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Chapter 1: iRobotCAM Installation Guide

This guide will walk you through the process of installing iRobotCAM on your
Windows operating system.

1.1 Prerequisites

® Computer Windows specifications: Supports Win10 64bit or higher
versions.

® ZW3D version requirements: The minimum support is ZW3D 2023X
educational version, and ZW3D 2024 version has no requirements.

® This product is developed at the expert level of ZW3D software.

1.2 Installation Trial+Activation Version

Precautions before installation:

Here are the precautions you need to take before installing the software
package:

1. Trial period:

The software package has a 30-day trial period.
After 30 days, you will need activation authorization to continue using it.

2. ZW3D installation:

Make sure you have ZW3D software installed on your system (download
from the official website).

3. Before installing the iROBOTCAM software package (English version),
complete the following step:

Close the ZW3D software.

4. Installing the software package:

Double-click the software package to begin the installation process.
Follow the on-screen instructions to complete the installation.

Additional notes:

e Ensure a stable Internet connection when activating authorization
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e If you encounter any problems during installation, please refer to the
software documentation or contact the software vendor.

Step-by-step instructions on IROBOTCAM plugin for ZW3D 2024
installation.

Step 1:

e Double-click the installation package file "IROBOTCAM-V1.2-plugins_en-for-
ZW3D2024.exe".

e Click "Next" to proceed. (Figure 1-1)

Yelcome to the IROBOTCAN Setup Vizard
This will install IROBOTCAM on your computer.

1t is recommended that you close all other applications befare
continuing.

Click Mext to continue, or Cancel to exit Setup.

Figure 1-1: Setup

Step 2:

e Read the license information carefully.
e |f you agree with the terms, click "l accept".
e Fill in your personal information and click "Next". (Figure 1-2)

License Agreement

User Information
Plezsa read the following impertant information before continuing.

Please enter your information.

Plezsa read the following License Agreement. You must 3ccept the terms of this User Name:
agreement before continuing with the installation. Supperman
Software End User License Agreement “ Organization:

nanjingyueging
|IMPORTANT: READ CAREFULLY

|THIS END USER LICENSE AGREEMENT (AGREEMENT] IS A LEGAL AGREEMENT
|BETWEEN YOU (AN INDIVIDUAL OR ENTITY) AND NANJING YUEQING
EINFORMATIDN TECHNOLOGY CO., LTD. (HEREINAFTER REFERRED TO AS
IVLIFNING TRCHNOI OGY) REGARNDING SOFTWARF PRONIICTS THF

< Back Cancel < Back Cancal

Figure 1-2: License and User Information
Step 3 (Figure 1-3) :

e Select "installation path".
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Click the "Browse" button to change the installation directory if needed.
Click "Next".

Select start menu folder.

Click "Next".

g3 s T s

Select Destination Location
Whera should IROBOTCAM be instaled?

Select Start Menu Folder
Where should Setup place the progrm's shortouts?

Setup will nstzl INOA0TCAM into the following folder. " Setwp wil ceate the program's shertouts N the folowng Start Manu folder,
To continue, chck Mest. I you wauld e to select a different folder, cick Browss. To continue, dide Naxt. 1 you would lke to select a diferant folder, dick Browse.
D:\Program Fles\ROBOTCAM | | Browse.. | moBoTCAM | | Browse...

AT least 70,0 MB of free dek @ace € fegquied,

Figure 1-3: Installation and Start menu folder
Step 4(Figure 1-4):

e A summary of the installation information will be displayed.
e You can click "Back" to make changes or "Install" to proceed.
B Setup - IROBOTCA = “

Ready to Install
Setup is now ready to begin instaling IROBOTCAM on your computer.

Click Install to continue with the installation, or click Back if you want to review or
change any settings.

User information:
896167864 @qg.com

Destination location:
D:\Program Files\IROBOTCAM

Start Menu folder:
IROBOTCAM

< Back Install Cancel

Figure 1-4: Installation information
Step 5:

e Click "Finish" to complete the installation process. (Figure 1-5)
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Completing the IROBOTCAN Setup ¥izard

Setup has finished instaling IROBOTCAM on your computer.
The application may be launched by selecting the installed
icons.

Click Finish to exit Setup.

Figure 1-5: Complete installation

Step 6:

e When you first run ZW3D after installation, some default settings will be displayed.
e Click "OK" to acknowledge them. (Figure 1-6)

Default units?

© Millimeters ) Inches

Default user role

Expert -

Ok

Figure 1-6: Default setting

Step 7:

e Open the ZW3D interface and click on the "IROBOTCAM" module.
e Click "Activation" to activate the software package.(Figure 1-7)

9 | f A ts sy
B CuickPrimer | IROBOTCAM

B §

Mew Open Activation
[ROBOTCAM

Figure 1-7: Activeation

Step 8:

e The first installation of the plugin provides a 30-day trial period.

e After the trial expires, you will need to activate the plugin using a valid activation
code.

e Inthe "License" window, under the "IROBOTCAM" column, you will see your
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current status (trial or inactive).
e To activate the plugin, copy or enter the activation code you received from Yue
Qing robot in the "Key ID" field.

e Click "Apply".
e The "IROBOTCAM" status will update to "activated" if the code is valid. (Figure 1-
8)
B License [
—Activate - il
Key ID | Apﬁly I
—Irial license
Directory . Load
~Product infomation
CAD status Activated
IROBOTCAM status |Activated
Figure 1-8: Activate Authorization
Step 9:

e You have successfully installed and activated the IROBOTCAM plugin for ZW3D
2024.

Note:

e The "-" symbol in the activation code is important and should not be omitted.
e If you encounter any problems during installation or activation, please refer to the
software documentation or contact the software vendor.
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Chapter 2: Product Key Features

iRobotCAM is dedicated to creating an open and comprehensive platform for
digital solutions related to robotics, focusing on various aspects of production
line mechatronic. This includes:

Design concept :

® Assists in the design of robot-based production lines.
® Provides tools for mechatronic concept design.

Robot off-line Programming & Simulation:

® Enables users to program and simulate robot machining processes.

® Offers advanced features for virtual commissioning , ensuring accurate
and efficient program development.

virtual commissioning & Real-world Synchronization:

® Utilizes a reliable physical simulation engine for realistic virtual testing.

® Achieves seamless debugging by synchronizing virtual and actual robot
movement.

Process Integration & Customization:

® Features convenient modules for integrating various industrial processes.

® Allows for the creation of customized process modules to suit specific
needs.

Industrial Software Platform:

® |everages the powerful ZW3D platform for robust and reliable operation.
® Offers dedicated solutions for robot welding, robot spraying, and so on.

Continuous Improvement:

® iRobotCAM is constantly evolving to enhance the capabilities and
application value of industrial robots.

Benefits:
® Streamlined production line design and development.
® Improved accuracy and efficiency of robot programming.
® Reduced risk of errors and rework.
® Enhanced flexibility and customization options.
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Target User:

® Manufacturers and engineers involved in robot-based production.
® Companies seeking to optimize their robotic processes.
® Developers of industrial automation solutions.

2.1 Robot production line design

1. Robot workstation unit equipment library, importing robots, workpieces,
tools, additional axes (guide rails, displacement machines, gantry frames, etc.)
from different manufacturers, as well as other related work units (floors, safety
barriers, control cabinets, etc.).

2. Virtual sensor modeling, cylinder component modeling, claw component
modeling, conveyor belt component modeling.

3. Work unit layout, precise control of the position layout and pose relationship
of the equipment imported into the work unit.

Robot Workstation Unit Equipment Library:

Comprehensive Scope: The library should include a wide range of
equipment from various manufacturers, including robots, workpieces, tool
hands, additional axes (guide rails, displacement machines, gantry
frames), floors, safety barriers, control cabinets, and other relevant
components.

Standardized Representation: Equipment should be represented in a
consistent and standardized format, including 3D models, kinematic
parameters, dynamic properties, and simulation sequence.
Interoperability: Equipment models could compatible with different
simulation platforms and software tools to facilitate seamless integration
into existing workflows.

Parametrization: Equipment models could parametrically defined,
allowing for customization and adaptation to specific application
requirements.

Search and Filtering: Efficient search and filtering functionalities could
implemented to allow users to quickly find and access the equipment they
need.

Virtual Sensor Modeling:

Sensor Types: The library including various sensor types commonly used
in robot workstations, such as force sensors, and proximity sensors.
Customization: Sensor models could customize the parameters to match
the specific properties

Integration with Other Models: Sensor models could seamlessly
integrated with other equipment models within the robot workstation,
allowing for accurate simulation of sensor-based interactions.
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Benefits:

Reduced Design Time: Access to a comprehensive library of pre-built
equipment models can significantly reduce the time and effort required for
robot workstation design.

Improved Design Quality: Virtual sensor modeling allows for early
identification and mitigation of potential issues, leading to more robust and
reliable robot systems.

Enhanced Collaboration: The library can facilitate collaboration between
engineers, designers, and other stakeholders involved in robot workstation
development.

Cost Optimization: By reducing design time and improving design quality,
the library can significantly contribute to cost optimization in robot
workstation projects.

2.2 Mechatronics Integration Design with Physical Simulation

Mechatronics integration design, by defining geometric bodies as rigid bodies
and collision bodies, realistically restoring the physical properties of geometric
bodies such as mass, inertia, friction, material, and collision, creating motion
pairs and constraints, sensors and actuators, simulation sequences, and
signal adapters, thereby achieving physical simulation of the model.

Key Aspects of Physical Simulation for Mechatronics Integration Design:

Geometric Body Representation:

< Rigid Bodies: Each physical component is modeled as rigid body and
collision body, accurately capturing its mass, inertia, and collision
properties.

<> Material Properties: Realistic material properties, including friction
coefficients, are assigned to each body to simulate their interactions
and behaviors.

Motion Pairs and Constraints:

<> Motion Pairs: Define the permitted relative motion between two rigid
bodies, encompassing joints, gears, and other kinematic connections.
< Constraints: Restrict the motion of bodies in specific ways, limiting
their movement to prescribed paths or preventing unwanted rotations.
Sensors and Actuators:

< Sensors: Simulated devices that gather information about the
system's state, including position, velocity, and force, providing critical
feedback for control algorithms.

< Actuators: Virtual representation of robot, tool, positioner, cylinder, or
other mechanisms that apply forces or torques to manipulate the
motion of the system's components.

Simulation Sequences:

< Defining the sequence of events that occur during the simulation. This
includes specifying initial conditions, control inputs, and |10 interactions.
Signal Adapters:
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< Facilitate data exchange between different components by converting
signals between compatible formats, such as translating analog sensor
data to digital values for software processing.

Benefits of Physical Simulation:

¢ Realistic Motion Prediction: Accurately reflects the physical properties
and interactions of the components, providing valuable insights into the
system's behavior under various operating conditions.

e Early Design Verification: Potential design flaws and unforeseen
interactions are identified early in the development process, saving time
and resources by avoiding costly physical prototypes.

e Performance Optimization: Allows for iterative design refinement and
parameter adjustments to improve system performance, efficiency, and
robustness.

e Reduced Development Costs: Physical simulation can significantly
reduce the need for expensive and time-consuming physical prototypes,
streamlining the development process.

2.3 Robot off-line programming

Robot teaching, performing robot teaching operations in joint space.Cartesian
space in base coordinate system, tool coordinate system, etc.Robot interpolation
algorithms, including several basic interpolation algorithms such as lines, arcs,
and joints.Robot job simulation run, actual animation demonstration process.

1. Robot Teaching:

e Joint space teaching: Define robot movements by specifying the
desired joint angles at each point in the program.

e Cartesian space teaching: Teach robot movements directly by
guiding the end-effector through the desired path using a virtual teach
pendant or other input device.

e Coordinate system selection: Specify the coordinate system for
teaching, such as base coordinate system, tool coordinate system, or
user-defined coordinate systems.

2. Robot Interpolation Algorithms:

e Linear interpolation: Generate straight-line motions between
programmed points.

e Circular interpolation: Generate smooth, circular motions between
programmed points.

e Joint interpolation: Generate coordinated movements of all robot
joints to reach the desired end-effector positions.

3. Robot Operation Simulation and Animation:
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e Simulate the robot's movement: Utilize the programmed path and
interpolation algorithms to visually simulate the robot's motion and
interaction with its environment.

e Animation demonstrations: Create realistic animations of the
programmed movements to demonstrate the robot's performance and
identify potential collisions or issues.

Additional Features:

e Collision detection: Detect potential collisions between the robot and
its environment during simulation, allowing for early identification and
correction of potential problems.

e Program editing and optimization: Edit and refine the programmed
path to improve efficiency, accuracy, and smoothness of robot
movements.

e Program generation: Generate robot program code based on the
simulated program, supporting various robot controller languages.

¢ Integration with CAD/CAM software: Import and export 3D models
of robots and workcells from CAD/CAM software for enhanced
simulation realism.

Benefits of Robot Off-line Programming:

e Reduced Programming Time: Develop and test robot programs
without needing a physical robot, significantly reducing programming
time and effort.

e Improved Program Accuracy: Simulate the program beforehand to
identify and correct errors before deployment, leading to more
accurate and reliable programs.

e Enhanced Efficiency: Streamline the robot programming process and
optimize robot movements for better performance and efficiency.

e Reduced Downtime: Avoid production disruptions by testing and
debugging programs offline without impacting real-world operations.

e Improved Safety: Identify potential safety hazards through virtual
simulation before the robot operates in the real world.

2.4 Robot virtual commissioning

Equipped with virtual commissioning and monitoring, capable of synchronizing
the actions of virtual robot system workstations with actual robot system
workstations; Supports multi machine IO communication simulation, multi
robot synchronization, and multi axis robot linkage planning.

1. Synchronization with Real Robot Systems:

e Connect the virtual robot system and the actual robot system, enabling
synchronized execution of the program in both environments.
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2. Multi-Machine I/0 Communication Simulation:

e Simulate the communication between multiple machines involved in
the robot system, including controllers, sensors, and actuators.

e Test and debug the program's interaction with various 1/O devices and
ensure proper data exchange and communication protocols.

3. Multi-Robot Synchronization:

e Simulate the coordinated movement of multiple robots operating in the
same environment.

e Analyze potential collisions, coordination issues, and optimize robot
paths for smooth and efficient collaboration.

4. Multi-Axis Robot Linkage Planning:

e Simulate the synchronized motion of robots with multiple axes, such as
articulated arms or gantry robots.

e Verify the program's ability to control complex robot kinematics and
ensure accurate and coordinated movements.

Benefits of Robot Virtual Debugging:

e Early Identification of Errors: Identify and correct program errors in
real-time during simulation, significantly reducing debugging time and
effort.

e Enhanced Program Robustness: Test the program under various
simulated conditions and scenarios to ensure its robustness and
adaptability in real-world situations.

e Improved System Integration: Verify the interaction and
communication between robots and other machines within the system,
facilitating smoother integration and deployment.

e Reduced Downtime: Eliminate the need for repeated testing and
debugging on the physical robot, minimizing downtime and production
disruptions.

e Enhanced Safety: Identify and mitigate potential safety hazards in the
virtual environment before the robot operates in the real world,
ensuring a safe working environment.
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Chapter 3: iRobotCAM User Interface

The start interface allows users to create new projects or open existing ones.
Additionally, it provides options to activate iRobotCAM. (Figure 3-1)

Lo R > TWI0 214 5P u84 =38

Figure 3—1: iRobotCAM User Interface

3.0 New project file

Under the "IROBOTCAM" module, click "New" to "Create a new project file".
(Figure 3-2)

¥ New project ? X

New project file

Name | | [&3]

Path | | [=]

| oK | Cancel |




@ Nanjing Yueqing Information Technology IROBOTCAM

Figure 3-2: New Project

3.1 Component Library

On the "IROBOTCAM" toolbar, in the leftmost first position. (Figure 3-3)

T EEeE A ~G ZW3D 2024 5P x64 - [* test Z3)
Shape  FreeForm  Wircframe  DirectEdit  Assembly  SheetMetal FTI  Weldments  PointCloud  DataExchange  Heal PMI  Tools  Visualize Inquire  Electiode  [ROBOTCAM | App  Mold  Simulation

EIRRER €@ & HE= 12 @ N EE O @ 4 2 600

Model |Import Export Close Save Simulation Collision Mechatronic Gantt | Assembly Move | Conmect | Controller Progam Process Workspace Calibration  Laser  Welding | About Help
library detection edit utting

File Simulation Mechanica Electrical Robot Process Planning Help

Figure 3-3: Component library location

The Model library offers a vast selection of pre-built robot models, categorized for
ease of access. Users can browse through the library, and readily incorporate
desired components into their projects. (Figure 3-4)

% Madel library ? X
| e _ = % i
: . [ — g }f‘* [
= ranuc v 3 . g
= I o %=
[ KukA w\i“ - ;{ ‘.__:.._:?
=5 mimsuBisHI S kil
: IRB1600-X_1 IRB_120 IRB_1300-10_1 IRB_2600-12_1
B OTC
= panasonic - maman e o —
L= RE o
=S I _.' g
=5 vaskawa 1 - il
] | <)
Sl — 1 e :
e o Y
IRB_26001D-15_1 IRB_4600-20_2 IRB_5710-110_2 IRB_6620-150_2

Select Close

Figure 3—4: Model library

3.2 Mechatronic

This section constitutes the heart of iRobotCAM, encompassing a diverse set of
tools for building realistic and functional robot models. (Figure 3-5)
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Mechatronic B
i ¢ X E 0|

: Mame Type

T = Basic mechatronic objects
5 | Kinematic pairs and constraints

Material

k] . .
o Coupling pairs
Sensors and actuators
= = Runtime behavior
Z| [0 Signal adapter
Signal connection
[~&1 Signal
el | Collision group
) = HMI
R || EiLabel

Motion group

Figure 3-5: Basic Mechatronic Objects

® Rigid body: It can make geometric objects move under the control of physical
systems, and any geometric object can only be affected by gravity or other
forces if a rigid body component is added.

® Physical property: make the rigid body have a mass effect and respond to
forces. Collision response: Collision with the environment or other objects

during task processing. Support perception: Objects support being perceived.
(Figure 3-6)

¥ Rigid body ? X
¥ Rigid body

¥ Mazz

Material Default -

¥ Property settings

] Physical property
[7] Collision response

[T] Support sensing
¥ Label

MNone v

oK Apply Cancel

Figure 3-6: Rigid Body
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Collision: Collision is a type of physical component that can only trigger
collisions when added to geometric objects along with rigid bodies. It defines
the collision mode between components and other colliding components. In
physical simulation, rigid bodies without colliding bodies pass through each
other.

® Collision shape: Convex hull calculation speed is fast, can envelop, and

accuracy may be slightly poor. Convex decomposition is decomposed into
many small envelopes to fit the model, and the time for convex
decomposition is slow but very accurate.

