"Diameterl™ : S5e-06,

"Diameter2™ : 3e-06
br
"Segment3" : {

"Diameterl™ : 3e-06,

"Diameter2" : Be-06
br
"Segmentd4" : {

"Diameterl™ : Be-06,

"DiameterZ" : 5e—-06
br
"pointl"™ : [S5e-06,5e-06,8e-05],
"Point2™ : [Ee-0¢, 6e-06, Te-05],
"Point3™ : [1.3e-05,1e-05,6=2-05],
"Point4d™ : [4e-05,1.2e-05,5=-05],
"Points" : [5e-05,1.5e-05,4=-05]

br
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FIBER PROFILES

In the previous section, the profile of the circular fiber types could be described by a
single diameter value, or two diameter values for each general segment.

In general, for the Infinite, Short, or Curved fiber shapes only a single set of
descriptors of a fiber profile are needed.

For the GeneralShort fiber shape, two sets of descriptors are needed, one for the
start point of the fiber, and one for the end point of the fiber.

For the GeneralCurved fiber shape, two sets of descriptors are needed for each
segment, one for the start point of a segment, and one for the end point of a segment.
One fiber may be composed of several segments.

If parameters change from the start to the end of the fiber (or a fiber segment), the
parameters are linearly interpolated along the fiber (or the segment). Most interesting
is when the perpendicular changes, for example of an elliptical profile.

In this case, the fiber is twisted, and the orientation of the fiber profile changes
linearly along the fiber (torsion).

In detail, the parameters for the profile types are as follows:

B Circular:

® Infinite, Short, or Curved: A circular profile is defined by one diameter, given
by the value after the key Diameter.

® GeneralShort or GeneralCurved: A circular profile is defined by the diameter
at the start, given by the value after the key Diameterl, and the diameter at
the end, given by the value after the key Diameter2.

B Hollow:

= Infinite, Short, or Curved: A hollow profile is defined by one diameter, given
by the value after the key Diameter, and one inner diameter, given by the value
after the key InnerDiameter. The inner diameter describes the hollow part in
the fiber center.

® GeneralShort or GeneralCurved: A hollow profile is defined by one diameter
and one inner diameter at the start, given by the values after the keys
Diameterl and InnerDiameterl, and one diameter and one inner diameter
at the end, given by the values after the keys Diameter2 and
InnerDiameter2.

B Rosetta:

= Infinite, Short, or Curved: The contour of a Rosetta profile is defined by a
circle where an additional sine-oscillation is added. The diameter of the circle is
given by the value after the key Diameter and the amplitude of the sine function
by the value after the key AmplitudeFraction multiplied by the Diameter. The
number of maxima of the sine function is given by the value after the key
NumberOfLeaves. The orientation of the profile is defined by the vector after
the key Perpendicular.

® GeneralShort or GeneralCurved: The Rosetta profile is defined by one
diameter and one sine amplitude at the start, given by the values after the keys
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Diameterl and AmplitudeFractionl, and by one diameter and one sine
amplitude at the end, given by the values after the keys Diameter2 and
AmplitudeFraction2. The orientation at the start is given by the vector after
the key Perpendicularl and the orientation at the end by the vector after the
key Perpendicular2. The number of maxima of the sine function is given by
the key NumberOfLeaves.

B Elliptical:

=  Infinite, Short, or Curved: An elliptical profile is described by two diameters,
given by the values after the keys Diameterl and Diameter2, and a
perpendicular, given by the vector after the key Perpendicular. Diameterl
and Diameter2 specify the profile size in the direction of the two main axes of
the elliptical profile. The vector after the key Perpendicular is perpendicular to
the direction of the fiber and points in the direction of Diameter1.

® GeneralShort or GeneralCurved: An elliptical profile is defined by two
diameters at the start, given by the values after the keys Diameterl and
Diameter2, and two diameters at the end, given by the values after the keys
Diameter3 and Diameter4. The direction of Diameter1l is given by the vector
after the key Perpendicularl and the direction of Diameter3 by the vector
after the key Perpendicular2. When the values for Perpendicularl and
Perpendicular2 are different, the fiber (or segment) is twisted.

B Cellulose:

= Infinite, Short, or Curved: The definition of a cellulose profile is similar to the
one for the according elliptical profile. Additionally, it has two inner diameters,
specifying the hollow part in the fiber center, given by the values after the keys
InnerDiameterl and InnerDiameter2. InnerDiameterl points in the
direction of Diameterl and InnerDiameter2 points in the direction of
Diameter2. The vector after the key Perpendicular is perpendicular to the
direction of the fiber and points in the direction of Diameter1l.

®  GeneralShort or GeneralCurved: The definition of a cellulose profile is similar
to the one for the according elliptical profile. Additionally, it has two inner
diameters at the start, given by the values after the keys InnerDiameterl and
InnerDiameter2, and two inner diameters at the end, given by the values after
the keys InnerDiameter3 and InnerDiameter4. InnerDiameterl points in
the direction of Diameterl, InnerDiameter2 points in the direction of
Diameter2, InnerDiameter3 points in the direction of Diameter3, and
InnerDiameter4 points in the direction of Diameter4. The direction of
Diameterl is given by the vector after the key Perpendicularl and the
direction of Diameter3 by the vector after the key Perpendicular2. When the
values for Perpendicularl and Perpendicular2 are different, the fiber (or
segment) is twisted.

B Rectangular:

= Infinite, Short, or Curved: The shape of a rectangular profile is defined by the
two side lengths of a rectangle, given by the values after the keys SideLengthl
and SideLength2. The orientation of the profile perpendicular to the fiber
direction is given by the vector after the key Perpendicular, were
SideLengthl points in the direction of Perpendicular.

® GeneralShort or GeneralCurved: The shape of a rectangular profile is defined
by the two side lengths of a rectangle at the start, given by the values after the
keys SideLengthl and SideLength2, and the two side lengths at the end,
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given by the values after the keys SideLength3 and SideLength4. The
orientation of SideLength1l1 perpendicular to the fiber direction is given by the
vector after the key Perpendicularl and the orientation of SideLength3 by
the vector after the key Perpendicular2.

B Angular:

= Infinite, Short, or Curved: The angular profile has the contour of a regular

polygon enclosed by a circle, where all vertices of the polygon lie on the circle.
The circle is defined by a diameter, given by the value after the key Diameter.
The number of edges of the polygon is given by the value after the key
NumberOfEdges. The orientation of the profile is defined by the vector after
the key Perpendicular.

GeneralShort or GeneralCurved: The profile is described by one diameter at
the start, given by the value after the key Diameterl, and one diameter at the
end, given by the value after the key Diameter2 (the meaning of the diameter
is explained for the simple angular profile). The orientation at the start is given
by the vector after the key Perpendicularl and the orientation at the end by
the vector after the key Perpendicular2. The number of edges of the angular
profile is given by the value after the key NumberOfEdges.

B Arbitrary:

® Infinite, Short, or Curved: The profile is described by a comma-separated

Radius list and an Angle list. The first listed radius is achieved at an angle of
0°, the following radii are achieved at the given angles. The orientation of the
profile is defined by the vector after the key Perpendicular.

The Curved fiber shape is not editable in GadGeo and cannot be selected in the
Create / Add GAD Objects command.

B GeneralShort or GeneralCurved: The profile at the start is described by
Radiusl and Anglel, the profile at the end is described by Radius2 and
Angle2. The orientation at the start is given by the vector after the key
Perpendicularl and the orientation at the end by the vector after the key
Perpendicular2.

The GeneralCurved fiber shape is not editable in GadGeo and cannot be
selected in the Create / Add GAD Objects command.
B Strut:

=  Infinite, Short, or Curved: The triangular profile is described by the Diameter

and an Angle list with two entries. The orientation of the profile is defined by
the vector after the key Perpendicular.
These fiber shapes are not editable in GadGeo and cannot be selected in the
Create / Add GAD Objects command.

GeneralShort or GeneralCurved: The profile at the start is described by
Diameterl and Angle, the profile at the end is described by Diameter2 and
Angle. The orientation at the start is given by the vector after the key
Perpendicularl and the orientation at the end by the vector after the key
Perpendicular2.

Only the GeneralCurved type is editable in GadGeo and can be selected in the
Create / Add GAD Objects command.

22
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CoMBINED OBJECT

A combined object is a combination of sub-objects, i.e., any object type explained
until now (Sphere, Ellipsoid, Box ...). Objects can be combined by adding different
objects together, or by subtracting an object from another one.

Object 1 General 1 | General2 | Ob. 1: ShortCircularFik « | *
Sphere - || Add -
Create
Delete Object No. 1 -
Object 2

In the General 1 tab, standard objects can be added to the combined type, or
subtracted from the combined type. Upon startup, a Combined Object consists of a
single sphere, which can be removed by deleting Object No. 1 using the Delete
button.

It is important to distinguish between Delete and Subtract. While Delete removes
an object from the list of objects, Subtract subtracts the defined object from an
added object. With this, it is for example possible to create a cylindrical hole through
a sphere by adding a Sphere and subtracting a ShortCircularFiber as shown in the
example below.

For each object that is created here (by clicking Create), a new tab widget will appear,
where the tab header states the object nhumber, the type name, and if the object is
added or subtracted.

In the General 2 tab, the position of the Center of the new object can be defined
and the main orientation vector can be defined through the Direction vector.

General 1 General 2 Ob. 1: ShortCircularl « | *

Center / (um) 0 0 0
Scaling Factor 1
Direction 1 0 0
Rotation about Direction / (°) |0
Perpendicular 0 1 0

Center, Scaling Factor, Direction, and Perpendicular set up a local coordinate
system for the object. Center (called Position in the GAD file) is the origin of the
local coordinate system, Direction (Axisl in the GAD file) is the x-axis and
Perpendicular (Axis2) the y-axis, whose position can be freely chosen in a plane
by setting the Rotation about Direction.

The z-axis is then already automatically defined as the cross product of the two other
axes, such that a right hand system is formed. The ScalingFactor sets the relation
between object sizes in the local object coordinates and the global Euclidean
coordinate system. A Scaling Factor of 2 means that objects will appear twice as
large as given in the local coordinate system.
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All coordinates entered in the Object tabs will use this local coordinate system.

The standard objects that create the combined object are defined in the subsequent

tabs.

In the GAD file, the number of sub-objects is given by the value after the key

NumberOfSubObjects.

