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IBSTRACT

Nolge data and simplillled procedures ape precented for
estimating the porcaived nolse lavels produced by currant
clvil and militswy helicoptera (piuton- and turbines-
powercd} during telsoff, landing, Ilyoveyw and hever opsra
tions. Xolgze dnta and procedured are also presented for
eomparing helleopter noisa with other vehilele noise and
with anbicnt nolce fmunnd An typlea’l usban ond uubu-b.u
dA."Q'lsu e neod LOUNAET auJ."‘:"lu an asgessmant of tha CU")'D"U.L'—
bility of hcliLOptcﬂ neilse with typileal land uses nﬂar
heliports,

Generallved helicopter nolos date are presa1tcd in the

form of nolge contoure and in perceived nolss level-voe

dlstance charts for different hc14ooptor categories, The
generallzed nolre charts are based upon measurements of a
nurber of military and clvil alverat., Analysls of these
measurementa, dlscussed in Appendlx A, shows Shat:

a) for moot helicopters the mpread in percelved nolae
’ levels for “akco;;, lending, ilyove“ and ho"ew
operat1vns 18 of the order of 5 PNAR op les a
spreat in nolse levals much less than cn;nuntﬂr;d
- Lfow fixedeving alvreraflt,

b) pilston-powered helleoptevrs are noisler then turbinew

povercd helleopiers of comparable size, No cone
plstent differcnce in noise levels botween single
and dual rotex helicopterz was noted,

e) perceived nolse levels for turbine-powsred
© helieopters show greater changes with size of
alreraft than do noilszse levels for piston-
powered hellcopters,
d) for plenning purposes, noise radistion frem
hellcepters can be azauwmed to be non-direciional
in both vertical and hoprizontal planses,
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T. INTRODUCTICNW

"his report presonts technical infoxmation and procedurss
for estimating the nolse levels produced by current elvil
and military helicopters (piston- and turbine~vovered)
durdng varded {1light and ground operations,® Informatlon
end procedures arse also presented fow comparing helleepten
nolze with other vehicle nolise, and with arblent nolpe found
in typleal urban snd suvburhan arens, hese proceiures Delte

mit an assfenmmant of tha exbtond fo whieh helisonten noise
1s eompotisls with typreesl lsnd uvies (pesideniial, colmore

edlnl, industrial, ebe.) in areas necar helipovis,

Holae date and procoduves are presonted in simplified
fashion, %he dnlommation may be resdlly used by those
without speclalived acoustleal toaining but who are cone
cerned with the locatlon end develominent of a helliport,
o with lend plamsing or land zoningz in the viednity of
hellportsy,

In recent years considerable study has been davoted to the
measurcnent and snalysils of aireratt noise, and In apssensing
the effects of gilveraft noise on peopla, This repord draws
extensively upon mothods of snelynes originglly developed

for evalucting noiuse fmom Ilomedetwlng civeralt, In Darilis
ular, this report Lo based upon rrecedurss developsd for
eatinating the communlty response of resldentinl areas
exposed to alreralt noice and upon zllised procedures for
ectimating the compatanility of alveraft noiasc with dilforent
land uses, s 2

A prime adventege of the helicopter 18 1ts ability to climd
and descend at very steep gradienty, thus pemadtting its
operation in and out of small lanaing srsas close to bullt-
up commorelal, incdustrizl o» residentilal sreas. One key
to future pgrowth of stecp-gradient aireraft 18 an expanding

# This report dces not consider helicopters powered by
rgtorut%p propulsion syutems, or other types of V/STOL
aireraft, .

#%  The noise level information presented in thils report
may be used, without modification, to supplament the
limited heliconter noisge information presented in
References 1 and 2,
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pvallabllity of eloue-in and downbown landing aress convenw ‘
Lent %o usary of thc alverslt, lHowesver, this {lexibllity :
in operaticon ond 5 LWiuv to cpeunte cloqc to aevalcped areas
may uyeuta 8 nwabe r of nolse problems.  These nrobloms arlse
Trom the intrunion nf YuliCOVUC” nolse inte surrounding sresd
. and the effecvo Dl sieh nolse intrusion on human ectivities.

The noige produssd b edrrent holiconboers 53 much lesa th , 0
that produsew by lorid edvil juL whremat, han jodged dn L
termg of neloe Llevely produced a2t simdisy distonces or in v
i bemms of totsl noinc categy cirented, Howeven, helicopters i:
o " often operatz in aveas that sre nobt exposed 0 nolise apso=- 5
st .o edgved with evlrenafd opsrotlons, Hencn helleorter noise "
2  dntruslon dn unhan aweon con he comparable with thet produced .

' by fided-wing atvcrald in land aress ne¢r alrporta, g

T

L L S

L © The procedurc oublinad in thly veport for determining heli-
N copser nojine compot: bLlle containg five steps. These steps.
£ ene Ltested Jdn IFlg, l. Fach #ten 18 described in the veport
8 : tozother with one op more cthnlca to fllusntrate 4tz apwli-
eabion,. PMleccding the nlecuudlon of the procedures, Section
I deperdbes the, necihods foy dote mJnLn‘ the polpe levels
i expected ol holicspoor onurobions. Section IX, tharefore,
i provides the boods noinz fnfowaation nDhm’P o SLap 2 in
e the procodurs, nLHCﬁu! A dilscusses in nore detail scome of
AN S the enelyuscs proccdures, goureszs of AInformatlon ané the .
PO detailed nolse informwtlon from which the generslized preas iy
: entatlon ol th1c0puhn nolne, given in Seetion (I, has been ;g

derived, ,
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T¥, DISCRIPTIONS OF MELICOBYER HOISE

A, Percelived Noilne Lovel

Threoughout thin revort, hellcopter nolse am well as nolde

from other sourcen Will he descrlibed in tewng of the pep-

ceived noloe leval expreossed in PHAR.  The perceived nolse ' .
leval Zp o ananilly enleulaoved toon rhvaleal msasurzments

of the nolpe thal aopds bt

‘. levey wery woell with the sehjective i
i evaluation of tho neolediness or pnnoyonce of vardous types '
of noire, It has become a widely cccepted means for describe

ing airerelt nolse both din this cownbyry and shroad, Proce~ :

: dures fow caleulabing papeeived nolse levels are swmsrized !
; in Attaclment 4 of Refewence 1 and in Reference 3, :

tenerally, the nolse produced by a flizht cpewvatlon {teakew
off, landing oxr level £light Clyovews) 1s deseribed In

texmg of the mamimun perceived nolse level cboerved on the i
ground duiring the opecatlon. The skaeteh bolow phoWd a ' :
typleal time record of the pewvcelved nolse level during i
flyover of a emnll plston helicopter. : | g

' s

r\

160~

-y

L

= 1pscc,

~
o

o3
o

PERCEIVED NCISE LEVEL, PN

~1
o

TIME

For the particular time history phown in the sketeh, the
noies level can be summarized in terms of the maximum level,

98 FHAB, _ L

—u-




G ek

The sketeh also Allustreses o typlesl charmeteristic of
alreraft and moter vehlcle nolse, the rapld chenge in
nolse levels with time, Thlg distincetion between nolge
levels whilch are contlnuous, or nearly so, and nolse levels
that change rapldly with time beccames Importent in asgedf-
ing the walative annoyancs or interflference from the noise,
It repults in the neod to tuoke Into adeount the number ol
times ‘the intermittent or rapldly changing noise occours

in a gilven time perioed, This factor is introduced lator
i Step 3 6f the ecompabibilily procedure,

B, Perceived Woise Level Curves For Meliconters

Cne &implifying fzctor in describing hellcopter nolse is
“the fact that for mozt hellcopter operaitilong (taleoff,
landing, crulse and hover) noise Llavels vary over a
‘relatively narrov PHEB range. Thus one cuprve ghowing
the vardation In pezreelved nolas level with distance will
sulfice [for deseridbing all types of operations for a
given helicontern,*

The nolue level produced by cuvrent civil and military
helicowters can ba estimated from the four curveps shown In

!Fig. 2, - The. curves show the varlatien in percelved nolse

| -

i

¥  Execeptions exist for scme epecific types of sirceraft
and for speedal operaticnal conditions, auvtorotation
descents, for example, or maneuvers where main rotor
"slade slap" (described as a loud "popping" or "ecracke
ing" sound) occurs, Howeven, for many helicopters,
the gpread in nolse levels for various routine fliznt
operaticons 1o 5 PR o» less, For a fixedewing aire
cralt, the variation in vercsived nolse levels between
takeolT and lesnding is ¢typleally 15 to 20 FHdB,
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level with disbtbance frowm The alrveralt o the observer for
four clasnea of hellcophers,¥ .

a) large, one or Lwo engine pinton~powered helJcop~

ters

\ b) large, cnc or two engine turbine-povered helle
copberd )

. _ Ce) omall and ng divn single englne platon helicopters

d) amall and medium, single engine turblne helicop-
ters, .

