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[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee
has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the

ISO/IEC Dl[ \.tiVCD, Pdl t 2 (DCC VV VV VV.iDU.Ul ;(/Idil CLtiVCD).
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Introduction

Within the last decade, multirotor unmanned aircraft systems (UAS) have greatly impacted the global
market with unique and cost-effective vehicle systems for photography, industrial surveying, logistics,
modern agricultural, civil engineering inspection, etc. A UAS can exert a significant impact on the living
environments of the human and wildlife during its operation at low altitudes. The adverse environmental
impacts include UAS noise. In urban applications, the UAS noise can be more annoying than road traffic or
aircraft noise at similar noise levels[ll,

The characteristics of UAS noise vary in different operating conditions. The modern agricultural UAS are
designed to operate at a few meters above ground level. The logistic UAS are operated mainly in cruise
conditions. The UAS for c1V11 englneermg mspectlon may operate 1n both hover and Crulse conditions.
The flight qomdi ' ' atrptorcraftl2l,
Therefore, the noise characterlstlcs are perceived dlfferently, maklng the ex1st1ng noise testcodles used for
large aircrgft, helicopter, and tilt-rotor vehicles unsuitable. These test codes were developéd |for aircraft
that typically operate far above civilians and urban regions, which are remotely related to thg multirotor
UAS. Currently, there is no internationally agreed procedures for measuring UAS noisein differ¢nt working
conditions.

fails a noise
(MTOM) up
ments. The

The recentlly published European Commission Delegated Regulation EU 2019/945[3] for UAS de

test code following ISO 3744[4], The EU 2019/945 considers UAS with maximum take-off mass

to 25 kg. The test code measures the sound power level of UAS in indgor.and outdoor enviror

regulation fvas later amended by EU regulation 2020/1058 [2] as regards new UAS classes. However, the

measurement is limited only to the UAS in hover. In addition, the mi¢rophone arrangement is npt specified

to avoid theinfluence of unsteady aerodynamic flow induced by the.UAS on the acoustic measur¢ment. Also,
n the noise

of which mpay have a significant impact on humans:-The tonal noise can cause annoyance becat
are sensitivi to pitch characteristics[Zl, while the broadband noise can affect the human brainstg
evoked responsel8l. Both the tonal and broadbasid noise produced by multirotor-powered UAS i
on the worKing conditions, leading to significant differences at different microphone locations.

This documfent aims at characterizingthe UAS noise in different working conditions, but the effor
the manufaftures or client requirement to decide the needed measurements. It is not necessary
all measurgments, and the measurer should select the measurement method according to the
provides prjocedures for performing noise measurements at the typical UAS flight-phases incl{
take-off, landing, and cruise;-Configurations of the microphones are specified to ensure measu;
made at different locations to quantify the directivity of UAS noise. It also specifies the requirem
measuremegnts are conducted with the acoustic far-field conditions satisfied. This document foq
methods of|measurifgthe sound pressure signals of the UAS under different working conditior]
which post{processing of the recorded data can be conducted. For example, by computing the n
noise spectfa, the tonal noise components can be extracted. However, requirements for signal

MTOM less
ntent, both
1se humans
bm auditory
b dependent

ts areleftto
to perform
purpose. It
iding hover,
‘ements are
ents of how
uses on the
1S, based on
hrrow-band
processing
on the test

and evaluatiém of the measured data are not specified in this document. Instead, depending

condition, several common Noise metrics are recommended, and the procedures to compute these metrics
based on the recorded data are given in Annex A. This document can promote the understanding of the
noise characteristics of UAS and provide reference methods for both manufacturers and regulatory bodies
to assess the UAS noise.

© IS0 2024 - All rights reserved
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Noise measurements for UAS (unmanned aircraft systems)

1 Scope

This document specifies methods for recording the time history of instantaneous sound pressure in
several positions around rotor powered unmanned aircraft systems (UAS) with a maximum take-off mass
(MTOM) of less than 150 kg in accordance with ISO 21895[2]. The UAS can be either electrically powered

or fuel-po
certificati

This docum
a single rot

This docum

of

o or regulation

red. It 1s not applicable to the tilt-rotor or tilt-wing UAS. IT does not account Ior th

ent can also be applied to measure the sound pressure from a UAS with either multig
r.

ent specifies:

b UAS noise

le rotors or

a) recomrhendations and requirements for three different test facilities, for“the noise measurements of
variouq categories of multirotor-powered UAS:
— requirements and recommendations of UAS noise tests in anéchoic chambers (Clause 7)
— requirements and recommendations of UAS noise tests,innanechoic wind tunnels (Claus¢ 8);
— requirements and recommendations of UAS noise tests'in outdoor environments (Claus¢ 9);
b) requirgments and recommendations for the configuration of noise measurement for |multirotor-
powerdd UAS in hover, vertical take-off and landing, and horizontal cruise;
c¢) recomrhendations for the test configuration and procedures to minimize the influence of meteorological
effects,
2 Normtive reference documents
The followihg documents are referred to in the text in such a way that some or all of their contentjconstitutes
requiremeryts of this document. For dated references, only the edition cited applies. For undated references,
the latest edlition of the referéneed document (including any amendments) applies.
[SO 26101-1, Acoustics —Test methods for the qualification of the acoustic environment — Part 1: Qualification
of free-field fenvironments
ISO/IEC Guide 98<3; Uncertainty of measurement — Part 3: Guide to the expression of ungertainty in
measuremenpt (GUM:1995)
IEC 60942, Efectroacoustics — Sournd cattbrators

IEC 61094-4, Electroacoustics — Measurement microphones - Part 4: Specifications for working standard
microphones

IEC 61260-1, Electroacoustics — Octave-band and fractional-octave-band filters - Part 1: Specifications

IEC 61672-1

, Electroacoustics — Sound level meters - Part 1: Specifications

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

© IS0 2024 - All rights reserved
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[SO and IEC maintain terminology databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

3.1
anechoic chamber
test room in which a free sound field is obtained

[SOURCE: ISO 3745:2012[10], 3.7, modified — The admitted terms have been removed.]

3.2
anechoic wind tunnel
wind tunnef enclosed in an anechoic chamber (3.1) for indoor testing

Note 1 to enfry: It has sufficiently low background noise (3.3) and the reflection of the sound froni.the t¢st section is
minimized.

3.3
background noise
noise from 4ll sources other than the noise source under test

Note 1 to entry: Background noise also includes the airborne noise, structure-batiie noise and electrical noise in the
instrumentafion.

3.4
sound pregsure

p
difference Hetween an instantaneous total pressure and the‘Corresponding static pressure

Note 1 to enflry: Sound pressure is expressed in pascals (Pa).

3.5
A-weighted sound pressure level
L
A
ten times the logarithm to the base 10 of theratio of the square of A-weighed frequency-band-lirpited sound
pressure p [to the square of the reference pressure of p,=20 pPa

P4
Po

Note 1 to enffry: See the defipitioh for "sound pressure level” in ISO/TR 25417[111,

Note 2 to enfry: The frequency band shall be reported.

3.6
slow time-weighted A-weighted sound pressure level

L
D.A,S
ten times the Togarithm to the base 10 of the ratio of the running time average of the time weighted square of

the A-weighted frequency-band-limited sound pressure to the square of the reference pressure of p;,=20 pPa
t=¢
1

S phee
L, a5 (t)=10log | ~— -

PG

where

© IS0 2024 - All rights reserved
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s is the exponential time constant for the slow time weighting;

is the starting time;

is the time

[SOURCE: IEC 61672-1: 2013, 3.6, modified — Only applies to the slow time weighting.]

3.7

maximum slow time-weighted A-weighted sound pressure level

Lp,A,Smax
greatest slo

w time-weighted A-weighted sound pressure level within a stated time interval

[SOURCE: IE€61672-172013; 37, modifted — Onty appiies to the Stow time welghting i
3.8
A-weighted sound exposure
Ear . - |
integral of fthe square of A-weighted frequency-band-limited sound pressure p, oyera stated time interval
or event of dluration T (starting at t; and ending at ¢,)
_ [tz 2
Enr =] pa(t)dt

Note 1 to ent

Note 2 to ent

3.9
A-weighted sound exposure level
Lgar
ten times the logarithm to the base 10 of the ratio of the sound exposure, EA‘T, to a refe
Ey =4x1071 Pa%s
Enr
Lg o,y q10l0gy [—]
Ey
3.10
nominal h¢ight
target height of the unmanned-aircraft system (UAS) (3.16) under test
3.11
hover

operation c
and orienta

ry: The frequency band and frequency resolution shall be repetted.

ry: See the definition for "sound exposure" in ISO/TR 25417191,

pnditionef an unmanned aircraft system (UAS) (3.16) that the vertical and horizont
ffion dare'relatively unchanged

3.12
yaw

rence value

al positions

operation condition of an unmanned aircraft system (UAS) (3.16) that the vertical position is relatively

unchanged,

3.13
take-off

while the UAS is rotating with respect to the vertically oriented axis

operation condition of an unmanned aircraft system (UAS) (3.16) that the height is kept increasing

Note 1 to entry: In this document, it is restricted to vertical motion and the speed is constant except for the initial

acceleration

process.

© IS0 2024 - All rights reserved
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operation condition of an unmanned aircraft system (UAS) (3.16) that the height is kept decreasing

Note 1 to entry: In this document, it is restricted to vertical motion and the speed is constant except for the final
deacceleration process.

3.15
cruise

operation condition of an unmanned aircraft system (UAS) (3.16) that moves unidirectionally at a fixed height

Note 1 to entry: In this document, it means that the speed is constant.

