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THE GEODICT MATERIAL DATABASE

Structures in GeoDict are 3D voxel images where each voxel has one of 256 possible
material IDs. To each of these material IDs, a material can be assigned. This means
that a structure in GeoDict can contain up to 256 different materials. Materials in
GeoDict can contain all material properties that are needed for simulations in GeoDict.

The GeoDict material database is the place to store material data. A selection of
standard materials is already predefined, but the true strength of the database is that
it allows the user to define additional materials to be used in GeoDict simulations.

The information for each material in the GeoDict material database is saved as a *.txt
file in the material database folder. Therefore, materials can either be edited in the
material database editor or by editing the corresponding *.txt file. Materials can be
exchanged by copying these *.txt files.

[ Edit Material Database O X
Search Material Database
Group by | Type - C:/Users/blumer/GeoDict2023/
MaterialDataBase Choose...
Name =
: glgl'icdi General Solid Machanical Properties Thermal Conductivity Elactrical C | »
-
1050] MName Aluminum (5083)
Alurminurn File Version 2023
Aramide (PPTA - Kevlar 29) . )
Aramide (PPTA - Kevar 499 Material Type | Solid v
Aramide (PPTA - Kevlar 965)
Aramide (PPTA - Twaron) Color
Brass (CuZn30) . _ -
Brass (CuZn5) Material Topics  |Metal, StructuralMaterial
Calcite ) i
Carbon Fiber (DIALEAD - K63712) ; | ¥ Mechanical Properties
E;EEE E:E:; E?gﬂué?] Electrochemical Properties
E*:E?D';e':iber | Thermal Conductivity
Egrﬂdﬂi:rfte ¥/ Electrical Conductivity
Dolomite
IEepIEI);;a(rEDl-ﬁ] Material Description:
Glass (A-Glass Fiber) Manufacturer: Allega GmbH =
Glass (AR-Glass Fiber) Description: Alurninum, plate, strain hardened (H111).

Glass (C-Glass Fiber)
7 Linee {IC Clhec Do) 5 Applications: Equipment and machine parts with sophisticated machining with low

distortion and high manufacturing precision. Suitable According to EM 602 for use

Add Material Add in contact with food.
Copy Material  Aluminum (5083) Copy ... Saurcac: =
bold un-bold
Delete Material Delete
Help Save Database Cancel

Materials can be assigned to GeoDict structures during the creation with GeoDict
structure generation modules (e.g., FiberGeo, GrainGeo, WeaveGeo...) or during the
import from e.g., NCT-scans. Additionally, they can be set for the structure currently
in memory. When saving a structure in a GeoDict format (as *.gdt or *.gad file), its
constituent materials and their properties are saved in that file, too.

This allows for directly simulating on a structure loaded from its file, there is no
necessity to select the materials for the simulation run. However, it is always possible
to change the materials and their properties prior to simulation.

GeoDict 2023 User Guide 1



The GeoDict Material Database

MATERIALS IN GEODICT

Three material types are available in GeoDict: Fluid, Solid and Porous. Depending
on the material type, different material properties can be assigned.

B For a Fluid, the density and the dynamic and General | Fluid
kinematic viscosity must be defined. Additionally, Name Materal_New
Mechanical Properties, Electrochemical @ ™"*" **
Properties, Thermal Conductivity, and

Material Type Fluid -

- - = Color W Dark gray
Electrical Conductivity can be selected as atersl Topic
Optlona| pa ra meters' Mechanical Properties
Thermal Conductivity and EleCtI“ical Electrochemical Properties

Thermal Conductivity

Conductivity can be temperature dependent, and
the mechanical properties contain the option to
add a thermal expansion coefficient.

Electrical Conductivity

B For Solid materials, only the density must be General | Sold

defined. Additionally, Mechanical Properties, o ;‘;;:”a'—“e"“
Electrochemical Properties, Thermal = .
Conductivity, and Electrical Conductivity can _— B ook ooy

be selected as optional parameters. Materil Topics

Thermal Conductivity and Electrical =l s

Electrochemical Properties

Conductivity can be temperature dependent, and
the mechanical properties contain the option to
add a thermal expansion coefficient.

Thermal Conductivity
Electrical Conductivity

General | Solid

B Porous materials have the same options as Solid o dateril few
materials, but they additionally allow to define the Fle Verson 2023
Permeability and Porosity and Tortuosity. Materil Type | Porous =

Color W Dark gray

The Porosity and Tortuosity cannot be set to be

.
temperature dependent. Haterel Tople

Permeability

Mechanical Properties
Electrochemical Properties
Thermal Conductivity
Electrical Conductivity

Porosity and Tortuosity

Materials can either be selected from the GeoDict material database or Manual
materials can be defined during the creation of a microstructure using the GeoDict
structure generation modules or prior to simulation with one of the GeoDict predictor
modules.

Manual materials allow to quickly set the needed parameters, whereas using
materials from the material database allows to reuse them for further simulations.
Furthermore, materials defined in the GeoDict material database may have more
complex properties than Manual materials. For example, when defining a manual
material in the ElastoDict settings, it is not possible to select nonlinear material laws.
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Materials in GeoDict - Setting the constituent materials in GeoDict

In some cases, the material for a giver

material ID might be unclear. Then, the
material is Undefined. GEoDICT
Temperature -273.15 <= |20 <= 1000.00 |°C ~

Choose a material for these IDs before - || materal Solid Densty | Fiuid D
running simulations on the structure. ™ e Density |7 (ka/me) =

00| © Air (Fluid) ... =1 Mot Defined

01 [ undefined ... =] Mot Defined

02 [ Undefined ... =] Mot Defined

03 Undefined ... =1 Mot Defined

o4 [ Undefined ... | (B Mot Defined

The materials in the material database can be grouped by Type, by Topic or by
Property. The types are GeoDict’s material categories (Fluid, Solid and Porous),
while the topics can be user-defined (See page 16). When choosing Property, all
materials are grouped for which a corresponding property is defined.

