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Foreword

Hi alll

My name is Claudiu and | am in the FEA domain since the year 2000. It is my pleasure to share with you, in the form
of short tutorials, 20 of the simulations that are present on the Solved FEA pages of expertfea.com and GrabFEA.com

In this 2nd volume, the rhythm is a little more alert, this meaning that you have done before, in ANSYS Workbench,
at least the fixed cantilever beam FEA everyone does in the beginning :))

| hope you will find the spaced out, aerated perspective on the problems agreeable, because | didn't want the
information to be crowded in any way and miss some important points!

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

With the risk of repeating myself, if you like this domain, start working NOW! Maybe some voices said that it is hard,
maybe others said that there are no workplaces in this domain and try to discourage you - do not listen to anyone
pulling you aside from this path and begin the work ASAP!

My luck was that 17 years ago, there was no one to discourage me, because this domain was in its beginnings. But |
had to spend countless nights doing FEA, searching for software demos, for 3D models and so on - while my friends
were partying in the clubs or becoming Quake and Half Life champions... In order to obtain something, you need to
give something; in this case, you need to give time, effort and dedication. Not much, if you start TODAY; the
important thing is to work constantly!

The water drops carve the hardest rock, not using their force, but by repetition - do the same, with small but
constant effort and you'll carve your place in the FEA world, sooner than you think!

Also, prepare yourself for the 3rd volume, which will be the most advanced, but with the least details; you need to
do things very fast and by yourself, because in the next volume no one will hold your hands, it's a promise!

Have faith in yourself and in your awesome future!

Claudiu, 26th of March 2017
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CASE 21: ANSYS FINITE ELEMENT ANALYSIS - Transient Structural Belt Drive simulation
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15440
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L3123

a.63622
OO 8 Min

P » & 032053

Engineering Data (Materials): All rollers are made of default Structural Steel. Duplicate a Structural Steel material

and change the properties to these ones, to obtain a rubber. Apply this rubber to the belt.

Outline of Schematic A2: Engineering Data

1ST IN THE WORLD!!! ANSYS FINITE ELEMENT ANALYSIS - Belt Drive simulation

A B D
1 Contents of Engineering Data !3 Description
2 = Material
Fatigue Data at zero mean stress comes from 1958
3 © Rubber sedpa BPV Code, Section 8, Div 2, Table 5-110.1
Fatigue Data at zero mean stress comes from 1958
4 ©® structural steel BPV Code, Section 8, Div 2, Table 5-110.1
Properties of O
A B C
1 Property Value Unit
2 % Density = kg m~-3 =
3 |B T8 IsotropicElasticity
o Derive from Young's Modulus and Poisson's Ratio LI
5 Young's Modulus — Pa ;I
6 Poisson's Ratio =

Geometry: 2017 jan_25 belt_wheels v2.x_t
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Create a Body-Ground Revolute Joint on the small roller, blue here.

| Filter:  Hame - %

] Contacts .
@] Joints

- Ground To Component3;

Definition “
Connection Type Body-Ground

Suppressed
I=I| Reference

Coordinate System | Reference Coordinate System
=i Mobile

Scoping Method Geometry Selection

Applied By Remote Attachment

Scope 1 Face — o

Body

Initial Position Unchanged

Eehavior Rigid

Pinball Region All

Create aw on the big roller, blue here.

J Filter: Mame *
L B Jonts -
: d To Component3;
] -~ Ground To Component2; -

43 ' 1H | 3
Details of "Revolute - Ground To Component2;” 7
=1 Definition

Connection Type Body-Ground

Type Revolute

Torsional Stiffness |0, N-mm/

Torsional Damping |0, N-mm.s/

Suppressed Mo
|=i| Reference

Coordinate System | Reference Coordinate System
=} Mobile

Scoping Method Geometry Selection

Applied By Remote Attachment

Scope 1 Face

Initial Position Unchanged

Behavior Rigid

Pinball Region All
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Create a MOn the tensioning roller, blue here.

Mesh: The mesh has these details and it should look like here.

Details of “Mesh” a
[=l| Defaults
Physics Preference | Mechanical

Solver Preference

Fast

Span Angle Center Coarse
Minimum Edge Length |39.1740 mm
[+ Inflation

[=l| Patch Conforming Options

Triangle Surface Mesher | Program Controlled
[=I| Patch Independent Options

Topology Checking | Yes

[+ Advanced

[# | Defeaturing

[+]| Statistics
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Tabular Data
Steps | Time [s]

o o= un | e
0 | = | LN | Ll R | |
EREEETIRGE

Solution: Insert these default items, for all parts.

Bl /&8 Solution (A6)

,,m Solution Information

- M Total Deformation

- A Equivalent Stress
,,% Equivalent Elastic Strain
- Contact Tool

L M status

_,,% Pressure

Insert a Joint Probe for the small roller.

JFiIten MName -

Contact Tool -

b o Joint Probe 57
4 m | b
Details of "Joint Probe” n
|| Definition
Type Joint Probe

Eoundary Condition | Revolute - Ground To Components;
COrientation Method | Joint Reference System

Suppressed Mo

[=1| Options
Result Type Total Force
Result Selection All

Display Time End Time

After the solving is done, click Solution, then Worksheet button to access these extra results for Angle, Angular
Velocity and Angular Acceleration.
b S RY

B, oMGY
,,@: DOMGY

Further homework:

- increase the mesh Rem, draw the conclusions

- apply Frictional comuIET; Solve, draw the conclusions
- chmw the rubber to half its original value, solve, draw the conclusions
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CASE 22: ANSYS WB FINITE ELEMENT ANALYSIS - Explicit Dynamics Buckling of a C channel sheet
metal

ANSYS WB FINITE ELEMENT ANALYSIS - Buckling of a C channel sheet metal

Uty ropmamams
Tirmvei BB 06007

LELE TE
0 i

P M & 010/048

Engineering Data: Add Structure i NSummswo m gen‘ar Materials.

Iﬁ Engineering Data Sources ]

A 8| ¢ D =
i Data Source / Location Description =
ital Data ) ¢ Favorites Quick access list and default items
3 i General Materials 1 & | General use material samples for use in various analyses.
= R General use material samples for use in non-inear
analyses,
& | & Funlict Materizle il B | Material eamnlee for es in an svnlict snavlsis u
v qox
A ! E | & E
1 o E=—, E | Diescription
[ e = Materm . . . - .
3 % Almiam Alloy o EijnBeE;I:J;ﬂ;;Lém;g;;: Fatigue properties come from MIL
3 Q@ Concrete ML oo
50 T Copper Alloy NL o
6 % Gasket Linear Unloading ap
7 n\é) Gasket Non Linear Unloading op
8 | n\@ Magnesium Alloy ML A
Aaterial 5| % Stainless Steel NL E
) e

Geometry:2016_nov_28 C_channel_buckling.stp
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Apply Structura-the part seen green here and make its Thickness = 1 mm.

Qe
aw
e

Apply Structural Steel NL to the parts seen green here and make their Thickness = 20 mm.

(8] Project i
B (& Model (A4)
=58 ﬁ Geometry

‘(;é\ Coordinate Systems

,,% Connections
: ,,% Mesh
1[0l Explicit Dvnamics (A5} 2
4 L +
Details of "Multiple Selection” n
‘Graphics Properties
[=1| Definition
Suppressed Mo
Stiffness Behavior Flexible
Coordinate System Default Coordinat...
Reference Temperatyge | By Environment

Thickness
Thickness Mode
Offset Type
Reference Frame |Lagrangiar|
[=I| Material
Assignment
Monlinear Effects Yes
Thermal Strain Effects | Yes

Connections: SN gy
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Mesh: Assign these details.

To the blue part assign this Mesh Sizing.

J Filter: MName -

& M s

AEL, Body Sizing
< | m | (>

Details of "Body Sizing" - Sizing
[-l| Scope

Scoping Method | Geometry Selection
Geometry

[=I| Definition

Suppressed Mo

Type Element Size
Element Size |——

Behavior | Soft

J Filter: Mame -

ﬁ.‘ Body Sizing -
: . Body Sizing 2 =
< I | 3

Details of "Body Sizing 2" - Sizing 2
=1| Scope

Scoping Method | Geometry Selection
Geometry

[=I| Definition
Suppressed Mo
Type 1ze

Element Size -

Behaviar | Soft
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Correctly made, the mesh should look like here.

Analysis Settings: Insert these details.

Environment toolbar: Fix the inner face, blue here, from a supporting part.

