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Foreword
Hi all!

My name is Claudiu and | am in the FEA domain since the year 2000. | began in the faculty as a part of research
grants, then | was a mechanical designer for a few good years, but FEA was with my the whole time. In the present |
work only as a Finite Element Analyst for a big Automotive company and | get to share via expertfea.com and
GrabFEA.com, some of my experience and expertise with you, people who want to try new things and have a
brighter, more exciting future.

| began this book with the yellow belt, skipping the white one, because | assumed that you already have the white
one, meaning that, by now, you have already opened ANSYS Workbench, inserted a fixed support and a force on the
other end of the beam.

This book is a collection of fast tutorials (only the steps of how to peform the FEA, no extra boring stuff), detailing
the FEA scenarios found on the Solved FEA page of expertfea.com and GrabFEA.com. Many of you asked me to detail
the Solved FEA and to present those cases in a step by step approach, so here you have it.

Check the Youtube results movies for the tutorials contained in this book, then take the decision of wether to buy
this book or not.

It is best if you are a beginner, because you'll find lots of easy exercises which gradually increase their difficulty in
this volume. Only one example, the one with Reinforced Concrete has Geometry modeling detailed! Check the
Homework section of each tutorial, in order to expand its options and squeeze more knowledge from each case.

If at first you don't understand what you're doing, no problem, trust me, you'll understand it later. As in Karate, in
the beginning it's best if you exercise a lot and regularly, then, in time you will understand why you do what you do. |
am telling you now: you do it for yourself, to master your craft, your FEA skills, and to better yourself as a stress
engineer!

So, realize that HERE and NOW you have everything at your disposal to improve your career and path in life, and
above all, BEGIN YOUR PRACTICE TODAY, REGULARLY! Don't live a day without FEA! (it even rhymes :)

From my experience, | am telling you that, if you practice at least 1 hour each day, you will become very skilled
within 1 year. | am doing FEA ~10 hours/day, each day, and I still think | barely scratched the surface of this domain.
So, hurry up, train yourself every day and you'll surely become the next Sheldon Imaoka, an ANSYS sensei whom |
respect very much and hope to meet in this life!

This is my creed: "FEA is the art of skillfully using Geometry, Materials, Mesh, Boundary Conditions and Analysis
Settings in order to achieve reliable results in a timely manner". But to do all these very well, you need lots of
exercise, a lot of trial and error. There is no training, book or tutorial on how to skip directly to mastership, to skip
errors and get the best results! You must walk the path in order to reach the destination; as in real life, usually there
are no shortcuts, unless you are one of Bill Gates' children, then this book is not for you. Look on your ID document
now: if it doesn't say Jennifer Katharine Gates, Rory John Gates or Phoebe Adele Gates, then let's do together some
FEA in ANSYS Workbench! After all, you don't want to be in their shoes, because they probably didn't hear about FEA
by now, which is a big loss in their life, maybe their only loss :))

Kidding aside, start with this volume, because more FEA, interesting and challenging will follow in the next volumes,
in the next months. Remember also to check other aurhors, trainings and tutorials, because the Absolute Truth is not
confined within 1 single scripture, but it can be found in many more...

| wish you all the best and believe in yourself and in your awesome future! Claudiu, 23rd of September 2016
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CASE 1: ANSYS Workbench Static Structural FEA of the verification of a welded structure

0.085184 Min

Engineering Data (Materials): All bodies are made of default Structural Steel.

Geometry: 2015 aug_18 welding2.stp

Contacts: All contacts are default Bonded, except the ones between RIB and PLATES, which are Frictional with
Friction Coefficient 0.2

|_f_| ----- Connections

= Contacts

-------‘;l,,. Frictional - rib +¥ To small_plate

------V‘i,,\ Frictional - rib +¥ To big_plate

-------‘(:lK Bonded - rib +X To Aszembly1_wWelds-21
J&i,‘ Bonded - rib +X To Assembly1_Welds-19

- s B Bonded - rib +X To Assembly1_Welds-16
------V:l,,\ Bonded - rib +X To Aszembly1_\Welds-14
------V‘l‘ Bonded - rib +X To Aszembly1_wWelds-13
-------‘,&i,,‘ Bonded - rib +X To Assembly1_Welds-10
- B Bonded - rib +X To Assembly1_Welds-5
------V:l,,. Bonded - rib +X To Assembly1_Welds-3
------V‘i‘ Bonded - rib +X To 2015_aug_18_welding1-3
-------‘,&i,,‘ Bonded - rib +X To 2015_aug_18_welding1-1
-, I Frictional - rib -X To small plate

Mesh: The mesh is default, except a Body Sizing of 7 mm on PLATES (not on weldings).

Details of "Mesh"

| Display

Display Style |Body Calar

[=I| Defaults

Physics Preference | Mechanical
Relevance 0

[=I| Sizing

Use Advanced 5i.. | Off

Relevance Center |Coarse

Element Size Default
Initial Size Seed Active Assembly
Smoothing Medium
Transition Fast

Span Angle Center| Coarse
Minimum Edge L...| 5.0 mm
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Outline

J Filter: Name <

B g8 Model (A4)

ﬁ Geometry

v‘* Coordinate Systems

=2 ‘,% Connections
Contacts

(= J% Mesh

AB. Body Sizing

S —|

Details of "Body Sizing" - Sizing

=l Scope
Scoping Method |Geumetry Selection
Geometry |4 Bodies
= -
Suppressed Mo
Type Element Size
Element Size |7. mm
Behavior Soft

Analysis Settings: Default values, 1 step, as seen here.

B = SEEC Structural (AS)
w24 Analysis Settings -
< I | 3

Details of "Analysis Settings” a
[=]| Step Controls

Mumber Of Steps 1.
Current Step Mumber |1,
Step End Time 1.5

Auto Time Stepping | Program Controlled
[=1| Solver Controls

Solver Type Program Controlled
Weak Springs Program Controlled
Solver Pivot Checking | Program Controlled
Large Deflection an
Inertia Relief Off

Force: 12.000 N on Y axis, applied inside the rectangular hole. Right click Solution, Solve.

Outline
JF”T:EI’: Name 52
Contacts
0 Mesh

ﬁ.‘ Body Sizing
Bl {=] Static Structural (A5)
./:/31 Analysis Settings
(ﬁ, Fixed Support
- w Force
@ Solution (A6)
¥ snlution Tnfarmati ™
r

4

Details of "Force”

[=I| Scope
Scoping Method |Geometry Selection
Geometry |4 Faces

[=I| Definition
Type Force
Define By Components
Coordinate System | Global Coordinate Sy..,|

XComponent 10,1 (ramped)

| Component |0.N [ramped]
|Suppressed |Nu

Solution: Directional Deformation on Y axis.

| Fiter:  Name v

E-/8 Solution (A6) -
_,m Solution Information
BB Directional Deformation
‘(m Equivalent Stress
‘,ﬁ Equivalent Stress 2
‘,ﬁ Equivalent Elastic Strain

- el Stress Tool
< 1 ] »
Details of "Directional Deformation” 1
[=l| Scope
Scoping Method ‘ Geometry Selection
Geometry ‘AII Bodies 00860762
[=1| Definition 0.030985
Type Directional Deformation 00012083
Orientation ¥ Axis -0.028569
By Time
Display Time Last

Coordinate System Global Coordinate System
Calculate Time Hist.., | Yes

Identifier
Suppressed Mo

[=I| Results

Minimum |-2.8569e-002 mm
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Default Equivalent Stress.

Filter: Mame -
B, /g Solution (A6) -
.,m Solution Information
‘,Qi Directional Deformation
ﬁ Equivalent Stress
_,@ Equivalent Stress 2
‘,Q: Equivalent Elastic Strain

Pl Adil Stress Tool 4
o W ] »
Jetails of "Equivalent Stress” 1
-l| Scope
Scoping Method ‘ Geometry Selection
Geometry ‘4 Bodies
=I| Definition
Type Equivalent (von-Mises) ..,
By Time
Display Time Last
Caleculate Time History | Yes
Identifier
Suppressed Mo
Bl ion Point Results
Display Option ‘Averaged
Average Across Bodies | No

Equivalent Stress only in the weldings, as seen here.

Outline

J Filter:  Mame o
H Conta
B, & Mesh

H ,,@.( Body Sizing
El-,{=] Static Structural (AS)
V?'\:A Analysis Settings
,,G, Fixed Support
-ﬁ, Force
-8 Solution (A6)
,,[II Solution Information
,,0 Directional Deformation
0 Equivalent Stress | — : - P
,,ﬁ Equivalent Stress 2 . . - ‘ : 4 ‘\
,,0 Equivalent Elastic Strain 69,724 ”

| Stress Tool I6ETE g
Contact Tool

o
l/
9

Details of "Equivalent Stress 2" 1 \

-| Scope ‘
Scoping Method |Geametur Selection ~\
Geometry |ZE Bodies

Contact Tool only in the Frictional Contacts, as seen here.

Outline 1 Worksheet

J Filter: Mame A
E,[=] Static Structural (AS) ~

#N Analysis Settings X
YK Fixed Support Contacts Selection [All Contacts Add Remove

ﬁ.‘ Force Contact Sid l—.
=] Solution (A6) Lntackide [ Both Apply

Solution Information 3 . .
Jﬁ Directional Deformation H For additional options, please visit the context menu for this table {right mouse button)

A Equivalent Stress

5 Fouivalent Stress 2 |__[name | Contact Side |

I_ Bonded -rib +X To 2015_aug_18_welding1-3 Both
l_ Bonded - rib +% To 2015_aug_18_welding1-1 Both
|7 Frictional - rib -X To small_plate Both
| Frictonal - rib -X Ta big_plate Both

Default Contact Tool, Status, as seen here.
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Qutline

Filter: Mame -
E--{=] Static Structural (AS5)
--_(:v-’:\‘ Analysis Settings
_)@, Fixed Support
'« Force
E-|@| Solution (A6)
= ,,m Salution Information
/ﬁ Directional Deformation
i M Equivalent Stress
i M Equivalent Stress 2
= /ﬁ Equivalent Elastic Strain
= Stress Tool
i e M Safety Factor
- J@] Contact Tool

i M Status
o M Pressure
Details of "Status”
=I| Definition
Type ] Status
By Time
Display Time Tiast

Calculate Time History Yes

Further homework:

- increase the mesh Relevance 100, solve, draw the conclusions
- increase the Force 10 times, solve, draw the conclusions

- change the material of the ribs to Structural Steel NL, solve, draw the conclusions
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CASE 2: ANSYS Workbench Explicit Dynamics FEA of tensile and torsion tests on steel specimens

A) TENSILE simulation

Engineering Data (Materials): Press the Engineering Data Sources button

and click the yellow plus sign in the B column, to add it to our materials

i Engineering Data Sources

Engineering Data Sources * 3 X
A B C D =
X Data Source / Location Description
1tal Data : Quick access list and default =
S 2 wr Favorites items
General use material samples
3 ﬁ General Materials (] for use in various analyses.
ﬁ General Mon-inear D General use material samples
& Materials for use in non-inear analyses.
- . Material samples for use in an
5 @ Explicit Materials [} (7} explict anayisis,
PP O R 8
Outline of Explicit Materials * 3 X
A B C|D E
Contents of Explicit = ar
1 Matsise - Add  jource Description
T = | SEECTEd HUGGMOTS
I LA-4167-M5. May 1 1969, —
== | Selected Hugoniots: EOS 7th
= | Int. Symp. Ballistics. Johnson
T T + Cook e

Project
B @ Model (A4)

ﬁ Geometry
E| ,‘4\ Coordinate Systems

: i34 Global Coordinate System
;l‘\ Coordinate System

;1“ Coordinate System 2

»

|

Details of "Coordinate System” 1.
=1| Definition
Type Cartesian
Coordinate System Program Controlled
Suppressed Mo
|| Origin
Define By Geometry Selection
Geometry Click to Change
Origin X 36. mm
Origin ¥ 1.6695e-015 mm
Origin Z 0. mm
-| Principal Axis
Axis [x
Define By | Global x Axis
=1| O ion About Principal Axis
Axis [v
Define By |Defau|t

Create another Coordinate System on the opposite cylindrical face.
Contacts: None

Mesh: Use these options.

| E| ..... J% Mesh i
Details of "Mesh" n
[=]| Display

Display Style |Body Color

Transition Slow
Span Angle Center| Coarse

Insert Meshing Method, Tetrahedrons.



BECUME A BLACK BELT IN AN$Y$ WHRKBENCH, YHLUME |

QOutline

J Filter: Mame it

[E] Project

- [ Model (a4)

- M Geometry

&% Coordinate Systems

-8 Mesh

H i Ml Patch Conforming Method

--ﬁ,‘ Body Sizing 2

B, Body Sizing 3

Explicit Dynamics (A5)
Initial Conditions

L S Bnalusic Sattinne

Details of "Patch Conforming Method" - Meth...
=] Scope

Scoping Method ‘Geometry Selection
Geometry ‘l Body

[=]| Definition
Suppressed Mo
Method Tetrahedrons
Algorithm Patch Conforming

Insert a Mesh Sizing using Type, Sphere of Influence. For Sphere Center, select the previously created Coordinate
System. Insert these values.

J Filter:  name 52

= ‘/}, Coordinate System

b g3 Coordinate System 2

-, & Mesh
i Patch Conforming Method
ﬂ“ Body Sizing 2
ﬂ.‘ Body Sizing 3
B0 Explicit Dynamics (AS)
-- -- Initial Conditions

P amalucie Cattinae

Details of "Body Sizing 2" - Sizing

[=]| Scope
Scoping Method |Geometry Selection
Geometry |1 Body
[=]| Definition
Suppressed Na
Type Sphere of Influence

Sphere Center Coordinate System
Sphere Radius | 22, mm
Element Size |3, mm
Local Min Size | Default (1.0735e-002 mm)

Repeat for the other side and for the other Coordinate System.

Explicit Dynamics, Analysis Settings: Default values and End Time =

; P
=[O Explicit Dynamics (A5)
Initial Conditions
w2 Analysis Settings

I3 Fived Sunnort
Details of "Analysis Settings”
1| Analysis Settings F

| Type [Program Controlled
TTCTETETToT LTI T gy =T

Initial Time Step Program Controlled
Minimum Time Step Program Controlled
Maximum Time Step Program Controlled
Time 5tep Safety Factor 0g

Characteristic Dimension Diagonals
Automatic Mass Scaling Mo

Fixed Support: Apply it on one end.

