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Preface

The presented material was created within the Erasmus+ project of the student Stefanos Syllignakis under the
leadership of Petr Vosynek. It is basically support material for the subject 6KP and its English version 6KP-A (basics of
computational modeling using finite element method) taught in the Institute of Solid Mechanics, Mechatronics and
Biomechanics, Faculty of Mechanical Engineering, Brno University of Technology.

Computer labs of 6KP and 6KP-A are composed of active exercises under the current interpretation of the
fundamentals associated with the type of elements and also from a separate project for a group of students. The texts were
made in two versions, for the computing open_source system Salome_Meca (C_A) and for computing system ANSYS
Workbench v16.2.
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INTRODUCTORY

General Information ’

# The ANSYS Workbench represents more than a general purpose engineering tool.
o It provides a highly integrated engineering simulation platform.
o It supports multi physics engineering solutions,
o It provides bi-directional parametric associativity with most available CAD systems.

# These tutorials are designed to introduce you to
o The capabilities, functionalities and features of the ANSYS Workbench.
The nature and design of the ANSYS Workbench User Interface.
The concepts of ANSYS Workbench Projects and related engineering simulation capabilities.
The integrated nature of ANSYS Workbench technology.
The power of the ANSYS Workbench in using applied parametric modeling and simulation techniques to
provide quality engineering solutions.

o O O ©
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The Design Modeler

File Management. Image Capture. Undo/ Redo of Modeling Operations. Geometry Selection and Filtering. Display Manipulation and Control.

|2 & B[] [Dtnde Gredo |[[sdect[* &[RRI @ [ & [ B x][S > Q& QO E [ +[@e [ ]
|B- W 4 fo oo S A A &

] XYPlane - ',1.| None - EE@”J :}' Generate G Share Topalogy Parameters ” E'Extrude ﬁRevoIve %Sweep 8Skin/Loft |
J W Thin/Surface QuBlend ~ 4 Ch W Slice |J @ Point B0 Conversion

Plane and Sketch Management. Depicts Modeling Operations. 3D Geometry Creation and Parameters.

Aupports Editing of Modeling Operations. Sketching Toolboxes
—
Tree Outline - 5

‘ -~ /[88] A: Static Structural Modeling and Sketching Mode Switching. [ Line
E H XPlane & Tangent Line
7 ZXPlane & Line by 2 Tangents

g ta YZPlane Supports Viewing of Modeling Details. A Polyline
..., 0 Parts, 0 Bodies ‘* (5Polygon
J Allows Editing of Model Details. ClRectangle

{“hRectangle by 3 Points

sketching  Modeling cgi}va[
Circle
Details View 44 Circle by 3 Tangents
El| Details of X¥Plane “MVArc by Tangent
Flane i Arc by 3 Points

Provides Access to Sketching Tools.

Sketches
Export Coordinate System?

Madify -

Dirmensions

Constraints
Supports Sketch Creation and Modification. Settings

Sketching I Modeling |

Details View
[=l| Details of Sketchl
Sketch
Sketech Visibility
Show Constraints?

Supports Viewing of Sketching Details.

Sketchl
Show Sketch
Mo

Supports Editing of Geometry and Features.

Edges: 1

Line Ln7

# Sketching Mode:
o Provides for the creation of sketches using standard or user defined model coordinate systems.
o Supports the creation of 3D parametric solids from 2D sketches.

# Modeling Mode:
o Provides tools for the creation and modification of 3D parts and models.
o Tracks and supports modification of modeling operations.
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Basic Mouse Functionality

#  Left Mouse Button. [LMB] ‘ # Right Mouse Button. [RMB]
o Geometry Selection. o Open Pop-Up Context
o  Ctrl+ LMB > Adds/

Removes Selected

Entities.

Hold LMB and Sweep

Cursor = Continuous

Selection.

Press+ Hold = “Paint

Select”.

Menus.

# Middle Mouse Button. [MMB]
o Free Rotation.

Selection Filters 2D Points, 3D Vertices.

2D Edges, Model Edges, Line Edges.

Faces.

Solid Bodies, Surface Bodies, Line Bodies.

Extension Options.

'E'Ij Extend to Adjacent
@] Extend to Limits

Smgle/Box Selection. Q% Flood Blends

E.:.I:j Flood Area

New Selection. i Extend to Instances

# Model features are identified by graphically picking them using the left mouse button.

# Feature selection is done by activating one of the selection filters from the menu bar or from pop-up menus using

the right mouse button.