3.16

UAS
unmanned
aircraft and

Note 1 to ent
Note 2 to ent

3.17

UAS diame
Dy
unmanned

diameter of
(UAS) (3.16

3.18

UAS centre
unmanned
centre of th
a plane

3.19
propeller d
Dg
diameter of]

Note 1 to ent

aircraft system
its associated elements which are operated remotely or autonomously

ry: In this document, it refers to the vehicles equipped with single or multiple rgtors.

ry: This document is not valid to the tilt-rotor or tilt-wing UAS.

ter

hircraft system diameter
the smallest cylinder that encompasses the projection shape of the unmanned air
on a plane

hircraft system centre
e cylinder that encompasses the projection of the unmanned aircraft system (UAS) (3.1

iameter

each propeller employéd for the multi-propeller powered unmanned aircraft system

ry: A schematic of Dfand Dy is shown in Figure 1.

rraft system

6) shape on

UAS) (3.16)

Figure 1 — A schematic of UAS diameter D, and propeller diameter Dy

© IS0 2024 - All rights reserved
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4 Abbreviated terms

MTOM
PSD
RPM

maximum take-off mass
power spectral density

revolution per minute

5 Instrumentation

5.1 General

The instruments shall record the time history of measured instantaneous sound pressure sig

frequency 1
non-compré

For measur
microphong

For outdool
pressure m

The instru
windscreen
aclass 1in
specified in

5.2 Calib

Before and
shall be apy
frequencieg
readings m
value is exc

The calibra
of IEC 6167
intervals in

The sound
instrument
year; and th
not exceedi

ange from 20 Hz to 20 kHz. The sound pressure data shall be stored as digital-info
ssed file format at a sampling frequency of at least 48 kHz.

ements in anechoic chambers and anechoic wind tunnels as described,'in this do

' measurements using ground boards as described in this documlent, the micropho
crophones type WS2P or WS3P as defined in IEC 61094-4.

ments for measuring sound pressure signals, including~ticrophone(s) as well

(s), recording devices, and other accessories, if used, shall”meet the relevant requi
strument according to IEC 61672-1, as appropriate over the range of meteorologica
the method. Filters shall meet the requirements for a'class 1 instrument according to |

ration

after the measurements, a sound calibrator meeting the requirements of IEC 60
lied to each microphone to verify the ealibration of the entire measuring system at
within the frequency range of interest. Without any adjustment, the difference H
hde before and after each series-of‘measurements shall be less than or equal to 0,
beded, the results of the series.ofmeasurements shall be discarded.

ion of the sound calibrataof;the conformity of the instrumentation system with the re
D-1 and the conformity ©fjthe filter set with the requirements of IEC 61260-1 shall b
a laboratory making calibrations traceable to appropriate standards.

htion systemawith the requirements of IEC 61672-1 should be verified at intervals not
e conformity‘of the filter set with the requirements of IEC 61260-1 should be verified
hg 1 year,

6 Gener

alrequirements

s shall be either free-field microphone type WS2F or WS3F as defined imIEC 61094-4.

rnals in the
mation in a

rument, the

nes shall be

as cable(s),
rements for
conditions
[EC 61260-1.

D42 class 1
bne or more
etween the
b dB. If this

quirements
b verified at

calibrator should“be calibrated at intervals not exceeding 1 year; the conformity of the

exceeding 1
atintervals

6.1 General

The characteristics of UAS noise shall be addressed in the measurements.

a)
b)

9

The condition of noise measurements shall satisfy the far-field condition.

The UAS noise is directional, and the sound pressure at different locations shall be measured.

The unsteady aerodynamic flow induced by the UAS rotors can affect the noise measurements if

impinging to the microphones. Therefore, aerodynamic requirements on the measurement locations are
specified in 6.3.

© IS0 2024 - All rights reserved
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The tests can be conducted in either an anechoic chamber, an anechoic wind tunnel or outdoors, depending
on the MTOM, size and flight speed of the UAS. The measurement requirements in the anechoic chamber,
anechoic wind tunnel and outdoor tests are specified in Clause 7, Clause 8 and Clause 9, respectively.

NOTE This document focuses on methods to record the sound pressure signals in both indoor and outdoor
tests. Requirements and recommendations in different facilities are provided, but the selection of the facility is not
compulsorily specified.

6.2 Requirements of acoustic far-field condition

The far-field condition is dependent on the properties of noise sources, including frequency, and the spatial
distribution of the noise source (including its size). When the far-field condition is satisfied, the noise level
decreases inversely with the microphone distance, and the UAS noise can be characterized by acoustic
directivity. mmﬁﬁr&cmphones,
which depends on the size of the UAS. For UAS noise measurements, to ensure the acoustic far=field condition,
the microphone distance R shall be atleast 5D, , i.e.

R>5D, (W

For sound

condition pfroposed in Formula (1). However, the effect can be minimized When summing in

band, for e3
using numg
condition fq

6.3 Requ

To avoid an
least the m4

Hy2m

NOTE1 T

NOTE2 T

6.4 Requ

6.4.1 General

The variati
UAS shall b

recorded w|

NOTE1 T

it a high frequency, the significant interference pattern can affeet\the validity of {

ample, a 1/3-octave band, is performed. An illustration of thewalidity of the far-fie
rical experiments is given in Annex B. An experimental measurement of the acoug
r a UAS propeller in an anechoic chamber following ISO 26101-1 is given in Annex C.

irements of position of UAS to reduce aerodyhamic flow effect

aerodynamic ground effect on the UAS propellers; the height of the UAS to the groun
iximum of Hy =1,2 mand 2D, , where D, isthe UAS diameter.

X (2D, H, )

he aerodynamic ground effect for propellers was described by Betz in the 1930s[12],

he height of UAS refers to the héight of UAS centre to ground.

irements of position-.control

bn in the poSition of the UAS can lead to noise measurement uncertainties. The loc
e recorded Wwith the measurement error within 3 %. The orientation angle of the U

ith a ntfeasurement error within 3°.

herequirements in this subclause only apply for UAS in flight conditions. For wind tunnel tes

mounted at fixxeeHoeeations:

NOTE 2

he far-field
h frequency
d condition
tic far-field

1 shall be at

(2)

ation of the
AS shall be

Ls, the UAS is

For flight conditions, this document only considers unidirectional motion at constant speed.

6.4.2 Requirement of position accuracy

For the UAS in hover and yaw, during the measurement period (at least 20 s), the deviation of the UAS
position shall be within 5% of the shortest distance between UAS and microphone. For example, if the
shortest observer distance is taken as R=5D,, the requirement for the deviation of UAS position shall be

|Ay|<0,25D, during the measurement, where y is the coordinate of the UAS centre from the closest
microphone position.

© IS0 2024 - All rights reserved
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For the UAS in the take-off and landing conditions for anechoic chamber tests, during the measurement
period (at least 5 s), the position accuracy in the lateral direction shall be within 0,1L, where L is the
distance of the target UAS path to the lateral microphones (see Figure 5). For outdoor tests, the position
accuracy in the horizontal direction shall be within 0,1 H, where H is the height of the centre of the UAS
above the ground at the mid-point of the flight path.

For the UAS in the cruise condition in anechoic chamber tests, during the measurement period (at least 5 s),
the position accuracy of the lateral location shall be within 0,1L, where L is the lateral distance of the
target UAS to the lateral microphones. The accuracy in the vertical direction shall be within 0,1H, where H
is the nominal height of the UAS.

For outdoor tests, the location of the centre of the UAS shall be determined to be within 0,1H in the vertical
direction and within 0,1H to the target flight path in the lateral direction, where H is the nominal height of
the centre qf the UAS above the ground during the cruise.

6.4.3 Requirement of speed accuracy

For the tes
operation s
the flight p4

6.5 Requ

During the
higher than
procedures

In tests in 4

locations sh
the measur

If the 6-dB
be reduced
clearly stat

In outdoor
microphong
level of the

[s of UAS in take-off, landing and cruise, the speed of the UAS shall liaye reached
peed at the middle point of the flight path. The deviation of the UAS spéed at the mid
ith shall be within £5% of the target operation speed.

irements of background noise

measurements, the A-weighted sound pressure level Lga of the UAS noise shall be
that of the background noise. The frequency band used to compute Ly a shall be re
to compute the sound pressure level in different frequency bands are given in Annex

nechoic chambers and anechoic wind tunnels,, L, 5 of the background noise at the

all be at least 6 dB, preferably more than 15.@B, below the corresponding sound pres
ed UAS noise.

‘riterion is not satisfied, data may still be taken and reported, but the accuracy of the
In this case, the frequency ranges;that do not satisfy the background noise requiremn
bd.

tests, at the measurenient positions, the background noise (including wind

source measured in.the presence of this background noise. In practice, suitable wind

| the target
dle point of

sufficiently
ported. The
e

microphone
sure level of

results can
ent shall be

ise at the

s) measured in each of the' frequency bands of interest shall be atleast 6 dB below theTncorrected

screens are

needed to npeet the signal tonoise ratio requirement.

7 Anechoic chamber tests

7.1 Gendral

s of UAS at

Tests using
different flight conditions.

However, the finite size of the anechoic chamber can limit the size and operation speeds of the UAS. This
document specifies the requirements for the anechoic chamber and the details of noise measurement.

NOTE
than 4 kg.

The anechoic chamber tests are often applicable to light and small UAS, for example, with the MTOM less

For UAS with MTOM ranges from 4 kg to 25 kg, anechoic chamber tests are also suitable once the
requirements for far-field conditions, aerodynamic flow effects and clearance distances are met. Otherwise,
the tests should be conducted in either wind tunnels or the outdoor environment.

© IS0 2024 - All rights reserved
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Environmental conditions having an adverse effect on the microphones used for the measurements, for
example, strong electric or magnetic fields, high or low temperatures, high humidity, shall be avoided. The
instructions of the manufacturer of the measuring instrumentation regarding adverse environmental
conditions shall be followed.

