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1. Introduction

This report presents the outcomes of the course upgrading and team-teaching development carried out
within WP3 of the NextGEng project. The implementation process led to the creation of 12 new English-
language course modules, developed across the three partner universities—TUCN, JAMK, and UJA (TUCN: 5
modules; JAMK: 3 modules; UJA: 4 modules). These modules were designed using student-centered and
collaborative teaching approaches, integrating blended and digital delivery methods, eco-friendly concepts,
and real-life case studies to ensure a modern and practice-oriented learning experience.

The development process was highly collaborative, involving 16 coordination meetings across the co-
teaching teams of courses C5-C6, with the participation of 12 higher-education teachers and 5 industry

experts. This joint effort ensured alignment of content, consistent implementation across institutions, and

the integration of industry-relevant competencies.

The pedagogical materials developed within this project are released under the Creative Commons CC
BY¥NC-SA license (Attribution — NonCommercial — ShareAlike). This license permits users to freely access,
use, and adapt the materials provided that appropriate credit is given to the authors and the project. The
materials may not be used for commercial purposes, and any adaptations or derivative works must be

distributed under the same license terms.

In the next Chapters the produced courses modules are presented.
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2. Courses topics

C5 - Computer Aided Design

Module 1 — Simulation of mechanical assemblies
Module 2 — FEA analysis of mechanical parts
Module 3 — Parametric Design with CATIA
Module 4 — 3D-Scanning

Module 5 - Reverse Engineering

Module 6 — Ecodesign

Module 7 - Re-design & Re-Using

C6 - Manufacturing Technology

Module 1 — 3D printing processes

Module 2 — Manufacturing technology of MEMS
Module 3 — Design for Additive Manufacturing (DfAM)
Module 4 — Additive Manufacturing Materials

Module 5 — Sustainable Additive Manufacturing
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Simulation of mechanical assemblies

Kinematic simulation of robotic systems
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Simulation of mechanical assemblies

Upon completion of this module, the student will be able to:

1) Createanimationsof assemblieslefinedin SolidWorks
2) Createsimulationsof assemblieslefinedin SolidWorks

3) Measurethe kinematicand dynamicparametersof linksduringsimulations
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Content

f Introduction
f Animations in SolidWorks
f Simulations in SolidWorks

f Results display and analysis
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Introduction

TheRoleof Simulationin MechatronicDesign

T Simulationof mechanicalassembliess essentialin mechatronicdesign,where mechanicalgelectrical,and control
systemsamustoperatein synergy

T Benefits

T Validatedesignsearly,reducingthe risk of errorsbefore physicalprototyping
Optimizeperformance motion paths,and energyefficiency
Reducedevelopmentcostsby identifyingdesignflawsearlyin the process

Acceleratetime-to-marketby enablingfasterdesigniterations

-+ + +H

Improvesustainabilityby analyzingriction, materialuse,and energyconsumption
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Introduction

Typesof animations/simulationsn SolidWorks

T Kinematic
+ Dynamic

+ Freemotion
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Introduction

Typesof animations/simulationsn SolidWorks

T Kinematic
T Dynamic

+ Freemotion
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Introduction

Typesof animations/simulationsn SolidWorks

¥ Kinematic
+ Dynamic

T Free motion
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Introduction

What can be animated?

- WE}% E] S =] - Viewpoint

Componente
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Introduction

Motion Manager

T It is an interface (integratedinto SolidWorks)

that facilitates the creation of animations
and/or motion analyses for assemblies
createdin SolidWorks

Typesof analysis
¥ Animations
¥ BasidVotions

t Motion Analysis
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Motion Manager
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Introduction

Motion Manager

T Animation t allowsthe creationof simpleanimationsusinginterpolation to define the point-to-point movementof
assemblycomponents

T Basic Motion t allowsthe approximationof the effects of motors, springs,contacts,and gravity on assembliesising
physicsbasedsimulations

T Takesomponentmassinto accountwhengeneratingmotion

+ Fastcomputation
T Motion Analysis t enablesaccuratesimulationsand analysisof an
e+ U 0 @nption by incorporatingthe effects of Motion Study

Ny
@ {é‘.ir ?3 ; 0 sec 1sec

Cor by b v
# (Default<Display &

Basic Motion

Motion Analysis

elements(includingforces,springs dampers andfriction). = — — —& Grientation and Camera Vi
) k Lights, Cameras and Scene
T Typesof analysestime-based/eventbased b BB (8 Rabiees 1 hafanies Picn
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Introduction

-~ N N
— . . s -O-
Designing of eco-friendly and sustainable systems \ i ;\
\
T Energy Efficiency in Mechanical Design /J_I_Ii 1\
N | | | = \
T Simulationof energyconsumptionandlossesn mechanicakystems l gb- |
T Optimizingmechanicamovementsto reduceunnecessargnergywaste \ /
T UsingMotion Analysis to evaluatefriction, damping,and efficiency C ) ) + [
N
T Environmental Impact of Motion and Kinematics S~

T Evaluatinghow different motion strategiesaffectenergyconsumption
T Reducingunnecessaryccelerations/decelerations automatedsystems

T Applyingkinematicsimulationsto optimizerobotic or automatedprocessedor sustainability
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Animations

What is an animation?

f Animations

T allows the creation of simple animations using interpolation to define the point-to-point movement of
assembly}components

T Allowsthe creationof animationswhere motion is imposedthrough motors/mates

f When is animation used?
T Creatingsimpleanimationsthat definethe movementof assemblycomponentsthrough points.

T Animationis used when physicalphenomenasuch as mass,friction, torque, contact, and gravity are not
required
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Animations

How SolidWorks calculate the animations?

T Attime zerotan image is captured
T Advance the actuating elements by one frame
 Reconstruction
t Constraint (mates) solving
1 In-context feature solving

t Capturing another frame

T Repeat
Co-funded by A
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Animations

Animation t Motion Drivers %

[1] 2]

Key Points
Spring
Motor

T X t Available Function
T L tLimit Functionality
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Contact
Friction

Event Based

Damping
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Animations

%oKeypoint Animations

Basic Workflow

f Positioning theTimebar
f Positioning components
f Positioning the viewpoint

f Adjusting Properties

f RecordingKeypoint(automatic or manual)

f Repeat

|E| Autokey On
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T Automatically positions key points at the current time bar position
T Calculates the animation so that the components reach the specified position
¥ Computes the movement of assembly components from the initial to the final position using interpolation functions

‘F’ Autokey Off

¥ Key points must be set manually
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Animations

%oKeypoint Animations

**
* *
* *
* *
* 4ox

Component
actuation

+ Components position.
1 Actuation using motors.
+ Mates actuation

Distanceor Angle
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Viewpoint Properties
position

$ Viewpoint orientation % Hide &%

andselectiorof camera views + Component Display

& wireframe

[7 Hidden Lines Visible
Hidden Lines Removed
@ Shaded With Edges

@' shaded

t Properties: Light& Camera

I Appearance e

¥ color

T transparency
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Animations

%oCase study |

Press - Animation

- Change component position
- ChangeViewpointorientation

- Change the component properties
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Animations

