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Preface (UL)

This is the First Edition of the ANSI/CAN/UL 3030 Standard for Safety for Unmanned Aircraft Systems.

UL is accredited by the American National Standards Institute (ANSI) and the Standards Council of
Canada (SCC) as a Standards Development Organization (SDO).

This Standard has been developed in compliance with the requirements of ANSI and SCC for

accreditation

of a Standards Development Organization.

This ANSI/CAN/UL 3030 Standard is under continuous maintenance, whereby each revision is approved
in compliance with the requirements of ANSI and SCC for accreditation of a Standards Development

Organization In the event that no revisions are Issued for a period Of four years fron

publication,

In Canada, t
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This Edition ¢
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ction to revise, reaffirm, or withdraw the standard shall be initiated.

ere are two official languages, English and French. All safety warnings”must
Attention is drawn to the possibility that some Canadian authoritiesomay requ
/or installation instructions to be in both official languages.

proposals for revisions on any part of the Standard may be submitted at any tin

bmitted via a Proposal Request in the On-Line Collaborative' Standards Develop
p://csds.ul.com.

bred in any way. All of UL’s Standards and all>¢opyrights, ownerships, and rig
rds shall remain the sole and exclusive property of UL.
aspx or call tollfree 1-888-853-3508:

f the Standard has been formally approved by the UL Standards Technical P3
rcraft Systems, STP 3030:

sents the STP 30304membership when the final text in this standard was ballot
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the date of
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INTRODUCTION

1 Scope

1.1 These requirements cover the electrical system of unmanned aircraft systems (UASs), as defined in
this Standard, used in flight for commercial applications or flight incidental to business applications. UASs
covered by these requirements are intended to be operated by certified UAS pilots as identified in the
Federal Regulations, where the unmanned aircraft is less than 25 kg (55 Ibs). The UAS is intended to be
provided with an internal lithium ion battery that is charged from an external source. UASs are intended
to have an operating voltage of not greater than 100 V dc, and are intended for outdoor operation. These
requirements also cover the electrical shock, fire and explosion hazards associated with the inherent
features of these UASs, as well as the battery and charger system combinations provided for recharging

the UAS.

1.2 With refd
is intended fq
or research 4
applications f

rence to 1.1, flight for commercial applications is considered any operation w
r a specific use; which may include, but is not limited to, agricultural~applicati
pplications, government or local police applications, search and fescue applid
pr the film industry or news broadcasts, and the like. Flight incidéntal to busine

of commercial applications that may consist of roof inspections by insttance agents o

workers, real
1.8 This Sta

a)M
the g

b) Th
impa
such
c) Th
d) Th
e) An

f) De
requi

9) U4

estate photography, and the like.

ndard does not cover:

eneral public;

e aspects of control associated with the human pilot (pilot error), UAS handlin
ot of the UAS with external objects, people or structures, or adverse weather @
as high winds that may affect operation, or the general airworthiness of the ai
e ability of the UAS to correctly or adequately perform its intended operation;

e ability of the UAS to land safely if the battery is discharged in flight;

y physiological effects associated with the use of UASSs;

vices for use‘in-hazardous (classified) locations, which are subject to additionz
fements to2mitigate risks of fire and explosion;

\Ss_used for any military or similar tactical operation; or

PRI

nere the UAS
bns, scientific
ations, video
bS is a subset
construction

pdel aircraft, or hobby use, UASs which are marketed to and intended to be operated by

0, contact or
onditions
rcraft;

h) Tt

flight.

1.4 The requirements of this Standard do not consider Federal Regulations associated with the operation
of commercial UASs. The operation of commercial UASs is intended to be in accordance with all Federal
Regulations when the UAS is used.


https://ulnorm.com/api/?name=UL 3030 2018.pdf

8 UNMANNED AIRCRAFT SYSTEMS - UL 3030 SEPTEMBER 18, 2018

2 Components

2.1 A component of a product covered by this Standard shall comply with the requirements for that
component.

2.2 A component is not required to comply with a specific requirement that:

a) Involves a feature or characteristic not required in the application of the component in the
product covered by this Standard, or

b) Is superseded by a requirement in this Standard.

2.3 A compdnent shall be used in accordance with its rating established for the intended]conditions of
use.

2.4 Specific gomponents are incomplete in construction features or restricted in performance capabilities.
Such componments are intended for use only under limited conditions, such as-cértain temperatures not
exceeding specified limits, and shall be used only under those specific conditions.

3 Units of Measurement

3.1 Values gtated without parentheses are the requirement. Valugs in parentheses are explanatory or
approximate jnformation.

4 Undated References

4.1 Any undated reference to a code or standard appearing in the requirements of this Starjdard shall be
interpreted a$ referring to the latest edition of that-code or standard.

5 Normativeg References

5.1 Productg| covered by this standard.shall comply with the reference standards noted in this section as
appropriate for the country where the\product is to be used. When the product is intended fgr use in more
than one country, the product shall comply with the standards for all countries where it is intended to be
used.

5.2 The following standards-are referenced in this standard, and portions of these referended standards
as identified |n this standard may be essential for compliance.

ASTM Standards

ASTM D412
Test Methods for Vulcanized Rubber and Thermoplastic Elastomers — Tension

ANSI/ASTM E230/E230M
Specification and Temperature-Electromotive Force (emf) Tables for Standardized Thermocouples

ASTM F2908
Specification for Aircraft Flight Manual (AFM) for a Small Unmanned Aircraft System (sUAS)

ASTM F2909
Practice for Maintenance and Continued Airworthiness of Small Unmanned Aircraft Systems (sUAS)


https://ulnorm.com/api/?name=UL 3030 2018.pdf

SEPTEMBER 18, 2018 UNMANNED AIRCRAFT SYSTEMS - UL 3030

ASTM F2910
Specification for Design and Construction of Small Unmanned Aircraft Systems (sUAS)

ASTM F3005
Specification for Batteries for Use in Small Unmanned Aircraft Systems (sUAS)

CSA Standards

CSA C22.2 No. 0.2
Insulation Coordination

CSA C22.2 No. 0.8

Safety Funct

CAN/CSA C4
Evaluation of

CSA C22.2 N
Electrical Eq

CSA C22.2 N
Motors and ¢

CSA C22.2 N
Power Suppl

CSA C22.2 N
Appliance Wi

CSA C22.2 N
Power Suppl

CSA 248 ser
Low Voltage

CSA C22.2 N
Plugs, Recef

CSA 4248 sg
Fuseholders

ons Incorporating Electronic echnology

2.2 No. 0.17
Properties of Polymeric Materials

0.94.2
Llipment, Environmental Consideration

o. 100
benerators

0. 107.1
es

0. 210
ring Material Products

0. 223
es With Extra Low Voltage Class 2 Outputs — General Instructions No. 1

es
Fuses

0. 282
tacles, and_Caouplers for Electric Vehicles

ries

CSA C22.2 E60730-1
Automatic Electrical Controls — Part 1: General Requirements

CSA C22.2 No. 60950-1
Information Technology Equipment — Safety — Part 1: General Requirements

CSA C22.2 No. 60950-22

Information Technology Equipment — Safety — Part 22: Equipment to be installed outdoors
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CSA C22.2 No. 62133
Standard for Secondary Cells and Batteries Containing Alkaline or Other Non-Acid Electrolytes — Safety
Requirements for Portable Sealed Secondary Cells, and for Batteries Made From Them, for Use in

Portable Applications,

CSA C22.2 No. 62368-1
Audio/Video, Information and Communication Technology Equipment — Part 1: Safety Requirements

IEC Standards

IEC 60068-2-

64

Environmental Testing — Part 2-64: Tests — Test Fh: Vibration, Broadband Random and Guidance

IEC 60529
Degrees of R

IEC 60812
Analysis Tec

IEC 60695-2
Fire hazard
(GWFI) test 1

IEC 61025
Fault Tree A

IEC 61508-1
Functional S
General Req

ISO Standar
ISO 12405-1
Electrically R
Systems — P,
SAE Standa

SAE J1739
Potential Fai

rotection Provided by Enclosures (IP Code)

hniques for System Reliability — Procedure for Failure Mode an@Effects Analy
12

esting — Part 2-12: Glowing/hot-wire based test methods — Glow-wire flam
nethod for materials

palysis (FTA)

and all parts

afety of Electrical/Electronic/Programmable Electronic Safety-Related Syste
Lirements

s

ropelled Road Vehicles — Test Specification for Lithium-lon Traction Batte

art 1: High-Power-Applications

(ds

Lire Made and Effects Analysis in Design (Design FMEA), Potential Failure Modg

Analysis in M

5is (FMEA)

mability index

ns — Part 1:

y Packs and

e and Effects

anufacturing and Assembly Processes (Process FMEA)

UL Standards

UL 50E

Enclosures for Electrical Equipment, Environmental Considerations

UL 94

Tests for Flammability of Plastic Materials for Parts in Devices and Appliances

UL 157
Gaskets and

Seals
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UL 248 series

Low Voltage

UL 746B

Fuses

Polymeric Materials — Long Term Property Evaluations

UL 746C

Polymeric Materials — Use in Electrical Equipment Evaluations

UL 758

Appliance Wiring Materials

UL 796
Printed Wirin

UL 840
Insulation Cd

UL 991
Tests for Saf

UL 1004-1
Rotating Eleq

UL 1012
Power Units

UL 1310
Class 2 Pow

UL 1642
Lithium Batte

UL 1998
Software in R

UL 2251
Plugs, Recef

UL 2271
Batteries for

g Boards

ordination Including Clearances and Creepage Distances for Electtical Equipment

pty-Related Controls Employing Solid-State Devices

trical Machines — General Requirements

bther than Class 2

br Units

ries

Programmable Components

tacles, arid-Couplers for Electric Vehicles

[Use)ih Light Electric Vehicle (LEV) Applications

UL 2580
Batteries for

Use in Electric Vehicles

UL 4248 series

Fuseholders

UL 60730-1

Automatic Electrical Controls — Part 1: General Requirements

UL 60950-1

Information Technology Equipment — Safety — Part 1: General Requirements
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UL 60950-22

Information Technology Equipment — Safety — Part 22: Equipment to be installed outdoors

UL 62133

Secondary Cells and Batteries Containing Alkaline or Other Non-Acid Electrolytes — Safety Requirements
for Portable Sealed Secondary Cells, and for Batteries Made From Them, for Use in Portable Applications

UL 62368-1

Audio/Video, Information and Communication Technology Equipment — Part 1: Safety Requirements

ULC Standards

CAN/ULC-S
Batteries for

CAN/ULC-S82
Batteries for

US Departm

MIL-STD-164
Procedures fi

6 Glossary
6.1 For the

6.2 BATTER|
or without mq

6.3 BATTER
protective dé
removable by

6.4 BATTER
circuit for chg

6.5 CAPACI]
battery at a
temperature

2 /1
Use In Light Electric Vehicle (LEV) Applications

580
[Jse in Electric Vehicles

bnt of Defense (DOD) Standards

9A
br Performing a Failure Mode, Effects, and Criticality-Analysis

urpose of this Standard the following definitions apply.

