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INTRODUCTION

1 Scope

1.1 These requirements cover electrical energy storage assemblies (EESAs) such as battery packs and
combination battery pack-electrochemical capacitor assemblies and the subassembly/modules that make
up these assemblies for use in light electric-powered vehicles (LEVs) as defined in this outline of
investigation.

1.2 This outline of investigation does not evaluate the performance or reliability of these devices.

1.3 This outline of investigation does not include requirements for the evaluation of EESAs intended for
use in electric vehicles, such as on-road passenger vehicles intended for use on public roadways
including highways and heavy duty off road vehicles such as battery powered ride-on industrial trucks,
which are covered under the Standard for Batteries for Use in Electric Vehicles, UL 2580.

1.4 This outline of investigation does not include requirements for evaluation of EESAs intended for use
in light electric rail (LER) applications, which are covered under the Standard for Batteries for Use in Light
Electric Rail (LER) and Stationary Applications, UL 1973.

2 Components

2.1 A component of a product covered by this outline of investigation shall comply with the requirements
for that component. See Appendix A for a list of standards covering components generally used in the
products covered by this outline of investigation.

3 Units of Measurement

3.1 Values stated without parentheses are the requirement. Values in parentheses are explanatory or
approximate information.

4 Undated References

4.1 Any undated reference to a code or standard appearing in the requirements of this outline of
investigation shall be interpreted as referring to the latest edition of that code or standard.
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5 Reference Publications

5.1 The following standards are referenced in this outline of investigation, and portions of these
referenced standards, as identified in this outline, may be essential for compliance.

International Electrotechnical Commission (IEC) Standards

IEC 60068-2-30
Environmental Testing – Part 2-30: Tests – Test Db: Damp Heat, Cyclic (12 h + 12 h Cycle)

IEC 60068-2-64
Environmental Testing – Part 2-64: Tests – Test Fh: Vibration, Broadband Random

IEC 60417
Graphical Symbols for Use on Equipment

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 61025
Standard for Fault Tree Analysis (FTA)

International Standards Organization (ISO) Standards

ISO No. 7010
Graphical symbols – Safety Colours and Safety Signs – Registered Safety Signs

ISO 6469-1
Electrically Propelled Road Vehicles – Safety Specifications – Part 1: On-Board Rechargeable Energy
Storage System (RESS)

ISO 12405-1
Electrically Propelled Road Vehicles – Test Specification for Lithium-Ion Traction Battery Packs and
Systems – Part 1:High-Power Applications

ISO 26262
Road Vehicles – Functional Safety (all parts)

Society of Automotive Engineers (SAE) Standards

SAE J1739
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 J2464
Electric and Hybrid Electric Vehicle Rechargeable Energy Storage System (RESS) Safety and Abuse
Testing
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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 746B
Polymeric Materials – Long Term Property Evaluations

UL 746C
Polymeric Materials – Use in Electrical Equipment Evaluations

UL 810A
Electrochemical Capacitors

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

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

UL 1642
Lithium Batteries

UL 1973
Batteries for Use in Light Electric Rail (LER) and Stationary Applications

UL 1989
Standby Batteries

UL 1998
Safety Software in Programmable Components

UL 2054
Household and Commercial Batteries

UL 2251
Plugs, Receptacles and Couplers for Electric Vehicles

UL 60730-1
Automatic electrical controls for household and similar use – Part 1: General requirements

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

US Department of Defense (DOD) Standards

MIL-STD-1629A
The Procedures for Performing a Failure Mode, Effects, and Criticality Analysis
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6 Glossary

6.1 CAPACITY, RATED – The total number of ampere-hours that can be withdrawn from a fully
charged battery at a specific discharge rate to a specific end-of-discharge voltage (EODV) at a specified
temperature as declared by the manufacturer.

6.2 CASING – The container that directly encloses and confines the electrolyte, and electrodes of a
cell or electrochemical capacitor.

6.3 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.