7.2 Requirements of anechoic chamber

7.2.1 Size

The anechoic chamber shall provide sufficient space for noise measurements of UAS. The distance can be
influenced by the requirements on the distances between the UAS to microphones, UAS to walls, floor, and
ceiling (or wedge tips if there are wedges) in the anechoic chamber, the UAS operation distance, and the

microphong

7.2.2 Ang

The validit)
measureme

The maxim

the microphone positions shall not exceed the values given in Table 1.

Tablé

For the source positions (UAS locations) defined in 7.3.2 and 7.3.3, the sound source used in

shall be pog
traverse dij

All microph
distance of

7.3 Meag

Aickaonon o o 12211 £] o d ool o (o cadan £1ao)
UTSTarTCCtU—TtIrCvv arlts; o0, aira CCTITT S (UT VW OO gt eI Sy~

echoic chamber qualification

nt directions specified in this document.

lum allowed deviation from the inverse square law in any of the nieasured direction

1 — Maximum allowed deviation from the inverse square law for anechoic cha
qualification.
One-third-octave mid-band frequency (Hz) Allowable deviation (dB)
125 to 630 1,5
800 to 5000 +1,0
26 300 +1,5

itioned in the positions closest to theéwall, floor and ceilings and shall be tested with
ections along the measurement(directions defined by the microphone positions.

ones shall be placed withinsthe region in the anechoic chamber satisfying the qualifi
the microphone to the walls, floor, and ceiling (or the wedge tips) is denoted as H,,.

urement configurations

7.3.1 Ge;[Jeral

This subcl
chamber te
When the |

se specifies the requirements of microphone configurations and UAS operation
sts. The microphones shall be placed on acoustically treated support to minimize
cation and attitude of the UAS, and the location of a microphone, are fixed, observ

and ¢ can pedetermined, a schematic of which is shown in Figure 2.

r of the inverse square law defined in ISO 26101-1 shall be ensured for all’source p¢sitions and

s for any of

mber

SO 26101-1
microphone

cation. This

in anechoic
reflections.
b1 angles 6
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Key

1 UAS
2 plan
0,0 obs
R dist
The UAS mayj

Various mid

For hov
smaller]

For tak
positio
with an
For cru

middle
mainta

For hover,

measured h

e of rotation
rver angles

hince of the UAS centre to the microphone

be operated in either a hover, yaw, take-off, or landing conditién.
Figure 2 — A schematic of the observer angles for UAS noise measurement

rophones are needed to measure the directiyity of the UAS noise at different observg

er and yaw conditions, 6 shall be measured at least from 0° to 150° with a resoluti
The directions shall be maintainedwith an accuracy of +5°.

p-off and landing conditions, 6 shall be measured at least from 0° to 90° relative tqg
1 of the UAS flight path. The¥esolution shall be 45° or smaller. The directions shall be
accuracy of +5°.

ise conditions, 6 .8hall be measured at observer angles range from 0° to 135° rel
position of the-UAS flight path. The resolution shall be 45° or smaller. The directi
ned with arf@ccuracy of £5°.

ake-off\landing and cruise conditions, the directivity of the UAS noise at different

y adjusting the UAS orientation with an angle resolution of 30° or smaller.

r angles.

bn of 30° or

the middle
maintained

ative to the
bns shall be

¢ shall be

In yaw and

1 ot 4] HAC 1 1 £3 | P | 4 11 £
IHHUVTCT StAlTS, tHIT UAJ TlIdy dlSU UT TTATU UIl TIgTU SUPpPUL't tU dllUVW TUT TTITASUT TIITII

ts to reduce

the variations in UAS position. The support shall be acoustically treated to avoid reflections. In this case, the
UAS flight system should be adapted such that the propeller rotation speeds are directly controlled to yield
the target thrust.

Multiple microphones are needed to cover the target observer angles. 7.3.2 and 7.3.3 give recommendations
of microphone arrangement and measurement procedures by using only 4 microphones and multiple
microphones, respectively. During the test, the microphones are installed towards the UAS position.

This document focuses on measuring sound pressure signals, based on which the objective metric(s) can
be computed. However, before the measurements, the objective metric(s) and the confidence interval of the
metric(s) shall be given to determine the number of repeatability tests.
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For the noise measurements of UAS in hover and yaw conditions in anechoic chambers, the A-weighted
sound pressure level Ly a should be employed as the noise metrics with a 95 % confidence interval of +1 dB.

Here the confidence level refers to the random uncertainty during the repeatability tests.

For the noise measurements of UAS in take-off, landing, and cruise conditions in anechoic chambers, the
A-weighted sound exposure level Ly o p should be employed as the noise metrics with a 95 % confidence
interval of £1 dB. Here the confidence level refers to the random uncertainty during the repeatability tests.

7.3.2 Hover and yaw: 4-microphone approach

7.3.2.1 UAS position and microphone arrangement

The schemdtic to measure the UAS noise in hover and yaw is shown in Figure 3. With fixed microphone
locations, dffferent observer angle 8 can be realized by adjusting the UAS position.

Key

1 UAS

L horizontal distance of the lateyal'microphones

Ly horigontal distance of the UAS to Mic 1

H, height of the UAS in hover-and yaw conditions

H, height of the lateral,microphone Mic 3

H, height of the lateral microphone Mic 4

m micfophone clearance distance to walls and ground

obs¢ryérangle
distance of the UAS centre to the microphone

NOTE The microphone locations can be fixed in the measurement, while the UAS location determined by H, and

L, canbe adjusted in the measurements.
Figure 3 — Schematic of the noise test configuration for UAS in hover and yaw conditions

The measurement uses 4 microphones Mic 1, Mic 2, Mic 3, and Mic 4. The distance (denoted as H, ) from the

microphone positions to the wall, floor and ceiling shall be chosen so that each microphone position is within
the part of the anechoic chamber where the inverse square law as specified in 7.2.2 is fulfilled. The
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microphones are installed pointing to the UAS location. The UAS and microphone locations are denoted as

below.

Mic 1 is used as the reference point.

required that Hy, >min(2D,, Hy) and Hg =1,2m, as specified in 6.3.

the far-

field condition.

Mic 3 in the lateral direction is L from the Mic 1, and the heightis H; =L .

The UAS has a height of H, and alateral distance L, to Mic 1. To avoid the aerodynamic flow effect, it is

Mic 2 in the lateral direction is L>=5D, from Mic 1 to ensure enough space for UAS operation to realize

Mic 4 i

7322 M

Measurems

to record th
microphong

0 =tan]

where AX;

H,=2L.

easurement procedure

nts shall be conducted for the UAS at different height H, and lateral distance L, (s
e sound pressure of the UAS in hover and yaw conditions. For each UAS location, thd

distance observer angle by the ith-microphone are

1( J,R=\/AX12+AYiZ

AY,

AX.

1

Mic 4 ip the lateral directionis above Mic 3 Itisused tomeasure the naise ahaue the 1IAS 'T'he helght of

pe Figure 3)
b equivalent

3)

and AY; are the coordinate differences between the ith:microphone and the UAS in the X and Y

directions,
different t

positions afe tested to yield the equivalent observer angles ranging from 0° to 150°. During {
microphongs should be equipped with windscreens to~reduce the impact of the flows induced

operation.
Annex E.

For all micr

obtained cannot be used.

respectively. Therefore, using the 4 microphonesone can determine the UAS locat
rget equivalent observer angles. An example is\given in Table D.1 in Annex D, w|

n example showing the effect of using@indscreens for the UAS propeller noise tes

pphones, the far-field condition R>5D, shall be satisfied, as specified in 6.2. Otherw

figuration, the measuremerits shall follow the procedures.

e the fully charged JAS at the specified location within the position accuracy limits

t the measurentent for at least 20 s.

the meaSurement until the target confidence interval of the objective metric(s) is reg

At each con
a) Operat
6.4.

b) Condud
c¢) Repeat
d) The n

4

capturgd-and confidence interval of those metric(s) reported. The frequency range of the speg

bérfof measurements shall be reported in concurrence with the objective met]

ion to yield
here 6 UAS

he test, the
by the UAS
L is given in

se, the data

specified in

lized.

ric(s) to be

ctrum used

to calculate the metrics shall be specified, if applicable.

In the measurements, the microphone distance R varies in different configurations. Therefore, the sound
pressure shall be scaled to the distance of Ry =1 m. Denoting the measured sound pressure as p(R,6), then

the scaled s

Pc (9):

ound pressure is:

|

L

p(R,G)[RO
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7.3.3 Hover and yaw: multiple microphone approach

7.3.3.1 General

If multiple microphones are accessible, they can be installed on an arc support to simultaneously measure
the sound pressures of the UAS at different observer angles.

7.3.3.2 UAS position and microphone arrangement

Figure 4 is a schematic showing an example to measure the sound pressures of the UAS in hover and yaw
with multiple microphones. The distance of the UAS to all microphones is R=5D, to meet the far-field

condition specified in 6.2.

.....

.
.

Key
1 UAS
2 arc sujpport
N numbkr of microphones
H,  microphone clearance distance to the ground
0 obseryer angle
R distarfce of the UAS centreto’the microphone
NOTE The observeratigles are evenly ranging from 0° to 180°.
Figure 4 — Schematic of the noise test configuration for UAS in hover and yaw conditio

multiple microphones

ns using

The microphones are placed on a structurally rigid arc support coated with sound absorption materials to
minimize the sound reflection. The microphones are evenly placed on the arc such that the interval of

observer angle is A6=180° /(N—1), where N is the microphone number. More microphones yield finer
observer angle resolution. The microphone number is suggested to be larger than 11 to yield the angular

interval smaller than 18°.

The UAS is operated at the centre of the arc within the position accuracy limits specified in 6.4. When the
sound pressures are recorded, the results shall be scaled to the distance of Ry =1 m as presented in

Formula (4).
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easurement procedure

Noise measurements of UAS noise in hover and yaw conditions shall be conducted following the procedures

Conduct the measurement for at least 20 s.

Operate the fully charged UAS at the specified location within the position accuracy limits specified in

Repeat the measurement until the target confidence interval of the objective metric(s) is realized.

