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Foreword

ISO (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.
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Space systems — Acoustic testing

1 Scope

This document provides guidance for test providers and interested parties to implement acoustic
tests of aerospace systems, subsystems, modules and units for applicable spacecraft programs. This

docu

ment specifies a framework to meet test and process requirements and acts as a su

plement to

ISO 1
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revel
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The {

2 Normative references
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cons
undg

ISO 1
ISO 1

Fort
[SO 4
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3.1
acou
acou
beco

3.2

Terms and definitions

5864.

acoustic test system, the technical requirements and the procedures foryacoug
'berant chambers are described. Furthermore, the criteria for the manual test’inter
lation are also described.

echnical requirements in this document can be tailored to fulfil the objectives of tests

following documents are referred to in the text in such @ 'way that some or all of t
[itutes requirements of this document. For dated references, only the edition cited
ted references, the latest edition of the referenced document (including any amendme

5864:2004, Space systems — General test methodsfor space craft, subsystems and units

4620, Space systems — Safety requirements

he purposes of this document, tlie following terms and definitions apply.
nd IEC maintain terminological databases for use in standardization at the following g

EC Electropedia: available at http://www.electropedia.org/

SO Online browsing-platform: available at http://www.iso.org/obp

stic reverberation chamber
ctic chantbér built in hard and highly reflective surface walls such that the sound f{
mes diffused

tic tests in
ruption and

heir content
applies. For
hts) applies.

ddresses:

ield therein

diff

sound-fiald

Pyay
ST OUUITO TICTTOr

sound field that has uniform energy density in a given region so that all directions of energy flux at all
parts of the region are equally probable

3.3

sound pressure

p

root mean square value of instantaneous sound pressure over a given time interval, unless specified
otherwise

Note

© ISO

1 to entry: Normally given in Pa.
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34

sound pressure level
SPL

Lp

expressed by

L, =201g(p/po)

where
p 1 rUUt I dlr unarb \4 alu\, Uf;uotautaubuuo OUMlld IJI CJJMIMC (@) \v A% br [<Y SIV CII t;lll\, ;llt\,r \4 Cll (Pa);
Do is reference pressure at threshold (Pa), po = 20 pPa.

3.5

overall sound pressure level

OASPL

value computed from one-third-octave (3.13) or octave band sound pressure levels; L;

m
Lg =101g ) 10%/1°
i=1

Lg is the overall sound pressure level in dB;

Li is the sound pressure level (3.5) in one-third-octave or octave band;
m if the number of one-third-octave or octave‘bands.

3.6

bandwidth

difference between the nominal upper and lower cut-off frequencies

3.7
centre frequency
geometric mean of the nominal cut;eff frequencies of a pass-band

Note 1 to entfy: The definition/foctave (3.12) and third-octave bands preferred centre frequency values tefers
to ISO 266.

3.8
cut-off frequency_of'acoustic horn
frequency below Which an acoustic horn becomes increasingly ineffective

3.9
measurement point

specific points spatially distributed in the sound field at which sound pressure levels (3.4) are measured
during test

3.10

control point

measurement points (3.9), spatially distributed inside the reverberant chamber, whose signals are used
for the sound pressure level test control

3.11
multipoint control
control achieved by using the average of the signals at the control points (3.10)

2 © IS0 2017 - All rights reserved
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octave
1/1 Oct

inter

3.13

val between two centre frequencies (3.7) which have a ratio equal to 2

one-third-octave
1/3 Oct

inter

3.14

val between centre frequencies (3.7) which have a ratio equal to 21/3

l1ial
CVUI LUICIT AdIICTC O

test
allo

3.15
close¢
feed
systd
meas

[SOU

3.16
oper
contl

3.17

ance of superior limit and inferior limit of a test level

td-loop control

back control

m where the output acts upon the process in such a way as to reduce the' difference |
ured value and the desired set-point value to zero

RCE: ISO 16484-2:2004, 3.41]

-loop control
‘ol action not using any automatic means of deviations\from the target value

statistical DOF

num

3.18
root
RMS
<of a
of th

3.19
pow
PSD
meas;

3.20

incl

4

ber of independent variables in an estimate of some quantity

mean square

time varying quantity> obtained by squaring the amplitude at each instant, obtaining
e squared values over the interval of interest and then taking the square root of this ay

er spectral density

ure of the distripution of the energy (squared amplitude) of the signal as a function of

broljgband reverberant field

es signalgs over a relative large frequency range of 22,5 Hz ~ 10 000 Hz (1/3 oct)

\bbreviated terms

between the

the average
erage

frequency

All abbreviated terms in Table 1 are applied to this document.

