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1.0 lllLXDdllCLlOLI

Drillsl Standard BSIIUIZ, 196'! and ISO Rucmnmm‘lrltlm “1996 are procel'lllrns wlllch

enable assesnmeiils to be made of the effect. of liaise n the column!” Ly. 'iiiey

are of Interest here because they have in covllnl'nl. Um. use of currectlml [act'an

which are dependant. uiun Ule type of noisesource. the cuvirmnncut in which it
is heard and the psyuliolcqlcul state of the llnLcuer. HoLli suggest ISdlitIi)

should lie Added to measured levels to allow for IIolsEs having lnmactlvc/

impulsive character and a similar “LINN allowance if there are pure Lune coili-
ponencs in the noise. For noise Ilavlnq fit}; piirc tone and impact character»
istics it is not. clear whether the allowances are additive (making lodllllt) ln
aiii or whether the alluvial“: isreally for an atypical signal or any surt
(leading to only one allowance of SdIIUU). 'l1la aim of Ulla research was to

Investigate the nature 0! these allowances to [letErllllle tin: correct procedure.

2.0 primary Oblectlve
in particular this was achieved by detorminlng the "loudness" effect of changing
the rrcqucnry content of can'ler signals Ilndillnlcil to simuinie typical impact
noises.

3.0 11ie Experiments

Ll loudness Effects

It was declilcd to measure 'qudlleas' and ill palLlClllill‘ "loudness level” since

as Robinson and lindsuu [‘DLIIL out, of all the sennnLIc Scales used to describe

noise. lumliicns is the isaui: prone to "extraneous psychological [actors' which
so ofimi cmrouuci experiments. Filrthermm acmn‘llnq to linrglliud and his
colleagues (1976) "having done this. that is found loudnc ecr . we may
then seek the most: suitable fllllcllmlal rule (or nxidlfyliiq Hie as measure-

ments in order that they may provide an estimate or gmmlllllt _ a iyancu“.
1iiey cmisliler that such psychological rules rim only measurable in a real
context slime they are cuutcxt dependent.

.i.2 'l'i - flgualj

'I‘lic_ impact; noises used were recurrent iminq simulated I." lali vlLIilii i.hc [mum
of impact characteristics normally nut: '

ll licpol‘ililull [nuts 5. I0. 20. 40. mo lirq-uuis/st-c
ll) muay times 2.2. 5.n. 9.5. ill and 20 ms

ill) rii-ie l'lms loss than 5 ms
iv) inn-Incas level equivalean [run Iii) lo no phu’ns

“my Hum ncnuraird flrsl'ly hy nioillfyliiq spikes. from an him Blmnrnlilc Modular
Qumran-r, by means of Li variable shaping circuit. In prnlllli" t-iqiuimnliillly
(lr'cnyinq pulsus. 'nicse pulses were u. d in cuijuiicrlmi with nu anninque
multiplying illlvlcl: to mallulal'l! while nulsnand pun- '1II'II,§ (0.5. l. 2, I. Ii. '6.

i. inni 7 Iiiiz) lliiiwsulVL-a yuIIuralull by .1 Hum] and anur Sllic>flfliidivlli it-nvmlur.  
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1.1 11m Fume tq

‘IVrmLy "Ian Inhnrnlnry [wrshnne]. In the age ran-qua In- In Here used. 11-19 number

(If suhjucle ls HIII’flK'lnnl. as Rah! rm and Dads! “956) have nllnull. to valve

"mull! mprasnnrnuvn of Jaran mpulnumm. SumacLs Hem all skllletl (not

'lrnhmd') m lululm-Rs balancing, moloqlcalw nnvllal. we had a hearlnq loss of
w)": Hm“ JO duall‘oln ullh Inference l‘n audlcmplrlc 7.9m).

