NANSYS

Workbench - Mechanical Introduction 12.0

Workshop 2.1

ANSYS Mechanical Basics

ANSYS, Inc. Proprietary May 5, 2009
© 2009 ANSYS, Inc. All rights reserved. Inventory #002594




WS2.1: Basics I\NSYS

Notes on Workshop 2.1

Workshop Supplement

* The first workshop is extensively documented. As't his course
progresses, students will become more familiar with basic
Workbench Mechanical functionality (menu locations etc.), thus
subsequent workshops will contain less details.

e Throughout these workshops menu paths are documente d as:
“First pick > Second pick > etc.”.

« Workshops begin with a goals section followed by an assumptions
section.
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WS2.1: Basics I\NSYS

Workshop 2.1 - Goals o —————

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

* Problem statement:

— The model consists of a Parasolid file
representing a control box cover (see
figure). The cover is intended to be used in
an external pressure application (1 Mpa/145
psi).

— The cover is to be made from aluminum
alloy.

— QOur goal is to verify that the part will
function in its intended environment.
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Workshop 2.1 - Assumptions P ———

* We will represent the constrains on
the counter bores, bottom contact
area and inner sides using frictionless
supports.

— Frictionless supports place a normal
constraint on an entire surface.
Translational displacement is allowed
In all directions except into and out of
the supported plane. Since we would
expect frictional forces to at contact
areas this is a conservative approach.
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Workshop 2.1 - Environment

Workshop Supplement

 Loads: the load consists of a 1 MPa pressure applie  dtothe 17
exterior surfaces of the cover.
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WS2.1: Basics I\NSYS

Workshop 2.1 — Project Schematic

Workshop Supplement

« Open the Project page.

* From the “Units” menu verify:
— Project units are set to “US Customary (Ibm, in, s, F, A, Ibf, V).
— “Display Values in Project Units” is checked (on).

Fle Edt Wiew Tools | Units  Help
_Mew | oOpen.. Lol San ST (kg m,s,K, A, 0,4
Mekric (ha,m,s, %0, &, M,

Physical Properties Mekric (tanne, mm, s, °C, mA,N,mY)
Linear Elastic ¥ L5 Customary (lbm,in, s, °F, &, IbF, )
[ Experimental Stress Strain D. U.5.Engineering (Ibm,in,s, R, &, f, 1)
E Hyperelastic Metric (g,cm,s,%C, & dvne,\)

B Plasticity Mekric (fg, mm,s,2C,mé, N, mi)

[ Life 115, Customary (b, Ft,s,F, &, bF, 4
ZUEneth Display Yalues as Defined

¥ Display Yalues in Project Units

LInit Swskems, ..
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... Workshop 2.1 — Project Schematic

NANSYS

Workshop Supplement

1. From the Toolbox choose
create a Static Structural
system (drag/drop or RMB).

2. RMB in the Geometry cell and
Import Geometry. Browse to
the file “Cap_fillets.x_t".

ANSYS, Inc. Proprietary
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Eg Harmonic Response {ANSYS)
B4 Linear Buckling {aMSYS)
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fill Random vibration (ANSYS)
m Response Spectrum {(ARNSYI)
hape Optimization (AMSYS)

Thermal-Electric (ANSYS)
@ Transienkt Structural (ARSYS)
@ Transient Structural (MED
ﬂ Transient Thermal (AMNTYS)

| F Compbonenk Swskems

.

Fatic Structural (ANSYS)

2 @ Engineeting Daka vy
3 @ Geometry ? .
4 ﬁ Model - 7 -‘
5 @ Setup 7
6 ﬁ Solution T
7 @ Resuks 7

Skatic Skructural (AMNSYS)

Stakic Structural CanEt:

Mew Geomekry...

