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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
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Introduction

In recent years, the market for lightweight and small civil unmanned aircraft systems (UAS) has
developed rapidly. Application areas range from consumer-grade unmanned aircraft vehicles fitted
with a camera to industrial-grade unmanned aircraft vehicles used in various safety and inspection
operations (e.g. in agriculture, electrical distribution and public safety). As a consequence of being
transported from job site to job site, the UAS is exposed to a vibration environment during its lifetime.
This document sets out a vibration environment that reflects the situation the UAS experiences during
transportation and flight, and to which it can be tested so as to verify whether the test article complies
with the applicable performance standards (excluding durability requirements) when subjected to

Vibra-inn lovalc cnncifind fortha annraniatn tnctallabinn
Froh—revers-Sspeeiearer+tneappropriateHStaratioh:
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INTERNATIONAL STANDARD ISO 5309:2023(E)

Civil small and light unmanned aircraft systems (UAS) —
Vibration test methods

1 Scope

This document specifies the test conditions and methods to be used for the vibration testing of
unmanned-aircraft cvcfnm (”AQ lnr‘]nr‘lng unmanned aircraft and grnnnr‘ cfnhnrﬂ which app]ies to

level ]I through V accordlng to ISO 21895.

2 Normative references

The fpllowing documents are referred to in the text in such a way that some or all of their content
constjtutes requirements of this document. For dated references, only.the edition cited applies. For
undafed references, the latest edition of the referenced document (inclading any amendmgénts) applies.

[SO 2041, Mechanical vibration, shock and condition monitoring — ¥Yocdbulary
[SO 21384-4, Unmanned aircraft systems — Part 4: Vocabulary

ISO 21895, Categorization and classification of civil unmanned aircraft systems

3 Terms and definitions

For the purposes of this document, the terms.and definitions given in ISO 2041 and ISO 21384-4 and
the following apply.

ISO apd [EC maintain terminology databases for use in standardization at the following addresses:

et

$0 Online browsing platformtavailable at https://www.iso.org/obp

]

EC Electropedia: available,at https://www.electropedia.org/

31
power spectral density
PSD
degree of variation.in energy for each frequency to the acceleration signal in a specific frequency range
as a finction ef frequency

4 Types of vibration test

4.1 Standard vibration test

Standard vibration test is performed to verify whether the UA can work normally when it is subjected
to a vibration environment expected during flight, including engine(s) running and rotor(s) turning on
ground (e.g. ground resonance prevention). The test may be performed under the conditions involving
random test, sinusoidal test, and sine-on-random test.

Measured values should be collected from representative operations and used in testing whenever
possible.

©1S0 2023 - All rights reserved 1
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4.2 Transportation vibration test

Transportation vibration test is performed to verify whether UAS can work normally after it is subjected
to conditions involving vibration induced by transportation.

5 Test conditions

5.1 General

The types of vibration test to which the UA (S) is to be exposed to is dependent on the powerplant type

described in fFabte+-

Generally sppaking, sinusoidal vibration test is applicable to verify whether the design of the/prjoduct

meets the r¢quirements and whether the product is intact after sinusoidal vibration test. Random

vibration te§t mainly simulates the vibration adaptability of products under broadband excitiation,

especially when the resonance point cannot be determined. Sine-on-random vibration test is rxainly
a

used to asseps the adaptability of the test article under the condition of superpesition of bro

excitation and sinusoidal fixed frequency.

Table 1 — Types of vibration test

band

UA configyration

Engine/power plant type 2

Type of vibration test

Electric motor

Standard vibration

Random; sinusoidjl

Multicopter - . . Random test or vehiclg field
/ Transportation vibration
test
Electric motor Sinusoidal
Turbine engine, piston engine Sinusoidal
_ _ Standard vibration Envelope value accorfing
Fixed-wing Mixed power plant to the type of mixed plower

plant

/

Transportation vibration

Random test or vehiclg field
test

Unmanned helicopter

Electricanotor

Turbine.engine, piston engine

Mixed power plant

Standard vibration

Random; sinusoidal

Sine-on-random (knpwn
frequency)

Random (unknown f
quency)

Envelope value according
to the type of mixed power
plant

Transportation vibration

Random test or vehiclg field
test

Ground station (vehi-
cle-mounted/carried)

/

Transportation vibration

Random test or vehicle field
test

a2 The engine/power plant types include but are not limited to electric motor, piston engine, turbine engine, mixed power
plant, rocket engine, and compressed air power plant according to ISO 21895. In this document, only the commonly used
engine/power plant types are considered (e.g. electric motor, piston engine, turbine engine, and mixed power plant).

