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• ABSTRACT ,I
!i
I

Noise data and simplified p_,oceduresa_e p!,esentedfor i
• a° _ .estima_,In., the ooz.esived noise levels p_oduced by eu_,z,snt

• e'1.viland milita._y helicopters (piw_on- and tu19_Ine- !i

po_ored) durin_ takeoff, landing, )?lyover and hove,._ op_a- i'_ tions. _oise data end p_ocedures, ape el.".4'pre.._ented for ,.

_'; oompa_ir_z helicopter2 noise _.:Ithother vehicle r.oise and _.i
•. _.;itha_nblcnt -___ ?o',t_.d t..u..b._n qno~,._, in i:-.,plca[£t_ban n!_.ds ,b," -"

'_: a_,eas, The "oroocd_h'es ':;_init an aizse:_s:nen[_of' _Ghe " "'c,_.npaoi- .!:
i bility of helie_pt¢__ noise _;lth typical land uses near il

" ! hellpo_,ts,
7

i, ,' Generalized helicopter heine data _re'p_esented in the
foz_n of noise eontou'.,s end in perceived noise level-vs..

'i_ i distance chal,_s for different helieopte_ categories, The ii
genez.alised noi_,e cha_ts a_,e based upon measu_e_nents of a i
number of millt,%py and civil aircraft. Analysis of these
measu'_ements_ discussed .in Appendix A_ shows that:

i!

','i a), levelsf°_moStforhelicopters,.,,,._ the ape,sad in perceived noise i
_keo_ lm_dlns_fl_overandhover i:[P.....or le..d_eoperations is of the on,des of 5 _'_'_ _'"

:, spread in noise levels muel_ lens i:han Gl%eot_toz'ed :'
!_ fo_? fixed-';in Z alter.aft, :_

i_ ' b) plston-po:..'ered helisopte_'s are noisier than turbine-
i Dowered he!ieoptel,s o£ co[apes,able size, No con- !'i
:_ slstent differ¢.noe in noise levels both;sen slnsle _'.'

and dual roto_ helicopters %.;asnoted.

_: e) pe_eeived noise levels for turblne-powered
'_ helicopters show greater chan_es with size of _;L_

:i all'craftthan do noise levels for piston- "powe_,ed hellcopte_s. :

• -- a) for plann_-_.E purposes, noise radiation from
,..;. helicopters c_ be aeet_n_edto be non-di_eccienal
C,, " in both vertical end horizontal pl_%es,

i
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I. INTRODUCTI ON

This repo._._tp_,e,_ontstechnical info._,:,nabionand procedures
for esti_,latingthe noise loyola produced by. cur.?cnt civil
and militat,y helicopI:ers (_it;ton- and turblns-powered)

: durin_ varied f!i..'..'htand C,Potmd operations,* InfoPmatlon
end procedures a_',-_also p_?esentod for.somp..-..rin_helicCl)tOP
noise %./Itho'bhe,2vehicle noice, and _ith _l_blont noi[:s f'ottnd

i in typical urban and suburban areas, These procedures per-
......._.m..n, oi' ... e::tont to which ho!i0epter noise

i_ cc,..p_u-_........,, _.p-_al l_c:du:'d:)(P_'sldm.nt._.aljco;m;;__-z,'-
olaf: ir:dus_rials etc,)'in at_easncaz_ helipoz,bs,

[ . . Noise dat£:and p_oco(b_-_esare p_oscnted if%simplified
'o ' fashion, The ihlol,.stion Inaybe Pe_.%dilyused by those ,

without ,.peciali,ed acoustical t_,__n...._but who a_e con- ,:

corned witl_ the location and development of e l_e.lipo_t,

I . on, with ].andplanning or land zonln_ in tl%evicinity of i
he llpo_?_s_ _:.

In recent years donsiderable study has bern% devoted to the i!
measurement and analysis of airc_,af'tnoise, and in _s_f;sins
the effects of alz_c_,eftnoi_e on people. Thi$ repo1,_ draws _'

for ex _.it,::t!.,_no._ ......f:_::ed•:_i_'_..._t:..c_.._,'_"_.,r' in ._,.-_..c'_,"_'- ]
Ulna.r+tb.._.) repor_ based tlpon pPc'.'cedul,cz dsveZoped ._?o"_
estimating the communits" response of _._esidcntlelareas i [
exposed to aircraft noise end upon allied p_,ocedur'csfop , _
estimating the comnatabi!it_ of aircraft noi._e_.;ithdifferent

' land use_i,"I,_':_* " i[

A pl_ime advantaso of the helicopter is Its ability to climb i_
and descend at very steep _._mdicnts, thus permitting _
operation in and out of small lancing areas close to built- I

_" up com_norcia].$industrial o_._ residential s'.,aas. One key i
to future S_owth of steep-z_"adient ai_,craft is an sxpm:dln_

_ ''. * This report does not consider helicopters powered by
rotoP...tippropulsion systems, oP other types of V/SPOL

_!. • ,. aimcraft,

•* The noise lave], information presented in this report
may be used, without modification, to supplsnent the

'- limited helicopter noise infoz_natlon presented in
References 1 and 2_

• . • ' • ' ' ': • ' ' '" ,I ' -._L,_.. "I
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Clc.clf_.-_nand _o?,_nto_'n% landln_ areas conven-a\,ailsbllity o_.... ,

lent _;o users of fib.t;aiz'cl_aft, ]Io_:eve:_3 this _'!_:;ibillty
in opex'ation and ab[]itv to ope?nte close to devgloped a_eas
may c_eate ._.steuben, : ',_noise p'.'.'eblems° These p_,obloms a_,is_
fl,om the Intx.t;slon :_f hc_llcop_e? noiGe into su_._ound.in_ &k,eas
and th_ ...... ,ie_zecus of I_t_ohnoi_e i_'_t_slol_ ol_ ht_._.n_.ctivltles,

I,

ct...enl helicopters is mucl'* !e.-'_sthan _The _o.l.sep:.',o_uesd1.,?"._,- • • I
uL,: L, ])'iOCthh':u "PiT 'It, ",/. cj.,,r;'L," :'"' 'J.,l'CO?":'.2."C, """_

_u siln._.l_?dis_'ncez O_ in I
'_ team,s of total sol:is on,':l_gye_.,e_ted, l.,.'ovevel,,l_.elicopte1"s I_

o_ten opex,at_ :in u.-_'_....._,._that ore not e.'_posed to noise asso- i_

ci._., %:ith L_ik_cuo..'.'Jc:_..o ,.o ]fence hellconto_., noise ,;
Intm!slon in u_.q_an a_'oa_ oau be eo_p_a._.b..e,with that p1_oduced
by _'ixed-v:h_j_si_C_':_ft in l_%d ar._cs ne_ _ ai_po_t'J, ::

!
_he p_ooedu_,e outlln::d in this _:'epomt fol, dete1,1:clnin_ hel!- ;_
eop'[=e_,nolze _'" ' .... five, steps, These steps. .:
a_,o_li_ted in l_'l_, io _ch ,_on..is de3e_Ibsd in the _,epo-_,t !i.
to,_ot_.e_ :.;ithone o?. *no_,eex_:mples to .illul]trate its appli- _:<
caries." _ - !]P_oc,o¢.In_ tl:9 dlscuss.ton of the p_ocedtn_es, Seotion
;CI deDeldbc_ %..he.in,::_;bodsf'ox,doberalnin,_, the nol,'w levels (i
e:.'.])eeted"(x'o:l hclic_]:bt? op'.:':'cd;:_.ons. ,Sccb:'..on![,:,thi:._efo_.,e_ r _

p_,ovidss tl;.':........ " .... _ ........ ;',o::._!_ !"n_..c,',"'.nt:'c,lon no¢_d._d Co? St_._p o _;._
G.t_-! so:._eofthe proceduz'e, Ap_ _ne.i..,A d;Lscussos .%n ino_e _.....

the nnaly_'_oz )-roucdu.ves, sou_,cee of infoz,matlon and th_ v!

d_tai:l.ed r:o:_.s_, infozuation f_om 1.:h;lchthe _ene_a).ized p_es- i=
on,at:].on of holicop'_e_., noise, given in Section _I_ has been •.
derived,

?
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If. DESCRIPTIONS OF HELiCOPTr'_qI_OiSE

A, .Pe_:ce:Ivgdh'oi_c Level

Thl,ou£.rhot%tthis _el)ort, holi_.op_c_,noise as 1_ell as noise
f_011_otbe_ sou%,eer.,1,1illbe dosc_,ib.=,din 90'_;n,<.1of the pep-

i oeived l%oi_e level expz,ess_d in P}_d/3. The pc_2celved noise
' level i;; o q ._.,_'-:".].'",_cr]cu.lat_;dL';_c;:t_!'.h:_,sicnlz'.icasu_al:_cnt8

of the }%o/_a %'h_,.,;cc:.__,u.u_.,7_k_<,',;q:l!',,_";'t}_.o,_u,,J_.U_,e
evalua_..on of the noisiness oz,annoya.,ce of various types
of noise. It, hal5become a l;Idely accepted means re-_ descl'ib-

" ing aides,aft noise both il_ this colu':tz_ya_Id abl,oad, Pz_oce-
duz,ss for,calculating perceived noise levels a_e s_n.I..i_ed
in At'_,aClmlent_ of Eefe_,el'_ceI and £u_Reference 3,

Genes,ally, the no'Ice prod[Iced by _ flight o};o_,a_ion(take- _"

off, l_ndinS oz_ '.Lew:l£1ight flyover,s) is desc_.,ibedin !_
tez,ms of the max__imm_po._eeived noise [Level observed on $he i
_.ound du_in_ the ope'.0atlon_ Tl'_e sl_etch b:.,io_-Ir_ho;,:3a
typical time _eco_"d 09 the peDceived noise level d%_z,lng
flyove__ of a small pls'_,o_)':ellcop_e_% )

 1ooI .. . . ,,,:

. _ |lJ

.- • °%, " 71ME

i] For' the paz, tleula_ time histo_,y shown in the sketch, the ,;. nolse98Pl_dB,levelcan be s_mmm,lzed in te_,_nsof the maximum level, . ':

. . I

• , ...,. .......
/i



li
* The sketch also illustrates a typ./cal characteristic of

alrcraZ't and mo_er vehicle noise, the rapid c2_ange in
noise levels with t£me. This distinction betv_een noise

levels _.Jhleha_'o continuous, oI_nearly so, and noise levels
that ohan,_e rapidly _,ith time becomes _npo';tant in assess-
i_g the 1,elative annoyance or Intel,ferenee lb._om the nolsc.
It results in the need to take into ademmt the nmmber of
times 't_a inte1_mittant o_, rapidly changing noise occu_"s
in a given time period. Thio factor is int1_oduced latc_._
in Step 3 _of the c_.L_._ .....t_ procedure.

