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Mainly, Cobots or Collaborative Robots are considered as being complex machines

, they support and

Cobots are specifically designed for working with people in a shared work space.

which work hand in hand with human beings. In a shared work process

relieve the human operator.

05 May 2020

Collaboration is determined by application and workspace, not by the robot itself;
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Broadly, there are three categories of robots: T g
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The traditional industrial robot that typically operates in a caged environment, working with
high payloads and/or speeds. It is relatively well-understood in terms of its strengths,
opportunities, research challenges and growth potential.

Cobots or collaborative/cooperative robots which typically interact closely with humans and
have much lower payloads. They can be fixed or mobile.

Software bots have few if any physical characteristics, but can respond to a variety of

inputs such as automated queries. This category more generally includes developments in
Robotic Process Automation (RPA).

DIGI FoF 05 May 2020
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Comparation between Industrial robot and cobot:

I T

Payload +++ +
Reach +++ +
Position Accuracy e ++
Speed +++ +
Human-robot interaction (safety) -
Simplicity of programming ++
‘Plug & produce’ in production -
Task Variation (flexibility) ++
Availability +++ 4t
+: limited  ++: good  +++: very good
DIGI FoF 05 May 2020
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The main advantages or cobots are:

Safe interaction with human (integrated sensors,
passive compliance, overcurrent detection.);

Easy programming (can be easily taught by
demonstration);

Flexibility of tasks (more dexterous and flexible).

Cobots are coming with some limitations, also:

Lack of ability to detect abnormalities makes
them less flexible compared to their human
colleagues;

Limited operating speed;

Reduced payload;

DIGI FoF 05 May 2020
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Forms of Human-Robot Collaboration

No fixed guard,

virtual safety fence ('
-> contact not desired,

unlikely (e.g. photo- é

electric barrier)

Shared workspace
' - contact desired.

( simultaneous motion

(e.g. manual guidance)

Shared
workspace

’ Shared workspace
- contact not
') desired, but

possible

Fixed safety fence
-> contact not possible

()’

workspace o
Shared workspace, but

Operator exclusive motior.1

workspace -» contact possible, but only
with stationary robot
e.g. in the case of industrial

robot as handling assistant

DIGI FoF 05 May 2020
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Human-Robot Collaboration:

Enables variable automation of tasks for which complete automation is too expensive

or too complex can thus be partially rationalized;

Rationalize tasks by combining strengths and dividing the work optimally between

robot and human;
Non-ergonomic workstations can be improved by robots;

Reduction in repetitive and trivial work of operators, led to improved physical work

conditions and give the workers room to do other potentially value creating tasks.

DIGI FoF 05 May 2020
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Common Applications for Cobots:

Pick and Place: a workpiece is picked up and placed in a different location. Pick and place
functions typical require an end-effector that can grasp the object. It could either be a gripper or

vacuum cup effector.

Machine Tending: Means using a robot to load and unload a machine, such as a CNC milling
machine, 3D printer, or labeling machine. These type of cobot applications may require the
cobot to have input and output (I/0O) interfacing hardware specific to the machine. The 1/O

hardware indicates to the robot the next cycle or when material needs to be replenished.

DIGI FoF 05 May 2020
Cobots
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Common Applications for Cobots:

Packaging and Palletizing: A subset of the pick and place is the packaging and palletizing of
products: box assembly and loading; and box collating or placing onto a pallet for shipping.
Conveyor tracking is required for this application to synchronize robotic movement with a

conveyor. A vision system also may be needed for products with a non-uniform shape.

Process Tasks: any task that requires a tool to interact with a workpiece. Common examples

are a gluing processing, dispensing, or welding. Each of these process tasks requires a tool to

go down a fixed path repeatedly.

DIGI FoF
Cobots
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Common Applications for Cobots:

Finishing Tasks: tasks that require operators require a manual tool and large amount of force.
These finishing jobs can include polishing, grinding, and deburring. The robot can be taught
manually or via computer programming methods. This is achieved through force sensing, either

via the end-effector or internally.

Quality Inspection: usually involves full inspection of finished parts, high resolution images for

precision machined parts, and part verification against CAD models. End-effectors with high-

resolution cameras may be required for the inspection, as well as vision systems and software.

DIGI FoF 05 May 2020
Cobots -~ . . ’ .
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Terms used related to cobots:

measurement is taken from the robot’s base.

org
Payload is the weight that the robot can carry. Real payload = nominal { ‘z?
payload minus the weight of the robot’s end effector (gripper).
Reach is the distance that can be reached by the robot’s wrist. This ‘.‘&

End Effector is the device at the end of a robotic arm, designed to interact
with the environment. The exact nature of this device depends on the
application of the cobot.

DIGI FoF 05 May 2020
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Selection of the cobot is based on several considerations:

Supplier: for Continental, Universal Robot is standard supplier for cobots at this

moment.

Degrees of Freedom: depending on complexity of cobot movements and other

restrictions, an increased number of DoF must be required;

Speed: an increased speed is similar with higher output but require additional

safety measures.

