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1. ABOUT THIS DOCUMENT

1.1. Safety warning

The instruction manual is part of the equipment and must be delivered and kept
together with it. Before carrying out any type of manipulation of the equipment,
read this manual carefully, as well as the ones related to each specific machine
or component that you will be working with.

This manual must be read by all persons authorized to intervene in any way in
the handling of the equipment.

Operator’s assumed responsibilities are as follows:

Maintain the safety regulations during the operation of the equipment (laser
profilometer).

Use the profilometer correctly according to the established in terms of safety.
Maintain the required safety and hygiene levels.

Regarding the equipment pictograms, GarLine sensor includes security warning
sign labels that must be kept in perfect condition in order to allow compliance
with their instructions to the operator and/or user. In case of deterioration, they
must be replaced.

The use of laser profilometers, in conditions NON FORESEENED and/or
PROHIBITED by this manual, can lead to serious dangers for the worker, people
and things around the equipment and for the equipment itself.

For your safety and the one of those around you, follow the instructions for using
laser profilometers according to the information provided in this manual.

PP O

ACTIONS IN THE EVENT OF ACCIDENTS
GarlLine integrates security devices that minimize and avoid the possibility of accidents.

In case of accident, immediately contact your local medical emergencies service or contact the
telephone number assigned to the company's risk prevention department for this type of events.

Manual version history

Version 1.0. - February 2022




GARLINE GARMO

User Manual — Version 1.0 INSTRUMENTS

1.2. Liability disclaimer

The manufacturer does not take responsibility for equipment failure or damage caused by it, in cases
where its handling or maintenance does not correspond to the indications in this manual, as well as in
cases where it has been used for different purposes of those of normal use for which it has been
designed.

The user is not allowed to carry out unauthorized investigations on any aspects of the equipment, unless
the company had previously designated him as an authorized operator. Any attempt by the user or
unauthorized personnel to disassemble or modify the equipment without previous authorization will
exempt the manufacturer from all responsibility for eventual damage to people, things or other affected
goods.

1.3. Manufacturer information

GARMO INSTRUMENTS, S.L. is a company dedicated to the manufacture of optical instruments, and
photographic and cinematographic material.

The equipment beholden in this manual (laser profilometer GarlLine) was manufactured by:

MANUFACTURER GARMO INSTRUMENTS, S.L.
With registered office at: Pol. Ind. Malpica, ¢/ E 32-39, nave 43, 50016, Zaragoza (SPAIN)
VAT ES - B99562340

CERTIFICATIONS

C€
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2. GARLINE SENSOR: GENERAL DESCRIPTION

GarlLine is a laser profilometer sensor for seam tracking, and it would be used in specialized machines
or welding robots.

The sensor is considered part of an equipment, so it wouldn't be contemplated as one single
component, so there is no option for the sensor to perform on its own. The sensor is meant to
complement a welding robot or a specialized machine.

GarlLine laser seam tracking sensor is based on triangulation principle. The equipment contains a diode
laser that projects a red stripe across the weld joint. Since the laser includes a 3R laser within, it is not
potentially dangerous for user's eyesight, as long as all safety measures and instructions are properly
followed.

Since the sensor was designed as a complement to other machines or robots, there is no precise way
to detail how to use it because its usage would depend on users' necessities.

2.1. ldentification of the main elements of GarLine sensor

The following table shows the main components of the sensor, their purpose and description:

MAIN COMPONENTS
COMPONENT FUNCTION DETAILS
Housing Protection Aluminum housing composed of 4 pieces, a set of disposable
polycarbonate protective windows to be inserted in the external
frontal side of the sensor, a protective Gorilla Glass window in
the inner frontal side of the sensor and a mounting plate at the
bottom to join the sensor to another machine.

Laser Measuring Continuous wave laser, type 3R, 30mW power and a 685 nm
wavelength.

Camera Data 1,3Mpx camera. It is not just a camera, but also a complete

collection optical system designed by GARMO INSTRUMENTS, S.L. which

includes a central 685 nm band filter.

Printed circuit boards | Calculation The internal system includes 3 boards: a connection board for
and analysis | power and data transferring; a Main Board for information
processing; and an |0 board to process the internal connections.

GarlLine contains no user-serviceable parts. In case any support is required, please get in touch with
GARMO INSTRUMENTS, S.L.

Before using Garline sensor, please make sure that the user has previously read and properly
understood the sensor operating process and that all suitable precautions are taken.
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2.2. Introduction to sensor working principle

In automated arc welding, the welding torch is mounted on a mechanism of some kind, which can be a
robot or some other type of welding machine, such as a lathe, seamer, gantry or column & boom
manipulator. The parts to be welded are normally mounted on the welding system using jigs, fixtures
and positioners or fed into the welding station as in tube and pipe mills. Such mounting of the parts is

never completely accurate and repeatable.

Thermal distortion during the welding process then causes the weld joint to move and change shape as
a result of the welding process itself. In some cases, movement of the parts being welded is an inherent
feature of the manufacturing process.

Laser guidance is widely used in both robotic and automated welding. The laser sensor is also mounted
to look in front of the welding torch in the welding direction. It detects the shape of the weld joint, which
is analysed in an electronic system to identify key points. The position of these key points is compared
with a template storing the ideal position of the points relative to the welding electrode. Any error is
input to a software algorithm, which determines how to move the robot or weld head slides to eliminate
the error.

Laser seam tracking is based on the principle of triangulation, as shown below. Triangulation is a way of
extracting geometrical information from measurements and has many applications. The normal
meaning in welding sensors refers to using a structured light source, usually a laser diode, in conjunction
with an imaging device to produce a series of 3D slices through the weld joint.

Camera Sensor

Optics filter
Laser Line P
Generator

Custom design
optics

As indicated by its name, this type of sensor projects a laser stripe across the weld joint. The stripe is
then deformed by the shape of the weld joint. The deformed stripe is imaged by a two-dimensional
camera (CMOS type - or Complementary Metal Oxide Semiconductor). An optical filter perceives only
the light, which is at the same wavelength as the laser, projecting it into the camera. This eliminates most
other light, including arc light.
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3. GARLINE TECHNICAL DATA

TECHNICAL DATASHEET - LASER PROFILOMETER DEVICE CHARACTERISTICS

TYPE BRAND

VERSION ID NUMBER

LASER PROFILOMETER GARMO

GARLINE E30-0001

TECHNICAL DATA

Optical data (all measurements in mm)

Standoff 50
Field of view 28
Depth of field 70
Horizontal (at nominal distance) +0.2
Vertical (at nominal distance) +0.25

Mechanical data

Temperature range

between 0°C and 45°C

Storage temperature range

between -20°C and 70°C

Measuring rate 42Fps
Protection P67

Housing material Aluminum
Disposable protective windows Polycarbonate
Weight 450 g

Electrical data

Current consumption (max) 30W
Transmission speed 100/1000 Mbit/
Interface Ethernet TPC/IP
Connector type M12 X-Code
Supply power PoOE IEEE802.3at
Integrated web server Yes

Laser

Laser class 3R 660-699nm (IEC60825-2021)
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3.1. Hardware description

Protective
window LED

Indicators

Power & Data
Connector

Dovetail
mounting

Air Connector

Splatter
shield /

3.2. Field of view

14°
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3.3. Dimensions
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3.4. GarlLine laser

GarlLine sensor is a class 3R laser product. It is not potentially dangerous
to eyesight.
Read and follow the safety instructions carefully

On sensors head you will find the following warning labels indicating lasers wavelength and intensity.

T
AVOID EXPOSURE TO

BEAM RADUATION
PRODUCT CLASS 3R LASER

The Garline sensor uses a laser line generator. This is a semiconductor (GaAs) laser in the 685 nm range
(670 nm to 700 nm). The laser beam emitted by the diode is spread by lens combinations in a thin,
uniform line onto the workpiece. As previously explained, the laser projects a stripe (not a spot) onto
the workpiece placed under the sensor head. The laser projects a continuous wave (not a pulsed light).

Although the beam source is emitted within close range onto the workpiece, through carelessness, it
cannot cause damage to the eyesight. Anyway, when the sensor is operating, ensure that all suitable
precautions are taken to avoid direct eye contact with the beam. The beam should not be viewed at
close range, either directly or through a lens or mirror.

It is recommended to instruct workers on safety measures, precautions and any potential risk that laser
radiation may cause. GarlLine is a 3R class device that meets with the UNE-EN 60825:2014 standard
requirements. The user must provide all the necessary safety measures in accordance with all national,
federal and local regulations
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4. COMMISSIONING

4.1. Mounting plate

GarLine sensor employs a dovetail type mounting bracket method. This technique helps to ensure
that the sensor can be repeatedly installed on a specific location from the workpiece, and can also be
easily removed or installed on another robot. The mounting plate contains ball plungers on its base
that, along with the retaining screw at the top of the mounting plate, maintain the sensor in alignment.
Cooling of the sensor body is accomplished by supplying cold water through the water-cooled mounting
plate. Where less cooling is required, then the sensor can instead be cooled by passing cooling air
through the same connection on the mounting plate.

