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NOISE CONTROL OF AN UNDERGROUND CONTINUOUS MINER,
AUGER-TYPE

by

Dennis A. Giordino,! Thomas G. Bobick,?2 and Leonard C. Marraccini®

ABSTRACT

This report describes the noise control nodifications made on a W/ cox
Mark 20* underground auger miner and related bridge conveyor. Sufficient
detail is given so that interested parties can use the report as a manual for
conducting sinilar nodifications. The reported reduction in operator noise
l evel is 10 dBA as neasured unl oaded at the MESA test facility. Underground
noi se surveys conducted over a |-year interval showed the noise level at the
operator's position to be 97 dBA, a reduction of 5 dBA fromthe before nodi-
fication noise level of 102 dBA. An extensive diagnosis of the machine noise
sources is also given along with conprehensive acoustical data including
| /3 octave band spectra of noise, vibration and sound power.

| NTRODUCTI ON

Recent findings have shown that next to the underground stoping drill,®
the equi pment which has the second greatest number of violations is the under-
ground auger miner. Numerous surveys which have been conducted on this equip-
ment have verified that the total noise exposure of the operator and hel pers
can be quite excessive. A typical survey was the one conducted at the No. 19
M ne of Buchanan & Sons Coal Conpany, Wse,Va., during October 1974. Data
obtained froma WIlcox Mark 20 auger miner showed an average noise |evelof 102
dBA for the operator and 103-104 dBA for the jacksetters. The average oper-
ating tine was approximtely 3-1/4 hours (ranging from 2-1/2 to 4 hours).
Using this data, an average noise exposure index of 2.15 (ranging from 1.65 to

2.64) is conputed for the operator and 2.64 (ranging from 2.03 to 3.25) for
the jacksetters.

“Chief, Noise Branch.

2M ning engineer, Noise Branch.

3Physi cist, Noise Branch.

‘Reference to specific brands, equi pment or trade names in this report is made
to facilitate understanding and does not inply endorsenent by the M ning
Enforcenent and Safety Adninistration.

> The Noise Environnent of the Underground Coal Mne" by T. G Bobick and D. A
G ardino, MESA Informational Report No. 1034.




Besides verifying that the noise exposure of the workers exceeded the
Federal noise regulations, the field survey identified several noise sources
on the mner and acconpanying bridge conveyor which contributed to the high
noise levels. The major source was the chain conveyor which transported the
mned coal fromthe face. Another source was the noise generated by the auger
heads as they cut coal. Even though the msjor noise sources were identified,
very little noise control work could be done underground because of inconven-

i ent working conditions.

After nonths of planning and negotiating, a cooperative agreenent was
entered into with Buchanan & Sons Coal Conpany, mine owner; Fairchild, Inc.,
machi ne manufacturer; and MESA, to noise control the machine. The terms of
the agreenent were that the owner supplied the auger miner, The manufacturer
transported the equipment and provided a mechanic to the Pittsburgh Technical
Support Center. After the arrival of the equipnent, it was the responsibility
of the Noise Branch to provide nodifications for quieting the system
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MACH NE DESCRI PTI ON

The Mark 20 auger miner and related bridge conveyor, shown in figure 1,
are manufactured by the Wlcox Division of Fairchild, Inc., Beckley, W Va.
The Mark 20 is a controlled arc mner designed for mning coal from seam
hei ghts of 26 to 50 inches. The overall length of the Mark 20 is 24 feet;
the width is approximately 8 feet. The overall height with the augers |owered
is 24 inches and the maxi mum height is 48 inches when the augers are fully
elevated. The weight of the machine is approximtely 12 tons.

Dual rotating augers, which can be individually raised or |owered accord-
ing to seam thickness, are used to extract the coal. Each of the augers is



powered by a 100-hp, 440-volt, dc notor. The coal is extracted as the mner
advances in a sweeping pattern across the face. This sweeping novenent is
achi eved by the use of two anchor jacks, one located on the right and the
other on the left side of the mner. The machine sweeps to the right as it is
pulled in that direction by the right front winch that winds cable attached to
the right anchor jack. The opposite jack systemis then used in noving the
mner to the left. The 100-hp drive notors, besides operating the gear chain
drives which turn the cutting auger heads, also power the hydraulic punps
These punps supply the hydraulic power for the control system of the nmachine.

Once the coal is cut, it is gathered by neans of rotating screws onto the
conveyor pan of the miner. The coal is noved the length of the machine via a
chain conveyor and dunmped onto a bridge conveyor system which remves it from
the face area, Both the machine and bridge conveyors are powered by i ndivid-
ual 15-hp, 440-volt, 3-phase, ac motors. The conveyor notors are nmechanically
linked to a sprocket assenbly which operates the chain conveyors on the niner
and bridge conveyor.

The-bridge conveyor unit is a continuous haul age system for removing the
coal from the working area quickly and efficiently, The bridge attaches
directly to the rear dunping point of the Mark 20, thus enabling it to follow
each nove of the mner uninterrupted. The coal is noved by the bridge to a
second dunping point approximtely 34 feet away where it begins the journey to
the surface. The bridge conveyor receives its ac power through a direct
el ectrical hookup with the nminer control panel

Right jack setter
position

g

Operator position

B,
< O

Left jack setter
position

£ £ L.

FIGURE 1. - Mark 20 auger miner and bridge conveyor.




A Genegul Rg‘; Co. General Radio Co.
ype T -
- ype 1565-8
Sound level Sound level meter
calibrator

Gene_;_u : ngdsi?r Co. General Radio Co. General Radio Co. General Radio Co.
SO"::d el - Tye P-5 Type 1560-P-42 Type 1921
calibrator Microphone Preamplifier Real time analyzer
B
Band K Co. Band K Co. Band K Co, Band K Co Band K Co.
Type 4230
Sound level [~  Type 445 Type 2619 Type 2113 Type 2305
calibrator Microphone Preamplifier Frequency analyzer Level recorder
c
General Radio Co. GenEer:gtla vcf;ud:o Co. General Radio Co. General Radio Co. General Radio Co.
Type I557-A |} 22|7_Eype Type 1560-PI3 Type 1560-P-42 Type 1921
Vibration calibrator Accelerometer Vibration pick-up Preamplifier Rea! time analyzer
FIGURE 2. - Instrumentation systems used to measure sound, vibration and reverberation tines.

| NSTRUVENTATI ON

Various types of instrunentation systems were utilized to measure the
noise, vibration and reverberation during this noise control project.
Figure 2 gives a block diagramof the systens used. The instruments met all
the various ANSI Standards for Type | or Il systems. The manufacturers names
are shown for conpatibility of the conponents, not as an endorsement of the
products by MESA. Qther instrunents could have been used in place of those
ment i oned.

PROCEDURE

The Wl cox auger mner was placed on two 4"X4" wooden beans on the con-
crete floor of a large, garage-type building at the Pittsburgh Technical
Support facilities. In an attenpt to characterize the acoustical environment
in which sound measurements were to be taken, reverberation tines were nea-
sured inside the building where the Wlcox auger miner was |ocated. This was
done, prior to any noise neasurements, in order to relate the surface experi-
mental data to actual underground noise |evels. Using an inpul se noise

*Predicting Noise Level s From Sound Power Data" by L. C. Marraccini and D.A
G ardino, published in Sound and vibration Magazi ne, Noverber| 974, pp. 28- 30.



source, decay curves were obtained using the system described in figure 2B.
These decay curves were then used to calculate reverberation tines in octave
band center frequencies of 125, 250, 500, 1,000, 2,000, 4,000 and 8,000 Hz, as
well as the total A and C-weightings.

After the reverberation neasurenments were conpleted, a conprehensive
survey of noise, vibration and sound power |evels were conducted to obtain

basel i ne dat a. Sound and vibration neasurenments were taken both with and with-

out the associated bridge conveyor attached to the miner. In order to accu-

rately conpare the before and after modification data, sound nmeasurenents were
taken at fixed |ocations around the niner and bridge conveyor. The nicrophone
was oriented in a vertical, upward direction approxinmately 30" above the floor

and 2' fromthe test item Vibration nmeasurements were also taken at standard-

ized locations on both the mner and bridge conveyor.