® Collision material: defines the basic characteristics of the material in

collision.(Figure 3-7)
% Collision ? *

¥ Collision Object

¥ Shape
Collision shape Convex decomposition

Material Default M
¥ Property settings

Physical property
[¥] Collision response

Support sensing

¥ Label

Mone

oK Apply Cancel

Figure 3-7: Collision

Revolute joint: Establish a motion pair between two objects, allowing a degree
of freedom to rotate around a certain axis.

Parent node: Select another rigid body connected to the connector.
Child node: Select the rigid body that needs to add hinge constraints.

Specify axis vector: Specify rotation axis, starting angle: The angle of the
connector relative to the basic component before the simulation starts.(Figure
3-8)
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% Revolute joint ? ¥
¥ Connection relation

Select parent node

Select child node

¥ Axis and angle
Specify axis vector X: ¥ i ’,ir
Start angle ]

¥ Limitations

| Upper limit

] Lower limit

¥ Settings

Motion type Dynamics

¥ MName

oK Apply Cancel

Figure 3-8: Revolute joint

® Prismatic joint: A joint consisting of two components that can only move
relative to each other in a certain direction, and has one degree of freedom
for translation.

® Offset: The distance between the connector and the basic component before
the simulation starts.(Figure 3-9)
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¥ Prismatic joint ? x
¥ Connection relation

Select parent node

Select child node

¥ Axis and offset
Specify axis vector X: ¥ i __,i:f
Offset 0 mm

¥ Limitations

[] Upper limit e
|] Lower limit mm
¥ Settings
Motion type Dynamics '
¥ Mame

i oK i Apply Cancel

Figure 3-9: Prismatic joint

Materials: The input friction coefficient and recovery coefficient of collision
materials enable the object to have frictional force, which can more vividly
simulate the simulation form of the object. (Figure 3-10)

P Material ? x

¥ Property

| b

Frictional coefficient

Restitution coefficient

Linear damping

Angular damping

all

Density 500

¥ Name

oK Apply Cancel

Figure 3-10: Materia
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® Sensor: Use collision sensors to collect collision events. The size of the
collision shape,length, height, and width depend on the type of collision

shape.(Figure 3-11)

¥ Sensor ? ¥
¥ Type

it Distance sensor T
¥ Property

Collision shape Straight line *
Specify coordinate X: : i ] ,_,::-
Length 3D| i
Height 30 mmm
Width 30 iy}
¥ Mame
Bind signal ‘i“

oK Apply Cancel

Figure 3-11: Sennor

Transfer plane: It is a physical property that converts the selected plane into a

conveyor belt.

Specify vector: Specify the transmission direction of the transfer plane.

Parallel: specifies the speed magnitude in the transmission direction.

Vertical: Specify the speed magnitude perpendicular to the transmission

direction.(Figure 3-12)
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¥ Transfer plane ? x

¥ Transfer plane
Basic element 1-
Base coordinate 1-

¥ Velocity and position

Specify vector .'i?' ~, ki
¥ Velocity
Axial vector mmyfs 7
¥ Collision

| Create collision

¥ Mame

oK Apply Cancel

Figure 3-12: Trasfer plance

® Position control: Command to create an actuator that drives an axis defined by a
kinematic pair to move to a predetermined position at a predetermined constant
speed.

® Axis type-cylinder-angle path option: used to define the rotation scheme of the
axis kinematic pair.

® Target: Specify a target location.
® \Velocity: Specify a constant speed.

® Base marker: composed of the robot base point and coordinate position, it is the
foundation of other coordinate systems of the robot. (Figure 3-13)
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¥ Pasition Control ?

®

¥ Required

Kinernatic pair

X+ x|+

Rigid body
¥ Optional
Base coordinate \+
Flange coordinate 1-

Signal +

¥ Constrains

Shaft type Claw i
Target mm i
Velocity mmyfs 7

[ Limit acceleration

Max acceleration mm/s® T
Max deceleration mmy/s* 7
[ Limit jerk

Mazximum jerk mmys®

] Limit force

Positive force N
Negative force N
¥ Name

I QK ‘ Apply Cancel

Figure 3-13: Position control

Add joint kinematic pairs, base coordinates, flange coordinates, robot parameters,
etc. to create a robot. (Figure 3-14)
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¥ Create rohot 7 'Y

Assembly robot Robot parameter
Robot Name

¥ loint

Select  Delete

MName Direction Offset value

[ Joint coupling

Coupling coefficient -1

¥ Base coordinate

Name

¥ Flange coordinate

MName

oK Apply Cancel

Figure 3-14: Create robot

Select joint positions, add external data, maximum acceleration, maximum
acceleration, base coordinates, and tool center coordinates to create robot tools.
(Figure 3-15)

¥ Robot tool ? X
¥ Requried
Rigid body X
Base coordinate '~+
Tool center ‘+
¥ Optional
Kinematic pair
Sensing point 4
Signal 1—
¥ Constrains
Velocity mmfs 7
Max jerk mm/s® 7
[ Max force
Positive force N
Negative force N
¥ Name
I 1
0K Apply Cancel
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Figure 3-15: Robot tool parameter interface

Add motion array units, select basic objects, array elements, add speed, and
simulate conveyor belt operation. (Figure 3-16)

¥ Mation array unit ? X
¥ Basic Elernent
Basic element 1-
Base coordinate 1-
¥ Array collection
¥ Velocity
Velocity mm/s 7
¥ Name

oK Apply Cancel

Figure 3-16: Motion array unit parameter interface

Add an external axis to allow the robot to move on it by selecting the joints, base,
base coordinates, and flange coordinates. (Figure 3-17)

¥ External axis ? X
¥ Joint
Name Direction Offset value

¥ Base coordinate

MName

¥ Flange coordinate

Mame

¥ Namne

0K Apply Cancel

Figure 3-17: External axis

Add joint positions, select kinematic pairs, input type and speed, and establish
internal signals. (Figure 3-18)
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% Joint pasition ? *
¥ Kinematic pair
-
¥ Mame
Motion type: | Specify position  ~
oK ] Apply Cancel

Figure 3-18: Joint position

Material production unit: Use materials to create multiple objects with the same
appearance and attributes at specific time intervals. (Figure 3-19)

B Material praduction unit ? *

¥ Object to copy

Production object: 'i-
Production position: 1-
Production frequency: Hz
|71 Preduce Once Time
¥ Name

oK - Apply Cancel

Figure 3-19: Material production unit

Simulation sequence: It is a shortcut for logic control and simulation verification,
which can associate various actuators with sensors to achieve logical control.

(Figure 3-20)

¥ Simulation sequence ? x
¥ Execution time
Start time s

Duration s
¥ Signal configuration

|¥] Activation signal 1_

Activation condition  True

[¥| End signal 1-
Execution signal "-
End position
¥ Name
ok | Apply Cancel
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Figure 3-20: Simulation sequence

® Signal adapter: Encapsulates runtime formulas and signals using its commands,
which are included under the "Mechatronic Modeling" window signals, creating
signal objects that can be used to connect external signals.

® Formula: Assign the formula displayed in the formula box to the selected signal.
(Figure 3-21)

¥ Signal adapter 7 x
¥ Signal

Assign as Neme Data type In/Out Initial value +
¥ Formula

Assig Formul Nots +

Formula

¥ Name

oK Apply | Cancel

Figure 3-21: Signal adapter

Signal connection: Connect internal signals with external signals, and control the
internal signals through external signals on external devices to view the simulation
effect of the robot. (Figure 3-22)
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¥ Signal connection ? X

Signal connection name SignalConnect]
Project name
Device name

¥ Signal

Name Adaptername | [Otype | Datatype Name 10 type Data type

¥ Signal connection

Inner signal Direction Outer signal

oK Apply

Figure 3-22: Signal connection

Signal: Divided into output signal and input signal, creating different signals to
generate different simulation motion forms for the robot. (Figure 3-23)

% Signal ? et
¥ Settings

[¥| Connect runtime parameters

Parameter name Angle -
10 type In i
Data type BOOL ¥
Dimension Angle

Unit g =
Initial value falze ¥
¥ MName

Signal name
Contreller L

Port

oK Apply Cancel

Figure 3-23: Signal
® |abel: By adding labels, parent and child assemblies can be assembled.

® Parent Label: Select the parent label from the label type drop-down list, and

select the corresponding rigid body for the parent assembly and child assembly
respectively.(Figure 3-24)
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¥ Label ? *®
¥ Label type
Parent label ®
Parent label Mone =
Thresheold 0.05
Parent assembly —'i'
Child assembly .
¥ MName
oK Apply Cancel

Figure 3-24: Parent label

Child Label: Select a child label under the label type, and select the parent label that
has already been created from the drop-down list in the parent label box.(Figure 3-25)

¥ Label ? *®
¥ Label type
Child label ¥
Parent label Mone =
¥ MName
oK Apply Cancel

Figure 3-25: Child Label

3.3 Gantt chart

After adding the simulation sequence, perform simulation verification, and the real-
time sequence time will be displayed in the Gantt chart. (Figure 3-26)
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Figure 3-26: Gant chart

3.4 Assembly relationship

Add assembly relationships, select child devices to install on a certain device, and

adjust the posture to ensure a tight fit between the sub devices and the device.
(Figure 3-27)

E? Assemble = 5%
Child device Mone ¥

Device installation  Mone o

Relative pose

X p Y o Z 0
RX |0 RY [0 RZ |0
Ok : Apply Cancel

Figure 3-27: Assembly relationship

3.5 Teach programming

Manipulate the right angle space and joint space of the robot based on a 3D model,
and add marker points. (Figure 3-28)
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¥ Robot teach ? X

Robot name GSK_Base

¥ Descartes space

@ Base coordinate () Tool coordinate

Linear increment[mm] Angle increment[deg]

0 h

%= Xav 1052 RX- RX+ |0.000
Y= Vb  -0.000 RY- RY+ |[1570
4Z= Z+p| 1427 RZ- RZ+ |0.000

¥ Joint space

Axis1[*] 0.000 -170 |- I 170
Axis2[*] 10,000 =95 {1 132
Axis3[*] -0.000 -165 - 73
Axisd[*] 0.000 -180 1 180
Axis5[*] | 0.000 -133 | 133
AxisB[*] 0.000 -360 - 360

¥ Teach programming

P S AX@CAT

MName MNotes Parameter

Figure 3-28: Teach

3.6 Collision detection

By adding collision groups and then collision pairs, you can see collision detection
between robots and objects, which is highlighted. (Figure 3-29)

Collision detection B 2%

@ | 4 : G T
ij'? v X = &

Target object ™
o Obstacle all other collidable objects in- =
= +] | X
=
—
82

kol




@ Nanjing Yueqing Information Technology IROBOTCAM

Figure 3-29: Collision Detection

3.7 Programming

In the "Programming" window, add a JOB program, add program program1, and
then right-click to edit the program. (Figure 3-30)

Progam edit

EEJIV%E

g --.'\-.\_“ C
w1 L-;: -f‘}} i e >3-

1

o]

=

& “|ai IRB120Controller |
v [ JoB1

= EM program1

!‘;“:':.l

= |

2

Figure 3-30: Programming

In the "Program Parameters" window, perform the add command. (Figure 3-31)

¥ Program parameters

| Robot |GSK_Base

¥ Required
(& (6l (& Cx

Name Type Data
¥ Command

System Motion Contral 10
QOQR®

Command Paramter
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Figure 3-31: Program Parameters

Control robot movement by adding instructions. Program instructions are classified
as follows:

System instructions :
1. NOP (empty instruction, no action taken)

2. END (program end instruction, program stops when it appears, and even if there
are instructions remaining, it will no longer run)

3. WAIT (system wait instruction, unit: ms)
SPEED

PAUSE (system stop instruction, when the program runs to this instruction, the
system stops and no longer runs).

(Figure 3-32)
¥ Command

System Motion Control L8]
Figure 3-32: System instructions

Motion commands :MOVJ, MOVL, MOVA, MOVC, etc. (Figure 3-33)

Attention: Only one motion command can be used for each loc point, otherwise it
may cause robot motion trajectory errors; If the same point needs to be used multiple
times, please mark it multiple times with different names.

¥ Command

System = Motion | Contrel 10

~ B[~ o
LJ .._} o

o o )

Figure 3-33: Motion commands

(1) HOME:
» Function: Use joint interpolation motion to return the robot to zero point;
» Format: Simply click the HOME button;

» Explanation: When using HOME, it can only be added directly, and motion
instructions cannot be added by inserting instructions;

(2) MOVJ:
» Function: Move to the target point through joint interpolation;

» Format: MOVJ {LOC (target point), VEL [] (velocity), ACC [] (acceleration),
JERK [] (acceleration)};
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» Explanation: The unit of VEL is °/s; ACC and JERK both use percentage
form, and the input range is a positive number. If it is less than or equal to O,
an error will be reported; (Figure 3-34)

W Mov) ? ®

Target:
VEL: 200 /s
ACC: 100 %

JERK: 100 %

oK Apply Cancel

Figure 3-34: MOVJ

(3) MOVL:
» Function: Move to the target point through linear interpolation;

> Format: MOVL {LOC (target point), VEL [] (velocity), ACC [] (acceleration),
JERK [] (acceleration)};

» Explanation: The unit of VEL is m/s; ACC and JERK both use percentage
form, and the input range is a positive number. If it is less than or equal to 0,
an error will be reported; (Figure 3-35)

2 MOVL ? b4

Target:
VEL: 0.5 m/s
ACC: 0.05 %

JERK: 0.05 %

oK Apply Cancel

Figure 3-35: MOVL

(4) MOVA:

» Function: Circular interpolation motion mode passes through the middle
point to the target point;

» Format: MOVA {LOC1 (target point), LOC2 (intermediate point), VEL []
(velocity), ACC [] (acceleration), JERK [] (acceleration)};

» Explanation: The unit of VEL is m/s; ACC and JERK both use percentage
form, and the input range is a positive number. If it is less than or equal to O,
an error will be reported; (Figure 3-36)
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2 MOVA ? b4
Target:
Intermediate:
VEL: 0.5 mis
ACC: 0.05 %
JERK: 0.05 % )
R 7
oK Apply Cancel

Figure 3-36: MOVA
(5) MOVC:

» Function: Move in a circular interpolation motion along the current point,
target point, and intermediate point, forming a circle, and then return to the
current position. When moving, it first passes through the target point and
then passes through the intermediate point;

» Format: MOVC {LOC1 (target point), LOC2 (intermediate point), VEL []
(velocity), ACC [] (acceleration), JERK [] (acceleration)};

» Explanation: The unit of VEL is m/s; ACC and JERK both use percentage
form, and the input range is a positive number. If it is less than or equal to O,
an error will be reported; (Figure 3-37)

% MoV ? X
Target:
Intermediate:
VEL: 0.5 ms
ACC: 0.05 %
JERK: 0.05 %
oK Apply Cancel

Figure 3-37: MOVC
(6) MOVS:
» Function: Move to the target point through spline interpolation motion;

» Format: MOVS {LOC1 (target point), LOC2 (passing point), VEL [] (velocity),
ACC [] (acceleration), JERK [] (acceleration)}; (Figure 3-38)
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@ Movs ? X
Target:
VEL: 0.5 m/'s
ACC: 0.05 %
JERK: 0.05 %

oK Apply Cancel

Figure 3-38: MOVS

Control instructions (Figure 3-39):

FLYBY # ON :smooth transition on instruction;
FLYBY # OFF :smooth transition off instruction;

LOOP :loop start instruction, the number of times the partial loop of the
END_LOORP instruction is set after this instruction, which is used in combination
with END_LOOP;

END_LOOP :loop bundle instruction, paired with LOOP;

WHIL : While loop start instruction, parameter is loop start condition, is a
conditional judgment statement, used in conjunction with END_WHILE;

END_ WHILE :WHILE loop content end instruction, used in conjunction with
WHILE;

IF : select structure instruction, parameter is a conditional statement, instruction
after IF is an instruction that satisfies the condition and can be executed until
ELSE,ELSE_IF, or END _IF is encountered to end the branch content;

ELSE : another selection branch of IF or ELSE_IF statement, with END _|F as
the end of the branch statement;

ELSE_ IF : used for branch start instructions in multi branch structures, with
ELSE as the end of the branch statement;

END__ IF: used for the end of all conditional statements, paired with IF;

LABEL : constructs a label at the specified position, which can be used together
with the GOTO instruction to adjust the instruction process;

GOTO : jumps to the instruction position marked by LABEL to start execution,
generally does not jump to the previous label, which can easily form a dead loop;

¥ Command

System Muotion Control ]

> i’qgﬁjufjmﬁ -'-;‘Ul'i‘l »
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Figure 3-39: Control instructions
The 10 instructions (Figure 3-40):

® DIN :digital input, reading the signal of the specified port number into the BOOL
type variable;

® DOUT : digital output, making different responses to the controller based on the
read signal;

¥ Command

System  Motion  Control | 10
=] =

Figure 3-40: 10 instructions

3.8 URDF Import and Export

URDF is a format based on the XML specification used to describe the structure of
robots, mainly used to define the structure of robots, including the components of
robots and the relationships between them. URDF files can be used for robot
simulation, visualization, and analysis in ROS (Robot Operating System) to describe
the relationships between robot components and their relationships.(Figure 3-41)

P fHet~ ] ZW3D 2024 SPx64  Assembly - [* test.Z3 - [test]]
Shape  FreeForm  Wireframe  DirectEdit  Assembly  SheetMetal FTI Weldments  PointCloud  DataBxchange Heal PMI  Tools Visuslize Inquire  Electrode | [ROBOTCAM | App  Mold  Simulation

LIRREBR @ & = 1aZ @ M EER D Y O

Model | Import Export|Close Save  Simulation Colision Mechatronic Gantt  Assembly Move = Connect | Controller Progam Process Workspace Calibration  Laser  Welding | About Help
library detection edit cutting

File Simulation Mechanical Electrical Robot Process Planning Help

Figure 3-41: Import and Export

Import URDF: Select the path where the file is stored and click OK.(Figure 3-42)

¥ Import URDF ? X
¥ lmport
Path

oK . Apply Cancel

Figure 3-42: Import URDF

Export URDF: In the device bar, click the "+" button, select the robot to export in the
assembly relationship bar, select the path to store in the path bar, and click
OK.(Figure 3-43)
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¥ Export URDF ? X
¥ Export
Device 1-
Path

QK Apply Cancel

Figure 3-43: Export URDF

3.9 Workspace
In the IROBOTCAM status bar, click the workspace button.(see Figure 3-44)

P tHet -~ £~k ZW3D 2024SP k64  Assembly - [* testZ3 - [test]]
B sh:oc  FreeForm  Wireftame  DirectEdit  Acsembly  ShestMetal FT  Weldments  PointCloud  Databxchange Heal PMI  Tools Visuslize Inquire  Electrode | IROBOTCAM | App  Mold  Simulatior
wl W BB @ o= ™L = s i 5 (N | @& \d o 6
E: Bl D E—\l F) @- tl = 1, #& B ) |@© 7 D &
Model Import Export Close Save = Simulation Collision Mechatronic Gantt —Assembly Move = Conmect  Controller Progam Process |Workspace [alibration  Laser  Welding  About Help
edit cutti

library detection d
File Simulation Mechanical Electrical Robot Process Planning Help

Figure 3-44. Workspace

In the mechatronic bar, click on the collision group, and in the collision group window,
create collision groups for the robot's joints. The collision body of each joint of the
robot needs to be checked to support sensing. Click on the workspace, select the
controller in the workspace parameters, and adjust the sensing range that the
detection robot can collide with by modifying the spatial point density.(Figure 3-45)

%¥ Workspace ? X

Controller

Point density 26000

OK : Cancel

Figure 3-45: Workspace window

3.10 Euler angle

® F[Euler angle is a set of three independent angular parameters used to uniquely
determine the position of a fixed point rotating rigid body.(Figure 3-46)




@ Nanjing Yueqing Information Technology IROBOTCAM

Move = 23
2 vIXs o

¥ Required
o Selectmudel:“ i
m | |¥ Optional
EY

Position: ¥ &+ Ok
=1
S Xaxis ¥ ®- 0Ok
0| | ¥ axis ¥ &+ Ok
=5 | -

7 axis ¥ ®- Ok
_.E_ Euler angle
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Figure 3-46: Euler angle

3.11 Connect module

® By adding devices, accessing the device server, and controlling internal signals
through external signals from the server, communication functions are
sequentially achieved. (Figure 3-47)

¥ OuterSignal ? x

Opc Ua Siemens Plc Smart Modbus Tep BeckHoff Controller
¥ Device

Device name Server address Server port

¥ Outer signal

MName 10 type Data type Type name Device na
4] il | »
Save Open : oK Apply
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Figure 3-47: Communication Module

3.12 Simulation verification

After programming, simulation verification can be condu
robot's motion trajectory.

cted to demonstrate the

Switch to real-time mode for mechatronic motion simulation. (Figure 3-48)

Simulation

@.»@'%E‘.

