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Abstract

| did my internship at Ciratec BVBA in Diepenbeek. They do offline and online
programming of different types of robots and, they are involved in making robot

standards for various applications.

Ciratec wants to present their customers advanced automation concepts using

collaborative robots (cobots), final assembly automation, line tracking, painting and
gluing.
Cobots are starting to be used more frequently in industry due to their multiple

advantages. Final assembly automation has a big potential as this part of the car

assembly is still not automated as body-in-white, so the use of cobots could change this.

Further paint and glue processes are difficult to fine tune during production, so |

investigated several ways to do this in an offline environment.

In my internship | used software as Siemens Process Simulate, ABB RobotStudio, Fanuc

RoboGuide and UR Polyscope. | also worked with a real Universal Robot cobot, the UR10.

The concepts | elaborate are: gluing cell for glasses in final assembly and weld inspection
in body-in-white using a Universal Robot; spare wheel insertion and battery insertion in
final assembly using a Fanuc robot; body panel painting using an ABB robot, and paint

coverage simulation with Process Simulate.

At the end of my internship | also developed a test environment for PLC equipment using
a Beckhoff Twincat SoftPLC. For testing we used an analog sensor with Profinet which

will be used during a bakery automation project
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1. Introduction.

| did my internship at Ciratec BVBA in Diepenbeek, where | developed advanced
automation concepts using collaborative robots (cobots), final assembly automation,
line tracking, painting and gluing. All these models were made with the offline

environment software of Siemens, Process Simulate.

Ciratec is a company that do offline and online programing of different types of robots,
which involved in making robot standards for various applications. The company was
created in 1998 by Jean Cloesen. Since 2016, Bart Thys and Robby Cloesen became the
directors. Also, in October 2016, they became part of the group FFT, keeping their

independent business unit within the FFT group.

About the collaborative robots (cobots): they are a new generation of robots whose
target is to work with humans in the same way. Those kind of robots are beginning to
be used more frequently in industry because of their multiple advantages such as:
reduced mode that can be activated when it detects a person in its work area to work
with them, no need of security fences and detection of collisions with humans, which
means that if the robot collides with anyone, it will stop immediately. Despite the great
advantages that they have, they are still limited in some aspects like payload and
reachability. During my internship | worked with two cobots: CR-35iA from FANUC and

UR10 from Universal Robots, which | had the opportunity of trying.

With concepts, | am referring to models that only have the robot and the part where the
process will be made. Those concepts are used for simulation test and to present to any

costumer.

Finally, the model design was made with Process Simulate. Process Simulate is a 3D
design and offline robot programing environment. It makes the programing and process
design easier because you can use any robot without using their own software, which

gives to you more flexibility with customers and robot brands.

Also, Process Simulate allows you to import the programs that you make there to the
robot format in order to upload it into the robot; and import robot programs,

programmed with Teach Pendant or their own environment, to process simulate to be
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modified. To make that, the robot controllers have to be correctly set up with the one

that they need. Otherwise, the robot won’t work as it is supposed to work.

Process Smulate 14.1 - [paint 24042019zl SIEMENS

od_ | Sorage.. | ToiDa. | WoblD.. | ZomsD. | BasdD. BesdCa

Figure 1 Screenshot of Process Simulate environment

On the following pages the different models | made will be developed and how | made

them; and, a section about the UR10.
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2. Universal Robots. UR10.

During the development of my practices, as | said, | have worked in simulations with
Cobots. The Cobot that | used the most and the one | had to learn to handle it completely

is the UR10 of Universal Robots.

The design of this robot is very versatile, because it is a light robot with a wide range of
joint movements, it has an amplitude of + 360 degrees in each joint axis. All of this allows
movements in wide areas and even the possibility of installing the robot wherever it was
necessary. However, the cobots have some limitation such as a limited reachability and
payload. The reason is because working with humans the robot cannot exert too much

force because by colliding with an operator it could cause serious damage.
2.1.CB-Series vs e-Series

Presently, Universal Robots have two different series of robots, CB-Series and e-Series.
Despite the fact of being different series, they are similar robots, but with different

controller.

As shown on at figure 2 both robots have similar appearances. The most notable
difference between those robots is the base, but it is not the most important. The main

differences are in the characteristics.

e

Figure 2. Left: UR10; Rigth: UR10e
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As can be observed on table 1, the differences are minimal. Although the comparison is
made with the UR10 model, the main concepts could be applied on the rest of models.

The main differences are to be founded in precision, weight, energy consumption and

the number of security modes, basically.

Repeatability 0.1 mm J£0.05 mm
Mechanical weight | 28.9Kg | 33.5Kg
Payload 10 kg 10 kg
Reach 1300 mm | 1300 mm
Degrees of freedom 6 6
Base +360 1360
Shoulder +360 1360
Motion |Elbow +360 1360
range |Wirstl +360 +360
Wirst2 +360 +360
Wirst3 1360 1360
Base 1000 1000
. Shoulder 1000 1000
Maximu
Elbow 1000 1000
m speed [—
Wirstl 1000 1000
(mm/s) —
Wirst2 1000 1000
Wirst3 1000 1000
Power consumption
250W 350W
(typ.)
Safety functions 15 17

Table 1. Comparison between CB-Series and e-Series

2.2.PolyScope.

As most of the robot brands, Universal Robots have also their own offline programming
and simulation environment, PolyScope. Polyscope is an operative system based on
Ubuntu specifically design for Universal Robots. With this OS you can launch an offline
version of the software that the robots have in their Teach Pendant, URSim. In fact, there
are three applications, one for each robot model. That is because the main way to
program these robots are with the Teach Pendant, which is where you set all the robot

configuration from.
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Welcome to PolyScope
The icons for starting the simulator for different robot types are located on the desktop.

Links to the program folders are also available and it is possible to drag and drop files between the folder and
Windows desktop.

= = Tips for getting started:
i Keyboard Setup
ursimurs  ProgramsURS  , Default keyboard is English
Right click on “US” Icon in bottom right corner
Select “Keyboard Layout Handler" Settings
Select add to choose language from list

£ -
i

URSIMURS  Programs URS

o O O

« * Admin. Password
I ™x ] o To modify settings and updates in Linux the password is “easybot”
URsimURto  Pograms

L]

S

__lINIVFRSAI RNRNTS
[ = ) US 1621 &4

Figure 3. Screenshot of PolyScope
The software is free and available to download from the official Universal Robots web
page. Also, it must be installed in a virtual machine. It is important to know that the
software for the CB-Series and e-Series are different and the applications do not work
in the same way due to the different controller between the series. The way of
functioning of the robots are not the same. For example, the e-Series have more security
functions than the CB-Series and trying to use one of those functions with a CB-Series

robot that do not have could produce important errors.

As is said before, PolyScope is the OS; for programming the robot it must be used URSim.

And in particular for the UR10, the URSim URI10.

The three different versions of URSim are exactly the same, but each one is for different

robots, because the specific robot parameters are loaded in each application.

In figure 4, it is shown the aspect of the main screen of URSim. As can be seen, the
appearance is the same as the one that is installed in the Teach Pendant of the real

robot.
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| R Universal Robots Graphical Programming Environment - + X
Q File 142317 DDDD O
ergram [ Installation | Move [ 1/0 | Log |
gluings Command | Graphics | Structure | Variables |
|'¥ Robot Program

7 W Move| Q] A

® Waypoint_1 *e
= Wait: 2.0
Bl Script: W REAR_Q_RHL. i~
= Wait: 2.0
¢V Move) ©
o Waypoint_2
= Wait: 1,0 .
* Waypoint_3
= Wait: 2.0
B script: W_REAR_Q_RLL.
= Wait: 2,0

¢ W Movel
® Waypoint_4
o Waypoint_5

[ script: W_REAR_Q_RH2.
¢ W Movel
® Waypoint_6
o Waypoint_7
[ script: W_REAR_Q_RL2.
= Halt

<]
Q4[> e | N
giglljl::s;t EIIEIEI:I Speed =——= _J100% | 4 Previous || Next B |

Figure 4. Pantalla de inicio de URSim

From URSim, it is possible to edit and simulate full robot programs.

It is interesting and useful to know which different file types exist in these robots. It is

possible to differentiate 3 types of files:

1. .urp: this is the extension were the robot programs are saved. This is NOT a text
file, this file was made for open and edit with URSim.

2. .script: text file where the robot moves are written. This is not possible to be
edited whit the graphic interface of URSim, but can be added to bigger programs.

3. .installation: is a file where is saved the configuration of a robot: the position,
safety limits, 1/0, etc.

4. .urcap: this files are a kind of apps for the robot. Will be explained forward.

2.3.How use the robot.

The next steps that are going to be explained about how to use the robot, can be used

either for the real robot or the use URSim in Polyscope
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First thing to do is to set up the robot properly. At the installation tab there are several

configuration options, as can be seen in figure 5.

