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I-EcoWelding — Internet System of Guidance Supporting
Calculations of Welding Fumes Emissions in Welding

and Allied Processes

Abstract: The article presents a new tool for environmental analyses concerning
pollutant emissions, i.e. the [-EcoWelding software programme. This Internet
guidance system is an innovative tool supporting the decision-making related to
health and safety in production processes and supporting calculations of pollut-
ant emissions into work environment during welding and allied processes. The
Internet guidance system helps determine emissions and compositions of weld-
ing fumes during fusion welding, resistance welding, vibration welding of ther-
moplastics, brazing as well as thermal gas and plasma cutting. In addition, the
system enables calculating emissions in relation to the entire welding produc-
tion of a given company, taking into consideration the duration of a technolog-
ical process or the declared weight of filler metal used.
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The welding sector in Poland provides employ-
ment for thousands of fusion welders, brazers,
pressure welders, welding machine operators,
specialists in production, control and moni-
toring in machine-building, ship-building, au-
tomotive and aviation industries as well as in
electrical engineering and civil engineering.
The use of welding processes requires main-
taining special conditions of industrial health
and safety. Welding processes entail numerous
chemical and physical hazards. For this reason,
there has been continuous demand for informa-
tion, hints and recommendations concerning

harmful pollutant emissions accompanying
welding processes, the effect of these pollutants
on worker health and the possible optimisation
of technological processes in terms of pollutant
emission reductions. Both welding coordina-
tion as well as industrial health and safety ser-
vices have been emphasizing the importance
of the necessity for solving problems involving
the protection of worker health during weld-
ing processes.

For several years, within the confines of Eu-
ropean projects, national projects and statutory
works, Instytut Spawalnictwa has been involved
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Fig. 1. Scheme presenting the sequence of data search in the system

BIULETYN INSTYTUTU SPAWALNICTWA



http://creativecommons.org/licenses/by-nc/3.0/
http://bulletin.is.gliwice.pl/

[@)ov-ne |

= I Selection of process and conditions [l Selected data

N DESIGN:
Welding process Gas-shielded metal arc welding
: Method MAG (135)
i-Eco . . .
Welding Base material Unalloyed and fine-grained steels
: Grade S$235JR (St38)
1 Thickness [mm)] 8.0.
- Filler metal Electrode wire
Beieire Grade G3Si1 (8G2, SpG3S)
Diameter [mm] 1.2
Shielding gas 80% Ar =20% CO,
IA] 200 )
U V] 27
Welding
Engineer
e |
== [V
Research
Institutions
- Weight of filler metal used [kg]

P I

Users

Process duration [h]

, Show (pdf)

Fig. 2. Screen after entering input data

o= | oo W imevior | ceion ] rocessdweton 17 el omsion |
455 0.13 178 fumes 455 ] 0
s - nitrogen oxides (NOx) 013 0 o
carbon oxide {CO) 178 o 1]
s weight of filler metal used[kg]
o fumes 7010.78 15 0.1051817
1.78 nitrogen oxides (NOx) 19568 15 00029352
[ carbon oxide (CO) 45803 15 00702045
013
o
ot NOw w
I I
7010.78 19568 46803
8000

Fig. 3. Screen with results related to gas-shielded metal arc welding -MAG,
filler metal wire grade G3Sil, shielding gas 80% Ar + 20% CO,
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in research dedicated to the in-
fluence of welding technologi-
cal and material conditions of
welding and allied processes
on emissions of welding fumes
into work environment. The re-
search has involved tests con-
cerning new joining methods as
well as new base materials and
filler metals. Results of research
works, in the form of fumes
emission factors, were dissem-
inated via catalogues concern-
ing characteristics of materials
as regards pollutant emissions,
single emission sheets related
to individual joining procedures,
publications in various mag-
azines and, last but not least,
in the form of a software pro-
gramme named Exo-Spawanie
(Eco-Welding). This software
programme, developed in 2004,
within the confines of Multi-An-
nual Programme (MAP) Adapta-
tion of work conditions in Poland
to standards in the European Un-
ion is dedicated to determining
pollutant emissions accompa-
nying MMA, MIG/MAG and TIG
welding.

The development and im-
provement of welding methods
as well as the growing aware-
ness concerning hazards in the
work environment of companies
making welded structures and
products have imposed the ne-
cessity of providing the welding
engineering sector with a new
tool for performing environ-
mental analysis focused on pol-
lutant emissions. This new tool
is the Internet guidance system
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i-EkoSpawanie (I-EcoWelding)
based on databases containing
emission factors. The system is an
innovative tool supporting deci-
sion-making related to health and
safety in production processes and
supporting calculations of pollut-
ant emissions into a work environ-
ment during welding and allied
processes. The Internet guidance
system helps determining emis-
sions and compositions of weld-
ing fumes in traditional welding
methods, i.e. MIG/MAG, TIG and
MIG/MAG performed using pulsed
arc and double pulse, MmAw and
welding/braze welding using in-
novative low-energy arc meth-
ods such as cmT, ColdArec, STT,
Ac Pulse and ColdProcess. The
system also includes databases of
emission factors related to resist-
ance welding, the vibration weld-
ing of plastics, brazing as well as
thermal gas and plasma cutting
processes. The system also enables
calculating emissions in relation to
the entire welding production of
a given company, taking into con-
sideration the duration of a tech-
nological process or the declared
weight of filler metal used.

