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Overview

Engineering Data is a resource for material properties used in an analysis system. Engineering Data can
be used as a repository for company or department data, such as material data libraries. The Engineering
Data workspace is designed to allow you to create, save, and retrieve material models, as well as to
create libraries of data that can be saved and used in subsequent projects and by other users.

The following topics cover the basics of the Engineering Data workspace:
Definitions
User Interface

Definitions

The documentation makes use of the following terminology:

Term Definition

Engineering The cell of a system in the Project Schematic that contains engineering data. The
Data default name is Engineering Data.

Property The identifier for the singular information (for example, Density) that together with

other properties defines or models the behavior of the material.

A property is always defined by at least one table (tabular data). Some properties
can contain a collection of tabular data (for example, Isotropic Elasticity).

Property data The identifier for tabular data (for example, Young's Modulus).

User Interface

The Engineering Data workspace is an integrated into Ansys Workbench. Use the following image and
table to understand the default interface layout and elements.
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Name Description
Menu Allows you to access multiple Workbench menus
Bar (p. 6)
Tab Toggles various Engineering Data functions.

Toolbar (p. 7)
Toolbox (p.7) |Displays data items that can be included in Engineering Data.

Engineering  |Displays the available data sources and their location, edit state and description.
Data Sources

Pane (p. 8)
Outline Displays the outline of the contents of the selected data source in the Engineering Data
Pane (p. 8) Sources pane or the contents of Engineering Data.
Properties Displays the properties of the selected item in the Outline pane.
Pane (p. 12)
Table Shows the tabular data for the selected item in the Properties pane.
Pane (p. 13)
Chart Displays the chart of the item selected in the Properties pane.
Pane (p. 14)
Menu Bar

The following items in the menu bar are provided by Engineering Data or affect Engineering Data.

Release 2025 R1- © ANSYS, Inc.Allrights reserved. - Contains proprietary and confidential information
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User Interface

For more information on other menu options, see Menu Bar in the Workbench User's Guide.

Menu

Selection(s)

Description

File

Import Engineering Data

Imports (p. 20) data into the
selected data source.

Export Engineering Data

Exports (p. 21) the selected data
source or selected items to disk.

Edit

Delete

Deletes the selected item.

View

Various Choices

Adjust the Engineering Data
workspace panes.

For more details, see View
Menu in the Workbench User's
Guide.

Units

Various Choices

Changes the units you see

while using Engineering Data.

For more details, see Units
Menu in the Workbench User's
Guide.

Extensions

Various Choices

Manages extensions and
displays extension log files
while in Engineering Data.

For more details, see Units
Menu in the Workbench User's
Guide.

Help

Various Choices

Opens Workbench help.

For more details, see Using
Help in the Workbench User's
Guide.

Tab Toolbar

The Engineering Data Tab Toolbar provides the following buttons. Click the button once to turn the
function on. Click it again to turn it off.

Button Name Description Default

Filter Engineering Data |Filters (p. 15) Toolbox content and property data based on the On
system(s) containing this Engineering Data.

Engineering Data Displays the Engineering Data Sources pane (p. 8). Off

Sources

Toolbox

Engineering Data filters the Toolbox to those items which are applicable for the current selection
(for example, Structural Steel as shown in the User Interface (p. 5) image.
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Overview

The Toolbox presents items in the following categories:
« Material properties and models (p. 25)
+ Additional tabular data that can be added to a property or model (p. 25)

+ Curve fitting of data (p. 48)

Engineering Data Sources Pane

When you select the Engineering Data Sources button, as highlighted below, you display the available
data sources that are included with the application.

Q AZiEngnecring Data X

[ Engincering Data Sowces |
Enginaering Craba Sources R X
A B Lo 1]
1 Data Source | Lecation | Descripticn
2 I T Favorites Quick access kst and defauk items
3 | B Generdl Materids [ 8 | General use material samples for use invarious andyses.
4 ﬁ General Mon-lnear Mabenals [ B | General use materil samples For use innon-linear analyses,
g @l Expleit Matesizls & & | Materld szmples for use In an explict znayksls.
£ L & rivperelastic Maberials ™ L el | Material stress-strain data samples Far curve fitting,
7 ) Magretic B-H Curves = & | B-H Curve samgles specic for use in a magnetic analysis,
] & Thermal Materials A &l | Materld samples speckic For use In a thermal znaksls.
q @ Fukd Materias B E | Materlal szmples spaciic for use In a Auld analyss,
10 L &l composie Materiak M L el | Material semples specific for camposite struckures,
* Click here bo add a nave ibrary -

The Engineering Data Sources pane allows you to select a data source to display in the Outline
pane. This pane is used to manage the data sources that are available to you. It displays your libraries

(@) and favorites (7). You can perform the following actions in this pane:
+ Create a new library (p. 19)

+ Import (p. 21) and export (p. 21) data sources

« Remove a data source from the list (p. 19)

+ Edit a data source (p. 20)

To perform these tasks, select one or more data source check boxes in the Edit Library ('/) column.
Once checked, the table rows change color and the various fields are editable.

Outline Pane

The Outline pane displays an outline of the contents of the selected data source. You can perform
the following actions in this pane:

+ Create a new material (p. 25)

Release 2025 RT-© ANSYS, Inc.Allrights reserved.- Contains proprietary and confidential information
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User Interface

+ Delete a material (p. 26)

* Rename a material

« Suppress a material (p. 47)

+ Add a description for a material

+ Add a material to the system from an external data source

+ Select a default material for the solid and or fluid parts of a model (p. 28)

Use the following image and table to understand the interface elements.

Cutline of Schematic B2: Engineering Daka * Rk X
o B C o E
1 Contents of Engineering Data .= ':J '@' Source Descripkion
2 B Material
3 MaT1 (Setup, Filel) | [ |2 cy,
_ Fatique Data at zero mean stress comes
4 Struckural Steel Ld = aeneral_Materials. xml | from 1995 ASME BPY Code, Section 8, Div 2,
Table 5-110.1
& Click here to add a new material
Column Description
Name
Con- Displays the name of the items contained in the selected data source. The type
tents and status of the item is indicated under the Material title by an icon to the left
of the name.

. FI\*>:The data contained in this material is valid data.

(3
« ' :Some data contained in this material requires attention.

For more information, see Validation (p. 47) and Filtering (p. 15).

Color Allows you to assign a specific color to your materials. This material-based color
o scheme is transferred to Mechanical. The application assigns random colors by

(%) default. You can change the default colors using the palette or you can make

manual color value entries.

Suppres- Displays the suppression status of the item and may also be used to switch the

sion status (see Suppression (p. 47)). This column is only displayed when the selected
W | data source is Engineering Data.

('8) 9 9
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Column
Name

Description

Source

Displays the location of the material file and whether the data is linked to the file.
You can hold the mouse cursor over the link icon to display a tool tip that includes
the path to the linked source. Link status is indicated by the following icons.

. (E'}:The data matches the data in the linked source.

==
- # :The data does not match the data in the linked location.

. % :The data could not be found in the linked source or the linked source
is missing.

Descrip-
tion

Displays the description for the item contained in the data source. Hold the mouse
cursor over the description to display a tool tip with the complete description. If
the column is too small, you may still see the contents without resizing.

Add

Adds an item from an external data source to Engineering Data for the system
you are editing, and indicates if the item is included in Engineering Data. This
column is only displayed when the selected data source is other than Engineering

Data. Click Add ( “i") to add the item to Engineering Data. When an item is
included in Engineering Data it is indicated by the Used in Engineering Data

icon (@ ).

Default

()

Displays items included by default in Engineering Data when it is created in a new
system. This column is only displayed when the selected data source is Favorites.

Context Menu Options

Right-clicking a Material file in the Outline pane displays a context menu.
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User Interface

Cutline of Schematic B2: Engineeting Daka 4

& 8] E

Contents af Enginesting Data =

3 T MATI (Setup, Filel®

Source Descripkion

=l [N} [ S o Y .

4 Structural Steel | 52

Add Material To Project

Fatique Data at zero mean stress comes
Copy

Paste Table 5-110.1

i Click here to add a new

From 1995 ASME EPY Code, Section &, Div 2,

Delete

Duplicate

Wiew Linked Source
Refresh From Linked Source

B8 & X

Break Link ko Source
&dd to Favarites

Default Solid Makerial For Maodel
Default FluidfField Material For Model

Engineering Data Sources

Expand All
Collapse all

In addition to the common menu options, the following selections perform specific actions.

Menu Item Description

Duplicate Creates a duplicate of the source file.

View Linked Displays the Engineering Data Sources pane.
Source

Refreshed From
Linked Source

Refreshes the materials from the source file. This action discards any changes
that you have performed.

Break Link to
Source

Disconnects the link to your material source file.

Default Solid
Material For Model

Automatically assigns the selected material to all solid bodies that do not have
a specified material.

Consolidate

Merges all identical selected materials into a single material.

Appears in the context menu when you select multiple materials and at
least two of the selected materials contain the same data and come from
the same source.

Release 2025 RT-© ANSYS, Inc.Allrights reserved.- Contains proprietary and confidential information
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Menu Item Description
Outline of Schematic B2: Enagineering Data
A
1 Contents of Engineering Data
2
- % e Add Material To Project i
4 % Mat_A2 File1 2 = oo
5 % Mat_A2_File1_3 Pacte
6 % structural Steel % Delete )
= Click here to add a new material |% Consohdaie |
=34 Duplicate

Properties Pane

The Properties pane displays the properties for the item selected in the Outline pane. You can perform
the following actions in this pane:

« Add additional properties, tabular data, or curve fitting (from the Toolbox)
+ Delete a property (p. 26)

+ Modify constant data (p. 26)

+ Suppress a property (p. 47)

+ Parametrize a property (p. 46)

Column Name Description

Property Lists the properties for the item selected in the Outline pane. Selecting a
property will change the contents of the Table pane and Chart pane.

The type and status of the item is indicated by an icon to the left of the name.

. E:The material property is described in a single property data (see the
Material Definitions (p. 5) topic).

. ??EI:Some data contained in this material property requires attention (see
the Validation (p. 47) and Filtering (p. 15) topics).

-
. 5’@] : The material property is described in a collection of property data (see
the Material Definitions (p. 5) topic).

x
. ?““Ei: Indicates that the collection of property data requires attention (see
the Validation (p. 47) and Filtering (p. 15) topics).
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User Interface

Column Name Description

Value Changes data for a property or indicates that the data for the property is tabular
(). If the item selected in the Outline pane is not editable, this column is
disabled.

Unit Displays the unit of the data shown in the Value column. If the column is editable

(see Units Menu), changing the unit converts the value into the selected unit (there
is no net change in the data, so the solution is still valid).

Suppression Dhows the suppression status of the item and may also be used to switch the status

(.,:1) (see Suppressing Material Properties (p. 47)).

Displays the parametrization status of the item and may also be used to switch the

*
P ter (P4
arameter (%) | o tus (see Parametrizing Material Properties (p. 46)).

Table Pane

The Table pane displays the tabular data for the item selected in the Properties pane. If there are
independent variables (for example, Temperature) for the selected item and the item is constant, you
can change it to a table by entering a value into the independent variables data cell. If a row is shown
with an index of * you can add additional rows of data. You can sort the data by using the filter
menu in the header of the column.

Tabular Data Filter

In Engineering Data, if a material property has more than one independent variable, one of those
variables will be chosen by Engineering Data to be a primary independent variable. All independent
variables excluding the primary independent variable are shown in the left pane and are used as a
filter. The row chosen in the left pane filters the content in the right pane, as shown in the following
image.
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Overview

* = X
E
Stress (Pa) ~
" S 2 10 3.999E+09
2 0
3 20 2.827E+09
3 1E+05
=k 50 1.896E+05
4 2E+05
5 100 1.413E+09
6 200 1.069E+09
7 2000 4.41E+08
8 10000 2.62E+08
g 20000 2.14E+08
10 1E+05 1.38E+08
11 2E+05 1.14E+08
12 1E+06 B.62E+07

The data is separated in this way to make it easier to visualize and modify but the data is maintained
in a single table by Engineering Data.

Chart Pane

The Chart pane shows the chart of the selected item in the Properties pane. If the content is tabular,
the pane displays graphs of the data contained in the tables of the selected property.

Selecting a row in the left pane of a table displays a graph for the filtered data only.

Selecting an independent variable column heading displays a graph for each of the independent
data. Selecting a dependent variable column heading displays the graph for the chosen data.
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Engineering Data

Use the following topics to manage and use Engineering Data.
Accessing Engineering Data
Filtering Data
Importing Tabular Data
Working with Data Sources

Creating Custom Material Models

Accessing Engineering Data

Engineering Data is a resource for material properties used in an analysis system. Engineering Data can
be used as a repository for company or department data, such as material data libraries. The Engineering
Data workspace is designed to allow you to create, save, and retrieve material models, as well as to
create libraries of data that can be saved and used in subsequent projects and by other users.

Engineering Data can be shown as a component system or as a cell in any Mechanical analysis system.

As a standalone component system, the workspace accesses all material models and properties by default.
When viewed as a cell in a Mechanical analysis system, the workspace shows the material models and
properties pertinent to that system's physics.

To access Engineering Data:
1. Insert an Engineering Data component system or a Mechanical system into the Project Schematic.
2. Double-click the Engineering Data cell or right-click the cell and select Edit from the context menu.

3. The Engineering Data workspace appears. From here, you can navigate through the data for your
analysis system, access external data sources, create new data, and store data for future use.

If you share an Engineering Data cell with one or more other analysis systems, be aware that changes
in one system will change the data for all systems with which the data is shared.

The data contained in Engineering Data is automatically saved when the project is saved.

Filtering Data

Engineering Data filters the data pertaining to the project system being edited by default. The filtering
is based on physics, analysis type, and solver. All data is transferred to the downstream cell regardless
of filtering being turned on or off. A selected solver may ignore the data if it is not recognized or sup-
ported.

To turn data filtering on and off:
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Engineering Data

1. Access Engineering Data (p. 15).

2.  On the tab toolbar, to turn data filtering off, click Filter Engineering Data ( f').

To turn data filtering back on, click the same button again.

Importing Tabular Data

Use the Table pane to populate your tabular data by importing delimited text files.
To import material data in tabular form:

1. Access Engineering Data (p. 15).

2. In the Table pane, right-click an empty row and select Import Delimited Data from the context
menu.

Table of Properties Row 6: Isotropic Elasticity

A B C

Temperature {C) .* | Young's Modulus (Pa) ~ | Poisson's Ratio

Paste

% Delete Row

@] Import Delimited Data ...

ﬁ Engineering Data Sources

The Delimited Data Import dialog box opens, as shown in the following image.

A\ Delimited Data Import — O et
Import File | | E—
Data File Format
{* Preview  Ful File Data Starts at Line
Delimiter Type Comma
W Auto Detect
Variable
Unit
File
cance
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Importing Tabular Data

6.

The Auto Detect feature examines the content of the file to find recognizable delimiters and nu-
meric data and automatically changes the File Format settings to match the file formatting. During
this process, the feature attempts to convert any string data preceding the numerical data as a
variable type and its units.

To turn this feature off, clear the Auto Detect check box.
To select a file to import, click Browse.
Browse to the location of the file you want to import, select it, and click Open.

The data from the file is loaded into the dialog box.