Safety: Depending upon project and how the Cobot interacts with humans you

should look at the safety mechanisms and ogtions like safety stop buttons, fall

back capabilities etc. - N '
- N /‘i /’(

7 ‘:{/ ®» »

\ & i

'UNIVERSAL ROBOTS

DIGI FoF 05 May 2020
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(ontinental® Cobot Selection

° Based on all these requirements,
most of the cobots used on our
plant are URS5, with these
caractheristics:

DIGIFOF

URS
Degrees of freedom 6
Payload 5 kg
Weight 18.4 kg
Repeatability +/- 0.1 mm
Reach 850 mm
Safety TUV approved
Price +/- 35,000 USD

Ease of programming

8/10

DIGI FoF
Cobots
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*  URS5 Cobot is composed from 3 Wrist 1
main elements: 2

* Robotic arm;

. -
Control box; Wiict 2

* Teach penant.

’
: L.lg\\JElbow

v I«"’
n

* URS5 robotic arm is composed of:

° 6 axes; )~
_ Shoulderc
* Modular design .
©  +/- 360° freedom; %&b
DIGI FoF 05 May 2020
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Control box contain:

Flashcard/USB with software;
Power to robotic arm;
Safety system;

Communication to peripheral devices;

Connectors:

Power 220/110 Vac;
Ethernet;
USB;

Robot arm.

DIGIFOF
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FACTORIES OF THE FUTURE

° Teach pendant — touch screen monitor:

*  Power button;

° Emergency button ( —

PolyScope Robot User Interface ™

* Freedrive button; e |
¢ USB connector Hg&‘(’ﬁ-gSAL B

[ Abour |

R

UNIVERSAL ROBOTS

DIGI FoF 05 May 2020
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Teach pendant — touch screen monitor:

Power button — by pressing the power button at the front side of the panel with the
touch screen, the Control Box will be turned On on. When the control box is turned
on, text from the underlying operating system will appear on the touch screen. After
about one minute, a few buttons appear on the screen and a popup guides the user
to the initialization screen

Emergency button — activating the emergency stop button will immediately stop all
robot motion. Emergency stop shall not be used as a risk reduction measure, but as
a secondary protective device.

Freedrive button — activate Freedrive mode.

USB connector — for USB connecting drives/flash memories. R——

UNIVERSAL
ROBOTS

UNIVERSAL ROBOTS

DIGI FoF 05 May 2020
Cobots

Cristian Mihutoiu © Continental Automotive Systems 21



(ontinental

/. Theoretical Module

)

>

General Presentation
Cobot Selection
Mechanical Installation
Griper Development
Electrical Installation
Software of Cobot

Design of Cobot Program

Content

DIGI FoF
Cobots

05 May 2020

Cristian Mihutoiu © Continental Automotive Systems

22



DIGITAL DESIGH SKILLS FOR
FACTORIES OF THE FUTURE

Before instalation of any cobot, we are responsible for ensuring that all the applicable safety laws
and regulations are observed and that any significant hazards in the complete robot application
are eliminated. This includes, but is not limited to:

Performing a risk assessment for the complete robot system;

Interfacing other machines and additional safety devices if defined by the risk assessment;
Setting up the appropriate safety settings in the software;

Ensuring that the user will not modify any safety measures; [

Validating that the total robot system is designed and installed ( Safety

correctly; \"”Sﬂ

Specifying instructions for use;

~

Marking the robot installation with relevant signs and contact L\ Y
information; A [

o

Collecting all documentation in a technical file; including the risk
assessment and this manual;

— S

DIGI FoF
Cobots
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There are two situation that must be taken into consideration at —
mounting, to be avoided due to pinching hazard: / \
One area is defined for radial motions when the wrist 1

450mm
joint is at least 450 mm from the base of the robot. As the
robot stretches out, the knee-joint effect can give high
forces in the radial direction (away from the base) at low \\
speeds.

The other area (right) is within 200 mm of the base of the
robot, when moving tangentially. Similarly, the short
leverage arm, when the tool/end effector is close to the
base and moving around the base, can cause high forces —
at low speeds. - E C% 200mm
Pinching hazards can be avoided by removing obstacles in

these areas, placing the robot differently, or by using a
combination of safety planes and joint limits to eliminate the
hazard by preventing the robot moving into this region of its
workspace.

DIGI FoF 05 May 2020
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The robot arm must be mounted on a a sturdy, vibration-less, surface that can withstand at
least ten times the full torque of the base joint and at least five times the weight of the Robot
Arm.

The mounting itself of the base of the robot arm require:

Surface on which the robot is fitted

Solid surface;

: [ST0.05]

Footprint 149 mm; n ol

4 M8 bolts. W
The Control Box can be hung on a wall or placed z S ax Bos
on the ground. A clearance of 50 mm on each side - .
of the Control Box is needed for sufficient airflow. ! nd | )
The Teach Pendant can be hung on a wall or on ] 1 é S s o s
the Control Box. Verify that the cable does not 2 o
cause tripping hazard. DS Feh i TeSmn,

DIGI FoF 05 May 2020
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Due to the fact that the radius of action is usually limited by their reach, additional linear
axes, vertical and/or horizontal, can significantly enhance the radius of action up to 5

times, by re-positioning the base of the robot during its working cycle.

1615 mm

DIGI FoF 05 May 2020
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End Effector is the device at the end of a robotic arm, designed to interact with the
environment. The exact nature of this device depends on the application of the cobot.

The Pick And Place is the most frequent application in Conti Sibiu plant. So, the
grippers are most frequent end effectors.