C

B. .----.----_Pe_'ceivsdNoi_e Level Cu_v_,s Fo_ _eliconters., --

;_ " ' One s_.mplifying factor in describing helleopter noise is
i. ' the fact that fo_2 Inoe_ helicopter operations (takeoff,

i !anding_ cruise and hover) noise l'evols vary eve-_ a
.relatively narz_o_;PNdB z,ange. Thus ol%e cuIwe showing
the variation In pez,ceived noise level with distance N±ll

suffice for describing all types of operations fo_, a
given hollcopte__j _

_* The noise level p1.odueed by ou._ent civil and militaz_y

hellcopters can be estlr;:ated from the four curves sho%n_ in {.!

:' IPlg. 9.,.The. curves show th,evariation in perceived noise ;_,!

* _ceptions exist for some specific types of'aircraft ;::and fo_ special operaticnal conditions, autorotation _'::
descents,fo_ example,or maneuverswheremain _otor 1

: "blade sleD" (described as a loud "popping." or "crack- I
.... ' ' " ins" sound) occtu_s, Ho'.:evers for many helicopters,
_: the spread _._ noise levels roy various routlns f!Isht

, operations. .is.,_=._:_"IB._ !nOrless, Fo_' a flxed-wlns aim'- lJ

_ e_aft_ the _a.._t.on pe_celved noise levels befi_.:een
'! takeoff and !end!n_ is typically _9 to 20 u.,,_

r.2.} '

', H

I ,

! .
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I

level _itl_ dist_.nce f_.ellithe aircraf_ to ths observe1" for I
four clas_':es of helicoj)_e_'_* [_

a) large 3 one or two engine piston-powered helleop-
tore

b) large., one or two engine turbine-po_.mred hell-
copters

c) small al'; mec]iu:_b :;ingle cnZ_ne piston helicopters

d) small and med:ttml_ :_Ingle engine 1:u?bine helioop-
te._s.

The cuzwet_ in F.$({__ arc spaced appr0;:im_tely 5 PHdB apart.
_l'hey apply for takeoff_ "Inndlng_ /'lyove_ and hovez_ opel,a-
tions,

*. q.The curves of ] t_, 2 a_'e for air-to,-g_ound t_ansmlsslon o'f
nolse_ Fo_ el_.glne"runups, hover_.n Z in Srou_id of'fec_j or
fop 911£_h'_ operations vlhel,e the alz,cz,af_ is st a low angle
of elevation (app?oxiluately 5 ° o_ is'is), noise levels at '_
large di6,tancos _'z',omthe ail_cra£_i _'_i!lgenerally be lay:or li
th_n in,L.c_.tuc,t ....i_, 2.. i__ _t_c,n,g_ound.to-,_jou.l_
noise tra:'_sm!,_:_ionconditions _he _ez_ae'[ved no)ice Icvol-
versus.,disi:anco cu_,vss of FITS. 2 should be reduced, using I!
the co/,z,action values sho1,,,_in Fi_, 3,

Figures 2 (with FIg. 3 as _equil, ed) permits ost_sation of ri
the pe',._oeivednoi[_e levels at various dlstnn0es fran% the _:
ai1_eraf_, Figure _ may therefore be used to estimate noise 'i_

levels di._ectl3, undel _ a f!i[4bt path. i,'igul'e2 and Fig. 3 .:[
"i may also be used directly to estimate noise levels r,t any

glvsn distance fol• a helicopter hoverlns close to the Ez,ound. ' '/

I :

For ex_nple_ £o_ a large turbine.wo;,;el,ed helicopter
flyln_ directly overhead at an altitude of 1000 ft,
we find from Fig. 2 that the m_J<imttm pe_,ceived noise ;"

"'- level oosu_,_in_ du!'ing the flyover is 91 P_[dB. :

• _ Large J.s here used to indicate an aircraft of IO_000 ;
ibs no1_nal gross Wei&-'l:tor more. Small and madittm
_efe_s to hel:tcopte_s of less than i0_000 ibs normal..
_i-oss weight,

l
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At a horizont;a], dl,qtance of 800 St from a small piston..

powered tel!scorer hoverln_ a few feet above the S_2otuld,
Fig, 2 :]ho_.tsa'p._rcelved noi_Je level of 89 P!;e_. Figure

i . _ gives a cobb,co,ion for ground-to-El, ound transmission li

; of -2 }'N'dB. Thus the esti,_iated level at _00 ft horl-

; • zontal dist_u_Oe is (89 - 2) PNdB, o_. 87 PNdB.

'; For positions off to. else side of the f!i._h% !_ath the uz,_-

One must determine the l_.teral dls_anee fl_oclthe £1isht

, path to the ground position and the altitude of the l:eli,- i:

!_' copter. Those two distances i'orlnthe sides of a r_g,ht .J;._
,. tr:le_1[{lewith tr:s deal_,ed d!sta_qce bein_ the hypotenuse of .{

[ . that tz,iangls, l,o_.this distance one can determine the 'i_
1 . correspond_n[_ perceived noise level fools the epp?epriate i_
!.' pez_eell.ved noise !ovel-vs-dist.anco eul,ve.

I[

To aid in such distance calculations, Fig. 4 hag been i
prepa_ed. It sires directly the approximate distance to I
the aircrae_ for n ;._angeof altitude and horizontal I

distance combinations. The shaded s_ea in I,'Ig. 1_ alse I.

indicates _:hen i:he corrections f'o_?grotu'_d-to-sround noise Iattenuation from Fig, 3 a_e needed..
i

FO_ example, IS _':e wish to find tileperceived noise _:
level at a position 2000 £t to one side of the flyover l i

" : path flo_.._by a small plston-.po'./sred helicopter at an i..
- ' altitude of i000 ft, we enter Fi_, l_ with the altitude ;'
_' ":_: and horizontal distance information and find that tl;e i

approximate distance to the aircraft is 2700 ft,
Reference to Fig. _ shows tD.at the perceived noise
level is 7_ PI[_.

I - i

! "'i I

i ,' The maximum levels oeo,lrrlng durit:S a fligh_ ope__t_o., can

i :,:, often be conveniently described in tot,ms of noise eon_ouz, s i
I:'"i showln_ the maximum levels oecurrln_ on tl_e ground at :

i'q positions beneath and to either side of the flizht _=_h,
._ Such contours are used e:.:tensively Sop depictin G the noise

.,; . levels produced by fixed-wlng aircraft on landing or
taking off,l,9/ in plannlnz, it is desirable to use gene_-
allzed eonto-d_s_ which permit one to estimate the noise

i
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I, i
• produced by operations by any of sever_l classes of air-

! craft.
I

i The major steps in developing a contour for an aircraft

takeoff are illustrated in Fig. 5. Needed informationIncludes a graplb or table, showinz the perceived noise
level as a function of disbancc between the aircraft and

• observer, and a flight profile which specifies the aircraft 1
altitude in terms of distance from the .takeoff point.

_ I_or fixed-wing alreraft_ most noi:3e problems occur during
takeoff or landing. It has thc!,efore been necessary to
define separate profiles for lm_.dlng and for takeoff, and
separate PNdB curves for the different power settings !_

associated with la]_d:[ngand takeoff operations. Separate 'L
sets Of takeoff and landiny, contoums therefore result. !_

With holieopters_ we are also concerned with takeoff and
landin_ opcraticns (as well as level flyover (cruise)
flights,sincehelicoptersoften cruiseat relativelylow . ,_

altitudes over populated areas). However, as a _impli_jing ;i
facto_ one perceived noise level-vs-distence curve covers i
both takeoff and landing conditions. In further simplifl- i

cation, applicable to the extent to which generalized i
profiles fit flexible heliconter onoz,,_t']ens°e sinole _

" landing operations. Thus a single generalized uon_ou__ L
can be used to depict noise levels pro_u0ed during landings ':
or takeoffs. ,_

In a manner similar to that used in developing nQise con- ',:
tours for flight operations, noise contours for ground !

, runup Or hovel,operations might be developed from a graph I

"-, or table sho_.;In_the variation of perceived noise, level .
_1 with angle at a constant distance about the aircraft and r.