Outline
J Filter. Mame -
J@ Mesh
B, Explicit Dynamics (A5)

Initial Conditions
vy Analysis Settings
‘,ﬁa Fixed Support

Details of "Fixed Support”

=l Scope
Scoping Method ‘ Geometry Selection
Geometry ‘2 Faces

(]| Definition
Type ‘Fixed Support
Suppressed ‘No

Displacement: Apply mm on X axis, applied on the faces opposite to the ones fixed above.
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Solution: Default Total Deformation.
Default Equivalent Stress.

Default Equivalent Elastic Strain. Right click Solution, Solve.

Solution (A6)

_;m Solution Information
_//ﬁ Total Deformation
_//ﬁ Equivalent Stress

_//ﬁ Equivalent Elastic Strain
/%, TEMPERATUREALL

Right click any Solution item, Evaluate All Results.

Solution (B6)
i .,‘m Solution Information | =
.M Total Deformation
.,Q Equivalent Stress

Insert

ﬂ Evaluate All Results

4 n

Details of "TEMPERATURE,

B) TORSION simulation

In Project Schematic window, right click the previous Explicit Dynamics case, Duplicate.

Refresh
Update

Duplicate

Replace With
Clear Generated Data
Delete

™
=3

Rename

Properties

Add Note

Coordinate System: Select this face, Apply.

-

4 Global Coordinate System
‘1‘ Coordinate System

JFiIter: MName

g =

T | [and
Details of "Coordinate System” 1
[=]| Definition
Type Cartesian
Coordinate System Program Contro...
Suppressed Mo
=) Origin
Define By Geometry Select...
Geometry Cancel
Origin X 0. mm
Qrigin ¥ -2.2867e-017 mm
Qrigin 2 0. mm
| Principal Axis
Aais [x
Define By | Glabal x Axis
[=I| O About Principal Axis
Aais [v
Define By | Default
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Outline L
| Filter:  Hame -
=] Project .
B (@] Model (A4) El
+ ‘,’ Geometry
w4 Coordinate Systems

J)tx Global Coordinate System
.. Coordinate System
J)ix Coordinate System 2 -

Geometry Selection

Cancel
Origin X 0. mm
Origin ¥ -2.2867e017 mm
Origin Z 0. mm
=1/ Principal Axis

Mesh: Use these options.

E,/% ..... Mish pia
] b

Details of "Mesh" n
Bosowy |
[=]| Defaults
Physics Preference Explicit
Relevance 1]
= sizing
Use Advanced Size ... | Off
Relevance Center Medium
Element 5ize Default
Initial Size Seed Active Assembly
Smoothing Low
Transition Fast
Span Angle Center | Coarse
Minimum Edge Len... | 20,420 mm

Insert a Body Sizing of 3 mm.

QOutline w

J Filter. nName 57

,,)5“ Coordinate Systems -

@ Connections

B4 Mesh o

./@K Body Sizing
J@K Body Sizing 2

- B Patch Conformina b T
4 3

Details of "Body Sizing” - Sizing 3
=l Scope
Scoping Method |Geometry Selection
Geometry |1 Body
(=1 Definition
Suppressed Mo
Type Element Size
Element Size |3, mm
Behavior Soft
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J Filter  Mame &
b 2 Global Coordinate System «
H b Cosrdinat -t

m

/1= Initial Conditions
.Eli Analysis Settings

,,G” Fixed Support

,,G” Displacement 2
Solution (A6)

_;m Solution Informatior
i M8 Total Deformation  ~

i T |
Details of "Bady Sizing 2" - Sizing 2
[=l| Scope

Scoping Method |Geumetvy Selection
Geometry |l Body
[=]| Definition
Suppressed No
Type Sphere of Influence
Sphere Center Coordinate System
Sphere Radius |8 mm
Element Size |1.mm

Insert Meshing Method, Tetrahedrons.

J Filter  Name 52

,,;t‘\ Global Coordinate System »
= Coordinate System
&

abe o o D

[E]--olg| Solution (A6)

; ‘,{II Solution Information

i M Totsl Deformation =
1] n -

Details of "Patch Conforming Method" - ... &
[=l| Scope

Scoping Method ‘Geometry Selection
Geometry ‘1 Body

g ==
Suppressed No
Method Tetrahedrons
Algarithm Patch Conforming
Element Midside Nodes | Use Global Setting

Insert a Mesh Sizing of 1.5 mm on these 2 faces.

JFil‘ter: MName A

- 48 Connections -
./% Mesh
A8, Body Sizing
B, Body Sizing 2
./ Patch Conforming Methoc
B ,@.‘ Face Sizing
=/t Explicit Dynamics (A5)
1. il Initial Conditions
m

m

Explicit Dynamics, Analysis Settings: Insert these values for End Time and Minimum Time Step.
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= <[l Explicit Dynamics (AS)

- Initial Conditions

wisl
(I T

Jetails of "Analysis Settings”

Analysis Settings

-|| Analysis Settings Preference
Type Program Controlled
-l| Step Controls
Resume From Cycle ]
Maximum Mumber of Cycles 1e+07
End Time 1.e003 s
Maximum Energy Error 0.1
Reference Energy Cycle 0
Initial Time Step Program Controlled
Minimum Time Step 1.e010 s
Maximum Time Step Program Controlled
Time Step Safety Factor 09
Characteristic Dimension Diagonals
Automatic Mass Scaling Mo

Fixed Support: Apply it on one end.

Outline

J Filter. Mame -
,,% Mesh
El-,/BW Explicit Dynamics (AS5)
Initial Conditions
?\ Analysiz Settings
; ‘,ﬁj‘, Fixed Support

Details of "Fixed Support”

=l Scope
Scoping Method ‘ Geometry Selection
Geometry ‘2 Faces

(]| Definition
Type ‘Fixed Support
Suppressed ‘No

Tabular Data
Steps | Time [s] [[¥ X [mm] [[v ¥ [7]

11 o [} [}

2|1 J1e003 0.

*

1080,

Solution: Default Total Deformation.
Default Equivalent Stress.
Default Equivalent Elastic Strain. Right click Solution, Solve.

Default TEMPERATUREALL, applied after solving, as seen for TENSILE case..

(s8] Solution (AG)

_;m Solution Information
_//ﬁ Total Deformation
_//ﬁ Equivalent Stress

_//ﬁ Equivalent Elastic Strain
/%, TEMPERATUREALL

Further homework:

- refine the mesh more, solve, draw the conclusions

- change the default material to Structural Steel, then Structural Steel NL, solve, draw the conclusions

- change the End Time to 1le-2, solve, draw the conclusions
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CASE 3: ANSYS Workbench Explicit Dynamics FEA of a rubber part falling on metal pins

Engineering Data (Materials): Right click the default Structural Steel, Duplicate.

File Edit View Tools Units Extensions Help

: Project @ A2:Engineering Data X
i Filter Engineering Data ﬁ Engineering Data Sources

Outline of Schematic A2: Engineering Data

Physical Properties A B |C
Linear Elastic 1 Contents of Engineering Data = | Pl jource
Hyperelastic Experimental Data

Hyperelastic 9 W Structural Steel [l
Chaboche Test Data Add Materizl
Plasticity 2 Click here to add ane) 53 Copy

Creep materel Paste

Life Properties of Outline Row 9: Structural % Delete
Strength I | A !m

Rename the duplicate material as Rubber, then insert these values.
Geometry: 2014 dec_14 cube_drop pins2.x_t
Select all bodies (seen green here), except the last one, then change their

For the rectangular body (green here), change Material, Assignment to Rubber.

o B 2014 _dec_14_cube_drop_stair; »
BB 2014 dec 14 cube drop stair;

w BB 2014 _dec_14_cube_drop_stair; |EJ
w BB 2014 _dec_14_cube_drop_stair;

-« B Component2;

-‘/)4!‘\ Coordinate Systems

A8 Connections 1
L R
< [T | ¥
Details of "Component2;” o
Graphics Properties
[=| Definition
Suppressed Mo
ID (Beta) 305
Stiffness Behavior Flexible
Coordinate System Default Coordinate System
Reference Temperature | By Environment
Reference Frame Lagrangian '
o -
Assignment |Rubber

Connections: Delete any existing Contacts and keep the default Body Interactions

Mesh: Use these options.

&

/0 Mesh
b, J@ . Body Sizing
7| 1

Details of "Mesh”
[=l| Defaults

Initial Size Seed Active Assembly
Smoothing Low

Transition Slow

Span Angle Center Coarse
Minimum Edge Length |4.71240 mm

Insert a Mesh Sizing of 3 mm on the falling part (blue here).
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] Filter: MName A

‘,. Geometry

‘/;k Coordinate Systems

/B Connections

Details of "Body Sizing” - Sizing

=I|Scope
Scoping Method |Geometr1r Selection
Geometry |1Body
= Definition
Suppressed No
Type Element Size
|| Element Size |3, mm
Behavior Soft

Explicit Dynamics, Analysis Settings: Default values and End Time =

-8 Explicit Dynamics (AS)
/= Initial Conditions
2| Analysis Settings

Details of "Analysis Settings”
=I| Analysis Settings Preference
Type Program Controlled
=|| 5tep Controls
-
Maximun]
End Time| T
Maximun] T
Referenc| I
Initial TinE =TEw Progrmm
Minimum Time Step Program Controlled
Maximum Time Step Program Controlled
Time Step Safety Factor 0.9
Characteristic Dimension Diagonals
Automatic Mass Scaling Mo

Standard Earth Gravity: Apply it on -Y Direction.

JElwimnment B8, Inertial "% Loads ~ % Supports = % Conditions + &2 Direct FE ~ | Ew" |

Outline ! Acceleration

J Filter: Mame standard Earth Gra
i .| W, Rotational Velocity

,/@ﬂ Initial Conditions
£ Analysis Settings

/B, Standard Earth Gravity
=, .

Details of "Standard Earth Gravity"

[=]| Scope

Geometry | All Bodies

[=1| Definitio|

Coording

¥ Compaol
¥ Compo
Z Compaol

Suppresy

Directio —T Orection

Solution: Default Directional Deformation on X axis, all bodies.
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E--&] Solution (A6) -
/{Il Solution Information
/M Directional Deformation ~

Details of "Directional Deformation” o
[-|| Scope
Scoping Method Geometry Selection
Geometry All Bodies
[=|| Definition
Type Directional Deformation
Orientation ¥ Axis
By Time
Display Time Last
Coordinate System Global Coordinate System

Directional Velocity on Y axis, only on the rubber body, red here.

Equivalent Stress, only on the rubber body, red here.

/4] Selution Information -
/M Directional Deformation
A Directional Velodty
M Equivalent Stress

A

Jetails of "Equivalent Stress” n
| Scope
Scoping Method Geometry Selection
Geometry 1 Body
Shell Top/Bottom
Layer Entire Section
-| Definition
Type Equivalent [von-Mises) Stress
By Time
Display Time Last
Calculate Time History |Yes

Total Deformation, only on the rubber body, red here.

M Equivalent Stress
M Total Deformation

Details of "Total Deformation”

[=]| Scope
Scoping Method Geometry Selection
Geometry 1 Body

[=]| Definition
Type Total Deformation
By Time
I Imm_ Last
Calculate Time History |Yes

Equivalent Elastic Strain, only on the rubber body, red here.

<M Directional Velodty
//ﬁ Equivalent Stress

//ﬁ Total Deformation

M Directional Deformation
_//E Equivalent Elastic Strain

Details of "Equivalent Elastic Strain”

-|| Scope
Scoping Method Geometry Selection
Geometry 1 Body
Shell Top/Bottom
Layer Entire Section
= Definition
Type Equivalent Elastic Strain
By Time
Display Time Last
Calculate Time History |Yes -

On Definition, Expression, write PRESSURE, Enter. Output Unit = Pressure. Right click Solution, Solve.
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| //@E, User Defined Result =
Details of "User Defined Result” n
-| Scope

Scoping Method Geometry Selection

Geometry All Bodies
1| Definition

Type User Defined Result

Expressio

Input Uni

By

Displa
Coordina

Further homework:

- change Young's Modulus to 0.02 MPa, solve, draw the conclusions
- refine the mesh more, solve, draw the conclusions

- make the pins behavior as Flexible, solve, draw the conclusions
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CASE 4: ANSYS Workbench Static Structural FEA of an Aluminum sheet bending

Engineering Data (Materials): Press the Engineering Data Sources button. Go to Aluminum Alloy NL from Geleral
Non-Linear Materials and click the yellow plus sign in the B column, to add it to our materials.

i1 Engineering Data Sources

L -l Engineering Data Sources

A 5]

1 Data Source /| Loc
ital Data 2 . Favorites

3 i General Materials 0

4 ﬁ General Non-inear Materials 0

c il Funbicit Matarisle |l

Outline of General Non-inear Materials
A
Contents of General Nondinear Materials
Aluminum Alloy ML

Press again the Engineering Data Sources button to access our materials. Select t} ht click,
Duplicate.

]ﬁ Engineering Data Sources

L B Bl Outline of Schematic A2: Engineering Data

A

i Contents of Engineering Data
ntal Data > B

S o

F

erial To Project
Propertie:

i
| 2 T Density [
S 2 |@ 4 IsotropicEastaty |od Duplicate
ath 4 Derive from 5  View Linked Source
‘& Strength 5 Young's Modulus Refresh From Linked Source
s 6 Poisson's Ratio E2  Break Link to Source
nits 7 Bulk Modulus

3 Shear Moddus Add to Favorites

g E T_| Bilinear i Hard, Diafolt oalid e |a| For Model

10 ield Material For Madel

11

ta Sources
Name the material to | change its properties to the ones shown here. Feel free to change
also the units from the ¥ symbol.
Cutline of Schematic A2: Engineering Data
A B D

Contents of Engineering Data
Mate g

General aluminum alloy, Fatigue propert
rramna fram MTL HORK.EH nans 32777

B C
1 Value Unit
2 @ kgm=-3 =l
3 (B @
4 D us and Poisson. .. ;I
5 1q MPa =
6 P orssorrs o T
7 Bulk Modulus &8.0784E+10 Pa
8 Shear Modulus 2.3308E+10 Pa
o |= 1 i
10 Yield Strength 140 MPa ;I
11 Tangent Modulus 209.9 MPa =l




BECUME A BLACK BELT IN AN$Y$ WHRKBENCH, YHLUME |

Geometry: bending.x_t

Project
B @] Model (A4)
= Geometry

Graphics Properties

[=l| Definition
Suppressed

1D {Beta)

stiffness Behavior

MNa
310
Flexible

Diofoiuls icats ©

Sk

Coordinaty

Reference
[=I| Material
Assignme
Monlinear
Thermal S}
Bounding-oox
Properties
Statisti

+ H

Connections, Contacts: Delete the default contacts.