¥ Required
I

Entity:

<

¥ Settings

7 i © @

[T] Draw trajectory

Simulation

o

Sampling[ms] 30

[7] Record video

Figure 3-48: Simulation verification

3.13 Laser cutting

B

@ |

[l

The laser cutting function is a functional module composed of multiple windows

by clicking "Next".

Step sequence: Select path - Discretize path - Sort transition points - Optimize

path - Generate program.

Specific operation steps are introduced with reference to application cases.
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B Select path x * & Taniion ?
¥ Select Object v Pasaerete 5
Select Part aoeot Gart 0
¥ Parametes Sat Transitian Pro
Fiobot Corroller IRBIZ antroller Tops Cacrdinzte
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I Tope
Ad Sk Fares (F, Delete Dizcretization | Show Dizcrete Resutt
Hest | P e [ e e
=3 W generste prog %
¥ Farseat er Ser
Height Yo o s
Mee 2
¥ Program Edit
"

Reachabiliy Singulanty  Collsions

Edit progeam | Show Discrete Result | Calulate

3.14 Welding

® The welding function is a functional module composed of multiple windows by
clicking "Next".

® Step sequence: Select path - Discretize path - Sort transition points - Optimize
path - Generate program.

® Specific operation steps are introduced with reference to application cases.
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3.15 Screen recording function

Pracess sort calculate

mm/s

mm/z"2

Control" interface.

Click on the simulation button in the "IROBOTCAM" tab to open the "Simulation

Check to enable video recording, and then click on the start simulation button on

the left side of the "Simulation Control" window to start recording.

Wait for the machine to run the entire process, and then finally click on the end

simulation button on the right side of the "Simulation Control" window to end

recording.

The video recording is complete. (Figure 3-49)
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¥ Required
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Figure 3-49: Screen recording function
Additional Tips:

® Video recording storage location: Open the installation location of ZW3D 2024
software, pull up to see the video recording file, click on the video MP4 file, and
you will see the entire process of machine operation(see Figure 3-50).

® |[f the file for the screen recording function does not exist, you need to run the
ZW3D with administrator rights.

= saEm

| 6] amrecordermpd

e | |
€ licensexml e 3 KB
] amrecorderlog o
[ license. log
[3] recorder.dl
[] kdchartdil
[%) portaudio_x64.dll
[3] gscintilla2_qt5.dl
] productinfo
clspecmk.exe
[%] gl-debugger.dll
[3] logging.dil
[3] 23Thumbnail x64.dIl

P zwid.exe
8 ZW3D.1b
[%] ZW3D_Base.dll
[%] ZW3D_Blas.dil

* [ zw3D_camadil

[%] ZW3D_CamDb.dll

Figure 3-50: Video recording storage location
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Chapter 4: Notes and Save
IROBOTCAM User Interface: Notes and Storage

1. Shortcut Keys:

® Some shortcut keys are not available within the IROBOTCAM tab. This
likely includes common shortcuts like Ctrl+S (save), Ctrl+Z (undo), Ctrl+X
(cut), Ctrl+C (copy), and Ctrl+V (paste).

2. Storage:

® Encourage users to explore other methods of saving file data in order to
gain a more comprehensive understanding of IROBOTCAM's storage
capabilities.

Notes:

® |n the IROBOTCAM module, this save button saves the content of the
mechatronic.

® This save button does not save the file. (Figure 4-1)

2| f et~ o ZW3D2024Px64  Assembly - [* testZ3 - [test]]
Shape  FreeForm  Wireframe  DirectEdit  Assembly  SheetMetal FTl  Weldments PointCloud Dataxchange Heal PMI  Tools Visuslize Inquire Electrode | IROBOTCAM | App  Mold  Simulation
— . = T 5 5 m & 5
® [8) 2 @ = [ "L 3 k@ R @ d oy Y 2
E: Bl [BEl E—L i N @ = 1, 2, e B 8 ) @& s » &9
Model Import Export Closf Save fimulation  Collision Mechatronic Gantt | Assembly Move | Connect | Controller Progam Process Workspace Calibration  Laser  Welding | About Help
library detection edit cutting
File Simulation Mechanical Electrical Robot Process Planning Help

Figure 4-1: Save

Click Save and a save progress bar will pop up. After saving, the output box on
the right will display the words "Successfully saved mechatronic data". (Figure 4-

ZW3D 202464 Assembly - [* defauttZ3 - [default]

FIEE)
HIEE)
14 !
|
| ¥ Search
\ )
d ¥ File List
] 25 ~ AllSupport Files
L :
: X
1200.88mm Object list

| mEE
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Figure 4-2: Output box

Save File:There are two ways to save: one is to overwrite the original imported
file and save it, and the other is to save it as a new file.

® Overwrite the original file: In the "IROBOTCAM", click the save button in the
upper left corner of the interface to overwrite the original file and save
it.(Figure 4-3)

-4 fldle & ~ A 2 ZW3D 2024 5P x64 - [
Wireframe  DirectEdit  Assembly  DataExchange Heal PMI  Toels  Visualize Inquire  IROBOTCAM | App  Simulation
=R CL
.

B @ & H=trL2eé RNERQD ©€ 600
Model Import Export

e Save | Simulation Collision Mechatronic Gantt | Assembly Move | Connect | Controller Progam Process Workspace Calibration = About Help
library detection edit
File Simulation Mechanical Electrical Robot Help

Figure 4-3: Close window

® Save as a new file: After successfully clicking the 'Save' button, click the 'File'
button on the toolbar.(Figure 4-4)

P EEHeE~ ~ O ZW3D 2024 5P 64 - |
File Shape  Free Form  Wireframe  Direct Edit  Assembly  DataExchange Heal PMI  Tools  Visualize Inquire = IROBOTCAM | App  Simulation

. ™ A 1 = I~ & ) B N ™
] |l |= €] = ual H] F@® ﬁg T @ o, £
E E;] Efj Ej K @ O il = 2e, e IE @ @ v |
Model Import Export Close Save | Simulation Collision Mechatronic Gantt = Assembly Move | Connect  Controller Progam Process Workspace Calibration = About Help

library detection edit
File Simulation Mechanical Electrical Robot Help

Figure 4-4: File button

Click Save under the "File Box" and select the "Save As" option in the box on the
right. (Figure 4-5) (Whether the save was successful will be displayed as text in
the output box on the right.)

P e e~ ~ S
Shape  FreeForm  Wireframe  DirectE
Hew Save
€ Open
{+ Open in ZWCAD F_iSave
Close b Save As...
Save as Copy
Save All

Pack

Figure 4-5: Save As

1. Case file storage location:

In the directory where ZW3D 2024 software is installed, click on the following
path,and in the example folder and help folder of the plugins\iRobotCAM\example
folder, it contains the project case and PDF version of the user manual. (Figure 4-

6)
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o Program Files > ZWSOFT » 2ZW3D 2024 > |plugins > iRobotCAM > example
T HE= =855~
*
£ ==k =3 Fh
Collision Detection.Z3 2023/10/25 16:4 ZW3D Document 66,539 KB
B configure Communication.Z3 2023/12/1 16:25 ZW3D Document 60,689 KB
Create Robot.Z3 2023/10/10 11:28 IW3D Document 8,283 KB
Define Basic Mechatronic Objects.Z3 2023/6/5 10:54 IW3D Document 205 KB
Define Conveyor Belts.Z3 2023/11/28 15:26 IW3D Document 33853 KB
Define Motion Array Units.Z3 2023/11/28 15:46 ZW3D Document 66,590 KB
Draw Arc.Z3 2023/10/5 %34 IW3D Document 6,575 KB
Robot Grab and Drop.Z3 2023/12/1 11:40 ZW3D Document 60,372 KB
Turntable Model.Z3 2023/7/3 13:33 ZW3D Document 42 397 KB

Figure 4-6: example

Location of the user manual on the software interface: Enter the "IROBOTCAM"
tab and click the help button on the far right to pop up the PDF version of the user
manual. (Figure 4-7)

2| fERHeE -~~~ ZW3D 2024 5P x64 - [* tess.Z3]
Shape  FreeForm  Wircframe  DirectEdit  Assembly  SheetMetal FT Weldments  PointCloud  DataExchange  Heal PMI  Tools  Visualize Inquire  Electrode | IROBOTCAM | App  Mold  Simulation

LRRER @ & T =1Lz @ HEERED & & 2 60

Model Import Export Close Save Simulation Collsion Mechatronic Gantt Assembly Move Connect Controller Progam Process Workspace Calibration  Laser  Welding  About |Help
library detection cutting

File Simulation Mechanical Electrical Robot Process Planning Help

Figure 4-7: Help button

2. Entrance to IROBOTCAM module

In the start interface, next to Quick Start, click on the IROBOTCAM module,
which includes the New, Open, and Activate buttons.

New: You can create a new project file.(Figure 4-8)
I@ | 2 E 4 H T s W
Quick Primer | 1ROBOTCAM

IRQBOTCAM

Figure 4-8: Open button
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Open: Click the open button to open the corresponding Z3 file. Attention: When
creating in the IROBOTCAM module Z3 files must be opened from this window in
order to have relevant IROBOTCAM module content.(Figure 4-9)

P G ZW3D 2024 5P x64.
[l cuickpime | moBoTCaM

ve4EYR

Figure 4-9: Open

Activation: You can see the product user manual of the software package

® Activation authorization: Fill in the activation code entry, click the

application button, and the output box will prompt whether activation was
successful.

® Product information: The CAD kernel status represents the status of ZW3D,
which can be divided into three states: inactive, trial, and activated.

® iRobotCAM status: It also includes three states: inactive, trial, and activated.

When inactive is showing, it indicates that the software trial period of 30 days
has ended. The output box has relevant prompts.(Figure 4-10)
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% License 4 X
—Activate
Key ID Applh;l
—Trial license
Directory - Load

|— Product information

CAD status Activated
e —

IROBOTCAM status  Activated

Figure 4-10: License
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Chapter 5: Define Basic Mechatronic Objects

This guide provides step-by-step instructions on defining basic mechatronic
objects in IROBOTCAM software.(Figure 5-1)

Note:Compared to before, the software interface has been improved by
adding density parameter settings in the material window, and removing mass
settings in the rigid body and collision body windows. Users can pay attention
to the changes in materials, rigid bodies, and collision body windows during
the creative process.

When users create other cases, they may not be updated in a timely manner
due to changes in other case images or videos. Users should pay attention to
this issue when using the software. thanks

Define Basic IROBOT CAM et i Add Material
Mechatronic Objects Envircnment Entry cMatera

Add rigid body
:: Simulation
Add collision Vet }

Figure 5-1: flow chart of define basic mechatronic objects

Step 1: Open iRobotCAM project file

® Open iRobotCAM project file named "Define Basic Mechatronic Objects. Z3"
to access the IROBOTCAM environment. (Figure 5-2)

@f £ | ts s bk
Cluick Primer [ROBOTCAM

Activation

Figure 5-2: IROBOTCAM Environment Entry

® The interface will display three components. (Figure 5-4)
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Figure 5-4: Component Details

Step 2: Create materials

® Click on the "IROBOTCAM" to enter the mechatronic interface. (Figure 5-5)
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Figure 5-5:

® Right-click on the material and select

Mechatronic

“‘Add Material”. (Figure 5-6)

Mechatrenic B £%
v X E o)
Mame Type |
#_ | |EH Basic mechatronic objects
[ = Kinematic pairs and constraints
~ [ Material
- @ m ICollision material
G me Collision material
= = Coupling pairs
@ == Sensors and actuators
7 Runtime behavior
el = Signal adapter
[ Signal connection
= Signal
_ﬂ = Collision group
= HMI
= Label
= Moticn group
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Figure 5-6: Add Material

® Create a new material named “m1” for the two slopes. (Figure 5-7)

@ Material 7 X
¥ Property
Frictional coefficient 0.1 o
Restitution coefficient 0
Linear damping 0 =
Angular damping 0
Density 500 :
¥ Mame
m1

[ oK | Apply Cancel

Figure 5-7: Material m1

® Create another material named “m2” for the remaining components. (Figure 5-

8)

%P Material ? *
¥ Property
Frictional coefficient 0.2 2
Restitution coefficient 0 [ ‘
Linear damping 0 [
Angular damping 0 ‘ ‘
Density 500 =
¥ Mame
m2

oK . Apply Cancel

Figure 5-8: Material m2

Step3: Create Rigid Body

® Right-click on "Basic mechatronic Object", and select "Add Rigid Body".
(Figure 5-9)
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Figure 5-9: Add Rigid Body

® In the "Rigid Body" window, click the "+" button to select one of the slope

components.

® Uncheck the property settings and click “OK”.

® Repeat above steps to add the other slope as a rigid body. (Figure 5-10)
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<middie-click> for default.

Figure 5-10: Adding a obliquity Rigid Body
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S Output LIRS
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Objects.23] opened in 0.1740
seconds.

Done.
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Init mechatronic data completed!

] e
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® Select the "material" indicated by the arrow to create a rigid body.

® Uncheck the property settings and click “OK”.
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Figure 5-11: Add Materia rigid body

Step4: Creat Collision

Right-click on "Basic mechatronic Object" and select "Add Collision".

In the "Collision" window, click the "+" button and select one of the slope
components.

Select "Convex Decomposition” for the collision shape.
Check "Collision Response" for the property setting.
Select "m1" for the material.

Repeat above steps to create a collision for the other slope. (Figure 5-12)
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Figure 5-12: Add obliquity collision body

Click the "+" button again and select the box to create a collision.

[
® Select "convex decomposition" for the collision shape.
® Check "physical property" and "collision response" for the collision setting.

® Select "m2" for the collision material. (Figure 5-13)
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Figure 5-13: Add Materia collision body

Step 5: View the framework for mechatronic

40
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® At this point, you should have successfully created materials, rigid bodies,
and collisions for all components. (Figure 5-14)
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= Coupling pairs
= Sensors and actuators
=) Runtime behavior
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I

I
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== Collision group

= HMI

= Label

= Motion group

Figure 5-14: The entire mechatronic framework

Step 6: Simulation verification

® Click on the “IROBOTCAM’ tab.(Figure 5-15)
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Figure 5-15: Simulation button

® Click the simulation button to verify the defined mechatronic objects. (Figure
5-16)
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Chapter 6: Define Conveyor Belts

This document provides a step-by-step guide on how to define a conveyor belt
in the IROBOTCAM software.(Figure 6-1)

. IRCBOTCAM
Define Conveyor Belts }]]::> Environment Entry

>{ Mechatronic J:>

Add rigid body and
collision

¥

Add transfer plane

V.

Add signal adapter

v

Add simulation
sequence

:>L

Simulation
verification

J

Figure 6-1: Flow chart of define conveyor belts

Step 1: Open iRobotCAM project file

® Open iRobotCAM project file "Define Conveyor Belts.Z3" to access the
IROBOTCAM environment. (Figure 6-2)

P DLS&SEee

Cuick Primer

Activation

IROBOTCAM

=

IROBOTCAM

Figure 6-2: Open iRobotCAM project file

® \Wait for the import to complete. A message will be displayed in the output box
confirming completion. (Figure 6-3)
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Figure 6-3: Component Details
Step 2: Create rigid body and collision.
® Go to the "IROBOTCAM" tab and click the "Mechatronic" button. (Figure 6-4)
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Figure 6-4: Mechatronic

® Under "Basic Mechatronic Objects", right-click and choose “Add Rigid Body”.
(Figure 6-5)
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Figure 6-5: Add Rigid Body

® Part: Click the "+" button to enter the object selection status.

® Click the left mouse button to select the component , which is the long board,
and create a rigid body.

® The material is "default", and the property setting is "unchecked".
® Click the OK button to create the first component as a rigid body. (Figure 6-6)
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Figure 6-6: Add Long Board Rigid Body

® Click the "+" button to enter the object selection status, select the component ,
which is the long board, to create a collision.

® Select "convex decomposition" for the collision shape, "collision response" for
the property settings, and "default" for the material. (Figure 6-7)
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Figure 6-7: Add Long Board Collision

® Material: With the "+" button, select the material to create it as a rigid body,
with a default material, and an property setting of "unchecked". (Figure 6-8)
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Figure 6-8: Add Rigid Body

® Click the "+" button to enter the object selection status, select the component
on the right to create a collision for the material.

® Select "convex decomposition" for the collision shape.

® Select "physical properties", "collision response", "support sensing" for
property settings, and "default recognition" for material. (Figure 6-9)
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data completed!

® Barrier: Use the "+" button to select the material barrier plate zdk and create
it as a rigid body. The default mass is "1", the material is "default", and the

property setting is "unchecked". (Figure 6-10)
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Figure 6-10: Add Barrier Plate Rigid Body

® Click the "+" button to enter the object selection status.