The camera, lens, and illumination are housed within the sensor body. Air flows from around the
optics provide protection from dust, fluid and small metal splatter, and prevent from contaminating too
rapidly the front of the sensor and the disposable polycarbonate window. In this way, thanks to air flows
and frontal disposable protective window, dirt does not get inside the device.

4.2. Important consideration for mounting

RF Noise / Isolation of the sensor head

The sensor system has been designed to be used in an electrically noisy environment. The control unit
and all signal cables are screened. This provides excellent protection from RF noise produced in an
industrial environment (to achieve this, the grounding of the cable is necessary). Also, the camera cables
should not be wrapped around high voltage cables and should wherever possible be separately
routed, together with other low voltage cables.

In the unlikely event that the system is affected by electrical noise, then ensure that the sensor head is
electrically isolated from the machinery. This is typically accomplished by using the suggested isolation
mounting plate.

10
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Position of the sensor

Make sure that the sensor is properly fixed on the mounting plate and to the welding torch. Also, the
sensor should be oriented toward seam and welding torch as in the following table (note that the
position of the sensor and the welding torch may vary depending on the type of welding):

Sensor should be installed | The sensor should be installed 2 cms beyond the welding point
parallel to the welding torch. | (this might also depend on the type of welding).
The welding torch should be | The welding seam should be in the sensor’s field of view (around
pointing to the welding seam | 30 mm from the seam to the sensor's camera).

(perpendicular position | The seam should be placed perpendicular to the sensor and the
towards the seam). welding torch.
Air flow supply

In order to protect the sensor head from welding smoke and splatter, GarlLine sensor head must be
provided with a supply of air flow during welding through the air connector at the rear part of the sensor.
The air flow should be approximately 5-10 litters/minute. If the sensor is provided with air, please ensure
that clean, dry and oil free air is supplied. Oil or water in the air supply will get the sensor protective
window dirty.

Sensor cooling through water-cooled mounting plate

Cooling of the sensor body is accomplished by supplying cold water through the water-cooled mounting
plate. Where less cooling is required, then the sensor can instead be cooled by passing cooling air
through the same connection on the mounting plate.

M
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5. GARLINE SENSOR MAINTENANCE

GarLine sensor head contains no internal user serviceable parts. Work on
the sensor should be done by authorized personnel only. Please ensure
that the correct operation and safety procedures are properly followed.
Safety information is provided in this manual

It is advisable that the sensor has an air supply when welding. This will help protect the sensor head
from the smoke and splatter from the welding process. It will also provide some cooling for the sensor
head.

It is also advisable to ensure suitable cooling through the mounting plate.

GarlLine is designed to keep the maintenance required to a minimum. However, to ensure good
performance and a longer lifespan, periodic preventive maintenance checks are required

Please turn off sensor before performing any sensor inspection. Refer to
laser safety information provided in the introduction of this manual.

The frequency of sensor maintenance will vary with the severity of the working environment. For any
internal inspection, maintenance or reparation (e.g.. sensor’'s inner cleansing, lens replacement, CCD
camera replacement, laser replacement and calibration), contact GARMO INSTRUMENTS, S.L. Don't
perform any internal operation on your own.

Do not use the sensor without protective windows and the splatter shield. Trained personnel are
required for periodical protective window replacement. Protective window replacement is essential,
since particles from the welding process can accumulate on the sensor protective window.

Please check the sensor head for damage approximately every month. Before doing this, disconnect
the sensor. Any smoke or splatter should be carefully wiped off with a soft cloth, or a nylon brush. If you
see any evidence of oil on the glass of the sensor, check the air supply immediately, and if necessary,
improve the filtering to the sensor head.

5.1. GarlLine maintenance interval

The frequency of the maintenance of the sensor will depend on the application and the type of welding
process. We recommend having two maintenances frequencies:

Regular maintenance:

e At the beginning of every shift, remove any dust particles from the outside of the sensor using
clean compressed air.
e |If the disposable protective window is damaged or dirty, replace it with a new one.

12
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Every week:

e Clean any excess of dust or splatter from the outside of the sensor with an alcohol moistened
cloth or compressed air.

e Incase of cooling the sensor through air flow connector, you may use a vortex tube.

e Checkthat all cables and connections to the sensor head are in good condition. Please replace
the wires if they are kinked or frayed.

5.2. Assembly and disassembly of the sensor head

Sensor head dismount:

e Turn the power to the sensor off.

e Remove the single connector to the sensor head (in case air flow cable is connected, remove it
t00).

e Loosen the locking nut at the top of the mounting plate and then unscrew the knurled bolt until
the sensor is free.

e Lift the sensor off.

Sensor replacement:
e Place the sensor head on the mounting plate.

e Tighten the locking nut finger tight. This is particularly important on applications where the
sensor head is mounted on a robot, to ensure that the retaining bolt does not come loose and
to avoid any tracking errors.

e Reconnect the sensor cable (and the air flow cable if necessary).
e The sensor head can now be powered on again. However, a calibration may be required.

Note that the mounting plate of the sensor is designed so that the sensor can be easily removed if
necessary. The mount provides a very repeatable mounting position for the sensor head, to minimize
any setup required if a sensor head is replaced. However, calibration may be necessary.

Remember that GarlLine sensor head contains no internal user serviceable parts. Work on the sensor
should be done by authorized personnel only. If necessary, contact GARMO INSTRUMENTS, S.L.

13
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5.3.

GarlLine is provided with three lightning indicators on the sensor head that show different process

LED indicators

statuses of the sensor (find the image and table below):

LASER

Shows whether the laser is on or off. When the laser is on, the LED light
turns orange.

STATUS

Indicates different sensor statuses.

White

The sensor is turning on / standby position.

Blue

The laser is on but seam tracking and key points are not properly
detected

Green

The laser is on and both seam tracking and key points are properly
detected.

Red (intermittent)

The sensor is rebooting.

Yellow (static)

When the sensor is connected and turned on, the Status light turns
yellow for around 3 seconds before turning white. Do not turn off nor
disconnect the sensor at this stage. Note that, if the sensor is turned off
or disconnected for 3 times at this stage (while the LED is yellow), the
sensor would restore its original settings and all stored data and settings
would disappear (such as IP, net or gateway configurations). In case of
doubt or any clarification required, do not hesitate to contact GARMO
INSTRUMENTS, S.L.

Yellow
(intermittent)

The sensor is being updated. In case of any update or bug fixing, GARMO
INSTRUMENTS, S.L. would get in touch with the client to inform about the
necessary sensor update. While the update is being installed, the Status
LED would blink yellow. Do not turn off nor disconnect the sensor while
the update is in progress.

ETHERNET

Shows the status of network connection (a wire to Ethernet connection
is required).

Off No connection with the remote computer.
Green(static) Connection established.
Green Data transfer in progress.

(intermittent)

14
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5.4. Frontal disposable protective window

The optics of the sensor head is protected from welding smoke and splatter of the welding process by
a black copper splatter shield. This splatter shield holds a clear polycarbonate window, which must be
changed when it has smoke or splatter on it. Typically, for MIG/MAG welding this will need to be done
once per shift, but this mainly depends on the welding process in your application. Depending on
welding consistency, you will soon find the best interval for changing the protective window for your
application. Note that with TIG and laser welding, the window needs to be changed less frequently as
there is less weld splatter.

If you use an anti-splatter spray on the welding torch, please be careful not to spray it into the sensor.
Cover the end of the copper splatter shield before spraying the welding torch.

) In Position

\ Insert
“ Window

NEVER WELD WITHOUT THE DISPOSABLE WINDOW FITTED. Otherwise,
welding splatter and smoke will get onto the front of the sensor head.

15
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5.5. Basic rules for using the GarLine sensor

General instructions cannot be specified since the device described in this manual is considered a
complement to other equipment, hence it cannot perform on its own. The instructions to be followed
are the ones provided for the equipment which the sensor would be installed on. GARMO
INSTRUMENTS, S, L. cannot provide general instructions given the unknowledge of the equipment, which
GarLine sensor would be installed on.

The use of the GarlLine sensor for any use other than those provided for by
GARMO INSTRUMENTS, S, L. is strictly prohibited.

It is strictly prohibited to handle the equipment by unauthorized persons or
those who have not read and understood this manual.

It is strictly prohibited to make any modification of the GarlLine sensor, without
expressly written authorization from GARMO INSTRUMENTS, S, L.

It is mandatory to carry out the GarlLine sensor maintenance plan, detailed in this
manual.

