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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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Introduction

The global civil unmanned aircraft (UA) industry is developing rapidly and its application market is

vast. In particular, the amount of low-altitude, slow-speed, small and light UA increases

significantly,

becoming the majority of civil UA. At present, the civil small and light UA include multicopter UA, fixed-
wing UA and helicopter UA. The multicopter UA are widely used due to the simplicity, highly intelligent

flight control system, and high stability. Considering uncontrollable factors, such as the rel

iability of UA

and operational issues, collisions are inevitable in some circumstances. The safety of people in public

place is critical.

harp inju are caused by the collision between 3 and huma ) he b
the impact of a UA at a speed, while the sharp injury refers to the laceration-g
to human body caused by high-speed rotating blades of a UA. Due to the lightweig
manojeuvrability of the small and light UA, the sharp injury caused by the high-speed ro

can bg more serious as a safety threat to human body comparing to the blunt injuny:.

A O melele

bus tests have shown that the sharp injury caused by the rotor blades of small an|
d to the rotational speed, blades size, blade material and impact-speed. However,
hndard or guidance available to specify the key techniques, sueh as the selecti
bnment and equipment, the test method coupling the rotationalyspeed of blades and
the evaluation criteria for tests. Without an appropriate method to evaluate and ver
rotor blades, it is not conducive to the safety management and safety assessment
UA market. Therefore, it is of great significance to establish a standard to specify
htion methods for sharp injury to human body caused.by UA rotor blades.

Previ
relatd
no st
envir
of UA
of UA|
light

evalu

This document specifies requirements for the safety tésStmethod for the laceration and pun
by the civil small and light UA, including test principles, test methods, test equipment, teg
test items, test procedures, result evaluation,.etc. In addition, the establishment of t
suppgrts the evaluation of the laceration and puncture caused by the civil small and 1
implementation of this document promotes‘the development of the test technology on t
and puncture caused by the civil small andlight UA, thereby improving the safety of the pi

Junt injury is

nd puncture
ht and high-
tating blades

d light UA is
there is still
n of impact
flight speed
fy the safety
of small and
the test and

cture caused
t specimens,
he standard
ight UA. The
he laceration
oduct.

has not been
not provided
copter UA at

a) the test principles and method of the laceration and puncture caused by the rotor bllades of civil
small and light multicopter UA;
b) the testequipment of the laceration and puncture caused by the rotor blades of civil sthall and light
ulticopter UA;
c) thete ems—and-procedure lades of civil
small and light multicopter UA;
d) the result evaluation method of the laceration and puncture caused by the rotor blades of civil

small and light multicopter UA.
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INTERNATIONAL STANDARD 1SO 5312:2023(E)

Civil small and light unmanned aircraft (UA) — Sharp
injury to human body by rotor blades — Evaluation and
test method

1 Scope

This document specifies the evaluation and test method for sharp injury to human body eafised by rotor
bladep of civil small and light unmanned aircraft (UA), including injury scale, requiréments, content,
tests,|results, etc.

This Hocument is applicable to evaluating and testing the sharp injury to-human body caused by
rotor|blades of civil small and light UA (with maximum take-off mass between 0,25 kg te 4 kg, which
are between the levels I and III as categorized by ISO 21895), including multicopter UA, unmanned
helicdpters and other rotor UA.

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 réferences, only the edition cited applies. For
undafed references, the latest edition of the referenced-document (including any amendménts) applies.

ISO 21384-4, Unmanned aircraft systems — Part 4; Yocabulary

ISO 21895, Categorization and classification of<ivil unmanned aircraft systems

3 Terms and definitions

For the purposes of this document)the terms and definitions given in ISO 21384-4, ISO 21895 and the
following apply.