Cutline

JFiIten Mame A

?ﬁ Analysis Settings
i t

Details of "Fixed Support”

[=l| Scope
Scoping Method | Geometry Selection
Geometry b

[=l| Definition
Type Fixed Support
Suppressed Mo



uidl9688
Pencil

uidl9688
Pencil


BECUME A BLACK BELT IN AN$Y$ WHRKBENCH, VULUME 2

Apply a Displacement on the inner face, yellow here, on the opposite supporting part,.

J Filter: MName -
Jﬁﬁ, Fixed Support
= -
Details of "Displacement”
[=l| Scope
Scoping Method Geometry Selection
Geametry 1 Face
[=]| Definition
Type Displacement
Define By Components
Coordinate System Global Coordinate System

¥ Component
¥ Component

Z Component

Suppressed |No
Tabular Data
Independent Variable |Time

]

R

On these 4 yellow edges of the C section part, block the Z displacement, as seen here.

| Filter:  Name -

Details of "Displacement 2"

[=l| Scope
Scoping Method | Geometry Selection
Geometry 4 Edges
[=I| Definition
Type Displacement
Define By Components
Coordinate System | Global Coordinate System

¥ Component _
¥ Component
Z Component ramped)

Suppressed |No

Solution: Insert these default items, on all bodies.

B Solution (A6)

v 4] Solution Information
/i Directional Deformation
/B0 Equivalent Stress
/B0 Equivalent Plastic Strain

Create these items only for Y axis.

- ,,ﬁ Directional Deformation 2
i MR Directional Velocity

After the FEA was solved, click Solution, then Worksheet button and apply these default items, for all bodies.

B, INT_ENERGYALL
e 4 TEMPERATUREALL
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Further homework:

- decrease the mesh sizings Wi, solve, draw the conclusions
- apply mm @ dontacts between C section part and the supporting plates, solve, draw the conclusions

- deletcijigggfglisplacement of the C section edges and let them move freely, solve, draw the conclusions
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CASE 23: ANSYS WB FINITE ELEMENT ANALYSIS - Explicit Dynamics Detonation of a grenade into a
metallic box

ANSYS WB FINITE ELEMENT ANALYSIS - Detonation of a grenade into a metallic box

Engineering Data: From Explicit Materials,m

Iﬁ Engineering Data Sources ]

L' - Bl Frgineering Data Sources - I
A E C D
i Data Source / Location Description
ital Data 2 ¢ Favorites Quick access list and default items
3 ﬁ General Materials [ & | General use material samples for use in various analyses,
A ﬁ General Nondinear Materials | B General use material samples for use in non-inear
analyses.
5 “ = & | Material samples for use im
— =
A B | C E
1 Contents of Explicit Materials = Add Description
o e v STy
a5 1~' Dobratz B.M & Crawfard P.C.
ar UICRL-52997 Rev, 2 January 1985
5 | (i E—- m =
B ‘ &
= Add

167 > - v
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Geometry:2016_ju iy

Hide the bodies to see the inner explosive part, green here an

“which applies to gaseous and liquid bodies.

similar FEA!

ake Refe INNUINggG2

hen doing future

Project ~
B [ Model (A4) (1

BB Geometry B
P e shell

« Iy -

Details of "compB" 2

+|| Graphics Properties
-|| Definition
Suppressed Mo
Stiffness Behavior Flexible
Coordinate System Default Coordinate System
Reference Temperature
Reference Frame
=|| Material
Assignment
Monlinear Effects

Thermal Strain Effects |\"es

To the grenade body, green here, assi i uRnniiss.

JFiIten MName hd
B (@ Model (A4) .
=, Geometry 7

4| . —m | 3

Details of "shell” n
Graphics Properties

[=I| Definition

Suppressed |N0

Stiffness Behavior P
Coordinate System Default Coor...
Reference Temperature | By Environment
Reference Frame h
Material

Assignment F

Monlinear Effects
Thermal Strain Effects | Yes

[



uidl9688
Pencil

uidl9688
Pencil

uidl9688
Pencil

uidl9688
Pencil

uidl9688
Pencil

uidl9688
Pencil

uidl9688
Pencil


BECUME A BLACK BELT IN ANSYS WHRKBENEH, YOLUME 2
To the outer shell bodies, green here, app | wiiaig ¥ d Thickness = 1 mm.

= Geometry -

. ,‘%\ Ecordinate Systems -
< = T | »
Details of "Multiple Selection” n
Graphics Properties
[=I| Definition

Suppressed Mo

Stiffness Behavior ﬁ
Coordinate System Des oordinate Sy...

Reference Temperature | By Environment

Thickness
Thickness Mode Manual
Offset Type
Reference Frame
[=I| Material
Assignment i
Monlinear Effects
Thermal Strain Effects | Yes
Bounding Box
Properties
Statistics 0.00

Connections: Suppress the Contacts.

E| ----- . _- Connections
- cgontacts
*ns

Mesh: Assign these details.

= M Mesh

< 1

Details of "Mesh”
[=I| Display

Display Style |Body Calor
[=1| Defaults

Physics Preferencd
0

Relevance

Use Advanced 5i...

Relevance Center _
|

Element Size

Initial Size Seed Active Assembly
Smoothing
Transition

Span Angle Center
Minimum Edge L...

==l

A5150 mm
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On all cube faces, blue here, apply this mesh sizing.

Details of "Face Sizing" - Sizing

[=l| Scope
Scoping Method | Geometry Selection
Geometry h

[=I| Definition

Suppressed
Type
Element Size

Eehavior

In section view, the mesh should look like here.
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Analysis settings: Carefully apply these details. Ms dictates the meshing of the virtual body
(e.g.: surrounding air); tune these values in connection with how powerful is your workstation.

Fix theM, seen green here.

J Filter: Mame bt
;f;\_l Analysis Settings

4| 1

Details of “Ficed Suppart”

Cancel

Suppressed
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From the Loads toolbar, insert a uinpijg@l. | ocation = scope the inner explosive part as good as you can (hide
the unimportant bodies), then change the coordinates to have the point in the middle ofMas possible, as

indicated here by the red sphere {isgafigiauinniiiNNNaei ot the explosion begins immediately after the
solving; applying any positive value will dchordingly. TheWt load will be active in

the corresponding toolbar only wmnaterial will be present in the FEA (implemented from

ENgaGaaee Data)!

Solution: Insert these default items, for all bodies.

B, Solution (AG)

,/m Solution Information
ﬁ Total Deformation
- M Equivalent Stress
- M Equivalent Elastic Strain
i M Total Velodity
i M Total Acceleration

After the FEA was solved, click Solution, then Worksheet button and apply these default items, for all bodies.

L, e

-/, SOUNDSPEED
-/, covPress Gl
- /B, ar N

o M, PRESSURE
b ‘,5?: :INT_ENERGY‘

Further homework:

- decrease the mesh sizings 7, solve, draw the conclusions
- for Euler Domain Controls make S Nimphgue 2 instead of 1.2, solve, draw the conclusions

- change the pllilimlisiliaio another material, solve, draw the conclusions
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CASE 24: ANSYS WB FINITE ELEMENT ANALYSIS - Explicit Dynamics Drop Test of a vintage cell phone
falling from 2.5 meters height

ANSYS WB FINITE ELEMENT ANALYSIS - Drop Test of a vintage cellphone falling from 2.5 meters height

® expertfea.com

Geometry:2016_nyimmaalied®™ v1.x_t

Assignuiii@Bg3 material to the parts selected here with blue.

B Model (Ad)
- 4B Geometry

o Bl Cellphone Assembly;

Details of "Multiple Selection”
+|| Graphics Properties

=1 Definition
Suppressed Mao
Stiffniess Behavior Flexible
Coordinate System Default Coordir
Reference Temperature | By Environment
Reference Frame Lagrangian

=| Material
Assignment _
Monlinear Effects Yes

Thermal Strain Effects | Yes
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Make the Keypam

Details of "Keypad:"
Graphics Properties

[=I| Definition
Suppressed Mo
Stiffness Behaviar Flexible
Coordinate System Default Coordin
Reference Temperature | By Environment

Reference Frame
[=I| Material
Assignment

Monlinear Effects
Thermal Strain Effects |‘|"es

Apply Tniila® to the battery and antenna, green here.

Make the floor, green here, asﬁSuppress the last body.

J Filter: Mame hd

: ; Bl 2016_may_6&_celiphone, «
. e [l 2016_may_6_cellphone +
« 1 | ¢

Details of "2016_may_6_cellphone_v1;" o
Graphics Properties
[=I| Definition
Suppressed Mo
Stiffness Behavior h
Reference Temperature | By Environment
Reference Frame Lagrangian
[=I| Material

Assignment |&
Bounding Box

Properties
Statistics
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While on the Model branch, insertmith High Behavior and obtain similar count values.

Connections: Suppress the (g

Mesh: Assign these details.

