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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 

 

 



C5 �t Computer Aided Design
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M1 - Simulation of mechanical assemblies
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Simulation of mechanical assemblies
Kinematic simulation of robotic systems

Dynamic simulations



Simulation of mechanical assemblies

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

1) Create animations of assemblies defined in SolidWorks 

2) Create simulations of assemblies defined in SolidWorks 

3) Measure the kinematic and dynamic parameters of links during simulations



Content

�ƒ Introduction

�ƒ Animations in SolidWorks 

�ƒ Simulations in SolidWorks

�ƒ Results display and analysis 



Introduction



Introduction

The Role of Simulation in Mechatronic Design

�‡ Simulation of mechanical assemblies is essential in mechatronic design, where mechanical, electrical, and control 
systems must operate in synergy.

�‡ Benefits:

�‡ Validate designs early, reducing the risk of errors before physical prototyping

�‡ Optimize performance, motion paths, and energy efficiency

�‡ Reduce development costs by identifying design flaws early in the process

�‡ Accelerate time-to-market by enabling faster design iterations

�‡ Improve sustainability by analyzing friction, material use, and energy consumption



Introduction

Types of animations/simulations in SolidWorks

�‡ Kinematic

�‡ Dynamic

�‡ Free motion



Introduction

Types of animations/simulations in SolidWorks

�‡ Kinematic

�‡ Dynamic

�‡ Free motion



Introduction

Types of animations/simulations in SolidWorks

�‡ Kinematic

�‡ Dynamic

�‡ Free motion



Introduction

What can be animated?

- Componente - �W�Œ�}�‰�Œ�]���š�	�œ�] - Viewpoint



Introduction

Motion Manager

�‡ It is an interface (integrated into SolidWorks) 
that facilitates the creation of animations 
and/or motion analyses for assemblies 
created in SolidWorks.

�‡ Types of analysis:

�‡ Animations

�‡ Basic Motions

�‡ Motion Analysis M
ot

io
n 

M
an

ag
er



Introduction
Motion Manager

�‡ Animation �t allows the creation of simple animations using interpolation to define the point-to-point movement of 
assembly components.

�‡ Basic Motion �t allows the approximation of the effects of motors, springs, contacts, and gravity on assemblies using 
physics-based simulations.

�‡ Takes component mass into account when generating motion

�‡ Fast computation

�‡ Motion Analysis �t enables accurate simulations and analysis of an 
���•�•���u���o�Ç�[�• motion by incorporating the effects of Motion Study 
elements (including forces, springs, dampers, and friction).

�‡ Types of analyses: time-based/event-based



Introduction

Designing of eco-friendly and sustainable systems

�‡  Energy Efficiency in Mechanical Design

�‡ Simulation of energy consumption and losses in mechanical systems

�‡ Optimizing mechanical movements to reduce unnecessary energy waste

�‡ Using Motion Analysis to evaluate friction, damping, and efficiency

�‡ Environmental Impact of Motion and Kinematics

�‡ Evaluating how different motion strategies affect energy consumption

�‡ Reducing unnecessary accelerations/decelerations in automated systems

�‡ Applying kinematic simulations to optimize robotic or automated processes for sustainability



Animations in SolidWorks 



Animations

What is an animation?

�ƒ Animations 

�‡ allows the creation of simple animations using interpolation to define the point-to-point movement of 
assembly components.

�‡   Allows the creation of animations where motion is imposed through motors/mates.

�ƒ When is animation used?

�‡ Creating simple animations that define the movement of assembly components through points.

�‡ Animation is used when physical phenomena such as mass, friction, torque, contact, and gravity are not 
required.



Animations

How SolidWorks calculate the animations?

�‡ At time zero �t an image is captured

�‡ Advance the actuating elements by one frame

�‡ Reconstruction

�‡ Constraint (mates) solving

�‡ In-context feature solving

�‡  Capturing another frame

�‡ Repeat



Animations

�‡ X �t Available Function
�‡ L �t Limit Functionality

Animation �t Motion Drivers

Source: Dassault Systemes

[1] [2] [3]



Animations

�ƒ Positioning the Timebar

�ƒ Positioning components

�ƒ Positioning the viewpoint

�ƒ Adjusting Properties

�ƒ Recording Keypoint (automatic or manual)

�ƒ Repeat

Basic Workflow

Autokey On

Autokey Off

�‡ Automatically positions key points at the current time bar position
�‡ 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

�‡ Key points must be set manually

�‰Keypoint Animations



Animations

Component 
actuation

Viewpoint
position

Properties

�‡ Hide

�‡ Component Display

           Wireframe

             Hidden Lines Visible

            Hidden Lines Removed

           Shaded With Edges

             Shaded 

�‡ Appearance

�‡ color

�‡ transparency

�‡  Components position.