R Universal Robots Graphical Programming Environment - + X

& File 14:38:51 DDDD O
Program | Installation |/Move |/IIT|/ Log |

e coniguration Tool Center Point

Mounting Available TCPs:

1/0 Setup Tcp |v|

Oé Safety X mm | Rename | -

Variables ¥ mm | Set as default | ; |'III

PN z mm | New | I I"'\,‘

Features Rx| 0.0000|rad | R — | \

Smooth Transition RY | 0.0000| rad | / Position |

Conveyor Tracking Rz| 00000[rad |  Aorientation |

EtherNet/IP
Payload: kg
PROFINET rd

[[] center of gravity:
ArtiMinds Essentials

Default Program
Load/Save

Figure 5. Installation Tab

Of all the options shown at this tab, the most important are:

e TCP configuration, where the data about position, orientation, weight and center
of gravity of the TCP are introduced.
e |/O setup. Where the all inputs and outputs of the robot are set except for the
security 1/0.
e Mounting. Where the position of the robot is set.
e Safety. One of the most important section, on it you can set all the aspects for
the robot related with the security.
o General and joint limits: they are sections where is possible to set the
speed and joint limits in either reduce and normal mode.
o Safety boundaries: where is possible to define the safety planes for the
robot motion. Can be set in 4 different ways:
= Normal: the robot stops when is close to the plane only if the

robot is in Normal mode.
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= Reduce: the same as the previous one but with the robot in
reduce mode.
* Normal and reduce.
= Trigger to reduce: when the safety system is either in normal or
reduce, if this limit is activated the robot switch to the reduce
mode as long as the robot TCP is located beyond it.
o Safety I/O: where is possible to link the inputs and outputs with the
different safety actions.
e Load/Save: in that section is possible to load and save a robot configuration

(.installation files).
2.4.Experience with a real robot.

During one week | had the opportunity to go to the FFT factory in Fulda, Germany, to
use a real UR10 and make some tests with the programs | had made in the office. The
difference with my model was that the robot wasn’t handle above, but was enough for
making the test. At that cell, the robot was mounted on a moving platform. Also, there
were a table with a back window of a car and | could made some test with the robot and

the widow that will be explain after.

The first day was the first contact with the robot. The first thing | did was to check the
basic configuration as speed and joint limits, safety: moved the robot with the Teach

Pendant and test the free drive mode. For the robot’s free drive mode it must be pressed

the teach Pendant button, but it is important to check before if the free drive function
is associate with that button. It is important to know that the closer is the robot to the
joint limits the harder is to move that join; and, if you move it to the limit the robot will

turn on the emergency stop.

The following thing | did was try to connect the robot with my laptop with the Ethernet
wire. It was not possible because Universal Robots do not support the TCP/IP connection
and, for making the communication it should be used sockets or other communication

elements with C++.

Other aspect | wanted to try was the record of movements. The basic software does not

support that function, so an external application should be used; and those external

18



applications are the URCaps, which can be downloaded from the Universal Robots
official web page. They are too easy to install: download the file into a USB drive and
connect to the Teach Pendant; then, from the main window at Setup Robot = URCaps
click the “+” button and select the file with the .urcap extension. The application
selected was Artiminds Essential which can be used to record the movement and set the

recording parameters as the points recorded per second, etc.

r 4 Universal Robots Graphical Programming Environment - + %
Setup Robot ©
Initialize Robot URcapS

Active URCaps

Language @ ArtiMinds_Essentials

f Update

5 Set Password

4 URCap Information

Calibrate Screen

L Network

Time

URCaps

Figure 6. Setup Robot window
The reduced mode is something that define the cobots, which allow them to work with
humans. To make this function available a security 1/O must be defined or activate a
security plane, because if not the reduce mode limits and options won’t be available to
modify. Those 1/O are reserved to be linked with certain security related functions as
the emergency stop, for example. The reduce mode will be active as long as the signal is

on low level.
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IR Universal Robots Graphical Programming Environment - + X
D File 19:11:40 DDDD O
Program [ Installation | Move | /0 | Log |

TCP Configuration Safety Configuration
Mounting [ General Limits |* Joint Limits | Boundaries |* Safety /o |
1/0 Setup
@ Safety Input Signal Function Assignment
Variables

config_in[0], config_in[1] |Safeguard Resst |v|
MODBUS

config_in[2], config_in[3] |Reduced Mode |v|
Features config_in[4], config_in[3] |Emergency Stop |v|
Smooth Transition config_in[6], config_in[7] iUnaSS|gned |v|
Conveyor Tracking . . .

Output Signal Function Assignment
EtherNet/IP
PROFINET config_out[0], config_out[1] Unassigned -
ArtiMinds Essentials config_out[2], config_out[3] Unassigned -

config_out[4], config_out[5] Unassigned -
Default Program

config_out[5], config_out[7] Unassigned -

Load/Save

Safety password | Unlock || Lock |

Figure 7. Safety I/0 tab

After had all the safety related options set, | decided to upload some programs | made
with Process Simulate and try them with the full configuration of the robot done. All the
programs showed security errors. That was because all the programs were made using
the MoveP command, which does not support I/0 during the execution. To solve this all
the MoveP commands have to be replaced by the command Movel. In motion aspects,
both do the same, move the robot between two points in a linear way; but Movel allows

I/O during execution.
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3. Backup gluing cell.

The first model consist in a backup cell for the gluing of the different parts of a car that
need it. A backup cell consist in a secondary process which can be activated when the

main process is stopped because of any reason.

That cell is intended to be simple and with the lowest cost possible. That is why we
decided to use a cobot, because the lack of security fences and the possibility of working

together with a human makes the design easier.

The robot that is going to be used for the model is the UR10, from Universal Robots.
These robots give more freedom in movement in comparison with other kind of robots;

they have a £360 degrees of motion range in each joint.

Table 2. UR10's specifications

Mechanical Reach Motion range

Payload
weight ayloa (mm) Base | Shoulder | Elbow Wirstl Wirst2 | Wirst3

28.9 Kg 10 kg 1300 360 1360 +360 +360 +360 +360

For the design process of the model, | was given the biggest parts of a car that need
gluing in order to understand and make some tests about the reachability of the robot

and ensure that the idea is viable.

| had 3 ideas for this project: put the robot in a common position, put it in a wall with 45

degrees of inclination, and with the robot above the work table.
o Robot in a common position.
The most common position for a robot in a factory is horizontal.

As you can see in Table 1 the reachability of the robot is 1300 mm, which could be not
long enough for reaching the biggest pieces in a factory. And that was what happened

on simulations.

As can be seen in Figure 8 this is the furthest position that the robot could reach. Even
with the design it has, the following points need a configuration that is impossible to
reach with the robot, so it can produce the block of the robot. Due to those reasons, and

because it happened with most of the parts, the idea was discarded.
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Figure 8: Robot on the limit position he could reach

e Robot on the wall with 45 degrees of inclination.

It was a feasible idea. The problem of the reachability and joint configuration of the

robot on the pieces was solved; in some cases with little difficulty, but acceptable.

Nevertheless, there was a huge problem. After making some test with the location of
the robot and the work table most of the pieces were reached, but the robot collides

with itself in some cases. In Figure 9 it is possible to see the collision.

Figure 9: Robot colliding with itself

The problem was not the collision at all. The main problem was that if the piece was

moved, the robot didn’t reach the whole piece. That is why the idea was discarded.
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e Robot above the work table.

Another idea was to put the robot on above the pieces, face down and with the base
frame in the middle of the work table handled by a structure. In that location, the robot

can reach all the pieces.

That idea wouldn’t be possible with other robot but a Universal Robots’; and that is
because of its motion range which gives the possibility of doing a hole 360 degrees turn

of the base.

Those reasons are the ones that makes the idea available and what | developed. How |

developed the idea (model, simulation, etc.) will be explained in the following lines.
3.1.Development of the idea.

The Process Simulate tool was used to carry out this concept.

As a concept, all that is needed at the beginning is the robot and the parts on which the

process is going to be carried out

Figure 10. PUHead
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3.1.1. Previous configuration.

The first step is to open one of the parts that we are going to use, in my case the file
'PANOROOF_LIGHT.cojt', and place it at a normal height for a work table, around 1m
more or less. Then place the robot at a suitable height so that the process can be carried
out. For this type of process it is necessary to use a gluing gun. As the gun we use the

file 'PUHead.cojt' which represents the glue gun of the Figure 10.

After adding the tool, it must be defined. To do this, activate the Set Modeling Scope
mode of the part; and, selecting the tool, go to Modeling 2Kinematic Device 2Tool
Definition and pop up window of the Figure 11 will appear. In the 'Tool Type' field select
Gun, because it is the most similar option to the use it will have. Then, in the fields 'TCP
Frame' and 'Base' we select, respectively, the frames TCP and fr1, which is the frame

that is in the base of the gun.

L oudns

Tool Definition - PU head X

Tool Type: Gun -

Assign Frames:

TCP Frame: |tcp j Ej
Base |fr'| j Ej

Do not check for collisions
Entities ~

[v Highlight List

OK ‘ Cancel

Figure 11. Tool Definition Window

Although it is a concept, the glue gun is too long for what it is supposed to be a real one,

so the TCP was approached for not being so far away. Keeping the tool in edit mode we

select the TCP base and, using the Placement Manipulator Tool -] we place the TCP at

an appropriate distance.
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Figure 12. Screenshot of the Placement Manipulator Tool

3.1.2. Robot controller configuration.

Finally, before programming and carrying out the necessary processes, it is necessary to
define the tool, but this time in the robot controller. This is because when a program is
generated, the parameters of the system frames, tools, etc. are in the robot controller

because those are the necessary ones for the proper functioning of the robot.

