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Abstract 
Workers in coal-preparation plants, where vibrating screens are significant noise sources, are often exposed 
to sound levels exceeding 90 dB( A). The National Institute for Occupational Safety and Health, a major coal 
company and a vibrating-screen manufacturer conducted a cooperative study of vibrating-screen noise. 
Rubber isolCltors reduced sound levels by 1 dB. Urethane screen panels did not reduce sound levels in this case. 
Drive noise was determined to be the dominant noise source on the screen. Damped side plates reduced 
vibration levels on the screen sides by 1 to 7 dB(A). Detailed results of the study are presented. 

Introduction 
ln 2000, there were 212 preparation plants in operation in the 
United States and 129 of these plants were located in three 
states: Kentucky , Pennsylvania and West Virginia (Fiscor and 
Lyles, 2000). Swdies by The National Institute for Occupa­
tional Safety and Health (NIOSH) have shown that workers 
who spend a significant portion of their shift working in a coal 
preparation plant can experience noise exposures that exceed 
the Mioe Safety and Health Administration (MSHA) Permis­
sible Exposure Level. Noise doses up to 220% have been 
recorded for preparation-plant workers in jobs with titles such 
as stationary equipment operator, froth cell operator, plant 
operator, plant controls man, third noor operator, wet plant 
attendant, sump floor operator, plant backup and plant me­
chanic (Bauer, 2004). These job classificaLions require the 
worker to spend a considerable por1ion of a shi ft in the plant 
while working around slurry pumps, dryers, centri fuges and 
vibrating screens. Vibrating screens generate sound levels 
ranging from 90 to 95 dB(A) during clean bituminous coal 
processing and 95 to 100 dB(A) during refuse and anthracite 
processing (Ungar et al., L974). 

Because they are used co size, separate and dewater both 
coal and refuse (rock) of various sizes, screens may be located 
on many floors within a preparation plant. The number of 
screens in a processing plant can range from a single screen to 
more than a dozen. Consequently, preparation-plant workers 
can be exposed to high sound levels generated by the screens 
multiple times during a shift as they move and work throughou t 
the floors within tbe plant. Vibrating screens are a major noise 
problem in most coal preparation plants because screens are 
used extensively in che plants, are usually located in high traffic 

areas and can generate high noise Levels (Rubin ct al., 1982). 
Due to the revised Health Standard for Occupational Noise 

Exposure (30 CFR Part 62) passed in 1999, the Mine Safety 
and Heal th Administration (MSHA) no longer gives credit for 
wearing hearing protection in determining a worker's noise 
dose. This new MSHA regulation has reemphasized the use of 
engineering noi e controls to reduce worker noise exposure. 
To address the problem of worker noise exposure in coal 
preparation plants due to vibrating screens, NIOSH, a major 
coal company and a vibrating screen manufacturer at a coal 
preparation plant conducted a cooperative study of vibrating 
screen noise. 

The consortium selected a coal preparation plant for the 
study based on its proximity to aU of the involved researchers. 
l n the selected plant, preliminary measurements were made in 
the area surrounding a group of eight horizontal vibrating 
screens used to process clean coal. These measurements 
indicated that the sound levels ranged from 94 to 98 dB(A) 
with the plant processing coal (see Fig. 1) and from 89 to 97 
dB(A) without the plant processing coal and the screens 
operating with vibration only. The sound levels decrease 
significantly with increasing distance from the screens, indi­
cating that the screens dominate the overall A-weighted sound 
level in this area of the preparation plant. To reduce the 
potential foroverexposing preparation-plant workers to noise, 
the collaborators agreed to test several commonly used engi­
neering noise controls for vibrating screens. In addition, the 
collaborators ini tiated a research effort to rank the noise 
sources on one of the horizontal vibrating screens and ro 
develop engineering noise controls to address the dominant 
noise ources. 
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processing coal on only the test scr en. 
All of the screen from either Side L or 
Side 2 can be turned off while processing 
coal. I ll addjtion. on scrt:en from Side I 
or Side 2 can be turned off while pro ess­
ingcoal with the remaining screen . There­
fore without om mean of reducing th~ 
contribution of Lh other creen to lhe 
sound lev l around the tc t s rcen, evalu­
ating th sound level · due to the le. t 
creen and th n ise reductions due to 

in talJiJ1g engineering contr Is w uld c 
impos ible. 

~ To reduce the background ound level. 
Ptolltlon / 

c1111 around the test screen due to the nearby 
plant ma hin ry. quilted barrier-absorb-

- - - ers con j tjng of two fibergla layers 
e Dall collection with a loaded vinyl eptum and covered i Lo~atlon 

a nylon material were hung from th plan 
Figure 1 - Contour plot of the A-weighted sound levels around a group of eight 
clean coal screens. 

. upp rt beams around the te. t creen s e 
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Figure 2 - Overhead view of test area. 

Experimental procedures 
After the plant op ration, te t option and avaiJabl screen 
were discu d. a ingle 2.4- x 4.9-m (8- x J 6-ft) horiz mal 
vibrating creen used co drain and rin. e a I x J 0-m h 
cyclone clean coal product wa ele ted a the test creen. 
The test creen, S reen 169, operate withi a group of eight 
simiJar creen as shown in Fig. 2. The plant i designed such 
that the eight creen are plitintotwogr up · offourscr en , 
rci rred to as Side J and Side 2 . The . und level at any 
location within the test area are inOuenced by each of the 
eight screens. Ideally the s und level around the te t r en 
could be measured with only the t st s reen processing coal. 
However, the 'even other sere ns cann t be turned off while 
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upport beam. of the above floor with 
bolts through gromrn ts. The barrier were 
sized u h that they touch d the flo r 
when installed. The seams between indi-
vidual barrier trips wer sealed with 
V lcro.and gap around pipe penetrati ns 
w re kept to a minimum. The above t p. 
w re n essary t achiev the maximal 
reduction in Lhe background nois near 
the test er n. 

