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ON AIRCRATT AND ROAD NOISE

DETATTED  ABSTRACT

In the development of the modernization constrnction
courges in our country, the nolse problems have been growing
more and more sgerious, Althiough many works have heen done in
the roud tralfic noise study end harnessing, the glndy and
harnecssing works on the aircraft noises are still e weakpoint,
egpeclally in the development of the aircraft nolgse measuring
ingtruments, hence, the works in the area are exiremely
needed to be enhanced. In order to meet the reguirements of
meagiring the alrcraft noises to promote the study works of
the aircralt noises and bring them under control, by using a
single board computer, an instrument which is meinly uvsged
for ntieasuring the aircraft noismes has been developed, The
devolaopment of the ingtrument involves two parts, one is the
annlos; and digital acoustical measuring circuits which
interfnce with the microcomputer (hardware), the oller is
the apecial programs used for the measurement control and
datum processing of the instrument (software). In the
development of the hardware, gome speclal circuits which
interTace with the microcomputer have Leen designed snd some
available hardwsre circenllis have been lmproved, TIn the
development of the softwnre, some functions such ra oulo-

Jud erent, auto-analysis, eultocontrol and autometic datum
proceaging are added, and some new datum procesgsing and
propram design methods which are adapted to measure the
aire et noises are adopted, eand thus, the instrimeni
acl:ioves some functions that foreign similar insirumenls
have nwol ocliieved, Bxcepl Lhe aireraft nolee mewsnrements,
the road tralfic nolses and other noilses cen also be
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measured by the ingtrument,
— o T DRVELOPMENT OF THE IISTRUMENT AND THE
DETINITTIONS OF 30ME MAJOR ACOUSTICAL CRITERTA
1, TG OOFINITIONS OF AIRCRATRT 1T0ISE CRITURIA
Avcording to International Standerd IS0/3891, sgevercl
criteria vaood mainly for aircraft noises are defined eag
followlng:
(1) Perceived Noise Level Ipy
Lpy = 10 log2H + 40
24

vhere I = 0,835 n + 0.15 Z nj. The nj repregents the
j=1

max

perceived noiginess of the jth one-third octave band sound

preassure level which center frequency renges Irom 50Hz
10,0000z, end its value is determined by the perceived
nolginesg contours and the spectrum of the noise.

(2) Tone - corrected Percelved Noise level LTPH

Lopy = Lpy + ©

where ¢ ig o lLone correction and its evaluation is very
complex and il will not be discussed in deteil here. The
meaning ol the evaluation of the ltone correction is the
equivalent volue (dB) of the difference between the swmoclhed
and unsgucolhed noise spectra.

(3) Bffective Perceived Noilse Level Lpy

OI’TPLT/ 10

1 (1=
Lypyy=10Le(r J_“ 1 at)

where T, 1g chiosen as 108 eccording to Internstionel
Standard TS0/3891, and the Lopy 1 mainly used for en
alrcralt U'Lyover nolse assessment.

(4) Tguivalent Peceived Noise Level LFHeq

1 1, e/ 20
Lppeq=102e(-F J o 10 at)

where T lg Lthe time during which the measurement lests, and
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tlie LPqu ig mainly used for the long-term sircreft noise
expogiire ssasesgment.
2, THII DEFITITTONS OF S1UIVIRAL OTHRR CRITERTA
(1) Cumulative Distribution Level Ly
The cumulslbive distribubion level LN meansg Lthel Lhere
nre T percent noise levels exzceed the LN during the time the
mecguvrement lasts, If N is chosen as 10, 50 and 90
reagpectively, the Ly, L50 and L90 may bg obteined,
(2) Hguivalent Continuous Sound Level Leq
LA/lo

at)

1 T
; T = 10lg ( = 10

viiere T ig the time during wiiich the measurement losts, and

y ig the A - welghted sound level. LA = 2013-42 , where P
v Fo
ig the A-weighled sound pressure, end P, is the reference
gpound presgure gnd its value is 2)(10-5 Pg.
(3) Hoise Pollution Level LNP

L

where o 1g the standard devieltlion and defined as

= 1 o \2 . ’ -
Lile el ggi(LAi LA) s 1T 1s the total sample number and I,

lg the arithmetic mean valuve of the LA in the megsvring time,
(4) Trelfic Noise Index TNI
™I = 4(L10-L90) + L90—30

3e TIE BLOCK DTAGRAM O THE THSTRUMENT

Tigure 1 ghows the bloclk dimgram of the ingtrument.

