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ABSTRACT 

 

Very high noise levels in coal handling and preparation plants are an increasingly 

important issue for mine operators and their personnel. These noise levels depend mainly 

on selection of equipment involved in the coal handling process, design of the facility 

containing the equipment, and material characteristics such as mass flow rate and size 

distribution of the coal stream and the amount of rock in the coal stream and its size 

distribution.  This Phase I project involved industrial engineering studies on noise 

generation at an existing coal handling facility in southern Illinois.  Field studies 

identified sources that significantly contribute to operational noise levels and this was 

followed by measurement of noise intensity in frequency and time domains. Four noise 

sources with generated sound pressure levels greater than 100dB were identified. Two of 

them, a rotary breaker and two vibratory screens, generated sound pressure levels close to 

110dB. These noise sources are located on different floors of the building and together 

present an equivalent noise source known as a coupled noise generator. Instruments used 

to collect data included hand-held sound level meters for measuring instantaneous noise 

levels and digital and analog recorders for measuring noise frequency spectra and 

variations in noise level and spectrum over time (noise dynamics) under constant mass 

flow rates. Impulse/impact noise was also recorded. Collected noise data was averaged 

logarithmically in addition to time-weighted averaging based on time duration for each 

noise source.  This information was used to formulate suitable recommendations for the 

plant operator to incorporate for achieving near-term reductions in noise levels. 

 

In conjunction with field studies, a number of prospective noise attenuating materials 

were tested at Southern Illinois University’s acoustical laboratory for their sound 

transmission loss characteristics.  Acoustic liners reinforced with ceramic dowels were 

found to have some of the best noise attenuation properties and they are already known to 

have excellent wear properties.  Thus, it was recommended that they be installed in the 

chute between the vibratory screens and the rotary breaker.  Sufficient time will be 

allowed for the mine operator to take remedial action as recommended in this study with 

project researchers coordinating implementation of materials and designs to lower 

ambient noise levels in the host plant.  A Phase II study will begin after all remedial 

measures are in place to evaluate the extent of noise level reductions achieved. Additional 

recommendations may be made for further reductions as part of the Phase II study. 
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EXECUTIVE SUMMARY 

 

The focus of this research addresses health and safety issues in Illinois coal mines. Noise 

is defined as “unwanted sound” and is considered to be one of the adverse environmental 

factors that include unwanted vibrations, air pollution (especially dust), different 

chemical vapors/gasses, and air drafts.  Exposure to elevated noise levels where time is 

also a major factor can cause not only noise-induced hearing loss, but also physical and 

physiological stress, fatigue, cardiac abnormalities, and other health concerns. Noise 

standards established by the Mine Safety and Health Administration (MSHA) set the 

noise exposure level (NEL) for miners at a time-weighted average of 85 dBA 

(determined using the “A” frequency weighting curve) for an 8-hour exposure. At higher 

noise levels, exposure time must be reduced. No employee can be exposed to steady 

noise levels above 115 dBA regardless of their duration, and to impact or impulsive noise 

above 140 dB peak.  

 

Coal handling plants (CHP) and coal preparation plants (CPP) house a number of noise 

generating equipment such as vibrating screens and feeders, conveyor belts, centrifugal 

dryers, and rotary breakers.  At the CHP hosting this study, the ambient noise level in 

specific locations close to vibrating screens and the rotary breaker was measured at a 

steady rate of 110 dBA.  Thus, the primary goal of this Phase I study was to investigate 

causes behind these excessive noise levels and recommend suitable measures to lower 

them to more acceptable levels.  

