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Preface

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

ULSE 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 compliande 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 (fro

publication, gction to revise, reaffirm, or withdraw the standard shall be initiated.

Annex A is identified as Normative, as such, forms mandatory parts of this Standard.

the date of

In Canada, there are two official languages, English and French. All safety“warnings must|be in French
and English.| Attention is drawn to the possibility that some Canadian*authorities may require additional
markings andl/or installation instructions to be in both official languages:

Comments or proposals for revisions on any part of the Standard may be submitted to ULS
Proposals should be submitted via a Proposal Request in, ULSE's Collaborative Standards

System (CSDS) at https://csds.ul.com.

Our Standardls for Safety are copyrighted by ULSE Inc. Neither a printed nor electronic copy

E at any time.
Development

of a Standard

should be alfered in any way. All of our Standards and all copyrights, ownerships, and rights regarding
those Stand3rds shall remain the sole and exclusive property of ULSE Inc.

This Edition pf the Standard has been formally approved by the Technical Committee (TC) ¢n Unmanned
Aircraft Syst¢ms, TC 3030.

This list reprgsents the TC 3030 membership when the final text in this standard was ballot¢d. Since that

time, changes in the membefrship may have occurred.

TC 3030 Membership

Name¢ Representing Interest Category Region
Albuquerque, Paul V Federal Aviation Administration Government USA
Caina, Javier DJI Research LLC Producer USA
Chou, Mike Great Consultant Service (GCS) Co., General Interest Taiwan

Ltd.
Feng, Drew Xiamen Ampace Technology Limited Supply Chain China
Haines, Eric C NUAIR Alliance Commercial / Industrial User USA
Karol, Thomas NAMIC General Interest USA
Kenul, Philip M Trivector Services Producer USA
Koo, Shaun H3zoom.ai Commercial / Industrial User Singapore
Leber, Jody CSA Group Testing & Standards Org. Canada

TC 3030 Membership Continued on Next Page
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TC 3030 Membership Continued

Name Representing Interest Category Region
Lee, V-bond Advanced Mobility Products Inc. Supply Chain Canada
Lucius, William C Air Line Pilots Association General Interest USA
Martin, Oliver Air Line Pilots Association General Interest USA
McLaughlin, Brent E Asylon, Inc. Commercial / Industrial User USA
Mellon, Tyrone Persistent Systems LLC Supply Chain USA
Palombo, David S Aveox Inc. Supply Chain USA
Jordan Pappas, Diana UL Standards & Engagement TC Chair (Non-Voting) USA
Sasso, Nick State of Wyoming Authorities Having Jurisdiction USA
Tiwary, Sumit Clark County, Nevada Authorities Having Jurisdiction USA
Wang, Jiangdong CQC Testing & Standards Org. China
Yang, Shuping Beijing Research Institute of International Delegate China

Automation for Machinery Industry

Zheng, Junqi SEARI Testing & Standards\Org. China
Zheng, Aaron UL Standards & Engagement Project Manager (Non-Voting) USA

International Classification for Standards (ICS): 49.020; 29.220

For informatipn on ULSE Standards, visit https://www.shoptilstandards.com, call toll free 1-888-853-3503

or email us at|ClientService@shopULStandards.com.

This Standard is intended to be used for conformity-assessment.

The intended primary application of this standard is stated in its scope. It is important t¢ note that it
remains the responsibility of the user of the'standard to judge its suitability for this particular application.

CETTE NORME NATIONALE DU CANADA EST DISPONIBLE EN VERSIONS FRANCAISE ET
ANGLAISE.
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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 t

ese UASs, as well as the battery and charger system combinations provided for recharging

the UAS.

1.2 With re
is intended fq
research ap
applications
of commerci
workers, rea

ference 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-application
blications, government or local police applications, search and-rescue applig
for the film industry or news broadcasts, and the like. Flight incidental to busine
al applications that may consist of roof inspections by insurance agents of
estate photography, and the like.

1.3 This Standard does not cover:

a) Mg
genef

b) Th
impa
as hig

del aircraft, or hobby use, UASs which are marketed to and intended to be op
al public;

t of the UAS with external objects, people or structures, or adverse weather cg
h winds that may affect operation, or the general airworthiness of the aircraft;

c) The ability of the UAS to correctly-or adequately perform its intended operation;

d)Th
e) An

f) De
to mit

e ability of the UAS to land safely if the battery is discharged in flight;
y physiological effects associated with the use of UASSs;

ices for use in hazardous (classified) locations, which are subject to additional
gate risks-offire and explosion;

here the UAS
5, scientific or
ations, video
5S is a subset

construction

erated by the

e aspects of control associated with the human pilot (pilot error), UAS handling, contact or

nditions such

requirements

g) UASs used-for any military or similar tactical operation; or
h) The efficacy of UAS communications or the effects of the loss of UAS communjcation during
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.

2 Components

2.1
component.

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

A component of a product covered by this Standard shall comply with the requirements for that
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a) Involves a feature or characteristic not required in the application of the component in the
product covered by this Standard, or

b)lss

uperseded by a requirement in this Standard.

2.3 A component shall be used in accordance with its rating established for the intended conditions of

use.

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

3 Units of I\heasurement

3.1 Values
approximate

4 Undated

41

5 Normatiyv|

5.1 Product

appropriate fq

than one cou
used.

Any ung
interpreted as

stated without parentheses are the requirement. Values in parentheses|are e
nformation.

References

ated reference to a code or standard appearing in the requirements of this Stan
referring to the latest edition of that code or standard.

e References

5 covered by this standard shall comply withdhe reference standards noted in th
r the country where the product is to be used. When the product is intended fo
htry, the product shall comply with the standards for all countries where it is in

5.2 The follpwing standards are referenced in this standard, and portions of these referenc

as identified i

ASTM Stand

ASTM D412

Test Methods

ANSI/ASTM §

Specification

ASTM F2908
Specification

ASTM F2909

N this standard may be essential for compliance.

prds

for Vulcanized Rubber and Thermoplastic Elastomers — Tension

F230/E230M
and, Temperature-Electromotive Force (emf) Tables for Standardized Thermoco

planatory or

dard shall be

is section as
use in more
tended to be

ed standards

iples

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

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

ASTM F2910
Specification

ASTM F3005
Specification

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

for Batteries for Use in Small Unmanned Aircraft Systems (sUAS)

CSA Standards
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CSA C22.2No. 0.2
Insulation Coordination

CSA C22.2 No. 0.8
Safety Functions Incorporating Electronic Technology

CAN/CSA C22.2 No. 0.17
Evaluation of Properties of Polymeric Materials

CSA C22.2 No. 94.2
Electrical Equipment, Environmental Consideration

CSA C22.2 No. 100
Motors and Generators

CSA C22.2 No. 107.1
Power Supplies

CSA C22.2 No. 210
Appliance Wring Material Products

CSA C22.2 No. 223
Power Supplies With Extra Low Voltage Class 2 Outputs — Géeneral Instructions No. 1

CSA 248 serles
Low Voltage |Fuses

CSA C22.2 No. 282
Plugs, Receptacles, and Couplers for Electric:Vehicles

CSA 4248 sgries
Fuseholders

CSA C22.2 B60730-1
Automatic Electrical Contrels= Part 1: General Requirements

CSA C22.2 No. 609501
Information fechnology Equipment — Safety — Part 1. General Requirements

CSA C22.2 No. 60950-22
Information Technology Equipment — Safety — Part 22: Equipment to be installed outdoors