I Select an Animation Type “
Animation types: I
This wizard will help you to create simple
I animations automatically.
I To beqin, select the type of animation
you want to create and click Mext.
otate mode !
! ® Hotatz mode!
I Explode i O Bxplode
I () Collapse
i COI Iapse I Import motion from Basic Motion
” [ | Delete all existing paths Import mation from Motion Analysis
Import motion - aﬁ-er CaICUIating mOtion ” BExplode and Collapse are available only after an explode view has been created.
USIng e_lther Basic _MOtlon or Motion 1 Basic Mation is available only after a simulation has been calculated in @ motion study.
Ana_IySIS’ you C_an Import_the FaICUIated I Mation Analysis is available only if the SolidWorks Motion addqin is loaded and results
motion results into an animation I have been calculated in a motion study.
I
I
p < Back Ned> | | Camcel | | Hebp
N |

; o -REEeras e el 8l

Esecl dsecl Vs seﬁl Hsecl 10 se
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Animations

Rotate model:

1. ClickAnimation Wizard Eé
2. IntheSelect an Animation Tymbkalog box:
¥ SelectRotate model.
T SelectDelete all existing paths if you want to remove any
existing animation sequences
¥ ClickNext
3. In theSelect an Axis of Rotation dialog box
T Select Xaxis, Yaxis, or Zaxis forSelect the axis of rotation
t Type a value for thllumber of rotations
T SelectClockwise or Counterclockwise
1 Click Next
4. In theAnimation Control Options dialog box
¥ Type a value for thBuration (seconds) of the animation
¥ Type a value for thetart Time (seconds) of the motion
T ClickFinish

:***** Co-funded by
L the European Union

Select an Animation Type “

This wizard will help you to create simpls
animations automatically.

To begin, select the type of animation
you wart to ereate and cick Next.

Import metion from Basic Metion

[] Delete all existing paths Import mation from Motion Analysis

Evplode and Collapse are available only after an explode view has been created.
Basic Mation is available only aftera smulation has been calculated in @ mation study,

Motion Analysis is available oty if the SolidWorks Mtion addn is loaded and results
have been calculated in  motion study.

Select an Axis of Rotation

Select an ads of rotation:
() ¥ads
(®) Y-adis

() Z-ads

Number of rotations: |1

@ {ockwises () Counterclockwise

Help

Animation Control Options

duration of the entire animation bel
Duration (seconds): |10

Start Time (seconds).

To cortrol the speed of the animation, set the
ion below

To delay the movement of objects at the
beginning of the animation, set the start time
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Animations B

This wizard will help you to create simple
animations automaticalty.

Explode/Collapse:

To begin, select the type of animation
you want to create and click Next.

oo
() Collapse

1. ClickAnimation Wizard ’é

Import motion from Basic Motion

2. IntheSelect an Animation Tymkalog box: [ Deete o csting paths fnpot matin rom Wtion Analysis

Explode and Collapse are available only after an explode view has been created.
T SelectExplode or Collapse i -

Basic Motion is available only after a simulation has been calculated in @ motion study.

. e . Mation Analysis is available only if the SolidWorks Motion add-n is loaded and results
T SelectDelete all existing paths if you want Fave b caloted e sy "
to remove any existing animation <Beck | Net> | [ Cancel | [ Heb
sequences

:I: C li C kN ext Animatio®Control Options Bl

To control the speed of the animation, set the
duration of the entire animation below.

Duration (seconds):

To delay the movement of objects at the
beginning of the animation, set the start time.

Start Time (seconds): EI

3. In theAnimation Control Optiondialog box
t Type theDuration (seconds) of the

animation in seconds

T Type a value for thetart Time (seconds) of
the motion
T ClickFinish

<Back || Fnsh | | Cancel | |
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Animations

%oCase study Il

Gripper - Animation

- Rotate model
- Explode

- Collapse
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Animations

MOTIONDRIVERSVIATES

T Mates that produce movement in animation

t Distance Mate BJ
t Angle Mate @

¥ Path Mate D
N

1 Driving Mates

____________

Mate Selections ~

el

Mate Type Ea

Coincident
Farallel

J_ Perpendicular

Perpendicular |
Tangent

1
I 1.00mm
30.00deq

[}
1 -
e

tate alignment:

MO &
1

o :./S, Stapdard - - — _|_G Mechanical

I Standard Mates (U A& %o & ] 0}E %@ | v § rawme  1&win

+ Mechanical Mates

Note tGlobal Mates vs. Local
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Mate Selections ~

*1

Mate Types Ll

Profile Center
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Animations

T Distance Mate
T Values range from 0O to 100,000,000
T Replace global mates with local mates

dedicated to the animation

+ Angle Mate
1 Values range from 0 to 366 [

¥ Path Mate

Free
Pistance
Percent
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Animations

1 DistanceMate

%o Define the mate

%0 Change the mate parameter to produce the animation
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Animations

t Distance Mate

%o Define the mate

%0 Change the mate parameter to produce the animation
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Animations

T AngleMate

Co-funded by

%o Defnie the mate

%0 Change the mate parameter to produce the animation

>
7S SOLIDWORKS ~ File Edit View Inset Tools Simulation Window

TE_RV-2A)_ASM_ansamblu_functienal *

Search Commands

- ®® - WS x

- & - .

3
Instant3D

Assembly | Layout | Sketch | Markup | Evaluate | SOLIDWORKS Add-Ins | Simulation | MBD | SOLIDWORKS CAM

g E[R[&[EL"

I Coincident
I O~ Tangent

Concentric
lg.

I [IFtip dimension

b TERY-2A1ASM_ansambl.

PEZ BB W -

= -

ﬁ ﬁ Welcome to SOLIDWORKS
PR e = - o il
y SOLIDWORKS Tools
v X 5 I (i
@ property Tab suilder
I S oty I @ @ souoworksax
Mate Selections AN % Performance Benchmark Test
I £ I Oben@TE_RV-1A_BASE-1@TE_RV I Compare My Score
Oben@TE RV-1A SHOULDER- 1€ s
& I 8 copy settings wizara
Reference entity T wy Procucts
sEssSSEEEEEEEEEEEE Online Resources
Standard Mates ~
I @ soeirerience Marketplace
9 Partner Solutions
Subscription Services
1 T —
1
00deg =] I
%] 7.000eg B
Advanced Mates v I
Mechanical Mates v I
Mates ~
l.
i
-
Model | 30 Views | Motion Study 1 | Motion Study2 |
SOLIDWORKS Student Edition - Academic Use Only Fully Defined  Editing Assembly [

the European Union

?@Z NextGEng




Animations

T Angle Mate

%o Define the mate

%0 Change the mate parameter to produce the animation
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Animations
MOTIONDRIVERSVIOTORS

t Type of motors

+
+

Rotation

Linear

1 Type of motor movements

+

H + + H+ +H+ +H +H+

On/Off

Constant Speed
Distance
Interpolated/data point
Segment

Expression

Oscillating

Servo Motor
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Basic Motion

Motion Study Properties

¥ Frames per second . This value, multiplied by the length of the animation,
specifies the total number of frames that are captured . This value does not

affect the playback speed.