Go to the corresponding toolbar and choose Contact, Frictional.

J Connections [@| Connection Group | ¥, Contact » W, §
Outline Bonded
J Filter: Mame - Mo Separation
Project Frictionless
= S et an
/i Geometry Rough

+ V;?‘\ Coordinate Sy

On the Punch, select the faces seen green here, go to Scope, Contact, No Selection, click, Apply.

i M, Frictional - No Selection To No Selection «

..... ./% Mesh

P12/ Static Structural (A5) 5
4 1 »
Details of "Frictional - Mo Selection To Mo Selection” n
[=]| Scope

Scoping Method

Geometry Selection
Mo Selection
Mo Selection

Target
Contact Bodies
Target Bodies

[=| Definition
Type Frictional
Friction Coefficient 0.

This is the result.

J Filter: Mame -

[~ Static Structural (AS)
«

Details of "Frictional - punch To Mo Selection”

[-l| Scope
Scoping Method Geometry Selection
Contact 3 Faces
Target Mo Selection

Contact Bodies
Target Bodies

[=1| Definition
Type Frictional
Friction Coefficient 0.

On the Sheet, select the face seen green here, go to Scope, Target, No Selection, click, Apply.
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@ 2

s

- ?.‘I,\ Frictional - punch To Mo Selection

- A2 Mesh
/= Static Structural (AS)
1

3

Details of "Frictional - punch To No Selection”
=]

Scope
Scoping Method
Contact
Target
Contact Bodies
Target Bodies
Definition
Type

Friction Coefficient

|Geometr)r Selection

lo.

This is the result.

-

5-------,‘!,,\ Frictional - punch To sheet

- A0 Mesh
/= Static Structural (A5}
L]

J Filter MName

1

Details of "Frictional - punch To sheet”
=]

Scope
Scoping Method
Contact
Target
Contact Bodies
Target Bodies
Definition
Type

Friction Coeffici

Geometry Selection

3 Faces

Assign these details.

i, B, Frictional - punch To sheet
LU

< | »

Details of "Frictional - punch Teo sheet”

-| Scope
Scoping Method Geometry Selection
Contact 3 Faces
Target 1 Face

Contact Bodies

Target Bodies

Definition

Type
Friction Coefficient

Scope Mode

Behavior

Trim Contact
Suppressed
Advanced
Formulation
Detection Method
Penetration Tolerance

Mormal 5tiffness

Mormal Stiffness Factor

Update Stiffness

Program Controlled

Stabilization Damping Factor

0.

Finball Region

Program Controlled

Time Step Controls

Mone

Geometric Modification

Interface Treatment

Go to the corresponding toolbar and choose Contact, Frictional.

| Add Offset, Ramped Effects

| Connections @] Connection Group | #, Contact v .S
Outline Bonded
J Filter: Mame - Mo Separation
Project Frictionless
= el s
/B Geometry Rough

‘/;?.\ Coordinate Sy
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On the Sheet, select the faces seen green here, go to Scope, Contact, No Selection, click, Apply.

Select the Sheet, right click, Hide Body.

Insert
Go To

Y ioepocy )]

Select these green faces on the Die, go to Scope, Contact, No Selection, click, Apply.

g M, Frictional - sheet To No Selectior
! -

< m ] 3

[-| Scope
Scoping Method Geometry Selection
Contact 1 Face
'
Contact Bodies
Target Bodies
[=1| Definition
Type

Friction Coeffi
Scope Mode

Behavior Program Controlled
Trim Contact Program Controlled
Suppressed Mo

[=I| Advanced

Right click anywhere, Show All Bodies.

Insert L4
GoTo L4

< EETET—

. Isometric View
52 Set
Ijsg Restore Default

(@), Zoom To Fit (F7)

Cursor Mode L4
View 4

i Select Al (Ctrl+ A)

Assign these details.

Mesh: It should have these details.

B A8 Mesh
4 m
Details of "Mesh"
[=l| Defaults
Physics Preference Mechanical
Relevance [i]
=
Use Advanced Size Fun...| Off
Relevance Center Coarse
Element Size Default
Initial Size Seed Active Assembly
Smoothing Medium
Transition Fast
Span Angle Center Coarse

Minimum Edge Length | 1.50 mm

On the Punch and Die, blue here, apply a Mesh Sizing
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J Filter. Name hd
E| ..... '/% Mesh
ﬁ.\ Body Sizing -
Details of "Body Sizing” - Sizing
[=]| Scope
Scoping Method | Geometry Selection

Geometry 2 Bodies
[=]| Definition
Suppressed Mo

Type Element Size

Element Size |4, mm
Eehavior Soft

-
B Body Sizing

B, Body Sizing 2
4 i 3
Details of "Body Sizing 2" - Sizing
[-]| Scope
Scoping Method | Geometry Selection

Geometry 1 Body
= s

Go to Mesh Control, Method.

| Mesh =7 Update | G Mesh v | 8 Mesh Control v | | /¢
| Filter:  Name - % Mesh Group
Cos Contacts @, sizing

Meshing
|

2 Inflation
B sharp Angle

B Gap Toal

Details of "Patch Conforming Meth
[ =] Scane

Make Definition, Method, Tetrahedrons, on the Sheet.
After you generate the Mesh, it should look like this.

Static Structural, Analysis Settings: Make Number of Steps = 10 and Solver Type = Direct.

=4[] static Structural (A5)

gt Analysis Settings
<] I | C

Details of "Analysis Settings”
[=| Step Controls

Mumber Of Steps 10.

Current Step Number 2.

Step End Time 2.5

Auto Time Stepping Program Controlled

[=]| Solver Controls
Salver Type Direct
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In the Graph tab select with Shift or Ctrl pressed all 10 steps, thus making the numbering cells blue.

Graph

1 2

AN Messagez Graph

w
s
w
=4
-
o
o
=

Insert these details for all 10 steps in the same time. Remember the Stabilization values, because they will help you
converge almost any FEA scenario in the future!

B[] Static Structural (A5) =
b s\ Analysis Settings -

< | 1 | b
Details of "Analysis Settings” q

[=| Step Controls

Mumber Of Steps 10.
Current Step Mumber Multi Step
Step End Time Multi Step

Auto Time Stepping

Program Controlled

[=I| Solver Controls

Salver Type

Direct

‘Weak Springs

Program Controlled

Large Deflection

On

Inertia Relief

Off

Restart Controls
[=I| Nonlinear Controls
Mewton-Raphson Option Program Controlled

Force Convergence Program Controlled
Program Controlled
Displacement Convergence | Program Controlled
Rotation Convergence Program Controlled
Line Search Program Controlled
Stabilization

--Method

--Energy Dissipation Ratio
--Activation For First Substep
--Stabilization Force Limit

Moment Convergence

Static Structural: Insert a Displacement on these 3 green faces on the punch, Apply.

I Filter: Mame -
B4 Static Structural (A5)
i g Analysis Settings
4B Displacement

] | I | 3

Details of "Displacement”

-l| Scope
Scoping Method Geometry Selection
= Definition
1D (Beta) 99
Type Displacement
Define By Components
Coordinate System Global Coordinate System
¥ Component Tabular Data
¥ Component Tabular Data
Z Component Tabular Data
Suppressed Mo

The Tabular Data and Graph should look like here.
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Graph R Tabular Data
L Steps [ Time [s] [[¥ % [mm] [[v ¥ [mm] [[¢ Z [mm] |
U '-q—'—' ----- B 8= B B B B-—-——— 13 l 1 U. oL L L
2 1 |
-2.5 3 2 |a
5 N EER
5 |4 |a
5 6 |5 |5
/ 76 |6
10 8 |7 7.
‘REE -
135 wls o =0 -10. =0
1. 2, s 4, 5. &. 7. 8. 9. 10 11 (10 10, = -8 =0
B 2 [ 37 4 175 T 6 [ 7 [ & [ 9 [ 10 | s

Insert a Displacement on the 2 lateral faces (normal to Z axis), of the Sheet, green here, Apply.

The Tabular Data and Graph should look like here.

Graph 1 Tabular Data
1. Steps | Time [s] ||72[mm]
0.5 11 0. 0.
0375 2 |1 1. 0.
0.25 312 |2 =
0125 4 13 3. =0.
5 |4 4, =
g, —F----- E----- B----- B----- B----- E----- B----- B----- B----- 0
6 |5 5 =0.
0125 7 |6 6. -
0.25 8 |7 7. =
0375 9 |8 8. =0
0.5 1019 a. =0.
1 2, 3, 4, 3 &, 7. 8. 2, 10 11 |10 10. =
W 275 TsTsTeT7TsTsTi0] | —

Insert a Displacement by selecting all the outer faces, green here, of the Die, except the ones inside, where the Sheet
will be bent and touch the Die, Apply. Make sure that you have selected 5 faces.

JFiIter: Mame -
i
<[]
Details r
[=I| 5co) I
Scoping Method Geometry Selection VI
Geametry 5 Faces
[=| Definition
1D (Beta) 270
Type Displacement
Define By Components
Coordinate System Global Coordinate System
¥ Component Tabular Data
¥ Component Tabular Data
Z Component Tabular Data
Suppressed Mo
[=]| Tabular Data
Independent Variable | Time

The Tabular Data and Graph should look like here.
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Graph I Tabular Data
1 Steps | Time [s] [[¥ X [mm] [[¥ ¥ [mm] [[v Z[mm]
0. 11 o 0. 0. 0.
04 21 | 0. 0. 0.
o8 3|2 |a [ 0. 0.
T ERE? 0. 0. 0.
127 5 |4 |a [ 0. 0.
16— 6|5 |5 = 2 =
2. 706 |a
24 8|7 |7
9 |8 |a
3 1 T T T 1 1 T T 109 9.
1. 2. 3. 4, 5 &, 7. 8. 9. 10. 11 (10 10
W sl s leloos ol

Solution: Insert default Total Deformation, Equivalent Stress and Equivalent Plastic Strain on all bodies.

Insert an Equivalent Stress only in the Sheet.

/[II Solution Information
M1 Total Deformation
M1 Equivalent Stress
M Equivalent Plastic Strain D
M Equivalent Stress 2
M Directional Deformation

] | 1 | b
Details of "Equivalent Stress 2"
[=l| Scope
Scoping Method Geometry Selection
Geometry 1 Body
Shell Top/Bottom
Layer Entire Section
[=I| Definition
Type | Equivalent [won-Mises) Stress
T

Insert Directional Deformation about the Y axis, on all bodies.

My Directional Deformation

2

L1

Details of "Directional Deformation”

[-]| Scope
Scoping Method Geometry Selection
Geometry All Bodies
[=]| Definition
Type Directional Deformation
Orientation ¥ Auis
By Time
Display Time Last
Coordinate System Global Coordinate System

From the Solution toolbar, insert Tool, Contact Tool.

]Solutlon ﬁd Deformation - mg Strain ~ mﬁ Stress = ﬂiz Energy ~ | ﬁiﬂ Damage ~ | mﬁ Linearized Stress + | QProbe 4 Tool; - | @},L
Outline 7 Stress Tool
Fatigue Tool

J Filter:  Mame - |
m Equivalent Stress 2 -

Firrtinmal Pnfarmatine

Right click Contact Tool and Insert Frictional Stress and Pressure. Right click Contact Tool, Duplicate.

Click the Contact Tool 2 and uncheck the 2nd contact, to keep the 1st, as seen here.
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Cutline

B Worksheet
Contact Tool 2

| Filter:  name -
=

Contact Tool -
M Status

Contacts
i) Pressure Selection [all contacts
o M Frictional Stress
Contact Tool 2 Contact Side |Both
i -

visit the context menu fo

Contact Side

- t  Both
Details of "Conta

[=I| Scope
Scoping Method |Worksheet

From the Solution toolbar, insert probe, Force Reaction.

J Solution ™, Deformation v . Strain + M Stress B Energy + | B Damage ~ | B Linearized Stress v | Q{Probe - [g#| Tools »
Outline i |I [ [ Q{ Deformation

, Q{ Strain
~ | : €y Stress
W Pressure { i

JFiIter: MName -

Q{ Position
- Frictional Stress Q{ Rotation Probe (Beta)
_//0 e Q{ Velocity

- Pressure =
M Frictional Stress El

/Q{ Force Reaction a2

% Angular Velocity
o % Acceleration

Q; Angular Acceleration
< m 3
Q{ Energy
Details of "Force Reaction” i

E|| Definition |

[ Tuna

e eecin |

Q{ Moment Reaction

[Farra Raartinn 1

Make Boundary Condition = Displacement (the one we created on the punch). Solve.

Further homework:

- increase the Friction Coefficient to 0.19, solve, draw the conclusions
- refine the mesh of the sheet metal part, solve, draw the conclusions
- make the Die and Punch behavior as Rigid, solve, draw the conclusions

- change the material of the sheet metal part to Copper Alloy NL, solve, draw the conclusions



BECIME A BLACK BELT IN ANSYS WﬂkKPENﬂH, VoLume |
CASE 7: ANSYS Workbench Biomechanics FEA of the treatment of a tibial plateau

Engineering Data (Materials): Press Engineering Data Sources then go to General Materials and click the yellow plus

sign from column B at

“f" Filter Engineering Data |ﬁ Engineering Data Sources

Toolbax X

Physical Properties A B C
Linear Elastic i Data Source / Location Des
Hyperelastic Experimental Data = < Favorites Quick access list 2
Hyperelastic 3 ﬁ General Materials ] B2 E:S:L:l::;;;aeze
Chaboche Test Data :
o g y General use mate
Plasticity 4 ﬁ General Noninear Materials |:| B2 non-inear analys:
Creep i z Material samples 1
Life 5 @l Expict Materials ] I sy
Strength ) ) Material stress—sh
[3 @ Hyperelastic Materials [ (7 curve fitting.