- B Mesh

i 1] 3

Details of "Mesh"
-|| Display

Display Style Body Color
-1| Defaults

Physics Preference | Explicit

Relevance
Use Advanced 5i.., | Off

Relevance Cente

Element 5ize

Initial Size Seed Active Assembly

Smoothing

Transition ﬁ

Span Angle Cent
Minimum Edge L... |6.2177e-003 mm

For these 2 housing parts, seen here in blue, apply this sizing.
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E‘ '/% Mesh e
. e M. Body Sizing =
< —m ) r
Details of "Body Sizing” - Sizing 2
[=l| Scope
Scoping Method | Geometry Selection
Geametry 2 Badies
=|| Definition
Suppressed Mo
Type Element Size
Element Size _
Behavior | Soft

Properly made, the mesh should look the same with this one.

Analysis Settings: Insert these details.

| ‘,‘{j{ ;Analysis Settings -
Details of "Analysis Settings” 1
[=]| Analysis Settings Preference

Type Program Caontrolled

[=]| Step Controls

Resume From Cycle

Maximum Mumber of Cycles
End Time

Maximum Energy Error

Reference Energy Cycle

Initial Time Step
Minimum Time Step
Maximum Time Step

Time Step Safety Factor

Characteristic Dimension
Automatic Mass Scaling

Initial Conditions: Apply thismis®y to all parts, blue here, excepting the floor.
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——
I -

Environment toolbar: From the Inertial toolbar 350 here.

J Filter: | Mame j

< | (1] | +
e ¢
[=I| Scope

Geometry | All Bodies
[=I| Definition

Coordinate System | Global Coordinate Sys... |
¥ Component

¥ Component
Z Component

Suppressed
Direction

| Filter:  Name -
I :
‘[ o — 3
Details afu : j
I=l| Scope
Scoping Method | Geometry Selection
Geometry 1 Body
[=I| Definition
Type
Suppressed N

Solution: Apply these default items only on the phone parts.
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----- ./ﬁ Total Deformation
----- A Equivalent Stress

Insert these default items on all the bodies.

----- M3 Total Velocity
----- /ﬁi Equivalent Elastic Strain

----- A0 Total Acceleration

Further homework:

- delete the VirtualN solve, draw the conclusions

- decrease the falling ~ solve, draw the conclusions

- change the NN Ngigsia | to any other material, solve, draw the conclusions
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CASE 25: ANSYS WB FINITE ELEMENT ANALYSIS - Static Structural Insertion of a press-fit pin into the
via hole of a PCB

ANSYS WB FINITE ELEMENT ANALYSIS - Insertion of a press-fit pin into the via hole of a PCB

P »l o) 1:09/1:44

Engineering Data: Duplicate a Mand create a Bronze with these details.
Outline of 5c
A B D

Contents of Engineering Data Description

Properties of Outline Row 3: Bronze

A B i
1 Property Value Unit
2 %4 Density & kg m~-3
3 |B '@ I1sotropic Elasticity
4 Derive from Young's Modu... LI
5 Young's Modulus _ Pa
[ Poisson's Ratio —
7 Bulk Modulus 1.0773E+11 Pa
8 Shear Modulus 3.859E+10 Pa
g = E Field Variables
10 Temperature ‘fes LI
11 Shear Angle Mo LI
17 Degradation Factor Mo LI

13 EI Bilinear Isotropic Hardening

16 T4 Tensile Ultimate Strength ‘ Pa
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Duplicate a S ENNand create M aterial with these details.

|
|

|

|

N
L]
A |

Duplicate a Polyethylene and create a aterial with these details.

A B E
1 Property Value Uit
2 4 Density - kg m~-3
KT
4 E‘ E;;:i(:iz:t of Thermal h oA
3 Reference Temperature - c
6 |= §F isotropic Elasticty
7 Derive from Young's Modu.., LI
i ‘Young's Modulus Fa
9 Poisson's Ratio
10 Bulk Modulus 1.55E+10 Pa
11 Shear Modulus 3.3214E409 Pa
17 =] EI Field Variables
13 Temperature LI
14 Shear Angle d
15 Degradation Factor hd

16 %4 Tensile Yield Strength - Pa
]

17 'izl Tensile Lltimate Strength Pa
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Geometry: Assign Il aterial on the PCB part, green here.

S
—_—
[

Assig‘aterial on the via and pin, green here.

JFiIter: MName -

» [ plastic
-3k Coordinate Systems A8
—_ e - )
< | m | 3
Details of "Multiple Selection” a
Graphics Properties
[=]| Definition
Suppressed Mo
Stiffness Behaviar Flexible
Coordinate System Default Coordin..

Reference Temperature | By Environment
[=I| Material
Assignment ﬁ
Monlinear Effects Yes
Thermal Strain Effects | Yes
Bounding Box

Properties

— L S

4 I '| 3

Details of "plastic” n
Graphics Properties

[=I| Definition

Suppressed Ma

Stiffness Behavior .y

Coordinate System Default Coordin..

Reference Temperature ﬁt_

[=I| Material
Assignment m
MNanlinear Effects Yes
Thermal Strain Effects
Bounding Box

Properties

Statistics

[+ F &
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Coordinate Systems: Apply a il System on the inner green face of the pin, as seen here. [ )
the Y axis from the oY button.

J Coordinate Systems
Outline

J Filter:  Name
Project

B- Model (A4)

ﬁ Geometry

E|¢,‘L Coordinate Systems

ﬁ‘ %, Gliiil Coordinate System

Details of "Coordinate System” 7
[=1| Definition

Type

Coordinate System
Suppressed

[=1| Origin

Define By Geometry Selectii:_rn

Crigin X 6.5379 mm
Crigin ¥ 21308 mm
Origin Z 1884 mm
[=1| Principal Axis
Axis

Define By

[=1| Orientation About Principal Axgy
Axis

Define By

[+]| Directional Vectors
[=]| Transformations
Base Configuration Absolute
Offset ¥
Transformed Configuration |[ 65,5379 19308 18.8...

Apply a Coordinate System on the inner green face of the via, as seen here. Apply an offset on the Y axis from the oY
button.

El ----- ‘, ,}L Coordinate Systems
¢ ek Global Coording

Details of "Coordinate System 2" n

[=I| Definition
Type
Coardinate System Program Contraolled
Suppressed Mo
[=I| Qrigin
Define By Geometry Selection
T ey | e
Crigin X 6.54 mm
Origin ¥ 0695 mm
Origin Z 18.84 mm

=1 Principal Axis

Auis
Define By

[=]| Orientation About Principal Axis

Axis
Define By

Directional Vectors
[=I| Transformations
Base Configuration Absolute

Offset ¥
Transformed Configuration | [ 6.54 0945 13.584 ]
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Apply a Coordinate System on the inner green face of the via hole in PCB, as seen here. No offset on the Y axis.

X .
e — -
Details of "Coordinate System 3" o
[=]| Definition
Type < 4
Coordinate System Program Controlled
Suppressed MNa
[=1| Origin
Define By Geometry Selection
Origin X 6,54 mm
Origin ¥ 0.7 mm

Origin Z I e
[=]| Principal Axis

Axis [x

Define By

[=]| Orientation About Principal Axis

Aoxis [ ]

Define By _

Directional Vectors

Transformations

EBase Configuration Absolute

Offset ¥
Transformed Configuration | [ &.54 0.7 1534 |

0o =

Scoping Method | Geometry Selection

Contact 4 Faces
Target 4 Faces
Contact Bodies

|=I| Definition

Type :
Scope Mode

Behavior Pr
Trim Contact
Trim Tolerance 2,73992-002 mm
Suppressed Mo
[=I| Advanced

Formulation a

Detection Meth..,|

Pinball Region | Program Controlled
[=]| Geometric Modification

Contact Geomet...| [

Target Geometry.., None
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Create a Frictionless contact between pin and via, with these details. Carefully select these faces, differently colored
in red and blue, for the Contact and Target side.

Oi.:l.ﬁne
| Filter:  Name v
- I r
----- A Mesh
porial e - CR—
De’saiﬁsufh pin To plastic”
|=I| Scope
Scoping Method Geometry Selection
Contact 22 Faces
Target 22 Faces

Contact Bodies
Target Bodies

[=1| Definition
Type
Scope Mode Automatic X
EBehavior ﬁ §
Trim Contact Program Controlled
Trim Tolerance 273892002 mm
Suppressed Mao

I=| Advanced
Formulation -
Detection Method Program Controlled
Pinball Region Program Controlled

|=I| Geometric Modification

Contact Geometry Correctio

Target Geometry Correction _

0,000

0.200

Target Body View
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Mesh: Assign these details.

v‘% Mesh

ull

Jetails of "Mesh”

=|| Display

Display Style

Body Calar

Defaults

Physics Preference

Mechanical

Relevance

Use Advanced 5i.