# In selection mode, the cursor changes to reflect current selection filter.

# Adjacent and Flood Selections extend selections to adjacent areas. Additional information can be found in the ANSYS

Workbench Help (documentation).

# Selection filters can also be set using pop-up menus (right mouse button in the Model View).

T3 Select L / Chai T3 Select Loops / Chains
et o > Select Smooth Chains
o | BT © o
g = o 2D Ed - B 5
) sometric View |ﬁ g9 ) e PF Point
1 st % se s
150 j, R Defaul # LineEdge
i Restore Default estore Default @ _—
Zoom to Fit (F7) Zoom to Fit (F7) S e
Cursor Mode » Cursor Mode 3 @ Line Body
Vi . View b E:L Surface Body
19 LIET(A #9 Look At
ook At
§ Select All (Ctrl+ A)
’
=} Generate (F5) 3 »
In Sketching Mode. =/ Generate (F5) In Modeling Mode.
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Selection Panes

# Selection Panes allow selecting hidden geometry (lines, surfaces, etc.) after an
initial selection. ¢
o Inassemblies only panes are color coded to match part colors.
o Multi-select techniques apply to selection panes as well.
c—

# Initial left mouse click.

Note: Each plane represents an entity (surface, edge, etc.) that an imaginary line
would pass through, starting from the initial mouse click location and proceeding
into the screen away from the viewer in the normal viewing direction.

Previous/ Next View.

Graphic Controls ®

Panning.

Zoom In/ Out. New Section Pane.

‘} f Display Plane/ Display Model.

PEQEEQ QS| [4we [

—e

3

I Look At: Select Model Feature then

“Look At”. Model Will Automatically
Orient Normal to Feature, Centered at
Pick Point.

Fit Model to Graphics Screen.

Display Points.

Additional Mouse Controls

# While in Select Mode:
o Center Mouse Button = Free Rotations.
o Right Mouse Button = Box Zoom.
o Shift+ Center Mouse Button = Zoom.

# While in Rotate, Pan or Zoom Mode:
o Left click on model temporarily resets center of view and rotation at cursor location.
o Leftclick in open area re-centers model and rotation center to centroid.

# Mouse Cursor is Context Sensitive.
o Indication Current Mouse Actions [Viewing, Rotation, Selecting, Sketch AutoConstrains, etc.]

+ L9 ™
Py Fo Bp By Ge & Gp K, % % § % S
s ar 2 2Dline 20 point Body BoZoom Edge 150 Pan PanSelect Fitch PitchSelect FiRotate
R & W R e C H T U
: G & S % Y Y A I S
|FiRotateSel... Roll RollSelect Rotate RotateSelect  selectnext  SelectRotati.. SketchCoin  SketchHoriz Sketching  SketchTang  Sketchiert Spot Surface
— L3 .4
[% Re [%-x Ry [%-Y ‘T"‘ ‘? R, %.z & &
ertex Wit X * Y Y Yaw Y awSelect z Z Zoom ZoomSelect
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Understanding Cell States

ANSYS Workbench integrates multiple applications into a single seamless project flow, where individual cells can
obtain data from and provide data to other cells. As a result of this flow of data, a cell’s state can change in response to
changes made up to the project. ANSYS Workbench provides visual indications of a cell’s state at any given time via icons on
the right side of each cell.

Reference --> ANSYS Help v.17.0.

Cell states can be divided into the following categories:

I. Typical Cell States
> Unfulfilled ©

Required upstream data does not exist. Some applications may not allow you to open them with the cell in this state. For
example, if you have not yet assigned a geometry to a system, all downstream cells will appear as unfulfilled, because they
cannot progress until you assign a geometry.

» Refresh Required =

Upstream data has changed since the last refresh or update. You may or may not need to regenerate output data. When
a cellis in a Refresh Required state, you can Edit the cell, Refresh the data, Update Upstream Components, or Update the cell.

The advantage to simply refreshing a cell rather than performing a full update is that you can be alerted to potential effects
on downstream cells before updating and can make any necessary adjustments. This option is especially useful if you have a
complex system in which an update could take significant time and/or computer resources.

> Attention Required 2

All of the cell’s inputs are current; however, you must take a corrective action to proceed. To complete the corrective
action, you may need to interact with this cell or with an upstream cell that provides data to this cell. Cells in this state cannot
be updated until the corrective action is taken.

This state can also signify that no upstream data is available, but you can still interact with the cell. For instance, some
applications support an “empty” mode of operation, in which it is possible to enter the application and perform operations
regardless of the consumption of upstream data.