Six microphone were po itioned at 
h ight of 1.5 m (5 ft) and a di Lance of0.6 
m (2 ft) from a reference b x surrounding 

C)·ctout Refuse ( 
Semo the te t creen see Fig. 4). F ur micr -

phone were po itioned along th left si e 
of the test ·creen with two microphones Cyd oue Ref115e 

srmu behind the feed chute. Due lo the proxim-

Circuit I 

ity of the barrier to che right side of the Lest 
scr en it was not pos. ibl to po iti n 
microphone along th right id of the 
creen. Microphones could not be posi­

tioned al the di)icharge end of the ere 
between the te I screen and Screen no 
due to the er en design. Th daca-acqui!>i­
tion equipment was positioned in the c l'­

ner of the building as hown in Fig. 5. 
A cries of s und-level mea ur mer. 

wa perform d to a es th impact f U1e 
barrier-absorber on the background noise 
near thet st creen.Sound-levelme ur -
ments w re perf rmed with the plant pr -

essing coal with the test screen off. Next, measurements 
were p rformed with the ·creen in Side L proc sing coal and 
Sid 2 off. These c nditi n · represent the backgr und so nd 
levels that would b ob erved during testing. The bm-ri r 
were then installed and th mea. uremenls were rep ated. Th 
measurem nts indicated that the background ound level was 
reduced by more than l I dB(A) with th plant proce sing coal 
with the test screen off and by more than 7 dB(A) with 1e 
, er en in Side 1 proces ing coal and the !iCr ens in Side 2 off. 
These r ult · how that the barrier was effective in reducing 
th ba kground n ise and would enabl th r archer to 

valuate noise control and tostudythe noise generated by the 
Le t screen . 
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Figure 3 - Barrier-absorber curtain between Screens 
169 and 167 showing tight seal around piping. 

Barri r nb orb 7,' _/ 

Figure 5 - Data acquisition equipment location and 
microphones along left side of Screen 169. 
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Figure 4 - Overhead view of microphone positions around test Screen 169 showing barrier­
absorber curtain location. 

Trial testing of commonly used engineering 
noise controls 
In the beginning of th project, the coa l company wanted to 
t st everal engin ering n i e controls ~hat a.re omm nly 
appli d to vibrating s reen : rubber isolati n m un!s, ure­
thane screen pan I and a urethan si v . Prior t all testing, 
a new set f tecl co.ii prings was .installed to ensure the 
baseline ound levels wou l n t b a.ff cted by broken rw rn 
spring . Next, rubb r isolation mount r pla ed the new te I 
co il :prings. Aft r the te L with th rubb r mounts w re 
performed , the standard steel sere n pan Is w re r pl, d 
with ur tbane s reen pan I . After examining the Lest data , it 
was determined that the coal/water now wa a s1::condary 
n i e urce and the urcthan iev w uld, ther f'ore, n t have 
an impact n ound I vel f r th i s r en . 
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Ste I coil spring v . rubber isolators. After th barri r-
ab rber curta in was in pla e und-level m a urement 
wer performed wi th new steel coi l prings in t< l ied. To 
det rmin 1he f~ l of switching t nib r i olator on bu ild­
ing vibrat ion, accelerom rer w r attached t the screen at 
the steel c il ·pring 1 cations on th th · r en sid and 
bui lding side of the spring to measure accelerations in b th 
th fore/aft x) and v rti al (z) direction a sh wn in Fi.g. 6. 
·igur 7 sh w the ace lerom 1ers at one mounting l cation 
withth , teelc ii pring upp rpi tur )and rubberi olat r 
(] w r pi ture . 

Fir l, th und I vel du to the t st scr n proc~ siog coal 
wa , determ ined. With the arricr in place and then w st J 

ii. pring in taJled, th ound J ve l ar uncl the er en and 
the vibration at th · reen mount were measured with th test 
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Figure 6 - Accelerometer locations used during steel coi l 
spring and rubber isolator testing . 

Figure 7 - Accele rometers affixed to screen and base at 
iso lator mount locations. 

creen off and all other screens proces ing coal. The te t 
screen was then turned on and the measurements were re­
peated with all s reen · proce sing coal. The ound level 
produced due to the te t r en processing coal c uld then be 
determined by 
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(J) 

where 
LP,w/coal is the background-noise-corrected ound level 

due to th t t screen proce sing coal, 
Lp I is the sound level measured with the test sere n off and 

'the seven ther screen processing coal a.nd 
Lp,2 i the sound level measured with all f the creen 

proce sing coal. 

It hould be noted that all of the equations presented in thi 
report were u ed to calculat both overall and J /3-octave band 
sound levels. 

Next sound-level mea urements were p rformed wjth 
Side I processing coal and ide 2 off. The test creen, Screen 
L69, was then operated witb vibrati n nly with the Side 1 
screen processing coal and the sound level measurements 
were repeat.Cd. The background-noise-corrected s und levels 
duet the te t crcen for vibration only operation were then 
calculated by 

l . = lOLOG{I0°·1L,,,! - lOO.llr.J ) 
P,"lb 

where 

(2) 

LP.vib is the background noise corrected ound level due to 
operatin the te t creen with vibration only ; 

lp,3 -is the sound level measured with the Side 1 creens 
pro es ing coal and the Side 2 screen off; and 

Lp,4 is the s und level mea ured with the i.de I creens 
proce , ing c al, the te t creen operating with vibration 
only and the ther creens in Side 2 off. 

