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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.

The proced d e ) e are
described in the ISO/IEC D1rect1ves Part 1.In partlcular the dlfferent approval crlterla needed fpbr the
different types of ISO documents should be noted. This document was drafted in accordanee with the

Hrawn to the possibility that some of the elements of this document may.be the subject of
4. ISO shall not be held responsible for identifying any or all such patenb rights. Details of
ights identified during the development of the document will be in the Introduction and/or
on the ISO ligt of patent declarations received (see www.iso.org/patents).

Any trade ngdme used in this document is information given for the conveniéence of users and dogs not
constitute ar} endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific termp and
expressions |related to conformity assessment, as well as infermation about ISO's adhererce to
the World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see
www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 20, Aircraft and space veficles,
Subcommitt¢e SC 16, Unmanned aircraft systems.

Any feedback or questions on this document sheuld be directed to the user’s national standards bpdy. A
complete listing of these bodies can be found\at www.iso.org/members.html.
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Introduction

This document defines the correlation between the excitation frequency caused by rotor rotation and
the resonance frequency of the main body in the design of the multi-copter UA (unmanned aircraft), and
suggests the evaluation method to define the design requirements of the multi-copter UA to prevent
damage due to resonance.

Typical applications for evaluation of resonance of the UA are:

a) measuring the natural frequency of the UA;

b) T T TUEncy ;
c) determining the modal properties of the UA (natural frequency, damping and mgde‘Shiape);

d) checking the resonance between the natural frequency of main body and the’rotatiorlal frequency
of the rotor.

© IS0 2023 - All rights reserved v
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Evaluation method for the resonance frequency of the
multi-copter UA (unmanned aircraft) by measurement of
rotor and body frequencies
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document provides a method for evaluating the resonance vibration frequency,
 unmanned aircraft (UA). This document specifies a method of designing the UA"s
sonance generated by the coincidence of the natural frequency of the UA bodyyand t
ency of the rotor.

locument is applicable to multi-copter UA weighing less than 150 kg.

ormative references

bllowing documents are referred to in the text in such a~way that some or all of
tutes requirements of this document. For dated references, only the edition cited
ed references, the latest edition of the referenced document (including any amendmg

)068-2-6, Environmental testing - Part 2-6: Tests - Test Fc: Vibration (sinusoidal)
0068-2-64, Environmental testing - Part 2-64s\Tests - Test Fh: Vibration, broadband
hce

erms and definitions

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

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

C Electropedia:available at https://www.electropedia.org/

opething frequéncy range

rotat
aircrd

3.2

on frequency span between the lowest frequency to the highest frequency of a
ft (UB)-to fly

bf the multi-
o as to avoid
he rotational

their content
applies. For
ents) applies.

random and

1d IEC maintain terminolegy~databases for use in standardization at the following addresses:

h unmanned

natural frequency
frequency or rate at which an unmanned aircraft (UA) vibrates naturally when disturbed

Note 1 to entry: The natural frequency changes when the mass distribution (e.g. adding a payload) changes, it is
measured with the added payload.

3.3

resonant frequency
phenomenon in which an external force or a vibrating system forces another system around it to vibrate
with greater amplitude at a specified frequency of operation
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3.4
frequency response function

function that represents the relationship between an input signal and an output signal in the frequency

domain

3.5

FFT

fast Fourier transform

algorithm that computes the discrete Fourier transform (DFT) of a sequence

Note 1 to entry: Fourier analysis converts a signal from its original domain (often time or space) to a

representation in the frequency domain and vice versa.

3.6
arming frequency
rotating freguency of the propeller before take-off

4 Test method

4.1 Testsptup

4.1.1 Genge¢ral

In the case of a small-sized UA, the impact hammering method i$simple; it has good cost-effectiv
and is often ysed to measure the natural frequency of small structures. In the case of a large-sized
an impact hajmmer is used, the energy transfer is small and accurate measurement may not be pos
In such a cage, the natural frequency and the natural mode shape can be measured using an e}
The method [to use depends on the size, shape, and material of the UA; so it is determined by pre

eness
UA, if
tsible.
kciter.
vious

experiences.|It may also be possible to measure the@ibration profiles for the larger UA, depending on

the size of the test article, by using the hammering excitation method.