Sound measurenents were taken utilizing the instrumentation system shown
in figure 24. The system was acoustically calibrated using a General Radio
Type 1567 sound |evel calibrator. The microphone was tripod-nounted and posi -
tioned so it would be 30" above the floor at each monitoring |ocation. Sound
pressure levels were nonitored sequentially at each fixed location by the real
time analyzer. The sound pressure levels were printed out in /3 and full
octave frequency bands by means of a teletypewiter which was attached to the
output of the real tine analyzer. A and Cweighted noise levels were also
measured with a CGeneral Radio Type 1565-B sound |evel neter at the same
| ocati on.

The vibration monitoring systemis shown in figure 2s. The system was
calibrated using a CGeneral Radio vibration calibrator Type 1557-A. The
accel eroneter was nounted to the neasuring location by use of a pernmanent
magnet. Vibration was nonitored at each prenmarked l|ocation by means of the
real time analyzer. Vibration data was given in decibels (re 30 pug and fre-
quency analyzed into I/3 and full octave bands.

The total sound power output _of the WIlcox niner was neasured using a
standard heni spherical technique.” Wth all systens on the mner in operation
the acoustical center was first determned. This was then used as the center
poi nt about which an inaginary hemi sphere was constructed around the machine.
The radius of the hem sphere was selected to be 15 based on the geonetry of
the building housing the mner. Sound pressure |level readings were taken at
the center of 12 predetermined equilateral triangles defining the surface of
this imginary henisphere. A B&K Type 4145 nicrophone, calibrated using a
B&K Type 4230 calibrator, was positioned at the center of each equilatera
triangle. This was acconplished (fig. 3) by utilizing an Atlas Mdel BS-37
m crophone boom  The acoustical signal from the mcrophone was sent through a
B&K Type 2619 preanplifier into a B&K Type 2113 audio frequency spectrometer.
Sound pressure levels were plotted at octave band center frequencies (31.5 to

'Harris, C M (ed.). Handbook of Noise Control, MGawH Il Book Conpany,
1957, pp. 17.30-17.32.
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FIGURE 3. - Microphone boom system used in sound power measurements.

8 kHz) by neans of a B&K Type 2305 | evel recorder. These results were then
used to cal culate sound power |evels.

Upon conpletion of all noise control nodifications, a survey of noise,
vibrationand sound power levels was again conducted. All of these neasure-
ments were nmade at the same locations and using the same instrumentation as
used in the prenodification survey.

MATERI ALS AND COSTS

I'n noise controlling the Wlcox Mark 20 nmining system several different
types of naterials were needed. These included vibrational danping materials,
acoustically absorptive materials, adhesives, steel wear strips and assorted
nuts and bolts. A conplete breakdown in terns of use, quantities, manufac-
turers and costs is given in table 1. The total cost for materials was about
$2,400. It should be noted that since this was a prototype project, |arger
quantities of materials were ordered than actually used. O her workers
attenpting this project, with the directions supplied in this report, would
probably use significantly less material than specified in table 1. This
woul d result in less cost than the quoted $2,400.

Labor costs, for the noise control procedure, were estimated to be about
$3,000 corresponding to 30 mandays at $I00* per manday. Again, nore mechani-
cally skilled workers (attenpting the procedure with beforehand information)

could probably finish the noise control project in less than 30 mandays. This
would result in a further savings in cost.

°Beranek, L. L. (ed.). Noise and Vibration Control, MGawH Il Book Company,
1971, pp. 149-155.

*These were the prevailing rates as of July-August 1975,



TABLE 1. - Noise control materials used during the nodification program
Material type usc Quantity Brand narme and manufacturer* Appr?X.
cos
Dense, vibration [ Vibration danmping [3 sheets--each [E-A-R C-2003, E-A-R Corp. $420
absorbi ng rubber and/or isolation | 4 x 4 x 3/16" | 376 University Ave., Westwood, MA
02090
Dense, vibration | Vibration danping [} sheets--each E-A-R C1002. E-A-R Corp. 675
absorbing rub- and/ o+ acous- 4 x 4" x |/4" | 376 University Ave., Westwood, MA
ber, good trans- tical barrier 02090
mssion |oss
Li ght - wei ght , Absorption of air- |4 x 35 x 1" Insul-Quilt AGC, Insul-Caustic/ 200
sound absor bi ng borne noi se Birma Corp., Jernee MII| Road,
fiberglass Sayreville, N 08872
Conbi nati on Acoustical barrier |4 x 20" x |/2" |Durasonic No. 5155, Duracote Corp., 100
sound barrier and sound 350 N. Diamond St.,
material and absorption Ravenna, OH 44266
sound absorbing
foam
Viscous |iquid Vibration damping |10 Ib Fl exane 80, Liquid Urethane, 100
which dries into of hollow or hard Devcon Cor porati on,
a vibration to reach Danvers, MA 01923
absorbing rubber structure
Epoxy adhesive To firmy glue 3 gal Bostik No. 7132, Two-part vinyl 70
acousti cal lamnating adhesive, USM Corp.,
material to Bostik Division, Mddleton, MA
netal parts 01949
Har dened st eel To provide |ong 18 pieces--each |Jalloy Material, Jones & Laughlin 750
wear strips wearing surfaces 3 x 20" x 1/4 | Steel Corp., Etna, PA 15223
on acoustical
material where
needed
Metal studs Co pernit installa- |150 /4" diam |Barrier Corp., Tigard Industrial 12
tion of acoustical [ 3" length Park, 9908 S. W Tigard St.,
materials inside Tigard, OR 97223
cover panels
Cover buttons To secure the 150 Barrier Corp., Tigard Industrial
materials to the Park, 9908 S. W Tigard St.,
netal studs Tigard, OR 97223 30
Stud welding Co install the Barrier Corp. (Supplied to Rent al
gun netal studs on Noi se Branch, no charge) $1 00/ wk.
the inside of the $300/ .
cover panels
Steel plate/ Used in conjunction |3 x 3' x 1/4" |[Not applicable, Local source 50
sheet metal with acoustical 5 ft square,
material to form 18 gage
barrier
Assorted nuts, For attaching Not applicable, local source 50
bolts and wear strips,
screws barriers, etc.
Material Cost =  SL457 *These matrial's are Tisted pecifically for identification purposes and
Labor Costs, shoul d not be construed as an endorsenent of these products by MESA. O her
30 days at materials which could be used as substitutes are available comercially.
$1 00/ day = 3,000 However, regulations concerning the flammbility requirements of materials
used underground will be promulgated in the near future. Before using any
Total Cost = 5,457 materials underground, they nust pass the requirenents for flane

retardation.



From the above discussion, it can be seen that the total cost for this
prototype noise control project was $5,400 (approximtely 4 percent of the
cost of a new miner-bridge conveyor system). It is estimated that if the
same noi se control program was conducted on another W/l cox miner, the job
could be conpleted for substantially less, probably in the neighborhood of
$3, 500.

| DENTI FI CATI ON AND TREATMENT OF MARK 20 NO SE SOURCES

In order to noise control the WIlcox auger nminer, it is first necessary
to determne specific sources of noise and their relative contribution to the
noi se levels as experienced by the workers (that is, operator, right and |eft
jacksetters). An investigation of possible noise sources was undertaken by
analyzing the mner on a systens basis. The noise contribution of each com
ponent in the system was determined by careful acoustic measurements. The
four systens considered in this analysis, listed in order of their noise ems-
sion levels, are as follows: (1) cutting heads (augers), (2) conveyor system
(3) cutting head drive assenbly, and (4) w nch system Figure 4 illustrates

the relative position of these systens for the WIcox auger mner and bridge
conveyor.

The followi ng section gives a description of the noise sources and gener-
ating mechanisnms for each system along with the acoustical nodifications
whi ch can be made for noise control purposes.

1. Cutting Heads

The coal cutting heads for the Wlcox Mark 20 are shown in figure 5A
Each of the two cutting heads, when mounted on the miner, are powered by a
100- hp 440-volt, dc notor and drive train. In operation, they rotate in

KEY

Conveyor system (103 dBA) *

Winch system (90 dBA)+*

Cutting head drive assembly (92 dBA)*
Cutting heads (104 dBA)

NEE

Right gear Right main motor

reducers

Right winch and reducer x As measured at operator's position

B0 0 o e 0 B mw\wwmmmw % 5
Auger heads R m\ w‘mlul \ml-m 2l '@ummmmw mmmm
— g

Bridge conveyor drive and reducer

Left main Left winch

Left gear : ;
motor and reducer Miner conveyor drive and reducer

reducers

FIGURE 4. - The four basic noise producing systems for the WIcox niner




opposite directions to each other. Incorporated in the core of the cutting
heads are nozzles, fromwhich water is sprayed onto the face to reduce dust.