The correct working state of the GarlLine sensor must be checked before each
use.

This manual should be kept always available to any user of the sensor.

The use of all necessary personal protective equipment is mandatory.

It is mandatory to comply with any other regulations or applicable legislation
regarding the use of the sensor and its use and not included in this manual.

It is essential for the operator / user to maintain visibility over the area of
operation at all times.

It is mandatory to pay attention to people or things nearby the GarlLine sensor
during use.

Maintenance, repair or adjustment tasks will only be performed if the equipment
is placed on a balanced and stable location.

>RSSO VVV

The sensor is considered part of an equipment, so it is not considered as a single element, so it would
not be possible for it to work on its own. It will depend on the use to which it is intended.

16
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Risks derived from non-compliance with the instructions

Failure to comply with the detailed instructions in this user manual can endanger people, things, and
the equipment itself, in the same way, it can lead to the cancellation of all right to claim damages.

The main risks associated with non-compliance with the operation and maintenance instructions
specified in said manual are as follows:

e Exposure to laser due to inadequate mechanical adjustments or poor condition of the device or
equipment where the sensor is installed.
e Others: those that correspond to the device or equipment where the sensor is installed.

Compliance with regulations relating to safety at work

In the different phases of its useful life, all current regulations that are applicable to the use of
equipment and workplaces aimed at guaranteeing the safety and health of workers shall be complied
with.

Safety and expected use conditions

It is mandatory that anyone who intervenes on the equipment has read and understood this manual,
SO as to guarantee safe use and avoid any dangerous situations.

Before intervening for the first time, the user must be instructed by another user with accredited
experience in the operations to be carried out, or by technical personnel from GARMO INSTRUMENTS,
S.L. You will also need to get familiarized with the functionality of the GarLine sensor and its operation
devices.

The GarlLine sensor has been designed to be used solely and exclusively to measure the geometry of a
welding seam performed by a welding machine or a welding robot and to improve the precision of their
performance.

In addition, it can be used for welding inspection, making an analysis of the surface characteristics of
the weld, and should not be used for any other purpose.

The equipment has been designed to perform in the following conditions:

e Do not exceed design limitations.

e To be used by duly trained and authorized personnel.

e Carry out periodic adjustment and maintenance operations.

e Observe the safety measures of the work center and the instruction manual.

17
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5.6. Training

A comprehensive reading of this instruction manual seeks a basic level of training regarding the use and
operation of the GarLine sensor, which ensures safe and risk-free operation for users.

Although to carry out specific tasks and due to the complexity that some technical components may
have, if necessary, consult additional maintenance information or contact GARMO INSTRUMENTS, S.L.

Users'insight and reasonably foreseeable behaviours have been taken into account in the development
of this manual, so the manufacturer appeals to the logic and common sense when using the GarLine
Sensor.

The initial commissioning of the equipment is in turn a formative act. It will be carried out by authorized
personnel by GARMO INSTRUMENTS, S.L. accompanied by the personnel foreseen for the use of the
equipment, in order to instruct and familiarize them with the use and operation of the equipment.

In order to promote safety, the user of the GarLine sensor must inform GARMO INSTRUMENTS, S.L. and
future users of any possible incidents that may arise during the use of the equipment, by recording
them in the reports.
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6. GARLINE SENSOR INTERFACE

GarlLine sensor can be controlled from a web interface which can be accessed by connecting the
computer to the sensor’s IP address that it is display in the top label of the sensor.

Once you access sensor’s interface, you will find the following main page:

Login tab
Log in/Log out the website. Switching users or adding new ones.
Main Board

Displays the information obtained by the sensor’s profilometer. Here will appear the laser line in orange
(either as points or lines), the welding point in black and the welding key points of the seam in grey. In
case of enabling the Teach option, a white square will be displayed, together with a green square
showing the offset.

- laser on/off

m ID label for the current workpiece

Measurement panel

Displays the different measures that can be useful to the welder (e.g.: coordinate in mm of the welding
point). The measurements taken on the Main Board will also be displayed here.

Click to measure

User may click the side of the Main Board to get the coordinates (in mm) of the chosen point or to
measure distances, in case several points are selected.
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6.1. Main Menu

User Loging
The access to the different settings of the sensor is control by the user levels.

Click on Login button in the top-right corner and enter your username and password:

& Login

e witer yor Cmtdectiol & 1 Bgi

Once logged in, the user accesses the GarLine menu.

User Levels

e User: No login (no username, nor password provided). The user can only access Dashboard.
¢ Maintenance: User: Maintenance | Password: GarmoMaintence
e Engineer: User: Engineer | Password: GarmoEngineer

There is no option to create more users but the passwords can be changed in sensor settings. In case
the password is forgotten or lost, the sensor can be recovered by factory reset.
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Main menu

= G(ARMO Agarmo;‘;

There are several tabs in the main menu on the left side of Main Board:

SETTING SENSOR:

Menu for sensor configuration. Available for: Engineer

SETTING SEAM:

Menu for welding and joint parameters configuration. Available for: Engineer and Maintenance
DIAGNOSTIC:

A record of sensor's messages. Available for: Engineer and Maintenance
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6.2. Setting sensor

This tab collects the information corresponding to the sensor configuration. Note that this configuration
does not affect the development of the welding process.

= GARMO 7 —

Sensor Setting

Set paramaters

P Netmask Gateway XXXX Calibration

Setting Seam Transfomation coefficients

MAC 000X XXX XXX SN Change Ax: 3.0e-7 Ay: 0.000

Diagnostic Bx: -4.0e-7
o
D
Representation: Ex: 20e4
Fx:-13104

Ax: 6.4e-5

Maintenance registry Bx:-12e4
Cx:52e4

Action Date Operator Command Dx: 0671
—_— Ex:-0.181
Calbration 14/01/2022 Cristian Calibration Fx: 140.449

Insert new password:

e Sensor factory settings: Shows the default values set at the moment of sensor manufacture. The
user may insert any required IP address and then press on the "change" button. Note that the
IP format must contain four integers between 0 and 255 separated by dots, otherwise a warning
message would pop up and the IP would not be changed.

e Representation: This section allows changing the representation of the data displayed on the
Main Board. User might select either HD (for dot format) or SEG (for line format). Any of these
representations can be used depending on user's needs or to control the different stages of
tracking. The type of representation does not affect the seam process.

e Maintenance registry: This section will show the maintenance operations record performed by
GARMO INSTRUMENTS, S.L. operators.

e (Calibration: The sensor is calibrated at GARMO INSTRUMENTS, S.L. offices by a specialized
calibration team and the values obtained are displayed on this panel.
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6.3.

Setting seam

This tab is oriented to the configuration of the seam type:

GARMO Ao a3

@New  #Apply  [DApplyandSave  [J Delele

& Exportall

Seam Controls

l Seam 12

v l # New [} Dadete

Number: this select the current seam you are working.

An open text area: give an easy to remember seam name

Create: The user will be redirected to a wizard (7.1 Seam wizard)

Apply: in case you only want to insert these changes provisionally or for testing the seam
Save: to save the new settings for the current seam, which will overwrite the setting of the
enabled seam

Delete: This delete the current seam permantely

Seam Backup Options

@ Import seam & Expont seam [ Export all

Import seam: Import seam or seams setting that are in the file
Export seam: Export the current seam settings to a file
Export all: Export all seam available in the sensor to a file

For backup and restore options, any restored seam will overwrite the current seam settings with the
same number.
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6.4. Diagnostic

= GARMO A

Diagnostic

Sensor events logger

Temperature 40 °C

It's a record of notifications of sensor’s internal messages.
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7. SEAM SETTINGS

Seam Parameters

Edge Right v

This is where the lines are analysed. The slider can be moved to change the settings of the current seam
parameters.

e Seam type: select the type of seam to be performed, by clicking on drop-down menu to choose
one of the already performed ones.

e Gap: Horizontal distance between two points of the seam.

e Step: Vertical distance between two points of the seam.

e Angle: Angle formed by two pieces of the seam.

Then, set the parameters of the seam to be performed by setting the following sections. Each parameter
depends on the seam user is working on, but generally speaking, these parameters can be defined as
follows:

Advance seam settings

AGC. Enabled: ®

A multi-step process is used to perform the tracking. All of these steps can be configured in this window:

Pre-Process
At this step the camera finds and acquires the laser projected points. Here, the user configures this
section for a clean visualization of a line of points:

¢ Threshold: The acquisition of the laser points allows to use those ones that exceed a minimum
intensity of the brightest point of each column.

e Threshold MIN: Minimum intensity that the points must have in order to be accepted. In other
words, high values in this parameter will interfere in the visualization of points.

e AGC: Stands for Automatic Gain Control. The laser intensity can be automatically regulated
depending on the conditions of the welding piece or can be disabled for direct user control.
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Segmentation:
The construction of lines is performed from the points collected.

e Sensitivity X: N/A

e Sensitivity Y: The segmentation uses tolerance parameters to consider the points that are
most affected by noise. High values in this parameter will facilitate the construction and
visualization of the lines which are more affected by the noise. However, note that the high
tolerance level might complicate the distinction of the key points of the seam, which may lead
to imprecise line detection.

e Tolerance: helps to restrict the variation of key point distances (in other words, it helps to
precisely detect key points).

e Length: Minimal number of points that a line must have to be accepted by the algorithm.