© ISO

Table 1 — Abbreviated terms

Oct Octave

DOF Degree of freedom

PSD Power spectral density

RMS Root mean square

SPL Sound pressure level

OASPL Overall sound pressure level

2017 - All rights reserved
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5 Test purpose

The purpose of acoustic test is to demonstrate the ability of the test specimen to endure acoustic
levels imposed by the launch vehicle and to validate unit random vibration test levels. Depending on
the product development stage, it can include qualification of the design with margin, detection of

workmansh

ip defects, flaw of material and manufacturing failures.

There are two types of acoustic tests. The first test addresses the specimen functional compatibility
with acoustic environment.

The second test addresses mechanical resistance of the structures. In this case, the use of accelerometers

shall be required-temeastareresponsestotowlevelsbeforeandafterhighloadtesting

6 Generpl

a) If there|is no condition for a reverberant field acoustic test (RFAT), a direct field” acoustiq test
(DFAT) jmay be applied.

b) For conjpact specimen, random vibration may replace the acoustic test if analysis and/or herjitage
data show that the payload responses are clearly dominated by random.vibration compared tp the
acousti¢ field. It is important to make a decision knowing that vibration tests do not reach|high

frequen|
equipm

ent is embedded shall also be considered. The decision skal¥be made by customers.

c) Generally, all structures and components requiring acoustic testing should be subjected

broadbd
approxi

7 Test sy

7.1 Testf

In general, g
sound sourg
test facility

ind reverberant field. The corresponding acoustic random noise source shall hay
mate normal amplitude distribution.

rstem

acility

n acoustic reverberation test facility is composed of a chamber system, gas supply sy:
e system, control system-aiid measurement system. An example of acoustic reverb
s shown in Figure 1.

cy contents; whether the structure is sensitive to acousti€doads and the region that the

to a
€ an

tem,
erant
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4*' Signal conditioner }——

Data acquisition
system
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O Microphone

= Accelerometer

Anechoic
device

7.2

7.2.7

Chamber system gengeraltequirements are as follows.

a) (enerally, the shape of the chamber is a polyhedron. The surface of the reverberation ch
Ibe smooth.and rigid enough.

b) The maximum OASPL of the chamber system shall be higher than the requirement of th
erformed.

f 1

Chamber system

Gate

Horn

Control system

Signal conditioner

Equipment requirement

Chamber system

Sound source system

Modulator

yal
udsS

Y|

upply
stem

Power amplifier

Controller

Figure 1 — General composition of the acoustic reverberation test facility

amber shall

e tests to be

c) The chamber shall have enough channels that are connected to the control and measurement
system outside the chamber to meet the requirement of the customers.

d) The volume of the reverberation chamber should be 10 times bigger than the volume of the test
specimen if itis possible. In all cases, the volume of the reverberation chamber shall be large enough
to achieve the adequate test environment taking into account the volume of the test specimen. The
geometrical size of the reverberation chamber also defines the homogeneity of the SPL in the low
frequency third-octave bands. Chamber size shall be considered when low-frequency noise loading
is an essential test objective.

© IS0 2017 - All rights reserved
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7.2.2 Sound source system

Generally, the sound source system is composed of modulators, power amplifiers and horns.

a)
b)

<)

d)

7.2.3 Conftrol system

The achievable sound spectrum shall meet the test requirements.

Taking into account the reverberation time of the chamber and the additional damping of acoustic
modes introduced by test articles and test installations, the sound power of the sound source
system (i.e. number and type of the sound modulators and horns) shall meet the test requirements.

The operational frequency range of the modulators and power amplifiers shall meet the test

require

In ordef to well represent the broadband frequency test requirements, different cut-off freqy

horns c

Generally, t
conditioner

a)
b)
‘)
d)
e)
f)

g)

7.2.4 Measurement system

The co

The conltrol system shall be able to store controlled time history,of SPL.

The co

The me

1/1 octave or 1/3 octave closed-loop control or opensloop control method may be used.