 

The “A” frequency weighting curve is used most often to evaluate noise levels as it 

conforms approximately to the response of the human ear especially for low or moderate 

amplitudes of sound.  The “C” frequency weighting curve, which is relatively “flat” over 

a wide frequency range is also used, particularly when evaluating loud (above 85 dB) or 

low frequency (below 200 Hz) noise.  Since the difference between A- and C-weighted 

sound pressure level (SPL) measurements reaches 20 dB (corresponding to a 100 times 

change in sound pressure value) at 100 Hz, noise information in the low frequency range 

measured using the A-weighted curve can be distorted. This property is used to detect the 

content of low frequency noise (LFN) in a measured frequency spectrum. For example, it 

was observed that during normal operation of the rotary breaker, a large amount of LFN 

was generated.  Thus, it was desirable to measure/record noise in amplitude form versus 

frequency (as a frequency spectrum) using C-weighted curves and then determine MSHA 

compliance by extracting SPL values in dBA format from that signal.  

 

Hand-held sound level meters and a portable digital sound recorder were used to collect 

steady state acoustical signals in the frequency range from 20 Hz up to 20 kHz. To obtain 

short duration peak/impact noise data, a high quality analog tape recorder was utilized. 

Four noise sources with generated sound pressure levels greater than 100dB were 

identified. Two of them, a rotary breaker and two vibratory screens, generated sound 

pressure levels close to 110dB. These noise sources are located on different floors of the 

building and together present an equivalent noise source known as a coupled noise 

generator.  Collected noise data was averaged logarithmically in addition to time-

weighted averaging based on time duration for each noise source.  This information was 
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used to formulate suitable recommendations for the plant operator to incorporate for 

achieving near-term reductions in noise levels.  Recommendations included building 

secondary enclosures around the rotary breaker and vibratory screens and installing 

additional sound damping materials in strategic locations, but the highest priority was 

given to lining the chute between the vibratory screens and the rotary breaker with sound 

damping, wear resistant material.  

 

Samples of noise attenuating chute liner materials and sound damping blanket materials 

were tested for noise transmission loss characteristics in the acoustical laboratory at 

Southern Illinois University’s Carbondale Illinois campus (SIUC). Urethane and rubber 

liners reinforced with ceramic dowels were found to have some of the best noise 

attenuation properties.  Fortunately, these materials are already known to have excellent 

wear properties so mine operators have accepted the recommendation to install them in 

the aforementioned chute.  After the mine operator has had sufficient time to complete 

the installation and insure that liners are working properly, a Phase II study will begin to 

evaluate the extent of noise level reductions achieved. Additional recommendations may 

be made for further reductions as part of the Phase II study. 

 

OBJECTIVES  

 

The primary goal of this Phase I study was to investigate causes behind excessive noise 

levels at a CHP in southern Illinois and recommend suitable measures to lower them to 

more acceptable levels. This goal was achieved by addressing five specific objectives:  

 

1. Develop a data bank of noise frequency and time domain characteristics for the 

noisiest (above 90 dBA) preselected CHP equipment under a variety of operating 

conditions.  

2. Identify the coupling property of noise between different floors and in the space 

of each floor. 

3. Select the noisiest equipment in the pool of “coupled noise generators” (on each 

floor and between them) to which noise control techniques needs to be applied. 

4. Perform laboratory testing of noise attenuating materials suitable for CHP 

applications.  

5. Recommend suitable techniques and materials to reduce noise level at the CHP to 

acceptable levels. 

 

Another major objective of this project was to gain a better understanding of the 

dynamics of noise in mining environments, which can be used to develop practical 

methods for noise reduction that will result in associated reductions in reportable 

incidences including potential noise induced hearing loss.  These studies will form the 

foundation for further improvement of production and associated support equipment to 

improve noise generation characteristics while minimizing loss of productivity and 

production cost. The study was divided into the following tasks:    

 

Task 1-Noise Data Measurement: Available production performance and maintenance 

data for existing plant equipment were reviewed. Noise characteristics data were 
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collected under different operating conditions. Industrial engineering and noise 

characteristics studies were conducted at specific noisy equipment areas in the host CHP. 