,_ a graph showing the variations of perceived noise level _:
_! withdistanceat differentanglesaroundthe aircraft. '.
_ Study of the noise characteristics of helicopters shows

_, thatthe variationin percelvednoiselevelwithangle .
_:,_ around a hovering helicopter (in and out of groined effect) '

is not consistent from aircraft to aircraft. For planning
purposes, one may therefore assume a circular (i.e., equal

noise in all direcLiono) pattel2n with noise levels based

-ll-

. .... , !._r7



_:_ _ ,1' _, i_?• ,

/ ,
_' 'j.

.'. _ TA

Cl
Z _

u

LOG (DISTANCE TO AIRCRAFT) DISTANCE FROM STARTOF TAKEO;:F

- _ '100 PN_

.... ,TARTOF : ,' HOPNd_ ;__ _

• .. TA,EOFF' Z_ _%_'_ ._--__-"_--%....... __ _ _ .__.:,.

,,, •

FIGURE 5. STEPS IN DEVELI)PING PERCEIVED NOISE LEVEL
CONTOURS FOR AN AIRCRAFT TAKEOFF



D

P I

on the maximL_n expected at a con_t_mt di_ance about' the '_
ai_,era',"t.These maxlmt_n level']]Haybe er;timated fl_om

I Fig. 9-and Plg. 3, as p_eviou,sly explained, Thus, no .
special ground z,unup contours a_,eneeded for estimating
helicopter noise levels du_ing hover.*

' i ' D, Sen_eralized _o'1.seContours _'ol,HelicoDters

I Helicopters poeses_ vel,y flexlb:!e landing and tal."eoff
p_ofiles, Hence, tynlcel f pr.,o<-ilesmay be altered con-

i" " siderably to fit spec.lfic terl_aln featu_s[_ near a heliport,
! However 3 eel,rain _'li_qhbz,egJmcs are L*sual'Lyavoid_d for

safety reasons and other,possible flight p_oeedul.es may be
tu_eeonomlc or time conzL_mlng,

Recognizing that a considerable vaz,latlon of flight ppofiles
may be adopted to meet P.pecial localized conditions, a gen-
el,alized takeoff (o_ landing) pz,ofile well _'_Ithinthe capa-
bilit:Les of most current hellcopt01,s is sho_n in Cut.re A

'_ Of Fig. 6, This contour is hazed _pon a 5-to-i slops

: • begin*_ing after a _O-foot grou/%d _oll,**

_ A gcileralized set of ps1_celved holes level eontou_.s based
. , ,, , _ ' . ........ . ..

" she%on are fo_ large turb_ale-po_.:eredhelicopters, Cor_ee- ..
tions for other classes of helicopters are given in the
flgure.

i _, * Such simplifications a_e not possible fo_ flxsd-_Ing

:_' "' Jet aircraft, For these airez,af_, the_e are large:,-_:'I differences in noise levels about the ai_o_aft resultlnE
i_ ,.', f_om the noise cha_,aeteristlss Of tu_boJe$ and turbofan

._-' engines,

" .:_ ** This flight profile also fits well within the suggested
<._"_. 8-to-i slope for obstructio_ clearance surfaces beneath

'_'',! takeoff and landin_ _aths_ _ecommendod for hellpor_
• • "" design in Reference _,

-13- ;"
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F,. _er_:tcal Takoq/.'.tl.sor L_n§:tn_,_ ,'. I

Single-engine helicopters will general].,,!avoid true vet- I
ileal takeoffs or landings because of safety col]sideratlons.

iHo?:eVe_ fs_.,multi-eDgine helicopters, eor_ificabed under
FAA category "A" helicopter r,atlngs/_ vertical takeoffs

and landings are pl'acticable and Safe.5/ An ezamnle of the 1
noise csntours produced by such sperations by muitl-engine
helicopters is shcn,_nin Fig. 8, The conteul,s a_,ebased I
upon the flight profile sho_.m by Curve B of Fig. 6. This t'i

I profile shs:,isa vortical ascent to 200 ft, with a transition Iabove 200-ft altitude to a 5-to-1 takeoff slope.

;' Differences in noise levels produced by vertical compared II
• to conventional takeoffs are further illust_ated In Fig. 9. J'

This figure sho%,;snoise levels resulting from helicopter {
: takeoffs following the flight profiles given by Curves A i_
; andB of Fig.6. Pez,ceivednoiselevelsare shownfor t;

positions sn the ground along a line pa_allel to the flight

; pat]%hut displaced 9-00 ft to one aide. The vertical takeoff !_
results in lower norse levels over much of the flight path

beyond the immediate vicinity of the takeoff point. However, il
the difference bet;,_eennoise 19vels becomes quite small at r_
large distances from the takeoff point.

- i

A% Appllcetl0n s el'Contours [.:

1'lhenstudying the noise envil,onment at a specific heliport, ii
one may often wish to d_aw detailed noise contours applicable
for that hclipol,t. One complication that may a_iso in using

_,i the genez,alized noise contours of l,'ig.7 is that _he takeoff iI
. O_"departure path may often be curved. Foz_a straight take-

._ off or depaz.ture,Fig. 7 may be used di_,eetly. However, if
the flight path is curved, the contours must be modified to

!_ . : confor_n to the cur.red flight path, If the flight p_ofile

_'i!I approximates that of Fig. 7, the contours need only be "bent".,: o_ curved So that the eente_ llne coincides with the actual

* _AA category "A" helicopter _atings requi_es full i'.' -7 transport aircraft single-englne climb capability

and takeoff procedures based upon continuation of
flight upon loss of engine at the most critical

•, point.

i
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"/ " / NOTE: TAKEOFF PROFILESARESHOWN IN RGURE 6' '

7o t I I
-4_0 -20",.,0 2001 ,4,000 _ 80_'0 10,000 ". 12,000

distanceI'J:_"_projected takeoff point In f6et , .
,,(alongfine i:_ralla[ h qtght palhi but displaced 200 ft. to side)

FIGURE 9. COMPARISON OF FERCEIVED NOISE LEVELS AT GROUND ."
POSITIONS NEAR TAKEOFF PA'[i FOR CONVENTIONAL AND VERTICAL ,

TAKEOFFS OF LARGE tURBINE-POWERED HELICOPTEr,
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'. cur.red flight path. "Figure i0 illuotrates ho_.;contours i
are "bent" to confo1_m to a curved flight'path. In the

figure we see that at cor_,esponding dlethnces alon_, 'and i
], at peupondicu!ar distances to the side of the flight path, t

. i the contour values are the stone for a straight-out path
and.a cul,ved path. For e:<ample, at point A., 3600 ft

.: from the takeoff point on the cu_,vad flight path, the per-
' calved noise l_vel iS the same.as at point A on the straight-

:: j: out path, which is also at 3600.i't, Similarly, the perceived _:
' noise level at point C, 2000 ft out and 600 £t to the side

'_ of tha straigh_out flight path is the same as at point C I
' , 2000 ft out along the eu_,ved flight path and 600 ft to the

i side of, and perpendicular to, the flight path, Other
•! points on the eu!,_ednoise centaur,s can be located in a

' 'I! similar manne_,,

! Another complication that may arise is the occurrence of a
takeofT or landing profile much different than that assumedI

t, in developing the generalized profiles. New profiles can
be generated, of .course, using the procedures al_eady dis-
cussed. However, if the desired flight profile approximates
'a constant slope/ the generalized profiles of Fig. 7 may be

, adapted quite easily. In ]_i_,7 noise levels at distances
perpendicular to the flight p_th are denoted at 1000..foot _.
Jnt_ _]nnV the f] tp'1"d=n._th. The r.nntmn,e m_y be fore-

gradual flight profiles by plotting the pe_ceived noise ....
level values along lines perpendicular to the flight path ,_:
but spaced at other than lO00-foot intervals. For example, :: :
if noise contours fo_ a 3-to-I takeoff slope are needed, - :
lines perpendicula_ to the flight path can'be plotted at "
(3/9 x 10CO) o_ 600-foot intervals instead. Repeating
this procedure for consecutive 600-foot intervals will

...., _esult in a translation of the contours of Fig. 7. into
contours for a takeoff path having a 3-to-1 slope.

_ Follo_.rlnGthis procedure, for ex_mpls_ point A on the
stpaight-out flight pat}] In Pig. IO, _J600 fb from the

i[ takeoff point, would be plotted as point A", (3/5 x'$600)
o_ _160 feet from the takeoff point, for a modified 3-to-1

i_ takeoff profile. Similarily, point C" on the modified"_ takeoff profile would be plotted 1200 ft f_om the takeoff
point and 600 ft to the side of the flight path,

li%
n
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I_I,. D_fAILED DESCRIPTIONOF THE PROCEDURE
i' i"

The proceduresfor dete_nlnin_helicopternoiss eomoati- _,,

I I bility with varied land uses a_,edescribed in this sectlen

• step by step in the order sho_s_ in Fig. I. To demonstrate i
i the application of each stop in the procedure, a rur.Uing

illustrationisinsertedinthetext. . :_

' Step i - ObtainData on HelicopterOperations
i I

If!• The previoussectionof the reporthas describedhow no!as._... _'contours and other presentations of noise level infernal.. :i

} ,ii are used to estimate the perceived noise levels resulting
from helicopter operations Befo_,e this information can he

_,, applieds it is first necessary to define the helicopter

: operations. Flight paths and flight profiles must be est_b-
: llshed. Then the ntmlberof operations (takeoffs, landings,

flyovers) expected for each class of helicopters must be
determined. This activity information should be gathered

for both daytime (0700-2200) and nighttime (2200-O700)• periods. Table'I lists some of the cu_ent civil and
military helicopters in each of the four helicopter classes,

.. Since helicopter flight paths may show considerable ve.i ......,
care should be used in estab:[ishln_ paths _'hich are _e_c.,:,,..... "'_==

•, determine the noise levels resulting from each flight path,

i_i , ; For grOtU_d runup or hover operations, the type off hclicop?er, 'i
location of the operation and nature of operation should he

' .::_ determined. The number of operations and duratl-on expect_.d il

in both daytime and nighttime periods should be establlshe'_. .:il <. In planning, one is generally concerned with oper.ations
expected in the future, Predictions and trends should be !