» Update Required

Local data has changed and the output of the cell needs to be regenerated.

> UptoDate ¥

An Update has been performed on the cell and no failures have occurred. It is possible to edit the cell and for the cell to
provide up-to-date generated data to other cells.

> Input Changes Pending ¥

The cell is locally up-to-date but may change when next updated as a result of changes made to upstream cells.

ji. Solution-Specific States
> Interrupted, Update Required d
Indicates that you have interrupted the solution during an update, leaving the cell paused in an Update Required state.

This option performs a graceful stop of the solver, which will complete its current iteration; although some calculations may
have been performed, output parameters will not be updated. A solution file will be written containing any results that have
been calculated. The solve will be resumed with the next update command.
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> Interrupted, Up to Date ¥
Indicates that you have interrupted the solution during an update, leaving the cell in an Up-to-Date state.

This option performs a graceful stop of the solver, which will complete its current iteration; output parameters will be
updated according to the calculations performed thus far and a solution file will be written. You can use the solution for post
processing (to look at the intermediate result, for example). Because the cell is already up-to-date, it will not be affected by a
design point update; to resume the solve, right-click and select the Continue Calculation option.

» Pending <

Signifies that a batch or asynchronous solution is in progress. When a cell enters the Pending state, you can interact with
the project to exit ANSYS Workbench or work with other parts of the project. If you make changes to the project that are
upstream of the updating cell, then the cell will not be in an up-to-date state when the solution completes.

jii. Failure States

> Refresh Failed, Refresh Required %

The last attempt to refresh cell input data failed and the cell remains in a refresh required state.

» Update Failed, Update Required %

The last attempt to update the cell and calculate output data failed and the cell remains in an update required state.
» Update Failed, Attention Required %

The last attempt to update the cell and calculate output data failed. The cell remains in an attention required state.

If an action results in a failure state, you can view any related error messages in the Messages view by clicking the Show
Messages button on the lower right portion of the ANSYS Workbench tab.
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3D Geometry

Bodies and Parts

# DesignModeler is primarily intended to provide geometry to an analysis environment.
For this reason we need to see how DesignModeler treats various geometries.

# DesignModeler contains three different body types: ¢ Sketchd
o Solid Body: A body with surface area and volume. «ﬁ ﬁ;g::::
o Surface Body: A body with surface area but no volume. EJ@ Ebraet
. . . ) Hy
o Line Body: A body which consists entirely of edges, no area, and no volume. -, [ Extrudez
# By default, DesignModeler places each body into one part by itself. — - '
y & P Y P y iy | B3 3 Parts, 3 Bodies I
# There are two body types in DesignModeler: T oo
Active: e e v [ Surface Body
= Body can be modified by normal modeling operations. -y " Line Body

o

i ]

-, @ Solid
-, @ Solid
-, 6@ Solid

., @ Solid

o

Reference --> Autodesk Network Article.

ISEEY ®| Project1
E]',ﬁ\ X¥Plane

b 78 Skebchi
3 sketch2

= Active bodies are displayed in blue in the Feature Tree View.
= The body’sicon in the Feature Tree View is dependent on its type — solid, surface, or line.
Frozen: @ I
=  Two Purposes:

S Parts, S Bodies

f @ old

e Provides alternate method for Sim Assembly Modeling. «g E':?j

ali

e Provides ability to “Slice” parts. [ & foic

= AFrozen body is immune to all modeling operations except slicing. A

= To move all Active bodies to the Frozen state, use the Freeze feature.
= To move individual bodies from the Frozen to Active, select the body and use the Unfreeze feature.
Frozen bodies are displayed “lighter” in the Tree View.

# Body Suppression:

O
O

# Parts:

Boolean Operations

# You can apply five different Boolean operations to 3D features:

o

O
O
O

e}
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Suppressed bodies are not plotted.
Suppressed bodies are not sent to Design Simulation for analysis, nor are they included in the model when
exporting to a Parasolid (.x_t) or ANSYS Neutral File (.anf) format.