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


https://ulnorm.com/api/?name=UL 3030 2024.pdf

10 ANSI/CAN/UL 3030 AUGUST 30, 2024

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

IEC 60529
Degrees of Protection Provided by Enclosures (IP Code)

IEC 60812
Analysis Techniques for System Reliability — Procedure for Failure Mode and Effects Analysis (FMEA)

IEC 60695-2-12
Fire hazard testing — Part 2-12: Glowing/hot-wire based test methods — Glow-wire flammability index
(GWFI) test method for materials

IEC 61025
Fault Tree Anglysis (FTA)

IEC 61508-1 gnd all parts
Functional Shfety of Electrical/Electronic/Programmable Electronic Safety-Related Systems — Part 1:
General Requyirements

ISO Standards

ISO 12405-1
Electrically Propelled Road Vehicles — Test Specification for. Lithium-lon Traction Battery Packs and
Systems — P3rt 1: High-Power Applications

SAE Standailds
SAE J1739

Potential Faillire Mode and Effects Analysis in-Design (Design FMEA), Potential Failure Modg and Effects
Analysis in Manufacturing and Assembly Processes (Process FMEA)

UL Standards

UL 50E
Enclosures fdr Electrical Equipment, Environmental Considerations

UL 94
Tests for Flammability of Plastic Materials for Parts in Devices and Appliances

UL 157
Gaskets and Seals

UL 248 series
Low Voltage Fuses

UL 746B
Polymeric Materials — Long Term Property Evaluations

UL 746C
Polymeric Materials — Use in Electrical Equipment Evaluations

UL 758
Appliance Wiring Materials
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UL 796
Printed Wiring Boards

UL 840
Insulation Coordination Including Clearances and Creepage Distances for Electrical Equipment

UL 991
Tests for Safety-Related Controls Employing Solid-State Devices

UL 1004-1
Rotating Electrical Machines — General Requirements

UL 1012
Power Units pther than Class 2

UL 1310
Class 2 Powegr Units

UL 1642
Lithium Battgries

UL 1998
Software in Frogrammable Components

UL 2251
Plugs, Receptacles, and Couplers for Electric Vehicles

UL 2271
Batteries for Use in Light Electric Vehicle (LE\Y) Applications

UL 2580
Batteries for Use in Electric Vehicles

UL 4248 seri
Fuseholders

(4
(72}

UL 60730-1
Automatic Electrical Controls — Part 1: General Requirements

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

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
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CAN/ULC-S2271
Batteries for Use In Light Electric Vehicle (LEV) Applications

CAN/ULC-S2580
Batteries for Use in Electric Vehicles

US Department of Defense (DOD) Standards

MIL-STD-162

9A

Procedures for Performing a Failure Mode, Effects, and Criticality Analysis

6 Glossary

6.1 Forthe

6.2 BATTER
or without mo

6.3 BATTEHR
with protectiy
removable by

6.4 BATTER
circuit for chal

6.5 CAPAC
battery at a

temperature as declared by the manufacturer.

6.6 CASING

6.7 CELL -
electrode ass
direct convers

6.8 CHARG
reaction that {

6.9 CHARG

burpose of this Standard the following definitions apply.

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

Y PACK — Batteries that are ready for use in a UAS, contained in a protecti
e devices, with a battery management system, and monitoring circuitry and

the user for charging separately from the UAS.

Y SYSTEM — Battery system includes the battery, charger and monitoring a
Fging and discharging of the battery.

TY, RATED — The total number of ampere-hours that can be withdrawn from a
specific discharge rate to a specific end-of-discharge voltage (EODV) at
5 — The container that directly encloses and confines the electrolyte, and electrog
The basic functional.electrochemical unit (sometimes referred to as a battery)
embly, electrolyte,~Separators, container, and terminals. It is a source of electri

ion of chemicalenergy.

ING — The-application of electric current to battery terminals, which results
akes place within the battery that leads to stored electro-chemical energy.

ING, CONSTANT CURRENT (CC) — Charging mode where current is held c

parallel with

e enclosure,
that may be

hd protection

fully charged
a specified

es of a cell.

tontaining an

al energy by

in a Faradic

bnstant while

charging voltage is allowed o 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 vo

6.11

Itage circuits and accessible parts.

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 el

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

6.12 ELECTROLYTE LEAKAGE - A condition where liquid electrolyte escapes through an opening in a
designed vent as well as through a rupture or crack or other unintended opening in the casing or enclosure
of a cell or capacitor and is visible external to the UAS.
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6.13 ENCLOSURE - That part of the UAS that renders inaccessible all or any parts of the equipment
that may otherwise present a risk of electric shock and or retards propagation of flame initiated by
electrical disturbances occurring within.

6.14 END-OF-DISCHARGE VOLTAGE (EODV) — The voltage, under load, of the cell or battery at the
end of discharge. The EODV may be specified, as in the case of a voltage terminated discharge, or simply
measured in the case of a time-controlled discharge.

6.15 EXPLOSION — A violent release of energy that produces projectiles or an energy wave from the
UAS and results in the UAS's contents being forcibly expelled through a rupture in the enclosure or casing.

6.16 FIRE

or other dam

6.17 FULL
full state of ¢

6.18 FULL
specification

6.19 HAZA

6.20 INSUL

a) B/
insuld
insuld

b) D
insuld

c) FU

equip|
howe

d) RE
again
Stang
homo

suppl

The sustained caombustion of the LIAS's contents as evidenced h\J/ 'Flomn, hea

hge of materials.

CHARGED - A battery which has been charged per the manufacturer's-speci
narge (SOC).

b, o its specified end of discharge voltage (EODV).
RDOUS VOLTAGE - Voltage exceeding 30 V rms/424.\/ ac peak or 60 V dc.

ATION LEVELS - The following are levels of electrical insulation:

SIC — A single level of insulation that pfovides protection against electric
tion alone may not provide protection from electric shock in the event of a
tion.

DUBLE INSULATION - Insulatien comprising both basic insulation and s
tion.

NCTIONAL INSULATION +Insulation that is necessary only for the correct fung
ment. Functional insulation by definition does not protect against electric s
ver, reduce the likelihood of ignition and fire.

INFORCED INSULATION — Single insulation system that provides a degree
5t electric.shock equivalent to double insulation under the conditions spg
ard. The term "insulation system" does not imply that the insulation has
geneolspiece. It may comprise several layers that cannot be tested as basic |
ementary insulation.

and charring

fications to its

DISCHARGED - A battery, which has been discharged, aeccording to the manufacturer's

shock. Basic
failure of the

Uupplementary

tioning of the
hock. It may,

of protection
cified in this
fo be in one
nsulation and

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 a combination of an isolating transformer and a fixed impedance that, as a unit, limits the
available energy to 240 VA maximum.

6.22 NORMAL OPERATING REGION - That region of voltage, current and temperature within which a
cell can be safely charged and discharged repetitively throughout its anticipated life. The manufacturer
specifies these values, which are then used in the safety evaluation of the device and may vary as the
device ages. The normal operating regions will include the
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a) CHARGING TEMPERATURE LIMITS — The upper and lower limits of temperature, specified by
the manufacturer for charging of the cell. This temperature is measured on the casing.

b) DISCHARGE TEMPERATURE LIMITS — The upper and lower limits of temperature, specified by
the manufacturer for discharging the cell. This temperature is measured on the casing.

c) END OF DISCHARGE VOLTAGE — Refer to 6.14.

