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Electromagnetic exposure safety assessment of welding cables during welding
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ABSTRACT In this study, we adopted the ANSYS software to simulate the work environment and used a model
to simulate the influence of radiation on the human body during welding. We perform on-site measurement of the
magnetic field generated by the welding machine of a similar one. By comparing the simulation results of the
magnetic flux density with the measurement results, it is concluded that the error between them is less than 10%.
Then, we compare the results with the occupational exposure limit of this frequency band proposed by the
International Committee on Non-Ionizing Radiation Protection (ICNIRP) —100 uT for quantitative analysis. The
results indicate that when the welding power source outputs a high current (500 A) and the welding cable is near the

human body, the magnetic flux density generated inside the human body reaches the experimental peak.
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Consequently, the maximum magnetic flux density generated by the cable on the waist, wrist, and other body parts is
63.36 uT, accounting for the ICNIRP standard of 63.36%. Hence, the magnetic field generated by the welding cable
does not pose a health risk to the practitioner. When the output current of the welding cable is reduced to 400 A, 200 A,
and 100 A, respectively, the generated magnetic flux density accounts for 50%, 21%, and 11% of the ICNIRP
standard. Additionally, when the distance between the welding cable and human body increased to 0.1 m, these
values become 13%, 5%, and 2.6%. This demonstrates that during the welding process, the change of output current
has an effect on the distribution of the magnetic field generated by the welding cable. Moreover, the magnetic flux
density is directly proportional to the magnitude of the current, and the distance from the welding cable determines

the magnitude of the magnetic field strength at that location when a similar output current is generated, which is

inversely related to the distance.
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Fig.1 Measuring welding cables with EHP-50F low
frequency measuring detector
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Table 1 Reference levels for occupational exposure to time-varying electric and magnetic fields

i R I8 | 0T
Frequency range Magnetic flux density
1~8 Hz 2.0x10%f*

8~25 Hz 2.5x10%f

25~300 Hz 1.0x10°

300~3 kHz 3.0x10°/f

3 kHz~10 MHz 100
T BB

Note: fas indicated in the frequency range column.
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Table 2 Measurement results near the welding cables

D L/ A M ANZ ) kHz ML/ uT 7 ICNIRP [R{EHI LR / %
Measurement currents Measurement frequency Measurement results Account for ICNIRP

100 41.1 10.92 10.92

200 41.1 17.65 17.65

400 41.1 49.80 49.80

500 41.1 62.10 62.10

PRERR RS 0.1 m I B4R BoR, FEH

3ONBEARFEHLSE 0.1 m N ES 70 B SR (LU 4K

BRP7 A R N P V(AT IR TE 41,1 kHz b, R #3558 6 ML AP .

X3 FEEEHK mARRNRENESE

Table 3 Measurement results of magnetic flux density at a distance of 0.1 m from the welding cable

MR /A WA [ kHz ML /T 17 ICNIRP [RAE [ HE K / %
Measurement currents Measurement frequency Measurement results Account for ICNIRP

100 41.1 3.76 3.76

200 41.1 4.26 4.26

400 41.1 15.96 15.96

500 41.1 16.85 16.85
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Fig.4 Distribution of magnetic flux density when the welding cable is close to the human body (a) and 0.1 m away from
the human body (b) when the output current is 500 A
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Fig.5 Distribution of magnetic flux density inside the human body when the welding cable is close to the human body (a) and 0.1m
away from the human body (b) when the output current is 400 A
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Table 4 Magnetic field simulation results of welding cable close to human body

TN LI / A WA/ (A m ™) WAL SR / uT 5 ICNIRP [RAEHIEL / %
Applied current Magnetic field strength Magnetic flux density Account for ICNIRP

100 8.97 11.31 11.31

200 16.94 21.35 21.35

400 41.77 53.01 53.01

500 50.64 63.36 63.36

#S5 BB AK01 mE AMERHESHTELER

Table 5 Simulation results when the welding cable is 0.1m from the human body

I / A W358 / (Am™") kIR R P / uT 7 ICNIRP [EAA HILL 3 / %

Applied current Magnetic field strength Magnetic flux density Account for ICNIRP

100 2.02 2.55 2.55

200 4.16 5.24 5.24

400 10.39 13.11 13.11

500 12.52 15.73 15.73

4 R 5 &5 R A R R BT LU, WK 6. il 6
AP LLE 0 B SR (1 45 SR AR R S £ s

41 SEURS I E SRR 0, MRS 0 T R AEAE 10% BLPY, i

T G B B e, AT R e R R TR
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