�‡ Actuation using motors.

�‡ Mates actuation

Distance or Angle 

�‡ Viewpoint orientation 

andselection of camera views

�‡ Properties: Light & Camera

�‰Keypoint Animations



Animations

- Change component position

- Change Viewpoint orientation

- Change the component properties

Press - Animation

�‰Case study I 



Animations
Animation types:

�‡ Rotate model

�‡ Explode

�‡ Collapse

Import motion -  after calculating motion 
using either Basic Motion or Motion 
Analysis, you can import the calculated 
motion results into an animation



Animations
Rotate model:

1. ClickAnimation Wizard

2. In theSelect an Animation Typedialog box:

�‡ Select Rotate model.

�‡ SelectDelete all existing paths if you want to remove any 

existing animation sequences

�‡ ClickNext

3. In the Select an Axis of Rotation dialog box

�‡ Select X-axis, Y-axis, or Z-axis for Select the axis of rotation

�‡ Type a value for the Number of rotations

�‡ Select Clockwise or Counterclockwise

�‡ Click Next

4. In the Animation Control Options dialog box

�‡ Type a value for the Duration (seconds) of the animation

�‡ Type a value for the Start Time (seconds) of the motion

�‡ ClickFinish



Animations
Explode/Collapse:

1. ClickAnimation Wizard

2. In theSelect an Animation Typedialog box:

�‡ SelectExplode or Collapse

�‡ SelectDelete all existing paths if you want 

to remove any existing animation 

sequences

�‡ ClickNext

3. In theAnimation Control Optionsdialog box

�‡ Type theDuration (seconds) of the 

animation in seconds

�‡ Type a value for theStart Time (seconds) of 

the motion

�‡ ClickFinish



Animations

Gripper - Animation

- Rotate model

- Explode

- Collapse

�‰Case study II 



Animations
MOTIONDRIVERS- MATES

�‡ Mates that produce movement in animation

�‡ Distance Mate

�‡ Angle Mate

�‡ Path Mate

�‡ Driving Mates

�‡ Standard Mates (���µ�����Æ�����‰�œ�]���������o�}�Œ���‰�Œ���Ì���v�š���š�����u���]���•�µ�•)

�‡ Mechanical Mates

Note�tGlobal Mates vs. Local



Animations
�‡ Distance Mate

�‡ Values range from 0 to 100,000,000

�‡ Replace global mates with local mates 

dedicated to the animation

�‡ Angle Mate

�‡ Values range from 0 to 360 [°].

�‡ Path Mate
�‡Free
�‡Distance
�‡Percent



Animations
�‡ DistanceMate

�‰ Define themate 

�‰ Change the mate parameter to produce the animation



Animations
�‡ Distance Mate

�‰ Define the mate  

�‰ Change the mate parameter to produce the animation



Animations
�‡ AngleMate

�‰ Defnie themate 

�‰ Change the mate parameter to produce the animation



Animations
�‡ Angle Mate

�‰ Define the mate  

�‰ Change the mate parameter to produce the animation



Animations
MOTIONDRIVERS- MOTORS

�‡ Type of motors

�‡ Rotation

�‡ Linear

�‡ Type of motor movements 

�‡ On/Off

�‡ Constant Speed

�‡ Distance

�‡ Interpolated/data point

�‡ Segment

�‡ Expression

�‡ Oscillating

�‡ Servo Motor



Simulations in SolidWorks



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 .

�‡ 3 D 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



Basic Motion

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

2. Select tools in the MotionManager toolbar to include simulation elements. 

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

3. ClickCalculate (MotionManager toolbar) to calculate the simulation.

4. ClickPlay from Start (MotionManager toolbar) to play the simulation from the 

start.

Basic Workflow



Basic Motion

�‡ X �t Available Function
�‡ L �t Limit Functionality

Source: Dassault Systemes

Basic Motion �t Motion Drivers



Basic Motion
�‡ Gravity is a simulation element that moves 

components around an assembly by inserting a 
simulated gravitational force

Gravity Parameters

�‡ Direction Reference Set aDirection Reference for gravity. 