Similar procedure were t !lowed throughout the tudy 
when sound level mea urement had to be taken with then n­
test screens operating. 

Figures 8 and 9 how the background-noi e- orrected A­
weighted l /3 -octav band sound levels due to the test screen 
for full operation and vibration nly ,r spectively. The figure 
sh.ow that using rubber i olat rs reduced the overaJl sound 
level by J dB (A) for full operation and 2 dB(A) for vibration 
onl y operation . Tbe fi gures show that mall reductions occur 
throughout the JOO to 10 kHz freq uency range. 

When altering the uspen ion of a vibrating screen, the 
effects of the modification n b th the ound levels and tbe 
building vibrati n are important con iderations. Vibration 
measurements at the mounting lo ation with the steel coil 
spring' and rubber isolator were compar d to examine the 
vibration as ociated with noise radiation and building vibra­
tion. Vibrations at frequencies ab ve 20 Hz are significant iI1 
term of noi e radiation . ln addition, spike in the vibration 
time hi tory are indicative of impact that w uld gen rate 
sign ificant noise levd s. With regard to building vibration, 
vibration at the eccentric me hani. m r tation freq uency, 15 
Hz in thi case are mo t important. 

To examine the vibration associat d with n i ' radiation 
the ti me waveform of the accelerometer signal on the buiJding 
, ide of the mounting location highlighted in Fig. lO wa 
compared for the steel coil springs and rubbel' isolators. 

Figure I l sh w· the time waveform with the teel coil 
pr.i.ngs and with the ru bber isolators. Th figure shows that 15 

impact per econd occurred with the steel coi l spring . Thj 
impa t rate orrespond wirh the rotation frequency of the 
vibration mechanisms. The impacts cause peak-to-peak high­
frequ ncy vibration n the order f 75 g at this location. 
Similar result w reob erved at theotherm unti.ng locations. 
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9S I I he impacts could be du t contact be­
twe n an inn rand out r oil pring, a iJ 

90 
a Steel Coil Sprlni : nc1B J 

pring and it p iti ning di k, a fricti n 
ch ck and the s reen, or the scr en and a 
·1 ed object uch a a chute, pipe or up­
p rL trncturc. The · imp ct au e the 

D Rub bar u olators: 91 dBi -

creen and .it uppon structure to vibrate 
and radiate noi e. Therefor , the e im­
pact mu t b eli minated to reduce screen 
n i e in the m.o t e fi ient manner. 

Th accelerati n in th 16 Hz J/3-
octave band were compared for the steel 
coil pring and the rubb r i olators, be-
au thi frequ ncy band c ntain the 

mechani m rotati n frequen y. Th e I w 
frequency vibration can b a nc rn with 
respect to building vibration . 
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Figur 12 show the percentage change 
in the accelerati n in the 16 Hz 1/3-
octave band f rthc fore/aft (x) and vertical 
(z) directions n both the building (ba e 
and ere n ide of each m unt. Th figure 
how thatthe bui lding vibration atth left 

mount on the discharge end nd the right 
mount on th feed end of th creen in-

Figure 8 - A-weighted 1/3-octave band sound levels for steel coil springs vs. 
rubber Isolators, full operation. 

crea eel ~ub tantiaJly. ubjectively, an in-
9S I I I I I I I 

crease in the building vibrati n could b 
felt io the c mer f the bui lding where th 
acqui ' ition qu.ipment wa. l cat d. Th 
low-fr quency vibra1i n with th rubber 
isolators was ' ignificantly high r than with 

.90 
• Steel Coil Sprinas: 91 dB ! 

Rub ber lsolatGrr: 89dB I 

th te I oi l prings, ven though th 
high-frequency vi brat ion wer lower with 
the rubb r isolator . 

he increa e in bu ilding v ibration i 
pro ab ly due to a difference b tw en the 
y tern pring rate wi th the rubb r i ola­

tor and th ·tee] c ii pring . With th 
te I co iJ prinas, tw -t finn er and 
ut r pring ar used at ea h m ount atthe 

di hargeend wherea one inoerancl uter 
pring and a third spring a.r u ed at each 

mount n the feed nd. However, with 
th.i arrangement , th pr du t of the ~ ed 
end pr.ing rat with the di tance from lhe 
f d end mounting locati n l th crccn 
c nterof gravity i equal to the pr du l of 
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the di charg end reen rate with. the 
di tance from the di harge nd mount­
ing locati n to the screen center f grav­
ity. Io thi. ca e, th tran lational and 
ro ta tional m tion f the • r en are 

Figure 9 - A-weighted 1/3-octave band sound levels for steel coil springs vs. 
rubber isolators. vibration only. 

dee upled so th creen motion, i prima-
rily tran lationa l ,in the directi n f the f rce applied by th 
eccentric m chani m . 