"Objectl™ : {
"MaterialIDModel™
"MaterialID"
"rype”
"Numberofsubobjects"
"Position”
"ScalingFactor™
"Axisl"

"Axis2"

"SubObjectl™ : {
"Operation™
"rype”
"Pointl”
"Point2™
"FiberEndTypel™
"FiberEndType2"™
"Diameter"

br

"SubObject2™ : {
"Operation"
"pype”
"Pointl"
"Point2™
"FiberEndTypel™
"FiberEndType2"™
"Diameter"”

br

"SubObject3™ : {
"Operation”
"Type™
"Pointl"
"Point2™
"FiberEndTypel™
"FiberEndType2™
"Diameter"

}

b

"Constant™,

1,
"Combinedobject”,
3,

[0,0,01,

1,

[1,0,01,

[0,1,0]1,

"add",
"shortCircularFiber™,
[-1e—-05,0,01,
[le-05,0,0],
"Rounded™,

"Rounded"™,

5e-06

"add",
"ShortCircularFiber",
[0,-1e-05,0]1,
[0,1le-05,0],
"Rounded"™,

"Rounded"™,

Se-06

nsdd",
"ShortCircularFikber™,
[0,0,-1e-05]1,
[0,0,1e-05],
"Rounded",

"Rounded™,

Se-0¢6

0b. 1: ShortCircularFiber (add) 0b. 2: ShortCircularFibe 4 | »

General End Type

Pointl / (pm) |-10 1] 0
Point2 / (pm) |10 0 0
Diameter / (pm) 5

0Ob. 2: ShortCircularFiber (add) Ob. 3: ShortCircularfFibe 4 | ¥

General End Type

Paint1 / (pm) |0 -10 0
Paint2 / (um) |0 10 0
Diarmeter [ (pm) 5

+ ShortCircularFiber (add) 0b. 3: ShortCircularFber (add) | 4

General End Type

Pointl / (pm) |0 0 -10
Point2 / (um) |0 ] 10
Diameter / (um) 5

Each sub-object has the additional key Operation with the value add or subtract,
with Operation add being the default. The operation specifies if a sub-object is added
or subtracted from the geometry of the combined object.

In the example above, three cylinders form a 3D cross as a new object type.

24
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As already mentioned above, the coordinates entered in these tabs refer to the local
coordinate system of the object, not the global coordinates of the domain.

Besides the possibility to add standard objects to a new combination, subtract allows
to cut away parts of an object. Using a combined object with a ShortCircularFiber
subtracted from a Sphere results in the following shape:

"Object2™ : {

"MaterialIDModel" : "Constant™,

"MaterialID" : 2,

"Type" : "CombinedObiject™,

"NumberofsubObjects" H

"Position" : [1.5e-05,2e-05,2e-051,

"ScalingFactor" : 2,

"Axisl™ : [1,0,0]1,

"Axis2" : [0,1,01,

"SubObjectl™ @ {
"Operation” : "add",
"Type" : "Sphere",
"position™ : [0,0,0],
"Diameter™ : le-05,
"Axisl™ : [1,0,01,
"RAxisZ™ - [0,1,0]

b

"SubObjectZ™ @ {
"Operation™ : "subtract™,
"Type" : "ShortCircularFiber"”,
"Pointl™ : [-le—-05,0,0],
"Point2™ : [1le-05,0,0]1,
"FiberEndTypel" : "Flat™,
"FiberEndType2" : "Flat",
"Diameter™ : 5e-06

Yr
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INTERSECTED OBJECT

An intersected object is specified by an intersection of sub-objects. A sub-object may
be any of the object types: Sphere, Ellipsoid, Box, etc.

In the General 1 tab, standard objects can be added to the intersection. Upon
startup, an IntersectedObject consists of a single sphere, which can be removed by
deleting Object No. 1 using the Delete button.

: General 1 1 3
Object 1 General 2 =~ Ob. 1: Sphere  Ob. 2: Box
Sphere -
Create Delete Object No. |1 -
Object 2

For each object that is created here (by clicking Create), a new tab widget will appear,
where the tab header states the object number and the type name.

In the General 2 tab, the position of the

- . General 1 | General2 | 0Ob. 1: Sphere | Ob. 2: Box
new object can be defined and the local

coordinate system can be set up as | Center/(um) -20 10 -10
described in the CombinedObject section | sqing ractor 1
above. _—

Direction 1 0 0

All coordinates entered in the Object tabs

. . . Rotation about Direction / () |0
will use this local coordinate system.

Perpendicular 0 1 0

The standard objects that create the intersected object are defined in the subsequent
tabs.

"Object3™ : {

"MaterialIDModel™ : "Constant",

"MaterialID" 3,

"Type" : "IntersectedObject”,

"NumberOfSubObjects™ 2,

"Position" : [-2e-05,1e-05,-1e-051,| General 1 General 2 0Ob. 1: Sphere 0Ob. 2: Box

"ScalingFactor"™ 1,

"Axisl" : [1,0,01,

"AxisZ" : [0,1,0]1,

"SubObjectl™ : { Center/ (um) |0 0 0
"Type" : "Sphere",
"Position” : [0,0,01,
"Diameter™ : 2e-05,
"Axisl" : [1,0,01, Diameter / (pm) |20
"AxisZ" : [0,1,0]

}!

"SubObject2™ : {
"g?ﬁtion" [ﬁfﬁl :}] , General 1 | General2 | Ob. 1: Sphere | Ob. 2: Box
"Lengthl™ : le-05,
"Length2" : 1.5e-05, Center / (um) 0 0 0
"Length3"™ : 2e-05,
"aywisl™ : [1,0,01, Direction 1 0 0
"AxisZ" : [0,1,0]1, )
"CcornerMode™ : "Sharp", Side Length / (pm) 10 15 20
"CornerRadius™ 0

Rotation about Direction / () |0

t Perpendicular 0 1 0
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In the GAD file, the number of sub-objects is given by the value after the key
NumberOfSubObjects.

In the example shown here, a Sphere is intersected with a Box.
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CREATE/ADD GAD-OBJECTS

When selecting Create / Add GAD Objects from the pull-down menu in the GadGeo
section, basic objects can be added to an existing structure or used to create a new
one, by defining object type, geometric parameters, and material.

Alternatively, the command is also available from the GAD Objects context menu of
the Project Status panel.

» mm ... /Documents/MyFirstGeoDictProject

» @ Structure (—)

+ @ GAD Objects (--)
T Open Result Fil
Volume Files (—)

GadGeo
Create / Add GAD Objects -

Options a Edit__

Discard All GAD Objects
Edit GAD Objects...
Edit Domain...
Delete Selected GAD Objects..
Scale GAD Objects...
Shift GAD Objects...
Help @ Record Rotate GAD Objects...
Resolve Overlap / Mark Contacts
b Run Change Material ID Model .
Create GAD Index Image

Create GOF Orientation Image

Algorithms

Clicking the Options’ Edit... button or choosing Create / Add GAD Objects... in the
context menu opens the Create/Add GAD Options dialog.

The dialog contains the Create / Add GAD Objects tab, to select objects and their
parameters, and the General Options tab, to set the size and domain parameters of
the resulting structure.

Back in the GadGeo section, clicking Run with the default values produces an object
that is the combination of a sphere and a general short circular fiber, resembling a
matchstick.
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CREATE / ADD GAD OBJECTS

Object types and their geometric options are set through the Create / Add GAD
Objects tab.

[ create / Add GAD Options m| X
Result Fle Name (*.gdr) GadAdd.adr um -
Create / Add GAD Objects General Options
Sphere Center [ (pm)} |20 20 20
Material ID Model | Constant - Diameter / (um) |20
Material ID Polyamide (PA 6) =
1
Remave
General Short Circular Fiber Point2 General End Type
Diameter
Material ID Model | Constant = Pointl / (pm) |20 20 20
Material ID 02 Polypropylene - Paint2 / (pm) |80 a0 80
2
/ Diameter / (pm) 10 20
Point1 Length
Remove
Object Type | Sphere - Add
@B E'l- @ E :’E Help 0K Cancel

The left panel displays the number assigned to the object (1, 2, 3...), the Object Type
(Sphere, General Short Circular Fiber, ...), and the object Material ID and
Material ID Model. It is not possible to set the material itself here, but you may
assign materials to a given ID using Settings->Select Constituent Materials in
the main menu of GeoDict prior to using GadGeo.

By default, the Material ID Model is set to Constant, which means that the whole
object is made of a single material. In the other models, the object consists of several
constituent materials, (e.g. a bicomponent fiber). The constituent materials can be
arranged in several ways, the detail are explained in the description of the Change
Material ID Model command on page 43.

Material ID Model | Constant -

Material ID

Stripes
Spherical Stripes
Radial Stripes
General Stripes
Sub-Object Mapping

Clicking the button with the object type name once minimizes the complete panel for
the object. Clicking it when the panel is minimized expands the complete panel.
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Create / Add GAD Objects General Options

1

%Click to expand or minimize the object-\fie'.'.r.}

2 General Short Circular Fiber...

Remove can be used to eliminate a certain object from the list and from the
generation.

The center panel schematically shows the geometrical properties of basic objects, and
the right panel determines the size and position of each basic object through values
for Center, Diameter, Length, Point, etc.

At the bottom left of the dialog, the Object Type pull-down menu and the Create
button can be used to add the selected object type to the list of the structure’s basic
objects during the generation.

Object Type | Sphere = Create %
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GENERAL OPTIONS

Checking Add to Current Structure results in a new object being added to the
currently loaded structure. NX, NY, and NZ define the number of voxels in X-, Y-,
and Z-direction, and Voxel Length establishes the voxel size.

mCreate / Add GAD Options [m} X
GeoDicT
Result File Name (*.gdr) GadAdd.gdr pum v
Create / Add GAD Objects General Options
Add to Current Structure
Domain
NX 100 < (100 um) Origin X / (pm) 0 Periodic X
NY 100 % (100 um) Origin Y / (um) 0 Periodic Y
NZ 100 5 (100 um) Origin Z / (um) 0 Periodic Z
Voxel Length / (upm) 1 Pore / Matrix Material (ID 00) Pore... Center Domain
Resolve Overlap
Mark Contact Voxels
Overlap Mode Overlap Material ¥
@B E&l @ g ?é Help OK  Cancel

Origin X, Origin Y, and Origin Z control the Cartesian origin of the structure, and
checking Periodic X, Periodic Y, and/or Periodic Z allows generating periodic
structures.

Click Center Domain to move the structure so that the Cartesian coordinates’ origin
(0,0,0) lies in its center.

Choose the material of the pore space or the matrix around the fibers from the
Pore/Matrix Material (ID 00) pull-down menu. When the material with Material ID
00 is chosen to be Pore, the objects in the structure are embedded in empty pore
space. Otherwise, the material filling the matrix can be chosen to be any of the Solid,
Porous, or Fluid materials currently in the GeoDict Material Database.