The curves in Mg, 2 are spaced approilmptely 5 PHAB apars,
They apply for telkeoff; landing, filyover and hover opera-
tlong, '

The curves of Filg. 2 apre fop air-to«ground tranamisslon of
noise. Tor enging runups, hoverlng in ground eifeck, or
Tor light operalicens wihoere the alverart is ot a low angle
of elevabion (anppoximh»elv 59 op leus), nolse levels at
large distanées irom the alrcrafb ui‘l generally be lower
than Indicated by Mg, 2. for sueh Lrouna»bomgrouuﬁ"
nolse tr IH»-¢JQi“‘ conJLura 18 the percelved nodse level-
vercus-distance cuprves of Fig. 2 should be reduced, using
the corroation valueg shown in Fig, 3.

Fipure 2 (with Flg. 3 ag required) permits estimation of

the perceived noinae levels at various distances from the
alreraflt, Tigure 2 may therefore ke uséed to estimate nolse
levels dlrectly under o Plight path, IMgure 2 znd Fig. 3
may also he used directly to estimale neise levels at any
piven digstance for a hellicopter hovering close to the ground,

\ Tor example, for s large turbinenpowered helicopter
Llying directly ovarhead at an altitude ol 1000 1t
wo find Ifrom ¥lg, 2 that the maximum pevceived “oise
level occuprring during the flyover ig 61 PNAB,

. * Large 48 here used to indlcate an aircraft of 10,000
1bs normal gross weipht or more, 8Small and medium

' refers to helicopters of less than 10,000 1lbs normal

i gross welght, -
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At a horlzontal diatance of 800 £t from a swmall pistone
povered helleonier hovering a few feet above the ground,
Fig, 2 showa a perecdved nolse level of 89 PHIB. Flgure

- 3 given a coryecilon fopr ground-bo-ground transmlgsion
of -2 FEJIB. Thus the estimated level at 800 £t horl-
zontal distance 1s (89 - 2) PNAB, or 87 PNaB,

Tor vosltiana off to one side of the £light path tha pro-
codurse for deberpinling vedss leveln 1o sglightly didffspant.
One must determine the lateral distance from the [lipht

path to the ground position and the altitude of the hall.

eopler, Theae two dlistances fovn the sldes of a rvight

trlangle with the desived distance being the hypotenuse of
that triangle, TFor this distance one can determine Lhe
correaponding percelved noize level {rom the appropriate
percelved nolse level-vs-~distance cuwve,

To gid in such distance calculatilons, Fig. 4 has been
prepared, It gives directly the approximate dlstance to
the aircralt for a ranpge of altitude and horizontal
disbtance conmbinetions. The shaded ares in Mg. 4 also
indicates when the correctlons for ground-to-pround nolse
atienuvation from Dlg, 3 are neededy

For example, 1 we wish to find the porceived nolse
level at a pesition 2000 {t to one slde of the flyover
path flovm by a snall plston-vovsred hellcopter at an
altibude of 2000 £%, we enter Pig, 4 wilth the altitude
and horizontal dilstznee informatlicen and find that the
approxzimete dlastance to the alreraft 1s 2700 ft.
Reference o Mlg. 2 shows that the percelved nolae
level 15 T4 PNB,

C. Development of Hoisze Contours

The maximum levels occurring during a £flight operaticon can
often be convenilently decscerdbed in terms of nolaz contours
showing the maximum levels ocourrlng on the grourd at
posltions beheath and to either side of the flight path,
Such contours azre used extensively Tor depleting the nolse
levels produced by fixed-wing aircraft on landing or

taking off,1,2/ In plaming, 1t i3 desirable to uge generw
alized contours vwhich permit one o estimate the noise

Lsatans il as Do LT e Lol it auria M A cinng
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produced by opnrationa by any of several clasaes of air~
craft, ] "

The major stepa in developing a contour Tor an aircraft
takeold are l1llustrated in Flg, 5, Needed information
includes a graph, or table, showing the perceived nolse
level ag a function of dlstance hetween the alreraft and

-~ ohaerver, and a £light profile which specifies the alreraft

altitude in terms of dlstence from the takeorlf polnt,

For flxed-wing aircralt, most noise problems occuy during
takeolf or landing. It has therefore been necessary to
define separate profiios for landing and for takeoff, and
separate PHAB curves for the different power settlngs
asscclated with landing and tekeoff opergtiona, Separate
sets of takeof! and landing contours therefore result,

With helicoptera, we are also concerned wlth tekeoff and
landing operaticns (as well as level Llyover (cruise)
flights, gince helilcoptera offen crulse at relabively low
altitudes over populabed areas), However, as a simplifying

‘factor, one perceived nolae 1eve1»vs-dtstenne curve covers

both takeoff and landing conditions, In further simplifl-
gatlon, applicable fto the extent fo which generalized :

' profiles fit flexible hellconter onevatdiona. a ainzle

Ammaradbimm Vandals devlonem OO0 2w

e deva A - R Ad mdi oo mn seam AN =
. rxl A b N e L Ll

e b b e e e ma e b o g M ome A e e

Janding operatlons. Thus a single generalized contour
can be used to depict nolse levels produccd during landings

or takeoffa.

In a manner similar to that used in developing nolse cone
toura for {light operations, nolse contours for ground '
mmup or hover operations might be developed from a graph
or table showing the variatlon of percelved nolse level
with angle at a constant dlistance sbout the aireraft and

a graph shovwing the vardations of perceived nolse level
with dilstance at dirflerent angles around the alreraft,
Study of the nolse characteristica of helicopbters shows
that the variastion In perceilved noise level with angle
around a hovering hellcopter (in and out of ground effect)
48 not conalstent from alreraft to aireralft, TFor planning

purposes, one may therefore asaume a civcular (L.e,, equal .

noise in all direeblions) pattern with nolse levels based

]l
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on the maximum expected st a conztant dlrtunce shout’ the P
alveraft, Theoe maximum leveln mpy be enbtimated lrom
o Pig, 2 and Bleg. 3, e8 previously oxplained, Thu#, no
. . opecial ground runup contours ave needed Tor estimating
hellcopter noine levels during hovep,¥ ' .

S D, Generalized Noige Contours for Helilcopters

S Hellcopters posecud very flexllle landing and taleoll
; _— profiles, Henece, "typlcal" profiles may be altered cone
; giderably to 1t specific terrain featurcs near a hellport,
N Howewver, cerbain £flight regimes are usually aveoidad for
: B . safoty reasons and othasyr posmible flight procedures may be
U (A wieconomie or time consuming,

Recomnizing that a conalderable varlation of flight profiles

may be adopfed to meet epeclal localized conditlons, a gene

eralized talkeoff (or landing) profile well within the capa- i

bilities of moat current hellcopters 1s phown in Curve A ;

of WMp. 6, Thig contour im based upon a 5~to=1 nlope o :
- beginning after a H0-foot ground roll.**

A goﬁeralized net of parvcelved holse level contours based

pnmy bhdn Pdehb pnafdinend arnlisahln o atehes bnlin
Olis 0v lanGlogps is shown In Fige T Thy noise luvels i

A 1 shown are for large turbine-povwered heligopters, Correc-

A tlons for other elassen of helicopters are glven In the

G figure,

T N %  Such simpliflcabions are not possible for fixod-wing

i o T Jet aiveraft, TFor these alreraft, there ave levpge

gyl - differences in noilse levels about the alrceralt resulting

e from the noise characteristics of turbojet and turbofan
englnesn, : ’ A

% Thia £light profile also £its well within the suggested
B8-to~l slope for obetruction clearance surfaced beneath
takeoff and landing ﬁaths, recommended for heliport
design in Refetence 4,
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~ above 200-T% altitude to a H-to-l takeoff alope,

 path but disvlaccd 200 £t to one side, The vertical takeofl

E, Vertlen) Talkecolls or Landings ,

Singlewengine helicopters will generally aveld true ver~
tdlenl takeoffs or landings vecaude of safety conslderations,
However fox multlwengine heljcoutara, cortiiflecated under

PAN category "A" haldcopter ratings,+ vertical takeoffs

and lendlnps are practicable and safe i/ in example of the
noige contours produced by suech operations by nultl-engine NE
hellicopters 1s shovn in Fig. 8, The contours awre based !
upen the flight profile shovm by Curve B of Fig, 6. This ;
profile shouws a vertieal ascent to 200 f£t, with a tranzltlion '

Differences in noise levels produced by vertlcal comvared
to conventional talieoffs are further illustrated in Flg. 9.
This fipgure shows noilne levels resuliing from helicopter
takeoffs following the flight profiles given by Curves A
and B of Flg, 6, DYerceived nolse levels are shown for
positlions on the ground along a line parallel to the Tlight

results in lower nolse levels over much of the Ilight path’
beyond the lmmediate viecinlty of the talieoff polnt, However,
the differcnce between nolsc levels becomes quite small at
large distunces from the takeolf point, .