It should be possible to control power spectral density on an equal scale according to the

require

The con|

Generally, t

system, datg storage and processing system.

a)

b)

c)

The me
sensors
gauges

atleast

The dat|

the customers.

ments.

hn be used.

he control system is composed of the controller, the control mjerophones and s
b or signal pre-amplifiers.

rol system shall have the function of multi-inputs average conthol.

rol system should allow calibration.

hsurement range of the microphones shall meet the“test requirements.

ments.

krol system should have the function'to interrupt the test in adequate sequence when ne

he measurement system’ is composed of sensors, signal conditioners, data acquig

hsurement systeny'shall be able to acquire accelerometers, microphones and other req
e.g. strain gauges and force sensors. The frequency range of the accelerometers, s

10 Hz ~12'000 Hz.

p acquisition system shall have enough measurement channels to meet the requiremg

ency

ignal

test

bded.

ition

hired
train

hind force.sensors should be atleast 10 Hz ~ 2 000 Hz. For microphones, the range shoufld be

nt of

Measurement uncertainties shall meet the requirements of the customers.

All equipment shall be calibrated and used in the valid period.

8 Test technical requirements

8.1 Laboratory environment

The laboratory environment shall follow the requirements of the related technical documents.

© ISO 2017 - All rights reserved
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8.2 Test condition and tolerance

8.2.1 Test condition

Test condition is specified in the respective launch vehicle user manual and design standard, generally
including

a) octave band or 1/3 octave band centre frequency,

b) spectral SPL,

c) OASPH
d) d{estlevel tolerance, reference to 8.2.3, and
e) festduration, etc.

As an example, the acoustic test level could be 138 dB OASPL with the 1/3 octave band sound pressure
level|as plotted in Figure 2.

135

= DB reference: 20 p Pa

& 130|

o

% —_——

a 1251 — N

() /M — —

S — i

g — =

S 120} Ty

o —

o —

~ T

< 1151 L

]
110 ATy Coocl Lol
100 1000 10 000
1/3 octave band center frequency (Hz)
Curve values
1/3 octave band cerfter)Minimum SPL | 1/3 octave band center] Minimum SPL [L/3 octave band center| Minimum SP|.
frequency (HZ) (dB) frequency (Hz) (dB) frequency (Hz) (dB)

34 121 250 127 2000 120
40 122 315 126,7 2500 119
50 123 400 126,5 3150 118
63 124 500 125,7 4000 117
80 125 630 125 5000 116
100 125,7 800 124 6300 115
125 165,5 1000 123 8000 114
160 126,7 1250 122 10 000 113
200 127 1600 121 Overall 138

Figure 2 — Exemplary acoustic level

8.2.2 Fill effect

The acoustic sound pressure level in the area between the payload and the payload fairing increases as
the gap decreases. This increase in acoustic pressure levels due to payload fill effects has been measured
in tests. Thus for large payloads, a fill factor is often used to adjust the acoustic test level for this effect.
The fill factor shall be taken out of the customer specification. For information, the calculation of the fill
factor is referred to in Annex A.

© IS0 2017 - All rights reserved 7
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8.2.3 Testlevel tolerances

The tolerances shall follow the requirements of the related technical documents, if not specified

otherwise, t

he following test level tolerances can be used.

a) Octave band

63 Hz ~

2000 Hz: -3dB ~ +3dB.

31,5 Hz, 4 000 Hz ~ 8 000 Hz: -5 dB ~ +5 dB.

OASPL:

-1,5dB ~ +1,5 dB.

b) 1/3 Oct
22,5Hz
50 Hz ~
2250H
OASPL:
c) Testdui

d) Statistig

8.3 Specimen configuration requirements

The specimg

8.4 Specimen installation requirements

a) The sp¢d
surface
specime

b) All exte

c) Acousti
launch ¢
but beir
resonar
couplin
of the m

d) The calj

hve band

~ 40 Hz: -5dB ~ +5 dB.
2000 Hz: -3dB ~ +3 dB.

z.~ 10 000 Hz: -5 dB ~ +5 dB.
1,5 dB ~ +1,5 dB.

ation: -0 % ~ +10 %.

al DOF: 2100.

bn configuration shall be as described in ISO 15864:2004, 7.15.3 to 7.15.6.

cimen should be supported in the-iominal centre of the reverberation chamber. The
5 of the specimen should not be parallel to any chamber surface. The distance betwee
n's exterior surface and the ¢orresponding wall of chamber shall be not less than 1,0 1

Fior surfaces of the specimeh shall be exposed to the acoustic field without any shelten

onfiguration mounted on a test fixture simulating the dynamic flight mounting condit
g low frequeney decoupled from the chamber floor and wall structure born vibration|
ce frequency ofthe mounting system for the specimen should be small enough to avoi

inimum.interested resonant frequency of objectives, whichever is less.

les“or any other attachments connecting to the specimen shall not generate addit]

main
n the
.

ing.

