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WNSYEH Notes on Workshop 2.1

Please Note: The step by step instructions for this workshop do not begin until slide #6.

The first workshop is extensively documented. As this course progresses, students will
become more familiar with basic Workbench Mechanical functionality (menu locations
etc.), thus subsequent workshops will contain less details.

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

Workshops begin with a goals section followed by an assumptions section.
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LWNYEH Goals

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

Problem statement:

* The model consists of a STEP file representing a control box
cover (see figure). The cover is intended to be used in an
external pressure application (1.0 MPa).

* The cover is to be made from aluminum alloy.

® Qur goal is to verify that the part will function in its intended
environment.
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AW SYER Assumptions

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 act
in these areas, this is a conservative approach.
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IAWNYESE Environment

Loads: the load consists of a 1 MPa pressure applied to the 17 exterior surfaces of the cover.

ionless Support
[E] Frictionless Support 2
. Frictionless Support 3

4
0.00 30.00 {mm} -
|

15.00
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LWNYKSH Project Schematic

1. From the Toolbox choose createa o aneiysis systems y

|
X

. 54 Harmonic Response {(ANSYS)
Static Structural system (drag/drop g5 e sucking cansvs) -
i Modal (ANSYS) il 7= Static Structural (ANSYS)
or RM B)- Wiy Random Vibration {(AMNSYS) 2 @ Engineering Data v 4
Wil Response ‘.Sp'ectl.'um (ANSH:E;) 3 @ Geometry 2> P
1 [E3_Static Structural (AH5vS) |2~ | | riodel 5 a4
. - = avs) s | @ sSetup =z
EFY) Thermal-Electric {ANSYS) & & Solution 2
Ezd Transient Structural (ANSYS) 7 @ Results 2

Ezd Transient Structural (MBD)
&, Transient Thermal (AMNSYS)
Wﬁ Component Svstems

Static Structural (ANSYS)

X — ,q , New Geometry...
! e[ o
i = i 53 Duplicate
2. RM B In the Geometry cell and : @ il " Trapnsfer Data From MNew >
4 @ Model 7
choose Import Geometry. Browse to 5 @ setw g IoxtrboeToten »
. . . 6 | § Solution J| 7 Update
the file “Cap_fillets.stp” and click @ ot | @ Refresh
atic Structural { ) Reset
Open. Static Struct ANSYS g:m by
Properties
Quick Help
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AW NYEW Preprocessing

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

7| Static Structural (ANSYS)

When the Mechanical application opens the model will display in e LA
the graphics window and the Mechanical Application Wizard 3. | [®rmwe ] 2.
displays on the right. e LS

L ura ol TANSYS Multiphysicsl =rET T 7 @ Results 2

= | -/Solve v 7.ShowErrors ju~ T =R in
¢ RAeEQCE M E & O Workshop 2-1

77 Show Vertices 48 Wireframe % MRa olors (Z»Annotation Preferences || Il Edge Coloring ~ £~ A~ A~ A~ A~ A || |+ Thicken Annotations
Wodel | @ Construction Geometry | @1 Virtual Topology | [al Symmetry emote Point | @ Connec tions | @ Fracture | 6 Mesh Numbering | (3 Solution Combination | ¢®MNamed Selection

Filter. Hame -
=] Project
= (8] Model (Ca)

- Mechanical [AMNS gl physics]

its Tools Help @ | =} Solve

J4 Insert Supports

@) Insert Structural Results

Solve

When Mechanical

Optional Tasks

il starts if the Wizard

Graphics Annotations EEg ™

= Is not displayed,
use theicon to
open it.

