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Chapter Overview

In this chapter we introduce the basic features in Mechanical :
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Basic Analysis Procedure

. The Mechanical Interface

Menus

. Toolbars

Outline Tree and Details
Graphics Window
Scoping Loads and Supports

. Demonstration

The Engineering Data application
Assigning Material Properties
Demonstration

Workshop 2-1

Appendix
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WAYEH A. Basic Analysis Procedure

A finite element analysis is used to determine the response of a system based on some type of
loading.

It is important to remember that a finite element solution is an approximation:
®* CAD geometry is an idealization of the physical model.

The mesh is a combination of discrete “elements” representing the geometry.

The accuracy of answers is determined by various factors, one of which is the mesh density.
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AWNYEH ... Basic Analysis Procedure

An analysis can be described in the context of four main steps:

4

Preliminary Decisions

What type of analysis: Static, modal, etc.?
What to model: Part or Assembly?

Which elements: Surface or Solid Bodies?
Should I start with a simpler model?
Symmetry?

Preprocessing

Attach the model geometry

Define and assign material properties to parts
Mesh the geometry

Apply loads and supports

Request results

Solve the Model
Postprocessing

Review results
Check the validity of the solution
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ANSYS

B. The Mechanical Interface

The components of the user interface are shown below:

™ A : Static Structural - Mechanical [ANSYS Multiphysics]
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[=I| Filter Options
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[=I| Lighting

@ Mesh
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LN Analysis £ X
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Color

Details View

l 1 Fracture [ 1 Mesh Numbering | [ Solution Coml

Graphics Window

Stress Analysis

Mechanical
Application Wizard

Required Steps
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[Press F1 for Help

Status Bar
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Click each task below for
information.

.1 Yerify Material
(’ Consider Multistep

2 Insert Structural

# Insert Supports
7 ) Insert Structural

Optional Tasks >

Analysis

Loads

Results

Solve

Yiew Results

Yiew Report

S sl

[essages INo Selection
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NLWAYSH . . . The Mechanical Interface

A range of menus and toolbars provide much of the general functionality in Mechanical.

* The title bar lists analysis type, product and active ANSYS license.

M A : Static Structural - Mechanical [ANSYS Multiphysics]

Some menu and toolbar items are self explanatory. We’ll cover the basic controls on the next few slides.
* Additional controls and features will be introduced throughout the course as they are encountered.

Note: the windows in Workbench and the Mechanical application can be customized. If you wish to returnto a
default layout use in either:

Mechanical: “View > Windows > Layout > Reset Window Layout”.

Workbench: “View > Reset Window Layout”.
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IAWNYAE D. Toolbars

The “Standard” toolbar is shown below (details will be covered later):

=2 -7 Solve ~ ?J/Show Errogs 1 e [ Al | > Worksheet 1
= i | [ - 5

A | B C D E F G H

A. Activate the Mechanical Wizard.

B. Object Generator.

C. Solve.

D. Populate the message windows with the appropriate error message for any tree objects that are not
properly defined.

E. Create slice planes, annotations, charts and tables.

F. Add comments and figures to the tree.

G. Activate optional Worksheet view.

H.  Activate selection information window.
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NWSYEH . . . Toolbars

The Context toolbar updates depending on current tree selection.

I+ ‘/lm _onnections
5 _Mesh

Static Structural (A5)

:> Environment “ Inertial ¥ = Loads ¥ - Supports ¥ “ Conditions ¥ &, Direct FE »

././:\‘ An.?lysis Se.ttin.gs

:> Mesh -/ Update | ®Mesh v ¥ Mesh Control v & Mesh Edit v

. Context sensitive features are exposed as different branches are highlighted.

. In almost all cases an alternate path to these features is available by right clicking
(RMB), when the branch is highlighted.
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WAYSHE . . . Toolbars

The Graphics toolbar graphical selection section: Filters
"oy - D@ &
Select Geometry (vertex, face, etc.): U o
* Use single or box select modes. IT®) Select Geometry
%) select Mesh
Select Mesh (nodes): 2
« Use single or box select mode (including box, box {g e
volume and lasso volume). £l Box Volume Select
* Select mesh is only available when the mesh is *E a0 Sciect
o L Lasso Volume Select
displayed. B3 show Mesh -

Volume Select >

Box Lasso
9 © 2015 ANSYS, Inc. February 27, 2015




WAYSHE . . . Toolbars

Selection planes allow for users to easily select entities that
are overlaying one another.

* An initial selection point acts as the starting point for a path
through the model.

* Each entity encountered is displayed by a selection plane.

* The path through the model is in the normal Z (viewing)
direction.

* Example using surfaces: initial selection location.
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NWSYEH . . . Toolbars

The Graphics toolbar graphical manipulation section (left mouse button):

11

. Common features (rotate, pan, zoom, box zoom) are to the left of the toolbar.

A “fit” button and magnifier window toggle are available.

When zooming, a “stack” is stored and can be retraced using previous or next buttons.
. Isometric view.

“Look At” selected entities, reorients view normal to current selection.

Manage Views.

. Resize annotations on loads and supports after zooming.

. Tags.