 

Task 2-Noise Data Analysis: Collected noise spectra in frequency and time domains 

were analyzed in SIUC’s laboratories. Recommendations and protocols developed by 

NIOSH and MSHA were followed in the analysis. The noisiest equipment was selected.  

 

Task 3-Noise Attenuating Materials Testing:  Samples of materials provided by mine 

operators and vendors were tested at SIUC’s acoustical laboratory for standard 

transmission loss (STL).    

 

Task 4-Recommendation Development: Proper techniques and materials to reduce 

noise levels in the CHP are recommended in this Phase I final technical report. A general 

outline for a Phase II study is also included. 

        

INTRODUCTION AND BACKGROUND 

 

Noise induced hearing loss (NIHL) is recognized as an occupational illness caused by 

long-term exposure to excessive sound levels.  Currently, the Code of Federal 

Regulations (30 CFR PART 62 – Occupational Noise Exposure) defines permissible 

noise levels and provides for the use of “engineering and administrative controls to 

reduce the miner’s exposure to as low a level as is feasible.”  Exposure to elevated noise 

levels can cause not only noise-induced hearing loss, but also physiological stress, 

fatigue, cardiac abnormalities, and other health concerns. Noise standards set by the Mine 

Safety and Health Administration (MSHA) require that the noise exposure level (NEL) 

for miners not exceed a time-weighted average of 85 dBA (determined using the “A” 

frequency weighting curve) for an 8-hour exposure.  At higher noise levels, exposure 

time must be decreased. No employee can be exposed to steady noise levels exceeding 

115 dBA regardless of their duration, and to impact or impulsive noise levels above a 

peak of 140 dB. 

 

The “A” frequency weighting curve is used most often to evaluate noise levels as it 

conforms approximately to the response of the human ear especially for low or moderate 

amplitudes of sound.  The “C” frequency weighting curve, which is relatively “flat” over 

a wide frequency range is also used, particularly when evaluating loud (above 85 dB) or 

low frequency (below 200 Hz) noise.  Since the difference between A- and C-weighted 

sound pressure level (SPL) measurements reaches 20 dB (corresponding to a 100 times 

change in sound pressure value) at 100 Hz, noise information in the low frequency range 

measured using the A-weighted curve can be distorted. This property is used to detect the 

content of low frequency noise (LFN) in a measured frequency spectrum. For example, it 

was observed that during normal operation of the rotary breaker, a large amount of LFN 

was generated.  Thus, it was desirable to measure/record noise in amplitude form versus 

frequency (as a frequency spectrum) using C-weighted curves and then determine MSHA 

compliance by extracting SPL values in dBA format from that signal.  
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Noise data was collected in the form of digital files on ambient level at eight locations in 

the CHP under variable intensity of coal mass flow (mass flow rate) in tons per hour. The 

speed (in RPMs) of the rotary breaker and the frequency of vibrating screens were 

constant. Noise measurements were performed on the vibrating screens, vibrating 

feeders, the rotary breaker, and conveyor belts. The rotary breaker and vibrating screens 

were the noisiest with measured noise approaching 110 dBA. 

 

High quality digitally recordings of acoustical signals/noise in frequency and time 

domains were analyzed at SIUC’s laboratories. In these analyses, recommendations and 

protocols developed by NIOSH and MSHA were followed. These analyses confirmed 

that the noisiest pieces of equipment are: 1) the rotary breaker and 2) vibratory screens. 

 

EXPERIMENTAL PROCEDURES 

 

The use of a portable digital sound recorder furnished by SIUC enabled collection of 

acoustical signals in the frequency range from 20 Hz up to 20 kHz. However, to obtain 

short duration peak/impact noise data, a high quality analog tape recorder was utilized. 

Following a common practice in data collection, all data in this study was collected from 

a distance of 1m horizontally and 1.5m vertically above the elevation level on which 

equipment being evaluated was placed.  Background and steady noise generated by 

selected pieces of equipment were recorded in the form of digital files. A large number of 

digital noise files using a digital sound recorder were collected on four main components, 

namely the rotary breaker, vibrating screens, vibrating feeders, and conveyor belts.  