C tests in a reverbekation chamber should be conducted with the test specimen ifp the

ions,
. The
d the

b effect between the specimen and acoustic chamber, for example, lower than 25 Hz of 1/4

ional

restrict

ohvand sound source.

e) The specimen should be electrically grounded and the grounding resistance should not be higher
than 1 Q.

8.5 Control requirements

The control

requirements of acoustic test are as follows.

a) A minimum of three control microphones should be utilized.

b) Control microphones shall be located in proximity to each major dissimilar face of the specimen at
a minimum distance of 0,5 m. The distance can be 1 m if the specimen'’s exterior surface is more
than 2,0 m far away from the corresponding wall of chamber.

© ISO 2017 - All rights reserved
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In addition, the control microphones should be located at the medium height of the specimen and
within one plane that is perpendicular to the specimen's vertical axis. For special applications,
microphones may be located within two or more planes perpendicular to the specimen's vertical
axis. Microphones should be distributed equally in each plane. An example of microphones’
distribution is shown as Figure 3.

Microphones may be located in other positions according to special test requirements.

The mean-square value of signals from all control microphones in each frequency band shall be
used for the control.

e PN

7/

gy

~

~

~

5{”
frr17271%,
‘_

/

rrrsrssi
Z771711/

==

A==

b) Microphones position of eight points average controlling

catstic chamber

microphone

Figure 3 — Examples of microphone distribution

© IS0 2017 - All rights reserved 9
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8.6 Measurement requirements

8.6.1 Structure response measurement

The requirements of structure response measurement are as follows.

a) If required, the monitoring of the specimen vibration should be performed on the basis of
acceleration and/or strain measurements. Interface loads, displacement or velocity response may
also be monitored.

b) The monitoring equipment shall be capable of measuring overall vibration response with the

upper f
respong
measur
statistig

8.6.2 Sound measurement

The require

eqUency farger than 2 000 Hz. Thisnstrumentation shatt rave a nominatty fiatfreq
e over the frequency range of interest and be suitable for the application and the ty
ement. The average analysis times should be sufficiently longer to ensure the confid
DOF should be greater than 100.

ments of sound measurement are as follows.

ency
pe of
bNCe;

a) The soyind measurement system shall be capable of measuring sound pressure levels in the

frequen|
frequen
octave)

b) The mig
measur
c¢) The inst
the spe

band ley
d) Uncertd
8.7 Safet

The require

a) Testopd
b) The spe
c) All test

shall follow teehuical safety rules.

d) The spe

cy range between 22,4 Hz and 11 200 Hz in either octave or third-octave bands, with c
cies between 31,5 Hz/25 Hz (octave/third-octave) and 8-000 Hz/10 000 Hz (octave/t

rophones shall be capable of random incidence measurements. They shall be capal
ng peak values of at least three times the maximim RMS value.

rumentation shall be capable of measuring sound pressure levels at least 10 dB higher
rified test level. This capability refers bothito the overall level and to individual freqy
els.

inty of the measurements shall bebetter than 1 dB.

y
ments of safety are as fallows.

brators shall be technically trained and qualified.

cimen's technjical and safety status should be confirmed before the test.

operatops\shall manipulate test equipment according to the relevant operating rules

cimen's placement, suspending, transporting and installation shall follow relevant rules.

bntre
hird-

le of

than
ency

and

The safety r

equirements of ISO 14620 shall be applied.

9 Test procedure

9.1 Testflow

The acoustic test includes three stages: before the test, test implementation and after the test, as shown

in Figure 4.

10
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9.2

If no

9.2.1

9.2.1

Acco
ISO 1

9.2.1

a)
b)

c) All the equipment shall be calibrated and used in the valid period.

Test task

IS0 19924:2017(E)

!

v

!

Before the test | Prepare
documents

Check
equipment
1

Perform
pretest
]

Install specimen

v

Prepare work

Before the test

.2 Equipmient check

.1 Preparation of the-test documents

specified otherwise, the following requirements should be applied.