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

e) MAXIMUM CHARGING CURRENT — The maximum charging current in the normal operating

regio

which is specified by the cell manufacturer. This value may vary with temperat

re.

f) UP

operaling region specified by the cell manufacturer. This value may vary with temperat

6.23 RUPT
external caus
result in proje

6.24 SAFEIT

relied upon fg
15.

6.25 STATE
percentage o

CONSTRUC]
7 General

7.1 If the op
persons, a fri
evaluating a |
product.

7.2 AllUAS

PER LIMIT CHARGING VOLTAGE - The highest charging voltage limit,in

URE — A mechanical failure of the UAS's battery enclosure/casing-from eithg
es, that results in spillage and/or exposure of internal contents-of the UAS,
ctiles and violent energy release such as occurs during an explosion.

Y CRITICAL CIRCUITS/COMPONENTS — Those circuits or discrete compon
r safety as identified in the safety analysis of Protection Circuits and Safety Ana

the normal
ure.

er internal or
put does not

ents that are
ysis, Section

OF CHARGE (SOC) — The available capacity in a pack, module or cell expressed as a

rated capacity.

[ION

eration and maintenance-of the UAS electrical system by the user involves a ri
5k of electric shockvor a risk of fire, means shall be provided to reduce th
JAS's electrical system, consideration shall be given to reasonably foreseeable

5k of injury to
b risk. When
misuse of the

electrical'systems shall be capable of normal operation without a risk of fire, shock or injury

in accordanc
(122°F) unle%

with_this’ Standard over the full range of ambient air temperature from 10°C (4
adifferent range is specified by the manufacturer in which case that range is tc

0°F) to 50°C
be used.

8 Nonmetallic Materials

8.1

The polymeric materials employed for enclosures shall comply with the applicable enclosure

requirements outlined in the Standard for Polymeric Materials — Use in Electrical Equipment Evaluations,
UL 746C, Path Ill of the Enclosure Requirements in Table 4.1, and Evaluation of Properties of Polymeric
Materials, CAN/CSA C22.2 No. 0.17, except as modified by this Standard. For composite materials, such
as carbon fiber, the requirements are as stated in this Standard.

8.2 Polymeric materials employed for enclosures shall have a minimum flame rating of V-1 in
accordance with the Standard for Tests for Flammability of Plastic Materials for Parts in Devices and
Appliances, UL 94, and Evaluation of Properties of Polymeric Materials, CAN/CSA C22.2 No. 0.17.
Composite materials, such as carbon fiber, shall comply with 8.6.
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8.3 Alternate construction materials (e.g. carbon fiber) which comply with 550°C Glow Wire Flammability
Index (GHWI) in the Standard for Fire hazard testing — Part 2-12: Glowing/hot-wire based test methods —
Glow-wire flammability index (GWFI) test method for materials, IEC 60695-2-12, need not be subject to
flammability tests.

8.4 Small combustible parts mounted on PCB material inside the fire enclosure need not be subject to
flammability test.

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 co

accordance

746C, and Epaluation of Properties of Polymeric Materials, CAN/CSA C22.2 No. 0.17¢This [test may also
be used as gn alternate means for determining compliance with the flammability of polymetfic enclosures
in 8.2.

8.7 The follpwing factors in (a) — (e) are taken into consideration when an-enclosure employing polymeric

factors are to
is addressed
rmined by the

or composite
be considerg
by compliang
tests in this

materials is being judged. For any nonmetallic enclosure material, all of these
d with respect to thermal aging. Dimensional stability of a~spolymeric enclosure
e to the mold stress relief test. Suitability to factors (a)= (e) below may be dete
tandard.

a) Repistance to impact;

b) Criish resistance;

¢) Abnormal operations;

d) Seyere conditions; and

e) Mald stress relief distortion.
8.8 The polymeric materials employed for enclosures and insulation shall be suitable for anticipated
temperature$ encountered in the intended application. Enclosures shall have a Relative Thermal Index
(RTI) with imjpact suitable far temperatures encountered in the application but no less than 80°C (176°F),

as determing
UL 7468,
requirement

~

[«

8.9 The en

d in accordance with the Standard for Polymeric Materials — Long Term Propert

s not applicable for composite materials such as carbon fiber.

closure materials intended to be directly exposed to sunlight and rain in

nd Evaldation of Properties of Polymeric Materials, CAN/CSA C22.2 Ngq.

Evaluations,
0.17. This

the end use

application shall comply with the UV Resistance and the Water Exposure and Tmmersion tests in
accordance with the Standard for Polymeric Materials — Use in Electrical Equipment Evaluations, UL
746C, and Evaluation of Properties of Polymeric Materials, CAN/CSA C22.2 No. 0.17. This requirement is
not applicable for composite materials such as carbon fiber.

8.10 Materials employed as electrical insulation in the assembly shall be resistant to deterioration that
would result in an electrical shock, fire or other safety hazard. Compliance is determined by the tests in
this Standard. Materials employed for direct support of live parts at hazardous voltage, shall additionally
meet the direct support insulation criteria outlined in the Material Property Considerations, Table 6.1, in the
Standard for Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C, and Evaluation of
Properties of Polymeric Materials, CAN/CSA C22.2 No. 0.17, unless employed as part of a component
that has been evaluated to a suitable component standard. Insulated wiring is subjected to the
requirements outlined in Internal Wiring and Terminals, Section 12.
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8.11

Gaskets and seals relied upon to maintain the environmental integrity of the enclosure shall be

subjected to the Accelerated Aging Test, the Low Temperature Test, and the Immersion Test in the
Standard for Gaskets and Seals, UL 157. For the Immersion Test, the gaskets are immersed in IRM 903 oil
to address lubricating oil, and in water to address rain and condensation.

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, E

nvironmental Consideration, CSA C22.2 No. 94.2.

9.2 Metal enclosures may be provided with an insulating liner to prevent shorting of uninsula

to the enclo

re, or as an insulating barrier between uninsulated live parts within the, end

insulating lingr is used, the material that is used to form the liner shall comply with' the reg

Nonmetallic
rating suitabl
applicable dig

9.3 Conduc
electrochemigq

aterials, Section 8, and shall be non-moisture absorbent materialsthat have a
e for temperatures during operation including charging. The insulating liner s
lectric strength requirements in this Standard.

ive parts in contact at terminals and connections shall not be subject to corr
al action.

10 Enclosures

10.1 The e
that it will be
determined b

10.2 The en
the enclosure
user accessil
use to access

10.3  Openir
Compliance

Indicated by
Enclosures (I
12 of IEC 604
IEC 60529, a

closure shall have the strength and rigidity<required to resist the possible phy
exposed to during its intended use in order to reduce the risk of fire or injury t
the requirements of this standard.

closure shall be constructed suchithat a tool is required to gain access into intsg
. Any user accessible area shall not be accessible by the same tool needed to 3
le area. A tool is any device:that can be used to gain access or any device the
an area.

s determined by Clause 12 — Tests for Protection Against Access to Haz
the First Characteristic Numeral — of the Standard for Degrees of Protection
P Code),JEC 60529, for a minimum IP rating of IP3X. Evaluation in accordance
29 consists of the use of the Test Rod (2.5 mm diameter, 100 mm long) shown
bplied, with a force of 10 N £10%.

ted live parts
losure. If an
uirements in
temperature
hall meet all

osion due to

sical abuses

D persons as

rnal areas of
ccess a non-
iser is told to

gs in the enclosure shall be designed to prevent inadvertent access to hazardous parts.

brdous Parts
Provided by
with Clause
in Table 6 of

10.4 Openings in the enclosure shall be designed to prevent ingress of water in accordance with
intended use and IP rating in accordance with the Standard for Degrees of Protection Provided by
Enclosures (IP Code), IEC 60529, with a minimum rating of IPX4 and resistant to hazards associated with
partial immersion. Compliance is determined by the Water Exposure Tests, Section 36. Indoor use only
UAS are not required to comply with this requirement.

