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Abstract

Keywords

Background and aims: Noise is one of the harmful factors in workplaces.
The most important effect of long-term exposure to it is hearing loss and its Noise
impact on the human auditory system. This effect is understandable despite
its irreversible and permanent nature. One of the easiest ways to mitigate this
adverse effect is earmuffs. Nowadays, earmuffs are used with different sound Transmission Loss
insulation. Moreover, aerogels are acoustic and thermal insulators and can be a Aerogel

suitable alternative to the currently used compounds.

Earmuffs

Methods: Three models of Iranian, Taiwanese, and American earmuffs were
assembled with two models of aerogel (thickness of 5 mm and density of 120
kg/m3 as four layers and thickness of 10 mm and density of 140 kg/m3 as two
layers). The noise reduction of the assembled earmuffs was investigated using
an acoustic head mannequin.

Results: The obtained results showed that the acoustic properties of the

earmulffs assembled with aerogel pads have been improved compared to before,

and this difference is significant in Iranian e.armuffs. The highest reduction Received: 2022/06/20
was observed at the frequency of 8000 Hz, which was 34.5, 42, and 47.9 dB for

the two-layer assembly and 33.5, 43.1, and 46.7 for the four-layer assembly in Accepted : 2023/08/18
Iranian, Taiwanese, and American earmuffs. It was also found that double-layer

aerogel pads performed better than four-layer pads.

Conclusion: Assembling earmuffs with aerogel pads can significantly improve
acoustic performance and increase the amount of noise reduction in earmuffs.
Of course, using the maximum amount of sound reduction requires sufficient
monitoring of their correct use and the necessary training for their regular use.
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EXTENDED ABSTRACT

INTRODUCTION

Noise is considered one of the harmful factors in
the workplace, and exposure to it can lead to many
injuries, including noise-induced hearing loss (NIHL).
Sensorineural hearing loss is usually irreversible and
permanent, but at the same time, it is also preventable.
According to past studies, it is estimated that about
1.3 billion people worldwide suffer from hearing
loss due to noise exposure. Therefore, preventing the
adverse effects of exposure to noise and protecting
workers’ health is one of the most critical priorities
of occupational health programs in various industries
and occupations. Personal protective equipment,
such as earmuffs and earplugs, are used as one of
the usual control methods in the face of workplace
noise. These devices create a physical barrier against
sound and prevent sound transmission into the ear.
An essential part of every earmuff is the foam layer,
which can act as an insulator and sound absorber.
Earmuff manufacturing companies mainly use
several layers of foam or plastic to design and build
these muffs. Although these structures improve the
acoustic performance of earmuffs, due to the increase
in weight, they cause contact stress in the area of the
earlobe and its internal canal. Therefore, the provision
of light earmuffs suitable for the dimensions of the
operator’s head with the ability to reduce the sound
pressure level and transmission loss can be effective in
increasing the acoustic efficiency of these mufts and
increasing the willingness of employees to use these
muffs. The lightness, low density, and high absorption
coefficient and transmission loss of aerogels and low
elasticity and high flexibility, as well as their insulation
against sound and heat, caused us to investigate the
acoustic properties of aerogels replaced in the inner
cup of earmuffs instead of foam.

METHODOLOGY
1- Selection of Earmuff

In this study, three models of earmuffs commonly
used in the country’s industries were selected. Earmulffs

used were manufactured by Iranian, Taiwanese, and
American companies.

2- Assembling earmuff with aerogel pad

Blanket aerogels in two different models (the first
type with a thickness of 5 mm with a density of 120
Kg/m3 and the second type with a thickness of 10 mm
with a density of 140 Kg/m3) with 95% porosity, were
prepared to fill the cups of earmuffs. In this study,
earmuft cups were placed with 5 and 10 mm aerogels
in four and two layers to reach the final thickness of 20
mm after emptying the foams.

3- Measuring the amount of sound reduction of the
assembled earmuffs using the acoustic mannequin of
the head

The Avasina 9402 head mannequin was used to
measure the noise reduction of earmuffs assembled
with aerogel pads based on ISO 4869-3 standard. This
unit is designed in terms of ergonomic dimensions,
flexibility, density, and acoustic behavior similar to
the human head. A microphone inside and another
microphone outside the ear are used to measure noise
reduction. The amount of noise reduction measured is
the difference between the sound pressure level of the
collision and the sound pressure level received; that is,
the difference in the sound pressure level between the
outside and the inside of the hearing protection device
was measured.