® Select the component zdk on the right, which is the barrier, to create a

collision.
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® Select "convex decomposition" for the collision shape,"collision response" for
the property settings, and "default" for the material.

® Click OK. (This process needs to be patient for a while) (Figure 6-11)
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Figure 6-11: Add Barrier Plate Collision Body

Step 3: Basic mechatronic object framework

® All rigid bodies and collisions should now be listed under "Basic

Mechatronic Objects." (Figure 6-12)
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Figure 6-12: Basic mechatronic object framework

Step 4: Add transfer plane

® Right-click "Sensors and actuators" and select "Add transfer plane". (Figure 6-
13)
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Figure 6-13: Add Transfer plane

® Select "Part" as the collision object.
® Click the "+" button and select CSYS1 as the base coordinate.

® In the "Transfer Surface" window, select "Second Entry" from the "Specify
Vector" drop-down list. (conveyor movement along Y-axis).

® Enter the conveyor belt speed as "100".
® Named the transfer plane.
® Click “OK” to generate the conveyor belt object. (Figure 6-14)
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Figure 6-14: Transfer plane

Step 5: Add a signal adapter

| EemE

Zh¢EYORS

® Click "Signal Adapter" and right-click to select "Add Signal Adapter". (Figure

6-15)
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Figure 6-15: Signal Adapter

® Click "Sensors and actuators” then click the "+" button.
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® Select "Transmission surface".
® Add parameters as shown in the provided figures, including signals, formulas,
and names. Click OK to generate signal adapter objects and signal objects.

(Figure 6-16)
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Figure 6-16: Add Signal Adapter

Step 6: Add runtime behavior

® Click “runtime behavior”, right-click and select “Add Simulation Sequence”.
(Figure 6-17)
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Figure 6-17: Add simulation sequence

Set the Start time as "0" and the Duration as "999999".

Uncheck the "Activation Signal" and "End Signal".

Click the "+" button and select "Input signal" as the execution signal.
Set the End Position to "1".

Click “OK”. (Figure 6-18)
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Figure 6-18: Simulation Sequence

Step 7: Simulation Verification

® Click the simulation button Under the "IROBOTCAM". (Figure 6-19)
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Figure 6-19: Simulation Button

® Click the “Start Simulation” button in the "Simulation Control" window.

® Observe the material being transported to the right side of the conveyor belt.
(Figure 6-20)
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Figure 6-20: Simulation Verification
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Chapter 7: Define Motion Array Units

This document outlines the process of defining motion array units within the
iRobotCAM environment. This guide is intended for users familiar with the basic
functionalities of iIRobotCAM and seeks to provide a detailed and professional
approach to setting up and simulating conveyor belt systems.(Figure 7-1)

Define Mation Array Unit _l.ROBOTCAM Mechatronic Add rigid body
Environment Entry

Add collision

U

Add mation array units

7

Add signal adapter

Add simulation Simulation
sequences verification

Figure 7-1: Flow chart of define motion array unit

Step 1: Opening and Selecting the Assembly

® Open iRobotCAM project file "Define motion array Unit. Z3" to enter the
IROBOTCAM environment. (Figure 7-2)

| fH oG =
Chuick Primer IROBCOTCAM

Activation

IROBOTCAM

Figure 7-2: Open iRobotCAM project file

® Open the details of the interface components. (Figure7-4)
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Figure 7-4: Component Details

Step 2: Creating Rigid Body for FLTP5 7

N =]

® Navigate to the "Mechatronic" tab within the "IROBOTCAM" interface. (Figure

7-5)
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® Right-click within the "Basic Mechatronic Objects" panel and select "Add
RigidBody" to open the "Add Rigid Body" window. (Figure7-6)
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Figure 7-6: Add rigid body

® Click Click the "+" button and choose the component "FLTP5_7" from the
available list.

® "Property setting" parameters to suit your specific requirements.
® Notes: Material use "default", property setting to "unchecked".
® Click "OK" to create the rigid body for "FLTP5_7". (Figure 7-7)
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Figure 7-7: Rigid Body Information

Step 3: Creating Collision Body for FLTP5 7

® The Right-click within the "Basic Mechatronic Objects" panel and select "Add
Collision" to open the "Add Collision Body" window.

® Click the "+" button and choose the component "FLTP5_7" from the available
list.

® Notes: The motion array unit needs to select a conveyor belt component
(including rigid body and collision) as the basic model to create the entire
conveyor belt. Therefore, the components selected for creating collision
bodies here should be consistent with the components selected for creating
rigid bodies in step 2.

® Modify the "Mass" "Material" and "Property setting" parameters to suit your
specific requirements.

® Notes: Mass could be input 0.1kg. the material use "default", the collision
shape needs to be selected as "convex decomposition", check the “Collision
response” under the Property settings.

® Click "OK" to create the Collision body for "FLTP5_7". (Figure 7-8)
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® Notes: It should be noted here that the waiting time of the convex
decomposition algorithm varies depending on the complexity of the model
and the computer performance of the user. The waiting time of this example

model is approximately 10 seconds.

Step 4: Adding motion array Units

® Click Right-click within the "Sensors and actuators" panel and choose "Add

motion array unit". (Figure 7-9)
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Figure 7-9: Add motion array

® Click the "+" button and select the previously created "FLTP5_7" rigid body as
the base element for the motion array unit.

® Click the “+” button and select a CSYS as the base coordinate.
® Define the desired "Speed" (eg, 100) at which the conveyor belt will operate.
® Assign a descriptive "Name" for easy identification. (Figure 7-10)
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Figure 7-10: Basic Object

® Click Click the "+" button again to initiate the selection of all components
comprising the conveyor belt as individual array elements.

® Carefully highlight and select each element within the 3D viewport by pressing
the middle mouse button. (Figure 7-11)
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® Review and refine the details of each array element as necessary. (Figure 7-

12)

® Click "OK" to finalize the creation of the motion array unit.
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Figure 7-12: motion array Unit
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® \Wait for the generation of the circular conveyor belt and all rigid and collision
bodies on the conveyor belt under the basic mechatronic objects. (Figure 7-
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Figure 7-13: Array Elements

Step 5: Add Signal Adapter

® Right-click within the "Signal Adapter" panel and choose "Add Signal Adapter".
(Figure 7-14)
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Figure 7-14: Add Signal Adapter

® Click the "+" button within the "Signal" section and select the newly created
conveyor belt.
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® Specify the desired signals, formulas, and names to define the operational
behavior of the conveyor belt. (Figure 7-15)
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Figure 7-15: Signal Adapter Information

® Click "OK" to generate the corresponding signal adapter and signal objects.

Step 6: Add simulation sequences

® Right-click within the "runtime behavior" panel and choose "Add Simulation
Sequence" to open the "Simulation Sequence" window. (Figure 7-16)
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Figure 7-16: Add simulation sequences

® Click Define the "Start time" (eg, 0) at which the simulation should commence.

® Set the "Duration" (eg, 999999) to ensure the motion array unit operates for
the desired duration.

® Uncheck the "Activation Signal" and "End Signal" options to initiate the
simulation automatically.

® Specify the "Execution signal" to link the simulation sequence to the
previously defined motion array unit.

® Set the "End Position" to "1" to ensure the motion array unit completes its full
rotation.

® Assign a descriptive "Name"for the simulation sequence. (Figure 7-17)
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Figure 7-17: T1_EXEC
Step 7: Starting the Simulation

® Click the "Simulation" button located under the "IROBOTCAM" tab. (Figure 7-
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Figure 7-18: Simulation Button

® Click the "Start Simulation" button within the "Simulation Control" window to
initiate the simulated motion of the conveyor belt. (Figure 7-19)
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Figure 7-19: Simulation Verification

Conclusion:

By following this detailed and professional guide, you can effectively define and
utilize motion array units within the iRobotCAM environment to simulate complex
motion array unit systems with accuracy and precision. Adapt and modify the
provided parameters and settings to achieve your specific desired behavior and
explore the advanced functionalities offered by iRobotCAM for further
customization and control.




{

Nanjing Yueqing Information Technology

IROBOTCAM

Chapter 8: Create Robot

This document provides a step-by-step guide on how to create a robot in the
IROBOTCAM software.(Figure 8-1)

Create Robot }] B

IROBOTCAM
Environment Entry

J‘ Mechatronic 3

Prepare coordinate
positions

Y.

Add rigid body

U

Add collision

U

Add revolute joint

&

Add robot

>| Teach robot

Figure 8-1: Flow chart of Create Robot

Step 1: Open iRobotCAM project file

® Open iRobotCAM project file “Create Robot.Z3”. (Figure 8-2)

=

IRQBOTCAM

IROBOTCAM

Figure 8-2: Open iRobotCAM project file

® View the details of interface components. (Figure 8-4)
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Figure 8-4: Component Details

Step 2: Prepare coordinate positions

® Select the "Datum CSYS" option in the "Shape" tab. (Figure 8-5)
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Figure 8-5: Datum CSYS

® Set "Datum CSYS" to "Dynamic". (Figure 8-6)
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Figure 8-6: Dynamic

® Hide or uncheck "component Link1". (Figure 8-7)
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v 2 Default
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Figure 8-7: Uncheck Link1

® Create robot coordinate systems:

< Link1 to Link6 joint rotation axis coordinate system.
<~ Base coordinates.

< Flange coordinates.

® Place and adjust the coordinate systems correctly, except for base and flange
coordinates, which need only their Z-axis aligned. (Figure 8-8)
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Figure 8-8: Coordinate system construction

® Create the base coordinate (CSYS8) using "Critical" and selecting the central
triple axis coordinate system.

® Create the flange coordinate (CSYS7) at the desired position and direction on
Link6.

(Figure 8-9)
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Figure 8-9: Coordinate system position

Step 3: Create rigid bodies and collisions
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® Go to the "IROBOTCAM" tab add click the "Mechatronic" button. (Figure 8-10)

P tEHeE~ ~Oc» ZW3D 2024 SP %64  Assembly - [* Create Robot.Z3 - [Default]]
Shape  FreeForm  Wireframe  DirectEdit  Assembly  SheetMetal FTl  Weldments PointCloud Datafxchange Heal PMI  Tools Visualize Inquite  Electrode | IROBOTCAM  App  Mold  Simulation
: N = - ™ = ~ 2 ¥ 1
n w] = €] — i (] ﬁ @ L4 )
HEmER ©@ & W= T & wmEE O @ v e
Model Import Beport Close Save Simulstion  Collsion Mechatronic| Gantt  Assembly Move ~Connect Controller Progam Process Workspace Calibration  Lsser  Welding  About Help
library detection edit cutting
File Simulatien Mechanical | Electrical Robat Process Planning Help

Figure 8-10: Mechatronic

® In the "Mechatronic" window, click on "Basic Mechatronic Objects".

® Right-click and select "Add Rigid Body" for each of the seven joint component
objects. (Figure 8-11)
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[ Signal connection
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= HMI
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Figure 8-11: Add Rigid Body

® Property settings to 'Unchecked', and material to 'Default'. (Figure 8-12)
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Figure 8-12: Rigid body parameters

® After adding rigid bodies to the seven joint objects, the component details will
be displayed. (Figure 8-13)
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Figure 8-13: seven rigid bodies

® Right-click and select "Add collision" for each of the seven component objects.
® Select "convex hull" for the collision shape.
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® Property settings to "unchecked", and material to "default". (Figure 8-14)
% Collision ? *®

¥ Collision Object

Base +

¥ Shape

Collision shape Convex decompaosition
IMaterial Default kd
.T Property settings

[Z] Physical property
["] Collision response

[ Support sensing
¥ Label

Mone

oK | Apply Cancel

Figure 8-14: Collision Parameters

® After adding seven objects to the collisions, the component details will be
displayed. (Figure 8-15)
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Figure 8-15: Seven Collisions

Step 4: Create joints

® In the "Mechatronic" window, click "Kinematic Pairs and Constraints". Right-
click and select "Add Revolute Joint". (Figure 8-16)
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Figure 8-16: Add Revolute Pairs

® Create six revolute joints for each robot joint, specifying parameters for each.
(Figure 8-17)
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Figure 8-17: Robot_J1

® Create the six joints of the robot in sequence, with the following parameters:
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<> Child node rigid body and parent node collision.

< Specified axis vector (Datum CSYS1-6).

<> Upper and lower limits of the joint.

< Start angle ("0").

< Joint type ("Kinematic").

<~ Name (Robot_J1-6).

® Six joint hinge sub interface details. (Figure 8-18)

* [ Kinematic pairs and constraints

& Robot_11 Revolute joint
& Robot_J2 Revolute joint
!’ Robot 13 Revolute joint
# Robot_J4 Revolute joint
# Robot_I5 Revolute joint
& Robot_I6 Reveolute joint

Figure 8-18: Six Revolute Joints

Step 5: Create robot

® In the "Mechatronic" window, click "Sensors and actuators", right-click and
select "Add Robot". (Figure 8-19)
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Figure 8-19: Add Robot

® Enter the robot name "GSK".

® Add joints in order with "positive" rotation direction and "0, 0, -90, 0, 0, 0"
offset values.

® Choose "GSK_Base" for "Base Coordinate CSYS8" and "GSK_Flange" for
"Flange Coordinate CSYS7". (Figure 8-20)
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Figure 8-20: Assembly Robot

® Robot parameter settings, select “analytical solution” for the algorithm and
confirm other default options. Click OK to create the robot. (Figure 8-21)
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Figure 8-21: Create Robot

® \Wait for the created robot to appear in the Mechatronic on the left, and the
robot will be successfully created. (Figure 8-22)

Material
=7 Coupling pairs
¥ [ Sensors and actuators
o GSK Robot
=7 Runtime behavior
== Signal adapter
Signal connection

= Signal
= Collision group
= HMI

Label

Figure 8-22: Robot creation completed

Step 6: Measure Robot parameters

® Click "Inquire" and select “Distance”. (Figure 8-23)
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Figure 8-23: Distance Option

® Measure the lengths of a1, a2, b, ¢1, c2, c3, and c4 according to the robot
parameter diagram.

® Enter the corresponding values in the "Add Robot" window.
(Figure 8-24)
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Figure 8-24: Robot parameter measurement

Step 7: Teach robot

® Right-click on the created robot and select "Teach Robot". (Figure 8-25)
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Figure 8-25: Teach Robot
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®

exn

® Click “Drag Teach” and Drag the XYZ axis to check if the robot is moving

normally. (Figure 8-26)
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Chapter 9: Teach Program Draw Arc

Draw Arc: A Comprehensive and Informative Guide with Advanced Techniques

b =,
{Teach Program Draw Arc j[II::> REABETEH Mechatranic

Environment Entry [

Edit program

V.

MOV

¥

MOV
Vi

MOVL ::)L e J
verification

Figure 9-1: Flow chart of teach program-draw arc

Step 1: Opening and Activating the Assembly

® Entering iRobotCAM: Launch the iRobotCAM software by opening the file
"Draw Arc.Z3". This will initiate the iRobotCAM environment, providing you
with the necessary tools for robot programming and simulation.

P EaEEe s s b
Cuick Primer IRCIBOTCAM

Activation

IROBOTCAM

Figure 9-2: Open iRobotCAM project file

® Open interface details.
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Figure 9-4: Component Details

Step 2: Entering Teach Mode and Adding Marker Points

® Enter Mechatronic: Navigate to the "Mechatronic"
iRobotCAM interface.(Figure 9-5)
P LEEe@E~ ~Op
Shape  FreeForm  Wireframe Visualize  Inquire  Electrode | IROBOTCAM | App  Mold  Simulatior
ERRER © Q| H|="tL2 & RDRIEEQD & &2 60

Model Import Export Close Save Simulation  Collision Mechatronic [Santt | Assembly Move | Connec
library detection

option within the

ZW3D 2024 5P x64  Assembly - [Draw Arc.Z3 - [Default]]

Direct Edit ~ Assembly  Sheet Metal FTl Weldments  Point Cloud  Data Exchange Heal PMI  Tools

t  Controller Progam Process Workspace Calibration  Laser  Welding  About Help
edit cutting
Simulation Mechanica Electrica Robot Process Planning Help

File

Figure 9-5: Mechatronic

® Right Initiating Teach Mode: Right-click on the robot and select "Teach Robot"
from the context menu. This will activate the Teach Mode, allowing you to
record robot movements and program its trajectory. (Figure 9-6)
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Figure 9-6: Teach Robot

Step 3: Add marker points

Robot name. 1R8_120
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® Record Joint Point: Click on "Mark point" in the "Robot Teach" window.
® Select the CSYS1 reference coordinate system.

® Select the suitable item in the pop-up box, the robot will move to that position,
and then click the "Record Joint point" button. (Figure 9-7)
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® Record End Point: Click on "Mark Point",Select "CSYS2" and "CSYS3", and
click on the "Record End point" button to add a record. (Figure 9-8)
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Figure 9-8: Add markings for points 2 and 3

® Arrow Record Point: Click loc-1 in the "Robot Teach" window.
® click the "arrow" to move to the marked point.

® move the robot to the position of point 1 again, click the "Record End point"
button to mark, add Record point 4, and finally obtain 4 record point.