�‡ a face to orient gravity parallel to the normal

�‡ an edge to orient gravity parallel to the edge

�‡ X, Y, or Z to orient gravity in the chosen direction in the 

assembly reference frame

�‡ Numeric gravity value - Set theNumeric gravity value. Default 

is standard gravity



Basic Motion
BASIC MOTION - CONTACT

�‡ Helps to model component contact in a motion study when 
components collide, roll, or slide

�‡ can also use contact to constrain parts to touch 
throughout the motion analysis



Basic Motion

Contact - Animation

�‰Case study III



Basic Motion

Linear Spring - represents forces acting between two components over a 
distance and along a particular direction

Torsional Spring - represents torsional forces acting between two components

�‡ Calculates the spring forces based on the distance between the locations of the two 
components

�‡ Applies a force to the first part you select
�‡ Applies an equal and opposite force along the line of sight of the second part you select 

�‡ Calculates the spring moments, based on the angle between the two parts about the 
specified axis

�‡ Applies a moment about the specified axis to the first part you select
�‡ Applies an equal and opposite reaction moment to the second part you select

Note
�‡ Can be used in Basic Motion and Motion Analysis

BASIC MOTION - SPRING



Basic Motion
BASIC MOTION - SPRING
Spring Constant

�‡F=kxe

�‡Linear only in Basic Motion
�‡Powers of up to ± 4  in Motion Analysys
�‡Error in Basic Motion by one order of magnitude

Spring damping
�‡Global in Basic Motion
�‡Adjustable in Motion Analysis

Note

�‡ Can be used in Basic Motion and Motion Analysis

�‡ Display - you can view the display values only when the Spring PropertyManager is open, 

or when you calculate the study



Basic Motion
https://upload.wikimedia.org/wikipedia/ko/9/9f/Mass_spring.png

k=0.025 [N/mm]
l=200 [mm]



Motion Analysis

Motion Analysis �t allows 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).

�‡Types of analyses

�‡time-based

�‡event-based.



Motion Analysis
Motion Study Properties

�‡ Frames  per  second . Specifies  the  total  number  of  frames  that  are  

captured  when  multiplied  by  the  length  of  the  animation . This  value  does  

not  affect  the  playback  speed .

�‡ Animate  during  simulation  -  Clearing  this  option  speeds  up  the  

calculation  time  and  prevents  the  graphics  from  displaying  the  motion  

during  calculation  of  the  simulation .

�‡ 3 D 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 .



Motion Analysis
Motion Study Properties

�‡ Use  Precise  Contact . Calculates  contact  by  using  the  equations  that  

represent  the  solid  bodies . Clear  to  calculate  contact  approximately  using  the  

geometry  of  many -sided  polygons . When  you  select Use  Precise  Contact , 

the  computed  contact  is analytically  correct,  but  the  computation  can  take  

longer  than  an  approximate  solution .

�‡ Accuracy  -  Increases  the  calculation  time  when  higher  values  are  selected .

�‡ Cycle  setting . Specifies  the  cycle  rate  or  period . Cycle  settings  defines  the  

cycle  angle  used  in  custom  Motor  or  Force  profiles .



Motion Analysis
Force/Torque

Specifies the reference feature and direction for an action-
only force or torque. An action-only 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.



Results display and analysis 



Simulation results
MOTION ANALYSIS- PLOTS

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

�‡ Displacement, Velocity, and Acceleration Type Plots

�‡ Trace path

�‡ Center of mass position

�‡ Linear Displacement/Velocity/Acceleration

�‡ Angular Displacement/Velocity/Acceleration

�‡ Force and Torque Plots

�‡ Energy and Momentum Type Plots



Simulation results
MOTION ANALYSIS- PLOTS

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

�‡ Displacement, Velocity, and Acceleration Type Plots

�‡ Force and Torque Plots

�‡ Motor force/torque

�‡ Reaction force/momentum

�‡ Friction force/momentum

�‡ Contact force

�‡ Energy and Momentum Type Plots



Simulation results
MOTION ANALYSIS- PLOTS

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

�‡ Displacement, Velocity, and Acceleration Type Plots

�‡ Force and Torque Plots

�‡ Energy and Momentum Type Plots

�‡ Momentum of a Part - Translational/Angular

�‡ Kinetic Energy of a Part -  Translational/Angular

�‡ Change in Potential Energy of a Part 

�‡ Power Consumption of a Motor



Simulation results
MOTION ANALYSIS- PLOTS



Simulation results
MOTION ANALYSIS- PLOTS

�‡ Exporting data - Right-click in the graph and choose Export CSV. Save the file to a convenient location, 
and open it in Excel.  
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FEA analysis of mechanical parts 