IOTMTMOO®>

S A A @ Qo Kme s o

A B C D||lE FI|G]||H
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NNLWAYSHE E. Outline Tree and Details

The Outline Tree branches represent various operations. Each

branch has an associated status symbol.

* Becoming familiar with the status symbols will allow you to

debug Mechanical problems quickly.

Solution Branch Icons

Status Symbol Name

Symbol

Example

Underdefined

?‘3‘ Pressure

A load requires a nonzero magnitude.

Error

o Thermal Condition

Load attachments may break during an Update.

Mapped Face or Match Control Failure

=B Mapped Face Meshing

Face could not be mapped meshed, or mesh of face pair could not be matched.

0ok

AT, Fixed Support

The abject is defined properly and/or any specific action on the object is successful.

Filter: Mame =

Project

Model (A4)

----- ATH Geometry

4% Coordinate Systems

. Mesh

F Mamed Selections

; Lyl Selection

El--2(=] Static Structural (AS)

: ."‘ Analysis Settings

Fixed Support
Pressure

Solution (A6)

] Solution Information
M Total Deformation
//@ Equivalent Stress

=

Needs to be Updated

M Result Object

Equivalent to "Ready to Answer!"

8 e
3

Red fightning bolt. Failed solution. An overlaid pause icon indicates the solution could resume with the use of restart points.
Green down arrow. Successful background solution ready for download.
Red down arrow. Failed background solution ready for download.

Hidden 3 Rec_Bar A body or part is hidden.
Meshed @ Sold The symbol appears for a meshed body within the Geometry folder, or for a multibody part whose child bodies are all meshed.
Suppress An object is suppressed.
Yelfow fightning bo/f. Ttem has not yet been solved.
Green fightning bolt. Solve in progress.
Green check mark: Successful solution.
Solve Result Object
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NWNYEH ... Outline Tree and Details

The Details View contains input and output fields (the contents will change depending on the branch
selected):

=) Project

* White field: input data that can be edited. = @ ”éf"i' 0
Bl eometry
* Yellow field: incomplete input data. e
: \,@ Connections
* Gray field: information only, cannot be modified. e e icinal 0555
. /N Analysis Settings
* Red field: Result no longer up to date (must re-solve). v Zg pressure
g Frictionless Support
¢®Q Frictionless Suggort 2

Details of "Equivalent Stress” a ')@L Force

- Scope = 9_] Solution {(A6)
Scoping Method | Geometry Selection _[ Solution Information
Geometry All Bodies : M@ Total Deformation

+|| Definition m— e

+ | Integration Point Results

—|| Results 1| Scope
rinimum 3.16752-003 MPa lScoplng Method Geometry Selection
Pdaximum 7.1737 MPa }Geometry 1 Face

= Minimum Value Owver Time i-_]“ Definition
binimum 3.1675e-003 MPa ?T'y'pei ﬁ;orce
I".-1_a}<|mum 3.1675e-003 MPa ivDeﬁne By "-.-’ector

=|| Maximum Value Over Time |—
Minimum 7.1737 MPa | Mag“,‘f?’?‘?,,,@ N (ramped)
Maximum 71737 MPa Dlrectlon Click ko Change

+| Information Suppressed jNo
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NWNYEH ... Outline Tree and Details

File Edit View Units Tools Help || @ =i | 2ZSove ~|?/ShowEmors |t W& (] - in

® o VR bW @R @S e B Emnes |-

7 Show Vertices R Wireframe 2k pffidom Coldys Annotation Preferences Il Edge Coloring ~ - - - - - 4| [~ Thicken Annctations
l=k3 i g g 1

e Direct FE ~ | B

Environment (L Inertial ~ L Loads v "L Support:

QOutline o
A: Static Structural
Filter: Name - Fixed Suppart
Project Tirce: 1 s
=X Model (A4) 117252013 1L:27 &b

8 Georpe
oy, A @Eordinate Systems [l Fixed Suppart
- b Mesh
ﬁ: Static Structural (AS)
d. 7 analysis Settings

i . Fixed Support
Solution (A6)

- #] solution Information

Details of "Fixed Support” a
=| Scope
Scoping Method | Geometry Selection
Geometry 1 Face
=I| Definition
Type Fixed Support
Suppressed Mo
o.oo .
L
s00.00
Geometry /4 Print Preview , ReportPreview,
Messages N
- | Association
Error You need at least one structural load to proceed with the solution. I Project> Model> Static Structural

As said before, becoming familiar with the status symbols will allow you to debug Mechanical
problems quickly. To help you in this task, you can use the “Show Errors” button.
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NBEW F. Graphics Window

The Graphics Window shows the geometry and results. Tabs allow access to Print and Report

1 @ Mechanical =9
reviews as weill. e T e wr T P E .
- s
D N

Repon Preview (HiSenaTo v | @ Pt rgPublksn [AlFont Size

- Project

a1 Saveal
Broruct Version|
o

i Jan
Thursday. January 09, 2014
150 Aioase.