6.4 CELL BANK – One or more cells connected in parallel.

6.5 CELL STRING – One or more cells connected in series.

6.6 CHARGING – The application of electric current to battery or capacitor terminals, which results in
a Faradic reaction that takes place within the battery that leads to stored electro-chemical energy or in
the case of the capacitor, due to electrical charge being stored without a chemical reaction taking place.
For light electric vehicle applications, charging of the EESA can occur through one or more of the
following methods:

a) Regenerative braking which utilizes energy from regenerative brakes.

b) Off board charging, which utilizes an ac-to-dc charger, a dc charger, or an inductive charger
external to the vehicle.

c) On board charging which utilizes a charger on the vehicle to convert the ac mains supply to
dc for charging.

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

6.8 CHARGING, CONSTANT VOLTAGE (CV) – Charging mode where voltage is held constant while
charging current is allowed to vary.

6.9 DUT – Device under test.

6.10 ELECTRIC ENERGY STORAGE ASSEMBLY (EESA) – A battery pack, electrochemical capacitor
pack or combination battery/electrochemical capacitor pack that provides electric energy for electric
vehicle motive power. This assembly can include the cooling and ventilation systems and battery
management systems.

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

6.12 ELECTROCHEMICAL CAPACITOR – An electric energy storage device where electrical charge
is typically stored as a result of non-Faradaic reactions at the electrodes. (A subset of electrochemical
capacitors referred to as an ″asymmetric″ type have non-Faradaic reactions at one electrode and
Faradaic reactions at the other electrode.) The porous surface of the electrodes increases the surface
area for holding charge resulting in much larger capacitance and energy density. Electrochemical
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capacitors differ from common electrolytic capacitors in that they employ a liquid rather than a solid
dielectric with charge occurring at the liquid-solid interface of the electrodes when a potential is applied.
Some other common names for an electrochemical capacitor are ″double layer capacitor″,
″ultracapacitor″, ″electrochemical double layer capacitor″ and ″super capacitor″.

6.13 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 DUT.

6.14 ENCLOSURE – The outer cover of the EESA that provides protection to its contents.

6.15 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.

6.16 EXPLOSION – A violent release of energy that produces projectiles or an energy wave from the
DUT and results in the DUT’s contents being forcibly expelled through a rupture in the enclosure or
casing.

6.17 FIRE – The sustained combustion of the DUT’s contents as evidenced by flame, heat and
charring or other damage of materials.

6.18 FULLY CHARGED – An EESA which has been charged per the manufacturer’s specifications to
it full state of charge (SOC).

6.19 FULLY DISCHARGED – An EESA, which has been discharged, according to the manufacturer’s
specifications, to its specified end of discharge voltage (EODV).

6.20 HAZARDOUS VOLTAGE – Voltage exceeding 30 Vrms/42.4 Vac peak or 60 Vdc.

6.21 INSULATION LEVELS – The following are levels of electrical insulation:

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.

c) 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.

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
outline of investigation. 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.
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6.22 LIGHT ELECTRIC VEHICLE (LEV) – A light duty on-road or off-road vehicle that uses electricity
as its source of energy for motive power. With the exception of motorcycles, an on road LEV is typically
not considered suitable for use on highway systems. The following are considered LEVs:

a) Electric bicycles;

b) Electric scooters and motorcycles;

c) Electric wheel chairs;

d) Golf carts;

e) All-terrain vehicles;

f) Non-ride-on industrial material handling equipment;

g) Ride-on floor care machines and lawnmowers; and

h) Personal mobility devices.

6.23 MODULE – A subassembly consisting of a group of cells or cells and electrochemical capacitors
connected together either in a series (cell string) and/or parallel configuration (cell bank) with or without
protective devices and monitoring circuitry. A module is a component of a pack.

6.24 MONOBLOC BATTERY – A multi-cell battery design that contains a common pressure vessel
construction, a single vent line assembly, and shared hardware.