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.
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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 when considered with respect to temperature, voltage, and the conditions of service to which the
wiring is likely to be subjected within the equipment.

12.2 Internal wiring shall be routed, supported, clamped or secured in a manner that reduces the
likelihood of excessive strain on wire and on terminal connections; loosening of terminal connections; and
damage of conductor insulation. For soldered terminations in safety critical circuits, the conductor shall be
positioned or fixed so that reliance is not placed upon the soldering alone to maintain the conductor in

position.

12.3 An ex
hazard in ag
misalignmen

124 An e
misalignmen

12.5 For b
with a charg

ernal terminal shall be designed to prevent inadvertent shorting if such _shortir
cordance with this Standard. An external terminal shall be designed to [preve
or disconnection when the UAS is in use.

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

ttery packs that are intended for removal from the UAS for external charging o
bd battery pack, the external terminal for charging shall be designed to preve

g results in a
nt inadvertent

shorting and

" replacement
ht inadvertent

shorting, a rgverse polarity connection, misalignment, or access by the user. User access is determined by
use of the arficulate test finger shown in Figure 12.1. A battery pack complying with 17.3 is onsidered to
comply with this requirement.
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 test or endurance with load test as applicable to the end use application in accordance with the
Standard for Plugs, Receptacles, and Couplers for Electric Vehicles, UL 2251 and CSA 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 smoothly
rounded bushing or shall have smooth surfaces, free of burrs, fins, sharp edges, and the like, upon which

the wires may bear, to prevent abrasion of the insulation.

12.8 Wiring for hazardous voltage shall be enclosed and not routed in user access areas.
13 Chargers
13.1 Power|supplies intended for charging the UAS shall be determined to be compatible with the UASs

battery systemn 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 R Outputs — General Instructions No. 1, CSA C22.2 No. 223;
b) Thg Standard for Power Units other than Class 2, UL 1012, and Power Supplies, C$A C22.2 No.
107.1;
¢) Thg Standard for Information Technology Equipment &/Safety — Part 1: General Requirements,
UL 60P50-1 and CSA C22.2 No. 60950-1;
d) Thg Standard for Audio/Video, Information and. €ommunication Technology Equipment — Part 1:
Safety Requirements, UL 62368-1 and CSA C22.2 No. 62368-1.

Compliance is determined by a review of data-an the battery system and charger and thq tests in this

Standard. Th
connection to

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

13.2 The cd
shall be desig

& charger shall be provided withla means for connection to a standard outlet if
a mains source of electrical supply in accordance with the standards noted abo

f the battery is to occur-outdoors, the charger shall be suitable for outdoor

intended for
e.

use. For the

) and (d), this requires additional compliance with the Standard for Information Technology

Safety — Part 22: Equipment to be Installed Outdoors, UL 60950-22 and CS

nnector-provided with the charger for connecting to the UAS/battery terminal
ned to'prevent misalignment and reverse polarity.

14

14.1

Insulation-tevels and Protective Grounding

A C22.2 No.

for charging,

Hazardous voltage circuits shall be insulated from accessible conductive parts and safety extra low

voltage (SELV) circuits (i.e. circuits at or below 60 V dc or 48 V rms under normal and single fault
conditions) as outlined in 14.2 through the following:

a) Basic insulation and provided with a protective grounding system for protection in the event of a
fault of the basic insulation;

b) A system of double or reinforced insulation; or

¢) A combination of (a) and (b).

During operation of the UAS, protective grounding will no longer be an option and therefore only (b)
applies to UAS in flight.
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14.2 Safety extra low voltage (SELV) circuits that are insulated from accessible conductive parts through
functional insulation only are considered accessible.

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.

145 The n||ain ground terminal of the protective grounding system shall be identified)

y one of the

following:
a) A dreen-colored, not readily removable terminal screw with a hexagonakhead,;
b) A green-colored, hexagonal, not readily removable terminal nut;
c) A dgreen colored pressure wire connector; or
d) The word "Ground" or the letters "G" or "GR" or the grounding symbol (IEC 60417{ No. 5019) or
otheryvise identified by a distinctive green color.
14.6 Condyctors, relied upon for the protective grounding.ahd bonding system, shall be sigzed to handle

intended fau
15 Protect
151 Theb

manufacture
protective cin

operating limits. Compliance is determined through a review of the battery system data

safety analys

15.2 Proteq
motor RPM,
section. Coni
analysis of 13

t current. If insulated, the insulation shall be green or green and yellow striped in
on Circuits and Safety Analysis

bttery system shall maintain the'cells within their normal operating region, as @
r, for charging and discharging-through the life of the UAS. If normal limits are ¢
cuit shall limit or shut down.the charging or discharging to prevent excursions b

is of 15.3 and through-the tests in this Standard.

tion circuits ,used to monitor operational parameters (e.g. monitoring motor
battery conditions, and the like) shall also be evaluated based on the requirg
pliancesis‘determined through a review of the design and overall system, includ
b.3 andithrough the tests in this Standard.

color.

efined by the
xceeded, the
eyond normal
including the

temperature,
ments in this
ing the safety

15.3 An an

chie of pni‘nnﬁnl hazards (inr‘lllrling an I:I\III:A) shall be conducted on the U

S's electrical

system to determine that events that could lead to a hazardous condition associated with the electrical, fire
and explosion performance of the electrical system have been identified and addressed through design or

other means.

Documents that can be used as guidance for the safety analysis include:

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;

c) 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

d) The Procedures for Performing a Failure Mode, Effects, and Criticality Analysis, MIL-STD-
1629A.
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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) They are provided with a redundant passive protection device; or

b) Thegy are provided with redundant active protection that remains functional and)engrgized upon
loss of power/failure of the first level active protection; or

c) They are determined to fail safe upon loss of power to the active circuit.

15.6 Devicgs relied upon for critical safety as noted in 15.3 shall be tested for functionality im accordance
with appropriate functional safety requirements unless already evaluated-through the other tests in this
Standard. Functional safety criteria for UAS electrical systems can(be found in one of fhe following
standards as jappropriate to the design of the electronic and software‘protection scheme:

a) Thg Standard for Tests for Safety-Related Controls Employing Solid-State Devices,|UL 991, and
the Standard for Software in Programmable Components, UL 1998, and Safefy Functions
Incorporating Electronic Technology, CSA C22.2 No; 0.8;

b) The Standard for Automatic Electrical Controls — Part 1: General Requirements, UL 60730-1,
and Automatic Electrical Controls — Part 1::\Géneral Requirements, CSA C22.2 E60730-1; and

c) The Standard for Functional Saféty’ of Electrical/Electronic/Programmable Electfonic Safety-
Relatgd Systems — Part 1: General-Requirements, IEC 61508-1, and all parts.

