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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 preecedures—tsed—to—developth ment-and-these—ntendedfor-its—further-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criterianeeded for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documéntmay be the subject of
patent rights. ISO shall not be held responsible for identifying any or all sugly patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on the ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as wellvas information about ISO's aglherence 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 spqce vehicles,
Subcpmmittee SC 16, Unmanned aircraft systems.

Any feedback or questions on this documrent should be directed to the user’s national standprds body. A
complete listing of these bodies can e found at www.iso.org/members.html.
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ISO 24352:2023(E)

Technical requirements for small unmanned aircraft
electric energy systems

1 Scope

This document provides technical requirements and test methods for small unmanned aircraft electric

P2 =t =P~

ener

This
(MT
grad

document applies to the EES of small unmanned aircrafts (UAs) with the maximum 't
DM) less than 25 kg corresponding to unmanned aircraft systems (UASs) at level], II,
bd in ISO 21895:2020, and with secondary lithium batteries. This document,ean apply

of baftteries to be used in the UA electric energy system in the future.

2 Normative references

The
cons
undg

ISO 4
IEC 6
IEC 6
IEC 4

Unitg

Fort
SO 4
— 1
— 1
31

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

1384-2, Unmanned aircraft systems — Part 2: UAS components

0529, Degrees of protection provided by enclosures.(IP Code)

0950, Information technology equipment - Sdfety

2281:2019, Safety of primary and secondary lithium cells and batteries during transport

bd Nations Manual of Tests and Criteria, Seventh revised edition, Section 38.3: Lithium Bat

Terms and definitions

he purposes of this decument, the following terms and definitions apply.
nd IEC maintainterminology databases for use in standardization at the following ad¢

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

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

elect

ke-off mass
[II and IV as
to new type

heir content
applies. For
hts) applies.

teries (2019)

Iresses:

ricenergy system

EES

software and hardware system that provides the energy required for the unmanned aircraft, and

distr

3.2

ibutes, controls, detects and estimates the energy

secondary lithium battery
rechargeable unit which incorporates secondary lithium cells (3.3) electrically connected in series and/
or parallel with or without monitoring and protection circuitry for charging and discharging

Note 1 to entry: It may incorporate adequate housing and a terminal arrangement and may have electronic

contr
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3.3

secondary lithium cell

basic functional electrochemical unit where electrical energy is derived from the reversible oxidation/
reduction reaction of lithium between the negative electrode and the positive electrode

Note 1 to entry: The cell typically has an electrolyte that consists of a lithium salt and organic solvent compound
in liquid, gel or solid form and has a metal or a laminate film casing. It is not ready for use in an application
because it is not yet fitted with its final housing, terminal arrangement and electronic control device.

3.4

reference test current
I
current thaf can be used to discharge a battery with the rated capacity in one hour

Note 1 to enfry: The rated capacity (C,, expressed in A-h) is the quantity of electricity which thé batterly can
deliver when|discharged at the reference test current of 0,5 I, (expressed in A) to a specified final yoltage after
charging, storing and discharging under specified conditions.

3.5
state of charge
SoC
ratio of the ¢lectric energy system (EES) (3.1) current capacity to the full-charge capacity

4 Abbreyiated terms

AFE analogue front end

FCS flight control system

LED light-emitting diode

MCU microcontroller unit
MTOM maximum take-off mass
RPS remote pilot station

SOH state of health

SOP state of power,

UA unmanned-aircraft

UAS unmanned aircraft system
UFM unmanned aircraft flight manual

5 System requirements

5.1 General

The functions of the electric energy system (EES) shall include energy supply, signal measurement
and analysis, energy estimation, system protection, energy management, control and distribution, as a
minimum.

2 © IS0 2023 - All rights reserved
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A typical schematic diagram of the EES is shown in Figure 1. The overall workflow and related functions

are as follows:

a) The temperature, battery voltages and current through battery are detected by the AFE and

transferred to the gauge and the MCU.

b) The gauge processes the signals and calculates the remaining energy amount in the battery, and

sends signals to MCU.

c¢) MCU manages and controls the battery output based on the signals from the gauge, AFE and the
algorithm stored in the MCU. The MCU limits the current when it is higher than expected and

iistribution of energy and power when the temperature is higher than the protection

that affects the battery performance, reliability and safety.

d) C(onnectors between the EES and the UA send an indication of battery status’ to‘the F(

The UA flight control system controls the flight to protect the battery and itself.

e) The interface includes buttons and visual indicators (e.g. LEDs) to turn.on/off the battel

the remaining energy.

f)  When the EES temperature is abnormal (too high or low), thednformation is sent to

then a message is sent to the RPS to notify the remote pilot.{The flight control of the U
flight attitude or even make the UA to automatically returmbhome for safety reason.

rols also the
emperature

S of the UA.