7.1. Seam wizard

To start configuring a new seam in the Setting Seam menu, click on “New” button. A new window will
then pop up (the SEAM WIZARD) with a selection of seams:

‘ Prev H Submit ‘

Figure 1 Figure 2 Figure 3

Each generated seam has an identification number and a name editable by the user (Figure 1). By
clicking on the Wizard all the applicable seams of the algorithm are displayed (Figure 2). Once the seam
application type is selected, a new window pops up (Figure 3). This window shows what parameter each
item refers to and provides with some examples of values.

Finally, click on “Submit” button to generate the seam setup.
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8. GARLINE SEAMS DEFINITIONS

8.1. Common Seam types

%
]
Butt

Gap min. Minimal horizontal distance between upper gap lines.
Gap max. Maximal horizontal distance between upper gap lines.
Step min. Minimal vertical distance between upper gap lines.
Step max. Maximal vertical distance between upper gap lines.
Angle min. Minimal angle between upper gap lines.

Angle max. Maximal angle between upper gap lines.

s

Edge left Edge right

Gap min. Not required.

Gap max. Maximal horizontal distance between the Edge line
until detecting the next Edge (there might be several edges along
the line, like cracks).

Step min. Not required.

Step max. Maximal vertical distance between the Edge line until
detecting the next Edge (there might be several edges along the
line, like cracks).

/\

Fillet external.

Gap min. Minimal horizontal distance between the end of fillet's
lines.

Gap max. Maximal horizontal distance between the end of fillet's
lines.

Step min. Minimal vertical distance between the end of fillet's
lines.

Step max. Maximal vertical distance between the end of fillet's
lines.

Angle min. Minimal angle of the angles forming the fillet.

Angle max. Maximal angle of the angles forming the fillet.

SN

Fillet left Fillet right

Gap min. Minimal horizontal distance between the end of fillet's
lines.

Gap max. Maximal horizontal distance between the end of fillet's
lines.

Step min. Minimal vertical distance between the end of fillet's
lines.

Step max. Maximal vertical distance between the end of fillet's
lines.

Angle min. Minimal angle of the angles forming the fillet.

Angle max. Maximal angle of the angles forming the fillet.

Lap left Lap right

Gap min. Not required.

Gap max. Maximal horizontal distance between the lap line and
the next line to detect a lap.

Step min. Minimal vertical distance between the upper lap line
and the next line to detect a lap.

Step max. Maximal vertical distance between the upper lap line
and the next line to detect a lap.

Angle min. Not required.

Angle max. Not required.

27



GARLINE GARMO

User Manual — Version 1.0 INSTRUMENTS

Gap min. Not required.
Gap max. Maximal horizontal distance between the Edge line and

the next line to detector any possible edge.
Step min. Not required.
Step max. Maximal vertical distance between the Edge line and

the next line to detector any possible edge.
Angle min. Not required.
Angle max. Not required.

Line
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8.2. Seams with bevels

'\

Gap min. Minimal horizontal distance between lower lines.
Gap max. Maximal horizontal distance between lower lines.
Step min. Minimal vertical distance between lower lines.
Step max. Maximal vertical distance between lower lines.
Angle min. Minimal angle between lower lines.

Angle max. Maximal angle between lower lines.

/\

Fillet external

Bevel left Bevel right
Gap min. Minimal horizontal distance between the fillet's lines.
% X Gap max. Maximal horizontal distance between the fillet's lines.
Step min. Minimal vertical distance between the fillet's lines.
/ \/ \ Step max. Maximal vertical distance between the fillet's lines.
Fillet M inside Fillet M Angle min. Minimal angle between fillet’s lines.

Angle max. Maximal angle between fillet's lines.

A 4

Gap min. Minimal horizontal distance between the ends of lower
lines forming a V.

Gap max. Maximal horizontal distance between the ends of
lower lines forming a V.

Step min. Minimal vertical distance between the ends of lower
lines forming a V.

Step max. Maximal vertical distance between the ends of lower
lines forming a V.

Angle min. Minimal angle between the lines forming a V.

Angle max. Maximal angle between the lines forming a V.
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8.3. Seams for pipes

\j\/m

Double-semi-downside/upside

Semi Left Semi Right.

No settings.
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9. URINTERFACE

Before using the sensor along with the UR, carefully read the user manual,
especially the sections “3.4. GarLine laser” and “5.5. Basic rules for using the
Garline sensor”.

While using URCaps, don't make any changes in the UR speed:

GarLine sensor features its own URCaps (provided by Garmo Intruments) which can be installed on the
UR tablet as explained below (we recommend using Polyscope version 5.10 and above):

1. Save the URCaps installation program on a pen drive and connect it to the UR tablet.

Universal Robots Graphical Programming Environment

New.

Log

Program Variables

<unnamed>

Status

Stopped

Robot Age

Days Hours Minutes Seconds

5 07 39 02

O Show Waypoints

O Power off Speed CEEEE——Y 100% ° 0 O Sin'njlath.:nr'u.

2. Click on the settings button E and select the Settings option:

31



Sie/rll\/lgnlaall[\—ugersion 1.0 G/A R M O

INSTRUMENTS

Universal Robots Graphical Programming Environment

m cc X

Variables ? Help

Proegram

i About

a Settings

<unnamed>

Status

w Shutdown Robot

Stopped

Robot Age

Days Hours Minutes Seconds

5 07 43 10

O show Waypoints

O PrRiCtetr i Speed Simulation .

3. Toinstall the URCaps, click on + button to open the files in USB.

Universal Robots Graphical Programming Environment

2P QM wren [} B

Remote TCP & Toolpath
> Password

' System

System
Backup

Robot
Registration
URCaps
URCap Information
Remote
Control

Constrained
Freedrive

Network
Update

» Ssecurity
O Power off

Restart
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4. Inthe USB folder, select the “GarLine1.0.urcap” document and click on Open.

Universal Robots Graphical Programming Environment

24QH S

[+ I Bl

Hew ut Copy  Paste  Delete Rename Backup

f

@ GarlLinel.0.urcap

Filename: Filter:
URCap Files v

| Open ||| Cancel |

o Power off Speed ( 100% ":.-“'I'I',I'ﬁti'i'l'l.

5. Once the GarlLine URCaps is installed, press on restart button and the GarlLine URCaps will be
ready to use.

Universal Robots Graphical Programming Environment

RE 24+ 29MH grere [} 3 H

Active URCaps Inactive URCaps

@ Garline Remote TCP & Toolpath
) Password

W System

System
Backup

Robot
Registration
URCaps
URCap Information
Remote
Control

Constrained
Freedrive

Network

Update

) Security

O Power off 0 Simulation .
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Once installed, you will find several URCaps nodes available, both in the Program and in Installation tabs
(find image below).

=

Installation

» General

» Fieldbus
v URCaps

GARLINE Arc Detection Input Welding Current Reading Welding Tension Reading
Sensor Se...
| dgital in[0] L] | andogino]  v|E | andogin0] ¥ |E
OUTPUT

/

Universal Robots Graphical Programming Environment

<unnameds D ﬁ

Log

GARLINE Sensor Set Up

Welding

Arc Activation Output

config_out[0] h ||3

Wire Forward

digital_out[0] - |I§l

Sensor Air-flow

digital_out[0] - |I§l

default*

New Open. Sa

Sensor
IP;1192.168.0.3 &8

INPUT

Robot Ready
| dgtal owi0o] v |E

Wire Baclewards
| digtel outi0) v |H

Welding Source Air-flow
| digtel outi0] v |H

Welding Simulation
| digtalowt[0] ¥ |E

Welding Source Restart
| digtalowio] v |E

Gas Purge
| digtalowio] v |&

Enable Job Welding Power Arc Length Correction
| digital out[0] v ||§ | analog_out[0]  w ||§ ‘ analog_out[0] % |IZ
Tacking
Tack Activation Input: | tool_in[0] hd ‘IE @ Activate

O Power off

+
On the top you will find the toolbar with UR+ icon. l'R By clicking on UR+ button, different sensor
statuses will be shown (as exposed in the following image):

Simulation .

GARLINE a2 ;

IP:0.0.0.0
'SN: 000000000

Temperature; 02C

Besides, sensor’s status is also displayed in the i‘i icon next to sensor’s IP address. The icon displays
different colors, each of them corresponding to different sensor’s statuses (red: not connected; yellow:
connecting and green: connected).

