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Abstract

Keywords

Background and aims: Punch press is contributed as one of the major industrial
machines to produce metal objects, which typically propagates hazardous noise. Noise exposure
Acoustic enclosure is the most common method to mitigate noise transmitted from
industrial equipment. This study aimed to assess the role of opening dimension and
location in a partial acoustic enclosure on occupational noise exposure of the operator Opening area
of punch press. .

Partial acoustic enclosure

Opening position
Methods: A punch press with the capacity of 60 tons in an automotive manufacturing
company was considered as a real noise source. Equivalent noise exposure level was Punch press
measured with reference to ISO 9612 using Cassella Cell-450 sound meter, before
and after noise control intervention. Rubber sheet and mineral wool as insulation and
absorption acoustical material with the thickness of 2 and 50 mm, respectively, applied
to build acoustic enclosure. Rubber sheet sound transmission loss was measured using
BSAW SW 477 acoustic impedance tube to predict acoustic performance of enclosure.
In addition, partial acoustic enclosure with the dimensions of 1.4 by 1.2 by 3 meter
was constructed and opening areas which was equal to 2, 3, 5 and 7 percentage of total
area of enclosure was created in front of punch press operator. Finally, a gate equals to
2 percentage of total area of enclosure was created on the left sidewall of enclosure to
assess the location of opening on noise level.
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Results: The noise level of the press machine operator was measured to be 89 and 67

dBA before and after using full acoustic enclosure, respectively. After using partial Accepted : 2022/08/11
acoustic enclosure with open area percentage of 2, 3.5 and 7 on the front side of press,

operator noise exposure level was measured 78, 79, 78 dBA, respectively, which was a

little bit more than predicted noise. As the opening position was relocated from the front

wall to the sidewall of the enclosure, operator noise exposure was reduced from 78 to 69

dBA, respectively. Although, there was not significant differences between mean sound

level of the punch press after relocation of opening.

Conclusion: Utilizing full acoustic enclosure constructed from insulation material
recommended in this study, the noise exposure of punch press operator was reduced
remarkably. Although, opening area of partial acoustic enclosure was increased to some
general extent to feed punch press, there was a slight change in noise exposure of press
operator. On the other hand, the noise exposure of press operator was plummeted with
the relocation of opening. Therefore, front opening dimension could be chosen fairly
wide to access and feed operation zone of punch press without exposing operator with
more noise level. Furthermore, repositioning the opening from the front wall to the side
wall of the enclosure and automatically feeding the press through side opening could
substantially reduce the operator noise exposure.
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EXTENDED ABSTRACT

INTRODUCTION

Occupational noise exposure is considered as
one of the most common industrial risk factors in
the modern world. It has been well-documented
that long term exposure to excessive noise not only
can cause physiological disorders like permanent
and temporary hearing loss, hypertension and
cardiovascular problems it can also be contributed
to psychological disorders such as stress, annoyance,
limiting workers’ ability to communicate with
others, sleep disturbance, irritability, working
memory loss and cognitive problems. Punch press
has been widely used to form, cut, bend and punch
metal parts in numerous industries. A punch press
is an important industrial machine to produce
metal parts that typically propagate hazardous
noise. It is common to utilize acoustic muffler, noise
barrier and acoustic enclosure to prevent noise
being propagated from noise sources in the working
environment. Acoustic enclosure is one of the most
common methods to mitigate noise transmitted
from machines. Generally, acoustic enclosures are
constructed by acoustic insulation and absorption
materials. Partial acoustic enclosure is defined as an
enclosure that is not completely sealed. The acoustic
performance of partial enclosure is generally
characterized by size and orientation of opening,
the distance between opening and noise source
and acoustic absorption coefficient of material
used to build enclosure walls. Acoustic insulation
and absorption materials are applied to the exterior
and interior walls of acoustic enclosures. Insulation
material reflects radiated noise to source and
absorption material dissipates the energy of noise.
It is not always possible to enclose noise sources
completely, so it would be essential to design and
build an opening with various dimensions in
order to carry out maintenance, manual feeding,
ventilation and operational adjustments. These
openings can affect the acoustic performance of
acoustic enclosure to some considerable extent.
Another point to consider is that changing the
orientation of noise sources can influence noise
exposure. This study is aimed to assess the role
of opening dimensions and location in a partial
acoustic enclosure on occupational noise exposure
of punch press operator.

METHODOLOGY

In this practical study, a punch press with the
force rating of 60 tons was considered as a real noise
sourceinanautomotive manufacturingcompany. All
other noise sources except punch press were turned
off in the press workshop. Car seat components
were produced by punch press during all noise
interventions. The equivalent noise level of press