6.25 MOSOC – Maximum operating state of charge. See 18.1.

6.26 NORMAL OPERATING REGION – That region of voltage, current and temperature within which a
cell or electrochemical capacitor 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 following
parameters for charging and discharging as specified by the manufacturer:

a) CHARGING TEMPERATURE LIMITS – The upper and lower limits of temperature, specified
by the manufacturer for charging of the cell/capacitor. 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/capacitor. 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/capacitor manufacturer.

e) MAXIMUM CHARGING CURRENT – The maximum charging current in the normal operating
region, which is specified by the cell/capacitor manufacturer. This value may vary with
temperature.
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f) UPPER LIMIT CHARGING VOLTAGE – The highest charging voltage limit in the normal
operating region specified by the cell/capacitor manufacturer. This value may vary with
temperature.

6.27 PACK – General term for either a battery pack or capacitor pack as defined below. A pack can
also consist of a hybrid systems containing both batteries and capacitors.

a) PACK, BATTERY – Batteries that are ready for use in an LEV, contained in a protective
enclosure, with protective devices, with a battery management system, and monitoring circuitry,
with or without cooling systems.

b) PACK, CAPACITOR – Electrochemical capacitors that are ready for use in an LEV,
contained in a protective enclosure, with or without protective devices, cooling systems, and
monitoring circuitry.

6.28 ROOM AMBIENT – Considered to be a temperature in the range of 25 ±5°C (77 ±9°F).

6.29 RUPTURE – A mechanical failure of the DUT’s enclosure/casing from either internal or external
causes, that results in spillage and/or exposure of internal contents of the DUT, but does not result in
projectiles and violent energy release such as occurs during an explosion.

6.30 SAFETY CRITICAL CIRCUITS/COMPONENTS – Those circuits or discrete components that are
relied upon for safety as identified in the safety analysis of 15.2.

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

CONSTRUCTION

7 Non-Metallic Materials

7.1 The 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
III of the Enclosure Requirements Table, except as modified by this outline of investigation.

7.2 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.

Exception: The enclosure may alternatively be evaluated to the 20 mm end product flame test in
accordance with the Standard for Polymeric Materials – Use in Electrical Equipment Evaluations, UL
746C.

7.3 The following factors in (a) – e) are taken into consideration when an enclosure employing
nonmetallic materials is being judged. For a nonmetallic enclosure 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 of this
outline of investigation.

a) Resistance to impact;

b) Crush resistance;
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c) Abnormal operations;

d) Severe conditions; and

e) Mold-Stress Relief Distortion.

7.4 The polymeric materials employed for enclosures and insulation shall be suitable for anticipated
temperatures encountered in the intended application. EESA enclosures shall have a Relative Thermal
Index (RTI) with impact suitable for temperatures encountered in the application but no less than 80°C
(176°F), as determined in accordance with the Standard for Polymeric Materials – Long Term Property
Evaluations, UL 746B.

7.5 The enclosure materials intended to be directly exposed to sunlight and rain in the end use
application shall comply with the UV Resistance and the Water Exposure and Immersion tests in
accordance with the Standard for Polymeric Materials – Use in Electrical Equipment Evaluations, UL
746C.

7.6 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 of
this outline of investigation. 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 in the Standard for Polymeric Materials – Use in Electrical Equipment Evaluations, UL 746C 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 Section 10.

7.7 Gaskets and Seals of the EESA relied upon for safety, shall be determined suitable for the
environmental conditions and chemical substances they are anticipated to be exposed to in their end use.

8 Metallic Parts Resistance to Corrosion

8.1 Metal EESA 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.

8.2 Metallic EESA enclosures may be provided with an insulating liner to prevent shorting of live parts to
the enclosure. If using an insulating liner for this purpose, the insulating liner shall consist of non-moisture
absorbent materials that have a temperature rating suitable for temperatures within the pack during
operation.

8.3 Conductive parts in contact at terminals and connections shall not be subject to corrosion due to
electrochemical action. Combinations above the line in Table B.1 of Appendix B shall be avoided.
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9 Enclosures

9.1 The enclosure of an EESA shall have the strength and rigidity required to resist the possible physical
abuses that it will be exposed to during its intended use, in order to reduce the risk of fire or injury to
persons.

9.2 A tool providing the mechanical advantage of a pliers, screwdriver, hacksaw, or similar tool, shall be
the minimum mechanical capability required to open the enclosure.