HANDLING OVERLAP BETWEEN STRUCTURES

Generated objects may overlap, and a decision has to be made how the overlap will
be treated. Overlapping areas may be assigned to one of the objects or form an
“overlap object” themselves.

If Resolve Overlap is chosen, the overlap is resolved after the structure is generated.
Every voxel in the overlap area is assignhed to one of the objects. This assignment is
done based on a watershed algorithm on the overlap area.

Vv Resolve Overlap

Mark Contact Voxels .
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If additionally, Mark Contact Voxels is checked, a Contact Voxels Material ID
must be selected. Voxels on the boundary between two objects are then given this
material ID.

vV Resolve Overlap

v Mark Contact Voxels Contact Voxels Material ID B3 Manual (Solid) >

If the overlap stays unresolved, overlapping areas form additional overlap objects.
The Overlap Mode defines how a material ID is assigned to these overlap objects.

The overlap areas can be assigned to be the default Overlap Material. The ID of the
overlap area is obtained by the bitwise sum of the IDs of the overlapping materials.

Material Information:
ID 00: Air [invis.]
ID 01: Polyamide (PA 6)

. ID 02: Pol |
Overlap Mode Overlap Material M =ID 03: pglzgiﬁ’%‘;‘?}i 6)

The overlap can take the ID of the New Material. Objects are added in the order as
listed under the Create/Add GAD Options tab. This means that in this case, the overlap
area is of the same material as the object that was added later.

Material Information:
ID 00: Pore [invis.]
ID 01: Polyamide (PA 6)

woID 02: Polypropylene

Overlap Mode New Material >
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The overlap can take the ID of the Old Material. Objects are added in the order as

listed under the Create/Add GAD Options tab. This means that in this case, the overlap
area is of the same material as the object that was added earlier.

Material Information:

- ID 00: Pore [invis.]

Overlap Mode Old Material > %ID 01: Polyamide (PA 6){—
noID 02: Polypropylene

The overlap can be also chosen to be a Given Material freely selected by the user
from the GeoDict Material Database.

Resolve Overlap
Mark Contact Voxels

Overlap Mode Given Material

Default Overlap Material ID 88 Polyamide (PA 6) (Solid) -
Number of Overlap Rules 1

Material ID 1 Material ID 2

Overlap ID
1 Polyamide (PA 6) (Solid) -/ 82 Polypropylene (Solid)

-8 Manual (Solid)

In this case, a Default Overlap Material ID can be chosen, and an arbitrary

Number of Overlap Rules can be defined. The default material is used, whenever
none of the user defined overlap rules applies.

As explained above in page 28, clicking Run applies these selected options.

Material Information:
w ID 00: Pore [invis.]
wiID 01: Polyamide (PA 6)
wsID 02: Polypropylene
wID 04: Solid

\
| T—
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CREATING USER-DEFINED OBJECT TYPES

The object type CombinedObject can be used to define a user-defined object type
that can then be used, e.g., in GrainGeo alternatively to the built-in object types when
creating a 3D structure model.

For this, create a single CombinedObject with the GadGeo -Create/Add GAD Objects
command and save it as a .gad file as follows:

At first, remove all objects from the Create/Add GAD Objects tab and create a new
CombinedObject.

Create / Add GAD Objects General Options

Combined Object N G 11
Object 1 enera General 2

Material ID Mode | Constant - ShortCircularFiber - || Add -

Material ID Palyarmide (PA &) (Solid) Create
Delete Object No

1

Object 2

Remove

In the General 1 tab, standard objects can be added to the combined type, or
subtracted from the combined type. Upon startup, a CombinedObject consists of a
single sphere, which can be removed by deleting Object No. 1 using the Delete
button. For each object that is created here (by clicking Create), a new tab widget
will appear, where the tab header states the object number, the type name, and if
the object is added or subtracted.

In the General 2 tab, the position of the Center of the new object can be defined
and the main orientation vector can be defined through the Direction vector.

When using GadGeo to define a user-defined object, the global position and rotation
of the sample object is not relevant, so for simplicity, it is recommended to use the
default cartesian coordinate system also as local coordinate system.

General 1 General 2 Ob. 1: ShortCircular >

Center / (um) 0 0 0
Scaling Factor 1
Direction 1 0 0
Rotation about Direction / (°) 0
Perpendicular 0 1 0

Center and Direction will also be used to describe the position of the new object
when using it in a structure generator like GrainGeo, or inside the GAD file. Therefore,
when creating a new object type in the default coordinate system, the object should
be defined such that its center of mass lies in the origin (0,0,0) and the main direction
of the object is the x-axis (1,0,0). If defined otherwise, using the object type in
GrainGeo may give unexpected results, e.g. when defining an orientation distribution
or a distribution of the object locations.

Be aware that GeoDict will not check if the so defined center is the center of mass of
the new object or even if the center is inside of the object.
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The standard objects that create the new combined object are defined in the

subsequent tabs.

In the example here, three cylinders form a 3D cross as a new object type:

"Objectl™ : {
"MaterialIDModel"™
"MaterialID"

"Type”

"NumberofSubObjects”

"Position”

"ScalingFactor"

"Axisl"

"Awis2"

"SubObjectl™ : {
"Operation™
"Type”
"Pointl"
"Point2"
"FiberEndTypel"
"FiberEndType2"
"Diameter"

br

"subObject2™ : {
"Operation™
"Type”
"Pointl"
"Point2"
"FiberEndTypel"
"FiberEndType2"
"Diameter™

br

"SubObject3™ : {
"Operation™
"Type”
"Pointl"
"Point2"
"FiberEndTypel"
"FiberEndType2"
"Diameter™

br

"Constant™,

1,
"CombinedObject”,
3,

[0,0,0],

1,

[1,0,0],

[(0,1,01,

"add",
"ShortCircularFiber™
[-le—-05,0,01,
[l2—05,0,0],
"Rounded™,
"Rounded"™,

Se-06

"add",
"ShortCircularFiber™
[0,-1e-05,0]1,

[0, 1le-05,0],
"Rounded",
"Rounded™,

Se-06

"add",
"ShortCircularFiber"
[G,0,-1=e-05],
[0,0,1le-05],
"Rounded"™,
"Rounded™,

5e-06

Ob. 1: ShortCircularFiber (add)

General End Type

Pointl { (pm) |-10
Point2 { (pm) |10

Diameter / (um)

0b. 1: ShortCircularFiber (add)
General End Type

Pointl / (pm) |0
Point2 / (pm) |0

Diameter / (pm)

0b. 2: ShortCircularFiber (add)
General End Type

Pointl / (pm) |0

Point2 / (pm) |0

Diameter / (pm)

0Ob. 2: ShortCircularFber (add) |4 |*

0b. 2: ShortCircularFiber (add) | 4| *

-10 1]
10 1]

0b. 3: ShortCircularFiber (add) |4

As already mentioned above, the coordinates entered in these tabs refer to the local
coordinate system of the object, not the global coordinates of the domain.

After the parameters have been entered, close the dialog and create the structure.
Then, save the structure as *.gad file using File->Save Structure As... from the
main menu. To be able to use the file later as user-defined combined object, it is
important that only a single CombinedObject is stored inside of the file.
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After the file has been stored, it is possible to use it in GeoDict’s structure generators.
For example, in GrainGeo Create Grains choose Combined Object as Object Type,
Add it and then Browse... for the *.gad file just created.

[ GrainGeo Create Options O X
Result File Mame (*.gdr) GrainGeoCreate.gdr mm -
Create Options Object Options Object Overlap Result Options
Combined Object N Scaling Factor / (1) |1 Edit...
Object 1
Rel. Volume / (%) [100 Origntation <Isotropic> Edit...
Abs. Volume [ (%) 17.5 Center [ (mm) <Uniformiy Distributed= Edit...
1| material (10 01) I Manual (Solid)... 3DCross.gad Browse...
— Object 2
Remove By Save..
Object Type | Combined Object = Add ¢, Load... Percentages are  Volume % ~
Bald @ BE oK Cancel

The Center and Orientation used in the structure generator refer to the center point
and the direction defined previously in the General 2 tab (the origin and the x-axis
of the local coordinate system of the object).

Besides this, a variation of the object size is possible with the Scaling Factor. Here,
it is not possible anymore to access or vary the individual sizes of the standard objects
that make up the combined object.

Material Information:
w ID 00: Air [invis.]
WD 01: Solid

Closing the dialog and clicking Generate creates a structure consisting of the user
defined type. Note that, although a CombinedObject consists of several sub-objects,
it is not possible to select different materials or material IDs for the different parts
here. However, it is possible to change that in a post-processing step using the
Change Material ID Model command (see page 43).
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EpiT GAD OBIJECTS

Objects of previously generated structure models in GAD format can be edited after
Edit GAD Objects is selected from the upper pull-down menu in the GadGeo section

Seven commands are selectable in the second pull-down menu in the GadGeo section.

Gad
Edit GAD Objects v
Edit GAD Objects v

Scale GAD Objects

Shift GAD Objects

Rotate GAD Objects

Resolve Overlap / Mark Contacts

Change Material ID Model
Delete Selected GAD Objects

Help Record

’ Run

The same commands are also available from the Objects’ context menu in the Project
Status section located above:

» @m C:/UserGuide/GadGeo
» @ Structure (200x200x200, 500 nm)

@ GAD Objects (3) 1. 1. 14 All GAD Objects

[ Statistics Edit GAD Objects...
» Constituent Material  Create / Add GAD Objects...

[Z Open Result File  Edit Domain...
Delete Selected GAD Objects...
Scale GAD Objects...
Shift GAD Objects...
Rotate GAD Objects...
Resolve Overlap / Mark Contacts
Change Material ID Model...
Create GAD Index Image
Create GOF Orientation Image
Algorithms »

Volume Files (--)

Click the Edit... button to set the options for this change. After setting the options,
return to the GadGeo section and Run to make the changes effective.

GadGeo modifies GAD objects. That means it can only be used if the structure’s
objects are analytic and their parameters are known to GeoDict. This is indicated by
a green dot in front of GAD Objects in the Status section. If a red dot is shown, no
information about the objects is available, and the structure is only defined through
its voxel grid. Such structures are voxelized representations, occurring e.g. when
importing tomographic images or after using certain commands in some GeoDict
generating modules, e.g. GrainGeo —» Grow Sediment or GrainGeo —» Add Binder,
or modifying modules, e.g. ProcessGeo.
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In this case, when the user tries to change a structure (Scale, Shift, Rotate, and
Delete) a warning message appears when clicking the corresponding button and the
operation is not performed.