4o ITARDWARE DEVELOPMEIT

M order Lo make the computer he used for the acousgticcl
mepsirement purposes, some peripheral circuits wlhilch interface
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with the computer have been developed. They are the
electironic switch and its controller, the four digitel T.iID
digplay end Tront panel operation console, and the computer
interface circuit of the analog to digltal converter elc.
Begldes, an available logarithm emplifier circuit hes been
analyzed and then been improved, and its characteristics
become 80 mophiaticated that it meets the technical
requiementa of the instrument.

r‘ : BT | |o{E5E
— bsulator and Detectors "| switches Amplifier
&M&hvd -
Metar
' Electronic
Printer Switch
<F Controller
el e Analeg to
Digita Single board _ Digital |, |
D:‘sptay Y Computer N 'Mtv:r:eit';
Fa
Frent Panel Power
Console Supply

Mgure 1. The block diagrem of the ingtrument

—, SOTFTJARE DEVELOPMENT

1. TIIE BDLOCK DIAGRAM OF THE PROCRAM

Figore 2 shows the block diagram of the program.

2o A TNIINF INTRODUCTIONW OF THE PROGRAIN DESIGN

The ingtrument is centered by the computer and all of
its measvrenents are directly controlled. Hence, the datum
analysea end datum processing abilitles of the inslrument
depend lcrely on the program design. The major features
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of Lhe program design are summed below:

(1) A programable timer has been used in the insirument
and it is connected with the programs in an interruplion
mode. The advantage of the interruption operation mode is
that the computer can process a great deal measuring date
dvuring the timing and turn to deal with the interruption
gservice routine only when an interruption occurs. The
timing period can be changed according to different
requirements in the instrument,

|Program Initiation |
i

o Spectrum |npt |
¥
[Con and Lrpw Caleu lations)|

No | =
Other Datum | | [Deive, - Fal L‘:’,ﬁ“‘t About Lgpn
Processings Than Lepn
Other Than V=T
Larn

L

i
[Disply Content Selection
Jes

Ne
Wait

Figure 2., The block diagram of the program

(2) In order to process a great deal gpectrum data without
talin; up a lot of compubter memory space, the melhod whlch
the dula are procegsed as llie measurement is underilaling 1s
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adopled by the Instrument. This can be seen in Figure 2,
hen the spectrum is inputted, the program will Tirst
process it to obtain the L?H and LTPN' At this lime, the
pgpeclrum can be updated by next spectrum because other
processings referring to the gpectrum depend only on the LPH
end Lippye For further long-time processings of the Tpyy OF
the I, without taking up a lot of computer memory gpuce, the
instrument accumulates a new processed sample to the
accuwnulation of the former processed samples when & new
gampling occurs, thus, the integrations defined hefore can
be completed while taking up a little computer memory space,

(3) The L, Lpy and Lppy can be digitally displayed at
any bLime when the instrument is used for the field
meagurements, Because of this function, the Lpy @nd Lppy
can be conveniently read oult in the instrument whenever
necesaary just like a digital sound level meter, thus, the
time relations of the Lpy @nd Lgpy can be observed,

(4) The instrument can automatically get rid of some
kind of interferences, TFor example, if a short duration
interference signal happens to occur during the meagurement
of the aircraft flyover nolse before the flyover procedure
has begun, the instrument will not mistake the interference
gignal for the alrcraft flyover nolse signal if the duration
time of the interference signal level over a preseg level
In the ingtrument is less than two seconds, and the instru-
ment will clear up the stored interference signnl so that
the Lyppy values can be stored when the flyover procedure
heg really begun,

(5) After nn aircreft flyover beging, if a high sound
level lasbs Tor a long tlme and if the duration Lime exceeds
gix minuteg end twenty-four seconds, the instrument will
avtonaticanlly judge that it 1s not a flyover procedire and
will print out error messapes to indlcate that the mensure-
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ment must lhe over again.

(6) Irf the maximum tone-corrected perceived noise level
does not exceed the background noise level plug 20 4B during
the whole I1yover procedure, the ingtrument will slso gilve
the datum fanlt messages.