The number of measurements shall be reported in concurrence with the objective metric(s) to be

captured and confidence interval of those metric(s) reported. The frequency range of the spectrum used

below.
a)

6.4.
b)
9]
d)

to calcy
7.3.4 TaK
7341 G

This subclal

anechoic ch
flight path.

7342 U

For the UAS
the acousti

Figure 5.

late the metrics shall be specified, if applicable.
e-off and landing

pneral

ise specifies the requirements of UAS noise measurement in take=off'and landing ¢
The UAS is flying without any fixed support.

AS position and flight path

in take-off and landing conditions, the flight path-shall be vertical, and the flying sj
measurement shall be constant. An example of’the schematic for the UAS noise test

bnditions in

ambers. 6 shall be measured at least from 0° to 90° relative te_the middle position of the UAS

beed during
is shown in

Key
1
Hy

L

UAS

latera

minimum height of the UAS operation

| distance of Mic 2
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height of Mic 3
distance of the UAS in vertical motion
microphone clearance distance to walls and ground

The dashed arrow means that the UAS can fly in either take-off or landing state.

Figure 5 — Schematic of UAS noise test configuration in take-off and landing conditions

The UAS position and flight path are denoted as below.

to reduce the aerodynamic impactis specified in 6.3

The minimum height of the UAS operated at the nominal speed to Mic 1 is H, based on the requirement

— Foq the take-off cases, the initial location of the UAS operated at the nominal speed|sh
height of H,,.

— Foythe landing case, the final location of the UAS operated at the nominal speed)shall be :

0"

hll be at the

it the height

tance Hy of the UAS flight is dependent on the flying speed and theymeasurement time interval

the starting time t; and ending time ¢,.

icrophone arrangement

‘ements use 3 microphones Mic 1, Mic 2, and Mic 3. The microphone distance to t
lls, ceiling and floor is denoted as H,,. The Locatigns of the microphones are denote)

below the UAS, and it is used as the reference point.
the lateral direction is L>5D, from Mic-1,

the lateral direction is L from the UAS; and the heightis H; =L.

easurement procedure
ements shall be conductedfoellowing the procedures.
y charged UAS shall hever at the initial location with the accuracy specified in 6.4.2.

asurement stargsat the same time when the UAS is in take-off/landing state. H
d acoustic datafot the UAS at the distance lower than H shall not be used.

t the measurement for at least 5 s, during which period the UAS is operated at the {
vith the'aecuracy required in 6.4.3.

the measurement until the target confidence interval of the objective metric(s) is reg

he anechoic
d as below.

pwever, the

arget flight

lized.

a)
of

b) The dig

T with|
7343 M
The measu
chamber w
— Mic1ig
— Mic 2 iy
— Mic3iy
7344 M
The measuy
a) The ful
b) The mg

recordg
¢) Condud

speed
d) Repeat
e)

The number of measurements shall be reported in concurrence with the objective metric(s) to be

captured and confidence interval of those metric(s) reported. The frequency range of the spectrum used
to calculate the metrics shall be specified, if applicable.

Usually, the measurement time of 20 s is recommended. However, if the UAS is in flight condition, the valid
measurement time may be shortened due to the finite size of the anechoic chamber. Therefore, 5 s is the
minimum requirement.

If the UAS flies at relatively high speed, the required size of the anechoic chamber can be too large to be
fulfilled. In this case, alternative tests such as using anechoic wind tunnels or outdoor tests may be needed.
The corresponding requirements are specified in Clauses 8 and 9 respectively.
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7.3.5 Cruise flight

7.3.5.1 General

This subclause specifies the requirements of UAS noise measurement in cruise condition. The UAS is flying
without any fixed support. A schematic of the noise measurement for the UAS in cruise condition is shown in

Figure 6.

Cy, Cyand Cy

7352 U

a)
b)

)

For the

......

UAS

microphone clearance distance to the ground or walls
height of the UAS in cruise

height of Mic 3

height of Mic 4

horizontal distance of between Mic 1 and Mic 2
cruise paths of the UAS

Figure 6 — Schematic of the noise test configuration for UAS cruise tests

AS positionrand flight path

UAS in'cruise flights, the flight path is horizontal and the target flying speed is const

ant.

The he

ght of the UAS is H,. During the test, the configurations with H.=L shall be te

sted, where

L=5D, is the distance between Mic 1 and Mic 2, as shown in Figure 6.

3 paths shall be tested:

— path C;: the UAS flies directly over the ground microphone and travelling perpendicular to the plane
containing all 4 microphones;

— path C,:the UAS flies over the ground microphone and is within the plane containing all microphones.
Itis perpendicular to C; and the UAS flies away from Mics 2, 3 and 4;

— path C5:the UASflies over the ground microphone and is within the plane containingall 4 microphones
and; it aligns with C,, butin the opposite direction.

© IS0 2024 - All rights reserved
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During cruise, the orientation of the UAS can differ from the flight direction. The UAS orientation should be
kept unchanged in the repeated tests, and the orientation shall be documented and reported.

7.3.5.3 Microphone arrangement

a) 4 microphones are employed. The locations of the microphones are the same as the hover and yaw test
cases shown in Figure 3.

b) The minimum distance of the UAS to Mic 3 in cruise paths C, and Cj; is larger than 2D,

7.3.5.4 Measurement procedure

For each flight path, the measurements shall be conducted following the procedures.

a) The ful
b) The me
¢) Condug

with thle accuracy required in 6.4.3.

d) Repeat

e) The number of measurements shall be reported in concurrence{with the objective met]

capturg
to calcu

NOTE A

If the UAS f
fulfilled. In
requiremen

8 Anech

8.1 Gensd

Tests using
of UAS in t
anechoic ch|
of interest g

y charged UAS shall hover at the initial height with the accuracy required in 6.4.2,
Qsurement starts at the same time when the UAS is in cruise condition.

t the measurement for at least 5 s, during which period the UAS is operated at the t

the measurement until the target confidence interval of the objective metric(s) is reg

d and confidence interval of those metric(s) reported. Thefrequency range of the spe
late the metrics shall be specified, if applicable.

n explanation of the minimum measurement time is given'in 7.3.4.

lies at relatively high speed, the required size of the anechoic chamber can be too
this case, alternative tests such as using anechoic wind tunnels may be needed. The cof
ts are specified in Clause 8.

oic wind tunnel tests

ral

an anechoic wind tunhnel can also provide a controllable condition for noise me
hke-off, landing, and ¢ruise flight states. Usually, the anechoic wind tunnel is enc
amber. The flight motion is replaced by the airflow from the wind tunnel such that hi
an be tested thdmin anechoic chambers.

In wind tu

support shdll be desighed with the fundamental frequency below the measurable blade passing f
minimize sfructuralvibration. Streamlined fairing should be designed to reduce the effects on a
flows, and if shallbe acoustically treated to minimize reflections. A load cell should be used to 1

nel tests, thie UAS shall be mounted using fixed support located inside the test 3

arget speed

lized.

ric(s) to be
ctrum used

large to be
responding

hsurements
osed by an
bher speeds

ection. The
requency to
brodynamic
neasure the

thrust gengrated by the UAS. The flight system should be adapted such that the propeller rotation speeds

are directly controlled to yield the target thrust.

8.2 Requirements of anechoic wind tunnel

8.2.1 General

Usually, the wind tunnel shall be enclosed by an anechoic chamber. The requirements of anechoic chamber
qualification are the same as in 7.2.2.

8.2.2 Wind tunnel test configurations

a) TheUA

S should be mounted in the centre of the wind tunnel test section.
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b) The maximum blockage ratio o shall be in accordance with Formula (5)13I:
S
c=-4<0,1 (5)
Sw
where
Sa is the frontal area of UAS in wind tunnel test;
Sw is the cross-section area of the wind tunnel; an illustration of Sy is given in Figure 7.
c¢) The UAS dimension shall be in accordance with Formula (6):
D
A <§.6 (6)
Dw
where
Dy is the UAS diameter defined in Figure 1;
Dy [isthe minimal diameter of the wind tunnel or the minimal length if:the cross section is fectangular.
d) The flow across the UAS shall be uniform in the streamwise, verticalland transverse dirgctions. The
flow shpll be uniform to 0,2 %.
e) The frepstream turbulence intensity shall be less than 2 % atthe'location of the UAS.
f) The calibration of the wind speed shall be verified usingza Pitot static tube at the location] of the UAS
before the tests.
g) An undertainty analysis comprising of both type& and type B uncertainties for speed, stmosphere
pressufe, temperature, and the position shall be performed using ISO/IEC Guide 98-3.
8.2.3 Reffraction correction
In open-jet [wind tunnel experiments with non-zero wind speeds, the noise radiated from the [UAS can be
refracted by the shear layer of the wind tunnel. Therefore, a correction is needed for both the polar and
azimuthal gngles to account for its gffe¢t[141[13],
8.2.4 Midrophone clearance-distance
The microphones shall be(placed in the qualified region of the anechoic chamber, as specified ip 7.2.2. The
distance of fhe microphotie to the walls, floor or ceiling is denoted as H, .
8.2.5 Ane¢choicchamber size
The anechdi¢-chamber shall be sufficiently large to ensure the requirements of the distance b¢tween UAS

and microphones to ensure far-field condition in 6.Z, the distance between UAS and walls in 6.3, and
microphone clearance distance H, in 8.2.4.

8.3 Measurement configurations

8.3.1 General

In take-off, landing and cruise conditions, the UAS has a relative motion with the air, which can be realized
by introducing airflow from the wind tunnel. In the tests of different working conditions, the attitude of the
UAS mounted in the wind tunnel test section shall be adjusted accordingly.
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Microphone arrays shall be used to measure the directivity of the UAS noise. An illustration of the observer
angles 8 and ¢ is shown in Figure 2.