'y and check

the FCS and
A limits the

(i

UA

r-rr--—m—r —H——f"—F"—F"—FT —H"—-F"-="""">=-"""-"-""-—--—"-—"-"=- A
I |
I |
I |
I |
I — |
| IDistribute
: Ienergy, inpt
I Voltages Management, control |__| status of
| and distribution battery
| of energy (MCU) -~
: AFE 8 " :
—
| Current . 48 |UA control
| Battery Detection 2| |ipower
I and S| [lconsumptio
| Temp protection Measurement and © 'and protect
: estimation of energy |batteries
| (SOC, SOP, SOH) (:
| gauge |
I |
I |
I - |
I |
I }
| |
I |
! EES

Figure 1 — Typical schematic diagram of electric energy system (EES)

As a minimum, design and installation requirements for the EES shall include:

— It shall be able to provide the necessary voltage and current required by the motor(s) and electrical
equipment throughout the operational envelope.

— It shall include electrical protections.

— The electrical connection shall be guaranteed.

© IS0 2023 - All rights reserved
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— The electrical components shall be designed to accommodate the expected electrical loads.
— It shall be designed to accommodate the risk from the expected operational environments.
— It shall be designed to minimize the risk of electrical shock.

— It shall be able to transmit necessary information and alerts to the UA.

Table 1 is the checklist of the EES requirements, test methods and acceptance criteria.

Table 1 — Checklist of the EES requirements, test methods and acceptance criteria

Test methodsqand ac-

R i [ R i g
equirements Category tems equirements ceptance criteril

Output control - -

U1
N
N
—
1
N
DD
Y.

Actuation time

Ul
N
w
U
o
(5}
|oN]
N

Shutdown time

Ul
N
NN
—_
U
N
N
[N}

Rated output power
Performancq Discharge capacity

Cycle life

U1
N
U1
—_
1
DN
U1
[\S]

12
N
N
—
1
N
N
N

U1
N
~J
[
U
N
~
N

Operational cycle life

Recoverable hovering capacity after
high temperature storage

o2
I\S)
@0
U
o1
N
o
[\S]

Ut
w
U
Ul
w
[\S]

Informationjand alert

(2
NS
(=Y
(=Y
(O3
o~
—_
N

Charge state of charge calculatien

U1
o~
N
—_
<1 |¢
NN
N
N

Discharge SOC calculation

Ul
I~
(O8]
—
1
I~
(O8]
N

Over voltage protection

Energy manggement and electric| Under voltage protettion
protection fyinctions Over temperatur€ protection

o2l
NN
NN
—
U1
I~
N
)

Ul
NS
Ul
[N
Ul
o
Ul
N

&2
N
(@)}
[N
<1 |¢
o~
(o)
)

Over Current\Protection

Ul
S~
3
—_
1
NN
N
N

Overload protection

U1
S
(ee]
—
1
I~
(oo}
N

Short-circuit Protection

U1
Ul
—
U
U1
DN

Structure

U1
(=)
=
Ul
(o)}
[\S]

Electrical shpck

U1
~
U
U1
~
[\S]

Connector(s]

U1
o
U1
o

Enclosure pijotection

High temperature and humidity stor-
age

(2
\O
—
—
(2
\O
[S=Y
N

U1
\O
N
—
|2
\O
N
N

Temperature shock

Environmenkal ar‘apfa]r\i]ify Low pressure 59.3 5.9.3
Salt spray 59.4.1 59.4.2
Drop test 59.5.1 5.9.5.2

[
\O
N
NI
[
\O
()}
[\

Vibration test

5.2 Performance

5.2.1 Output control

In startup mode, the EES shall be working and providing power to the UA. In shutdown mode, the EES
shall not provide power.

4 © IS0 2023 - All rights reserved
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5.2.2 Actuation time

5.2.2.1 Requirements

The EES manufacturer shall ensure that the total time to reach the rated power shall meet the UA
manufacturer’s specification. The recommended actuation time should be less than 60 s.