> @8 C:/UserGuide/GadGeo
> @ Structure (200x200x200, 500 nm) 3 GadGeo:scaleGad

(EREEES () \ 8 You need analytic geometry data (gad) in memory
» 5 Statistics to do this.

(Click in the dialog to stop the countdown.)

» Constituent Materials (3)
Open Result Files (--)

Volume Files (--)

OK

Non-analytic data structures can be edited using the = icon in the Toolbar.

EpiT GAD OBJECTS

When the user selects Edit GAD Objects and clicks the Edit... button, the Edit GAD
Objects dialog opens. In it, every single object in the structure is listed, with all
geometrical properties.

Clicking on the Sphere button in the example below opens the corresponding widget
and all details are shown:

[ edit GAD Objects m| 4
Reset pm =
Sphere Center [ (um) |20 20 20
Material ID Mode | Constant - 2o CE AT,
Material ID Polyamide (PA &) (Salid) ~
Remove
2 GenemShortCraubrFiber..
1 %/-/2 |5 (Number of Objects: 2° | Show Objects
E’hﬂ Etl, @ 22 I =] 0K Cancel

The dialog gives the choice to Remove single objects altogether, to change the
material ID assigned to any of them, as well as to modify their size, position,
orientation, shape, etc.
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At the bottom left, the user can decide to limit the range of objects that are shown in
the dialog by selecting the numbers and clicking Show Objects. At the upper left,
click Reset to return the dialog to the original parameters of the listed objects.

When finished editing, click OK to return to the GadGeo section. There, clicking Run

applies the modifications to the objects in the structure according to the user’s
choices.

For example, observe the effect of increasing the Diameter of the red sphere from

20 to 40 um in the matchstick structure created with the default settings and shown
first in page 28.

3 edit GAD Objects m| X
Reset pm -
Sphere Center / (pm) |20 20 20
Material ID Mode | Constant - Dameter/(um (20
Material ID Polyamide (PA &) (Solid) ~
1
Diameter / (pm) |40
Remove
General Short Circular Fiber Point2 General End Type
Diameter
Material ID Mode | Constant - Pointl / (um) |20 20 20
Material D [@2] Polypropylene (Solid)  ~ Paint2 / (pm) |80 80 80
2
/ Diameter / (pm) 10 20
Point1 Length
Remove
1 - |2 |+ (Mumber of Objects: 2 | Show Objects
@a E'l. @ B2 e A oK Cancel
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ScALE GAD OBIJECTS

After selecting Scale GAD Objects from the pull-down menu, and clicking the Edit...
button, the Scale GAD Objects dialog opens.

Enter the desired Scaling Factor for the objects in the structure and click OK to
return to the GadGeo section.

mScaIe GAD Objects X

GEoDIcT

Scaling Factor 1

@a E‘l @ g Eg Help OK Cancel

Clicking Run changes the size of the objects by the given scaling factor, but not the
size of the structure’s domain or its resolution.

Scalng Factor |2
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SHIFT GAD OBIJECTS

After selecting Shift GAD Objects from the pull-down menu, and clicking the Edit...
button, the Shift GAD Objects dialog opens.

] shift GAD Objects m X

GEoDicT
pm ¥
Shift X / (um) 0
Shift Y / (um) 0
Shiftz/(pm) 0

@a I:*l. @ g :'g Help OK | Cancel

Enter the desired Shift in X, Y, and Z direction for the objects in the structure and
click OK to return to the GadGeo section.

Clicking Run moves the objects in the structure away from the Cartesian axis origin
by the given distance.

Observe the relocation of the structure away from origin 50 um in the X-direction and
50 um in the Y-direction. Entering negative values returns the original structure
position.

Shit X/ (um) 50
Shit Y / (um) |50
shift Z / (pm) 0

Shift Y 50 um

Shift X 50 pm
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RoOTATE GAD OBIJECTS

After selecting Rotate GAD Objects from the pull-down menu, and clicking the
Edit... button, the Rotate GAD Objects dialog opens.

[ Rotate GAD Objects X

CAACIRC o ) !

GEoDicT
Phi / (°) 0
Theta / (°) 0

Psi/ (°) 0

Help OK Cancel

Enter the Euler angles Psi, Theta, and Phi by which the objects in the structure
should rotate and click OK to return to the GadGeo section.

Clicking Run turns the objects in the structure by the given rotation angles.

z axis fixed

new X axis fixed

new z axis fixed

Phi applies rotation about
existing z-axis

Theta applies rotation
about the new x-axis

Psi applies rotation about
the new z-axis

*
— *

- ..\
/_ —— T \
( R i :‘
*
SN 7
L

*
*

o
-
-
-
-
»®*
\

*
w/
*
*
*
*

-

Observe the turning of the structure by 90° about the (new) X-axis (Theta). No
rotation was previously applied around the (old) Z-axis (Phi).
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Phi / (%) 0
Theta [/ (9) 90
| Psi/(?) 0
| \ | o
Iy X
\ /7

RESOLVE OVERLAP / MARK CONTACTS

When running the Resolve Overlap / Mark Contacts command, GeoDict changes
the overlap behavior as if Resolve Overlap and Mark Contact Voxels had been
selected upon creation of the structure (see page 31 for a description of these
options). This command has no parameters, GeoDict automatically chooses a free
material ID as Contact Voxel Material ID.

The same effect can be achieved using the Edit Domain command (see page 48).

CHANGE MATERIAL ID MODEL

With the Change Material ID Model command it is possible to create objects that
consist of different material IDs. This command is new in GeoDict 2022.

When clicking the GadGeo Options Edit... button, the Change Material ID Model
dialog opens.

mChange Material ID Model ] X
GeoDicT
Hm ¥
Material ID Model Constant ¥

Material ID

Stripes

Spherical Stripes
Radial Stripes
General Stripes
Sub-Object Mapping

@B @; @ g :% Help OK Cancel

The user may choose between six different material ID models. The chosen model
will be applied to all GAD objects when the Run button is clicked.

With the Material ID Model set at the default Constant, each object is assigned the
single selected material ID.

GeoDict 2024 User Guide 43



Construct and manipulate material models with GadGeo

Material ID Model | Constant
Material 1D [627 Polypropylene (Solid) -

Stripes creates stripes of different materials in a direction given by one of the intrinsic
directions of the object.

Material ID Model | Stripes
Material IDs 1,2, 3

Stripe Width [ (pm) |3
| Main Direction

Direction

Spherical Stripes creates stripes of different material IDs around the center of the

object.

Material ID Model | Spherical Stripes

Material IDs 1,2, 3
Stripe Width [ (pm) |3

Radial Stripes creates stripes of different material IDs around the main axis of the

object.

Material ID Model | Radial Stripes

Material IDs 1,2, 3
Stripe Width / (pm) |3
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General Stripes is a generalization of the other models. For each axis, set if there
should be a stripe pattern when moving along this axis. Thus, when all axes are
checked on, spherical stripes will be created, if only axes 2 and 3 are checked, radial
stripes are created, and if only one axis is checked, a stripe pattern along this axis
will be created.

Material ID Model | General Stripes -
Material IDs 1,2, 3

Stripe Width / (pm) |3

v | Perpendicular to Object Main Direction (Axis1)

v Perpendicular to Object Perpendicularl (Axis2)
v | Perpendicular to Object Perpendicular? (Axis3)

Sub-Object Mapping allows to select different material IDs for the different parts of
a CombinedObject.

Material ID Model | Sub-Object Mapping - |

Material IDs 1,2, 3

This is particularly useful for User-Defined Objects and structures created using those
objects as described on page 34. For the 3D cross example that consists of three
ShortCircularFiber GAD sub-objects, every sub-object can get a different material
ID assigned.
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DELETE SELECTED GAD OBIJECTS

After selecting Delete Selected GAD Objects from the pull-down menu, and clicking
the Edit... button, the Delete Selected GAD Objects dialog opens.

ﬂ Delete Selected GAD Objects | X
GeoDICT [
Delete Objects with Material ID \ 00 Pore v \
Delete Objects with Material ‘ Solid... ‘
Delete Objects with Type \Sphere v \
BB & B Heb oK Cancel

Decide whether to delete objects with a certain material ID, a certain material, or a
certain object type. Then select the material ID, the material, or the object type from
the pull-down menus. Click OK to return to the GadGeo section.

Click Run to delete the objects in the structure according to your choice. It is possible
to check multiple of the possibilities.

Observe the disappearance of the objects with material ID 01 (here shown in red) in
the structure.

EDelete Selected GAD Objects a X

Material Information:

GeoDicT
v/ Delete Objects with Material ID Polyamide (PA 6) A
Delete Objects with Material Solid...
Delete Objects with Type Sphere A
RE S BR Hely K Cance

Material Information:
w ID 00: Air [invis.]
noID 02: Polypropylene|

\
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Observe the disappearance of the objects with material Polypropylene (here the
fibers) in the structure, leaving only objects made of Polyamide.

SR
L) . Alr |invis.

WD 01: Polyamide (PA 6) GeoDicT
wID 02: Polypropylengm, | =

I pelete Selected GAD Objects

Delete Objects with Material ID Polyamide (PA 6)

-

v Delete Objects with Material Polypropylene (Solid)...

Delete Objects with Type Sphere

-

R e B R

Hel OK  Cancel
% P

Material Information:
w ID 00: Air [invis.]
w#ID O01: Polyamide (PA 6) )
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EDIT DOMAIN

In GeoDict, the GAD objects are converted into a voxel geometry. The details of this
conversion are defined by the Domain. The domain determines the resolution, the
size and position of the bounding box, the background materials, and the overlap
behavior of objects.

Whenever a structure is created or loaded in GeoDict, the corresponding domain
parameters are stored. They can be accessed and changed through the Edit Domain
command.

In a GAD file, those parameters are defined in the Domain section.

GeoDict knows and uses three different ways to specify the domain size, defined by
the value after the key DomainMode:

DomainMode VoxelNumber: The voxel length, specified by the value after the
key VoxelLength, and the number of voxels in the three spatial directions,
specified by the values after NX, NY and NZ, are given.

"Domain” : |
"PeriodicX™ : False,
"PeriodicyY" : False,
"Periodicz™ : False,
"Originx" : [0, "m"],
"Originy™ : [0, ™m"],
"Originz" : [0, "m"],
"VoxelLength" : [1le-0&, ™m"],
"DomainMode" : "VoxelNumber",
THNX" : 100,
"NY" : 100,
"MZ" : 100,
"OverlapMode" : "GivenMaterial™,
"Material™ : {
[..-1]
br
"OverlapMaterialID" : 3,
"NumOverlapRules™ : Oy
"HollowMaterialID" : 0,
"PostProcessing” : {
"ResolveOverlap" : False,
"MarkContactVoxels" : False,
"ContactMaterialID" : 15

br

DomainMode Length: The voxel length specified by the value after the key
VoxelLength, and the lengths of the domain in the three spatial directions,
specified by the values after the keys LengthX, LengthY and LengthZ, are
given. The number of voxels (NX, NY and N2Z) is calculated automatically.