e e e e

¥y  Appllcationa ol Contoura

When studyilng the nolse enviromnment at a apecifile hellport,
one may often wiah to draw detailed noilse conbours applicadble
for that heliport. One complication that may arive in using
the generallzed noice contours of Mg, 7 1dg that she takeoflf I
or departure path may often be curved, For a stralpght take- :
off op denarture, Flg., 7 may be used directly. However, if

the f1light path 1a curved, the contours muat be modified to

conform to the curved flight path. If the flight profile

approximates that of Fig, 7, the contours need only be 'bent”

or curved so that the center line coincides with the actual

% TAA category "A" helicopter ratings requires full
transport alveraft single-engine climb capability
and takeoff procedures hased upon continuation of
fliggt upen loss of englne at the most criftlcal
point,

. v A : [
A S e S g e e e
.(", . ) fus
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curved {light path., PFlgure 10 i1liustrates how contours

are ‘bent" to conform to a curved Llight path. In the

figure ve see that at corpesponding distances along, and

at vevpondlculpy distances to the slde of the fllght path,
the contour velues are the same for a &tralght-out path

and a curved path, For example, at point AT, 3600 1t

from the takeol? point on the cuwrved flight path, the per-
ceived noilase lovel 18 the spme.as at point A on the straight-
out path, which is also at 3600 £t, Similarly, the percelved
noise level at point C, 2000 't out and 600 It to the side
of tha straglghtout Llight path la the seme as at point O},
2000 ©t out along the cupved flight path and 600 £t to the
side of, and perpendicular to, the flight path, Other

voints on the curved noloe contours can be located in a
g2imlilar mannmer, . .

Another complication that may arise is the occurrence of a
takeof or landing profile much different than that assumed
in developing the generalized profiles, New profiles can
be generated, o course, using the procedures glready dise
cusaed, However, 1f the desired Clight profile approximates

‘& constant slope, the generallzed profiles of Flg, 7 may be

adapted gulte easily., In Fig. 7 nolse levels at distances
perpendicular to the Lilght path are denoted at 1000-foot
intiAruala alone the £11eht wath.  Tha contnursg mav be fore-

R T Ak rde = o mEn A e e ey

LaorLlhicd Ll alihpenonad, Scowelpendlng Lo stlopIr Sromore
gradual flight profiles by plotting the perceived noise
level values along lines perpendicular to the flight path
but spoced at other than 1000-~foot intervals, For ezample,
if nolse contours for a 3-to.l takeolf alope are nceded,
1inen perpendicular to the flight path .can'be plgtted at
(3/5 x 1000} or GOO-foot iIntervals Inatead, Repeating

this procedure for consecutive 600-foot intervals will
regult in a translation of the contours of Fig, 7 into

contoure for a takeoff path having a 3-to-l slope,

Following this procedure, for example, point A on the
straighteout flight path in Pig., 10, 3600 ft from the
takeoff point, would be plotted as point A", (3/5 x 3600)
or 2160 feet Irom the talkeoff point, for a modified 3-to~l
talkeoll profile., Simillardily, point C" on the modified
takeoff profile would be plotted 1200 £t from the Lakeoff
point and 600 ft to the slde of the flight path.

[ Sy sy o= Y
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III. DEPAILED DESCRIPTICN OF THE PROCLDURD

The procedures for determining helicopuer noise compabil-
bility with varied land uses are described in this secticn
step by step in the order chown in Fig, 1. 7o demonstrate
the application of each step in the procedure, a runn*rs
illuabration is inserted in the text,

Step 1 - Obtain Dabta on Belicopter Operntions

. military hellcopters in each of the four helicopter clanszs

The previous sectlon of the report has described how nolcs
contours and other pregentatlonsg of noise level information
gre used to estimabe the percelved noisge levels resulting
from helicopter operatlons, Before this informatlon can Le
applied, it is Llrst necessary to define the helicopter
operatlons, Flight paths and Llight proflles must be ests
1ished, Then the number of operations (takeoffs, 1la na*nb:
flyovers) expected for each class of helicopters must be
deternined., This activity Information should e gatherad
for both daytime (0700-2200) and nighttime .(2200-07C0)
perloda, Table I 1iats gome of the current cilvll and

Since hellecopter f{light paths may show conslderable varist i n
care should be usged in establishing vaths whileh are reascrnzhls
n!rnﬂnn-ﬁn Af Eln n'wv\r\n"‘(uq n,.&-u-_"l ,...,4..\,"“ Ty fAma maean e
HlAy Wimi wu ConBiuer H nwsber O LirpnG patiy, ana .LaUt_’.l'
determine the noise levels resulting irom each Llight patl,

¢ 3
2

For ground runup or hover operations, the type of helicopten,
location of the operatlon and nature of operation should te
determined. The number of operations and duration expeetcd
in both daytime and nighttime perioeds should be eatablishei,

In planning, one 18 generally concerncd with operations
expected in the future, Predletions and frends should be
establlished with care, One must be alert to peasibilities
other than straightforward extrapolations of current fiipght
activities, One should consider such questions as: what
are the possibilities of use by larger helleoplers; what

1s the posaibility of nighttime as well as daytlme opera-

~tlons; are different landing and departure [light paths

likely as the number of hellports in the viclnity is
increased; what effect are changes in land use in the

%
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CLASSIFICATION OF REPRESENTATIVE 'TYPES OF CIVIL AND MILITARY HELICQP'I‘ERS

L

, _ HELTCOPTER CLASSIFICATION* REPRESENTATIVE TYPES
R \
i Normal Gross Welght Engine Typ: | Civil Military
10,000 1ba or one or two Sikoraky S~58, CH-21, CH~34, CH-37
greater plston | Vertel 44 . '
one or two Sikorslky S-61, | UH-2A, CH-3, CH-53,
. turbines Vertol 107-2 CH~54, CH-46, CH-4T
,‘D : -
d P Legs than 10,000 single ‘ Bell 476, 47J, CH-19, CH~13, QH-23
- 1ba ‘ piston Brantly B2,

Hiller El, 12E,
Hughes 2694,
Sikoroky S-5h

single . Bell 204B, HH=520,, UH~1, OHw5,
‘ : turbine Hiller 1100, OH-4, HH-43B

B : Hughas 369,
‘ S1kom3ky S-624-

4
—— " .

# Classification of Fig. 2 for e3i:imating noise levels,
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vicinity of the heliport 1ikely to have on volume of traffic
and selection of flight paths; ete,

Ag an example, consglder a heliport located in a mixzed
< commercigl and light industrial area, as shown. in the
sketeh below.

1 DEPARTURE PATH

\AFPR OACH PATH | N

.

N ./l

1000 2000 \ - S
scala In feet H : /

e - e ?._....x-....,._.__.."w. or ',/
g | .N\EB‘—" ~

HIGHWAY Ny SHELIPORT

MIXED COMIMERCIAL AND l.lGHleNb USTRY AREA

Step 1 consigta of determining the following 1nrof-
matlon by obaservation and discussion wilth the heliport
and helicopter operators;

1) flight paths are established as shown in the
gketch, Approaches follow an approximate S-~toa-l
. . i
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" Step 2 « Determine PYorcedved Hodwe Tevels for Haliconteq

. ebtpbllshed or perhaps only the nolse levels gt one or two

r
¥

e e— = =l

glope, Takeoffa Lollow an aurroximate Jebosl
"slope beesuza of some terrpln obstaeles L"ing
to the northeast, - AT
2) " the heliport will be used by both large furbing-
povered tranaport halicopters and nmaJJﬂr turbine=
and platon.povered buglnegs he iicoptepu. Twalve
daytime flights are expected oy the transport
operations snd up to 25 Llights per duy (25 tako-
Coffy gnd 25 lendings) are expeoted for the business
agiveraft, Twoetnirds of the husinecg alreraft are
expected to bBo platon-powerod, the wemealning nna-
thilrd, tuwrbine-powered. Few nighttine operutjona
are antlelpated and no emtenu"d runup operations
are plannesd,

Ogerationa

With definition of the flight paths and hover poslilons
scecmpliohed in Step 1, the neise exposure for the land
areas of Interest may be established using the nolae inforu
mation of Seetlon [I. Depending on tha oxtent of one's
intereat, complebe perceilved nolae level contours may be

vAtain e fosgblong geed e gebanmpinen,

For positions directly under the £lipght path, percelved
nolse levels may be determined dlrectly from Fig., 2., Flgure
2 with Pig. 3 permit estimation of nolue levela at any horl-
zontal dlstance fop o helicoptor operating on or very near
the ground. Fopr positions to the alde of 4 f£light path,
Fig, 4 may be used in econjunction with Fig. 2 to determine
the perceived noise level, TFor many btakeorf and landing
operations, the generalized nolse contours of Flg, 7 can

be wsed, These contours may be modliied for curved pathg

or for paths of different proflles as discussed in the 1ater
portion of Seetion II,

Continulng our example, ouppose we are concurned with
estimating the percelved noise levels at Point "x"
shown in the olieteh on page 23, We also wlll later