FEA analysis of mechanical parts 
Upon completion of this module, the student will  be able to:

1) Create a finite element analysis (FEA) for a part in SolidWorks using SimulationXpress

2) Dimensional optimization of a part



Content

�ƒ Introduction

�ƒ FEA simulations in SolidWorks 

�ƒ Part dimensional optimization using FEA

�ƒ Summary, Discussions & Feedback 



Introduction



Introduction
What is a FEA simulation?

�ƒ Finite Element Analysis (FEA) is a computational technique used to obtain approximate solutions to complex 
engineering problems involving physical phenomena such as structural mechanics, heat transfer, fluid dynamics, 
and electromagnetism. 

[Source][Source] [Source]structural mechanics heat transfer fluid dynamics



Introduction
How FEA simulation works?

�ƒ Discretization: The geometry is divided into a mesh of elements.

�ƒ Element Equations: Each element is governed by simplified physical equations.

�ƒ Assembly: The system of equations is assembled into a global system.

�ƒ Boundary Conditions: Loads, supports, and constraints are applied.

�ƒ Solution: The system is solved to obtain unknowns like displacement, stress, or temperature.

�ƒ Postprocessing: Results are visualized as plots or animations for interpretation

MODEL
MATEMATIC

CAD Preprocesare FEA Solutie FEA Postprocesar FEA

Geometrie CAD
Model FEA

Rezultate FEA

Discretizare Metoda
 numerica

Tip 
analiza

Proprietati 
Material Incastrare

Incarcare



Introduction
Advantages of using FEA in the design process 

�ƒ Accurate prediction of performance and failure

�‡ FEA enables engineers to simulate how a mechanical component or assembly behaves under operational 

conditions (e.g., static loads, dynamic loads, vibrations, temperature variations)

�‡ It helps identify stress concentrations, critical failure points, and fatigue-prone areas before physical testing

�‡ Enables virtual validation of designs according to real-world standards (e.g., ISO)

�ƒ Reduces the need for physical prototypes

�ƒ Supports design optimization

�ƒ Saves time and cost during product development



Introduction
Advantages of using FEA in the design process 

�ƒ Accurate prediction of performance and failure

�ƒ Reduces the need for physical prototypes

�‡ Early design validation with FEA reduces the number of iterations in physical prototyping

�‡ Engineers can test multiple scenarios and what-if conditions virtually, which lowers costs and accelerates the 

R&D process

�‡ Minimizes material waste and production setup costs for prototype fabrication (eco-friendly)

�ƒ Supports design optimization

�ƒ Saves time and cost during product development



Introduction
Advantages of using FEA in the design process 

�ƒ Accurate prediction of performance and failure

�ƒ Reduces the need for physical prototypes

�ƒ Supports design optimization

�‡ FEA allows for parametric and topology optimization of components to maximize strength-to-weight ratios, 

improve stiffness, or minimize deformation

�‡ Support designing lighter, more efficient components�v crucial in sectors like automotive, aerospace, and 

robotics

�‡ Enables multi-physics optimization by considering thermal, structural, and fluid interactions together

�ƒ Saves time and cost during product development



Introduction
Advantages of using FEA in the design process 

�ƒ Accurate prediction of performance and failure

�ƒ Reduces the need for physical prototypes

�ƒ Supports design optimization

�ƒ Saves time and cost during product development

�‡ Integrating FEA into early design stages shortens the overall product development lifecycle

�‡ Detecting flaws early prevents costly redesigns later in manufacturing

�‡ Reduces dependence on trial-and-error engineering approaches and speeds up the time-to-market



Introduction
Designing of eco-friendly and sustainable systems

�ƒ  Reduced Material Waste

�‡ FEA allows precise stress and strain analysis, enabling material minimization 
without compromising safety

�‡ Supports lightweight design, especially in automotive and aerospace applications, 
reducing material usage and carbon footprint