The test-setup shall be as specified in the test requirements.

........................ 3
Perform test
Approve result
v
Remove sensors
After the test v
Issue test report
Figure 4 — Test flow
Test procedure

rding to the outline’ requirements, the test documents shall be prepared a
5864:2004, 4.9. Thetest documents should be reviewed by the customer.

shall be ensured that the performance capability of the test equipment meg

ccording to

rts the test

9.2.1.3 Safety check

a) Functional check of the emergency power supply system of the laboratory shall be performed.

b) Safety check of the test equipment shall be performed.

c)

© IS0 2017 - All rights reserved

Item check shall be performed to verify if there are any explosive, combustible, poisonous materials
or high pressure vessels on the specimen so that appropriate safety measures can be taken.
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stallation of the sensors

Sensors shall be installed and checked according to the test procedure.

9.2.1.5 Pretest

9.2.1.5.1 Pretest with empty chamber

The spectrum of pretest shall meet the test requirements. During the pretest, the position of the

microphone

s shall be identical with that of the actual test.

9.2.1.5.2

If required,
sound presg

be included
9.2.2 Tes
If not specif
a) The tes{
b) Visuali
c) Forthe
d) The paj

systems

e) Pretest
measur

f) The tes
be oper
to verif)

Pretest with tested specimen

the tested specimen shall be pretested with low sound pressure level (6 dB below thg
ure level). The absorption due to the specimen itself shall be evaluated angd, its value
in the acoustic spectrum applied during the pretest with the empty speciter.

L implementation
ed otherwise, the following requirements should be applied.
specimen shall be positioned in accordance with 8.4.
hspection and function test of the specimen should be performed.
microphones for control, monitoring shall be installed in accordance with 8.5.

ameters of the control and measurement systems shall be set and the readiness
for the test shall be verified.

should be performed to measure thestructure response and to check the contro
Pment systems.

spectrum shall be applied for the specified time. During the tests, the test specimen
hted in a duty cycle typical ofithat to be employed at launch and during boost and monif
 that interface and intergperability requirements are met.

result shall be evaluated against pass-fail criteria according to test requirements.

r the positioningofaccelerometers to demonstrate structural integrity, low level refet
fore and after €esting.

r the test

nspéction of the specimen should be performed.

b test
shall

bf all

and

shall
ored

ence

g) The test
h) Considg

runs be
9.2.3 Aftg
a) Visuali
b) The me
c) Thespe

'S L1 3 L A | 4+ Lalll |
SUI CIIITTIU CAUITS, TI1IUT UPIIUIICD alltu ouyy\u Lo SIIdIT UT TTIITIUVTCU.

cimen shall be removed out of the chamber.

d) The data shall be processed and the test reports shall be issued.

10 Test interruption and handling

10.1 Testi
If the follow

nterruption

ing situations appear, the test shall be interrupted.

a) testequipment failure;

12
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b) the technical requirements cannot be met because of over or under test;

c) specimens or ground test equipment failure.

10.2 Interruption handling

Interruption handling follows these principles.

a) If the test is interrupted because of test equipment failure, the test should only be continued after

the failure had been eliminated and it is made sure there is no effect on the specimen.

dgain. For under test, the test duration before interruption is invalid. For over\test
¢nsured there is no effect on the specimen and the test may be restarted fronythe

hnly be continued after the interference or failure had been eliminated,

11 Test data and result evaluation

11.1f Test data

Gengdrally, acoustic test data are as follows:

a) ¢ontrol and measurement microphone curves;
b) §tructure response of the test specimen;

c) ¢nvironment data of laboratory;

d) §tatus data of the equipment;

e) ¢tatus data of the test specimen.

Test data requirements shall be compliant to [SO 15864:2004, 4.9.5.

11.2 Result evaluation
After test, the results should be evaluated according to the following criteria:
a) ¢onformdnge of the control results with the test requirements;

b) ¢onformance of the measurement results with the test requirements;

1 le

ver or under
e performed
, it shall be
nterruption

test should

Afornn o a 1 it a £ ol fivy
(o COToTancc—o TTCSUTtS v It crtteSToODjetTrvess

12 Test documents

Test documentation shall be compliant to ISO 15864:2004, 4.9.

© IS0 2017 - All rights reserved
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