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

et

$0 Online browsing-platform: available at https://www.iso.org/obp

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

3.1
sharp injury
injur? or dysfunction to skin tissue caused by laceration (3.5) or puncture by UA rotor blatlies

3.2

sharp injury scale

severity of skin injury or dysfunction to skin tissue caused laceration (3.5) or puncture by UA rotor
blades

3.3
accumulating loading impact test
test that a UA is driven by an accumulator loading device to impact the target

3.4
bionic skin
substitution with similar physical properties to human skin to be used in sharp injury (3.1) tests

©1S0 2023 - All rights reserved 1
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3.5
laceration
type of damage to skin tissue caused by the circumferential motion of the UA blade tip due to rotation

3.6

puncture

type of deep and subcutaneous damage to skin tissue caused by the end of the UA blade due to radial
movement of the blade

4 Sharp injury scale

The sharp injury to human body caused by UA rotor blades are divided into three scales, as shown in
Table 1.

Table 1 — Scale of sharp injury to human body

Injury scale Scale 1 Scale 2 Scale 3

Only scratches or bruises | Minor injuries that can be Injuries that require
on skin 2 handled by themselves b medical interventign ¢

Injury dgscription

a2 Non-sharpginjury.

b Injuries can be processed with a basic first-aid treatment.

¢ Injuries regquiring an emergency medical attention.

5 Requirements for sharp damage

The requiremnents for sharp damage to the human body®y the rotor blades of civil small and light UA
are divided ihto analysis levels and test levels; and it is sufficient to meet either. The details of analytical
levels are shgwn in Table 2; and the details of test levels are shown in Table 3. When the analysis mgethod
is used, the plade material should not be metal;and the geometry of the blade shall meet any pf the
following requirements:

a) anasympnetrical propeller tip shall nothave aleading-edge radius R; ofless than 1 mm [Figurel1, a)];
b) aroundgd propeller tip shall nothave a radius R, of less than 1 mm [Figure 1, b)];

c) asquareg propeller tip shallthave a tip chord A of more than 2 mm or ctip > 30 % of the maxfmum
blade chprd B whicheverds larger [Figure 1, c)];

d) foldable [propellers of@ny tip shape other than having protrusions in the direction of rotatior] shall
fold bacl in the eyent of a contact.

2 © IS0 2023 - All rights reserved
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a) Asymmetrical propeller tip
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b) Rounded propeller tip
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Figure 1 — Blade geometry

c) Square propeller tip

As shpwn in Tables 2 and 3, it is acceptable when the injury is on the scale 1 or scale 2. It is inacceptable
when|the injury is on the scale 3.

Table 2 — Analysis level

Injury scale Scale 1 Scale 2 Scale 3
Acceptability Acceptable injury Acceptable injury Unacceptdble injury
N K
Plastic blade +—<1 > Scile 2
N K 44000 7200
+ <1
15000 2400 N K
other blade —<1 > Scile 2
22000 3600

Key

N: the|sp€ed of blades under the maximum thrust (r/min)

K=6-10" (m r’ N? ) , where m is the mass of the rotor blade(kg), and r is the radius of rotor blades (mm).

Table 3 — Test level

Injury scale

Scale 1

Scale 2

Scale 3

If it acceptable

Acceptable injury

Acceptable injury

Unacceptable injury

Test results

No visible injury

Wound length < 20 cm;

Not deep into subcutane-
ous tissue

> Scale 2

© IS0 2023 - All rights reserved
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6 Evaluation requirement

6.1 Test purpose

Test and evaluate the severity of the sharp injury to human body caused by UA rotor blades.

6.2 Test conditions

6.2.1 Technical documents

The docume

b fortbhn agaliatios chall s ol da.
TS TOT e TStrarrTrerotts

a) designd
b) product

6.2.2 Test

6.2.2.1 Eq

The equipm
period and

a) Accumu

cvaroaacro A=

pcuments, drawings and interface documents that related to the tests;

manual, operation manual, maintenance manual, etc.
equipment and instruments

nipment

ent including dedicated equipment shall be verified and~calibrated within the v4
eet the following requirements.

ator loading device: control the launch speed of UA byradjusting the dynamic pressur

adjustablle range of the speed shall be at least 0 m/s to 25@n/s, in which the error shall be ¥

