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Measurement System for the Monitoring of Laser + MAG

Welding Parameters

Abstract: This paper presents the design, technical possibilities and the intend-
ed use of a multi-station measurement system for HLAW process monitoring.
The system used at the production site allows the monitoring and recording of
HLAW welding parameters in relation to various constructions and products.
The use of an industrial fieldbus interface allows full integration with automa-
tion devices and systems found on typical production stations/sites.

Keywords: measurement system, monitoring of the HLAW process

DOI: 10.17729/ebis.2017.3/5

Introduction

The process of laser + MaG hybrid welding is
one of the processes referred to in scientif-
ic publications as Hybrid Laser Arc Welding
(HLAW) and involves the simultaneous use of
two heat sources, i.e. a focused laser beam and
MIG/MAG electric arc, which during welding
form one common weld pool. The laser + M1G/
MAG hybrid method is now intensively test-
ed, developed and implemented. The interest
in this hybrid method and its intense develop-
ment result from the fact that laser + maG/MIG
hybrid welding is a highly efficient single-run
welding method which can be used within a
wide range of thicknesses of elements made of
various steel grades [1, 2].

The design of hybrid welding (laser + m1G/
MAG) stations include components made in
large numbers by manufacturers of lasers, M1G/
MAG semiautomatic welding machines, indus-
trial robots and industrial automatics. Although
the above-named stations constitute complex

and sophisticated systems providing hybrid

welding station functionalities, the present stage

of development of the aforesaid welding tech-
nology is not supported by a complex system in-
volving process parameter monitoring, control

and quality documentation in batch production.
The system mentioned above has been devel-
oped at Instytut Spawalnictwa (taking advan-
tage of previously conducted research), where

one of the primary assumptions involved the in-
tegration of the system controlling the manipu-
lator operation and two heat sources operating

at the same time within one hybrid method, i.e.
a laser beam and electric arc [3, 4].

System Architecture

The computer-based control-measurement sys-
tem has two layers, i.e. hardware and software.
The hardware layer includes measurement trans-
ducers, measurement cards, communication in-
terface cards, computer system elements and
other elements as well as electronic devices and
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systems. The software layer i Welding Welding booth Measurement
(:)vyler s?urce module

includes software modules
controlling the measure-
ment system operation and
communication with the
welding station systems via
an industrial 1T network as
well as software modules
performing assumed system
functionality [5].

The control-measurement
system architecture is adjust-
ed to the type of the welding
station, i.e. robotic hybrid
welding station, the prima-
ry components of which in-
clude a solid-state (disc or
fibre) laser, MIG/MAG weld-
ing power source, industrial
robot, industrial automation
systems and a hybrid head
(Fig. 1).

However, the use of mod-
ular architecture, both in
terms of hardware and soft-
ware, provides the possibility
of incorporating successive
welding stations to the sys-
tem as well as enables the use
of required system functions |},
and the independent exten- (#
sion of individual software J
modules. As a result, it is
possible to add new system
software functions and ad-
just software to specific sys-
tem users’ needs. 0 I e s d) inside the measurement

Because of the modular ¢) inside the booth module
system architecture enabling
a relatively unbounded con-
figuration, in the case of the
laboratory HLAW station at Instytut Spawalnict- is via the DeviceNet (industrial network) using
wa the measurement module (Fig. 2) is con- a pcI card installed in the computer. Welding
nected to a computer via the Ethernet, whereas process parameters measured and controlled
communication with the robot control system on the above-named station are the following:
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Industrial robot control cabinet

Fig. 1. Elements of the control-measurement system in the welding station structure

b) collation of the measurement
a) HLAW station module in the booth

Fig. 2. Versatile HLAW station at Instytut Spawalnictwa
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— welding current and voltage,

— filler metal feeding rate,

- welding rate,

— laser power.

Optionally, the measurement system can con-
trol other parameters using additional measure-
ment transducers, e.g. the flow rate of shielding
gas. In addition, the system provides the pos-
sibility of adding a typical industrial control-
ler, thus extending the system applications by
controlling other devices and easier integration
with other automation systems of typical pro-
duction stations.

Control-Measurement System
Software

Because of its complex functionality, the system

software was divided into independent mod-

ules performing the following functions [6, 7]:

— parameter recording module - recording
and saving of welding parameters, commu-
nication with the robot control system,

— parameter control module - control of pa-
rameters during welding,
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- technology editor module - adding/delet-
ing/modification of welding technologies,

— reporting module - creating reports after the
welding of single elements or batches,

- data visualisation module - presentation
of ongoing process parameters and data
archiving.

The welding parameter recording module en-
ables the recording and saving of the above-
named waveforms of welding parameters in
the database and data downloaded from a mas-
ter system controlling the welding station, e.g.
a welding programme number, a serial number
of an element/welding being made, order num-
ber etc. The welding parameter recording mod-
ule is supplemented by the welding parameter
control module (Fig. 3) enabling the monitor-
ing of preset welding parameters by verifying
whether parameters are restricted within the
ranges set by the operator.