® In subsequent program editing, the same point cannot have both MOVJ and
MOVL instructions, so add different Record point to the same position to
avoid program instruction conflicts. (Figure 9-9)
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Figure 9-9: Marking of point 4

® Go Home Point: click Move to Home button to bring the robot to its original
position. (Figure 9-10)
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Figure 9-10: Move to Home

Step 4: Program Editing

® On the "IROBOTCAM", click the "Program Edit" button. (Figure 9-11)
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Figure 9-11: Program Edit

® In Edit Selected Program: In the "Program Edit" window, right-click on

"program1" and select "Edit Program" to open the program parameter
interface. (Figure 9-12)
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ey (. EJ =
I | > (== E - =
o l = ID
1
- ]
- ¥ an IRB120Controller
2 JoB2
-:-'1| Edit program
X Delete program ‘
el

Figure 9-12: Edit Program

® Add MOVJ Command: In the "Program Parameters" window, select the
"MOVJ" in the Motion command, add the MOVJ instruction, and set the

parameters as shown in the figure. The target point is loc-1, and other
parameters remain default. Click OK. (Figure 9-13)
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Figure 9-13: MOVJ

® Add MOVA Command: Then add the MOVA instruction, with parameter
settings as shown in the figure. The target point is "loc-3", the middle point is
"loc-2", and other parameters remain default. Click OK. (Figure 9-14)

iNle =g- 00 @ ZHir e A ERAW D] N N NERE S OO TS -
Progam edic B 4 D3 Deware] X |+ =
= - = Progiam parameters R o 7y
v XE B cighedicks forenity nout optiors 8- ¢ 9P C-B- B F-0H B =0 oz ? o Sty
<FB> or <Shift-roll> to find next vaid fiter setting. ‘
FRobot IRE_120 el
* S N -
T 2l J s =
1
S v el RsIContreler | = — =G| L5
S moe I & L. COWsE B & (9= L
- 8 prerami | P move X Hume Tree Diy | |
&) 1/loe1 pos 0.155,0.15,031,179.98.0.054326.0,0.0,.. ﬂ
Target: loc-3 i t
| 2/loc-2 cros 0.455,015,0.31,178.85,0.058622.0,0.0,_.
) intermediate: | 1oz - 1 -
3/ loc3 oS 0.455,40.15,0.31,-179.99,0.058926,0,0,...
B i B i 4locd cpas 0155,0.15,0.31,179.98,0.054326.0,0.0 ..
acc o5 B
s 05 % - =
E ¥ Command
System | Moton  Contral 10
~ o
ol !) )
| Command Paramter
1/ Mov) {loe-1,Ved=200.00 Acc= 10000, Jerk= 100.00)
1l s
<midelle-chicks for defaut. G

Figure 9-14: MOVA

® Add MovL Command: Then add the MOVL instruction, with the parameter

settings shown in the figure, the target point being loc-4, and other parameters
remaining at default. (Figure 9-15)




Nanjing Yueqing Information Technology IROBOTCAM
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Figure 9-15: MOVL

Step 5: Simulation Verification

® |Initiating Simulation: Click on the "Run" button within the "Program Edit"
window. This will initiate the simulation process and execute the programmed
instructions for the robot. (Figure 9-16)
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Figure 9-16: Simulation Button

® Analyzing the Motion: Observe the robot's movement during the simulation
and compare it to the desired outcome. Pay close attention to the robot's path,

speed, and overall behavior. (Figure 9-17)
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Chapter 10:Robot Pick And Place
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Figure 10-1: Flow chart of robot pick and place

Step 1: Open iRobotCAM project file

® Open iRobotCAM project file "Robot Pick and Place.Z3" and enter the
IROBOTCAM environment. (Figure 10-2)
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Figure 10-2: Interface details

Step 2: Add Prismatic Joints

® \With the robot GSK created and its rigid and collision bodies defined, the next
step is to add prismatic joints for the robot tool. Here's how:

<  Go to the "IROBOTCAM" tab and click the "Mechatronic" button.

< Right-click the “Kinematic Pairs and Constraints” button and select “Add
Prismatic Joint”.

<~ Define child nodes, select the following rigid bodies:(Figure 10-3)

Tool_2
Tool_21
@ tde -~~~

BEDM svore Frcfom  Wichome  Diectfdt  Asembly SheetMeal T Wekdmenss PointCiow

i =

nic Gantt | A

pecify axisvector X: 431043 Vi 44513 Z: 1831915 e

Offset o mm

7 179517mm
<omiddie-che> for defau. IECEE SYRE Y AT XL

Figure 10-3: W1 Prismatic Joint

® Specify axis vector, click on the "Datum CSYS16" built on the selected rigid
bodies to define the axis of movement for the joint.

® Set restrictions, set the "upper limit" to 2 and enter "0" in the "lower limit"
field.These values represent the maximum distance the joint can move in the
positive and negative directions.

® Choose motion type, select “Kinematics” for this joint.

® Name the joint: Enter a descriptive name for the joint, such as “W1”".

® Repeat the above operation steps for the remaining two pairs of claws.

< “Tool_J3”: Child nodes: “Too_3” and “Tool 31", Axis vector: “Datum CSYS18”.
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< “Tool_J4”: Child nodes: “Tool_4” and “Tool_41”, Axis vector: “Datum
CSYS13”.

® Verify highlighting: After adding the three joints, click on each joint to verify
that the corresponding part of the claw is highlighted correctly. (Figure 10-4)
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Figure 10-4: Three Prismatic Joints

Step 3: Add sensors

® Right-click "Sensors and actuators" button.
® Select “Add Sensors”.

® Define sensor dimensions, set the “Length”, “Width”, and “Height” to 30 for
each dimension.

® Specify coordinate system, Click "CSYS8" to refer to the coordinate system
of the sensor.

® Name the sensor, enter a descriptive name for the sensor.
® Set the window to default values.
® Click “OK” to add the sensor to the scene. (Figure 10-5)
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Figure 10-5:

Step 4: Add signals

® Right-click "Signal" button.

® select "Add Signal".

® Define signal type, in the “IO type” field, select “Out” to define the signal as an
output signal.

® Name the signal, such as “Tool_out”.
® Set Port, enter -1 in the “port” field.

® Click “OK”. (Figure 10-6)

Impact Sensor

B tavons

90



Nanjing Yueqing Information Technology IROBOTCAM

@ Signa
¥ Settings

|+ Connect runtime parameters

Parameter name Angle 3
10 type Out y
Data type BOOL -
Dimension Angle
Unit 2 2
Initial value false =
¥ MName
Signal narme Tool_out
Controller RBO3A1Controller i
Port |

oK | Apply Cancel

Figure 10-6: Add out signal

Step 5: Add robot tool

® Right-click "Sensors and actuators" button.
® Select “Add Robot Tool”.

® Select motion pairs, Click on the + button and select the “three prismatic
pairs” you created previously.

® Set speed, In the “Speed” field, enter “100” to define the speed of the tool
movement.

® Select Rigid Bodies,select the rigid body representing the base part of the
robot tool.

® Assign Sensor: In the “Sensing Point” field, select the sensor you created
previously.

® Define Base, In the “Base coordinate” field, select the “CSYS9” coordinate
system.

® Select the tool center and select the "CSYS8" coordinate system.

® Assign Signal, click the + button next to “Signal” and select
the “Tool_out” signal you created previously.

® Name the tool: Enter a descriptive name for the robot tool, such as “Tool”.
® Click the “OK” button.(Figure 10-7)
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Figure 10-7: Robot Tool

Step 6: Establish assembly relationships
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Click the “Assembly” button in the "IROBOTCAM" tab.

Click the "Add" button.

Select child device, select "Tool" robot tool you created in the previous step.
Install on robot, in the “Parent Device” list, select the “RBO3A1” robot.

Click “OK” button the confirm. (

Figure 10-8)
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Figure 10-8: Assembly relationships

Step 7: Add signal adapters (2)

® Right-click "Signal Adapter" button.
® Select "Add Signal Adapter". (Figure 10-9)
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Figure 10-9: Add signal adapters

Signal

® Select Robot, click the + button and select the “RB03A1” robot.

® Name and Set Data Type, enter a descriptive name for the signal adapter,
such as “RB03A1_S”. In the “Data Type” field, select “Bool” to indicate that
the signal transmits Boolean values.

® In the formula bar, fill in “RB03A1_S” and name the

signal “RB0O3A1_SD”.(Figure 10

2 Sdes~
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Figure 10-10: Signal Adapter RB03A1

® Repeat the above operations for the robot tools, assigning appropriate names
and data types (such as "Tool_S" and "Float"). (Figure 10-11)

¥ Signal adapter 7 %
¥ Signal
Assign as Name Data type In/Qut Initial value -
Tool - [Tools [ Foat -l -lo X
¥ Formula
Assign as Formula Note T+
Tool S Tool S X
Formula
v Name
Tool_SD
| ok Apply | Cance

Figure 10-11: Signal adapter tool

Step 8: Add signals

® Right-click on "Signal".
® Select “Add signal” button.(Figure 10-12)

D Signal connection

v |l Signal
= ane_ ke Add signal =
1~ Tool_o Signal
1> Tool_5 Signal

! Collision group

Figure 10-12: Add Signal

® Set input type, in the “IO Type” field, select “In” to define the signal as an
input signal.
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® Name the Signal, such as “Tool_opt”.

® Set Port, In the “Port” field, enter 0 to specify the port on which the signal will
be received.

® Click “OK” button to confirm. (Figure 10-13)
¥ signa
¥ Settings

[¥] Connect runtime parameters

Parameter name Angle >
10 type In =l
Data type BOOL ¥
Dimension Angle
Unit ¥ x
Initial value false iy
¥ MName
Signal name |Tno|_npt |
Controller RBO3ATController &
Port B |
l oK l Apply Cancel

Figure 10-13: Signal

Step 9: Add simulation sequences (3)

® Right-click "Runtime behavior" button.
® Select “Add simulation sequence”. (Figure 10-14)

* [0 Senzors and actuators
o RBO3A1 Robot
& sennor Sensor
¥ Tool Fobot tool

| Runtime beha :
&5 Signal adaptel % Add simulation sequence l’

f= Signal connection
» [ Signal

= Collision group

= HMI

Figure 10-14: Add simulation sequences

® Define RBO3A1_EXEC Sequence:(Figure 10-15)
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R T SRS SRR

<>

Start Time: 1
Duration: 999999 (essentially constant execution)
Activation/End Signals: Unchecked (no specific activation or end triggers)
Execution Signal: RBO3A1_S (controls the robot's overall movement)
End Position: 1 (presumably defines the final position of the robot)
Name: RB0O3A1_EXEC.
¥ Simulation sequence ? x
¥ Execution time

Start time 1 4

Duration 99999 5
¥ Signal configuration
[ Activation signal

Activation condition True

[ End signal
Executionsignal  |RBO3A1S | <4
End position 1

¥ Name

RBO34A1_EXEC

[
| oK Apply Cancel

Figure 10-15: GSKRobot_EXEC

Define Tool_catch_ EXEC Sequence:(Figure 3-12)

Start Time: O

Duration: 5

Activation Signal: Checked (requires activation)

Activation Condition: Tool_opt = True

Execution Signal: Tool_S (controls the robot tool's movement)

End Position: 1 (presumably defines the final position of the tool during
grasping)
Name: Tool catch EXEC
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R T SRS

%P Simulation sequence T hd
¥ Execution time

Start time 0 5

Duration 5 4

¥ Signal configuration

[¥] Activation signal Tool_opt | +

Activation condition | True 4

[Z] End signal -

Execution signal Tool_5 +

End position 1 mm
¥ MName

Tool_catch_EXEC
oK Apply Cancel

Figure 10-1: gongju_catch_EXEC

Define Tool_pull_EXEC Sequence:(Figure 3-12)

Start Time: O

Duration: 5

Activation Signal: Checked (requires activation)

Activation Condition: Tool opt = False

Execution Signal: Tool_S (controls the robot tool's movement)

End Position: 0 (presumably defines the final position of the tool after
releasing)

Name: Tool_pull EXEC
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@ Simulatic

¥ Execution time

Start time 0 5

Duration 5 5

¥ Signal configuration

[#] Activation signal  Tocl_opt 1-

Activation condition | False T

[”] End signal
Execution signal Tool_S 'I-
End pesition 0 mrm
¥ MName
Tool_pull_EXEC

oK I Apply Cancel

Figure 10-1: gongju_pull_EXEC

Three simulation sequences define the overall behavior of the robot and
robotic tool. They specify the timing, activation conditions and execution
signals of different operations:

RB03A1_EXEC: This sequence controls the main movement of the robot
throughout the simulation.

Tool_catch_EXEC: When signal "Tool_opt" becomes True, this sequence
triggers the robot tool to move towards the object and catch it.

Tool_pull_EXEC: This sequence triggers the robot tool to move away from
the object and drop it when the signal "Tool_opt" becomes False

Step 10: Add rigid body and collison

R T DS

Add a rigid body to the material.(Figure 3-12)

Click on “Basic Mechatronic Objects” in the IROBOTCAM interface.
Right-click and select “Add Rigid Body”.

Select the desired rigid body (Figure 3-12).

Choose the material as “default”.

Leave the property settings unchecked.

Click “OK” to confirm and add the rigid body.
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ZW3D20245Px64  Assembly - [* Robot pick and place.Z3 - [Default]]

rm Wircframe DirectEdit Assembly ShectMetl FTl  Weldments PointCloud Dataxchange Heal PMI  Tools Visualize Inquire Electrode | IROBOTCAM | App  Mold  Simulation & [Find s command

R = g oo
S =12 @ WMEED @ & 2 60

Simulation Mechanical | Electrical Robot Proces:

EalsE i v 2BE®E (O W Noma N e O/ S OONNT /o

db- ¢ %P U S @ §-OH- B

& Robot Pedesta part
~ @ Robot Linki

& Robot Linkl_part
|| v @ Robot Link2

@ Robot Link2_part
~ @ Robot Link3
) % Robot Linkd_part
v & Robot_Link4.
@ Robot Linké part
B & Robot ks
& Robot_Links_part
© @ Robot Links

<middle-cick> for default.

@=E

Figure 10-1: Add rigid body

® Add Collision to “Material”’(Figure 3-12)
Right-click on the “Basic Mechatronic Object” again.
Select the rigid body you just added.

Choose “Convex decomposition” as the collision shape.

et

Check all three property settings:
> Physical properties
» Collision response
» Support induction
< Set the material to default.

< Click "OK" to confirm and add the collision object.
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R

¥ Collision ? X

¥ Collision Object

Material +
¥ Shape

Collision shape Convex decomposition T
Material Default G

¥ Property settings
[¥] Physical property

[+ Support sensing
¥ Label

Mane *

l OK I Apply Cancel

Figure 10-1: Add Collison

Add Rigid Body to “Material_tray”:(Figure 3-12)

Repeat steps similar to adding the rigid body to “Material_tray”.
Select the rigid body representing the support table.

Properties are set to default.

Click “OK” to confirm and add the rigid body.
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S T DS

¥ Rigid body ?
¥ Rigid body

Material_Tray

¥ Mass

Material Default =

¥ Property settings

Physical property
[Z] Collision response

Support sensing

¥ Label

MNone

oK Apply Ca

Figure 10-1: Add Rigid Body

Add Collision to “Workpiece Support1”:(Figure 3-12)

ncel

Repeat steps similar to adding the collision object to “WorkPieceNew_1".

Select the rigid body representing the support table.

Choose “Convex decomposition” as the collision shape.

Properties are set to default.
Set the material to “default”.
Click “OK” to confirm and add the collision object.
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library cutting
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] = Ol @ '1-Tslast’l‘gia}“-mma\ A B/ SOONANT S o
Mechatronic @ 2% 4 *Robot pick and place.Z3 - [Default] X | +
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.
i
- - Z
=l s % Goliion
¥ Colision Object
g
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8 ¥ Shape
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S | & ehysicot property
[] Support sensing
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‘ Tool )2
# Tool
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Figure 10-1: Add Collision

Step 11: Prepare coordinate positions

Click on the “DatumCSYS” option in the “Shape” column.
This will allow you to create a coordinate system directly on the material itself.
Ensure the “Z-axis” direction points downwards.

Select the “Dynamic” option to enable real-time updates of the coordinate
system during simulation.

® Right-click in an empty space and choose “Center of Curvature”.
(Figure 3-12)

P EHeEn ~ O ZWID20245Px6  Apsembly - [ Robot Pick snd Place 23 - [Defaul]
BB sove | Frecfom  Widkme Dt Aembly Dsafrcunge Hel P ook Veuwe e ROBKCAM. pp  Simulto 5@ oax

’Q’“Oﬁl f!@&(g?l]&ﬁ@\é el d 5‘-30«— E'ES I+ _I‘_“l &

Sketeh Block Extrude Revobe Sweep Loft  Filer wide Simplfy Iniey  Pamem  Minor  Meove Copy Scale  Datum
5 . - Geometry. Geor s,

e =0 WA - [&] part and compe
Datum CSYS
Liv X =
¥ Required
>
e h Lepa b le 2
=z :
Kamis
E Yaxis
Zoi
Wl v Datum Attrbutes
[ Custom atibutes
E coor

Datumfommat  Default
¥ Scttings
I Autc anentation

Select surilisry frame position.

Figure 10-1: Coordinate position

Step 12: Add marker points

Hide Unnecessary Coordinate Systems:
Select the CSYS8 and CSYS18 coordinate systems on the robot tool.
Hold down the Shift key and selected all other displayed coordinate systems.

s > e

Uncheck all selected coordinate systems, effectively hiding them from the
scene.

(Figure 3-12)
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Manager

“  Show Most
o

Feature Mode
- ¥ am Default
L= ~ 1 History

o]
]
Lnd

& B CSvS

| I ~oven

d A csvsa

— = Csyso

I :_}: e

il i Covs13
= CSYS16

® A csvs1a

CEYS

1 HEOO00O0O00O00O0EEEEEDO

ks csys27
s csvsa
----- MODEL STOP HERE -----

Figure 10-1: Hide the Coordinate Systems

® Teach Robot Movement:

< Navigate to the "Sensors and actuators" section under the "RB0O3A1" tab.

< Right-click and selected "Teach Robot" to begin adding marker points.

(Figure 3-12)
= Coupling pairs

L T S ‘ ‘

* [ Senzors and actuators
| &~ RBO3A1
s sennor
¥ Tool

* [ Runtime behavior

(B RBO3AT_EXEC
(® Tool_catch_EXEC
(B Tnl null FXFC

o Delete robot

J\ Robot property
I Teach robot
Simulation seque...

Simulatinn senue...

Figure 10-1:

® Adding Marker Points:

<~ Set the fifth joint of the robot arm to 90 degrees.

< Click "Record Joint Point" to mark this position as the first point.

(Figure 3-12)
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Figure 10-1: The First Point

on the rigid body.

axes.

(Figure 3-12)

Click the "Mark Point" button and selected the coordinate system established
Utilize "Drag Teach" and adjusted the robot's gripper position using the XYZ

Click "Record End Point" to mark this as the second point.
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Figure 10-1: The Second Point

i

104



@ Nanjing Yueqing Information Technology IROBOTCAM

® Repeat the "Drag Teach" and "Record End Point" process to mark additional
points for the robot's movements, including upwards positions and a point

where the gripper separates from another rigid body.
® Finally, click "Move to Home" to return the robot to its initial position.
(Figure 3-12)

¥ Robot teach ? X

Robot name RBO3A1

¥ Descartes space

@ Base coordinate () Tool coordinate

Linear increment[mm] Angle increment[deg]

0 h

%= X4¥ (0530 RX- RX+ |0.000
Y= Yeb|  0.000 RY- RY+| [157
4Z= Z+p| 0627 RZ- RZ+ |0.000

¥ Joint space
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¥ Teach programming

+# <X Qoo

Name Notes Parameter
1/ loc-1 0.0000, 0.0000, 0.0000, 0.0000, 90.0000, 0.0000, 0.0000
2|loc-2 8.5715, 12.9827, 33.9134, 0.0005, 43.1023, 98.5717, 0...
3 |loc-3 8.5728, 16.5933, 34.6565, 0.0006, 38.7480, 98.5729, 0...
4 loc-4 8.5727, 3.9233, 29.4452, 0.0005, 56.6294, 98.5731, 0....
5|loc-5 61.4811, 30.0593, -9.6852, -0.0004, 69.6247, 151.481...
6| loc-6 61.4211, 31.2714, -7.7833, -0.0004, 66.5107, 151.481...
7|loc-7 61.4811, 28,6646, -12.9885, -0.0004, 74.3227, 151.48...