  

  

11m snhjr'clfi task was to es! innate Izhl! loudness: level! Of VEII'IOIIB impact noises.

llt‘ an: «and in an anecnovc won, an: flqurn J, n headrest being provided Lu

local.» han pnslllon. hill-an the "um-incy- ngm. on the subjects display panel

umllz out .1.Irorn.1l.lvv Imrsts of lkl . pure tone and lnpact noise were presented to

Mn. Each snmnct. was asked to adjust. tlm impact noise usan the ‘doubln-atalr—

f: urn Imllmd (Guru-sunset mm). uni-ll H. Has "equal |n )oIUJnPHs" to the llllz

rnfnrpncr' slqnnl. Fnur 'nmcu. -' runs were 91m. to each subject. prlov to each

mu sflquwnr‘fl, m manna any of Ms Initial uncertnlnty. subjects were qlvnn no

knnwllldqv or I: rosin .5 and nf'urts were made by the experlmuutnr not. to

lllflur‘ncr‘ 5qu L5 ln any my. In Mum-1a: to avoid Experimnter bins, subjects
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now given written Lat-k Instructions prior to each teal mid verbal coiluniihlcollons
sure kept, to a minimum. For an Interval or three nuullis all subjects rlzpenlad
the experiments.

4 .l Murmureinen ts

The Impact. noises teatnd during the experiment. rare uhjnctively mast-red hy ihe
standard method ror assessing nnlsu in Line lisid Lo-jvellmr with normal physical
sensursmunts such as in”. ii microphone held at a puslliou in tile anecilnic room
where one of the subjects mus uould Ilormuiiy be during a real: was com-Ecru]
directly to an integrnung sound level meter in the contrcl ran-ii this measured
Lneq and other weighted sound levels.

5.0 Results
5.1 EEfect of Carrier Freguuug (Pure 'lbnu (gag-2n)

The solid line curve in figure 4 is rypical (in final. ii is a no [ihon unilnul’)
and shows [he efluct (If (I
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'IIIR IMPACT AND MAL. ALUMIWCES [N BS4141

1b use this equation in practice ALE and Ahsp can be equaled to LAM] and ALL
simply read on table 1 (or In short In.t the enhanced loudness provoked by a
recurrent impact noise having a pure tone carrier is adnm or (or an impact noise
having a wIIlLe noise carrier the ullwance ls SdDiIil .

Thus far making the sort of crude allowances naudrid In 354142 and 15!) R1996 on
the [mills of loudness Considerations alone. the Influence [or 5; _pure tone.

impact characteristics alone should be sLlll 5d": if they guilt n Lorelln:_r
an allowance of Bduill) might be more sppruprintc.

8.0 loud its — Hhat do the! mean?

The data reported here is [or the mean values ofloudness enhancement caused by

the linpactlve and slllusoldal nature of particular lIOlSL'B. But. to Hliat degree do

loudness enhancements reflect con-nunlty rcspunsc and to what extent does a mean
reading represent the populations resptmse at large?

[Ll Mean versus Savant! FlEth Perr

If as decide to consider a larger populatlun and satisfy 75\ of the people.
lnstead of 50‘. the present research indicates that measured levels of I‘m” under—
estimate the seventy-firth percentile by approximately ll dnihi fur nn impact
shaped pure tone and lo dnuu for an impact shaped random nuise.
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8.2 Loudness versus Comm-nil. Res nag
Berglund and Ills colleagues [1976) have reported that the functional rule linking
loudness to what they call conununity "annoyance" ror atypical iiolses like
impact shaped pure tones and sinusoids is a mullipllcatim [actor of ting. This
might lead one to propose aliwancos in an extreme example of over 20dB for
impact noise.

on the other hand the model of loudness enhancement suggested In this research 15‘

line or 'ellvlronmental expectancy“. In other words it is not strictly Lhe physical
attributes or liaise that provoke the level at response but rathr-r $32155
gillflctntlan or its effects on themsglves that oovsr heir to use. with this
in mind great. care must be taken lll specificatlon a d 5:: at am cos. 1 More
the HL‘MIII-‘Il‘ will discuss these U") Important caveats in detail during the alter»
noon discussion session.
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IMPACT 0? TONS?» AND IM'I’INSI'S UN SUNMIVE IIESNNSB

DH. JOHN H. LENFJI'I‘DN
ClllFII‘ APPLIED ACOUSTICS ENGINE“
HES’I‘IMID IIFIIJCOI‘I'EHS LIMITED

SUHHA RY

The annoyance of Blade Slsp (impulsive rotor noise) and tail rotor noise
are both underestimated by conventional dll(A) masuremontc and require
corrections in the order of 5 to 6 will“) when they occur in a severe form.