Rob operties: X -
P Process Control Human &2 Tool Definition X I
Settings Controller ‘ External Axes | Conveyors
Narme: [PUHead]
ersal-UR X
Controller |Universal-URScript ~]| S
cp position
Robot vendor [ONIVERSAL Controller Version | . v
RCS version ‘ J Create/Update System Frames | [o10 Hoas H[z2045 =
Rx ﬂ
Manipuistoryipe: | =l Tool Definitions i
[o00 Hfooo Hfooo =
Controller version: ‘31 ﬂ =
Payload Definitions. |
Simition Stings | ey | oee | coe L)
(0] Ol
Program Templates Edition. |
- & Program Template Selection |
Dawnload Settings |
|
i 2
f J
Close ‘\
ey Sl =

Figure 13. Screenshots of the windows for define the tool in the controller

In Robot—>Setup—>Robot Properties, the window on the left in Figure 13, pops up and

you can choose the desired driver from the ones you have installed. We chose Universal
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URScript and version 3.1. Pressing the Robot Setup button takes us to the controller
window where we can configure multiple aspects. Within them we select the Tool
Definitions option. In the Tool Definition window type the name in the Name frame and

then select the TCP axes of the tool.
3.1.3. Creation of the process.

Now that we have the robot and the part in place and the controller and the tool

configured, we can proceed to the creation of the process itself.

In Process Simulate there is no option to create a gluing operation, the closest there is
to be a welding operation. The first thing to do is add the points where you want the
robot to move using the Process—> Discrete—> Create Weld points by pick tool. Select the
desired points and some garnet cubes will appear on the selected locations. The dots
must be projected onto a part so that they are attached to it and can be adapted to its

shape

S

Select the points and use the Process—> Discrete> Project Weld Points option, select

Figure 14. Weld Points

the part on which you want to project and, thus, there are some visible points with

orientation and manipulable (Figure 15).
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Figure 15. Weld points projected

With the points already created and projected on a part you must create a welding
operation in operation = Create operation—> new operation—-> New Weld Operation. In
this way, an operation is already created with a series of points that the robot must
follow, otherwise it could not be executed. Since this is not a real welding operation, the
points can simply be converted into 'via' points with the function Convert to Via

Location.

As the last step before going on to program the operation, we must place and orient the
points correctly, because after the projection they may be in an undesirable position or
with an incorrect orientation, as can be seen in Figure 15. Several Process Simulate tools
can be used to modify positions, but the most useful are: Location Manipulator and Flip
Location. When repositioning the points, orientation is very important, since the
orientation of the robot's TCP is what it will have when it tries to reach the points; they
must also always be oriented in such a way that the x-axis is in the direction of

movement.
3.1.4. Programming of the operation.

With all the above, the operation is already defined. All that remains to be done is to
configure the parameters of the robot movement which, although it is more appropriate

to program with the robot itself, can be done with Process Simulate.
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Path Editor

i i R 4 P M oW B’ 5 3 0.00 —

Paths & Locations Config Attachm... Tool Speed Blend Motion ... Accel

=By W_WINDSHIELD2
B, wp138 OH-J3-J4- T1:0 T2-17 Lma PUHead 200 mm/s | 30 mm Maovel 1000 mm/s* #
B wp141 OH-J3-4- T10T2-17  [lg PUHead | 200 mm/s | 30mm Movel 1000 mm/s* #
=, wpl42 OH-J3-J4- T1.0 T2-17 Lma PUHead 200 mm/s | 30 mm Movel 1000 mm/s®* #
B, wp153 OH-J3-J4- T1:0 T2-17 Lma PUHead 200 mm/s | 30 mm Maovel 1000 mm/s* #
B, wp193 OH-J3-04-T10T2-17 [l PUHead | 200 mm/s | 30mm Mowvel 1000 mm/fs?* #
=, wp202 OH-J3-J4- T1:.0 T2-17 ng PUHead 200 mm/s | 30 mm Movel 1000 mm/s* #
B, wp207 OH-J3- J4- T1.0 T2-17 Lma PUHead 200 mm/s | 30 mm Movel 1000 mm/s* #

L wp210 OH-J3-J4-, T1:0 T2:-17 @o PUHead 200 mm/s | 30mm Mavel 1000 mmfs® #

Figure 16. Path editor Screenshot
With the path editor tool, it is much easier to modify the parameters. Here you can
modify the important aspects for the execution of the program such as speed,
acceleration, type of movement, etc. Since in general all parameters are the same, it is
enough to select all the points and using the Set Location Properties tool all the

necessary properties are configured.
3.1.5. Upload a Process Simulate program to URSim

Once the operation is programmed and with the parameters well configured, the
program can be downloaded and Process Simulate will automatically generate the file
in the appropriate format and program language for the robot. This file is generated
with the download to robot function. The file it generates is a .script, not an .urp. As
explained in section 2, .script files are those that are text files with the robot

movements, so we cannot open them directly with URSim.

To open them with URSim and include them in a functional program, the following steps

should be followed:

e First, open a new program.
e Second: add the script file to the program in structure—> advance-> Script code

and select the option 'file'.
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D File 11:01:40 CCcC O
Program rlnslallation rMove /O | Log

=unnamed= f Command r Graphics r Structure ’/Variables |
WV Robot Program .
= <empty> Program Structure Editor
Set placement of node =
Insert
Basic [ Advanced | Wizards
‘ Loop SubProg ‘ ‘ Assignment
‘ If ... else ‘ ‘ Script Code H\Event ‘
‘ Thread ‘ ‘ Timer ‘ ‘ switch ‘ I —
Edit
| 4 Move ‘ | Copy ‘ ‘ Paste | ‘ Suppress ‘
| ¥ Move ‘ | Cut ‘ ‘ Delete |

Orenrons (1940 spees o
Figure 17. Structure tab in URSim

e Third: before including it, delete the first and last lines of the code, because if

you add it as it is, it will cause errors when running the program.

P—
10 def W_BACKSHIELD():

11 zet_tcp(p[-0.0001004599,0.00023014 5624,0.0000000000,0.0000000000,0.0000000000])

12 #5 "wp695"
13 movep (p[0.0213114485,0.1989209301,1.2537783046,-0.0187575204,0.12 1008550200], a=0.05, v=0.2, r=0)
14 set_tep (p[-0.0001004599,0.0002301469,0.3294465624,0.0000000000,0.0000000000, 0.000

15 #5 "up69E"

6 9,3.1014640393], a=0.05, v=0.2, r=0)

6 movep (p[-0.1014307212,0.2027250535,1.2501663918,-0.06683975905 .
7 zet_tcp(p[-0.0001004599,0.0002301469,0.3294465 = 00000,0.0000000000,0.00000000007)
8 #5 "wp69T"

movep (p[-0.223 072100653041,1.2431285811,-0.1064726561,0.1126735900,3.0560351791], a=0.05, v=0.2, r=0)

Figure 18. Screenshot of a. script file
3.1.6. Upload a program from URSim to Process Simulate.
The opposite process is also simple. After creating a program with URSim, multiple files

are generated, including .urp and .script. As mentioned before, .urp files will only be

used to open and modify them with URSim, so the file we are interested in is the .script.

We copy it to the directory of our Process Simulate project and with the robot = tool

program-> Upload Program we select the copied file.

Once uploaded, in a similar way to the previous one, it is necessary to eliminate 2 OLP
Commands that say while(true) and end. They are usually the first and last points on the

list.
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4. Weld check cell

The second concept is about checking bodywork welds. It is another process where the
human and robot works can be combined. In this case, the robot checks the welds
appearance, position, length and pores in places that it is impossible or difficult for

operators to get to.

The main idea was developed with the Fanuc’s CR-7iA, which is a smaller size cobot and

with very approximate characteristics with the UR10’s.

Table 3. Comparison between UR10 and CR-7iA

: Motion range
Repeatability M?I;::ia:tcal Payload | Reach | DOF
J Base | Shoulder | Elbow | Wirstl | Wirst2 | Wirst3
0.1 mm 28.9 Kg 10 kg lr:(r)r? 6 +360 +360 +360 +360 +360
1 J2 J3 J4 J5
911
+0.01 mm 55 Kg 7 Kg mm 6 340 166 383 380 240

As | did not have the Process Simulate model for the CR-7iA, the model was developed

with the UR10 model.

As it is a small robot, it can be handled above like in the previous model (section 2),
because the inspection zone will be the bodywork of the car and from that position the
robot can reach easier all the points. To check the weld, on the robot will be mounted a

vision system.

Figure 19. Picture of the process.
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4.1.ldea development.

It was an easy model to make. First, a complete car model, COJT file, was placed only
using the bodywork. Then, the robot was placed above the bodywork, in a middle point

to reach the important parts of the piece.

After positioning all the parts needed there were only two things to do left: creating a

tool to simulate de vision system and the programming of the movements.
4.1.1. Tool creation.

As | did not have particular Vision System for the process | created a resource to simulate

the camera of the inspection system! [FANUC, 2018].

For doing that | created a new resource at Modeling>Components >Create new
resource and within this resource | created two elements to simulate the camera: a box,
which pretends to be the body of the camera; and a cylinder to simulate the part which
joints with the robot. Finally, | added a frame as the TCP; and it is separated of the object
because, normally, the vision systems need to be on a certain distance to analyze the

devices they want to check.

9/L\x

Figure 20. Simulation of the vision system.

L https://www.fanuc.eu/bg/en/customer-cases/audi
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4.1.2. Process programming.

The way of programming the process was the same as in the gluing cell using weld points

and projecting them to the part.

On a bodywork the weld parts are not as big as the car length, there is only a few parts.

In this model | select five imaginary weld parts; especially on the most difficult shapes

of the bodywork because | wanted to show how the robot can perform the action there.

Figure 21. Check points on the bodywork.