" 12.cv - Notepad E=N Eol =
File Edit Format Miew Help
Header here . -
Ignore first two 1ines
Poizson's Ratio, voung's Modulus
.Pa
L13,10810
L23,10e11
.33,10el12
.43,10el3
4 2
! | Delimited Data Impart =[]
Import File Ci\L2csv Browse |
Data Fil= Farmat
% pPreviea O FulFlke Data Starts at Line H
- - Delimiter Type |comma  ~|
[ Import [IDInpar [+ auto Detect
Variable Poisson's Ratio | Young's Modubs :I
Unit v Pa =
File
1 Header here
2 Tgnare first twe lnes
3 Poisson's Rabia, Young's Modulus
4 P2
3 0,13 1E+11
[ 0.23 1£+12
7 0.33 1E£13
g 0,43 E+14
[ canee

To select a specific line in the file to begin the import from, type the number in the Data Starts
at Line field.

Select one of the following options from the Delimiter Type drop-down menu:
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Engineering Data

+ Comma (default)
+ Semicolon
+ Space
+ Tab
8. To display the header information as well as the first 50 lines of your file, select Preview. To display
the entire content of the file, select Full File.

9. Toinclude or exclude a column of the file from import, select or clear the Import check box under
the column name.

10. To select or change the information displayed in the Variable field, select an option from the drop-
down list of available variables provided by the property shown in the Table pane.

These values are read-in by the tool.

11. To select or change the information displayed in the Unit field, select an option from the drop-
down list of units based on the specified variable.

For variables that do not require units, this field is left blank.

Note:

+ The import operation always appends data in the Table pane. Data is never overwrit-
ten.

* You can drag and drop your file onto a cell of the Table pane to automatically launch
the Delimited Data Import dialog box.

Working with Data Sources

A data source contains engineering data information. There are three types of data sources used in the
Engineering Data workspace: Engineering Data, libraries, and favorites.

Engineering Data
Engineering Data is the source of the material information that is used for the analysis of the system it

is contained in. The information in an Engineering Data component system is used if shared to an
analysis system. Engineering Data allows you to view, edit, and add data for use in your analysis system.

Library

A library is the term used for a collection of engineering data. You can add items from the library to
Engineering Data for use in your analysis system.
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Working with Data Sources

Favorites

The favorites (1) data source is the location for those items that you use frequently and allows you to
mark items as defaults for a new analysis system. You can add items from other data sources to the
favorites using the context menu (right-click). You can add items from the favorites to Engineering Data
for use in your analysis system. Material defaults for newly created systems may be assigned in the
context menu (see Material Defaults (p. 28)).

Opening the Engineering Data Sources Pane

The Engineering Data Sources pane displays the available data sources that are included with the
application.

To open the Engineering Data Sources pane:
1. Access Engineering Data (p. 15).

2. On the tab toolbar, click Engineering Data Sources, or right-click the workspace and select
Engineering Data Sources from the context menu.

Creating a New Library

You can create a new collection of engineering data by adding a new library to the Engineering
Data Sources pane.

To create a new library:
1. Open the Engineering Data Sources pane. (p. 19)

2. In the last row of the Engineering Data Sources table, click the empty cell in the Data Source
column.

3. Type a name for the library and press Enter.
4. In the Save as dialog box, browse to the location where you want to save the data source.
5.  Type a name for the file.

6. Click Save.

Removing a Data Source

You can remove a data source from the Engineering Data Sources pane.
To remove a data source:

1. Open the Engineering Data Sources pane. (p. 19)

2. Right-click a data source and select Remove from List from the context menu.
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Engineering Data

Editing a Data Source

You can change the name of the data source and the description.
To edit a data source:

1.  Open the Engineering Data Sources pane. (p. 19)

Select the Edit Library (;/) check box to the right of the data source you want to edit.

N

Once checked, the table rows change color and all of the various fields are editable.

3. Edit the text in the Data Source and Description columns, as required.

4. To save the changes, click Save (&) in the Location column.

Importing Data into a Data Source

When you use the Import Engineering Data menu item, the data contained in that source is added
to the currently selected data source (if edit enabled).

The following types of files are supported for import:
+ Engineering Data libraries exported from Workbench 9.0 to 11.0 SP1
« Material(s) file following the MatML 3.1 schema

+ Material(s) file generated by AUTODYN

Important:

Exported material data libraries (.xml) are not backwards compatible in previous versions
of the application.

To import data into a data source:
1. Open the Engineering Data Sources pane. (p. 19)

2. In the Engineering Data Sources pane, select a data source from the Data Source column.

3. To the right of the data source file, select the Edit Library (') check box.
4. From the menu bar, select File -~ Import Engineering Data.

5. Select a file and click Open.

Note:

Only recognized data is imported into the data source.

20
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Working with Data Sources

Importing Data as a Data Source

When you use the Open File dialog box in the Engineering Data Sources pane, the selected data
source is added to the list of data sources as a library.

The following types of files are supported for import:
+ Engineering Data libraries exported from Workbench 9.0 to 11.0 SP1
« Material(s) file following the MatML 3.1 schema

+ Material(s) file generated by AUTODYN

. Important:

Exported material data libraries (.xml) are not backwards compatible in previous
versions of the application.

To import data as a data source:

1. Open the Engineering Data Sources pane. (p. 19)

2. In the last row of the Engineering Data Sources table, click

3. Select a file and click Open.

Note:

Only recognized data is imported.

Exporting a Data Source

You can export selected items in a data source. The MatML 3.1 schema for Material(s) format is sup-
ported for export.

To export a data source:

1. Open the Engineering Data Sources pane. (p. 19)

2. In the Engineering Data Sources pane, select a data source from the Data Source column.
3. From the menu bar, select File -~ Export Engineering Data.

4. In the Save as dialog box, browse to the location where you want to save the data source.
5.  Type a name for the file.

6. Click Save.
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Engineering Data

Exporting Individual Data

You can export selected items in a data source. The MatML 3.1 schema for Material(s) format is sup-
ported for export.

To export individual data:

1.  Open the Engineering Data Sources pane. (p. 19)

2. In the Engineering Data Sources pane, select a data source from the Data Source column.
3. In the Outline pane, select one or more items in the Property column.

4. From the menu bar, select File » Export Engineering Data.

5. In the Save as dialog box, browse to the location where you want to save the data source.
6. Type a name for the file.

7. Click Save.

Combining Data Sources

You can combine multiple data sources into one.

To combine data sources:

Open the Engineering Data Sources pane. (p. 19)

1. Import data as a data source (p. 21) for each of the data sources you want to combine.

2. Edit the data source (p. 20) to combine it into an existing data source, or create a library (p. 19)
to combine the data sources into a new library.

3. Select a data source.

4. In the Outline pane, drag a material into the Engineering Data Sources pane and drop the
item on the data source you want to combine.

5. To save the changes, click Save (&) in the Engineering Data Sources pane Location column.

Creating Custom Material Models

The Engineering Data workspace allows you to create custom material models. This advanced option
works in conjunction with a Material User Programmable Feature (UPF) of the Mechanical APDL pro-
gramming interface. You must have the prerequisite expertise in material constitutive modeling and
software programming.

To create a custom material model:
1.  From the Custom Material Models category of the Toolbox, double-click Create Custom Model.

The Create Custom Model dialog box displays.
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Creating Custom Material Models

A\ Create Custom Model — >
Model
Mame | Type | sER o
Model Coeffidents
A B C D E F
Index Mame Quantity Type Unit Default Value Show
Dimensionless ;I ;I
Model State Variables
A B C D E F
Index Mame Quantity Type Unit Initial State Show
Dimensionless ;I ;I
Concel

In the dialog box, enter the following:

* Name: User-defined name for the model.

+ Type: UPF type.

« Model Coefficients: User variable input for the UPF subroutine.

+ Model State Variables: State variable input for the UPF subroutine.

For each Model Coefficient and State Variable provide the following:

- Index: Defines the argument index of the variable in the UPF subroutine.

- Name: Defines the name of the variable.

- Quantity Type: Defines the quantity type of the variable.

— Unit: Defines the variable's units.

— Default Value: Defines the default value of the variable.

- Initial State: Defines the initial value of the variable.

- Show: Determines if the variable is shown in Engineering Data.

The following image displays an example model.
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Engineering Data

3.

ﬁ Create Custom Model — >
Model
Mame |Example Model Type |usep w
Model Coeffidents
A B C D E F
1 Index Mame Quantity Type Unit Default Value Show
2 1 Hidden Variable Dimensionless ;I ;I 1 [l
3 2 Example Variable 1 Stress x| P2 =]
4 3 Example Yariable 2 Dimensiorless = | - 3
* Dimensionless = | -
Model State Variables
A B C D E F
i Index Mame Quantity Type Unit Initial State Show
2 1 State Variable Temperature ;I C ;I
* Dimensionless | |
Ok Cancel

Once the model is defined, to add the new model to the Toolbox category and the selected ma-
terial, click OK.

An example of the new model added to Structural Steel is

Properties of Outhne Row 3: Structural Steel

A

shown in the following image.
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Material Data

Use the following topics to understand the function and use of material properties within Engineering
Data.

Creating a New Material

Adding Material Properties

Deleting Material Properties

Modifying Material Properties

Sample Libraries

Selecting the Default Material Assignment for Model Parts
Supported Properties

Parametrizing Material Properties
Suppressing Material Properties
Charting

Validation

Curve Fitting

Field Variables

Material Property Support in Mechanical
Mutually Exclusive Properties

CAD Materials

Creating a New Material

You can add a new material to the Outline pane.
To create a new material:
1. Access Engineering Data (p. 15).

2. To add a material to libraries or favorites, open the Engineering Data Sources pane (p. 19) and
mark the data source as editable (p. 20).

3. In the Outline pane, click in the cell labeled as Click here to add a new material.

4. Type the name of the new material and press Enter.

Adding Material Properties

You can add material properties from the Toolbox to an existing material.
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Material Data

To add a material property:
1. Access Engineering Data (p. 15).

2. To add a material property to libraries or favorites, open the Engineering Data Sources pane (p. 19)
and mark the data source as editable (p. 20).

3. In the Outline pane, select a material.

4. In the Toolbox, double-click the property you want to add.

Deleting Material Properties

You can remove material properties from a material if required.
To delete a material property:
1. Access Engineering Data (p. 15).

2. To remove a material property from libraries or favorites, open the Engineering Data Sources
pane (p. 19) and mark the data source as editable (p. 20).

3. In the Outline pane, select a material.
4. In the Properties pane, select the material property to delete.

5. From the menu bar, select Edit - Delete or right-click the property and select Delete from the
context menu.

Modifying Material Properties

You can modify both constant and tabular data.

Constant Data

You modify constant data by changing the value and/or unit of that data in the Properties pane. The
value and unit together constitute one integral piece of information, or datum. The value is modified
by selecting the cell in the Value column and typing in the new value. If available, modifying the unit
converts the value to correspond to the new unit (see Units Menu). If the value entered is not in the
acceptable range, it is indicated in yellow and causes the state of the Engineering Data cell to change
to Attention Required.

Tabular Data

If the data is in a tabular format, it is indicated in the Value column (). This data is modified in the
Table pane and each datum is a value and unit as one integral piece. The value is modified by selecting
the cell in the variable column you want to change. If the value entered is not in the acceptable range,

it is indicated in yellow and causes the state of the Engineering Data cell to change to Attention Required.
The unit is shown in the header, and if available, modifying the unit modifies each datum for that

variable to have the same unit (see Units Menu).
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Sample Libraries

To modify material properties:
1. Access Engineering Data (p. 15).

2. To modify a material property in libraries or favorites, open the Engineering Data Sources
pane (p. 19) and mark the data source as editable (p. 20).

3. In the Outline pane, select a material that contains the property to modify.
4. Perform one of the following:
+ For constant data, change the value or unit in the Properties pane.

+ For tabular data, change the value or unit(s) in the Table pane.

Sample Libraries

Engineering Data provides sample material data categorized into several libraries. You must validate
that the data is consistent with the material you are using in your analysis. If you are viewing the library
in an analysis system, the contents of a material are filtered to that system (see Filtering Data (p. 15)).

The following libraries are included:
GRANTA Materials Data for Simulation,

This is a large library of hundreds of materials records encompassing many materials types and
multiple types of constitutive/mathematical models. Use the new Mechanical materials interface to
search and browse the available materials, view their properties, and assign the materials directly
within your project.

General Materials,

General use materials and consists mostly of metals that can be used in various analyses.
Additive Manufacturing Materials,

Additive manufacturing material samples for use in additive manufacturing analyses.
General Nonlinear Materials,

General use nonlinear materials for performing nonlinear analyses.
Explicit Materials,

Materials containing data, specific for use in an explicit dynamics analysis.
Hyperelastic Materials,

Materials containing stress strain data which can be used to experiment with curve fitting (see the
Curve Fitting (p. 48) topic). The data does not correspond to any particular material.
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Magnetic B-H Curves,

Materials containing B-H Curve data, specific for use in a magnetic analysis.
Thermal Materials,

Materials containing data, specific for use in a thermal analysis.
Fluid Materials,

Materials containing data, specific for use in a fluid analysis.
Composite Materials,

Materials containing data, specific for use in a composite analysis.
GeoMechanical Materials,

Materials for use with geomechanical models.

Selecting the Default Material Assignment for Model Parts

Engineering Data is configured at installation with the default material assignments of Structural Steel
for solid parts and Air for fluid parts. You can change these defaults or remove the default for an indi-
vidual analysis system or for each newly created analysis system. If the Engineering Data cell is shared
and the default is changed, the first Model cell Edit action uses the current default.

To select the default material:
1. In the Outline pane, select the material to be used as the default for the Model cell.

2. Right-click the material and select either Default Solid Material for Model or Default Fluid/Field
Material for Model.

You can also choose to not have a default material by selecting the current default and removing the
selection in the context menu. Including and setting that material as the default for the model (or not
setting the default) affects all subsequent systems created in the project.

You can replace a default material assignment in the model by deleting the default material and then
refreshing the Model cell, which assigns the active default material.

The default material assignment is disabled when an initial connection is made to transfer material data
from another system or when the choice is made to import material data with geometry. This behavior
is controlled by the Unset the default material when materials are imported with geometry Engin-
eering Data user preference. If the option is disabled, the default material assignment occurs if a default
is selected.

Supported Properties

The supported material properties are defined by the analysis systems that contain or share the Engin-
eering Data cell. If filtering is active (see Filtering Data (p. 15)), only the supported material properties
are displayed. See the list of material properties supported by a given analysis system in the following
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Supported Properties

sections. The minimum material properties required for a given analysis are marked with an asterisk (¥).
Select the link to read more information about a particular property.

Also note that material property listings in the following sections are appended when field variable
support is available. Field variable dependency types include :

« f(T): Temperature

+ f(C): Coordinate

+ f(F): Frequency

+ f(D): Displacement

+ f(H): Time History

+ f(U): User-defined field variable dependency.

« f(R): Stress ratio

Note that materials can support multiple field variables, for example, Hill Yield, f(T, C, D, H, U).

Note that field variable dependent data cannot be used in the solution process if it is out of scope of
the analysis type. For example, if a frequency-dependent density property is defined under Static
Structural Analysis, the corresponding Mechanical APDL command is generated by calculating the
density at the frequencies default value (defined on the material).