No
Na

Geometry APrint Preview A Report Preview 7

Sa P
‘Save Project

=7
Afer Sok

cols Help || @ i | 3iSoive v 7ShowErors tH ! |

Help || @ -+ | “#Sove = 7/ShowErrors @ i
B[ D @@ | & a @ B w |- = show varicw g/gwu. e S B Random Colors ) Annotation S i
L Show Vartices &% Wireframa s Ml Random Colors @ Annotation Prefaranc WM EdgeColoring A= A~ A~ A= L= A Pl gl i Preview B~ & Print Lo Savea . T i
—_— owine 0w 0 b bimsaazes et e Uy P Ly o™ v
ccult 6.c-004 (Auto Scale) v B~ [ - B~ 3 | 0 @ | WoProbe | DUPISY Al Bodies el e = — e
Qutline [} (81 Project Geometry
S - () il Hodel (84)
01 Geometry ubjoct:
(5] Progect Bl st Coordinate Systems Subl
5 (sl Model (5a) Time: | 1 i Comectons Author:
- M Geometry 0970172014 11326 Al Contacts Prepared For:
23k Coordinate Systema 4, Contact Recier prep sy, Samuary 09, 2018
=173 Connections 0.00031545 Max 3 contact negon 2 e en -
| =l Contacts 0,0002604 o ot e 3
v oo Sorttact Regien 0.00024535 2, Contact Ragion 5
M - 0.0002103 | W, Contact Regien &
000017525 %, contact negien 7 AN
0.0001402
| =
I 000010515 |
7.0099¢-5 |
| 35050-5 |
= 0 Min | .
THL, Fixed support e
s e Eauvaient 5
| 1 Jlel solution (8e)
Solution Informatian
M Total Deformation
| T Ecuivelent Stress |
0.00 s0.00 10000 (e
— —
500 7500
Brink Preview ), Repor Preview,
Datalis of "Total Deformation » Graph 2 Tebular Dota
[ 5come “ |1 animation we-| m [[in Wi | @ 10 Fromes v 2sec (auto) Detall of “Geametry’ »
Scoping Method _[Caametny S4ie7] B —
Geometry Al Badies 5 T e 000 100,00 (mm) 2
E)| Definition o L | [wee 50.00
N Type Tatal Deforma... | cengtnuni Meters
| ™ Time. = | [erement contrat | program cantraniea =
| [0/ No Messages [No Selection Mietric (mm, kg, N, &, mv, | |Dispiaystyie | 6oy coior - etry)\ Print preview £ Repor Previe,
| 0 Mo Na Selection Metric (mm, kg, N, 5, mV, mA)_Dagrees racs
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... Graphics Window

Worksheet views are available for many objects in the tree (i.e. geometry, connections, etc.).

Provides a list view of the data in the tree.

& Mechanical

File Edit View WUnits Tools

ow Vertices ireframe
P Show Ve B Wirefi

Help

TR R E S

0% Show Mesh 2k

9 -
S AR

B Random Colors

-/ Solve ~ 7/Show Errors @ [ibd

Q

/s Annotation Preferences

=0

e

i Qﬁwﬂrksheﬁ"ﬁ‘
= m

Activate

Worksheet

|~0 Thicken Annotations

Bl Edge Coloring ~ A~ A~ A~ A~ A~ A |-

¥, Contact = "M, Spot Weld % Body-Ground ~ “B,Body-Body ~ [Bf§] Body Vier

Connections (@] Connection Group

Outline T Worksheet ]
Filter: Mame - I
[HE| Project
= g8l Model (84) Show Preferences | Refresh

- A Geometry
&2 Coordinate Systems
=B Connections Contact Information
= Contacts
. B, Contact Region Mame [Type  [Scope | Scope Mode | Trim Contact | Trim Tolerance [Behavior [Normal stiffness
Contact Region 2 Contact Region | Bonded |Face (Solid), Face (Solid) Automatic | Program Controlled |0.79243 Proaram Controlled | Proaram Controlled
1, Contact Region 3 Contact Region 2 | Bonded |Face (Solid), Face (Solid) Automatic | Program Controlled |0.79243 Program Controlled | Proaram Controlled
1 Contact Region 4 Contact Region 3 | Bonded |Face (Solid), Face (Solid) Automatic | Program Controlled |0.79243 Program Controlled | Proaram Controlled
Contact Region 5 Contact Region 4 | Bonded |Face (Solid), Face (Solid) Automatic | Program Controlled |0.79243 Program Controlled | Proaram Controlled
Contact Region 6 Contact Region 5 | Bonded |Face (Solid), Face (Solid) Automatic | Program Controlled |0.79243 Program Controlled | Proaram Controlled
Contact Region 7 Contact Region 6 | Bonded |Face (Solid), Face (Solid) | Automatic | Program Controlled | 0.79243 Program Controlled | Program Controlled
o A Mesh Contact Region 7 | Bonded |Face (Solid), Face (Solid) Automatic | Program Controlled |0.79243 Program Controlled | Proaram Controlled
=-/=] Static Structural (BS)
7 Analysis Settings d 1o, r

/B, Fixed Support
/e Force
= Solution (BE)
- A% Solution Information
M Total Deformation
- A1 Equivalent Stress

Toggle between

Details of "Connections” a .

st Detechon graphics and
Generate Automatic .| Yes
. » worksheet

raphics. Worksheet

Mo Messages  |No Selection Metric (mm, kg, N, 5, mV, mA) Degrees

February 27, 2015
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... Graphics Window

Insert
Go To

[Q HideBody (F9) |
@ Hide All Other Bodies
Keyboard Shortcuts are supported in Mechanical for common

Suppress Body
actions such as: Select All Objects (Ctrl+ A), Body Filter

(®) Suppress All Other Bodies

(@ Hide Face (Fs) | Selection (Ctrl+B), Zoom to Fit (F7).