HWEEEEEEEEDHHHHHHHH

i Lo of General F | Add  burg Desi
8 =
e =
10 =
| Gasket 1 b A2: Engineering Data
I 1 [ ————

Assign these values for

Cutline of Schematic A2: Engi

A B
1 Contents of Engineering Data (%)
2
3 Polyethylene B
4 Polyethylene hard =
A B C
1 Property value Unit
3 %2 Density kgm*-3 =l
Isotropic Secant
3 Coeffident of
Thermal Expansion
6 |E ' IsotropicElastdity
7 Deerive from pisson... ;I
8 Young's Modulus Pa ;I
9 Poisson's Ratio
10 Bulk Modulus Pa
11 Shear Modulus Fa
IS . -
o e g;zg;;ssive Yield 55 LI
# E 'g;r;ilge#lﬁmahe = ;I
15 | B Uimawovength | © Pa [

Geometry: 2015 jul 27 tibia_brosel.x_t

Suppress the 2nd and 3rd body. You should have this configuration.
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H,@ Geometry

o 6 TIBIA_17_MAY_SOLID_2;TIBIA_17_MAY_SOLID_2

» @ TIBIA_17_MAY_SOLID_2;TIEIA_17_MAY_SCLID_2

w @ TIBIA_17_MAY_0_92_SOLID_1;TIBIA_17 MAY_0_92_SOLID_1
» G TIBIA 17 MAY 0 92 SOLID ZTIBIA 17 MAY 0 92 SOLID 2
» @ BROSA-0;EROSA

» 6@ BROSA;BROSA

o @ TIBIA_17_MAY_SOLID_L;TIBIA_17_MAY_SOLID_1

» B TIBIA_17_MAY_SOLID_1;TIBIA_17 MAY_SOLID_1

Assign to the 1st and 7th body, highlighted here in grey, the Polyethylene hard.

Assign to the 4th and 8th body, highlighted here in grey, the Polyethylene soft.

Select Model, Virtual Topology.

Model E?/E:u:-nstrud:ion Geometry ﬁh‘u’irtualTop-:-Iogy

| outline
Filter: Mame - +
Project
= [ Model (B4)

- A Geometry il

-ﬂnﬁ] Virtual Topology -
€| 101 *
Details of "Virtual Topology” =
=|| Definition
Method
Behavior
—|| Advanced

Generate on Upd
Merge Face Edge
Lock position of

1| Statistics
Virtual Faces
Virtual Edges
Virtual Split Edges 0
Wirtual Split Faces 0
Wirtual Hard Vertices 0
Total Virtual Entities 610

Connections, Contacts: Right click, Rename Based on Definition.

Suppress the first 2 contacts, then from 6th to 14th. They should look like here.
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E| Contacts

w B, Bonded - TIBIA_17_MAY_SOLID_2;TIBIA_17_MAY_SOLID_2To TIBIA_17_MAY_SOLID_2;TIEIA_:
x B, Bonded - TIBIA_17_MAY_SOLID_2;TIBIA_17_MAY_SOLID_2 To TIBIA_17 MAY_0_92_SOLID_1;T
P Bonded - TIBIA_17_MAY_SOLID_2;TIBIA_17_MAY_SOLID_2 To TIEIA_17_MAY_0_92_SOLID_2;T
"B Bonded - TIEI

17_MAY_SOLID_2;TIBIA_17_MAY_SOLID_2 To TIBIA_17_MAY_SOLID_1;TIBIA_:

| 17 MAY_SOLID_2;TIBIA_17_MAY_SOLID_2 To TIBIA_17_MAY_SOLID_1;TIBIA_:
| 17 _MAY_SOLID_2;TIBIA_17_MAY_SOLID_2 To TIBIA_17_MAY_0_92_SOLID_1;T
| 17 MAY_SOLID_2Z;TIBIA_17_MAY_SOLID_2 To BROSA-0;BROSA

| 17_MAY_SOLID_2;TIBIA_17_MAY_SOLID_2 To BROSA;BROSA

| 17 MAY_SOLID_2;TIBIA_17_MAY_SOLID_2 To TIBIA_17_MAY_SOLID_1;TIEIA_:
| 17 MAY_SOLID_2Z;TIBIA_17_MAY_SOLID_2 To TIBIA_17_MAY_SOLID_1;TIBIA_:
| 17_MAY_D_92_SOLID_1;TIBIA_17_MAY_0_92_SOLID_1To TIBIA_17_MAY_0_9:
| 17 MAY_D_92_SOLID_L;TIBIA_17_MAY_0_92_SOLID_1To BROSA-0;BROSA

| 17 MAY_D_92_SOLID_L;TIBIA_17_MAY_0_92_SOLID_1To BROSA;BROSA

| 17 MAY_0_92_SOLID_1;TIBIA_17_MAY_0_92_SOLID_1To TIEIA_17_MAY_SOLI
| 17 MAY_D_92_SOLID_2;TIBIA_17_MAY_0_92_SOLID_2 To BROSA-0;BROSA
|_17_MAY_D_92_SOLID_2;TIBIA_17_MAY_0_92_SOLID_2 To BROSA;BROSA

|17 _MAY_0_92_SOLID_ZTIBIA_17 MAY_0_52_SOLID_2 To TIBIA_17_MAY_SOLI

P Bonded - TIBIA_17_MAY_0_52_SOLID_2;TIBIA_17_MAY_0_92 SOLID_2 To TIEIA_17_MAY_SOLI
v P, Bonded - BROSA-0;BROSA To TIBIA_17_MAY_SOLID_LTIBIA_17_MAY_SOLID_1

« B, Bonded - BROSA-0;BROSA To TIEIA_17_MAY_SOLID_1;TIBIA_17_MAY_SOLID_1

v . Bonded - BROSA;BROSA To TIBIA_17_MAY_SOLID_1;TIBIA_17_MAY_SOLID_1

. Bonded - BROSA;BROSA To TIBIA_17_MAY_SOLID_1;TIBIA_17_MAY_SOLID_1

B Bonded - TIBIA_17_MAY_SOLID_1;TIBIA_17 MAY_SOLID_1To TIBIA_17 MAY_SOLID_L;TIBIA :

For the 3rd contact make Advanced, Formulation, MPC.

= Contacts

- . Bonded - TIBIA_17_MAY_SOLID_2;"
- B, Bonded - TIBIA_17_MAY_SOLID_2;
--‘,:IK Bonded - TIBIA_17_MAY_SOLID_2i
/B, Frictional - TIEIA_17_MAY_SOLID_2
"{u',,. Frictional - TIBIA_17_MAY_SOLID_2 s

For the 4th and 5th contact insert these details.

-~

W Dmmd-d TTOTA 47 RAAY ORI TR T

L1

»

Details of "Multiple Selection” 1

-1| Scope

Scoping Method
Definition
Type

Friction Coefficient
Scope Mode
Behavior
Trim Contact
Trim Tolerance
Suppressed
Advanced
Formulation
Detection Method
Penetration Tolerance
Elastic Slip Tolerance
Marmal Stiffness
Maormal Stiffness Factor
Update Stiffness

Stabilization Damping Factor

Pinball Region

Time Step Controls

Geometric Modification

Interface Treatment
Offset

Contact Geometry Correction
Target Geometry Correction

Make the next available contacts as Frictional (except the last one), with the same details as above.

Geometry Selection

Program Controlled
4,55372-004 m
Ma

Augmented Lagrange
Program Controlled
Program Cantrolled

0, drodlodd

Program Controlled
Maone

Add Offset, Ramped Effects
0.m

Maone

Mane

Assign to these contacts highlighted in blue a Friction Coefficient of 0.2.
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w W, Bonded - TIBIA_17_MAY_SOLID_2;TIBIA_17_ =
¢ ‘I,,. Bonded - TIBIA_17_MAY_SOLID_2;TIBIA_17_

» ‘I,,. Bonded - TIBIA_17_MAY_0_92_SOLID_1;TIBI
¢ ‘I,,. Bonded - TIBIA_17_MAY_0_92_SOLID_1;TIBI

-x‘ . Bonded - TIBIA_17_MAY_0_92_SOLID_1;TIBI
w ‘I‘ Bonded - TIBIA_17 MAY_0_92 SOLID_1;TIBI

v
by By Bonded - TIBIA_17_MAY_SOLID_1;TIBIA_17_—

For the last contact make Advanced, Formulation = MPC.

Mesh: It should be default, with these details.

.(m Mesh
Details of "Mesh"
[=1| Drefaults
Physics Preference Mechanical
Relevance 0
[=I| Sizing
Use Advanced Size Fun..| Off
Relevance Center Coarse
Element Size Default
Initial Size Seed Active Assembly
Smoothing Medium
Transition Fast
Span Angle Center Coarse
Minimum Edge Length |1.4391e-005 m

After you generate the mesh, it should look like here.

If you create a Section Plane (yellow circle) thru one of the broaches (wires), the mesh should look like here.
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* 7./ Show Errors 7./ Review Model (Betr E' ‘T &
PR@QEQAQAFE LT 2% (0O

| B et E‘%Rever‘t

: Graph

Static Structural, Analysis Settings: Make Number Of Steps = 3 then insert these details for each step.

4

E-,/=] Static Structural (A5)

[——

-_,Jf}{ Analysis Settings

Details of "Analysis Settings”

B

Insert a Fixed Support with approximation on the lower half of the assembly, as seen here in blue. Or use similar
faces, depending on how the Virtual Topology simplified the model.

Step Controls

Mumber Of Steps

3

Current Step Number

1.

Step End Time

1.s

Auto Time Stepping

Program Controlled

Solver Controls

Solver Type

Direct

Weak Springs

Program Controlled

Large Deflection

an

Inertia Relief

Off

Restart Controls

Mewton-Raphson O..

Monlinear Controls

Program Controlled

Force Convergence

Program Controlled

Moment Convergence

Program Controlled

Displacement Conve..,

Program Controlled

Rotation Convergen...

Program Controlled

Line Search

rogram Controlled

Stabilization

--Method

--Energy Dissipation...

--Activation For First..,

--Stabilization Farce...
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| Fitter: - name

-

./Eji Analysis Settings

.3, Fixed Support
O p—— b
Details of "Fixed Support”
[=|| Scope
Scoping Method | Geometry Selection
Geometry 51 Faces
[=I| Definition
ID (Beta) 120
Type Fixed Support
Suppressed Mo

J Filter: Name -
ﬁ, Force
= /é| Solution (A6)
4 3
Details of "Force"
[=]| Scope
Scoping Method | Geometry Selection
Geometry 1 Face
[=| Definition
1D (Beta) 122
Type Force
Define By Components

Coordinate System

Global Coordinate System

¥ Component

Tabular Data

[|¥ Component |0, M (ramped}
ZComponent Tabular Data
Suppressed Mo

Another possibility, depending on your topology.
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The Tabular Data of the Force should look like here.
Solution: Default Total Deformation of all bodies.

Equivalent Stress only in the 2 broaches, red here.

=--/&a| Selution (A6) E|
nz ¥ Solution Information

M Total Deformation

M Equivalent Stress

. ~ - [ -

Details of "Equivalent Stress” 2
|| Scope

Scoping Method Geometry Selection

Geometry 2 Bodies

Shell Top/Bottom

Layer Entire Section
=|| Definition

Type | Equivalent von-Mises] Str...

Equivalent Stress only in the 2 condyles (inner and outer), red here.

Equivalent Stress only in the 2 outer parts of the tibia, red here.

El--/efa] Solution (A6)

i ,/m Solution Information

M Total Deformation -
/fﬁ Equivalent Stress |i|
M Equivalent Stress 2

M Equivalent Stress 3 -
Details of "Equivalent Stress 3" n
[=l| Scope
Scoping Method Geometry Selection
Geametry 2 Bodies
Shell Top/Bottom
Layer Entire Section
[=]| Definition
Type Equivalent [van-Mises) 5tr...
By Time
Display Time Last
Calculate Time Histary | Yes
Identifier
Suppressed Mo
[=]| Integration Point Results
Display Option Averaged
Average Across Bodies | No
[=]| Results
Binimum
Paximum

Minimum Cccurs On

Maximum Occurs On

=11 Minimom Yalia Owar Tima
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Equivalent Elastic Strain only in the 2 broaches, red here.

M1 Equivalent Elastic Strain 2

Details of "Equivalent Elastic Strain 2"

[=l| Scope
Scoping Method Geaometry Selection
Geometry 2 Bodies
Shell Top/Bottom
Layer Entire Section
[=I| Definition
Type Equivalent Elastic Strain
By Time
Display Time Last
(Calculate Time History | Yes

Outline 2 Worksheet
| Filter: Name - Contac
: Contact Tool -
A Status
Contacts
] Pressure - Selection |AII Contacts EI | Add || Remove
] | 11 R
Contact
Details of "Contact Tool" 2 Side IBOth Apply

[-I| Scope
Scaping Methad |Worksheet For additional options, please visit the context menu for this table {right mouse button)

|Name |Ccn13ct Side

[ |Bonded - TIBIA_17_MAY_SOLID_2;TIBIA_17_MAY_SOLID_2 To TIBIA_17_MAY_0_|Both
[ |Frictional - TIBIA_17_MAY_SOLID_2;TIBIA_17_MAY_SOLID_2 To TIBIA_17_MAY_: Both
|7 Frictional - TIBIA_17_MAY_SOLID_2;TIBIA_17_MAY_SOLID_2 To TIBIA_17_MAY_{ Both
L& Erirtinnal -TIRTA 17 Mav 0 93 SOLID_2;TIBIA_17_MAY_0_92_SOLID_2 To BRO Both
BOLID_2;TIEIA_17 MAY_0_52 SOLID_2 To BRO Both
FOLID_2;TIEIA_17 MAY_0_52_SOLID_2 ToTIBL Both
FOLID_2;TIEIA_17 MAY_0_92 SOLID_2 To TIBI Both
BIA_17_MAY_SOLID_1;TIBIA_17_MAY_SOLID_1 Both
EIA_17_MAY_SOLID_1;TIBIA_17_MAY_SOLID_1 Both
[ |Frictional - BROSA;BROSA To TIBIA_17_MAY_SOLID_1;TIBIA_17_MAY_SOLID_1 |Both
|7 Frictional - EROSA;BROSA To TIBIA_17_MAY_SOLID_1;TIBIA_17_MAY_SOLID_1 | Both
[ |Bonded - TIBIA_17_MaY_SOLID_1;TIBIA_17_MAY_SOLID_1 To TIBIA_17_MAY_SC Both
1 | i

Insert a Force Reaction with Boundary Condition = Fixed Support. Solve.

-] Contact Toal »
_;Q{ Force Reaction i
f [ m | »
Details of "Force Reaction” 2
[=1| Definition
Type Force Reaction

Location Method Boundary Condition
Eoundary Condition | Fixed Support

Orientation Glabal Coordinate ...
Suppressed Mo
[=I| Options
Result Selection All
Display Time End Time

Further homework:

- suppress the Virtual Topology, does the mesh run? If yes, solve, draw the conslusions
- double the force values, solve, draw the conclusions
- decrease the Friction Coeffieient to half, solve, draw the conclusions

- refine the mesh, solve, draw the conclusions
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CASE 10. ANSYS Workbench Static Structural FEA simulation of a rotating train wheel on a

railway (trial)

Geometry: 2013 10 28 wheel_rail2_gap.x_t

All bodies are from default Structural Steel.