5.2.2.2 Test method and acceptance criteria

The test shall be conducted in the normal test atmospheric conditions as specified in 6.1. The duration
from issuing the startup command to the EES starting to generate output shall be recorded.

The test shall be passed if the actuation time is less than 60 s.
5.2.3 Shutdown time

5.2.3.1 Requirements

The [shutdown time of EES shall be designed to meet the UA mdnufacturer’s specification. The
recommended shutdown time should be less than 2 min.

5.2.3.2 Test method and acceptance criteria

As the EES works on rated power condition, the duration‘between receiving the power off command
and ¢ntering power off status shall be recorded.

The test shall be passed if the shutdown time is less\than 2 min.
5.2.4 Rated output power

5.2.4.1 Requirements

The EES shall be continuously outputting the rated output power during the operation time|declared by
the UA manufacturer.

5.2.4.2 Test method and,acceptance criteria
The test shall be conducted in the normal test atmospheric conditions as shown in 6.1.

The fully charged/EES with the new battery(s) shall run at the rated output power after $tartup. The
EES poltage shall be recorded once per second during the whole operation time declared by the UA
manyifacturer“The voltage during the whole testing process shall not be below the discharging final
voltdge declared by the UA manufacturer.

5.2.5 Discharge capacity

5.2.5.1 Requirements

Nominal capacity shall be included in the specification and be either tested using charge/discharge
current at the reference test current of 0,5 /, or stated by the UA manufacturer.

When the unmanned aircraft is hovering, the discharge capacity shall not be less than 90 % of the
nominal capacity.

© IS0 2023 - All rights reserved 5
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5.2.5.2 Test method and acceptance criteria

Charging-discharging devices dedicated by the UA manufacturer should be used to make a loop for
the EES and keep the current in the loop constant. The discharging time shall be recorded until the
voltage of the positive/negative electrodes reaches the discharging final voltage specified by the UA
manufacturer, and the corresponding discharge capacity is the initial discharge capacity of the EES.

a) Testing of nominal discharge capacity and high-rate discharge capacity at room temperature shall

include

the following steps.

1) Charge the EES according to the methods in 6.2 within the normal conditions in 6.1.

| temperature of 23 °C * 3 °C, discharge the EES at a current of 0,5 I, until it reache
cified discharging final voltage. Calculate the discharge capacity (A-h).

eat steps 1) and 2) at least twice. Record the corresponding discharge capacjty and tak
rage value as the EES nominal discharge capacity at room temperature.
eat steps 1) to 3) and discharge the EES using nl, current (n = 0,5, 1, ..., .5, Where n

maximum discharging rate used in the UA). Record the discharging current and discha
3

fulate the current average discharge capacity (A-h) and the ratio to the nominal capaci
of the high-rate discharge capacity in the low temperature shall include the following s

rge the EES according to the methods in 6.2.

alled in the EES or 0 °C (if not specified).

charge the EES ata current of nl, (n = 0,5-1, ..., n,,,, where n_ ., is the maximum discha
used in the UA) until it reaches the spec1f1ed discharging final voltage.

eat steps 1) to 3) at least twice’ Record the corresponding discharging current
harging time.

fulate the average dischdrge capacity (A-h) in the low temperature and the ratio t
hinal capacity.

of the high-rate discharge capacity in the high temperature shall include the follo

rge the EES.according to the methods in 6.2.

the EES.for 4 h in the highest operational environment temperature designed fo
rery installed in the EES or 45 °C (if not specified).

nax

s the

e the

is
'ging

Ly.
teps.

the EES for 4 h in the lowest operational enviroriment temperature designed for the baftery

'ging

and

b the

wing

r the

har(rpfhp EES ::f:lr‘nrrnnfnfnl (n—n ’-'\' 1 n ‘Mhprnn lcfhnm::vimnm discha

2) At
spe
3) Rep
ave
4) Rep
the
tim
5) Cal
b) Testing
1) Chd
2) Put
inst
3) Dis
rate
4) Req
disq
5) Cal
norn
c) Testing
steps.
1) Ch4g
2) Put
bat
3) Dist

T

rate used in the UA) until it reaches the spec1f1ed dlscharglng flnal voltage.

rging

4) Repeat steps 1) to 3) at least twice. Record the corresponding discharging current and
discharging time.