Figure 10-1: Mark Completed

Step 13: Add commands

® Navigate to "IROBOTCAM" tab, click the “Program Edit" button. (Flgure 3-12)

O
Wit
= r@® . EE ) 23 ¥ r W 2
gl E i-: = 1, 42 H] wn | IE i@ @ '@' I - 4
import Export Close Sav nic Gantt  Ass Emh\y Move = Connec +  Controlld Progam Process Workspace Calibration  Laser  Welding  About Hel \p
edit cuf

Mechanical Electrica Robot Process Planning

Figure 10-1: Program Edit

® Add JOB and Program:
< In the left window, right-click "RB0O3A1Controller" and select "Add JOB".
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< Click on the newly added "JOB1" and right-click to choose "Add Program".
(Figure 3-12)
Progam edit B 22

EWRE’ (i Y

1
v 5% RBO3A1Controller

v|EioB1 |
=1 EM program1
a5
Xl

Figure 10-1: Edit Program

® Edit program parameters:

< Right-click on "program1" to edit it, and a window for program parameters
appeared

< Add all command positions and names used in the program.
(Figure 3-12)
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¥ Program parameters

=
1 Robot RBO3A1 &=
¥ Required
(= (s (& Cx

| Name Type Data ol
1|loc-1 JPOS -0.40534,-0.23541,1.6229,180,0,90,...
2 |loc-2 CPOS -0.35982,-0.21641,1.4075,180,-0.00... |=
3 |loc-2 CPOS -0.35981,-0.2164,1.3885,180,-0.000...
4 |loc-4 JPOS -0.35981,-0.2164,1.4665,180,-0.000... T
5 [loc-5 CPOs -0.025335,-0.12088,1.493,180,-0.00...  _
¥ Command

System Motion Contral 10

QOQR®

Command Paramter

Figure 10-1: Program Parameters

® Define Wait time and DOUT values:
< Set the value of WAIT (ms) to "1000".

< Define the false value of DOUT as "0" and the true value as "1".
(Figure 3-12)

¥ Command
M va [.'..Iqll:l:-.}‘IIIIIr IT:nnlmI 4]
FK‘"‘: W" 2

¥ Command WA | T

System % Contrad 10
QEO®LQO®
Command Paramber

¥ Command

g‘rEt}El{:)‘U -If:ﬂuhnn Control Lo}

r- e — :
| =) ===
Cemmand Pararmter

Figure 10-1: Command instruction
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® Adjust MOVL parameters:

< Modify the parameter values under the "MOVL" command.

> <

(Figure 3-12)

P MowvL
Target:
VEL:

ACC:

JERK:

loc-2

0.2

0.02

0.02

oK

Apply Cancel

Add commands and modify MOVJ parameters:

Figure 10-1: MOVL

Added commands according to the provided style.

Specifically, change the MOVJ command parameter in the seventh line to

"100, 50, 50".
(Figure 3-12)

v

3

4

7

L - O

iz

5|

6

System

255602 QT @l y

| Robot RBO3A1

Required

Name
loc-3
loc-4
loc-3
loc-6

loc-7

¥ Command

Command
MOV)
.WAIT
.MOVL
DouT
.WAIT
MOVL
.MOVJ
MOVL
DouT

10 | MOVL

MOV)

¥ Program parameters

(& (s = (%

(=]
Type Data
CPOS -0.35981,-0.2164,1.3885,180,-0.000...
QS -0.35981,-0.2164,1.4665,180,-0.000...
CPOS -0.025339,-0.12089,1.493,180,-0.00...
CPOS -0.025339,-0.12089,1.476,180,-0.00...
PQs -0.025339,-0.12089,1.518,180,-0.00...

Motion Contral 0

Paramnter

(loc-1,Vel=100.00,Acc=30.00,Jerk=>50.00)

1000
(loc-2,Vel=0.20,Acc=0.02,Jerk=0.02)
DO[0] 1

1000
{loc-3,Vel=0.20,Acc=0.02,Jerk=0.02)
{loc-4,Vel=100.00,Acc=S50.00, Jerk=50.00)
{loc-5,Vel=0.20,Acc=0.02,Jerk=0.02)
DO[0] 0

28

(loc-6,Vel=0.20,Acc=0.02 Jerk=0.02)

(loc-7,Vel=100.00,Acc=30.00, Jerk=>50.00)
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Figure 10-1: Command

® These steps ensure that the robot follows specific commands and performs
the desired pick-and-place operation based on the marked points and defined
parameters.

Step 14: Simulation Verification

® Make the interface clean

< Hide all coordinate systems by unchecking them to improve the interface
clarity.

< Additionally, you hid the component "ReferenceMateial" to better visualize
the robot's gripper and its interaction with the object.

(Figure 3-12)
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@ (-)Material
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e t=Fort=H
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e i —
@ (-)GSK_Target
@ (-)RBO3A1_Flange

Figure 10-1: Hide

® Start simulation:
<> Click the "Simulation" button in the "IROBOTCAM" tab.
(Figure 3-12)
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detection edit cutting
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Figure 10-1: Simulation Button

® Record robot motion
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<> Optionally checked the "Record video" checkbox to capture the robot's
movement during simulation.

® Run simulation and stop recording

< Click the "Start" button in the "Simulation Control" to run the programmed
robot actions.

® After observing the entire process and confirming successful capture (if video
recording was enabled), you clicked the "Stop" button.

(Figure 3-12)
W+ =2 Ol ] ren oy
Simulaticn )
e, v X E L

¥ Required

[m]
e

[y

0 Entity:

¥ Settings
—

.! “:J Simulation @ |@

3
it

el [=] Draw trajectory
L-E; sampling[ms] 30 ¥

7] Record video

Figure 10-1: Start

® Verify successful pick and place:

< Confirmed that the robot successfully grasped and released the object based
on the simulation results.

(Figure 3-12)
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Figure 10-1: Simulation verification

This step ensures that the robot's movements and actions match the
programmed commands and successfully execute the desired pick-and-place
operation. Recording the simulation allows you to analyze the process and verify
its accuracy and efficiency.

Here are some additional thoughts on each error type:

® Speed, acceleration, and jerk parameters:

1.Symptoms: The robot may move too quickly or slowly, or it may experience
jerky movements.

2.Causes: The values for speed, acceleration, and jerk may be outside the
acceptable range for the robot’s capabilities.

® Solutions:

1.Check the robot's specifications for the recommended values for these
parameters.

2.Adjust the values in the program instructions until the robot moves
smoothly and accurately.

3.Use the "Record joint point" and "Record end point" functions during
teaching to ensure realistic speeds and accelerations.

® Same point with two different commands:

1.Symptoms: The robot may not move to the desired location, or it may
move in an unexpected way.

2.Causes: The program may include two different instructions for the same
point in the robot's path.
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® Solutions:

1.Carefully review the program instructions to identify any duplicate
commands.

2.Remove the duplicate command or choose the desired command for that
point.

3.Use the "History management" bar to view and edit the teaching points and
instructions.

4.Here are some additional tips for avoiding errors:

5.Test the program in stages: Start by testing the program with a small
number of instructions and then gradually add more complexity. This will help you
identify any errors more quickly.

6.Use the simulation visualization: Watch the robot's movements in the
simulation window to identify any unexpected behavior.

7.Consult the IROBOTCAM documentation: The documentation provides
detailed information on the software's features and functions, as well as
troubleshooting tips.

By following these tips and carefully reviewing your program, you can avoid
these common errors and ensure that your robot pick-and-place simulation runs
smoothly and accurately.
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Chapter 11: Collision Detection

Step-by-Step Guide on Collision Detection Simulation in iRobotCAM.(Figure 11-1)

IROBCTCAM
Environment Entry

)
—

[ Collision Detection }l]l:>

Insert New
Component

-

>

Mechatronic

¥

Add rigid body

U

Add collision
group

Vi

Add collision
detection

<

Add marker

points
Add Simulation
commands :> verification

J

Figure 11-1: Flow chart of collision detection

Step 1: Open iRobotCAM project file

® Open iRobotCAM project file “Collision Detection. Z3” to enter the
IROBOTCAM environment. (Figure 11-2)

Y |

& d

—

Cuick Primer

y &

=
Mew | Open JActivation
IROBOTCAM

-

b

IROBOTCAM

Figure 11-2: Open iRobotCAM project file

® The component details will show after enter it.(Figure 11-4)
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Figure 11-4: Component Details

Step 2: Insert a new component

® Right click on "KR210_R2700_extra" to insert a new component.

® Name the part "COLLISION".
® Uncheck the “Automatic Activation” checkbox.
°

B %
& |Finc mand Q@ @-_ax

utput LR

(ol 23] opened

010

Don:

Asse ) activated.

It activated.
Init mechatronic data completed!

Click the “Create” button to complete the creation of the new component.

(Figures11-6)

Mew to Insert

:

v|%|

.| ¥ Required
File :isicrn Detection
Part | COLLISION]
Template [Blank]

| | ¥ Placement

Type .Default frarme
Fix cornponent

| | ¥ Settings
Auto activated
Envelope
Insert to layer Active layer

Figure 11-6: Insert New Component
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® Right click to delete the coordinates under the constraint.Deleting the
coordinates will also delete the constraints.(Figure 11-7)

® This creates the component named “COLLISION” that will be used for
collision detection.

Manager B X
_ | Show All k4 J=;
= Assembly Mode
v Z Default
- @ (-)KR210_R2700_extra_B:

@ (-)KR210_R270...tra_Targ:

@ (-)Linke
— @ (-)Link5
Cia @ (-)Linkd
_— B (=)Link3_1
e & (-)Link2
L S @ (-)Link1_1
P (-)Base 1
B COLLISION

&

* 1 Constraints

] % Erame 1..C5Y5_XY)

Figure 11-7: Delete Constraint

Note:

® The provided figures (11-2 to 11-7) are helpful for visualizing the described
steps.

® Please refer to the software's documentation for confirmation.

Step 3: Insert and Adjust block

® |[nsert block.
< Find the “block” option in the “Shape” column and select it.

<> Build the desired hexahedron shape within the interface, as shown in the
provided figure.

< Click the “Checkmark” button to finish creating the hexahedron.(Figure 11-8)
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Figure 11-8: Insert Hexahedron

® Adjust Hexahedron Position:

< Double-click on the “KR210_R2700_extra” assembly to activate it as a whole.
(Figure 11-9)

Manager B 2
Show Al ' '"Ycu.
| ;fh.ssembiy Mode - |

gl .|"‘." Default

{=)KR210_R2Z700_extra_B:
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@ (=)Links
e W (-)Links
B (-)Link3_1
@ (-)Link2
_E- @ (-)Link1_1
&P (-)Base_1

[¥] @ (-)coLLISION
Figure 11-9: Activate Assembly

< Click on “Move” in the “Assembly” column.
< Select the hexahedron you created.

< Adjust the XYZ axes to move the hexahedron to the desired position within
the assembly. (Figure 11-10)
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Figure 11-10: Adjust the hexahedron

Step 4: Add Rigid Body and collision

® |n the “IROBOTCAM” column, click on “Mechatronic”.

® Right-click on “Basic Mechatronic Objects” and select “Add Rigid Body and
Collision”.

® Click the + button and choose the hexahedron you created from the list.
® Choose the “’'Default” material.

® In the collision window, Under “Property Settings”, select “"Support Sensing”.
(Figure 11-11)

® Click “OK” to finalize the creation of the rigid body and collision.
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Figure 11-11: Add rigid body and collision

Step 5: Add collision group

Right-click on “Collision Group” to add a new group.
Select multiple components representing the robot's rigid bodies.
Click the “Add” button to add them to the box on the right.

Alternatively, hold the “Shift” key and click to quickly add all robot rigid body
components.

Name the newly created collision group “Robot”. (Figure 11-12)
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Figure 11-12: Robot collision group

® Repeat the above steps to create a new collision group for the hexahedral
rigid body.

® Name this group “object”. (Figure 11-13)
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Figure 11-13: Obiject collision group

Step 6: Add collision detection

Cancel

“n » . I [ . ”
® In the “IROBOTCAM” column, click on the “Collision Detection” button.
14l f e~ e ZW3ID20245Px64  Assembly - [* Collision Detection.Z3 - [Defauit]]
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3 [ B E @ l = "1 2 Pe® EE () V) * F W 2
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Model Impott Export Close Save Simulatio] Collision | Mechatronic Gantt | Assembly Move ~Connect = Controller Progam Process Workspace Calibration = Laser  Welding = About Help
library detection edit utting
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Figure 11-14: Collision Detection

object” and “Obstacle” respectively.

Click “Add Collision” to create two collision pairs.
Click the “checkmark” to complete the creation. (Figure 11-15)

Select the content shown in the figure under the output boxes of “Target

These should correspond to the previously created “object” and “robot” groups.
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Collision detection B 2
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e

Lo Obstacle COLLISION_1_part -

Figure 11-15: Collision detection

Step 7: Add marker points and commands

® Under “Sensors and actuators”, right-click on “Robot” and select “Teach
Robot”. (Figure 11-16)

% [ Sensors and actuators
| J° KR210_R2Z700, .’ e
= Runtime behavi J" Delete robot
.
= Signal adapter « FRobot property
= Signal connectic J* Teach robot
= Signal '

» 9 Collision group
= HMI
= Label
Maotion group

Figure 11-16: Teach Robot

® Click on “Drag Teach”, then click anywhere on the robot.
® Drag the X-axis downwards until you reach the bottom of the hexahedron.
® Click to “Record End point” at this location. (Figure 11-17)
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Figure 11-17: First marking point

® Close drag teach window and add a record point above the hexahedron.
(Figure 11-18)

® This ensures the robot collides with the hexahedron when the command is
executed.
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Figure 11-18: Second marker

® |n the “IROBOTCAM” column, click on “Program Edit". (Figure 11-19)
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Figure 11-19: Program edit button

Right-click on “Controller” and select “’Add JOB”.
Right-click on “JOB1” and select “Add Program”.

()
()
® Right-click on “program1” and select “Edit Program”.
()

targets. (Figure 11-20)
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Figure 11-20: Add command

Step 8: Simulation Verification

® In the “IROBOTCAM?” column, click on “Program Edit”. (Figure 11-21)
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Figure 11-21: Program edit

® In the “Program Edit” window, click the “Run” button. (Figure 11-22)

123



@ Nanjing Yueqing Information Technology IROBOTCAM

Progam edit =

iE v X E o
g

2. >l

|1

E‘.J v El KR210_R2700_extra_BaseController
v = JoB1

el

be

Figure 11-22: Run button

® If the program doesn't start running immediately, try clicking “Run” once,
waiting a few seconds, and then clicking “Stop”.

® Refresh the interface and then click “Run” again. This sometimes triggers the
program to start running.

® Once the program is running, you should see a highlighted status indicator,
confirming successful collision detection. (Figure 11-23)
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Figure 11-23: Simulation verification
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Chapter 12: Configure Communication

Connecting iRobotCAM Model to External Controller.(Figure 12-1)

Configure |:> IROBOTCAM
Communication Environment Entry

J‘ Mechatranic l p

Add joint position

U

Add signal adapter

U

Add communication
Module

U

Add signal connections

:>L

Simulation
Verification

J

Figure 12-1: Flow chart of configure communication

Step 1: Open iRobotCAM project file

® Open iRobotCAM project file "Configure Communication.Z3" to enter the
iRobotCAM environment. (Figure 12-1)

P NEEHe B

Cuick Primer

A ctivation

[ROBOTCAM
Figure 12-2: Open iRobotCAM project file

= B

IROBOTCAM

® \Wait for the model to import. Once complete, there is a message will

appear in the red box below the output box on the right. (Figure 12-3)
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©

V4 e~ ~Os» ZW3D20245Px64  Assembly - [* Configure Communication.Z3 - [Default]]
Stpe FrecFom  Wieame  Directidt  Assembly  ShestMetal Tl Weldments PoitCloud Dafafschange Hesl PMI Tools Viswlze Inquire Bcirode | IROBOTCAM | App  Mold Simulaton & [Finda command
LERER O & D=2 Fﬁ'; SELR 209
el —wo v % e BELFOIONFASS]
b ¢ 9P - @ ¢-L0H- B =w0Oe- L OE=00
<middlle-hc> for deautt. i | BE=E D¢EYORS
Figure 12-3: Component details
Step 2: Add Joint Positions
® |n the "IROBOTCAM" column, click the "Mechatronic" button, then
"Runtime behavior".
® Right-click on "Robot_ EXEC" and delete the simulation sequence. (Figure
12-4)
4 SHet~~Os» ZW3D20245Px64  Assembly - [* Configure Communication.Z3 - [Default]] o @R
Shape  FreeForm  Wireframe  DirectEdit Assembly SheetMetsl FTl  Weldments PointCloud Databxchange Hesl PMI  Tools Visuslize Inquire Elects IROBOTCAM | App  Mold  Simulation & [Find a command Q@ @ -8x
L @ mEEO @ 2o 00

ERRER @ & M [=

Collision
< Output

Modt import Expot Cloe Save | St
i deecion
Mechanical | Bl
TV_H_VT@ - FWFTF
[Configure Cmmun ation.Z3]
RDseconds

tirary
e Simulatio

] = O @l TRl b AERA® 0N
Mechatronic 5 %+ * Configure CommunicationZ3 - [Defautt] X |+
N A ¢ 9P O-S- @ &L spenedin 03705

v 5 Signal ad
RBO3A Signal adapter
Signal adapter

Signal
Signal
Signal
Signal

B HMI
9 Label
5 Motion group

IEEE

e ~ Figure 12-4: Delete the simulation sequence

® Click on "Sensors and actuators" and right-click to add joint positions

(Figure 12-5)
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R )

Mechatronic B 2
[ v X E L
Mame | Type
¥ » [0 Basic mechatronic cbjects
PO v = Kinematic pairs and constraints
s Revolute joint
i: »s2 Revolute joint
P s Reveolute joint
- L & Revolute joint
l-ﬂ ¥ss Reveolute joint
&6 Revolute joint
e @ Tool 1 Prismatic joint
# Tool 2 Prismatic joint
W Tool )3 Prismatic joint
th = Material

== Coupling pairs
b |§§enmrs and P

J‘RE*J_EE'I Add position control a
& TanSennie Add transfer plane
¥ Tool 32 Add motion array unit
v 0 Runtime bek & add zencor
:% $i?i;§ e Add robot
':ﬁTl:ucll_puII 2 Add external axis

v [ Signal adapt 2 Add joint position
L. RBD3A1 S 9 Add robot tool
. Tool_SD uge

~ Add material production unit
[0 Signal conne g

% i Signal v  Add tool changer

Jd Tool_out Signal
1l RBOZAT S Signal
1= Tool_S signal
1r Too |_opt Signal

= Collision group

= HMI

= Label

= Motion group
Figure 11-23: Add joint position

For each joint "S1" to "S6", follow these steps:

Click the "+" button.

