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1. Abstract

This thesis explores the potential of Automation Studio as an educational tool for teaching
mechatronics engineering. Through the development and implementation of three practical
projects, this research demonstrates how Automation Studio can bridge the gap between
theory and practice, leading to a deeper understanding of engineering principles.

The projects aim to highlight both the current potential of the software in terms of design
and control of articulated mechanical systems controlled by fluid powered actuations, and
to maximize the potential of the union of the 3D manager and the mechanism manager for
the design and control of a mobile vertical platform (pantograph). Finally, the last aim is to
propose the use of the software for the demonstration of the operation of manipulators with
the calculation of the position of the arms, joints and end effector by writing the rotation
matrices according to the DH convention.

The projects focus on key areas such as the simulation of pneumatic systems, PLC
programming, and the movement of components in a 3D environment, all of which are
crucial aspects of mechatronics engineering. The first project introduces the Mechanism
Manager, a tool that allows students to simulate the kinematic and dynamic behavior of
mechanical systems. The second project focuses on the 3D modeling capabilities of
Automation Studio, guiding students through the process of importing 3D drawings,
assembling components, and simulating their movements in a virtual environment. The
third project explores the application of the Denavit-Hartenberg convention for robotic arm
kinematics, providing students with a practical understanding of coordinate frames,
transformations, and rotation matrices.

The proposed projects n.2 and n.3 are being analyzed by the company for possible
implementation as examples for their demonstration tutorials in training.

The use of Automation Studio in an educational setting offers several benefits. It allows
students to visualize and interact with complex systems in a safe and controlled
environment, which can be particularly helpful for understanding abstract concepts or those
that are difficult to demonstrate physically. Automation Studio also provides a platform for
students to develop and test their own designs, encouraging creativity and problem-solving
skills. Additionally, the software’s user-friendly interface and extensive libraries make it
accessible to students with varying levels of technical expertise.

While Automation Studio offers numerous benefits for educational purposes, there are also
some limitations to consider. The cost of the software may be prohibitive for some
institutions. Additionally, instructors need to be adequately trained in using the software,
which may require additional time and resources. Finally, the educational version of the
software has a limit of the maximum number of components that can be used, as it is
intended for simple projects.

Despite these limitations, the potential benefits of Automation Studio for enhancing the
learning experience in mechatronics engineering are significant. The integration of
Automation Studio into the mechatronics engineering curriculum can lead to a more
engaging and effective learning experience. Moreover, Automation Studio can facilitate
collaborative learning, as students can work together to design, simulate, and analyze
complex systems.



2. Introduction

Industrial automation is the foundation of modern industry, which is always developing
thanks to new technological innovations and the increasing complexity of industrial systems
that aim to improve efficiency, production, and accuracy in various production processes.
As a result, using advanced tools for designing, simulating, and controlling automatic
systems becomes essential, such as automation software. Among these, Automation Studio
from Famic Technologies meets these needs by offering powerful and versatile solutions
for this sector.

Despite its importance in the industrial sector, Automation Studio is very useful for helping
students to understand important engineering concepts. It provides a virtual simulation
environment that reflects the theoretical knowledge learned in class and makes studying
many engineering topics easier and more enjoyable, especially those that are difficult to
understand with traditional teaching methods.

In this context, the purpose of this thesis is to demonstrate the potential of Automation
Studio in education for teaching mechatronics engineering through the development and
implementation of 3 practical projects. The choice of this software as an educational tool is
due to its versatility and ability to simulate real-world scenarios, providing a practical
experience that can enrich the academic curriculum and better prepare students for the
challenges of the industrial world

In addition to improving the understanding of these theoretical concepts for better
preparation in the field of automation, a second goal is to teach students how to use this
powerful software, with the hope that, if they are interested, they can enter the competitive
job market. The evaluation of these tutorials and student feedback will be important for
improving and optimizing the teaching method used



3. Context and Background
3.1. The company: Famic technologies

Famic technologies is an international company providing softwares for automation.

It’s founded in 1986 and has 3 offices around the world: the headquarter is in Montreal,
Canada and other 2 offices are in Mannheim, Germany and Pune, India.

The team comes from different area of the world and it is specialized on different
technologies, all linked together to match the modern 4.0 industry needs: from the software
engineering (including database design, network support and real time system) to the
automation one (including pneumatic, hydraulic, electrical, robotic and SCADA system as
well as PLC programming, process simulation and HMI and so on...)

The products offered are:

e AutomationStudio Professional: which allows to create, analyze, troubleshoot and
validate multi-technology circuit

e AutomationStudio Educational: which is a restricted version of the PRO one and
allows to perform exactly the same things with a limited number of the same
componets which can be used on a project. So, it is useful for educational pourpose
to realize and simulate simpler circuit for automation.

e AutomationStudio Manifold: which is a powerful tool to create automatically a 3D
hydraulic manifold, starting from a 2D schematic, which significantly reduce the
time to model a 3D block, providing all the machining parameters and the technical
drawings.

e AndonStudio: which allows to create and simulate production processes and to
monitor the productivity in real time, optimizing all the operations in a chain line

In addition to softwares, the services offered are:
e Long relation with the clients (including contact, training, support and so on).
e A tecnical support portal full of training videos, demostration files, quick start
guides and lot of pre-made exercises useful to practise and to increase the software
knowledges easily
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Since 2008 Famic works with many manufacturers in order to provide online catalogues
with real components realized by these manufacturers, including all the specifications. This



avoids the user to lose time creating complex component from a simple scheme. Below a
list of manufacturers linked to Famic.
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3.2. Overview of AutomationStudio Software and Its Applications

Automation Studio™ is a unique design and simulation software covering all
project/machine technologies including fluid power, electrical, controls, HMI and
communications through the entire product lifecycle. It helps to easily combine these
various technologies to design, document and simulate complete systems and provides a
user-friendly platform with access to built-in component libraries to help accelerate the
design process. With integrated simulation capabilities, it makes it easy to quickly animate,
analyze and validate the systems’ performance.

All technologies can be linked together to create and simulate an entire machine, performing
what is named as Digital Twin.

AutomationStudio provides solutions for multiple topics and avoid using 1 software for
each topic. Below the list of the different technologies involved in the software

Hydraulic Fits Multiple Programs

Mechanical Hydraulic Manifold Block
Electrical Control

Pneumatic

Electrotechnical Component Sizing/Energy Consumption

Electrotechnical One-Line » Bill of Materials and Reports

&
o

Digital Electronics Catalogue Manager

Instrumentation &

Process Control Multi-User

Collaboration
Sharing

= Manufacturers’ Catalogues

Uopey

Robotics

PLC Ladder Logic
Allen Bradiey™, Siemens™, fEC 61131-3,
Mitsubishi, etc

7 S
Block Diagram-Math Sade. 0[’12“}%‘\ FMEA
Ystem pes\d

l

Ladder Logic/SFC/GRAFCET
Compilers Export to PLCs and XML format

Control Panels and 2D-3D HMI

Teachware

CAN bus OPC Client/Server APIs/Script Language

Sequential Function Chart (5FC)

Workflow
Structured Text GRAFCET

Aulomalion Studio PLC™




The most important benefints of the EDU license are:

For student: it is important to test the theory that they learn during lesson (they can
apply their knowledges in a virtual environment as said before)

For treachers: they can explane complicated topic using animations to better explain
the topics thanks dynamic elements, measuring tools, animated images, comments
or hyperlinks to external documents.

For School: AutomationStudio can reduce costs, as mentioned earlier. Many
professors in different topic can share the software licence to multiple pourpose, so
you can imagine the professor teaching hydraulic takes his lesson using the
hydraulic template of AS, then the professor for electrotechnic takes his lesson using
the electrotechnic template of AS and both use the same shared licence (which is
possible to use once by time).

Moreover, students may have an idea about the work environment, as the EDU version is
the same of the PRO one used to work for huge projects (with the only difference for the
limit on the number of components, which is infinite in the case of the PRO version).

Students Teachers School
o2 | N
@u - E
Validates theories studied in class 3 Facilitates demonstration of 5 Eliminates the need to purchase
systems’ interactions single technology software

lllustrates systems’ behaviour Enh hi di ing b
dynamically in full color AT e e i S ) $ Can be used in conjunction with

working on virtual systems other departments
Reinforces the understanding 5 Easily integrates into the course
of systems’ interactions content > Limits the purchase of expensive and
often inaccessible hardware
Allows to virtually test all types 2 Can be easily handled by both
of systems teachers and students 3 Trains students on a leading-edge
tool commonly used in the industry

It is also possible to use the Virtual Trainers available on the website for free. They are a
precompiled exercises which include components that students have to connect correctly to
make them working together with a specific logic.

Symbols lllustrated Components Virtual Trainers




In addition, it is possible to make a real Hardware in comunication with AS thanks to the
OPC comunication,
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3.3. Key Features

https://www.famictech.com/en/Products/Automation-Studio/Educational-
Edition/Features-Overview#*

The main features of the software can be summarized in the following list:

* Circuit Design: Allows for the design of electrical, hydraulic, and pneumatic circuits and
to simulate their behaviour in a virtual environment.

» Simulation: Allows to simulate the behaviour of a system in a virtual environment before
to implement it into a real environment, in a dynamic and visual way. In this way, it is
possible to predict issues before buying and installing real components.

* Programming and Control: Allows to program programmable logic controllers (PLC)
which govern the logic of the movements of all components thanks to Inputs (like sensor)
and Output (like coils).

« HMI interfaces: Allows to design the Human Man Interface (HMI) used from operators
to interact with the machines thanks to control panels.

* Documentation and Reporting: Allows to create technical documentation and reports
of the projects.

* 2D and 3D environments: Allows to create 2D and 3D animation linked with the circuit,
enhancing the schematic and making it more visual. The 3D editor allows to create or import
parts in STEP, STL and IGES format.

* Thousands of symbols at hand: Includes Comprehensive sets of libraries with ISO
components that can be used to teach a wide array of subjects related to hydraulics,
pneumatics, electrical and control technologies.

* Customizable Library: Allows to create personal libraries with required components
specific to an exercise or laboratory.

* Virtual system: Using the Electrical and PLC Libraries as well as the SFC module, the
user simply links sensors, switches, lights, conveyors, etc., to make the pre-made Virtual
System operating.

* Realistic Measuring Instruments: allows to use realistic measuring tools: multimeter,
oscilloscope, hydraulic tester, thermometer and manometer, can be used to reproduce real
life measuring experience.

+ Simulation Mode: Allows to simulate the system in different modes “Normal”, “Slow
Motion”, “Step by Step” and “Pause” allows users to control the simulation.




» Link between all Technologies: Allows to link all technologies together to create a
complete mechatronic system.

» Troubleshooting: Allows to create or activate pre-defined component failure to develop
troubleshooting skills. Failures can be activated by preset conditions or manually during
simulation, to observe the consequences on the system.

* Video Files of the projects: Allows to create video files of your projects that can be used
with other applications or record the entire application for training purpose.

* Cut and paste to other application: Allows to Cut and Paste directly into another
application with a great resolution and in colour to create assignments.

* Insert Pictures and Text on Schematics: Allows to Insert texts and images on the
schematics to create complete documented circuits.

* Connects to Real Devices: Allows to connect Automation Studio to an external
hardware, either using an I/O interface kit or an OPC Client Server.

» Components Configuration: Allows to change the property of all components in order
to visualize their effect during simulation, so to create and configure valves, cylinders,
motor, etc. to obtain a component graphically and technically compliant to real
performances.

+ BOM: Allows to create a customizable and dynamic Bill of Material that can be placed
directly on the schematic or exported to create a report.

* Variable Frequency Drives: Include motor soft starters and variable frequency drives.
VFDs are built according to manufacturers specifications such as Siemens, Allen Bradley,
WEG, etc.

 Fluid Power and Electrical Plotter: Allows to plot the simulated parameters which can
be exported to a text file for further analysis. It’s possible to drag and drop components
inside the plotter and to select the properties to be shown.

* IEC and NEMA Electrical Standards: Allows the possibilities to create circuits using
both American and European standards.

* Linked Videos, Hyperlinks, Files, etc.: Allows to document the components by adding
external links to videos, files, and others, to enhance understanding of these components or
systems.

* Link with Unity 3D: Allows projects to gain benefits from the power of the Unity 3D
engine and to see them evolving in their own environments with high level of realism. The
feature is ideal for adding a touch of realism to digital twins developed within Automation
Studio.

+ Interactive Lab Exercises: Includes interactive exercises for hydraulics, pneumatics and
electrical technologies. Each of them includes one schematic that is automatically simulated
and animated in order to graphically show the behaviour of the function represented.

* Automotive Library: Includes all components needed for automotive grouped into a
specific library, which includes the electrotechnical components, under the SAE standard.
* Sequence diagram: Allows to create operation sequences quickly without requiring the
use of a specific control language, or an electrical control circuit.

* Ladder Diagram LSIS: Allows the implementation of the new ladder diagram module
based on LSIS PLC specification.

* Compressible Fluids: Includes the simulation of new compressible fluids such as
nitrogen, hydrogen, helium, methane and propane.

 Embedded Views: Allows to fulfills the training and technical publication requirements.
It is used to add views from all different technologies into a single document. For example,
it is possible to embed into a single page, a partial view of a hydraulic circuit, a 3D view
and a partial view of a PLC, etc.




* Mechanical connection ports on electrotechnical components: FElectrotechnical
asynchronous machines, stepper motors, permanent magnet DC motors are equipped with
mechanical connection ports. Position and speed sensors, as well as shaft and mechanical
links, can be easily connected to machines facilitating the implementation of servo systems
and linking to other modules.

* Additional simulation paces: Allows simulation steps from (guardare) of up to 200ms
in order to enable lighter computing demands during simulation. This features is particularly
useful for large projects.

« BOM on _the document: Allows a complete redesign of the documents BOM (bill of
materials). The new version provides great flexibility of customization for the displayed
information and for the appearance. Additionally, you can now edit component properties
directly from the BOM.

* Electric machine: Include the Electrotechnical Module which is now equipped with a
new induction motor and a permanent magnet DC motor.

* Dynamic Measuring Tool: Include virtual measuring instruments which can be placed
directly on the components to measure a wide range of parameters that can be recorded and
viewed in the plotter.

» Print and Export: Allows to print to any size of paper or export the circuit in multiple
formats to share with other applications.

* Templates: Allows to select from predefined templates or create a new one with the
default information of the designer’s choice (like school, logo, BOM, etc.)

* Mechanism Manager: Allows to link mechanical bodies to Fluid Power actuators to
simulate and animate their effects, in a 2D environment.

* Manufacturers’ Catalogue: Allows to create and simulate schematics using real life
component behaviour from extensive manufacturers’ catalogue that includes PDF
specifications and test benches.

* Cut-Away Animation: Includes the animated component cross-section, illustrating the
internal functioning of components. The animations are synchronized with the circuit
simulation.

» Components Sizing: Includes calculation worksheet provided for hydraulics, pneumatics
which include calculation tool provided with applicable equations and parameter
definitions.

* Co-simulation by API: Allows to communicate via APIs with third-party simulation
software allowing users to create a model-in-the-loop (MIL) testing environment and
simulate Automation Studio projects with other complementary multi-physics simulation
software.

» Assembly and Group Editing Functions: Include editing function (add, delete and
move components, modify components properties...) can be used with an existing
Assembly or Group, without having to Ungroup or Disassemble its components.

3.4. Specific application

Automation Studio can be used in various fields, thanks to its versatility, such as:
o Industrial Sector
e Agriculture
e Construction

e Mining
e Oil and Gas
o Forestry

e Training Center

10



e Material Handling

e Aecrospace

e Production Machines

e Energy

e Marine Technology

e Packaging

e Component Manufacturers and System integrators
e Defense

e Training and education

e Prototyping and testing

Digital Twins and Machine Knowledge Management

ged Dynamic
ma“cnn Simulation

3.5. Advantages of Using Automation Studio

The use of Automation Studio offers several key benefits that enhance its value in various
applications. These advantages include:

e Effectiveness and Precision: The powerful simulation and design capabilities
enhance effectiveness and precision in creating and managing automated systems.

e Cost Reduction: Simulating systems before physical implementation reduces costs
associated with errors and hardware modifications,

e Advanced Training: By providing realistic simulation, the software improves the
quality of training and better prepares students for real-world challenges

11



4. Methodology

The methodology used in this thesis is based on the creation of three practical projects
developed with Automation Studio. These projects are paired with calculations, graphs,
diagrams, and theoretical concepts taken from textbooks and notes from mechatronics
engineering courses, to integrate theory with practice, providing students with interactive
tools that help them better understand engineering principles.

These projects mainly focus on key areas such as: simulation of pneumatic systems, PLC
programming, movement of components in a 3D environment that dynamically reflects the
actions imposed through a Human-Machine Interface (HMI), and basic robotics principles
like rotation matrices and the Denavit-Hartenberg convention. Each tutorial is designed to
tackle specific learning challenges, using Automation Studio to offer realistic simulations
and hands-on activities.

4.1. List of Projects

e Project 1 _Mechanism Manager:
The project explains how to use a specific feature of the software (Mechanism
Manager), which allows the association of mechanical component forces (including
the weights of the components themselves) with the forces of pneumatic pistons,
thereby simulating their fluid dynamic behavior in a 2D environment.
e Project 2 _Pantograph Lift 3D + mechanism manager:
The project explains how to use the 3D environment of AutomationStudio and how
to move components in 3D using the implemented fluid dynamic circuit.
e Project 3 DH convention for robotic explanation:
The project consists of several examples of manipulators (robotic arms) that the
professor of the robotics course explained during the class. It specifically references
rotation matrices and the DH convention. Students will be able to move a robot
dynamically in 3D and observe:
- In the HMI environment: the rotation matrices with dynamic values (which
change depending on how the robot moves)
- In the 3D environment: they can see the different frames orient themselves as
defined by the rotation matrices

4.2. Project 1: Mechanism Manager
4.2.1. Introduction

The aim of this project is to explain, in a first approach, how to use the mechanism manager
of AutomationStudio.

The Mechanism Manager in AutomationStudio allows to create mechanical links
between bodies and fluid power actuators to simulate their kinematic and dynamic
interactions.

The Mechanism is an assembly of bodies connected to manage forces and movements in
the machine.

In this example is represented a Boom Lift Mechanism in which a boom, affected by loads,

is moved by an actuator thanks to a fluid circuit. Using the joystick of the circuit is possible
to control the mechanism.

12
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Boom

The pneumatic circuit is composed by:

1 compressor.
1 limit valve.

1 proportional valve (controlled by the joystick)
1 actuator

4.2.2. Terminologies

Frame: fixed body or a point in a mechanism
Node: point where a mechanical can be made and/or a force can be applied
Body: a part of the machine acted upon by the actuators or the loads and/or attached
to the frame

: point where connection between two links is designed to provide desired
movement, for example sliding movement or rotational movement
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4.2.3. Joystick

~Connect the Y variable of the joystick
// to the valve coil input signal
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4.2.4. Actuator properties

Set correctly the properties of the actuator 9:53
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Defined in the Mechanism Manager
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4.2.5. Step on creating the mechanism

| Open the mechanism manager |

Define frame and add nodes to the frame

Create bodies and add nodes to the bodies
Add fluid power actuators to the mechanism
Create linkages by defining joints

Manage loads

4.2.6. Open the mechanism manager

LP I ¥F

on Fluid Taools 5

teference E Document View
1) Click on the “fluid” section

View Simulation

5 Ly

Mechanism [ptandards
Manager

Mechanics

2) Click on the “Mechanism Manager”

() Hide Mechanism List

EPEF| » # [Name v | Search Fitter g‘ :’:L;
Name = Internal Identifier Description
ORI t A=Y -1
3) Result
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Mechanism Viewer - [Mechanism_1: View1] ? o X

o 1e

+ @

@ Hide Mechanism List

nglujm » 4 |Nam

Name =

4) Add a new mechanism

Mechanism Manager - [tutorial_mechanism_manager_ver000]

® Hide Mechanism List
(7 Fite
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EFE |+ #|Name v || Search Filter ) Mar

wi SR e e QY
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Mechanism_1 MEC1
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¥ o Frame * Description
Joints = Appearance
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Object Col...

5) Result:
the mechanical viewer window allows to monitor the mechanic created

The mechanism manager allows to create and to link together all the objects
needed for the mechanism (bodies, frames, nodes, joints, loads...)

= Identification
- Internal ID Fam |
Mame H j

6) Eventually, change the name of the mechanism

Mame =
Boom Lift Mechanism MEC1

7) The name of the project appears changed on the list
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4.2.7. Step on creating the mechanism

Open the mechanism manager

| Define frame and add nodes to the frame |

Create bodies and add nodes to the bodies
Add fluid power actuators to the mechanism
Create linkages by defining joints

Manage loads

4.2.8. Define frame and add nodes to the frame

O & LLFBRB.
4  Boom Lift Mechanism
4  Bodies
v gz Frame
Joints

External Loads

8) By default, a fixed frame is created

B I B LR B. - Mechanical Nades

4 Boom Lift Mechanism ® Hide Node List
4 Bodi
Iesﬂ Qa @H @ E Search Filter
Joints Name =« Location
External Loads Origin MEC1.FRM.ORI

9) Each frame contains a fixed node (its origin).
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Joint
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10) From the scheme is possible to see that there are 2 nodes associated to the fixed frame
(0;0) (0;250)
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11) So, add 2 new nodes in the same frame (in the “Mechanical Nodes” window)
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12) Result: in the mechanical viewer appears the 2 added points
Data | Mechanical Nodes

(») Hide Node List
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= .MEC1.FRM.NOD1
.MEC1.FRM.NOD2
rigin .MEC1.FRM.ORI
fE Y| of o B W BB
= Information
X \ Description j
= Technicall Characteristic

* 18 Coordinate System

Origin [MEC'
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* X Coordinate 0
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13) Change the name of “node 2” into “Cylinder attachment point”
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14) Change the name of “node 1” into “Body attachment point”

=g e ey e —

@) LS
Name = .Is Co... Coord... x [mm] [mm Y [deg]
Body attachment point Orig... DI 0 I 0
Cylinder attachment p... Orig... 0 0 ) 0

Crigin o

15) Now, the “Body attachment point” need to change its coordinates (y=250)

Hame Lecation b Coor,.. Coovdinate Syatam  »
Cngin MECLFRM.CRI
Body amtach..  MECLFRMMNO- Quigen (MECLIR.. |
Cylndler att..  MECLFRM.MNO. Quigen (MECLFR.. 1
L2l
= inteimation
! Deeription s
= Inchoical - Chagisrits
W Coprdenate Syitam Orign LMEC. =

Is a Coordinate Syitem
X Coondinate
¥ Condinate
W Cooidinate
= jdertification
| Intenal 0

(RIFARE)
16) Impose the value of 250 on the Y coordinate (unit in mm)

| © ¢ o @ L PR B, [t Mechanica Noces
B | = & - - =
T @ e A SHee 8oy R 4 Boom Lift Mechanism () Hide Mode List
A 4 Bodies y
Name « || Search Filter
v & Frame SiEl=l =
i j Joints Name = .IsCo... Coord... x [mm] y [mm]
External Loads Body attachment point Qrig.. 0 250
Cylinder attachment p... Crig.. 0 0
Qrigin o
<
Als A - v
HE 97 (o oo | & W | & B 7=
= Information
! | . Description gl
{| [ Jechnical - Characteristic
100 mm ) | * B Coordinate System Origin (MEC' ¥
< ¥ * Is a Coordinate Syst... O

17) Result



4.2.9. Step on creating the mechanism

Open the mechanism manager

Define frame and add nodes to the frame

| Create bodies and add nodes to the bodies |

Add fluid power actuators to the mechanism
Create linkages by defining joints

Manage loads

4.2.10. Create bodies and add nodes to the bodies

4 Boom Lift Mect
4  Bodies

18) Add a body

4 Boom Lift Mechanism
4 Bodies

5 Frame

LA

Joints

External Loads

19) Result: question mark indicates that this body is not linked to any other mechanics or

is not configured properly

20) Change the name into “Boom” (colour and line thickness eventually)
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Joint
(-1100; 250) (-550; 250) (0; 250)
\'-. _ : [ 3

N _ ‘ ~— — TN
Load . L f s ‘ \\
. v Vo
\\ Body | Actuator v \XE -‘
NG \I P T (0; 0) ;‘

N o /

S | - = /

Node - Frame /
\\ /

21) From the scheme is possible to see that there are 3 nodes associated to the body

(0;250) (-550;250) (-1100;250)

(~) Hide Nede List

Flere g

MName &

Centre of Mass

22) Like the step 11, create 3 nodes and assign the following names and coordinates

Mechanism Viewer - [Boom Lift Mechanism: View1]

+oLE SRV
L 1 I}
500 mm

properly:

(0; 250) > Frame attachment point
(-550; 250) = Rod attachment point

(-1100; 250) = External load point

= LU L EL@En

- (#) Hide Node List
a x -
# Bodies oF BF By By Name || Search Fitter
vl Jq Frame
3_\ < Bady_1 Name = .Is Co... Coord... x [mm] y [mm]
Joi Centre of Mass Orig... 0 0
oints
External Loads External load pént Orig... -1100 250
Frame attachment point Crig.. 0 250
Rod attachmen paoint Crig...  -550 250
e + = =
212 (x) (x) @‘ %] T @ % =
= Information
\ " Description j
I~ H =l Technical - Characteristic
: Cpordinate System Origin (MEC" ~
a Coordinate Syst... |:|
Coordinate 0 mm
¥ Coordinate 0 mm

23) Result: the body obtained has a wrong shape because there is the “Centre of Masses

point at the origin. So, change its coordinates to (-550; 250) =
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4.2.11.  Step on creating mechanism

Open the mechanism manager

Define frame and add nodes to the frame

Create bodies and add nodes to the bodies

| Add fluid power actuators to the mechanism |

Create linkages by defining joints

Manage loads

4.2.12.  Add fluid power actuators to the mechanism

==

24) Remember to be sure that the actuator properties has been selected correctly before to
use it on the Mechanism Manager (slide 6)

Wy« # LwFRB.