.0 No Messages No Selection Metric (mm, kg, N, s, mV, mA) Degrees rad/s Ce
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WNAYSH. . . Preprocessing

| | i
Tools Help || €2 | “‘sSove ~ {
1 Metric (m, kg, M, s, ¥, &)
Metric {cm, g, dvne, s, ¥, &)

| v Metric {mm, kg, M, 5, m¥, mA)

¢ vetric {mm, £, [, s, mY, ma)

4. Set/check the units system: TR o
® From the main menu go to “Units > Metric (mm, kg, N, s, mV, mA).  © [2in =i

.5, Customary (in, Ibm, Ibf, °F, s, ¥, &)
£

| v Deagrees

Radians

radfs
| v RPM

»v Celsius (For Metric Systems)
Kelvin {(For Metric Systems)
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WSSH - . . Preprocessing

5. Select a suitable material for the part:

a. From the Mechanical Wizard choose “Verify Material” techanical Application Wizard
Stress Analysis
b. Notice the callout box indicates Engineering Data is accessible from the 3:52:::.‘22?0%“’{:{’%2"‘3‘;3’3; ses
a o o under structural loading.
WB2 interface (Project Schematic). 2 Choose Wizard
Details of "Part 1

a Required Steps

raphics Properties
Definition

7Suppressed |No a . |[ -

Stiffness Behavior

o0 = =

! Yerify Material

.2 Insert Structural Loads

Coordinate System Go under Engineering Data in b

Workbench 2 to assign the material

,¢ Insert Supports
Reference Temperatdl properties,

P Insert Structural Results

= Material it
= e =

Yiew Results

,¢ View Report

C. Return to the Project schematic window and double click “Engineering

Optional Tasks | 2

Data” to access the material properties. Parameter Tasks >

- A General Tasks >

1 Links >

2 Q Engineering Data v 4 C

3 I3 Geometry v i '

4 @ Model =

S @ Setup Ve

6 | @3 Solution Z

7 @ Results =

Workshop 2-1
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ANSYS o o o P re p rOCESSi n g [‘f Filter Engineering Data iﬁ Engineering Data Sources 6 ]

6. Activate the Engineering Data Sources toggle
and highlight “General Materials” then click = S
the ‘+’ next to “Aluminum Alloy”.

[ ) X

Az | Contents filtered For Static S

= | General use material samples

= | General use material samples

e

o

: P
. 1 Contents of General Materials = add S Descripti
7. Return to the PrOJECt. 3 %) Air a7 ‘ General properties For air. ——J
; S | e = [
. ‘5 ©$ Concrete o ‘ : | L,L‘
®* Notice the Model cell indicates a refresh is NS F)E T Ree | 7. fraineeringpata x
necessary. Edit...
=3 Duplicate
i Transfer Data To Mew
8 == Static Structural (ANSYS)
; . . 7 Update
8. Refresh the Model cell (RMB), then return @ & fnoneernapar > i wen [ g
eometry -
to the Mechanical window. 4 |8 _model =) Slear cong 2
5 lﬁ SEYE = Reset
& iqj;:] Solution = g:_l! HERE
= @ Results = Properties
Quick Help

Workshop 2-1
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WNAYSH. . . Preprocessing

9.

11

Highlight “Part 1” and click the “Material >

Assignment” field to change the material
property to aluminum alloy.
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(&) C : Static Structural - Mechanical [ANSYS Multiphysics]

File Edit View Units Tools Help =2 ~%Solve = 7./ ShowErrors @ [

= MRy - mME@®R &S| S e | ® | E®E]
"1‘\ I Random Colors @Annota

" Show Vertices é@_Wireframe
Geometry U, Point Mass
Outline o

Filter: Mame =

Project
B Model (C4)

EI VVVVV 2
H -‘/ i
S imdlte Systems

f‘\‘ Analysis Settings
Solution (C6)
_//[II Solution Information

+| Graphics Properties

—I| Definition
Suppressed Mo
5tiffness Behavior Flexible

Coordinate System Drefault Coordinate System

Reference Temperature | By Environment

=1} Material
Structural Steel _r' !
Monlinear Effects Yes w New Material...
ermal strain ects 25 Import...

+l| Bounding Box 9 R Ta R T o=y
+| Properties "
+|| Statistics % Aluminum Alloy
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WSS . . . Preprocessing

Mechanical Application Wizard I =
10. Insert Loads: Stress Analysis
«“ »” o Determine safety factors, stresses
a. Select “Insert Structural Loads” from the Wizard

and deformation for a body or
assembly under structural loading.