— For take-off and landing conditions, the microphone array shall be horizontally placed. The observer
angle 6 shall be measured at least from 30° to 120° with a resolution of 15° or better. The directions
shall be maintained with an accuracy of +1°.

For cruise conditions, the microphone array shall be vertically placed. 8 shall be measured at observer

angles range from 45° to 135° with a resolution of 15° or better. The directions shall be maintained
with an accuracy of +1°.

The directivity of the UAS noise at different observer angle ¢ shall be measured by adjusting the UAS

orientation

In the wind

the measur

Before the

signals, as v

|

with a 95 %

conducted

In wind tu

the repeata

NOTE F
tests. Itis no

8.3.2 Tak

83.21 G

This subcla

schematic @

and the are

with an angle resolution of 3U oOr better.

tunnel test, the relatively distances of the UAS and the microphones are unchanged
ed sound pressures shall be scaled to the constant distance of Ry =1 m, as shown in }

measurements, the objective metric(s) to be computed from the measured souy
vell as the confidence interval of the metric(s), should be given. Then,tepeatability t¢
ntil the requirements are fulfilled.

nel tests, the A-weighted sound pressure level L, , should bgyemployed as the nd

confidence interval of +1 dB. Here the confidence level refers to the random uncertg
pility tests.

br the repeated tests, this implies turning the tunnel and<UAS motor off and then restarting
t required to unmount and remount the UAS in the win@tunnel.

e-off and landing

pneral

ise specifies the requirements of\UAS noise measurement in take-off and landing ¢
f the test is shown in Figure 7. The minimum dimension of the wind tunnel test se

h of the cross-section is Sy

. Therefore,

formula (4).

\d pressure
ests shall be

ise metrics
inty during

them for the

bnditions. A
Ction is Dy,
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Key

1 UAS

2 plane|of rotation

3 suppdrt

4 microphone array

5 wind funnel

6 wind flirection

Hy height of the UAS centre to the ground; also the height of theicrophone array to the ground
L latera] distance of the microphone array

H,  microphone clearance distance to the wall

D,  minimal diameter of the wind tunnel or the mininial length if the cross section is rectangular

Sw  Crossq

U wind
0 obser
R distarn

The anechoig

Figure 7 —

8.3.22 U

section area of the wind tunnel

speed

yer angle

ce of the UAS centre to the-amicrophone

wind tunnel shall be enclosed by an anechoic chamber.

- Schematic of a UAS noise test in either take-off or landing states using an ane«
tunnel

AS position

thoic wind

The UAS sh

-he mounted in the centre of the wind tunnel test section. The heicht of the 1JAS ¢

entre to the

(=]
ground is denoted as H;.The UAS attitude shall be adjusted such that the wind direction is perpendicular to
the plane of rotation of the UAS rotors.

a) When the UAS is tested to mimic the take-off state, the UAS attitude shall be adjusted such that the

oncomi

ng wind impinges on the top side of the UAS plane of rotation.

b) When the UAS is tested to mimic the landing state, the UAS attitude shall be adjusted such that the

oncomi

ng wind impinges on the bottom side of the UAS plane of rotation.
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icrophone array configuration

A microphone array is used in the horizontal direction to measure the UAS noise at observer angles ranging

from 30° to 120° in increment of 15°. The angles shown here are geometric angle, and shear-layer
correction[14l[13] should be conducted if the wind tunnel is open test section, as specified in 8.2.3.

The microphone array has a height of H; to the ground. The lateral distance of the UAS centre is denoted as

L, which shall be sufficiently large to ensure the corresponding microphone distance R of all microphones
to the UAS centre satisfy the far-field condition specified in 6.2.

8.3.2.4 Measurement procedure

ements shall be conducted following the procedures

The measu

a) Compu
b) Determ
c¢) Startth
d) Condud

e) Repeat

f) The number of measurements shall be reported in concurrenge)with the objective mef]

captursg
to calcu

8.3.3 Cru

8331 G

This subcla
the testis s

e the required thrust to balance the UAS weight and drag.

ine the rotational speeds of the propellers to provide the required thrust.
e measurement when the rotation speed reaches the target value.

t the measurements for at least 20 s.

the measurement until the target confidence interval of the objective metric(s) is rea

d and confidence interval of those metric(s) reported. The frequency range of the spe
late the metrics shall be specified, if applicable.

ise flight

pneral

use specifies the requirements of UAS hoise measurement in cruise conditions. A §
hown in Figure 8.

lized.

ric(s) to be
ctrum used

chematic of
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1 UAS

2 plane|of rotation

3 suppdrt

4 microphone array

5 wind funnel

6 wind flirection

Hy distar]ce of the UAS centre to Mic 1

H, distar]ce of the UAS centre to Mic 2

L lateral distance of the microphone array

H,  microphone clearance distance to the ground,€eiling and walls

D,  minimal diameter of the wind tunnel or the‘minimal length if the cross section is rectangular
Sw  cross{section area of the wind tunnel

U wind $peed

0 obseryer angle

R distar]ce of the UAS centfe,to the microphone

The anechoi¢ wind tunnel shall be enclosed by an anechoic chamber.

Figure 8<——Schematic UAS noise tests in cruise state using the anechoic wind tunnel

8.3.3.2 UASposition

The UAS shall be mounted in the centre of the wind tunnel test section. The height of the UAS centre to the
ground is denoted as H; .

In the wind tunnel tests, the UAS attitude shall be adjusted such that the angle between the oncoming wind
and the UAS rotation plane equals the tilt angle of the UAS in cruise flight.

8.3.3.3 Microphone array configuration

A microphone array is used in the vertical direction to measure the UAS noise at observer angles ranging

from 45° to 135° in an increment of 15°. The angles shown here are geometric angle, and shear-layer
correction[14][15] should be conducted if the wind tunnel is open test section, as specified in 8.2.3.
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The lateral distance of the microphone array to the UAS centre is denoted as L, which shall be sufficiently
large to ensure the corresponding microphone distance R of all microphones to the UAS centre satisfy the
far-field condition specified in 6.2.

Two microphones Mic 1 and Mic 2 located below and above the UAS are also employed to measure the UAS
noise at vertical directions. The two microphones measure the sound pressure at § =0° and 180°.

NOTE

The use of vertical array can obtain the UAS noise in the lateral directions.

8.3.3.4 Measurement procedure

The measurements shall be conducted following the procedures.

a) Compu
b) Determ
¢) Adjust
d) Startth
e) Condug
f) Repeat
g)

captursg

to calcy
9 Outdd
9.1 Gene
Outdoor tes
NOTE1 U

hard to be s3
more suitabl|

NOTE2 E
anechoic cha
atleast 5 s re
An approach
based on the

The outdoo
of any othet

The number of measurements shall be reported in concurrefice’ with the objective met]

€ the thrust and attitude of the UAS to balance the UAS weight and drag.
ine the propeller rotation speed to provide the required thrust.

he UAS attitude and mount the UAS in the test section.

e noise measurement when the rotation speed reaches the target value!
t the measurement for at least 20 s.

the measurement until the target confidence interval of the objective metric(s) is reg

d and confidence interval of those metric(s) reported. The frequency range of the spe
late the metrics shall be specified, if applicable.

or tests

ral
ts are needed for UAS noise measutrements where the UAS is large and/or operates at|

ually, the physical size of theWAS increases with the MTOM, making the acoustic far-fie
tisfied in anechoic chambers=.For example, for a UAS with an MTOM between 25 kg and 150
e to conduct outdoor meagurements.

mber is not sufficient~For example, for the UAS at the cruises at a representative speed of 1
quires an anechoic-chamber with a length of at least 50 m, which is challenging for practical
is to use an@nechoic wind tunnel and the requirements are specified in Clause 8. Anothg
outdoor tests:

I testdSsumes an acoustic field in the half space above an infinite reflecting plane, in
obStacles.

lized.

ric(s) to be
ctrum used

high speed.

d conditions
kg, it can be

ven for UAS with smalkMTOV, if it is operated at relatively high speed, it is possible that the size of the

m/s, to test
applications.
br solution is

the absence

The outdoo

TESTIMEaSUTES tIE tIME NiStory of the Soumnd pressure radiated fTom tie UAS T tit

downward

directions for 6 ranges from —60° to 60° as shown in Figure 9. The measurements are performed with an

angular resolution of 15° but may be increased for highly directional noise sources. The height H is the
determined as the distance from the UAS centre to the ground.

NOTE 3

accuracy. A study on the effect was conducted by Anderson et al.l16l,
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=
Key
1 UAS
H height of the UAS
6, observer angles
R distar]ce of the UAS centre to the microphone on the ground
R, =1 m Js the equivalent distance to scale the measured result

Figure 9 — Microphone positions relative to the UAS and recommended angular resoly
microphone placements

The directiyity in the horizontal direction, defined by the angle ¢ shown inxFigure 9, can be det

changing th
or smaller.

During outg
low or high
generation

oor testing, care shall be taken to minimize the effects$yof adverse meteorological con
temperature, high humidity, wind, and precipitation) on the sound propagation ar
bver the frequency range of interest or on the bagkground noise during the measurer

The outdoofr test method described here requires that@icrophones be mounted on ground-bo
on the groynd at the test area. The sound pressure~measured by these microphones is corr
equivalent free-field sound pressure by dividing<the measured sound pressure by two. Thig
should be afcurate provided the angle of incidence of the sound from the UAS to the micropho
the limits pirescribed in this document. Meastirements made using incidence angles beyond thij
be subject tp errors associated with diffraction from the edge of the ground-board and ground e

For hover and yaw measurements, the Sound pressure measured on the ground are adjusted for t]
of the ground reflection. The sound _pressure shall be scaled to the constant distance of Ry =1

centre of the UAS, as shown in Figure 9.