Y%L
The grippers can be: Y £ g
With 2-5 fingers; d
Suction (vacuum) cups; \'\/} # g
. obs N7 ‘\
Magnetic; L?J %la
| () i
Electrostatic; -
L 0
\ 4 f . e
§g} . et F’T"
8
DIGI FoF 05 May 2020
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Similar with mechanical installation, before any electrical works, we are responsible for
ensuring that all the applicable safety laws and regulations are taken into consideration
and that any significant hazards in the complete robot application are eliminated.

The Control Box is conected with main power source and with additional equipment. From
Control Box is powered the Robotic Arm, through a cable with locking connections, and the
Teach Pedant.

Main electrical interface groups for the Robot Arm are in the Control Box.

YASKAWA

Ethernet

Robot

DIGI FoF 05 May 2020
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rrrrrrrrrrrrr

° Mains cable connect the Control Box to the energy source.

* Itis recommended to install a main switch to power off all equipment in the robot
application as an easy means for lockout-tagout under service.

*  The mains supply is equipped with:
* Connection to ground;
°  Main fuse;

* Residual current device.

DIGI FoF 05 May 2020
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* Main electrical interface from Control Box are listed below:
° Mains connection
* Robot connection
* Controller I/O
* Tool IO
* Ethernet.

* The term I/O refers to both digital and analog control signals;

DIGI FoF 05 May 2020
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Inside Control Box, there is a Controller 1/O which allows a wide range of equipment
including pneumatic to be conected to cobot software.

Safety Remote Fower Configurable Inputs | |Configurable Outputs Digital Inputs Digital Qutputs Analog
g |24v 12v|l| PwR M| [24v|H|[24v|H| | ov |H| ov H| |24v(H||24v/H||ov [H|ovH| |£[Ac|H
: EIO GND|H | |GND cio|m||ci4 M| [coo{m||cos|m| |pio|m||{Di4 M| [poo|m|jpos|m| [=|a0|m
= (24 on |[H| [zav|@) [24v|E]|[24v[H]| [ ov [H]| ov || [2av[H]|[24v|H]| |ov (W] ov % Ac |l
§ [en ofFf|H| | oV cil|M|[cis M| |[col/M||cos|M| (D11 |M|(Dis || [pol/M|jpos(M| | < |4l (M
g |2av 24v(M||zav|/H| | ov (H|| ov || |2av|H|zav(H]| |ov [H| ov|H i ac |l
E 510 “TSlalel=]=] <2 M ||Cic|M| |co2/M||cos/ M| |DI2|M|Dis|M| DO2/M|DO6|M| |5 |A00(H
2|24V ala|e|E|&[=]|zav|||zav|H| | ov |H|| ov |H]| |2av(H]||z4av/H]| |ov (H|| ov [H gm;l
L EL M| | (| |CI3|ME(|CI7 (M| |[CO3|/M||CO7|M||DI3|M||DI7|H| [DO3M|DO7/M| |£[A01(H

The meaning of the color schemes listed below must be maintained:

Yellow with red text

Dedicated safety signals

Yellow with black text

Configurable for safety

Gray with black text

General purpose digital 1/0

Green with black text

General purpose analog I/0

DIGI FoF
Cobots
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The PolyScope or robot user interface is the touch screen on your Teach Pendant panel.
It is developed by Universal Robots company.

It is the graphical user interface (GUI) that operates the robot arm and control box,

9]
executes and creates robot programs. relyscope Robot UserIntertace
Please select
The PolyScope it is built based on Debian Linux | rmrogan
UNIVERSAL
ROBOTS R
‘ Setup Robot
o ‘ Shutdown Robot
DIGI FoF 05 May 2020
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The UR Cobots operates in several modes:

Normal mode — the cobots operates in a protective mode, safety limitations while the

cobot is performing designated tasks;

Reduced mode — Active when the robot Tool Center Point is positioned beyond a

Trigger Reduced mode plane or when triggered using a configurable input.

Recovery mode — when the robot is outside allowed area. This mode allows the
robot to move slowly back to the allowed area using MoveTab or Freedrive. It is not

possible to run programs for the robot in this mode.

Safety speed limit

Maximum operational speed

Speed

. “~_ Actual speed

Time

DIGI FoF
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The UR Cobots operates in several modes:

Freedrive mode - When in Freedrive mode and the movement of the robot arm
comes close to certain limits, the user will feel a repelling force. This force is
generated for limits on the position, orientation and speed of the robot TCP and the
position and speed of the joints. The purpose of this repelling force is to inform the
user that the current position or speed is close to a limit and to prevent the robot from
violating that limit. However, if enough force is applied by the user to the robot arm,
the limit can be violated. The magnitude of the force increases as the robot arm

comes closer to the limit.

Backdrive mode — can be used to forcefully move specific joints to a desired position

without releasing all brakes in the robot arm.

