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The procedure for demonstrating that a new aircraft or derived version

of an existing type satisfies certain prescribed noise limits

provides an example of a large scale operation in which electro-aconst-ic

-standards are of prime importance. The control of aircraft noise by ‘
type certification of new aircraft has been in effect rm- about in years

now. During this time the initial standard procedures: have had two
major revisions as experience was gained and refinement continues.

In the test. outlined in Figs 1 and 2. the average value or LEM" at
3 specified points has to be determined with a 9H,}; confidence limit

of -1.5 Fil’Ndil from a minimum sample of six. (in a snecific occasion

this appears to be quite readily achievable, whether the regulations
and standards implicit in them are adequate to ensure the Hider aim

of comparability between different organisations and different sites
has never been formally assessed. Nevertheless the 5rd Edition of the
international regulations. embodying the experience of nearly 10 years,

ensures close control over all major aspects with two nosSihlp

exceptions, dynamic efi'ccts in the pronamtion path and the effect of the
interference at the micrnnhune from ground reflections.

The International Civil AViation Organisation (JCAO) is msnnnsihle
for the formulation and development of aircraft noise certification

procedures, working through its succialist Committee on Aircraft Noise.
substantial assistance has been given by the International Organisation
for Standardisation (mo) and the International Electra-technical
Commission(£EC)on mcialised electro-acoustlcal matters. The ICAO
procedures. entitled Annex 16 to the Chicago Convention on Civil
Aviation are almost universally accented by member states and enacted

into national legislation. In the U.K. the Civil Aviation Authority is
the body mspnnsilile for aircraft noise matters and publishr‘n the ICAU

procedures with minor changes as British Civil Aviation Regulation

(1mm) Section N.

The exception is the United Staten of America which, by virtue of itn

pr‘fl-cmincnce in world aviation. plus the fact that it was the
i'nrernnnnr in this movement to cuntrn] aircraft noise nuisance hy the
certification at new types, ncrcista rather chauvinistically. in

fnrmulatinlg its mm not of ruien in l-‘cdr-ral Aviation Romiatlon (PAH)
Part $6.

'M‘i'ectivn |‘r>rnnlvud Noin-t Imus].—
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'l‘hc concurrent existence of two sets of rules has been a long-standing

irritation and inconvenience hut happily considerable 'harmonioation‘ was

achieved in 1976 in Amndment 9 which cites lBC standards in place of

ANSI. and‘ employs the same measuring locations and noise limitn an the

current ICAO document. the Third Edition of 1918.

DEV b'LUl’MEN‘i‘ 0 F‘ STAN DAll D5

In its pioneering work in 1968/69 the FAA van able to call upon the
specialist knowledge available from the US Society of Automotive
Engineers, a body having a long-standing involvement with aviation.
Their Aerospace Recommended Practices (ARP) and Aerospace Information

Reports (Alli) have provided expert advice and data on a variety of
topics for many years. The SAP! A21 Committee and specialist

sub-committees participated substantially in the formation of the first
noise certification regulation FAR )6.

The international organisation lCAO took longer to i'nmulate its rules

uhich appeared in 1971. It was natural for iCAO to enlist the sun-port

of ISO and [BC in the development and revision of the certification

procedure and both organisations made valuable contributions to the

revision of noise measurement procedures over a period of about

4 years. The involvement of ISO and IFJC brought the "K national

standards organisation into the activity. Close consultation between

the British Standards Institution technical commlttens and industry -

groups such asthe Society of British Aircraft Constructors was

beneficial in ensuring that practical aspects received adequate

consideration. The Civil Aviation Authority also operates 'a working

Party on noise certification matters. on Hhich representatives from

industry and govcrnment establishments meet.
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It is very desirable and reassuring to have ameasure of the success of
a standard procedure or measurement 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 nmceduro.

in I969 prior to the introduction of certification Exercise "thmllly hun'
was organised for U1! organisations by the Board of Trade. 'Noise from

a BAC 1—11 aircraft was measured by teams at an airfield‘in Spain.

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

involving the distribution of carefully prepared magnetic tapes or if
geographically convenient. have different organisations record and
analyse carefully reproduced soundsin a free-field rosin.

Both these exercises have been used to assess the effectiveness of

aircraft noise standards. They omit probably the greatest cause of

variahility — the propagation path. hut nevertheless are an‘ extremely

valuable pointer to the degree of control being achieved.