When the rubber isolat r were installed, lwo i olators 
were u ed at each mounting 1 ati n at the di barg end and 
a ingl isolator was in tailed at each mounting location t th 
feed end. Th pring rate fa ll of the rubb r i olat rs w re 
equal . W ith thi arrangem nt , the produ t of the total spring 
rate at each ere n end and the di, tance from th recn ent r 
f gravity to the mounti ng I cati ns i not equal. Thi , er ates 

c upling betwe n tran lati nal and rot1,1ti naJ :er en motion ·, 
cau ing the sere n LO tran lat i.n th direction of th ~ re 
appl ied y the entric m chanisms and to rotat with a 
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p.il hing m tion about the screen c nter of gravity. hj 
coupling tend to in rease th vibration lransmitt d t the 
buildi ng. lf the pring raM atthe di charge a.od feed end of 
th sere n. with rubber i ·olator, cou ld be mat hed t tho 
with the tJ I coi l pring , the teel -on- teelimpacts b rved 
with th te I coil pring uld b eliminated without in rea -

uilcl ing vibration. 

tandard steel screen panels v ·. urethane screen panel . 
oil wi ng th test. wi th the rubb r jsoJat rs, the cteel ·creen 

panel w re r placed with ur thane . er n panel . und level 
mea urements were then performed wil"h the 'crcen proce -
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Figure 1 D - Location used to compare the acceleration 
time history with steel coll springs and rubber isolators. 

ing coa l. Figure 13 how th backgr und-n i · -corrected 
A -weigh ted I/3-octave band und l v I with the standard 
and urethane screen panels. A slight increase in sound level 
wa observed. Howev r, the incr ase wa onJy a few tenth 
ofadecibel,which i withi nmea urem nt 1Tor. Thefigur 
indicates that the Uft!Lhan scr 'n pat1 t!IS did n L redu e the 
sound I veJ around the te t reen in thi ase. The. e results 

ar consi tent with th find ing f a l 977 n:p rt Lo th U.S. 
Bureau of Mines , wllich tat that particl ize must rdi ­
narily be gr at r than 12-mm diameter before coal impa ·t 
noise xceeds 90 dB(A) near a screen (Rubin l 997). G ner­
al ly, cm1l flow noi i d minant in scr ens handling oar c 
cm.ti , while noi e due to the drive mechan i m, which may be 
radiated by the sere n b dy or me hanism housings . is the 
mo. t significant noise source in llcr en hand I ing fin r coaJ 
(Ungar et al. , J 976). 

Ranking of screen noise sources 
Th first phase of th tudy involved a trial -and-error ap­
proach LO reducing the noise generated by the tests r en. n 
some cases , 1.hi s apprm1c h wi ll result in finding 'i successf11 l 
noi c nlrol. However, inmanycases tJ,eattemptedcontro1s 
will not reduce ound levels bccau c lhe contr Is do not 
di rectly a<ldres the primary noise our es on a piece of 
equipment. No ise c ntro ls that address the dom inant noise 
' Olll'C s on machinery are the m st e fective means of reduc­
ing noise. Th r fore, the next phase of the projecL consisted of 
rank ordering the noise ·ources on the screen. 

Contributions of major noise sources. Fjgure 14 shows the 
A-weight cl I /3- ctav band s und I vel ~ r the test 'Creen 
with tb ste J coil pring and standard steel return deck while 
process ing al. The figure how that the ·ound level in rhe 
16 Hz l /3 -octave band, which onta ins the mechanism rota­
tion frequency, is unimport,1nt in term of the verall 
weighted sound lcv I. The 100 Hz thr ugh 10 kHz 1/3-octave 
bands, however. account for 99% of th vera ll A -w ight d 
sound leve l under foll operation . T herefore, mphasi was 
placed on th i. fr quency rnnge in det rmining the c ntribn­
tion of each noi. e ource on the ·creen. 

A vibrating . creen is a c mplex pi c of machin ry . 
However, the noise radiat d by a sere n is pr imari ly dut: l 
Lwo noisesources: screening noJse and drive no i. ( ennings, 
1980 . Screening noise consists of the nois gen rated by the 
flow of the coal/water mixture down th chut and aero. s the 
top of the screen deck. As the mixture flows out of the hutc 
and across the screen, impuets between indiv idual pieces f 

coal and between the mixture and the 

50 -..----------..... ---------------.-
chute$ and reen generate noi. e. Drive 
noise refers to th' nois radiated due t 
vibration of the rnechan ism housi n ~s. 
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Figure 11 ~ Acceleration in Z-direction at Mount 2 with steel coil springs and 
rubber isolators. 

re n sides and the building, resulting 
from excitation by the gears, bearings and 
eccent,·ic weights of the mechanisms. Gen­
erally, screenin ~ noise is more significai 1 

lhan driv noise for oarsc coal 'crecn · , 
whi le drive m chanism noise is dominant 
l'or fine coal screens (Ungar et al. , 1976). 
For drain and rinse s reens, su has the test 
ere n in thi s study , th spray of rin e 

water onto tb pro cs ed coal i an th r 
polenfod noise sour e. 

To determ ine the relative contribution 
of thes sour e .• several mea. urements 
were perform d. First, the sound 1 vets 
around th sc r en were m asured w ith the 
Lest. re 11 pro C 0 aingcoaJ. ln thi ·jn~ tanCt:, 
aJ I ol' the aforemenri ned noise sou re s 
mak a cootrlbu tion co th m a ured soun 
Level . Next, the ound levels were mea­
sured with the er en vibrating withou t 
processin0 oal. Thi · yield lhesoundlev I 

TRA NSACTIONS 2005 • VOL. 318 206 SOCll:TY FOR MINING, METALLURGY. AND EXPLORATION 



due to dri v nois . Finally, the sound levels 
wcrt: mea 'Urcd with th1;1 rin e wal r p ·ay 
on and the screen turned o f. Th above 
mea. urcment. may be used to ca lculate the 
·ound level due Lo. er ening nulsc. l n 1hcse 
calculaLions, th assumption wa made that 
the damping and/or ma s-1 acl in effect' 
oftheflowofthecoal/watcrmixtur acr s 
the screen ha. l ittl impa t on the noi e 
g nerated by drive noi c. 