9.1. TOOLBAR

GarLine's toolbar shows the sensor’s connection status which switches from red (power off) to green
(power on). Besides, the toolbar displays other information such as temperature, sensor’s IP address
or the serial number. There is also a button to turn the laser on or off.
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9.2. INSTALLATION TAB

First step during Garmo Instruments’ URCaps installation process is to configure all the robot’s inputs
and outputs to the welding machine. Besides, if you're using a different IP address for the sensor from
the one that was provided along with the manufacturing information, you might have to modify it. To
verify whether the UR has been successfully connected to the sensor, check the connection icon on the
toolbar and make sure it's green.

In the following image, you can find two buttons on the bottom right corner: “Activate” and “Jobs”. The
"Activate” button will remain disabled until all the input and output settings are configured. Make sure
of the configuration before pressing it, once you are done and the button is enabled. In case any of the
input/output settings is configured twice, by pressing “Activate”, a warning message would appear to
inform about the error, so you can correct it. You can disable any input or output you do not need by
checking the appropriate box.

If all the inputs and outputs are set correctly, the “Activate” button would be enabled and by clicking it,
the light indicator on the button would turn from red to green:

@ Activate = @ Activate

Universal Robots Graphical Programming Environment

4 P QR sl

> New
Installation Move

> General GARLINE Sensor Set Up

> safety

» Features

Sensor
IP:1192.168.0.3 &

» Fieldbus

Welding

v URCaps INPUT

GARLINE Arc Detection Input Welding Current Reading Welding Tension Reading
Sensor Se...
| dgital in[0] L] | endoginio]  v|E | andog 0] v |E
OUTPUT

Arc Activation Output
| config_out[0] - ||2

Wire Forward
| digtalowio] v |&

Sensor Air-flow
| digtal owio] v |&

Enable Job
| digraloutf0] v |&

Tacking

Robot Ready
| dgtal owi0o] v |E

Wire Baclkwards
| digtel outi0] v |H

Welding Source Air-flow
| digtel outi0] v |H

Welding Power

| analog_out[0] hd ||3

Tack Activation Input: | tool_in[0]

v‘l]

Welding Simulation
| digtalowt[0] ¥ |E

Welding Source Restart
| digtalowio] v |H

Gas Purge
| digtalowi0] v |E

Arc Length Correction

‘ analog_out[0] v ||z

O Power off

The input and output settings to be filled in are described below:

Simulation .
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SENSOR: sensor’s IP setting

IP: a default IP address would
appear. Insert the IP address that
appears on the sensor head.

WELDING: setting of the welding parameters

INPUT

data that the UR receives from the welding machine

Arc Detection Input: the input to
the robot detecting whether the
torchis on.

Welding Current Reading: input
reading the welding current.

Welding Tension Reading: input
reading the welding tension.

OUTPUT

the welding wire move forward.

data commands sent to the welding machine
Arc Activation Output: the output | Robot Ready: all the outputs are | Welding  simulation:  enable
to activate the torch. configured and the parameters | welding  simulation  (without
are set up correctly. turning the torch on)
Wire Forward: command to make | Wire Backwards: command to | Welding Source Restart:

make the welding wire move
backwards.

command to restart the welding
source machine.

Sensor Air-Flow: command to
enable sensor’s air-flow.

Welding Source Air-Flow:
command to enable air-flow on
the welding source machine.

Gas Purge: command to activate
the gas purge used during the
welding.

Enable job: command sent to the
welding machine to enable a job
selection (find more information
about Jobs on the next page).

Welding power: command to
control the power parameters of
the welding machine (analog
output).

Arc Length Correction: command
to control the length correction
parameters of the welding
machine (analog output).

TACKING: setting tacking points on

the joint

Tack Activation Input: command
to activate the tacking.

If you want to save the settings, press the “Save Installation As...” button in “Save” node, as described in
the following picture:

2 B

GARLINE Sensor Set Up
> safety

Fieldbus

E Save All

Save Program As...

IP: 192.168.(¢ ‘Z Save Installation As...

The "Jobs” button will redirect you to a screen where you can configure the different welding
parameters. These parameters are gathered in a chart (find image below):
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Universal Robots Graphical Programming Environment

Q2 M

> General GARLINE Sensor Set Up

> safety

> Features

New || Delete || Confirm || Change |

Enter the password:

> Fieldbus

% URCaps
MNames Job
GARLINE Welding
Sensor Se... Speed (mm/s) 10.00
Accel. (% speed) 10.00
Precision {mm) 3.00
Init waiting (s)
End waiting (s)
Current (A)
Arc correction (V)
No Welding
Speed (mm/s) 10.00
Accel. (% speed) 10.00
Offset
X (mm)
Y (mm)
Z (mm)
Ang1(9)
Ang 2 (9)
Sim.
Seam Number

o oo o

DDDODOD

Instalation

O Power off O — Simulation .

Additionally, you will find four buttons in this screen “New”, “Delete”, “Confirm” and “Change”:

e New: creates a new Job with generic name and parameters.
e Delete: deletes a Job from the last column selected.

e Confirm: this button saves the changes as long as the password is correct, otherwise an error
message would appear. Take into account the “Confirm” button only saves the changes for the
current session (for the one you are working on - and these changes would disappear in case
of turning the UR tablet off). If you want to save the configuration settings, click on the “Save

Installation As...” button on the top bar (clicking on the “Save” button EE

e Change: it modifies the selected name or parameter.

9.3. PROGRAM TAB

The URCaps Program Nodes is separated in two other nodes: “GarlLine Calibration” and “GarLine”.
Besides, there is also the “GarL_Measure_Function” built in the URscript that you can use to build your
own custom program nodes.

37



Sielrll\/lgnlzall[\—ugersion 1.0 G/A R M O

INSTRUMENTS

9.3.1. GarL_Measure_Function

The GarlL_Measure_Function returns an array of 4 numbers indicating the position and angle of the
measure (X, Yy, z, angle). In case the sensor is not connected it will show a warning and return four
negative ones. In case it doesn't detect any seam, it will return four zeros. Find below the instructions
on how to add the function:

Universal Robots Graphical Programming Environment

<unnamed=>*
default

Q _ Graphics Variables
obot Program .

ine w

Loop 2 @ et Script Code

SubProg Below you can enter text that will be executed as script code by the URController

Assignment

P | |
Script
Event

Thread

Switch
Timer

Home

23S XBRETT

O Power off

Q _ Graphics Variables
Advanced
1 ¥ Robot Program

Loop 2 F Script

Script Code

Line w

SubProa Below you can enter text that will be executed as script code by the URController,
get_actual_tcp_pose() ~

get_actual_joint_positions() ‘ ‘

get_inverse_kin(<pose=)
get_target_tcp_pose()
get_target_joint_positions()
get_target_joint_speeds()

force()
get_tcp_force() False (LO) g 4= Backspace
Esc

integer_to_binary_list(<integer =)
binary_list_to_integer(<list>) r Xor not 7 8 9
d2r(<deg>)
r2d(<rad=) ) < > / * 4 5 6
read_port_bit(<address=>)
read_port_register(<address=) o

— 1 = = s + 1 2 3 _
GarlLine - URCaps R us Inc. Submit
Garl_Measure_Function() v

ABC 0

<Function> v ‘ | < 4
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Q - Graphics Variables

Script Code

Advanced
N 1 ¥ Robot Program

Loocp 2 B Script
SubProg Below you can enter text that will be executed as script code by the URController.

Assignment

If

Script

Input a
True (HI) False (LO) 4= Backspace
<Input> v Esc
Output
and or Xor not 7 8 9 =
<Output=> v
Variable
z = ( ) < > / * 4 5 6
<Variable> hd
Pose
" [ 1 = = . + 1 2 3 0
<Pose> hd - Submit
Function
ABC (=] 0 o
<Function> b4 = 4 >

Run Program

- Graphics Variables

Advanced
¥ 1 ¥ Robot Program

Script Code

I
I Loop 2 ' | GarlL_Measure_Function()

{ SubProg Below you can enter text that will be executed as script code by the URController.
|

Assignment

| GarL_Measure_Function()

If
Script

Event

Thread

Sensor not connected
Switch !

Timer Stop Program || Continue

Home

49O XBHT

Running
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Universal Robots Graphical Programming Environment

Pragram

Q _ Graphics Variables
Advanced
Loop 2 & |GarL_Measure_Function() P

SubProg Below you can enter text that will be executed as script code by the URController.