The noise generated by the cutting head systemis the predoninate noise
when the machine is mning coal. It especially affects the jacksetters who
are located toward the front of the miner. There are several mechanisns which
generate noise during the cutting operation. They are:

a. Cutting Bit-Coal Interaction

This noise is the result of individual bits on each cutting head
inpacting into the coal. It occurs not only in the auger nminer system but in
all continuous mners. Presently, mnimal effort has been expended to treat
thi s noise source.

h. Cutting Bit-Bit Holder Interaction

This noise is the result of two actions by the individual bits.
First, each bit is free to rotate in its holder to insure symretrical wear.
Secondly., as each bit strikes the coal, it can recoil slightly, striking the
back of the holder. The conbination of these two actions produces noise.

c. Vibrating Helix

As seen in figure 5A, the bit holders are welded directly to the
edge of the helix. As previously stated, an inpact occurs each time a bhit
strikes the coal. This inpact is transferred directly through the bit hol der
into the helix which responds to these vibrations. Because the helix is a
plate with little danping, it can vibrate, radiating sound directly to the
environment or transmtting the vibrations to other parts of the niner

d. Cutting Head Central Core Vibration

The basic foundation of the cutting head is the hollow core. On
this core is attached the circular helix with the cutting bits. The centra
core (shaft) is the prime path for vibrations fromthe previous three inter-
actions to be transnitted to the franme of the miner.

In this particular project, the nodifications made to the cutting
heads were conducted by Fairchild, Inc. In general, the nmjor nodification
centered on shifting the resonance of the helix by stiffening it through the
use of netal supports wel ded between the helix edge and the auger core. This
modi fication is shown in figure 5B

2.  Conveyor Systens

The conveyor system which is used to transport the cut coal, is the
second noisiest systemon the Wlcox Nark 20 niner. The machine mounted con-
veyor is simlar, in mny respects, to the bridge conveyor system Both have
conponent parts which are nuch alike. Because of this, the noise sources and
control treatments to be described are applicable to both. In those
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FIGURE 5A. - Unnodified cutting heads (without bits) for the Wlcox Mark 20 niner

instances where dissinilarities exist, the noise control nodifications applied
to each are discussed separately.

a. Conveyor Pans

The flights and chain used to transport the coal along the conveyor
scrape and inpact the pan, causing a high level of noise. Danping-isolation
strips, which are conposed of an energy absorbing material (E-A-R Type C 1002)
covered by a steel wear strip (Jalloy No. 360), are installed on the upper
side of both the top and bottom conveyor pans. These danping strips effec-
tively keep the conveyor chain and flights from inpacting and scraping on the
metal pans while also danping the pans thensel ves.

A short summary of the procedure to be used in installing the danmping
strips is shown in figure 6 (a through g). First, the steel wear strips are
cut to the proper length and thoroughly cleaned with a sanding wheel, as shown
in figure 62. Next, matching strips of E-A-R material (I/4" in thickness) are
cut and glued to the wear strips. Figure 6b shows the E-A-R strip being cot

froma large panel of material. This sandwich combination is then drilled For
screw cl earance holes. For the niner conveyor, oversized 2" holes are burned
into the top pan, as illustrated in figure 6¢c. Through these holes, the bot-

tompan is drilled and tapped to secure the bottom danping strip. Likewise
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FIGURE 5B. - Cutting heads (without bits) for the Wlcox Mark 20 miner, nodified with neta
supports

the top pan is drilled and tapped and the center danping strip is secured over
the 2" hole (fig. 6d). As shown in figure 6e, three strips are placed on

the top and one on the bottompan. In addition to the nmounting bolts, epoxy
adhesive is used to insure that the strips would not lift fromthe pan. For
the bridge conveyor, figure 6f, nuch the same procedure is used except that
the bottom pan is drilled and-tapped from underneath. Again, three strips are
used on the top pan and one on the bottom as shown in figure 6g.

A nore detailed description of the conveyor system nodification is as
follows: The basic construction and attachment of the wear strips to the
bridge conveyor is made by cutting a [/4" x 3" steel strip to the correspond-
ing length of the pan which is to be treated. The strip is then drilled for
screw holes using a 3/8" bit. Two holes are nade at each end and single holes
approxi mately 10" apart are made along the length of the strip. Next, a strip
of I/4" E-A-R 1002 is cut to proper size and punched for screw holes. It is
then glued to the wear strip.
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(¢} Drilling tap holes on miner lower
pan through 2" holes on top pan

{d)prilling and tapping miner top pan (8) Back-end view of damping strips (f) 1nstalling damping strips on section
installed on miner of bridge conveyor

(9/ Endview of damping strips on bridge
conveyor

FIGURE 6. - Summary of noise control procedure used to quiet conveyor pans

For the upper pan, the conposite wear strips are positioned on it so
that markings can be nmade through the screw holes of the strip onto the pan.
The wear strip is then renoved and 5/16" tap holes are drilled into the pan.
Finally, the conposite wear strip with the E-A-R face down on the pan, dril
holes aligned, is glued into place. To rigidly secure the wear strips to the
pan, 3/8" X 3/4" machine screws are installed. This procedure is shown in
figure 7.

For the lower pan, the procedure is slightly different. Here, clearance
holes are drilled into the wear strip and tap holes are drilled into the under-
side of the return pan. The conposite wear strip is placed inside the cor
veyor return, glued as before and secured with 3/8" nachine screws. It is
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3% x?4 in

?/rrachi ne screws

V4 X 3in steel

Yax 3in EAR

FIGURE 7. - Diagram showing the installation of danping strips to a section of the bridge
conveyor,

inportant that the length of the screws do not protrude above the wear strip
to insure that the chain does not bind.

Addi tional comments concerning the wear strips on the bridge conveyor are
as follows:

1. Wth both the upper and |ower pans, closer screw intervals are needed

where the wear strips have to be bent (the sloped front of the conveyor).
This insures that the strips will conformto the sloping pans.

2. At the front of the bridge conveyor, /8" E-A-R 1002 and 1/8" steel
are used on the upper pan, under the flight hol d-downs, instead of the /4"

materials. This is done to prevent the flights from jaming against the hold-
downs (see fig. 13).

3. On the discharge end of the bridge and m ner convey%ls,s ,tls1e

wear strips are slotted to accommodate the chain sprocket. !
figures 8a and 8b.

ent elr

C
shown 1n
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gt 3in sreel

Dy PERLLL
EAR 1002

(a) Slotted center strip at end of (b) Slotted center strip at end of
bridge conveyor. miner conveyor.

FIGURE 8. - Configuration of center danping strip at the rear end of the bridge and niner
conveyors

4, On the discharge end of the conveyor, bottom pan, the center wear
strip is extended several inches to provide a gradual return of the chain and
flights fromthe sprocket to the pan. This will be discussed in nore detai
in the next subsection dealing with the chain turn-around noise.

The procedure for installing the conposite wear strips on the mner con-
veyor is somewhat different. The strip on the bottom pan is installed first
After the conposite strip is fabricated, 2" diameter holes are cut down the
center of the top pan. The bottom pan is drilled and tapped through these
holes (fig. 6¢). The conposite strip is then alined on the bottom pans
and fastened to it with glue and 3/8" x 3/4" machi ne screws. For the upper
pan, the wear strips on each side are installed first. This utilizes the sane
technique as the installation of the wear strips on the upper pan of the
bridge conveyor. Wen installing the center wear strip, it has to be alined
to cover all the 2" holes. Then new tap holes are drilled (fig. 9) and the
wear strip is then fastened to the upper pan with glue and nmachine screws. In
both the miner and bridge conveyors, all wear strips are tapered at the ends
to prevent the chain or flights from snagging. The adjoining wear strips also
shoul d be butted as smooth and flush as possible.

b. Chain Turn-Around

As the chain and flights travel around the sprocket at the rear end
of the mner, they change direction quite drastically. The chain is travel-
ing at 420 ft/mn (84 in/set), and as it goes around the drive sprocket at the
rear, the nomentum buildup in the chain causes it to inpact violently against
the edge of the bottom pan.