Y — A generic term for one or more cells electrically connected in series and/o
nitoring and protection circuitry for\charging and discharging.

Y PACK — Batteries that are ready for use in a UAS, contained in a protective e
vices, with a battery management system, and monitoring circuitry and
the user for charging separately from the UAS.

rging and discharging of the battery.
[Y, RATED-= The total number of ampere-hours that can be withdrawn from a

specific_discharge rate to a specific end-of-discharge voltage (EODV) a
hs declared by the manufacturer.

I parallel with

hclosure, with
that may be

Y SYSTEM — Battery system includes the battery, charger and monitoring and protection

fully charged
I a specified

6.6 CASING

=1 e container that ditectty enctosesand confines the efectrotyte;and efectr

des of a cell.

6.7 CELL — The basic functional electrochemical unit (sometimes referred to as a battery) containing an
electrode assembly, electrolyte, separators, container, and terminals. It is a source of electrical energy by
direct conversion of chemical energy.
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6.8 CHARGING — The application of electric current to battery terminals, which results in a Faradic
reaction that takes place within the battery that leads to stored electro-chemical energy.

6.9 CHARGING, CONSTANT CURRENT (CC) — Charging mode where current is held constant while
charging voltage is allowed to vary.

6.10 ELECTRIC SHOCK HAZARD — A potential for exposure of persons to hazardous voltage circuits
through direct contact from openings in protective enclosures and/or insufficient insulation between
hazardous voltage circuits and accessible parts.

6.11 ELECTRICAL SYSTEM — The system of components, circuits, and related elements of the UAS.
The system is comprised of the battery system, motors and motor controllers, protection/safety circuits

addressing e

6.12 ELECT

ectrical, fire and explosion hazards, and assoclated on board electronics.

ROLYTE LEAKAGE — A condition where liquid electrolyte escapes through an

opening in a

designed vemt as well as through a rupture or crack or other unintended opening in the casing or

enclosure of

6.13 ENCLQO
may otherwisg
disturbances

6.14 END-O
of discharge.
measured in

6.15 EXPLO
UAS and res
casing.

6.16 FIRE —
or other dam

6.17 FULLY
full state of ¢

6.18 FULLY
specifications

b cell or capacitor and is visible external to the UAS.

SURE — That part of the UAS that renders inaccessible all or.any parts of the e
e present a risk of electric shock and or retards propagation’/of flame initiateg
occurring within.

-DISCHARGE VOLTAGE (EODV) —The voltage, dnder load, of the cell or batt
the case of a time-controlled discharge.

SION — A violent release of energy that\produces projectiles or an energy w
ults in the UAS’s contents being foreibly expelled through a rupture in the
The sustained combustion ofithe UAS’s contents as evidenced by flame, heat

hge of materials.

CHARGED - A battery-which has been charged per the manufacturer’s specit
harge (SOC).

DISCHARGED: — A battery, which has been discharged, according to the m
, to its spécified end of discharge voltage (EODV).

6.19 HAZA

OUS VOLTAGE - Voltage exceeding 30 V rms/42.4 V ac peak or 60 V dc.
6.20 INSUL = i fcat fOTT.

Huipment that
by electrical

bry at the end

The EODV may be specified, as in the case of\a voltage terminated dischairge, or simply

ave from the
enclosure or

and charring

ications to its

anufacturer’s

a) BASIC — A single level of insulation that provides protection against electric shock. Basic
insulation alone may not provide protection from electric shock in the event of a failure of the
insulation.

b) DOUBLE INSULATION - Insulation comprising both basic insulation and supplementary
insulation.

¢) FUNCTIONAL INSULATION — Insulation that is necessary only for the correct functioning of
the equipment. Functional insulation by definition does not protect against electric shock. It may,
however, reduce the likelihood of ignition and fire.
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d) REINFORCED INSULATION - Single insulation system that provides a degree of protection
against electric shock equivalent to double insulation under the conditions specified in this
Standard. The term “insulation system” does not imply that the insulation has to be in one
homogeneous piece. It may comprise several layers that cannot be tested as basic insulation

and supplementary insulation.

e) SUPPLEMENTARY INSULATION — Independent insulation applied in addition to basic
insulation in order to reduce the risk of electric shock in the event of a failure of the basic

insulation.

6.21 LOW VOLTAGE, LIMITED ENERGY CIRCUIT — A circuit involving a potential of not

more than 30

volts rms (42.4 volts peak) or a direct voltage of not more than 60 volts and supplied by a battery, a Class

2 source, or fa combination of an isolafing fransformer and a fixed impedance that, as a U
available engrgy to 240 VA maximum.

6.22 NORMAL OPERATING REGION — That region of voltage, current and temperature W
cell can be gqafely charged and discharged repetitively throughout its anticipatedlife. The
specifies thege values, which are then used in the safety evaluation of the deyice and ma
device ages.|The normal operating regions will include the

a) CHARGING TEMPERATURE LIMITS — The upper and lower limits of temperatu
by the manufacturer for charging of the cell. This temperature is measured on the ¢

b) DISCHARGE TEMPERATURE LIMITS — The uppért and lower limits of temperat
specified by the manufacturer for discharging the cell. This temperature is measure]
casing.

c) END OF DISCHARGE VOLTAGE — Refer'to 6.14.

d) MAXIMUM DISCHARGING CURRENT - The maximum discharging current rate
specified by the cell manufacturer,

e) MAXIMUM CHARGING CURRENT — The maximum charging current in the norn
regiop, which is specifiediby-the cell manufacturer. This value may vary with tempg

f) UFAPER LIMIT CHARGING VOLTAGE — The highest charging voltage limit in the
operating region_specified by the cell manufacturer. This value may vary with tempg

6.23 RUPTURE —.A_mechanical failure of the UAS’s battery enclosure/casing from eith
external cauges, that results in spillage and/or exposure of internal contents of the UAS,
result in projgctiles and violent energy release such as occurs during an explosion.

nit, limits the

ithin which a
manufacturer
ly vary as the

re, specified
asing.

ure,
d on the

which is
nal operating
rature.

normal
brature.

er internal or
but does not

6.24 SAFETY CRITICAL CIRCUITS/COMPONENTS — Those circuits or discrete components that are
relied upon for safety as identified in the safety analysis of Protection Circuits and Safety Analysis, Section

15.
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6.25 STATE OF CHARGE (SOC) — The available capacity in a pack, module or cell expressed as a
percentage of rated capacity.

CONSTRUCTION

7 General

7.1 If the operation and maintenance of the UAS electrical system by the user involves a risk of injury to
persons, a risk of electric shock, or a risk of fire, means shall be provided to reduce the risk. When

evaluating a UAS’s electrical system, consideration shall be given to reasonably foreseeable misuse of the
product.

7.2 All UAS Electrical systems shall be capable of normal operation without a risk of fire,.shock or injury
in accordance with this Standard over the full range of ambient air temperature from 10?C-(40°F) to 50°C
(122°F) unlegs a different range is specified by the manufacturer in which case thatrange is to be used.

8 Nonmetallic Materials

8.1 The polymeric materials employed for enclosures shall comply with the applicajle enclosure
requirements| outlined in the Standard for Polymeric Materials — Use incElectrical Equipmeni Evaluations,
UL 746C, Path Il of the Enclosure Requirements in Table 4.1, and Evaluation of Propertieq of Polymeric
Materials, CAN/CSA C22.2 No. 0.17, except as modified by this Stahdard. For composite miterials, such
as carbon fiber, the requirements are as stated in this Standard)

8.2 Polymeric materials employed for enclosures shall havera minimum flame rating of V-1 in accordance
with the Stanidard for Tests for Flammability of Plastic Materials for Parts in Devices and Appliances, UL
94, and Evaljiation of Properties of Polymeric Materials; CAN/CSA C22.2 No. 0.17. Composite materials,
such as carbpn fiber, shall comply with 8.6.

8.3 Alternatg construction materials (e.g. carben fiber) which comply with 550°C Glow Wirel Flammability
Index (GHWI) in the Standard for Fire hazard'testing — Part 2-12: Glowing/hot-wire based tgst methods —
Glow-wire flammability index (GWFI) test-method for materials, IEC 60695-2-12 , need not|be subject to
flammability fests.

8.4 Small combustible parts meunted on PCB material inside the fire enclosure need not |be subject to
flammability fest.

8.5 Polymeric materials-outside the fire enclosure or flame barrier which meet UL 94 HB| need not be
subjected to flammability test.

8.6 All compasite” material enclosures shall be evaluated to the 20 mm end product flame test in
accordance wi i fals— i ' ' aluations, UL
746C, and Evaluation of Properties of Polymeric Materials, CAN/CSA C22.2 No. 0.17. This test may also
be used as an alternate means for determining compliance with the flammability of polymeric enclosures
in 8.2.
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8.7 The following factors in (a) — (e) are taken into consideration when an enclosure employing polymeric
or composite materials is being judged. For any nonmetallic enclosure material, all of these factors are to
be considered with respect to thermal aging. Dimensional stability of a polymeric enclosure is addressed
by compliance to the mold stress relief test. Suitability to factors (a) — (e) below may be determined by the
tests in this Standard.

a) Resistance to impact;

b) Crush resistance;

c) Ab

normal operations;

d) Se
e)M

8.8 The poly
temperatures
(RTI) with im
as determin
Evaluations,

This requirenpent is not applicable for composite materials such as ¢arbon fiber.