15.7 Any UAS electrical system containing hazardous voltage shall have a manual disconngct to prevent
inadvertent agcess to hazardoustvoltage parts during servicing. The manual disconnect shall:

a) Disgonnect both poles of the hazardous voltage circuit;

b) Be |accessible and able to be operated without the use of a tool in the event of p collision or
during servicing,

c) Require manual action to break the electrical connection;

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

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

and

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

16 Printed

16.1

Wiring Boards

UL 796, and have a minimum flammability classification of V-1.

A printed wiring board shall comply with the requirements in the Standard for Printed Wiring Boards,

16.2 A resistor, capacitor, inductor, or other part that is mounted on a printed wiring board to form a

mwwmmmmmm%m or electric
shock by a fgrce likely to be exerted on it during assembly, normal operation, or servicing of.the UAS.

printed wirin

16.3 Consi
provides me
printed wiring

17 Battery

171 Gene

17.1.1 Batt
the UAS or 4
a battery pag
cells of the b

17.1.2 If th
be keyed or
case, then th

17.2 Batte

17.2.1 Cell
systems. Co
that are part

17.2.2 Lithi
cells in the

jeration is to be given to a barrier or partition that is part of the UAS|asser
chanical protection, a flame barrier, or electrical insulation for a component cq
board.

Cells and Battery Packs
al

bries provided in UASs may be provided as cells.eombined into a custom config
s complete battery packs. If provided as cellsjithe cells shall comply with 17.2.
k, the pack shall comply with 17.3. If batterypacks in accordance with 17.3 are (
bttery pack are not required to be evaluated'in accordance with 17.2.

b battery pack, custom or not, is user replaceable or removed for charging, the
Hesigned so that it only enters the battery entry on the UAS in one direction. If
e Internal Battery Reverse Polarity Test, Section 32.5 shall be performed.

[y cells

5 shall be desighed to safely withstand anticipated abuse conditions for UA
mpliance is determined by the requirements in 17.2.2 and by the tests in this Sf
pf a battery.pack in accordance with 17.3 are not required to be evaluated.

um ion-and other lithium based cells shall comply with the requirements for sec
Standard for Batteries for Use in Electric Vehicles, UL 2580 and CAN/ULC-§

Standard for

nbly and that
nnected to a

uration within
f provided as
sed, then the

battery shall

this is not the

S’s electrical

andard. Cells

bndary lithium
52580, or the

Lithium R:\Hnrine, 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, consideration must be given to tolerances in the control circuitry for charging. If the control
circuitry settings with tolerances exceed the cell charge specifications for voltage, testing of the cell needs
to be repeated with the cell charged to these higher voltage values.

17.3 Battery packs

17.3.1 Battery packs shall be provided with an appropriate Battery Management System (BMS), and
shall be designed to safely withstand anticipated abuse conditions for UAS’s electrical systems, including
anticipated abuse associated with removable battery packs. Compliance is determined by the
requirements in 17.3.2.
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17.3.2 A battery pack used in a UAS shall be in accordance with:
a) The Standard for Batteries for Use in Electric Vehicles, UL 2580 and CAN/ULC-S2580,

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

c) The 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, UL 62133 and CSA C22.2 No. 62133.

17.3.3 A battery pack in accordance with 17.3.2(c) is required to comply with the requirements in
Overcharge T t fret i i Section 32.8;

Shock Test, Jection 32.9; Vibration Test (battery method), Section 33.1; and Thermal Cycling [Test, Section
32.10.

18 Motors

18.1 A motpr used in a UAS shall not be hazardous under overload,conditions. Cpmpliance is

determined b
protector com

18.2 Motorg
temperatures

18.3 Motors
Rotating Eleg
C22.2 No. 1
requirements

19 Spacings and Separation of Circuits

19.1  Within

spacing to prevent inadvertent. short circuits (i.e. electrical spacings on printed wiring boa

securing of U
voltages shal

19.2 The sf
Creepage Dig
are to be use

y the tests in this Standard unless previously evaluated ‘as part of a motd
bination evaluation.

shall be capable of carrying the maximum notmadl anticipated load witho
on insulation and windings as determined during.the temperature test.

located in hazardous voltage circuits shall-"comply with the requirements of the
trical Machines — General Requirements, UL 1004-1, and Motors and Gen
0. Motors located in low voltage cireuits shall comply with either those stan
of this Standard.

the UAS, electrical, circuits at opposite polarity shall be provided with relia

ninsulated leads‘\and parts, etc.). Insulation suitable for the anticipated temp|
be used where spacings cannot be controlled by reliable physical separation.

acing requirements in the Standard for Insulation Coordination Including Cle
tances*for Electrical Equipment, UL 840, and Insulation Coordination, CSA C
d. For'determination of clearances, Overvoltage Category Il applies to UAS that

r and motor

it exceeding

Standard for
brators, CSA
dards or the

ble physical
rds, physical
eratures and

arances and
2.2 No. 0.2,
are charged

L fore 1LIAC 4

by connectin

$ +h kot PIRE Y P20 SHN 1 Y ikl v Ovarvaliaa: Cotanaris wihar
W UG SUUATT UULICT 1T U1e vwdadir, Ul \JVUIVUILasU \lalcyuly TUnN UMY WiiteTio U

e battery is

removed from the UAS for charging and is charged by an SELV source. The anticipated pollution degree
will be Pollution Degree 3 based on outdoor use or Pollution Degree 2 for indoor use only UAS. The
Pollution Degree applied can be further reduced in accordance with construction considerations in the
Standard for Insulation Coordination Including Clearances and Creepage Distances for Electrical
Equipment, UL 840.

19.3 For voltage above 60 V dc or above 30 V rms, there are no minimum spacings applicable to parts
where insulating 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 shall comply with the Dielectric Voltage Withstand Test, Section 29, and the
Isolation Resistance Test, Section 30. For voltage less than 60 V dc or 30 V rms, there is no minimum
insulation thickness requirement where insulating compound completely fills the casing of a component or
subassembly. Some examples include potting, encapsulation, and vacuum impregnation.
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19.4 Conductors of circuits operating at different voltages shall be reliably separated from each other
through the use of mechanical securements such as barriers or wire ties to maintain spacing requirements
unless they are each provided with insulation acceptable for the highest voltage involved. An insulated
conductor shall be reliably retained so that it cannot contact an uninsulated live part of a circuit operating
at a different voltage.

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. Fuse ircui i

bll be located
t it is obvious

20.2 For usger replaceable fuses, a fuse replacement marking giving the fuse ratings Ish

adjacent to
to which fus
as time dela
proper fuse r|

21 Access

21.1 Anyin
be evaluated

powered fron a low voltage, limited energy circuit, the electrical accessory shall be eva

requirements

21.2 The m

will not fall frgm the unmanned aircraft during flight.