Connections, Contacts: Right click Contacts, rename Based on Definition.

Select both contacts, right click and flip their sides as here.

Details of "Multiple Selection”

Scope
Scoping Method
Definition

Geometry Seled

Suppress
Disable Transparency
@ Hide All Other Bodies

Flip Contact/Target

For the 1* contact insert these details.

El-- /@] Contacts

H " - . r
i B Frictional - wheel; To runningrail;

Details of "Frictional - wheel; To runningrail;”

-l Scope

Scoping Method
Contact
Target
Contact Bodies
Target Bodies
Definition
Type

Friction Coefficient
Scope Mode
Behavior
Trim Contact
Suppressed
Advanced
Formulation
Detection Method
Penetration Taolerance
Elastic Slip Tolerance
Mormal 5tiffness
Marmal Stiffness Factor
Update Stiffness

Stabilization Damping Facto

Finball Region

Time Step Controls
Geometric Modification
Interface Treatment

Geometry Selection

2 Faces
2 Faces

TIar

Auto Asymmetric

Program Controlled

Mo

Contact Geometry Correction | None

Target Geometry Correction

Mone

For the 2™ contact insert these details.
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I {0 RelM, Frictionless - Part2; To wheel;

Detailz of "Frictionless - Part?; To wheel:"

[-I| Scope

Scoping Method Geometry Selection
Contact 1 Face

Target 1 Face

Contact Bodies

Target Bodies

[=I| Definition
Type

Scope Mode

Eehavior
Trim Contact
Suppressed
[=1| Advanced
Farmulation 3
Detection Method
Penetration Tolerance

Mormal Stiffness

Marmal Stiffness Factar
Update Stiffness
Stabilization Damping Facto

Pinball Region

Time Step Cantrals
[=| Geometric Modification
Interface Treatment T T

Contact Geometry Correction | None

Target Geometry Correction | None

From the Connections toolbar insert Body-Ground, Fixed on the lateral faces of the rail, shown here in green.

J Connections Connection Group M. Contact v M Spotiield e Mesh Connection 48 End Release  B2BBady Interaction | % Body-Ground v
Outline 7 : '

J Filter: Name - &1
LR Contacts - I
B @] Joints (o ]
Jl‘? Fured.— Grou_nd To run.ningrail; - .
Details of "Fixed - Ground To runningrail” n | ]
[=]| Definition .
Connection Type | Body-Ground .
Type Fixed
Suppressed Mo
[=I| Reference

Coordinate System | Reference Coordinate System
[=I| Mobile
Scoping Method Geometry Selection

Applied By Remote Attachment
2 Faces

Body

Initial Position Unchanged

Eehavior Rigid

Pinball Region All
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QOutline

| Fitter:  Name -

B Jaints
- @ Fixed - Ground To runningrail;

Details of "Translation
[=l| Definition
Connection Type
Type

Suppressed

[=I| Reference
Coordinate System
[=I| Mobile

Scoping Method

Applied By

EBody
Initial Position Unchanged

Eehavior Rigid
Finball Region All

Expand it to reach Reference Coordinate System and assign these details.

| E| ----- o "é‘i Translational - Ground To Part2;
-------- L :Ja Rf_'Ference Coordmate System
Details of "Reference Coordinate System”
[=| Definition
Type | Cartesian
[=]| Origin
Define By Geometry Selection
Geometry Click to Change
Crigin X -310.9 mm
Crigin ¥ 66586 mm
Origin Z -5.2966e015 mm
[=| Principal Axis
Axis X
Define By Global 7 Axis
[=]| Orientation About Principal Axis
Axis ¥
Define By Default

Insert a planar jpietenthic faca

JFiHEI: Mame
e »
AH Mesh _
B2 Static Structural (AS) I
Detailz of n
[=I| Definitif
Conned
Type
Suppre
[=]| Referer

Coordinate System | Reference Coordinate System
[=]| Mobile

Scoping Method | Geometry Selection

Applied By Remote Attachment

Scope 1 Face

Initial Position Unchanged

Eehavior Rigid
Pinball Region Al
Stops
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Mesh: Insert these details to the mesh.

=) M Mesh
14 1 |
Details of "Mesh"
[=1| Defaults
Physics Preference Mechanical
Relevance 0
=] Sizing

Use Advanced Size Fun.,
Relevance Center
Element Size

Initial Size Seed

Smoathing
Transition TasT
Span Angle Center Coarse

Minimum Edge Length | 4.4762-002 mm

Insert a Mesh Sizing of to these 3 faces, green here.

| Filter:  Name =

E ----- ,,% Mesh -

ﬁ Face Sizing

ﬁ I I N~ W T SR S— Y -

< | m | 3

Details of "Face Sizing" - Sizing
=]

Geomet)

Suppres|
Type

| Elem i
Behaviar Soft

In the end, the mesh should look like here.

Static Structural, Analysis Settings: Make Number of Steps = 4
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Assign these details to the 1st timestep. Output Controls, Yes 5 times.

E-#2] Static Structural (AS)

ity Analysis Settings

Details of "Analysis Settings"

-|| Step Controls

MNumber Of Steps 4.
2

Current Step Number .
Step End Time 2.5

Auto Time Stepping On
Define By Time
Carry Over Time Step On

Minimum Time Step
Maximum Time Step

-| Solver Controls
Solver Type
Weak Springs led
Large Deflection
Inertia Relief

+| Restart Controls

-I| Monlinear Controls
Mewton-Raphson Option led
Farce Convergence
-Value Iver
--Tolerance
--Minimum Reference

Moment Convergence led
Displacement Convergence led
Rotation Convergence led
Line Search led
Stabilization
-1/ Qutput Controls
Stress
Strain

Madal Forces
Contact Miscellaneaus

General Miscellaneaus
Store Results At All Time Points
Cache Results in Memory (Beta) | Never

Assign these details to the other timesteps.

After you hide the other bodies, from the Environment toolbar, insert a Bearing Load inside the wheel, on the green
face.

Environment T Inertial v | G2, L oads « &k Supports *

Outline UE, Pressure

Filter: Name = Pipe Pressure

E‘//{EI Static Struct CH, Hydrostatic Pressure
b4 Analysis 8 %, Force

Details of "Bearing Load" Za Remote Force

=/ scope L8 Bearing Load
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J Filter:  Man
Details of "B
=l| Scope
Scoping Method Geometry Selection
S,
[=I| Definition
1D [Beta) 66
Type Bearing Load
Define By Components
Cooardinate System | Global Coordinat
¥ Component Tabular Data
Y Component Tabular Data
Z Component Tabular Data
Suppressed Mo

Apply these values:

From the Environment toolbar, insert a Joint Load selecting the

JEnvironment B Inertial | G Loads = "Bk Supports =

QOutline B, Pressure

J Eiliee e - | #*. Pipe Pressure

Details of

[=l| Scope
Joint |Trans|at '5%’ Moment

[=| Definition J Generalized Plane Strain
DOF XDispla G, Line Pressure
Type Displac @ Thermal Condition
Magnitude Tabular

##) Pipe Temperature
Lock at Load Step | Mever

oo |
Suppressed Mo .omt iz

J Filter: Mame

E_

Details of "Joiny

[=| 5cope
Joint i

[=I| Definition
DOF ¥ Displacement
Type Displacement
Magnitude Tabular Data
Lock at Load Step | Mever
Suppressed Mo

Apply these values, making sure that the direction of the blue arrow is towards the lenght of the rail, not opposite.

Solution: Insert these items as default, for all bodies.
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Sy B |
//ﬁ Equivalent Stress
//% Equivalent Stress 2
g7 Equivalent Total Strain B

Jetails of "Multiple Selection” n

-|| Scope
Scoping Method Geometry Selection
Shell Top/Bottom
Layer Entire Section j

Insert 2 separate Contact Tools, one for each contact pair. Insert also a Pressure item in them.

Cutline I Waorksheet

JFiIten Mame A

Wi\ Analysis Settings -
o

. | Add || Remove
= ™ | Apply |

menu for this table {right mouse button)

it Side |

_;ﬁ Pressure
= Contact Tool 2
My Status

_;ﬁ Pressure o

A status U T —

Insert a Probe, Force Reaction as seen here.

For the angle about global X axis, Create a User Defined Result with these details. Solve.

"""" & ien R E
Details of "RX" q
[=I| 5cope
Scoping Method Geometry Selection
Geometry All Bodies
[=]| Definition
Type
Expression
Input Unit System
Cutput Unit
By Time
Display Time Last
Coordinate System Global Coordinate System

Calculate Time History | Yes

Further homework:

- change Frictionless to Frictional with 0.1 Friction Coefficient, solve, draw the conclusions
- double the Bearing Load, solve, draw the conclusions

- refine the mesh of the entire assembly, solve, draw the conclusions
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CASE 12. ANSYS Workbench Static Structural FEA of a plastic buckle clip

Engineering Data (Materials): Right click the default Structural Steel, Duplicate.

.:‘ Project / @ A2, B2:Engineering Data X
I Filter Engineering Data ﬁ Engineering Data Sources
LB Al Outline of Schematic A2, B2: Engineering Data

Physical Properties A B

Linear Elastic 1 Conttents of Enginesring Data ENN ]
Hyperelastic Experimental Data

=

=

=

Hyperelastic

5 % structural Steel ot
| Add Material Te

Choboghe Ten Do  Froperies of e o 5 Smucirl Rl
e Properties of Outline Row 5: Structural 51

=

=

| Paste
Creep
Life 1 Prof < Delete
Strength 2 % Density |y Duplicate

Suppress the fields shown here with strikethrough font by checking them in column D. Name the material as POM.

Fatigue Data at zero mean stress comes
6 Structural Steel 2 [ from 1998 ASME BPV Code, Section 8, Div 2,
Table 5-110.1
s
A B C D

1 Property Value Unit [
b % Density 7350 kg m~-3 ==
- % W
& |2 T sotropic Elasticty [
i Derive from Young's Mo... ll
a Young's Modulus 2E+11 Pa LI
g Poisson's Ratio 0.3
10 Bulk Modulus 1.6667E+11 Pa
i1 Shear Modulus 7.6923E+10 Pa
12 | E Field Variables
13 Temperature Yeg ;I
14 Shear Angle Mo ;l
15 Degradation Factor ll
16 T Akerrotng SressMeon Siress Tabular
20 T Steintiferarameters :
23 & Tensile Yield Strength 2,5E408 Pa I [
29 E Compressive Yield Strength 2.5E+08 Pa LI [l
0 %4 Tensile Ulimate Strength 4,6E+08 Pa d (=
31 E Compressive Ultimate Strength 0 Pa ;I [l

Insert these details.
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QOutline of Schematic A2, B2: Engineering Data

A B | C D e

i Contents of Engineering Data 2 | v source Description

--------------------------------------------------------- Fatigue Data at zero mean siress comes —
[ % POM 0o from 1998 ASME BPY Code, Section 8, Div 2, H

Table 5-110.1
= Click here to add a new material -
A B C D|E

1 Property Value Unit i3 |Gpd
2 % Density kam~-3 [ [&][&]
3 B EI““EiEEEE FEeefsent st Thema
& |2 T8 Isotropic Elasticty [
7 Derive from ﬂ
3 Young's Modulus MPa ;I ]
9 Poisson's Ratio |
10 Bulk Modulus Pa [l
11 Shear Modulus Pa ]
12 =] E Field Variables
13 Temperature ﬂ
14 Shear Angle ﬂ
15 Degradation Factor ﬂ
16 E B
20 T8 cHairtiferParameters
28 T8 Tensile Yield Strength 50 MPa L4 [=]|=]
29 E Compressive Yield Strength 50 MPa ;I om
30 %4 Tensile Ulimate Strength 100 MPa FO|m
31 ¥ Compressive Ultimate Strength 100 MPa L [E][E]

Assign the POM material to both parts.

E| ----- A Geometry
§ Ly @ 2014 04_24 buckle22;

: o B 2014_04_24_buckle22;
< m | b

Details of "Multiple Selection”

Graphics Properties
[=]| Definition
Suppressed Mo
Stiffness Behavior Flexible
Coordinate System Default Coordinate System
Reference Temperature | By Environment
[=I| Material
Assignment PO
MNonlinear Effects Yes
Thermal 5train Effects | Yes

Connections, Contacts: The defualt contact looks like here. We'll select the contacting faces in a proper manner.




BECHME A BLACK BELT IN ANSY$ WHRKBENCH, YILUME |

Click Scope, Contact, 4 Faces, then extend the selection to the faces shown green here. Apply.
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This should be the final result. Assign the details shown here.

| Filter:  Name -

4

Details of "Frictional - 2014 04 24 buckle22: To 2014 0...

E|‘,® Connections
I Contacts

[ ' Il

LW Frictional - 2014 0424 bucke22; _

n

=

Scope

Scoping Method

Geaometry Selection

Contact

Contact Bodies
Target Bodies
Definition
Type

Friction Coefficient
Scope Mode
Behavior
Trim Contact
Suppressed
Adwvanced
Formulation
Detection Method
Penetration Tolerance

Elastic Slip Talerance

Marmal Stiffness

Mormal Stiffness Factor
Update Stiffness
Stabilization Damping Factor
Pinball Region

Time Step Controls

Geometric Modification

Interface Treatment Add Offset, Ramped Effects
Offset 0. mm

Contact Geometry Correction | Mone

Target Geometry Correction | Mone

Mesh: Insert these details.

0.00
15.00

Z.k/ '
30,00 {mm)

Geometry /, Print Preview ) Report Preview /

Messages

o x

4 mn

Association
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; ,@ Mesh
[ T

Details of "Mesh"
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|-'|

[=]| Display

Display Style

|Body Color

[=1| Defaults

Physics Preference

Relevance

Sizing
Use Advanced Si...
Relevance Center

Element Size Default

Initial Size Seed

Active Assembly

Smoothing Medium

Transition Fast

Span Angle Center| Coarse

Minimum Edge L...

21591 e-002 mm

Static Structural, Analysis Settings: Insert these details. Ouput Controls, Yes 5 times.

E-,{=] Static Structural (A5)
i o/ Y Analysis Settings
o= — - .