. . |
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. wilsh to develop a complete sef of nolse contours for
. the arca currounding the heliport,. .
. o determine the nolase levels at Polnt "x" we mezsure
; the distance from Point "x" to the nearest flight path,
. This dlctance seales 900 T4 fwrom the approach path, atb
; : a point approximateoly 1000 £t befors the touchdown
point, ZRelerence Lo the {light profile Curve A of
. Fig. 6 shows that the expected altitude at a point
1000 £t hefore touchdown s ppproximately 190 ft,
Entering Flg, I with this altitude and horizontal
distance Information (190 mnd 900 ft) weo obtain a
slant dintance of 920 It., TFrom Pig. 2 w2 eatimate
noluae levels of 92 PNdAB for the large turblne-ponered
helliconters, B7 PNABR for the omaller piston-poiered
helicopters and 82 PNAB for the smaller turbine-powered
. helicopters,

To develop the nolse contours we use the generclized:
contours ol Fip, 7, applying the procedurea outlined
in Sectlon IT for adjusting the econtours for curvatuve
of fMlight path and for a change in the olope of the
‘fakeoff flight path, Results of thin procedure are
showt in Fig. 11, '

LY
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Operations :

" The Cemposite Nolse Rating (CNR) for the different helicopter
nolses are obtained by adding Lo the percelved nolse lavels
.corrgcklons for those operatlonal factors that most influence
reactilons to alvcraft noise., The moat pertinent corrections
for hellcopter operationsa are for frequency of operstlon and

for the relative utilizatlon of {light paths, Correction
nunbers for these factors arve given In Toble IXI, TFor runup
or hover operatlions, the operatliongl factor consldered most
dmportant 1s the average hourly running time, The correcs
tion applied to the perceived noise levels for this factor
is given in Table III,

K The correctlon for time of day given In Table IV 1is neecded
S when considering land use activities likely to be affected
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K . TABLE TI ' 4
i . ‘ . >
" T o CORRKCTIONS FOR ‘\IJUHBER OF FLIGHT OPERATIONS :T:
f . {TAKEORFS OR LANDIRGS) AND FLIGHT PATH UTILIZATION :
‘ v . 4§
: Total Aetivity a ' v
' : i
Humber Per Hourp Correctiont ¥
' L 20 or greater +15 ;
P 7 =19 +10 o
b - : : a - 6.9 + 5 !
i ; . 0.7 - 1.9 8] 14
. : 0.2 - 0.69 -5 ;
{ ~ ‘ less than 0,2 -~10 1
P
K ; Flight Path Utilization
S Utilization : Correction
o . 30% - 100% 0
yoy log - 29% -5
3% - 9a . . . =10 #
lens than 3% ~15 ._“
S S TABLE III , %
W . . Ao
}: N . - t.‘ﬁr\ni-.l"'.‘l',u'(":N"u"uh WO O (RO ‘
RUNUPS OR HOVER OL’ERATIONS‘
Duration in Minutés Per lHour Corraction®
2 or greater + 6 . . s
0.7 - 1.9 ] ‘ . i
0.2 - 0.69 . -5
0.07 - 0,19 . -0
e, less Lhun 0,007 ~15
N 3
TABLE IV
CORRECTION FOR TIME OF DAY
- Time of Day*# Corrpetion* o
0700 - 2200 o - *
2200 - 0700 +10 i
. To be added to the perceived noize level,
** In pgeneral, the ratio of daytime-to-nighttime opera-
tions i3 such that daytime operations wlll determine |
the Composlte Nolse Ratlng. Only when nighttime '
activity is disproportlonately high will the night- | . f
| time correction affect the Composite HNolse Rating. i
: - '
i 0y - .
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by nelicoplev opuratlen abt nightitlize. Tor exampla, 1# one
16 dnterested in evalusting the effects of helicopier nolsoe
on comnercisl land uses, one would nommelly conglder only
daytime operationa since the commercial anetivities gre’
gencrally drantleally curtatled durdng nighitime, . However,
vhen consldering residential lend uge, one would certainly
include consideration of nighttime activities,

A CNR is computod for each of the four clacsges of helicopters,
And whenevey applicable, separate CNRo would be computed for
both daytdme and nightiine operations, Then, from the comw
pargble daytime and nighttime ChRn, the highest CMR, repe
resenting the ment severe nolse exposure In terms of expected
impact on lond use, would be selected,

At this point in the analysis, a CNR will result for each
takeoff and landing operation for ench class of hellcoptens,
Similarly, a CNR will result for each runup or hover operar
tion for each class of helicopters, From the varilous CHRs
one must be chosen to apply to the arca in question for all
flight operations, and another CNR to apply for all runup
operatlong, Since the operationks have been divided into
varlous catogories and silnce Hthe nolse percelved in any one
locatlion will frequently be due Go operations on several
£light paths, CIRE of comparable velue must be recowbilned,
Only Composite Noise Ratings within 3 units of the maximum
Wiy jurr e AR AL FRT L Ol o 11 rrenn AMa BPWMLA AR mAme (M0
valves fulfilling this requirement, 5 units should be added
to the highest CNR to determine the applicable CNR for that
opergtlon, If there are less than three, the highest CNR
appliea,

Ye can now detemmine the Composite Nolse Rating at
Point "x" in Figure 11, The analysis for ench of
the three classes of helicopters involved 48 Sume
marized on Work Showt Wo, 1. In accordance with
the rule on suwmmation, the combined CNR rating for
Point "x" is 92,

Step 4 - Checle Imnortance of .Othey Noise Sourccs

With helicopter nolse now defined in terms of both perceived
noloe levels and Compooite Nolse Ratingn, one cen now check
the relative lmportance of helicopter nolse compared $o other

-
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o WORK SHEET NO. 1
Hellcopter | No, of | Flight | PNAB ClJR CORRECTIONS
Class Oper, | TPath No. | Fit., | Time | CNR
Perp Util, P Patl
Hour o ath
Oper.| Utll,
large ! ’ :
turbine | 0.8 1005 | 92 { © 0 0 g
small :
platon 1.1 100% BT o] 0 0 BT
small ’
turbine 0.6 100% B2 | -5 0 o] 77

intermittent or continuous sources of noise, Information
concerming the noise producced by other gources may be
pathered i'voni measurement, inspection or estimation freom
accumulated engineering data, Seme helpful nolse level

Inleuaatlion 1o preoseniad Tn Pien, a2 LHIRAI . f L

Figure 12 compares helicopter nolae with the nolse produced
by some operatlons of flzed-wing alreraft.,* The upper
shaded area shows takeoff nolse levels produced by current
four engine turbojet and turbofan alreraft. The next shaded
aren shows nolse levels produced by takeoff of two englne
plston-povered commercial trancport such as the DC-3,
Convair 340 and Martin 404. The lower sheded band shows

the nolze produced during cruise {light of sSmaller two engine
pleton alreralt such as the Aero Commander, Beech 18 Series,
Cesana 310 Series, Plper Apache and Aztee, ete, Alsc shown
on the flgure are the perceived nolse levels for lamrge
piston-povered hellcopters, large turbine-povered helicopters

* Toreddgtailed nodse dnformation 1s provided in Referenéeé
Bn v . B
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and ‘the emzll single engine pistoun-powersd helicopbers,
reppinted from Mlg. . £ 18 clearly appevent from tho
table that the nolss levels produced by nelicopter oporow
{ions are relatively moderate compared to those remulbing
from neny fixed-wing alvewrellt opewailons, .

Flgur: 13 showo rome typileal nolse levels producad by
various Lypen ol surface tvansportation vehleler wes
automobiles, trucks, motoveyeles gud SH»ains, Figuve 14
showa the naapr~conitinucus nolce produced by heavy surface

braffic produced o o mulilelgne freeway wnd a busy urban

street, DIMpure 15 presents estimabes ol the ambient nolge
levels oxpected in varlens urben and suburban situgblons,

To 1lluntrato the snvpllcation of some of the nolge
informuation, Mg. 15 phovs s ecnparison of helicopter
nolae with freeway neiso., In this figuve we have
nsguned that a propoussd helicopter route is aligned
with tho center line of & heavlly travelled, multle
lane fueewnoy, The {lgure shows the resulting nolse
levels anviclnated for operation of n two-engine
turbine tranoport helicopter at albtilbtudes of 500,
1000 and 2000 £t dlrectly above the freevay., AL
dintances elose to the [peeway the benedli from

y Uoeher ikl LUALSLL LD LUl onromounizd,

Davatias el Whod Llaler GIUllOSCL 1o
However at diltaneces bheyond ghoutr ZHUU IT, Tnere i
little variagtlon in hellcopter nolse for flights at
the dlfforvent altltudens, One may alno note from the
figure that at the 2000 foob gltiiude, the hellcopter
nolse naver intrudes more than 10 4B above the freciay
noine, whnlle at 500 £t altltude, the helicopier noise
levels exceed thoe frecway nolse by more than 10 GB
over g connldsrable range o disbancen,

To determine whether ow not helicopter nolgse ia the dominant
nolse source woe may nowW compare the levels produced by other
nolse sources uning Che declsion pguide gilven in Table Vv, To
uga thils table we must flpet determine, for other inter-

. mittont nolne sources, o Composlie Noise Rating by espplica-

tlon of the correctlon values given in Table VIz '
Point "x" im located 4in the midst of the mixed indusa

$rlal and commerednl gren. This ares 14 dubject to
moderate trafflc nolse from the main through street,

"'31" -

f
B e B T L e .
' 0 S o [ N ST —— e :
R o * ) ’ !
o S . B ‘ l/



LY Tl 4 e

£ TRy

R et aall R S

g TR TR

e e T A AR T TN T

1o

190 , 500 FT, ALT,

1000 FT. ALT.

90 —

fevel in PNG

w?m:@‘?ﬁt' AL,T.