PROTECTIC
22 SharpH

22.1 Anen
sharp to cau
to propellers

ch fuse or fuse holder, or on the fuse holder, or in another location provided tha
the marking applies. Where user replaceable fuses with special fusing charag
or breaking capacity are necessary, the type of fuse shall also be_ indicated. |
eplacement of user replaceable fuses shall also be included in.the“instructions.
pries
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to the applicable safety standard for that device:. As an alternative for electrice

of this Standard.
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N AGAINST INJURY
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Closure, an opening, a frame, a guard, a knob, a handle, or the like, shall not
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the like, shall
| accessories
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23 Strength of Enclosures

23.1 The enelostre-shattbetestediraccordancewith-the-Strength-ofFEnclosturestests;Settion 34.
PERFORMANCE

24 General

241 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
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of battery packs required to operate the UAS are required with each sample. All test durations are typically
correlated to the operational duration of a fully charged battery pack unless 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 Verification 27 X
Temperature Test 28 X
(Charging and II:I\/inn\
Dielectric Voltal;e 29 X
Withstand Test
Isolation Resistance Test 30 X
Capacitor Dischjarge 31 X
Test
Component Falilts® 32.2 X
Relay and Solepoid 323 X
Burnout®
Disconnected Hans / 324 X
Blocked Vents
Internal Battery|Reverse 32.5 Y
Polarity®
Overcharge 32.6 \”
Short Circuit 32.7 Y
Imbalanced Chhrging 32.8 Y
Shock Test 32.9 Y
Thermal Cycling 32.10 Y
Vibration Test 33 Y
Impact? 34.1 X X
Drop? 34.2 X X
Mold Stress 35 X
IPX4 Code Rating 36.4 X
Temporary Immiersion 36.2 X
Accelerated Ag|ng of 37 X
Gaskets®
Permanence of|Marking 38 X
Motor Overload® 39 X

@ 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.

¢ 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.

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

€ Tests that indicate a sample of the UAS is needed also requires all battery packs required to operate the UAS as intended. For
tests that indicate battery pack samples are needed, the original UAS may be used for the test provided it is not damaged by
previous testing. In such a case, additional samples of the UAS may be needed.

24.3 All tests, unless noted otherwise, are conducted in a room ambient 25 +5°C (77 £9°F).
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24 4 Temperature shall be measured using thermocouples. Thermocouples are to consist of wires not
larger than 0.21 mm? (24 AWG) and not smaller than 0.05 mm? (30 AWG). Whenever reference
temperature measurements by thermocouples are necessary, thermocouples consisting of 0.05 mm? (30
AWG) iron and constantan wire and a potentiometer-type instrument are to be used. The thermocouple
wire is to conform with the requirements specified in the Tolerances on Initial Values of EMF versus
Temperature tables in the Standard Specification and Temperature-Electromotive Force (emf) Tables for
Standardized Thermocouples, ANSI/ASTM E230/E230M. For those tests that require the sample to reach
thermal equilibrium (also referred to as steady state conditions), thermal equilibrium is considered to be
achieved after three successive readings taken at intervals of 10 % of the previously elapsed test duration,
but not less than 5 min intervals, indicate no change in temperature greater than +2°C (+3.6°F).

24.5 Where there is a specific reference to a single fault condition in the individual test methods, the
single fault i to consist of a single failure (i.e. open, short or other failure means) of any cenmponent in the
UAS electrical system that could occur and affect the results of the test. This fault-is implemented in
conjunction with the test being conducted (i.e. overcharge, short circuit, etc.) or may be-conducted as part
of a verificatjon of a protective circuit. A protective device determined to be reliable may remain in the
circuit withoyt being faulted. A protective device determined to be reliable is onethat has been shown to
comply with an appropriate component safety standard and is used within its ratings.

of flammable
on and follow
be protected

246 The tgsts contained in this Standard may result in explosions;ifire and emissions
and/or toxic fJumes as well as electric shock. It is important that personnel use extreme caut
local and regjonal worker safety regulations when conducting any(of these tests and that they
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5 noted otherwise in the individual test methods, the tests shall be follow,
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tests in this Standard, wherever there is a reference to the use of che
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251

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) £1% for voltage;

b) £1% for current;

c) x2°C (x3.6°F) for temperature at or below 200°C (392°F) and +3% for temperatures above
200°C (392°F);

d) £0.

1% for time; and

e) +1% for dimension.
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26 Post-Test Cycle

26.1 UAS electrical systems that are operational after the following tests shall be subjected to a
minimum of one cycle of charging and discharging in accordance with the manufacturer's specifications to
determine that there is no non-compliant results as outlined in Table 26.1 for that test:

a) Electrical Tests — Overcharge, short circuit, imbalanced charging;
b) Mechanical Tests — Vibration, shock; and

c) Environmental Tests — IPX4 Verification, partial immersion, and thermal cycling.

Table 26.1
Noncompliant test results

Non-cpmpliant results Designation Tests ?
Explosion E All tests
Fire F All tests
Rupture (enclogure) R All tests except grush
Electrolyte Leakage (external to L All tests except grush
enclosure)
Electric shock Hazard (resistance below S All tests (if hazardoug voltage)
isolation resistgnce limits or dielectric
breakdown)

@ For tests that gvaluate one specific part of the UAS such as the mold'stress, dielectric voltage withstand, isolation fesistance,
strain relief, and label permanence tests; only those compliance criteria noted in the tests method need be applied. $ee individual
tests for additiopal compliance criteria details.

27 Input Verification

charging, shdll not exceed 110 % of the current rating specified by the manufacturer of the UAS. If charged
from an extennal source, the measured input current shall not exceed the marked rated output current of
the external spurce.

271 The c%rrent input to the UAS while charging, and under maximum normal load gllowed while

27.2 Maximum normahlead shall consist of the maximum current draw while the UAS is ¢harging. For
example, this|may in¢lude charging the battery while additional loads are operated for diagnostics, cooling,
lighting, and the like>Any load that can be operated during charging shall be operated in ofder to obtain
the maximum| normal load.

28 Temperature Test (Charging and Flying)

28.1 This test is conducted to determine whether or not temperature sensitive safety critical components
and temperature sensitive materials in the UAS are being maintained within their temperature ratings
based upon the maximum operating temperature limits of the component or material. During this test, it
shall also be determined as to whether or not the component cells are being maintained within their
specified operating limits during maximum charge and discharge conditions of the UAS. Temperatures on
accessible surfaces, which may be contacted by the user, are also monitored.

28.2 For this test, the battery shall be charged in the UAS where that is inherently required or is allowed
as an option. If the battery must inherently be removed for charging, then that configuration shall be used
for the test.
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28.3 During this test, temperatures are being monitored. In cases where reference is made to 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.

28.5 With n
battery and
battery pack
battery pack
charging the
interchanged
charge time
duration for g
repeated unt

28.6 During
component ¢
operating reg

28.7 The manufacturer's specified limits (voltage, current and temperatures measured)

exceeded dy
exceed their

eference to 28.3, for UAS with non-removable batteries, one cycle consists of
then operating the UAS. For UAS with removable batteries, the test‘require
5. One cycle consists charging the first set of battery packs; then-nstalling t
5 in the UAS; and then operating the UAS until the battery packs are disg

second set of battery packs. During repeated cycles the séts of batte
as needed to maintain operation as close to continuous as possible. It is under|
and the discharge time are typically not the same. If there is a wide discrg
harging and discharging, more than two sets of battery/packs may be needed. T
| the temperatures are stable.

the temperature test, the voltage and current during discharge and ch
ells is monitored to determine that they are,not outside of the specified cell
on.

ring the charging and discharging cycles. Temperatures measured on compon
specifications. See Table 28.1,and Table 28.2 for surface and component tempe

Table 28.1
Temperatures on components

charging the
5 two sets of
he first set of
harged while
'y packs are
stood that the
pancy in the
he cycles are

rging of the
anufacturer's

shall not be
ents shall not
rature limits.