Eigenvalue Buckling (p. 30)
Electric (p. 30)

Explicit Dynamics (p. 30)
Harmonic Acoustics (p. 32)
Harmonic Response (p. 33)
Magnetostatic (p. 33)

Modal (p. 34)

Modal Acoustics (p. 35)

Modal (Samcef) (p. 35)

Random Vibration & Response Spectrum (p. 36)
Rigid Dynamics (p. 37)

Static Structural (p. 37)

Static Structural (Samcef) (p. 41)
Steady-State Thermal (p. 37)
Thermal-Electric (p. 42)
Transient Structural (p. 42)
Transient Thermal (p. 46)
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Eigenvalue Buckling

Properties

*Density, f(T,F,C,U)
*|sotropic Elasticity, f(T,F,U)
Orthotropic Elasticity, f(T,F,U)

See Linear Material Properties in the Material Reference for a description of the above properties.

Anisotropic Elasticity (p. 59)
Orthotropic Stress Limits, f(T,F,U)
Orthotropic Strain Limits, f(T,F,U)
Tsai-Wu Constants, f(T)

Puck Constants, f(T,F,U)
LaRc03/04 Constants, f(T)
Superelasticity, f(T)

Shape Memory Alloy, f(T)

The above shape memory alloy material model properties are supported only for pre-stress
analysis.

Gasket Material Model (p. 62) is supported for pre-stress analysis.

Electric

Properties

Electric

Anisotropic Relative
Permeability

*Isotropic Resistivity

Orthotropic Resistivity

Piezoelectric

Piezoelectric Matrix

Explicit Dynamics

Properties

Density, f(T,F)
Isotropic Elasticity, f(T,F,U)
Orthotropic Elasticity, f(T,F,U)

30
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Supported Properties

Properties

Viscoelastic

Bilinear Isotropic Hardening, f(T)
Multilinear Isotropic Hardening, f(T)
Bilinear Kinematic Hardening, f(T)
Multilinear Kinematic Hardening, f(T)
Johnson Cook Strength

Cowper Symonds Strength

Steinberg Guinan Strength

Zerilli Armstrong Strength
Neo-Hookean, f(T)

Mooney-Rivlin (2, 3, 5, and 9 Parameter), f(T,F,U)
Polynomial (1st, 2nd, and 3rd Order), f(T)
Yeoh (1st, 2nd, and 3rd Order), f(T)
Ogden (1st, 2nd, and 3rd Order), f(T)
Specific Heat, C,, f(T,U)

Drucker-Prager Strength Linear
Drucker-Prager Strength Stassi
Drucker-Prager Strength Piecewise
Johnson-Holmquist Strength Continuous
Johnson-Holmquist Strength Segmented
RHT Concrete Strength

MO Granular

Bulk Modulus

Shear Modulus

Polynomial EOS

Shock EOS Linear

Shock EOS Bilinear

Crushable Foam

Compaction EOS Linear

Compaction EOS Non-Linear

P-alpha EQOS

Plastic Strain Failure

Principal Stress Failure

Principal Strain Failure

Stochastic Failure

Tensile Pressure Failure

Crack Softening Failure
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Material Data

Properties

Johnson Cook Failure
Grady Spall Failure
Explosive JWL

Explosive JWL Miller

Ideal Gas EOS

Erode on Geometric Strain
Erode on Plastic Strain
Erode on Failure

Erode on Timestep

See Material Models Used in Explicit Dynamics Analysis for a description of the above properties.

Orthotropic Stress Limits
Orthotropic Strain Limits
Tsai-Wu Constants

Tsai-Wu Constants must be used in conjunction with Orthotropic Stress Limit. Tsai-Wu Constants
used in conjunction with Orthotropic Strain Limit are not supported.

Harmonic Acoustics

The following material properties are supported for Harmonic Acoustics analyses.

Properties

*Density, f(T,F)

*Speed of Sound, f(T,F)

Viscosity, f(T,F)

Bulk Viscosity, f(T,F)

Isotropic Thermal Conductivity, f(T,F)
Orthotropic Thermal Conductivity, f(T,F)
Specific Heat, C,,, f(T,F)

See the Linear Material Properties section of the Mechanical APDL Material Reference for a
description of the above properties.

Perforated Media
The modeling of a perforated media is supported by the use of one of the following models:

+ Johnson-Champoux-Allard Equivalent Fluid
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Supported Properties

Properties

+ Delany-Bazley Equivalent Fluid

+ Miki Equivalent Fluid

+ Complex Impedance and Propagating-Constant Equivalent Fluid
+ Complex Density and Velocity Equivalent Fluid

See the Equivalent Fluid Model of Perforated Material section of the Mechanical APDL Acoustic
Analysis Guide for a more detailed description of the above properties.

Harmonic Response

Properties

*Density, f(T,F,C,U)

Damping Factor (o)

Damping Factor (3)

Material Dependent Damping (p. 60)
*|sotropic Elasticity, f(T,F,U)
Orthotropic Elasticity, f(T,F,U)

Anisotropic Elasticity
See Linear Material Properties in the Material Reference for a description of the above properties.
Anisotropic Elasticity (p. 59)

Hyperelastic Material Models (p. 62) are supported for pre-stress modal based analysis but not for
pure modal based analysis.

Magnetostatic

Properties

*Relative Permeability

Coercive Force & Residual Induction
B-H Curve

Demagnetization B-H Curve
Relative Permeability (Orthotropic)
*|sotropic Resistivity, f(T)
Orthotropic Resistivity

See Electromagnetic Material Properties (p. 66) for a description of the above
properties.
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Material Data

Modal

Properties

*Density, f(T,F,C,U)

Damping Factor (o)

Damping Factor (3)

Material Dependent Damping (p. 60)
Coefficient of Thermal Expansion f(T) (p. 59)
*|sotropic Elasticity, f(T,F,U)

Orthotropic Elasticity, f(T,F,U)

See Linear Material Properties in the Material Reference for a description of the above properties.

Anisotropic Elasticity (p. 59)

Bilinear Isotropic Hardening, f(T)
Bilinear Kinematic Hardening, f(T)
Multilinear Isotropic Hardening, f(T)
Multilinear Kinematic Hardening, f(T)
Chaboche Kinematic Hardening, f(T)
Anand Viscoplasticity, f(T)

Orthotropic Stress Limits, f(T,F,U)
Orthotropic Strain Limits, f(T,F,U)
Tsai-Wu Constants, f(T)

Puck Constants, f(T,F,U)
LaRc03/04 Constants, f(T)

See Material Strength Limits for a description of the above properties.

Superelasticity, f(T)
Shape Memory Alloy, f(T)

See Shape Memory Alloy (SMA) for a description of the above properties.

The above shape memory alloy material model properties are supported for pre-stress modal
analysis but not for pure modal analysis.

Gasket Material Model (p. 62) is supported for pre-stress modal analysis but not for pure modal
analysis.

Hyperelastic Material Models (p. 62) are supported for pre-stress modal analysis but not for pure
modal analysis.
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Supported Properties

Modal Acoustics

The following material properties are supported for Modal Acoustics analyses.

Properties
*Density, f(T,F)

*Speed of Sound, f(T,F)

Viscosity, f(T,F)

Bulk Viscosity, f(T,F)

Isotropic Thermal Conductivity, f(T,F)
Orthotropic Thermal Conductivity, f(T,F)
Specific Heat, C, f(T,F)

See the Linear Material Properties section of the Mechanical APDL Material Reference for a
description of the above properties.

Modal (Samcef)

The following material properties are supported for Modal analyses using the SAMCEF solver.

Important:

The material properties and models that you use to create SAMCEF solver input must have
a temperature dependency. If not, the application does not write the input file. If you have
imported materials that do not have an associated temperature dependency, you must
add the Temperature field in the Engineering Data workspace as a field variable (p. 51)
and enter a value (such as 0. 0) to enable the application to write an input file.

Properties

Density, f(T,F)
Isotropic Secant Coefficient of Thermal Expansion, f(T, F, C, U)

Orthotropic Secant Coefficient of Thermal Expansion, f(T, F, C,
U)

*|sotropic Elasticity, f(T,F,U)
Orthotropic Elasticity, f(T,F,U)
Bilinear Isotropic Hardening, f(T)
Bilinear Kinematic Hardening, f(T)
Multilinear Isotropic Hardening, f(T)

Multilinear Kinematic Hardening, f(T)

Formulation:
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Material Data

Properties

Cauchy
BIOT
Kirchof

Chaboche Kinematic Hardening, f(T)
Nonlinear Elastic Model with Damage
Plakin Special Hardening Law, f(T)

Plastic Strain Failure Temperature Dependent, f(T)

Refer to the Samcef documentation for a description of the above
properties.

Random Vibration & Response Spectrum

Properties

*Density, f(T,F,C,U)

Isotropic Secant Coefficient of Thermal Expansion, f(T, F, C, U)
Orthotropic Secant Coefficient of Thermal Expansion, f(T, F, C, U)
Isotropic Instantaneous Coefficient of Thermal Expansion, f(T)
Orthotropic Instantaneous Coefficient of Thermal Expansion, f(T)
Damping Factor (o)

Damping Factor (3)

Material Dependent Damping (p. 60)

Coefficient of Thermal Expansion (p. 59)

*|sotropic Elasticity, f(T,F,U)

Orthotropic Elasticity, f(T,F,U)

See Linear Material Properties in the Material Reference for a description of the above properties.

Anisotropic Elasticity (p. 59)

Bilinear Isotropic Hardening , f(T)
Bilinear Kinematic Hardening, f(T
Multilinear Isotropic Hardening, f(T)
Multilinear Kinematic Hardening, f(T)
Chaboche Kinematic Hardening, f(T)
Anand Viscoplasticity f(T)

Orthotropic Stress Limits, f(T,F,U)
Orthotropic Strain Limits, f(T,F,U)
Tsai-Wu Constants, f(T)
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Supported Properties

Properties

Puck Constants, f(T,F,U)
LaRc03/04 Constants, f(T)

The above shape memory alloy material model properties are supported for pre-stress modal based
analysis but not for pure modal based analysis.

Gasket Material Model (p. 62) is supported for pre-stress modal based analysis but not for pure
modal based analysis.

Hyperelastic Material Models (p. 62) are supported for pre-stress modal based analysis but not for
pure modal based analysis.

Rigid Dynamics

Properties

*Density,
f(T,F)

Steady-State Thermal

Properties

*|sotropic Thermal Conductivity, f(T,C,U)
Orthotropic Thermal Conductivity, f(T,C,U)

See Linear Material Properties in the Material Reference for a description of the above
properties.

Static Structural

Properties

Physical Properties

*Density, f(T,F,C,U)

Coefficient of Thermal Expansion (p. 59), f(T,F,U) ( [({pl 59))
Orthotropic Secant Coefficient of Thermal Expansion, f(T, F, C, U)
Isotropic Secant Coefficient of Thermal Expansion, f(T, F, C, U)
Isotropic Instantaneous Coefficient of Thermal Expansion, f(T)
Orthotropic Instantaneous Coefficient of Thermal Expansion, f(T)

Melting Temperature

Stress-Strain Relationships

*|sotropic Elasticity (Field Variables (p. 51)), f(T,F,U)
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Material Data

Properties

Orthotropic Elasticity (Field Variables (p. 51)), f(T,F,U)
Anisotropic Elasticity ( [{pl 59))

Damping

Damping Factor (o) (Transient Structural only)
Damping Factor (3) (Transient Structural only)

Constant Damping Coefficient (Transient Structural only)

Hyperelasticity

Mooney-Rivlin (2, 3, 5, and 9 Parameter) f(T,FU) ( [{pl 62))
Neo-Hookean f(T,F,U) ( ({pl 62))

Polynomial (1st, 2nd, 3rd, and Nth Order), ({pl 62))
Yeoh (1st, 2nd, 3rd, and Nth Order), f(T,F,U) I:(,EI62
Ogden (1st, 2nd, 3rd, and Nth Order), f(T,F,U) ( [{pl 62))
Arruda-Boyce, f(T,F,U) ( [{pl 62))

Gent, f(T,F,U) ( L{pl 62))

Blatz-Ko f(T,FU) ( [{pl 62))

Response Function ( [{pl 62))

Ogden Foam (1st, 2nd, 3rd, and Nth Order), f(T,FU) ( [{pl 62))
Extended Tube, f(T,FU) ( [{pl 62))

Mullins Effect, f(T,F,U) ( [{pl 62))

General Isotropic Hardening

Bilinear Isotropic Hardening, f(T)
Multilinear Isotropic Hardening, f(T)
Nonlinear Isotropic Hardening, f(T)

Isotropic Hardening Static Recovery, f(T)

General Kinematic Hardening

Bilinear Kinematic Hardening, f(T)
Multilinear Kinematic Hardening, f(T)
Chaboche Kinematic Hardening (p. 61), f(T)

Rate-Dependent Plasticity
Anand Viscoplasticity, f(T)

Exponential Visco-Hardening (EVH) Viscoplasticity, f(T)

Perzyna and Peirce Viscoplasticity, f(T)
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Supported Properties

Properties

Rate-Independent Plasticity

Gurson Model, f(T) ( [{pl 63))
Hill Yield, f(T, C, H, D, U).

Fatigue

Strain-Life Parameters
S-N Curve
Linear S-N Curve

Bilinear S-N Curve

Viscoelasticity

Prony Shear Relaxation, f(T)

Prony Volumetric Relaxation, f(T)

Williams-Landel-Ferry Shift Function ( [{pl 60))

Tool-Narayanaswamy Shift Function ( [{pl 60))

Tool-Narayanaswamy with Fictive Temperature Shift Function ( [{pl 60))

Stress Tool

Tensile Yield Strength
Compressive Yield Strength
Tensile Ultimate Strength
Compressive Ultimate Strength

Gasket Model

Implicit Creep Equations (p. 60)

Strain Hardening, f(T)

Time Hardening, f(T)
Generalized Exponential, f(T)
Generalized Graham, f(T)
Generalized Blackburn, f(T)
Modified Time Hardening, f(T)
Modified Strain Hardening, f(T)
Generalized Garofalo, f(T)
Exponential form, f(T)

Norton, f(T)

Combined Time Hardening, f(T)
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Material Data

Properties

Rational polynomial, f(T)
Generalized Time Hardening, f(T)

Material Strength Limits

Orthotropic Stress Limits, f(TF,U)
Orthotropic Strain Limits, f(T,F,U)
Tsai-Wu Constants, f(T)

Puck Constants, f(T,F,U)
LaRc03/04 Constants, f(T)

Note:

Material strength limits can be saved into a material library and they will be written to
the Mechanical APDL solver. However, these items cannot be post-processed in
Mechanical.

Shape Memory Alloy (SMA)

Superelasticity, f(T)
Shape Memory Alloy, f(T)

Geomechanical

Cam Clay, f(T) ( [{pl 63))
Drucker-Prager, f(T) ( C{pl 64))
Jointed Rock, f(T) ( [{pl 64))
Mohr-Coulomb, f(T) ( C{pl 65))
Porous Elasticity, f(T) ( [{pl 65))
Menetrey-Willam, f(T) ( [{pl 65))

Material Damage

Damage Initiation Criteria

Damage Evolution Law

Cohesive Zone

Exponential for Interface Delamination, f(T)
Bilinear for Interface Delamination, f(T)
Separation-Distance based Debonding, f(T)
Fracture-Energies based Debonding, f(T)

Fracture Criteria

40
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Supported Properties

Properties

Linear Fracture Criterion, f(T)
Bilinear Fracture Criterion, f(T)

B-K Fracture Criterion, f(T)

Modified B-K Fracture Criterion, f(T)
Power Law Fracture Criterion, f(T)

Crack Growth Laws

The following material models provide the necessary crack growth laws for fatigue crack growth
analyses performed using the SMART Method for Crack-Growth Simulation. Only one material
model can be specified for fatigue crack growth in a model.