= Q Engineering Data IR Bk ¥
3 iEametry Duplicate
4 @ Model Transfer Data From Mew b
3 | a Setup Transfer Ciaka To Mew b
5 @ Sobtion Lt
7 @ Fesulks Rifreh
Workshop 2-1 Reset

Rename

Properties

Cuick Help
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Workshop 2.1 - Preprocessing T G

3. Double click the “Model” cell to open the
Mechanical application.

4. When the Mechanical application opens the |3_E Ly
model will display in the graphics window and (@ 1o < 4
the Mechanical Application Wizard displays 6 | @@ soluion %
on the right. ’

™A Workshop 2-1 - Mechanical [ANSYS Multiphysics]

| Fle Edt view nits Took Help || @ | fshe - FEomE [ (A) @~
FAN LRED@ &S FAQIQDAGE S T~
ISnlutiDn P8, Deformation = & Strain = B Stress » | 8 Linearized Stress | @ Probe ~ @] Tools ~ | @EgUserDeﬁned Result | B

n .' ” :,_';-'_:r\-\;f-\-z{ rr1echan|_ca|__|\;mﬁ =it gl
| Project AN B ] b}
WL

Skakic Skructural (ANSYS)

—
Q Engineering Daka vy

Warkshop 2-1

=lolx|

Stress Analysis

TN, A
= E Madel{n+] Dekermine safety Factors,

- v’&; Geom?tr'f stresses and deformation for a

R Coordinate Systems body or assembly under

i tructiral loading, -

/3 Mesh S {ANSYS) - Mechanical [ANSYS Mul

=-3(3] Static Structural (A5)
gty Analysis Settings

i :
| Choose 'Wizard

| gleg Jernqe1| | udeue.|

Tools  Help I a| :‘,E Solve =

= 7[@ Solution {AB) Required Steps
e -.f-:!]] Solution Information Click each task below For
imFarmiation,

When Mechanical
starts if the Wizard
IS not displayed,
use the icon to
open it.

ﬂ Yerify Material
_ Control Time Stepping

Details of "Soluticn (A

=| Adaptive Mesh Refinement
Max Refinement Loops |1,
Refinement Depth 2

Consider Multistep
< mnalysis

_ Define End Time

_ Insert Structural Loads

_ Insert Supports

Insert Structural
< Results

Salve

_ View Results

L5 Yiew Report

Geometry A Vol hiest A Print Preview A Report Preview /.
|Press F1 for Help | |-.,ﬂ Mo Messages |Nl:| Selection Metric (i, £, M, 5, m¥, ma) De_greas b
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Workshop 2.1 - Preprocessing

Workshop Supplement

5. Set the units system: [ nits fools Help || @ | isove -

| Metric (ra, ka, M, s, ¥, &)

* From the main menu go to “Units > Metric (mm, ——Meitic (cm. 0. dune. 5. Y A)
kg, N, s, mV, mA). _MF et el N o9

Metric (mm, dat, M, s, m¥, ma}

Metric (um, kg, WM, 5, ¥, mA)

.5, Customary (fE, Ibm, IBF, °F, s, ¥, &)
U.5, Custamary (in, lbm, I6F, F, 5, ¥, &)

!|T Degrees

Radians

radfs
| v REM

IT Celsius (For Metric Systems)
Kelvin (For Metric Syshems)
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NANSYS

... Workshop 2.1 - Preprocessing

=

=

Graphics Properties

Definition

Suppressed Mo

6. Select a suitable material for the part:
a. From the Mechanical Wizard choose “Verify Material”

b. Notice the callout box indicates Engineering Data i
accessible from the WB2 interface (Project Schemati

Details of "Part 1

Stiffness Behavior  pe————

Coordinate System

Reference Temperatl properties,

G0 under Engineering Daka in
Workbench 2 to assign the material

Material
Structural Steel  »

ANSYS, Inc. Proprietary

Workshop 2-1

c. Return to the Project schematic window and double ¢
“Engineering Data” to access the material properties

S

C).

lick

Workshop Supplement

Mechanical Application Wizard

Stress Analysis —

Determine safeby Factors,
stresses and deformation For a
body ar assembly under structural
loading.

,j Choose Wizard

Required Steps

Click each task below For
information,

P VYerify Material

_ Control Time Stepping

Consider Mulktistep
< Analysis

_ Define End Time

_ Insert Structural Loads

o Insert Supports

. Insert Structural Results
Solve

, ¥iew Results

.0 ¥Wiew Report
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... Workshop 2.1 - Preprocessing

NANSYS

Workshop Supplement

-

“Aluminum Allow” to add this

ﬁ General Materials

7. With General Materials e s | j
: : : (0 Data Source Location Des
h I g h I I g hted CI I Ck th e + n eXt to w Conkents filkered For Static 5

General use material samples

E General Mon-linear Materials

General use material samples

Iﬁ'ﬁﬁ

aa

o

material to the current project.

of General Materials

- ! B |C |D E 2
L | Contents of General Materisls = | Add S, Dm-.zqu
8. Return to the Project. . . S N il i il
4 %9 aurinumaloy o | @ = | e R, o
5 Q@ Concrebe H _ILI
4] | 3

Notice the Model cell indicates a
refresh is necessary.