During the testing, this phenonenon was observed with high-speed photog-
raphy. Both the miner and bridge bottom pan edges were badly bent fromthis
inpacting. To correct this situation, the back end of the conveyors are
modi fied providing a snoother return for the chain.
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FIGURE 9. Installing damping strips on the miner conveyor,
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On the miner, the lower wear strips are extended 3" beyond the end of the
pan. This can be seen toward the bottom center of the photo in figure 6e.
The extended strip is welded to a 3" x 18'" composite wear plate. This plate,
consisting of 1/4" E-A-R sandwiched between 1/4" and 1/16" steel, is shown in
figure 10. It is welded perpendicular to the sides of the miner boom and
situated at a 5° angle to the bottom pan. The plate is added to provide a
gradual return from the sprocket to the pan which will eliminate the impact
of the chain and flights against the bottom pan.

As seen in figure 11, toward the bottom center of the picture, a similar
wear strip extension is used on the return of the bridge conveyor. The center
wear strip on the bottom pan is extended by several inches, This strip is
slightly bent at an angle to provide a gradual return of the chain and flights

from the sprocket to the pan. There is no additional perpendicular plate used
here as with the miner.

machine screws

I/4 in EAR 2003

I/8 in steel

FIGURE 10, - Diagram showing construction details of extended lower wear strips on the
miner,



17

FIGURE 11. - Back-end view of bridge conveyor showing the |ower extended wear strip.

C.  Chain Hol d- Downs

The front portion of the conveyor pans, for both the mner and
bridge, slope downward with respect to the center portion of the conveyor.
The flights, when traveling up this slope, are held down to the surface of the
top pan by means of netal strips welded to the conveyor sides. The noving
flights, as they are being held in place by the hol d-downs, scrape and inpact
agai nst the hol d-down surface producing high levels of airborne noise. Also,
this vibrational energy is transnitted through other parts of the nachine pro-
ducing additional airborne noise.

Several nodifications can be nade to the front of the conveyors to reduce

the noise level. The nodifications to the bridge conveyor include the
fol | ow ng:

1. Al/4" x 1" E-AR 1002 and |1/8" x 1" steel plate danping strip is
mounted on top of each hol d-down (see fig. 125).

2. Three 1/8" X3" E-A-R 1002 and |/8" x 3" conbination wear-danpi ng-
strips are installed on the top pan (see figs. 12b and 12c)
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(@)Front view showing chatn hold (b) Top view of damping - isolation strips
dowm modifications

{c/Close-up view of damping strips (d)Viev of spill plate, side and {#/View showing damping strip on top of door
near conveyor front bottom damping strips frame und treatment to inside of door

FIGURE 12. - Noise control modifications made to the front of the bridge conveyor.

3. Two danping strips are mounted on the outside of each spill plate,
sides and bottom (see fig. 12d).

4. Danping strip (1/8" steel, 1/4" E-A-R) is installed on top of the
door frame and a |/4" E-A-R strip plus 1/4" Duracote strip is installed on the
inside of the front door (see fig. 12e).

In addition, each hollow area on both sides of the bridge conveyor front
is filled with approximtely 3 pounds of Flexane 80 through three /2" holes
which are drilled into the cavity. The holes are then sealed with metal plugs
as shown in figures 125 and 122. Al of the above nodifications can be seen
in figure 13.
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3/g x /2 1in machine
screws B-required

I/g X 3in steel plate

l/ax3inEAR (002
I/4 x Y2 in machine

screws 7 -required I/g in steel plate

l/gin EAR 1002
® I/g in steel plate

/g X34 in machine
screws |O-required

FIGURE 13. - Diagram showing the noise control nodifications made to the front of the bridge
conveyor

The hold-downs on the front of the mner are also danped to reduce any
vibrations caused by the inpacting flights. To do this, tw |/4" holes are
drilled into the top of each hold-down and approximately 3 pounds of Flexane
is forced into each cavity (fig. 14). Figure 15 shows the danmped hol d- downs
on the front of the mner as well as the three tapered wear strips mounted
near the sprocket. These strips are tapered so that a gradual return is pro-
vided for the flights as they |eave the sprocket. This prevents them from
bangi ng agai nst the pan.
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Y4 in holes fill

/ with Flexone\

/ N |, in EAR 1002
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- DETAIL A
\\ -
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3d: ”
W
: 3"
\DETAIL A

Front of miner

FIGURE 14, - Diagram showing noise control modifications made to the front of the miner.

d.  Chain- Sprocket

After the conpletion of all the previous nodifications, it was deter-
mned that the primary noise source is the chain |ink-sprocket teeth interac-
tion, This occurs at both ends of the miner. To verify this, half of the
conveyor chain was coated with Flexane 80 material. Subsequent neasurenents
showed that when the treated half of the conveyor chain arrived at the
sprockets, the noise level was significantly reduced conpared to the measured
noi se level of the untreated portion. However, this material is not durable
enough for underground use; it began to wear after 12 hours of running tine.
Regardl ess of the short wear life, the application of the Flexane material
indicates that the interaction of the sprocket teeth and chain links is a
source of noise. However, the front sprocket of the miner ceases to be a
maj or noi se source in an underground nmine because it is usually covered with
coal which tends to reduce the sprocket noise.
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FIGURE 15. - Cose-up view showing noise control nodifications made to the front of the
m ner,

e. Conveyor Drive Assenblies

The conveyor drive assenblies for the niner and bridge conveyor are
simlar. The predomnate noise sources in both assenblies are gear noise from
the gear reducer, drive motor noise caused by the interaction between the bear-
ings and rotating shaft, and noise radiated by the machine frane because of
induced vibrations. Each of these adds to the overall noise |evel

The noise control nodifications which can be performed on the conveyor
drive assemblies are illustrated in figures 16a through 16c. As seen in
figure 16a, the drive notor, gear reducer and base plate are renoved from
their enclosure. At this tine, the inside of the enclosure, sides and bottom
are thoroughly cleaned with a sand blaster. After this preparation, pieces of
steel plate are welded into any openings that exist inside the enclosure
This is to insure that with the cover panel in place, the |eakage of noise is
mnimzed. For the mner, |/4" steel plates are welded into the inner side of
the enclosure between the machine franme and conveyor. For the bridge conveyor
a l/4" steel plate is welded on the forward end of the cover panel. Next, as
shown in figure 16b, a sheet of 1/4" E-A-R 1002 is cut to size and glued into
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(@ removing motor from  conveyor drive () lining deck with E-A-R  material (c) Re-installing base plate and motor
enclosure on top of E-A-R lined deck

(d) View of completely modified (e) Closeup showing isolation mounting
conveyor drive assembly used for motor and speed reducer

FIGURE 16. - Summary of the noise control procedure used on the conveyor drive assemblies.

the bottom of the enclosure. The base plate is then reinstalled on top of the
E-A-R material (fig. 1651, Around the sides of the enclosure, Durasonic
material is glued. This material, which can be seen in figure 16d, provides
vibration danping, as well as sound absorption. The drive motor and gear
reducer are then replaced. As depicted in figure 16e, small E-A-R washers are
used under the head and nut of each nounting bolt to further isolate the trans-
fer of vibration into the frame.* Referring back to figure 16d, it can be
seen that |/4" E-A-R isolation pads are also glued around the cover panel bolt
holes. This helps isolate the cover panel from the machine frane. To further
reduce the noise, the inside of the cover panel is first lined with |/4" EAR
to reduce vibrations. On top of this, sound absorbing fiberglass is then
installed. Lining of cover panels will be discussed in the next section.

*When an electrical conmponent is isolated fromthe nachine frame, a ground
strap nmust be connected from that component to the frame. The strap is
usual Iy made of braided copper. \hen isolating the conveyor notor, as
described above, a I/O braided copper strap is connected between the notor
case and the machine frame. To insure good electrical connections, the
places where the strap is to be connected should be thoroughly cleaned
using a netal file or a grinding tool.
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Figure 17 illustrates in detail all of the noise control nodifications
di scussed above.

3. Cutting Head Drive Assenblies

Two cutting head drive assenblies, one nounted on each side of the niner,
provide power for the right and |eft auger cutting heads. Each cutting head
is chain driven by a separate, 100-hp, 440-volt, dual shaft, electric notor
through a gear reducing unit. Besides powering a cutting head, the notor
drives a cooling fan, as well as a hydraulic punp system This punp system
powers the various hydraulic cylinders used to orient the machine cutting
heads, boom and carri age.

_ In this assenbly there are several mechanisnms responsible for the genera-
tion of noise. They are the motor cooling system the main notor drive assem
bly and the cover panels.