' [_, established with care, One must be alert to possibilities
::.._, other than straightforward extrapolations of current flight

, :,. activities. One should cOnsider such questions as: what
.... • are the possibilities of use by larger helicopters; _,:hat

i_ J is the possibility of nighttime as well as daytime opera-
.. tions; are different landing m_d departure flight paths
'i "? likely as the numlber of heliports in the vicinity is "

" increased_ what effect are changes in land use .in the

-_l-

"---'_--- ...... :-'_, ""'_'_"". ,., .... , '"['}":..,., .............. "-":"_'_,..... T: ...... "............. "'_ _]' ' :_' :_:"'[ .
• _t • , % ' I



./
I / m

,,' , !

TABLH I

CLASSIFICATION OF REPRES_TATIVE 'Y/PES OF CIVIL AND MILITARY HELICOPTERS
I

HELICOPTER CLASSIFICATION* EEPRES_ATIVE TYPES

Normal G_oss Weight Engine Typ..• Civil Military

IOj 000 lbs or one or t_':o Sikorslcy S-58, CH-21, CH-34, CH-37
g_eateZ" piston Vertol44

one or two Siko_slcy S-61_ UH-eA, CK-3, CH-53,
turbines Vertol 107-2 CH-54, CH-46, CH-47

| ._

i Less than i0,000 single "Bell "47G, 47J, CH-19, CH-13, OH--_3
• Ibs piston Brantly B2,

Hiller E;_ 12E.
Hughes =69A, " '

Sikorslcj S-55

slnsle Bell 20_B_ HH-5eA_. UH-!, 0H-5,
turbine Hiller IIO0, 0H-4, HH-43B

Hushes 369, '
Sikorsky S-6aA

,°, '/

• Classification of Fig. 2 for es:imating noise levels.

...................._ _ - --_ _-.•°.__-•L_ 7L:.o....

"_, .: :_o L



............... + ...........

i|'

• 1

I
vicinity of the heliport likely to have on volume of traffic
and selection of flight paths, etc, , ' ''

As an exmnple, consider a heliport located in a mixed
cozmnerelal and light industrial a_eap as shin.re,in the
sketchbelow.

I

, ,. ; \.0 I000 20 0

scale In feet _ / /

MIXED COMMERCIALAND LIGHT ilNb USTRYAREA ii }
: ,tjl , ,. ,J _- _,

' Step 1 consists of detePminlng the following InfoP- J .
•_ .., marion by obsePvation and discussion with the heliport ' ;
,v., 8rid helicopter oporat'ors: + .

:._ 1) flight paths ape established as shown in the ,'
sketch° 6pproaehes follow an approximate 5-to-i '

i ....

• • . +p /

I+ . + . ..... , .. +



slope. Takeoffs follow an apn_,oxlmate .3-to-I
•slope because of some tart,sin obstacles lying

to the nort1_caat. , _ I
, I

2) •the heliport will be used by both large t:u_blne-
powered t1_ansport hclicoptol_s and smalJ,sr turbine- -!,
and piston,,pov:aredbusiness holisoptez,s, '/t_s].ve i
daytime fli_:hts+are e.v.pectcdfor the t1_ansnort+ _
operations _:,_ndup to R5 flights par day (,°+5take- ._
offs and 9.5!m_dinl_s) are e:pected for the business ,
a:Lz,c_aft, Two.._hird:_of tho business alz,c_aft a_+e
expected _o 1-a piston..powsrod_ the _omaining one- '-
tl_Ird, tuz+bino-poviered. Fe_+Inighttime operations
are m_ticlpatcd and no extendsd z,unup opez,ablons
a1_e planned°

"Step 2 - Determine Po_,ceived N_oi_e Levelsfo_ Halleoote_,

with definition of the flight paths _d hovsm positions
aeoolnpllshed in Step l, the noise exposure fo_ the land
areas of ;I.n_erestmay be established using the noise infol'-
marion of Section :If, Depending on the extent of oneIs
Interest_ comp!e_s pod,calved noise level aontoux,s _nsy be
established or perhaps only the noise levels at one oP two

_or posit.lens directly under the flight, p_th_ perceived
noise levels )nay be determined directly f._omFig, e. Figure

_. 2 _'ith Fig. 3 permit estimation of _olso levels at any homi-

_: zontal distance for a hslloop_ez_ ope_ating OK or very neam
i. the ground. Fo_ positions to the side of a flight p'ath,

_.J.g.i_may be used in oonJt*notion with Fig. _ to dotemmlne
.,•, the perceived noise level. For n_mly to/cooff and landing

operations, the gene_.alizsd noise contours of Fig, 7 'can
be used, These ¢ontouz_8 may be modified fo_ cuz,vod paths
o2 fom paths of dlffex_ent profiles as discussed in the latem

,, portion of Section II.

;,_ Oontinulng our example, suppose we are concerned wltg
•" est_natin£_ the perceived noise levelu at Point "x"
_-. shol,a%in the sketcl_ on page 2S. 1_'ealso will later
• i

I
I

4,+.2



I,

i . wish to develop a complete set of noise eontouru fo_,
'j. the area _urrotmdlng the hellpo_t.,. . i
J_ . ,, ,t

the distance from Point "x'_to the nearest flight path.
,. This dlctance ecalez 900 ft from the approacl_path, at

a point approzimatoly 1000 ft before the touchdo_,_
•i' point. Ee_'erenee to the flight profile Curve A of

l_Ig. 6 shm.:s tl_at the expected altitude at a point I_
.,il, i000 £t before toucl_do_.:nis _pproximately 190 ft. 1

Entering Fig. 4 with this altitude and horizontal l

,  i. t noeln 'or at:Lon(190 900ft) II,';:• slant distance of 920 ft, From Fig. 2 we estimate
• ' noise "levels of 9_ PNdB for the large ill.bins-powered I

:. helicoDbers: 87 PlqdB for the smaller piston-powered !: " l_elleopters and 89 PNdB for the smaller turbine-powered ,
• helicopters, ii},

To develop the noise eontmu, s we use the Gene_e"llzed i.i
contours of Fig. 7, applying the p_occdurss outlined

in Section II for adjusting the contours for curvature
of flight path and for a change in the elope of tl_e
'takeoff flight path. Results of this procedure a1'o !I:
sho*'a%in .Fig. ii. :,,

ii r[

,_ ", •

/ " ". _he Composite Noise Rating (CNR) for the different helicopternoises are obtained by adding to.the perceived noise levels

I, .¢or.rectlona for those operational factors that most influence
meactions to ai_craft noise. The most pertinent eoz.rections

I £0_ helicopter operations are for frequency of operation and _

".... for the relative utilization of flight paths, Correction
_i numbers fo_ these factors are given in Table If. Fo_ runup

t , O_ hover operations, the operational factor considered most
important is the average hour"ly running time. The correc-
tion applied to the perceived noise levels £or this factor

.:!_o The cor_oetlon for time of day given in Table IV is needed
.,_ when considering is/_d use activities likely, to be affected :
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TABLE YI

CORRFCTIOIIS FOR NUMBEI_ OF FLIGIIT OPERATIOn,S

TAKEOFFS OR LANDIh'OS) AND FLIGHT PATH UTILIZATION

Totsl Activity

Number Per Hour Correction* 1

20 or greater +15 I;i7 9_ +I0
16.9 + 52

o,7 1.9 o
0.2 - 0.69 - 5
lesstha_:0.2 -i0

I
!

Flight Path gtilJzstlon

Utilization Col,teetlon_

30%.-100% o
ic_- 29_.' - 5
3%- 9% -io

less than 3% -15

TABLE Illi

r RUNUPS OR }IOVF/R0PERATIONS

Duratlon in Minutes Per Iloul, Col,re¢.tlont

2 orgreatel, +

0.7- o[ o,s 9 -5
0.07- o.19 -io

",.. less than 0.007 -I_

• !i
:1

_' TABLE IV '
t .

i'Q _i CORRECTION FOR TIME OF DAY i

"'I _'- Time of Da},** Corrcctlon* '

"_ 0700- _oo o • i

.. _oo - 0700 +lO !

• To be added to the perceived noise level. . '

• ee In Eeneral_ the ratio of daytlme-to-niEhttime opera-
tions is such that daytime operations will determine
the Composite Noise Hating. Onl N when ni_hBtime ,

activity is disproportionately ll_gh will the nighS-
.', .. _ime correction affect tl'_oComposite Noise RatinE.',I

{

I
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by hellcopte:e opo'_,a_:to-_at; nit_ht_.'tme. For example, _.t'one ,•
IL_ i.nterectcd in evaluating the effects of hellcopte_ noise
on cc_:unercial land uses, one _,oul,:_nol_al'[y con¢Ider only
dayt'tms operations since the con_p,ercial ahtivltloa are'

gcnaz.ally drastically mwtailed during nishttimc. • Ho_'eve__,
l'Yhenconsider, in&, _esidential land use; one 1,muld ce_talnly -,

, _ include conslde_,ationof nighttime activities. .. .