Going in depth with the motion parameters of the process, the robot needs to go slower
4.2.Conclusions

The main target of this simulation was to analyze if this process can be made by the
company and to go in depth with different cobot processes and performances; and the

result was successful.
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5. Spare wheel and battery insertion.

The following concept is about the spare and battery insertion. Nowadays, it is not very

common to see these processes automatized, but with cobots that could change.

Normally, cobots cannot handle with big payloads. FANUC has one which has a

maximum payload of 35 kg, the CR-35iA.

Table 4. Main characteristics of CR-35iA

Motion range(degrees)

Repeatability | Payload I(R:‘a:‘r)\ DOF
$0.03mm | 35Kg | 1813 | 6 | 370 | 165 | 258 | 400 | 220 | 900

The main idea is to have two of those cobots that insert at the same time the spare

wheel and the battery in the car. Also, if it is possible, do that on line tracking. Line

tracking is an automation practice in which the process is made on a certain part while

it is moving, without the need to stop the line.

Figure 22. Capture of the process.

5.1.Developing of the idea without line tracking.

The first thing to do was the simple idea, to program the insertion of the devices. But

before that, it is necessary to prepare the gripper and mounted it on the robots.
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5.1.1. Create the gripper.

The idea for this gripper was to make one similar to the one that is used on the robot
demonstration [Fanuc, 2019]% by FANUC. For doing this | create a new resource and
within it | added a cylinder. Instead of creating more parts, | added a TCP separate of the
cylinder, as can be sawn on Figure 23. Then, the tool is mounted on the robot and set as

a gripper. This gripper is used by both robots.

Figure 23. Gripper

5.1.2. Creation of the different parts.

The way to create the parts are almost the same as to create a resource. On
Modeling ?Components >create new part and adding new geometry; for the wheel a
cylinder, and a box for the battery. To make them | used standard dimensions for this

products.
5.1.3. Programming the movements.

This is a simple pick and place operation where the robots take the battery and the spare
wheel and place it inside the car. To make it in Process Simulate, clicking on operation >

Create operation—> new operation—>New pick and place operation, a dialog window

2 https://www.fanuc.eu/bg/en/customer-cases/audi
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appears, in which you have to select the robot and the pick and place point, and the

operation is created automatically.

Name:  |cr_35ia_PNP_Op

Robot:  |or_35ia ~]
Gripper |Gri;:u_batte;r;.r ﬂ
Scope:  |Operation Raot -]

Gripper Pick and Place Poses:
Pick:  |cLOSE ~|

Place:  [OPEN ~|

(@ Define Pick and Place Points

o | Pt
Place: | Ej
(" Use Existing Path:
Path: | =]
-
| A

ﬂ | Cancel |

Figure 24. Pick and place operation dialog window

The only problem was that it creates an operation only with these two point, and for
this process more points are needed, mainly for the insertion part, in which is necessary
accuracy; otherwise, the robot can hit the car instead of insert the battery and the
wheel. That is because | added 3 points between the pick and place ones. One for rise
the object, one in the middle of the trajectory and one last to place the parts above the
place point. In this processes | used the linear movement for the rise and down of the

object; and, circular for the middle trajectory.

Path Editor

= i - P DM oW BB 0.00 — + 010 2

Paths & Locations Config | Attachm... Utoal Uframe Speed | Acceler.. | Motion.. | Termty.

= l:l_, cr_35ia_PNP_wheel
B! pickl 2-gripper? D-WorldFrame 100 % 90 % Joint FINE
B, via I 2-gripper2 0-WorldFrame 200 mmy/. 90 % Linear FINE
B, vial Da 2-gripper2 0-WoarldFrame 200 mm/.. 90 % Circular CNTO
B via2 I 2-gripper2 0-WarldFrame 200 mmy/.. 90 % Circular FINE
B placel [ 2-gripper2 0-WorldFrame 200mm/.. | 90% Linear FINE

Figure 25. Screenshot of the path editor with the properties of the movement

5.1.4. Robot position

Having done all this, you could see that the robot did not have a wide range of motion,
so it was necessary to modify the position in which it was so that it could perform all

movements with more freedom and without danger of colliding with the car. After
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different tries the final option was chosen, putting the robot at 30 degrees of inclination

in such a way where it has more opportunities of movement and avoiding collision.
5.2.Developing of the idea with line tracking.

For develop this idea it is going to start from the previous part, because the structure of
the cell is the same; but first, it is necessary to understand how the line tracking works
and how must be done on Process Simulate. Although the aim was to add line tracking
to the spare wheel and battery insertion concept, all the simulations were done creating
basic elements to experiment and investigate how it works. Due to the different

problems, the process was tested with 2 different robots.

o
iag

Figure 26. Basic simulation for line tracking with a FANUC robot

5.2.1. Line tracking. Definition.

There are some actions that need to be done in a certain moment and stop the line for
that can make fail the process. A line tracking process is one in which the different
actions needed are done while the production line is moving; giving the advantage of

not stopping the line.

The line tracking is based on the setting of a moving reference frame which modifies its
position in the world with the line movement. And referring the action, which the robot
must do, to that frame. Normally the movement is measured by an encoder and its

signal is used to modify the global position of where the robot has to go.
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The robot is not constantly following the same piece, it has a tracking space or range in
which it follows the pieces. It normally works as follow: the robot waits until a piece
enter in the tracking space (trigger); then, the robot starts to do the action following the
piece and when it is finished the robot stop following the piece and waits again until the
next piece. It can be explained as the robot catch the moving frame whit the trigger
signal and drops it when the action is done. If the action is not done when the piece is

on the track limit, the line stops until it finish.

Tracking frame

Trigger

End of tracking space

\

Figure 27. Representation of line tracking

5.2.2. Create the conveyor

To do a line tracking on Process Simulate the first thing to do is to create a conveyor.
The conveyor is the moving part of the process, which you can simulate the line with. To
create it | followed a tutorial from the Siemens help platform [Siemens, 2019]3. When
the conveyor is created, the next step is to add an object that moves along the conveyor,
a skid. To create it, first a resource has to be created; and, after that define it as a

conceptual skid at control ?conveyor2>Define as a conceptual skid.

With all this created, it is time to activate the controller’s line tracking option. At the
robot properties window, on the conveyors tab, there will appear one of the conveyor

signals that was created before, following the tutorial, and the opportunity to add that

signal to a conveyor clicking on the associate conveyor with signal button = |

3https://docs.plm.automation.siemens.com/tdoc/tecnomatix/14.1/tecnomatix _eMS/#uid:RoboticsMen
u_RobotConveyorTracking
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You can also add control points on the conveyor. There are three different types of
points: control point, ‘generate skid appearance’ point and ‘destroy skid appearance’

point.

- Control point: Creates a new control point on a selected point on the conveyor.
With them you can modify the speed and the orientation of the skid when it pass
through the point.

- ‘Generate skid appearance’ point: enables you to create a skid appearance on
that point, it is important to select a skid resource as the prototype for the
appearance.

- ‘Destroy skid appearance’ point: generates a skid deletion on that point.

After creating and setting all the basic things of the conveyor, the control of the process

featuring with the conveyor depends only on the robot controller type.
5.2.3. Tracking with FANUC.

On Process Simulate there is the opportunity to connect the robot controller to the RCS
module. The RCS, or Real-time Control System, module is a reference model architecture
suitable for real-time control problem domains. It defines the types of functions that are
required in a real-time intelligent control system and how these functions are related to
each other. Each robot brand has its own RCS module. This RCS module is helpful to

make more accurate simulations, because it shows the real limits of the robots.

In order to make the most accurate simulation, the first thing to do is connect the robot
to this module. For this, | had to create a virtual robot using a FANUC software. This
software is installed in Window XP virtual machine. The first thing to do after opening
the virtual machine is to check the communication between the virtual machine and the
host doing a ping* from the virtual machine to the host and vice versa. Then, with the
FANUC software you can create a robot: first, you select the robot model, and, then,

select the options you want you robot to have.

4 Ping (Packet Internet Groper) is used to check if a certain network interface, from our computer or
another, is active. The PING sends packets to the IP or host that is indicated, and tells us how long it took
the packet to go and return, among other little information.
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Figure 28. Screenshot of the FANUC software on the option selection step.
After this, it is necessary to check if the robot was successfully created opening the web
browser and writing the following direction: http://localhost::9080. In the direction it

will appear the option to visit two sites: Named Robots and Active Virtual Robots.

- Named Robots: Virtual robots successfully created.
- Active Virtual Robots: The ones that are currently in use. In other words, those

to whom we have connected through Process Simulate.

Before connect the robot controller from Process Simulate to the virtual robot it is
necessary to modify the file called “specific.cfg” located in the following path:
C:\apps\robcad\rrs_bin\rcsfri3\robcad.bin\VERSION\8.30. That file is a list of robots
that are created, so the only thing left is to add the name of the virtual robot that has

just been created.

Now, for connect the controller to the RCS module, on Robot Properties = Controller
switch to Connect the option on the boxes: ‘RCS in simulation’ and ‘RCS in Non
Simulation’. Now when you want to go to the Robot Setup the controller is going to

connect with the RCS module.
5.2.3.1. RCS problem.

The first idea was to do the simulation with the CR-35iA, but when it tries to connect
with its RCS module there appear an error. After trying different things, the cobot was

replaced by another robot model with similar characteristics, the r2000ib/165F. That
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was made because the target of the simulation was to check how the line tracking can
be implement with Process Simulate, and, in the end, both are FANUC robots that have

the same controller.
5.2.3.2. Programming

As explained in point 5.2.1, the line tracking programming consist in making the robot
wait until the skid object arrives to the trigger point and, thereafter, follow it until finish

the task.