‘A” EAR materig] .
8" Durasonic material a. Mtor Cooling
‘€ Vgn steel plate odded §¥St em
*” ,’A”
S\ - Thi's system pro-
1 | 1

”
—N duces prinarily fan noise

—) and airflow noise. The fan
==k is an integral part of the

motor. Air is drawn in by
the fan blades through the
vents on the sides of the
mner. It is circulated
around the notors for cool -
ing and is exhausted out
through the exit vents.
Cooling system noise affects
the machine operator and
jacksetters in different
ways.  The paths fol |l owed by
the noise are illustrated in
the upper half of figure 18.

Here it can be seen that,
2 5 for the operator, the noise
‘ ‘ source is the motor and fan
L i d ¢ S NFEr-4" on the rLght sidde.I Thihs
= — n noi se takes a dual pat
P ) %A%\% reaching the operator
) g & & @ ~ through the control panel
@ and rear exit vent. For the
FIGURE 17. - Diagram illustrating the noise control jacksetter, however, only
modifications made t o the conveyor one noise path is followed.
drive assernbliesl That pat h, as ShOV\ﬂ, is from

the notors and cooling fans
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o directly through the front
®/R'9“' jock setter exhaust vents. Additionally,

the vibrating cover panels
Ve"'s\ér Operator produce airborne noise which
—— 5. causes an increase in the
overal | noise level of the
s 2 j acksetters.