Assignment
| Garl_Measure_Function()

If
Script
Event

Thread

Switch
Timer

Home

295> XBED
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9.3.2. GarLine Calibration Node

This tab is used for calibrating the sensor with the robot. To do so, you will need the calibration plate
provided by Garmo Instruments and follow the steps described in the program as per bellow:

Universal Robots Graphical Programming Environment

> Basic O\ _ Graphics Variables

) aavonced ¥ Robot Program
9 GARLINE CALIBRATION

) Templates 2 9 ¥ Garline Calibration
v URCaps = =| <empty> Pose setup:
GARLINE Place the robot in each position and save them:

GARLINE
CALIBRATION

| Last Step || Next Step |

23S KBRS

Speed

O Power off Simulation .

At each step you will have to place the torch on the point indicated by the program (place the torch on
the point as if it was a welding point). If something goes wrong and you miss the calibration point, you
can go backwards and save the calibration point again. In the image below, you can find the calibration
plate and the order of calibration points to follow:
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Once the calibration points are all saved, place the sensor head with the laser on point in the point
situated below the “A” sign and above the longest line. The laser line should fit between the calibration
points like in the picture below:

Then press the “play” (@) button. In case the sensor or the
torch are changed or moved from their position, you might
have to repeat the calibration process.

Warning: Sensor’s calibration program is designed to perform
on its own, don't combine it with other programs in URCaps.
Besides, you have the option to save the calibration program,
but in case of using the saved calibration program again,
make sure that the robot and the calibration plate are in the
same position as during the initial calibration. In case you are
not saving the calibration program, the robot and the sensor
will be calibrated anyway.

Once the calibration is done and finished, reset the sensor.

9.3.3. GarLine Node

The “GarlLine” Node is classified in three tabs (“Trajectory Settings”, “Seam Settings” and “Welding
Settings”), as displayed in the image below:

Run rograi r

> CEETEE 1 ¥ Robot Program
GARLINE
> Templates 2 ¢ v Welding Task

v URCaps 3 = <empty>
Seam Settings Welding Settings

GARLINE
In this tab you can add the trajectory points to the welding:
GARLINE
CALIBRATION POSITION MEASURER TRACKING

TCP

Ini. Weld

Sensor

End weld

'. b e K ! m’: | Delete || Delete All

O Normal Spead (EE—— Simulation .
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Trajectory Settings tab

This section, in “GarLine” tab at “Program” upper tab, is used to configure the welding trajectory that the
UR would follow (find image below).

Universal Robots Graphical Programming Environment

P8 2z ¢ QFE s O @ W

B New.
Program | nstallstion  Move L]

> Basic Q _ Graphics Variables

> Advanced

1 ¥ Robot Program ~
GARLINE
> Templates 2 ¢ ¥ Welding Task
v URCaps 3 ¢ m GARLINE TRACKING
4 == aski=openSockets() Seam Settings Welding Settings
GARLINE - -
Z :; aski=loadSeam() In this tab you can add the trajectory points to the welding:
GARLINE ¢ MowveP
CALIBRATION . POSITION MEASURER TRACKING
7 ® Positionl
. 1 TCP
8 -4 Wa|F lgetlslnter() == Fals 5 TcP
e © Posl\t|on2 3 Sensor Init Welding )
10 E Wait getlsinter() == Fals Tcp 4 Sensor End Welding
q 11 += a bool:=search() I»
12 a= a_bool_l=search() Ini. Weld
13 a= ask=set HD(True)
14 © INS_VAR Sensor
15 &= INS_VAR=p[-0.1436414:
16 1= asle=setIsinter(True) End weld
17 a= asle=setls\Welding(True)
18 E Wait: 0.0
19 E Wait getlsinter() == Fals
20 ® INS_VAR -
< >
— — Delete Delete All
23S XBEES | |

O Normal Speed (——————— 100% Sin“n_ﬂatir:wn.

Here you can find four buttons: “TCP”, “Ini.Weld", “Sensor” and "End Weld". Before getting on with the
configuration, make sure that that you have previously set the welding parameters in the Installation tab
and in the Welding Settings tab. Once the parameters are set, the above-mentioned buttons will start
getting consecutively enabled as you move forward along the welding trajectory settings. Each of these
buttons corresponds to different welding process steps. In case you do not know why any button might
be disabled, just place the mouse pointer on the button and an information message will appear. The
program also offers settings for welding parameters - these ones should be configured before pressing
the “play” button. Otherwise, an error message would appear and the robot wouldn't move (check
section “Welding Settings tab”). Each button sets a robot programming which can be observed in the
left column under Robot Program title.

e TCP: creates a position towards which the robot would be moving without sensor’s help. This
option is used to create initial and final points in the welding trajectory.

e Ini. Weld: Creates the position at which the welding process. This option defines a TCP position
for the robot to move towards it and a position for the sensor to detect as welding initial point.
The robot should be placed in the proper position before pressing this button.
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e Sensor: This option sets half-way points between the beginning and the end of welding trajectory
when the trajectory between initial and ending points is not completely straight (e.g.: when the
trajectory is in L shape).

e End Weld: sets the ending point in welding trajectory for the sensor.
A welding trajectory must contain at least an initial and an ending point.

Every change made will be recorded in a table. You may also set the tracking process by clicking on the
corresponding square in the “Tracking” column. These values cannot be changed until initial and ending
points for welding trajectory are set.

You can also find the “delete” and “delete all” buttons to erase the last set point or to erase the whole
trajectory.

You can also save the program (like the calibration program), but in case you change or move the torch
and/or the sensor, but make sure that the robot and the welding joints are in the same position as
during the initial configuration.

Seam Setting tab

This tab is used to set the different seam options for the sensor, as explained in the section 8 “GARLINE
SENSOR INTERFACE" in this user manual. Here you can find the button to turn the laser on or off, the
tracking point button or you can also obtain the measurements by clicking in the corresponding section.

Universal Robots Graphical Programming Environment

,-_?A é’ Q - <unnamed=* D ﬁ E

default
2 default New. Open

Pragram | Installstion Move

Basic Q _ Graphics Variables

Advanced 1 ¥ Robot Program ~
GARLINE
> Templates 2 ¢ v Welding Task
¢ m GARLINE TRACKING
== ask:=openSockets() Trajectory Settings

' URCaps

Welding Settings

(SRGILE == ask:=IloadSeam()

3
4
5
GARLINE 6 @ & MoveP ]
CALIBRATION - ® Positionl & M‘*-
8 E Wait getlsinter() == Fals
9

® Position2

Tracking Point:

10 B Wait getlsinter() == Fals 0.439, 23.906 , 5.964
4 11 a= a_bool=search() 3

12 a= a_bool_li=search()

13 a= asle=set HD(True)

14 ® INS_VAR

15 2= INS VAR:=p[-0.1436414

16 a= ask:=setlsinter(True)

17 a= asle=set|sWelding(True)

18 E Wait: 0.0

19 E Wait getlsinter() == Fals

20 ® INS_VAR o

< >
' . b c} ¢ I! m : | Configure || Points || Segmentation |

O Normal —— ] 00%
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The “Configure” button is used to configure the seam and displays some images that may help you
recognize the parameters by pressing on information button. The Advanced Options box (“Adv.
Options”) will display a series of parameters which you can modify. To save the changes, click on “Submit”
button (find image below).

Universal Robots Graphical Programming Environment

Run Pri

5 Basic

Q _ Graphics Variables

> Advanced

1 ¥ Robot Program -~
GARLINE
> Templates 2 ¢ v Welding Task
v URCaps 3 ¢ m GARLINE TRACKING
i ¢« MoveP Trajectory Settings _ Welding Settings
e ILINE 5 ® positionl
GARLINE 6 B Walit islnter == False o
CALIBRATION - ® postionz Seam 0 v | x — Butt -
8 B Wait isInter == False
g == a_bool=search() ﬂ ﬁ ﬁ
10 a= a_bool li=search()
i == LHD:=True B O Gap | Min: 762 MNom: 9.65 Max: 14.76
12 ® position3 . . q
13 a= islnter=True
: ‘ . ﬂStep Min: 0.0 MNom: 0.53 Max: 12.94
14 a= isWelding:=True
15 B Wait: 0.0 . . _.
13 E| Wait isinter == False O Ange | Min: 0 Norn: 9 Max: 43
17 a= ask=change_angles(4) )
18 ® position4 Adv. Options [
19 a= islnter=True | Return | | Submit |
20 B Wait isInter == False -
— A

<
t R B-Ra Nl =

O Normal e d Siml.llaticnn.
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Welding Settings tab

The Welding Settings tab displays different parameters to configure the welding. In addition, the tab
displays some informative parameters.

