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1.0 Introduction

Deltish Standard BS4142, 1967 and 180 Recommendatlon RLY6 are procedures which
enable assespments Lo be made of the effect of noige on Lhe commnlty. They
are of Interest here because they have In common, (he use of currection Factors
which are dependant wpon the type of noise source, the envitonment Lo which Lt
13 heard and the psychologlcal state of the liptewer. Both suggesl 5dB(p)
shonild be arfded Lo measured levels to allow for nolses having Impactlive/
Lopulslve character and a simllar +5dB(A) allowance LE there are pure Lone com-
ponents in the nolse. For noise having both pure tone oid kmpact character-
i8tlcs it 18 not clear whether the allow;c:s are adilitive (making 104D (A} in
all) or whether the allowance is really for an atyplcal signal of any sort
{leadiny to only ose allowance of 5dAR{A)). The aim of thls rersearch was to
{nvostigate the nature of these allowances to determlne the correct prucedure.

2.0 Priwary Objoective

In particular this was achieved Ly determining kthe "lowdness® effect of chamging
the froguency content of carcrier signals modulated to slawlate typical Impact
nolans .

3.0 the Experiments

3.1 Loudness Effects

1t was declded to measure "lowdness”™ and Lo particular "Lowlness Level” since
as Robinsun and Ladson polnt out, of all the semanLic scales used to describe
nolse, lowiness Is the least prone to "extraweous psychologleal factoes™ which
80 often confound expariments. Furthermore according to Uerglund and hls
colleagues (1976) "having done thls, that is found Lhe lowdness cifects, we may
Lhen serk the most suitable Functlonal rule for modlfying the louwduens measure-
ments in order that they may provide an estimate of comuunlty annoyance™.

They conshder that such psychological rules are only neasurealile in a real
context elice they are conteoxt dependent.

3.2 e Skgnals

e lmpact molses wsed were recurrent belng slmulated to Eall within Lhe range
of impack characteristics norwally mel; '

iy Bepetition rates 5, 10, 20, 40, 100 impacts/sec
11} pecay tiees 2.2, 5.8, 9.5, 10 and 20 ms
11y rige tlmes Jess than 5 wn

v}  lowliess level equivalents from 40 Lo 00 phons

Thwy weee yencrated Elrstly by modl fying splkes, from an Aim Elecironic Hodular
twerator, by means of a varlable shaping chircolt to produce exponentially
drcaying pulses. These pulses were used in conjunction wilh an analogue
oulLipiylig device to madulate while neise and pure tonva (005, 1, 2, 3, 4, 5,
G aunl 7 kliz) themselves gooeraled by a Druel amd Kjaer Sioe-Aandem teperalor.
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The resulis were of ther exponenbtially decaying sinusnida (Eigure 1)} or
exponentially decaylng white wolse (figure 2).

Fig. L,
3.3 The rubjects

Twonly male laboratory personnel, in the age ranga IR-30 were uwged, ‘This nusber
of aublrcte ta aulflelont, as Robinson and badson (1956) have shnwn, to glve
yosilIs tepresentative of larger populations. Suhjects were all skilled (not
"Lrained®] at Jowdness balancing, otologleally normal, none had a hearing losms of
more than 30O declbelrs with reference tn avdiometric zeto.

A4.0_ Test Procedure

e anhjrcts task was to estimate the londness lovels of various impact noilses.
fle was speatad lu an apechoic room, see figurn 3, a headrest belng provided to
locate head posilion. When the "waming™ light on the pubjects display panal
wemt ont adternative bursta of lkliz pure toue and impact noise were presented to
hMm. Fach subieck was asked to adjust the impact noise using the "doubla-stalir-
ease methid (Cornsweet 1062}, until it was "equal io Jowlness™ to the 1hNz
rafarence slgnal. Four “pracLice® rung were given to each subject, prlor to each
test serenen, to reduce any of his Initlal uncectalnty. Subjects were glven no
khemlodge of thelr resulis and afforts were made by the experimenter not to
influrnee subiects L any way. In particular to avoid experimenter blag, subjects
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weew glven written task instructlons prlor Lo each test and verbal comwunicalions
were kept to a minlmun.  For an Jnterval of three moulhs all subjects cepeated
the ewperiments.

1.1 Heasurements

The Impact nolses tested during the experiment were objeclively moasured by the
standard method for assessing noise In Uhe Eleld Logether with normal physical
measurcments such as lpeq- B mlerophone held at a posltiow in Lhe anechoic rown
where one of the subjects cars would normally Le durlng a test was conmected
dlrectly to an integrating sound level meter in the control room; this icasured
"‘Aeq and othor welghted sound levels.