DIGI FoF
Cobots
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Safety Configuration:

Prior to start programming the robot, safety parameters must be introduced into the

cobot:
D File 02:34:26 CCCC O
General leltS Program | Installation | Move | /0 | Log |
TCP Configuration Safety Configuration
Force Mounting [ Generallimits | Joint Limits [ Boundaries | Safety i0 |
’
Safety Boundaries 3D View
I/O Setup
P r Safety plane 0 D Q Q Q N
Owe 1 @ Safety Safety plane 1 U ]
Variables Safety plane 2 93
Speed ’ MODBUS Safety plane 3 |:| N
I Safety plane 4 |:|
Momentum. IR Safety plane 5 (=] Iie
moo ransition - - ]
Safety plane & l:l >
. - H . Conveyor Tracking Safety plane 7 e
Joint Limits: e ®] )
EtherMNet/IP Tool Boundary |:| Ilu
L
1 . PROFINET Safety Plane Properties
\]Olnt Speed, Plane Boundary restricts
ezt e Safety plane 1 ‘ ‘D Normal ‘V|
) =
Joint position; Load/save Copy Fasture Siep
. b el [ dam
Boundaries;
afety password | Unlock || Lock | | Apply
DIGI FoF 05 May 2020
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PolyScope welcome screen is composed from next main buttons:

Run Program — choose and run an existing program. This is the simplest way to
operate the robot arm and control box.;

Program Robot — change a program, or create a new program;
Setup Robot — change the language, set passwords, upgrade software, etc.;

Shut down — powers off the robot arm and shuts down the control box.;

PolyScope Robot User Interface

@]

About —PolyScope version, IP, host, etc;

un Program

UNIVERSAL
ROBOTS

DIGI FoF
Cobots
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PolyScope comprises three zones:
Header with tabs/icons that make interactive screens available to you.
Footer with buttons that control your loaded program/s.

Screen with fields that manage

and monitor robot actions. (A

B

DIGI FoF 05 May 2020
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Before any work of cobot, some general settings must be adjusted:

Initialize the robot;
Language and units;

Update soft, if updates exist;
Password;

Screen calibration;

Network setup;

Date and time;

Setup Robot

Initialize Robot

Language and Units

Update Robot

Set Password

Calibrate Screen

Setup Network

Set Time

URCaps Setup

Back

PolyScope 3,3.0.145 (May 25 2016)

DIGI FoF
Cobots

05 May 2020
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Robot initialization consist in:

* Initialize robot
*  Check payload setting
*  Click START: enables power
»  Click START: releases brakes

DIGIFOF

DIGITAL DESIGH SKILLS FOR
FACTORIES OF THE FUTURE

Initialize Robot

@

Make surathat the installation and payload ara correct and prese the buttan with the green icon to intialee the rebet.

Robot & Normal
Currert Faylaad 0.65|kg
START @ OFF
Installation file default | | Load Installation
30 View
a6 e

| Configure TCP

Configure Mounting

DIGI FoF
Cobots
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A Waypoint is a point on the robot path. Waypoints are the most central part of a robot
program, telling the robot arm where to be. A fixed position waypoint is given by physically

moving the robot arm to the position.
Q File 12:06:35 CCcCC

Program | Installation | Move 10 | Log |
Command | Graphics | Structure | Variables |

Fixed position

B <unnamecds>
¥ Robot Program 2 A .
) V’?‘i{;’ypm,,r Waypomt fename Fixed position
Relative position
Varigble position

Flease spacify the robot position for this waypoint

7 Set this waypoint

Show advanced options | |

° Stop at this peint
@ Blend with radius

Add waypoint before
Remove this waypoint ‘

Add waypoint after ‘

Qe [3—>]
g ;ZT[:EI:L, T«j\iiii Spead = {)100% ! 4 previous ‘ Next W

05 May 2020
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A Relative Waypoint is a waypoint with the position given relative to the robot arm’s
previous position, such as “two centimeters to the left”. The relative position is defined as

the difference between the two given positions (left to right). Note that repeated relative
positions can move the robot arm out of its workspace.

Q File 12:08:35 CCCC
‘Program | Installation | Move 1/0 | Log |
H <unnameds> ("Command | Graphics | Structure | Variables |
¥ Robot Program

¢V Movs)
° Waypoint

Waypoint  gename

Fixed position
Relative position
\arigble position

Flease spacify the robot position for this waypoint

» Set this waypoint

Show advanced options | |
o Stop at this point
@ clend with radius

ndd waypoint before

@Vifﬁfd - T Add waypoint after ‘ Remove this waypoint J’
Similation g TR —
g ;:‘l"lgtlslﬂ Ll H b‘ > 1. Spead {J100% [ & previous ! Next B
DIGI FoF
Cobots
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A Variable Waypoint is a waypoint with the position given by a variable.

Q File 12:08:35 CCCC @
( Program | Installation | Move “1/0 | Log |

E <unnameds | Command | Graphics | Structure | Variables |

¥ Robot Program Fed D oAt =

v Mo H
3 «OM//Ga/ypoinr waYPo' nt l..Rename Fixed position

Relative position
Variable pasition

Flease spacify the robot position for this waypoint

, Set this waypoint ‘

Show advanced options | |

o Stop at this peint
Q Blend with radius

Add waypoint before

@ED Add waypoint after \
o Simulztion ﬁ—"ﬂi[i Spead z@loo% | & previous ' Next Wp

Y Re:l Rohnt

Remove this waypoint |

05 May 2020
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Types of movements:

MoveJ will make movements that are calculated in the joint space of the robot

arm. Each joint is controlled to reach the desired end location at the same time.

MoveJ
This movement type results in a curved path for the tooil.

int_1 Waypoint_2
Joint movement

No interpolation
Fastest move type
Useful in "free” space
movements

Waypoint_4 Waypoint_3
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movelL will make the tool move linearly between waypoints. This means that each joint
performs a more complicated motion to keep the tool on a straight line path.