Part Maximum temperatures on
componernts (T,.x)
°C (F)
Capacitors
(a) Electrollytic 65 (149)
(b) Other Types?® 90 (194)
Fuses® 90 (194)
Relay, solenoid, and coils (except transformers) with:
(a) Class 105 (A) insulation
Thermocouple Method 90 (194)
Resistance Method 110 (230)

(b) Class 130 (B) insulation
Thermocouple Method 110 (230)
Resistance Method 120 (248)
Sealing Compound® 65 (149)

Table 28.1 Continued on Next Page
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Table 28.1 Continued

Part Maximum temperatures on
components (T ,.,)
°C (°F)
Synthetic rubber or PVC insulation of internal and external wiring
— without temperature marking 75 (167)
— with temperature marking Temperature marking
Components, insulation and thermoplastic materials d
Cell casings e

Motor Windinggt

* 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 capacitor is o be judged on the basis of its marked temperature limit when it operates-at a temperature exceedirl|g 105°C
(221°F).

b A fuse that hap been investigated, and found to comply with requirements fortse 4t a higher temperature is able t¢ be used at
that temperaturg.

¢ The temperatyre rise limit for sealing compounds indicates the maximumirise that may be observed on a sealing cpmpound.
However, the nfaximum temperature of the sealing compound shall not.exceed the melting point of the sealing compound
regardless of oyerall temperature rise.

4 The temperatlires measured on components and materials shall*not exceed the maximum temperature rating for that component
or material.

€ The internal cgll case temperature shall not exceed the manufacturer’s recommended maximum temperature.

fThe temperatdre limits are based upon thermocouple measurements.

Table 28.2
Temperatures on user accessible surfaces
Maximum surface temperatyires
Glass,
porcelain and
vitreous Plastic and

Metal materials rubber?

——Accessibtesurfaces BARE BARE °C (°F)

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

@ For each material, account shall be taken of the data from that material to determine the appropriate maximum temperature.

® For areas on the external surface of equipment and having no dimension exceeding 50 mm (2.0 inches), and which are not likely
to be touched in normal use, temperatures up to 100°C (212°F) are permitted.

¢ Temperatures exceeding the limits are permitted provided that the following conditions are met:
1) Unintentional contact with such a part is unlikely;

2) The part has a marking indicating that this part is hot. It is permitted to use the symbol (IEC 60417, No. 5041) to provide this
information.
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28.8 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).

28.9 As a result of the test, there shall be no indication of any noncompliant results as outlined in Table
26.1. Additionally, the observed temperatures shall not exceed the limits in the tables in this section.

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 Circuifs at 60 V dc or higher shall be subjected to a dielectric withstand voltage eonsgisting of a dc
potential of tyvice the rated voltage.

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

29.4 Semigonductors or similar electronic components liable to be damaged by applicatipn of the test
voltage may pe bypassed or disconnected for the testin 29.3.

29.5 The tgst voltage is to be applied between the hazardous:voltage circuits of the UAS and non-current
carrying condluctive parts that may be accessible.

29.6 If the accessible parts of the UAS are covered with insulating material that may become live in the
event of an ipsulation fault, then the test voltages are applied between each of the live parts fand metal foil
in contact with the accessible parts. The metal foil shall be wrapped tightly around and in infimate contact
with the accgssible part. The foil is to be*drawn tightly across any opening in the enclosure or other
accessible parts to form a flat plane acrossisuch opening. See Figure 29.1.
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Figure 29.1

Method of covering enclosures with foil for measurement and tests

ENCLOSURE

OPENING IN
ENCLOSURE

METAL FOIL

sb0722

29.7 The te$t voltages shall be applied for, asminimum of 1 min with the battery and/or cells gisconnected
to prevent charging during application of thé voltage.

29.8 The tept equipment shall consist of a 500 VA or larger capacity transformer, the otput voltage,
which is varigble and which is essentially sinusoidal if using an ac test method and dc outpuf if using a dc
test method. [There is no trip,current setting for the test equipment since the test is checking ffor insulation
breakdown, which results in a1arge increase of current. Setting a trip current may result in a false failure of
this test, as itj/may not be indicative of insulation breakdown.

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

29.10 There shall be no evidence of a dielectric breakdown (breakdown of insulation resulting in a short
through insulation/arcing over electrical spacings) as evidenced by an appropriate signal from the
dielectric withstand test equipment as a result of the applied test voltage. Corona discharge or a single
momentary discharge is not regarded as a dielectric breakdown (i.e. insulation breakdown).

30 Isolation Resistance Test

30.1 This test is intended to determine that insulation of the UAS provides adequate isolation of
hazardous voltage circuits from accessible conductive parts of the UAS and that the insulation is non-
hygroscopic.

30.2 A UAS with accessible parts shall be subjected to an insulation resistance test between the positive
terminal and accessible dead metal parts of a UAS. If the accessible parts of the UAS are covered with
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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 and metal foil in contact with the accessible parts as shown in 29.6

and Figure 29.1.

30.3 The insulation resistance shall be measured after a 60-second application with a high resistance
voltmeter using a 500 V dc potential applied for at least 1 min to the locations under test.

30.4 The test shall be repeated on a sample subjected to humidity conditioning for 48 h in air having a
relative humidity of 88 +2 % at a temperature of 32 +2°C (90 +4°F). Measurements shall be made with the
sample still in the humidity chamber.

30.5 The

rts of the UAS

shall be atle
31

31.1 A UA§
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ground, or frq

31.2 Thed
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Capacitor Discharge Test

b that is intended for connection to an ac supply and is provided-with filtering
capacitors, rated in excess of 0.10 yF and connected between one side o
m line to line, shall be subjected to this test.

bvice shall be connected to a supply source of maxinium rated voltage at 60
shall be connected across the point of disconnectian of the supply.

bvice is connected to the source of supply and“energized. The power is then re

lo)
tharge curve for the stored charge on capageitors is measured using a 100 I\r/ITE)

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

314 Thets

st is to be repeated with all switchestin all possible positions and combinations.

32 Abnormal Operation
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ge Withstand

32.1.3 During these tests the device is to be secured in place on a softwood surface covered with a white
tissue paper and a single layer of cheesecloth is to be placed over the entire enclosure taking care to keep
the cheesecloth clear of the propellers. The cheesecloth may need to be secured in place to prevent
unintended intake into the propellers.

32.1.4 For UAS devices directly connected to the ac supply, the supply circuit is to have branch circuit
overcurrent protection, the size of which equals 125 % of the input current rating (20 ampere minimum),
except where this value does not correspond with the standard rating of a fuse or circuit breaker, the next
higher standard device rating shall be used. The rated voltage and frequency are to be used for this test.
For UAS devices that are not connected directly to the ac supply, the supply circuit to the external charger
shall be as described. For all tests performed when the UAS battery is not charging, the inherent
protective components associated with the supply of battery power are to remain in place.
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32.1.5 Each test is to be continued until further change as a result of the test condition is reduced
significantly. When an automatically reset protector functions during a test, the test is to be continued for
7 h. When a manual reset protector functions during a test, the test is to be continued until the protector is
operated for 10 cycles using the minimum resetting time, and not faster than 10 cycles of operation per

min. The follo

wing 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)Op
32.2 Comp

3221 A cq
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that no other
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and solenoid burnout
ectromagnetic relay or a solenoid having an open coil construction is to be teste

or the plunger in the de-energized positioh. The test shall be continued \
are obtained or for 7 h maximum. The testresults shall comply with 32.1.1.
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component,
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component or portion of the circuit is overloaded. At the.end of each conmpponent fault
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fnmpnr:\hlrne are obtained or for 7 h maximum nllring the test, the UAS shal

comply with

32.1.1.
32.5

32.5.1

Internal battery reverse polarity

connected incorrectly, the test in 32.5.2 is carried out and the UAS shall comply with 32.1.1.