:Stf.' Set
‘ :5;": Restore Default

[(?l Zoom To Fit (F7)::|

Cursor Mode

View
P Look At

-~ Create Coordinate System
B Create Named Selection
| @ Select All (Ctrl + A) |
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G. Scoping Loads & Supports

Loads and supports can be applied as:
1. Scope, then action (pre-select):

— Select geometry entity in Graphics Window, then select load or support (context
toolbar or RMB > insert).

— Define magnitude and direction (if required).

G, Inertial ~ @k Loads ~ %k Supports ~ Sk Conditions ~ @A,Direct FE ~ \

OR

2. Action, then scope:
— Select load or support from the context menu or RMB > Insert.
— Select the scope, then “Apply” in the details.

Details of "Pressure”

— Define magnitude and direction (if required). = Scope ] |
Scopmg Method iGepmfetr}-’ Selgctior_‘u

Notes: Apply ] Cancel I
* Preselecting (1) is more efficient since it avoids having to use the Apply/Cancel function (pre- El| Definition 7 |
selection is automatically “applied”). | Tvpe JErEsRNE |

. IR 1 . . . ) Define By |Mormal To

* If you wish to change a boundary condition’s location simply click in the geometry field to bring [T TThagnitude. |0, MPa (ramped) |
up the Apply/Cancel selections and make a new selection. |Suppressed  |Mo |

18 © 2015 ANSYS, Inc. February 27, 2015



Scoping Loads & Supports

Some loads require a direction. There are 2 methods of direction control:

19

Component Method:

* In the details view set “Define By” to “Components”.

* Select the desired coordinate system (local or global).

* Enter X, Y, and Z magnitudes.

© 2015 ANSYS, Inc.

Cutline o
Filter: Mame =2 ] =
Project

Bl Model (C4)

----- B Geometry

=k Coordinate Systems

./A\ Global Coordinate System
‘,}\ Coordinate System
B Mesh
E-#[=] Static Structural (C5)

‘/?\:_ Analysis Settings

b B Foree

E--//d8] Solution (C6)

B /(D Solution Information

Details of "Force”

- Scope
Scoping Method Geometry Selection
Geometry 1 Vertex
= Definition
Type Force
Define By Components

Coordinate System | Coordinate System
5. M ({ramped)

¥ Component 0. N (ramped)

Z Component 10. N {ramped)

X Component

Suppressed Mo

February 27, 2015
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ALWNYEH... Scoping Loads & Supports Detais o Bearing Load”

=l Scope - )
: Scoping Method Geometry VSeIection
Vector Method: | Geometry |1 Face
[=1| Definition
H H u H A "« ” = -
— In the details view set “Define By: to “Vector”. [Tvpe [Bearingload
— Enter the load magnitude. DefineBy |Vector
q =g N, e \ Magnitude | 10. N
— Click the “Direction” field and choose the control geometry (vertex Drection [
pairs, edges or surfaces). \Suppressed | No
— “Apply” to confirm. C: Static Structural
B_earmg Load
* To modify directions using the vector method: e
o o . . N Beari Load: 10. N
— Click in the “Direction” field and select new control geometry. Sl

— Use the arrows in the Graphics window to reverse directions.

— “Apply” when finished. ; ‘-

Default method can be set in: “Tools > Options ...
> Mechanical: Miscellaneous> Load Orientation Type”. « ‘

Toggle arrow buttons to reverse
load direction

Note: structural simulations allow certain boundary conditions to be applied directly to the finite element nodes.
The technique is covered in lecture 5.
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WWSYESHE H .Demonstration

Demonstration : 02_Mechanical_Intro.mp4

21

What you can learn in this demonstration :

— Mechanical Interface presentation
— Details on graphical window
— How to manipulate a model

The Graphics toolbar graphical
selection allows to select geometry
(Vertex / Edge / Face / Body)

Graphical Exploding of parts with the new
toolbar to control Graphical Explosion

— Toolbar description
— Outline Tree branches description | =
— Use the Details window

— Scoping loads and supports

various operations. Each branch has an
associated status symbol

The Outline Tree branches represent 7

© 2015 ANSYS, Inc. February 27, 2015



WNYSH |. The Engineering Data Application

The Engineering Data application provides control for material properties.
* Engineering Data can be opened “stand alone” or from the analysis system cell (double click or RMB>Edit).