operator and average noise level of punch press was
measured with reference to ISO 9612 using Cassella
Cell-450 sound level meter, before and after noise
control intervention. Moreover, the sound level
meter was calibrated by Cassella Cell-110 calibrator
before and after noise measurement. According
to ISO 9612, during the tasks which are cyclic like
punch press operation, noise measurement period
should cover the duration of at least three well-
defined cycles. If the duration of three cycles was less
than 5 minutes, noise measurement time should be
at least 5 minutes. Therefore, equivalent noise level
was measured at the hearing zone of punch press
operator for at least 5 minutes. Regarding mean
sound pressure level, it was calculated based on noise
measurement in three sides of punch press. Having
noise level measurement in octave band frequencies
to determine dominant noise frequency, the surface
density of main insulation material to build acoustic
enclosure was calculated based on dominant noise
frequency and standard noise limit. Following
that, Nitrile rubber sheet and mineral wool as
insulation and absorption acoustical material, with
a thickness of 2 and 50 mm, respectively, were
applied to build acoustic enclosure. Rubber sheet
sound transmission loss was measured using BSAW
SW477 acoustic impedance tube to predict acoustic
performance of enclosure through mathematical
models. Acoustic performance of partial acoustic
enclosure was predicted by calculating insertion
loss as the main indicator to present the efficiency
of acoustic enclosures. Insertion loss was calculated
by dividing the sound power level of punch press
without an enclosure to the sound power level of the
enclosed punch press. In addition, partial acoustic
enclosure with the length, width, and height of 1.4
by 1.2 by 3 meters was constructed and opening
areas which was equal to 2, 3.5 and 7 percentage of
the total outer area of the enclosure was created in
front of punch press operator. Finally, an opening
equal to 2 percentage of total outer area of enclosure
was created on the left side wall of enclosure to
investigate opening location on noise level.

RESULT

Background noise was measured to be 50 dBA
while all noise sources were turned off in pressroom.
Punch press octave band noise analysis showed that
dominant noise frequency was 2000 Hz. Required
sound transmission loss considering 5 dB as safety
factor was calculated to be 12 dB. Based on sound
transmission loss, the minimum required surface
density of insulation material was estimated to
be 0.46 kilogram per square meter. Nitrile rubber
sheet with 2 mm thickness and density of 1200
kilograms per cubic meter was selected as main
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layer of acoustic curtain to construct enclosure
walls. Acoustic curtain components include rock
wool blanket, rubber sheet and fabric coated with
polyvinyl chloride which were arranged from
inside out. The noise level equivalence of punch
press operator was 89 and 67 dBA before and after
being fully enclosed, respectively. In other words,
noise reduction was measured to be nearly 22
dBA following full acoustic enclosure. Noise level
was predicted to be 73.7 dBA, having full acoustic
enclosure with acoustical material used in this
study. After using partial acoustic enclosure with
open area percentages of 2, 3.5 and 7 on the front
side of press, operator noise exposure level was
measured 78, 79, 78 dBA, respectively, which was a
little bit more than predicted ones. Operator noise
exposure level was predicted to be 75, 76 and 77.6
dBA with open area percentages of 2, 3.5 and 7 on
the front side of press, respectively.

The mean sound pressure level around the
punch press was measured to be 87.6 and 67 dBA
prior and following completely being enclosed,
respectively. Considering full acoustic enclosure,
mean sound pressure level was predicted to be 72
dBA. In the case where punch press was partially
enclosed with opening dimensions equal to 2, 3.5
and 7 percent, the mean sound pressure level was
predicted to be 73, 74 and 75.7 dBA, respectively.
Moreover, the mean sound pressure level around
the punch press was measured to be 74, 75 and
77 dBA with opening dimensions of 2, 3.5 and
7 percent, respectively. There was an agreement
between measured and predicted mean sound
pressure level such that with increasing opening
dimensions of punch press, the mean sound
pressure level was increased. As the opening
position was relocated from the front wall of the
enclosure to the sidewall, operator noise exposure
was reduced from 78 to 69 dBA, respectively. The
mean sound pressure level with front and side
opening was measured to be 74.23 and 74.2 dBA,
respectively. Although, there was not significant
differences between mean sound level of the
punch press after relocation of opening.

CONCLUSIONS
Utilizing full acoustic enclosure constructed

from insulation material recommended in this
study, the exposure of punch press operator to the
noise was reduced remarkably. In partial acoustic
enclosure, there was not a fundamental change in
noise exposure of press operator with the increment
in dimensions of front opening. In comparison with
full acoustic enclosure, partial acoustic enclosure
with openings in different dimensions could expose
punch press operator with higher noise level,
such that the noise exposure of operator with full
acoustic enclosure was equal to 67 dBA while partial
acoustic enclosure was 78-79 dBA. Additionally,
punch press mean sound pressure level was
increased from 67 to 74-77 dBA after replacing full
acoustic enclosure with partial acoustic enclosures.
It could be concluded that openings highly decrease
acoustic performance of acoustic enclosures. On
the other hand, the noise exposure of press operator
was plummeted with the relocation of opening.
Therefore, front opening dimension could be
chosen fairly wide to access and feed operation zone
in punch press without exposing operator with more
noise level. Furthermore, repositioning the opening
from the front wall to the side wall of the enclosure
and automatically feeding the press through side
opening could substantially reduce the operator
noise exposure. In other words, it would be more
appropriate to insulate operators’ line of sight with
visible acoustic insulation material and opening
repositioned to side walls which is out of sight line .
Itis recommended to avoid direct sight line between
noise source and receiver. Predominantly, press
noise originates from several basic sources such
as metal to metal impact which is located directly in
front of operator. Since noise has directional effect,
it would be beneficial to direct away from hearing
zone of operator. Moreover, it should be noted that
noise reduction properties of acoustic curtains used
in this study is comparable with metal sheets to
construct acoustic enclosures. With respect to the
costs, design and fabrication of acoustic enclosure
with acoustic curtains would be more cost-benefit
in comparison to enclosure constructed with metal
sheets. However, acoustic curtains are not certainly
as durable and strength as metal sheets, they would
be appropriate to noise reduction for many years if
proper maintenance is carried out.
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