e AT M,_N‘ﬁ;,‘,vj " _Opening . Npt or cooling system
[ te=d o S noi se is reduced by the
/% : incorporation of three
separate nodifications on
the mner. These nodifica-
KEY tions, illustrated in the

~~~ Noise path under cover panel | ower half of figure 18, are:
AAA Noise path after it leaves cover panel

®‘\Leﬂ jack setter

(1) Sealing the four

®/R|ghf Jack setter vents.
Operator barrier panel .
Vents sadled (2) Construction of an

f Operator .
(V/ain steel plate) operator barrier panel.

Right fan— r~mil J|,~_,‘u KN W,

(3) Construction of an

m/ internal barrier on the left
— - back end of the mner.
P ——-: Ny 1_/I!r)\;ergal
Left fan—=urL N rrier ) ) )
: ‘ The following is a detailed

(l/:/?ss'::ﬁ:&e) des.cr? pti on of each of these
modi fi cati ons:
®‘\Leff jack setter
KEY (1) Sealing the Vents--
A~ Noise path under cover parel The vents on the sides of

) i ) the cover panels are sealed
FIGURE 18. - Diagram illustrating sources and paths of  py renpving the existing

cooling system noise and subsequent gratings and welding in
noise control treatment. their place 1/4" thick steel
plates. The tenperature
rise due to the sealing of
the vents is not critical. Tests which were conducted showed that after sev-
eral hours of continuous operation, the tenperature inside the panels rose to
only 60" C. The maximum tenperature ratings for the notors, according to the
manuf acturer, is 150" C. Therefore, this test and the subsequent use of the
mner in a working section of an underground mine show that tenperature rise
is not a problem

(2) Construction of Operator Barrier Panel--In designing the operator
barrier panel, consideration should be given to obstacles which could provide
difficulty in constructing an effective cover. Protruding from the control
box are a total of 11 levers, 6 on top, 5 on the bottom that are to be
mani pul ated either up and down or in and out when operating the mner.
Located on the left, angled toward the control box, is the hydraulic cylinder
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of the right jackleg. Above this cylinder, heavy-duty power cables nake their
way forward. A pivoted winch sheave is folded in the down position when not
in use and occupied the right hand corner directly under the control box. The
best solution would be to make the cover out of two pieces. The top half over-
laps and is fastened to the bottomhalf with sheet netal screws. Both pieces
are fabricated from 16 gage gal vani zed sheet steel. The bottom piece, as
shown in figure 192, is fabricated first, A piece of [/2" angle iron is tack
wel ded underneath the control box to provide a place to fasten the top of the
bottom shield. Fastening is acconplished by tapping holes in the angle iron
and by using 10/32" screws. The shield is pushed inward, bottom first, until
the left side achieves the sane slope as the hydraulic cylinder. The slope
on the right side will be more pronounced since this side has to niss the

wi nch sheave, A 1" wide area on top of the shield is bent parallel to the
angle iron. Next, the shield is bent at approximately 90" so it wll fit
behind the main cover panel. An overlap is left to provide a bolting surface
for sheet metal screws coming from the outside of the main panel through
clearance holes. Prior to installation, a sandwich |iner of E-A-R 1002 and
Durasonic Type 5155 is glued to the back of the shield with an overlap of 1"
on the bottomto provide a good acoustic seal. Simlarly, on the left, approx-
imtely 12" of material is left in place protruding past the shield. To pre-
vent the liner frompeeling, a 1" wide alumnumstrip is fastened around the
edge of the shield.

The top part of the barrier, which is fabricated next from 16 gage sheet
nmetal, is shown in figures 19h and 19c. Slots are provided for the operating

{a) Bottom section of operator {b)Front view of both sections {¢)Close-up of bottom and top sections
barrier panel installed (cover panel removed)

FE P N

{d)View of completed barrier panel fe)side view of completed barrier panel (f)Completed barrier panel with
(removed from miner) {cover panel removed) cover panel in place

FIGURE 19. - Summary of the construction of the operator’s barrier panel.



26

levers to facilitate the removal of the top cover for servicing. This side of
the shield is bent to effectively seal any openings. However, a bulky hydrau-
lic fitting nounted on the side of the control box makes it necessary to pro-
vide a hole in the shield so that a proper fit underneath the main cover plate
is assured. Sheet netal screws are used to fasten the top shield to the bot-
tom shield. Figure 19d shows the conplete barrier removed from the machine.
Here it can be seen that E-A-R C-1002 material, cut froma single piece, is
fitted and glued to the inside of the barrier. To increase the effectiveness
of the barrier, Insul-Quilt material is then glued to the E-A-R material.
Sinilarly, a large piece of Durasonic material, also fitted with Insul-Quilt
material on the inside and at the same height as the barrier, is carefully
inserted around the side and in between the winch box, as shown in figure 19e.
In addition, pieces are inserted underneath the top shield and around the
power cables, increasing the effectiveness of the barrier, Figure 19f shows
the conpl eted operator control barrier with the cover panel in place. A
detailed drawi ng showing the construction of this operator barrier panel is
illustrated in figure 20.

(3) Internal Barrier Construction--The construction of the internal
barrier for the inside of the left side cover panel is shown in figure 21.
The addition of this barrier reduces noise escaping from the open end of the
left side cover panel. This barrier is made from 16 gage sheet netal, |/4"
E-A-R 2003, and 1" Durasonic No. 5155 cut in 18" X 28" sheets. These nate-
rials. are glued together and screwed to two angle irons welded to the bed of

Sheet metal
sCrews

Lined with EAR
2003, Insul Quilt

No. 10-32 machine
screws

FIGURE 20. - Diagram showing details of operator barrier panel.
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Y4 X 34 in machine
screws, 6-required;”

lin angle iron

15in long \

i6ga sheet
metal {8X28in

FIGURE 21. - Diagram showing construction details of the internal barrier.

FIGURE 22. - Placement of the internal barrier for the left side of the miner.
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the mner. The barrieris bowed to forma quarter cylinder and made to fit
flush to the inside of the cover panel. Figure 22 shows the placement of the
internal barrier on the machine.

b. Min Mtor Drive Assenbly

At the request of the equipment manufacturer, this assenbly was not
treated.

c. Cover Panels

The cover panels are provided as standard equi pnent on the miner and
bridge to protect the nmotors and other operating gear. They are conposed of

Expanded metal

T Insul Quilt

T——EAR 2003

3

|
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FIGURE 23. - Diagram illustrating one treatment technique used on cover panels of miner.
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| /4" steel and nmade to be bolted directly to the frame of the machine. Vibra-
tions fromthe operating conponents can cause these panels to vibrate and
radiate noise.

The acoustical treatnent for the cover panels was designed with two
thoughts in mind: first, the vibration of the covers nust be danped, and
second, the cover panel can act as a good acoustical enclosure with the instal-
| ation of sound absorbing material. Treatnent begins by closing all pane

openings that are not needed for maintenance or lighting. The inside of every
panel is thoroughly cleaned by sand blasting. A piece of E-A-R 1002, cut to
fit, is then glued to the inside surface using an epoxy adhesive (fig. 23)
Next, a properly sized piece of fiberglass material (having an inpervious front
layer) is glued to the E-A-R material. An expanded netal screen is then
placed on top of the fiberglassand tack welded to the cover panels around the

(a) Partially completed cover panel showing

() Fiver lass material used i
welded studs and E~A-R material s = T cover

panel treatment

(c)view of completed cover panel

FIGURE 24. - Summary of alternate treatment used on cover panels of miner and bridge
conveyor,
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edges. The expanded metal screen is installed to protect the fiberglass when
the panels are removed for maintenance.

An alternate nethod that can be used for installing the fiberglass
material is shown in figures 24 (a through c). After cleaning the panels, a
series of metal studs are welded to the inside surface. The E-A-R material is
glued to the panel as before except that small clearance holes are cut into
the material for the studs, as shown in figure 24a. Fiberglass material with
protective screen, shown in figure 24b, is then pushed onto the studs. Rubber
retaining caps are used on the studs to keep the fiberglassand screen in place
(fig. 24c). For sonme of the panels, small areas of the screen and fiberglass
are renoved to give clearance for the notor and gear assenblies.

(@) 1solation washers for cover panel (b)Isolation washers installed
mounting bolts

f¢)Side view showing isolation
washer and pad

FIGURE 25. - Summary of techniques used in mounting cover panels on miner and bridge
conveyor.
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In replacing the nodified cover panels on the niner and bridge conveyor
precautions are taken to vibrationally isolate them from the machine frame as
much as possible. Every mounting bolt used has a specially fabricated iso-
| ati ng washer as shown in figure 25a. Wen installing the bolts, regular
netal washers are used on top of the isolating washers (fig. 25b. To
further isolate the covers, E-A-R pads are constructed and glued to every
cover panel mounting bracket (fig. 25c). Thus, the final configuration of
the cover panels shows them to be danmped, isolated from frame vibration and
acting as noise absorbing, high transnission [oss acoustical enclosures

4. Wnch System

The winch system on the WIcox auger miner is used in conjunction with
metal jacks to position and advance the mner across the coal face. This
systemis conposed of two 40" |engths of 5/8" wire rope wapped around druns
on each side of the mner. The druns are gear driven by the main drive-train
motors.  Noise neasurenents were taken both without the winch systemin oper-
ation and with the winches energized (tension on the cables). Results showed
that the contribution of noise generated by the winch systemto the overal
noi se level is negligible. Because of these results, acoustical nodifica-
tions are felt to be unnecessary.

(@) Miner (b)Bridge conveyor

FIGURE 26, - 4, Noise controlled Wilcox Mark 20 auger miner; B, noise controlled
Wilcox bridge conveyor.
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5. The Conpleted Mark 20 M ner System

The conpleted WIcox Mark 20 nminer and bridge conveyor enploying all the
noi se control nodifications described in this report are shown in figures 262
and 26b. From the photographs, it can be seen that none of the noise contro
techni ques used have drastically altered the physical dinensions of the mner