2 Pv Engineering Data
3 0 Geometry v
4 @ Model 7
5 @ Setup 4
6 L)EI Solution
7 @ Results

2 ;0/ Engineering Data

Engineering Data

Static Structural

®* Note : A Physics Filter toggles between displaying all materials and properties or only materials relevant to the
analysis systems in the project |7 Fiter Engineering Data

* A key concept in Engineering Data is that materials must be checked out of a material library and into a project
before they can be used in your analysis

Data Source (Material Library) [ > Workbench Project

22 © 2015 ANSYS, Inc. February 27, 2015



NLWNYSH . . . The Engineering Data Application

Project View

Fle Edit View Tools Units Extensions Help
E @ Project / @ C2:Engineering Data X
¥ Fiter Engineering Data | & Engineering Dgig

Toolbox 0 x AL Table of Properties Row 6: Is v rx
Physical Properties A | B ‘ = ‘ D A B C D E
Linear Elastic 1 Contents of Engineering Data £ | #3 pur Description 1 Temperature (C) -~ | Young's Modulus (Pa) ~ | Poisson's Ratio | Bulk Modulus (Pa) ~ | Shear Modulus (Pa) ~
Hyperelastic Experimental Data Pl = Matera 2 2E+11 0.3 1.6667E+11 7.6923E+10
Hyperelastic < | Fatigue Data at zero mean stress comes from 1998
3 T structural steel 2 | AsME BPV Code, Section 8, Div 2, Tabe 5-110.1
Chaboche Test Data Chart of Properties Row 6: v B ox
Plasticity
Creep e Young's ModuIUS e
Life 1 H H H 28
Materials available in current analysis |
26
G
asket as
R 3 |B T Isotropic Secant Coefficient of Thermal Expansion B
— 4 A Coefficient of Thermal Expansion 1.2E-05 -1 = |Z T
Iscoelastic =
5 14 Reference Temperature 22 C = O |7 H
Shape Memory Alloy T Isotropic Eisticty & g 22
6 (B ropic Elastic] z
Damage - 21
7 Derive from Young's Modulu... =/ E] 2 +
Cohesive Zone ; El
8 Young's Modulus 2E+11 Pa = (D S 1e
Fracture Criteria
a Pnisenn's Ratin LT

"~ IMPORTANT!: Only materiaI; shown in thme Project view will be available in the

I L]
20 1 Stran-Le Parameters a n a s I s o
28 %@ Tensie Yield Strength 2.5E+08 Pa oD@ i 1
29 %4 Compressive Yield Strength 2.5E+08 Pa HOo|o 1
30 E Tensile Ultimate StrEﬂgth 4.6E+08 Pa LI D D -1 -0.9 -0.8 -07 -0.6 -0.5 -04 -03 -0.2 feinper:turE E[lcl] 02 03 04 05 06 07 08 09 1
31 7 Compressive Uttimate Strength 0 Pa FHOE
f
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NLWNYSH . . . The Engineering Data Application

Users can define their own material or use one from the « Engineering data source »

To use « Engineering data source », click on & Engineering Data Sources

g Dat > 3 x

a

(=]

C D A B

Temperature (C) = | Density (kg m™-3) ¥

LD

. . . . : ata Source / ocation escription
Highlight the desired library e o e —

Quick access list and default items 7850

3 m Ganaral Materals f @ Genleral use material samples for use in various
analyses.
4 ﬁ r(\5“lear;:rriaallSI\Ion-Ilnear [ @ | g:glz;saél;se material samples For use in non-linear Ll
o v 3 x
B ‘ cINDN e F =
Click the “+” next to the desired | ' o = o6 @ 5.
material o mbaes T snrn |
-110.1 ha v 3 X
| = = <
X E, Density smmpe
B c Al = 1
. 1| Property i Vvalue I Unit 5 .
Note : users can check 2| peraty kam i B
- . [ Isotropic Secant I g o3
material properties before 3 |m T Sefientor £ ; 4
- . o . Expansion Temperature [C]
import in the project view - ®

24 © 2015 ANSYS, Inc. February 27, 2015



WSYEH . . . The Engineering Data Application

To create a new material:

Enter a name for the new material.

&l Engineering Data Sources

From the Toolbox double click or
drag and drop the desired
properties.

Enter values for the properties.

Note: properties can be added to
existing materials using the same
technique.

25 © 2015 ANSYS, Inc. February 27, 2015

Toggle to the project materials display.

= OFF

Qutline of Schematic A2: Engineering Data

a B
: L = u¢
1 Contents of Engineering Data - 'EQ_‘
2 e
~ =
3 W structural Steel | = Ge
—
> Click here to add a new material
Toolbox WU Al Cutline of Schematic A2: Engir
| [ Physical Properties | A B C D
4 Density 1 Contents of Engineering Data = '@' Source Descrip
'E] Isotropic Secant Coefficient of Thermal Ex) 2 =
'E] Orthotropic Secant Coefficient of Thermal
. ) Fatigue Data at zero me
] IsotropicInstantaneous Coefficient of The 3 % structural Steel [] | ® General_Materials.xml | 1398 ASME PV Code, 5
'E] Orthotropic Instantaneous Coefficient of - 5-110.1
'E] Constant Damping Coeffident 4 %5 New_Material [
'E] Damping Factor (a) = Click here to add 3 new material
'E] Damping Factor (B)
[ LinearElastic
E‘ Properties of Qutline Row 4: Ne
7= JrenotropicElasta A B
E‘ Anisotropic Elasticty
1 Property Value
Hyperelastic Experimental Data ‘H‘
- 2 |E T Isotropic Elasticty
Hyperelastic
3 Derive from Young's Modu... ¥
Chaboche Test Data - -
< ‘foung's Modulus 2. 1E+05 MPa
[ Plastici
RS 5 Poisson's Ratio 0.3
Siscp 5 Bulk Modulus 1IFE+1 Pa
Life 7 Shear Modulus 8.0769E+10 Pa