Paris' Law, f(T) and/or f(R)

Tabular Fatigue Law, f(T) and/or f(R)

The material models listed below cannot be used with crack-closure functions:
Forman Equation, f(T)

Walker Equation, f(T)

NASGRO Equation V3, f(T)

NASGRO Equation V4, f(T)

( O REfers to the corresponding Engineering Data Help page.

Static Structural (Samcef)

Important:

The material properties and models that you use to create SAMCEF solver input must have
a temperature dependency. If not, the application does not write the input file. If you have
imported materials that do not have an associated temperature dependency, you must
add the Temperature field in the Engineering Data workspace as a field variable (p. 51)
and enter a value (such as 0. 0) to enable the application to write an input file.

Properties

Density, f(T,F)
Isotropic Secant Coefficient of Thermal Expansion, f(T, F, C, U)

Orthotropic Secant Coefficient of Thermal Expansion, f(T, F, C,
U)

*|sotropic Elasticity, f(T,F,U)
Orthotropic Elasticity, f(T,F,U)
Bilinear Isotropic Hardening, f(T)

Bilinear Kinematic Hardening, f(T)

Multilinear Isotropic Hardening, f(T)
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Material Data

Properties

Multilinear Kinematic Hardening, f(T)

Formulation:

Cauchy
BIOT
Kirchof

Chaboche Kinematic Hardening, f(T)
Nonlinear Elastic Model with Damage
Plakin Special Hardening Law, f(T)

Plastic Strain Failure Temperature Dependent, f(T)

Refer to the Samcef documentation for a description of the above

properties.

Thermal-Electric

Properties

*|sotropic Thermal Conductivity, f(T,C,U)
Orthotropic Thermal Conductivity, f(T,C,U)
*|sotropic Resistivity, f(T)

Orthotropic Resistivity, f(T)

Isotropic Seebeck Coefficient, f(T)
Orthotropic Seebeck Coefficient, f(T)

See Linear Material Properties in the Material Reference for a description of the above

properties.

Transient Structural

Properties

Physical Properties

*Density, f(T,F,U)
Coefficient of Thermal Expansion (p. 59), f(T,F,U) ( ({pl 59))

Orthotropic Secant Coefficient of Thermal Expansion, f(T, F, C,
U)

Isotropic Secant Coefficient of Thermal Expansion, f(T, F, C, U)
Isotropic Instantaneous Coefficient of Thermal Expansion, f(T)

Orthotropic Instantaneous Coefficient of Thermal Expansion,

f(T)
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Supported Properties

Properties

Stress-Strain Relationships

*|sotropic Elasticity (Field Variables (p. 51)), f(T,F,U)
Orthotropic Elasticity (Field Variables (p. 51)), f(T,F,U)
Anisotropic Elasticity ( [(pl 59))

Damping

Damping Factor (o)
Damping Factor (3)
Material Dependent Damping (p. 60)

Hyperelasticity

Mooney-Rivlin (2, 3, 5, and 9 Parameter) f(T,FU) ( [{pl 62))
Neo-Hookean f(T,F,U) ( [({pl 62))

Polynomial (1st, 2nd, and 3rd Order), ({pl 62))
Yeoh (1st, 2nd, and 3rd Order), f(T,F,U) I:(ﬁl62

Ogden (1st, 2nd, and 3rd Order), f(T,FU) ( [{pl 62))
Arruda-Boyce, f(T,F,U) ( [{pl 62))

Gent, f(T,FU) ( L{pl 62))

Blatz-Ko f(T,FU) ( [{pl 62))

Response Function ( [{pl 62))

Ogden Foam (1st, 2nd, and 3rd Order), f(T,F,U) ( L{pl 62))
Extended Tube, f(T,FU) ( [{pl 62))

Mullins Effect, f(T,FU) ( [{pl 62))

General Isotropic Hardening

Bilinear Isotropic Hardening, f(T)

Multilinear Isotropic Hardening, f(T)

General Kinematic Hardening

Bilinear Kinematic Hardening, f(T)
Multilinear Kinematic Hardening, f(T)
Chaboche Kinematic Hardening (p. 61), f(T)

Rate-Dependent Plasticity

Anand Viscoplasticity, f(T)

Rate-Independent Plasticity
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Material Data

Properties

Gurson Model, f(T) ( [{pl 63))
Hill Yield, f(T, C, H, D, U).

Fatigue

Strain-Life Parameters
S-N Curve
Linear S-N Curve

Bilinear S-N Curve

Viscoelasticity

Prony Shear Relaxation, f(T)

Prony Volumetric Relaxation, f(T)

Williams-Landel-Ferry Shift Function ( [_{pl 60))
Tool-Narayanaswamy Shift Function ( [{pl 60))
Tool-Narayanaswamy with Fictive Temperature Shift Function

([L{pl 60))

Stress Tool

Tensile Yield Strength
Compressive Yield Strength
Tensile Ultimate Strength

Compressive Ultimate Strength

Gasket Model

Implicit Creep Equations (p. 60)

Strain Hardening, f(T)

Time Hardening, f(T)
Generalized Exponential, f(T)
Generalized Graham, f(T)
Generalized Blackburn, f(T)
Modified Time Hardening, f(T)
Modified Strain Hardening, f(T)
Generalized Garofalo, f(T)
Exponential form, f(T)

Norton, f(T)

Combined Time Hardening, f(T)

Rational polynomial, f(T)
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Properties

Generalized Time Hardening, f(T)

Material Strength Limits

Orthotropic Stress Limits, f(TF,U)
Orthotropic Strain Limits, f(T,F,U)
Tsai-Wu Constants, f(T)

Puck Constants, f(T,F,U)
LaRc03/04 Constants, f(T)

Shape Memory Alloy (SMA)

Superelasticity, f(T)
Shape Memory Alloy, f(T)

Geomechanical

Cam Clay, f(T) ( [{pl 63))
Drucker-Prager, f(T) ( L{pl 64))
Jointed Rock, f(T) ( [((pl 64))
Mohr-Coulomb, f(T) ( [C{pl 65))
Porous Elasticity, f(T) ( [_{pl 65))
Menetrey-Willam, f(T) ( C_{pl 65))

Material Damage

Damage Initiation Criteria

Damage Evolution Law

Cohesive Zone

Exponential for Interface Delamination, f(T)
Bilinear for Interface Delamination, f(T)
Separation-Distance based Debonding, f(T)
Fracture-Energies based Debonding, f(T)

Fracture Criteria

Linear Fracture Criterion, f(T)
Bilinear Fracture Criterion, f(T)

B-K Fracture Criterion, f(T)

Modified B-K Fracture Criterion, f(T)

Power Law Fracture Criterion, f(T)
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Material Data

Properties

( O REfers to the corresponding Engineer Data Help page.

Transient Thermal

Properties

*Density, f(T,F)

*Isotropic Thermal Conductivity, f(T,C,U)
Orthotropic Thermal Conductivity, f(T,C,U)
*Specific Heat, C, f(T,C, U)

Enthalpy f(T)

Melting Temperature

See Linear Material Properties in the Material Reference for a description of the above
properties.

Parametrizing Material Properties

Data can be parametrized to allow it to be used in parametric studies and design points (see Working
with Design Points). To parametrize an item in the Properties pane, select the check box in the Para-

meterize (‘bj).The parameter value can then be changed in the Parameters and Design Points workspace.
Use caution when parametrizing data that is dependent on other data to maintain valid data. The
parametrized data is always calculated from the original values, so also use caution when modifying

data in the parameter workspace to avoid computer precision problems.

Constant Data

When you parametrize constant data, the constant data can be changed in the Parameters workspace,
but the original datum is not modified. The original datum is restored when the parametrization is re-
moved.

Tabular Data

You can parametrize tabular data by parametrizing the scale and/or offset for all of the tabular data.
The scale value varies the curve by multiplying the y-axis value of each point on the curve. The offset

is added to or subtracted from a y-axis value for each point on the curve. The equation used for varying
each datum value in the tabular data is:

Property = Scale * Nominal Value + Offset

The original tabular data is not modified, but the scale and/or offset datum are restored to the defaults
of 1.0 and 0.0 when the parametrization is removed.

To parametrize a material property:

1. Access Engineering Data (p. 15).
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Validation

2. To parametrize a material property in libraries or favorites, open the Engineering Data Sources
pane (p. 19) and mark the data source as editable (p. 20).

3. In the Outline pane, select a material that contains the property to parametrize.

4. in the Properties pane, select the check box in the Parameterize (Epj) column for the property
you want to parametrize.

For tabular data, use scale and/or offset.

Suppressing Material Properties

Data may be defined but suppressed to prevent it from being sent to a downstream cell in the system.
For example, suppressing a material or material property prevents it from being used in the model.
Suppressed items are shown by a strike through the name (for example, stmeturatsieat) and the check
box being selected in the suppression column.

To suppress a material property:
1. Access Engineering Data (p. 15).

2. To suppress a material property in libraries or favorites, open the Engineering Data Sources
pane (p. 19) and mark the data source as editable (p. 20).

3. In the Outline pane, select a material that contains the property to suppress.

vt

4. In the Suppression (’. ) column, select the check box for the property you want to suppress.

Suppression of Mutually Exclusive Properties

Some properties are mutually exclusive of each other and require that only one property in the mu-
tually exclusive set be unsuppressed. The addition or removing of the suppression for one of these
properties automatically suppresses the other mutually exclusive properties.

For example, defining Bilinear Isotropic Hardening and Multilinear Isotropic Hardening for the same
material represents redundant plasticity behavior. Only one behavior can be active for the material.
When such a conflict occurs, the property defined last is used and the previously defined, conflicting
property is automatically suppressed.

Charting
The axis range can be modified on a chart by selecting Edit Properties from the axis context menu

(see Setting Chart Properties). This range is used when generating the x-y data for the chart so that you
can examine the data beyond the default range.

Validation

The user interface indicates invalid data by displaying a yellow background and changing the state of
the material icon (p. 8).
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Material Data

To find the reason for the data being invalid, right-click the invalid item and select Display Validation
Failure from the context menu.

Curve Fitting

When curve fitting is available for a selected item in Engineering Data a Curve Fitting group is accessible
in the Workbench Toolbox. A curve fitting module can then be added to the selected item.

The data that can be used for the curve fitting module is shown, regardless of whether or not the data
is available. If the required data is not available, add it from the Toolbox. The data used for curve fitting
can be suppressed (in some instances), in the curve fitting module, to prevent its use in the curve fitting
calculations.

Note:

+ Curve fitting is only active for the running session. If you exit the application, you must
add the curve fitting module again. Select Copy Calculated Values to Property to maintain
the calculated information.

« If the active unit system for the project is changed, the current curve fitting modules in
the project are recreated using the new unit system. The seed values are reset to their
default values.

+ If the experimental data is parametrized, the current design point parameter value is used
for the computations when selecting Solve Curve Fit. It has no effect for other design
points when updating a project, because of the interactive nature of performing the fitting.

Curve fitting is specific to a given solver and so the following topics provide specific information:
+ Material Model Curve Fitting (p. 48)

+ Mechanical Material Curve Fitting (p. 49)

Curve Fitting Icons

P Module for performing curve fitting.

2l Indicates that this curve fitting module requires attention.

Material Model Curve Fitting

Curve fitting is specific to a given solver, this topic addresses material models.
To curve fit material models:

1. Access Engineering Data (p. 15).

2. To curve fit material models in libraries or favorites, open the Engineering Data Sources
pane (p. 19) and mark the data source as editable (p. 20).
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3. From the Curve Fitting group in the Toolbox, select a material model that supports curve fitting.
4. Modify options for the curve fitting calculations.
5. Suppress any experimental data to exclude from the curve fitting calculations.

6. From the Properties pane, right-click the curve fitting module and select Solve Curve Fit from
the context menu.

7. Review the accuracy of the fitted data to the experimental data.

8. From the Properties pane, right-click the curve fitting module and select Copy Calculated Values
To Property from the context menu.

Mechanical Material Curve Fitting

The material curve fitting calculates coefficients of material models that approximate the following
experimental data. You can enter the data or copy and paste data from a spreadsheet into the Table
pane. See the Curve Fitting (p. 48) section for additional specification information.

Hyperelastic Test Data

+ Uniaxial Test f(T) (Engineering Strain vs. Engineering Stress)
+ Biaxial Test f(T) (Engineering Strain vs. Engineering Stress)
+ Shear Test f(T) (Engineering Strain vs. Engineering Stress)

+ Volumetric Test f(T)

The following hyperelastic material models support curve fitting of the experimental data. For addi-
tional information, see the Material Curve-Fitting chapter in the Mechanical APDL Material Reference.

* Mooney-Rivlin
+ Ogden

+ Neo-Hookean

+ Polynomial

* Yeoh

+ Arruda-Boyce

+ Gent

» Blatz-Ko

Note:

The Volume Ratio equals the ratio of the current volume to that of the original volume
and all solution data displayed for postprocessing are true stresses and logarithmic strains.
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The experimental data defined for all temperatures is used for curve fitting. Ensure that temperatures
are defined consistently for different experimental data. If the experimental data contains temperature
mismatch, then the warning message is displayed in the Messages pane during Solve Curve Fit.

When volumetric data is supplied, a compressible or nearly incompressible model is implied. When

no volumetric data is supplied, the model is understood to be incompressible. Supplying zero as a
coefficient for the volumetric data also denotes an incompressible model. The curve fitting will calculate
the parameters based on an incompressible model when volumetric data is supplied and also when
calculating the Stress-Strain points for charting.

Perform curve fitting for the various hyperelastic models to choose the one, based on the range of
strain you are interested in, that best matches the experimental data provided.

Chaboche Test Data

Uniaxial Plastic Strain Test Data f(T) (Plastic Strain vs. True Stress)

Note:

To use curve fitting with plasticity, the only experimental data supported is Uniaxial Plastic
Strain Test Data. Experimental data for plasticity is path dependent. Multiple Uniaxial Plastic
strain test data can be added from Uniaxial Plastic Strain —Additional Test Data group
which is accessible in the Toolbox, when Uniaxial Plastic Strain Test Data is selected.

Chaboche Kinematic Hardening plasticity model supports curve fitting of the Uniaxial Plastic strain
test data. For additional information, see the Material Curve-Fitting chapter in the Mechanical APDL
Material Reference.

Viscoelastic Test Data
» Shear Data- Viscoelastic f(T) (Time vs. Shear Modulus)

» Bulk Data - Viscoelastic f(T) (Time vs. Bulk Modulus)

Note:

Both the above test data are path dependent. Multiple test data can be added from Vis-
coelastic - Additional Test Data group which is accessible in the Toolbox, when test data
is selected.

Viscoelastic models with curve fitting support:
« Prony Shear Relaxation, f(T)

+ Prony Volumetric Relaxation, f(T)

Release 2025 RT-© ANSYS, Inc.Allrights reserved.- Contains proprietary and confidential information
50 of ANSYS, Inc.and its subsidiaries and affiliates.