5) Calculate the average discharge capacity (A-h) in the high temperature and the ratio to the
nominal capacity.

The test sha

1l be passed if the discharge capacity is not less than 90 % of the nominal capacity.
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5.2.6 Cycle life

5.2.6.1 Requirements

The cycle life of EES with the battery installed shall be specified and tested in the normal test
atmospheric conditions.

After testing, the actual charge and discharge cycle number shall be greater than the cycle life specified
by the UA manufacturer.

5.2.6.2 Test method and acceptance criteria

The EES shall be tested with the new battery(ies) in an environment with temperature at{ (23 + 3) °C.
The dledicated charging-discharging devices shall be used. When the capacity is below'80 % of its initial
capagity or below the usable capacity specified by the manufacturer, it indicatesthe end pf life of the
EES.

The test shall include the following steps.

a) (harge the EES according to the methods in 6.2.

b) ﬂiest the EES for a minimum of 30 min or the manufacturer specified resting duration, whichever is
nger.

c) Discharge the EES at the average hovering current:or the cycling current claimed in the
gpecifications until it reaches the specified discharginhg final voltage.

d) :Eest the EES for a minimum of 30 min or the manufacturer specified resting duration, whichever is
nger.

e) Repeat steps a) to d) until the discharge capacity is below 80 % of the initial cappcity or the
gpecified usable capacity. The cycling numbers are considered as the charge/dischargg cycle life of
the EES.

The flest shall be passed if the discharge capacity is not below 80 % of the initial capacity or the specified
usable capacity under the cycle number specified by the UA manufacturer.

5.2.7 Operational cycle-life

5.2.7.1 Requirements

The pperationalcycle life of EES shall be specified in the typical operational condition defined by the
UA mpanufactdrer and thus tested to ensure that the EES meets the specified operational cyjcle life.

After testinig, the number of working state cycle shall not be less than the cycle life specifi¢d by the UA
manyfacturer.

5.2.7.2 Test method and acceptance criteria

In order to simulate the EES actual operating state in the UA, the typical operational condition shall be
defined by the UA manufacturer. If not, the test conditions in 6.1 are recommended.

The EES shall be tested with the new battery(ies) with dedicated charging-discharging devices.
When the capacity is below 80 % of its initial capacity or below the usable capacity specified by the
manufacturer, it indicates the end of life of the EES.

The test shall include the following steps.

a) Charge the EES according to the methods in 6.2.

©1S0 2023 - All rights reserved 7
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it reaches the specified discharging final voltage. Record the discharge capacity.

longer.

Rest the EES for a minimum of 30 min or the manufacturer specified resting duration, whichever is

Pulse discharge according to electrical loads characteristics of the UA typical mission profile until

Rest the EES for a minimum of 30 min or the manufacturer specified resting duration, whichever is

Repeat steps a) to d) until the discharge capacity is below 80 % of the initial capacity or the

specified usable capacity. The cycling numbers are considered as the operational charge/discharge

cycle lifi

a)

The test sha
usable capa

5.2.8 Rec

5.2.8.1 R¢

The recover
specified hi
which is thq

environment defined in 6.1.

After testin
than the val
5.2.8.2 Te
The testinc
a) Initial h
the cha
dischar
b) Storage
and the
before 3
c) Recovey
method
the spe

The test sh4
UA manufad

[l be passed if the discharge capacity is not below 80 % of the initial capacity or thespéq
City under the cycle number specified by the UA manufacturer.

pverable hovering capacity after high temperature storage

tquirements

able hovering capacity shall be estimated for the EES life degradation after stored i
bh temperature environment. The hovering capacity is measured at the hovering cuy
e current when the UA hovering in the air without wind\interference at the norma

b, the EES shall not fire, explode or leak. The recoverable hovering capacity shall not b¢
Le specified by the UA manufacturer.

st method and acceptance criteria
udes the following steps.

overing capacity testing: The EES\with the new battery(ies) shall be charged accordi
Fging method in 6.2 in the normal test temperature defined in 6.1. Then the EES shj
bed at the average hovering.current. The discharge capacity is the initial hovering cap4

The fully charged EES s§hall be stored in an ambient temperature of 60 °C + 2 °C for 14
h put into the normaltest conditions. The changes of the EES thickness shall be recq
nd after storage.

able hovering‘capacity testing: Then the EES shall be charged according to the cha
in 6.2 in the{normal test temperature and discharged at the average hovering curre
ified final'wvoltage. The discharge time shall be recorded after discharging.