In the Tree View an “X” is shown near suppressed bodies. Unsuppressed v @ Solid
Suppressed v @ Solid
, , , e, B Solid

By default, the DesignModeler places each body into one part by itself. )
fe, B Solid

You can group bodies into parts.
= These parts will be transferred to Design Simulation as parts consisting of multiple bodies (volumes),
but Shared Topology.
To form a new part, select two or more bodies from the graphics screen and use = Tools 2 Form New Part.
The Form New Part option is available only when bodies are selected and you are not in a feature creation or

feature edit state. Si@tehing] Modeling |

2 |Details
Extrude
Base Object

| Extrudss
Sketchd |
Add Material hd

Direction Vector

Direction Cut Material
Imprint Faces
Tvee Add Frozen

| FD1, Depth (>0} |30 mm
As Thinjsurface? Mo
Merge Topology? Yes

Add Material: Creates material and merges it with the active bodies.
Cut Material: Removes material from active bodies.

Slice Material: Slices frozen bodies into pieces. [Available only when all bodies in the model are frozen]
Imprint Faces: Similar to Slice, except that only the faces of the bodies are split, and edges are imprinted if
necessary.

Add Frozen: Similar to Add Material, except that the feature bodies are not merged with the existing model
but rather added as frozen bodies.




=] Detalls of Extrude2

Operation Add Material
Direction Wector |[Mone (Normall
Direction

To Faces -~
Feature Type =
yp Through All
To Mext
To Faces
To Surface

# Fixed:
o Fixed extents will extrude the profiles the exact distance specified by the depth property. The feature preview
shows an exact representation of how the feature will be created.

# Through All Type:
o Will extend the profile through the entire model.
o When adding material the extended profile must fully intersect the model.

# To Next:
o Add will extend the profile up to the first surface it encounters.
o Cut, Imprint and Slice will extend the profile up to and through the first surface or volume it encounters.

# To Faces:
o Allows you to extend the Extrude feature up to a boundary formed by one or more faces.
o For multiple profiles make sure that each profile has at least one face intersecting its extent. Otherwise, an
extent error will result.
o The “To Faces” option is different from “To Next”. To Next does not mean “to the next face”, but rather
“through the next chunk of the body”.
o The “To Faces” option can be used with respect to faces of frozen bodies.

# To Surface:
o Option is similar to “To Faces”, except only one face can be selected.
The extent is defined by the underlying and possibly unbounded surface
of the selected face.

Original Sketch.

Fixed

Through All

i ‘/ , ’ To Next

v

To Faces
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Feature Creation

# Extrusions: F[petalls of Entrudet -
o Extrusions include solids, surfaces and thin walled features. Basa Objct Sketchi
o To create surfaces, select “as thin/surface” and set the inner and outer Seacen e ::::lmtmmlan
thickness to zero. et e
o The active sketch is the default input but can be changed by selecting the As::i;;;?c:?‘>°) LU
desired sketch in the Tree View. FO2, Trward Thickness (>=0) [0
o The Detail View is used to set the Extrude depth, direction and Boolean MangT%D:;tov;;;dThickﬂessb:m .
Operation (Add, Cut, Slice, Imprint or Add Frozen).
o The Generate button completes the feature creation.
# Revolve: — —
o Active sketch is rotated to create 3D Geometry.
o Select axis of rotation from details.
o Direction Property for Revolve:
= Normal: Revolves in positive Z direction of base object.
= Reversed: Revolves in negative Z direction of base object.
=  Both- Symmetric: Applies feature similar in both directions.
=  Both- Asymmetric: Applies feature in both directions unevenly.
o The Generate button completes the feature creation. \

# Sweep:
o Solids, Surfaces and thin walled features can be created by using this feature to sweep a profile along a path.
o Scale and Turns properties can be used to create helical sweeps.
= Scale: Tapers or expands the profile along the path of the sweep.
= Turns: Twists the profile as sweeps along the path.
= A negative value for Turns will make the profile rotate about the path in the opposite direction.
o Alignment:
= Path Tangent: Reorients the profile as it is swept along the path to keep the profile in the path’s
tangent direction.
=  Global: The profile’s orientation remains constant as it is swept along the path, regardless of the path’s
shape.

# Skin/ Loft:
o Takes a series of profiles from different planes to create 3D Geometry fitting through them.
= A profile is a sketch with one closed or open loop or a plane from a face.
= All profiles must have the same number of edges.
= QOpen and closed profiles cannot be mixed.
= All profiles must be of the same type.
o Sketches and planes can be selected by clicking on their edges or points in the graphics area, or by clicking on
the sketch or plane in the feature tree.
o After selecting an adequate number of profiles, a preview will appear showing he selected profiles and the
guide polygon.
o The guide polygon is a gray poly-line which shows how the vertices between the profiles will line up with each
other.
o Skin/ Loft operation relies heavily on Right Mouse Button menu choices.
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