The total "Otmu level produ ed by 1he 
screen may be ca lcu lated by 
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Lp,dr !s th ·ound level du t drive 
noise and 

Lp,,.,.11 is the ound le I du Lo r inse 
water spray. 

Figure 12 - Percentage change In the acceleration in the 16 Hz 1/3-octave 
band due to replacing steel col l springs with rubber isolators. 

I 

Becau e che first set of measurem nts 
cons ists of the 1otal screen noise and the 
second and third mea. urements consi of 
the driv noise und the rins spray noise, 
the ntribution f screening n i ·e to the 
total sound level can be al ulated by r ·ar­
ranging Eq. ) to yie ld 
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D rive nui.e was found to b the most 
signifi am ontributor to the t Lal scr en 
noise.yielding a sound level of9 l dB(A). 
T he s und I vel r su it ing from lhe rinse­
water spray was found to be only 80 
<.IB(A), whi h is insignifi ant in r·lalion 
t th total sound level around th ·creen. 
Using Eq. (4), the sound level du to 
crecn ing noi e was cal ulatt:d to b 87 

dB(A). Table I shows a summary f the 
A-weighted undl v I du 1oeat:hindi­
viclua l nois s urce as well as the total 
sound level. 

4S s ~ g s ~ ~ g § ~ I § ~ j § i i § ~ § § I 
113-0ctan B d Center Frequ ey (lh) 

T he A-weigh! ll l /3 -octave band sound 
levels forlhe tota l sere n noi ·e, drive noise, 
rin . e-watcr pray noise and creening noise 

Figure 13 - A-weighted 1 /3-octave band sound levels while processing coal 
with standard steel screen panels or urethane screen panels and rubber 
isolators coal. 

arc hown in Fig.15. The figure shows that 
drive noise is dominant in the 100 through 1,600 Hz I /3-octavc 
bands, whereas screening n i is d minant abov the 1,600 
Hz I /3-octave band. Therefore, the most effective approach co 
reduc the ound level around 1he scre1::n would be 10 fir~L 

addr ssthellrivenoi inthe IOOthrough l,600Hz 1/3-octave 
bands. Once the sound lev I due to drive noi. e is reduced ro 87 
clB (A), drive noise and screening noise would b equal on­
tributors to the s und level around the screen during full 
operation . At th is tim . a dccisi n would have Lo be made 
regarding which of the e two noise . ource would be most 
ea ily addressed to further red lie sound levels, if ne essary. 
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Contributors to drive noise. Bc.cau c driven ise was deter­
mined to b the dominant noi~1.: sour con lhe crecn, fllrth r 
testing wa pcrf rmed to examine the !rive noi e. Drive noi e 
can bes paratcd into the noi e rndiatcd by the screen, ides and 
th ·· noise radiated fr m the hou, ing, of the ec ntri m cha­
nisms. T identify nois con trols thul wi ll be. 1 reduce drive 
noi · . th· relative contributions ofth scri.;cn side and mecha­
ni~m housing LO drive noise must b <let.erm ined. T he total 
:ound I vel due to drive noise is 

l = IOLOG(101111.",~ + 10° 1L· - ·) 
l',4/rh'f" (5) 
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where 
l p,iide and l p,me Ir are Lh ibration-ra~i­

aled und levels due to creen side 
vibration and mechani mh u ingvi­
brati.on , respe tively. 

A rie of ound-level mea urem nts 
wa performed to determine the sound 
level due L creen ide and m chani "m 
hou ing vibration. B cau the goal wa to 
det rmine ontribut I' t drivenoise,th se 
m a urement were per~ rmed with vibra­
tion only on a day wh n the plant was n t 
operating. 

