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ABSTRACT

Minimisation of noise at a workstation is among fundamental tasks for maintaining
safety at work, both in terms of health (the auditory system in particular) as well as
work comfort. Thus, it is very important to systematically monitor noise levels by
carrying out reliable measurements at a workstation. The method of performing noise
measurements at workstations of specific machines is normalised so the results of
such measurements for different machines is comparable. This paper presents noise
measurements for DMC 635 numerically controlled milling machine, performed in
accordance with PN ISO 230-5:2002 norm. The results showed that the level of noise
at the operator’s workstation significantly exceeds the norm at certain machining pa-
rameters. The results of tests are concluded as detailed recommendation for the CNC
machine tool operator to use hearing protection when at work.

Keywords: noise, noise measurement, acoustic pressure, acoustic absorption, CNC

machines.

INTRODUCTION

Noise is one of the most tiring factors in work
environment, whose damage to human organism
is difficult to assess [2-3, 20]. At workplaces in
industrial conditions, every worker is exposed to
noise levels that very often exceed permissible
values. Noise is frequently defined as any sound
which, in given conditions, is undesirable, tiring
or harmful to human health [2]. Damages in hear-
ing caused by noise are the most common occu-
pational disease in Europe and present about one
third of all work-related diseases [16]. Safety is a
wide subject of interest whose proper application
allows obtaining safe product and working envi-
ronment [6-7, 14-15, 17].

The harmful and tiring effects of noise depend
on its intensity, frequency and changes in time,
long-lasting effects and the contents of inaudible
components, as well as the characteristics of the
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operator such as age, mental condition, health and
individual sensitivity to sounds. Prolonged expo-
sure to high levels of noise has highly negative
effect on a person and their health. High levels of
noise have negative effect on well-being, and in
extreme cases may lead to hearing damage. Hear-
ing protection must be used if the level of noise is
85 dB or higher [2, 4, 18-20].

Minimisation of noise is exceptionally im-
portant in machinery industry, where constant
operation of machinery and devices entails ex-
position to high levels of noise. Examples of this
are production halls with CNC machines [4-5,
8-13]. Evaluation of that kind of noise is the ba-
sis for using different methods of noise reduction
or to recommend personal hearing protection for
the CNC operator [18-19]. Reliable measurement
of noise created a need to prepare a procedure for
measuring noise emission at CNC machines work-
stations. A comprehensive procedure of measur-
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ing acoustic strength of noise emitted by CNC
machines is presented in Polish norm PN-ISO
230-5:2002. The norm contains information on
basic conditions for carrying out tests of emis-
sion and acoustic strength, test methods, nec-
essary measuring equipment and the procedure
for analysing the results: EN ISO 11201:2012;
EN ISO 11202:2012; EN ISO 11203:2010; EN
ISO 11204:2010; EN ISO 11205:2010; EN ISO
11689:2000; EN ISO 11689:2000/AC:2009; EN
ISO 11690-2:2000; EN ISO 11690-3:2002; EN
ISO 4871:2010; EN ISO 9612:2011; EN-01307:
1994; EN-ISO 1999:2000; EN-ISO 230-5; EN-ISO
230-5:2002; PN-N-01307:1994, ISO 8525:2008,
Directive 98/37EC of the European Union.

METHODOLOGY

The measurement of acoustic pressure of
noise emitted by a CNC machine was carried out
in accordance with PN-ISO 230-5:2002 Stan-
dard. According to the norm, the basic parameters
measured at every position of the microphone for
every work time span or production cycle of the
machine are the following:

° L’p , — mean acoustic pressure value, correct-
ed with the frequency characteristics A, for a
working CNC machine,

° L’p , — mean acoustic pressure value, corrected
with the frequency characteristics A, gener-
ated by environmental noise,

e L — peak value of the acoustic pressure

pCpeak
corrected with the frequency characteristics C.