Geometry  Accuracy . Basic Motion makes meshes out of curved geometry .

The higher the accuracy, the closer to actual geometry the mesh becomes .

This makes collision simulation more accurate, but requires more time to

compute .

3D Contact Resolution . Controls the allowed amount of penetration within
geometric meshes . Lower settings allow more penetration within the mesh.
Using solid body Contact produces smoother motion, especially in tight -fit

situations . For example, you can include solid body

:***** Co-funded by
L the European Union
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Motion Study Properties (%)

W X
Animation ~
Frames per second:

8 S
(TN NEEEEET T |
Basic Motion ~

Frames per second:
16 =
(TN NEEEEET T |

Geometry Accuracy:

Low High

30 Contact Resolution:

Low High
Motion Analysis hd

L2 |
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Basic Motion

Basic Workflow

1. SelectBasic Motion from the Type of Study list in the MotionManager

2. Select tools in théMotionManagertoolbar to include simulation elements.

Seelinear or Rotary Motors, Springs, Solid body contact, andGravity.

3. ClickCalculate & MotionManagertoolbar) to calculate the simulation.

4. ClickPlay from Start & (MotionManagertoolbar) to play the simulation from the

start.
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Basic Motion

Basic Motion t Motion Drivers

Event Based

(7]
et
IE

=]
o

-

Q@
x

Contact
Friction
Damping

>

Basic
Motion

:I: X tAvailable Function SourceDassauliSystemes

T L tLimit Functionality
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Basic Motion

T Gravity is a simulation element that moves
components around an assemblyby inserting a
simulatedgravitationalforce

Bl (RS

=~ Gravity

Gravity Parameters

ey

|g| 9306.65mm, 22 :

T Direction Reference Set aDirection Reference for gravity.
T aface to orient gravity parallel to the normal
T an edge to orient gravity parallel to the edge

T X, Y, or Zto orient gravity in the chosen direction in the

assembly reference frame
T Numeric gravity value - Set theNumeric gravity value. Default

is standard gravity

R Co-funded by "
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Basic Motion
Rf=gl=NEd

BASIGAOTION CONTACT
¥ 4=

Message
T Helps to model component contact in a motion study when Only add the contacts that are

. . required for the simulation.
componentscollide, roll, orslide Unnecessary contacts slow down

the calculation and may reduce the
simulation quality.

B

T can also use contact to constrain parts to touch ———
throughout the motion analysis (5] solc sodtes

H

selections
|:| IIse contact groups

B

b

Mumber of contact pairs: 0
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Basic Motion

%o0Case study lll

Contact - Animation
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Basic Motion S

BASIGIOTION SPRING v x
Spring Type |~
@ Linear Spring
Linear Springrepresents forces acting between two components over a O rrsers e
distance and along a particular direction Eg"-’""”‘"*"”‘ 8
T Calculates the spring forces based on the distance between the locations of the two eaf [0y ;
components f [ 10onjom n
I Applies a force to the first part you select &1 0 oo .
1 Applies an equal and opposite force along the line of sight of the second part you select Jupente o mode s
[] pamper A
C
Torsional Springrepresents torsional forces acting between two components "g“’:’mm -
T Calculates the spring moments, based on the angle between the two parts about the B s »
specified axis @ |2 5omm 5
T Applies a moment about the specified axis to the first part you select Load Bearing Faces A
T Applies an equal and opposite reaction moment to the second part you select “‘|fe

Note
¥ Can be used in Basic Motion and Motion Analysis

R Co-funded by "
the European Union ‘(.\73))' Nex’rGEng




) [M[e]

= Spring

Basic Motion

BASIGAOTION SPRING
Spring Constant

Spring Parameters

FHO€ I

Linear only in Basic Motion o 10mean :
Powers of up ta 4 in MotionAnalysys Jc | Loonmm .
Error in Basic Motion by one order of magnitude Bl 0.00mm 0

Spring damping

[]Update to model changes

. . . ] Damper 3
Blobal in Basic Motion
Adjustable in Motion Analysis B
Note Sinplas Aﬁ
B 10.00mm 9
¥ Can be used in Basic Motion and Motion Analysis =NE .
T Display - you can view the display values only when the SpRngpertyManageis open @ | 2:50m ¢
Load ing Faces &
or when youcalculate the study Load B:m:
| | v
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Basjg Motion

X k=0.025 [N/mm]
|=200 [mm]

7
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Motion Analysis

Motion Analysis tallows accurate simulation and
analysis of the motion of an assembly by incorporating
the effects of elements from the Motion Study

(including forces, springs, dampers, and friction).

Fypes of analyses
time-based

tventbased.

Co-funded by
the European Union
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Motion Study Properties @
Motion Analysis =
Motion Study Properties -
llll-I-I-I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I,l-lll:ll
¥ Frames per second . Specifies the total number of frames that are 2] Animate during simulation

0 Replace redundant mates with
bushings

captured when multiplied by the length of the animation . This value does — }
not affect the playback speed. 5 sonted Reseldfon o
|
[Juse Precise Contact
+ Animate during  simulation - Clearing this option speeds up the P

0.0001000000 =
calculation time and prevents the graphics from displaying the motion e

yele settings: (1 cycle=3607)

@ Cycle rate O Cycle time

during calculation of the simulation . 1

Flot Defaults...

Advanced Options...

¥ 3D Contact Resolution . Increases the calculation time when you
introduce solid body Contact

¥ SOLIDWORKS Motion typically represents shapes as many -sided

polygons . The higher the number of sides, the more closely

SOLIDWORKS Motion approximates the actual geometry .
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Motion Analysis sEBlsle[m'T

Motion Study Properties @
v X
Motion Study Properties pE— B
Basic Motion bt
¥ Use Precise Contact . Calculates contact by using the equations that L ~
Frames per second:
represent the solid bodies . Clear to calculate contact approximately using the R
geometry of many -sided polygons . When you select Use Precise Contact |, 4] Animate during simulation
DRepIa_ceredundantmateswith
the computed contact is analytically correct, but the computation can take pushings
Bushing Parameters... E|
longer than an approximate solution . 3D Contact Resolution:
Low High
|
t Accuracy - Increases the calculation time when higher values are selected . [ Use recie Contac
Accuragy
Low N High
0.0001000000 =

3
Cycle settings: (1 cycle=360%)

cycle angle used in custom Motor or Force profiles . ® cyde rate O cyce time

1 :

¥ Cycle setting . Specifies the cycle rate or period . Cycle settings defines the

Plot Defaults...

Advanced Options...
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Motion Analysis

Force/Torque

|6| Torsional Force Specifies a torque.

|-_p | Linear Force

|§| Action only

|¥| Action & reaction

Force

Specifies a linear force.