5.0 llee-'.ulr.s

5.1 Effect of Caxrler Frequency (Pure Tone Carrjers)

The solid line curve Ln flguce 4 13 typical {in Efacl Lt 13 a GO plon conlour)
ancl shows Lhe effect ofF the [re-

:..::Mg B - :"' quency o€ recurrent impact nolse
LLLER H .,..:.:. carcier signal on ILs rolatlve
o lowdneas., Compariscons were madn
P.a - omiounm
' batween peak helghts of egually
(dBP) § - louwd Llwpoct nolres having as Lhe
s carrfer 0.5, 2, ), 4, 5, 6 and 7
kHz pure {tancs and impact malses
4 ol the sime pulse parameter with a
3 tkllz varrler. The resulbing vurve
ls therefore an egual lowiness oo
LR Lour of recurrenl lmpact nobae
v plotted as a function of the carcier
Freguency .
o T 1 1
0s E ; H s The othnr derled cneve on Figure 4
44 Feequency (bH2) showa Lhe frequency dependance of
24 the same subjects porcept lon of con-
Ry tinuwous pure tones: there {a ex-
2 T el lnadsess contous Ior bmpact cellent ayrcement belween those Lwo
shaped uinusalds
s come pqual lowlhess contour fRF contlmed curves {with a correlation of =
. M
-5 v, :‘:.hlﬂ of iephtt nolse corriar - 090, PL0.0S).
- Hyenency ©

Piy PISk Bright tha ssee pulve praawetars
hoviog & one WNE carelee

5.2 Joudnesa Enliancement. caused by Impack Nulse Envelope

tontleming pliot resulta presenled earller by Powadl in 1970 e Efndbigs wore
hat. over the rangn of parameters studied rocucrent impact nokse was always pwor-
eelvedl by the subjects as belng lowder than continwous nnise of the same cneryy
(l-n‘_.,”. Sce Elgure 5 for a summary of Cindings tn graphleal form.

5.3 1owineas Enhancemeit -~ Whille Nolse versus Pute ‘fone Carrler

™e Jowtess enhancement provoked by a recurrent, tmpack wolse havinyg a white noisc
carcier was less than the loudness ch ncenment praduced by a l‘ucllrroﬁl. Impact
nolre simblac Ln at) respents other Chan bavig a pure tasn an a carrier. ‘This in
sl wulte cleagly bn Figure 5 whare Lhe average diffcience hetwern the offects
of Whe Lwo Lypes of carrier amounts Lo bdi,
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5.4 Nabituation amd loudness Enhance- iy o:n;y';‘m.-'a.:,.
r L4 T
ment ey

The JTondiess enhancement woied by the L= LIS—
gl jrcts dons not appear to reduace or oy
habltwate with Lime. Ower a twa year
perlod in which subvjects weee con-
tinually Letng tested, test and retest
repulis were not sigul Fieanbly M FI-
ercnk ab p = G.01,

6.0 _Discunsion

It Is not possible to glve a slmple
explanatlon to the above results but
they are in Line with simblar findings
hy olhers (see Tiable 1} on tone bursts
(due to Niese 1961) and telangular tran:
alants (due to Carter LM%, Some

il L B

anthotra have suggeabed that it is the

"rouyhingss® of the Lmpact snuud Chat ftepelition  Rale lipa)

Iradn to Lts loudiness euhancementy WS 1, oo ey choelm ealative fomimes toemle for soriems topack
might. also acommt For the fact that aoles parasetets s she sqaivelent eeeqy Line Ly,

rrcurrent. impacl wolse provokes a larger lowlneas euhancement when its carcler

slgnal 1s A pure tone vather than a white nolse Hiller (19498).  Thn present

[ TOVTHESS LEVEL SMUANCERMRDT UF av:hor belleves the response

AEFEATER IMEART 0 IMPULSE pose | mechanlsm to be psycho-

L LA NYER THE LEVELS rrrerTen me Tl ghyslologlcal in patuee with

FRIQUEHCY FIGHTED "EMERGY LAW”

LEVELS It IS, the cognltive component an
Wepetition Rate [(ipe) effrct of the expectancy of

the gtlmilus  (While the re-

meraet Holer current impact nature of the

- tnne carvier [} s [1 b b unkae will mdoubtediy lend

1 an indtial physiclogical

responaa, which could provoke

Howse Type 4 to 2n in 10

Rerurymnl mpart Iolae having

v rasdnny nnbve Farrder ) t L ] L) .