Lil'i‘llODUCl‘ION

Nniaen containing impulsen and distinctive tones have been known for s

numher of years to be more annoying than broadband noioe with the same

absolute nnine level. fiellfimllsod ‘corrcctions' to account for nuch

effects have been recumlldml in a number of atandard rating methods.

The noise xenerated by a helicopter is often impulsive in character and in

I'orusrd flight high levels of tonal noise can be produced so well. The

impulsive noise. known as blade slap. occurs at the blade passing frequency

of the main rotor which is typically in the range I? II1. tn 20 "7. and is a

renuit of blade/tip vortex intemction or. in the case of very high npned

rotors. "Made tllicknens effecto". 'i'he 'whine' heard on many helicopterr

(luring approach is associated with the tail rotor which generally has the

blade passing frequency in the 60 Hz to 120 ll: region and is akin to pro—

pellor noise. In connection with the rating of helicopter noise the

sul-Jective response of these two noise sources has been sustained in dnpth

ever the last few years. The main emphasis has been placed on determining

the subjective penalty compared to that associated with a "brosvlbandlsh"

{vial-once signal. This work. althougl specificnlly related to helicopters,

in of generAI interest, since except for the specific frequency rsngsa con-

sidered the results are applicable to other nniee sources. To date the

studies have concentrated on steady state (continuous) signals. although a

limited review of the influence of time varying signals (representing the

flyover cane) has been elmnlnerl.

CIMMCI‘E'IUL‘TICS 0? SOURCE;

Imvulsivs main rotor noise and the ‘tnnnl wllinn' from the tail rotor are

in essence of similar character. the only difference being the pulse fre—

quency and the repetition rate as illuntmtml in Figure l which shows in

dilkl‘flmmatic representation of hnth sources. Sthenlecly. however, the

nounrls are very different. The 'blnde nlan' is akin to machine gun (in!

where the lnxlivlrlunl nnlnen can be clearly heard, while in the cane of

tall rotor noise the puines merge tnmvthnr to produce a whine. The puine

durations nhmm on the figure are those typically associated uith ‘hlarle

slnp' aml tall rotor union and correspond to 2'30 Hz (repetition mte IS Ila)

and 100 Ill (mu-nun" rate 1?. "7.) renpoetivnly.
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gumm'rlva 911mg

The hit) forms of mine illustrated in Figure l have been nimulnted unlng

electrical menus and added to s "bmsdhandish reference sound" In varying

magnitudes to provide signals commonly encoluitered in practice on hel [-

coptsrs. For the studies conducted within VIII. n veipfllted white noise and n

renl helicopter signal have been used so the reference signals. The latter

was ohtnlnsd from n hovering Venus: helicoptnr and in free from My pro-

nounced impulses or tonss. For the main sthnctivs studies. this Wessex

recording was selected as the referenoe sound, since subjects found it more

acceptable than the artificial white noise.

The subjectivs tests were conducted using a luesdnst nrrangement and in each

case the 'simulnted impulse and real helicopter broadband signal' was coin-

pnrnd with the reference signal. In addition, real helicopter recordings.

with nitsrnatively high levels of blade sinp (Chinook) Ilnd high levels of

tail ratnr noiss (Scout). were compared to the reference signnl. The main
comparisons were made in terms of rlllKIi). an repnrterl in this paper. s1 thoude

analysis hns slso been made in terms of l’llb nnd MVP.

in the tests the magnitude of the inn-ulna was defined in term! of the

nifference btveen the 'penk' ol' the pulse and the mean peak level of the

brondhandish hslinoptsr noise as shown in Figure 2. The magnitude of this

difference was varied from 0 Ill'l tn s20 (ill in the csue ofblade nlap and

-10 dB to H5 dB for the tail rotor noise. In addition to the conditinnn'

illustrated in Figure I, additional tests were conducted in the onus ofbinds

sisp for which the repetition rate was (s) varied from in Hz to 40 ll; with
the pulse frequency fixed at 250 II: nnd (h) from I0 II: to an H: with the

pulse frequency chosen to ensure A constant eront fnutor. In these latter

tests the 'penk of pulse - menn peak of broadbaml' wns net at 1‘] dll. 11m

subjective rating of 250 Hz .continuous tone added to the broadband noise sun

also examined.