Field Variables

For additional information, see the Material Curve-Fitting chapter in the Mechanical APDL Material
Reference.

Note:

A change in the Number of Terms on the Prony models updates the curve fitting coeffi-
cients to allow fitting for the desired number of terms. The calculated values in the curve
fitting are normalized, when Copy Calculated Values to Property is selected. The normal-
ization uses the following equations, which describe the relationship between the Prony
Coefficient (a;) and the corresponding coefficient generated in curve fitting (4;). N is the

number of terms computed. AX is the square root of K; and A” is the square root of G,.
K and G, are the shear modulus and bulk modulus at t=00.This is done to keep all

K G . o .
ait and af values used in the property table positive.

Kpo=K ot Y, A A ()
i=1-N
ak=(AK*Af) /K oy P)
Gro=Grot ), AT A 3)
=1-N
ab=(A*A%) [ Gy (@)

Error Norm for Fit

The error norm can be set to use normalized or absolute error. Normalized error norm considers each
experimental datum equally in computing the curve fit. It generally provides better results than the
absolute error norm, but in some cases the absolute error norm is a better choice.

Nonlinear Fitting (Ogden, Gent and Chaboche Kinematic Hardening)

For nonlinear curve fitting you can provide seed values for the coefficients or you can fix these seed
values. The seed values can be provided for each temperature data. If you do not provide seed values
internal defaults is used. It is suggested that you attempt to use seed values based on experience if
possible. The nonlinear curve fit most often converges to a local error norm minimum. It may take
several attempts (trial seed values) to achieve the desired fit, or copying and pasting the last solution
as seed values and solving again.

Curve fitting for viscoelastic models Prony Shear Relaxation and Prony Volumetric Relaxation is non-
linear.

Field Variables

Material data can be dependent on variables such as temperature, shear angle, degradation factor, or
user-defined entries. These variables known as field variables and are only available for specific material
properties and models, as listed below. For more information on this topic, see User-Defined Field

Variables in the Material Reference.

Engineering Data supports the following field variables:
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+ Temperature

* Mean Stress

* R-Ratio

* Frequency

+ Coordinate X

+ Coordinate Y

+ Coordinate Z

+ Shear Angle

+ Degradation Factor

+ User-defined variables (as discussed below).

The use of field variables to further define material properties enables you to simulate the effects of
environmental conditions and manufacturing processes on material characteristics. This can be of par-
ticular importance when you are using the Ansys Composite PrepPost application to model composites.
See Variable Material Data in Composite Analyses in the ACP User's Guide for additional information.

The material properties and models supported by the field variable feature are based on the selected
analysis system. See the Supported Properties (p. 28) section of the documentation for a listing of all

of the supported analysis types and the material properties that each analysis supports. Note that certain
properties are appended with a function notation to indicate supported fields. This includes:

+ Temperature (T)
+ Frequency (F)

« Coordinate X (C)
+ Coordinate Y (C)
+ Coordinate Z (C)

« User-defined (U).

Note:

The coordinate system assigned to the body in the analysis is the coordinate system
used for the field variables Coordinate X, Y, and Z. Only Cartesian coordinate systems
are supported.

The Shear Angle and Degradation Factor field variables are predefined user-defined variables. Based
on this, isotropic elasticity supports all field variables and is denoted as: Isotropic Elasticity f(T,F,U).

However, for Modal Acoustic (p. 35) analysis system, only temperature is supported and so denoted
as: Density f(T). For material properties that are defined with unsupported field variables, the application
uses the default value for the unsupported field variables to calculate dependent values for the supported
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field variable(s) values. For example, during a Modal Acoustics analysis, you can enter frequency depend-
ent and/or temperature dependent material properties, however:

+ If you define frequency dependent material property data, f(F), your input is calculated using
the interpolation of the General Interpolation Library (GIL) based on the default frequency value
of the Material Field Variables property.

+ If you define frequency-dependent and temperature-dependent material property data, solver
input is calculated using both the GIL, based on default frequency, and the defined temperature
points, for example, f(F gefauier T)- ANy change to the default frequency value may vary the inter-

polated values.

Defining System Provided Field Variables
To implement a system provided field variable:
1. Select one of the supported material properties (as listed above).

The application displays the Field Variables category in the Toolbox.

* I

| B Field Yariables |

=
T4 Frequency
El Coordinate ¥

“El Coordinate ¥

'E] Coordinate 7

4 shear Angle

El Cegradation Fackor

[ 4] Create Field variable ...

2. From the Field Variables category, select the desired system provided field variable:

+ Temperature

* Frequency

+ Coordinate X

+ Coordinate Y

+ Coordinate Z

+ Shear Angle

- Degradation Factor

The new field variable populates the Table pane (p. 13). Enter appropriate values.
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Table of Properties Row 7= Isotropic Baslidty I * 4= X
A B L= o E F
1 Ehear Angle [raden) 2 1 Temperature (&} 2 | Young's Moculus (Ba) * | Folsson's Ratid | Bulk Modubs (2] ™ | Shear Modubus (Pa) =
2 ¢ 2 o E+I5 0.3 LESETES 760923

3. Enter appropriate values into the Table pane.

Creating User-Defined Field Variables

To implement a user-defined field variable:

1. In the Toolbox, select Create Field Variable from the Field Variables category.

N x

| B Field Yariables |

Frequency

Coordinate
Coordinate
Coordinate 7

Shear Angle
Cegradation Fackor
Create Field Yariable ...

L3 7 [ 7 6 7 [ (9

2. In the Create Field Variable dialog box, enter a name for your new field variable.
3. Select an option from the Quantity Type drop-down list.

The default is Dimensionless.
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I

N Create Field Variable | = || & [[p25]

Variable Name

Quantity Type Dimensionless -
Di . g
Dynamic Viscosity ]
Electric Field |

Electric Flux Density
Electrical Conductivity —
Energy

Energy Density by Mass
Faorce Intensity

Faorce Per Angular Unit
Fracture Energy
Fracture Energy Rate 3
Gasket Stiffness

Heat Flux

Heat Generation

Heat Rate

Impulse Per Angular Unit
Inductance =
Inverse Angle

Inverse Length

Length

Magnetic Field Intensity
Magnetic Flux

Magnetic Flux Density
Magnetic Permeability
Mass Flow

Material Impedance
Moment

Moment of Inertia of Area
Mormalized Value
Pressure

Once complete, click OK.
The new field variable populates the Table pane.

Enter appropriate values. Example entries are illustrated below for the user-defined field variable
Exanpl e_Cust om Fl d_Var.

Tabfe of Propertes Row 7 lsotropc Blasticty > B X
E F
1 Example_Custom_Fd_Var (ns™2) = 1| Temperahse (C) .= | Yoeung'sModulus (Pa) = | Polsson’sRatio | Bulk Medubus (Pa)  ~ | Shear Modulis (Fa) ~
2§ : 2 5} ZEHIS 0.3 LESETEHDS 75323

Select the Interpolation Options property to display the following Table pane.

This table defines the algorithm the solver uses to interpolate between the data entered in the
Table pane from Step 2 to get the values corresponding to the calculated field variable values on
a given element. See General Interpolation Library in the Composites Theory Reference for more
details about the algorithms and options used when creating user-defined field variables.
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Table of Properties Row 8: Isotropic Elasticty ¥ =X
A B C
Algarithm Type Mormalize | Cache
2 Linear Multivariate LI

7. Select an option from the Algorithm Types drop-down list.

Table of Properties Row 8: Isotropic Elasticty B X
A B C
Algorithm Type Mormalize | Cache
2 Linear Multivariate IE'

Linear Multivariate
Mearest Neighbar
Radial Basis

8. Refine the interpolation algorithm by activating one or more of the following options.
+ Normalize: Scale the axes to achieve an unbiased distance metric. The ranges used to scale the
axes are defined by the Lower Limit and Upper Limit values of the Material Field Variables
table pane.

« Cache: Save previous queries to increase performance.

9. Select the Material Field Variables property to display the following table pane.

Table of Properties Row 2: Structural Steel Field Variables * B X
A B C D E "
Variable Name Lnit Default Data Lower Limit Lipper Limit
Temperature C LI 22 Program Controlled | Program Controlled
Example_CustomFld_Var | ms~-2 ;I 0 Program Controlled | Program Controlled

Field descriptions for the Material Field Variables property:

+ Default Data: Used by the interpolation algorithm when the corresponding field variable
is not defined on a given element.

+ Lower Limit: Defines the lower boundary on the range used when the data is normalized
and/or quantized. When you use the Program Controlled setting, the value defaults to the
minimum value of the data entered for all instances of the corresponding field variable in
the selected material.
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+ Upper Limit: Defines the upper boundary on the range used when the data is normalized
and/or quantized. When you use the Program Controlled setting, the value defaults to the
maximum value of the data entered for all instances of the corresponding field variable in
the selected material.

Usage Notes

The order in which you add field variables to a material property becomes important if:
+ Your material data has multiple field variables.
+ The data is structured such that one field variable changes while the others remain fixed.

Whichever field variable varies the most, is the variable that you should insert and define first. Consider
the example illustrated below. In this case, the Temperature varies more than the Shear Angle, so it is
best to add temperature first and then shear angle. Adding the field variables in this order results in a
table structure that, for each shear angle, there is data at multiple temperatures.

Table of Properties Row 9: Isotropic Elasticity * B %
A B C
1 Shear Angle (deg) = 1 Temperature (C) .= | Young's Modulus (Pa) ~
z |18 z | 100 ZE+11
3 30 3 120 1.9E+11
* 4 140 1.8E+11
+

Table of Properties Row 9: Isotropic Elaskicity: ¥ H X
bt B iZ
1 Shear Angle {deg) .= 1 Temperature (C) .= | Young's Modulus (Pa) -
2 15 2 100 1.6E+11
3 30 3 120 1.57E+11
* 4 140 1.52E+11
#*

The context menu on the Table pane for the field variable provides sorting and filtering options.
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Table of Properties Row &: Isatropic Elasticity

A

1 Shear Angle {radian) .=

2 10 ! Ascending

Fl  Descending

Sort Settings. ..
Cancel sorting

Apply Filter. ..

Delete

T
X
radian

degree

To remove a field variable from a property, right-click the field variable and select Delete from the
context menu.

Material Property Support in Mechanical

Select your material properties based on how the material exhibits properties in orthogonal directions
(X,Y, and 2), either constant in all directions (isotropic behavior) or different in orthogonal directions
(orthotropic behavior). These orthogonal directions in a part, by default, align with the global coordinate
system. You may apply a local coordinate system to the part to change the directions. For orthotropic
properties, the X, Y, and Z value must be specified for the model to solve (2-D models only use the X
and Y values). Those properties which support isotropic or orthotropic behavior is preceded by Isotropic
or Orthotropic (for example, Isotropic Thermal Conductivity).

Temperature-dependent properties (the identifier f(T) is shown beside the property) are input as tabular
data (value vs. temperature). During solution, the material properties are evaluated for the temperature
of the integration points of the elements. If the temperature of an integration point falls below or rises
above the defined temperature range of tabular data, the solver assumes the defined extreme minimum
or maximum value, respectively, for the material property outside the defined range.

The following are supported.
Linear Material Models
Material Models with Nonlinear Behavior (No Unit Conversion)
Material Dependent Damping
Isotropic Hardening
Kinematic Hardening
Chaboche Kinematic Hardening
Hyperelastic Material Models
Gasket Material Model
Gurson Material Model
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Puck Material Model
Cam-Clay

Drucker-Prager

Jointed Rock

Mohr-Coulomb

Porous Elasticity
Menetrey-Willam

Three Network Model
Bergstrom-Boyce Model
Electromagnetic Material Properties
Crystallographic Point Group

Linear Material Models

« Coefficient of Thermal Expansion

You can define the coefficient of thermal expansion using the secant or instantaneous method.
The secant method includes field variable support for temperature, frequency, coordinate, or
user defined field dependency. When you define the coefficient of thermal expansion using

the secant method, and you use multiple field variable points, you must define the zero-thermal-
strain reference temperature. When conducting a test to measure the thermal expansion, the
zero-thermal-strain reference temperature is that temperature at which the test specimen has

a zero thermal strain. As the specimen is heated from the zero thermal strain point, the thermal
strain is measured at given temperature points. If fields other than Temperature are specified
the temperature of the bodies must be the same as the zero-thermal-strain reference temper-
ature value. If only Temperature field is defined then the zero-thermal-strain reference temper-
ature value is specified by the MPAMOD command in the Mechanical APDL application, and
written as the MPAMOD command in the ds. dat file. The MPAMOD command is written

only if the temperature of the bodies using the material differs from the material's zero-thermal-
strain reference temperature. The coefficient of thermal expansion values are computed ac-
cording to the equation documented in Temperature-Dependent Coefficient of Thermal Expan-
sion in the Theory Reference.

For more information on this topic, see Linear Material Properties in the Material Reference
+ Anisotropic Elasticity

You can define an anisotropic elasticity model by entering the stiffness terms in an elastic
coefficient matrix [D]. The following graphic show the location of the terms for this symmetric
matrix:

D11

D21 D22

D31 D32 D33

D41 D42 D43 D44

D51 D52 D53 D54 D55
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D61 D62 D63 D64 D65 D66

Each row corresponds to the terms of x, y, z, xy, yz, xz. The stiffness terms must be positive
definite (requiring all determinants to be positive). The stiffness terms have units of Force/Area
operating on the strain vector.

Note:

If you change the Format property from IEEE to MAPDL, or vise versa, the applica-
tion automatically clears any data you may have entered and does not perform a
conversion.

Material Models with Nonlinear Behavior (No Unit Conversion)

Material models which have nonlinear behavior do not allow for conversion of data from one unit
system to another. For these material models, specify the units of the data in the Reference Units
drop-down list. In Mechanical if an attempt is made to solve the solution, in a unit system which is
not compatible with the Reference Units, an error is shown and the solution is stopped. The following
material models have this restriction:

+ Anand Viscoplasticity

+ Exponential Visco-Hardening (EVH) Viscoplasticity
+ Perzyna and Peirce Viscoplasticity

+ Shift Functions

The Reference Unit setting is applicable for all inputs except the Reference Temperature, where
the unit can be set independently. Modification of the Reference Unit setting converts the Reference
Temperature to the value corresponding to the temperature unit specified in the Reference Unit.

+ Creep

These material models require temperature values to be in an absolute scale. Mechanical writes all
temperature inputs for a solver in °C or °F and includes a TOFFST command with the value appropriate
to the solver unit system setting. This setting allows the computation of these material models to be
performed correctly.

Material Dependent Damping

The Material Dependent Damping property grouping enables you to define the coefficients
Damping Ratio and Constant Structural Damping Coefficient. If you provide a valid value for the
Damping Ratio property, the Constant Structural Damping Coefficient property is automatically
entered as two times that of the Damping Ratio value.

For additional information, see Damping in the Structural Analysis Guide.
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Isotropic Hardening

Engineering Data supports the following general classes of isotropic hardening:
« Bilinear Isotropic Hardening

« Multilinear Isotropic Hardening

+ Nonlinear Isotropic Hardening

+ Isotropic Hardening Static Recovery

In addition to the above topics, the Rate-Independent Plasticity section of the Mechanical APDL Ma-
terial Reference includes detailed theoretical and background information on isotropic hardening.