Specifies the reference feature and direction for an action
only force or torque. An actiennly force or torque acts on a
body, but is not generated from a body.

Specifies the reference feature and direction for an action
reaction force or torque. The action body generates the
action force or torque, while the reaction body responds
with an equal and opposite force or torque.

Mawves one or two components as if

acted upon by a force,

|
& > 8NKB b |E

4 sec
Pl
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Force Function ~
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Simulation results

MOTIONANALYSKPLOTS

T For Motion Analysis type motion studies, the following plot results obtained from
calculated motion can be obtained:

T Displacement, Velocity, and Acceleration Type Plots
1 Trace path
t Center of mass position
T Linear Displacement/Velocity/Acceleration
T Angular Displacement/Velocity/Acceleration

-_-—

T Force and Torque Plots FY AR RG] |
) sec b sec 7secL — 1|8sec 9 sec

:I: Energyand Momentum Type Plots Crrrbrvrrbeerebveeebereebeeocboeeebeerebrrer e
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Simulation results
MOTIONANALYSIKPLOTS

T For Motion Analysis type motion studies, the following plot results obtained from
calculated motion can be obtained:

T Displacement, Velocity, and Acceleration Type Plots
T Force and Torque Plots

t Motor force/torque

T Reaction force/momentum

T Friction force/momentum

t Contact force

t Energy and Momentum Type Plots
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Simulation results

MOTIONANALYSKPLOTS

T For Motion Analysis type motion studies, the following plot results obtained from
calculated motion can be obtained:

T Displacement, Velocity, and Acceleration Type Plots
t Force and Torque Plots
T Energy and Momentum Type Plots

T Momentum of a Part Translational/Angular

T Kinetic Energy of a PartTranslational/Angular

T Change in Potential Energy of a Part

T Power Consumption of a Motor
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Simulation results

MOTIONANALYSKPLOTS
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Simulation results

MOTIONANALYSKPLOTS

T Exporting data Rightclick in the graph and choose Export CSV. Save the file to a convenient location,
and open it in Excel.

Plot10 [ = |
0.08
‘g /J
g 0.04
H
3o Chart Properties... 1 Siotio
inm ' Save Ac Time (sec) Motor Torgqued (newton-mm)
2 LN AEss 0 0.004256875
0.00 T T - Cgp}r C||F|.bc|.a rd 0.04 0.003043093
0.00 0.50 1.00 1.50 2.00 Timza?‘gec) 3.00 3.50 4.007 1l 0.08 0.0018111??
Hide 0.12 0.00056001
| 0.16 0.00071145
Delete 0.2 0.002001708
[ 0.24 0.003303385
Export C5V 0.28 0.004603099
0.32 0.005872104
0.36 0.0070659173
0.4 0.008135789
0.44 0.008397301
0.48 0.009572073
0.52 0.009778175

R Co-funded by "
the European Union ‘(.\73))' Nex’rGEng




NextGEng - International Cooperation Framework for Next Generation Engineering Students

S

@

o

c

)

2

<

()

Z

%)

Fundedby the EuropeanUnion Viewsand opinionsexpressedire howeverthose of the author(s)only and do not ot Co-funded b N
necessarilyeflect thoseof the EuropeanUnionor the EuropearEducationrand CultureExecutiveAgency(EACEA) bl y . N
the European Union ©

Neitherthe EuropearnUnionnor EACE&anbe heldresponsiblefor them.




NextGEng International Cooperation Framework for Next Generation Engineering Students

Fundedby the EuropeanJnion Viewsand opinionsexpressedire howeverthoseof the author(s)only and do not o Co-funded by

necessarilyeflect thoseof the EuropeanUnionor the EuropeanEducationrand CultureExecutiveAgency(EACEA) .
Neitherthe EuropeanUnionnor EACE&anbe held responsiblefor them. the European Union

>
Q
)
c
@
)
—
>
@)
Z
™
ol
o
N
©

* X
* 4 %

* oy ok




FEA analysis of mechanical parts

||/77SSOL,DWORKS‘ Fie Edt View Insert Tools Window Help x‘ B B =R R N

Features | Sketch | Evaluate | DimXpert | SOLIDWORKS Add-Ins | SOLIDWORKS MBD | Analysis Preparation |
- S BB 0 =-

B

W Front Plane
W Top Plane
W Right Plane.
L., origin

) Boss-Extrudel
[ Fillett
Cut-Extrude1
[l Planet

@) Boss-Extrude2

7 1 Fixtures v
2 Loads o
@@ cheie (Default<<Default>_Display State 2Lonts g
4 History 4 Run |
&) sensors 5 Results
> nnotations 6 Optimize
&5 Meaterial <not specified> — )
To optimize your design:

First, select a dimension that will
be used as the variable in the
optimization design study.

The optimization design study will
vary this dimension within a range
that you specify i the next ste
The simulation wil be recalculated
at cach dimension value. Th
dimension value that yields the
model with the lowest mass while
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< respecting the constraints is the
1Ll optimal value. |
\ FEy— x
. — == =] o [ o= 0
™ [Model Dimension j‘s ‘mm j‘ ‘ - ‘
E Constraits
Gick here to 204 Constrains ™
= Goals b)
[iess [1nmize [
<
References
[ 3D Views | Motion Study T [ % SimulationXpress Study | i elect the model dimension that you
IRIIRIN Wiodel | 30 Views | Motion Study 1 | ¢ Simulationipress Study | B1 DesignXprel 1o nior piop o Select the model d Tt
cheie would like to link to this parameter,
<
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FEA analysis of mechanical parts

Uponcompletion of this module, the student will be ableto:

1) Createafinite elementanalysigFEAJor a partin SolidWorksisingSimulationXpress

2) Dimensionabptimizationof a part

Co-funded by ‘Ze)' NefoEng
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Content

f Introduction
f FEAsimulationsin SolidWorks
f Partdimensionaloptimization usingFEA

f SummaryDiscussion® Feedback
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Introduction

Whatis a FEAsimulation?

f Finite Element Analysis(FEA)is a computationaltechnique usedto obtain approximatesolutionsto complex

engineeringproblemsinvolvingphysicalphenomenasuchasstructuralmechanicsheat transfer, fluid dynamics,
andelectromagnetism

. ”””””III”II““” LE R RN E NN
(EEE i
priand i

HeRUen

structural mechanics  [Sourc heat transfer [Sourcé fluid dynamics [Sourcé
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Introduction

How FEAsimulationworks?
f Discretization The geometry is divided into a mesh of elements.
f Element EquationsEach element is governed by simplified physical equations.
f Assembly The system of equations is assembled into a global system.
f Boundary ConditionsLoads, supports, and constraints are applied.
f Solution The system is solved to obtain unknowns like displacement, stress, or temperature.

f PostprocessingResults are visualized as plots or animations for interpretation
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Introduction