These recordings were initially analyzed at SIUC’s acoustical laboratory using a B&K 

spectrum analyzer in frequency and time domains.  Information was obtained on the 

relationship between amplitude of generated noise (in the above mentioned frequency 

range) in 1/3 octave steps. The frequency spectra and information on dynamic changes of 

these spectrums in time for different equipment operations allows not only the 

identification of noise sources and their characteristics, but also the development of 

engineering data useful for operators and designers. 

                                                                                                                                                                                                                                                                                                 

A data bank of noise generated by selected equipment (rotary breaker, vibratory screens, 

vibrating feeders, and conveyor belts) in frequency and time domains was developed.  It 

is worth noting that all selected equipment generated a proportionally increasing level of 

noise relative to an increasing mass flow rate of the coal in the plant.  Noise levels were 

also dependent on solid characteristics, such as size distribution of the coal stream, the 

amount of rock in the coal stream, and the size distribution of the rock.  The magnitude of 

the peak/impact noise was proportional to the size of solids striking the plate on the input 

to the rotary breaker and also tumbling inside the breaker. A significant acoustical 

coupling between the rotary breaker input and the inlet to the chutes located on the 

vibrating screens output was observed. Figure 1 shows how acoustical coupling occurs 

between the four biggest noise generators. 
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Figure 1: Coupled noise generators with directions of noise energy flow. 

 

 

The test method for measuring sound transmission loss, commonly chosen by scientists 

and engineers, involves using two adjacent rooms with an adjoining transmission path. 

Figure 2 shows SIUC’s acoustical laboratory suite consisting of a 400m
3
 reverberation 

room joined to an anechoic chamber by a 0.5m X 0.5m opening.  

 

Acoustic material samples being tested were carefully mounted and sealed (air-tight) 

around the edges in the opening between these rooms. Levels of flanking and leaking 

noise were periodically checked. The reverberant room volume, sound absorption, and 

window opening size determine the valid frequency range in which good STL 

measurement results can be expected. In this room arrangement the frequency range is 

from 100 Hz up to 10 kHz. The pink noise (or single frequency – preferred by Japanese 

scientists) in the above frequency range was generated in a reverberant room and the 

microphone measured a spatial volume-averaged sound pressure level. 

 

In the anechoic chamber, the microphone measures surface-averaged sound pressure 

levels over the sample.  Both SPLs were used to obtain a transmission loss coefficient 

value. This method of STL measurement is based on SAE J1400 standards.  All tested 

samples had negligible mechanical stiffness, and when used as a single barrier, they 

showed very good linearity of STL versus frequency.   
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Figure 2: SIUC acoustical laboratory for measuring sound transmission loss. 

 

 

RESULTS AND DISCUSSION 

 

Noise Measurement and Analysis  
 

Based on preliminary SPL measurements using a hand-held sound level meter, five 

locations were selected on Floor I and four locations were selected on Floor II for 

detailed investigations of generated noise. Results of noise level measurements at these 

locations versus mass intensity of coal flow are shown in Figures 3 and 4. The two 

noisiest locations were identified as Location No. III close to the inlet of rotary breaker 

and Location No. VII at vibrating screens’ discharge point.  Additional noise data were 

collected at those locations with Figure 5 showing generated noise in frequency and time 

domains (including peak/impact noise).  It is obvious that the rotary breaker and the 

vibrating screens need to be targeted as the first candidates for lowering generated noise 

pressure/power levels as their generated noise is close to 110 dBA. Initial laboratory 

investigations showed that it is also important to investigate the noise spectra of these 