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

= Choose Wizard

. . . . Required Ste
C. The tree will now include a Pressure load in the “Static Structural” i —
environment branch information.

(¥ Verify Material
() Consider Multistep Analysis

®.\Supp0rts > B ¢

a o4 Insert Structural Loads I

- )
= | Pressure i +5 Insert Supports

I. Hydrostatic Pressure | Outline

o (¥ Insert Structural Results
S Force ! Filter: Mame - 2 A LTz
®‘n Remote Force g Project View Results
= == Model [(C4) ‘i R —
@ Bearing Load = %@ Geometry s ViEW REpo
“wi Bolt Pretension o @1 Optional Tasks >
% M . “srn Coordinate Systems
SULL Parameter Tasks »
...... i i General Tasks »
& Analysis Settings
w Line Pressure )
----- 5 Solution (C6) Links g
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WSS . . . Preprocessing

11. 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 remaining 16 faces (total 17 faces selected).
C) Click “Apply” to accept the faces.
d) Enter a “Magnitude” of 1MPa.

(&) C : Static Structural - Mechanical [ANSYS Multiphysics]

| File Edit View Units Tools Help |J @ % | “fsowe ~ ?/ShowErors @ [ &~ (8] ~ W vorksheet
| = "R - mmE s s e e & Fa o e s |0
J T Show Vertices %@Wireﬁame | E'E';Show MI% Extend to Adjacent Annotation Preferences |J N Edge Coloring =

Environment 9k Inertial v T Loads ~ 9% Sup % Extend to Limits
o % Extend to Connection
a Extend to Instances

| Filter  Mame -
Project
B &3 Model (C4)
EI EB Geometry
B2 Coordinate Systems
A Mesh
E-9(=] Static Structural (C5)
J:'/:'\‘ Analysis Settings
‘J'sn Pressure
Cl-7/ Solution (C6)
_//m Solution Information

Details of "Pressure” @
Ell Scope

Apply | Cancel ||

| Geometry
e .

Type Pressure

al To

.
Lsflos B Dlaom v
Magnitude 0. MPa (ramped] d
ﬁ .
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IWWNYEH. . . Preprocessing

12. Apply supports to constrain the part:

Mechanical Application Wizard & =

a. Select “Insert Supports” from the Wizard. Stress Analysis
Determine safety factors, stresses
b. Follow the callout box to insert a “Frictionless Support”. e o e O .

EFE} Choose Wizard

C. “Apply” it to the 4 counter bore surfaces of the part.

Outline 2

Required Steps

Click each task below for
information.,

ﬂ Verify
& Conside a. Analysis
Insert Structural Loads

a Insert Supports

| Filter:  Mame -
= [ Model (C4) o
- B Geometry
H e w1

3 A Coordinate Systems
I S, Supports -I@.‘ Copditions | i e

= - =--2[Z] Static Structural (C5)
J, Fixed Support b

v Analysis Settings
&8, Displacement

~ Pressure
2, Frictionless Support

&) P » Bl (8 Solution (C6)
- _//EI Solution Information -
G, Frictionless Support Details of "Frictionless Support” T D Insert Structural Results
&, Compression Only Support % Solve
@ Cylindrical Support z oo View Results

#. Simply Supported

| Frictionless Support

- View Report

d Rotatior

2. & . | suppressed | Mo
G, Elastic Support ‘ Optional Tasks »
Parameter Tasks 4
General Tasks »
Links 4
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NLWNYSH. . . Preprocessing

13. Repeat Steps 12.a. and 12.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.

14. Repeat Steps 12.a. and 12.b. to insert a “Frictionle
Support” on the lip surface at the bottom of the recess.

ol

15 © 2015 ANSYS, Inc. February 27, 2015



WNYEN. . . Preprocessing

15. From the Mechanical Wizard request: Stress Analysis

Determine safety factors, stresses

. . . and deformation for a body or
a) Insert Structural Results (the call out will point to the Solution Sesembly under structural loading.
tOOIbar). S Choose Wizard
. Required Steps
b) DEformatlon > TOtal. Click each task below for
information.
c) Stress > Equivalent (von-Mises). B Verify Material

(¥ Consider Multistep Analysis

d) Tools > Stress Tool.