The scope of the tests includes measurements
of the noise emitted by a DMC 635 Eco milling
machine equipped with a CNC system. The dia-
gram of the test stand, including the measuring

CNC machining tool
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Fig. 1. Diagram of test stand and location of measur-
ing points (microphones)

points (places where the microphones are posi-
tioned) is presented in Figure 1. The measure-
ments were performed with microphones placed
in four points at a distance of one metre from the
walls of so-called reference cuboid, at a height of
1.55 £ 0.075 m above the floor (Fig. 1).

The value of the highest emission level of
acoustic pressure should be recorded as the level
of the acoustic pressure of the tested machine.
The place where this value was measured should
be recorded. The measurements of acoustic emis-
sion of the tested CNC machine were performed
in an 11.2x14.30x3.7m room, with the use of a
four-channel acoustic meter (Svantec 958) and
four measuring microphones Svantec SV22 and
a Svantec SVI2L pre-amplifier. The measure-
ments were performed for a standard work cycle
of the tested CNC machine. The test was realised
by machining an 80x60x10mm solid piece of alu-
minium alloy with variable technological param-
eters of the process, as presented in Table 1.

Table 1. Machining conditions during noise measure-
ments at a CNC machine tool station.

Machining conditions

Depth of cut ap [mm] 1 15 2 2.5 3
Feed motion speed fz 01 015 | 02 | 025 | 03
[mm/tooth]

Cutting speed ve [M/ | 450 | 470 | 520 | 570 | 620

min]
Tool diameter [mm] 12
Tool material High-speed alloy steel

Sample size [mm] 80%60x10

Machined piece

) Aluminium alloy
material

Room dimensions

ixboxts ] 11200%14300%3700

An analysis of test results was carried out
with Svan PC++ software. Measurement time
was 60 seconds. In order to determine acoustic
pressure emitted by the machine, we introduce
to the measured levels of emission of acous-
tic pressure L’p , background noise correction
and local environmental correction K, exclud-
ing peak levels of acoustic pressure emission
chpeak, for which no corrections are allowed.
Acoustic pressure level L, emitted by the ma-
chine should be determined depending on the
level of environmental noise:

e if in a given place the difference AL, between
measured acoustic noise level L’p ., corrected

with frequency characteristic A emitted by a
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CNC machine and the level of acoustic pres-
sure level L"p , of environmental noise corrected
with frequency characteristic A exceeds 10 dB
(15 dB for precession level 2), the level of
acoustic pressure emission in that place is (1):

LpAZL’pA—KA (1)

e if in a given place AL, is within the range of

3 dB to 10 dB (15dB for precession level 2),

the level of emission acoustic pressure in this
place is (2):

0.1L

L, =10lgfio® —10"% |-k, (@

The correction accounting for environmental
noise level should be included for every place in
which it is within 3 dB to 10 dB (15 dB for preces-
sion level 2). If it is higher than 6 dB, the results
correspond to the precision level 2 (to precision
level 3 in other cases). If AL, <3dB, then accord-
ing to the norm the measurement is invalidated.

Local environmental correction K, takes
into account the effect of reflected sound on the
emission acoustic pressure in a given place of the
tested CNC machine. Due to basic requirements,
the environmental correction K, should not ex-
ceed 7 dB. In the case of the orientation method
presented in this work precision level 3), local en-
vironmental correction K, is determined from the
following equation (3):

K, =10logfl = 4(2ma* / 4)] 3)

where: a — is the distance from a given place to
the closest main source of sound from the
tested machine [m],
A — is the equivalent acoustic absorbance
of the surface of the tested room at a fre-
quency of 1 kHz [m?].