The SAP. ran a magnetic tape exercise in 191) in which 10 ormnisatinns

in the USA and 5 in Europe participated. it took ahnut 2 years to
complete but eventually Stoudor and McCann published the findings in
1976. Here in England. the NFL nrmnisnd a recording exercise in a
[mo-field room at the Laboratory for UK team, who at the time were
all ophratlnfl with portable equipment. Recently! a nimilar "lnrnlsl‘
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has been performed by the Helicopter Nninu Group of HIM).

Hith careful planning, exercises of this nature can he very valuahle

in revealing points of weakness in the standardinatlnn procedure. hut

the appraisal and analysis or the data is a monumental tank.

A CLOSER LOOK AT 'l‘llHEH FACTORS

The problems arising in the standardisation of 3 selected factors are

considered in some detail.

DEFECTOR RESPONSE ANU lil-‘i-‘EC'l‘lVl-Z Itl'l‘l-ERA'l‘IOH TIME

As the noise signal is primarily of a non-stationary. random character

the characteristics of the band level detector are al‘_ primary

importance. As a non—steady sound level is that indicated by a Hound

Level Meter conforming to the appropriate standard, it was desirable

that the analyzer characteristics should closely match the dynamic

Dehaviour of the electro-meehanical EILM - the GLOW setting being

appropriate. This was achieved by specifying the response to 'a step up

and step down tone input signal. The detector also has to sati fy a

test for effective integration time based on the/Variance or the mnnnsquare

output of a band-limited random input signal. A value of 1.5 seconds was

chosen for the intenration time. '

The advent of true HHS detectors employing digital techniques hat: simpli—

l‘ied the standardisation of detector performance. particularly as a running

average of three 0.5 second integration period Valuer with equal uninlitimiy

satisfies the tone step test.

 

ATMOSPHERIC Il'l'l‘h'NUA'l‘lON

The LEW declared for the 5 Certification mvgnurements has to he calculated
for standard day conditions of 70% [ill and 25 C. [is these rarely ex at on

the test day. corrections for atmospheric attenuation have to be applied.

Standard values or g octave band attenuation (an/moon) am given in
All? 866A based on the results of laboratory experiments and measurements: of

aircraft flyover noise at different altitudes. The Field tes .v wore rel—

ated to meteorological measurements at 10m above ground Invel, which have

mistakenly been taken to relate frequently to conditions above. Uni: in

situations where the boundary layer is well mixed, with standard or "NIT

standard lapse rate is this a reasonable assumption.

  

The directors of certification tests seek a location with predictahlc l‘ino

w.ather and low Hinds. In these areas llJm meteorological measurements are

not aluays reprennutative ol' the atmospheric conditions on which IvHI' "mill

was based. 'l‘cmpcrature inversions are often prearmt in the early morning

when winds are likely to he luv.

:luspicionn about the correctness of atmonpherie attonuatluus persisted For

some time. In the l')'l[l revisions or Will )6 and Annex 16 the requirement

to meanurn temperature and humidity along the whole sound path was intro—
duced. Ileutriotlono In"! placed on the maximum attenuation rate and itn

rate of ohanm. In noun car. a ‘layered atmosphere' calculation of total
attenuation in rfllluln'll.

 

'l'hla :l4:t|nn has hrmmhl. Into prominence the nrohlv-m nr accurate
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measurement of humidity and itn “mu-n uniformity in the hnumlnry layer.
5:

GROUND UL ‘l-ZlilENCE

lbr ratHEr obscure historic reaoons. the height of the microphone shove
ground [Eye] is specified as 1.2m. The signal rennivod by the microphone
is thereTore the sum of direct and reflected sound rays. if time delays
are appropriate and within the correlation time of the Analyzer filter,
cancellation and reinforcement will occur. This distorts the tnm
amplitude of the signal and causes peaks to he wrongly identified as ‘tonnf
in the tone penalty procedure. -

Various ways of overcoming this to enable a free-field result to he
obtained are discussed.

A Pi‘ROACiilNG 'l‘liE LIMITS

During the last decade.certification noise leveln have been lowered by
8-10 EPNdB, while heavier. noisier versions of the original wide—bodied
aircraft have been introduced. Present day margins are now very slender.

As aircraft noine certification becomes more difficult and the limits are
approached, better accuracy and increased precision will he demanded. It
is highly questionable whether tenth decibel accuracy (in Lap“) is a
realistic objective for an nutdoor noise measurement on a broad band
moving source. Should such effort be put into determining inaudihle-
differencen? This question remains to be answered.

The paper concludes by identifying two areas, dynamic atmospheric effects
and ground interference. in which it is considered the regulations warrant
extension. '
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