DomainMode VoxelNumberAndLength: This mode is similar to
DomainMode VoxelNumber, but additionally the physical lengths of the
domain are specified by the values after the keys LengthX, LengthY and
LengthZ. This mode is used when wanting to save a difference of the physical
lengths (LengthX, LengthY, and LengthZ) to the lengths given by the voxel
length and the number of voxels (VoxelLength, NX, NY, and NZ).
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Additional to the size of the domain, the origin of the geometry is specified. A shift of
the origin from (0.0, 0.0, 0.0) is given by the values after the keys OriginX, OriginY,
and OriginZ.

The domain of the voxel geometry may be periodic in one or more of the three spatial
dimensions. This is specified by the values after the keys PeriodicX, PeriodicY and
PeriodicZ, which may be False or True. If the domain is periodic in the X-directions,
this means that an object leaving the domain through one of the two domain
boundaries in X-direction reenters the domain from the other boundary in X-direction.
Periodicity in Y- and Z-direction is defined accordingly.

With Edit Domain, the position and resolution of the domain can be changed.
Changing the domain leaves the absolute size and position of the objects themselves
unchanged, but it might change which part of an object is shown inside of the voxel
grid, and how well it is resolved. Basically, Edit Domain allows to do the following
tasks:

1. Changing the resolution.

2. Shifting the field of view.

3. Distinguishing background and empty parts of hollow objects.
4. Redefine overlap behavior.

Alternatively, the command is also available from the GAD Objects context menu.

CHANGE RESOLUTION

Edit Domain can be used to change the resolution by simultaneously dividing the
Voxel Length and multiplying the number of voxels in NX, NY, NZ direction by the
same factor.

X 100 = | (100 pm) NX 400 = | (100 pm)
MY 100 = | (100 pm) NY 400 +| (100 pm)
NZ 100 = | (100 pm) NZ 400 =/ (100 pm)

Voxel Length / (pm) |1 Voxel Length / (pm) |0.25

N
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SHIFT THE FIELD OF VIEW

By changing the values of NX, NY, NZ and the position of the Origin it is possible to
move the field of view, thus changing the cut-out used as the current 3D structure
model. The Origin defines the position of the front lower left corner of the bounding
box, which is usually (0,0,0) by default.

NX 400 - (400 pm) Origin X / (pm) -100 Periodic X
NY 400 - (400 pm) Origin Y / (um) -100 Periodic Y
NZ 400 - (400 pm) Origin Z / (pm) -100 Periodic Z
Voxel Length / (pm) 1 Pore / Matrix Material (ID 00) = € Air (Fluid) ... Center Domain

NX 200 - (200 pm) Origin X / (um) 0 Periodic X
NY 200 - (200 pm) Origin Y / (um) 0 Periodic Y
NZ 200 - (200 pm) Origin Z / (pm) 0 Periodic Z
Voxel Length / (um) 1 Pore / Matrix Material (ID 00) © Air (Fluid) ... Center Domain

Checking the Periodic X, Periodic Y, and Periodic Z boxes applies periodicity in
one or several directions. Checking them has the effect that the objects ending on
one side of the volume reappear on the opposite side.

When clicking Center Domain, the domain will be automatically centered around the
coordinate origin (0,0,0).

DISTINGUISH BETWEEN BACKGROUND AND HOLLOW PARTS

It is possible to reassign the Pore / Matrix
Material (ID 00) as explained above in
pages 31.

Pore / Matrix Material (ID 00) = © Air (Fluid) ...

If some objects of the structure contain hollow parts, e.g. hollow fibers, hollow
spheres, or cellulose fibers, it is also possible to change the material ID of those
hollow parts, which is by default the same material as the background material.
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Hollow Parts Material ID 00 Air (Fluid) Hollow Parts Material ID @& Manual (Solid)

=) '

Changing the Hollow Parts Material ID allows to distinguish between the interior
of those objects and the pore space on the outside.

In a GAD file, a change of these parameters will change the parameters stored in the
Material section and the HollowMaterialID.

REDEFINE OVERLAP BEHAVIOR

When the 3D structure model is created with one of the structure generation modules
of GeoDict, the user has to determine how overlapping objects should be treated.
With GadGeo Edit Domain, the chosen settings can be changed afterwards, and
other modes for the overlap can be set without changing the position of the objects
themselves.

Resolve Overlap
Mark Contact Voxels

Overlap Mode Given Material v Default Overlap Material ID 88l Polyamide (PA6) ~

Number of Overlap Rules 3 :

Material ID 1 Material ID 2 Overlap ID
1 Polyamide (PA 6) v [} Polyamide (PA 6) v [N Polyamide (PA 6) v
2|[02| Polypropylene v 102 Polypropylene v 102 Polypropylene v
3 Polyamide (PA 6) v |02 Polypropylene v 88 Polyamide (PA 6) v

The Edit Domain dialog allows to change the settings for Resolve Overlap and the
Overlap Mode and allows to choose all the overlap modes that are accessible when
creating a GAD structure. The modes are explained in detail in pages 31ff above.

All defined overlap rules are also stored
in the GAD file, in sections
OverlapRule... Therefore, these
settings are always stored together with
the structure, when it is saved either as
a .gad or .gdt file.

"OverlapMode"

"OverlapMaterialID"

"NumOverlapRules"

"OverlapRulel™ : {
"MaterialIDl"
"MaterialIDZ"
"OverlapMaterialID

}I

"OverlapRule2™ : {
"MaterialIDl"
"MaterialID2"
"overlapMaterialID"

}I

"OverlapRule3™ : {
"MaterialID1"
"MaterialIDZ"
"OverlapMaterialID"

}I

"PostProcessing™ : {
"ResolveOverlap"
"MarkContactVoxels™
"ContactMaterialID"

: "GivenMaterial™,
: 3,
: 3,

: 1,
: 1,
1

: False,
: False,
15

GeoDict 2024 User Guide

51



Construct and manipulate material models with GadGeo

CREATE GAD INDEX IMAGE

In GeoDict, each GAD object has an index number. This numbers can be accessed
with the help of the Create GAD Index Image command. This command creates a
3D volume field, where each voxel contains a 32 bit unsigned integer value describing
the index of the object that this voxel belongs to.

This command requires no input parameters, so there are no parameters to be set.

When the command is run, no (result) files are created. The created index image is
available in GeoDict as a volume field named GADIndex.g32.

By a right click on the GADIndex.g32 line, the context menu allows to save the index
image as .g32 file.

» @m C:/UserGuide/GadGeo
» @ Structure (200x200x200, 1 pm)
» @ GAD Objects (420)
Statistics
Constituent Materials (3)
Open Result Files (--)
- Volume Files (1)
- GADIndex.g32 (200x200x200, 1 pm)
- Index Image

Index Image

An index image can be visualized as other volume fields. The image below shows the
index number field with small index numbers in blue and high index numbers in red.

Camera Structure V Volume Field Streamlines Particles Triangles Schlieren Arrows Tensors
Color by Index Image ~ Transparency Threshold by Index Image ~ Smooth Clipx 0 |2 200 Invert
Color Map Default + Edit... >= v.| |1 Clipy 0 |* 200
Interpolation None .4 Visible on Material IDs 0,1,2 v Clipz 0 ° 200
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CREATE GOF ORIENTATION IMAGE

Every GAD object has an intrinsic orientation, which is defined through its principal
direction (key Axisl), a first perpendicular direction (key Axis2) and a second
perpendicular direction forming a RHS coordinate system.

This orientation can be described in form of the Euler angles (see page 42) required
to rotate the cartesian coordinate system into the intrinsic one. Thus, for an intrinsic
coordinate system described through Axisl = (1,0,0) and Axis2 = (0,1,0), all Euler
angles would be zero.

The local orientation of a voxel is needed for some simulations (e.g. in ElastoDict)
and can be stored in a 3D field that contains the three Euler angles for each voxel.

The Create GOF Orientation Image command creates this volume field. This
command requires no input parameters, so there are no parameters to be set.

When the command is run, no (result) files are created. The created field is available
in GeoDict as a volume field named GADOrientation.gof.

By a right click on the GADOrientation.gof line, the context menu allows to save the
index image as .gof file.

» @8 C:/UserGuide/GadGeo
» @ Structure (200x200x200, 1 pm)
» @ GAD Objects (420)
» Statistics
» Constituent Materials (3)
Open Result Files (--)
- Volume Files (1)
- GADOrientation.gof (200x200x200, 1 pm)
- Orientation
Phi
Theta
Psi
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ADD & IMPORT

Two commands are available in the pulldown menu.

Add GAD Objects from File allows the user
to combine the current structure with objects
stored in another .gad file. This command is Add & Import -
not available from the GAD Objects’ context Add GAD Objects from File .

menu Add GAD Objects from File
Import GAD Objects from File L

Help Record

} Run

Import GAD Objects from File allows the user to import objects stored in a .gad
file into a modified domain. The same effect might be achieved by loading the .gad
file and then using the Edit Domain command afterwards. This command was
available through the ImportGeo-Base module in GeoDict versions 2023 or earlier.

ADD GAD OBIJECTS FROM FILE

Click the Options’ Edit... button to open the Add GAD from File dialog.

Then, click the Browse... button to search for a file in GAD format to add.

The domain size stored in the .gad file is shown in the dialog and cannot be modified.
Be aware that the current structure may have a different domain.

Before adding the new objects from the GAD file to the current structure, the new
objects may be shifted and rotated with respect to their position stored inside the
GAD file.

It is not possible to use this command to load a .gad file, it can only be used to add
objects to the current structure.

For example, the matchstick structure in page 28 could be rotated by 90° and added
to itself. As shown in the dialog on the right, simply Browse... for the GAD file and
enter a Theta value of 90°.