8.9 The end
application s
accordance
746C, and E
is not applicg

8.10 Materia|
would result
this Standard
meet the dire
the Standard
of Properties

that has beg¢n evaluated t0,a suitable component standard. Insulated wiring is subj

requirements

8.11 Gasket
subjected to
Standard for

vere conditions; and
bld stress relief distortion.

meric materials employed for enclosures and insulation shall be ‘suitable f
encountered in the intended application. Enclosures shall have-a Relative T

bd in accordance with the Standard for Polymeric Matetials — Long Tg
UL 746B, and Evaluation of Properties of Polymeric Matetials, CAN/CSA C2

losure materials intended to be directly expesed to sunlight and rain in
hall comply with the UV Resistance and the” Water Exposure and Imme
vith the Standard for Polymeric Materials.> Use in Electrical Equipment Ev
aluation of Properties of Polymeric Matetials, CAN/CSA C22.2 No. 0.17. Thig
ble for composite materials such as carbon fiber.

n an electrical shock, fire or other safety hazard. Compliance is determined b
. Materials employed for ditect support of live parts at hazardous voltage, shs
ct support insulation critefia outlined in the Material Property Considerations,
for Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C, a
of Polymeric Materials, CAN/CSA C22.2 No. 0.17, unless employed as part of

outlined in_IAternal Wiring and Terminals, Section 12.
5 and .Seals relied upon to maintain the environmental integrity of the enclo

the Accelerated Aging Test, the Low Temperature Test, and the Immersio
Gaskets and Seals, UL 157. For the Immersion Test, the gaskets are immerse

r anticipated
hermal Index

bact suitable for temperatures encountered in the applicationibut no less than 80°C (176°F),

rm Property
P.2 No. 0.17.

the end use
sion tests in
hluations, UL
b requirement

s employed as electrical insulation in the assembly shall be resistant to detgrioration that

y the tests in
Il additionally
Table 6.1, in
hd Evaluation
a component
ected to the

sure shall be
n Test in the
d in IRM 903

oil to address

tobricating oit,andimwater to address Taim and condensatior.
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9 Metallic Materials

9.1 Metal enclosures shall be corrosion resistant. A suitable plating or coating process can achieve
corrosion resistance. Additional guidance on methods to achieve corrosion protection can be found in the
Standard for Enclosures for Electrical Equipment, Environmental Considerations, UL 50E, and Electrical
Equipment, Environmental Consideration, CSA C22.2 No. 94.2.

9.2 Metal enclosures may be provided with an insulating liner to prevent shorting of uninsulated live parts
to the enclosure, or as an insulating barrier between uninsulated live parts within the enclosure. If an
insulating liner is used, the material that is used to form the liner shall comply with the requirements in
Nonmetallic Materials, Section 8, and shall be non-moisture absorbent materials that have a temperature
rating suitable for temperatures during operation including charging. The insulating liner shall meet all
applicable di¢lectric strength requirements in this Standard.

9.3 Conductive parts in contact at terminals and connections shall not be subject-te)corfosion due to

electrochemigal action.
10 Enclosurnes

10.1 The englosure shall have the strength and rigidity required to resist the possible physical abuses that
it will be explosed to during its intended use in order to reduce the (isk of fire or injury tp persons as
determined bly the requirements of this standard.

10.2 The en¢losure shall be constructed such that a tool is required to gain access into int¢rnal areas of
the enclosurg¢. Any user accessible area shall not be accessible by the same tool needed to access a
non-user accessible area. A tool is any device that can.bé used to gain access or any devige the user is
told to use tol access an area.

10.3 Openin
Compliance

s in the enclosure shall be desighed to prevent inadvertent access to haz
s determined by Clause 12 —(Tests for Protection Against Access to HaZ
Indicated by [the First Characteristic Numeral — of the Standard for Degrees of Protection
Enclosures (IP Code), IEC 60529, for a:tninimum IP rating of IP3X. Evaluation in accordanc

ardous parts.
ardous Parts
Provided by
b with Clause

12 of IEC 60529 consists of the use ‘ofithe Test Rod (2.5 mm diameter, 100 mm long) sho
of IEC 60529, applied with a force of 10 N +10%.

10.4 Openings in the enclosure shall be designed to prevent ingress of water in accordance
use and IP rgting in accordance with the Standard for Degrees of Protection Provided by H
Code), IEC $0529, with-a minimum rating of IPX4 and resistant to hazards associate
immersion. Compliance is determined by the Water Exposure Tests, Section 36. Indoor use
not required fo comply with this requirement.

vn in Table 6

with intended
nclosures (IP
l with partial
only UAS are
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11 Assembly

11.1 The UAS shall be designed such that structural parts remain secured when subjected to the
vibration caused by normal operation. Internal wiring connections shall also remain secured and shall not

be freed from their terminals or connections due to the vibration caused by normal operation.

11.2 Compliance with 11.1 is determined by the Vibration Test, Section 33.

12 Internal Wiring and Terminals

12.1 Wiring shall be in accordance with the Standard for Appliance Wiring Materials, UL 758, and
Appliance Wiring Material Products, CSA C22.2 No. 210, and shall be insulated and acceptable for the

purpose whe
wiring is likel

12.2 Interna

to be subjected within the equipment.

wiring shall be routed, supported, clamped or secured in a mannef that

likelihood of ¢xcessive strain on wire and on terminal connections; loosening of-terminal con

damage of cq
positioned or
position.

12.3 An exid
hazard in ac
misalignment

12.4 An ext
misalignment

12.5 For bat

nductor insulation. For soldered terminations in safety critical cifcuits, the cond
fixed so that reliance is not placed upon the soldering along, o maintain the

rnal terminal shall be designed to prevent inadvertent(shorting if such shortin
tordance with this Standard. An external terminal shall be designed to prever
or disconnection when the UAS is in use.

brnal terminal for charging shall be designed to prevent an inadvertent
and a reverse polarity connection when“connected to the charger.

ery packs that are intended for removal from the UAS for external charging o

with a charggd battery pack, the external terminal for charging shall be designed to preve

shorting, a re
by use of the
to comply wit

verse polarity connection, misalignment, or access by the user. User access
articulate test finger shownin Figure 12.1. A battery pack complying with 17.3
h this requirement .

N considered with respect o temperature, voltage, and the conditions of servicg to which the

reduces the
hections; and
uctor shall be
conductor in

g results in a
nt inadvertent

shorting and

replacement
t inadvertent
s determined
is considered
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Figure 12.1
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12.6 The external terminals of a removable battery pack shall be evaluated to either| the no load
endurance tgst or endurance with load test as applicable to the end use application in acgordance with
the Standard| for Plugs, Receptacles, and Couplers for Electric Vehicles, UL 2251 and C$A C22.2 No.

282, without

being subjected to the exposure:to contaminants.

12.7 A hole by which insulated wires pass through a metal wall shall be provided with a smo

bushing or sh

may bear, to

12.8 Wiring 1

all have smooth surfaces; free of burrs, fins, sharp edges, and the like, upon w
prevent abrasion of.the insulation.

or hazardous veltage shall be enclosed and not routed in user access areas.

bthly rounded
hich the wires
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13 Chargers

13.1 Power supplies intended for charging the UAS shall be determined to be compatible with the UASs
battery system and shall be evaluated in accordance with one or more of the following:

a) The Standard for Class 2 Power Units, UL 1310, and Power Supplies With Extra Low
Voltage Class 2 Outputs — General Instructions No. 1, CSA C22.2 No. 223;

b) The Standard for Power Units other than Class 2, UL 1012, and Power Supplies, CSA C22.2

No. 1

c) Th

07.1;

e Standard for Information Technology Equipment — Safety — Part 1: General

Requ

d) TH
1: S4

Compliance
Standard. Th
connection td

If charging o
chargers in (
Equipment —
60950-22.

13.2 The co
shall be desi

14 Insulatio
14.1 Hazard
voltage (SEL

conditions) a

a) Bg
of af

b) A

c) A

irements, UL 60950-1 and CsSA C22.2 No. 60950-T;

e Standard for Audio/Video, Information and Communication Technology-Equi
fety Requirements, UL 62368-1 and CSA C22.2 No. 62368-1.

pment — Part

S determined by a review of data on the battery system and charger and the¢ tests in this

e charger shall be provided with a means for connection to d\standard outlet i
a mains source of electrical supply in accordance with the ‘standards noted a

f the battery is to occur outdoors, the charger shallbe suitable for outdoor

L) and (d), this requires additional compliance with the Standard for Informatio
Safety — Part 22: Equipment to be Installed Qutdoors, UL 60950-22 and C§

nnector provided with the charger for connecting to the UAS/battery terminal
jned to prevent misalignment and reyverse polarity.

h Levels and Protective Grounding

bus voltage circuits shall betinsulated from accessible conductive parts and sa
V) circuits (i.e. circuits‘\at or below 60 V dc or 48 V rms under normal an

5 outlined in 14.2 threugh the following:

sic insulation and-provided with a protective grounding system for protection i
ault of the basic insulation;

system (of) double or reinforced insulation; or

combination of (a) and (b).

f intended for
bove.

use. For the
n Technology
A C22.2 No.

for charging,

fety extra low
i single fault

h the event

During operation of the UAS, protective grounding will no longer be an option and therefore only (b)
applies to UAS in flight.

14.2 Safety extra low voltage (SELV) circuits that are insulated from accessible conductive parts through

functional ins

ulation only are considered accessible.
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14.3 If relying upon a protective grounding system (i.e. grounding of an accessible metal enclosure), it
shall comply with 14.4 — 14.6.

14.4 Parts of a protective grounding system shall be reliably secured in accordance with 12.2 and
provided with good metal-to-metal contact of the grounded parts of the UAS during charging. The
impedance from the various bonding conductors and connections to the main ground terminal shall have
a maximum resistance of 0.1 Q. Compliance can be determined by measurement using an ohmmeter or
other similar device.

14.5 The main ground terminal of the protective grounding system shall be identified by one of the

following:

a)A
b) A
c) A

d) TH
5019

14.6 Condud
intended faul

15 Protectign Circuits and Safety Analysis

15.1 The ba
manufacturen
protective cir
operating lim
safety analys

15.2 Protecti
RPM, battery]
Compliance i
of 15.3 and t

15.3 An ana
system to de
fire and expl
design or oth

) or otherwise identified by a distinctive green color.

freen-colored, not readily removable terminal screw with a hexagonal head,
green-colored, hexagonal, not readily removable terminal nut;
jreen colored pressure wire connector; or

e word “Ground” or the letters “G” or “GR” or the grounding:symbol (IEC 604

tors, relied upon for the protective grounding and bending system, shall be si:
current. If insulated, the insulation shall be green’ or/green and yellow striped

tery system shall maintain the cells within*their normal operating region, as d
, for charging and discharging through-the life of the UAS. If normal limits are €
Luit shall limit or shut down the charging or discharging to prevent excursions b
its. Compliance is determined_through a review of the battery system data
s of 15.3 and through the testsin this Standard.

on circuits used to monitor'operational parameters (e.g. monitoring motor tempée

5 determined througha review of the design and overall system, including the s
nrough the tests in“this Standard.

ysis of potential hazards (including an FMEA) shall be conducted on the UA
ferming| that events that could lead to a hazardous condition associated with
psion~performance of the electrical system have been identified and addre
er_ means. Documents that can be used as guidance for the safety analysis in

17, No.

red to handle
in color.

efined by the
xceeded, the
pyond normal
including the

brature, motor

conditions, and thedlike) shall also be evaluated based on the requirements i this section.

bfety analysis

S’s electrical
the electrical,
ssed through
clude:

a) The Standard for Analysis Techniques for System Reliability — Procedure for Failure Mode
and Effects Analysis (FMEA), IEC 60812;

b) The Standard for Fault Tree Analysis (FTA), IEC 61025;

¢) The Potential Failure Mode and Effects Analysis in Design (Design FMEA), Potential Failure
Mode and Effects Analysis in Manufacturing and Assembly Processes (Process FMEA), SAE
J1739; and
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d) The Procedures for Performing a Failure Mode, Effects, and Criticality Analysis, MIL-STD-
1629A.