devices in a wider frequency range because of elevated high frequency content, 

impact/peak noise, and amounts of low frequency noise in their spectrums. 
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Figure 3: Selected locations on Floor I with measured variations of noise levels versus intensity of coal mass flow. 
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Figure 4: Selected locations on Floor II with measured variations of noise levels versus intensity of coal mass flow. 
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Figure 5: Noise levels generated by rotary breaker and vibrating screens versus frequency and intensity of coal mass flow. 
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The laboratory analysis of recorded peak/impact noise shows that it is proportional to the 

size of solids striking the chute’s plates at the input to the rotary breaker as well as 

tumbling inside the breaker. Since the elevation (vertical) distance of solids dropping in 

the chute is fixed, kinetic energy of the striking solids is linearly proportional to their 

mass. Despite this, the acoustical coupling between the chute’s plates and rocks striking 

these plates is different than between the plates and a similar mass of coal. The impact 

acoustical energy transferred into the air is larger when a rock strikes the plate. This 

physical property needs to be considered in the process of choosing the proper chute 

liner. This property also needs to be studied experimentally in a laboratory setup on liners 

to be used on the inside of the chute. 

 

Noise Attenuating Materials Testing 

 

Acoustical materials can be divided into three basic categories: (1) absorbing, (2) barrier, 

and (3) damping, as shown in Figure 6. 

 

 

 
 

Figure 6: Materials for sound/noise attenuation. 

 

 

Absorbing materials are resistive/reactive in nature. They are either porous, fibrous, or, in 

some special cases, reactive resonators. Examples of these materials are fibrous glass, 

fibrous metals, mineral wools, felt, and manmade foams – especially polyurethane-type 

foams. Resonators include hollow core masonry blocks, sintered metals, and specially 

prepared porous concrete. 

 

The actual absorption of noise energy occurs as a transfer between aerodynamic and 

thermodynamic energies. Noise energy is transferred into heat in the material itself and in 

air between fibers or in foam voids. The noise absorption property is described by an 

absorption coefficient (α) varying between 0 and 1.0. 
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Effective barrier materials used for noise transmission loss applications have one basic 

common property – very high surface density and no porosity at all. The most effective 

barrier materials also have a high degree of internal damping related to apparent viscosity 

and negligible stiffness. They are commonly described as limp barrier materials. The 

parameter that describes the isolation or noise-stopping capability of a wall or panel (i.e. 

something used on walls inside an enclosure) is the transmission coefficient (τ). This 

coefficient allows for calculating the more useful sound transmission loss (STL) 

parameter in decibels (dB). To reduce very high levels of noise, heavy-duty noise control 

enclosures are required. In such designs, techniques like “double walls,” multiple layer 

panels, or composite noise transmission loss materials/systems can be useful. 

 

Damping materials are usually some form of coating.  Common coatings are plastic 

polymers, epoxies, or some forms of glue which adheres to sheet metal panels, machine 

parts, etc. Their common property is a very high apparent viscosity index. 

 

Figure 7 shows methods to reduce SPL at the receiver. Theoretically, there are three 

solutions commonly utilized to control unwanted levels of noise: 1) isolation of the 

source, 2) isolation of the receiver, and 3) placement of a barrier between them. 

Combinations of these three solutions are also frequently used in particular designs. To 

control very high levels of noise, source isolation is the preferred method. 

 

 

 
 

Figure 7: Three basic methods to lower noise at the receiver. 

 

 

Samples of the noise attenuating blankets currently applied around the rotary breaker to 

lower noise radiation from the cylindrical drum were tested for sound transmission loss 

(STL) in SIUC’s acoustical laboratory. Results are shown in Table 1.  Considering 

85dBA ambient noise levels as a target (for 8hr exposure) this material was found to be 

effective only in ideal STL conditions above 1 kHz frequency. Below 1 kHz frequency 

other materials with elevated acoustical attenuation properties need to be utilized or a 

“double wall” system needs to be designed.  

