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ABSTRACT

Deecriptionu of aircraft flyover noise algnals in terms
of "effective perceived noise levels" or "integrated per-
ceived nolse levels" call for a more dotailed analysis of
the recorded alrcraft flyover signals than has previously
been required, To provide a basis for comparing these
relatively new measures vith other flyover noise measures,

time durations for 45 flyover noise signals produced by a
variety of turbojet and turbofan transport aircraft in current
airline service, The descriptions are based upon cne-third
octave band noise gpectra determined at one-half second
intervals throughout the flyover time histcries,

Comparisons are provided between integrated perceived
noise levels, effective perceived noise levels, perceived
ncise levels calculated from the maximum third-octave band
noise levels occurring during the {lyover and N-weighted
nolse levals, Comparison of various duration measurements
and corrections are alsoc precented for durations measured
at levels of 10 dB and 29 dB down from the maximum flyover
levels., Comparisons indicate high correlation among many
ol the different measures describing maximum noise levels
and duration,
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I, INTRODUCTION

In developing proposed noise criteria for the certification
of new jet aircraft (Ref. 1), several relatively new messures
of takeoff, approach, and sideline noise levels have been
suggested. These measures generally require a much more
detailed analysis of the aircraft noise signal than has been
undertaken previously. Among the flyover noise measures
suguusted are the "effective perceived noisc level" aud the
"integrated perceived noise level"., Both measures may be
calculated from one-third octave band noise spectra determined
at half-second intervals during a flyover and both measures
include, directly or indirectly, adjustments for the presence
of discrete frequency components and for the signal duration.
Il contrast, the most common measure of aircraft noise in
current use is the perceived noise level calculated from the
maximum octave or one-third octave band noise levels occurring
during the flyover. This measure is calcvlated from a single
determination of octave or one-third octa'2 noise levels for
a flyover time history. (Ref. 2, 3)

Descriptions of the flyover noise signals for current
aircraft in terms of the effective perceived noise level or
integrated perceived noise level are not generally available.
In order to provide a basia for comparing these measures of
flyover nolse with other measures in more common use, Bolt
Beranek and Newman Inc. (BBN) undertook a detailed data
analysis of a number of flyover signals, as authorized under
FAA Contract FA65WA-1260, Modif. 8. This report presents
results of the analysis of 45 flyover noise signals produced
by a variety of current turbojet and turbofan transport
aircraft. Both takeoff and approach flyovers are included,
with samples of most types of commerciel trensport aircraft
in current widespread use in this country. The recordings,
for the most part, were made at civil airports during tukeoffs
and approaches of aircraft in regularly scheduled operations.

The data analysis requirements imposed bty the definitions
of the effective perceived noise level or integrated perceived
nolse level introduces the needs for flyover noise signal -
recordings covering a relatively large dynamic range. There- .
fore, a large number of flyover noise¢ recordings were obtained '
and screened in order to obtain relatively ‘'clean' recordings
which were finally analyged.

Section II of this report briefly describes the various
measures of flyover noise signals considered, and presents
the results of the data analysis in tabular and graphical form,
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Data acquisition and reducticn technigues, and instrumentation
are summarized in Appendix A. The scope of the study d4id

- not allow for detailed comparisons of the various measures

of the flyover noise signals. However, some of the differences
and similarities are briefly summarized in Section III.
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II. DATA PRESENTATION

A. Outline of Measured Quantities

The one-third octave band sound pressure levels at center
frequencies from 63 Hz to 10,000 H:z were determined at each
half-second interval during the recorded flyover time histories,
In addition, the N-weighted sound levels were measured at each
half-second intervel.* The N-welghted levels were included
since previous studies had indicated that the maximum N-
weighted sound lcvels are well ccrrelated with percelved noise
levels calculated from the maximum octave-or one-third octave
band levels occurring during the flyover, Previous study had
also irndicated that the time durations determined from N-level
time histories should be similar to those obtained from
perceived noise level time histories. (Ref. 3) The data

acquisition and analysis procedures employed are summarized
in Appendix A,

1. Maximum Flyover Level Measures

From the one-third octave band noise spectrum
determined at each half-second interval, a tane-
corrected peiceived noise level can be calculated.