5.2 Conditions for standard vibration test

5.2.1 Random test

a) Measurements: measured values shall be used wherever possible. If measured values are not
available, the values shown in Table 2 shall be used.

© IS0 2023 - All rights reserved
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b) Axial direction: test shall be performed in each of the test article's three orthogonal axes.

c) Testduration: 1 h for each axis or the time specified by relevant specification of the test article.

5.2.2 Sinusoidal test

a) Measurements: measured values shall be used wherever possible. If measured values are not
available, the values shown in Table 2 shall be used.

b) Axial direction: test shall be performed in each of the test article's three orthogonal axes.

c) Testduration: 1 h for each axis or the time specified by relevant specification of the test article.

5.2.3] Sine-on-random test

a) Measurements: measured values shall be used wherever possible. If medsured values are not
ayailable, the values shown in Table 2 shall be used.

b) Alxial direction: test shall be performed in each of the test article's three orthogonal axes.

c) Testduration: 1 h for each axis or the time specified by relevant specification of the tept article.

Table 2 — Standard vibration testunagnitude

UA ¢ or_lflgura- Engine/power | Maximum take-off mass Type of vibration Mdgnitude
tion plant type kg
. . Refer tp Table 3 and
Level II, I1I, WV Random; sinusoidal Table t for details
. . Refer tp Table 3 and
< . e ==
<10 Random; sinusoidal Table i for details
Leveld¥ Refer th Table 5 and
. . . . efer tp Table 5 an
Mylticopter Electric motor >10 Random; sinusoidal Table b for details
. . Refer tp Table 5 and
< . e ==
<50 Random; sinusoidal Table b for details
LevelV Refer t§ Table 72 and
. . efer able 72 an
> 50 Random; sinusoidal Table $2 for details
a
Electric motor Level II, III, IV, V Sinusoidal Refer tp M for
Hetails
N - J . a
Fixed-wing Tu_rbme engine, Level V Sinusoidal Refer[to Tab_le 10
piston engine for details
Mixed power plant Envelope value according to the type of mixed powar plant
For UA that belongs to both multicopter and fixed-wing, both magnitudes shall be considered based on the engine/power
plant fypet
The clpssification of level shall be in accordance with ISO 21895.
a2 For test articles weighing greater than 22,5 kg, a reduction in test levels for frequencies above 60 Hz is allowed using
the following schedule:
— testlevels may be reduced by 0,10 dB for each 0,5 kg test article weight increment above 22,5 kg to a maximum reduction
of 6,0 dB;
— a 6,0 dBreduction would reduce the PSD level to 1/4 of the original level.

©1S0 2023 - All rights reserved 3
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Table 2 (continued)

UA cor_lflgura- Engine/power | Maximum take-off mass Type of vibration Magnitude
tion plant type kg
. . . Refer to Table 72 and
Electric motor Level V Random; sinusoidal Table 8 2 for details
. Sine-on-random Refer to Figure 1
Unmanned heli- Turbine engine (known frequency) and Table.lla for
copter . gine, Level V details
piston engine
Random (unknown | Refer to Table 122
frequency) for details
Mixed power plant Envelope value according to the type of mixed power plant

For UA that beJongs to both multicopter and fixed-wing, both magnitudes shall be considered based on the engine/power
plant type.

The classificatjon of level shall be in accordance with ISO 21895.

a2 For test aifticles weighing greater than 22,5 kg, a reduction in test levels for frequencies above®Q-Hz is allowed using
the following sichedule:
— testlevels tpay be reduced by 0,10 dB for each 0,5 kg test article weight increment above 22,5Kg to a maximum redjiction
of 6,0 dB;

— a6,0 dB refluction would reduce the PSD level to 1/4 of the original level.