Important:

In release 2022R2 (or prior), the application defined the Bilinear Isotropic Hardening and
Bilinear Kinematic Hardening material models using Total Strain. When you open a
project from these previous releases, the Active Table property for the material models
displays the value Total. For this scenario, if the temperature is constant, or the same
(tabular) temperature values are used for Isotropic Elasticity and the hardening model
data, the application provides the right-click option Convert Total to Plastic for the Active
Table value cell. See the Bilinear Isotropic Hardening topic in the Rate-Independent
Plasticity section of the Mechanical APDL Material Reference for more information about
the conversion.

Kinematic Hardening

Engineering Data supports the following general classes of kinematic hardening:
+ Bilinear Kinematic Hardening

+ Multilinear Kinematic Hardening

+ Chaboche Kinematic Hardening (p. 61)

In addition to the above topics, the Rate-Independent Plasticity section of the Mechanical APDL Ma-
terial Reference includes detailed theoretical and background information on kinematic hardening.

Chaboche Kinematic Hardening

The Chaboche Kinematic Hardening material model option can be defined with respect to temper-
ature and allows up to five kinematic models for each temperature. It is required that all kinematic
models be defined for each temperature. You can specify the number of kinematic models in the
drop-down list. This adds additional columns for entering the data. Also included as an option is
Chaboche Kinematic Hardening with Recovery. See the Nonlinear Kinematic Hardening topic in

the Rate-Independent Plasticity section of the Mechanical APDL Material Reference for more information.
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Hyperelastic Material Models

Hyperelasticity can be used to analyze rubber-like materials (elastomers) that undergo large strains
and displacements, with small volume changes (nearly incompressible materials). Large strain theory
is required (in the Mechanical application, set Large Deflection to On).

The hyperelastic material models are isotropic and constant with respect to temperature. The hyper-
elastic materials are also assumed to be nearly or purely incompressible. Thermal expansion, in the
material, is also assumed to be isotropic.

Experimental testing data can be input for a material, and then using the curve fitting module (see
Curve Fitting (p. 48)), calculate coefficients for various hyperelastic material models. Another option
is to make use of the Response Function which allows the use of experimental testing data and the
definition of incompressibility parameters. The allowed experimental testing data are Uniaxial Test
Data, Biaxial Test Data, Shear Test Data, Volumetric Test Data, Simple Shear Test Data, Uniaxial Tension
Test Data, and Uniaxial Compression Test Data. The definition of the incompressibility parameters is
sequential and associated with a given index. To delete values requires that they be deleted from
the end of the sequence.

Mullins effect is used for modeling load-induced changes to constitutive response exhibited by some
hyperelastic materials. Mullins Effect should be used in conjunction with a hyperelastic material
model except for Blatz-Ko and Ogden Foam models.

For additional information on these hyperelastic models see Hyperelasticity in the Material Reference

Gasket Material Model

A gasket material model is used to analyze structural components that have a sealing component
between them. For additional information on the gasket model, see Gasket in the Material Reference.
The gasket is defined by a compression load closure curve, unloading data (linear or nonlinear), and
optionally transverse shear and the maximum tension stress. The gasket can additionally be defined
at different temperature values by adding an additional Data Set, found in the Gasket-Additional
Data category of the Toolbox pane for each temperature.

The compression load closure curve defines the pressure in the material at given closure values. To
enter this data, select the Compression item and enter the data in the Table pane.

The unloading data can be entered as linear or nonlinear data. To add unloading data, choose Linear
Unloading or Nonlinear Unloading, found in the Gasket-Additional Data category of the Toolbox
pane. When choosing linear unloading multiple curves are entered into each row of the table in the
Table pane. If nonlinear unloading is chosen each individual unloading curve is added from the
Toolbox and then the data is added in the Table pane.

To optionally define the maximum tension stress, add Gasket Parameters, found in the Gasket-Ad-
ditional Data category of the Toolbox pane.

To optionally define the transverse shear or transverse shear and membrane stiffness, add Transverse
Shear or Transverse Shear and Membrane Stiffness form the Gasket-Additional Data category
of the Toolbox pane.
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Charts

+ Select Data Set node in Properties Pane to display chart for all the data defined for specific data
set or temperature value.

+ Select Gasket Model property node in Properties Pane to display all the gasket data. Each data
set is displayed in unique color and associated temperature value can be seen in the chart legend.

Gurson Material Model

You use the Gurson material model to analyze structural components that experience plasticity and
damage in porous ductile metals.

See Rate-Independent Plasticity for a more detailed description of the Gurson Material Model.

You define the Gurson model with yield function inputs which allow the growth to occur. You can
then optionally combine the yield function with a nucleation model controlled by stress or strain,
and/or, a coalescence model.

Once you insert the Gurson Model, the Gurson - Additional Data category displays in the Toolbox
so that you can add the optional additional models:

* Nucleation Stress Controlled
* Nucleation Strain Controlled
+ Coalescence

You may specify either stress or strain but not both.

Puck Material Model

The Puck material model is used to analyze the failure of a material in a laminate. In some situations,
you may not have experimental data for the Puck parameters but can classify the material as a glass

or carbon. You can choose the Puck material classification from a drop-down menu and the appropriate
data is filled in. The possible entries are as follows: Material Specific, Glass, or Carbon. Material
Specific is the default selection.

Cam-Clay

The Cam-Clay material model is contained in the Geomechanical Toolbox data item. This property
supports Static Structural and Transient Structural analyses. When you added this model, the Porous
Elasticity (p. 65) model is also automatically added. For additional information, see Cam-clay in the
Material Reference.

Cam-Clay includes the following physical properties:
+ Plastic Slope Parameter
« Slope of Critical State Line

- Initial Size of Yield Surface
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* Minimum Size of Yield Surface
+ Dry Part of Yield Surface Modifier
+ Wetting Part of Yield Surface Modifier

+ Anisotropic Yield Surface Parameter

Drucker-Prager

The Drucker-Prager material model is contained in the Geomechanical Toolbox data item. This
property supports Static Structural and Transient Structural analyses. For additional information, see
Drucker-Prager Concrete in the Material Reference

Drucker-Prager Base is the primary property and includes the following physical properties:
+ Uniaxial Compressive Strength

+ Uniaxial Tensile Strength

+ Biaxial Compressive Strength

In addition, once you insert the Drucker-Prager model, the Drucker-Prager - Additional Data data
item displays in the Toolbox so that you can add one of the following:

+ Softening

* Failure Plane Data Set

Jointed Rock

The Jointed Rock material model is contained in the Geomechanical Toolbox data item. This property
supports Static Structural and Transient Structural analyses. For additional information, see Jointed
Rock in the Material Reference.

The Jointed Rock property includes the following physical properties:
+ Residual Strength Coupling

* Yield Surface

Initial Inner Friction Angle (Degree)

Initial Cohesion (Force/length2)

Dilatancy Angle (Degree)

Residual Inner Friction Angle (Degree)

Residual Cohesion (Force/length2)

In addition, once you insert the Jointed Rock model, the Jointed Rock - Additional Data data item
displays in the Toolbox so that you can add one of the following:
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« Tension Rankine Yield Surface

* Failure Plane Data Set

Mohr-Coulomb

The Mohr-Coulomb material model is contained in the Geomechanical Toolbox data item. This
property supports Static Structural and Transient Structural analyses. For additional information, see
Mohr-Coulomb in the Material Reference.

Yield Surface is the Mohr-Coulomb property and includes the following physical properties:
« Initial Inner Friction Angle (Degree)

+ Initial Cohesion (Force/length2)

+ Dilatancy Angle (Degree)

+ Residual Inner Friction Angle (Degree)

*+ Residual Cohesion (Force/length2)

In addition, once you insert the Mohr-Coulomb model, the Mohr-Coulomb - Additional Data data
item displays in the Toolbox so that you can add the optional additional model Tension Rankine
Yield Surface.

Porous Elasticity

The Porous Elasticity material model is contained in the Geomechanical Toolbox data item. This
property supports Static Structural and Transient Structural analyses. Porous Elasticity is automatically
added when the Cam Clay (p. 63) model is added. For additional information, see Porous Elasticity

in the Material Reference.

Porous Elasticity includes the following physical properties:
+ Swell Index

+ Elastic Limit of Tensile Strength

+ Poisson's Ratio

- Initial Void Ratio

Menetrey-Willam

The Menetrey-Willam material model is contained in the Geomechanical Toolbox data item. This
property supports Static Structural and Transient Structural analyses. It is useful for modeling geo-
mechanic materials such as concrete. For additional information, see Menetrey-Willam in the Material
Reference.

Menetrey-Willam Base and Dilatancy Angle are the primary properties and includes the following
physical properties:
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* Menetrey-Willam Base
- Uniaxial Compressive Strength
- Uniaxial Tensile Strength
- Biaxial Compressive Strength

+ Dilatancy Angle

In addition, once you insert the Menetrey-Willam model, the Menetrey-Willam - Additional Data
data item displays in the Toolbox so that you can add Softening (Linear or Exponential).

Three Network Model

The Three Network Model is a special hyperlasticity material model intended specifically for visco-
plastic materials.

You insert this model using the Three Network Model option from the Toolbox.

For the theoretical background of this material model, the steps to use it, as well as a description of
the generated output, see the Three Network Model topic in the Special Hyperelasticity section of
the Mechanical APDL Material Reference.

Bergstrom-Boyce Model

Bergstrom-Boyce is a special hyperviscoelasticity material model intended specifically for elastomer
materials.

To add this material model to your analysis, right-click the Bergstrom-Boyce option contained in the
Hyperviscoelasticity category of the Toolbox and select Include. You can also add the material by
double-clicking the option.

Note:

Note that this material model does not support the Engineering Data option Display
Values in Project Units. As a result, the material properties are not affected when you
change the units in the Workbench Unit drop-down menu. You must manually change

the units for the material using the Stress Units and Time Units properties of the material.

For the theoretical background of this material model, the steps to use it, as well as a description of
the generated output, see the Bergstrom-Boyce Material topic in the Special Hyperelasticity section
of the Mechanical APDL Material Reference.

Electromagnetic Material Properties
Linear "Soft" Magnetic Material

This category characterizes magnetic material assuming a constant permeability, that is, no satur-
ation effects. Permeability is simply defined as the ratio of B to H: y = B/H. Permeability is more
easily expressed in terms of relative and free-space values: y = p,,. Free-space permeability, p,,
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is equal to 4me-07 H/m. Relative permeability, y, is @ multiplier of free-space permeability. Free-

space permeability is defined internally within the program. You are required to supply a relative
permeability value. This category is applicable to nonmagnetic material such as air, copper, alu-
minum. It can also be used as an approximation to magnetic materials when a B-H curve is not
available. If the material exhibits constant properties in all directions (isotropic behavior) then
select Relative Permeability and enter the appropriate value. If the material exhibits different
permeability in different orthogonal directions (orthotropic), then select Relative Permeability
(Orthotropic) and enter values for three orthogonal directions (X, Y, Z). By default, the global
coordinate system is used when the material is applied to a part in the Mechanical application.
If desired, you can apply a local coordinate system to the part. The material orthogonal properties
align with the coordinate system assigned to the part. For orthotropic material properties, all
property values must be entered for the model to properly solve.

Linear "Hard" Magnetic Material

This category characterizes hard magnetic materials such as permanent magnets. The demagnet-
ization curve of the permanent magnet is assumed to have a constant slope. The demagnetization
curve intersects the H axis at a value corresponding to the coercive force, H.. The curve also inter-

sects the B-axis at a value corresponding to the residual induction, B,. You must enter the Coercive

Force and Residual Induction values. (Use a positive value for the Coercive Force). A permanent
magnet is polarized along an axis of the part. By default, the global coordinate system is used
when the material is applied to a part in the Mechanical application. If desired, you can apply a
local coordinate system to the part. Align the X-axis of the coordinate system in the direction of
the North pole of the magnet. The coordinate system may be Cartesian or cylindrical. A cylindrical
system may be used for radially oriented permanent magnets.

Nonlinear "Soft" Magnetic Material

This category characterizes soft materials that exhibit nonlinear behavior between B and H. Select
B-H Curve to enter nonlinear B-H data. The nonlinear behavior is described by a single B-H curve.
You may create a curve by entering B and H data points in Engineering Data, or you may choose
from a library of B-H curves for typical properties (p. 27). For material exhibiting orthotropic be-
havior, you may also select Relative Permeability (Orthotropic). You may elect to apply the B-

H curve in any one or all three orthotropic directions, and specify a constant relative permeability
in the other directions. If you use the orthotropic option, you can apply a local coordinate system
to the part in the Mechanical application instead of using the default, global coordinate system.
When creating B-H curves, observe the following guidelines:

a. The curve should be smooth and continuous.

b. Extend the curve well beyond the operating location to accurately capture local high saturation
levels. The slope of the curve should asymptotically approach that of free-space permeability.
The program extrapolates beyond the end of the curve at a slope equal to free-space permeab-
ility if required during the simulation.

c. Group data points around the knee of the curve for better curve-fitting.

d. For best convergence of the simulation, the curve should approach the (0,0) point asymptot-
ically. A new point in the curve near the curve origin may cause convergence problems.
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Nonlinear "Hard" Magnetic Material

This category characterizes hard magnetic materials such as permanent magnets. The demagnet-
ization curve of the permanent magnet is described by a series of B-H data points located in the
second quadrant. Select Demagnetization B-H Curve to enter this data. The first data entry point
should be at B = 0, H = -H.. A permanent magnet is polarized along an axis of the part. In the

Mechanical application, you can apply a local coordinate system to the part, instead of using the
default, global coordinate system. Align the X-axis of the coordinate system in the direction of
the North pole of the magnet. The coordinate system may be Cartesian, cylindrical. A cylindrical
system may be used for radially oriented permanent magnets. When creating B-H curves, observe
the following guidelines:

a. The curve should be smooth and continuous.

b. The curve may extend into the first quadrant.

c. Group data points around the knee of the curve for better curve-fitting.
Electric

This category defines the electrical material models, including:

+ Anisotropic Relative Permeability

+ Anisotropic Electric Loss Tangent

+ Isotropic Resistivity

+ Orthotropic Resistivity

Choose your material properties based on how the material exhibits properties in orthogonal
directions, either constant in all directions (isotropic behavior) or different in orthogonal directions
(orthotropic). By default, the global coordinate system is used when you apply these properties

to a part in the Mechanical application. If desired, you can apply a local coordinate system to the
part. The material orthogonal properties align with the coordinate system assigned to the part.
For orthotropic material properties, all property values must be entered for the model to properly
solve.

Piezoelectric
This category contains the following material models.

» Piezoelectric Matrix: This model is based on a matrix for tabular data. The model has the
following properties:

+ Anisotropic Elastic Loss Tangent

+ Anisotropic Viscosity

Note:

If you change the Format property from IEEE to MAPDL, or vise versa, the application
automatically clears any data you may have entered and does not perform a conversion.
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Crystallographic Point Group

Point Group is available for the Anisotropic Elasticity (p. 59), Anisotropic Relative Permeability (p. 66),
and Piezoelectric Matrix (p. 66) material models. Using Point Group, you can select from the following
symmetry operations:

Unspecified (default)
32

3m

4mm

6mm

23

43mm

Based on your selection, a corresponding table/matrix populates automatically with the appropriate
data, as shown here for Anisotropic Relative Permeability using the 4mm option.