�ƒ Improved Energy Efficiency

�‡ Enables optimization of thermal management and mechanical efficiency in 
components

�ƒ Supports Sustainable Innovation

�‡ Empowers engineers to experiment with eco-friendly materials and biomimetic 
designs in a low-risk digital environment



FEA simulations in SolidWorks 



FEA simulation 

Feature / Criteria SimulationXpress SolidWorks Simulation

Included in All SolidWorks versions (part-only analysis) Add-in module (Standard, Professional, Premium tiers)

Type of Analysis Linear static analysis on individual parts Linear, nonlinear, dynamic, thermal, frequency, fatigue, etc.

Assemblies Support Not supported Full support for assemblies

Material Models Basic (linear, isotropic materials only) Advanced (nonlinear, orthotropic, plasticity, etc.)

Loading Conditions Limited to simple forces and fixtures Full range: forces, torques, pressures, gravity, thermal loads

Meshing Options Automatic, basic mesh only Advanced mesh control (manual, curvature-based, refinement)

Contact Simulation Not available Supports bonded, no penetration, frictional contacts

Reporting and PostprocessingBasic result plot (stress, displacement) Full control: animations, stress plots, safety factor maps

SimulationXpress is a built-in tool available 
in all versions of SolidWorks, designed for 
quick and basic linear static analysis on 
individual parts.

SolidWorks Simulation is a comprehensive FEA 
suite that supports advanced analysis of both 
parts and assemblies. 



FEA analysis using SimulationXpress

�‰ Step 1 �t Accessing the SimulationXpress Module

SimulationXpress Module 

�‡ Open the part to be analyzed in SolidWorks.

�‡ Go to the Evaluate tab and select SimulationXpress 

Analysis Wizard.

Steps in Performing an Analysis

Note -  Alternatively, it can be accessed via Tools > Xpress 
Products > SimulationXpress



FEA analysis using SimulationXpress

�‰ Step 2 - Define Fixtures (Motion Constraints)

�‡ In the Fixtures step of the wizard, click Add Fixture.

�‡ Select the face(s) of the part considered fixed (immobile).

Steps in Performing an Analysis



FEA analysis using SimulationXpress

�‰ Step 3 �t Define External Loads

�‡ Based on the type of loads acting on the part, 
choose:

 Add a Force
 Add a Pressure

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

Steps in Performing an Analysis

Note -  Default load direction is normal to the surface.

�‡ For forces: use Selected Direction to modify the force direction.

�‡ For pressure: use Use Reference Geometry to define the direction 

relative to planes 



FEA analysis using SimulationXpress

�‰ Step 4 �t Assign Material to the Part

�‡ Use Choose Material option to assign the material 

to the analyzed part

�‡ The user can choose from already existing 

materials from the library or create a custom one

Steps in Performing an Analysis



FEA analysis using SimulationXpress

�‰ Step 5 �t Configure and Run the Simulation

�ƒ Use Change Settings to adjust the mesh (finite 

element grid).

�‡ a finer mesh increases accuracy but also 

increases computation time.

�ƒ Click Run Simulation to start the analysis

�‡ SolidWorks creates nodes on surfaces and 

within the volume using tetrahedral elements

Steps in Performing an Analysis



FEA analysis using SimulationXpress

�‰ Step 6 �t View Results

�‡ Displays equivalent von Mises stress due to applied loads.

�‡ Stress is visualized using a color scale (blue = low, red = 

high).

Steps in Performing an Analysis

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

Show von Mises Stress

�ƒ Von Mises stress is a scalar measure derived from the stress tensor, used to compare 
a three-dimensional stress state to an equivalent uniaxial stress, in order to predict 
material yielding



FEA analysis using SimulationXpress

�‰ Step 6 �t View Results

�‡ �À�]�•�µ���o�]�Ì���•���š�Z�����‰���Œ�š�[�•�����]�•�‰�o�������u���v�š�����µ�����š�}�����‰�‰�o�]������

�‡ uses a color gradient (blue = minimal, red = maximal 

displacement)

Steps in Performing an Analysis

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

Show Displacement

a)



FEA analysis using SimulationXpress

�‰ Step 6 �t View Results

�‡ Highlights areas where the FOS is below a user-

defined threshold.

�‡ Blue = safe zone, Red = risk zone (FOS below limit).