MovelL
Waypoint_1 g @ Waypoint_2
Linear movement
Interpolation on
Linear trajectory for TCP
Waypoint_4 © © Waypoint_3
DIGI FoF 05 May 2020
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MovelL with blend — if a blend radius (r) is set, the robot arm trajectory blends around the
waypoint, allowing the robot arm not to stop at the point.

blend radius

MovelL with blend < >

Waypoint_1l¢ oo — o dp Waypoint_2

Blend radius
Continuous movement

No stop in Waypoint

Waypoint_4 © © Waypoint_3
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moveP will move the tool linearly with constant speed with circular blends, and is intended
for some process operations, like gluing or dispensing.

shared blend

MoveP E: >
Waypoint_1g.- ... __ ‘[ e {:; Waypoint_2
Process Movement
constant
Process applications TCP speed

Linear movement

Constant TCP speed
Shared blend radius \
Waypoint_4 @-------- - e ©® Waypoint_3
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A Circle Move (moveC) can be added to a moveP command, consisting of two waypoints:
the first one specifying a via point on the circular arc, and the second one being the
endpoint of the movement.

MoveC Waypoint_2

Circular movement (Via point)

Circular trajectory for TCP

Three Waypoints required

Waypoint_1 (Start point) (End point) Waypoint_3

Start point
Via point
End point

Radius auto calculated

Waypoint_5 IO& /fl‘.} Waypoint_4
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Building a cobot program can be done in the Program robot page from the main

interface.
PolyScope Robot User Interface Q@

Please select

Run Program

UNIVERSAL
ROBOTS

Setup Robot

About

Shutdown Robot
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A robot program can be created from scratch or from a template, like Pick and Place

application.

If the program has been created in an external computer, the program can be loaded

using PolyScope.

& File 10:28:14 CCCC O
! 7 -
Installation | Move [ j0 [Log

New Program

Load From File

Load Program ‘

Use Template

Pick and Place ‘

Empty Program ‘

DIGI FoF
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A template can provide the overall program structure, so only the details of the program
need to be filled in.

D Fle 10:28:14 cccce

‘erogram | Installation | Move 0 [Log

New Program

Load From File

Load Program

Use Template

Pick and Place

[I Empty Program

—/
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The Program Tree contains visual cues informing about the command currently being
executed by the robot controller.

If a command is clicked while a program is running, the Command Tab will display the
information related to the selected command.
Q File 11:01:10 cccec @

(Program | Installation " Move “1/0 [Log |

<Unnamead:> Command IGvaphll?s | Structure | variables |

¥ Robot Program
g Program

® The window an the left shows the program-tree,

® Use the Next and Previcus buttons to navigate through
the program-tree

@ Use the Structuretab to modify the program-ree.

[ ] Add BeforeStart Sequence
] setintial Vanahble valuss

[6\] [ i <---~>i ‘[?} Program Loops Forever
T —
g ;TT;tll:O:r lad | > | Speed ———100% 4 previous ] Next =
DIGI FoF 05 May 2020
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The Move command controls the robot motion through the underlying waypoints.
Waypoints have to be under a Move command. The Move command defines the
acceleration and the speed at which the robot arm will move between those waypoints.

Q File

11:07:23 CCCC

[ Program | Installation | Mave 10 |Leg |

=Lnnamed=

" Command | Graphics | Structure | Variables |

% Robot Program
& T Movg]
2 Wappaint

Move Move) -
Specify how the robot will move between waypoints. Mawve|
loval
The values below apply to all child waypoints and depend on the sslectdlly . .p
| Recalculate motions laint Speed

[]Sat TCP 60| o5

[ T jort acestoraton

Fastu a0 e
| | add waypeirt Resal
Qlie[>] <—»
@ simulztion Y | —
@ re=sl Robot e E » | Spaad SLa0% 4 previous | Noxt wp
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DIGITAL DESIGH SKILLS FOR
FACTORIES OF THE FUTURE

You can also modify the waypoint’s name and position and by pressing the “Move robot
here” button, the cobot moves to that position.

@ File

Program | Installation

“Move 110 | Log |

ccce

17:34:18

E <unnameds>

[ Command | Graphics | Structure | Variables |

¥ Robot Program

Waypoint_1 rename

[Fixed position |+

Move robot here |

Change this Waypoint ’

o Stop at this peint
G Blend with radius

mm

Add waypoint before

Add waypoint after

Edit pose

Show advanced options v]
() Time
(J Joint Speed
Joint Acceleration
@ Useshared parameters

l Remove this waypoint |

wmi’—i Spead =———=1_)100%

l & previous ' Next #p

9V Movg)
» Waypaint_1
Qe [-—-»]
@ simulztion
© rezl Robot
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* The Wait command waits for a given amount of time or for an I/O signal.

Q File 11:35:22 cccc @
( Program | Installation " Move “1/0 [ Log |
E <unnameds> | Command | Graphics | Structure | Variables |
¥ Robot Program
=HNaE Wait

Please sslect what should trigger the robot's next actian;
@ o wait
0 Wait 0.01| seconds
@ wait for Digital Input ] <Dilnput=> Ivl Low I'i

@ wait forI <An. Input> IvJ > ]v’ 4.0] mA

O Walt for l

Qebl=—=] | |
g::::f::;;t E"EI!,E Speed =———=1_)100% l 4 previous II Next W
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* The Set command sets either digital or analog outputs to a given value.