+0,1 m/s

b) Speed n
measurg

c) High spsg
rate shal

d) Target f]
installat

e) Bionic s}
UA rotoq]
The surf

in the range of 0 m/s to 5 m/s and within +0,5 /s in the range of 5 m/s to 25 m/s.

neasuring device: measure actual impact&speed of UA. The accuracy of the
ment shall be controlled within £0,1 m/s,

ed camera: record the motion and-tesponse of blades after impact. The shooting
| be =1 000 frames per second.

xture: adjust the installatign position and angle of bionic skin. The precision
on position shall be +1 mim)and that of the installation angle shall be +1°.

in: the length and width of the used bionic skin shall be no less than 1,5 times of the
blades. The bionicskin consists of a surface layer of skin and an underlying layer of
hce skin is used to)simulate the surface tissue of human skin; and the surface skin sh

lidity

b, The
vithin

speed

frame

f the

ested
foam.
all be

able to dffford the puncture force of 2 N. The lower layer of foam is used to imitate fat and mpuscle,

and the
density i

6.2.2.2 Te

specification® of the lower layer of foam: the material is expanded polypropylen
s 30 g/l

st Instruments

b; the

The instruments shall be verified and calibrated within the validity period and meet the following
requirements.

a) Dimension measuring tool: measure the maximum surface length and maximum depth of the
wounds with an accuracy of +0,5 mm.

b) Rotational speed measuring instrument: measure the rotational speed of blades with an accuracy
of £2,5 %.

6.2.2.3 Test articles

The test articles shall meet the following requirements.

a) The test

4

articles shall conform to the contents of the submitted product information.

© IS0 2023 - All rights re
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b) Inspections shall be conducted to the blades that are free with any cracks, unfilled corners and
other defects.

c) The rotational speed of rotor blades during the tests shall be maintained at the maximum speed in
the operations. In order to do so, the battery of the UA should be fully charged before the test.

6.3

Test site

The tests should be conducted at indoor sites.

6.4

Test environment

Unles
a) te
b) r

c) a

6.5

The t
profid

6.6

The procedures of the test interruption and resumption are as follows.

s otherwise specified, the tests shall be conducted under the following conditions;
bmperature: 21 °C £ 2 °C;

blative humidity: 20 % to 80 %;

r pressure: 84 kPa to 106 kPa.

Test staff

est operator should be able to operate the testing devic€s,measuring equipment ar
iently.

Test interruption and resumption

ests should be interrupted in case of thefollowing circumstance:
the key indicators, such as the rotational speed and quality of specimens, are unq

the specimens cannot workproperly due to any irreparable malfunction;

psts can be resumed @nder the following conditions:

individual testitems are not qualified, but the faults have been found and correcte

the cenfiguration of specimens is reset to its initiate state by maintenance and ad

Cemponents deteriorating the technical performance of specimens have been repl

d specimens

halified;

the test environments cannot satisfy the requirements for the evaluation conditions.

d;

potential‘safety hazards occur during evaluation, but the hazards have been eliminated;

ustment;

aced.

a) T
1
2
3
b) T
1
2
3
4
6.7
Unles
a) p
b) p

Test evaluation report
s otherwise specified, a test evaluation report shall include the following content:
roduct models, samples and supplier information;

hotos of a general view of specimens;

c) title, site, purpose and basis;

d p

roject, sequence, date, and staff;

e) calibrations of the equipment and instruments;

f) p

hotographic records of evaluation;

© IS0 2023 - All rights reserved
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g) evaluati

023(E)

on results and description;

h) testdata, data processing methods and processing results;

i) evaluati

7 Evalua

Unless other

on conclusions.

tion content

wise specified, the evaluation content shall include the following information:

a) impact speed of specimens;

b) rotation

h1 speed of blades;

c) impact attitude of specimens;

d) laceratidn length of bionic skin;

e) punctur

8 Evalua

e depth of bionic skin.