Universal Robots Graphical Programming Environment

Rz ¢ QH

Program | Installation  Move 1o Log

» Basic Q - Graphics Variables

> Advanced

1 ¥ Robot Program
GARLINE
> Templates 2 9 ¥ |Welding Task
“/ URCaps 3 - <empty>
Trajectory Settings Seam Settings
GARLINE
GARLINE Status Robot ready @ Current 0.00 A Voltage 0.00V
CALIBRATION
Configuration Job ‘ - ‘
Welding: Simulation O Mo Welding:
4l I Speed (mm/s) Speed (mm/s)
Accel. (% speed) Accel. (% speed)

Precision (mm)

Init waiting (s) Offset:

End waiting (s) X (mm) Ang 1(2)
Current (A) Y (mm) Ang 2 (9)
Arc correction (V) Z {mm)

t R A-Nel- g Nl =

O Power off Speed (E——— Simulation .

Find all the parameters described below:

STATUS:

e Robot ready: if all the necessary outputs and values are conveniently set to start to weld, the
indicator would turn green instead of red.

e Current/ Voltage: real time values provided by the welding machine.
e Job: a drop-down containing the saved configurations
WELDING: parameters for the welding process.

e Simulation O : by setting this opting, the welding function will be disabled, so you obtain a
simulation of how the welding would be (useful for checking how the welding torch would go
before actually performing the welding).

e Speed (mm/s): robot's speed during the welding trajectory. Before starting to weld, set a robot
speed.
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e Accel. (% speed): robot's acceleration during welding trajectory. Before starting to weld, set a
robot acceleration.

e Precision (mm): it's the precise distance between welding points detected by the sensor
throughout the welding trajectory. The lower is the value, the higher will be the precision.

e Init waiting (s): it's the time elapsed from the moment the torch turns on until it starts moving.

e End waiting (s): it's the time elapsed from the moment the torch turns off after finishing the
welding trajectory until starting to get into exiting position.

e Current (A): current value in amperes (to be determined according to the type of welding).
e Arccorrection (V): voltage value in volts to be determined according to the type of welding).

NO WELDING: parameters out of tracking, without actually employing the welding (these values can be
higher than the ones in WELDING configuration).

e Speed (mm/s): robot’s speed during the welding trajectory.

e Accel. (% speed): robot's acceleration during welding trajectory.
OFFSET: welding axes setup.

e x(mm): axes parallel to the laser line.

e y(mm): high-rise movement.

e z(mm): axes perpendicular to the laser line.

e Ang 1 (°): rotation angle to z.

e Ang 2 (°): rotation angle to x.
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9.4. USING GARLINE SENSOR WITH UR

This section explains how to use GarlLine sensor along with UR robot for welding. It's assumed that the
user has already read and understood all URCaps Nodes and Configurations necessary for welding.

9.4.1. Sensor’s hardware setup

1. Connect the Ethernet cable to UR and PoE 2. Connect the sensor cable to the PoE switch
switch

T

3. Conneglith@outputs to enabl&welding-s o

'

)

ol
3. Connect the outputs to.enable weldin;

Welding source
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Place the sensor on'the mounthing plate|
i
\

And tighten the locking nut tight until the
sensor is fixed

Connect the sensor cable Connect the sensor cable
(and the airflow cable'if necessary) (and the air flow cable if necessary)

i \\1

Connect the sensor cable until the LEDs turn on

Wait for the Laser LED to turn orange

Wait until the Laser LED turns orange
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GARLINE s ; GARLINE P ;

IP10.0.0.0 IP: 0.0.0.0
'SN: 000000000 Temperature: 0°C SN: 000000000 Temperature: 02C

Finally, make sure that the sensor's status on UR tablet turns green.

9.4.2. Configure seam

With the sensor pointing on the seam and having it in sensor’s field of view, configure the seam type in
the Seam Settings tab:

Universal Robots Graphical Programming Environment

[

> Basic q _ Graphics Variables
~

defautt

Rp— —_—
2 ¢ v| Welding Taslc
3 % m GARLINE TRACKING
$E ssceoomsosian) _trweciory soance [SRUMSRURRN] weiroserings
5
(]
7
8

GARLINE &= ask=loadSeam)

? b MoveP
@ FPosttionl
B Wait getlsinter() == Fals

GARLINE
CALIBRATION

s ® Positionz Trackins o
- racking Point:
10 Wait getlsirt == F
B ekt getlsinterl) ==Fas | 4 435, 23,906, 5,954
a == o bool=search() »

12 2= 5_bool_l=searcn()
13 == aslc=serLHD(True)
14 @ INS_VAR
15 2= INS_VAR=pl-0.1436414«
16 == aslo=setlsinter(True)
17 2= ask=setlsWelding(True)
18 E Walt: 0.0
19 E Wait getlsinter() == Fals
20 @ INS VAR o
< > '
-— " " " ol
'Y N4 o= | configure || Points || segmentation “I“l”'”‘ e
U
i

o Normal

Wi a1 15

When the seam is correctly detected by the sensor, Status and Ethernet LEDs are green, while the Laser
LED is orange.

Universal Robots Graphical Programming Environment

R 8 2

P Progam

q _ Graphics Variables
) adusneed 1 ¥ Robot Program ~ GARLINE

3 % ® GARLINE TRACKING
N URCaps
GARLINE 5 ® positionl
GARLINE 5 E Wat Isinter == False —
Seam 0 h Butt A
CALIBRATION 5 ® position2 x — =
B E Walt isinter == False
9 == a_bool=search() _.
10 %= a_bool_li=search()
4 11 o= LHD=True L Min: 7.62 Nom: 9.65 Max: 14.76
12 @® postion3 . . —.
13 == isinter:=True
st Min: 0.0 Nom: 0.53 Max: 12.94
14 o= isWelding=True " om i
15 E walt: 0.0 [ ] o =)

16 H Walt Isinter == False
Angle | Min: O Nom: 9 Max: 43
= . 0 2ng

2= aske=change_angles(4)
Adv. Options O

18 @ positiond

19 &= isinter=True Return
20 E Walt isinter == False -

= PRI

A$SXKBBDZ
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9.4.3. Configure welding

Configure welding parameters in the Welding Settings tab.

Universal Robots Graphical Programming Environment

Pr L o og _ o
> Advanced 1 ¥ Robot Program
GARLINE
> Templates 2 9 v |Welding Task

/ URCaps 3 =| <empty>
Trajectory Settings Seam Settings
GARLINE

GARLINE Status Robot ready . Current 0.00 A Voltage 0.00V
CALIBRATION
Welding: Simulation [ No Welding:
Ll I Speed (mm/s) Speed (mm/s)
Accel. (% speed) Accel, (% speed)

Precision (mm)

Init waiting (s) Offset:
End waiting (s) X (mm) Ang1(9)
Current (A) Y (mm) Ang 2 (9)
Arc correction (V) Z (mm)

3OS KERT

Make sure you've set speed, acceleration, precision in Welding column; and speed and acceleration in
No Welding column. Other parameters are optional.

Remember to check if all the necessary inputs and outputs are properly set.

Universal Robots Graphical Programming Environment

QO -

Nen.

R 182 ¢ QM

Run Installstion 1o Log

P
GARLINE Sensor Set Up
Safet:
Sensor
P 19216803 s
> Fieldbus
Welding

GARLINE
Sensor Se...

=

INPUT
Arc Detection Input ‘Welding Current Reading Welding Tension Reading
digital_in[0] v & analog_in[0] - & analog_in[0] v &

OUTPUT

Arc Activation Output Robot Ready Welding Simulation
[ emgouol v id o osto) | [ s v/
‘Wire Forward ‘Wire Backwards ‘Welding Source Restart
digital_out{0] - |E IZ digital_out[0] - |E
Sensor Air-flow Welding Source Air-flow Gas Purge
sgmano vm oo~ ]S [ aoomo vE
Enable Job Welding Power Arc Length Correction

digital_out[0] v & analog_out[0] - | analog_out[0] v &

Tacking

Tack Activation Input: tool_in[0] v & .Activate

O Power off
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In “General” tab, set the correct payload for the robot before fixing robot's position for welding.

Universal Robots Graphical Programming Environment

™ = pan.  Saa
Payioad Payload Viusization
TCP -
Borowes = [W =)@
1 Payload -
Payload +~/ Set Now
Mounting
Mass 0.000 kg
/O Setup
Center of Gravity
Toal |, "
o [ 0.00 mm # Measure
Variables ey 0.00 mm
EiERE) cz 0.00 mim r
Smooth
Transition
1 Remember to set the total payload mass [ E
Home
e Inertia (kg m?)
Tracking O Use custom Inertia Matrix
Screwdriving Tool Flange
> safety v v

0 Inertia giver with origin in the CoG and the axes aligned with the
toalflange axes

Click on “Measure” button.

Universal Robots Graphical Programming Environment

o H s D @ oW

Payload Estimation Steps (1/6) - Overview

Overview The robot can estimate the payload and Center of Gravity with 4 different TCP positions.

When the four positions are set, the robot performs the calculations. You must vary TCP
positions te avaid repositioning,

@ Position #1 ‘ . o ) X
The four fllustrations below is only for inspiration to create 4 different robot positions.