A ONE Is computed fo_ each of' the £ou_, classes of _elicopter.e,
, , And wlleneve_:applieab].e_ separate CNRa would be computed for

i ' both daytona lind nightt.lr,_coperations. Then, fTom the com-
_ ps_,able daytime and nlghtt._a ClLRs, the highest CNR_ rep-
,_ 1,esenting tile most sc\,ez'c noise exposuz, e in terms of expected
i impact on land uasj l.;ouldbe selected.

-] At this point In the m_a].ysls, a CNR will result for each

i; takeoff and landing operation fez_ each class of hel;toopte_,s.

S_Jnilaz,ly, a CNR will" result for each l,unup or hove_ opera-
tion for each class of helicontcre, l,h,om the various CNHS

one must be chosen to apply to thc a_ea Ill question for all. )
flight ope_,atlons, told another, CN'R to apply for all mllrlup
operations. Silica the eperatlohc bare been divided into

various categories and since the noise perceived Ill any one
location will frequently be dus to operations on several
flight paths, Cl_s of compel'ebbs value mtlst be _eco!,iblnad.

_ Only Composite Noise Re.tings l;Itl:in 3 units of the maximum ,_
" "' . .... 9 . . 9:" .'T._VT ¢'*'P

; Values fulfl].lln_ this _._equiremcnt_ D tlnits should be added
_ . to the highest CNR to determine the appl'icable CNR for that
;" ', " spoliation. If there are less thai three_ the highest CNR.

:i: applies.

Ne can new determine the Composite Noise RatlSg at
" Point "x" :In Figure ll. The analysis for each of'

,-. the thmoe classes of helicopters involved is st_.
merlzed on |'JerkSheet llo. 1. In aceol,dance with

:, tile rule on su_mtion, the combined CNR _ating fo_

i _ Point "x" is 92. i

[__:,_ Step._._ - Check Importance .c£_..Ot_.er Noise Sources.

i:i With hellcoptor noise now defined in te_ms of both perceived
: noise levels mld Composite Noise Ratings_ one can now check

•"j the _elatlVe _npor_ance of helicopter noise o.ompa_ed _o other
]

i

, , i
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! WORKSHEETNO.i i"
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, I

Helicopter No. of Plight I_NdB CIIRCORRECTIONS I
Class Oper, Path

Per Util. No. Flt. Tilne ClqR 1i
o_ Path

Hour 1Oper. Util. _

i
large " I

turbine 0.8 IOC% 92. O 0 0 92 ,

' _ small
" .' piston i.i 100% 87 0 0 0 87
M

_ small
turbine 0.6 IOC% 82 -5 0 0 77! I

i' J

,_], }

' intermittent or continuous sources of noise. Inf rmat
concerning the noise pl,oduced by other soul,ces :nay be _

,, gathered i%,ommeasurement, inspection or estimation from
• accumulated engineering data. Some helpful noise level ,:,

: . Figure i_ compares helieopte_ noise _,_Iththe noise p_odueed

by some operations of fixed-wln_ aircraft.* The uppe_ ,
shaded az,en sinewstakeoff noise levels produ0ed by eu_,ent ,.
foul, engine turbojet and tuz'bofan aircraft. The next shaded _-
area shol,lsnoise levels produced by takeoff of "_wo engine
plston-powered commercial tz,ansport such as the DC-3,

•,. Convair 3110and Martin _0_. The lower shaded l)al_dshows
_ -_ the noise produced during crui0e flic-,htof small'st tl.:oen_ine

piston aiz'craft such as the Ae_,o Commander, Beech 18 Series,
,, Cessna 310 Series_ P'Lpe_.Apache and Aztee_ etc. Also sho%,,n

: on the fIEu_'e are the perceived noise levels fo_ large
i_,_.-_ piston-powered helicopte_s_ la_e turbine-powe_ed helicopters

i

" _ More detailed l_oiseinformation is prov.idedan References ;
i and6, i

i
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i
and "tl_esmall s._.nsl__,engine plston_'_zo_;sre.dhelieop%ers s
_op_Inted from _',I[_,°9._ It i[J clea_ly ap[_,_,entf_.om thn
table tD.at the,noise levels produced by he_L.Icoptez,opc_,a- [
tlons are _elative3,y mode2ate co._pa).'edto tho'.'e_.esulting I

f_'ommany £_cd,,.%'lln&'ai_"c_;'a_opo:_'atlOnSo .. "t

Figure _.3 elbOWS _ome _;ypisal noise levels pl,oduced by
varlets t_rpOS of I;_fece _:_,anspo_"ta_ionvehicles ..... J
automobilesj t_ucks, moto_'oycles and t_:alns. Figu_:e I!_
shows the nea_..,eontinuous noise p_,oduced by heavy suL._-'ase "
tX"ai'i'ICp_2odueod on a multi-lunc f_ceI,,,ayand a busy uz_ban
streets Figure 15 )_._esentsestimates of the ambient noise '.
levels expected in Val,lot_s uz°ban and subu_,bsn situations, i

_o illustmato the application 'of some of the noise
Infovmatlon; Fig. l_ shows a compromises of hellcopte_
l'_olsewitl_ froel,/a_noise. In this flgut,e fie h_ve
as_'_,'nedt_at s p_,opousd heS,i¢:opte_ _oute is ali[t_ned
with tho cente_• llne of a heavily tI,nvelled. Inulti_
lane f_.,ee%,:ey,The f'Ig1_msebov;s the r,ei_ultin[;noise
levels anticipated fo_ o_ez,ntion of _ two-englne
turbine t!,ansport helicoDte_, at altitIldes of 500,
I000 and _000 ft d'_,_.ctly,above the fmee_ay. At
distances close to the frae_.Io?the benefit fyom ;'

]io_':eve1_a_ c.t,_nnees Doyens a_ou_ _DOu r_, _nei'_ is
• little va_"iatlon :inholleODtOz" noi._ei'o,_flIzhts at

tiledlffc..'entaltltudos. One may also note from the
fisu?e that at the 2000 £oot altitude, tl_e hollsopte_
noise n(_ve_ intrudes moz_s thin% lO dB •above the fmes1:ay
noise, l.lhileat 500 Y.'taltitude, the helicopte_ noise
levels exceed the fz,eaway seize by more than lO dB

.. ove_ a oonnlde_able I,angeo_ distanees_

TO detel_mlne 1_l%ethe_ok,not helioopte_ noise Is the dominant
noise soumce wc may no_ eompa[_e th9 levels p_,oduaed by othe_

. .._ noise soumces using the decision gt_idegiven in Table V. To
use this table _,_emust flr.st dete_nnine, fern othe__ inter-

. mlttent noise sources, a Com_oslte Noise Rating by appllea-
tlon of the ¢o_,z_ectlonvalues given in Table VI.

Point "x" is located in the midst 02 the mixed indus- •
t_lal and cermne_elal a_ea_ This a?sa is subject to
moderate t_,affle noise from the main through street.

/

t_
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DEC','SIONGUIDE FOR COHPARING HELICOPTER T.

NOISE l,;IT}[OTH_ I_OISE SOURCES "I'_
H
i-!

Perceived

Noise Level Composite _iServices PNdB Noise Rating

Helleopternoise A a ,
/

I" O_her inter_ittent noise .
(other aiz,erart, surface .- _.
vehicles) B t

Continuousnoise(tpaffic, '_
Induet_F) C i

'- H

Helicopter Noise
Comwa_ison Implications ,.

i " a _ v may Do nor,mceaole, '_:"1)Ut should be of I_
;_ I'10concern.

_' a > b + 5 "Dominnnt inter- .,'-
mitten_noise .
source; compare "-

" to continuous
"'"- noise, _li

_" iii
U a _ _ May be noticeable, ',_

, _ but should be o£ I'
_..,t no eoseel,1"_. ,

a > O + 5 Noticeable$use ii
Table VII. :_

J,
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i
_ABLE VI

; CORRECTION. FOR NDT.Z3EROF OCCURRENCES OF INTERMITTENT

,_ ,- '. NOISE (OTHER THAN AIRCRAFT NOISE)

_ ,Number Per Hour Correction*

9.0 or greater +15
7 - 19 +i0

' 2 - 6.9 + 5

0.7oi:69 o• o._- 9 -5
'' ,. less than 0.2 -I0

* To be added to the perceived noise level.

From Fi_. 15, continuous noise levels are estimated
to be approximately 65 PlJdB. F2om Fig. 13, inter-
mittent noise peaks from automobiles travelling on
the nearby through street are estimated to reach 75 ":
PNdB. Assuming a fre_uency of automobile traffic o9
approximately 150 vehicles per hour, the CNR for the
automobile trafflc is 75 + 15, or 90. Comparison of
these values _._iththe CNR oreviously determined for

the bellcopter operations _uslng the decision guide_' '_ of Table V) shm.;sthat helicopte_ noise is the dom- ,::

! . Inant noise source. Hence, the addition of helieocte_
<: ii noise may change the noise environment at Point "x"
,, _, appreciably.

Step 5 - D.e.te_mineGeneral Land Use Comnatibi!it_v E'./ith

'! \ !{ellcopter .Noise
t

_!_"J;l If, on the baSiSsource,Ofthe canPVeviOUSnows_ep, helleopte_Impactnoiseisli:;i the dominant we evaluate the of the

i _ helicopter noise on various land uses. This rating is done'_ 'I" by comparing the CNR values for hellconter noise with those

given in Table VII. Four Noise SensltivlCy Zones (Zones I, I

Ii " " II, III and TV) with accompanying sets of C_m _atings (one

1 . -37-
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TABLE VII
_._C ......... . .....