30 

25 

20 

~~~ .... t~~!s~~ 8 ~~§~@;§~§§ii!~ili - ... ..... 

For the e test , the barri Nib orber ur­
tain used t bl ck airb m background 
noi from the nearby sere n at the begin­
ning f the tudy were taken down . For th 
fir t te t, the eccentric mechani m b u • 
ing w re wrapp d with qu.ilted lead-fib r­
glas barri r-ab orbers. The goal f wrap­
ping the me hani m w s to reduce the 
contribution f tl1c noise .radiated by the 
mecbani m hou ing by at lea t lO dB , 
thereby enabling th mea uredlevel t be 
treated a the ound lev ls due to sere n 

1/3-0ctave Band Cmter Frequency (Hz) 

Figure 14 - A-weighted 1/3-octave band sound levels tor test screen while 
processing coal. 
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ide vibration only. e t , che baO'ier-ab­
orber wrap w. removed tom a ure the 
ontributionsof b th screen id , ndhou -

ing vibrati n to th drive n i e. The ound 
level due tom chaoi m housing vibrati n 
was then ca.lculated by reammging Eq. (5) 
t yield 

Figure 16 how the A-weighled l/3-
ctave baad sound lev I du to creen 

body and mechani m hou ing vibratio . 
The ound I ve l due to rcen b dy and 
me hani m h using vibration were found 
to b 7 and 84 dB(A), r pe Liv ly . B -
cau ea -dBdif~ rence inJevel indicat 

.... 8 ~ ~ 8 ~ ~ § ~ ~ I § ~ § i i ~ § ~ i i I 
a doubling of energy,. re n ide vibra­
tion can be said to have twice the signifi­
can e ofm chani m hou ing vibration in 
terms of drive noi ·e. The pectra indicate 1/3-0da\le Band Cmter Frequency (Hz) 
Lhat the noi c radiat d by the ere n b dy 

Fi~ure 1_5 - A-weighted 1 /3-octave band sound levels for the total screen noise, 
dnve no,se, rinse water spray noise, and screening noise. 

is dominant in the 100 thr ugh 50 Hz I/ 
3-octave bands. The creen ide ace unt 
fo · 8 % of the ound energy forrhi band. 
In the 630 thr ugh 1,60 Hz l/3- rnve 
band , tb figure b ws that th ere n 

Table 1 - Summary of noise sources and their sound 
levels with steel coil springs and steel deck. 

Test condition/source 

Total , processing coal (measured) 
Drive noise (measured) 
Rinse water spray (measured) 
Screening noise (calculated) 

TRANSACTIONS 2005 • VOL 31 8 

Overall A-weighted 
sound level 

dB re 20 µPa 

92 
91 
80 

87 

208 

id · andmechani mhou ing generatesimilar undl v I 
with each contributing approximately 50% t the drive noise 
in thi frequen y range. In the 2 through 10 kHz J/3-oct, e 
bands, the , ound levels due to mechanism hou ·ing vibrati n 
are higher than th e a o iatcd with · r n ·ide vibration. 
Mccbani m hou ing vibration account for 58~ of the drive 
n ise und lev I in this frequency range. 

Reducing vibration-radiated noise 
To redu e the noi radiat d by the vibrating er n in the 
most efficient manner the d nunant n i ourcc must b 
addressed fir t. The noi e ource ranking te ·t bowed that 
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d1i 'I" noi e wa th m t ignificant noise 
ource. Therefor , th noi e radiated with 

the screen operating with ut coal and 
with vibration on hould b reduced pr ior 
to aLtempting to reduce creening noi e. 

9S 

90 

so 

4S 

ID Contzibqlion of .ereen bo df (meuured w/ m.eebaninns wrapped)i 87 dB I 
• Contribudon from vibretion ~dumism bouslll&J (calculated): 84 dB 1 
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Figure 16 - A-weighted 1 /3-octave band sound levels for noise radiated by 
screen body and mechanism housings. 
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Figure 17 - A-weighted 1/3-octave band sound levels for vibration only operation 
with original and rebui lt mechanisms. 

original me han i m ; rubb r i lat r , urethan screen panel 
and lheori inal m chanism. ; rubb r i I .t rs ur thane re1.:n 
panel and the rebuilt mechanisms; and tee! coil spring , tee! 
creen panel and tb rebuilt mechanisms. The t t dat ~ r 

the e data were Feb. 25, 2003, July 12, 2003, Ju ly 18, 2003, 
and July 23, 2004 , re p ctiv ly. 

The figu c how that th av rage ound lev J mea ured on 
Feb.25, 2003, withnew coil ·pring theste I retumd kand 
th original me ·hani m wa 91 dB A). When tc ting was 
conducted within a on -week p ri d (July 12, 2 0 , and July 
18,200 ) wi th the rigin al v r us rebuilt m hanjsm with 
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• 2,'25/2003. St1111I coil sp1·ing;s 1 rteel scrpanels, orieinal meehllJ\~m.t: 91 dB 
7/ll/'l003. Rubber isolaton, urethane scr panel< , oria)nol :necharusnu: S>l d1l 

0 7/18/lOOJ. Rubber isol1to1·s, urethane sc:rp1mels1 rebuilt m ch81 'snu: 90 dB >-I-
I 7/23/'l004. Steel coil springs, steel scrpmels, nhullt mechanisms: 87dB 
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1/3-0ctan Band Ctnter Frequency (Hz) 

Figure 18 - Comparison of sound levels with original or rebuilt mechanisms, 
steel coi l springs or rubber Isolators, and steel or urethane screen panels ror 
several test dates. 

Gro p 1 c~oup 2 C'..ronp 3 C"..-onp 4 Group S Group IS 

Figure 19 - Approx imate accelerometer locations used for vibration 
measurements on the left side of the screen. 
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Figure 20 - A-weighted surface-averaged velocity levels. 

rubber iso lators and urelJ1£1.11e screen pan­
e ls, the sound levels were 9 J and 90 
dB(A), respe tjvely . However, after the 
steel coil springs replaced th rubb r iso­
lators and the steel creen pan ls rep I act: 
the urethane screen panels and one year 
had passed since th in tallation of the 
rebuilt m chanisms, the s und lev I for 
vibration only opernti n was 87 dB(A). 

On the reinstal lation of the steel coil 
springs, vibration measurement were 
L.iken at tbe spring mounting I cations to 
determine rhe cause of th st el-on- te I 
impacts bserved in the original data 
(r fer to Fig. 11). Th steel-on-steel im­
pacts w r not observed at this time . Jt i 