1l be passed if the recoverable hovering capacity is not less than the value specified b

ified

h the
rent,
test

b less

ng to
1l be
iCity.

days
rded

'ging
nt to

y the

turer without fire, explosion or leakage.

5.3

Information and alert

5.3.1 Requirements

The system shall include a communication interface that can transmit information such as remaining
capacity, power, voltage, temperature and abnormal status between the EES and the UA, and the reading

errors shall

be less than 3 %.

The RPS interface shall display the energy system related information (SOC, voltage, temperature) and

inform ther

emote pilot of the SOC of EES.

© IS0 2023 - All rights res
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The RPS interface shall provide the EES related warnings and/or alerts of the emergency conditions,

such

as the following.

a) Warning messages shall be displayed on the user interface to notify the remote pilot when the
electric protections have been activated.

b) Low battery warnings or alerts shall be presented by audible and visual alerts for a predefined
immediate recovery actions (e.g. returning home or emergency landing) when the SOC is close to
the limitation.

5.3.2 Test method and acceptance criteria

The 1
a) |
b)

The
spec
corrg

The

situation.

5.4
5.4.1

5.4.1

Thel
The
the p

5.4.1
The |
a) 1

b) Record the ¢harge capacity and the SOC calculated by the EES algorithm.

c)
The {

eading errors shall be tested according to the following procedures.
Read the parameters through the communication interface.
[alculate the error between the read value and the actual value.

bnergy system related warnings and alerts shall be tested according-to'the emergenc
fied in the UFM; and during testing, the warnings and alerts shall:be’check if they ar
pctly.

Lest shall be passed if the information and alerts at RPS interface is consistent wit

Energy management and electrical protection-functions
Charge state of charge (SOC) calculation

.1 Requirements

ES shall provide the real-time chargecapacity to UA. The SOC accuracy of the EES shall
ralculated SOC is 100 % at the cutyoff charging state; and the error between the SOC c
rotection circuit and the true value shall be less than the UA manufacturer’s specificaf

.2 Test method and acceptance criteria
LES shall be tested with the new battery(ies) and the test shall include the following st

Discharge and charge the EES successively according to the methods in 6.3 and 6.2.

[alculate the true SOC.

y procedure
e presented

h the actual

be detected.
alculated by
ion.

EpS.

estyshall be passed if the error between the SOC calculated by the protection circuit

hnd the true

value1sTess than the UA manuiacturers speciiication.

5.4.2 Discharge SOC calculation

5.4.2.1 Requirements

The EES shall provide the accurate real-time capacity to UA to ensure flight safety. The accuracy of SOC
calculation shall be detected when the EES is discharged. The error between the SOC calculated by the
EES algorithm and the true value shall be less than the UA manufacturer’s specification.
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5.4.2.2 Test method and acceptance criteria

5.4.2.2.1 The protection circuit has a SOC calculation function. The testing temperature is as follows:

a) normal

b)

temperature: 23 °C = 3 °C;

low temperature: the lowest temperature specified in specification or 0 °C (if not specified);

c) high temperature: the maximum temperature specified in specification or 45 °C (if not specified).

5.4.2.2.2 The EES shall be tested with the new battery(ies) and the test shall include the following

steps.

a) Fully chiarge the EES according to the methods in 6.2.

b) Restthe EES at the testing temperature for 2 h.

c) Discharjge with the average hovering current at the testing temperature (normal‘temperaturg, low
temperature and high temperature shown above) to the specified final voltage.

d) Record the EES discharge capacity and the SOC calculated by the EES priotection algorithm.

e) Calculate the true SOC at the corresponding testing temperature using dedicated charging-
discharging devices.

The test shalll be passed if the error between the SOC calculated by the EES algorithm and the true yalue

shall be less|than the UA manufacturer's specification.

5.4.3 Ovefr voltage protection

5.4.3.1 Re¢quirements

If the EES inlcludes the charging protection, when the EES charging voltage exceeds the specified ypper

voltage limit, the system shall activate the over voltage protection to remove the input current or |ssue

a warning indication.

During the fllight, the over voltage proteéction of EES shall not affect the UA operational safety.