Table 3|— Random test levels for multicopter UA (electric.motor, level II, III and IV with
maximum take-off mass < 10:kg)

Frequency PSD
Hz gZ/Hz

30 0,01
100 0,06
850 0,002
1000 0,002

Table 4 1+ Sinusoidal test levels foermulticopter UA (electric motor, level 11, IIl and IV with
maximum take-off mass < 10 kg)

Frequency Acceleration Logarithmic sweep rate
Hz g oct/min
30 2,0
100 5,0
850 0,8 !
1,000 0,8
Table 5 — Random test Ievels for multicopter UA (electric motor, Ievel IV with maximum take-
off mass > 10 kg and level V with maximum take-off mass < 50 kg)
Frequency PSD
Hz gZ/Hz
10 0,001
100 0,03
600 0,000 2
1000 0,000 2

4 © IS0 2023 - All rights reserved
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Table 6 — Sinusoidal test levels for multicopter UA (electric motor, level IV with maximum take-
off mass > 10 kg and level V with maximum take-off mass < 50 kg)

Frequency Acceleration Logarithmic sweep rate
Hz g oct/min
10 0,4
100 3,0 1
600 0,2
1000 0,2

Tabl¢7—Ramdonr testievels formutticopter YA {etectricmotor; fevel Vwithrmmaximum take-off
mass > 50 kg) and unmanned helicopter (electric motor, level V)

Frequency PSD
Hz g%/Hz

10 0,042

40 0,012
100 0,002
500 0,002
2000 0,000 13

Table 8 — Sinusoidal test levels for multicopter UA (electric motor, level V with maximum take-
off mass > 50 kg) and unmanned helicopter (electric motor, level V)

Frequency Double-amplitude Logarithmic swgep rate
Hz mm/g oct/min
15 0,25 mm
55 0,25 mm 1
500 1,5g
Aq Ay Az Ay
Wo [-———

|
/
|
)
|
|
|
:
Odwo |yl
i
|

f
Key
f frequency, expressed in Hz
wy random PSD curve, expressed in g2/Hz

A to A, sine curves, expresseding

NOTE The vibration frequencies and are vibration levels are given in Table 9.

Figure 1 — Sine-on-random test curve for multicopter UA (turbine engine, piston engine) and
unmanned helicopter (turbine engine, piston engine)

© IS0 2023 - All rights reserved 5
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Table 9 — Sinusoidal test levels for fixed-wing UA (electric motor, Level 11, III, 1V, V)

Frequency Double-amplitude Logarithmic sweep rate
Hz mm/g oct/min
15 0,25 mm
55 0,25 mm 1
500 15¢g

Table 10 — Sinusoidal test levels for fixed-wing UA (turbine engine, piston engine, Level V)

requency Double-amplitude Logarithmic sweep rate
Hz mm/g oct/min
15 0,5 mm
55 0,5 mm 1
500 3g

Table 11 — Sine-on-random test levels (known frequency) for multicopter'UA (turbine engine,

piston engine) and unmanned helicopter (turbine engine, piston engine)

Sine part Random part
Frequency range (f; to f;) 2 Acceleration (4, to A,) Frequency PSD
Hz g Hz gZ/Hz
34f,<40 0,04 x f, 10 0,01 (W)
40 4f, <200 1,6 300 0,01 (W)
2000 0,001 (0,1W,,

a  fi: firstblgde passage frequency of the main rotor;
fo: twice firsf blade passage frequency of the main rotor;

f5: first bladg passage frequency of the tail rotor (if the UA'Ts equipped with tail rotor);

f4: twice first blade passage frequency of the tail rofon (if the UA is equipped with tail rotor).

Table 12 — Random test levels (unknown frequency) for multicopter UA (turbine engine, piiston
engine) and unmanned helicopter (turbine engine, piston engine)

Frequency PSD
Hz gZ/Hz
5 0,005
40 0,05
200 0,05
300 0,01

5.3 Conditions for transportation vibration test

5.3.1 Random test

a) Measurements: measured values shall be used wherever possible. If measured values are not
available, the values shown in Table 13 shall be used.

Table 13 represents the typical power spectrum of road surfaces with good working conditions (e.g.
highway). If the expected transportation environment of the product includes off-road and extreme
conditions, the test spectrum type shall be selected by referring to other relevant documents.

b) Axial direction: vertical, transverse and longitudinal axes. When orientation within the vehicle
can vary, vibration exposures should be derived from envelopes of possible orientations (e.g.
longitudinal and transverse combined, vertical).