1 T |

Details of "Analysis Settings” ex
[=|| Step Controls
Mumber Of Steps 4,
Current 5tep Mumber 4,
Step End Time 4.5
Auto Time Stepping Program Controlled
[=|| Solver Controls
Solver Type Program Controlled
Weak Springs Program Controlled
Salver Pivot Checking Program Controlled
Large Deflection an
Inertia Relief Off
Restart Controls
[=I| MNenlinear Controls

Mewton-Raphson Option

Program Controlled

Faorce Convergence

Program Controlled

Moment Convergence

Program Controlled

Displacement Convergence

Program Controlled

Rotation Convergence

Program Controlled

Line Search

Stabilization

--Method

--Energy Dissipation Ratio
--Activation For First Substep
--Stabilization Force Limit

8] Output Controls

Stress

Strain

Modal Forces

Contact Miscellaneous

General Miscellaneous

TES

Store Results At

All Time Points
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Details of |

=]

Scope

Scoping Method

Geometry Selection

Apply | Cancel

Definition

Type

Fixed Support

Suppressed

Ma

J Filter:  Name hd
&-,/=] Static Structural (AS)
b oY Analysis Settings
d
L F—
Details of "DispracermerT
[=| Scope
Scoping Method Geometry Selection
[=]| Definition
Type Displacement
Define By Components
Coordinate System Global Coordinate System
¥ Component 0. mm (ramped]
¥ Component 0. mm (ramped]
Z Component Tabular Data
Suppressed Mo
[=1| Tabular Data
Independent Variable | Time

Apply these values.

Tabular Data

[[v 3¢ () [ ¥ [mm] [[W 7 [mm]

Steps | Time [=]
1]

2w ra ==
& o

*hn | =l | P |

Solution: Insert a Directional Deformation on axis.
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= Solution (AB) 1
_;m Solution Information
.//ﬁ Directional Deformation

€ i | r

Details of "Directional Deformation”

[=I| Scope
Scoping Method Geometry Selection
Geometry All Bodies
[=l| Definition
Type Directional Deformation
Orientation Z Axis
By Time
Display Time Last
Coordinate System Global Coordinate System

Create an Equivalent Stress only on the body shown red here.

_|Fi|ter1 MName -

= Solution (A6) o
b ] Solution Information
M5 Directional Deformation ||

//ﬁ Equivalent Stress .
i —— :
' 1 | P
Details of "Equivalent Stress” 2
[=I| Scope
Scoping Method Geometry Selection
Geometry 1 Body
[=l| Definition
Type Equivalent [von-Mises) 5tr...
By Time
Display Time Last
Calculate Time History | Yes
Identifier
Suppressed Mo
]| Integration Point Results
Display Option Averaged
Average Across Bodies | Mo
[=I| Results
Minimum
Maximum
[+I| Information

From the Solution toolbar, go to Tools and click Stress Tool.

J Solution ', Deformation + @ Strain ~ @, Stress v L Energy ~ | W Damage ~ | W | inearized Stress ~ | Q{F’robe ~ | (@ Tools = | B UserC

J Filter: Mame - f — Fatigue Tool
E| Solution (A6) ] i Contact Tool
_;f{l—l Solution Information TR (&d] Bolt Tool
_//% Directional Deformation N n Ezamiiool
M Equivalent Stress ’
| : //E . | . B Fracture Tool
] m b

Scope only the red part, as seen here.
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Qutline

J Filter: Name 57
i M0 Equivalent Stress

Stress Tool
i M Safety Factor
P -
[N m | 3

Details of "Safety Factor”

[l Scope
Scoping Method Geometry Selection
Geometry 1 Body
[=I| Definition
Type Safety Factor
By Time
O] Display Time Last
Calculate Time History |Yes
Identifier
Suppressed Mo
E_Ir;ieg.raﬁon Point Results
Display Option Averaged
Average Across Bodies | Mo
[=I| Results
Minimum

[+| Information

Click Probe, Force Reaction.

_ESqution md Deformation « mg Strain « ﬁg Stress v mE Energy ~ | mb Damage | ﬁg Linearized 5tress - || Q{Pmbe - Tools S|

Outline 7 | € Deformation

Q{ Strain

i Filter: Mame -
o Solution (A6) R €, Stress
- ¥] Solution Information - @ Position
1 T— | T D % Velocity
Details of "Solution (A6)" q %, Angular Velocity
(1| Adaptive Mesh Refinement ®, Acceleration
Max Refinement Loops 1, QJ\ Angular Acceleration
Refinement Depth 2, Q{ Energy
[=l| Information . Q;J
Status |50I\re Required ﬁ T e,
[=I| Post Processing

Choose these details.
Create another Rorce Reaction, with these details. Solve.

Further homework:

- decrease the Friction Coefficient value to half, solve, draw the conclusions
- double the Young's Modulus value, solve, draw the conclusions

- turn Stabilization to Off, does the FEA finish? Solve, draw the conclusions
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CASE 13. FIRST IN THE WORLD!!! ANSYS Workbench Transient Structural FEA of a worm
drive (screw and wheel)

Geometry: 2015_jul_24 worm_gear_FEAl.x_t

Connections, Contacts: Let us expand the selection for Scope, Target. Click on 10 Faces.

& A&] Contacts

b g ‘l,,. Contact Region

.

Details of "Contact Region”

[-]| Scope
Scoping Method Geometry Selection
Contact 8 Faces
Target 10 Faces

Contact Bodies
Target Bodies
[=I| Definition
Type

Scope Mode

Behavior
Trim Contact
Trim Tolerance

Suppressed Mo
[=I| Advanced

With Ctrl pressed, click to add more faces, for a portion of around quarter of the circle. Type = Frictionless.

Formulation

Program Controlled

Detection Method

Program Controlled

Penetration Tolerance

Program Controlled

Elastic Slip Tolerance

Program Caontrolled

Marmal Stiffness

Program Controlled
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-

I Filter MName
; ,,. Geometry
¢$ Coordinate Systems
-8 Connections
! B @) Contacts
j-:--,”‘l‘ Frictionless - luhb;luhb To G10 -
1 |

-

@

< | 3

Details of "Frictionless - luhb;luhb To G1037;G1037"
=

n

Scope
Scoping Method

Contact

Contact Bodies

Target Bodies

Definition

Type

Scope Mode

EBehavior

Trim Contact

Suppressed

Advanced

Formulation

Detection Method
Penetration Tolerance
Marmal Stiffness

Update Stiffness
Stabilization Damping Factor|
Pinball Region

Time Step Controls
Geometric Modification
Interface Treatment

|| Offset

Contact Geometry Correction|
Target Geometry Correction

| Geometry Selection

LU

|

J Connections Connection Group \'I,. Contact = hl,\ Spot Weld gEnd Release E2NBody Interaction |

“y Body-Ground

JJoint Configure ﬁConﬁgwe HAssemh!e | A= 0 | B® set B Revert

@ Fixed

Outline n
| Filter:  Name =
[ B @] Joints -
1037 «

‘ [] I
Details of n
[=]| Definitiy

Connettorrye ooy

Type Revaolute

Torsional Stiffness | 0. N.mm/*

Tarsional Damping | 0. N-mm-s/

Suppressed Mo
[-I| Reference

Coordinate System | Reference Coordinate System
[=| Mobile

Scoping Method Geometry Selection

Applied By Remote Attachment

: Apply Cancel

Body

Initial Position Unchanged

Eehavior Rigid

Pinball Region All
Stops

¥ Beam

Planar
General
Bushing
In-Plane Radi:
Spherical Gap
Radial Gap

General (Samt

Bushing (Sam

|G 2 4 9 9 998

Spring

) Bearing
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Mesh: Insert these details.

,/% Mesh
R S,
4 1 p

Details of "Mezh"
—|| Display

Display Style Body Color
-|| Defaults

Physics Preference | Mechanical

Solver Preferend
Eelevance

Sl sizing |
Use Advanced S
Relevance Centq
Element Size
Initial Size Seed

Smoothing
Transition Fast

Span Angle Center| Coarse
Minimum Edge L... | 0.532450 mm

The mesh should look like here.

Caws
el

Ty
vy

|

i

'éu
A
w hg

o

Transient, Analysis Settings: Assign these details for all steps, the 1% one is shown here. For the other steps, make
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&--{@] Transient (A5)

- Az Initial Conditions

i o4 Analysis Settings

4 1] | 3

Details of "Analysis Settings”
[=]| Step Controls
Mumber Of Steps
Current Step Mumbd
Step End Time
Auto Time Stepping
Define By

Initial Time Step

Minimum Time Step

Maximum Time Step

Time Integration
[=I| Solver Controls
Solver Type

‘Weak Springs pntrolled

Large Deflection
Restart Controls
Nonlinear Controls
[=]| Qutput Controls
Stress

Strain

Maodal Forces

Contact Miscellaned

General Miscellane .
Store Results At |AII Time Points

Enter these values.

Tabular Data
Steps | Time [s] [+ Rotation [*]
I I . L18
2 1 |1
3 2 |a
43 |z
5 (4 |4
65 |5
706 |
g |7 |7
9 8
10[9  |a
110 |10
12(11 |1
1312 |12

Solution: Insert these items as default.

= Solution (A6)

//m Solution Information
M Total Deformation

M Equivalent Stress

//E Equivalent Elastic Strain

Apply a contact Tool.

JSqu‘tion W, Deformation ~ M, Strain = ', Stress v WA Energy ~ | ®, Damage v | W, Linearized Stress | Q{Probe - | |5 Tools | M, User |
Stress Tool

Outline

=] =

J Filter: | Name j @)
chlp"- Revolute - Ground To luhb;luhb

- ATE1 Mesh

(@] Transient (AS)

Initial Conditions

i) Analysis Settings
i

Right click on it and assign a Pressure item.

Fatigue Tool

[ oot ool |

(] Bolt Tool
n Beam Tool
B Fracture Tool
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Insert a Force Reaction.

JSqu‘tion B, Deformation v YL Strain ~ M, Stress ~ . Energy ~ | W Damage ~ | B |inearized Stress v | Q{Probe ~ @] Tools ~
Outline 2 Q{ Deformation

| Filter:  Name - @, Strain
N /@ Revolute - Ground To luh = Q{ Stress
- /1 Mesh %, Position

@] Transient (AS)
‘,@ Initial Conditions
w24 Analysis Settings

Joint - Rotation
=8 Solution (AG)

%\ Velocity
Q{ Angular Velocity
Q{ Acceleration

Q{ Angular Acceleration

€@ Energy
Y Force Resction |

%\ Moment Reaction

M Equivalent Stress
M1 Equivalent Elastic Strain |2

Apply these details on it. Solve.

Right click any Solution item, Evaluate All Results.

File Edit View Units Tools Help |J .o e

:}Solve k
RAYE - CRRRR &S

I
I
J I Show Vertices +‘@_‘||‘||Ti|'efrar'r'|E: | DE‘;ShowMesh :.L A
I
|
|

?j (& Reset Explode Factor:  } A

WM Edge Coloring * A~ A~x A~ A~ A~ A || |-l Thicken Annotations
Solution 4, Deformation = B, Strain ~ M, Stress « @ Energy ~ | B Damage ~ | B |inearized Stress « | Q{Pmbe ~ |&@] Tools = | B User Defined Result | E] Carn)
Qutline o Worksheet

J Filter: MName - B
Sy - O List Result Summary
N Total Deformatior
- M3 Equivalent Stress : .
M8 Equivalent Elastic Type Data Type | Data Style | Component | Expression Output Unit -
- Contact Tool M Modal Scalar SUmM MSUM Moment
JQ’\ Force Reaction M MNodal Vector VECTORS MVECTORS Moment
o Sy OMGZ
JE“ EDIRXY
o S EDIRYZ
Jg“ OMGY I
. r =
Details of "Solution (C6)" q
[-|| Adaptive Mesh Refinement
i hurment oo 1. i Flement Nodal — Scalar HPRE NIHPRE Pressure
welinement Depih = NL Element Nodal ~ Scalar EPEQ NLEPEQ Strain
B)| Information NL Element Nodal ~ Scalar CREQ NLCREQ Strain
Status | D. ML Element Nodal  Scalar PLWEK MNLPLWK No Units
[=|| Post Processing ML Elernent Modal Scalar CRWE MNLCRWE Mo Units
Calculate Beam Section Results |N0 ML Element Nodal Scalar ELWK MLELWE Mo Units
ML Element Nodal Scalar SGYT NLSGYT Stress

Further homework:

- change Frictionless to Frictional with Friction Coefficient = 0.1, solve, draw the conclusions
- change mesh Relevance to 35, solve, draw the conclusions

- make the Behavior of joints as Flexible, solve, draw the conclusions
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CASE 16. ANSYS Workbench Explicit Dynamics FEA of bullet penetrating through a bucket
(optimized)

Engineering Data (Materials): Go to Explicit Materials and Add these materials by pressing the yellow plus in column

B.

Engineering Data Sources

A B C D 2
1 Data Source / Location Description
: General use material samples |ﬂ
4 ﬁ Eq:r;ee:igllsl‘don—hnear [l B | for use in noninear analyses
= : Material samples for use in an
5 . Explicit Materials (] S explicit anaylsis.
- Al 2 e = w1 | Material stress-strain data i
Cutline of Explidt Materials | ] * o x
A B ‘ C E it
(a
Contents of Explidt = - i
1 Materials = Add Description
4 Air(Atmospheric) an Properties of Fluids, SI Units®,
GFC Rogers, YR Mayhew
"Eguation of State and
5 i Strength Properties of Selected
Materials", Steinberg D.J. LLML.
Feb 1991
= w
5 - Explcit Materigls & 2 Material samples for use in an
explicit anaylsis.
- A= L Lo e = = | Material stress-strain data
Outline of Explicit Materials * 0
A B | C E
Contents of Explicit = .
i Material o Add Description
Feb 1991
AFATL-TR-84-59. June 1934,
174 Matuska D.A. HULL Users
Manual

Geometry: bullet_bucketl.igs
Assign material to the green bucket seen here.

Project

B [ Model (Ad)
B ﬁ Geometry
© o ex @ Partl

s

Details of "Part 1"
Graphics Properties

[=I| Definition
Suppressed MNa
Stiffness Behaviar Flexible

Coordinate System

Reference Temperatu

Reference Frame
[=]| Material
Assignment

Maonlinear Effects TETS
Thermal Strain Effects | Yes
Bounding Box

Properties

Statistics
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Apply material to the bullet, green here.