0o [, ] R
‘ AN
.o .\\

N

o noize

™
70
' LTS

(I‘ V
ya

percelve
/
7
; / |
__
Y/
7

] Voarm av i ne wm premy
drr A LY bt

MULTI-LANE FAEEWAY

7

&0

- [\\

50

100 200 400 700 1000 2000 + 4000 7000

distance {rom center of freeway In feet

FIGURE 14, COMPARISON OF HELICOPTER NOISE WITH FREEWAY
NOISE (LARGE TWO ENGINE TURBINE HELICOPTER FLYING
ABOVE CENTERLINE OF FREEWAY)

35 iy

A —

o raabem 1t P A b




AT A T Pt it itam e g memt s on e 1

R T T R AT Y R AT B

36

— e e e .
TABLE V
Coer DECISION GUIDE FOR COHMPARING MELTCOPTIR
f i WOISE WITH OTHER 1QISE SOURCES
' Percelved
Woise lLevel Composite
i Sources PNaB- Noime Rating
§ 1 Reldcopter nolse A a
i
ir Other intermittent nolse .
i (other aircrart, surface :
P vehiclen) B b
Continuous noise (traffic, ‘
¢ industry) | ¢ -
. Helicopter Nolge
Comparison . Implicatlons
a Mgy be notilceable,
but should be of -
|- no concern,
3‘5 az=2b+ 5 ‘Dominant inter
B mittent noise
’ Source; compare
A . to continuous
i ' noise,
2 May be noticeable,

buf should be of
no concer:s,

3 .
? a>C4+ 5 Noticemble; use
: Table VII,

. -
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TABLE VI

' CORRECTION.FOR NUMBER OF OCCURRENCES OF INTERMITTENT
‘ NOISE (OTHER THAN AIRCRAFT NOISE) '

‘Number Per Hour Corprection®
20 or greater ‘ +15
T - 19 +10
2 - 6.9 . + 5
0.7 ~ 1,9 0
0.2 bad 0169 ) - 5
less than 0.2 . »10

* fo be added o the ﬁerceived nolse level.

From Flg. 15, contlnuous noilse levels are estimated
. to be approximately 65 PNdAB, From Fig, 13, inter-
mittent nolse peals from avtomobiles travelling eon
the neavby through street are estimated Lo presch 75
PNdB, Assuming a frequency of automobile traffic of
approximately 150 vehlecles per hour, the CHR for the
automobile trarfie is 75 + 15, or 90, Comparison of
these values with the CIJR previously determined for
the helicopter operations (using the decilsion guide
of Table V) shows that hellcopter nolse is the dom=

inant noise scurce, Hence, the addition of helicorten

noise may change the nolse environment at Point "x*
appreciably,

3tep 5 -~ Determine General Land Use Comnatibility With
Heldcopter Noige

If, on the basis of the previous step, helicorter noise is
the domlnant source, we can now evaluate -the impact of tha

- helicopter nolde on varlous land uses, This rating i3 done

by comparing the CNR values for helicopter noise with those
given in Table VII, Four Noise Sensitivity Zones (Zones I,
II, III and IV) with accompanying sets of CNR ratings {one

~37=
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| © TABLE VII L ' ' .
LAND USE COMPATIBILITY CHART FOR HELICOPTER NOISE

\ Noise | Composite Nolse ' LAND USE COMPATIBILITY
Sensitivityl Rating (CNR) .
Zone : A I
P o
3 pr vl
' |3 o z& | 81

3 ola (22 18 | 2| 8% | 8xla

~ o (¢} o . - " vl [

pLy g ™ - 4 am 0} o o L ] g

. , 5 3] ng | na Sn | s oD M

. o & ~ O - et o el oo Q@ 42

Takeotfs S 1€ |4 [SE 188 | 5835 | g5sl

and Ground (@ g £ ojud te3 23 | E9 88|78

Landings | Runups | o mojom jab B | OF 8L & &

1
% I Iess Less Note | Note ,
<t Than 90 | Than 70 | yes jyes |yes [yes | yes | (A) (8 ves | yes
II ' Note | Note '
90-100 T0-8Q yea |yes {yes |yes | (C) (C) | no yes |yes
III Note Note| Note )
100~115 B0-95 (B) lyes {(¢) |{C) | no no no yeas |yes
W Greater Greater Notel. : E N Note
Than 115 | Than 95 |no' [{C) |no {no no no | no yes | (C)

NOTE {A) - Possible interference for indoor or outdoor muslc auditoriums and
cutdoor theabteras. Make more detalled nolse studles, .

NOTE (B) = Case history experdence indicates that indlviduals in private resla
dences may complain, perhaps vigorously. Concerted group action 1s
~ posaible, . ‘
NOTE (€} -~ Potentlally serious interference, with likellhood of serlous adverse -
reactions from individuals and groups affected, ' ‘




pet for hellcopter noise, and one set for ground runup
noise) are shotm in Table VII, The following nine colunns
in the table show the compatibility of land usage for a
number of land uge categorles having dlfferent sensltivities
to hellcopter noise, .

. L
Y¥or most columnsg the robings atar‘cf for the lowest nolge
compatibllity zone, with the word "yes" indilcating that
there should be no adverge effecta from the heliconter
noise, ~Correspoending to the higher noise sensltivities
gome of the columns have the word "no" printed, '"No"
inhdicaten that helicopter nolge will likely interfere
seriously with the land use,* Between the "yes" and "no
response there ls a range of CHR ratings over which there
is inecreasing probabllity of Interfepence or annoyance
from the hellcopter noilse,

Tab.le VII 18 based upon conslderation of the typical renge
of humen actilvities and work tasks involved in the different
land use categories, In developing the table, major cone
slderation has been given Go the effects of nolse in:

a) generasting feelings and'expressicns of annoyance
and dissatisfection; and i

. . b) interferinpg with speech communication,

The table 13 based upon comparisons of the nolse exposure
and complalnt hlstories encountered in numerous ailrceraft
noise provlems at various military and ¢ivil airfields,l,2/
The tabkle assumes that the type of lightwalght bullding
construction for the dlfferent land uses 13 that which would
be normally used when aiyeraft noise (elther fixeda~wing or
helicopter) 13 of no concern, S8pecilal nodse control cone
struction has not been considered in the tables,

These Nolse Sensltiviiy Zones should, of course, be uged
as puldes to compatible land use planning and to expected
types of response, not as rigild geographiec boundaries,
‘Intelligent and carerful interpretation 1s called for to

* Reference 2 provlides information as to ateps that can be
taken in the bullding design to increase 1ts compatibility

wlth mircraft noise, .
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VIORX SHEET NO, 2
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Contour

rHelleopter Operation CNR Activit{ Utiliiz, Pime Contour | Noisze
Type Contour | Correc. Correc.<| of Day Chart | Correc, | Contour,
o . Correc, PN4GR
Large Turbine Takeoff | 100 0 ) 0 Fig, 7+ 0 100
Medium Sinple Talkeoff 100 0 o} 0. Plpg. 7* -5 105
[zine Piston _

Medium Single Takeof 100 =5 0 0 Mg, ™ =10 - 115
" Engine Turbine : -
Large Turbine Landing 100 0 .0 o, Mg, 7 0 100
Medium Single Landing 100 0! o] 0 Fig. 7 -5 105

Enpine Platon
Medium Sinpgle Landing 100 -5 0 0 Fig. T 10 115
IEnpgine Turbine ‘

2

Table II
Pable IIIX
Table IV

LU VI

Modified for 3 to 1 takeoff slope
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Af this area 15 developed for private housing, Perhaps
other, less noise sensltive uses for this land can be
established; perhaps helilcopter flight paths can be
adjusted to reduce the nolse intrusion.

——— e e
[

ar————

T ;

e
-

" M -+ .

Bandad ; T O Ty TR, T T ' el " i ————_— br—

R o RN ST I L M R AR T [ TV e ) < N
. ot ‘ R s ' . o ) B



Arna e e Y

T LRI L

e R

1.