Select the joint (eg, "S1").

Name it "S1Pos" (replace "1" with the appropriate joint number).
Set the motion type to "Specify position".

Click OK. (Figure 12-6)

127



Nanjing Yueqing Information Technology IROBOTCAM

¥ Joint position ? x
¥ Kinematic pair
51 4=
¥ Mame |
51POS|
Motion type:  Specify position -

|
oK Apply Cancel

Figure 12-6: Joint position parameters

After completing steps for all joints, the interface should resemble.

(Figure 12-7)

="
“ | Sensors and actuators

o RBO3A1 Robot

@ ToolSennor Sensor

¥ Tool Fobot tocl

< S1POS Joint position
= 52P0S Joint pasition
2 53P0S Joint position
< S4POS Joint position
2 53P0S loint position
< S6POS Joint pasition

Figure 12-7: Joint position completed

Step 3: Add Signal Adapter

e v 000

Click on "Signal Adapter".

Right-click and select "Add Signal Adapter".

Follow these steps for each joint: (Figure 12-8)

Click the "+" button.

Select the joint position (eg: "S1Pos").

Double-click the second box and enter the name "S1Pos_S" (replace "1"
with the appropriate joint number).

Select "Float" for the data type in the third box.

Click the "+" button on the right in the second column.

Fill in "S1Pos_S, S1Pos_S * 0.017444" (the value source 3.14/180).
Name the adapter "S1Pos_SD" (replace "1" with the appropriate joint
number).
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% Signal adapter

¥ Signal

Assign as Name Data type InfOut
S1POS T |S1POS_S IN *

¥ Formula

Assign as Formula

S1POSS IS1P05_5’0.01?444

Formula

¥ Name

S1POS_SD

Initial value

Note

Figure 12-8: Signal adapter S1Pos_SD

The final result should look similar to .(Figure 12-9)

v [ Signal adapter
_ RBO3A1_SD
.. Tool 5D
. S1POS SD
. 52POS5_SD
. S3P0OS_SD
. S4POS_SD
.. S5P0S_SD
. SBPOS_SD
=7 Signal connection
“ [ Signal
';;-Thul_uut
1/~ RBO3AT_S
1lr Tool S
1/ Tool_opt
1l-s1POS S
1l- 52P0OS_S
- S3P0S_S
1L~ s4P0OS_S
1ll- s5P0S S
1l- S6POS_S

Signal adapter
Signal adapter
Signal adapter
Signal adapter
Signal adapter
Signal adapter
Signal adapter
Signal adapter

Signal
Signal
Signal
Signal
Signal
Signal
Signal
Signal
Signal
Signal

Figure 12-9: Signal adapter completed

ok || Apply

X+

Cancel
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Step 4: Add Communication Module

® Click on the "Connect" button in the iRobotCAM column. (Figure 12-10)

il CEhRe -0 ZW3D20245P x84 Assembly - [* Configure Communication.Z3 - [Defauft]]
Shape  FreeForm  Wireframe  DirectEdit  Assembly  SheetMetal FTl  Weldments  PointCloud DataExchange Heal PMI  Tools Visuslize Inquite  Electrode | IROBOTCAM | App  Mold  Simulation

ERREE ©@ @ B TLXZ@NERD @ ) 2~ 00

Model Import Export Close Save = Simulation Collision Mechatronic Gantt |~ Assembly Move | Connect | Controller Progam Process Workspace Calibration  Laser  Welding | About Help
library detection edit cutting
File Simulation Mechanical Electrical Robot Process Planning Help

Figure 12-10: Connect button

® Under "Modbus Tcp", right-click the blank box under "Devices" and select
"Add Device". (Figure 12-11)

%P OuterSignal ? X

Opc Ua Siernens Plc Smart Meodbus Tep BeckHoff Controller

¥ Device

Device name Server address | Server port

(B Add device
'-_I‘: Delete device

( P Device property

¥ Outer signal

MName 10 type Data type Type name Device na
4 il »
Save Open l 0K l Apply

Figure 12-11: Outer signal

In the pop-up window: (Figure 12-12)Here is an example setting.
Name the device "ModbusTcp1".

Set the server address to "192.168.1.10".

Set the server port to "502".

Set the mode to "1".

Click OK.

R R )
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%P OuterSignal ? X

Opc Ua Siemens Plc Smart Modbus Tep | BeckHoff Controller

¥ Device

Device Name Server address | Server port

¥ OQuter signal

MName 10 type Data type Offset Is joint

4| i b

Save Open QK Apply

Figure 12-12: Outer signal device parameters

Under "Modbus Tcp", right-click the blank box under "Outer Signal" and
select "Add Signal". (Figure 12-13)

B¥ OuterSignal ? x

COpelUa Siemens Plc Smart Modbus Tep BeckHoff Controller

¥ Device
Device Name | Server address | Server port | Mode
ModbusTep 192.168.1.10 502 1

¥ Outer signal

Mame | 10 type | Data type | Offset | Is joint

(B Add signal
'\'B Delete signal
('_Du Signal property

4] I 3

Save Open | OK Apply
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Name the

R R R S

Click Add.

Figure 12-13: Add signal

In the pop-up window: (Figure 12-14)

signal "J1".

Select "Double" for the signal type.
Select "OUT" for the 10 type.
Select "Yes" for the joint.

Set the offset address to "65536".
The remaining window settings are filled in according to the actual device.

@ Llutersigna

Opc Ua

¥ Device

Device Name

ModbusTep

Smart = Modbus Tcp

Siemens Plc

Server address | Server port
192.168.1.10 502

'@ Modbus tep signal

Mame: n
Signal type: Double
10 type: ouT
- Gutersii = joint: Yes
Mame Offset: |
Length:
Index:
Register type: Input Register
I
Add
4 | i
Save Open

BeckHoff Contraoller

Mode

QK Cancel

QK Apply

Figure 12-14: Add joint signal

® Repeat step 5 for the remaining joints, naming them "J2" to "J6", selecting
"Double" for the signal type, "OUT" for the 10 type, "Yes" for the joint, and
offset addresses incrementally increasing by 4 (eg: 65540, 65544). (Figure

12-15)
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R R

¥¥ OuterSignal ? x
OpclUa  SiemensPlc  Smart  ModbusTep BeckHoff Controller
¥ Device
Device Name Server addr Server port Maode
ModbusTcpl 192.168.1.10 502 1
¥ Cuter signal
Mame 10 type Data type Offset = joint *
n ouT Double 63536 Yes
2 ouT Double 63540 Yes
13 ouT Double 65544 Yes
14 ouTt Double 65543 Yes
15 ouTt Double 63552 N(=J—
4| I | b
|—_|
Save Open Ok Apply

Figure 12-15: Joint signal completed

Add communication for grabbing and releasing: (Figure 12-16)

Name the signal "Grab".

Select "Bool" for the signal type.
Select "OUT" for the 10 type.

Select "No" for the joint.

Set the offset address bit to "65560".

The remaining window settings are filled in according to the actual device.
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¥ OuterSignal ? X

OpclUa  SiemensPlc  Smart Modbus Tcp | BeckHoff Controller
|¥ Device

Device Name | Server address | Server port Maode l

ModbusTep 192.168.1.10 502 ]

B Modbus tcp signal 7 X
| |

Marme: clamp
Signal type: | Bool s
10 type: | OuUT L3l

¥ Outersi [sioint B d. B
| Name Offset: simt

Length:
Index:

Register type: 'Iﬁput F‘;eéister LS

Add (0].4 Cancel

"

4] il ] 2

Save Open oK Apply

Figure 12-16: Pick and place outer signals

® Click the "Save" button to save the external signal connection information to
the computer for future use. (Figure 12-17)

Wle=a- 0w @l Zarte:ac0aw 0 s b ¢ BEZZO0Y BRI

Mechatronic = 4 ConnentZd- [Detau] X+ < Gutpt aws
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Hame ™ -
F Revolte foint r—— W Sove conhg fle
;v Pramate jaint | -
o Pt jool OpclUs  SiemensPle  Smat  Modbus kp | BeckHall Controller & HE il b R4 i i
s Priamasic oint]
i Material o mar  EETes
i Coupling pairs - = -
| v c;g:x,::d Fre DeviceMame  Serveraddr  Serverpart | Mode @ Creative Cloud F Ll =a
o GSKRobot Aokot Modbuskp! 192088110 502 1 s meshes 4=
o et Sensor i urd T
¥ s fobetiod (3] QneDrive - Perse
3 sipes Joint posion
3 sapes Jeint pesion - s
S0, Jount portion 32
3 swves et posiion 30 nm
3 siPor Jaint position [ L4
3 stpos Soint postion _— @ S —
= Rustime behavior ol EHdEYR
st Signal adaptes S
G5KRebt SD Signal adapter + T
gongs0 b s
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$2P0s 5D Signat adaper
S35 5D Signat adapter| i Windows (C
S4p0s 5D Sigrat adapter| = DATAT D)
55Pos 5D Signat dapter 5
$6Pos 5D Sigral adaptes| A
Sigrat
Sigrat
]
Signal
Signat
Signa
Signal
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Figure 12-17: Save signal
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Connecting iRobotCAM Model to External Controller (Continued)

Step 5: Add Signal Connections

® Under "Mechatronic", locate "Signal Connection". (Figure 12-18)

» |0 Sensors and actuators
= Runtime behavior
= Signal adapter
[l Signat ~rnactian

> [ 5igna Ul» Add signal connection
= Collision group
= HMI
D Label

Figure 12-18: Add signal connection

® Right-click and select "Add Signal Connection".
® In the pop-up box, name it "SignalConnect1" and click "OK". (Figure 12-19)

¥ Please enter name of signal connection 4 X

SignalConnectl

| QK Cancel

Figure 12-19: Signal connect name

® \Within the "Signal Connection" box:
< Click the internal signal "S1Pos_S" in the left column. (Figure 12-20, point
< Click the external signal "J1" in the right column. (Figure 12-20, point @)
< Click the "Connect" button.

% Signal connection 7 P4

Signal connection name SignalConnectl

Project name DefaultPraject

Device name ModbusTepl

¥ Signal

Name | Adaptername |10 type | Datatype |+ Name 10 type Data type 4|

stposs (1) S1Pos.sD N Float o D i Double

S2Pos S 52Pos.SD N Float ) | - - o

S3Pos S $3Pos.SD N Float I ‘ g I° i Fouble B

S4Pos S S$4Pos.SD N Float - ® M . Boil

S5P0s S S5P0s.SD N Float ‘ i piiadd Drghle

S6Pos.S S6Pos.SD N Float = 5 il o

¥ Signal connection

Inner signal Direction Outer signal

$1Pos.S i n The effect of sequentially establishing signals
S2Pos S <- 2

S3Pos S <- B

S4Pos S <= 4

S3Pos S <- 5

S6Pos S <- 6

oK Apply

Figure 12-20: Connection method
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® Repeat steps for all remaining pairs of internal and external signals,
connecting them according to the order shown in Figure 12-20 (D -> @ ->
®).

® This step allows the robot to simulate grabbing and dropping by controlling
its internal signals through external signals.

Step 6: Simulation Verification

® |n the "IROBOTCAM" column, click the "Simulation" button. (Figure 12-21)

P LEEBes~L) ZW3D 20245P k64 Assembly - [* Define Bas
Shape  FreeForm  Wireframe _ DirectEdit  Assembly  DataExchange Heal PMI  Tools  Visualize Inquire  IROBOTCAM | App  Simulation

ERRER @| W L2 @& NMIER QO © 660

Model Import Export Close Save | Simulation | Collision Mechatronic Gantt = Assembly Move | Connect  Controller Progam Process Workspace Calibration  About Help
library detection edit

File Simulation Mechanical Electrical Robot Help

Figure 12-21: Simulation verification

® |n the "Simulation Control" window, click the "Start Simulation" button on
the far left side. (Figure 12-22, point )

® You will see the device server you added, identified by ), along with its 3
external signals. (Figure 12-22)

B EEE n=Bdw @)W Snglefick N ] : A .

8- ¢ 9P C-P- - $-0H- B =0 JomEww

Opclis  SemensPlc  Smart  MoshusTep  BeckHaff Controier
* Fe

¥ Deice o
hakaion G | (Rovketime Severstds  Seerpon  Mede 5
g L) | L 1 §ii
v 1 Draw tajectory ‘
. - s
E Veindows(C) @
Recordvideo DATAND)

SYRET L I

> File List

P Preview

ermiddle-chck» when done.

Figure 12-22: Simulation verification

® The external signals added through 3 control the internal signals of @
sequentially.
® Finally, the internal signals control the B joint positions and the

programmed simulation sequence, successfully establishing an external
communication function. (Figure 12-23)
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Figure 12-23: Simulation verification

® These steps guide you through connecting your iRobotCAM model to an
external controller.

® By following these instructions, you can enable external communication
and control your robot's movements through external signals.

-
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Chapter 13: Turntable Model

® This document presents a comprehensive guide for constructing a functional
turntable model in IROBOTCAM, encompassing various elements and
functionalities.(Figure 13-1)

IROBOTCAM :
[ Turntable }ﬂl:"> Environment Entry Mechatronic

Add materia

Z

Add rigid body

¥

Add collision

v

Add kinematic
pairs

s

Add signal

S7

Add position
control

Y

Addsignal |~ Add simulation Simulation
adapter 7 sequencce verification

Figure 13-1: Flow chart of collision detection

Prerequisites

® Familiarity with IROBOTCAM interface and basic functionalities.

® Understanding of mechatronic concepts like rigid bodies, collisions, joints, signals,
and simulation sequences.

Procedure:

Step1: Model Import and Initialization

® Open iRobotCAM project file "Turntable.Z3" in IROBOTCAM.(Figure 13-2)
® Wait for the model import to complete.(Figure 13-3)

® Access the component details interface.(Figure 13-4)
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Figure 13-2: Open iRobotCAM project file

@ € s te o -4 Fle Edt View Inset Tools Utiities Applications Window Help Cloud

s adglE B R @ 2 @R 6 AGHE B v 2 B

W |

Part/Assembly Drawing CAM Sketch Equation Copyto Delete Fix Objects
Set i i

ZW3D 2024 SP x64 - [Turntable.Z3] o B R
& [Fndscommand Q| @ @ 2 8%

Insert Object Edit Object

Import  Quick  Multi-lmport Import _Library
Import Config | Publisher +
Data Exchange 5| Library

File +

Block  Notes Find/Replace TextFile Working License  User Folder Start Ancther  File  Close Unused
Manager Neme  Edtor Folder Manager Menager  ZW3D  Separat Files

Application
Manager

Applications

Uilties

S File ® 2

2020 T=108...
JREE 6V0S00M..

e
B
518 ABS09-1F...
R
e B IC.

R ASLM,
SREI AS..
I A
sgm
AEBl.
o0
ARsEm

A4 D62040.
AESER APCE.
AR
HSMEE BPKA.
FEIRAR
FHE SX-1IN1
TR TRIO..
BUEFX
68 sx-1L
VAt EE
IR
S8

S PALOT ..
BR8mmSE

0

R 6V0510)..

WG FeE IC..

HBEHiRE 0G..

i OF U tum] 4]+ Tumbezs x|+
e [ e [ wnn

Pat
Assembly.
Part
Part
Part
Part
Part
Part
Assembly
Part
Part
Pat
Assembly
Part
Part
Pat
Part
Part
Part
Pat
Part
Assembly.

@ % |+ Tomtablezs X |+

Browser
»f@

in  Neme 2 98- 9P O S @

@ zw3p ?

ol
LIESEAE)

¢

X

Initializing mechatronic date...

L 1

stop

- - e 0 ommmo - k Favorites e

2 Windows(C:)
7 DATAI(D)
BE)

DR
toble.Z3] opened i 0.2220 seconds.

EEIEN

Figure 13-3: Waiting
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Figure 13-4: Component details

Step2: Material Definition

In the "IROBOTCAM" tab, click the "Mechatronic" button.(Figure 13-5)
Open the "Materials" window.(Figure 13-6)

Define two materials: "Material1" and "Material2".(Figure 13-7)

Assign specific values for friction coefficient, restitution coefficient, linear and angular
damping for each material.(Figure 13-7)

PILEEaa~ ~$» ZW3D20245Px64  Assembly - [Turntable Model.Z3 - [Default]]
Shape  FreeForm  Wircframe  DirectEdit  Assembly  SheetMetal FTI Weldments  PointCloud  DataExchange  Heal PMI  Tools  Visualize Inquire  Electrode  [ROBOTCAM | App  Mold  Simulation

ERRER @ QTI= L2 & EER D @ & 2 00

Model Import Export Close Save Simulation Colision | Mechatronic [Gantt  Assembly Move = Connect | Controller Progam Process Workspace Calibration  Laser  Welding | About Help
library detection edit cutting

File Simulation Mechanical Electrical Rebot Process Planning Help

Figure 13-5: Mechatronic button
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Mechatronic B Z
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_(E_ = Label

[== Motion group

E

Figure 13-6: Add materia

% Material ? X 9 Material 7 X
¥ Property ¥ Property

Frictional coefficient 1 “ | Frictional coefficient 0.01 =
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Linear damping 0 =|  Linear damping (] =
Angular damping 0 Angular damping 0

Density 500 v |  Density 500 =
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mi| m2]

[ oK | Apply Cancel OK | Apply Cancel

Figure 13-7: Materia1 and Materia2

Step3: Rigid Body Creation

Click the "Mechatronic" button.(Figure 13-8)

Use the "+" button to create eight rigid bodies corresponding to the main turntable
components.(Figure 13-9)

® Specify their masses, material assignments, and property settings.(Figure 13-10)

® Create two additional rigid bodies ("SDD01DGJ_2_1" and "SDD01DGJ3_1").(Figure
13-11)

® Assign "Material2", enable "Physical Property" and "Collision Response" for these
rigid bodies.(Figure 13-12)
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library detection edit cutting

File Simulation Mechanical Electrical Robot Process Planning Help
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Figure 13-8: Mechatronic button
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Figure 13-9: Add rigid body
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[ Basic mechatronic objects
@5 SDDO1_sLZP Rigid body
& SDD01_DXZ Rigid body
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@5 SDD01-02_LTDZ Rigid body
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& SDD071_DGI_31 Rigid body
Figure 13-11: Two additional rigid body
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OK Apply Cancel oK | Apply Cancel

Figure 13-12: Rigid body message

Step4: Collision Definition

Click the "Mechatronic" button.(Figure 13-13)

Open the "Basic Mechatronic Objects" window and select "Add Collision".(Figure

13-14)

® Create six collisions for the turntable components.(Figure 13-15)

® Choose appropriate collision shapes like "convex decomposition" or "convex

hull".(Figure 13-16)