@ File

08:58:02 CCCC 0

[ Program | Installation | Move " 1/0 | Log |

ﬁ <unnamecds>

| Command I Graphics | Structure | Variables 1

¥ Robot Program
= Sat

Set

Select the action you wish tha robot to perform at this paint in the program. You can also
specify changes in the robot's payload,

@ 1o Action

0SetDigitalOutput|<Di.0utput> l:HLow lL

a Set Analog Output | <An.Output= "I mA

: .
@ sat | <Output> v |

a Increment Installation variable by one: | <Varahle>

K2

[[]5et the total payload to kg

D| sa active TCP as canter of Jravity

| Perform action now I

Q][ <]

Simulztion
' Real Robot

E"E'EE Speed =———={)100% | 4 Previous l‘ Next &
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The popup is a message that appears on the screen when the program reaches this

command. The style of the message can be selected, and the text itself can be given using

the on-screen keyboard. The robot waits for the user/operator to press the “OK” button
under the popup before continuing the program. If the “Halt program execution” item is
selected, the robot program halts at this popup.

Q File 11:37:26 CCCC O
Program | Installation | Move ~ /O ;’,!ﬂ’,l,, - - )
[ <unnamed> | Command | Graphics | Structure | Variables |
¥ Robot Program i
= Popup
Popup
Showis the messaga below an the screen, and waits for the user to press 0K
|
Fopup typa: Preview Popup
o Massage
@ waming
@ Error
B [ Halt progra cution at this popup
\:‘2 1_4'“> alt program execution at this popur
@ Gimulation o ot S = 11 aot [ [
R hegied “ » ‘ B Spead L00% | @ previous || NextwWp
i RN - L = — 0 ) S RO NS
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The Halt command stops the program execution when it is reached in the Program Tree.

Q Fila 11:37:58 CCCC @
[ Program | Installation | Move " 1/0 [ Log |
=Lnnameacd>= [ Command | Graphics | Structure [ Variables |

(¥ Robot Pro gram

= Halt

Program executicn stops at this paint.

Qe[o[==—r]
@ cirevn [0 soene ——Oucon Criotos: . _nens
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Gives the programmer an option to add a line of text to the program. This line of text does
not do anything during program execution.

& File 11:38:37 CCCC
[ Program | Installation | Move " 1/0 [ Log |
=unnameds " Command | Graphics | Structure | Variables |

¥ Robot Program
= Camment

Comment

Fleases enter camment:

Qs[>
(@ Gimulstion E“EFE Spead —————{_100% % previous | Next wp

& re:l Robot
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A folder is used to organize and label specific parts of a program, to clean up the program
tree, and to make the program easier to read and navigate. A folder does not in itself do

anything.

Q File

(Program | Installation | Move 110 | Log

DIGIFOF

11:3%:05 CCCC @

H <unnamed>

[ Command | Graphics | Structure | Variables |

'\77Robot Program
¢V Folder

@ <oy >

Folder

A folder s simply 2 collection of program lines.

Flease enter text to be displaysd in the program tres:

[ Folder

CENEEE

[[] Hide Folder Frogram Tree

@ Simulstion
¥ Real Robnt

{)100%

W!m i 7 Spead =

l 4 previous J Next B
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The Graphics Tab shows the graphical representation of the current robot program.

The 3D drawing of the robot arm shows the current position of the robot arm, and the
“shadow” of the robot arm shows how the robot arm intends to reach the waypoint selected
in the left hand side of the screen.

Q File 11:01:45 CCcCC O
| Pprogram | installation " Move 10 | Log |
<unnameds> | command § Graphics § Structure [ Variables |
¥ Robot Program Q G § @ a l A H
il
\,.
LB |
é 17 T’ &
= ]
L]
(S
L ~
Qe E=—>] b
g;z;lstflﬂ m‘Fi [ Spesd =——=—0_)100% ‘ 4 previous | Next s
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On this screen you can specify target joint positions, or a target pose (position and
orientation) of the robot tool. This screen is “offline” and does not control the robot arm

directly.

Robot

Qa8

Feature
View 'I
Tool Position
H -116.63(mm | &0

¥ -528.55) mm

2|3
gjaa

|F|ntatin|1 wector [rad] |v

RH 0.0015

RY -3.1756

Joint Positions

][+
gl

]
I

Base -31,B65( %

a0
aid

Shoulder | -102.64 ®

Elbow| -102.57° |E|
wistl| -66.80(° [ ][ =]
wrist 2 g151) @ | o |E|
Wrist 3 1ede (& ] [=]

% cancel | & 0K |
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The current position of the robot arm and the specified new target position are shown in 3D
graphics. The 3D drawing of the robot arm shows the current position of the robot arm, and
the “shadow” of the robot arm shows the target position of the robot arm controlled by the

specified values on the right hand side of the screen.

Robot

888

Feature

View |=|

Tool Position

X 11663 mm
¥ | 528,55 mm
z | _317.08 mm

|Rotation Vectar frad| |'

R 0.0015 +][=]
[ s [E][=]
nz! -0.0646 | EX | | o |
Joint Positions
Shoulder | -102.54 ® [=]
Elbaw| -102.57 ® |I| |?
Wrist 1 -R6,80 ° | Ey | | o |
wrist 2 91,51| @ |E| |E|
Wrist 3 184° [ E ]| =]
% cancel | o 0K |

Q

2] [=
L] L=
(2] [=]
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The text boxes show the full coordinate values of that TCP (Tool Center Point) relative to
the selected feature. X, Y and Z control the position of the tool, while RX, RY and RZ
control the orientation of the tool.