& Refresh Praject  * Update Praject 3 ]Import... | @F&étl_'lrn'tq Project

() Edit...
9. Refresh the Model cell (RMB), |8 | }
then return to the Mechanical g 2 g v g
. 3 E FEametry o # pdate
WlndOW. 4 ﬁ Madel TJ j= Refresh
5 a Setup = Clear Generated Data
. ﬁ Solution o Reset
7 @ Results = EE Rename
Workshop 2-1 Properties
Quick Help
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... Workshop 2.1 - Preprocessing

Workshop Supplement

10. Highlight “Part 1” and click the .
“Material > Assignment” field to F

- [ Model (4)

change the material property to 5
alumlnum alloy ----,;‘1‘ oordinate ovstems

U Mesh
=l--{=] Static Structural {(A5)
Bt v N Analysis Settings
=--[&5] Solution (AB)
w2 ¥ solution Information

Graphics Properties
=l| Definition
Suppressed o

Stiffness Behavior Flexible
Coordinate System Default Coordinate. .,
Reference Temperature |Bv Environment
Material
Assignment Skruckural Skesl __r !
Monlinear Effects Yes % Aluminum Alloy
TS T e ———re

Bounding Box
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. Workshop 2.1 - Preprocessing

NANSYS

Workshop Supplement

11. Insert Loads:

Mechanical Application Wizard

a. Select “Insert Structural Loads” from the Wizard Stress Analysis " 4]

Determine safety Factors,
skresses and deformation For a
body or assembly under struckural
loading.

b. Follow the call out box to insert a “Pressure” load

c. The tree will now include a Pressure load in the
“Static Structural” environment branch

| % Choose Wizard

Required Steps
iZlick each task below For
infarrmation,
P Verify Material
| Supports « L ¢ _, Control Time Stepping
b . Consider Multistep
i < fnalysis
. H';.-'drcustatu: FPressure , Define End Time

Eﬁ_, Farce P _ Insert Structural Loads

CE, Remote Force & Project . Insert Supports

&n ; |—] Model (A4) _ Insert Structural Results

! Bearing Load EI ’/@ Geometry ;

F ] Solve

Wi Bolt Pretension f -/ Part 1

% i " l _..r,..i‘._ Coordinate Systems _ ¥iew Results

ormepc 0 B Mesh .5 ¥Wiew Report

i‘@ aenaratized Plane Strain E| 7[:] Sl:atu: Strucl:ural (A5)

I, Line Pressure —

ﬁ: PSD Base Excitakion C. S W .|

o ¥ Solution Information
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... Workshop 2.1 - Preprocessing

12. Apply the load to geometry:
a) Highlight one of the outer faces of the part.

b) Use the “Extend to Limits” icon to select the remain ing 16 faces (total 17 faces
selected).

c) Click “Apply” to accept the faces.
d) Enter a “Magnitude” of 1MPa.

Workshop Supplement

2 RGeS adlamaa xma|0
IEnvir’nnment . Tnertial = G Loads - G % Extend ta Adjacent b

| 3 Extend to Limits '

(=] Project Fa e

= - [ Model (A4)
Eﬁ Geometry
Tihig Part 1
J}'i\ Coordinate Systems
------- F A Mesh
£l (2] Static Structural (A5)
------- v :'/fn_ Analysis Settings
g Pressure
= -le8| Solution (AG)
_;E‘j Solution Infarmation

Cigkalle of "Presaurs!