0

Relevance Center

Element Size

Initial Size Seed Active Assembly
Smoothing
Transition Fast

Span Angle Center

Minimum Edge L... | 4.8515e-002 mm

Insert this mesh sizing.

4|

Details of "Body Sizing" - Sizing

[=|| Scope
Scoping Methaod | Geometry Selectian
Geometry 1 Body

[=|| Definition
Suppressed Mo
Type Sphere of Influence
Sphere Center Coordinate System
|| sphere Radius
|| Element 5i

Apply this mesh sizing.

J Filter: Mame

&4

AEL Body Sizing 2

oo 1

Details of "Body Sizing 2" - Sizing

[=l| Scope
Scoping Method | Geometry Selection
Geametry 1 Body
[=I| Definition
Suppressed Mo
Type Sphere of Influence

Sphere Center

C

|| Sphere Radiu:

|| Element Size

—

Create this mesh sizing.
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€| n

Assign this sizing on the PCB part.

Make the mesh sizing of the via part as seen here.

[=l| Scope
Scoping Method | Geometry Selection
Geometry 1 Bady

|=l| Definition
Suppressed Mo
Type Sphere of Influence
Sphere Center Cb
|| Sphere Radius .11

Element Size -

J Filter: Mame

4

-

1. Body Sizing 5

| m

| 3

Details of "Body Sizing 5" - Sizing

=

Scope

Scoping Method | Geometry Selection

Geaometry 1 Body

Definition

Suppressed Mo

Type Element Size
Element Size _

Behavior | Soft
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Correctly made, the mesh should look similar to this one.

Analysis Settings: Assign these details to the 1* step.

-

------- v 7 Analysis Settings
1 |

< | 3

Details of "Analysis Settings”
[=]| Step Controls
Number Of Steps
Current Step Number 1
Step End Time | )
Auto Time Stepping |-

-

Define By Time
Initial Time Step 25
Minimum Time Step 002 s

Maximum Time Step
Solver Controls
Salver Type

Program Controlled

Weak Springs

Salver Pivot Checking | Program Controlled

Large Deflection o, |
Inertia Relief Off
Restart Controls

Nonlinear Controls

MNewton-Raphson Q...

Program Controlled

Farce Convergence

Program Controlled

Moment Convergenc

S—

Displacement Conve...

|Prc-gram Controlled

Rotation Convergen.s

Line Search Program Controlled
Stabilization Ei
--Method

--Energy Dissipation.

—

-Activation Far First,

--Stabilization Force..B
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Select the remaining steps and insert these details (Carry Over Timestep = On).

Environment toolbar: Create this displacement on these green faces of the plastic surrounding the pin.

| Filter:  Mame -
JE?«- Displacement =
< m | +
Details of "Displacement” 2
[=l| Scope
Scoping Method Geometry Selection
Geametry 4 Faces
[=]| Definition
Type Displacement
Define By Components
Coordinate System Global Coordinate ...

¥ Component I}

¥ Component

Z Component

Suppressed
[=]| Tabular Data

Independent Variable!

Tabular Data
Steps | Time [s] |[v % [mm] |[¥ 2 [mm]

| b [
Py

0
1.
2.
3
4
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Fix these blue faces on the PCB part.

Filter: MName <
4 | i | 3 N
Details of"FQ n
-|| Scope
Scoping Method | Geometry Selection
Geametry 4 Faces
—|| Definition
Type ]
Suppressed Mo

[

Apply a support on this blue face on the bottom of the via.

Filter:  Mame <

g ey - - - *
1 | 1n | 3
Details of "Frictionless Support” R
-|| Scope

Scoping Method | Geometry Selection

Geometry *

-|| Definition
Type -
Suppressed Mo

Solution: Insert Total Deformation, Equivalent Stress and Strain Energy as default, for all bodies.

R N

= Solution (AG)

------- ./@ Solution Information

------- /B Total Deformation

....... A0 Equivalent Stress

------- /B0 Equivalent Stress 2

------- A0 Equivalent Stress 3

------- /B0 Equivalent Stress 4

------- /B Directional Deformation
------- /B Directional Deformation 2
------- /B0 Equivalent Elastic Strain
------- /B0 Equivalent Elastic Strain 2
------- A Strain Energy

Apply Equivalent Stress separately for via, pin and PCB.

v -
,,ﬁ Eguivalent Stress 2
A Equivalent Stress 3
ﬁ Equivalent Stress 4

Create these items for via and PCB on X axis.

ﬁ Directional Deformation
- A Directional Deformation 2
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Apply these items for pin and via.

Jﬁ Equivalent Elastic Strain
(ﬁ Equivalent Elastic Strain 2

Assign this Contact Tool items only for the illimmiags contact.

E ----- 4@ Contact Tool
! ! Status

A Pressure

Penetration

Insert this probe for the Displacement condition.

Further homework:

- change Frictionless contact tm, solve, draw the conclusions

- make Minimum Tigagsiss W%, solve, draw the conclusions

- change the Bronze material to Copper<jllld, solve, draw the conclusions
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CASE 26: ANSYS WB FINITE ELEMENT ANALYSIS - Explicit Dynamics Breaking of bricks in martial arts

ANSYS WB FINITE ELEMENT AMNALYSIS - Breaking of bricks in martial arts

© expertfea.com

P »l o) 029/0:50

Engineering Data: From [l aterials, insert M

]ﬁ Engineering Data Sources

Outline of Schematic A2: Engineering Data »* 0
A B D
1 Contents of Engineering Data F lﬁ i Description
i || 5.M. walley et al. "Strain rate sensitivity of
5 % P_ 1 || polymers..” DYMAT Journal-vol. 1-3-sept
1994
: I
A B i D
1 Property Value Unit (%]
2 %4 Density o kg m~=3 =
3 2 Multilinear Isotropic Hardening = Tabular B
6 %4 shear Modulus ~ ! ﬂ [
7 8 shock EOS Bilinear F
15 |® '§F Plastic Strain Faiure
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Geometry:2016_feb_ 1/ @

Make all bricks ofsiifiipigiaiBand leave them with Stiffness Behaviorgmm

Make all the other parts Jgimimh including the hand. Their material is unimportant, because of the infinite stiffness.

IFiIter: Name >

@ Project -
B Model (A4) F
= Al Geometry

E ----- @ Part 2

m

----- - @ Hand
< 0 [

Details of "Multiple Selection” 1
[#| Graphics Properties

[=| Definition

Suppressed Mo

Stiffness Behavior —

Reference Temperature | By Environment

Reference Frame LI

Material

Assignment |§

Bounding Box
Properties Geometry A Print Preview » Report Preview /

o

&3]

JE2]

[E3]

Statistics Messages
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Create a Virtual Topology similar to the one seen on this hand.

| Filter:  Name -

Model (A4)

Details of "Virtual Topology"

n

Definition

Method

Behavior
Advanced

Automatic i
|

Generate on Upda..|

Simplify Faces

Merge Face Edges

Lock Position of D..

Statistics

Virtual Faces

Virtual Edges

Virtual Split Edges

Virtual Split Faces

Virtual Hard Vertic...

| No
]
||
Yes
»
1]

[4]

1]

Total Virtual Entit're‘

Connections: Assign these details to all the contacts.

B J@&| Contacts
M

Details of "Multiple Selection”

-Part 1ToPart 2
-Part 1ToPart3
Part 2 To Part 4
Part 2 To Hand
-Part5ToPart3
-Part6To Part 4
-Part 5ToParte
-Part5ToPart 7
Part 6 To Part 8
Part9To Part 7
Part 10 To Part 8
-Part9To Part 10
-Part9To Part 11
-Part 10 To Part 12

[-]| Scope
Scoping Method |Geometry Selection
[=]| Definition
Type e |
Scope Mode Automatic
Behavior Program Controlled
Trim Contact

|

Trim Talerance

1.3546 mm

Maximum Offset

1.e-004 mm

Breakable

Maormal Stress Limit

Maormal Stress Exponent

Shear Stress Limit

Shear Stress Exponent

Suppressed

"
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Mesh: Insert these details.

E| ..... «% ME:-sh

4| 1

Details of "Mesh"
=1 Display

Display Style |Bc-dy Calor
[=I| Defaults

Physics Preferenceﬁ

Relevance

Use Advanced Si..

Relevance Cent

Element Size

Initial Size Seed Active Assembly
Smoothing

Transition

Span Angle Center| Coarse
Minimum Edge L... | 0.334440 mm

Assign this sizing on the hand, blue here.