4 Boom Lift Mechanism

4 Bodies

v o Frame
= 2% % Boom
Joints
External Loads

- [—=

el <X

T

25) Drag and drop the actuator inside the list of the components of the project

4  Boom Lift Mechanism

4  Bodies
v ol Frame
2% %, Boom
% %, P1_1- Cylinder
% %, P1_1-Rod

4 Joints
¥ & P1_1-Internal

External Loads

26) Result: Automatically it creates 2 bodies (cylinder and rod) associated each other
through a sliding joint
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— IPTRPrT T

= = = =

s Co... Coord... x [mm] y [mm]
Cyli.. 250 0

Centre of Mass
Cylinder Fixture Cyli... 0

Name =

Cylinder Reference v
27) By default the cylinder has 3 nodes:
e Cylinder Reference

Centre of Mass
Cylinder Fixture

IX Coordinate of the fixture I

500

= " X Coordirifite of the Center of

100 200

+;~

/

)
)
1

1
=]
o

o
=]

|

nce

Node "éyliW
28) The cylinder fixture represents the point in which the cylinder is attached.

A negative value means that the attachment point is behind the cylinder reference

4 Boom Lift Mechanism @ Hide Node List
4 Bodies |="F @I:i @ g Name v || Search Filter
v yl!r Frame
\?.‘ < Boom MName =~ s Co... Coord... x [mm] y [mm]
1 < pi- Cylinder Centre of Mass Red.. 230 ]
% P1.1-Rod Rod Fixture Rod.. | 500 ]
. Rod Reference <
4 Jgints
¥ & P1_1- Internal
External Loads - _______

29) In a same manner, by default the rod has 3 nodes:
e Rod Reference
e Centre of Mass

e Rod Fixture

IX Coordinate of the Fixture I
- 500
X Coordinate of the Center of Mass
: > 100 200
| |
' 8
o
=3

Node‘}Rod Reference”
30) Set a positive value of rod fixture

Note: It is no longer possible to modify the maximum stroke of the piston, once the

actuator is fixed on the mechanism manager
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4.2.13.  Step on creating mechanism

Open the mechanism manager

Define frame and add nodes to the frame

Create bodies and add nodes to the bodies
Add fluid power actuators to the mechanism

| Create linkages by defining joints |

Manage loads

4.2.14.  Create linkages by defining joints
Joint
(-1100; 250) (-550; 250) (0; 250)

Load )

31) As said before (step 26), the sliding joint has been created automatically

Joint
(-1100; 250) (-550; 250)
| h‘\\\ I N \\- .
W N | }\}\\\ N\
Load N \ | T \\\/ / [N
N v \
\\\ Body | Actuator \J\.ig )
. | (0;0) |
* - /)
Node Frame /
/
\\\ ,,.’/

\

32) Now create a link between the body and the hinge

24



el # 2 we

4  Boom Lift Mechanism

4 Bodies
v o Frame
2% %, Boom
33) Add a Pivot Joint
17, < P1_1- Cylinder
7% < P1.1-Red
4 Joints

v g P1_1- Intemal

External Loads

34)Result

Baom Lift Mechanism First Node o

4 Bodies Body || Sean :!: :il:l: =
v o Frame Body Mame [l
3-\ & Boom Frame Body attachment point
1%, <0 P11 - Cylinder Frame Cylinder attachment poir
% <, P1_1-Rod Boom Frame attachment point

4 Jgints Boom Rod attachment point
v & P1_1- Internal € >
22 @ Pivot 1

35) Select the “Frame attachment point” of the body “boom” as first node

Second Node
Body -~ Sean (@) Fileer

() Mark _
Body Name
Frame Body attachment p
P1_1 - Cylinder Cylinder Fixture
P1_1 - Rod Rod Fixture

36) Once selected, a list of possible choices appears on the Second Node part.
Select the “Body attachment point” of the frame.

V][ %
37) Confirm

Mechanism Viewer - [Boom Lift Mechanism: View1] ? L Xx
I - O e 4 & ot 2 I 4P
FFER Sreemy. O¢w & LWrhB.,

A 4 Boom Lift Mechanism

4 Bodies
4 yj-g Frame
[/ teon |
15 S PI_T- Cylinder
1% < P1_1-Rod

4 Joints

L]

aisrnal

v (@ Pivot_1
+
emal Loads

25



38) Result: a small link appears on the Mechanism Viewer and a green tick on the joint

“Pivot_1” and on the body “boom”

Joint
(-1100; 250) (-550; 250) ' (0; 250)
\\ ‘T:~ ~ \ \\

39) Now create a link between the cylinder and the hinge

First Node Second Node
.|| Sean (@) Fileer o || Sean (@) Fileer
oy “ean () Mark - oy e () Mark -

Body Name ~ Body Name ~
Boom Rod attachment paint Frame Body attachment pr
Boom External load paint Frame Cylinder attachmen
P1_1- Cylinder  Cylinder Fixture Boom Frame attachment |
P1_1-Rod Rod Fixture Boom Rod attachment po |

» < »
40) Select:

First Node = Cylinder Fixture of the body “Cylinder”
Second Node = Cylinder attachment point of the frame

x
41) Confirm
Mechanism Vewer - [oom it Mechanism: View!] 7 A X
+ﬁ,ewm:;:e:_é)~:q:®‘@‘{6‘w_ @Ql’t’*;‘:g@@:
= N 4 Boom Lift Mechanism
4 Bodies
v o Frame
~ 1%, < P1_1- Cylinder

17, % P1_1-Rod
4 Jum!s
¥ & P1_1- Intemal

¥ ﬁ,
¥ @& Pivot 2
.

I S—
500 mm

>

42) Result: a green tick on the joint “Pivot 2”7, but the bodies “Rod” and “Cylinder” have

the question mark—> the rod need to be fixed with the boom
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Joint

(-1100; 250) (0; 250)
' S ™
‘.v y \\\\ ~ \‘.\\
Load N ‘. I = \
. ‘ Actuator T/ \
. Body | 4 @G
N ‘| _ (0:0)
. | ’x/.-’ ;‘-‘
| — Vé
Node Frame
~ yd

43) Now create a link between the rod and the boom

Body Mame Body Name
Boom Rod attachment point Boom Rod attachment po .V
Boom External load point
P1_1-Cylinder  Cylinder Fixture
P1_1-Rod Rod Fixture
44) Select:

First Node = “Rod Fixture” of the body “Rod”
Second Node = “Rod attachment point” of the body “boom”

lesfyl [
45) Confirm

%) Create a Joint O

Extension of the cylinder has been set to 2,08 % of
l the stroke.

46) Result: a message appears! This means that the extension of the cylinder (actuator
characteristic indicating the stroke value in the starting position, in percentage of the

total stroke) has been imposed to the only possible value for this geometry
(-1100; 250) (-550; 250) (0; 250)

Ch ok

For example: by selecting a value
of the Cylinder Fixture equal to O,
the system became as shown in
the scheme. In this situation the
extension (stroke in the starting
position) is greater

A

i Actuator
Boom

4
N (0; 0)
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See iy . O & LRFBB,
N ~ 4 Boom Lift Mechanism
4 Bodies
v ok Frame
v % Boom
v & P1_1- Cylinder
v < P11-Rod

."‘-‘ 4 Joints
\ V@ P Intemnal

e - ¥ & Pivet1
Vv @ Pivot 2
v & Pivot 3
Extemal Loads
S — |
500 mm

47)Result: all component has the green tick and the actuator appears on the mechanism
viewer.
The mechanism is created

4 Joints

v @ P11 - Internal ¢ » ‘ ¢

¥ & Pivot_1

& Pivot2 L4 [

o v 1 Pi:ot_B ® Hide Joint Properties
ternal Loads
oF o R SR @E.
* Angular Stiffness o N.m/rad >
- Calculate the forces i, O
* Free Angle 0 deg -
[= Operating Condition

* B Joint Limit Behaviour Ignere ~
* Maximum Angle ’lgﬂcfe—i |deg Lx]
* Minimum Angle | = I (deg l>]

48) To give constraints to the joint rotation of Pivot 1, select the “Joint Limit Behaviour”
on the “Operating Condition” settings and change it to “Stop”

[= Operating Condition

* B Joint Limit Behaviour Stop = B
* Maximum Angle 0 deg - B
* Minimum Angle -80 deg - 7]

49) Set:
Maximum angle = 0 (anti-clockwise)
Minimum angle = -80 (clockwise)

Minimum angle = -80
Maximum angle Minimum angle = -80

v

$2<0

Pivot_1

- Maximum angle = 0
Minimum angle ol

28



4.2.15.  Step on creating mechanism

Open the mechanism manager

Define frame and add nodes to the frame

Create bodies and add nodes to the bodies
Add fluid power actuators to the mechanism

Create linkages by defining joints

| Manage loads |

4.2.16. Manage loads

Og @ & LICE . (=) Hide N

4 Boom Lift Mechanism First Node

4 Bodies bodiss
v o Frame Bod
v ¢ Boom Boom

50) Add an external load

w  am wawws_a

v & Pivot 2

v & Pivot_3
4  Eyternal Loads

? %, load 1

51)Result

Body =~ Name Location ~
Boom Centre of Mass MEC1.ECD1.COM
Boom Frame attachment point .MEC1.BOD1.NODN
Boom Rod attachment point  .MEC1.BOD1.NOD2
Boom External load paint .MEC1.BEOD1.NOD3
Frame Crigin MEC1.FRM.ORI

A

52) Select the “External load point” of the body “boom” as the point in which the load is
applied
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= Technical - Characteristic

i B Coordinate System Origin (MEC1.FRM.ORI) v 5=

(=l Technical - Control

k @ 7XActive Force 0 N - B
k @ 7Y Active Force -10p [daN_| = Bk
* @ 7y Active Torque 0 daNm| = e

= |dentification

l ~ | Show Details

53) Set the value of the load in the Y direction (negative means down direction) equal to -
100 daN in the “technical — control” properties

x
54) Confirm

4.2.17. SIMULATION

21 A Component Properties P1 (Pneumatic Pressure Source - Pneumatic) ? 3 X

HHH“‘X © 1Y o o B e ol B BB,

T L L A‘ @Ccmpcnentlmage[s] )
b / %
o = =
Data ¢ A ) //M>1- - >

Troubleshooting |
= Technical - Characteristic
* Qrifice Diameter (Do) (] 5 0,00[ » mm_ [ C
. @ Technical - Thermal
{ B o o
—_—
" Waximum Pressure ([pmax) 10 01 [ = bar - C
+Z Maximum Standardized Flaw o1 | = m/s (8 = C
Technical - Plotter
@ Pcrrintinn
Component Propeiies V2 (Pressure Relief Valve - Pneumatic) ? 3%

AZE {x?{x? @‘%]%’ Q“LQ»% _

(~) Component image(s)

< i +;§ 3 > Note: it is possible to change the
(I .
Technical Speciicatio\s ! [ Cracking Pressure of the Pressure
Troubleshootng e - Chegense Relief Valve during the simulation
* Cracking Pressure CF) O s X1 [~ bar - C
* Standardized Rated Flow O 60 o1 [ = SIPM | v C

§ Technical - Thermal

Maximum Pressure 10 01 | |bar | | I C

30000 o1 [ x SLPM | ¥ C

Maximum Standardized Flow

Technical - Plotter

55) Before to run the simulation, it is important to set the maximum pressure of the
Pneumatic Pressure Source and the maximum pressure of the Pressure Relief Valve
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Parameters:
* L =Length of the boom

O ¢ * B =Slope of the boom
oo BR Fy
*« dr=drop
Ty * Q-=Lload
I N * D= Piston diameter
Fx i
o
— .’
b= :
kgt ! - 500 -
4—3—*‘@ 100 200
[ ’//)
o
w |

Xt ha
=

Equations:
* Xy =L=*sin(90° — )
L .
- Xy =E*sm(900 -
L
* Y=o cos(90° —B)
. _ -1, _Xr
«= tan A
> F,=F, «tan(a)
* FyxXe—F *Y—(Qy, x X, =0 (torques equilibrium around the hinge)

- F= foZ+Fy2

2
D
e A=n2
n
. p==t
a

56) In order to understand how much the maximum pressure should be, it is possible to
compute the minimum pressure that allows the actuator to lift the mechanism by
studying the torques equilibrium of the rigid body

Equations:
* Xg=L=sin(90% - B)
L

* Xp=2 *sin(90° — B)

* ¥ =Zxcos(90° — B)

¢ a=tan"?! (Y;:—fm)

© F.=F, xtan(a)

e [ = Uy*Xq

Y Xp-Ypxtan(a)

. F= [F2+F2

p2
s A=n=
4
F
. P=_
A

57) Solving the torques equilibrium around the hinge it is possible to find Fy (and so the
force F applied to the actuator) related to the load Q.
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PARAMETERS

B 80 grad
L 1100 mm
dr 250 mm
Q 100 daN
D 100 mm

EQUATIONS

Xq 191,01 mm
Xf 95,51 mm
Yf 541,64 mm
a 6,88 grad
Fy 633,3154113 daN
Fx 76,40519817 daN
F 638 daN
A 0,0079 mA2
P 8,12 bar

ACTUATOR STROKE CONSTRAINTS

cf -100 mm
Rf 500 mm
Lact 797,38 mm
Stroke 197,38 mm

58) Using excel is easy to evaluate the pressure needed to maintain the equilibrium by

changing the parameters.
(to interact: right click = worksheet = open)

- 500 _
100 200
u
| M)
o
w
o
8

59) Be sure to obtain values of the stroke lower than the maximum (200mm) (slide 6)

1100
550
. )\
- ™~ %’ Fy
b< 3 [ S
,_ = )
Qy

60) Solving the system in this configuration (=0; Q=100daN), the minimum value of the
pressure inside the actuator that allows movement is P=6,15 bar
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61) Solving the system in this configuration (3=80°;Q=100daN), the minimum value of
the pressure inside the actuator that allows to maintain the boom in the equilibrium

10°

0
191,01
ay 95,51
Fy
___z" B 10 20 30 40 50 60
L 1100 1100 1100 1100 1100 1100 1100
dr 250 250 250 250 250 250 250
a 100 100 100 100 100 100
D 100 100 100 100 100 100 100
Xq 1100,00 1083,29 1033,66 952,63 842,65 707,07 550,00
Xf 550,00 541,64 516,83 476,31 421,32 353,53 275,00
Yf 0,00 95,51 188,11 275,00 353,53 421,32 476,31
a a 65,56 57,47 49,71 42,22 34,92 27,77 20,74
hr Fy 200 276,4052 350,4889 420 482,8265 537,0596 581,0512
o Fx 440 433,3154 413,4648 381,0512 337,0596 282,8265 220
F 483 514 542 567 589 607 621
A 0,0079 0,0079 0,0079 0,0079 0,0079 0,0079 0,0079
P 6,54 6,90 7,22 7,50 7,73 791
£
! Note:
§ ! * The joint allows rotations of the boom up
.
' to 80 degree, as imposed at the step 49.

* Q has a positive value in this computation

70
1100
250
100
100

376,22
188,11
516,83
13,78
613,4648
150,4889
632
0,0079
8,04

1100
250

100

191,01
95,51
541,64
6,88
633,3154
76,4052
638
0,0079

position is 8,12 bar = the operating pressure must be greater (15 bar can be enough)

Component Properties V2 (Pressure Relief Valve - Pneumatic) ? o x
- Al= + - L0 ‘0 B
® R (= (x) (x) |&n %] W Gl & E
I
k;g @Cumponent image(s)
-
Data >0
Technical Specifications
Troubleshooting fechnical - Characteristic
* Cracking Pressure (CP} O 5 01 | = |bar =
Standardized Rated Flow O 1 01 | = mis (=
{Technical - Thermal
Maximum Pressure ] 15| I 01 [ = bar | =
1Z€d [ = 1 01 | = m¥s (4 =
Component Properties P1 (Pneumatic Pressure Source - Pneumatic) ? 4 x
e + =& in
@ |g ) () | %j T gl e &
@ Component image(s)
$- y
- "”% = s Ik
Data :T.:Q - *o
Troubleshootng | e
Technical - Characteristic
* Qrifice Diameter (Do) [ ] 5 0,00 = |mm hd
Jechnical - Thermal
] 15 Ia' - bar | =
J 01 | = m¥s ¢ =
fechnical - Plotter

62) Set the value of 15 bar for the maximum pressure of the Pneumatic Pressure Source

and the maximum pressure of the Pressure Relief Valve
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|-

Simulation Fluid Tools Support

Sequence Simulatiof M zhey)
Diagram  Options Plotter Abtter Plotter

?RX 25y () Plotter
&" Create a new y (t) document plotter.

The new plotter will be inserted into the
project explorer like a document.

Drag and drop components, dynamic

63) Last steps: open the y(t) Plotter, on the simulation window, to evaluate the pressure

L 4

inside the actuator and its linear position during the simulation

[ © tutorial_mechanism_manager_ver001 : ¥t Plotter] @06
X | 4@, | O 1O, W& &F Hogx B X B X | @
b A Fallt] v v RN

64) Result

g e (| e s wa ) . . — N
tutorial_mechanism_manager_ver001 : Yi_Plotter! @C )
0 |0 X0 W2 AZ| |F [X 5 X ¥ X|.@
xall”| > v AL

1 !

JY X was l l AR

65) Drag and drop the actﬁator inside the plotter

@' tutorial_mechanism_manager_ver001 : Yt_Plotter] ('?' (
X |40, |0 20 WT 7 2R _CTER G E3 o
PR EST| ' e & ¥ v S®

N Plot Selection ? X

[] Acceleration

[] Linear Speed

[] Output Signal Force

[_] Qutput Signal Position

[[] Qutput Signal Speed

[_| Rod Side Pressure

] Standardized Piston Side Flow
[] standardized Red Side Flow

66) Select the 2 variables of the actuator to show

34



67) Confirm
@\ tutorial_mechanism_manager_ver002 : Yi_Plotter (’? ( |
v o

X Q Q, Q w2 = |:!-. ‘x R x x

.

bar20 § mm 200

18 4 180

!
00:00:05

68) Result

g -u

- —

= & -
69) FINALLY, RUN THE SIMULATION

tutorial mechariam_manager_ver002 : ¥t Plotter @C

: 3 Puassune Gruge
T Themometer -, Repai Tool
Tester 54 Diseonne £ Failure Tool

1000

| I—
500 mm

70) During the simulation, play with the joystick and the Cracking Pressure of the valve
and evaluate the behaviour of the system
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00:00:35 00:04
71) It is possible to see that the system starts to move when the pressure inside the actuator
reaches the value found at the step 59 (6,15 bar)

32.84029
!
00:00:35

72) It is possible to see that the piston maintains its outstroke position when the pressure
inside the actuator remains greater than the value found at the step 60 (8,12 bar)

ol " e v RRB f‘u- A W‘”J R ﬂ( . P v~ Reean ¥y “ —
N |
. ‘.
P < 6,15 bar 6,15 bar <P < 8,12 bar P>8,12 bar
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= Technical - Mogeling T
Zechnical - Modeiing
* Damping Coefficient (D¢) O 001 = K
* Extension (] 01 L= K o & ; ,.: LT_ Efj EI @
* Indlination (2] O Lll=) U [ goom Lift Mechanism B
* Internal Leak (IL) O 12.00] = | U 4 Bodies ‘?
* Material Density O ool >j v o Frame
* %3 Mobile Mass O 1001 = U % Boom 8
- B Orifice Model (OM) (| Non Configurable - v S P1_1- Cylinder
* Piston Thickness ) 50 oot = u v < P1.1-Rod
. = Technical - Characteristic 4 Joints
; * Extended Residual Volume (| [« v @ P11 - Internal
= Piston Diameter (D) O U v & Pivot_1
* %3 Piston Side Area (Ap) (| e il :
* %3 Piston Side Volume (| 4 @
* Retracted Residual Volume O L =dsmaltoads : Al
* Rod Diameter (d) O Ll -
* %3 Rod Side Area (Ar) O [« 81
* %3 Rod Side Volume O e I
* Stroke (L) | u Bi
=) Technical - ‘
- Damping Coefficient (D¢) - 0
«  ctenson O 1O¢? # LRTFRB, @uen
. Inclination (@) | 1t -
4 Boom Lift Mechanism M
* Internal Leak (IL) | L B
4 Bodies | =270
< Material Density | [
v o Frame
% %I Mobile Mass | [ .
k 1B Orifice Model (OM) | Non Configurable = -
= = 17, < P1_1- Cylinder
* Piston Thickness 50 Lot = s 9 &
_ ?, & P1_1-Rod
= Technical - racteristi 4
- Extended Residual Volume | 1t v & P1_1-Intemal
- Piston Diameter (D) - U v @ Pivot_1
k %7 Piston Side Area (Ap) | e s
%  £7 Piston Side Volume | v : @
: Hide Joi
“ Retracted Residual Volume - v P :
d|=
B Rod Diameter (d) O u e
% %% Rod Side Area (Ar) | s = Informati
% %I Rod Side Volume | U .
B stroke (1) | s =l Appearan
s

73) To modify the mechanism, remember that:
e It is no longer possible to modify the maximum stroke or the extension of the
piston once it is linked in the mechanism manager