Scope
C . Appl Carnicel
= DefliniCion
Type Pressure
Ciefine Eo hlocmal T
d Magnitude |0, MPa (ramped)
" Lppresse, 0
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. Workshop 2.1 - Preprocessing

NANSYS

Workshop Supplement

13. Apply supports to constrain the part:

a. Select “Insert Supports” from the Wizard.
b. Follow the callout box to insert a “Frictionless Su
c. “Apply” it to the 4 counter bore surfaces of the par

Ei.‘SuppDrts - B, Conditions = |

L Fixed Support b

Eﬁj;, Displacemnent

@ Remote Displacement

I Frictionless Support:

Cnmpressmn Cnly Suppoart

o
,__] Project

- &) Model (A4)

E| ----- ‘,@ Geametry
i - /T Part 1

- ----- i ,._ Coordinate Systems

o TEf Mesh
----- -;;E Static Structural (A5)
‘,/\ Analysis Settings

ﬁ Pressure

@ Frlctlu:rnlass Support

@i— Cylindrical Suppart C l Eeu:netr";.-' Apply

#. simply Supported

pport”.

t.

Cancel

% Fioed Rotation
Ei;;, Elastic Support

ANSYS, Inc. Proprietary

Type Frictionless Support

Suppressed Mo

Mechanical Application Wizard

Stress Analysis =
Deterrning safety Factors,
shresses and deformation For a

body or assembly under structiural
loading.

| 7 Choose Wizard

Required Steps

Click each kask below For
inFormatian,

ﬂ Yerify Material
, Control Time Stepping
Eunsldi:r Multistep

s Insert Supports

Solve

 ¥iew Results

¢ View Report
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... Workshop 2.1 - Preprocessing

Workshop Supplement

14. Repeat Steps 13.a. and 13.b. to insert a
“Frictionless Support” on the inner surfaces
of the bottom recess (use extend to limits
after selecting one of the inner surfaces.

15. Repeat Steps 13.a. and 13.b. to insert a
“Frictionless Support” on the lip surface at
the bottom of the recess.
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... Workshop 2.1 - Preprocessing T p———

Mechanical application Vizard

16. From the Mechanical Wizard request: e =
a) Insert Structural Results (the call out will point to the el ey e

stresses and deformation For a

Solution toolbar). oy o ssembly uncer i
b) Deformation > Total. 7 Choose Yieard
c) Stress > Equivalent (von-Mises). S
d) Tools > Stress Tool. i;:”':'wﬂtl

_ Control Time Stepping

|$&5tress - | B |inearized ¢

£, Deformation = 0 = : .- — @Tnnls A & ) Consider Multistep
| GJ Equivalent {von-Mises) B hnialysis
b_ | S Total _ﬁ ; d . | Stress Taol _ Define End Time
: ﬁe_-l Directional . Middle Principal kg Tool _ Insert Structural Loads

@ Totalvelocty B Minimum Principal [ Cortact Toal . Insert Supports
P Maximum Shear a. I _ Insert Structural Results
B Intensity Solve
TR formal  Wiew Results
mﬁ Shear .5 Wiew Report

: P Yector Principal

{E Error

Details of "Stress Toal®

Note the Stress Tool detail allows 4 different conf  igurations (explained later).

. . e . Definition
For this workshop we will leave the tool specified as “Max Equivalent Stress” :
h Theary: Max Equivalent Stress
t eory. Stress Limit Tvpe | Tensile Yield Per Material
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WS2.1: Basics
Workshop 2.1 - Solution

17. Solve the model:
a. Select “Solve” from the Wizard.
b. Follow the callout box and click on “Solve”.

NANSYS

Workshop Supplement

Stress Analysis

Determine safety fackars, stresses and
defarmation for a body or assembly
under structural loading.

| = Chooss Wizard

Ma: Workshop 2-1 - Mechanical [ANSYS Multinhwcire1
Required Steps

J File Edit Yiew Units Tools Help “ v Click each task below for informatian,

= % K- B R

JEDlul:IDn ﬁd Defarmation - mﬂ Strain - m|3_‘5|:rns-,55

E «‘% Geometry
v‘@ Part 1

EJ,!-,.. Coordinate Systems

------- A Mesh

(=] Static Structural (AS)

With the analysis Fully n:Ieﬁnen:I s I:he
Solve command to generate results
Ise the dropdown menu o Solve with
specific process settings (e.qg. local or
remote), or click the button to use the
default settings. Configure Solve
Process Settings From the Tools menu,
To solve multiple analyses, first select
gither the Madel or Project in the
Outline,

f;':' ¥erify Material
_, Control Time Stepping
_ Consider Multistep Analysis
_ Define End Time
_ Insert Structural Loads
_ Insert Supports

gl Results

_ View Results
¥iew Report

*  Note how clicking on “Solve” in the Wizard does not automatically start solving
the model but instead, points out the “Solve” icon to the user. Alternatively, you

could right click on any branch in the “outline” and choose “Solve”