4.1.2 Hanmmering method

Figure 1 and|Figure 2 show the concept'of the test device for measuring the natural frequency and the

natural-modp shape. To measure thé natural frequency, the UA is typically suspended in the air
a wire or pldced on a sponge. At(this time, in order not to affect the natural frequency of the
stiffness, it is enough to have.tlie minimum strength to hang UA. The sponge should also be s
possible, in ofder not to affectthe natural frequency. A previous analysis shall be done so as to dete
the natural frequencies, which should be far away in order not to affect the natural frequencies
UA (estimatdd previously): Since the stiffness of the blade is very small compared to the stiffness
frame, the difection of the blade is not so important in small UA. However, it is better placing the &
in such that dlirection of them is perpendicular to each arm.

using
ire's
oft, if
mine
of the
of the
lades
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Figiire 1 — Schematic diagram of measuring éﬁ\\%mral frequency using a wire (small-sized

Key
1 impact hammer 2
3  accelerometer 4

5 signal analyser

sponge

amplifier

Figure 2 — Schematic diagram of measuring the natural frequency using a sponge (small-sized

UA)

NOTE Details of support systems are given in Section 7.5 of ASTM E1876-01.
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4.1.3 Excitation table method

For a large UA, it should be placed on the vibrator during the measurement. The resonance frequency
of the UA using the vibrator shall be measured according to IEC 60068-2-6 or IEC 60068-2-64. Figure 3
shows the measurement on the vibrator. In this test, the natural frequency and natural mode shape of
the UA are measured. In order to measure the natural frequency of the UA, the accelerometer shall be
attached to the UA and the measurement shall be taken in several places. A 3-axis accelerometer should

be used.
e ﬁc*);/)‘—\(’:;, I 1 :n:Zfil -
1
\_'//2
LIS 4
Key
1 accelerompeter 2 vibrator

3  amplifier

Figur

4.2 Concept of an operationfrequency

Figure 4 shoj
The purpose

For a small-s
a high speed
used.

4  signal analyser

e 3 — Schematic diagram of measuring the natural frequency (large-sized UA)

vs the schematigdiagram of the device for measuring the rotor speed and the thrustfforce.
of this test is€oymeasure the thrust force caused by the rotational speed of the UA|rotor.
ized U4, itisdifficult to take the measurement with a tachometer as the motor rotgtes at
; a microphone should be used in this case. For a large-sized UA, a tachometer should be
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Key

Figure 4 — Schematic diagram of the device for measuring the rotor speed and the {

5 Analysis of natural frequency and operation frequency

5.1

5.1.1| General

Becayse the rotor that generates the thrust force of the UA is located at the end of an a
modelled to a form with a fixed eantilever and a concentrated mass at the end. The natur
of a multi-copter UA is governed’by Formula (1) of four main design factors. The main d
relatgd to natural frequency are the Young’s modulus of the cantilever arm, the 2nd momé
the mlass of the cantileverarm and the length of the cantilever arm. Formula (1) can be us
desigher to assess the-impact of each design factor on the resonant frequency, to ensure
desigh will avoid resoriance under operating conditions.

The f¢ormula for.calculating the natural frequency of the cantilever arm is:

njicrophone 2 tachometer
ldad cell 4  amplifier

ISO 5109:2023(E)

wn

ignal analyser

Natural frequency

hrust force

rm, it can be
al frequency
esign factors
ent of inertia,
ed by the UA
that the final

Ao )
where
fn is the natural frequency of /, direction;
E isthe Young’s modulus of the cantilever arm;
I, isthe 2nd moment of inertia (maximum /;, minimum 1,);
M is the mass of the cantilever arm;
I isthelength of the cantilever arm.
5
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5.1.2 Natural frequency measurement

The natural frequency of a small-sized UA shall be measured by applying an impact using an impact
hammer or sound wave or other dispersed load and receiving a signal using an accelerometer to
perform FFT analysis; or the calculation result shall be applied to the natural frequency. This is a very
common method and the natural frequency can be measured using a relatively simple experimental
tool. However, it is difficult to measure the natural frequency and the natural mode of a large-sized UA
in this manner because the transmission power is too weak to excite it using an impact hammer. For a
large-sized UA, the natural frequency shall be measured by placing it on a vibrator and sweeping the
frequency. Figure 5 shows the frequency response function of UA and natural frequencies.

Y

1 10 100 1000 10000 X

Key
1  1stnaturil frequency

2 2nd natufal frequency
3 3rd naturpl frequency

Figure 5 — Frequency response function of UA and natural frequencies

5.2 Operdtion frequency

5.2.1 Operation frequency measurement

In order for the UA to fly, the thrust force caused by the rotor must be greater than its own weight
before it takes off. The thrust force of the rotor shall be measured by attaching a load cell to the skid of
the UA and fixing it securely to the ground. The rotational frequency of the rotor shall be measured by
counting the number of revolutions of the motor using a tachometer. For a small-sized U4, it is easier
and simpler to measure sound waves using a microphone because the motor rotates at a high speed.
The operating frequency should be measured under different working conditions.

5.2.2 Thrust force measurement

The thrust force, N, shall be obtained by measuring of the load cell attached to the UA skid or rotor
measuring stand while increasing the motor speed. Here, the arming frequency refers to the frequency
of motor revolutions that the UA starts up before taking off. The operating frequency range refers to the

6 © IS0 2023 - All rights reserved
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