Other standards that are considered to provide equivalent analysis methods and results are also
acceptable.

15.4 The analysis in 15.3 is utilized to identify anticipated faults in the system which could lead to a
hazardous condition and the types and levels of protection provided to mitigate the anticipated faults. The
analysis shall consider single fault conditions in the protection circuit/scheme as part of the anticipated
faults.

15.5 When conducting the analysis of 15.3, active devices shall not be relied upon for critical safety

unless:
a) Th

b) Th
upon

c) Th

15.6 Deviceq
with appropri
Standard. F(
standards as

a) TH
and t
Incor

b) Th
and 4

c) Th

Related Systems — Part, 1} General Requirements, IEC 61508-1, and all parts.

15.7 Any UA
inadvertent a

a) Di

ey are provided with a redundant passive protection device; or

ey are provided with redundant active protection that remains funetional and ¢
loss of power/failure of the first level active protection; or

ey are determined to fail safe upon loss of power to the active circuit.

relied upon for critical safety as noted in 15.3 shall beltested for functionality i
pte functional safety requirements unless already evaluated through the othe
nctional safety criteria for UAS electrical systems can be found in one of
appropriate to the design of the electronic and-software protection scheme:

e Standard for Tests for Safety-Related ‘€ontrols Employing Solid-State Devic
he Standard for Software in Programmable Components, UL 1998, and Safety
borating Electronic Technology, CSAC22.2 No. 0.8;

e Standard for Automatic Electrical Controls — Part 1: General Requirements,
A\utomatic Electrical Controls-- Part 1: General Requirements, CSA C22.2 E6(Q

e Standard for Functional Safety of Electrical/Electronic/Programmable Electrg
S electrical system containing hazardous voltage shall have a manual disconn
Cccess to hiazardous voltage parts during servicing. The manual disconnect sha

sconnect both poles of the hazardous voltage circuit;

nergized

n accordance
I tests in this
the following

bs, UL 991,
Functions

UL 60730-1,
730-1; and

nic Safety-

bct to prevent
II:

b) Bd

accessibteandabte to e operated without theuse of a tootimtheeventof @

during servicing;

c) Require manual action to break the electrical connection;

collision or

d) Ensure disconnection is physically verifiable and can include actual removal of the battery

syste

m from the UAS or unplugging the battery system connector/plug; and

e) When engaged (i.e. under disconnection), it does not create exposed conductors capable of
becoming energized and is insulated to prevent a shock hazard during actuation.
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15.8 If a hazardous voltage automatic disconnect device is provided to isolate accessible conductive
parts from the hazardous voltage circuit of the battery system, it shall:

a) Not be able to be reset automatically although it may be able to be reset deliberately upon

clearing of the fault;

b) Disconnect both poles of the hazardous voltage circuit;

c) Be capable of handling full load disconnects of the hazardous voltage circuit that it is

isolati

d) Not result in a hazardous condition upon automatic actuation.

ng; and

16 Printed \Liring Boards

16.1 A printgd wiring board shall comply with the requirements in the Standard forRrinted Wiring Boards,
UL 796, and have a minimum flammability classification of V-1.

16.2 A resisfor, capacitor, inductor, or other part that is mounted on a«ptinted wiring bo
assembly shall be secured so that it cannot be displaced te’cause a risk of

printed wiring

Trd to form a
ire or electric

shock by a fqrce likely to be exerted on it during assembly, normal operation, or servicing af the UAS.

16.3 Consid¢ration is to be given to a barrier or partition thapis part of the UAS assembly and that
provides meghanical protection, a flame barrier, or electricakinsulation for a component cgnnected to a

printed wiring

board.

17 Battery ¢ells and Battery Packs

17.1 General

17.1.1 Battefies provided in UASs may be provided as cells combined into a custom configuration within

the UAS or ap complete battery packs..lfprovided as cells, the cells shall comply with 17.2.

f provided as

a battery padk, the pack shall comply.with 17.3. If battery packs in accordance with 17.3 afe used, then

the cells of the battery pack are not required to be evaluated in accordance with 17.2.

17.1.2 If the |battery pack, gustom or not, is user replaceable or removed for charging, thg battery shall

be keyed or designed sao_that it only enters the battery entry on the UAS in one direction. If
case, then the InternalkBattery Reverse Polarity Test, Section 32.5 shall be performed.

this is not the
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17.2 Battery cells

17.2.1 Cells shall be designed to safely withstand anticipated abuse conditions for UAS’s electrical
systems. Compliance is determined by the requirements in 17.2.2 and by the tests in this Standard. Cells
that are part of a battery pack in accordance with 17.3 are not required to be evaluated.

17.2.2 Lithium ion and other lithium based cells shall comply with the requirements for secondary lithium
cells in the Standard for Batteries for Use in Electric Vehicles, UL 2580 and CAN/ULC-S2580, or the
Standard for Lithium Batteries, UL 1642.

17.2.3 The temperature limits need to consider the cell manufacturer’s specified temperature limits on the
cell casing surface during charging and discharging. When evaluating the cell and battery control
combination, [considerafion must be given 10 tolerances in the control circuiry Tor charging]If the control
circuitry settings with tolerances exceed the cell charge specifications for voltage, testing.ofthe cell needs
to be repeatqd with the cell charged to these higher voltage values.

17.3 Battery packs

17.3.1 Battey packs shall be provided with an appropriate Battery Management System (BNIS), and shall
be designed|to safely withstand anticipated abuse conditions for UAS's electrical systes, including
anticipated fbuse associated with removable battery packs. Compliance is determined by the
requirements|in 17.3.2.

17.3.2 A batfery pack used in a UAS shall be in accordance with:
a) THe Standard for Batteries for Use in Electric®/ehicles, UL 2580 and CAN/ULC-$2580,

b) THe Standard for Batteries for Use in Light Electric Vehicle (LEV) Applications, UL 2271 and
CAN/JULC-S2271, or

¢) The Standard for Secondary Cells and Batteries Containing Alkaline or Other Ngn-Acid
Electfolytes — Safety Requirements for Portable Sealed Secondary Cells, and for Bptteries
Madg¢ From Them, for Use in.Portable Applications, UL 62133 and CSA C22.2 No.|[62133.

17.3.3 A baftery pack in accotdance with 17.3.2(c) is required to comply with the requirements in
Overcharge Test, Section 32.6;-Short Circuit Test, Section 32.7; Imbalanced Charging Test, |Section 32.8;
Shock Test, |Section 32.9; Vibration Test (battery method), Section 33.1; and Thermal Cycling Test,
Section 32.10.
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18 Motors

18.1 A motor used in a UAS shall not be hazardous under overload conditions. Compliance is determined
by the tests in this Standard unless previously evaluated as part of a motor and motor protector
combination evaluation.

18.2 Motors shall be capable of carrying the maximum normal anticipated load without exceeding
temperatures on insulation and windings as determined during the temperature test.

18.3 Motors located in hazardous voltage circuits shall comply with the requirements of the Standard for
Rotating Electrical Machines — General Requirements, UL 1004-1, and Motors and Generators, CSA
C22.2 No. 100. Motors located in low voltage circuits shall comply with either those standards or the
requirements[of this Standard.

19 Spacing$ and Separation of Circuits

19.1 Within the UAS, electrical circuits at opposite polarity shall be provided with réliable physical spacing
to prevent ingdvertent short circuits (i.e. electrical spacings on printed wiring baoards, physicpl securing of
uninsulated I¢ads and parts, etc.). Insulation suitable for the anticipated témperatures and yoltages shall
be used whefe spacings cannot be controlled by reliable physical separation.

19.2 The spgcing requirements in the Standard for Insulation €oordination Including Clgarances and
Creepage Distances for Electrical Equipment, UL 840, and InsGlation Coordination, CSA G22.2 No. 0.2,
are to be used. For determination of clearances, Overvoltage-€ategory Il applies to UAS tha are charged
by connecting to the socket outlet in the wall, or Overvoltage Category | for UAS where the battery is
removed fronm) the UAS for charging and is charged by ai’SELV source. The anticipated poflution degree
will be Pollutjon Degree 3 based on outdoor use or“Pollution Degree 2 for indoor use omnly UAS. The
Pollution Degree applied can be further reduced.iniaccordance with construction considefations in the
Standard fof Insulation Coordination Including-Clearances and Creepage Distances for Electrical
Equipment, UL 840.

19.3 For volage above 60 V dc or above’ 30 V rms, there are no minimum spacings appli¢able to parts
where insulajing compound completely fills the casing of a component or subassembly if| the distance
through the insulation is a minimum of 0.4-mm (0.02-inch) for supplementary or reinforced insulation.
Additionally, the insulation shatheomply with the Dielectric Voltage Withstand Test, Section 29, and the
Isolation Resjstance Test, Section 30. For voltage less than 60 V dc or 30 V rms, there i no minimum
insulation thigkness requirement where insulating compound completely fills the casing of a omponent or
subassemblyl Some eXxamples include potting, encapsulation, and vacuum impregnation.

19.4 Condugtors ©of circuits operating at different voltages shall be reliably separated frofn each other
through the use of“mechanical securements such as barriers or wire ties to maintain spacing|requirements
unless they i Jm i i i - An insulated
conductor shall be reliably retained so that it cannot contact an uninsulated live part of a circuit operating
at a different voltage.
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20 Fuses

20.1 Fuses provided for protection of circuits or outputs shall comply with the applicable parts of the
Standard for Low Voltage Fuses, UL 248 series and CSA 248 series. Fuseholders used with these fuses
shall comply with the corresponding parts of the Standard for Fuseholders, UL 4248 series and CSA 4248
series. Fuses shall be acceptable for the current and voltage of the circuit they are protecting.