Advantagesf usingFEAIN the designprocess

f Accurateprediction of performanceand failure
T FEAenablesengineersto simulate how a mechanicalcomponentor assemblybehavesunder operational
conditions(e.g., staticloads,dynamicloads,vibrations,temperaturevariations)
T It helpsidentify stressconcentrations critical failure points, andfatigue-prone areasbefore physicalesting

T Enablesirtual validation of designsaccordingto realworld standardge.g., ISO)

f Reduceshe needfor physicalprototypes
f Supportsdesignoptimization

f Savesime andcostduringproductdevelopment
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Introduction

Advantagesf usingFEAIN the designprocess

f Accuratepredictionof performanceandfailure
f Reduceghe needfor physicalprototypes
T Earlydesignvalidationwith FEAreducesthe numberof iterations in physicalprototyping
T Engineersantest multiple scenariosand what-if conditionsvirtually, which lowers costsand accelerateshe
R&Dprocess

T Minimizesmaterial waste and productionsetupcostsfor prototype fabrication(eco-friendly)

f Supportsdesignoptimization

f Savesime andcostduringproductdevelopment
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Introduction

Advantagesf usingFEAIN the designprocess

f Accuratepredictionof performanceandfailure
f Reduceshe needfor physicalprototypes
f Supportsdesignoptimization
T FEAallowsfor parametricand topology optimization of componentsto maximize strength-to-weight ratios,
improve stiffness or minimizedeformation
T Supportdesigninglighter, more efficient componentsv crucial in sectorslike automotive, aerospace,and
robotics
T Enablesnulti-physicsoptimization by consideringhermal, structural,andfluid interactionstogether

f Savesime andcostduringproductdevelopment

Co-funded by 2\
the European Union .(-\73); NefoEng




Introduction

Advantagesf usingFEAIN the designprocess

f Accuratepredictionof performanceandfailure

f Reduceshe needfor physicalprototypes

f Supportsdesignoptimization

f Savedime and costduring productdevelopment
T IntegratingFEAINto earlydesignstagesshortensthe overallproduct developmentlifecycle
T Detectingflawsearly preventscostlyredesigndater in manufacturing

T Reduceslependenceon trial-and-error engineeringapproachesand speedaup the time-to-market
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Introduction

Designingof eco-friendly and sustainablesystems P = -O-
f ReducedMaterial Waste ‘\ »
/ == 1\
T FEAallows precise stress and strain analysis,enabling material minimization [ Q \
without compromisingsafety | gb- |
I Supportslightweightdesign,especiallyin automotive and aerospaceapplications, \ /
reducingmaterialusageand carbonfootprint 7
f ImprovedEnergyEfficiency ) \ 00 -
~

T Enablesoptimization of thermal managementand mechanical efficiency in
components

f SupportsSustainabldnnovation
T Empowersengineersto experimentwith ecofriendly materials and biomimetic

designgn alow-riskdigital environment
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FEA simulation

**
* *
* *
* *
* 4ox

SimulationXpresss a built-in tool available

in all versionsof SolidWorks,designedfor
quick and basic linear static analysis on
individualparts.

SolidWorks Simulation is a comprehensiveFEA

suite that supports advanced analysis of both
partsandassemblies

Feature / Criteria SimulationXpress SolidWorks Simulation

Included in All SolidWorks versions (pawhly analysis)
Type of Analysis Linear static analysis on individual parts

Assemblies Support Not supported
Material Models Basic (linear, isotropic materials only)

Loading Conditions Limited to simple forces and fixtures

Meshing Options Automatic, basic mesh only

Contact Simulation Not available

SETolelnilple R lple BRI S (o] (ool=55[a[s Basic result plot (stress, displacement)

Co-funded by
the European Union

Addin module (Standard, Professional, Premium tiers)
Linear, nonlinear, dynamic, thermal, frequency, fatigue, etc.

Full support for assemblies
Advanced (nonlinear, orthotropic, plasticity, etc.)

Full range: forces, torques, pressures, gravity, thermal loads

Advanced mesh control (manual, curvatdrased, refinement)

Supports bonded, no penetration, frictional contacts

Full control: animations, stress plots, safety factor maps
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FEA analysis usirfgimulationXpress

Steps in Performing an Analysis
%0 Step 1t Accessing th&imulationXpresdModule

T Open thepart to be analyzed in SolidWorks.

i)
T Go to theEvaluatetab and selec6imulationXpress QI 53 | & V)
Cg;zt;?n':e ISnmulatconI-(press FloXpress DFMXpress
Analysis Wizard | Analysis Wizard | Analysis  Analysis
- A ] Wizard Wizard

PLEAPED- O-+- O
SimulationXpresklodule

Note - Alternatively, it can be accessed Vi@ols > Xpress
Products SimulationXpress

Co-funded by :.0.:\0.
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FEA analysis usirfgimulationXpress

Steps in Performing an Analysis

* o

%0 Step 2- Define Fixtures (Motion Constraints)

* g x

T In theFixturesstep of the wizard, clichdd Fixture

T Select the face(s) of the part considered fixed (|mmob|Ie)

Co-funded by
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Fixture

v X .

» @ cheie (Default<<Default..

| ISR Miodel [ 30 Views [ Motion Stu

‘pj SOLIDWORKS‘ File Edit View Inset Tools Window Help ;f | - 8- @8 - iyt Q-] 2 - o O X
Features | Sketch [ Evaluate | DimXpert | SOLIDWORKS Add-Ins | SOLIDWORKS MBD | Analysis Preparatio \ O <« SOLIDWORKS X
PEEI RS- ©- 2=F =

1 Fixtures
2 Loads

Apply fixtures to keep the part from
moving when loads are applied.

Warning: Faces wit hf uresaretreatedas

pe rfedly - d Th realistic
|ty ofthe it

Fea mpl

Fixed vs. Attached Pans

Note: More flexible fixture types are
available in SOLIDWORKS Simulation
Professional.

S |
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FEA analysis usirfgimulationXpress

Steps in Performing an Analysis

%0 Step 3t Define External Loads

T Based on the type of loads acting on the part,

choose:
E1l Add a Force
El Add a Pressure

T Select the regions where the load applies and set
its magnitude and direction.

Note - Default load direction isormal to the surface

T For forces: us&elected Directiorito modify the force direction.