LAND USE COMPATIBILITY CHART FOR HELICOPTER NOISE

Noise Composite Noise L_N'D USE COMPATIBILITY

Sensitivity Rating (CNR)

Zone _

o 4° _ !

I r-I ,a _ .C _ I

4040 O4_ O_4_
•Takeoffs _

and Ground _ o o _ _ o_ _ _ =_ _ _ m
Landln_s Runups _ _ _ o _ _ o _ _ o _ o _ _

'_ _ Less Less Note Note
Than 90 Than 70 _es yes yes yes yes (A) (A) yes yes

IT NoteNote
90-100 70-80 yes yes yes yes (C) ('C) no yes yes

III Note Nero Note
100-115 80-95 (B) yes (C) (C) no no no yes yes

IV Srsa_er G_eater -- Note Note
Than 115 Than 95 no' (C) no no no no no _¢s (C)

NOTE (A) - Possible Intcrferenpe for indoor Or outdoor music auditorit_ns and
outdoor theaters. Make more dot:ailed noise studies.

NOTE (B) - Case histo_y expe_ience indicates that individuals in private resi-
dences may complain, perhaps v_5orously. Concerted _roup action is
possible.

NOTE (C) - Potentially serious interference, with likelihood of serious adverse ......
reactions £k,om individuals and Groups affected.

i "i i_ 7TT'--71
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set fop helicopter noise, and one set for ground runup I

m

noise) are sho_n in Table VII. The follo_.rlngnine columns
in the table show the compatibility of land usage for a
number of land use categories having different sensitivities
to helicopter noise. I

For most columns the ratings starS, for the lowest noise
compatibility zone, with the _..ord"yes" indicating that
there should be no adverse effects f_,om the helicopter
noise. Coz,respond'J.n_to the higher noise sensitivities
some of the columns have the word "no" printed. "No"
indicates that helicopter noise will likely inte_fere

:''. _. seriously with the lend use.* Between the "yes" and "no"
( 1 response there is a range of CNR ratings over which there
:'" "f is increasing probability of Interference or annoyance

! ., from the hellcoptel, noise.

i: Table VII is based upon consideration of the typical range i
of human activities and work tasks involved in the different
land use categories. In developing the table, major con-
sideratlon has been given to the effects of noise in:

i!

a) generating feelings and expressions of annoyance j l
anddissatisfaction;and

..

"i b) interfering _lith speech colr_unication, ':.

The table is based upon comparisons of the noise exposure
_,:, and complaint histories encountered in numerous aircraft :
_ noise problems at various military and civil alrfields,l._/ f

The table assumes that the type of llght_:elghtbuilding" _%
construction for the different land uses is that which would

,:i_i .i_ be normally used when aircraft noise (either flxed-wlng or
_ helicopter)is of no concern. Specialnoise control con-

struetion has no$ been considered in the tables.

: ._,._ -'- These Noise Sensitivity Zones should, of course, be used
.:i as guides to compatible land use planning and to expected

types of response, not as rigid geographic boundaries.
Intelligent and careful interpretation is called for to

, ,, ,w

. * Reference 2 provides info_atlon as to steps that can be
taken in the building design to increase Its compatibility
with aircraft noise.
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WO_( SHEET NO. 2

Helicopter, Operation C_ Activity Utiliz. 2 Time Contour Contour Noise

Type Contour Cortes. _ Correc. of Day 3 Cha_t Correc. Contour.... " ' Correc, PNdB

Lsrge Tu_blne Takeoff lOO 0 0 0 Pig. 7* O I00

Medium Sinsle Takeoff lOO O 0 O, Fig. 7* -5 105
_gine Piston

Medlu_11 Sinsle Takeoff lO0 -5 0 O _ig. 7" -i0 .iI_
EnGine Turbine

La1,_.e Tu2bins Landln_ I00 0 .0 0 Fig. 7 0 IO0

Medium Sinsle Landlns i00 O _ 0 0 Fig. 7 -5 105
Engine Plston'

Medium Single Lsndlng i00 -_ 0 0 Fig. ? -lO ll_
m_glne Turbine

II .

1 Table II

Table III ,

3 Table _V

* Modified for 3 _o 1 takeoff slope
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• APPENDIXA I

r

This Appendix discusses the analysis procedures, sources _!:
_f information and some of the detailed noise information

I
from _.;hlchtD.e _.enerallzed helicopter noise charts and
contours, presented in the body of the report, were derived.
This study emphasized the collection end comparison of
helicopter noi--e measurements obtained under a variety of
operating conditions and from a variety of sources. The
major aim of the study was to define the noise environment
produced by helicopters (with noise environment interpreted
in terms of subjective reactions as expressed in perceived
noise levels)* rather than to determine individual sources
of helicopter noise or to explo1_emethods of controlling :_
or reducing helicopter noise.

The major sources of noise information used in p_eperation
ofthisreportare'

a) noise measurements of military helicopters con-
ducted for the U. S. Army _,_hereacoustical data ,'

were obtained during takeoff, landing, flyover
and hover operations,_9,10/

b) data supplied by the Federal'Avlation Agency on
, the opei,ations and acoustical charaete_istlcs of

several large civil hellcepters_l!/ii

e) •noise Infor_natien provided.by helicopter manufae.
i turers;
![

* The perceived noise level concept has been developed
and validated primarily by evaluation of fixed-wing

.... aircraft' noise signals. We have assumed in this report
that the .Perceived noise level also adequately redes

_ "Ii the relative noisiness or annoyance of helicopter sounds..:i In view of the limited psyehoacoustic evaluations of• . helicopter noises done to date,3__ there is some question
as to the adequacy of the perco'ived noise level_ as
CUrrently calculated, in accurately ratlng various hell-
aopter noises. This question iS under investigation by

"- the FAA, 8/.

•" . i

A-I '.............
i

• ....... , ....... _ "_%'% %_ _'?-- _'l_ _ _ _°•'_;_ _ _I"



d) noise measurements by Bolt Berenek and Ne_.nnan
Inc. (BBN) at civil and military air bases where
accurate positional and acoustical data were
obtained dtu_ins routine helicopter operations
but where detailed Info_mat!on concernin_ air-
craft operating conditions (operating gross

i '.weightjthrottle settings, airspeeds, etc.)i
'was lacking. Some information _._asgathered from ":If
BBN files. Additional field measurements of civil J_

t_nsp_rt helicopters (Sikorsky S-55, S-61 and S-_2,
and Ve_tol V-107-2) and _some of tl_e smaller _iston
helicopters (Bell _7G and #?J, B_antly B_A) _..e_e

'made specifically fo_ this study,

e) noise measurements conducted by BBN, in cooneratlon
with helicopter manufacturers, _here extensive
positional and acoustical data were obtained during
oont_olled aircraft operations. In these tests,
helicopter noise was measured durlng: hover (in
and out of ground effect), level flight flyovers

, at a constantairspeedat altitudesfrom50 to
_00 ft, and during takeof'fs and landings. Hover 1_

• at a constant radius about the aircraft. Fop the

level flight flyovers, takeoffs and landings,measurements were made at a position directly
t_der the flight path and at a position well to
one side of the flight path.

Noise information was gathered for most of the current civll '.
and millta_y helicopters (piston- end turbine-powered, single "

and dual rotors) that are in widespmead use, Hog,ever,
•equally complete and comparable sets of measurements were

• not obtainable for each type of aircraft, and the collected

ii noise data cannot be considered as exhaustively complete.

' Perceived noise levels were calculated from the collected _
octave band noise data. _en several sets of noise measure- -....

_i_'_ ments were obtained for the same flight condition fop a
i._ specific aircraft, the octave b_d noise spectra were

' adjusted to a common distance and a median noise spectrum
established before calculating the perceived noise level,

" Curves showlng the variation in perce.lved noise level wlth

A-_

i

i
1

.#_'°/ •
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distance were Generated by calculating octave band spectra _Iat other than the measured distances, using inverse square
corrections and standard SAE ai_ attenuation values.l_9_/ _

i Perceived noise levels _.'erethen calculated from the aerived

octave band spectra.

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

• a) with type of operation (takeoff, landing, flyover,
and llover )

b) withdistance

i e) witl_sizeandtypeof helicopter

d) in a horizontal plane about the helicopter during '_

hoverconditions,and j

e) in a vertical plane perpendicular to the flight

pathduringflightoperations.

A. Variation of Perceived Noise Levels With Tvr_.of Scorer_on. --, ,, , , ,..

Figure A-1 shows perceived noise levels at a distance of 250
fb for a number of helicopters plotted as'a funcfilon of the '

_: aircraft normal Gross weight. Various s_aped symbols depict >
noise levels for takeoff, landing: level flight flyoverS, '_
m%clhover (in ground effect) conditions.* Piston- and

_' turbine-powered aircraft are identified, as'are single and [:
• dual rotor helicopters.

From the figure it is evident that the spread in perceived
noise levels with flight conditions is Generally quite small.

_ Forex_ple: !

!,._ * The hover values in Fig. A-I are generally the maximum
• _ observed in a horizontal radius about the alrcraft,

-'_ - Average hover levels Would generally be several PNd_ :
_J • lowe1_,
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a) fol, the 17 helicopters for which takeoff and

landing meast_rements were available, the average
; spread of perceived noise levels between takeoff _:

and landing was 3.5 PNdB; for 15 of the 17 sets _'
of measurements (88_'), the spread Was 5 PNdB or
less

b) for the II aircraft having comparable takeoff,
landingj end flyover data_ the average spread
in noise levels for the three operations was
4.5 PNdB, with 7 (64%) of the measurements
showing a spread of'5 PNdB or less

c) for the ll aircraft for which takeoff, landing,
flyover, and hover datl %.;ereavailable, the
avel,age spread in noise levels was about 5.5 i_
PNdB, with 5 (55%) of sets sho_.;ing a spread of
5 PNdB or less.