Robot Feature

Q E’l @‘; View -l

|
Tool Position

o -118.63 mm m E
- 528,55 mm ﬂ

2|3
I

|F|nr.atim|1 Wectar [rad] |1'

RX 0.0015
RY -3.1756

RZ -0.0646

dja

[+]
I

Joint Positions

]

Base -81,65 %

Shoulder | -102.64{¢

HE !
1]

Elbow | -102.57]® [=]
wist1| -66.80¢ [ |[=]
Wrist 2 g1.,51|° | op |E|
Wrist 3 1849 [ ] [=]
3 cancel | & 0K |
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Allows the individual joint positions to be specified directly. Each joint position can have a
value in the range from —360- to +360- , which are the joint limits.

Robot

Q&8

=

©

Feature
Wiew "I
Tool Position

X -118.63[ mm

g

¥ -528.55 mm

Z -317.08 mm

|F|Dtatim|1 Wectar [rad] |1'

RX 0.0015

]

-3.1756

s

=
7]
o
=
o
£
]
T
I

&
(1]
[Ts
[ag)
en
ajaa

Shoulder | -102.64{¢

Elbow| -102.57|°

wist1| -66.80° [ ][=]

Wrist 2 9151 = | = |E|

Wrist 3 1849 [ ] [=]
3 cancel | & 0K |
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The Structure Tab gives an opportunity for inserting, moving, copying and removing the

various types of commands.

Q File

“Program | Installation " Move " 1/0 ['Log |

<unnameds | command | Graphics Varlables |

¥ Robort Program

DIGIFO

mcrm DESIGH smussw

11:02:12 Ccccc @

= <nply> Program Structure Editor
Set placement of node | After selected =
Insert
| Basic | Advanced | Wizards |
Move Waypoint
Wait Set
Popup Halt
comment Folder
Edit
# Move I | Copy l Paste l Suppress
¥ Move ] | cut l Delete
Qliw
giZTI:thOQ[ [ E] » i Spead =——=1_100% | 4 previous | Next =p
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The Edit area contains basic actions like Copy, Cut and Paste.

Q File

“Program | Installation " Move 10 | Log |

[ command | Graphics | Structure

11:02:12 CCCC

variables |

~<unnamed>
¥ Robot Program .
= cempty> Program Structure Editor
Set placament of node | After selacted v]
Insert
| Basic | Advanced | Wizards |
Move Waypoint
Wait Set
Popup Halt
comment Faolder
Edit
# Move ] ’ Copy l Paste ’ Suppress
P—— ¥ Move ] \ cut ‘ Delete
Qo[-
3 Simulation =
@ sl Robot lad | > P L] Speed ——— J100% ' 4 previous I Next =

Suppressed program lines are simply skipped when the program is run. A suppressed line can be
unsuppressed again at a later time. This is a quick way to make changes to a program without

destroying the original contents.
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The Dashboard (in the lowest part of the screen) features a set of buttons similar to an
old-fashioned tape recorder, from which programs can be started and stopped, single-
stepped and restarted.

Q File 11:02:12 CCcCC
“Program | Installation " Move 10 | Log |
<unnamed> | command | Graphics | Structure  Variables |
¥ Robot Program .
= <empty> Program Structure Editor
Set placament of node | After selacted v]
Insert
| Basic | Advanced | Wizards |
Move Waypoint
Wait Set
Popup Halt
comment Faolder
Edit
# Move ] ‘ Copy l Paste ’ Suppress
— ¥ Move ] \ cut ‘ Delete
g\ \ \14---"
Simulation =
| < T aon
@ sl Robot lad | > P L] Speed —— J100% ' 4 previous I Next =
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The button with the . icon can be used to perform a text search in the program tree.
When clicked, a search text can be entered and program nodes that match will be
highlighted in yellow. Press the 3¢ icon to exit search mode.

Q File

program | Installation " Move 10 | Log |

<unnamad>

| command | Graphics [ Structure  Variables |

11:02:12 CCCC

¥ Robot Program a
= <impty> Program Structure Editor
Set placament of node | After selacted '!
Ins=rt
| Basic | Advanced | Wizards |
Move Waypoint
Wait Set
Popup Halt
Ccomment Faolder
Edit
# Move | [ Copy I Paste | Suppress
— ¥ Move | I cut \ Delete
Q="
Simulation [ [
| G 1 00%
@ =esl Robot u«‘ﬂl | Speed /100K | ® previous J Next #p
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The buttons with icons®and @ below the program tree serve to undo and redo changes
made in the program tree and in the commands it contains.

Q File 11:02:12 CCCC @
“program | installation “Move 10 |Log |
<unnamagds> | command | Graphics | Structure | Variables |
¥ Robot Program ¥
= <empty> Program Structure Editor
Set placament of nods |After selacted w
Insert
"Basic | Advanced | Wizards |
Move Waypoint
Wait Set
Popup Halt
Ccomment Folder
Edit
| # Move | [ Copy I Paste i Suppress
— ¥ Move I | cut I Delete
RN
Simulation "ot (o o i
-l | > P Specs —————Tlloon I | 4 previous ’ Next =
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Clicking the button with the =---» icon below the program tree jumps to the current
executing or the last executed command in the tree.