2,

3.

i,

5

T

8.

9.

Fan (October 1564

REFERENCES

Bolt Beranek and Newman Inc,, Technical Report
"Tand Use Planning Relating to Aireraft Nolse",

g. Also published by Dept. of
Defense ag AR 86-5, T 5365, NAVDOCKS P96,
"Land Use Plarning with Respect to Alreraft Hoise",

D, E, Bishop, "Development of Airveraft Noise Com=
patibility Crilterla for Variled Land Uses", Payt II
of FAA SRDS Report No, RDwO4-14B (December 1564).

K, D. Kryter, K, 8. Pearsons, "Some Effects of

. Spectral Content, Duration and Rise Time of Sound

on ¥Peucelved Nolse Level", J, feoust, Soc, Am., 35,

g66~883 (lg?Sé - alsg nee: NK. g.?iryﬁor, K; S )
egraonsg, "Modifleatlon of Noy Tables J goust,

Sac, fm., 36, 394397 (1964). i aee—

FAA Advisory Civeular, AC 150/5390-.1, "Hellport
Desipgn Guide" (Nov. 15664),

" FAA Technleal Report (Project BEummingbird), "A

Technlcal Surmary and Compllation of Characteristics
and Specifications on Steep-Gradient Adreraft",
{Aprsl 1061),

FAA Mechnlcal Report ADS-35, "Noise Contours for
Short and Medlium Range Transport Alrcratt zand
Business Adreraft, March 1565 (prepared by =2}
for the FAA under Contract Mo, F%BhWA-#QHQK.

D, ¥W. Robinson, J, M, Bowsher, "A Subjective
Experinent with Heldcopter Noisesa', J, Row, Aeron,
Soc,, 65, 635-637 (1861).

FAA RFP No. WA3R-5.675, "Criteria for Evaluating
and Rating Aircraft Noise Exposure', (March 1565).

U, S, Army TREC Technical Report 61-72, "Study to
Establlish Realistlc Acoustic Design Cpiteria fon
Future Army Aireraft", (June 1961?. ‘ .

Y T T e e i g A e

B ,,.mn,'

? ¥ T Ty ‘
e b b - et g L b




g <~
! REFERENCES (Continued)
10, U, S. Avmy USAARU Report No, 64-1, "A Supvey of
iy ' Internal and External Nelse Environments in U, S,
IS Army Alyeraft", (Deec, 1963),
P i1, Federal Aviation Agency Contract Nos, F-2446 snd
7] FA-3191, Polysonics, Inc,
Iy 12, SAE ARP 866, "Standard Values of Atmospheric
i Abporption as a Function of Temperature and Humiditi
i for Use in Evaluating Aiveraft Flyover Nolse", (1964),
13, H., H, Hubbard, L, V. Lassiter, "Some Aspects of the
Helicopter Noise Problem", NACA TN 3239 (Aug. 1954),
B 14, H, E, von Glerke, "Adlrecraft Noise Sources", Chap. 13,
g Handboolt of Nolse Control, Mefiraw-Hill Book Co,, New
H York (L9577, . o
gi_ 15, U, $. Army TCREC Technical Report 6273, "A Study of
B : the Oripgin and lMeans of Redueing Helicopter Nolse"
P {(Nov. 1952), ' ,
4\ . v “ N .
Ee 16, P. A. Franken, L, L, Beranek, Chap, 13, "Noise Control
vy in Trangportation’, Noise Reductlon, MeGraw-Hill Book
i .Co., Neyw York (1960)%
£ ,
80
¥
{
I
) - -
: w5
i
|
# - e
h" ” " 71

; *
—— e
——

Rdutoi ot S S



P S

APPENDIX A

This Appendix dlscusses the analysis procedures, sources

of information and some of the detalled noise information
from which the generalized helicopter nolse charts and
contours, presented in the body of the report, were derived,
This atudy emphasized the collection and comparizen of '
hellcopter nolze measurements obtained under z variety of
operating condltiona and from g varlety of sources. The
major aim of the study was to deline the noise environment
produced by hellcopters (with nolse envirorment interpreted
in terma of subJective reaectiona as expreased in perceived
noise levels)* rather than to determine individual sources
of helicopter nolse or to explore methods of controlling

or reducing helicopter nolse,

The major sources of nolse information used in preparation
of thig report.are: : .

a) nolse measurements of military helicopters con-
: dusted for the U, S, Army where acoustical data
were obtalned durlng takeoff, landing, flyover

and hover operations;9.10/ :

b) data supplied by the Pederal’ Aviation Agency on
: the opewrations and acoustical characteristics of
several large civil helicopters;ll/

¢) " noise information provided by helicopter manufac. .
turers; )

# Ths percelved nolsz level concept has bezen developed
and validated primarily by evaluation of fixed-wing
alreraft noise signala. Ve have assumed in this report
that the rerceived noilse level alac adequately rates
the relative noisiness or annoyance or helicopter sounds,
In view of the limited paychoacoustic evaluaticns of
hellecopter nolses done to date,3,7/ there is some question
ag to the adequacy of the percelVed noise level, oo
currently caleculated, in accurately rating various heli-
copter noises. This question 13 under investigation by
the FAA. B/ .
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d) noise measurements by Bolt Beranek and Newman
' Inc., (BBN) at civil and military air bases where
accurate positional and acoustical data were
obtained duving routine helicopter operations
but where deteilled Information concerning airs
eraft operating conditions (operating gross
! wedght, throttle settings, alrspeeds, etc,)
“wa#s lacking., Some informatlon was gathered from
CBBN files, Addditional 1ield measuremsnts of ecivil
trengport hellcopters (Sikorsky 8«55, S=61 and S-62,
and Verteol V-107-2) and .some of the smaller piston
heldicopters (Bell #47G and 47J, Brantly B2A) were
' made specifdeally for thia study,

e} noise measurements conducted by BBN, in cooperation
with helicopter manufacturers, where extenaslve
poalitional and acoustical data were obtained during
controlled aireraft operations, In these tests,
helicopter nolse was measured during: hover {4n
and out of ground effeet), level flight llycvers
at a constant alrspeed at altitudes from 50 to
400 rt, and during takeoffs and landings. Hover
measurenents were made ab 30° to 459 intervals
at a constant radius about the ailreraft. For the
level flight flyovers, takeoffs gnd landings,
measurements wera made abt a position directly
under the flight path and at a position well to
one slde of the flight path.

——— A

Noise information was gathered for most of the current civil
and military helicopters (piston- and turbine-powered, single
and dual rotors) that are in widespread use, However,

“equelly complete and comparable sets of measurements were

not obtainahle for each type of aircraft, and the collected
nolge data cannot be considered as exhauvstively complete,

Perceived nolse levels were calculated from the cellected
octave band noise data, Yhen several sets of nolse measure-
ments were obtalned f'or the same flight condition for a
specilfic aircraft, the oectave band noise spectra were
adjusted to a common distance and a median noise speetrum
established before caleculating the perceived noiase level,
Curves phowing the variation in perceived noise level with
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‘distance were generated by calculating octave band spectra

at other than the measured distances, using lnverse Ssqguare
correctlons and standard SAE air attenuation values.l2/

" Percelved noige levels were then calculated from the derived
. octave band spectra, .

The perceived noise level data were analyzed to establish
the variations in percelved noilse level: :

" a) with type of operatlon (takeoff, landing, flyover,
and hover) ‘ .

b} with distance
¢) with size and type of helicopter

d} in a horizontal plane about the helicopter during
hover condltiona, and

a) in a vertieal planc perpendicular to the flight
path during flight operations,

A, Variation of Pemceived Nodse Levels With Tyrne ol Operablon

Pigure A=l shows perceived nolse levels al a distance of 250
£ for a number of helicopters plotted as a function of the
alveraft normal gross weight. Various shaped symbols deplet
nolse levels for takeorl{, landing, level f1izht flyovers,
and hover (in ground effect) conditions.* Pistonn and
turbine~powered aireraft are ldentified, as-are single and
dual rotor hellcopters, ‘

From the figure 1t 43 evident that the spread in perceived
noise levels wlth filght conditions is generally quite small,
For example:

T

# The hover values in Flg, A~l are generally the maximum
- obgerved in a horizontal radius about the ailreraft,
iverage hover levels would generally be several PNdAB
ovenr

A=3
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helicopter maximum gross welght in Ibs
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FIGURE A-1, COMPARISON OF PERCEIVED NOISE LEVELS DURING TAKEOFF, LANDING
FLYOVER AND HOVER FOR DIFFERENT TYPES OF HELICOPTERS (250 FT. DISTANCE)




“ters operzte over a welatively narrow range of parceived

1
i

a} for the 17 hellcopters for which takeoff and
landing measuraments were avallable, the average
spread of perceldved nolse levels between takeoff
and landing was 3,5 PNAB; for 15 of the 17 sets
of measurements (88%), the spread was 5 PHdB or
less :

b) for the 1l aireraft having comparable takéoff,
landing, and flyover data, the average spread . ,
in noise levels Tor the three operations was :
4,5 PNdB, with 7 (G4%) of the measurements '
showlng a spread o’ 5§ PNAB or less

¢) for the 11 aireraft for which takeoff, landing,
flyover, and hover data were available, the
average spread in nolse levels was about h.B
PNdB, with 5 (55%) of sets showing a spread of
5 PNdB or less, .