study) T ‘. * -y losdness ephapcement., Lhls
Chepratad Tona flneats (il o . ‘| response would habitwate after
I~ S LS L A e onby a short perlod.  Since

the loudneas enhancement does
not 1tself habltuate with
fime it i8 suggested that the
physiologleal affect must e been replared by a eoguitlve or prychulngical
oloment, of Lhe some maguitwle,  Thia view is 11 Hine with flndings From other
sysiemic stidies by Lhe preasnt author reported Lo Che 9th Internallonal Congress
on Arnonskica (n Mulrkd,

dinguler Transients
1

1.0 _ Summacy toncluslons

1L 15 clear Lhal frem thils ersearch thete are three basle determinanta nf the
lowhess lavel of a recureent lmpact anlse.  An Fnergy telerminant., M'F.' A
Speectreal betevminant M.ﬁp and a Tengorat betcrmlnant. Alyg. They appeac to be
mlditive, s0 Ehat

Loudnens Level of Recyrrsnt hmpact Noise = Alg + Al.gp 4 M't.
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To wge this equation in practice Alg and Alg, can be equated to Lpeq and Aty
slmply read off Lable ) {or Ln short AL the enhanced loudmess provoked by a
recurrent impact nolse having a pure tone carrler is 6dB(A) or for an impact noise
having a white nolse carrier the ailowance Ls SdD{A) .

Thus for making the sort of crude allowances neoded in BS4142 and 1S0 RI99G on

impact characteristlcs alone should be still 5d8; Lf they buoth occur Logether
an allowance of 6dB{A) might be more apprupriate.

8.0 loudness Enhancemcnts - What do they mean?

The data reported here 18 for the mean valuns ofF loudness cnhancement causcd by
the impactive and slnusoldal nature of particular noises. Dut to what degree «do
loudners enhancem:nts reflect community response and to what extent does a mean
reading represent the pojwlations response at larye?

B.1 Hean versus Seventy FlEth Percentile Measures

If wa decide to consider a larger populatlun and satisfy 75V of Lhe people,
instead of 50%, the present research imdicates that measured levels of lLpgq wnder-
estimate the seventy-~Elfth percentile by approxlmately 11 dB{A) For an Impact
shaped pure tone and 10 dB({A) for an lmpact shaped random noilse.

8.2 Loudhess versusg Comun.i:ty Nesponse

Berglund and his colleagues (1976} have reported that the functional rile linking
Joudness to what Lhey call community “ammoyance™ for atypical nolses like
impact shaped pure tones and sinuscids is a multipllcaltion EFactor of three. 'thla

might Jead one to propose allowances in an extreme example of over 20 dn for
impact noloe.

On the other hand the wodel of loudness euliancement suygested In this research Ls'
vne of “environmental expeclancy®. In other worda it is not strictly the physical
attributes of noise that provoke the level of regponse but rather people's
expectation of its effects on U lves that govern their respunse. With Llis
o alnd great care must be taken in specl Ficatlon and usc of allowances. 1 hope
the remlnar will discuss these two impoctant caveats Ln detall during Lhe after-
noon discussion session.
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SUMMARY

The annoyance of Blade Slap (impuleive rotor nolee} and tail rotor nolee
ars.both underestimated by conventional dB(A} mensurements and require
corrections in the order of 5 to 6 dB(A) when they occur in a severe form.

INTRODUCTION

Noisen containing impuleco and dietinctive tones have been known for a
number of yeara to be more annoying than broadband nolse with the sama
nbaolute noine level. Genermlimed ‘corrections’ to necount for nuch
effecls have benn recommendnd in a number of ntandard rating mathode.

The noise generated by a helicopter le often Impulsive in charnetar and in
forward flightt high levels of tonal noise can be produced as well. The
fmpulaive noise, known ag blade slap, occurs at the blade pasalng frequenoy
of the maln rotnxr videh la typleally In lhe range 12 Hlz to 20 l!z and is a
rerult of blade/tip vortex intermction or, In the case of very high apeed
rotors, "blade thicknens effects"”. The 'whine' heard on many helicopters -
during approzch 1a asnoclated with the tail rotor vhich generally haa the
binde pansing frequency In the 60 lfz to 120 llz region and is akin to pro-
pellor nolse. In connection with the rating of helicopter noise the
pubjective reaponse of these two nolre sources hns been examined in depth
over the lart few years. The main emphanis hae been placed on detomining
the subjective penalty compared to that associated with a “broadbandleh*
reference algnal. Thiae vork, although epeciflically related to helieopters,
fn of general interest, since except for the speciflic frequency rangas con-
aldered the resulta are applicable to other nnise sources, To date the
studies hnve conoentrated on steady state (continunus) slgnale, although a
limited review of tha influsnce of tima varying signala (representing the
Mynover cane) has boen exaunined.

