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IN{RCDUCTIUN

The procedure for demonatrating that a new aireraft or dorived version
of an exiating type satisfies certain prescribed noise limits

prevides an example ol a large scale operation in which electro-aconstic
- standards are of prime importance. The erontreol of aircraf't noise by
type certification of new aircraft has been in =ffect for abont 10 years
now, During this time the initial standard progedures have had twa
major revisions as experience was gained and rel'inement conlinues,

In the test, outlined in Figs 1 and 2, the average value of lgppy* at

3 sgecified points has to be determined with a 9% confidence limit

of -1,5 FPNAB from a minimum sample of mix., {(m a anecilic nccanion
this appears to be guite readily achievable, whether the rppulations
and standards implicit in them are adequate to ensure the wider aim

of comparability between different organigations and different siters
has never been lormally assemsed. Nevertheless the 3rd Edition of the
international regulatians, embodying the experience of nearly 10 years,
ensures cloge contrcl over all major aspects wilh Llwo posgible
exceptions, dynamic eflects in the promasation path and the effectl of the
interference at the microphone from ground reflecticna.

The International Civil Aviation Organisation (ICAQ) is resennsible
for the formulation and development af aireralt noise certification
procedures, working through its svecialist Committee on Aiveralt Haise,
Substantial assistance has been given by the International Urmanisation
for Standardisation ([;i0} and the Interpational Klentro-technical ’
Commission(IEC)on secialised electro-ncoustleal matters. 'The 10AQ
procedures, entitled Annax 16 to the Chicago Convention on Givil
fviation are almost wniversally ascepted by member states and enacted
into national legislation. In the U,K, the Civil Aviation Authority is
the body responsible for aireralt noise matters and publishes the TCAU
procedures with minor changes as Pritish Civil Aviation liegnlation
{1x:AR} Section N.

The exception ia Lhe United SGtaten of America which, by virbtue of ijitn
pro-eminence kn world aviation, plus the Fact that it wan the
foreronner in the movement to contrnl ajreralt noiar nuisanee by the
cortification of new types, persialn rather chauvinistieally, in
formulating its ewn sel of relea in Federa) Aviation Hegulation (FAN)
Part 36,

*hifeckive Poresived Hoine Lewval,
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The concurrent existenes of iwo Rets of rulen has been a long-standing
irritation and inconvenience but happily conniderable 'harmonigation' wan
achievpﬂ 1n 1976 {n Ammendment 9 which cltes IEC atandards in place of

H31, and’ employa the same meanuring locations and rolae }imiktn ag the
currpnt ICAD dncument, the Third Edition of 1978,

DIV ELOFMERT OF STANDAR DS

In ita pioneering work in 196B/69 the FAA wan able to cal) upon the
gpecialist knowledge avallable from the US Soriety of Automotive
Engineers, a body having a long-standing involvement with aviation.
Their Aerospace Recommended Practices (ARP) and Aerospace Information
Reports {AIR) have provided expert advice and data on a variety of
topics for many years, The 5AF A21 Committee and specialist
pub-commtttecs participated substantially in the Formation of the [irst
noise certification regulation FAR 34,

The iutermationa) organisation I1CAQ took longer to Inrmulate its rules
which appeared ih 1971, It was natural for ICAO to enlist the sunport
of I50 and IFC in the development and revision of the certification
procedure and hoth organisationg made valuable contributiona to the
revision of noise measurement procedures over a period of about

4 years. 'The involvement of IS0 and IEC brought the HK national
standards organisation into the activity. Close consultation bhetween
the British Standards Institution technleal committers and Ilndustry -
groups such a3 the Society of British Alreralt Constructors was
beneficial in ensuring that practical aspects received adequate
consideration. The Civil Aviation Authority also cperates a Working
Party on nojse certification matters, on which representatives from
indugtry and government establishments meet,

EFPECTIVENESS OF STAHDAHDS

1t is very desirable and reassuring to have a measure of the success of
a standard procedure or mcasurement technique. In this instance it
might be suggested that a test aircraft should conduct a tour and

have its noise measured by a number of organisations at different sites
using the slandard procedure,

In 1969 prier to the introduction of certification Exercise 'Iummy Run'
was crganised for UK organisations by the Board of Trade. ‘Noise from
a BAC .t=1% ailrcraft was measured by teams at an airfield-in Spain.