Study of the figure shows that frequently, although not i
congistontly, the maximum nolse levels were observed during '
talceolf operations and the nolse levels were lowest during
landing. ' One may coneclude that, in general, most hellcop=

LT ma e

nolse levels, in distinct contrast to .that observad for :
fixed-\ing alreraft where variatlons in takeofl and landing -
noise levels of 15 to 20 PNAB are frequently encountered, o

Although the percelved noise levels generally show small
varlations for widely different flight operations, the
overall sound pressure levels or the noise levels in .
indlviduel octave bands may well show a much greazter spread, i
The percelved nolse level, weighting the octave band noise :
measursnents lp terms of nolsiness or annoyance, welghts
most heavily the noilse levels in the mid-fragquency octave
bands, Low fraquency noise levels, uwhich mey often deter- )
mine the overall sound sressure level, usuzlly contribute | e
little in determining the perceived nolse level., Thus v 8
the quite intense low~frequency noise levels, generated by
the main rotor at the fundamental and higher harmonics of
the blade passage Irequency have 1ittle or no influence on
the calculated perceived noise level, | :r
f
|
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B, Variatilon of Perceived Holse Level With Distance

' Comparison of percelved nolse levelwva~dlotance curves fop
! - varlous helleopters and for dlfferent flight operatlons
showed that the differences in eurve slopes were generally
_ No conslstent dlfferences in the dlopes of
o these curves between turbine or piston helicopters, or for
' different flight orerstions, were found, On this basis a

: " quite small,

S,

! gingle generalized perceived nelse level-vs-distance curve
: has been established $0 apply to all types of helicopters
4 _ and Yo all types of operationa, fThis curve is the basis

i for the percelved nolse level curves of Flg, 2.

o © To indicate the extent of variability among curves for
Aifferent helicopters, Table A-I shows the spread in
percelved nolse levels aboub the generalized cupve observed

E. L in a samnpling of 20 plots of verceived nolse level versus

dlotance, The values given in the teble are for curves in
- wihilch the perceived nolse levels were plotted with reference ﬁ

; ' to noise levels at 250 ft from the airveraft,

PN T s gt ek g e e o

TABLE A-L

© VARIATICNS IM PERCEIVED NOISE

LEVEL VERSUS DISTANCE

i CURVES
L : .

: . Distance to Spread in Perceived Noise Levels, PNGB
? 1. . 'Aircraft, R Roferred to General Curve® Total
\ 500 0.5 to 40,5 1,0
I 1000 ~2,0 to +1.0 : 3.0
P , 2000 =3.0 to +2,0 5.0
A - 4000 4,0 to +3,0 7.0
¢ -1 * See curves of Flg, 2.
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C. Trends with Size and Type of Heliconter

Plgure A-~l shows some interestlng trends with size and type
of alrcraft:

a) for the piston—powered helicopters, peréeived nolse
+ - levels change slowly a8 a function of size (gross
e weight) ] .

'b) ror the turbineupcwered hellcopters the change in
nolse levels with size is much more pronounced

¢) there 13 no consistent difference in the noise
levels produced by single- or dual-rotor heli-
copters,

The trend of noise levels with size (gross welght) is more
clearly shown in Flg, A«2, This fizure shows shaded areas
defined by the range of nolse levels in Flg, A«) for takew
- off and Clyover operations (excluding the nolse levels for
landing or hover operations) of turbine and piston helicop-
terg, Drawn through the center of the shaded areas are
dashed trend lines, For the pilston-~pouwered helicopters the
trend line reflects o percelved nolse level increase of
approximately 3 PRAEB per doubling of grosgs weight, For
turbine aireraft, the rate of increase is approximately
7.5 PNAB per doubling of pgross welght,

The differences in trend lines for turbilne- and pistone
powered hellcopters, showm in Flg, A~2, result from qulte
different dominating sources of noilse for the two classes
ol heldcopters, Thus, the trend lines should not be
extrapolated to estimate nolse levels produced by future
.helicopters, large or small, Such extrapolation would
rapidly lead to the erroneous conclusion that for very
lerge hellcopters, plastone-povered aircrait would be lsss
nolsy than a turbine-powered alrerazft. Likewlse, extrapo- =
lation of the turbine-powered helicorter frend line to
small helicopters (20C0 1bs gross weight or less) would
lead to estimates of nolse that are probably much lower
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than will aetually be gttained,#

Some underatanding of the differences in trend lines for

plston« and turbine~powered helicopters may be gained

from comparison of the major nolre sourced for each type

of aircraft, As mentloned earlier the perceived ncise

level welghta most heavily the mid-frequency octave, band
nolge levels. A review of the nolse spectra observed at

distances of 280 to 1000 ft from various hellcopters shows
that the octave band econtribuiing moat te the perceilved
nolse level vardied from the 250-cps octave hand to the
hand, PFrom previouy studien of helicepter

2000~cps octave

nolse, the major aources of hellcopter noise within this

broad mid-fregquency range would he expacted to be those

shown in Table A-IL,13,14,15/

TABLE A~II

In this table the sources

PROBABLE MAJOR SOURCES OF EXTERNAL HELICOPTER NOISE IN THE
' 250 to 2000 CPS OCTAVE FREQUENCY BAID RANGE

Helicopber Type

Piston Powered

Turbine Powered

Ingine Exhaust

Main Rotor{s) (Vortex
Noise Component)

Tall Rotor (Rotational
Noise Component)

Drdve System

Main Rotor {Vortex

‘Nolee Component

Tail Rotor (Rotational

Noige Component)

Drive Systenm

Turbine Compressor

*  Although nolse levels produced by small turbine-powered
helicopters are not 1liksly to be as low aa predicted by
an extension of the trend lines, nolse levels for a

small turbine helicopter show promise of being consider=

ably less than those produced by current small pistone
powered helicopters, .
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of 'nolne are listed in estimated order of Amportance, Of
course, ior a particular hclicepter, the relatlve order of
importance of noilsc sourcesd may be dlfferent than listed
in the teble. And, for & particular helicopter, the ordenr
of eontributing nelse gources may well vary for peaitlons
about the alveraft, For exapnple, durdng ground hover
condltions, the nolse from a reclprocating englne exhaust

.may be much more apnarent on one alde of the aireraft than

on the othaer,

For the pistonapowered helloopters, asguming that the dome
inant nolse source 19 engine exhaust .nolse, the trend with

‘pdze indiecated dn Fig, A-2 (3 FNAB per doubling of weight)

aprees well with othar engine nolae ﬂbudies.lg/ Howevenr,

"the trend with size for turbine-powered helidopters (approx,

7.5 PNAB par doubiing of weight) is somewhat greater than
expected on the bauls of simple propeller theory vortex
noige expressions.l4, 15/

D, Directional Cheovacteristles in a lopizontal Plane

To estimabe nolee levels at different positions zround a
hellicopter during ground runup or hover, one nu3t have some
lmowledge ol the directional characteristlcs in a horizon-
tal plane., One would expect, for single roftor halicopters,
g neagx-circular pattern duc to nolse froam the main rotor,
This cireular pettorn would then be medified by noise
produced by the tail wotors and engines (with engine exhaust
nolge partilcularly signilficant for the piston-povered hellw
copters), Field noise measurements yleld directional

- patterns which often show wmarked irregularitles, particularly

in individual octave banda. In termas of PNdB, the direcs
tional patterns are much less drregular but still may show
distinet dlrectional characteristics,

For example, Fig, A~3 shows the rerceived nolse levels at
250 £t around a small pistonepowered single-rotor helia
copten during hover, wo curves are shovmn, one for hover
in ground efrfect and one for hover out of ground effect
{aireralt at approximately one-rotor diameter altitude),
'wo features are evident:
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a) the patterns are quite directional with marimum
noise radiation between 180° angd 270°

b) noise levels arve from 3 to 8 PNAB higher for the
. airveraft hovering out of ground cffect.

Thia rather Jarge chonge in nolse levels between haver,
in and oub of ground erfect, was not observed in measures
ments of lavger hellcopters, For cxample, Fig, A-4 shous
the pcrceivcd noise levels arcund a medium siged turbincs
powered dual rotor helicopter, For this aireraft, there
ia very 1ittle change in nolse levelr hetween the two hover
conditiong, The pattern 18 aloo much less directlonal, due
Lo the leesened 1nf1ucnce of cngdne noise and absence of a
tall rotor,

To avold zcecounting for irregularities in the horizontal

" plane nolse vadiation pattern (usually related to details

ol a particular helicopter design), conservative estimates
ol nolse levels for planning purposes may be established
by aspuming a unifoxm circular directivity pattern and
asslgning levels for hover condlilens which are the
maximunt cbgerved anywhere on a constawt radlus about the
alrevaft, .