CIHARACTERIGTICS OF SOURCET

Impuleive main rotor nofne and the 'tonal whine® from the tail rotor are
{n essence of almilar charnnter, the only dlfferenca being the pulen fre-
quency and the repetition rate as flluatrated in Figure 1 which shown a
diagrammatic represeniation of both mourcea.  Subjentively, howaver, the
svunda are very different. The 'blande slap' is akin to machine gun fire
where the Lndlvidunl puloen can be cleacrly heard, while in the cane of
tall rotor noise the pulses marge togethar to produée a whine. The pulre
durations shown on the [lgunre are those typically associnted with ‘blade
alap' and tail rotor noine and eorreapond to 250 Ha {repetition mte 15 nz)
and 700 Nz {reprtition rate 72 Nz) renpoctively.
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SUBJECTIVE STUDIES

The two [orma of nolse illustrated in Flgure t have been Aimilated unlng
slectrical means and added to a "broadbandfsh reference sound” In varying
magnitulea to provide signala commonly cncountered $n practice on hell-
coptera. For the ptudles conductoed within Wik a weighted white nolee and a
real hellcopter aignal have been used as the reference slgmala. The latter
was obtained from a hovering Wessex heltcopter and in free from any pro-
nounced impulses or tones. For the main subjective otudles, this Wensex
racording wan solected ns the referenne mound, since subjecls found 1t more
accéptable than the ertificlal white noine.

The pubjective testn ware conducted using a headnet arrangement and in each
case the 'similated impulse end real helleonpter broadband nignal® was com-
pared with the reference algnal. In additlon, real bellcopter reeordings,
with alternatively high levela of blade slap {Chincok) and high levels of
tail rotor nolee {Scout), were compared to the reference algnal. The main
comparieons were made in texma of dﬂ(n). an reporled in this paper, although
analysie hne glsc been made In termn of PHL and FHLYT.

Tn the teste the magnitude of the Impulsa was dAefined in terwms of the
dlfference btween the *paak® of the pulee aml the mean peak level of the
VYroadbandinh helicopter nofoe na chown in Figure 2. The mamitude of thin
Al flference wan variod from O dD to 420 @0 in the cace of blade olap and

=10 dB to +15 dD lor the tall rotor noimre. In additlon to the condltionn
1Nluotrated in Flgure 1, additionnl tests were conduoted In the ecanse ol blade
olap for which the repetition rate wanm () varied from 10 Ilz to 40 Hz wlth
the pulee Trequency Fixed at 250 Mz and (b) From 10 Nz to AN Iz with the
puloe frequency choeen te ensure a conntant eroot factor. 1In these latter
tests the 'peak of pules - mean peak of broadband' wne net at 17 dR. The
subjective rating of 250 llz continucus tone ailded to lhe broadband nolee wan
aleo examined.

For each series of tests at leant 20 cubjeots wore used; their ages varied
from 16 to AQ yearn and they vere malnly males (0()., The majority of the
subjects were given audiometric teets Lo enaure Lhat thelr hoaring wan
within *normat' (20 40) limits.

NESULTS

The results for the blade slap (250 llz pulme, 15 Nz reprtition freg. ) and

the tall rotor atudiea (70D Nz pulse, 72 W% repeition Creq.) are |1luntrnted
in Filgures 3 and 4 reapectively., Thene Tiguren chow the corceatinon, or
peralty rcquired, am a function of the 'peak of pulne-tn-peak to hroadbiand
In addition Lo the remults for the nimwlated elgnaln, the renultn obtnined
uning Wie real hellcopter signale are illuatrated nn the figures. ‘The reaultn
for the blade plap signal where the repetition mle was vacled from 10 Hz to
40 1tz with the cresl [nctor held constant are shewn In Flgure 5. Aloo dindi-
cated on thin figure is the AN(A) correction oblnined from Lhe 2950 Wz con-
tluuous tone, The results for the variatlon in repatition rate of n constant
250 Hz pulse gave slmilar trenda.
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D1SCUSSI0N OF RESULTS

Ap shown in Figures 3 and 4 the annoyance of blade slap and taill rotor noioe
in their severe [orw are underrated hy 5 to 6 dB(A). This agreea well with
the general recommendalions of the Wiloon Repert, laker incorporated Into
1S 4142, that a correction of +54B{A) 18 required to be added to the
measured level §If o pronounced 'whine' or 'tone' 1s present.

The ocalter ansocinted with Whe testn in which the repetilion rate wan
varied, was relativoly large, even so the mean repulis show that the sub-
jeectiva penally decrenecs wilh increasing ropetitjon rate up to 25 %, there-
aller the trends §a reversed,

Tone correclion procedurea, ae used in raling of oirvcenlt nolge, do not slg-
nificantly influence lhe results alnce the values obtalned are really
insensitive to tall votor noise. They also do not account for the reoults
oblained for the 250 Wz contlnuwous tone elnce Lhe maximun tone correction
upually considered is 12 dB.

CONCIUDING REMARKS

Conventlonal nelee rating methoda do not adeguatsly account for lmpulelve
or Lonal signale of the Llype encounlered on helicapters,
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