In Process Simulate, first the line tracking option has to be configured on the robot
controller. In the robot setup window there appears the line tracking option. In that
settings you can select the track frame, normally one that exists yet; select the scale and

the teach distance, and, the different boundaries for the tracking task.

&2 Line Tracking Settings X
Paint schedule: = Import
Use track user frame |FALSE ﬂ
Scale: |D :I count/mm
Teach dist: |D :I mm
Track Frame
X Y 4
[1900.00 71119 +[330.00 =
w P R ps
[0.00 <[00 <[00 =]

Track User Frame

X Y z

[0.0 = | ={[0.00 =

w P R B

[0.0 oo oo =

Bounds

No. InBound QutBound
1 | 0
2 0 0
3 0 0
4 0 0
5 0 0
6 0 0
7 0 0
8 0 0
9 0 0
10 0 0
Apply Delete Cancel
2|

Figure 29. Line Tracking Settings window
For the programming of the action | create a simple movement of the robot in order to
follow the skid resource. For create the movements, the steps to follow are the same as

for another process, but attaching via point to the moving resource. The final thing to
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do is to add to the point the OLP commands to make the robot wait to the trigger and

to drop the tracking frame.
5.2.3.3. Conclusion.

After different changes on the programming and configuration | was not able to make
the line tracking works on Process Simulate. The most possible problem is that there is
something missing on the robot configuration or in the programming, but | did not find
it.

With the multiple problems | had, | decided to replace the robot by an ABB; because |

found evidences that with these robots is possible to do it.
5.2.4. Line tracking with ABB.

With ABB there is also the opportunity to connect the robot with the RCS module. In this

case it is a software that has to be active while you want to use it.

Select startup_ABB_rw5_RCS_Server - O X

S,
Aok ok R kKRR

The requested service has already been started.

More help is available by typing NET HELPMSG 2182.

Der RCS Server wurde gestartet.

I'l Achtung: Schliessen des Fensters beendet den Server Prozess !!

Zum Beenden des ABB rw5 RCS SERVER das Fenster schliessen.

Figure 30. Screenshot of the ABB RCS server

Opposite with FANUC, this RCS server can be used for any ABB robot, is not necessary

to create virtual robots to use it.
5.2.4.1. MOC file

For ABB, apart from the main things that are explained before, it is necessary to add
some extra information, because it is not enough to associate the conveyor on the robot
properties. There is needed which is called a MOC file. A MOC file is a file generated by

RobotStudio in which there are defined extra axes for the robot, conveyors, etc. For
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generate this file it is necessary to create one conveyor on RobotStudio first and then
load the file on Process Simulate. The MOC file should be uploaded from the robot setup
window in the Load Machine Data option.

"V WY TR

Load Machine Data X
Controller Version
Load Machine Data. Load Robot Backup. .. MOC File )
Create/Update System Frames { SYSFile: Browse... [+

Simulation Settings... Delete Machine Data |

Cancel ‘

Download Settings... ‘ Upload Settings. ..

Explicit Data Upload..

Load Local Data... ‘ Down Local Data

Import Additional Local Data..

Figure 31.Screenshot of the ABB robot setup
After that, | programmed a similar task as the one | made with the FANUC robot. Also in
this case it has to add OLP commands. The ones that have to be used are WaitWObj and
DropWObj, which are used for waiting for the part and for drop the reference when the

task is done.
5.2.4.2. Conclusions

Here happened the same as with the FANUC model, it did not work. | also think that the
problem has to be in some missing data or because a bad configuration in Process

Simulate.

In this case | previously made a simulation in Process Simulate and it worked perfectly,

so | am sure that it is possible to make it.
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6. Paint and Coverage Simulation

Nowadays, the final assembly processes are starting to be automatized. One of those
processes is paint and coverage. Besides the process itself, it is important to optimize it;

and, here is where the simulation can help.

With Process Simulate is possible to simulate the paint and coverage due to the tools it
has designed to do so. The goal of this concept is to know how to use those tools and
help to optimized the processes and, also, make more visual the simulations in order to

present them.
6.1.Tool definition.

First thing to do is define the tool. This is one of the most important parts of this concept,

because with a bad definition of the tool the coverage simulation will not work.
On Process Simulate painting tools are defined by three frames: base, tip and TCP.

- Base: where is attached to the robot.
- Tip: where the paint brush starts.
- TCP: with it is possible to manage the distance between the gun and the painting

face.

hase

tip

tcp

Figure 32. Representation of a paint gun and its frames
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6.2.Brush definition.

To simulate the brush, the paint gun model must have a cone with the vertex on the tip
frame and the base on the TCP frame. To define the brush, at Process Paint and
Coverage ?Paint Brush Editor select the cone and the origin frame, which is the tip

frame.

Figure 33. Picture of the brush on the paint gun used in the model
It is important to define the brush and the paint gun with the correct frames, otherwise
the simulation will not work properly and the cone will become purple that indicates

that there is a problem with the brush definition.

byl
¥

Figure 34. Picture of a bad definition of the paint gun and the brush

6.3.Creating the process.

For this part there are three tasks: generate the robot movements along the painting
face, create a point mesh, which will help for simulate the paint; and set the OLP

commands on the path editor for chose, open and close the paint gun.
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6.3.1. Generate a continuous operation

A continuous operation is one that is developed in one or more faces of a part. After
selecting the faces, you select the length of the operation and the times that you want
to repeat it along the face. This is very useful for painting, because is an easy way to

program the robot to move through a face to cover it.

At Process—> Continuous—> Continuous Process Generator its dialog window appears.
There you can select between Coverage pattern and Arc, depending on whether it is for

painting or an arc operation.

¥ Continuous Process Generator *

Process: |Co\rerage pattern j

# Geometry Selection

Faces: | 0 Faces X

Start point: |

End point: |

Spacing: 40.00 — mm 4= i
i Strokes before: ’ﬁ 2 - 3

Strokes after: |3 = 1

~ Operation - Paint_Robotic_Op2

v Mfg Feature

Continuous Projection v

# Locations Distribution

=

Location orienation: |Tangent ZigZag j

I Reference seam operation: |

Maximal segment length: 300.00 3: mm 4=

Maximal tolerance: 1.00 EI: mm

Iv Optimize location creation for arc and line segments 1]

Arc tolerance: 1.00 El: mm 4= ™ \
R
Minimal line length: 10.00 3: mm

X,

>

OK ‘ Cancel ‘ Apply ‘

Faces are missing Mumber of seams: 0

Figure 35. Continuous process generator window
On the coverage pattern first you can select the faces you want to cover. Then, the start
and end points of the movements. Also, you can select the spacing between the strokes

and the number of it that you want to be before and after. On the Operation tab you
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should select the robot and the tool. Also, on the Continuous projection tab is possible
to define how to distribute the locations setting their orientation, segment length and
tolerance; and, in addition to that, it is possible to select the optimization parameters

for arcs and line segment creations.
6.3.2. Creating the mesh.

With the operation created the next step is to create a 3D mesh of points. It is for the

measuring of the coverage. It is essential for the coverage simulation.

To create the mesh, go to process 2Paint and Coverage = Create Mesh. Then, select
the parts you want to create the mesh on. In the Create mesh window it is possible to
see if the part has an exact geometry and if it has already a mesh. Also it is possible to
modify the tessellation tolerances with you can make the mesh more accurate. The
creation of the mesh takes time, so it is better to set the appropriate values of the

parameters. Those parameters are:

- Distance: The maximum distance allowed between adjacent vertices of the
mesh.

- Deviation: This sets the maximum allowed divergence of the approximate
geometry from the exact geometry

- Angle: This sets the maximum angle allowed between adjacent approximation

items

t# Create Mesh X
Parts Exact Mesh
I550_stp_mid_1 v v J
Tessellation Tolerances
Distance: |12[}o_00 ~{ mm
Deviation: |1.00 =~ mm
Angle: |45.00 -+ deg
Preview ‘ OK ‘ Cancel |
Ready

Figure 36. Create mesh window
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6.3.2.1. XT-Brep exact geometry.

At first | had a different part to paint on, but it did not have an exact geometry, what

caused an error and the no process of the mesh.

One or more parts in the list have entities that
i do not contain XT-Brep exact geometry. Mesh
will not be created for these entities.

Figure 37. Error message when the par has not exact geometry

The XT-Brep exact geometry is a data format that Siemens use and is one of the best in
providing solid representation for JT files. The meshes are created thanks to the

information that this kind of formats give.

This exact geometry is something similar to the writing permission on a document,
because it gives lot of information about the design of the parts of the products. Some
factories do not want to put at risk a product that will go on sale soon, products such as
cars, and because of that they usually do not give models with this information, to avoid

the copies.
6.3.3. Programming and setting the simulation parameters.

After creating the mesh and the continuous operation, the only things left are the OLP

commands and the option for the covering during the simulation.

On the continuous operation, in the first point it must be added two commands:
ChangeBrush and OpenPaintGun. The first one is for selecting the brush wanted, here is
not possible to select the brush, it must be written with the exact name; and, the second

one is for activate the painting.

Clear l’. /‘ A -
Standard Commands  » File 4 \
Free Text Graphics v
GripLoad Paint » B7¢  OpenPaintGun
Line Tracking 4 PartHandling » | % ClosePaintGun
Paint 4 ProgramFlow » B2, ChangeBrush
H RobotCycleTime )
Synchronization » ' ' /
ToolHandling 2 5 g - ]
e !