6 © IS0 2023 - All rights reserved
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NOTE1  With the test article suspended for test, the longitudinal axis is the axis parallel to the ground
plane and passing through the longest dimension of the store. The vertical axis is mutually perpendicular
to the ground plane and the longitudinal axis. The transverse axis is mutually perpendicular to longitudinal
and vertical axes.

c) Testduration: 1 h for each axis or the time specified by relevant specification of the test article.
NOTE 2 60 min random test per axis is equivalent to 1 600 km road travel for common carrier or truck.
Table 13 — Transportation vibration test conditions
Vertical axis Transverse axis Longitudinal axis
Fiequency PSD Frequency PSD Frequency PSD
Hz g2/Hz Hz g2/Hz Hz g2/Hz
102 0,015 102 0,000 13 102 0,006 5
40 0,015 20 0,000 65 20 0,006 5
500 0,000 15 30 0,000 65 120 0,000 2
78 0,000 02 121 0,003
79 0,000 19 200 0,003
120 0,000 19 240 0,0015
500 0,000 0 340 0,000 03
500 0,000 15
3 The starting frequency can be extended to lowest natural frequehcy.
5.3.2] Vehicle field test
According to the actual installation or transportation form, the test article is loaded on the vehicle and
secured or mounted. The vehicle is then driven over the test surface in a manner that reproduces the
transportation or service conditions.
Test purfaces and running distance‘\are determined according to actual conditions. 1 600 km is
recommended here when the expected transportation distance is unknown. The test qurfaces may
include designed test tracks, typical highways, or specific highways between given points (e.g. a
specified route between a manufacturing facility and a working place). Potentially, such testing can
include all environmental(factors (vibration, shock, temperature, humidity, pressure, etf.) related to
wheeled vehicle transport;
5.4 |Vibration test requirements and recommendations
For the vibratien test, the following requirements and recommendations apply.
a) Ipstdll ‘the test article under test so the input vibratory motion is parallel to ong of its three
r:l‘ajor orthogonal axes. Any test fixture used shall be as rigid and symmetrical as practicable. For

b)

standard vibration test, the test article shall be attached to the fixture or vibration table by the
means specified in the specification of the test article. For transportation vibration test, the test
article shall represent to the actual installation or transportation form (e.g. in a padded case). Test
article that is mounted on external vibration/shock isolators shall be tested with the isolators.

Where applicable, the monitoring accelerometer(s) shall be attached to the test article item
undergoing vibration to measure and record the test article's vibration response in the axis
of vibration to determine resonant frequencies and amplification factors. Locations selected
may include principal structure, printed circuit boards, large components and modules, where
practicable.

The control accelerometer(s) shall be attached to the test fixture as close as practicable to the test
article mounting location for each axis of test. When more than one accelerometer is employed for
test level control, the average of the accelerometer control signals for sinusoidal test or the average

©1S0 2023 - All rights reserved 7
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of the acceleration power spectral densities (PSDs) for random test shall be used as the test level
control. For all vibration input types, the appropriate spectrum or acceleration PSD plots shall be

made to

d)

demonstrate that the control levels meet the test level requirements.

The random vibration signal should have a Gaussian distribution; and the instantaneous vibration

acceleration peaks of the control signal may be limited to three times the gradient root mean
square (GRMS) acceleration level.

more than +
level of the
acceleration

5.5.2 Sin

The accelera
level over th{

6 Testpr

6.1 Random test

6.1.1 Geng

The random
requirement
the vibration
to relevant s

which are ngt included in this déetiment due to the limitations of the laboratory test.

6.1.2 Chec

a) Visually
of test al

The accuracy of the instrumentation system for measuring sinusoidal acceleration shall be +10 %
for acceleration and +2 % for frequency.

ion PSD of the test control signal shall not deviate from the specified-tequirements by

dB or -1,5 dB below 500 Hz and #3,0 dB from 500 Hz to 2 000 Hz{The overall
ntrol signal shall be within +20 % and -5 % of the overall GRMS value for the spe
SD curve.

oidal control
Lion test level control for any sinusoidal input curve shalkbe within +10 % of the spe

 specified frequency range.

ocedure

bral

test shall be performed along each of the three orthogonal axes by followin|
5 set outin 6.1.2 to 6.1.5. Only'certain functional items (see Annex A) can be checked d
test; the function/performance inspection before and after test shall be checked accag
becifications (e.g. product testing specifications, product development requirements

k before test

inspect.the test article to ensure it is free from obvious damages; and inspect the fun
ticle according to the relevant specification.

b) Recordt

hé-check and inspection results.

6.1.3 Test

article installation

GRMS
cified

cified

g the
uring
rding

etc),

rtions

a) Fix the test article directly to the vibration table by means of the fixtures and then install
accelerometers.

b) The control accelerometer(s) shall be attached to the test fixture as close as practicable to the test
article mounting location; and the monitoring accelerometer(s) shall be attached to the test article

of intere

st.
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Test process

a) With the test article operating, apply random vibration at the levels determined in Table 2 to the
test article for 1 h or the time required by the relevant specification along each axial direction.