In turn, the welding technology editor mod-
ule (Fig. 4) makes it possible to enter (to the
system) many important welding process-re-
lated technological parameters including data
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Fig. 3. Main window of the programme containing the Joint parameters/ Laser-arc system settings panel (data are
downloaded from the database and entered in the technology editor module) and the Measured parameters panel pre-
senting the operation of the module controlling welding parameters (mean parameter values and control limits)
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Fig. 4. Technology editing window (fragments of tables with technological parameters)

concerning materials being/to be welded (i.e.
grade, thickness and conformity certificate of
a material), filler metal type, welding position,
the type of shielding gas and its flow rate, la-
ser—welding arc system settings (e.g. optical fi-
bre diameter, collimator lens focal length, the
diameter and position of the beam focus, weld-
ing torch inclination angles and laser beam an-
gle of incidence), the direction of welding and
control limits of recorded parameters. In addi-
tion, the welding technology editor module en-
ables the creation of a customer database.

The reporting module enables the generation
of a report about a recently completed weld-
ing process or an archived process download-
ed from the database. Reports are generated in
the form of MS Word files. Because of the fact
that the reporting module utilises the template
of an MS Word programme, system users can
adjust the form of the report to suit their own
needs or those of their customers.

The report is composed of three pages,
where the first page (Fig. 5) shows identifi-
cation data, joint parameters, laser-arc con-
figuration and average values of measured
parameters and the second and third page
contain generated diagrams presenting re-
corded welding parameters.
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The data visualisation module operates in
two modes, i.e. the mode of the visualisation of
currently recorded waveforms (online mode)
(Fig. 6) and the mode enabling the overviewing
of archived waveforms (offline mode) (Fig. 7).

Monitor parametriw spawania HybGor - RAPORT
 dnia: 201706418 gocz 0951
Ukytkeenile Data wykonania spoimy
Imstytut Spawwalnictea
wl, Bi, Credawa 16-18 2017-03-15 goddz 10059
A44-100 Gliwice
Parametry zlacza
Material ar 1 Material nr 2
Gatunek materialy OGO Gatunek materialu SHEOCH
Grubadd materiale 12 Grubodd materiatu 5
Atest materialu Atest nr 32006 Atest materiatu Atest nr 32016
Spolwo Unian - G700 Peryt)a spawanis PA
Nurmer technolagil 5 Nate b i praephywu 180
Gae ashomowy M
Ustawienie ukladu laser - fuk
Srednicadwiatiowodu [pm] | 00,0 Peloienis ognisia [*] [
Oygniska soce whi Kt pochylenks uchwylu
knlimatara [mm] iR 2Byl By
Ogniskowasoczewki[mm] | 400,0 Kt padania aseraa/Bfy["] | 4fof0
Srednaca ognisha [jm] 00,0 :me-:un-ekspuw.inu Al
AliL-A
Parametry zmierzone
Paramatr Wareéi aranice Wartais poprrwee
Wi A550,0
P W 4500,0
i OK
98
W, fm/min] 80 + OK
15
2058
11aj 550
: 245,% oK
+ 13,0 oK
u v 1,0
™ o
2.
W, [mnyfmin] 20 + OK
1%
Uwagis
Sironalz3d

Fig. 5. First page of an exemplary welding report
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In the offline mode, data are read out of the
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Summary

database constituting the central element of The primary advantage of the developed con-

the system as regards the process of data col-
lection and processing. The use of the database
enables the archiving of all collected welding
process-related data and provides the possibil-
ity of performing further analyses through the
use of the data export function.

trol-measurement system is the possibility of
automatic and, at the same time, complex in-
spection, visualisation and archiving of all of
the most important technological parameters
of the HLAW process decisive for the quality of
welding production on stations for the robotic
hybrid laser + maG welding method.
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Fig. 7. Window of the software programme for overviewing archived parameter waveforms
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The reporting module of the above-pre-
sented system facilitates the preparation and
enables the generation of reports constitut-
ing the basis of welding process technological
documentation.

The use of the control-measurement system
may also lead to the obtainment of various ad-
ditional advantages, e.g. when using it in the
process of the optimisation of welding param-
eters, by limiting the number of tests necessary
to adjust parameters, or, during production, by
being able to stop the operation of a welding
station in case of process disturbance (improp-
er welding parameters) thus reducing the risk
of making defective products.

The use of modular architecture, both in
terms of hardware and software, provides the
possibility of incorporating successive weld-
ing stations to the system and enables the in-
dependent extension of individual software
modules. As a result, it is possible to add new
system software functions and adjust software
to specific system users’ needs.

The research work contains
selected results obtained during
the implementation of Project no.
PBS3/B5/31/2015, path B
at Instytut Spawalnictwa in Gliwice,
financed by the National Centre
for Research and Development
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