The whole procedure of over veltage protection shall not cause fire, explosion or leakage.

5.4.3.2 Test Method and acceptance criteria

The EES sh3ll be tested'in an explosion-proof box with the new battery(ies). The test shall include the

following stgps.

a) Charge the-EES according to the methods in 6.2 using dedicated charging-discharging devices

b) Keep charging at the maximum charging current specified by the manufacturer until the voltage of
any single battery reaches 1,5 times of the specified nominal charging final voltage or the circuit
protection activation.

c) Observe for 1 h.

d) Discharge the EES according to the methods in 6.3 using dedicated charging-discharging devices.

e) Charge the EES at a constant current of 1,5 times the maximum charging current specified by the
manufacturer until the voltage of any single battery reaches the nominal charging final voltage or
the circuit protection activation.

f) Observe the EES for 1 h.
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test shall be passed if there is no fire, explosion, or leakage.

5.4.4 Under voltage protection

5.4.4.1 Requirements

If the EES includes the discharging protection, when the EES discharging voltage is lower than the
specified lower voltage limit, the system shall issue a warning message to the UA and then the UA may
active the emergency landing procedure.

During the flight, the under-voltage protection of EES shall not affect the UA operational sa

The

fety.

whole procedure of under voltage protection shall not cause fire, explosion, or leakage

5.4.4.2 Test Method and acceptance criteria

The

include the following steps.

a)
b)
The

Keep discharging according to the methods in 6.3 until the circuit protection is activat
Dbserve for 1 h.

test shall be passed if there is no fire, explosion, or leakage.

5.4.3 Over temperature protection

5.4.3.1 Requirements

If the EES includes the charging protection, when the EES temperature in the charging pro
the maximum temperature limit specified in the battery specification, the EES shall issu
indidation and/or protect automatically.

fully charged EES shall be tested in an explosion-proof box with the new-battery(ies). The test shall

bd.

ress exceeds
E a warning

Durihg the flight, the EES shall not automatically protect and affect the UA operational safety:.

5.4.3.2 Test method and acceptance criteria

The

EES shall be testedrin-an explosion-proof box with the new battery(ies). The test shal

following steps:

a)

b)
‘)

d)
e)
f)

§.1.

Discharge the EES according to the methods in 6.3.

include the

Lonnect the EES with the dedicated charging-discharging device in the normal test donditions in

[harge the EES at the manufacturer recommended current to a 50 % SOC while the temperature

shall be increased to 5 °C above specified maximum operational temperature.

Keep charging until the EES issues a warning indication and/or circuit protection activation.

Observe the EES for 1 h.
Check the functions of EES.

The test shall be passed if there is no fire, explosion, or leakage and the EES functions correctly.

© IS0 2023 - All rights reserved
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I current protection

5.4.6.1 Requirements

If the EES includes the charging protection, when the EES charging current exceeds the specified
current threshold for a specified duration, it shall protect automatically.

The whole procedure of over current protection shall not cause fire, explosion or leakage.

5.4.6.2 Test Method and acceptance criteria

The EES shd
following st

a) Connecf
6.1.

b) Discharj

c) Charge
specifie]

d) Activatg

e) Observg

f) Checkt

Il be tested in an explosion-proof box with the new battery(ies). The test shall includ
EDS.

the EES with the dedicated charging-discharging device in the normal test-conditio

oe the EES according to the methods in 6.3.

the EES at a constant current higher than the charging protéetion current thre
d in the battery specification.

e the circuit protection after the specified duration in the battery specification.
the EES for 1 h.

ne functions of EES.

The test shalll be passed if there is no fire, explosion, or leakage and the EES functions correctly.

5.4.7 Ove

54.7.1 R{

rload protection

tquirements

If the EES includes the discharging protection, when the EES is overloaded and the discharging cu

in the test e}
issue a wart

5.4.7.2 T¢

kceeds the specified discharging current threshold for a specified duration, the system
ling indication and/or pfotect automatically.

st method and accéptance criteria

First, run the EES in the aormal working condition, and then apply a load that exceeds the set ove

protection
automatical

The fully ch

value. Then,~observe whether the system provides a warning indication or pro
y (e.g. réturning home automatically activated).

hrged EES shall be tested in an explosion-proof box with the new battery(ies). The test

include the {

ollowing steps.

e the

ns in

thold

rrent
shall

rload
tects

shall

a)

specifie
b)
c)
d)

The test sha

12

d in the battery specification.

