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Presented are the results of measurements of noise characteristics at working place at the distance of 0.55 m
from welding arc using covered electrodes designed for welding carbon and low-alloyed steels. It was
established that the equivalent level of sound is 83—-86 dBA, and the maximum level does not exceed
93 dBA. It is shown that in welding with covered electrodes the noise level is linearly increased with
increase of welding current, here the noise at the working place is mainly contributed by welding process,
and the noise from current generator and ventilation equipment is in the ranges of measurements error. The
data are given, which can be used for sanitary-hygienic evaluation of noise level at the working place in
definite processes of arc welding. 13 Ref., 7 Tables, 1 Figure.
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Welding and allied technologies remain the
sources of many dangerous and harmful industrial
factors, including an acoustic noise [1, 2]. From
the psycho-physiological and social-economical
point of view the noise is any kind of sound,
harmful for health, interfering the reception of
useful signals and reducing the labor efficiency
of a human [3]. In the structure of professional
deceases this kind of «noise decease» as deafness
together with deceases of breathing organs, lo-
comotor apparatus and with vibration decease
compose the main group of deceases of industrial
workers [4].

Among the 80 welding technologies in accord-
ance with ISO 857-1:1998 [ 5] the excessive noise
exceeding the limiting allowable level (LAL) [6]
is typical of many welding processes. Thus,
among methods of fusion welding the gas, laser,
plasma and electric arc welding, magnetic-
pulsed, percussion, ultrasonic and explosion weld-
ing from methods of pressure welding, and resis-
tance welding from combined welding are distin-
guished. However, in the national publications the
quantitative data about acoustic noise in welding
production, as a rule, are not given [1].

The aim of the present work was the investi-
gation of noise environment at the working place
during manual arc welding with covered elec-
trodes (MR-3, UONI-13 /55, ANO-4, ANO-12,
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ANO-36), designed for welding carbon and low-
alloyed steels.

Methods of investigation. The levels of noise
were determined in the process of manual surfac-
ing with 4 mm diameter electrodes, having dif-
ferent types of coatings (Table 1), on St.3 steel
plate, arranged on welding table at the operating
local exhaust ventilation of 1700 m® /h efficiency
and 2 kW power. Welding rectifier VDU-506
was used as a power source. Distance from the
place of arcing to the nearest wall was not less
than 0.5 m. The working place of a welder was
at the distance of 0.55 m from welding arc.

The noise parameters were measured by inte-
grating meter of noise level of the first class of
accuracy (Bruel&Kjaer noise meter of 2230
model), the functional and technical charac-
teristics of which are in compliance with the re-
quirements of the interstate standards (GOST
17187-2010) of CIS countries [7]. Noise meter
has a verification certificate and allows deter-
mining the noise characteristics of up to 1 dB
accuracy.

Table 1. Characteristics of electrodes applied for determination
of level of noise in manual surfacing

Grade Type of coating I, A
MR-3 Rutile 140-220
UONI-13,/55 Basic 130-160
ANO-4 Rutile 140-210
ANO-12 Basic 140-210
ANO-36 Rutile-cellulose 130-180
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Table 2. Level of background noise at the working place of
welder at the distance of 0.55 m from the arc

Parameters of noise, dBA

L Ly ma L

eq op max op min

Number of measurements

1 2 3 1 2 3 1 2 3
69.1 | 69.1 | 69.2 | 78.4 | 78.7 | 78.9 | 66.9 | 66.8 | 66.5
The measurements and sanitary-hygienic

evaluation of noise at the working place were
carried out in accordance with the requirements
of GOST 12.1.003-83, GOST 12.1.050—86 and
DSN 3.3.6.037—-99 [8—10]. Duration of measure-
ment was equal to duration of electrodes burning
(about 60 s). Each measurement was three times
repeated. As a component of technological noise
the noise generated by the current generator and
equipment of air ventilation was taken. Measu-
rement of background noise, generated by aux-
iliary equipment, was made before the beginning
of electric arc surfacing process. At all the meas-
urements the noise levels with a frequency cor-
rection A (dBA), required for finding the tem-
porary nature of noise and carrying out of sani-
tary-hygienic evaluation, were recorded [6]: the
equivalent level of sound L., maximum L, py
and minimum L, ;, levels of sound pressure.

Results of investigations. The measured lev-
els of background and technological sound at the
working place of operators are given in Tables 2
and 3. Surfacing with each type of electrode was
made at current almost at the level of maximum
allowable welding current (see Table 3).