NWNYEH . . . The Engineering Data Application

To place a new material in a library you must export it as an xml

file first.

26

Highlight the material name

From the “File” menu choose “Export Engineering Data”.

Browse to the desired location to store the file.

Outline of Schematic A2: Engineering Data

A

1

3

Contents of Engineering Data

% Structural Steel

-

B Edit view Tools  Units  Exter
3 L] Mew
3 _3 Open...
I H Save
[ u'-'ﬂ, Save As...
bl Save to Repository
._i; Open from Repository

Send Changes to Repository
Get Changes from Repository

Manage Repository Project

Register Session with Repository. ..

Launch EKM Web Client...

Archive...
Restore Archive...

Save to Teamcenter...

4

Mew_Material

T Fere o =00 & Me

Continued. ..

© 2015 ANSYS, Inc.

February 27, 2015

Export Engineering Data ...

Import Engineering Data ...



WAYEH . . . The Engineering Data Application

Toggle to the “Data Sources” display. i Engineering Data Sources = ON

* Highlight the material library where the new material is 5 | @ eneral Materias
to be stored. —

* The material library must be unlocked (edit mode) before
new materials can be added.

* From the “File” menu choose to “Import Engineering g Export Engineering Data ...

Data”. d] Import Engineering Data ...

 Browse to the xml file for the new material.

27 © 2015 ANSYS, Inc. February 27, 2015



NWNYSH. . . The Engineering Data Application

* To create a material library toggle to the Data Sources display.

@ Engineering Data Sources = QN

* Enter a name and select a location (a browser will open automatically).
N Unsaved Project - Werkoench ..

File View  Tools Units Extensions Help

II“E“EI@ Project || @ A2:Engineering Data X

“¥ Filter Engineering Data Fﬁ Engineering Data Sources ]

o
Physical Properties A B C D -
Linear Elastic 1 Data Source / Location Description
Hyperelastic Experimental Data 7 il Magnetic B-H Curves B E;IS;;VE samples spedfic for use in a magnetic
e Material sampl ific for use in & thermal

} aterial samples spedific for use in a therma
Chaboche Test Data 8 @ Thermal Materials & analysis.
Plasticity o il _Elid Matedial & | Material samples spedific for use in a fluid analysis.
Creep here to add a ne
= | ifa =

Engineering Data files (libraries and materials) are stored in .xml format.
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NLWNYAE J. Assigning Material Properties

29

Material properties are assigned to parts in the “Material Assignment” field in the

part’s details (Mechanical application).

Notice there are several shortcuts allowing quick access to the Engineering Data

application in Workbench.

=] Project o
B [&8] Model (A4)

= 8 Geometry

. e, H Sold

----- s Coordinate Systems -

+| Graphics Properties
+| Definition

Jump to Engineering Data to define
new material or import from
library.

=] Material
I Structural Steel iv]
Monlinear Effects Wes % New Material...
Thermal Strain Effects |Yes Import...

+/ Bounding Box %% Edit Structural Steel...
+| Properties
+1| Statistics % Stainless Steel

% Gray Cast Iron
% Aluminum Alloy
% Titanium Alloy

Jump to Engineering Data to edit
the current material selection.

N
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Materials already selected in
Engineering Data




LWAYASE K. Demonstration Video

Demonstration : 03_Engineering_Data.mp4

* What you can learn in this demonstration :

— Define new material and edit properties
— Export / Import created materials
— Use Ansys material library

= s 1 oo souce )

Data Sources (material libraries) |

Toolbox | " Individual Materials J

To create a new material:

- Enter a name for the new material
- From the Toolbox double click or
drag and drop the desired
properties.

-Enter values for the properties.

Note: properties can be added to
existing materials using the same

— Assign material properties to parts|

Material properties are assigned to
parts in the “Material Assignment”

field in the part’s details

1 technique

Property Table
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WSS L. Workshop 2-1 — Mechanical Basics

« Workshop 2.1 — Mechanical Basics
» Goal:

— Using the Stress Wizard, set up and solve a structural model for stress,
deflection and safety factor.