This quantity will be identified in thie report es
PNL (0.5 secg. This quantity is determined as follows:

PNL (0.5 sec) = PNL (1/3 OB) + F (1)
where

PNL (1/3 OB) = perceived noise level calculeted from
the noise spectra according to the
tables and procedures glven in
Ref. 2. (This is the usual procedure
in calculgting the perceived nolse
level, without corrections for
discrete frequencies or duration;)

F = correction for discrete frequency
components determined by the procedures
and tables of Appendix B,

* The N-weighted sound ievel i3 the nuise level chtazned after
passing the flyover noise signal through a frequency

weighting network having the inverse of the L0 noy noisiness
rsontour,
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From inepection of the FNL (0,5 sec) values occurring during
a flyover, the maximun veiue way be determined. This meximum
value is identified as PNL(max). Similarly, from inspection
of the PNL(1/3 03) velues, the maximum value of the PNL{1/3 OB)

can be identified; this velue 1s designated as PNL(1/3 OB)max'

A third "maximum" value of interest is the perceived noise
level (1ithout discrete tone corrections) calculated from the
maximum one~third octave band nolise levels occurring at any
time during the flyover, This quantity corresponds to the
perceived noise level quantity value most usually reported
for previous flycver data., A fourth "maximum" value was
also determined ~=- the maximum N-welghted sound level,

2. Time Duration

The time duration of a flyover noise signal may be

defined as the time, ty, in whioh the signal is within
KdB of the maximum signal level, Time durations were
determined from time histories of the PNL (C.5 sec),
PNL{1/3 OB), and the N-weightcd sound lcvel, Durations
vere obtainhed for values of K equal to 10 dR and 20 4B
(i.e., 10 @B and 20 4B down from the maximum levels).

3. Effective Ferceived Noise Level

The effective perceived noise level is defined as:

Fillope = FNL(max) + D (

ro
—

'"6here D = a time duration correction determined either
from

Y10 20
D:\,O = 10 108 Tg- or DE’O a 10 108 _36_ (3)

Ik, Integrated Perceived Noise Level

The Integrated perceived noise level has also been

determined for the flyover time histories. The integrated

perceived noise level, PNL1nt is defined as the addition,

on an encrgy basis, of the PNL (0.5 sec) values over s
gpecified dynamic range:

Y.
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PNL (max)
PNL(0.5 s
PNLy,, = 10 log ) Antilog (¢ 2! ec) (4)
PNL (max )-K

The summation indicated by Eq. (4), was performed for
values of K equal to 10 end 20 PNdB (i.e., over the
uppermost 10 and 20 PNdB of the flyover timec history).

». Data Tabulstion

The -2casures described above are tabulated in Tables 1
and II for each flyover., 1In each table, aircraft are
identified as to engine type (turbojet or turbofan) and
operation (takeoff or landing). The slant distances (i.e., the
minimum distance between aircraft and recording microphone
during the flyover) are also listed in each table,

Table I 1lists the various measures of the maximum flyover
level, Two values of the effective percelived noise level and
integrated perceived noise level are listed., One value was
determined considering the upper 10 PNdB of the flyover noilse
signal (K = 10), the second, with the upper 20 PNdB of the
signal considered (K = 20), Also listed arc the values of
PNL (max), PNL (/3 OB)max’ maximum N-weighted sound level and,

in the last column, the perceived noise level calculated from
the maximum one-third octave band scund pressure levels
occurring at any time during the flyover. (As noted earlier,
this laat quantity corresponds to the perceived noise level
as most commonly calculated frow flycver data.) The table
also lists the time, with respect to an ardblirary reference,
at which the PNL (max), PNL {1/3 0B)pax? 8Nnd the meximum

N-weighted sound levels occurred during the flyover.

Table II lists time duration data for each flyover, Shown
in the table are the time durations at 10 dB and 20 dB down
points as determined from the PNL (0.5 sec), PNIL (1/3 OB),
and N-weighted time hlstories. The time duration corrections
of Eq. §3 are also tabulated for the PNL (C.5 sec), FNL
(1/3 0B) and N-weighted time histories. Also shown are the
ratios of the 20 dB- to 10 dB time durations.

In several instances, duration information at 20 4B down
points 1is bracketed in Toble II. The brackets indicate

possible error, due to insufficlent dynamic range in some
of the third-octave bdand time histories.

-5
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Figures 1 through 45 depict noise spectra anc time history
inrormation for each flyover. The upper chart in cach figure
shous tus third-octave band spectra. One 1s that occurring
at tihe time INL (max) occurs, the sccond, the maximum third-
octave sound pregsure lcvels occurring at any time durlng the
flyover, The lower chart in each rigure shows the time his-
tories for the PNL (0.5 sec), PNL (1/3 OB), and the N-weighted
sound level, The chart alsc shows the calculated perceived
noisc level of the bacikground noise level fer each flyover,
This background noise level 1g governed by the ambient
acous.ic nolse level existing in the field plus the electrical
floor of the recording-playback instrumentation,

RN T ..w<mww. .