m Edit Material Database

m Edit Material Database m Edit Material Database

Search Search Search
lGroup by | Type > ] [ Group by | Topic - l I Group by | Property ot ]
Name Topic = Name Type = Mame Type =
* Fluid »  Electrochemistry v Solid Density
8YSZ Electrochemist... b Fuel Cell ~ Fluid Density / Viscosity
Alr Gas, Filtration ~ (Gas Carbon Dioxide {CO2) Fluid
Carbon Dioxide (CO2) Gas, Electroch... Air Fluid Electrolyte (Solvionic) Fluid
Electrolyte {Solvionic) Liquid, Battery,... Carbon Dioxide (CO2) Fluid Electrolyte Fluid
Electrolyte Liquid, Battery, . Helium Fluid Helium Fluid
Helium Gas, Electroch... Hydrogen Fluid Hydrogen Fluid
Hydrogen Gas, Electroch... Oxygen Fluid Mercury Fluid
Mercury Liquid ~ Fitration Qil Fluid
Qil Liguid, Fittration Alr Fluid Oxygen Fluid
Oxygen Gas, Electroch Cellulose Solid Water (Brine) Fluid
Water (Brine) Liquid, OilAndGas Glass Solid Water (Distiled) Fluid
Water (Distilled) Liguid, OilAndGas oil Fluid Water Fluid
Water Liquid, Fittration Water Fluid ~ Mechanical Properties
~ Solid * Metal
Aluminum (5083) Metal, Structur. Aluminum (5083) Solid Aluminum (5083) Solid
Aluminum (A4 - 1050) Metal, Structur... Aluminum (A4 - 1050) solid Aluminum (AA - 1050) Solid
Alurminum Metal, Structur... Alurrinum Solid Alurrinum Solid
Aramide (PPTA - Kevlar 29) Fiber, Structur... Brass (CuZn30) Solid Aramide (PPTA - Kevlar 29)  Solid
Aramide (PPTA - Kevlar 49)  Fiber, Structur... Brass (CuZn5) Solid Aramide (PPTA - Kevlar 49) Solid
Aramide (PPTA - Kevlar 96 Fiber, Structur Copper Solid Aramide (PPTA - Kevlar 96... Solid
Aramide (PPTA - Twaron)  Fiber, Structur... Iron Solid Aramide (PPTA - Twaron)  Solid
Brass (CuzZn30) Metal Lithium Solid Brass (CuZn30) Solid
Brass (CuZns) Metal Mickel Solid Brass (CuZn3) Solid
Calcite Mineral, Qiland... | _ Nicrofer (6025 HT) Solid = Calcite Solid =
rarhan Cihar IOTAICAND W Cihar Crructur Cihenr Calid Marhan Cihar iDTALCAND W Calid
1 L3 L] L3 4 »
Add Material Add Add Materil Add Add Material Add
Copy Material ~ Air Copy ... Copy Materal  Air Copy ... Copy Material  Air Copy ...
Delete Material Delete Delete Material Delete Delete Material Delete
Help Help Help

Additionally, the material database can be searched with the search box at the top of
the material database dialog.

E] Edit Material Database

[Sea rch

Group by | Property
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The GeoDict Material Database

SETTING THE CONSTITUENT MATERIALS IN GEODICT

The constituent materials are selected during the generation of a structure or during
the import from 3D image data. Afterwards, the constituent materials can be changed
if needed.

SETTING MATERIALS FOR STRUCTURE GENERATION

An example for the selection of the constituent materials in FiberGeo is shown below.
For each fiber type, the material can be selected by clicking the corresponding button.
The Material Selector dialog opens, and all materials stored in the current material
database are available.

] FiberGeo Create Options ] X
Result File Narme (*.gdr) FiberGeo.gdr pm

Create Options Fiber Options Fiber Overlap Result Options

Fiber thickness given by | Diameter -
Diameter m 10 Edit ...
Infinite Circular [ (um)

Count / (%) 50 Diameter

Material (1D 01) [ Glass (Solid) ... I

Orientation <Anisotropic Direction= Edit ...
|Click to choose another constituent material. P
Remove [y Gave .. ||

Diameter m 6 Edit ...
Infinite Circular [ (um)
Count / (%) 50 Diameter
2
Material (ID 02) [ Glass (Solid) ...
Orientation <Anisotropic Direction> Edit ...

Material Selector

w3 GEODICT
Material Type Solid Search
Gl @ )
@E Da- @ B e Solid Glass Ty e -
Information | Fiber Name Tapic -
Cordierite Ceramics, Electroch...
MEter Al AT aton: Dolomite Mineral, DilAndGas
ID 00: Air [invis.] 1 Epoxy (3501-6) Polyrner, Structural...
D 01: Glass - ) H Feldspar Mineral, OilAndGas
wiID 025 Glass ) Glass (A-Glass Fiber) Fiber, StructuralMat...
N ID 03: Glass [Overlap]] ) Glass (AR-Glass Fiber) Fiber, StructuralMat...
Glass (C-Glass Fiber) Fiber, StructuralMat._..
Glass (E-Glass Fiber) Fiber, StructuralMat...
Glass (R-Glass Fiber) Fiber, StructuralMat...
Glass (52-Glass Fiber Fiber, StructuralMat...
Graphite Fiber (¥XN-05-305) Fiber, StructuralMat...
Graphite Battery, Electroche...
oK Cancel
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Materials in GeoDict - Setting the constituent materials in GeoDict

SETTING MATERIALS DURING IMPORT

When a structure is imported in GeoDict (e.g., from a uCT-scan), its constituent

materials can be set during the import.

By default, the material with material ID 00 is set to Pore (Fluid), whereas all other

material IDs are set to Manual (Solid).

Image Processing

Segmentation & Labeling

~ Image Segmentation

Material Selector

GeoDicT

Material Type Solid Search

Solid Glass Group by | Type

Information Name
Copper
Cordierite
Dolomite
Epoxy (3501-6)
Feldspar

Glass (A-Glass Fiber)
Glass (AR-Glass Fiber)
Glass (C-Glass Fiber)
Glass (E-Glass Fiber)
Glass (R-Glass Fiber)
Glass (S2-Glass Fiber

~ Global Thresholding

Result File Mame (*.gdr) |Structure.gdr

Segmentation Mode Single Threshold -
Method Otsu b
Material 1 (ID 00) Pore. .