Figure 38. Screenshot of the OLP commands
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Finally, at process 2Paint and Coverage> Paint and coverage settings we can
configure the color of the different layers and what we want to see as the mesh (only
while the window is open), paint or the brush while the simulation is not running. And
for activate the Paint and Coverage it is important to activate the option Paint and
Coverage during simulation.

; Paint and Coverage Settings *

Options
r lgnore hidden surfaces

Display

I~ Meshes
I~ Coverage
IV Brush

— Stroke Map

II_I_IIJIII

2 3 4 5 6 T 8 9+

Delete coverage |
Close |

Figure 39. Paint and coverage settings window

6.4.Result and conclusions

The results of the simulations were not as | expected. The coverage does not fit to the
face shapes, as can be seen on Figure 40. If the geometry is one created with Process

Simulate there is no problem, but with an imported one yes.

Y

Figure 40. Result of the simulation

In Figure 40 it is possible to see that the coverage is not good, because the paint is not
equal along the faces. For example, on the picture of the right can be seen that there
are some zones where a second layer (color blue) appears and that is because of a bad

paint distribution.
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At first | thought that the problem was in the mesh creation, but | realized that Process
Simulate does not recognize the shape while the creation of the continuous operation

(Figure 41).

Figure 41. Face while creating the continuous operation
You can also see that depending on the speed that you program the movements, the
result of the painting is different. With less speed the painting will have a better

distribution.

Figure 42. Painting simulation with different speeds: a) v50 b) v100 c) 60

To sum up, the tool is not as useful as | thought. The intended use of this application was
to optimize the painting processes and for making a more realistic simulation. But now

this is not good enough for that.
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7. Communication between a Turck module and TwinCat3.

The aim of this part is to read the values of a distance sensor from Beckhoff's TwinCat

software via a Truck input module.

The sensor is a Keyence IL-600, a laser sensor that is connected to one of the analog
input channels of the Turck BLCEN-4M12MT-4AI-VI. The Turck module is connected with
the laptop via a PROFINET adapter to Ethernet.

To reach the final result of reading the sensor data in TwinCat it is necessary to go step
by step. First, check the configuration of the Turck module and whether it is possible to
communicate with it via the Ethernet connection. Then, configure a project in TwinCat

and read the data received from the module.
7.1.Turck module.

The BLCEN-4M12MT-4AI-Vlis an input module from Turck. It has four analog inputs, two
fieldbus ports, which will be connected to the Ethernet port and auxiliary power, one
input and one output connectors. About the last ones, the input one is connected to a

power source.

Figure 43. Picture of the BLCEN-4M12MT-4AI-VI

Apart from the different ports, there are status LEDs that give information about the

status of the different parts of the module such as inputs, bus connection, etc. For
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example, if the measure is out of range, it is possible to know because the status LED of

the channel starts to blink.

Station LED status

Table 5. LED status of the Turck module

* D LED also indicates gateway diagnostics

LED Color Status | Description
10s QFF Mo power
RED ON .Low power or station error
RED .FL.ASHING (1 Hz) 'I!O module configuration error
RED FLASHING (4 Hz) Mo /O module bus communication
GREEN ON |station ok
GREEN FLASHING Force mode active
BUS OFF Power Off
GREEN ON Connected to Master
GREEM FLASHING Ready
GREEN FLASHING 3x {1Hz) |ARGEE Running
RED ON Error
RED [FLASHING [winK
YELLOW OM DHCF/BOOTF Search
LNK/ACT OFF No Link
GREEN ON |Link
GREEM FLASHING Traffic
YELLOW ON [100 Mbit Linked
/0 LED status.
LED -Color | Status Description
D= OFF Mo diagnostics active
RED ON Station error/ module bus communication failure
RED FLASHING (0.5Hz) .Diagnoslics active
Al channel OFF Mot active
0.3 GREEN ON |Active
GREENM FLASHING (0.5 Hz) Underflow in measuring range
GREENM FLASHING (4 Hz)

Overflow in measuring range

Apart from all this there are two rotary switches, covered by a small glass, that are used

either for setting the IP address or the device mode operation. With them it is possible

to set the configuration parameters necessaries for the connection.

LNK/ACTY

LNK/ACT2

x 10

Set
Switch

x1

Figure 44. Representation of the rotary switches

The different operation modes of the device that can be determined by the switches are

the following:

- 00: default configuration
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- 01-92: rotary mode 1...92 that correspond to the las octet of the module’s IP
address. The 100,...,254 are available with the PGM mode

- 93: BOOTP, that obtains the IP address from the BOOTP server.

- 94: DHCP, that obtains the IP address from the DHCP server.

- 95: PGM, in which you can change the IP address from the web server of the
device. That is what | chose, and will be explained before more in deep.

- 96: PGM-DHCP, which is the out-of-the-box mode and provides the customer
with powerful and convenient IP address setup.

- 97-99: Vendor specific address.
7.2.Connection to the Turck module

As | said before, the first step is to connect the Turck module and check if it is possible
to read from it. For it, the first step is to configure the IP address, then configure the

general settings and, finally, check if it is possible to read from the device.
7.2.1. IP address setup

As the connection is via Ethernet, it is important to set up correctly the IP address, and
for that there are the rotary switches (Figure 44). Normally, the rotary switches are in

the position 00, which is the default configuration that has the following parameters:

- |P address: 192.168.1.254
- Subnet mask: 255.255.255.0
- Default gateway: 192.168.1.1

The device mode operation | chose was the PGM (95) because it is possible to change
the IP address from the web server of the device, giving me the possibility of select the

whole range of addresses in an easy way.

To select this, | firstly had to rotate the switches to the 95 position and cycle the power
to the device. With this mode the device keeps the last address used, in my case the
default one. Once the device is on, the IP address can be changed from the web server.

The IP address | chose for the device was 192.168.1.190.
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7.2.1.1. Web server.

To have access to the web server it is necessary to enter the current IP address into the
web browser. From the web server it is possible to see the device information about the
gateway, network, Ethernet and the parameters and values of the inputs. For the last
ones is necessary to log in as administrator with a password, which by default is
“password”. Also from here is where is possible to change the IP address, at

gateway ?Network configuration.

&« C @ Notsecure | 192.168.1.190/1001_00.htm| h¢ @
TURCK.COM  For comments or questions, please email TURCK Support '“nc“
BLCEN-4M12MT-4Al-VI LOGOUT [ADMIN@192.168.1.200]

GATEWAY Slot 1 - 4Al-V/I - Parameters
Gateway Information
Gateway Diagnostics Analog In 0 - Measurement range -10..10 V420 mA v
Event Log
Ethernet Statistics
EtherNet/IP™ Memory Map Analog In 0 - Deactivate diagnostics yes ¥

Analog In 0 - Data format 15 bit + sign A

Modbus TCP Memory Map Analog In 0 - Deactivate channel no ¥

Links
Analog In 0 - Operation mode cument ¥

Galeway Configuration
Network Configuration Analog In 0 - Data representation standard v

Change Admin Password Analog In 1 - Measurement range -10.10 W4 20 mA v

SLOT 1 -4Al-Vil
Parameters
Inputs. Analog In 1 - Deactivate diagnostics yes ¥

Analog In 1 - Data format 15 bit + sign M

Analog In 1 - Deactivate channel no v

Figure 45. Screenshot of the web server

7.2.2. Problem with the firmware.

One of the biggest problems | had with the device was that | could not connect to the
ARGEE> environment and | could not see and change the parameters of the inputs.
Without that | could not see if the device was receiving data. All of that was because of

the device’s firmware was not update.

For the firmware update | had to use PACTware, a software supported by Turck for
device management. For doing that, first it is necessary to search the devices. On Project

window, with right click on “HOST PC” add device and select “BL Service Ethernet”. Then,

> ARGEE: Programming environment of Turck.
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on Online available devices tab it has to be selected the network in with it is going to

search for devices and, then, click on the Search button ® and the device appears.

1 PACTware

Fle FEdit View Project Device Fxtras Window Help
NEHS O [Re O (9B H
Project X ||| BB Disgnostic Scan | ™ TCP:192.168.1.200

Device tag ‘ G |i ‘%ﬁlchanne\ |Addrﬁ
= HOST PC ! Your Global Automation Partner

= TCP:192.168.1.200 f -+ <= 1 Device type BL Service Ethemet
Description  BL Service over ethernet communication DTM

S-@#® S (we0m &2
Driine avaiable devices | Add devices manualy|

| Ethernet [192.168.1.200/255. 255.265.0]

Trervice types
BLCEN-4h12MT-4

Flanred devices |
Figure 46. Screenshot of PACTware after searching the devices.

When the device is found, to update the firmware click on the Firmware download

button B . Then, the latest firmware file should be selected and, when the download

is finished, search again and check the firmware version it has.
7.2.3. Read parameters from PACTware.

After solving the problem with the firmware | was able to have access to ARGEE and to

all the features of the web server.

Also, | was able to read values from PACTware. Starting from what has been done for

the firmware update, it is possible to connect to the device with the Add device/DTM to

project buttonﬂ. Now, the device is added to the project and, automatically,

PACTware scan the device and find its full topology.