In the case where the main source of noise is
not defined well enough, this distance should be
assumed as the distance from a given place to the
nearest part of the tested machine. Value A, equiv-
alent to the acoustic absorption of the surface, is
determined using one of two following methods:

e approximation method — according to this
method, acoustic absorption A of a surface is

determined using the following formula (4):

A=a-S, €))

where: o — mean coefficient of acoustic absorp-
tion given for a value corrected with the
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frequency characteristic A,
S, — total area of the surfaces limiting the
test room (e.g. walls, ceiling, floor) [m?]

e reverberation method — the value of the acous-
tic absorption A of the surface is determined
using the time of reverberation of the test
room for broadband noise or impulse noise
and frequency correction A in the receiving
system. Value A expressed in square metres is
determined from the Sabin formula (5):

A=0.16(V/T) (5)

where: V — the volume of the test room [m?],
T — reverberation time [s]

Prior to performing the measurements of noise
emission of the CNC machine tool, the measuring
microphones, Svantec SV 30A, were calibrated.
At the first stage, the level of environmental noise
L”p , was measured. The results are presented in
Table 1. The average environmental noise level
was L', =32.76 dB.

Table 2. Compilation of the results of environmental
noise level measurement corrected with frequency
characteristic A

Mic | Filter |Detector ﬁLipsgit;Zf Units | L",[dB]
1 A Fast 00:00:07 dB 32.58
2 A Fast 00:00:07 dB 33.04
3 A Fast 00:00:07 dB 32.86
4 A Fast 00:00:07 dB 32.56

Mean value| 32.76

In the first series of measurements, the cut-
ting speed v_ was changed within the range of
420+620 m/min. The depth of cut and rate of feed
were constant: f = 0.2 mm/tooth and a = 2 mm
respectively. The results are presented in Table 3
and in Figure 2. Maximum noise level values were
recorded in point Mic 1 at the cutting speed of v,
=520 m/min.

In the second series of measurements, a con-
stant cutting speed of v =520 m/min and depth
of cut of ap=2 mm were determined. The rate of
feed of £=0.1-0.3 mm/ tooth changed. The re-
sults are presented in Table 4 and Figure 3. The
maximum values of noise levels were recorded
in point Mic 1 at the maximum rate of feed of
£=0.3 mm/ tooth.

In the third series of measurements the cut-
ting speed values were determined at the level of
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Table 3. Compilation of results of noise level mea-
surements for the noise emitted by a CNC machine at
varied cutting speed v, obtained at £=0.2 mm/tooth,
ap:2 mm

v, [m/mln] LpA [dB] LpCpeak [dB]
420 59.68 92.29
470 79.2 94.15
520 83.13 98.34
570 80.33 97.82
620 81.71 97.94
120
mL'pA [dB] mLpCpeak [dB]
o 100
=
TE 80 -
§ 60 -
B
B 40 A
[s3)
20 -
0 A
420 470 520 570

Cutting speed, v; [m/min]

Fig. 2. Results of measurements of the noise emitted
by a CNC machine in a function of cutting speed v_
for the first measurement series recorded at £ =0.2
mm/ tooth and a =2 mm

Table 4. Compilation of results of noise level mea-
surements for the noise emitted by a CNC machine
at varied rates of feed f, obtained at v =520 m/min,
ap=2 mm

f, [mmi/tooth] L, [dB] L cpees [ABI
0.1 78.28 95.7
0.15 79.89 96.11
0.2 83.13 98.34
0.25 83.74 99.78
0.3 85.76 103.81

120
uL'pA[dB] wLpCpeak [dB]

100

80 -

60 -

40 -

Emited noise level [dB]

20 -

0,1 0,15 02 025 03
Feed per tooth, f; [mm/tooth]

Fig. 3. Results of measurements of the noise emitted
by a CNC machine in a function of cutting speed v,
for the second measurement series recorded at
v,= 520 m/min and ap:2 mm

v, =520 m/min and rate of feed f=0.3 mm/tooth.
The depth of cut was changed within ap=1+3 mm.
The results are presented in Table 5 and Figure 4.
The maximum values of noise levels were record-
ed in point Mic 1 at the maximum depth of cut of
ap=3 mm.