Threshold 0.5 | LF

0.900011125

I 11znual (Solid)... [

0.099988875

Volume Fraction
Material 2 (ID 01)
Volume Fraction
Density / (kg/m=}

Grammage Plane K=Y b

1000

19.997775

ate Segmentation

Topic

Metal, Battery, Elec_..
Ceramics, Electroch...
Mineral, OilAndGas
Polymer, Structural...
Mineral, OilAndGas
Fiber, StructuralMat...
Fiber, StructuralMat._..
Fiber, StructuralMat._..
Fiber, StructuralMat...
Fiber, StructuralMat._..
Fiber, StructuralMat...

Graphite Fiber (XN-05-305)

P,

Edit Material Database E@Er_, _S.trHEt_Li[iilﬁa_t“' -

oK Cancel

SETTING MATERIALS FOR THE CURRENT STRUCTURE

The constituent materials for the structure currently in memory can be changed by
selecting Settings — Select Constituent Materials in the menu bar.

Ld Structure.gdt (FiberGeo) - GeoDict 2023 Standard Edition
File Analyze Predict Export View EEmGLE Macro GeoApp  Help

i_ ‘:]_,,. ‘:]El E‘B @B E — Color & Visibiity Settings...

L Settings...
Status and Modules

Import Model

=

Edit Expert Settings...

Edit Material Database...

Select Constituent Materials h.
GeoDict 2023 User Guide 5



The GeoDict Material Database

Alternatively, click the corresponding icon in the toolbar.

E] Structure.gdt (FiberGeo) - GeoDict 2023 Standard Edition

File Import Model Analyze Predict Export View Settings Macro GeodApp Help
2 OR QR RZ ~~ BB (ET &

Status and Modules Select Constituent MaterlaLsi «

Q
g
B\

]
]
L

The concept is shown on the structure below: The material assigned to material ID
01 is changed from Glass to Carbon Fiber.

m Select Constituent Materials

GEODICT

Temperature -273.15 <= |20 | <=1000.00 |°C ~ | | Edit Material Database |
|i| Material | Solid Density | Fluid Density / Viscosity | Permeabiity = Mechanic
ID Name Density |/ (ka/m2) = | Temp. Range / (°C)
00 O A (Fiuid)... | (B] g - -
o1 [ GEss (Solid)... I | (B F [Materallaw 1 ~ | 2580 =

02 Glass (Solid)... |Ciick to choose another constituent material. FU -

03 | Glass (Solid) [Overapl... | |05 [Material Law 1_~ | 2580 -
1 3
@E Ell, @ 2| | Run || cancel |
Material Selector

Material Type Solid Search | |

Solid Carbon Fiber Group by | Type -

Information | | | [tiame Topi*
Aramide (PPTA - Twaron) Fibe
Brass (CuZn30) Met;
Brass (CuZns) Meti
Calcite Mine
Carbon Fiber (DIALEAD - K63712) Fibe
Carbon Fiber (M&0JB) Fibe
Carbon Fiber iTBUUi Fibe
Cellulose Fibe
Copper Met:
Cordierite Cera

Dolomite Mine
| Edit Material Database ] T fnmase By

M?tDe%%I IRformatlon M?tDeIEi)%I IRfor(nai;ion:
;ID 01: Gu;sgwns ] D 01: C:rBSxSF.iEJer - %I |CEH7CE!||
&ID 02: Glass D 02: Glass = ,

N ID 03: Glass [Overlap] w ID 03: Glass [Overlap]

6 | GeoDict 2023 User Guide



Materials in GeoDict - Reassigning Materials and Material IDs

REASSIGNING MATERIALS AND MATERIALS IDs

One option to change materials in the structure is the Select Constituent Materials
dialog, as described above. Depending on the use case, there are other options
available through the ProcessGeo module.

It is possible to Reassign Material IDs, to Reassign Materials and to Reassign
the Material of a Material ID (this corresponds to the option in the Select
Constituent Materials dialog). These options are shortly described here but more
information is available in the ProcessGeo handbook of this User Guide.

To access the options for reassigning quickly through a shortcut, right-click on
Structure in the Project Status section on the left side of the GeoDict GUI.

E: Structure.gdt (Geometry created with FiberGeo) - GeoDict 2023 Standard Edition
File Import Model Analyze Predict Export View Settings Macro GeoApp Help

Emj Ml | Fgl # of 4
a. 0\.! ‘“\15 E‘ﬂ ®a g o | L1} I_’_l Lg; Lg: oﬁn £
Status and Modules «
Statistics Camera v Structure Volume Field Streamlines
.] W Volume % ~ | 30: | ID 0O :90.00 ~
3% 37% = Objects 3D: 105

» @ 23/ExtraFies/MaterialDatabase2023

I @ Structure (200%200x%200, 1 pm)
+ @ GAD Objects (105)

Invert Structure
+ Constituent Materials (2) Creste Empty Domain
T, Open Result Files (~
sl di i Save Structure as... rlap]

Volume Files ()

Components 3D: —

Discard Structure and Volurme Files

Process

Reassign Reassign Material ID...

Layer Reassign Material...
Dilate Structure...
Erode Structure...

Flood-Fill Large Pores...

Reassign Material of Material ID...

d

Alternatively, these options are also available from the menu bar by selecting Model
— ProcessGeo — Reassign.

FiberGeo
Permute, Rotate, Mirror...

Create Fibers

. Cleanse Structure...
Options Edit
Rescale Structure...

Adjust Voxel Length...

E Structure.gdt (Geometry created with FiberGeo) - GeoDict 2023

Fle Import [GEEN Analyze Predict Export Wiew  Settir ProcessGeo
® FherGeo
- ‘j_,, E po o Reassian =
- PaperGeo
Status and Moc ; Reassign Material ID b
GrainGeo Statistics Reassign Material ID
FoamGeo Reassign Material
Reassign Material of Material ID
.l WeaveGeo Volurme % 2
GridGeo ot
0
2% PleatGeo
» = 23/ GadGeo e
I @ Stru
» @ GAD ( LayerGeo - i
. Y Manipulate 3D structures. r' e Recaed feasio
¢ Constitue MeshGeg T |
= rnnn DamECInn T % ! e

GeoDict 2023 User Guide 7
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The GeoDict Material Database

REASSIGN MATERIAL ID

With Reassign Material ID, the material ID of the corresponding voxels in the
structure is changed. In the example shown below, the material ID 02 is reassigned
to the material ID 01. No voxels with material ID 02 remain in the structure, and it is
not possible to distinguish which fibers belonged to which ID (01 or 02) after the
reassignment. With the additional option Transfer Corresponding Material also the
material of the new Material ID is changed to the material of the old Material ID. Using
Swap Material IDs allows to swap the old and new Material ID.