20.2 For user replaceable fuses, a fuse replacement marking giving the fuse ratings shall be located
adjacent to each fuse or fuse holder, or on the fuse holder, or in another location provided that it is obvious
to which fuse the marking applies. Where user replaceable fuses with special fusing characteristics such
as time delay or breaking capacity are necessary, the type of fuse shall also be indicated. Information on

proper fuse replacement of user replaceable fuses shall also be included in the instructions.

21 Accesso

21.1 Any integral electrical accessory provided with the UAS, such as cameras, lights, and

be evaluated
powered fror
requirements

21.2 The mg
will not fall fr

PROTECTIO
22 Sharp Ec
22.1 An enc
sharp to caug
to propellers

23 Strength

23.1 The en

ries

to the applicable safety standard for that device. As an alternative-for electricg
n a low voltage, limited energy circuit, the electrical accessory-shall be eva
of this Standard.

unting means of the accessory shall be evaluated for, sécurement such that {
bm the unmanned aircraft during flight.

N AGAINST INJURY

ges

osure, an opening, a frame, a guard,;a‘knob, a handle, or the like, shall not

e a risk of injury to persons in normal’maintenance or use. This requirement d
that are intended to have a degree of sharpness to perform their intended fun

of Enclosures

tlosure shall be tested in accordance with the Strength of Enclosures Tests, S

the like, shall
| accessories
luated to the

he accessory

be sufficiently
bes not apply
ction.

ection 34.
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PERFORMANCE
24 General

24.1 Unless indicated otherwise, UAS batteries shall be fully charged in accordance with the
manufacturer’s specifications for conducting the tests in this Standard. After charging and prior to testing,
the batteries shall be allowed to rest for a minimum period of 6 h and a maximum period of 8 h at room
ambient.

24.2 Unless otherwise indicated, fresh samples representative of production are to be used for the tests
described in this Standard. The test program and number of samples to be used in each test is shown in
Table 24.1. In accordance with the notes in the table, the number of samples may be reduced. The

number of bdftery packs required to operate the UAS are required with each sample. All {est durations
are typically |correlated to the operational duration of a fully charged battery pack unigss otherwise
indicated.
Table 24.1
Tests and sample requirements
Test Clause Sample? (X = UAS, Y. = Battery Pack)®
1 2 3 4 5 6 7 8 8 10

Input Veriffcation 27 X

Temperatyre Test (Charging 28 X

and Flying

Dielectric Yoltage Withstand 29 X

Test

Isolation REsistance Test 30 X

Capacitor Pischarge Test 31 X

Componerft Faults? 32.2 X

Relay and|Solenoid Burnout® 32.3 X

Disconnecfed Fans / Blocked 32.4 X

Vents

Internal Bgttery Reverse 32.5 Y

Polarity?

Overchargg 32.6 Y

Short Circyit 32.7 Y

Imbalance§l Charging 32.8 Y

Shock Tes| 32.9 Y

Thermal Clcling 32.10

Vibration Tlest 33 Y

Impactd 34.1 X X

Dropd 342 X X

Mold Stress 35 X

IPX4 Code Rating 36.1 X

Temporary Immersion 36.2 X

Accelerated Aging of 37 X

Gaskets®

Permanence of Marking 38 X

Motor Overload® 39 X

2 The number of samples shown is considered worst case. Samples that remain operational after the tests indicated

for that sample may be used for other tests.

b The test involves multiple conditions, all of which are potentially destructive, and will render the sample inoperable.

Replacement parts can be used as needed rather than submitting a complete new sample.

Table 24.1 Continued on Next Page
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Table 24.1 (Continued)

Test Clause Sample? (X = UAS, Y = Battery Pack)®

1

2 | 3 4 | 5 | 6 | 7 | 8

8

[ 10

d The test requires more than one sample, and each sample is tested at a different condition. The indication
table covers a sample for each condition, and is not meant to indicate a repeat of the test.

intended. For tests that indicate battery pack samples are needed, the original UAS may be used for the tes
it is not damaged by previous testing. In such a case, additional samples of the UAS may be needed.

¢ The test involves a specific component that can be tested either in or out (bench testing) of the main sample.
Separate samples of the component can be used or the component can be taken from the overall sample for testing.

¢ Tests that indicate a sample of the UAS is needed also requires all battery packs required to operate the UAS as

in the

t provided

24.3 All test

24.4 Tempetature shall be measured using thermocouples. Thermocouples are to ¢onsis
larger than (.21 mm? (24 AWG) and not smaller than 0.05 mm? (30 AWG). Whene
temperature measurements by thermocouples are necessary, thermocouples consisting of

AWG) iron and constantan wire and a potentiometer-type instrument are to be used. The

wire is to copform with the requirements specified in the Tolerances on_Initial Values of
Temperature[tables in the Standard Specification and Temperature-Electromotive Force (er
Standardized Thermocouples, ANSI/ASTM E230/E230M. For those tests that require the sa
thermal equillbrium (also referred to as steady state conditions), thermal equilibrium is con
achieved after three successive readings taken at intervals of 10.% of the previously elapsed
but not less than 5 min intervals, indicate no change in temperature greater than +2°C (3.

24.5 Where fhere is a specific reference to a single fault*condition in the individual test
single fault is|to consist of a single failure (i.e. open, skiertor other failure means) of any con
UAS electrical system that could occur and affect.the results of the test. This fault is im
conjunction with the test being conducted (i.e. overcharge, short circuit, etc.) or may be cong
of a verificatipn of a protective circuit. A protective device determined to be reliable may
circuit withouf being faulted. A protective device determined to be reliable is one that has b
comply with an appropriate component, safety standard and is used within its ratings.

24.6 The tes
and/or toxic f
local and reg
from flying fre
The test aresa
additional prg
to be monitoled during the test for safety and information purposes. All personnel involved

ts contained in this Standard may result in explosions, fire and emissions
imes as well as electric shock. It is important that personnel use extreme cauti
onal worker safety regulations when conducting any of these tests and that they
gments, explosive force, and sudden release of heat and noise that could resul
is to be welhventilated to protect personnel from possible harmful fumes or

of wires not
er reference
D.05 mm? (30
hermocouple
EMF versus
nf) Tables for
mple to reach
sidered to be
test duration,
5°F).

methods, the
ponent in the
plemented in
ucted as part
remain in the
ben shown to

of flammable
on and follow
be protected
from testing.
gases. As an

caution;the temperatures on surface of at least one cell/module within the baftery pack are

in the testing

are to be insfructed to never approach the sample or the battery pack until temperatures
have returned te‘within ambient temperatures.

Te falling and

24.7 Unless noted otherwise in the individual test methods, the tests shall be followed by a 1 h
observation time prior to concluding the test and temperatures are to be monitored in accordance with

24.6.
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24.8 In the tests in this Standard, wherever there is a reference to the use of cheesecloth, the
cheesecloth is to be untreated cotton cloth running 26 — 28 m%/kg (14 — 15 square yards per pound), and
having, what is known in the trade as a “count of 13 by 117, that is, for any square centimeter, 13 threads
in one direction and 11 threads in the other direction (for any square inch, a count of 32 threads in one
direction and 28 in the other direction).

25 Tolerances
25.1 Unless noted otherwise in the test methods, the overall accuracy of measured values of test

specifications or results when conducting testing in accordance with this Standard shall be within the
following values of the measurement range.

a) t+1f% Tor voliage;
b) £1/% for current;

c) £2rC (+3.6°F) for temperature at or below 200°C (392°F) and £3% feremperatyres above
200°C (392°F);

d) £0.1% for time; and
e) +1% for dimension.
26 Post-Tesft Cycle
26.1 UAS elgctrical systems that are operational after thé’following tests shall be subjected fo a minimum
of one cyclg of charging and discharging in accordance with the manufacturer's spegifications to
determine that there is no non-compliant results as-outlined in Table 26.1 for that test:
a) Elgctrical Tests — Overcharge, shart circuit, imbalanced charging;

b) Mé¢chanical Tests — Vibration,shock; and

¢) Enjvironmental Tests —PX4 Verification, partial immersion, and thermal cycling.
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Table 26.1
Noncompliant test results

Non-compliant results Designation Tests @
Explosion E All tests
Fire F All tests
Rupture (enclosure) R All tests except crush
Electrolyte Leakage (external to L All tests except crush
enclosure)
Electric shock hazard (resistance below S All tests (if hazardous voltage)
isolation resistance limits or dielectric
breakdown)

a For tests that
strain relief, an
individual tests

” " = - - - -
l label permanence tests; only those compliance criteria noted in the tests method need be applig
for additional compliance criteria details.

on resistance,
d. See

27 Input Ve

27.1 The cu

ification

charging, shall not exceed 110 % of the current rating specified by the manufacturer o

charged from
current of the

27.2 MaximJ

example, thi
cooling, lighti

an external source, the measured input current shall not. exceed the marked
external source.

m normal load shall consist of the maximum cufrent draw while the UAS is
5 may include charging the battery while additional loads are operated fof
hg, and the like. Any load that can be operated during charging shall be operat

obtain the maximum normal load.

28 Tempera

28.1 This teg

and tempera

based upon {
shall also be
specified ope
accessible sU

28.2 For thig

as an option.
for the test.

28.3 During

fure Test (Charging and Flying)

t is conducted to determine whether or not temperature sensitive safety critical
ure sensitive materials in the-UAS are being maintained within their tempe
he maximum operating témperature limits of the component or material. Duri
determined as to whether or not the component cells are being maintaine

rfaces, which maybe contacted by the user, are also monitored.

test, the battery shall be charged in the UAS where that is inherently required
If the battery must inherently be removed for charging, then that configuration

his test, temperatures are being monitored. In cases where reference is made

frent input to the UAS while charging, and under maximum normal load allowed while

f the UAS. If
rated output

charging. For
diagnostics,
ed in order to

components
rature ratings
ng this test, it
d within their

rating limits during.maximum charge and discharge conditions of the UAS. Temperatures on

or is allowed
shall be used

o the stability

of the measured temperature, stability is defined as no change in the measured temperature exceeding
1°C (2°F) over a 5 min period.