J Filter: | Name _']
/T Geometry -

4 ak

=~ Coordinate Systems —:

Mesh
H ﬁ.\ Body Sizing *
€ | m | 3
Details of "Body Sizing" - Sizing LS
[=]| Scope

Scoping Method | Geometry Selection

Geometry ﬂ

[=1| Definition
Suppressed Mo
Type Element Size
W] Element Size
Behavior | Soft

J Filter: Name -

s Coordinate Systems -

,/’%I Connections

Body Sizing

4 m 3

Details of "Body Sizing 2" - Sizing 1
[=l| Scope

Scoping Method | Geometry Selection
Geometry

[=l| Definition
Suppressed

|N0

Behavior
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Correctly made, the mesh should look like here.

Analysis Settings: Insert these details.

| Filter:  Name -
B - -
EX| m | ks
Details of "Fixed Support” R
[-]| Scope §
Scoping Method | Geometry Selection !
Geometry
[=]| Definition [
Suppressed Mo

Create this Displacement on the hand.
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J Filter Mame G
Jﬁi;v Displacement -
4 |+| b T
Details of "Displacement” 1
[zl Scope
Scoping Method | Geometry Selecti..
Geametry 1 Body
I=l| Definition
Type Displacement
Define By Components
Coordinate System | Global Coordina..
|| ¥ Component «lE mped)
| ¥ Component —amp...
z Componen?mped]
Suppressed Mo

—
—

Solution: Create the grey items for all bodies. Y is the Directional Deformation axis.

=] Solution (A6)

E Solution Information
A Total Deformation
A Directional Deformation
B Equivalent Elastic Strain
N Equivalent Stress
M Total Velodity

Assign these items only for the bricks.

i M Equivalent Elastic Strain
- M Equivalent Stress

Further homework:

- in Connections, change Frictionless Nto Frictional u =S8 solve, draw the conclusions

- make Maximum MOlve, draw the conclusions

- in the contact details, decrease the stress limits to half their values, solve, draw the conclusions
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CASE 28: ANSYS WB FINITE ELEMENT ANALYSIS - Explicit Dynamics Machining of a tube by turning
with a lathe

ANSYS WB FINITE ELEMENT ANALYSIS - Machining of a tube by turning with a lathe

1748

P o»l o) 044

Engineering Data: Assimm the NS Materials library.

@ Engineering Data Sources ]

>~ 0 x S - 1
A E | g (8]
I ; T
: Data Source / Location Description
tal Data — - | General use material samples for use in
; 1
3 ﬁ General Materials 1= | various analyses,
) ) — General use material samples for use in
1
4 ﬁ General Non-inear Materials | % | nordinear analyses.
5 T @ Material samples for use in an explicit
_ - * | anaylsis,
e M=tmri=l mtrmon ate—in dadm camelee Fer
B - “s
A B | 5 E
= Add Description
"Equation of State and Strength
e Properties of Selected Materials™
Stainhara M 1 11N Fah 1801
>R
B c
i Value Uit
2 T4 Density - kam~-3
3 7 spedfic Heat L | Ikg~-1C7-1
laterial 4 %4 steinberg Guinan Strength
Aaterial 13 4 shear Modulus ‘ -
ic Material 14 E] Shock EQS Linear |
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Geometry: 2015 _oct e
Assign thMrial to the workpiece, green here. Make the tool’s StiffnesJ R uTEG—_—_——— .

—I

Coordinate Systems: Click the inside of the workpiece, green here, and assign these details (TGN Vake
sure that the circular axis (green here) is the one that makes the tool rotate.

Details of "Coordinate System” 2
[=1| Definition
Coordinate System Program Control..,
Suppressed Mo
[=I| Origin

Geometry Selecti...

Define By

Geometry

Origin X 400012002 mm

Jrigin¥ 5.4345 mm

Crigin £ -5.0002e-002 mm
[=I| Principal Axis

Aaxis

Define By ﬂ

[=I| Orientation About Principal Axis
s -
Define By _ 0.00

Mesh: Assign these details.

..... '/% Mesh "
L) R T — g
Details of "Mesh" 1
[=I| Display
Display Style |Body Calar
[=]| Defaults
Physics Preferenc

Relevance

Use Advanced Si..,
Relevance Center -

Element Size b
Initial Size Seed Active Assembly
Smoothing Low

Transition §

Span Angle Center| Coarse
Minimum Edge L... |0.267040 mm
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Insert this body sizing on both parts.

| Filter.  Name -

© b M BodySizing -
LI PR T g
Details of "Bedy Sizing” - Sizing R
[=I| Scope
Scaping Methc-d| Geametry Sel...
Geametry
[=I| Definition
Suppressed i

Type

Behavior

Analysis Settings: Insert these details.

J Filter Mame -
“.E?f’ Displacement :
< i | 3
Details of "Displacement” o
[=l| Scope
Scoping Method | Geometry Selection
Geametry 1 Face
[=]| Definition
Type Displacement
Define By Components
Coordinate System | Coordinate System

¥ Component
¥ Component

Z Component

Suppressed |No
Tabular Data

Steps | Time [s] [ X [mm] [[+ ¥ [*]]|[¥ Z[mm]
11 0. w - .
21 |oE.:a. L™
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Fix the tool, blue here.

Filter: MName hd
i | mn | r T
Details of "Fixed Support” 2
-|| Scope
Scoping Method | Geometry Selection
Geometry 1 Body
-|| Definition
Type i
Suppressed Mo

Solution: Create these items, as default, for all bodies.

B Solution (A6)

: Solution Information
‘/ﬁi Total Deformation
‘/ﬁi Equivalent Stress

‘/ﬁi Equivalent Elastic Strain
‘/ﬁi Equivalent Plastic Strain
‘/ﬁi Directional Deformation
‘/ﬁi Directional Velocity

After the FEA is solved, click Solution, then the worksheet button and select these items as default, for all parts.

B INT_ENERGYALL
o S, TEMPERATUREALL

Further homework:

- in Connections, change Fwto Frictiw.Ol, solve, draw the conclusions
- change the material of the sheet-metal par’solve, draw the conclusions

- change Stiffness Behavior of the tool par_solve, draw the conclusions

- increase the mesh sizing to double their values, solve, draw the conclusions
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CASE 30: ANSYS WB FINITE ELEMENT ANALYSIS - Transient Thermal Convector heating a frying pan
filled with water

ANSYS WE FINITE ELEMENT ANALYSIS - Convector heating a frying pan filled with water

© expertfea.com

Bk ) 0397120

Engineering Data: From t~ library, insert these items.

w4 = -
A 5] c D
1 Data Source / Location Description
g e mr Ty
N 2 | Material samples specdific for use in a
8 2| thermal analysis,
-
A B C E
1 | Contentsof TRIMENE: = Add Description
-
B C
Value Unit
| W m~-1C7-1
[
= [ ] ﬂ
“E I I
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L
S
e —

= =

Duplicate one of the above materials and create this one.

B
Contents of Engineering Data .= | #d H
]

il [
A B C
Property Value Unit
Density | kg m*-3
Isotropic Thermal Conductivity ‘Ih Wma-1Cm-1
Specific Heat o Tkgr-1Cn1

Geometry:20 M ENGEGNQatti e

The materials names seen underneath might differ from the ones in thWassigned above. This is a
neglect able matter.

For the brick body, green hw

[E T R N

| Filter:  Hame -

B, Geometry -
i ' o it | 3
Details of "brick” a
[+/| Graphics Properties
|=]| Definition

Suppressed |No

stiffness Behavior n

Coordinate System
Reference Temperatury
[=}| Material

Assignment “
Monlinear Effects |_‘Fes
Thermal Strain Effects SN
Bounding Box

Properties
Statistics

B EE
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For the coiled body, green here, assigrnililiiiiiiii Alloy.

J Filter: Name -

2 .x & coi ~
< | S T— | r
Details of "coil" 1
+|| Graphics Properties
= Definition

|| Suppressed |No
Stiffness Behaviar i
Coordinate System

Reference Temperature g
=] Material
Assignment m
Monlinear Effects |‘re5
Thermal Strain Effects _
[+ Bounding Box
#| Properties
| Statisti

Leave the handle body, green here, as i

|
|
‘

]

o

For the frying pan, green here, assign FTEINA | oy.

JFitter: Mame -
|- 2
4 IiE | b
Details of "1 7
[+/| Graphics Properties
[=|| Definition

| Suppressed Mo
Stiffness Behavior RN

Coordinate System Default Coord...

Reference Temperat.. t
[=I| Material

Assignment mmloy
Monlinear Effects —

Thermal 5train Eﬁec_

[+| Bounding Box
Properties
[+]| Statistics
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For the water body, green here, assigrilmm.