Let us apply the obtained results for evalu-
ation of noise in welding L. The recorded noise
is composed of noise L,,, generated by arc welding
process, and background noise L, generated by
operation of auxiliary equipment. By using the
principle of additivity of power flows in the point

of measurement [11], the measuring level of noise
can be determined as

L=Ly+101g (1 + 10"~ /10 <))

If L, —Ly,>10, then L ~ L, as the addition
is not more than 0.4 dB and commeasurable with
the error of measurements. It follows from the
analysis of obtained data (see Tables 2 and 3)
that this condition is fulfilled for all the meas-
urements. Consequently, the contribution of
background noise can be neglected and the meas-
uring noise as a welding one should be considered.

Let us determine the accuracy of obtained re-
sults [12]. The best estimate of measurements N
of the same value L is equal to their average
value:

N
L= Li/N.
i=1

It can be expected that the true meaning of
measuring value lies in the ranges of L + 8L. The
full error consists of instrumental or systematic
error of noise meter 3L, = +1 dBA and random
component of error L, whose source, in the first
turn, is the non-uniformity of the technological
welding process. The random error is equal to
the error of mean value:

- s

8Lr=0oL = N
where the standard or mean-square deviation of
single measurement is equal to

Iy
op= N7 2@~ L),

i=1

Then the full error shall be
) + (3L )

1n§tr

By assuming that L = L., and L = L 1,y We
shall find the values of approprlate errors for the

data given in Table 3 (Tables 4 and 5).

Table 3. Level of technological noise at the working place of welder at the distance of 0.55 m from the arc during surfacing using

electrodes of different grades

Parameters of noise, dBA
Grade of I A Leg Lop max Lop min
clectrode Number of measurements
1 2 3 1 2 3 1 2 3
MR-3 200 83.1 83.4 82.7 89.6 90.1 89.9 68.3 68.4 67.9
UONI-13 /55 150 82.4 82.8 82.4 90.5 90.3 91.9 68.7 69.3 69.0
ANO-4 200 86.0 85.9 86.1 89.3 90.0 90.4 70.2 69.8 70.1
ANO-12 200 84.6 84.2 84.7 92.8 92.7 93.0 69.5 69.5 69.4
ANO-36 170 83.5 83.4 83.2 92.1 89.9 91.9 68.0 67.9 68.1
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Table 4. Error in measurements of equivalent level of sound, dBA

Measured L.,
Grade of electrode Number of measurements L 8Lt SEr SL rﬁézrl(s)ilr(;fmlel;qt
1 2 3
MR-3 83.1 83.4 82.7 83.1 1 0.2 1 83 +1
UONI-13/55 82.4 82.8 82.4 82.5 1 0.1 1 83 £ 1
ANO-4 86.0 85.9 86.1 86.0 1 0.1 1 86 £ 1
ANO-12 84.6 84.2 84.7 84.5 1 0.2 1 85+ 1
ANO-36 83.5 83.4 83.2 83.4 1 0.1 1 83 £ 1
Table 5. Error in measurements of maximum level of sound, dBA
Lop max B o - Error of
Grade of electrode Number of measurements L 8L st 3L, SL Lop max
measurement
1 2 3
MR-3 89.6 90.1 89.9 89.9 1 0.1 1.0 90 £ 1
UONI-13/55 90.5 90.3 91.9 90.9 1 0.5 1.1 91 £1
ANO-4 89.3 90.0 90.4 89.9 1 0.3 1.0 90 + 1
ANO-12 92.8 92.7 93.0 92.8 1 0.1 1.0 93 +1
ANO-36 92.1 92.0 89.9 91.3 1 0.5 1.1 91+ 1