E] Reassign Material ID

GeoDiIcT

Old Material ID 02 Glass (Solid) -
Mew Material ID Bl Glass (Solid) -

Material Information:
w ID 00: Air [invis.]
D 01: Glass
& ID 03: Glass [Overlap]

3D 00 A et Transfer Corresponding Material
wiID 01: Glass
wID 02: Gla

Material Information:
» ID 03: Gla:

Swap Material IDs

ss
ss [Overlap]

=@ B R oK

REASSIGN MATERIAL

With Reassign Material, a material in the structure is replaced by another material.
This means that the material is changed for all material IDs which are set to this
material. In the example below, Glass is changed to Carbon Fiber.

E] Reassign Material

GEoDiIcT

0ld Material Glass (Solid) =
Mew Material I C:rbon Fiber (Solid) ...
Material Information: | mfait'é’r’iafiﬁ'ﬂ;rmaﬁéﬁzi
» ID 00: Air [invis.] 1D 00: Air invis.i])
wID 01: Glass D Carbon Fiber
&ID 02: Carbon Fiber|
n ID 03: Carbon Fiber|

:‘%B o [Overlap] _rﬂ"a E‘l. @ B e oK

8 GeoDict 2023 User Guide



Materials in GeoDict - Reassigning Materials and Material IDs

REASSIGN MATERIAL OF MATERIAL ID

Reassign Material of Material ID corresponds to the option available in the Select
Constituent Materials dialog. As shown in this example, the material is changed for
one selected material ID (here: Air to Epoxy for Material ID 00).

[ Rreassign Material of Material ID O >
Material ID 00 Air (Fluid} -
New Material | Epoxy (3501-6) (Solid) ... |

0 & R R 0K Cancel

Material Information:
» ID 00: Epoxy (3501-6) [invis.]
@ID 01: Carbon Fiber
wID 02: Carbon Fiber
» ID 03: Carbon Fiber

GeoDict 2023 User Guide



The GeoDict Material Database

MATERIAL COLORS IN GEODICT

For each material ID in GeoDict, a color can be selected for visualization. These colors
are set globally in GeoDict and are not saved in the structure file. For each material
in the material database, also a corresponding color is stored (see page 16). In the
following, it is described how to use these stored material colors for display.

COLOR SELECTION

The color of a material in GeoDict can be changed through the Color and Visibility
Settings dialog by selecting Settings — Color & Visibility Settings in the menu

bar, or by clicking the corresponding icon in the toolbar. This opens the Color &

Visibility Settings dialog, which can also be accessed directly from the sidebar on

the right of the user interface.

E Structure.gdt (Geometry created with FiberGeo) - GeoDict 2023 Standard Edition
File Import Model Analyze Predicc Export View EEagbi Macro Geodpp Help
i_ 0} @B E\B @a g — Colo&\u’isibilit:.r Settings...

£ settings..

Edit Expert Settings...

[ Select Constituent Materials

= Edit Materil Database...

The Color and Visibility Settings dialog
shows the colors currently assigned to the Color & Visbifty Seffings BE
Material IDs and the Constituent Materials. v/ Apply Immedately Apply

To use the colors defined in the GeoDict Load Preset
Material Database, click Load Preset and Background Color White
then, choose Material Database in the
Load Color Preset dialog. Confirm the
choice with OK and close the Color & TR e visble
Visibility Settings with the Close

o Change all M Back | [ visible

Aygisia 8 1000 & | LonezjensiA A

. . ID 01: Glass M Red v visible

button ® in the top right.
ID 02: Glass W Green v visible
ID 03: Glass [Overfap] Yellow V| visible

B

LO29|3s 12alq0 avo 4 | UOIDAAS [AKOA A

Wed &

..'Z.|_'..:.|.:..|1 A =

-

A ERC RN - | <

€4
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Material colors in GeoDict - Color selection

For example, the preset color for Glass in the material database is a light grey as
shown here.

ﬂ Load Color Preset

GeoDicT

Material Infmimation:
weID 00: Air [invis.
I Default D 01 Gl
I P 215 03! Glase
o » ID 03: Glass [Overlap]|/
] profector rendy LS
| | Black and white a
N Gy vakes (ot | ‘ ~ -

| | Reversed gray values

Q 3 .

_ |Current | |Save as new Preset| 4 N — v
wk‘ ,

QK || cancel

GeoDict 2023 User Guide 11



The GeoDict Material Database

EDIT AND EXPAND THE GEODICT MATERIAL DATABASE

The GeoDict Material Database installed with GeoDict can be edited and expanded. In
the following, it is explained how to create new constituent materials and how to edit
the properties of materials already included in the GeoDict Material Database.

ACCESS THE MATERIAL DATABASE

There are several options to access the Material Database in GeoDict:

1. Select Settings — Edit Material Database... in the menu bar

E] Structure.gdt (Geometry created with FiberGeo) - GeoDict 2023 Standard Edition
File Import Model Analyze Predict Export View [E=Smale Macro Geofpp  Help
ﬁ ij L—I ‘:\]B E‘ O . ﬂ — Color & Visibility Settings...

L Settings...

Edit Expert Settings...

Select Constituent Materials

Edit Material Database...