Study of the figure shows tsar frequently, although not
consistently, the maximum noise levels were observed during :_

takeoff operations and the noise levels were lowest during }[landing. One may concluds that, in gene._al, most he!loop- .;
ters operate over a r.elatlvely narrow range of perceived |
noise levels, in distinct contl_ast to .thaZ observed for [

fixed-%.;ing aircraft _+;herevariations in takeoff and landing
;_ noise levels of 15 to 20 PNdB are frequently encountered. +i
_J

Although the perceived noise levels generally show small
Variations for widely different flight .operations, the li
OVerall sound pressure levels or the noise levels in !

individual octave bands may well s!:ow a much greater spread, i_
_ The perceived noise level, weighting the octave band nolse "

measul_emeY_$s in terms of noisiness or annoyancej weights _
: most heavily the noise levels in the mid-frequency octave :
! , bands. Lo_.;.frequency noise levels, which may often deter-
_ + mine the overall sound pressure level, usually contribute _
-',. little in determining the. perceived noise level. Thus '- .......:_
_;.f the quite intense low-frequency noise levels, generated by

the main roto_ at the fund_.mental and higher haEnonlcs of
the blade passage frequency have little oz_ no influence on

"; the calculatedperceivednoise level. ! I
f

.... . i

!i

A-_ ] t!
• . I I1'

L

" . i

.......... . .......... .., •+._ , . + + 1 .



B. _Vaz,iaticn of Perceived Noise Level tilthDiets_nee
I " ,,,,, , . .,,,,,

Comparison ef perceived noise level-vs-distance curves for livarious helicopters and for different flight operations
showed that the differences in euz,ve slopes were generally
quite small. No consistent differences in the slopes of
these curves between turbine or piston helicopters, or for

i dlffere'nt flight operations_ were fom_d. On this basis a
i single gene_,alized perceived noise Isvel-vs-distanee eur_,e

has been established to apply to all _ypes of helicopters
and to all types of operations. This curve is the basis
for the perceived noise level curves of Fig. _.

T8 indicate the extent of varlability among curves for
different helicopters, Table A-I shb?_s the spread in
perceived noise levels about the genemallzed eumve observed
in a so/npli,)_of 20 plots of perceived nelse level versus
distance. The values siven in the table are fez,curves in
which the pe1,ceived noise levels were plotted with reference
to noise levels at 250 ft from the aircraft.

TABLE A-I

VARIATIONSIH PERCEIVEDNOISE '_r,

_ LEVEL VERSUS DIST_/_CE
i "

; CURVES

Spread in Perceived Noise Levelsp P_dB .... i!
• Distance to _:_
k " Aircrafts Ft R_ferred to Genel,al Curve* Total

_" • 500 -0.5 to +0,5 1.0

I000 -2.0 to +I,0 3,0

_: .., 2000 -3.0 to +_,0 5.0

;:_ 4000 -4.0 to +3.0 7.0 ,

- * See ctu, ves of Fig. 2.
_7
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I
C. Trends w.it.hSize..and T_pe of HelleoDter I

Figure A-I shows some interesting trends i._ithsize and type Iofalrcraft:

l
a) fox the piston-powered helicopters, perceived noise

• . " ! ' weightlevels change) slowly as a functlon_ of size (gross i;
[ ! ) fOr the turbine-Doweredhelicopters the change in

_ noise levels with size is much more pronounced

i . _) tl_ereIs no consistent difference in the nolse
_. levels producedby single- or dual-rotor heli-

_ 1 copters, " !

.... !_ The trend of noise levels with size (gross weight) is more I_
clearly sho_n in Fig. A-e. This figure shows shaded areas I
defined by the range of noise levels in Fig. A-I for take- i:

• off and flyove_ operations (exoludin_ the noise levels for !
landln_ or hover operations) of turbine and piston helicop-
ters. Dra_.m through the center of the shaded areas are

;' dashed trend lines. For the piston-po_._'eredhelieontsrs the Iii
_ trend lihe reflects a perceived noise level ilk.creaseof |

approxlm_tely 3 PNdB pez_ doubling of st,nee %.:eighto For
turbine alrsraftj the rate of increase is approximately L!
7._ YNdB per doubling of gross weight. '.:

The"differences in trend lines for turbine- and piston- .
po_.;eredhe!icopters_ shown in Fig. A-_, result from quite
different domlnatins sources of noise for the two classes I_

'_ , Of helicopters. Thusj the trend lines should not be iextrapolated to estimate noise levels produced by future
:; .helicopters,large or small, Such extrapolation would !

_ rapidly lead to the erroneous conclusion that for very i':
large helicopters, plston-powered aircraft would be less
noisy than a turbine-powered aircraft. Likewise, extrapo- _-

[_ ..... latlon of the turbine-Dowered heliceD_ez" trend line to

..... small helicopters (_OOb Ibs gross ;.:eiKntor less) would
h , {![_,i' lead to estimates of noise that are probably much lower
•7 I

!1
i
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than will actually be attained.*

Some understanding of the differences in trend lines for
piston- and turbine-powered hellcopters may be gained
from comparison af the major nolsa sources for each type
of aircraft. As mentioned earlier the pa_ccived noise
level weights most heavi].y the mid-frequency octave, band
noise levels. A review of the noise soeet_a observed st
distances of 9-50to I000 ft from various helicopters _,lhows

, that the octave band contributing most to the percelvod
noise level varied from the 250-cps octave band to the
2OO0-ops octave band. From previous studies of helicopter

' nolso_ the major sources of helicopter noise within this

i'" broad mid-frequency rang_ _._ouldbe expected to be those
• shown in Table A II.13:l_tl5/ In this table the sources

/

TABLEA-II I [,
PROBABLE MAJOR SOURCES OF EXTEPJ_AL HELICOPT-_R NOISE IN THE _;

2_0 to 9-000CPS OCTAVE FREQUI_CY BAL_DRANGE I

HelicopterType' '_

" PistonPowered TurbinePowered I;

 ha et Mai otor(Vor ox liNoise Component

i _' Main R6tor(s) (Vortex Tall Rotor (Ratatlonal
_i Nolsa Component) Noise Component)

, Tall Rotor (Rotational DriveSystem
Noise Component)

i_ DmlveSystem TurbineCompressor

"i " * Although noise levels produced by small turbine_powsred
helicopters arc not likely to be as low as predicted by

.. an extension of the trend lines, noise levels fo_ a ,'
small turbine helicopter show promise of being consider- i
ably less than those produced by current small piston-

1 "powered halle opters.
I

t

1 A-9 I
t -•. " ! °':
!
..

I



IJ:

\ II

of'noise are listed in es_J-mated order of importance, Of

eourse_ £'ora particular helieepter_ the relative order of I
importance of noise sources inaybe different than listed _
in the table. And., for a particular helicopter, the ordsz" " Ii

of contl,ibLitlngnoise sources may %,_sIIvery fol"positions ii_
about the aircraft. For e;:_ple, during ground hover
conditions, the noise fro:1_a reol)>rocating engine exhaust . E_

may be .muc! more a_al, en'_on one side of the aircraft than !!i
onthe oth_r. _:

,[
For the _iston-po_:ered holieopters_ as'JL_mlngthat the dora- !_
Inant noi:_e soul,co is engine exhaust.noises the trend with

size indicated Jr:_'ig.A-2 (3 PNdB per doubling of weight) li
a_rses well with other engine noise studles.16/ Ho%,_ever_
the _rend vith size for tu_,b_.ne-poweredhelicopters (approx.
7.5 PNdB pe_ doubling of :'_ei[,D.t)is somewhat greater than
expected on the basis of simple pl,opolle_ tl_ao_ vortex
noise e_pr e s sions o_14'.LIS/

D, Di_ec_Ional C2_.al.acber;tstlesin a Hoplzontal Plane

To ost_ma[;e soles levels at different positions around a
helicoo'_ez,du_in_ /_round runu)_ or hovai,_ one IS_IS_have some :'::

]0%owledgs o_" tha dluectional characteristics :Ina horizon- i"
tal plane. One would expect, for s.ln/_lerotor helicopters_

nsa_,._clr¢:ularpatSern due to noise frown the main rotor.
This clrsP,lar pa_ta_,n would then be _:odified by noise . i
p_oduoed by the 'bail re,ors and engines (with engine exhaust '_

noise partlsula'_!y si_nlficant for the piston-powered hell- I!septets). Field noise measurements yield directional

patterns wl_Ich often show marked irregularities, pa_tlculaz'ly i_
%' ID individual octave bands. In te1_msof PNdB, the di_ec- !.

tional patterns are much less irregular but still may shol¢ !
distinct directional characteristics.