N 7

/7
7
) - L
\ P
N _- LAt
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3 Add GAD from File m X
GeoDicT
pm ¥
GAD File Data
File Name (*.gad) matchstick.gad Browse...
Length X / (um) 100 NX 100
Length Y / (um) 100 NY 100
Length Z / (um) 100 NZ 100
Origin X / (um) 0 Periodic X
Origin Y / (um) 0 Periodic Y
Origin Z [/ (pm) 0 Periodic Z

Voxel Length / (um) 1

Resolve Overlap

Mark Contact Voxels
Shift X / (pm) 0
Shift Y / (pm) 0
Shift Z / (um) 0

Rotate GAD Data

Psi/ (°) 0

Theta / (°) 90

Phi / (°) 0
@B E‘l @ !13; Eg Help OK | Cancel

IMPORT GAD OBIJECTS FROM FILE

The simplest way to open .gad-files in GeoDict is by selecting File - Open Structure
(*.gdt, *.gad) ... in the menu bar, or by clicking its icon in the Toolbar ( if]_ﬂ_ ).
This way, the .gad file is imported with the domain options specified in the

Domain parameters (see pages 48ff.).

However, to load the .gad file with values different to those specified in the Domain,
parameters, the Import GAD Objects from File command may be used.

Click the Options’ Edit... button to open the Import GAD dialog.

Browse... for the .gad file to import. The domain information is automatically entered
from the Domain in the file and may be changed.

By changing the side Length and Origin, it is possible to import only a cut-out of the
material. By changing the Voxel Length, it is possible to increase or decrease the
resolution of the imported 3D structure.

By choosing Resolve Overlap, the overlapping areas will be assigned to the closest
object as described on page 31. In this case, it is then again possible to Mark Contact
Voxels with a special material ID.

If Delete Invisible GAD is checked, all objects which are completely outside of the
chosen domain will not be imported.
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3 import GaD i X
GEoDicT
um v |
GAD File Data
File Name (*.gad) \GrainShapes.gad | ‘Browse...‘

Length X/ (um) 100 NX 400 =
Length Y/ (um) 100 NY 400 =
LengthZ/(um) 100 NZ 400 =

Origin X / (um) \0—\ Periodic X
Origin Y / (um) ‘0—‘ Periodic Y
Origin Z / (um) \0—\ Periodic Z
Voxel Length / (pm) \025—\

Resolve Overlap

Mark Contact Voxels

Delete Invisible GAD

Rotate GAD
Phi / (°) 0 |
Theta / (°) 0 |
Psi / (°) 0 |

[ [, & B B3 Help | 0K Cancel
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ExPORT As GAD OBIJECTS

This command was part of the ExportGeo-Base module in versions 2023 or earlier. It
allows the user to create a .gad file that contains a selection of GAD objects present
in the current structure or to export other visualized data in the form of GAD objects.

Click the Options’ Edit... button to open the Export to GAD Options dialog.

There, select a Result File Name. The exported file is stored next to this *.gdr result
file with the same base name and suffix *.gad

[5] Export to GAD Options O X

GEODICT

Hm -
Result File Name (*.gdr) ExportGADAlLgdr
v | Export Analytic Object Data
Export onby one Material ID
Export Material ID 00 Air
Export Objects in Range
Start Number 1
End Murmber 1
Export Current Particles
Export Current Trajectories
Diameter Particle Diameter -

Trajectory Diameter / (pm) (0
Export Current Streamlines
Streamline Diameter / (pm) (0

| Write File in YAML Syntax

@a E‘l. @ E E‘E Help oK Cancel

ExPORT ANALYTIC OBJECT DATA

Check this box to export the current structure. By default, all GAD objects are included
in the file. The number of stored objects can be reduced by checking Export only
one Material ID and/or Export Objects in Range.

| Export only one Materal ID

Export Material ID Glass -

Check Export only one Material ID and select the Export Material ID to store
only GAD objects of the selected material ID in the written .gad file.
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v | Export Objects in Range

4 b

Start Number 5

L

End Number 17

Check Export Objects in Range and select Start Number and End Number to
store only the GAD objects with an object ID in the selected range. The object IDs
are e.g. shown in the Edit GAD Objects command dialog or in the pop-up widget
shown when the mouse pointer is rested over a certain object in the viewport.

X122, ¥: 126, £: 62
X 121.5 pm, ¥ 125.5 pm, £: -38.5 pm
Voxel Materizl:  Glass [Fiber] (Material ID 01)

GAD Objects:  InfiniteCircularFiber (Object ID 110)

Velocity: 0 mfs

Voxel Position:

EXPORT CURRENT PARTICLES

You can only select this option when a particle (*.gpp) or particle trajectory (*.gpt)
file is loaded, e.g. from a FilterDict or AddiDict result file. All particles are saved as
Sphere objects at their final positions in the .gad file.

Only the particles currently selected for visualization in the Particles View Controls
tab are stored in the .gad file.

v Particles Trianglas Schlieren

Material IDs |0, 1 -
Particles Mot Fittered =

Trajectories | Naone -

ExXPORT CURRENT TRAJECTORIES

You can only select this option when a particle trajectory (*.gpt) file is loaded, e.q.
from a FilterDict or AddiDict result file. All trajectories are saved as
CurvedCircularFiber objects.

v | BExport Current Trajectories
Diameter Fixed Diameter -
Trajectory Diarmeter / (pm) |1

The fiber diameter of the CurvedCircularFiber objects either corresponds to the
Particle Diameter or you may select a Fixed Diameter for all trajectories.
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Only the trajectories currently selected for visualization in the Particles View Controls
tab are stored in the .gad file.

v | Particles Triangles Schlieren
Material IDs | 0, 1 =
Particles Al -

Trajectories | Fitered hd

EXPORT CURRENT STREAMLINES

You can only select this option when a vector field (e.g. the result of a flow
computation) is loaded and visualized with streamlines.

All streamlines are saved as CurvedCircularFiber objects with the selected
Streamline Diameter.

Only the streamlines currently visibly in the 3D viewport are stored in the .gad file.

¥ | BExport Current Streamlines

Streamline Diameter [ (pm) |2

WRITE FILE IN YAML SYNTAX

This option is checked by default. If unchecked, the .gad file is stored in the file syntax
of version 2022 or earlier.
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ALGORITHMS

Nine different commands are selectable in the pull-down menu under Algorithms.

GadGeo
Algorithms -
Remove Object Overlap M| Femove Db'iECt Overlap
Options 2 Edit.. Add Periodic Copies h

Expose Periodic Objects
Coarsen Curved Fibers
Cut Fibers to Domain
Match SVF Distribution
Ungroup List-Objects
Combine GAD Objects

» Run Re-Voxelize GAD Objects

Help @ Record

All of them are also accessible from the Objects context menu.

= C:/UserGuide/GadGeo
@ Structure (200x200x350, 1 pm)

-

» @ GAD Objects (145) Discard All GAD Objects
b Statistics Edit GAD Objects...
v Constituent Materials (2) Create / Add GAD Objects...
v+ T, Open Result Files (4) Edit Domain...
Volume Files (-} Delete Selected GAD Objects...

Scale GAD Objects...

Shift GAD Objects..

Rotate GAD Objects...

Resolve Overlap / Mark Contacts
Change Material ID Model. .
Create GAD Index Image
Create GOF Orientation Image
Algorithms k. 4 Remove Object Overlap...
Add Periodic Copies..
Expose Periodic Objects
Coarsen Curved Fibers...

Cut Fibers to Domain...
Match SVF Distribution...
Ungroup List-Objects
Combine GAD Objects
Re-Voxelze GAD Objects

REMOVE OBJECT OVERLAP

The options of Remove Object Overlap are similar to choices available under the
Generation and Overlap Mode panel of FiberGeo for fibrous structures (FiberGeo
Create Options dialog and GrainGeo for structures with granular objects (GrainGeo
Create Grains Options dialog)

By means of Remove Object Overlap, objects can be detached from each other in
3D structures after they have been generated.
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Removing overlap in dense structures is a complex process that requires some time,
depending on the imposed restrictions. In the Stopping Criterion panel, select the
maximal number of Iterations for the algorithm to finish, how many iterations should
be allowed when the solid volume percentage does not change anymore (Iterations
SVP Unchanged) and the maximal overlap permitted for the process to finish
(Overlap SVP / (%)).

The overlap of objects is removed by shifting, rotating, and/or deforming the objects.

Choose which processes should be carried out and the way in which they should be
done.

After checking Allow Object Shifts, choose the allowed Number of Shifts and the
magnitude of the shifts (Shift Distance) in voxels.

In a similar way, select to Allow Object Rotations and the Number of Rotations,
or to Allow Fiber Deformations, and then the Maximal Bending Angle for the
deformations.

E Remove GAD-Overlap a X
GEO
Hm
Stopping Criterion
Iterations 1000 .
Iterations SVP Unchanged 20 .
Overlap SVP / (%) 0

v Allow Object Shifts
Number of Shifts 10 .
Shift Distance / (Voxel) 2 .
v Allow Object Rotations
Number of Rotations 20 .

v Allow Fiber Deformations

Maximal Bending Angle / (°) 60

Distance Mode Touching Touching

Defined Overlap
Random Seed 1 Defined Isolation *
Avoid Contact

@B @, @ !:3; EE OK | Cancel

Choose the Distance Mode between Touching, Defined Overlap, Defined
Isolation and Avoid Contact to set the separation that should be achieved between
objects. For Defined Overlap, set the Distance that objects are still allowed to
overlap. For Defined Isolation, set the minimal Distance required between two
objects.
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Overlap and distances between objects are determined based on the voxel
representation of the GAD objects, not between the analytic objects themselves.
Therefore, the outcome is resolution dependent, and objects not overlapping in a
certain resolution might slightly overlap in a different voxel grid.

Various realizations of the overlap removal with the specified options can be obtained
by changing the Random Seed. If all other settings are equal, overlap removal
operations with the same Random Seed value produce exactly the same structure.

For example, overlap of fibers can be removed from a fibrous structure with SVP of
35%, using the default values in the Remove GAD-Overlap dialog. The red areas
correspond to the overlap between the grey fibers.

Observe how the shape and the position of the fibers have been modified to avoid the
overlap.

Material Infarmation: Material Information:
?DEEIIS- :xr {m\?if]”‘ w ID 00: Air [invis.]
D solid : 1D 01: Solid

ID 01: Sol 7
zID 02: Overlap ID 02: Overlap

When the overlap has not been able to be completely removed after the stopping
criterions have been applied, a message appears indicating this and showing the
percentage of remaining overlap.
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ADD PERIODIC COPIES

The algorithm to Add Periodic Copies allows to periodically repeat the structure
model in the chosen direction.

E]Add Periodic Copies O X

GEODICT
Copies in X-Direction 0
Copies in Y-Direction 0

Copies in Z-Direction 0

@B E‘l @ &3; E% ‘E‘ Cancel

In contrast to the Process-Repeat, command available in the ProcessGeo module,
the resulting structure still contains analytic data and can be saved in GAD format.