4 Boom Lift Mechanism @ Hide Node List
4 Bodies ] (@) Filter
=l Name « | Search Filter ~
- Free g
% Boom| ‘ Name = .Is Co.. Coord... x [mm] y [mm]  [deg]
v S P11 - Cylinder . 0
v Rod External load point 0 Load_
2 oo . e 0 Pivot.
= Body ~ Name 7 & P11~ Internal Rod attachment point Orig... 0 Pivot_
¥ o Frame — Bl & imeme ,
v % Boom v @ Pivot 1
¥ < P11 - Cylinder v @ Pivot2 : N _ B
VP Red v @ Pivot 3 DR o o0 | B W\ BB .
4 Joints 4 External Loads : Information
¥ @ P1_1- Intemal v % Load_1 | * Description &
v @ Pivot_1 = Technical - Ch: st
v @ Pivot_2 : @ Hide Load Properties % B Coordinate System 57}
v @& Pivot3 : * Is a Coordinate Syst... &
L A -
4 External Loads il (x) (x) & r%r‘ Ty N X Coordinate o
& Information % YCoordinate &
| - Nacrrintinn * @ Coordinate a4
e It is no longer possible to change the coordinate of a node (body or frame)
once it is used for a linkage or an External Load, as well as the Cylinder and
Rod Fixtures
-
p . B
Name « earc! =
E=g=] = vea P PR By Neme ~| seoreh fiter
—— Name « s Co... Coord, Name ~ I Co... Coord... x[mm] y [mm]
17 < P1_1- Cylinder Body attachment point Orig...| Centre of Mass Orig... -550 500
"oy Cylinder attachment p... Orig.. Extemnal load point Orig... 21100
s e origin v frme acmenspant oo 0= 50—
4 Joints Rod attachment point Orig,. — -

¥ & P1_1-Intemal

D11 dmtammal

e [t is not possible to link 2 nodes with different coordinates in a pivot joint
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4 Bodies gody ~|[0" | vanc Boay v |19 | wanc .
v ok Frame Body Name Body Name Locat
2% % Boom Frame Body attachment point .MEC P1_1 - Cylinder Cylinder Fixture ~ .MEC1.BOC
12 < P1_1-Cylinder Frame Cylinder attachment point MEC P1_1-Rod Rod Fixture MEC1.80C
13, & P11-Rod Boom Frame attachment point MEC

4 Joints Boom Rod attachment point ME¢
v @ P1_1-Intemal
S

?? @ Pivnt >

Note: “Frame attachment point” of the body “boom” doesn’t appear on the list of the
possible choices

74) So, to modify the shape or dimension of bodies, manually delete the pivot joint linking
the nodes that need to be changed

(-1100; 250) (-700; 250) (0; 250)
Boom Actuator I -,.,(jE
(0: 0)

75) Try to modify the point in which the rod is attached to the body

(@) rilter (@) Filter
4 Bodies T O Mark ¢ i ) Mark _
¥ ok Frame Body Name Le Body Name
v % Boom Boom Rod attachment point MEC1E | P1_1-Rod Rod Fixture
¥ & P1_1- Cylinder
v & P11-Rod
4 Joints
v @ P1_1-Intemal
v @ Pivot1
v & Pivot 2
@HideJoint Properties
4 External Loads - - a =0 Ola =
76) Select the pivot joint related this node
- >
v | [x]
77) Invalidate Selection
4 Bodies -1 o Name - ek Filter (@) Filter
v J,.Frame ET \:j E;g () Mark _
Name = .15 Co.. Coord... x[mm]  y[mm]  [deg]
17§ P1_1 - Cylinder Centre of Mass Orig... -550 250 0
17 & P11-Rod External load point Orig... -1100 250 0
B Frame attachment point Orig... 0 250 0
4 Joints
Rod attachment point Orig... -550 250 0

v & P1_1-Intemnal

v @ Pivot_1
¥ & Pivot 2 -
72 @ Pivot 3 Al: {\‘)‘- .,\"_ “E'\ [E] % Q‘ % =
4 External Loads = Information
24 Load_1 | * Description j
= Technical - Characteristic
5y Coordinate System Origin (MEC' ¥

78) Result: the “rod attachment poiﬁt” of the body “boom” can now change its coordinates

* Is a Coordinate Syst...
* X Coordinate

¥ Coordinate

W Coordinate

= Identification




= Technical - Ch: isti

& By Coordinate System Origin (MEC' ¥ |
- Is a Coordinate Syst... O |
P X Coordinate -700) mm - |
* ¥ Coordinate 250 mm > |
* W Coordinate 0 |dea - |

79) Change the X coordinate to (-700;250)

4 Bodies | Body ~][Semn | S van Body v |[Sean | van .
v o Frame Body Name A Body Name
v' S Boom Frame Body attachment point MEC P1_1-Rod Rod Fixture
1% < P1_1 - Cylinder Frame Cylinder attachment point  .MEC
1% & P1_1-Rod Boom Frame attachment point ~ .ME(
4 Joints Boom Rod attachment point MEC
v @ P1_1- Intemal >
v & Pivot_1
v @ Pivot_2 .
R B .(. Pnjot_Z @Hide Joint Properties

80) Rebuild the pivot joint

x
81) Confirm

r -
N Create a Joint = [m] x

) Extension of the cylinder has been set to 71,65 % of
_L the stroke.

82) Result: the extension is too much large

Body Name L Body Name Locat
Boom Rod attachment point .MEC1.E | P1_1-Rod Rod Fixture .MEC1.80C

=]

83) So, Invalidate Selection once again

() Component imagels)

=

Data
Force Curves (-Lsdr) (L1;dr) (0; dr)
Builder [Ch Ca
Variable Assignment Technical - Modeliing !
fechnical - Characieristic
Troubleshooting p Extended Residual Volume 0O 5 (00iLx Aotator /f
: ) Boom ~ o«
R Piston Diameter (D) O 100 1000 > (0;0)
ik %3 Piston Side Area (Ap) O 78,5398 (000 =
* %3 Piston Side Volume O (0.00[ ~ |
« Retracted Residual Volume O 5 001 »
(Lidn) (“L1;dn) (0; dr)
X Rod Diameter (d) O 50 (000[ ~] G o)
k 43 Rod Side Area (A) O 48  [000]=) T~
*  #3 Rod Side Volume O 11780063 0,00 > A T
* stroke (U} O m 000 * Aohisiag

o}
(0: 0)

84) Change the maximum stroke to 400 mm on the actuator parameters

85) Rebuild the pivot joint (step 79)
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Qy" <

N Create a Joint

Extension of the cylinder has been set to 35,83 % of
7'# the stroke.

86) Result
Equations:
CF Fy /~ ¢ * Xy =L=*sin(90° - ()
N N/ : * X =1L;sin(90° — )
S / 7 Yy =L, cos(90° — )
1 3 i R _ -1 Xf
=, ot o a = tan (—Yfmr)
: : \ e o 7 © F. =F, *tan(a)
d’& y X =Y pxtan(a)
5 i - F= |F2+F?
2
3 e A=x2
Xf 4
Xq . .
A
(-L; dr) (-L1; dr) (0; dr)
@ . Lt

Actuator ~ T iE

87) Equations of the torques equilibrium (as well as the excel file) change a bit
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PARAMETERS

B 80 grad

L 1100 mm

L1 700 mm

dr 250 mm

Q 100 daN

D 100 mm

Xq 191,01 mm

Xf 121,55 mm

Yf 689,37 mm

o 7,37 grad

Fy 590,4582685 daN

Fx 76,40519817 daN

F 595 daN

A 0,0079 mA2

P 7,58 bar

cf -100 mm (to interact: right click > worksheet
Rf 500 mm| =2 open)
Lact 947,20 mm

Stroke 347,20 mm

88) Verify the maximum stroke

(-L; dr) (-L1; dr) (0; dr)

Actuator
(0; 0)
89) To modify the drop “dr”, it may seem a bit complicated because it need to change the
coordinates of:
(0;dr) - Body attachment point of the frame
(0; dr) -> Frame attachment point of the body “boom”
(-L1; dr) = Rod attachment point of the body “boom”
(-L; dr) - External load point of the body “boom”
(-L1;dr) = Centre of Mass of the body “boom”

4 Joints

v _1-Internal
22 ivot_1

v ivot_2

=T = T =T -

L Y T

r ]
L vot_3

4 External Loads
? % Load_1

90) Invalidate selection (step 76) for the 2 pivot joints related to the boom and the external
load
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2% & Boom
17, & P1_1-Cylinder
17 < P1_1-Red

ints

v o Frame

1% S P1_1- Cylinder
1?2 & P1_1-Rod
Jnts

o < P11 - Intemal

|=‘" Q_ |1;* ‘:] Narme v

Name = . Is Co... Coord... x [mm] [mm] y

Body attachment point Orig... 0 h (
Cylinder attachment p... Orig... 0 0 (
Crigin v

C BB N S

Name = .Is Co... Coord... x [mm)] y [mm]

Centre of Mass Orig.. -550

External load point Orig... -1100

Frame attachment point Orig.. 0

Rod attachment point Orig... -700
91) Change coordinates

92) Rebuild the pivot joint (step 79)

93) Check, using excel, the pressure needed to work and the maximum stroke and restart

4.2.18. Conclusion

the simulation

The Mechanism Manager allows to associate the behaviour of a mechanic system
(composed by bodies and joints and affected by loads) to the behaviour of a fluid system
(composed by actuators, pipes, valve... and controlled by its logic)

It is no longer possible to manage loads through the actuator properties once the actuator is
managed by the Mechanism Manager

Component Properties A1 (Double-Acting Cylinder - Pneumatic)

O]

Data

Force Curves
Builder

Variable Assignment

Troubleshooting

I

Configuring is currently disabled for Force Curves,

Force curves are not available when a component is used in a mechanism.

The Amplitude of the signal (X) of the joystick, linked to the proportional valve, is related

to the speed of the mechanism

Gas makes the system oscillating

Enjoy!

42



4.3. Project 2: Pantograph Lift 3D + mechanism manager
4.3.1. Introduction

The aim of this task is to model a Pantograph Lift in the 3D environment of
AutomationStudio, where movements are linked to the Mechanism Manager and affected
by external loads.

For this aim it is shown step by step how to realize it, importing the 3D drawings from
SolidWorks.

The Mechanism Manager in AutomationStudio allows to create mechanical links between
bodies and fluid power actuators to simulate their kinematic and dynamic interactions.

The 3D environment in AutomationStudio allows to create 3D assemblies of components
and to link their movements to the fluid power actuators.

In this example:
e The drawings are previously realized on SolidWorks and then imported into the 3D
environment of AutomationStudio.

e The movements of the lift actuator (vertical) and the trolley along the fixed bar
(horizontal) are linked to the 2 actuators on the fluid scheme.

e The lift actuator is also involved into the mechanism manager to study the behaviour
while loads are applied

43



4.3.2. Steps
| Fluid circuit scheme

SolidWorks environment

AutomatioStudio 3D environment

Mechanism Manager

Final Adjustment

Simulation

433, Fluid circuit scheme

0 bar A1 al

=

ta
2
=

:
@

? (Is) 7(ls) ?(Is) ?(ls)
lift signal ?(ls) Jmove signal 7{ls)

lift signal move signal

rd
\\

~
NN

Linear Position

cylinder pressure [bar]

Linear Position

The fluid circuit is divided in 2 simple branches, both composed by:

1 compressor.
1 pressure reducing valve.
1 proportional valve
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e | actuator
e 2 throttle valves

The right branch, responsible for the vertical movement of the lift, has the proportional
valve variable linked to the lift signal of the control panel.

The left branch, responsible for the horizontal movement of the lift, has the proportional
valve variable linked to the move signal of the control panel

43.4. Steps

Fluid circuit scheme

| SolidWorks environment |

AutomatioStudio 3D environment

Mechanism Manager

Final Adjustment

Simulation

4.3.5. SolidWorks environment

Before to start, notice that the 3d environment of AutomationStudio considers the
assemblies done by SolidWorks as single parts (relative motions inside an assembly will
be not possible once it is imported in AutomationStudio).

The pantograph lift is composed by the following parts:
1x fixed bar

1x mobile base

2x trolley

2x narrow boom

1x

1x large boom

1x workbench

1x cylinder

1x rod

e & & s & s s =

In the next slides are shown the main dimension of each part
useful to create the assembly.
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PARTS MAIN DIMENTIONS [mm]: Fixed bar

20,00

3 1000,00 1
L

PARTS MAIN DIMENTIONS [mm]: Mobile base

20,00

. 600,00 _ %

- 210,00
o
[
[
o
g o
(=,

210,00

PARTS MAIN DIMENTIONS [mm]: Narrow boom

B 250,00  _ _ 250,00 N
g = L,
I o
(]
S gl ©
= o
o -
1 [ 1 . |
PARTS MAIN DIMENTIONS [mm]:
‘_ 150,00 _ 100,00  _ 250,00
- 1 o =
1 O 7 ; im|
o
o
=)

210,00
180,00

—
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PARTS MAIN DIMENTIONS [mm]: Large boom
, 250,00 . 250,00

|
1]

|
1 T i)

210,00
_ 180,00 _|
10,00_|
i

T G

PARTS MAIN DIMENTIONS [mm]: Workbench

600,00

10,00

210,00 1

20,00

—l

PARTS MAIN DIMENTIONS [mm]: Cylinder

Cylinder fixture Stroke

@

. )

PARTS MAIN DIMENTIONS [mm]: Rod

Rod fixture
/ ‘ '
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4.3.6. Steps

Fluid circuit scheme

SolidWorks environment

| AutomatioStudio 3D environment |

Mechanism Manager

Final Adjustment

Simulation

4.3.7. AutomatioStudio 3D environment

2
DS SOLIDWORKS File | Edit View Insert Tools Simulation Window

) New..
Insert C ¥ Open..
Open Recent
Assembly | Layou & Open Drawing
| (% Ciose

@ [ B [ {59 Make Drawing from Assembly

7. 48 Make Assembly from Assembly

@ B trolley (Defay [ 50
» @ Cronologia
&) Sensori & Save All

+ [&) Annotazioni
(1) Piano frontalq  Page Setup..
(] Piano superic £ Print Preview..
(] Piano destro | & Print..
L. origine [# print3D..
o 2! @ st cormngs
» @ () camell B Pack and Go...
> ) Accoppia Send To..

B Reload..
&8 Replace..

Find References...
[ Properties..

Exit

Customize Menu

Crri+N

Ctrl+0

Ctrl+W

Ctrl+S

Ctri+P

Fasteners

@

hs | simutation | M8D | soLowoRks cam |

°

tern  Smart  Move Component  Show Hidden Assemb.. Referenc..

Components

trolley

- C)
New Motion  Bill of  Exploded View

=

Study  Materials

LSRG H-0-v- o@D

Update SpeedPak

Subassemblies

o

Take
Snapsh
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% SOLIDWORKS Anal
S SOLIDWORKS P - L= et
z @& 0 o] SOLIDWORKS Assembly ) BA searc
& S5 Save As SOLIDWORK )

g
te SpeedPak  Take
assemblies  Snapshot

" Adobe Photoshap Fil )
Adobe Portable Document Format

@ @ trolley (Default

Cronologia o
3 sensori

» [& Annotazioni Download
[{] Piano frontale:
1 pi : g Documenti
[} Piano superiore

[] Piano destro

L, Origine

G @ (Dasta<l> @ Musica

@ @ () carrello p

@ @ () carrellop -

econni) Salva come:

sy SOLIDWORK

STEP AP203

& Immagini

Nome file:

condi cartelle

Annulla

1) Once the parts are done in the Solidworks environment, they must to be imported in
Automationstudio. So, all the drawing must to be saved into a format accessible from
Automationstuio: STEP or IGES

Fluid  Toals  Support
Er%j ) Reterence 5 Document View [ aNsiA 1 -
2

]

f f fmBoM - ES Component View [7(100% ||| #Directtink £® Convert Link
Project Document | Library | Catalogue .
~ Explorer. Manager || (2) History = T Animated Link

® Standard Diagram.

q & 30 Diagram.
2| sequential F " 3D Diagram.
E Insert a new 3D diagram into the
5 g project.

’ * Hydraulic »

2) Then open a 3d diagram on Automationstudio
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n'i- D £ Document View m @ @

Project Document 30 Part  import
- Manager Part

J

3D Manager - [30_Diagram1 : View1] ?ax

TEeRie.

1
Assembly
T [¥] Assembly

[
Parts I

3) The 3d manager appears and it is divided in 2 section:
e Parts, in which the single parts are imported or created directly
e Assembly, in which the parts are combined to create the assembly thanks to
joints or clamps

\ BN R BT - - =
e )

View Simulation 30 Tools Support

wE Lk

Project Document 3D Part | Pivot Slider Clamping = Plane

\

| !
3D Manager - [30_Diagrami : View1] ?ax
vERB.

Assembly

@ gh [ Assembly

import Part
Add Imported Part

® Apri

1 [ <« panthograph lift > SOLID > STEP » assiemi

Organizza Nuova cartella
filippo - Person: Nome

€2, boom with rod attach

(] menti

B Immagini

@ Musica

¥ Video

Nome file: | boom with rod attach
Stereolithography
STEP

IGES H

4) To import the first part click on “impdrt part” and select the drawing
Note: remember to select the same format of the drawing previously saved
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Rasemey
& 7] Assembly

Pt
+ @ [ W) boom with red attach_1

5) The drawing appears into the Parts section in which it is not possible to change
coordinates and orientations (it is possible only while creating the assembly)

Note: the frame of each part of the component is defined previously on Solidworks.

Parts
4 B @] boom with rod attach_1

:‘ V| Data
L. [ plane xy
P [[] Plane XZ
f‘ [ Plane YZ
4 @ cylinder_1
z’ + Data
& [ Plane xy
{‘ [] Plane xz
& [ Plane vz
L @ [ large boom_1
:’ v Data
Py [] Plane XY
L. [ Plane xz
& [ Plane vz

6) Repeat the step 4 to import all the other drawings

TERB.

Assembly
el [ Assembly
B,
i3
Parts o
4« @ [ V] fixed bar_1
:’ | Data

7) Once all drawing are imported, select the fixed bar as the first one to create the
assembly. Then drag and drop it inside the assembly

Note: it is suggested to choose as first the component that will be fixed (the fixed bar in this

case)

Assembly
« @ Assembly
B fixed bar_1_1 [ fixed bar_1]
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8) The part appears on the assembly in which is possible to change the coordinates (of

the origin of this part) and the orientation

Q
©S
S
a
W

Z
o=
@

Zoom Window

Zoom + Ctrl+PiU (tn)
Zoom - Ctrl+- (Tn)
Zoom all Components  Ctrl+W
Panning

Perpendicular View

Views

Display

Joints

Fix

i

Layout 3D

Coordinates and Orientation

9) To fix the component on the space, right click on the component and tick “Fix”

Tewemoy
s o) B Assembly
) ) fixed bar_1_1

& Plane XY

& O Panexz

& O Planevz
4 @R ) mobile base_1

% ¥ pas

& [ Pianexv

& O planesz

[

& O pane vz

10) Now, add the mobile base into the assembly as the second drawing like on the step 7

it

11) This component need to be oriented and positioned properly
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Paste Ctrl+V
@, | Zoom
i@, Zoom Window
@, Zoom + Ctrl+Pil (tn)
e @, | Zoom - Ctrl+- (Tn)
\“:q' Zoom all Compenents  Ctrl«W
¥ | Panning
[ Perpendicular View
Views 3
Display »
Joints 3
Layout 3D »
Context Help *

Move Selected Parts
Paint - Point Constraint

Edge - Edge Constraint

12) two possible proc

Surface - Surface Constraint

Point - Point Displacemen

RS

3D Coordinates and Orientation - [3D_Diagr... ? 1 X
X Coordinate:
Y Coordinate:
Z Coordinate:
Rotation around X:
Rotation around Y:

Rotation around Z:

mm
mm
mm

deg ~

deg ¥

o o o o o o

deg “

Origin

dures 941 be performed to

A)
B) To align the

& | Cut Ctrls X
B copy

Paste Ctrl+

Ctrl+C
#%  Duplicate Component  Ctrl+D
¥ Delete

Cancella

Alt+Invie

W Properties

-

Zoom
Zoom Window
Zoom + Ctrl+Pill (tn)
Zoom - Ctrl+- (Tn)

Zoom all Components  Ctrl+W

Panning

QepnrPppp

Perpendicular View

-

Views
Display

Joints

Fix

Origin

| 9, Coordinates and(]nentalmn!

place correctly the second component:

To define coordinates and orientation

components

Dy using constraints

12 A1) In order to change coordinates and orientations of the component, right click
on it and select “Coordinates and Orientation”

| 3D Coordinates and Orientation - [3D_Diagr.. ? 0. X

X Coordinate:

Y Coordinate:

Z Coordinate:

Rotation around X:

Rotation around :

! Rotation around Z:

mm
mm
mm
deg
deg

ol (o o o o o

deg

\

12_A2) Result
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A0 D-B-8-9---0E -

21 5 P =
i & 3 81 ¢ 2 & [5.] ]

rence Clearance  Hole [ Measure [Markup Mass  Saction Sensor Assembly Performance | Curvature Sy
tion  Verification Alignmen Properties Properties Visualization ~ Evaluation t

Sketch Maﬂmp| Evaluate DWORKS CAM |

Measure

_ = 4

ale Calculates the distance between selected items.

& 20x20x1000<1
se<1> (Default)
antografo_ver04
'

riore
o

ilo tipo_V 20x20
tipo_V 20x20x6(
tipo_V 20x20x6(
tipo_V 20x20x2*
) pantografo<1>
) pantografo<2:
forata<1> (Defi

12_A3) By using this method it is needed to know the position and the orientation of
the component frame with the respect to the assembly fixed frame.
If the assembly has been previously done in Solidworks environment, the command
“measure” can be used to find the coordinate of the component frame rapidly

L ses
» [ Annotazioni B Measure - pantograf 4 3D Coordinates and Orientation - [3D_Diage.. ? % X
] piano frontale a-ofle -89 i
0 Pl soweibire . X Coordinate: 135,
e Point1 @Crigine®mobile base-1@pantografo_verod (ing)
il Piano destio ¥ Coordinate: 25
L. origine
S 7 Coordinate: 45,5
- @ " mobile base<1> (Default) Rotation around X: 0
At e Rotation around ¥: 30
[ sensori B Rotation around 7: 4
+ () Annotazioni e
: 25,00 mm
[}] Piano frontale 74550 mm
Piano superiore mobile base-1@pantografo_ver04 (ing)

File: pantografo_verl4 (ing) Config: Default

BrBfila tipo_V 20x20
» @ B profilo tipo_V 20x20x6(
+ & B profilo 1ipo_V 20x20x6¢
» & @ profilo tipo_V 20x20x2*

» @B carelo pantogutoct: | | S——
L e P .

it is easy to understand that the rotation needed is the only -90 degree rotation around Y axis

12) two possible procedures can be performed to place correctly the second component:
e To define coordinates and orientation
J I To align the 2 components by using constraints |

o

Paste Ctrl+V

Zoom
Zoom Window

Zoom + Ctrl+Pill (tn)
Zoom - Ctrl+- (Tn)

¢ Zoom all Components  Ctrl+W

Panning

/.
Qe fKppppn

Perpendicular View

Views 4
Display >

Joints 3

Maove Selected Parts
Layout 3D ' Point - Point Constraint

Context Help Edge - Edge Constraint

Surface - Surface Constraint

Point - Pint Displacement

Edge - Edge Displacement

LEE L i

Surface - Surface Displacement
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12_B1) In order to place properly the second component using this method, right click on the
blank space = Layout 3D.
This allows to move the second component (maintaining the first one steady) by imposing
relations between: 2 points, 2 lines or 2 surfaces.
Note: these constraints don’t block the component after the alignment, it can be moved again
after

Wiews

Display

Joints.

A
Move Selected Parts

eI

Layout 3D
Point - Paint Constraint
Edge - Edge Constraint

Surface - Surface Constraint

Context Help

Point - Peint Displacement
Edge - Edge Displacement

Surface - Surface Displacement

12_B2) Select the Surface-Surface Constraint

Y Surface - Surfac... ? *

Source:

Target:

Positioning
(@ Coincidence
() Distance

Distance: 0 | mm

|:| Imvert

Orders
Select the first surface.

v

12_B3) Result: in this windows it is requested to select the surface of the movable component
as a Source and the surface of the steady component as a Target. Moreover it is requested to
define if this 2 surfaces must to be coincident or parallel with a certain distance (that is this
case)

@ Surface - Surfac.. 7

Source:
Target:

Positicning
@) Coincidence
() Distance

Distance: 0/ | mm|

[ Invert

Orders
Select the first surface.