2. Click the Edit Material Database icon in the toolbar

mUE YR G BE~~ I L

Edit Material Database... i

3. Click the Select Constituent Materials icon in the toolbar and click Edit Material
Database in the Select Constituent Materials dialog

i. ‘:J.I Qﬂgﬂ®ﬂ % o E.]['jch: ;ﬁlnn

Select Constituent Materials i

E Select Constituent Materials

GEODICT

Temperature -273.15 <= |20 <=1000.00 | °C ~ |Edit Materk| Database |
Lag:
+ || Materil Solid Density | Fluid Density / Viscosity | Permeabiity = Mechanical Pr
I Name Density |/ (ka/m?} = | Temp. Range / (°C)
o0 & Air (Fluid)... =] - -
o1 [ Ghss (Solid)... =] Material Law 1 ~ | 2580 =
02 I Glass (Solid)... B Material Law 1 ~ | 2580 =
03 Glass (Solid) [Overlap]... ] Material Law 1 ~ | 2580 -
L] ¥
@H Etl, @ o] Run Cancel

12 GeoDict 2023 User Guide



Edit and expand the GeoDict Material Database

4. Click the Edit Material Database button located in the Constituent Materials
tab of the Solver Options for the predictor modules (ElastoDict, ConductoDict,
FlowDict, DiffuDict, FilterDict, etc.):

ﬂ Large Deformation Options

GeoDicT

Result File Name (*.gdr) |Def0rrr|ationRe5u|t.gdr |
Constituent Materials | Macroscopic Load Case Geometry Handling Sobver Output Equations & References
| Edit Material Database [ |
|l| Material | Mechanical Prop. |
I Name Material Law E/(GPa) v G/ (GPa) a/ (1/K)} Plasticity Model Viscosity |
00 &  Air (Fluid)... | IEI H | Pore ~* | Isotropic O i} - 0 None Mone
o1 [ Ghss (Soid)... | (B £ [Elsticki v | Tsotropic 72 0.22 - S5e-06 None Mone
02 I Glass (Solid)... | [®&] | ElsticF ~ | Isotropic 72 0.22 - 5e-06 None Mone
03 | Glass (Solid) [Overlp]... | [ | ElasticF = | Isotropic 72 0.22 - Se-06 None Mone
4 D
@BE‘L@EE‘B | oK || Cancel |

5. Click any material button in generator or predictor modules, and then click Edit
Material Database in the Material Selector dialog box.

| Infinite Circular | Diameter / (pm) \10 | | Edit.... |
Count / (%) |50 |

Di t Orientation \<Anisotrop\c Direction> | | Edit... |
Material (ID 01) NI Giass (Solid)... | lameter

Material Typd\ Solid Search | |

Solid fass Group by | Type v |

Information | \ | == Topic =
Glass (AR-Glass Fiber) Fiber, StructuralMa...
Glass (C-Glass Fiber) Fiber, StructuralMa...
Glass (E-Glass Fiber) Fiber, StructuralMa. ..
Glass (R-Glass Fiber) Fiber, StructuralMa. ..
Glass (S2-Glass Fiber Fiber, StructuralMa...
Graphite Fiber (XN-05-305) Fiber, StructuralMa. ..
Graphite Battery, Electroch...
Tlite Mineral, QilAndGas
Iron Metal, StructuralM...

Edit Material Database Kevlar Fiber, StructuralMa... +

L4

m Large Deformation Options
oK | | Cancel |
GeoDICT

Result File Mame (*.gdr) |Def0rmati0nRe5u|t.gdr

Constituent Materials | Macroscopic Load CAfse Geometry Handling Solver = Ow
|1| Material | Mechanical Prop.

ID Mame Material Law E/(G
00| & Ar(Fuid).. / | (B [Pore v | Isotropic 0

01 Glass (Solid)... | (B8] |Elastic-Fi ~ | Isotropic 72
oz N Ghss (Sofd)... | [E] |Elastic-F ~ |  Isotropic 72

03 | Glass (Sold) [Overiap]... | (B |Elastic-Fi ~ | Isotropic 72

GeoDict 2023 User Guide 13



The GeoDict Material Database

For the predictor modules (ElastoDict, ConductoDict, FlowDict, DiffuDict, FilterDict,
etc.), the material buttons are located in the Constituent Materials tab of the
Solver Options.

After clicking Edit Material Database, the Edit Material Database dialog opens:

[ Edit Material Database O x
Search Material Database
Group by | Type - C:/Users/blumer/ GeoDict2023/MaterialDataBase Choose...
Name -
T SDIIEIBYSZ General Solid Mechanical Properties = Thermal Conductivity | Electrical Conductivit ¢ | »
:
_ DSD) Name Aluminum (5083}
Aluminum File Version 2023
Aramide (PPTA - Keviar 29) ) "
Aramide (PPTA - Kevlar 49) Material Type Solid M
Aramide (PPTA - Kevlar 965)
Aramide (PPTA - Twaron) Color L
Brass (CuZn30) ) ) -
Brass (CuzZns) Material Topics Metal, StructuralMaterial
Calcite ) )
Carbon Fiber (DIALEAD - K63712) V| Mechanical Properties
Carbon Fiber (MG0IB) ) )
Carbon F@ber (T300) Electrochemical Properties
Eﬂﬁ?&leﬁber V| Thermal Conductivity
gggg:;{te i | v Electrical Conductivity
Dolomite
Eglﬂga(fsm-s) Material Description:
Glass (A-Glass Fiber) Manufacturer: Allega GmbH =
g::SS Eg"éghﬁ_glbif) Description: Alurninum, plate, strain hardened (H111).
55 (C-Glass Fiber
Glass (E-Glass Fiber) Applications: Equiprment and machine parts with sophisticated machining with low distartion
Glass (R-Glass Fiber) and high manufacturing precision. Suitable According to EM 602 for use in contact with
G::SS (52-Glass Fiber) food.
Glass
Gmpﬂ'rte Fiber (XN-05-305) Sources:
Graphite
Tlice Stress - Strain:
Iron Total Materia Database - Strength of candidate materials for nuclear fusion reactor and
Keviar their electron beam welded joint at cryogenic temperature / S. Kaga, K. Fuji, T. Tamura,
LCO - Y. Yamamoto, K. Ogawa, N. Abe, M. Tomie / Welding Research Institute of Osaka
i L M University / 1988 / Transactions of JWRI, Vol 17, No. 2; Oct-31
Add Material Add Paisson Ratio:
Total Materia Database - ALUSELECT - The European Engineering Properity Database for
CODY MEtEfE| P\|I..II"I"III'1I..II"I'1 (5083) CODY . B e A e e o e e A P |
bold un-bold
Delete Material Delete
Help Save Database Cancel
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Edit and expand the GeoDict Material Database

CHOOSE A MATERIAL DATABASE

On the upper right corner of the Edit Material Database dialog, click Choose... to
set the path to a material database directory.