9.3 Openings in the enclosure of an electric energy storage assembly shall be designed to prevent
inadvertent access to hazardous parts as installed in the vehicle. Compliance is determined by the ″Tests
for Protection Against Access to Hazardous Parts Indicated by the First Characteristic Numeral, Clause
12″ of the Standard for Degrees of Protection Provided by Enclosures (IP Code), IEC 60529, for a
minimum IP rating of IP3X with consideration of the device as it is installed in the vehicle. Evaluation per
the Standard for Degrees of Protection Provided by Enclosures (IP Code), IEC 60529, Clause 12, consists
of the use of the ″Test Rod 2,5 mm , 100 mm long″ shown in Table 6, ″Access Probes for the Tests for
Protection of Persons Against Access to Hazardous Parts″ of IEC 60529, applied with a force of 10 N
±10%.

Exception: For EESAs that are intended for removal from the vehicle for external charging or
replacement with a charged EESA by the user rather than being charged while installed in the vehicle,
compliance is determined on the electric energy storage assembly with and without consideration of the
device as it is installed in the vehicle.

9.4 Openings in the enclosure shall be designed to prevent ingress of water as installed in the vehicle in
accordance with intended use and IP rating in accordance with Standard for Degrees of Protection
Provided by Enclosures (IP Code), IEC 60529 with a minimum rating of IPX3. Compliance is determined
by the Water Exposure Test (IP code rating) in Section 39.

10 Wiring and Terminals

10.1 Wiring 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.

10.2 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. In safety critical circuits, for soldered terminations, the conductor shall be
positioned or fixed so that reliance is not placed upon the soldering alone to maintain the conductor in
position.

10.3 An EESA external terminal shall be designed to prevent inadvertent shorting. An external terminal
shall be designed to prevent inadvertent misalignment or disconnection when installed in its end use
vehicle.

10.4 For all EESAs, an external terminal for charging shall be designed to prevent an inadvertent shorting
and misalignment and a reverse polarity connection. For EESAs that are intended for removal from the
vehicle for external charging or replacement with a charged EESA, the external terminal for discharging
shall be designed to prevent inadvertent shorting, a reverse polarity connection and a misalignment.
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10.5 For EESAs that are intended for removal from the vehicle for external charging or replacement with
a charged EESA by the user, the external terminal for discharging and any other external terminals with
hazardous voltage shall be designed to prevent access by the user. Compliance is determined by use of
the articulate test finger shown in Figure 10.1. The articulate test finger requirement does not apply to the
manual disconnection for servicing device as outlined in 15.5.
This is generated text for figtxt.

10.6 The external terminals of an EESA intended for removal from the vehicle for charging, 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 without being subjected to the exposure to contaminants.

10.7 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.

10.8 Wiring for hazardous voltage shall be readily distinguishable from low voltage wiring harnesses
through the use of orange colored insulation or orange wiring harness jacketing or covers. Internal wiring
of hazardous voltage circuits that are not provided with orange wiring harness covers or jackets, shall also
be colored primarily orange (i.e. solid orange or orange striped), or enclosed in junction boxes with
hazardous voltage warning labels such as ISO No. 7010, No. W001 (i.e. lightning bolt within triangle).

Figure 10.1
Articulate probe
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11 Fuses

11.1 Fuses used in an EESA shall be acceptable for current and voltage which are likely to be subjected.

11.2 For user replaceable fuses, a fuse replacement marking 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, and giving the fuse ratings. Where user replaceable fuses with special fusing
characteristics such as time delay or breaking capacity are necessary, the type shall also be indicated.
Information on proper fuse replacement of user replaceable fuses shall also be included in the
instructions.

12 Handles

12.1 An integral handle(s) or other lifting mechanism used for picking the pack up shall be capable of
supporting the weight of the pack without breakage of the handle, its securing means, or that part of the
product to which the handle is attached. Compliance is determined by Section 35, Handle Loading Test.