To add periodic copies, the original structure model should be periodic in the
direction(s) to be copied. Otherwise, the resulting structure may show unwanted
effects.

Here, periodic copies of the structure are added in the X-direction (2 copies) and the
Y-direction (1 copy).

Material Inforrnatio?: dd - ]
i ID 00: Air [invis.

RID 03 Palyamids (P 6) 3 Add Periodic Copies
WD 02: Polypropylene | - —

Material Information:
w ID 00: Air [invis.]
WD 01: Polya

i . GEODICT
Copies in X-Direction 2

Copies in Y-Direction 1

! Copies in Z-Direction 0

5 & BB

ExXPOSE PERIODIC OBJECTS

When a structure is created, e.g. in GrainGeo, using periodic boundary conditions,
objects cut on one side of the domain reappear on the opposite side. This means that
a single GAD object appears cut into several small pieces in the 3D structure. If the
GAD objects are exported into other software, e.g. using ExportGeo-CAD, those
periodic reappearances may not be taken into account.
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Therefore, for periodic GeoDict-generated structures, Expose Periodic Objects
produces non-periodic structures in which the interrupted periodic objects in the
structure are added to the structure’s analytic description (GAD).

. . Expose Periodic . .
Objects

>

Direction of periodicity No periodicity

1 Object: 1 Sphere 2 Objects: 2 spheres
(made of 2 half spheres)

Although no difference is observable when simply visualizing the structure, the result
of exposing periodic objects is the loss of periodicity and a higher number of objects
in the structure. The higher number of objects after performing this process is directly
observable in the number of Objects in the Project Status section.

wF

v Periodic X GadGeo
| Periodic Algorithms M
7| Periodic 7 Expose Periodic Objects =
Help @ Record
P Run
= C:/UserGuide/GadGeo = C:/UserGuide/GadGeo
v @ Structure (200x200x200, 1 pm) v @ Structure (200x200x200, 1 pm)
» @ GAD Objects (10) v @ GAD Objects (13)
> Statistics b Statistics
v Constituent Materials (2) » Constituent Materials (2)
+ T, Open Result Files (4) » T Open Result Files (4)
Volume Files (-) Volume Files ()

° o\ ° )

@ 9 o 9
© 0 C @

€ o € o

.j“" ‘j‘

¢
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The effect is also clearly observable when saving the structure as GAD file before and
after exposing periodic objects and opening them with a text editor. See how
PeriodicX, PeriodicY, and PeriodicZ are now listed as false and the number of objects
has increased from 10 to 13.

[ 10spheresPeriodic.gad 3 lE 10spheresPeriodicExposed.gad _J]

1 { ~
2 "Header" : {
3 "Release" 2023,
4 "Revision™ : 59085,
5 "BuildDate" : "2Z9 Sep 2022",
(5] "CreationDate™ : ™11 Oct 2022",
7 "CreationTime™ : "17:20:40",
8 "Creator™ : "becker"™,
= "Platform"” : "64 bit Windows"
1 |
11 "NumberOfobjects" : 10,
12 "Description” : "lOspheresPeriodic™,
13 "Domain™ : {
14 "PeriodicX" : True,
15 "Periodicy"” : True,
16 "pPeriodica" : True,
17 "Originx" : [0, ™m"]1,
18 "Originy" : [0, ™m"1,
19 "QOriginz™ : [0, ™m"]1,
20 "VoxelLength"” i [le-0&6, ™m"]1,
21 "DomainMode™ : "VoxelNumber",
22 THE" : 200,
23 "Ny » 200,
24 "NZ" r 200,
25 "overlapMode" : "OverlapMaterial”™, # Possible =
26 "Material™ : { .
< B 10spheresPenodic gad 4 = 10spheresPeriodicExposed.gad E3
1 { ~
2 "Header" : {
3 "Release" 2023,
4 "Revision" : 59085,
5 "BuildDate™ : "29 Sep 2022",
(5} "CreationDate™ : "11 Oct 20z2",
7 "CreationTime™ : "17:20:53",
8 "Creator™ 1 "becker",
g "Platform"” : "64 bit Windows"
10 |
11 "NumberOfobjects" = 13,
12 "Description™ : "l0spheresPeriodic”,
13 "Domain® : {
14 "PeriodicX" : False,
5 "Periodicy™ : False,
"Periodica™ : False,
"Originx" : [0, "m"],
"Originy" : [0, "m™]1,
19 "Originz" : [0, "m™]1,
20 "VoxelLength" : [le-0&€, ™m™]1,
21 "DomainMode™ : "VoxelNumber™,
22 THH™ » 200,
23 "HY™ 200,
24 "NZ™ : 200,
25 "overlapMode" : "OverlapMaterial"™, # Possible =
26 "Material™ : {
27 (L P——] - MDY Aan N
< b3
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COARSEN CURVED FIBERS

Coarsen Curved Fibers allows decreasing the number of segments used in curved
fibers, and thus, reduce the size of the corresponding structure files in GAD format.
This also reduces the file size of STL files exported with ExportGeo-CAD or MeshGeo.

GadGeo
Algorithms =
Coarsen Curved Fibers =
DDtiDI‘lS a Ed[t.
Help @ Record

P Run

Vs

Clicking the Options’ Edit... button opens the Coarsen Curved Fibers dialog where
criteria for merging two segments into one can be entered.

The available units (m, mm, nm, and pum) are selectable from the top right pull-down
menu. When the Threshold Angle, Threshold Torsion, and/or Threshold Length
boxes are checked, values can be entered in the fields.

[ coarsen Curved Fibers | X

GEODICT

Hm -
Threshold Angle f =) ]
Threshold Torsion /(=) i]

v Threshold Length J {um) |1D |

Ehn E‘l. @ E :“n Help 0K Cancel

THRESHOLD ANGLE

When the supplementary angle between two fiber segments is smaller than the value
entered for the threshold angle, the two segments are merged. The process is
repeated until no supplementary angle smaller than the threshold is left in the
structure’s fibers.
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U

N

\

THRESHOLD TORSION

When the torsion within one segment is smaller than the entered threshold value, this
segment is merged with its neighbor.

THRESHOLD LENGTH

Segments shorter than the entered threshold value are merged with their neighbors.

\)

CuUT FIBERS TO DOMAIN

With Cut Fibers to Domain, all fibers in the domain are cut so that their endpoints
are in the current domain. Infinite fibers are converted to finite fibers. Other objects
(spheres, ellipsoids, ...) are not affected.

This option is useful when exporting the fibers as objects, e.g., for meshing them with
MeshGeo, or for combining them with other structures while maintaining the object
information, e.g., in LayerGeo.

Click the Options’ Edit... button to open the Cut Fibers to Domain dialog.

[ cut Fibers to Domain O X

GEODICT

Embed Dormain

@E @a \‘?" B e Help 0K Cancel

The command will cut the fiber center-lines at the domain boundary. For periodic
geometries, the resulting voxel geometry will not change by this. For non-periodic
geometries, the voxel geometry inside of the domain may change near the fiber cut-
points at the domain boundary.

To avoid this, enable Embed Domain to move the fiber cut-points outwards from the
domain boundary by the maximal fiber radius. In this case, the fiber center-lines will
end outside of the domain and the voxel geometry inside of the domain will not
change. This option is available only for non-periodic domains.
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The effect of cutting fibers to the domain can best be observed when embedding the
structure with ProcessGeo-Embed.

GadGeo-Algorithms
Cut Fibers to Domain

ProcessGeo-Process
Embed

MATCH SVF DISTRIBUTION

The Match Solid Volume Fraction (SVF) Distribution command allows to create
structures with an inhomogeneous solid volume distribution. A specialized form of this
algorithm is also available in FiberGeo and GrainGeo, where a Gaussian random field
is created and used directly in the generation step to achieve an inhomogeneous
distribution.

Here, the algorithm can be used in a more general way.

Required input is a generated structure with GAD object information and periodic
domain, and an arbitrary solid volume fraction distribution, defined through a GeoDict
Volume Fraction (.gvf) input file.

Such a file is created in FiberGeo or GrainGeo when the Match Solid Volume
Fraction (SVF) Distribution was chosen.

It can also be created using the Create Gaussian Random Field command available
from the context menu of the Volume Files entry (this feature is only available if
FiberGeo or GrainGeo is licensed).
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= C:/UserGuide/GadGeo
+ @ Structure (-)
+ @ GAD Objects (—)
v @ Open Result Files (4)
I Volume Files (—)

Discard Volume Fields
Load Volume File ...

Create New Volume File

Create Gaussian Random Field

Alternatively, use 3D Inhomogeneity in MatDict to create a distribution based on a
CT-scan or a mask structure (see example below) or use the GeoPython library or
other tools to create a file with the desired input values yourself.

Clicking the Options’ Edit... button opens the Match SVF Distribution dialog
where additional parameters can be entered.

53 Match SVF Distribution O X
Result File Mame (*.gdr) MatchSVFDistribution.gdr

Solid Volume Fraction File (*.gvf) Browse...
Random Seed 42 =
v | Allow Shifts

V| Allow Deformations
| Periodic Force in Z-Direction
Write Object Trajectories
Write Intermediate Resulis
| Error Bound 0.001

Mumber of Iterations 400

L1

@E @; \‘?" E !“a Help 0K Cancel

RESULT FILE NAME

As usual, the name entered here is used for the created .gdr file and the
corresponding folder.

SOLID VOLUME FRACTION FILE

Click Browse... to search for the .gvf file here. The chosen file must match to the
current structure in the sense that the domain size (in physical length, not in the
number of voxels) must be the same.

The absolute SVF values in the file are not important, as the distribution in the file is
scaled to match the mean solid volume fraction of the loaded structure. The solid
volume fraction file should have a coarser resolution as the structure file, otherwise
the computation time will become large. For many cases a 10 times coarser resolution
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works well, meaning it has a voxel length of 10 yum when the original structure has a
voxel length 1 pm.

RANDOM SEED

The algorithm tries to achieve the given SVF distribution by modifying the GAD
objects. This is done in a random order and the given random seed determines the
order. Thus, different random seeds will lead to different results.

ALLOW SHIFTS

If checked, objects may be shifted to achieve the desired SVF distribution.

ALLOW DEFORMATIONS

If checked, the objects will be deformed to achieve the desired SVF distribution. This
applies only to objects that can be deformed at all. For example, fibers can be
deformed, but not spherical grains.

PERIODIC FORCE IN Z-DIRECTION

If checked, the force is periodic in all three directions, which is recommended for most
cases.

If unchecked, the force is periodic in X- and Y-direction, but not in Z-direction. In that
case, the objects are repelled from the domain boundary in Z-direction. This requires
that some empty space be available at the top and bottom of the structure.