Material Database

C:/Users/blumer/GeoDict2023/MaterialDataBase Choose..
Select a material database directory.h

General Solid Thermal Conductivity Electrical Conductivity Metadata

The default path for the GeoDict Material Database is

B C:\Users\username\GeoDict20XxX\MaterialDataBase for Windows

B /home/username/.geodict20XX/MaterialDataBase for Linux

. l (‘ < | MatenalDataBase

File Home Share View 9
<« v <« Geolict2023 » MaterialDataBase v | D 2 Search MaterialDataBase
MName " Date modified Type Size ()
Q{ BYSZ txt 24,04.2023 15:37 TAT File 5KB
Qf Airbxt 24,04.2023 15:37 TAT File 4KB
Q{Aluminum (5083).txt 24,04.2023 15:37 TAT File TKB
Q{ Aluminum (A& - 1030).txt 24.04.2023 15:37 TXT File 6 KB
[ Aluminum bt 02.06.2023 16:26 TXT File KB
E{Aramide(PPTﬁu- Kewlar 29) et 24,04.2023 15:37 TAT File 4KB
HAramide(PPT}\- Kewvlar 49) et 24,04.2023 15:37 TAT File 4KB
Q{ Aramide (PPTA - Kevlar 965).txt 24,04.2023 15:37 TAT File 4KB
B{Aramide(PPTA-Twaron).b(t 24.04.2023 15:37 TXT File 4KB
[ Brass (CuZns).bxt 24.04.2023 15:37 TXT File IKB
Q{ Brass (CuZn30).kxt 24,04.2023 15 TAT File IKB
Qf Calcite tet 24,04.2023 15 TAT File IKB
Q{ Carbon Dioxide (CO2).bet 24,04.2023 15 TAT File TKB
Q{ Carbon Fiber (DIALEAD - KE3712).bet 24.04.2023 15 TXT File SKB
[ Carbon Fiber (ME0JB).£ct 24.04.2023 15 TXT File IKB
el Carbon Fiber (T300).kct 24,04.2023 15:37 TXT File 3KE
Qf Carbon Fiber.txt 24,04.2023 15:37 TAT File IKB
Q{ Cellulose.txt 24,04.2023 15:37 TAT File 1KB
Q{ Copper.txt 24.04.2023 15:37 TXT File TKB
Y PR A nA AnAA 1EAT T T M
93 items =

If the default material database needs to be recovered, it can be copied from the
GeoDict installation directory, e.g., from:

<« 05(C) » Program Files * Math2Market GmbH * GeoDict 2023 » MaterialDataBase W

An arbitrary folder can be chosen as Material Database. For example, a shared
network folder could be chosen as material database folder. This way, the same
database can be accessed by multiple GeoDict users.

If the current material database folder is deleted, it is automatically recovered from
the installation folder at the next start of GeoDict.

Materials can be added to the Material Database in two ways:
1. Add or copy materials in the material database dialog (see page 18)

2. Copy the corresponding *.txt files from another material database into the
MaterialDataBase folder.
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The GeoDict Material Database

EDIT EXISTING MATERIAL DATABASE ENTRIES

The material database can be edited by modifying or adding properties of constituent
materials through the Edit Material Database dialog as follows:

1. In the left panel, click to highlight and choose one of the materials in the current
GeoDict material database.

2. In the right panel, under the General tab, the Material Type (Solid, Fluid,
Porous), its assigned Color, the Material Topics (e.g., Battery,
Electrochemistry), the material Properties, and the Material Description can
be edited.

[ Edit Material Database O X
Search Material Database
Group by | Type - C:/Users/blumer/GeoDict2023/MaterialDataBase Choose...
Name s
M SD'I%YSZ General I Solid I Mechanical Properties Thermal Conductivity Electrical Conductivity I Metadata
:
DSD) MName Aluminum (5083) A
Alurninum File Version 2023
Aramide (PPTA - Kevlar 29) ) "
Aramide (PPTA - Kevlar 43) Material Type Solid -
Aramide (PPTA - Kevlar 965)
Aramide (PPTA - Twaron) Color L
Brass (CuZn30) ) ) -
Brass (CuZns) Material Topics Metal, StructuralMaterial
Calcite ] )
Carbon Fiber (DIALEAD - K63712) V| Mechanical Properties
g;ggg E:E:F Eﬁggé?) Electrochemical Properties
caém?gl?;eﬁber v| Thermal Conductivity
EDDdD_ef_rt | v/ Electrical Conductivity
ordierite
Daolomite
Ezlg’;;a(fsm's) Material Description:
Glass (A-Glass Fib_er) Manufacturer: Allega GmbH =
Glass (AR-Glass Fiber) Description: Aluminum, plate, strain hardened (H111).
Glass (C-Glass Fiber)
Glass (E-Glass Fiber) Applications: Equipment and machine parts with sophisticated machining with low distortion and high
Glass (R-Glass Fiber) manufacturing precision. Suitable According to EN 602 for use in contact with food.
Glass (52-Glass Fiber)
Glass Sources:
Graphite Fiber (XN-05-305)
Granhita b

Stress - Strain:

Total Materia Database - Strength of candidate materials for nuclear fusion reactor and their electron

Add Material add beam welded joint at cryogenic temperature / S. Kaga, K. Fuji, T. Tamura, Y. Yamamoto, K. Ogawa, N.
Abe, M. Tomie / Welding Research Institute of Osaka University / 1988 / Transactions of JWRI, Vol 17, -

1 L3

Copy Material  Aluminum (5083) Copy ... No_3: Ort31
bold un-bold
Delete Material Delete
Help Save Database Cancel

Depending on the selection of material type, the next tab after the General tab is
titled Solid or Fluid, and the parameters that apply in each case can be edited. For
Solid Materials, a fixed density or a temperature dependent density can be entered.
For Fluid Materials, a density and the dynamic and kinematic viscosity can be set,
which might also be temperature dependent. Porous materials work analogously to
solid materials.

The material color can be changed by clicking on the corresponding button, e.g.,
M Dark gray I}

The other tabs depend on the material properties that are selected under the General
tab. Available are Mechanical Properties, Electrochemical Properties, Thermal
Conductivity and Electrical Conductivity. Additionally, for Porous material types,
the Permeability and the Porosity and Tortuosity can be defined.
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Edit and expand the GeoDict Material Database

MECHANICAL PROPERTIES: MULTIPLE MATERIAL LAWS

Under Mechanical Properties, multiple material laws can be defined. Later, one of
them can be selected to run a simulation. For further information about how to define
the Mechanical Properties of materials, refer to the ElastoDict handbook of this User
Guide.