Table 5. Compilation of results of noise level measure-
ments for the noise emitted by the CNC machine at var-
ied depth of cuts a

a,[mm] L, [dB] L cpone [0B]
1.0 80.36 99.50
15 81.50 98.20
2.0 85.76 103.81
2.5 86.51 102.03
3.0 88.33 103.97

120

mL'pA[dB] mLpCpeak [dB]

Poziom emitowanego hatasu [dB]

1 L5 2 2,5
Depth of cut, a, [mmv/tooth]

[7%)

Fig. 4. Results of measurements of the noise emit-

ted by the CNC machine in a function of depth of

cut for the third measurement series, obtained for
v, =520 m/min and f =0.3 mm/tooth

Figure 5 presents the results of noise measure-
ments during the work of the CNC machine for
every measuring channel (i.e. every microphone),
taking into consideration the maximum levels
(MAX), minimum levels (MIN), average levels
(LEQ) and peak levels (PEAK) for both types of
the corrective filter (A and C).

Maximum average level of acoustic pressure
was recorded in point 1 for the following cutting
parameters: v.= 520 m/min, = 0.3 mm, ap=3 mm,
and it was L =88.33 dB. This result was regarded,
in accordance with the norm, as an average level of
acoustic pressure for the tested CNC machine.

In order to determine local correction K,
an equivalent acoustic absorption was mea-
sured using the reverberation method. To per-
form the measurement, a generally available
source of sound and a broadband noise genera-
tor were used. The measurement of the room
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a)

Pressure, p [Pa]

b)

Pressure, p [Pa]

Time, t[s]

Fig. 5. Momentary values of acoustic pressure levels for four microphones recorded during the measurements:
a) course of the signal during 60s exposure, b) detail K

response was performed with the use of Nor-
sonic NOR 140 noise meter. The reverbera-
tion time for the test room was T=1.83 s. Thus,
using Sabine formula, the equivalent acoustic
absorption A (for a test room of V=592.6 m?)
was calculated.

A=0.16(V/T)=0.16(592.6/1.83) = 51.8 m

Assuming that a = 1 m, local environmen-
tal correction K, for the test room was:

K, =10logll+ 42/ 4)|=10log[1+ 427/51.8)] = 1.724B

The difference AL, between the measured
level of acoustic pressure L’pA corrected with
frequency characteristic A, emitted by the ma-
chine, and the level of acoustic pressure L”p N
of the environmental noise corrected with fre-
quency characteristic A during the measure-
ments was greater than 10dB. Therefore, the
level of acoustic pressure for the tested CNC
machine was:

L,=L,-K,=8833-1.72=86.61 dB
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Maximum peak level of acoustic pressure
corrected with frequency characteristic C was
recorded also in Mic 1 (chpeak = 103.97 dB).
According to the recommendation of the norm,
the aforementioned values of pressure levels
rounded to the nearest integer are the result of
the measurement: Lp L= 87dB, chpeak =104 dB.

CONCLUSIONS

The performed measurements of acoustic
emission of the tested machine tool show that at
certain operation parameters (determined by the
technological cutting parameters) noise norms (85
dB) at a workstation are exceeded. The highest
noise levels were recorded in the third stage of the
tests. Maximum values were recorded at the max-
imum technological cutting parameters of a =3
mm, f = 0.3 mm/tooth and cutting speed v_= 520
m/min. The corrected peak value of acoustic pres-
sure was L . =103.97 dB. The obtained values
were rounded, in accordance to the norm, to the
nearest integer. L = 87 dB and Lo 104 dB
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are regarded as the final results of the measure-
ments. The maximum recorded values concern
the space around the machine where the opera-
tor works. Therefore, if an operator remains at his
workstation for a long time, it is necessary to use
various means of noise reduction. Otherwise, it is
necessary for the operators to use individual hear-
ing protection, i.e. earmuffs or earplugs. Taking
into consideration the effect of noise on human
organism, prolonged operation of a CNC machine
requires the use of hearing protection by the op-
erators. The information contained in the noise
parameter changes are symptoms of machine fail-
ure, clearances, overloads or improper function-
ing of the machine.
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