12_B4) Select the internal long surface o the mobile base as Source
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@ Surface - Surfac.. 7 X

Source:
Target:

Posttioning
(®) Coincidence

i () Distance

! Distance:

[ Invert

Orders
Select the second surface.

v 13
12_B5) Select the surface of the fixed bar as Target

Positioning | IE
() Coincidence

I:l Invert
12_B6) Impose a distance of 95 mm found by measuring or on the Solidworks assembly or on
the 2d drawing: (210-20)/2 = 95 mm (look at the next slide)

|,ﬂ ire - pantografo_ver04 (ing;
- nEle & -8 " oA

Face<1>@V_profile 20x20x1000-1
Face<2>@mobile base-1/profilo tipo_V 20x20x600-1

@ {A

The two selected items are parallel.
Normal Distance: 95 mm

Delta X: 95.00 mm I
a .76 mm

Delta Z: 0.00 mm
Total area: 8360 millimetersA2

File: V_profile 20x20x1000- 1 @pantografo_ver04 (ing) To: mobile base-1
@pantografo_ver04 (ing)/profilo tipo_V 20x20x600-1@mobile base
File: pantografo_ver04 (ing) Config: Default

Lo |
;

Area:

Perimeter:

12 B7) Result: the red arrow will be align to the green one in the same direction.
In this case the red arrow must to be inverted in order to obtain the correct orientation
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@ surface - Surfac.. 7

Source: |mobile base 1_1

‘.qn Positioning
_) Coincidence
®) Distance

Distance: 85/ mm “

Orders
= Apply modifications.

Origin
12_B7) Result: the red arrow will be align to the green one in the same direction.
In this case the red arrow must to be inverted in order to obtain the correct orientation

@ Surface - Surfac...

Source: |mobile base_1_1
B Target: :ﬁxed bar_1_1
i Positioning
) Coincidence
(@) Distance

Distance:

Invert

Orders
Apply modifications.

L

12_B8) Invert and confirm

Note: in this tutorial is used principally the method B to
place all the other components

g

12_B9) Result: the component is now well positioned along the x axis and well oriented. It is
missing only the correct z and y positions
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(3] Zoe - Surfac.., ? X

Source: |mobile base 1.1
Target: |fixed bar_1_1

Positioning
(®) Coincidence
O Distance

Distance: 0] mm

|:| Invert

surface of the fixed bar as Tafget (both parallel to the plane).
Positioning must to remain “Coincidence” and the red arrow “Non-inverted”

@) Surface - Surfacy. ?
o

: [mobiie base_1_1

Target:  [fixed bar 11
Positioning

@ Coincicence

*) Distance
P— 5 4|—|— |‘ '|
] invert
| _ | 6 | _ |
o
Q
d L o
o o -
Orders Q Q
| Apply modifications. g o

15) To assign the correct position along y axis repeat the same operation using Surface-
Surface constraints. Select the bottom surface of the wheel axle of the mobile base as
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Source and the bottom surface of the fixed bar as Target (both parallel to the XZ
plane).
Positioning must to remain “Coincidence” and the red arrow “Non-inverted”

3D Coordinates and Orientation - [3D_Diagr.. ? 2 X

X Coordinate: 135|| mm

Y Coordinate: 25| mm

Z Coordinate: 45,3 | mm

Rotation around X: 0| deg

Ratation around Y: -90| | deg

Rotation around Z: 0|| deg
ol

Origin

16) Result: the second component is well placed now.
Note: the coordinates of the mobile base now are the same found using the first method (slide

17) The last step for the second component is to impose a sliding movement along the

fixed bar
View Simulation 3D Tools Support
ament View | = e | )_' '\ —
oo «le] L [2laane
3D Part Import Pivot QSlider fClamping || Plane Sketch Extrusion Suppre
Manager Part |

- Slider
/&’ Add Slider Joint.
18) Select “Slider”
@) Slider X
Source:
Target:
Axis:
I:l Inwert Axis
O\
Orders
Select the first component.
v

19) Result: also in this windows it is requested to select the movable component as a
Source and the steady component as Target. Then it is requested to select the sliding
axis
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D) Slider
Source: mobile base 1_1
Target: | fixed bar_1_1

Axis:

[ Invert fxis

axe, an edge or a point on a

oces must be active.

Origin

20) Select the mobile base as Source and the fixed bar as Target. Then the possible
movement axes appears, so choose the middle one of the fixed bar clicking on it.

N Slider ?

Source: \mobile base_1_1
Target: |fixed bar_1_1
Axis: fixed bar_1_1
[ Invert Axis

Orders

To select a point on a surface, the snap

‘ Apply modifications.

G

7 271) éo;lﬁn’n

Note: it is not possible to select the fixed bar as Source because it is fixed on the space (look

at step 9), but the Source is what must to move in this sliding

130 Manager -0 Disgramt s viewl]  # &
TErRe.

Assembly

4 @ g [ Assembly

¥ ) fixed bar_1_1 [foed bar_ 1]

4 7] mobile base_1_1 [ mabile ba
« [V] Slider_1

.......... Jrigin

Parts
toa B (W boom with rod attach_1

% ¥ ot
%

ann VU

3D Coordinates and Orientation -

X Coordinate:
Y Coordinate:
Z Coordinate:
Rotation around X:
Rotation around Y:

Rotation around Z:

135 fmm

25 fmm

455 fmm
0 [deg
-90 Jdeg

22) Results: the slider appears on the list of the assembly component. By selecting it
shows the green Source, the violet Target and the blue axis.
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Now it is no longer possible to change position and orientation of the second component. It is
only possible to select the second component as Target to place or to joint another third

com[zonent
30 Manager - [3D_Diagram1 : View1) 7o x|
lafl J=g=] = 8
Assembly
@ | Assembly
{8 ) fixed bar1_1 [fived bor_ 7]
) & mobile base_1.1 [ mobile base.
o« || Slider 1
=]
Parts
b (] plane vz

4 @ [ VI narrow boom_1

i ¥ o

23) Now, add the first narrow boom into the assembly as the third drawing like on the
step 7

24) Also this component need to be oriented and positioned properly and, in this case, it is
convenient to combine the 2 method...

3D Coordinates and Orientation - [3D_Diag... ? & X

X Coordinate:

mm ~

Y Coordinate: mm

Rotation around X:

0
0

Z Coordinate: 0| mm *
0f|deg ~
0

Rotation around V: deg *

Rotation around Z:

25) Select the narrow boom and assign 30 degree Rotation around Z (method A)
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B 4
26) Then, (method B) align the flat surface of the pin of the boom with the internal surface
of the mobile base (Coincidence). In this case it is needed to invert the red arrow

27) Result: now it is needed to align the bottom pin of the boom to the pin of the mobile
base

Displa » 1
play v

Joints »

Layout 3D 3 ‘ Move Selected Parts

Point - Point Constraint

Context Help

Edge - Edge Constraint ‘

EEE

Surface - Surface Constraint

Paint - Point Displacement

Edge - Edge Displacement

Surface - Surface Displacement

> 4

28) In this case in is convenient to align the 2 axis (of the 2 pins) using Edge-Edge
Constraints.

62



29) Result: all possible axes became visible and, as same, it is requested to select the axis
of the movable component (Source) and the axis of the steady component (Target).

@) Edge - Edge Cons.. 7 X 7
Source: [narmow boom_1_1 &3]
Target: [mobie base 11 &
restotan I
P
e 8.

e
30) Select the axis of the bottom pin of the boom as Source and the axis of the pin of the
mobile base as Target. Then maintain the orientation as Parallel and the Positioning as
Coincidence and confirm.

31)Result:

Origin

32) The last step for this component is to impose a pivot movement around the pin of the
mobile base.
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Note: the superimposition of the 2 pins allows to check, during the simulation, if the joint is
done correctly

R - 1@

it View Simulation 30 Tools Support

Document View o )’

3 aloel[«ls L |2>a
30 Part Import Siiger Clamping || Plane || sketen Extre
Manager Part =

o Pivot
&

Add Pivot Joint.

33) Click on Pivot

@ Pivot ? X

Source:

Target:
Pois:
[ invert Axis
O\
Orders
Select the first component.
v

34) As before Source and Target are the same of the slider (step 19). Then it is requested
to select the pivot axis

@ Pivot
Source: |narow boom_1_1
Target: |mobile base_1_1

Axis:

[] invert Axis

| Orders

Select an axe, an edge or a point on a
surface.To select a point on a surface, the snap
| onsurfaces must be active.

Qngin

v

35) Select the narrow boom as Source, the mobile base as Target and the pin axis as Axis.
Then confirm

30 Manager - [30_Disgram1 : View1] cax

e ]
gERi.
Assembly
R @) Assembly
8 ) ficed bar_1.1 [fived bor. 1]
B

-
@ [ Slider_1
v
v

mobile base_1_1 [ mobile base_

LY

«

| narrow boom_1_1 [ narrow boor

Parts
+ @ [ (W] boom with rod attach_1
% ¥ pata
A [ Plane xv
A [ planexz
& [ plane vz

36) Now, add the into the assembly
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37) Also this component need to be oriented and positioned properly and, in this case, it is
convenient to combine the 2 method...

30 Coordinates and Orientation - 3D_Diag. ? 8 x| .
X Coordinate: 0}/ mm ~
Y Coordinate: 0| mm >
2 Coordinate: 0| mm ~
Rotation around X: 0j| deg ~
Rotation around Y: 0|/ deg *

e —
-30

38) Select the boom with rod attachment and assign -30 degree Rotation around Z

39) Then, align the flat surface of the pin of the boom with rod attachment to the flat
surface of the pin of the narrow boom (Coincidence). In this case it is not needed to
invert the red arrow
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40) Result: now it is needed to align the middle pin of the boom with rod attachment to the
middle pin of the narrow boom

41) By using Edge-Edge Constraints, select the axis of the boom with rod attachment as
Source, the axis of the narrow boom as Target and maintain the orientation as Parallel,
the position as Coincidence and the red arrow non inverted. Confirm

=
4 > <

42) Result: LA)om with red attachment is now well placed
Note: the pins used for rod attachment and cylinder attachment must result in the same side if
all is done correctly
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Ungin

43) The last step for this component is to impose a pivot movement around the pin of the
narrow boom

) pivot 1 X

Source: [poom with rog attach 11

Targebgnarrow boom_1_1
Axis:
Dlimersn ’

44) Select the boom with rod attachment as Source, the narrow boom as Target and the pin
axis as Axis. Then confirm

Assembly

4 o) @ Assembly
W8 & fixed bar_1_1 [fixed bor_1]
%3 @ mobile base_1_1 [ mobile ba
« [ Slider_1
@ [ narrow boom_1_1 [narrow &
- Pivot_1
%) & boom with rod attach_1_1 [i
@ I Pivot 2

& [ Plane Xz
__J"' [] Plane YZ

« @R narrow boom_1
% ¥ oaa
i“ [ Plane xy
L M1 Diana ¥7

45) Now, add the second narrow boom into the assembly as on the step 23
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46) Also this component need to be oriented and positioned properly and, in this case, it is
convenient to use only the second method (using the parallel conditions to impose the
same slope of the previous components)

@ Surface - Surfac...

| Source: |narrow boom_1_2

Positioning
® Coincidence
O Distance

Distance:

[ invert

47) Align the flat surface of the pin of the narrow boom to the flat surface of the pin of
boom with rod attachment (Coincidence). In this case it is not needed to invert the red
arrow. Confirm

48) Result
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@ Surface - Surfac.. 7 X

Source: |nagrow boom_1.2 &

Target: nafow boom_1_1 £
Positioniny
® Coincioince
*) Distanci

Distance: mm

O inwert

49) Then, align the flat horizontal surface of the second narrow boom to the sloped surface
of the first narrow boom (Coincidence). In this case it is not needed to invert the red
arrow. Confirm

@) Edge - Edge Cons... 7

Source: |nargow boom_1_2

Orientation
®) Paraiie
O Perpendicul

Positioning
@) Coincidence
) Distance

Distance:

[ invert

51) Then, align the axis of the bottom pin of the second narrow boom with the axis of the
top pin of the boom with rod attachment
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53) The last step for this component is to impose a pivot movement around the top pin of
the boom with rod attachment

@ pivot

Source: |namrow boom_1.2
Target: |boom with rod attach_1_1
Axis:

[ invert Axis

Orders
Select an axe, an edge or a point on a
surface.To select a point on a surface, the snap
on surfaces must be active.

54) Select the second narrow boom as Source, the boom with rod attachment as Target
and the pin axis as Axis. Then confirm

Wvom { : E : —

55) Now, add the into the assembly
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/‘.// Qngn

56) Also this component need to be oriented and positioned properly and, in this case, it is
convenient to use only the second method (using the parallel conditions to impose the
same slope of the previous components)

Y Surface - Surfac.. 7

Source: [iarge boom_1_1
Target: |boom with rod attacn_1_1 | |7

Positioning
@ Coincidence
Distance

Distance: mm

57) Align the flat surface of the pin of the large boom to the flat surface of the pin of the
boom with rod attachment (Coincidence). In this case it is not needed to invert the red
arrow. Confirm

58) Result
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@) surface - Surfac...

Source: [large boom_1_1

Target: boom with rod stifin 1.1 ok
Positioning

® Coincidence
Distance

Distance:

[ invent

Orders

59) Then, align the flat horizontal surface of the lafge boom to the sloped surface of the
boom with rod attachment (Coincidence). In this case it is not needed to invert the red

arrow. Confirm

% Edge - Edge Cons...

61) Then, align the axis of the bottom pin of the large boom with the axis of the top pin of

the first narrow boom
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62) Result. The large boom is now well placed

63) The last steps for this component are:
e to impose a pivot movement around the top pin of the first narrow boom
e to impose a pivot movement around the middle pin of the second narrow boom

64) Select the large boom as Source, the first narrow boom as Target and the pin axis as
Axis. Then confirm
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65) Select the large boom as Source, the second narrow boom as Target and the pin axis
as Axis. Then confirm

Assembly

* ¥ Pt
) & boom with rod attach 11
#* V) Prot 2
2 & narrowboom_1.2 [narro
* [ Pt 3
) & terge boom_1_1 [large be
& [ Protd
* ¥ Fuo:j%.
Parts o
45 LI PlaneXy
& [ Punexz
& [ Pianevz
+ @[ [ tolley.1
29 ¥ paa
& [ plane xv
p-3 Plane X
sl

& O panevz

66) Now, add the first trolley into the assembly. It will be the lower one

67) Also this component need to be oriented and positioned properly and, in this case, it is
convenient to use only the second method

]

68) Align the flat surface of the pin of the trolley to the flat surface of the pin of the first
narrow boom (Coincidence). In this case it is not needed to invert the red arrow.
Confirm
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69) Result

70) Align one of the flat horizontal surface of the trolley to the flat horizontal surface of
the mobile base (or the fixed bar eventually). This is not done to place the trolley, but
to be sure that wheels are well oriented along the horizontal direction.

71) Result

-
@ Edge - Edge Cons... 7

Source;,troliey 1.1

eeeee

72) Align the axis of the trolley to the bottom pin of the boom with rod attachment
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73) Result

¥,

Qiign

L e —

74) The last steps for this component are:
e to impose a pivot movement around the bottom pin of the boom with rod
attachment
e to impose a sliding movement along the mobile base

) w V ?

Source: |boom with rod attach_1_1

X
=

o,

surface.To select a point on a surface, the snap

| Select an axe, an edge or a point on @
on surfaces must be active.

| va
e

75) Pivot: Select the boom with rod attachment as Source, the trolley as Target and the
pin axis as Axis. Then confirm
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= -

N @) siider

[}
Source: |trolley_1_1
Target: |mobile base_1_1
Axis:

[ invert Axis

Orders
Select an axe, an edge or a point on a
surface.To select a point on a surface, the snop |

B s cosrtinas cniict s ctivs

76) Sliding: Select the trolley as Source, the mobile base as Target and one of the axis of
the mobile base along the Z direction as Axis. Then confirm

Assembly
{8 W narow boom_1.2 [ narre
* & Pvord
) ] targe boom_1_1 [large bx
& [ Pvors
) Pwvors
) & woliey_1_1 [troliey. 1]
@ [ Puot 6
& [V Sider 2
s
& || Plane XY
P Plane X2
& [ Planevz
« @R M tolley1
9 ¥ pea
P Plane XY
& [ panexz
& [ Panevz

78) Also this component need to be oriented and positioned properly and, in this case, it is
convenient to use only the second method
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79) (Same as before) Align the flat surface of the pin of the trolley to the flat surface of the
pin of the first narrow boom (Coincidence). In this case it is not needed to invert the
red arrow. Confirm

80) Result

81) (Same as before) Align one of the flat horizontal surface of the trolley to the flat
horizontal surface of the mobile base (or the fixed bar eventually). This is not done to
place the trolley, but to be sure that wheels are well oriented along the horizontal
direction.
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82) Result
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85) The last step for this component is to impose a pivot movement around the top pin of
the second narrow boom

Y Pivot

Source:
Target:

Aois:

[ tevert Axis

Orders

Select an axe, an edge or a point on a
surface.To select a point on a surface, the snap
on surfaces must be active.

B A &

troliey 1.2

namow boom_1_2

Q,

v

86) Select the trolley as Source, the second narrow boom as Target and the pin axis as

Assemby
) ¥ targe boom_11 [large &
* V] Pivot 4
* [/ Pivot s
) [ trolley 11 [troliey.1]
# (4] Por s
& [J] Shder 2
) & trolley 1.2 [trolley. 1]

& [ Pivot_T,
B

& || Plane XY
& [ Panexz
& [ Plane vz
4 B ¥ wolley1
9 ¥ oata
& [ Planexy
& Plane XZ
& [ Panevz
4 @[ ] workbench_1

2% v oaa

87) Now, add

Axis. Then confirm

T

the workbench into the assembly as the assembly
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88) Also this component need to be oriented and positioned properly and, in this case, it is
convenient to use only the second method

~

@ surface - Surfac... ?

— Source: workbench_1_1
Target: |boom with rod dttach_127T| Tk

Positioning
®) Coincidence
Distance

Distance:

] Invert

the boom with rod attachment (Coincidence). In this case it is needed to invert the red
arrow. Confirm

90) Result
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' @ Surface - Surfac... ?

X
Source:, [workbench_1_1
£3)

Targgh |mobile base_1_1

91) Align one of the flat horizontal surface of the workbench to the flat horizontal surface
of the mobile base (or the fixed bar eventually). This is not done to place the trolley,
but to be sure that the workbench is horizontal.

92) Result |

@ Edge - Edge Cons... 7

Source: |workbench_1_1
Target: |large boom 11
Orientation

@) Parallel

() Perpendicular
Positioning

@ Coincigence

O Distance

Distance:

93) Align the axis of the pin of the workbench to the top pin of the large boom
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95) The last steps for this component are:
e to impose a pivot movement around the bottom pin of the second narrow boom
e to impose a sliding movement for the upper trolley along the workbench bar

Orders

Select an axe, an edge or a point on a
surface.To select a point on a surface, the snap
on surfaces must be active.

v

96) Pivot: Select the workbench as Source, the large boom as Target and the pin axis as
Axis. Then confirm
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@ Slider ? x

irge? (trolley 1.2

workbench_1_1

Orders
Select an axe, an edge or a point on @

surface.To select a point on a surface, the snap
on surfaces must be active.

v

97) Sliding: Select the trolley as Source, the workbench as Target and one of the axis of
the workbench along the Z direction as Axis. Then confirm

Assembly
) & trolley_1.1 [troliey. 1]
« [V pivot 6
@ [J] Slider_2
) @ trolley_1.2 [troliey.1]
* V] Pivot 7
%) & workbench_1_1 [ workber
@ [ Pivor 8
« [v] Slider_3
By
S
4 @[ ¥ cylinder_
9 ¥ pata
& [ Plane xy
& O panexz

Y

& [ Plane vz

98) Now, add the cylinder into the assembly as on the step 23

99) Also this component need to be oriented and positioned properly and, in this case, it is
convenient to combine the 2 method...

84



250%sin(30) )
250%c0s(30)

a:tan‘l(%) = tan 1 (

Delta man 1
Delta Y: 9.04 mm

Delta Z: 0.00 mm

Total area: 5275 milimeters* 2

File: eyfinder- | @pantografo_ver)
@pantografo_ver04 (ing)
File: pantagrafo_ver04 (ing) Conf

100) In order to find the slope of the cylinder it is possible to:
e Measure it on the Solidworks environment
e Evaluate it thanks to geometrical consideration

3D Coordinates and Orientation - [3D_Diagr.. ? 8 X

XC 0| mm v
¥ Coordinate: 0| mm ~
Z Coordinate: 0/| mm ~
j | Rotation around X: 0| deg ~
B\ % FRotation around ¥: 0 deg *
B Fototion around Z: 7’«3 v

igin "

101)  Select the cylinder and assign 53.41 degree Rotation around Z

) tdge - Edge Cons... 7

Note: look at the next slide to find the hidden hole axis

102)  Then, align the axis of the hole of the cylinder attachment to the axis of the pin of
the mobile base. In this case it is needed to invert the red arrow
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HIDDEN HOLE AXIS

The software recognizes the axes of all cylindrical

x figures, but it highlights them differently depending
on whether the cylindrical surfaces are internal (so
the axes appear short and narrow) or external (so
the axes appear long and wide). Sometimes it

o happens (as in figure B) that the axis of an external
surface hides the axis of a hole. To select the hidden
< axis, simply observe internally to the axis that hides
it.
Hole axis appears Long rod axis is hiding the Hole axis appe.ars thanks Look at the video named as:
hole axis to the paralepidid shape . ) . .
of the rod Automation Studio.7 - 3D hidden axis

(A) (B) (€

103)  Result: the component must to be positioned along the x axis

N

\

o
3D Coordinates and Orientation - [3D_Diagt.. ? 8 X Q
Ix(oordmate‘ L] Imm k: O
7 Y Coordinate: 35|| mm N
e 755/ [ mm ’T
Ratation around X: -5341|| deg
Rotation around ¥: 90| | deg ¥ ,
Rotation around Z: 0| deg

= o | _ 120,00

104)  Assign the value 10 at the X coordinate in order to place correctly the position of
the origin of the cylinder in the middle of the fixed bar
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105)  The last step for this component is to impose a pivot movement around the bottom
pin of the first narrow boom

) pivot ?

Source: [cyinger 11
Target: [naow boom 1.1
s

] tewert Axis

Orders
Setect an axe, an edge or o pd
surface.To select a point on a s
on surfaces must be axtive.

106)  Select the cylinder as Source, the mobile base as Target and the pin axis as Axis.
Then confirm

Ascembly
- Slider_2
) & trolley_1.2 [trolley.1]
@ [ pivor7
) @ workbench_1_1 [ workber
& [ Pivot 8
@ [ Sider3
) & ofinder. 1.1 [cylinder_1]
* [ Pivor 9

e

& [ panexz : s ¥
& O planevz

4+ @R ¥ rod1
% ¥ ona
& [ Plane xy
& [ planexz
L [ Planevz

107)  Now, add the rod into the assembly.
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108)  Also this component need to be oriented and positioned properly and, in this case,
it is convenient to use only the second method

N

—

@) Edge - Edge Cons... 7

Source: [rod 1.1

109)  Now, align the axis of the rod to the axis of the cylinder.

110) Result

111)  Now, align the axis of the hole (hidden) of the rod to the axis of the pin of the
boom with rod attachment.
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112)  Result

113)  The last steps for this component are:
e to impose a pivot movement around the pin of the boom with rod attachment
e to impose a sliding movement along the cylinder

Orders
Select an axe, an edge or a point on o
surface.To select a point on a surface, the snap
on surfaces must be active.