13 Electrical Spacings and Separation of Circuits

13.1 Electrical circuits within the EESA at opposite polarity shall be provided with reliable physical
spacing to prevent inadvertent short circuits (i.e. electrical spacings on printed wiring boards, physical
securing of uninsulated leads and parts, etc.). Insulation suitable for the anticipated temperatures and
voltages shall be used where spacings cannot be controlled by reliable physical separation.

13.2 Electrical spacings in circuits shall have the following minimum over surface and through air
spacings as outlined in Table 13.1 or the spacings requirements outlined in the Standard for Information
Technology Equipment Safety – Part 1: General Requirements, UL 60950-1, the clause for ″Clearances,
Creepage Distances and Distances Through Insulation″.

Exception No. 1: As an alternative to the spacing requirements of Table 13.1, the spacing requirements
in the Standard for Insulation Coordination Including Clearances and Creepage Distances For Electrical
Equipment, UL 840, may be used. For determination of clearances, a dc source such as a battery does
not have an overvoltage category as outlined in the section for Components of the Standard for Insulation
Coordination Including Clearances and Creepage Distances For Electrical Equipment, UL 840 unless
charged through a source connected to a mains supply. The anticipated pollution degree is determined
by the design and application of the electrical energy storage assembly or subassembly under evaluation.

Exception No. 2: As an alternative to the clearance values outlined in the Standard for Information
Technology Equipment Safety – Part 1: General Requirements, UL 60950-1, the clause for Clearances,
Creepage Distances and Distances Through Insulation, the alternative method for determining minimum
clearances in the Annex for Alternative Method for Determining Minimum Clearances, Annex G, of the
Standard for Information Technology Equipment Safety – Part 1: General Requirements, UL 60950-1 may
be applied.

Exception No. 3: For electric energy storage assemblies where external leakage of liquid electrolyte may
occur, the clearance and creepage distances of Clause 6.2 of the Standard for Electrically Propelled Road
Vehicles – Safety Specifications – Part 1: On-board Rechargeable Energy Storage System (RESS), ISO
6469-1, applies.
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Table 13.1
Electrical spacings

Voltage Through Air Over Surface

V in (mm) in (mm)

Live parts and dead metal
parts that are separated by
Functional or basic insulation

0 – 50a 1/16 (1.6) 1/16 (1.6)

51 – 130 1/8 (3.2) 3/16 (4.8)

131–300 1/4 (6.4) 3/8 (9.5)

Accessible dead metal parts
and dead metal parts
separated from live parts by
basic insulation only – this
ordinarily is a spacing
resulting from supplementary
insulation

0 – 50a 1/16 (1.6) 1/16 (1.6)

51 – 130 1/8 (3.2) 3/16 (4.8)

131 – 300 1/4 (6.4) 3/8 (9.5)

Live parts and accessible
dead metal parts separated by
double insulation or by
reinforced insulation

0 – 50a 1/8 (3.2) 1/8 (3.2)

51 – 130 3/16 (4.8) 1/ 4 (6.4)

131 – 300 1/2 (2.8) 1/2 (12.8)

a Spacings at these voltages may be decreased from those indicated in the table if it can be determined through test or
analysis that there is no hazard (i.e. circuits supplied by limited power sources as defined in the Standard for Information
Technology Equipment Safety – Part 1: General Requirements, UL 60950-1).

13.3 There are no minimum spacings applicable to parts where insulating compound completely fills the
casing of a compound or subassembly if the distance through the insulation, at voltages above 60 Vdc or
above 30 Vrms is a minimum of 0.4-mm (0.02-in) thick for supplementary or reinforced insulation, and
passes the Dielectric Voltage Withstand Test, Section 28 and the Isolation Resistance Test, Section 29.
There is no minimum insulation thickness requirement for insulation of circuits at or below 60 Vdc or for
basic or functional insulation. Some examples include potting, encapsulation, and vacuum impregnation.

13.4 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 spacings
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.

14 Insulation Levels and Protective Grounding

14.1 Hazardous voltage circuits shall be insulated from accessible conductive parts and safety extra low
voltage (SELV) circuits 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; or

b) A system of double or reinforced insulation; or

c) A combination of (a) and (b).
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