ANSYS, Inc. Proprietary
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NANSYS

Workshop 2.1 - Results

ANSYS, Inc. Proprietary

B

18. View the results:
a. Click “View Results” from the Wizard

b. Follow the callout box to where the results are
available under the “Solution” branch

[| ,/% Geometry

T < Part 1

Ev{ﬁ Coordinate Systems

i ‘(% Mesh

- _,{:l__j Static Structural {A5)
------ (f\ Analvsis Settings
s ----- ﬁm Pressure
------ ﬁﬂ Frictionless Support
------ ﬁﬂ Frictionless Support 2

‘,@ Solution (AG})

e .H Solution Information

b Lt A Total Deformation
' M Equivalent Stress [~

a

:I A: Workshop 2-1
Total Deformation

Type: Total Deformation
Urit: mrn

Time: 1

21102009 1115 AM

0.067207 Max
0.03974
0052272

Elf,il Stress Toal

Scope

Scoping Method Geometry Select

Geometry all Bodies

Definition

Select result ikems to view graphical
and kabular data: Use the Resul:
toalbar bo wark with the contoured
display. Use the Timeline window
toolbar to animate the result, Use the
mouse ko directly edit the legend, In
the legend context menu, assign a
name ko a customized legend to reuse
it on okher results,

Tuima | Tek=l PaFaera skime

Workshop Supplement

Mechanical Applearon i ow

Stress Analysis

Determine safety Factors, stresses and
defarmation For 4 body or assembly
under structural lnading,

| & Choose Wizard

Required Steps

Click each task below For information,
i-:'.'l ¥Yerify Material
_ Control Time Stepping
_ Consider Multistep Analysis
_ Define End Time
. Insert Structural Loads
_ Insert Supports

_ Insert Structural Results

¥iew Results

Yiew Report
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... Workshop 2.1 - Results

* Plotting a model’s deformation often provides a “re ality check” in
structural analysis. Verifying the general nature (direction and
amount) of deflection can help avoid obvious mistak es in model
setup. Animations are often used as well.

Workshop Supplement

A: Workshop 2-1
Total Deformation
Type: Total Deformation
IInik: ram

R Time: 1

0.067207 Max
0.05974
0.052272
0.044505
0.037337

1 0.02957

- 0.0z22402
0.014935
0,0074675
5.7917e-8 Min
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... Workshop 2.1 - Results

« After reviewing stress results expand the safety to ol and plot safety
factor. Notice the failure theory selected predict s a minimum safety
factor of just over 1.

Workshop Supplement

A: Workshop 2-1
Safety Fackar

Type: Safety Fackor
Time; 1

2102009 11;23 &M

D e — 15Max
SR Sglilul:iun {AG) 10
------- ¥ | ¥] Solution InFu:lrm.atu:nn .
& A Tl:ut-?l Defaormation o
EI@ Stress Tool o

o M Safety Factor
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Workshop 2.1 - Report TR y—

19. Create an html report:

a. First choose the graphical items you wish
to include in your report by highlighting the

branches and orienting the plot (this is your % Tmags from Fie..
choice). 3] Image to File...
Next, insert a “Figure” from the toolbar.

Click the “Report Preview” tab to generate

the report. = =

s Geometry A\ oo Print Previewds Report Preview /I
1 |

ANSYS

Project

3

First Saved | Thursday, January 04, 2007
Last Saved Thursday, January 04, 2007

Product “Wersion 11.0 Internal

IRl e D3 Dt b

L ¥R
=l :_ESGIul:iun (AB)

Tty Solution Information
' Takal Deformation

frvee: | Figure
fn AL Equivalent Stress
=) J&| Stress Tool

. M safety Factor

Cenre e mdarkaheat A DR e 0 A Rennet Praview
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... Workshop 2.1 - Report

Notes on Figures:

 Figures are not limited to results items. Adding a plot of the
environment branch, for example, will include an im age of model
boundary conditions in the Report.

 Figures are independent. You may set up individual figures and have
their orientation, zoom level, etc. retained regard  less of the active
model orientation or other figures.

e Individual branches can have multiple figures assoc lated with them.

Workshop Supplement
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