114)  Pivot: Select the rod as Source, the boom with rod attachment as Target and the
pin axis as Axis. Then confirm

Select an axe, an edge ar a point on 3

on surfaces awist be active

T 4
115)  Sliding: Select the rod as Source, the cylinder as Target and the axis of the
cylinder as Axis. Then invert the axis and confirm
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Note: In this case the Axis must to be inverted in order to link correctly the variable related to
the linear position of the actuator A1 (step 212)

116)  The assembly is now completed in the 3D environment of AutomationStudio.
It is possible to see all the axis involved in joints (pivot or sliding) highlighted in red
and the fixed component in blue
4.3.8. Steps

Fluid circuit scheme

SolidWorks environment

AutomatioStudio 3D environment

| Mechanism Manager

Final Adjustment

Simulation
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4.3

117)

the pantograph lift thanks to mechanical link between bodies, involving fluid power
actuators and loads.
In the mechanism manager, bodies represent the parts on the assembly of the 3D
environment

118)

9. Mechanism Manager

The pantograph lift is composed by the following parts that will
be the bodies on the mechanism manager:
* 1x fixed bar

* 1xmobile base

*  2xtrolley

* 2x narrow boom

* 1x

* 1xlarge boom

* 1xworkbench

* 1xcylinder

*+ Ixrod

The Mechanism manager is a 2D environment in which it is possible to recreate

First of all, to open the mechanism manager, it is needed to return on the fluid

119)

121)

diagram...

I == e

( ERERREZ. -«
b 2 S proicct)

% @ 2> ®°[1] Diagram1

Double click on the Diagram1 at the project explorer window

-1@

imulation Fluid Tools Support

) Refer cument View [/ ANSI A 1
I ) Reterence % Do I

T BOM - T Component View []|100%

@ History ~ bfAnlmal:d Link

==

Click on the fluid section

120)

Boundary Connection Catalogue | Renumbe

ponents into th
K them to mechanism

An unlimited number of mechanisms can
be created in the same project

@ Press the F1 ey for more
information.

Then, click on Mechanism Manager to open it
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| labiide Mechanism List

. — -
[k« o rome o] s o

Name = Internal identifier

(2) Hide Mechanism List

e« 2 [Name o]/ search Fiter ® z:
Name ~ Intemal identifier
Mechanism_1 MECT RERFEED.
Hame
= B project1

® @ 2 ©%11) Diagram1
B @ ""' 2] 30_Diagrami
8 WU Mechonisms

B @ [mechanism_1

Ox## LwgdRB.

> -
= W (x) (x) "W

=l nformation

4 Mechanism_1
4 Bodies

v ok Frame Mechanism Viewer - [Mechanism_1: View] ?

st FEEx Braany,

2 x

A

123)  Results. A new mechanism is created and it is visible on the project explorer
window. As well as the related mechanism 2D viewer and the list of bodies, joints and
loads involved in this mechanism on the mechanism manager window

! O« & & 12+ EF R B, [Data] Mechanical Nodes
:ﬁ T4 P M«Br::ismj (3) Hide Node List
“ ies @ Fre
ke 4 ) P " By Name «| search Fiter e
-y Mamad P r.-m,.t« Ll Il ildeq]
@4_‘ — Centre of Mass Origin... 50 3 0
External Loads Node_1 Origin... 0 0
Mechanism Viewer - [Mechanism_1: View1] ? 8 x Node 2 Origin... 100 0 o
B Node 3 Origin... 50 100 0
+e ¥ SRSy .
3E v (x'l..(x)- 'E\)\%J ® @\ﬁ E:
& information
[» i yARRE NN
Cprpp-w—— /
% W Coordinate System Origin (MEC ¥ &
* Is a Coordinate Syst.. O / CH
* X Coordinate 50 | (mm - &
P ¥ Coordinate 33 | (mm - &
* @ Coordinate 0 deg > 5]
= Igentification _
~) Show Details
| I—E—
50 mm
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Note: In the mechanism manager, bodies are realized by defining nodes (points). This nodes
are also used to apply loads or joints. Below an example in which a body called “triangle” is
realized by defining the 3 vertices

X Y
M N 0 A 0 0
@ > B 1000 0
1. C 0 0
@ D 600 0
E 433 0
H I F 216,5 125
& N G 129,9 175
:;(J P H 0 250
@ - | 433 250
L 216,5 375
A E D B M 0 500
& @ o\ <+ N 433 500
C 0 600 500

124) In this tutorial, each body is represented by a rigid line that includes all nodes
used to joint other bodies. On the left it is shown all nodes and the related coordinated
[mm]

4 Mechanism_1 () Hide Node List
4 Rad
2B E _

External Loads

125)  The first step is to add the 2 nodes (A and B) of theixed frame in which the fixed
bar is clamped. Select the body “Frame” and click “Add” on the node list of the
Mechanical Nodes window

@ Hide Node List

B 2 B 1B Name - : D e
Name « Is Coor... Coordin... x[mm]  y[mm] [de
X Y Node_1 Origin.. 0 0 0
A 0 0 Ongin v
B 1000 0
C 0 D ||——-
D 600 0 Alm I-!- = (o} z: . (f,\\ EI\ E )
E 433 0 || e
F 216,5 125 - Description [ 10
G 129,9 175 = Technical - Characteristic
k ¥ Coordinate System Origin (MEC" ¥
H 0 250 s a Coordinate Syst |
| 433 250 . X Coordinate o [lom -
L 216'5 375 k ¥ Coordinate 0 |\mm -
M 0 500 V 3 Y Coordinate 0 \deg L4
= |gentification
N 433 500 Internal ID NOD
Qo 600 500 « IName [Node_1 & I

126) Node 1 is added on the list of nodes of this body. Rename it as “A” and assign the
related coordinates (from the table)
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Data | Mechanical Nodes

@ Hide Node List
[:-—" [:-(:‘ @ Name © | Search Filter . :::;._
l Name « . Is Coor... Coordin..§ x [mm] y [mm] y [deg]
Origin... | 0 0 0
Origin L4
127)  Results
(#) Hide Node List
u” E'3 Lg g Name «~ | Search Filter . :::
[ Name - Is_Coar Coordin... x [mm] y [mm] v~ ('] [de;
A Origin... 0 0 0
|: Origin.. 1000 0 o
X Y Origin v
A 0 0
B 1000 o dl
C 0 0 2z (\-)P \- {:\? L Eg\%
D 600 0 = Inf tion
E 433 0 * D [ [®
F 216,5 125 = Jechnical - Characteristic
G 196,9 175 e ¥ Coordinate System Origin (MEC ~
H 0 250 * Is a Coordinate Syst... ]
I 433 250 * X Coordinate 1000 mm =.
A Coordinate 0 mm -
L 2165 | 375 ==
A  Coordinate 0 deg z
M 0 500 —
N 433 500 [ % Intemnal ID fiopz ‘
0 600 500 K Hame E_—T1]

128)  Now, add another node, rename it as “B” and assign its proper coordinates

129)  Results. The 2 nodes are shown on the mechanism viewer

sl # 2 voFRB.
4  Mechanism_1
4 Bodies
v ok Frame
Joints
External Loads

130)  The next step is to add the first body: the fixed bar. So, click “Add body”



O ¢ LURB,
4 Mechanism_1
4 Bodies
2 S Body_1
Joints

External Loads

131) Result

O & @ L WD R _ [Data) Mechanical N

4 Mechanism_1 @ Hide Node List
4 Bodies .. =
2 _"‘ [,F‘_k
v o Frame gEe
T < Body_1 Name =
Joints Add Body tre of Mass
External Loads Copy
Paste
Delete
Disable
‘ +
_Rename | el
=l Information
132)  Change the name of the body into “fixed bar”: right click on body 1 and rename.
@'\f‘(‘ (-f,:~ﬁ JQE
‘
4 Bodies
v o Frame
Joints
External Loads
133) Result
X Y
A 0 0
B 1000 0 M N 0
C 0 0 @ -]
D 600 o | I
E 433 0 -
F 216,5 125
G 129,9 175 H 1
H 0 250 b
I 433 250 ::G F
L 216,5 375 @ @
M 0 500 r 5 =
N 433 500 \ ) ® @
0 600 500 C-
O« & LD . | Data| Mechanical Nodes
4 Mechanism_1 (%) Hide Node List
4 Bodies B 0 F N @) Fiter
v ok Frame e Q D g teme Mark 5
\\ N fi Na_me - . Is Coor... (ocrﬁnm % [mm] y [mm  [deg]
Jo A Origin... 0 0
External Loads B Origin... 1000 0 0
Centre of Mass Origin... 500 0 0
D Origin... 600 0 0
134)  The fixed bar involves points A and B (to clamp itself to the fixed frame) and D

(to create the sliding movement for the mobile base).

Point E and C are not involved in this body.
Add points A, B and D and assign to the centre of mass the coordinates that positions
it in the middle (500;0)
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FF L QRO QY

|
| 500 mm

135) Result. It is possible to see the fixed bar, its nodes and the centre of mass in the
mechanism viewer

O g 7 LR B.
] Mechanism_

4 Bodies

v o Frame

7 & fixed bar

Joints
External Loads

136)  The question mark left to the body indicates that the body is not fixed or jointed.
In fact, it needs to be clamped with the fixed frame

@ i AL :QZE'; G B Data | Mechanical Nodes

4 Mechanism_1 ‘ Add a rigid link between two bodies fe List

4 Bodies PR B Neme -
v o Frame = ==
7% % fixed frame Nome 4
Joints .
B
External Loads
Origin

137)  Click on “Add a rigid link between two bodies”

@ C# & LR EB - @hvdeNod:Selcmon

4 Mechanism_1 First Node
4 Bodies Body - O
Y e Frame I Zody Name
2% % fixed bar Frame A
4 Joints Frame B
fixed bar A
xternal Loads fixed bar B

138)  Result. It appears the Clamping_1 in the new joint list and the list of possible
nodes that can be used for this type of joint (First node). Select the node A of the

Frame
@ Hide Node Selection
First Node Second Node
@) Fikter . @) Filter
Body - . Mark - Body ~ ) Mark -
Body Name Body Name
Frame A I fixed bar A I
Frame B
fixed bar A
fixed bar B
v x

139) Result. By selecting the first node, the list of possible other nodes that can be
joined with the first one becomes visible. In this case only the node A of the fixed bar
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can be joined with the node A of the fixed frame because they have the same

coordinates
@ Hide Node Selection
First Node Second Node
ar ®) Filter ” . Filter
Body « €c Mark Body - 7 ) Mark
Body Name Body Name

Frame A fixed bar A

Frame B

fixed bar A

fixed bar B

%
140)  Select the node A of the fixed bar as the second node and confirm

O @ @ L WA RB. (3 Hide Node Selection

4 Mechanism_1 First Node Second Node
4 Bodies Body - R Body - Ji=
v ok Frame Body Name Body Name
< fixed bar Frame A fixed bar A
4 Jonts
—
External Loads
v x
141)  Result. The fixed bar is clamped and the green tik is set left to the body and to the
joint

O @ LYEFRR - () Hide Node Selection

4 Mechanism_1 First Node ) Second Node
“ Bodies Body - ||Sen | @ L Body « || Sear | B
v ok Frome Body Name Body Name
v K fixed bar Frame. 8 P B
4 Joints
¥ .- Clamping_1

v - Clamping_2
External Loads

v | [x]
142)  For completeness clamp also the point B repeating these last steps

':* ¢ LB B.

4  Mechanism_1
4 Bodies
v o= Frame
v % fixed bar
4 Joints
v L~ Clamping_1
v - Clamping_2
External Loads

143)  The next step is to add the next body: the mobile base. So, click “Add body”

O« & LeDB.
4  Mechanism_1
4 Bodies
v we Frame

bl N Body_1|
4 8

v - Clamping_1

v - Clamping_2

External Loads

144)  Results
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W & F LWER B . Ut me

4  Mechanism_1 @Hidel
4 Bodies \:n Ld:D |
v ok Frame
v S fixed bar }
> % B | Centre 0
4 Joints Add Body
v b Cla Copy
v b Cla Paste
External Load: Delete
Disable

Rename

145)  Change the name of the body into “mobile base”: right click on body 1 and
rename.

VS @ F LENERB,
4 Mechanism_1
4 Bodies
v o Frame
v ¢ fixed bar
4 Joints
v L~ Clamping_1

v .- Clamping_2

External Loads

146) Result

X Y M N 0]
A 0 0 @ . ]
B 1000 0
C 0 0 L
D 500 0 D
E 433 0 I
[ 216,5 125 I.I
G 129,9 175 G
H 0 250 o
| 433 250 @ )
L 216,5 375
M 0 500 A I D B
N 433 500 ‘@ ® e @ -
o) 600 500 C
@ S 7 LN [:‘-' B E} _ | Data| Mechanical Nodes
4 Mechanism_1 (») Hide Node List
4 Bodies \:.:1 [QG B E Name - earch Filter ¢ .;:; -
¥ o Frame - =
v % fixed bar Name = ,Is Coor... Coordin... x[mm]  y[mm] ¢ Edeg]
R Centre of Mass Origin... 300 0 0
P C Origin... 0 0 0
Joints o o 600 0 0
5 s rigin.
s Champing 1 £ Origin... 433 0 0
¥ L Clamping 2

External Loads

147)  The mobile base involves points C (pivot joints with the narrow boom and with
the cylinder), D (to create the sliding movement along the fixed bar) and E (to create
the sliding movement for the trolley).
Point A is not involved in this body.
Add points C, D and E and assign to the centre of mass the coordinates that positions
it in the middle (300;0)
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Mechanism Viewes - [Mechanism_1: View]] 78 x

FEEx Rxaaay,

B Y S .

148) Result

O 7 LRFRB.
] Mechanism i

4 Bodies
v ol Frame

Joints
External Loads

149)  Even in this case, the question mark is present. It is needed to create the sliding
constraint between the mobile base and the fixed bar.

O #[#FewernB.
4  Mechani| Add Slider Joint ‘
4 Bodies
v o Frame
v N fixed bar

2% &, mobile base

4 Joints

v - Clamping_1

150)  Click on “Add Slider Joint”

O« @ # L BB . (@ HioeNodeSeection

4 Mechanism_1 First Node ~

4 Bodies Body || Sear T -ﬂ:;;;
v o Frame Bogy Name
v ¢ fixed bar fixed bar D
2% % mobile base mobile base C

4 Joints mobile base D
v~ - Clamping_1 mobile base E

amoing 2

151)  Select the node D of the mobile frame as the first node

;‘irst Node Second Node

Sear ®) Filter . Sean (@) Filter

Body | Sean ) Mark Body . ) Mark -
Body Name Body Name
fixed bar D fixed bar D I
mobile base C
mobile base D
mobile base E
v x

152)  Result. As before, by selecting the first node, the list of possible other nodes that
can be joined with the first one becomes visible. In this case only the node D of the
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fixed bar can be joined with the node D of the fixed frame because they have the same

coordinates
First Node Second Node
i (@) Filter o @) Filer
Body | Sec O Mark < Body v | Sea ™) Mark -
Body Name Body Name

fixed bar D fixed bar D
mobile base C
mobile base D

E

‘ mobile base

| v ][ =
153)  Select the node D of the fixed bar as the second node and confirm
4 Mechanism_1 First Node Second Node
‘ Bodies Body v ]| Se e - sl o :
¥ o Frame Body Name Body Name
v N fixed bar mobile base D fixed bar D
v ¢ mobile base
4 Joints
v - Clamping_1

v .- Clamping_2

v @ Slider 1 ey
= ®
External Loads ‘, ’7 !
154) Results
X Y 0
A 0 0
B 1000 0
© 0 0
D 600 0
E 433 0
F 216,5 125
G 129,9 175
H 0 250
| 433 250
L 216,5 375
M 0 500 D B
N 433 500 <+
0 600 500
@ ;\* -.," .;* ; 4: E: I;:\ E Data Mechanical Nodes
4 Mechanism 1 () Hide Node List
4 Bodies 8 ~F P P T o Fit
‘I/ o Frame i [1_; l;i R | =" Fie .‘ ":"":
v N fed bar Name =~ oIs Coor... Coordin..._x [mm ymm] W [deg]
ohile ha C Origin... 0 0 0
Centre of Mass Origin... 2165 125 0
P - ) F Origin.. 216,5 125 0
v L Clamping_1 1 Origin... 433 250 0
¥ .- Clamping_2

155) The next step is to add the next body: the first narrow boom.

The first narrow boom involves points C (pivot joints with the mobile base and with
the cylinder), F (to create the joint movement around the middle pin of the boom with
rod attachment) and I (to create the joint movement around the bottom pin of the large

boom).
Point A is not involved in this body.
Add the body; rename it; add points C, F and I and assign to the centre of mass the
coordinates that positions it in the middle (216,5 ; 125)

100



Mechanism Viewer - [Mechanism_{: View1] ? 3 x

t@ X RO G Y.

._,,-,._,g,.;;.v;.-.»,
I;‘—a‘l —& + <+
156)  Result
M V O
: 4.}
L
Q
H |
[ 3
G
) -
’ @

?IE & OFO 4

157)

B

Now it is needed to create the pivot joint in C (with the mobile base). Joint F and I

cannot be created now because the other bodies don’t exist yet.

Og[#]# L vren.

4 Md Add Pivot Joint
4 1es
v ok Frame
v N fixed bar
v & mobile base
2% & narrow boom 1
- lninte

158)

N & & L 7e |g 4 B ;. (») Hide Node Selection
First Node
Body - | Sean

4 Mechanism_1 Second Node

4 Bodies

(@) Fitter

Click on “Add Pivot Joint”

Body «| Sean

(@) Firer
O Mark _

¥ o Frame Body Nama Body
v % fixed bar mobile base C
v & mobile base

¥ narrow boom 1

narrow boom 1

4 Joints

¥ L~ Clamping_1

MName

G

v L Clamping_2
v & Slider_1
v & Pivot 1

i (A) Hide loint Proserties

159)

v | %]

Create the pivot joint in C between the mobile base and the narrow boom
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X Y
A 0 0
B 1000 0
C 0 0
D 600 0
E 433 0
F 216,5 125
G 129,9 175
H 0 250
| 433 250
L 216,5 375
M 0 500
N 433 500
0] 600 500

IR g #F LREFRBEB
4 Mechanism_1
4 Bodies
v o= Frame
v S fixed bar
v ¢ mobile base

v" ¢ narrow boom 1

M

N
o

A
c®

_ | Data| Mechanical Nodes

@

() Hide Node List

0)

4=

I 7% &, boom with rod attac

4 Joints
v, Clamping_1
- Clammin~ I

160) The

P 0 P ®) Filter
2 2 & B Nome - ) Mark
NPT leLone L P2= = lonm) ool e ldacl
Centre of Mass Origin... 2165 125 0
E Origin... 433 0 0
F . 2165 125
Tenerd I Origin. 6,5 25 0
G Origin... 1299 175 0
H Origin... 0 250 0

next step is to add the next body: the boom with rod attachment.

This body involves points E (pivot joints with the trolley), F (joint movement around
the middle pin of the narrow boom 1), G (joint movement around the rod fixture of the
actuator) and H (joint movement around the bottom pin of the second narrow boom).
Add the body; rename it; add points E, F, G and H and assign to the centre of mass the
coordinates that positions it in the middle (216,5; 125)

Mechanism Viewer - [Mechanism_i: View1]

FEEX Breany .

B

161) Result
M N O
@ @
L
)
H I
L
G
° 10
@
A E_ D
AL @ o

162)

Now it is need to create the pivot joint in F (with the narrow boom 1). Joint E, G

and H cannot be created now because the other bodies don’t exist yet.
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O¢f¢]e » wrrE .
4  Mechanism_1
4 Bodies
v ol Frame
v N fixed bar
v" ¢ mobile base
v ¢ narrow boom 1
2* S, boom with rod attachment

163)  Click on “Add Pivot Joint”

O e & Larap . (=) Hide Node Selection
4 Mechanism_1 First Node . Second Node .

4 Bodies Body w || Search Filter = ::::; Body || Search Filter . -;::;;
v o Frame Body Name Body Name
v N fixed bar boom withroda F narrow boom 1 F
v ¢ mobile base
v ¢ narrow boom 1
v & boom with rod attachment

4 Joints
v - Clamping_1 = E

v - Clamping_2

164)  Create the pivot joint in F between the boom with rod attachment and the narrow

boom
X Y
A 0 0 (0]
B 1000 0
C 0 0
D 600 0
E 433 0
F 216,5 125
G 129,9 175
H 0 250 o
| 433 250
L 216,5 375 @ @
M 0 500 A E D B
N 433 500 A g @ o @ -,
0 600 500 G
N EF g E e SPEGy oG v
4 Mechanism_1 @ Hide Node List
’ BOd:s-Jw Frame H': gﬁ @ E flame = || Search Fitter . :.':!n: =
v N fixed bar INFY- IS e oot Caardio cloml wlcazal 1 [dac]
v % mobile base Centre of Mass Origin... 2165 375 0
v S narrow boom 1 H Origin... 0 250 0
v boom with rod attachment . Origin... 216,5 375 0
N Origin... 433 500 0
4 Joints

165)  The next step is to add the next body: the second narrow boom.

This body involves points H (pivot joints with boom with rod attachment), L (joint
movement around the middle pin of the large boom), N (joint movement around the
trolley) .

Add the body; rename it; add points H, L, N and assign to the centre of mass the
coordinates that positions it in the middle (216,5 ; 375)
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FEEx BeaEy.

-a—e—-»—e— + +
166) Result
M N (6]
@ ®
L
o

. E D B
é:@ @@ +

167) Now it is need to create the pivot joint in H (with the boom with rod attachment).
Joint L and N cannot be created now because the other bodies don’t exist yet.

O«[¢]# L vrFREB .
4 m.anism_l
4 Bodies
v o Frame
v & fixed bar
v & mobile base
v ¢ narrow boom 1
2% < boom with rod attachment

168)  Click on “Add Pivot Joint”

VYN @ & 2 WEHE B () Hide Node Selection

4 Mechanism_1 First Node = Second Node )
4 Bodies Body ~ | Search Filter ' :’:;: Body « | Search Filter @® ::1'
v ok Frame Body Name | Body Name
v S fixed bar boomwithroda H ! narrow boom 2 H

v & mobile base

v & narrow boom 1

v & boom with rod attachment;
v Sy narrow boom 2

4 Joints I 7 E

v L Clamnina 1

169)  Create the pivot joint in H between the boom with rod attachment and the narrow
boom 2
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X Y
A 0 0 0
B 1000 0
C 0 0
D 600 0
E 433 0
F 216,5 125
G 129,9 175
H 0 250
| 433 250
L 216,5 375
M 0 500 A E D B
N 433 500 AP - E +
(0] 600 500 C
VS F F L NE [,":‘:I @ = pata| Mecnanical NOaes
4 Mechanism_1 (®) Hide Node List
4 Bodies = ] (@) Filter
—~ [ Name | Search Filte =
v o Frame UP @E — G : ) Qs>
v’ % fixed bar Name =~ . Is Coor... Coordin... x [mm)] y [mm]  [deg]
¥ & mobile base Centre of Mass Onigfn... 216,5 375 0
v" ¢ narrow boom 1 : Or?gfn... 433 ~ 230 0
v % boom with rod attachment k s it a
3 5 M Origin.. 0 500 0
2% & large boom I
A Dints ..........

170)  The next step is to add the next body: the large boom.

This body involves points I (pivot joints with narrow boom 1), L (joint movement
around the middle narrow boom 2), M (joint movement around the pin of the
workbench) .

Add the body; rename it; add points I, L, M and assign to the centre of mass the
coordinates that positions it in the middle (216,5 ; 375)

+@uE SReeRyY

171)  Result

M N O
@ @
1.
H 1
[ ]
G _ ]
k
@ @
) D) D
(\0 e @ P
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172)  Now it is need to create the pivot joints in I (with the narrow boom 1) and in L
(with the narrow boom 2). Joint M cannot be created now because the other body
doesn’t exist yet.