® Assign mass, material, and property settings for each collision.(Figure 13-16)
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Figure 13-16:

Step5: Kinematic Pair Definition

Convex hull

ok || Apply || Cance
Convex decomposition

0K Apply Cancel

Collison message

® Click the "Mechatronic" button.(Figure 13-17)

® Open the "Kinematic pairs and constraints" window and select "Add Revolute and
Prismatic joints".(Figure 13-18)
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® Create a revolute joint for the turntable base and specify the axis, start angle, limits,
and motion type.(Figure 13-19)

® Create a prismatic joint (Cylinder_J1) for the cylinder and define the axis, offset,
limits, and motion type.(Figure 13-20)
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Figure 13-20: Prismatic joint

Step6: Output Signal Definition

Click the "Mechatronic" button.(Figure 13-21)
Open the "Signal" window and select "Add Signal".(Figure 13-22)
Create two output signals: "Turntable_Out" and "Cylinder_Out".(Figure 13-23)

Specify "Out" as the |0 type, assign names, and set port values.(Figure 13-23)
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Figure 13-21: Mechatronic
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Figure 13-22: Add signal
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Figure 13-23: Output signal

Step7: Position Control Implementation

Click the "Mechatronic" button.(Figure 13-24)

Open the "Sensors and actuators" window and select "Add Position Control".(Figure
13-25)

Define position control for both "Turntable" and "Cylinder".(Figure 13-26/13-27)

Associate the control with the corresponding kinematic pairs and rigid bodies.(Figure
13-26/13-27)

® Specify coordinate systems, signals, axis types, target positions, speeds, and
acceleration limits for each control.(Figure 13-26/13-27)
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Figure 13-26: Turntable message
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Figure 13-27: Cylinder

Step 8: Signal Adapter Creation

Click the "Mechatronic" button.(Figure 13-28)

ok | Apply

Cancel

S Output

Create two signal adapters: "Turntable_SD" and "cylinder_SD".(Figure 13-30)

@

@

o @ %

@-_8x

- @R
@-_8x

. e %

+
@ SEE (£ B

Open the "Signal Adapter" window and select "Add Signal Adapter".(Figure 13-29)

Assign the corresponding "Turntable" and "Cylinder" control signals.(Figure 13-30)
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® Define data types, input/output direction, initial values, and formulas for each
adapter.(Figure 13-30)
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Figure 13-28: Mechatronic button

= Material

= Coupling pairs

= Sensors and actuators

= Runtime behavior

[ Signal ade - _
= Signal cor - Add signal adapter I_

[ Signal

= Collision group
= HMI

= Label

= Motion group
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Figure 13-30: Two signal adapter

Step 9: Input Signal Definition

® Click the "Mechatronic" button.(Figure 13-31)
® Open the "Signal" window and select "Add Signal".(Figure 13-32)
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® Create input signals for both "Turntable" and "Cylinder".(Figure 13-33)

® Specify "In" as the 10 type, assign names, and set port values.(Figure 13-34)
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Figure 13-31: Mechatronic button
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Figure 13-33: Six signal
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Figure 13-34: Signal message

Step10: Simulation Sequence Design

® Click the "Mechatronic" button.(Figure 13-35)
® Open the "Runtime behavior" window and select "Add Simulation Sequence".

® Create three simulation sequences:(Figure 13-36)(Figure 13-37)

<~ "Turntable_EXEC1": activates the turntable to reach 90 degrees within 5 seconds
based on specific input and output signals.

< "Cylinder_EXEC1": moves the cylinder to reach 58 units within 5 seconds based on
the turntable's position.

<~ "Cylinder_EXEC2": activates the cylinder to reach 58 units within 5 seconds based
on another input signal.
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Figure 13-36: Add simulation sequencce
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Activation condition  True T Activation condition  True Activation condition  True
| End signal Cylinder I e | End signal Turntzble_n1 +  End signal Turntable In2 +
Execution signal Turntable_S e Execution signal cylinder S + Execution signal cylinder S +
End position % J& £nd position ke | End position 58 |
¥ Mame ¥ Name ¥ Name
Turntable_EXECT Cylinder_EXECT Cylinder_EXEC2
[ o Apply | Cancel oK Apply || Cancel | ok Apply | Cancel

Figure 13-37: simulation sequencce message

Step11: Simulation and Verification

® Click the "Simulation" button.(Figure 13-38)
® Click the "Start" button to initiate the turntable operation.(Figure 13-39)

-4l CSEHe@~ ~Os ZW3D2024SPx64  Assembly - [* Turntable.Z3 - [Default]]
Shepe  FreeForm  Wireframe  DirectEdit  Assembly  SheetMetal FTI  Weldments PointCloud  DataExchange Heal PMI  Tools Visuslize Inquire  FElectrode | IROBOTCAM | App  Mold  Simulation

LtRRPRER @ TETLZ & NHNEE O @ & 2 0

Model Import Export Close Save | Simulation | Collision Mechatronic Gantt = Assembly Move = Connect | Controller Progam Process Workspace Calibration  Laser  Welding | About Help
library detection edit cutting
File Simulation Mechanical Electrical Robot Process Planning Help

Figure 13-38: Simulation button

Simulation B %
€ v XE oD
¥ Required
(5 A8
0| Enfity:
- |l v @
-
¥ Settings

|1~'J Simulation @ E‘

T .

[Z] Draw trajectory

_lEs sampling[ms] 30 T

7] Record video

Figure 13-39: Start button
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Chapter 14: Laser Cutting

Introduction

® |aser cutting is a technology that uses a laser beam to cut materials. It has the
advantages of fast cutting speed, high precision, smooth cutting edge and small heat
affected zone. It is widely used in sheet metal processing, electronic components,
mechanical manufacturing, automobile manufacturing, aerospace and other fields.

® The software provides laser cutting simulation function, users can simulate the
cutting process, view the cutting effect.

This guide provides step-by-step instructions for laser cutting in IROBOTCAM software.

Step 1: Open the iRobotCAM project file

® Open the iRobotCAM project file named "Laser Cutting.Z3" to enter the IROBOTCAM
environment.

@l o E 7 B ' S

MR cuickPrimer | ROBOTCAM
i .

Bl 0

Mew | Open RActivation

[ROBOTCAM

Figure 14-1: Open button

® The interface after opening is shown in the figure.

@ tde -~~~ ZW3D20245Px64  Assembly - [Laser cutting.Z3 - [Default]]
Shape Frecfom  Wiehame  Diectfdt Assembly SheetMetl FTl Wedments PoitCloud Datafachange Hesl PMI Took Viusize Inqure Electrode | ROBOTCAM | App  Mold Smuaton

ERRER @ & HE T2 @ NEEOD S

import Export C ect | Controller Progam Process Calibration
edit

~~~~~~

$- - B =09 JaE=wmm

Iy [Defoul] activeted.
it mechatronic data completed!

12916.16mm

IECEE

Figure 14-2: Interface details
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Simulation

Step 2: Add collision detection
® Click "IROBOTCAM" to enter the mechatronic interface.

ZW3D 2024 5P k64 Assembly - [Laser cutting.Z3 - [Default]]

Data Exchange Heal PMI Tools  Visualize Inquire Electrode IROBOTCAM

: (i X2

FT Weldments  Point Cloud
z =
M iEE QO @ 4 o2
laser  Welding  About Help

App  Meld

S0

P fHe &~ 9
File Shape FreeForm  Wireframe  DirectEdit  Assembly  Sheet Metal
= p 5 7
" w [ 2@ = | ™1 H]
TZZ.' ED E*j l:l = @ DN i = Ta o wil
Model Import Export Close Save Simulation Collision | Mechatronic |Gantt | Assembly Move = Connect  Controller Progam Pracess Workspace Calibration
detection edit cutting
Simulation Mechanical Electrical Robot Process Planning Help

Figure 14-3: mechatronic button

In the collision group window, select the collision body of the workpiece to create a

°
collision group.
® The support induction checkbox needs to be selected in the collision body window of

the workpiece.

oEEHeE~ O 3
Shape Frecorm  Widame  Dictfdt  Asambly ShecMetsl FIl Wedments PointClowd DoaBichange Heol PMI Took Viize Ina
ELRRER ©@ & D=1l @ NERQO @ & 2 00
T T chaionic Gait | Assembly Move | Comect | Contrllr Progem Process Worispace. Cabraton Welding | About Help
File s Mechanical | Electrical Robot g Help
N: - W 3 L1 A2 de W Normal 7 mE
Mechatronic 2 |+ *Laser cutting.Z3 - [Default] X LR
i X = o | S 6 PP sE-tE Tk /0000 er cutting.Z3] opened in 1.0660
Neme Tpe
i It mechatrone dats completed
@ Collision group x

Rigid body
Collision

\:" SEE [EE) SRE
Ee=E Sx.emvons

2916.16mm

<middie-click> for default

Figure 14-4: Workpiece collision group

In the collision group window, select the collision body of the robot and the collision

o
body of the robot tool to create a collision group.
® The support induction checkbox needs to be selected in the collision body window of

the workpiece and the tool.
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IROBOTCAM

aser cutting Z3 - [Defautt])

W=t WEER OO @ s @O

tronic Gantt | Assembly Move Connect  Controller Progam Process Workspace Calibration
edit

Simulation Mechanical | Electrical Robot Help

ZHF L L A EGA® O W Nom N e @D{Z\m@@??r?’ﬂﬁ;\g

5 |+ *LasercuttingZ3 - [Defou] X | +
o Q% ¢ 9P U@ @ $-OH W =09 0ommw

# Robot 12
B Robot 3
 Robot 4
# Robot s

# Robot s

e

> =
@
=

B
[ Col
=
9 Label
£ Motion group

<middle-click> for default.

Figure 14-5: Robot and robot tool collision group

® Click the collision detection button.

® Select "robot" as the target object. Select "object" as the obstacle.

® Click the "+" button to add.

Collision detection B £
Qv X = @ D
Target ohject robot T
E!'_JE Obstacle CF Facetpallft a3
- + X
-
Collision (object - robot)
[ Collision? (robot - Shape:CF Face_part)

r ke

Figure 14-6: Collision detection
Step 3: Add curve list

e Double-click to activate the component to be cut.
e Click the wireframe button to enter the curve list window.
e Select the edge to be cut to create a curve list.

e Electrode | ROBOTCAM | App  Mold Simulation

s
AEE (ESNE) WG
Sreavons
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P e~ ~O ZWID20245Px64  Part- [ Laser cutting.Z3 - [CF Base]]
I svope  Frecfom || wiefame | DirectEdit  Assembly SheetMetal P Weldments PointCloud el PM| Tools Visuslze Inquire Electiode IROBOTCAM  App  Mold Simulation & [Findacommand G| @ @~ -8 x

+/~0 004 @RV % b"f\JDD N A @ o J4i4ld © E
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R . Edge - -~ Cuver Sec fim -

en  Mimr  Move Copy Sale | Cuve | Dotum
ction | List | Text & ¥ T & Geometry » Geometry + L Plar
Drawing | e it Curve . Basc Ediing Curve.| Datum
] =@ O WA -] Ealp s 2B O Wtk A RO S QONVANT S -

e List

+ * Loser cuttingZ3 - [CFBase] X |+

v|X|[=|

P K el W oo

Select curves or edges. <middle-click> when done.

Figure 14-7: Curve list

Step 4: Laser cutting - Select path

e Click the laser cutting button.

P LERaEs~ ~O ZW3D 20245P kB4  Assembly - [ Laser cutting.Z3 - [Default]
Shape FreeForm  Wireframe  DirectEdit  Assembly  SheetMetal FTl  Weldments PointCloud DastaBxchange Heal PMI  Tools Visuslize Inquire Electrode | IROBOTCAM  App  Mold  Simulation

EREBRER @ & Bk T2 @ RERD S(H2» 00

Model Import Export Close Save = Simulation Collision Mechatronic Gantt =~ Assembly Move = Conmect | Controller Progam Process Workspace Calibration | Laser | Welding | About Help
library detection edit cutting

File Simulation Mechanical Electrical Robot

Process Planning Help

Figure 14-8: Laser cutting

e In the "Select Path" window, click the Select Part button to select the workpiece to be cut.

Drop down to select the robot controller.

e In the Select Path bar, first add all the curve lists of the edges to be cut by clicking the
Add button. (Note that clicking the Add button once can only add one curve list)
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& Show All - Y [Laser cutting.Z3] opened in 1.0660
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Assembly Node
Select path 7 -

- & Default ® et sembly [Default] activated.
5 (-ICF Base  mechatronic data completed!
s ected objects have their
= lidable'property disabled.
@ 5 AN CONL ASSY SelectPart | CFBase property

[CF Base] activated.
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¥ Parameter set
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Figure 14-9: Select path - Add curve list

e Add all the faces where the cutting edge curve list is located.

e After adding all the curve lists, click all the faces where the curve lists are located, and
select all of them by pressing the CTRL key.

e Then click the Select Multiple Faces button. After adding, if the output box does not
prompt an error, the addition is successful.

DEHe@n~Oor 00 200468 Assemiy [ Losrcuting 23 (Dcfout]
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edit

tibary cutting
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selected objects have their
“colidable’ property disabled.

Select Part | CF Base
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Port[CF Bose] actvated.
¥ Parameter Set Define curve st
NOTE: [Laser cutting 23] crested

aliiu, — | Robot Controller: MH24Contraller - recoverfile successfully.

Done.
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¥ Select Path
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Cinae 11897052 1897052 Curvelist
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Figure 14-10: Select multiple faces

Step 5: Path Discretization
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Click "Next".

The default value for the chord height ratio.

Click the Discretization button to generate discrete points in the Discretization window.
Click Show Discretization Result to view the coordinate system direction of the discrete
points.

fReE~~O» ZWID2024SP x84 Assembly - [ Laser cutting.Z3 - [Default]] o @R
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Figure 14-11: Path discretization
Step 6: Transition Point Sorting
H n "
e Click "Next".
H " L
e Click the "process sort calculate" button.
e View the laser cutting order in Process sorting calculation chart.
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Figure 14-12: Transition point sorting

Step 7: Path Optimization

e Click "Next".

In the Raise Gun Height bar, enter the raise gun height value.

e Click the "edit program" button to view the coordinate position of the raise gun height after
discretization.

e Click the Calculate button to automatically list the three detection tables of Reachable,
Singular and Collision.

e Finally, click the Optimize Path button. In the Optimize Path window, click the "Change fill
data" and "Path optimize" buttons in sequence.

e In the Optimize Path window, click Modify Fill Data. Red represents the collision detection.
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Figure 14-13: Path optimization
Step 8: Generate program

e Click "Next".

The default values for speed and acceleration are set in the Generate Program window.

e Under the Program Management bar, add JOB and Program programs under Program
Editing.

e In the Program Generation bar, click the "Generate program" button.
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Step 9: Simulation verification

e If the program has added a simulation sequence, you can click the simulation button to
verify it. If not, you can click Run in the program editing window to view the laser cutting
effect.

e During laser cutting, if a collision is detected, the target object will be displayed in a
highlighted manner.
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Figure 14-14: Simulation verification

The software provides two cutting workpieces in the scene, users can try the laser cutting
function by themselves.
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Chapter 15: Welding

Introduction

Welding is a forming method that uses heating or pressurizing, or both, to cause two
separate objects to join together by interatomic bonding. Welding is an essential process
in manufacturing and is widely used in mechanical manufacturing, construction, ships,

aerospace, electronics and other fields.

The software provides welding simulation function, users can simulate the welding
process, view the welding effect.

This guide provides step-by-step instructions for welding in IROBOTCAM software.

Step 1: Open the iRobotCAM project file

Open the iRobotCAM project file named "Welding.Z3" to enter the IROBOTCAM
environment.

PiESaeis “ T b

B cuickPimer | ROBOTCAM
= | ul

Bl =

Mey Open Rctivation

IROBOTCAM
Figure 15-1: Open button

e The interface after opening is shown in the figure.
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Figure 15-2: Interface details
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Step 2: Add collision detection

e Click "IROBOTCAM" to enter the mechatronic interface.
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Figure 15-3: mechatronic

e In the collision group window, select the collision body of the workpiece to create a
collision group. The support induction checkbox needs to be selected in the collision body
window of the workpiece.
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Figure 15-4: Workpiece collision group

e In the collision group window, select the collision body of the robot and the collision body
of the robot tool to create a collision group. The support induction checkbox needs to be
selected in the collision body window of the workpiece and the tool.
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Figure 15-5: Robot and robot tool collision group

e Click the collision detection button.
e Select "robot" as the target object. Select "object" as the obstacle.
e Click the "+" button to add.

Collision detection
@« K| E
Target object  robot =
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!Jl

e kd &I

Figure 15-6: Collision detection

Step 3: Add weldments

e Click the weld button.

e Click Fillet Welding. In the Fillet Weld bar, select two faces respectively and enter the
weld leg width.

e The weld function can be used under a specific ZW3D authorization code.
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Select the second weld faces. <middle-click> when done.

Figure 15-7: Add weld

Step 4: Welding - Select path

e Click the welding button.
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Figure 15-8: Welding

e In the "Select Path" window, click the Select Part button to select the workpiece to be
welded.

e Drop down to select the robot controller.

e In the Select Path bar, first add the generated weld face by clicking the Add button.
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Figure 15-9: Select path

Step 5: Path Discretization

Click "Next".
The default value for the chord height ratio.

points.

Vo i
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Click the Discretization button to generate discrete points in the Discretization window.
Click Show Discretization Result to view the coordinate system direction of the discrete
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Figure 15-10: Path discretization

Step 6: Transition Point Sorting
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e Click "Next".
e Click the "process sort calculate" button.
e View the welding order in the process sort calculate chart.
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Step 7: Path Optimization
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Figure 15-11:process sort calculate

In the Raise Gun Height bar, enter the raise gun height value.
Click the "edit program" button to view the coordinate position of the raise gun height after

discretization.

Click the Calculate button to automatically list the three detection tables of Reachable,

Singular and Collision.

Finally, click the Optimize Path button. In the Optimize Path window, click the "Change fill
data" and "Path optimize" buttons in sequence. (It takes about 1 minute to load the

modified filling data)

In the Optimize Path window, click Modify Fill Data. Red represents the collision detection.
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Figure 15-12: Path optimization

Step 8: Generate program

e Click "Next".

The default values for speed and acceleration are set in the Generate Program window.

e Under the Program Management bar, add JOB and Program programs under Program
Editing.

e |n the Program Generation bar, click the "generate program" button.

e Click the Close button.
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Figure 15-13: Generate program
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Step 9: Simulation

® If the program adds a simulation sequence, you can click the simulation button to verify.

If not available, click on run in the program editing window to view the effect of laser
cutting.

® During the welding process, if a collision is detected, the target object will be highlighted.
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Figure 15-14: Simulation
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