and bridge. Except for the conveyor danping strips, a casual observer would
experience difficulty in recognizing the difference between a noise controlled
and an unnodified machine, The difference, however, would becone readily
apparent once the nachines were operated. This difference, the noise reduc-
tion, will be discussed for both the surface and underground environnents in
the follow ng sections.

RESULTS- - SURFACE

Al of the acoustic data presented in this section were neasured in
accordance with the procedures and instrumentation specified in the sections
titled "Instrumentation” and "Procedure." The niner and associated bridge
conveyor were operated in an unloaded state; that is, the system was neither
cutting nor transporting coal.

1. Reverberation Measurenents

In order to utilize the above ground noise data in predicting underground
machi ne noise levels, an acoustical characterization of the above and bel ow
ground environments was performed. This was done using an inpulsive noise
source (bursting balloons) and neasuring the reverberation or decay times of
the sound field, in |/3 octave bands, with the miner in place. The resulting
A-weighted reverberation tine for the surface work area was 1.3 seconds. The
underground A-wei ghted reverberation tinme, as neasured in a |ow coal entry,
was significantly less, averaging 0.8 second. This indicates that the sur-
face environment was acoustically |ess absorptive than the underground environ-
ment. Thus, the machine noise levels as neasured in the surface work area
woul d be higher than those neasured, under the same machine operating condi-
tions, in an underground coal nmine. This difference in the above and bel ow
ground noise levels will, of course, vary with different |ocations around the
machi ne, being a function of the relative strengths of the direct and reflected
sound fields.

2. Noise Level Reductions--M ner

Figure 27 illustrates the A-weighted sound |evel reductions neasured at
nine positions around the mner. These neasurenents were nmade with all mner
systems in operation and no bridge conveyor attached. In the figure, the fol-

| owing notation is used: bracketed nunbers < > indicate before nodification
sound levels. Numbers in parentheses ( ) indicate after nodification sound
levels, while unbracketed nunbers are the resulting dBA noise reductions. As
can be seen, the noise reductions vary in magnitude around the niner, reaching
a maxinum at the operator's position of 10.1 dBA (103.0 dBA before, 92.9 dBA
after). The reductions neasured for the right and left jacksetters' positions
are 6.4 dBA (98.5 dBA before, 92.1 dBA after) and 7.3 dBA (99.5 dBA bhefore,
92.2 dBA after), respectively.
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FIGURE 27. - A-weighted noise levels around miner,
before and after modifications.
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To further characterize the noise emtted from the niner, C-weighted
noise data is given in figure 28. Here the same before and after notation is
used as in figure 27. The dBC noise reductions are, for the nmost part, |ess
than the dBA reductions, being 8 9 dBC for the operator, 5.0 and 5.5 dBC for
the rightandleft jacksetters' positions. Table 2 sunmarizes the A- and G
wei ght ed noi se |evel measurenents obtained around the niner.

TABLE 2. - Noise levels (RTA output) around miner before and after
nmodi fi cations--everything on nmner in operation;
no bridge conveyor

Average dBA| Average dBA Average dBC |Average dBC
Posi tion before after Reduction bef ore after Reduction
modi fi - modi fi - in dBA modi fi - modi fi - in dBC
cation cation cation cation
1 100.0 99.3 0.7 102. 6 101. 6 1.0
2 Jack-
setter 99.5 92.2 7.3 101.3 95.8 5.5
3 101.1 91.9 9.2 103.2 95.9 7.3
4 103.0 93.1 9.9 105. 2 96. 8 8.4
5 101.7 95.4 6.3 103.7 97.8 5.9
6 102. 7 92.9 9.8 104. 8 96. 8 8.0
7 Qperator 103.0 92.9 10.1 105. 3 96. 4 8.9
8 99. 8 91.1 8.7 102. 3 94.8 7.5
9 Jack-
setter 98.5 92.1 6.4 100. 8 95.8 5.0

The octave band spectrum for each of the workers' positions is given in
figure 29. Referring to the before curves in each graph, it is apparent that
most of the sound energy, before nodification, is evenly distributed with the
125 to 2,000 Hz frequency bands, falling off at about a 10 dB/octave rate
bel ow 125 Hz and 7dB/ octave above 2,000 Hz . The noise reduction obtained
which is shown in the shaded region in each graph, is maximmwthin the
frequency bands of 125 to 4,000 Hz. Thus, the noise reduction achieved lies
within the frequency range which is nmost critical to human hearing. Appendix A
provides a conplete description of the acoustical data, giving the before
and after 1/3 octave band spectra as neasured at all positions around the
m ner.
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3. Vibration Level Reductions--M ner

Vibration levels (acceleration) were neasured hefore and after noise
control treatment of the mner. Figure 30 shows the results obtained on
several parts of the machine surface. These measurements were made with al
mner systems operating and no bridge conveyor attached. Reductions in vibra-
tions were significant, averaging 16 dB (re 30 pg) for the nine positions
Table 3 summarizes the A- and C-weighted vibrational |evel neasurements
obt ai ned on the mner

TABLE 3. - Acceleration neasurenents on miner before and after nodifications--
everything on nminer in operation; no bridge conveyor
Average dBA[ Average dBA Average dBC|Average dBC
Position before after Reduction before after Reduction
modi fi - modi fi - in dBA modi fi - modi fi - in dBC
cation cation cation cation
1 105.1 83.0 22.1 104. 7 84.0 20. 4
2 100. 2 82.9 17.3 99.9 86.9 13.0
3 103.2 84.1 19.1 116.3 85. 8 30.5
4 108. 4 80.5 27.9 108.0 88.7 19.3
5 108.7 81.8 26.9 108. 7 90. 8 17.9
6 110. 8 97.8 13.0 109. 6 98.6 11.0
7 102.2 97.7 4.5 102.1 98. 2 3.9
8 100. 9 83.2 17.7 100.5 85.6 14.9
9 103.2 87.1 16.1 103.0 88. 4 14.6

NOTE.--All an values are referneced to pug.
Vibrational analysis in |/3 octave bands indicated that nmost of the reduc-

tion occurred in the 250 to 8,000 Hz frequency range. Mny of the vibration

spectra showed unusually large peaks in the 63 Hz |/3 octave band. The phe-

nomenon was investigated and found to be caused by electrical interference.

Mat hematical corrections for these electrically induced peaks were made in the

vibrational spectra. Appendix B gives the conplete |/3 octave vibrationa

anal ysi s done on the mner.
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4, Acoustical Data--Bridge Conveyor

Noi se and vibration levels were neasured before and after noise contro
modi fications at various locations around and on the bridge conveyor.
Figure 31 shows the before and after sound levels. For these measurenents
all miner systems and the bridge conveyor were in operation. Resulting A
wei ghted noi se reductions at all nonitored locations ranged from?7.5 to 11.1
dBA with a nean value of 9.2 dBA Sinilarly, the Cweighted sound pressure
level s are given in figure 32. Here again the dBC noise reductions were somne-
what less than the corresponding dBA values, ranging in value from4.8 to 7.5
dBC with a nean of 6.4 dBC. Table 4 summarizes the dBA and dBC acoustica
data.

Several octave band spectra included in figure 31 describe the resulting
noi se |evel reduction as a function of frequency. Here the frequency distri-
bution of the obtained reductions is shifted one octave, relative to that
obtained for the mner, being maxinumin the 250 to 4,000 Hz frequency bands
Appendix C gives a conplete listing of all before and after 1/3 octave band
spectra neasured around the bridge conveyor.

Results of vibration levels measured before and after noise control nodi-
fications are presented in figure 33. Appreciable reductions are evidenced at
all but one of the positions monitored. The mean reduction in vibration leve
was approximately 12 dB (re.30 pg. Table 5 lists the A~ and C-weighted vibra-
tional level measurenments and reductions obtained. The octave band vibra-
tional data for all measured positions can be found in appendix D.
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FIGURE 32. - C-weighted noise levels and octave band spectra around bridge conveyor, before
and after modifications
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TABLE 4. - Noise levels (RTA output) around bridge conveyor before and after
modi fications--everything on both miner and bridge conveyor
in _operation
Average dBA| Average dBA Average dBC|Average dBC
Posi tion bef ore after Reduction before af ter Reduction
modi fi - modi fi - in dBA modi fi - modi fi - in dBC
cation cation cation cation
1 106.7 97.3 9.4 108. 1 100. 6 7.5
2 105.0 96.0 9.0 106. 0 99.2 6.8
3 104. 8 94.8 10.0 105.5 98.1 7.4
4 92.5 96. 3
5 92.8 97.9
6 103. 6 94.0 9.6 105.1 99.3 5.8
7 102. 4 93.7 8.7 104. 4 99.1 5.3
8 104. 8 97.3 7.5 105. 6 100. 3 5.3
9 101. 6 92.9 8.7 103. 4 98.6 4.8
10 103.7 92.6 11.1 105.0 98.6 6.4
11 92.2 96. 3
12 93.1 96. 4
13 104.1 95.0 9.1 105.1 98.0 7.1
14 104.9 95.7 9.2 106.0 98.9 7.1
15 106. 6 97.4 9.2 108.0 100. 8 7.2
TABLE 5. Accel erati on neasurenents on bridge conveyor before and after
modi fications--everything on both miner and bridge
conveyor in operation
Average dBA|[Average dBA Average dBC|Average dBC
Position before after Reduction before after Reduction
modifi- modi fi- in dBA modi fi - modi fi - in dBC
cation cation cation cation
1 105.9 95.7 10. 2 104. 3 94. 6 9.7
2 112.3 105.7 6.6 111.0 104. 7 6.3
3 109.5 94.6 14.9 109.7 93.9 15.8
4 88.6 89.3
5 87.8 88.9
6 110.8 94. 4 16. 4 110.0 96. 2 13.8
7 111.7 100. 2 11.5 111.0 101.1 9.9
8
9 109. 3 94. 4 14.9 108. 4 94.8 13.6
10 109. 4 90.4 19.0 109.1 91.0 18.1
11 87.3 86. 6
12 87.7 86. 6
13 107.1 93.5 13.6 117.5 92.1 25. 4
14 103. 2 106. 2 13.0 101.9 105.1 13.2
15 108. 3 93.4 14.9 106.7 92.7 14.0
NOTE.--All dB values are reference to 30 pg.
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watts.
output of the mner was 0.5 watt
0.1 watt, for a reduction of 0.4 acoustical watt.

modi fications were responsible for an 80 percent
power emtted by the miner.
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5. Sound Power Mea-
sur ement s- - M ner

The total sound power
output of the mner was
measured using the nethod
described in the section
titled "Procedure." The
before and after nodifica-
tion results are shown
graphically in figure 34 and
nunerically in table 6. As
can by seen, the acoustic
energy output of the nachine
was reduced the nmost in the
250 to 4,000 Hz frequency
region. The overall A
wei ght ed sound power out put
of the unnodified mner was
116.8 dB, A (re 10°* watts)
while the sound power
measured after nodifications
was 109.9 dB, A, for a reduc-
tion of 6.9 dBA. Alter-
nately, the sound power
em ssions can be considered
froma viewpoint of acoustic

In this perspective, the A-weighted, prenodification, acoustic power
while the post-nodification power output was

Thus, the noise contro

reduction in the total sound

TABLE 6. Sound power |evels neasured before and after acoustica
modi fication of WIlcox mner
Frequency dB, before dB, after dB, reduction
modi fi cati ons modi fi cations
31.5 83.7 81.7 8.0
63.0 97.9 100.0 -2.1
125 108. 7 106. 3 2.4
250 111. 8 108. 2 3.6