WRITE OBJECT TRAJECTORIES

Stores the object movement in a GeoDict trajectory file (*.gpt), which can be
visualized in GeoDict.

WRITE INTERMEDIATE RESULTS

Stores intermediate results, e.g., for the structure after each iteration.

ERROR BOUND

In each step, the objects are shifted and deformed by a certain value and the
difference to the desired solid volume fraction is computed. Afterwards, the new
difference is used to do the next iteration. This enables to compute how much the
SVF has changed in the last iteration and define a certain value for which the
simulation should be stopped. This is the recommended stopping criterion.

NUMBER OF ITERATIONS

The process can also be stopped after a certain number of iterations has been done.

MATCH SVF DISTRIBUTION EXAMPLE

How to use Match SVF Distribution requires some more detailed explanations.

One way to use the algorithm is to create a mask structure and to convert this mask
into a solid volume fraction file with a lower resolution (*.gvf). This file is afterwards
used to change a base structure to follow the solid volume fraction distribution
described by the mask file. This workflow is shown here.

First, a mask structure is created. Here, a perforated foil created with GridGeo is used.
Afterwards, this mask is converted into a solid volume fraction distribution file using
Material Statistics -> 3D Inhomogeneity with default settings in MatDict.
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- 3D Inhomogeneity
(MatDict)

Now, we create a base structure of homogeneously distributed spheres with
GrainGeo, where the mean solid volume fraction is 30%. The grain structure is loaded
and the created solid volume fraction file (*.gvf) is chosen in the Match SVF
Distribution dialog. Otherwise, we keep the default settings. Now, we run the Match
SVF Distribution command.

The base structure, created with GrainGeo, and the structure matching the relative
solid volume fraction distribution of the foil, are shown below.

RESULTS

As shown in the example, the main result is a structure matching the desired SVF
distribution. Additionally, a *.gdr file is created, which contains information about how
well the solid volume fraction distribution was matched and how the mean solid
volume fraction has changed during the matching process.
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m Result Viewer

EETTETTS

Maon Sep 4 2023 (2024 Build 67668) .../ Algorithrms-MatchSVFDistribution/MatchSVFDistribution. gdr

Domain Size: 200 x 200 x 100 Voxel Length: 1 pm |Load Structure |

Input Map Log Map Post Map | Results | Metadata

Report Plots Map

Structure SVP

Structure solid volume percentage at start: 30.0031 %
Structure solid volume percentage at end: 34.4342 %

SVP standard deviation

Start standard deviation: 30.6669 %
Reached standard deviation: 14.1708 %
(standard deviation between structure and mask)

--- Total runtime: 49.829 s, Total memory usage: 4.494 GiB ---

Manage Data i | |Lt}ad Input Parameters| | Export b | |

Close

M
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UNGROUP LIST-OBIJECTS

The Ungroup List-Objects command splits GAD objects composed of multiple
segments or sub-objects into separate objects. To use this command, it is necessary
that the analytic data of the current 3D structure is available (i.e., a green dot is
shown in front of the GAD Objects status box entry).

The following object types (see also the respective description of the objects in the
Create /Add GAD Objects section on pages 29ff) consist of multiple segments or
objects and are split into their respective segments when this command is run:

B CurvedXXXXFiber, where XXXX may be any one of the profile types Circular,
Hollow, Rosetta, Elliptical, Cellulose, Rectangular, Angular, Arbitrary.

B GeneralCurvedXXXXFiber, where XXXX may be any one of the profile types
Circular, Hollow, Rosetta, Elliptical, Cellulose, Rectangular, Angular, Arbitrary.

® CombinedObject

® IntersectedObject
Other object types present in the current 3D structure will remain unchanged.

The Ungroup List-Objects command does not require additional parameters.
Therefore, no Edit... button is available, and the command can simply be executed
by clicking Run.

When running the command, a pop-up message informs about the number of objects
changed and it is observable that the overall number of objects is increased.

@ C:/UserGuide/GadGeo

» @ Structure (200x200x200, 500 nm) [ un-Group List Objects
+ @ GAD Objects (347) . .
o Found and un-grouped 347 GAD list objects.
» Statistics
» Constituent Materials (2) (Click in dialog stops countdawm.)
T, Open Result Files (— —
2, Open Result Files () | oK |
Volume Filas () —l:H

@ C:/UserGuide/GadGeo

@ Sstructure (200x200%200, 500 nm)
@ GAD Objects (7634)

Statistics

Constituent Materials (2)

T, Open Result Files ()

Volume Files (—)
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CoMBINE GAD OBIJECTS

The Combine GAD Objects command combines all objects into a single
CombinedObiject.

The Combine GAD Objects command does not require additional parameters.
Therefore, no Edit... button is available, and the command can simply be executed
by clicking Run.

As example, consider two spheres and a cylinder that together form a dumbbell.

Sphere Center / (um) |0 0 20
Material ID Model | Constant - Diameter / (um) |20
Material ID Manual {Solid) - Dinmeter
.
Center
Remove
Sphere Center / (um) |0 0 -20
Di t 20
Material ID Model | Constant - meter / (um)
Material ID Manual {Solid) - Diameter
. 4
Center
Remove
Short Circular Fiber | Point2 General | End Type
Diameter _
Material ID Model | Constant - Pointl { (pm} |0 ] -20
Material ID Manual {Solid) - Point2 / (um) |0 0 20
Diameter / (um) 5
Point1 Length
Remave

Initially, these are three independent objects, and in the status section, 3 GAD Objects
are shown. After clicking Run, the three objects are turned into a single object

= C:/UserGuide/GadGen
v @ Structure (100x100x100, 1 pm)
+ @ GAD Objects (3)
b Statistics —>
v Constituent Materials (2)

T Open Result Files (-}

Volume Files (--)

& C:/UserGuide/GadGeo
v @ Structure (100x100x100, 1 pm)
» @ GAD Objects (1)
b Statistics
b Constituent Materials (2)
T, Open Result Files (—)
Volume Files (—)
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If this object is now stored in a .gad file, only a single object of the CombinedObject
type is present. This file can then be used as a user-defined object type as described
on page 34.

"Objectl™ : {

"Material IDModel™ : "SubObjectMapping”,
"MaterialID" : [1,1,11,
"Type" : "CombinedObject",
"NumberofSubObjects™ : 3,
"Position™ : [0,0,01,
"ScalingFactor™ : 1,
"Exisl"™ : [1,0,01,
"Exis2"™ : [0,1,07,
"SubObjectl™ : {
"Operation" : "add",
"Type" : "Sphere",
"Position™ : [0,0,2e—-051,
"Diameter™ 1 Ze—-05,
"Awisl™ : [1,0,07,
"Axig2™ : [0,1,0]

br
"SubObject2"™ : {

"Operation™ : "add",

"Type" : "Sphere",
"pPosition™ : [0,0,-2e-051,
"Diameter™ : Ze-05,
"Rxwigl™ : [1,0,0],
"Axis2"™ : [0,1,0]

br
"SubObject3™ : {

"Operation" : "add",

"Type" : "ShortCircularFiber",
"Pointl™ : [0,0,-2e-05],
"Point2" : [0,0,2e-05],
"FiberEndTypel™ : "Flat",
"FiberEndType2™ : "Flat",

"Diameter" : S5e-06

}
bs

RE-VOXELIZE GAD OBIJECTS

It is possible that the current list of GAD objects does not fully describe the current
voxel structure. This can happen if binder (which has no gad representation) is added
to a fiber or grain structure, or if the voxel structure has been modified in any other
way. This is shown by a yellow dot in the project status window:

» @8 C:/UserGuide/GadGeo

@ Structure (200x200x200, 500 nm)
GAD Objects (347)

Statistics

Constituent Materils (2) Green dot: GAD data is in memory.

Yellow dot: GAD data is in memory, but does not match voxel geometry.

Red dot:  no GAD data is in memory.

-

-

-

-

T Open Result Files ()

Volurme Files (-)

In this situation, it is possible to run Re-Voxelize GAD Objects and re-create the
voxel structure that is a representation of the current GAD objects.

The Re-Voxelize GAD Objects command does not require additional parameters.
Therefore, no Edit... button is available, and the command can simply be executed
by clicking Run.
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GAD GEOAPPS

When GAD GeoApps is selected in the menu bar, all macros stored in the GeoDict
installation folder

<« Program Files » Math2Market GmbH » GeoDict 2024 » Geclpps * Modules * GadGeo

are shown.

Three macros (Knitted Mesh, Throttle Valve Design 1, Throttle Valve Design 2)
are included in the standard installation package, but additional macros could be
placed there by the system administrator and would then be available for all users.

They can be edited with a standard text editor. To open the corresponding *.py file
for a predefined macro, click the Open Macro / Script File button.

Gad
GAD GeoApps A
Knitted Mesh v
Options £ Edit...

Generate a complex knitted structure
using the GadAdd command.

Open Macro / Script File

Help Record
Cloud
’ Run
Job Queue

After making changes to the script, you can either store the modified macro locally
and run it from the main menu Macro — Execute Macro Script or as an
administrator you may store it in its original place and make the modified version
available to all users.

To use a predefined macro, select it from the pull-down menu, click the Edit ... button
to set the parameters, and then the Run button to run the simulation.

KNITTED MESH

This example shows how to generate a complex knitted structure using the GadAdd
command.
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ﬂ Knitted Mesh Parameters X

GEoDICT

Result File Name (*.gdr) KnittedMesh

Voxel Length / (m) 2e-05
Warp Pitch / (m) 0.00363
Weft Pitch / (m) 0.00282
Warp Width / (m) 0.0033
Weft Width / (m) 0.0025
Warp Height / (m) 0.00035
Weft Height / (m) 0.000233
Bond Width / (m) 0.0003
Bond Height / (m) 0.0002

@B @, @ Q g'g OK | |Cancel

THROTTLE VALVE DESIGN

Select one of the two Throttle Valve Design macros to create a fluid throttle using a
porous ceramic. Two different designs are available.

The two examples are used in the textbook:

Yavuz Selim Mutlu, Einstellung von Volumenstromen im Bereich der Nanofluidik -
Entwicklung einer Fluid-Drossel aus porésen Keramiken; Mutlu, Springer Vieweg
Wiesbaden, 2015.

Material Information:

w ID 00: Water [invis.]

wID 01: Glass

weID 04: Water in Porous [Sinter Structure]
w ID 07: Seal (Solid)

Material Information:

w ID 00: Water [invis.]
wID 01: Glass
ID 04: Water in Porous [Coatings]
tructure]

D 05: Water in Porous [Sinter
w ID 07: Seal (Solid)
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