O¢fle L vrae .
T Mechanism_1
4 Bodies
v o Frame
v N fixed bar
» mobile base
narrow boom 1
boom with rod attachment

narrow boom 2

RS SEEY
v AP P W 2P AP

. large boom

173)  Click on “Add Pivot Joint”

@ Hide Node Selection

First Node Second Node
First Node = Second Node Body + || Search Fiter @) Fisr Body + | | Search Filter ® Fiter
Body ~ || Search Filter Body « || Search Filter J o Q Mark o J — Q) Mark o
= Body Mame Body Name
Eody Name Body
large boom L narrow boom 2 L
large boom I narrow beom 1 I
v ][] v ][]

174)  Create the pivot joints in I, between the large boom and the narrow boom 1, and in
L between the large boom and the narrow boom 2

X X M N\ 0
A 0 0 @ P
B 1000 0
C 0 0 1.
D 600 0 QO
E 433 0
F 2165 | 125 H 1
G 129,9 175 ¢
H 0 250 ::G [
| 433 250
L 216,5 375 @ ®
M 0 500 A D D B
N 433 500 ! a3 & & -
0 600 500 C
4 Mechanism_1 @ Hide Node List
4 Bodies N W | —— (@) Fiter
v ok Frame CIC @ l:] Name . Q Mark o
v % fixed bar Name = . Is Coor... Coordin... x [mm] y [mm] 1} Ideg_]
v % mobile base Centre of Mass Origin... 300 500 0
¥ rerowtoom 1 N oo B w o
v" ¢ boom with rod attachment o
v" ¢ narrow boom 2 © Origin... 600 20 ¢
v

s large boom
Y workbench | | Y e

175)  The next step is to add the next body: the workbench.
This body involves points M (pivot joints with the large boom), N (joint movement
around the trolley), O (end of the workbench) .
Add the body; rename it; add points M, N, O and assign to the centre of mass the
coordinates that positions it in the middle (300 ; 500)
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176)  Result

ﬁ N 0
@ S

e T
-

-.G

®
& —

D

i v

/ E
(EO -

177)  Now it is needed to create the pivot joint in M (with the large boom). Joint N

cannot be created now because the other body (the trolley) doesn’t exist yet.

O#]# LwFRBe .
4 Mechanism_1
4 Bodies
v e Frame
v S fixed bar
v ¢ mobile base
v ¢ narrow boom 1
v S boom with rod attachment
v ¢ narrow boom 2
v Xy large boom
2% <, workbench

178)  Click on “Add Pivot Joint”

() Hide Node Selection
First Node Second Node
Body v || Search Filter :!: ;i:; = Body v | Search Filter ?: :':2 .
Body Name Body Name
workbench M large boom M
v | [x]

179)  Create the pivot joint in M, between the workbench and the large boom
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X Y
A 0 0 M N 0O
B 1000 0 @ &
C 0 0 I
D 600 0 @
E 433 0
F 216,5 125 H |
G 129,9 175 L
H 0 250 G P
[ 433 250 ’ 2
L 216,5 375 @
M 0 500 A D D B
N 433 500 N @ e .
0 600 | 500 Cr »
@ s 7 LB G | Data| Mechanical Nodes
“ Mechanism_1 @ Hide Node List
4 Bodies o - _ ®) Filter
2R N v | | Search Filter =

v L Frame Ef B B 5| Name =l

v % fixed bar Name = . Is Coor... Coordin... x [mm] y [mm] Y [deg]

v % mobile base Centre of Mass Origin... 433 0 0

v ¢ narrow boom 1 E Origin... 433 0 0

v ¢ boom with rod attachment

v ¢ narrow boom 2

¥ ¢ large boom ‘

: Al + =& M o B/

180) The next step is to add the next body: the lower trolley.
This body involves only the point E (pivot joints with the large boom and slider joint
with the mobile base).
Add the body; rename it; add the point E and assign to the centre of mass the
coordinates equal to the ones of the E point (433 ; 0)

- @ - -+
&
- . - +
181) Result
M N 0]
@ )
L.
o
H |
@
G
-] |4
e @
A D B
(;.@ @ @ b

182)  Now it is needed to create the pivot joint in E (with the boom with rod

attachment) and the slider joint in E (with the mobile base).
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[F]e 2 sFee .

4  Mechanism_1
4 Bodies

v o Frame
v ' fixed bar
v %
v %
v %
v
v
v
&%

mobile base

narrow boom 1

boom with rod attachment
narrow boom 2

large boom

workbench

trolley lower :

183)  Click on “Add Pivot Joint”
@ Hide Node Selection
First Node Second Node .
Body | Search Filter 3 V‘:;_ Body « | Search Filter ® o ]
Body Name \ Body Name
trolley lower E boom with rod attacl E
v | [X]
184)  Create the pivot joint in E, between the lower trolley and the boom with rod
attachment
¢ #[Z]e wfee .
4 Mechanism_1
4 Bodies
v o Frame
v N fixed bar
v X mobile base
¥ ¢ narrow boom 1
v & boom with rod attachment
¥ ¢ narrow boom 2
v N large boom
v & workbench
2% trolley lower ‘
185)  Click on “Add Slider Joint”
(») Hide Node Selection
First Node Second Node
Body Name Body Name
trolley lower E mobile base E
v | [x]
186)  Create the slider joint in E, between the lower trolley and the mobile base
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X Y
A 0 0 M N (0]
B 1000 0 o
e !
(%)
E 433 0
F 216,5 | 125 H I
G 1299 | 175 ®
H 0 250 G .
| 433 250 4
L 2165 | 375 @
M 0 500 E
N 433|500 Ag D B
e e o <
0 600 500
O JLa g ol=Y =] Data| Mechanical Nodes
- 4 Bodies

() Hide Node List

v ok Frame F— o @ st
v X fixed bar ST D B Name - | Search Fiter Lark
v < mobile base Name = . Is Coor... Coordin... x [mm) y [mm] Y [deg]
v % narrow boom 1 Centre of Mass Origin... 433 500 0
v ¢ boom with rod attachment N Origin... 433 500 0
v ¢ narrow boom 2
v Xy large boom
v & workbench
S T I EITE + - als Rle

187)  The next step is to add the next body: the upper trolley.

This body involves only the point N (pivot joints with the narrow boom 2, and slider
joint with the workbench).
Add the body; rename it; add the point N and assign to the centre of mass the
coordinates equal to the ones of the N point (433 ; 500)

FEEx Bxaeny.

+ e B
2
e
+ e @e
e S—
188)
M N
& |
L
D
H 1
.
G
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@ )
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‘(\‘_@ @ @@

Result

0
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189) Now it is needed to create the pivot joint in N (with the narrow boom 2) and the
slider joint in N (with the workbench).

Ogfs]# 2 vroe .
4 Bodies

o Frame

¢ fixed bar

¥

mobile base

narrow boom 1

boom with rod attachment
narrow boom 2

large boom

workbench

trolley lower

trolley upper :

190)  Click on “Add Pivot Joint”

Lo G S SR S S S SRS S
rW WL W

@ Hide Node Selection

First Node Second Node
Body Name Tl Body Name
trolley upper N | narrow boom 2 N

v | [x]
191)  Create the pivot joint in N, between the upper trolley and the narrow boom 2

] ] PR -] -

4 Mechanism_1
4 Bodies

v o Frame
v Ny fixed bar
v ¢ mobile base
v' S narrow boom 1
v ¢ boom with rod attachment
v S narrow boom 2
v Ny large boom
v ¢ workbench
2% % trolley lower :

192)  Click on “Add Slider Joint”

(%) Hide Node Selection

First Node Second Node
Body Name Body Name
trolley upper N workbench N

v [ [%]
193)  Create the slider joint in N, between the upper trolley and the workbench
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194)  The next step is to add the first actuator, responsible for the vertical movements,
in the mechanism manager. Before to do this, remember to assign the correct value of
its stroke on the Component Properties, so 125 mm. (it will no longer be possible to
change the value of the stroke once the actuator is involved on the mechanism
manager)

Oss # LurRE
pyr—
4 Bodies
¥ o Frame
v N foued bar
¥ % mobie base
¥ % narmow boom 1
¥ % boom with rod attachment

IS =
195) Drag and drop the actuator from the fluid scheme into the bodies list of the
Mechanism 1

¢ boom with rod attachment
& narrow boom 2
N large boom

R workbench

< trolley lower

N troiey upper
& P31.1- Cylinder
& P31.1-Rod

Ay

& Clamping_1
- Clamping_2
@ Slider_1
# Pvot_1
& Pvot2
* Pivot 3
« Pvot 4
@ Pot S
# Pivot 6
# Prot 7
@ Slider_2
# Pivot 8
@ Shder_ 3

v & P31_1-Intemnal

196)  Results. The bodies Cylinder and Rod are created, as well as the internal

']
LS RIRRIL LS9

P - T T TS e
, namow boom o e v % narrow boom 2 - P
Name ~ | Search Filter ) 3 B B Name || Search Fitter ®
¥ % large boom aB ) Mark ¥ % large boom Free %) nanc
¥ % workbench el s Coor... Coondin... xjmm] | ymm] |é [deg] ¥ % workbench Nome = Is Coor... Coordin.. x[mm]  y[mm) g [deg]

v % trolley lower Sinde 230 2 2 ¥ & troley lower Ceoue of Mace BodB. 250 2 g
7% volieyu Ciindey Fadure Cyind..._0 0 0 ¥ % trolley upper Ikwmwe RodR. 500 0 0
Yinder Reterence C4 ) 12 < PI11 - Cyiinder rence 7 L5}

1%, < P311-Rod
P

ooer
1% ¢ P31_1- Cylinder
T
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197) By default. The bodies Cylinder and Rod have a node called Cylinder/Rod Fixture
that are the points in which this 2 bodies will be jointed to the mechanism

1500 __ 135,00 _
P / |
O p
C/ Yy yys @
x<0 | x>0

198)  The coordinates of the Cylinder and Rod fixture are evaluated from the actuator
reference as shown on the left, in which:
e The actuator is horizontal (leading to X coordinates of fixtures)
e The rod is on its instroke position
e Cylinder fixture has a negative value from the reference in this configuration (-
15 mm)
e Rod fixture has a positive value from the reference in this configuration (135

; :

1500 _ 35,00

125,00

-

Note: when the these 2 nodes will be joined to other 2 nodes of the mechanism (both related
to the external reference) the software will evaluate the stroke in the starting position, as it
knows the distance between the 2 external nodes.

199)  Assign the correct value of the X coordinates of the Cylinder Fixture (-15 mm)
and of the Rod Fixture (135 mm).
For simplicity assign the X coordinates of the centre of mass for both bodies equal to
125/2=62,5 (middle stroke)

M N 0
@ @
I,
@
H 1
CY ¢
@ @
|
E o oo D P
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200) Now, the cylinder must to be jointed with the mobile base (node C) and the rod

with the boom with rod attachment (node G)

(A) Hide Node Selection First Node Second Node
First Node Second Node Body - @) Filcer Body (@) Fiter
Body || Sean | © Fer Body ~ @ Fier ) Mak 5 Q Maik 5
) Mark O Mark ¢ Body Name Body Name

Body Name Body Name boom withroda G P31_1- Rod Rod Fixture

mobilebase € P31_1-Cylinder  Cylinder Fixture
v | 3] v | [x]
@ Create a Joint — (] x

Extension of the cylinder has been set to 54,35 % of
l 8 the stroke.

A1

]

=
201)  Create the 2 pivot joints mentioned before. As a result, a message appears
indicating the extension evaluated (the value of the stroke in the starting position in

percentage)
Cylinder lixture Rod fixture
. v -
_. 15,00 135,00

%
/

—{

-—

In this configuration, the distance dbgtween the node C and the node G is 217,94
mm. So, the software find the initial stroke length equal to 67,94 mm and the
extension equal to 67,94/125 in percentage

202)

Troubleshooting Rod Diameter (d O 25 (000l ¥ mm |= &
%3 Rod Side Area (An) O 000l >] (v [=J O &

.- Side Vo [ = T
X £ Rod Side Volume 1 0,00) |.em O &
[ * Stroke (L) () 300 I 000 v mm - F

: B T“hn'\sg\ -igsmg\ Jata

: * External Load (M) O 0 01 | = kg - O 5}
)( ( : * Pull External Force O 108 01 [« N - 0O &
) * Push External Force O 100 01 |= IN - O &
2 ey 2 e Rod Contact Range O 5 o1 > % - O 8

2O3A)A The next step is to add the second actuator, responsible for the horizontal
movements, in the mechanism manager. Before to do this, assign it stroke value at 300
mm on the component characteristic.

7, workbench ~(~) Fide Node Ust v oty tower (@ vide Node Lt
o ™ - Ol =
v % trolley lower 2P eF D B Neme %] | v < wolley upper PR B[N ) ®
v % trolley upper - =
- Name & Is Coor... Coordin... x [mm) mm v % P311-Cylinder
v & P311-Cylinder = N Name = Is Coor... Coordin... x[mm mm] W
Centre of Mass Cyiind... 0 0 v < P311-Rod
v % P31.1-Rod v Centre of Mass Rod R.. 600 0 0
— Cylinder Fixture Cylind... 0 0 v < P24_1 - Cylinder
7, & P24_1- Cylinder = ! Rod Fixture Rod R.. 600 0 0
| Cylinder Reference v 7T P2 T Fod
T % P24l Rod | ARG Rod Reference v Onigin.. 0 0 0
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204)  Put it inside the mechanism manager, as the step 195, and assign x=0 to all nodes
of the cylinder and x=600 to all nodes of the rod

(#) Hide Node Selection (%) Hide Nede Selection

First Node Secand Node First Node Second Node
o - o boay -] e | @7 oty - oo O boty - s BT
Body Name Body Name Body Name Body Name
fixed bar A P24_1 - Cylinder Cylinder Fixture mobile base D P24_1 - Rod Rod Fixture
v | [ v | [%]
Y Create a Join — (]

Extension of the cylinder has been set to 0,00 % of
£ l ", the stroke.

Il -“

205)  Then connect the Cylinder fixture to the node A of the fixed bar and the Rod
fixture to the node D of the mobile base, both with pivot joint. The extension will be

0%
M TN O
AJ
1] I
& :'(JQF O @
(J v S P24_1-Rod

206)  The last step for the mechanism manager is to add a vertical load applied to the
centre of mass of the workbench. Click on “Add External Load”

@ Hide Node Selection

bty -] (s | ©
Body = Name Location
trolley upper Centre of Mass MEC1.80D9.COM
workbench Centre of Mass MEC1.80D7.COM
workbench 0 .MEC1.BOD7.NOD3
workbench N M BOD7.NOD2
workbench M .MEC1.BOD7.NOD1
[ [ %
(@) Hide Load Properties
W oFw R w BB,
nformation
Description | ]
lechnical - Characteristic
¥ Coordinate System Origin (.MEC1.FRM.ORY)
fechnical - Contro
@ 7X Active Force 0 N -
L @ 7V Active Force 0 Ih L=
@ 7y Active Torque 0 daN.m| »
dentification

207) It becomes visible the list of possible nodes in which it is possible to apply a load.
Select the Centre of the mass of the workbench

Note: it is possible to assign a constant value to the force in a specific direction (negative
Y means that it is facing downward) or to link the variable “?Y Active Force” to a knob in
order to change the force during the simulation. See after

115



4.3.10.  Steps

Fluid circuit scheme

SolidWorks environment

AutomatioStudio 3D environment

Mechanism Manager

| Final Adjustment |

Simulation

4.3.11. Final Adjustment

LINK BETWEEN THE SLIDING VARIABLE AND THE PISTON STROKE

CErRD [roecbpoe—  rax
TERE. = =
: ]
- RREFERE. =
8 1 fixed b — E e
W 7 mobiie base 11 [ mobite Looenl . q‘.: i
# [ Sider 1 = 9" panthograph lift_prov
S i
B & ] > @™ 1) Diagram1
@0 e o @
‘s, 7
4 b Properes. 2@ ‘ [2] 3D_Diagrami
vl a m" Mechanisms
Y% ¥ namow boom_1.2 [narro

@ L;Mechanism_:

B @ boom with rod attach_1
% ¥ oows
& [ Planexy
& [ panez

& [ prane vz
4 B & olindert
% ¥ oa

& [ Plane xv

Component Variables Compatible Simulation Variables
Alias v | Search Filter Alias ~  Search Filter
. M o Z " e . B Az
I Linear Po...  Jointlength Jo. LREAL ~ Lirx n

Iv.iauensig-mntl

In order to link the sliding variable of the mobile base along the fixed bar, right
click on the slider 1 on the 3D diagram and select “Properties...”. Then, on the
Variable assignment, link the linear position of the joint to the linear position of the
component A2

208)
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D Manager - [30_Diagramt
LR Y
Assemp
) & workben hbe:
* ¥ vt 3
« ) Siide
B & cytng, [ eytinder
W Pvor®
B & red 11 (rod.7)
& [J] Siderd
@ [ Pivor 10
P—
“ I @ boom with rod attach_1
% ¥ pau
P Plane XY
& [ planexz -
L M Planevz g

209)  The next step is to link the linear poéitin of the Slider 4 to the linear position of
the component Al

Problem! The Sliding variable of the Slider 4 is not considering the Extension of the
piston Al. This means that the software considers the 0 position of the sliding variable (as
it appears in the 3D drawing above) equal to the 0 position of the piston stroke (and not
equal to the value of the extended stroke). The stroke cannot assume negative values, this
means that the pantograph lift could not reach the configuration shown on the right 2 an
offset between the 2 variables is needed

Component Variables Compatible Simulation Variables
Alias ~ | Search Filte Alias ~ | Search Filte
Alias Name  D.. Type Ac Alias Name C
Linear Po...  Jointlength Jo. LREAL )
Data
Variable Assignment
@)

i E:Ienslukn of the cylinder has been set to 54,35 % of Y —— i
A e stroke. é 5/(x (x)» & o K
Associations
Alias Name D.. Type Access Location Value Style Unit

ear Positio tLeng LREAL [N~ 7,94 [

2 possible way to find the value of the offset to impose:
e Multiply the value of the total stroke (125 mm) with the value of the extension
found at the step...
e Trying to link the Slider 4 variable to the linear position of the component A1 as
the step 208, It appears the initial value that will be the opposite of the offset.
Remember to delete the link then
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Library Explorer | Generic Compone... ? & X

FESCOP R

Generic Components
Search Filter
feiwamu a
@ Peumatic
< Proportional Peumatic

> Drive & Transmission Elements

B.

@3 Modify Variable ? x
# % Environment & Control
\> P.LD. _
Name: OQutputSignal
| hetae ,
TS Alias: IM stroke off;ell I
A1l Description: 'Output Signal
{1l
r

210)

To create the offset it is possible to use the “Control Device” of the P.LD. library.

Drag and Drop it inside the scheme and assign the Alias name of the new variable

e

created.

e T R e S —

r Component Properties CL1 (Control Device - Environment and Control)

1®

’e& \_;--P

Data
Output Variable
Variable Assignment

211)

In the Control Device Output wi

? 2 X
Control Device OQutput
P31_1.LinearPosition - 0.067 PID Activation
O Error Mode
® Command Mode
Variables
Alias ~ | Search Filter
‘ Alias » Type D.. Location NNtema‘ variable link Access External va ~
lift signal LREAL 4AMI1 1 Tre_r_h._. o v
I‘ Linear Position LREAL _1[A1] Line.. \ ool w I
Linear Position LRE 1[A2] line.. L) B

dowvarithe the equation:dQuble click on the

linear position variable of the component A1 and digit the negative offset (in meters)

manually. Then confirm

Component Variables
Alias - | Search Filter

Compatible Simulation Variables
Alias = | Search Filter

Alias Name D..
Al stroke..

Type
Jointlength Jo, LREAL

Access Loa

h YRS r:YDI

Alias ~

Al stroke offset

LREAL

OutpulSics e

@) Interpretation of value ? X

The unit of the compatible
variable must be specified

(x)» &
?
Measure: Length

Unit: (mp >
Orders

Select the unit to use to interpret the received
value. The variable that receives the value in the

selected unit manages the conversion
I v I

automatically.

212)

4% HMI & Control Panels
a7 Control
Q> Buttons
1 > Switches
4% Set Point Devices
@ Vertical Slider Generators
L

> Vertical Slider Potentiometers
1> signalling Devices
i @ Miscellaneous
1 @ Measurina Instruments v
|« Set Point Devi.. » Rotary Type Generators[2|

— -~
(%) [ S
X -

Rotary Type Set
Point Generator

Rotary Type Set
Point Generator

Rotary Type Set
Point Generator

Now return on the 3D environment and link the Slider 4 variable to the new one

created. Assign the unit in [m] and confirm

LINK BETWEEN FORCE AND KNOB

= Operating Condition

3 Maximum Output Signal D 50 01 | =
4 Minimum Qutput Signal O -50 01 |.=
N d n Py
Component Variables Compatible Simulation Variables
Alias ~ | Search Filter Alias v | Search Filter
Alias ~ Name Description  Type Alias ~ Name Du A
Load Transmitte... LREAL 7X Global Displace. XDisplacement Displa
7X Global Displace XDisplacement Displa
7Y Active Force ActiveForceY Active
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213)  In order to change the load during the simulation, add a knob from the HMI
library to the scheme and link to it the variable related to the load of the mechanism
manager (?Y Active Force). In the operating condition of the knob assign a 50 as
maximum and -50 as minimum values

JOINT ROTATION CONSTRAINT

4 Joints
v L Clamping_1 g
v - Clamping_2 @H»de Joint Properties
v @ Slider1 :

v & Piot2

ximum Angle

v & Pivot3 Ma:

v @ Pivot 4 Minimum Angle

=
¥ & Pivot 5

In order to avoid a wrong position of the pantograph lift, it is needed to limit the

Tackoical . Canten)

214)
rotation of the pivot joint that link the first narrow boom to the mobile base. Return on
the mechanism manager, select the pivot 1, impose its Joint Limit Behaviour as “Stop”

and assign -25 degree as Minimum angle

BODIES MASS
Oew @ LR -.""‘"“"‘”""“
4 Bodies 218 JTo T v ohHB.
2 — Description L]
¥ % mobile base Body Mass 0ok iz
v % narowboom 1 T nera Denmion Numerical Paramet.
v X boom with rod attachment Rotational Inertia arou... 0 lgm [v]
¥ S namow boom 2 = Technical - Control
¥ S large boom £l Sensor Node Centre of Mass (M~
v & workbench @ X Global Coordinate mm__ =)
¥ X trolley lower @ X Global Displacement (mm _[=
v % trolley upper @ v Global Coordinate mm_ ||
¥ & P311- Cylinder @ ¥ Global Displacement (mm [~
¥ S P3L1-Rod @ u Global Coordinate 0 deg |~
¥ S P24.1 - Cylinder @ w Global Displacement ldeg [ |
¥ & P24.1-Rod = lAsntifratinn

215) By default, the mechanism manager assigns to each body a mass value of 10 kg
(and it doesn’t allow to impose a 0 value). In this case the total weight is: 14 bodies x
10 kg = 140kg, that is too much. In order to reduce the total weight (and so, the
working pressure of the lift actuator), impose a mass of 0,2 kg to each body

WORKING PRESSURE

Component Properties P1 (Praumatc Prassure Source - Preumatic) 78 x
@©| aE = | ‘o B | e
< Iz R ey =
(2) Component imag:
e
- _A . E 7 N
° I
— LYy
Tiousieshotng

Data
Techrical Speciicatons

Treuslezhoctng
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216)

Al stokepffset 0|

il

-

regulator

Impose a working pressure limit of 30 bar to the pressure source and the pressure

OTHER VARIABLES LINK

>

-

0 cylinder pressure [bar]
0 Force [daN]

!\‘xn u .
o | | o ]
?0s) 7 0s))
W 70 mow sianal
ONTROL P
HORIZDNTAL
,.l Imsional o sond l. = ,‘
j] 1 ‘ [ LY
. = = \ ‘s
- L
ch height [mm]

4.3.12.

