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The GMAW (Gas Metal Arc Welding) technique and its radiation emissions
are examined in this study. Three commonly used materials in industry,
SS304-type stainless steel, A36 low-carbon steel, and T6061 aluminium, are
chosen for the tests. The welding is applied at 140 A, and radiation types and
luminosities are evaluated for each material. During the welding processes,
ultraviolet radiation was the most frequently observed at all parameters; in
addition, visible light and infrared radiation, 200—1000 nm on an optical
scale, are recorded. The effects of electric currents on the photon energy
rates are clearly exhibited. The wavelengths are similar on the SS304 and
A36 materials, but higher photon energy and intensity are observed on
SS304. Furthermore, for the T6061 aluminium material, the optical radia-
tion emission and peak patterns are totally different from the others, with
peaks spiking over the entire range of the optical scale.

B it po6oTi BuBUaEThCA ra30Be IyroBe 3BapIOBAHHS METaJIeBOIO eJIeKTPOI00
Ta BUIIPOMiHIOBAHHSA, 1[0 CYIIPOBOIIKYE I1ei mportiec. oA mocaimsxeHHa o6pa-
HO TPHU IINPOKO BUKOPHUCTOBYBAHUX y IIPOMICJIOBOCTI MaTepisdan: Heip:KaBiii-
Ha craJygb Tuny SS304, HusbKoOByTJIeleBa craab A36 i amrominiit T6061. 3Ba-
poBaHHA BuUKOHYyBajsoca nmpu 140 A; nna KOKHOTO MaTepidAly BUSHAYAIUCS
TUII i ICKpaBicTh BUIIPOMiHeHHsA. B mpoiieci 3BapioBaHHA IIPU BCiX ImapaMeT-
pax HaMbiJbBII YyacTo cmocTepirajgocs yabTpadiosieToBe BUIPOMiHEHHA; KpiM
IIbOT'0, PEECTPYBAJIUCA TAKOXK BUAMMe CBiTJIO0 I iH(hpauepBOHe BUIIPOMiHEHHSA
B orntuunHomy agianaszoni 200—1000 am. cHo BUABMBCA BILJIUB €JIEKTPUUHUX
TOKiB Ha MIBUAKiCTH 3MiHU eHeprii oToHiB. [[0BKUHN XBUJIb BUABUINUCS OJIU-
3pKUMU AJa MaTepianaiB SS304 i A36, aye 6inbIiri edeprisa ¢GoToHIB Ta iHTeHCH-
BHicTb cocrepiranaucsa aiada SS304. Kpim Toro, gaa amominiio T6061 ontuuse
BUIIPOMiHEHHA i CTPYKTYypa IIiKiB, AKi pO3TAIlIOBaHi B yCbOMY OITUYHOMY Hif-
Ma30Hi, IOBHiCTIO BiApi3HAIOTHCA BiJ pemiTu.
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B mamHo#l paboTe uM3ydaeTcs ra3oBas AYroBas CBAPKA METAJLIMYECKUM dJIEK-
TPOZOM U COIIPOBOKAAIOIIee e€ maaydeHue. [[Jia mccaeqoBaHus BIOPAHbI TPU
IIAPOKO WCIIOJIb3yeMble B IIPOMBIILJIEHHOCT MAaTepHaja: HepKaBerolas
cranp tuna SS304, Huskoyriepogucras craab A36 u amomuuauiit T6061.
Csapka npousBoguiaachk mpu 140 A; ana xamaoro MmaTtepualia omnpenessinch
TUI U APKOCTh MU3JIyUYeHUs. B mpoliecce cCBAPKU IIPU BCeX IIapaMeTpax Hambo-
Jiee 4acTo HAOJIOZATIOCH YJIbTPA(UOIeTOBOE U3JIydYeHne; KPpOMe TOrO, Peru-
CTPUPOBAJINCH TAKyKe BUAMMBINA CBeT M MH(MPAKPaCHOe M3JyUYeHHe B OITHYE-
cxkom auamnasoHe 200—-1000 am. fcHO HPOABUIOCH BIAUSAHIE SJIEKTPUUECKUX
TOKOB Ha CKOPOCTh M3MEHEHUA dHepruu (poToHOB. [[JMHBI BOJH OKA3AJIKCh
onuskumMu Ajaa matepuaaoB SS304 u A36, mo OosbIliad 9HEPTuA (POTOHOB U
MHTEeHCUBHOCTh Habmoganuch aiasa SS304 Kpowme Toro, aasa amomuuua T6061
OIITHYECKOE M3JIyUYeHUEe U CTPYKTypa IMNKOB, PACIIOJIOKEHHBIX BO BCEM OITHU-
YeCKOM AralnasoHe, MOJHOCTHIO OTJINYAIOTCA OT OCTAJIbHBIX.
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1. INTRODUCTION

Most arc welding and cutting processes, such as laser and torch weld-
ing, cutting, brazing, and soldering, produce a large quantity of radia-
tion requiring precautionary measures. Some processes such as re-
sistance welding and cold pressure welding ordinarily produce negligi-
ble quantities of radiant energy [1]. Welding arcs produce radiation;
however, an insufficient number of detailed studies have been carried
out based on parameters such as welding techniques, welded materials,
and welding currents [2]. Arc light radiation is a complicated phenom-
enon involving several welding parameters [3]. Without understand-
ing the essential mechanism, its utilization is based merely on subjec-
tive experience and assumptions[4].