Measuremegnts made using-microphones mounted above ground level (e.g. mounted on tripods @

tion for

ermined by

e orientation of the UAS relative to the microphone positions with an angular resolytion of 30°

ditions (e.g.
d on sound
nents.

ards placed
ected to an
correction
he is within
range may
ffects.

he influence
m from the

r poles) are

not recomnpended. This/is*because such measurements are likely to be affected by ground reflections due

to interference betweén-the direct incident sound from the UAS and the sound reflected from
plane. The ¢xact interference effect can be constructive or destructive and depends on the fre]
incidence apgle afthe sound and the ground impedance. For a source with broadband noise cha
an overall spund.pressure level measured overa wide frequency range may be calculated from ak

the ground
quency and
racteristics,
ove ground

microphond.me
for multi-rotor UAS noise sources with significant tonal components.

9.2 Recommendations of the test site

pppropriate

The test site should be flat, horizontal, and large enough to ensure safe operation of the UAS. A suitable test
site is a large open area where the ground is flat and horizontal and where there are no sound-reflecting
objects in the near vicinity. The ground at the test site should be acoustically hard (being concrete, asphalt

or similar), however, other ground types such as grass-covered soil are acceptable.
The ground type at the test area (e.g. grassland, concrete, hard soil) shall be reported.

There should not be reflecting objects in the near vicinity of the test area, the identification
defined below.
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For this document, an object is considered as sound-reflecting if the following three conditions are fulfilled.

a)
b)

Its width exceeds one-tenth its distance to the nearest measurement position.

sound absorption and resonance in the frequency range of interest.

9

measurement positions.

It is not covered with absorbing material, i.e., the cover should be acoustically hard and still to avoid

There is an acoustical smooth surface capable of reflecting sound back in the direction of any of the

The distance between a reflecting object and the closest measurement position shall be at least twice the
distance between any measurement position and the UAS position and shall not be smaller than 10 m.

Contributio

9.3 Rec
a)

measul]
these v

The wi
directly
at a hei
the non
centre

b)

Measur
of the U

9

Measurems
wind and ¢
locations.

9.4 Micr

9.4.1 Mic

Measurems

ns of reflections may be calculated in accordance with 1ISO 9613-2[18],

mendations and requirements of the meteorological conditions

Ott:‘
The temperature, ambient pressure and relative humidity during the measurement peri

ed at the test site at a height of between 1,2 m and 10 m above ground level/The tim¢
hlues during the measurement period shall be reported.

d speed and direction shall be measured at a location not more than.50 m from the
' beneath the UAS (for hover, yaw, take-off and landing tests) or UASflight path (for ¢
ght of between 1,2 m and 10 m above the ground level. These measurements should
ninal height of the centre of the UAS (for cruise, hover, and ydw tests) or the nominal |
pf the UAS at the mid-point of the flight path (for take-off-and landing tests).

ements shall not be conducted during periods of precipitation (e.g. rain, hail, snow) g
AS.

nts should not be conducted if there is anomalotis weather or wind conditions (e.g.
torm) at the test site that would significafitly affect the UAS noise levels at the

pphone configuration and layeut

rophone configuration

nts shall be made using,a’ground-board made from an acoustically reflecting m

ground-bodrd shall be circular with a diameter of at least 500 mm * 2 mm and be between ]

10 mm thid

k. The sound presSute shall be measured at a radius 150 mm * 2 mm from the c

ground-bodrd with a pressuise type microphone WS2P or WS3P as defined in IEC 61094-4. §

practical inj

plementation$.of microphone configurations for ground boards are given in Annex H

All microphones shalltbe fitted with an appropriate windscreen such that the A-weighted

equivalent
65 dB.

fontinueus sound pressure level of the wind sound at the wind speed of 10 m/s shal

od shall be
b-average of

microphone
ruise tests)
be made at
teight of the

t the height

gust, fierce
microphone

nterial. The
P,5 mm and
entre of the
txamples of

one-minute
not exceed

The groun

haard chall ha nlacad harigantallvy and fhhch vrith tha cyreag dino orannd cnyrfacn
uuuuuuuuuuuuu prace o Zoh ey e HuSH-wWitthttne-Surrou e g g rouna Sttt

heating by solar radiation, the upper surface of the ground-boards should be coloured white.

9.4.2 Microphone layout

—'0 minimize

The microphone positions on the ground shall be arranged in a straight line which is perpendicular to the
UAS flight path (for cruise tests) and/or so that one microphone (the flyover microphone) is directly beneath
the UAS (for hover, yaw, take-off, and landing tests) or UAS flight path (for cruise tests). The centre of the
ground-boards should also lie on this line. Microphones should be placed symmetrically on either side of the
flyover microphone. However, measurements may be made on only one side of the UAS if the noise source
may be assumed to be symmetric.
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The flight path shall be parallel to the wind direction to within +30°. The flight path direction shall be
reported.

For the microphone not directly below the UAS or UAS flight path, the ground boards shall be oriented so
that the microphone is located farthest from the UAS (for hover, yaw, take-off and landing tests) or the UAS

flight path (for cruise tests).

A schematic of the microphone layout in the outdoor tests is shown in Figure 10.

1

Key

UAS
micro|
groun|
flight

BwWw N R

Figure 1

The microp
centre of t

the middle
during crui
tests, H is
microphong

(where n=

No microph

because the
where the

y

_____ > ?Q)@géé/g\@ “
2 4

phones
d plates
path projection on the ground

0 — Schematic showing the microphone orientation.and positions relative the
flight path in the outdoor tests

ones shall be placed at locations every 15° measured from the vertical axis passing
UAS when it is directly above the flyover.dticrophone and, for the take-off and land
of its flight path as shown in Figure 10. The height of the centre of the UAS above
5e, hover and yaw tests is nominally constant and is denoted as H . During take-off
the height of the centre of the UAS at the mid-point of the flight path. A set-up
s is shown in Figure 10. For th€ ¢ase shown in Figure 10, the distance of the nth

|,2,3,--+) from the flyover microphone is equal to H xtan (n x15° ) .

one should be placed a distance greater than than(60°) from the flyover microph

correction to account for the effect of the ground board may be inaccurate for me

located at hiigher angles can\therefore be inaccurate.

The distand
The height

The lateral

e between the UAS and the nearest microphone position shall be at least 5D, .
ccuracy of the UAS shall be within 0,1H as specified in 6.4.2.

Hogyizontal location accuracy of the UAS shall be within 0,1H as specified in 6.4.2.

UAS and

through the
ing tests, at
the ground
hnd landing
using nine
microphone

one. This is

asurements

ncident sound is.‘ebliquely incident on the microphone. Measurements made by njicrophones

The microphone positions shall be within £50 mm of the nominal calculated positions.

NOTE

This results in observer angles within £5° of the nominal observer angles.

9.5 Measurement corrections and limitations

Only measurements taken during the period when the UAS was within a horizontal distance of Hxtan (60° )

from the flyover microphone should be used. This is to ensure the accuracy of the correction because of the
ground board.
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9.6 Measurement procedures

9.6.1 General

For the outdoor test, requirements and recommendations on the test site, corrections and microphone
configurations are specified in 9.2, 9.3, 9.4 and 9.5. Procedures of the measurements under different UAS
working conditions are specified in this subclause.

Measurements should be repeated enough times to quantify the repeatability of the measurement. Before
the measurements, the objective metric(s) to be computed from the measured sound pressure signals, as
well as the confidence interval of the metric (s), should be given. Then, repeatability tests shall be conducted
until the requirements are fulfilled.

For the outd

be employe
Volume 1[4
during the 1

For the out
time-weigh
should be e

16 Volume
during the 1

9.6.2 Hoy

Measurems

following p
a) Operat

accurag
b) Condug
c¢) Correct
d) Repeat
d)

capturg

to calcy
In the mea
sound pres}
9.6.3 Tak

The number of measuremeénts shall be reported in concurrence with the objective metf]

oor testing or UAS In hover and yaw conditions, the A-weighted sound pressure level

d as the noise metrics with a 90 % confidence interval of +1,5 dB, following!ICA
| for outdoor aircraft noise tests. Here the confidence level refers to the rdnidom
epeatability tests.

Hoor testing of UAS in take-off, landing and cruise flight conditions, either the mas

fed A-weighted sound pressure level L, 4 gna, or the A-weighted-sound exposure |

mployed as the noise metrics with a 90 % confidence interval of, +1,5 dB, following
| [19] for outdoor aircraft noise tests. Here the confidence level téfers to the random
epeatability tests.

rer and yaw

nts shall be conducted for the UAS at the height” H=>=5D, . Each measurement s}
rocedure.

e the fully charged UAS at the nominal position ensuring that the UAS remains within
y limits specified in this subclause and\in 6.4.2.

t the measurement for at least 20:s;
the sound pressure signals for the ground reflection.

the measurement until the target confidence interval of the objective metric(s) is reg

d and confidence interval of those metric(s) reported. The frequency range of the spe
late the metries,shall be specified, if applicable.

surements;the distance and observer angle of each microphone are different. Th
ure shalkbe scaled to the distance of Ry =1 m based on Formula (4).

e-off and landing

L, A should

D Annex 16
uncertainty

(imum slow
evel Lg A 7

CAO Annex
uncertainty

1all use the

the position

lized.

ric(s) to be
ctrum used

erefore, the

Each measurement shall use the following procedure.

a)
b)

The fully charged UAS shall hover at the initial location with the accuracy specified in 6.4.2.

The measurement starts at the same time when the UAS is in take-off/landing state. The minimal

distance of the UAS at the target flight speed shall be at least Hy =max (2D, ,H) and H; =1,2 m. The
measured acoustic data with the UAS height below H|, shall not be used.

operated at the target flight speed with the accuracy requirement in 6.4.3.

d)

Correct the sound pressure signals for the ground reflection.
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Repeat the measurement until the target confidence interval of the objective metric(s) is realized.