Step

SolidWorks environment

87

etz
Intemal Links:

Variable Assigoment
+ 4

ottt 5

Component Variables Compatible Simulation Variables

Alias = Search Filter Aligs = Search Filte

Al & Name  Descripton  Tyr

Y Giobal C..  ReceiwerR  Input Si.. LREA

a0 "iwaée B

Associations

Alias Name Location

Description Type  Acces:
MEC1.8009

¥ Global Coordinate  Giobal¥Coordinate ¥ Global coordinate (m) LREAL [ea] =

Fluid circuit scheme

Mechanism Manager

Final Adjustment

| Simulation |

AutomatioStudio 3D environment
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4.3.13. Simulation

VERTICAL
5 | Mol
@ ® :
UL
¢ =
\
(o] onmncer pressure oan

[

CONTROL PANEL EXPLANATION

HORIZONTAL

workbench height [mm]
o

Os

217)  The last step before to start the simulation is to adjust the HMI. In this tutorial the
left side of the control panel, related to the vertical movement, includes 3 display

indicating:

e The load entity (controllable using the knob)

e The pressure needed to lift the load (controllable by changing the pressure

reducing valve)

e The workbench height (the Y position of its origin)

Al stroke offsat 0.1

’"’{E" s

ole
!

VERTICAL

| LinearPasition

cylinder pressure
—_—
workbench height [mm]

—

[bar]

HOREZONTAL

218)  During the simulation try to play with the knob, the pressure reducing valve and
the 2 cursors in order to move and lift the pantograph, while evaluating the pressure

Note:

needed to lift the load.

e positive value of the Force means that it is facing upwards
e negative value of the Force means that it is facing downward

IHTHAN YOU !
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4.4. Project 3: Denavit-Hartenberg convention explanation
4.4.1. Introduction

This is a simple exercise aimed to help students to improve knowledges about the Denhavit-
Hartenberg convention and the rotation matrix of each frame in a robotic chain, thanks to
the usage of AutomationStudio.

The file is composed by: 1 x diagram; 1 x 3D diagram and 3 x SFC which are useful only
to compute the value of each cell of the rotation matrices, thanks to structured texts.

The user will play, on the diagram, with the joint variables and observe the values inside
each rotation matrix and the manipulator (which includes each frame) moving on the 3D
environment

X Y Z oxpz

X[1,00-0.00[0,00] 0
A{ Y/0,00/0.00-1.00 0
Z/0,00(1,00/0.00] 150
0,00(0,00/0,00, 1

X1,00-0,00-0,00 © X 1,00 0,00 0,00 ©
A' Y 000000100 © A%y 0,00 1,00 0,00 0
Z 000-100000 O Z 0,00 0,00 1,00 150
0,00 0,00 0,00 1 0,00 0,00 0,00 1

X Y Z oOxyz X Y Z oxyz
1,00/0,00(0,00 © X[1,000,00/0,00, ©
A, v |o00[1,00/000] © A? Y/0,00(1,00/000 ©
0,00|0,00(1,00| 300 Z/0,00/0,00(1,00| 450
0,00/0,00(0,00 1 0,00/0,00(0,00/ 1

Cursors . an‘ . Displays
“ e

(O]« | o=
S [0]a| ==
S rr— | [0)e|

4.4.2. Steps

| Roto-Translation Matrices review

Denavit-Hartenberg convention review

3D component

Diagram on Automation Studio

Simulation

Different examples of manipulator
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4.4.3. Roto-Translation Matrices review

X Y Z Oxyz
X]0,71|-0,00 0,71 0
Y|0,71/0,00 [-0,71] ©
Z|0,00(1,00 0,00| 150
0,00/0,00 0,00 1

The roto-translation matrix is a 4x4 matrix that describe the rotation and position of a
frame with respect to another one. On the example below, the matrix describes the
rotation and position of the red frame with respect to the blue one

45 | o1 | [Deg]

Joint angle, around Z

X Y Z Oxyz
0,71|-0,00| 0,71 0
0,71|0,00 |-0,71| O
0,00|1,000,00| 150
0,00/0,00 0,00 1

>

>

N

g1 | [Deg]

Joint angle, around Z Top view Axonometric view

The first column of the matrix represents the projection of the X axes on the X,Y,Z axes in
this configuration (45 degrees joint angle around Z). From the top view it is possible to
see that, effectively, the X axes has a component along X equal to 0,71 (cosine of 45
degrees) and a component along Y equal to 0,071 (sine of 45 degrees). From the
axonometric view (even if it is more clear from the front view) it is possible to see that X
axes has null component along Z axes.
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X Y Z Oxyz
0,711-0,00/0,71 0

0,7110,00(-0,71, 0
0,00(1,00(0,00 150
0,00/0,00 0,00 1

>

=<

N

g1 | [Deg]

Joint angle, around Z Top view Axonometric view

The second column of the matrix represents the projection of the Y axes on the X,Y,Z
axes with this angle joint (45 degrees) around Z. From the top view it is possible to see
that, effectively, the Y axes has null component along X and Y. From the axonometric
view (even if it is more clear from the front view) it is possible to see that Y axes has the
component along Z axes equal to 1 (perfectly in that direction).

AD
1 X Y Z Oxyz
X 0,71 -000{0,71| ©
Y 0,71 0,00(-0,71| ©
0,00 /1,00)0,00| 150

0,00/0,00 0,00 1

N

g1 | [Deg]

Joint angle, around Z Top view Axonometric view

Similar to the first column, The third column of the matrix represents the projection of the
7 axes on the X,Y,Z axes with this angle joint (45 degrees) around Z. In this case (top
view) the only difference with the first column is the negative projection of the Z axes

along Y.
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X ¥ X OWe
X10,71/-000/0,71| ©

Y|0,71|0,00|-0,71| O
Z/0,00|1,00 0,00| 150
0,00/0,00 0,00 1

g1 | [Deg]

Joint angle, around Z Top view Axonometric view

The fourth column of the matrix represents the position of the origin O of the red frame
along X,Y,Z. In this case O is positioned on the top of the arm (where is possible to attach
another joint) at 150 mm along Z axes (no component along X and Y axes)

AO
1 X Y Z Oxyz
X|0,71/-0,00/0,71 0
Y|0,71/0,00 |-0,71 0
Z|0,00/1,00|0,00| 150

0,00 0,00 0,00 1

The last remaining raw is constant for all roto-translation matrices

4.4.4. Steps

Roto-Translation Matrices review

| Denavit-Hartenberg convention review

3D component
Diagram on Automation Studio
Simulation

Different examples of manipulator
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4.4.5. Denavit-Hartenberg convention review

The Denavit-Hartenberg (DH) convention is a standardized method to describe the
kinematic chains of robotic manipulators. It provides a systematic way to assign
coordinate frames to the links of a robot and to describe the relative positions and
orientations of these frames

+ JOINT i=1 JOINT 1 JOINT 4i+1
X — —
WX oS T 3N
e TLINK -1 I Pl T N ey
.\_ __-,|_./' \'-H_T -f______,--" n_b.f
} zy Yow (A
) i i
1 =z a, Y -
y yl.\ia__.-'-— - l) 0, X
> ! I : "~ !
\ d, /
z,
ey U Wi /
- ~ A
4 N .{:I-"i !

Coordinate Frames: Each link of the robot is assigned a coordinate frame. The position
and orientation of these frames are described relative to each other.

G -G S5 46
-1 _ -1 A ﬁil q‘t, Cﬂ, - Q‘J, '5:1. afﬁ'!
A'q)=A"A 0 s ‘7”. d
0 0 0 1
Transformations: The D-H convention uses a series of transformations to describe how

one coordinate frame is related to the next. These transformations are represented by
homogeneous transformation matrices

JOINT i1 JOINT 1 JOINT 4 +1
b — e
D -_Q = I, &?3\
[T LINK i e -~ LINK i e
L T T

W :','.-’" \.1 ] P - n._"'ll
\ z, Yew | =
) i L
v . o Y ——
! Y M — I L0 X
o, I ,
Y | = !
\ d, ;
z,
T ' I'r;_,l /
1z ,.
W | !
| L]__ Il-u-

Parameters: Four parameters are used to describe the transformation between two
coordinate frames:
e 0: Joint angle, which represents the rotation (from xi-1 to x1) around the “i-1” z-
axis.
e d: Joint offset, which represents the distance (from Oi-1 to Oi’) along the “i-1” z-
axis.
e a: Link length, which represents the distance (from Oi’ to O1) along the “i” x-axis.
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[13%4]

e a: Link twist, which represents the angle (from zi-1 to zi) around the “i” x-axis.

Cr'" - ‘Sl'[ Crr S:‘P‘ Snr‘ atqﬂ
1 _ 1 _ 3,, q‘r, C.:, - Q,‘ S as,
A'@)=A"A 0 s & d

X X I

0 0 0 1

The matrix is not constant, but depends on the configuration. In particular, it depends on
the single joint variable qi (61 for revolute joint or di for sliding joint)

JOINT i-=1 JOINT 1 JOINT 4+1
e - — .
o —L O )y ..(\,.qk'.r."\

i LINK i-1 +— 1 " LNK §{ T—
\ e ——— o —
L Sl [ LT ey
le Ilr:"t_l‘ 4‘ “y
* e -
Yy Malte—— =0, X
\ £
e, .
. |
™ T ’+ L f
bl -
\ 1z, ,
"J'. 1

With reference to the figure, we assume that axis I is the joint axis that connects link i-1
(fixed) to link 1 and will proceed as follows:

e Choose axis zi along the axis of joint i+1

e Locate origin Oi at the intersection of axis zi with the common normal to axes zi-1
and zi.

e Also, locate Oi’ at the intersection of the common normal with axis z

e The common normal between two lines is the line containing the minimum distance
segment between them

e Choose axis xi along the common normal, directed from joint 1 to joint i+1

e Choose axis yi to complete a right-handed frame

The DH convention provides a nonunique link frame in the following cases:

e For frame 0, only the direction z0 is specified. The origin O0 and the direction of x0
cannot be univocally chosen, since O-1 does not exist, and consequently the
common normal 0->1 is undefined. O0 and x0 can be arbitrarily chosen

e For frame n, since there is no joint n+1, axis zn is not univocally determined, while
xn has to be normal to axis zn-1. Typically, joint n is revolute, thus zn is chosen to
be aligned to z

e When to consecutive axes are parallel, the common normal is undetermined, and so
is the related frame

e  When two consecutive axes intersect, the common normal collapses in a point. Thus,
the direction of axis xi can be arbitrarily chosen
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2) 3) (d#0) 3) (d=0)

In order to set up frame i it is necessary to consider three cases:

1) zi—1 and zi are not coplanar: there exists a unique common normal that defines xi, and
the point where this line intersects zi is the origin Oi.

2) zi—1 is parallel to zi: there are infinitely many common normal so, in this case, we are
free to choose the origin Oi anywhere along zi. The best choice is to position the
origin where “d” results as equal to 0 (best for computation)

3) zi—1 intersects zi: In this case xi is chosen normal to the plane formed by zi and zi—1.
The positive direction of xi is arbitrary. The most natural choice for the origin O1 in
this case is at the point of intersection of zi and zi—1 (d=0). However, any convenient
point along the axis zi suffices (d#0). Note that, in this case, the parameter “ai” is
always equals to 0.

()= A(q)A(@)-A(,)

7] : — Ve
Once obtained all the transformation matrix between each frames, it is enough to apply the
matrix product to obtain the position and the orientation of the end-effector (or each
frame, eventually) from the origin

c.», - sfg G S S, a,C,
1 _ 1 _ Sv, qo‘ i, -C.},‘ Su aﬂS:
Af@)=A'A =g T T

0 0 0 1

REMEMBER: the choice of position and orientation of each frame is done personally. It
is only important, once a frame is placed, to recognize correctly the 4 DH parameter, in
order to use the standard matrix below
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4.4.6. Step

Roto-Translation Matrices review

Denavit-Hartenberg convention review

| 3D component

Diagram on Automation Studio

Simulation

Different examples of manipulator

4.4.7. 3D component

The 3D components (.STEP format) have been realized in order to show their frame while
moving as best, but they have not a real application.

<
-

_* Vista del disegnoT
Lo
=1y -

Z—

300,00

Fixed plane + fixed bar: z-axis horizontal
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300,00

Fixed plane + fixed bar: z-axis vertical

WLy
g TNV MY

Revolute joint: z-axes not coplanar (1st case)

WLy
X Y

Revolute joint: z-axes parallel (2nd case)
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150,00

=]
|

Revolute joint: z-axes collinear (combination of 2nd and 3rd case with d#0)

X

B

Revolute joint: z-axes intersect with d #0

=EEJ
L
L ancall B¢

Revolute joint: z-axes intersect with d =0
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Sliding joint - fixed part

=
[=

(d;=0; only offset)

Sliding joint - moving part: z-axes collinear

150,00

1

(d;=0; only offset)

Sliding joint - moving part: z-axes coincident with d #0

Note: for sliding joint it is impossible to obtain z-axes intersecting with “d” always equal
to 0, as “di” is its joint variables and the previous Z axes is always along the sliding
direction (no need to place the frame coincident to the previous one)
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RRP — Spherical manipulator example

The choice of the first fixed frame “0” is concerning only the Z axis (along the next joint
(1) direction, vertically), as mentioned at the slide 13

a(

A

S
A X

Y

The choice of the frame “1” is done considering that:
e 7 has to be oriented along the joint 2,
e As aconsequence, zi—1 intersects zi (3rd case) in the situation in which d1 exist (150
mm) because the origin Oxyz is directed (and remain constant) along Z axis
e Once Z and Oxyz are placed, it is enough to perform the cross product between Z and
7 to obtain the X direction. As it is possible to choose the orientation of X axis, it is
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convenient to choose the same orientation of X (remember that the joint variable 01 is
evaluated between X and X)

Z results to be rotated around X axis of 90 degrees (a, twist)

a_i o_i d_i 0_i
[mm] [deg] [mm] [deg]
So the 4 DH parameters are defined as: [Link 1 0 20 150 gL
The choice of the is done considering that:

has to be oriented along the joint 3,
As a consequence, zi—1 intersects zi (3rd case) in the situation in which | doesn’t

exist because the origin must be positioned along Z axis. In this case both ~ and
are null, so the origin must be coincident to Oxyz
Once ~ and are placed, it enough to perform the cross product between ~ and Z

to obtain the  direction. Even in this case, it is convenient to choose the orientation
of  as the same of X.

Z results to be rotated around  axis of -90 degrees (a, twist)
ai i d_i 0_i

[mm] [deg] [mm] [deg]

So the 4 DH parameters are now defined as: |

The choice of the frame “3” is done considering that:
7 has to be oriented along the end-effector (assuming it is fixed on the frame 3)
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As a consequence, zi—1 and zi are collinear, so a3 is null and it is possible to place
Oxyz wherever along / axis and it is convenient to place it where the end effector is
attached to.
Once Z and Oxyz are placed, it is convenient to choose the X and Y orientations equal
to the previous ones,
The joint variable for the sliding joint is d (not 0) that is along  axes. In this direction
are also present the 2 offsets related to the length of the 2nd and 3rd component
(1504150 mm)

results not to be rotated around X axis (a, twist)

a_i o_i d_i 0_i
[mm] [deg] [mm] [deg]
So the 4 DH parameters are now defined as: [Link 3 0 0 [300+g3 i] O

It
o g

At the end, the resulting DH table (including all the 4 parameter for each joint) is:

a_i o_i d_i 0_i
[mm] [deg] [mm] [deg]
Link 1 0 90 150 gl i
Link 3 0 0 300+q3_i 0
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4.428. Steps
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Roto-Translation Matrices review

3D component

| Diagram on Automation Studio

Simulation

Denavit-Hartenberg convention review

Different examples of manipulator

Diagram on Automation Studio

a al d_i o
[mm] | (deg] | (mm] | [deg] |
. |Link 1 0 90 150 ql_i
Link 3 0 3
G -%6 S§8 a6
) 1 § GG -Gs§ as
A'@eA'4=10 T o g
o o 0 1
JOINT i=1 JOINT & JOINT 1+1
_-;\:g-;}
N
FEn
Y
/0, 2,

ai ai di e
okt [ (720
0 [-90 0 [45
Lok (9 [9 9
X Y Z Oxyz
x[0.71F0.00[0.71] 0
— L d (¥ 7] PSR A
z[0,00(1,00(0,00] 150
0,00/0,00(0,00] 1
%[0,71-0,00-071 © X[0,50-0,71-050 ©
A'vy071000071 0 A%Y050071-050 0
z(0,00-1,000,00 0 Z/0,71-0,00071 150
000000000 1 0,00 0,00 000 1
X Y Z Oxyz X Y Z Oxyz
1,00[0,00[0,00 x[0,50[0,71F0,50] -150
A, v [0,00[1,00/0,00 0 AY ¥[0,50(0,7110,50/-150
0,00/0,00(1,00] 300 z[0,7110,00[0,71| 362
0,00/0,00/0,00/ 1 0,00/0,00[0,00 1
Cusars . @ . Dsoays
S E)| = | @ =
S [45]e=| ==
) e ) [0]e| =

The Diagram is divided in 4 parts:
The HMI, in which the user can manage the joint variables (Li or gi, accordingly to
the “Mode” switches selected from the panel) and watch the matrices changing.

A ladder evaluating the output for each joint variables, according to the Mode
selected: it perform the operation
qi=Li*Mode+gi*NOT(Mode)
A table in which it is possible to change the 4 DH parameters (except for the joint
variable coming from the ladder as outputs: in this case 01, 62 and d3)
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o showing how the 3 A i”(i—1) matrices are been evaluated from the SFC files
(according to DH parameter from the table)

X Y Z Oxyz

x[1,00]-0,00[0,00] 0

- AYY000/000[-100 O
z[0,00/1,00/0,00] 150
0,00(0,00(0,00] 1

X 1,00 -0,00-0,00 X 1,00 0,00 0,00 0O

0
“A'Y 000000 1,00 0 A% Y000 1,00 000 0
Z 0,00-100000 0 Z 0,00 0,00 1,00 150
0,00 0,00 0,00 1 0,00 0,00 0,00 1
X Y Z Oxyz X Y Z Oxyz
\ 1,000,00[0,00] © _ X[1,00[0,00]0,00] 0
A; v 0,00/1,00[0,00{ 0 A7 Y[o,00]1,00/000] ©
0,00(0,00(1,00| 300 z[0,00(0,00(1,00| 450
0,00/0,00/0,00 1 0,00/0.00(0,00| 1
4 | 23] e
] T oea
mm]

N\
On the HMI, the user can decide to change the joint Vart}{{les playing with the Displays or
with the Cursors, according to the Mode switch

@ @ outee Displays mode: left click on the
we [0 |9 2| variable display, digit the value and

o2 weal | press “Enter”

[0
\E o [mm

F,;;,s

L: -—_____‘Cursor mode: drag the cursor of a
variable to change its value
J

On the HMI, the user can decide to change the joint variables playing with the Displays or
with the Cursors, according to the Mode switch

al al di 8]
w1 [8 [0[89~ fF-— G -56 S5 ag
T AGFAA=S G5 -Gs as
0o 90 o [a2.9 fo—s—« _d
us [8 [0 G L O T ] e
st s12 = g st
"A10_1xT" := COS{LE_1."OUT™2. 14 "AN0_tx" = - SINLE_1 "OUT" =3 14/150) * COS(HMIT4_1 "aipha_t~ T = SIN(HMIT_1 "algha_1™3.14 AT0_tad" := HMI13_1."a_1" * COS{LE_1 "OUT™2 14
T8 sTe ST o Sl s
AT0_2T~ SINS_1 OUT =3 14118 A10_2xZ" ' COS(LS 1 OUT- *3 14/160) * COS(HMITA_1 “spha_1™3 14 A0 3= - COSILE_1 "OUT=5 14/183 ) - SINATTE T aghal 13 141159 A10_ 208" -» HUITS_1 fa_TVSINGLE_1 TOUT™ 14
T8 sTi0 sT14 S sTi2
AT0_IxTe AT0_3xZ:= SINJHMITA_1 "alpha_1" *3 14 "AY0_D¥:= COS(HMIT4_1 "alpha_1™3 1415 ATO_bet R HUIE 1t
T3 sT4 sTis sT16

A1D_tx = AN0_bxze AN_tx3= 0 AI0_txd” =00

~ 49[1,00/-0,00[0,00] 0 |
0.00/0,00/-1,00] 0
0,00 [1,00(0,00. 150
0,000,00(0,00{ 1

The SFC diagrams evaluate the value of each cell of all matrices, by using structured text
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For each cell, a variable is dedicated and it is computed by a single structured text. For

example, the variable A10_1x1 (matrix A_170; raw 1; column 1) is computed by ST1.

The structured text need values compatible with the standard international units, so all
angles must be converted into “radiant” and all length in “meter”.