28.4 The test consists of charge and discharge cycles until temperatures are stable. The charge cycle
consists of charging the battery from fully discharged to fully charged in accordance with the
manufacturer’s instructions. The discharge cycle consists of operating the UAS until the UAS is no longer
capable of performing as intended due to discharge of the battery. For UAS with non-removable batteries,
the charging cycle portion of the test is performed with the battery in the UAS; and for UAS with removable
batteries, the charge cycle is performed with the battery removed from the UAS. The complete test
involves repeating the charge and discharge cycles until the temperatures are stable in accordance with

28.3.
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28.5 With reference to 28.3, for UAS with non-removable batteries, one cycle consists of charging the
battery and then operating the UAS. For UAS with removable batteries, the test requires two sets of
battery packs. One cycle consists charging the first set of battery packs; then installing the first set of
battery packs in the UAS; and then operating the UAS until the battery packs are discharged while
charging the second set of battery packs. During repeated cycles the sets of battery packs are
interchanged as needed to maintain operation as close to continuous as possible. It is understood that the
charge time and the discharge time are typically not the same. If there is a wide discrepancy in the
duration for charging and discharging, more than two sets of battery packs may be needed. The cycles
are repeated until the temperatures are stable.

28.6 During the temperature test, the voltage and current during discharge and charging of the
component cells is monitored to determine that they are not outside of the specified cell manufacturer’s

operating reTon.

28.7 The manufacturer's specified limits (voltage, current and temperatures measured)|shall not be
exceeded dufing the charging and discharging cycles. Temperatures measured on~compongnts shall not
exceed their gpecifications. See Tables 28.1 and 28.2 for surface and componenbtemperatpre limits.

Table 28.1
Temperatures on components
Part Maximum
temperatures on
components (Tax)
C (°F)
Capacitors

(a) Electrplytic 6p (149)

(b) Other|[Types? 9P (194)
FusesP 9p (194)
Relay, solenoid, and coils (except transformers) with:

(a) Class|105 (A) insulation

Theymocouple Method 9P (194)
Registance Method 110 (230)
(b) Class|130 (B) insulation
Thefmocouple Method 110 (230)
Resistance Method 120 (248)
Sealing Compdund® 6p (149)
Synthetic rubbgr or PVC ingulation of internal and external wiring

— without temperature marking 76 (167)

— with tempperatute marking Temperpture marking
Components, inpsulation and thermoplastic materials d
Cell casings e
Motor Windings:

¢ Insulation Class A (open motor) 65

¢ Insulation Class A (totally enclosed motor) 70

¢ Insulation Class B (open motor) 85

¢ Insulation Class B (totally enclosed motor) 90

¢ Insulation Class F (open motor) 110

* Insulation Class F (totally enclosed motor) 115
a A capacitor is to be judged on the basis of its marked temperature limit when it operates at a temperature exceeding 105°C
(221°F).

b A fuse that has been investigated, and found to comply with requirements for use at a higher temperature is able to be used
at that temperature.

Table 28.1 Continued on Next Page
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Table 28.1 (Continued)

Part

Maximum

temperatures on
components (Tax)

°C (oF)

¢ The temperature rise limit for sealing compounds indicates the maximum rise that may be observed on a sealing compound.
However, the maximum temperature of the sealing compound shall not exceed the melting point of the sealing compound

regardless of overall temperature rise.
d The temperatures measured on components and materials shall not exceed the maximum temperature rating for that
component or material.
€ The internal cell case temperature shall not exceed the manufacturer's recommended maximum temperature.

f The temperatyre limits are based upon thermocouple measurements

Table 28.2

Temperatures on user accessible surfaces

Maximum.surface tempgratures

Glass,
porcelain and
vitreous Plastic and

Metal materials rubber?

Accessible surfaces °C (°F) °C (°F) °C (°F)

Handles, knobqg, grips, etc., continuously held in normal use 55 (131) 65 (149) 75 (167)
Handles, knobqg, grips, etc., held or touched for short periods only 60 (140) 70 (158) 85 (185)
External surfacps of equipment which may be touched® 70 (158) 80 (176) 95 (203)
Parts inside egpipment which may be touched® 70 (158) 80 (176) 95 (203)

likely to be tou
¢ Temperatures
1) Unintd

hed in normal use, temperatures up to 100¢C(212°F) are permitted.
exceeding the limits are permitted provided that the following conditions are met:

ntional contact with such a part is unlikély;

@ For each matgrial, account shall be taken of the data from that material to determine the appropriate maximum|temperature.
b For areas on fhe external surface of equipment and havingio:dimension exceeding 50 mm (2.0 inches), and which are not

2) The pprt has a marking indicating that this part is hot. It is permitted to use the symbol (IEC 60417, NoJ 5041) to
provide this information.

28.8 At the conclusion of the observation period, UAS samples that contain hazardous operating voltages
shall be subjected to a DieJectric Voltage Withstand Test, Section 29 or an Isolation Registance Test,
Section 30, (without humidity-Conditioning).

28.9 Asare

sult of the test, there shall be no indication of any noncompliant results as outlined in Table
26.1. Additiomally,<the observed temperatures shall not exceed the limits in the tables in thi section.
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29 Dielectric Voltage Withstand Test

29.1 This test is an evaluation of the electrical spacings and insulation at hazardous voltage circuits within
the UAS.

29.2 Circuits at 60 V dc or higher shall be subjected to a dielectric withstand voltage consisting of a dc
potential of twice the rated voltage.

29.3 For those circuits connected to an ac mains supply, the test voltage shall be an essentially
sinusoidal ac potential of 60 Hz at 1,000 V plus twice the rated voltage. If using a dc potential, the test
voltage shall be 1.414 times the ac test potential value.

29.4 Semicopductors or similar electronic components liable 10 be damaged by applicaiign of the test
voltage may pe bypassed or disconnected for the test in 29.3.

29.5 The tes} voltage is to be applied between the hazardous voltage circuits of the\UAS and non-current
carrying conductive parts that may be accessible.

29.6 If the agcessible parts of the UAS are covered with insulating material that may become live in the
event of an insulation fault, then the test voltages are applied between each of the live parts pnd metal foil
in contact with the accessible parts. The metal foil shall be wrapped, tightly around and in infjmate contact
with the accgssible part. The foil is to be drawn tightly across_ any opening in the enclogure or other
accessible parts to form a flat plane across such opening. See/Figure 29.1.

Figure»29:.1
Method of covering enclosures with foil for measurement and tests

4
v T

\ 4
4
ENCLOSURE \ £
(S
OPENING IN
ENCLOSURE

METAL FOIL

SB0722
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29.7 The test voltages shall be applied for a minimum of 1 min with the battery and/or cells disconnected
to prevent charging during application of the voltage.

29.8 The test equipment shall consist of a 500 VA or larger capacity transformer, the output voltage,
which is variable and which is essentially sinusoidal if using an ac test method and dc output if using a dc
test method. There is no trip current setting for the test equipment since the test is checking for insulation
breakdown, which results in a large increase of current. Setting a trip current may result in a false failure
of this test, as it may not be indicative of insulation breakdown.

29.9 With reference to 29.8, a 500 VA or larger capacity transformer need not be used if the transformer
is provided with a voltmeter that directly measures the applied output potential.

29.10 There
through insu
dielectric with
momentary d

30 Isolation

30.1 This te
hazardous v
non-hygroscd

30.2 A UAS
terminal and
insulating m3

applied between each of the live parts and metal foil inncontact with the accessible parts as 4

and Figure 2

30.3 The ing
voltmeter usi

30.4 The tes
relative humi
the sample s

30.5 The m¢
shall be at le

shall be no evidence of a dielectric breakdown (breakdown of insulation resuf
ation/arcing over electrical spacings) as evidenced by an appropriatensig
stand test equipment as a result of the applied test voltage. Corona discharg
scharge is not regarded as a dielectric breakdown (i.e. insulation breakdown)

Resistance Test

pltage circuits from accessible conductive parts of ,the) UAS and that the
pic.

Wwith accessible parts shall be subjected to an insulation resistance test betwee
accessible dead metal parts of a UAS. If thexaccessible parts of the UAS are
terial that may become live in the event.6fyan insulation fault, then the test

D.1.

ulation resistance shall be measured after a 60-second application with a hi
ng a 500 V dc potential applied for at least 1 min to the locations under test.

t shall be repeated on a_sample subjected to humidity conditioning for 48 h ir
Hity of 88 +2 % at attemperature of 32 £2°C (90 +4°F). Measurements shall
ill in the humidity-ehamber.

asured insulation resistance between the positive terminals and accessible par
ast 50,000/

ing in a short
nal from the
e or a single

st is intended to determine that insulation of the UAS provides adequate isolation of

insulation is

n the positive
covered with
voltages are
hown in 29.6

bh resistance

air having a
be made with

ts of the UAS
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31 Capacitor Discharge Test

31.1 A UAS that is intended for connection to an ac supply and is provided with filtering capacitors, or
other primary capacitors, rated in excess of 0.10 yF and connected between one side of the line and
ground, or from line to line, shall be subjected to this test.

31.2 The device shall be connected to a supply source of maximum rated voltage at 60 Hz. A storage
oscilloscope shall be connected across the point of disconnection of the supply.

31.3 The device is connected to the source of supply and energized. The power is then removed and the
resulting discharge curve for the stored charge on capacitors is measured using a 100 MQ probe, and

captured on the oscilloscope. The voltage after one second shall be less than 42.4 V peak.

31.4 The tedtt is to be repeated with all switches in all possible positions and combinatiens
32 Abnormgl Operation

32.1 General

32.1.1 A UABP shall not emit flame or molten metal or become a risk¢of-fire, electric shoc

persons whe
conducting e

32.1.2 Folloy
Test, Section

32.1.3 Durin
tissue paper
the cheesecl
unintended i

32.1.4 For U
overcurrent p
except where
higher standg
For UAS dev
shall be as

protective co

32.1.5 Each
significantly.

h subjected to the tests specified in 32.2 — 32.10. Separate samples are tg
hch test, unless using a sample for more than one testiis agreeable to by all ¢

bing each test on UAS with hazardous operating Voltages, a Dielectric Volta
29 is to be conducted.

J these tests the device is to be secured inplace on a softwood surface covere
hnd a single layer of cheesecloth is to-be'placed over the entire enclosure taking
pth clear of the propellers. The cheesecloth may need to be secured in pla
take into the propellers.