In the material database, it is possible to:

| Edit an existing material law by choosing it under Edit Material Law and
editing the corresponding parameters below:

Mechanical Properties Selection

Edit Material Law Elastic - Delete Rename

Add Material Lawr Edit the chosen materil law.i Add

B Add a new material law by entering its name in the box Add Material Law
and clicking Add. Afterwards, a material law with the entered name is listed
under Edit Material Law and can be edited as described above.

Mechanical Properties Selection

Edit Material Law Elastic i Delete Rename

Add Material Law Plastic Add I}

Mechanical Properties Selection

Edit Material Law Plastic - Delete Rename

Add Material Law Edit the chosen material law. Add

ELECTROCHEMICAL PROPERTIES

In the Electrochemical Properties section the parameters are set depending on the
role of the material in a lithium-ion battery. First, select the role from the drop-down
menu.

General | Solid Mechanical Properties | Electrochemistry | T

Role in Battery Cel: | Inclusion

Electrobyte

Separator

Anode Active Material
Cathode Active Material
Binder and Carbon Black
Current Collector

Undefined

Enter the parameters if necessary. For some roles, e.g., Separator, no parameters
need to be entered. More details about the parameters can be found in the BatteryDict
handbook.
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The GeoDict Material Database

ADDING NEW MATERIALS TO THE DATABASE

The material database can be expanded by adding new constituent materials or by
copying (and editing) existing materials in the Edit Material Database dialog.

CREATING NEW MATERIALS

To add a new material to the database, enter a name for the new material in the
corresponding box in the lower left corner of the dialog (e.g., Material_New in the
example below). Click Add.

Material_New appears listed in the left panel and default values appear in the right
panel under the General and the Solid tabs.

Graphite Fiher (XN-05-305)
fAranhita

q L3
Add Material Material_Mew Add
Copy Material  Aluminurn (5083) Copy ...
Delete Material Delete

Help

When a material is newly created, its Material Type is set to Solid per default and
therefore it appears under the Solid tree listed at the very end.

[ Edit Material Database O *
Saarch Material Database
Group by | Type M C:/Users/blumer/GeoDict2023/MateralDataBase Choose...
Mame -

Pobycarbonate (PC - Xantar MX 2034)
Polyester Resin (UP - Bakelite 3630)
Polyester Resin (UP - Bakelite 3720)

General | Solid Metadata

Polyethylena (HDPE) Name Material_Mew
Polyethylene Terephtalate (PET) File Version 2023

P | PP - TECAFINE

pggg;gg:égz ( ) Material Type Solid hd
Polyurethane (PU - Thermoplastic)

PVDF Binder (BM-451B) Color M Dark gray
PVDF Binder (Solef) . .

PVDF Binder + Carbon Black Material Topics

Pyrite . .

Quartz (Fused) | Mechanical Properties

gillijcaornu Electrochemical Properties

ggzrl (A36) Thermal Conductivity

Steel (C45E) Electrical Conductivity
Steel (DIN 17205 - 25Crio4)

Steel (DIN EN 10130 - DCO1)
Steel (S355IR - GOST 14249) = s
UMAT Tost Material Description:
Zinc Oxide
Zing

b Fluid -

4 »

Add Material Add
Copy Material Material_New Copy ...

bold un-bold
Delete Material Delete

Help Save Database Cancel

In the next step, the Material Type and its properties are set under the
corresponding tabs (see the corresponding paragraph on page 16).
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Adding materials to the GeoDict Material Database

COPYING EXISTING MATERIALS

Alternatively, an existing material can be copied by selecting the material and clicking
Copy ....

m Edit Material Database

Search | | Material Database
Group by | Type - C:/Users/blurmer/GeoDict2023/
| | MaterialDataBase | Choose... |
Name ~ —
v SO'I%YSZ General Solid Mechanical Properties Thermal Conductivity Electri '|’
Aluminum (5083) )
Aluminum (AA - 1050) MName Aluminum (5083)
Aluminum File \fersion 2023
Aramide (PPTA - Kevlar 29) ) : -
Aramide (PPTA - Keviar 49) Material Type | Sold |
Aramide (PPTA - Keviar 965) Color [ [ |
Aramide (PPTA - Twaron) H
Brass (CuZn30) : | Material Topics |Metal, StructuralMaterial |
Brass (CuZn5 1
Calc'rte( ) V| Mechanical Properties
Carbon Fiber (DIALEAD - K63712) Electrochemical Properties
Carbon Fiber (M60JB) :
Carbon Fiber (T200) v Thermal Conductivity
Carbon Fiber ) »
Cellulose - V| Electrical Conductivity
[ »
Add Material | | | Add | Material Description:
Copy Material  Aluminum (5083) M Manufacturer: Alleaa GrmbH 5
- bold un-bold
Delete Material | Delete l I |
| Help | |Save Database| |  Cancel |

A dialog is shown, which asks if the material database should be saved before adding
the copied material. It is recommended to choose yes to proceed.

E Copy Matenal

Save Current Database 'C:fUsers/blumer/GeoDict2023/MaterialDataBase'?
Otherwise the changes in the material database dialog are lost.

(Click in the dizlog to stop the countdown. )

| les%_H Mo |

In the next step, the name for the new copy of the material can be selected. In this
example, the default name is kept. Click Run to create the material.

m Copy Material

GEODICT

0ld File Name eoDict2023/MaterizlDataBase/ Aluminum (5083).t«t

Mew Material Mame |Aluminum (5083) - Copy |

Run | cancel |
| N
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The GeoDict Material Database

Then, the new material is shown in the material database and can be edited as
explained before.

m Edit Material Database

Search Material Database
Group by | Type - C:fUsers/blumer/GeoDict2023/
L MaterialDataBase Choose...
MHame -
~ Solid

General Solid Mechanical Properties Thermal Conductivity Electri 4| *

BYSZ

Aluminum (5083) - Copy ;

Aluminum (5083) MName Aluminum (5083) - Copy
Aluminurn (A4 - 1050) File Version 2023

SAVING THE MATERIAL DATABASE

When all parameters are set as desired, either continue with the next material or click
Save Database at the bottom of the Edit Material Database dialog to save all
changes to the database.

bold un-bold
Delete Material Delete

Help Save Database Cancel

The material database entries are stored as *.txt files in the current material database
folder (either the default GeoDict material database or a user-selected database).