pos ible that the original test data wer 
innuenc d by an insta llation problem 
with the prings. which would increase 
the sound level around tbe screen. It L 
a.I so possible that during the year that had 
pas ed,any high spot:son the gear' in th . 
rebu ilt mechanism. had worn away re­
su lting in smoother tooth engagemenL. In 
addition , with the rubber isolators mor 
vibration was transmitted to the build­
ing. which could bave increased the drive 
noise . Proper installation oft.he tee] coi l 
springs may have el iminated the steel­
on-steel impact and reduced the vibra­
tion transmitted to the building, thus de­
creasing the noise radiated by the :creen 
and the building. 

Damped side plates and mechanism 
cover. Becau ·e screen side vibration wM 
determined to be the most ignificant 
·ource of drive noise, constrained lay r 
damping was applied to the screen side . 
Constra ined layer damping involves 
bondi11g a viscoelast ic materia l to U1e 
vibrating object usi ng a stiff adhesive and 
then bonding a tiff con ·training Jay r 10 

the viscoelastic material. When subject 
Lo vibration, the constraining layer places 
the vis(;oelastic material in shear. Sh ar­
ing the viscoelastic material convert the 
vibration energy into a small am unt of 
heat , thereby reducing vibration and, 
hence, radiated noise. 

Prior to constructing the damped side 
plates, a series of vibration measurements 
was performed n the left ide f the 
sc reen to delermin the relativ vibration 
levels al ng the ide of th screen. The 
goal was to determine jf constrained layer 
damping was neces ru:y on the entir ide 
plateorifsomeareas, which hacl insignifi ­
cant vibration levels, could be left u -
treated. The left . ide wa divided into six 
areas and a group of accelerometers was 
attached to each area a shown in Fig. 19. 

The test screen was operated wi th vi­
brat ion and without coal. Because noise 
radiation is directly relat d to the surface-
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averaged vel ci ty , the resulti ng I / -o ·­
tave band accelerati ns w r inte rated to 
yi Id vibrarory velocitie , ond the ur­
fa -averugcd A-w ighted v lo ity lev Is 
fo r th ix areas w re calculated ( ee Fig. 
20) . A -wei hting was uppli d t the vi­
br,ttory velocitie t dcempl1a iz low fr -
quency vibration, which is not a signifi ­
cant contributor t the A-w igbtcd ound 
level i n this case. T he figure sh w that 
the v I ity levels arc highe L in th I 0 
through 400 Hz l / -octave bands f r t l1c 
Gr up 2 and Gr up 5 a c leromet r . 
However, above the 500 Hz I/ -octave 
band, the variation in vibration lev I from 
gr up L gr up is encra lly I s than l 
dB. Therefore, ach ar a is a significant 
conrributor to the drive noi e radiated by 

i• 4 
111!1 

th s r n id s and should be tre.ted. 
Con train d layer damped id plate 

nstructed by bonding a l ayer of 

Figure 21 - Accelerometer locations used to evaluate the effects of installing 
constrained layer damped side plates. 

vi ' la:ti damping material to n w ide 
plates usi n poxy. A .2-mm- (l/8-in .-

9() 

thi k layer f , t el was th n alta hed l 
th vi. coe la. tic material with ep xy to 
c mplete th con. tru tion. Me hanism 
c vers wer fabri at d from a barrier­
absorber material imilar to the mal rial 
u. ed l exclude backgr und noise from 
the t st area during th ini tial t t • Pri r 
to installing the damped side plates. 
ba el inc · und I vel mea urement were 
taken during miner 's vacation with lhe 
plnnt • hut down and th Le. I . creen oper­
ating with vlbrati n nl y. I n addi tion . 
ace 1 ration mcasurnment wer taken 
on the side. f cb creen at the lo ations 

7/13/2004. w/o CoYer, w/o Damped Side Pia es: 87 dB 
85 - • 9/14/2004. w/o Covei·, w/ Damped Sida Plater: 87,lB 

9/14/lO(M. w/ Cover, w/ Da ped Side Plat 1: 87dB 

hown in Fig. 2 1. 
The damped ide plal s were in tall d 

during the first week or Septemb r 2004, 
und sou nd-I vel measurement w re oi ­
l led n Sept. 14. 2004, with the 1111.:cha­
nism c ver" and clamped creen sides 
installed with the plant hut down and th 
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1/l.Octav.: B cl C~ter FN qntacy (lb;) t st creen operating with vibrati n only. 
T heme hani mcoverswer thenr moved 
and the mea urements wer repeated. rn 
addition ,acceler. tion m ·asurements wc1 
p r~ rm d at the l cali n hown in Fig. 

Figure 22 - A-weighted 1 /3·octave band sound levels for vibration only operation 
for mechanism cover and damped side plate tests. 

21 for comparison with Lhe ba cline vi · 
bration mea ur ments llected in July. 

Figur 22 shows the A-w ighted 1/3-ocrnve band und 
level f r ba el in condition, and wjth the engine ring noi e 
onlrols installed. As the figure shows, n it her lhc damp d 

• id plate alon nor th damped s.ide plates and mechani m 
cover reduc d the ov ralJ A-w ight d sound 1 vcl. IL wf1 

exp ct u thut th sound level would be reduced by 3 dB or 
more. The figure sh ws Lhul th s und level in the 200 
through 630 Hz 1/3-o tave band ' w re redu ed by I Lo 2 dB 
with th damped ' ide plate . With th dampetl ·id s and 
m chonism covers, rh r duct ions inthi · band were again J to 
2 dB. In the 800 through lO kH z l/3-octave bands , th ·ound 
level mea ured with the ngin rin ontTo ls instaJled in­
er ased fr rn 83 to 84 dB(A). Bee au e it i un 1 ikcly thnt 
in. tai l ing th se noise c ntrols would increa e the sound levels 
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in the e bm1ds. something must have changed with the vibrat­
ing s rcen during the peiiod b tw en ba. el ine tc ting in Ju ly 
2004 and the testing with the noi. onLJOls in S ptember 
2004 . 

Further inve ·tigati D f Lh .scr n r vea l d a po . ible 
au e for the incr ase in · und level · . One of the inn ·r pting 
11 th dis har ~ end of the creen wa broken when the 