4- Statistical analysis of data

The data was analyzed by SPSS software (version
25) at a confidence level of 95%. Paired-Samples
T-Test was used to compare the effect of aerogel layers
on three earmuff models.

RESULTS

The actual noise reduction of earmuffs before
assembly was obtained by applying the 75% difference
suggested by NIOSH to the nominal noise reduction
labeled on the earmuffs and to determine the noise

Table 1. Characteristics of studied earmuffs

Pad handle Cup Cushion Weight Image Country Number
Sponge Metal Plastic Plastic 184,08 V Iran 1
Soft Stainl;

© s ABS PVC 236,85 Taiwan 2
foam steel

ABS with
Stainless 'nn: Polyether
1 1
PVC with PVC

steel wires  polyether
. cover
coating

241,45 . 3 USA 3
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Table 2. Earmuff components before assembly and after assembly of two and four layers with aerogel pads

Before assembly with aerogel pads

Two and four-layer assembly with aerogel pads

Fig. 1. Head acoustic mannequin

reduction rate of earmuffs after assembly with the
actual noise reduction values measured with the head
mannequin. The investigations showed no noticeable
difference in the amount of sound reduction in the
Iranian earmuft assembled with two-layer and four-
layer pads at low frequencies (125 and 250 Hz). The
increase in the difference in the amount of sound
reduction can be seen from the frequency of 250 Hz.
The maximum amount of the difference was observed
at the frequency of 4000 Hz. There was no statistically
significant difference in comparing Iranian earmuft
noise reduction after four-layer assembly and before.
However, except for the frequencies of 125, 250, 500,
and 2000 Hz, which have almost similar performance,
in other frequencies, the amount of noise reduction
was higher after assembling four layers. This difference
reaches its maximum value at 8000 Hz (11.03 dB),
unlike the earmuff assembled with a two-layer aerogel
pad. The results showed a statistically significant
difference between the amount of noise reduction of
Iranian earmuff before assembly and after assembly of
two layers. In all frequencies, the assembled earmuff
has reduced the sound more. At the frequencies of 125
and 250 Hz, like the results obtained in the assembly
of four layers, the noise reduction performance of

y

earmuff before assembly and after assembly of two
layers is almost the same, and the difference does
not even reach one decibel. The most significant
difference in noise reduction between the earmuft
before assembly and the earmuff assembled with two
layers of aerogel occurred at 4000 Hz, which showed
a difference of 17.25 dB. In Taiwanese earmuffs, the
difference in noise reduction of earmuffs before
assembly and after is less in different frequencies and
not as much as the differences in Iranian earmufts.
However, in this earmuff model, the assembly with
a two-layer pad performed better, and statistically,
the amount of reduction was significantly different
from the state before assembly. The most significant
difference in noise reduction was observed between
the two-layered earmuff before assembly and the four-
layered earmuft at 4000 Hz.

In the American earmuff up to the frequency
of 500 Hz, all three modes of this earmuff, i.e.,
before assembly and after assembly with two and
four-layer pads, left a similar performance. From
the frequency of 500 Hz onwards, the difference in
the amount of noise reduction starts to increase. In
this earmuff up to the frequency of 2000 Hz, the
earmuff assembled with four layers of aerogel has
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shown better performance. That is, the performance
of the earmuff after four layers of assembly has
been better at low frequencies. However, two-layer
earmuff has performed better in high frequencies,
so its reduction rate is higher from 2000 to 8000
Hz. The most significant difference was seen in the
frequency of 4000 Hz, and 2.6 decibels of the noise
reduction rate of the two-layer earmuff was better
than the others. This difference with earmuff before
assembly at the same frequency should be noted
that it reaches 16.78 dB. In this earmuff model, the
performance of both types of assembly has been
evaluated as favorable, and statistically, there is no
significant difference between the two assembled
modes. By examining all three models of Iranian,
Taiwanese, and American earmuffs after assembly
with two-layer and four-layer aerogel pads, it can
be seen that the American earmuff performs better
in all frequencies. Furthermore, the Taiwanese and
Iranian earmuffs are in the following ranks. The
highest amount of reduction in the frequency of
8000 Hz was calculated, which was 34.5, 42, and
47.9 dB for the two-layer assembly mode and 33.5,
43.1, and 46.7 for the four-layer assembly mode,
respectively, in Iranian, Taiwanese, and American
earmuff.