JFiIten MName hd

< ' 1 | 3

Details oq 7
Graphics Properties
=1 Definition

Suppressed _
stiffness Behavior
Coordinate System Default Coo...
Reference Temperaturﬁ
[=I| Material
Assignment
Monlinear Effects
Thermal 5train Effects
Bounding Box
Properties
Statistics

Connections: Leave all contacn

B Contacts

‘,‘l_. _4_apr_09_convector3; To 2014 _apr_

‘;'_J 14_apr_09_convectord; To Asembly Fr
14 apr_09_convector3;PRT0001 To A:

embly Fryingpan; To Asembly Fryingpa
sembly Fryingpan; To Asembly Fryingpa

Mesh: Assign these details.

E| ..... '/% Mesh =

Details of "Mesh" n
-|| Display

Display Style |Body Calor

=l| Defaults

Physics Preference | Mechanical

Relevance

Use Advanced Si..,
Relevance Cent

Element Size
Initial Size Seed Active Assembly
Smoothing ‘
Transition Fast

Span Angle Center| Coarse

Minimum Edge L.. ~
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Create I :=thod for the coil, green here.

J Filter: Mame -
! i X8 Patch Conforming Method =

R 43
Details of "Patch Conforming Method"” - M... R
-l Scope

Scoping Method Geometry Selection

Geometry Cancel
[=1| Definition

Suppressed | Mo

Method — N

Algarithm

Element Midside Nodes w

The mesh should look like here.

Analysis Settings: Apply these details.

5=
i1 Analysis Settings

Detail: o

[-I| Step Controls

Mumber Of Steps r
Current 5tep Mumbe
Step End Time _

Auto Time Stepping | Program Controlled

Initial Time Step

Minimum Time Step =
Maximum Time Step

Time Integration %

[=| Solver Controls

Solver Type |Program Controlled
[-1| Radiosity Controls

Radiosity Solver
Flux Convergence .

Maximum Iteration

Solver Tolerance
Ower Relaxation

Hemicube Resolution
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Environment toolbar: Insert this default EeE GGG ———" rod here.

4 1 3

Details of "Temperature” e
[=| Scope

Scoping Method | Geometry Selection
Geometry

[=I| Definition
Type
Magnitude

Temperature

Suppressed

Apply a convection load on all faces of the assembly, as seen here in yellow.

— -

Create this heat flow load on the coil only, blue here.

_| Filter: MName -

4| 3

Details of "Heat Flow"

= scope
Scoping Method | Geom ion
Geometry ﬁL
[=1| Definition

Type

| Define As j
Magnitude |?_
suppressed _
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Solution: Create a temperature item on these 3 bodies.

_| Filter: mMame ¥
Details of "Temperature” a
=} Scope
Scoping Method Geometry Selection
Geometry 3 Bodies
[=|| Definition
Type _
By Time
Display Time Last
(Calculate Time History | Yes
Identifier
Suppressed Mo
[=/| Results
|| Minimum |_ 14622 Min
Maximum ﬁ
Minimum Ccours O
Maximum Oceurs On
[=/| Minimum Value Over Time
Minimum ‘
Maximum
=I| Maximum Value Over Time
Minimum 22156.5C
Maximum 582.09 *C EI'D[I_—

Create a total heat flux item on all bodies.

JlFi'l'ten !Name Ll
i M Total Heat Flux
Details of "Total Heat Flux" q
-]} Scope
Scoping Method Geometry Selection
Geometry All Bodies
|=I| Definition
Type Total Heat Flux
By Time 0.
| Display Time Last D.T.Bﬂ?é
Calculate Time Histo& 0.587483
Identifier 1 0.44087 'D.Wﬂf
suppressed h 0.29391 ;
| ntegiabion Point Resudls Geometry A Print Preview)\ Report Previewf
Display Option
Average Across Bodies=— Graph iz
I=l| Results J.Animat'ron [ ’_. [l i | @ 10 Frames + 2 5ec({futo
| Minimum m 100.
Maximum ‘_ 13276 =
_I'\-'I_'rnimum Ceocurs On | brick
Maximum Qceurs On ‘
o R SR O -
Minimum 11 W/mm*
[ Maimum |1,8015e-009 W/mm* =
[=I| Maximum Value Over Time E 075 —
| Minimum [1.16612-003 W/mm® E
Maximum _ '?.:. i
| Information s
0,25 —
Section Planes 2 x 13028211 T . T T T T
J Eﬁ fi }{ ,} 0. 125 25, 35 50, 62,5 75 100.
[[] Section Plane 1 | [s]
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Scope for the temperature items separately, on each part.

After the FEA is solved, click Solution, tiy sl cope for this item.

I Filter: MName hd
W -
Details of "ENERGYPOTENTIAL" 1
[=|| Scope
Scoping Method Geometry Selection
Geometry All Bodies
{=l| Definition
Type User Defined Result
Expression ~
Input Unit System Metric ([mm_kag, N, 5, mV,..

Output Unit #
By ‘ -
Display Time _

Coordinate System Global Coordinate System
Calculate Time History | Yes
Identifier
suppressed Ma - - _
S Results Geometry 4 Print Preview A Report Preview /
Minimum -1.0301e+006 m) Graph n
ML LI |Ar1EmatTun >| W 00| 10Frames v 2 Sec(Au

Minimum Ceccurs On

Maximum Occurs On _ -

- 1.8468e+5 —
{=I| Minimum Value Over Time
Minimum 0. -
Maximum
=l| Maximum Value Over Time 2 Ees5 -
Minimum 0. ml =
Maximurm 0, mt .E.
5.e+5 —
[+ Information
-1.5e+5
Section Pl a3 x
il 403016 T T T T :
|l X » 0. 125 325 375 50, 625 75 [
[[] Section Plane 1 [s]

Further homework:

- in Connections, chanmal u = 0.05, solve, draw the conclusions
- change Stiffness Behavior of the shell pM, draw the conclusions

-increase the mestholve, draw the conclusions
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CASE 31: ANSYS WB FINITE ELEMENT ANALYSIS - Static Structural Rolling of a copper plate

ANSYS TUTORIAL 6: FINITE ELEMENT ANALYSIS of the Rolling of a copper plate

P » o) o6/ 052

Engineering Data: Add MMaterials library.

I
——————

I
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Geometry: 2013 07_21 rolling.x_t

Assign Gummmiimhiinke the green workpiece.

I Filter MName v
Project -
Bl Model (A4) I
E,& Geometry |E
i ....... X B piece o |

i
Details of "piece” i
[#]| Graphics Properties
[=| Definition
Suppressed ‘
Stiffness Behavior

Coordinate System Default Coordi..

Reference Temperature | By Enwvironment

[=l| Material

Assignment }~

Monlinear Effects iYes
Thermal 5train Eﬁeg
| Bounding Box

Properties

Statistics

"

#

e

Connections, Contacts: Create such a contact between the workpiece and the roller.

\
P
]

-
=
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Make a similar contact for the other roller.

From the Connections toolbar, create a Body-Ground, INGHSRNESS®, -.ch roller.

JConnections [@] Connection Group M, Contact = B, Spot Weld i Ivlesh Connection <8 End Release  B28Body Interaction H—
QOutline

|JFiH:er: Name -
| Filter:  Hame v [z
| B {@ Joints -

g To wheel2
B d To wheel1
,,% Mesh
[--{=] Static Structural (A5)

Ot of A round T whes”

I=1| Definition
Connection Type

Ay

)

Torsional Stiffnes
Torsional Dampi

Suppressed
[=l| Reference

Coordinate System | Reference Coordinate System
=I| Mobile
Scoping Method | Geametry Selection

Applied By Remote Attachment
Scope

Initial Pasition
Behavior

Pinball Region
[+|| Stops
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| Filter:  Name -~
. B l@ Joints

: nd To wheel2

d To wheel1

%0 Mesh

/=] Static Structural (AS)

%EMi - Ground To wheell”

[=l| Definition

Connection Type

Torsional 5tiffn

Tarsional Drampin

Suppressed

I=l| Reference

Coordinate System | Reference Coordinate System

[=l| Mobile

Scoping Method Geometry Selection

Applied By Remote Attachment

Initial Position

Behavior

Pinball Region

[+] Stops

Mesh: Use these default details.

J Filter. Name *
E| ----- ‘,% Mesh -
----- /=] static Structural {A5) -
+ [ 1 | *»
'Details of "Body Sizing" - Sizing a
[l Scope

Scoping Method | Geometry Selection
Geometry | ]

[=I| Definition

Suppressed _

Tvpe Element Size
|| Element Size

Eehavior @



uidl9688
Pencil

uidl9688
Pencil

uidl9688
Pencil


BECUME A BLACK BELT IN AN$Y$ WHRKBENCH, YHLUME 2

Analysis Settings: Apply these details.