Exercises of this nature are very expensive. More acceptable, are tests

invalving the distribution of carefully prepared magnetic tapes or il
geographically eccnvenient, heve different organisations record aud
analyse carefully reproduced sounds.in a free-Cield room,.

Both these exercises have been uged t» assess the efrocllvenesa of
alrcraft noise standards. 'They omit probably the greatest eause of
variability - the propagation path, but nevertheless are an extremely
valuable pointer to the degree of control being achieved,

The SAF tan a magnetic tape exerclse in 1973 in which 10 ormnisations
in the USA and 3 in Eurons pariicipated. It took abhout 2 yecars to
complete but eventually Stouder and McCamn published the Tindings in
1976. Here in England, the NPL ormnised a recording exereire in a
frec=rield room at the Laboratory for UK teams, who at the Lime wern
all operating with portable equipment, Rﬂcently! a aimllar cxoreine
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has been performed by the Nelicopter MBoise Group of 1CAO.

With carefu). planning, exercises of thie naturs can be very valuahle
in revealing points of weakness in the standardinatinn procedure, but
the appraisal and analysis of the data is A monumenial task,

A CLOSER LOOK AT ‘"HREK FACTORS

The problema arising in the standardisation of 3 arlncted (antors are
congidered in some detail. -

DETECTOR RESIONSE AND KFFECTIVE INTEGRATION TIME

As the naoise siymal is primarily of a non-ataticnary, random character
the characteristics ol the band level detector are of primary

importance. As a non-steady sound leve] ia that indicated by a Yound
Level Meter ¢anforming to the appropriate astandard, it was desirable

thal the analyzer characteristies should e¢loaely match the dynamiq
behaviour of the electro-mechanical ULM = the 5IOVW satting being
appropriate, This was achieved by specifying the response to a atep up
and step down tone input signal. The detector also has to satiafy a

test for effective integration time bared on the”variance of tha mean square
output of a band=!imited random input sigmal. A value of 1.5 seconds wan
chosen for the intepration time. ’

The advant of true RMG detectors employlng digital techniques has simpli-
fied the standardisation of detector performance, particularly as a running
average of three 0.5 sccond intsgration period valuesywilh equal weighting,
satisfies the tone step teat,

ATHMOSPHERIC ATTENUATION

The LEPN declared for the 3 rcertification mecasurements has to be enleoulated
for standard day conditions of 7ui Rl and 25 1, Aa these rarely exist on
the test day, corrections for atmnspheric attenuation have to be applind.

Standard values of L octave band attenuation (dB/IN0OCt) arm given in

ARP BGAA baserd on the results of labaratory experiments and measurements of
alreralft Flyover naise at different altitudrs, The field lests wrre el
ated to meteoralogical measurements at 10m above ground leavel, which liave
mistakenly bLeen taken Lo relate [requently to conditions above. Only in
aituations where the boundary layer is well mixed, with standard or near
standard lapse rate is this a reasonable assamplion,

The directors of certification tests acek a location with predictlable fine
weather and low winda. In these arcas 10m meteorolomical measurements are
not always reprencntative of Lhe ailmospherie conditions on which ARI' BOHA
wiag based, ‘'lemperalure inversions are often present in the early merning
when winds nre tikely to be low.

tuspicions about the earroctness of atmospherie attenuations perslsind lor
aome Limr.  Io Lhe 1978 revisions of FAIL 36 and Annex 16 the requirement
Lo meagure temperature and humidity along the whole sound path was intro-
duged, Neatrictions wore placed on the maximum attenualion rato and its
rate of chargw, [n pomn cases a 'layered aluoaphere’ ealeulation of bLotal
abttanuilion in reqolred,

Thia action han brouphl fnte prominence thn nroblem of accurale
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measurement of humidity and itn spatial vnifommity in the boundary layer,

GROUND LNPPHFJHLNCE

For rather obscure hiastoric reasons, the helght of the microphone ahove
ground Igvel is specilfied as 1.2m. The slgnal reecnived by the microphone
is therefore the sum of direct and reflected mound raya, If time delays
are appraopriate and within the correlation time of the analyzer [ilter,
eancellatjon and reinforcement will occur, Thin distorts the btrue

ampl itude of the signal and causes peaks to he wrongly identified as *'tona?
in the tone penalty procedure.