Steps in Performing an Analysis

Show where factor of safety (FOS) is below



FEA analysis using SimulationXpress
�‰Example

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

Input data:
- Load : A person weighing 122 Kg
- Material : steel alloy

F

F



FEA analysis using SimulationXpress

�ƒ Development of the chair frame 

�‡ Create a 3D sketch that define 

the shape of the chair frame (1)

�‡ Create a cross section of the 

pipe that forms the frame (2)

�‡ Use Sweepcommand to create 

the frame (3)

�‡ Create the transverse bar that 

supports the seat of the chair (4)

�‰Example 1 2
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FEA analysis using SimulationXpress

�ƒ Defining the fixtures

�‡ Click Add a fixture

�‡ Select all the surfaces that 

are in contact with the 

ground

�‡ Click the Ok button

�‰Example



FEA analysis using SimulationXpress
�‰Example

�ƒ Defining the forces that act on the chair

�‡ Click Add a force

�‡ Add Force 1 (20% of the person weight)

�‡ Select the front horizontal bar 

�‡ Introduce a force value of 245 N

�‡ Click Select direction option and 

choose Top Plane

�‡ Click Ok button



FEA analysis using SimulationXpress
�‰Example

�ƒ Defining the forces that act on the chair

�‡ Click Add a force

�‡ Add Force 2 (80% of the person weight)

�‡ Select the front horizontal bar 

�‡ Introduce a force value of 980 N

�‡ Click Select direction option and 

select Top Plane

�‡ Click Ok button



FEA analysis using SimulationXpress
�‰Example

�ƒ Defining the frame material

�‡ Click Choose material

�‡ From the list of predefine materials, select 

Alloy Steel

�‡ Click Apply button



FEA analysis using SimulationXpress
�‰Example

�ƒ Simulation results

�‡ Displacement(max):
�‡ 47.4 [mm]

�‡ Factor of safety
�‡ 1.627



Part dimensional optimization using FEA



Part dimensional optimization using FEA

�ƒ Optimization criteria:

�‡ von Mises stresses

�‡ displacements

�‡ safety factor

�ƒ From the SimulationXpress Analysis Wizard 
dialog window, select the option "Would you 
like to optimize your model?"



Part dimensional optimization using FEA
Steps in Performing the dimensional optimization

�‰ Step 1 �t Selection of the parameter for optimization

�‡ Click Variables  section in Variable view area

�‡ In the Parameters dialog window select a dimension 

from the graphics area (part dimensions) or from the 

FeatureManager design tree 

Note -The selected dimension will be varied during the optimization 

process to meet the chosen goal and constraints.



Part dimensional optimization using FEA
Steps in Performing the dimensional optimization

�‰ Step 2 �t Define the constraint to be evaluated

�‡ From the DesignXpress study dialog window, in the Constraints 

option, select the constraint for which the optimization will be 

performed: 

�‡ Factor of Safety

�‡ Max Displacement

�‡ Max Stress

Note - For the Factor of Safety option, the minimum accepted value must be entered.
Note - In the case of the Max Displacement or Max Stress options, the maximum accepted value must be entered.



Part dimensional optimization using FEA
Steps in Performing the dimensional optimization

�‰ Step 3 �t Run the optimization

�‡ After configuring the optimization parameters, to run the 
optimization process, select the option from the SimulationXpress 
Analysis Wizard window:

Run the optimization



Part dimensional optimization using FEA
Steps in Performing the dimensional optimization

�‰ Step 4 �t Evaluate the results

�‡ In the Results View tab, the initial values and the values obtained after 
optimization are displayed in tabular form.



Part dimensional optimization using FEA
�‰ Example
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Tasks:

�ƒ Determine the reaction force in the kinematic 

joint A and the driving torque required for a 

complete operating cycle.

�ƒ Determine the deformation and the safety factor 

for the driving kinematic element (1) (based on 

the reaction force at pair A).

�ƒ Optimize the thickness of the kinematic element 

1 so that the minimum safety factor is higher 

than 2



Part dimensional optimization using FEA
�‰ Example

�‡ Create a new animation using the 

Motion Analysis tool

�‡ Insert a Rotary motor in joint O 

that has a rotational velocity of 

10 rpm and rotates clockwise

�‡ Apply a Force that acts on the 

kinematic element 5 with a 

magnitude of 100 N