The filename of the *.txt file is the name of the material in the database (here:
Material_New.txt). This text file contains all information about the material database
entry. It can be shared to other users and copied to other GeoDict material databases.

MaterialDataBase

. 0 3 e . 7
File HE SE \; LE
&« v g « Geolict2023 » MaterialDataBase v | D 2 Search MaterialDataBase

MName - Date modified Type Size ~
| Glass.ixt 24.04,2023 15:37 THT File & KB

[ Graphite Fiber (XN-05-308).txt 24.04,2023 15:37 THT File 4KB

[& Graphite.txt 24.04,2023 15:37 THT File 13 KB

[ Helium.txt 24.04,2023 15:37 THT File 2 kB

[l Hydrogen.txt 24,04.2023 15:37 TXT File 4KB

[ Mite.xt 24.04,2023 15:37 THT File 1KB

[ Iron.tet 24.04,2023 15:37 THT File 3KB

[ Kevlar.bxt 24.04,2023 15:37 THT File 4KB

[af Lot 24.04,2023 15:37 THT File 12KB

[ LFP.txt 24.04,2023 15:37 THT File 12KB

[ Lithium.tet 24.04,2023 15:37 THT File 3KB

[ LMot 24.04,2023 15:37 THT File 12 KB

e Material_New.txt 02.06.2023 16:26 TXT File 2KB

[ Mercury.txt 24.04,2023 15:37 THT File 4 KB

[af NCAxt 24.04,2023 15:37 THT File 11KB

[ Mickel.xt 24.04,2023 15:37 THT File 5 KB

e Nicrofer (6025 HT).txt 24.04.2023 15:37 TAT File 2KB

[ NMC333.xt 24.04,2023 15:37 THT File 18 KB

[ oilt 24.04,2023 15:37 THT File 2 KB

[ Oxygentxt 24.04,2023 15:37 THT File 2KB v
04 itermns 1 item selected 1,02 KB =
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Adding materials to the GeoDict Material Database

These text files can be opened and edited with any text editor, such as Notepad++.
All parameters can also be changed directly in the *.txt file. As an example, the file
for Aluminum (5083) is shown.

ief LAPTOPSR\GeoDict2022\MaterialDataBase\Aluminum (5083)

t - Notepad++

File Edit Search View Encoding Language Settings Tools Macre Run  Plugins Window 7 X
cHEHERLE 4 Mk|loe ek x| EE ST E0BRo ®| 6 =0 B E| =
= Aluminum (5083)bd B3 |
33 <Material> ~
34 E Type Solid
25 H <Color>
36 RGB 173,178,189
37 </Color>
38 Topics Metal,StructuralMaterial
3% H  <Solid>
40 Parameter None
41 - Density 2660 [kg/m*3]
42 </S50lid>
43 H <Thermal>
44 E <Materiallawl>
45 Name Iso. Law
46 Parameter Temperature
7 Type Isotropic
48 Temperature 20 [Celsius]
49 Conductivity 112.5 [W/(mK)]
50 </MaterialLawl>
51 </Thermal>
52 H <Electrical>
53 g <MaterialLawl>
54 Name Iso. Law
55 Parameter None
56 Type Isotropic
57 Conductivity 16998640 [S/m]
58 F </MaterialLawl>
59 </Electrical>
60 [ <Elasticity>
61 E <Materiallawl>
62 [ <Measurement>
63 Strain 0,3.9,11.52,13.46,15.27,17.94,19.4,21.5,23.32,24.79,25.89,27.25,258.93,30.04,
64 Stress 0,0.171,0.232,0.245,0.2¢7,0.276,0.285,0.27%,0.2688,0.267,0.29,0.286,0.304,0.:
65 </Measurement>
66 Type Isotropic
67 Name Elasto-Plastic (20 °C)
68 YoungsModulus 71 [GPal
69 PoissonsRatio 0.33 [1]
70 B2llowThermalFxpansion true
71 ThermalExpansion 2.38e-05 [1/K]
72 PlasticityType Exponential // Possible values: None, Constant, Affinelinear, Exponential
73 ViscosityType None // Possible walues: None, Perzynalinear, PerzynaNonlinear, MichelSuguet
74 DamageType None // Possible values: Neone, Exponential, Mazar
75 LargeDefoModel StVenantKirchhoff // Possible walues: StVenantKirchhoff, NeoHook, MooneyRivl
76 InitialvieldStress 0.115241 [GPal
77 HardeningType Isotropic
78 FirstIsotropicHardening 0.19%946 [GPal
79 SecondIsotropicHardening 8.68635 [1]
80 FailureType None // Possible wvalues: None, FailStress
81 - HasMeasurement true
82 </MaterialLawl>
83 H <MaterialLaw2>
34 Type Isotropic
85 Name Elasto-Plastic (-19€ °C)
86 YoungsModulus 78 [GPa]
37 PoissonsRatio 0.33 [1]
88 2llowThermalExpansion false
89 PlasticityType Exponential // Possible values: None, Constant, Affinelinear, Exponential
a0 ViscosityType None // Possible values: None, Perzynalinear, PerzynaNonlinear, MichelSuguet
91 DamageType None // Possible wvalues: None, Exponential, Mazar
92 LargeDefoModel StvenantKirchhoff // Possible walues: StVenantKirchhoff, NeoHook, MooneyRivl
93 InitialYyieldStress 0.134%27 [GPa]
94 HardeningType Isotropic
95 FirstIsotropicHardening 0.34012¢ [GPa]
96 SecondIsotropicHardening €.81543 [1]
97 FailureType None // Possible values: None, FailStress
98 HasMeasurement true
99 H <Measurement>
100 Strain 0,0.42,0.86,1.56,2.75,4.31,5.75,7.43,9.35,11.15,13.08,14.89,17.07,19.25,21.¢
0T | Stress 0,0.122,0.15¢,0.174,0.195,0.221,0.238,0.26,0.2858,0.311,0.329,0.347,0.363,0.:
102 F </Measurement>
103 - </MaterialLaw2>
104 L </Elasticity>
105 </Material>
106 "
< >
Python file length: 6,824  lines: 106 Ln:1 Col:1 Sel:0|0 Windows (CRLF)  UTF-8-BOM NS
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