 

For each series of tests at lennt 20 nthents were used; their ages varied

from 16 to 40 years and they were mainly mien ("(86). 'ihe mJority el' ths
subjects were given nudiometric tests to ensum lhnt their hearing was

within 'norlml' (20 an) limits.

RESULTS

The results for tlm binds am. (250 ll: puine. IS 111. repntitlnn mm.) and
the tail rotor studies (100 Hz pulse, 12 Ila I'npeitlon rm...) um lllunl:rnted

in Figures 5 and 4 I‘lmpectively. 'l'hene figures nlmv thr merostinn, or

penal ty required. as a function of the 'peak of pulse—tn—peak to lymadlmnd'

In addition is the rsnults for the simllnted nigunin. the rcnultn ohtnined

using the real helicopter signals are iilnntmlnd'nn the figures. The result"

for the blade nlnp signal vhers the repetition rnle van varied from i0 “7, to

40 ll: with the crest factor held cnnstnnt are shown in Figure 5. Also indi—

cated on this figure is the MU) correction ohtnlned rm. the 250 "1. con-

tiuunus tone. The results for the vnriatinn in rcpstltinn rntn M n constant

250 ll: pulse mvo similar trends.
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II‘D‘AGT 0F NNES AND ll'll'UlS 0N SUNHH‘IV’E IU'SPONSB

DISCUSS ION OF RESULTS

As shown in Figures 5 and 4 the annoyance ar blmie alnp and tall rotor "clue

in their severe {nun are underrated hy 5 to 6 as”). This agrees well with
the general recommendations ol‘ the \lilnen l'luport, lnter incorporated into

us 4142, um. n currnctlon al' was“) is required ta be added to the
measured level if a pronounced 'uhine' or 'tone' is present.

1‘": scatter nnsscinted with the tests in which the repetition rate was

varied. Has relatively large, even so the mean renulta shml that the sub-

jective penalty decrensea with increasing repetition rate up to 25 "1., there-

after the trends is reversed.

’i'one correction procedures. as used in rating of nimrnl't noise, do not sig—

nificantly influence the results since the vnluea obtained nre really

insensitive to tnll retor noise. 'lhey also do not account for the results

obtained [or the 250 ll: continusus tone slnce Ule maximum tons correction

unually ccnuldered is l2 dll.

CONCWDING REMARKS

Conventional neias ruling methods do not adequately account (or impulsive

or tuna] signals of the type encountered an helicopters.

 
l-‘ll'nllllir: I ll] AGHAMIM‘I'JC llRI‘flfidl-Il'l‘ri'l‘loll

F'IIZIIIIH :': 'l'rZ-‘l' CONVHi'I'IUN

— "UM link a:
n . .

“a “an.” X.ll: D-cr "(warn Pun: a:

_ _ pf": of “Ali” l’uur’aw I’an a: hest

 



 

cheedings of The Inslilule ol Acouslics

IMPACT OF TOM‘S AND IMPUIBES Oil SIIMWI'IVE nmmfiss

Elfin!» 5_ hum.- Vnu'
Ill-

  

u
-
4
(
¢
r
u
r

f
a
l
l
-
4
'
.
.5

.
.
4
4
!
“

1 /
-

/

/
;

. .u-.__.._’;__

 

run a:- mm mum pr." or

  

F:qu 4:_TI_u|._RnrM Nuts:

2
1
g I

E.
3
=
p I

‘:
a
a.

. A..___.._.__-....
"9 v! I

‘... n. n... r... a.

5; Bayes-.3149:- SW
. m \ (WWW a." mm)
s 0‘

5 \
‘l s " \ ~
3 \ . . _ ,

E
I mu "man." an

J w no m u. m
. _..___ -_ ,.‘ .

.. ... .

  

u rm~ "up"... _u.

  
A~n my." v ‘ J.I

   
My

—. I»
no

 
on...»