[ @ Deformation ~ 9
b ¥, Total C .
) ! B4, Directional

W Tt Yelocity

¥ Insert Structural Loads

Tzé]Tools ~ ] @;“L

= | B Linearized
- - ‘4 Insert Supports
. ' . d @] Stress Tool a ¥ Insert Structural Results
’ I~~| Fatigue Tool . e
% Middle Principal ] 9 7 Solve

@ Contact Tool

&

i @6 Minimum Principal View Results
@cr Maximum Shear -+ View Report
@G Intensity
@6 P Optional Tasks 3
Y@ Shear Parameter Tasks »
2 g R
4. Vector Principal General Tasks »
¢ Y@ Error Links »

Details of "Stress Tool"

Note the Stress Tool detail allows 4 different configurations (explained later). For = Definition }
this workshop we will leave the tool specified as “Max Equivalent Stress” theory. \Theory  |Max Equivalent Stress

gStress'Limit Tvpe §AT;37nsiIe vield Per Material
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AYSYEE Solution

Mechanical Application Wizard & X

16. Solve the model: SR M
Determine safety factors, stresses
s and deformation for a body or
a. SElect "SO'VE” from the leard. assembly under structural ?nr:-ading.
! S Choose Wizard
b. Follow the callout box and click on “Solve”.

Required Steps

Click each task below for

(@} C : Static Structural - Mechanical [ANSYS Multiphysics] information.

File Edit Wiew Units Teols Help =+Z || =¢ solve 24 b fors @ [ [ ) Verify Material
= o ) Consider Multistep Analysis
B s - ~ [fw T - =1 = 7 ] p
: @ = T‘E @ @ @ B - With the anieey iy defined, use ‘,J, Insert Structural Loads
F Show Vertices i Wireframe +~ the Solve command to generate
@ Insert Supports
Solution "8, Deformation + S Strain + S Stress « 13 T L LSRR O T G d =

Solve with specific process settings

. . ' Insert Structural Results
Outline o (e.g. local or remote), or click the
. button to use the default settings.
Filter: Mame - a

Configure Solve Process Settings

e B - from the Tools menu. To solve i View Results
----- » sl Coordinate Systems multiple analyses, first select either -# View Report
- @ Mesh the Model or Project in the Cutline.
: S Tl Optional Tasks 3
Parameter Tasks 4
® Note how clicking on “Solve” in the Wizard does not automatically start | Gerer=T2sks g
solving the model but instead, points out the “Solve” icon to the user. = x

Alternatively, you could right click on any branch in the “outline” and
choose “Solve”
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IALWNYSH Results

17. 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

EI,/% Geometry
#f m o1
-wta Coordinate Systems
AR Mesh
=] static Structural (C5)
:/.:\" Analysis Settings

= Pressure
/@Q Frictionless Support

.- 83| Solution (C6)

,/@Q Frictionless Support 2
/@Q Frictionless Support 3

(L| Solution Information
,/@ Equivalent Stress
T Total Deformation

I

Mechanical Application Wizard & =

Details of "Total Deformation”

-| Scope
Scoping Method Geometrf Sele
Geometry All Bodid

—|| Definition
Type Total Defgoma

Select result items to view graphical
and tabular data. Use the Result
toolbar to work with the contoured
display. Use the Timeline window
toolbar to animate the result. Use
the mouse to directly edit the
legend. In the legend context menu,
assign a name to a customized
legend to reuse it on other results.
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Stress Analysis

Determine safety factors, stresses
and deformation for a body or
assembly under structural loading.