For UASs with removable internal batteries that are not keyed or otherwise prevented from being

32.5.2 During this test, fuses and other protective devices provided as part of the UAS are to remain in
the device. Two samples are to be tested. The first sample is tested by connecting a fully discharged
internal battery in reverse polarity and then attempting to charge the internal battery with a normal
charging cycle. The second sample is tested by connecting a fully charged internal battery in reverse
polarity and then attempting to use the UAS under the conditions of maximum normal load. In both cases,
the test is to be continued until the internal protection operates or constant temperatures are obtained.
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When an automatically reset protector or a manually reset protector ends the test, the test is to be
continued as indicated in 32.1.5.

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.
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32.7 Short

32.7.1

circuit

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.
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32.7.4 The sample shall be discharged until the sample has returned to ambient temperature or fire or
explosion occurs. 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 a minimum of

one charge/discharge cycle at the manufacturer's maximum specified values. The test shall be followed by

an observatio

32.7.6

n period per 24.7.

If a protective device in the circuit operates, the test is repeated at 90% of the trip point of the

protection device or at some percentage of the trip point that allows discharging for at least 10 min.
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32.7.8 As a
outlined in Ta|

32.8

32.8.1 This
maintain the
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32.8.2 Aful
block dischar
approximatel
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32.8.3 The
using the sp
charging to d

the test, it shall be subjected to a.minimum of one charge/discharge cycle at the manufacture

specified vall

32.8.4 At th
voltages shal
Test, Section

Imbalgnced charging

stance Test, Section 30, (without humidity conditioning).

result of the Short Circuit test, there shall be no indication of anymoncomplig
ple 26.1.

test is to determine whether or not a UAS’s electrical-system with series conneq

nt results as

ted cells can

Cells within their specified operating parameters if iDbecomes imbalanced. For battery packs

with 17.3.2(a) or 17.3.2(b), this test is not required.

y charged battery pack of a UAS shall have<all of its cells with the exception o
hed to its specified fully discharged condition. The undischarged cells shall be g
50% of its specified state of charge' (SOC) to create an imbalanced cond

JUAS’s battery shall then be-charged in accordance with the manufacturer's s
bcified charger. The voltage of the partially charged cells shall be monitore
btermine if its voltage limits are exceeded. If the UAS’s electrical system is opg

eS.

e conclusionsof the observation period, UAS samples that contain hazardo
be subjected to a Dielectric Voltage Withstand Test, Section 29 or an Isolatio
30, (without humidity conditioning).

one cell/cell
ischarged to
ition prior to

pecifications
d during the
rational after
r's maximum

us operating
h Resistance

32.8.5 As alrestlt of the test, there shall be no indicationof any nnnr‘nmplianf 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 fully 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 on the center
cell are monitored for information purposes.
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32.9.3 The sample is to be subjected to mechanical shock testing with parameters as shown in Table
32.1 or according to a test profile determined by the customer and verified to the UAS application. The
shocks are to be applied in all 6 spatial directions.

Table 32.1
Shock parameters
Maximum take-off
weight Pulse shape Acceleration Duration Number of shocks
<12kg half-sinusoidal 509 11 ms 3 L directions
>12<25kg — 25¢g 15 ms 3 L directions
32.9.4 If the UAS’s electrical system is operational after the test, it shall be subjected, to § minimum of

one charge/d

ischarge cycle at the manufacturer's maximum specified values. The testishall 1

an observation period per 24.7.

3295 Att
voltages sha
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3296 As{
26.1.

32.10 Thern
32.10.1 Th
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| be subjected to a Dielectric Voltage Withstand Test, Section’29, or an Isolatig
30, (without humidity conditioning).

result of the test, there shall be no indication of anyynoncompliant results as ou

mal cycling

s test determines the UAS’s electrical system’s ability to withstand expost
ironments such as when the UASis entering or exiting a heated storage facility

a cold envirpnment, changing temperatures.during transport or storage outdoors, and thg

evidence of ¢

32.10.2 Af
For battery p

32.10.3 Fo

amage that could lead to a hazardous event.

Llly charged UAS battery shall be subjected to the thermal cycling in accordancs
acks in compliancewith 17.3.2(a) or 17.3.2(b), this test is not required.

extremes of FI)he manufacturer’s recommended operating ambient range as indicated in 7.2,

storage tem
5°C (9°F)/mi
The sample

erature; whichever is greater. The transition rate between exposure tempera

e followed by

us operating
n Resistance

lined in Table

re to rapidly

after being in
like, without

with 32.10.3.

the test, the UAS shall be placed in a chamber with ambient air cycling at the temperature

br at the rated
ures is to be

n. Alterhatively, samples may be moved between two chambers at the two test
shall remaln at each temperature extreme for as long as requrred for the samj

uniform tempse
high and low

temperature extremes) are to be performed

emperatures.
ble to reach a
elcycles (at the

32.10.4 If the UAS’s electrical system is operational after the test, it shall be allowed to return to room
ambient and then 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.

32.10.5 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).

32.10.6 As a result of this test, there shall be no indication of any noncompliant results as outlined in
Table 26.1.
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33 Vibration Test

33.1 Batteries/battery packs

33.1.1 This test evaluates the UAS's battery pack’s ability to withstand vibration. The test shall be
performed in accordance with the Standard for Environmental Testing — Part 2-64: Tests — Test Fh:
Vibration, Broadband Random and Guidance, IEC 60068-2-64 per Table 6 of the Standard for Batteries for
Use in Light Electric Vehicle (LEV) Applications, UL 2271 and CAN/ULC-S2271. For battery packs in
compliance with 17.3.2(a) or 17.3.2(b), this test is not required.

33.1.2 The battery pack, or the complete UAS with the battery installed, is to be securely mounted to a

vibration test

a random vib
(Z) and endin

33.1.3 The
shall be varig
longitudinal (
Vehicles — Te
Applications,

33.1.4 If the
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g § P
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gy with the longitudinal axis (X).
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bd from 5 Hz to 200 Hz with power spectral density (PSD) for.the vertical
) axis, and the transverse (Y) axis as outlined in the Standard-for Electrically Pr:
st Specification for Lithium-lon Traction Battery Packs and\Systems — Part 1
SO 12405-1.

UAS battery pack is operational after the test, it'shall be subjected to a min

charge/discharge cycle at the manufacturer's maximum specified‘values.

33.1.5 The {est shall be followed by an observation period per 24.7.
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, or injuryzte persons when subjected to the tests specified in 33.2.2 — 33.2.6.
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a) The UAS shall comply with the requirements in 33.2.1;

b) There shall be no loosening of parts; and

c) The UAS shall operate normally.

33.2.3 The vibration test shall consist of vibration for 1 h at a frequency of 10 to 55 Hz and back to 10 Hz,
with a linear sweep having a sweep time of 2 min per sweep cycle. The amplitude shall be 1.0 +0.1, -0
mm (0.040 +0.004, -0 inch) p-p displacement limit in a vertical plane.

33.2.4 After this test, the sample shall be subjected to a minimum of one charge/discharge cycle at the
manufacturer's maximum specified values. After this charge/discharge cycle, the sample shall be
subjected to an observation period per 24.7.
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