damped s ide plates were installcd. As a result , only thr e 
prings wcr in talled on the right side f t11 di charge end 

when the dam1 ed side plate ' were i.n. ta lied. With U1ree 
pring. at thi location it i likely that the ' recn would 

und rgo a pitching/r llin • motion that could create steel-011 -
steel contact b twe n the upport spring or w i1h th ·crecn 
and the base. Either case would increase noise radiation. 
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712312004. wfo Cover, w/o Damped Side Plates. ~ 
the creen, re pectively. Figure 23 show 
reductions in the A-weighted velocity lev­
els on the left , creen ide ranging from 2 to 
7 dB in the 200 through 5 kHz 1/3- ctave 
bands with the damped sides. For the right 

• 9/14/2004. wfo Cover, w/ Da1nped Side Pl.ates. 
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creen side, Figure 24 indicates reduction 
of 1 to 6 dB .in the 200 Hz through 5 kHz l/ 
3-o tave bands. In the 200 Lhr ugh 630 Hz 
1/3-octave bands, the A-we.ight d vibra­
tion levels were reduced by 3 dB on the left 
ide and 4 dB on the right ide. The A­

weighted vibration leveL in the 800 Hz 
through S kHz 1/3.octave bands wer re­
duced by 6 dB on the left ide and 3 dB on 
Lhe right side. With these subscantial reduc­
tion , the A-weighted ound level should 
have been reduced by 3 dB or more. More 
r arch hould be perf rmed to evaluat1:: 
the effects of mechani m covers and th 
damped ide, on the radiated ound levels. 

Future work 
Figure 23 - A-weighted average velocity level on left s ide of the screen without 
and with damped sides. 

Due to pr b lem with un intentional 
changes to the te t creen in the plant, 
evaluating th barrieHlb, orber mechanism 
cover and damp d . ide plate in the plan 
proved to be difficult. The reduction in 
vibrati. n levels due to the damping treat­
m nts should have produced a correspond­
ing reduction in the ddv noi.se, but in-

-50 I I I I I I I I I I 
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7f'l3f'J,004. wfo Cover, w/o Damped Sidi Platas. ~ •9114a004. w/o Cover, w/ Dunped Side Plates. 
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tead the overall A-w ighted sound level 
wa not reduced. In addition, the ound 
I vels in the higher frequende increased 
ignificantlyde pitethe ignificant reduc­

tion in vibration vel.ocity levels at these 
freq uencies. The variation of test condi­
ti os in the preparation plant clearly pre­
sents a problem wh ti tryi11g to evaluat 
engineering noise control . T prop rly 
eva]uate these engineering controls, the 
sound and vibration measur ments hould 
be perform cl on a similar screen at the 
manufacturer's location in a well-con­
trolled environment. 

Summary 
Two commonly applied engin ering noise 

Figure 24 - A-weighted average velocity level on right side of the screen without 
and with damped sides. 

contra.ls, rubber isolators and urethane 
screen panels, were te red on a 2.4- x 4.9-
m (8- x 16-ft) horizontal vibrating creen. 
Replacing the steel coil springs with rub­
b r isolator. reduced the ound level when 
processing coaJ by 1 dB(A) and the vibra-

To evaluate the effect. of the dampi ng treatm nt on the 
creen side vibration, the average A· weighled vibraliou ve­

locity !eve.ls for the left and right sid of th s re n were 
calculated from the measured accelerations at th location 
shown in Fig. 21. Althollgh the aforementioned problem with 
the screen installation would tend to increase the r diated 
noi ·e, it was thought that the damping b·eatm nt would ti ll 
r duce the creen side vibration. This is because both f the 
installation problems w uld tend to cause additi.onal no.ise to 
be rad iated frorn the building and from locaJ areas more than 
from the creen ide .Figure 23 and 24 ·h w the A.weighted 
1/3-octave band vibration level on th I ft and right sid s f 
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tion-only sound level by 2 dB(A). However, witching to the 
rubber i olators resulted in a 157% increase i11 the buildi ng 
vibration at the left discharge end mounting location and a 
245% increa e in the building vibration at the right fi ed end 
mounting location. These increases are probably due to cou­
pling f translatiot1al and rotational vibrali n du to a priog 
rate imbalance with the rubber isolator". Steel-on- tee) im­
pacts, which can substantially increase noi e, were observed at 
tbescreen mounting .locations wilh the steel coil prings during 
the in itial testing. After switching from the tee1 oi I pring to 
the rubb r isolators and back to the steel oil prings, the steel­
on-stcel impacts that were observed during the in it ial le. ting 
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manufacturer' ite in a well- ontrolled cnvi.r om ntto om­
par tbe s und l vel on a imilar creen with u ed and rebuilt 
m chani m . In tarnng a barri r-absorb r wrap verthe m ha­
ni m hou ing nd applying constrain d layer damping t th 
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creen side. did n t redu the drive o i e. However, the 
damped id plat did reduc th vib1, tion v I city level on 
the creen sid s betw en I and7 dB(A . Ther duced vibra1ion 
level on the creen ides hould have produ ed a , ound l vet 
reduction. It i thought th ta mis ing tee! co il pring on lhe 
discharg end of the s r n influenc d th re ult. with th 
mechanism cover and damp d creen ides. Th mi . ing 
spring may hav in reased vibrati n tran milted to the bu ild­
ing r may have caused steel-on-ste J impact· between the 
oth rinner and utercoil pring ·. Eithereffe t c uld in rea · 
radiated n i c eyond the ba el ine level . Further investiga­
ti ns with th mechani m cov r and d~unped ide plate. 
h uld b performt:d at the manufacturer' sit in a well­

contr lied environment. 
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