AS devices directly connected to the ac supply, the supply circuit is to have

rotection, the size of which equals 125 % of the input current rating (20 ampe
this value does not eorrespond with the standard rating of a fuse or circuit bre
rd device rating shall be used. The rated voltage and frequency are to be use

K, or injury to
be used for
pncerned.

ge Withstand

H with a white
care to keep
ce to prevent

branch circuit
re minimum),
bker, the next
J for this test.

ces that are naot connected directly to the ac supply, the supply circuit to the exiernal charger

Hescribed. For-all tests performed when the UAS battery is not charging,
mponents{associated with the supply of battery power are to remain in place.

test i§ to be continued until further change as a result of the test conditig
When an automatically reset protector functions during a test, the test is to be

the inherent

n is reduced
continued for

7 h. When a

Tanuat reset protector functions during a test; thetestisto becomntimuedomntit

the protector

is operated for 10 cycles using the minimum resetting time, and not faster than 10 cycles of operation per
min. The following are examples of acceptable test terminations:

a) Opening or shorting of one or more components such as capacitors, diodes, resistors, solid
state devices, printed wiring board traces, or similar devices, when the opening or shorting of
the component terminates operation.

b) Opening of the intended branch circuit overcurrent protection device described in 32.1.4.

c) Opening of an internal fuse or other protective device.
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32.2 Component faults

32.2.1 A component, such as a capacitor, diode, solid state device, resistor, or similar component,
connected in the power pack are to be short- or open-circuited, any two terminals one at a time, during
any condition of operation including in-flight operation. This test is not required where circuit analysis
indicates that no other component or portion of the circuit is overloaded. At the end of each component
fault condition, the power pack shall comply with the requirement in 32.1.1.

32.3 Relay and solenoid burnout

32.3.1 An electromagnetic relay or a solenoid having an open coil construction is to be tested by blocking
the armature or the plunger in the de-energized position. The test shall be continued until constant

temperatures
32.4 Discon

32.4.1 A deVv
more than or]
more fans dig
senses a disq
the fans disc

32.4.2 The t
components
forced ventilg
until constant
32.1.1.

32.5 Interna

32.5.1 For U
connected in

32.5.2 Durin
the device. T
internal battd
charging cyc
polarity and t
the test is to
When an au
continued as

are obtained or for 7 h maximum. The test results shall comply with 32.7.1.
hected fans/blocked vents

ce having forced ventilation is to be operated with the fan disconnected. For a
e fan, the test is to be conducted with each fan disconnected, 6ng at a time,
connected, if they are controlled or powered by the same cennection. If part g
onnected fan and shuts down the unit, the circuitry shall be bypassed to allow ¢
bnnected or the circuitry shall be evaluated for suitability0f this protective fung

bsts shall also be performed with ventilation openings for allowing air flow to
blocked, and the unit shall be operated at maximum normal load. If fans arg
tion, the fans shall remain operational with the’vents blocked. The test shall
temperatures are obtained or for 7 h maxifaum. During the test, the UAS sha

| battery reverse polarity

j this test, fuses and.other protective devices provided as part of the UAS arg
wo samples are te\be tested. The first sample is tested by connecting a ful
ry in reverse poldrity and then attempting to charge the internal battery w
e. The second-sample is tested by connecting a fully charged internal batte
nen attempting to use the UAS under the conditions of maximum normal load. |
be continued until the internal protection operates or constant temperatures
omatically reset protector or a manually reset protector ends the test, the
indicated in 32.1.5.

evice having
br with two or
f the circuitry
peration with
tion.

cool internal
provided for
be continued
| comply with

ASs with removable internakbatteries that are not keyed or otherwise prevented from being
correctly, the test in 32.5.2-s’carried out and the UAS shall comply with 32.1.1.

to remain in
y discharged
ith a normal
ry in reverse
n both cases,
are obtained.
test is to be
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32.6 Overcharge

32.6.1 This test is intended to evaluate a UAS’s electrical system’s ability to withstand an overcharge
condition under a single fault in the charging control circuitry that could result in an overcharge condition.
One sample is to be tested for each fault condition applied. The same sample can be used for more than
one test if it remains functional after a fault is removed. For battery packs in compliance with 17.3.2(a) or
17.3.2(b) this test is not required.

32.6.2 The sample with a fully charged battery is to be discharged at a constant discharge rate of 0.2
times the manufacturer's rated capacity of the battery, or a higher discharge rate permitted by the
manufacturer to the manufacturer’s specified EODV. The sample is then subjected to a constant current
charging at the manufacturer’'s specified charging rate (i.e. based upon the maximum intended charger

output curre

overcharge cpndition. Protective devices that have been determined reliable may remain in
noted in 24.%. For information purposes, temperatures are to be monitored on the cell/
temperatures| may be highest. The output control circuitry of external chargers with Stand
connectors that may result in the use of unspecified chargers shall not be considered as a r
to prevent an| overcharging condition.

32.6.3 The't
limit and/or m
elapsed, or {
subjected to
The test shal

32.6.4 At th¢ conclusion of the observation period, UAS samples that contain hazardd

voltages shal
Test, Section

3265 Ifap
protection de
Temperature
purposes.

32.6.6 As a
outlined in T4
charging volt

rate) under a single tault condition In the charging protection circuitry that co

st is to be continued until the voltage has reached 110%¢of\the maximum spe
onitored temperatures return to ambient or steady state ¢onditions and an addi
xplosion/fire occurs. If the UAS’s electrical system is{operational after the te
b minimum of one charge/discharge cycle at the manufacturer's maximum spe
be followed by an observation period per 24.7:

be subjected to a Dielectric Voltage Withstand Test, Section 29, or an Isolatig
30, (without humidity conditioning).

Fotective device in the circuit operates, the test is repeated at 90% of the trif
vice or at some percentage_of the trip point that allows charging for at |
5 shall be measured on thie\éell/module where temperatures may be highest f

result of the overeharge test, there shall be no indication of any noncomplig
ble 26.1. In addition, the voltage limits on the cells are not to exceed the specifi
hge.

ild lead to an
the circuit as
odule where

%dized output

liable control

cified voltage
tional 2 h has
st, it shall be
cified values.

us operating
n Resistance

b point of the
past 10 min.
or monitoring

nt results as
ed upper limit
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32.7 Short circuit

32.7.1 This test evaluates a UAS’s electrical system’s ability to withstand a short circuit condition under
a single fault in the charging control circuitry. For battery packs in compliance with 17.3.2(a) or 17.3.2(b)
this test is not required.

32.7.2 A fully charged sample is to be short-circuited by connecting the positive and negative terminals
of the sample with a circuit load having a total resistance of less than or equal to 20 mQ.

32.7.3 Samples are to be subjected to a single fault across any protective device in the charging control
circuit. Protective devices that have been determined reliable may remain in the circuit as noted in 24.5.

32.7.4 The dample shall be discharged uniil the sample has refurned to ambient temperajure or fire or
explosion ocpurs. Temperatures shall be measured on the cell/module where temperatures may be
highest for monitoring purposes.

32.7.5 If the|UAS’s electrical system is operational after the test, it shall be subjected to § minimum of
one charge/discharge cycle at the manufacturer's maximum specified values’<Fhe test shajl be followed
by an observgtion period per 24.7.

32.7.6 If a pyotective device in the circuit operates, the test is repedied at 90% of the trip point of the
protection deyice or at some percentage of the trip point that allows discharging for at leasf 10 min.

32.7.7 At th¢ conclusion of the test and after cooling to near ambient, UAS samples that contain a
hazardous operating voltage shall be subjected to a Dieleetric Voltage Withstand Test, Secfion 29, or an
Isolation Res|stance Test, Section 30, (without humidity. @enditioning).

32.7.8 As a fesult of the Short Circuit test, there-shall be no indication of any noncompligant results as
outlined in Table 26.1.

32.8 Imbalanced charging

32.8.1 This test is to determine whether or not a UAS’s electrical system with series connegted cells can
maintain the gells within their spegified operating parameters if it becomes imbalanced. For pattery packs
in compliancg with 17.3.2(a) or<17:3.2(b), this test is not required.

32.8.2 A fully charged battery pack of a UAS shall have all of its cells with the exception of one cell/cell
block discharged to itsSpecified fully discharged condition. The undischarged cells shall be fischarged to
approximately 50%, (of)its specified state of charge (SOC) to create an imbalanced condition prior to
charging.

32.8.3 The UAS'sbattery shattthen be charged im accordance wittT the manufacturers—specifications
using the specified charger. The voltage of the partially charged cells shall be monitored during the
charging to determine if its voltage limits are exceeded. If the UAS’s electrical system is operational after
the test, it shall be subjected to a minimum of one charge/discharge cycle at the manufacturer's maximum
specified values.
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32.8.4 At the conclusion of the observation period, UAS samples that contain hazardous operating
voltages shall be subjected to a Dielectric Voltage Withstand Test, Section 29 or an Isolation Resistance
Test, Section 30, (without humidity conditioning).

32.8.5 As a result of the test, there shall be no indication of any noncompliant results as outlined in Table
26.1.

32.9 Shock test
32.9.1 This test is intended to determine whether or not the UAS can withstand a mechanical shock that

may occur when in use. For battery packs in compliance with 17.3.2(a) or 17.3.2(b), this test is not
required.

32.9.2 The fllnlly charged sample of the UAS electrical system is to be secured to the testing machine by
means of a rigid mount, which supports all mounting surfaces of the sample. Temperatures jon the center
cell are monitored for information purposes.

32.9.3 The gample is to be subjected to mechanical shock testing with parameters as shown in Table
32.1 or accofding to a test profile determined by the customer and verified to the UAS application. The
shocks are tq be applied in all 6 spatial directions.

Table 32.1
Shock parameters
Maximum tgke-off
weigh1 Pulse shape Acceleration Duration Numbegr of shocks
<12 kJ; half-sinusoidal 50,9 11 ms 3 l]directions
> 12 < 2§ kg - 259 15 ms 3 1]directions

32.9.4 If the|UAS’s electrical system is operational after the test, it shall be subjected to & minimum of
one charge/discharge cycle at the manufacturer's maximum specified values. The test shajl be followed
by an observption period per 24.7.

32.9.5 At th¢ conclusion of thewobservation period, UAS samples that contain hazardqus operating
voltages shall be subjected to a-Dielectric Voltage Withstand Test, Section 29, or an Isolatign Resistance
Test, Section| 30, (without humidity conditioning).

32.9.6 As a fesult of the-test, there shall be no indication of any noncompliant results as outjined in Table
26.1.
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32.10 Thermal cycling

32.10.1 This test determines the UAS’s electrical system’s ability to withstand exposure to rapidly
changing environments such as when the UAS is entering or exiting a heated storage facility after being
in a cold environment, changing temperatures during transport or storage outdoors, and the like, without
evidence of damage that could lead to a hazardous event.