T For pressure: us&seReference Geometryo define the direction

relative to planes

:***** Co-funded by
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__________ ixtures
Force @ | 2 Loads
v X . | 3 Materia
| 3| | 5 pesuie
Type | i H Results
oo 2 To simulate the loading on your part, you
@ Face<1> : apply forces, pre: h.Examples
| Warning: These to be
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* | EJ Addaforce |
O N e N aaa———
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Add a p
B s < T 00 00 .
N C— T
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zoL.« STy
48 e
: = >
WIIRIR]  Model [ 3D Views | Motion Study 1_| ¥ Si i Study [ -~
of\o
.2 NextGEng
o\lo



FEA analysis usirfgimulationXpress

Steps in Performing an Analysis 2 aonmiil v e e o | B B D O B RO S
QIS JCIB- RNEBeD- B-IRDAISKY-U-F

%0 Step 4t Assign Material to the Part STEIRTeTe Hamas © -9

€D e [Dwtaut«Copy of «Dafdts Dug *
v [ veeory

|
| Mot

T UseChooseMaterial option to assignthe material | e S

v [0 sovowoms vstwien

v [i3) sen Metecar pesganen N

F= 1523 Cormvan Shuet thaet 0% ::-::I-:::t.::wm-uumx W it tr LSy TN Matene ) No‘:l:::::::m| ~

= N
to the analyzedpart = St s o s SR
£ Oroone Matwnsl |

S A0 1000 Deet, nat andied dae -l ”
F= A5 1015 S, Cokg Dnpwen 5580

I The user can choose from already existing n > ey

FZ AU Ueet, Cold Reded
!/ Dk m many plethcr) rogure Yhe une of

materialsfrom the library or createa customone Sl _ A = .

FZ M4 Mamiens Weel Shent 51 /
5 A0 121 Aewaind Samine e (5 —~ %

VS A T Aneenes Rawoeis e
T A 0000 Deet, emined o B0
FS A0 4100 Ve, seemanied o 4300
£ w430 D, s

T A 040 Ren cermanoes

F= At Vyme 150 smeinrs ot
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FEA analysis usirfgimulationXpress

Steps in Performing an Analysis

%0 Step 5t Configure and Run the Simulation

f UseChange Setting® adjust the mesh (finite
element grid).
T a finer mesh increases accuracy but also
increases computation time.
f ClickRun Simulatiorto start the analysis

T SolidWorks creates nodes on surfaces and

within the volume using tetrahedral elements

:***** Co-funded by
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sert Tools Window Help o | D - @ - ﬁ - % M

‘[;SSOUDWORKS| File Edit View In:

'® @) - oo .JSearchCommumrny- ?2 - _ 0O %

AL PCEF WEISP-B-JRDIB@NT-U-[T

Features | Sketch | Evaluste | DimXpert | SOLIDWORKS Add-Ins | SOLIDWORKS MBD | Analysis Preparation |

SE[BIS]®] >
7

(% cheie (Default<Copy of <Default>_Disg

Mesh

Mesh Parameters

A 2.22804122mm =
[T RN NN EENNR R

JA. 0.11140206mm

llII-I-I-I.I.I.I.I.I.I..I-I-I-I-I-I-I-I-I-I-I.llllvll

PELPES ©-v-SR-0-

«  SOLIDWORKS Si

0D -3 x

1 Fixtures
2 Loads
3 Material
4 Run

J 5 Results
@ @i

Optimize

Your model is ready to solve!

You can solve with the default settings or
adjust them to better suit your needs.

——————— — — — o]

————— ——— — — — ]

| Mation Study 1 | ¥ SimulationXpress Study |

[RIRIEE]_ Model | 30 Views
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FEA analysis usirfgimulationXpress

Steps in Performing an Analysis

von Mises [N/m#2)

%0 Step 61t View Results ff{i l 2363e+007
Ed Show von Mises Stress | ¥ i | e

T Displays equivalent von Mises stress due to applied loads s

_ 1.576e+007

_ 1.379e+007

1.182e+007
| L 9.843e+006

. 7.87%+006

T Stress is visualized using@or scalg(blue = low, red =
high).

~ 5.910e+0Q06

f Von Mises stresss a scalar measure derived from the stress tensor, used to compare . o 3.8412.+005
a threedimensional stress state to an equivalent uniaxial stress, in order to predict 1,9726+006
material yielding 281364003

1

— Yield strength: 6.204e+008
oy \/§ (01 — 02)* + (02 — 03)* + (03 — 01)?]

Note - Deformations are exaggerated in display for visibility (amplification factor shown on screen).
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FEA analysis usirfgimulationXpress

Steps in Performing an Analysis

%0 Step 6t View Results

2,605e-002

4 Show Displacement ! | R

éfl ﬂ URES (mm)

T Alep o]l « §Z % ES[* ]*%0 u V3 W e

1.302e-002

T uses aolor gradient(blue = minimal, red = maximal

displacement) - ssizea

4.342e-003

2171e-003

1.000e-030

Note - Deformations are exaggerated in display for visibility
(amplification factor shown on screen).
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FEA analysis usirfgimulationXpress

Steps in Performing an Analysis

%0 Step 61t View Results
Ed Show where factor of safety (FOS) is below

T Highlights areas where the FOS is below a-user
defined threshold

T Blue = safe zone, Red = risk zone (FOS below limit).
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FEA analysis usirfgimulationXpress

%oExample

f Task: Determine the displacement and the safety factor of a chair frame for a given imposed weight.

Input data:
- Load ‘A person weighing22 Kg
- Material : steel alloy
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FEA analysis usirfgimulationXpress
%oExample o %f@f— e i

} % |y ‘ 2 )
f Development of the chair frame L”‘ L t : g
¥ Create &8D sketchthat define - @Lj* |
the shape of the chair frame (1) e l o
+ Create across sectiorof the T et PR e mw ? S EE
pipe that forms the frame (2) E : ‘““ —
T UseSweepcommand to create ‘ | £ | -
the frame (3) o ﬂ +
o . J
T Create the transverse bar that ;ﬁ\w X
supports the seat of the chair (4) __ 7 I

”** the European Union
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FEA analysis usirfgimulationXpress

%OEXampIe g‘.?jSSOLlDWUHKS_ o G Oa G o Wi B e e ae s. ®swac Q- ? - - @O X
o,
s St >
f Deflnlng the fIXtureS Famm«.| Sketch | Evaluate | Dimpest | SOLIDWORKS Adel-ins sounwoﬂmman|Ana;s:spreparation | Flow Simulation |57 = . B SOLIDWORKS Si =
C PERKIEE-§-®- - =
. . ﬁ EI w * %s:auni [ng:u t<iDe'f;;Jl... y E y N E 1 Fixtures
t ClickAdd a fixture L e LT
e | Z __';'_:-!','_r
1 Select all the surfaces that e
Examphe -~ E m:;l:mlheﬂlthartlmmmmingMen
are in contact with the a B ot s i s g ety
of the fixture. Examples:
ground s ] .
tandard (Fixed Geometry) ”~
: © |1 BT Semlason e
Face<ds
T Click theOkbutton . PR
.\'\ ks 8ack k2l Star Gver
[ Fixed G;E;Tletr‘,-‘.
f.jm @ } !';
Madel - 30 Viears Motion Study 1 | ¥4 SimulationXpress Study ‘L: ’
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FEA analysis usirfgimulationXpress

%oExample

f Defining the forces that act on the chair

* o

* g x

t ClickAdd a force
T AddForce 1(20% of the person weight)
T Select the front horizontal bar
T Introduce a force value of 245 N
T ClickSelect directionoption and
chooseTop Plane
T ClickOkbutton

Co-funded by
the European Union

2 <
| | DS SOLIDWORKS

File Edit View Insent

Tools Window Help »