The number of measurements shall be reported in concurrence with the objective metric(s) to be

captured and confidence interval of those metric(s) reported. The frequency range of the spectrum used
to calculate the metrics shall be specified, if applicable.

9.6.4 Cruise flight

Each measurement should use the following procedure.

The fully charged UAS shall hover at the initial height with the accuracy required in 6.4.2.

asurement starts at the same time when the UAS is cruise condition.

a)
b) The me
¢) Condud
operatg
include
microp
d) Correct
e) Repeat
f)
capturg
to calcu

t the measurement for the UAS flying to the end of the flight path, during which perio
d at the target flight speed with the accuracy requirement in 6.4.3. The recording p4

the period when the UAS is within a horizontal distance of than(60°) from

hone.
the sound pressure signals for the ground reflection.

the measurement until the target confidence interval of the objéctive metric(s) is reg

The number of measurements shall be reported in concurrence ith the objective met]

d and confidence interval of those metric(s) reported. The frequency range of the spe
late the metrics shall be specified, if applicable.

10 Uncentainties

10.1 Gene

The uncert
measurema
interval of t

ral

hinty quantifies the doubt about thesmeasurement result. For each configuration, th
nts shall be reported in concurrence’with the objective metric(s) to be captured and

10.2 Uncertainty sources and requirements

S noise measuremenit, there are several sources of uncertainties. Some possible
the corresponding requirements are listed as below:

rophone, fosexample, drift and electrical noise; and the requirement is given by IEC

rophone“calibration; and the requirement is given by ISO 60942;

d the UAS is
riod should

the flyover

lized.

ric(s) to be
ctrum used

b number of
confidence

hose metric(s) reported. The frequency range of the spectrum used to calculate the metrics shall
be specified.

uncertainty

b1672-1.

Kition and motion error; and the requirements are given in 6.4;

ertainties due to the test environment of the anechoic chamber:

— the recirculation effect[29];

— anechoic chamber performance; and the requirement is given by ISO 26101-1;

For the UA
sources angd
a) the mid
b) the mid
¢) UASpo
d) theunc
e) theunc

ertainties due to the test environment of outdoor condition:

— the background noise; and the requirement is given in 6.5;

— the sound absorption and reflection by the ground;

— the meteorological conditions such as temperature, humidity, and air pressure;
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wind speed and directions;

10.3 Evaluation of the uncertainty

The measurement uncertainty should be reported in the results. For example, the A-weighted sound
pressure level at a microphone in hover is written as

LP’A =Lp,A +O-T

where

pA

~

OT

Each sourc
approach tdg

multiple sources of uncertainties as listed in 10.2.

an be computed following the procedures outlined in Annex A;

ontains the uncertainty op based on the repeatability tests and the possible,contt

e corresponds to a specific value that quantifies the regarding effeet on the measy
quantify the overall uncertainty value is[21l:

GT :\/(

where

2 2 2 2 2 2 2
FR +GM +GB +GC +O-D +GP

+G(%)+Gu"'

ORr
OM
OB
oc
Op
Op
)
Oy
Therefore, 1

a)

Estima

EXAMP

uantifies the uncertainty in the repeatability testsusing T-distribution
uantifies the uncertainty due to the micropherne

uantifies the uncertainty due to backgreund noise

uantifies the uncertainty due to anechoic chamber measurement
uantifies the uncertainty due to position accuracy

uantifies the uncertainty due to ambient pressure

uantifies the uncertainty due to ambient temperature

uantifies the urdeertainty due to wind speed

he following&teps are followed to evaluate the uncertainty.

fe all thexmcertainties in similar terms.

LE The effect of UAS position accuracy on the uncertainty can be estimated as

(7)

ibutions by

rement. An

(8)

9

where 8 =|Ay|/R, and R is distance between microphone and UAS. Ay shows the position variation, and the

requirement is given in 6.4.

b)
)

Record

Calculate the overall uncertainty.

the measurement results and their uncertainty.

In practice, if the data for uncertainty contribution is absent, values o may be used as an estimate of the

combined u

NOTE A

ncertainty.
n example to calculate the uncertainty of UAS noise measurement is given in Annex G.
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11 Information to report

11.1 Test methods

The following information shall be reported:

a) the International Standard used (including its year of publication);

b)
9

referen

ce to the clauses of the standard to explain how the results are obtained;

any deviations from the procedures;

d) any unusual features observed.

11.2 Selec¢ted noise metrics

The noise
selected for

etrics shall be selected before the test is performed. A detailed description of
the test shall be reported.

pcommendations of several commonly used noise metrics that can /be “employed fo
ts are provided in this document. Annex A gives examples of the computation procedures o

inder test
hg information shall be reported:

iption of the UAS under test (including the manufacturer, type, configuration, blg
dimensions, serial number, technical data, and year of manufacture);

iption of flight attitudes (including speedy acceleration, duration, relative posit]

environment
hg information shall be repoxted:

an anechoic chamber, the.description of the anechoic chamber (including size, cut-of
reported;

butdoors, the description shall include the nature of the ground surface and the §
with a sketchishewing the location of UAS under test;

cals, at the/time of test shall be reported;

NOTE R|
measuremeli]
metrics.
11.3 UASq
The followi
a) a descry
MTOM,
b) a desci
anecho
11.4 Test
The followi
a) ifitisiy
shall bd
b) ifitis
terrain
c¢) ifitis
kilopas
d) ifitis

b

in the‘outdoor test, a description of the meteorological conditions shall be reporte

¢ chamber or outdoors under take-off, yaw, hover, landing, and cruising if applicable).

the metrics

 UAS noise
f those noise

de number,

ions in the

Ffrequency)

urrounding

in an anecheic chamber, the air temperature, in degrees Celsius, and the static pressure, in

d, including

wind spe€d, wind direction, atmospheric stability (e.g. cloud cover and time of day), tq

mperature,

barometric pressure, humidity, and locations of wind and temperature sensors;

e)

11.5 Data

background noise of the test environment.

acquisition system

The following information shall be reported:

a)

manufacturer);

b)

instrumentation system;
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¢) the characteristics of the microphone windscreen, including the sound insulation loss, reducing effect of
noise caused by wind.

11.6 Measurement

The following information shall be reported:

a) time, day, and place for measurements;

b) athorough description of the measurement site;
c¢) the UAS orientation;

d) therelgtive distances hetween 1IAS and microphones;

e) the megsurement time of each test;
f) time infervals between the repeatability measurements;
g) inwind tunnel tests, the wind speed and thrust of the UAS;

h) all meapured sound pressures.

11.7 Resullts

This docunient specifies the requirements on measuring the sound\préessure of the UAS. Once the data are
collected, npise metrics selected before the test can be computed.The results for the selected ngise metrics
shall be repjorted.

No matter what noise metric is employed, the following information should be reported:
— the megsured frequency range, frequency resolution’and data processing method;

— the avefage value of the noise metric, and its déviation and uncertainties in the given confidepce interval
based gn the repeatability tests;

— an anallysis of the evaluated uncertainties following steps in 10.3.
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Annex A
(Informative)

Examples of the procedures to compute noise metrics from the

recorded sound pressure signals

A.1 General

This docunjent aims at measuring the sound pressure signals p(t) of the UAS operating

s in different working conditions. The measurements can be conducted in afiechagic chamber,
specified in

microphong
anechoic w
Clauses 7, 8|

In cases wh
scaled to a

In this ann
A-weighted

Lp,A,Smax x
ata microp

— Lyas
tests fo

Lg a7

time, e.
noise is
pressut

Lp,A,Sm
level fo

To computg

function in
A recor

A recor
from 1

Ir hover and yaw conditions and in wind tunnels.

nd tunnel or in outdoor environment; and the configurations and procedures’ are
and 9, respectively.

onstant distance of Ry =1 m as the acoustic far-field condition specified in 6.2 is sat|

bx, the procedures to compute the A-weighted sound pressuré)level Lya slow tin

sound pressure level L, » s, maximum slow time-weighted A-weighted sound pr¢
nd A-weighted sound exposure level Ly 5 ¢ are provided once the sound pressure s

none are recorded.

recommended in situations when the relative distance of UAS and microphone is ungd

is recommended in situations when the Telative distance of UAS and microphone

b. tests for take-off, landing, and cruise conditions. It is recommended only in cases w
higher than the background noise by at least 6 dB during the period when the meas
e is employed for computation.

L« is recommended for thesentdoor testing where there are issues with using sour
F small UAS.

data processing shall be specified.
hmendation ‘ef the frequency resolution is Af <4,0 Hz.

hmendatien of the frequency range covers the one-third-octave bands with central
0 Hz't0"10 000 Hz should be in accordance with 1SO 3744[21.

A recor

hmendation of the window function is Hanning window, following ISO/TS 20065[22]

NOTE T

he smallest frequency resolution Af islimited by the measurement time T .

at different

en the relative distance of UAS and microphone is unchanged, sound pressure shall have been
isfied.

le-weighted

bssure level
ignals p(t)

hanged, e.g.

varies with
hen the UAS

ured sound

d exposure

the noise metrics,~the frequency range f; < f < fy, frequency resolution Af, and window

frequencies

The upper frequency limit f; should be lower than f; /2, where f; is the sampling frequency of the
microphone. The lower frequency limit f; is limited by the test environment. In the anechoic chamber and
anechoic wind tunnel, f; shall be higher than the cut-off frequency of the anechoic chamber.

Before the measurement, the confidence interval (CI) of the selected noise metric(s) shall be specified, and
repetitive measurements shall be conducted until the objective level is satisfied.

is recommended for the selected noise metric(s).
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— For outdoor testing, a 90 % confidence interval of £1,5 dB is recommended for the selected noise metric
(s), e.g. Lg o Or Lp,A,Smax .