The welding arc is a significant artificial source of radiation, pro-
ducing mainly optical radiation [5]. Optical radiation is generated by
welding arcs over a broad range, 200-1400 nm (0.2—-1.4 um), of wave-
lengths. Optical radiation consists of ultraviolet (200—400 nm), visible
(400-700 nm) and infrared (700-1400 nm) radiation [6].

Radiation given off by the arc or flame is electromagnetic energy
that may damage eyes and burn skin [7]. Broad-spectrum ultraviolet
radiation (UVR) is known to be a human carcinogen [8]. The UV-C ra-
diation from welding arcs can cause ocular and skin cancer as well as
chromosomal and DNA damage [9]. An operator is able to see visible
light (VIS) radiation; however, he cannot see ultraviolet (UV) or infra-
red (IR) radiation. Moreover, UV-A, VIS and IR radiation may reach
the retina and can cause ocular injury [10]. Ultraviolet radiation also
targets the anterior parts of the eye and may be associated with the de-
velopment of acute and chronic symptoms [11].
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Arc welding radiation produces direct adverse effects, including eye
and skin damage, on the operators and nearby workers [12]. Conse-
quently, welders have a higher than average risk of developing skin
cancer and cataracts from biologically effective radiation [13]. Alt-
hough it is known that welding arcs produce radiation, sufficiently de-
tailed research has not been done on radiation with regard to welding
parameters[2].

The intensity and wavelength of the energy produced depend on the
welding parameters, including electrode and base metal composition,
fluxes, and any coating or plating on the base material [1]. Ultraviolet
radiation increases approximately as the square of the welding cur-
rent. The visible brightness (luminance) of the arc increases at a much
lower rate [14].

Welding radiation studies have provided data covering some welding
parameters by measuring the energy, radiation dose, and determining
limitations for health institutes [13]. Only a few studies have analysed
the light produced by welding arcs. A welding arc is not a steady source
of radiation; subsequently, this gives rise to calibration difficulties.
Further research on welding radiation is needed in order to accurately
cover all welding parameters, including materials and welding tech-
niques [2]. This study focused only on GMAW (Gas Metal Arc Welding)
and three materials commonly used in industry: aluminium, stainless
steel and low-carbon steel. The GMAW is applied to test samples using
140 Ampere (A) electric current. During the welding process, the dif-
ferent radiation types were measured and analysed according to their
wavelengths. A high amount of UV emission was detected. Optical ra-
diation covering the entire ultraviolet band (UV-A, UV-B and UV-C),
VIS and high-energy IR-A was observed for each test specimen.

2. EXPERIMENTAL METHODOLOGY

The test materials chosen for this study were SS304-type stainless
steel (SS), A36 low-carbon steel and T6061 aluminum; their chemical
compositions are given in Tables 1-3.

The specimens were prepared as 5x50x200 mm?® samples and welded
using the GMAW method. For the aluminium, Lincoln ER 4043L was
used, for the stainless steel, Lincoln ER 308L, and for the low-carbon
steel, E 6013; L56/56B electrode wires having a standard thickness of
0.030 were chosen for the study. The samples were welded using a Mil-
ler XMT 304 CC/CV-type welding machine with an argon gas shield.

During the welding process, the radiation values were measured us-
ing the ZEISS MCS 501 UV-NIR spectrometer, the features of which
are given in Table 4. For this study, the UV source was the welding arc;
therefore, the photometer and spectrometer functions of the ZEISS
MCS 501 UV-NIR, which sense and analyse light, were utilized. For
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TABLE 1. Chemical composition of SS304 stainless steel

Element| Cr Ni Mn Si C P S Fe
o 18.0—| 8.0- 2.0 1.0 0.08 0.045 | 0.030 Remainder
© 20.0 | 10.50 | max | max max max max

TABLE 2. Chemical composition of A36 (ATSM) low-carbon steel.

Element| Mn Si C Cu S P Fe
% 1.03 max|0.28 max|0.25-0.29/0.20 max|0.05 max|0.04 max{Remainder

TABLE 3. Chemical composition of T6061 Aluminium.

Element] Ma | Fe Si 7Zn Cu Mn | Ti Cr |Other Al

0.8-10.7]0.4-10.25/0.15-{0.15{0.15|0.04—| 0.15
1.2 |max| 0.8 |max| 0.4 |max|max| 0.35 | max

%

Remainder

measuring the 200—1000 nm wavelengths, a 1/3 sec integration period
was determined. The probe was positioned at a distance of 1 m from the
arc and was connected to the spectrometer by fiber optic cable.

The spectral irradiance from the welding arc was observed and rec-
orded by means of AspectPlus, ZEISS MCS 501 UV-NIR software. A
screen view showing measured and recorded data can be seen in Fig. 1.
The luminosity is seen on the vertical line as lumens (Im) and the wave-
length is seen on the horizontal line as nanometers (nm).