\
For example, Fig. A-3 shows the Dercelved noise levels at

•'_" _50 ft arotn%d s small piston-powered sln_le-rotor he!i-
,_ ooptem dumlng hover. Two curves a_e show_; one fop hover

in ground effect and one for hover out of ground effect
(alrcZ'aft at approxLmately one-roto_ diameter altitude).
Two features are evident:

I A-IO
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a) the pstts_.ns are quite directional with maxlmtun
noise radiation between 180° and 270°

b) noise levels are from 3 to.8 PNdB higher for the

aireraf$ hovering out of grou/%d effect.
= ., "

_'his mather large ehan[_e in noise levels bet_een hover,
'i.nm_d out o _''_rol_n',leffect, _':asnot observed in measure-
ments Of la_,[-,,e2helicoptez,s. For exam.pie, Fig. A-"_ sho_/s
the pereelvod noise levels aroused a medium sized turbine-
powe_,ed dual ).,etorhs!icopter, For this alrcpaft, there

! is very little change in noise levels between the two hover
.; conditions. The pattern Is also much less dlrectlonal_ due

.,, to the lessened influence of engine noise and absence of a
tall rotor,

To avoid accounting for irregularities in the horizontal
plane noise radiation pattern (usually related to details

of a partictllar helicopter design), conservative estimates
of noise levels for planning purposes may be established
by assuming a unifozml cir.eulaz_ direetivity patter.n and
assigning levels for hover conditions which are theobservedan ,.' oreono0enstantfad"uss outthe
aircraft. =

&..._

The maximum levels observed for hover (in ground effect

at a 250 f_ radius) are sho:,min Fig, A-Is As discussed ill
eaz.lier, these levels usually are within a few PNdB of __
levels observed during takeoff, landing, or level flight

,. E. Directional CI_areeterlstles in a Vertical Plane

'_I In estimating the noise levels produced by flight operations,
I noise levels off to one side as well as dlrec_ly under the

ii_"..... aircraft flight path must be determined. To make such esti-
mates, some knowledge of the directional characteristics in
a vertical plane perpendicular _o the flight path is needed.

_._ Such a pattern Is more difficult to establish from field
_; measurements than the horizontal directional pattern, How-
I
• ever, from analysis of noise measurements made directly

tu%derneath the aircraft and also _.lelloff to one side during
helicopter flyovers at varying altitudes, the directional
pattern in a ve_tlcal plane can be established.

lii

li ............
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Figure A-5 shows the approximate perceived noise level
directional patterns in a vertical plane for three hell-
copters:

I

a) a small plston-po_iiered single rotor helicopter
(horizontal directional pattern sho_..u_in Figl A-S)

b) a medium turbine-po_lePed dual rotor helicopt:er
(horizontal patter_ shov._ in Fig. A.-4)3 and

c) a medit_n turbine-powered single rotor helicopter.

The directional pattern0 for both turbine-powered helicopters
are near circular. The pattern for the piston-powered heli-
copters shows some directionality, probably resulting from
the location of the engine exhaust on this particular l_eli_'
copter.*

From the patterns of Fig. A-5, and analysis of other sets I
of measurements, one may conclude that in estimating noise
levels, for planning purposes the directional patter_ in a ;!,
vertical plane permendicular to the helicopter flight path I_!
can be ass_:icdto be circular(_miform). _!

, F, Stu_ary of HelicopterNoise Characteristics. !_.

• In summary, the analyses discussed in the previous parts
of'theAppendixshowthat: _

'i

_: * If the major noise source is vortex noise generated by !
the main rotor (the probable major source of noise for
the turbine-po_zered helicopters), one would expect from
theoretical considerations the noise levels to be a

, maximum when the aircraft is directly overhead. This :
theoretical expectation is not in clear evidence in

the directional patterns shown in Fig. A-5. .iii
!.

i

!
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a) for a particular hellcoptsr_ the spread in per- :;_
seived noise levels for takeoff, landing, cruise !_

flight flyovers, _d ground hover is quits small ii" {of the orderof 5 P:_dBor less). Tl_evariations •._

inelopesof ereslvodnoiselovsl.vs-dist co ilcurves for various helicopters are also quite

ismall. Therefore, one curve showing perceived .i
b noise level-vs.,distance :.:illsu£flse in ear,ha-

ting noise levels for dii'ferent types of hell- li

copters under a number qf.opo_atin_ conditions. _[

_) perseIve_ noise levels fOl" pls_on.po_,_el_ed he_- ]i

' copters are generally higl:er than those of tuz,bine- '.,
powered hellcopte_s of comparable size. For piston- ::_'
powered helicoptersj noise levels sho_,_a small _
increase with _ize, approxlmately 3 PNdB per I_
doubling in size. For turbine-powered helicopters, i,I
the perceived noise levels show a greater _erease
With size, approximately 7.5 PI_dBper doubling in
size, No significant difference bet_._eensingle '_
/and dual rotor helicopters was observed, i

c) noise directional patterns" a_ound a helioopte_ in _
,_. the he_izontal ola_ns will var-j with a particular
_ type of aircraft. Conservative estimates for ;
_ planning pumposss can be based on a circular ,:

(uniform)directions!patterqq,assigning noise
levels based on the max.imt_mlevels observed in

_" field measurements made in a radius, around the

• aircraft. These maximum levels' are, generally, /::within a few P_IdB of the levels observed for

_ takeoff, landing, and flyover.operations. I_

" d) noise dlreeti6nal characterlatics in a vertical i_
_ _ plane perpendicula_to the aircraftflightpath

can bs assumed to be circular.

•.- !i
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5. ' Extent of Support for Program

5.1 Can Anxthin,q Be Dune About Noise?

The respondents were asked to list three noise sources that hod an impact on '

_:i them, They were then asked whether anything could be done about these noises. ,
,_! Their attitude toward this is a good index of feelings of pussivily in the face of i'

"i ' r,nvironmental invasion, The major sources of noise and the attitudes about control
=

.:: ,=f Ihase mentioning them were=

=:
Percent Indicating

• ;_ Number of Items that Control
I_ank Source Mentioned Is Possible

'_' I Motorcycles 44 68

2 Service Vehicles 30 57 ./
4: 3 People 248 50 _:

_" 4 Autos 205 42 __'

5 Jets 57 23 ,,:_

6 Emergency Vehicles 36 18 '
i:

Thus, residents feel that motorcycle noise and service vehicle noise can be

controlled. They are less sure that people noise con be aontrolledp but are more :%
passive with respect to auto noise_jet noise_ and emergency vehicle noise. 'i

'l'} 5.2 Who,,!s Responsible for.Noise?

, _ Respondents indicated who they felt should be responsible for the mentioned _i
noise sources, The noise sources and responsible parties are listed below.

:i L

_: Percent Mentionin 9 P0rty as Responsible

• Local Federal , i
Rank Source Operator Manufacturer ,.Govt Gout :

I People Noise 33 2 52 2

2 Autos 51 18 71 10

3 Jets IB 35 25 42

_, Motorcycles 73 32 70 2

5 Emergency Vehicles 17 3 78 3

5 Service Vehicles 33 20 57 13

It must be remembered 1hot this table and the previous one are the attitudes

= of those people who mentioned these sourcesj not of the population as a whole. Of _i



_ cse p_._oplementioning these sources, however, autos, motorcycles, and_ to a
les.s,:_,"_',xtent, service vehicles and people noise. Jet noise is seen as a Federal

Government perogotive. It is clear that the majority of those mentioning any

sourcesee the local government as the most important regulating body over all
sources,

5.3 .Supportfor o NoiseControl Pro,qram

Respondentswere asked how much they would be willing to support a noise
" ,:u,=hol program. Three questionswere asked=(a) whether they would supporto

programj (b) how much tn extra taxes they would be willing to pay, and (c) which

actions they would support, i:

a. Support for Program= Fifty-four percent indicated that they would L,

supporto program. This Is approximately twice the number of persons :

': whowere impacted by no_se.

b. Extra Taxes=Again, 54 percent indicated thor they would be willing to _r

pay something in extra taxes for c noise control program_ but 46

percent would not, For those willing to pay, the most typical amount _
L

was $1 per capita (whlch is approximately four times the present _

amount), Thus, residents either do not want to pay anything or else :_

they are willing to pay quite o bit to control noise.

e. Types of Actions in Noise Control Program=The types of actions and

the frequencywith which they are supportedare=

Rank Action Supportin9 Action

I ZoningandPlanning 85
2 Fines 81 :

2 Public Information (tie) 81

b, Quieter Noise Source 78 .

5 BuildingCodes 73
6 Barriers _;0

7 Curfews 50

Two observationsfrom these results are; (I) the majority favor ell supporting

actionsj and(2) the actionswhich are lesspopularare barriers andcurfews.

t



'i These results give somewhat contradictory information. Results shaw that

the majority of respondentsare in favor of mostactionsbut only o little more than

half are willing to pay for and support a noise control program. Fifty percent

' support is probablya more realistic index of muchsupportthe clty will find in the
'r _ public for a program.

i

SJt Support for Noise Control by Area

The frequency with which respondentsfavor anoise control program are=

.r_

_ Percent
:_ Rank Area Favoring Program :

I Central West (VII) 77 :;

2 Central Northeast (V) 63 ' :

2 North Central (Ill) (tie) 63

4 Central (IV) 62 _,

5 South (IX) SS r-
6 Northeast (VI) 53 ',

7 Central Southwest(VIII) zl7 ',
i Z

:i 9 Northwest (ll) 39

I IO Southeast (X) 37

_" The mas_supporting areas are the central areas and the northeast. To some

_J,- extentj these ore the areas havingpoorer public servicesj but they are also the
J areas with the greatest noise impact. Whensupportfor a noisecontrol programis

compared with severity of noise asa problemt it is clear that there Is a definite

i relationship. Residents who ore impacted are more likely to support o program. It ',
is also cleor_ hcweverj from the stepwise regressionsthat their attitudes toward a!

noise control program are part of a broader perception of urban problems. ThusD

I noise is seen as port of a whole range of urbanproblems and depending_ontheir

polit]cal orientation and attitudes about attempts to handle these problems_they

will or will notsupporto noisecontrol program.

.
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