fion tests

8.1 Test principle

The test fac
holder devic

e basement, slide rail, buffer block, UA launching'speed measuring device, target fi

high-speed cameras and surrounded protection device. Before the test, the test article is assemb
the holder, with a perpendicular angle to its launching-divection. After setting up the testing fac
start UA rotqrs to their target speeds; then launch thetest article with a given speed to the targe
device basement hits the buffer block at the end of‘the slide rail; and the UA is subjected to inert
flies forward along the slide rail direction. In theperiod that the test article passively flies to the t
the impact [%ogress can be recorded with the speed measuring device and the high-speed came

a whole UA
motors equi
speed of the

nnot be mounted to the holder, the UA can be replaced by a test article with self-ro
ped with rotor blades, with-the satisfactions of the mass of the test article and rota
self-rotating motor consistent with the whole UA.

lity is illustrated in Figure 2, which is combined,with energy accumulator, test grticle

kKture,
ed on
lities,
t. The
a and
arget,
ras. If
fating
tional
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firrounded protection device.

Figure 2-—Schematic of the accumulating loading impact test

8.2 [Test preparation

8.2.1| Test checklist

Unless otherwise specified, the checklist shall include the following content:

a) theappearance, configuration, quantity and photographing record of specimens;
b) the test site and environment shall meet the requirements;
c) the equipment and instruments shall work functionally;

d) the test procedure, test status, test parameter and test record shall meet the requirements.

8.2.2 Testinstallation
Installation of the test article driven by the UV holder shall meet the following requirements.

a) Bionic skin: fixed on a target fixture with rigid plane, of which position is perpendicular to the UA
blades flight direction and rotor rotation plane.

©1S0 2023 - All rights reserved 7
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b)

The UA and rotor blades: the UA with its rotor blades shall be installed on the UV holder with
restraint devices. The UA with its rotor blades shall be stable enough to avoid any slip to the holder.

High-speed cameras: at least one high-speed camera shall be installed near to the impact point of
the bionic skin.

Surrounded protection device: install test protection net or other protective device on the side of
the tester to protect the UA and tester from additional damage.

8.3 Test procedures

f)
g)
h)

j)

k)
D)

0)

conditio

adjust th
impactp

adjust tlre target fixture so that the UA blades rotation plane and the UA)motion directid

perpend

prepare
equivale
target sy

start thd

safety offficer, operator and commander reset all equipment to their initial state;

save the

record t

repeat st

reset th
speed is

accordingly;

repeat sf

reset th

e accumulator loading device to obtain the loading parameters under the requiredwd
hs, and adjust the speed measuring device and the high-speed camera;

oint;
cular to the bionic skin;
nt to 25 % of the maximum flight speed; and adjust the totational speed of blades td

eeds and confirm the rotating speeds via tachometer.

test when ready;

data from the measuring equipment and high-speed camera, and clean up the site;

eps e) to h) under the same loading conditions to obtain three valid data;

equivalent to 50 % ofthe maximum flight speed, and adjust the rotational speed of |

eps e) to h) underthe same loading conditions to obtain three valid data;

speed is
accordi

repeats

equivalent to 75 % of the maximum flight speed; and adjust the rotational speed of |
gly;

rking

e installation location and posture of the test article to align the impact direction with the

n are

the loading according to the adjusted parameters to ensure that the final launch speed is

their

he deformation and damage of the specimens and the data of the length of the lacefation
and the glepth of the puncture; fill in a reeord form;

e accumulator loading device by adjusting parameters to ensure that the final launch

lades

e accumulator loading device by adjusting parameters to ensure that the final launch

lades

reset the accumulator loading device by adjusting parameters to ensure that the final launch speed
is equivalent to 100 % of the maximum flight speed; and adjust the rotational speed of blades
accordingly;

repeat steps e) to h) under the same loading conditions to obtain three valid data.

8.4 Post-testinspection

Inspect the structure and function of the specimens after testing; and record the inspection results.
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