Device tag |[i |i |%E |Channe| |
B HOosTRC
£ TCP:192.168.1.200 & Al

-] % 192.168.1.190/BLCEN-AM12N # -J- =I= Cho1
~E i Modulbus + =l

E3 01/Intern-4A1-V/1 .| 3% [Modulbus ||

Figure 47. Device added to the Project
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Now that the device is added and connected, it is possible to read the values of the
different channels. For that, with a right click on the input module part and select the

Measured value option the value read will be displayed.

EE| Diagnostic Scan | ™ TCP:192,168.1.200 # Busaddress management | ™ 01/Intern-4AI-V/l # Measured value a4 kx|l

Your Global Automation Partner

Device typs Intern-4A1-VA
Descripion  Intern electronic modules 4 analogue inputs.

8S-& 2R Measured value
Name Walue
) Analog In 0
T
1469ma | ! | ! | | | | | | | | | | | | ' | ' | ' | (ma)
4 8 3 7 a El 10 1 12 13 14 185 16 17 18 19 20
= Analog In 1
Input value: 4.00mA | ! | ! | | | | | | | | | | | | ' | ' | ! | ma]
4 5 B 7 ) El 10 11 12 13 14 15 16 17 18 19 20
) Analog In 2
Input value 4.00mA | ' | ' | 1 | | | | | | | | | i ' | ' | ' | (ma)
4 5 B 7 8 a 10 1 12 13 14 15 16 17 18 13 20
= Analog In 3
Input value: 4.00mA | ! | ! | ! | | | | | | | | | | ' | ' | ! | w4
4 5 3 7 k] E] 10 11 12 13 14 15 16 17 18 19 20

Figure 48. Measured values.

7.3.Connect to TwinCat 3

After ensure that the module received the signal from the sensor and | could read it with

PACTware, the next step was to connect the signal with TwinCat 3.

TwinCat 3 is a SoftPLC developed by Beckhoff. TwinCat turns almost any PC-based

system into a real-time control.

D] TwinCAT Project] - Wicrasoft Visusl Studia [Administrator) A4 Pa @ x
FIE EDT VW PROECT EULD DEBUG TWNCAT TWNSFE PLC TOOIS SCOPE  WRDOW HEP

B-D-GEB S Veewse | [TwncAT T 60 RsnseBE-,

: Fieidous 10-Systemn in PS96
XN

& Misc
e turck
Diaabled SMDS NOT_DISABLED.

venciond celd WVersen S Vesan 5

@D gt o Tug0 Pashi THD"Device 1 (Prafinet Controller)*tur

& Persistent

1P condgurnton Sevelnuniil False

Paiies @ 168 %

Sutret

Gamezy 1 0 Fafeah GEOML

# TESTiMes Malsnghh  MsdenghOu Adlenghin  AlenghOu
v 102 e 1034 e 84 584
Emor List 2
T s | @ 12Messages | Clear p-

“““““““““““““

cigtion &

1 7/05/2015 1548103 053 ms | TwinCAT System (10000 TwinCAT System Restot itated from mableskd:
182168613411 port 1852,

2 7eaS 15040

Resdy

Figure 49. Screenshot of TwinCat environment.
Most of the information about TwinCat is for previous versions of Windows so that |
used TwinCat in a virtual machine with Windows 7. For the communication between the

virtual machine and the computer, the network has to be configured as a bridge.
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The laptop has not a PROFINET adapter itself, but with the PROFINET wire to Ethernet it
is possible to connect the module to the laptop. Because of that, the PC needs a specific
driver to make it able to receive data from a PROFINET device. Just in case | install the
drivers on the virtual machine and the laptop itself. It is possible to do from the network
connection setting of Windows and, also, from TwinCat. There, at TWINCAT tab in the
Show Realtime Ethernet Compatible Devices... option appears a window like Figure 50
in which is possible to see the compatible devices. There, on the incompatible devices
group appears the full name of the Ethernet device; selecting it and clicking on the Install
button the driver will be installed and the name of the Ethernet appears on the

compatible devices group.

Installation of TwinCAT RT-Ethernet Adapters Ié]
Ethernet Adapters Update List
B- li"‘ Installed and ready to use devices(realtime capable]
I 'i-." Local Area Connection - TwinCAT -Intel PCI Ethernet Adapter [Gigabit)

'i-." Installed and ready to use devices(for demo use only]
Compatible devices
-&F Incompatible devices

LmF Disabled devices

Dizable

I~ Show Bindings

Figure 50. Realtime compatible devices Window

7.3.1. Configuration of the devices on a TwinCat 3 project.

In TwinCat it is possible to add the Turck module. For doing that, the controller must be
declared first and within_the device itself. From the Solution Explorer at I/O = Devices
doing right click selecting Add New Item option there appear a Window. On that window

select “Profinet I/O Controller (RT)”.
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Insert Device Ié]

Tupe: -7 EtherCaT -~ 0k
----- = EtherCAT Master
=¥ EtheiCAT Slave

----- =+ EtherCAT Automation Pratocal [Metworlk Y ariables]
----- 2| EtherCAT Automation Protocol via ELEEDT, EtherCaT
----- == EtherCAT Simulation

[ Ethemet

[+~ Prafibuz DP

[=-#5 Profinet

m

=iy Profinet |70 Cantroller [RT)
885 Profinet 10 Contraller CCAT [RT) Targst Type
¢ Profinet |/0 Controller ELEE31 [RT), EtherCAT ) PC anly
aggs Profinet 1A0 Controller ELEE3Z2 [RT + IRT), EtherCAT _

) anly

--aggs Profinet 1/0 Device [RT)
-aggs Profinet |0 Device CCAT [RT) (2 BX only
g% Profinet |/0 Device ELEE3-0010 (RT), EtherCAT _

[-€in CaNopen - L

M ame: Device 1

Figure 51. Insert Device window
Now, on the Solution Explorer appears the controller. In its options, on the Adapter tab,
click on the Search... button to select in which port the device is located and select the
Ethernet adapter. Then, on the Settings tab it is possible to configure the IP of the
controller. There it must appear the IP of the controller (not the module’s IP) and the
subnet mask and Gateway directions. Those last ones are the ones configured before on
the module’s web server. As | did not make any change on that parameters, the subnet

mask and the gateway are the default ones, as can be sawn on Figure 52.

| General | Adapter | PROFINET | Sync Task | Seftings | Bax States | Diag History

IP corfiguration

IP address [EH . 188 . 1 . 20

Subnet 25 0 255 0 255 . 0

Gateway 192 168 . 1 . 1
Mame of Prlo Controller Station

te-pncontroller Set System name...

Wendaorld Deviceld
k0120 D023

Server UDP Port Client UDP Port
(xEE48 xEAGD

StationMame settings
[ Automatic NameOf Station assignment

Figure 52.Setting tab
The controller is already configured. Now it is turn of the module. First, add a new item

within the controller and select “PROFINET 10 Device” within the miscellaneous group.
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I

Inzert Box -

Tupe: -2t Beckhoff Automation GrabH Ok
fil BKA053 [K-Bus coupler) [—]

BKI103 [K-Bus coupler)

il CxZuml [Embedded PC)
Cx<Bunll [Embedded PC) )

CX8093 (Embedded PT) Multiple:
3020 [Embedded PC) 1 =
EF.9300 [E-Buz coupler)
EK.9310 [E-Bus coupler)
ELBE31-0010 [EtherCAT terminal)
q EP9300 [IPE7 E-Bus coupler]
-0 FCH3x1 [TwinCAT CCAT Device)
B |Lx-B303 [IP-Link coupler)
- M0 PNTC Device [TwinCAT Supplement)
-4 PROFIdrive MC [DPY2 / FNIO)
=i Mizcellaneous

- FROFIMET |0 De

M ame: Box 1

Figure 53. Insert Box Window

After that, the GSDML ®file of the module has to be selected to charge all the options
and configuration of the file. In my case | selected the file: GSDML-V2.3-Turck-BLCEN-
20180921-010400.xml. Now on the Solution explorer appears the full topology of the

Turck module.

4 Fvo
4 *é Devices
4 g5 Devicel (Profinet Controller)
“B Image
P Inputs
b [ Outputs
4 Inputs
# PnloBoxState
#1 PnloBoxDiag
b [ Outputs
4 [& AP
B BB Term 1 (DAP Module)
4 BB Term 2 (4AI-V/T)
4 B Subterm 1 (4AI-V/T)
4 Inputs
# Input value Chl
#! Input value Chl
# Input value Ch2
#1 Input value Ch3

Figure 54. Topology of the device in TwinCat

6 General Station Description Markup Language file is the device description technology for PROFINET
devices, regarding its identification, its structure, its communication features, its process data, its
parameters and its diagnosis. [Profibus, 2017]
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The last thing to dois the IP address configuration of the device. On the Device tab within
the module options it is possible to do that. There, the subnet mask and the gateway
are the same as in the controller; only it is possible to change the IP address. So, there |

wrote the one | set before with the web server: 192.168.1.190.
7.4.Results and conclusions.

After doing all the configuration correctly | could not read the measuring data from the
module. The only values | could read were the state values, which inform that there

were an error and that the device was not found.

One of the problems could be in the driver, because the driver were developed for Intel
Ethernet cards and mine was a Realtek. Nevertheless | was able to install the drivers in
my laptop. Also, | tried to run TwinCat from my laptop instead from the virtual machine,
but when | tried to switch TwinCat to run mode the PC break down and a blue screen

appears. Apparently, the drivers cause the problem so | had to uninstall all.

| tried to use another laptop with an Intel card and it did not work either. Because, first,
| had problems installing the drivers, and when the drivers were installed | did not read

anything. The only software | could read from was PACTware.