Properties of Qutine Row 3: Structural Steel * B3 X
A B C D|E :
1 Property Value Unit v |G ! 2
2 %8 Material Field Variables = Table i ;Tll
3 = El Anisotropic Relative Permittivity =4 Tabular [ 4 0
4 Input Type Constant5... ¥
5 Point Group 4mim ;I
& E Isotropic Resistivity 1.7E-07 ochmm ;I (o

Mutually Exclusive Properties

The properties that are mutually exclusive are grouped in the following table.

Isotropic Elasticity
Orthotropic Elasticity
Mooney-Rivlin
Neo-Hookean
Polynomial

Yeoh

Ogden
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+ Arruda-Boyce
+ Gent

+ Blatz-Ko

+ Ogden Foam

» Extended Tube

+ Bilinear Isotropic Hardening
+ Multilinear Isotropic Hardening
+ Bilinear Kinematic Hardening

+ Multilinear Kinematic Hardening

+ Relative Permeability
+ Relative Permeability (Orthotropic)
+ Coercive Force & Residual Induction

+ Demagnetization B-H Curve

+ Thermal Conductivity Isotropic

+ Thermal Conductivity Orthotropic

* |sotropic Resistivity

+ Orthotropic Resistivity

+ Orthotropic Seebeck Coefficient

- Seebeck Coefficient

+ Relative Permeability
* B-H Curve
« Coercive Force & Residual Induction

» Demagnetization B-H Curve

+ Mooney-Rivlin
* Neo-Hookean

+ Polynomial

* Yeoh
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Ogden
Arruda-Boyce
Gent

Blatz-Ko
Ogden Foam
Extended Tube

Anand Viscoplasticity

Williams-Landel-Ferry Shift Function
Tool-Narayanaswamy Shift Function

Tool-Narayanaswamy with Fictive Temperature Shift
Function

Superelasticity

Shape Memory Effect

Isotropic Elasticity
Orthotropic Elasticity
Anisotropic Elasticity
Blatz-Ko

Ogden Foam

Mullins Effect

Exponential for Interface Delamination
Bilinear for Interface Delamination
Separation-Distance based Debonding

Fracture-Energies based Debonding

Linear Fracture Criterion
Bilinear Fracture Criterion

B-K Fracture Criterion

Modified B-K Fracture Criterion

Power Law Fracture Criterion
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CAD Materials

The materials assigned to parts in a CAD package can be used in Mechanical by selecting the Material
Properties check box in the Geometry cell Properties pane. The materials assigned to parts in the CAD
package is assigned to corresponding parts in the Mechanical application.

CADMaterials Engineering Data Source: When a model is refreshed after importing CAD geometry,
a temporary MatML 3.1 file is created, which contains the materials from the CAD package. This file is
added as a Data Source in Engineering Data as CADMAt er i al s and the file description identifies the
system it belongs to. This file is overwritten when a CAD update operation is performed, so the file
should not be edited directly.

See the following workflows related to the use of materials from CAD packages.

A.Using CAD Materials

1. Select the Material Properties check box in the Geometry cell and import geometry.

2. Refresh the model. The materials assigned to parts in the CAD package is assigned to corresponding
parts in the Mechanical application.

Note:

If the part in the CAD package does not have a material assigned, the default material

is assigned in Mechanical (see Selecting the Default Material Assignment for Model

Parts (p. 28)). This only happens the first time the geometry is attached. If you sub-
sequently update your geometry from the source application, Mechanical, by default,
does not assign the default material to new bodies. Review the description for the Assign
Default Material property in the Geometry object reference section of the Mechanical
User Guide for additional information.

B. Modifying Material Properties

1. Follow workflow A. Using CAD Materials (p. 72).

2. Add the material from CADMaterials Data Source to Engineering Data and modify it.
3. Refresh the model.

Mechanical uses the material defined in Engineering Data.

C.Deleting Material in Engineering Data
1. Follow workflow B. Modifying Material Properties (p. 72).
2. Edit the Engineering Data cell and delete the material.

3. Refresh the model.
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The default material is assigned to corresponding parts in Mechanical (see Selecting the Default
Material Assignment for Model Parts (p. 28)).

D. Updating Material from CAD

1. Follow workflow A. Using CAD Materials (p. 72).

2. Open geometry in the CAD application.

3. Modify material properties in the CAD application and save.
4. Update geometry from CAD.

5. Refresh the model.

Mechanical uses the modified material from CAD.

E. Materials with Same Name or Synonym

1. Define some materials in Engineering Data.

2. Select the Material Properties check box in the Geometry cell and import geometry.
3. Refresh the model.

If the material in Engineering Data has the same name or synonym (seen in the tooltip) as the
material defined in the CAD package, then the Mechanical application uses the material defined
in Engineering Data and not from CAD package.
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Appendix

This section includes the following:
Appendix A: Material Library File Format
Appendix B: Custom Material Models

Appendix A: Material Library File Format

The Engineering Data module follows the MatML 3.1 schema for saving material data to external libraries
on disk. For more information, see MatML: A Data Interchange Markup Language. To view an example

of the Ansys MatML 3.1 format, follow the directions in Exporting Individual Data (p. 22) to export
material data to a file. Then, open the exported file with a text or XML editor.

Appendix B: Custom Material Models

Introduction

Your installation of Workbench provides templates that enable you to customize the Engineering Data
Workspace to provide inputs for a user-defined material model.

This appendix describes the files that you will use as templates to create your own property categories
and the corresponding property data for your own user-defined material model(s).

Assumptions and Prerequisites

The process of creating user-defined materials requires you to edit installation files. Therefore, it is as-
sumed that you have the necessary skills and experience to perform these tasks. Expertise in material
constitutive modeling and software programming is necessary and experience writing XML. Furthermore,
creating user-defined material models also requires validation and testing. Ansys, Inc. strongly recom-
mends that you test both the single elements and the multiple elements with various loading conditions
to ensure correct results. This feature supports shared memory and distributed parallel processing.
However, you are responsible for ensuring that your code can use parallel processing.

In addition, in order to use user-defined material model(s) in Engineering Data, you must first follow
the steps to create the corresponding Subroutine in Mechanical APDL. See the Custom Material Models
section of the Mechanical APDL Material Reference before continuing.

The files to be customized contain instructional comments to assist you with the modification process.
The following sections further elaborate upon and explain the steps for customization.

Create Material Models
Material Definition Methods File

Material Relationships File
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Appendix

Material Properties File

Metadata Element

Create Material Models

Customization Files for Engineering Data Workspace The following files are included within your
production installation. They enable you to create interface elements within the Engineering Data
Workspace.

+ MAPDL_UserMat_Properties.xml: Defines a user-defined material model's constants to be sent
to Mechanical. These can be displayed in the Property pane or hidden. Installation location:

Drive:\Program Fi | es\ ANSYS | nc\ ver si on\ Addi ns\ Engi neer i ngDat a\ Met aDat a

+ MAPDL_UserMat_DefinitionMethods.xml: Defines the category and names to display for the
user-defined material model(s) in the Toolbox pane. Installation location:

Drive:\ Program Fil es\ ANSYS | nc\versi on\ Addi ns\ Engi neeri ngDat a\ Met aDat a

« MAPDL_UserMat_Relationships.xml: Defines dependencies and mutual exclusions for the custom
material model(s). Installation location:

Drive:\Program Fi | es\ ANSYS | nc\ ver si on\ Addi ns\ Engi neer i ngDat a\ Met aDat a

+ EngineeringData.config: Defines the files to be used by the product and if your edits are invalid,
you can disable the product. Installation location:

Drive:\ Program Fi |l es\ ANSYS | nc\ ver si on\ Addi ns\ Engi neeri ngDat a\ bi n\ <machi ne-type>

These files include instructional comments that guide you during the modification process. Each file
is described in subsequent sections.

Important:

ANSYS recommends that you use a text editor that allows you to expand and collapse
sections in the XML files for ease of editing.

Procedure
1. Open the following installation directory:

Drive:\Program Fil es\ ANSYS | nc\versi on\ Addi ns\ Engi neeri ngDat a\ Met aDat a

2. Highlight and copy each of the following files to a new folder. This helps to ensure that the integrity
of the original files is maintained.

+ MAPDL_UserMat_Properties.xml
- MAPDL_UserMat_DefinitionMethods.xml

+ MAPDL_UserMat_Relationships.xml
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3. Rename the new files by replacing “MAPDL" with your company’s name. For example:
+ MyCompany_UserMat_Properties.xml
+ MyCompany_UserMat_DefinitionMethods.xml
+ MyCompany_UserMat_Relationships.xml

Once copied to a new folder and renamed, you can begin editing the files.

Important:

We recommend that you use a text editor that allows you to expand and collapse sections
in the XML files for ease of editing.

Once you feel that your edits are complete and accurate, you need to modify the EngineeringData.con-
fig file. This is a critical program file.

Warning:

If you introduce an error into EngineeringData.config file, you may disable the product.
Therefore, it is critical that you have a backup copy of the file before performing edits to
it.

1. Open the following installation directory:
Drive:\ Program Fi |l es\ ANSYS | nc\ ver si on\ Addi ns\ Engi neeri ngDat a\ bi n\ <machi ne-type>
2. Make a copy of EngineeringData.config before editing.

3. Open the file in any text editor and search for "UserMat" and duplicate the lines related to "UserMat"
below the existing lines.

4. Replace the filename with your filename and then change enabled to "true" as highlighted below.

5. Make sure that you have copied your files to the installation folder.
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<HAetaFile enabled="trus® filename="Hylomany Userlat Properties. xel®>
Hevadars file convaining propercies, propertylaces, and warisbles Roown vo be wsed for HAPDL Useriae,
</HetoFile:
<fH=talakta
<Pefinicionfechodas
<befinzticnfechaod
<Derfinitvioalerhod
<hefinitionl=rhad
cPetfinitionferhod
<hefinitionfl=thod
shefinivionflerhod
“hefinitionfechad
«hefinitionlerhad
“Petinitionfehod
<befinitionflechod
<Definitionflechod
“f periniciondethodas
<Relation=hip=>

enab led="true®
enabled="rrua™
enab led="toue®
enadled="tEnpe™
=nab led=true®
enalkled="rEua”®
ennbled="tEue™

filename="%L0S '1'5_51: ructuralflacerzalbefiniczonfethods . xmlt /=
rilepame="AN373 ThermallaverislDelinitioalechods.xml™ >
filename="i03 ?B:E lecericlateciallefinitionMethods, #ml™ />
IllEnﬂHE="hmﬁYE_HEHDEE1EH&DEEl&iDEIIHIELUﬂHEEhﬂﬂE.Hml" £
fil=nmpe= ".ﬁ.IJTDD'!n'T']_Hate:: imlbefinzticonflechod=_xmi" [
Lilenawe="3AHCEF MaterialDerfinicionMethods.xml™ />
Lilename="AEAQDS _Hatervialleiinitioniethods., sml™ fr
epabled=Prrue® filenames=" FI.'I.I'II:-_]!u.l:.I:: iglbefinitionlechods . xml" /=
enaled="tEue" IllEnHWE="hCPFHﬂEEr1&LDE:inlElUnHEEﬁDﬁE.Hml" £z
enabled="falae" filename="nCode_EaterinlDefinitionMethods, xml™ />
enableds*rrus®™ ftlenamel"ﬂytnmany_ﬂ!erEa:_pzfinininnﬂzthnds.xml" £

<Relavionship
“Relacionship
LRelationship
<Rezlaciohsnip

ensbled="crus"
enabled="crue '
ensbled="crus"
enabled="crue"

Iilensme="ANZ¥S_Relationships.xml™ /&
filename="AUTODYN_Relacionships.xml™ />
filenam=="L3 D‘:'N.I._RJ:J.H'L ion=hipsa ., ¥ml" 7>
Ti1lename="SANCEF_Relationshipd. xml” f=

enabled="TeTue "
ensbled="crus"

“Relationship
<Relation=hip
“Relationship
<Relationship
<Relavionship
<Relacionship
</ Balationshipss

filename="ABLOUS_Relationshipa.xml® /r
filename="MNASTRAN Relationships.xml"™ />
enabled="crua" filename="FLUID_Relationshipa.iml™ S
ensbled="cru=" £ilepsm=="ALC P_F.-: lationship=z.xml" f»
enabled="talze™ rLilename="nCode Relationshipa. xml™ £
enabled="crue' filename="HAyComany UsecHat Relationshipa.xml® /=

6. Open the Engineering Data Workspace and select the Filter Engineering Data button. The
Toolbox should display your material model(s).

Material Definition Methods File

The content of the User Material Definition Methods file, MyCompany_DefinitionMethods.xml, is illus-
trated below. This file defines the category and property names that are displayed in the Engineering
Data Toolbox.

“Hoteoa>
This file is used to identify and group the definition methods for material properties. The user
will be presented with thias as a searchable tree wiew.

</ Notes>

“iaterielPro pertybe finitiontat BgoL ies ta roet=" AHSES " >
£lax

The p'n':':"'inr.F"i'ltnr e he <changed, see other files for -'.:n]'l'."i-.':nh'ln !17.1";1'"'_.] ——

<physiesCategory physissfilter="Structural’ names='Structural" >

e The naome oan b customisod--=

“Froperctyl etegory name=* Custom Material Models® > B Custam Mekerial Models
“Pr operty name=* UserMat HModel Hxnrrq_:l e 10 /= _flE UserMat Madel Exemple 1 [TFF|
“Property neme='lUserHat Model Example 1 {(CEM)*'/> 'El UserMat Madel Exampla 1 (CZM (UFR )
“Froperty neme='lUserHat Mo del Example 2% I= ‘E UserMat Madel Examplz 2 (UFF)
<Property neme='UserMat Model Example 2 (CzZM)c /> | T2 UserMat Model Exampk: 2 (C2M)(UET)

< /Propertylategorys
</ PhysicaCategorys

<fMaterialPropertybefinitionCategorisss

As shown above, the <PropertyCategory> element defines the Engineering Data Toolbox category
and the <Property> element defines a property contained in the category.
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As illustrated, you can have more than one property. In addition, this is where you also create addi-
tional property categories. You can copy and paste these lines to help you create additional properties
and property categories.

Note:

+ The string for the name attribute must be the same as that used in the MyCompany_User-
Mat_Properties.xml file for the name of the user-defined material model to be valid. An
example of this entry is shown below.

“FParameterValue parameter="groupPropertyData" format="string">
<Data>UserMat Model Example 1 </Data>
</ParameterValue>

+ The text "(UPF)" is appended to the string by Engineering Data to clearly distinguish
user-defined material models from those provided by ANSYS.

+ Make sure that your tags are properly formatted with beginning ("<") and ending ("/>")
characters.