The observed maximum and minimum optical radiation rates are
indicated by the two lines at the top and bottom. The average rate tak-
en into consideration is shown by the middle line (Fig. 1).

3. RESULTS AND DISCUSSION

In this study, radiation values were obtained from GMAW applications
on three types of test materials. The electric voltage, based on the
properties of the test materials, was determined as 27 V for the stain-
less steel and low-carbon steel, and as 20 V for the aluminium speci-
mens. These values are seen in Figs. 2—5 as diagrams based on the ma-
terials and 140 A electric current values.

TABLE 4. ZEISS MCS 501 UV-NIR Spectrometer.

Type Resolution | Accuracy ‘ Pixel No | A-Range
MCS 501 UV-NIR 2.4 nm 0.3 nm 512/1024 190-1015 nm
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Fig. 1. View of the screen showing measured values as recorded by the soft-

ware.
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Fig. 2. Optical radiation values for A36 low-carbon steel.
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Fig. 3. Optical radiation values for SS304 stainless steel.
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Fig. 4. Optical radiation values for T6061 aluminium.

The light was converted to an optical scale; the measurable intensity
in this study was in a wavelength range of 200—1000 nm.

For the low-carbon steel, the UV band was measurable between 200
and 400 nm (Fig. 2). The highest intensity of light was 3560-550 nm,
which is the UV-A and VIS. Over 700 nm of IR radiation was observed,
although it exhibited lower energy levels.

Among the materials exposed to GMAW applications, the highest
energy level of radiation was observed on the stainless steel samples
(Fig. 3). The highest intensity of radiation was 220—400 nm, which is
entirely in the UV band; IR energy was seen between 740 and 840 nm.
The luminosity reached over 32000 Im.

As seen in Fig. 4, the optical radiation values for the Al GMAW ap-
plications were very different from those of the stainless steel and low-
carbon steel. The light was dispersed over the 200—-850 nm wavelength
range. These scattered wave ranges covered UV-A, UV-B, UV-C, VIS
and IR radiation. On the Al specimen, the highest photon energy start-
ed from a range of 230-400 nm and the luminosity reached over 30000
Im.

The comparison of arc lights for each of the test materials is shown
in Fig. 5. The highest energy value is obtained from the stainless steel
samples as luminosity and frequency. The lowest rates were obtained
from the low-carbon A36 steel samples. The energy rates from the al-
uminium samples are dispersed throughout the entire optical scale, but
were mostly concentrated in the UV band between 240 and 400 nm,
with some in the IR band. Thus, the material types and their composi-
tions were shown to affect the radiation values [4].

For this study, the distance of the probe from the welding arc was
1 m, whereas an operator is only a few centimetres away from the weld-
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Fig. 5. Comparison of values for the three sample materials.

ing arc. Therefore, the influence of radiation energy upon the operator
and his skin is much higher than that recorded above [14].

Measurements of the radiation levels of each of the test materials in
this study were applied for comparison and analysis. All three materi-
als were welded by the GMAW technique, at 140A electric current, and
using an argon gas shield. The resulting types and amounts of radia-
tion produced for each sample material differed significantly. The
stainless steel produced more radiation energy and the aluminium elic-
ited scattered graphics on the optical scale.

4. SUMMARY

This study attempted to determine the radiation emissions from
GMAW arcs on different test materials. Values were obtained for each
of the parameters and the following results and conclusions were ob-
served.

1. Optical radiation, including UV, VIS, and IR, is generated by
GMAW applications.

2. The energy input, which is based on the thermal conduction and fu-
sion levels of the materials, also affects the radiation emissions as pho-
ton energy. With the increase of energy input, the photon intensity
and radiation emissions also increase [1]. Higher light intensity was
observed with the increase of the electric current magnitude.

3. Inert argon shielding gas was applied in this study. For further
studies, other types of shields based on different techniques could be
investigated. The shields can affect the type and range of radiation
from welding arcs [12].

4. The chemical composition of the welded materials is seen to affect
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the production and emission of radiation [4]. There is a need for future
investigations of this aspect, including studies of other welding tech-
niques, a variety of materials and other parameters.

5. The highest intensity of radiation and frequency of energy with low-
er wavelengths occurred in the electromagnetic spectrum during the
welding applications on the stainless steel sample [15].

6. During the GMAW applications, the aluminum materials produced
values of radiation peaks ranging across the entire optical scale. The
highest graphic peaks were seen in the UV and IR bands. In addition,
the form of the aluminium graphic exhibited a different pattern from
those of the values for the other materials [14].

7. The GMAW applications on low-carbon steel, stainless steel and
aluminum samples resulted in the production of high optical radiation
energy. The three materials produced different types and ranges of ra-
diation. Lower frequency and photon energy are seen on the low-carbon
steel specimen than on the other two specimens. Furthermore, the
highest optical radiation energy (200-400 nm) and luminosity (over
32000 Im) were obtained from the stainless steel sample.
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