31 © 2015 ANSYS, Inc. February 27, 2015



M. APPENDIX

* Menus

e Graphics Control and Selection

* Tagging and tree filtering

* Grouping tree object

* The Mechanical application wizard
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IAWNYESE Menus

The View menu: |View Units Tools Help || @ % |
| v Shaded Exterior and Edges
. Control basic graphics (shaded, wireframe, etc.). " Shaded Exterior
Wireframe
Graphics Options

«  Control graphical expansion of shells and beams. Wil o ey
.1 ¥ Thick Shells and Beams

Visual Expansion

Ruler
L Legend

. Control display utilities (legend, triad, ruler, etc.). b

(| v Triad

| v Large Yertex Contours
. R Display Edge Direction
. Set preferences for annotation display.

[ %% Annotation Preferences

Outline

Toolbars

. Select the desired toolbars and windows to be displayed. o
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WWNSYEH. . . Menus

The Units menu:

e  Specify the unit system for Mechanical.

* Note, Mechanical may use any unit system regardless of the
one specified in Workbench. Where needed, automatic
conversions will be made.

* Mechanical will “remember” the units used in the previous
session (regardless of the units set in Workbench).

* Specify additional units for angular, rotational and thermal
references.
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Units Tools Help | v | = /' Solve -
Metric {m, ka, N, s, ¥, &)

1 Metric {cm, g, dyne, s, ¥, &)

v Metric {mm, ka, N, s, m¥, ma)

Metric {mm, £, M, 5, m¥, ma)

( Metric {mm, dat, N, s, mY, ma)

Metric {um, ka, pM, s, ¥, ma)
.S, Customary (ft, Ibm, Ibf, °F, 5, ¥, &)
U.S. Customary (in, Ibm, Ibf, °F, s, ¥, &)

:| ¥ Degrees
»

Radians

e radjs
RPM

: v Celsius (For Metric Systems)

Kelvin (For Metric Systems)



WWNYEHE . . . Menus

Annotation Preferences:

Controls the display of
annotations for loads/constraints,
user labels, remote conditions
and meshing displays.

Make preference selections then
“Apply” or “OK” to reflect the
changes.

© 2015 ANSYS, Inc. February 27, 2015

Annotation Preferences @
Basic Annotations

View Annotations

View User Defined Graphics Annotations

View Annotation Labels

Remote Boundary Conditions
Point Mass Beam Connections Springs Bearings
. ¥ . . H

Small Default Large Small Default Large

Additional Display Preferences
Crack Annotations
Individual Force Arrows On Surface Reactions

Body Scoping Annotations

Mesh Display
Mesh Annotations
] Mode )
Mumbers Min | Max | Inc |
[] Element
s Min | Max | Inc |

[] Plot Elements Attached to Named Selections



Graphics Control and Selection

Graphics Shortcuts:

* Middle Mouse button (wheel):
* Free rotation
®* + CTRL = panning
* +Shift =zoom

* Right Mouse Button: LMB

* Scroll mouse wheel to zoom in/out
°* Hold RMB + drag = box zoom r

RMB Context Menu from graphics window: — >
. . . . Go To >
e Access isometric view controls and fit. €D Front
) Isometric View @ S
« Standard views built in. 552 set o
; ‘Ij;,‘: Restore Default @ Right
Click the axes of the triad to reorient view. @) Zoom To Fit 69 Left
e T ) | &P oo
@ Select all
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LWNYSE ... Graphics Control and Selection

Graphics Options toolbar:

m O 0O W >

AL

37

Show Vertices: Accentuates vertex display for easier identification.

Wireframe: Toggles view (solid/wireframe).
Show Mesh: Show mesh instead of geometry.

Show all coordinate systemes.

Random Colors: Use random Colors for load and name selection annotations

Annotation Preferences: explain in the next slide

T Show Vertices

A

© 2015 ANSYS, Inc.

Rt Wireframe

B

February 27, 2015

DE‘; Show PMesh

C

o B Random Colors

D

E

s Annotation Preferences

F




NLWAYSH ... Graphics Control and Selection

Graphics Options toolbar:

A. Edge Controls: Edge color control and display options based on edge connectivity
(number of faces connected to an edge).

B. Show edge direction.
C. Show edges where mesh connections are used.

D. Thicken line display where lines have boundary conditions scoped.

Bl Edge Coloring v A~ A~ A~ A~ A~ A |+ |=IThicken Annotations
A B |l C D
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agging and Tree Filtering

The Tree Filter:

* To streamline the management of tree objects, especially
for large models, a tree filter can be used to find objects or
to reduce the length of the tree that is displayed.

* Filter by: Name, Tag (discussed later), Type or State.

* Examples:

|Filter: state v | MRS 2 21} &
E Project
= (8] Model (A4)
[--9(=] Static Structural (A5)
2%, Force
-[&3] Solution (A6)

Filter by state = underdefined to
find only those objects in the tree.
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o e [
Jffllter. |Name | 7| (2] Z14

Outline 3
J!filter: Type > |Results =2 = |
{&=]| Project

= (8] Model (A4)
=--{=] Static Structural (A5)
= /e3] Solution (A6)
/% Total Deformation
B3 Equivalent Stress
,,@ Middle Principal Elastic Strain
€& Deformation Probe

Filter by type = results to only
display result items.