The target group of the guid-
ance system includes companies
using welding processes in their
production, institutions calcu-
lating environmental fees in ac-
cordance with the Environmental
Protection Law and labour in-
spections. In addition, the system
can be used by designer bureaus
or companies designing or pro-
viding ventilation systems for
welding processes.
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Fig. 4. Screen with results following the selection of MMA welding
and covered electrode grade EB 250
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Fig. 5. Screen with results following the selection of resistance welding process
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44-100 Gliwice, ul. Bf. Czestawa 16-18
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COMPUTATIONAL MODULE

Company name
Address
NIP (Taxpayer ID Number)

ul. Bl. Czeslawa 16-18, 44-100 Gliwice

631-010-22-58

I-ECOWELDING PROGRAMME SOFTWARE Time emission Ec [mg/s] Process duration [h]| Total emission [kg]
POLLUTANT EMISSION DATA SHEET welding fumes 10-52 160 6.05952
PROGRAMME USER DATA [ 1rogen xdes (NN o 0 it
Instytut Spawalnictwa carbon oxide {CO) 0.44 160 0.25344

User name Joanna Wyeislik

Sheet generation date 2016-04-29

EMISSION OF WELDING FUMES AND GASES

Welding process Flame brazing

Method/ name Flame brazing (912)

Base material High-alloy steels; copper and its alloys; nickel and its alloys

Filler metal Flux-cored silver brazing metal
Grade AG 203 (PR-LS 45)
Diameter 18

Rod length 450

DATA FOR TOTAL EMISSION CALCULATION

Process duration [h] 160

Weight of filler metal used [kg] |0

Number of rods ]

Weight of filler
metal used [kg]

Ew [mg/kg of

brazing metal] Total emission [ky]

Weight emission

welding fumes 38563.70 0 0
nitrogen oxides (NOX) 10679.70 0 0
carbon oxide (CO) 1569.60 0 0

. L Ew [mg/rod of L
Weight emission | i etal] Number of rods | Total emission [kg]

welding fumes 250.20 [} Q
nitrogen oxides (NOX) 67.11 0 0
carbon oxide {(CO) 9.87 0 [v]

EMISSION OF WELDING FUMES AND GASES

Time emission Ec [mg/s] EO
welding fumes 10.52
10.52
0
nitrogen oxides {(NOXx) 3.00
3
carbon oxide {CO) 0.44

Ew [mg/kg of

Weight emission brazing metal]

welding fumes 38563.70
nitrogen oxides (NOx) 10679.70
carbon oxide {CO) 1569.60

Weight emission Ew [mgjrod of

brazing metal] T s
welding fumes 250.20
nitrogen oxides (NOx) 67.11
carbon oxide (CO) 9.87

Chemical composition [%]

57

60

50

40

30

20

10

0,125 0,297

Cu Zn K Ag

Fig. 6. Pollutant emission data sheet for the flame brazing using silver brazing metal AG 203

Description of I-EcoWelding

The guidance system i-EkoSpawanie (I-Eco-
Welding) has been made available on the In-
ternet Welding Platform and provides the
possibility of the on-line use of knowledge and
results of tests concerning pollutant emissions
accompanying welding processes as well as
makes it possible to determine emission fac-
tors of selected fusion welding, braze welding,

No. 4/2016

BIULETYN INSTYTUTU SPAWALNICTWA

pressure welding, brazing and cutting methods
in relation to selected structural materials and
filler metals. The start-up screen of the I-Eco-
Welding system contains all welding and allied
processes along with pollutant emission-re-
lated data. The user starts designing their cal-
culations using the above named screen. The
selection of a joining process option is automat-
ically followed by moving on to the selection of
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a joining method. Further steps are concerned
with types, grades and thicknesses of base ma-
terials, and then, types and grades of filler met-
als and technological conditions appropriate for
related joining or cutting processes. The scheme
presenting the sequence of data search in the
system is presented in Figure 1.

A selected joining process, method, and ma-
terial-technological conditions are saved in the
dedicated window Selected data: design (Fig. 2).
The subsequent step involves the use of a com-
putational model determining total emissions.
The entering of data related to the duration of
a process or the weight of filler metal used is fol-
lowed by the display of a screen presenting all
information related to pollutant emissions. Fig-
ure 3 presents the screen with results concern-
ing the maG welding of unalloyed steel sheets/
plates using filler metal wire grade G3Sil and
the shielding gas mixture of 80% Ar + 20% CO,.
The screen presents values of time and weight
emissions of welding fumes, nitrogen and car-
bon oxides as well as the chemical composition
of welding fumes. The computational module
table provides information concerning total
emissions in relation to the declared weight of
consumed electrode wire. Exemplary result-re-
lated screens of the I-EcoWelding system con-
cerning the mma welding and the resistance
welding of sheets/plates with double protective
coatings are presented in Figures 4-5.

For each calculation, the system enables the
generation of a Pollutant Emission Data Sheet.
The sheet is prepared in the pDF format and, as
a result, can be saved on a disc and printed out.
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An exemplary Pollutant Emission Data Sheet is
presented in Figure 6.

Summary

The Internet guidance system I-EcoWelding is
dedicated to determining emissions of fumes
generated during welding and allied processes.
In its databases, the system contains results of
research performed at Instytut Spawalnictwa
and concerning emissions and chemical com-
positions of pollutants emitted to a work en-
vironment during various joining and cutting
processes. In comparison with the already ex-
isting Eco-Welding software programme, the
[-EcoWelding system provides the possibility of
updating data directly following the completion
of successive research works. The system also
features a computational module enabling the
determination of the total emission of pollut-
ants. The system structure allows its continuous
development and the addition of new informa-
tion using the administrator interface.

The [-EcoWelding system is available on the
Internet Welding Platform and is addressed at
a variety of companies using welding process-
es in production. Users can access the system
on using their individual login and password.
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