 

The primary focus of materials testing was impact noise reducing liners for application in 

the rotary breaker feed chute from the vibratory screens.  Several types of materials are 

available and were tested in SIUC’s acoustical laboratory beginning with 12-inch square 

polyurethane panels up to two inches in thickness requiring a special fixture to be 
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developed. Taking into consideration that these materials have very high STL, the frame 

of the fixture was reinforced with a lead plate to avoid propagation of unwanted “flanking 

noise,” which can distort the quality of measured signals.  Test results for the virgin 

polyurethane panels are also shown in Table 1. 

 

 

Table 1: Sound transmission loss (STL) of sound blanket and polyurethane plate. 

 

 
 

 

The operator of the host CHP also provided samples of potential chute liners 

manufactured by the vendor, Richwood Industries. All samples were L x W x H = 50cm 

x 50cm x 3.81cm. Their acoustical properties for noise attenuation were also tested at 

SIUC’s laboratories. Results are shown in Table 2. Based on this STL data, it was 

recommended that Rockplate liners with ceramic dowels (see Figure 8) or ceramic plates 

be installed in the chute’s channel.  
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Table 2: STL for Richwood samples with reinforced back plate and mounting bolts. 
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Figure 8:  Rockplate liner plates embedded with ceramic dowels. 

 

 

CONCLUSIONS AND RECOMMENDATIONS  

 

Conclusions  
 

1. Propagation of noise from a source to the receiver can be controlled using three 

basic methods: 1) isolating the source, 2) isolating the receiver, and 3) placing a 

barrier between the source and the receiver. Combination of these three basic 

methods can also be used.  

  

2. Noisy equipment can be enclosed in either a partial or total enclosure. This is the 

most effective way to reduce unwanted noise in a CHP facility. In the host plant, 

enclosures for both the rotary breaker and vibrating screens need to be considered 

as the best option for lowering generated noise levels. 

 

3. STL data obtained for samples provided by the operator of the CHP show that 

acoustical liners reinforced by ceramic dowels should provide the best noise 

reduction in the chute from the vibratory screens to the rotary break.  Its 

application will not only attenuate noise, but also have the highest life span in this 

eroding environment.   

 

Recommendations 

 

1. To effectively lower ambient SPL in the CHP facility, very high noise levels 

(~110 dB) generated by the rotary breaker and vibrating screens require total 

enclosures with very high overall sound transmission loss properties for walls, 

ceiling, and floor. In addition, noise absorbing material can be placed inside the 

enclosure to further dissipate noise energy. This enclosure will be effective if it is 

built “air tight” to minimize acoustical leaks. Experience has shown that if 
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openings present in the total surface of an enclosure are only 1%, noise 

transmission loss potential will be reduced by more than 20 dB (i.e. more than 

100 times).  

 

2. To increase the STL of the blanket barrier currently placed around the cylindrical 

body of the rotary breaker, a double wall system can be utilized. In this case, a 

highly noise absorbing fiberglass coupler/spacer uniformly placed between two 

layers of the currently applied “acoustical blanket” would create an excellent 

composite barrier. 

 

3. To build a total enclosure around the rotary breaker and/or vibrating screens, as 

the best way to lower ambient SPL in the building, becomes a state-of-the-art 

project by itself, since these devices must be built with provisions for the coal 

stream to flow continuously between inlet and outlet openings. High levels of 

impact noise emitted from the inlet chute to the rotary breaker can be lowered by 

placing high STL material with imbedded ceramic (for erosion resistance) 

elements at places where generation of impact noise occurs.    

 

4. Basic properties related to wear resistance of chute liners that meet CHP 

conditions needs to be researched. Transmission of impact/impulse noise energy 

from this material also needs to be investigated in detail. 
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Office of Coal Development, the Illinois Clean Coal Institute, nor any person acting on 

behalf of either: 
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accuracy, completeness, or usefulness of the information contained in this report, 

or that the use of any information, apparatus, method, or process disclosed in this 
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the use of, any information, apparatus, method or process disclosed in this report. 
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Commerce and Economic Opportunity, Office of Coal Development, or the Illinois Clean 
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