47 [1,00-0,00[0,00] 0
0,00/0,00-1,00] ©
0,00/1,00/0,00] 150
0,00/0,00/0,00] 1

At the end, the variables inside a matrix are expressed as:
[Percentage], for the first 3 column (sine and cosine may change from 0 to 1)
[mm], for the fourth column

" X Y ZV Oxyz
X X|1,00(-0,00/0,00| 0
- A Y|000[0,00]-100 O
Z|0,00(1,00(0,00( 150 sT4
0,00/0,00(0,00] 1 | A20_mxa= mAT0 1A _tedn 4 TAT0_tx2ntAR1 204" +TATO TG AR Sxd” AT0_Txd™ A1 441000
| s8
¥ |20 204 = TAT0_201™ A1 _1nd” +"AT0_2X2" A1 264" +7AT0_23"A21_ea” J'AT0 24" "A21 _4x4"1000
N X'1,00-0,00-000 0 ~X1,00 0,00 000 © | s
Al Y 0,00 0,00 1,00 0 Ay 0,00 1,00 0,00 o | "A20_3x4" = "A10_3x1""A21_1xd" +"A10_3x2" "A21_2x4" +"A10_3x3" "A21_3xa" 'A10_3x4" "A21_d4x4"*1000
Z 0,00 -1,00 000 0 Z 0,00 0,00 1,00 150 »~ |™¢ = et g - T —
| "A20_4x4" = ("A10_4x1™ "AZ1_1x4") +{ "A10_4x2" "A21_2xd4"}+{ "AT0_4x3" "A21_3d")( "A10_dxd™ "A21_dxd")*100C
0,00 0,00 0,00 1 0,00 0,00 0,00 1
X Y Z Oxyz X Y Z Oxyz sT20
| 1,00/0,00/0,00/ 0 X[1,0010,00[0,00] 0 [+ ["A30_1x4" = "A20_1x1""A32_1x4" +"A20_1x2"""A32_2x4" +"A20_1x3""A32_3x4" 4'A20_1x4" "A32_dx4"*1000)
Al 0,00 1,00/0,00f O Ag ¥(0,00{1,00(0,00f 0 sT24
: 0.00/0.001.00| 300 " 2[0.00/0.00(1.00| 450 T MA30_2x4" = "A20_2x1"* "A32_1xd" + "A20_2x2"" "A32_2x4" + "A20_2x3" "A32_3xd" +JA20_2x4"™ "A32_4x4"1001
0,00 0,00/0,00f 1 0,00(0,00/000| 1 | s
L "A30_3x4" = "A20_3x1"" "A32_1x4" +"A20_3x2" "A32_2x4" + "A20_3x3" "A32_3x4" 4"A20_3x4™ "A32_4x4"*1000
S| sTe2
AJ0_dx4" = "A20_4x1"" "A32_1x4" + "A20_4x2" "A32_2x4" + "A20_4x3" "A32_3x4" 4"A20_4x4" “A32_4x4"*100(

The matrices A% and AY are obtained thanks to the matrix product done on SFC3 (in which
the last columns must be multiply by 1000, because the product performs the conversion
from [mm] to [m] 2 times)

ST19
."d3_i"\:= (300 + L25_1."OUT")/1000

| N\
ai ai dli 8\
tink1 [ o [90 [150
0 -90 0 45
Link3 [ 0o 0 |—0
SA3 1x4" = HMI21_1."a_3" * COS(HMI24_1."teta_3" *3.14/180 )/1000
ST8
X b Y 4 Oxyz "A32_2x4" s HMI21_1."a_3" *SIN(HMI24_1."teta_3" )/1000
1,00[0,00[0,00] © _—
A, v [000/1,00[000 0 | "A32_3xd4" = "d3 "
0,00/0,00(1,00 300-+— | sTs
0'00 0_00 0'00 1 "A32_4x4" := 0.001

In the case in which a variable is affected by offset (like on the third joint variable in this
case), another variable has been created on the “SFC2 diagram” to add this offset.
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In this case, the variable d3 i add 300 (offset) to the variable coming from the ladder as an
output (which should be “d3”).
This new variable already considers the conversion from [m] to [mm], in order to be
shown correctly on the DH table (expressed in [mm)]), so it is no more needed on the
computation of the cell (matrix A _3"2; raw 3; column 4)

4.4.10. Step

Roto-Translation Matrices review

Denavit-Hartenberg convention review

3D component

Diagram on Automation Studio

| Simulation |

Different examples of manipulator

4.4.11. Simulation

RRP — Spherical manipulator example

X Y Z Oxyz
X[0.71[-0,000,71] 0

A v[o71[o00f071 0
Z[0,00(1,00(0,00] 150
0,00[0,00[0,00] 1

L X[071:0,0000.71] 0 %050 -071-050 0
ATY 071000071 0 A” Y 050071-050 0
Z0,00-1,00000 0 20,71 -0000,71 150 ,’L
0,00/0,00000 1 0,00/0,00 0,00 1
X Y Z Oxyz X Y Z Oxyz
1,00[0,00[0,00] © x[0,50[-0.71}-0,50[-150
A, v [0,00[1,00/0,00] 0 Af ¥[0,50(0,71050[-150
0,00(0,00{1,00| 300 Z[0,71]-000{0.71] 362
0,00/0,00(0,00f 1 |0,DD 0,00/0,00| 1
Cumors . @ Q Omye
[ E] = w| =
e — [ o |-
o — - [o]=| ==

Run the simulation and assign 45 degrees rotation for the first 2 angle variable (for
example). Then watch the matrices and the 3D drawing.
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In this case  axes has an X component equal to 0,71 (cosine 45 degrees =g), and X has

components along X and Y equal to 0,71 (cosine and sine of 45 degrees = \/2_3)- The cross

product returns that = axes has component equal to 0,5 along X and Y, and it is correct
V2,32 1
2 2 2

because

fow %) Previous Zoom || £ New Vi @
- * Panning =

omponents

_!_) J g{i E;ﬁ 00 verticai Tile

Display the project windows vertically
brary Catalogue Online whether or not they are active.

plorer Manager Catalogues

During the simﬁlaﬁon, click on “Vertical Tile” on “View” window to display all files

1\ _RRP spherycal ver010 : Basic SFC2: View] l-:._-\

8 A S
ST

32-2)(4" = H M |2 1 -1 . "a-3|| *SI N(H M|24_1 ) "teta_ 10_4x3"* "A21_3x3" + "A10_4x4™ "A21_4x3"  "A20_4x4" = ("A10_4x1" "A21_1x4") +("A10_4x2" |

sT20
12 20 1x3""A32 3x3" +"A20 1x4™"A32 4x3" A30 1x4" = "A20 1x1""A32 1x4" +"A20 1x2""

32_3x4" = "d3_i" YT S |

A10_4x4" =0.001

@) RRP spherycal_ver010: Disgram1 a|@]|= sT20
I EE—— e — -
[ 2"*3.14/180) "A21_1x4" = HMI7_1."a_2" * COS(L24_1."0OUT" *3.14/180 Y1000
6 -S4 A8 ag x Oxy:
- x[0.71}0 071] 0 —
A'la)-A"4 - 53 Q:‘ zi' a;' o —A?v[o7000f0TT O
6 ¢ o 1 § 2[0.00[1.00[0.00 150" |69 50 spherycal verd10: 30 Disgram se=
0,000.00/0.00 1
X[071-0,00-071 0 X050-071-050 0
A'Y 071000071 0 A% Y050071-050 0 4
Z/0,00-100000 0 2071000071 150 n
0,00 000000 1 0.00 0.00 000 1 N
X Y Z o X Y Z Oxy
[1.00[0.00]0.00] 0 X[0.50F0.71F0.50 -150

[aanl1anlanal n A2 ylasalazatnan 150 ¥

Then, close all the 3 SFC diagram and click again on “Vertical Tile”
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Il © 55 coherycat vest0: 30 Dragramt fel@r=

iEM
ol al i [X)

[me] | [dog) [mm) | [deg] |
Link 1 0 %0 150 al

ik 3 300+

G -86 &% ag
& GG -G§ as
0 5 g d
o o [/} 1

A'@)»A'A4 -

X071-000-071 0 . X050-071-050 0
2 A'Y¥ 071000071 0 A°Y 050 071-050 0
Z/0,00-100000 0 Z 0,71 -0,000.71 150
0,00 000000 1 000 000000 1
X Y z om X Y z o
1.00]] 0 . X[0.500.71-0.50-150
A; " [oo0l100/000] 0 | A3 Y050 o)
0,00(0,00/1,00] 300 | 1[0.71 -0.0000.71] 362
I 1| [0.00]0.00[0.00 1
Son @ @ @ e
S ] WPl
) (=]~
£ i o | 3 [

Result: only the 2 interesting parts remain opened and perfectly divided

PAY ATTENTION!

/(é_!l_e_n.y_\ O R

X Y Z Oxyz

X [1,00}-0.00/0,00] 0

i, A{ Y 0,00[0,00/-1.00 0
Z [0,00{1,00/0,00] 150

0,00{0,00/0,00] 1

v,
#

v
X 1,00 -0,00-0,00 150 /,/"_ X 1,00 0,00 0,00 150
A' Y 000 100-000 0 A? Y 0,00 000-100 0

Z 0,00 0,00 1.00 -0 "Z_0,00 1,00 0,00 150
0,00 0,00 0,007 1 0,00 0,00 000 1 |
X ¥y z oxpz X Y Z oxyz
1,00%0,00[0.00] 150 | X [1,000,00]0,00] 300
A v[000/1,00/000 0 | AJ Y[000/000
7/0,00/0,00/1,00] 0 z [0,00(1,00
0,00 1 0,00/0,00

Sometimes it happens that the matrices don’t work (maybe it’s a problem only for my PC,
I hope). In that case stop the simulation and run it again.
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4.4.12. Steps

Roto-Translation Matrices review

Denavit-Hartenberg convention review

3D component

Diagram on Automation Studio

Simulation

Different examples of manipulator |

4.4.13. Different examples of manipulator

RPP — Cylindrical manipulator example

Zy 4

o
.

e

0,

;
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- (L i ix

The choice of the first fixed frame “0” is concerning only the Z axis (along the next joint

(1) direction, vertically), as mentioned on the slide 13

_l"_\(zx
WA

The choice of the frame “1” is done considering that:

Z has to be oriented along the joint 2

As a consequence, zi—1 and zi are collinear, so a2 is null and it is possible to place
Oxyz wherever along Z axis and it is convenient to place it where the next component

is attached to (150 mm offset).

Once Z and Oxyz are placed, it is convenient to choose the X and Y orientations equal

to the previous ones
Z results not to be rotated around X axis (o, twist)

So the 4 DH parameters are defined as:

a_i o_i d_i 0_i
[mm] [deg] [mm] [deg]
|Link 1 0 0 150 ql_i
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The choice of the is done considering that:
has to be oriented along the joint 3
As a consequence, zi—1 intersects zi (3rd case) in the situation in which ” exist (joint
variable + offset 150 mm) because the origin is directed along Z axis.
Once ~ and are placed, it enough to perform the cross product between ~ and Z
to obtain the * direction.
X axis result not to be rotated around Z axis (6, joint angle)
Z axis result to be rotated around < axis of 90 degrees (o, twist)
a_i o_i d_i 0_i

[mm] [deg] [mm] [deg]

So the 4 DH parameters are defined as: |

The choice of the frame “3” is done considering that:
Z has to be oriented along the end-effector
As a consequence, zi—1 and zi are collinear(3rd case) in the situation in which d3
exist (joint variable + offset 150mm) because the origin Oxyz is directed along ~ axis
Once Z and Oxyz are placed, it is convenient to choose the X and Y orientations equal
to the previous ones
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axis result not to be rotated around
axis result not to be rotated around X axis (o, twist)

axis (0, joint angle)

ai i di 8
[mm] | [deg] [mm] [deg]
So the 4 DH parameters are defined as: [Link 3 0 0 [150+g3 1] O
o o d i 0
[mm] [deg] [mm] [deg]
Link 1 0 0 150 gl i
Link 3 0 0 150+q3_i 0

At the end, the resulting DH table (including all the 4 parameter for each joint)

0

oo (3 (8 B0 (3]

ai  di e

% 250 %0

X Y

X/1,00-000000 0
A' Y 0,00 0,00-
70,00 1,00 0,00 250
0,00 0,00 0,00 1

100 0

Z Oxyz

X Y Z Oxyz
x[-1,0070.0000,00] 0
A} Y[0,00[-1.00-0,00 0
z[0,00(0,00(1,00| 150
0,00[0,00{0,00 1

~ X-1,00-0,000,00 0
A" Y 0,00-000100 0O
Z/0,00 1,00 0,00 400
0,00 0,00 0,00 1

X Y Z Oxyz

[1,00]0,00[0,00] © X[-1,000-0,000,00] 0
A 0,00[1,00/0,00 0 A? ¥[0,00]-0,0011,00] 250
0,00{0,00{1,00] 250 Z[0,00[1,00(0,00( 400
[0,00]0,00]0,00] 1 0,00(0,00/0,00| 1

S e | w| e

rm f00) | =
] —. fo0] = [ =

The diagram is practically the same of the RRP example. The only difference is the
second joint variable (d2 instead of 62)

PPP — Cartesian manipulator example
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The choice of the first fixed frame “0” is concerning only the Z axis (along the next joint
(1) direction, horizontally), as mentioned no the slide 13

The choice of the frame “1” is done considering that:
Z has to be oriented along the joint 2
As a consequence, zi—1 intersects zi (3rd case) in the situation in which d1 exist (joint
variable + 150mm) because the origin Oxyz is directed along Z axis
Once Z and Oxyz are placed, it enough to perform the cross product between Z and Z
to obtain the X direction. As it is possible to choose the orientation of X axis, [ have
chosen it on the opposite direction of X (I just prefer Y exiting, it is not relevant)
7 results to be rotated around X axis for 90 degrees (a, twist)
X results to be rotated around Z axis for 180 degrees (0, joint angle

a_i o_i d_i 0_i
[mm] [deg] [mm] [deg]
So the 4 DH parameters are defined as: [Link 1 0 20 [150+q9li] 180
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The choice of the is done considering that:
has to be oriented along the joint 3

As a consequence, zi—1 intersects zi (3rd case) in the situation in which ” exist (joint
variable + 150mm) because the origin is directed along Z axis
Once ~ and are placed, it enough to perform the cross product between ~ and Z
to obtain the * direction.
X axis results to be rotated around Z axis of -90 degrees (0, joint angle constant)
7 axis results to be rotated around . axis of 90 degrees (a, twist)

a_i o_i d_i 0_i
[mm] [deg] [mm] [deg]

So the 4 DH parameters are defined as: |

The choice of the frame “3” is done considering that:
7 has to be oriented along the end-effector
As a consequence, zi—1 and zi are collinear(3rd case) in the situation in which d3
exist (joint variable + 150mm) because the origin Oxyz is directed along Z axis
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e Once Z and Oxyz are placed, it is convenient to choose the X and Y orientations equal
to the previous ones
o axis result not to be rotated around ~ axis (0, joint angle)
o axis result not to be rotated around X axis (o, twist)
a_i o_i d_i 0_i
[mm] [deg] [mm] [deg]
e So the 4 DH parameters are defined as: [Link 3 0 0 150+g3. 1| 0O
a_i o_i d_i 0_i
[mm] [deg] | [mm] | [deg]
Link 1 0 90 150+ql_i 180
Link 3 0 0 150+q3_i 0

At the end, the resulting DH table (including all the 4 parameter for each joint)

a_i a_i d_i o_i
unk1 [0 [99 [0 v [780
0 90 [is0] 90
Link3 [ 0 0 [0

X Y Z Oxyz|™
X[-1,00F000[0.00] 0
A ¥[o00}000[1,00] 0 |
Z[0,00{1,00(0,00/ 150

0,00[0,00/0,00] 1 |

X0,00/000-100 © X-0,000,00 1,00 0
A’ Y-1000,00-000 0 A" Y 0,00 1,00-0,00 150
Z0,00/1,00 0,00 150 Z -1,00 0,00 0,00 150
0,00 0,00 0,00 1 0,00 0,00 0,00 1
X Y Z Oxyz X Y Z Oxyz
1,00[0,00[0,00] 0 _ x[-000[0,00[1,00] 150
A; v [o00[1,00/000] 0 A3 v[0,00(1,000,00 150 |
[0,00(0,00(1,00( 150 | 2[1,00[0,00 -0,00[ 150 |
0,000,00[0.00] 1 0,00[0,000,00] 1
Comes gy ’Q @ =
o | (-0 W

sl | .| =
o [ R

The diagram is practically the same of the RPP example. The only difference is the second
joint variable (d1 instead of 61)

RRP — SCARA manipulator example
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L4

¥

X X

The choice of the first fixed frame “0” is concerning only the Z axis (along the next joint
(1) direction, vertically), as mentioned on the slide 13

The choice of the frame “1” is done considering that:
7 has to be oriented along the joint 2,
As a consequence, zi—1 is parallel to zi (2nd case) and there are infinite common
normal, so it is convenient to place the origin in a place in which d=0 and along X
axis.
Once Z and Oxyz are placed, it is enough to place the X axis along the common
normal chosen (a#0).
7 axis result not to be rotated around X axis (o, twist)

a_i o_i d_i 0_i
[mm] [deg] [mm] [deg]
So the 4 DH parameters are defined as: [Link 1 150 0 0 gl
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The choice of the
has to be oriented along the joint 3,

is done considering that:

As a consequence, zi—1 is parallel to zi (2nd case) and there are infinite common
normal, so it is convenient to place the origin in a place in which d=0 and along X

axis.
Once ~ and
normal chosen (a#0).

are placed, it is enough to place the

7 axis result not to be rotated around  axis (o, twist)

axis along the common

a_i
[mm]

o_i

[deg]

d_i

[mm]

0_i

[deg]

So, the 4 DH parameters are defined as: |

The choice of the frame “3” is done considering that:
7 has to be oriented along the end-effector

As a consequence, zi—1 and zi are collinear(3rd case) in the situation in which d3 exist
(joint variable + offset 150mm) because the origin Oxyz is directed along

is negative

axis, but it

Once Z and Oxyz are placed, it is convenient to choose the X orientations equal to the

previous ones
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. axis result not to be rotated around
. axis result to be rotated around X axis of 180 degrees (o, twist)

axis (0, joint angle)

a_i o_i d_i 0_i
[mm] [deg] [mm] [deg]
e So the 4 DH parameters are defined as: [Link 3 0 180 |(150+q3_i] 0
a_i o_i d_i 0_i
[mm] [deg] [mm] [deg]
Link 1 150 0 0 ql_i
Link 3 0 180 |-(150+g3_i)] ©

At the end, the resulting DH table (including all the 4 parameter for each joint)

The diagram is the same of the RRP spherical manipulator example.

RRR — Anthropomorphic manipulator example

ai

150

ali

Link 1 [0 (9 &G

0

Link 3 E @ \\ E

re—t

Q.

o - s

0

by

X ¥ I

Oxyz

x[1,00[-0,000,00

150

A7 Y[0,00[1.00[000 0

Z|D,00 0,00/1,00| ©
[0,00 0,00(0,00f 1
X'1,00-0,00 0,00 150 i X/1,00 0,00/0,00 300
17 0,00 1,00-0,00 0 A”Y 000100000 0
Z0,00 000100 O Z0,00 000100 0
0,00 0,00 0,00 1 0,00 0,00 0,00 1
X Y Z Oxyz X Y Z Oxyz
1,00/0,00/0,00| © . x[1,00]0,00]0,00] 300
0,001-1,001-0,00{ 0 A% Y 0,00/-1,00-000 0
0,00/0,00}-1,00| -150 Z|D,00 0,00(-1,00{-150
0,00{0,00/0,00] 1 |D,00_0,00 0,00 1
o @ @ @ 22
) | (o | e
o] . [0« ==
] TS| (o]« =
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The choice of the first fixed frame “0” is concerning only the Z axis (along the next joint

(1) direction, vertically), as mentioned on the slide 13

The choice of the frame “1” is done considering that:

7 has to be oriented along the joint 2,

As a consequence, zi—1 intersects zi (3rd case) in the situation in which d1 exist (150

mm) because the origin Oxyz is directed (and remain constant) along Z axis

Once Z and Oxyz are placed, it enough to perform the cross product between Z and Z
to obtain the X direction. As it is possible to choose the orientation of X axis, it is
convenient to choose the same orientation of X (remember that the joint variable 01 is

evaluated between X and X)

7 results to be rotated around X axis of 90 degrees (o, twist)

a_i o d_i 0_i
[mm] [deg] [mm] [deg]
|Link 1 0 90 150 ql_i

So the 4 DH parameters are defined as:

The choice of the
has to be oriented along the joint 3,

is done considering that:
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As a consequence, zi—1 is parallel to zi (2rd case) and there are infinite common
normal, so it is convenient to place the origin in a place in which d=0 and along X
axis.

Once ~ and are placed, it is enough to place the
normal chosen (a # 0) .

Z results not to be rotated around X axis (a, twist)

axis along the common

a_i o_i d_i 0_i
[mm] | [deg] | [mm] | [deg]
So the 4 DH parameters are defined as: |
03
as
-
—

The choice of the frame “3” is done considering that:
7 has to be oriented along the end-effector
As a consequence, zi—1 is parallel zi (2rd case) and there are infinite common normal,
so it is convenient to place the origin in a place in which d=0 and along  axis..
Once Z and Oxyz are placed, it enough to place the X axis along the common normal
chosen (a #0) .
results not to be rotated around X axis (a, twist)

frame 3 in the same position of the frame 2

a_i o_i d_i 0_i
[mm] [deg] [mm] [deg]
So the 4 DH parameters are defined as: [Link 3 150 0 0 g3_i
a_i o_i d_i 0_i
[mm] [deg] [mm] [deg]
Link 1 0 90 150 gL |
Link 3 150 0 0 93]

At the end, the resulting DH table (including all the 4 parameter for each link)

Note: I have chosen the end-effector oriented in this way, in this example, to avoid the
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ai ai d_i 6_i
w1 [0 [59 [9 [
150 0 0
ks [ [0 [0
X Y Z Oxyz
x [1.00[000/0.00] 0
A? v [0,00[0,00[-1,00] 0
z [0,00[1,000,00] 150

0,00/0,00/0,00{ 1

X 1,00 -0,00-0,00 150 _ X [1,00/0,00 0,00 150
A'Y0001,00-000 0 A% Y 0,00000-100 0
Z0,000,00 100 0 Z 0,00 1,00 0,00 150
0,00 0,00 000 1 0,00 0,00 0,00 1

X Y Z Oxyz X Y Z Oxyz

1,00 1-0,00/0,00| 150 X [1,00/0,00|0,00| 300

A; v|o,00]1,00{0,00] 0 A§ ¥ 10,00{0,00-1,00f 0
0,00(0,00(1,00| 0 Z (0,00{1,00|0,00| 150
0,00(0,00/0,00| 1 0,00/0,00/0,00{ 1

cme gy @ @ 2m2en
sCdr=)| s | [EEe
e (0=

The diagram is practically the same of the RRP example. The only difference is the third
joint variable (03 instead of d3)

o X Y Z Oxyz
X [0.71]-0.00[0.71] 0

A] ¥ [0.71]0.00[-071] ©

Z [0,00(1,00{0,00] 150

0,00(0,00{0,00] 1

X 0,71 -0,71-0,00 106 X 0,50 -050 071 75

AlYo071071-000 106 A°Y 050-050-071 75 |~
2000000100 0 Z 0,71 0,71 000 256"
0.00 0,00 0,00 1 0.00/0.00 000, 1 ‘ +
X Y Z Oxyz X Y xZ Oxyz
0,71/0,71(0,00| 106 X |0,71§-0,00p.71 | 181 |
A, v[o7071]000-106  AS v [0,71]0.00 fo.71 181 |
0.00/0.00(1.00| 0 | z |0,00] 1,00 .00 256 |
0,00/0,00(0,00] 1 0,00[0,0070,00] 1

cuncn @ @ @ cucien
i R . [
g v 2| (48] | w
LSI_I,TI_I_'_I__A_IJ [45] @ el

During the simulation, try to impose, for example: 45 degrees for the first joint; 45
degrees for the second joint and -45 degrees for the third one. Then, looking at the 3D
drawing, check if the results obtained from the matrices make sense.

HTHANK YOU !
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5. Conclusion

This thesis has demonstrated the potential of Automation Studio as an educational tool for
teaching mechatronics engineering, through the development and implementation of three
practical tutorials. These tutorials focused on key areas such as: the simulation of pneumatic
systems, PLC programming, and the movement of components in a 3D environment, all of
which are crucial aspects of mechatronics engineering. By providing students with hands-on
experience and realistic simulations, Automation Studio can help to easily reduce the gap
between theory and practice, leading to a deeper understanding of engineering principles.

The first tutorial introduced the Mechanism Manager, a tool that allows students to simulate
the kinematic and dynamic behaviour of mechanical systems. Through this tutorial, students
learn how to create mechanical links between bodies and actuators, simulate the effects of
loads and forces, and analyse the performance of a system which change its geometry
dynamically. Thanks to the plotter and the dynamic excel file which include the formula used
for the mechanical computation, they can change parameters (like the entity of the load, the
pressure and the geometry of the mechanism) and to compare the results coming from the
plotter to the results visible on the cells of the excel file. As the fluid circuit is pneumatic, they
can also notice that oscillations happen.

The second tutorial focused on the 3D modelling capabilities of Automation Studio, guiding
students through the process of importing 3D drawings, assembling components, and
simulating their movements in a virtual environment, thanks to the variable association
between the 3D components and the fluid circuit (affected by loads thanks to the mechanism
manager, like in the first tutorial). This tutorial emphasized the importance of understanding
spatial relationships and visualizing the behaviour of complex systems. Students can then use
their proper creativity to realize different exercises.

The third tutorial study the application of the Denavit-Hartenberg convention for robotic arm
kinematics, providing students with a practical understanding of coordinate frames,
transformations, and rotation matrices. This kind of topic are usually studied on the paper,
and it could be difficult to understand how they can reflect a real environment. This tutorial
highlighted the power of Automation Studio in visualizing and analysing the movements of
robotic systems.

The use of Automation Studio in an educational setting offers several benefits. Firstly, it
allows students to visualize and interact with complex systems in a safe and controlled
environment. This can be particularly helpful for understanding abstract concepts or those
that are difficult to demonstrate physically. Secondly, Automation Studio provides a platform
for students to develop and test their own designs, encouraging creativity and problem-
solving skills. Finally, the software’s user-friendly interface and extensive libraries make it
accessible to students with varying levels of technical expertise.

While Automation Studio offers numerous benefits for educational purposes, there are also
some limitations to consider:
e The cost of the software, which may be prohibitive for some institutions.
e The need for instructors to be adequately trained in using the software, which may
require additional time and resources.
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e The educational version of the software has a limit of the maximum number of
components that can be used, as it is intended for simple projects

Despite these limitations, the potential benefits of Automation Studio for enhancing the
learning experience in mechatronics engineering are significant.
The integration of Automation Studio into the mechatronics engineering curriculum can lead
to a more engaging and effective learning experience. Moreover, Automation Studio can
facilitate collaborative learning, as students can work together to design, simulate, and
analyse complex systems.
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