Various ways of overcoming this to enable a Irce-lield reault to be
chtained- are discunsed,

APIROACIHING THE LIMITS

During the last decade.certifi¢atiqn'noise leveln have been lowered by
B-10 EPMiB, while heavier, noisier versions of the original wide-bodied
aircralft have been intreduced. Present day margine are now very slender,

As atreralft noine certification becomes more difficult and the limita are
approached, better accuracy and increased preciasion will be demanded. 1t
im highly questionable whether tenth decibel accuracy (in LEpN) is a
realistic objective for an outdeor noise measurément on a broad band
moving scurce. Should such effert be put into determining inaudihle.
differencen? This question remaina to be anewered.

The paper concludes by ldentifying two arcas, dynamic atmospheric elfects
and ground interfercnce, in which it is cnnsidrred the regulations warrant
extension,
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MEASURING POINTS LOCATED ﬁ

AT 3 POINTS.REPRESENTATIVE
OF IMPORTANT *COMMUNITY' POSITIONS

TAKEQIT PQINT
6,500m {3.5nm)
FROM START OF ROLL

LATERAL POINTS
450m (0. 25nm}

TOSIDEOF |
APPROACH POINT . FLIGHT TRACK

2000m (], 08 nmj FROM THRESHOLD

FIG. 1, CFEATIFICATION UFASURIMNG SCHEMR

TYPICAL PROCESS

NOISE SIGNAL RECORDED
ON MAGNETIC TAPE

TAPE ANALYSED EVERY Y% 6, 2

CONTROLLED FLIGHT TEST SECOND INTO §“ BCTAVE
UNDER PRESCRIBED BAND LEVELS LEASLUREMENT
CONDITIONS. ‘ £

-~ LEVELS CORRECTED FOR

-~ HUMAN RESPONSE TG AlIALYSTS
/ ’ | ARCRAFT NOISE CHARACTER PROCEDURE
,

-
-

CORRECTION FOR DURATION
OF NOISE APPLIED

Iip| CORRECTIONS FOR NON.
866 STANDARD ATMOSPHERIC -
CONDITIONS APPLIED

=" CORRECTIONS FOR NON-
STANDARD AIRCAAFT
FLIGHTPATH APPLIED

CORRECTIONS FOR POWER
. SETFING B WEIGHT
2" | vaRtaTIONS APPLIED

NOISE SENSED BY

MICROPHONE LOCATED

1.2 METRES ABOVE GROUND oot (INAL PUBLISHED EFFECTIVE

IN (IPEN AREA. S PEACEIVED NDISE LEVEL
EPNL] compuTEn )
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MEA SURING PGINTS LOCATED 2K
AT 3 POINTS REPRESENTATIVE
OF IMPORTANT 'COMMLUNITY' POSITIONS . )

TAKEQFF FOINT
~ 6,500m (.5nm)
FROM START OF ROLL

LATERAL POINTS
&0m (0. 25nm)

APPROACH POINT TO SIDE OF
TRACK
2000m (1. 08 nm} FROM THRESHOLD FLIGHT TRAC

FIG. 4, CERTIFICATION MEASIRIM SCHRME

TYPICAL PROCESS

NOISE SIGRAL RECOROED
DN MAGNETIC TAPE

N ) TAPE ANALYSED TVERY % FIG, 2
CONTROLLED FLIGHT TEST g:% Nﬂ{{:{g 1" 0C1AVE
UNDER PAESCRIBED ) I ENT
t::mmsmssnu: : Aﬁsuu
ONDITION / LEVELS CORRECTED FOR .
HUMAN RESPONSE TO ALALYSIS
4 : ] AIRCRAFY NOISE CHARACTEA PROCEDURE
CORRECTION FOR DURATION
OF NDISE APPLIED
7] CORAECTIONS FOR NON-
STANDARD ATMOSPHERIC
CONDITIONS APPLIED
5 CORRECTIONS FOR KO-
STANDARD AIRCRAFT
o] FLIGHTPATH APPLIED
e —— CORRECTIONS FOR POWER
. D=, | SEVONG & WEIGHT
NOISE SENSED BY 2| VARIATIONS APPLIED
MICAOPHONE LOCATED
12 MEIRES ABOVE GROUND oo FINAL PUBLISHED EFFECTIVE
IN OPEN AREA. PERCEIVED NOISE LEVEL
EPNL] compuTED
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