Curvature An

Dra MAnaDyis
yzes draft angles of fac

'\'nldplc rectio

Festures | Sketch | Evaluate = DimXpert ‘ SOLIDWORKS Add-Ins | SOLIDWORKS MBD | Analysis Preparation ‘ Flow Simuiswwn |1y

Documen

es based

= OE— PEQRIEH-T-9 =- %
G B r@ e ) a
: Scaun? (Default< <Defaults_Displ... 1 Fixtures 4
Force @ @ History @ 2 Loads
v X - &) sensors D - pnEaal
! |EE) Annotations .
Type | 55 Material <not specified> @ | oo
|\ Front Plane =]
Force ~ \v\‘ﬁm To simulate the loading on your part, you apply
@ Facecis 2 B2y | forces, pressures, or both Example:
N RightPlane ]
L, Ongin /| Warning: These loads are assumed to be uniform and
| constant, it goss s masez
f Swveep?
ﬁ] Boss-Extrudel a Add aforce
O Normal ﬁ Cut-Extrudel ¢ Jil =
@' Selected direction \ Add a pressure
(@) Per item -
- il ¢ -
Total - l Lﬂ Back H Start Over
)
B s v it
Force S
[2¢s v|N
41 Reverse direction
v
% \
IA"‘ % v
o F
L7\ - - o
[ w
W Model | 30 Views | Motion Study | | ¥ SimulationXpress Study [
Analyzes draft angles of faces based on a mold pull direction Distance: 127.39mm  dX: Omm dY: -127.39mm dZ: Dmm Editing Part \9

(\;-’ NextGEng




FEA analysis usirfgimulationXpress

View Insert Tools Window Help g ¥ x 'Q'

2
!pS SOLIDWORKS | file Edit

%oExample | ;

Curvature

f D eflnln g th e fo rC eS th at aCt On th e Chalr m’[’m’]‘mwc DimXpert SOLIDWORKSAdd-Ins}:‘ ?EéﬁOR“t? [ ;n‘aty;:l.ep:ﬂi(.m | nows.mull;iofh - =
& E M v @) Scaun3 (Dehi:;<:[;ef;«;., g v 5 71 Fixtures q}
T ClickAdd a force T By B |2 oo v
= 4 E.;]Annotahons }E : ;
. Lot 3,3 Matenal <not specifi... O -
T AddForce 280% of the person weight) | Moo et | .
‘ |N Top Plane % ;lo simulate the badwn your part, you apply
Face<1> T,\ Right Plane W] || forces, pressures, or . Exsmples
|3

Warning: These loads are assumed to be uniform and
constant. What does this meen?

L. Origin

®
I Select the front horizontal bar I s Fomed
= » @] Boss-Extrudel

Onormal B Elj.' Cut-Extrudel
(®) Selected direction

T Introduce a force value of 980 N o B

(@) Per item

E Add a force

E Add & pressure

b} Edit an existing force or pressure

E Next

Total

T ClickSelect directionoption and = .

E s v

selectTop Plane e —

Reverse direction

¥ ClickOkbutton i \
7 e

IRl Model | 30 Views | Motion Study T | 3¢ SimulationXpress Study |
Scaun3

£ Back 5] start Over

Distance: 278.64dmm dX: Omm dV¥: -278.64mm dZ: Omm Editing Part
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FEA analysis usirfgimulationXpress

%oExample

_J‘%SDU'DWORKS| File Edit View Inset Tools Window Help o | D - @ - a - g - - {5:} - S.. % Search CwQ- ?2 - O X

metry Check
Material * '
= - - kness Analysis CSSEE:‘:,I‘\;E SimulationXpress »
= A Properties - Analysis Wizard
f Defining the frame material - s e I
= ~ [iE) steel Material properties DWORKS =
i = 1023 Carbon Steel Sheet (S5} Matsr\alspm tphE default library can not be edited. You must first copy the material € =i x|
:: to a custom library to edit it. 5% |
. . = 5= 201 Annealed Stainless Steel (5]
T ClickChoose material S ot e REHERRIEIORGRE N |
p— . mar | 1 Fictures 7
9 AISI 1070 Steel, hot rolled bar Units: SI - N/m*2 (Pa) - ﬁ e !
° | oads |
= AISI 1015 Steel, Cold Drawn (S5 Categany: Steel = 3 Material |
- H M » — Alsl 1020 . E-| |4 Run
- Mame: Alloy Steel Ef
y - — AISI 1020 Steel, Cold Rolled
= AISI 1035 Steel (55)
g = AISI 1045 Steel, cold drawn Deseription: There is no material assigned to this part.
Alloy Steel =
Oy S = 55 5 e S S : SimulationKpress requires the part's material to
:i - Sustainabili | Defined 1| predict how it will respond to loads.
— AISI 316 Stainless Steel Sheet (S5) |
. = AISI 321 Annealed Stainless Steel (S T T T - E Errreal e
:t < :I IC kA I b u tto n 1 = AISI 347 Annealed Stainless Steel [S! Elastic Modulus 21e=011 |N/m*2
: AISI 4130 Steel, annealed at 865C Poisson’'s Ratio 0.28 N/A Warning: SimulationXpress assumes that the material
- = AlS| 4130 Steel, normalized at 870C Shear Modulus 7.9e<010 |N/m~2 deforms in a linear fashion with increasing load.
_— = Nonlinear materials (such as many plastics) require
— AISI 4340 Steel, annealed e iy [0 Enes the use of Simulation Premium.
= AlS| 4340 Steel, normalized Vel S R U s |
— Ci st h fire
= Als| Type 316L stainless steel R S L0
S o T TS ‘field Strength 620422000 (M/m*~2 E
e A2 Tool Steel
- i Thermal Expansion Coefficient | 1.3e-005 | /K Eact SERETD
Alloy Steel Thermal Conductivity 50 W/meK) v
Alloy Steel (SS)
v
z feTEE s et 5 Close Save Config... Help
¥
z‘l‘K
WM Model | 3D Views | Motion Study 1 | % SimulationXpress Study |

SOLIDWORKS Premium 2016 x64 Edition Distance: 278.64mm  dX: Omm dY: -278.64mm dZ: Omm Editing Part
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FEA analysis usirfgimulationXpress

%oExample
f Simulation results

t Displacemenfmax):
T 47.4 [mm]