@ Fosition #2

—— ~
@ Fosition #3 !” -
@ Position #4

Finalise

.F R .

O Normal

You will find the window (find picture above) with instructions on how to set the robot in four positions
to measure the weight of the sensor and the welding torch. Then press “Next".
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Universal Robots Graphical Programming Environment

R = .+

Payload Estimation Steps (2/6) - Position #1
Overview @ More points are needed
Place the robot In the first position
When you press Next the position will be saved
@ Fosition #1

-

@ rosition #2

@ Position #3
Set Position

) 70 Use move arrows for more precise estimation.

N \. @ Finis Cancel

@ rosition #4

Finalise

Set the four positions.

Universal Robots Graphical Programming Enviranment

-

TCP Position Robot Tool Position
Feature Active TCP
View - TCP x| -143.97/mm RX 0.001 rad

¥ | -435.62/mm RY -3.166 rad

Z| -197.97mm RZ -0.040 rad

Joint Position
# Base -91.71 *©
] [ L ]
TCP Orientation
Shouder -98.96 °
r [ N ]
Elbow -126.22 °
e o s s |
[
=] Wrist 1 4629 *
0 ° wrist 2 9139 °
OK  Cancel . . s s s s |
wrist 3 -178 °
#g Home A Aiign Freedrive ) [————————] |

As you set each position, press “OK".
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Universal Robots Graphical Programming Environment

a4 QH

Hd =

fun
Tool Center Point

e B Tcr -

1 Payload
Mounting Position
1/0 setup % 0.0 mm
Y 0.0 mm # Measure
Tool I/O e |
z 0.0/ mm
Variables
Startup
Orientation
Smooth
Transition Units  |Retation Vector [rad] -
Home
RX 0.0000,
C —_— .
Traciing T A7 0.0000 FMeasure

Screwdriving 0.0000;

O Normal

T e

TCP ]
+ Payload
Mounting
1/O Setup
Teol /O
Variables
Startup

Smooth
Transition

Orientation

Home

Conveyor
Tracking

Screwdriving

| > URCaps

TCP Visualization

Tool Flange

Teach TCP Position
@ More points are needed

Mowve the TCP to the same position from different angles

Set point 4

@ set © cCancel

As shown in the picture above, follow the steps. The robot has to be oriented to the same point from

different angles. Finally, click “Set".

For more information, check sections 24.2 and 24.3 of the UR Manual.
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9.4.4. Robot trajectory settings

Basic Q _ Graphics Variables

adanced 1 ¥ Robot Program
Templates 2 @ ¥ Welding Task GARLINE

\/ URCaps 3 - <empty>
Seam Settings Welding Settings
GARLINE

In this tab you can add the trajectory points to the welding

GARLINE
L ERTIED POSITION  MEASURER TRACKING

TCP

Ini. Weld

Sensor

End weld

35S xXEHTZ
-—
O Normal Speed (—l) 100% simuation )

(+]

1. Press on TCP to set robot’s initial entering position before starting the welding.

o Q

Then, press ok to confirm or Cancel to cancel and repeat the settings.

55



GARLINE GARMO

User Manual — Version 1.0 INSTRUMENTS

=
O 0

OK Cancel

2. Press on Ini. Weld to set the initial welding point. Consider the initial point for the laser line (as
shown in the photo). The sensor takes into account the distance between the laser line and the

welding torch. Then, press @ 1o confirm or @ to cancel and repeat the settings.

Sensor

-

3. Press on Sensor for setting any halfway points along the welding trajectory (this is optional, use
it in case you don't have straight seam all along the z axe, but with some angles towards any of X
axe directions).
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End weld

O O

OK Cancel

4. Press End Weld to set the final point of the welding trajectory. Consider the ending point for
the laser line (as shown in the photo). The sensor takes into account the distance between the

laser line and the welding torch.
Then, press @ to confirm or @ to cancel and repeat the settings.

TCP

x|

5. Press TCP to set robots outgoing position after finishing the welding process (once the torch
is off). Then, press o to confirm or & to cancel and repeat the settings.

Finally, press play button [>] to start the welding process.
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Annex

In this way, you might need to change the IP address on your computer for the sensor’s IP address. To
do so, follow the steps as per below:

1. Press "Windows +R", then a Run box comes out. Input control panel and
press Enter to open the control panel.

Type the name of a program, folder, document, or Internet
rescurce, and Windows will open it for you.

[E_Il

Open: control panel e

QK Cancel Browse...

You can also type control panelin the search bar at the lower left of the screen and
press Enter to open the control panel:

(] i3] Filters

Best match

Control Panel

Desktop app
Recent
¥ Network and Sharing Center
& System
@ Uninstall a program
Apps
[ Settings
Settings
& System
&3 Taskbar notification area
Search suggestions

O control panel - see web results >

P,
P control panel

2. Go to Network and Internet > Network and Sharing Center.
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Save backup copies of your files with File History
Backup and Restore (Windows 7)

‘t‘ Network and Internet

Programs

Appearance and Personalization User Accounts

Appearance and

View network status and tasks Personalization

Choose homegroup and sharing options

Clock, Language, and Region
Add a language
Change input methods

Change date, time, or number formats

Clock, Language, and Region
/ Hardware and Sound
View devices and printers
Add a device

Ease of Access

Ease of Access
Let Windows suggest settings
Optimize visual display

® GER

Pragrams
[-}' Uninstall a program

Control Panel - O ‘@ MNetwork and Intemet - O
A 2 » Control Panel ~ B | Search Control Panel £ |« v 4 4 > ControlPanel > Network and Internet > v O | Search Control Panel »
. . . Control Panel H
Adjust your computer’s settings Viewby: Category ™ ontrol Panel Home e
A
System and Security &M Vicu network status and tasks | Connect to a network | View network computers and devices
System and Security User Accounts * Networkand Internet .‘ HomeGroup
Review your computer's status © Change sccount e Hardware and Sound Choose homegroup and sharing options

Internet Options

Change your homepage | Manage browser add-ons | Delete brawsing history and cookies

g

Infrared
Send or receive a file

3. Select Change adapter settings on the left.

L+ Network and Sharing Center

<« v A EE « Metworkand Intemet » Metwork and Sharing Center

Contrel Panel Home

View your active networks

Network

Change advanced sharing

Windows Defender Firewall

View your basic network information and set up connections

HAccess type:

settings Public network Connections: [ Ethernet
Change your networking settings
ﬁ- Set up a new connection or network
Set up a breadband, dial-up, or VPN connection; or set up a router or access point.
Troubleshoot problems
Diagnose and repair network problems, or get troubleshooting information.
Seealso
HomeGroup
Infrared
Internet Options

w8 Search Control Panel 2

Internet

4. Right click the Ethernet icon and select Properties from the context menu.

.E' Metwork Connections

Organize « Disable this network device

Ethernet

A &' 5 Control Panel » Metwork and Internet

Diagnose this

) Disable

Status

Diagnose

$

Bridge Connections

Create Shortcut
Delete

¢
¥

Rename

GIProperties |

5. Then double click Internet Protocol Version 4 (TCP/IPv4).
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[ Ethernet Properties x
MNetworking

Connect using:

? Qualcomm Atheros AR8151 PCI-E Gigabit Ethemet Contro

This connection uses the following items:

I?Clientfor Microsoft Metworks ~
T2 File and Printer Sharing for Microsoft Netwarks

Scheduler
Intemet Protacol Version 4 (TCP/1Pv4) [
L1 a Microscft Network Adapter Multiplexor Protocel
. Microsoft LLDP Protocol Driver

4 Intemet Protocol Version 6 (TCP/IPvE) v
< >

Install... Uninstall Properties
Description

Transmission Control Protocol/Intemet Protocol. The default
wide area network protocaol that provides communication
across diverse interconnected networks.

oK Cancel

6. Finally, change the IP address for the sensor’s one (you can find it on sensor's head).

Internet Protocol Version 4 (TCP/IPvd) Properties x
General

‘fou can get IP settings assigned automatically if your netwark supparts
this capability. Otherwise, you need to ask your network administrator
far the appropriate IP settings.

() Obtain an IP address automatically

(®) Use the following IP address:

IP address:
Subnet mask:
Default gateway:

Obtain DNS server address automatically

(®) Use the following DS server addresses:

Preferred DNS server: l:l

Alternate DNS server: |:|

[ validate settings upon exit Advanced
Cancel

7. Clickon OKto sabe the settings and connect the sensor to the computer through the PoE switch.

An alternative to this process, you can also change sensor’s IP in Setting Sensor section. In case you
want to make some more advanced changes in configuration, you can also change sensor’s subnet mask

and the gateway (both in Setting Sensor section). For more information on advanced settings, get in
touch with GARMO INSTRUMENTS, S.L.
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