DISCUSSION

The purpose of this study is to investigate the
acoustic properties of earmuffs whose cups were
assembled with aerogel pads instead of plastic
foams. In general, noise is considered one of the
most common and most important harmful factors
in workplaces. The use of protective phones has
been introduced as the easiest way to prevent and
deal with the adverse effects of sound. Improving
the quality of protective phones using aerogel
is a topic that was discussed in this research. In
general, it seems that because the cups of Iranian
earmuffs were filled with thinner and inferior
materials before assembling, the difference in noise
reduction was significant, while the material used
to fill the cups of American and Taiwanese earmuffs
was thicker and better shaped. Also, among other
factors related to this significance, we can mention
the cup’s material and the cushion itself. Since the
sound transmission loss in acoustic materials is
higher in high frequencies than in low frequencies,
the acoustic materials of phone cups also show
more efficiency in dealing with high-frequency
sound. As a result, the power of reducing the noise
of the muff in high frequency will be more than in
low-frequency sounds. In the study of Franks et
al., it is also stated that sound at low frequencies
has a more significant potential to be transmitted
through pores and leakage paths, so the NR of the

muff is affected at these frequencies. Similar results
were observed in this study, and in low frequencies,
from 125 to 500 Hz, there was no noticeable and
significant difference between the earmuff noise
reduction before and after assembly with 2-layer,
and 4-layer pads in all three studied earmuff models.
Zwislocki also observed in his studies that the
presence of any sound leakage reduces the amount
of attenuation in low frequencies. Therefore, one of
the reasons for the low reduction in low frequencies
in the muffs can be sound leakage from different
parts of the earmuff. The results of this study
confirmed that the nature of the frequency of the
ambient sound has a significant effect on the sound
reduction power and the acoustic performance of
the phones. Also, we see the highest amount of noise
reduction and efficiency in earmuffs assembled
at high frequencies, so it often reaches its highest
value at 8000 Hz. Several reasons could indicate
the difference in results between the three earmuff
models with similar assembled layers. Such as the
method and quality of making the desired phones,
the type of material used in making the muff, the
smooth and polished surface of the phone, and the
difference in the appearance of the earmuffs.

Also, since the head acoustic mannequin is
designed and made in terms of ergonomic dimensions,
flexibility, density, and acoustic behavior like a human
head, the most crucial reason for the difference in these
results can be considered the better ergonomic design
of American muffs. In addition, ABS with a polyether
inner coating was used to make the American earmuff
cups, while only ABS was used to make the Taiwanese
earmuff cups, and plastic was used for the Iranian
earmuff. Furthermore, plastic is used for the Iranian
earmuff. After comparing the average noise reduction
of all three earmuffs after two and four-layer assembly,
it was found that the earmuffs performed better in
almost all frequencies after the two-layer assembly and
recorded more noise reduction. This amount is 41.46
dB for earmuffs assembled with two layers and 41.1
for four layers. The most critical auditory frequencies
for understanding speech are in the range of 2000 Hz,
while the frequencies in the 3000-4000 Hz are the first
frequencies damaged by sound exposure. The results
show that the two-layer samples at the frequency of
4000 are generally better insulated compared to the
four-layer samples in earmuffs.

CONCLUSION

In this study, the acoustic properties of
protective devices assembled with aerogel pads were
investigated. Since sound is considered one of the
most common harmful factors in workplaces, the
results of this study are important in improving the
performance and efficiency of protective phones.
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The results of the tests showed that assembling
earmuffs with two-layer and four-layer aerogel
pads improves the acoustic performance of these
phones. Also, protective earphones assembled with
aerogel pads have more reduction power at high
frequencies.

Examining the amount of reduction showed that
the American earmuff has the best performance
compared to the other two models, both in the

Investigating the Effect of Using Aerogel...

two-layer assembly and in the four-layer assembly.
Also, earmuffs equipped with two-layer aerogel
pads performed better overall than other muffs.
These results show that the use of aerogel pads in
the assembly of protective devices can significantly
improve their acoustic performance. Improving the
quality of protective devices using aerogel can not only
help protect the health of employees but also reduce
health and safety costs in the workplace.
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