T Factorof safety
T 1.627

Co-funded by
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177SSOUDWORKS‘ File Edit View Insert Tools Window Help » | D - @ 4 E 4 g & ' a {é} 4 Seaun3 * ®; Search Community Forum Q - ? L o 4
g,? ‘1“ @ @ @? Q} Check & Deviation Analysis Q Draft Analysis m} Symmetry Check @: f} @
[;Ejlgn Measure Mass Section  Sensor @ Geometry Analysis Zebra Stripes @ Undercut Analysis $ Thickness Analysis cg:it;::ﬂe SimulationXpress FloXpress DFMXpress by
v Properties Properties Performance Analysis Wizard ~ Analysis Analysis
- Evaluation Curvature @ Parting Line Analysis l—@ Compare Documents - Wizard Wizard
Featuras| Sketch ‘ Evaluate| D\mXpart| SOLIDWORKSAdd—Ins| SOLIDWORKS MBD | Analysis Preparation ‘ Flow Simulation | A = A SOLIDWORKS SimulationXpress x
o hodel name:scaun B L2 E-E - . > >
— Study name:SimulationXpress Stuﬁ’y[—D‘éfaultfr Ej A \D t] ’? % & I;l m
@J E -$- e > Plot type: Static displacement Displacement A |
? Deformation scale: 134645 % 1 Fixtures |
2 Loads ¥4
@j Scaun3 (Default<<Default>_Display Sta E 3 Material I
' History LIRES [mm) i i
Sensors 6 5 '?E“_ms_ 4
& Optimize
4 Annctations v il = r
< >
= 4.351e+001 E Results
< : | 3955es001 [
— 3 50e001 E E Show von Mises stress
q\ SimulationXpress Study (-Default-)
@ScaunE(-Alloy Steel-) = SEREER E Show displacement
& E}l Fixtures | 2.76%+001
Qf Fixed-4 2,373e+001 E Show where factor of safety (FOS)
ol is below: 1
& L& External Loads : 1.978e+001
i Force-T (:Per item: -245 N:)
- 1.562e+001 Based on the specified parameters, the lowest factor
i R E JAETe 001 of safety(FOS) found in your design is 1.6279
< E Results P
g Stress (-vonMises-) T.917e+000 Use these controls to view the animation.
it
Displacement (-Res disp-) 3,955+ 000
& . . Play animation
G Deformation (-Displacement-) 1,000e-030
%_ﬂ Factor of Safety (-Max von Mises ! E oy L
E Done viewing results
Back E Start Over
v
IAK
*lsemetric
[WATFH] Model [ 3D Views [ Motion Study T | % SimulationXpress Study |
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Part dimensional optimization using FEA

f Optimization criteria:
ivon Mises stresses
idisplacements

Isafety factor

f From the SimulationXpressAnalysis Wizard
dialogwindow, selectthe option "Would you
like to optimize your model?"

Co-funded by
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‘P’SSOLIDWGRKS‘ File Edit View Inset Tools Window Help | - - 8- - - 83 - c.. ® search Communiyt Q-] ? - _ O X
Features | Sketch | Evaluate | DimXpert | SOLIDWORKS Add-Ins | SOLIDWORKS MBD | Analysis Preparation | © 7 _ = - | ¥SOLIDWORKS SimulationXp..
o # JrE—
S - =
>
7 1 Fixtures |
2 Loads v
(@ cheie (Default<<Default> Display State ~ D Dptert WV
+ [ History wl
[&) sensors
» [ Annotations

Material <not specified>
W Front Plane
W Top Plane
W Right Plane
1, origin
» @) Boss-Extrudel
[ Fillet1
» Cut-Extrude]
Bl Planet

b @] Boss-Extrude? v
< >

First, select a dimension that will
be used as the variable in the
optimization design study.

The optimization design study will
vary this dimension within a range
that you specify in the next step.
The simulation will be recalculated
at each dimension value. The
dimension value that yields the
model with the lowest mass while
respecting the constraints is the

Variable View ‘

=l Variables

Fun [ optimization

optimal value. I

=

El Constraints

‘qurm Safety

|s greater than

| Click here to add Constraints

= Goals
‘Ma&s |u|mmze |
<
WA Model [ 30 Views | Motion Study 1 | ¥ Study | Br

cheie

B Parameters x
Name Category ‘ Value ‘ Units | Comment Linked |
D d Model Dimensian j‘s ‘mm ﬂ| | * |
References
Model Dimesion: D1@Boss-Extrudel @cheie.Part Select the model dimension that you

Cancel

would like to link to this parameter,

Apply Help
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Part dimensional optimization using FEA

Steps in Performing the dimensional optimization

‘17DSSOLIDWORKS‘ uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu * | - - = - - 83 - c.. ® search Communiyt Q-] ? - _ O X

Features | Sketch | Evaluate | DimXpert | SOLIDWORKS Add-Ins | SOLIDWORKS MBD | Analysis Preparation
L ly: P (2] [=2]

%0 Step 1t Selection of the parameter for optimization : PPEVEH © 2 000

7

(@ cheie (Default<<Default> Display State ~

> History
[&) sensors

T ClickVariables section in Variable view area

=
855 Material <not specified>
W Front Plane

W Top Plane

T In the Parametersdialog window select a dimension ;i

» @) Boss-Extrudel

[ Fillet1

from the graphics area (part dimensions) or from theﬁggj@?gjjj;
- I— Variable Vie
FeatureManagedesign tree :
I ;traints
I Fact
1| ..
|
|
c:g;][;]m“ Model | 3D Views | iylutmn Study 1 [ ¥ Study | Tir Desic o D1@Boss-Bxtrude] @eheie Part
I |
Note -The selected dimension will be varied during the optimization :_ = !

process to meet the chosen goal and constraints
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Part dimensional optimization using FEA

Steps in Performing the dimensional optimization

%0 Step 2t Define the constraint to be evaluated

T From theDesignXpresstudy dialog window, in the Constraints
option, select the constraint for which the optimization will be
performed:

T Factor of Safety
+ Max Displacement

+ Max Stress

Note - For theFactor of Safetyption, the minimum accepted value must be entered.
Note - In the case of thdax Displacemenbr Max Stresoptions, the maximum accepted value must be entered.
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Part dimensional optimization using FEA

Steps in Performing the dimensional optimization

%0 Step 3t Run the optimization

T After configuring the optimization parameters, to run the
optimization process, select the option from temulationXpress
Analysis Wizard window:

4  Run the optimization
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Part dimensional optimization using FEA

Steps in Performing the dimensional optimization
%0 Step 4t Evaluate the results

T In the Results Viewab, the initial values and the values obtained after
optimization are displayed in tabular form.

| ‘ufariable‘ufiew| Results View

Initial Optimal
D1BossExtrudet (0.00277133)|5mm 2.77133mm
Factor of Safety 32817032 |20.298346
Mass 0.0850677 kg [0.0460483 kg
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Part dimensional optimization using FEA

%0 Example

Tasks:

f Determine the reaction force in the kinematic
joint A and the driving torque required for a l

e

complete operating cycle.

f Determine the deformation and the safety factor

I
FmeET=k

for the driving kinematic element (1) (based on
the reaction force at pair A).
f Optimize the thickness of the kinematic element

1 so that the minimum safety factor is higher

than 2
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Part dimensional optimization using FEA

%0 Example

T Create a new animation using the
Motion Analysistool

T Insert aRotary motorin joint O
that has a rotational velocity of
10 rpm and rotates clockwise

T Apply aForcethat acts on the
kinematic element 5 with a

magnitude of 100 N
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