The difference between the PNL (0,5 sec) and PILL (1/3 OB)
value shown in the time history charts represcvnts the discrete
frequency corrections determined by the calculation procedure
of Appendix B. The variabllity of third-octave band noise
levcle determined from O.5-sccond sampled 1s hish at very low
frequencies with variabiliiy decreasing as frequency (and
banduidth) is increased. (Ref., 3,4) This variability at
low frequencies gives :rise t{> apparent frequency irregularities
in the spectra regsulting in small discretc frequency correc-
tione even for some gpectra which would be judged in listening
tests as broadband. Tho large discrete frequency correctiong
are, of course, governcd by the exlstence of octrong discrete
frequency components in the frequency range generally above
1000 Hz,

The N-weighted sound lecvel values listed in Table I are
based uposn the electrical sutput from the data reduction
system, plus a normalization value based upon previous
correlations of N-weighted sound levels and calculated
perccived noise levels (basec on the maximum levels occurring
durins the flyover)., In preparing the time history piots of
Fi;s. 1 through 45, the N-weighted sound level values heve
becn reduced by 10 dB to incrcase the ease of reading the
curves by climinating overlap among the various time historiles,
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III. FLYOVER DATA COMPARISONS

The scope of our program did not provide rfor detalled
examination of the relationships and correlaticna between
the v rious measures of maximum noise level and time
duration. However, we did teke & first order step in
examining the relationship between measurec, by computing
the differences between various level and duration messures.
Table III presents a tsbulastion of mean differences and
standard deviations of the differencee for a number of
comparisons. Separate mean and standard deviation values
are shown for turbojet and turbofan takeoffs, and for turbojet
and turbofan landings. The upper portion of the table lists
comparisons for various measures of maximum levels; the lower
porition, various measures of time duration.

The first row of Table III compares the differences in the
integrated percelved noise level and the effective perceived
noise level, both determined over the tep 20 dB of the
flyover signal. The integrated perceived ncize level averages
7 to 9 4B greater than the effective perceived nolse level,
with standard deviations of the order of 1 dB. The second
row compares the differences betwcen Integrated perceived
nolse level determined over the upper 10 and upper 20 dB of
the recorded time histories. The mean differences are of
the order of 0.3 4B, . In fact, the maximum difference
or any of the flyovers is 0.5 dB.

The next four rows in the table compare differences between
other measures of maximum noise level. In Row 3, the
diflerences betwcer PNL (max) and PNL (1/3 OB)max’ represents

differences essentially due to the discrete tone correction,
As exprcted; the differences are lLargest for landings,
particulariy of turbofan alrcraft.

The fourth row compares the PNL (max) values with the
maximum N-welighted sound levels. The mcan difrerence varies
from 1.5 to 4.4 PNGB. Row 5 compares FNL (1/3 Op‘may with

the N-weighted sound levels. The mean differences are small,
renging from 0.6 to -0.8 @B, with stendard deviations of the
order of 1.5 dB, indicating quite good correlation between
the N-weighted level and tne perceived nolse level calculated
from nolse spectra determinel at 0.5 second intervals.

The next row (Row 6) compares PNL (max) with the perceived
noise level calculated from the maximum third-octave band

necise levels occurring at any time during the flvover. The
greatest difference it found for the turbofan lendings,

-/..
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resulting, of course, from thc relatively large discrete
tone corrections applied in computing PNL (max) for the
turbofyan landing data.

The seventh row compares the differences in perceived
roise level calculated JSrom the third-octave band spectra
at any 0.,5-second interval witih the maximum third-octave
bands occurring at any time during the flyosver. The mean
differences range from 1 vo 2 4B, in accord with >revious
experience, (Ref, 3)

The remaining columng in Table IXII present comparisons
of different time duration measurements, Rows 8, 9, and 10
compare durations reasured at 10 4B and 20 dB down from the
maximum levels, The mean differences range from +0,7 to
~-0.8 dB. The mean curatisn correcticn calculated from 10 dB
douwr. data is greater than the 20 dB down correctlion for
turbcjet taleoffs, and turbofan takeoffs and 1lzndings, bdbut
not ror turbofan takecffs,