Material Relationships File

The content of the User Material Relationships file, MyCompany_UserMat_Relationships.xml, is illustrated
below. Your material model may require specific material data, such as Density in order for it to be
computed. This file defines those types of dependencies and also defines the mutual exclusions for
your material model(s).
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=Notes>
Thisz information definesz the material models that a particulary solwer target can
utilize. It alsgo defineds the rules for mutually exclusive logic.
</ Hates>
“PropertyDependensisss
“l-- The UssrMat regquires that Density he specified with it.-->
“Property hname="UserMat Model Example 1°>
“Property name="'Density" />
</ Property>
“Property hname="UzerMat Model Example 1 [(CIZM)">
“Property name="'Density" />
</Property>
<PrEoperty name="UzerMat Model Example 2>
“Property name="'Density" /=
</Property>
=<PrEoperty name="UgerMat Model Example 2 ([CIM)">
“Property name='Density" /=
</Property>
</PropertyDependencisss
“putualExclusionss
<MutuallyExclusives
<ModelDatz>*Elagticity</ModelData>
<ModelDats*Mooney-Rivlin< /ModelDatas>
<ModelData>Heo-Hookean</Modelhata>
<ModelDats>nrruda-Eoyoce< /ModelDatas
<ModelData=Gent</ModelData>
<ModelData*Blatez-Ko<,/ModelData>
<ModelData>Polynomial</ModelData>
<ModelData>¥eoh<,/ModelData>
“Modellata>0gden</Modelbata>
“Modellata>Response Funcotion</ModelData>
“Modellata>0gden Foam</ModelData>
“ModelData=Extended Tube</ModelData=
“Modellata>Exponential Strain Energy Potential</ModelData>
“Modellata>lUserHMat Model Example 1</ModelDatax
</ Mutuall yExclusives>
</MutualExclusiona>

The PropertyDependencies element provides all material property dependencies. A given property
is specified which then contains those properties which it is dependent upon.

Note:

+ The string for the name attribute must be the same as that used in the MyCompany_User-
Mat_Properties.xml file for the name of the user-defined material model to be valid. An
example of this entry is shown below.

“FParameterValue parameter="groupPropertyData" format="string">
<Data>UserMat Model Example 1 </Data>
=/ParameterValue>

Release 2025 RT-© ANSYS, Inc.Allrights reserved.- Contains proprietary and confidential information
80 of ANSYS, Inc.and its subsidiaries and affiliates.



Appendix B: Custom Material Models

+ Make sure that your tags are properly formatted with beginning ("<") and ending ("/>")
characters.

Mutual Exclusions

A user-defined material model may not be able to be used with other material data (such as isotropic
elasticity) because the user-defined material model provides the needed computation (such as
elasticity). The relationships file enables you to specify this information so that when a user would
add the user-defined material model to the material the other material properties or models will be
suppressed automatically if in the material.

Any mutual exclusion to other material models is defined within the MutualExclusions element. You
use the subelements (ModelData) to specify those models which cannot be used together. There
can be more than one MutuallyExclusive element specified. Add the ModelData line multiple times
with a string as a property name which cannot be used with the user-defined material model.

Material Properties File

The MyCompany_UserMat_Properties.xml file contains the specific data that is sent to Mechanical.
Within the file, the Bulk Details element houses the data elements.

The illustration shown below displays the BulkDetails element in a collapsed view. The additional
elements within BulkDetails are the elements that you will make changes to.

“EulkDecailaz
€1-— Th= pontenta of the Hame =l=ment cannot be modified. —-¥
Hame>ANEYE Enginsering Data Property Definitions/Hams=>
laa

EXAMFLE = Hodel with State Variabkles hidden

the Mztedate ([(Userkac Hod=l Exa=zple 1}

thi= PropertyData tEo be

<Fropertylaca propes

£ProcpertyData props=

cFropertylata propexr)

L=

ESRMPLE - Temperature Da
>

«!-—The following Fro cremcE a4 PICpPEITY with the neme from the M=cedate (UserHat Hod=l Exazmple Z)

<PropertyData propect Jocusrence==iiis:

<1-—The £ollowing P yhata w cr=ate a property with the name from the M=tedate (Us=zerMat Hodzl Exazples 2)
<PrepertyData props e Dol
<!==The Zfollowing PropercyData W & & property with the name from the Mecadata (UserMat Hodel Example I (C2M) |
<fropereyleacs propascy='priSER" main Jocurrenoem=ilis

</BulkDetails>

Within the BulkDetails element, the PropertyData element defines the input data for each user-
defined material model.
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Ll ——
EXAMPLE - Model with Stace Variables hidden
-
©!==The Iollowing Fropercy¥Data will create & PLOoperty Wwith che nawe Ipom The Hecadata (UserHat Oodel Edample 1)
and define thres variahles. The UsecHat Qualifier mus=t b= defined for this Prop=rcbybatm to be
wricten a8 TG, USER. --&
fRropectylacs propocty="prUSER" delimiter=":" mindccurcences="1'3
<Dats formast=‘string*>-</Dac=>
sonalirier aame="UserdMat" >USER</Cualifier>
<“l-— The following ParsmeterValu=s mllows for temperatur=s dep=nde=nce for the model. To ensble change
che maxEncries vo floor (1000/MPTS). —->
“ParopctecrValue poarapcter="pal” forpat="float" minEntrics="0" maxEncries="2">
<Dlata>T.G8660905221011005411 726565262 79e-31</ Datax=
<ualifier nake="Variable mr";lnﬁanunﬁ.entdmallr1er>
< fParam=terfalo=>

£l-- The Tfollowing ParamaterValue specifies che valus o be uged a2 the switch Lfor mulciple
mode la defined in o TocrfAnc oubroutcine 1n this code 1t 13 model 1. The uaer doesn't noed
to === thi= =o it i= npot dis=played (Di=play]. Al=c =pscifi=d i= thst thi= i= the fir=t cons=tant
"Cl™ for the TEDATA cowmantd [(Useriat Cohacann] . ===
<ParametecValue parametec=‘pall’ Zormat=“fleat® loveclimic=">0.0">
<Iacaxla/Datas

“ualitier noEc=Display’ rFalse</OunlificTr
<iluslifier npame='UserHat Constant':>1l</Qualifiscs

cjualifier paxe="Variable Type":Dependent</Cunlifiers
< fParam=tecifalo=:

<1l—-— The follouing ParameterValie specifies chat chis iz che gecond conscapr ™C2W
Lor the TEDATAE commanct [Useriat ConIcantc).=-=

“<PATERSCEEVALNE pararecer="pat2" ITormac="ITloat" LowerLimlc=">0.0">

<l== The folloving Param=terUslue specifies=s that this 1= the chird constant “C37

for che TEDATA command [(TzerMHat CopsScsnl) .—->
CParaEeteEValue porapccer="patld’ formateEtfloat" lowverLimlic="x0. 07
<FarametecValue parametec='groupPropertylata® focmat='string" >
<Taca-UserMat Model Example 1</ Dacsa:
<fPacameterValus>
“fPropereybacat

The PropertyData element requires the property attribute (property="prUSER") which is a string data
type that corresponds to an id attribute in the Metadata element within the properties files. You
may use any unique string as the identification for a given Property. The PropertyData element also
requires the minOccurrences attribute (minOccurrences="1") attribute. You use the ParameterValue
element within PropertyData to define the data for a user-defined material model.

<Data format>=string</Data>
You must include this line as shown for compatibility requirements.
<Qualifier name="UserMat">string</Qualifier>

Identifies this PropertyData as being defined in UserMat. The string should be specified as "USER"
to define inputs for this user-defined material model (TB, USER) or "STATE" to define state variables
for this user-defined material model (TB, STATE) or a material model (e.g. CZM) which supports
USER as a valid TBOPT field (such as TB,CZM,,,,USER).

<Qualifier name="Display">False</Qualifier>

This Boolean allows the PropertyData to be hidden (False) in the GUI but the data is sent to
Mechanical.

The individual field data and behaviors for a user-defined material model are defined within the
ParameterValue element. The following attributes are applicable for this element.
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Attribute

Value

Description

parameter

"string"

The string corresponds to the id attribute in a
ParametersDetails element of the Metadata element.
You may use any unique string as the identification
for a given Parameter (user-defined material model
field).

format

"string"

This attribute is required for compatibility requirements
and the string value must equal "float".

lowerLimit

"string"

This string is the lower limit of valid data. It is possible
to use ">0.0" for a positive non-zero value. The default
is negative the maximum double numerical
representation.

upperLimit

"string"

The string is the upper limit of valid data. It is possible
to use "<0.0" for a negative non-zero value. The default
is the maximum double numerical representation.

-z

EXAHPLE - Hodel

with State Variables hidden

<!==The following Propercylata will create & PEOpPErTy Wwith che nake Irom the Hecadata (TeerHat Aodel Exdample 1)
and define thres wvariables. The UsecHat Qualifier must be defined for this Propectbyblata to be
uricren a2 TH, USER.
fFropectybace propecty='pruUSER" delimiters=":" minCocurcencea='1°3
<Data format="string*:>—-</Dacs>
cOualirier neame="UgerMat">USER</Cualifier:>
<l-— The following ParametecV¥alus allows for temperaturs dep=ndence for the model. To enable change
che maxEncries vo floor (1000/HPTS). —-*
“ParameteeValue poaromcter="pal" forgac="float” miaEncriss="0" maxEncriss=r2"»
<Dlata>7. 88660905221 011805411 726565262 70e-31</Datax-
<Qualifier nare="Variable Type":>Independent</Cualifier:
< fParam=terfalu=>

Zl== The Ifollovind ParamaterValue specilfiess che walws Lo be uzed a2 the switch Lor muloiple
mode s defined in a Tocrfac subroutine in this ease 1t i3 model 1. The uaer doesn't need
to =e=e thi= =p it i= npot displayed (Di=play]. Al=c =pscifi=d i= thst thi= i= the fir=t con=tant
"Cl™ for the TEDATA command [(Userdat Conacant] .=-==
<“ParametecValus parametec='pall’ format="float® loverlimic="%0.0%>
<latax1</Iacax

“0ualifier nopc='Display’ rFalse</Cunlifiers

<umlifiser pames'lUssrHatbt Constant'>1</Cumalifiscs>

<dualifier nare="Variable Type":>Dependent <foualitlers
< fParam=terifalo=>

<1-- The folloving PacameterValus specifies chat chiz iz che second consvant "C2W
for the TEDATAR command (UzerHat Conscant).-->

<PRETEMECEEVEIUE paramecer="paC2" Iformac="Tloat" lowerLitlc=">0.0">

“l-— The folloving Param=terWalue specifies that this 1= the third conscanc #1037

for che TEDATA command [(OzerMdsat Copsesnl) .—->=
CPRCaEeteEValue poromccor="patd” Iormat="float" lLowceLimlc="0.0" >
<“ParametecWalue parametec='groupPropectybatsa” format='strimg" s>
<Taca-Ugerdat Model Example 1</ Taca:
< fPacameterfalusy
</Propertylata

-

Further defining ParameterValue content includes the following:

<Data=string</Data>

The string is the default value for the parameter to send to Mechanical. If the desire is to have a
blank field in the GUI to indicate a value should be entered (shown in yellow), use the value in-
cluded in the example, the result of pow(2,-100).
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<Qualifier name="UserMat Constant">string</Qualifier>

The string is an integer value which specifies this parameter value's position in TBDATA command.
For example, the user input value of parameter "paC3" will be placed at the fifth position in TB-
DATA command.

<ParameterValue parameter="palC3" format="fleoat" lowerLimit=">0.0">
<Data>7.86860905221011805411 728565282 7%-31</Data>
<fualifier name="UserMat Constant">5</Qualifier>
<fualifier name="Variable Type">Dependent<,/Jualifier>
</ParameterValus>

<Qualifier name="Variable Type">string</Qualifier>

This string should be specified as Dependent for a dependent parameter and as Independent
for an independent parameter (such as Temperature).

Temperature Dependent Parameter Value

When the data can vary with temperature then you need to include a parameter (in the example,
ParameterValue parameter="pa1l") as the first element of the PropertyData element. You need to
also include the following two attributes to define the number of temperature points for which data
will be provided.

minEntries

minEntries="string": The string is an integer value. A value of " 0" allows the user to enter data
without any temperature points.

maxEntries

maxEntries="string": The string is an integer value. For example, a value of " 2" allows up to a
maximum of two temperature data points to be specified. The maximum entries allowed by
Mechanical APDL is limited by the following calculation:

maxEntries <= 1000 / (number of user-defined material model inputs)

<ParameterValue parameter="pal" format="float" minEntriesz="0" maxEntrieza="2">
<Data>T7.8BB8609052210118054117285652827%e-31</Data>
«fualifier name="Variable Tyvpe">Independent</Qualifiers>

«/ParameterValus>

For the example content, the parameter "pal" is defined in the Metadata table as Temperature.
You can use an alternate string if desired (such as "temp").

STATE Dependent Parameter Value

If your material model also needs STATE data to complete the inputs, include the groupPropertyData
parameter as the last element in the PropertyData element. In the example illustrated below, placing
this element in more than one PropertyData element will group these PropertyData under a single
property "UserMat Model Example 1" in the GUI.
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<ParameterValue parameter="groupPropertyData" format="string">
«Data>UserMat Model Example 1</Data>
</ParameterValuer

The parameter groupPropertyData is defined in the Metadata table with the name Material Property
which facilitates this behavior. You can use an alternate string if desired (such as "group").

Metadata Element

The details for the attributes used on PropertyData (property="") and ParameterValue (parameter="")
are contained within Metadata element. Metadata content is illustrated below.

<Metadatak

<=
$#%#% Parameter Details
-
<ParameterDetails id="pal">

<l—— TIf a parameter i=s not Unitless, it means the user can use the unit for the wvalue.

<Hame>Temperatnre< /Hame>

<UInit=s name="Temperatore">

<Units>
<Hame>C< MHame>
</Unitc>

</Units>
</ParameterDetails>
<ParameterDetails id="paCl">
<ParameterDetails id="paC2">
<ParameterDetails id="paC3">
<ParameterDetails id="paC4">
<l—-
<ParameterDetails id="paSvi">
<ParameterDetails id="paSV2">
<!—— Eey tTo group PropertyData into a single Property —->
<ParameterDetails id="groupPropertyData">
<l——
<PropertyDetails id="prUSER">

<Name>Model Coefficients</Name>

<Unitless/ >
< /PropercyDetails>
<PropertyDetails id="prSTATE">

</Metadata>

Parameter Details

The string used by ParameterDetails is a unique identification for the parameter to be used in con-
junction with a ParmeterValue's attribute parameter.
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Name

<Name>"string"</Name>: This string to be displayed in the GUI as the name of the parameter.

“FParameterDetails id="pal">
<!'—— Tf a parameter is not Unitless, it means
the user can use the unit for the value.-->
<Hame>Temperatore< /Hame>
<Units name="Temperature">
<Unit>
<Name>C< /Hame>
</Unit:>
</Unitce>
</ParameterDetails>

Units

The Units element defines the name of the physical quantity for which defined units are available.
For example, units of a parameter which has Stress units (Pa) can be defined as shown below.
Use Unitless for parameters without units as shown above.

<Units name="S%tress">
<Unitc>
<Mame>Pa</Hame>
</Unitc>
</Units>

Caution:

Use extreme caution if you are choosing the unit of measure. This value is converted to
the Unit System specified for the solution and if you do not enter a supported unit, you
could produce incorrect data for the solution.

Property Details

The only PropertyDetails attribute is id="string". The string is a unique identification for the property
(prUSER) to be used in conjunction with a PropertyData's attribute property. Following elements are
used to further specify PropertyDetails.

Name

<Name>"string"</Name>: The string to be displayed in the GUI as the name of the user-defined
material model.

Units

This is required for compatibility and should not be modified.
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#PropertyDetails id="prUSER">
<Hame>Model Coefficients</Hame>
<Unitless/ >

</PropertyDetails>
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