All this could be because some configuration were wrong or, it is possible that read a
Turck module is still not supported by TwinCat or that it is only possible to be read from

their own software.
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Appendix

A. Datasheets

1. UR10

R

UNIVERSAL ROBOTS

Technical details

UR10

CONTROL BOX

Performance Features

Repeatability £0.1 mm /20,0032 in {4 mils) IP clazsification [

Ambient temperature range 0807 150 Claza Cleanroom s

Fower conaumption Min SOW, Typical 25T, Kiax SOOW Moise <GEOE(A)

Collaboration operation 15 adwanced adjustable safoty functions. 0 porta Digital in 15
T HORD Approved Safety Functon Digital out L]
Tested in accordance with: Analogin z
EM |20 1E245-2008 PLd Analog out z

LD power supply 24 2A

Specification

Communicetion

TCR/IP 100Kk, Modbus TR,

Payload 10 kg 22 s Ercfingt, Exharraain
Reach 1300 mm / E1.2 in Power source 100~ 240 VAS, 60-60 Hz
Degrees of freedom & rotating joints Ambient temperature range O-E0°
Programming Polyscope graphical user interface an 12 inch Physical

tauchzcragn with maunting Control box gize (Wichhd) ATEmm x 4ZEmm x 268mm

1E.Tx 15,7 x 106 in
Movement Wesght 1Tk 7B lbs
Axia movement robot anm ‘Waorking range rAtimum spaed Meterials: Stael
Baze + 250 + 1207 Sec.
Shoulder + 2507 + 1207/ 3ec.
Elbow s 1o TEACH PENDANT
Wizt 1 + 5507 + 1807 Sec.
Wrist 2 + 250 + 1807/ Sec. Features
Wrizt 3 R J— IP clazsification W20
Typical tood 1 miSec. £ 204 inS S
Phy=ical

Featureg Materials: Aluminium, PP
IP clazaification . Weight 15k /2.3 khs
IS0 Class Cleanroeom E Cable length A45m/1TTin
Muoiae T24B
Robot mounting Ay
O porte Digital in z

Digital out z

Analogin z

‘Analog out o
D poweer gupply in tool 12 W24 ' 500 ma iin tool
Phy=ical ]
Footprint & 190mm
Materials Alumirium, PP plastics
Tool connector type ]
Cable length robot srm Em /236 in
‘Weight with cable 280kg /B2 T lbs
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2. CR-35i

Motion range [°)

Maximum speed [mm/s]"!

Mechanical

ight
" nl oz | s | s | s

Controlled | Repeatability
axes [mm]

n

J2

J& Moment/ J5 Moment/ J6 Moment/
Inertia Inertia Inertia

13 Ja J5 Jb [Nm/kgm?) [Nm/kgm?) [Nm/kgmz)

6 +0.03" §%0 370 | 165 | 258 | 400 | 220 | 900

750°2 110/4 110/4 60.0/1.5

Working range

Mation range may be
restricted according
to the maunting angle!

MDS-00108

Mw......_.ow:: CR-35iA

Robot footprint [mm] _ . 650X650

Mate cabinet B -
A-cabinet .

tPendantTouch _ .
Electrical connections
Voltage 50/60Hz 3phase V]
Voltage SO/60Hz phaselV]
Average power consumption [kW]

Integrated services =
Integrated signals on upperarmIn/Out o b4

Environment
Acoustic noise levelldB] <70

Amblent temperature (°C) . 048
Protection

Body standard/optional

& J3 dardfo

*11 In case of short distance motion, the speed may not reach the maximum value stated.
*2 It is necessary to set a motion speed according to risk assessment of system considering
pinching with the surroundings.

estandard o on reguest - not available | | with hardware and/or software aption **Based on IS09282
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Edfitinn+ Resy. G = 20 TR0 DET 30 1 38+ -00

3. Turck Module

BL compact™ multiprotocol fieldbus station for Industrial Ethernet

4 Analog Inputs for Current or Voltage
BLCEN-4M12MT-4A1-VI

Wk sl el e g e

04"

[ PR, |

noLry

= On-machine Compact Maldbus VD block

= EtherdetP™, Modbuss TCF, of
PROFINET slave

= Intagrated Etharnat Switch

= 10 Mbps 100 Mbpe supporied

= Twa 4-paba MiZ, D-coded, connectors
for Maldbue connaction

= 2 rofary swifchee for node address

= IPE7, IPEIK

= M12VD connaciors

= LED= indicating status and diagnostice

= Elecfronlcs gatvankcally esparated from
the fleld level via optocoupkars

Type dacigration
Hent-Ho.

= 4 analog Inputs for current or voltage

w Did .20 ma or -1000. 10 VDT |=a8-
lgctabile par channed)

BLOEN-EMMZMT-4M -1
EE114EE

HMominal cyetsm voltags
Sysiem power supply
wolisge supply connectan
Admizsibie range 1
Nominal cursen W

e cumant

24VDT » FLCIARGEE programmsabls
ia ausdiary pover

2 xM12, 5-pin

.. 3WDC

137 mA

1A

Flaidbus transmisslcn rats
Adlusiment ransmission rake
Fleidbus sddress rangs

Flzdbus =ddressing
Fiekbus connaction kechnology

Prolocod defection
Wity S&nper
Sendce Imzrace
“endaor I
Product bppe
Product code

Modbus TCP

Aodressing

Supporisd funciion codes
Kumber of TCP connecions
Input Dists 2izs

Input regisier siari address

Ethariabia™
Addressing

Devics Level Ring (OLAY
Cimss 1 connections

Input Azsambly Instance
Input Dists 2izs

Cwiput Assemibly Insiance
Cuput Caln Bize
Configurstion Assamibly Inatance
Configurston Elze
Comm Forrat

10130 MEEs

Suromatic delection

1..852

O (f52.158.1.354)

53 [(BooRF)

54 [OHCF}

55 [PEM)

55 [PEM-DHCF) “Recommended for PROAKET
57...98 {manufaciurer spacHc)

2 decimally coded rotary swilches
25 M1Z

d-poie, D-coded

aulomadc

Imizspreisa

Ethernst

48

12

11488

Eisdc IF, BOOTR, DHCP

FCA, FCE FO3, FO4, FO5, FOB, FC15, FC1E, FC23
B

max B reglsher

0 (D000 hex)

acc. io EtherNeb1FP ™ specification
supparbed

B

103

TINT

104

1INT

108

o

Ciats - INT

1T TURCKE inc. & 3200 Carrpus Dave Min=sapole, M 35244 1-2858 & Papne: TE2-223-TIDD & Applicescn Supgort: "-200-244-TTEE # Fex ME3-232-0TCE & wamnidrsicam
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e - R 1~ 29500 QBT A0 1 50100

T DN 1L

EL compact™ multiprotocol fieldbus station for Industrial Ethernet
4 Analog Inputs for Current or Voltage

ELCEN-4M12MT-4AI-VI

PROFIHET

Addreszing OCP

Cunformanoe class: B {RAT:

MInCyCETIme: 1ms

Dingniostics Bce. 1o FROFINET aiarm Fanding
Toclogy del=ciian upEaried

Auriomnaiic addrezsing upEaried

Meda Redundancy Froboool (MEF) suppamed

Input Dats 2ize mak 3 BYTE

Amsiog Inputs from Ak

Ciparatng modes 04 ... 20 mdar-1000 .. 10 VBS
Ty of Inpizt disgrosiics Channs disgnostics

Sermar supy

Inpul resisfsnos

Masmum |imiting frequency anaiog
Besic faul it 51 23 "G
Repesiatilty

Ternperabune cosficent

REssiuticn

Mensuring principie

Messurament display

Dimsamckons
IMourniing

\hamighl

Housing material
Housing oolor

WWiind ow maierisl
Flmierisl scraw
FEizrisl skl
Ground IBbel malersl
Prolecion class

Cipersting iEmpersture
Siompe lemperabure
Reismve Pumiaity

Wikradon lest

Extended witation ressiancs
- o 20 g (et 10 up o 1 50 HE)
Shock sl

Eeciromspneiic compaidbiky
MTTF

MTTF nofs

Approvals and cerffizales

2T TURSH ira #3000 Carmpus DS Kassaps 5, AT B840 1. 0000 » Pagns. TI-003-TI0 w dppasan 3o0aen. 'R00.045. P00 ® Bax O3B 0-0TC00 @ v hatne ga =

24ViDC, 1 amp man.

Curreni: < 0,125 KQ}, VoRage: < 53.5 K0
+ 20 HZ

+0.3%

= [0.05 %

= 300 pgeen ¢ 85 of #el| scale

15 bt

Sigma Dela

16 bit signed ink=ger

12 bt full range leftjusdfied

113 %71 ¢ 325 mm

2 % 5.4 erww d leresber Roles, 1.7 Wm foegqus
350 = 30p

Gimss-Aled mylon. nizkel plsted Brass conmecinns
Back

Lexan

Hicke pigisd orxss

Poiyester with polycarbansie cue sy
Hizks plated brazs

IPET

[ =59

=40, +70 &2

=40, +85 %2

15 1o 55% {nor-condenaing)
pecording b IEC §1131-2

Far mounting on bese plste or rachingry
pecording ke IEC §1131-2
pecamding b IEC E1131-2

122 years

Bec. 1o BN 29500 (Bd. 88 0 C

CE, cULus, Ciess | D2

Wk LAl e g T
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