= Choose Wizard

Required Steps

Click each task below for
information,

) Verify Material

) Consider Multistep Analysis
@ Insert Structural Loads

@ Insert Supports

¥ Insert Structural Results
& Solve

& View Results

4 View Report

Optional Tasks 4
Parameter Tasks .3
General Tasks »
Links 4




IAWNSYEH . . . Results

Plotting a model’s deformation often provides a “reality check” in structural analysis.
Verifying the general nature (direction and amount) of deflection can help avoid obvious

mistakes in model setup. Animations are often used as well.

A: Static Structural
Total Deformation
Type: Total Deformation
Unit: mm

Time: 1

0,058942 Max

0,052393

L 0,045844

= 0,039295
0,032746

. 0,026197

= 0,019648

= 0,013099

0,0065495

4,7481e-7 Min

B /88 Solution (C6)
------- 1| Solution Information

o oo . . . v 35 | M@ W | [EProbe | [
Element visibility can be toggled on and off quickly using the options E o WeErarme
ﬁ Show Undeformed WireFrame
K Show Undeformed Model
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WWSYEH . . . Results

After reviewing stress results expand the Stress Tool and plot safety factor. Notice the
failure theory selected predicts a minimum safety factor of just over 1.

= “, _| Solution (C6) [S S @l Solution t_ZCE} _
4 A% | Selution Informatiol R _? ] Solution Informaton
(ﬁ Equivalent Stress ------- Tl Equivalent Stress
Total Deformation -

EI ----- 0| Stress Tool

= > _| Stress Tool

L A safety Factor i Safety Facter
A: Static Stct al A: Static Stct al
Equivalent Stre: Safety Fac
Type: Equivalen t( n-Mises) Stres: Type: Safe tyF T
Unit: MPa ime: 1
Time: 1
15 Max

234,6 M 10

208,55 . 5
I 1825 =
Ll 1565 1

0

0,16301 Min
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\WNY&E Report

18. Create an html report:

a. First choose the graphical items you wish to include in your report and insert a figure for each
one (this is your choice).

b. Click the “Report Preview” tab to generate the report.

- S e
=--_ g3 Solution (A6) a. 3
1] Solution Information PrOject
S+ k Total Deformation Sl R
: ] Figure — First Saved | Wednesday, December 03, 2014
~ \@) Figure Last Saved | Wednesday, December 03, 2014
: J@ Equivalent Stress &% Image Product Version 16.0 Release
= ‘,-'QI Stress Tool 9 Save Project Before Solution No
_/@ Safety Factor & Image from File... Save Project After Solution No

@ Image to File...
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WWNSYEH . . . Report

Notes on Figures:

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

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

Individual branches can have multiple figures associated with them.
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LWSYCH Go further!

If the yield stress of the material is equal to 250Mpa, do you think that we can validate the
beginning of production of this part if we do not accept to enter in the plastic domain
of the material?

= ,,Q] Solution {(AB)
_*¥] Solution Information
‘av otal Deformation
o ress oo
E3 Safety Factor

lﬂ

A: Static Structural

0,16301 Min
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.. . Go further!

Try to mesh a little bit finer by defining a global element size.

Filter: Mame = 1
=] Project
= [&8 Model (A4)

try

IC Structural (AS)
w2 Analysis Settings
,/ﬁaﬁ Frictionless Support

w Pressure
=88 Solution (A6)
“wi ] Solution Information
- Total Deformation
-0 Equivalent Stress
=1 ] Stress Tool
fo M Safety Factor

Details of "Mesh"

24
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=1| Defaults

Physics Preference Mechanical
Relevance o

—1| Sizing
Use Advanced Size Function | Off
Belevapce Cepter Cogree

I Element Size Default I
Initial Size Seed Active Assembly
Smoothing kedium
Transition Fast
Span Angle Center Coarse
Minimum Edge Length 0,50 mm

+1| Inflation

=1 Patch Conforming Options
Triangle surface Mesher

+1| Adwanced

+| Defeaturing

+|| Statistics

Program Controlled