500 111.6 105. 4 6.2
1, 000 111. 8 105. 8 6.0
2,000 111.1 102. 6 8.5
4,000 107. 2 98.0 9.2
8, 000 96. 2 91.1 5.1
A-wei ght 116.8 (dB,A) 109.9 (dB,A) 6.9 (dB,A)
C- wei ght 118.4 (dB,Q) 113.2 (dB,Q 5.2 (dB,Q

NOTE. --AlT dB, values referenced to 10" watts.
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RESULTS- - UNDERGROUND

After the completion of the nodification program the nminer and bridge
conveyor were shipped back to the owners, Buchanan & Sons Coal Conpany. Wen
the nminer and bridge were put in use on an active section, arrangements were
made to conduct the followp surveys. This equipnment has been in continuous
underground operation for nore than 1 year.

During this interval of time, two separate noise surveys were conduct ed.
To estimate the effectiveness of the nodifications, the data collected on
these surveys was conmpared to the data obtained during a premodification sur-
vey conducted on the sane machine. This prenodification or reference survey
was performed during Cctober 1974,

In general, the conparison shows that a consistent noise reduction has
been achieved and that no significant loss in production has occurred because
of the nodifications.

1. Survey Procedure

Bef ore any noise neasurements were taken, a quick visual inspection of
the nminer and bridge was nmade each time to see if all of the nodifications
were intact. After the conditions of the nodifications were noted, the noise
survey was conduct ed.

At the conclusion of the noise survey, discussions were held with the
machine crew and other mine officials. The purpose of these neetings was to
determne their subjective reactions to the nodifications and to note any
significant changes in the production record of the machine.

,/”/%;,// Measurements were taken
S at the operator's and jack-
setter's positions, as well
as other [ocations around
the miner and bridge (fig. 35)
to indicate the genera

sound field around the equip-
ment in the underground
environment. Noise levels
during the different operat-
ing modes of the machine
were also neasured. Noise

| evel data was obtained with
a GCeneral Radio 1565-A

(S/'N 4481) sound level neter.
Tape recordings were also
made for subsequent fre-

) . quency analysis at the |abo-
FIGURE 35. - Underground noise measurement positions | at ory. Before any neasure-

around miner and bridge conveyor, ments were taken, al
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120 I T I  — T acoustical equipnment were
properly calibrated using a
1,000 Hz signal at 114 dB re
= 4 20 pN' M.

2. Results
100 k=0
T As previously stated, a
reference noise survey was
conducted on the mner and
bridge before they were nodi-
fied, Results fromthat sur-
vey showed the noise levels
to be quite high: 102 dBA
at the operator's position,
and 104 dBA at the right
jacksetter's position.
Measurenents taken during

0
(e

[0 ]
(@)

~
Q

SOUND PRESSURE LEVEL, dB re 20 [-LN/MZ

i | | | 1 1 .
25 63 160 400 10K 25K 63k ek Lne first followp survey

[o)]
o

i ndi cated noise |evels of

97 dBA at the operator's
FIGURE 36. - One-third octave band analysis of noise measured position and 102.5 dBA at

at operator’s position, before and after noise control  the right jacksetter's posi-
modifications (cutting coal underground at Buchanen  tjon. Data obtained during
& Sons Mine, Wise, Va). Sept enber 1976 indicated
that the noise at the operator's and jacksetter's positions remained the same
at 97 dBA and 102 dBA, respectively. Figure 36 shows the |/3 octave band
spectra of the noise at the operator's position, before and after the nodifica-
tion program It is a well-known fact that the accuracy and repeatibility of
the real tine analyzer system Type |, is nore precise than a sound |eve
meter which is Type Il; however, due to underground sanpling procedures that
were very short in duration, the real time analyzer spectrum shown in fig-
ure 36 may not be representative of the typical noise spectrum of the niner.
Table 7 conpares the sound level meter data obtained during the three surveys.

THIRD-OCTAVE BAND CENTER FREQUENCY, Hz

TABLE 7. - Noise level of unnodified and nodified m ner
and bridge conveyor, cutting coa

Noi se level of Noi se level of nodified
unnodi fi ed machi ne (dBA) Aver age
Measuring |ocation machi ne (dBA), First survey|Second survey noi se
reference survey (9/75) (9/76) reduction
(10/74)
Qperator........... 101.9+1.5 96. 7+1. 2 97.0x0.7 5.0 dBA
Right jacksetter... 103, 8+2. 1 102.5+1. 8 101. 7+0. 6 1.7 dBA

Referring to position 5 in table 8 and position 18 in table 9, the data
indicates that the dunp point of the two chain conveyors is the |oudest area
on the equipnent when running in an unloaded condition. It should be renem
bered that when the equipnment is cutting air, no material is being conveyed
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and the noise levels will be slightly higher especially at the drive sprocket
of either conveyor. Measurenments taken underground at position 5 during a

normal nmining cycle showed a noise |evel of 96 dBA when running enpty and
93 dBA when running full of coal

TABLE 8. - Noise contours around miner, unloaded condition
Posi tion* M nner on, bridge on M ner on, bridge off
2 (left jacksetter)....... 95-97 91
3 97 91
4o 99- 100 92-93
D 99- 100 96
B 94- 95 92-93
7 (operator).............. 94 90-91
R 93 90-91
9 (right iacksetter)...... 92-93 89-90
*Refer to figure 35 for the neasurement |ocations around the miner and bridge
conveyor.
TABLE 9. - Noise contours around bridge conveyor, unloaded condition
Posi ti on* Bri dge on, mner on Bridge on, mner off
........................ 99- 100 97 -98
13 97 -98 97
4. 96- 97 96
5 96- 97 96- 97
6. 96- 97 96- 97
17 96- 97 97
18 . 102-103 102-103
19 96- 98 97
20 96- 97 98
21, 95- 96 96
22 97 95- 96
23 97 97
25, 98-99 96- 97
*Refer to figure 35 for the measurenent |ocations around the mner and bridge
conveyor.

As mentioned previously, the noise reduction obtained at the jacksetter's
position was mininmal. The noise levels for these workers are primarily influ-
enced by the augers ripping the coal fromthe seam Future plans include con-
ducting an analysis program on a set of augers to deternmine their vibrationa
response and to determine the airborne noise generated by them under a |oaded
condition. Mdifications will then be made to the augers in an attenpt to
reduce this noise. After the laboratory testing is conpleted, these will be
used with the nodified nminer and bridge conveyor. Underground surveys will
be conducted to determine the effectiveness of the treated augers in reducing
the noise levels at the jacksetter's position.
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DI SCUSSI ON OF RESULTS

The modifications to the Wlcox niner and bridge conveyor have proven
their effectiveness in ternms of noise reduction and durability in the under-
ground environment. The reduction in noise at the operator's position, from
102 to 97 dBA, as neasured with a sound |evel neter, represents a doubling of
the allowable operating tine from1.5 to 3 hours. A sinmlar retrofit program
can be initiated by interested coal conpanies using the techniques described
inthis report to reduce excessive noise levels fromthe Mark 20 system

A retrofit noise abatement package is available from the equiprent
manuf acturer that can be installed on existing Wlcox machines. Additionally,
this noise control package can be ordered with all new equi pment purchases.
The cost of these nodifications (approximtely $8,400) will raise the cost of
the mner-bridge conveyor system slightly, but the reduction in noise wll
mean an increase in the permtted operating time which will result in an
increase in total coal production.

Anot her specific exanple which dermonstrates the effectiveness of these
modi fications is a Mark 20 systemretrofitted by Fairchild and in use in a
central Pennsylvania coal nmine. The noise levels, nmeasured at the operator's
position before any nodifications, ranged from96 to 102 dBA with a total
noi se exposure index (NEl) of 1.32. After installation of the noise control
package, the operator's noise exposure ranged from 96 to 99 dBA with a total
NEl of 0.75.

It should be realized that the noise control techniques discussed may be
used successfully in nodifying other mining equipnment with sinilar noise
sour ces.

Many types of mining equipnent have conponent systens which are simlar
to those treated on the Wlcox mner and bridge. Continuous mners and |oad-
ing machines use chain conveyors to transport the coal fromthe active face to
the haulage units waiting at the end of the machine. Danping-isolation strips,
simlar to those installed on the Mark 20 system could be applied to continu-
ous miners and | oading machines.

Al so, various conponents (that is, motors, punps, etc.) can be isolated
fromthe machine frane to elimnate excessive vibrations causing an increase
in the overall noise level. This would be best acconplished during the equip-
ment manufacturing process when the proper isolator can be chosen and
installed easily into the conponent system

Finally, the use of barriers, such as the one installed at the operator's
position, can be an effective means to block the transm ssion path of noise
generated by different machine conponents.

As shown by this report, these nodifications can be acconmplished in a
retrofit fashion. However, noise reduction could be achieved nore effectively
if these acoustical nodifications were to be designed into the mning
equi pnent .
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APPENDI XES

The appendi xes, A through D, have been included to allow others attenpt-
ing this work to conpare their results to ours. Third octave band noise
spectra at various locations around the mner and bridge conveyor are given
in appendi xes A and C, respectively. Third octave band vibration spectra at
various locations on the mner and bridge conveyor are given in appendixes B
and D, respectively, In each appendix, the format for presenting the data is
as follows:

Spectra before modifications - o—o—o0

Spectra after nodifications - Xx--x--X

Oo0—O0—0
Noi se reduction - (1111 (shaded area)

Position at which
spectra was obtai ned - Marked with a number on
acconpanyi ng di agram of
machi ne
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--ONE- TH RD CCTAVE BAND NO SE MEASUREMENTS AT VAR QUS

LOCATI ONS AROUND THE M NER, UNLOADED, BEFORE AND AFTER
NO SE CONTROL MODI FI CATIONS (9 POSI TI ONS)
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FIGURE A-1. - Noise spectrum at position 1
(front of miner),
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APPENDI X B. - - ONE- TH RD OCTAVE BAND VI BRATI ON MEASUREMENTS AT VARI OUS
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APPENDI X C.--ONE-TH RD OCTAVE BAND NO SE MEASUREMENTS AT VARI QUS
| &CATI ONS AROUND THE BRI DGE CONVEYCR, UNLOADED, BEFORE AND AFTER
NO SE CONTROL MODI FI CATIONS (11 PGSl TI ONS)
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APPENDI X D. -- ONE- THIRD CCTAVE BAND VI BRATI ON MEASUREMENTS AT VARI QUS
LOCATI ONS ON THE BRI DGE CONVEYOR, UNLOADED, BEFORE AND AFTER
NO SE CONTROL MODI FI CATIONS (10 PCSITI ONS)
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