32.10.2 A fully charged UAS battery shall be subjected to the thermal cycling in accordance with 32.10.3.
For battery packs in compliance with 17.3.2(a) or 17.3.2(b), this test is not required.

32.10.3 For the test, the UAS shall be placed in a chamber with ambient air cycling at the temperature
extremes of the manufacturer’'s recommended operating ambient range as indicated in 7.2, or at the rated
storage temglerature, whichever is greater. The fransition rate between exposure temperaJures is to be

5°C (9°F)/min. Alternatively, samples may be moved between two chambers at the two test
The sample ghall remain at each temperature extreme for as long as required for the\samg
uniform tempgrature (x5°C) of the chamber temperature but no less than 6 h. A total of five
high and low|temperature extremes) are to be performed.

32.10.4 If th¢ UAS’s electrical system is operational after the test, it shalkbe allowed to rg
ambient and then subjected to a minimum of one charge/discharge cycle‘at the manufacturg
specified valyes. The test shall be followed by an observation period per 24.7.

32.10.5 At the conclusion of the observation period, UAS samples that contain hazardd
voltages shall be subjected to a Dielectric Voltage Withstand-Test, Section 29, or an Isolatig
Test, Section 30, (without humidity conditioning).

32.10.6 As 4
Table 26.1.

33 Vibration Test

33.1 Batteri¢s/battery packs

33.1.1 This

performed in
Vibration, Brq
for Use in Lig
compliance W

est evaluates the WAS’s battery pack’s ability to withstand vibration. The
accordance with~the Standard for Environmental Testing — Part 2-64: Test
adband Randgmand Guidance, IEC 60068-2-64 per Table 6 of the Standard
ht Electric Vehicle (LEV) Applications, UL 2271 and CAN/ULC-S2271. For ba
ith 17.3.2(a) or 17.3.2(b), this test is not required.

33.1.2 The Hattery-pack, or the complete UAS with the battery installed, is to be securely
vibration test|platform in a manner similar to how it is oriented during use. The sample is to

emperatures.
le to reach a
cycles (at the

bturn to room
bI’'S maximum

us operating
n Resistance

result of this test, there shall be no indication of any noncompliant results @s outlined in

test shall be
s — Test Fh:
for Batteries
tery packs in

mounted to a
be subjected

to a random vibratiomatong three perpendicutar axes i space ima SEqUENTe starting wittrthe
(Z) and ending with the longitudinal axis (X).

vertical axes

33.1.3 The sample shall be subjected to the vibration in each axis for 21 h. For each axis the frequency
shall be varied from 5 Hz to 200 Hz with power spectral density (PSD) for the vertical (Z) axis, the
longitudinal (X) axis, and the transverse (Y) axis as outlined in the Standard for Electrically Propelled
Road Vehicles — Test Specification for Lithium-lon Traction Battery Packs and Systems — Part 1:
High-Power Applications, 1ISO 12405-1.
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33.1.4 If the UAS battery pack is operational after the test, it shall be subjected to a minimum of one
charge/discharge cycle at the manufacturer's maximum specified values.

33.1.5 The test shall be followed by an observation period per 24.7.

33.1.6 At the conclusion of the observation period, UAS samples that contain hazardous operating
voltages shall be subjected to a Dielectric Voltage Withstand Test, Section 29, or an Isolation Resistance

Test, Section

30, (without humidity conditioning).

33.1.7 As a result of the test, there shall be no indication of any noncompliant results as outlined in Table

26.1.

33.2 Compl¢te UAS

33.2.1 A sar]
electric shock

33.2.2 Thes
use. After the

a) Th
b) Th
c) Th
33.2.3 The v
Hz, with a lin
—0 mm (0.04
33.2.4 After

manufacture
subjected to

33.2.5 At th¢ conclusion of thevobservation period, UAS samples that contain hazardd

voltages shal
Test, Section

33.2.6 As a fesult of.the test, there shall be no indication of any noncompliant results as out

26.1.

nple of the complete UAS shall not emit flame or molten metal or resulb in
, Or injury to persons when subjected to the tests specified in 33.2.2= 33.2.6.

ample shall be mounted to the vibration fixture in a manner similarto how it is o
unit is subjected to the vibration test described in 33.2.3:

e UAS shall comply with the requirements in 33.2.1;
ere shall be no loosening of parts; and

e UAS shall operate normally.

ibration test shall consist of vibration for'*h at a frequency of 10 to 55 Hz an
bar sweep having a sweep time of 2 .min per sweep cycle. The amplitude shal
D +0.004, -0 inch) p-p displacement\limit in a vertical plane.

his test, the sample shall be subjected to a minimum of one charge/discharg

’s maximum specified values. After this charge/discharge cycle, the san
bn observation period per24.7.
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30, (without*humidity conditioning).

A risk of fire,
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34 Strength of Enclosures Tests
34.1 Impact

34.1.1 Two samples of the enclosure, guard, or cover of UAS that contain hazardous operating voltages
are subjected to this test. The first sample is tested in the as-received condition. The second sample is
conditioned in a cold chamber at the lowest temperature indicated in the manufacturer's recommended
ambient range as indicated in 7.2, for 4 h. The sample is to be removed from the cold chamber and
immediately subjected to the impact described in 34.1.2. During handling of the sample, gloves shall be
worn to minimize heat transfer.

34.1.2 An enclosure, guard, or cover is to be subjected to an impact of 6.78 N-m (5 foot-pounds) on any

surface that
by dropping
pounds), fron
suspended b
The impact s
intended use

34.1.3 After
Dielectric Vo
humidity con

34.1.4 Therg
accessed by
Batteries for
articulate pro|

34.2 Drop

34.2.1 This
inadvertent d

34.2.2 A UA
accessories i
height of 1.0
what would o
76-mm (3-ing

34.2.3 If the
sample shall

ay be subjected to an impact during intended use or storage. The impact 1519
steel sphere, 50.8 mm (2 inches) in diameter and weighing approximately0
h a height of 1.30 m (51 inches). For surfaces other than the top, the steel sy
a cord and allowed to swing as a pendulum dropping through a vertical"distan
hall be applied one time to each surface that is exposed to a blew during an

this test, UAS samples that contain hazardous operating, veltages shall be s
tage Withstand Test, Section 29, or an Isolation Resistance Test, Section
litioning) if applicable.

shall be no damage of the enclosure that weuld allow hazardous voltage
use of the test rod 2.5 mm diameter, 100 mm-long, shown in Figure 1 of the
Use in Light Electric Vehicle (LEV) Applications, UL 2271 and CAN/ULC-S2
be shown in Figure 12.1.

test is intended to evaluateiwhether a hazard exists when a UAS is sul
rop during lifting or handling-by the user.

be produced
535 kg (1.18
here is to be
ce of 1.30 m.
/ condition of

ubjected to a
30, (without

parts to be
Standard for
271, and the

jected to an

5 that contain hazardous operating voltage and provided with those manufaciurer supplied

h place deemed to.create the greatest risk of damage, is to be dropped three
+0.01 m (40 %0.4"inches) to strike a concrete surface in a manner most rep
ccur during lifting or handling of the UAS by the user. The concrete surface sh
hes) thickland shall be large enough in area to cover the UAS.

UAS employs a nonmetallic enclosure, guard or cover, a second sample i
beyconditioned at the lowest temperature indicated in the manufacturer’s r

times from a
esentative of
all be at least

5 tested. The
ecommended

ambient range—@sindicated i 72, for a minimurm of 4 prior to conductingthe drop test, which shall be
conducted immediately after removing the samples from the cold conditioning. During handling of the
sample, gloves shall be worn to minimize heat transfer.

34.2.4 After the test, UAS samples that contain hazardous operating voltages shall be subjected to a
Dielectric Voltage Withstand Test, Section 29, or an Isolation Resistance Test, Section 30, (without
humidity conditioning) if applicable.
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34.2.5 There shall be no damage of the enclosure that would allow hazardous voltage parts to be
accessed by use of the test rod 2.5 mm diameter, 100 mm long, shown in Figure 1 of the Standard for
Batteries for Use in Light Electric Vehicle (LEV) Applications, UL 2271 and CAN/ULC-S2271, and the
articulate probe shown in Figure 12.1.

35 Mold Stress
35.1 This test is intended to evaluate whether any shrinkage or distortion exists on a molded or formed

thermoplastic enclosure due to release of internal stresses caused by the molding or forming operation
and result in the exposure of hazardous parts or reduction of electrical spacings. For UAS that do not

contain any hazardous operating voltages, this test is not required.

35.2 The sainple is 1o be placed in a full-draft circulaiing-air oven maintained at a uniforni

equal to 10°(
80°C (176°F

35.3 To pre
conditioning.

35.4 After cg
be allowed tq
subjected to

(without hum

35.5 There {
accessed by
Batteries for
articulate pro
as outlined in

36 Water E

36.1 IPX4 code rating

36.1.1 This fest is intended to-evaluate the UAS’s electrical system’s ability to withstand p

exposure in i

36.1.2 A fully
for Degrees

(18°F) higher than the highest temperature observed on the enclosure ona't
whichever is higher. The samples are to remain in the oven for 7 h.

ent hazards from overheating energized cells, samples shall be.fully dischg

reful removal from the oven, UAS samples that contain hazardous operating

h Dielectric Voltage Withstand Test, Section 29, or an.Isolation Resistance Tes
dity conditioning).

hall be no damage of the UAS enclosure that’would allow hazardous voltag
use of the test rod 2.5 mm diameter, 100.mm long, shown in Figure 1 of the
Use in Light Electric Vehicle (LEV) Applications, UL 2271 and CAN/ULC-S2
be shown in Figure 12.1. Additionally,there shall be no indication of any noncon
Table 26.1.

Kposure Tests

s intended use and is conducted in accordance with the test method outlined

charged(UAS shall be subjected to a water exposure test in accordance with
bf Protéction Provided by Enclosures (IP Code), IEC 60529, Tests for Prote

Water Indic

b

IP Code ratirjg.by*the manufacturer, in which case the UAS shall be tested in accordance V

d by-the Second Characteristic Numeral 4 (IPX4) unless the UAS is provided

temperature
mperature of

rged prior to

oltages shall

cool to room temperature prior to examination. After theexamination, the sanples shall be

t, Section 30,

e parts to be
Standard for
271, and the
hpliant results

btential water
in 36.1.2.

the Standard
ction Against
with a higher
vith its rating.

36.1.3 If the UAS’s electrical system is still operational after the test it shall be subjected to a minimum
of one charge/discharge cycle at the manufacturer's maximum specified values. The test shall be followed
by an observation period per 24.7.
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