Operating means the test article is electronically awake, at least. If possible, it shall be mechanically
awake depending on the situation.

b) During vibration, test the functions of test article according to the relevant specification to verify
whether the test article satisfies the requirements of the relevant specification.

0

b)
6.2

6.2.1

The s
requi

after test

isually inspect the test article to ensure it is free from obvious damages; and inspect
test article according to the relevant specification.

ecord the check and inspection results.
Sinusoidal test

General

'he functions

inusoidal test shall be performed along each of the thiréee orthogonal axes by f

acco
the la

6.2.2

pllowing the

1 be checked

rements set out in 6.2.2 to 6.2.5. Only certain functional items (see Annex A) caI be checked

ing to relevant specifications, which are not inclitded in this document due to the
oratory test.

durinE the vibration test; the function/performance inspection before and after test sha
r

Check before test

a)

isually inspect the test article to ensuire it is free from obvious damages; and inspect

of test article according to the relevant specification.

b)
6.2.3
a) F
a
b) T
a
0
6.2.4

ecord the check and inspectien results.

Test article installation

ix the test article“directly to the vibration table by means of the fixtures and
ccelerometers.

he control accelerometer(s) shall be attached to the test fixture as close as practicah
I'ticle meuinting location; and the monitoring accelerometer(s) shall be attached to th
f interest:

imitations of

'he functions

then install

le to the test
e test article

Test process

a) With the test article operating, perform sine frequency sweep cycles varying the vibration
frequency over the appropriate frequency range from lowest to the highest (up-sweep) to the
lowest (down-sweep) specified frequencies with a logarithmic sweep rate not exceeding 1 oct/min.

b) During the initial up-sweeps, record plots of the accelerometers at the response locations selected
and identify the critical frequencies. Critical frequencies are defined as those frequencies where:

1) mechanical vibration resonances have peak acceleration amplitudes greater than twice the

input acceleration amplitude; or

© IS0 2023 - All rights reserved
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2) achange in performance or behaviour is noticeable whether or not performance standards are

exceeded.
c¢) Keeping the test article in working state, perform sine vibration sweep cycle along each axis for 1 h
or the time required by the relevant specification.
d) Record any critical change of frequency during the test.
e) During vibration, test the functions of test article according to the relevant specification to verify
whether the test article satisfies the requirements of the relevant specification.
6.2.5 Checkafter test

a) Visually
of test af

b) Recordt
6.3 Sine-q

6.3.1 Geng

The applied
frequencies
be varied at
sinusoidal fr

The sine-on-
requirement
during the v
according to
the laboratoj

6.3.2 Chec

a) Visually
of test aj

inspect the test article to ensure it is free from obvious damages; and inspect the'fun
ticle according to the relevant specification.

he check and inspection results.
n-random test

bral

controlled input vibration level shall have a frequency centent of the sum of the sinu
ind the wide-band random test levels determined above. The sinusoidal frequencies
h logarithmic sweep rate not exceeding 1 oct/min frem 0,9 x f, to 1,1 x f, (where f, a
bquencies of the test spectrum).

5 set out in 6.3.2 to 6.3.5. Only certain functional items (see Annex A) can be ch
bration test; the function/performance-inspection before and after test shall be ch
relevant specifications, which are not included in this document due to the limitati
y test.

k before test

inspect the test article t0 enisure it is free from obvious damages; and inspect the fun
ticle according to theTrelevant specification.

rtions

oidal
shall
re the

random test shall be performed along each ofithe three orthogonal axes by following the

pcked
ecked
bns of

rtions

b) Record the check and inspection results.

6.3.3 Test|article installation

a) Fix the [test article directly to the vibration table by means of the fixtures and then install
accelerometeérs.

b) The contretaceceterometer{sjshattbeattachedtothe testfixtureascloseaspracticable-tott
article mounting location; and the monitoring accelerometer(s) shall be attached to the test article

e test

of interest.

6.3.4 Test process

a) With the test article operating, apply sine-on-random vibration at the levels determined in Table 2
to the testarticle for 1 h or the time required by the relevant specification along each axial direction.

b) During vibration, test the functions of test article according to the relevant specification to verify
whether the test article satisfy the requirements of the relevant specification.
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