The maximum lcvelﬂ observed for hover (in ground effect
at a 250 It radius) are shown in Fig, A-l, As discussed
earlier, Lhcue levels usually are within a few PHNEB of
levels obhserved durdng takeoflf, landing, or lcvel f1lipght
{flyovers,

E. Directional Characteristics in 2 Vertleal Plane

In eatimating the noige levels produced by flight ogperations,

nolse loevels off to one side as well as directly under the
aircraft flight path must be d=termined, To make such estie
mates, some knowledge of the directional characteristica in

a vertical plane perpendicular to the fllght path is needed,
Such a pattern i3 more difficult to establish from field
measurements than the horizontal directional pattern, How-
ever, from analysis of nolse megsurements made directly
underneath the aircraft and also well off to one side during
hellcopter flyovers at varying altitudes, the directional
pattern in a vertical plane can be established,

A=l2
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- Figure A~5 shows the approximate perceived nolse level
.directional patterns in a vertical plane for three hell-

"F., Summary of Hellcopter Nolse Characteristices

] " . . - | . ..': w'- %

copters: . . :

. i
“a) & small piston-powered single rotor helicopter
(horlzontal directional pattern shovm in Fig. A=3)

b) a medium turbine~povered dual rotor nelicopter

(horizontal pattern shown in Fig, A-l4), and oo
¢) a medium turbine-powered single rotor hellcopter. §

The directional petterns for both turbine-powered helicopters
gre near circulasr, The patbermn for the plston-povered hell- "
copters shows some directionality, probaply resulting from :
the loecation of the englne exhaust on this particular hellw:

copter,* .

From the patterms of Flg. A~5, and anplysis of other gets
of measurements, cne may conclude that in estimating noise
levels- for planning purposes the directional pattern in a
vertical plane perpendicular to the helicopter flight path

can be assumed to be cireular (uniform),
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In gummary, the analyses discussed in the previous parts
of the Appendix show that: _

# If the major noise source 13 vortex nolse generated by
the main rotor (the probable major source of nolse for
the turbine~powered helicapters), cne would expect from
theoretical considerations the noise levels to be a = e
maximum when the alreraft 1s direetly overhead., This I
theorebical expectation 1s not in clear evidence in : o
the dircctional patterns shown in Fig, A=5, ' e
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—e—=  MED|UM TURBINE-POWERED, SINGLE.ROTOR HELICOPTER
== MEDIUM TURBINE-POWERED, TWIN ROTOR HELICOPTER
— SMALL PISTON-POWERED, SINGLE ROTOR HELICOPTER

overhead
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FIGURE A«5, PERCEIVED NOISE LEVELS AT 250 FT. DISTANCE
AROUND HELICOPTER IN LEVEL CRUISE FLIGHT (IN VERTICAL
PLANE PERPENDICULAR TO FLIGHT PATH, LOOKING
TOWARD ONCOMING AIRCRAFT) ‘ e
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b)

¢)

a)

for a partlcular hellcopter, the gpread in per-
cedved noise levels for takeoff, landing, cruise
flight flyovers, and ground hover ls guite amall
(of the order of 5 PNdB or less), The variations
in slopes of percedlved nolse level-v8-distance
curves for varlous helicopters are also qulte
small, fTherefore, one curve showlng perceived
noidse level-vs~dilotance will puffice in estima-
ting noilse levels forx different types of heli-
copters under g number of opecrabting conditions,

percelved nolse levels for pistonspowered hell-
copters are generally higher than those of turbine-
povered helicopters of comparable slze, Tor pilston~
povered helicopters, nolse levels show a small
increase with slze, approximately 3 PNAB per
doubling in size, For turbine=-powered helicopters,
the percelved nolse levels ghow a greater increase
with pize, approximately 7.5 PNAB per doubling in
alze, HNo significant difference between gingle

cand dual rotor hellcopters was observed.

| ) '
nolse directional patterns around a helicopter in
the horizontal plane will vary with a particular
type of alreraft, Conservative ecstimates for
planning purposes can bhe based on a circular
{uniform) directional pattern, assigning noize
levels bzsed on the maximum levels obasepved in
field measurements made in a padiug around the
alreraft, These maximuan levels are, generally,
within a few PHAB of the levels observed for
takeolf, landing, and flyover.operationsg,

noise dirvectional characteristics in a vertical
plane perpendicular to the airveraflt £light path
can be assumed t£o be circulan,
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5. ' Extent of Support for Program

3.1 Can Anything Be Done_About Noise?

The respondents were asked to list three nolse sources that hod an impoct on
them. They were then asked whether anything could be done about these noises.
Their attitude toward this is o good index of feelings ef passivity in the face of
envirenmental invasion. The major sources of noise and the attitudes about control :
af those mentloning them were:

i Percent Indicating
e Number of tems that Centrol

‘ Rank Source Menticned Is Possible
l l Motorcyeles 44 ' 68
iy 2 Service Vehicles 30 57
i 3 People . 48 ' 50
4 Autos 205 42
i 5 Jets 57 23
,, [ Emergency Vehicles K11 i4
I i
: }-:ji Thus, residents feel that motorcycle noise and service vehicle noise can be e
; conirolled, They are less sure that people nolse can be ceontrolled, but are more
- passive with respect fo auto noise, jet noise, and emergency vehicle noise. s
i i
: 31 5.2  Who is Responsible for Noise?
CE
3§ Respondents indicated who they felt should be responsible for the mentioned -
;1 nolse sources. The noise sources and responsible parties are listed below,
k :
¢ Percent Mentioning Party as Responsible ‘
fj . Local  Federal
¥ Rank Source Qperator  Manufacturer Govt Govt -
i :
v | People Nolse 33 2 52 2
g 2 Autos 51 18 71 10
b 3 Jots 18 35 25 42
b Motorcycles 73 32 70 2
5 Emergency Vehicles 17 3 78 3
é Service Vehlcles 33 20 57 13

It must be remembered that this table and the previous one are the attitudes !t
of those people who mentioned these sources, not of the population as a whole. Of '




ihose people mentioning these sources, however, autos, motorcycles, and, 1o a
lessin wxtent, service vehicles and people noise. Jet noise is seen as a Federal
Government perogative. It is clear that the majority of those mentioning any
source see the local government os the most important regulating body over all

sources,

5.3 Support for a Nolse Control Program

Respondents were asked how much they would be willing to support a noise ‘

i vontiol program. Three questions were asked: (a) whether they would support a

program, (b) how much in extra taxes they would be willing to pay, and (¢} which
actions they would support.

a.  Support for Program: Fifty-four percent indicated that they would

support @ program. This is appraximately twice the number of persons L

who were impacted by noise. '

b,  Extra Taxes: Again, 54 percent indicated that they would be willing to
pay something in extra toxes for o noise control program, but 46
percent would not. For those willing to pay, the most typical emount
was 5| per copita (which Is approximately four times the present
omount). Thus, residents either do not want to pay anything or else
they are willing to pay quite a bit to control noise.

i

i
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c.  Types of Actions In Noise Control Program: The types of actions and
the frequency with which they are supported ares

Parcant
Rank Action Supporting Action
| Zoning and Planning 85
Z Fines 81
. 2 Public Information (tie) 8l
g 4 Quieter Nolse Source 78
4 5 Building Codes 73
*; 6 Barriers &0
f 7 Curfews 50

Two observations from these results are: (1) the majority favor all supparting
actions, and (2) the actions which ore less popular are barriers and curfews,

T AT e e, T

ame




These results give somewhat contradictory information, fResulits show that
the majority of respondents are in favor of most actions but only a little more than
half are willing to paoy for and support a noise control program. Fifty percent
support is probably o more realistic index of much suppart the city will find in the
public for a program.

54 Support for Noise Control by Area

The frequency with which respondents favor o noise control program are:

Percent
Rank Areq Favoring Program
| Central West (Vi) I
2 Central Northeast {V) 63
2 North Central (i1l) (tie) 63
4 Central {I¥) 62
5 South {IX) 55
6 Northeast (V1) 53
7 Central Southwest (Vili) 47
7 West (1) (tie) 47
-9 Northwest {ll) K¥)
10 Southeast (X) 37

The mast supporting areas are the centraol areas and the northeast. To some
extent, these are the areas having poorer public services, but they are also the
areas with the greatest noise impact. When support for a noise control progrom is
compared with severity of noise as a prablem, it is clear that there is a definite
relationship. Residents who are impacted are more likely to support a program. |t
is also clear, however, from the stepwise regression, that thelr attitudes toward a
noise controf program are part of o broader perception of urban problems. Thus,
nolse is seen as part of a whole range of urban problems and depending on their
politlcal orientation and attitudes about attempts to handle these problems, they
will er will not support a nolse control program.