(7) Verious measurements can entirely be aubtomatically
controlled in the instrument. Ag in the aircralt flyover
noise meagurements, the instrument can automatically
determine the hegimming and end of the flyover procedurea,
thug, the uncertainty of human judgement cen be avoided,
and hence {iie reliability and consistency of the results
will be increased. For the measurements that their results
can be obtained only after long duration time, the
measurementy cen algo be controlled automatically by the
ingstrument. Dy pregsetting & measurement duration time
(sample numbers X sample period), by the end of the meagire-
ment the ingtrument will automatically print out the
measurement results and then stop itself.

(8) The electronic switch, analog to digital converter,
digital display and front panel congole switches are all
controlled by the program, and the hardware circuils are
replaced ag many a9 pogsible by the software in the
interfacing circuit designs, so that the hardware circuit
designs ere ;reatly simplified, and the costs have been cuil
back, hence, the realiability of these circuits are increecaed.

(9) Frowm the program block diagram (Figure 2), it shows
that altliousgh the LPN' ITPN and LPHeq are mainly used for
the esircra’l noise assessment, the LPN and LTPN can he
obtained by ench sampling and LPHeq can algso be obtained
whenever the criteria Loy Leq’ Typ and TNI are obtained.
Therefore, {he application scopes of the Lpys Lppy and
LPNeq ag well ang the relationship between thease criterie and
other critexria can be studled by making use of Lhe
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charocleristics of the instrument.

(10) Although the instrument is mainly used forx
meagiring the aircraft noises, it is also an noise level
analyzer. I{ contains the major functions of Danigh Ilolze
Level Analyzer Type 4426, besides, the Lyp &nd TNI can be
obtained directly. Thus, the instrument is a& multifunctional
meag:rement and analysis instrument and willl find wide
epplications,

= . THE RESULTS OF THE LXPERIMENTS AND DISCUSSTONS

In order to tegt the performances of the instrument,
the cirvcralt flyover noises and the road treffic noises are
recorded on Jiangwang Airporl and Dalian Road respeciively.

The veriation relation between the Lypy end ¥ (time) in
gome alrcralt flyover procedure lg given in Figure 3, and it
can he geen that the measuring values are quite close to
the values obtained by the manual calculation and their
variation tendency 1s almost the same. In addition, some
eight more aircraft flyover noises are also analyzed in
thisg way and no details will be given here.

Lren (dB)
i

o o | l/.\.%&‘:\l
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More 3. LTPn't relalion of one aircraft flyover procedure
X — The values measured by the Instrument
0o — The values produced by the manual cnlculation

The manunl calculation LNPH valuesg and those mensured
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by the ingtrument end their differences are tabulsled 1
Table 1.

r

ith Aircrapt ¢t 23| 4| 5| €| 7|8 ?
Manval Caleulation

10| 4| jo2.4| 1eg.9| 1t0.0| li2.0| lo45| 1115| 126

: e )
Wm"adaﬁ 1o.o| 11g| jo2.9| yro.1 | 1103 | 3z | 1042 | r3| o9

D.‘ﬂ"grgnus (dB) | 0.0 | +e5| 43 | +02 | 403 | #.3 | -23 | 02| -17

- ——

Table 1, The comparisons between the manuel calculalion
valuesg and those messured by the instrument

The comparisons of the esnalyzed resulta between Lhe
ingtrurent and Danish B&K Noise Level Analyzer Type 4426 are
given in Table 2., (The sample period is 0.5 gecond end the
gample mumbers are 2,000)., The symbol "A" means the
differences of the results.

Mnbee | | 2| 3| 4|5 6|7
4/10(dB )| 60 | 00 | -e3 | +a2 |+a7 | +02 |00
Also(dB) | +a2 | #aa2 | 102 | 402 | +05 | +02 [+02
Alpo (dB) | 2a4 | +02 | -a] | 4e4 | +e5 | 402|000
dleg(dB) | toz |+0.] | to.] |+24 | +og | +a3 ] 0.0

Table 2. The comparisons of the analyzed results helween
the ingtrument and B&I Nolse Level Analyzer
Type 4426

For other criteria derived from the Loy, Lgpy and T, ,
their calculating programs have been proved by a lot of
realialle dala, and their tegting results will not be gilven
here.
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The instrument has provided a good method for the
alrcralt noise measurements, but the hardware designg and
thelr meling technologles are to be further improved so
that it can be found practical epplications,

July, 1984
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