5-‘-----, i Part 2
Details of "Part 2"
Graphics Properties
[=I| Definition
Suppressed Mo
Stiffness Behavior Flexible
Coordinate System Default Coordinate System
Reference Temperature | Bu Envirnnmant
Reference Frame
[=I| Material
Assignment
Maonlinear Effects
Thermal Strain Effects |t

Mesh: Assign these details.

=4 Mesh
< 1 3

Details of "Mesh"

[=]| Display

Display Style |Body Colar
[=I| Defaults

Physics Preference | Explicit

Relevance
=

Use Advanced 5
Relevance Centg

Element Size
Initial 5ize Seed
Smoothing -
Transition Slow

Span Angle Center| Coarse
Minimum Edge L. [3.79810 mm

Apply a mesh sizing of on these 2 edges and the other ones from the opposite side of the bucket.

| Filter:  Name -
Project
= Model (A4)

----- AT Geometry

‘,_4\ Coordinate Systems
/81 Connections

E| ..... “’% Mesh
- Edge Sizing
Details of "Edge Sizing" - Sizing
[=I| Scope
Scoping Method |Geometry Selection
._4
[=I| Definitid
Suppres
Type
Elem
Behaviar Soft
Bias Type Mo Bias

The mesh should look like here.



BECUME A BLACK BELT IN AN$Y$ WHRKBENCH, YHLUME |

i
2
ﬁlh

vy
Va¥,
vl

) A
aralig, .ﬁ"l‘:’.“
R

Ry
Ry

SIS

FP

v.w.l'-".'?:'_‘

A
WA

TAVATA Sryyiitte i
1=

i

LA
S

AR
prawa
W

AT

-
14

N
i)

NP AT
PAvAYAY: Y

v

(RO
iy

A

Explicit Dynamics, Analysis Settings: Insert these details with End Time =

(=l 00 Excplicit Dynamics (A5)
Initial Conditions |:
i o Y Analysis Settings
./Ei” Fixed Support -

Details of "Analysis Settings” q
=]| Analysis Settings Preference

Type |Program Controlled
| Step Controls

Resume From Cycle |0

Maximum Mumber of Cycle
End Time
Maximum Energy Error

Reference Energy Cycle

Initial Time Step

Minimum Time Step

Maximum Time Step
Time Step Safety Factor
Characteristic Dimension Diagonals

Automatic Mass Scaling Mo

We'll apply the boundary conditions from the Environment toolbar.
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Insert a Velocity on the bullet, shown green here, oriented towards the bucket

J Filterr Mame - i
b AL Velodity
- [ . PPy
Details of "Velocity"
=] Scope
Scoping Method Geometry Selection
W Apply | Cancel
[=]| Definition
Type Velocity
Define By Components
Coordinate System (Glohal Conrdinate Svctam

X Component

Y Component

Z Component

Suppressed

Solution: Create these items as default. Solve.

&[] Solution (A6)

; ;[Il Solution Information
;ﬁ Total Deformation
B Total Velodity

i ;ﬁ Equivalent Stress

Further homework:

- change the bucket material to Aluminum Alloy NL, then Copper Alloy NL, solve, draw the conclusions
- change mesh size to 6 mm instead of 3 mm, solve, draw the conclusions
- change mesh Relevance to 77, solve, draw the conclusions

- turn Stabilization = Off, solve, draw the conclusions
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CASE 19. ANSYS Workbench Explicité Dynamics of testing of a reinforced concrete structure

Engineering Data (Materials): From Explicit Materials library, add to our scenario by pressing the yellow + sign int he
column B.

L\ lim]pﬁ“|g A2,B2:Engineering Data X |
I Filter Engineering Data lﬁ Engineering Data Sources

L' B Sl Fnginecring Data Sources i
Fhysical Properties A B C D o=
Linear Elastic 1 Data Source # | Location Description
e e e 5 General use material samples for use in E
¥p p 3 i General Materials (] ) Srioiis ardises.
Hyperelastic G | terial les fo i B
i 3 eneral use material samples for use in non
Plasticity 4 ﬁ General MonHinear Materials [} [~ Jinear analyses.
B Strength 5 i Explict Materials | [# | Material samples for use in an explicit anaylsis.
% . @ Hyperelastic Materials m B TEEEEEI stress-strain data samples for curve e
n]ﬁ—l Outline of Explicit Materials a el g
Thermal A B | c |p E &
Brittle/Granular 1 Contents of Explicit Materials S Add  burc| Description
" T
Equations of State
W I "Penetration of Reinforced
Parosity BIEMS'99 pp315. Riedel W. "Beton
i % nischen Lasten™ Ed. Frauhhofer
Failure rlag, 2004, ISBN 3-8167-6340-5
. "Mumerical Assessment for Impact
—
Fing Data
3 L. of Reinforced

Geometry: Double click to create the geometry in Design Modeler.

Click XYPlane from the tree.

[
| - «@

C: Explicit Dynamics
PO e
‘,:a'-. ZXPlane

‘,;4. YZPlane
‘,ﬁ 0 Parts, 0 Bodies

Go to Sketching, click Rectangle.

I Draw |ﬂ
" Line

6 Tangent Line

6 Line by 2 Tangents
4 Polyline

(=} Polygon

1 Rectangle
{“hRectangle by 3 Points
&2 Oval

=3 Circle

44 Circle by 3 Tangents
"y Arc by Tangent

& Arc by 3 Points

@ Arc by Center

T

Modify -

Dimensicns

Constraints

Settings

Sketching | Modeting |
I

Click the Look At Face/ Plane/ Sketch button.

[Svaae e o+ ale -

[Look At Face/Plane/Sketch|

Drag a rectangle like this.
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Go to Dimensions, click General.

& General

Modify Units to Millimeter.

File Create Concept Tools | Units View Help

J

J 2 E E | i |J E}Undap Meter

J W~ W~ 4~ A~ A~ Centimeter
|

XYPlane hd ‘4-

LY

Dimension the v

Dimensions

[ General

Constraints

Settings
Sketching | Modeling

Details View

[=]| Details of Sketchl
Sketch

Sketch Visibility
Show Constraints?

LA

=

|

Dimensions: 1
N

Edges: 4

B

[T

Dimension the tq , Enter.

Dimensions

@ General

Constraints

Settings
Sketching | Modeling

Details View

[=]| Details of Sketchl
Sketch Sk
Sketch Visibility Shi
Show Constraints? | N

[=]| Dimensions: 2

30)
W1 40)

Press F7 or click the Zoom To Fit button. This is the result. Let's center the sketch.

Dimensions, Horizontal, select the left line, then the green Y axis, , Enter. (The numbering can differ because we
tested other dimensions, for you it can continue with H3 and so on).
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Muodify
Dimensicns | ;
&> General
|M Horizontal

Vertical
Constraints -

Settings
Details View I
=

Details of Sketchl

Sketch Sketchl
Sketch Visibility Shaow Ske..
Show Constraints? | Mo

[=l| Dimensions: 3

[ 1 H2

1w
Edges: 4

Line

[

Line Ln9

line Inlf

Line T |

This is the result.

Dimensions | ﬂ
@ General
i+ Horizontal
[ T7 Vertical
Caonstraints | -
Settings
Sketching
Details View
[=I| Details of Sketchl
Sketch Sketchl

Sketch Visibility Show Ske..
Show Constraing2lbla

|

This is the result. (The dimensions can be randomly put or aligned, don't be be bothered by this).
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Go to the Modeling tab, click Generate, then Extrude.

J <} Generate g Share Topolog
| BEtrude @gRevolve g Sn
J @ Point g Corersion

i1
E|""¢ C: Explicit Dynamics
«,;:}. XYPlane
«_;}_ ZXPlane
b3t YZPlane
.., 8@ 0 Parts, 0 Badies

Sketching  Modeling |

Geometry, App,

[=I| Details of
Extrude

Cperation
Direction Vector
Direction

Extent Type

| | FD1, Depth >
As Thin/surface?
Merge Topology? ki

| Geometry Selection: 1
Sketch | Sketch1

Righ click Extrudel, Generate. Rotate the geometry to see the result.
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- [a8 C: Explicit Dynamics
-y = XYPlane

- = ZXPlane

.v;{. YZPlane

.v. Extrudel
B %@ 1 Part, 1 Body

sketching  Madeling I

Details View a
[=|| Details of Extrudel
Extrude Extrudel
Geametry Sketchl
Cperation Add Material
Direction Vector Mone (Mormal)
Direction Llormal
Extent Type

[ FM, Depth (>
As Thin/Surface?
Merge Topology?
[=|| Geometry o T |

Sketch | sketcht |

Create, New Plane.

Create Concept

ﬂ Mew Plane

Apply these details.

foi e Planed
Sketching  Maodeling |
Details View
[=1| Details of Planed
Flane Plane4
Type From Plane
Base Plane

Transform 1 [RME]
Transform 2 (RME]
Reverse Narmal/Z-
Flip X¥-fxes? Mo
Export Coordinate System? | Mo

Right click the plane, Generate.

Generate (F5)

Details View ah Rename (F2)

Select Plane4 (your numbering can be different), go to the Skecthing tab.

8o

G- 1 Part, 1 Body

Sketching  Modeling |

Click the Look At Face/ Plane/ Sketch button.
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S+ aQaa@a o R i el m |-

[Look At Face/Plane/Sketch|

Dimensions, General, insert them on the left and top lines, as seen here.

Draw
Modify
Dimensicns | —
|@ General
Constraints | -
Settings

Sketching I Madeling I

Details View n
[=|| Details of Sketch2

Sketch Sketch2

Sketch Visibility Shaow Sketch

Show Constraints? | Mo

[=| Dimensions: 2
v

- Edges: 4
Line

Ling
Line Lnl5
Line Lnlg

Dimensions, Horizontal =, as seen here.

Dimensions | ﬂ
@ General

= Harizontal
| I[ Vertical

Constraints | -

Settings

Sketching | Modeling |

Details View n
[=I| Details of Sketch2

Sketch Sketch2

Sketch Visibility Show Sketch

Show Constraints? | Mo

[=I| Dimensions:
H2
H3
w1
[=|| Edges: 4
Line Ln13
Line Lni4
Line Ln15
Line Lnié

Go to the Modeling tab, right click Sketch2, Generate.
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i

=/ C Explicit Dynamics
7= KYPlane

2 Always Show Sketch
® Hide Sketch

- 9 Look at
Sketching  Modeling I

I, Show Dependencies

Details View
(1| Details of Sketch2 X Delete
Sketch ] Cenerate (5)
Sketch Visibility shoy &lb Rename (F2)
Show Constraints? | Mo
[-I| Dimensions: 4
H2 200 mm
H3 100 mm
Vi 300 mm
W4 150 mm
=l Edges: 4 _
Line Lnl3
Line Lni4
Line Lnl5
Line Lnle

C: Explicit Dynamics -
| File
| A
| -~

| Plane

Select these 4 yellow lines, Apply.

E//@ C: Explicit Dynamics
-3 XYPlane

Sketching  modeling I

Details View n

[=]| Details of Linel
Lings From Sketches | Linel

Base Objects m Cancel

Add Material

Right click Linel, Generate.

Select with Box Select all the yellow lines, Apply.
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|| & || Dunde @Redo |[select: *;[2Tyv | 15 ) B[ |
J W~ W~ A4~ A~ A~ A~ A~ ﬂ' =4 T% Single Select |
| Pranes v | sketchz - ¥ [#NBoxSelect |

J :;' Generate W0 Share Topaology Palameters

J.Ex‘trude MFevolke By Sweep @ Skindloft |J W ThinSurface S Blend

Tree Outline

J & Point B0 Corversion

3 Graphics

Sketchin

Details Vig
[=I| Details
Pattern|
Pattern)
Crirecti
|| FD1]

|| FD3, Topres =01 |1

Revert to Single Select, Direction, select a long adge of the column (green here), Apply.

When changing View to Wireframe, we can see this. Observe that each line has its own coordinate system.

| OB W ||| Durdo Eredo |[select *i[ - | BIE T W |
J.v Ilv Av Av Av Av AV x J:r/ |—T%5ingle5elecl |
| Panes v b | sketen2 ~ ¥ £y Box Select
J :} Generate W Share Topology Paramelels
J.Extrude *Revolve B Siveep & Skin/Loft |J W Thin/Surface % Blend -
J & Point @ Conversion
Tree Outline 1 Graphics
s

Sketchi
Details
[=I| Dretail

Patte

Patterm Type Cinear

Geometry 1 Body

Direction m Cancel

[ FD1, Offset 30 mm

|| FO3, Copies (=0} [1
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Select Plane4 (your numbering can be different), click the New Sketch button.

Planed v 3| sketen2 -

J :} Generate ) Share Topology [Z§|Para New Sketch
| BEdrude  @@Revolve & Sweep 4 Skin/Loft 1

@ Point B Conversion

| ree outine
=-/88 C: Explicit Dynamics -
[y = X¥Plane
b3 ZHPlane
oy ¥ YZPlane
- IR Extrudel

- o Y

A Sketch3 appears, go to the Skecthing tab.

=[] C: Explicit Dynamics

[y 3= XYPlane

5 ZXPlane

iy YZPlane

- B Extrudel

]y 3= Planed

i, Sketch2
o Sketch3

Sketching  Modeling |

This helps to see where we are currently at.

|I|J Planed v # | sketch3 v

Click the Look At Face/ Plane/ Sketch button.

EEE e AN |
[Look At Face/Plane/Sketch|

Apply 4 on each corner of the Sketch3.
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I Draw ]

. Line

6 Tangent Line

6 Line by 2 Tangents
/% Polyline

[=Polygon
[C1Rectangle
{“Rectangle by 3 Points
&7 Oval

(=) Circle

44 Circle by 3 Tangents

Modify -

Dimensions

Constraints

Settings

Sketching | Maodeling

Details View

[=1| Details of Sketch3

Sketch Sketch3
Sketch Visibility Show Sketch
Show Constraints? | Mo

L -]

o

[=I| References: 4
Lni3 [ sketehz + | Model View | Print Preview

0 Construction Point -- Click to create a point

Got to the Modeling tab. There is no need to Extrude a sketch if it is shown with green check symbol. Press the
Extrude button. Observe
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[=--[88| C: Explicit Dynarics -

Extrudel

Sketching  mModeling I

[=1| Details of Sketch3

Sketch Sketch3
Sketch Visibility Show Sketch
Show Constraints? | No

}l-l:l

[=I| Points: 4
Point Pt42
Point Pt43
Paoint Ptd4
Foint Ft45

If still in wireframe view, these are the

When clicking the Line Body, we observe that it needs a Cross Section.