Q File 11:02:12 CCcCC @
“Program | Installation " Move 10 [Log |
<unnameds> [ command | Graphics [ Structure  Variables |
¥ Robot Program .
= ety Program Structure Editor
Set placement of node |After selacted w
Ins=rt
"Basic < Advanced | Wizards |
Move Waypoint
Wait Set
Popup Halt
Ccomment Folder
Edit
# Move I [ Copy I Paste l Suppress
— ¥ Move | I cut l Delete
gl [t
6 Simulation = €
° ST, I« ' ” J_- Speed :\{_/)160% I | 4 previous I NEXI*
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There are three tabs in the Structure Tab, each one containing a variety of commands.
They are classified based on the complexity of the command

Q File 11:02:12 CCCC @
“Program | Installation " Move /0 | Log |
“unnamaeds | command | Graphics | Structure  variables |
¥V Robort Program .
o= corpty> Program Structure Editor
Set placement of node |After selected w
Ins=rt
I' Basic iAdvanced " Wizards |
Move L Waypoint
Wait Set
Popup Halt
comment Folder
Edit
# Move ] [ Copy [ Paste ’ Suppress
— ¥ Move l ] cut l Delete
Q[ <-—2]
@ simulztion = e -
© el Robot lad | > | P | speed —)100% l € previous ‘ Next =5
DIGI FoF 05 May 2020
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The Variables Tab shows the live values of variables in the running program, and keeps a

list of variables and values between program runs. It only appears when it has information
to display.
QO File
[ Program | Installation | Move | 10 | Log |

12:55:07 CCCC O

<unnamed> Command | Graphics | Structure |"variables
= Init Variables =

= Clear
¥V Robot Program

¢ Switch var_2: 3.5743808E-6

¢V Move)
o Waypaint
¢V Move| =
o Waypoint_1
o Variable
- Sgt
9os Pallet
¢V Pattern: Squar
o alst_Corne
o a2nd_Corne|
o a3rd Corne
o adth_Corne
9 V¥ PalletSequenc
o Approach_1
@ PatternPoin
= Set
= Wait
o Exit 1
9 o Destack
e StartPos

¢ ¥ Direction
@ FromPos
) @ ToPos v

A Il [ 1

Y = |

(J simulation ;

@ Real Robot g > | M Speed ! {100% 4® Previous Next %
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A pallet operation can perform a sequence of motions in a set of places given as a pattern.

At each of the positions in the pattern, the sequence of motions will be run relative to the

pattern position.

D File 135117  €CCC
"Program = Instaliation " Move  NO | Log
'T,;i <unnameds | Command = Graphics | Structure | variables
7 Robor Program A
= <eoply> Program Structure Editor
Set placemert of node After selectad  |w
nsert
Basic = Advanced m
pallet Sook
Force Conveyor Tracking
Edit
4 Move Copy Paste Suppress
$# Move Cut Delete
Qe [ -2
o Simulation - P & previ Next ®
& real Hobot E | ” PR Goeed =10 revious o
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A seek function uses a sensor to determine when the correct position is reached to grab or

drop an item. The sensor can be a push button switch, a pressure sensor or a capacitive

D File 135117  €CCC
"Program | Instaliation " Move VO | Log
':;;1 <unnameds> | Command = Graphics | Structure | variables
7 Robor Program A
= <eoply> Program Structure Editor
Set placemert of node Alter selected |w
nsert
Baslc = Advanced m
pallet Soeck
Force Conveyor Tracking
Edit
4 Move Copy Paste Suppress
$# Move Cut Delete
Qe [ -2
@ Simuation ¢ | 1 00% % provious Next
b Sl - > W oo hoom o e
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Force mode allows for compliance and forces in selectable axis in the robot’s workspace.
All robot arm movements under a Force command will be in Force mode. When the robot
arm is moving in force mode, it is possible to select one or more axes in which the robot

arm is compliant.

d File 135117 €Ccc €D
Program = Installation " Move  NO | Log
5_.1 <unnameds | Command = Graphics =~ Structure | Variables
7 Robor Program A
@ <sop Program Structure Editor
t placement of node After selected |w
nsert
Baslc = Advanced §Wizards |
|
Pallet | Sook
|
Force | Conveyor Tracking
i
Edit
+ Move Copy Paste Suppress
S dem =l $# Move Cut Delete
[ <
@ Smuiation S e el | % previous Next %

Q Real Rohot

It is also possible to make the

robot arm itself apply a force to its

environment, e.g. a workpiece.
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When using a conveyor, the robot can be configured to track it's movement. While the
program is executing under the Conveyor Tracking node, the robot will adjusts it's

movements to follow the conveyor.

d File 135117  CCCC
"Program = Instaliation " Move  NO | Log
E <unnameds | Command = Graphics =~ Structure | Variables
7 Robor Program \
@ <eoply> Program Structure Editor
Set placement of node After selected v
nsert
Baslc  Advanced m
pallet Soeck
Force Conveyor Tracking
Edit
4 Move Copy Paste Suppress
$# Move Cut Delete
™ |
Simulatior
@ Simuation ] ” PR Goeed =10 4 previous Next

© real Bobat
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Practical Module

Program basic movement with the cobot from SAS Lab.
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FACTORIES OF THE FUTURE

. Practical Module
> Implement a cobot — design solution for an allocated process:
> Understand process goals
> Create specification
> Evaluate technologies
> Design System
> Optimize solution

> Practice with a cobot:
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Thank you for your attention!

Questions?
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