... Tagging and Tree Filtering

The Tree Filter Example:

40

Filter Name = “shaft” (user entry)

Notice here there are a number of branches
containing the word “shaft”. By using the tree filter
each can be quickly found.
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Outline

Mame - ’ shaft

=] Project
= 53| Model (A4)

= @ Geome
@ ArmShaft
@ StopShaft
= ,,Qf] Cop et

= ',,1@] Csntacts
#, Bonded - SidePlatel TA ArmShaft

~ B, Bonded - SidePlatel Jo StopShaft

~ B, Bonded - SidePlate2 [To ArmShaft

~ B, Bonded - SidePlate2 o StopShaft

e B, Bonded - ArmShaft TA\StopShaft

= ?E] Staki tural (A5)

¥

¥

¥

¥



NLWAYEH ... Tagging and Tree Filtering

Tags are designations that can be assigned to any branch in the tree and used with the previously

discussed filtering capability.

* Activate the tags window from the “View” menu or the Tags icon.

A

| View Ulits Tools Help H 5 A R

¢} v Shaded Exterior and Edges
Shaded Exterior
Wireframe

Graphics Options >

Cross Section Solids (Geometry)
1 v Thick Shells and Beams
Visual Expansion

Ruler

‘~/ . Large VYertex Contours
Display Edge Direction

@ Annotation Preferences

Outline 4

41 © 2015 ANSYS, Inc.

With the tags view active, a new

“tags” window is displayed below the

details window

=2 ——] SauC Strucoural \#o>

w28 Analysis Settings
« = Pressure

Messages

r:; Mechanical Wizard
Graphics Annotations
Section Planes

Selection Information
Yiews
| v Tags

Reset Layout
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LWNYEN ... Tagging and Tree Filtering

Creating Tags: | % & %
* From the Tags window choose to “Add a Tag”. |
* Enter a name for the new Tag in the dialog box.
&) Project
* With tags created, add items by highlighting in the o= S

tree and checking the box by the tag. /'—] _ = - Ix © S
ﬁ - Y idePlate
i >

o6 g stopShaFt
Highlight |temS ,l\ (;c'tror-dlnate Systems
and Check Tag

Note : the item selection for tags can only be performed from | B o
the tree and not from the graphic interface. Arm1 Objects

L Plates
I Sharts
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NLWNYSH ... Tagging and Tree Filtering

Tags Summary:
* Any object branch in the tree can be tagged.
* Objects can be associated with more than one tag.
* Manage tags from the tags window.

e Highlight Tags and RMB to find items.

Plates Find items with selected tag
Delete Tag(s)

Find items with all selected tags

Find items with any selected tags
Delete Tag(s)

Find objects in a single tag Find objects in multiple tags

43 © 2015 ANSYS, Inc. February 27, 2015



Grouping Tree Object

For the following object types, Mechanical enables you to organize

and group together like-objects :

Geometry

Coordinate System

Connection features: Springs, Beam Connections, End
Release, and Bearings

Named Selections (Named Selections within

the Fracture folder cannot be grouped.)

Boundary conditions

Results (child objects of the Solution folder)

For boundary conditions and results,

the Group Similar Objects groups together objects of the same type
(e.g., Pressure, Displacement, etc.) and renames the group folder

according to that type
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Filter: Mame A
J Project

B (gl Model (B4)

I ----- ,/@ Geometry

----- o+ Coordinate Systems

----- Connections

7/@ Mesh

El--#(=] Static Structural (B5)
------- v 7 Analysis Settings
------- = Pressure

------- w Pressure 2

b _‘I Figure

....... 1 Force . Suppress
------- « Force 2
------- w. Pressure 3

------- /B Pressure 4 ||

Bl /J Solution (f
#{¥] solutic B2 Copy

M Normaic
e, //@ Strain Energy

M1 Maxim aIb Rename All (F2)

@ Promote to Mamed Selection

------- ,/@ Pressure 5 | [ Group Similar Objects




WY& The Mechanical Application Wizard

The Mechanical Wizard is a useful aid in guiding users in locating
the features required to complete an analysis: L

* Provides a list of required tasks based on the wizard type (e.g. “:hﬁ' ;:p“““m B an s
tress Analysis
StrUCturaI' thermal’ etc')' Determine safety factors, stresses and d_efc-rmatian fora
* |cons indicate the status of each task (similar to tree status symbols). b,,d};hmf'}rdd structurallozding.
By selecting an item on the “Required Steps” checklist, a callout T ———
appears, illustrating where that task is performed. 9 Verify Materials

(M Consider Multistep Analysis
@ Insert Structural Loads

4 Insert Supports

(P Insert Structural Results

Solve

Environment B Inertial v Pk Yoads ~ SR Supports - . Conditions + @”Dlre
[

View Results

_ This analysis requires at least one ,f View Report
Filter: Mame = support or displacement load. Use
1] Project the Supports menu to create a ) Optional Tasks
= &8 Model (B4) support or displacement load. Required Steps

----- A8 Geometry Click each task below for information. Parameter Tasks
r]- o sta Coordinate Systems

- B Connections () Verify Materials

t General Tasks
"g Mesh () Consider Multistep Analysis
E--p=1 | i i

----- L4 Insert Structural Loads Links

1 (22
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