Table 6. Level of noise at the working place of welder at the distance of 0.55 m from the arc during surfacing using electrodes of dif-

ferent grades

Grade of electrode Type of coating I, A I, A L., dBA Loy max» ABA
MR-3 Rutile 140-220 200 83+ 1 90 1
UONI-13 /55 Basic 130-160 150 83+1 91 +1
ANO-4 Rutile 140-210 200 86 + 1 90 + 1
ANO-12 Basic 140-210 200 85+ 1 93 +1
ANO-36 Rutile-cellulose 130-180 170 83+ 1 91 +1
Table 7. Level of noise at the distance of 1 m from the arc in welding using electrodes MR-3 at different welding current
Noise parameters, dBA
I A Leg Ly max Loy min
Number of measurements
1 2 3 1 2 3 1 2 3
150 79.8 80.3 80.2 85.9 88.9 84.9 73.6 76.4 72.1
180 81.3 81.1 81.1 85.1 85.4 85.8 79.0 78.6 78.4
210 82.7 82.4 82.4 86.0 85.9 85.6 80.3 80.3 80.1
L,, dBA
‘ 68.1 ‘ 68.0 ‘ 68.3 ‘ 73.8 ‘ 74.6 ‘ 75.1 ‘ 66.9 ‘ 67.5 ‘ 68.0

It follows from Tables 4 and 5 that the meas-
urements error is completely determined by value
of instrumental error and, consequently, the fur-
ther increase in number of measurements (more
than 3) will not lead to decrease of full error.
As the error is equal to +1 dBA, the noise level
is presented at an accuracy of up to 1 dBA. The
total results of analysis of all the obtained data
are summarized in Table 6.

Let us consider the nature of dependence of
noise level on welding current within the ranges
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of its rated values for electrode MR-3, used in
the widest range of welding current values (see
Table 1). Results of noise measurements at the
distance of 1 m from the arc are given in Table 7.

Using the least squares method [12] the fol-
lowing linear relationship between the obtained

data was found (Figure):
Leg = 0.041,, + 74.056. 2)

The square of linear correlation value R? =
=0.9705 indicates the high degree of validity of
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Dependence of noise level on welding current in surfacing
with electrodes MR-3

the established linear dependence of noise level
on welding current value. However, it is evident
from the results of carried out investigations that
quantitative increase in current strength has a
negligible effect on noise level. Thus, the current
increase by 40 % led to growth of noise level only
by 2.5 %. It is clear that the level of generated
noise in surfacing with electrodes of other types
and at other distances from the source of noise
will also depend linearly on current value, as the
physical principle of occurrence and spreading of
acoustic noise in arc welding at different modes
is one and the same, namely: the noise level is
determined by the arcing stability.
Sanitary-hygienic evaluation of noise. In ac-
cordance with the requirements of GOST
12.1.003-83 [8] let us determine the temporary
nature of noise and appropriate limits for the
level of acoustic parameters being examined. As
the change in sound level during all the meas-
urements exceeds 5 dBA (see Tables 2 and 3),
the noise at electric arc welding should be clas-
sified as non-constant. For the non-constant noise
the LAL are accepted for L., and Ly pay. The
LAL depends on kind of activity with account
for difficulty and labor intensity. In the given
work the manual arc welding is regarded as a
physical work connected with accuracy, concen-
tration or periodical aural control. For this kind
of labor the safe L., level for personnel during
8 h working day should not exceed 80 dBA, and
the maximum sound level at the working place
should not exceed 110 dBA. As it follows from
the measured values (see Table 6), the latter
condition is fulfilled, while the noise level ex-
ceeds the standard LAL. However, it is not right
to state that the LAL was exceeded [13], as the
comparison should be made at a single time base
equal to 8 h. However, we had a single measure-
ment, continued only 1 min. In practice, the proc-
esses of surfacing and welding are running with
intervals. Moreover, the duration of noise epi-
sodes can be much lower than 8 h, and the noise

48

level here is much higher than 80 dBA. The stand-
ards admit operation under the conditions of in-
creased (more than 80 dBA noise level), but its
duration should be, respectively, decreased ac-
cording to the procedure regulated by GOST
12.1.050-86 [9].

Conclusions

1. It was found that electric arc process of weld-
ing with covered electrodes mainly contributes
to the noise at working place and the contribution
of noise generating by current generator and ven-
tilation equipment is negligibly low and is in the
ranges of measurements error.

2. The level of generated noise is growing line-
arly with increase of welding current value, but
change of level in the range of rated current val-
ues is negligible.

3. The equivalent level of sound is in the
ranges of 83-86 dBA, and the maximum level
does not exceed 93 dBA. The levels of recorded
noise exceed officially the LAL (80 dBA) regulated
by the standard documents for this kind of labor
activity at 8 h working shift. However, for the
correct sanitary-hygienic evaluation it is necessary
to carry out comparison at a single time base.

4. The given data can be used for sanitary-hy-
gienic evaluation of noise episodes of definite
processes of electric arc welding.
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