Sketching  Madeling |

B 2 -

[=I| Details of Line Body

Body Line Body
Faces i}

Edges 113

Wertices 65

Cross Section Mot selected
Shared Topology Method | Edge Joints
Geaometry Type DesignModeler
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Details Viey

|'__'|....4,_. 2 Parts, 2 Bodies
-y 8 Solid
by ™ Line Body

Sketching Modeling |

[ 2 B B[~ tiesFrom Pomss cec [ b DRD W @ 5|5 ¢ Qa6 A% M
J m- |- £ Lines From Sketches o
Lines From Edges
| [Pranes = z
J =% Gener
| R Extrud @-Blend » @ Chamfer ®iSlice
J QPoint
| Tree Cutling
E|""¢ d
Hw
H-
H-v
i - . [ Section
Sketch3
EEI--"«&]T-E‘IE?B = 4L T Section
BB Patternl gL Hat Section
El""«'. Extrude? Bl Rectangular Tube

B8 User Integrated
@& User Defined

For Base

[=1| Details of

Body

Faces

Edges

Vertices

Cross 5e
Shared T
Geametr

Prane serect e YZrrane from the tree, then insert these details.

sketchitrg—mwmomemmm

Details View

B

Details of Plane5

Plane

|Plane5

Type

| From Plane

Base Plane

Transform 1 [RME)

Transform 2 [RME])

TTOTTE,

Reverse Mormal/Z-Axis? Mo

Flip X¥-fxes?

Export Coordinate System? | Mo

Right click Plane5, Generate.

@8 1 Crose Saction -

sketching  Modelin

Details View

Export Cross Sections to Script...

Generate (F5)

L ——

This is the result.
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Go to Create, Body Transformation,

| File | Create Concept Tools Units View Help
| 27 | 3= New Plane || Select: | *
| M~ B Edrude .=
| Pian B8 Revolve |
J :} q : Sweep arameters
Skin/Loft —— 11
J ;‘E 1B Thin/Surface  Skin/Loft ||
P
I @ Fixed Radius Blend
& Variable Radius Blend
< Vertex Blend
4@ Chamfer
EE Pattern
Operation
% Body Ope
Body Transformation ".! Move
g” Translate
&l Rotate

AR M@ || Dundo @Redo [[select ' By BRI RS- | M || S QQAQAAQAET
IR A AP APAPATAE B

J Plane5 - ‘;»*-| MNone - ?_5:5.]

J :}Generate W Share Topalogy Palameters

J.Extrude ﬁReuque Qs Siveep ‘SkinfLof't “ B ThinsSurface @ Blend + 4 Charmfer W Slice

J @ Paint B Corversion

. X¥Plane
i ZXPlane
iy YZPlane
‘,. Extrudel
£l st Planed

Preserve BodiesT | Yes
Mirror Flane Flanes

sopy_ | Conc

Select Mirrorl, right click, Generate.

This is the result.
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Create a New Plane.

vﬂl Mone
J :} Generate .SHNE‘WNEI’IEE

Insert these details and select one of the faces (green here), opposite of XYPlane base, Apply.

J Planes

-------- ¥ ;;'4. Planet
Sketching  Maodeling I

Details View

[=]| Details of Planeg
Plane Planes
Type From Face
Subtype Outline Plane
Base Face Apply Cancel
Use Arc Centers for Origin? | Yes
Transform 1 [RME] Maone
Reverse Mormal/Z-Axis? Mo
Flip X¥-Axes? Mo
Export Coordinate System? | Mo

Select Planes, right click, Generate.

Select Plane6, New Sketch.

Go to the Sketching tab, click the Look At Face/ Plane/ Sketch button.

Draw | -

. Line

a3 e

Dimensions

Constraints

Settings

Sketching | Modeling |

Details View s

=]

Details of Sketch4

Sketch

Sketchd

Sketch Visibility

Show Sketch

Show Constraints?

Mo
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Draw | -
. Line
6 Tangent Line
6 Line by 2 Tangents
2% Polyline
[(=3Polygon
lRectangle
{Rectangle by 3 Points
Settings
Sketching I Madeling I
Details View n
[=|| Details of Sketch4
Sketch Sketchd
Sketch Visibility Show Sketch
Show Constraints? | Mo
[-I| Edges: 4
Line Ln2s
Line Ln29
Line Ln30
Line Ln31

Go to Dimensions, General and assign these values for the top and left line.
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Modify
Dimensions

|@ General

= Horizontal

I[ vertical

«» Length/Distance
" Radius

h Diameter

7 Angle

{{I Semi-Automatic
ﬁ Edit

H Move

[ Animate

'Rif! Display

Constraints

Settings

Sketching | Modeling |
'das View

=l| Dretails of Sketchd
Sketch

Sketch Visibility

Show Conctrainte?

Sketchd
Show Sketch
Bl

Line Ln29
Line Ln30
Line Ln31
Full Circle Ci32

Dimension the left line about the Y (green) axis of Plane6 with 1000 mm and the circle about the same axis with 20
mm, as seen here.

Dimensions

@ General

|M Horizontal
I[ Vertical
< Length/Distance
F Radius
@ Diameter
7 Angle
{{I Semi-Automatic
Constraints

Settings

Sketching | Modeling |

Details View

[=1| Details of Sketch4
Sketch Sketchd
Sketch Visibility Show Sketch
Show Constraints? | No

[=|| Dimensions: 4
[ TH 1600 mm
| IH3 1000 mm

200 mm

w2 2600 mm

Dimension the bottom line about the X (red) axis of Plane6 with 2000 mm and the circle about the same axis with

1150 mm, as seen here.
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Go to the Modeling tab, then click Extrude.

| BExtrude | ffoRevolve Qo Sweep  § Skin/Loft || @Thin/Surface @ Blend v & Chamfer i Slice
J 4 Point 3 Conversion

oM Graphics

o] el s

=]
/| Edges: 5 :
Line LnZd
Line Ln29
Line Ln30
Line Ln31
Full Circle r32

Assign these details, right click Extrude3, Generate.

iy Planes

Merge Topology? | Yes
[-]| Geometry Selection: 1
Sketch | Sketchs
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H-pd Lines
o v CEI Sketch2
....... [ Patternl

IS

1000.00 2000.00 {mm)
[ ]

500,00 1500.00

If everything went well, this should be the resulting geometry, observe the additional bodies; now the split are
separated from the top plate with hole in it. In ANSYS Workbench, this is the only way that we can use the concrete
reinforcing in Explicit Dynamics. File, Close DesignModeler.

e
I G- [ Extrudez
iy oha Planes

. 3 Solid
ey 1 Solid -
Sketching Mudelingl

of Slicel

slice Slicel

Slice Type Slice by Plane
Base Plane | Planed

Slice Targets | All Bodies
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COMPRESSION

Geometry: Rename the bodies for easier handling.

| Filter:  Name -
B

3

........ 7 I T
..... /4 Coordinate Systems i
l m | +

Details of "Multiple Selection” n
Graphics Properties

[=I| Definition

|| Suppressed No

1D (Beta)
Stiffness Behavior Flexible
Coordinatep=— E— E—

Reference T]

Reference H
[=I| Material
Assignment
Bounding Box
Properties

=

H B H

Bl 481 Connections
L B Contacts

..... fl(__). |
& 020 Body Interaction
1 [t Explicit C
1 T Copy
& Cut
Details of "Body Interacti
=1 Advanced Copy To Clipboard (Beta)
Contact Detection % Delete
Formulation Ib = e
El
Body Self Contact ()
Element Self Contact | Program Controlled
Tolerance 0.2

Mesh: It shoud have these details.

Once generated, the Mesh should look like here.
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Explicit Dynamics, Analysis Settings: Assign these details. End Time

;7 pnalysis Settings

Fie et omm

Details of "Analysis Settings”

[=]| Analysis Settings Preference

Type Program Controlled
-1| Step Controls

Resume From Cycle o

Maximum Mumber o
End Time
PMaximum Energy Err

Reference Energy Cy
Initial Time Step
Minimum Time Step

Maximum Time Step
Time 5tep Safety Fa
Characteristic Dimensian Diagonals

Automatic Mass Scaling Mo

From the Environment toolbar insert a Pressure item.

JEnvironment U, Inertial = F, | pads -

| Outline ﬂ

On the green face,
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Details of "
[=| 5cope
Scoping
[=I| Definitiq
1D [Beta
Type
Define By Mormal To

Magnitude 50. MPa (step applied)
Suppressed Ma

From the Environment toolbar insert a Fixed Support item.

JErwimnment G, Inertial (B Loads | &, Supports ¥ &,

Outline li,| Fixed Support

Solution: Insert these default items.

_;{Il Solution Information
W Total Deformation
Wi Directional Deformation
_//ﬁ Equivalent Stress
Wi Total Velodty

Hide with F9 the other bodies. Apply a Total Deformation only on the Line Bodies (red here), using the Box Selection.

[T R--ERRE & Seaalaga
JlointConfigure ﬁCanigure Bl Assemble | A= 0 |rjf8et E‘%Revert
JSoEuiion %, Deformation v @, Strain = T Stress ~ B Energy ~ | B Damage ~ | B Line

Qutline 1
J Filter: Mame -
----- /Tl Geometry ~

..... 2 Coordinate Systems

=% Solution (C6)

bz ¥ Solution Informatior
/fﬁ Total Deformation
/fﬁ Directional Deforma’
+# Equivalent Stress

M Total Velodity
Ml Total Deformation 2 _

< I | »
Details of "Total Deformation 2" o
]| Scope

Scoping Method Geometry Selection

2 Bodies

[=| Definition

Type |Tota| Deformation

Insert an Equivalent Stress only on the Line Bodies (red here). Solve.

ALPHA Element MNodal Scalar ALL ALPHAALL Mo Units
DAMAGE Elernent Modal A : L
Create User Defined Result

SOUNDSPEED Element Modal Scalar
TIMESTEP Elernent Modal Scalar TIMESTEP Mo Units
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Right click ansy solution item Evaluate All Results. This is the default plot.

0.10656
0.07992
0.05328
0.02664
0 Min

From the Result toolbar, choose Capped Isosurfaces.

JResuIt 1.0 (True Scale) - - B-r@- | [ty | [iz3: Probe
Outline |i Exterior

‘ IsoSurfaces

Pl Coppesosaces |

[§? Section Planes

JFiIter: MName -

..... /5% Coordinate Systems
/B8 Connections

0.10656
0.07952
0.05328
0.02664
0 Min

m

W

.M Total Deformation
,/ﬁ Directional Deformation
%0 Equivalent Stress

A Total Velocity

W Trdnl Mnfrrmatine 7

Zooming in, vor the default threshold of 0.213 it will show shome damaged elements.

JCapped Isosurface 3% I? B= | I— | 0.213

JJoint Configure “Configure Kl Assemble | A= 0 | NS set FARevert

JResuIt 1.0 (True Scale} - @ Bl | [ | [E5 Probe | Display Al Bodies
Outline 1

| Filter:  ame -
[ 48 Connections -
"% Mesh
5

1] Solution Information
‘.ﬁ Total Deformation
/0 Directional Deformation
Jﬁ Equivalent Stress

BB Total Velodity

/& Total Deformation 2
A Equivalent Stress 2

- Ay DAMAGEALL L

0.10656
0.07992
0.05328
0.02664
0 Min

m
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TWISTING: Go to Project Schematic and Duplicate the scenario.
Coordinate System: Create one from its toolbar.
JCoordinateSystems ﬂ| "% "% "23 %‘ Rﬂ\

Create Coordinate Systeml—
J Filter: Mame -
Project ~
B (@ Model (D4)
A Geometry

2 ./a?i%w
i ez Global Coordinate System

| [ e R S,
Apply it on the hole (green here), Type = Cylindrical.
Bl 54 Coordinate Systems

: ‘/}t‘g Global Coordinate System
>+ Coordinate System

/B8 Connections

5)

A ¥] Solution Information
M Total Deformation
e .- [

< —m |"r

-

Details of "Coordinate System” o
=/ Definition |
Type ' =
Suppressed
[=1| Qrigin
Define By
Origin X I—'quu—mm—
Crigin ¥ -2,3915e-013 mm
COrigin Z 34850, mm
[=I| Principal Axis
Axis X
Define By Global X Axis
[=| Orientation About Principal Axis
Axis ¥
Define By Default

Explicit Dynamics: Assign A Displacement.

IEmr'rronment B Tnertial = L Loads + | G, Supports ¥ |
Outline [ Fixed Support

Select the hole, green here, Apply,

Suppress the existing, Solve.
-7/ Excplicit Dynamics (D5)

itions

tings

Insert

Toper

Observe that the DAMAGEALL item shows that the concrete will fail where it joins the plate. The rebars are a little
lower. You can see them be decreasing the threshold of the Capped Isosurfaces item, as before. Again, twist with
more degrees to see more damage.
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BENDING: Go to Project Schematic and Duplicate the scenario.
Modify the Displacement to look like here. Observe the Coordinate System. Solve.

J Filter: Mame 5

Project

B g Model (C4)
----- ﬁ Geometry

; ,;«g. Coordinate Systems

',% Connections

«% Mesh

&[0l Explicit Dynamics (C5)
Initial Conditions

e 0N Apalusie Cattinae

b

ik

4
Details
[=]| Scop
Scop
Geao
[=| Defil
0 g}
Type|
Defiy
Coo
XCo 0.00
I
Z Component |Free | |

In this case, because of the damage, the plate slides in the direction of bending.
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Cappedsosuface B2 |BX Bx | ————————— | oass
Joint Configure Bl Ascemble | 4= 0
Result 1.0 (True Scale) ~ - a ~ - [mhy | [ZrProbe | Display  all Bodies -
Cutline 3
Filter: C: Tutorial Bending
e rame = DAMAGEALL
Amshucic Catt + | Expression: DAMAGEALL
Tirme: Le-003
1 Max
0,88889
077778
A TOTaT DETOTTaTaT
- M Directional Deformation D5ty
- M8 Equivalent Stress = 033536
- M Total Velocity 0.44444
- /0 Total Deformation 2 033333
- M Eguivalent Stress 2 022222
s A, DAMAGEALL = 011111
F] T b 0 Min
Details of "DAMAGEALL" 3
-| Scope s
Scoping Methaod Geometry Selection
Geometry All Bodies
=I| Definition
Type User Defined Result
Expression = DAMAGEALL

Further homework:

- change the

- double all the values of the loads and displacements, solve, draw the conclusions