Environment toolbar: From the respective toolbar, go to Displacement and apply this item on both lateral faces of
the workpiece.

J Filter. Mame -

E-{=] Static Structural (A5)
/7 Analysis Settings

Details of "Displacement”
[=l| Scope
Scoping Method

Type Displacement
_Define Ey Components
Coordinate System Global Coordinate System
¥ Component -
Y Component
Z Component

Suppressed
= Tabular Data
Independent\i’ariabl_
Tabular Data
Steps | Time [s] ||7‘r'[mm]
1 0.
2 |1 1.
3 |2 2.
4 (3 3.
5 |4 4,
6 |5 5.
7 |6 6.
8 |7 1.
9 18 8.
1019 9.
11 (10 10
12 (11 11
13 )12 12,
14 |13 13
15 (14 14
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From the Environment toolbar, Loads, apply a Joint Load as this one.

J Filter: Mame Hvl
Detailz of "Jaoint - Rotation” a
[=|| Scope

Jowo wheel2
El ' Definition -

DOF

Type

Magnitu
Lock at Load Step | Mever
Suppressed h

L

Tabular Data
Steps | Time [s] ||7 Rotation [°]
11 0.
2 1 1.
3 |2 2.
4 (3 3.
5 (4 4,
6 (5 5.
7 |6 .
g (7 1.
9 (8 .
10 (9 9.
11 (10 10
12 (11 11
13 (12 12
14 (13 13
15 (14 14

Apply a similar Joint Load for the other roller.

] Filter: Mame ¥

Details of "Joint - Rotation” a
[=|| Scope

Joint | und To wheell
[=|| Definition
DOF

Type

1

Magnitude
Lock at Load Step
Suppressed
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Solution: From the Solution toolbar insert the following items.

A Directional Deformation for the faces on the tip of the workpiece.

Apply a Plastic Strain only for the workpiece.

JFil‘ten Name hd

‘,{II Solution Information
‘,m Directional Deformation
- M Equivalent Plastic Strain
- M Equivalent Stress

- M Directional Deformation 2
- A Directional Deformation 3
- Contact Tool

JQ; Force Reaction

JQ; Moment Reaction

m

4

0.57959

Details of "Equivalent Plastic Strain” 2 0.38673

[=l| Scope 0.19385
Scoping Method Geometry Selection 0.00099534 Min
Geometry 1 Body

[=| Definition

Type Wlem Plastic Strain
By

Display Time Last )
Calculate Time History | Yes F
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Assign a default Equivalent Plastic Strain for all bodies.

Filter Mame A

/58| Solution (A6)

J{ﬂ Solution Information

'/Qﬁ Directional Deformation

‘,@ Equivalent Plastic Strain

- M3 Equivalent Stress -—
‘,@ Directional Deformation 2 ‘
J@ Directional Deformation 3 | =

ct Tool
‘/% Moment Reaction = 33700

Details of "Equivalent Stress” % 1934.1
[=l| Scope 1547.2

.Scoping Method .Geometry Selection L1504

[Geometry [l Bodies 13.62
I 30681

:.'i'ype :_EqL-l-ilraIent.[\ron-i'.-'ii-s-es]"gfress; 00029248

.By 'Time i

IC “DisplayTime

Calculate Time History |Yes

1dentifier |

.Suppressed .No

-
B s Solution (A&)

fm Solution Information
',% Directional Deformation
',% Equivalent Plastic Strain
- M Equivalent Stress

- M Directional Deformation 2
- M Directional Deformation 3 :
[]f'@] Contact Tool 3

Q%l Force Reaction A 4, ]‘_2.

‘f@; Moment Reaction - 34761 / ‘
Details of "Directional Deformation 2" n 0.82903

m

=|| Scope -0.81799
| scoping Method [ Geometry selection i -2.465
:Ceo-l:ne.t-ry 2 Faces i -4,112

= | Definition o 1 5,759
[Type [Directjonal Deformation | -7.4061
Orientation S i
|8y L]

Display Time |8.6687 5

From Tools, Contact Tool, create this item.

Solution %4, Deformation v % Strain » ' Stress v @ Energy v | ® Damage v | ®; Linearized Stress @_gprobe ~ | g Tools L
Outline Stress Tool

Filter: Mame -
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Right click, Insert, Pressure.

| Filter: Name =

£l /&3| Solution (A6)

------- ‘,{E Solution Information

------- ‘,@ Directional Deformation
------- ',% Equivalent Plastic Strain
------- /A Equivalent Stress

------- /5 Directional Deformation 2
------- A Directional Deformation 3
= i@ Contact Toal

aies Pressure

------- ¥ Force Reaction

Details of "Pressure”

=]| Definition
| Pressure
Calculate Time Historyr
Identifier
guppressed Mo
[=| Integration Point Results
Display Option IA\reraged
1| Resuits o

From Probe, Force Reaction and Moment Reaction, insert these items.

Outline

| Filter: Mame a4
Bl /%8| Solution (A6)

------- ‘,[1-] Solution Information
------- ‘,% Directional Deformation
------- ',% Equivalent Plastic Strain
------- ',% Equivalent Stress
------- ',% Directional Deformation 2
------- B Directional Deformation 3
B @] Contact Tool

FE Pressure
------- v B Force Reaction
------- - Moment Reaction

Q{ Deformation

~ iy Strain

3 Stress

& Velocity

®, Angular Velocity
® Acceleration

ﬁ); Angular i cceleratio

R Focefection

%\ Moment Reaction
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J Filter: Mame >

B /& Solution (A6) o
',ED Solution Information
& Directional Deformation
& Equivalent Plastic Strain
& Equivalent Stress
Jﬁ Directional Deformation 2
‘.ﬁ Directional Deformation 3
i {@8 Contact Tool

N Pressure
./Ql Force Reaction L
JQJ\ Moment Reaction >
Details of "Force Reaction” 2
= Definition
Type

Location Method
Boundary Conditio
Crientation
Suppressed Mo

[=l| Options

Result Selection g

| | Display Time ;

[+| Results
=] Maximum Value Over Time
[ X Axis o.M
|| ¥ Aodis 1.0833e-005 N
= . & Geometry 4 Print Preview}\ Report Previewl/
Z Axis N
[ | Total 1,0833e+005 N Graph
=/ Minimum Value Over Time JAnimation S| | 0o | & 10 Frames *  25ec (Auto) - | ) |
| o Aais 0. N i
[ ] ¥ Ais 51100 N S f
[ 7 Axis o.N
|| Tatal 34176 N
a 75000 —
[#| Information
50000 —
—_ 25000 —
=z
0.
-25000
-50000
-51100

[s]
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I Filter: Name g
-, /88 Solution (A6) 5
.,m Solution Information
- M Directional Deformation
- M Equivalent Plastic Strain
- M Equivalent Stress
‘,@ Directional Deformation 2
- M3 Directional Deformation 3
) 4@ ContactTool

.

/B Pressure
JQl Force Reaction L
JQJ\ Moment Reaction X
Details of "Moment Reaction” &
|=l| Definition
Type Moment Reaction

Location Method Boundary Condition
Boundary Condition | Displacement

Crientation Global Coordinate System
Summation Orientation System
Suppressed

[=| Options

Result Selection -
Display Time _e

[+ Results
=] Maximum Value Over Time
L. Ax-|s it Geometry A Print Pre\riew}\ Report Pre'.rfew/
¥ Axis 0. M:mm
[7] Z Awxis 69094 N.mm Graph
Jota) 63094 N:mm | Animation = W ||L_|Il Ml | Q10 Frames » 2 5ec(Auto) + | g |
[=l| Minimum Value Over Time 7y
X Axis -4.9943 N.mm 53094
Y Axis 0, M-mm
Z Axis 55184 N-mm 50000 —
|| Total 2.571 M.mm
| Information
25000 —
E
E
Z o-
-25000 —
S5184 T

[s]

2 [z]l=z]14]5]8s 78 9o [40 413 [33 [14 ]

Further homework:

- in Connections, change Frictional Contacwolve, draw the conclusions

- replace Copper Molve, draw the conclusions
- decrease the mesl—solve, draw the conclusions
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CASE 33: ANSYS WB FINITE ELEMENT ANALYSIS - Static Structural Full ball bearing under load

ANSYS WB FINITE ELEMENT ANALYSIS - Full ball bearing under load (best casel!l)

310 1e-10

Engineering Data: NRSWE S ..

Geometry: 20“
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Correctly done for all the balls, they should look like here.