A.2 A-weighted sound pressure level

a) Compute the PSD of the measured sound pressure p(t) over the stated time interval T ,[23] based on
which the narrow band spectrum can be obtained.

b) Apply A-weighting to the computed narrow band spectrum, as specified in [EC 61672-1.

c¢) Compute the square of the A-weighted sound pressure pf\ (n) from the A-weighted spectrum in the
frequency range f; < f< f;;, where n is the index of repeatability test.

d) Denotipg that N times of repeatability tests have been conducted, then perform arithmetif average of
the square of A-weighted sound pressure

- DA (A1

e) Compute the A-weighted sound pressure level

— Ph
D.A = lOlOglO —2 (AZ)
Po

o~

where py =20 uPa is the reference pressure.

f) Compute the CI and check if the objective confidence level'is satisfied.

A.3 Slow time-weighted A-weighted sound-pressure level
a) For each repeatability test with the index pjthe starting time and ending time and denoted as t; , and
tp n- Al a given time step te(t; , +1s(ty, —1s), compute the square of A-weighted sound pressure

pi (¢,1) using the recorded sound.pressure over the period (§-1s,&+15).
b) Compufe the slow time-weightédA-weighted sound pressure level
_t

1 t
oot
Lp,A,S t,n):1010g10 S

(A.3)
P5

where pg=20%Pa is the reference pressure and 7, =1 s.

A.4 Maximum slow time-weighted A-weighted sound pressure level

a) For each repeatability test with the index n, compute the slow time-weighted A-weighted sound
pressure level L, 5 s (¢,n) following Formula (A.3).

b) Determine the maximum value L

»,A Smax (1) during the stated time interval.

c¢) Denoting that N times of repeatability tests have been conducted, then perform arithmetic average of
the maximum time-weighted A-weighted sound pressure level

— 1 N
Lp,A,Smax = NZ n=1 Lp,A,Smax (n) (A4)
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d) Compute the CI and check if the objective confidence level is satisfied.

NOTE

L

p,A,Smax coincides with the definition of maximum time-weighted sound level in IEC 61672.

A.5 A-weighted sound exposure level

a)

b)

d)

f)

For each repeatability test with the index n, the starting time and ending time and denoted as t; ,, and

t; n- The starting and ending times shall be determined when the time-averaged sound pressure level

over 1 second is lower than the peak value by 10 dB. The individual starting and ending times ¢, ,, and

t, , should be recorded and reported.

Ata gi\r&&m&ﬁ@%ﬁ%ﬁﬁﬁ%ﬁﬁﬁﬁ%ﬁﬁh&éﬁm

using the recorded sound pressure over the period (t—1s,t+1s).

Compu
ending

Epr(n

e the A-weighted sound exposure Ej 1 (n) over the stated time interval T (starting
At tz’n ):

_ tZ,n 2
)_J.tl,n pa (t,n)dt

DenotiILg that N times of repeatability tests have been conductedthen perform arithmeti

the sou|

Enr=

Compu

Lg ot

where

Compu

d exposure:

1oN
NznzlEA,T (n)

e the sound exposure level L 5 7 as:

Ear
21010g10 !
Eg

Fo=4x10"10 pa.s.

e the Cl and check if the objective confidence level is satisfied.

re pi (t,n)

at t; , and

(A.5)

C average of

(A.6)

(A7)
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Annex B
(Informative)

Numerical examination of the acoustic far-field condition

B.1 General

This annex introduces numerical experiments are conducted to demonstrate the validity of the far-field

condition.

B.2 Case

Multiple po
0,5D, of t
configurate

p(x,)7

where r, =

study the d
to the sour

shown in Figure B.1.

rectivity patterns, microphones are placed at twe-¢ircles with the radius R. One circ

ce region and the other one is perpendicular\to-the plane. A schematic of the micf

Key

Ts

radius of the source region

6, { observer angles

R distanc

e of the UAS centre to the microphone

configuration
nt sources are placed in the possible source region with a radius of rgwhich can be viewed as
ne vehicle diameter. The location y, and amplitude A, of these point sources are randomly
d. Then the sound at a microphone with the coordinate x, =(xy,%g7x3) is computed as
P (B.1)

=l 4rr, '
Xo —Vnl- Also k=271 f /c is the acoustic wave nufiber, N is the number of point|sources. To

e is parallel

ophones is

Figure B.1 — Schematic of the distribution noise sources (dots in the grey region) and microphone

locations (dashed circles)
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To examine if the far-field condition is satisfied, a normalized sound pressure level is defined:

Lp(0)

=201logyq (Ip(0)|R)

If the far-field condition is satisfied, Lp tends to be independent of the radius.

B.3 Examples

(B.2)

The normalized sound pressure level Lp is studies at different frequencies of 100 Hz, 1 000 Hz and 5 000 Hz.
In the numerical test, r, =1 mand N=1000 are set to model the sources. The radius R ranges from 5r; to
50r. The results at a suff1c1ent1y large dlstance of R=1000r, are also computed for reference. The results

of the two (it Tt i '
with R 1000~ even for the case of R=5r,. With the increase of sound frequenicy, a larger
needed to yield the far-field condition because the short wavelength can cause more spatial

the results

distance is
variations.

150

180

2104

However, at 1 000 Hz, the normalized results are close to a constant curve when R =

180

are close to

10r .

210

270 270

a) x; —x3 plane, 100:Hz b) x; —x, plane, 100 Hz

270

c) x; —x3 plane, 1 000 Hz d) x; —x, plane, 1 000 Hz
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e) x; —x3 plane, 5000 Hz

f) x; —x, plane, 5000 Hz

normalized sound pressure level

radius of the source region

observer angles

distance of the UAS centre to the microphone
R =5rg

R=10r,

R=50r;

R=1000r,

Figure B.2 — Normalized sound pressure levels of distributed point sources

iency of 5 000 Hz, more'peaks and dips are found in the normalized directivitied
sound pressure levelwith observer angle makes it difficult to determine the exact
practical application, the noise at high frequency is often due to the broadband cont

and the fluct@ations with observer angles can be removed. For example, the co

conducted in the 1/3-qctave band at the central frequency of 5 000 Hz. The results are shown in

It can be se

bn the fluctliations are well suppressed, and the results tend to the constant curves if

. The rapid
directivity
ents. In this
average is

a
nl?putation is

Figure B.3.
R>10ry.

© IS0 2024 - All rights reserved

36


https://standardsiso.com/api/?name=f8a084f0a047c4681dfb8ad6e35cff89

ISO 5305:2024(en)

o

oz P

[ sl WL I .
\_-50--30 -10 10 30

AN N4
/'X\\ //(\\

Rl
A

Figure B

B.4 Sum

The examp
region. The

contents cd
requiremern
noise. The f|
In this case

270

a) x; —x3 plane, 5000 Hz

b) x; —x, plane, 5000 Hz

normalized sound pressure level

radius of the source region

observer angles

distance of the UAS centre to the microphone
R=5rg

R=10r,

R =50r

R=1000r,

.3 — Normalized sound pressure levels of distributed point sources in 1/3-oct3

mary

es shown in this-annex is based on the simplified modelling of point sources in a f
examples shaWythat the far-field condition can be achieved if R>10r;. The highe

t of the farsfield condition. However, the high-frequency components are often due tg
uctuations with observer angles can be removed when performing average in a freq
the condition of R>10r; was tested to be sufficient.

wve band

nite source
I frequency

n cause sighificant interference patterns, causing more considerable distances o meet the

broadband
iency band.

NOTE Ir

- 1 ILAG . 1 l.cc - el L TR | . 1o 3 1
PIAULILE, LIIT UAS TIUIST SUUTLT Ld4dll TIdVE UITICITIIU DIUPTIUITS  WILIT UIC SITITPHITICU  TITOU

lling of the

distributed source. However, test results using a propeller in the anechoic chamber in this annex suggest R210r; can

be valid.
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Annex C
(Informative)

Measurement of far-field condition for a UAS propeller noise

This annex presents the measurement of the UAS propeller noise at different observer distances to check the

validity of t

he far-field condition.

A representative propeller, with a diameter (Dg) of 0,24 m has been employed for the acoustic far-field

qualificatio
respectivelj
of Science ¢
followed th

1. In this test, 11ve free-field microphones are placed on traverses In five differentg
. The acoustic measurement was taken place in the UNITED facility at the Hong Kon
nd Technology (HKUST). The measurements of the far-field condition in anqanechg
e requirements by 1SO 26101-1.

Key
1  UAS propeller
2 arcsupport
6  observef angle
R  distancg of the UAS centre to the microphone
Figure C.1] — Schematic of the far-filed qualification of an UAS propeller in the anechoic c
HKUST
Figure C.1 dhows the experimental schematic for the far-field qualification of a UAS propeller. T
used to quallify the free-field condition is along 5 radial traverse paths and 10 points are taken p
The tonal npise at'the blade passing frequency (BPF) was investigated to characterise the nois

(and wavelgngth): For the propeller working at 7 800 RPM, the frequency at the BPF of 260 Hz is s
minimal microphone distance r on each traverse is 0,4 m, which is larger than a quarter of a w§

directions,
y University
ic chamber

hamber at

he traverse
er traverse.
e frequency
tudied. The

lvelength at

this frequency.

To quantify the far-field condition, the dependence of the measured sound pressure levels with the
microphone distance r is studied, and the results are compared with the required maximum allowable
deviation specified by ISO 26101-1, i.e. at the frequency lower than 630 Hz, the maximum allowable deviation
is £1,5 dB; in the range of 800 Hz to 5 000 Hz, the maximum allowable deviation is +1,0 dB and for
frequency higher than 6 300 Hz, the allowable deviation is +1,5 dB.

Figure C.2 shows the results the propeller operated 7 800 RPM, and the corresponding tonal noise at the
BPF is 260 Hz. The tonal noise results at the BPF and the 1/3-octave band results at 1 000 Hz are presented.
The results suggested the far-field condition is satisfied when the microphone distance is larger than 1,2 m,
which is 5D, as specified in 6.2. based on the analysis in Annex B.
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