The remaining four rows in Table 1Il :zompere the varlous
measures of time duration, Rows 11 and 12 compare duration
determinad from PNL (0.5 sec) data with that determined from
the PNL (1/3 OB) time histories (1,e., time histories with
and without corrections for discrete frequencles). The last
twc rows compare the durations determined from the PNL (0.5 sec)
time histories and those determined from the N-weighted sound
hlstoriea. With the possible excepilon of the turbofan toke-
of{ data, the differences in duration correcticns are relative-
ly small, averaging less than 0.5 dB, Standard deviatior.s are
alsos of the crder of 0.5 dB indicating quite consistent agree-
ment among the various duration measurements, DMNean differences
and etandard deviations are somewhat greater for the turbofan
talicofif data,

In gencral, tnerefore, the cduration data lndicate thav:

a) for most current aircraft (with the possible excaption
o1 some turbofan aircraft takeoffs) differences in determin-
iny duration correctiong at either 10 dB or 20 dB polnts are
not large; and, b) the determination of time durations from
N-weisnted scund level time histories yilelds gond estimates
of the duration determined Irom time historles of percelved
noise levela calculated Trom third-octave tand spectrun at
¢.5-r~cond intervals,
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APPENDIX A

SUMMARY OF DATA ACQUISITION AND REDUCuY1G:
PROCEDURES AND INSTRUMENTATION

The flyover noise levela were initlally recorded in the
field on magnetic tape using the data acquisilion system
indicated in the upper portion of Filg. A-1., Fileld recordings
during scheduled operations were obtained at several airports
including Los Angeles International Airport, Long Beach
Municipal Airport, Westchester County Airport, Lorng Island,
and O'Hare Internatiorna? Airport in Chicago, A large
number of flyover recordings were examined and selection of
the data for analysis was based primarily upon "clean"
recordings of identifilable alircralt having a dynamic range
(overall sound pressure level or N-welghted sound level) of

25 1B or greater.

A Kudelski Nagra III Tape Recorder, a Bruel and Kjaer
2203 Sound Level Meter, and a Bruel and Kﬂaer 2630 Cathode
Follower equipped with a Bruel and Kjaer 4133 Condenser
Microphone were used to record the data. Acoustic calibra-
tion signals obtained with a Bruel and Kjaer 4220 Pistonphone
wcre recorded on the data tapes at intervals during the re-
cordings. The pistonphone signals were analyzed later during
data reducticn as a check on system performance and as a
calibratlon standard for the noise recordings. In addition,
sweep frequency signals were recorded on the tape prior to
field use; the sweep signals were later utilized to obtain
detalled frequency response corrections for the electrical
portion of the combined data acquisition-playback system,

The data reduction employed the conventional analog system
shown 1n the lower portion of Fig. A-1 to obtain time histories
of each one-third octave band from 63 to 10,000 Hz and the N-
weighted sound level. Time markers were placed at the begin-
ning of each flyover to permit time synchronization of the
histories in the various frequency bands, £ writing speed
of 80 mm/sec and a paper speed of 10 mm/sec with a lower
1imiting frequency of 10 Hz were employed with the Bruel
and Kjaer 2305 Graphic Level Recorder.
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The sound pressure levels were ther. read from the graphic
level charts at each one-halfl second interval. Af ter tabula-
tinz and checking, the time-history data including background
noise level information was entered intc a digital computer,

The computer calculated corrzctions tor background noise levels,
calculated the perceived nolse jevel for each one-third octave
band spectrum, the corrections for discrete frequency components
(in accordance with Appendix B procedureu) end the various
measures of time duratioan.
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APPENDIX B

CALCULATION OF DISCRETE FREQUENCY CORRECTION
FOR EACR THIRD-OCTAVE BAND SPECTRUM

Steg 1

Compute for each third-octave band determined at 0.5 second
intervals, a value composed of the arithmetic average of the
levels the nearest two bands above the given band and the
nearest two bands below.

Note:

The value for the two lowest frequency bands, and the two
nighest bdands 1s based on only the average of available
ad jacent tands.

Step 2

Mark all bands that exceed this computed value by 3 dB
or more, Recompute for all bands a second average value as
ir. Step 1, omitting the marked bands in calculations of the
average, (The average may now be based con several non-
contiguous bands.) A discrete frequency is said to exist
if the SPL in any band exceeds thils recomputed average value
by 3 dB cor more,

Step 3

The difference in dB betueen the second computed average
value and actual SPL in each marked band is used as the number
to enter the tone correc.icr 1atic (Talle B-I). Tius, &
tone correction 1s uevermined for each third-octave band that
exceeds its "average'" by 3 dB or more.

Step 4

The final tone correction for any third-octave band
spectrum is taken to be only the maximum tone correction
determined in Step 3. Thus, the final value of discrete
frequency correction for any third-octave band spectrum 1is
determined by only the 'worst" third-octave band.
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