Activate the circuit protection after the specified duration in the battery specification.
Observe the EES for 1 h.
Check the functions of EES.

1l be passed if there is no fire, explosion, or leakage and the EES functions correctly.

Discharge the EES at a constant current higher than the discharging protection current threshold
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5.4.8 Short-circuit protection

5.4.8.1 Requirements

When the positive and negative electrodes of the EES is in short circuit status, the short-circuit
protection shall be automatically activated and shall not cause fire or explosion.

5.4.8.2 Test method and acceptance criteria

The EES shall be tested in an explosion-proof box with the new battery(ies) in the normal test condition

as s

own in 6.1. The test shall include the following steps.

a)
1

b) §
The {

5.5

5.5.1

The 1
be dd

5.5.2

After
be ch

The
5.6

5.6.1

If th{
IEC 4

5.6.2
The {

hort-circuit the EES by connecting the positive and negative terminals with_ @) t9
esistance of 80 mQ) + 20 m().

witch on the circuit for 10 min or until the circuit protection is activated.

est shall be passed if there is no fire or explosion.
Structure

Requirements

tructure shall have a certain strength and reserve theexpansion space. The appearaj
formed after specified cycle life and high temperature’storage.

Test method and acceptance criteria

the tests of cycle life in 5.2.6.2 and high temperature and humidity storage in 5.9.1.2, t
ecked if the structure is deformed dueothe inner cell swelling.

est shall be passed if the expansionrdtio of the EES is less than the UA manufacturer’s s
Electrical shock

Requirements

e EES voltage is Jlarger than 60 V DC, it shall meet the electric safety requirements §
0950 and shallmet cause electrical shock hazard to the user.

Test method and acceptance criteria

est.methods shall conform to IEC 60950.

The

tal external

nce shall not

he EES shall

pecification.

iccording to

5.7

est’'shall he pnqcpd if the EES does not cause electrical shock hazard to the user

Connector(s)

5.7.1 Requirements

The connector(s) shall be able to maintain a stable and reliable connection under the UA flight envelope.
Its design shall prevent misalignment and reverse polarity.

The connector(s) shall be able to charge and discharge normally after 1 000 times hot swapping,
without visible degradation or loss of electrical performance (e.g. without sparking or blackening).

©ISO
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5.7.2 Test method and acceptance criteria

The test shall include the following steps.

a) Install the EES into the UA in the normal test conditions in 6.1.
b) Disassemble the EES from the UA.

c) Repeata)andb) 1000 times and checking connector(s) state.

The test shall be passed if the connector(s) does not spark or blacken.

5.8 Enclgsure protection requirements

The EES or the UA with the EES shall meet the enclosure protection degree (e.g. IP67) claiméd by the UA
specificatiofs or by the energy system specification. The protection degree definition andtest methods
shall conform to IEC 60529 and be conducted on the EES itself or on the unmannedraircraft with the
EES.

5.9 Envionmental adaptability
5.9.1 High temperature and humidity storage

5.9.1.1 Re¢quirements

The stored EES shall not fire, explode or leak under high tempeérature and high humidity environinent.
After the tegt, the EES shall work normally.

59.1.2 T¢st method and acceptance criteria

The fully charged EES shall be tested in an explosion-proof box with the new battery(ies). The test|shall
include the following steps.

a) Place the EES in a high-temperature and high-humidity test chamber with the temperatufre of
70 °C % B °C and humidity between90 % and 95 % for 12 h.

b) Putthe EES in the normal test.condition as defined in 6.1 for 2 h.
c) Check the appearance ofthe’EES.

The test shalll be passed ifithere is no fire, explosion, or leakage and the EES functions correctly.

5.9.2 Temperatureshock

5.9.2.1 Requirements

The EES shall be capable to resist the extreme temperature environment specified by the UA
manufacturer and thus tested to ensure the EES safety within the specified extreme temperature
environment.

After testing, the EES shall not fire, explode or leak.

5.9.2.2 Test method and acceptance criteria

The fully charged EES with the new battery(ies) shall be tested in an explosion-proof thermal cycling
chamber. The temperature and the temperature change rate of the chamber shall be adjusted according
to Table 2; and the whole procedure shall be repeated for 10 times.

The test shall be passed if there is no fire, explosion or leakage.
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