J Filter Mame >
EI,,EEI Connections -
B /@] Contacts L
ia 5 - cage To ball |=,5|
E-cage Tobal —
t - cage To ball
- cage To ball

cage To ball
cage To ball
cage To ball
-cage Tobal

Details of "Multiple Selection” n
[=l| Scope

Scoping Method !Geometry Selection
-|| Definition
Type

Scope Mode
EBehavior
Trim Contact
Trim Tolerance |7.57632-002 mm
Suppressed

[=]| Advanced

Farmulation ﬁ

Detection Method Program Controlled

[

Penetration Tolerance

Mormal Stlffness

Mormal Stlffness Factor
Update Stiffness
Stabilization Damping Factor,

Finball Regian Program Cantrolled
Time Step Contrals

-|| Geometric Modification
Interface Treatment !Add Offset, Rampe...

Offset u . _"'—___

m
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Correctly done for all the balls, they should look like here.

| Filter:  Name -

; ; - inside To ball -
- inside To ball

| - inside To ball

| -inside Toball |
al - inside To ball

al - inside To ball

| - inside To ball
- inside To ball -
Details of "Multiple Selection” i
[=l| Scope
Scoping Method |Geometry5e|ection

Type |
Friction Coefficent [ HNRNMEEED
Scope Mode _

Behavior i

Trim Contact ~
Trim Tolerance 7.5763e-002 mm

Sl:lp_p_resse_d | he
=| Advanced .
Formulation

Detection Method

Penetration Tolerance
Elastic 5lip Tolerance
Maormal Stiffness

Mormal Stiffness Factor |
Updste stffness &
‘Stabilization Damping Factor |0. i
Pinball Region [ e
Time Step Cantrals _— |
1| Geometric Modification
I-nte rface Treatment

Contact Geametry Correction !None | =0
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Correctly done for all the balls, they should look like here.

From the Connections toWn the outer ring, blue here.

J Connections Connection Group ', Contact v M, SpotWeld [ [Vesh Connection B End Release  E28Body Interaction | % Body-Ground +
QOutline i}
J Filter:  Name -
&, B Connections

E Definition
Connedtion Tyne Y
Type
Suppressed
[=l| Reference
Coordinate System |Reference Coordinate System
=1 Mobile

Scoping Method
Applied By
Scope

Remote Attachment

Initial Pasition
Behavior
Pinball Region

101
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In a similar manner, create me inner ring, blue here.

| Filter:  Name -
| b
Details of “ANNSNSEEINIIN: o inside" 7
[=]| Definition
Connection Type Body-Ground
Type

Torsional Stiffness

Torsional Dampi g
Suppressed _

[=l| Reference

Coardinate System | Reference Coordinate System

(=] Mobile

Scoping Method i
Applied By Remote Attachment

Scope
Body
Initial Position

_El- ehavior

Pinball Region

e

Mesh: Assign these details.

E| ..... ‘(@ ME_E‘J"I

1| m

Details of "Mesh"

[=I| Defaults
Physics Preference

Mechanical

Relevance

Use Advanced Size Fun

Relevance Center

Element Size

Initial Size Seed Active Assembly
Smoothing

Transition

Span Angle Center
Minimum Edge Length

71222003 mm
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From the Mesh toolbar, Mesh Control, apply this Meth

| Mesh =7 Update | & Mesh vl €8, Mesh Contral ~ |

Outin —
= %, Mesh Group

¢ - R

Details ufu A Refinement

[=|| Scope
Scoping Method |Geometr],r Sel

Ceometny gl

_| Filter: Mame

! HE Mapped Face Meshing
!’G Match Contrel
£ Pinch
A Inflation
: Sharp Angle
————— i 2 p Tool

[=| Definition
Suppressed

Element Midsid

From the same toolbar and button create a Sizing on all M, except the Wilmgpherical faces of the

cages, Wheld on.

I Filter: MName x

T ] e
Details of "Face Sizing" - Sizing o
[=l| Scope

Scoping Method ! Geometry Selection

]

1| Definition
-Suppressed

Type g
"_Element 5 -
Behavior isaﬂ:
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Insert a similar sizing as this one on the aforementioned internal spherical faces of the cage, seen blue here.

4]
Details of "Face Sizing 2" - Sizing o
[=l| Scope

Scoping Method | Geometry Selection

Geometry
[=1| Definition
Type n_

| Element
Behavior

Analysis Settings: Apply these details, as seen here for the 1st timestep.
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Select the other steps from the Graph tab and make for each of them Carry Over Timestep = On, keeping the same
details as above.

Environment toolbar: From the respective toolba n, cr oa e inner ring, seen red
here.
J Filter: Mame hd
‘/Q’,. Bearing Load i

1 1 | b
Details of "Bearing Load" q
[=l| Scope

Scoping Method | Geometry Sefection

Geometry |_
[=l| Definition

Type | Bearing Load

Define By

¥ Component

¥ Component F
Z Component |G

Suppressed h
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Tabular Data

Steps | Time [s] [[w X [N] [+ ¥ [N] [[v Z[N]
0 0. ‘ =10

1. . o

2, ; -l -

3 Ny

4. =6000. =0. i

5 |

=

Ohln | ka |
i |l (a2

=6000. =0

From the same location, apply a Joint Load similar to this one.

| Filter:  Mame -
: tion
o4 0 [ ¥

1

Details of "Joint - Rotation” n

=1| Scope
[Joint | o To inside]|

:—"E-Deﬁniﬁon . .
o
:fype
-Magnitude

| Lock at Load Stew
Suppressed

Tabular Data
Steps | Time [s] |[¥ Rotation [°]

L= R RSy VN )
bn (= | La ko |
[V R R R e )

Solution: Apply a default Total Deformation on all bodies.

Filter | Name -
=88 Solution (A6) o

ffl—l Solution Information

,‘,@ Total Deformation

,‘,@ Equivalent Stress

,‘,@ Directional Deformation

v’@ Equivalent Stress 2 [

J@ Contact Tool

@] Contact Toal 2

-

Suppressed

il M. | »
Details of "Total Deformation” B
.:!EScope |
Scﬁping Method .Geometqr Selection
(Geometry | AllBodies
I/ Definition )
Type [ Total ation
>
fi Display Time
"I:-:E-||CU|-EtE.‘-'|:i.I'I1E H;
Identifier '
-No
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Create a default Equivalent Stress on all bodies.

N |
I
|

Make a default Directional Deformation on Y axis for all bodies.

| Filter:  pame -

=T Solution (AG) 5
,,m Solution Information
B Total Deformation

A0 Egui tress
3 rmatiol

o)
%]
5
ar
o
T

Ll Ht | ¥
Details of "Directional Deformation” 3
[=|| Scope
Scoping Method Geometry Selection
Geometry All Bodies
= Definition
Type Directignal Deformation

Orientation
By

Coordinate System Global Coordinate S¥s..

Calculate Time History | Yes

Insert an Equivalent Stress only for the cage.

| Filter: Name A4

- |6 Solution (A6} -
m Solution Information
/0 Total Deformation
«@ Equivalent Stress
,,ﬁ Directional Deformatior
,,ﬁ Equivalent Stress 2

Contact Tool

----- Contact Tool 2

1 | m |

Details of "Equivalent Stress 2" R

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

[=I| Definition
Type |Equi\ra|ent [von-Mises..
L S 7,303
|| Dol ime SET6T
Calculate Time Histog :
Identifier | -
Suppressed h
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Define a Contact tool only for these contacts. Right click, Insert, Pressure.

Define another Contact tool only for these contacts. Right click, Insert, Pressure.

Filter:  Name -

- A& Contact Toal »
g Contact Toal 2 e )

: Contacts Selection |,q|| Contacts ﬂ

€ | 1 3

. Contact Side
Details of "Contact Tool 2" n — ﬂ
=l| Scope For additional options, please visit the context menu for t
Scoping Methoh

| contact side |
- cage To ball | Both
E - cage Toball | Both
- cage To ball | Both
s - cage To ball  Both
ks - cage To ball | Both
Es - cage To ball | Both
s - cage To ball  Both
£ - cage To ball | Both
inside To ball | Both
jnzide To ball | Both
side Toball | Both
side Toball | Both
side Toball | Both
side Toball | Both
side Toball | Both
side Toball | Both
putside To ball | Both
butside To ball |Both
outside To ball |Both
outside To ball |Both
outside To ball  Both
- outside To ball | Both
- outside To ball | Both
- outside To ball | Both

|Name
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Further homework:

- in Connections, change Frictionless contacts d, solve, draw the conclusions

- change Wthe inner and outer rinw the conclusions (if question marks
appear on the existing contacts, right click on thm

- increase the me‘olve, draw the conclusions
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